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GENERAL

In this report, of the proposed bridges, only three of them
were studied, They were the bridges at stations 28, 90 and 105.

In the following page, the location of these three bridges
are shown and they are named alphabetically,stafting with the

bridge with the lowest station number.

The format for this bridge study, topographic surveys and
soil investigations were conducted earlier. Results of the
topographic surveys and soil investigations are insufficient
for determining the detail dimensions of the bridges. However it

is sufficient to achieve the aim of this study.

To determine the type of bridges to be constructed the purpose
as well as the required accuracy of the bridge will have to be
considered. The decision is to select one that is simple and can

be easily constructed.
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Chapter 1 BASIC DESIGN CRITERIA

1.1 Standard Spec1f1catlons

The standard spec1f1ca:1ons for brxdges shall be in
accordance with the spec1f1cat10n3 of the Brltlsh Standard

Institution (BSI)

Specification for.loads -—— BS5400 : Part 2, BS648
Specification for steel
. girder bridges ---BS153
Speclflcatlon for concrete
br1dges -~-=-BS§5400 : Part 4

Specification for materials -—- BS153, BS5400 : .Part -4,
- Part 6, Part 7
Specification for foundation --- CP2004
1.2 Loads
1.2.1 Dead Load

The dead load consists of the weight of the complete structure

Aincluding the slabs, paﬁemonts,handrails and other public utility

‘services.

The foliowing,weights sﬂall,be,used in computingzche dead load.

‘Table 1.1 DEAD LOAD OF MATERTALS'

‘ . . Unzt welght

. . . . KN/maz‘ ' Kg/m

Steel Cast steel and Forged steel === 77.0 j 1  7850

‘Cast iron N | mmmm—em—— 7101 7250

Alumlnlum alloys i — : . 7—-5—-—-4. 27;5 L .; 280b
Re1nforced concrete '__ ‘ ‘  ;. : ._- .

. and Prestressed concrete ; .ff-f——-Ef; 24.5 ;; L 2500

Plaln concrete , i L : : 7—-—--—ée, 23;0 :ﬁ'” 235b

Cement mortar N Z " j {j 7-~;—--f; 21.1 :_ : 215b

} Timber i | memmeee—- 7.8 800

Asphalt pavement © | mem=m——ew 22]5 2300



1.2.2

1.2.2.1

Live Load

The structure and its elements shall be designed to withstand
the more severe effects of the live load. The structure can be
either of the following.

Design HA loading @ === Case A

Design HA loading combined with '

design HB loading  --——- Case B

Type HA Loading

Type HA loading consists of a uniformly distributed load (UDL)
combined with a knife edge load (KEL).

~ The UDL shall be taken as 30 KN per linear metre of notional
lane for loaded lengths up to 30m, and for loaded lengths in excess
of 30m, it is given in Table 1.2, o

The KEL per notional lane shall be taken as 120 KN,

Table 1.2 TYPE HA UNIFORMLY DISTRIBUTED LOAD

toodet Loas | lortet | rosa | Boreed [ o
m KN/m o KN/m - m | KN/m

Up to 30 | 30.0 73 "19.7 160 | 13.6
32 | 29.1 76 19.3 170 13.2
36 | 28.3 79 18.9 | 180 12.8
36 | 27.5 82 ' 18.6 ° 190 12.5
38 | 26.8 | 85 18.3 | 200 12,2
40 | 26.2 90 17.8 210 | 11.9
42 | 25.6 95t | o174 L 2200 ] 1147
44 | 25.0 | 100 16.9 230 | 1.4
46 | 24.5 105 16.6 | 240 | 11.2
49 | 23.8 1o | 16.20 |. 255~ 10.9°
52 | 23.1 115 | 15,9 | 270 | 10,6
55 | 22.5 | 120 15.5 285 | 10.3
58 | 21.9 125 [T oas.2z |o300 | 1o
61 [ 21.4 130 .| 15000 | 320, | 9.8
64 | 20.9 135 | 1a7 | o3e0 9.5
67 | 20.5 w0 | e o360 | 9.2
70 | 201 w45 | 14,2 380 and| 9.0 -

: 150 14.0 above




1.2.2.2

1.

2.

3

Type HB Loading

Figure 1.

unit of nomlnal HB loading.

to 10

Unit 1
e
Im

KN per axle.

Fig. 1

| shows the plan and axle arrangement for one

- One unlt shall be taken as equal

In this study, 4S'un1ts is used.

.2," PLAN AND AXLE ARRANGEMENT
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Effects of Earthquakes

U’

e

Ce

The effects.of'earthquakes need not be considered because

earthquakes here are of small magnitudes and the possibility of

a great earthquake occuring which ecould cause significant damage

is Qery small during the life of the structure.

Materials

*

The grades and strengths of materials are shown as follows.

Table 1.3

STRENGTH OF REINFORCED CONCRETE

Character- Cube strength at different ages
Grade istic

strength 7 days | 2 months | 3 months | 6 months | | year

N/ nrur:‘a
20 20.0 13.5 22.0 23.0 24.0 25.0
25 25.0 16.5 27.5 29.0 30.0 31.0
30 30.0 20.0 33.0 35.0 36.0 37.0
40 40.0 28.0 44.0 45.5 47.5 50.0
50 50.0 36.0 54,0 55.5 57.5 60.0




Table 1.4

. STRENGTH OF, PRESTRESSED CONCRETE

(BS4482)

Cﬁafactef- Cube strength at diffetent,ages
Grade | istic _ —ts . : — .
strength 7 days | 2 months {3 months | 6 months | | year
2
N/mm ‘
30 30.0 20.0 33.0 35.0 36.0 37.0
40 40.0 28.0 | 44.0 45.5 | 47.5 50.0
50 - 50.0 36.0 | s4.0 55.5 - 57.5 60.0
60 60.0 45.0 | 64.0 65.5 | 67.5 70.0
Table 1.5 STRENGTH OF REINFORCEMENT
'Specified
Designation Norminal Sizes (mm) Characteristic
: R Strengths (N/mm")
Hot rolled
mild steel All sizes 250
(BS4449) L
Hot rolled S N ‘
high yield steel All sizes 410 .
(BS4449) :
Cold worked . Up to 16 460
high yield steel above 16 425
{BS4461)
Hard drawn . S
steel wire Up to 12 485




Table 1.6

SPECIFIED CHARACTERISTIC STRENGTHS

OF PRESTRESSED WIRES

" Nominal Size .Specified_ . Nomi?aI'Cross-
SRS _ Characteristic - sectional Area
(um) Strength (KN) (mm?)
2 6.34 3.14
2.65 10.3 5.5
12.2 7.1
3.25 14.3 8.3
21.7 12.6
4.5 25.7 15.5
30.8 19.6
60.4 38.5
Table 1.7 SPECIFIED CHARACTERISTIC STRENGTHS

OF PRESTRESSED BARS

Nominal Size

Specified

Characteristic

Nominal Cross-
sectional Area

(mm) Strength (KN) (mmz)
20 325 314
25 500 491
32 800 804
‘o 1250 1257




Table 1.8

SPECIFIED CHARACTERISTIC STRENGTHS

‘OF PRESTRESSED STRANDS

Number of Wires Nominal Size Specified Nominal
and Type of * Characteristic | Cross~sectional
Strand (mm}) Strength (KN) | Area (mmz)
6.4 44.5 24.5
7
Normal 7.9 69.0 37.4
Strength 9.3 93.5 52.3
Strand 10.9 125.0 71.0
12.5 165.0 94,2
15.2 227.0 138.7
19 18,0
Normal 370.? 210.0
Strength 25.4 659.0 423.0
Strand 28.6 823.0 535.0
31.8 979.0 660.0
7 9.6 102.5 55.0
High 11.3 138.0 . 75.0
Strength )
Strand 12.9 184.0 100.0
15.7 261.0 150.0
Table 1.9 SPECIFIED CHARACTERISTIC STRENGTHS
OF COMPACTED STRANDS
Number . Specified
of Wires Norm?l flze Characteristic
mm Strength (KN)
12.7 209
7 15.2 300
18.0 380




Chapter 2 S0IL CONDITIONS

As stated in the Geotechnical Investigation Report regarding
the bridge sites, sandy clay or clayey sand, with many submerged
boulders of diameters from lm to 5m, extends to a depth of from

5m to 10m before granite or weathered granite are encountered.

Fig. 2.1 shows the results of the drillings in BH-5 and BH-6,
According to Fig. 2.1, the granite or the weathered granite
which are 5m to I10m below the ground level, is advantageous as the

bedrock of the foundation.



Remaks ) ' ' Remarks
Mare of Project  URBAX TRANSPORT STUDY - Type of Drliigs  ROTARY Name of Prowet URBAM TRANSPORT STUDY Type of Dnfing:  ROTARY
He Hunber No, BH-5 Elevation: ¢ 76.30 m Date:r Hay 18 to 21, 1980. ) Hols Mot No. BH - 6 Flevation : + 65.70 m  Dale : Hay 24 to 29, 1950.
Waler Tabes = m  Drifler TGEOTECHNTQUE ¢ ¥r.LEE ) : Water Table ; = m [rifler:cPOTECHNIQUE Cvr.vee )
€ ¢ — -‘%‘ g 'E Standard Perctration Test o Core Recovery ™ 7 € e i} & g Standard Peretration Test ¢ Core Recovery
El = 3 s E . - gl s i ,
sl 5 = g = [ ; | E -E'ﬁ = '[Blows Per - €] B = § v 6 !-“E = . g P A [Biows Per
=1l 3 |[€]: & g %0 £ |8 Z | exhise (H—Vahe) =zl 1€ |2|8& 2 2|23 'E g ‘?3 [ exch15cm (HValw)
Al & | & & s £ x5 ¢§ & (a2 Pt ] . HEIERERE = Cl&Es ] & | &8 et e s 1B 2 3 4 so
—Silty e TR IIT Sandy —Dark PR preaiic i
_}75-69 0.6 0.61 Ciay |BTOWR Yith organic mattef - : Core Recovemy ] .J65.10{ 0.6 0.60] v Clay Crey matter. ) ’ Core Recoverny
1 . 1 E -
o— T=T b cdosboranafbarrrpmccchkacns -aw - 1 posasstoenanbkenan RN SRS S
- l'-mi . - With some gravel. 1.68 l
27} - P-1 | ratsolz je| U T T e 2] fetlod- L8 -1 |26 k¥4 12
Clayey }sh Hedium o il e “l' hiiail (el tei
1] . ] 3 362,63 Sand Brown Dense -
—: cree %‘gq P-2 | zafio)u T \".\. ..... ""”"-: . _162.05 Boulder |Grey Craniie a8 ““~{ooz
4 Hedium A D R R D TR BN N RS S R -...-}-... A U N ____L_____I__-___-q
-~ Clayey [Light| to With some gravel : | . 4.73 .
Ver 4.95 64 - 150 ~ n With gravel (920 _ -
5471.10)5.20 | 4.39 [::0%) | Sand Browny - *tY < p-3 | T5(ea)1al T -ee o} e fenes RYIIP N 5 Light -40 7w, ) Ty Po2 |44 Kmgz el ) L
hy T 7 -1 Clayey Lpreyish R ~
5 (] : Dense| Weathered te 6.10 50
- Generally, the Core lengeh ia 20| . to JUU S "at;5020 1w )= “—159-30{6.40 } 2.75 .-} Sand  [arowr] TOT | TOAERCred BROmITY ool p-3 133 Hadsel <Feoopee-- e poerateezhons d
27 + granite i3 sound.| 6,20 m. | - . - N 1] [
—_ J ----- e “‘_- __ Core length is 20 Joints ake K59 ffom the [TTCfTTT[TTCC -
ra + Joints are . Longeat dore|is|1.p “-_“_ _______________ o s to 250 m. ?ori.?ntn! and ate brown ] ]
generally 80 _ noeploup. 1 | 7777 T I Al T
o] v from the horizon-| FOfp lenath 13§30 6q 1007 = 1o B20 L] 5] 1oz |
% tal or are to [10.40 [a. i -1+ = | I wyr— 1t 1D L peeeepeeecpeenefne-- Anded S
10 | . vertical. f b b L R T - 10| Core length is | | | | | | L....l.._. N DU S 7]
L 00 00 mm. N
. ‘4 Vertical joints fore tecovery | - . |90 to 300 m N
. ac 11.9-12.8 . e e e T LN N N R ) I I A Y A A A A N N OO BSOS R S
- . )/( . -3 — Ho clay at jointsl ’
12 | Mo clay at joints} Corp lengch {s }00| td. 400, 4E. 00040 5b .| ... ] 12 : S R PR RO NI SR
N + e 14 .B5m. . N
13 / ainil satalabel deedelied debald whliiid .- tEE The faces of the ol ] pese- S N T TR, AR S
- + + Joints are verti~| Corps of [gravellsite (@ 24-50 tm.) pere ~ - joints are fresh ‘ - o
| —— cal and the faces| Obtpined PRI SEORUON IO IR S vend R vithout any rrace R S B R O
n % are yellow at . R | of other materialp |
15 "1 around 15 .30m. S U S SN 15 and are firwly =1
. . i in contace vith ===~~~ fromepanee .
. + 4 ' -1 - each other. : -
16 | Whit-~ B I YR NI IR SR DEPIPY R 15 ) R S T SO
Jso.s|ie.s0|11.60 4 4] cranice|23" | Hard A J:s.90|16.80 10.4d " | cranite [Grey | Hard [
1 : Grey - -
!5_‘ End of Drillihg ) IV S I, RN G, ..-._] 12 | End of DYilling R R S T N
731 [ A A S (N A I N A N A A (SR S o (0 vt ! 0 vt ! {11t]l-- SNV ! D S
X I O O N I T S I M A N A A e ) ) R U D OO O B

FIG.21 RESULTS OF DRILLING IN BH-5 AND BH-6 | |

CENTRAL CONSULTANT




Chapter 3 GENERAL PLANNING OF BRIDGES

3.1 Cross-section

The cross-section of the carriageways in the bridges is shown

in Fig. 3.1.
Fig. 3.1 CROSS5~SECTION OF CARRIAGEWAYS
0.50 20.00 ' 0.50
10.00 10,00
1.50 7.00 3.40 7.00 1,.50
0.5 }.00p0.50
0. b¢ |Q.]50

r-| I

3.2 Geographical Features at Sites of Bridges

The geographical features at the sites of bridges are shown in
Figs. 3.2, 3.3 and 3.4.

The total length of each bridge should be as shown in the

»

following table.

Table 3.1 TOTAL LENGTH OF EACH BRIDGE

Total Bridge Length Station
A - Bridge 270.0m . No.27470 - No.30+40
B ~ Bridge 435.0m No.88+35 ~ No.92+70
C - Bridge 310.0m | No.l04+40 - No.107+50

- {1 -
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Cost (M$ million) ——

Span Specifications

" ‘The span specifications should be based on the.following

basic considerations.

1) Economical- span length .
- The graph in Fig. 3.5 shows a rough estimate of the cost of

the bridge under the following conditions:

Totaltbridge length . , —-——=—_ 200m

. Width of the bridge - B ———- 20m
Types of foundations ---- gpread footing type
Aﬁerége height of the subétf?cturé ~==——= 15m

Fig. 3.5 ROUGH ESTIMATE OF COST OF BRIDGE
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2.5
- Cost of [Substructpre
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The graph indicates that the economical span length is
approximately 30m and that the total cost increases suddenly for
span lengths above 40m.

Therefore, the basic span length should be approximately
30m.

2) Condition in construction of substructure.
As far as possible the piers should be located such that it

avoids streams, roads and escarpments,

3) Structural desire of superstructure
In the cace where the superstructure is the continuous girder
type, the proportion of the length of the main span and the

flanking span should be determined during structural designing.

Figs. 3.6, 3.7 and 3.8 show the spans of the three bridges.

- 16 -
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3.4 Classification of Span Length
The total bridge length at each site should be considered
as being divided into a few units. The units are classified
as in the following table. ' '
Fig. 3.2 CLASSIFICATION OF UNITS OF BRIDGES
‘Site: Side Profile Curva=
: ture
270.0m =
_ c
o Unft 4 Unit | Unit 5 &5
5 — . w | na
i 30.0{ 45.0 . 60.0 . 45.0 [30.0.30.0 30.0 ot
i ' ' &
1
= — "
&
o X : _l_ .l. .I_ L 'E"E
‘ : =8
435.0m :
; &
o Unit 2 Unit 6 Unit 3 S
&0 — =
o . . ) ™
o 45,0 25.0 . 45.0 130.0 30.0 .30.0 30.0 50.0 , 70.0 50.0 &
T : ' ‘ ‘ : : L _ : v
= -
: . : o~
L1 | | F
_l__ B L 1 .I_ - _I_ L E
310.0m
— &
o Unit 7 Unit Unitc 8 . =
i? 30.0 30.0,30.0 30. 030 0 _40.0[30.0 30.030.0 30.d E
% . - —— =
T . - s
F.o ! ; N ":

———— . I

Each of units i,

over 45.0 metres in length.

The span length for unit No.4 to No.8 is 30 metres.

Unit 9 has a span length of 40 metres.
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3.5 Bridge~Type Study —'Superstructure-

CohcreteJﬁridges should be adopted for the following reasons:

1) The ﬁée of reinforced concrete or prestresséd concrete
has the distinct advéntage that the foreign component
will be small. ' '

2) Concrete bridges are less expensive to maintain

than steel ones.

3.5.1 Applicable Span Length in Concrete Bridge Types

The relationship between the type of superstructure and the
span length and the suitability for the curvature of the roadway

is as follows.

Table 3.3 RELATIONSHIP BETWEEN SUPERSTRUCTURES, SPAN LENGTH
AND CURVATURE OF ROADWAY.

Suitabi-
T t .
ype & Structure y Span Length lity for
10m 50m 100m 150q Curvature
Continuous box girder | i O
" (cantilever girder erection) ‘ '
50 .
:E Continuous box girder O
2 (with timbering)
w
pu ]
w , .
H Simple box girder O
§
9 Continuous girder & ><
n
@ Simple girder A
H . .
§ Hollow slab —— O
9 . .
A _
Pretensioned girder : p—t A
3 .
g9 Hollow slab - o
TEY
s4m Rigid frame O
YO
% O.n o

" "(Continued Overleaf)
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(Cont1nued)

Key Symbol "0" denotes suitable.
Symbol "X denotes unsultable.

Symbol " denotes that the main structure of the

- 'brldge cannot be bent along the curves but only the

road surface structure can be formed into the curves

'by using brackets or other means.

3.5.2 Study of Alternative Superstructures
According to Table 3.3, the following ﬁypes'of'concrete
superstructures are considered.
Table 3.4 ALTERNATIVES OF SUPERSTRUCTURES
Unit Spén.ﬁéngth: Curvature Alternative Types
g | | 45.0 + 60.0 + 45.0 | R = 255 m | (A) Continuous box girder
& 45 0+ 55.0 + 45 ol R =3006‘m'2 (cantiléver girder erection)
[ 41 P - . - T . - . *
= o wn § S A (B) Continuous box girder
3 5970 +_7Q’0‘+ 50'0 ..B 53000 n - (with timbering)
4 30 0 k =12557m @ S1mp1e box glrder
- (E) Simple glrder h
3 % 30.0 RI;CD “{C) Simple box girder
4 x 30 0' -R'QHBOOO ﬁ: (D) Cont1nuous girder -
g - ‘ ST (E) Slmple glrder
‘g 7. 5x30.0 | R=510m (C) S:mele box girder
7 8 4 x 30.0 R=510m (E) Simple girder
. - . . - .| £€). Simple box girder .- }
9~ ?Q'Q'_HQ ol ﬁ_ﬁ.?lo " (E) Simple girder
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3-5.2.1
(A)

Long Sﬁan Bridge

Continuous box girder type by cantilever girder erection

The erection method of this type is that the girder may be

constructed by casting the elements which are from 2 meters to

5 meters in length in place with the travelling forms. 1In genearal,

there are four steps to be followed.

[0 ® [@ WIQTQ ®

LT

Fig. 3.9 ERECTION METHOD BY CANTILEVER
GIRDER ERECTION

They are:

(1}

(2)

(3)

(4)

First, section A (as shown in Fig. 3.9) will be constructed
and supported by timbering. _

Then; the block next to section A will'bé constructed using
the travelling fo;m which is framed to the first block.

The travelling form will then be moved onto the second block
and thus the third block will be constructed using the
travelling form on the second block. At the same time, another
travelling form is also framed onto the other side of the
first block and the same procedure is carried out simultaneously.
Thus, both side will be balanced. - ‘

After completing section B, section C will be constructed.

In general, the timbering method is used for the ‘construction .
of section C. Another method is that ;;ction C is constructed
using the travelling form on a ;eméerory stage.

Finally, section D is constructed.

The major advantage of this method is that because scaffolding is

not required, it is easy to erect over deep valleys, rivers with

heavy flow and roads with heavy traffic,

- 23 -



The carriageway for each direction is supported by a single
hollow box girder -6.0 m wide.
The girder depth varies from'1/17 L at each ‘pier to 1/35 L
at' mid-“span, (L means the main span length).
The riding surface of the bridge will be covered with an

asphalt-wearing surface 6 cm thick.

9.0 L, 9.0

[={=]

hi

2.0 6.0 2.0 2.0 6.0 2.0

at each pier ' ' " at mid-span

. Fig. 3.10  CROSS-SECTION

(B) Continuous box girder type with timbering
This . type -should be constructed by casting timbering in place.

Thls constructlon method will not be suitable in the following cases:

(ij In the case where the vertical spacing between . the bottom
- of .the.girder and the base of_ghetfouQQet;pn of thevt;mberlng
.is . over 10 meters. SRS _f t\_ e
(ii) 1In the case where the bridge is constructed over a road

with heavy traffic or a river with heavy flow.

- 24 o



3.5.2.2

(C)

The carriageway for each direction should be supported
by a single hollow box girder 6 meters wide. )
The girder depth will be 1/22 of the average span length and

does not vary through the bridge.

0.5 20.p 0.5
9.0 1.p 9.0
NERRIE
i ' il
e S
2.0 6.0 2.0{f{2.0] " 6.0 2.0
Fig. 3.11 CROSS-SECTION

This type has the advantage of not having a value below
that of prestressed bars compared to the type constructed by

cantilever girder erection.

Short Span Bridge -

Simple box girder type

This type will be constructed by casting timbering in place.
It will not be suitable in cases where the bridges are constructed
over deep valleys, roads with heavy traffic and rivers with heavy

flow.

The'carriageway for each direction should be supported by a
single hollow box girder 6 meters wide. The girder depth will
be 1/22 of the span length and is constant throughout.

- 25 -



0.5 ’ 20

0.5

9'0

Fig. 3.12 CRQSS§-SECTION

L L
Eéﬁhw e I | S —
i
2.0 6.0 2,0 2.0 6.0 2.0
A . < 2

This type has the ;dvantage that in combination with the long

span bridge it will present a neat view because this type has the

same cross-section as that of the long span bridge.

The disadvantage of this type'is that it is more expensive

than the T-shaped girder bridge.

(D) Continuous composite girder type

Each I-shaped girder will initially be formed and erected

as simple supported girders. Each girder will be erected by

the erection girder.

Prestressed concrete girder

Tower for suspending girder

’

Erection girder

Launching girder

Fig. 3.13 ERECTION METHOD
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in place according to the following steps.

The sequence of completing each girder will be by casting

Fig. 3.14 GSEQUENCE FOR COMPLETING GIRDER

Precast Girders

i || > __Ji

T

™

Step |

Reinforcement Bar

r—J_

‘_b,r—'

JL 10 rl
Step 2
Conecrete by casting in place

T I

Step 3

30m is 1.7 meter.

0.5

’

T

The carriageway for each direction should be supported by

five girders. The depth of the girder with a span length of

Fig. 3.15 CROSS-SECTION

20.0

0.5

9.0

9.0

0.5 9.5

Asphalt Pavement §.0cm thick

0.9] 4€@ 2,05 = 8,2 0.9 0/9 4 & 2.05 = 8.2

=]
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The advantages of this type are as follows:
* The erection is easier than in the box girder type
* The coﬁstruction cost is also lower than in the box
girder type.
* Due to having less expansion joints than the simple

supported type, it is comfortable to drive on it.

The disadvantages of this type are as follows:
* In combination with the long span bridge, the cross-
section lacks unity. '
* It gives an inferior impression to the box girder

when viewed from under the bridge.

(E) Simple T-shaped girder type (Post-tension)
Each T-shaped girder will be erected by the erection girder

51m11ar to the continuous comp051te g1rder type.

Each carriageway should be supported by five glrders
The girder depth for a 30 meter span length is .4 meters,

and for one with a 40 meter span length, it is 2.05 meters.

Fig. 3.16 CROSS-SECTION
0.5 20.0 0.5

Asphalt Pavenmdnt| 6.0cm thlck

9.0 1.0 9.0
|

i
Il (1O

0o 49 2.05=8.2 ¢.4 [ol9 4 @ 2.05 = 8.2 L.g
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3.5.2.3 Recommendations

Long Span Bridge
The erection of the timbering over a valley more than 15 meters

deep is very difficult and if executed, expensive.

The box girder type, by the cantilever girder erection is
considered slightly superior in terms of aesthetic value, to one by

timbering.

Therefore, the recommended structure type is the continuous

box girder bridge erected by the cantilever girder erection.

Short Span Bridge
The simple T-shaped girder bridge type is the easiest to

construct and the most economical of all the alternatives.

The box girder type has the same cross-section as the long
span bridge. Therefore, when combined with the long span bridge,
it is expected to present a neat view. Compared to the other

types of bridges, the simple composite girder type is mediocre.

Taking into consideration construction difficulties and
construction costs, the type of structure recommended is the

simple T-shaped girder bridge.
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3.5.3

Dimensions of Superstructures

The diamensions of the superstructures will be decided
from rough calculations or from assumptions derived from actual

results of other such studies.

Of the long span bridges, the Unit 3 bridge (L = 50m + 70m + 50m)
will be roughly designed, while the dimensions for Unit 1 and 2
bridges should be decided by the assumptions from the results of
Unit 3,

The dimensions for the simple T-shaped girder bridges with
span lengths of 30m and 40m should be assumed from the actual results

of other studies.

The dimension for each type is shown in Figures 3.17, 3.18,
3.19, 3.20 and 3.21.
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3.5.4 Rough calculation of long span bridges
(L = 50m + 70m + 50m)

3e5e4s1 - Cross—-section £
10| 000

500 51000 500

[
rggég?
32&3
-

25(
3p
N
F
/

1

h
S
1

4 000
3 600
o

]
&op 4800 690 |
2000 | 6000 : 2000
Cross~Section at the main pier ‘
10%%
500 9,000 , 500
Q
(7 (]
o O Q
o~ e
8 o
““% /nxgﬁ_‘_
- 7
o | |
6 4800 00 .
2000 goco -~ 1 2000

Gross—seotionrét mid-span

Figure 3.22. ROUGH CALCULATION OF LONG SPAN BRIDGES
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3¢5¢4.3

Bending moments

Table 3.6 BENDING MOMENTS

Point With Load Bending Moments
(tm)
Case 2.1 2,206
4 7 Case 2.2 2,888
Total 15,094
Case 2.1 - 7479
Case 2.2 - 2,437
8 Total - 9,916
Case 1 ~11,760
Case 1 + Case 2.2 —14,197_
Case 2.1 4,634
12 Case 2.2 3,182
Total 7,816
® ® @

L |

F ! . =

50-0

70

50-0

Fig. 3.27 LOCATION OF POINTS OF BENDING MOMENTS
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L S4 = 123.80

Fig. 3.28 IIFLUBHCE LINE OF BENDIHG NONIHTS
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Pige 3.29 IWFLUENCE LINE OF BENDING MOMENTS
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UENCE LINE OF BENDING FOMENTS

Fige 3430
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Bending I‘-loments-—-— Case 1

¢24
432
21128

24016

o

4,000

24

Vv

v = 4466492 x 1079, X3

5 @ T7.000 = 35.000

P1 P2 P3 P4 P5
v
:.:: N \ y
3.500'
0.500
17.500
24.500
31.500
35.000
P1 = 144.6 1
P2 = 128.1 ¢
Pj = 118,7 ¢
P4 = 114.4 %

Bending Moments

M o= 14446 £ 3.50 + 128.1 x 10,50 + 118.7 x 17.50
+ 11444 x 24.50 + 113.0 x 31.50 + 42.0 x 35.00

= (-11,760) tm
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Bending Moments @ ——— Case 2,1
Girder

Mac

Wheel guard HH

Pavement MP

= W, t/M x Area of influence diagram

16.120

t/m
Py

5436
16.07
26.79
45400
37.50
22.50
7.50
7.50
22.50
37450
45400
26.79
16.07
5.36
1

4
u .
2 My s
,,1GV1

x

X

b

1?3.80
Influence line
T.2070
4.3820
1.9575
0
-1.8875
~2.8985
~3.2005
—2.43565
=1.5470
=0.7055
0
0+3405
V5450
0.6325
~56.3
Moy = 1995.7 + (=56.3)

Area of influence diagram
123.80
Area of infludence diagram
123.80

Total

- 47 -

199547

38'6
704
5244

~70.8
-65.2
-24.0
~17.7
=34.8
-26.5

9.1

8.8

3.4

1939.5

113.0

153.8
2206 tm



Bending Moments Case 2.1

Girder
Wy, = W, t/m
= 16,120 x
Mgps = Ps tm
Mo = 536 x
MGVE 2 16,07 x
Moy = 26479 x
Moy, = 45-00 x
Movs = 37.50 x
Ny = 2250 x
Hogy = T.50 x
Myg = 7450 x
Myg = 22.50 x
Hygqo = 37-50 x
Mayqq = 45.00 x
MGV12 = 26.79 x
MGV13 = 16.07 x
Hayrg = 5036 =
MGV = gh& o=
321 GV
MG = MGC +
Wheel guard M, = W, v/
= 0.913
Pavement M, - W, t/m
= 1.242

Area of influence diagram
~377.425
Influence line
~i+3360
~3.7360
=243350
0

-3.7755
=5.7965
644015
-4.7125
-3.0945
~1.4110
0
0.6810
1.0895
1.2645

~581.0

My = —6084.1 + (-581.0)

x Area of influence diagram

x =37T7.425

x Area of influence diagram

x =377.425

Total

- 48 -

~6084.41

-23 .2
~60.0
"62-5

-141.6
~130.4
-48.0
=353
~69.6
=529

18.2

175
6.8

- =6665.1

~344.6

-46808

- =T479 tm



S

Bending Moments @-——— Case 2.1

Girder
Mog = Wy t/m

= 16,120 3
vy = Py K
Moy ® 536 x
Moyo = 16,07 x
MGV3 = 26,79 x
MGV4 = 45.00 x
Moys = 37:50 =
Muyg = 22.50 «x
MGV? = T.50 X
MGVS = T.50 x
Mayg = 22.50 =x

lorio = 3750 x

Mayqq = 45+00  x

Morip = 26:79  x

Myrqz = 16,07 x

MGV14 = 5.36 x

Moy = ?_IftrVi x

M, = My +

Vheel guard W, = W, v/m
= 0.913 x

Pavement M.P = W 3 t/ My
e 1.242 x

x Area of influence diagram

235.075
Influence line
-1+5355
-1.3230
~0.8270
Q
1.7820
443045
T7.5680
7.5680
443045
1.7820
0
~0.8270
-143230

~1.5355

337.6

MGV =

3789.4 + 337.6
Area of influenge diagram

235.075
Area of influence diagram

235.075

Total

- 49 -

L}

o

8

3789.4

8.2
-'21 -3

-22.2

66.8
96.9
56.8
56.8
96.9
66,8

_22.2

-21.3
~8.2

4127.0

214.6

292.0
4634 tm



Bending Moments (:)———— Cage 2.2

MUDL - 4 x HAKN X, 0.102t/KN X Area of influence diagram
3
= 4 x 22.9 x 0.102 x (241.35 + 20.75)
3
e 816 tm
= 4 x HA x 0,102 % Influence line
MyeL, 3
3
=] 169 tm
Mo = 4508 x 4 x 0,102 x Influence line
= 450 x 4 x 0,102 x 10.3655
= 1903 tm
ML = MUDL + MKEL + MHB = 2888 tm
Bending MNoments ———- Case 2.2
Mpp = 4 % 22.9 x 0,102 x (-142.325) + 4 x 19.0 x 0.102
3 3
x (-276.625) ‘ _ = —1158 tm
Meyp = 4 x 120 0.102 x (~=6.4015) - = =104 tm
3
Mp = 450 x 4 x 0.102 x (~644015) = =1175 tm

M, = Mpp ¥ Mg * Hyy o= 2437

Bending loments (12) —— Case 2.2

”uDL = % x 19.0 x 0,102 x 335.875 = 868 +im
Mo, = _g,_ x 120 x 0,102 x 11.5725 = 189 tm
My = 450 x 4 x 0.102 x 11,5725 = 2125 tm

M’L = MUDL*”KEL + M'HB = 3182 tm

- 50 =



3.5-4.4

Reactions
Table 3.7 REACTIONS
Point With Load Reaction Remarks
Case 2.1 634 % 2 x 317
Case 3 _
UDL 125 %
Case 3 "
RA KEL 29 %
Case 3 —
B | 184 %
Total 972 ¢ -
Case 2.1 2,794 % 2 x 1397
Case 3 _ -
Case 3 -
RB KBL 29
Case 3 -
HB 184 t
Total 3,356 t —
RA RE
¥ ¥

Fig. 3-31

[a ]

LOCATION OF POINTS. OF REACTIONS

_5‘1.—




ZA = 17.4515

Fig. 3.32 INFLUENCE LINE OF REACTION

0°0
L1goo*o
LaGLeto
obieoo
L6v20*0
62620°0
6L120%0
29£10°0
o*'c |
/ 22820°0~-
681900~
Seh60 0~
GegLL"0-
€0gzL 0~
£651L1L°0~
166100~
A
© 0°0 \
0tglo*o \
geslieo \
82882°0 \Li
Lovivro \
29166°0 \
£9969°0 \
g69vg*0 \\
00000° 1
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A = 5.5325 A = 0,8300

A = 22,1535



E LINE OF REACTION

EA = 67-5485

Fig. 3.33 INFLUEKC

0°0
[ zob€o o-
l 0gbg90° 0~
L L680*0—
69L0L "0~
L€G0L*0—
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80915*
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0°0

—153—

A = —=3.4560

A = 40,5325

A = 30,4725



Reaction —— (age 2.1

Girder

Rac

=

GVi

o)

Gv1

o

Gva

o

GV3

j2s}

GV4

=

o

Vheel guard RW

Pavement Rp

W t/m x Area of influence diagram

-16.120 x  17.4515

P t/m x Influence line

5436
16.07 x 0.17528

0.28828

H

26.79 x 0.07830
45.00 x 0

37.50 x -0.07551
22.50 x ~0.11593
T+50 x =0.12803
7.50 x —-0.09425
22.50 x —D.06189
37.50 x —0.02822
45,00 x 0

26,79 x 0.01362
16,07 x 0.02179
5036 x 0.02529

= -2.3
Reg *+ Roy = 281.3 + (=2.3)

1] t/m x Area of influence diagram

0.913  x 1744515

W t/m x Area of influence diagram

1.242 x 17.451%
Total

_54_

281.3

1.5
2.8

2.1

-2.8
=246
-1.0
~0.7

~1.4
"'101

0.4

Qud
0.1

279.0

15.9

21.7
N7t



Reac.tion —— Cage 2,1

Girder

Rac

b= B =< = B - B~

[=+]

avi

Wheel guard RW

Pavement RP

w B/m

X

16,120 x

=

n

b

R

]

oV

Area of influence diagrﬁm

675485

Influence line
0.79174
0.89365
0.96478
1.00000
0.98429
0.90454
0.77715
0.44512
0.27329
0.11944
0

~0.05670
~0.039073

~0.10531

162.8

= 1088.9 +

Area of influence diagram

675485

Area of influence diagram

675485

- 55 =

Total

1088.9 t

4.2
14.4
25.8
45.0
36.9
2044
5.8
3.3
6e1
4e5

1.5
-1.5
=0.6

1251.7 t

61.7

83.9
1397 ¢



Reaction
Rup, =
Repr, =
Ry =
R, =

Reaction

R, =
Bep, =
RHB =
H_L =

‘!D —— Case 3

I x Y x 0.102t/KN x Area of Influence diagram
3 -

1 x 22,9 x 0.102 x (22.1535 + 0.8300)
3

125.3 ¢

1 x 120KN x 0.1021:/KN x Influence line
3

7 x 120 x 0.102 x 1.000

3

28.6 t

450 x4 x 0.102%® % Influence line

450 x 4 x 0.102 x

183.6 t

oL f Rxep t By =

1.000

338 t/2-carriageway

GE’ emseee  Case 3

1 x 22.9 x 0.102 x 30.4725 + ] x

3

190
3

0.102 x 40.5325

349.4 %

1 x 120
3

28.6 t

450 x 4 x 0.102 x

183.6 t

’

x 0.102 x 1.000

1.000

RUDL + RKEL + RHB = 562 t/é-carriageway



3e5e445

Required quantity of prestressed bars.

. I S b, |
= e | b2 2 .
B4
b1 2 b2 -
2N
BS = & (b1 + b2
Fige 3,34 CROSS-SECTION OF BRAKS ‘
unit : cm
H = 2.00 m H=4,00m
H1 200 400
H2 25 25
13 25 25
H4 145 345
H5 15 15
H6 20 20
H7 15 15
HB 15 15
HY 25 25
H10 30 3o
B1 600 600
B2 200 200 -
B3 200 200
B4 4@0 '  480
BS 45 45
i B6 20 20

Table 3.8 DIMENSIONS OF BEAMS

_57....



H

o= 2.00 m

H1 200.0 B1
H2 25,0 B2
H3 25.0 B3
H4 145.0 B4
H5 15.0 BS
H6 20.0 B6
BT 15.0
H8 15.0
H9 2540
H10 30.0
A Y
120000.0 100.0
5000,0 12,5
5000.0 12.5
-69600.0 975
675.0 30.0
400.0 16343
1500.0 30.0
1500.0 30.0

TOTAL 64475.0

AV %R
1200000000
781250
781250
—661635000
6077500
10666756
1350000
1350000
TOTAL 5.539015+08
N AC AP
0 0,000 0.0000
Y, Y EP
85.53 -114.47 0.00
I HC, WC
31.6087E+08 4219260 ~3152560
Ra#2
5597

- 58 -~

600.0
'200.0
200.0
480.0

45.0
20.0

AY
12000000
62500
62500
~-6786000
20250
65320

. 45000
45000
5514570

10
400000000
260417
260417
-121945000
8438
8889
18750
18750
2.78630E+08
NO
0,000

A
6447540

WP
0



H

a 4,00 m

H1 400.0 B1
H2 2540 B
H3 25.0 B3
4 345.0 B4
H5 15.0 BS
HE 20,0 BS
H7 15.0
H8 15.0
H9 25.0
H10 30,0
A Y
240000,0 200.0
5000,0 12,5
5000.0 12.5
-165600.0 197.5
675.0 30.0
400,0 363.3
1500,0 30.0
1500.0 30.0
TOTAL 88475.0
AY#*#2
9600000000
781250
781250
~6459435000
607500
52794756
1350000
1350000
TOTAL 3+ 19822E+00
N AC AP
0 0.000 0.0000
Y, Y EP
177.16 -222,84 0.00
I WC, We
1.9794E+09 11173030 —8882670
R##2
22373

-~ 59 -

600,40
200.0
200.0
480,0
45.0
20.0

AY
48000000
€2500
€2500
—-32706000
20250
145320
45000
45000

15674570

10
3200000000
260417
260417
-1642545000
8438
8889
18750
18750

1.55803E+09

NO
0.000

A

88475.0
WP

0



M

Pe

M

Pe ( % + e )

Bending moments

Required number of prestresased bars

Tensile force prestressing = 41.0 ton/one

(P32 mm Ap = 804.2 mn> )

Cross—section area of girder

Section modulus

Eecentricity

5094 x  10°

96

3 3152560
41,0 x 10° x ( 64475

14197 x 10°

+ 80)

= 130

3 11173030
41.0 x 10° x ( B84TS

7816 x  10°

+ 145)

3 3152560

= 146

+ 80 )

- 60 -
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3.6
3.6.1

Study of Substructures

Foundation

As stated in Chaper 2, at the sites of the bridges,sandy
clay or clayer sand with many imbedded boulders with diameters of
1m to 5 m extends to a depth of from S m to 10 m before the
bedrock of granite or weathered granite is encountered.

For such s0il conditions, the pile foundation cannot be
adopted. The spread footing foundation is the only type suitable.

Excavation of the boulders will be done by open—~cut
smashing with dynamite.

In the case where the foundation is constructed on the
escarpment of the bedrock, the concrete by casting in place
should level the bed for the foundation as shown in the figure
below.

f___. -

Footing

\\‘\\“‘\\_ﬁ Bedrock

- 65 -



3.6,.2 Abutment

The following types of abutments are generally used, and
the appropriate height for each type is shown in Table 3.9

Gravity Type

Inverse T-shaped Type
Buttressed Type

Table 3,70 TYPES AND HEIGHTS OF ABUTMENTS

Height (m)
Type
10 20 30
Gravity Type — 5 . ?l
Inverse _ 13

T—shaped Tyoe

Buttressed Type —J20 gﬁ,
' ~

Since all the abutments in the three sites are from 6 meters

to 10 meters in height, the inverse T-shaped type should be
adopted.

3.6.3 Pier ,

Carriageways for both directions 6f traffic should be supported
by two piers and one foundation. The pier should be T-ﬁhaped.

- 66 —



3e6e4 Dimensions of Substructures

3.6e4.1 Abutment

—_

Length of Feoting (B)

21,0 . 15
045 9.0 2.0 9.0 0. 0.5 140
a4
| o
I
=] j- E‘
=
Y 3 —— T}
A T

Figure 3.27  GENERAL VIEW OF ABUTMENT

m
I L. '_‘-__‘
T.OT =
b -
6.0} -

L :' r i S
5401 | EJ
4.0-_—_—r—r
3.0] e R = 1000 &£
. ' : Reaction from Superstructure
2 o|' — R = 3500 4f
1,01

5.0 6.0 7.0 B840 9.0 10.0 11.0 12,0 13,0 m
Height of Abutment (H1) —>

Figure 3.28 GRAPH OF LENGTH OF FOOTING
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Pier

2.0

3-5.4.2
A - TYPE Fig. 3.38 DIMENSIONS OF PIERS
' 21,0 '
1040 1.0 10.0
I K
3.0 4.0 3.0 3.0 4.0 . 3,0
od L g
= o o]
(an
3
o
o
16.0
B -~ TYPE
21.0
10,0 1.0 10.0
o
\ — ‘
_ )
3.75 | 2.5} 3.75 3.75] 2.5| 3.75 °
g B
My
=1
o
o
15,0
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Table 3.12 8 RY O

CTIONS OF

CH BRID

Type

A}

-'(m) i:

Bl =
Co()

A{m)

Bd

R1
(%)

oy
)

(m}

A-Bridge

Pt

: B~Type

1220

7.5 |

1,772,

428

S 2,200

4.0

.?2

"

16,5

115

3,850

520

T 44370

Te5,

P3.

19.0

14.0

3,950

. 520

4,470

7.5

P4

1645

12.0

1,

428

: 2,199

4.0

P5

11.0

665

1,464

419

440

- P6

8.0

3.5

1,397

419

1,816

4.0

B-Bridge

P1

13.0

8.0

3,484

501

3,985

Te0

P2

17.0

1240

3,644

501

4,145

T.0

P3

11.0

6.5

1,681

427

2,108

4.0

P4

17.0

12.5

1,599

419

4.0

P5

17.0

12.5

1,599

419

2,018 -

4.0

- P6

15.0

10.5°

1,554

419

1,973 .

:400

P7

',19'Q

1445

1,877

441

2,318

:4-0 '. ‘

P8

27.0

22.0

44799

562

5,361

945

" pg

18.5

13.5

4,459

562

- 5,021

9.5

C-Bridge

Pi.

"

19,0

14.5

1,644

9

2,063

4.0

P2

LU AT

20,0

155

11657

419

2,086

4.0

P3

"o

20,0

1545

1,667

419

. 2,086

440 ;

o

18,0

13.5

1,622

419

2,081

4.0

. p5

17.0

12.5

1,821

438

| 2,259

:4'0 '

- P6

15.0

10.5.

1,176

438}

2,214 .

4.0 Rt

. P

n

16.0

11.5

1:577

419

1,996 -

4.0

P8

12,0

Ta5

i

1,487

419

© 1,906

4.0

P9

sl |lvliglglw|rirjivloljlw|wjw|> P lw|jw]|lw]i>]>

9,0

'4~5;

1,419

09 |

4.0

IR IR I I B B

1,838
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