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CALCULATIONS FOR

Design of 108A Bridge for City of Tokyo

After surveying of bridge site, the center line of bridge has been changed. Exact dimension and angles shall be
figured Later. Let us assume the length of bridge 114.8' out to out on? 11 panels @ 10.3' =113.3' center to
center of end bearings. 1.5
90 114.8 lout to out of structure
With skew 0 to center line of canal.
The bridge is divided in to the following span (This type has been approved by City Bridge Engineer Mr. Koike)
Anchor span 3@10.3' = 30.9' on both side
Cantilever arm 1 panel 10.3 - 1.12 = 9.18' to CL hinge.
Suspended span 3@10.3 = 30.9
Panel point to pin  2@1.12=_ 2.25

33.15
Roadway 6 meters =19.685'= 19'-81" 19" 8% inside to inside
Sidewalks 2-2.5 meter = 8.202 = 82" = 2@8-2 7" = 16-41
Total effective width = 36-1}"  ins to ins of handrails

Loading as for specification
Cross section of bridge assumed as Sketch below.
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Design of Floor slab span length 4'-6"
Dead Load 3 wood block pavement @ £0# = 15.0
11 "mortar cushion @ 110% = 11.5
floor slab assumed 75.0
allowance 3.50

105.0% per of ft.
Dead Load moment = 1:x105 x4.52 = 212.0%

nn  shear == [x105x4.5 = 237%
Live Load motor truck loading rear wheel concentration = 9920
30% impact 2980

12900#
Front wheel concentration say 12900 + 3 = 4300*
Distribution of wheel concentration on floor slab.
Longitudinal distribution = 2@4+" = .70
20cm = .66
a= 1.36¢
Transverse distribution = b =1.28 +.70=1.98'
Effective width 2(4.50+1.98)+1.36 =5.67 2222222 2 eters
Load per ft strip = 12900 + 5.67 = 2280*
ot moment =1140 X 2.25 = 2560%

. B2 1_"23‘_. For continuity of slab reduce the moment to
r— 1 | 0.8 X 2560 = 2050
.o t—'—-—-—-l's
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Live Load

.
— ’- i

End shear Effective width assumed same as for moment .
i == . 1.54 T R
I L wir - wfe —=Ae L]
a8 e 1140% = = 390 =
296 L5y —tar ]
T 1140 :
— 4.04
L____ _ s I 1530% X2 = 3060% shear = 2280x 150 = 2080*
1140
1920
Sum many for moment and shear Effective depth of slab for 17000# steel stress and
moment shear 640%™ Concrete stress  n=15
Dead Load 212 237
Love Load 2050 2080 9962
2262'# 32974 d=,——=4.72"
N 2317# 102
VG () THFE Use 6” slab with 1” insulation at bottom
Steel area required = — 262x12 =0.3650" per ft strips.
8 x5x17000 1/2”*bars 6” centers = 0.39 ©” per ft strip
End shear 27319><12 = Aq#” perimeter = 2 %"@ =3.14
7 - - - - .
8><5><12 =9 8"(1) =1.41
Bond stress = —29L42_ — 1178~ < 1304 OK 4.55”
78 x5x4.55 - . .
Use 2-39g" bars at support in addition to

2_%“@ bars per ft. strip for bond stress.

Sidewalk slab span length  4.54'
Dead Load
3/4” wearing course (mortar) 7
4” concrete slab 50
misc assumed 3
60# per sqft
Dead Load moment = =123%#
N /- shear| = =136#
Live Load 100%# per sq ft
Live Load moment = =206#
shear = =227T#
Sum many for moment and shear . —
Moment shear Effective depth = Sty J: V) « SOk Lo:
Dead Load 123 136 B ~v b7 y7
Live Load 206 227 use 4” slab with 1” insulation at bottom fﬁgzm‘ L/6 o
3204 363t A
Steel area = =0.0880” per ft strips
Use 3/8” ¢ bars 6” centers = 0.220”
This should be bent up at support to total each of _\_/
negative moment
Slab at Curb line Construction assumed as sketch
392 _ .- jex - sidewalk slab same as for outside of main girder

1.1" cantilever portion shall be figured.
Dead Load sidewalk slab  60*3.4/2 = 102#

Curd assumed 75
1774#
=63
=195
258'#
100 X 3.4/2=170 liner ?
At3”edge =25

195# per lin ft

Motor truck loading rear wheel concentration with impact = 12900#
longitudinal distribution assumed arbitrarily 2 wide 12900#-+2 = 6450#

Moment = 6450 X 0.2 =1290 slab6” reinf. 2-1/2” ¢ }bars
195 X 1.1 =241 2-3/8” ¢
1504'#
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Longitudinal stringer for roadway S1  span length 10.3’

Dade Load
Slab and pavement 105 X 4.5 =472#
Stringer assumed 48
520# per lim ft.
Dead Load moment = =6900'#
Shear = =2680#

Live Load motor track rear wheel with impact = 12900#
Load on stringer
256 Ly

r f ! Load on stringer 17310#
[——«m—i Moment at center =

12900 x 154 4410
4.50

— End shear uniform live load 120#/[1' X 4. = 540# per lin ft of span

rr2es, .
i Reaction =
L e ]
(1o A’ Sum many for moment and shear
L e | Moment shear
_@% ead Lioad 6900 2680
_ ~ 77 7Live Load 44700 17677
51600'c——20357#
Section modulus rigid Use

Unit stress = 51600 X 12/62.946 = 9860#/12"

Longitudinal stringer S2  span length 10.3'
Dead Load sidewalk slab

et ol

Load on outside girder
Load on S2

Weight of stringer

Dead Load moment

shear
Live Load
Uniform live load
load on Sz
motor truck loading rear wheel with impact
Load on Sg assumed
Lo Moment uniform load
““‘L‘”"‘”—'?q-?r Moment motor truck
Hi

R E—
| Undfa}%«loa’ﬂmoamﬂv

per lin ft
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End shear for live load
Uniform load on sidewalk : 9
preces  ” :: Motor truck Eigig stress same ?
-fa———m otor truck | bt (S B 0 o A
. . fE . 0)é§§+ﬁ3
Sum many for moment and shear
moment shear
Dead Load Use 12" X 5"1@ 31.99#% sm? = 36.69
Live Load Fibre stress
Sidewalk stringer S3
Dead Load
U q_.n’-.__‘! Handrail assumed
JEFEE&E@ Stringer assumed
Lo wse ! per lim ft.
S DL. moment
Shear
Live Load per lim ft. B
LL moment required
Shear #I LT, reqd
Sum many for moment and shear
moment  shear Section modulus reqid
Dead Load 31201210
Live Load 30101170 Use per ft. sm =10.273

6130# 2380#

Cantilever Bracket on side walk spacing 10.3'
Dead Load Concentration at S3
Moment

Shear
2420
2647*

Live Load 227 X 10.3 = 2340* at Ss
Moment =2340 X 4.54 =10600
Shear = 2340

Sum many for moment and shear

Moment shear

Dead Load 12030 2647

Live Load 10600 2340

22630% 4987#

Cross beam between main inside girder
Dead Load

Concentration at center from Si1 S20* X 10.3 = 5350*

Moment
DL. beam

End shear = 5350 ~ 2= 2675
Cross beam 360
3035* atend

span length 9-0” 3°

Unit stress

Depth of beam at connection assumed 24" about.
Flange section web  thick
Effective depth for tension plate 24”
stress =

SRHTTIE T Tow - oo me | LSection reajired? ]

= net

Assumed section OK
skew neglected
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Live Load motor truck loading  rear wheel with impact = 12900%
E;;E 15% i 12900xi‘_—22: 4410
I_! 12900
L s [ _15_} 17310#
'TJI“: bst 37y Unif. load 120X 4.50= 540
1.87
- P Load on cross beam = 540%3.74x——= 367
—fe2 _tes 10.3
ot ian | 17310
& 17677*
Moment = werr = 44300*
S,
Shear =17677+2=  8839*
Sum many for moment and shear
Moment shear Depth 12%.. web= 121X%..= 4.60”
Dead Load 12860 3035 4
Live Load 44300 8839 W web=0.579
57160% 11874% Effective depth 12.62
2.02
10.60”
Flange stress 57160x12= 64600% Section Reg’d 64600=  3.790” net
10.60 17069
.57
reqd 3.220” net
Unit flange stress compression side=  17067(k 0.012%))= 156001%
1=54" b=1737 0019 B4 = 15600%
17067(1-0.012 ) 56004
Try
Unit flange stress
Weight of cross beam
Web
Details say 25% 13
63* per lim ft.
Cross beam CB2. span length 9.0’
Dead Load. Stringer concentration S2 495% X 10.3 = 5100#
Dead load water main.
12” main water contents =0.78@ 62 = 48
s pipe with details say 60*
(IR DA 7 ‘[—”Protection assumed 52
ap 65O SIO® I 160* per lim ft.
r '_"{‘_?'—' — — Concentration on CB =160 X 10.3 = 1650%
_!'lrrl"rl YT IR WS x by - — —
[- 1 Dead Load moment/= 3790 X 4.5 = 17050
A —H&———*G i 1650 X 225 = _3710
a 13340*
R =1650X6.75+-9.0 = 1240 beam = 810
2550 14150%
| Concentration? 3790%
beam 360 Dead Load cantilever moment should be reduced from
4150* End shear Gz the above
Cantilever moment 12030 =+ 2 =6015%
1650 — 1240 = 410 at center of span
cone. 2550 Onsafe side this moment neglected:
beam 360
3320*% End shear G
Live Load. see page 4. 2@ 1758= 1516 on sidewalk | Uniform load ?
13147
14663* motor truck and unif. on
Roadway
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Moment =
Shear =
Sum many for moment and shear
Moment shearGz  shearG: Depth  web
Dead Load 14150 4150 3320 web
Live Load 33.000 7330 7330 Effective depth = 10.60”
47150% 11480* 10350*

Flange stress =
Section req’d =

Use
Unit flange stress =

Approximate weight of Cross beam and Cantilever Brackets.
Cross beam CB1

Rivet heads mise say
Per lin ft
Cantilever Bracket CB3 and bracket at rear.

Miscellaneous : #% Misc details say Say : s, TAT R £ 4

Total weight of cross beam and cantilever
3 cross beams @ 502 = 1506
2 cantilever @ 400 =_800
2306* - 36.1 = 64* per lin ft.
Suspended span span length 33.15'
Design of main girder G1 (Inside girder)

Dead Load
Uniform 105 X 4.5= 473%
Girder assumed 167
640* per lin ft
Panel concentration from floor beam for intermediate point.
End shear CB: 3035
n 1 CBsz 3320
6355%
Panel concentration from End floor beam length 5.15+1.12 = 6.27
From CB:1 520 X 6.27 = 3260 3260 + 2= 1630
End floor beam _360

1900#
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From CB2
zar Lﬁ}i&' "ﬁ; o T
i "—-—hl—l'—w—pr —_— —-...-_._;1
a[:—:_vI:f]s 288 X 6.27= 1805
" Cross beam 360
From cross beam CBg2 2165#
U 1 7 CB1 1990
41554
Dead Load moment Reaction = 6355
| . . e 4155
| s by 6353 | ey ® 10510%

'r_.‘rr,-. 8.3 "‘33-&% H""-f‘ *=moment due to concentration.
mi_llrnlurhluh AL LG LR R R llrurun .u_“| Moment @ 10510 X 1142 = 120000

S U 4155 X 1030 =_ -42800
77200%
Moment @ 10510 X 1.12= 11800*
Moment due to uniform load End shear
at center = 88000 Concentration = 10510
at @ = 79500 Unif. = 10600
at @ = 11500 21110%
Sum many for moments
1 at 1 2 center
Concentration 11800 77200 77200
Uniform 11500 79500 88000

23300% 156700%  165200%

Girder section will be determined at Center of span and the same section will be used throughout.

figure the live load moment at center of span only.

Live Load motor truck loading impact = =28.5%
Rear wheel concentration 9920# Front wheel with impact
Impact 28.5% 2820 12740 <+ 3 =4250*
127407 Rear wheel 127407

A. 12740 —~ 4=3185 aandc

B+C 12740-396= 12344
12740-8780= 3960
16304
Direct on girder b,  on stringer
9170—
& 16304 + 4=4076%*ona?c
; s L S (44 MJ
i ? Front-wheel—4250#
A
1 - +‘ T Tme T [T T ®me T
L B+C
J‘ fm | -ﬁ h 2'
J T " z P — @
7
o -_4% N ——%}4_ - a b c d e
$| ookt | Fmbafut. 3158 3185
\ &5 4076 9176 4076
. . , , ' 750 3059 1375
r ’ e z".._r

960 1760
7261 9176 8971 3059 3135

Let us
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o " Reaction 3125 X 1.12 =+ 33.15 =106
g bl ~ '&f
o E % E n 3059 X 4.79 + 33.15 =439
| " 8971 X 11.42 = 33.15 =3100
ﬁ_L._L_ L — 9176 + 2 =4588
! e | 7261 X 21.72 + 33.15 =4750
' 12983*
Moment = 12983 X 16.57 215000
7261 X 5.15 —37400
177600%

Uniform live load at rear of motor truck
Rear wheel Front wheel On safe side 120 X 9.0 = 1080# assumed
g7 b5k ItEr 7 Uniform load on sides of motor truck neglected.

%ﬁ%ﬂ ] I T=tf Uniform loading assumed as Sketch
e __._.._-.ﬁ_ negleeted
réaction = 10800 X 5.0 -+

33.15 =16300
1600 X 32.41 + 33.15 = 1570
Due to Uniform load 27600™*
71 motor truck 177600
205200
- Max End shear motor truck rear wheel
2370 2§ A 12740 =+ 2 = 6370
14 LF”- LBot B 12740 X 7.60 ~ 9.0 = 10780
_ N~ C 12740 X 4.64 = 9.0 = _6560
L - T/ 23710%

1a8a. 1606 = A7se0"For Front wheel 23710 = 3 = 7903
Uniform load at rear or front of motor truck assumed 1080* per ft.

Motor truck 7903 X 21,34 +~ 33.15 = 5090
23710
28800%
19500 X 9.03 + 33.15= _5320
34120#
'ﬂ.,mUnif. Load
&5% _ %er7 Unif.
l" ok Motor truck
L =T max
tofa r 2657 = Z8van”
Sum many for moment and shear b to b of web
Moment  shera
Dead Load 165200 21110 Effective depth = 2.01
Live Load 205200 35210 Flange stress = 370400 -+ 2.01 = 184000#
370400% 563207 SR = 184000 <+ 17067 =10.80
1.27
9.530”
Try net

Reduction of hole

Unit flange stress =
Compression side
Unit shear =

net

net : IEBR, W72 0 (H£.
HX)
net area:Wrimfg & 1%, FRET 1L
W RIF D W] & Wi &2 98 U 7z
2720
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Outside girder G2
Dead Load
Uniform load  see page4 60 X 4.60=276 X| 230 = 635
Handrail 75 X 454 = 341
Stringer assumed 20 X| 454 = 91
371 1067
Extra reaction 1067 = 9.0= 120
491% per lin ft. From Cantilever side.
Direct load Outside girder page3 156
647#
Girder assumed 123
770%
Load on stringer Sa. see page 3  495% per lin ft. | including weight of stringer.
Water main ~ 160* per lin ft.
Reaction on outside girder through cross beam
495 — 2 = 248
= 120
368* per lin ft. see page 7.
Panel Concentration 368 X 10.30 = 3800%
Cross beam 368—x—6.27 say 750
4500
Panel Concentration 368 X 6.27 = 2310
Cross beam + cantilever say 750
3060*
Moment .
i, Burla w#aro oy o, 4550 M= 17610 X 11.42 = 87000
Ty 5 T 3060 3060 X 10.3 = —31500
Sar ! 55500
e - Uniform load = 105500
161000%*
End shear due to concentration 7610
Unif. 12750
20360%
Live Load.  Uniform live load. on sidewalk. 8.2 X 100 = 820* per lin ft.
D R I Max load on G2 = 860* per lin ft.
- Fo Uniform live load on roadway 120 X 5.34 = 640*
& @, load on G2 = = 190% per lin ft.
These uniform load assumed act direct on girder.
Motor truck loading rear wheel Concentration with impact 12740 see page 7
Front wheel 4250 o
Loading as skewn on page7! Panel Concentration from wheel load A + A’
1 1 2 Reaction 3185 X 21.72 + 33.15 =2100
3185 3185 3935 + 2 =1968
750 1375 1375 X 1.12 + 33.15 =_46
) 3185 3935 1375 4114#%
e Tr Tr g Moment= 4114 X 1142 = 47000 atl
F . LT 4114 X 21.72 = 89300%
A .l 3185 X 10.3 =  —32800
|- Moo ahuet - Fuitekat. 56500 at1’
U o B T Reaction =~ 1900 X 5 =+ 33.15= 286.0
i } T = s 280 X 32.41 + 33.15= 274.0
- — Zoey 560
190 X 9.99 = 1900* M= 560 X 16.57 = 9300
190 X 1.48 = 280 280 X 15.83 = —4400
48607
56500
Live Load on ??? = 61360%*
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Uniform load on sidewalk = = 118000%
Due to load on roadway 61360
179360
Live:r Load End shear Motor truck loading
ZF e ™% e | Rearwheel 12740 + 2 =6370¢ direct
A T Front wheel ~ 6370 + 3  =2123
E P Motor truck = 1365
T T = 6390
i 9o~ 1806 - 3430T 7735%
tare 5 Uniform load
Ir:, erf ey
r_ HE i ;,} Unif. Load
i o257 = Jeso
Uniform load on sidewalk.
load on roadway max
Sum many for moment and shear Ggz
moment shear Web assumed
Dead Load Effect depth
Live Load
Flange stress
Net section SR
Net
Net
Unit flange stress (tension) net section
Compression
Approximate weight 8£ main girder
Inside girder " fe.20 -

1

Stiffs int.?
Stiff Panel
filler

stiffs
fillers
bedplate
splice

i

Rivet heads + mise say 5%

— 1]
53
!
Tt
=

On account of curve ture (X%, curve line,curvet use) for bottom add
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Out side girder

Flange
Stiffs
Stiffs
filler

stiffs
fillers
bedplate
splice

"

at bearing

Rivet heads + C

For Curve line of bottom flange add®

;&= diagonal length

sec 0
0 Inside girder.

o

Outside girder

lod

fo.:3 J( FarE

For intermediate panel point

| Horizontal

— Hor. force for Earthquake
For Enthpanel point

Hor. force for Earthquake

End reaction

End shear for diagonal
for one diagonal
stress in diagonal
section required net.
Use net
7?7 Use Rivets
Approximate weight.

Center connection
end connection

Bottom lateral bracing" 3° skew. For design sany the structure as sruare.

for intermediate panel

for End panel

for intermediate point

for End panel point
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Approximate weight of suspended span
Stringers
Floor beams
Inside girders
Outside girders
Lateral Bracing

Design of Anchor span
Inside girder G1 span length 30.9’ Cantilever arm 9.18
(! { Concentration ®—® see page6

I ¢ g
2% ) ]
M ""/ & o ‘af/w / Concentration at @

10.3 fo.3 | a5
‘I {E) E T_ GF&» From CB:1
‘Ij  megr -i E.a(. A Cross beam
From CB2
cross beam
cross beams

Concentration at @length 9.18
For extra strut a cross the shoe and deeper girder assumed the panel load some as for &
Concentration at @ length 5.9
Panel load
Cross beam

Concentration at hinge. Dead Load reaction from suspended span 21110# see p8
Moment at various points

3. neq? frequency
4.
Neq
moment at 5 moment at 6

Uniform dead load on girder 640% per lin ft.

at 3. m
at 4. m
at 5. m
at 6. m

Sum many for moment

3 4 5 6 7
Due to concentration
Due to uniform

End shear and reaction.: —
Cantilever arm at hinge
Panel concentration
Uniform load
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Shear between 4 and 5
Shear as simple beam Uniform
From cantilever effect

Total.
Shear between 6 and 7
Load on @ as simple beam Uniform
Projection

From cantilever
Pas? Load on shoe

As shear

Load on pier @

due to concentration. Cantilever arm
cantilever effect
As simple beam
direct load

due to unif.sath-eantdevereffect

Live Load
Cantilever moment and max negative at panel point of simple span.
Motor truck loading impact for cantilever arm
Span length
Cantilever
suspended impact for simple span
for full loading
for cantilever arm for full loading

f'r LD 2B
.irg_'? LTI LS 186 6
i B A HPPY e

reis -* motor truck rear wheel

(T,
S VE S see page 8
Load on girder loading some(some?) as for suspended span see page 7

A

B

C

Front wheel
Reaction at hinge.
Uni. load Meq et af 8

moment at pier ‘ neg moment at
max shear

Rear wheel at hinge, uniform load at rear see p8
inform load
motor truck

moment at pier max
End shear
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moment at panel points 5 and 6 Reaction
Y3 zasse moment at 6

i, g
Fil

G -
& ST Ty, tatb
[P ili%l ] awe ] oA

Rear wheel at hinge and unif load at rear and front.
Moment at 6 } max negative

At 5
Max negative section at 7 max

Load on shoe (abutment)
Masx Dead Load

Positive reaction.
Live load on simple span for postive moments
Motor truck loading impact taken some(down?) as for suspended span
Panel point 6

B7° .
_'”'—"_,l,‘_JE . ffor Reaction
r T = eges
e g —
T: - — Moment

foffe «Meos = piirn?
Panel point 5. same bending moment assumed
Max End shear at 7 uniform load

prl Reaction Medm =
) =4 52 |
& ‘s
3]
——zeg9 ]
A — Hgm . ) Positive shear for simple span

iE - (A lﬁ[jiﬁ’f_.ﬁ.z.é; R . Y
1efe fafa T
b .
—_—— ey _'2_’_3'_,,] A . i -
1 1080 » JSFI = /7o Unif.

Extra shear due to cantilever moment Extra reaction
End reaction at hinge Shear at 4-5 /
Moment

Load on 4 (pier) positive shear shear 4-5
Unif.
i

Motor truck on suspended span shear
Extra load on pier

Unif. Load on simple span
Max load on pier
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Sum many for moments Dead Load and negative moment
7 6 5 4 3

Dead Load -

Live Load postive

Dead Load and pos. LL. moment

7 6 5 4
Dead Load
Live Load

Sum many for Inside girder G1

7-6 5-4 4-3 Load on 7 max Load on 7 min Load on pier
Dead Load
Live Load

Section of Inside girder. G1

Cantilever portion max moment

Depth b tob of angles. web

Effective depth of girder 4.27 flange stress

Section req’d net
net
Use net
Unit flange stress for tension tension
Unit flange stress for compression comp.
At panel point 5 Tension in for
Reversal

Tension on top.
Depth of girder at 5 assumed b tob of angles  wed
Effective depth
Flange stress
Section req’d

net
Use net
Unit flange stress for tension
Unit flange stress for compression
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Design of Anchor span
Outside girder G2
Dead Load
<2

span length 30.9’

Cantilever arm 9.18
Concentration at 5 and 6

d;-é"i' #SConcentration at 4 assumed some(same)

cross beam + cantilever

.?I'Ijﬁ;o N LL/fm R » i .
H_Li_i_T re3’ g Foé M (Concentration at 3
L‘: G - w [

3090 " ur !
llsssfarm Loaa 7707 pun Loie. 4.

concentration at hinge p10

Moments at various Points

concentration at 7
cross beam and cantilever

moment ??? to panel concentration. Moment due to uniform load

Panel pt 3 m
Panel pt 4 m load
Panel pt 5 m
Panel pt 6 m

Sum many for moments

Due to concentration
Due to uniform load

End shears and reactions
Shear for cantilever arm

Shear between 4-and 5
Shear as simple beam
Cantilever effect

Shear between 6 and 7
Shear simple beam
Cantilever effect

Load on shoe
Concentration
Unif.

Load on pier

® m
@ m
® m
® m
4 5 6 7
Concentration ?
Conc at hinge
Concentration
Uniform load
Unif.

Due to concentration

Unif.

Due to concentration

due to concentration Cantilever arm

Cantilever effect
Concentration
Uniform load
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Live load

Cantilever moments and max negative moments at panel pts(’XA > | ?)
Motor truck loading rear wheel
27.5% impact

Front wheel
load on girder Rear wheel
Front wheel
Uniform live load at rear or front of motor truck
n o onside walk (see page 9)
Cantilever portion
Reaction at hinge

| 6328 a0l '
.18 ‘“’i.w ”;.; x4
Tl i
% 4 i L_-m:mamnﬂi Unif.
. T ) E i
190 iEol - Byme. Neg moment at @
Fo. 2be o #9z Moment at pier.
Zo0. B6o - a5 o 1250
Séo« 218 - oo

Max
Shear max
Rear wheel at hinge, followed by uniform load.

(370
[ X1

———y

2 load at hinge
/70

1 Motor truck
RIS e 23sg

o 265% = HEsm Moment at pier

of simple span.

Negative moments at panel points 5 and 6

_,—'—._,_,_.1_.-

_32L.__

Negatlve reaction at

Load on shoe (min)

“% Negmat se—

Rf
Neg mat 6

7.

Dead load
Live Load

Negative=neg
Moment=m

on abutment

Live load on simple span for positive moments

Panel point 6

‘WE%’L

—_— g
Unif.

per lin. Ft.
Panel point 5.

Max End shear at 7
{370

[ s 24 2
I;‘ - 190

2o.90

Reaction

-]

Some bending moment assumed

toif Fro® pbifs

Unif.

Moment

Unif. load
Reaction
Unif. load
Motor truck
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Shear 4-5
F— 1B E .g; ms o .a_ Reaction
L_ _ zese _l %
Bloo™ g £ fy.
Uniform load
Direct shear
Extra shear due to Cantilever moment.
Reaction at hinge
Moment at pier.
Extra shear
Direct shear
Max shear
Load on pier | cantilever
ear 4-5
Load on cant. arm
Motor truck on suspended span
Shear see page 17
Extra reaction
Unif. load on simple span
Max. load on pier.
Sum many for moments
7 6 5 4 3
Dead Load
Live Load (neg)
| Positive
Dead Load
Live Load (pos)
Sum meny for shears and loads
7-6 5-4 4-3 Load on 7 max, load on 7 min Load on pier
Dead Load
Live Load

Section of Outside girder Gz

Cantilever portion max moment

Depth of girder

Effective depth flange stress
Section req’d

Use

Not Counting

web for flange section

Unit stress| tension
J] N comp

\| compression
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Panel point No5. moment section on top flange.
Reversal

Web assumed effective depth

Flange stress

Sectionreq’d

Net
Use

Not counting 1/8 web for flange sections
Unit stress (tension)
n 1 (conp)
Approximate weight of main girder (anchor span)
Insid girder
Flange

intermediate stiffener )

Int stiff

Fillers

Web stiffs

Fillers

Web splice
"

Flange sp.
"

Fillers

Bed plate
i

Variation

Outside girder
Flange

Int. stiffs
n
Fillers
End stiff
Fillers

Web splice
n
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Flange sp.
n
Fillers
Bed pl.
n
3% variation
Bottom lateral bracing for anchor span Design the Lateral bracing as square.
. P e PR .
& 21 £ L diagonal length
7 3}1; a b1 ‘%r \E‘ﬁ sec 0
T_ FT for 8.06’ panel.
ﬁll Diagonal length
o~
sec 0
. Load at hinge see pl1
2 Inside girder
Outside girder

Horizontal force

Panel load at 3. inside girder.
Unif.
Conc

Panel load at 3outside girder
Inside girder Unif.

Outside girder Concentration

Hor. Force due to Earth quake

Shear for panel 3-4 33200 Diagonal stress
10800
44000#
Shear panel 4-520300from simple span diagonal stress
Extra shear due to cantilever moment
m
shear panel 5-6 stress
shear panel 6-7 stress
Max Reaction at panel point 4 (Horizontal)
Shear at 4 from cantilever
U I simple beam
Panel load

Extra load due to cantilever

Max horizontal load at 7.

Inside girder Outside girder
Load Inside girder 20300
Outside gorder 12200

32500 Max Hor. load

216




JIUN MASUDA

CONSULTING ENGINEER
SEIYU BLDG, TOKIO

CALCULATIONS FOR

Design of 108A Bridge for City of Tokyo

MADE BY

DATE

CHECKED BY. DATE

FILE NO
PAGE NO

Section of lateral 3-4

Use net Use rivets for connection.

panel 4-7 use same section

Approximate weight of lateral bracing (see page 11)

Street at

Extra details at hinge say Il Mﬁbﬂ. ot %4@6 Sa.,

Sum many weight of anchor span
stringers
floor beams
Inside girders
Outside girder
Lateral Bracings

Anchor span For 2 spans
Suspended span
shoes and misc details

Shoes on pier
Inside girder DL.
LL.

For shoe

Call this 126000
Design of shoes for 126000% load

Outside girder DL.

t..Lﬁégfz l‘i.{ (

e

Base area
Fixed shoe use similar base
shoes on abutment
Inside girder DL.
LL

222 shoe

Design shoes for 48000% load.

For shoe
Call this 116000*
diameter of pin assumed 3”

bearing and

Roller 3” per lin inch
Length of roller
for 5 rollers  each
Roller out to out
guard
transverse
Longitudinal

allowance

on masonry

Outside girder DL.

LL

For shoe
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Sketch of shoe on abutment‘

e I | Pin 3” dia same as for on pier.
' | | liding shoe.
l | : earing area
i I | | Unit bearing
1 | - on masonry

g

7 i Inside girder DL
T g | LL

utside girder DL

%r‘{ = SR, SIS || ! —B4hearing area

or anchor span

illers

a4t Zf

Re¢inforcement plate? T Reinfpls.

/ . pin pls
- % , . Pin assumed
-~

bearing area

‘ \ Unit bearing

Beading?(bearing)

%61‘ mh/flbre stress about O

~
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‘General dimensions of Pier ‘and Abutment. ‘
Airiiesigcois fdeenr i CtioecT et ' ; Evmaeneaf Bond evet g,
A2 LE T/ o - fﬁf_-fﬂqﬁ

T of Rondusy Bl=+1720% :
[ . ya ) =
| i
E'l b 0.9 ' ! '
i h 3l i
it i j i
|'1 (a{:+ﬂ4}k | : : . l i [ﬁ’-*f'??a’i
T | T
I i H
&_ T
o |
A v -
A . !
] Lf iy ¥ | ;
{ $ N h I
! N ! :
' AN ;
. 'lll : |
' Q
| N | '
C | N g V- OR b Wleret wpvrgaite. obcd
. - "-JI- R s T T \.). ,__,._--";;'
| zo| 5o & !
I . -‘: . ) ‘Q . _;._0‘ A0 Ao
— - F [ . " H : w“ . ‘AL i
| —— S
I- 15, 284" f%«f'
- Zog’
' ' A5 S= A0 AL
ELEVATION -
< & o0 g e T
LR : .
I N_ tf‘ L E .
S—D 14— 3 O—P1 D—D
] || | :‘ ||
o / i ;
| Q gy !
H—P—P— PO - SE Hsite Geide 0y — 1D D—F
] ]
& o—] H—=a . ; G —D
9
A 4 s
™ B—o~q L. O—-1D b—D
N )
- N _ 52(524.«.4, Feide. |
/PLAN. :
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‘General sketch of Pier. _
I _1 — N S : ull
T .
] 1 o000 I—Ja—
'.rr\
‘ S
L
i
| N
I
I
ELEVAT/ION
iy Fo' bk
_ (S0’ | ' S50 .
i 20 z0 £.o’ —3p £S5
i g |
. | L g : N
N ‘J L
. | Tl TN
- — wl o
K | MR _
' | 1| | — | J
i (. .
FLAN.
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General sketch of Abutmen&.
1
_ 1 T . .
— i
I
ELEVATION .
- 108 Fo' - <5
:—-.-. -...l.
h_ L] .
25 Z5m=Bzpt 0 Zom=gy -7
r= L N
FPLAN.
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Design of Pier. Suspended imposed load.
A :é T i : Dead Load
Weight of shoe
Live Load
Call this for one girder.
Case A.
l Stability of Pier shaft during earthquake. k=0.4

Center of gravity of shaft above section AA’
| names Dimensions weight lever arm moment
coping
shaft
curtain wall
chamfer

LB

Vertical distance of ¢,g of shaft from O.

¢+ 1 seismic force
Seismic moment about O.
Vert load seismic forces lever arm moment
D
S

Eccentricity

<H5- %ﬂ %{: 1= j:
- . =3@7%fe= OK
25 E fs= 0OK<30700

b Lz " Unit shear v= OK
Unit load u= OK
Case B.
Stability of Pier shaft for full load at normal state.
Load on shaft Superimposed load
superimposed load = 126000% No bending moment occurs in the shaft.
shaft = 31770 Unit compressions on concrete  OK
15770 N n I steel OK
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Stability of Pier shaft at Bo
illg o s

.

Db 24850

ttom.

Case A. Stability during earthquake

Center of grav

X1 above 0.

weight
seismic force

ity of shaft of lower 7ft.

seismic moment about 0.

Loads seismic

forces arm moment

DD’
Si1 Sy
Se S’

Eccentricity E-

o
2
wi
&
ol .
L |smrz710
- i _4
Jo .
/ ) ‘\"‘ ??(
a2 ) A
.
%' Se'v a0
Y o-%°
N < = G.of3®
& !
Design of Abutment
Parapet wall
Case A Under full load or

—f]-'; -

L N
L5 L]

2{293+¢7)

k= j=L=

fc= OK

fs= OK

Unit shear v= OK

Unit load u= OK

CaseB

Stability for full load or normal state
superimposed loa

shaft

n

No bending moment occurs in the shaft

Direct compression on concrete ~ OK

fs= OK

normal state/
2ft. surch arge

for live load assumed

Steel required

Earth pressure ei= ez=
Total earth pressure on parapet wall
Moment at bottom

Use per ft. strip.
p= j=k=

fs= OK

fe= OK

v= OK

u= OK

| -*-Lmﬂ_aﬂ,j@?-'
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Design of abutment continued
Parapet wall J‘Z,Case B

Stability of abutment shaft
Shaft under inside girder
Case A Stability under full load or

weight

JiL 5"

A

Taking moment about A
Loads Hor forces

Super posed load

Parapet wall

shaft

Earth behind

Earth pressure

Eccentricity E
Moment about 0
Assumed section.

S

vert force lever arm moment

Stability during earthquake/

Coefficient of earth pressure for

Earth pressure

Weight of parapet wall

Moment due to

earth pressure

seismic force

wt. of wall

steel req’d  per ft. strip.
Previous assumed section OK.

normal state

Super imposed loads/
Dad load

Wt. of shoe

Call this

Live load /.
Call this 48000*

Let us figure for shaft 9’ wide under inside girder.

Weight of shaft
Weight of parapet wall
Earth pressure

o

E2

Wt. of earth behind
Ea

steel ratio

fe= OK

fs= OK

unit shear OK
7 load OK

ke G~ 7" bars
q& fe, f—g 2 rgyse
AL SB A
b e
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Case B Stability of shaft dluring earthquake for seismic forces acting forward river side
12’ ' Earth pressure during earthquake
Hor. component of earth pressure
Vent. 7V n 1 n
Taking moment about A.
Loads Hor. forces vent. forces lever arm moment
D
P
P
S
D
Ea
Ea’
Ev
Eh

hi”

Eccentricity E=

Moment about 0.

Po
. From prepared diagrams, we have
k= j=L=
. fc OK
7 %" fs= OK
shear stress v=

.._g:;ql‘/z‘:"

eismic forces reversal to case B

fxFr

bond stress u=

OK

Loads
D

D

P

P

S

Hor. forces

Taking moment about A.
vent forces moment

Srcce—

S’
Ea
Eccentricity E=

Moment abot
— p Since all loads of mome

it iyﬁcessary to invi

under insides girder.

Shaft under outside girder.
Dead Load
Weight of shoe
Call this
Live Load "
Total
Use similar details as for shaft

MMM&M%*

it 0
nts smaller than for case B,
estigate stresses.

3
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Design of combined base for Abutment and Piers Weight of pier base.
Base under inside girder 9' wide
Case A Case of full loads at moment state.

Vert.: vertical
Dist.:distance

— ‘ _ ?

E=

. Vent. Dist. c.q from bott
Weight of abutment base
“

Amagbess
iadics rr

. Vent. Dist. of c.q. from bottom

heel: > &

Hor. Dist. of c.q from heel
or rear side of + base.

Weight of Beam between pier and abutment
Assumed the section be

Weight of earth behind of abutment

Earth pressure

e1
e2
Taking moments of several forces about 01 Earth pressure on abutment
Loads Hor. Forces Vent. Force Lever arm moments En
A Ey
Pr
S Point of application of Resultant force
Ba Distance from 01
Ea
Ev Load on one pile
E for pier tons on one pile.
for abutment tons on one pile.
P
S1
S
Bp
B
Total.

Reaction for Pier Rp

Reaction for abutment Ra
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Moment at center of beam 03 Moment at toe of abutment 04
Loadlever arm moment Moment at O3

Shear at end of abutment base on beam (04)
Shear at end of Pier base on beam. (05)

Assume 3' settlement of earth after completion Moment at toe of pier 05
Assume weight of earth in water moment at 03
Moment at center of span span being assumed 20’

For continuity of Beam m=
Total moment at 03

Moment at fixture of abutment base for Case A Moment at C
load on one pile

load for 3 piles

shear at 05 J Shear on C
moment at fixture B.

i
piles ]
shear cl r F-z;gm*
footing b
moment at 05 L= tqgeo™

Suan SEE ..
Moment of fixture for abutment footing in Case A

load on one pile
load for 3 piles
moment at A.
moment at 04
shear at 04

pile
footing
shear at A
shear at 04
footing
piles
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223"

Case B Stability during earthquake for seismic forces jacting toward river side
Earth pressure during earthquake.

Taking moments about 01

How component
Eh=
Vent component
Ev=

R = E AR

T

N STETAE e \‘*-5"5‘??4_—_———!}\ fy=b22en

Reaction for Pier

Loads Hor. force Vent. force lever arm moment Rp=

Ad Reaction for abutment
Pr Ra=
Pr’ Load on one Pile for Pier
S oo abutment
S Position of Resultant force
Ba Hor. dist. from 01
Ba’
Ea Moment at 03 on beam
Ea’ LoadHor. force Vent. force lever arm moment
Ev Rp
Eh Pd

Pa

St
Pd St
Pa’ S
S1 So’
Sy’ Bp
S2 Bp’
Bp B

B

B moment due to 3’ settlement of earth
B’
shaer at 03
Total XH
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Moment at 04 on beam Moment of fixture of footing for abutment (point A)
moment at 03 weight of footing

upward pressure due to Piles

moment at 04
shear

pile

wt. of footing

shear at 04
Moment at 05 on beam
moment 03

shear
beam Shear at A
shear at 0z
shear at 05 pile
wt. of footing
Moment at Pier footing at B for case B. Moment at [Pier footing at C for Case B
load on pile tons per pile piles
for 3 piles footing
moment at B.
moment at 05 Shear at C
shear 7 1 pile
piles footing
footing
Shear at B
shear at 0s
footing
piles
Case C Case of seismic forces reversed to Case B Reaction for Pier
Reffering to the figure for Case B Rp
Taking moment about 01 Reaction for abutment
Loads Hor. force Vent. force lever arm moment Ra
Ad Loads on Piles
Ad For Piers
Pr For abutment
Pr’ Point of application of Result force
S from 01
S
Ba
Ba’
Ea
Pd
Pd
S1
St
S2
Se’
Bp
By’
B
B
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Moment at 03 on beam
Loads Hor. force Vent. force lever arm Moment at 04 on beam
moment moment at 03
Rp shear
Pd beam
Pd Shear at 04
S1
St
S Shear at 05
So’ moment at Os
Bp moment at 03
By’ shear
beam
shear at 03
Moment of fixture for Pier footings
Moment at B Moment at C
wt. of footing wt. of footing
moment at Os
shear moment at C
piles piles
footing footing
shear at B shear
sheear at 0s
piles
footing

Moment of fixture for abutment footing (at point A)

Load on one pile
i i 3 )
Moment at A
shear n
piles

footing

Shear at A
shear at 04
footing
piles
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Moments and Shears for several cases at several points/in the combined footing

i ot
i e
] le.‘( ﬁ{\
|
1A 2} Os
ir,-.-.?- . Jut \ Wl

1
R |
Y
Moments at ‘
Normal, case A
Earthquake 7 B
nonC

Shear at
Normal case A
Earthquake 7 B
/A

Load on Piles at Abutment
Normal case A
Earthquake 7 B
n—C

Design of Footing and Beams
Footing for abutment (all figures are for footing 9' wide)

Max moment during earthquake Case B
/] i nC
Max shear for full loads at normal case.
Reinforcement req’d
| Use P
k j
fs OK
fc Ok

steel for neg. moment

Use 917
shear stress OK
load stress OK
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Footing for Pier (Side span side)

Max moment  during earthquake, Case C

nonon B
Max shear for full load Case A
steel required

i I Use

o M p kj
. . fs OK
"fe Ok
shear stress OK
bond stress OK
Steel for neg. moment

NI
!

Footing for Pier (Center span side)
Max moment

Use

Max shear
Steel required
Use
Shear OK
Design of Beam between Abutment and pier
Section at 04 Max moment
o revise'zs[ IE9 5 ?
ﬂfg-—f' = S4BT ’ Max shear
2 — e E— Assumed section 9° wide 3’ thick (assumption of
‘ T'[ T | ] N -;L:T . width at start 7’ being reviced to 9°)
| { | {1 ,l Fé Steel required  for siugb reinforcement
Bl il l ree -—J“Z—i Use  on Top a Bottom.
G= /as" From the prepared diagram, we have,
k j
fs OK
fe OK
v OK
u OK
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Section at 03 (Center of span Beam)

Max moment

Max shear

] Tl

|| | | 343
Lol z*J

P._"__éf%_

Use

' k

fs
fc
v
u

S—

Section at 05 (near pier)

Assumed section 9’ wide 3 thick
Steel required

for full load at normal case A.
during earthquake case B

(Revised from 6 to 9)
for ??? reinforcement
on Top and Bott.

OK

OK

OK

OK
Max moment for full load at
normal case A

during earthquake

case B
Max shear non B
Use the same reinforcement as for section at 03
shear v OK
bond u OK
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Design of Wing wall ‘

I
|
T 3%
<1 NN
1)
i
P i
| |
9 zo] | Laold
Lo nal
| s
5| =20 lJ.ﬁ‘E': || ze lgo- D
' oo |1
J’ | -f
Stability of Shaft

Section at 8 ft below top of wall
Case A at normal case

weight of mas

nry M

) concrete S
1 earth behind E1

Earth pressur

e E

Friction of ear
Taking momen
Loads Hor. fo

M

S

E1

Ev

Eh

h on wall
1ts about A
rce Vert. force lever arm m

Eccentricity E

Resultant fore

e cut base between middle t

oment

ird points

OK
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Fa”

l.’.z -L;a

Section modulus bed area

Case B Stability during %arthquake for seismic forces

5 acting forward river side

Hor. component of earth
Vert.” 1 1 n =Ev=
Taking moment about A
Loads Hor. force Vert. fo
M
M
S
S

Earth pressure during earthquake

pressure = Eh =

rce lever arm moments

Ha

E/
Ev
Eh

Eccentricity E=

moment ab’t. o

Extreme fibre stress
compression OK

or Tension OK

Reffering to figure for case B

Stability of Bottom of shaft

Case C  Stability druing earthquake for seismic force

moment about A

s reversed case B.

Loads Hor. force Vert. fo
M
M
S
S
E:
Eccentricity E =

Resultant forces cut base
OK

rce lever arm moments

between middle 3rd points.

Case A

at normal state.

s 2o
; b2 8
.:. T

le

Weight masonry
)l )l concrete
Earth behind
Earth pressure
fiction on wall

M
S
E:

Takingh moment about A.
Loads Hor. force Vert. force

lever arm moments

Ev
E
Eccentricity E =

Resultant force cut base between middle 3rd points.
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Case B. Stability during earthquake for seismic forces acting forward river.
o'

e

41,0l

L LC

Case C.
Reffer to the figure for case B.

section area of bottom area

section modulus of bottom area

Stability at bottom of base.
Case A Under full loads at normal state.

Earth pressure
Hor. component Eh
Vert. » Ev
Loads Hor. forces Vert. force
M
M
S
S
E:
ErY
Ev
Eh

lever arm moments

Eccentricity E

moment about 0.

Use reinforcement on back side.
Steel area req’d per ft strip of wall.
Use

Pevised to

Stability during Earthquake for seismic forces reversed to case B.

Loads Hor force Vert. force
M
M’
S
S7
E:

lever arm moments ab’t A/

Eccentricity E

moment about o

Extreme fibre stress
comp. OK
Tens. OK

Weight of earth behind Ei
earth pressure E
Friction of earth on wall Ev
Weight of base B
Taking moment about A.
Loads Hor. force Vert. force

M

S

E1

E2

B

Ev

E

lever arm moment

Eccentricity E
moment about 0
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. \
i p—he LA section modulus of bed area per ft. of wall
' rzf Max toe pressure

— — comp

- o o

Max load on one pile.
On steel piles

projection of footing

On a pile nearest to the toe

/4-{0'
i

on a pile at heel

o

Case B. Stability during earthquake for seismic forces acting forward river side.
Earth pressure

Eh
Ev
Loads Hor. force Vert. force lever arm moments
V[
T

¢/

’

L
Ll

N
Ll

L
L2
it}
L2
L
LV
th
3
3’

el oo Sl S C i ¢ s W g oI

Eccentricity E

Moment at 0.

Max . toe pressure

Negative tension
Max toe pressure

Load on sheet pile
1 a pile nearest to toe
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Case C Stability during earthquake for seismic force reversed to case B.
Reffer to the figure of case B.

Loads Hor. force Vert. force lever arm moment

M: 1790 — 2.9 — 5190
My 716 —10.0 — 7100
S 7250 — 5.32 — 38600
S’ 2900 — 8.42 — 24420
E1 2800 — 7.67 — 21480
Es 1400 — 9.50 — 13300
B 4500 —5.00 — 22500
B 1800 — 1.50 — 2700

5416 17740 — 135290

Eccentricity E
Neglecting tension, max toe pressure
Load on one pile at heel

Footing at toe.
weight of footing=3x3@ 150 = 1350"

r upward pressure of sheet pile=3.5x2240 = 78307
| moment at A

,l due to sheet pile 78302 = +15660""
i”ilm"'} » 1 wt.of footing 1350x1.5 = 7830"
A |, End shear = 78301350 = 6480%
L—i*f 7t 13630x12
X .
i 3" | steel req’d for moment = —————————— =025 per ft. strip
30700 x s x 24

Use bars at 1790

bond stress  OK
Use 26” effective depth if possible bond stress
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