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CHAPTER 5. ONNUT-1 TELEPHONE EXCHANGE

5.1 Service Area

The Onnut-1 Telephone Exchange is located in the eastern part of
the city of Bangkok. In part of the service area the Muangton Mobile
Exchange is in operation.

On the west, this service area adjoins that of the Phrakanong
Exchange across the Klong Kled. On the north, it borders with the
service area of the Klongchan Exchange across the Thai National Rail-
ways' East Line. On the east spreads the swampy land which abuts on
the service area of the Onnut-2 Exchange.

The whole service area embraces approximately 3,000 hectares.

Onnut~1 Exchange Bﬁilding Site (recommended)

5.2 Demand-Potential and Locational Features

In the Onnut-1 Telephone Exchange service area which is the éwampy
land for the most part, the residential land development is actively
in progress since recently.

At present, almost the whole service area is the housing area.
The housing construction is making rapid progress along the Onnut Read

and Phathanakarn Road.
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In this service area the subscribers that belong to the special
demand category do not exist. The growth of telephone demand depends
upon the progress of residential land development in the future,

Based on these locational features, the demand distribution map
was formulated and the demand forecast was conducted. The demand

estimates are as follows:

General Demand Forecast

1981 1986 1991
Demand 4,810 7,090 9,370
Growth rate 100.0 147 .4 194.8

5.3 Primary Cable Network Design

5.3.1 Selection of Exchange Building Site

After the demand survey, the cable distribution areas were
established and the network center was selected. In the case of
the Onnut-1 Exchange, the network center was located at the
intersection of the Onnut Road and Phathanakarm Road. Accordingly,
TOT was advised to expropriate the land in this neighborhood as

the exchange building site.

5.3.2 Design of MDF

a. MDF is to be the same type as in other existing exchanges,
i.e., the combined distribution frame type.

b. On the line side, the 258R terminal blocks with 600 pairs
per vertical are to be installed.

c. At MDF, the junction cables are to be terminated firstly

and then the local cables are to be terminated.

5.3.3 Number of Pairs of Entrance Cable

To be newly installed:

2400-.4 AP-FSF 3 lines
1800-.4 AP-FSF 1 line
Total 9,000 pairs 4 lines
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5.4

5.3.4 WNew Cable Installation in Various Directions
(1) Phathanakarn Road Direction

a. The existing feeder cable to CAB No. 007 is installed
through the private land. Therefore, the new cable
line is to be installed on the entrance road to the
Tee Chid San Ue Chue Liang housing complex and the

existing cable is to be withdraw.

b. CAB No. 016 is scheduled to be established in 1979
{according to the Buddhist calendar, 2525) in the
Huamak Exchange opening work.

In this design, which is based on the Huamak Exchange
design drawing, 300 pairs are assigned to that cabinet

area.

¢. For the Onnut Road, the road expansion work is expected
in the future so that, for the cross-connecting cabinets,
the locations which will not obstruct the road expansion
work have been selected.
As regards the MEA poles, their present locatlons are
used in this design because the road expansion work
period could not be known definitely.
The related cross-connecting cabinets are CAB Nos. 018,
019, 021, 024, 027 and 028.

d. For the end part of each underground cable line, the
aerial line is designed for less than 600 pairs.
5.3.5 Line Loss and DC Resistance

For all subscribers in the Onnut-1 Exchange service area the
line loss and the d.c. resistance are within the limit values

prescribed in the transmission sheet.

Subscriber Cut-over Design

(1) This work is to cut-over the subscribers of the Phathanakarn
Mobile Exchange now in operation and a part of subscribers of

the Phrakanong Exchange and Huamak Exchange.

-123 - .



(2)

(3)

(4)

For the Phrakanong Exchange and Huamak Exchange subscribers
who are located distantly from their respective exchanges,

the multiple cut-over is to be carried out,

Cut~over of Phathanakarn Moblle Exchange Subscribers

a. The 01 cable cut-over is by multi-connection to the newly
laid 03 cable in the pulling box No. 003. And, on the
pole No. 8 in front of the mobile exchange, the existing
cable (59-01:1-100, 201-400) and the newly laid cable
(42-03:1-300) are to be multi-connected.

In CAB No. 007, 200 pairs (59-01:1-200) are terminated.
The subscribers accommodated in the cable (59-01:101-200)
are to be jumpered to the vacant circuits of (59-01:1-100)
in the cabinet or at the MDF and thereby returned to the

new exchange.

b. The 02 cable cut-over is by multi-connection of all cir-
cuits to the newly laid cable (42-03:601-1800) in the
pulling boxes Nos. 001 and 005.

Cut-over of Phrakanong Exchange Subscribers

a. On the MEA pole No. 1 in front of CAB No. 029 the Phrakanong
Exchange cable (30-01:1-600)} and the newly laid cable
(42-01:1-600) are to be multi-comnected for the purpose
of multiple cut-over of subscribers in the direction of

Mittapub Road.

b. CAB No. 027 secondary cable (027-01:1-300) is to be
ingtalled in advance and is to be multi-connected to the
existing secondary cable (008-02:1-100) on the MEA pole
No. 183,

c. By the abovementioned arrangements the multiple cut-over
of the Phrakanong Exchange subscribers in the Onnut-]

Exchange area can be realized.
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(5)

(6

Cut-over of Huamak Exchange Subscrikers

in the Huamak Exchange CAB No. 040, the Huamak Exchange
cable (28-01:2101-2300) and the newly laid cable (42-04:301-
500) are to be multi-connected.

However, the number of working circuits could not be
ascertained because of being before the completion of the

Huamak Exchange work.

After the Onnut-l Exchange service-in, the mobile exchange

is to be withdrawn.

5.5 Design of Underground Conduit

(1)

(2)

(3)

(4)

The entrance manhole and entrance duct design will be made
by TOT.

On the assumption that the new exchange building site would
be the Phathanakarn Road and Onnut Road intersection, it has
been tentatively decided that the entrance manhole be the
V-3 type, and on this assumption the related design has been

prepared.

The conduit location on the Phathanakarn Road has been
decided to be on the western side of the road at the request
of the road administrator.

For this reason, the road-occupying location of the conduit
changes in the section where the conduit is to be connected

to the TOT-planned underground conduit that uses the highway.

The pulling box No. 013 (JUF-11) cannot but be the deformed
pulling box becuase of the narrowness of the sidewalk and

the existence of the drain pipe under the road.

The locations and types of bridges are as follows:
i) Between manholes Nos. 002 and 003
Number of pipe lines: 9 (3 lines in 3 steps)

Bridge length: 117.0m with 13 spans
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ii) Between manholes Nos. 011
Number of pipe lines:
Bridge length:
iii) Between manholes Nos. 016
Number of pipe lines:
Bridge length:
iv) Between manholes Nos. 001
Number of pipe lines:
Bridge length:
v) Between manheles Nos. 027
Number of pipe lines:
Bridge length:
vi) Between manholes Nos. 030
Number of pipe lines:
Bridge length:
vii} Between manholes Nos. 033
Number of pipe lines:
Bridge length:
viii} Between manholes Nos. 035
Number of pipe lines:

Bridge length:

(5) The bridge strength calculations are refer to appendixes.

and 012

9 (3 lines in 3 steps)
21.2m with 3 spans
and 017

9 {3 lines in 3 steps)
22.0m with 3 spans

and 022

12 (3 lines in 4 steps)
27.8m with 3 spans
and 028

12 {3 lines in 4 steps)
36.0m with 5 spans
and 031
12 (3 1lines in 4 steps)
36.2m with 5 spans
and 034
12 (3 lines in 4 steps)
32.1m with 5 spans
and 036
12 (3 lines in 4 steps)
32.0m with 5 spans

-




TOT bridge will be installed in the canal

5.6 Secondary Cable Network Design

(1)

(2)

CAB No. 010 (Siam Phathanakarn Center)

The pole erection in the Center is planned by MEA. However,
the work design has not yet been completed.

In this cable work design, 400 pairs are to be installed on
the Phathanakarn Road in order to reserve the cable conductors

to be assigned to the Center.

In the undermentioned areas, the housing construection has not
v 2t been completed. Therefore, the cable distribution plan
for those areas is a desk plan based on MEA's pole erection
plan drawing. Tor the areas where MEA's pole erection plan
is still pending, the cable work is withheld this time so
as to avoid the duplication of MEA's and TOT's pole erections.

CAB No. 011 area

CAB No. 012 area

CAB No. 015 area

CAB No. 022 area

CAB No. 023 area
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{3) The Huamak Exchange CAB No. 040 primary cable is to be used
as CAB Nos. 014 and 017 secondary cable after the Onnut-1

Exchange service-in.

(4) For the areas where the land development has been completed
but the housing construction is being delayed, the cable work
design is withheld. Those areas are as follows:

CABR No. 020: Phathanachumchon Tua Yang Villagé
CAB No. 025: Chadsankrahuang Kalkung Village
CAB No. 026: Chadsanveera Village

Sl em
v

Reservation Area for the Residential Land
Development Project
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Phathanakarn Mobile System (in service)

5.7 Amount of Construction Work
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AMOUNT OF CONSTRUCTLON WORK

SECTION DESIGNATION UNIT QUANTITY REMARKS
PRIMARY | SECONDARY | TOTAL

A A-8 ea 13 2 15
BIBS " 17 197 214
BICS " 17 17
B BIFS " 3 3
B2B " 10 10
Section "B" Total " 34 210 244
c C5A2B S 34 200 234
E 10 . 4 A2 100m 22.3 22.3
E 25 . 4 AZ " 67.8 67.8
E 50 . 4 A2 " 67.5 67.5
E 100 . 4 A2 " 9.1 73.6 82.7
E 200 . 4 A2 " 30.8 30.8
E 300 . 4 A2 " 33.9 61.3 95.2
E 400 . 4 A2 " 2.2 25.0 27.2
E E 600 . 4 A2 " 12.9 12.9
E 10 . 5 A2 " 0.4 b
E 25 . 5 A2 " 6.9 .9
E 50 . 5 A2 " 16.5 16.5
E 100 . 5 A2 " 4.4 4.4
E 200 . 5 A2 " 1.0 1.0
E 300 . 5 A2 " 11.8 5.0 16.8
E 400 . 5 A2 " 9.0 9.0
E 600 . 5 A2 " 1i.3 11.3
Section "E" Total n 81,2 391.5 472.7

G 10 m 7.3 7.3 AP-FSF cable

6 G 600 . 4 " 9.8 98 "
G 900 . 4 " 0.8 0.8 "
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QUANTITY

SECTION DESIGNATICON UNIT REMARKS
d PRIMARY SECONDARY | TOTAL
G1200 . 4 100 m 1.3 1.3 AP-FSF cable
G1800 . 4 " 29.0 29.0 "
G2400 . 4 " 27.6 27.6 "
G 600 . 5 " 0.4 0.4 "
G 900 . 5 " 13.1 13.1 1"
G G1200 . 5 " 10.8 10.8 "
G 100 . 4 A2 " 0.2 0.1 0.3
¢ 300 ., &4 A2 " 1.0 0.5 1.5
G 400 . 4 A2 " 1.1 1.1
G 200 . 5 A2 " 1.6 1.6
G 300 . 5 AZ " 0.1 0.1
Section "G" Total " 101.4 3.3 104.7
J J 300 . 5 P3 10m 15.5 15,5
KA11G2 ea 5 5
K KB12 " 452 452
Section "K" Total " 457 457
L 200 ea 24 24
L 50 R2 " 1 1
L L 100 B2 " 2
L 50 B2 " 1 1 For new type
cabinet
L 100 B2 " 59 85 144 "
Section "L" Total " 89 88 177
MIAP ea 2 58 60
MIBP " 23 72 95
M MICP " 6 6
M3AP " 3 4 7
M3BP " 490 24 64
M3CP " 48 48
Section "M" Total " 122 158 280
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QUANTITY
SECTTON DESIGNATEON UNIT REMARKS
PRIMARY SECONDARY § TOTAL
PP9B 100 m 2.0 2.0
PP12B " 2.1 2,1
PVIB ' 9.4 9.4
PV12B " 1.8 1.8
Px9B " 21.8 21,8 |[x: TOT
determined
P Px12B " 25.4 24.4 "
' PP2A " 0.4 0.4{ Riser to pole
PV2A " 5.7 5.7 "
PV4A " 0.9 0.9 "
PP4A " 1.7 1.7 | Riser to
cabinet
PV4A " 7.6 7.6 "
Section "P" Total " 77.8 77.8
QA-2 ea 33 33
Q QJUF-11 " 25 25
Section "Q" Total " 57 57
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APPENDIX

CALCULATIONS.OF BRIDGE STRENGTH

[1] CWEx, Area . . . . . . .. 135

T2] RID Ex. Area . . . . . . . 140

[31 ONEX. Area . . . . . . .. 170
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Design Calculations for TOT Bridge between MH #061 -~ MH #063 in CW
Ex. area
A. Calculations as Combination Type GIP Bridge (#12 mm irom bars welded
around the pipe)
a, Design Conditions
i, Conduit lines 4 lines
ii. Interval between piers 16.0 m

iii, Weight per m

Pipe (GIP #4") 12.4 x 4 = 49.6 kg/m
Cable (0.4-2400F) " 8.7 x 3 =26.1 kg/m
Total = 75.7 kg/m = 0.757 kg/cm

b. Calculation of Moment of Inertia

s

sz

Ix : Total moment of inertia in case of combined pipes
Io : Moment of inertia of one pipe 232.6 cmd
A .+ Sectional area of one pipe
(B=dHxF = (141%1051")x L= = 15.490n*
Ix = 410t 4AY2 = 4% 2326 +4x 1549 x4.2%= 3312.12 % 3312Cm*

c. Calculation of Deflection

Y = swi* sxo7ex/e00t
384EL ~  384X21x10x3312x0.7

= @ . _1600
13.30m > 555~ = —See— = 5.33Cm

In the case of the combination Type GIP bridge specified above,
the deflection becomes too large. Therefore, the bridge is to
be composed of the specially established main beam with the
pipes attache& thereto. On the basis of this type of bridge,

the foliowing calculations are made.
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B. Calculations for Bridge Using Channel Steel as Main Beam

{Refer to the illustration below.)

L -50x50x4 $ 9™ BOLT

f g =.524 /

L )
—
N
L-300 x 90x 9 x 13 ;
( MAIN BEAM} IR
Ny
[*]
) 2
8
.09 |.7/0 1 L2 fIOI .09
! !
. 524
a, Design Conditions
i, Length of bridge 6.0 m
ii. Main beam [- 300 x 90 x 9 x 13 Unit weighc:
38.1 kg/m
iii. Cross beam L=50 x50 x4 Unit weight:
3.06 kg/m
iv, Lateral bracing LL- 50 x 50 x & Unit welght:
3.06 kg/m
v. Allowable stress Oca.= 1400"24Ce/b— 4.5)

Bending compressive stress

where
£ : Length between flange fixing points
b : Breadth of flange
Fe Tca= 1400-24(139% - 4.5) = 1001.3K/tm?
T ta= |4.0Q I<$/&mz : Bending tensile stress

=Za_= 800 I(.?_ : Shearing stress
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b.

Load

Pipe 12.4 x 4 = 49.6 kg/m
Cable 8.7 x 3 = 26.1 kg/m

U-bolt 3.42 = 16.0 = 0.21 kg/m

(Weight per piece (£ = 75 cm):
0.499 x 0.75 = 0.38 kg
Since ninelpieces are used,

0.38 x 9 = 3.42 kg)

Cross beam (L- 50 x 50 x 4)

22.4 2 16.0 = 1.4 kg/m

{Weight per piece (& = 52.4 cm):
3.06 x 0.524 = 1.6 kg

Since five pieces are used in
the upper part and nine pieces
in the lower part,

1.6 x 14 = 22.4 kg)

Lateral bracing (L~ 50 x 50 x 4)

45.12 + 16.0 = 2.82 kg/m

(Weight per piece (L = 92.3 cm):
3.06 x 0.923 = 2.82 kg
Since 16 pieces are used,

2.82 x 16 = 45.12 kg)

Total weight = 80,13 kg/m

Dead load of main beam { [~ 300 x 90 x 9 x 13)

38.1 kg/m

Uniform load g, on one main beam

_80.13 + (38.1 x 2)

= 78.165 = 79 ke/m
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c. Calculation of Maximum Bending Moment

42 2
Mmoo = —Q"—8—4~x100= ji’%f—o—m-xloo = 252,800}5-Cm

d. Calculation of Shearing Force

84 79x 160 |
Sa=3B = —& = -——’é—-:sazkg
e. Calculation of Each Stress
— . 252800
ot = 6x = Mmoo B28W _ 5803 Kg/en?

0t  gta= 10043 Keen® or 6 ko = 1400¥%g/cpy2

Z = Section modulus of [~ 300 x 90 x 9 x 13 = 429

_ . SA _ _g32 __
C= Aw - 2ag6 = 256Kz Za = 800K 1,2

(AW = Sectional area of web = 0.9 x (30-2.6) = 24.66 cm?)

f. Calculation of Deflection
4 4
Y = SFLY _ _ 5x079X1600%  _ g
384.-F1 384X 2.1 X [0 8440
¢ | 600
= = = 3 Cm
5.0 m < 355 Soe = 53

Therefore, the bridge using [~ 300 x 90 x 9 x 13 as main

beam will be adopted.

C. Calculation of Pile Length
a. Load
i. Load from upper structure

(46.9+26.l+38.lx2)xlg.0+3.42+22.4+45.12 = 1,229.1 kg

ii. Abutment

(0.6 x 0.5 +9'—6-’;—1'—3lx 1.3 x 0.5) x 1.0 = 1.14 n3

(1.3 4+ 0.2) x (1.0 + 0.2).x 0.10 = 0,18 m3

(L.14 + 0.18) x 2,300 = 3,036.0 kg
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load on one pipe, P

P = 1,299.1 + 3,036.0 = 4,265.1 = 4.3 ton

b, Calculation of Pile Length

i. Kind of pipe
ii. Pipe root depth
iii. Soil

230

—

h = 100
j§
RN

-\

A=0.3x4=2L2m

=10.0m

F = 1,800 kg/m?

1.2 x 10.0 x 1,800
' 2

= 10,800 kg > 4,300 kg

0.30 solid square PC pile
10.0 m (provisional)

Soft soil

P = 4,300 kg

A : Circumferential length of pipe
h : Pipe root depth

F : Frection of pile (based on

TOT data shown below)

Frection of Pipe (F)

Ground Level F (kg/m?) Kind of Soil

0- 6&m 1,470 Soft soil
O0- 6&m 2,000 Hard soil
6 -14m 1,800 Soft soil
6 - l4m 2,000 Hard soil

14 - 15 m 4,000 "

15-21m 6,000 "

Therefore, the pipe root depth provisionally set at 10,0 m

ensures full safety.
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Bridge Strength Calculations

{Ramindra Exchange)

Contents

Calculatijons of Combination Type GIP Bridge
1.1 Bridge with 9 Pipe Lines

1.2 Bridge with 24 Pipe Lines

Calculations of Bridpge Pier

2.1 Type of Upper Part of Bridge Pier

2.2 Calculations of Pier of Bridge with 6 Pipe Lines

2.3 Calculations of Rigid-Frame Bridge Pier

2.4 Calculations of Pier of Bridge with 9 Pipe Lines

2.5 €alculations of Pier of Bridge with 24 Pipe Lines
(6 lines in 4 steps)

2.6 Calculations of Pier of Bridge with 24 Pipe Lines

(4 lines in 6 steps)
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1. Design Calculations for Combination Type GIP Bridge (412 mm iron

bars welded around the pipe)

For the six-line bridge in which case the interval between piers

is 6.6 m, the iron bars welded method is not adopted,.

1.1 Nine-Line Bridge

a. Design Conditions

i.

ii.

iid.

Interval between piers 10.0 m

Weight per m

Pipe 9 x 12.4 = 111.6 kg/m
Cable 8 x 8.7 = 69.6 kg/m
Total W = 181.2 kg/m

Allowable Stress

6éh.= 1,400 kg/cm2 {bending tensile stress)

b. Calculation of Moment of Inertia

P
Lz4zz41
X

Ix : Total moment of inmertia in case of combined pipes
Io : Moment of inertia of one pipe 232.6 cm?

A : Sectional area of one pipe

A= (F - ¢ x %%— = (11.41° - 10.51%) = 15.49 cm?

TIo + A X y2 = Ix {(ca%)
232.6 x 6| 15.49 x 6 12.4
= 1,395.6 | = 92.94 = 153.76 15,686.1
232.6 x 2| 15.49 x 2
= 465.2 | = 30.98 0 465.2
Total 16,151.3
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c. Calculation of Deflection

Y - swi* _ _ sxamzxto00t L o
384ELy ~  384x21X[0SxI6I51.3x07 T 7
2 _ _{ooo __
1.00m 555 = 1982 = 3.330m
Therefore, safe.
d. Maximum Bending Moment
z X 10002
Mmox: M— = 1.812X] = 2?6.500K3'CW\
8 8
e. Calculation of Stress
Z : Modulus of section
T« ;61513xo7 3
Z = — = — S e . C
Af T4 1202.5Cm
- M 224.500 -
0\} 2 ° “TThs028 = 173.?k?/a~\< 0-\;/0_—-14-00}:%“2

Therefore, safe.

1.2 24-Line Bridge
1. In case of 6 lines x 4 steps = 24 lines, the interval between
piers is 7.0 m, so that the pipe bridge is adopted.
2. In case of 4 lines x 6 steps = 24 lines
a. Design Conditions
i. Interval between piers 10.0 m

ii. Wedght per m

1

Pipe : 24 % 12.4 = 297.6 kg/m

Cable ¢ 23 x 8.7 = 200.1 kg/m

Total 497.7 kg/m
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b.

Calculation of Moment of Inertia

To + A = Ix (cm4)
232.6 x 8 | 15.49 x 8 | 31,02
=1,860.8 | = 123,92 | = 961.0 -|120,947.92 .".‘r.;.4 S
I N Y
232.6 x 4 | 15.49 x 4 | 18.62 »’43*3434 BE
= 930.4 | = 61.96 | = 345.96 | 22,366.08 x——- Ol S %
900
232.6 x 4 | 15.49 x 4| 6.22 &..*.4
= 930.4 | = 61.96 | = 38.44| 3,312.14 9000
Total 146,621.1

c.

d.

e.

Calculation of Deflection

= 0.3 (i

Y = Swi4 5x 4.98x jooot
384EIx 384 x2A%109% 146626\ x 0.7
Y= 03em < 3%0-"”1'5%?70:3'33&“

Therefore, safe.

Calculation of Maximum Bending Moment

2 2
Calculation of Stress
L 1466261 x 0.7  _ )
i= =Y 5T.0t186+6.3 S6€7-7 Cm
) _ 622500 _, =
0" = -—-—2—- = —'—2—2—5;:-7—- = 235_.? k;/wz < 0:}_-@_ 1400@/%2

Therefore, safe.
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2. Calculation of Bridge Pier
2.1 Type of Upper Part of Bridge Pier
The six-line bridge is of the type shown in Figure (a).

The nine-line and 24-line bridges are of the type shown in

- Figure (b).

;___

{ ]

_ T-
*J | B ‘ :E=£::E 8 :hl::_ rx,j

7 v/
\ SQUARE PC_PILE SQUARE PC_PILE

Figure (a) Figure (b) Rigid Frame
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2.2 S8ix-Line Bridge Pier

Calculation of Pile Roeot Length

P=710.0K3 P = 7/00K3

aléo™

QZLI o330
Y

—r7 e

= 507
i\

|

)
N
\)

a. Load
i. Load from upper structure

Pipe . 12.4 x 6 x 6.0

446.4 kg

Cable . 8.7 x5x 6.0 = 261.0 kg

Total P

707.4 kg = 710 kg
ii. Weight upper part of bridge pier

(0.6 x 0.3 + 949—%—9422'x 0.20) x 0.22 £ 0.06 m3

W= 0.06 x 2,400

144 kg = 150 kg
Load on one pile

P+ W= 710+ 150 = 860 kg
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Pipe Root Length

Type of Pile: 0.22 solid square PC pile

Pile root length: 5.0 m (tentative)

Soil: Soft soil

P+ W= 860 kg

Re AL
A=0.22x4=0.88nm
h=50m
F = 1,470 kg/m?
A : Circumferential length of pile
h : Pile root length
F : Frection of pile
Based on pile length calculation terms
in the case of Chaengwatana Exchange.
R = 0.88 x 3.0 x 1,470 _ 3,234 ke
R=3,234 kg > P + W = 860 kg

Therefore, the tentatively set pile root length

of 5.0 m is sufficient,
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2.3 Calculation of Pier of Rigid Frame Bridge

Design Conditions

j%l

i, For the upper part of the bridge pier, the rigid frame
as shown in the illustration is to be adopted.
ii. Concrere should be the type that satisfies the following
requirements:
Unit strength
O-ék. = 210 kg/cm?
Maximum size of coarse aggregate
25 em
iii. Uonit weight by volume of reinforced concrete
We = 2,400 kg/em3
iv., Allowable stress
Reinforcement

05o. = 1,400 kg/cem?
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Concrete

Bending compressive stress
Jca = 70 kg/em?

Shearing stress

Lo =8 kg/cm?

2.4 Pier Calculation for Nine-Line Bridge

(1) Section

&S
, N N L _ ]
EI- 70" 58
«:2 N
Y
. o :
N B S ]
) ) it
[~
t1=2? 48 |tr=2"2’: b=22
L]
92"
(2) Load
wi
The rigid frame is applied
B C .
on condition that the load
¥ is as shown in the illustra-
o
[3Y]
~ tion at left.
[
£~ 707" <
w2
A b Je o) } 3 D 1
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W, : Load to act on upper member (kg/m)

Wy : Load to act on lower member (kg/m)

tl : Thickness of vertical member (m)
ty ¢ Thickness of upper member (m)
ty ¢ Thickness of lower mewber {(m)

1) Upper Load

Pipe 12,4 x 9 = 111.6 kg/m
Cable 8.7x 8= 69.6 kg/m
Other 1.8 kg/m

Total 183.0 kg/m

P = 183.0 x 10.0

1,830.0 kg

WP = 1,830.0 + 0.70 = 2,615.0 kg
Wl = WP + 2,400 xt xb

= 2,615.0 + 2,400 % 0.25 x 0.22 = 2,747.0 kg/m
W2 =2,400x t xb

2,400 x 0.25 x 0.22 = 132 kg/m
{3) Stress

1) Relative stiffness

L= = (Fxg = (G e
o, = Ny = 2 +0(= 4.62
2) Load term
- %_a_,z= 274'[7‘gx0.7'2__= 112.2 Kg-m
Cpa ™ Cap = ©
Cpp = — "?U,’;L’z - ‘32“:;‘7'72 = - 5.39 kg'm
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3) Angle of rotation of joint

_ N1 (Car-Cap) - (Cac~Caa)
A NiNz -1

4.42C0+539) —((122-0) _ _ _ 4 29 Kgm
4622 4 '

_ Nz {CBc—=CBad-(Can- Cand
B Ny N2 —1

242(112.220) (045313 _ 55 2f kom
4.42% |

4) End moment
AR 2 84 +. 8~ Cag
2 x (-4.29) + 25.21 - 0 = 16.63 kg.m

=
]

]

=
n

AD 8604+ Cab
2.62 x (-4.29) + (-5.39) = -16.63 kg.m

MBA = 288+ QA -+ CBA
2 x 25,21 + (-4.29) + 0 = 46.13 kg.

Mpe = X Gs~ Cae
2.62 x 25.21 - 112.2 = —-46.13 kg.m

5) Shearing force and axial force

(T ity
NAB = > — + 2408 x b-11+X

_ 2747 20x0-7 + 2400 X 022 X 022X

= 74145+ 1/4./16 X

Nge = S 7 ©

Nap = Sap = ©
Spe = Il o ZTAROXOT o o415k
Spp = E%Q— = "@"?fzx_o'l = - 462
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6) Maximum bending moment

2
MEZ_ _—"Wéﬂ - Msc

27470 x?lz_ (- 9643} = 2144 Kgm
8

2
Mp3 = —-—-—V?Q - Map

2
= -l32.§ XO0.7 _ r /4.43) = 8B.55kg-m

7) Inflection point
Member AD

No inflection podint

Member AB
X = h - f.25 = 033m
1 Mg4 +Mas 24.03416.43
Mas /6,63
Member BC
X = _OBC iJgaé +2Wi +Mee
2 w
i

- 981,45 Ty Ge1 4524 2x 2747 0 X (= db6.12)

= 0650m or 0.95tm
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8) Bending moment diagram and shearing force diagram

et

=5
3
3 " 9
+ ~
[} 3: '60,.
B - N
-g44 R C
¢ -}
+) !
-
]
¥
m
~
o
fn
R
(+)
T T I I T I I " __-.—r—rrr‘rrﬂ_ﬁlrﬂ
7663 A - ~ D
3 ° 3
< o <+
-
Figure-M Figure~3
(kg/m) (kg)
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{4) Calculation of Section -
The calculation of section is made by the bending moment
in the central part of Member BC, The value obtained
applies to the total cross section. The shearing force is
calculated at the edge of Member BC.

1) Assumption of section

b
[
w5 ™

t2 = 25°™
o = 20°™

=
i

h=22°

2) Calculation of volume of reinforcement

- M
AS Osa~] - d

_ __21440 _ 2
1400X 74 x 20 0.7 Cm

provided j = 7/8

When two pieces of ¢9 mm reinforcement are used,
the tension side volume of reinforcement is

Ag = 0.6362 % 2 = 1.2724 cm?
On the compression side also the reinforcement is
used so that the compression side volume of re-

inforcement is

Ag' = 1.2724 cm?

The study is made on the basis of such double reinforce-

ment beam.
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3) cCalculation of neutral axis

_ N(ASTAY) J N(ASHAS) 12, 21 2.d’
Tt { T B 5 (Asat A d)

[l

¥

1272 X2
I5X1.2724X2 4 +'\/{ 5x1:2724%272, 2XI5, | 2724.(20+5)

8.546 cm
4) Study of stress
a) Compressive stress

M
DX (4- Zyanas S0 (d-4%
} M

22X 8546 _ 8544 8.546-5)
> (zo0 3 )+I5X/.?7Z4X(—5,:5F—(Zd—5)

Jde =

.81 K3/om*< Géa=70Ka/emz .. Ok

b) Tensile stress

. hJs(d-x
O\é - cx

-8.544
- ’5"’”~88’g‘i°68 2 = 2374 Kn< Pa=1400 Tk

S 0K

c) Shearing stress

> - 94 /453.545 )= 255802  Ta= 8 F¥fu?
3

22020 —

AN &

Therefore, the tentatively set ¢9 mm reinforcement
provides the required safety.
(5) Calculation of Pile Root Length
a) Load
i) Load from upper structure

P, = 1,830 kg
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ii) Weight of upper part of bridge pier
From Figure 1:

Y

(0.92 x 1.50 - 0.48 x 1.0) x 0.22 x 2,400

475.2 kg

Load on one plle

1,830 + 475.2 % 2,310 kg

m
n
o
o
o
|=
g%
|

= 1,155 kg

b) Pile root length
i. Type of pile: 0.22 solid square PC pile
ii. Pile root length: 6.0 m (tentative)

iii. Soil: Soft soil

P = 1,155 kg
_AhF

R="
_ 0.88 x 6.0 x 1,470
= 2

3,881 kg > 1,155 kg

A=0.22x4=20.8m
h=6.0m
F = 1,470 kg/m2

Therefore, the tentatively set 6.0 m pile root length

is suffiecient.
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9.5 Pier Calculation for 24-Line (6 lines x 4 steps) Bridge

(1) Section

'
- L]
N
-p_ e e — —
- N —
i ?
J 1]
~ ¥
N o 8
3 O
o NS
299"
\ / _ —
5
. - m
~)
o™ oot “m
Tr=24 73 tr=26
! L
125" be24
(2) Load
Wi
| | The rigid frame is applied on
B C )
condition that the load is as
shown in the illustration at
¥ left.
vy
N -
A = g9<™ X
N
wel L1) )
A D
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W, : TLoad to act on upper member (kg/m)
W, ¢ Load to act on lower member (kg/m)
t1 : Thickness of vertical member (im)
Thickness of upper member (m)

ty * Thickness of lower member (m)

1} Upper Load

Pipe 12,4 x 24 = 297.6 kg/m
Cable 0.7 x 23 = 200.1 kg/m
Other 2.3 kg/m

Total 500.0 kg/m

P = 500.0 kg/m x 10.0 m = 5,000.0 kg
W, = 5,000.0 kg/0.99 m = 5,050.5 kg/m
W) o= W, + 2,400 kg/md x t9 x b
= 5,050.5 + 2,400 x 0.25 x 0.26 = 5,206.5 kg/m
W, = 2,400 kg/m3 x t3 x b

2,400 x 0.25 x 0.26 = 156.0 kg/m
(3) Stress

1) Relative stiffﬁess

oL P F

0.25 .3 t25  _
(o386 X 0.99 1122

2) Load term

- Wn0® 52045 x097° _ .
53¢ Tz 7z = 4252 kgm
CBA = Cag =0

_ —wpd® | —580x087% r<qmm
Cap = 12 12 = —127"%
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3) Angle of rotation of joint

da = N1 (Cdg = Can)-(Cac - Cpa)d
. Ni N2 -1

3.122C0+12.7)~ 4285 2-0)
2.122%

— a4l kg:m

08 = Nz(Csc-C84)-(Caa-Csb)

3.122(4252-0)-(0+12.7)
3.122 2.

= 1503 Kg\m

4) End moment

Mia 204 + 8 - Cag

il

= 2X(-¢4A)+150.3- 0

= 62 Kg'm
Mp = B-Ba+t Cap

= 122X (-440dXF(-12.7)

= - &7 Kgm -
Mpa = 26e+ B4+ Cga

= 2X150.3-441+0

= 237 kgm

]

o 88~ Cae
= 122 x 1503~ 4.25.2

M5c

T =257 k;-m

5) Shearing force and axial force

N = Eféi’-‘- + 2400 x b-ty-X

5206.5 x 0.99
2

+ 2400 x 0.26 X 0262C

= 25772 + 1622 X
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BC BA
NAD = SAB = 0
s = _Wi-& _ 52065x099
BC 2 - 2

= 25772 Kg,
§ = Wz _  —154.0 x 099
AD 2 2

= —77.2kg

6) Maximum bending moment

2 - 2
M, = Wé £ ~ Mse = 5206.5; 0.99 + 257
W= L% - z
My, = —F= - MaAp — :56.08x 0.9¢ +62
= 43 Kg'm
7) Inflection point
Member AD
No inflection point
Member AB
_ o _ 1,25 02
17 Mpa +Mag  ~ T 25744z 24m
Mag 62
Member BC
. = -SseC 4/ Sgc +2W1 - Mac
2 Wy

2477211/ 28772° + 2x352045x(-2¢7)
$2086.5

oltm 6y 0.88nm
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8) Bending moment diagram and shearing force diagram

it
Fn" Xo=01f o~
N —_l 33 R
® n
Q\ N
257 8 v 1 C
(-1 ] (=]
(+)
g _ 1
3
? (+)
by
62 A e PSS = m ma 1
3 ¥ S
[
Figure-M Figure-S
(Kg/m) (Kg)

(4) cCalculation of Section
The calculation of section is made by the bending moment
in the central part of Member BC. The value obtained
applies to the total cross section. The shearing force
is calculated at the edge of Member BC.

1} Assumption of section

3
LNy
5 i
MR ! R S o |31
"9} 45
u| 2 N
o . "
|, o o | X -
i
b= 265
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2) Calculation of volume of reinforcement

M . .
A, = — rovided § = 7/8
5 O’fsa,-é.d P d
9500

[}

1400 X (7/g) x 20

3.65 cm2

3

When two pieces of #16 mm reinforcement are used,

the tension side volume of reinforcement is

Ag = 2.011 x 2 = 4.002 cm?
On the compression side also the reinforcement
is used so that the compression side volume of
reinforcement is

Ag' = 4.002 cm?

The study is made on the basis of such double

reinforcement beam.

3) Calculation of neutral axis

% = .lLQAEiZEQ__+x/ ﬂ!AS1VQ§} + (A5d+AS d)

15%2 X4.022 \/ Bx2X 4.022V%  =2x|5x4.022
26 { 26 }"‘ 2g

H

7.088 Cm

4y Study of stress

a)

Compressive stress

GYE M
bXX (4~ Zr+ NAs —J—cd 4%

879500

(20+5)

26X 088 (. 7088)+,5X4 022 (7088 5)

47.3 Kg/mz < Gha = 70 Kﬁ/sz
s OK
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b) Tensile stress

[

6 - ndégc:d—x)

I5x47.3(20~-7.088)
7.088

1292.5 Kz < GFa. = 1400Kg/e,2 o OK
¢) Shearing stress

4 2
b(d- 5

= 257722
26 (20— 4288,

5.6 Kfomz < Ta = 8 Fgepr 2. OK

Therefore, the tentatively set ¢16 mm reinforcement
provides the required safety.
(5) Calculation of Pile Root Length
a)} Load
i) Load from upper structure
Pl ? 5,000 kg
ii) Weight of upper part of bridge pier

From Figure 1:

W= (1.25 x 1.50 - 0.73 x 1.0) x 0.26 x 2,400 =715kg

715 kg
Load on one pile
5,000 + 715 = 5,715 kg
P=5,715 + 2 £ 2,860 kg
b) Pile root léngﬁhm
1) Type-of pile: 0.26_solid square PC pile

ii) ~ Pile root length: 10.0 m (tentative)
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iii) Seil: Seft soil

P = 2,860 kg
AL F
R="

1.04 x 10.0 x 1,800
2

il

9,360 kg > 2,860 kg

A=0.26x4=1.04m
h=10.0m
F = 1,800 kg/m2

Therefore, the tentatively set 10.0 m pile root length

is sufficient.

2.6 Pier Calculation for 24-Line (4 lines x 6 steps) Bridge

(1) Section

'
iy = N
*’- e . wr—— vy
Y
Eh :
N § EQ
T
¥ § 9
£=?4‘ﬂ
— 1/ " L
| %
31
£1226 49 Iﬁ::z? b2l
100°™
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{2) Load

Wi
B X c The rigid frame is applied
h
on condition that the load is
as shown in the illustration
§ at left
™ .
N
[]
L7 |
W2
AA ND
where

Wl : Load to act on upper member (kg/m)

W2 : Load to act on lower member (kg/m)
By ¢ Thickness of vertical member (m)
ty : Thickness of upper member (m)

ty i Thickness of lower member (m)

1) Upper Load

Pipe 12,4 x 24 = 297.6 kg/m
Cable 8.4 x 23 = 200.1 kg/m
Other 2.3 kg/m

Total 500.0 kg/m

P = 500.0 kg/m x 10.0 m = 5,000 kg
WP = 5,000 kg/0.74 m = 6,756.8 kg/m
Wy = W, + 2,400 x ty x 0.26
=6,756.8 + 2,400 x 0.25 x 0.26 = 6,912.8 kg/m
W2'= 2,400 x ty X 0.26

2,400 x 0.25 x 0.26 = 156.0 kg/m
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{3) Stress

1) Relative stiffness

X = B=(F )x B‘
(2229, L22 = 502

Nl = N2 = 2+ = 3,502
2) Load term

Wi (2 _ _49/2.8x0.74%

Cac = 1z 12

CBA Cas = 0

- _ -154.0 x 0742

Cap = iz 2

3} Angle of rotation of joint

Ni CCa~Cap) —(CBe-CBA)

On Ni Nz -1

3.502(0-712)~C315,5-0)

3\5022— 1

= =25.8 kg.m

O Nz (Cre-Csa)—(Cas-Cad)
Ni-Nz -1

3.502(3!5.5~0)-(0+ 7.12)

3.502%-1

97.46 kg.m

4) End moment

2804+ @ —CaB

M g

2 x (~-25.8) + 97.46 - 0

45.86 kg.m
Mgy = BOat Cap

1.502 x (-25.8) - 7.12

= =45.86 kg.m
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Mo, = 208t Bat Csa
=2 x 97.46 + (-25.8) + 0
= 169.12 kg.m

Mpe = oL B - Cac

1.502 x 97.46 - 315.5

-169.12 kg.m

5) Shearing force and axial force

. Wi~ d
Mg = ——g + z400 X 0.246 x Lix X
d?/Z.%x 074 4 5400 x 0,26 X0.26 X
= 25547 + 162.2X
Npg = ~Sgp = 0
Nyp = Sp5.= 0
= Wil
SBC . 2
_ 69128 x 0.74.
2
= 2,557.7 kg
8 - WZ‘ Q.
AD 2
_ 156.0 x 0.74
= 57.7 kg

6) Maximum bending moment

F4
My = ’JQ%%QL"' Msc

g
6?!2.88)4 0,74 + 169,

642.3 kg.m
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- . 42
Moy = _W'g—-MAD

2
— 158 )éo.74- + 45.9

35.2 kg.m
7) Inflection point
Member AD

No inflection point

Member AB
- % _ .25 _
1 MpaA + Mag 1691 +45.7 =0.27m
Mag 45.9
Member BC
z
x. = Sac ¥4/ 58 +2Wi Mac
2 Wi

285577 £V 255272 ox 4412 BxCIEGD
6912, 8

= 0.667 m or 0.073 m

8) Bending moment diagram and shearing force diagram

m ~
- ‘\i e
o *
/é?.IB b(l ¢

i ¢+
5.2
A =D
I~
N o &
™ 3 °
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(4) Calculation of Section
The calculation of section is made by the bending moment
in the central part of Member BC. The value obtained
applies to the total cross section. The sharing force is
calculated at the edge of Member BC.

1) Assumption of section

g
ey
; N
¥ l’lr— o o _%’__ b = 26 cm
| :
N9 & d = 20 cm
" n
e % e e ‘g d'= 5 cm
[N
b= 26"
2) Calculation of volume of reinforcement
M 44230
A = - = = = 2
g m'é'd 1400)(%)(20 ZGZCM

Sectional area per piece of ¢16 mm reinforcement
2.011 cm?
Tension side volume of reinforcement
2 pes x 2.011 = 4.022 em?
Compressiqn side volume of reinforcement
2 pes x 2;011 = 4.022 cm

3) Calculation of neutral axis

]
[}

— ncastAg) 24y { RUASTARE, 2B (4s-d+A-d)

W

5 022
—_ _)_ x2x4 _1_\/{!‘::')(2)(4-\022}2_1_ 2xi5 X4-°22€ZD+5)

- 24 Zé F43

7.088 cm
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4) Study of stress

a) Compressive stress

0(? = M

2L (4 Xyt Ay X4 (d-db

M
ZEXTO8E o, 7.088) 4+ 15X4.022¢7.088-5)(20-5)
2 L3 7 088

33.95K84n { Bta= 70%3/ewz .. 0K

b) Tensile stress

0% NQe(d-x> _ _15x3335(20-70868)

x 7.098

927.7 %3/ (5 = 1400 K32 20K

1}

!}

c) Shearing stress

T = D = 28877 .
b(d- £ 26(z0—- 2988,
= 587 5m*  Ta= 8 K%in? SoK

Therefore, the tentatively set $#16 mm reinforcement
provides the required safety.
(5) Calculation of Pile Root Length
a) Load
i} Load from upper structure
Pl = 5,000 kg
ii) Weight of abutment
From Figure 1:
W= (1.0x1.5~-0.48%x1,0) x 0.26x 2,400 =637 kg
Load on one pile
P = (5,000 + 637) + 2 = 2,820 kg
Therefore, as in the case of 6 lines x 4 steps pier, 0.26
solid square PC pile is adopted and the pile root length
is set at 10.0 m.
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Bridge Strength Calculations

(Onnut-1 Exchange)

In the Onnut-1 Exchange underground conduit section,
two kinds of bridges are used: the bridge with 9 pipe
lines and the bridge with 12 pipe 1ine$.

In the folloﬁiﬁg pages, the strength calculations are
made for the bridge with 12 pipe lines.

For the strength calculations of the Bridge with 9 pipe
lines, refer to the corresponding statement in the

case of the Ramindra Exchange.
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1. Design Calculations for 1l2-Line Combination Type GIP Bridge
($12 wm iron bars welded around the pipe}.
a. Design Conditions
i. Interval between piers 13.8 m

ii. Weight per m

Pipe (GIP #44') 12,4 x 12 = 148.8 kg/m

Cable (0.4-2400P) 8.7 x 11

95.7 kg/m
Total 244.5 kg/m

b. Moment of Inertia

Ix : Total moment of inertia in case of combined pipes

Ic : Moment of inertia of one pipe 232.6 cn?

A : Sectional area of one pipe

(0% ¢h x T = a5 % <

1o + A X y2 = Ix cm®
232.6 x 6 | 15.49 x 6 | 18.62
= 1,395.6 = 92.94 = 345,96 33,549.1
232.6 x 4 15.49 x 4 6.22
= 930.4 = 61.96 = 38.44 3,312.14
Total 36,861.2
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¢, Calculation of Deflection

v- _Sswet b x 2,445 x(380%
384 ET 384 % 21X 108X 34841.2x0.7 — <12 ™
= £ _ 1380
Y= 213m 555 = o = 46 im

Therefore, safe.

d. Maximum bending moment

- W 2445 x 380~
Mo 5" = A = $82032.3 kg-Cm

Ix _ 3¢B61.2%0.7 _ 3
7 = Sy = Ty 1040 .4 Ca
A _ £82032.3 _ ced e, 2 = {400
o~ = 5 = e =5 74 5Ycut < OFa 7

Therefore, safe.

Design Calculations for 12-Line Bridge Pier
Design Conditions are the same as those of calculations for the
rigid frame bridge pier in the case of Ramindra Exchange.

{1) Section

i
Iy
it
P B ] "~ T
J = 1™
§
)
N
n
S
N ! - — —
. {1
by
-+
I3 v
tf-zfz'i 48 f;-z? bez3
i .
2™
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(2) Load

c
B The rigid frame is applied
on condition that the load
is as shown in the illustration
'Q ‘706‘1 g
lq
o at left.
-~
"\t‘

Nz

Wl : Load to act on upper member (kg/m)
W, : Load to act on lower member (kg/m)
tl : Thickness of vertical member {m)
ty & Thickness of upper member (m)

t3 t Thickness of lower member {m)

1) Upper load

Pipe 12.4 x 12 = 148.8 kg/m
Cable 8.7 x 11 = 95,7 kg/m
Other 2.5 kg/m
Total 247.0 kg/m (span: é§4§7;—249 £10.4)
P = 247 x 10.4 % 2,569.0 kg
WP = 2,569.0 / 0.70 £ 3,670.0 kg/m
Wl = 3,670.0 + 2,400 x 0.25 % 0.22 = 3,802 kg/m
W2 = 2,400 x £3 x b

n

2,400 x 0.25 x 0.22 = 132 kg/m
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(3) Stress

1) Relative stiffness

X

Ny

[}

g~ (—E—T)Bx 7{5

0253 2%

2} Load term

cBC

CBA

Cap

0.22) X g5 T €62
N, = 2 +X = 4.62
. wil® _ zgozxe7d
= T = = = |55 25 Kgm
= Cpp = O
) 1,\:1:’.2122 - —/32.?*; 07% _ 539 kem

3) Angle of rotation of joint

8a

N1CCaB—Cap) - (Cae-Cand

NiNz- 1
4.62C0+537)-(7585.28-0)
4,423
-6.41 kg.m
Nz (Caec - Cs4d ~(Cag—Car)
Nl NZ - I
4.82 (I55.25-0) ~(0+5.39)

34.99 kg.m

4) End moment

MAB

AD

1

264 + s - CAB

-2 x 6,41 + 34.99 = 22,2 kg.m

1

864 + Cap
2.62 x (-6.41) + (-5.39) £-22.2 kg.m

= 288 + Ba + C8A

2 x 34.99 + (-6.41) + 0 = 63.6 kg.m

- 174 -



o 8- C e

Mg

2,62 x 34,99 - 155.25 = ~63.6 kg.m

5} Shearing force and axial force

- Wit .-
NAB_ —-2—*—+ 24—00Kbi: L

- 1:.@.222_’(_9_-_7_ + 2,400 x 0.22 x 0.22 -X

1,330.7 + 116.16 -Xx

Npg = ~Spy = 0
Nap = Spp = 0

. Wl _ 38B02x07 _
SBC > = = = {330.7 kg

- Waﬂ. - /132.0x07 _ _
SAD = = ————-—2--—— = 46.2K3

6) Maximum bending moment

- wmi* 8 2

My, = —é——Msc = —3:-0—%”-(-2*2+é3.6= 274.5Kgm
2 z
MEB =T ng — MAD = =2 ; 07 422.2= 14. Kg'm
7}  Inflection point

Member AD

No inflection point
Member AB

£ 125
*1 7 Voa tMag . T~ BixizE = 0FEm
Mag zz.2
Member BC
“
% = Sec t'\/SBc+2W|'MBc
2 w

133077 +2x -
/330734 :;7802 380ZX(E36) _ 65 gy g 0bm
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8) Bending moment diagram and shearing force diagram

4

~a
"
o ™~
) N S
X 3
B \((—-) ~ =
-436 C
(-)
+
\\J"--
¥
4 tH
=
[
b
/l('*)
ABETTII T ()] D
222 .
. :.: :; \“:.
b - ¥
Figure—-M Figure-8
- .. (Kg/m) (Kg)

(4) Calculation of'Section

The calculation of section is made by the bending moment in

the central part of Member BC. The value obtained applies

1 -
to the total cross section. The shearing force is calculated

at the'edge of Member BC.
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1)

2)

3)

4)

Assumption of section

)
]

¥ ol | o o oy b =22 cm
ol \‘.‘.

L -

NI D d =20 cm
N it

| oy o o A d'= 5 cm

o
b= 2™

Calculation of volume of reinforcement

—
S T54~T ~d

- 27480 — (.21 0w
/400 x g x20

A

L[}

provided j = 7/8

When two pieces of ¢9 mm reinforcement are used, the
tension side volume of reinforcement is
Ay = 0.6362 x 2 = 1.2724 em2
On the compression side also the reinforcement is used
so that the compression side volume of reinforcement is
Ag' = 0.6362 x 2 = 1.2724 cnl
The study is made on the basis of such double rein-

forcement beam.

Calculation of neutral axis

x= — M%iﬁi)+1/{n(fls;7&,'>}z+ %(Asd«ms’d’)

1}

2724X2 4
LS x 1272t +1/{ ISx12724X2 P2, 2X|5, 2724 (20+5)

[

8.546 m

Study of stress
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a) Compressive stress

0% = .
2EE-HH+ nAyL2d? (4d5

= 284850
- 546 i -
. ,22187:1_(20_ 8‘.;46)+15x,‘2724_x(8§‘§:65)(20_5)

1]

19.85 K/ < Oga = TORY on? ook

b) - Tensile stress

. ngidd-x)
s - X
.85 (20-8.5¢44
L A5 x/T e )‘-=3‘7?-/K?/amz<0’5,a=f4oo%z
c) Shearing stress Sok
T = S = /3307
bld- 2 22(20- B:%)

456 ¥ < Ta = K3 pud
Therefore, the tentatively set ¢9 mm reinforcement
provides the required safety.

(5) Calculation of file Root Length

‘ é) Load 7 N
i) Load from—upper structure
P, = 2,569 kg
ii) Weight of upper part of bridge pier
From Figure 1: -
oot T W LT(0:92x1.50-0.48%1.0) x0.22x 2,400 = 475.2 ke
Load on one pile

72,569 + 475.2

offs

3,045 kg

P = 3,065 +2=1,523.0 kg
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b) Pile root length
i. Type of pile: 0.22 solid square PC pile
ii, Pile root iength: 7.0 m (tentative)
iii. Soil: ‘ Soft soil

0.88 x 7.0 x 1,800
2

R =

5,544 kg > 1,523 kg

A=0.22x 4 =0.88n
h=7.0mn
F = 1,800 kg/m?

(F is based on the pile length

calculation table in the case

of Chaengwatana Exchange.)
Therefore, the tentatively set 7.0 m pile root length

is sufficient.
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