Detailed Design Study on The Bago River Bridge Construction Project Final Report

4.3 STUDY ON STEEL BOX GIRDER BRIDGE

In this section, study results on the 3-span and 7-span of steel box girder bridges, as shown in Figure below,
will be presented.

It is noted that 5-span PC box girder bridge (3@51m+2@52m) was originally designed instead of 3-span
bridge. However, Pier No.9 was cancelled during this JICA study as requested by MOC because a
navigation channel is possibility to be widened to the section between P8 and P10 in future. After due study,
3-span bridge was determined from better structural feature.
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Figure 4.3.1 Design Target Sections of Steel Box Girder Bridges

4.3.1 Basic Design for Superstructure of Steel Box Girder Bridge
4.3.1.1 Selection of Type of Steel Box Girder Bridge

In the F/S, separated bridge structure for up and down lanes was proposed taking account of the adjacent
bridge structure types. In order to further reduce the construction cost and shorten the construction period,
other arrangements of girders, including a combined structure type for up and down lanes was studied and
compared. Items to be compared are steel weight, structural stability, construction plan (difficulty) and
construction period and maintenance cost based on the structural analysis and preliminary cost estimate.

(1) F/S (up and down lanes separation structure) (i1) Alternative in B/D (up and down lanes combined
structure)
Source: JICA Study Team
Figure 4.3.2 Type of Main Girder of Steel Box Girder with Steel Plate
(1) Structural Stability
1) Reaction of Bearing

If separation structure, especially high height girder structure, is adopted, an up/down-lift force or axial
force induced to bearings due to horizontal force like a seismic force or a wind force will be larger
than that of the combined structure because of the arm length of the couple force as shown in the figure
below.
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Source: JICA Study Team
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Figure 4.3.3 Image of the Force Induced to the Bearings due to Horizontal Force

Moreover, the pedestrian way in both sides was decided to be unnecessary at the initial stage of B/D,
so the total width was reduced by 2.0 m and the distance between both outer girders will also be
shortened.

From the reason of the above qualitative consideration, combined structure type seemed to be suitable,
and so it was decided to be adopted.

2) Influence of Wind

In general, a long span bridge with perpendicular tall web plate will be easy to be oscillated by wind
(Karman vortex). One of the ways to avoid this influence is to adopt an inclined web. The inclination
angle of approximately 60° of the outer web is common, taking account of fabrication.
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Figure 4.3.4 Image of the Karman Vortex

However, if the web height is changed into a curved form, as long as it keeps the inclination angle,
width of the bottom flange will also change as shown in the figure below. This means that the
diaphragm, which is an important element to ensure the accuracy of the box shape, shall have a
different shape at each position, and so will increase the fabrication cost. Therefore, the girder of
uniform height was decided to be more appropriate in terms of fabrication cost than the girder of
changeable height planned in the F/S.
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Source: JICA Study Team
Figure 4.3.5 Varying Width of Bottom Flange
3) Web Height

Web height is the most important factor to consider in deciding the suitable stiffness for bending
moment induced from dead load and live load. It will be possible to decrease the thickness of the flange
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in accordance with the increase in the height of the web. This means, eventually there would be a
deduction in steel weight. However, if the flange thickness is too thin, then many additional stiffeners
will be necessary to keep its minimum stiffness against local buckling. The suitable web height for the
continuous steel box girder may be around 1/30 of the 112-m span length from the experiential
viewpoint of the suitable thickness of the flange plate. However, there is another requirement that web
height shall be harmonized with the adjacent bridges crossing over the Bago River from the viewpoint
of uniformity. In addition, the tall segment of over 3-m height will have to be divided into two parts
because of transportation possibility. The following figure shows a sample trailer to be used for the
transportation of the segment.
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Source: JICA Study Team
Figure 4.3.6 Capability of Segment Dimension Using a Low Deck Trailer

The inclined web height will affect the width of the bottom flange. Therefore, web height and its
inclination will be considered, taking account of its width, so that it will be possible to be transported.

Table 4.3.1 Relationship Between Girder Height and Width of the Bottom Flange

@9@91

.U ua.a L. 1UO L.UUu 1.Ju J.UL 1.0V
3.0 60 1.047 1.732 1.73 3.00 1.27
3.0 50 0.873 1.192 2.52 3.00 0.48
3.3 70 1.222 2.747 1.20 3.00 1.80
3.3 65.5 1.143 2.194 1.50 3.00 1.50
3.3 60 1.047 1.732 1.91 3.00 1.09
3.3 50 0.873 1.192 2.77 3.00 0.23

Source: JICA Study Team

Considering the width of the bottom flange in the red cell above, the case where the web height is 2.7
m and web inclination is 61° was selected in the B/D as the most suitable one.

4) Deck Slab Type

A deck slab has two functions, one is to distribute and transmit load to the main girder, and the other
is to serve as the primary member as a top flange resisting against bending moment.

i.  Steel Deck Type

- Steel deck slab is consisted continuously of steel plate, several longitudinal stiffeners, and
crossbeams. Longitudinal stiffeners are supported by crossbeams, and the crossbeams are
supported by the web of the main girders, like multi-grid frames.

- Steel deck is fabricated at a shop like the main girder, and is installed at the same time with
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the main girder.

C d
a: Main Girder eﬂ‘@&
b: Longitudinal Stiffener 9
c: Crossbeam
d: Curb of Concrete b
Y a
Steel Deck Slab

Source: JICA Study Team
Figure 4.3.7 Steel Deck Slab
ii.  Composite Deck Type
- Composite deck with steel and concrete consists of steel plate or shapes, re-bars and concrete.

- Steel part of composite deck will be pre-fabricated at the manufacturer’s factory as shown in
the figure below.

a: Main Girder e f
b: Bottom Steel Plate d

c: Haunch Steel Plate

d: Crossbeam Stiffened Bottom Plate (I-shape)

e: Longitudinal Re-bar

f: Curb of Concrete b

Composite Deck Panel

Source: JICA Study Team
Figure 4.3.8 Composite Deck Panel (Status of Shop Assembly)

Types of deck slab were compared in terms of self-weight, construction period, and cost. The result is

summarized in Table 4.3.2 below. Steel deck panel was recommended to be applied because it is superior
in all aspects.
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Table 4.3.2 Comparison of Deck Slab Type

Steel Deck Panel Composite Deck Panel
Depth of Panel . 19 mm (maximum) 260 mm: Required depth in the case of 6 m panel
Thickness as a flange plate span
2
. 41N/m? 8 kN/m .
Weight . (Bottom plate, Crossbeam, Re-bar and Concrete in-
(Flange and U-rib) situ)
Increase of 125%
Bending Moment 100% The increse of 4 kN/m? may be 40% of the total dead
due to Dead Load load, then at least 25% of B.M will be increse
Construction 120%
. 100% Composite Deck panel installation will be possible
Period o .
after main girder erection
100%
Construction Cost 100% Reduction of steel deck will be mostly cancelled by
the increase of B.M
Evaluation Selected May not be selected

Source: JICA Study Team

(2) Number of Main Girder and its Position

There are two options relating to the number of main girders; one is the 3-girder type and the other is
the 4-girder type. Both types were compared from the following viewpoints:

- Steel Weight: This will depend on the number of web plates, and the effective total width of
the bottom flange plate.

- Fabrication Cost: This depends on the number of segments and their self-weight.

- Transportation Cost: This depends on the dimension and weight that is possible to be
transported.

- Erection Cost: This depends on the erection method and the required crane capacity and
erection period.

The 4-girder type was recommended because it is superior in terms of cost and construction efficiency
and there was no disadvantage found.
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Table 4.3.3 Comparison of the Cross Section of the Steel Box Girder

Comparison of Cross Section of Steel Box Girder _

ive-2: 4-Gi ion-1

W, 30 . TN 2 . %0 0

3 . ¢ § y
5 p "
0 0 0 wa o] 2L o w0 ] b ] o
Outer Girder
Steel Deck Thickness 4440mm x19mm 3240mm x 16mm
Bottom Flange Thickness Z840mm x 44mm 1740mm x G0mm
. ) ) Al girders can be transported without division to small pants.
Description nr G'fsw"“”m“w[:;ﬁ“““m“”ﬂw Thickness of Bottom flange of the outer girder will be needed to use thicker plate, for
These pa chocked Aching accuracy : instance abut 60mm, because the flange width is smaller.
To meet with of stress and d To meet with of stress and o
[Structural Aspect To be ensured durabiity of main girder because distance from wheel load 1o the web can To be ensured durability of main girder because distance from wheed load 1o the web can
be kept at 850mm. be kept at 400mm.
Estimated Weight 8.954 ton (Main Girder Only) 8,855 ton (Main Girder Only)
Fabication Cost (1) 1.000 950
-g Transportation Cost™” (2) 1.000 955
bl Averaged Weight for Erection 2.7 onim 2.4 tonim
§ Lifting Weight per 25m * 61.5 60.0
- - More than 250 ton C.C s required. i i
§ Avallabllty of Crane Capacy If use 200 ton crane, the number of bent n the river should be increased. 200 ton CC s required.
_5&%13! 1,000 0.864
g otal Cost = I.+il+hi,
% i. Fabrcaon (1) x 50%)
8| i Tronsportaion (2 15%) 1000 0520
i Erection _{((3) x 35%)
Primary maintenance itlems will be comosion or diriness of steel plates and bolted joints. Primary maintenance items will be comosion or dirtiness of steel plates and bolted joints.
Maintenance Aspect Partial Visual inspection will be possible by looking from the man-hols that are prepared at Partial Visual inspection will be possible by looking from the man-hols that are prepared at
main girder's web of about 25m pitch. main girder's web of about 25m pitch.
|Evaluaﬂon
Structural Aspect © Q
Cost and Construction Efficiency X @
| Maintenance Aspect Q 0
g View O  Same inclination of web plate as Cable Stayed Bridge. (0 Same inclination of web plate as Cable Stayed Bridge.
Inclination of web plate does not maich with PC gider. Inclination of web plate does not match with PC girder.
g Effick Wind Oscillation () Ingiination 60° ) Inclination 60°
(Comprehensive Evaluation Less Ry ded Most R ded

*1/ Not only the number of unit but aiso size (volume) of one unit are affiected 1o the transportation cost.
*2/ Erection of the girders by using 3 bents for one span 112m is assumed.
*3/ Crane capacity for construction of substructure is 200 ton. Therefore, no need 1o mobilize another crane if the options of 4-Girders is applied.

Source: JICA Study Team

4.3.1.2 Selection of Erection Method of Steel Box Girder Bridge

Two erection methods were introduced as follows:

i.  Launching Method by Erection Nose Girder

- The segments of the main girders will be pre-assembled on the pre-stressed concrete girder
that was erected beforehand at the backyard.

- The web plate that is supported on the temporary movable platform shall be stiffened by the
additional plates to avoid local buckling.

ii.  Bent Erection Method by Crawler Crane on Barge

- The segments of the main girders will be connected at the site assembling yard and transported

by barge.

- Lifting pieces for maximum lifted weight shall be prepared on the top flange.

- Several temporary bents shall be prepared at each span, and bolting connection will be done
when the erected girders will be installed on the bents, step by step.
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ii.  Bent Erection Method by Crawler Crane on Barge
Source: JICA Study Team
Figure 4.3.9 Erection Methods of Steel Box Girder Bridge

Details of the erection methods will be presented in the Construction Plan part of this report.

4.3.1.3 Superstructure of Steel Box Girder Bridge

(1) Arrangement of Girder Position

The distance between the web and wheel was considered so that the wheel load does not act on the
web directly, in relation to the actual lane component and girder position. Eventually, a 450 mm
distance at mid lane and 400 mm distance at the outer lane were put on hold.

i 9000 1500, 9000 -
1500 3500 __ 3500 500 800 3600 . 3500 1500
L TLe=er TLe=e | ] Le*-o” e —
SAVAUAVAUAATAYAYARY/AVII* A A NE N N N AT A A vEvE ivavav i avavavivauram i
~\g g g g

o

_1350__1500__1500__1650 __ 2700 __ 3300  __ 2700 __1650 __1500_| 1500 __1350_

Note: Distance between both wheels is 6 feet (approximately 1.8 meter).
Source: JICA Study Team

Figure 4.3.10 Position of Wheel Loads and Web
(2) Condition of Live Load

The carriageway was decided to consist of three lanes with 3 m width in each direction, in accordance
with the AASHTO LRFD specifications, although actual traffic lane only consists of two lanes per one

direction.
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Truck load Lane load

Combination of Truck Load and Lane Loads at the Cross Section
Source: JICA Study Team
Figure 4.3.11 Live Load based on AASHTO LRFD

(3) Condition of Dead Load

Dead loads including steel weight, pavement, curb, guard rail, and future overlay loads will be
considered in the design.

Pavement
£.085 _8.085 8.085
Curb

Guard Rail

Guard Rail

0.7 Miscellaneous loads
(Over lay, water pipe)

28.58 2%.25 2.25 2.58 Steel Weight

Source: JICA Study Team
Figure 4.3.12 Dead Loads to be Considered

(4) Widening of the Median Curb to the Adjacent Cable-Stayed Bridge

The width of the median curb should be widened from 1.5 m to 3.7 m because the adjacent cable-
stayed bridge has a 3.7 m wide median curb of cable anchor zone. Therefore, the width of the median
curb shall be widened to keep smooth drivability. The transition curve line of the curb was designed
as shown below.
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Figure 4.3.13 Transition Line Between the Steel Box Girder Bridge and Cable-Stayed Bridge

(5) Adjustment of the Bridge Width to PC Box Girder and On-ramp Bridges

On the Pier 5, PC Box Girder on the main alignment and On-ramp of PC Box Girder are connected
(Figure 4.3.14).

Steel Box Girder

i On-ramp

Source: JICA Study Team
Figure 4.3.14 On-ramp and Main Alignment at Pier 5

Therefore width of Steel Box Girder is widened as connected to main alignment and on-ramp.

4-454



Detailed Design Study on The Bago River Bridge Construction Project

Final Report

Source: JICA Study Team

Figure 4.3.15 Cross-section of the Steel Box Girder at Pier 5

The alignment of Main bridge and On-ramp are as follows:

Main Bridge
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Source: JICA Study Team

Figure 4.3.16 Allignment of main bridge and on-ramp
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4.3.1.4 Study on the Number of Continuous Span and Supporting Condition
(1) 7-Span Bridge

In the F/S, continuous span was proposed in terms of seismicity. In the B/D, the number of continuous span
was comparatively studied between seven and a combination of four and three since the bridge length is
776 m. The general assessment of the number of continuous span is summarized in Table 4.3.4 below.

Table 4.3.4 General Assessment of the Number of Continuous Span

Case-1: 7-continuous span Case-2 Combination of 4 and 3 continuous
span
Advantage It can reduce bending moment and Relatively smaller displacement due to
the thickness of girder plates. temperature changes (£25°), approx. 100
mm.
Disadvantage Relatively larger displacement due It increases the weight of the steel of the
to temperature changes (+25°), girder to approx. 163 tons because of the
approx. 140 mm. larger bending moment.

Source: JICA Study Team

As for the support, two types which can distribute inertial force of earthquake into the substructures are
comparatively studied, i.e., elastic support type and fixed support type. Basic characteristics of these types
are summarized in Table 4.3.5 below.
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Table 4.3.5 General Characteristics of Two Types of Support

Fixed support type Elastic support type
Characteristic - Force from the superstructure is - Force from the superstructure is distributed
directly  transferred to  the to the piers by utilizing shearing rigidity of
substructure. the rubber bearing.
If soil layers and geographical feature - If soft soil exists around the piers,
rise and fall, inertial force cannot be resonance might occur between the
distributed equally to the piers. In structure and the ground since natural
such case, it may have a disadvantage period of oscillation of the bridge is longer.
in terms of structural and economical
aspects.
Applicable
bearing type

N

Side Block

Laminated Rubber

Longitudinal Direction

\/.

Anchor Bolt

S ——

Transversal Direction
Source: JICA Study Team

To select the optimum option for the number of continuous span and support type, elastic support and fix
support for the cases of 7-continuous span and 4+3 continuous span were compared in terms of the structural
aspect, workability for superstructure erection and setting, economical aspect, travel comfort, and O&M.
The following table shows the evaluation result.

After the evaluation, the fix support condition in a 7-continuous span bridge was selected because all items
were ranked as superior.
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Table 4.3.6 Study Results on the Number of Continuous Span and Support Condition (P13-
P20)

Source: JICA Study Team
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(2) 3-Span Bridge

A 3-continuous span is applied in terms of structural and economical aspect. As for the support
condition, two alternatives, namely elastic support (Alt-A) and fix support (Alt-B), are comparatively
studied. Seismic horizontal force is evenly distributed to all piers in the elastic support condition,
meanwhile 60% of inertial force is concentrated to one pier in the fix support condition which might
be caused by unequal span length, different pier height and substructure rigidity. Since larger
dimension and higher grade of rebar and steel sheet pipe are required for substructure in the fix support
condition, the cost becomes 6% higher than Alt-A.

Accordingly, Alt-A is superior in terms of aseismicity and economic aspects.

Table 4.3.7 Study Results on the Support Condition (P5-P10)

Source: JICA Study Team
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4.3.2 Basic Design for Substructure of Steel Box Girder Bridge
4.3.2.1 Items to be Comparatively Studied in Basic Design

In the F/S, the substructure was preliminary studied and structural outline was planned as summarized in
the table below. In B/D, review of the F/S and further comparative studies among the alternatives including
the structural analysis were carried out to determine the items listed below, and the optimal option is
selected as basis for the detailed design.

- Shape and width, concrete class and grade of re-bars of pier column
- Construction method of SPSP foundation

- Shape and size of SPSP foundation, and material, thickness and length of steel pipe

Table 4.3.8 Structural Outline of Substructure Planned in the F/S

Item Description 22500
Pler Column 11000 300 11000
Shape: Oval shape with an overhang . ‘ i ‘ N ‘
Size: 20 m width at top and 14 m at | T ‘ T }
bottom s ==l = - J} -
Thickness is 4.5 m = L= L = | E —
Material: Reinforced Concrete 1 ‘
Class of concrete: N/A ‘ 1
Grade of rebar: N/A | I i
Foundation ‘ ‘
Shape: Oval shape |
|
Size: Dimension 19.75 m x 9.768 m ‘ ‘
Thickness of footing 6.0 m ‘
Thlckness Of bottom Slab 20 m 1000 ,1875| 14600 1875, 1000 1000 1634 LS‘O 634 1000
Diameter of steel pipe 1.0 m ‘ ;
Thickness of steel pipe: N/A \ | \ \ | \
Length of steel pipe: N/A g ! ‘ ! ‘ ! ‘
Material Grade of steel pipe: N/A o l i ‘ ‘ ‘
Construction | Foundation &  Temporary o ! ! ‘ ‘
Method: Cofferdam Method g
o 0000000000,
s B S %
N -
8 O~ o) O
= CO000000000Y
= g 17750 100
'> 19750
General View of Substructure Planned in the F/S

Source: JICA Study Team based on the F/S

4.3.2.2 Design Conditions for Comparative Study

Substructure at P19 was examined as a representative of the piers from P14 to P19 since boring and
laboratory test done in the F/S were at the exact location of P19 and reaction force from superstructure is
relatively high among the target piers. The design condition is summarized in nTable 4.3.9, and the soil
properties of each layer and the design water levels for the design of P19 are shown in the figure below.
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Table 4.3.9 Major Design Conditions for the Design of P19 (Representing the Piers)

Item Design Conditions

Soil Properties Use soil properties obtained from BHO04 in F/S. Details to be referred to are in Figure
4.3.17
Liquefaction is considered.

Design Water | High Water Level: EL+4.6 m (1%, F/S)

Levels High Water Level for Construction: EL+4.4 m (4%, F/S)
Low Water Level: EL-2.45 m (Mean Low Water Spring, F/S)

Loads Reaction Force from Superstructure: due to dead load: 21,884 kN, live load: 5,462 kN
Design Horizontal Seismic Coefficient for Inertial Force: 0.3
Water Stream Pressure to Pier and Temporary Cofferdam: 16.8 kN at 0.6 x water depth
Seismic Water Pressure to Pier: 1,446 kN for longitudinal direction and 248 kN for
transverse direction at 3/7 x water depth

Others Local scouring is not considered in the basic design

Source: JICA Study Team
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Source: JICA Study Team

Figure 4.3.17 Soil Properties and Design Water Levels for the Design of P19 (Representing

the Piers)
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4.3.2.3 Shape of the Cross Section of the Pier Column

The oval shape, rectangular shape, and round shape were comparatively studied and the result is
summarized in Table 4.3.10.

The most important consideration for the selection of the shape of the cross section of the pier column in a
river bridge is the water flow. At the location of Bago Bridge, water flow always changes toward upstream
or downstream due to the tides, but the flow direction is almost uniform. As for the cost aspect, oval shape
and round shape are nearly the same. Therefore, oval shape is appropriate from the aspects of the lowest
negative influence on the water flow and lower cost of substructure.

Table 4.3.10 Comparison of the Shape of the Pier Column

Comparative Item Oval Shape (planned in the F/S) Rectangular Shape

Schematic % ] %Li . j%gp ) 7$,

\ 45400

Water Flo
Direction

=)

[ 11000 | | 11000 |

Obstruct the water flow Lowest because of streamline shape Moderate

Cost Ratio of | 1.00 1.19

Substructure™

Evaluation Most Recommended Less Recommended
Comparative Item Round Shape

Schematic

8&00

—F4

17000

$7

8000 _|

Obstruct the water flow Highest due to wider dimension against water flow. Also, this shape is suitable
when the direction of river flow is often changed like at the river junction.
However, since there is a uniform flow direction at Bago River Bridge location, it
is not necessary to be applied.

Cost Ratio of | 0.97

Substructure™!
Evaluation Less Recommended

Note: *1/ Construction cost of substructure includes costs of pier column and foundation. Minimum size of
foundation depending on the pier column shape is assumed for rough cost estimate.

Source: JICA Study Team
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4.3.2.4 Width of the Pier Column

(1) Width of the Pier Column at the Transverse Direction

The width of the pier column at the transverse direction will be determined by the girder layout of the
superstructure and not by structural analysis.

Since the girder cross section is modified from the F/S as explained in Section 4.3.1.1, the width of
the pier column can be adjusted to 17 m from 20 m at the top and to 11 m from 14 m at the bottom. A
width of 17 m shall meet the requirement of the minimum distance (76 cm) between the anchor bolt
of the bearing shoe and the edge of the pier head, and adequate space of jack-up of girders for
maintenance is also considered.

(2) Width of the Pier Column at the Longitudinal Direction

The width of the pier column at the longitudinal direction will be determined by structural analysis.
Although width of 3.5 m is possible to be applied as shown in Table 4.3.11, a width of 4.0 m is proposed
taking into account the difficulty of the high grade re-bar procurement and workability of triple re-bar
arrangement in the cofferdam.

Table 4.3.11 Results of the Structural Analysis of the Pier Column

Case Material Structural Analysis

Width 4.5 m SD345, D38, double  re-bar | Rebar os278 <o sa 300 N/mm? (OK)

(planned in the F/S) arrangement, Concrete 0 ¢ 11 <o ca 12 N/mm? (OK)
0 k= 24 N/mm?

Width 4.0 m SD390, D38, double  re-bar | Rebar o s320 <o sa 345 N/mm? (OK)

(Recommended in the | arrangement, Concrete 0 ¢ 12.6 < o ca 15 N/mm?

B/D) o ck =30 N/mm? (OK)

Width 3.5 m SD490, D35, triple re-bar | Rebar o s 358 <o sa 435 N/mm? (OK)
arrangement, Concrete 0 ¢ 14 <o ca 15 N/mm? (OK)
o ck = 30 N/mm?

Width 3.0 m SD490, D35, triple re-bar | Rebar o s 426 <o sa 435 N/mm? (OK)
arrangement, Concrete 0 ¢ 17 > ¢ ca 15 N/mm? (NG)
o ck =30 N/mm?

Source: JICA Study Team

As a result of the study above, the width of the pier column is determined as shown in Figure 4.3.18
below.
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Source: JICA Study Team
Figure 4.3.18 Width of the Pier Column

4.3.2.5 Construction Method of SPSP Foundation

There are three construction methods, namely: permanent foundation and temporary cofferdam method
(Alt-A), permanent foundation method (Alt-B), and temporary cofferdam method (Alt-C). The third one is
the construction of footing and pier inside the steel pipe pile using a temporary cofferdam and it is usually
applied in a shallow river. Accordingly, for the foundation of the steel box girder bridge, Alt-A and Alt-B
were comparatively studied. Alt-B has two options; one is ordinary structure which has a large dimension
so that it can reduce horizontal displacement, and the other is a slender structure which can reduce the
influence on water flow but requires reinforcing shear capacity of interlocking.

Option-1 of Alt-B, permanent foundation method, has advantages of moderate construction cost and shorter
construction period. However, it is not recommended because of the obstruction of the water flow and
passing vessels and faster corrosion of the steel pile that is assumed at 0.1 - 0.3 mm per year. Although,
Option-2 of Alt-B can improve influence on the water flow and vessels by slender structure, construction
cost is the highest due to longer pile length with high shear capacity of interlocking and thicker steel pipe
and same issue about corrosion as in Option-1 shall be unavoidable unless countermeasure against corrosion
such as lining is applied.

Finally, Alt-A, permanent foundation and temporary cofferdam method, is selected because of less
influence on the water flow and passing vessels and the lowest construction cost. The comparison among
the alternatives is referred to in the following table.
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Table 4.3.12 Comparison of the Construction Method of SPSP

Item

Alt-A: Permanent Foundation and Temporary Cofferdam Method

Schematic

. 17000 .\ 4%\(0
| ; |
i L

|
|
vfm 1(#0 3264 Jﬂg@f-ﬂ&l&w 22000
|
T i
|

Bulkhead par\ 91200
m N=6 t=14mm SKY400

o

@ &
D
L J, i L | I & & 0)
e 8944 | = f -
1000, 17521 1 1 9&27

19927 11344

Outer part 91200

50 TO ‘
00, QQTAOOO
11344

5(

S

Outline of

SPSP is used in both permanent foundation and temporary cofferdam. First, SPSP is constructed

Construction | up to the water elevation, filling the material into interlocking that prevents the passage of water.
Method After constructing the footing and pier, the cofferdam will be cut and pulled up by operations.
Steel Pipe | Outer part: Dia.1.2 m, Length 41.5 m, thickness t = 14 mm, SKY400, nos. 34
Requirement Bulkhead part: Dia.1.2 m, Length 37.1 m, thickness t = 14 mm, SK'Y400, nos. 6
Advantage - Less influence on the water flow and passing vessels

- Lowest construction cost (cost ratio 1.00)

* Most popular method of SPSP
Disadvantage | - Longer construction period
Evaluation Most Recommended
Item Alt-B: Permanent Foundation Method Alt-B: Permanent Foundation Method

(Option-1) Ordinary Structure Type (Option-2) Slender Structure Type

Schematic

‘ 4000_

I |

n.d [ | | g ]

|
@J 17400 Lgﬁ Rsaasholl 3150 i
. g

|

I

|

|

|

|
\
17400 750 3odlspollkoo

|
|
1ho. BQLA | JM‘ v
J@D 17521 1 11344 1 18569 1pao. 3967 |

Bulkhead part 91200
L =50m N=§ t=14mm SKY400

Bulkhead part 1200
Outer part 91200 =56m N=g 1=

12000
11344

5100

Outer part 1200

Outline of

SPSP structure is used in permanent foundations only. Footing and pier will be constructed after

Construction installing the pile up to the water level. It is usually applied in river areas or sea ports with
Method unrestricted section of flow and clearance for ships crossing.
Steel Pipe | Outer part: Dia.1.2 m, Length 50 m, thickness | Outer part: Dia.1.2 m, Length 55 m, thickness t
Requirement t =14 mm, SKY400, nos. 34 =25 mm, SKY400, nos. 30
Bulkhead part: Dia.1.2 m, Length 50 m, | Bulkhead part: Dia.1.2 m, Length 55 m,
thickness t = 14 mm, SK'Y400, nos. 6 thickness t = 25 mm, SKY400, nos. 5

+ Analyzed by an imaginary well beam method
- High shear stiffness and shear capacity of
interlocking shall be used.
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Advantage - Shorter construction period because no + Less influence on the water flow and passing
excavation and no footing inside vessels
temporary cofferdam - Shortest construction period
* Moderate construction cost including
countermeasure against corrosion (ratio
1.04)
Disadvantage | - Relatively obstruct the water flow and * Highest construction cost including
passing vessels countermeasure against corrosion (ratio 1.26)
- Acceleration of corrosion of the steel part | - Acceleration of corrosion of the steel part
which repeats emerging from water is which is repeatedly submerged in the water is
concerned. Corrosion speed is assumed at concerned. Corrosion speed is assumed at 0.1
0.1 - 0.3 mm per year. - 0.3 mm per year.
- Inferior landscape - Inferior landscape
Evaluation Not Recommended Less Recommended

Source: JICA Study Team

4.3.2.6 Shape and Size of SPSP

Before studying the shape and size of SPSP, the construction step should be examined first because it will
affect the size of the foundation.

(1) Construction Steps

Standard construction step of SPSP in the permanent foundation and temporary cofferdam method,
which is proposed in Section 4.3.2.5, is that the cofferdam part will be cut and pulled up by the
operations after constructing the footing and pier column (Alt-A). In order to pull up the steel pipes,
the steel pipes of the cofferdam shall be arranged outside the pier head. This causes larger dimension

of SPSP foundation.

In order to reduce the size of the SPSP foundation, another step, i.e., the steel pipes of cofferdam part
will be pulled up after constructing the pier column except the pier head (Alt-B), is comparatively
studied and shown in Table 4.3.13 below.
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Table 4.3.13 Comparison of the Construction Steps in Removing the Cofferdam Part of the

SPSP
Alternative Construction Step

Alt-A: | | |
Standard ‘ S i uppot s Fomuor f—ﬁ

COnStruCtiOn Step H Scaffolding & Formwork ; Scaffolding & Formwork \ ,

L S| 40N

i = i e ‘

I Steel Pipe of Cofferdam Part I Steel Pipe of Cofferdam Part h

! ! \

Quter part Nos.34 [

Bulkhead part Nos.6 ‘ — ‘ ‘

i | I I | i M |

: — — —

il

19$27
Cross section

(size 199 mx 11.3 m,

STEP-1

STEP-2

STEP-3

Concreting pier column
except pier head

Concreting pier head,

then dismantle

Complete

total pipe nos.40) scaffolding, strut. After
backfill inside
cofferdam, pull up steel
pipes.
Evaluation: Advantage | Pier column is continuously able to allow concreting inside cofferdam.
Less Recommended Disadvantage @ Larger dimension of SPSP foundation,

Higher construction cost and longer construction period

Alt-B | | | |
Construction  Step | | A — ; ; ‘
for I‘educing size of [ // ’ Scaffolding & Formwork I 1 Bracket, Support & Formwork i
SPSP . | | 2 \ e
} ;teel Pipe of Cofferdam Part ‘ ) ‘ ) ‘ :
| | | |
Quter part Nos.30 ‘ ‘ ‘ ‘ -
Bulkhead part Nos.6 T ‘ I/M T ‘ T ‘ T ‘
i | ‘ | | ‘ | ‘ | | ‘
. il
STEP-1 STEP-2 STEP-3 STEP-4
‘ Concreting pier column : Dismantle scaffolding, : Install bracket, support : Complete
Cross section except pier head strut.  Then, backfill : and formwork for

(size 17.0mx 11.3 m,
total pipe nos.36)

inside cofferdam and pull
up steel pipes.

concreting pier head

Advantage | Can reduce size of SPSP foundation and construction cost
Evaluation: Shorten construction period because of fewer number of pipe installation
Most Removed pipes can be utilized as temporary bent for superstructure
Recommended erection earlier than Alt-A.
Disadvantage | None

Source: JICA Study Team

Alt-B (construction step for reducing size of SPSP) is recommended because it can reduce the size of
the SPSP foundation and is also superior in terms of construction cost and period.

(2) Shape and Size of the SPSP Foundation

The shapes of the SPSP foundation, i.e., oval, rectangular, and round, are comparatively studied as
shown in the table below. Dimensions of each shape type are determined as minimum size to keep a
temporary work space, more than 1.5 m distance between pier column surface and steel pipe inside
surface, and all types have adequate structural capacity. Oval shape is proposed to be applied because
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it is superior in terms of economic aspect, and has a shorter construction period.

Table 4.3.14 Shape and Dimension of the SPSP Foundation

Comparative Item Oval Shape (planned in the F/S) Rectangular Shape
Schematic Outer part Nos.30 Outer part Nos.38
Bulkhead part Nos.6 /—psumd art Nos.6
- I —CO0 @% OO G
R O & O
< ; - N
3 % 4 ! - E - 3 8 87
a B % & qQ)
R O 9 s
T— = —— OO CHSOO G
17032 T 18574 ‘
Dimension 170mx 11.3 m 185mx 11.3m
Outer Pipe Nos. 30x41.5m Nos. 38 x41.5m
Bulkhead Pipe Nos. 6x37.1m Nos. 6x37.1m
Design Result
Displacement (cm) 3.3<5.0 (OK) 2.6 <5.0 (OK)
Bearing (kN/pile) 1,654 < 6,492 (OK) 1,514 < 6,448 (OK)
Stress (N/mm?) 175.0 <210 (OK) 145.6 <210 (OK)
Total Weight of Steel | 5,882 kN 7,213 kN
Pipes
Construction Cost/ | Cost ratio 1.00/ Shortest Cost ratio 1.23/ Longest
Period
Evaluation Most Recommended Less Recommended
Comparative Item Round Shape
Schematic Outer part Nos.34
— Bulkhead part Nos.10
@
@
Dimension Diameter 16.8 m
Outer Pipe Nos. 34 x41.5m
Bulkhead Pipe Nos. 10x 37.1 m Note:
Design Result - Shape of cross section of pier column
Displacement (cm) 2.3<5.0 (OK) is determined as oval type in section
Bearing (kN/pile) 1,404 < 6,468 (OK) 43223,
Stress (N/mm?) 136.4 <210 (OK) - The length and the weight of pipes
Total Weight of Steel | 7,143 kN does not include temporary part of
Pipes steel pipe.
Construction Cost/ | Cost ratio 1.13/ Moderate - The construction cost includes costs
Period of footing, bottom slab, cofferdam and
Evaluation Less Recommended SPSP foundation.

Source: JICA Study Team
(3) Thickness of Footing

The thickness of the footing is determined based on the bending moment and the shear force. Also, the
footing must have enough stiffness to ensure that the connection between the footing and the pier, and
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between the footing and the pile are rigid. In addition, if the foundation is constructed through the
permanent foundation and temporary cofferdam method, then it is required to consider the dimension
of the connection with the footing to determine the thickness of the footing. Based on the structural
calculation, at least 3.1 m thickness is required taking into account the number of reinforcement stud.
Accordingly, the thickness of the footing is proposed at 4.0 m instead of 6.0 m as planned in the F/S.

As for the bottom slab by underwater concrete, its thickness in meter can be obtained from the equation
of “0.1 x depth (m) =1.0” taking account of the temporary cofferdam wall reaction that is nearly in
proportionate to the excavation depth, irregularity in underwater excavation, and placement accuracy
of underwater concrete, as well as referring to the past construction cases. In this study, the depth is
around 20 m. Therefore, the thickness of the bottom slab is proposed at 2.0 m.

When the bottom slab concrete is placed in the weak stratum, a sand layer with a thickness of 0.5-1 m
might be provided as enhanced support for the ground. In this study, thickness of the sand mat is
assumed at 0.5 m for budgetary purpose. During construction, necessity and thickness of sand mat
shall be determined while taking account of the excavated soil condition.

4.3.2.7 Diameter and Thickness of Steel Pipe

For the SPSP foundation with oval shape selected in Section 4.3.2.6, diameter and thickness are
comparatively studied between steel pipes with a diameter of 1.0 m and 1.2 m as shown in Table 4.3.15.
The optimal one is determined as the steel pipe with a diameter of 1.2 m and thickness of 14 mm because
it has the adequate structural capacity, slightly lower construction cost, and shorter construction period.

Table 4.3.15 Comparison of Diameter and Thickness of Steel Pipe

Comparative Item Dia.1.0 m (planned in the F/S) Dia.1.2 m
Schematic Outer part t=14,16mm Outer part t=14mm
/ Bulkhead part t=14mm Bulkhead part t=14mm
/ Nos6SKY400 ) | PlosGSKYA00 —
I / AV I NV o > —/ > ) -
ST '

DC

9

/)
[\
)

0

e oF

9743
11344

AV
PANVA/N

\\7

,E%[_\/‘\ QJ/ r‘\(}@ng _ 1 7\ AV @ > |
17140 1ﬁ032
Dimension 17.1mx9.7m 170mx 11.3m
Outer Pipe™" Nos. 34 x29.0 m (t= 16 mm) Nos. 30 x 41.5 m (t = 14 mm)
Nos. 34 x 12.5 m (t = 14 mm)
Bulkhead Pipe”" Nos. 6 x 37.1 m (t= 14 mm) Nos. 6 x 37.1 m (t= 14 mm)
Design Result
Displacement (cm) 3.7<5.0 (OK) 3.3<5.0 (OK)
Bearing (kN/pile) 1,500 < 5,528 (OK) 1,672 < 6,492 (OK)
Stress (N/mm?) 187.8 <210 (OK) 176.4 <210 (OK)
Total Weight of Steel | 5,907 kN 5,882 kN
Pipes”"
Construction Cost™?/ | Cost ratio 1.01/ Longer Cost ratio 1.00/ Shorter
Period
Evaluation Less Recommended Most Recommended

Note: *1/ The length and the weight of pipes do not include the temporary part of the steel pipe.
*2/ The construction cost includes the costs of footing, bottom slab, cofferdam and SPSP foundation.
Source: JICA Study Team
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4.3.2.8 Outline of the Proposed Substructure for Steel Box Girder Bridge in the B/D

Through the studies in Sections 4.3.2.3 to 4.3.2.7, the configuration of the substructures for steel box girder
bridge is determined and are as shown in the table below.

Table 4.3.16 Structural Outline of the Substructure of P19 (Representing the Piers) for Steel
Box Girder Bridge

Item Description ‘ “ ‘
Pier Column I - )
Shape: Oval shape with an overhang ; mﬁ E——- /\V) e
Size: 17 m width at top and 11 m at 7 R
bottom g \ §’
Thickness is 4.0 m Y s i
Material: Reinforced Concrete g - g
Class of concrete: 30 MPa ) -
Grade of rebar: SD345 o st ke b 100 72 72
Foundation e 7 100" oo M daoh
Shape: Oval shape u u u u
Size: Dimension 17.0 mx 11.3 m g g
Thickness of footing 4.0 m g g
Thickness of bottom slab 2.0 | & g
m L L o S8
Thickness of Sand Mat 0.5 m bo . bo B ——
Diameter of steel pipe 1.2 m | 0518 T
Thickness of steel pipe: 14
mm ‘
Length of steel pipe: 41.5m
Material Grade of steel pipe: SKY400
Construction | Foundation and Temporary
Method: Cofferdam Method
General View of the Substructure P19 Representing the Piers

Source: JICA Study Team
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4.3.3 Detailed Design for Superstructure of the Steel Box Girder Bridge (7-Span Bridge)
4.3.3.1 Design Condition
(1) Profile
Span Length:
1.2+110.8+5@112.0 +103.1 + 0.9 = 776.0 m (Bridge Length)

Italicized figures of 1.2 and 0.9 above show the combined length of the clearance and marginal
length from the end girder to the bearing position. There has been a slight change for it is longer than
the value on the B/D because of the displacement in consideration of the seismic behavior and
temperature elongation.

The width composition is same as the B/D.
Normal Width 06+9.0+15+9.0+0.6=20.7m
Widened Width 0.6 +9.0+3.7+9.0+0.6=229m

Italicized figures of 0.6, 1.5, and 3.7 above show the side barrier (coping) and median barrier (coping)
width.

SIDE VIEW

_ THANLYIN YANGON
BRIDGE LENGTH _ 776000
GIRDER LENGTH _ 775700

1000 110800 112000 112000 SPANLENGTH 112000 112000 112000

FT@ 2]
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103100 8

&) e ) &) & [S] 2]
A e T

200] 1000

= =
1200 DETAL -1 oETAL -2 500
SCALE: TS SCALE TS

PLAN VIEW
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GIRDER LENGTH_775700
! 110800 112000 112000 SPANLENGTH 112000 112000 112000

108100
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11450, 11480
0 3700 60

@ M

A-A B-B
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o o
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3123 ar | 8200 an 3123 s | am | 5000 | am 3123

283 o

Source: JICA Study Team

Figure 4.3.19 General View
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(2) Live Load

AASHTO load was adopted on the design of the 6-lane carriageways that is different from the actual
4-lane carriageways, and loading lanes were taken in the severest condition.

There are three kinds of loading, 1-Truck load, Tandem load, and Uniform Lane load, which are shown
in the figure below.

Source: AASHTO specification
Figure 4.3.20 AASHTO Loading
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2-LANES(case?) Truck Load HS20_TWIN(1-LANE(case1)) Tandem Load

(m) m
22.900 22900
Gl G2 G3 G4 G G: G3 G4
4177 8.200 4177 4171 8.200 4177
L 19.300 3.000_3.000_3.000 13.300
5.00 (KN)
1-LANE(casel) Uniform Load 0 nz) 3-LANES Truck Load
7.700 3.000. 2.200 3.000_3.000_3.000 13.300
TppU
5.00 (kN) 000
1-LANE(case?) Truck Load 3-LANES Tandem Load
3.000_3000_3.000 13300
THYO
0 (k/m2)
1-LANE(case?) Tandem Load 3-LANES Uniform Load VA,
3.000_3.000_3.000 3.000_3.000_3.000,600
U]
5.00 (KN)
1-LANE(case?) Uniform Load 6-LANES Truck Load
3.000_3.000_3.000 3.000__3.000_3.000.600
UppU U}
0.00 (K
2-LANES(casel) Truck Load 6-LANES Tandem Load
3.000_3.000_3.000 3.000__3000_3.000.600
o e
2-LANES(casel) Tandem Load 6-LANES Uniform Load m,,,ﬁ
3.00 00
U}
5.00 (<N)
2-LANES(casel) Uniform Load HS20_TWIN(1-LANE(casel)) Truck Load
300 19.300

0
ooo(%)

19.300

2-LANES(case?) Tandem Load HS20_TWIN(1-LANE(casel)) Uniform Load L‘Ml&)o a— -
ﬁsoo (kro
2-LANES(case?) Uniform Load HS20_TWIN(1-LANE(case2)) Truck Load S - —
2# 00 +)
HS20_TWIN(1-LANE(case2)) Tandem Load
700 3.000 2.200
HS20_TWIN(L-LANE(case2)) Uniform Load 3-%”
Source: JICA Study Team
Figure 4.3.21 Variations of Loading Position
(3) Dead Load
The following items were considered:
- Pavement of asphalt 80 mm thick asphalt laid at whole carriageway
- Coping as wheel guard 330 mm deep concrete casted from steel deck plate
- Railing at side barrier ~ Steel railing weight is assumed.
- Railing at median strip Dual steel railing weight is assumed
- Miscellaneous weight ~ Provisional weight as future overlay load
- Steel weight Assumed in accordance with the girder weight based on B/D

(These weights will be reviewed during the step by step design)

Unit weight of each item is calculated in accordance with its unit volume weight as shown on JSHB.
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|

Source: JICA Study Team
Figure 4.3.22 Dead Load Variations
(4) Supporting Condition
- This bridge is supported by eight piers at the longitudinal road direction.

- Every girder has been assumed to be supported on elastic bearing that was rotatable and only
longitudinally movable during the B/D.

- However, the end bearing capacity against rotation distortion due to live load was reviewed,
and then it was decided that multi-fixed bearing system will be suitable in case that the
substructure is built on soft foundation.

- Elasticity coefficient including flexibility of substructure on soft soil has been reviewed
eventually at the design stage of substructure and bearing.

SIDE VIEW

THANLYIV YANGON
BRIDGE LENGTH 776000
GRDERLENGTH 175700

110800 woo . iow SPANLENGTH 112000 112000 woo . omw

%@ (3] &) a & 3] ‘@ 2] ng@
A

Source: JICA Study Team
Figure 4.3.23 Bearing Support Condition
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4.3.3.2 Analysis of the Main Girder

(1) Software for Analysis

1%

2nd;
31;
4
5t

Superstructure was analyzed using the common software named ‘APPOLO’, which is for Grid
Frame Analysis.

This software consists of 5-steps bridge designing.

Calculating the alignment and coordinates of each line and grid point

Analysis of grid frame that is for the purpose of determining design forces of each member.
Calculating section properties of each member in accordance with JSHB.

Automatically drawing in accordance with determined member section composition.

Quantities calculation

This software system is shown in the following figure.

Source: Catalogue prepared by the software company

Figure 4.3.24 Analysis Flow of the Software

4.3.3.3 Results of the Analysis and the Determined Section Composition
(1) Reaction

Analyzed reaction was reflected into the design of the substructure and the bearing support.
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Table 4.3.17 Reaction Components at Each Pier

Reaction Table (unit:Kn)
P13 Pl4 P15 P16 P17 P18 P19 P20
Pavement 362.1 | 1,053.7 890.2 953.0 941.5 914.6 | 1,009.7 337.0
Side Railing 194 525 46.3 484 479 47.0 50.8 18.8
Side Coping 1923 | 5193 4584 | 4790 | 4748 | 4654 502.6 185.9
Steel Girder 12289 | 3.6252 | 3.039.0 | 32674 | 32265 | 3.1289 | 3.467.6 | 11358
Median coping 116.1 | 2759 192.3 2230 | 2170 2084 | 2376 66.7
Overlay 167.5 | 4786 | 4025 4314 | 4260 4140 4567 152.9
Median Railing 6.2 203 16.1 17.9 17.6 16.8 19.2 5.4
G1&G4 | Total Dead Weight | 2,092.5 | 6,025.6 | 5.044.7 | 54200 | 53513 | 51952 57443 | 1902.5
Live loa(i/[“;‘:;‘ mPAct | 0303 | 2,043.6 | 19636 | 20213 | 20089 | 19802 | 19923 | 10099
Live load with impact
(Min 3380 | -3709| -4815| -4662| -4663| -4694| 3677 -3209
Total Rection(Max) | 3.122.8 | 8.069.2 | 7.0083 | 74413 | 73602 | 7.1753 | 7.736.6 | 29124
Total Rection(Min) | 1,754.6 | 5,654.7 | 45633 | 4,953.8 | 48849 | 47258 | 53766| 15816
Pavement 334.6 | 1,007.9 851.4 882.8 876.7 8559 [ 9667  299.6
Side Railing 1.7 9.9 6.4 7.1 7.1 6.5 9.0 0.5
Side Coping 16.3 98.0 63.2 70.8 69.8 64.8 89.2 48
Steel Girder 1329.3 | 3.946.6 | 33574 | 34750 | 34517 | 33739 | 3,913 | 12026
Median coping 3307 | 5480 | 4460 | 4680 | 4625 | 4547 502.0 1716
Overlay 1602 | 4479 3752 389.9 387.0 3778 | 4271 131.8
Median Railing 14.9 42.0 36.6 37.7 374 36.7 40.6 13.9
G2&G3 | Total Dead Weight | 2.187.6 | 6.100.3 | 5.136.1 | 53313 | 52922 51703 | 58259 | 1.824.8
Live load with impact 989.8 | 1,872.8 | 1.8045| 18023 | 1,7994 | 1,779.1 | 18263 909.5
(Max)
Live loa(dM“i”;;‘ mpact | 960 |  201.6| -3194| -2905| 2959| -2999| -199.8| -1843
Total Rection(Max) | 3,1774 | 7.973.1 | 69406 | 7.133.6| 7.091.6 | 69495 | 7.6523 | 27343
Total Rection(Min) | 19914 | 58987 | 48167 | 50407 | 49964 | 48705 | 56262 | 16405
Whole Dead Load 8,560.2 | 24.251.7 | 20.361.7 | 21,502.5 | 21.287.0 | 20.731.0 | 23.140.3 | 7.454.6
Whole Live Load with Impact 4040.1 | 7.832.8 | 7.536.1 | 7.6472| 7.616.6 | 7.518.6 | 7.637.3 | 3.838.8
> [ Total 12,600.3 | 32,084.5 | 27.897.8 | 29.149.7 | 28.903.6 | 28.249.5 | 30.777.6 | 11,293.4
Whole Dead Load 8,560.2 [ 24.251.7 | 20.361.7 | 21,502.5 | 21.287.0 | 20.731.0 | 23.140.3 | 7.454.6
Whole Live Load without Impact | 3.593.2 | 6.971.8 | 6.707.7 | 6.806.6 | 67793 | 6.692.1 | 6.797.7 | 3.395.6
> [ Total 12,1533 | 31,223.5 | 27.069.4 | 28.309.1 | 28,066.4 | 27.423.1 | 29.938.1 | 10,850.2
Whole Dead Load 8,560.2 7,454.6
Whole Live Load without 33328 3.1153
Impact and Truck
) [ Total 12,153.3 10,850.2

Source: JICA Study Team
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(2) Member Force and Section Composition Diagram

The section dimensions and grade of material are determined so that the following criteria are satisfied:

Each section is designed so that the stress based on bending moment and shearing force shall
be within the allowable stress of the adopted material grade.

The JSHB requires that the deflection due to live load shall be less than 1/500 of span length.

All block joints are fastened by high strength bolts. Therefore, axial tensile stress at tensile
part shall take account of the decreased section area because of the bolt holes. In case that
tensile stress would be more than the allowable stress, the thickness of the section should be
increased.

Steel deck plate is stiffened by u-shaped trough ribs, so that torsional stiftness is increased for
wheel load.

Compression stress part of lower flange is stiffened by plate ribs in accordance with thickness
of flange. These ribs shall be fastened by high strength bolts at block joint as stress member.

Web plate is stiffened by horizontal stiffeners at 2-level position, so as decreasing web
thickness. These stiffeners only act as stiffeners but not as stress member.

Required section properties are calculated as follows:

Source: JICA Study Team

Figure 4.3.25 Typical Calculation Sample of the Section

The thickness and the material grade of all sections have been determined and calculated in
accordance with the bending moment.

The following diagrams show part of the section composition of G1 and G2 girders as example.
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STRESS DIAGRAM OF MAIN GIRDER G1 (P13-P20) (1)

wom K
[TO000 G <
Cone fange
75000 | N
50000
25000 50
77 s
_ 100
_ 150
D) 7
53] = 4 a7 8T ~TET [§ ¥
e g L8018 3010003230095 L0015 100002 510000-50000 a0 g
Span leng 110613 L1200 span tengin
Feld ot a5t 10103 100032 100032 100017 100004 10000 10000 10000 10000 7500 6750 10000 g e
Lenghof e seeion| 4616 | 10108 [ oome [ oo [ womr o004 | 10000 | 10000 | 10000 | 10000 om0 [ o [ woom e cien

!

Units mm_Nimm2

1 B B 4 B [ 7] | 9 10 ] 2 B
Secton Sect Sec2 Secd Sec| Secs Secs Sec Sec8 Secd Sec10 Sec-11] Sec12 Sec-13]|_Secton Grades (1;SM400
Deck Plate{ Thickness 16,16, 16 16, 16, 16| 16,16, 16 16, 16, 16 16, 16, 16| 16, 16, 16| 16, 16, 16| 16,16, 16 16, 16, 16 2,222 27,27, 27 21,21, 21 27,21, 27|| Thickness | Deck Plate| 100 (2:SMe%0
Quay 0.6 000 0006 000 006l 000 006 000 ©E6 ©.O6 ©E6 ETENE] @@ quiy 1 sy
Longitu_| Number 38ub 3-8ub) 38ub 38ub 38ulb 38ub 3-8ub 38ub 38ub 38 38ub 3-8ub) 38ub 38ub 38ub 38ub 3-8u) 38ub 3Bub || Number [Longru | (4ISMSTO
anal RO Section zou|  oon|  oou| zou|  sseu|  zeu|  ssom|  zom|  zou|  zen|  zseu| csem| osom|  zsom|  zsow|  zsent|  csm|  2soma| 200 Seoton |AIRBYIIL (G)SMA00H
Longitu _[Number 6-U-Rib 6-U-Rib| 6-U-Rib 6-U-Rib 6-U-Rib| 6-U-Rib 6-U-Rib| 6-U-Rib 6-U-Rib 6-U-Rib| 6-U-Rib 6-U-Rib| 6-U-Rib 6-U-Rib 6-U-Rib| 6-U-Rib 6-U-Rib| 6-U-Rib 6-U-Rib|| Number |Longitu 1I0 - (6)SMASOH
dinal Rib Section 320*240°8 320*240"8| 320*240"8 | 320°240°8, 320*240°8| 3202408 320*240*8| 320*240*8 | 320°240°8, 320240'8 | 320*240°8, 320*240'8| 320*240"8 | 320724078, 320°240°8| 320%240°8, 320°240°8| 320*240"8| 320*240°8|| Section dinal Rib2) 110 (7):SM520-H
LeftWeb |Height 30443 3044.2 30442 30442 30442 30443 30443 30443 30443 3043 30443 30443 30375 30375 307 303L9) 30319 30319 Height _|Leftwep |/ (BISMSTOH
Thickness 126) 20 ) 1204) 12(2) 1209 1200) 12(0) 120) 12) ) 12(4)| Thickness
Right Web| Height 2714‘ 2714.1 2714.1] 27141 2714.1] 271411 2714] 2714 2114 2714 2714‘ 2714| 2708 2709‘ 2708 2703] 2703 2703|| Height Right Web |
Thickness 12(3) 1203) 12(4) 12(4) 122) 12(4) 12(4) 12(4) 12(3) 12(2) 14(4) 12(4)|| Thickness
Lower Number 2 2] 2] 2| 2] 2| 2] 2] 5 5 5 5[] Number |Lower
lange [widtn 220 220) 220) 220) 220) 220) 220) 220 220 220 200[ wigtn__|onde
b Thickness 1903) 19(4) 19(4) 192) 19(4) 1904) 19(4) 19(3) 19(4) 192) 19(4) 19(4)[| Thickness | b
Lflg W=1850T 2003) 46(8)] 16(3) 24(4) 438) 52(8) 47(8) Ligw=1850T
Deck Plate{g 0] -80 42 1111 Deck Plate|
oa 210 210] 210] 210]
a0 210 130
g 0] 145 Lower
fange o 0 o0 fange
0a-0 210] 65
Wb v &0 2 Weo
B 120 120 145 15 145 145 145 115 145 1m
|Combined 0.25 0.56] 0.72 057 0.56 057, 0.56] 0.58 0.67 0.16 0.19 0.71] 0.94 0.97] 0. Bi{ 0.91]| Combined
Calculted poinis et 3 32 13 4 35 35 ¥ Lef et 10 11 waxtef]  waxight 3-12|]_Calulated ponts
Stress of Net Area @ | | | | | | Stress of Net Area @
Lig ospl [ [ [ [ [ [ [t aspl
Source: JICA Study Team
Figure 4.3.26 Typical Section Composition, G1 (P13-P14)
STRESS DIAGRAM OF MAIN GIRDER G2 (P13-P20) (1)
oim K
Lower flange —
-75000 | -1500(
-50000 -1000¢
-25000 -500(
e
1000(
R S — 1500
= =
[59) ¥ 3 20T Rz 23] [E3) [E1) T i) jiY %) 7 Vi)
panel leng 108018 3@10003.2=30009.5 100017 10000.1 5@10000=50000 8000 Panel lengh
Span eng 110813 1200 o engn
Field joint 94516 10103 10003.2 10003.2 10001.7 100004 10000 10000 10000 10000 7500 6750 10000 Field joint
Lenghot | 2516 10103 [T 100032 w000 100004 10000 10000 | 10000 10000 I

L 10000 engin of the section
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Uniti mm Nimm2
1 2 3| 4| 5 6| 7] 8 9 10 111 12 13|
Section Secl Sec2 Secd|  Secd Secs|  Sech Sec? Sec | Secd Sec-10 Secl Sec12 Sec-13]] Section Grade (1) S0
Deck Plate [Thickness 16,16,16 16,16,16] 16,1616 16,1616 16,16,16] 16,16,16] 16,16,16| 16,16.16 16,1616 22,22,22 21.21,21 21,21,21 27,27 27| Thwness[beck e | 7% L)
Quallty 366 G.E.A] E.6.0)] G166 B.E.e] ()E.E)|  BLEL.E  (6).6.6) 3.8)6) 6.3).6) 3.6 3).3).6) (3).3).3)]| Quality I (3)Smagoy
Longitu [ Number 6URD|  6URD| 6URb  6URb| 6URD| 6URD| 6URb| 6URb 6URb| 6URD] 6URD 6URb| 6URL] 6URD 6URb| 6URb|  6URL]  6URD|  6-U-Rib| Number |Longiu
Nl ROL |oeion | a202408] s2024008] 3207240 320°240°8|_320°240°8] 320240°8] 320r240'8]320°240°8]_320°240°8]_320240re] 320r2406|_320°240°8|_320240°8| 320240'8] 320°240] 320°240°8]_32040r8] 320°240'8] 3202408 section [ OMAIRDL | 110 (SSTO
Longitu__ [ Number 5Bub| _ 5Bub  5Bub|  4Bub|  4Bub|  4Bub|  4Bub|  4Bub|  2Bub|  2Bub|  2Bub|  2Bub|  2Bub|  2Bubl  2Bub|  2Bub|  2Bub|  2Bub|  2Bub| Number |Longiu
AnaRD2 [Secion son|  oson| osom|  asen|  asom| asewn|  zson|  asom|  zsows]  asons|  gsom|  zsows|  asona|  gsoms|  gsonn] 2z  zsomt| 2301 23004 secion | 9NRIRD2
LeftWeb | Height 2141 omaeo|  oraes]  2me9]  2mass|  2r4e9) 2147] 2741] 2741] 2747] 2741] 2747] 2741] 2741] 2141 2136) 2139 2734| 2736|| Height__|Left Web
Thickness 1) 1) 11(8) 11(4) 11(8) 11(4) 11(4) 11(8) 1) 13(4) 13(4) 13(4) 11(4)|| Thickness
Right Wb |Height 2801 2s011]  2sora|  2eona|  2s011[  2s0u] 2801] 201 2801] 2601] 2801] 2801] 2795] 2795] 279| 279) 2790] 279) 270]| Height__|Right Web
Thickness 1Q) 114) ) 11) 119) 11(9) 1) 110) 1G) 134) 13(4) 13(4) 11(4)|| Thickness
Lower |Number 3 3 3 3 3 3 3 3 3 7 7 7 7| Number | Lower
tange i 20 20| 220) 220) 220| 220] 220) 220) 220 220 220] 240 220] widh__|{2an%e,
iib Thickness 19(3) 19(4) 19(4) 19(4) 19(4) 19(4) 10(4) 1904) 193) 19(4) 19(4) 19(4) 10(4)| Thickness|rib
Lflg W=2940 T 14(3) 20(4) 28(4) 32(4) 32(4) 3204) 26(4) 18(4) 18(3) 21(4) 32(4) 4004) 35(4)| Lig w=1850T
DeckPlate [o 0 73] o8] aes| s -186) 185 167 -140) -81] K 63 4 48] 123 164 193] 193] 174 o Deck Plate
0a 210 210 210 210 210 210 210 210 210 210 210] 210 210 210] 210 210 210] 210 210] 0a
020 210 137, 82 45 2 2| 25| 43 70) 129 205| 147 206 162 87 46) 17] 17] 3| a0
Lower |0 0 138 198 203 205 208 205 210 206 118 g % 5 61 -156) 214 218 218 216 0 Lower
flange 55 210) 210 25| 255, 255 255, 255, 255 255, 210 210) 139 255 255 255, 255 255 255, 25| 0a flange
020 210] 72 57 52| 50 a7 50) 45 49 %] 202] 43 250 104 %) 4] 37 37, 39| a0
Web |1 70| 56 m 31] 20) 17 zj 3 44 56, 70 70) 56 56 7] 79 82| 75| 8| Web
B 120 120 145 145 145 145 145 145 145 120 120 120 15 145 145 145 145 145 145 1a
Combined 034 057 0.66] 065 053 064 0563 066 0.70) 0.45) 0.34] 0.43] 0.16) 0.18] 054 091] 0.96| 09| 0.98]] Combined
Calculated points Left I 12 13 34 15 JE‘ 3 18 39| 19 Lef Lef 110 311 Max Left| waxRight 12| Calculated points
Stress of Net Area | | | Stress of Net Area
Lfig ospl | | | [ Lfig ospl

Source: JICA Study Team
Figure 4.3.27 Typical Section Composition, G2 (P13-P14)
4.3.3.4 Analysis of Steel Deck
(1) Design Method of Steel Deck
- The steel deck will be analyzed as equivalent multi-grid frame.

- The model of the grid frame consists of webs, cross girder, crossbeams, and longitudinal
stiffeners.

Source: JICA Study Team
Figure 4.3.28 Concept of Wheel Loading on Steel Deck

(2) Stress Evaluation of Steel Deck

- Longitudinal ribs or cross ribs have combined stresses of primary stress as a deck member of
the whole main girder and secondary stress as a member of the deck frame.

- The stress of longitudinal rib is of the same direction as the main girder stress. Therefore, this
stress shall be combined with the stress of the main girder and shall be within the allowable
stress as shown below.

ol : Primary stress as a member of the main girder

02 : Secondary stress as a member of the deck frame
o : Safety factor (1.4 as specified by the JISHB)

ca : Allowable stress of the material deck plate

olto2 <oca - a

4-479



Detailed Design Study on The Bago River Bridge Construction Project Final Report

- If 02 is smaller than 0.4*ca, then the formula above will always be satisfied.

- The stress of the cross rib is in the right angle direction of the stress of the main girder, so the
biaxial stress shall be checked.

Biaxial calculation formula:
K=(ox/ca)2-(ox/oca)*(oy/ca)+(oy/ca)2+(t/1a)2 = 1.2
o x : Normal stress of the main girder (N/mm?) X : Shear stress of the main girder (N/mm?)
o'y : Normal stress of the crossbeam (N/mm?) 1y : Shear stress of the crossbeam (N/mm?)
o a : Allowable tensile stress of the main girder (N/mm?)
ta : Allowable shear stress of the main girder or crossbeam (N/mm?)
Where, by checking location:
Flange point (1/71a)=(1x/1X2)
Web point  (t/71a)=Max( (tx/txa), (ty/Max(txa,tya)) )
(3) Analysis Model of Deck Frame

- Wheel load shall act on the longitudinal stiffener or crossbeam so that the maximum bending
moment will occur.

- Vertical ribs are considered as one bar members without any cross sectional deformation.
Therefore, the torsional rigidity (using only the simple torsional resistance) is not reduced; it
is 100% valid and is calculated by the following formula:

Torsional rigidity = 4*A2 / {(u/tR) + (a/tP)}
A : Cross sectional area surrounded by the U-shaped steel
u : Expanded width of the U-shaped steel
a : Upper width of the U-shaped steel
tR: Thickness of the U-shaped steel
tP: Thickness of the deck plate

- The virtual distribution girder that performs the load distribution between the longitudinal ribs
gives the bending rigidity equivalent to the rigid structure consisting of the deck plate and the
longitudinal rib peripheral wall in consideration of the sectional deformation of the
longitudinal rib. Since this rigid structure continues in the direction of the bridge axis, the
equivalent cross sectional secondary moment per unit length is obtained first, and in the Lattice
Model, one distribution girder is provided at the lateral rib intervals to provide bending rigidity.

Equivalent virtual

distributed girder

Structural frame consisting of _L L _L

deck plate and vertical rib

peripheral wall

Source: Analysis manual prepared by the software company

Figure 4.3.29 Concept of Equivalent Virtual Beam of Steel Deck
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- There are five deck models, i.e.: side deck, top deck of G1, top deck of G2, median deck, and
center deck, that are to be considered.

- The top deck of G2 is shown in the following figure.

2 & o5 B o7 R 8 10 o1 18 A8 i 15 16 17
RO 4wl L0 &b Los 4wl 467 [ A% AN 024109 b &125 Al3 [
9 .26 33 40 147 51 161 68 |75 82 189 06 3 10 _J107 o120 1131 X
20 2T M 4l 8 a0 162 69 76 B3 190 07 04 L1l 18 125 1132 3 W:'
B o0 (B a3 8 51 JBL 7 8 .85 (8 oo IR us [P 17 (IS ¥
23,30 137 4 151 .58 l65 .72 [79 .86 193 100 l107 114 [121 (128 [135 3K
24 31 138 45 |52 59 le66 73 [s0 .87 Jo4 101 J108 115 [122 129 [136 3 O
137 138 1139 140 |141 142 |143 144 |45 146 [147 148 |149 150 [151 152 1153 oK
A A — A A T — A FaY —
S
2500 2500 2500 2500 2500 2500 ., 2500 2500 ”
PR PR P i bl
0 lo 0
Source: JICA Study Team
Figure 4.3.30 Analysis Model of Steel Deck
- Dead load to be considered
Pavement (road section) 1.80 kN/m?
Steel weight 2.00 kN/m?
- Section profile of member
Cross sectional shape Thickness of deck plate 16 mm
Longitudinal rib  Sec- 2 U.RIB 320 * 240 * 8
Lateral rib Sec- 2 WEBPL 800 *9 FLG PL 200 * 10
Diaphragm WEB PL 2100 * 10 FLG PL 220 * 10

- Wheel load shall act on the longitudinal stiffener or crossbeam so the maximum bending
moment will occur.

- Distance of the wheel is 1.8 m, and contact area of each wheel is 510 mm wide and 250 mm
long.

Source: AASHTO specification
Figure 4.3.31 Wheel Load to be Considered on Steel Deck

- Impact coefficient is based on the following formula which is based on JSHB:
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Longitudinal rib i=04
Lateral rib & bracket i =20/(50+L) L: Span length of lateral rib and bracket (m)

(4) Diagram of Bending Moment

- The maximum/minimum bending moment of the longitudinal rib was calculated based on
influence line and area.

- The critical moment occurred at the mid span.

Source: JICA Study Team
Figure 4.3.32 Bending Moment Diagram
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(5) Analysis Results of Each Rib Force

Table 4.3.18 Table of the Member Force

( a) List of Cross-sectional Force

Member  Cross-secti. Case of interest | Point of Load type Bending Shear force
on interest moment (kN+m) (kN)
Longitudinal Sec-2 | At Max. bending 45 Dead load 0.73 0.05
rib
T-Load | 4343 | -57.88
Total . 4406 | 5783
Additional Total 44.16 -57.83
At Min. bending 40 Dead load -0.93 2.61
' © T-Load | -2397 | 1343
Total 2490  16.05
| Additional Total | -24.90 . 16.05
At Max. shear 67 | Dead load | -1.01 | 270
T- Load 0.18 107.48
Total . 083 | 110.18
. [ | Additional Total | -0.83 . 110,18
Lateral rib Sec-2 At Max. bending 39 Dead load 8.89 -5.52
T- Load 110.82 0.88
Total L 11971 -4.64
_ | Additional Total |~ 9577  -4.64
At Min. bending 77| Dead load | 7.95 | 492
T- Load -14.20 -9.31
Total | -6.25 | -4.39
Additional Total -95.77 -4.39
At Max. shear 3 | Dead load | 0.00 | 11.05
T- Load 0.00 | 195.64
Total . 0.00 20668
Additional Total 0.00 206.68

Source: JICA Study Team

Table 4.3.19 Table of the Deflection due to Live Load

Source: JICA Study Team

(6) Stress Calculation of the Longitudinal Rib
- Atwo-type rib, that is a bulb plate rib or a U-shaped rib, is adopted.
- Each rib is calculated as a beam structure, so that stress will be less than allowable stress.

- The typical calculation procedure is shown in the following figure.

4-483



Detailed Design Study on The Bago River Bridge Construction Project

Final Report

(2)Model-3  Sec-2 (Supporting Part)

Sectional Force and Conditions of the Calculation

For scctional caiculation M- -26.10kN-m S— 110.62 kN
For spliced (attachment/joint) part M;= -063kN-m 5= 110.62kN

Calculation ol Effective Width
2 ¢ Bl 2 % B2

|A)‘é‘ 2ildz

UV

¢ Equivalent span length L=06*LC=0.6*250.0=150.0cm

LC : Lateral rib interval (Longitudinal rib span length)
Bl =16.2¢cm

B2=113cm
BI/L=162/150.0=0.11
Al=§1.06-32%(B1/L)+4.5%(B1/L)y} * Bl
={1.06-32%(0.11)+4.5%(0.11¥} * Bl
- 124 cm
B2/L=113/150.0=0.08
22-141.06-32%(B2/L) | 4.5*(B2/L)"} * B2
={1.06-3.2%(0.08) +4.5 * (0.08)'} * B2
-95cm
* Total effective width

A=W +22)%2=(124+9.5) %2

=439cm
Sectional Quantities
Acm’) Y(cm) AY(ecm?)
I{cm®)
I-DECK  PL 439 * 16 (SM400) 70.30 -16.01  -11255 180193
I-URIB 320 * 240 * 8 (SM400) 53.90 0.00 0.0 3315.0
124.20 -1125.5 213343
e=-11255/12420=-906 cm
1-213343 -12420*-9.06°— 11135 cm’
Y,= =775c¢m, Y;= 1805cm
W,= -1437cem’, W= 617 cm’

Actual Stress

Bending stress

ou= 2610 10°/(-1437* 100 = 18 N/mm’ < o, = 140 N/mm’
o~ -26.10%10°/¢( 617* 10— 42 N/mm° < o — 140 N/mm?®
Shear stress

T= 10.62*10°/( 387%10%)= 29 N'mm® < 1, = 80 N/mm’

Combined stress R R
Kk=(42/140)"+(29/80)y°' =022 < 1.2

0<04-0a

Source: JICA Study Team

Figure 4.3.33 Sample Calculation of the Longitudinal Rib

(7) Stress Calculation of the Cross Rib

Cross ribs are a kind of elastic support member for longitudinal ribs.

The typical calculation procedure is shown in the following figure.
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Sectional Force and Conditions of the Calculation
M= 1123kN-m S

Section force 16.6 kN

Shear force of missing part Si= 16,6 kKN
Distance between the fixed points L= 3.000m

Equivalent Span Length

L1 " L2 |
‘ Ll ’ 12 = 300.0 cm
a [A)

Li=0.6*L2=0.6*300.0=180.0cm

Effective Width
2% B i 2% 32

\ {g ‘
B1/Li-125.0/180.0 - 0.69
M=015*1i=0.15*180.0=27.0cm
B2/Li=125.0/180.0=10.69

22=015*Li=0.15* 180.0=27.0cm
Total effective width A =2x1 1 A2=27.0 + 27.0=54.0cm

Bl = 125.0 cm
B2 = 125.0 em

Source: JICA Study Team
Figure 4.3.34 Sample Calculation of the Effective Width of the Cross Rib

Sectional Area and Moment of Inertia
Aem’)  Y(ecm) AY(em’)  I(ecm®)

I-DECK PL 540 * 16(SM400) 8640 -40.80 -3525 143825

I-WEB  PL  800* 9(SM400)  72.00  0.00 0 38400
I.LLFLG  PL 200 * 10(SM400)  20.00  40.50 810 32805
178.40 2715 215030
E=  -2715/17840=-1522 cm
=  215030-178.40*-1522°= 173708 cm’

Y.= -2638cm, Y_.= 5622cm
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Bending stress
G.= 112.3%*10°* -263.8/( 173708%10")= -17N/mm’ < g, =
o= 1123*10°%  5622/( 173708*10") = 36 N/mm’ <o, =

Shear stress
7= 16.6¥10°/ 7200 = 2N/mm?* <1, = 80 N/mm’

Combined stress
K= 36/ 140)*+( 2/ 80y =007<12

Shear Stress of Vertical Rib-Missing Part
’Z * B3 SR
B

A

= (——)’

I

—

= 166%10°/  7200=2N/mm’ <1,=80 N/mm’
= *Hy/Hyo=2%80.0/523=4N/mm* <r,

Verification of Detlection

Deflection due to liveload 8§=02mm = §,=L/500=3000/500=6.0 mm

140 N/mm?
140 N/mm’

Source: JICA Study Team
Figure 4.3.35 Sample Calculation of the Cross rib
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(8) Biaxial Stress at the Cross Point of Both Webs of the Main Girder and Cross Rib
Calculation procedure of converted stress is as the follows.

- The cross point at both webs is shown in the following figure. This point has biaxial stress,
main girder stress, and cross rib stress. These stresses are orthotropic respectively.

50 LNV RY) U UUU&—)/ ryy

- The checking location is shown by the black dot in the sketch above.

- The maximum value is based on the checking of the right and left sides of the node point
respectively, and of positive and negative stress, respectively.

- Biaxial calculation formula is shown as follows:

K=(ox/ca)2-(ox/ca)*(oy/ca)+(oy/ca)2+(t/1a)2 = 1.2

o x : Normal stress of the main girder (N/mm?)

o'y : Normal stress of the crossbeam (N/mm?)

o a : Allowable tensile stress of the main girder (N/mm?)

X : Shear stress of the main girder (N/mm?)

ty : Shear stress of the crossbeam (N/mm?)

ta : Allowable shear stress of the main girder or crossbeam (N/mm?)

Where, by checking location,
FLG point (t/71a)=(tx/1xa)
WEB point ( t/ta )= Max( (1x/1xa), (ty/Max(txa,tya)) )

- The stress of the main girder and cross ribs are calculated at every cross point.

- The calculation result is shown the following table.
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Table 4.3.20 Calculation Result of the Biaxial Stress Check

(3) Main girder G-2 Web name : LWEB (UFLG-side)

Cross section
No. No. Check P't ox ay oa TX Ty Ta K
End. sup. 1 1 FLG 0 -54 210 33 0 120 0.14
¥EB 0 53 210 60 24 120 0.32
2 2 FLG =71 22 210 26 0 120 0. 21
WEB =70 21 210 48 8 145 0. 26
3 3 FLG -120 22 210 19 0 120 0. 42
WEB -118 21 210 35 8 145 0. 44
4 4 FLG -154 26 210 15 0 120 0. 66
WEB -152 26 210 26 12 115 0. 66
5 5 FLG -174 26 210 8 0 120 0.81
WEB -172 26 210 14 12 145 0.79
8 6 FLG 174 30 210 12 0 120 0. 84
WEB -172 30 210 22 14 145 0. 83
7 7 FLG -158 22 210 16 0 120 0. 68
WEB -156 21 210 31 8 145 0. 69
8 8 FLG -123 26 210 22 0 120 0. 46
WEB -121 26 210 41 12 145 0. 50
9 9 FLG -6 3 210 28 0 120 0. 23
WEDB 65 34 210 54 14 120 0. 37
10 10 FLG 64 =30 210 33 0 120 0. 23
WEB 63 =30 210 54 14 145 0.29
11 11 FLG 105 -16 210 24 0 120 0.33
WEB 102 -15 210 15 12 115 0. 37
Int. sup. 12 12 FLG 176 -22 210 26 0 120 0. 85
WEB 172 =2 210 19 19 115 0. 88
13 13 FLG 125 16 210 22 0 120 0. 44
WER 122 =15 210 41 12 145 0. 46
14 14 FLG 119 -26 210 33 0 120 0. 48
WEB 117 -26 210 63 12 145 0. 58
15 15 FLG 56 =30 210 26 0 120 0.18
WEB 55 =30 210 50 14 120 0. 30
16 16 FLG -39 3 210 21 0 120 0.16
WEB -52 34 210 39 14 120 0.23
17 17 FI.G -89 34 210 15 0 120 0.29
WEB 87 34 210 28 14 120 0.32
18 18 FLG -103 34 210 9 0 120 0. 35
WEB -102 34 210 16 14 120 0. 36
19 19 FLG -98 30 210 12 0 120 0. 32
WEB -96 30 210 22 14 120 0,33
20 20 FLG =75 30 210 17 0 120 0.22
WEB 74 30 210 33 14 120 0.27
21 21 FLG -33 30 210 24 0 120 0.11
WEB -33 30 210 45 14 120 0.21
22 22 FLG 73 -26 210 29 0 120 0. 24
¥EB 72 -26 210 44 12 120 0.31
23 23 FLG 115 -18 210 28 0 120 0.41
¥EB 113 -18 210 50 8 145 0. 46
Int. sup. 24 24 FLG 174 =29 210 31 0 120 0. 89
WEB 171 =29 210 55 16 145 0.94
25 25 FLG 113 -18 210 29 0 120 0. 40
WEB 112 -18 210 50 8 145 0. 46
26 26 FLG 70 -26 210 31 0 120 0.23
WEB 69 -26 210 58 12 145 0.32
27 27 FLG -48 34 210 26 0 120 0.16
WEB -47 34 210 49 14 145 0. 23
28 28 FLG -97 26 210 20 0 120 0. 31
WEB -496 26 210 37 8 120 0. 37

Source: JICA Study Team

- Index value K is smaller than 1.2 at all of the cross points. This means that the cross ribs have
sufficient capacity for the wheel load.
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(9) Calculation of Bracket

- Bracket is cantilevered out from the web of outer main girder, and located at every 2.5 m
spacing, so the stress is in the transverse direction of the primary stress of the main girder.

- The considered critical condition is the case when the wheel load acts on the point at the

forehead of the bracket.

- These brackets are calculated as an [-beam section with the effective width of the deck plate

as the top flange.

Equivalent Span Length

1.1

Section force (moment)

Section force at joint

Shear force of missing part

Distance between fixed points

Sectional Force and Conditions of the Calculation

M= -947kN-m S=1679 kN
M;= 947 kN-m S;=167.9 kN
Sg,= 167.9kN
L= 1330m

1.2 LI = 1330 cm

Effective Width

Li=2*L1=2%133.0=266.0cm

2% T32

‘ 2% [

R

35,0 cm
35.0 cm

i n
— —

Jl

BI/Li
Al
B2/Li
A2

h

=135.0/266.0=0.51
=0.15*Li=0.15%266.0=399 cm
=135.0/266.0=0.51
=0.15*Li=0.15*266.0=399cm

Total effective width A=i1+32=399+399=798cm

Source: JICA Study Team

Figure 4.3.36 Sample Calculation of the Effective Width of the Bracket
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Sectional Area and Moment of Inertia
Alem®)  Y(em) AY(cm')  I{cm?)
I-DECK PL 798 * 16(SM400) 12768  -40.80 -5209 212541

1-WEB PL  800* 9(SM400)  72.00 0.00 0 38400
1-LFLG ~ PL 200 * 10(SM400)  20.00  40.50 810 32805
219.68 -4399 283746
E=  -4399/219.68 =-20.03 cm
T= 283746 -219.68 * -20.03° = 195644 cm®
Y., = -2157cm., Y.,= 61.03cm

Bending stress
6,= -94.7*10°* -215.7/( 195644*10%)=  10N/mm’<o,= 140 N/mm’
o= -94.7%10°*  6103/( 195644*10%)= 30 N/mm’<o,= 133 N/mm’

Shear stress
1= 167.9%10°/  7200=  23N/mm’ <t1,= 80 N/mm’

Combined stress;
k=( 29/ 140)Y+( 23/ 80)’=0.13<1.2

* For the Joint (attachment/spliced part)
Bending stress
6,= -94.7*10°* -215.7/( 195644*10%)=  10N/mm’<o,= 140 N/mm’

o= -94.7%10°*  6103/( 195644*10")= 30 N/mm’<o6,= 133 N/mm’

Shear stress
= 167.9%10°/  7200= 23N/mm’ <t,= 80 N/mm’

Combined stress
k=( 29/ 140)Y+( 23/ 80)=0.13<12

Source: JICA Study Team
Figure 4.3.37 Sample Calculation of the Bracket

(10) Calculation of the Longitudinal Side Beam
- Longitudinal side beam has the distribution function for the load between two brackets.

- This member is calculated as a beam with the effective width of the deck plate for the top
flange.
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Sectional Force and Conditions of the Calculation

Sectional force M= 1.6 kN-m S= 0.1 kN
Distance between the fixed points L= 2500m
Equivalent Span Length
LI < L2 Ll = 250.0 cm
Target L2 = 250.0 cm
Li=06*1L2=006%250.0=150.0 cm;
Effective Width
Gl 2 * B2
AAf | A2, Bl= 5.0cm
B2 = 20,8 cm

Longitudinal Stiffener

A

B1/Li=50/1500=003

Al ={1.06-32*(BI/Li)+4.5* (BI/Li)*} * Bl
={106-32*% 003 +45* 0.03*}*5.0
=4.8 cm

B2/Li=208/150.0=0.14

22=1{1.06-3.2* (B2/Li)+4.5 * (B2/Li)* } * B2
={1.06-32%* 0.14+45% 0.147} # 208

=146 cm
Total effective width M+A2=48+146=194cm

Source: JICA Study Team
Figure 4.3.38 Calculation of the Effective Width for the Longitudinal Beam
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Sectional Area and Moment of Inertia
A(em’)  Y(em) AY(ecm')  I(cm?)
1-DECK PL 194 * 16(SM400) 31.02  -20.80 -645 13421
1-WEB PL 400 * 10(SM400) 40.00 0.00 0 5333
1-LFLG PL 100 * 10(SM400) 10.00 17.50 175 3063
81.02 -470 21817
E= -470/ 81.02= -580cm
I= 21817- 81.02% -580°= 19088 cm”*
Yo= -1580cm, Y_,= 2580cm
Bending stress
ou= 1.6¥10°*  -158.0/( 19088*10%)= -1 N/mm’<oe= 140 N/mm’
oL= 1.6%10°*  258.0/( 19088*10%) = 2 N/mm’ <o6,= 140 N/mm’
Shear stress
T= 0.1%10"/ 4000 = ON/mm’ <t,= 80 N/mm’
Combined stress
K= 2/ 140)’ +( 0/ 80)°=0.00<12
Verification of the Deflection
Deflection due to liveload 6=01mm = §,=L /500=2500/500=5.0mm
Calculation of Stiffener
b = 40.0: Abdominal plate height (cm)
t = 1.0 : Abdominal plate thickness (cm)
G= 1 : Edge compressive stress intensity of abdominal plate (N/mm?)
T= 0 : Shear stress intensity of abdominal plate (N/mm?)
Verification of Abdominal Plate Thickness
Kn=V(6,/6)="(140/1)=108 ..K,=12
b/(152%K,)=40.0/(152%12)=02cm<t=1.0cm
The horizontal stiffener is omitted.

Source: JICA Study Team
Figure 4.3.39 Calculation of the Longitudinal Beam

4-492



Detailed Design Study on The Bago River Bridge Construction Project

Final Report

4.3.3.5 Summary of Steel Weight
(1) Quantity Table of Main Girder

- Steel materials are classified in accordance with each category, grade, and thickness.

Table 4.3.21

Quantity Table of Steel Box Girder

Source: JICA Study Team

Category [Grade Thickness|Cross Girder] Deck Plute | Main Girder |Sub-Total Category [Grade [ Thickness Cross Girder|Deck Plate [ Main Girder |Sum
PL SM400A 9 266,081 254.293 321.274 1 SMA90YA [ 320%240% 8§ 734.400 32.800 787.200H
10 98044 103,938 53,128 257,130 SMA90Y A Total 754,400 32.800 787.200
11 1.262 1.262 LI Total 734,400 32 Rh) TRT.200
12 12,702 3.650 16.358 BULB [SM490YA  [230* 11 202.008 19.471 221.479
13 745 745 [SM490Y A Total 202.008 19.471 221.479
16 1448 1448 BULB Total 202.008 19.471 221.479
19 177.066 177.066
22 657.060 G57.060
30 4.608 4.608 TCB |s10T M2 7.329 28.662
SMH400A Total L1740 372939 1153.266] 1.0636.951 [S 16T Total 7.329 28.602
SM4S0YA 9 244910 122426 367.342 TCB Total 7.329 23.662
10 10022 10.022
1 321040 321040
12 448,150 448.150
13 47,300 47,300
14 33580 53.580
15 79,414 79,414
16 1,533,124 159.200]  1.692.324 Calegory Cross Girder|Deck Plate | Main Girder | Sum
Total L778.040] 1.241.132] 3019172 PL Total 110.746| 2.655.565| 5088674 7.854.98%
SM4SHYT 17 78.200 78.200 11 Toral 754,400 32.800 7R7.200
18 71859 23.019 94,878 BULB Total 202,008 19.471 221.474
19 15872 389,162 465.034 1CB lotal 11333 117329 128.662
20 159696 6H8.228 227.924 Tolal weight 110.746] 3623 306] 3.258274] 8992326
21 95,766 95.766
22 20578 20,578
23 9.824 0.824
24 27.636 1.696 20.332
25 102.653 6.297 108.950
26 66,870 25612 92,482
27 7254 7.254
28 22366 223066
36 10,564 10.564
SMASGYT
Lotal 304.586 738.566| 1.263.152
SM570 B 63.848 63.348
10 2928 2.928
11 284502 284,562
12 387387 387.587
13 20,266 20.266
14 93.024 93.624
15 6,468 6468
16 36.836 36.836
17 13.542 13.542
18 43,868 43.868
19 169,118 169,118
20 47.796 477196
21 28210 28.210
22 30944 30.544
23 34474 34474
24 41018 41,018
3 29.170 29.170
26 21723 21.723
27 25987 25.987
28 47644 47.644
29 14.589 14.589
in 88.146 88.146
3l 938 938
32 55038 55.038
33 33952 334952
34 1.280 1280
33 27168 27.168
30 1,456 10,456
37 10.744 10,744
38 28608 28.698
39 12,150 12.150
40 35090 35.696
SMSF0 Total 1.748.408| 1748 468
SM57-H 41 23812 23812
42 12,198 12.19%
43 9.372 9372
44 12,780 12780
43 26,144 26.144
46 24.048 24.048
47 13,652 13.652
51 44.450 44,450
52 10196 10.196
54 10,590 10.390
MET0-H Totl 187.242 187.242
PL Total L10.740]  2.055.565] 5.08R.074] 7.854.985
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(2) Segment Weight for Erection Block
- The block weight is a very important factor to be considered in the erection procedure.

- The following table shows each segment’s weight and assumed pre-assembly weight.

Table 4.3.22 Table of Segment Weight for Erection Block (1)

Gl G2 G3 G4 2 or 3 Segments Pre—Assembly
BLK-1 21.701] 20566] 20624] 21.701] 46.772] 42800] 42.858] 46.772
BLK-2 25071 22234 22234 25071
BLK-3 26.537| 24253 24253 26537] 54.364] 40680 49680 54.364
BLK-4 27.827] 25.427] 25427 27.827
BLK-5 27.804] 25424 25424 27.827] 55217] 50660] 50660] 55.256
BLK-6 27.413] 25.236] 25.236] 27429
BLK-7 26.052] 23439] 23439] 26.052] 48971 44590 44590 48971
BLK-8 22919 21151 2151 22919
BLK-9 21700 21148 21.148] 21700 45041 44772 44772 45.041
BLK-10 23341 23624] 23624] 23341
BLK-11 21123 23214 23214 21.923] a4 47.152] 4752 aaqid
BLK-12 22.988] 23.938] 23.938] 22.988
BLK-13 27.762] 30.105] 30.105] 27.762] 49.888] 51.778] 51.778] 49.388
BLK-14 22.126]  21.673] 21673] 22.126
BLK-15 21.996] 21.854] 21854 21.996] 65578] 64.853] 64.853] 65578
BLK-16 21.706] 21.483] 21.483] 21.706
BLK-17 21.876] 21516] 21.518] 21876
BLK-18 16.993] 16591 16.591] 16.993] 61.690] 59.009] 59.008] 61.690
BLK-19 22548 21506] 21.508] 22548
BLK-20 22149 20912 20912 22149
BLK-21 22149 20912 20912] 22.149] 42988] 43040 43040] 42988
BLK-22 20.837] 22128 22128] 20837
BLK-23 25634] 26501 26501 25.634] 43.720] 44.761] 44.761] 43720
BLK-24 18.086] 18.260] 18.260] 18.086
BLK-25 24799 25763 25763 24799 44.804] 46.789] 46.789] 44.804
BLK-26 20005 ©21.026] 21.026] 20.005
BLK-27 20662] 22421 22421 20662] 64931] 67.800] 67.800] 64.931
BLK-28 21522 226817] 22617 21522
BLK-29 22747 22762 22762 22747
BLK-30 17.578] 17.386] 17.386] 17578] 62961 61.089] 61.089] 52.961
BLK-31 22.794] 22555 22555 22.794
BLK-32 22589 21.148] 21.148] 22589
BLK-33 21.700] 21148 21.148] 21.700] 42.688] 42498 42.498] 42688
BLK-34 20.983] 21.350] 21.350] 20.988
BLK-35 26.655] 26.002] 26.002] 26.655] 46.181] 44834 44634] 46.181
BLK-36 19.526] 18632 18.632] 19.526
BLK-37 25412] 25255 25255| 25412] 45828] 46.620] 46.620] 45328
BLK-38 20416] 21.365] 21.365] 20416
BLK-39 20596] 20912] 20912 20596] 66.623] 64.056] 64.056] 66.623
BLK-40 22202 21031 21.031] 22202
BLK-41 23825 22113 22113] 23825
BLK-42 18.317] 16972] 16972 18.317] 64580 59846 50846 64589
BLK-43 23.683]  21.962] 21.962] 23683
BLK-44 22589 20912 20912 22589
BLK-45 21700 20912 20912 21700 42846] 41726] 41726] 42846
BLK-46 21.146] 20814 20814 21.146
BLK-47 26.006] 25.612] 25612 26.006] 44.994] 43.646] 43.646] 44994
BLK-48 18.988 18.034] 18034] 18.988

Source: JICA Study Team
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Table 4.3.23 Table of Segment Weight for Erection Block (2)

G1 G2 G3 G4 2 or 3 Segments Pre—Assembly
BLK-49 25.306 24.671 24.671 25.306 45.815 45.383 45.383 45815
BLK-50 20.509 20.712 20.712 20.509
BLK-51 21.706 20916 20.916 21.706 68.654 65.289 65.289 68.654
BLK-52 22.7%4 21.761 21.761 22.794
BLK-53 24.154 22612 22612 24.154
BLK-54 18.563 18.020 18.020 18.563 65.293 63.735 63.735 65.293
BLK-55 23.987 23440 23.440 23.987
BLK-56 22.743 22275 22275 22743
BLK-57 21.700 21.383 21.383 21.700 42250 42 406 42 406 42250
BLK-58 20.550 21.023 21.023 20.550
BLK-59 25.797 25.332 25.332 25.797 44.000 42.950 42.950 44.000
BLK-60 18.203 17.618 17.618 18.203
BLK-61 25.333 24.673 24.673 25.333 46.233 45.385 45.385 46.233
BLK-62 20.800 20712 20712 20.900
BLK-63 21.700 20912 20.912 21.700 66.202 68.373 68.373 66.302
BLK-64 21.808 23.488 23.488 21.808
BLK-65 22794 23973 23973 22.794
BLK-66 17.499 18.395 18.395 17.49% 61.971 61.279 61279 61971
BLK-67 22.624 21972 21.972 22.624
BLK-68 21.848 20912 20.912 21.848
BLK-69 20.885 21.370 21.370 20.885 41.855 43178 43.178 41.855
BLK-70 20.970 21.808 21.808 20.970
BLK-71 26.936 28.273 28.273 26.985 47.84% 49.926 49.926 47.898
BLK-72 20.913 21.653 21.653 20.913
BLK-73 25.180 26417 26417 25.180 47008 49.069 49.069 47.008
BLK-74 21.828 22652 22.652 21828
BLK-75 21.275 21.714 21.714 21.275 44.407 43.675 43.675 44.407
BLK-76 23.132 21.961 21.961 23.132
BLK-77 25.300 23.367 23.367 25.300 51.258 46.791 46.791 51.258
BLK-78 25.958 23424 23.424 25.958
BLK-79 25715 23.389 23.389 25.715 50.571 45.765 45.765 50.571
BLK-80 24.856 22.376 22.378 24.856
BLK-81 24.119 24.222 24.222 24119 41.05% 41.060 41.060 41.059
BLK-82 16.940 16.838 16.838 16.940

Source: JICA Study Team

(3) Painting System

All of superstructure steel shall be painted in accordance with the specifications and drawing as shown
in following figure.
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SECTION OF GIRDER(G1)
CROSS SECTION OF STEEL BOX GIRDER AT END SUPPORT (1) AT MID SPAN
Sysem oV System No.I(A) ¢ System No. I(A) SystemNo. v SNy S e

T T OO TU T T T T IA T T T T T U OO0 T
f.l! \ZU System No. 1)/ ‘{ \.L( \ll' I

ugvg
O D O O System No. I(A)
/ / \ S— A
System No. li(A), \S ‘System No. I(A) i
1 1 / \ 01 1 ystem No. I(2)

System No. \(Al/

Ly
System No. I,
System No. I(4) & (B System No. Il System No. I(A) System No. I(A) & I(B)
Sisento.I) et \spemmongy 4
System o, (A) 218 SysemNo. () &16) iicMr‘g)g pc/):;l GIRDER(G2)
swenoy
emiio
CROSS SECTION OF STEEL BOX GIRDER AT END SUPPORT (2) Sysem No. G Sysem No. I
System No.V. System No. IA) ¢ ystem No. I(A)
AVpavals T T W0 W||Jw RUAVAvA; O
/ N
O O O O =
System No. Il / \ ‘System No. I(A)
System to w/ : 1 HI p—y} \ 1\ 1 1 Sstem o Y 215)
Systemtio 1) 2 1) /7 SisemNo.IA) ZEn .l System o, e No. w(A)‘\swem NoKQ2KE)
Sysemto.ie)/  Sustem No. 1) SysemNo.(A) \system o, ) SECTION 1-1
‘System No. I(A) & I(B) ystem No. I(A) & I(B) S1
IAVAVAVAYS
2
SECTIONS OF STEEL BOX GIRDER AT MID SPAN M
SECTION OF GIRDER(G1) SECTION OF GIRDER(G2) SECTION OF GIRDER(G3) SECTION OF GIRDER(G4)
(INTERNAL RIB) (INTERNAL RIB) L

System No. i3 System No I System No. I{A) System No. I(A)

Sustem No. 14 System No. (8 Sentelt) SUPPORT DEVICES

B a U U System No. I(A) ~ ~ s1 s2

System No. (4) /

\: SystemNo. i

11l o ] - o
System o, (A £18) System o, () System o, (A 21) Z
System o, (4) 218
Joint Connection
General Surface (Steel Wils and Fabrication Shop: spiice plate, filer late and contact surface of girder) Surface in Contact with Concrete and Pavement
Descrpton (Constuction Site: Splice Plate and Bols)
1. Extemal I 1L Internal Il External I V. Internal V. General Surface V. Joint Connection
() Normal | (B) Particular | (A) Normal | (B) Particular |
Steel Mils
1. Preliminary Surface Blast Cleaned (150 Sa255) Blast Cleaned (1SO Saz5) Blast Cleaned (150 Sa255) Blast Cleaned (1SO Sa2.5) Blast Cleaned (IS0 Saz5) Blast Cleaned (150 Sa255) SSPC-SP10 SSPCSP10
Treatment Near - white Near - white
Blast Cleaning Blast Cleaning
2.Primer Inorganic Zinc-Rich Inorganic Zinc-Rich Inorganic Zinc-Rich norganic Zinc-Rich Inorganic Zinc-Rich Inorganic Zinc-Rich norganic Zinc-Rich Inorganic Zinc-Rich
Shop Primer Shop Primer Shop Primer Shop Primer Shop Primer Shop Primer Shop Primer Shop Primer
DFT : 15m (160g/m) DFT : 15pm (160g/m?) DFT : 15um (160g/m) DFT : 15pm (160g/m?) DFT : 15pm (160g/?) DFT : 15um (160g/m) DFT : 15um (200g/m?) DFT : 15pm (200g/m?)
Fabrication Shop
3. Surface Treatment Blast Cleaned (150 Saz55) Blast Cleaned (1SO Saz5) Pover Tool Cleaned Blast Cleaned (1SO Sa2.5) Blast Cleaned (IS0 Saz5) Blast Cleaned (IS0 Sa255) SSPC-SP10 SSPCSP10
(150 523) Near - white Near - white
Blast Cleaning Blast Cleaning
4. 15t Under-Coat norganic Zinc-Rich Paint Inorganic Zinc-Rich Paint Formulated Epory Resin norganic Zinc-Rich Paint Inorganic Zinc-Rich Paint Inorganic Zinc-Rich Paint High Buid Type Inorganic High Build Type Inorganic
DFT : 75um (600gim) DFT : 75pm (600g/?) DFT : 120um (410gim) DFT : 75pm (600g/m?) DFT : 75pm (600gi) DFT : 75pm (600gime) Zinc Rich Paint (Self-Curing Zinc Rich Paint (Seff-Curing
Solvent Type) Solvent Type)
DFT : 30ym (280g/m?) DFT : 75pm (700g/?)
5. 200 Under-Coat Epory Resin Epoxy Resin Formulated Epory Resin (NA) (NA) (NA) NA) (NA)
DFT : (160g/m?) DFT : (160gim’) DFT : 120um (410gim)
6. 310 Under-Coal Epoxy Resin Epoxy Resin (NA) (NA) (NA) (NA) (NA) (NA)
DFT : 120um (540gm?) DFT : 240um (1080g/m?)
7. 4h Under-Coat Fluorescent Resin Fluorescent Resin (NA) (NA) (NA) (NA) NA) (NA)
DFT : 30um (170g/m) DFT : 30pm (170g/m?)
8. 500 Intermediate Coat Fluorescent Resin Fluorescent Resin (NA) (NA) (NA) (NA) (NA) (NA)
DFT : 25m (140g/m) DFT : 25pm (140g/m?)
9. Finish Coat (NA) (NA) (NA) (NA) (NA) (NA) (NA) (NA)
(NA)
Constructon Site
10. Suface Treaiment (NA) (NA) (NA) Power Tool Cleaned Povier Tool Cleaned Power Tool Cleaned NA) (NA)
(50519 (15056) (150 56)
11. 15t Under-Coat (NA) (NA) (NA) (NA) (NA) (NA) (NA) (NA)
12. 2nd Under-Coat (NA) (NA) (NA) Formulated Epoxy Resin Formulated Epory Resin Formulated Epory Resin NA) (NA)
DFT : 120um (410gim) DFT : 120um (£10gim?) DFT : 160g/me
13. 3rd Under-Coat (NA) (NA) (NA) Ultra Thick Epory Resin Ulta Thick Epory Resin Ulira Thick Epoxy Resin (NA) (NA)
DFT : 300um (1100gim?) DFT : 600um (2200g/m?) DFT : 300um (1100g/m?)
14. 4th Under-Coat (NA) (NA) (NA) Fluorescent Resin Fluorescent Resin (NA) (NA) (NA)
DFT : 25m (170g/m?) DFT : 26pm (170g/m)
(140giny by brush) (140gi? by brush)
15. 5th Under-Coat (NA) (NA) (NA) Fluorescent Resin Fluorescent Resin (NA) NA) (NA)
DFT : 25pm (140g/r?) DFT : 25m (140g/)
(120ginv by brush) (120gim? by brush)
16. Intermediate Coal (NA) (NA) (NA) (NA) (NA) (NA) (NA) (NA)
17. Fiish Coat NA) (NA) (NA) (NA) (NA) (NA) NA) (NA)
Explanatory Remarks
recimanll [ e e Rl Il I R
R v % [ | RN R % Zl | o

Source: JICA Study Team
Figure 4.3.40 Painting System
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4.3.4 Detailed Design for Superstructure of the Steel Box Girder Bridge (3-Span Bridge)
4.3.4.1 Design Condition

(1) Profile

Span Length:

09m+756m+76.5m+ 102.8 + 1.2 m=257.0 m (Bridge Length)

Italicized figures of 0.9 m and 1.2 m above show the combined length of the clearance and
marginal length from the end girder to the bearing position.

The width composition is same as the B/D.

BRIDGE LENGTH 257000

100 GIRDER LENGTH 256700 200
O o0 @ ® @) (8 ) @) EHE@mE @ @ @ @) @ @ @ @ @ @ &) @ vusun
s
wz_t_l—l—l—l__l—‘—‘ i)
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1170 3000 0 1290 180 2700 2940<5140> 2700 180 78456 1170 1 3000 180 1290 18| 2700 180 2940 180 2700 1 49531 1 3000.6 80 1170.2
<1290> <2363> <140.5> <3007.9> <1§04><1173.1>
al D ] @ o @ Qo Gl g g D G
- < ) 8, 1Ls] S - «f < f o
\‘K‘! [: !Héllll IIMI‘II i f *WHJ*
e 2 i) e (] g
i K} I S| ENIrm gm i

A 5 T | 14
@ @ @ @ (D) @ 8 @
e C3] @ @ [ShyNED) @® @® T
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Source: JICA Study Team
Figure 4.3.41 General View
Normal Width (S1) 0.6+9.0+15+9.0+0.6=20.7m
Widened Width (S2) 0.6+9.0+3.7+9.0+0.6=229m

Italicized figures of 0.6, 1.5, and 3.7 above show the side barrier (coping) and median barrier (coping)
width.

(2) Live Load

AASHTO load was adopted on the design of carriageways, and loading lanes were taken in the severest
condition.

There are three kinds of loading, 1-Truck load, Tandem load, and Uniform Lane load, which are shown
in the figure below.

ISkN 145kN 145kN
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Source: AASHTO specification
Figure 4.3.42 AASHTO Loading
(3) Dead Load
The following items were considered:
- Pavement of asphalt 80 mm thick asphalt laid at whole carriageway
- Coping as wheel guard 330 mm deep concrete casted from steel deck plate
- Railing at side barrier ~ Steel railing weight is assumed.
- Railing at median strip Dual steel railing weight is assumed
- Miscellaneous weight ~ Provisional weight as future overlay load
- Steel weight Assumed in accordance with the girder weight based on B/D
(These weights will be reviewed during the step by step design)

Unit weight of each item is calculated in accordance with its unit volume weight as shown on JSHB.

Source: JICA Study Team
Figure 4.3.43 Dead Load and Live Load Variations
(4) Supporting Condition
- This bridge is supported by four (4) piers at the longitudinal road direction.

- Every girder has been assumed to be supported on elastic bearing that was rotatable and only
longitudinally movable.
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- Elasticity coefficient including flexibility of substructure on soft soil has been reviewed
eventually at the design stage of substructure and bearing.
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Source: JICA Study Team

Figure 4.3.44 Bearing Support Condition

4.3.4.2 Analysis of the Main Girder
(1) Software for Analysis

A Software for 3-span continuous steel bridge is the same software “APPOLO” as Steel Box Girder
Bridge (7-Span Bridge).

4.3.4.3 Results of the Analysis and the Determined Section Composition
(1) Reaction

Analyzed reaction was reflected into the design of the substructure and the bearing support.

Table 4.3.24 Reaction Components at Each Pier

unit: kN
P5
Load Girder
G1 G2 G3 G4 Total
PAVEMENT 275.81 272.82 358.50 420.52 | 1,327.65
RAILING 12.36 2.24 4.03 12.38 31.01
CURB 122.41 22.17 39.89 122.52 306.99
DECK WEIGHT 457.96 413.73 549.89 638.43 | 2,060.01
GIRDER WEIGH 772.80 454.48 607.65 580.56 | 2,415.49
MEDIAN STRIP 119.82 90.44 128.52 53.35 392.13
ADITIONAL WEIGHT 128.23 115.85 154.00 178.76 576.84
MEDIAN RAILING 9.47 7.19 10.21 4.13 31.00
SUPPORT WEIGHT 13.76 15.59 22.15 20.35 71.85
NOSE WEIGHT 3.35 -10.96 20.14 19.20 31.73
Total Dead Load 1,915.97 | 1,383.55| 1,894.98 | 2,050.20 | 7,244.70
Live Load (without Impact) Girder Max 1,229.65 674.38 812.35] 1,184.61 | 3,900.99
Live Load (without Impact) Girder Min -436.28 | -133.10 -70.19| -113.29 -752.86
Live Load (with Impact) Girder Max 1,320.97 733.18 891.82 | 1,284.67 | 4,230.64
Live Load (with Impact) Girder Min -466.74 | -144.11| -75.10| -120.84| -806.79
Total Reaction (D+L:Girder Max(without Impact)) 3,145.62 | 2,057.93 | 2,707.33 | 3,234.81 | 11,145.69
Total Reaction (D+L:Girder Min(without Impact)) 1,479.69 | 1,250.45 | 1,824.79| 1,936.91 | 6,491.84
Total Reaction (D+L:Girder Max(with Impact)) 3,236.94 | 2,116.73 | 2,786.80 | 3,334.87 | 11,475.34
Total Reaction (D+L:Girder Min(with Impact)) 1,449.23| 1,239.44 | 1,819.88 | 1,929.36| 6,437.91
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P6
Load Girder
G1 G2 G3 G4 Total
PAVEMENT 636.44 693.86 780.46 982.12 | 3,092.88
RAILING 28.21 7.05 7.58 31.46 74.29
CURB 279.25 69.76 75.02 311.43 735.46
DECK WEIGHT 1,033.01| 1,068.40 | 1,196.89 | 1,493.87| 4,792.17
GIRDER WEIGH 1,473.33| 1,363.98 | 1,419.72| 1,417.85| 5,674.88
MEDIAN STRIP 202.86 268.85 290.18 108.44 870.34
ADITIONAL WEIGHT 289.24 299.15 335.13 418.28 | 1,341.81
MEDIAN RAILING 17.32 22.73 24.47 9.90 74.41
SUPPORT WEIGHT 0.00 0.00 0.00 0.00 0.00
NOSE WEIGHT 0.19 -0.03 0.00 -0.16 0.00
Total Dead Load 3,959.84 | 3,793.74 | 4,129.45| 4,773.19 | 16,656.24
Live Load (without Impact) Girder Max 1,854.541 1,207.43 | 1,330.88 | 2,082.86 | 6,475.71
Live Load (without Impact) Girder Min -463.81 | -226.89| -210.96| -318.33| -1,219.99
Live Load (with Impact) Girder Max 1,947.85| 1,278.07 | 1,409.40| 2,185.38 | 6,820.70
Live Load (with Impact) Girder Min -484.27 | -239.35| -221.33| -332.39] -1,277.34
Total Reaction (D+L:Girder Max(without Impact)) 5,814.38 | 5,001.17 | 5,460.33 | 6,856.05 | 23,131.95
Total Reaction (D+L:Girder Min(without Impact)) 3,496.03 | 3,566.85 | 3,918.49 | 4,454.86 | 15,436.25
Total Reaction (D+L:Girder Max(with Impact)) 5,907.69 | 5,071.81 | 5,538.85 | 6,958.57 | 23,476.94
Total Reaction (D+L:Girder Min(with Impact)) 3,475.57 | 3,554.39 | 3,908.12 | 4,440.80 | 15,378.90
P7
Load Girder
Gl G2 G3 G4 Total
PAVEMENT 904.02 797.38 818.85| 1,029.17 | 3,549.42
RAILING 37.87 12.91 13.43 38.85 103.06
CURB 374.93 127.79 132.92 384.62 1 1,020.25
DECK WEIGHT 1,473.90| 1,269.58 | 1,303.95 | 1,642.38 | 5,689.81
GIRDER WEIGH 2,070.42 | 1,847.47 | 1,875.88 | 2,070.72 | 7,864.49
MEDIAN STRIP 331.23 396.46 406.12 304.27| 1,438.08
ADITIONAL WEIGHT 412.69 355.48 365.11 459.87 1 1,593.15
MEDIAN RAILING 23.21 29.07 29.85 20.88 103.00
SUPPORT WEIGHT 0.00 0.00 0.00 0.00 0.00
NOSE WEIGHT -0.02 0.00 0.00 0.02 0.00
Total Dead Load 5,628.25 | 4,836.14 | 4,946.10 | 5,950.77 | 21,361.26
Live Load (without Impact) Girder Max 2,194.66 | 1,376.79 | 1,403.26 | 2,268.78 | 7,243.49
Live Load (without Impact) Girder Min -459.79 | -132.85| -124.80| -335.63| -1,053.07
Live Load (with Impact) Girder Max 2,278.57 | 1,144.41 | 1,473.67 | 2,364.77 | 7,261.42
Live Load (with Impact) Girder Min -483.95 -142.76 | -134.14| -352.79| -1,113.64
Total Reaction (D+L:Girder Max(without Impact)) 7,822.91 | 6,212.93 | 6,349.36 | 8,219.55 | 28,604.75
Total Reaction (D+L:Girder Min(without Impact)) 5,168.46 | 4,703.29 | 4,821.30| 5,615.14 | 20,308.19
Total Reaction (D+L:Girder Max(with Impact)) 7,906.82 | 5,980.55 | 6,419.77 | 8,315.54 | 28,622.68
Total Reaction (D+L:Girder Min(with Impact)) 5,144.30 | 4,693.38 | 4,811.96 | 5,597.98 | 20,247.62
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P10
Load Girder
G1 G2 G3 G4 fotal
PAVEMENT 382.14| 307.52| 366.59( 303.76( 1,360.01
RAILING 16.62 4.37 6.38 13.96 41.34
CURB 164.58 43.26 63.18 | 138.22 409.24
DECK WEIGHT 636.53 | 532.42| 627.67| 509.59| 2,306.20
GIRDER WEIGH 841.05| 757.97| 879.39| 677.54| 3,155.95
MEDIAN STRIP 177.51| 297.32| 320.12| 145.41 940.36
ADITIONAL WEIGHT 178.23 | 149.08| 175.75| 142.68 645.74
MEDIAN RAILING 8.61 12.31 13.63 6.80 41.35
SUPPORT WEIGHT 17.20 31.13 31.13 17.20 96.67
NOSE WEIGHT 0.00 0.00 0.00 0.00 0.00
Total Dead Load 2,422.471 2,135.38 | 2,483.84 | 1,955.16 | 8,996.86
Live Load (without Impact) Girder Max 1,521.59 1,046.55 | 1,114.45 | 1,452.71 | 5,135.30
Live Load (without Impact) Girder Min -573.92 | -422.14| -383.40| -644.72| -2,024.18
Live Load (with Impact) Girder Max 1,601.57| 1,101.39 | 1,169.66 | 1,531.31 | 5,403.93
Live Load (with Impact) Girder Min -602.69 | -441.99| -402.09| -675.79| -2,122.56
Total Reaction (D+L:Girder Max(without Impact)) 3,944.06 | 3,181.93 | 3,598.29 | 3,407.87 | 14,132.16
Total Reaction (D+L:Girder Min(without Impact)) 1,848.55 | 1,713.24 | 2,100.44 | 1,310.44 | 6,972.68
Total Reaction (D+L:Girder Max(with Impact)) 4,024.04 | 3,236.77 | 3,653.50 | 3,486.47 | 14,400.79
Total Reaction (D+L:Girder Min(with Impact)) 1,819.78 | 1,693.39 | 2,081.75 | 1,279.37 | 6,874.30

Source: JICA Study Team

(2) Member Force and Section Composition Diagram

The section dimensions and grade of material are determined so that the following criteria are satisfied:

Each section is designed so that the stress based on bending moment and shearing force shall
be within the allowable stress of the adopted material grade.

The JSHB requires that the deflection due to live load shall be less than 1/500 of span length.

All block joints are fastened by high strength bolts. Therefore, axial tensile stress at tensile
part shall take account of the decreased section area because of the bolt holes. In case that
tensile stress would be more than the allowable stress, the thickness of the section should be
increased.

Steel deck plate is stiffened by u-shaped trough ribs, so that torsional stiftness is increased for
wheel load.

Compression stress part of lower flange is stiffened by plate ribs in accordance with thickness
of flange. These ribs shall be fastened by high strength bolts at block joint as stress member.

Web plate is stiffened by horizontal stiffeners at 2-level position, so as decreasing web
thickness. These stiffeners only act as stiffeners but not as stress member.

Required section properties are calculated as follows:
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Source: JICA Study Team
Figure 4.3.45 Typical Calculation Sample of the Section

- The thickness and the material grade of all sections have been determined and calculated in
accordance with the bending moment.

- The following diagrams show part of the section composition of G1 and G2 girders as example.
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Figure 4.3.46 Typical Section Composition, G1 (P5-P6)
G2
Kom N
5000 T
Botonf
50000 1
® O] |
|1
L —t
~ — —
5000 —
|
© ® © 1
Irs000 1
[N T [T
Panelloogh | 46583 | 4657 12@4757.1=570855 o W e e 12048072:57686.4
Spon engh 751148 766148
Fedjnl 75689 874 25 a1 8375 635 a5 8325 608 5882 7075 8126 ai126 72108 8126 2108 8126 ei126
09 | mera | ews | ers | ews | mws | 70 sl ews | es | swez | 7iors | emze | swpe | ows | s | smos | sae | eae
3t B ik i B3 i 7 ik i o En bR s e s s Bl
i e L N1 TN TR T Jaek AT TIOE o
NN ARAR L AN A 2158 RRRRNN |RNUUAN/ NRNTA/RUNNRN/RUNEY HEREY
Unit:mm Nimm2
1 2 3 4 B i 7] g 9 10 1 12 3 14 15
Section Sec:1 Sec2| secd| secd| secs| Seco| et secd] Sec:8 Sec9 Sec10 secl] Sec12 sec13 Sec14 Sec15
DeckPlate | Thickness 16.16.16 |16, 16,16[16,16. 1616, 16,16[16, 16, 1616, 16.16[16,16.16]16,16.16] 16,1616 [16,16.16] 16,1616 |16,16.16 16.16.16 16.16.16 16.16.16 16.16.16
Quality 1).(1).(1) ().(0).(0)| (..M ().} 1)) 0] (2).(2).(4)] (1).(1).(0)} (1).(1).(4) (.. (3)3)0) MMM 0.0 M.M.1) WM. WM.
LongitRib1 | Number 6URb| 6URD| 6URDb| 6-URD| 6-URDb| 6-U-Rb| 6-URib| 6-URb| 6-U-Rib| 6-U-Rib| 6-U-Rib) 6-URDb| 6-URD| 6-URb| 6-URb| 6-URb| 6-URib| 6-U-Rib| 6-U-Rib| 6-U-Rib| 6-U-Rib| 6-U-Rb| 6-URb| 6URib| 6-URb| 6-URib| 6-U-Rib| 6-U-Rib] 6-U-Rib)
Section 40°8[3201240°8[320°24( 4 40320 [320240g320°2408f 4 40320 320 4 4 X [320240°q320°240°8J320°240°8[320+240°8]320-240°8f320°240°¢|
LongitRib2 | Number PPN I TN N I P T Y Y T PN I Y P Y P Y P T P Y I I P I B I X
Section 25024 _250°24] 250'24] 250°24] 250'24] 250°24] 250724 250°24] 25024 25024 2504 25024] 25024 250'24] 05024 25024] 05024 2502a] 25024| 25024] 25024 250'24] 25024 2502a] 5024 2502a] 50°24| 250°24] 250°24|
Left Web Height 2673]  2673] 2673|2673 2673] 2673 2673 2673 2673 2673 2673 2673 2673 2673| 2673| 2673| 2673| 2673| 2673|2673 2673 2673 2673  2673] 2673 2673 2673|2673
Thickness 143) 1| uE)| 4@ 1E| 140 140) 14(3) 14(3) 14(3)] 143 14(3) 143) 14(3)
Right Web | Height 1] |z orar| orar|  orar| 2] PYEY] M) I T2 7 N 7 71 N 7711 N 74 N 771 721 N Y71 N 71 N Y7 N 71 I 77 I o7 M 171 M 711
Thickness 143) 1@ 1E)| 14E]  1E)]  14E) 14(3) 14(3) 143) 143 143) 143
Bottom flange | Number 3 3 3 3 3 3 3 1 7 7 7 7 7 7 7 7
Vertcal b~ wign 170 170) 170) 170 170 170] 170] 170] 170 170) 170 170 170 170 170 170
Thickness 173) el ve| wel ve| wel we e 173) 113 173) 173) 173) 173) 173) 176)
Lilg w=1740T 0(3) 0@ 6@ 6@ 166 166 0@ e 033) 12(3) 4(3) 123) 10) 03) 03) 03)
DeckPlate |0 of so| 5| o[ o8] 108 00| ss[ s g 2 s ] % 5] 4] 2 g [ o ] o ] 7| 3] s 2] 19
0a 0] 10| 100 w0 1e0] a0 1e0] wao]  1a0] weo] 140] w0 om0 awo[ ae0] wao] w0 weo| 10| seo| 1e0] seof ae0] wao] w0 weo| wa0] w0 0] 140
020 | o) 55 39 3 ) a ss| sl o 10g 54 9% 9% 48 s 12l w7| ] wr[  mol  wm[  wmol  wm[  sos] 1s8]  aos| 1z ms| a2
Bottom flange |0 of ool aer] es| 17a] wa[  1e2] 1es| e8] @] 7| e am| ars[ s3] %6 1w B[ AT 51 g 6 12 6 13 P
oa 20  210] 2100  210] om0 210] om0 a10] om0 20| 1se] o[ aoo] a0 182 1se| om0 e[ 210] 16| om0 as6| om0] ase| oao] use| 210l ase| 210 156
020 0] 12 e I 3 37 48 a1 129 9 2 2 29 e 107 we[ ao7] we[ aso] ae0] aso] aao| aso] 14a] aso] 1a3] ea] 123
e B a1 40] 2 18 8 i 17 2 ul w0  w 53 56 w ) 3 28] % 2 2 18 18 18 18 1 1 2 1 19 19
a 120 120 120 1o 1ol 120[ w20] w20  ao0of 10| 120l wo[ 1ol wpof w20] wa0| a2 wao[ 12| a20[ 120] w0 wo0] wao| we0 120[ 120] 120[ 120 120
(Combined o8] oz oes| o oer| oe7] oeo| o0es] o022[ 022 o16[ o0se| o8| om| oso| o0z oos| oor| o0s[ oor] 007 ooel oof o002 oo ooa| oo ooa| o0s] oo4
Calculated points [ S Y T sl o5 o6 tet] 37 g8l 30| Maxtevaxrign] sa0[ su| 1ol g2 LJ‘ o] 313 o13] e tef] e[ 04 15| o]
Deck Plate aspl 48] 120 128 7 % | 2 2 30|
Bottor flange ospl 129] 200 195 28] 105 201 107 39] [ 7 86| 7

Source: JICA Study Team
Figure 4.3.47
4.3.4.4 Analysis of Steel Deck

Typical Section Composition, G2 (P5-P6)

(1) Design Method of Steel Deck

stiffeners.

The steel deck will be analyzed as equivalent multi-grid frame.

The model of the grid frame consists of webs, cross girder, crossbeams, and longitudinal
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Source: JICA Study Team

Figure 4.3.48 Concept of Wheel Loading on Steel Deck
(2) Stress Evaluation of Steel Deck

- Longitudinal ribs or cross ribs have combined stresses of primary stress as a deck member of
the whole main girder and secondary stress as a member of the deck frame.

- The stress of longitudinal rib is of the same direction as the main girder stress. Therefore, this
stress shall be combined with the stress of the main girder and shall be within the allowable
stress as shown below.

ol : Primary stress as a member of the main girder
62 : Secondary stress as a member of the deck frame
o : Safety factor (1.4 as specified by the JSHB)
ca : Allowable stress of the material deck plate
cl+62<oca-* a
- If 62 is smaller than 0.4*ca, then the formula above will always be satisfied.

- The stress of the cross rib is in the right angle direction of the stress of the main girder, so the
biaxial stress shall be checked.

Biaxial calculation formula:
K=(ox/ca)2-(ox/oca)*(oy/oca)+(oy/ca)2+(t/1a)2 = 1.2
o x : Normal stress of the main girder (N/mm?) X : Shear stress of the main girder (N/mm?)
o'y : Normal stress of the crossbeam (N/mm?) Ty : Shear stress of the crossbeam (N/mm?)
o a : Allowable tensile stress of the main girder (N/mm?)
ta : Allowable shear stress of the main girder or crossbeam (N/mm?)
Where, by checking location:
Flange point (t/71a)=(1x/1Xa)
Web point  ( t/7a)= Max( (tx/txa), (ty/Max(txa,tya)) )
(3) Analysis Model of Deck Frame

- Wheel load shall act on the longitudinal stiffener or crossbeam so that the maximum bending
moment will occur.

- Vertical ribs are considered as one bar members without any cross sectional deformation.

Therefore, the torsional rigidity (using only the simple torsional resistance) is not reduced; it
is 100% valid and is calculated by the following formula:
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Torsional rigidity = 4*A2 / {(u/tR) + (a/tP)}
A : Cross sectional area surrounded by the U-shaped steel
u : Expanded width of the U-shaped steel
a : Upper width of the U-shaped steel
tR: Thickness of the U-shaped steel
tP: Thickness of the deck plate

- The virtual distribution girder that performs the load distribution between the longitudinal ribs
gives the bending rigidity equivalent to the rigid structure consisting of the deck plate and the
longitudinal rib peripheral wall in consideration of the sectional deformation of the
longitudinal rib. Since this rigid structure continues in the direction of the bridge axis, the
equivalent cross sectional secondary moment per unit length is obtained first, and in the Lattice
Model, one distribution girder is provided at the lateral rib intervals to provide bending rigidity.

Equivalent virtual

distributed girder

Structural frame consisting of J_ L _]_

deck plate and vertieal rib

peripheral wall

Source: Analysis manual prepared by the software company

Figure 4.3.49 Concept of Equivalent Virtual Beam of Steel Deck

- There are eight deck models as follows:

-  MODEL-1: S1~C1 / between G2ZR~G3L : edge * between girder and girder

- MODEL-2: S1~C1 /between G3R~G4L : edge * between girder and girder

- MODEL-3: D1~D2 / between G3R~GA4L : intermediate * between girder and girder
- MODEL-4: C9~C10 / between G2R~G3L : intermediate * between girder and girder
- MODEL-5: C9~C10 / between G3R~GA4L : intermediate * between girder and girder
- MODEL-6: C24~S2 / between LL1~GI1UL : edge - intermediate overhang

- MODEL-7: C24~S2 / between GIUL~GIR : edge * inside the box girder

- MODEL-8: C24~S2 / between G1R~G2L : edge * between girder and girder
- The MODEL-1 is shown in the following figure.
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Source: JICA Study Team
Figure 4.3.50 Analysis Model of Steel Deck

- Dead load to be considered
Pavement (road section) 1.80 kN/m?
Steel weight 2.00 kN/m?
- Section profile of member

Cross sectional shape Thickness of deck plate 16 mm

Longitudinal rib  Sec- 2 U.RIB 320 * 240 * 8
Lateral rib Sec-2 WEBPL 800 * 9 FLG PL 200 * 10
Diaphragm WEB PL 2100 * 10 FLG PL 220 * 10

- Wheel load shall act on the longitudinal stiffener or crossbeam so the maximum bending
moment will occur.

- Distance of the wheel is 1.8 m, and contact area of each wheel is 510 mm wide and 250 mm
long.

Source: AASHTO specification
Figure 4.3.51 Wheel Load to be Considered on Steel Deck
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- Impact coefficient is based on the following formula which is based on JSHB:
Longitudinal rib 1=04
Lateral rib & bracket  i=20/(50+L) L: Span length of lateral rib and bracket (m)
(4) Analysis Results of Each Rib Force of MODEL-1

Table 4.3.25 Table of the Member Force of MODEL-1

Source: JICA Study Team
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Table 4.3.26 Table of the Deflection due to Live Load

(b) Live load deflection list

Member Section Panel Point Load Type deflection( mm)
L . Sec-1 18 T-LOAD 0.54
Longitudinal Rib
Sec-2 17 T-LOAD 0.63
Transverse Rib Sec-2 55 T-LOAD 0.17
Cross Beam Sec-12 13 T-LOAD 0.01

Source: JICA Study Team

(5) Stress Calculation of the Longitudinal Rib
- Atwo-type rib, that is a plate rib or a U-shaped rib, is adopted.
- Each rib is calculated as a beam structure, so that stress will be less than allowable stress.

- The typical calculation procedure is shown in the following figure.
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(2)Model-3  Sec-2 (Supporting Part)

Sectional Force and Conditions of the Calculation

For scctional caiculation M- -26.10kN-'m S— 110.62 kN
For spliced (attachment/joint) part  M;= -0.63kN-m 5= 110.62kN
Calculation ol Effective Width
2 # Bl 2 = B2
|L)‘é‘ AN W

UV

*k Equivalent span length L=06*LC=0.6*250.0=150.0cm

LC : Lateral rib interval (Longitudinal rib span length)
Bl =16.2¢cm

B2=113cm
BlI/L=162/150.0=0.11
Al=§1.06-32%(B1/L)+4.5%(B1/L)y} * Bl
={1.06-32%(0.11)+4.5%(0.11¥} * Bl
- 124 cm
B2/L=113/150.0=0.08
32— {1.06-32*(B2/L) | 45*(B2/L)*} * B2
={1.06-3.2%(0.08)+4.5* (0.08)} * B2
-95cm
* Total effective width

A=W +22)%2=(124+9.5) %2

=439cm
Sectional Quantities
Alem?) Y(cm) AY(em®)
I{cm®)
I-DECK  PL 439 * 16 (SM400) 70.30 -16.01  -11255 180193
I-URIB 320 * 240 * 8 (SM400) 53.90 0.00 0.0 33150
124.20 -1125.5 213343
e=-11255/12420=-906 cm
1—-213343 -12420*-9.06°— 11135 cm’
Y,= =775c¢m, Y= 1805cm
W,= -1437cm’, W= 617 cm’

Actual Stress

Bending stress N
ou= 2610 10°/(-1437* 100 = 18 N/mm’ < o, = 140 N/mm’
o~ -26.10%10°/¢( 617* 10— 42 N/mm° < o — 140 N/mm?®
Shear stress

T= 10.62*10°/( 387%10%)= 29 N'mm® < 1, = 80 N/mm’

Combined stress R R
Kk=(42/140)"+(29/80y° =022 < 1.2

Final Report

0<04-0a

Source: JICA Study Team

Figure 4.3.52 Sample Calculation of the Longitudinal Rib

(6) Stress Calculation of the Cross Rib

Cross ribs are a kind of elastic support member for longitudinal ribs.

The typical calculation procedure is shown in the following figure.
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Sectional Force and Conditions of the Calculation

Section force M= 1123kN'm 8= 16.6 kN
Shear force of missing part Si= 16,6 kKN
Distance between the fixed points L= 3.000m

Equivalent Span Length
L1 L2

|
I

Li=0.6*L2=0.6*300.0=180.0cm

Effective Width
2% B 2% 32

| 1
gl 2 Bl = 125.0 cm
[ B2 = 125.0 em

l l L

B1/Li—125.0/180.0 - 0.69

M =015*Li=015%180.0=27.0cm
B2/Li1=125.0/180.0=10.69

32=015*Li=0.15* 180.0=27.0cm

Total effective width A =2x1 1 A2=27.0 ¢ 27.0=54.0cm

Source: JICA Study Team
Figure 4.3.53 Sample Calculation of the Effective Width of the Cross Rib

Sectional Area and Moment of Inertia
Aem’)  Y(ecm) AY(cm’)  I(cm®)

I-DECK PL 540 * 16(SM400) 8640 -40.80 -3525 143825

1-WEB PL  800* 9(SM400)  72.00 0.00 0 38400
I.LFLG ~ PL 200 * 10(SM400)  20.00  40.50 810 32805
178.40 2715 215030
E=  -2715/17840=-1522 cm
= 215030-178.40*-1522°= 173708 cm*

Y.= -2638cm, Y_.= 5622cm
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Bending stress

o,= 1123%¥10°*% -263.8/( 173708%*10%)= -17N/mm’<o,= 140 N/mm’

o= 1123*10°%  562.2/( 173708*10% = 36 N/mm’ <6, = 140 N/mm’
Shear stress

= 16.6¥10°/ 7200 = 2N/mm? <1, = 80 N/mm’

Combined stress
K= 36/ 140)+( 2/ 80 =007<12

Shear Stress of Vertical Rib-Missing Part

2 * B3 _)‘ R
: | \ . B« . ’
= 16.6%10°/ 7200 = 2 N/mm® < g, = 80 N/mm’

=t *Hy/Hy,=2%80.0/523=4N/mm* <t,

Verification of Deflection
Deflection due to liveload 8=02mm = §,=L/500=3000/500=6.0 mm

Source: JICA Study Team
Figure 4.3.54 Sample Calculation of the Cross rib

(7) Biaxial Stress at the Cross Point of Both Webs of the Main Girder and Cross Rib
Calculation procedure of converted stress is as the follows.

- The cross point at both webs is shown in the following figure. This point has biaxial stress,
main girder stress, and cross rib stress. These stresses are orthotropic respectively.

— /\| i=2.0%

UUU{)] L

50

2700
—
L~

2790
—

L 100 ‘ ‘ 1100 ‘
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FLGA

b

WEB,5

- The checking location is shown by the black dot in the sketch above.

- The maximum value is based on the checking of the right and left sides of the node point

respectively, and of positive and negative stress, respectively.
- Biaxial calculation formula is shown as follows:
K=(ox/ca)2-(ox/ca)*(oy/oca)+(oy/ca)2+(t/1a)2 = 1.2
o X : Normal stress of the main girder (N/mm?)
o'y : Normal stress of the crossbeam (N/mm?)
o a : Allowable tensile stress of the main girder (N/mm?)
X : Shear stress of the main girder (N/mm?)
1y : Shear stress of the crossbeam (N/mm?)
1a : Allowable shear stress of the main girder or crossbeam (N/mm?)
Where, by checking location,
FLG point (t/7a)=(1x/1Xa)
WEB point  (t/1a ) =Max( (tx/1xa), (ty/Max(txa,tya)) )

- The stress of the main girder and cross ribs are calculated at every cross point.

- The calculation result is shown the following table.
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Table 4.3.27 Calculation Result of the Biaxial Stress Check

Source: JICA Study Team

- Index value K is smaller than 1.2 at all of the cross points. This means that the cross ribs have
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sufficient capacity for the wheel load.

(8) Calculation of Bracket

- Bracket is cantilevered out from the web of outer main girder, and located at every 2.5 m
spacing, so the stress is in the transverse direction of the primary stress of the main girder.

- The considered critical condition is the case when the wheel load acts on the point at the

forehead of the bracket.

- These brackets are calculated as an [-beam section with the effective width of the deck plate

as the top flange.

Sectional Force and Conditions of the Calculation

Section force (moment) M= -947kN-‘m
Section force at joint M= -947kN-m
Shear force of missing part Sg,= 167.9kN
Distance between fixed points L= 1330m
Equivalent Span Length
1.1 1.2 L1 = 1330 cm
Al ’
\T/‘
Fay
Li=2*L1=2%133.0=266.0cm
Effective Width
2% Tl 2 % T2
21(23 Bl = 135.0 cm
’ ‘ 2= 135.0 cn

| |

B1/Li

Al

B2/Li

22

Total effective width

=135.0/266.0=0.51
=0.15*Li=0.15%266.0=399 cm
=135.0/266.0=0.51
=0.15*Li=0.15*266.0=399cm

A=Al +22=399+399=798cm

S=167.9 kN
S;= 167.9 kN

Source: JICA Study Team

Figure 4.3.55 Sample Calculation of the Effective Width of the Bracket
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Sectional Area and Moment of Inertia
A(em®)  Y(ecm) AY(cm')  I{cm?)
I-DECK PL 798 * 16(SM400) 12768  -40.80 -5209 212541

1-WEB PL  800* 9(SM400)  72.00 0.00 0 38400
1-LFLG ~ PL 200 *10(SM400)  20.00  40.50 810 32805
219.68 4399 283746
E=  -4399/219.68 =-20.03 cm
T= 283746 -219.68 * -20.03* = 195644 cm®
Y., = -2157cm, Y.,= 61.03cm

Bending stress
6,= -94.7*10°* -215.7/( 195644*10%)=  10N/mm’<o,= 140 N/mm’
o= 94.7%10°* 6103 /( 195644*10")= 30 N/mm’<o,= 133 N/mm’

Shear stress
= 167.9%10°/  7200=  23N/mm’ <71,= 80 N/mm’

Combined stress;
k=( 29/ 140Y+( 23/ 80)=0.13<12

* For the Joint (attachment/spliced part)
Bending stress
G,= -94.7*10°* -215.7/( 195644*10%)=  10N/mm’<o,= 140 N/mm’

o= 94.7%10°* 6103 /( 195644*10")= 30 N/mm’<o,= 133 N/mm’

Shear stress
= 167.9%10°/ 7200= 23N/mm’ <t,= 80 N/mm’

Combined stress
k=( 29/ 140Y+( 23/ 80)=0.13<12

Source: JICA Study Team
Figure 4.3.56 Sample Calculation of the Bracket

(9) Calculation of the Longitudinal Side Beam
- Longitudinal side beam has the distribution function for the load between two brackets.

- This member is calculated as a beam with the effective width of the deck plate for the top
flange.
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Sectional Force and Conditions of the Calculation

Sectional force M= 1.6 kN-m S= 0.1 kN
Distance between the fixed points L= 2500m

Equivalent Span Length

L1 < L2 Ll = 250.0 cm
Target L2 = 250.0 cm
A
Li=06*12=06*250.0=150.0cm;
Effective Width
Bl 2= B2
ll; 312; Bl = 5.0 cm
B2 = 20,8 cm
,\L Longitudinal Stiffener
<
A

B1/Li=50/1500=0.03

A ={106-32*(BI/Li)+4.5* (BI/Li)*} * Bl
=1106-32*% 003+45%  003%}*50
=4.8 cm

B2/Li=208/150.0=0.14

A2={1.06-3.2* (B2/Li) + 4.5 * (B2/Li)* } * B2
—(106-32%  014+45*% 0147} %208
=146 cm

Total effective width M+A2=48+146=194cm

Source: JICA Study Team

Figure 4.3.57 Calculation of the Effective Width for the Longitudinal Beam
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Sectional Area and Moment of Inertia
A(em®  Y(cm) AY(cm)  I(cm%)

I-DECK ~ PL 194 * 16(SM400)  31.02 -20.80 -645 13421
1-WEB PL 400 * 10(SM400)  40.00 0.00 0 5333
I-LFLG ~ PL 100 * 10(SM400)  10.00  17.50 175 3063
81.02 -470 21817
E= 470/ 81.02= -580cm
I= 21817- 81.02* -580°= 19088 ¢cm*
Yo= -1580cm, Y_,= 2580cm
Bending stress
ou= 1.6¥10°*  -158.0/( 19088*10Y)= -1 N/mm’<oq= 140 N/mm’
oL= 1.6¥10°*  258.0/(  19088%10%) = 2N/mm* <o, = 140 N/mm®

Shear stress

T= 0.1%10"/ 4000 = ON/mm’ <t,= 80 N/mm’

Combined stress

K= 2/ 140)’ +( 0/ 80)°=0.00<12

Verification of the Deflection

Deflection due to liveload 6=01mm = §,=L /500=2500/500=5.0mm

Calculation of Stiffener
b = 40.0: Abdominal plate height (cm)

1.0 : Abdominal plate thickness (cm)

[ =
1 : Edge compressive stress intensity of abdominal plate (N/mm?)

G =

T= 0 : Shear stress intensity of abdominal plate (N/mm?)

Verification of Abdominal Plate Thickness
Ko=V(6,/6)="(140/1)=108 ..K,=12
b/(152%K,)=40.0/(152%12)=02cm<t=1.0cm

The horizontal stiffener is omitted.

Source: JICA Study Team
Figure 4.3.58 Calculation of the Longitudinal Beam
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4.3.4.5 Summary of Steel Weight
(1) Quantity Table of Main Girder

- Steel materials are classified in accordance with each category, grade, and thickness.

Table 4.3.28 Quantity Table of Steel Box Girder
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Source: JICA Study Team

(2) Segment Weight for Erection Block

- The block weight is a very important factor to be considered in the erection procedure.

- The following table shows each segment’s weight and assumed pre-assembly weight.

Table 4.3.29 Table of Segment Weight for Erection Block

unit: kgf
G1 G2 G3 G4

Block-1 21,281 20,709 20,669 21,898
Block-2 18,733 16,952 17,489 20,162
Block-3 20,428 18,589 19,016 22,330
Block-4 20,360 18,031 18,842 22,465
Block-5 20,860 18,671 19,492 22,854
Block-6 19,886 18,150 18,528 21,737
Block-7 18,686 17,165 17,534 19,915
Block-8 18,157 17,182 17,307 18,460
Block-9 16,627 15,787 15,785 17,298
Block-10 16,820 15,953 16,438 17,746
Block-11 16,690 15,693 15,667 17,328
Block-12 18,349 17,338 17,302 18,201
Block-13 18,887 18,190 18,169 18,768
Block-14 16,277 15,669 15,683 16,148
Block-15 18,563 17,707 17,686 18,446
Block-16 16,280 15,692 15,681 16,612
Block-17 19,111 18,127 18,088 19,025
Block-18 20,688 18,432 18,430 21,074
Block-19 20,980 17,927 18,044 21,485
Block-20 21,773 19,458 19,604 22,466
Block-21 18,636 16,582 16,689 19,039
Block-22 16,979 15,177 15,312 17,215
Block-23 18,617 17,428 17,197 18,398
Block-24 20,712 18,726 18,482 20,164
Block-25 21,829 20,570 20,285 21,264
Block-26 24,244 23,782 23,011 23,459
Block-27 23,179 22,943 22,499 22,793
Block-28 20,879 20,424 20,055 20,615
Block-29 20,782 20,839 20,430 20,544
Block-30 23,125 23,411 23,154 22,838
Block-31 20,329 20,470 20,208 20,157
Block-32 19,685 18,674 18,411 19,479
Block-33 18,639 17,679 17,520 18,253

Source: JICA Study Team
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4.3.5 Detailed Design for Substructure of Steel Box Girder Bridge (7-Span Bridge)

Based on the results of the B/D, which is presented in Section 4.3.2, further studies were carried out in the
D/D for the piers from P14 to P19 taking into account the updated topographic, geological, and hydrologic
conditions and loads from the superstructure.

4.3.5.1 Design Conditions
(1) Standard and Design Criteria

Specifications for Highway Bridges Part-I, IV, V 2012 (Japan Road Association)

Design and construction handbook for Steel Sheet Pile Foundation Method 1997 (Japan Road
Association)

JIS A5530, Japanese Industrial Standard for Steel Pipe Sheet Pile
JIS G3444 STK400, Japanese Industrial Standard for Interlocking Pipe

(2) Analytical Software for Design

UC-1 Foundation Design developed by Forum 8 for SPSP Foundation
UC-1 Substructure Design developed by Forum 8 for RC Pier

(3) Materials to be Used

Concrete : 6ek = 30 N/mm? [for pier column and beam]

: Gk = 24 N/mm? [for footing (top slab concrete)]

: 6o = 21 N/mm? [for bottom slab concrete, concrete filling to steel pipe]
Reinforcing bars: SD390 [for main reinforcement of pier column]

: SD345 [for other members]
Reinforcing stud bars: SD345 [for connection between footing and steel sheet pile]
Steel sheet pile : SKY400, SKY490

Estimated corrosion thickness: 2.0 mm/100 years

Pipe-pipe interlocking joint: STK400 ¢165.2 x t11

(4) Design Soil Condition

At the section of the steel box bridge, two boreholes in the F/S and four boreholes in D/D, a total of
six boreholes, were performed. Boreholes at P15 and P19 are far from the center of the foundation,
which are around 37 m and 28 m away, respectively. Soil profile and geotechnical design parameters
were established based on the laboratory soil test results and field test results, and design parameters
such as N-value, unit weight, internal friction angle, cohesive strength and deformation modulus are
provided as the average value in Bago River section as presented in Chapter 2.1 Soil Investigation.

Table 4.3.30 Borings at Steel Box Bridge Section

Pier No. Boring No. Boring Location
P14 No.BD-07 (D/D) center of the foundation
P15 No.13BH-03 (F/S) 37 m from the center of the foundation
P16 No.BD-06 (D/D) center of the foundation
P17 No.BD-05 (D/D) center of the foundation
P18 No.BD-04 (D/D) center of the foundation
P19 No.13BH-04 (F/S) 28 m from the center of the foundation

Source: JICA Study Team
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Since there is a saturated soil layer having ground water level higher than 10 m below the ground
surface and located at a depth less than 20 m below the ground surface, liquefaction potential is
evaluated and deduction factor due to liquefaction at the time of earthquake is considered in the
foundation design.

(5) Loads and Load Combinations
1) Loads

For substructure design, various forces including earth pressure, water pressure, wind loads, effect of
temperature change, collision load of vessel, flowing water pressure and hydrodynamic pressure
during earthquake as shown in the figure below were properly considered as critical load combination.

Source: JICA Study Team
Figure 4.3.59 Image of External Forces to be Considered
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2) Load Combination

The design cases and corresponding allowable stress for members are shown in the following tables.

Table 4.3.31 Load Combination and Allowable Stress in Pier Column and Foundation Design

Load Combination Design Water Level Water Velocity Local Scouring Increase of
(MSL+m) (m/s) for Flowing Allowable
Water Pressure Stress
A. | Ordinary High tide in | 3.18 m No consideration No consideration | 1.0
Condition spring tide -
Maximum
Low tide in|-2.39m | No consideration No consideration
spring tide -
Maximum
B. | Ordinary High tide in | 3.18 m | No consideration No consideration | 1.15
condition with | spring tide -
effect of . - . . Max1mu@ -
temperature LOW .tlde in | -2.39m | No consideration No consideration
change spring tide Maximom
*only for
longitudinal
direction
C. | Extreme wind | HHWL (1%) 4.99 m No consideration No consideration | 1.35 *1.25 for
situation ~ with transversal
effect of 172 of maximum | girection
temperature
change
D. | Vessel Collision | High tide in | 3.18 m | No consideration No consideration | 1.5
for P14 spring tide 1/2 of maximum
Vessel Collision | At  maximum | 2.53 m 1.19 m/s No consideration
for P15-P19 water flow 1/2 of maximum
E. | Earthquake Average 0.29 m 0.6 m/s for | No consideration | 1.5
Condition dynamic water | 1/2 of maximum
(Level-1) pressure
F. | During HWL (5%) 434 m 0.65 m/s No consideration | 1.5
Construction Low tide in|-2.39m

spring tide

Source: JICA Study Team

Table 4.3.32 Load Combination and Allowable Stress in Pier Beam Design

Load Combination
Vertical Direction
G. Ordinary Condition *live load with impact 1.0
H. Earthquake Condition
Horizontal Direction

L. With effect of temperature change 1.15
J. Earthquake Condition

Source: JICA Study Team

3) Loads from Superstructure

Increase of Allowable Stress

1.5

1.5

Dead load and live load with/without impact from superstructure for the substructure design is
summarized in the table below.
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Table 4.3.33 Dead Load and Live Load with/without Impact for the Substructure Design

Loads P13 Pl4 P15 P16 P17 P18 P19 P20
Dead Load 8,600 | 24,300 | 20400| 21,600 21,300 | 20,800 | 23200| 7,500
Live Load with Impact 4100 7900| 7.600| 7,700 7,700 7,600 7,700 | 3,900
ED+LH 12,700 | 32,200 | 28,000 | 29,300 | 29,000 | 28,400 | 30,900 | 11,400
Dead Load 8,600 | 24300 | 20400| 21,600 21,300 | 20,800 | 23200]| 7,500
Live Load w/o Impact 3,600 | 7,000 6800| 6900 6800]| 6,700 6800] 3,400
YD+L 12,200 | 31,300 | 27,200 | 28,500 | 28,100 | 27,500 | 30,000 | 10,900
Horizontal Force due to 900 | 5,400 | 3,100 1,200 900 | 3,100 | 5,800 800
temperature change +15

Note: - Values of P13 and P20 are just for reference.
- Friction force (dead load x 0.1) is considered for horizontal force at movable supports at P13 and P20.

Source: JICA Study Team

Since the structure which can distribute inertial force of earthquake into several substructures is applied
for the 7-continuous spans, a shared weight on each substructure is calculated by Eigenvalue analysis
using framed structure model as shown in the figure below.

P13 P14 P15 P16 P17 P18 P19 P20

Source: JICA Study Team

Figure 4.3.60 Framed Structure Model

The result is summarized in the table below.

Table 4.3.34 Shared Weight of Superstructure on Substructures

Item | P13 [ pi4a | P15 | Pl6e | P17 | P18 [ P19 | P20
Bridge Axis Direction
- | Shared Weight (kN) 900 | 23,200 | 23,200 | 24,200 | 25,000 | 25,500 | 26,400 | 800
Natural period of oscillation
of the bridge (second) 0.790(s)
Bridge Axis Perpendicular Direction _
- | Shared Weight (kN) 8,600 | 24,300 | 20,400 | 21,600 | 21,300 | 20,800 | 23,200 | 7,500
Natural period of oscillation
of the bridge (second) 0.52(s) | 0.57(s) | 0.54(s) | 0.53(s) | 0.53(s) | 0.53(s) | 0.54(s) | 0.46(s)

Note: - Values of P13 and P20 are just for reference.

- The amount of the shared weight in bridge axis direction of P13 and P20 are considered as friction force which
is calculated by dead load x 0.1.

Source: JICA Study Team
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4.3.5.2 SPSP Foundation Design

(1) Design Flow

Detailed design of the SPSP foundation is carried out based on the flow as shown in the figure below.

Step 1: Verify the Foundation Dimension

Out

capacity and displacement

Assume structural dimensions,
Considered on scour depth and elevations of footing and Pile Tip

S L
| Selection of Design Model of SPSP Structure |

L1

| Calculation of Loads and Load Combinations |

Verify Verify Out
by after completion loads
OK
Out :

the allow able bearing
*with cofferdam planning

Out:

*due to during construction and
after construction

OK

=)

~ Verify
by during construction loads

the combinedstress* in
the steel pipe sheet pile

OK

[ Verify the structural dimension ]

Source: JICA Study Team
Figure 4.3.61

| Design of top slab |

-

| Design of connection betw een top slab and steel pipe sheet pile |

-

s

Out

Veri
the structural member

I
|
I
I
I
| Design of connection betw een top slab and pile head | |
i
I
I
I
I

Design Flow for the Basic Design of the SPSP Foundation

(2) Footing Top Elevation

Setting of the footing top elevation is very important because it will affect the stability of the structure
in the long term and construction cost. For the design of the SPSP, in general, deeper setting of footing
below the riverbed may require a thicker steel pipe and/or higher grade pile due to larger displacement
and stress during construction.
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Therefore, in this Project, footing top elevation is set to more than 1 m from the lowest elevation of
existing riverbed among piers as shown in the table below, and projection of the footing above the
riverbed after local scouring will be allowed and finally, the stability during ordinary and earthquake
conditions will be considered in the design.

Table 4.3.35 Setting of Footing Top Elevation

Pier Scour of Components River‘t?ed F ooting'Top Scoured
No. Total Scour for | Scour for | Contraction | Elevation | Elevation Level
Scour (m) | Pier (m) | Pile Cap (m) | Scour (m) | (MSL+m) | (MSL+m) | (MSL+m)
P14 5.15 4.03 0.76 0.36 -6.28 -8.06 -11.43
P15 5.75 4.73 0.66 0.36 -5.09 -8.06 -10.84
P16 5.09 4.11 0.63 0.36 -5.26 -8.06 -10.36
P17 3.00 2.28 0.36 0.36 -6.70 -8.06 -9.70
P18 3.01 2.12 0.53 0.36 -6.99 -8.06 -10.00
P19 2.90 2.09 0.45 0.36 -6.88 -8.06 -9.78

Source: JICA Study Team
(3) Pile Tip Elevation

The tip of the steel pipe pile foundation of the well type in principle has to be supported by good soil
ground layer, which assumes an N-value greater than 30 for sand soil and 20 for clay soil. In addition,
the supporting layer must have a sufficient thickness not to be affected by the lower layers. Pile tip is
set into the bearing layer to more than the length of the diameter of pile, namely, 1.2 m as shown in
the figure below.

1 P14 P15 P16 P17

x x Sedimentsx x x x

Silty SAND-T>—
~_“CLAY-AlL_—

Source: JICA Study Team
Figure 4.3.62 Soil Profile and Pile Tip Position

(4) Design Model of SPSP Structure

As for the design model of the SPSP, if D <30 m and L/D > 1 and BLe > 1, then finite-length beam on
an elastic ground model is used, and if D > 30 m and L/D < 1 and BLe < 1, analysis by an imaginary
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well beam that considers shear slippage of the interlocking or three dimension model is applied.

Finite-length beam on an elastic ground is applied for the design model of the SPSP structure for all
foundations from P14 to P19 based on the criteria mentioned above.

Table 4.3.36 Selection of the Design Model of the SPSP Structure

Pier No. P14 P15 P16 P17 P18 P19
D (m) 17.16 17.16 17.16 17.16 17.16 17.16
L/D 2.39 2.57 245 245 2.45 2.37
BL. 1.49 1.60 1.57 1.57 1.57 1.52

D (m): width of foundation: larger value among D (m) or B (m)
L (m): length of steel pipe pile

Le (m): embedded length of foundation underground

B (1/m): characteristic factor of foundation

Source: JICA Study Team

(5) Design External Force

Design external force acting as point forces through the axis of the centroid on the center of the footing
is considered for the SPSP foundation design as shown in the figure below. The external force
(Vo,Ho,My) of the top of footing is considered. The vertical load V includes weights of footing, filled
concrete inside steel piles, soil on the footing and buoyancy of pier. If the footing projects due to local
scouring, inertial forces working on the projected parts will be considered as distributed load in
addition to the external force (Vo,Ho,Mo) of the top of footing.

Design external force acting as point forces through the axis of the centroid on the center of the bottom
of the footing is considered for the SPSP foundation design as shown in the figure below.

Vertical Load Vo
Bendin ment M, W Existing Riverbed

[T =2 1 v EL-8.060 Design Ground
=
Horjzontal LLoad Ho & .
Footing . 38 oo Design_ Ground
% ~ if scouring is
3 A considered
Bottom gfoncrete )
Sand Mat o
A
¥
DN DO OO O O

Source: JICA Study Team
Figure 4.3.63 Point of Loading of External Forces

For critical design load combination, the combined external forces during earthquake condition (Level-
1) are summarized in the table below.
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Table 4.3.37 Design External Force (Vo,Ho,Mo) at the top of Footing during Earthquake

P14

P15

P16

P17

P18

P19

Condition
Load Direction Vo (kN) Ho (kN) My (kN.m)
Bridge axis direction 55,800 16,200 244,000
Bridge axis perpendicular direction 55,800 15,100 267,500
Bridge axis direction 51,700 15,600 238,900
Bridge axis perpendicular direction 51,700 13,600 233,800
Bridge axis direction 52,800 15,800 241,200
Bridge axis perpendicular direction 52,800 13,900 238,300
Bridge axis direction 51,800 16,000 240,500
Bridge axis perpendicular direction 51,800 13,700 231,100
Bridge axis direction 51,000 16,300 239,700
Bridge axis perpendicular direction 51,000 13,600 223,700
Bridge axis direction 53,100 16,300 240,600
Bridge axis perpendicular direction 53,100 14,200 236,200

Source: JICA Study Team

(6) Verification of Foundation Dimension

1) Bearing Capacity and Displacement

Stability of the SPSP foundation is verified by bearing capacity and displacement and its results are
summarized in the tables below.

Table 4.3.38 Verification of Bearing Capacity

Bride Axis Direction

Pier

No.

P14

P15

P16

P17

P18

P19

Judgement
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK

Ordinary Condition"’
Item Vertical Allowable
Reaction Value
Axial compression 1,821 < 2,855
resistance
Pulling-out 1,821 > -1,043
resistance
Axial compression 1,729 < 2,007
resistance
Pulling-out 1,729 > -1,006
resistance
Axial compression 1,752 < 2,406
resistance
Pulling-out 1,752 > -991
resistance
Axial compression 1,693 < 1,763
resistance
Pulling-out 1,693 > -893
resistance
Axial compression 1,660 < 1,747
resistance
Pulling-out 1,660 > -875
resistance
Axial compression 1,724 < 1,791
resistance
Pulling-out 1,724 > -850
resistance

Bridge Axis Perpendicular Direction

Unit: kN

Earthquake Condition*?
Vertical Allowable

Reaction
1,553 <

1,546 >
1,496 <
1,375 >
1,521 <
1,408 >
1,510 <
1,367 >
1,491 <
1,342 >
1,574 <
1,375 >

Value
4.259

-1,661
3,011
-1,566
3,609
-1,558
2,644
-1,359
2,621
-1,323
2,687
-1,290

Judgement
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK

Unit: kN
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Pier Ordinary Condition™! ~ Earthquake Condition™
No Item Vertical Allowable Judgement Vertical Allowable Judgement
: Reaction Value Reaction Value

Axial compression 1,821 < 2,855 OK 1,801 < 4,259 OK
P14 resis:tance

Pulling-out 1,821 > -1,043 OK 1,299 > -1,661 OK

resistance

Axial compression 1,729 < 2,007 OK 1,492 < 3,011 OK
P15 resis_tance

Pulling-out 1,729 > -1,006 OK -1,379 > -1,566 OK

resistance

Axial compression 1,752 < 2,406 OK 1,527 < 3,609 OK
P16 resistance

Pulling-out 1,752 > -991 OK 1,402 > -1,558 OK

resistance

Axial compression 1,693 < 1,763 OK 1,481 < 2,644 OK
P17 resis:tance

Pulling-out 1,693 > -893 OK 1,396 > -1,359 OK

resistance

Axial compression 1,660 < 1,747 OK 1,491 < 2,621 OK
P18 resis_tance

Pulling-out 1,660 > -875 OK 1,342 > -1,323 OK

resistance

Axial compression 1,724 < 1,791 OK 1,528 < 2,687 OK
P19 resistance

Pulling-out 1,724 > -850 OK 1,421 > -1,290 OK

resistance

Note: *1: ordinary condition at low tide in spring tide w/o local scouring
*2: earthquake condition at 1/2 of maximum local scouring
Source: JICA Study Team

Table 4.3.39 Verification of Displacement

Unit: cm
Pier Item Earthquake Condition"!
No. Displacement* Allowable Value Judgement
Pl4 Bride Axis Direction 33 < 5.0 OK
Bridge axis perp. direction 3.0 < 5.0 OK
P15 Bride Axis Direction 32 < 5.0 OK
Bridge axis perp. direction 25 < 5.0 OK
P16 Bride Axis Direction 2.8 < 5.0 OK
Bridge axis perp. direction 22 < 5.0 OK
P17 Bride Axis Direction 2.6 < 5.0 OK
Bridge axis perp. direction 2.0 < 5.0 OK
P18 Bride Axis Direction 29 < 5.0 OK
Bridge axis perp. direction 2.1 < 5.0 OK
P19 Bride Axis Direction 25 < 5.0 OK
Bridge axis perp. direction 2.0 < 5.0 OK

Note: *1: earthquake condition at 1/2 of maximum local scouring
*2: displacement at design ground level

Source: JICA Study Team

2) Stress of Outer Steel Pipe Sheet Piles

In a steel pipe sheet pile foundation of the type that also serves as a temporary cofferdam, the steel
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pipe sheet piles are used as cofferdam walls during the work execution. Therefore, cofferdam walls
shall be verified to be safe against the loads acting during temporary work.

As the top slab concrete is placed with the steel pipe sheet piles in a deformed state, the residual stress
(c1) due to and remaining after work execution and the stress (62) occurring due to the design external
forces after completion should be added. The sum (o) shall be equal to the allowable stress (ca) or less.

Because the stress occurring in the steel pipe sheet pile during drainage is influenced by the sequence
of work execution, it is necessary to fully investigate the work sequence and execute the design
according to that work.

a) Construction Step of Temporary Cofferdam

The underwater/atmospheric excavation method is applied because the stress during drainage and
residual stress can be smaller. The construction step of temporary cofferdam for the case of P14 is
shown in the figure below, and other cases have similar steps as that of P14.

pva +4.340 H[Z +4. 340 pva +4. 340 H[Z +4.340 = +4. 340 H -2? +4. 340
g0 Grooit0H) = Ly
) - g_*Z. 660
pva —6. 276] R —6.276 \v2 —6.276 3 —6. 276
14 560 zz1
Schematic
Step-1: Install 1%t support Step-2: Install 2" support Step-3: Placement of
Work and drainage up to EL+0.34 and excavate up to EL-14.56 bottom slab concrete
activities m m and drainage up to EL-
2.66 m
=z +4. 340 HXZ +4. 340 =z +4. 340 HAZ +4. 340 =z +4.340 HZ +4. 340
2 sl = slstopl| 2 sraog||
= 1.660H =z ’1.660H =z ],GGOH
=z *4.660H R =z *4.660H
i —6.276 X2 6.276 R —6.276
e e — —
Schematic

Work Step-4: Install 3™ support Step-5: Install 4™ support Step-6: Construction of
activities and dry up inside well footing

Source: JICA Study Team

Figure 4.3.64 Construction Step of Temporary Cofferdam by Combined Underwater and
Atmospheric Excavation (P14 Case)

As explained above, at the construction step just before construction of footing concrete, namely Step-
5, residual stress of the pile will be considered. Diagram of the displacement and bending moment for
the case of P14 is shown in the figure below, and the maximum displacement due to moment occurs
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between the lowest support and bottom slab concrete.

<Step-5> Displacement (cm) Bending Moment (kN.m)

Source: JICA Study Team

Figure 4.3.65 Diagram of Displacement and Bending Moment at the Construction Step when
Residual Stress of the Pile is Considered (P14 Case)

b) Combined stress of the pile during construction and due to the design external forces after
completion

The following figure shows that combined stress is within the allowable stress under earthquake
condition.

Earthquake
Condition (Level- Stress (N/mm?)

1)

where
o . combined stress (= gl1+02), 0l : stress after completion loads.
02 : residual stress during construction, oa - allowable stress in steel pipe sheet pile

Source: JICA Study Team
Figure 4.3.66 Combined Stress for the SPSP of P14 at Earthquake Condition
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Table 4.3.40 Verification of SPSP (SKY400 part) Combined Stress at Ordinary Condition
Bridge Axis Direction

Pier Elevation (m) | ol (N/mm?) | ©2 (N/mm?) Omax (N/mm?) | ca (N/mm?) | Judgement
P14 -22.09 35.86 58.61 9448 < 140 OK
P15 -22.59 34.06 66.67 100.73 < 140 OK
P16 -12.16 34.52 64.26 98.78 < 140 OK
P17 -22.66 33.35 85.54 118.89 < 140 OK
P18 -20.16 32.71 81.03 113.74 < 140 OK
P19 -33.16 38.63 77.11 115.74 < 140 OK
Bridge Axis Perpendicular Direction
Pier Elevation (m) | o1*! (N/mm?) | ©2 (N/mm?) Omax (N/mm?) | ca (N/mm?) | Judgement
P14 -12.16 35.86 60.90 96.76 < 140 OK
P15 -22.59 34.06 68.65 102.71 < 140 OK
P16 -12.16 34.52 68.61 103.14 < 140 OK
P17 -22.66 33.35 87.63 120.98 < 140 OK
P18 -20.16 32.71 83.20 11591 < 140 OK
P19 -33.16 38.63 77.11 115.74 < 140 OK

*1: ordinary condition at low tide in spring tide w/o local scouring

Source: JICA Study Team

Table 4.3.41 Verification of SPSP (SKY400 part) Combined Stress at Earthquake Condition

Bridge Axis Direction
Pier Elevation (m) | o1"! N/mm?) | 02 (N/mm?) Omax (N/mm?) | ga (N/mm?) | Judgement
P14 21.16 126.74 58.58 185.32 < 210 OK
P15 22.16 119.45 66.14 185.59 < 210 OK
Pl6 -22.06 113.95 62.61 176.56 < 210 OK
P17 -22.06 111.39 85.41 196.80 < 210 0K
P18 -20.16 125.14 81.03 206.18 < 210 0K
P19 -19.16 120.04 66.40 186.44 < 210 0K

Bridge Axis Perpendicular Direction
Pier Elevation (m) | o1™' (N/mm?) | o2 (N/mm?) Omax (N/mm?) | oa (N/mm?) | Judgement
P14 -21.16 127.23 59.34 186.57 < 210 OK
P15 22,59 111.90 68.65 180.55 < 210 OK
P16 22.16 109.21 64.47 173.68 < 210 OK
P17 22,16 105.36 87.00 193.02 < 210 OK
P18 20.16 111.46 83.20 194.66 < 210 OK
P19 -19.16 112.04 68.44 180.48 < 210 OK

*1: earthquake condition at 1/2 of maximum local scouring

Source: JICA Study Team
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(7) Verification of Structural Members
1) Footing (Top Slab)
a) Design Sections

The footing of a steel pipe sheet pile foundation generally has a large rigidity and is rigidly connected
to the steel pipe sheet piles. It can be calculated as a cantilever with the fixed end at the outer edge of
the lower end of the body. Reaction by the soil under the footing inside the well will not be considered
in the footing design for safety.

A verification of the sections of footing will be made at the section A-A for bending moment and
section B-B for shear force as shown in figure below, and such section forces shall be calculated per
unit width at the position of the steel pipe sheet pile that produces the maximum vertical reaction force.

l i . 1 W S

(Bridge Axis Direction) (Bridge Axis Perpendicular Direction)
Source: Design and Construction Manual Published by the Japanese Association for Steel Pipe Piles

Figure 4.3.67 Section Calculation Model and Design Section of Footing

b) Design Conditions

- Width of footing for design b = 100.0 cm, thickness of footing h = 400.0 cm
24 N/mm’
SD345 (underwater member)

- Concrete design strength:

- Applied reinforcement bar:

¢) Rebar Arrangement

P14 and P19

Bridge Axis Direction

cover 150 mm D32@260
cover 300 mm D32@260
cover 300 mm D51@183
cover 500 mm D51@302
Bridge Axis Perpendicular Direction

cover 118 mm D32@209
cover 268 mm D32@408
cover 230 mm D51@209
cover 430 mm D51@408

Upper tension:

Lower tension:

Upper tension:

Lower tension:

P15-P18

Bridge Axis Direction

cover 150 mm D32@260
cover 300 mm D32@260
cover 300 mm D51@183
cover 500 mm D51@370
Bridge Axis Perpendicular Direction

cover 118 mm D32@209
cover 268 mm D32@408
cover 230 mm D51@209
cover 430 mm D51@408

Upper tension:

Lower tension:

Upper tension:

Lower tension:
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Pier
No.

P14

P15

P16

P17

P18

P19

It is noted that shear reinforcement is arranged by D22@600 at chessboard patterns, which quantity is

equal to approximately 0.15%, although it is not required in the calculation.

d) Verification of Stress in Footing and Content of Rebar

Design of bending moment is verified by tensile stress and content of rebar in the section as deep beam
which has a deeper depth of the footing than 1/2 of design span that is the distance from the edge of
pier column to the inside surface of the outer steel sheet pile.

Design of shear force is verified so that average shear stress should be within the allowable shear stress
of concrete or allowable shear stress of concrete and shear reinforcement.

Verification of the footing structure is summarized in the table below.

Bridge Axis Direction

Item
Upper tensile stress
Lower tensile stress
Rebar Content
Shear stress
Upper tensile stress
Lower tensile stress
Rebar Content
Shear stress
Upper tensile stress
Lower tensile stress
Rebar Content
Shear stress
Upper tensile stress
Lower tensile stress
Rebar Content
Shear stress
Upper tensile stress
Lower tensile stress
Rebar Content
Shear stress
Upper tensile stress

Lower tensile stress

Rebar Content
Shear stress

Table 4.3.42 \Verification of Footing Structure

Ordinary Condition”

Stress/Rebar  Allowable
Content Value
o.: 0.00 < 8
cs: 0.00 < 160
cc: 2.16 < 8
os: 71.81 < 160
177.88 > 111.49
Tm: 0.33 < 1.00
o.: 0.00 < 8
os: 0.00 < 160
6. 2.05< 8
65:70.92 < 160
165.55 > 103.74
Tm: 0.31 < 0.98
0.:0.00< 8
65:0.00< 160
0.:2.08< 8
05:72.19< 160
165.55> 105.59
Tm:0.31< 0.98
o.: 0.00 < 8
os: 0.00 < 160
6::2.04 < 8
cs: 70.67 < 160
165.55 > 103.37
Tm: 0.30 0.98
o.: 0.00 < 8
os: 0.00 < 160
6.:2.00< 8
05:69.39< 160
165.55 > 101.49
Tm:0.29< 0.98
o.: 0.00 < 8
cs: 0.00 < 160
6.:2.04 8
65:68.02< 160
177.88 > 105.83
Tm:0.31< 1.00

Note: Unit stress in N/mm?, Rebar Content in cm?

1

Judgement

OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK

Earthquake Condition™

Stress/Reb
ar Content
6. 2.85<
05:178.13<
o.: 5.68 <
05:189.34<
177.88 >
Tm: 0.85<
o.. 2.89<
65:180.20<
o 5.51<
65:191.13<
165.55 >
Tm: 0.81 <
6.:2.89<
05:180.48<
6::5.59<
05:193.72<
165.55 >
Tm:0.79<
0.:2.94<
05:183.79<
6::5.57<
65:193.03<
165.55 >
Tm:0.81<
6::3.01<
05:188.22<
6::5.56<
05:192.69<
165.55 >
Tm:0.81<
0::2.91<
cs:181.55<
0::5.52<
65:183.90<
177.88 >
Tm:0.83<

Allowable
Value

12
300
12
300
157.11
1.51
12
300
12
300
149.10
1.51
12
300
12
300
151.13
1.51
12
300
12
300
150.59
1.49
12
300
12
300
150.32
1.49
12
300
12
300
152.60
1.53

Judgement

OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
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Pier
No.

P14

P15

P16

P17

P18

P19

Bridge Axis Perpendicular Direction

Item
Upper tensile stress
Lower tensile stress
Rebar Content
Shear stress
Upper tensile stress
Lower tensile stress
Rebar Content
Shear stress
Upper tensile stress
Lower tensile stress
Rebar Content
Shear stress
Upper tensile stress
Lower tensile stress
Rebar Content
Shear stress
Upper tensile stress
Lower tensile stress
Rebar Content
Shear stress
Upper tensile stress

Lower tensile stress

Rebar Content
Shear stress

Stress/Rebar

Content
o.: 0.00 <
os: 0.00 <
o.: 1.77<

o5 66.50 <

146.67 >
Tm: 0.32 <
o.: 0.00<
os: 0.00 <
oc: 1.64 <
05:61.72 <
146.67 >
Tm: 0.30 <
6.:0.00<
05:0.00<
0.:1.67<
05:62.83<
146.67 >
Tm:0.30<
o.: 0.00<
os: 0.00 <
0c:1.64<
05:61.54<
146.67 >
Tm:0.30<
o.: 0.00<
os: 0.00 <
o.:1.61<
05:60.42<
146.67 >
Tm:0.29<
o.: 0.00<
os: 0.00 <
0.:1.67<
05:62.99<
146.67 >
Tm:0.3<

8

160

8

160
88.39
0.98
8

160

8

160
54.36
0.98
8

160

8

160
83.51
0.98
8

160

8

160
81.80
0.98
8

160

8

160
80.13
0.98
8

160

8

160
83.73
0.98

Note: Unit stress in N/mm?, Rebar Content in cm?

Ordinary Condition"!
Allowable
Value

Judgement

OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK

*1: ordinary condition at low tide in spring tide w/o local scouring

*2: earthquake condition at 1/2 of maximum local scouring

Source: JICA Study Team

Earthquake Condition™

Stress/Rebar

Content
o.: 2.37<
0s:153.16<
6.:4.74<
05:178.35<
146.67 >
Tm:0.81<
o 1.97<
05:127.35<
o 4.19<
05:157.74<
146.67 >
Tm: 0.73<
6.:2.01<
05:129.74<
0.:4.28<
0::160.91<
146.67 >
Tm:0.74<
0.:1.94<
cs:125.41<
6.:4.18<
0s:157.33<
146.67 >
Tm:0.72<
o.:1.89<
05:121.89<
6.:4.09<
05:153.99<
146.67 >
Tm:0.71<
0.:1.99<
05:128.50<
6::4.30<
05:161.65<
146.67 >
Tm:0.74<

Allowable

Value

12
300

12

300
126.43
1.49
12

300

12
300
111.82
1.49
12
300

12

300
114.07
1.49
12

300

12
300
111.53
1.49
12
300

12

300
109.17
1.49
12

300

12
300
114.60
1.49

Judgement

OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
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2) Connection between SPSP and Footing

The required number of moment and shear reinforcement for connection between SPSP and footing
by Reinforcement Stud Method is calculated as follows:

a) Design Condition

- Applied reinforcement bar: SD345 (underwater member), Diameter 22 mm
- Concrete design strength: 24 N/mm?

- Material of SPSP: SKY490

- Joint method: Reinforcement Stud Method

b) Required Number of Moment and Shear Reinforcement

The required number of reinforcement is 16-17 for moment and it ranges between 54 and 72 for shear.
Therefore, 20 studs for moment for all piers, 72 studs for shear for P15-P19 and 76 studs for shear for
P14 are arranged as shown in the figure below and it was verified by the allowable stress summarized
in the table below.

CROSS SECTION A - A CROSS SECTION

_A

D22=700
D100

4@ 100
400
&5 BI040

4000
17@110=1870

17@110=1870

4@ 100
400

@I _qg5

500

LV A

Source: JICA Study Team
Figure 4.3.68 Layout of Reinforcement Stud
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Table 4.3.43 Verification of Connection between SPSP and Footing

Bridge Axis Direction

Pier Critical Os Gsa nb nba Critical s Tsa ns nsa

No. condition condition

P14  Wind+ 174.1< 216.0 20>17  Temperature  103.3< 110.4 76 272
Temperature

P15  Wind+ 169.2< 216.0 20>16  Earthquake 151.8<  180.0 72 261
Temperature

P16  Wind+ 165.1< 216.0 20>16  Earthquake 153.9< 180.0 72 >62
Temperature

P17  Wind+ 164.4< 216.0 20>16  Earthquake 153.0< 180.0 72 262
Temperature

P18  Wind+ 169.2< 216.0 20>16  Earthquake 152.7<  180.0 72 262
Temperature

P19  Wind+ 175.0< 216.0 20>17  Earthquake 154.9<  180.0 72 >62
Temperature

Bridge Axis Perpendicular Direction

Pier Critical Os Osa nb nba Critical T T ns nsa
No. condition condition
P14  Wind 152.9<  200.0 20>16  Earthquake 147.7< 180.0 76 >63
P15  Wind 152.9<  200.0 20>16  Earthquake 139.8< 180.0 72 >56
P16  Wind 152.9<  200.0 20>16  Earthquake 142.3< 180.0 72 257
P17  Wind 152.9<  200.0 20>16  Earthquake 137.8< 180.0 72 256
P18  Wind 152.9<  200.0 20>16  Earthquake 134.9< 180.0 72 =254
P19  Wind 152.9<  200.0 20>16  Earthquake 141.5< 180.0 72 =257
Note: os: tensile stress of the moment reinforcing bar caused by moment and horizontal force (N/mm?)

osa: allowable tensile stress of the reinforcing bar (N/mm?)

nb: number of moment reinforcement nba: required number of moment reinforcement
1s: shear stress of shear reinforcement (N/mm?)

rsa: allowable shear stress (N/mm?)

ns: number of shear reinforcement nsa: required number of shear reinforcement

Source: JICA Study Team

3) Connection between Footing and Pile Head of Bulkhead Piles

The pile head of the bulkhead part of the SPSP will be inserted and rigidly connected by reinforcing
bars with the footing, and it has been verified in terms of stress and content of reinforcement as follows:

a) Design Condition
- Applied reinforcement bar: SD345 (underwater member)
- Concrete design strength: 24 N/mm?

b) Rebar Arrangement

Steel pile is inserted at 100 mm to the footing and it is fixed by 12 numbers of main reinforcements of
029 mm and filled concrete as shown in the figure below.
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Source: JICA Study Team
Figure 4.3.69 Detail of Pile Head Connection
¢) Verification of Required Content of Reinforcement and Stress
The result of the verification of the connection between footing and bulkhead pile for the case of
critical condition is summarized in the table below.
Table 4.3.44 \Verification of Connection between Footing and Bulkhead Pile

Bridge Axis Direction

Pier No. Critical Load on the Pile Head  Content of  Required s Osa
Condition Rebar Content of  (N/mm?) (N/mm?)
Moment  Axial Load (cm?) Rebar
(kN.m) (kN) (cm?)
P14 Earthquake 348.0 Min-718 77.1> 56.7 222.8 300.0
q ' Max 3588 ' ' ' ‘
Min-747
P15 Earthquake 335.0 Max 3395 77.1> 57.1 223.7 300.0
Min-676
P16 Earthquake 327.0 Max 3370 77.1> 53.3 209.5 300.0
Min-655
P17 Earthquake 320.0 Max 3306 77.1> 51.8 204.0 300.0
Min-719
P18 Earthquake 327.0 Max 3322 77.1> 55.2 216.8 300.0
Min-660
P19 Earthquake 327.0 Max 3380 77.1> 52.6 207.0 300.0

Source: JICA Study Team
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d) Required Anchorage Length of Reinforcing Bars

Anchorage length of reinforcing bars, L = 1,200 mm, from the main reinforcement of footing must be
longer than L0+10 x ¢.

o= —>2 4 = 906 (mm)

4+ toa

L>Lo+10x ¢ =1,196 (mm)
osa: allowable tensile stress of the reinforcing bar 200.00 (N/mm?)
Tsa: allowable shear stress 1.600 (N/mm?)

¢: Diameter of Reinforcing bar: ¢29 mm

4.3.5.3 RC Pier
(1) Verification of RC Pier Column
1) Design Section

A verification of the sections of pier column will be made at the section A-A against bending moment
and shear force in each bridge axis and axis perpendicular direction as shown in the figure below.

FRONT ELEVATION SIDE ELEVATION
4000
‘ 17000 ‘ 2000 ‘ 2000
8 [l | g
s
T 3000 11000 3000 |
4000
VEXxisting Riverbed
V274
A I Al
|
|
Source: JICA Study Team
Figure 4.3.70 Design Section of Pier Column
2) Design Condition
- Applied reinforcement bar: SD345 for shear reinforcement, SD390 for main

reinforcement (underwater member)

- Concrete design strength: 30 N/mm?
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3) Sectional Forces at the Bottom of the Pier Column

Sectional forces at the bottom of the pier column during earthquake condition as critical load for the
design are summarized in the table below. The force due to the hydrodynamic pressure during
earthquake is included in the shear force, S, and bending moment, M.

Table 4.3.45 Sectional Force in Earthquake Condition

Load Direction V (kN) S (kN) M (kN.m)
Pl4 Bridge axis direction 48,500 15,700 243,600
Bridge axis perpendicular direction 48,500 14,800 266,700
P15 Bridge axis direction 44,300 15,600 239,300
Bridge axis perpendicular direction 44,300 13,600 235,300
P16 Bridge axis direction 45,200 15,800 241,500
Bridge axis perpendicular direction 45,200 13,800 238,300
P17 Bridge axis direction 44,500 15,900 239,900
Bridge axis perpendicular direction 44,500 13,600 230,900
P18 Bridge axis direction 43,700 16,000 239,700
Bridge axis perpendicular direction 43,700 13,400 224,400
P19 Bridge axis direction 45,800 16,200 241,500
Bridge axis perpendicular direction 45,800 14,000 236,300

Source: JICA Study Team

4) Rebar Arrangement
a) Main Reinforcement

- Main reinforcement is arranged as shown in the figure below, and no deduction of the rebar is
made through the pier column.

P14-P19
Cover Straight Section Arc Section
(mm) Diameter Arrangement Diameter Arrangement
150 D38 56@125 D38 2x 32182
250 D38 56@125 - -

Figure 4.3.71 Rebar Arrangement (Main Reinforcement)
Source: JICA Study Team
b) Shear Reinforcement

- Lateral tie to avoid the column from buckling due to shear force: D22, double reinforcement, 150
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mm pitch through the column

- Intermediate hoop to avoid the lateral tie from jutting outside: 8 nos. for bridge axis direction and
4 nos. for bridge axis perpendicular direction per cross section, 150 mm pitch through the column

5) Verification

Pier column structure is verified by compressive stress of concrete, tensile stress of rebar, shear stress
and content of shear reinforcement. The result of verification at earthquake condition which is critical
condition for pier column design is summarized in the table below. Since average shear stress is over
allowable stress that only concrete resists against shear force, shear reinforcement is arranged to meet
the requirement.

Bridge Axis Direction

Pier
No.

P14
P15
P16
P17
P18
P19

Compressive
Stress (N/mm?)

Gc

12.1<
11.9<
12.0<
11.9<
11.9<
12.0<

Oca
15.0
15.0
15.0
15.0
15.0
15.0

Tensile Stress

(N/mm?)

Os
330.6<
333.5<
335.2<
334.0<
335.8<
333.6<

Bridge Axis Perpendicular Direction

Pier
No.

P14
P15
P16
P17
P18
P19

Compressive
Stress (N/mm?)
G¢ Oca
7.1< 15.0
6.2< 15.0
6.3< 15.0
6.1< 15.0
5.9< 15.0
6.3< 15.0

Gsa

345.0
345.0
345.0
345.0
345.0
345.0

Tensile Stress

(N/mm?)

Os
142.8<
121.1<
121.5<
115.5<
110.8<
117.4<

oc: Compressive Stress of Concrete

os: Tensile Stress of Rebar

osa: Allowable Tensile Stress of Rebar

Osa

345.0
345.0
345.0
345.0
345.0
345.0

Shear Stress

(N/mm?)

Tm Tal, Ta2
0.40< 0.28,2.85
0.40< 0.28,2.85
0.40< 0.27,2.85
041< 0.28,2.85
0.41< 0.28,2.85
0.42< 0.28,2.85

Shear Stress

(N/mm?)

Tm Tal, Ta2
0.37< 0.21,2.85
0.34<  0.21,2.85
0.35<  0.21,2.85
0.34<  0.21,2.85
0.34<  0.21,2.85
0.35<  0.21,2.85

Table 4.3.46 \Verification of Pier Column Stress at Earthquake Condition

Shear
Reinforcement
Content (mm?)
Aw AWReq

3871.0> 747.7
3871.0> 733.8
3871.0> 766.5
3871.0> 779.0
3871.0> 796.2
3871.0> 828.8

Shear
Reinforcement
Content (mm?)
Aw AWRreq

2322.6> 359.0
2322.6> 293.5
2322.6> 305.1
2322.6> 293.0
2322.6> 282.6
2322.6> 316.2

oca: Allowable Compressive Stress of Concrete

™m: Average Shear Stress ral: Allowable Shear Stress if only concrete resists against shear force

ra2: Allowable Shear Stress if both concrete and shear reinforcement resist against shear force

Aw: Shear reinforcement content

Source: JICA Study Team

Awreq: Required shear reinforcement content in 7al <rm

(2) Verification of Beam at Pier Head

1) Design Section

Judgement

OK
OK
OK
OK
OK
OK

Judgement

OK
OK
OK
OK
OK
OK

Since the distance from the front of the column to the loading point (bearing), 1, is smaller than the
height of beam, h, namely h/I=7000/1548=4.5>1.0, this kind of beam will be designed as a corbel. And,
design section (A-A) is set at 400 mm inside of column because of the oval column shape as shown in
the figure below. It will be verified at A-A section in terms of bending moment and shear. The section
at h/2 (=3500 mm) from A-A section is outside of the beam, so verification of shear force will be made

only at A-A section.
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Source: JICA Study Team
Figure 4.3.72 Design Section of Pier Head Beam
2) Design Loads
Design loads for verification of the beam structure are summarized in the table below, and the largest

values among piers for each condition are used for the verification.

Table 4.3.47 Design Loads for Beam Design

Condition Load Component P14 P15 P16 P17 P18 P19
Vertical direction
Ordinary Condition = Dead Load at G1 girder 6,100 5,100 5,500 5400 5200 5,800
(Dead + Live Loads) Live Load with Impact at G1 girder 2,100 2,000 2,100 2,100 2,000 2,000
Weight of Beam 1,578 1,578 1,578 1,578 1,578 1,578
Total 9,778 8,678 9,178 9,078 8778 9,378
Earthquake Dead Load at G1 girder 6,100 5,100 5,500 5400 5200 5,800
Condition Weight of Beam 1,578 1,578 1,578 1,578 1,578 1,578
(Dead Load + Effect  Vertical reaction force due to 1,400 1,200 1,200 1,200 1,200 1,300
of earthquake) earthquake from Superstructure”!
Total 9,078 7,878 8,278 8,178 7,978 8,678
Bridge axis perpendicular direction
Earthquake Inertia force of superstructure 2,400 2,100 2,200 2,100 2,100 2,300
Condition
Bridge axis direction
Effect of Horizontal force due to 1,400 500 300 300 800 = 1,500
temperature change _temperature change
Earthquake Inertia force on the beam 473 473 473 473 473 473
Condition Inertia force on superstructure 1,800 1,800 1,900 1,900 2,000 2,000
Total 2,273 2273 2,373 2373 2473 2473

Note: *1: It is calculated in accordance with Chapter 15.4 of Specifications for Highway Bridges Part-V 2012.
Source: JICA Study Team
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3) Design condition
- Applied reinforcement bar: SD345 for main reinforcement, stirrup
- Concrete design strength: 30 N/mm?

4) Rebar Arrangement

Main reinforcement and stirrup at the design section (A-A) is arranged as shown in the figure below.

d et T Location Cover  Diameter Arrangement
3k . (mm)
U
Upper 150 D32 24@155.8 in
. average
(main
reinforcement) 5 D32 13@287.7 on
g U average
Lower 150 D32 5@?282 in average
Side 103 D22 (125+20@300+200)
x 2 sides
VoY
BOQ‘ 2400 ‘BOQ Stirrup - D22 150mm pitch
4000

Source: JICA Study Team
Figure 4.3.73 Rebar Arrangement (Main Reinforcement)
5) Verification of Reinforcement Content (Vertical Bridge Axis Perpendicular Direction)

As for the section against bending moment at vertical bridge axis perpendicular direction, it is verified
by the reinforcement content of tension rebar arranged at upper beam and side rebar by corbel design,
and the result is summarized in the table below.

Table 4.3.48 Verification of Reinforcement Content at Vertical Direction of Beam

. Ordinary Condition Oreiinerey Cond@on Earthquake
Item Unit (Dead and Live o
(Dead Load) L) Condition

Design Tensile Force (T) kN 2,454.8 3,161.0 5,325.6
Allowable Tension Stress (Gsa) N/mm? 100.00 180.00 300.00
Tensile Reinforcement Asu>AsuReq OK | Asu> AsuReq OK | Asu> AsuReq OK
Arranged Content (Asu) mm? 30,973.80 30,973.80 30,973.80
Required Content (AsuReq™!) 24,547.28 17,561.19 17,751.95
Reinforcement at Sides Ass > AssReq OK Ass > AssReq OK | Ass> AssReq OK
Arranged Content (Ass) mm? 17,806.60 17,806.60 17,806.60
Required Content (AssReq"?) 12,389.52 12,389.52 12,389.52

Note: *1: AsuReq=1000 -T/osa
*2: AssReq = 0.4 - Asu
Source: JICA Study Team

4-542



Detailed Design Study on The Bago River Bridge Construction Project Final Report

6) Verification for Bending Moment (Horizontal Bridge Axis Direction)

As for the section against bending moment at horizontal bridge axis direction, it is verified by the
compressive and tensile stress occurring at section A-A by the allowable stress method, and the result
is summarized in the table below.

Table 4.3.49 Verification of Bending Moment Stress at Horizontal Direction of Beam

Effect of Temperature Earthquake Condition

Item Unit Clharnee

4,597
(=473kNx 1.48m+
2000 kN x 1.948 m)

2,922

Bending Moment (M) kN.m (= 1,500 kN x 1.948 m)

Distance between edge of compressive side

and neutral axis (x) Mm >38 238
Compressive Stress 6, N/mm? 0.86 <Gca 1.36 <G
Tensile Stress o N/mm? 80.88 <0, 127.23 <0a
Coefficient Increase of Allowable Stress a - 1.15 1.50
Allowable Compressive Stress G, N/mm? 11.50 15.00
Allowable Tensile Stress 6sa N/mm? 207.00 300.00

Source: JICA Study Team
7) Verification of Shear Force (Horizontal Bridge Axis Direction)

As for the section against shear force at horizontal bridge axis direction, it is verified by the shear
stress occurring at section A-A by the allowable stress method, and the result is summarized in the
table below. Content of stirrup is 774.2 mm? which is equivalent to approximately 0.2% at the
minimum, although arrangement is not required.

Table 4.3.50 Verification of Shear Stress at Horizontal Direction of Beam

Item Unit Effect of Temperature Change | Earthquake Condition
Sectional Force
Shear Force (S) kN 1,500 2,474
Bending Moment (M) kN.m 2,922 4,597
Effective Height (d) mm 3,645 3,645
Shear  Force  considering
Effective Height (Sh)"! kN 1,500 2474
Coefficient Increase of
Allowable Stress (o) - 1.15 1.50
Ratio of rebar (pt)™ % 0.050 0.050
Coefficient of allowable shear - 0.668 0.668
stress related to “d” (ce)
Coefficient of allowable shear - 0.601 0.601
stress related to “pt”(cpt)
Tm N/mm? 0.067 < 0.111 <
Tal N/mm? 0.115 0.148
T2 N/mm? 2.185 2.850
Shear Reinforcement Content
Aw mm? 774.2 774.2
AwReq mm? 0.0 0.0
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Note: *1: Sh=M-M/d x (tanB+tany), B and y = zero in this case *2: pt=As/(b x d)
Source: JICA Study Team

8) Verification of Bridge Seat
a) Seating Length at P13 and P20

The seating length, which is defined as the distance between the edge of the girder and the edge of the
top of substructure in longitudinal direction, should be long enough to prevent departure and unseating
of the superstructure from the top of the substructure. The required value (Sgm) can be calculated at
the equation below as specified in the JSBH.

Sem= 0.7 + 0.005 x span length (m)

Table 4.3.51 Verification of Seating Length

Pier No. P13 P20
Span Length 110.8m 103.1m
Required Seating Length (Sgm) 1.254m 1.216m
Seating Length 3.550m  2.150m
Judge OK OK

Source: JICA Study Team

b) Bearing Edge Distance (S)

The bearing edge distance (S), which is defined as the distance between the center of anchor bolt of
bearing and the edge of the top of the substructure, shall be equal to or larger than the following value:

S >0.2+0.005 x span length (m)

Table 4.3.52 Verification of Bearing Edge Distance

Pier No. P13 P14 P15 P16 P17 P18 P19 P20
Span Length  110.8m 112m 112m 112m 112m 112m 112m 103.1m
Minimum 0.754m 0.76m 0.76m 0.76m 0.76m 0.76m 0.76m 0.72m
Edge
Distance
Edge [.157m  0.802m  0.802m  0.802m  0.802m  0.802m  0.802m  0.757m
Distance (S)

Judge OK OK OK OK OK OK OK OK

Source: JICA Study Team

¢) Bridge Seat Strength

Bridge seats is designed with sufficient strength to withstand the vertical and horizontal forces through
bearings. Horizontal force (design horizontal seismic force) transmitted from the bearings is resisted
by concrete and reinforcement. The resisting area of concrete is the summation of three planes in
directions of sideward and downward with edge angles of 45 degrees as shown in figure below.
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Anchor bolt

Planes for resisting against forces

Source: JSBH
Figure 4.3.74 Image of Resisting area of Concrete
The bridge seats against design horizontal seismic force is verified as follows:
Evaluation of strength
Pps=Pc+Ps (Pc = Ps), P,s = Design horizontal seismic force (Py (N))
Where,

Pys : Strength of bridge seat (N)
Note that the strength is determined under the condition that the strength borne by
reinforcements does not exceed that borne by concrete.

P, : Strength borne by concrete (N)
Pc= (0 * 032 + Vou * Ac)/1000.0
P : Strength borne by reinforcement (N)
Ps=%Z{B + (1-hj/da)* o5y * As}/1000.0
o : Coefficient for determining the strength borne by concrete
On : Bearing stress at bottom of bearing support against vertical force (N/mm?)
Ock : Design strength of concrete (N/mm?)
A : Resistance area of concrete (mm?)
§ : Correction factor associated with the strength borne by reinforcement
h; : Distance from bridge seat surface of i reinforcement (m)
da : Distance from center of anchor bolt in the rear side of bearing support to bridge seat edge
sy : Yield point of reinforcement (N/mm?)
Asi : Cross sectional area of i reinforcement (mm?)

The calculation results is summarized in table below.

Table 4.3.53 Verification Result of Bridge Seat Strength

Pier No. P19

Girder G1&G4 G2&G3
Design horizontal seismic force Ph (kN) *per bearing 2,000 2,000
Resistance area of concrete Ac (mm?) 5,901,000 14,771,000
Bearing stress at bottom of bearing support against vertical 2.50 2.53
force o n (N/mm?)
Coefficient for determining the strength borne by concrete 0.30 0.30
Strength borne by concrete Pc (kN) 3,050 7,700
Strength borne by reinforcement Ps (kN) 2,090 3,140
Strength of bridge seat Pbs (kN) 5,140 10,840
Judge (Pbs = Ph) OK OK

Source: JICA Study Team
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4.3.5.4 Structure Drawing

Through the basic design and the detailed design presented in Sections 4.3.2 and 4.3.4, the substructure of
P14-P19 is designed in terms of economical and structural aspects. The structural drawing is shown in the
figure below.
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Source: JICA Study Team
Figure 4.3.75 Structure Drawing of Substructure of P14-P19
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4.3.5.5 Quantities of Major Items of Substructure

Quantity of the major items of the substructure for the steel box girder bridge is calculated for cost
estimation and it is summarized in the following table.

Table 4.3.54 Quantity of the Major Items of the Substructure for the Steel Box Girder Bridge

Item P14 P15 P16 P17 P18 P19 Total
SPSP (ton)
Permanent part 629.6t 673.8t 644.4 t 6444t 644.4 t 622.3t 3,858.8¢
Temporary part 19331 19331 19331 193.3t 193.3¢ 193.3¢ 1,159.8t
Concrete (m?)
24 MPa 493 m’ 493 m? 493 m’ 493 m? 493 m? 493 m? 2,958 m’
30 MPa 971 m? 958 m? 946 m? 930 m? 917 m’ 905 m’ 5,627 m?
Re-bar (ton)
D13-D32 95.0t 95.0t 95.0t 95.0t 95.0t 95.0t 570.0t
D38-D51 99.6 t 97.5t 96.7t 95.7t 949t 954t 579.7t

Source: JICA Study Team

4.3.6 Detailed Design for Substructure of Steel Box Girder Bridge (3-Span Bridge)
4.3.6.1 Design Conditions

(1) Standard and Design Criteria

The same standard and design criteria as 7-Span Bridge will be applied.

(2) Analytical Software for Design

The same analytical software as 7-Span Bridge will be used.

(3) Materials to be Used

- Concrete : 6k = 30 N/mm? [for pier column and beam]

: 6ok = 24 N/mm? [for footing (top slab concrete)]
: 6 = 21 N/mm? [for bottom slab concrete, concrete filling to steel pipe]

- Reinforcing bars: SD345 [for all members]

- Reinforcing stud bars: SD345 [for connection between footing and steel sheet pile]

- Steel sheet pile : SKY400, SKY490

Estimated corrosion thickness: 2.0 mm/100 years

- Pipe-pipe interlocking joint: STK400 ¢165.2 x t11
(4) Design Soil Condition
At the section of the 3-span of steel box bridge, two boreholes drilling were performed in D/D.
Boreholes for P6 is far from the center of the foundation, which are around 26 m away.

Table 4.3.55 Borings at Steel Box Bridge Section

Pier No. Boring No.
P6 No.BD-18 (D/D)
P7 No.BD-13 (D/D)

Source: JICA Study Team

Boring Location
26 m from the center of the foundation
center of the foundation
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Since there is a saturated soil layer having ground water level higher than 10 m below the ground
surface and located at a depth less than 20 m below the ground surface, liquefaction potential is
evaluated and deduction factor due to liquefaction at the time of earthquake is considered in the
foundation design.

(5) Loads and Load Combinations

1) Loads

The same loads for substructure design as 7-span bridge will be considered.

2) Load Combination

The design cases and corresponding allowable stress for members are same as 7-span bridge except

vessel collision case, which is shown in the following table.

Table 4.3.56 Load Combination and Allowable Stress in Pier Column and Foundation Design

Load Combination Design Water Level Water Velocity Local Scouring Increase of
(MSL+m) (m/s) for Flowing Allowable
Water Pressure Stress
Vessel Collision | High tide in | 3.18 m | No consideration No consideration | 1.5
for P6,P7 spring tide 1/2 of maximum

Source: JICA Study Team

3) Loads from Superstructure

Dead load and live load with/without impact from superstructure for the substructure design is
summarized in the table below.

Table 4.3.57 Loads from Superstructure for the Substructure Design

Unit: kN

Loads P5 P6 P7 P10
Dead Load 7,200 | 16,700 | 21,400 9,000
Live Load with Impact 2,700 4,700 5,400 2,900
YD+L+I 9,900 | 21,400 | 26,800 | 11,900
Dead Load 7,200 | 16,700 | 21,400 9,000
Live Load w/o Impact 2,500 4,500 5,200 2,700
YD+L 9,700 | 21,200 | 26,600 | 11,700
Horizontal Force due to 400 200 200 500
temperature change +15°

Values of P5 and P10 are loads only from 3-span bridge.

Source: JICA Study Team

Since the structure which can distribute inertial force of earthquake into several substructures is applied
for the 3-continuous spans, a shared weight on each substructure is calculated by Eigenvalue analysis
using framed structure model as shown in the figure below.
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Source: JICA Study Team
Figure 4.3.76 Framed Structure Model
The result is summarized in the table below.
Table 4.3.58 Shared Weight of Superstructure on Substructures
Item P5 P6 P7 P10
| Bridge Axis Direction
| - | Shared Weight (kN) 12,800 | 15,300 | 14,500 11,800
- | Natural period of oscillation of the bridge (second) 1.60(s)
| Bridge Axis Perpendicular Direction
| - | Shared Weight (kN) 6,700 | 16,300 | 23,100 8,400
- | Natural period of oscillation of the bridge (second) 0.28(s) | 0.38(s) | 0.45(s) 0.51(s)
0.45(s) in oscillation unit consisting of all
substructures

Values of P5 and P10 are loads only from 3-span bridge.

Source: JICA Study Team

4.3.6.2 SPSP Foundation Design
(1) Design Flow
Design flow of the SPSP foundation is same as that of 7-span bridge.
(2) Footing Top Elevation

Since it is located at the riverbank, footing top elevation is set to deeper one, of which more than 1 m
from the elevation of existing riverbed or from the lowest water level (L.W.L.=-2.39m) to prevent
projection of steel pipe above the water.

Table 4.3.59 Setting of Footing Top Elevation

Pier Scour of Components Riverbed | Footing Top | Scoured
No Total Scour for | Scour for | Contraction | Elevation | Elevation Level
' Scour (m) | Pier (m) | Pile Cap (m) | Scour (m) | (MSL+m) | (MSL+m) | (MSL+m)
P6 3.84 3.15 0.36 0.33 -1.72 -3.45 -5.56
P7 2.32 1.01 0.99 0.33 -5.35 -6.35 -7.67

Source: JICA Study Team
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(3) Pile Tip Elevation

Pile tip is set into the bearing layer of Clayey Sand-II with N-value 50 (sand soil) to more than the
length of the diameter of pile 1.2 m, and the pile tip elevation is EL-54.660m at P6 and EL-56.660m
at P7 as shown in the figure below.
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Source: JICA Study Team
Figure 4.3.77 Soil Profile and Pile Tip Position

(4) Design Model of SPSP Structure

Finite-length beam on an elastic ground is applied for the design model of the SPSP structure for all
foundations of P6 and P7 as same as the cases of 7-span bridge.

Table 4.3.60 Selection of the Design Model of the SPSP Structure

Pier No. P6 P7
D (m) 21.7 20.1
L/D 2.37 2.50
BL. 1.46 1.45

D (m): width of foundation: larger value among D (m) or B (m)
L (m): length of steel pipe pile

Le (m): embedded length of foundation underground

B (1/m): characteristic factor of foundation

Source: JICA Study Team

(5) Design External Force

For critical design load combination, the combined external forces during earthquake condition (Level-
1) are summarized in the table below.
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Table 4.3.61 Design External Force (Vo,Ho,Mo) at the top of footing during Earthquake

Load Direction Vo (kN) Ho (kN) Mo (kN.m)
P6 Bridge axis direction 45,335 11,100 123,800
Bridge axis perpendicular direction 45,335 10,800 146,600
P7 Bridge axis direction 48,932 11,700 153,600
Bridge axis perpendicular direction 48,932 13,100 219,800

Source: JICA Study Team

(6) Verification of Foundation Dimension

1) Bearing Capacity and Displacement

Stability of the SPSP foundation is verified by bearing capacity and displacement and its results are

summarized in the tables below.

Table 4.3.62 \Verification of Bearing Capacity

Bride Axis Direction Unit: kKN
Pier Ordinary Condition"! Earthquake Condition"
No Item Vertical Allowable Judgement Vertical Allowable Judgement
: Reaction Value Reaction Value
Axial compression 1,567< 3,946 OK 1,379< 5,919 OK
P6 resistance
Pulling-out 1,567> -1,863 OK 1,288> -3,196 OK
resistance
Axial compression 1,554< 3,273 OK 1,412< 4,909 OK
p7 resistance
Pulling-out 1,544> -1,686 OK 1,306> -2,855 OK
resistance
Bridge Axis Perpendicular Direction Unit: kKN
Pier ~ Ordinary Condition™ ~ Earthquake Condition™
No Item Vertical Allowable Judgement Vertical Allowable Judgement
: Reaction Value Reaction Value
Axial compression 1,567< 3,946 OK 1,388< 5,919 OK
P6 resistance
Pulling-out 1,567> -1,863 OK 1,279> -3,196 OK
resistance
Axial compression 1,554< 3,273 OK 1,390< 4,909 OK
p7 resistance
Pulling-out 1,544> -1,686 OK 1,328> -2,855 OK
resistance
Note: *1: ordinary condition at low tide in spring tide w/o local scouring
*2: earthquake condition at 1/2 of maximum local scouring
Source: JICA Study Team
Table 4.3.63 Verification of Displacement
Pier Item Earthquake Condition"!
No. Displacement™ Allowable Value Judgement
P6 Bride Axis Direction 2.2cm < 5.0cm OK
Bridge axis perp. direction 1.6cm < 5.0cm OK
P7 Bride Axis Direction 1.9cm < 5.0cm OK
Bridge axis perp. direction 1.8cm < 5.0cm OK

Note: *1: earthquake condition at 1/2 of maximum local scouring

*2: displacement at design ground level
Source: JICA Study Team
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2) Stress of Outer Steel Pipe Sheet Piles

As explained in 7-span bridge part, cofferdam walls shall be verified to be safe against the loads acting
during temporary work.

a) Construction Step of Temporary Cofferdam

The underwater/atmospheric excavation method is applied because the stress during drainage and
residual stress can be smaller. The construction step of temporary cofferdam for the case of P7 is shown
in the figure below, and P6 cases have similar steps as that of P7.

Schematic
Step-1: Install 1% support Step-2: Install 2*¢ support Step-3: Placement of
Work and drainage up to EL+0.34 and excavate up to EL- bottom slab concrete
activities m 12.850 m and drainage up to EL-
2.660 m
Schematic

Work Step-4: Install 3" support Step-5: Install 4% support Step-6: Construction of
activities and dry up inside well footing

Source: JICA Study Team

Figure 4.3.78 Construction Step of Temporary Cofferdam by Combined Underwater and
Atmospheric Excavation (P7 Case)

At the construction step just before construction of footing concrete, namely Step-5, residual stress of
the pile will be considered. Diagram of the displacement and bending moment for the case of P7 is
shown in the figure below, and the maximum displacement due to moment occurs between the lowest
support and bottom slab concrete.
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<Step-5> Displacement (cm) Bending Moment (kN.m)

Source: JICA Study Team

Figure 4.3.79 Diagram of Displacement and Bending Moment at the Construction Step when
Residual Stress of the Pile is Considered (P7 Case)

b) Combined stress of the pile during construction and due to the design external forces after
completion

The following figure shows that combined stress is within the allowable stress under earthquake
condition.

Earthquake ,
Condition (Level-1) Stress (N/mm?®)

where
o : combined stress (= 01+02), 0l - stress after completion loads.
02 : residual stress during construction, oa - allowable stress in steel pipe sheet pile

Source: JICA Study Team
Figure 4.3.80 Combined Stress for the SPSP of P7 at Earthquake Condition
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Table 4.3.64 Verification of SPSP (SKY400 part) Combined Stress at Ordinary Condition

Bridge Axis Direction

Pier Elevation (m) | ol (N/mm?) | ©2 (N/mm?) Omax (N/mm?) | ca (N/mm?) | Judgement

P6 -11.16 30.14 66.97 97.12< 140 OK

P7 -10.35 30.37 53.58 83.94< 140 OK
Bridge Axis Perpendicular Direction

Pier Elevation (m) | ol (N/mm?) | ©2 (N/mm?) Omax (N/mm?) | ca (N/mm?) | Judgement

P6 -11.16 31.46 69.36 100.82< 140 OK

P7 -10.35 31.02 63.08 94.11< 140 OK

*1: ordinary condition at low tide in spring tide w/o local scouring

Source: JICA Study Team

Table 4.3.65 Verification of SPSP (SKY400 part) Combined Stress at Earthquake Condition

Bridge Axis Direction

Pier Elevation (m) | o1"! (N/mm?) | 02 (N/mm?) Omax (N/mm?) | ga (N/mm?) | Judgement

P6 -11.45 75.16 66.85 142.00< 210 OK

7 110,35 81.65 53.58 135.23< 210 oK
Bridge Axis Perpendicular Direction

Pier Elevation (m) | o1"! (N/mm?) | 02 (N/mm?) Omax (N/mm?) | ga (N/mm?) | Judgement

P6 -11.16 69.57 69.36 138.93 < 210 OK

7 110,35 84.46 63.08 147 54< 210 oK

*1: earthquake condition at 1/2 of maximum local scouring
Source: JICA Study Team
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(7) Verification of Structural Members
1) Footing (Top Slab)
a) Design Sections

The same sections of footing as 7-span bridge will be verified in terms of bending moment and shear
force.

b) Design Conditions
- Width of footing for design b = 100.0 cm, thickness of footing h = 400.0 cm
- Concrete design strength: 24 N/mm?

- Applied reinforcement bar: SD345 (underwater member)

¢) Rebar Arrangement

P6 P7
Bridge Axis Direction Bridge Axis Direction
Upper tension: cover 150 mm D32@288 Upper tension: cover 150 mm D29@278
Lower tension:  cover 150 mm D32@203 cover 300 mm D29@?286
cover 300 mm D32@208 Lower tension: ~ cover 290 mm D38@228
cover 440 mm D38@234
Bridge Axis Perpendicular Direction Bridge Axis Perpendicular Direction
Upper tension:  cover 120 mm D29@ 189 Upper tension: ~ cover 121 mm D29@198
Lower tension:  cover 118 mm D32@189 cover 271 mm D29@410
cover 268 mm D32@201 Lower tension:  cover 236 mm D38@198
cover 386 mm D38@212

It is noted that shear reinforcement is arranged by D22 at approximately 600mm at chessboard patterns,
which quantity is equal to approximately 0.15%, although it is not required in the calculation.

d) Verification of Stress in Footing and Content of Rebar

Design of bending moment is verified by tensile stress and content of rebar in the section as deep beam
which has a deeper depth of the footing than 1/2 of design span that is the distance from the edge of
pier column to the inside surface of the outer steel sheet pile.

Design of shear force is verified so that average shear stress should be within the allowable shear stress
of concrete or allowable shear stress of concrete and shear reinforcement.

Verification of the footing structure is summarized in the table below.
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Pier
No.

P6

P7

Pier
No.

P6

P7

Table 4.3.66 Verification of Footing Structure

Bridge Axis Direction

Ordinary Condition"!
Item Stress/Rebar  Allowable Judgement

Content Value

Upper tensile stress  o.: 0.00 < 8 OK

os: 0.00 < 160 OK

Lower tensile stress  o.: 1.41 < 8 OK

os. 77.49 < 160 OK

Rebar Content 77.31> 56.84 OK

Shear stress Tm: 0.26 < 0.88 OK

Upper tensile stress  o.: 0.00 < 8 OK

cs: 0.00 < 160 OK

Lower tensile stress  o.: 1.51 < 8 OK

05:70.73 < 160 OK

Rebar Content 98.72 > 63.03 OK

Shear stress Tm: 0.28 < 0.96 OK
Note: Unit stress in N/mm?, Rebar Content in cm?

Bridge Axis Perpendicular Direction
Ordinary Condition"!
Item Stress/Rebar  Allowable Judgement

Content Value

Upper tensile stress  o.: 0.00 < 8 OK

os: 0.00 < 160 OK

Lower tensile stress  o.: 1.73 < 8 OK

os: 92.56 < 160 OK

Rebar Content 81.53 > 72.19 OK

Shear stress Tm: 0.26 < 0.84 OK

Upper tensile stress o 0.00 < 8 OK

o5 0.00 < 160 OK

Lower tensile stress  o¢: 1.93 < 8 OK

65:85.27 < 160 OK

Rebar Content 111.35 > 86.71 OK

Shear stress Tm: 0.28 < 0.82 OK

Note: Unit stress in N/mm?, Rebar Content in cm?

*1: ordinary condition at low tide in spring tide w/o local scouring

*2: earthquake condition at 1/2 of maximum local scouring

Source: JICA Study Team

2) Connection between SPSP and Footing

Earthquake Condition"

Stress/Reb
ar Content
c.: 0.95<
05:90.63<
oc: 3.06 <
05:167.85<
77.31>
Tm: 0.54<
o.. 1.31<
05:95.73<
o 3.64<
65:170.30<
98.72 >

Tm: 0.66 <

Allowable
Value

12

300

12

300
65.67
1.34

12

300

12

300
80.94
1.45

Judgement

OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK

Earthquake Condition™

Stress/Rebar
Content
o.: 0.25<
0s:21.51<
0.:3.06<
05:163.70
81.53 >
Tm:0.45<
.. 1.66<
05:117.85<
o 4.55<
05:200.69<
111.35 >
Tm:  0.63<

Allowable
Value

12

300

12

300

68.09

1.28

12

300

12

300

108.83

1.25

Judgement

OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK

The required number of moment and shear reinforcement for connection between SPSP and footing
by Reinforcement Stud Method is calculated as follows:

¢) Design Condition

d) Required Number of Moment and Shear Reinforcement

Applied reinforcement bar:
Concrete design strength:
Material of SPSP:

Joint method:

SD345 (underwater member), Diameter 22 mm

24 N/mm’
SKY400

Reinforcement Stud Method
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The required number of reinforcement is 12 and 13 for moment and 43 and 50 for shear, respectively
at P6 and P7. Therefore, 16 studs for moment at both piers, 56 studs for shear at P6 and 64 studs for
shear at P7 are arranged as shown in the figure below and it was verified by the allowable stress
summarized in the table below.

CROSS SECTION A-ACROSS SECTION

51200 Vo ! L $00

D2 1000 50150 150 375

T
e a0 |

hiF:

15@150: 2050
4000
15@150: 2850

a1
00 N

Source: JICA Study Team
Figure 4.3.81 Layout of Reinforcement Stud (P7)

Table 4.3.67 \Verification of Connection between SPSP and Footing

Bridge Axis Direction

Pier Critical Os Gsa nb nba Critical Ts T ns nsa

No. condition condition

P6 Wind+ 158.0< 216.0 16 >12  Earthquake 136.2< 180.0 56 >43
Temperature

P7 Wind+ 166.2< 216.0 16 >13  Earthquake 140.5< 180.0 64 >50
Temperature

Bridge Axis Perpendicular Direction

Pier Critical s Gsa nb nba Critical (o T ns nsa

No. condition condition

P6 Wind 147.4<  200.0 16>12  Earthquake 113.9< 180.0 56 236

P7 Wind 155.8<  200.0 16>13  Earthquake 133.9< 180.0 64 >48
Note: os: tensile stress of the moment reinforcing bar caused by moment and horizontal force (N/mm?)

osa: allowable tensile stress of the reinforcing bar (N/mm?)

nb: number of moment reinforcement nba: required number of moment reinforcement
1s: shear stress of shear reinforcement (N/mm?)

rsa: allowable shear stress (N/mm?)

ns: number of shear reinforcement nsa: required number of shear reinforcement

Source: JICA Study Team
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3) Connection between Footing and Pile Head of Bulkhead Piles

Since P7 has the bulkhead steel sheet pile, the connection of the pile head is verified in terms of stress
and content of reinforcement as follows:

a) Design Condition
- Applied reinforcement bar: SD345 (underwater member)
- Concrete design strength: 24 N/mm?

b) Rebar Arrangement

Steel pile is inserted at 100 mm to the footing and it is fixed by 12 numbers of main reinforcements of
¢22 mm and filled concrete as shown in the figure below.

1-1 2 -2
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b D3
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SHEAR CONNECTOR (IN-SITU WELD!

<
s
| \\ PL-32x 16 x 3597
a
a

.

I
i
I

150,

‘ FILLED CONCRETE

PILE'S DIAMETER 1200

Source: JICA Study Team
Figure 4.3.82 Detail of Pile Head Connection (P7)

¢) Verification of Required Content of Reinforcement and Stress

The result of the verification of the connection between footing and bulkhead pile for the case of
critical condition is summarized in the table below.

Table 4.3.68 Verification of Connection between Footing and Bulkhead Pile

Bridge Axis Direction

Pier No. Critical Load on the Pile Head  Content of Required Os Osa
Condition Moment Axial Reb?r I({30;1‘tent 02f (N/mm?)  (N/mm?)
(kN.m) Load(kN) (cm”) ebar(cm)
P7 Earthquake 188.0 Min -18.0 46.5 > 13.3 92.95 300.0
Max 2178

Source: JICA Study Team
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d) Required Anchorage Length of Reinforcing Bars

Anchorage length of reinforcing bars, L = 1,000 mm, from the main reinforcement of footing must be
longer than L0+10 x o.

ﬂé =
4+ toa 688mm
L>Lo+ 10x ¢ =908 (mm)

osa: allowable tensile stress of the reinforcing bar 200.00 (N/mm?)

Lo =

T1sa: allowable shear stress 1.600 (N/mm?)

¢: Diameter of Reinforcing bar: 22mm

4.3.6.3 RC Pier
(1) Verification of RC Pier Column
1) Design Section

A verification of the sections of pier column will be made at the bottom section against bending
moment and shear force in each bridge axis and axis perpendicular direction as shown in the figure
below.

2) Design Condition
- Applied reinforcement bar:
SD345 for shear reinforcement and main reinforcement (underwater member)

- Concrete design strength: 30 N/mm?

3) Sectional Forces at the Bottom of the Pier Column

Sectional forces at the bottom of the pier column during earthquake condition as critical load for the
design are summarized in the table below. The force due to the hydrodynamic pressure during
earthquake is included in the shear force, S, and bending moment, M.

Table 4.3.69 Section Force in Earthquake Condition

Load Direction V (kN) S (kN) M (kN.m)
P6 Bridge axis direction 36,000 11,000 123,700
Bridge axis perpendicular direction 36,000 10,800 146,600
P7 Bridge axis direction 41,300 11,600 154,200
Bridge axis perpendicular direction 41,300 13,100 223,400

Source: JICA Study Team

4) Rebar Arrangement
¢) Main Reinforcement

- Main reinforcement is arranged as shown in the figure below, and no deduction of the rebar is
made through the pier column.
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P6
Cover Straight Section Arc Section
(mm) Diameter Arrangement Diameter Arrangement
150 D32 100@125 D32 2 x nos.19/side
250 D32 50@250 - -
P7
Cover Straight Section Arc Section
(mm) Diameter Arrangement Diameter Arrangement
150 D38 80@125 D38 2 x nos.19/side
250 D38 40@?250 - -

Figure 4.3.83 Rebar Arrangement (Main Reinforcement)
Source: JICA Study Team
d) Shear Reinforcement

- Lateral tie to avoid the column from buckling due to shear force: D19 (P6) and D22 (P7), 150 mm
pitch through the column

- Intermediate hoop to avoid the lateral tie from jutting outside: 15 nos.(P6) and 11 nos.(P7) for
bridge axis direction and 2 nos. for bridge axis perpendicular direction per cross section, 150 mm
pitch through the column

5) Verification

Pier column structure is verified by compressive stress of concrete, tensile stress of rebar, shear stress
and content of shear reinforcement. The result of verification at earthquake condition which is critical
condition for pier column design is summarized in the table below. Since average shear stress is over
allowable stress that only concrete resists against shear force, shear reinforcement is arranged to meet
the requirement.
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Table 4.3.70 Verification of Pier Column Stress at Earthquake Condition

Bridge Axis Direction

Pier Compressive Tensile Stress Shear Stress Rein?cl)lr?:fmen i
2 2 2
No. Stress (N/mm~®) (N/mm*) (N/mm?) Clostzt (it Judgement
Oc Gca Os Csa o Tal, Ta2 Aw AWRreq
P6 8.3< 15.0 249.4< 300.0 0.26< 0.28,2.85 4871.0> 0.0 OK
P7 10.7< 15.0 281.3< 300.0 0.33<  0.32,2.85 5032.0> 106.3 OK
Bridge Axis Perpendicular Direction
Pier Compressive Tensile Stress Shear Stress Rein?ilrecfmen i
2 2 2
No. Stress (N/mm*) (N/mm*) (N/mm?) Clomivaats (it Judgement
GC¢ Gca Os Osa Tm Tal, Ta2 Aw AWReq
P6 2.2< 15.0 13.9< 300.0 0.25<  0.19,2.85 1146.0> 95.1 OK
P7 4.9< 15.0 77.4< 300.0 0.36< 0.21,2.85 1548.4> 244.5 OK
oc: Compressive Stress of Concrete oca: Allowable Compressive Stress of Concrete
os: Tensile Stress of Rebar osa: Allowable Tensile Stress of Rebar

™m: Average Shear Stress ral: Allowable Shear Stress if only concrete resists against shear force
ra2: Allowable Shear Stress if both concrete and shear reinforcement resist against shear force
Aw: Shear reinforcement content  Awreq: Required shear reinforcement content in ral <rm

Source: JICA Study Team
(2) Verification of Beam at Pier Head
1) Design Section

Since the distance from the front of the column to the loading point (bearing), 1, is smaller than the
height of beam, h, namely h/1=7000/1215=5.8>1.0, this kind of beam will be designed as a corbel. And,
design section (A-A) is set at 300 mm inside of column because of the oval column shape as shown in
the figure below. It will be verified at A-A section in terms of bending moment and shear. The section
at h/2 (=3500 mm) from A-A section is outside of the beam, so verification of shear force will be made
only at A-A section.
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h=7000
6000
7000
6000

[ h/2=3500
— sod 1800 Foc

3000 ‘

Source: JICA Study Team
Figure 4.3.84 Design Section of Pier Head Beam
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2) Design Loads

Design loads for verification of the beam structure are summarized in the table below, and the largest
values among piers for each condition are used for the verification.

Table 4.3.71 Design Loads for Beam Design

Condition Load Component P6 P7
Gl G4 Gl G4
Vertical Section
Ordinary Condition (Dead DeadlLoad 4,000 4,800 5,700 6,000
+ Live Loads) Live Load with Impact 2,000 2,200 2,300 2,400
Weight of Beam 1223 1223 1223 1,223
Total 7,223 8,223 9,223 9,623
Earthquake Condition Dead Load 4,800 5,700 6,000
(Dead Load + Effect of Weight of Beam ] 1,223 1,223 1,223
earthquake) Vertical reaction force due to 800 900 1,000
earthquake from Superstructure”!
Total 5,923 6,823 7,823 8,223
Additional load in the Inertia force on superstructure 1,300 1,300 1,800 1,800

earthquake condition for S

corbel design Inertia force on the beam 400 400 400 400
Total 1,700 1,700 2,200 2,200

Horizontal Section

Effect of temperature Horizontal force due to 100 100 100 100

change temperature change

Earthquake Condition Inertia force on superstructure 1,200 1,200 1,100 1,100
Inertia force on the beam 400 400 400 400
Total 1,600 1,600 1,500 1,500

Note: *1: It is calculated in accordance with Chapter 15.4 of Specifications for Highway Bridges Part-V 2012
(Japan Road Association)

Source: JICA Study Team

3) Design condition
- Applied reinforcement bar: SD345 for main reinforcement, stirrup

- Concrete design strength: 30 N/mm?
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4) Rebar Arrangement

Main reinforcement and stirrup at the design section (A-A) is arranged as shown in the figure below.

P6
_am Location Cover Diameter Arrangement
1406@130 4@150 _6@10 190
T B0 =600 304 =78 (mm)
D16 ‘ ‘ D16 .
sl LI Upper 150 D29 18@153 in average
g S N | . (main .
w ) L reinforcement) 250 D29 10@276 in average
o6 | [~
g - Lower 150 D29 4@300
&= Side 97 D16 (125+20@300+200)
x 2 sides
o Stirrup - D19 150mm pitch
P7
Location Cover Diameter Arrangement
(mm)
Upper 150 D32 18@153 in average
g ; (main )
reinforcement) 250 D32 10@276 in average
Lower 150 D32 4@300
o B
SHE Side 103 D19 (125+20@300+200)
&= x 2 sides
Stirrup - D19 150mm pitch
BEE

Source: JICA Study Team
Figure 4.3.85 Rebar Arrangement (Main Reinforcement)

5) Verification of Reinforcement Content (Vertical Bridge Axis Perpendicular Direction)

As for the section against bending moment at vertical bridge axis perpendicular direction, it is verified
by the reinforcement content of tension rebar arranged at upper beam and side rebar by corbel design,
and the result is summarized in the table below.
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Table 4.3.72 Verification of Reinforcement Content at Vertical Direction of Beam

pP6
. Ordinary Condition Ordinary Cond@on Earthquake
Item Unit (Dead and Live o
(Dead Load) Condition
Loads)
Design Tensile Force (T) kN 1,604.1 2,196.0 3,519.3
Allowable Tension Stress (Gsa) N/mm? 100.00 180.00 300.00
Tensile Reinforcement Asu>AsuReq OK | Asu> AsuReq OK | Asu> AsuReq OK
Arranged Content (Asu) mm? 19,272.00 19,272.00 19,272.00
Required Content (AsuReq™!) 16,041.00 12,199.73 11,731.07
Reinforcement at Sides Ass > AssReq OK Ass > AssReq OK | Ass> AssReq OK
Arranged Content (Ass) mm? 9,135.00 9,135.00 9,135.00
Required Content (AssReq"?) 7,708.80 7,708.80 7,708.80
P7
. Ordinary Condition Ordinary Cond1t10n Earthquake
Item Unit (Dead and Live .
(Dead Load) Condition
Loads)

Design Tensile Force (T) kN 1,882.4 2,510.2 4,344.0
Allowable Tension Stress (Gsa) N/mm? 100.00 180.00 300.00
Tensile Reinforcement Asu>AsuReq OK | Asu> AsuReq OK | Asu> AsuReq OK
Arranged Content (Asu) mm? 23,826.00 23,826.00 23,826.00
Required Content (AsuReq™") 18,823.80 13,945.64 14,479.93
Reinforcement at Sides Ass > AssReq OK Ass > AssReq OK | Ass > AssReq OK
Arranged Content (Ass) mm? 13,179.00 13,179.00 13,179.00
Required Content (AssReq™) 9,530.40 9,530.40 9,530.40

Note: *1: AsuReq = 1000 - T/ osa
*2: AssReq = 0.4 - Asu

Source: JICA Study Team

6) Verification for Bending Moment (Horizontal Bridge Axis Direction)

As for the section against bending moment at horizontal bridge axis direction, it is verified by the
compressive and tensile stress occurring at section A-A by the allowable stress method, and the result

is summarized in the table below.
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Table 4.3.73 \Verification of Bending Moment Stress at Horizontal Direction of Beam

P6 P7
Item Unit Effect of Earthquake Effect of Earthquake
Temperature Condition Temperature Condition
Change Change

Bending Moment (M) kN.m 155.80 2,413.05 151.50 2,209.95
Distance ' b.etween edge . of mm 340 340 391 391
compressive side and neutral axis (x)
Compressive Stress o N/mm? 0.09 <oca 1.34 <o, 0.07 <0ca 1.05 <0cq
Tensile Stress o N/mm? 9.80 <Ga 151.75 <Gsa 6.95 <G 101.34 <64
Coefficient Increase of Allowable )
Stress a N/mm? 1.15 1.50 1.15 1.50
Allowable Compressive Stress Gca N/mm? 11.50 15.00 11.50 15.00
Allowable Tensile Stress G5, 207.00 300.00 207.00 300.00

Source: JICA Study Team
7)

Verification of Shear Force (Horizontal Bridge Axis Direction)

As for the section against shear force at horizontal bridge axis direction, it is verified by the shear
stress occurring at section A-A by the allowable stress method, and the result is summarized in the
table below. Content of stirrup is 573.0mm?, which is equivalent to approximately 0.2% at the

minimum, although arrangement is not required.

Table 4.3.74 Verification of Shear Stress at Horizontal Direction of Beam

P6 P7
Item Unit Effect of i Effect of it
Temperature o Temperature o
Condition Condition
Change Change

Section Force
Shear Force (S) kN 100.00 1,566.89 100.00 1,466.89
Bending Moment (M) kN.m 155.80 2,413.05 151.50 2,209.95
Effective Height (d) mm 2,732 2,732 2,735 2,735
Shear  Force  considering
Effective Height (Sh)” kN 100.00 1,566.89 100.00 1,466.89
Coefficient Increase of
Allowable Stress (o) - 1.15 1.50 1.15 1.50
Ratio of rebar (pt)™ % 0.038 0.038 0.052 0.052
Coefficient of allowable shear - 0.740 0.740 0.740 0.740
stress related to “d” (ce)
Coefficient of allowable shear - 0.576 0.576 0.605 0.605
stress related to “pt”(cpt)
Tm N/mm? 0.006 < 0.092 < 0.006 < 0.086 <
Tal N/mm? 0.123 0.158 0.129 0.166
Ta N/mm? 2.185 2.850 2.185 2.850
Shear Reinforcement Content
Aw mm? 573.0 573.0 573.0 573.0
AwReq mm? 0.0 0.0 0.0 0.0

Note: *1: Sh=M-M/d x (tanB+tany), 8 and y = zero in this case

Source: JICA Study Team

*2: pt=As/(b x d)
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8) Verification of Bridge Seat
a) Seating Length at P5 and P10

The seating length, which is defined as the distance between the edge of the girder and the edge of the
top of substructure in longitudinal direction, should be long enough to prevent departure and unseating
of the superstructure from the top of the substructure. The required value (Sgm) can be calculated at
the equation below as specified in the JSBH.

Sem= 0.7 + 0.005 x span length (m)

Table 4.3.75 \Verification of Seating Length

Pier No. P5 P10
Span Length 75.6m 102.8m
Required Seating Length (Sgm) 1.078m 1.214m
Seating Length 2.150m  3.550m
Judge OK OK

Source: JICA Study Team

b) Bearing Edge Distance (S)

The bearing edge distance (S), which is defined as the distance between the center of anchor bolt of
bearing and the edge of the top of the substructure, shall be equal to or larger than the following value:

S >0.2+0.005 x span length (m)

Table 4.3.76 Verification of Bearing Edge Distance

Pier No. PS5 P6 P7 P10
Span Length 75.6m 76.5m 102.8m 102.8m
Minimum Edge Distance 0.578m 0.583m 0.714m 0.714m
Edge Distance (S) 0.620m 1.016m 1.040m 0.918m
Judge OK OK OK OK

Source: JICA Study Team

¢) Bridge Seat Strength

Bridge seats is designed with sufficient strength to withstand the vertical and horizontal forces through
bearings. Horizontal force (design horizontal seismic force) transmitted from the bearings is resisted
by concrete and reinforcement. The resisting area of concrete is the summation of three planes in
directions of sideward and downward with edge angles of 45 degrees as shown in figure below.

Anchor bolt

Planes for resisting against forces

Source: JSAB
Figure 4.3.86 Image of Resisting area of Concrete
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The calculation results on the bridge seats against design horizontal seismic force is summarized in table
below.

Table 4.3.77 Verification Result of Bridge Seat Strength

Pier No. P6 P7

Girder Gl G4 Gl G4
Design horizontal seismic force Ph (kN) *per bearing 1,200 1,200 1,100 1,100
Resistance area of concrete Ac (mm?) 6,657,000 8,218,000 6,234,000 8,330,000
Bearing stress at bottom of bearing support against vertical 2.07 2.50 2.80 2.97
force o n (N/mm?)
Coefficient for determining the strength borne by concrete 0.27 0.30 0.31 0.32
Strength borne by concrete Pc (kN) 3,160 4,260 3,420 4,710
Strength borne by reinforcement Ps (kN) 1,890 1,890 1,790 1,980
Strength of bridge seat Pbs (kN) 5,050 6,150 5,210 6,690
Judge (Pbs=Ph) OK OK OK OK

Source: JICA Study Team

4.3.6.4 Structure Drawing

Through the basic design and the detailed design presented in Sections 4.3.2 and 4.3.6, the substructure of
P6-P7 is designed in terms of economical and structural aspects. The structural drawing is shown in the
figure below.
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Figure 4.3.87 Structure Drawing of Substructure of P6

4-568



Detailed Design Study on The Bago River Bridge Construction Project

Final Report
FRONT ELEVATION SIDE ELEVATION
3-3  4-4
1-1 2-2
n
s K
= ¢ ELI3SS
s ~ 5]
g Pier Calumn end Beam Conarete MPa
'ﬂ'_ 7 EL B4
g 0 oo
g 7 MSL000
- a'sa.?ﬂ 5000 6500 L
ksg,7
§} T MW
ﬁ § g“l levation in the fiood condion G—L
: ~
g 5 Foding Conaste 24WPa
?‘ ) .. Sand Mat 2 s I gl:c:lragv::il;pe\'u
‘ Outside Steel Fipe Well
= Dia 12mN=32 SKY |_ 7 ELE6H
4 3 -
4 3 T
PLAN
6-6
13000
500, 10000 1500,
PLAN Ouside Steel Pipe Wel
5-5 Dha 1200, N-32
OO0 000 (JOO
| \ ST,
g tH-mE—-+5B—0 g O ! o 8 8
~ - SRR, < - O
@ O
i 020900000
__150 16000 0 o.m.m = i
15000 , | omsr

Source: JICA Study Team

Figure 4.3.88 Structure Drawing of Substructure of P7
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4.3.6.5 Quantities of Major Items of Substructure

Quantity of the major items of the substructure for the steel box girder bridge is calculated for cost
estimation and it is summarized in the following table.

Table 4.3.78 Quantity of the Major Items of the Substructure for the Steel Box Girder Bridge

Item P6 P7 Total
SPSP (ton)
Permanent part 741.2t 772.1t 1,513.3t
Temporary part 109.9t 165.9t 275.8t
Concrete (m?)
24 MPa 482.8m’ 436.4m’> 919.2m?3

30 MPa 774.4m3 797.5m3 1,571.9m°

Re-bar (ton)
D13-D32 119.3t 76.2t 195.5t
D38-D51 0.0t 77.6t 77.6t

Source: JICA Study Team

4.3.7 Detailed Design of Bridge Accessories
4.3.7.1 Bearings for 7-Span Bridge
(1) Design Conditions
a) Applied Design Standard:
- Specifications for Highway Bridges Part-V 2012 (Japan Road Association)
- Manual for Bearing for Highway Bridges 2004 (Japan Road Association)

b) Design Temperature Range: 25°C+25°C, and additional 5°C is considered as initial deformation
at the installation of the bearings.

¢) Classification of Ground Condition: Class III
d) Support Condition

Table 4.3.79 Support Condition

e | | o | Sopon Condtn
e L(m) N B]r;?riztﬁ))r(lls Perper}?(;iflerA ]))(ilsection
P13 _— 4 Movable Fix
P14 110.8 4 Fix Fix
P15 112.0 4 Fix Fix
P16 112.0 4 Fix Fix
P17 112.0 4 Fix Fix
P18 112.0 4 Fix Fix
P19 112.0 4 Fix Fix
P20 103.1 4 Movable Fix

Source: JICA Study Team
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e) Design Loads from Superstructure for Bearing Design:
Table 4.3.80 Design Loads from Superstructure
Mag. For. For Stress Amplitude Dead Load Max. Live
Pier Reaction Rotation load
No. Rmax1 Rmax2 Rmax' Rmin' YRd Rdmax Rlmax
(kN) (kN) (kN) (kN) (kN/pier) (kN) (kN)
P13 3178 3123 3178 1991 8561 2188 1031
P14 8070 7973 8070 5655 24252 6101 0
P15 7009 6941 7009 4563 20362 5137 0
P16 7442 7134 7442 4954 21503 5332 0
P17 7360 7092 7360 4885 21287 5293 0
P18 7176 6950 7176 4726 20731 5171 0
P19 7737 7653 7737 5377 23141 5826 0
P20 2913 2735 2913 1582 7455 1825 1010
Source: JICA Study Team
f) Design Horizontal Force for Bearing Design:
Table 4.3.81 Horizontal Forces
113?: 181l Ao IDlireslilon PerpeI]f:;ilc(:ifle;rA l))(;:ection
Earthquake
Ordinary Condition Earthquake Condition
Condition Level-1 Level-1
(kN/pier) (kN/pier) (kN/pier)
P13 900 900 2,600
P14 10,800 7,000 7,300
P15 6,200 7,000 6,200
P16 2,400 7,300 6,500
P17 1,800 7,500 6,400
P18 6,200 7,700 6,300
P19 11,500 7,900 7,000
P20 800 800 2,300

Source: JICA Study Team

g) Displacement for Bearing Design:

130 mm at P13 and 120 mm at P20 due to effect of temperature change (A30°C).
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(2) Dimension of Bearing

P14-P19 Fix Support (Rubber Bearing Type):

Bridge Axis Direction Bridge Axis Perpendicular Direction

Pier Base Plate Upper Plate Rubber

No. L1 T1 HI L2 T2 H2 D H4 RBT | RBL | H3
P14 1420 1620 85 970 1100 50 350 35 920 920 184
P15 1370 1590 85 970 1100 40 300 30 920 920 188
P16 1370 1590 85 970 1100 40 300 30 920 920 188
P17 1370 1590 85 970 1100 40 300 30 920 920 188
P18 1370 1590 85 970 1100 40 300 30 920 920 188
P19 1420 1620 85 970 1100 50 350 35 920 920 184
Pier Hexagon Bolt Anchor Bolt

No. dl n L3 T3 d2 L n L4 T4 H5 H
P14 M24 8 3x230 1x690 @100 1000 4 1100 1300 40 359
P15 M24 8 3x230 1x690 090 900 4 1080 1300 40 353
P16 M24 8 3x230 1x690 090 900 4 1080 1300 40 353
P17 M24 8 3x230 1x690 090 900 4 1080 1300 40 353
P18 M24 8 3x230 1x690 090 900 4 1080 1300 40 353
P19 M24 8 3x230 1x690 @100 1000 4 1100 1300 40 359

Source: JICA Study Team

Figure 4.3.89 Dimension of Bearing (Fixed Rubber Bearing Type)

P13 and P20 Movable Support (BPB Type):
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4.3.7.2

Figure 4.3.90 Dimension of Bearing (Movable BPB Type)

Bearings for 3-Span Bridge

(1) Design Conditions

a)
b)
¢)
d)

Applied Design Standard: same as 7-span bridge
Design Temperature Range: 25°C+25°C
Classification of Ground Condition: same as 7-span bridge

Design Seismic Coefficient: The bearings of P5 and P10 shall be designed by design seismic
coefficient 0.45 (0.3 x 1.5times) to meet the requirement of the seismic performance 2 instead of
installation of any other anti-collapse structure.

Support Condition
Table 4.3.82 Support Condition

Span Nos. of .\
Pier Length bearing Pnpe Caiiion
No. Bridge Axis Bridge Axis

L(m) N Direction | Perpendicular Direction
P5 _— 4 Elastic Fix
P6 75.6 4 Elastic Fix
P7 76.5 4 Elastic Fix
P10 102.8 4 Elastic Fix

Source: JICA Study Team

f) Design Loads from Superstructure for Bearing Design:
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Table 4.3.83 Design Loads from Superstructure

pi R(Ie\:séé)n RoI:;Eon For Stress Amplitude Dead Load Max. Live
ier load
No. Rmax1 Rmax2 Rmax' Rmin' YRd Rdmax Rlmax
(kN) (kN) (kN) (kN) (kN/pier) (kN) (kN)
P5 3,400 2,100 3,200 1,300 7,200 2,100 1,400
P6 7,000 5,000 7,000 4,400 16,700 4,800 2,200
P7 8,400 6,200 8,000 5,100 21,400 6,000 2,400
P10 4,100 3,200 3,500 1,200 9,000 2,500 1,700

Source: JICA Study Team
g) Design Horizontal Force for Bearing Design:

To estimate the horizontal force due to effect of temperature change, range A50°C is applied in
accordance with the conditions for estimation of the displacement.

Horizontal force in bridge axis direction at end bearings is calculated by using 1.5 times of design
seismic coefficient

Table 4.3.84 Horizontal Forces

Bridge Axis Direction Bridge Axis Perpendicular Direction
Pier Ordinary Earthquake Condition Earthquake Condition
N Condition(A50°) Level-1 Level-1
0. . .
Design seismic
(kN/pier) (kN/pier) coefficient (kN/pier) Design seismic coefficient
P5 1,300 5,800 03x1.5 2,000 0.3
P6 600 4,600 0.3 4,900 0.3
P7 500 4,400 0.3 6,900 0.3
P10 1,400 5,300 03x1.5 2,500 0.3

Source: JICA Study Team
h) Displacement for Bearing Design:

To estimate the displacement due to deflection of superstructure due to live loads and effects of
temperature change, range A50°C is applied so that the bearing is able to be set at any temperature
without adjustment of displacement (rubber deformation).

According to the design condition as mentioned above, bearings of P5 and P10 are designed by 1.5
times of design seismic coefficient.

Table 4.3.85 Displacement

Bridge Axis Direction
e Ordinary Condition(A50°C) Earthquake Condition Level-1
No. Displacement Displacement | Design seismic coefficient
P5 80mm 310mm 03x1.5
P6 28mm 180mm 0.3
P7 10mm 170mm 0.3
P10 88mm 286mm 03x1.5

Source: JICA Study Team
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(2) Dimension of Bearing

12 L2
i 3 i L3
= L
J : | | ] . | |
TR e
%‘Fl i — limi| I fh ——— H I
RBL RBT
~
nXxXd2z2
L 14 1l L 14 o
I L1
Bridge Axis Direction Bridge Axis Perpendicular Direction
Pier Base Plate Upper Plate Rubber
No. L1 T1 H1 L2 T2 H2 D H4 RBT | RBL | H3
P5 1150 1600 80 1020 1130 60 250 30 970 970 354
P6 1130 1690 110 970 1100 60 250 30 920 920 274
P7 1160 1730 130 970 1100 65 250 35 920 920 274
P10 1100 1800 85 970 1130 60 250 30 920 970 342
Pier Hexagon Bolt Anchor Bolt
No. dl n L3 T3 d2 L n L4 T4 HS5 H
P5 M36 8 3x240 1x920 @65 650 4 940 1390 40 534
P6 M36 8 3x220 1x990 065 650 4 920 1450 40 484
P7 M39 8 3x220 1x980 ©75 750 4 920 1450 40 509
P10 M36 8 3x220 1x920 065 650 4 890 1590 40 527
Pier Horizontal Spring Stiffness(N/mm)
No. Per bearing Per pier
P5 4,628 18,513
P6 6,395 25,579
P7 6,395 25,579
P10 4,622 18,486
Source: JICA Study Team
Figure 4.3.91 Dimension of Bearing
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4.3.7.3 Expansion Joint for 7-Span Bridge
(1) Design Concept

- The adjacent gap and marginal length of girder end have been determined taking account of
the displacement due to seismic movement and temperature elongation between adjacent
bridges.

- The modular type is adopted considering the above condition.
(2) Required Expansion/Contraction Value for the Displacement of Expansion Joint

The displacement due to seismic behavior and temperature expansion/contraction is shown in the table

below.
Table 4.3.86 Table of Displacement at Different Factor (P13,P20)
Item Unit P13 P20
Cable Stay Steel Steel PC Box
Bridge Box Box
Seismic Displacement per one side mm +87 +34 +55 +212
Level (L1) Maximum displacement (1) mm +87 +212
Coefficient due to different natural \2 \2
period (2)
Margin 15mm (3) mm +15 +15
Displacement (1)x(2)+(3) mm +138 +315
Design Value for Seismic Behavior (A) mm +138 +315
Normal Creep mm - - - -
Condition Shrinkage due to drying mm - - - -
Elongation/ Expanded length of the device mm +68 +102 +112 +68
Shrinkage Contraction length of the device mm -68 -102 -112 -30
(25°C+ Basic Expansion + Contraction (1) mm 136 204 224 98
25°C) Margin (2)=(1) x20%, min10mm mm 27 41 45 20
Expansion + Contraction (3)=(1)+(2) mm 163 245 269 118
(x82) (*123)  (£135) (£59)
Design Value for Normal Behavior (B) mm +204 +194
Final Design Value for Expansion/Contraction mm +204 +315
Larger amount (A) or (B)
Marginal Gap mm 400 350

Source: JICA Study Team
(3) Selection of Expansion Type

Modular type joint was adopted since it is suitable for the large expansion and contraction of more
than 200 mm. The typical modular joint is described below.

- Several edge beams with rubber sheets are placed on support beams that were on the sliding
bar in anchor box. The capacity of displacement depends on the length of anchor box and its
marginal space.

Source: Catalogue from manufacturer

Figure 4.3.92 Sample of Modular Expansion Joint
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- The end of steel deck plate must be cut out, since this expansion joint type has about 500 mm
height. So, additional deck plate was prepared from the end diaphragm to the girder end.

- After the installation of the expansion joint, the space between the expansion joint to
diaphragm shall be filled by casting concrete.

ADDITIONAL PLATE

ONGITUDINAL STIFFNER
140612 mm

HORIZONTAL PLATE

CROZS GIRDER

ROAD BURFACE

DECK PLATE

{2

{
763

2860

Source: JICA Study Team

Figure 4.3.93 Modification at End of Steel Deck for the Installation of the Expansion Joint

4.3.7.4 Expansion Joint for 3-Span Bridge

(1) Design Concept

Same design concept as 7-span bridge is considered.

(2) Required Expansion/Contraction Value for the Displacement of Expansion Joint

The displacement due to seismic behavior and temperature expansion/contraction is shown in the table

below.
Table 4.3.87 Table of Displacement at Different Factor (P5,P10)
Item Unit PS5 (Main line) P5(Ramp)
PCBox Steel PC Steel
Box Composite Box
Slab
Seismic Displacement per one side mm +194 +207 +17 +207
Level (L1) Maximum displacement (1) mm +207 +207
Coefficient due to different natural 1.0 1.0
period (2)
Margin 15mm (3) mm +15 +15
Displacement (1)x(2)+(3) mm +222 +222
Design Value for Seismic Behavior (A) mm +222 +222
Normal Creep mm - - - -
Condition Shrinkage due to drying mm - - - -
Elongation/ Expanded length of the device mm +55 +41 +33 +41
Shrinkage Contraction length of the device mm -25 -41 -14 -41
(25°C+ Basic Expansion + Contraction (1) mm 80 82 47 82
25°C) Margin (2)=(1) x20%, min10mm mm 16 16 10 16
Expansion + Contraction (3)=(1)+(2) mm 96 98 57 98
(+48) (+49) (£29) (+49)
Design Value for Normal Behavior (B) mm +97 +78
Final Design Value for Expansion/Contraction mm +222 +222
Larger amount (A) or (B)
Marginal Gap mm 350 250
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Item Unit P10
Steel Cable
Box Stay
Seismic Level Displacement per one side mm +190 +56
(L1 Maximum displacement (1) mm +190
Coefficient due to different natural \2
period (2)
Margin 15mm (3) mm +15
Displacement (1)x(2)+(3) mm +284
Design Value for Seismic Behavior (A) mm +284
Normal Creep mm - -
Condition Shrinkage due to drying mm - -
Elongation/ Expanded length of the device mm +44 +62
Shrinkage Contraction length of the device mm -44 -62
(25°C+£25°C)  Basic Expansion + Contraction (1) mm 88 124
Margin (2)=(1) x20%, min10mm mm 18 25
Expansion + Contraction (3)=(1)+(2) mm 106 149
(£53) (£75)
Design Value for Normal Behavior (B) mm +128
Final Design Value for Expansion/Contraction mm +284
Larger amount (A) or (B)
Marginal Gap mm 400

Source: JICA Study Team

(3) Selection of Expansion Type

Modular type joint was adopted since it is suitable for the large expansion and contraction of
more than 200 mm.

Several edge beams with rubber sheets are placed on support beams that were on the sliding
bar in anchor box. The capacity of displacement depends on the length of anchor box and its
marginal space.

The end of steel deck plate must be cut out, since this expansion joint type has about 500 mm
height. So, additional deck plate was prepared from the end diaphragm to the girder end.

After the installation of the expansion joint, the space between the expansion joint to
diaphragm shall be filled by casting concrete.
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4.4 STUDY ON PC BOX GIRDER BRIDGE
4.4.1 General

The B/D of the concrete box girder bridge was conducted based on the terms of agreement in the F/S, and
the design team performed confirmation and studies of design policy, design conditions, structural types,
bridge length and spanning, and other works that were necessary for this Project. The design team
conducted the F/S report review work and found some outstanding issues that should be worked out prior
to the subsequent detailed design stage.

Thereafter, D/D was conducted in order to ensure rationality of facilities planned at the B/D stage under
some updated design conditions such as natural condition survey result (soil investigation, topographic
survey, etc.) and the future ground elevation.

The summary of the evolution of the design is shown in Table 4.4.1.

Table 4.4.1 Summary of Design Output Evolution

Item Feasibility Study Basic Design Detailed Design
Bridge Width 22.300 m 20.700 m ~27.297 m 20.700 m
Al (Thilawa) Side
Box width 6.500 m
Box Girders Width Box width  7.400 m & 8.500 m Box width  6.500 m
& Cantilever Slab Length Cantilever  1.800 m Cantilever 1.650 m | Cantilever 1.650 m
~3.950 m
Bridge Length 407.0m 507.0m 250.0m
Number of substructure 8 nos. 10 nos. 6 nos.
Foundation Type SPSP: . 4 nos. SPSP: . 3 nos. SPSP: . 0 nos.
Cast-In-Situ: 4 nos. Cast-In-Situ: 7 nos. Cast-In-Situ: 6 nos.
A2 (Yangon) Side
Box Girders Width Box width  7.400 m Box width  6.500 m Box width  6.500 m
& Cantilever Slab Length Cantilever  1.800 m | Cantilever  1.650 m | Cantilever  1.650 m
Bridge Length 300.0 m 300.0 m 300.0 m
Number of substructure 7 nos. 7 nos. 7 nos.
Foundation Type SPSP: . 4 nos. SPSP: ' 3 nos. SPSP: ' 3 nos.
Cast-In-Situ: 3 nos. Cast-In-Situ: 4 nos. Cast-In-Situ: 4 nos.

Source: JICA Study Team

The basic design and detailed design of the PC box girder bridge are explained hereinafter.
4.4.2 Study on Bridge Length of PC Box Girder Bridge
4.4.2.1 Design Principle

The length of the PC box girder bridge and its span arrangement were comprehensively examined
considering terrain on site, geological condition, crossing obstacles, construction workability and
economic efficiency. At this conjuncture, utilization of technologies of Japanese companies and
promotion for their participation shall be taken into account in accordance with the F/S as instructed
in the TOR of this study.

4.4.2.2 Study Conditions
(1) Geography and Geology
- Al (Thilawa) side

The site for this approach bridge consists of a flood channel and a low-flow channel river whose
elevations are around MSL+3.00 m~4.00 m and MSL -5.00 m~ 7.00 m, respectively. No future
land use plan, including reclamation or river training plan, exists.
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The bearing stratum for the bridge is Clayey SAND-II distributed at MSL-40.0 m~ -55.0 m, whose
N-value is around 50. There are no appropriate soil layers other than this layer with sufficient
firmness and thickness to support bridge reactions.

- A2 (Yangon) side

The site for this approach bridge consists of a flood channel and a low-flow channel river whose
elevations are around MSL+2.50 m~4.50 m and MSL-1.50 m~ 6.00 m, respectively. No future
land use plan, including a reclamation or river training plan, exists.

The bearing stratum for the bridge is Clayey SAND-I and Clayey SAND-II distributed at MSL-
40.0 m~ -45.0 m, whose N-value is around 50. There are no appropriate soil layers other than this
layer with sufficient firmness and thickness to support bridge reactions.

(2) Crossing Object Conditions

Crossing objects are investigated by means of site survey and literature survey supported by the
counterpart. There are some objects that should be taken into account in the bridge span arrangement
planning as control points. These are navigation channel of Bago River, existing in-river piers of
Thanlyin Bridge, and the embankment section of on-ramp road (to be constructed under this Project).
It is confirmed that other crossing objects are available for relocation. Summary of the crossing objects
is shown in Table 4.4.2.

Table 4.4.2 Summary of Crossing Obstacles for Span Arrangement

Control Point
No. Crossing Object Name Chainage | Relocation | Apyt- ]

ment Pier
1 On-ramp (embankment section) 0+542.5 Possible No No
2 Natural levee (boundary of low-flow | 0+654.0 No Yes No

channel)

3 Left end of navigation (P10) *Nete! 0+864.0 No - Yes
4 Right end of navigation (P22) 2+88.0 No - Yes
5 Low-flow channel 2+238.0 No Yes No
6 Power cable (high tension) 2+384.0 No No No
7 Toll gate area 2+400.0 No Yes Yes

Note: Control point of bridge span examination for B/D stage. Based on a notice of DWIR
made during the D/D stage regarding the navigation channel location of Bago River, the
control point of the left end of navigation channel should be around STA No. 0+760. In
accordance with this notice, the JICA Study Team reconsidered the span arrangement
and bridge type, then decided to substitute 3-span continuous steel box girder bridge for
4-span PC box girder bridge.

Source: JICA Study Team

(3) Construction Conditions
- Site Conditions

There are no buildings/facilities which require cautious construction adjacent to the bridge in order
to avoid any harmful displacement. There are no objects that restrain the construction works.

- River Conditions

Tidal fluctuation is a dominant factor for the river water level variation. Design high water level is
MSL+4.990 m, and the design high water level for construction is MSL+ 4.340 m. Tidal range is
approximately 5.00 m for spring tide.

- River flow velocity and flow direction:
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Maximum flow velocity is 1.0 m/s.
- Economic span for BD

The economic span length is estimated using the following formula which is recommended in the
“Bridge Design Standards of NEXCO (East Nippon Expressway Company Limited)”:

L= a x {h+1/3(Df)}

Where,
h = Substructure height
Df = Foundation depth
a = coefficient (1 ~ 1.5) depending on construction circumstances of a proposed bridge

The construction circumstance of the target bridge is worse because of existence of in-river piers.
Consequently, a longer span length is more economical than one with shorter length in general due to
lesser number of in-river piers. Based on this viewpoint, the coefficient “a” should be 1.5. As a result

of economic span length estimation, it is determined that the economic span is 50.0 m as shown in
Table 4.4.3.

Table 4.4.3 Estimation of Economic Span Length

Item Al (Thilawa) Side A2 (Yangon) Side
Average substructure height: h 18.7 m 194 m
Average foundation depth: Df 48.4 m 374 m
h+1/3 x Df 34.8 m 31.9m
Casel: a=1.0 35.0m 319m
Case2: a=1.5 523 m 47.8m
Proposed economic span length 50.0 m 50.0 m

Source: JICA Study Team

4.4.2.3 Determination of Bridge Length
(1) A1l (Thilawa) Side
- Available Area for Abutment Placement

On the left bank, a relatively dense grove exists and overall ground elevation is approximately
MSL+4.0 m, which is nearly the same height as the normal H.W.L of Bago River. As a result of these
natural circumstances, it is thought that water flow at the flood channel of the left bank is stagnated or
quite small; consequently, discharge at the flood channel is nearly ignorable. Therefore, placement of
abutment on the flood channel is possible without major impact on river discharge capacity. Hence,
placement of abutment is possible up to the line A-A in Figure 4.4.1.
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. A
Available are for abutment Unavailable for abutment placement

Source: JICA Study Team

Figure 4.4.1 Available Area for Abutment Placement and Bridge Length Alternatives

Alternatives for Bridge Length Comparison

The beginning point of bridge lengths to be utilized for this comparison is “end pier of the cable-
stayed bridge” as shown in Figure 4-83. Piers are arranged from this control point to the inland
direction at 50 m interval referring to the economical span length of this bridge. Three alternatives
for the bridge length comparison are summarized as follows:

Alternative 1: A1l Abutment at STA No. 0+457.0 m, L = 407 m (F/S)
Alternative 2: A1l Abutment at STA No. 0+407.0 m, L =457 m (F/S + 50 m)
Alternative 3: A1l Abutment at STA No. 0+357.0 m, L =507 m (F/S + 100 m)

Comparison Result

As shown in Table 4.4.4, it is confirmed that Alternative 3: “A1 Abutment at STA No. 0+357.0 m,
L =507 m (F/S + 100 m)” is the most recommendable plan in terms of economy, workability, and
construction period. Meanwhile, the abutment height for Alternative 3 is the minimum height
considering a vertical space in front of the abutment, and any longer bridge length cannot be
proposed.

Recommendation  Alternative 3: A1l Abutment at STA No. 0+357.0 m, L =507 m
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Table 4.4.4 Comparison of Bridge Length at A1 Side

Legend: © Very Good, O Good, A Average
Source: JICA Study Team

(2) A2 (Yangon) Side

Available Area for Abutment Placement

There are JEE and MOC factory buildings and a relatively dense grove on the right bank, and
overall ground elevation is approximately MSL+4.0 m or higher, which is nearly the same height
as the normal H.W.L of Bago River. As a result of these natural circumstances, it is thought that
water flow at the flood channel of left bank is stagnated or quite small; consequently, discharge at
the flood channel is nearly ignorable. Therefore, placement of abutment on the flood channel is
possible without major impact on river discharge capacity. Hence, placement of abutment is
possible up to the line A-A in Figure 4.4.2.
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Unavailable for abutment placement Available for abutment placement
Source: JICA Study Team

Figure 4.4.2 Available Area for Abutment Placement and Bridge Length Alternatives

- Alternatives for Bridge Length Comparison

The beginning point of bridge lengths to be utilized for this comparison is “end pier of steel box
girder bridge” as shown in Figure 4.4.2. Piers are arranged from this control point to the inland
direction at 50 m interval referring to the economical span length of this bridge. Two alternatives
for the bridge length comparison are summarized as follows:

Alternative 1: A2 Abutment at STA No. 2+338.0 m, Length = 250 m (F/S-50 m)
Alternative 2: A2 Abutment at STA No. 2+388.0 m, Length = 300 m (F/S)
- Comparison Result

It is confirmed that Alternative 2: “A2 Abutment at STA No. 2+388.0 m, Length = 300 m (F/S)”
is the most recommendable plan in terms of economy, workability, and construction period as
shown in Table 4.4.5. Meanwhile, no longer bridge length alternative is provided because the toll
gate area starts just behind this abutment with a significant road widening.

Recommendation Alternative 2: A2 Abutment at STA No. 2+388.0 m, L =300 m
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Table 4.4.5 Comparison of Bridge Length at A2 Side

Legend: © Very Good, O Good, A Average
Source: JICA Study Team

4.4.3 Study on Span Length
4.4.3.1 Basic Conditions for the Study
Approach bridges (concrete bridge section) are planned as PC box girder bridges with SBS erection.

Their roadway composition and cross section are as shown in Figure 4.4.3.

50 _ 9060 00| 800 _ () 60

2700

Source: JICA Study Team
Figure 4.4.3 Cross Section of PC Box Girder for the Study (Standard Width)

4.43.2 Comparative Study

The PC box girder bridges are planned with a girder height of H = 2.7 m, which is unified with the
cable-stayed bridge section and steel box girder bridge section. Comparative study has been carried
out on the PC box girder of A2 side section (bridge length = 300 m). Three alternatives have been
considered as shown in Figure 4.4.4, for which constant span lengths (advantageous for SBS method)
can be applied. Optimum span length has been selected among these three alternatives from the
viewpoints of structural aspects, cost, and applicability of the span arrangement to A1 side. These three
alternatives are within applicable span lengths, and have no special problems for construction.

|Option—1: 60 m, Option-2: 50 m, Option-3: 43 m|
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For A1 side, the following shall be taken into account for the determination of the pier locations:
1) Crossing Road (Embankment section of on-ramp)

2) Nose of On-ramp (End pier of on-ramp bridge)

3) Pier Locations of Thanlyin Bridge

In the study of span length, hence, applicability to A1 side is confirmed.

Source: JICA Study Team
Figure 4.4.4 Restricting Conditions for Span Arrangement of A1 Side

4-586



Detailed Design Study on The Bago River Bridge Construction Project Final Report

4.4.3.3 Yangon Side (A2 Side)
Result of the comparative study on span length at Yangon side (A2 side) is tabulated in Table 4.4.6.

Span length of 50 m is recommended as the optimum solution, as the girder height is adequate for the
span length and reasonable design is possible, and this is the most economical option.

Table 4.4.6 Comparison of Span Arrangement of PC Box Girder (A2 Side)

Reference Drawing Comments Evaluation

5x60000=300000 Girder height: 2.7 m
(Adequate height: 3.2 m)

Smaller girder height for span
length, and required amount
of prestressing tendons is
greater.

60m

Cost:
Ratio = 1.04

Girder height: 2.7 m
= adequate height

6x50000=300000

Girder height is adequate for Most
span length, and reasonable

50 m
esign is possible. Recommended

Cost:
Ratio = 1.00

Girder height: 2.7 m
(Adequate height: 2.3 m)

6x43000=258000 42000

Greater girder height for span
length, and required amount
of prestressing tendons is
smaller.

43 m

Cost:
Ratio = 1.08

Source: JICA Study Team
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4.4.3.4 Thilawa Side (A1 Side)

Result of the comparative study on span length at Thilawa side (A1 side) is tabulated in Table 4.4.7.

In addition to the advantages shown in the study at Yangon side (A2 side), span length of 50 m has the

following advantages:

- Arrangement with same/similar span length is possible, even considering restrictions such as
on-ramp nose and crossing road.

- Pier locations fit with Thanlyin bridge.

On the other hand, the other options have disadvantages such as uneven span lengths due to the
restrictions, too long maximum span length (approx. 70 m for span length 60 m), or pier locations do

not fit with Thanlyin bridge.

Span length 50 m is hence recommended also for Thilawa side (A1 side).

Table 4.4.7 Comparison of Span Arrangement of PC Box Girder (A1 Side)

W

60 m

pu—
Pier of Thanlyin Bridge
|

(54~67 m) due to control
of crossing road and on-
ramp nose. Maximum span
length exceeds 60 m.

- Position of in-river piers
cannot accommodate with
those of Thanlyin bridge.

Reference Drawing Comments Evaluation
2sa00 w0 e 1 |- Uneven span lengths
. =000 2640003126000 g‘zmnzm

\)

50 m

——— 1:‘.______..._

Pier of Thanlyin Bridge

—ElerofThaplyin Bridge | _
1

- Almost even span length
(50~52 m) is possible,
even considering the
location of crossing road
and on-ramp nose.

- Position of in-river piers
can accommodate with
those of Thanlyin Bridge.

Most
Recommended

43 m

Thanlyin Bridge

- Even span length (42.5) is
possible, even considering
the location of crossing
road and on-ramp nose.

- Position of in-river piers
cannot accommodate with
those of Thanlyin Bridge.

Source: JICA Study Team
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4.4.3.5 Conclusion

As a result of the study above, 50 m has been selected as the basic span length for the PC box girder
bridge section because of adequate girder height to span length, lowest cost, and applicability to Al
side.

4.4.3.6 Change of Length of PC Box Girder Bridge in the D/D Stage

For Thilawa side (A1 side), according to the request for restriction of pier location in river portion
from MWIR to MoC, the span arrangement of the section between P5 and P10 has been changed. To
respond to this request, the bridge type of P5 ~ P10 section has been changed to steel box girder bridge.
The detailed design of PC box girder bridge has therefore been carried out for A1 ~ P5 section in
Thilawa side, and for P20 ~ A2 section in Yangon side.

4.4.4 Study on Superstructure of PC Box Girder Bridge
4.4.4.1 Review of Bridge Type and Erection Method Selected in the F/S

In the preceding F/S, PC box girder bridge with precast segments (SBS (span-by-span) erection) has
been selected as the bridge type and erection method from the viewpoints of utilization of Japanese
bridge technology and request from MoC for introduction of new technology. JICA’s ToR of this
Detailed Design Study also states to adopt this policy. In this section, consequently, bridge type (PC
box girder bridge) and erection method (SBS method with precast elements) are taken as precondition
for the study, and applicability of these bridge type and erection method for the given design condition
has been reviewed.

(1) PC Box Girder Bridge with Span-by-Span (SBS) Erection

Typical span length applied to SBS method is between 40 m ~ 55 m, but can also reach up to
approximately 60 m based on some experiences. Hence, PC box girder with SBS erection is applicable
without problem to spans of approximately 50 m.

Number of Bridges Constructed with SBS Method

|I|I| .

20m-30m 30m-35m 35m-40m 40m-45m 45m-50m 50m-55m 55m-60m 60m-70m

Number of Bridges

O =~ N W OO N

Note: 22 examples were picked up (16 in Japan, 6 in overseas)
Source: JICA Study Team

Figure 4.4.5 Typical Span Lengths Erected with SBS Method

Application of SBS method to this Project also has the following advantages:

- PC box girder section has long total bridge length (1.6 km in total) — effectiveness in
construction cost due to re-use of erection equipment

- Erection of superstructure with minimum use of the space below bridge for in-river section

Typical SBS erection procedure is shown in Figure 4.4.6.
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Step 1: Placing the pier segments and installing the overhead
truss on them.

SLaihic

~ Launching rruss

M 5 s
kYA ii r‘@’
w1 segment i

Step 3: Placing and curing concrete at closure joints
(unreinforced).

Eciiziic :1':I!I:I-F-:I‘|-:I:r?- . e
Ji] | om0 b © | ©
Toier with v elnforced cunereie )
Step 4: Post-tensioning the entire span.
®p N rcmw  ||® ﬁ‘@
PCwine L

Step 5: Launching the overhead truss forward and repeat new
cycle.

Source: JICA Study Team, based on the “Manual for
Planning of Prestressed Concrete Highway Bridges” by
Japan Prestressed Concrete Contractors Association,
2007

Figure 4.4.6 Erection Procedure of Span-by-
Span Method (with Overhead Truss)
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2

Fabrication of Precast Elements

Fabrication of precast segments is categorized into two basic

categories: long-line casting method and short-line casting

method. Short-line method is applied in this Project.

Advantages of short-line method compared to long-line

method are as follows:

Smaller yards for segment prefabrication.

Applicable to curved girders using fabrication equipment
three-dimensional adjustment mechanism.

Smaller area of soil improvement in case of soft ground

yards.

Concentrated quality control as the concrete is cast at the Source "Construction  and
Design of Prestressed Concrete

same place Segmental Bridges” by Walter
Podolny Jr., Jean M. Muller, 1982

Short-line method is thus considered to be suitable for this

approach bridge as it has curved section and limited space for

Figure 4.4.7 Typical Short-Line
Precasting Operation

construction yards with soft ground.

4.4.4.2
)

Superstructure of PC Box Girder Bridge
Basic Conditions for the Study of the Superstructure

Basic conditions for the study/review of superstructure are as follows:

2
)

Span length : approx. 50 m (from the study result on span length)

Girder height : 2.7 m (unified with cable-stayed bridge and steel box girder bridge)
Bridge type : PC box girder bridge (adopted in the F/S)

Erection method : SBS erection with precast segments (adopted in the F/S)

Road width : Widening due to merging of on-ramp shall be taken into account.
Location of on-ramp nose, end of cable-stayed bridge shall also be considered.
Bridge Layout and Variation of Bridge Width

A1~P10

In the A1~P10 section, the bridge is divided at P5 and P8, and the bridge layoutis 5 x 50 m + 3 x 51
m+2x52m.

For the box width, 6.5 m is adopted as the standard width, and 8.5 m is adopted for the especially wide
section of P5~P§ (upstream).
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5x50m : 3x§m : 2x52m |
P1 P2 P3 P4 P5 P6 P7 P8 ! P10
1 1| 1 1 i 1 | |1 | || M|E
____._l._-——"'—"__"_
L et I —
(Box width is shown in red)
Plan
02 Tesm~135m > 02m T 135m~102m

2.m

2.0m

6.5m 6.5m

Cross Section (A1~P5) Cross Section (P5~P8) Cross Section (P8~P10)

Source: JICA Study Team

2)

Figure 4.4.8 Bridge Layout and Box Width of the Girder (A1~P10)

As the on-ramp is merged in the A1~P10 section (PC box girder section), bridge width is
discontinuous at the ramp nose, and the width varies at the merging section.

The superstructure shall be divided adjacent to the on-ramp nose due to the discontinuous bridge
width.

Box width and box shape shall be basically unified for ease of fabrication of precast segments and
erection by SBS method. On the other hand, the bridge width of upstream side largely varies due
to merging of on-ramp (10.2 m (standard) ~ 16.8 m (at P5) ~ 10.2 m (P10)), and this large variation
cannot be accommodated just by the widening of the cantilever slabs while maintaining uniform
box width. Two types of box width are hence adopted (6.5 m as standard width, and 8.5 m for
especially wide section (P5~PS)).

Taking the above into account, the superstructure is divided at P5 and P8. The bridge layout
between A1~P10is 5x 50 m + 3 x 51 m + 2 x 52 m consequently.

P20~A2

For the P20~A2 section, bridge layout is 6 x 50 m. The box width is 6.5 m (same as the standard
section in A1~P10), as the bridge width is 10.2 m uniform.
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: 6x50m |
P20 P21 P22 P23 P24 P25 A2
S!DEGI
Gider

(Box width is shown in red)

Plan
om & foom
=
6.5m 6.5m

Cross Section (P20~A2)

Source: JICA Study Team
Figure 4.4.9 Bridge Layout and Box Width of the Girder (A1~P10)
3) Change of PC Box Girder Bridge Length in the Detailed Design Stage

In the detailed design stage, bridge type of the spans of P5~P10 has been changed to steel box girder
bridge. The detailed design of PC box girder bridges has therefore been carried out for the spans A1~P5
at Thilawa side, and for the spans P20~A2 at Yangon side.

(3) Accommodation to Curvature of Bridge

The approach bridge has a slightly curved alignment (R = 2000 m) in A1l side (Thilawa side). On the
other hand, the box element of the girder is planned to be straight between pier tables, considering ease
of prefabrication and construction by SBS method. These curvatures are hence accommodated by
varying the width of slab tip (const. thickness), while arranging the box element straight between pier
tables and maintaining box width and width of tapered section of slab.

Total width ) Typical Max.
width width
(=]
©
N
Edge of slab Edge of slab .
(const. thickness) (const. thickness) ength for adjustmenit
[ Varied] | Haunch__ Box width = 6.5m 1 Haunch | | Varied|
Const. Const. Const.

Source: JICA Study Team
Figure 4.4.10 Accommodation to Curvature and Widening of Bridge
(4) Girder Height

A height of 2.7 m is adopted for the girder height of PC box girder bridges, unified with cable-stayed
bridge and steel box girder bridge. The ratio of girder height to span length is 1/18.5~1/19.3 for span
length of 50 m~52 m, which is within adequate range (desirable ratio for continuous PC box girder
with SBS erection is 1/17~1/20).
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(5) Member Thickness

Thicknesses of girder elements are determined based on structural function as longitudinal girder and
transverse box frame, and function to place prestressing tendons.

The girder cross sections and thicknesses of members are shown below.

Source: JICA Study Team
Figure 4.4.11

at Span Center al Pier
2
= — * =
§ 1
(3] v c:.‘ —
5500 N
1650~321] 6500 1650~327H
0 9800~13050 a0
10200~13450

Girder Cross Section (Standard Section and P8~P10 Widened Section)

Table 4.4.8 Thickness of Girder Members (Standard Section and P8~P10 Widened Section)

Member Thickness [mm] Function
At - Structural function: transverse deck slab to support wheel load,
Top slab 260 compression flange to resist bending of the girder
center
- Arrangement of transverse tendons
- Structural function: transverse cantilever slab to support wheel load,
At . . ) .
5 web 460 compression flange to resist bending of the girder
% . - Arrangement of transverse tendons
8 |Cantilever slab - -
= At - Structural function: transverse cantilever slab to support wheel load,
= edee 260 compression flange to resist bending of the girder
br & - Arrangement of transverse tendon anchors
At - Structural function: transverse box frame member to resist deformation
Bottom slab 240 .
center - Arrangement of longitudinal tendons
Web Bottom 300 - Structural function: transverse box frame member to resist bending from
Top 400 top/cantilever slab, girder member to resist shear
At - Structural function: transverse deck slab to support wheel load
Top slab 260 .
center - Arrangement of longitudinal/transverse tendons
5 - Structural function: transverse cantilever slab to support wheel load
& At web 460
5 . - Arrangement of transverse tendons
@ |Cantilever slab - -
2 At 260 - Structural function: transverse cantilever slab to support wheel load
3 edge - Arrangement of transverse tendon anchors
(5]
g At - Structural function: transverse box frame member to resist deformation,
flé Bottom slab center 240 compression flange to resist bending of the girder
'é - Arrangement of longitudinal tendons
Web Bottom 450 - Structural function: transverse box frame member to resist bending from
Top 550 top/cantilever slab, girder member to resist shear

Source: JICA Study Team
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(6) Shear Key Arrangement

As the PC box girder bridges in this Project are constructed with precast segments by SBS method,
shear keys were provided at each joint between segments in order to transfer the shear stresses
adequately across joints and to avoid harmful displacement at joints. Concrete multiple shear keys
were applied as the type of shear key which is reliable and commonly used in PC box girder bridges.
The outline of design result is shown in Figure 4.4.12 and Figure 4.4.13
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‘:. . . o
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JUNEERRAN NENB WA N | ! |
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KEY ARRANGEMENT

| I A 3 3 EAC 8 A A A A A 1

Source: JICA Study Team
Figure 4.4.12 Shear Key Arrangement (Side View)

Shear key to resist shear force due to wheel load

Shear key to resist shear force
as girder action

Source: JICA Study Team
Figure 4.4.13 Shear Key Arrangement (Typical Section)

(7) Prestressing Tendons
1) Longitudinal Tendons

As the PC box girder bridge will be constructed with precast elements using the SBS method, the
weight of superstructure shall be trimmed from construction points of view and for seismic aspects,
On the other hand, it is desirable to place some internal tendons, which are integrated with and behave
together with concrete section, to obtain adequate deformability of the girder. For the longitudinal
prestressing of PC box girder bridges, therefore, internal tendons are applied in combination with
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external tendons, to obtain deformability of the girder while minimizing increase of member thickness
due to arrangement of internal tendons.

a) External Tendons

The 19S15.2 mm has been selected for external tendons, which is reasonable for PC box girders of
similar span lengths and has many experiences of application. Considering the possibility of future
cable replacement, ECF (Epoxy Coated and Filled Strand) + HDPE sheath has been selected as the
type of external tendon, obtaining multiple anti-corrosion function while aiming to improve the
workability of cable replacement.

Table 4.4.9 Comparison of External Tendon Type

Bare Strand ECF Strand Semi-Prefabricated Cable

Schematic
View

* Grouting + HDPE sheath | * Epoxy coating on each | ® Galvanizing or
strand + HDPE sheath

epoxy

Protection for coating etc. on each strand

Corrosion (+ filler agent) + HDPE
sheath/coating
* Strands are pushed one by | * Strands are pushed one by | ® Larger cranes etc. are
one into HDPE sheath. one into HDPE sheath. required for installation as
After stressing, the sheath After stressing, anchor the strands have been
. is grouted along all length. zone is grouted (sheath is prefabricated in the shape
Workability . ) ]
Larger equipment is not not grouted). of one wunit cable at
required as the strands are Larger equipment is not factory.
installed one by one. required as the strands are Grouting is required only
installed one by one. at anchorage.
Difficulties in  cable Easier cable replacement Difficulties in handling at
replacement as the cables as the cables are not cable replacement as the
Maintenance are grouted. grouted except anchorage cables in the shape of unit
zone, and each strand can and installed in the girder.
be handled one by one.
Evaluation MOST RECOMMENDED

Source: JICA Study Team

b) Internal Tendons

The 12S15.2 mm has been applied as internal longitudinal tendon, which has many experiences of
application to PC box girders of similar span lengths, and whose anchorage can be installed within the
length of precast segment. At least two internal tendons have been installed at each section in order to
ensure the deformability of the girder.
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¢) Transverse Tendons for Deck Slab

Both pre-tensioning and post-tensioning are applicable to transverse prestressing for deck slabs of
precast segmental box girders. In this Project, post-tensioning method has been selected for deck slab
prestressing, which is superior in geometry control of precast segments. The 3S12.7 mm has been
selected as the type of tendons, as multi-strand is better in terms of procurement in Myanmar compared
to large capacity single strands.

d) Tendons for Crossheam Reinforcement

The crossbeams at pier table have functions to transfer reaction from superstructure to substructure
through bearings. In addition, in this bridge, it is also a stress concentrated zone due to anchorage of
external tendons. The crossbeams thus need to be reinforced by prestressing. For transverse
prestressing, 4S15.2 mm has been used. For vertical prestressing, PC bars of 32 mm diameter have
been applied, as the vertical tendon is short and PC bar with threaded anchorage system is
advantageous than PC strands with wedge anchorages which have large loss of prestress for short
tendons by pull-in of wedges.

2) Longitudinal Tendon Arrangement (External and Internal Tendon)

a) Al-P5

Source: JICA Study Team
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b) P20-A2

Source: JICA Study Team

3) Standard Section (Box Width 6.5 m)

Side Span

(Box width B=6.5m)
End Support Center of Span

Easams Tamiye
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11T 10A

ttarrat Terse
1S A

Center Span

(Box width B=6.5m)
Intermediate Support Center of Span

bt b e
17515 T A Iru',n:-- A

Source: JICA Study Team
Figure 4.4.14 Prestressing Tendon Arrangement (Standard Section, Box Width 6.5 m)
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4.4.4.3 Global Analysis
(1) Analysis Models

In the global analysis of PC box girder bridges, two different analysis models were used for normal
loads and seismic loads, respectively. For normal loads, sectional forces were calculated using plane
frame models, and superstructure and substructures were analyzed separately. In this analysis,
sectional forces were calculated considering construction steps of superstructure (span-by-span
construction). For seismic actions, the analysis was performed using three-dimensional frame models,
and distribution of seismic horizontal forces from superstructure acting on each substructure was
calculated by the models in which superstructures and substructures are incorporated together.

& 7Y 7Y -y -y 2
A1 P1 P2 P3 P4 P5

Source: JICA Study Team
Figure 4.4.15 Analysis Model for Normal Loads (A1~P5)

i‘? Foundation Spring

i Foundation Spring
‘ Foundation Spring

Foundation Spring
Foundation Spring

Foundation Spring

Source: JICA Study Team
Figure 4.4.16 Analysis Model for Seismic Action (P20~A2)
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- The girders were assumed to be erected from abutment toward river, both at A1-P5 and P20-A2
section.

- Longitudinal tendons anchored at girder end at abutment were assumed to be tensioned on one side in
the girder, and not tensioned at the abutment side (the other longitudinal tendons were assumed to be
tensioned at both sides).

- Internal and external tendons in longitudinal direction were assumed to be tensioned at erection of
each span.

Source: JICA Study Team
Figure 4.4.17 Assumption of Construction Sequence (P20~A2)
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4.4.5

STRESS (N/mm2)

STRESS (N/mm2)

STRESS (N/mm2)

STRESS (N/mm2)

Summary of the Detailed Design Result for Superstructure
(1) A1~PS
1) For Bending

Stress immediately after Anchor Set

Al Pl P2 P3 P4 PS

STRESS AFTER ANCHOR SET (UPPER)

STRESS AFTER ANCHOR SET (LOWER)

Stress for Service Load (Lmax)

STRESS FOR SEVICE Lmax (UPPER)

NNV

STRESS FOR SERVICE Lmax (LOWER)
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Stress for Service Load (Lmin)
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Check for Ultimate Moment (Positive) Check for Ultimate Moment (Negative)
STRENGTH CHECK FOR BENDING MOMENT STRENGTH CHECK FOR BENDING MOMENT
(POSITIVE) (NEGATIVE)

0 -150000
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0
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Source: JICA Study Team

1) For Shear

Diagonal Tensile Stress (Permanent Load) Diagonal Tensile Stress (Service Load)

DIAGONAL TENSILE STRESS (PERMANENT) DIAGONAL TENSILE STRESS (SERVICE)

1 1
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Check for Compressive Failure of Concrete Web Check for Diagonal Tensile Failure
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Source: JICA Study Team
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2) P20~A2
1) For Bending

Stress immediately after Anchor Set Stress for Permanent Load
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Check for Ultimate Moment (Positive) Check for Ultimate Moment (Negative)
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Source: JICA Study Team

2) For Shear

Diagonal Tensile Stress (Permanent Load) Diagonal Tensile Stress (Service Load)
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Source: JICA Study Team

4.4.6 Substructure of PC Box Girder Bridge
4.4.6.1 Design Principle

Review of appropriateness of design outputs of the F/S was performed at the B/D for optimization of
contents of facilities in relation to the bridge substructure with respect to structural types, dimensions,
and number. Such optimizations were carried out with sufficient structural calculations, comparative
studies in terms of economy, workability, constructability, and construction period.

Detailed structural analysis was performed at D/D for updating design conditions and upgrading
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analytical accuracy based on the B/D results. Major updates at D/D were natural conditions obtained
from geographic survey and topographic survey, and proposed future ground elevation. Reaction
forces of superstructure for design of substructure were also updated.

Also note that a notice was issued by DWIR during D/D stage regarding the navigation channel
location of Bago River. In complying with the notice, the JICA Study Team reconsidered the span
arrangement and bridge type, then decided to substitute a 3-span continuous steel box girder bridge
for a 4-span PC box girder bridge. Due to this change, design of piers of P6 through P9 was omitted
from the design scope of the PC concrete bridge.

4.4.6.2 Study of Substructure Height

(1) General

Substructure height was designed referring to the proposed heights of planned road (PH), ground level
(GL), and required heights related to superstructure which include height from pavement structure
through bridge bearing. As a result, substructure heights were determined as round numbers by 10 cm.

Reflecting an elevation of reclamation for construction yard preparation (MSL+4.300 m), foundation
level of on-land substructures was determined based on MSL+4.300 m.

Proposed Height

C e

Top elevation

Superstructure Height

Total Height of Substructure

of substructure

Proposed Height ———

aJn}onEJadns

Top elevation

of substructure 1

Existing Ground Level |

Column Height

Future Ground Level MSL +4.3 m
7S

T
Wall

\w&
eight
Total height of S\Lbstmctur

ile Ca

Pile Cap

W i Elevation of Pile Cap Bottom
|

Source: JICA Study Team

Figure 4.4.18 Explanatory Diagram of Substructure Height

(2) Planned Depth of Overburden above Pile Cap and SPSP Top Slab
- On Land Substructures

The depth of overburden above the pile cap shall be secured sufficiently with regard to the
planned future ground level. Amount of the overburden was around 0.5 m. The amount of
overburden shall be altered at respective substructure locations in case of necessity such as an
arrangement of buried conduit, and surface roads.

In the B/D, the amount of overburden was set to 1.0 m as a default plan subject to the update of
the topography survey result, buried utility survey, and determination of future ground level at
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the D/D stage.

In D/D, it was confirmed that there would be no buried utilities around the substructures both
now and in the future other than drainage lines to be constructed under this Project for discharge
of rainwater on the bridge. Also, it was determined that future ground level would be MSL+4.300
m as mentioned in the foregoing. Thus, the amount of overburden was set to 0.5 m.

- In-river Substructures (P20~P22)

The overburden depth of top slab of SPSP to riverbed shall be secured sufficiently for assurance
of workability of grout injection work at permanent segment of SPSP connection pipes. Such
elevation is determined as 1.0 m from the existing deepest riverbed around the target bridge
section.

In the B/D, elevation of top slab upper surface for P7~P9 and P20~P22 was set at MSL-8.4 m as
default plan subject to the update of the bathymetric survey result and riverbed analysis result at
D/D stage.

In this D/D, the elevation of top slab upper surface for P20-P22 was set at MSL-7.900 m referring
to the aforementioned bathymetric survey result. Note that piers of P7~P9 were omitted from the
design scope of PC bridge based on the notice of DWIR

- In-river Substructures at Riverfront (P23)

Riverbed levels at the riverfront, where P23 is planned, are much shallower than that of low-flow
channel section. The elevation of top surface of pile cap should be set at a level which secures
0.5 m of overburden depth from the existing riverbed (MSL-0.50 m) or the Low Water of
Ordinary Spring Tide (L.W.O.S. T = MSL-2.06 m) whichever is lower for assurance of aesthetic.

Note that the P6 pier was omitted from the design scope of the PC bridge based on the notice of
DWIR.

(3) Conclusion of Substructure Heights
Conclusions of the substructure heights are presented in Table 4.4.10 and Table 4.4.11.

Table 4.4.10 Summary of Substructure Heights at A1 (Thilawa) Side

[tem Mark| Unit Al P1 P2 P3 P4 P5
Station Number STA| m 357.00 407.00 457.00 507.00 557.00 607.00

Proposed height PH m 8.692 9.942 11.192 12.442 13.691 14.830
Top elevation of substructure| KCL [ m 8.692 6.424 7.709 8.959 10.173 11.309
Existing Ground EL GL1| m 3.223 3.254 3.025 3.156 3.260 3.149
Future Ground EL GL m 4.300 4.300 4.300 4.300 4.300 4.300
Pile cap thickness FH m 1.900 1.900 1.900 1.900 1.900 1.900
Total Substructure height | H m 6.800 4.600 5.900 7.100 8.300 9.600
EL of Pile cap bottom FL m 1.892 1.824 1.809 1.859 1.873 1.709

Foundation Type - - |CIP Pile| CIP Pile | CIP Pile | CIP Pile | CIP Pile | CIP Pile

Source: JICA Study Team
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Table 4.4.11 Summary of Substructure Heights at A2 (Yangon) Side

Item Mark| Unit | P20 P21 P22 P23 P24 P25 A2

Station Number STA| m 2088.00 2138.00 2188.00 2238.00 2288.00 2338.00 2388.00
Proposed height PH | m 15.304| 14.753| 13.926| 12.825| 11.575| 10.325 9.113
Top elevation of substructure| KCL | m 11.868 11.245 10.408 9.342 8.057 6.773 9.113
Existing Ground EL GL1| m -6.554] -6.155 -4.610] -0.041 4.116 4.016 4.110
Future Ground EL GL | m -7.490f -7.490| -7.490 0.550 4.300 4.300 4.300
Pile cap thickness FH m 4.000 4.000 4.000 2.200 1.900 1.900 1.900
Total Substructure height | H m | 23.400| 22.800| 21.900| 14.000 6.200 4.900 7.300
EL of Pile cap bottom FL m -11.532) -11.555| -11.492 -4.658 1.857 1.873 1.813
Foundation Type - - SPSP SPSP SPSP | CIP Pile | CIP Pile | CIP Pile | CIP Pile

Source: JICA Study Team

4.4.6.3 Dimensions of Abutment
(1) Width
The width at the top surface of the parapet wall shall be the same as the effective cross section of road

or wider. The abutments Al and A2 are located at a straight section of the main bridge. Therefore,
constitution of cross section and width can be the same as the typical cross section of the bridge.

20700
& 9000 1500, 5000
—

4 |

o ]

g

Y WORK t=450mm

Source: JICA Study Team
Figure 4.4.19 Abutment Width

(2) Bridge Seat

The bridge seat shall have sufficient space for arrangement of bridge bearings that support the
superstructure. The bridge shall also have a space that works to prevent the unseating of bridge in case
of occurrence of unexpected seismic force, displacement or deformation occurring in a bridge caused
by unpredicted earthquake ground motion in the design, destruction of the surrounding ground, or
unexpectedly complicated vibration in the structural members.

As for unseating prevention in the bridge axis, the seating length is to be provided at the terminal
supports and the halving joints. As for the unseating prevention in the transverse direction to the bridge
axis, anchor bars are installed as displacement constraint structures.
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- Determination of Seating Length (Sgm)
The seating length should be long enough to prevent departure and
unseating of the superstructure from the top of the substructure. Value of
the seating was obtained from the equation below as specified in the JSSBH. >

SEM = 0.7 + 0.005¢
Where,

£:  Length of the effective span (m). When two superstructures with
different span length are supported on one bridge pier, the longer of
the two shall be used. £ = 50.0 m for A1 and A2.

Sem = 0.7 +0.005 x 50.000
=0.950 (m)

- Determination of Bearing Edge Distance (S)

The bearing edge distance, which is defined as the distance between the
edge of bearing and the edge of top of the substructure (or bearing support
edge distance) shall be equal to or larger than the following value:

S = 02+0.005¢
= 0.450 (m)

Check results of the bridge seat dimensions are summarized in Table 4.4.12
and

ol

Seating length of Abutment
o .

Source:

JICA Study Team

Figure 4.4.20
Unseating Length

Source:

JICA Study Team
Figure 4.4.21
Bearing Edge

Distance
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Table 4.4.13. The layout of the bridge seat is presented in Figure 4.4.22.

Table 4.4.12 Check Results of Bridge Seat Width (A1 Side)

Source: JICA Study Team
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Table 4.4.13 Check Results of Bridge Seat Width (A2 Side)

Source: JICA Study Team

20700

3300, 3600 _, 3450 3450 _, 3600 _, 3300
1350, 1350 350 1350
2@450 2@450
% 90
° LSL  LSR ¢ RSL  RSR -

(=3 B=4 b-4-4 5l [3 444 $ fon)
88; ) {1 o} Q}: :[lE T n 888
& IS S Y

ANCHOR BAR ¢70mm ANCHOR BAR ¢70mm
N=3 N=3

Source: JICA Study Team
Figure 4.4.22 Layout of Bridge Seat for Abutment (A1 and A2)

(3) Maintenance Space at Bridge Seat of Abutment

As for the structural details, which may contribute to
prolongation of the bridge life span, bridge seats shall be
graded by around 2% in order to avoid puddle on the bridge
seat.

Moreover, a space for ventilation should be provided at the
terminal support. For this purpose, a distance of 500 mm was
secured. This space will also be utilized for inspections of
bearings, and entrance path of PC box girder. Schematic Source: JSHB
illustration is shown in Figure 4.4.23.

Figure 4.4.23 Maintenance
Space at Bridge of Abutment
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4.4.6.4 Dimensions of Pier

(1) Bridge Seat

The bridge seat shall have sufficient space for arrangement of bridge
bearings that support superstructures. The bridge shall also have a
space that works to prevent the unseating of bridge in case of -
occurrence of unexpected seismic force, displacement or
deformation in a bridge caused by unpredicted earthquake ground
motion in the design, destruction of the surrounding ground, or
unexpectedly complicated vibration in the structural members.

ating length of
alving Joint Piers

T »

As for unseating prevention in the bridge axis, the seating length is
to be provided at the terminal supports and the halving joints. As for Source:
the unseating prevention in the transverse direction to the bridge JICA Study Team

axis, anchor bars are installed as displacement constraint structures. Figure 4.4.24 Unseating

The seating length was estimated for piers of P5 and P20 that were Length

terminal support piers. For other intermediate piers, such seating

length is unnecessary because PC concrete bridge is continuous bridge and there is no unseating
situation in the bridge axis.

- - Determination of Seating Length (Sgm) [P5 and P20]

The seating length should be long enough to prevent departure and unseating of the superstructure
from the top of the substructure. The value of the seating was obtained from the equation below as
specified in the JSBH.

SEM = 0.7 + 0.005¢
Where,

L: Length of the effective span (m). When two superstructures with different span length are
supported on one bridge pier, the longer of the two shall be used. The € for P5 and P20 are 74.0
m and 104.0 m, respectively.

Sem = 0.7 + 0.005 x [ 74(m) or 104 (m) ]
=1.070 (m) [P5 Pier]
=1.220 (m) [P20 Pier]

- Determination of Bearing Edge Distance (S) s

The bearing edge distance, which is defined as the distance between the
edge of the bearing and the edge of the top of the substructure (or bearing
support edge distance) shall be equal to or larger than the following value:

S =0.2+0.005¢ Source:
JICA Study Team
. . . . . Figure 4.4.25
Ch;ck results of bridge seat dimensions are summarized in Table 4.4.12 Bearing Edge
an Distance
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Table 4.4.13. Layouts of bridge seat are displayed in Figure 4.4.26 through Figure 4.4.29.
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Figure 4.4.26 Layout of Bridge Seat for P1~P3, P24 and P25
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Figure 4.4.27 Layout of Bridge Seat for P4, P21~P23
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Figure 4.4.28 Layout of Bridge Seat for P5
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Figure 4.4.29 Layout of Bridge Seat for P20

(2) Dimensions of Pier Column

For the general concept of dimensions for piers adopted from
the F/S and applied to all piers in the B/D, a ginkgo shape pier
(see Figure 4.4.30 Conceptual Diagram of “Ginkgo
Shape”) was employed. However, after due review of
structural heights under the latest configurations during the
D/D, it was confirmed that it is not rationale to adopt the
gingko shape pier for some piers with relatively low height.
In other words, those low height piers should not have
overhang beams because of insufficient column height and
such beams would just be buried on the ground despite using

more reinforcement bars and timbering supports for their Source:  Logo of  Tokyo
construction compared with a wall type column. Due to this, Metropolitan  Government  (Left)
a wall type column was employed for piers of P1 through P3 and Wikipedia (Right)

at Thilawa side as well as P24 and P25 at Yangon side. Figure 4.4.30 Conceptual

Regarding piers of P4, P5 and P20 through P23, which have Diagram of “Ginkgo Shape”
reasonable heights for construction of beams on the column,

the ginkgo shape pier was employed as selected during B/D. Comparisons are shown in Table 4.4.14
and Table 4.4.15.
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Table 4.4.14 General Shapes of Wall Type Piers for P1~P3, P24 and P25 at D/D
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Table 4.4.15 General Shapes of Piers with Overhang Beam for P4, P5, P20~P23 at D/D
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The cross section of column was determined based on the stress status of column under various load
conditions or minimum dimensions of bridge seat. The summary of the basis of determination is
explained in Table 4.4.16.

Table 4.4.16 Summary of Basis of Determination of Cross Sectional Dimensions

Pier Number Bridge Axis Width Transverse Direction Width Overhang Length
P4, 3.0m 11.0 m 3.0m
P21, Required width for a | Required width for a bridge | Landscape preference at F/S stage as
o) P22, stress computation seat arrangement (17.0 m) and | well as a stress computation (steel bar
§ P23 an overhang length (3.0 m) arrangement: Diameter 32- 2 layer)
g 4.5m 25.0 m 3.0 m
7 P5 Required width for a | Required width for a bridge | Ditto
fi‘; bridge seat arrangement | seat arrangement (17.0 m) and
8 an overhang length (3.0 m)
g 4.5m 11.0 m 3.0m
@ Required width for a | Required width for a bridge | Landscape preference at F/S stage
P20 .
bridge seat arrangement | seat arrangement (17.0 m) and
an overhang length (3.0 m)
P1~P3 4.5 m 17.0 m Non
g g P24, Required width for a | Required width for a bridge | (no overhang beam)
° = P25 bridge seat arrangement | seat arrangement (17.0 m)

Source: JICA Study Team
(3) Study on Applicability of Hollow Section Column

When a high pier with a pier column having a large cross sectional area is required, a hollow section
column may be suitable instead of a solid section column due to reduction of inertial force rooted in
the mass of the pier column which may facilitate seismic design of substructure and foundation. Also,
reduction of concrete volume to be used may provide cost benefits.

Looking at the substructures of PC box girder bridges, the maximum column height is 19.4 m at P20
pier, which is not classified as a high pier in general. However, its cross sectional dimension in bridge
axis is 4.5 m that is sufficient for construction of a hollow section column (an assumed minimum inner
dimension for construction is 2.0 m). Therefore, a study on applicability of a hollow section column
was performed at the D/D.

A model used in this study is shown in Figure 4.4.31. Dimensions of the hollow section are (H)9.0 m
x (B)2.5 m x (W)9.0 m. The bottom elevation of the hollow section was determined based on the height
of an assumed plastic zone, where the column shall have solid section as stipulated in the JSBH. The
upper elevation of the hollow section was determined with respect to rebar arrangement of overhang
beam.

v HERL e ncer:

13400
13400

L .. EXTIRG L 3%

Source: JICA Study Team
Figure 4.4.31 Schematic Diagram of Hollow Section Column Pier (P20)
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This study revealed that there were little benefits in terms of cost (cost ratio of 0.99 against the solid
column type) whereas there were disadvantages in terms of workability for construction and
maintenance. Specifically, for the cost aspect, concrete volume could be reduced but quantity of
formwork and falsework for inner space construction and axial rebar of column will be increased. It is
also possible that a narrow space construction has various difficulties and may cause a longer
construction duration. Also, such narrow space may toughen maintenance and rehabilitation of column
in the future. Overall, it was concluded that a hollow sectional column was not applicable to the PC
box girder bridge section. Comparison result is summarized in Table 4.4.17

Table 4.4.17 Comparison of Solid Section Column and Hollow Section Column

Source: JICA Study Team

4.4.7 Foundation of PC Box Girder Bridge
4.4.7.1 Design Principle

Review of appropriateness of design outputs in the F/S was performed in the B/D for optimization of
contents of facilities in relation to the bridge foundation with respect to structural types, dimensions,
and number. Such optimizations were carried out with sufficient structural calculations and
comparative studies in terms of economy, workability, constructability, and construction period.

Detailed structural analysis was performed at the D/D for updating design conditions and upgrading
analytical accuracy based on the B/D results. Major updates at the D/D were natural conditions
obtained from geographic survey and topographic survey, and proposed future ground elevation.
Reaction forces of superstructure for design of substructure were also updated.
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4.4.7.2 Selection of Bearing Stratum and Embedment Length of Foundation

(1) Selection of Bearing Stratum

Final Report

The basement layer in the bridge design for this bridge site is Clayey SAND-II, which is distributed
uniformly at the top surface elevation of around MSL-40.0~-60.0 m. Its firmness, represented by N-
value of 50, was examined through the standard penetration test (SPT). There are no appropriate soil
layers other than the basement layer with sufficient firmness and thickness to support bridge reactions
at the left (Thilawa) side flood channel of Bago River. On the other hand, some parts of the Clayey
SAND-I layer distributed just above the Clayey SAND-II at the right (Yangon) side flood channel are
regarded as the bridge bearing stratum. Soil profile is displayed in Figure 4.4.32 and Figure 4.4.33.

Al Side (Thilawa): Clayey SAND-II layer, MSL-50.0~-60.0 m
A2 Side (Yangon): Clayey SAND-I and II layers, MSL-30.0~-50.0 m
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Figure 4.4.32 Prospected Soil Profile and Bearing Stratum (A1 Side)
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Source: JICA Study Team
Figure 4.4.33 Prospected Soil Profile and Bearing Stratum (A2 Side)
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(2) Embedment Length of Foundation

Embedment length of foundation is complied using a value recommended in the Specifications for
Highway Bridges (Japan Road Associations) as follows:

Cast-In-Situ Pile Foundation: =~ Around 1.0 D or more considering unevenness of bearing stratum

Steel Pipe Sheet Pile Foundation: Around 1.0 D or more for obtaining sufficient plunging effect

Note: The “D” represent pile diameter.

Foundation length and bearing stratum elevation determined for each substructure at D/D are
summarized in Table 4.4.18 and Table 4.4.19.

Table 4.4.18 Summary of Foundation Length at A1 (Thilawa) Side

Item Mark | Unit Al P1 P2 P3 P4 P5

Station Number STA| m 357.00 407.00 457.00 507.00 557.00 607.00
EL of Pile cap bottom FL m 1.892 1.824 1.809 1.859 1.873 1.709
EL of Bearing layer S m | —49.020] -53.620| -57.660| -52.770] -53.590| -51.480

Pile diameter D m 1.500 2.000 2.000 2.000 2.000 2.000

Minimum socket length 1.0D 1.0D 1.0D 1.0D 1.0D 1.0D
Foundation Type - - |CIP Pile| CIP Pile | CIP Pile | CIP Pile | CIP Pile | CIP Pile
Pile Length L m 53.000| 58.000| 62.000| 57.000f 58.000| 55.500

Reference Boring No. - - BD23 BD22 BD21 BH-01 BD20 BD19

Bearing Stratum - - cS-11 cS-11 CcS-11 CcS-11 CS-11 CS-11

Source: JICA Study Team

Table 4.4.19 Summary of Foundation Length at A2 (Yangon) Side

Item Mark| Unit| P20 P21 P22 P23 P24 P25 A2
Station Number STA| m 2088.00 2138.00 2188.00 2238.00 2288.00 2338.00 2388.00
EL of Pile cap bottom FL | m | -11.532| -11.555| -11.492| -4.658 1.857 1.873 1.813
EL of Bearing layer S m | —47.220| -49.450| -42.400| -34.650| -42.650| -33.760| -27.870
Pile diameter D m 1.200 1.200 1.200 2.000 2.000 2.000 1.500
Minimum socket length 1.5D 1.5D 3.0D 1.0D 1.0D 1.0D 1.0D
Foundation Type - - SPSP SPSP SPSP | CIP Pile| CIP Pile | CIP Pile | CIP Pile
Pile Length L m 41.500| 44.000| 39.000| 32.500| 47.000f 38.000f| 31.500
Reference Boring No. - - BD3 BD2 BD1 BDI17 BDI16 BD15 BDI14
Bearing Stratum - - CS-11 Sl cs-1 cs-1 CS-1 CS-1 CSs-1

Source: JICA Study Team

4.4.7.3 Evaluation of Geotechnical Parameters for Design

Evaluation of geotechnical investigation results was performed by the geological specialists of the Project
with unified viewpoint and described in detail at the relevant section of this report. With regard to evaluation
of geotechnical parameters for bridge design, bridge designers should take into account the specific features
of each bridge locations in deference to outputs of the geological specialists. In this sub-section, modulus
of deformation of soils and reduction factor (Dg) for geotechnical parameters due to liquefaction, that have
a profound effect on design of bridge foundation, are reported.
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Generally, the displacement of foundations largely depends on the behavior of the weak sections of the
bearing ground. In addition, the horizontal displacement of foundations with respect to the loads acting on
the top of the foundations varies with the properties of the surface layers. According to the geotechnical
investigation results that had been conducted during B/D, the modulus of deformation of soils shall be
reduced as an overall tendency comparing with ones obtained in F/S and used in B/D. It is remarked that
the modulus of surface layers should be decreased approximately by 50% based on the results. Additionally,
it was discovered that the effects of liquefaction should be considered more seriously than that considered
in the F/S and the B/D. Since a single soil layer at A2 (Yangon) side was considered as a liquefaction layer
in the F/S-B/D, number of soil layers and scale of reduction for geotechnical parameters due to liquefaction
should be increased in the D/D. The modulus of deformation of soils and reduction factor (Dg) are shown
in Table 4.4.20 and Table 4.4.21.

Above all, it was confirmed that the properties of the surface layers for deformation were weaker than that
of the F/S-B/D, and the fact brought increments of pile number and/or pile diameters for assurance of
structural stability.

Table 4.4.20 Comparison of Modulus of Deformation of Soil for A1 (Thilawa) Side (B/D vs D/D)

Str. No. Al Pl P2 P3 P4 PS5
Br No. BD-23 BD-22 BD-21 Nol3BH-01 BD-20 BD-19
Depth |Seiltype|  BD DD [iltype]  BD DD |[iltye]l  BD DD [siltye| BD DD [siltyrel BD DD |[siltypel BD DD
Lz =l = N1 o | N2 Nl [w | N2 N1 o | N2 N1 o | N2 N1 [ | N=2 N=1
= 2| B0 | E=T00 = 2| B0 | E=700 = 3| B0 | E=700 = 3| w0 | E=700 = 2| B0 | =00 = 2| B0 | 700
2 = De=N/A De=N/A || B~ De=N/A De=N/A || De=N/A De=N/A | &~ De=N/A De=N/A || &< De=N/A De=N/A || =< De=N/A De=N/A
3
— — N=1
4 ) N=1 N=1 N=1 N=1 I N=1 N=1 . 5 E=900
< | E=1800 | E=900 | E=900 E=900 < | E=1800 | E=900 | % N=1 =
5 3 g N=1 = Z | E=iso0 | PENVA
O |DeNA | DeNA | 2 | ol | DeNA o Nl | DeNAL T Nel N-l O |DeNA | DeNA [ 5 a
6 = _ . - O | De=NA
2 | pena < | B-1800 < | E-1800 | E=900
7 O | De=N/A O | De=N/A | De=N/A B
8 N=3
- N=3 De=2/3 De=2/3 E=2000
g E=2000 - - N=3
9 0 > | N=5 D173 E=2000
< | N5 | D=1 e > 7| N=s
0 |2 Di=1 S | E2500 | D23 [ B De=2/3
2 | E=2500 27| s N = - 2 3| pEnva 2 | E=2500
11 | & |De=NA i) Ry “ 0| De=N/A
] g 5 E=2500 | E=2000 £z E=2500 E=2000 _ De=1 De=1
|2 De=2/3 1% O| De=N/A | De=N/A | & T | DesNA | Desl 2‘-
N=5 N=3
13 o) _ _
D | E=2500 | E=2000
14 2 | De=N/A | De=N/A |
g 0
15 Iy - g =
- = 2 | e Z | Nelo)oNels 2|
a a Z = N=15 & | E=9800 | E=6000 = N=15
16 12 | N4 | Nels | Z | Nl | ONSIS || Eogoo | E=6000 2 | Dt | et | & | B9800 | E=6000
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Source: JICA Study Team
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Table 4.4.21 Comparison of Modulus of Deformation of Soil for A2 (Yangon ) Side (B/D vs
D/D)

Str. No. P20 P21 P2 P23 P24 P25 A2
Br No. BD-3 BD-2 BD-1 BD-17 BD-16 BD-15 BD-14
Depth  [Seil type BD DD Soil type BD DD Soil type BD DD Soil type BD DD Soil type BD DD Soil type BD DD Soil type BD DD
1 2 R.S. | e-2s00.0,-x | E-1200,0,-15 F.S | s200nwn | ea00pna | F.S | 20080 | sow00nvaf F.S | 520000,30n | E21000,54
5
) £ N=4 N=3
3 | E=2800 | E=1200 o N=4 N=1
3 | 5 |pewa|pes | 2| NA | N E S paso | Eseo | X NN -
E Y Pl < | E=2800 | E=900 | 2 = = < | E=1800 [ E=900 : N=1 N=1 N=1
z 3 O | DeNA | D13 | 5 Z | E=1800 | E=900 E=900
4 C | De=N/A | D253 O | De=N/A | De=13 5 = = - N=1 =
O | De=NA | De=NA | 2 | e | DeNA
5 CL-I | E-2500,0,-va | E=900, D=N/A ; N=1 N=1 é Di_N/A
6 < | E-1800 | E=900 B
Z| N=5 N=13 O | D=N/A | De=N/A
7 N-13 ISSEN g 0 D=l
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Source: JICA Study Team

4.4.7.4 Estimation of Down Drag Zone

Occurrence of down drag due to reclamation for preparation of construction yard whose finished elevation
is MSL+4.300 m was anticipated. Accordingly, depth of the down drag zone was analyzed using laboratory
test results of soil samples obtained at D/D. Analysis results shown in Table 4.4.22 were utilized for the
design of foundation.
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Table 4.4.22 Assessment Result of Down Drag
1. Al (Thilawa) Side: PC-Box Girder Bridge

Item Mark | Unit Al P1 P2 P3 P4 P5

Station Number STA| m 357.00 407.00 457.00 507.00 557.00 607.00
Existing Ground EL GL1| m 3.223 3.254 3.025 3.156 3.260 3.149
Future Ground EL GL | m 4.300 4.300 4.300 4.300 4.300 4.300

Foundation Type - - | CIP Pile | CIP Pile | CIP Pile | CIP Pile | CIP Pile | CIP Pile

Pile Length L m 53.000 58.000 62.000 57.000 58.000 55.500
Downdrag Zone EL | m -10.0 -10.6 9.7 -11.8 9.6 -10.5

Reference Boring No. - - BD23 BDz22 BD21 BH-01 BD20 BDI19

Bearing Stratum - - CSHT CSHT CSHI CsHI ST CsHI

2. A2 (Yangon) Side: PC-Box Girder Bridge

Item Mark | Unit P20 P21 P22 P23 P24 P25 A2
Station Number STA| m 2088.00 2138.00 2188.00 2238.00 2288.00 2338.00 2388.00
Existing Ground EL GLI| m -6.554 -6.155 -4.610 -0.041 4.116 4.016 4,110
Future Ground EL GL | m -7.490 -7.490 —7.490 0.550 4.300 4.300 4.300
Foundation Type - - SPSP SPSP SPSP CIP Pile | CIP Pile | CIP Pile | CIP Pile
Pile Length L m 32.500| 47.000 38.000 31.500
Downdrag Zone EL m -6.7 -6.7 -3.8 -3.9
Reference Boring No. - - BD3 BD2 BD1 BDI7 BD16 BDI1& BDI4
Bearing Stratum - - Cs5- Cs5- Cs cs-1 Cs cs-1 Cs5-

Source: JICA Study Team

4.4.7.5 Selection of Foundation Type
(1) Design Policy

Bridge foundation type of Bago Bridge should be selected considering the temporary structures to be
required at the respective substructure locations due to site conditions. Thus, comparative studies for
the selection of foundation type should be conducted for on-land and in-river sections separately.
Additionally, a study for the in-river section should consist of a low-flow channel and a waterfront
section, where riverbed level is much shallower than that of the low-flow channel.

As the result of comparative study at B/D, the steel pile sheet pile (SPSP) foundation cum cofferdam
was recommended as foundation type of in-river substructures, and a combination of cast-in-place
(CIP) pile foundation (pile diameter = 1.500 m) and steel sheet pile cofferdam was recommended for
on-land and waterfront substructures.

Updating of design conditions and upgrading of analytical accuracy were made to the above B/D
results. Then, when necessary, reconsideration of pile arrangement including selection of pile diameter
was performed at D/D for optimization.

(2) Design Conditions
Design conditions applied for the B/D are summarized as follows:
- Bearing stratum is Clayey SAND-II at around MSL-50.0 m

- Design reaction from superstructure is moderate to large due to superstructure type (concrete box
girder) and span length (50.0 m)
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- Groundwater level is high (cross to ground surface)

- Representative substructure height of pier employed for this study is 8 m and 20 m for on-land
pier and in-river pier, respectively

- Representative substructure height of abutment employed for this study is 8§ m

- Unit costs of bridgework employed for this study are reconfigured based on those used in the F/S.

(3) Selection of Foundation Type at B/D
1) B/D Result: On-land (A1~P5, P24~A2)
On-land foundations are constructed after ground preparation that includes reclamation.

Regarding prefabricated concrete pipe pile types, such as PHC (Pretensioned Spun High Strength
Concrete) pile, diameters of 600 mm or smaller can be procured in Myanmar. However, these
diameters are too small against bridge scale and seismic force. Moreover, only percussion method is
procurable in Myanmar whereas inner excavation method is demanded in terms of the required driving
depth and penetration against a relatively firm intermediate sandy soil layer. In order to overcome these
situations, an offshore procurement of large diameter PHC piles with inner excavation drilling
machines is one of the options, but less economical than adoption of CIP pile that is locally procurable.
As mentioned above, prefabricated concrete pipe pile types were excluded from this comparative study
of foundation type.

Regarding steel pipe pile foundation, those with diameters of 600 mm or smaller are procurable in
Myanmar. However, these diameters are also too small against bridge scale and seismic force.
Moreover, only percussion method is procurable in Myanmar whereas inner excavation method is
demanded in terms of the required driving depth and penetration against a relatively firm intermediate
sandy soil layer. In order to overcome these situations, an offshore procurement of large diameter steel
piles with inner excavation drilling machines is one of the options similar to the PHC pile case, but
less economical than adoption of CIP pile that is locally procurable. As mentioned above, steel pipe
pile foundation was excluded from the comparative study of foundation type at B/D.

About the CIP pile foundation, reverse circulation drilling method is suitable for the required borehole
depth. Based on bridge scale and seismic force, pile diameters for comparative study were 1.2 m, 1.5
m, and 2.0 m. Procurement and construction plan should be referred to relevant chapters of this report.
It was confirmed as the result of study that “CIP pile foundation (reverse circulation drilling method)
D = 1.5 m” was the most advantageous foundation type among the alternatives in terms of economy,
workability, and construction period. This foundation type was adopted for abutments and piers (on-
land). Summary of these comparative studies is shown in Table 4.4.23 and Table 4.4.24.

2) B/D Result: In-river (Low-flow channel) (P5S~P9, P20~P22)

Exposure to water surface of bridge structure other than pier column has not been permitted by a
relevant authority. Consequently, members of foundation such as steel pipe sheet piles and top slab
shall be constructed below a certain riverbed elevation, and a temporary cofferdam is necessary for
their construction. Because of a very high design water head for cofferdam that is around 15 m, SPSP
cofferdam is the best structural type that will enable to resist such high water pressure. The steel sheet
pile method, which is a conventional cofferdam type, is not suitable for the water head.

When the pile type foundation is required due to depth of bearing stratum and when SPSP cofferdam
is selected as an economical and feasible cofferdam type, SPSP foundation cum cofferdam is
commonly adopted.

Based on above considerations, “SPSP Foundation cum cofferdam D = 1.2 m” was the most
advantageous foundation type among the alternatives in terms of economy, workability, and
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construction period. This foundation type was adopted for in-river piers (low-flow channel) at B/D.
Summary of the comparative studies is shown in Table 4.4.25.

3) B/D Result: In-river (Riverfront) (P6 and P23)

Exposure to water surface of bridge structure other than pier column has not been permitted by a
relevant authority. Consequently, members of foundation such as steel pipe sheet piles and top slab or
pile cap for CIP pile foundation shall be constructed below a certain riverbed elevation, and a
temporary cofferdam is necessary for their construction.

Because of the relatively shallower riverbed level at riverfront pier locations, the design water head
for cofferdam is set at around 10 m which is applicable for a steel sheet pile cofferdam. In this study,
alternatives were as follows:

Alternative 1: SPSP foundation cum cofferdam D = 1.2 m

Alternative 2: CIP pile foundation (reverse circulation drilling method) D =1.5m

Source: JICA Study Team
Figure 4.4.34 Comparison of Riverbed Depth

It was confirmed that Alternative 2: “CIP pile foundation (reverse circulation drilling method) D = 1.5
m” was the most advantageous foundation type for the waterfront pier in terms of economy,
workability, and construction period. This foundation type was adopted for waterfront piers (P6 and
P23). Summary of the comparative studies is shown in Table 4.4.26.

Note: Based on a notice of DWIR made during the D/D stage regarding the navigation channel location
of Bago River, location of piers P6 through P9 had been rearranged or omitted, and design of the
in-river piers at Thilawa side was deleted from the scope of PC concrete bridge after due
consideration of the JICA Study Team. However, for the purpose of design activity log above,
illustration is still used. In addition, the result of the comparative study on foundation type of
riverfront piers is still available to explain the adequateness of P23 foundation type, this
illustration is used in D/D report.
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(4) Review Policy of Foundation Type at the D/D

Update of design conditions and upgrade of analytical accuracy were conducted as mentioned in the
design principle.

Soil parameter To apply updated soil parameters that was obtained after the B/D. It was revealed
that deformation coefficients of soils were smaller than the ones used in the B/D.
Additionally, the scale of liquefaction effect for foundation design is larger than the
expected at the B/D.

Ground elevation | The amount of the overburden depth is 0.5 m at the D/D, whereas it was 1.0 m at
and structural height | the B/D. The foundation level of on-land substructures was determined, taking into
account the ground level for construction (MSL+4.300 m). Due to those changes,
structural heights were shortened by 1.0~1.5 m

Analytical accuracy | Implementation of global analysis under the updated conditions and improvement
of analytical accuracy adequately as D/D.

(5) Review Results
1) On-land (A1~P5, P24~A2)

It was confirmed that “CIP pile foundation (reverse circulation drilling method) D = 2.0 m” was the
most economical foundation type for on-land piers. For abutment foundation type, it was confirmed
that “CIP pile foundation (reverse circulation drilling method) D = 1.5 m” was the most preferable
foundation type as it was selected at the B/D.

Piers: CIP pile foundation (reverse circulation drilling method) D =2.0 m
Abutments: CIP pile foundation (reverse circulation drilling method) D=1.5m

The above review results are shown in Table 4.4.27 and Table 4.4.28.

2) In-river (Low-flow channel) (P20~P22)

The overall size of SPSP foundation is subject to dimensions of column and stability analysis of SPSP
foundation. Regarding the dimensions of column for intermediate piers, 3.0 m in the bridge axis
direction was sufficient under the updated conditions, whereas 3.5 m was proposed at the B/D.
Consequently, it was confirmed that the overall size of SPSP could be minimized.

For the overall size of SPSP for P20 pier, dimensions of column could not be minimized because they
were determined as the minimum dimension of a terminal support pier.

The above explanations are summarized in Table 4.4.29.
P20: SPSP foundation cum cofferdam 11.373 m x 17.164 m (Steel pipe diameter 1.2 m)
P21~22:  SPSP foundation cum cofferdam 8.535 m x 17.222 m (Steel pipe diameter 1.2 m)
3) In-river (Riverfront) (P23)

There were no major changes in terms of construction conditions such as water level and riverbed
elevations. Thus, the means of coffering, namely, steel sheet pile, was not changed from the B/D.
Regarding the foundation type of P23 pier, CIP pile foundation (reverse circulation drilling method)
D = 2.0 m was selected referring to the review result of on-land piers foundation type.

Piers: CIP pile foundation (reverse circulation drilling method) D =2.0 m
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Table 4.4.23 Comparison of Foundation Type for Abutment at B/D

Source: JICA Study Team
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Table 4.4.24 Comparison of Foundation Type for On-land Piers at B/D

Source: JICA Study Team
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Table 4.4.25 Comparison of Pipe Diameter of SPSP Foundation at B/D (Low-flow Channel
Piers P7~P9, P20~P22)

Source: JICA Study Team
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Table 4.4.26 Comparison of Foundation Type for Riverfront Piers at B/D (P6 and P23)

Source: JICA Study Team
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Table 4.4.27 Review of Foundation Type for On-land Piers at D/D

Source: JICA Study Team
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Table 4.4.28 Review of Foundation Type for Abutment at D/D

Source: JICA Study Team
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Table 4.4.29 Comparison of Overall Size of SPSP Foundation at D/D
| - Existing riverbed i Existing riverbed |

Source: JICA Study Team
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4.4.8 Summary of Detailed Design Results for Substructure and Foundation
4.4.8.1 Load Combinations

Load combinations for design of substructures and foundations are shown in Table 4.4.30 which shall
comply with the specifications in the JSHB. It is remarked that load situation relating to “extreme wind
situation” was not applied to the PC box girder bridge because the amount of wind load on the concrete
structures was quite small compared with seismic inertia force.

Table 4.4.30 Load Combinations for Design of PC Box Girder Bridge

T FREEERRREREERRE]E
a gl|g|g gl |g|=|® S22 g
e (£ Z12/182|2|122|5|2/812128)|%
E EIREEIEIEIEIRISIEIRE2|S
2. Figl2lgla |8 |F|F|E|=|S |5 |2 ¢
g ® 15|~ |8 |8 |8 5} o |8 |8 | 8
g 2le(~- = w |8 < |9 | ™ o |2 =
@ @ |2 T = = < - P -~ e I = O =
~ B s |nlg|a |& 5 @ g & | = 2.
O |~ o | i ~|c —~ e | < g
= <518 |88 |2 28 22| &
CRRCRICHC Sie |2 |8
Il = 232
Load Combinations alE 3|79
g |5 ol |8
9 @ =
@ @ ®
215 o4
[}
g
a
2
i
1. Principal loads (P) + particular loads corresponding to principal loads (PP) O]|0O|O|O0]O|0|0|0O]|0O 1.00
O|0]0O|O0|O]O]O]O[O 1.00
O|O0|0O|O|0O|0O|0]|0]|0 1.00
Ordinary [O | O O]O|O]O|O]0O] O 1.00
2. Principal loads (P) + particular loads corresponding to principal loads (PP) + conditon | O | O[O |O|O|O|O|0O|0O O 1.15
effects of temperature change (T) OlOlO|OIOI0O|lO|l0Ol0O @) 1.15
O|O0|0O|O|0O|O0|0]|0]|0O O 1.15
OlO]|O]O|O]O]O]O[O O 1.15
3. Principal loads (P) + particular loads corresponding to principal loads (PP) + wind O|O|O|0|O0|0|0]0O]|0O]|0O 1.25
loads (W) Extreme |O | O|O|O|O]O|O|O]O|O 1.25
4. Principal loads (P) + particular loads corresponding to principal loads (PP) + Wind |O|O|O|O|O]0O|0O|O[0O]|0O|0O 1.35
effects of temperature change (T) +wind loads (W) OlOolO|lOlOlOlOlOlOlO0O 1.35
5. Principal loads (P) + particular loads corresponding to principal loads (PP) + Vessel |O|O]O|O|O[|O|0O]0O]O O 150
vessel collision loads (CO) Collision [O[O|OlO[O|OIO10O|0O O 1.50
6. Principal loads except live loads and impacts + seismic effects (EQ) Earth- | O O|l0|0]0]0|0O O 1.50
quake | O O]0J|0]0O]0]0O @) 1.50

Source: JICA Study Team

4.4.8.2 Reaction Forces of Superstructure for Design of Substructures

The values of reaction force transmitted from superstructure to substructure are summarized in Table
4.4.31 and Table 4.4.32.
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Table 4.4.31 Reaction Forces of Superstructure for A1 Side

Package-1 : PC-Box
Descriptions Al P1 P2 P3 P4 P5
P4side | Poside PO4 Total
Bearmg Conditions ) E E E E E E E M
(M: Movable, F:Fixed, E: Elastic support)
Working Height For Bridge Axis direction m 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Above Bridge Seat For Transverse Direction m - 2.500 | 2.500 | 2.500 | 2.500 | 2.500| 2.500| 2.500| 2.500
Dead Loads @ kN 11,600 | 22,800 | 22,800 | 23,200 | 22,800| 11,800 13,700 2,000 | 27,500
\Y% Max @ 2,800 5,600 5,600 5,600 5,600 2,800 3,500 600 6,900
Live Loads kN

Min ©) -400 -600 | -1,000 [ -1,000 -600 -400 -100 -500
Influence of dry shrinkage of concrete @ kN 300 390 160 -160 -390 -350 0 -110 -460
Influence of creep of concrete ® kN 530 640 270 -270 -640 -620 0 -50 -670
Effect of temperature change (+) ® kN -620 -770 -350 350 770 650 750 100 1,500

H
Effect of temperature change (-) ©® kN 620 770 350 -350 -770 -650 -750 -100 | -1,500
Longitudinal @ kN 3,050 6,250 7,500 7,450 6,200 3,500 3,900 300 7,700

Seismic effects

Transversal kN 2,650 7,400 6,700 6,700 7,600 2,650 3,350 750 6,750
Eccentric moment Longitudinal ©)] kN.m 0 0 0 0 0 -400

M
due to Dead Load | Trangversal kN.m 0 0 0 0 0 -60,900

Source: JICA Study Team

Table 4.4.32 Reaction Forces of Superstructure for A2 Side

Package-2 : PC-Box
Descriptions P20 P21 P22 P23 P24 P25 A2
P19side | P21side | Total

(M: MovableB,ez:":H;fix(e:zj‘dg(ngstic support) £ E E £ E £ E £
Working Height For Bridge Axis direction m 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000

Above Bridge Seat For Transverse Direction | m 2.500 [ 2500 | 2.500 | 2.450 | 2.450 | 2.400 | 2.450| 2.500 -
Dead Loads ©) kN 7,650 11,800 | 19,450 | 22,600 | 23,200 | 22,800 | 23,000| 22,800 | 11,600
A% Max @) 3,400 2,800 6,200 5,600 5,600 5,600 5,600 5,600 2,800

Live Loads kN
Min ® -900 -400 | -1,300 -600 | -1,000 [ -1,000 | -1,000 -600 -400
Influence of dry shrinkage of concrete @ kN 0 360 360 480 260 0 -260 -420 -340
Influence of creep of concrete ® kN 0 620 620 870 450 0 -450 =750 -580
Effect of temperature change (+) ® kN -110 -620 =730 | -1,030 -550 0 550 880 700
H Effect of temperature change (-) ® kN 110 620 730 1,030 550 0 -550 -880 -700
Longitudinal @ kN 1,150 3,300 4,450 6,400 6,500 8,050 7,150 6,150 3,250
Seismic effects

Transversal kN 2,250 2,700 4,950 7,600 6,600 6,950 6,650 7,600 2,650
Eccentric moment Longitudinal ©) kN.m 5,000 0 0 0 0 0 0
M due to Dead Load Transversal kN.m 0 0 0 0 0 0 0

Source: JICA Study Team

4.4.8.3 Computation of Columns of T-shaped Piers

The columns of T-shaped piers can be designed as cantilevers with fixed ends at the section connected
to the footings. In the design process, the most adverse combination of axial forces and bending
moments shall be applied.

The overhang beams of T-shaped piers can be designed as follows:
- The overhang beams are designed as cantilevers.

- The overhang length of the cantilever is defined as the length from the vertical section at the front
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surface of the column to the beam in case of rectangular column, and from the position one tenth
of the column diameter inward from the front of the column to the beam end in case of an oval
section column.

Computation results are shown in Table 4.4.33 through Table 4.4.38.
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Table 4.4.33 Calculation Results for Wall and Comume (A1, P1~P3)

l IR e mﬂj‘:u 2 . . . . {
1ikgsE s JT’. S ‘ﬁ;ﬂ
il 7
A ; SO D
E s i | | i [ Pe
B A t i | k l | BN g &
|’ i i BT
138
il
D32@250
e
. 53652014400 -
EESESINES NU N ERAN SuN AR U RN U NE { ERRINEASEEAI NS
_ 0
l | L8
= SN 1030 NARAS I 1 P 0 1500 1 1 N A AR 1 I /
/‘/J
53403 (o800 "
0 e w
D19@250 {P1,P2)
D22@250 (P3)
24N/mm?2 24N/mm? 24N/mm?2 24N/mm?2
SD345 $SD345 5D345 SD345
-2.25 - -9.04 - -10.32 - -10.46
-200.00 . -200.00 . -200.00 . -200.00
0.01 - 0.05 - 0.05 - 0.05
311 - 23.20 -3.94 174.33 -3.57 278.19 -2.86
300.00 - 300.00 -300.00 300.00 -300.00 300.00 -300.00
0.01 - 0.08 0.01 0.58 0.01 0.93 0.01
0.059 - 0.046 - 0.020 - 0.020 .
0.145 - 0.129 - 0.129 - 0.137
0.41 - 0.36 - 0.16 - 0.15 -
0.131 - 0.209 0.201 0.236 0.194 0.244 0.202
0.195 0.170 0.105 0.170 0.105 0.181 0.111
) (2.550) (2.550) (2.550) (2.550) (2.550) (2.550)
0.67 1.23 1.91 1.39 1.85 1.35 1.82
: i (0.08) (0.08) (0.09) {0.08) (0.19) (0.08)
Note : os ; Bending Unit Stress

osa; Allowable Unit Stress
T ; Unit Share Force
1a ; Allowable Unit Share Force
R-ratio ; Design result / Capacity

Source: JICA Study Team
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Table 4.4.34 Calculation Results for Wall and Columns (P4~P5)

Cross Section of Column
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Source: JICA Study Team
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Table 4.4.35 Calculation Results for Wall and Columns (P20~P23)

2-D29@125
B EROE
820135-5000 .
e
L] e %%\
S
I P
-
SIS ET B Ber o V1 H ﬁﬁ? JTE
s R TR
G 25 GO0k } _ﬂ,.///
Sl G0 = BB0R
2-D38ap125¢(P21.P22)
2-D29@125(P23)
30N/mm? 30N/mm3 30N/mm3 30N/mm3
SD390 SD390 SD390 SD390
1.82 -15.04 2538 -17.45 -9.21 -17.41 -14.95
184.00 -230.00 184.00 -230.00 -230.00 -230.00 -230.00
0.01 0.07 0.14 0.08 0.04 0.08 0.07
271.55 59.12 32691 78.05 282.56 55.39 305.67 33.46
345.00 345.00 345.00 345.00 345.00 345.00 345.00 345.00
0.79 0.17 0.95 0.23 0.82 0.16 0.89 0.10
0.039 - 0.082 - 0.043 - 0.049
0.187 - 0.290 - 0.290 - 0.210
0.21 - 0.28 - 0.15 - 0.23 -
0.312 0.276 0.460 0.406 0.423 0.366 0.444 0.330
0.241 0.186 0.373 0.248 0.373 0.248 0.310 0.206
(2.850) (2.850) (2.850) (2.858) (2.850) (2.850) (2.850) (2.850)
1.29 1.48 1.23 1.64 1.13 1.48 1.43 1.60
(0.11) (0.10) (0.16) (0.14) (0.15) (0.13) (0.16) (0.12)
Note : o5 ; Bending Unit Stress
osa ; Allowable Unit Stress
tm ; Unit Share Force
1a ; Aliowable Unit Share Force
R-ratio ; Design result / Capacity

Source: JICA Study Team
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Table 4.4.36 Calculation Results for Wall and Columns (P24, P25, and A2)

T
Y
i, 4
) 5 1 A 8 5 1 s B Y 30 6 PO S PO
1 1 N ket e
B D ‘NAJHD\' ik T)"
D19@250
[ ‘ﬁﬂ u?W 11 .
[H ‘Yﬁ BEEIERE Qﬁr Ug]i]m Tﬁrj
g ;’JJ :‘ : : *, 5 {iyoe ¢
EH A i T : N ¥ is
Ré K ! E ; t i l | g"
g ¥ g
|1Ef HHE s v
1138 1)
240
D32@250
. 7
24AN/mm2 ‘ 24N/mm2 ‘ 24N/mm2
SD345 SD345 SD345
-948 - -8.59 - -1.69
-200.00 - -200.00 - -200.00
0.05 - 0.04 - 0.01
210.82 -348 38.86 -3.58 11.14
300.00 -300.006 300.00 -306.00 360.00
0.70 0.01 0.13 0.01 0.04
0.032 - 0.053 - 0.068
0.129 - 0.129 - 0.145
0.25 - 0.41 - 0.47
0.236 0.195 0.212 0.208 0.150
0.170 0.105 0.170 0.105 0.195
2550 | @ss0 | @sse | @550 :
1.39 1.86 1.25 1.98 077
(0.09) (0.08) (0.08) (0.08) )
Note : os ; Bending Unit Stress

osa ; Allowable Unit Stress
1m ; Unit Share Force
1a ; Allowable Unit Share Force
R-ratio ; Design result / Capacity

Source: JICA Study Team
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Table 4.4.37 Calculation Results for Overhang Beams (P4 and P5)

s
2

N
L

Source: JICA Study Team
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Table 4.4.38 Calculation Results for Overhang Beams (P20~P23)

Source: JICA Study Team
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4.4.8.4 Computation of Reverse T-shaped Abutment

The wall of the reverse T-shaped abutment can be designed as cantilevers with fixed ends at the section
connected to the footings.

A parapet shall be designed to carry earth pressure as well as vehicle load (T-loads) and the loads from
the approach slab.

The wing wall shall be designed as slabs to receive superimposed loads due to live loads and earth
pressure. The slab in this case shall be cantilevers fixed on two sides to a wall and footing.

Computation results are shown in Table 4.4.33 and Table 4.4.36.

4.4.8.5 Design of Bridge Seats

Bridge seats shall be designed with sufficient strength to
withstand the vertical and horizontal forces from
bearings. Bridge seats should be designed so that
corrosion of bearing and girders can be minimized.

Horizontal forces transmitted from bearings are carried T
by concrete and reinforcement. The resisting area of {aea planes n drectons Iowarcs e sdertard
concrete is the summation of three planes in directions
of sideward and downward with edge angles of 45

degrees as shown in Figure 4.4.35. The calculation Source: JICA Study Team

results of the required reinforcement bar are shown in

Table 4.4.39. Figure 4.4.35 Calculation of Bridge
Seat

4.4.8.6 Computation of Footings

Footing shall be designed in consideration of the most adverse load combinations among self-weights,
overburden load such as soils, presence of buoyancy, subgrade reaction, and reaction from foundations.
Footings may be designed as beam members and as cantilevers.

The footings shall retain thickness necessary to serve as structural members. Also, the footings shall
have sufficient thickness to be regarded as rigid bodies, when they are assumed as rigid bodies in the
stability analysis of the foundation.

Computation results are shown in Table 4.4.40 through Table 4.4.43.
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Table 4.4.39 Calculation Results of Reinforcement Bar for Bridge Seats

Source: JICA Study Team
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Table 4.4.40 Calculation Results for Footing of Piers (P1~P3)

Source: JICA Study Team
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Table 4.4.41 Calculation Results for Footing of Piers (P4 and P5)
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Source: JICA Study Team
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Table 4.4.42 Calculation Results for Footing of Piers (P23, P24 and P25)

Source: JICA Study Team
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Table 4.4.43 Calculation Results for Footing of Abutments (A1, A2, and AO1)

Source: JICA Study Team
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4.4.8.7 Design of Foundation

Pile foundation and SPSP foundation shall conform to the following requirements under ordinary,
earthquake, and vessel collision conditions:

The axial reaction at each pile head shall not exceed the allowable pile bearing capacity. The axial
allowable bearing capacity can be estimated by dividing the ultimate bearing capacity of the pile
determined from related factors such as ground conditions and construction methods by the factor
of safety.

The displacements at each pile head shall not exceed the allowable displacements in order not to
leave a large residual displacement and to keep within the limit of possibility of evaluation of
elastic behavior. The allowable horizontal displacement is principally determined to be 1% based
on the results of many loading tests.

For a large elastic foundation with a width of 5 m or more such as SPSP foundation, the allowable
displacement is determined to be 50 mm because few loading tests data are available.

For a pile foundation with a pile diameter of 1.5 m or less, the allowable displacement is 15 mm.
For a pile foundation with a pile diameter of 2.0 m, the allowable displacement is 20 mm.

The allowable displacement of abutment foundation is 15 mm regardless of the foundation width
because the displacement may increase with time due to the effects of creep and backfill
settlement.

The axial reaction at each pile head shall not exceed the allowable pile bearing capacity.

The stresses generated in members of pile foundations shall not exceed the allowable stresses
specified in the relevant section of this report.

Computation results of CIP pile foundation stability are shown in Table 4.4.44 through Table 4.4.46.

The calculation results of cross sectional stress of CIP piles are shown in Table 4.4.47 through Table
4.4.49.

Also, calculation results of SPSP are summarized in Table 4.4.50 through Table 4.4.54.
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Table 4.4.44 Calculation Results of CIP Pile Foundation Stability (A1~P3)
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P3
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Source: JICA Study Team
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Table 4.4.45 Calculation Results of CIP Pile Foundation Stability (P4 and P5)

P4

P5

00w

I

¥

Source: JICA Study Team
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Table 4.4.46 Calculation Results of CIP Pile Foundation Stability (P23~P25 and A2)

Lnameter of rue (mm) PRV 200U PRAVVY 120U

Number of Piles (Nos_) 12 12 8 18

Pile Length (m) 324 46.9 379 314
Bearing Resistance of Ordinary

Pile Head Reaction (kIN) 5554 4223 5,922 2299

Bearing Capacity (kN) 8.559 11.527 9,177 5,085

R-Ratio 0.649 0.366 0.645 0.452
Horizontal Movement of Ordinary

Horizontal Movement (mm}) 03 25 5.0 4.6

Capacity (mm) 20.0 20.0 20.0 15.0

R-Ratio 0.017 0.123 0.251 0.303
Bearing Resistance of Seismic

Pile Head Reaction (kN) 103524 6,676 7,879 3,537

Bearing Capacity (KN} 12959.0 17,731 14,137 7.807

R-Ratio 0.799 0.376 0.557 0.453
Horizontal Movement of Seismic

Horizontal Movement (mm) 13.9 16.4 17.8 146

Capacity (mm} 20.0 20.0 20.0 15.0

R-Ratio 0.695 0819 0.892 0971
Bearing Capacity of Group Piles of Ordinary

Axial Compression Fordes (kKIN) 65,741 45475 — 39,034

Bearing Capacity (kN) 460,353 812,083 — 534,902

R-Ratio 0.143 0.056 — 0.075
Judgement of Lateral Movement

Identifying Index — | — [ — [ 0.509
| Capacity — | — \ — | 1.200

* We also conducted a study on the negative skin friction force, but another case became severe in all foundations, so the value of
bearing resistance is ordinary case.

Source: JICA Study Team
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Table 4.4.47 Calculation Results of Cross Section of CIP Pile Foundation (A1~P3)

Check for Bending Stress
Ordinary
s (N/mm”) 37.98 2.05 — —
osa (N/mm?) 184.00 184.00 — —
R-ratio 021 0.01 — —
Seismic
os (N_mmz) 261.33 231.75 261.79 272.44
osa (N;'mmz) 300.00 300.00 300.00 300.00
R-ratio 0.87 0.77 0.87 0.91
Check for Shear Stress
Ordinary
m (N-‘mm:) 0.095 0.052 0.022 0.022
1a (]\'-‘mmz) 0.446 0.505 0.601 0.601
R-ratio 021 0.10 0.04 0.04
Seismic
 m(N/mm®) 0.335 0.324 0.354 0.378
1a ﬂ\':mmz) 0.445 0.399 0.399 0.399
R-ratio 0.75 0.81 0.89 0.95
os; Bending Unit Stress
osa; Allowable Unit Stress
Tm ; Unit Share Force
Ta ; Allowable Unit Share Force

Source: JICA Study Team
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Table 4.4.48 Calculation Results of Cross Section of CIP Pile Foundation (P4 and P5)

P4

PS

Source: JICA Study Team
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Table 4.4.49 Calculation Results of Cross Section of CIP Pile Foundation (P23~P25 and A2)

Check for Bending Stress
Ordinary
o5 (N/mm2) — — 5.88 5492
osa (N/mm2) — — 184.00 184.00
R-ratio — — 0.03 0.30
Seismic
os (N/mm2) 288.62 271.91 260.33 269.11
osa (N/mm2) 300.00 300.00 300.00 300.00
R-ratio 0.96 0.91 087 0.90
Check for Shear Stress
Ordinary
m (N/mm2) 0.035 0.036 0.088 0.164
1a (N/mm2) 0.636 0.601 0.616 0.474
R-ratio 0.06 0.06 0.14 0.35
Seismic
T m(N/mm2) 0.457 0.355 0.457 0.529
a (N/mm2) 0.422 (2.550) 0.399 0.437 (2.550) 0.508 (2.550)
R-matio 1.08 (0.18) 0.89 1.05 (0.18) 1.04 (021

Source: JICA Study Team

os ; Bending Unit Stress
osa; Allowable Unit Stress
m ; Unit Share Force

1a ; Allowable Unit Share Force
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Table 4.4.50 Calculation Results of SPSP Foundation Stability and Stress (Longitudinal)

. P20 P21 P22
Item Unit ; — ; — ; —
Ordinary | Seismic | Ordinary| Seismic | Ordinary | Seismic
Vo KN | 58,871.1 | 51.485.3| 52,152.5| 45,7365| 532069 | 47,0575
Forces™ Ho kN 1,7100 | 13531.0| 2380.0]| 13,4006 12600 | 123198
Mo kN.m 38,174.0 | 188,271.1| 44.,744.0] 197,122.1 22,554.0 | 1754373
Displacement™
At Top of Displacement ol cm 0.281 1.971 0.453 2.076 0.185 1.413
Top Slab 7y bl 5a cm 5.000 5.000 5.000 5.000 5.000 5.000
Pile Bearing™? (P20:1L=47.5m, P21:L=56.5m, P22:L=51.5m)
Max Rmax | kN/pile 1,646 1,538 1,639 1,478 1,670 1,516
Vertical Min Rmin | kN/pile 1,625 1,322 1,621 1,381 1,661 1,425
Reaction Bearing Ra | kN/pile 3,760 5,440 4,231 6,286 4,483 6,664
Pull-out Pa | kNfpile | -1.672| 2778 | -1,940 | -3.375 41,602 2,757
Pile Stresses
Exterior Thickness t mm 1 1 14
P20,21:SKY After . 61™2 N/mm?* 44.85 106.40 48.29 127.76 37.71 104.43
490 Con:sh'uctlon
During c: | Nmm? | 107.16 | 107.16 95.35 95.35 83.11 83.11
construction
ggZ.SKYil Combined Omax N/mm? 152.01 213.56 143.64 22311 120.82 187.54
Allowable ca N/mm? 185.00 280.00 185.00 280.00 140.00 210.00
Bulkhead™? | After o1 | N/mm? 4340 | 11273 4850 | 132.77 — —
(SKY400) Construction
t=14mm | Allowable ca N/mm? 140.00 210.00 140.00 210.00 — —
*1:Designed by Well Model according
*2-due to after construction loads
#e i 203 5 2

Source: JICA Study Team

Longitudinal Direction — Ordinary Condition

Figure:Stress Diagram of Steel Pipe Sheet Pile for P22
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Table 4.4.51 Calculation Results of SPSP Foundation Stability and Stress (Transverse)

. P20 P21 P22
Item Unit - — - — - —
Ordinary | Seismic |Ordinary | Seismic | Ordinary | Seismic
Vo KN | 58.871.1| 514853| 52,1525 | 457365, 532969 | 46,8809
Forces*? Ho kN 2.7 12,290.8 1.6 12,430.5 1.0 11,196.3
Mo kN.m 9.6 | 183,347.3 6.0 | 209,890.0 4.3 | 178,441.8
Displacement™
AtTopof | Displacemen | ) cm 0.000 1.521 0.000 1.308 0.000 0.903
Top Slab 7)) Cvable Ga cm 5000 | 5.000 5.000 5.000 5.000 5.000
Pile Bearing™? (P20:1L=47.5m, P21:1L=56.5m, P22:L=51.5m)
Max Rmax | kN/pile 1,635 1,486 1,630 1,557 1,666 1,528
Vertical Min Rmin | kN/pile 1,635 1,374 1,630 1.301 1,666 1,402
Reaction Bearing Ra | kN/pile 3,760 5,440 4231 6,286 4,483 6,664
Pull-out Pa | kNfile | -1.672| 2778 | -1,940| -3.375 -1,602 2,757
Pile Stresses
Thickness t mm 14 16 14
Exterior Afier
(SKY490) Construction Gy - N/mm? 36.64 99 .65 36.52 115.76 32.62 91.13
Dunng 6: | Nmm? | 102.80 | 102.80 80.18 79.95 70.37 7037
(P22:SKY4 construction
00) Combined OGmax N/mm? 139.45 202.46 116.70 195.70 102.98 161.50
Allowable ca N/mm?* 185.00 280.00 185.00 280.00 140.00 210.00
Bulkhead'? | After 61 | N/mm? 36.65 | 109.72 3652 | 122.44 — —
(SKY400) Construction
t=14mm | Allowable ca N/mm? 140.00 210.00 140.00 210.00 — —
*1:Designed by Well Model according
. .
2:due to after construction loads Displacement Bending Moment Shear force
*Designed by Well Model according (cm) (kNm) (kN)
. ZTERT ZTRIGY -iBEL i Ui
) £ ] [ i
[is e A SURSN DURGPINS [ v iy [N (-
i i {
» i . ! {
- i I I i
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Source: JICA Study Team

Transversal Direction — Seismic Condition

Figure:calculation results of Steel Pipe Sheet Pile for P22
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Table 4.4.52 Calculation Results for SPSP Foundation Top Slab (Longitudinal)

Source: JICA Study Team
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Table 4.4.53 Calculation Results for SPSP Foundation Top Slab (Transverse)

Source: JICA Study Team
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Table 4.4.54 Calculation Results for Connection Stud of SPSP Foundation

Design condition

- Type of stad bars : SD345 (underwater)

- Design strength of concrete : ock =24 (N/mm?)

- Material of sheet pile : SKY490 (P20,P21), SKY400(P22)

- Diameter of sheet pile : D =1200.0 (mm)

- Section modulus of sheet pile : Z=13081.0(P20,P21), 15184.5(P22) (cm?®)
- Connection method : reinforcement stud welding

Table 8.3.56-5 Design Results of connection between Top Slab and Steel Pipe Sheet Pile

Load osl 0s2 os osa nb nba T8 Tsa ns nsa
case N/mm?) | (N/mm?) | (N/mm?) | (N/mm?) (nos/layer) N/mm?) | (N/mm?) (nos)
P20 | Ordinary] 153.93 4.60 158.53 185.00 16 = 14 66.15 111.00 76 = 46
P20 | Seismic 200.46 38.51 238.97 300.00 16 = 13 124.64 180.00 76 = 53
P21 | Ordinary] 153.93 6.86 160.79 185.00 16 = 14 75.05 111.00 76 = 52
P21 | Seismic 200.46 38.67 239.13 300.00 16 =13 155.78 180.00 76 =66
P22 | Ordinary] 116.35 2.02 118.37 160.00 16 = 12 59.42 96.00 76 = 48
P22 | Seismic 174.52 35.52 210.04 300.00 16 = 12 146.40 180.00 76 = 62
A-A B-B
$1200
375 150795150, T
SHEAR RENFORCEMENT
T‘ MOMENT RE |NFORCEMENT

E| E

JT §$ MOMENT REINFORCEMENT g%

E: E

2z MOMENT REINFORCEMENT 4.(: _____ -E 2gl

& [ B

E kS

5]

Figure : Detail for Connection between Top Slab and Steel Pipe Sheet Pile

Source: JICA Study Team
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4.4.9 Bridge Accessories
4.4.9.1 Bearings

The lengths of PC box girder bridges are L =250 m in Thilawa side (A1 side) and L =300 m in Yangon
side (A2 side), and the effect of restraint forces is significant due to the shortening of the girder induced
by creep and shrinkage as well as due to the shortening/expansion induced by temperature change. On
the other hand, horizontal forces from the superstructure during earthquake must be adequately
distributed to each substructure. For the support condition of the PC box girder bridges, therefore, the
superstructure is planned to be elastically supported in the longitudinal direction, and elastomeric
rubber bearings are adopted. The superstructure is transversally fixed, considering the connection with

the on-ramp bridge

Table 4.4.55 Comparison of Support Condition and Bearing Type

Elastic Support

Fixed + Moveable Support

Applicable type of
bearings

Elastomeric Rubber Bearing

Pot Bearing

Transfer of seismic
horizontal force

In the transverse direction, horizontal
forces are  transferred  from
superstructure to substructures by
anchor bars.

* Effect of restraint force to | ® Effect of restraint forces to
. substructures is smaller, as the substructures is larger, as the
Effect of restraint . . .
forces superstructure': is elqstlcglly superstructure is fixed at most of the
supported in the longitudinal superstructures.
direction.
* In the longitudinal direction, | * Horizontal forces are transferred to
horizontal forces are -elastically the substructures through steel
distributed to each substructure. components of bearings.

Substructures with movable supports
do not contribute in resisting seismic
forces.

Evaluation

RECOMMENDED

Source: JICA Study Team
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Figure 4.4.36 Arrangement of Bearing and Anchor Bar
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Transverse Direction

Longitudinal Direction

Source: JICA Study Team

Figure 4.4.37 Elastomeric Rubber Bearing

Base Plate Anchor Bolt. Rubber Bearing
L1 T1 Hil dl il nl 13 T3 RBL RBT H3
Al 1080 1080 60 $ 65 650 4 850 850 920 920 309
Pl 1420 1420 75 ¢85 850 4 1100 1100 122 1220 293
P2 1420 1420 75 $ 85 850 4 1100 1100 1220 1220 258
P3 1420 1420 75 685 850 4 1100 1100 1220 1220 258
P4 1420 1420 75 &85 850 4 1100 1100 122 1220 293
P5 1080 1080 60 & 65 650 4 850 850 920 920 275
Sole Plate Anchor Bar pL__ | Height
2 T2 H2 d2 12 n2 14 T4 H4 H
Al 1080 1080 60 & 65 650 4 850 850 32 493
Pl 1420 1420 75 $ 85 850 4 1000 1000 40 523
P2 1420 1420 75 $ 85 850 4 1000 1000 40 488
P3 1420 1420 75 685 850 4 1000 1000 40 488
P4 1420 1420 75 & 85 850 4 1000 1000 40 523
P5 1080 1080 60 65 650 4 850 850 32 459
Base Plate Anchor Bolt Rubber Bearing
L1 T1 Hi dl 11 nl L3 T3 RBL RBT H3
P20 1080 1080 60 ¢ 65 650 4 850 850 920 920 309
P21 1420 1420 75 ¢ 85 850 4 1100 1100 1220 1220 293
p22 1420 1420 75 ¢ 85 850 4 1100 1100 1220 1220 293
p23 1420 1420 75 ¢ 85 850 4 1100 1100 1220 1220 258
P24 1420 1420 75 ¢ 85 850 4 1100 1100 1220 1220 293
P25 1420 1420 75 ¢ 85 850 4 1100 1100 1220 1220 327
A2 1080 1080 60 & 65 650 4 850 850 920 920 323
Sole Plate Anchor Bar PL Height
L2 T2 H2 d2 12 n2 L4 T4 H4 H
P20 1080 1080 60 ¢ 65 650 4 850 850 32 493
P21 1420 1420 75 ¢ 85 850 4 1000 1000 40 523
pa2 1420 1420 75 ¢ 85 850 4 1000 1000 40 523
p23 1420 1420 75 ¢ 85 850 4 1000 1000 40 488
P24 1420 1420 75 ¢ 85 850 4 1000 1000 40 523
P25 1420 1420 75 ¢85 850 4 1000 1000 40 557
A2 1080 1080 60 ¢ 65 650 4 850 850 32 507
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4.4.9.2 Expansion Joints

As the horizontal movement of PC box girder bridge during earthquake is large due to the relatively
high design seismic coefficient (kh = 0.3), its expansion joints need to accommodate large
displacement. As a result of the following comparative study, “modular expansion joint” has been
selected, considering various aspects such as waterproofing, driving comfort, and maintenance as well
as accommodation of large displacement.

Table 4.4.56 Comparison of Expansion Joint Type for PC Box Girder Bridge

Modular Expansion Joint Steel Finger Joint

Schematic View

Accommodation | ¢ Can accommodate wide range of | * Can accommodate wide range of

of large movement, and applicable especially movement.
displacement to large movement.
* Excellent cut-off performance | * Moderate  cut-off performance
Waterproofing . )
against water. against water.
Driving comfort | * Good driving comfort * Good driving comfort
* High durability of steel components | ¢ Relatively difficult to replace the
Maintenance * The components can be replaced components.
relatively easily.
Evaluation RECOMMENDED

Source: JICA Study Team

Design Result (Al and A2)
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Source: JICA Study Team
Figure 4.4.38 Expansion Joint at A1 and A2
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4.4.9.3 Bridge Railing

Steel railings have been adopted as the bridge railings, uniformly with the main bridge (with cable-
stayed bridge and steel box girder bridge). Class of railing is Class A in “Specifications for Highway
Railings” by Japan Road Association. The heights are 0.9 m at the median side and 1.1 m at the
roadside considering fall prevention of pedestrians in case of emergency.

4.4.9.4 Drainage System

Rainwater on the bridge surface is drained by catch pits installed at the shoulder of the bridge deck.
As the bridge is located on land for the A1~P5 section, the rainwater from the catch pits is horizontally
led to the substructures, and then vertically drained to the catch basin on the ground, which is connected
to the side ditch. For the A2 side, the rainwater from the catch pits between P20~P23 (in-river section)
is led under the girder by vertical drain pipes and discharged on to the river, while rainwater from those
between P23~A2 (on-land section) is treated in the same manner as in the A1~P5 section.

4-20X30 LONG HOL E— w2

| soo 9000 o

@ 250 \_T
Source: JICA Study Team

Figure 4.4.39 Catch Pits Arrangement and Detail (PC Box Girder Bridge)
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4.5 STUDY ON ON-RAMP BRIDGE

The B/D of the on-ramp bridge was conducted based on the terms of agreement in the F/S, and the design
team confirmed and studied the design policy, design conditions, structural types, bridge length and
spanning, and other works that are necessary for the Project. The design team reviewed the F/S report and
found out that some outstanding issues should be worked out prior to the subsequent detailed design stage.

Thereafter, the D/D was conducted in order to ensure rationality of facilities planned in the B/D under some
updated design conditions such as natural condition survey result (soil investigation, topographic survey,
etc.) and the future ground elevation.

A summary of the evolution of design output is shown in Table 4.5.1.

Table 4.5.1 Summary of Design Outputs Evolution

Item Feasibility Study Basic Design Detailed Design
Bridge Width 5750 m 6.450 m 6.450 m
Superstructure PC-I Girder 3 girders | PC-I Girder 2 girder | PC-I Girder 2 girder
Bridge Length 187.8 m 1152 m 1152 m
Number of Substructure 7 nos. 5 nos. 5 nos.
Cast-In-Situ: 7 nos. Cast-In-Situ: 5 nos. .

. . . Cast-In-Situ: 5 nos.

Foundation Type Diameter: Diameter: .
Diameter: 1.5m
1.0m 1.5m

Source: JICA Study Team

4.5.1 Study on Bridge Length of On-ramp Bridge
4.5.1.1 Design Principle

The length of on-ramp bridge and its span arrangement was comprehensively examined considering
the terrain on site, geological conditions, crossing obstacles, construction workability, and economic
efficiency.

4.5.1.2 Study Conditions
(1) Geography and Geology

The site for this approach bridge consists of a flood channel and a low-flow channel river whose
elevations are around MSL+3.00 m~4.00 m and MSL -5.00 m~7.00 m, respectively. Neither future
land use plan including reclamation nor river training plan exists.

The bearing stratum for the bridge is distributed at MSL-40.0 m~ -55.0 m, whose N-value is around
50. There are no appropriate soil layers other than this layer with sufficient firmness and thickness to
support bridge reactions.

(2) Crossing Objects

Crossing objects are investigated by means of site survey and literature survey supported by the
counterpart. There are objects that should be taken into account for the bridge span arrangement
planning as control points such as embankment section of on-ramp road (to be constructed under this
Project). It is confirmed that relocation of other crossing objects is possible. Summary of the crossing
objects is shown in Table 4.5.2.
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Table 4.5.2 Summary of Crossing Obstacles for Span Arrangement

. . . . Control Point
No. | Crossing Object Name Chainage | Relocation Abutment | Pier
1 | On-ramp (embankment section) 0+542.5 No Yes Yes
2 | Location of approach end (nose) 0+654.0 No No Yes
3 | Beginning point of on-ramp curved section 0+542.5 No Yes No

Source: JICA Study Team

(3) Construction Conditions

Site conditions

There are no buildings/facilities which require cautious construction adjacent to the bridge in order
to avoid any harmful displacement. There are no objects that will restrain the construction works.

Pile cap should be outside of the on-ramp road in the plan.
- Ground water level

Temporary cofferdam shall be used due to relatively high ground water level.
- Superstructure erection

Fixed staging support is not to be used because of the existence of soft surface soil that requires
ground improvement work for installation of the fixed staging support.

The bridge section of the on-ramp should not be in a curved section.
- Economic span for BD

The economic span length is estimated using the following formula that is recommended in the
“Bridge Design Standards of NEXCO (East Nippon Expressway Company Limited)”:

L = a x {h+1/3(Df)}
Where,
h = Substructure height
Df = Foundation depth
a = coefficient (1~1.5) depending on the construction circumstances of the proposed bridge

The construction circumstance of the proposed bridge is worse because of the existence of in-river
piers. Consequently, a longer span length is more economical than one with a shorter length due to
lesser number of in-river piers. Based on this viewpoint, the coefficient “a” should be 1.5. As a result
of the economic span length estimation, it is determined that the economic span is 50.0 m.

Table 4.5.3 Estimation of Economic Span Length

Item On-ramp Bridge
Average substructure height: h 10.4 m
Average foundation depth: Df 53.1m
h+1/3 x Df 28.1m
Casel: a=1.0 28.1m
Case2: a=1.5 422 m
Proposed economic span length 30.0 m

Source: JICA Study Team
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(4) Determination of Bridge Length and Span Arrangement
The previously mentioned study conditions are illustrated as follows:
Source: JICA Study Team
Figure 4.5.1 Control Points for Bridge Length and Span Arrangement
Beginning Point (Abutment) : STA No.0+410.000 (approximate station number)

End Point (Pier) : STA No.0+526.000

4.5.1.3 Study on Span Arrangement

- Alternatives

There are two restrictions that control the bridge length. These are the abutment location as the
beginning point of the on-ramp bridge at STA No.0+410.000 and the approach end (nose) as the
end point of the on-ramp bridge at STA No.0+526.000, as displayed in Figure 4.5.1. Piers are
arranged between these control points with careful attention to the embankment section of the
on-ramp road as the crossing object. Span length should be close to 30 m referring to the

economical span length of this bridge. After due consideration of the span arrangement, three
alternatives were proposed as follows:

Source: JICA Study Team

Figure 4.5.2 Alternatives for Span Arrangement for On-ramp Bridge
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- Comparison Result

Table 4.5.4 Comparison of Span Arrangement (On-ramp Bridge)

Source: JICA Study Team

4.5.2 Study on Superstructure of On-ramp Bridge
4.5.2.1 Selection of Type of On-ramp Bridge
(1) Basic Conditions

The on-ramp bridge is planned to be a 4-span continuous bridge with straight alignment and length of
115.2 m (4 spans x 28.8 m). Its width composition is shown below.

Source: JICA Study Team
Figure 4.5.3 Width Composition of On-ramp Bridge

The project site has soft grounds with insufficient bearing capacity, and soft soil treatment might be
necessary in case conventional falsework is required to support heavy structure.

(2) Comparative Study

The study is carried out for the following three alternatives, and the optimum option is selected based
on the study on workability (quality control), structural aspects, cost, and maintenance.

Option-1: PC Hollow Slab Option-2: PC I Girder Option-3: Steel I Girder]
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Option-1: PC Hollow Slab

PC hollow slab has been widely used in ramp bridges due to its applicability to curved alignment (cast-
in-place) and low girder height. In this case, however, soil improvement might be necessary to support
conventional falsework required for construction of superstructure.

Option-2: PC I Girder

PC I girder is one of the most economical options, and can be applied to this on-ramp bridge without
problem as it is planned as a straight bridge. Fabrication yard for precast girders is required.

Option-3: Steel I Girder

A steel girder with RC slab. Periodical re-painting for steel member is required.

Table 4.5.5 Comparison of Bridge Types for On-ramp Bridge

PC Hollow PC I Girder (Plan at F/S) Steel I Girder
- 6450 :
600 _ 5250 _600
Reference . .
drawing = { —l—
i/l[z}tllg(rjl All Staging Method Crane Erection Method Crane Erection Method
Inferior in qualityf ©+ Superior in quality] ) Sugznf r thm " dqt;ahz
control as the girder i control as the girders arej COMLIO as The gIracts ar
. A ) pre-fabricated in
Workability cast-in-situ. pre-cast. facto
and Quality | - Soil improvementf * No scaffolding below -
. . ) . . * No special problem on
Control might be necessary i the girder is required. !

. L erection, although the
order to  supportf +  Girder fabrication yardl scaffoldine below  the
falseworks. is required. - cmg ¢

girder is required.
Structural Applicable span +  Applicable span length:j -+  Applicable span length:
Aspect length: 20-30 m 25-40 m 25-60 m
P Heavy weight. * Moderate weight. +  Light weight.
Cost Ratio = 1.04 I Ratio = 1.00 Ratio =1.05
Replacement off . Replacement o Re-painting is required
Maintenance bearings an P’ . in addition to
4 .. . bearings and expansio .
Aspect expansion joints i oints is required replacement of bearings
required. J q ’ and expansion joints.
Evaluation I Most Recommended I

Source: JICA Study Team

As a result of the study, PC I girder has been selected as the bridge type of the on-ramp bridge because
of lowest cost, without need of conventional falsework, and superior in quality control. Girder
fabrication yard can be prepared adjacent to the bridge.
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4.5.2.2 Selection of Erection Method of On-ramp Bridge
PC I girder will be constructed based on the following procedure:

(1) Fabrication of girders — (2) Erection of girders — (3) Installation of PC panels — (4)
Construction of crossbeams — (5) Construction of CIP slabs — (6) Longitudinal connections

The girders are planned to be erected by cranes as their number is small (8 girders). The girder weight
is approximately 75 t per girder.

Source: “Guidebook for Preparation of Method Statement (for Simple Beams and Segmental Beams)” by Japan
Prestressed Concrete Contractors Association

Figure 4.5.4 Girder Erection by Cranes (for Reference)

4.5.2.3 Superstructure of On-ramp Bridge
(1) Girder Arrangement

The girder arrangement is planned based on the policy of reducing the weight of superstructure as
much as possible, in order to reduce the seismic load to substructure. As the bridge width is 6.45 m,

two girders with 3.8 m spacing has been adopted.

Source: JICA Study Team
Figure 4.5.5 Arrangement and Cross Section of the Girder

(2) Slab Thickness

Slab thickness is planned as the standard thickness related to the girder spacing. As the girder spacing
is 3.8 m, total slab thickness (PC panel + CIP slab) is 270 mm.
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Source: “Guidebook for design and construction of PC-l girder bridges with precast PC panel” by Japan
Prestressed Concrete Contractors Association

Figure 4.5.6 Slab Thickness

(3) Prestressing Tendon
1) Longitudinal Tendons

The 12S12.7 mm is applied as longitudinal tendons, referring to “Guidebook for design and
construction of PC-I girder bridges with precast PC panel” by Japan Prestressed Concrete Contractors
Association.

2) Transverse Tendons for Precast PC Panel of Deck Slab

PC tendons for precast PC panels of deck slab are planned to be pre-tensioned. The 1S9.3 mm is
applied as transverse tendons for the precast PC panels, referring to “Guidebook for design and
construction of PC-I girder bridges with precast PC panel” by Japan Prestressed Concrete Contractors
Association.

3) Tendons for Crossbeam Reinforcement

For transversal prestressing, PC bars with diameter of 32 mm have been applied, as the transversal
tendon is short and PC bar with threaded anchorage system is advantageous than PC strands with
wedge anchorages which have large loss of prestress for short tendons by pull-in of wedges.

4.5.2.4 Global Analysis
(1) Analysis models

In the global analysis of PC-I girder bridges, three different analysis models were used for normal
loads and seismic loads, respectively. For normal loads, sectional forces due to self-weight were
calculated using beam model, while sectional forces due to superimposed dead load and live load were
calculated using plane grid models to take the load distribution to each girder into account, and
superstructure and substructures were analyzed separately. In this analysis, sectional forces were
calculated considering construction steps of superstructure (erection of I girders, construction of deck
slab and crossbeams). For seismic actions, the analysis was performed using three-dimensional frame
models, and distribution of seismic horizontal forces from superstructure acting on each substructure
was calculated by the models in which superstructures and substructures are incorporated together.
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Source: JICA Study Team
Figure 4.5.7 Analysis Model for Normal Loads (On-ramp Bridge)
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Source: JICA Study Team
Figure 4.5.8 Analysis Model for Seismic Action (On-ramp Bridge)
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4.5.

Safety Ratio for Flexural Fracture
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Summary of the Detailed Design Results for Superstructure
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Source: JICA Study Team
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2) For Shear

Diagonal Tensile Stress (Permanent Load) Diagonal Tensile Stress (Service Load)

Center Span (PO1 - PO2) Center Span (PO1 — PO2)

Diagonal Tensile Stress
Diagonal Tensile Stress

Side Span (AO1 - PO1) Side Span (AO1 - PO1)

Diagonal Tensile Stress
Diagonal Tensile Stress

Source: JICA Study Team
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4.5.3 Substructure of On-ramp Bridge
4.5.3.1 Design Principle

The review of the appropriateness of design outputs in the F/S was performed at the B/D stage for
optimization of contents of facilities in relation to the bridge substructure with respect to structural
types, dimensions, and number. Such optimizations were carried out with sufficient structural
calculations and comparative studies in terms of economy, workability, constructability, and
construction period.

Detailed structural analysis was performed at the D/D stage for updating design conditions and
upgrading analytical accuracy based on the B/D results. Major updates in the D/D include natural
conditions obtained from geographic survey and topographic survey and a proposed future ground
elevation. Reaction forces of superstructure for design of substructure were also updated.

4.5.3.2 Study of Substructure Height
(1) General

Substructure heights were designed referring to the proposed heights of the planned road (PH), ground
level (GL) and required heights related to superstructure which include the height from pavement
structure through bridge bearing. As a result, substructure heights were determined and rounded to the
nearest 10 cm. Refer to the schematic diagram shown in Figure 4.5.9.

Considering the elevation of reclamation for construction yard preparation (MSL+4.300 m),
foundation level of on-land substructures was determined based on MSL+4.300 m.

Proposed Height
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Figure 4.5.9 Explanatory Diagram of Substructure Height

(2) Planned Depth of Overburden above Pile Cap

The depth of overburden above pile cap shall be secured sufficiently with reference to the planned
future ground level. Amount of the overburden was around 0.5 m. The amount of overburden shall be
altered at respective substructure locations in case of necessity such as the arrangement of buried
conduit, surface roads, etc.

In the B/D, the amount of overburden was set at 1.0 m as the default plan subject to updating based on
the topography survey result, buried utility survey, and determination of the future ground level in the
D/D stage.
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In the D/D, it was confirmed that there would be no buried utilities around the substructures both at
present and in the future, other than the drainage lines that are to be constructed under this Project for
discharge of rainwater on the bridge. Also, it was determined that future ground level would be
MSL+4.300 m as mentioned in the foregoing. Thus, the amount of overburden was set at 0.5 m.

(3) Conclusion of Substructure Heights

The conclusions on substructure heights are presented in Table 4.5.6.

Table 4.5.6 Summary of Substructure Heights of On-ramp Bridge

Item Mark| Unit | AO1 PO1 PO2 PO3

Station Number STA| m | 0+411.009| 0+439.809| 0+468.609 0+497.409
Proposed height PH m 9.452 11.030 12.587 13.803
Top elevation of substructure| KCL | m 9.452 8.332 9.891| 1l1.111
Existing Ground EL. GL1 m 3.281 2.936 2.959 3.076
Future Ground EL GL | m 4.300 4.300 4.300 4.300
Pile cap thickness FH m 1.900 1.900 1.900 1.900
Total Substructure height | H m 7.600f 6.500| 8.100| 9.300
EL of Pile cap bottom FL | m 1.852 1.832 1.791 1.811
Foundation Type - - |CIP Pile| CIP Pile| CIP Pile | CIP Pile

Source: JICA Study Team

4.5.3.3 Dimensions of Abutment

(1) Width

The width at the top surface of the parapet wall shall be the same as the effective cross section of the
road or wider. The abutment AOT1 is located between a straight section and an easement (clothoid)
curve section of on-ramp bridge. Thus, a certain amount of road widening is necessary for securing
the prescribed effective road width.

Concretely, the intersection point of the front edge of the parapet wall and the inside surface of the left
side curb concrete line should be a control point for the left side width. In the same way, the intersection
point of the right side curb concrete line and the end edge of approach slab should be the control point
for the right side width. As a result of the above consideration, the required distance of the widening
is 150 mm.
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Source: JICA Study Team
Figure 4.5.10 Abutment Width
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(2) Bridge Seat

The bridge seat shall have sufficient space for arrangement of bridge bearings that support the
superstructures. The bridge shall also have a space that works to prevent the unseating of the bridge in
case of the occurrence of unexpected seismic force, displacement or deformation occurring in the
bridge caused by unpredicted earthquake ground motion, destruction of the surrounding ground, or
unexpectedly complicated vibration in the structural members.

As for unseating prevention in the bridge axis, the seating length is to be provided at the terminal
supports and the halving joints. For intermediate piers, the seating length is not required because the
bridge is a continuous bridge that has continuous girders. As for the unseating prevention in the
transverse direction to the bridge axis, anchor bars are installed as displacement constraint structures.

- Determination of Seating Length (Sgm)

The seating length should be long enough to prevent departure and
unseating of the superstructure from the top of the substructure. Value of
the seating was obtained from the equation below as specified in the JSBH.

SEM = 0.7 + 0.005¢

Seating length of Abutment
Where, . .

£: Length of the effective span (m). When two superstructures with

S :
different span lengths are supported on one bridge pier, the longer of J%KC;U dy Team
the two shall be used. £ = 28.8 m for AO1. .
Figure 4.5.11
Sem = 0.7+0.005 x 28.800 Unseating Length
=0.844 (m)
- Determination of Bearing Edge Distance (S) >
The bearing edge distance, which is defined as the distance between the
edge of the bearing and the edge of the top of the substructure (or bearing
support edge distance) shall be equal to or larger than the following value:
Source:
JICA Study Team
S = 0.2+0.005¢ Figure 4.5.12
B Bearing Edge
= 0.344 (m) Distance

The results of the checking of bridge seat dimensions are summarized in Table 4.5.7.
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Table 4.5.7 Results of Bridge Seat Width (On-ramp)

Unit : mm AO1 POl PO2 PO3 P5
Span Length 28,800 | 28,800 | 28,800 | 28,800 28,800
Width of Bridge Seat 1,100 1,500 1,500 1,500 2,250
6,450 | 5,500| 5,500 5,500 25,000
Anchor Bolt BrL 420 420 420 420 420
| oneor BOR Brr 620 620 620 620 620
(Fixing bolts of bearings)
c.t.c. 3,800 3,800 3,800 3,800 3,800
Anchor Bar ) 36 75 50 46 36
(Displacement Constraint nos. 6 6 6 6 6
Structure) c.t.c. 500 500 500 500 500
Edee Dist LL 650 750 750 750 450
ge Distance
R T 1,975 | 1,500| 1,500 | 1,500| 1,501
Skew 919 1,061 1,061 1,061 636
Minimum Edge Distance 344 344 344 344 344
Seating Length of Girder 1,000 - - - 1,000
Minimum Seating Length of Girder 844 844 844 844 844
Source: JICA Study Team
GE00

1325 3800 _ 1475

=

oo, € oo

Source: JICA Study Team
Figure 4.5.13 Layout of Bridge Seat for Abutment (A1 and A2)
(3) Space for Maintenance

As for structural details which may contribute to the prolongation of the bridge lifespan, bridge seats
shall be graded by around 2% in order to avoid puddle on the bridge seat.

Moreover, a space for ventilation should be provided at the terminal support. For this purpose, a
distance of 500 mm was secured. This space will also be utilized for inspections of bearings. Schematic
illustration is shown below.

N
Reviln

Source: JICA Study Team (based on “Manual for Design and Construction — Bridges” by Tohoku Regional Bureau,
MLIT, Japan)

Figure 4.5.14 Space for Maintenance
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4.5.3.4 Dimensions of Pier
(1) Bridge Seat

The bridge seat shall have sufficient space for arrangement of bridge bearings that support the
superstructures. The bridge shall also have a space that works to prevent the unseating of the bridge in
case of the occurrence of unexpected seismic force, displacement or deformation occurring in a bridge
caused by unpredicted earthquake ground motion, destruction of the surrounding ground, or
unexpectedly complicated vibration in the structural members.

As for the unseating prevention in the bridge axis, the seating length is to be provided at the terminal
supports and the halving joints. As for the unseating prevention in the transverse direction to the bridge
axis, anchor bars are installed as displacement constraint structures.

The examination of the seating length for P5 pier, which is the other side of the terminal support,
should be referred to the relevant section of PC concrete bridge. For other intermediate piers, such
seating length is unnecessary because the on-ramp bridge is a continuous bridge and there is no
possibility of unseating in the bridge axis.

- Determination of Seating Length (Sgm)
Not required.

- Determination of Bearing Edge Distance (S)

The bearing edge distance, which is defined as the distance between the
edge of the bearing and the edge of the top of the substructure (or bearing
support edge distance) shall be equal to or larger than the following value:

Source:
S > 0.2 +0.005¢ JICA Study Team
_ Figure 4.5.15
0.344 (m) Bearing Edge
Where, Distance

£: Length of the effective span (m). When two superstructures with
different span lengths are supported on one bridge pier, the longer of the two shall be used. The £
for PO1 through PO3 is 28.8 m.

The bridge seat dimensions, considering the above, are summarized in Table 4.5.7.

The layout of the bridge seat of Piers PO1 through PO3 is shown in Figure 4.5.16.
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Source: JICA Study Team
Figure 4.5.16 Layout of Bridge Seat for Piers P01 through P03

(2) Dimensions of Pier Column

The exterior view of the on-ramp substructures was based on the concept of the main bridge
substructures. However, the exterior view of the main bridge substructures was revised after the review
of the D/D due to the shorter height of the substructures. Consequently, the exterior view of the on-
ramp substructures was demanded to be revised from an overhang beam type to a wall type referring
to adjacent on-land piers.

These changes resulted in a slight increment of pier column concrete volume, whereas, quantities of
reinforcement bar and timber support for the overhang beam became unnecessary. The comparison of
the abovementioned general shapes of piers is summarized in Table 4.5.8.
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Table 4.5.8 General Shapes of Piers in D/D
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Source: JICA Study Team

The cross section of the column was determined based on the stress status of column under various
load conditions or minimum dimensions of bridge seat, as summarized in Table 4.5.9.

Table 4.5.9 Summary of Basis of Determination of Cross Sectional Dimensions

Pier Number Bridge Axis Width Transverse Direction Width Overhang Length
PO1 1.5m 5.5m None
g § PO2 Required width for | Required width for bridge seat | (no overhang beam)
6 = PO3 bridge seat arrangement | arrangement (5.50 m)

Source: JICA Study Team

4.5.4 Foundation of On-ramp Bridge
4.5.4.1 Design Principle

The review of the appropriateness of the design outputs in the F/S was performed in the B/D stage for
optimization of contents of facilities in relation to the bridge foundation with respect to the structural
types, dimensions, and number. Such optimizations were carried out with sufficient structural
calculations and comparative studies in terms of economy, workability, constructability, and
construction period.

Detailed structural analysis was performed in the D/D stage for updating the design conditions and
upgrading analytical accuracy based on the B/D results. Major updates in the D/D include natural
conditions obtained from the geographic survey and topographic survey, and the proposed future
ground elevation. Reaction forces of superstructure for design of substructure were also updated.
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4.5.4.2 Selection of Bearing Stratum and Embedment Length of Foundation
(1) Selection of Bearing Stratum

The basement layer in the bridge design for this bridge site is Clayey Sand-II, which is distributed
uniformly at the top surface elevation of around MSL-40.0 ~ -60.0 m. Its firmness is represented by
an N-value of 50, which was examined by SPT. There are no appropriate soil layers other than the
basement layer with sufficient firmness and thickness to support bridge reactions.

On-ramp Bridge: Clayey Sand-II layer, MSL-50.0~-55.0 m
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Source: JICA Study Team
Figure 4.5.17 Prospected Soil Profile and Bearing Stratum

(2) Embedment Length of Foundation

Embedment length of foundation is based on the value recommended in the Specifications for
Highway Bridges (Japan Road Associations) as follows:

Cast-In-Situ Pile Foundation: ~ Around 1D or more considering unevenness of bearing stratum

Note: The “D” represent pile diameter.
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Table 4.5.10 Summary of Foundation Length (On-ramp)

Item Mark| Unit| AO1 PO1 PO2 PO3
Station Number STA| m | 0+411.009| 0+439.809| 0+468.609| 0+497.409
EL of Pile cap bottom FL m 1.852 1.832 1.791 1.811
EL of Bearing layer S m =52.770| -52.770| -53.590| -53.590
Pile diameter D m 1.500 2.000 2.000 2.000
Minimum socket length 1.0D 1.0D 1.0D 1.0D
Foundation Type - - |CIP Pile| CIP Pile | CIP Pile | CIP Pile
Pile Length L m 56.500| 57.000| 57.500 58.000
Reference Boring No. - - BH-01 | BH-01 BD20 BD20
Bearing Stratum - - [ /4 CS-11 CS-11 CS-11

Source: JICA Study Team

4.5.4.3 Evaluation of Geotechnical Parameters for Design

Evaluation of geotechnical investigation results was performed by the geological specialists of the Project
with unified viewpoint and was described in detail at the relevant section of this report. With regard to the
evaluation of the geotechnical parameters for bridge design, bridge designers should take into account the
specific features of each bridge location in deference to outputs of the geological specialists. In this sub-
section, the modulus of deformation of soils and reduction factor (Dg) for geotechnical parameters due to
liquefaction, that have a profound effect on the design of bridge foundation, are reported.

Generally, the displacement of foundations largely depends on the behavior of the weak sections of the
bearing ground. In addition, the horizontal displacement of foundations with respect to the loads acting on
the top of the foundations vary with the properties of the surface layers. According to the geotechnical
investigation results that had been conducted during the B/D, the modulus of deformation of soils shall be
reduced generally compared with the ones obtained in the F/S and used in the B/D. It is remarked that the
modulus of surface layers should be decreased approximately by 50% based on the results. Additionally, it
was discovered that the effects of liquefaction should be considered more seriously in the D/D than in the
F/S and the B/D. Since a single soil layer at A2 (Yangon) side was considered as a liquefaction layer in the
F/S-B/D, the number of soil layers and scale of reduction for geotechnical parameters due to liquefaction
should be increased in the D/D. The summary of the modulus of deformation of soils and reduction factor
(Dg) is displayed in Table 4.5.11.

Overall, it was confirmed that the properties of the surface layers against deformation were weaker than
those in the F/S-B/D, and the fact brought increments of pile number and/or pile diameters for assurance of
structural stability.
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Table 4.5.11 Comparison of Modulus of Deformation of Soil for On-ramp Bridge (B/D vs D/D)

Str. No. AO1 PO1 PO2 PO3
Br No. Nol3BH-01 Nol3BH-01 BD-20 BD-20
Depth [Seiltype]  BD DD [siltyee|  BD DD |[iltype|  BD DD |siltype]  BD DD
Ll =] ™= N=1 [ | N2 Nl s | N2 Nl s | N2 N=1
= 3| Euo0 | =700 = 2| Bl | 700 = 2| B0 | 700 = 3| B0 =700
2 = De=N/A | De=N/A | E De=N/A | De=N/A [[E De=N/A | De=N/A |E De=N/A | De=N/A
3
4 il N=1 N=1 g N=1 N=1
5 5 E=1800 E=900 ﬁ E=1800 E=900
o N=1 N-1 o N=1 N=l | O |De=NA |De=NA| O | De=NA | De=N/A
6 ﬁ E=1800 E=900 E E=1800 E=900
7 Q De=N/A | De=N/A | ©O De=N/A | De=N/A
3 N=3 N=3
E=2000 E=2000
9 - _ De=1/3 ol . De=1/3
g| N T | N
10 S <| E=2500 | De=2/3 | § <[ E=2500 | Dg=2/3
@A @ =
| O | DE=N/A O | DE=N/A
1 _ _ Di=1 D=1
i g :
13 5 N=5 N=3 5 N=5 N=3
Q| E=2500 | E=2000 | Q| E=2500 | E=2000
14 | © | DeNA | DeNA| T | De=NA | DeNA | _
3 & a a
15 Z N=14 N=15 Z N=14 N=15
16 S | E=9s00 | E=6000 | & | E=9s00 | E=6000
2 De=1 De=1 2 D=1 De=1
17 sA| N4 N=Is o S| N=l4 N=15 | & 7
18 |2 Z| B9800 | E=6000 |='Z | E-9800 | E=6000
0 S| b=t | Demt S| pet | Demt
20 [SacLuf De=N/A | De=N/A |sacLii| De=N/A | De=N/A [cL-Al| De=N/A | De=N/A [ CL-AII| D=N/A | D=N/A

Source: JICA Study Team

4.5.4.4 Estimation of Down Drag Zone

Occurrence of down drag due to reclamation for preparation of construction yard whose finished elevation
is MSL+4.300 m was anticipated. Accordingly, the depth of the down drag zone was analyzed using
laboratory test results of soil samples obtained in the D/D. Analysis results shown in Table 4.5.12 were
utilized for the design of the foundation.

Table 4.5.12 Assessment Result of Down Drag

Source: JICA Study Team

4.5.4.5 Selection of Foundation Type
(1) Design Policy

Bridge foundation type of the on-ramp bridge should be selected through a comprehensive
comparative study, in which economy, workability, constructability, and construction period are
examined.
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As a result of the comparative study in the B/D, cast-in-place (CIP) pile foundation (pile diameter =
1.500 m) was recommended as the foundation type of the on-ramp bridge.

Updating of design conditions and upgrading of analytical accuracy were made to the above B/D
results. Then, when necessary, reconsideration of pile arrangement including the selection of pile
diameter was performed in the D/D for optimization.

(2) Design Conditions
Design conditions applied for B/D are summarized as follows:
- Bearing stratum is Clayey Sand-II at around MSL-50.0 m

- Design reaction from superstructure is moderate due to superstructure type (concrete I girder) and
span length (30.0 m)

- Groundwater level is high (close to ground surface)
- Representative substructure height of pier employed for this study is 8 m for on-land pier
- Representative substructure height of abutment employed for this study is 9 m

- Unit costs of bridgework employed for this study are reconfigured based on the ones used in the
F/S.

(3) Selection of Foundation Type at B/D
On-land foundations are constructed after ground preparation that includes reclamation.

Prefabricated concrete pipe pile types, such as PHC (Pretensioned Spun High Strength Concrete) pile,
with diameter of 600 mm or smaller are procurable in Myanmar. However, these diameters are too
small against bridge scale and seismic force. Moreover, only the percussion method is procurable in
Myanmar, whereas, inner excavation method is necessary in terms of the required driving depth and
penetration against a relatively firm intermediate sandy soil layer. In order to overcome these situations,
offshore procurement of large-diameter PHC piles with inner excavation drilling machines is one of
the options, but less economical than adoption of CIP pile that is locally procurable. As mentioned
above, prefabricated concrete pipe pile types were excluded from this comparative study of foundation

type.

Regarding steel pipe pile foundation, piles with a diameter of 600 mm or smaller are procurable in
Myanmar. However, these diameters are also too small against bridge scale and seismic force.
Moreover, only the percussion method is procurable in Myanmar, whereas, inner excavation method
is necessary in terms of the required driving depth and penetration against a relatively firm intermediate
sandy soil layer. In order to overcome these situations, the offshore procurement of large-diameter
steel piles with inner excavation drilling machines is one of the options similar to the PHC pile case,
but less economical than the adoption of the CIP pile that is locally procurable. As mentioned above,
steel pipe pile foundation was excluded from this comparative study of foundation type in the B/D.

About the CIP pile foundation, reverse circulation drilling method is suitable for the required borehole
depth. Based on the bridge scale and seismic force, pile diameters for comparative study were 1.2 m,
1.5 m, and 2.0 m. Procurement and construction plan should be referred to the relevant chapters of this
report. It was confirmed as a result of the study that “CIP pile foundation (reverse circulation drilling
method) D = 1.5 m” was the most advantageous foundation type among the alternatives in terms of
economy, workability, and construction period. This foundation type was adopted for abutments and
piers (on-land). The summary of these comparative studies is shown in Table 4.5.14 and Table 4.5.15.

(4) Review Policy of Foundation Type in D/D

Updating of design conditions and upgrading of analytical accuracy were conducted as mentioned in
the design principle. Additionally, the overlap of pile cap and embankment section of the on-ramp road
in the plan (see Figure 4.5.18) should be confirmed.
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Soil parameter To apply updated soil parameters that were obtained after the B/D. It is revealed
that deformation coefficients of soils were smaller than the ones used in the B/D.
Additionally, the scale of liquefaction effect for foundation design is larger than
that expected in the B/D.

Ground elevation | Amount of the overburden depth is 0.5 m in the D/D, whereas it was 1.0 m in the
and structural height | B/D. The foundation level of on-land substructures was determined while taking
into account the ground level for construction (MSL+4.300 m). Due to these
changes, structural heights were shortened by 1.5~2.0 m

Analytical accuracy | Implementation of global analysis under the updated conditions and improvement
of analytical accuracy adequately as D/D.

Overlap in plan | For securing the flatness of road surface of embankment section of on-ramp road
position and flexibility in the construction schedule, the pile cap of PO2 pier should not
overlap with the embankment road.

(5) Review Results

It was confirmed that the “CIP pile foundation (reverse circulation drilling method) D = 2.0 m” was
the most economical foundation type for on-land piers. For abutment foundation type, it was confirmed
that the “CIP pile foundation (reverse circulation drilling method) D = 1.5 m” was the most preferable
foundation type as it was selected in the B/D. It should be remarked that the comparison was made
taking into account the available sizes of pile cap as summarized in Table 4.5.13. Result of this review
is shown in Table 4.5.16 and Table 4.5.17.

Piers: CIP pile foundation (reverse circulation drilling method) D =2.0 m

Abutments: CIP pile foundation (reverse circulation drilling method) D =1.5 m
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Source: JICA Study Team
Figure 4.5.18 Crossing Point of Embankment Road of On-ramp and PO2 Pier
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Table 4.5.13 Available Pile Cap Size and Costs of On-ramp Pier

Pile Pile Cap Size
Diameter Pile spanning 2.5D Pile spanning 2.0D

¢l.0 95mx7.0m 80mx7.0m
(overlap) (lack of stability)

¢l.2 8.4mx84m 72mx72m

(1.264) (lack of stability)

0l.5 105mx 7.0 m 9.0mx 7.0 m
(overlap) (lack of stability)

¢2.0 9.0mx9.0m 8.0 m x 8.0 m
(overlap) (1.000)

Top Row: Size of pile cap
Source: JICA Study Team

Bottom Row: Cost Ratio
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Table 4.5.14 Comparison of Foundation Type for On-ramp Bridge Abutment

Source: JICA Study Team
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Table 4.5.15 Comparison of Foundation Type for On-ramp Bridge Piers

Source: JICA Study Team
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Table 4.5.16 Review of Foundation Type for On-ramp Piers in the D/D

Source: JICA Study Team
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Table 4.5.17 Review of Foundation Type for On-ramp Abutment in the D/D

Source: JICA Study Team
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4.5.5 Summary of Detailed Design Results for Substructure and Foundations
4.5.5.1 Load Combinations

Load combinations for design of substructures and foundations are displayed in Table 4.5.18 which
shall comply with the specifications in the JSHB. It is remarked that load situation relating to “extreme
wind situation” was not applied to the PC box girder bridge because the amount of wind load on the
concrete structures was quite small in comparison with the seismic inertia force.

Table 4.5.18 Load Combinations for Design of On-ramp Bridge

1. Principal loads (P) + particular loads corresponding to principal loads (PP) O|O0l0|0|0|0]|0]|0]0 1.00
O|0]0|0|0O|0|0O|0O|0O 1.00

O|0]O0|0|O0|0]|O0|0O|0O 1.00

Ordinary [O | OO |O|O]O|O|0O| 0O 1.00

2. Principal loads (P) + particular loads corresponding to principal loads (PP) + condition [ O | O[O |O]O|0O]O|O|O O 1.15
effects of temperature change (T) OlOolOlOolOlOlOlO|l0O O 1.15
O|0]O0|0|O|0|O0|0O|0O O 1.15

O|0]0|0]O0|0|O0|0|0O O 1.15

3. Principal loads (P) + particular loads corresponding to principal loads (PP) + wind O]0l0|0]|0|0]|O0]|0]O]|0O 1.25
loads (W) Extreme |O | O] O] O|O]O[O]O|O|0O 1.25
4. Principal loads (P) + particular loads corresponding to principal loads (PP) + Wind |O|O|O|O|O|O]O0O|O|O|0O|0O 1.35
effects of temperature change (T) +wind loads (W) oOlolololololololololoO 1.35
5. Principal loads (P) + particular loads corresponding to principal loads (PP) + Vessel [O|O]O]O]O|OJO]O]|0O O] 150
vessel collision loads (CO) Collision [O [ O|OlO[O|OlO10O|0O O 150
6. Principal loads except live loads and impacts + seismic effects (EQ) Earth- | O O|0C]O0|0|0O]|0O @) 1.50
quake | O O|0|0]0]0O]O @) 1.50

Source: JICA Study Team
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4.5.5.2 Reaction Forces of Superstructure for Design of Substructures

The values of reaction force transmitted from the superstructure to the substructure are summarized in
Table 4.5.19.

Table 4.5.19 Reaction Forces of Superstructures (On-ramp Bridge)

Package-1 : On-Ramp
Descriptions AO1 PO1 PO2 PO3 PO4

(M: Movabll:,ea;:n;gb(cezjld}g:“;nlistic support) M F F ¥ M
Working Height For Bridge Axis direction m 0.000 0.000 0.000 0.000 0.000
Above Bridge Seat For Transverse Direction m [ 1.900 1.900 [ 1.900 | 1.900 | 2.500
Dead Loads @ kN 2000 4000 4200 4200 2000
\% Max @ 600 1200 1100 1200 600

Live Loads kN

Min ® -100 -100 -200 -100 -100
Influence of dry shrinkage of concrete @ kN 110 480 -100 -390 -110
Influence of creep of concrete ® kN 50 190 -40 -150 -50
Effect of temperature change (+) ® kN -100 -440 90 350 100
H Effect of temperature change (-) ® kN 100 440 -90 -350 -100
Seismic effects Longitudinal @ kN 300 2650 1250 900 300
Transversal kN 550 1300 1300 950 750
Eccentric moment | Longitudinal ©)] kN.m 0 0 0 0 0
M due to Dead Load Transversal kN.m 0 0 0 0 0

Source: JICA Study Team

4.5.5.3 Computation of Columns of T-shaped Piers

The columns of T-shaped piers can be designed as cantilevers with fixed ends at the section connected
to the footings. In the design process, the most adverse combination of axial forces and bending
moments shall be applied.

The overhang beams of T-shaped piers can be designed as follows:
- The overhang beams are designed as cantilevers.

- The overhang length of the cantilever is defined as the length from the vertical section at the front
surface of the column to the beam in case of rectangular column, and from the position one tenth
of the column diameter inward from the front of the column to the beam end in case of an oval
section column.

The calculation results for columns of T-shaped piers are shown in Table 4.5.20.

4.5.5.4 Computation of Reverse T-shaped Abutment

The wall of reverse T-shaped abutment can be designed as cantilever with fixed ends at the section
connected to the footings.

The parapet shall be designed to carry earth pressure as well as vehicle load (T-loads) and the loads
from the approach slab.

The wing wall shall be designed as slabs to receive superimposed loads due to live loads and earth
pressure. The slab in this case shall be cantilever fixed on two sides to a wall and footing.

The calculation results for the wall of the reverse T-shaped abutment are shown in  Table 4.5.20.
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Table 4.5.20 Calculation Results for Wall and Columns (AO1, PO1~PO3)

Source: JICA Study Team

4-692



Detailed Design Study on The Bago River Bridge Construction Project Final Report

4.5.5.5 Design of Bridge Seats

Bridge seats shall be designed with sufficient strength to
withstand the vertical and horizontal forces from
bearings. Bridge seats should be designed so that
corrosion of bearing and girders can be minimized.

Horizontal forces transmitted from bearings are carried
by concrete and reinforcement. The resisting area of Sactons win Lines: Resktig Fanes of Concrole
concrete is the summation of the three planes in the e s A s
sideward and downward directions with edge angles of \

45 degrees as shown in Figure 4.5.19. The calculation

results of the required reinforcement bar are shown in Source: JICA Study Team

Table 4.4.39. Figure 4.5.19 Calculation of Bridge
Seat

4.5.5.6 Computation of Footings

Footing shall be designed in consideration of the most adverse load combination of self-weight,
overburden load such as soils, presence of buoyancy, subgrade reaction, and reaction from foundations.
Footings may be designed as beam members and as cantilevers.

The footings shall retain a thickness necessary to serve as structural members. Also, the footings shall
have sufficient thickness to be regarded as rigid bodies, when they are assumed as rigid bodies in the
stability analysis of the foundation.

The calculation results for the footing of piers are shown in Table 4.5.21.
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Table 4.5.21 Calculation Results for Footing of Piers(PO1~PO3)

Source: JICA Study Team
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4.5.5.7 Design of Foundation

The pile foundation and the SPSP foundation shall conform to the following requirements under
ordinary, earthquake, and vessel collision conditions.

The axial reaction at each pile head shall not exceed the allowable pile bearing capacity. The axial
allowable bearing capacity can be estimated by dividing the ultimate bearing capacity of the pile,
determined from related factors such as ground conditions and construction methods, by the factor
of safety.

The displacements at each pile head shall not exceed the allowable displacements in order not to
leave a large residual displacement and to keep within the limit of possibility of evaluation of
elastic behavior. The allowable horizontal displacement is principally determined to be 1% based
on the results of many loading tests.

For a large elastic foundation with a width of 5 m or more such as SPSP foundation, the allowable
displacement is determined to be 50 mm because few loading tests data are available.

For a pile foundation with a pile diameter of 1.5 m or less, the allowable displacement is 15 mm.
For a pile foundation with a pile diameter of 2.0 m, the allowable displacement is 20 mm.

The allowable displacement of abutment foundation is 15 mm regardless of the foundation width
because the displacement may increase with time due to the effects of creep and backfill
settlement.

The axial reaction at each pile head shall not exceed the allowable pile bearing capacity.

The stresses generated in the members of pile foundations shall not exceed the allowable stresses
specified in the relevant section of this report.

The calculation results of the CIP pile foundation stability and cross sectional stress are shown in Table
4.5.22 and Table 4.5.23, respectively.
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Table 4.5.22 Calculation Results of CIP Pile Foundation Stability(AO1~PQO3)

LAAINELET UL Pl (I ) 1,00y PR Zuuu PV
Number of Piles (Nos.) 9 5 4 4
Pile Length (m) 56.4 57.0 57.5 58.0

Bearing Resistance of Ordinary
Pile Head R eaction (kIN) 1.546 3,220 2,805 3.864
Bearing Capacity (kN) 4476 6,361 6,385 6,550
R-Ratio 0.345 0.506 0.439 0.590
Horizontal Movement of Ordinary
Horizontal Movement (mm) 6.4 69 2.1 8.6
Capacity (mm} 15.0 20.0 200 200
R-Ratio 0427 0.347 0.107 0432
Bearing Resistance of Seismic
Pile Head Reaction (kIN) 2512 5330 4,733 5,088
Bearing Capacity (kN) 7.054 10,149 10,193 10,445
R-Ratio 0.356 0.525 0.464 0.487
Horizontal Movement of Seismic
Horizontal Movement (mm) 14.2 19.8 164 17.7
Capacity (mm) 15.0 20.0 200 200
R-Ratio 0.949 0.992 0.818 0.887
Bearing Capacity of Group Piles of Ordinary
Axial Compression Fardes (kIN) 12,144 11,248 9,993 10,322
Bearing Capacity (kN) 310.198 330.692 205,404 207,765
R-Ratio 0.039 0.034 0.049 0.050
Judgement of Lateral Movement
Identifying Index 3.569 [ — [ — [ —
| Capacity 1200 | — | — | —

* We also conducted a study on the negative skin friction force, but another case became severe m all foundations, so the value of
bearing resistance is ordinary case.

Source: JICA Study Team
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Table 4.5.23 Calculation Results of Cross Section of CIP Pile Foundation(AO1~PQ3)

Check for Bending Stress
Ordinary
os (N/mm2) 57.60 39.39 — 50.64
osa (N/mm2) 184.00 184.00 — 184.00
R-ratio 031 0.21 — 0.28
Seismic
o5 (N/mm2) 251.96 268.69 203.16 227.68
osa (N/mm2) 300.00 300.00 300.00 300.00
R-ratio 0.84 0.90 0.68 0.76
Check for Shear Stress
Ordinary
™m (N/mm?2) 0.105 0.076 0.020 0.076
Ta (N/mm2) 0.412 0.349 0.566 0.379
R-ratio 025 0.22 0.04 0.20
Seismic
m(N/mm2) 0.332 0.336 0.227 0.238
Ta (N/mm32) 0.438 0.399 0.375 0.375
R-ratio 0.76 0.84 061 0.63

os ; Bending Unit Stress
gsa; Allowable Unit Stress
m ; Unit Share Force

1a ; Allowable Unit Share Force

Source: JICA Study Team
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4.5.6 Bridge Accessories
4.5.6.1 Bearings

In the on-ramp bridge, the superstructure is planned to be longitudinally fixed at intermediate supports,
and movable at the end supports. The superstructure is transversally fixed, considering the connection
with the approach bridge. Rubber pads are adopted for bridge bearings, and anchor bars are planned

to be installed on top of the substructures for fixing.

Source: JICA Study Team

Figure 4.5.20 Arrangement of Bearings and Anchor Bars of On-ramp Bridge

4.5.6.2 Expansion Joints

Steel joint has been selected as the type of expansion joint for the on-ramp bridge, considering better

durability and maintenance.

Table 4.5.24 Comparison of Expansion Joint Type for On-ramp Bridge

Steel Joint

Rubber Joint

Schematic View

High stiffness of steel component
High durability of steel components.

Larger deflection due to rubber
components

plgllfrz) Crig);ile Moderate driving comfort Deterioration by UV rays.
Better driving comfort due to rubber
surface
. Easy installation Easy installation
Construction Ligl)llt weight Liglilt weight
The components can be partially Relatively difficult to replace the
Maintenance replaced components.
Long service life Slightly shorter service life
Evaluation RECOMMENDED

Source: JICA Study Team
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Source: JICA Study Team
Figure 4.5.21 Expansion Joint of On-ramp Bridge (at AO1)

4.5.6.3 Bridge Railing

Steel railings have been adopted as the bridge railings, uniformly with the main bridge. Class of railing
is Class A in “Specifications for Highway Railings” by Japan Road Association. The height of railing
is 1.1 m, considering the conformity with the main bridge.

4.5.6.4 Drainage System

Rainwater on the bridge surface is drained by catch pits installed at the shoulder of the bridge deck.
As the on-ramp bridge is located on land, the rainwater from the catch pits is horizontally led to the

substructures, and then vertically drained to the catch basin on the ground, which is connected to the
side ditch.
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Source: JICA Study Team
Figure 4.5.22 Catch Pits Arrangement and Detail (On-ramp Bridge)
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4.6 STUDY ON FLYOVER BRIDGE
4.6.1 Study on Flyover Bridge
4.6.1.1 Decision of Length of North Approach Road and Flyover Bridge

The original bridge plan in the Supplemental F/S had been reviewed prior to the commencement of the B/D,
based on the updated design condition and soil investigation survey.

The summary of the review results is given in Table 4.6.1 and each review result is explained in the
following sections.

Table 4.6.1 Summary of Review Result

Review Item Original Plan in Supplemental F/S Revised Plan in D/D Reference
Flyover Length L=547m L=602 m 4.6.1.1
34+ (40 + 60 +33) + (7T@30 m) + (33 +| 2@30 m + (55 + 70 + 55) + 6@30 m+
Span Arrangement 64 + 40) + 33 35+ 52 + 35 12@30 4612

1) Standard Section

1) Standard Section PC-I Girder (Max. span length = 30

PC-I Girder (Max. span length = 34

m)
m) . .
Superstructure 2) Special Sec. at Shukinthar Myopat I/S %/)SSpemal Scc. at Shukinthar Myopat
uperstructu Steel-I Girder (Max. span length = 60 . 4.6.1.3
Type m) Steel Box Girder (Max. span length
. =70 m)
3) g?::ll_?l g;‘ge?t(ﬁs;n:ralr/lslen th = 64 3) Special Sec. at Yadanar I/S
-SP £ Steel-I Girder (Max. span length =
m)
52 m)
Foundation Type Cast-in-place RC Pile (D = 1200) Cast-in-place RC Pile (D = 1500) 4.6.1.4

Source: JICA Study Team

4.6.1.2 Flyover Length
(1) Introduction

In the Supplemental F/S, the flyover length was determined by the generally applicable abutment
height on soft soil ground without the technical comparative study since the available existing
information was limited. Therefore, in this study, the optimum flyover length was
reviewed/re-examined in terms of economical aspect through the following comparative study, taking
into account the additional soil investigation and the updated design condition. The alternatives are
given below.

- Alternative-1 : Shortest Flyover Length / L = 542 m (Nearly the original flyover length of 542 m
in the F/S)

- Alternative-2 : Shortest Flyover Length + 30 m
- Alternative-3 : Shortest Flyover Length + 60 m
- Alternative-4 : Shortest Flyover Length + 90 m

(2) Review Result

As a result of the comparative study given in Table 4.6.2, “Alternative-3: Shortest Flyover Length +
60 m” was revealed to be the most economical option. The flyover length is 602 m.
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Table 4.6.2 Comparative Study on Location of Abutment 1 and Abutment 2
Abutment 1

Abutment 2

Source: JICA Study Team
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4.6.1.3 Span Arrangement for Flyover
(1) Introduction

A flyover can be divided into two sections; one is the special section at intersections and the other is
the standard section between/outside of the intersections as shown in Figure 4.6.1. In accordance
with the revised flyover length, span arrangement was re-examined in consideration of the following
points:

a) Required Minimum Span Length for Special Section at the Intersections

Construction gauge (5.0 m) should be secured under the flyover, and the pier should be located outside
of the intersection (crosswalk) for road safety in order that pedestrians can be recognized by drivers in
the intersection. Accordingly, pier location/minimum span length is controlled by the construction
gauge (5.0 m) and/or location of the crosswalk. The required minimum span length for each
intersection is shown in Table 4.6.3.

Table 4.6.3 Required Minimum Span Length at Intersection

Location Required Min. Span Remark
Length
Shukinthar I/S 70 m Pier location is controlled by crosswalk as shown in Figure 4.6.1
Yadanar I/S 52m Pier location is controlled by construction gauge as shown in
Figure 4.6.1
Source: JICA Study Team
Shukinthar Myopat I/S Yadanar I/S

= = = Outer line of pier head Inner shoulder line Construction gauge

Source: JICA Study Team
Figure 4.6.1 Required Minimum Span Length at Shukinthar Myopat I/S and Yadanar I/S
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b) Economical Span Arrangement

For the special section at both intersections, the side span length can be determined by the
economical span ratio between the side span length and the center span length (0.7 to 0.8:1.0). The
standard section is basically divided into a 30 m span.

(2) Span Arrangement of Flyover

As a result of the review, the below span arrangement is applied to the flyover.

Source: JICA Study Team

Figure 4.6.2 Span Arrangement of Flyover
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4.6.1.4 Superstructure Type for Flyover
(1) Introduction

In accordance with the revised span arrangement in the previous section, the original superstructure
type was reviewed through a comparative study. The comparative study was conducted for 1)
Standard section, 2) Special section at Shukinthar Myopat I/S, and 3) Special section at Yadanar I/S.
The items below are taken into account for the evaluation.

- Workability and Quality Control at the Site
- Structural Aspect

- Construction Cost

- Construction Period

- Maintenance Aspect

Source: JICA Study Team
Figure 4.6.3 Location of Shukinthar Myopat I/S, Yadanar I/S and Standard Section in Flyover
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(2) Superstructure Type for Standard Section

In consideration of the applied maximum span length (30 m) in this section, the alternatives below
are extracted for the comparison.

- Alternative-1 Steel-I Girder

- Alternative-2 PC-I Girder (Original plan in the Supplemental F/S)
- Alternative-3 PC Hollow Slab

As a result of the comparative study, in terms of the economical aspect, “Alternative-2 PC-I Girder’

B

is the optimal superstructure type in the standard section as shown in Table 4.6.4.

Table 4.6.4 Comparative Study of Superstructure Type for Standard Section

Evi‘éilon Alt-1 Steel-I Girder Alt-2 PC-I Girder (Plan at F/S) Alt-3 PC Hollow Slab
12.75 12.75
CJ‘.SO 550 0.75 5.50 0_5% (J‘.SO 5.50 0.75 5.50 O.S‘L) 4.50 - 1027755 - Ovsb
Schematic (L‘ JLJHL&» ‘ﬂ (L‘ 2.0 JHL 2.0% ‘ﬂ H 2o 15 2o H
View A T T 1T §£ ‘ g 0000000~
[ — D | | p | e
i;:ﬁgg Crane Erection Method Crane Erection Method All Staging Method
- Girder blocks are - Girders are pre-casted at - Cast-in-situ method is
Workability & prefabricated in factory so the construction yard so inferior in quality control
Qualit Y that quality control can be ©) that quality control can ©) of girders. A
Con tro}i easier. be easier. - Field work is not simple.
- Field work can be - Field work can be
simplified. simplified
Structural |- Applicable span length : - Applicable span length : - Applicable span length :
Aspect 30-60 m © |20-40 m 0 [20-30 m A
P - Light weight - Moderate weight - Heavy weight
Consctg‘;f“"n Ratio = 1.18 A Ratio = 1.00 © Ratio = 1.05 o
Corfl)s;gi)c(;lon 5 months © 7 months o 11 months A
- Re-painting is necessary - Replacement of bearings - Replacement of bearings
Maintenance in addition to A and expansion joints is ©) and expansion joints is o
Aspect replacement of bearing necessary. necessary.
and expansion joints.
Evaluation Less Recommended Most Recommended Less Recommended

Legend : © Very Good, o Good, A Moderate x Not Good
Source: JICA Study Team
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(3) Superstructure Type for Special Section at Shukinthar Myopat 1I/S

In consideration of the applied maximum span length (70 m) in this section, the alternatives below are
extracted for comparison'.

- Alternative-1 Steel-I Girder (Original plan in the Supplemental F/S)
- Alternative-2 Steel Box Girder

As a result of the comparative study, in terms of the economical aspect, construction schedule and
structural aspect, “Alternative-2 Steel Box Girder” is the optimal superstructure type in the special
section at Shukinthar MyoPat Intersection as shown in Table 4.6.5.

Table 4.6.5 Comparative Study of Superstructure Type for Special Section at Shukinthar Myopat

I/S
EVE;?;?OH Alt-1 Steel-I Girder (Plan at F/S) Alt-2 Steel Box Girder
Schematic
View
Erection Crane Erection Method Crane Erection Method
Method
- - Girder blocks are fabricated in a - Girder blocks are fabricated in a
Workability & . .
. factory so that quality control can be factory so that quality control can be
Quality . .
Control easier. easier.
- Field work can be simplified. - Field work can be simplified.
- Applicable span length : 30-60 m - Applicable span length : 40-80 m
- Torsional stiffness is secured by - Appropriate bridge type for the
Structural . . . .
additional lateral bracing for small section where small curve radius is
Aspect . . .
radius curve section applied
- Heavy weight (956 t) - Light weight (707 t)
Construction Ratio = 1.16 Ratio = 1.00
Cost
Constrpctlon 17 months 15 months
Period
Maintenance |~ Re-painting is necessary in gddltlon to - Re-painting is necessary 1n.add1t10n
Aspect replacement of  bearing and to replacement of bearing and
expansion joints. expansion joints.
Evaluation Less Recommended Most Recommended

Legend : © Very Good, o Good, A Moderate x Not Good
Source: JICA Study Team

' PC (box) girder is excluded from the above alternatives since its heavy weight is a disadvantage in the
erection at the intersection and economical aspect (pile numbers will be increased due to heavy weight).
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(4) Superstructure Type for Special Section at Yadanar I/S

In consideration of the applied maximum span length (52 m) in this section, the alternatives below are
extracted for comparison®.

- Alternative-1 Steel-I Girder (Original plan at Supplemental F/S)
- Alternative-2 Steel Box Girder

As a result of the comparative study, in terms of economical aspect, construction schedule, and
structural aspect, “Alternative-1 Steel-I Girder” is the optimal superstructure type in the special
section at Yadanar Intersection as shown in Table 4.6.6.

Table 4.6.6 Comparative Study of Superstructure Type for Special Section at Yadanar I/S

Evaﬂzfglon Alt-1 Steel-I Girder (Plan at F/S) Alt-2 Steel Box Girder
Schematic
View
Erection Crane Erection Method Crane Erection Method
Method
.- - Girder blocks are fabricated in a - Girder blocks are fabricated in a
Workability & . .

. factory so that quality control can be factory so that quality control can be
Quality . © ; ©
Control easier. easier.

- Field work can be simplified. - Field work can be simplified.
Structural |- Applicable span length : 30-60 m o | Applicable span length : 40-80 m o
Aspect - Light weight (339 t) - Heavy weight (364 t)
Construction Ratio = 1.00 © Ratio = 1.19 A
Cost
Construction 9 months © 9 months ©
Period
Maintenance |- Re-painting is necessary in gddltlon to - Re-painting is necessary 1n.add1t10n
Aspect replacement of bearing and| © to replacement of bearing and| o©
P expansion joints. expansion joints.
Evaluation Most Recommended Less Recommended

Legend : © Very Good, o Good, A Moderate x Not Good
Source: JICA Study Team

2 PC (box) girder is excluded from the above alternatives since its heavy weight is a disadvantage in the
erection at the intersection and economical aspect (pile numbers will be increased due to heavy weight).
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4.6.1.5 Foundation Type for Flyover
(1) Introduction
The following site conditions are taken into account for the extraction of alternatives:
- LoadinglLevel : Normal (PC-I Girder/Max. span 30 m)
Large (Steel-I Girder/Max. span 52 m, Steel Box Girder/Max. span 70 m)

- Construction Yard : Construction yard is limited/narrow in the residential area

- Vibration and Noise : Low possibility of vibration and noise is desirable for construction in the
residential area

- Harmful Gas : Low influence of harmful gas due to the construction is desirable for construction
in the residential area

- Soil Condition/Depth of Supporting Layer : G.L -40 m to 45 m
- Soil Condition/Soil Type of Supporting Layer :  Clay-1V (PF2 — PF8)
Clayey Sand I (AF1, PF1, PF9- AF2)

According to Table 4.6.7, Cast-in-place RC pile, PHC/SC Pile, Steel Pipe Pile, Diaphragm Wall
Foundation and Concrete Caisson can be applied as the foundation type of flyover. However,
Diaphragm Wall Foundation and Concrete Caisson are excluded from the alternatives since these
foundation types are not economical if the loading level is not so large.

Hence, the three alternatives below are nominated for the comparative study of foundation type. The
comparative study was conducted for 1) Standard section represented by “AF1” and”PF6”, and 2)
Special section represented by “PF3”.

- Alternative-1 Precast PC Pile
- Alternative-2 Cast-in-place RC Pile (Original plan in the Supplemental F/S)
- Alternative-3 Steel Pipe Pile
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Table 4.6.7 Possible Foundation Type for Flyover

= o
, . ol 2| 2| 5| & 8
Applicable Foundation Type &, ml & B o z
gl 2| & §| %] ¢
Sl 20 & ¢ g| @
=l o 3| £| &| &
Criteria gzl 2| & & 2
% ~| @a| A %tg S
O
Construction on Water Depth <5 m X A A X o A
c River/Sea Water Depth > 5 m X A A X A
-% Construction Yard Narrow/Limited A A A A A
= Vibration, Noise o A A o X o
§ Environment Impact on Adjacent Structure 0 A A 0O A A
8 Harmful Gas o o o o o o
g Small (Span <20 m) 0 0 o X X o
% Normal 20 m = Span<50m) | o o o o ) o
§ Loading Level Large (50 m < Span) o A o o o o
Vertical Load > Sway Load 0 0 0 A A A
Vertical Load < Sway Load 0 0 o o o o
<5m A X X X X x
5~15m 0 o o A A o
Depth olf Supporting 15-25m 5 5 5 5 5 S
ayer
8 from Gr01}1]nd Level 25 ~40m cl ol o1 o1 ©°160°
= 40 ~ 60 m o A o o o o
§ >60 m Al x| x| alala
= Water Level on Land W.L is nearly G.L A 0 0 A 0 o)
é Liquefaction o o o o o o
© Clay (20 <N) ol o | o] ol ofo
Soil Type of Sand/Gravel (30 < N) o o ) o o A
Supporting Layer Soft Rock/Hard soil ol ol ol o] o]l o
Hard Rock A X X A X X

Legend :0 Highly applicable [1 Applicable x Inapplicable
Source: Prepared by the JICA Study Team based on JSHB

Source: JICA Study Team
Figure 4.6.4 Representative Substructure for the Comparative Study of Foundation Type
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(2) Foundation Type for Flyover

As given in Table 4.6.8 to Table 4.6.10, in terms of economical aspect, “Alternative-2 Cast-in-place
RC Pile” is the optimal foundation type for the flyover section.

Table 4.6.8 Comparative Study of Foundation Type for Special Section (AF1)

Evaﬁ:z‘ilon Alt-1 Precast PC Pile A C?;;;:;ﬁlgig)RC G Alt-3 Steel Pipe Pile
Schematic
View
D =600 mm x 4; Nos (L=415 |5 _ 1500 mm x 8 Nos (L=41.5m) D = 1000 mm x 1)3 Nos (L=41.5
m m
- Inflexible to changes of - Flexible to changes of pile - Inflexible to changes of
Workabilit | pile length during length during construction pile length  during
y& construction o |- Careful quality control is o construction o
Quality |- Precast PC pile is superior necessary for cast-in-place - Pre-fabricated steel pile is
Control | in quality control pile superior  in  quality
control
- Bearing capacity/pile: - Bearing capacity/pile: High - Bearing capacity/pile:
Structural |Low Al Applicable length : 5 m— 60 ©) Medium 5
Aspect |- Applicable length : 5 m — m - Applicable length : 5 m —
40m 60 m
Constructio
n Ratio = 1.56 A Ratio =1.00 © Ratio =1.34 o
Cost
Constructio
n 32 days / Foundation A 23 days / Foundation o 14 days / Foundation ©
Period
Environme |- Larger noise and vibration - Low noise and vibration - Larger noise and vibration
ntal - Disposal of excavated soil| A |- Disposal of excavated soilis| o |- Disposal of excavated soil| ©
Aspect is necessary necessary is necessary
Evaluation Less Recommended Most Recommended Less Recommended

Legend : © Very Good, o Good, A Moderate x Not Good
Source: JICA Study Team
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Table 4.6.9 Comparative Study of Foundation Type for Special Section (PF6)

Evall?:l;lon Alt-1 Precast PC Pile AL C?;;;Egil;(;;)RC Ll Alt-3 Steel Pipe Pile
8700 10500 8000
800 Sx1500=7500 604 _[1500 2%3750=7500 15000 4000 4x1500=6000_1000
g é ®Do 000 g - ’—q § | |
] o o —1° @ o
Schematic §§ coeeeD A% i o ©
View N3 i ot
"’;i 000600 g @ % & B @
g——j0ev0e0e = g
D =600 mm x 24 Nos (L= |D=1500 mm x 6 Nos (L=37.5|D = 1000 mm x 8 Nos (L=37.5
37.5m) m) m)
- Inflexible to changes of - Flexible to changes of pile - Inflexible to changes of
. pile length during length during construction pile  length  during
Workabf}:ty& construction o |- Careful quality control is 5 construction o
822,[;0}; - Precast PC npile is necessary for - Pre-fabricated steel pile is
superior in quality control cast-in-place pile superior in  quality
control
- Bearing capacity/pile: - Bearing capacity/pile: High - Bearing capacity/pile:
Structural |Low Al Applicable length : 5 m — © Medium °
Aspect - Applicable length : 5 m — 60 m - Applicable length : 5 m —
40 m 60 m
Construction Ratio = 1.15 A Ratio = 1.00 © Ratio = 1.09 o
COIII,S;;;C(;IOH 15 days / Foundation A 14 days / Foundation o 9 days / Foundation ©
Environmenta | .Larg.er noise  and - ng noise and vibration . - La}rger noise and vibratiop
1 v1brat10n Al I?lsposal of excavated soil ol Dlsposal of excavated soil 5
Aspect - Disposal of excavated is necessary is necessary
soil is necessary
Evaluation Less Recommended Most Recommended Less Recommended

Legend : © Very Good, o Good, A Moderate x Not Good
Source: JICA Study Team
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Table 4.6.10 Comparative Study of Foundation Type for Special Section (PF3)

Evaﬁzﬁlon Alt-1 Precast PC Pile 2 C?;;::;ﬁl;ig)Rc 15 Alt-3 Steel Pipe Pile
8500
8700 000 3x2500=7500 100
Qan 5x1500=7500 09 = | |
3 C‘D C G O O O 500| m;’;gggsﬂo 1150-: 7 & C o O
View & & glg § @ @
& O OH DS 0 s
= L b dd DD o 5’_%,' “%1"‘_:. .&1'} =1 ® C @ o
D =600 mm x 30 Nos (L = = D =1000 mm x 14 Nos (L =
40.0 m) D =1500 x 6 Nos (L =40.0 m) 40.0 m)
- Inflexible to changes of - Flexible to changes of pile - Inflexible to changes of
Workability & pile l§ngth during length during constructiqn pile le.-ngth during
Quality construction . ol Careful quality control is o | construction e
Control - Precast PC npile is necessary for - Pre-fabricated steel pile is
superior in quality control cast-in-place pile superior in  quality
control
- Bearing capacity/pile: - Bearing capacity/pile: High - Bearing capacity/pile:
Structural |Low NG Applicable length : 5 m — ©) Medium °
Aspect - Applicable length : 5 m — 60 m - Applicable length : 5 m —
40 m 60 m
Construction Ratio = 1.37 A Ratio = 1.00 © Ratio = 1.85 o
Corfl)s;gi)c(;lon 20 days / Foundation A 18 days / Foundation o 15 days / Foundation ©
Environmenta | .Larg.er noise  and - qu noise and vibration ‘ - Lgrger noise and Vibratiop
1 v1brat10n Al I?lsposal of excavated soil ol- Dlsposal of excavated soil 5
Aspect - Disposal of excavated is necessary is necessary
soil is necessary
Evaluation Less Recommended Most Recommended Less Recommended

Legend : © Very Good, o Good, A Moderate x Not Good
Source: JICA Study Team
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(3) Optimum Diameter of Foundation Pile

In addition to the above study, the comparative studies were conducted to justify the optimum
diameter of cast-in-place RC pile. As shown in Table 4.6.11, “Alternative-3 D = 1500 mm” is the
most economical option.

Table 4.6.11 Comparative Study of Foundation Diameter
Item Alt-1 D = 1000 mm Alt-2 D = 1200 mm Alt-3 D = 1500 mm
AF1 Ratio = 1.05 Ratio=1.21 Ratio = 1.00
(18 Nos/L=41.5m) (12 Nos /L=41.5m) (8 Nos/L=41.5m)
Construction PF6 Ratio=1.17 Ratio =1.07 Ratio = 1.00
Cost (15Nos/L=137.5m) (8 Nos /L =37.5m) (6 Nos/L=37.5m)
PF3 Ratio=1.16 Ratio = 1.39 Ratio = 1.00
(15 Nos / L=40.0 m) (12 Nos / L =40.0 m) (6 Nos /L =40.0 m)
Evaluation Less Recommended Less Recommended Most Recommended

Source: JICA Study Team

4.6.2 Basic Design Results
4.6.2.1 Steel Girder Bridge
(1) Steel Box Girder Bridge

The profile, plan, and typical cross section of the steel box girder bridge in the B/D are shown in the
following figure.

Source: JICA Study Team
Figure 4.6.5 Plan, Profile and Typical Cross Section of Steel Box Girder Bridge in the B/D
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(2) Steel-I Girder Bridge

The profile, plan, and typical cross section of the steel-I girder bridge in the B/D are shown in the
following figure.

Source: JICA Study Team
Figure 4.6.6 Plan, Profile and Typical Cross Section of Steel-I Girder Bridge in the B/D
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4.6.2.2 PC-I Girder Bridge

The profile, plan, and typical cross section of the PC-I girder bridge in the B/D are shown in the following
figures.

Source: JICA Study Team
Figure 4.6.7 Plan, Profile and Typical Cross Section of PC-I Girder Bridge in the B/D (PF5-PF7)
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Source: JICA Study Team

Figure 4.6.8 Plan, Profile and Typical Cross Section of PC-I Girder Bridge in the B/D
(PF7-PF11)
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4.6.2.3 Substructures and Foundations

The general view of the abutment and pier in the B/D is shown in the following figures.

Source: JICA Study Team
Figure 4.6.9 General View of Abutment in the B/D
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Source: JICA Study Team
Figure 4.6.10 General View of Pier (Type A) in the B/D
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Source: JICA Study Team
Figure 4.6.11 General View of Pier (Type B) in the B/D
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4.6.3 Major Updates in the Detailed Design from the Basic Design
4.6.3.1 Major Updates on Steel Girder Bridge

(1) Steel Box Girder Bridge

Nothing was updated from the B/D.

(2) Steel-I Girder Bridge

In the D/D, the flange width was optimized for cost reduction as shown in the table below.

Table 4.6.12 Comparison of Configuration of Steel-l Girder

Item B/D D/D
Height 2400 mm 2400 mm
Girder
Flange Width 620 mm 590 mm
RC Deck Thickness 240 mm 240 mm

Source: JICA Study Team

4.6.3.2 Major Updates on PC-I Girder Bridge
The updates on PC-I girder bridge are shown in the following table:

Table 4.6.13 Comparison of PC-I Girder

Item B/D D/D

Number of Girders 5 nos. 4 nos.
Girder Height 1800 mm 1900 mm
Deck Thickness 250 mm 170 mm

Source: JICA Study Team

In the B/D, the reinforced concrete deck slab had been applied in the superstructure. If the reinforced
concrete deck slab is applied, the superstructure needs five main girders because the span length of the
reinforced concrete deck slab is generally about 3 m between the main girders, and the overhang length of
the deck slab is generally about 1.5 m from the center of the girder to the end of the deck slab. In addition,
the girder height had been assumed to be 1800 mm based on conventional ratio, which is 1/17, to the
average span length. The main girder on the cross section in the B/D is shown in Figure 4.6.12.
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Source: JICA Study Team
Figure 4.6.12 Cross Section of Superstructure for PC-I Girder Bridge in the B/D

In the D/D, the composite concrete deck slab (reinforced concrete deck slab and prestressed concrete
plate) was considered to be applied to the superstructure to reduce the number of main girders. The span
length of the composite concrete deck slab which is located between the main girders is generally 2.6 m
to 3.8 m. Hence, the main girder height increased by 10 mm from the B/D but the number of main girders
was reduced. Finally, the main girder height is 1900 mm to 2000 mm and the number of main girders is

four.

On the other hand, the structure type of the overhang is same as in the B/D. The overhang length of the
reinforced concrete deck slab is 1.125 m. The cross section of the superstructure in the D/D is shown in
Figure 4.6.13

12750
500 5500 750, 5500 500
2.00% 2.00% ‘
— %i/» 1L 1r 1L 1r
3
S
]
a3
1125 | 3@3500=10500 | 1125
[ [

(  ):PF7toPFll

Source: JICA Study Team
Figure 4.6.13 Cross Section of Superstructure for PC-I Girder Bridge in the D/D

4.6.3.3 Major Updates on the Substructures and Foundations
The updates on substructures and foundations are as follows:
- Geotechnical design parameters

The geotechnical design parameters determined in the B/D were reviewed and modified in the D/D,
because the number of boring results used to determine the parameters was increased in the D/D. For
more details of the location and coordinate of boreholes, refer to Section 4.6.4.4(1). The modulus of
deformation “E” had been calculated as E = 700 N for all layers according to the worth value obtained by
borehole lateral load test in the B/D. In the D/D, on the other hand, E was calculated to be E = 500 N for
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only “Silty Sand I”” because the results of the additional tests conducted in the D/D were also considered.
Additionally, the layer distribution was reviewed and updated before the commencement of the D/D,
based on the soil investigation surveys conducted in the D/D. For more details, refer to Section 4.6.4.4(1).

Table 4.6.14 Comparison of Design Soil Parameters between the B/D and D/D

<Design Soil Parameter in B/D>

<Design Soil Parameter in D/D>

Unit Weight “y” | Cohesion “¢” SRl [22?::31:‘1‘12];1
. i w0 ¥5
Layer N Average (KN/m3) (KN/m2) cprJ “E

© (KN/m2)
FILLED SOIL 4 18 7 24 0 1300
CLAY-I 4 18 ™ 24 7 0 1300
SILTY SAND-I 10 18 ™ [V 32 5000 °F
SANDY SILT 8 17 7 48 ™ 0 5600 77
SILTY SAND-II 22 19 7 0o ™ 33 13400
CLAY-IL 21 18 7 126 ™ 0 14700
CLAYEY SAND-I 35 19 3 [ 33 24500
CLAY-IIT 35 18 7 210 ™ 0 24500
CLAYEY SAND-II 50 19 73 0o ™ 37 35000
CLAY-IV 50 18 = 300 M 0 35000

Source: JICA Study Team

- Assessment result of soil liquefaction

The assessment of soil liquefaction was reviewed in the D/D, because the number of boring sites
considered was increased. However, the result of liquefaction assessment was not changed from the B/D
to the D/D; the geotechnical parameters are reduced only for the layer of the Sandy Silt up to 10 m in
depth. On the other hand, it was not necessary to reduce the geotechnical parameters for the other layers.
For more details of the liquefaction assessment, refer to Section 4.6.4.4(2).
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Table 4.6.15 Comparison of Assessment Results of Soil Liquefaction between the B/D and D/D

Source: JICA Study Team

- Supporting layer

The supporting layer was also reviewed in the D/D because the results of the soil investigation surveys
were updated in the D/D as shown in Figure 4.6.14. For more details, refer to Section 4.6.4.4(3).
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Source: JICA Study Team

Figure 4.6.14 Update on Bearing Layer between the B/D and D/D

- Configuration of abutments and piers

The configuration of abutments and piers was also modified in the D/D due to the abovementioned
updates. The following figure shows the configuration of the representative abutment and piers in the B/D
and D/D.
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Source: JICA Study Team

Figure 4.6.15 Update on Configuration of Representative Substructures between the B/D and
D/D
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4.6.4
4.6.4.1 Detailed Design of Steel Girder Bridge
(1) Design Condition

Detailed Design Results

1) General Design Condition

The general design conditions for steel box girder and steel-1 girder are shown in Table 4.6.16 and

Table 4.6.17, respectively.

Table 4.6.16 General Design Condition of Superstructure in Steel Box Girder Bridge

Item Conditions

General

Bridge Type Continuous 3-span steel box girder bridge (Sta. 2+736.000 to Sta. 2+916.000)

Bridge Length 180 m

Girder Length 179.4 m

Span Arrangement 55.0m+70.0m+55.0 m

Total Width 12.75m

Effective Width 11.00 m
Structure Type

Main Girder Steel Structure

Crossbeam Steel Structure

Deck Reinforced Concrete Structure (RC Structure)
Materials

Concrete RC Structure: 24 N/mm? (Deck)

Reinforcement Bar SD345

Steel SM400, SM490Y, SS400, S10T

Source: JICA Study Team

Table 4.6.17 General Design Condition of Superstructure in Steel-l Girder Bridge

Item Conditions

General

Bridge Type Continuous 3-span I-section steel plate girder (Sta. 3+96.000 to Sta. 3+218.000)

Bridge Length 122 m

Girder Length 121.4m

Span 35.0m+52.0m+35.0m

Arrangement

Total Width 12.75 m

Effective Width 11.00 m
Structure Type

Main Girder Steel Structure

Crossbeam Steel Structure

Deck Reinforced Concrete Structure (RC Structure)
Materials

Concrete RC Structure: 24 N/mm? (Deck)

Reinforcement SD345

Bar

Steel SM400, SM490Y, SS400, S10T

Source: JICA Study Team
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2) Design Case for Superstructure and Load Combinations

The design load case, the load combinations, and the load factors are shown in Table 4.6.18 and
Table 4.6.15.

Table 4.6.18 Design Case, Load Combinations and Multiplication Factors

Design Load Case Load Combinations Load Factors
Under Dead Load Self-Weight, Weight of Bridge Surface 1.00
Under Design Load Dead Load + Live Load + Impact 1.00

. Dead Load + Wind Load 1.25
Under Wind Load Design Load + Wind Load 1.25
Under Earthquake Load Dead Load + Earthquake Load 1.50
Under Collision Load Design Load + Collision Load 1.50

Source: JSHB

Table 4.6.19 Member Design Case

Design Case
Main Girder Under Dead Load + Live Load + Impact
Crossbeam, Stringer Bracket Under Dead Load + Live Load + Impact
Sway Bracing Wind or Earthquake, Slenderness Ratio
Lateral Bracing Wind or Earthquake, Slenderness Ratio

Source: JSHB

3) Design Parameter of Materials
a) Structural Steel and Reinforcement Bar

The design parameters of the structural steel and the reinforcement bar are shown in Table 4.6.20.

Table 4.6.20 Design Parameters of Structural Steel and Reinforcement Bar

Yield Stress (N/mm?)
Young’s . Steel Tensile
Material Type Modulus Stlegfrﬂlszzss Thickness Strength
(N/mm?) 0 40 mm to 75 (N/mm?)
mm
mm
SS400/SM400 s 235 215 400 to 510
Structural Steel SM490Y 2.0x10 355 335 490 t0 610
Reinforcement Bar SD345 2.0x10° 345 to 440 490 or over

Source: JSHB

b) Concrete

The design parameter of concrete is shown in .
Table 4.6.21.

Table 4.6.21 Design Parameter of Concrete

Material Design Strength Young’s Modulus

Concrete 24 N/mm? 2.0x10° N/mm?
Source: JSHB
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4) Allowable Stress of Materials

a) Structural Steel

- Basic Allowable Stress

The basic allowable stress of the structural steel is defined based on the yield stress. The basic

allowable stress and the yield stress of the structural steel are shown in Table 4.6.22.

Table 4.6.22 Basic Allowable Stress and Yield Stress of Structural Steel

SM400 SM490Y
. . Steel Thickness . .
Stress Type Unit Steel Thickness 40 mm t0100 Steel Thickness | Steel Thickness
Up to 40 mm mm Up to 40 mm 40 mm to 75 mm
Basic Allowable Stress | N/mm? 140 125 210 195
Yield Stress N/mm’? 235 215 355 335
Safety Factor - 1.68 1.72 1.69 1.72

Source: JSHB

- Allowable Axial Compressive Stress of Structural Steel

The allowable axial compressive stress is calculated based on the allowable axial compressive stress
in the case of not considering the local buckling, the upper limit of the allowable axial compressive
stress, and the allowable stress in consideration of the local buckling.

The allowable axial compressive stress without local buckling is determined based on the strength
obtained considering its variations in quality, as specified in the JSHB II 3.2.

The allowable compressive stress considering local buckling is shown in the item “e” below. The
upper limit of the allowable axial compression stress is given in Table 4.6.22.

The allowable axial tensile stress and allowable bending tensile stress are the values considering the
safety factor against the basic tensile yield stress as shown in Table 4.6.22.

- Allowable Bending Compressive Stress of Structural Steel

The allowable bending compressive stress is decided by the fixing conditions of the compression
flange and section type, as specified in the JSHB 1I 3.2.

The allowable bending compressive stress is based on the values shown in Table 4.6.22 and is
defined as the value taking into consideration the influence of the lateral buckling strength of the
girder.

- Allowable Stress for Local Buckling of Structural Steel

The allowable stress for local buckling is decided by considering the influence of residual stress due
to initial irregularities such as the support condition, initial deformation, welding and other initial
irregularities, based on the values in Table 4.6.22. It is calculated by the equation shown in the JSHB
114.2.

- Allowable Shear Stress of Structural Steel

The allowable shear stress applies the tensile yield condition of Von Mises against the basic tensile
yield stress, Ty = oy/v 3, and is provided in consideration of the safety factor of 1.7. The value is
shown in Table 4.6.23.
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Table 4.6.23 Allowable Shear Stress of Structural Steel

SM400 SM490Y
Stress Type Unit | Steel Thickness Steel Thickness Steel Thickness e
40 mm to 75 40 mm to 75
Up to 40 mm Up to 40 mm
mm mm
Allowable Shear Stress | N/mm? 80 75 120 115

Source: JSHB

- Allowable Stress of Reinforcement Bar for Deck Slab

The allowable stress of reinforcement bars in the deck is shown in Table 4.6.24.

Table 4.6.24 Allowable Stress of Reinforcement Bar

Stress Type SD345
Allowable Tensile Stress 140 N/mm?
Allowable Compressive Stress 200 N/mm?

Source: JSHB

b) Concrete

The allowable compressive stress of concrete is shown in Table 4.6.25.

Table 4.6.25 Allowable Compressive Stress of Concrete

Design Strength Allowable Compressive Stress
24 N/mm? 8.0 N/mm?

Source: JSHB

(2) Detailed Design of Steel Box Girder Bridge
1) Analytical Modelling
a) Grillage Analysis

The steel box girder bridge, composed of beam structures, main box girders, and crossbeams, is
modelled with linear beam elements in two dimension as shown in Figure 4.6.16. The geometrical
moment of inertia and physical property shall be inputted as linear element, and dead load and live
load are put on the grillage model. The load is statically distributed to the longitudinal members by
the crossbeams. The grillage model is analyzed by the displacement method; the sectional force, the
displacement at an arbitrary point, and the reaction force at the supports are calculated by using the
line of influence.
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b) Grid Model

Source: JICA Study Team

Figure 4.6.16 Grid Model
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2) Design of Main Girder
a) Main Girder Arrangement

The arrangement of the main girder is determined by the supporting span of the slab. The desired
overhang length of the deck is 1.2 m or less. The spacing of the main girder is determined in such a
way that the influence of additional bending moment due to the difference in rigidity between the
stringer and the girder is not large. As a result, the arrangement of the main girders is shown in
Figure 4.6.17.

12750
) 1500 /O 170 3500 1500 500
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_500_1676 | 2200 4200 220 | 1676

Source: JICA Study Team
Figure 4.6.17 Arrangement of Main Girders

b) Stiffener of Box Girder

For the purpose of stiffening, the upper and lower flanges are placed as two rib plates in the area of
positive bending moment, and five rib plates in the area of negative moment.

The thickness of the flange of the main girder is designed to satisfy the allowable stress considering
the local buckling.

¢) Connection of Members

The joining method of the main girder is friction grip connection with high strength bolts. The
number of bolt rows should be eight or less. When designing a connection, fillers shall be used to
adjust the physical gaps between the base metals.

The base material of the splice plate and bolt connecting part shall be coated with inorganic zinc
paint.

d) Checking Item

The girders are designed based on the sectional forces calculated by the grillage analysis, and each
member is designed so that its stress is less than the allowable unit stress under each load
combination. The checking items are shown in Table 4.6.26.
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Table 4.6.26 Checking Items for Main Girder Design

Members Checking Item
- Compressive stress
Flange - Tensile stress
Web - Shear stress
Flange and Web - Verification of resultant stress
Girder - Deflection

Source: JICA Study Team

e) Stress of Main Girder

The flange is a stiffened plate, and the thickness of the main girder flange is determined in such a
way that the sectional stress is less than the allowable stress.

At the center of the span, the positive bending moment is maximum, and the shear force is small.
Also, the lower flange is in tension state and the upper flange is in a compression state. In Section (4),
(17), (30), which are in the positive moment area, the upper flange is stiffened with five rib plates,
and was checked if its stress is smaller than the allowable stress in consideration of local buckling.
The lower flange is stiffened with two rib plates, and was checked if its stress is smaller than the
allowable tensile stress.

In the continuous girder at the intermediate support, the negative bending moment is maximum, and
shearing force is also large. The lower flange is in a compression state and the upper flange is in a
tension state.

In Section (10), (24), which are in the negative moment range, the upper flange is stiffened with two
rib plates, and was checked if its stress is smaller than the allowable tensile stress. The lower flange
is stiffened with five rib plates and was checked if its stress is smaller than the allowable stress
considering local buckling.

The thickness of web plate is decided by the minimum thickness in which local buckling is not
expected when the horizontal stiffener is installed in one stage.

The calculation result of stress is shown in Table 4.6.27.
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Table 4.6.27 Stress Check of the Main Girder

Gl G2
“4) (30)
Shape Stress (N/mm?) Shape Stress (N/mm?)
Upper flange | 2450x14 -173 <191 OK | Upper flange | 2450x15 -177 <199 OK
Lower flange | 2450x18 171 <210 OK | Lower flange | 2450x22 174 <210 OK
Web 2386x12 13<120 OK Web 2385x12 13<120 OK
(24) (24)
Shape Stress (N/mm?) Shape Stress (N/mm?)
Upper flange | 2450x36 190 <210 OK | Upper flange 2450x39 188 <210 OK
Lower flange | 2450x27 -192 <210 OK | Lower flange 2450x31 -186 <210 OK
Web 2364x12 66 <120 OK Web 2361x12 66<120 | OK

Source: JICA Study Team

f) Moment Diagram

The moment diagram of the main girder is shown in Figure 4.6.18.
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Source: JICA Study Team

Figure 4.6.18 Moment Diagram

g) Verification of Safety for Loads

The deflection was checked to ensure the stability of the structure and its safety. The allowable value
of deflection is defined by the equation below.

L/500 where, L:span length (m).
Table 4.6.28 Verification of Deflection
Check Position Girder Span Length Deflection Value | Allowable Value i e
Name (m) (mm) (mm)
First Span Gl 55 66 109 OK
P G2 55 65 108 OK
Second Span Gl 70 96 139 OK
P G2 70 101 141 OK
. Gl 55 63 108 OK
Ul sk G2 55 68 110 OK

Source: JICA Study Team

4-734



Detailed Design Study on The Bago River Bridge Construction Project Final Report

3) Design of RC Deck Slab

a) Thickness of Deck

The thickness of the deck was decided from the following equation:
D=125%x30L+110) =220mm = 220 mm

1.25: coefficient related to traffic volume of large vehicles.

b) Design for Bending Moment of Deck

This slab was designed according to the JSHB II. The reason is that the weight of the design wheel of
JSHB T-Load is 200 kN while the weight of the axle and the wheel of the design car of AASHTO
HL 93 is 145 kN, so it is better for the RC slab to be designed with a larger force. Therefore, the
bending moment of the deck is calculated by the unit width (1 m) of the T-Load specified in the
JSHBII 8.2.4.

¢) Checking Item

The depth of the deck and arrangement of reinforcement bars are determined in such a way that the
sectional stress calculated by the sectional force is less than the allowable unit stress.

Table 4.6.29 Checking Items for RC Deck Slab Design

Materials Checking Item
Concrete - Compressive stress
Reinforcement Bar - Tensile stress

Source: JICA Study Team

d) Stress of RC Slab

The calculation result of stress is shown in Table 4.6.30.

Table 4.6.30 Stress of Deck

Main Reinforcement Direction Transverse Reinforcement Direction
Stress (N/mm?) Stress (N/mm?)

D19@150 Dl6@125
Center of Span Concrete 5.0<8.0 OK Concrete 5.4<8.0 OK
Reinforcement Bar 112<140 OK | Reinforcement Bar | 118<140 | OK

D19@150

Support Concrete 3.4<8.0 OK — - -
Reinforcement Bar 84<140 OK --- --- ---

Source: JICA Study Team
4) Design of Crossheam
a) Design Case for Crossbeam

* Load Case: Dead Load + Live load + Impact

b) Shape of Crossbeam and Stress Check
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)

b)

The calculation result of stress is shown in Table 4.6.31.

Table 4.6.31 Stress of Crossbeam

End Crossbeam

Intermediate Crossbeam

Stress (N/mm?) Stress (N/mm?)
Upper Flange 76 <140 OK Upper Flange 48 <140
Web 24<80 OK Web 24 <80
Lower Flange 77<117 OK Lower Flange 48<103

Source: JICA Study Team

Design of Stringer

Design Case for Stringer

+ Load Case: Dead Load + Live load + Impact

Shape of Stringer and Stress Check

The calculation result of stress is shown in Table 4.6.32.

Table 4.6.32 Stress of Stringer

Inside Stringer

Outside Stringer

220
[=>]
10g
(=]
[=>]
220
Stress (N/mm?) Stress (N/mm?)
Flange 101 <136 OK Flange 116 <140 OK
Web 40 <80 OK Web 30<80 OK

Source: JICA Study Team
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6) Design of Bracket

—  Design Case for Bracket

* Load Case: Dead Load + Live load + Impact

The calculation result of stress is shown in Table 4.6.31.

Table 4.6.33 Stress of Bracket

Flange 250x10 104.7 <135 OK

Web 890x9 28.3 <80 OK

Source: JICA Study Team

7) Checking of Welding by Fatigue Accumulated Stress-Range Cycles

The additional finish of the welding is not necessary as a result of fatigue check.

positions to be checked and the results are shown in Table 4.6.34.

Table 4.6.34 Results of Fatigue Check

The welding

Check Point Maximum Stress | Accumulated Stress-range Cycles
Range

Flange — Web 43 N/mm? < 46 N/mm? - OK
Web — Stiffener 21 N/mm? < 42 N/mm? — OK
Web— Gusset 27 N/mm? < 32 N/mm?> — OK

Source: JICA Study Team

8) General View of Steel Box Girder Bridge

The following figures show the profile, plan, and typical cross section of the steel box girder bridge.
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Figure 4.6.19 Plan and Profile of Steel Box Girder
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Source: JICA Study Team
Figure 4.6.20 Typical Cross Section of Steel Box Girder

(3) Detailed Design of Steel-1 Girder Bridge
1) Analytical Modelling
a) Grillage Analysis

This bridge is made of beam structures, and both girders and crossbeams are modelled as linear beam
elements with two dimensions. The geometrical moment of inertia and physical property shall be
inputted as linear elements, and dead load and live load are put on the grillage model. The load is
statically distributed by the crossbeams between the longitudinal members. The grillage model is
analyzed by the displacement method; and the sectional force and displacement at an arbitrary point
and the support reaction are calculated using the line of influence.

4-739



Detailed Design Study on The Bago River Bridge Construction Project Final Report

b) Grillage Analysis

Source: JICA Study Team
Figure 4.6.21 Grid Model
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2) Design of Main Girder
a) Arrangement of Main Girder

The arrangement of the main girder is decided by the supporting span of the deck. The desired
spacing of the main girder with RC deck is 3 m or less, and the desired overhang length of the deck
is 1.2 m or less. As a result, the arrangement of the main girder is as shown in Figure 4.6.22.

| 12750
500 1500 3500 1750 3500 1500 500
500 750 500

il (1] [ il

2400

C%:) (%E) @ (%5>
175 2600 | 2600 2600 | 2600|1175

Source: JICA Study Team
Figure 4.6.22 Arrangement of Main Girder

b) Allowable Stress of Flange

If the compression flange is directly fixed to a concrete deck, then almost no lateral buckling occurs,
therefore, the lateral buckling can be neglected in the design. However, the lower flange is designed
by the allowable bending compressive stress.

¢) Shape of Flange

The thickness of a projecting plate subjected to compressive stress shall be 1/16 of the projecting
width.

The flange width is adjusted to be about 1/4 of the main girder height.

d) Connection of Members

The joining method of the main girder is friction grip connection with high strength bolts. The
number of bolt rows should be eight or less. When designing a connection, fillers shall be used to
adjust the physical gaps between the base metals.

The base material of the splice plate and bolt connecting part shall be coated with inorganic zinc
paint.

e) Checking Item

The girders are designed based on the sectional forces calculated by the grillage analysis, and each
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member is designed so that its stress is less than the allowable unit stress under each load
combination. The checking items are shown in Table 4.6.35

Table 4.6.35 Checking Items for Main Girder Design

Members Checking Item
- Compressive stress
Flange - Tensile stress
Web - Shear stress
Flange and Web - Verification of resultant stress
Girder - Deflection

Source: JICA Study Team

f) Stress of the Main Girder

The width of the flange should be smaller than 1/3 of the girder height and as for the thickness, 40
mm or less is better.

In the continuous girder, as for the intermediate support, the negative bending moment is maximum,
and the shearing force is also large. The lower flange is in compression state and the upper flange is
in tension state.

In Section (4), which is the negative moment area, the upper flange is set in such a way that its stress
is smaller than the allowable tensile stress. Also, the thickness of the lower flange is decided in such
a way that its stress is smaller than the allowable stress in consideration of local buckling and lateral
buckling.

At the center of the span, the positive bending moment is maximum and the shear force is small. The
lower flange is in tension state and the upper flange is in compression state. The thickness of the
main girder flange is determined in such a way that the stress is less than the allowable stress.

Section (7) is in the positive moment range and the lower flange is set in such a way that its stress is
smaller than the allowable tensile stress. Furthermore, the thickness of the upper flange is decided in
such a way that its stress is smaller than the allowable stress considering local buckling.

The thickness of web plate is decided by the minimum thickness in which local buckling is not
expected when the horizontal stiffener is installed in one stage.

The calculation result of stress is shown in Table 4.6.36.
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Table 4.6.36 Stress Check of Main Girder

. . Stress
Girder Section Shape (N/mm?) Judgement
Upper flange 590x32 188<210 OK
Lower flange 590x39 -165<185 OK
4
@) Web 2369x12 50<120.0 OK
Resultant 0.94<1.2 OK
G1,G5
Upper flange 590x26 -162<186 OK
Lower flange 590x21 179<210 OK
7
@ Web 2374x12 6<120.0 OK
Resultant
Stress --- 0.71<1.2 OK
Upper flange 590x22 191<210 OK
Lower flange 590x29 -167<185 OK
4
® Web 2378x12 41<120.0 OK
Resultant 0.92<1.2 0K
G2,G4
Upper flange 590x25 -144<172 OK
Lower flange 590x19 164<210 OK
(7)
Web 2374x12 8<120 OK
Resultant . 0.59<1.2 OK
Stress
Upper flange 590x21 198<210 OK
Lower flange 590x27 -175<185 OK
4
@ Web 2379x12 42<120.0 OK
Resultant 0.98<1.2 0K
G3
Upper flange 590x24 -146<159 OK
Lower flange 590x19 162<210 OK
7
@) Web 2376x12 8<120.0 OK
Resultant . 0.58<1.2 OK
Stress

Source: JICA Study Team
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g) Moment Diagram

The moment diagram of the main girders is shown in Figure 4.6.23.

Source: JICA Study Team
Figure 4.6.23 Moment Diagram
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h) Verification of Safety for Loads

The deflection is checked to ensure the stability of the structure and safety. The allowable value of
deflection is defined by the equation below.

L/(20000/L) (10<L<40)
L/500 (40<L)
where, L: span length (m)

Table 4.6.37 Verification of Deflection

Check Position g&ﬁﬁre Span Length Deflection Value | Allowable Value Tk
) (m) (mm) (mm)

G1,G5 35 23 59 OK
First Span G2,G4 52 18 59 OK
G3 35 18 59 OK
G1,G5 52 54 104 OK
Second Span G2,G4 52 46 104 OK
G3 52 43 104 OK
G1,G5 35 23 59 OK
Third Span G2,G4 35 18 59 OK
G3 35 18 59 OK

Source: JICA Study Team

3) Design of RC Deck Slab
a) Thickness of Deck
The thickness of the deck is decided from the following equation:
d=1.25x%(30L+110) =235mm = 240 mm
1.25: coefficient related to traffic volume of large vehicles
b) Design Bending Moment of Deck

This slab is designed according to the JSHB II. The reason is that the weight of the design wheel of
JSHB T-Load is 200 kN while the weight of the axle and the wheel of the design car of AASHTO
HL 93 is 145 kN, so it is better for the RC slab to be designed with a larger force. Therefore, the
bending moment of the deck is calculated as the unit width (1 m) of the T-Load specified in the
JSHBII 8.2.4.

¢) Arrangement of Reinforcement Bars

The reinforcement bars of the deck are arranged with deformed rebar with diameters of 13, 16 or 19.
The concrete cover is 30 mm or more. The center-to-center distance of the main reinforcement is a
minimum of 100 mm or a maximum of 300 mm.

d) Checking Item

The depth of deck and arrangement of reinforcement bars are determined in such a way that the
sectional stress calculated by the sectional force is less than the allowable unit stress. If the influence
of the differential settlement is not considered, it is desirable that the allowable stress of
reinforcement bar has a margin of approximately 20 N/mm? with respect to the allowable stress of
140 N/mm’.
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Table 4.6.38 Checking Items for RC Deck Slab Design

Materials

Checking Item

Concrete

- Compressive stress

Reinforcement Bar

- Tensile stress

Source: JICA Study Team
Stress of RC Slab

e)

The calculation result of stress is shown in Table 4.6.39.

Table 4.6.39 Stress of RC Slab

Bending Main Reinforcement Direction Transverse Reinforcement Direction
Moment Stress (N/mm?) Stress (N/mm?)
Cantilever DI9@150 —

Slab Concrete 5.7<8.0 OK --- --- ---
Girder End Reinforcement Bar 110<140 OK --- --- ---
Cantilever D19@150 D16@150

Slab Concrete 4.1<8.0 OK | Concrete 2.1<8.0 | OK

Standard Reinforcement Bar 120<140 OK | Reinforcement Bar 65<140 | OK
D19@150 D16@150
Center of Span | Concrete 4.4<8.0 OK | Concrete -4.4<8.0 | OK
Reinforcement Bar 105<140 OK | Reinforcement Bar 114<140 | OK
D19@150
Support Concrete -2.8<8.0 OK --- --- ---
Reinforcement Bar 47<140 OK - - -

Source: JICA Study Team

f) Design of Crossbeam

—  Design Case for Crossbeam

* Load Case: Dead Load + Live load + Impact

—  Shape of Crossbeam and Stress Check

The calculation result of stress is shown in Table 4.6.40.
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Table 4.6.40 Stress of Crossbeam

End Crossbeam Intermediate Crossbeam
250,
=
=
Stress (N/mm?) Stress (N/mm?)
Flange 16 <140 OK flange 74 <119
Web 19<80 OK Web 12 <80

Source: JICA Study Team

4) Design of Sway Bracing
—  Design Case for Sway Bracing
* Load Case: Wind, Earthquake

The calculation result of stress is shown in Table 4.6.41.

Table 4.6.41 Stress of Sway Bracing

Upper & Lower Chord | Slenderness ratio 149 <150 OK
L-90*90*10*10 Stress (N/mm?) 16 <41 OK
Diagonal member Slenderness ratio | 129 <150 OK
L-90*90*10*10 Stress (N/mm?) 24 <51 OK

Source: JICA Study Team

5) Design of Lateral Bracing
—  Design Case for Lateral Bracing
* Load Case: Wind, Earthquake

The calculation result of stress is shown in Table 4.6.42.
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Table 4.6.42 Result of Lateral Bracing

Lateral Bracing 1 Slenderness Ratio 109< 150 OK
CT-118*178*10*8 Stress (N/mm?) 24 <39 OK
Lateral Bracing 2 Slenderness Ratio 83 <150 OK
BT-200%1334*16*16 Stress (N/mm?) 21<50 OK

Source: JICA Study Team

(4) Checking of Welding by Fatigue Accumulated Stress-Range Cycles

The additional finish of the welding is not necessary as a result of fatigue check.

positions to be checked and the results are shown in Table 4.6.43.

Table 4.6.43 Results of Fatigue Check

The welding

Check Point Maximum Stress Range | Accumulated Stress-range Cycles
Flange — Web 52 N/mm*>47 N/mm* | 0.54 < 1.0 OK
Web — Stiffener | 56 N/mm*> 62 N/mm® | - OK
Web— Gusset 40 N/mm*> 32 N/mm* | 0.57<1.0 OK

Source: JICA Study Team

1) General View of Steel-I Girder

The following figures show the profile, plan, and typical cross section of the steel-I girder bridge.
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Source: JICA Study Team
Figure 4.6.24 Plan and Profile of Steel-l Girder
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Source: JICA Study Team
Figure 4.6.25 Typical Cross Section of Steel-I Girder
4.6.4.2 Detailed Design of PC-I Girder Bridge
The design of the PC-I Girder Bridge is described for the representative section between PF14 and PF15.

(1) Design Condition

1) General Design Condition

The general design conditions of the superstructure in PC-I Girder Bridge are shown in Table 4.6.44.

Table 4.6.44 General Design Conditions of Superstructure in PC-I Girder Bridge

Item Conditions
General
(1) 2 spans continuous PC-I girder bridge with composite deck
(Sta. 2+676.000 to Sta. 2+736.000)
. 2) 2 spans continuous PC-I girder bridge with composite deck
Bridge Type @2 ¢ ¢ (sI:a. 2+916.000 to Sta. 3+96.000)
(3) 2 spans continuous PC-I girder bridge with composite deck
(Sta. 3+218.000 to Sta. 3+278.000)
Bridge Length (1) 60.00 m, (2) 180.00 m, (3) 60.00 m
Girder Length (1) 59.85 m, (2) 59.90 m, 119.80 m, (3) 59.85 m
Span Arrangement (1) 28.80 m + 28.85 m, (2) 28.85 m+28.85 m, 4@28.80 m, (3) 28.85 m + 28.80 m
Total Width 12.75 m
Effective Width 11.00 m
Structure Type
Deck Slab Composite Structure (Prestressed Concrete and Reinforced Concrete)
Main Girder Prestressed Concrete Structure (PC Structure)
Crossbeam Prestressed Concrete Structure (PC Structure)
Connecting Part Reinforced Concrete Structure (RC Structure)
Materials
Concrete Main Girder, PC Plate: 40 N/mm?
RC Deck, Crossbeam, Connecting Part: 30 N/mm?
Re-bar SD345
Main Girder: SWPR7BL, 7S15.2
PC Strand Crossbeam: SWPR7BL, 4S15.2
PC Plate: SWPR7AL, 1S9.3

Source: JICA Study Team
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2) Design of Superstructure
a) Design Case and Load Combination

PC strands are used for PC plate, main girder, and crossbeam. For the PC strand, it is necessary to
check the tensile stress for the “Under Design Load” case. The design case and its load combination
are shown in Table 4.6.45.

Table 4.6.45 Design Case and Load Combination for PC Strand for “Under Design Load” Case

Design Case Load Combination

During Prestressing -
Immediately after Prestressing | -
Under Effective Prestressing

Force
Self-Weight + Weight of Deck Slab + Effective Prestress
During Deck Slab | Force
Construction + Secondary Bending Moment of Effective Prestress Force
PC Strand | (for Main Girder Design) + Influence of Creep of Concrete
Design + Influence of Drying Shrinkage of Concrete
Self-Weight + Weight of Deck Slab and Bridge Surface
Under Dead Load + Effective Prestress Force

+ Secondary Bending Moment of Effective Prestress Force
+ Influence of Creep of Concrete
+ Influence of Drying Shrinkage of Concrete

(for Main Girder Design)

Under Live Load
(for Main Girder Design)

Source: Prepared by the JICA Study Team based on JSHB

Under Dead Load + Live Load + Impact

It is needed to check the concrete stress in the PC structure and the concrete and re-bar stress in the
RC structure for the “Under Design Load” case. For checking of PC-I girder bridge, the design case
and its load combination are shown in Table 4.6.46.
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Table 4.6.46 Design Case and Load Combination for Concrete and Re-bar for “Under Design

Load” Case
Design Case Load Combination
Immediately after | Self-Weight + Prestress Force Immediately after Prestressing
Prestressing + Secondary Bending Moment of Prestress Force Immediately after Prestressing

Self-Weight + Effective Prestress Force

+ Secondary Bending Moment of Effective Prestress Force

+ Influence of Creep of Concrete + Influence of Drying Shrinkage of Concrete
Self-Weight + Weight of Deck Slab + Effective Prestress Force

+ Secondary Bending Moment of Effective Prestress Force

Before Deck Slab
Construction

During Deck Slab

Construction + Influence of Creep of Concrete + Influence of Drying Shrinkage of Concrete
Weight - Wei - " -
Under Dead Load Self-Weight We1ght of Bridge Surface. Effective Prestress Force
(for Deck Slab Design) + Secondary Bending Moment of Effective Prestress Force
+ Influence of Creep of Concrete + Influence of Drying Shrinkage of Concrete
Under Dead Load | Self-Weight + Weight of Deck Slab and Bridge Surface
(for Main  Girder, .
Crossbeam and + Effective Prestress Force
Connection Part + Secondary Bending Moment of Effective Prestress Force
Design) + Influence of Creep of Concrete + Influence of Drying Shrinkage of Concrete
Under Live Load Under Dead Load + Live Load + Impact

Under Collision Load Under Dead Load + Live Load + Impact + Collision Load
Under Wind Load

Under Dead Load + Wind Load + Live Load + Impact

(with Live Load)
Under Wind Load .
+
(without Live Load) Under Dead Load + Wind Load
Egsgr Temperature Under Dead Load + Live Load + Impact + Effective Temperature Change

Source: Prepared by the JICA Study Team based on JSHB

The main girder, crossbeam, and connecting parts are needed to be checked for the “Under Ultimate
Load” case. The “Under Ultimate Load” case is further divided into three cases. The details of the
design cases are shown in Table 4.6.47.

Table 4.6.47 Design Case and Load Combination for the “Under Ultimate Load” Case

Design Case Load Combination

Case 1 1.3 x (Under Dead Load) + 2.5 x (Live Load + Impact)

3¢ +1.0 x (Statically Indeterminate Force)
+ i +

Case 2 1.0 x (Under Dead Load) + 2.5 x (Live Load + Impact)
+1.0 x (Statically Indeterminate Force)

Case 3 1.7 x (Under Dead Load) + 1.7 x (Live Load + Impact)
+1.0 x (Statically Indeterminate Force)

Source: Prepared by the JICA Study Team based on JSHB

b) Checking Item for Deck Slab Design

For the design of deck slab, the weights of axles and wheels for the design truck under the AASHTO
HL93 is 145 kN. On the other hand, the weights of wheels for the design under the Specifications for
Highway Bridges is 200 kN. The stress of slab is better to be designed with large force. Therefore,
the bending moment of the deck is calculated by the unit width (1 m) due to the T-load as specified
in the Japanese Standard (Specifications for Highway Bridges 2012 II 8.2.4).
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PC Plate Design

The checking items for the PC plate design are shown in Table 4.6.48.

Table 4.6.48 Checking ltems for PC Plate Design

Checking Item Load Condition

* During Prestressing

* Immediately after Prestressing

* Under Effective Prestressing Force

Tensile Stress of PC Strand

* Immediately after Prestressing
Combined Flexural Stress * During Deck Slab Construction

Source: Prepared by the JICA Study Team based on JSHB

Design of Composite Deck Slab and RC Deck Slab

The checking items for design of the composite deck slab and RC deck slab are shown in Table
4.6.49.

Table 4.6.49 Checking Items for Design of Composite Deck Slab and RC Deck Slab

Type of

Location Direction Deck Slab Checking Item Load Condition
Composite - Combined Flexural Stress
P (Volume of Tension ¢ Under Live Load
Deck Slab %1
.| Transverse Re-bar™)
Between Main . . -
. Direction - Compressive Stress of
Girders RC Deck .
. Concrete e Under Live Load
(Continuous Slab .
- Tensile Stress of Re-bar
Structure) - Compressive Str f
Longitudinal | RC Deck OMPTESSIVE SIEss 0 .
Direction Slab Concrete e Under Live Load
- Tensile Stress of Re-bar
e Under Dead Load
Outside of | Transverse . * Under lee. Lpad
. o - Compressive Stress of * Under Collision Load
Girder Direction RC Deck .
(Cantilever Slab Concrete e Under Wind Load
v - Tensile Stress of Re-bar (with/without Live Load)
Structure) Longitudinal
onsitu e Under Live Load
Direction

Source: Prepared by the JICA Study Team based on JSHB

*1 For the checking of the volume of tension reinforcement bar, if the tensile stress occurs due to the
combined flexural stress, the minimum tension reinforcement bar volume written in the JSHB is
placed in the RC deck slab. If the tensile stress does not occur due to the combined flexural stress,
the minimum tension reinforcement bar volume and required tension reinforcement bar volume are
calculated. The larger one is placed in the RC deck slab.

¢) Checking Item for Main Girder Design

The checking items for the main girder design are the bending moment and the shear force. These
forces are checked for the “Under Design Load” and “Under Ultimate Load” cases and the details of
the checking items are shown in Table 4.6.50.
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Table 4.6.50 Checking Items for Main Girder Design

Type of Force | Design Case Checking Item Load Condition
During Prestressing
. Immediately after Prestressing
Tensile Stress of PC Strand During Deck Slab Construction
Under Design Under lee Load -
Immediately after Prestressing
. Load . .
Bending . During Deck Slab Construction
Combined Flexural Stress
Moment (Volume of Tension Re-bar") Under Dead Load
Under Live Load
Under Temperature Load
Under Case 1
. Bending Moment to Failure Case 2
Ultimate Load
Case 3
Mean Shear S'Fress of Conc.rete Under Live Load
(Volume of Diagonal Tension Under Temperature Load
Under Design Re-bar™?) P
Load Diagonal Tensile Stress of Under D.e ad Load
Under Live Load
Concrete
Shear F * Under Temperature Load
car Force - Web Concrete against
Compressive Strength to
Under Failure * Casel
Ultimate Load * Case2
- Members against Diagonal e Case3
Tensile Strength to Failure™

Source: Prepared by the JICA Study Team based on JSHB

*1 For the checking of the volume of tension reinforcement bar, if the tensile stress occurs due to the
combined flexural stress, the minimum tension reinforcement bar volume written in the JSHB is
placed in the main girder. If the tensile stress does not occur due to the combined flexural stress, the
minimum tension reinforcement bar volume and required tension reinforcement bar volume are
calculated. The larger one is placed in the main girder.

*2 For the checking of the mean shear stress, if the checking is satisfied, the minimum diagonal
tension reinforcement bar volume written in the JSHB is placed in the main girder. If the checking is
not satisfied, the minimum diagonal tension reinforcement bar volume and required diagonal tension
reinforcement bar volume are calculated. The larger one is placed in the main girder.

*3 For the checking of members against diagonal tensile strength failure, if the checking for mean
shear stress of concrete is not satisfied, the checking of members against diagonal tensile stress
failure is calculated.

d) Checking Item for Crossbeam Design
Crossbeam Design at the End of Main Girder

The checking items for the crossbeam design at the end of the main girder are bending moment and
shear force. These forces are checked for the “Under Design load” and “Under Ultimate load” cases
and the details of the checking items are shown in Table 4.6.51.
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Table 4.6.51 Checking Items for Crossbeam Design at the End of Main Girder

Type of Force | Design Case Checking Item Load Condition

* During Prestressing

_ Tensile Stress of PC Strand * Immediately after Prestressing

Bending Under Design * Under Effective Prestressing
Moment Load Force
- Combined Flexural Stress ¢ Under Dead Load
(Volume of Tension Re-bar™!) * Under Live Load
- Mean Shear Stress of Concrete
. (Volume of Diagonal Tension ¢ Under Live Load
Under Design bar™
Load Re-bar )
- Diagonal Tensile Stress of ¢ Under Dead Load
Shear Force Concrete . * Under Live Load
- Web Concrete against
Under Compressive Strength to Failure | ® Case 1
. ] ) ¢ Case?2
Ultimate Load | _ Members against Diagonal e Case3

Tensile Strength to Failure™

Source: Prepared by the JICA Study Team based on JSHB

*1 For the checking of the volume of the tension reinforcement bar, if the tensile stress occurs due to
the combined flexural stress, the minimum tension reinforcement bar volume written in JSHB is
placed. If the tensile stress does not occur due to the combined flexural stress, the minimum tension
reinforcement bar volume and required tension reinforcement bar volume are calculated. The larger
one is placed.

*2 For the checking of the mean shear stress, if the checking is satisfied, the minimum diagonal
tension reinforcement bar volume written in JSHB is placed. If the checking is not satisfied, the
minimum diagonal tension reinforcement bar volume and required diagonal tension reinforcement
bar volume are calculated. The larger one is placed.

*3 For the checking of members against diagonal tensile strength failure, if the checking for mean
shear stress of concrete is not satisfied, the checking of members against diagonal tensile stress
failure is calculated.

Intermediate Crossbeam Design

The checking items for the intermediate crossbeam design are bending moment and shear force.
These forces are checked for the “Under Design load” and “Under Ultimate load” cases and the
details of the checking items are shown in Table 4.6.52.

4-755



Detailed Design Study on The Bago River Bridge Construction Project Final Report

Table 4.6.52 Checking Items for Intermediate Crossbeam Design

Type of Force | Design Case Checking Item Load Condition

* During Prestressing
* Immediately after Prestressing

- Tensile Stress of PC Strand ¢ Under Effective Prestressing

Under Design Force
Bendin Load
Momengt - Combined Flexural Stress ¢ Under Dead Load
(Volume of Tension Re-bar™!) ¢ Under Live Load
Under * Case 1
. - Bending Moment to Failure e Case?2
Ultimate Load
* Case3
- Mean Shear Stress of Concrete
Under Design (Volurr*lze of Diagonal Tension ¢ Under Live Load
Load Re-bar™)
Shear Force - Diagonal Tensile Stress of ¢ Under Dead Load
Concrete * Under Live Load
- Compressive Strength to Failure * Case 1
Under . 3
Ultimate Load | - Members against Diagonal * Case 2
Tensile Strength to Failure * Case3

Source: Prepared by the JICA Study Team based on JSHB

*1 For the checking for volume of the tension reinforcement bar, if the tensile stress occurs by the
combined flexural stress, the minimum tension reinforcement bar volume written in the JSHB is
placed. If the tensile stress does not occur by the combined flexural stress, the minimum tension
reinforcement bar volume and required tension reinforcement bar volume are calculated. The larger
one is placed.

*2 For checking for the mean shear stress, if the checking is satisfied, the minimum diagonal tension
reinforcement bar volume written in the JSHB is placed in the crossbeam. If the checking is not
satisfied, the minimum diagonal tension reinforcement bar volume and required diagonal tension
reinforcement bar volume are calculated. The larger one is placed in the crossbeam.

Crossbeam Design at Connecting Part

The checking items for the crossbeam design at connecting part are shown in Table 4.6.53.

Table 4.6.53 Checking Items for Crossbeam Design at Connecting Part

Checking Item Load Condition

* During Prestressing
* Immediately after Prestressing

- Tensile Stress of PC Strand ¢ Under Effective Prestressing Force

- Mean Compressive Stress of Concrete
Source: Prepared by JICA Study Team based on JSHB

e) Checking Items for Coupling Concrete Design at Connecting Part

The checking items for the coupling concrete design at connecting part are bending moment. These
forces are checked under the “Under Design load” and “Under Ultimate load” and the detail of
checking items is shown in Table 4.6.54.
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Table 4.6.54 Checking Items for Coupling Concrete Design at Connecting Part

Type of Force Design Case Checking Item Load Condition

) ¢ Under Dead Load
Under  Design | _ Compressive Stress of Concrete | * Under Live Load

. Load - Tensile Stress of Re-bar ¢ Under Temperature Load
Bending
Moment ¢ Case 1
Under Ultimate e Case?2
Load - Bending Moment to Failure . Case3

Source: Prepared by JICA Study Team based on JSHB

3) Design Strength and Allowable Stress of Materials
a) Concrete

Concrete is applied in the deck slab, the main girder, the crossbeam and the coupling concrete at the
connection part. Design Strength of 40 N/mm? is applied for the PC plate in the deck slab and main
girder. A 30 N/mm? is applied for the RC slab in the deck slab, crossbeam and coupling concrete at
the connecting part. The design strength and the allowable stress of these concrete are shown in
Table 4.6.55.

Table 4.6.55 Design Strength and Allowable Stress of Concrete

Main | Crossb | Deck | Coupling

Loyl Unit Girder eam Slab Concrete
Design Strength N/mm? 40.00 30.0 30.0 30.00
Compressive Strength during Prestressing N/mm? 34.00 | 25.00 25.00
Immediately after 2
Allowable Flexural | Prestressing N/mm 19.00 14.00
Compressive Stress Under Live Load N/mm? 14.00 11.00 | 10.00 10.00
Under Temperature Load N/mm? 16.10
Immedla'Fely after N/mm? -1.50 0.00
Allowable Flexural Prestressing
Tensile Stress Under Dead Load N/mm? 0.00 0.00
Under Live Load N/mm? -1.50 0.00
Under Temperature Load N/mm? -2.00
Under Design Load N/mm? 0.55 0.45
Under Ultimate Load N/mm? 5.30 4.00
Mean Shear Stress Under Ultimate Load
(Shear Force & Torsional | N/mm? 6.10 4.80
Moment)
Shear Force )
Under or Torsional Moment N/mm -1.00 -0.80
Allowable | Dead Load | Shear Force 3
Diagonal & Torsional Moment N/mm (130 110
Tensile Shear Force 2
Stress Under Live | or Torsional Moment N/mm 2000 170
Load Shear Force

N/mm? -2.50 -2.20

& Torsional Moment
Source: Prepared by JICA Study Team based on JSHB

b) PC Strand

PC strands are applied in the PC plate, the main girder and the crossbeam. The SWPR7BL is applied
for the main girder and the crossbeam. The SWPR7AL is applied PC plates. The design strength and
allowable stress of PC strand is shown in Table 4.6.56.
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Table 4.6.56 Design Strength and Allowable Stress of PC Strand

Item Unit Main Girder PC Plate
Crossbeam
Material of PC Strand SWPR7BL SWPR7AL
Tensile Strength N/mm? 1850.0 1700.0
Yield Stress N/mm? 1600.0 1450.0
During Prestressing N/mm? 1440.0 1305.0
Allowable Immediately after Prestressing N/mm? 1295.0 1190.0
Tensile Stress | During Deck Slab Construction N/mm? 1100.0 1020.0
Under Live Load N/mm? 1100.0 1020.0

Source: Prepared by JICA Study Team based on JSHB

¢) Reinforcement Bar

Reinforcement bars are applied in the deck slab, main girder, crossbeam and coupling concrete at the
connection part. The allowable stress of the reinforcement bar is shown in Table 4.6.57.

Table 4.6.57 Yield Strength and Allowable Stress of Reinforcement Bar

Item Unit Main Girfler, Crossbeam, Deck Slab
Coupling Concrete
Yield Strength N/mm? 345 345
Allowable Under D.ead Load N/mm? 100 100
Tensile Stress Under Live Load N/mm? 180 140
Under Impact N/mm? 200 200

Source: Prepared by JICA Study Team based on JSHB

4) Design Parameters of Materials
a) Concrete

The design parameters of concrete are shown in Table 4.6.58.

Table 4.6.58 Design Parameters of Concrete

Item Unit Main Girder Crossbeam,’Deck Lty
Connection Part

Design Strength N/mm? 40.00 30.00
Compressive Strength during Prestressing | N/mm? 34.00 25.00

Under Live Load N/mm? 3.10x 10* 2.80 x 10*
Young’s Modulus Immedia?ely after N/mm? 292 x 10 258 x 10*

Prestressing
Creep Coefficient N/mm? 2.60 2.60
Drying Shrinkage Strain N/mm? 20.0 x 10°° 20.0 x 103

Source: Prepared by JICA Study Team based on JSHB

b) PC Strand
The design parameters of PC strands are shown in Table 4.6.59.
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Table 4.6.59 Design Parameters of PC Strands

Item Unit il Canaten) PC Plate
Crossbeam

Type of PC Strand - 15.2 mm 9.3 mm
Material of PC Strand - SWPR7BL SWPR7AL
Cross Sectional Area mm? 138.7 51.61
Young’s Modulus N/mm? 2.00x 10° 2.00x 10°
Relaxation Rate % 1.5 1.5
Amount of PC Strand Set Mm 6.0 -

A 1/m 0.004 -
Friction Coefficient 0 1/rad 0.300 -

0 1/rad 0.300

Source: Prepared by JICA Study Team based on JSHB

¢) Reinforcement Bar

The design parameters of reinforcement bar are shown in Table 4.6.60.

Table 4.6.60 Design Parameters of Reinforcement Bar

Item Unit Reinforcement Bar
Type of Reinforcement Bars - SD345
Young’s Modulus N/mm? 2.00x 10°

Source: Prepared by JICA Study Team based on JSHB

5) Load Combination and Multiplication Factor

The load combination and the multiplication factor “Under Design Load” are shown in Table 4.6.61.

Table 4.6.61 Load Combination and Multiplication Factor “Under Design Load”

Load Combination

Multiplication Factor

Under Dead Load/ Under Live Load 1.00
Under Temperature Load 1.15
Under Wind Load 1.25
Under Collision Load 1.50
Under Earthquake 1.50
Under Erection Load 1.25

Source: Prepared by JICA Study Team based on JSHB

(2) Consideration of Superstructure Design

In the B/D, the reinforced concrete deck slab had been applied in superstructure. If the reinforced
concrete deck slab is applied, the superstructure needs five main girders because the span length of
the reinforced concrete deck slab is generally about 3 m between the main girders, and the overhang
length of the deck slab is generally about 1.5 m from the center of girder to the end of deck slab. The
girder height is assumed to be 1.8 m by a conventional ratio, which is 1/17, to the average span

length. Hence, the main girder on the cross section is shown in Figure 4.6.26.
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Figure 4.6.26 Cross Section of Superstructure for PC-l Girder Bridge in the B/D

In the D/D, the composite concrete deck slab (reinforced concrete deck slab and prestressed concrete
plate) is considered to be applied to the superstructure between the main girders to reduce the
number of main girders. The span length of composite concrete deck slab which is located between
the main girders is generally 2.6 m to 3.8 m. Hence, the main girder height increased by 10 mm from
the B/D but the number of main girders is reduced. Finally, the main girder height is 1900 mm and
number of main girders is four.

On the other hand, the structure type of overhang is the same as the B/D. The overhang length of the
reinforced concrete deck slab is 1.125 m. The cross section of the superstructure in the D/D is shown
in Figure 4.6.27.

12750
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2.00% 2.00%
%7 I Ir I Ir I Ir
S |
S

1125 3@3500=10500 1125

Source: JICA Study Team
Figure 4.6.27 Cross Section of Superstructure for PC-I Girder Bridge in the D/D

(3) Grid Model Analysis

The PC-I girder bridge has four main girders as shown in Figure 4.6.27. The main girder design is
carried out after one main girder is selected from the four main girders by the grid model analysis.
The plan of the grid model analysis is shown in Figure 4.6.28.
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Source: JICA Study Team
Figure 4.6.28 Plan of Grid Model Analysis from PF14 to PF15

1) Result of Grid Model Analysis

The grid model analysis is carried out using the dead load and live load in the grid model as shown in
Figure 4.6.28. From the result of the grid model analysis, the G2 has the largest sectional force, thus,
the G2 main girder was selected for the design of the main girder. The sectional forces of G1 to G4 are
shown in Table 4.6.62.

Table 4.6.62 Sectional Forces in Main Girder

Type of Force Design Case Unit Gl G2 G3 G4
Bending Moment Under Design Load kNm 8047 8317 8317 8047
Shear Force Under Dead Load kN -1110 -1150 -1150 -1110

Source: JICA Study Team

(4) Design of Deck Slab

The deck slab is designed for both directions, namely, transverse and longitudinal directions. For the
design of the deck slab for the transverse direction, the checking points are “1” to “5” as shown in
Figure 4.6.29 which is at the end of the girder and in Figure 4.6.30 which is at the center of the span.
The “1” section is checked as composite concrete structure, while “2” to “5” sections are checked as
reinforced concrete structure. For the design of the deck slab in the longitudinal direction, the deck
slab is checked as reinforced concrete structure.
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Figure 4.6.29 Cross Section of Deck Slab at the End of Girder
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Figure 4.6.30 Cross Section of Deck Slab at the Center of Span
1) Design of PC Plate
The results of the design of PC plate are shown in Table 4.6.63.
Table 4.6.63 Result of Design of PC Plate
Unit: N/mm?
Combined Flexural Stress Tensile Stress of PC Strand
Load Condition Checking Position Allowable Allowable
Result Result
Value Value
During Prestressing - - 1305.0 1225.0
Immediately after | Top of PC Plate 9.17
Prestressing Bottom of PC Plate -1:5-19.0 8.34 1190.0 1311
lg;‘;‘;fuc ti?rka S13b | b of PC Plate 10.58
(Under Effective 0.0~15.0 1020.0 921.9
. Bottom of PC Plate 3.69
Prestressing Force)

Source: JICA Study Team

2) Design of Deck Slab between Main Girders
Deck Slab Design at End of Main Girder

The results of the design of deck slab between main girders at the end of the main girder are shown
in Table 4.6.64 to Table 4.6.66.

4-762



Detailed Design Study on The Bago River Bridge Construction Project Final Report

Transverse Direction

Table 4.6.64 Result of Design of Deck Slab between Main Girders in Transverse Direction
at “1” Section at End of Main Girder

Unit: N/mm?
. Load . .. Combined Flexural Stress
BN Condition (Clhesi sty Fesiton Allowable Value Result
Top of RC Deck Slab 1.0 3.53
1 Under Live | Bottom of RC Deck Slab ’ -0.81
Load Top of PC Plate 0.0 ~15.0 8.35
Bottom of PC Plate ) ' 1.31

Source: JICA Study Team

Table 4.6.65 Result of Design of Deck Slab between Main Girders in Transverse Direction
at “2” and “3” Sections at End of Main Girder

Unit: N/mm?2
Compresie Srmyin oi Tensile Stress of Re-bar
Section LLezdl Type of Force COTGEE
Condition P Allowable Allowable
Result Result
Value Value

) Under Live | Positive Moment 3.90 60.6

tozd = Negative Moment 10.0 3.79 140.0 79.3
3 nderLive Negative Moment 2.58 74.4

Load

Source: JICA Study Team

Longitudinal Direction

Table 4.6.66 Result of Design of Deck Slab between Main Girders in Longitudinal Direction
at End of Main Girder

Unit: N/mm2
(CompEEe S oif Tensile Stress of Re-bar
Load Condition Concrete
Allowable Result Allowable Result
Value Value
Under Live Load 10.0 8.66 140.0 100.2

Source: JICA Study Team

Deck Slab Design at Center of Span

The results of the design of deck slab between the main girders at the center of the span are shown in
Table 4.6.67 to Table 4.6.69.
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Transverse Direction

Table 4.6.67 Result of Design of Deck Slab between Main Girders in Transverse Direction
at “1” Section at Center of Span

Unit: N/mm?
. Load . .. Combined Flexural Stress
BN Condition Clizelali oo Allowable Value Result
Top of RC Deck Slab 1.0 4.23
1 Under Live | Bottom of RC Deck Slab ' -0.97
Load Top of PC Plate 0.0~15.0 8.17
Bottom of PC Plate ’ ' 0.58

Source: JICA Study Team

Table 4.6.68 Result of Design of Deck Slab between Main Girders in Transverse Direction
at “2” and “3” Sections at Center of Span

Unit: N/mm?2
Compresie Srmyin oi Tensile Stress of Re-bar
Section el Type of Force COTGEE
Condition P Allowable Allowable
Result Result
Value Value
) Under Live | Positive Moment 6.71 104.3
tozd g Negative Moment 10.0 3.27 140.0 68.4
3 nder Live Negative Moment 2.56 78.6
Load

Source: JICA Study Team

Longitudinal Direction

Table 4.6.69 Result of Design of Deck Slab between Main Girders in Longitudinal Direction
at Center of Span

Unit: N/mm?
Compressive Strength of Tensile Stress of Re-bar
Load Condition Concrete
Allowable Result Allowable Result
Value Value
Under Live Load 10.0 9.96 140.0 115.25

Source: JICA Study Team

3) Design of Deck Slab outside the Main Girder
Deck Slab Design at End of Main Girder

The results of the design of the deck slab outside of the main girder at the end of the main girder are
shown in Table 4.6.70 and Table 4.6.71.
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Transverse Direction

Table 4.6.70 Result of Design of Deck Slab Outside the Main Girder in Transverse
Direction at “4” and “5” Sections at End of Main Girder

Unit: N/mm?
CotigprzEsive Vit ol Tensile Stress of Re-bar
Section Load Condition Soncicic
Allowable Result Allowable Result
Value v Value U
Under Dead Load - - 100.0 5.39
Under Live Load 10.0 0.21 140.0 5.39
Under Collision Load 15.0 2.04 300.0 53.54
4 Under Wind Load
(with Live Load) 12.5 0.35 175.0 9.19
Under Wind Load
(without Live Load) 12.5 0.50 175.0 12.99
Under Dead Load - - 100.0 10.21
Under Live Load 10.0 1.14 140.0 32.82
Under Collision Load 15.0 2.59 300.0 74.65
5 Under Wind Load
(with Live Load) 12.5 1.26 175.0 36.16
Under Wind Load
(without Live Load) 12.5 0.59 175.0 16.90

Source: JICA Study Team

Longitudinal Direction

Table 4.6.71 Result of Design of Deck Slab Outside the Main Girder in Longitudinal
Direction at the End of Main Girder

Unit: N/mm?2
Compressive Strength of Tensile Siress of Ro-bar
Load Condition Concrete
Allowable Rl Allowable _
Value Value
Under Live Load 10.0 1.62 140.0 58.50

Source: JICA Study Team

Deck Slab Design at Center of Span

The results of the design of the deck slab outside the main girder at the center of the span are shown
in Table 4.6.72 to Table 4.6.73.
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Transverse Direction

Table 4.6.72 Result of Design of Deck Slab Outside the Main Girder for Transverse
Direction at “4” and “5” Sections at Center of Span

Unit: N/mm?2
Compressive Strength of Tensile Stress of Re-bar
Section Load Condition QoG
Allowable Allowable
Result Result
Value Value
Under Dead Load - - 100.0 5.39
Under Live Load 10.0 0.21 140.0 5.39
Under Collision Load 15.0 2.04 300.0 53.54
4 Under Wind Load
(with Live Load) 12.5 0.35 175.0 9.19
Under Wind Load
(without Live Load) 12.5 0.50 175.0 12.99
Under Dead Load - - 100.0 13.78
Under Live Load 10.0 2.10 140.0 64.55
Under Collision Load 15.0 3.33 300.0 102.54
5 Under Wind Load
(with Live Load) 12.5 2.20 175.0 67.62
Under Wind Load
(without Live Load) 12.5 0.65 175.0 19.90

Source: JICA Study Team

Longitudinal Direction

Table 4.6.73 Result of Design of Deck Slab Outside the Main Girder in Longitudinal
Direction at Center of Span

Unit: N/mm?2
Compressive Strength of Tensile Stress of Re-bar
Load Condition Concrete
Allowable Result Allowable Result
Value Value
Under Live Load 10.0 2.05 140.0 74.25

Source: JICA Study Team

(5) Main Girder Design
1) Cross Section of Main Girder

For the design of the main girder, the cross section of the main girder is assumed as shown in Figure
4.6.31.
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Figure 4.6.31 Cross Section of Main Girder

2) Checking Position of Main Girder

The checking position for the bending moment and shear force is shown in Figure 4.6.32 and Table
4.6.74.

50 GIRDER LENGTH(ON CL) 29850 0
1 2 34 5 6 7 8 9 10 11 1213 14 15
e U U — —————
= 1 1 1 =t 1 1 1 =
| | | | | | ‘ | | | | | | |
| | | SN | | =1 |
\ i i i — i i i i \
dE | SPAN LENGTH(ON CL) 28850 | 1o

5od | 500
Source: JICA Study Team
Figure 4.6.32 Checking Position for Bending Moment and Shear Force

Table 4.6.74 Checking Position for Bending Moment and Shear Force

Distance from Distance from
No. Beginning of Description No. Beginning of Description
Girder Girder
| 0.500 m Supporting Point 9 16.121 m Bend Point of PC Strand
2 1.450 m Checking of Shear Force 10 18.531 m Five-eighths of Span
3 4.000 m Cross Section Changes 11 22.138 m Six-eighths of Span
4 4.106 m One-eighth of Span 12 25.744 m Seven-eighths of Span
5 7.713 m Two-eighths of Span 13 25.850 m Cross Section Changes
6 11.319 m Three-eighths of Span 14 28.400 m Checking of Shear Force
7 14.078 m Bend Point of PC Strand 15 29.350 m Supporting Point
8 14.925 m Center of Span

Source: JICA Study Team

3) Arrangement of PC Strand

Five PC strands with specifications for 7S15.2 of SWPR7BL are placed in the main girder. The
arrangement of the five PC strands is shown in Figure 4.6.33. The stress of the PC strand during
prestressing is 1,300 N/mm?®.
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Figure 4.6.33 Arrangement of PC Strand in Main Girder

4) Design for Bending Moment

The design for bending moment under design load involves “Tensile Stress of PC Strand” and
“Combined Flexural Stress (Volume of Tension Re-bar)”. The “Bending Moment to Failure” will be
checked for the bending moment under ultimate load.

Design for Tensile Stress of PC Strand

The result of the design for tensile stress for PC strands is shown in Table 4.6.75. The checking case
is indicated for “During Prestressing”, “Immediately after Prestressing”, “During Deck
Construction”, and “Under Live Load”.

Table 4.6.75 Result of Design for Tensile Stress of PC Strand

Unit: N/mm?
Load Condition Checking Position | Allowable Value Result
During Prestressing - Under 1440 1300.00
Immediately after Prestressing | Cross Section “6” Under 1295 1178.26
During Deck Construction Cross Section “2” Under 1100 1085.92
Under Live Load Cross Section “1” Under 1100 1013.90

Source: JICA Study Team

Design for Combined Flexural Stress (Checking for Volume of Tension Re-bar)

The result of the design for the combined flexural stress is shown in Table 4.6.76. The checking case
is indicated for “Immediately after Prestressing”, “During Deck Construction”, “Under Dead Load”,
“Under Live Load”, and “Under Temperature Load”.
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Table 4.6.76 Result of Design for Combined Flexural Stress
Unit: N/mm?
" . Checking
Load Condition Section . Allowable Value Result
Position
ImmedlaFely after Top of Glrde.r 1.5<50<19.0 0.84
Prestressing Bottom of Girder 14.70
During ' Deck Top of Glrde'r 1.5<5¢<14.0 6.36
Construction Bottom of Girder 6.74
Top of Deck (Deck<10.0) 2.78
Under Dead Load Top of Girder 5.29
Bottom of Girder 0.0<oc<14.0 2.89
Top of Deck (Deck<10.0) ME.IX 4.26
. Min 240
Cross Section “8” Max 651
Under Live Load | (Center of Span) Top of Girder - -
Min  4.98
-1.5<6c<14.0
Bottom of Girder Max -0.54
ortorm ot rde Min __ 3.77
Max 4.99
Top of Deck (Deck<11.5) Min 313
Under . Max  5.80
Temperature Load Top of Girder Min 427
-2.0<cc<16.10
Bottom of Girder Max -0.85
! Min _ 3.46

Source: JICA Study Team

The result of the checking for volume of tension reinforcement bars is shown in Table 4.6.77. In
Table 4.6.76, the main girder has tensile stress “Under Live Load” and “Under Temperature Load”.
The stress for “Under Temperature Load” case is larger than that for the “Under Live Load” case.
Hence, the checking for volume of tension reinforcement bar is carried out for the “Under
Temperature Load” case.

Table 4.6.77 Result of Volume of Tension Re-bar
Unit: cm?
Required Tension

Minimum Tension

Load Condition

Checking Position

Re-bar Volume

Re-bar Volume

Under Temperature

Cross Section “8”

8.529

3.518

Load (Center of Span)
Source: JICA Study Team

From Table 4.6.77, the minimum volume of the tension reinforcement bar is placed in the main
girder.

Checking for Bending Moment to Failure (Under Ultimate Load)

The result of the checking for the bending moment to failure is shown in Table 4.6.78. The critical
case, “case 37, is shown in Table 4.6.47.

Table 4.6.78 Result of Checking for Bending Moment to Failure
a) Resisting Bending b) Acting Bending
Checking Position Moment to Failure Moment to Failure Safegf /I%e)gree
(kNm) (kKNm)
Cross Section “8”
(Center of Span) 15295 12868 1.189

Source: JICA Study Team
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5) Design for Shear Force

The design for shear force under design load involves “Mean Shear Stress (Volume of Diagonal
Tension Reinforcement Bar)” and “Diagonal Tensile Stress of Concrete”. For the “Under Ultimate
Load” case, the “Web Concrete against Compressive Strength to Failure” and “Members against
Diagonal Tensile Strength to Failure” will be checked.

Design for Mean Shear Stress of Concrete (Volume of Diagonal Tension Re-bar)

The result of the design for the mean shear stress is shown in Table 4.6.79.

Table 4.6.79 Result of Design for Mean Shear Stress of Concrete

Unit: N/mm?
Checking Position Allowable Value Result
Cross Section “3” Tm<=0.55 1.276

Source: JICA Study Team
In Table 4.6.79, the calculated value is over the allowable value on the mean shear stress. Hence, the
required volume of diagonal tension reinforcement bar is calculated as given in Table 4.6.80.

Table 4.6.80 Result of Volume of Diagonal Tension Re-bar

Unit: cm?

Checking Position

Minimum Diagonal Tension
Re-bar Volume

Required Diagonal Tension
Re-bar Volume

Cross Section “3”

4.40

10.77

Source: JICA Study Team

From Table 4.6.80, the required volume of diagonal tension reinforcement bar is placed in the main
girder.

Design for Diagonal Tensile Stress of Concrete

The result of the design for diagonal tensile stress of concrete is shown in Table 4.6.81.

Table 4.6.81 Result of Design for Diagonal Tensile Stress of Concrete
Unit: N/mm?
Load . . ..
. Section Checking Position Allowable Value Result
Condition
Base of Upper Flange -0.11
Neutral Axis before 011
Under Dead Cross Section “3” Comp051t19n cl=-1.0
Load Neutral Axis after
o -0.12
Composition
Base of Lower Flange -0.06
Max  -0.46
Base of Upper Flange Min  -0.09
Neutral Axis before Max  -0.48
Under Live . wn» | Composition Min  -0.09
=>_
Load Cross Section ™3 Neutral Axis after ol=>-2.0 Max  -0.49
Composition Min  -0.09
Max  -0.34
Base of Lower Flange Min  -0.05

Source: JICA Study Team
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Checking for Web Concrete against Compressive Strength to Failure (Under Ultimate Load)

The result of the checking for web concrete against compressive strength to failure is shown in Table
4.6.82.

Table 4.6.82 Result of Checking for Web Concrete against Compressive Strength to Failure

. .. a) Compressive Strength b) Acting Shear Force Safety Degree
R to Failure (kN) (kN) a) /b)
Cross Section “3” 2709.7 1482.1 1.83

Source: JICA Study Team
Checking for Members against Diagonal Tensile Strength to Failure (Under Ultimate Load)

The acting shear force is shown in Table 4.6.83. If D13 is used as the diagonal tension re-bar, the
interval of re-bar should be less than 235 mm. If D16 is used, the interval of re-bar should be less
than 368 mm. After all, re-bar of D16 and 125 mm interval are applied.

Table 4.6.83 Result of Acting Shear Force

Checking Position Acting Shear Force (kN)

Cross Section “3” 1482.1
Source: JICA Study Team

(6) Design of Crossbeam

For the design of the crossbeam, it is divided into the following three parts: a) Crossbeam at the End
of Main Girder, b) Intermediate Crossbeam, and c) Crossbeam at Connecting Part. Figure 4.6.34
shows the dimension of the crossbeam for the three parts.

a) b) ¢)

Source: JICA Study Team
Figure 4.6.34 Dimension of Crossbeam
1) Crossbeam at the End of Main Girder
a) Design for Bending Moment

The design for the bending moment under design load includes “Tensile Stress of PC Strand” and
“Combined Flexural Stress (Volume of Tension Re-bar)”.

Design for Tensile Stress of PC Strand
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The result of the design for tensile stress for PC strands is shown in Table 4.6.84. The checking case
is indicated for “During Prestressing”, “Immediately after Prestressing”, and “Under Effective
Prestressing Force”.

Table 4.6.84 Result of Design for Tensile Stress of PC Strand

Unit: N/mm?
Load Condition Allowable Value Result
During Prestressing Under 1440 1250.00
Immediately after Prestressing Under 1295 1150.60
Under Effective Prestressing Force Under 1110 1056.00

Source: JICA Study Team

Design for Combined Flexural Stress (Checking for Volume of Tension Re-bar)

The result of the design for combined flexural stress is shown in Table 4.6.85. The checking case is
indicated for the “Under Dead Load” and “Under Live Load” cases.

Table 4.6.85 Result of Design for Combined Flexural Stress

Unit: N/mm?
Load Condition Checking Position Allowable Result
Value
Under Dead Load Top of Crossbeam 0.0~12.0 117
Bottom of Crossbeam 1.58
Top of Crossbeam 11\\44?; (l)g ;
Under Live Load 0.0~12.0 -
Bott. fC b Max 1.11
ottom of Crossbeam Min 188

Source: JICA Study Team
b) Design for Shear Force

The design for shear force under design load involves “Mean Shear Stress of Concrete (Volume of
Diagonal Tension Reinforcement Bar)” and “Diagonal Tensile Stress of Concrete”. The checking for
the “Under Ultimate Load” case involve “Web Concrete against Compressive Strength to Failure”
and “Members against Diagonal Tensile Strength to Failure”.

Design for Mean Shear Stress of Concrete (Volume of Diagonal Tension Re-bar)

The result of the design for the mean shear stress is shown in Table 4.6.86.

Table 4.6.86 Result of Design for Mean Shear Stress of Concrete

Unit: N/mm?2
Allowable Value Result
Tm<=0.45 0.08

Source: JICA Study Team

Design for Diagonal Tensile Stress of Concrete

The result of the design for diagonal tensile stress of concrete is shown in Table 4.6.87.
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Table 4.6.87 Result of Design for Diagonal Tensile Stress of Concrete

Unit: N/mm?
Load Condition Allowable Value Result
Under Dead Load c[=>-0.80 0.000
Under Live Load cl=>-1.70 -0.005

Source: JICA Study Team

Checking for Concrete against Compressive Strength to Failure (Under Ultimate Load)

The result of the checking for web concrete against compressive strength to failure is shown in Table
4.6.88.

Table 4.6.88 Result of Checking for Concrete against Compressive Strength to Failure

a) Compressive Strength b) Acting Shear Force Safety Degree
to Failure (kN) (kN) a)/b)
5688 253 22.5
Source: JICA Study Team

Checking for Members against Diagonal Tensile Strength to Failure (Under Ultimate Load)

The result of the checking for members against diagonal tensile strength to failure is shown in Table
4.6.89.

Table 4.6.89 Result of Checking for Members against Diagonal Tensile Strength to Failure

a) Diagonal Tensile Strength . Safety Degree
to Failure (kN) b) Acting Shear Force (kN) 2)/b)
2133 253 8.43

Source: JICA Study Team
2) Intermediate Crossbeam
a) Design for Bending Moment

The design for the bending moment under design load involes “Tensile Stress of PC Strand” and
“Combined Flexural Stress (Volume of Tension Re-bar)”. The checking for the bending moment
under ultimate load involves “Bending Moment to Failure”.

Design for Tensile Stress of PC Strand

The result of the design for tensile stress for PC strands is shown in Table 4.6.90. The checking case
is indicated for “During Prestressing”, “Immediately after Prestressing”, and “Under Effective
Prestressing Force”.

Table 4.6.90 Result of Design for Tensile Stress of PC Strand

Unit: N/mm?
Load Condition Allowable Value Result
During Prestressing Under 1440 1250.0
Immediately after Prestressing Under 1295 1149.1
Under Effective Prestressing Force Under 1110 1026.0

Source: JICA Study Team

Design for Combined Flexural Stress (Checking for Volume of Tension Re-bar)

The result of design for combined flexural stress is shown in Table 4.6.91. The checking case is
indicated for the “Under Dead Load” and “Under Live Load” cases.
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Table 4.6.91 Result of Design for Combined Flexural Stress

Unit: N/mm?2

Load Condition Checking Position fllomalbls Result

Value
Top of Deck Slab <=10.0 -0.32
Bottom of Deck Slab e -0.21
Under Dead Load

Top of Crossbeam 0.0~11.0 1.92
Bottom of Crossbeam ' ' 4.57
Max  0.55
Top of Deck Slab Min -0.89
<100 Max 036

Bottom of Deck Slab gx -
) Min -0.60

Under Live Load
Max 1.90
Top of Crossbeam ;
Min 1.94
0.0~11.0

Bottom of Crossbeam Max 229
Min  6.10

Source: JICA Study Team

Checking for Bending Moment to Failure (Under Ultimate Load)

The result of the checking for the bending moment to failure is shown in Table 4.6.92. The critical
case, “case 27, is shown in Table 4.6.53.

Table 4.6.92 Result of Checking for Bending Moment to Failure

a) Resisting Bending b) Acting Bending
Moment to Failure Moment to Failure Safeg/]?;;gree
(kNm) (kKNm)
2383.7 1325.8 1.80

Source: JICA Study Team
b) Design for Shear Force

The design for shear force under design load involves “Mean Shear Stress of Concrete (Volume of
Diagonal Tension Reinforcement Bar)” and “Diagonal Tensile Stress of Concrete”. The checking for
the “Under Ultimate Load” case involves “Compressive Strength to Failure” and “Members against
Diagonal Tensile Strength to Failure”.

Design for Mean Shear Stress of Concrete (Volume of Diagonal Tension Re-bar)

The result of the design for the mean shear stress is shown in Table 4.6.93.

Table 4.6.93 Result of Design for Mean Shear Stress of Concrete
Unit: N/mm?
Allowable Value Result

Tn<=0.45 0.65
Source: JICA Study Team

In Table 4.6.93, the calculated value is over the allowable value of the mean shear stress. Hence, the
required volume of diagonal tension reinforcement bar is calculated as given in Table 4.6.94.
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Table 4.6.94 Result of Volume of Diagonal Tension Re-bar

Unit: cm?

Minimum Diagonal Tension
Re-bar Volume

Required Diagonal Tension
Re-bar Volume

6.00

9.66

Source: JICA Study Team

From Table 4.6.94, the required volume of diagonal tension reinforcement bar is placed in the
crossbeam.

Design for Diagonal Tensile Stress of Concrete

The result of the design for diagonal tensile stress of concrete is shown in Table 4.6.95.

Table 4.6.95 Result of Design for Diagonal Tensile Stress of Concrete

Unit: N/mm?2
Load Condition Allowable Value Result
B Max -0.014
Under Dead Load cl[=>-0.80 Min 20014
. B Max -0.18
Under Live Load ol=>-1.70 Min 018

Source: JICA Study Team

Checking for Compressive Strength to Failure (Under Ultimate Load)

The result of the checking for compressive strength to failure is shown in Table 4.6.96.

Table 4.6.96 Result of Checking for Compressive Strength to Failure

a) Compressive Strength b) Acting Shear Force Safety Degree
to Failure (kN) (kN) a)/b)
1494.6 529.3 2.82

Source: JICA Study Team
Checking for Members against Diagonal Tensile Strength to Failure (Under Ultimate Load)

The acting shear force is shown in Table 4.6.97. If D13 is used as the diagonal tension re-bar, the
interval of re-bar should be less than 262 mm. If D16 is used, the interval of re-bar should be less
than 400 mm. After all, re-bar of D13 and 250 mm interval are applied.

Table 4.6.97 Result of Acting Shear Force

Acting Shear Force (kN)

5293
Source: JICA Study Team

3) Crossbeam at Connection Part

The checking items are “Tensile Stress of PC Strand” and “Mean Compressive Strength of
Concrete”.

Design for Tensile Stress of PC Strand

The result of design for tensile stress for PC strands is shown in Table 4.6.98. The checking cases

include “During Prestressing”, “Immediately after Prestressing”, and “Under Effective Prestressing
Force”.
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Table 4.6.98 Result of Design for Tensile Stress of PC Strand and Mean Compressive Stress of

Concrete
Unit: N/mm?
» Tensile Stress of PC Strand Mean Compressive Stress of Concrete
Load Condition
Allowable Value Result Allowable Value Result
During Prestressing Under 1440 1250.0
Immediately after Prestressing Under 1295 1151.2 more than 1.50 1.61
Under Effective Prestressing Force Under 1110 1051.5

Source: JICA Study Team

(7) Design of Coupling Concrete (Connecting Part)

For the design of coupling concrete, the checking position for the bending moment is shown in
Figure 4.6.35.

Source: JICA Study Team
Figure 4.6.35 Checking Position of Coupling Concrete

The design for the bending moment under design load involves “Compressive Stress of Concrete”
and “Tensile Stress of Re-bar”. The checking for bending moment under ultimate load involves
“Bending Moment to Failure”.

Design for Compressive Stress of Concrete and Tensile Stress of Re-bar

The result of the design for compressive stress of concrete is shown in Table 4.6.99. The checking
cases include “Under Dead Load”, “Under Live Load”, and “Under Temperature Load”.
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Table 4.6.99 Result of Design for Compressive Stress of Concrete and Tensile Stress of Re-bar

Unit: N/mm?
Comprescs;;;zri:reength of Tensile Stress of Re-bar
Section Load Condition Type of Force Allowable Allowable
Result Result
Value Value

1 Negative Moment - - 0.00
Positive Moment - - 27.25

2 Under Dead Load Negative Moment - - 100 0.00

3 Negative Moment - - 0.00
1 Negative Moment 3.53 95.18
. Positive Moment 0.74 43.54

2 Under Live Load Negative Moment 10.0 353 160.0 9513
3 Negative Moment 3.53 95.18
1 Negative Moment 3.65 98.28
) Under Temperature | Positive Moment 115 1.62 184.0 95.51
Load Negative Moment ’ 3.53 ’ 95.18

3 Negative Moment 3.65 98.02

Source: JICA Study Team
Checking for Bending Moment to Failure (Under Ultimate Load)

The result of checking for bending moment to failure is shown in Table 4.6.100. The critical case,

“Case 1 and 2”, is shown in Table 4.6.54.

Table 4.6.100 Result of Checking for Bending Moment to Failure

a) Resisting Bendin b) Acting Bendin
Section Type of Force %\/Ioment t%) Failulreg N}omentgto Failuri Sy IDEEED
(kNm) (kNm) 2)/b)
1 Negative Moment -5969.78 -5031.28 1.19
) Positive Moment 4561.52 847.72 5.38
Negative Moment -5969.78 -4783.31 1.25
3 Negative Moment ) -5022.72 1.20

Source: JICA Study Team

(8) Result of Design for Other Sections

Since the above result was for the representative section of PF14-PF15, the following figures show
the major profile, cross section, and calculation results of the other sections.

1) AF1-PF2

Figure 4.6.36 and Figure 4.6.37 show the profile, plan, and cross section of AF1-PF2.
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Source: JICA Study Team
Figure 4.6.36 Profile and Plan (AF1-PF2)
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Source: JICA Study Team
Figure 4.6.37 Cross Section (AF1-PF2)
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a) AF1-PF1

The following tables show the calculation results for AF1-PF1.

Table 4.6.101

Calculation Results for the Deck (AF1-PF1)

_4 5 3 2 1 2 3 4 5 3 2 1 2 3
gj\ \L_D_, ﬁj%@:ﬂ/ ‘ ;%:: ol %’;g":g!:;g:(\‘  E——
= ~ I ﬂ = = " B S n
— — Y -
475 300 300 1100 1100 300 475540 | || 540 | 1100 1100 | 540
75 | 700 2800 1015 2 3280
[
Deck at End of Girder Deck at Center Span
Result of Design of PC Plate (Unit: N/mm2)
Deck at End of Girder Deck at Center Span
Load Conditio Checking Strength of Concrete Stress of Re-bar Load Condition el Strength of Concrete Stress of Re-bar
1ion oy 1 ot
Position | Allowable Result Allowable Result Position | Allowable Result Allowable Result
Value Value Value Value
During Prestressing - - - 1305 1225( During Prestressing - - - 1305 1225
I diately aft Top of PC Plate 9.17, I diately aft Top of PC Plate 9.17,
meciately atter -1.5~19.0 1190 1131 editely ater -1.5~19.0 1190 1131
Prestressmg BottomofPC Plate 834 Pl’eStl’eSSlﬂg BottomofPC Plate 834
uring Deck Construction | 1 0P of PC Plate 10.58 uring Deck Construction | 1 0P of PC Plate 10.58
B _ 0.0~15.0 1020 gp1| DureeckConsiucton : 0.0~15.0 1020 921
(Under Effstive Prestiessing) | BottomofPC Plate 369 (Under Effective Prestressing) | Bottomof PC Plate 3.69)
Result of Design of Deck (Unit: N/mm2)
Deck between Main Girders
Deck at End of Girder (Tranverse Direction) Deck at Center Span (Tranverse Direction)
X Load Checking Combined Flexural Stress X Load Checking Combined Flexural Stress
Section . - Section . -
Condition | Position Allowable Value Result Condition |  Position Allowable Value Result
Top of RC Deck 348 Top of RC Deck 4.15
Under | BottomofRC Deck 110 -0.80 Under | BottomofRC Deck 1.0 -0.95
1 . 1 .
Live Load | Top pfPC Plate 8.35 Live Load | Top pfPC Plate 8.19)
- 0.0~15.0 - 0.0~15.0
BottomofPC Plate 1.36 BottomofPC Plate 0.65
Section Load Type of Strength of Concrete Stress of Re-bar Section Load Type of Strength of Concrete Stress of Re-bar
Condtitom TS Allowable Result Allowable Result @sadbiom THewee Allowable Result Allowable Result
Value Value Value Value
Positive Moment 3.84 59.7 Positive Moment 6.60 102.5
2 2
Londer [Neguive oment| 100 374 1400 784 Londer Neguive Momens| 100 323 1400 675
3 Negative Moment 2.56 73.6 3 Negative Moment 2.52 77.6
Deck at End of Girder (Longitudinal Direction) Deck at Center Span (Longitudinal Direction)
Strength of Concrete Stress of Re-bar Strength of Concrete Stress of Re-bar
Load Condition Load Condition
Allowable Result Allowable Result Allowable Result Allowable Result
Value Value Value Value
Under Live Load 10.0 8.66| 140.0 100.2 Under Live Load 10.0 9.96| 140.0 115.3
Deck outside of Main Girder
Deck at End of Girder (Tranverse Direction) Deck at Center Span (Tranverse Direction)
Strength of Concrete | Stress of Re-bar Strength of Concrete | Stress of Re-bar
Section Load Condition Section Load Condition
Allowable Result Allowable Result Allowable Result Allowable Result
Value Value Value Value
Under Dead Load - - 100.0 8.2 Under Dead Load - - 100.0 8.2]
Under Live Load 10.0 031 140.0 82 Under Live Load 10.0 031 140.0 82
4 Under Collison Load 15.0 2,15 300.0 564 4 Under Collison Load 15.0 2.15  300.0 56.4
Under Wind Load (with Live Load) 125 046 1750 120 Under Wind Load (with Live Load) 125 046 1750 120
Under Wind Load (w/o Live Load) 12.5 0.60 175.0 15.8 Under Wind Load (w/o Live Load) 12.5 0.60 175.0 15.8]
Under Dead Load - - 100.0 132 Under Dead Load - - 100.0 16.7]
Under Live Load 10.0 3.53 140.0 101.5 Under Live Load 10.0 246| 140.0 75.7
5 Under Collison Load 15.0 498  300.0 1434 S Under Collison Load 15.0 3701 300.0 113.7
Under Wind Load (with Live Load) 125 364 1750 1049 Under Wind Load (with Live Load) 125 256 1750 788
Under Wind Load (w/o Live Load) 125 069 1750 ]99 Under Wind Load (w/o Live Load) ]25 074 1750 228
Deck at End of Girder (Longitudinal Direction) Deck at Center Span (Longitudinal Direction)
Strength of Concrete | Stress of Re-bar Strength of Concrete | Stress of Re-bar
Load Condition Load Condition
Allowable Result Allowable Result Allowable Result Allowable Result
Value Value Value Value
Under Live Load 10.0 1.86| 140.0 67.2 Under Live Load 10.0 229 1400 82.9

Source: JICA Study Team
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Table 4.6.102 Calculation Results for the Main Girder (AF1-PF1)
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Table 4.6.103 Calculation Results for the Crossbeam and Coupling Concrete (AF1-PF1)
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b) PF1-PF2

The following tables show the calculation results for PF1-PF2.

Table 4.6.104 Calculation Results for the Deck (PF1-PF2)

45 32 I 1 2 3 s 53 2 1 2 3
lel Y ‘\'% AR %é N
o [F ~U i I > ~ <) i I
Y e ] _ i 2
\ _—
475 300 300, 1100 1100 300 475 540 || | 540 | 1100 1100 | 540
75| 790 2800 1015 2 3280
Deck at End of Girder Deck at Center Span
Result of Design of PC Plate (Unit: N/mm2)
Deck at End of Girder Deck at Center Span
Load Condit Checking Strength of Concrete Stress of Re-bar Load Condition Gl Strength of Concrete Stress of Re-bar
a on on o 1 s
Position | Allowable Result Allowable Result Position | Allowable Result Allowable Result
Value Value Value Value
During Prestressing - - - 1305 1225| During Prestressing - - - 1305 1225
Immediately after | Top of PC Plate 9.17 Immediately after | Top of PC Plate 9.17
. -1.5~19.0 1190 1131 . -1.5~19.0 1190 1131
Prestressing | BottomofPC Plate 8.34 Prestressing | BottomofPC Plate 8.34/
uring Deck Construction | T0P of PC Plate 10.58 uring Deck Construction | T0P of PC Plate 10.59]
D Do : 0.0~150 1020 Q| Beck e _ 0.0~15.0 1020 922
(Under Effective Prestressing) | BottomofPC Plate 3.69 (Under Effective Prestressing) | BottomofPC Plate 3.69)
Result of Design of Deck (Unit: N/mm2)
Deck between Main Girders
Deck at End of Girder (Tranverse Direction) Deck at Center Span (Tranverse Direction)
) Load Checking Combined Flexural Stress X Load Checking Combined Flexural Stress
Section L . Section L .
Condition |  Position Allowable Value Result Condition | Position Allowable Value Result
Top of RC Deck 3.50 Top of RC Deck 4.19
Under | BottomofRC Deck 1.0 -0.81 Under | BottomofRC Deck 1.0 -0.96|
1 . 1 .
Live Load | Top pfPC Plate 835 Live Load | Top pfPC Plate 8.18
0.0~15.0 0.0~15.0
BottomofPC Plate 1.33 BottomofPC Plate 0.62
secton Load Type of Strength of Concrete Stress of Re-bar Section Load Type of Strength of Concrete Stress of Re-bar
@oadbiom o Allowable Result Allowable Result Condition e Allowable Result Allowable Result
Value Value Value Value
Positive Moment 3.87 60.1 5 Positive Moment 6.65 103.3
2
Lig:gzra o [Newmive Moment| 10,0 376| 1400 788 Lig:izz o [Nesmive vomen | 10.0 325 1400 679
3 Negative Moment 257 740| 3 Negative Moment 2.54 78.1
Deck at End of Girder (Longitudinal Direction) Deck at Center Span (Longitudinal Direction)
Strength of Concrete Stress of Re-bar Strength of Concrete Stress of Re-bar
Load Condition Load Condition
Allowable Result Allowable Result Allowable Result Allowable Result
Value Value Value Value
Under Live Load 10.0 8.66| 140.0 100.2 Under Live Load 10.0 9.96| 140.0 1153
Deck outside of Main Girder
Deck at End of Girder (Tranverse Direction) Deck at Center Span (Tranverse Direction)
Strength of Concrete Stress of Re-bar Strength of Concrete Stress of Re-bar
Section Load Condition Section Load Condition
Allowable Result Allowable Result Allowable Result Allowable Result
Value Value Value Value
Under Dead Load - - 100.0 82 Under Dead Load - - 100.0 8.2]
Under Live Load 10.0 0.31| 140.0 8.2 Under Live Load 10.0 0.31f 140.0 8.2
4 Under Collison Load 15.0 2.15|  300.0 563 4 Under Collison Load 15.0 2.15(  300.0 56.3
Under Wind Load (with Live Load) 125 046 175.0 12.0 Under Wind Load (with Live Load) 125 046  175.0 12.0
Under Wind Load (w/o Live Load) 125 060 175.0 158 Under Wind Load (w/o LiveLoad)| 2.5 0.60]  175.0 158
Under Dead Load - - 100.0 13.1 Under Dead Load - - 100.0 16.6)
Under Live Load 10.0 352 1400 101.4 Under Live Load 10.0 246| 140.0 75.6
5 Under Collison Load 15.0 497 300.0 1433 5 Under Collison Load 15.0 3.69]  300.0 113.6
Under Wind Load (with Live Load) 125 364 1750 1048 Under Wind Load (with Live Load) 125 256 1750 787
Under Wind Load (w/o Live Load) 12.5 0.69 175.0 19.8 Under Wind Load (w/o Live Load) 12.5 0.741 175.0 227!
Deck at End of Girder (Longitudinal Direction) Deck at Center Span (Longitudinal Direction)
Strength of Concrete Stress of Re-bar Strength of Concrete Stress of Re-bar
Load Condition Allowable Allowable Load Condition Allowable Allowable
Result Result Result Result
Value Value Value Value
Under Live Load 10.0 1.86| 140.0 67.2 Under Live Load 10.0 229 140.0 82.9
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Table 4.6.105 Calculation Results for the Main Girder (PF1-PF2)
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Table 4.6.106 Calculation Results for the Crossbeam and Coupling Concrete (PF1-PF2)
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2) PF5-PF7
Figure 4.6.38 and Figure 4.6.39 show the profile, plan, and cross section of PF5-PF7.
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Source: JICA Study Team
Figure 4.6.38 Profile and Plan (PF5-PF7)
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Source: JICA Study Team
Figure 4.6.39 Cross Section (PF5-PF7)
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a) PF5-PF6
The following tables show the calculation results for PF5-PF6.

Table 4.6.107 Calculation Results for the Deck (PF5-PF6)

u 5 3 2 1 2 3 L 5 3 2 1 2 3
- 7@%@:;2:: . 7%’%%:;25‘:’7:
i@- SIS S Is =2 15
o S 0 H o S I y
— [=a — — — | A — |
475 1300 300, 1100 1100 300, 475 | 540 540 1100 1100 540
775 7 : 0 2800 1015 2 : 3280
Deck at End of Girder Deck at Center Span
Result of Design of PC Plate (Unit: N/mm2)
Deck at End of Girder Deck at Center Span
Load Conditi Checking Strength of Concrete Stress of Re-bar Load Condit Cheeling Strength of Concrete Stress of Re-bar
ad Condition .. ad Condition i
Position | Allowable Result Allowable Result Position | Allowable Result Allowable Result
Value Value Value Value
During Prestressing - - - 1305 1225| During Prestressing - - - 1305 1225
Immediately aft Top of PC Plate 9.17 I diately aft Top of PC Plate 9.17
ately atter -15~19.0 90| 1131 moecmtely ater -15~19.0 19| 1131
Prcstrcssmg BottomofPC Plate 8.34 Prcstrcssmg BottomofPC Plate 8.34
N o Top of PC Plate 10.59 N Top of PC Plate 10.59
During Deck Construction During Deck Construction
(Under Effective Prestressing ) BottomofPC Plate 00\1150 370 1020 922 (Under Effective Prestressing) BottomofPC Plate 00\4150 370 1020 923
Result of Design of Deck (Unit: N/mm2)
Deck between Main Girders
Deck at End of Girder (Tranverse Direction) Deck at Center Span (Tranverse Direction)
- Load Checking Combined Flexural Stress G Load Checking Combined Flexural Stress
ion . " ection L "
Condition |  Position Allowable Value Result Condition |  Position Allowable Value Result
Top of RC Deck 3.55 Top of RC Deck 4.25
Under |BottomofRC Deck 1.0 -0.81 Under |BottomofRC Deck 1.0 -0.98
1 . 1 .
Live Load | Top pfPC Plate 8.34] Live Load | Top pfPC Plate 8.17
0.0~15.0 0.0~15.0
BottomofPC Plate 1.29 BottomofPC Plate 0.56
Secton Load Type of Strength of Concrete Stress of Re-bar secton Load Type of Strength of Concrete Stress of Re-bar
kit TFoee Allowable Result Allowable Result Condition o Allowable Result Allowable Result
Value Value Value Value
) Positive Moment 3.92 60.9 2 Positive Moment 6.74 104.8
UE:Id,Z;d Negative Moment| 100 380 1400 795 Li\[/]: CLIZ;  [Negtive Moment| 10.0 328 1400 687
3 Negative Moment 2.59 7471 3 Negative Moment 2.57 789
Deck at End of Girder (Longitudinal Direction) Deck at Center Span (Longitudinal Direction)
Strength of Concrete Stress of Re-bar Strength of Concrete Stress of Re-bar
Load Condition Load Condition
Allowable Result Allowable Result Allowable Result Allowable Result
Value Value Value Value
Under Live Load 10.0 8.66| 140.0 100.2 Under Live Load 10.0 9.96| 140.0 1153
Deck outside of Main Girder
Deck at End of Girder (Tranverse Direction) Deck at Center Span (Tranverse Direction)
Strength of Concrete Stress of Re-bar Strength of Concrete Stress of Re-bar
Section Load Condition Section Load Condition
Allowable Result Allowable Result Allowable Result Allowable Result
Value Value Value Value
Under Dead Load - - 100.0 8.9 Under Dead Load - - 100.0 89
Under Live Load 10.0 0.34]  140.0 89 Under Live Load 10.0 0.34]  140.0 89
4 Under Collison Load 15.0 2.18|  300.0 570 4 Under Collison Load 15.0 2.18]  300.0 57.0
Under Wind Load (with Live Load) 125 049 1750 127 Under Wind Load (with Live Load) 125 048 1750 127
Under Wind Load (w/o Live Load) 125 063 1750 165 Under Wind Load (w/o Live Load) 125 063 1750 165
Under Dead Load - - 100.0 13.9 Under Dead Load - - 100.0 172
Under Live Load 10.0 3.94| 140.0 113.6 Under Live Load 10.0 2.54| 1400 78.1
5 Under Collison Load 15.0 540 300.0 1554 5 Under Collison Load 15.0 3.78]  300.0 116.1
Under Wind Load (with Live Load) 125 406 1750 1169 Under Wind Load (with Live Load) 125 264 1750 812
Under Wind Load (w/o Live Load) 125 071 1750 205 Under Wind Load (w/o Live Load) 125 076 1750 234

Deck at End of Girder (Longitudinal Dire

ction)

Deck at Center S

pan (Longitudinal Direction)

Strength of Concrete

Stress of Re-bar

Strength of Concrete

Stress of Re-bar

Load Condition Allowable Allowable Load Condition Allowable Allowable
Result Result Result Result
Value Value Value Value
Under Live Load 10.0 1.93|  140.0 69.9 Under Live Load 10.0 237 140.0 85.6

Source: JICA Study Team
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Table 4.6.108 Calculation Results for the Main Girder (PF5-PF6)
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Table 4.6.109 Calculation Results for the Main Girder (PF5-PF6)
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b) PF6-PF7
The following tables show the calculation results for PF6-PF7.

Table 4.6.110 Calculation Results for the Deck (PF6-PF7)

u 5 3 2 1 2 3 _4 5 3 2 1 2 3
)\ Rﬂﬁ;@:‘ I ] E—— N \_Ti%’;%‘g:‘ ;245:’,_’—/—/
i <9 Q= N 5 g S Paiid Y] .
<
=] =~ _ L2 — ||
475 300 300 1100 1100 1300 475 | 540 540 1100 1100 540
775 700 2800 1015 220 3280 ‘
Deck at End of Girder Deck at Center Span
Result of Design of PC Plate (Unit: N/mm2)
Deck at End of Girder Deck at Center Span
Load Condition Skt S:lrengthl of Concrete llStres sl of Re-bar Load Condition St Stliengthl of Concrete uStres s1 of Re-bar
Position | Allowable Result Allowable Result Position | Allowable Result Allowable Result
Value Value Value Value
During Prestressing - - - 1305 1225| During Prestressing - - - 1305 1225
Immediately aft Top of PC Plate 9.17 Immediately aft Top of PC Plate 9.17
ately atter _ 1.5~19.0 19| 131 ately atter _ -15-19.0 19| 131
Prestressmg BottomofPC Plate 834 PIeStreSSIIlg BottomofP C Plate| 834
. Top of PC Plate 10.59 . ) ;i Top of PC Plate 10.59
During Deck Construction During Deck Construction
(Under Effective Prestressing) BottomofPC Plate 00~150 370 1020 922 (Under Effective Prestressing) BottomofPC Plate] 00’\4150 370 1020 923
Result of Design of Deck (Unit: N/mm2)
Deck between Main Girders
Deck at End of Girder (Tranverse Direction) Deck at Center Span (Tranverse Direction)
X Load Checking Combined Flexural Stress . Load Checking Combined Flexural Stress
Section . o Section . "
Condition |  Position Allowable Value Result Condition |  Position Allowable Value Result
Top of RC Deck 3.55 Top of RC Deck 425
Under | BottomofRC Deck 1.0 -0.81 Under | BottomofRC Deck 1.0 -0.98
1 . 1 .
Live Load | Top pfPC Plate 8.34 Live Load | Top pfPC Plate 8.17
0.0~15.0 0.0~15.0
BottomofPC Plate 1.291 BottomofPC Plate 0.56)
section|  Lo8 d Type of Strength of Concrete | Stress of Re-bar Section| Lo d e o Strength of Concrete |  Stress of Re-bar
Clomndkifam Force Allowable Result Allowable Result Clondhifom ToE Allowable Result Allowable Result
Value Value Value Value
Positive Moment 3.92 60.9 Positive Moment 6.74 104.8
2 2
Lig:f;d Negative Moment|  10.0 380 1400 79.5 Lig:f: o [Nesstve Moment| 10,0 328 1400 68.7
3 Negative Moment 2.59 74.7 3 Negative Moment 2.57 78.9
Deck at End of Girder (Longitudinal Direction) Deck at Center Span (Longitudinal Direction)
Strength of Concrete | Stress of Re-bar Strength of Concrete |  Stress of Re-bar
Load Condition Load Condition
Allowable Result Allowable Result Allowable Result Allowable Result
Value Value Value Value
Under Live Load 10.0 8.66| 140.0 100.2 Under Live Load 10.0 9.96| 140.0 1153
Deck outside of Main Girder
Deck at End of Girder (Tranverse Direction) Deck at Center Span (Tranverse Direction)
Strength of Concrete | Stress of Re-bar Strength of Concrete |  Stress of Re-bar
Section|  Load Condition [ Allowable Allowable Section|  Load Condition [ Allowable Allowable
Result Result Result Result
Value Value Value Value
Under Dead Load - - 100.0 93 Under Dead Load - - 100.0 9.3
Under Live Load 10.0 0.36] 140.0 93 Under Live Load 10.0 035 1400 93
4 Under Collison Load 15.0 2.19|  300.0 574 4 Under Collison Load 15.0 2.19|  300.0 57.4
Under Wind Load (with Live Load) ]25 050 ]750 131 Under Wind Load (with Live Load) ]25 050 ]750 13]
Under Wind Load (w/o Live Load) 12.5 0.65 175.0 16.9] Under Wind Load (w/o Live Load)| 12.5 0.641 175.0 16.9]
Under Dead Load - - 100.0 14.5 Under Dead Load - - 100.0 17.9]
Under Live Load 10.0 3.96| 140.0 1142 Under Live Load 10.0 2.56| 140.0 78.8
5 Under Collison Load 15.0 542 300.0 1560 5 Under Collison Load 15.0 3.80[ 300.0 116.8
Under Wind Load (with Live Load) 125 408 1750 1175 Under Wind Load (with Live Load) 125 266 1750 819
Under Wind Load (w/o Live Load) 12.5 0.74 175.0 212 Under Wind Load (w/o Live Load)| 12.5 0.78 175.0 24.0|
Deck at End of Girder (Longitudinal Direction) Deck at Center Span (Longitudinal Direction)
Strength of Concrete Stress of Re-bar Strength of Concrete Stress of Re-bar
Load Condition Load Condition
Allowable Result Allowable Result Allowable Result Allowable Result
Value Value Value Value
Under Live Load 10.0 1.93| 140.0 69.9) Under Live Load 10.0 237 1400 85.6

Source: JICA Study Team
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Calculation Results of the Main Girder (PF6-PF7)

Table 4.6.111
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Table 4.6.112 Calculation Results for the Crossbeam and Coupling Concrete (PF6-PF7)
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3) PF7-PF11
Figure 4.6.40 and Figure 4.6.41 shows the profile, plan, and cross section of PF7-PF11.

Source: JICA Study Team
Figure 4.6.40 Profile and Plan (PF7-PF11)
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Source: JICA Study Team
Figure 4.6.41 Cross Section (PF7-PF11)

4-795



Detailed Design Study on The Bago River Bridge Construction Project

Final Report

a) PF7-PF8

The following tables show the calculation results for PF7-PF8.

Table 4.6.113 Calculation Results for the Deck (PF7-PF8)

Li 5 3 2 1 2 3 _4 5 3 2 1 2 3
'S \‘/—’ﬁ?%gr——%é——/: IS \éi‘*ﬁ ’7%@:;2:’, —
i S Q= > =L 5 1= Y
™ [F 0 I @, < L I
Y s | B — | 2
475 1300 300 1100 1100 300 475 | 540 540 1100 1100 540
775 700 2800 | 1015 220 3280
I
Deck at End of Girder Deck at Center Span
Result of Design of PC Plate (Unit: N/mm2)
Deck at End of Girder Deck at Center Span
Load Condition Checking Strength of Concrete Stress of Re-bar Load Condition Checking Strength of Concrete Stress of Re-bar
Position |Allowable Result Allowable Result Position | Allowable Result Allowable Result
Value Value Value Value
During Prestressing - - - 1305 1225( During Prestressing - - - 1305 1225
1 diately aft Top of PC Plate 9.17 Immediately aft Top of PC Plate 9.17
meciately atter -1.5~19.0 1190 1131 ately atter -1.5-19.0 119 131
Prestressing | BottomofPC Plate 8.34 Prestressing [ BottomofPC Plate 8.34
uring Deck Construction | T0P of PC Plate 10.60 uring Deck Construction | 10P 0fPC Plate 10.62
(e 0.0~15.0 1020 94 pumns ek ot 0.0-150 020 926
inder Effective Prestressing) | BottomofP C Plate 371 (Under Effective Prostressing) | Bottom of PC Plate 373
Result of Design of Deck (Unit: N/mm2)
Deck between Main Girders
Deck at End of Girder (Tranverse Direction) Deck at Center Span (Tranverse Direction)
. Load Checking Combined Flexural Stress X Load Checking Combined Flexural Stress
Section L. . Section . .
Condition |  Position Allowable Value Result Condition |  Position Allowable Value Result
Top of RC Deck 3.75 Top of RC Deck 4.53
Under | BottomofRC Deck 1.0 -0.86 Under | BottomofRC Deck 1.0 -1.04]
1 . 1 .
Live Load | Top pfPC Plate 831 Live Load | Top pfPC Plate 8.12
. 0.0~15.0 0.0~15.0
BottomofP C Plate 1.09 BottomofPC Plate 0.29
Section Load Type of Strength of Concrete Stress of Re-bar Section Load Typeof Strength of Concrete Stress of Re-bar
Coron ToEE Allowable Result Allowable Result @srdliem Toiiae Allowable Result Allowable Result
Value Value Value Value
) Positive Moment 415 64.4 ) Positive Moment 7.20 111.8
Lig:gf);d Negative Moment 10.0 3.97 140.0 83.0 Lif/j:fz:id Negative Moment 10.0 3.45 140.0 7221
3 Negative Moment 2.71 78.0 3 Negative Moment 2.70 83.0
Deck at End of Girder (Longitudinal Direction) Deck at Center Span (Longitudinal Direction)
Strength of Concrete Stress of Re-bar Strength of Concrete Stress of Re-bar
Load Condition Load Condition
Allowable Result Allowable Result Allowable Result Allowable Result
Value Value Value Value
Under Live Load 10.0 8.66| 140.0 100.2 Under Live Load 10.0 9.96| 140.0 115.3
Deck outside of Main Girder
Deck at End of Girder (Tranverse Direction) Deck at Center Span (Tranverse Direction)
Strength of Concrete Stress of Re-bar Strength of Concrete Stress of Re-bar
Section Load Condition Section Load Condition
Allowable Result Allowable Result Allowable Result Allowable Result
Value Value Value Value
Under Dead Load - - 100.0 5.8 Under Dead Load - - 100.0 5.8
Under Live Load 10.0 0.22| 140.0 5.8 Under Live Load 10.0 0.22| 140.0 5.8
4 Under Collison Load 15.0 2.06| 300.0 539 4 Under Collison Load 15.0 2.06/ 300.0 53.9
Under Wind Load (with Live Load) 125 037 1750 96 Under Wind Load (with Live Load) 125 037 1750 96
Under Wind Load (w/o Live Load) 125 0511 1750 134 Under Wind Load (w/o Live Load) 125 051l 1750 13.4
Under Dead Load - - 100.0 10.8 Under Dead Load - - 100.0 14.4]
Under Live Load 10.0 1.40| 140.0 40.3 Under Live Load 10.0 2.14| 1400 65.9)
5 Under Collison Load 15.0 2.85| 3000 822 5 Under Collison Load 15.0 3.38| 300.0 103.9
Under Wind Load (with Live Load) 125 I 52 1750 437 Under Wind Load (with Live Load) 125 224 1750 690
Under Wind Load (w/o Live Load) 125 061l 1750 175 Under Wind Load (w/o Live Load) 125 067 1750 20.6
Deck at End of Girder (Longitudinal Direction) Deck at Center Span (Longitudinal Direction)
Strength of Concrete Stress of Re-bar Strength of Concrete Stress of Re-bar
Load Condition Load Condition
Allowable Result Allowable Result Allowable Result Allowable Result
Value Value Value Value
Under Live Load 10.0 1.63] 140.0 59.1 Under Live Load 10.0 2.07| 140.0 74.8

Source: JICA Study Team
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Table 4.6.114 Calculation Results for the Main Girder (PF7-PF8)
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Table 4.6.115 Calculation Results for the Crossbeam and Coupling Concrete (PF7-PF8)
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b) PF8-PF9

The following tables show the calculation results for PF8-PF9.

Table 4.6.116 Calculation Results for the Main Girder (PF8-PF9)
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Table 4.6.117 Calculation Results for the Crossbeam and Coupling Concrete (PF8-PF9)

wwsTETa * NI €81 661 WNY T6CT WNY SLST
18Q-0y JO JuawRSuRIY _ 90101 189S Sunoy (q/(e aIn[re 03 JUAWOJA ey 03
(pror] 21eWn J9pun) AIMrE ] 0} YFUNG AISUd |, [eu0Tel(] IsuSe QUL sa130q K19geS Surpuag Sunoy (q Juawojy Surpuag Sunsisay (B

(peoT 2)ewWI N Jopuf)) AN[IE] 0) JUAWON Surpuag

Eial 60E~ 9579- JUSWON dANEBIN € vee N €81 N3 S191 - - 88'S W weag Ssor)
LY'T 68T - JUSWON dANEBIN z (Q/(e 2010 arnie,] 03 Yi3uang - - ST XeN 011 ~00 Jowonog
[ ovS1 08t JDWON 2AIISO 23132 A1y 1eays Sunov (q anrssardwo) (e - - 8T W weag
9’1 90¢t- 0879~ JUOWOA dATIRSON 1 (peoT a1eumyn Jopun) aInfie,] 0} YIJuang oarssardwo) - - 51 XBIA ssory jo doj,
euNe ) PEOT AAITIpUN
e (@INDY) B - - S0~ WA pRklel
QIn[ie,] 03 JUAUO . 90104 Jo od£ 0 ur - - g Xe 0wol)
va130( K19yeS wEm :m M::o _Az 0 JUSWON Surpuog i L vosoag E.o W 0L T-<=]o PBOT 9AIT Jopun om.o W 001=> J o
tpueg sV (q Sunsisoy (e oro-  XEW - - 8o BN Joaq jo dog
(proT dymuni() 19pun) ANpE] 0} Aoy Supuag | [100- WA - - W0 XeN
" " " 08°0-<=I9 peoT pea 1opun "
768 7€ JUAWO A dAIESAN € 100- XeN - - 124 1L ~00 wag ss01) Jo wonog
L'T6 12X JUAUOIA dAIIBTAN om MHM& Jnsay AN[BA J[qeMO[ Y uonipuo) peo| - - 91 wieagy 501930 dog. peo]
. . 1y
1'38 0wl b o JUSWOJA SAINSOJ 1opun L ¢ (ui/N) 23219U0D) JO SSANS JISU [ [euoTeiq - - L1°0- yoqjo wonog|  PEIQ IOpUN
001=>
168 17 JUSWO dANRTON ! - - ST0o- ¥aq jo dog,
L'T6 £33 JUSWO dANRTIN € T Syl w009 S0 SPo=>"2 | |8201 [Uss! - - - uonannsu0)¥93q Futng
L'T6 001 E'€ 0001 JUSWO N dANRTON peo] z B anfep [G40! S6Cl - - - Bussansaig 2y Awip
0'Ls 160 JUWO 9AIISOJ | 9AFTIOpU WA SUInIOA ajqemony | [osz1 Orpl B B B Sussorsaig Sumng
- - = 18Q-0y UOISUD], 18Q-0y UOISUD], s T
USWOTA JATIE anje a1qemol anjeA alqenol
L'T6 vE'e ) N 2AESON 1 [euoSeiq pannbay |  [euoSerq ‘W 23010U0)) [0SY  [anea olquaony, | FR R———
00 - JUSWON dANEBSIN € JO ssang Iedys UedN | [ pueng HdJo SSAIS | ssang [RINXa]] paUIquIO))
00 . - JUSWOIN dABESIN peoT (1eQ-0y UOISUD ], [eUOSeI(] JO SWIN[OA ) 1I0UOY) JO SSAIIS TeayS Ued ]\ (zunu/N) puens D Jo Ssong J[ISUd ], pue SSang [BINXI[] pIWqUIo)
61 oot - JUAWO A dAINSOJ pea(q 1opun ¢ 9010 18dYS 10J uSisoQ JuAWo N Surpuag 10j usisaq
00 - JUAUOIA dAIIBTAN 1 weagq $S01) eIpauLduf
ANSY  |onjep aigesony | NS |anea agesony - NI - NI - - - U weaq sso1)
20104 Jo adK ], uonIpuo) PeOT | uonodsg
TRQ0Y JO SSANG AISUDL | srouon jo s anssckion (q/(e 20104 amyre,] 03 Y3uang - N XN | o | 3OO | o aArTIopU
(/N JBQ-y JO SSANG JISUI ], PUE 2JAIOUOY) JO SSANS dAISsaIduio) 22139 K1ayes 1eoyg Sunoy (q | opsud [euoei (e - - N 0Z1~00 weog PEOT AT 9PN
(31eg Sundauuo)) 33a.1ou0) Surdno) Jo udisa( Jo JNsaY (peo] dmeWn|N WBPUM) N[ 0) YFUANG J[ISUd | [PUOTLI ISURFE SPGURI - - XeN ssoxjo dog,
- N - Nt - ~ ~ ~ weaq sso1)
@/ 20104 amjrey 01 y3uang . | Jowoneg peo]
LT _ 0S'T 9010,] SUISSaISAIJ SAIIH Jopun) 90130 K19JeS 1eays Sunoy (q aarssardwo) (e 0zi~00 weog peaq 1pun
ynsay _ AN[BA 9[qeMO[ Y (peo] areWn|N Jopup) An[ie,] 01 PSuang dAIssudwo)) 1sureSe 2J2I0U0)) GO ssor)jo dog,
uonrpuo) peoy
(N 23210107 JO ssaxg dA1ssarduwo) ueapy - 0L 1-<=19 - PROT AN IopuUn - o111 - - - uonannsuo) 192t Aunng
0501 o111 9010,] SUISSANSAI SAOYH Iopuf) - 08°0-<=I19 r0= proT pesq Jopun - S6T1 - - - Sussansarg oy Apwpay
IS11 s6Cl SuISSAI)SAIJ 1oy e A[ojerpauu] NS | amup orgqemony| YNSIY | anp srqumony - orbl - - - Surssonsarg Suung
uonisoq Sumjoay)
0ST1 [laal Surssansalg Suung 2119000 J0 $s311§ ISUIL [PUOTRICY | 21230UOT JO SSAS B UBA ANSAY  |anmep arqemony YnsY anjEA AqEMOLY
504 Suppayy | UOIIPUOD PO
Jnsay an[eA J[qEMO[Y (gu/N) 2121010 JO $Sa1S 18dYS UL | [ puBng D JO $SaNS | ssong [eanxay pauiquioy)
LI 200) [DEET

(quu/N) puexiS Od JO SSA AISUIL,

90101 180YS 10§ USISo(

(qunu/N) 1uaWOo N Surpuag 10§ uSisaq

I UOIOAUUO)) JE Weag SS0I)

10pIID) UIBJA] JO PU Je Weag SSOI)

wedg $$01)) Jo uSIsa| Jo N SRY

00T¢
0]

I

(®3d)

= =
- =1 B ([ ([
| . o > 1 0 I —
. i) = 5] = ooel]e . R \ PR B P
I g8 1518 P P RS I DO
e =S =S el o N ool o
| R IR
an LL )
=~ N = — — — r\‘ — — —
€ 4 T 11t g Sunaduuo)) 3asduo) Suridno) pue weag ssor)

JICA Study Team

Source

4-800



Final Report

Detailed Design Study on The Bago River Bridge Construction Project

¢) PF9-PF10

The following tables show the calculation results for PF9-PF10.

Table 4.6.118 Calculation Results for the Main Girder (PF9-PF10)
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Table 4.6.119 Calculation Results for the Crossbeam and Coupling Concrete (PF9-PF10)
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d) PF10-PF11

The following tables show the calculation results for PF10-PF11.

Table 4.6.120 Calculation Results for the Deck (PF10-PF11)

_4 5 3 2 1 2 3 y 5 3 2 1 2 3
ok \‘/—’Z‘F%ﬁgb‘ 5 4 E—— || e e
=S INIE DY ol o = N
o [ ~ 1 B = Al ; I
TR - | RS [
475 300 300 1100 1100 300 4751 540 | | [ 540 | 1100 1100 | 540
775 | 700 2800 | 1015 22 3280 |
Deck at End of Girder Deck at Center Span
Result of Design of PC Plate (Unit: N/mm2)
Deck at End of Girder Deck at Center Span
Load Condition reelting Strength of Concrete Stress of Re-bar Load Condition it Strength of Concrete Stress of Re-bar
Position | Allowable Result Allowable Result Position | Allowable Result Allowable Result
Value Value Value Value
During Prestressing - - - 1305 1225( During Prestressing - - - 1305 1225
T iately aft Top of PC Plate 9.17] T iately aft Top of PC Plate 9.17]
mmediately after 15~19.0 1190 131 mmediately after : 15~19.0 1190 1131
Prestressmg BottomofPC Plate 8.34 Prestressmg BottomofPC Plate 8.34
uring Deck Construction | TP 0f PC Plate 10.58] uring Deck Construction | TP 0f PC Plate 10.59)
e 0.0~150 1020 B e 0.0~150 1020 023
(Under Effective Prestressing) | BottomofPC Plate 3.69 (Under Effective Prestressing) | Botromof PC Plate 3.70
Result of Design of Deck (Unit: N/mm2)
Deck between Main Girders
Deck at End of Girder (Tranverse Direction) Deck at Center Span (Tranverse Direction)
X Load Checking Combined Flexural Stress : Load Checking Combined Flexural Stress
Section L . Section L .
Condition |  Position Allowable Value Result Condition |  Position Allowable Value Result
Top of RC Deck 3.53 Top of RC Deck 4.23
Under | BottomofRC Deck 1.0 _0.81 Under | BottomofRC Deck 1.0 -0.97
1 . 1 .
Live Load | Top pfPC Plate 8.35 Live Load | Top pfPC Plate 8.17
0.0~15.0 0.0~15.0
BottomofPC Plate 1.31 BottomofPC Plate 0.58
Section Load Type of Strength of Concrete | ~ Stress of Re-bar Setion Load Type of Strength of Concrete | Stress of Re-bar
Condliom oS Allowable Result Allowable Result Candliom TRoTaE Allowable Result Allowable Result
Value Value Value Value
Positive Moment 3.90 60.6 Positive Moment 6.71 1043
2 2
Li‘j:iz;d Negative Moment| 100 379 1400 793 Lig:fz;d Negative Moment| 10,0 327 1400 684
3 Negative Moment 2.58 74 .4 3 Negative Moment 2.56 78.6]
Deck at End of Girder (Longitudinal Direction) Deck at Center Span (Longitudinal Direction)
Strength of Concrete Stress of Re-bar Strength of Concrete Stress of Re-bar
Load Condition Load Condition
Allowable Result Allowable Result Allowable Result Allowable Result
Value Value Value Value
Under Live Load 10.0 8.66] 140.0 100.2 Under Live Load 10.0 9.96| 140.0 1153
Deck outside of Main Girder
Deck at End of Girder (Tranverse Direction) Deck at Center Span (Tranverse Direction)
Strength of Concrete |  Stress of Re-bar Strength of Concrete | Stress of Re-bar
Section Load Condition Section Load Condition
Allowable Result Allowable Result Allowable Result Allowable Result
Value Value Value Value
Under Dead Load - - 100.0 54 Under Dead Load - - 100.0 54
Under Live Load 10.0 0.21] 1400 54 Under Live Load 10.0 0.21] 1400 54
4 Under Collison Load 15.0 2.04| 300.0 535 4 Under Collison Load 15.0 2.04|  300.0 53.5
Under Wind Load (with Live Load) 125 035 1750 92 Under Wind Load (with Live Load) 125 035 1750 92
Under Wind Load (w/o Live Load) 12.5 0.50 175.0 13.0 Under Wind Load (w/o Live Load) 12.5 0.50 175.0 13.0
Under Dead Load - - 100.0 10.2 Under Dead Load - - 100.0 13.8
Under Live Load 10.0 1.14]  140.0 328 Under Live Load 10.0 2.10] 1400 64.6
5 Under Collison Load 15.0 2.59] 300.0 7471 S Under Collison Load 15.0 333  300.0 102.5
Under Wind Load (with Live Load) 125 126 1750 362 Under Wind Load (with Live Load) 125 220 1750 676
Under Wind Load (w/o Live Load) 12.5 0.59] 175.0 16.9 Under Wind Load (w/o Live Load) 12.5 0.65 175.0 19.9
Deck at End of Girder (Longitudinal Direction) Deck at Center Span (Longitudinal Direction)
Strength of Concrete |  Stress of Re-bar Strength of Concrete |  Stress of Re-bar
Load Condition Load Condition
Allowable Result Allowable Result Allowable Result Allowable Result
Value Value Value Value
Under Live Load 10.0 1.62| 140.0 58.5 Under Live Load 10.0 2,05 140.0 74.2
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Table 4.6.121 Calculation Results for the Main Girder (PF10-PF11)
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Table 4.6.122 Calculation Results for the Crossbeam and Coupling Concrete (PF10-PF11)
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4) PF14-AF2
Figure 4.6.42 and Figure 4.6.43 show the profile, plan, and cross section of PF14-AF2.

Source: JICA Study Team
Figure 4.6.42 Profile and Plan (PF14-AF2)
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Source: JICA Study Team
Figure 4.6.43 Cross Section (PF14-AF2)
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a) PF14-PF15
The following tables show the calculation results for PF14-PF15.

Table 4.6.123 Calculation Results for the Deck (PF14-PF15)

4
_4 5 3 2 1 2 3 L 5 3 2 1 2 3
o %ﬁﬂﬁ%%:ﬂ/ ‘ ;%::/—/ S %:%:’——/7
I 5
Rl ~ ] 2L e = o
il s | B S / I I
475 300 3001100 1100 300 475540 | | | 540 | 1100 100|540 ||
75 | 790 2800 1015 2 3280
[
Deck at End of Girder Deck at Center Span
Result of Design of PC Plate (Unit: N/mm2)
Deck at End of Girder Deck at Center Span
Load Condit Checking Strength of Concrete | Stress of Re-bar Load Condit Checking Strength of Concrete | Stress of Re-bar
a ndition i ad Condition .
Position | Allowable Result Allowable Result Position | Allowable Result Allowable Result
Value Value Value Value
During Prestressing - - - 1305 1225| During Prestressing - - - 1305 1225
1 diately aft Top of PC Plate 9.17 I diately aft Top of PC Plate 9.17
mmediately atter 1.5~19.0 1190 1131 editely atter -1.5~19.0 1190 1131
Prestressing | BottomofPC Plate| 834 Prestressing BottomofPC Plate| 8.34
uring Deck Construction | 0P 0f PC Plate 10.58 uring Deck Construction | TP 0f PC Plate 10.59
e _ 0.0~15.0 1020 Qpp|-oune Deck Contuetin - 0.0~15.0 1020 023
(Under Effective Prestressing) | BottomofP C Plate 3.69 (Under Effictive Prestessing) | BottomofPC Plate 3.70
Result of Design of Deck (Unit: N/mm2)
Deck between Main Girders
Deck at End of Girder (Tranverse Direction) Deck at Center Span (Tranverse Direction)
X Load Checking Combined Flexural Stress X Load Checking Combined Flexural Stress
Section L . Section . .
Condition |  Position Allowable Value Result Condition |  Position Allowable Value Result
Top of RC Deck 3.53 Top of RC Deck 423
Under | BottomofRC Deck 1.0 -0.81 Under | BottomofRC Deck 1.0 -0.97|
1 . 1 .
Live Load | Top pfPC Plate 8.35 Live Load | Top pfPC Plate 8.17
0.0~15.0 0.0~15.0
BottomofPC Plate 131 BottomofPC Plate 0.58
Section Load Type of Strength of Concrete | Stress of Re-bar Section Load Type of Strength of Concrete | Stress of Re-bar
Cdkim Force Allowable Result Allowable Result CsdEim Force Allowable Result Allowable Result
Value Value Value Value
Positive Moment 3.90 60.6 Positive Moment 6.71 104.3
2 2
Lig:gz; d Negative Moment 10.0 3.79| 1400 793 Lig:gf);d Negative Moment 10.0 327 1400 68.4
3 Negative Moment 2.58 744 3 Negative Moment 2.56 78.6)
Deck at End of Girder (Longitudinal Direction) Deck at Center Span (Longitudinal Direction)
Strength of Concrete Stress of Re-bar Strength of Concrete Stress of Re-bar
Load Condition Allowable Allowable Load Condition Allowable Allowable
Result Result Result Result
Value Value Value Value
Under Live Load 10.0 8.66| 140.0 100.2 Under Live Load 10.0 9.96| 140.0 1153
Deck outside of Main Girder
Deck at End of Girder (Tranverse Direction) Deck at Center Span (Tranverse Direction)
Strength of Concrete | Stress of Re-bar Strength of Concrete | Stress of Re-bar
Section Load Condition Section Load Condition
Allowable Result Allowable Result Allowable Result Allowable Result
Value Value Value Value
Under Dead Load - - 100.0 5.4 Under Dead Load - - 100.0 54
Under Live Load 10.0 0.21 140.0 54 Under Live Load 10.0 0.21 140.0 54
4 Under Collison Load 15.0 2.04|  300.0 535 4 Under Collison Load 15.0 2.04| 300.0 535
Under Wind Load (with Live Load) 125 035 1750 92 Under Wind Load (with Live Load) 125 035 1750 92
Under Wind Load (w/o Live Load) 12.5 0.50! 175.0 13.0 Under Wind Load (w/o Live Load) 12.5 0.50! 175.0 13.0
Under Dead Load - - 100.0 10.2 Under Dead Load - - 100.0 13.8
Under Live Load 10.0 1.14[ 1400 32.8 Under Live Load 10.0 2.10]  140.0 64.6
5 Under Collison Load 15.0 2.59]  300.0 747 5 Under Collison Load 15.0 3.33]  300.0 102.5
Under Wind Load (with Live Load) 125 126 1750 362 Under Wind Load (with Live Load) 125 220 1750 676
Under Wind Load (w/o Live Load) 12.5 0.59] 175.0 16.9 Under Wind Load (w/o Live Load) 12.5 0.65 175.0 19.9
Deck at End of Girder (Longitudinal Direction) Deck at Center Span (Longitudinal Direction)
Strength of Concrete | Stress of Re-bar Strength of Concrete | Stress of Re-bar
Load Condition Load Condition
Allowable Result Allowable Result Allowable Result Allowable Result
Value Value Value Value
Under Live Load 10.0 1.62[  140.0 58.5 Under Live Load 10.0 2,05 140.0 742
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Table 4.6.124 Calculation Results for the Main Girder (PF14-PF15)
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Table 4.6.125 Calculation Results for the Crossbeam and Coupling Concrete (PF14-PF15)
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b) PF15-AF2

The following tables show the calculation results for PF15-AF2.

Table 4.6.126 Calculation Results for the Deck (PF15-AF2)

u 5 3 2 1 2 3 L 5 3 2 1 2 3
N \—/—/zb%@:ﬁ:: N L :%g: % e
4IFS] NiBsZa ~ o o NP ol
® [§ 1 y & ':rl\ /“ﬂ 1 ‘ ]
— — —
— | = 1=
475 300 300 1100 1100 J300 475|540 | | [ 540 | 1100 1100 | 540
75| 700 2800 1015 220 3280 |
[
Deck at End of Girder Deck at Center Span
Result of Design of PC Plate (Unit: N/mm2)
Deck at End of Girder Deck at Center Span
Load Condition it Strength of Concrete Stress of Re-bar Load Condition iy Strength of Concrete Stress of Re-bar
Position | Allowable Result Allowable Result Position | Allowable Result Allowable Result
Value Value Value Value
During Prestressing - - - 1305 1225( During Prestressing - - - 1305 1225
I diately aft Top of PC Plate 9.17, Immediately aft Top of PC Plate 9.17
mmeciately atter 15190 1190 1131 ity atter -1.5~19.0 1190 1131
Prestressing | BottomofPC Plate 834 Prestressing | BottomofPC Plate 8.34]
uring Deck Construction | 0P of PC Plate 10.58 uring Deck Construction | TP of PC Plate 10.59]
e 00-150 1020 R 00150 1020 923
inder Effective Prestressing) | BottomofPC Plate 3.69 (Under Efiective Prestressing) | BottomofPC Plate 3.70
Result of Design of Deck (Unit: N/mm2)
Deck between Main Girders
Deck at End of Girder (Tranverse Direction) Deck at Center Span (Tranverse Direction)
. Load Checking Combined Flexural Stress X Load Checking Combined Flexural Stress
Section . . Section . .
Condition |  Position Allowable Value Result Condition |  Position Allowable Value Result
Top of RC Deck 353 Top of RC Deck 423
Under | BottomofRC Deck 1.0 -0.81 Under | BottomofRC Deck 1.0 -0.97
1 . 1 .
Live Load | Top pfPC Plate 8.35 Live Load | Top pfPC Plate 8.17
0.0~15.0 0.0~15.0
BottomofPC Plate 131 BottomofPC Plate 0.58
Seaton Load Type of Strength of Concrete Stress of Re-bar Setion Load Type of Strength of Concrete Stress of Re-bar
ComdkE e Home Allowable Result Allowable Result Comdkiom e Allowable Result Allowable Result
Value Value Value Value
5 Positive Moment 3.90 60.6 ) Positive Moment 6.71 104.3
Lilvj:fzz o [Nesive Momen| 100 379 1400 793 Lig:f;;d Negative Moment| 10,0 327 1400 684
3 Negative Moment 2.58 744 3 Negative Moment 2.56 78.6
Deck at End of Girder (Longitudinal Direction) Deck at Center Span (Longitudinal Direction)
Strength of Concrete Stress of Re-bar Strength of Concrete Stress of Re-bar
Load Condition Load Condition
Allowable Result Allowable Result Allowable Result Allowable Result
Value Value Value Value
Under Live Load 10.0 8.66] 140.0 100.2 Under Live Load 10.0 9.96| 140.0 1153
Deck outside of Main Girder
Deck at End of Girder (Tranverse Direction) Deck at Center Span (Tranverse Direction)
Strength of Concrete Stress of Re-bar Strength of Concrete Stress of Re-bar
Section Load Condition Allowable Allowable Section Load Condition Allowable Allowable
Result Result Result Result
Value Value Value Value
Under Dead Load - - 100.0 5.4 Under Dead Load - - 100.0 54
Under Live Load 10.0 0.21| 140.0 54 Under Live Load 10.0 0.21f 1400 5.4
4 Under Collison Load 15.0 2.04| 3000 535 4 Under Collison Load 15.0 2.04| 3000 535
Under Wind Load (with Live Load) 125 035 1750 92 Under Wind Load (with Live Load) 125 035 1750 92
Under Wind Load (w/o Live Load) 12.5 0.50! 175.0 13.0 Under Wind Load (w/o Live Load) 12.5 0.50 175.0 13.0
Under Dead Load - - 100.0 10.2 Under Dead Load - - 100.0 13.8
Under Live Load 10.0 1.14] 1400 32.8 Under Live Load 10.0 2.10f  140.0 64.6
5 Under Collison Load 15.0 2.59]  300.0 747 5 Under Collison Load 15.0 3.33] 3000 102.5
Under Wind Load (with Live Load) 12.5 126/ 175.0 36.2 Under Wind Load (with Live Load) 12.5 2201 175.0 67.6
Under Wind Load (w/o Live Load) 12.5 0.59] 175.0 16.9 Under Wind Load (w/o Live Load) 12.5 0.65 175.0 19.9
Deck at End of Girder (Longitudinal Direction) Deck at Center Span (Longitudinal Direction)
Strength of Concrete Stress of Re-bar Strength of Concrete Stress of Re-bar
Load Condition Load Condition
Allowable Result Allowable Result Allowable Result Allowable Result
Value Value Value Value
Under Live Load 10.0 1.62] 140.0 58.5 Under Live Load 10.0 2.05| 140.0 742

Source: JICA Study Team
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Table 4.6.127 Calculation Results for the Main Girder (PF15-AF2)
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Table 4.6.128 Calculation Results for the Crossbeam and Coupling Concrete (PF15-AF2)
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4.6.4.3 Detailed Design of Substructures and Foundations

(1) Soil Conditions

Soil conditions in the flyover section had been reviewed in the B/D based on the results of the soil
investigation surveys conducted in the Supplemental F/S. In the D/D, one additional result, which is
shown in Figure 4.6.44 and marked with yellow, was added to determine the geotechnical design
parameters. The location and coordinates of boreholes are shown in Figure 4.6.44 and Table 4.6.129,

respectively.

Source: JICA Study Team

Figure 4.6.44 Location of Boring Points in Flyover Section

Table 4.6.129 Coordinates of Boring Points

BH No. Easting (E) Northing (N) II\E/IIS\I:?‘[%E?)
BH-01 203871.632 1860013.429 +5.02
BH-02 203939.419 1859955.273 +5.05
BH-03 203988.555 1859910.930 +5.21
BH-04 204044.248 1859862.131 +5.26
BH-05 204091.678 1859823.064 +5.00
BH-06 204138.122 1859780.059 +5.18
BH-07 204182.001 1859742.035 +5.27
BH-08 204231.206 1859651.127 +5.76
BH-09 204264.719 1859651.489 +5.66
BH-10 204261.084 1859612.551 +4.97
BH-11 204288.053 1859558.128 +5.20
BH-12 204312.961 1859485.491 +4.37
BH-13 204341.023 1859405.546 +4.01
BH-14 204384.785 1859326.929 +4.52

13BH-05 204429.640 1859229.371 +4.96

Source: JICA Study Team

Regarding the information for the determination of geotechnical parameters, the FR of the
Supplemental F/S had been used in the B/D. In the D/D, the geotechnical parameters determined in
the B/D were reviewed and modified because additional boring was considered. The parameters

established in the B/D and D/D are shown in the following tables.
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Table 4.6.130 Geotechnical Design Parameters for Flyover Design in the B/D

. . . Friction Angle Modulus .Of
Ly N A e Unit Weight “y” | Cohesion “c” o 3 Deformation
(kN/m?) (kN/m?) o “E”
©) (kN/m?)
FILLED SOIL 4 16 3 24 ™ 0 1300 *¢
CLAY-I 4 18 7 24 1 0 1300 *¢
SANDY CLAY-I 6 17 = 25 M1 0 4200 7
SILTY SAND-I 10 17 7 0o ™ 32 7000 7
SANDY SILT 9 18 3 54 "4 0 6300 7
SILTY SAND-II 23 19 0o ™ 33 16100 7
CLAY-II 22 18 132 ™ 0 15400 7
CLAYEY SAND-I 41 19 0o ™ 33 28700 7
CLAY-III 35 18 3 210 ™ 0 24500 77
SI,;II\\IS];}-EISI{ 50 19 " 0 ™ 37 35000 7
CLAY-IV 50 18 "3 300 ™4 0 35000 "7

Source: JICA Study Team

*1 Maximum N value is 50

*2 Average values obtained by each test

*3 Referenced by Japanese Standard (NEXCO)

*4 Calculated by C =6 N (referenced by Japanese Standard (NEXCO)). The value of sandy soil is 0.
*5 Calculated with N value using effective overburden pressure

*6 Test value obtained by unconfined compression test

*7 E =700 N according to the worth value obtained by borehole lateral load test

Table 4.6.131 Geotechnical Design Parameters for Flyover Design in the D/D

. . . Friction Angle Modulus .Of
Layer N Average *1 Unit Weight “y” | Cohesion “c” o S Deformation
(KN/m?) (kN/my) o “E”
©) (KN/m?)

FILLED SOIL 4 18 ™ 24 ™4 0 1300 *°
CLAY-I 4 18 24 "1 0 1300 *°
SILTY SAND-I 10 18 *2 0 ™ 32 5000 *#
SANDY SILT 8 17 3 48 ™ 0 5600 *7
SILTY SAND-II 22 19 0 ™ 33 15400 *7
CLAY-II 21 18 126 ™ 0 14700 *7
CLAYEY SAND-I 35 19 0o ™ 33 24500 7
CLAY-III 35 18 210 ™ 0 24500 7
CLAYEY SAND-II 50 19 0o ™ 37 35000 7
CLAY-1V 50 18 300 ™ 0 35000 7

Source: JICA Study Team

*1 Maximum N value is 50

*2 Average values obtained by each test

*3 Referenced by Japanese Standard (NEXCO)

*4 Calculated by C = 6 N (referenced by Japanese Standard (NEXCO)). The value of sandy soil is 0.
*5 Calculated with N value using effective overburden pressure

*6 Test value obtained by unconfined compression test

*7 E =700 N according to the worth value obtained by borehole lateral load test

*8 E =500 N according to the worth value obtained by borehole lateral load test

Note: Red parts show the changes from the B/D to D/D.
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The modulus of deformation “E” had been calculated to be E = 700 N for all layers according to the
worth value obtained by borehole lateral load test in the B/D. In the D/D, on the other hand, E was
calculated to be E = 500 N for only Silty Sand-I because the results of additional tests conducted in
the D/D were also considered.

Additionally, the layer distribution was reviewed and updated before the commencement of the D/D
based on the soil investigation surveys conducted in the D/D, as shown in Figure 4.6.45 and Figure
4.6.46.

(2) Assessment of Soil Liquefaction
According to the JSHB V, the conditions which require liquefaction assessment are as follows:

i.  The saturated soil layer which exists in the depth of less than 20 m from the existing ground
level, and the groundwater level is less than 10 m from the existing ground level.

ii.  The soil layer whose fine fraction content “FC” is 35% or less, or whose plasticity index “Ip” is
15 or more even if FC is over 35%.

iii. The soil layer whose mean particle diameter D50 is 10 mm or less, and whose 10% particle size
D10 is 1 mm or less.

The requirements for liquefaction assessment of the ground in the flyover section are as follows:

- Saturated soil layer: Alluvium exists between GL 0 m and 20 m (Corresponding to 1)

- Groundwater level: Between GL 1.5 m and 3.6 m (Corresponding to 1)

- Fine fraction content “FC”: The value of FC is distributed from 8.7% (Corresponding to ii)

- Mean particle diameter D50: Maximum value is 0.73 mm up to GL -20 m (Corresponding to iii)

Considering the above, the liquefaction assessment should be conducted and the reduction
coefficient “DE” of geotechnical parameters was determined according to Table 4.6.132 as specified
in the JSHB V. DE was determined by using the mean value of the range of resistivity against
liquefaction “FL” and dynamic shear strength ratio “R” calculated with respect to each layer for the
related boreholes.

Table 4.6.132 Reduction Coefficient of Geotechnical Parameters

Range of Resistivity against | Depth from Existing Ground Dynamic Shear Strength Ratio “R”
Liquefaction “FL” Surface “x” (m) R[10.3 0.3<R
0<x<10 0 1/6
FL<1/3 .
10<x<20 1/3 1/3
0<x<10 1/3 2/3
1/3<FL<2/3 =
10<x<20 2/3 2/3
0<x<10 2/3 1
2/3<FL<1
10<x<20 1 1

Source: JSHB

Although DE had been determined by using the mean value of the range of resistivity against
liquefaction “FL” and dynamic shear strength ratio “R” calculated with respect to each layer for the
related 14 boreholes in the B/D, another result of 13BH-05 was added to be considered in the D/D.
The results of liquefaction assessment conducted in the B/D and D/D are shown in the following
tables. As shown in Table 4.6.133 (a) and Table 4.6.134 (a), geotechnical parameters are reduced only
in the layer of the Sandy Silt up to 10 m in depth. In the other layers, on the other hand, geotechnical
parameters are not necessary to be reduced. This result of the assessment was not changed from the
B/D to the D/D.

Figure 4.6.45 and Figure 4.6.46 show the soil profile including the results of liquefaction assessment
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in the B/D and in D/D, respectively.

Table 4.6.133 Results of Liquefaction Assessment in the B/D

() 0=x=10
FL | R FL | R FL | R FL | R
FILLED SOIL CLAY-I SILTY SAND-I | SANDY SILT
BH-01 6.766 | 1465 | 1.086| 0.274
BH-02 | 3.771] 0689| 1910] 0433 ] 1.093| 0308
BH-03 4483 | 0894 ] 1.039| 0253| 0898 | 0.236
BH-04 | 2281 | 0424| 2807| 0.612] 2.146| 0.566
BH-05 0943 | 0.189| 1.501| 0357] 0896 | 0237
BH-06 1132 0272
BH-07 | 1.130| 0200 0979| 0.189| 1203 0.305
BH-08 1360 | 0295
BH-09 1441 | 0272 ] 1280] 0278
BH-10 1.189 | 0252
BH-11 0922 0.192| 1.138] 0261
BH-12 3.551 | 0.953
BH-13 11587 | 2565 | 7.754| 2.149
BH-14 2213 | 0464 | 1453 | 0377
Average | 2.394| 0438 | 3.405| 0728| 1.923| 0493 | 0.897| 0.237
DE 1 1 1 213
(b) 10<x =20
FL R FL R FL R FL R
FILLED SOIL CLAY-I SILTY SAND-I | SANDY SILT
BH-01 0.963 | 0.254
BH-02 2.964 | 0.847
BH-03 1.167 | 0307
BH-04
BH-05 7.336 | 1.923
BH-06 1131 [ 0289
BH-07 1.884 | 0494 | 0994 | 0259
BH-08 1300 | 0321] 1270 0307
BH-09 1121 | 0259 | 1.677[ 0390
BH-10 2.044 | 0472
BH-11 1232 [ 0290
BH-12 1.040 | 0280 1.025[ 0269
BH-13 0972 | 0.265| 1.033| 0272
BH-14 1248 | 0324 ] 14509 [ 3.683
Average 1261 0324 2873 0.736
DE - - 1 1

Source: JICA Study Team
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Table 4.6.134 Results of Liquefaction Assessment in the D/D

() 0=x=10
FL | R FL | R FL | R FL | R FL R
FILLED SOIL CLAY-I SILTY SAND-I | SANDY SILT
BH-01 5922 1263] 1.093] 0.269
BH-02 3393 | 0617] 1.827] 0407| 1078 0.293
BH-03 3953 | 0780 | 1.044| 0247] 0910| 0231
BH-04 2111 0395] 2517] 0548 | 1432| 0365
BH-05 0942 | 0.8 139 | 0324] 0912 0232
BH-06 1.103 | 0.267
BH-07 1109 | 0.197] 0968 | 0.186| 0953 | 0.242
BH-08 1425 | 0315
BH-09 1433 0269 ] 1207 0.264
BH-10 1.155 | 0.248
BH-11 1130 | 0.257
BH-12 3210 | 0.859
BH-13 10.138 | 2207 | 6.886| 1.920
BH-14 1.832 | 0407 | 1.400| 0366
BH-5(13) 0991 | 0225
ave 2204 | 0403 3.281] 0.695| 1.700 | 0.431] 0.911] 0.232
DE 1 1 1 23 -
(b) 10<x=20
FL | R FL R FL R FL R FL R
FILLED SOIL CLAY-I SILTY SAND-I | SANDY SILT
BH-01 0975 0.250
BH-02 2588 | 0.717
BH-03 1.034 | 0.266
BH-04
BH-05 1.409 | 0.362
BH-06 1.089 | 0.285
BH-07 0970 | 0261 1301] 0348
BH-08 1128 | 0276 1221] 0301
BH-09 1.089 | 0256 | 1263 | 0301
BH-10 1.888 | 0.447
BH-11 1214 | 0287
BH-12 1.010 | 0278 ] 0.995| 0.268
BH-13 1031 | 0286 1.007] 0272
BH-14 1168 | 0310 | 13.839 | 3.613
BH-5(13) 0.851 | 0.201
ave 1.035] 0267 2294 0.594
DE - - 1 1 1

Source: JICA Study Team
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Figure 4.6.45 Soil Profile Including Results of Liquefaction Assessment in the B/D
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Figure 4.6.46 Soil Profile Including Results of Liquefaction Assessment in the D/D
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(3) Selection of Supporting Layer

Bridge foundations should be supported by a good and hard supporting layer. The supporting layer
can be determined by the following conditions as specified in the JSHB:

—  Clay: N value more than 20
—  Sandy Soil: N value more than 30

The Clay-III and Clay-IV layer with N value of 20 or more are identified as the supporting layer.
Since the unconfined compressive strength of the layers was not confirmed, 60 N is expected to be
secured as the ultimate bearing capacity of the pile end according to the Standard Design
Specifications Vol. 2 Bridge Construction published by NEXCO (Japan Road Association), so that
the ultimate bearing capacity of 2100 kN/m* and 3000 kN/m* can be applied for the Clay-III and
Clay-1V layer respectively.

Based on the soil investigation results, the supporting layer had been defined in the B/D as shown in
Figure 4.6.45. Most of the supporting layers were the upper end of Clayey Sand-II. However, some
were the upper end of Clayey Sand-I and Clay-IV layers whose N value is 50 or more. The
supporting layer, on the other hand, was modified in the D/D as shown in Figure 4.6.46 because the
results of the soil investigation surveys were updated in the D/D. Most of the supporting layer are the
upper end of the Clayey Sand-II and Clay-1V layers. However, some are the upper end of Clay-III
whose N value is 20 or more.

(4) Design of Substructures and Foundation

Table 4.6.135 shows the general design conditions of the substructure, and Table 4.6.136 shows the
support conditions between the superstructure and substructure of each abutment and pier. In the D/D,
the condition determined in the B/D was reviewed and modified to optimize the lateral force
distribution on each substructure considering the height of substructures and the soil conditions. It
was modified for only two supports between PF5 and PF6, and between PF14 and PF15.

Table 4.6.135 General Design Conditions of Substructure

Item Conditions
General
Abutment Inverted T-type abutment
Structure Type Pier T-type pier
Foundation Cast-in-place RC pile
Materials
Concrete Abutment and Pier Oy = 24 N/mm?
Cast-in-place RC pile | g, =30 N/mm?
Reinforcement Bar SD345
Backfilled Material y =19 kN/m?, C=0, ¢=30
Overburden Material y = 18 kN/m’
Foundation
Diameter @ = 1500 mm
Soil Design Parameters Referenced by 4.6.4.3(1)
Liquefaction Referenced by 4.6.4.3(2)

Source: JICA Study Team
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Table 4.6.136 Support Conditions between Superstructure and Substructure

Substructures Superstructures Support Condition in B/D Support Condition in D/D
AF1 M (Moveable Condition) Same as on the left
PF1 2@PC-1 F (Fixed Condition) Same as on the left

F Same as on the left
PF2 - —

E (Elastic Condition) Same as on the left
PF3 E Same as on the left
3@Steel box

PF4 E Same as on the left

E Same as on the left
PF5

M F
PF6 2@PC-1 F Same as on the left

M Same as on the left
PF7

M Same as on the left
PF8 F Same as on the left
PF9 4@PC-1 F Same as on the left
PF10 F Same as on the left

M Same as on the left
PF11

E Same as on the left
PF12 E Same as on the left

3@Steel-1

PF13 E Same as on the left

E Same as on the left
PF14

M F
PF15 2@PC-1 F Same as on the left
AF2 M Same as on the left

Source: JICA Study Team
1) Strength and Allowable Stress of Materials
a) Concrete

Concrete is used for the abutments, piers, and foundations. The strength and the allowable stress of
concrete are shown in Table 4.6.137.

Table 4.6.137 Strength and Allowable Stress of Concrete

Item Unit Abutm ent, Foundation
Pier
Design Strength N/mm? 24.00 30.00
Allowable Flexural Compressive Stress N/mm? 8.00 8.00
Compressive Stress Axial Compressive Stress N/mm? 6.50 6.50
Resisted by Only Concrete N/mm? 0.23 0.23
Shear Stress Resisted by Concrete and |y, o 170 170
Stirrup
Punching Shear Stress N/mm? 0.90 -
Bond Stress N/mm? 1.6 1.2

Source: JICA Study Team
b) Reinforcement Bar

Reinforcement bar is used for the abutments, piers, and foundations. The strength and allowable
stress of reinforcement bar to be used are shown in Table 4.6.138.
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Table 4.6.138 Strength and Allowable Stress of Reinforcement Bar
Item Unit Abutment, Pier Foundation

Yield Stress N/mm? 345 345

Under Dead Load N/mm? 100 100
Allowable Normal Member N/mm? 180 180
Tensile Under Live Load | Underwater N/mm? 160 160
Stress Member

Under Impact N/mm? 200 200

Source: Prepared by JICA Study Team based on JSHB
2) Design Parameters
a) Concrete

The design parameters of concrete are shown in Table 4.6.139.

Table 4.6.139 Design Parameters of Concrete

Item Unit Abutment, Pier Foundation
Design Strength N/mm? 24.00 30.00
Young’s Modulus N/mm? 2.5x10* 2.5x10*
Creep Coefficient N/mm? 2.60 2.60
Drying Shrinkage Strain - 20.0x 103 20.0 x 10

Source: Prepared by the JICA Study Team based on JSHB
b) Reinforcement Bar

The design parameters of the reinforcement bar are shown in Table 4.6.140.

Table 4.6.140 Design Parameters of Reinforcement Bar

Unit Reinforcement Bar
Type of Reinforcement Bar - SD345
Young’s Modulus N/mm? 2.00x 10°

Source: Prepared by the JICA Study Team based on JSHB

¢) Load Conditions

Table 4.6.141 shows the vertical reaction force applied by two types of superstructures, namely, PC-I
girder bridge and steel box girder bridge, in the B/D. Since the design of the superstructure was
updated in the D/D, the vertical reaction force was also updated as shown in Table 4.6.142

Table 4.6.141 Load Conditions in the B/D

Substructure Number
Type of Reaction Force Unit
AF1l | PF1 PF2 PF3 PF4 PF5
“p g 1000

Dead Load “Rd kN | 4300 0 4300 | 3100 | 11100 | 11100 | 3100 | 4300
Live Load “RI” kN | 1200 | 2100 | 1200 | 1600 | 3200 | 3200 | 1600 | 2100
Lateral Force in Bridge Axis Direction | kN 650 | 1000 1300 3200 | 3200 1800
Lateral *Force in  Perpendicular | || 309 2300 3400 | 3400 2300
Direction to Bridge Axis
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Substructure Number
Type of Reaction Force Unit
PF6 PF7 PF8 | PF9 | PF10 PF11
Dead Load “Rd” kN | 10000 | 4300 | 4300 | 9700 | 9300 | 9700 | 4300 | 1900
Live Load “R1” kN | 2100 | 1200 | 1200 | 2100 | 2000 | 2100 | 1200 | 1300
Lateral Force in Bridge Axis Direction | kN | 2900 3500 3800 | 3800 | 3800 1500
Lateral Force in  Perpendicular | | 309 2600 2800 | 2800 | 3000 1900
Direction to Bridge Axis
Substructure Number
Type of Reaction Force Unit
PF12 | PF13 PF14 PF15 | AF2
Dead Load “Rd” kN | 8000 | 8000 | 1900 | 4300 | 10000 | 4300
Live Load “RI1” kN | 2500 | 2500 | 1300 | 1200 | 2100 | 1200
Lateral Force in Bridge Axis Direction | kN | 2100 | 2100 1000 1000 | 650
Lateral Force in Direction of
Perpendicular to Bridge Axis KN 12500 1 2500 1900 3000 )
Source: JICA Study Team
Table 4.6.142 Load Conditions in the D/D
Substructure Number
Type of Reaction Force Unit
AF1 | PF1 PF2 PF3 PF4 PF5
Dead Load “Rd” kN | 3800 | 7000 | 3900 | 3200 | 11100 | 11200 | 3200 | 3800
Live Load “R1” kN 1100 | 2000 | 1100 | 1600 | 3100 | 3200 | 1600 | 1100
Lateral Force in Bridge Axis Direction | kN 600 | 3200 | 1300 | 1700 | 3200 | 2600 | 1400 | 2600
Lateral Force in Direction of
Perpendicular to Bridge Axis kN i 2000 2300 3300 3100 2100
Substructure Number
Type of Reaction Force Unit
PF6 PF7 PF8 PF9 | PF10 PF11
Dead Load “Rd” kN | 7700 | 3900 | 4300 | 8400 | 7900 | 7800 | 3900 | 1900
Live Load “RI1” kN | 2000 | 1100 | 1100 | 1900 | 1800 | 1900 | 1100 | 1200
Lateral Force in Bridge Axis Direction | kN | 2100 | 600 700 | 3200 | 2800 | 3800 | 600 | 1100
Lateral * Force in - Perpendicular | ¢ | 30, 1600 2900 | 2600 | 3000 1500
Direction to Bridge Axis
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Substructure Number
Type of Reaction Force Unit

PF12 | PF13 PF14 PF15 | AF2

Dead Load “Rd” kN | 7800 | 7800 | 1900 | 3800 | 7700 | 3800

Live Load “R1” kN | 2500 | 2500 | 1200 | 1100 | 2000 | 1100

Lateral Force in Bridge Axis Direction | kN | 1700 | 1900 | 1300 | 1200 | 3300 | 600

Lateral Force in Perpendicular

Direction to Bridge Axis KN\ 2200 | 2300 1700 2800 )

Source: JICA Study Team

In the B/D, the structural calculation had been conducted at the representative substructures, such as
AF1, PF3, PF5, PF8 and PF12, in consideration of the above design reaction force. The
configuration of other substructures had been assumed based on the calculations for representative
substructures. In the D/D, on the other hand, the calculation was conducted for all substructures.

(5) Design of Reversed T-type Abutment Including Foundation

The configuration of the reversed T-type abutment in the B/D is shown in Figure 4.6.47. The design
had been carried out taking into consideration the load applied on the abutment wall by the bearings
supporting the bridge structures. The lateral loads had also been considered, which are applied on the
abutment walls due to the earth pressure generated from the retained side including surcharge loads
and loads from the approach slab. In addition to the lateral earth pressure due to backfill materials, a
live loading surcharge equal to 11.6 kN/m? had also been considered for the design.

The configuration was also modified in the D/D as shown in Figure 4.6.48 because the geotechnical
design parameters and supporting layer were updated as mentioned above. The design was carried
out as with the B/D.

12750

A N

& WOy

In B/D 1150.850

5000

H2
H2
H2
L
N

150050

Hi
H1
H1

2000 9150

2000

1900
1900
1900

‘ T T = m (B SEerion
BORED PILE ¢ 1500 ‘H ‘H BORED PILE ¢ 1500 ‘H -
1500 s = s 1500 seorin . 1500 1875675 01375 1500
Dimension
Item AF1 N Remark
H (mm) 8300 9000 | Total height of abutment
H1 (mm) 3980 4640 | Wall height
H2 (mm) 2420 2460 | Parapet height
S (mm) 3750 3750 | Spacing of piles : 2.5 x Pile diameter (= 1500 mm) or more
W (mm) 14250 | 12750 | Width of pile cap in perpendicular direction to bridge axis
Pile Length 405 435
(m)
No. of Pile 8 6 Determined by the displacement at pile head under earthquake load

Source: JICA Study Team

Figure 4.6.47 Configuration of Reversed T-type Abutment in the B/D
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In D/D
Dimension
Item AF1 N Remark
H (mm) 8300 9600 | Total height of abutment
H1 (mm) 4050 5290 | Wall height
H2 (mm) 2350 2410 | Parapet height
S1 (mm) 3750 4875 Spacmg of_ piles in perpendicular direction to bridge axis : 2.5 x Pile
diameter (=1500 mm) or more
S2 (mm) 4500 4000 | Spacing of piles in : 2.5 x Pile diameter (= 1500 mm) or more

W1(mm) 12770 | 12750 | Width of abutment in perpendicular direction to bridge axis

W2 (mm) 14250 | 12750 | Width of pile cap in perpendicular direction to bridge axis

B1 (mm) 2500 2000 | Width of heel in bridge axis direction
B2 (mm) 3000 3000 | Width of toe in bridge axis direction
B3 (mm) 7500 7000 | Width of pile cap in bridge axis direction
Pile Length 405 34.0
(m)
No. of Pile 8 6 Determined by the displacement at pile head under earthquake load

Source: JICA Study Team
Figure 4.6.48 Configuration of Reversed T-type Abutment in the D/D

The width of the abutment wall had been determined to be 2.0 m considering the reinforcement
arrangement, the minimum seating length to avoid unseating of girder from substructures under
earthquakes (SE), and the minimum cover concrete to prevent bridge seat from shear failure (S). In
the D/D, the expansion joint gap was changed, and SE and S were also modified because the span

length was revised. Figure 4.6.49 shows the width of the abutment wall with SE and S in the B/D and
D/D.
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Source: JICA Study Team
Figure 4.6.49 Determination of Abutment Wall Width

The results of the structural calculation conducted in the D/D for AF1 and AF2 are shown in the
following tables.

Table 4.6.143 Calculation Results of Abutments

AF1
Stability Calculation Results
Pushing Force (kN) Tensile Force (kN) Displacement (mm)
Load Case Calculated | Allowable | Calculated Allowable Calculated | Allowable
Value Value Value Value Value Value
Under Design Load 2972< 7610 2288>0 5.3015.0
During Earthquake 4511 < 11592 255>-7931 13.90115.0
Sectional Calculation Results
Member Parapet Wall Footing Pile
Location Front Back Back Under Toe Above --
Heel
Load Case Design Load | Earthquake | Earthquake | Design Load | Earthquake | Earthquake
. M (kN/m) 68.16 59.36 1012.41 688.79 772.17 2881.8
Sectional ™= 0 1N) __ __ 540.37 __ __ 2548
Force
S (kN) — 50.39 314.07 1196.39 312.77 1019.6
Front
Reinforcement 2Bar Front D22@250 D16@250 D32@250 D25@250 D32x36
Volume (mm?) Back D22@250 Back
D22@?250
>c 4.07 3.55 3.99 2.55 3.15 1091
oca 8.00 12.00 12.00 8.00 12.00 12.00
Stress oS 139.95 121.87 206.52 141.47 230.75 263.79
(N/mm?) osa 160.00 300.00 300.00 160.00 300.00 300.00
T — 0.144 0.170 0.725 0.179 0.641
1a — 0.548 0.204 1.647 0.405 0.499
Stirrup | Awreq, Aw _ —_ —_ _— 15079 31 0<
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AF2
Stability Calculation Results
Pushing Force (kN) Tensile Force (kN) Displacement (mm)
Load Case Calculated | Allowable | Calculated | Allowable Calculated | Allowable
Value Value Value Value Value Value
Under Design Load 4206<6169 2937>0 6.200115.0
During Earthquake 6236<9331 219>-6595 14.30115.0
Sectional Calculation Results
Member Parapet Wall Footing Pile
Location Front Back Back Under Toe HEDT --
Heel
Load Case Design Load | Earthquake | Earthquake | Design Load | Earthquake | Earthquake
. M (kN/m) 68.16 62.43 1382.95 405.22 1022.44 2673.2
Sectional
Force N (kN) — — 602.33 — — -59.3
S (kN) — 52.00 419.52 e 468.95 1590.4
Front
Reinforcement2Bar Front D22@250 D25@?250 D25@250 D29@250 D32x36
Volume (mm?) Back D22@250 Back
D25@?250
oc 4.07 3.73 4.85 1.81 3.77 10.09
oca 8.00 12.00 12.00 8.00 12.00 12.00
Stress oS 139.95 128.18 249.62 128.65 242.66 253.36
(N/mm?) osa 160.00 300.00 300.00 160.00 300.00 300.00
T — 0.148 0.227 — 0.268 1.000
Ta — 0.548 0.220 — 0.669 0.489
s [ | — | — | e | — | — | %

Source: JICA Study Team

Where, M is bending moment (kN * m)
N is axial force (kN)
S is shear force (kN)
oc is compressive stress (N/mm?)
oca is allowable compressive stress (N/mm?)

os is tensile stress (N/mm?)
osa is allowable tensile stress (N/mm?)

7 is shear stress (N/mm?)
ta is allowable shear stress (N/mm?)

(6) Design of T-type Pier Including Foundation

The configurations of the T-type pier in the B/D are shown in Figure 4.6.50 and Figure 4.6.53. The
circle haunch is applied to the shape of the pier head considering the landscape. The piers can be
divided into two types; one is the normal type pier and the other is the end pier. Similar to the width
of abutment wall, the column width is determined considering the reinforcement arrangement, the
minimum seating length to avoid unseating of girders from the substructures because of earthquakes
(SE), and the minimum cover concrete to prevent bridge seat from shear failure (S). In the B/D, the
column width had been determined to be 2.2 m at PF8 normal piers and 3.0 m at PF5 end piers.

The configurations of the T-type pier in the D/D are shown in Figure 4.6.51 and Figure 4.6.54. The
dimension was modified based on the calculation in the D/D. Same with the B/D, the column width

was determined to be 2.2 m for the normal pier and 3.0 m for the end pier.
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Dimension
lem | pei | pr3 | PF4 | PF6 | PF7 | PF8 | PFO P(F)l Pgl P§1 P? Remark
H1 480 | 660 | 780 | 880 | 880 | 860 | 840 | 830 | 750 | 640 | 560 | Pier height
(mm) | 0 0 0 0 0 0 0 0 0 0 0
L(m) | 41.5 ] 40.0 [ 41.0 | 37.5 | 39.0 | 39.0 | 39.0 | 39.0 | 40.0 | 42.0 | 43.0 | Pile length
Determined by
No. of the
N 6 6 6 6 6 6 6 6 6 6 6 | displacement at
Pile .
pile head under
earthquake load

Source: JICA Study Team

Figure 4.6.50 Configuration of T-type Pier (Normal Pier) in the B/D
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In D/D
Dimension
lem | pei | PF3 | PF4 | PF6 | PF7 | PF8 | PF9 Pgl Pl;l Pgl pr1s | Remark
H1 5000 | 6400 | 7900 | 1000 | 990 | 9900 | 9500 | 9100 | 730 | 640 5900 | Pier height
(mm) 0 0 0 0
S1 3750 | 3750 | 3750 | 3750 | 500 | 3750 | 3750 | 3750 | 500 | 500 3750 Spacing of pile in perpendicular
(mm) 0 0 0 direction to bridge axis
S2 5500 | 3750 | 3750 | 3750 | 375 | 4500 | 3750 | 4500 | 375 | 375 4500 | Spacing of pile in bridge axis
(mm) 0 0 0 direction
w 1050 | 1050 | 1050 | 1050 | 800 | 1050 | 1050 | 1050 | 800 | 800 | 10500 | Width of pile cap in
0 0 0 0 0 0 0 0 0 0 perpendicular direction to
(mm) : .
bridge axis
B 8500 | 1050 | 6750 | 6750 | 675 | 7500 | 6750 | 7500 | 675 | 675 7500 | Width of pile cap in bridge axis
(mm) 0 0 0 0 direction
L(m) | 41.5 | 38.0 | 40.5 | 33.5 | 37.0 | 37.0 | 355 | 32.5 | 33.0 | 32.5 34.0 Pile length
No. of Detgrmined by the displacement
Pille 6 9 6 6 4 6 6 6 4 4 6 ?t p(;le head under earthquake
oa

Source: JICA Study Team
Figure 4.6.51

Source: JICA Study Team

Configuration of T-type Pier (Normal Pier) in the D/D

Figure 4.6.52 Determination of Column Width for Normal Pier
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Dimension
ftem PF2 | PF5 | PFIL | PF14 | Remark
H1 (mm) 5000 | 8200 | 7600 | 5600 | Pier height
H2 (mm) 830 | 520 | 580 | 790 | Differential height of pier head
L (m) 41.5 | 37.5 | 39.5 | 42.5 | Pile length
No. of Pile 6 6 6 6 Determined by stress of pile

Source: JICA Study Team

Figure 4.6.53 Configuration of T-type Pier (End Pier) in the B/D
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In D/D
Dimension
ftem PF2 | PF5 | PFI1 | PFia | Nemark

H1 (mm) 5000 | 8800 | 7900 | 5700 | Pier height
H2 (mm) 960 950 790 | 790 | Differential height of pier head
S1 (mm) 3750 | 3750 | 5000 | 5000 | Spacing of pile in perpendicular direction to bridge axis
S2 (mm) 5500 | 5000 | 3750 | 5000 | Spacing of pile in bridge axis direction

W(mm) 10500 | 10500 | 8000 | 8000 W%dth of pile cap in perpendicular direction to bridge

axis
B(mm) 8500 | 8000 | 6750 | 8000 | Width of pile cap in bridge axis direction
L (m) 41.5 35.5 | 32.5 | 33.5 | Pile length
No. of Pile 6 6 4 6 Determined by stress of pile

Source: JICA Study Team
Figure 4.6.54 Configuration of T-type Pier (End Pier) in the D/D

Source: JICA Study Team
Figure 4.6.55 Determination of Column Width for End Pier
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The structural calculation results at all piers are shown in Table 4.6.144.

Table 4.6.144 Calculation Results for Piers
PF1 (PC-I Girder Bridge)

Stability Calculation Results

Pushing Force (kN) Tensile Force (kN) Displacement (mm)
Load Case Calculated Allowable Calculated | Allowable | Allowable Calculated
Value Value Value Value Value Value
During Earthquake in
. L 5598 << 12253 -505>-8407 13.5<15.0
Bridge Axis Direction
During Earthquake in
Perpendicular Direction 4680<12253 413>-8407 8.4<15.0
to Bridge Axis
Sectional Calculation Results
In Bridge Axis Direction
Member Beam Column Footing Pile
. . . Top Bottom Under
Location Vertical Horizontal Bottom Surface Surface Ground
Load Case Dead Load | Earthquake | Earthquake | Earthquake | Earthquake | Earthquake
Sectional M (kN/m) 3376.90 1881.69 29017.02 -6552.70 24065.22 2652.0
Force N (kN) — —— 9395.86 e — -787.6
S (kN) 2785.21 976.56 4518.76 -3539.71 15691.70 960.9
Reinforcement Bar Top:D32x14
Volume (mm?) . D32x14 D32@125 | D29@250 | D32@l125 D32x36
Side:D22x13
ocC 2.13 2.31 7.82 2.76 6.60 9.90
oca 8.00 12.00 12.00 12.00 12.00 12.00
Stress oS 75.69 187.82 273.19 177.74 244.74 283.53
(N/mm?) osa 100.00 300.00 300.00 300.00 300.00 300.00
T 1.000 0.318 0.315 0.193 0.906 0.604
Ta 0.305 0.190 0.301 0.590 1.365 0.489
. 1464.4
Stirrup — 93276 107.4<972.8 | 55.7<397.2 _ _ 0.882<5.730
In Perpendicular Direction to Bridge Axis
. . . Top Bottom Under
Location Vertical Horizontal Bottom Surface Surface Ground
Load Case e — Earthquake | Earthquake | Earthquake | Earthquake
Sectional M (kN/m) e e 16237.02 -703.86 1535.38 1824.02
Force N (kN) — — 9395.86 — — 130.53
S (kN) — — 2718.76 -475.66 -475.66 660.86
Reinforcement Bar _—
Vel (g o D32@250 | D19@250 | D29@250 D32x36
oC — e 1.56 0.93 1.07 -6.90
oca — — 12.00 12.00 12.00 12.00
Stress oS — e 6.06 96.38 66.16 168.17
(N/mm?) osa — — 300.00 300.00 300.00 300.00
T — — 0.180 0.032 0.033 0.416
Ta — — 0.198 0.783 1.077 0.497
Stirrup Awreq, Aw — e — — e —

Source: JICA Study Team
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PF2 (Steel Box Girder Bridge and PC-I Girder Bridge)

Stability Calculation Results

Pushing Force (kN) Tensile Force (kN) Displacement (mm)
Load Case Calculated Allowable Calculated Allowable | Allowable Calculated
Value Value Value Value Value Value
During Earthquake in 6109< 12380 -592>-8460 14.0<15.0
Bridge Axis Direction
During Earthquake in
Perpendicular 5434<12380 83.7>-8460 9.8<15.0
Direction to Bridge
Axis
Sectional Calculation Results
In Bridge Axis Direction
Member Beam Column Footing Pile
Location Vertical Horizontal Bottom Top Bottom Under
Surface Surface Ground
Load Case Dead Load | Earthquake Earthquake Eartl;quak Dfs;%ln Earthquake
Sectional M (kKN/m) 2400.05 1062.33 33640.10 -5301.56 11239.22 2736.6
e;’olr‘;za N (kN) — — 10801.08 — — _874.3
S (kN) 1333.98 1049.66 4810.32 -3585.90 17226.07 1009.5
Reinforcement Bar Top D32x17
e Side D16x14 D29@125 D25@?250 | D29@125 D32x36
oC 1.47 1.03 5.92 247 3.34 10.20
oca 8.00 12.00 12.00 12.00 8.00 12.00
Stress oS 8141 136.37 235.57 181.06 140.03 295.07
(N/mm?) osa 100.00 300.00 300.00 300.00 160.00 300.00
T 0.335 0.152 0.241 0.195 0.994 0.635
Ta 0.229 0.145 0.227 0.543 1.644 0.489
Stirrup Awreq, AW 406'5:1548' 11.5<972.8 | 55.2<397.2 —_— i 1.116<5.730
In Perpendicular Direction to Bridge Axis
. . . Top Bottom Under
Location Vertical Horizontal Bottom Surface Surface Ground
Load Case — — Earthquake Eartl;quak Earthquake | Earthquake
Sectional M (kN/m) — — 22058.75 -868.60 1912.48 2104.05
ifor‘;ea N (kN) — — 10801.08 — — -198.94
S (kN) —— — 3410.32 -475.66 -475.66 776.12
Reinforcement Bar e
Vel (g L D29@?250 D16@250 | D25@?250 D32x36
oC — — 1.57 1.10 1.32 7.92
oca — — 12.00 12.00 12.00 12.00
Stress GS — — 11.83 134.97 95.49 207.84
(N/mm?) osa — — 300.00 300.00 300.00 300.00
T — — 0.166 0.032 0.033 0.488
1a — — 0.175 0.734 0.990 0.493
. Awreq,
Stirrup Aw E—

Source: JICA Study Team
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PF3 (Steel Box Girder Bridge)

Stability Calculation Results

Pushing Force (kN) Tensile Force (kN) Displacement (mm)
Load Case Calculated | Allowable Calculated | Allowable | Allowable Calculated
Value Value Value Value Value Value
During Earthquake in
Wit Avte [fimsifion 4884 <11021 -134>-7338 9.6<15.0
During Earthquake in
Perpendicular Direction 5063<11021 -313>-7338 10.1<15.0
to Bridge Axis
Sectional Calculation Results
In Bridge Axis Direction
Member Beam Column Footing Pile
Location Vertical Horizontal Bottom Top Bottom Under
Surface Surface Ground
Load Case ]Ezzg Earthquake | Earthquake | Earthquake | Earthquake | Earthquake
. M (kN/m) 852.7 248.41 34194.20 -7518.66 32500.48 1814.4
Sectional
Force N (kN) — e 14024.08 — — -366.3
S (kN) 109.63 868.50 4077.22 -2810.73 13549.32 624.1
Reinforcement Bar Top D22x15 D32@125
Volume (mm?) Side D16x14 D32@125 | D32@250 D32%125 D32x28
oC 0.89 0.40 9.26 2.90 7.96 7.81
oca 8.00 12.00 12.00 12.00 12.00 12.00
Stress oS 66.18 44.29 290.94 166.07 234.12 235.20
(N/mm?) osa 100.00 300.00 300.00 300.00 300.00 300.00
T 0.023 0.173 0.284 0.153 0.799 0.393
Ta 0.170 0.179 0.301 0.387 0.895 0.448
Stirrup Awreq, Aw e e e e —
In Perpendicular Direction to Bridge Axis
. . . Top Bottom Under
Location Vertical Horizontal Bottom Surface Surface Ground
Load Case — — Earthquake | Earthquake | Earthquake | Earthquake
Sectional M (kN/m) — — 37104.20 -1359.45 2803.65 1911.3
Force N (kN) — e 14024.08 — — -313.0
S (kN) — — 4377.22 -587.58 -587.58 657.4
Reinforcement Bar —_ D29@250
Vel (g L D32@250 | D25@250 D29%250 D32x28
ocC e e 4.10 1.39 1.63 8.23
oca — — 12.00 12.00 12.00 12.00
Stress oS — — 73.07 106.43 72.57 243.95
(N/mm?) osa — — 300.00 300.00 300.00 300.00
T —— e 0.290 0.031 0.034 0414
Ta — —— 0.198 0.907 1.363 0.448
Stirrup Awreq, Aw — — 116.8<397.2 — — —

Source: JICA Study Team
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PF4 (Steel Box Girder Bridge)

Stability Calculation Results

Pushing Force (kN) Tensile Force (kN) Displacement (mm)
Load Case Calculated Allowable Calculated | Allowable | Allowable | Calculated
Value Value Value Value Value Value
During Earthquake in 6457< 13382 -28>>-9003 102<15.0
Bridge Axis Direction
During Earthquake in
Perpendicular Direction 669913382 -270>-9003 7.9<15.0
to Bridge Axis
Sectional Calculation Results
In Bridge Axis
Direction
Member Beam Column Footing Pile
Location Vertical Horizontal Bottom Top Bottom Under
Surface Surface Ground
Load Case Dead Load Earthquake Earthquake Eartl;quak Earthquake | Earthquake
Sectional M (kN/m) 858.70 218.41 33717.38 -1971.48 13112.28 1893.7
e;’olr‘;za N (kN) — —— 14690.03 — — 2525
S (kN) 109.63 718.50 3647.01 -973.18 -973.18 772.8
Reinforcement Bar Top D22x15
T — Side D16x14 D32@125 | D19@250 | D32@250 D32x28
oC 0.89 0.35 9.13 1.18 4.64 8.16
oca 8.00 12.00 12.00 12.00 12.00 12.00
Stress oS 66.65 38.94 278.03 117.47 250.84 238.69
(N/mm?) osa 100.00 300.00 300.00 300.00 300.00 300.00
T 0.023 0.143 0.254 0.053 0.056 0.486
Ta 0.170 0.179 0.301 1.139 1.188 0.448
Stirru L L L L L 0.289<5.73
P Awreq, Aw 0
In Perpendicular Direction to Bridge Axis
. . . Top Bottom Under
Location Vertical Horizontal Bottom Surface Surface Ground
Load Case — — Earthquake Eartl;quak Earthquake | Earthquake
Sectional M (kN/m) — —— 33917.38 -857.94 2710.67 1434.20
ifor‘(’:ea N (kN) — —— 14690.03 —— — ~494.33
S (kN) — — 4147.01 -377.73 -377.73 856.13
Reinforcement Bar —_
e ) L D32@250 | D16@250 | D19@250 D32x28
oC — — 4.38 1.35 2.69 6.60
oca — — 12.00 12.00 12.00 12.00
Stress oS — — 81.01 169.00 257.22 196.70
(N/mm?) osa — — 300.00 300.00 300.00 300.00
T e — 0.275 0.032 0.033 0.539
1a e —— 0.198 0.731 0.843 0.448
. 0.690<5.73
Stirrup J— —_ — 97.4<397.2 _ _ 0

Source: JICA Study Team
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PF5 (Steel-1 Girder Bridge and PC-1I Girder Bridge)

Stability Calculation Results

Pushing Force (kN) Tensile Force (kN) Displacement (mm)
Load Case Calculated Allowable Calculated | Allowable | Allowable Calculated
Value Value Value Value Value Value
During Earthquake in 7866 < 11610 -1857 >-7638 13.6 <15.0
Bridge Axis Direction
During Earthquake in
Perpendicular Direction 6104 <11610 -95>-7638 7.5 <15.0
to Bridge Axis
Sectional Calculation Results
In Bridge Axis Direction
Member Beam Column Footing Pile
Location Vertical Horizontal Bottom Top Bottom Under
Surface Surface Ground
Load Case Dead Load Earthquake | Earthquake | Earthquake | Earthquake | Earthquake
Sectional M (kN/m) 2480.09 1660.24 61262.59 -8040.90 21304.05 2140.7
Force N (kN) e e 12643.78 — e -2123.0
S (kN) 1347.67 779.30 6093.13 -7198.31 22497.57 1211.0
Reinforcement Bar Top D32x17 D32@125
Volume (mm?) Side D16x 14 D32%250 D29@250 | D32@125 | D32x36
oc 1.52 1.61 8.27 3.39 5.84 7.58
oca 8.00 12.00 12.00 12.00 12.00 12.00
Stress (o] 84.13 213.13 293.35 218.10 216.00 289.96
(N/mm?) osa 100.00 300.00 300.00 300.00 300.00 300.00
T 0.344 0.187 0.309 0.392 1.299 0.762
Ta 0.231 0.142 0.270 0.675 2.011 0.489
Stirrup Awreq, Aw | 435.3<1548.4 | 49.6<972.8 | 159.2<397.2 e e 2.085<5.730
In Perpendicular Direction to Bridge Axis
. . . Top Bottom Under
Location Vertical Horizontal Bottom Surface Surface Ground
Load Case — = Earthquake | Earthquake | Earthquake | Earthquake
Sectional M (kN/m) — — 33719.64 -904.62 2294.93 1386.73
Force N (kN) — e 12643.78 e e -360.74
S (kN) —— — 3793.13 -447.68 -447.68 827.70
Reinforcement Bar e
e ) L D32@250 | D19@250 | D29@250 D32x36
oc e —— 2.70 0.97 1.43 5.18
oca — — 12.00 12.00 12.00 12.00
Stress GS — e 47.68 97.87 90.83 146.19
(N/mm?) osa — — 300.00 300.00 300.00 300.00
T — e 0.185 0.032 0.033 0.521
Ta — —— 0.206 0.784 1.078 0.489
Stirrup Awreq, Aw — — — — — 0.242<5.730

Source: JICA Study Team
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PF6 (PC-I Girder Bridge)

Stability Calculation Results

Pushing Force (kN) Tensile Force (kN) Displacement (mm)
Load Case Calculated Allowable | Calculated | Allowable | Allowable Calculated
Value Value Value Value Value Value
During Earthquake in 6107< 10984 -580>-7146 10.7<15.0
Bridge Axis Direction
During Earthquake in
Perpendicular Direction 6485<10984 -958>-7146 8.4<15.0
to Bridge Axis
Sectional Calculation Results
In Bridge Axis Direction
Member Beam Column Footing Pile
Location Vertical Horizontal Bottom Top Bottom Under
Surface Surface Ground
Load Case Dead Load Earthquake | Earthquake | Earthquake | Earthquake | Earthquake
Sectional M (kN/m) 3824.50 1233.21 36085.67 -3255.48 12297.83 2069.9
Force N (kN) e e 11982.35 — — -804.8
S (kN) 3002.08 615.62 3684.71 -973.18 -973.18 779.1
. Top D32x14
R%gfﬁﬁg?;‘;;gar D32x14 ggg%gz D19@250 | D32@250 | D32x36
Side D22x13
ocC 241 1.51 8.22 1.94 4.35 7.69
oca 8.00 12.00 12.00 12.00 12.00 12.00
Stress oS 85.72 123.09 229.45 193.97 235.26 229.01
(N/mm?) osa 100.00 300.00 300.00 300.00 300.00 300.00
T 1.097 0.204 0.263 0.053 0.056 0.490
Ta 0.308 0.191 0.357 1.139 1.188 0.489
Stirrup Awreq, Aw | 1664.1<2322.6 | 10.4<972.8 e — — 0.008<5.730
In Perpendicular Direction to Bridge Axis
. . . Top Bottom Under
Location Vertical Horizontal Bottom Surface Surface Ground
Load Case — — Earthquake | Earthquake | Earthquake | Earthquake
Sectional M (kKN/m) — — 43345.67 -1202.17 2603.62 1473.0
Force N (kN) — — 11982.35 — — -1182.8
S (kN) — — 4284.71 -377.73 -377.73 879.1
Reinforcement Bar e
Vel (g L D29@250 | D16@250 | D19@250 D32x36
ocC e —— 6.69 1.89 2.58 6.29
oca — — 12.00 12.00 12.00 12.00
Stress oS — — 291.89 236.81 247.06 187.99
(N/mm?) osa — — 300.00 300.00 300.00 300.00
T — e 0.284 0.032 0.033 0.553
Ta — —— 0.229 0.731 0.843 0.489
Stirrup Awreq, Aw — — 69.4<397.2 — — 0.489<5.730

Source: JICA Study Team
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PF7 (PC-I Girder Bridge)

Stability Calculation Results

Pushing Force (kN) Tensile Force (kN) Displacement (mm)
Load Case Calculated Allowable | Calculated | Allowable | Allowable Calculated
Value Value Value Value Value Value
During Earthquake in 7372< 12276 596 >-8139 11.0<15.0
Bridge Axis Direction
During Earthquake in
Perpendicular Direction 7307<12276 661>-8139 9.7<15.0
to Bridge Axis
Sectional Calculation Results
In Bridge Axis Direction
Member Beam Column Footing Pile
. . . Top Bottom Under
Location Vertical Horizontal Bottom Surface Surface Ground
Load Case Dead Load Earthquake | Earthquake | Earthquake Dfs;%ln Earthquake
. M (kN/m) 4030.06 698.48 23270.62 -530.96 5638.51 2017.8
Sectional
Force N (kN) e e 12519.03 e e 301.9
S (kN) 2758.92 350.68 2595.71 -741.47 -741.47 837.5
Reinforcement Bar Top D32x14
Volume (mm?) . D32x14 D25@125 | D19@250 | D32@250 D32x24
Side D22x13
oC 2.54 0.86 7.56 0.34 2.58 9.42
oca 8.00 12.00 12.00 12.00 8.00 12.00
Stress oS 90.32 69.72 252.84 33.58 140.52 257.85
(N/mm?) osa 100.00 300.00 300.00 300.00 160.00 300.00
T 0.922 0.110 0.181 0.053 0.056 0.527
Ta 0.298 0.196 0.258 1.141 1.192 0.456
Stirrup Awreq, Aw | 1316.3<2322.6 — — e e 0.545<5.730
In Perpendicular Direction to Bridge Axis
Location Vertical Horizontal Bottom Top Bottom .
Surface Surface Ground
Load Case . L Earthquake DI?;%IH —_— Earthquake
Sectional M (kN/m) e — 26498.74 -59.02 — 1528.64
Force N (kN) — e 12519.03 e —— 367.27
S (kN) —— — 2895.71 e — 912.46
Reinforcement Bar —
T Ty — L D25@125 | D16@250 | D19@250 D32x24
ocC — —— 2.64 0.09 — 7.12
oca — — 12.00 8.00 — 12.00
Stress GS — S 23.45 11.63 — 187.07
(N/mm?) osa — — 300.00 160.00 — 300.00
T — e 0.192 — — 0.574
1a — e 0.175 — — 0.628
Stirrup Awreq, Aw —— — 21.2<397.2 —— — ——

Source: JICA Study Team
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PF8 (PC-I Girder Bridge)

Stability Calculation Results

Pushing Force (kN) Tensile Force (kN) Displacement (mm)
Load Case Calculated Allowable Calculated | Allowable | Allowable Calculated
Value Value Value Value Value Value
During Earthquake in
. Lo 7084 <12076 -1153>-8009 12.3<15.0
Bridge Axis Direction
During Earthquake in
Perpendicular Direction 6603<12076 -673>-8009 8.2<15.0
to Bridge Axis
Member Calculation Results
In Bridge Axis Direction
Member Beam Column Footing Pile
. . . Top Bottom Under
Location Vertical Horizontal Bottom Surface Surface Ground
Load Case Dead load Earthquake | Earthquake | Earthquake | Earthquake | Earthquake
Sectional M (kN/m) 3969.10 1838.91 46517.77 -6741.36 21860.04 1998.5
Force N (kN) e e 12644.63 e e -1438.4
S (kN) 3095.13 1019.54 5373.39 -5176.45 20149.56 1062.2
. Top D32x14
Re\gﬁﬁzrﬁ;ﬁg” D32x14 Bg%gz D29@250 | D32@125 | D32x36
Side D22x13
oc 2.50 2.26 9.51 2.84 5.99 7.26
oca 8.00 12.00 12.00 12.00 12.00 12.00
Stress (o] 88.96 183.55 257.46 182.85 222.31 248.19
(N/mm?) osa 100.00 300.00 300.00 300.00 300.00 300.00
T 1.051 0.317 0.377 0.282 1.163 0.668
Ta 0.296 0.195 0.378 0.782 1.862 0.489
. 1595.3
Stirrup Pz, A 3276 107.2<972.8 _ _ _ 1.369<5.730
In Perpendicular Direction to Bridge Axis
. . . Top Bottom Under
Location Vertical Horizontal Bottom Surface Surface Ground
Load Case — — Earthquake | Earthquake | Earthquake | Earthquake
Sectional M (kN/m) — — 41717.77 -1139.58 2604.81 1472.28
Force N (kN) — e 12644.63 — — -958.08
S (kN) — — 4173.39 -419.7 -419.70 878.86
Reinforcement Bar E—
e ) L D32@250 | D19@250 | D29@250 D32x36
oc — —— 5.60 1.51 1.82 5.38
oca — — 12.00 12.00 12.00 12.00
Stress GS — — 183.86 156.05 112.24 178.66
(N/mm?) osa — — 300.00 300.00 300.00 300.00
T —— e 0.277 0.032 0.033 0.553
Ta — —— 0.245 0.784 1.079 0.489
Stirrup Awreq, Aw — — 40.1<573.0 — — 0.488<5.730

Source: JICA Study Team
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PF9 (PC-I Girder Bridge)

Stability Calculation Results

Pushing Force (kN) Tensile Force (kN) Displacement (mm)
Load Case Calculated Allowable | Calculated | Allowable | Allowable Calculated
Value Value Value Value Value Value
During Earthquake in
e e 6121<11459 -591>-7657 11.1<15.0
During Earthquake in
Perpendicular Direction 5998 <11459 -467>-7657 7.5<15.0
to Bridge Axis
Member Calculation Results
In Bridge Axis Direction
Member Beam Column Footing Pile
. . . Top Bottom Under
Location Vertical Horizontal Bottom Surface Surface Ground
Load Case Dead load | Earthquake | Earthquake | Earthquake | Earthquake | Earthquake
. M (kN/m) 3567.20 1383.41 33967.47 -3279.97 12330.26 2011.1
Sectional
Force N (kN) — — 11993.71 — — -825.8
S (kN) 2794.72 759.42 4128.11 -973.18 -973.18 853.0
. Top D32x14
Re\‘;ﬁﬁ‘gﬁﬁgar D32x14 ggggg‘g D19@250 | D32@250 | D32x32
Side D22x13
oc 2.25 1.70 8.62 1.96 4.37 7.98
oca 8.00 12.00 12.00 12.00 12.00 12.00
Stress oS 79.95 138.09 265.45 195.43 235.88 250.04
(N/mm?) osa 100.00 300.00 300.00 300.00 300.00 300.00
T 0.953 0.237 0.293 0.053 0.056 0.537
Ta 0.297 0.195 0.323 1.139 1.188 0.469
. 1382.9
Stirrup i Ao 3206 36.2<972.8 _ _ _ 0.519<5.730
In Perpendicular Direction to Bridge Axis
. . . Top Bottom Under
Location Vertical Horizontal Bottom Surface Surface Ground
Load Case — — Earthquake | Earthquake | Earthquake | Earthquake
Sectional M (kN/m) — e 36577.47 -956.62 2363.82 1345.94
Force N (kN) — — 11993.71 — — -702.57
S (kN) — e 3828.11 -377.73 -377.73 802.98
Reinforcement Bar —_
Vel (g L D29@250 | D16@250 | D19@250 D32x32
ocC — e 4.78 1.50 2.35 5.31
oca — — 12.00 12.00 12.00 12.00
Stress oS — — 138.10 188.44 22431 174.27
(N/mm?) osa — — 300.00 300.00 300.00 300.00
T — — 0.254 0.032 0.033 0.505
T2 e — 0.209 0.731 0.843 0.469
Stirrup Awreq, Aw — —— 56.5<397.2 — — 0.279<5.730

Source: JICA Study Team
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PF10 (PC-I Girder Bridge)

Stability Calculation Results

Pushing Force (kN) Tensile Force (kN) Displacement (mm)
Load Case Calculated Allowable Calculated | Allowable | Allowable Calculated
Value Value Value Value Value Value
During Earthquake in 7172<9365 -1542>-6567 13.4<15.0
Bridge Axis Direction
During Earthquake in
Perpendicular Direction 6313<9365 -683>-6567 8.2<15.0
to Bridge Axis
Member Calculation Results
In Bridge Axis Direction
Member Beam Column Footing Pile
. . . Top Bottom Under
Location Vertical Horizontal Bottom Surface Surface Ground
Load Case Dead load Earthquake | Earthquake | Earthquake | Earthquake | Earthquake
Sectional M (kN/m) 3514.70 2153.41 48705.28 -8059.90 22166.83 2183.1
Force N (kN) e e 11742.78 e e -1791.7
S (kN) 2834.72 1199.42 5882.84 -6284.65 20416.34 1163.8
. Top D32x14
Re\gﬁﬁzrﬁ;ﬁg” D32x14 Bg%gz D29@250 | D32@125 | D32x36
Side D22x13
ocC 2.21 2.64 9.90 3.40 6.08 8.51
oca 8.00 12.00 12.00 12.00 12.00 12.00
Stress oS 78.77 214.94 277.81 218.62 225.43 280.23
(N/mm?) osa 100.00 300.00 300.00 300.00 300.00 300.00
T 0.966 0.374 0.420 0.342 1.178 0.732
Ta 0.297 0.195 0.378 0.782 1.862 0.489
. 1411.7
Stirrup Pz, A 93226 156.7<972.8 | 169.4<573.0 _ _ 1.858<5.730
In Perpendicular Direction to Bridge Axis
. . . Top Bottom Under
Location Vertical Horizontal Bottom Surface Surface Ground
Load Case — — Earthquake | Earthquake | Earthquake | Earthquake
Sectional M (kN/m) — — 39835.28 -1145.02 2447.03 1475.33
Force N (kN) — — 11742.78 — — -932.74
S (kN) — — 4182.84 -419.70 -419.70 880.43
Reinforcement Bar E—
e ) L D32@250 | D19@250 | D29@250 D32x36
oc — —— 5.40 1.51 1.71 5.40
oca — — 12.00 12.00 12.00 12.00
Stress oS — — 185.62 156.79 105.44 178.01
(N/mm?) osa — — 300.00 300.00 300.00 300.00
T —— e 0.278 0.032 0.033 0.554
Ta — —— 0.245 0.784 1.079 0.489
Stirrup Awreq, Aw — — 40.9<573.0 — e 0.495<5.730

Source: JICA Study Team
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PF11 (PC-I Girder Bridge and Steel-1 Girder Bridge)

Stability Calculation Results

Pushing Force (kN) Tensile Force (kN) Displacement (mm)
Load Case Calculated Allowable | Calculated | Allowable | Allowable Calculated
Value Value Value Value Value Value
During Earthquake in 7271 <9281 -175>-6510 13.5<15.0
Bridge Axis Direction
During Earthquake in
Perpendicular Direction 6739<<9281 357>-6510 10.5<15.0
to Bridge Axis
Member Calculation Results
In Bridge Axis Direction
Member Beam Column Footing Pile
. . . Top Bottom Under
Location Vertical Horizontal Bottom Surface Surface Ground
Load Case Dead load | Earthquake | Earthquake | Earthquake | Earthquake | Earthquake
Sectional M (kN/m) 2895.92 787.68 23169.77 -1115.55 4545.11 2240.6
Force N (kN) e e 10906.33 e e -432.3
S (kN) 2171.92 406.57 3231.90 -517.63 -517.63 996.5
Reinforcement Bar Top D32x15
Volume (mm?) ' D32x8 D25@250 | D16@250 | D22@?250 D32x28
Side D19x13
oC 1.60 0.67 5.57 0.85 2.81 9.64
oca 8.00 12.00 12.00 12.00 12.00 12.00
Stress oS 75.99 75.88 258.67 101.02 227.52 289.39
(N/mm?) osa 100.00 300.00 300.00 300.00 300.00 300.00
T 0.516 0.090 0.162 0.037 0.039 0.627
Ta 0.249 0.147 0.175 0.864 0.921 0.448
. 1026.3
Stirrup i Ao <1548 4 _ _ —_ _ 1.365<5.730
In Perpendicular Direction to Bridge Axis
. . . Top Bottom Under
Location Vertical Horizontal Bottom Surface Surface Ground
Load Case — — Earthquake | Dead Load — Earthquake
Sectional M (kN/m) — e 23442.01 -59.02 — 1777.70
Force N (kN) — — 10906.33 — — 99.3
S (kN) — — 3031.90 e — 946.50
Reinforcement Bar —_
T Ty — L D25@250 | D16@250 | D16@250 D32x28
ocC e e 1.71 0.08 — 7.67
oca — — 12.00 8.00 — 12.00
Stress GS — — 15.87 9.19 — 206.64
(N/mm?) osa — — 300.00 160.00 — 300.00
T e —— 0.148 — — 0.595
1a e — 0.135 — — 0.465
Stirrup Awreq, Aw —— —— 20.8<397.2 — — 0.997<5.730

Source: JICA Study Team
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PF12 (Steel-1 Girder Bridge)

Stability Calculation Results

Pushing Force (kN) Tensile Force (kN) Displacement (mm)
Load Case Allowab | Calculate | Allowable Calculated
Calculated Value le Value d Value Value Allowable Value Value
During
Earthquake in 6603 <8980 637>-6329 12.0<15.0
Bridge Axis
Direction
During
Earthquake in
Perpendicular 7234<8980 6.3>-6329 12.2<15.0
Direction to
Bridge Axis
Member Calculation Results
In Bridge Axis
Direction
Member Beam Column Footing Pile
Location Vertical Horizontal Bottom Top Surface Bottom Wrmelee
Surface Ground
Load Case Dead load Eartl;quak Earthquake Earthquake Design Load | Earthquake
M
Sectiona | (kN/m) 3405.70 666.41 16399.54 -467.78 5131.84 1798.67
1 Force | N (kN) e e 11063.65 — e 380.51
S (kN) 2568.87 360.66 2679.09 -741.47 -741.47 858.30
Reinforcement Bar Top D32x14
Volume (mm?) ' D32x14 D25@?250 D19@?250 D32@250 D32x28
Side D19x13
oc 2.15 0.93 6.60 0.30 2.35 7.76
oca 8.00 12.00 12.00 8.00 8.00 12.00
Stress oS 76.33 89.23 249.48 29.58 127.89 194.78
(N/mm?) osa 100.00 300.00 300.00 300.00 160.00 300.00
T 0.857 0.110 0.187 0.053 0.056 0.540
Ta 0.293 0.182 0.218 1.141 1.192 0.897
. Awreq,
Stirrup Aw 1188.3<1548.4 _ _ _ —_ —_

In Perpendicular Direction to Bridge Axis
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Location Vertical LElgron Bottom Top Surface ol Wi
al Surface Ground
Load Case — — Earthquake Dead Load — Earthquake
M
_ —_ 2 .54 -59.02 _ 2069.
Sectiona | (kN/m) 6869.5 59.0 069.6
1 Force | N (kN) e — 11063.65 e e -252.2
S (kN) e e 3179.09 e e 983.3
Reinforcement Bar —_
S — L D25@250 D16@?250 D19@250 D32x28
oC e e 2.89 0.09 e 8.92
oca e e 12.00 8.00 e 12.00
Stress oS e e 41.86 11.63 e 259.63
(N/mm?) osa e e 300.00 160.00 T 300.00
T e e 0.211 e e 0.619
Ta T e 0.144 e e 0.448
. Awreq, 1.301<5.73
Stirrup Aw 85.2<397.2 _ 0
Source: JICA Study Team
PF13 (Steel-1 Girder Bridge)
Stability Calculation Results
Pushing Force (kN) Tensile Force (kN) Displacement (mm)
Load Case Allowable | Calculate Allowable Allowable Calculated
Calculated Value Value d Value Value Value Value
During Earthquake
in Bridge Axis 6410<8808 661>-6190 11.6<15.0
Direction
During Earthquake
inPerpendicular 6956 <8808 115>-6190 11.5<15.0

Direction to Bridge
Axis

Member Calculation Results

In Bridge Axis

Direction
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Member Beam Column Footing Pile
Location Vertical Horizontal Bottom Top Surface | Bottom Surface Under

Ground
Load Case Dead load Eartl;quak Earthquake | Earthquake Design Load | Earthquake
M
Sectiona | (kN/m) 3405.70 734.41 15314.20 -431.23 5000.26 1772.69
1 Force | N (kN) — — 10724.08 — — 402.30
S (kN) 2568.87 400.66 2777.22 -741.47 -741.47 882.83
Reinforcement Bar Top D32x14
Volume (mm2) D32x14 D25@?250 D19@250 D32@?250 D32x28
Side D19x13
oC 2.15 1.03 6.11 0.28 2.29 7.65
oca 8.00 12.00 12.00 12.00 8.00 12.00
Stress oS 76.33 98.34 221.78 27.27 124.61 190.58
(N/mm?) osa 100.00 300.00 300.00 300.00 160.00 300.00
T 0.857 0.123 0.194 0.053 0.056 0.555
Ta 0.293 0.182 0.218 1.141 1.192 0.897
. Awreq,
Stirrup Aw 1188.3<1548.4

In Perpendicular Direction to Bridge Axis

Location Vertical Horizontal Bottom Top Surface | Bottom Surface Wit
Ground

Load Case i S— Earthquake | Dead Load i Earthquake
M

. e —_ 25004.2 -59.02 —_ 1973.
Sectiona | (kN/m) 5004.20 59.0 973.5
1 Force | N (kN) — e 10724.08 e —— -143.7
S (kN) —— — 3177.22 — — 982.8

Reinforcement Bar —_—

Volume (mm?) L D25@?250 D16@?250 D19@250 D32x28
oC — — 2.61 0.09 — 8.51
oca — — 12.00 8.00 — 12.00
Stress GS — e 32.79 11.63 — 242.52
(N/mm?) osa — — 300.00 160.00 — 300.00
T — — 0.211 — — 0.618
Ta — e 0.144 — — 0.448
. Awreq, 1.299<5.73
Stirrup Aw _— —_ 85.1<397.2 —_ L 0

Source: JICA Study Team
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PF14 (Steel-1 Girder Bridge and PC-I Girder Bridge)

Stability Calculation Results

Pushing Force (kN) Tensile Force (kN) Displacement (mm)
Load Case Calculated Allowable Calculated | Allowable | Allowable Calculated
Value Value Value Value Value Value
During Earthquake in 7275<9151 -420>-6456 14.2<15.0
Bridge Axis Direction
During Earthquake in
Perpendicular Direction 6304<9151 551>-6456 10.3<15.0
to Bridge Axis
Member Calculation Results
In Bridge Axis Direction
Member Beam Column Footing Pile
. . . Top Bottom Under
Location Vertical Horizontal Bottom Surface Surface Ground
Load Case Dead load Earthquake | Earthquake | Earthquake Df;;‘zn Earthquake
Sectional M (kN/m) 2893.00 1437.55 26367.70 -2122.68 9221.99 2632.8
Force N (kN) — e 9724.03 e e -727.3
S (kN) 2165.92 777.78 4407.21 -727.48 13716.63 1325.2
Reinforcement Bar Top D32x15
T — . D32x8 D32@250 | D29@250 | D32@125 D32x36
Side D19x13
oC 1.60 1.22 5.50 0.97 3.28 9.83
oca 8.00 12.00 12.00 12.00 8.00 12.00
Stress oS 75.91 138.48 249.11 61.12 123.44 279.27
(N/mm?) osa 100.00 300.00 300.00 300.00 160.00 300.00
T 0.515 0.172 0.221 0.052 1.039 0.834
Ta 0.249 0.147 0.203 1.169 1.760 0.489
. 1020.1 29.9
Stirrup i Ao <1548 4 <9728 72.3<397.2 _ _ 2.634<5.730
In Perpendicular Direction to Bridge Axis
. . . Top Bottom Under
Location Vertical Horizontal Bottom Surface Surface Ground
Load Case — — Earthquake | Dead Load e Earthquake
Sectional M (kN/m) — — 18970.18 -69.95 —— 1887.81
Force N (kN) — e 9724.03 e — 244.58
S (kN) — — 2907.21 — e 950.24
Reinforcement Bar E—
T Ty — L D32@250 | D19@250 | D29@250 D32x36
ocC — e 1.33 0.08 e 7.15
oca — — 12.00 8.00 — 12.00
Stress GS — — 8.26 7.57 — 169.76
(N/mm?) osa — — 300.00 160.00 — 300.00
T e e 0.141 — — 0.598
1a e e 0.156 — — 0.512
Stirrup Awreq, Aw — — — — — 0.632<5.730

Source: JICA Study Team
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PF15 (PC-I Girder Bridge)

Stability Calculation Results

Pushing Force (kN) Tensile Force (kN) Displacement (mm)
Load Case Calculated Allowable Calculated | Allowable | Allowable Calculated
Value Value Value Value Value Value
During Earthquake in 5410<9245 215>-6537 10.7<15.0
Bridge Axis Direction
During Earthquake in
Perpendicular Direction 5216<<9245 -21>-6537 7.3<15.0
to Bridge Axis
Member Calculation Results
In Bridge Axis Direction
Member Beam Column Footing Pile
. . . Top Bottom Under
Location Vertical Horizontal Bottom Surface Surface Ground
Load Case Dead load Earthquake | Earthquake | Earthquake | Earthquake | Earthquake
Sectional M (kN/m) 3462.20 1908.41 26919.74 -2470.30 21400.44 1903.2
Force N (kN) — — 10435.42 — — -467.0
S (kN) 2974.72 1059.42 4920.63 -973.18 15134.94 1903.4
Reinforcement Bar Top D32x14
T . D32x14 D32@125 | D25@250 | D29@125 D32x28
Side D22x13
oC 2.18 2.34 7.28 1.15 6.36 8.18
oca 8.00 12.00 12.00 12.00 12.00 12.00
Stress oS 77.60 190.49 235.32 84.37 266.62 251.06
(N/mm?) osa 100.00 300.00 300.00 300.00 300.00 300.00
T 1.014 0.330 0.343 0.053 0.874 0.631
Ta 0.297 0.195 0.301 1.324 1.389 0.448
. 1512.8
Stirrup i Ao 3226 118.3<972.8 | 168.4<397.2 —_— — 1.398<5.730
In Perpendicular Direction to Bridge Axis
. . . Top Bottom Under
Location Vertical Horizontal Bottom Surface Surface Ground
Load Case — — Earthquake | Earthquake | Earthquake | Earthquake
Sectional M (kN/m) — — 25129.74 -814.84 1898.96 1492.20
Force N (kN) e — 10435.42 e e -272.39
S (kN) — — 3620.63 -419.70 -419.70 786.73
Reinforcement Bar E—
Vel (g L D32@250 | D16@250 | D25@250 D32x28
oC — — 2.60 1.24 1.50 6.42
oca — — 12.00 12.00 12.00 12.00
Stress oS — — 34.20 150.38 107.78 191.92
(N/mm?) osa — — 300.00 300.00 300.00 300.00
T e — 0.240 0.032 0.033 0.495
Ta e —— 0.198 0.734 0.992 0.448
Stirrup Awreq, Aw —— — 53.8<397.2 e — 0.356<5.730

Source: JICA Study Team
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4.6.4.4 Bridge Accessories
(1) Bearing Condition and Bearing

There are two types of bearing conditions; one is the “Fixed and Moveable Support” and the other is
the “Elastic Support”. If the “Fixed and Moveable” support conditions are applied to large-scale
bridges, the horizontal force during earthquake and/or temperature load tends to be concentrated on
the fixed piers, although the displacement at the girder end can be relatively small, then the size of
the substructure and foundation would be too large. The “Fixed and Moveable” support condition is
widely used in small-scale bridges.

Therefore, when determining the support condition and bearing type, it is necessary to consider the
structural effect of the bearing conditions, such as lateral load distribution, displacement, etc.

1) PC-I Girder Bridge

The lateral force under earthquake and/or temperature load may not be large even if the “Fixed and
Moveable” support condition is applied to a three span PC-I girder bridge since PC-I girder bridge
with span of 30 m is a small-scale bridge. Hence, the “Fixed and Moveable” support condition shall
be applied to the PC-I girder bridges in the flyover section using an economical pad type rubber
bearing as shown in Figure 4.6.56 and Figure 4.6.57.

Source: JICA Study Team
Figure 4.6.56 Distribution of Horizontal Force

The lateral force and vertical force of a superstructure can be smoothly transmitted to substructures
through the pad type rubber bearing which can follow the displacement of girders caused by
temperature change, drying shrinkage, creep, and earthquake. In addition, the bearing is reinforced
with thin steel plates to control the swelling of rubber by the compressive force. Fixed bearing
condition shall be secured by anchor bars between girders as shown in Figure 4.6.57.

Laminated Rubber

. ' Steel Plate
Coating Rubber Laminated

Rubber
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Anchor Bar

Pad Type Bearing

Source: JICA Study Team
Figure 4.6.57 Arrangement of Anchor Bars
2) Steel Bridge

The length of the steel girder bridge (180 m) is relatively long and the maximum span is 70 m. As
shown in Figure 4.6.58, in case of elastic bearing condition, the lateral force is shared by four piers.
On the other hand, in case of the “Fixed and Moveable” bearing condition, the lateral force is shared
only by two piers. The difference in the distributed lateral load to the substructure and displacement
at the girder ends due to the bearing conditions may affect the economic viability of the overall
structure. Hence, a comparative study was carried out to identify the optimum bearing conditions
for steel girder bridges in the flyover section. As a result of the comparative study, in terms of
economic aspect, the “Alt-1 Rubber Bearing” condition is the optimum option for the bearing
condition for steel girder bridges.

E:Elastic
Elastic Bearing Conditions
Horlzontal Force

—

v |||
1l

Distributes itin 4 piers.
B 55m L 70m J, 55m
F: Fix ,M:Movable
Fix and Movable Conditions Horlzontal Force

Distributes itin 2 piers.

55m 70m 55m

Source: JICA Study Team
Figure 4.6.58 Distribution of Horizontal Force
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Table 4.6.145 Bearing of Steel Bridges Condition

Alt-1 Rubber Bearing

Alt-2 Fixed and Moveable

Fix:

Move
Schematic
Picture
iARRNA fl i et
i H RN iRl
I 1] I I
» Lateral earthquake load | » Lateral earthquake load is
can be distributed to all concentrated on fixed piers
Structural . - .
o the piers. and size of foundation
Characteristics | » Displacement can be would be larger.
small. » Displacement is smallest.
Displacement 60 mm 10 mm
at Girder End
Horizontal Force
at Intermediate 3,300 kN 4,300 kN
Piers
Cost* Ratio = 1.00 Ratio = 1.02
Evaluation Most Recommended Less Recommended

Note: Total cost including substructures, foundations, expansion joints and bearings

Source: JICA Study Team

(2) Expansion Joint

The functions required for the expansion joint are the following:

- To ensure good driving conditions, even if the girder is deformed by girder temperature
variations, concrete creep, concrete drying shrinkage, and loads.

- To ensure waterproofing against rainwater penetration.

- To ensure durability against vehicular traffic.
- Low noise and vibration caused by traffic.
- Easy maintenance and repair.

Expansion joints are mainly classified into rubber type and steel type. As a result of comparative
study, in terms of durability and ease of maintenance, “Alt-1 Steel Type Joint” shall be applied in the
flyover section.
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Table 4.6.146 Comparison of Expansion Joint
Alt-1 Steel Type Joint Alt-2 Rubber Type Joint

. Rubber Joint
Schematic Steel Face plate /

Picture /

» The deflection of the product
increases as the gap increases.

» It deteriorates due to ultraviolet
rays.

» Durability is good.
» Light weight.

Functional
Performance >  Construction is easy.

» Partial replacement is not possible

Maintenance » Partial replacement is possible >  Senvice life is slightly short

»  Service life is long
Source: JICA Study Team

(3) Unseating Prevention System

The unseating prevention system consists of the seating length of the girder at the support and a
structure to prevent the superstructure from unseating during an earthquake. These components are
appropriately selected in accordance with the bridge type, type of bearing supports, and ground
conditions.

The possibility of the unseating of the superstructure from substructures during an earthquake is
quite low if the superstructure is supported by four or more substructures as specified in the JSHB.
On the other hand, an unseating prevention system should be installed since the possibility of
unseating may be relatively high if the superstructure is supported by less than four substructures.
Considering the above, the necessity of the unseating prevention system is evaluated as shown in
Table 4.6.147.

As shown in Figure 4.6.59, the unseating prevention system by anchor bars shall be applied to the
two span PC-I girder bridges in flyover sections.
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Table 4.6.147 Necessity of Unseating Prevention System

Bridge Type I\;(;'a?lf Sulfl)\i :)Ilu?:fure Unseating Prevention System
PC-I Girder 2 3 (AF1 —PF2) Necessary (by anchor bars)
Steel Box 3 4 (PF2-PF5) Not necessary
Girder
PC-I Girder 2 3 (PF5-PF7) Necessary (by anchor bars)
PC-I Girder 4 5 (PF7-PF11) Not necessary
Steel-I Girder 3 4 (PF11-PF14) Not necessary
PC-I Girder 2 3 (PF14- AF2) Necessary (by anchor bars)

Source: JICA Study Team

Source: JICA Study Team
Figure 4.6.59 Schematic Picture of Unseating Prevention System
(4) Drainage System

Rainwater on the bridge surface is drained by catch pits placed at an appropriate distance on the
shoulder, in order to secure traffic safety. The drain pipe for each pier leads the rainwater to the catch
basin, and the rainwater goes to the side ditch. The distribution diagram of the drain is shown in
Figure 4.6.60 to Figure 4.6.62.

- Steel Box Girder Bridge
o == = = =
= = == =
= = =3

Source: JICA Study Team
Figure 4.6.60 Drainage Distribution Diagram of Steel Box Girder Bridge
- Steel I-section Girder Bridge

&= = = = = =
- = == == —or
= = -
r— — o = ==

Source: JICA Study Team
Figure 4.6.61 Drainage Distribution Diagram of Steel-l Girder Bridge
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- PC-I Girder Bridge
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Source: JICA Study Team
Figure 4.6.62 Drainage Distribution Diagram of PC-I Girder Bridge
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