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CHAPTER IV. DESIGN OF SPILLWAY

4.1 General

The type and location of the spillway are determined through comparative studies on conceivable
alternatives as follows:

- Asforthe discharge cérrier of the spillway, an open chuteway type and a tunnel type 1o
utilize the diversion tunnel are conceivable. Comparative studies on the above two types
come to the following conclusion: that is, the safety for handling floods will seriously
be lessened in the case of the tunnel type. Besides that, any cost advantage or other
merits are not expected in the tnnel type in the case of this project. Hence, the open
chuteway type is selected.

- Aliemative locations for the spillway are considered on the right and left abutments. A
comparative study between both locations between both locations reveals that the
spillway to be located on the left abutment will give a cost advantage mainly due to the
topogréphic conditions, coming to a conclusion that the spillway should be located on
the left abutment.

- Three (3) types of the spillway control structure are conceivable: (i) gate control type,
(i) uncontrolled type (non-gated) and (iii) combined type of (i) and (i) above. Out of
the three (3) types, the unconirolled type (non-gated type) is adopted for the project,
especially regarding the safety as impoftant. The proposed type of Spinw‘ay conirol
structure will ensure a high safety by avoiding floods due to malfunction or
misoperation of spillway gatcs.

- As for the type of uncommncd weir, a a side channel type which reduces the excavation
volume is evidently most suitable from the economical point of view. ‘

With regard to the eriergy dissipﬂat.dr, a ho_rizontai apron type energy dissipator with an end sill (a
 stilling basin type of eﬁergjr dissipator) is selected through comparative studies on other three (3)
types of the hydraulic jump type, inclined aprofn type and roller bucket type as follows:

@ - 'I'lmae: types_of the hydraﬁiic jump _type‘,: inclined apron type and roller bucket type require an

excessive excavation for the bottom of energy dissipator because their hydraulic mechanism
fequi:es to lower the bottom elevation sufficiently below the downstream water level.
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The above does not make these types jilstiﬁable economically:

(i) The ski-jump type requires a large plunge pool for energy dissipation of the energetic jet.
An examination indicates the plunge pool of 100 m length, 30 m width and 13 m depth
would be required. This type indicates a slight cost advantage (93% of the cost for the
stilling basin type). However, the type has a high possibility to cause a remarkable scouting
of the river bed or banks due to an very energetic jet. It is considered desirable to avoid the

occurrence of such environmentat and other unexpected troubles,

4.2 Hydraulic Design of Spillway

Probable flood peak discharges are analyzed as foltows:

Return Year Peak Discharge Specific Discharge

(Year) (m¥sec) (m3/sec/km?) Creager's C
10 40 8 SR
20 520 . 9 19

100 1,040 . 18 ' 37
200 - 1,200 22 - 46

P.MF. 1,890 35 72

P.M.F.: Probable Maximum Flood
Fig. 4.2.1 shows the hydrographs of the above probable ﬂoods.

P.M.F. of 1,800 m3/s is taken as the Spiliway design flood which is required' to saféiy be handled
with the necessary frecboard by the spillway. On the one hand, 100-year flood is taken as the
design flood of the energy dissipator, meaning that the dissipator will complelely dlsmpate the flood
discharge energy up to 100-year probable flood magnitude.

The above is based on the consideration that damages of energy dissipaior if any or incompiete
energy dissipation will not result in any fatal failure of the project and that about 100—year flood

magmtude should be taken as its design flood from an ecotomic aspect.

However, side walls of the energy dissipator should not be overmpped by P M. F since the

overtopping may damagc the main dam.
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‘The Basic Design prepared the design for the spillway based on hydraulic anatyses, which is shown
in Fig, 4,2.2 as the original design of the spillway. In view that the spillway is a very important
structure, and therefore, confirmations of its hydrau]jc details and adjustments where necessary are

essential, a hydraulic model st of the spillway was carried out.

Dretails of results of the hydraulic model test are presented in the Spillway Hydraulic Mode] Test
Reportin detail,

Major items pointed ont in the hydraiﬂic model test of the spillway are as follows:

¢)

@

Improvement of abutments of the overflow weir

Contracted flows at both abutinents of the overflow weir would obstruct the discharge
capacity of the overflow weir. Training walls with 12 m length should be provided
towards the reservoir at the abutmenis on both banks, and the shape of upstream end of the
wall should be circular with a radius of 4.5 m,

With the above improvement, the relationship between discharge coefficient (C) and
overflow depth (H) is expressed as follows:

C = -0.0301 « H2 + 0.2645 « H + 1.5827

AtFWL. EL. 193.5m (H=4.5 m), C is given as 2.16.

Weir crest length

It is impossible to satisfy completcly the necessary discharge capacity of the weir even after
improvement of the abutments. As such, the length of overflow weir crest should be
extended. If the length is extended by 2 m beyond the original length of 90 m, the
discharge at E.W.L. EL. 193.5 m will be 1,897 m3/sec as calculated below, saﬁsfying the

necessary capacity.

Q=C+B-H3}"
=2.16 x 92.0 x 4.53/2 = 1,897 m3/sec.
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Improvement of the transition channel

From the aspect of the Froude number which is desirable to be less than 0.5, the required
height of the sili should be around 4.0 m. However, the sill height of 3.0 is
recommended to rnaintain a perfect overflow on the weir.

In orderto enhémce, the effect of stilling of lhe' sill, the sill should be provided ddwnstrcam
frdm the bend. A contracted flow occurs along the side wall of the bend on the right bank
due to insufficient distance between the bend of the transition channel and the sill. It makes
the overflow on the sill and flow regime in the chuteway undesirable. Thus, the length of

the transition channel should be extended,
Further, the alignment of the transition channel should be of more smooth curve.

As a result of the tests, the proposed shape of the transition channel is given in Fig. 4.2.3 as
the revised design. In this design, shock waves in the chuteway and eccentric hydraulic
jump in the stilling basin disappear and adequatc stilting effect is obtained.

Modification of bottom slope of side channel

The tests confirmed that the flow regime would be satisfactory, when the elevaiion at
upstream end of the side channe} is about 1.0 m higher than the elevation of the sill crest.
Since the sill crest is raised by 2.0 m, the clevadon at the upstream end of the side channel
is also raised by 2.0 m, resulting in the elevation of EL. 180.0 m at the upstream end of the
side channel and the bottom slope of the side channel of 1 to 23 which is considered a

reasonable value.

Depth of stilling basin

For the discharge of 1,040 m3/sec (100-year flood), the hydraulic jump in depth'9 m i§ apt
1o become submerged flow, and the flow reg'ime in depth 7 m, is critical for the hydraulic
jump. In the case of depth 8 m, the most desirable hydraulic jump was observed in the

examination.

For the discharge of 1,850 m3/sec (P.M.F), the hydraulic jump is not perfect and in
turbulence for any depth, The hydraulic jump for depth 9.0 m and 8.0 m are fairly stable,
while for depth 7.0 m super-critical flow appears in the stilting basin, and the hydraulic

~ jump is considerably unstable.
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As a result of the examination, it is reasonable that the depth of stilling basin be 8.0 m.
Under such condition, the flow is in strong jump, and the water will overflow sometimes
with intermittent fluctuation of the water surface due to turbulence. Hence, the side wall
should be made more high to prevent overflow.

Provision of chute block

By providing chute blocks at the entrance of the stilling basin, the hydraulic jump would be
more stablé. For the case of six chute blocks with height 2.0 m, width 2.5 m, intermittent
fluctuation of water surface hardly appears and it is confirmed that the hydraulic jump is
quite stable. Hence, the height of sidc wall could be minimized by adopting the chute
blocks. '

Chuteway

The height of side walls in the chuteway should be 7.0 m so as to safely discharge PMF
of 1,890 m3/sec with a freeboard over 1.5 m.

It is found on the basis of the results of the model test that the desi gn of the spillway should be as
shown in Fig. 4.2.3. Hydraulic conditions for this final design are given in Figs. 4.2.4 to Fig.

4.2.9.

4.3

4.3.1

Structural Design of S;Sillway_

Stability Analysis

4.3.1.1 General

The spillway is a side channel type with an open chuieway, having dimensions of about 30 m in
widih, about 364 m in lengih and 75 m in heighi.

The spillway is composed of the following components:

() Side channel
(i) Chuteway .
i)  Stilling basin (Energy dissipator)

These structures are the reinforced concrete structure with anchor bars,
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4.3.1.2 Design Value

The design values for examining the stability of the structures arc determined on the basin of the
ficld test results and/or the design standards and are summarized as follows: '

€)) Unit weight

Material Unit Weight ((/m3)

Concrete - 240

Water : _ - 100

Backfill material (wet) | 1.94

_ (submerged) 123

Impervious core for dam (wel) 1.72
embankment

_ (submerged) 0.80

Rock and riprap for dam embankment (wet) - ' 2.14

(submerged) - 1.37

{2) Internal friction angle (¢) and cohesion (C)

Material ¢ (deg) C (tm?)

Backf{ill material (Free Draining) 36 0
Foundation rock : Highly weathered 35 20

Slightly weathered 40 ' 190
Impervious core for dam _ 30 B 0
embankment
Rock and riprap for dam embankment - 40 0

€)] Friction coeffictent with concrete
Material ~ Coefficient

Concrete to concrete 0.65
Concrete forock - o 0.55
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&) Modulus of elasticity (E) and Poisson's ratio (P) .

Material E (kg/cm?) p
Reinforced concrete (SIG28 = 180 kg/em?) 2.4 x 103 0.2
(S1G28 = 210 kgfem?) 2.55 x 105 0.2

Steel (reinforcement bar) _ 2.1x108 0.3

Note: 1) SIG28 means compressive strength at the age of 28 days.
2) Reinforced concrete of SIG28 = 210 kg/em? is applied only to spillway bridge.

s Seismic coefficient

Horizontal component Kh 0.05
Vertical component Kv 0

(%) Allowable siress

(A)  Reinforced concrete

SIG28 Allowable stress (kg/cm?)

(kg/em?) Compfession Tension __ Shearing* Bond Bearing
180 60 - 4,8 14 54
210 70 - 4.25, 8.5 16 63

* The first value is for beam and second for slab.

B) Steel (reinforcement bar)
Tensile stress (ultimate) 3,000 kg/om? -

© Foundation rock
- Bearing stress 100 ym?2

4.3.1.3 Design Criteria

Design criteria for stability analyses of the spillway structure follow the standards for retaining walls
and are summarized below:

a ‘Body force

Dead load is a self 1'.w;i'ght of structure including weight of earth, water and others are as
formulated below. - |
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W= Uy V(orUwsA)
where, W 1 dead load (1)
U\V ¢ unit Weight (t)
V : volume (in case of 3-dimensional calculation)
A 1 area (in case of 2-dimensional calcalation)
Seismic force originated in self weight above is calculated by the following formala,

Ws=KheW

where, Ws : seismic force (t}

Kh : seismic coefficient

(2) Earth pressure

Earth pressure acting on the structures is given as follows:

G.L

L

Pe = Pej + Peg + Pej
1 1 :
= 75 KYwet H2 + Kysup HH' + 3 KYsub H?2

where, Pe  :  carth pressure (1)
K : coefficient of earth pressure _
Ywet @  unit weight of earth in wet condition (t/m3)

Ysub :  unit weight of earth in submerged condition (1/m3)
H :  height from ground level to water levél (m)
H' : height below water level (m)
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CoefTicient of Coulomb's active earth pressure shown below is applied for the load of
structural calculation.

- undernormal condition

cos? (¢ - 8)

COSZQ’CUS(G+8)'(1+V sin(¢+8)esin(¢-q__)_)2
; cos (0 + &) » cos (6 - a)

ka=

where, 6 : inclination of the back with the vertical
¢ : intemal friction angle of backfill material
8 : angleof wall friction between the back and backfill material

o : surface slope of back fill with the horizontal

- under seismic condition
cos2(d - 8o - 8)

kae =

sin(¢+8)-sin(¢-a~66) 2
cos(5+6+eo)'cos(9—a))

cos80+cos20+cos(5+9+080)+(1 +v

where, 60 : combined angle = tan"! Kh/(1-Kv)
Kh : - horizontal component of seismic coefficient
Kv : verical component of seismic coefﬁcicnt:
0, &, 6 and o above-mentioned

The following values are adopted for wall friction angle (d) in accordance with conditions:

~ Condition &
Stabilitf_calc’ulation {carth to earlh._),_no.nnal ¢
Stability calculation (earth to earth), seismic &2
Stress calculation (earth to concrete), normal o3
Stress calculation {earth to concrele), seismic 0

EY) Hydraulic pressure

Hydraulic pressures act on ihe structure are as follows:
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Pwe

Pwi

Hi

WoHz2

WoHz

' 1
Static water pressure Py =5 Wo Hj2

Pyo = 1 Wo Hy2

where, Pwil, Pw2 : Static water pressure (1)
U uplift pressure (1)
Wo : unit weight of water (t/m3)

Resisting force of anchor bar

B Wo Hr -~

WoH1

As a concrete structure is assumed to be rigid, the reaction force to be caused in a series of

anchor bars is proportional to the distance from overtuming pivot as follows:
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QOverturning force

Pirot

The expeciive maximum resisting force in the uppermost anchor bar is
fmax = Gsu » AS

where, fmax @  maximum resisting force (kg)

Osu

tensile stiess (ultimate) of steel bar (kg/cm?2)
As

sectional area of steel bar {cm?)

Anchorbar  Ogy (kg/em?) As (cm?)

fimax (1)
D25 3,000 5.067 15.201
D29 3,000 6424 19.272
D32 3,000 7.942 23.826

Total resisting moment is calculated by the following equation.

. n
Il
Mp= Sfidi = z I 2
= U
= &
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where, M @ total resisting moment of anchor bars (t.m)

fi :  resisting force of each anchor bar (1)

li distance from overtuming pivot to anchor bar (m)

fn 1 resisting force of uppermost anchor bar (t)

In distance from overtuming pivot to uppermost anchor bar (m)
n numbers of anchor bars

) Stability calculation
(A) Stability against sliding

Stability against sliding is judged by the safety factor calculated below.

fZV + TA + Ha
Fs =

IH
where, Fs safety factor for sliding
ZV :  sum of vertical forces (1)
- XH : sum of horizontal forces (1)
T shearing strength {== 20 t/m2 from result of soil test)
A area of horizontal base (m2)
Ha : Resisting force of anchor bar (1) (Horizontal component)

(B) Stability against overturning

Stability against overfuming is examined by the following equation.

IMr

§=——

PR

where, Fs :  safety factor for overturning
IMr :  sum of resisting moment (L.m)
ZMt :  sum of overturning moment {t.m)

(8] Stability agai.nsl bearing capacity of foundation

Bearing stress of foundation is calculated as below:
PAY
9= <@
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where, ¢ : maximum bearing stress of foundation (t/m?2)

ga :  allowable bearing stress of foundation (t/m?)
IV 1 som of vertical force (1)
B :  projected base (m)

(D)  Safety factor requirement

o . Loading condition
Condition of stability Nommal Extreme*
Safety factor for sliding 1.5 1.2
_ Safety factor for overtuming 1.5 1.2

(for retaining walt of reinforced type)

* Flood or seismic conditions

4.3.1.4 Analysis
N Analysis for Side Walls

Stability analyseé for the side walls of the side channel, transition portion, chuteway and
stilling basin are made in Table 4.3.1 to Table 4.3.12.

Cases and loading conditions of the stability analyses are summarized as follows (As for
section name, reference is made to figures of spillway structure design):

Section of Wall é.géd:éig. _ Conditions of Loading

(@ - Side Channel: Casel - Nommal condition

{Section C-C)
- - Itis assumed that water from the reservoir comes

to the back side of the wall under the condition
of side channel einpty.

- Water pressure above HWIL, of the reservoir is
considered to be refeased through drain sysiem.

Case II Seismic condition

- This case considers that under the condition of
Case I above.
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(d)

Transition
portion
(Section G-G)

Chuteway:
{Section A-A)

Stilling basin:
(Section E-E)

Case 1

Case 11

Case I

Case I

Case I

Case I

Nomnal condition

This case also assumes that water pressure from
the reservoir acts to the back side of the wall.

Seismic condition

The case considers the seismic force dcts o the
wall under the condition of Case I above.

Normal condition

The case does not consider any Water pressure
from ba¢k side of the wall since water will be
drained by the drain system provided in the back
side of the wall.

Seismic condition
Seismic force is loaded under the above Case I.
Normal condition

Water levels are considered to be balanced at EL.
120.0 m between the stitling basin side and back
side of the wall.

Seismic condition

Seismic force is loaded under the above Case 1.
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Stilling basin
(Section 1-)

Case IH

Case I

Case II

Case 11

1

Flood condition

Water level in the stilling basin side is set at EL.
120.0 m. (Hydraulic model test indicates the
water level in the siilling basin does not lower

.. below EL. 120.0 m at flooding time)

Water level in back side of the wall is set at EL.
126.0m which is the uppermost level in the
back side of the wall at flooding time. Water
above EL. 126.0 m will be drained through

weep holes.
Normal condition

No water pressure in the stilling basin side is
assumed with earth and water pressure in back
side of the wall.

Seismic condition
Seismic foree is loaded under the above Case I
Flood condition

FWL EL. 132.0 m up to which water level will

rise is assumed in the stilling basin side.

Examination on Length ¢f Anchor Bar in Side Wails

Anchor bars are required to be examined on the shearing strength around bore hole and on
" the bond st'rengﬂi between anchor bar and moitar.
Then, necessary length to withstand the acting force has to be provided for the anchor bar.

Assuming the bore hole diameter of 64 mm and reiﬁforcement bar diameter of D29 mum, the
necessary length of anchor bar is examined as follows :

Fi=n- D1-11-1 =3.14x 6.4 x 2 x 100 = 4,019 kg/m
Fp=n- D221 =314%x29 % 14 x 100 = 12,748 kg/m
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where, Fy : shearing strength around bore hole for anchor bar per meier (kg/m)
F3 : bond strength between anchor bar and moriar for anchor bar per meter (kg/m)
Dy : diameter of bore hole (cm)
D9 : diameter of an_chor bar (cm)
11 : shearing strength around bore hote (2 kg/cm2 for highly weathered rock)
72 : bond strength between anchor bar and mortar (14 kglcmz). and

{ :length of anchor bar (100 cm)

As seen above, the shearing strength around bore hole is much less than the bond strength
between anchor bar and mortar. Thus, the necessary length of anchor bar is determined on
the basis of the shearing sirength around bore hole.

The necessary length of anchor bar is calculated by the following equation : -

I=ly+Fmax/(n-D1:171).
where, /:necessary length of anchor bar (m),
F : maximim tensile force of anchor bar kg,
D1 : diameter of bore hole (64 x 10°3 m), _
11 : shearing strength around bore hole @x 104 kgfmz), and
- o : 1oose depth of rock due to excavation work (0.5m)

The necessary length of anchor bar will be as follows :

For D25 anchor bar : _
[=05+19.272x103 /(314 x 64 x 103 x2x 104)
=5.295 (m)

For D25 anchor bar :
I=05+15201x103/(3.14x64x 103 x2x 104)
=4.282 (m)

(3) Examination on Anchor Barin Side Chanriel Slab
The side channel slab will be subject to uplift pressure under the condition of side channel
empty, requiring anchor bars to withstand the uplift pressure. The anchor bars of D29 will
be provided under the slab at 1.0 m interval.
Tensile force acting to anchor bar, tensile stress of anchor bar and necessary length of

anchor bar after the flood (P.M.F) are examined as follows :
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Tensile force acting to one anchor bar
Bodyforce ™ {W=10mx 1.0mx 1.5mx24ym3 =361
Uplift :U=(193.5- 1760 )/m2 x 1.0m % 1.0m = 17.5t
ActingForce F=U-W=175-36=1391

Tensile stress of anchor bar :
og = F/As = 13,900 kg/ 6.602 cm2 = 2,105 kg/cm?

Fg =3,000/2,105 = 143> 1.2

Necessary length of anchor bar :

The shearing strength around bore hole determines the necessary length of anchor
bar as follows : '
I=lb+F/(n-Dy-11)

=0.5+13,900/(3.14x 64 x 10-3 x 2 x 104)

=3.96m

{4) Examination on Anchor Barin Stilling Basin Siab
The stilling basin slab will be subject to the remaining uplift pressure after floods. Hence,
anchor bars are provided to withstand the above uplift pressure. D32 anchor bars will be
provided at 1.5m interval, Tensile force acting to the anchor bar, its tensile stress and

necessary length of the anchor bar are examined below :

Tensile force acting to ong anchor bar :

The loading condition considers the following case that is, the water level in the stilling
basin will rise up to EL.132.0m during the flood (P.M.F). The waler level will lower down

1o EL.120.0m (the top elevation of end sill ) after the flood, However, the uplift pressure of
EL. 132.0m will remain under the stilling basin slab.

Thus,
Body force IW=(24 x1.5+1.0x80)x225=26.10t
Uplift U=(132-112)x225=450t :

ActingForce :F=U-W=450-26.10=1891t

Tensile stress of ancho'r'Bar: o |
og=F/ As = 18,900kg / 8.038 cm? = 2,351 kg/cm?2

Fg=3,000/2,351 = 1.28 > 1.2
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Necessary lengih of anchor bar :

The shearing strength around bore hole is the factor to determine the necessary length of
anchor bar which is calculated as follows :
I=lo+F/(n-D1-11) _
=0.5+18900/(3.14x64x 103 x 2 x 104)
=4.7m

(5) Analysis for Overflow Weir

4.3.2

The stability analysis for the spillway overflow weir is made in Table 4.3.13 to Table
4.3.18.

The analysis is made for the following three (3) loading condition :

'{)] Nommal condition : _
This case assumes that the reserveir water level is at H.W.L EL.189.0 m and that
the base of the weir is subject to the full uplift pressure of 5.5 m ( EL.189.0 - EL,

183.5).

(i) Seismic condition : .
In this case, the seismic force acis to the weir under the above normal condition.

(iii) After the flood PM.F) :
This case assumes that the base of the weir is subject to the remaining uplift

pressure of 10.0 m ( EL.193.5 - EL.183.5 ) after the flood (P.M.F). .

As-seen in the analyses, anchor bars will be required to-withstand the loading condition after
the flood (P.M.F). D29 anchor bars will be provided at 2.0 m interval, Necessary length of
anchor bar which is determined by the shearing strength around bore hole is /= 5,295 m (=

5.5m).

Stress Analysis of Reinforced Concrete

Reinfor¢ed concrete stress analyses for the spillway side walls are made in Table 4.3.16 t0
Table 4.3.20, based on bending moments, shear forces and axial forces acting to the walls,

of which calculations are given in the Data Book.

Int the analyses, the allowable stresses are increased by 30 % for such tentative and rare
cases as the seismic and flood conditions in accordance with the standard.
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As seen in the analyses, the reinforcement bar arrangement of D19 @ 200 which is
considered minimum requirement of the reinforcement bars for the siructure will withstand
the acting forces.

4.4 Spillway Bridge
4.4.1 General

The spillway structure is located on the icft abutment of the damsite. The spillway is a side channel
type with an open chuteway.

A bridge is required to cross this open channel at the dam crest level of EL. 196.0 m. The total
Iength of the bridge is 29.8 m. Its span is 29.0 m in terms of the length between two supports.
From an economical point of view, the bridge is provided with an effective width of 6.0 m which is
the minimum width for traffic to pass each other.

The bridge is designed as the second-order bridge for which the design car oad is specified to be
14.0 1on with the following consideration: that is, although the dam design is based on a
consideration that the possibility of utilization of dam crest as a traffic road is not ruled out, its road
will not be a trunk road but a branch road, | o

The bridge is designed as a composite girder in which the acting loads are borne by both the girder
and floor slab. This section presents the main parts of the design analyses consisting of those on the
composite girder. Reference is made to the Data Book with regard to analyses on other detailed
paris. '

4.4.2 Design Condition

The design conditions' of the spillway bridge which is based on the Specification for Road Bridge by
Japan Society of Road are summarized below:

= Totallength ...iiiiiiiiriiii i 29.8 m

= SPANL  sreeveerie e eeb e T S e 290m

- Class. of bridge .o P PR Second-order

- Bridge type e ettt e —t et bt e e s b e rnntons . Composite girder
= Total Width Ceevn.eei 72m

- Effective widih............. . e 6.0m
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Pavement thiCKNESS . .uivviiiiiriiirinsrecierirrrersrnsioers e 50mm

Floor slab thiCKNess ....ivviriiiiiiiicciiiiic s sreaaas 180 mm
Allowable stress:

= Compressive strengthof concrete ...oovvicriiiiiiiiiicncnnn 77.1 kg/em2(*)
+ Tensile stress of reinforcement steel bar (8841) .....oovvevveans 1,400 kg/em?(*)
s Tensile and compressive siress of shape steel (SM50Y) ....... 2,100 kgfem2(*)
. Sheai'ing stress of reinforcement bar (SS41D)...vvvecvveeen 800 kg/crhz(**)
«  Shearing stress of shape steel (SMSOY)uuvoevieeciresenn. 1,200 kgfem2(*)

(*) 1t is specified that the concrete strength of base slab shoﬁld not be less than 270 kgfem?
and that its allowable stress be 1/3.5 times the above concrete strength.

(**) These allowable stresses also follow the Specification for Road Bridge by Japan Saciety
of Road.

Increase of allowable stress for conerele:
The aliowable compressive strength of concrete is s allowed to increase by 15% in the case that
the temperature difference between base slab and steel girder is taken into consideration.

Increase of allowable stress for shape steel:
The Specification allows to increase the allowable stress of shape steel as follows

. . In f
Loading Condition Aﬂo\ﬁgiﬁes(:ms
(%)
(1) Main loading except the effect 0
due to creep and drying N
shrinkage
(2)  Main loading including the Compressive side 15
f .
:hlxsg}tcg;: to creep and drying Tension side 0
(3)  (2)+Effect due to temperature | Compressive side 30
difference between base slab L
and steel girder Tension side 15
(4y  Construction stage Compressive side 25
Tension side 25
The design allows the above increase of the allowable stress.
Temperature difference between base slab and steel glrder - 10°C
SEISTIC COBTCIENL ..veveeveeereeieeeeeeeeieeeeeeeteeeeeeeaaeeeeenns 0.05
WINA SPEEd .vvivneenneei i TP 40 m/sec.
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4.4.3
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Design Calculation
Analysis of composite girder

Fig. 4.4.1 shows the frame plan, section and dimensions of the composite girder. As seen,
the composite girder of bridge consists of three (3) main girders (G-1, G-2, G-3) and seven
(7) crossing frames,

Fig. 4.4.2 and 4.4.3 show the loading conditions. Fig. 4.4.2 shows the loading condition
before compounding the base slab and steel girders, and Fig. 4.4.3 shows that after
compounding. As mentionced, the 'bridge is designed as the second-order bridge for which
the car load of 14 ton is taken into consideration as the live load. The Specification
mentions for this condition that the design should consider the live ldad and uniform load of
3.5 ton/m and 0.245 u‘miufm2 respectively with a width of 5 m (A half of the above is

imposed on the remaining width). Thus, the loading condmon consnders the above live load
in addition to the dead 1oad as seen in Fl gures.

The analysis of the composite girder is made in Table 4.4.1 to 4.4.12. Table 4.4.1 1o 4.4.3
presents the bending moments and shearing forces to occur in the frames due to the
Ioadiﬁgs. Table 4.4.4 10 4.4.12 analyze the stresses 10 arise in the composite girder. Fig,
4.4.4 10 4.4.6 summarize aﬂ results of analyses on the composite girder. As seen in Fig.

4.4.4 10 4.4,6, all the stresses to be caused by the loadings are within the allowable

stresses, and the composite girder will safely withstand the loadings.

Major formula used for stress analysis

Major formula used for the stress analysis are as follows:

Stress due 1o the bending ;noment:

e b : no.
L AT e = L
} .fl.- ; - o
Y ~y
: [——
J | f_ g =no
s | v v
- T
. =
- - . .s-"-i s
et |
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where,

v-v . Neutral axis of composite girder
c-C Center of gravity of concrete section
8-s5 ¢ Center of gravity of sicel girder

Ac 1 Sectional area of concrete section
As  Scctional area of steel gtrdcr section

n = Es/Ec = Young modulus ratio between steel and concrete (n = 7.0)

The stress arg calculated as follows:

=M e yo/ly, O¢' =Myl
Os=n*M:+ydly, Os' =n = G

where, _
C; : Stressinupper edge of concrete

O¢' :  Stressinlower edge of concrete

Os :  Stress inlower edge of sicel

og' 1 Stress in'upper edge of steel

iv : Moment of inertia of area for neutral axis of composue girder (v~ v)
=I5+ ! slc+ Age d32+ —-AC v de?

Is : Moment of inertia of area for axis of center of gravity of steet girder (s-s)

I. : Momentofineriia of arca for axis of center of gravity of concrete (c-c)

M : Bending moment

Stress due to creep:

The stress due to creep is obtained by the following formula:

N¢=-Ng=-Nea (1 - e-Fqn)
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where,

Neo = -Ngo = - nly * Mo
Ms"—"d‘Nc
H

=g F(e“F‘P‘-e"‘?‘)

Ccu  Stress due to creep at upper edge of concrete
Gy :  Stress duc to creep at lower edge of concreie
Osy :  Stress due to creep at upper edge of steel girder
Ogt :  Stress due to creep at lower edge of steel girder

N¢ and Ng:  Incremental axial force due to creep acting to center of gravity of
concrete slab and steel girder, respectively

M and Mg: Incremental bending moment due to creep acting to center of gravity of |
concrete slab and steel girder, respectively

N¢g and Ngq:  Axial force at time T=0 acting to center of gravity of concrete slab
and steel girder, respectively

Mg and Mgy Bending moment at time T=0 acting to center of gravity of concrete
slab and steel girder, respectively '

Yeu :  Distance from neutral axis of concrete slab to its upper edge
yoi . Distance from neutral axis of concrete slab to its lower edge
¥su .  Distance from neutral axis of steel girder to its upper edge
ysi :  Distance from necutral axis of steel girder to its lower edge
@1 1 Creep coefficient from time T=0 to T=co (¢ = 2.0 is specified to be used
in the case of the composite girder)
My : Bending moment acting 1o cdmposi{c girder
F= 1
1+, A 62
nAg - Ic +nlg
H= nils d F Neo

Stress due to iemperature difference (between concrete slab and steel girder):

The stress due to temperature difference between concrete slab and steel girder is obtained

by the following formula;

Iv-23



A 1
CiEg
N :-N = :
C 5 n i n d2

Ac N AS +IC + HIS
Mc =Ned Ic + nly

nlg
Mg chls +nlg

where,

o Incrementat stress due to temperature difference

o (12x109)

t : Température difference between concrete slab and steel girder (10°C is
specified to be used as standard)

Ne :  Incremental axial force due to temperature différence acting io center of
gravity of concrete slab |

M; : Incremental bending moment due to temperature difference acting to
center of gravity of concrete slab _

Mg :  Incremental bending moment due (o temperature difference acting to

center of gravity

Stress due to shrinkage of concrele siab:

The stress due to shrinkage of concrete slab is obtained by the following equations:
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SS.ES

NsﬁNc:“-
g, L, _ne?
AC AS Ic+n(PIS
nel
- (- T
Ms = IC + n(pIs ch
Me= e N
“ I ¥ ngly ©
2
n¢=n(1+%) (Pr=4.0)

where,
O ©  Incremental stress due to shrinkage of concrete slab
€5 : Final rate of shrinkage (18 x 10-%) _
Neand Mc: Incremental axial force and bending moment due to shrinkage acting to
center of gravity of concrete slab
Ngand Mg Incremental axial force and bending moment due to shrinkage acting to
center of gravity of siecl girder
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Table 4.4.1; SUMMARY OF BENDING MOMENT IN
COMPQOSITE GIRDER (Main Girder)

1% - 1=}
Nodal DL DL ol LL Max, Min,
Point (B.C) (A.O) A O A (A.C) (A.C)
No. 1 Main Girder (G-1):
1 -00 -0.0 0.0 -0.0 0.0 -0.0
4 100.1 22.5 66.8 -3.7 89.3 17.7
‘ 100.1 22.5 66.8 -3.7 89.3 17.7
7 162.5 32.1 114.6 -1.6 146.7 22.3
162.5 32.1 114.6 -17.6 146.7 22.3
10 182.2 27.8 1373 -11.4 165.1 12.9
182.2 27.8 137.3 -11.4 165.1 12.9
13 162.5 32.1 114.6 -71.6 146.7 22.3
162.5 32.1 114.6 -16 146.7 22.3
16 100.1 22.5 66.8 -3.7 89.3 17.7
100.1 22.5 66.8 -3.7 89.3 17.7
19 -00 -0.0 0.0 -0.0 0.0 -0.0
No, 2 Main Girder (G-2); ) .
2 0.0 0.0 0.0 -0.0 0.0 -0.0
5 98.0 10.5 80.1 -0.0 90.6 10.4
' 98.0 10.5 80.1 -0.0 90.6 10.4
8 161.2 26.1 122.7 -0.0 148.8 26.1
_ 161.2 26.1 122.7 -0.0 148.8 26.1
11 184.6 46.5 128.2 -0.0 174.7 46.5
184.6 46.5 128.2 -0.0 174.7 46.5
14 161.2 . 26.1 122.7 -0.0 148.8 26.1
161.2 26.1 122.7 -0.0 148.8 26.1
17 98.0 10.5 0.1 -0.0 90.6 10.4
- 98.0 10.5 80.1 -090 90.6 10.4
20 0.0 0.0 0.0 -00 0.0 -0.0
No. 3 Main Girder (G-3): :
3 -00 -0.0 0.0 -0.0 0.0 -00
6 100.1 22.5 66.8 -3.7 89.3 17.7
' 100.1 22.5 66.8 -3.7 89.3 17.7
9 162.5 32.1 114.6 -7.6 1467 = 223
' 162.5 32.1 114.6 -7.6 146.7 22.3
12 182.2 27.8 137.3 -11.4 165.1 12.9
- 182.2 27.8 137.3 -114 165.1 129
15 162.5. 321 114.6 -7.6 146.7 223
_ 1625 32.1 114.6 -7.6 146.7 22.3
18 100.1 22.5 66.8 -37 9.3 17.7
100.1 225 66.8 -37 89.3 17.7

21 -0.0 -0.0 0.0 -0.0 0.0 -0.0

Note : B.C : Before compounding
A.C : ' Afier compounding
D.L : Moment due to dead load
LL : Moment due to live load



Table 44.2: SUMMARY OF SHEAR FORCEIN

TE GIRDE
Nodal . DL DL N L Max, Min,
~ Point (B.O) (A.O) ( A.C') (A.C) - (AD (A.O)
No. 1 Main Girder (G-1): .

1 25.5 6.2 16.3 -0.8 22.5 5.1

4 171 3.4 13.2 -2.0 16.6 0.7
17.1 3.4 13.2 -20 - 166 0.8

7 8.4 0.5 102 -4.1 10.8 -4.1
8.4 0.5 10.2 -4.1 10.8 -4.1

10 -04 -23 7.5 -6.5 7.5 -8.8

_ 0.4 2.3 6.5 -1.5 8.8 -15

13 -84 -0.5 4.1 - 102 4.1 -10.8

. -8.4 -0.5 4.1 -102 4.1 -10.8

16 -17.1 -34 2.0 -132 -0.8 - 16.6
-17.1 -3.4 2.0 - 132 -0.7 -16.6

19 -253 -6.2 0.8 - 163 -5.1 -225

No. 2 Main Girder (G-2): ‘

: .2 24.7 1.8 21.5 -03 232 1.3
5 17.0 2.7 15.7 -33 18.4 - 1.6
17.0 2.7 15.7 -33 18.4 -16

8 3.8 3.7 11.0 -7.4 14.7 -59
8.8 3.7 11.0 -74 14.7 -59

11 0.7 4.7 7.4 -11.8 12.1 -10.7
-0.7 -4.7 11.8 -7.4 10.7 ~12.1

14 - 88 -3.7 7.4 -11.0 5.9 -14.7
-88 -3.7 7.4 -11.0 5.9 - 147
17 -17.0 -2.7 3.3 - 157 1.6 -184
-170 -2 3.3 - -157 1.6 -184

20 -247 - 1.8 0.3 -21.5 -1.3 -23.2
irder (G-3): ‘
3 25.5 6.2 16.3 -0.8 22.5 5.1
6 17.1 3.4 13.2 -2.0 16.6 0.7
17.1 3.4 13.2 -2.0 16.6 0.8

9 8.4 0.5 10.2 -4.1 10.8 -4.1

' 8.4 0.5 10.2 -4.1 - 10.8 -4.1

12 -04 -23 7.5 -6.5 7.5 -8.8
0.4 .23 6.5 -75 8.8 -15

15 -84 -05 4.1 - 10.2 4.1 -10.8
-84 -0.5 4.1 -10.2 4.1 -10.8

18 -17.1 -34 2.0 -13.2 -08  -166
-17.1 -34 2.0 -13.2 -07  -166

21 -255 -6.2 0.8 -16.3 -51 - -225

Note : B.C : RBefore compounding
A.C ; After compounding
D.L : Sheardue to dead load
L.L : Sheardue tolive load



SUMMARY OF REACTION FORCE

Table 4.4.3:
AT SUPPORTS
o nit ;. ton
Nodal D.L DL L.L Totial Reaction
Point (B.C) {(A.C) Max. (A.C) Force
No. 1 Main Girder (G-1):
' 1 25.5 6.2 16.3 48.0
19 25.5 6.2 16.3 48.0
No. 2 Main Girder {(G-2):
2 247 1.8 21.5 47.9
20 24.7 1.8 21.5 47.9
No, 3 Main giirdgf !£. i-3):
3 25.5 6.2 16.3 48.0
21 25.5 6.2 16.3 48.0
Note : B.C . :  Before compoundjng
A.C :  After compounding
D.L Reaction due to dead foad

LL

Reaction due to live load



Table 44.4:  STRESS ANALYSIS RESULT OF COMPOSITE GIRDER
(NO. L. MAIN GIRDER, NO. 1 SECTION})

- Bending moment before compotmnding...c.eveeverareiinnin MS= 10088 tm
- Bending moment after compounding .......cconvrevvinennn MV= 20,90 tm
- Bending moment by dead load after compounding ,........MVD= 22.84 wm
- Base slab thickness ..o o non TS = 18.0 om
- Haunch i HH= _6,0 om
- Effective base slab width.....cocvvimiiiniiinniieninicnn, BS= 228.1 om
- Distance between fixed points of flange......ooeeveeiianinnn. P= 4900 om
- Section and sectional area of steel girder: '
Section  (mm _Sectional Area {cm?)_
. {vaper flange : 2230 x 11 _25.3 (SMs0Y)
* Web : 1550 x _9 139.5 (SM50Y)
* Lower flange : 280 x 11 30.8 (SM50Y)
TOTAL 195.6
- Sectional area and moment of inertia of area:
Seciional Area Moment of Ine;u_q
—{cm?) ( J
= Concrete section : AC = 4,105 IC= 110,832
« Steel girder section : AS = _]95.6 IS= .620,099
«Composite section : AY = _T82 Iv= 1,951,186

- Geomeirical moment of area of concrete (AC x DC)....QC= 97,226 cmd
- Distance and section modulus (See Fig.4.4.7):

Distance (¢m) Section Modulys (em3)
D= 94.7 WSU = 7,675
DS = 71.0 WSL = 8.116
DC = 237 WvU= 199390
YSU= 80.8 WVL= 13.236
YSL= 16.4
YVU= 9.8
YVL= 147.4
TVC = 32.7
- Axial force _
« Due to drying schrinkage ............ . ton
sDustocIeep coeeniricnenas - - 5 ton
* Due to temperature change ton
- Stress (kgfem®
Concrete Upper Lower
Base Slab Flange Flange
(1) Stress before compounding - - 1,327 1,255
(2) Siress after compounding -21.8- -46 687
(3) Stress due to drying schrinkage 3.1 . 110
{4} Stress due to creep 1.9 -42 16
(5) Stess due to lemperature difference - 0.6 - 207 75
©)=(1 : _ . - 1,327 1,255
Allowable stress - -~ 1412 2,625
M=+ -21.8 - 1,373 1,942
Allowable styess -77.1 - 2,100 - 2,100
B =3+ 2+ 3+ 4 _ - 16.8 - 1,712 2,068
Allowable stress =771 - 2,415 2,100
PD=(D+D+B)+ (B +(D -17.5 - 1918 2,143

Allowable siress . - 88.7 -« 2,730 2,415




Table 4.4.5:

STRESS ANALYSIS RESULT OF COMPOSITE GIRDER
{NO. 1 MAIN GIRDER, NO. 2 SECTION)

- Bending moment before compounding.......c.vevecenvinne. MS:= 18218 o©m
- Bending moment after compounding......covcivecinenn MV = 16506 tom
- Bending moment by dead load after compounding ......... MVD= 21.76 tm
« Base slab thickness . ..iiviiiiciiiineiniiiananrnreirseriverinenas TS = 18.0 om
- Baunch .. e HH= _6.0. en
-~ Effective base slab width.....o.cooiiiiiiiiiiiiiiiiiiininnn, BS= 2281 om
~ Distance between fixed points of flange......covicinvnienans P=_ 490.0 om
- Section and sectional area of steel girder:
Secnog (mm} .Sectional Area (cm?)

. gPpm flange 280 x 14 39.2 (SMS0Y)

« Web 1550 x. 9 135.5 (SM50Y)

s Lower flange 440 x 19 83.6 (SM50Y)

TOTAL 2623
- Sectional area and moment of inertia of area:
Sectional Area Moment oE. Inertia
. L - _QﬁAm_(Qm‘J_

+ Concrete section : AC = 4,105 IC=

» Steel girder section” : AS = _262.3 IS = . 28 Z,i!!!l

«Composite section : AV = __ 84 g Iv= 303215
- Geomelrical moment of area of concrete (AC x DC).......QC= 134244 cm?

- Distance and section modulus (See Fig, 4.4.7);

D= 105.8 WSU = 10,703
DS = 73.1 WSL = 14.936
DC= 32.7 WVU = 158.724
YSU= 92.2 WYL= 21.783
YSL= 66.1
YVU= 183
YVL= 139.2
YVC= 41.7
- Axial force -
*» Due to drying schrinkage .......evviiimecerrrereenanrees NSH= 208  twon
* DU B CTEEP ovvenrnniee it sinns s s se e ssss s sresraaas NCR= 33 ton
 Due to lemperature Change..c.ovvvvvveeiniiscirannsnanens NTM= 15.1 ton
- Sivess (kgfem?):
Concrete Upper Lower
Base Slab Flange - Flange
(1) Siress before compounding - - 1,702 1,220
(2) Swess after compounding -324 -104 758
(3) Stress due 1o drying schrinkage 4.1 - 284 67
(4)  Stress due to cTesp 1.7 -44 10
(5) Siress due to temperature difference -1.6 -205 48
&)= - - 1,702 1,220
Allowable stress ~ - 1,765 2,625
(M=1)+@) -324 - 1,806 1,977
Allowable stress -77.1 -2,100 2,100
@B =()+@+@)+ @) - 26.6 - 2,134 2,055
Allowable siress -77.1 - 2,415 2,100
@)= +@)+@)+ @)+ (5) 282 - 2,338 2,103
Allowable stress - 88.7 - 2,730 2,415

Distance (cm)

Section Medulus (emd)




Table 4.4.6:  STRESS ANALYSIS RESULT QF COMPOSITE GIRDER
(NO. 1. MAIN GIRDER, NO. 3 SECTION)

- Bending moment before c'mmpotmdﬁlg ........... Cirrerenaes MS= 10189 tm
- Bending moment after compoimding ......cu.uvvivnirrinenns MV= 9091 om
- Bending moment by dead load after compounding ......... MVD= 22.85 u©m
- Base s1ab thickness «..voininecciiniin i i sgnn e T8= _18.0 om
= HAMNCR L s e e e rne e e HH= _60 om
- Effective base slab width, ...ueviciiereinis iairaiersreasennns BS= 228.1 om
- Distance between fixed points of flange.......ccoviiivinrnenn P= 490.1 em

- Section and sectional area of steel girder:

Section {mm) Sectional Area (cm?)

-'{vaper flange : 2230 x U 25.3 (SMsoY) .
+«Web : 1850 x 9 1325 (SM50Y)
» Lower fange : 280 x 11 30.8 (SM50Y)
TOTAL 195.6
- Sectional area and momenit of inertia of area: .
Sectional Area - Moment of Incriia
. —f{cm?} | 4
« Congrele section AC = 4,105 IC= 110,832
« Stecl girder section : AS = 195.6 IS= _620,099
« Composilesection : AV = _ 7872 V= 1.95].186
- Geometrical moment of area of concrete (AC x DC)........ QC= 97226 cm?
- Distance and section modulus (See Fig. 4.4.7):
7 Distance  (cm) Section Modulus {(¢md)
D= 94.7 ' WSsU = 7.6758
DS = _T71. WSL= - _8.116
DC = 23,7 WYU= 199399
YSU= 20.8 WVL= 13,236
YSL= 16.4
YVU= 9.8
YVL= 147.4
YVC= 32.7
- Axial force _
= Due to drying schrinkage ......ccevenvmvenneenennsennnnn. NSH= 171 ton
@ DUE 10 CTEEP v vvvriaiie i iiiieiie e e rasceeneeater s renns NCR= _2.5 twn
* Due to temperalure Change. ... vvviiiieciecnveeennenenss NIM= 120 ton
- Stess (kglcmi}:
Conerete Upper "~ Lower
Base Slab Flange Flange
(1) Stress before compounding - - 1328 1,255
{2) Swess after compounding _ -218 - 45 687
(3) Stress duc to drying schrinkage 31 - 297 110
{4) Stress due 1o creep 1.9 -42 16
(5) Stress due to lemperature difference -0.6 -207 75
6y=(1) - -1328 1,255
Allowable stress - - 1,412 . 2,625
M =(1)+@) =218 -13713 1,942
Allowable stress - 711 - 2,100 2,100
&= +(2)+(3)+(4) -16.8 - 1,712 2,068
Allowable stress _ -77.1 - 2415 2,100
D=+ @Y+ + (D +(5) - 17.5 - 1,918 2,144
‘Aliowable siress - 88.7 -2,730 2415




Table 44.7: STRESS ANALYSIS RESULT OF COMPOSITE GIRDER

(NO. 2. MAIN GIRDER, NO._| SECTION)

- Bending moment before compounding-.....ooveiesivierenns
- Bending momént after compounding ..o,
- Bending moment by dead load afier compounding .........

WMV = 9214 tm

MVD= _10.68 tun

- Base slab hicKknESS «vouuinervnrerimranrressceriimenurreeeecnnens TS = 18.0. om
- Haunch....ooooiieiiivninenninnan, evrererenreraanaranan e HH = 9.9  om
- Effective baga slab width...ooei v BS= 2639 om
- Distance between fixed points of flange.......cco.oecennn P = 4900 om
- Section and sectional area of steel girder:
o Section_(mm) .  _Sectional Area (cmd)
0 \li)}:per flange 230 x 10 23.0 (SM50Y)
= Web . 1550 x _9 136.5 (SMS50Y)
* Lower flange 280 x 11 308 (SM30Y)
TOTAL 193.3
- Sectional area and mornent of inertia of area:
Secﬁongl Area Moment of Inertia
: ! gmz.}__ 8, A
= Congcrele section : AC = 4,750 IC = 128,255
* Steel girder section @ AS = _193.3 IS= 604926
« Composite section : AV = _872 V= 2114354

- Geometrical moment of area of concrets (AC x DC).......
~ Distance and section modulus (See Fig. 4.4.7):

QC= 104844 om?

~_Distance {em Section Modulus (cm2).
D= 99.¢ WSU = T.408
DS = 77.5 WSL = 8,018
DC= —22.1 WVU=  506.868.
YSU= 81.7 WVL= _13.826_
YSL= 75.4
YVU= 4.2
YVL= 152.9
YVC= 3.3
- Axial force
 »Dueto drying schrinkage .....icceeeeiirinirreissineneas ton
¢ DUE O CIEED v vavininirinincnisinninrreriinsanesnsarininres ton
* Due to temperature change ton
- Stress (kgfem?): .
Concrete Upper Lower
_ Base Slab Flange Flange
{1) Stress before compounding - - 1,346 1,244
(2) Stress afier compounding - 193 - 18 666
(3) - Swress due to drying schrinkage 2.3 -3 116
(4) Stwess due to creep o 0.7 - 17 6
(3) Stress due 1o temperature difference -0.1 - 204 77
®=1 - - - 1,346 1,244
. Allowable stress ) - - 1,379 2,625
M=+ @ . , - 193 - 1,364 1,910
" Allowable siress ' -7y - 2,100 2,100
B =(+Q+@)+4) . -16.3 - 1,682 2,033
Allowable siress o -77.1 - 2415 2,100
@)=+ @+ +H+6). - - 164 - 1,886 2,109
Aliowable stress L - 88.7 2,415




Table 4.4.8:

STRESS ANALYSIS RESULT OF COMPOSITE GIRDER

(NO. 2_MAIN GIRDER, NO. 2 SECTION)
- Bending moment before compotnding.....ccovevearrarnanes MS= 184.64 tm
- Bending moment after compounding .......vovvviariiniannes MV= 17466 tm -
- Bending moment by dead load after compounding ......... MVD= 46,45 tm
- Base 51ab (hICKNESS 1vvveereeiriesinesiersrresessersnessasssenns TS = 180 om
B & £10 T T | W PN HH= _92,9 om
- Effective base slab width...c.ccceue. T, BS= 2639 om

= . 4000 ocan

- Distance between fixed points of flange.......cocovvnnneenns P

- Section and sectional arca of stee] girder:

_Section  (mm}) Sectional Area (cm?)
. g}aper flange : 280 x '}4 39,2 (SMS50Y)
« Web : 155 x 9 139.5 (SMS50Y)
» Lower flange 450 x 19 85.5 (SM50Y)
TOTAL 264.2
- Sectional area and moment of inertiz of area:
Seciional Ares’ Moment gt Inertia
wfem2) of Area {em#).
» Congcrete seciion : AC = 4,750 IC= _128255
» Steel girder section : AS = _2_{;5_,2 IS = M
< Composite section : AV = _943 V= 3322056
- Geometrical moment of area of concrete (AC x DC).....QC = 146,672 com?
- Distance and section modulus (See Fig. 4.4.7):
Distance  (cm) Section Modulus (cm3)
D= 102 WSU = 10,735
DS = 79.3 WSL= 15,164
- YSU= 927 WvL= = 22923
YSL= 65.6
YVU= i3
YVL= 144.9.
YVC= 39.9
- Axial force
» e to drying schrinkage .....oooeveriiiicnias NSH= 207 ton
L TR (R o« NCR= 4.7 ton
= Due to temperature change.....coveeeinieieesienranann NIM= ]4.6 ton
- Stress (kgfom®) _
Concrete Upper Lower
Base Slab Flange Flange
(1) Stress before compounding - - 1,720 1,218
(2) Stress after compounding -300 - 70 762
(3) Stress due to drying schn'nkage 3.4 - 289 71
(4) Stress due to crecp 2.4 - 64 16
(5) Stress due to lemperature difference - 1.0 - 203 49
(6)=(1) - -1,720° 1,218
Allowable stress - - 1,765 - 2,625
M=M+2). - 30.0 - 1,790 1,980
Allowable stress -711 - 2,100 2,100
B=W+D+GS+E) . -24.1 -2,143 . 2,066
Allowable stress _ -77.1 - 2415 2,100 -
=+ (2) +(3+d)+ (5) : -25.2 < 2,346, 2,115
Allowable stress - 88.7 2,415

-2,730 .




Table 4,49: STRESS ANALYSIS RESULT OF COMPOSITE GIRDER

(NO. 2 MAIN GIRDER, NO. 3 SECTION)

- Bending moment before compounding....vceniveiiarviirans MS= 92,75 tm
- Bendmg moment after compounding . ...vvevvrevareesranannns MV= 92,16 tm
- Bending moment by dead load aficr compounding ......... MVD= _10.68 u©m
~ Base s1ab thiCKREss ivuvir i iir e e snernsasenserssssisns TS= _18.0 om
B E T T PP HH= _9.9 om
- Effective base slab width......c.cooviiinirianiicnian BS= 263.9 om
- Distance between fixed points of flange,........ rrrerieneanes P= 4900 om
- Section and sectional arca of steel girder:
Section _{mm) Sectional Area (em?)

. gf:per flange : _ 230 x 10 23.0 (SMS0Y)

* Web : L3530 x _9 139.5 (SMS0Y)

* Lower flange _280 x 11 30.8 (SMs0Y)

TOTAL 1933

- Sectional area and momient of inertia of area:

+Concrete section @ AC = 4,750 IC
« Steel girder section ' AS = _193.3 18
= Composite section  : AV = __ 872

- Geometrical moment of area of concrete (AC x PC)........
- Distance and section modulus (See Fig. 4.4.7):

Moment of !nertié
e

Distance_ {cm) Section Modulus _gcml)_
D= 996.6 WwsU = 7.408
DS = 71.5 WSL = 8,018
nes 22.1 WyU= S06.868
YSU= 81.7 WVL= 13,826
YSL= 75.4
YVU= - 4.2
= - 1529
YVC= 31.1
- Axial force o
» Due to drying SChIDKEEE +evveeerercennae e cnirerenea s NSH= 163 ton
SDUC O CIEEP cvvrernnniireiinaiensensnsrasensisnsrainannssoss NCR= _1.0 1won
= Dute 1o temperature Change.....vesvariruereassrnrsearnasie NTM= 11.2 ton
- Stress (kgfom?): .
Concrete Upper Lower
Base Slab Flange Flange
(1) Swess before compounding - - 1,346 1,244
{2) Stress after compounding -193 -18 667
(3) Suwess due 1o drying schrinkage 23 -3 116
(4) Stress due to creep 0.7 -17 6
(5) Stress due to temperaiure difference -0.1 -204 77
6= i) . - - 1,346 . 1,244
- Allowable siress ) - - 1,379 - 2,625
NH=D+@2). -193 - 1,365 1,911
_ Allowsble stress _ -77.1 - 2,100 2,100
@Y=+ @)+ (3)+{4) o - 163 - 1,682 2,033
Allowable stress o -77.1 -2415 - 2,100
=D+ +B3)+ @+ (5) ) - 164 - 1,886 2,110
- Allowable stress - 88.7 - 2,730 2,415




Table 4.4.10: STRESS ANALYSIS RESULT OF COMPOSITE GIRDER
(NO. 3_MAIN GIRDER, NO, 1 SECTION)

- Bending moment before compounding. .............o.voen. MS= 10188 ©&m
- Bending moment after compounding ....covvinv i MV= 90,90 tm
- Bending moment by dead load after compounding ......... MYD= 2284 s
- Base slab thickness ..ovveeiivieariresrnrsarsesensreassrcaasnses T§= _18.0 om
B ¥ L1111 1T | S TSNS HH= _6.,0  om
- Effective base slab width. ... ...cococvviiiiiiiininnn, BS= 228.1 om
- Distance between fixed poinis of flange.......covniiiennenn, P 490.0, om
- Section and sectional area of stee} girder:
—Section _{mm)_ . _Secticnal Area (em?)

. \l{))per flange : .230 x 1l 253 (SMs0Yy

*Web : 1550 x ' 9 139.5 (SM50Y)

* Lower flange : 280 x 11 30.8 (SM0Y)

TOTAL 195.8

« Sectiona] area and moment of ineriia of area:

Sectional Area

7y )
» Copcrete section @ AC = 4,105 IC= 110,832
« Steel girder section @ AS = _]95.6 8= . _620099
+ Composite section : AV = _T782 IV= 1,951,186
- Geometrical moment of area of conerete (AC x DO)........ QC=. 97226 cm?
- Distance and section modulus (See Fig. 4.4.7): -
Distapce {cm Section Modulus (em2)
D= 94.7 WsU = 7.675
DS= 71.0 WSL = 8,116
DC= 3.7 WVU= 199,399
YSU= 80.8 WVL= 13,236
YSL = 76.4 :
YVU= 9.8
YVL= 147.4
YVC= 32.7
- Axial force _
= Due 1o drying schrinkage .............coooommiinriiannns NSH= 17.1 ton
¢ DU O CTEEP vuvvvenreaniriir e ssie e VOR = - 2,3 ton
= Due to témperatite Change......vveeeinivesrniernnnnnn NiM= 128 ton
- Stress (kglem®)
Concrete Upper Lower
Base Slab Hange Flange
(1) Sizess before compounding - -1,327 1,255
(2) Stress after compounding -218 . -46 687
(3)_ Stress due to drying schrinkage 3.1 -297 110
(4) Stress due to creep 1.9 -42 16
(5) Swess due to temperature difference - D6 - 207 15
©®)=(D _ - - 1327 1,255
Allowable stress B - 1,412 2,625
M=+ 218 _-137 1,942
Allowable stzess - 771 - 2,100 . 2,100
(8= (1) +(2) + (3) + (4) -16.8 -1,712 2,068
Allowable stress - 771 - 2,415 2,100
@)= (1) +2) + 3) +(d) + (5) -17.5 - 1918 2,143
Allowable stress - 88.7 - 2,730 - 2,415

Moment of Inertia
4




Table 4.4.11: STRESS ANALYSIS RESULT OF COMPOSITE GIRDER

(NO. 3. MAIN GIRDER, NO._2 SECTION)

- Bending moment before cormpounding......vvesvveeeeeninnns MS=]82.18
- Bending moment after compounding ........coccoinriniennnes MV= 165.06
- Bending moment by dead load afier compounding ......... MVD= 27.76
- Base slab thickNess ..vue.crviesveinviiiriniiescrsceniersenas TS=  _18.0_
- Haunch..oviiiiiiiiiii it HH= _ 6,0
- Effestive base slab Width............evenrvsessessesseens s BS= ~ 228.1
- Distance between fixed points of flange.......ivivvriinnnes P= 490.0

- Section and sectional area of steel girder:

tm
tsm

<m

Section jm ) Sectional Area (cm?)

« Upper flange : 80 =x 39,2 (SM50Y)
. \‘Jeb : 1,550 x ___2 139.5  (SM50Y)
 Lower flange : 440 x 19 83.6 (SMS5S0Y)
TOTAL 2623
- Sectional ares and moment of inertia of area:
_ Sectional Area Moment of Inertia
o —f(em?)
» Concrete seclion : AC = 4,105 IC= 110,832
« Steel girder section : AS = _ 2623 IS= _987.001
» Composite section @ AV = _849 V= 032,15
- Geometrical moment of area of concrete {AC x DO)........ QC= 134244 cm3
- Distance and section modulus (See Fig. 4.4.7):
istance {cm Section Modulus _(cmi' Yy
D= 1058 WSU = 10.703
Ds= 3.1 W51, = 14,936
DC= 32.7 WYU= 158,724
YSU = 92.2 WVL= 21,783
YSL.= 66.1
YVU= el
YVL= - 1392
YVC= 41.7
- Axial force
*» Due to drying schrinkage .....coovevieeienicnnans ton
~aDuetoCTeep .ovvucrrnnnnnnns ton
= Due to temperature change ton
- Stress (kg/em?): .
Concrete Upper Lower
o Base Slab Flange Flange
(1) Stress before compounding - - 1,702 - 1,220
(2) Stress after compounding -324 -104 758
(3) Stress due to drying schrinkage . 4.1 -284 67
(4) Swress due to creep . 1.7 -44 10
(5) Stress due to temperature difference - 1.6 - 205 48
S (®)=(1) g : - - 1,702 1,220 .
Allowable stress : - - 1,765 2,625
M=)+ @) - a -32.4 - 1,806 1,977
~ Allowable stress R - -77.0 - 2,100 2,100
B =D+ D+ )+ (@) : -26.6 -'2,134 2,055
Allowable stress _ : - 771 - 2,415 2,100
=D+ @+ + @+ (5) - 282 - 2,338 2,103
~ Allowable stress - 88.7 - 2,730 2,415




Table 4.4.12: STRESS ANALYSIS RESULT OF COMPOSITE GIRDER
(NO. 3 MAIN GIRDER, NO. 3 SECTION)

- Bending moment before componnding.........ivrvuerarrons MS= 10189 tum
- Bending moment after compounding .........vvuveermnenneen MV=  90,9] im
- Bending moment by dead load after compounding ........MVD= 22.85 ®m
- Base slab thicKa1e55 ...t ieierivireiiniesnsn e enreraseseess TS= _18.0 om
= Haunch. oo e HH= _6.0 om
- Effective base slab Width.......cverieeecricessnreriviens, BS= 2281 om

- Distance between fixed points of flange........covveviiniinns P= 490.1 om
- Sectlion and sectional area of sieel girder: : :

Section__{myn) Sectional Area {cm?)

= Upper flange ! 230 x 1 25.3 (SM30Y)
* Web : 1,556 x _9 139.5 (SM50Y)
+ Lower flange ; 280 x 11 30.8 (SMs0Y)

TOTAL 195.6

- Sectional area and moment of inertia of area:.
Sectional Area Momnent of Inertia

' . femi) of Area (em).
 Concrete section 1 AC = 4,105 IC = 10,832
« Steel girder section : AS = IS= _620.099
« Composite section” : AV = _782 Iv= 1,951,186

~ Geometrical moment of area of concrete (AC x DC).......QC = 97,226 cm?
- Distance and section modulus (See Fig. 4.4.7):

Distance (cm) Section Modulus (cm?)
D= - 94.7 WSU = 7.675
DS = 71.0 WSL = 8,116
= 23,7 WVYU= 199,399
YSU= 80.8 WVL= 13236
YSL= 76.4
YVU = 9.8
= J47.4
YVC= 32.7
- Axial force
* Due to drying schrinkage ......ccvvevvcvvarcnnnennnn JNSH = 17,1 ton
*Due o ereep covvvrrnnirnnnnns eraeeareceare e e reiaeanas NCR= 2.5 ton
» Due to temperatiwe change .. ... .vveeeeveverrrivrensseenens NTM= 120 ton
- Suess (kg/cm’): '
Concrete Upper - Lower
: Base Siab -+ Flange Flange
{1) Stress before compounding - - 1,328 1,255
(2) Stress after compounding 218 .46 687
.(3) Stress due to drying schﬁn.kage 31 -297 110
(4) Stress due to creep 1.9 -42 16
(5) Suess due to temperature difference -6 -207 15
6y=(1) - - 1,328 1,255
Allowable stress - - 1,412 ) 2,625
(M=) +(@) -21.8 - 1,373 1,942
Allowable stress -77.1 - 2,100 _ 2,100
B =) +@+(3)+@) 1168 S1712 . 2,068
Allowable stress . - 77.1 22415 2,100
@ =)+ (2)+ )+ (@) +(5) - 175 - 1,918 2,144

Allowable siress : - 88,7 o -2730 © 2,415
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- DWG, NO. shown on this Flgure Indicates the Tander Drawling No,.

1) Unlese otberwise noied, atl dimensians are in
mitlimeters, while level and clevations are la metere.

2) 1 swtion shown on this drawing shalt be 10 m in Lue
hasizontat length at the Spiflway bottoin sizb surface along
cenler ling, )

3) Excavation lincs, clevation and width of bem may be changed
according to ke actual grological candition.

4) Dolted lines afong cxcavation line d;:notc.i desiga outline of
concrcle. Rock of soil shall pot be permiticd to encroach
within the linc. :

5) Excavalion ilﬁpe surfaces 1o be pormanently cxposed shail be
<oalcd by sod facing and ghmc(cct.g for scil and rock, respectively.

6) Construction jolnts aré, it gencral, not shown. Location of
such joints and concrete placement procedure sball be developed
by the cortractor based upon the Engincer's approval.

7) ‘Temperary access 1oads shall be consiructed by the contracior,
The codtractar shall subsit the detaited construction drawing for
wccess rodds lo the Engineer for his approval,

8} For general plan, see DWG,NG.C—0IL.

%) Drain ditch type “A™ , tofer to DWG.NO.5-001, shell be provided
at every 2 m wide borm, but not shown on the drawing.
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