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CALCULATION OF

BRIDGES FOR MAIN ROAD

GENERAL - 0-1~ 0-10

* MOMBASA ROAD JUNCTION BRIDGE 1-1~ 1-195
UHURU MONUMENT JUNCTION BRIDGE 9~ 9-247

RAILWAY BRIDGE 3-1~ 3-204



General

This document has been prepared for the design of structures, which includes road
bridges, a railway bridge, foot bridges, and box culveris, for the Nairobi Bypass project
" in the Republic of Kénya. All structures will be constructed of structural type RC
Reinforced concrete having been planned on the basis of material availability analyses
of p'rocurement within Kenya.

Number and Positions of .Slru'ctures Designed

2.1 Nuﬁlbérs of .S:t:r.uctu._res. Désigned
ﬁﬁdgééz 2 road bridges, 2 road overbridges, 1 railway bridge, and 2 foot
bridges. o '
Boxes: 7 réaé bo'x-es,‘4 pedestriah bo?ces, .and 5 \%;aterway boxes.

2.2 Locaﬁoﬁs |

See the separate sheets (APPENDIX-1).

Scale and Configuration of Structures
3.1 Bridge Fra.mes.. |
a Spans
Basic structure which is of reinforced concrete will have no fixed bridge span
sizes. There sizes’ will vary based on the design conditions of individual

bﬁdges. Longest spans of all bridges will however be less than 20.0 meters
" except the center span of the Mombassa Bridge which is 21.5 meters.

b. Configurations
Foot bridges:

Si;ai_: casc loads will be supported by a cantilever arm or (Gerber beam) system.
The super structure of the bridge will be comprised of a continuous floor slab,
 thus having no over hangs. '



- Other bridges:

In order to provide the best economic solution a continuous T beam
construction method will be used effectively reducing loads on the
substructure,

. Substructure
Abutments:

Because abutment heights are tess than 12.0m, abutment designs will be of the
invert T type supported by mdmdual spread footings.

Piers:

As the Mombassa and Uhuru Bridges are board, multistaged rigid-framed
structures piers will be used in the substructure. For other bridge frame and
wall types a rectangular single-pillar type support system will be for direct

- foundation. (However, the No. 2 road overbridge will be the only bridge to use
a pile foundation of steel pipes in view of existing geologic conditions.)

3.2 Box Culverts

Box culverts will generaily be placed on existing ground surfaces due to favorable
hard ground therefore needing no pile foundation or other support. However, as
the bottom ground for the No. 5 waterway box culvert is like a pond having silty

éléy'zilld unproductive plant material the béttom ground will be replaced by quality
materials such as crushed or broken stones having a depth of 0.3 to 0.5m.

Outline of Geologic Substructure and foundation

This section briefly describes specific geologic substructure and foundation support
material types. For details, see the "Report of Geologic Grounds”.

The f_ geologic substructure for placing the Mombassa Bridge will accommodate a
foundation direcily supported on a geologic substruction. The initial reasoning behind
this is a cotton soil layer of a 1.0m depth is distributed over a lower layer of weathered
rock. Foundation - footmgs can be placed directly on weathered rock layer off
ehmmatmg the need for support piers. In addition, the Uhuru Bridge, will also use a
direct foundation on weathered rock which is convered by a 1.0m layer of red soil.



Further, foundations positions where railway bridges are placed will use the direct
fou’ndation_suppqrted on weather rock once as there is red soil distributed as a whole
and the bottom for the foundation has N'> 40, The placement of foundations for the
No. 1 Main Road Overbridge uses the same direct foundation method as it's red soil
layer as deep as 5.0m, but'it can easily be set on the weathered rock as its bypass is cut
to the weathered rock layer. The position for the No, 2 Main Road Overbridge uses a
pile foundation for its support' structuies only as it has red soil distributed as deep as
around 5.0m, and the lower layer has severtﬂy weathered rock distribution from 5.0m
10 9.5m deep with N < 24. The position for the No. 1 Foot Bridge, such as the
Mombassa Bridge also uses the direct supported foundation method. For the position
for the No. 2 Foot Bridge, itis sufﬁc.ient to use the direct foundétion as it is similar to
the positions for the railway bridges having hard red soil with N > 30.

All the box culverts use the direct foundation for the reason described in section 3.2.

Design Conditions

5.1 Unit Voiume:\Veigi1ts of Materials Used (see the Design Agreement or
APPENDIX-2) | S

5.2 Strength Characteristics of Concrete and Reinforcing Bar (see the Design
Agreement or APPENDIX-3) -

5.3 Design Stresses of Concrete and Reinforcing Bars

Design are made in view of two critical states, which include the final and working
states, of which structures should be made in the critical states according to the
BS5400 code.-

Design Stresses

S.L.S. U.LS.
Compression stress of Concrete 0.50 feu 0.40 fcu
° - : -
Stress of Steel | Tension side 0.80 fy 0.87 fy
Bar| Compressionside | - 0.80fy 0.72 fy

0-—-3



Where

SLS:  serviceability limit state

-ULS:  ultimate limit state

fcu:  Strength of Concrete
fy:  Strength of Steel Bar

And

The shearing stresses of the concrete in the ultimate limit state are shown in Table

below,

Shearing Stress of Concrete

100 A, Grade of Concrete

bd 20 25 30 240

<025 | 035 | 035 0.35 1035

0,50 045 | 050 | o055 0.55

1.00 0,60 0.65 0.70 0.75
2.00 0.80 0.85 0.90 0.95

>3.00 085 | 090 0.95 1.00

(N/mm?)

5.4 Earth Pressure Formulas and Earth Pressure Coefficients (see the Design

Agreement)

a. FEarth pressure formuias:

Two formulas, including the Ranking's formula and Coulomb'’s formula, are

used, to calculate €arth pressure,

The Coulomb's earth pressure formula

however is used in the design of movable walls with the walls with the wall

surface friction angle of the wall surface in contact with soil being clearly seen,

The static earth pressure formula is used for the design of fixed wall

construc'tion.'-

b. Barth pressure coefficients and internal friction angle of back filling soil.

0—4



Inclination of | Internal Friction| Earth Pressure |  Application
Back Soil Angle Coefficient
For Level Back ¢ =35° K=0.250 Abutment
Soil . (Couiomb)
For Incline Back $=30° =(.333 Retaining Wall
Soil (Coulomb)
. . K=0.500 | Box culvert
(Static)
. 4=30° K=0.400 Wing wall
{(Coulomib)

NOTE 1: Abutments have seismic coefficient added to their design on the basis of the
conditions given above.

NOTE 2: Wing walls at entrance points are made with use of the following equation.
K= ta.n_2 (45° - ¢/2) = tan?30° = 0.333 = 0.400

This equation is given for a "Design of Wing" section as seen in the Design
Instruction published by the Japan Public Road Corporation. It also is used
here in order to increase the sameness of the wing.

5.5 Earthquake Coefficient (design seismic coetficient): see the Design Agreement,
Railway bridges: Ky=0.12
Other bridges: Ky=0.10

5.6 Influence of Temperature Change: see the Design Agreement.

T=112.5°C

| Design Loads

a. Bridge frames: In general, these are designed according to Part 2, the Load
Deviation, BS5400. As for railway bridges, these are further checked
according to the (BS153) for sameness.



b. Box culverts: In general, these are designed according to Part 2, the Load
Deviation, BSS400.

Others

References are to the Design of quicrete Bridges section of the "New British Standard
BS5400" L. A. Clark, National Science Co.

0~6



AF’PENDI X =1

Type, Slze _and Localien of Slructure
{1} Brldges
"Types of bridges, thelr locatlen and ihelr scale on Halrobi
Bypass are as shown on the Table §.1.

Takle
Type | o, Location Length Widih
(=) {a)
1 | Mombasa Rozd IC Bridge 5,0 | 17.0
(Starting polnt of Bypass Road)
For | 2 | Uhury Monvment J¢ Brldge C 1 sBe | 205
Rotd .| (Crosstng of C58 Road)
3 | Raiiway Brldge Over Bypass 56.85] 1.4
’ in CH.27 4+ 20.0 a
Bver| 2 Dver Bypass CH.15 4 980.0 m 30t 6.0
Brj- -
dz2 4 - CH.27 + 920.0 & 28.1 10. 0
Foot | 1 Over Bypass €41 + 180.0 m 38.20 1.0
Path - - - -
2 " CH.2T 1 2200 m 48, 40 3.0

(2) Box Eulverts
Types, location and sciade of Box Culverts are as [ollows:-

Table
Type Ho. Localion Lengih | ®idin
. ! (=) bxh {n}
' i 'Crossing of 60 Ngong Road 32.3 | 16.0x5.5
CH. 15 + 540.0
2 Crossiag of CH.19 + 500.0 37.5 8.0x5,5
F 3 Croséing of Ruap for Dagoretii 32.0 | 10.0x5.5
[ JC CH. 20 + 930.0
T - -
) 4 Crossing of D41l Thegoto Road 26.7 8.5x5.5
R ' CH.23 + 183.0
o
a 5 Crossing-of Publlc Road (E) 26,7 8.5x5.5
d -G 23 + 16894
[} Crossing of Public Road 25.5 §.5x5.5
| CH. 24 + 880.0 ) o
7 Crossing of 9422 Ondiri Road 50,2 8.525.5
CH 26 ¢ 464.0 _
1 Ruora River In Mgong Forest 59.0¢ | 3.0x3.0
F CH.13 & 978.0
0
r - 2 Motoine River in Ngong Forest 34.2 3.0x2.0
CH. 54 + 934.0
] —; - -
r 3 | Yoloine Rlver ln Hgong Foresl 67.0 3.5x3. 9
a CH. 15 + 560.0
1 -
n 4 | Metoine River in Ngong Foresl 40.0 3.5x3.0
z Cli. ¢ + I57.0 (Ngang JC-Rump)
g F :
[ 5 Ondiri River 132.0 3.5x3.5
' Ol 26+ 355.0 (Double)
1 CH, 18 +.400.0 28.0 3.0x3. 0
F
[ 3] 2 CH. 20 + 200, 0 21,5 3.0x3.0
v a
t1 k] CH. 22 ¢ 880, 0 21.5 3.0x3.0
b .
4 CH. 26 + 220.0 22.1 3.0x3.0

0-7
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SHAPE OF PARAPET OF MAIN ROAD

1) EOR VERGE

6.00

@5_?@_.
I

75_0
RO.00;

1260

. Section arer.

- A=060x106 -—~x0.075% 0.75
- Q5100 40,30 +%,006

= 0352 M2
CX
i) . )
_ _ PAVEMENT
T | 250 .
j -,82 tan—gggg—- 394820 )
4429 —
4 TL=Rtan - = 0.205"
2) FOR CENTRAL QESERyE. i A 0,205 0,50 -t 050% -4 !6203
345 8llo 345 = 0,006 M2
350 .
B¢
:
. 18 &
\_ & o o
;<1'
. at
(&)
" — 0l

500

. Sect:on arer

_D___g;QAE_X050+—D=4—5—LQ-&LxO241~ISOXOI2

- 0532 M%



2. LOAD ' ' '
"2.1 DEAD LOAD -
No te Input data : unit=P", W t, t/m
o unit=P, ¥  KN=P", W %9.8m/s2

1} Parapet for verge
- W1 =1/2%{0. 22540, 30) %0, 75%2. 4=0. 473t/m

- W2 =0. 340. 31%2. 4 =0. 223
ey W3’ =1/2#(0. 06+0, 31)%0, 3042, 4 =0. 133

§ =BT | W4 =0. 006%2. 4 =0. 014
o e S W =0. 843t/m

¥=0.8423+%9. 8=8. 28KN/m

2) Parapet for centralreserve

T T K1'=1/2+%(0. 350+0. 45) ¥0. 50%2. 4=0. 480t/m

; W2' =1/2%(0, 4540, 81)%0. 24%2. 4 =0. 363

; W3 =1, 5%0. 12%2. 4 =0. 432

Wa Wd' =0.0007%2%2. 4 =0. 003
m/\/7 g1 TH =1.278t/m

3 -//1:' 188 ¥=1.278%9. 8=12. 52KN/n
W, =y ’
—~EAVEMENT[ " Ty f

3) Pavment
W 0. 06*2 3%9. 8=1. 35KN/m2 W =0, 06%2. 3=0.138¢/m2

4) Main girder -

end girder

W1 =02.3625%0, 20%2. 4 =1.134t/m

W2 =1/2%1.10%0, 15%2. 4 =0. 363

W3 =0. 6%1. 10%2. 4 =1. 534
LW =2.916t/m

¥=2.916%9. 8=28. 38KN/n
Mlddle gider W= (l 8%0.2+1. 1#0. 6)%2. 4%9. 8=24. 58KN/m
W =24 §8/9.8=2.508t/m :

§) Cross girder
End cross girder and sopportinggirder
P1=0. 6%0. 95%1. 3252, 4%9. 8=17. T6KN
. ¥ ¥ =17.76/9.8=1.813t
P2=0. 35%0. 95%1. 32542, 4%9. 3=10. 36KN
¥ ¥ =10.36/9.8=1.057¢

2.2 LIVE LOAD

1DHA 1 (center of span)
KEL main P1=40KN/m sub P2=12. 630KN/m
‘ ¥ P1°=40/9.8=4.082t/m P2’ =12.63/9.8=1. 28%t/m
UDL main ¥1=10KN/m2  sub ¥2=3.16KN/m2
T MWL =10/9.8=1.02t/m2  W2' =3, 16/9. 8=0. 322t/m2
2)H A 2/(niddle supprting point)
KEL main P1=40KN/n sub P2=12. 630KN/n
© W PYT=40/9.8=4.082t/m P27 =12 63/9.8=1. 289t /m
UDL main W1=8.84KN/m2 sub ¥2=2. T9KN/m2
3 W1 =8.84/9.8=0.902¢t/m2 W2 =2.79/9. 8=0. 285¢/m2
L=17. 425421, 5=38.925m
W= 151#(1/L) 0.475=151#%(1/38.925)70. 475=26. 5KN/m
W=26.5/3. 0m=8. 84KN/m2

1- 4



3)H B 1 {center of span)
HB PO=75KN - 3% PO’
KEL main P1=40KN/m
© O PLU=40/9, 8=4.
UDL main Wi=10KN/m2
W1 =10/9. 8=1.

3)HB 2 (middle supprting

HB PO=T5KN * PO’
KEL main P1=40KN/m

® P1=40/9. 8=4.

UDL main ¥1=8. 834KN/m2

W1 =8.84/9. 8=

=75/9. 8=17, 653t/m
sub PZ=12, 630%N/m

082t/m P2'=12.63/9.8=1.289t/m
sub W2=3. t6KN/m2

02¢/m2 W2 =3.16/9.8=0.322t/m2

point)
=75/9. 8=7. 653t/n
sub P2=12. 630KN/n.
082t/m P2 =12.63/9.8=1.289t/n
sub W2=2. T9¥N/m2
0.902t/m2 W2 =2.79/9. 8=0. 285t/m2

COMBINATION OF LOADS
1) Base Loads
(D Dead loadsl (deck loads)
@ Dead loads2 (own weight)
@ HALE {HAl for side spans)
@ HA1S (HAl for middle span)
® - paz-- S :
® HB. {cosentration loads span L=6m )
@ HB (cosentration loads span L=iim )
® HB (cosentration loads span L=16m )
@ HB {cosentration loads span L=21im )
@ HB {cosentration loads span L=26m )
- db HBIE (HB1 distributed loads for side spans)
@@ HBIE (HBl distributed loads for middle spans)
d® HB2 (4Bl distributed loads )
2) Combination Loads
@ usl &+O
® HB1 @O+O
® HBT @®@+Q
@ H#sr @0
@ HR1 @+@
@ HB1l ®+®
20 HB1 @+®
21 HBL @®+®
22 HBL @+®
23 HBY ©+@
24 B2 ®+0
25 HB2 OD+®
26 HBZ ®+®
21 B2 @+®
28 HBZ @+®
3> Pick up Cases
(1) @, G, G O @,
(2) ®, @, 21, 22, 23
(3) 24, 25, 26, 27, 28
(4) @, (1)
(5) @, (2)-
(8) ®, (3)



3.

3.

EFFECTIVE WIDTH AND MODULAS
1 EFFECTIVE WIDTH

'2) Main girder

be=bw+1/5
be : effective width for flanges
1 : length of moment zero

0.7%Ls or 0.85#Ls .
Ls : spans for connection girders of middle spans
Ls": spans for connection girders of end spans

end spans .

- be=0.6040. 85%17. 425/5=3. 563m>b=1. 925m (2. 363m)
middle spans

be=0, 60+0. T0#17. 425/5=3. 040m>b=1. 925m (2. 363m)

2) Cross girder
end cross girder _
A 1=1/8+bs=17. 425%0. 8/840=1. 743m _
spporting cross girder .
A 2=1/8+bs=(21. 5+17. 425)%0. 2/8+0=0. 973m
middle cross girder
A 3=(n-1)%(tb+1w)+bs=(8~1) /6% (1. 325+0. $0)+0=3. 36T

-6



3. 2 MODULAS

MONBASA
Main girder :

' B H A Y
End girder® 236.3 20 4726 10
middle gir®’ 192.5 20 3850 10

® 60 110 §600 75
End girder¥ - 11326
middie gir¥ 10450

[Y=2 TctZ A¥Y 2-Z A* (T A#Y, S A) "2

= 18448107 = 0.184
[Y=2 Tc+Z A*Y"2-F A% (T A%V T A) "2
= 17086754 = 0.111
Cross girder _
B H A Y
End cross @ 234.3 20 4686 . 10
Sopprting @' 254.6 20 5092 10
80 95 5700 67.5
End cross 2 10388

Sopprting X 10792

Y= 1 ¢+ A#Y 2-S A% (S A+ S A) 2

= . 12945925 = 0.129
IY=Z 1 c+T AHY 2T A+ (S A%V S A) "2
= 133484558 = 0.133
Cross girder
o B H A Y
Middle ero@® 708. 4 20 14168 i0
&) _ 35 95 3325  67.5

Middle croZ 17493

1Y=3% I§+z A*Y 2-T A% (T AR T A) "2

= 11876666 = 0.119

AxY
47260
38500

495000
542260
233500

AxY

46860

50820
3841750
431610
435670

A%Y
141680
224438
366118

Aky™2
472600
385000

37125000
3715497600
37510000

A%Y"2
468600
509200

25970625

26439225

26479825

A%Y"2
14168900
151495631
16566331

e

157533

128333
6655000
5812533
6783333

le

156200

169733
4286875
4443075
4456608

le

412261
2500677
2972944
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