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Q1) For the simply supported reinforced concrete girder-deck

b- State the complementary solution.

Q4) For the circular reinforced concrete tank having the following data:

H=8 m C (shrinkage strain) =300x10°® f; (flexural) = 150 MPa
D (inside) =32 m  t (wall thickness) = 0.5m (to be check)  f: =25 MPa

Yw =10 kN/m? f, (hoop) = 100 MPa f, (concrete) = 2.5 MPa
a- Hoop reinforcement at the critical section ( use & 25 bars)

b- Flexural reinforcement at the critical section ( use @ 16 bars)

Q5) For the rectangular concrete tank having the following data:
Base: hinge a= 6m b= 9m c=4.5m Yw =10 kN/m?>

Top: hinge fo =25 MPa f;=150 MPa t=500 mm (to be check)
Find:

a- Vertical reinforcement at the critical section of long wall (use @16 bars).
b- Horizontal reinforcement at critical section in the inner face (use 16 bars).

Q6) In which case:

a —Distribution reinforcement used in the concrete deck (slab) of bridges?

c-Water stop used in water tanks made of reinforced concrete ?

Good Luck

bridge shown in fig. , having the following data: 5‘;]‘&]‘ L
Clear span: 15 m fo =25 MPa - T :
Span C/C: 16 m f,= 400 MPa ¢ 2
Truck: MS 18 Asphalt wt. = 1.5 kN/m’
handrail wt. = 1.2 kN/m, Find: . I
—— 550 ——400——— 1100 ———=400~——— 1100 ——=400~— 750 —im
a-Slab total moment. e
b- Shear reinforcement at the critical section of an exterior Bridge cross-section (all Dimensions in mm)
girder (use @16 bars).(Let d = h — 150)

Q2) For the simply supported one-way concrete slab bridge having the following data:
Clear span: 7 m Truck: MS 18 asphalt wt. = 1 kN/m?
Span C/C:7.5m Slab thickness: 400 mm  edge beam total depth = 600 mm
Edge beam width = 500 mm handrail wt. = 1 kN/m?
Find:

a- Slab total moment.

b- Edge beam total moment.
Q3) For the beams on elastic foundation shown in figs.,
a- Choose a suitable coordinate system. q(x)= 3+2x2

q F q E q F q E q +0.6x*
c- Find the particular solution . '”“‘W’*” %
d- State the boundary conditions needed o L L L e e L
(Do not solve state only) Cas I Cas|

top : free

b-Beam on elastic foundation analysis ? o

base : hinge
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Fiing tension Fuin circular tanks 4 ! —
under triangular load. 2" i !
Fixed base, free top .5§ le
]
e
o, &
fi=coeff xwghr é”/ i
‘ ko1 !
ot i
Pomtwe a.lgj.:p_c_i_l_cates tension R .
e =
. W%’l
//7
//7/ / ///N i
h2 Coefficiants at point from top
dt 0.0 4 0.14 0.2h 03h 04h | 05h 0.5 4 0.9 4
0.4 +0.149 +0.134 +0.12¢ +0.101 +0.032 +0.066 +0.049 +0.029 +0.0c4
0.8 +0.263 +0.239 +0.215 +0.190 +0.160 +0.130 +0.096 +0.063 +0.010
Nz +0.283 +0.271. +0.254 - +0.234 +0.209 +0.180 +0.142 +0.099 +0.016
1.6 +0.265 +0.268 +0.258 +0.266 +0.250 +0.226 +0.185 +0.134 +0.023
2.0 +0.234 +0.251 +0.273 +0.285 +0.285 +0.274 +0.232 +0.172 +0.031
3.0 +0.134 +0.203 +0.267 1-0.322 .+0.357 +0.362 +0.330 +0.262 +0.052
4.0 +0.067 +0.164 +0.256 +0.339 +0.403 +0.429 +0.409 +0.334 +0.073
5.0 +0.025 +0.137 +0.245 +0.346 +0.428 +0.477 +0.469 +0.398 +0.092
8.0 +0.018 +0.119 +0.234 T +0.344 +0.441 +0.504 +0.514 +0.447 +0.112
8.0 —0.011 +0.104 +0.218 +0.335 +0.443 +0.534 +0.575 +0.530 +0.151
10.0 —-0.011 +0.098 +0.208 +0.323 +0.437 +0.542 +0.608. +0.589 +0.179
12.0 —0.005 +0.097 +0.202 +0.312 +0.429 +0.543 +0.628 +0.633 +0.211
14.0 —0.C02 +6.098 +0.200 +0.306 +0.420 +0.539 +0.639 +0.666 +0.241
16.0 0.000 +0.099 +0.199 +0.304 +0.412 +0.531 +0.641 +0.687 +0.265
Table A3.2
. €
8y e e
Ring tension Fuin circular tanks ‘ ; -
under trianguiar load, ! 'ff':
| 5
" fa )
Hinged base, free top d (S
'
fu= coeff X woh r ; J 2y D
! ¥
Positive sign indicates tension ' X
: ' 4
rc
i .
i
ha Coefficients at point from top
at 0.0h 0.1h G2h 0.3h 0.4k 0.5h 0.6 h 0.7h 0.8h 0.54
+0.395 +0.352 +0.308 +0.264 +0.215 +0.165 +0.111 +0.057
+0.381 +0.358 +0.330 +0.297 +0.243 +0.202 +0.145 +0.G76
+06.361 +0.362 +0.358 +0.343 +0.309 +0.255 +0.186 +0.098
+0.341 +0.369 +0.385 +0.385 +0.362 +0.314 +0.233 +0.124
+0.321 +0.373 +0.411 +0.434 +0.419 +0.369 +0.280 +0.151
+0.281 +0.375 +0.443 +0.506 +0.519 +0.479 +0.375 +0.210
+0.253 +0.357 35 +0.447 +0.255
+0.235 ‘+0.356 +0.803 +0.294
40.223 | +0.343 +0.547 +0.327
+0.208 |, +0.324 +0 +0.621 +0.36
40,2007 [+ 3y H0; +0.678 | +0.433
2 i i ¥ i) A7
40197 | %0.362 + S

Bl s



Table A3.3

8ending moments M in circular tanks
under triangular load.

Fixed base, free top

m = coeff x wg h?
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Positive sign indicates tension on'the outside =21 2 ' T e aea—
‘ a0 5
0 [
i |
deieled u e | Y
Rl oAl
0 T g
W08« B s 1
7 I 4
B2 Coefficients at point from top
dt 0.1h 0.2h 0.3h 0.4h 054 0.6h 0.7 h 0.8h 0.9h 10h
0.4 +.0005 +.0014 +.0021 +.0007 |- —.0042 -.0150 —.0302 ~-.0629 —-.081€ - | -.1205
0.8 +.0011 +.0037 +.0063 +.0080 +.0070 +.0023 —.0068 —.0224 —.0465 —.0795
1.2 +.0012 +.0042 *+.0077 +.0103 +.0112 +.0090 +.0022 —.0108 —.0311 -.0602
1.6 +.0011 +.0041 +.0075 +.0107 +.010 : +.0111 +.0058 —.0051 -.0232 —.0505
2.0 +.0010 +.003% +.0063 +.0089 +.0120 +.0115 +.0075 —.0021 —.0185 —.0436
3.0 +.0006 +.0024 +.0047 +.0071 +.0080 +.0097 +.0077 +.0G612 —-.0119 —-.0333
4.0 +.0003 +.0015 +.0028 +.0047 +.0066 +.0077 +.0069 +.0023 —.0630 —.0258
5.0 +.0002 5 +.0016 +.0029 +.0046 +.0059 +.0059 +.0028 —.0058 —.0222
6.0 +.0001 +.0023 +.0008 +.0019 +.0032 +.0046 +.0051 +.0029 —.0¢41 —.G187
8.0 .0000 +-.0051 +.0002 +.0008 +.0018 +.0028 +.0038 +.002% —.0022 —.0146
_i0.0 .0000 0000 +.0001 +.0004 +.0007 +.0019 +.0028 +.0028 —.0012 =01 27
. 12.0 .0000 —.0001 +.0001 +.0002 +.0003 +.0013 +.0023 +.0026 —.0005 —=.c104
14.0 .0000 .00C0 .0000 .0000 +.0001 +.0008 +.0018 +.0023 —.0001 —.0090
16.0 .0000 - .00C0 —.0001 —.0002 —.0001 +.0004 +.0013 +.0019 +.0001 —.0079
Tzhle A3.4
; €
= s
e e
Ring tension £t in circulzs tanks ; 1
under uniform load. o] :
¥ //‘ , 1
- r d
Fixed base, free top = '
, 2 |
fi = coeff X qr o / .
Positive sign indicates tansion g ‘
) |
7 l
e Coefficients at point from top
dt 0.0 4 014 02h 0.3h 0.4 5 0.5h 0.6h ‘0.7 h
;0.4 +0.582 . +0.505 +0.431 +0.353 +0.277 +0.206 +0.145 -'.H)'.OSZ
iO.B_ +1.052 i +0.921 +0.796 | .+0.669 +0.542 +0.415 +0.289 +0.179
112 +1.218 : +1.078 +0.946 +0.808 +0.665 +0.519 +0.378 +0.246
‘1.6 +1.257 1 +1.141 +1.009 . |.+0.881 +0.742 +0.600 +0.449 +0.294
2.0 11253 ©+1144 | +10417 (%4092 | +0.806 | +0.667 | +0514 +0.345
il s1a60  +im2 || sroeis | ce0eges]| wromrz | +0796 | +064G | +0.457
4.0 +1.085 +1.073 +1.057 41,029 +0.977 +0.887 +0.746 +0.553
‘5.0 +1.037 +1.044 . ! 4 1. +0.949 +0.825 +0.629
. 6.0 +1.010  +1.024 +0.986 +0.694
T go e |- +0989 1 +1005 | 4 4 | +1.026 +0.788
10.0. . | “+0.989: - +0.398 - )+ | . #1.040: +0.859 -
122000 | +0.994 ., #0997 ¢ 410437 +0.911 |-
140 +0.997 . +03%8 |¥1.040 +0.949 _|°
16.0 +1.000  +0399 . +1.032 ¢ - 40.975
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-Table A3.7

Table A33

Bending moment M in circular tanks
under combined triangular
.and uniform load,

Hinged base, free top

m = coeft x (Woh3 4+ gh?)

Positive sign indicates tension
on the outside

+.0301 +.0348 +0357 | 1 0312 +.0197 0

+.0019 +.0064 +.0133 i +.0207 +.0271 +.0319 +.0329 +.0292 +.0187 0

1.2 +.0016 +.0058 +0111 | +.0177 +0237 | +.0280 | 40298 +.0263 +.0171 0
1.6 +.0012 +.0044 +.0091 | 40115 +0195 | 40236 | 49255 +.0232 +.0155 0
2.0 +.0009 +.0033 +.0073 | #0114 +0158 | -+.0199 | +0719 +.0205 +.0145 0
3.0 +.0004 +.0018 +.0040 | +.0233 +.0092 +.0127 +.0152 +.0153 +.0111 0
4.0 +.0001 +.0007 +.0016 Po+.0933 +.0057 +.:’JQ83 +.0109 +.0118 +.0092 ] 0
5.0 .0000 +.0001 +.0006 " 40015 +.0034 |+ 0057 +.0080 +.0094 +.0078 0
6.0 .0000 .0000 +.0002 | +.0s93 +.0019 | +.0039 +.0062 +0078 | vo068 |
8.0 .0000 .C000 —0002 ! ooy +.0007 ’ +.0022 | ¢ ngag F0957 & +o0054 | g
10.0 0000 .0000 —-.0002 | —.0p3q +.0002 | +.0011 [ + 0025 +.0043 | +.0045 ’ 0
12.0 .0000 / .0000 —-.0001 | - pog2 .0000 +.0005 | 40017 +.0032 ! +.0039 0
14.0 0000 | 0020 | —.goo0t i~ 0001 ~.0001 0000 | 40017 +.0026 | +.0033 ! ¢
16.0 0000 0000 ; poog II -.0001 —-.0002 | - Ggoa [ +.0008 +.0022 +.0023 | 0

Ring tension A in circular tanks
under shear per unit length v
applied at top.

Fixed base, free top
f = coeff x ;—r

Positive sign indicates tension

h ;
0.4 — .57 -1.32 -1.08 -0.86 —0.65 -0.47 —-0.31 -0.18 —0.08 -0.02
0.8 - 3.09 —2.55 -2.04 -1.57 ~-1.15 —-0.80 ~0.51 -0.28 -0.13 -0.03

1.2 = 395 =397 —2.44 -1.79 —1.25 -0.81 -0.48 -0.25 -0.10 —0.02

1.6 - 457 -3.54 —-2.60 -1.80 -1.17 —0.69 -0.36 -0.16 —0.05 —0.01

2.0 - 512 -3.83 —-2.68 -1.74 —-1.02 -0.52 —-0.21 -0.05 +0.01 +0.01

3.0 ~ 6.32 -4.37 —-2.70 —1.43 —0.58 -0.02 +0.15 +0.19 +0.13 +0.04 |

4.0 - 7.34 -4.73 —-2.60 -1.10 ~0.19 +0.26 +0.38 +0.33 +0.19 +0.06

5.0 — 822 —-4.99 —2.45 -0.79 +0.11 +0.47 +0.50 +0.37 +0.20 +0.06

6.0 - 9.02 —=5:17 -2.27 -0.50 +0.34 +0.59 +0.53 +0.35 +0.17 +0.01

8.0 —-10.42 —-5.36 —1.85 -0.02 +0.63 +0.66 +0.46 +0.24 +0.09 +0.01

10.0 -11.67 —-5.43 —1.43 +0.36 +0.78 +0.62 +0.33 +0.12 +0.02 0.00

12.0 —-12.76 -5.41 -1.03 +0.63 +0.83 +0.52 +0.21 +0.04 -0.02 0.00

14.0 ~13.77 -5.34 -0.68 +0.80 +0.81 +0.42 +0.13 0.00 —-0.03 -0.01

16.0 —14.74. —-5.22 —-0.33 . +0.96 +0.76 +0.32 +0.05 - +0.04. | ,-—0.0'5 —-0.02

“When this Table is usad for shear applied at the base, while the top is fixed, 0.0 41 is the bottom of the wall and 1.0 4 Is the top. Shear acting inwerd |g -
positlva, outward is negative. ; e




Table A3.11
[52 1
Bending moments M in circular tanks 2 | 4]
. under momant per unit length m 84 | fo.
applied at base. 04 . &
g S L
[ : k4
Hinged base, free top b2 sl h
S g = 2 i o
Sl e . Ea 5
& | -
e 3 i ; o |
Positive sign indicates tension = l 2
onihe outside bad ! E‘E‘ |
i e b g i ol %
\m/ \\rﬁ/
he : Coefficients at point from top*
ot 0.1h 0.2h 0.3h 0.4h 05h 0.8h 0.7h 08h | 034 ] 1.0h
0.4 +0.013 +0.051 +0.109 +0.196 +0.296 +0.414 +0.547 +0.692 | +0.843 | +1.000
0.8 +0.009 +0.040 +0.050 +5.164 +0.253 +0.375 +0.503 +0.659 | +0.824 +1.000
1.2 +0.006 +0.027 +0.063 +0U.125 +0.206 +0.316 +0.454 +0.616 { +0.802 +1.000
1.6 +0.003 +0.011 +0.035 I +0.078 +0.152 +0.253 +0.393 +0.570 | +0.775 +1.000
2.0 -0.062 —0.002 +0.612 +0.034 +0.096 +0.193 +0.340 +0.519 | +0.748 +1.000
3.0 -0.007 ~0.022 —0.030 —0.029 +0.010 +0.087 +0.227 +0.426 +0.692 +1.000
4.0 —-2.008 -0.026 —0.044 —0.051 —~0.034 +0.023 +0.150 +0.354 +0.645 +1.000
5.0 —0.607 —0.024 —0.045 —-0.061 —0.057 —0.015 +0.095 +0.296 +0.608 +1.000
5.0 -0.005 1 -0.018 -9.040 —-0.058 —(0.055 —0.037 +0.057 +0.252 +0.572 +1.000
: 8.0 -0.001 -0.009 —0.022 —0.044 -G.068 —0.062 +0.002 +0.178 +0.515 +1.000
I 10.0 9.000 -0.002 ~0.009 —0.028 —0.653 —0.067 —-0.031 +0.123 | +0.457 +1.6C0
. 128 0.300 C.000 | -0003 | -0.018 —0.040 —0.034 | —0.049 +0.081 +0.426 | +1.000
14.0 0.600 0.000 0.000 —0.008 —-0.029 —0.059 —0.060 +0.048 +0.387 +1.000
16.0 0.009 0.000 +0.002 | -0.003 -0.021 —0.051 —0.066 +0.025 +0.354 +1.000
*'When this Table is used for moment applied at the top, while the top is hingad. 0.0 4 is the pottom of the wall and 1.0 A is the top. Moment applied at

an edga is positive when it causes outward rotation at that edge.

Tabie A3.12

Shear at base of circular tank walii

v = coeff x wgh? - for triangular loading

i r
i x gh for uniform loading
m
i X v for moment at base
: Positive sign indicates shear acting inward
1 hi Triangular load Uniform load Triangular or uniform Moment
o fixed base fixed base load, hinged base at base
! 0.4 +0.436 +0.755. +0.245 —1.58
i 0.8 +0.374 +0.552 +0.234 -1.75
/ 1.2 +0.339 +0.460 +0.220 —2.00
1.6 G +0.317 +0.407 +0.204 =228
) 2.0 +0.299- +0.370 +0.189 —2.57
& 3.0 +0.262 +0.310 +0.158 5 -3.18
: 4.0 +0.236 +0.271 +0.137_ ) —3.68
5.0° +0.213 +0.243 ) +0.121 —-4.10
6.0 +0.197 +0.222 +0.110 —4.49
8.0 +0.174 _ +0.193 +0.086 —5.18
' 10.0 +0.158 +0.172 +0.087 ~5.81
12.0 +0.145 +0.158 +0.079 —6.38
140 +0.135 +0 147 +0.073 —6.88




Table V. Moment Coefficients for Tanks with Walls

Free at Top and Hinged at Bottom

t2 bh .
!
,q/— i
Moment = Coef. X wa? Z 3
Free
X
a@
/—Hinged
b/a — 3,0 hii &2.0
y=0 y=b/4 y=b/2 r1=c/4 =0 =0 y=b/4 l y=h/2 r=cf4 =0
cla |2/a ¢/a |z/a
Mz | My | Mz | My | Mz | My | Mz | M: | Mz | M: Ma | My | Mz | My | Mz | Mz | M: | Mz | M:
ol o |+o70] o |+027] o |-196| o0 |+027| 0 |+070
14 || +.028 | S.061 | +.015 | +.028 | ~034 | —170 | +.015 | +.028 | +.028 | +.061 AR el B R o e (T S
300 | 12 | V049 | 048 | +.032 | +.026 | 027 | 137 | +.082 | +.026 | +.049 | +.049 3 | +016 | +.042 | +.006 | +.014 | ~018 | ~004 | 006 | +O14 | +013 | +05
{2 | o | vous | 0% | 10T | S0T7 | Jos7 | o34 | ots | +o46 | +:030 000 | 2% | 1033 | +.036 | +.020 | +.016 | ~.018 | 089 | +.020 | +.016 | +.033 | +.036
: . : : : 52 | 1036 | Y024 | 1025 | +.014 | 013 | 1065 | +.025 | +.014 | +.036 | +.024
ol o |«oma| o/|+033] o |-169| o0 |+013) 0 |+057
sz | +028 | +:063 | +.016 | +.033 | ~.030 | 151 | +.009 | +.014 | +.022 | +.080 ol o|+wom| o fwois| o -0s1) 0 f-00L) 0 0%
2,50 | 12 | +.049 | 050 | +:033 | 1029 | —025 | 126 | +.023 | +.017 | +.041 | +.043 3 | +.017 | +:044 | +.007 | +017 | ~017 | ~085 | +.003 | +.006 | +.092 | +052
3 | £046 | +.030 | +.037 | +.020 | 017 | ~084 | +.029 | +.014 | +.040 | +.027 175 | 5 [ 034 | +io38 | +o21 | +019 | ~017 | 083 | +.015 | +011 | 027 | +00
: . d g ! - : ! 35 | V036 | +.02¢ | +.025 | +.015 | 012 | ~061 | +.020 | +.012 | +.031 ) +.02
ol o |+o7s| o |+0%@| o [-146| o [-005| o0 |+031
3 | +.020 { 4065 | +.017 | +.036 | =027 | ~133 | +.002 | ~002 | +.013 | +.032 IR e e = e SR e BRUIR R
200 | 52 || 5050 | +.081 | +.035 | +:032 [ 023 | ~.113 | +.016 | +.005 | +.030 | +.029 | 1 50 3 o0l | - 0e8 ) 000 0 | ~077 | %0003 -002 | 007 | =020
37 | +.046 | 031 | +.037 | +.021 | —016 | ~078 | +.022 | +.008 | +.034 | +.020 | 7% | “oas | +i039 | +1022 | +.021 | 015 | —076 | +.009 | +.004 | +.020 | +-0%
57 || 103 | +.025 | +.026 | +.016 | -.012 | ~058 | +.016 | +.008 | +.025 | +017
ol o l+o76| o |«041| o |-137| o |-018| 0O |+014
1 | +.020 | +065 | +.018 | +.038 | ~025 | 125 | ~.003 | 012 | +.007 | +.018 8 B e e T s R e B O
175 | 4% | 3:050 | v:052 | +.036 | +.033 | —021 | 1106 | +.011 | ~.003 | +.023 | +.020 | 4 55 T BB B B o1a | mee o802 | SO e e
i | 046 | +.031 | +.037 | +.021 | ~015 | —074 | +.018 | +.004 | +.027 | +.015 | © % | 036 | +i041 | +.023 | +.023 | -014 | ~063 | 005 | ~004 | +O11 | +F
57 | 3037 | +i025 | +.026 | +.017 | 017 | —054 | +.011 | +.002 | +.016 | +.011
ol o |sor?| o |+043] © |-129 o |-033} O |-006
3% | +.030 | +:066 | +.018 | +:039 | ~024 | —118 | 007 | —024 | +.002 | +.004 o | +.0%9 slaty ST o S ~023
150 | 32 | 5020 | 1053 | Sioar | Vo34 | ~020 | <100 | 005 | 012 | +.015 | +010 | 109 | 5 2050 100 | LD (e ORE e 2063|005 | b | D054 D
32 | 1046 | v.031 | +.038 | +.022 | ~014 | ~070 | +.013 | ~.000 | +.021 | +.010 100 | 15 | 41037 | +i0¢2 | vioz4 | 4025 | 013 | 064 | ~000 | ~01 | + 08 | 1050
: - i | 1037 | 11026 | +.027 | +.018 | ~010 | ~051 | +.006 | ~.006 | +.008 | +.004
0 o |+078| o |+045| o0 |-122| 0O |-062 0 | -031 B
3 | +.030 | +.067 | +.019 | +.041 | ~022 | 111 | -011 | ~.039 | ~.004 | ~O18 0 G e B ool e e ey
125 | 15 | 050 | +.054 | +.038 | +.035 | 019 | ~095 | - —022 | +.008 | ~.005 14 018051t +029 | -012 | 062 | -.009 | -.040 | 010 | ~.031
v oo | 0t | +03 | w633 | Z0ié | “oes | +iods | ~oos | vot6 | oo 075 | 1% | 1:038 | +i043 | +.025 | +.026 | 012 | 062 | 005 | -.029 | 007 | 010
3 : ! / ! : 32 | +037 | v.026 | +.027 | +.018 | ~.010 | ~.049 | +.002 | 015 | +.001 | -.004
ol o |som| o |+047| o [-118] o0 |-074) © )-080
w7 || +.030 | +.067 | +.020 | +.043 | ~021 | <105 | ~015 | ~0%6 | ~010 | ~047 e L ey g e 0 | 081
1.00 | 1% || V051 | +:054 | +.038 | +.036 | -.018 | -.090 | ~005 | 03¢ | +.001 | ~082 ] 0.5 Allaatiidiae e ey = o = = =014 | =051
32 | +:047 | 4032 | +.038 | +.023 | ~013 | -.065 | +.003 | ~014 | +.009 | ~009 = o | %% | Vioss | +i0as | +.025 | w025 | -o13 | 064 | 010 | =04 | ~02 | ~OR
- 52 | 3037 | +o26 | +.026 | +.017 | —010 | ~050 | ~.003 | ~026 | ~004 | ~018
o R e I v B s o (S (T RO e
w7 || +.099 | +:066 | +.020 | +.042 | -021 | 1107 | ~020 | 079 | ~016 | ~.070
o075 | 12 | “.o51 | +.053 | +.037 | +.036 | 018 | -.090 | 011 | ~.051 —.006 | —.045 b/a = 1.5
o2 | 1047 | +.031 | +.037 | +.022 | 013 | -.066 | ~.002 | ~025 | +.003 | ~024
y=0 | y=b/ y=b/2
ol o leom| o (wez| o o) o |~18] 0 |~123] el sk
o | 029 | 41065 | +.019 | +.042 | ~023 | 115 | 024 | 105 | 022 ) ~10F Mz | My | Mz | My | Mz | My | M;:
050 | 35 | T050 | 053 | +:035 | +.035 | ~019 | 095 | ~016 | ~073 ) ~013 | ~OF7
32 | 1048 | 1031 | +.036 | +.021 | 014 | ~088 | 007 | 040 | ~.004 042
; ol o {«027| o |+005| © +.007
1% || +.009 | +.028 | +.003 | +.008 | —012 +.028
b/a = 2.5 150 | 15 | +.022 | +.027 | +.012 | +.011 | -.013 +.027
#; | “027 | 4020 | +.017 | +.011 | =010 £.020
=0 —b/4 =b/2 = ¢/ =0
P N L e dilic e 2 2 KRR S| rooel o +.011
M M. M M M. M. M: M, M Z || +.010 | +.031 | +.005 | . -0 +.015
Mz | My s | > | My | Mz < z | 105| 7% | +.024 | -030 | +.014 | +.014 | -.011 +.020
3, o
0 o | +.061 0 +_0129 06 _138 o | 019 Dg +.061 37 || +.027 | +.021 +018 | +.012 .010 +.016
5 | 1004 | V1083 | +.00 | +022 | 026 | ~132 | +010 | +022 | +024 | 022 3
250 | 35 || vi042 | vi04a | +.025 | +.022 | 023 | <115 | +.025 | +.022 | +.042 41044 fé st PP B g e
45 | ©:041 | +.027 | +.030 | 016 | ~.016 | ~078 | +.030 | +016 ) +.041 7027 | 100 | 5| S35 | 5032 | 018 | Yor7 | —o10 L
ol g benss]con Vemee | o l-me) B jebos) D 030 3 | +008 | +022 | +.019 | +.014 | ~009 cdLd
2 | +.025 | 05 | 012 | +.027 | =023 | 113 | +.005 | +.006 | +.015 | +037 N e T
000 | 1% | 043 | Y046 | +028 | +.025 [ 020 | ~102 | +.018 | +.011 | +.032 +.033 }C}‘ O bl T o =0
20 7983 | 108 | 057 | oia | “o1s | ~oro | ¥o23 | w011 | +034 | +022 | g5 | 2] 1025 | +.033 | +.016 | +.019 g o 5
0 o |+067| © |+030| o0 |-108| 0 |-006 0 | +.025 34 || +.028 | +.022 | +.019 | +.015 | ~008 +.001
% | +.095 | +:087 | +.013 | +.030 | 021 | 104 | +.001 | 002 | +.010 | 023 — e o e | e
175 | i3 | vosa | voa7 | +.029 | +.027 | —019 | ~096 | +.013 +.004 | +.025 | +.025 }‘j +o?0 :-ggg +og? 1'813 ogs o R 037 s
H = = i+ ] ; ; 008 | -040 | - Zo3t | -007 |
32 || 1043 | ¥:028 | +.033 | +.019 | -013 | ~066 | +.019 | +.008 | +.025 1009 | s | 281 5000|1837 | 3007 | 3855 | Zo0a | “od | Zooe | —oor | ~00s | —020
ol o lioss| o |wom| o [-w0| o |-08| o |00 s | 3058 | +.022 | +.018 | +.016 | —.008 | 040 | ~.002 | ~018 | ~004 | ~010
2% | +.026 | +.058 | +.014 | +.032 | 019 | ~097 | ~.003 | ~012 | +.004 +.013
150 | 35 | 12055 | Si047 | o0 | +i029 | -018 | ~089 | +.008 | ~002 | +.017 | +O1F
{2 | 1043 | +.029 | +.034 | +.019 | -013 | -.063 | +.015 | +.004 | 024 1015 b/a = 1.
0 0 | +.069 0 | +.035 0 | -092 0 | -030 o | -0t0 [E =0 y=b/a | y=bs2 r=cld z=0
0 | +.0%6 | +:059 | +.015 | +.034 | 018 | 089 | 006 | ~024 | ~.002 T P donin b
125 | 33 |1 3:043 | +-048 | +031 | +1031 | 016 | ~082 | +.003 | ~012 | +.008 | +.007 Mz | My | Mz | My | Mz | My | Ma | M: | Mz | M:
7 | 7043 | T029 | T34 | +.020 | ~012 | <059 | +.011 | ~002 | +.018 | +.008
il o ey b, feosri o U=nerl 0 | -aing o0 =i ol o leom] o lwoi o |so9| © [s000p o0 G010
o | +.006 | +i080 | +.015 | 036 | 017 | 083 | ~010 | 036 | ~.008 | ~0%} 5% | +.002 | +.013 | +.000 | +.003 | -.005 | ~025 } +.000 | +.003 | +.002 | + 03
100 | 5% | 7046 | 048 | +.031 | +.032 | ~01 | ~077 | —003 | ~021 | ~001 | ~ OB 100 | 35 | T0r0 | +:017 | +:005 | +008 | 007 | ~.038 | +.005 | +.006 ) +.010 } +.017
52 || T:044 | +.o29 | +.033 | +:021 | —011 | -.06 | +.006 | ~008 | +.011 —~.000 52 | 7015 | 71015 | +:008 | +.007 | 007 | ~036 | +.008 | +.007 | +.015 | +.015
o b gl o] o lsom| o [-gexl @ -ooer] 8| -083 ol o lwmisl b |soapie o z-giai 0 o008l 00 008
9 | <095 | +:060 | +.015 | +.037 | =016 | ~078 | ~014 | ~053 | 014 | ~042 2 | +.003 | 017 | +.001 | +.008 | -004 | 020 | ~001 | ~005 | .00 | +.003
075 | 1% | 5045 | Fod7 | Soon | w032 | 014 | ~o7i | ~o08 | ~035) 003 | ~40 075 | 55 | 013 | S:020 | +.006 | +.009 | ~.007 | —033 | +.002 | ~001 | +.005 | +.007
5% | 043 | Ti020 | +1033 | +.020 | 011 | ~054 | +.002 | =016 +.005 —o1 4 | 7016 | v014 | 1009 | 41009 | —006 | 032 | +.004 | +.002 | +.009 | +.008
0 1 vose! o |sosm| o [=osof o [-os1} o |-080 61 o lsmol ool G ] -eud e yopor] O |~00a
1y 005 | 5059 | +.014 | 1038 | ~015 | —075 | —019 | ~072 | ~.019 | ~068 » | +.003 | +.018 | +.001 | +010 | .04 | ~018 | ~002 | ~012 | 003 | ~007
050 | 55 | 7044 | 046 | +-028 | +.032 | 014 | —06B | -014 | -056 } ~047 | ~038 050 | 2 | +072 | “io2t | +-oos | +010 | 005 | D32 | +.001 | ~009 | +.002 | ~.003
| o | oz +.032 | +.019 | ~ot0 | ~052 | ~003 | ~030 | ~002 | ~026 74 RO REE +8%0 | Lo0g | —ooe | —031 | +.002 | —-0C5 | +.006 | +.001

Minus sign mdlcate.s tension on the loaded side.




Table VI. Moment Coefficients for Tanks with Walls Hinged at Top and Bottom

Efa t/3
:
cf2
et 4_._..__. v
cLz_ -
Moment = Coef. X wad 7
X
o] Hinged
b/a = 3.0 b/a = 2.0
p /} y=0 y=b/4 ‘ y=b/2 z=c/4 =0 A p ¥=0 y=b/4 y=b/2 z=cf4 z=0
cla |z/a] | cla |z/a
| Mz | My | Mo | My | Mz | My | Mz | My | Mg | M: My | My | M | My | Mz | My | Mz | M: | Mz | M
3£ | +.035 | +.010 | +.026 | +.011 | ~.008 | -.039 | +.026 | +.011 | +.035 | +.010 14 || +.025 | +.013 | +.015 | +.009 | ~.007 | 037 | +.015 | +.009 | +.025 | +.013
3.00 | 15 || +.057 | +.016 | +.044 | +.017 | ~013 | ~.063 | +.044 | +.017 | +.057 | +.016 | 2.00 | 14 | +.042 | +.020 | +.028 | +.015 | —012 | —.059 | +.028 | +.015 | +.042 | +.020
34 || +.051 | +.013 | +.041 | +.014 | —011 | —055 | +.041 | +.014 | +.051 | +.013 3 || +.040 | +.016 | +.029 | +.013 | —011 | —053 | +.029 | +.013 | +.040 | +.016
14 || +.035 | +.010 | +.026 | +.011 | —.008 | —.039 | +.021 | +.010 | +.031 | +.011 14 | +.025 | +.013 | +.015 | +.009 | ~.007 | —.036 | +.011 | +.008 | +.020 | +.013
250 | 35 || +.057 | +.016 | +.044 | +.017 | ~.012 | —062 | +.036 | +.017 | +.052 | +.017 | 1.76 | 15 || +.042 | +.020 | +.028 | +.015 | —.012 | 1058 | +.022 | +.013 | +.035 | +.021
3 | +.051 | +.013 | +.041 | +.014 | —.011 | —.055 | +.036 | +.014 | +.047 | +.014 % | +.040 | +016 | +.029 | +.013 | ~010 | =052 | +.024 | +.012 | +.035 | +.017
£1£ [ +.035 | +.010 | +.026 | +.011 | 008 | 038 | +.015 | +.010 | +.025 | +.013 L34 | +.025 | +.013 | +.016 | +.009 | -.007 | -.034 | +.007 | +.006 | +.014 | +.013
2.00 [35 | +.057 | +.016 | +.045 | +.017 | 012 | —.062 | +.028 | +.015 | +.043 | +.020 | 1.50 [*1Z | +.043 | +.020 | +.028 | +.015 | ~011 | ~.056 | +.015 | +.011 | +.027 | +.021
8 | +.051 [ +.013 | +.042 | +.014 [ —011 | 054 | +.029 | +.013 | +.041 | +.016 3 | +.041 | +.016 | +.029 | +.013 | 010 | —050 | +.019 | +.010 | +.029 | +.017
14 || +.035 | £.010 | +.027 | +.011 | —.007 | -.037 | +.011 | +.008 | +.020 | +.013 14 | +.026 | +.013 | +.016 | +.010 | -.006 | -.032 | +.003 | +.003 | +.007 | +.011
175 | 13 || +.057 | +.015 | +.045 | +.017 | —012 | —1060 | +.021 | +.013 | +.036 | +.020 | 1.25 | 15 || +.043 | +.020 | +.029 | +.015 | 010 | —052 | +.008 | +.007 | +.018 | +.019
== | 8 | 4051 | +.013 | +.042 | +.014 | =011 | -.053 | +.024 | +.012 | +.036 | +.016 3{ | +.041 | +.016 | +.030 | +.013 | 010 | —.048 | +.013 | +.008 | +.021 | +.016
34 | +.035 | +.010 | +.027 | +.011 | —.007 | +.035 | +.007 | +.006 | +.014 | +.013 17 | +.026 | +.013 | +.017 | +.010 | —.006 | —.028 | —.001 | +.000 | +.002 | +.008
1.50 | 15 || 1.057 | +.015 | +.045 | +.017 | 011 | —.057 | +.015 | +.010 | +.027 | +.020 | 1.00 | 35 || +.044 | +.020 | +-030 | +.016 | ~.009 | ~.046 | +.002 | +.002 | +.007 | +.014
3{ | +.051 | +.013 | +.042 | +.014 | —.010 | —051 | +.019 | +.011 | +.029 | +.017 3 | +.041 | +.016 | +.031 | +.014 | 009 | ~.044 | +.007 | +.004 | +.013 | +.013
13 || +.035 | +.010 | +.027 | +.011 | -.006 | —.032 | +.003 | +.003 | +.008 | +.011 14 | +.027 | +.013 | +.018 | +.010 | ~.005 | -.024 | -.003 | -.004 | 001 | +.002
125 | 1 | 4057 | +.015 | +.046 | +.017 | -.011 | 053 | +.008 | +.006 | +.017 | +.017 | 0.75 | 15 | +.045 | +.020 | +:031 | +.016 | —.008 | —.040 | —.002 | —.004 | +.000 | +.005
3 | +.051 | +.013 | +.042 | +.014 | 010 | —.048 | +.013 | +.008 | +.021 | +.016 8 [ +.042 | +.016 | +.032 | +.014 | 008 | ~.041 | +.002 | —002 | +.005 | +.008
4
14 || +.035 | +.010 | +.027 | +.011 | —.006 | —029 | —001 | +.000 | +.002 | +.008 1 || +.027 | +.013 | +.019 | +.010 | —.004 | —.021 | —004 | 010 | 004 | -.007
1.00 | 32 | +.057 | +.015 | +.046 | +.017 | —010 | —048 | +.002 | +.002 | +.007 | +.014 | 0.50 | 13 || +.046 | +.020 | +.033 | +.017 | 007 | —.034 | -.006 | ~015 | —.006 | —.009
5 | +.051 | +.013 | +.043 | +.014 | - —.044 | +.007 | +.004 | +.013 | +.013 3 | +.042 | +.016 | +.032 | +.015 | —.007 | —037 | —.003 | —010 | —.002 | -.003
14 || +.035 | +.010 | +.028 | +.011 | -.005 | —.025 | —.003 | -.008 | -.002 | +.001
0.75 | 1 | 4+.057 | +.015 | +.046 | +.017 | —008 | —042 | —.003 | —.005 | —.001 | +.007 b/a = 1.5
3 || +.052 | +.013 | +.043 | +.014 | —008 | —.039 | +.002 | —002 | +.006 | +.007
14 | +.036 | +.010 | +.028 | +.011 | ~.004 | 021 | ~004 | —011 | 005 | ~o08 | | /. Vsl Hells ¥ =hjo e ==l
0.50 | 1% | +.057 | +.015 | +.047 | +.017 | —007 | 035 | —.007 | —.016 | —006 | —.010 = 5 : 2
37 | +.052 | +.013 | +.043 | +.014 | —007 | —033 | —004 | 010 | 001 | -.004 My | My | Me | My | Mz | My | Mz | M: | Mo | M2
17 (| +.015 | +.013 | +.008 | +.007 | —.006 | -.032 | +.008 | +.007 | +.015 | +.013
b/a = 2.5 150 | 14 || +.028 | +.021 | +.016 | +.011 | ~.010 | ~.052 | +.016 | +.011 | +.028 | +.021
3 | +.030 | +.017 | +.020 | +.011 | —.010 | ~.048 | +.020 | +011 | +1030 | +.017
i y=0 y=b/4 y=b/2 z=c/4 20 i’—’i I| +.016 | +.013 | +.009 +.gog —.008 —.8429 +.004 | +.004 | +.009 | +.012
1.25 | 121 029 | +.021 | +.017 | +.012 | —010 | ~.043 | +.009 | +.008 | +.018 | +.015
Me | My | Mz | My | Mo | My | Mz | M: | Mg | M: 57| 1030 | +.017 | +.020 | +.012 | 008 | 045 | +.014 | +.008 | +.023 | +.016
17 (| +.031 | +.011 | +.021 | +.010 | —.008 | —.038 | +.021 | +.010 | +.031 | +.011 3 || +.016 | +.013 | +.010 | +.009 | -.005 | ~025 | +.000 | +.001 | +.003 | +.008
250 | 15 || +.052 | +.017 | +.036 | +.017 | 012 | —.062 | +.036 | +.017 | +.052 | +.017 | 1.00 | 14 || +.030 | +.021 | +.019 | +.012 | —.008 | -.043 | +.003 | +.003 | +.008 | +.014
37 | +.047 | +.015 | +.036 | +.014 | 011 | —.055 | +.036 | +.014 | +.047 | +.015 3 || +.031 | +.017'| +.021 | +.013 | —.008 | -.041 | +.008 | +.005 | +.014 | +.014
14 | +.031 | +.011 | +.021 | +.010 | ~008 | ~038 | +.015 | +.009 | +.025 | +.012 1 | +.018 [ +.014 | +.011 | +.010 | -.004 | —021 | -.002 | -003 | -.001 | +.002
2,00 | 15 | +.052 | +.017 | +.036 | +.017 | —.012 | -.061 | +.028 | +.015 | +.042 | +.020 | 0.75 | }2 | +.032 | +.022 | +.021 | +.014 | -.007 | -.036 | -.002 | —.004 | +.001 | +.005
37 | +.047 | +.015 | +.036 | +.014 | 011 | 054 | +.029 | +.013 | +.041 | +.016 3 || +.032 | +.018 | +.022 | +.014 | 007 | —.036 | +.002 | —000 | +.C06 | +.008
34 | +.032 | +.011 | +.021 | +.010 | —007 | —.037 | +.011 | +.008 | +.020 | +.012 3¢ || +.020 | +.016 | +.013 | +.012 | —003 | -.017 | -.003 | —.009 | -.004 | —.006
1.75 | 14 | +.052 | +.018 | +.036 | +.017 | 012 | —.059 | +.022 | +.013 | +.035 | +.021 | 0.50 | 35 | +.035 | +.024 | +.023 | +.018 | -.006 | -.031 | -.006 | ~014 | —005 | —007
37 | 4047 | +.015 | +.036 | +.014 | —011 | —053 | +.024 | +.012 | +.035 | +.017 37 || +.034 | +.020 | +.024 | +.016 | ~.007 | ~.033 | —.003 | —008 | —.001 | —.001
14 [ +.032 | +.011 | +.022 | +.010 | -.007 | -.035 | +.007 | +.006 | +.014 | +.013
1.50 | 1% {1 4.052 | +.018 | +.037 | +.017 | =011 | —057 | +.015 | +.010 | +.027 | +.021 b/a = 1.0
37 || +.047 | +.015 | +.036 | +.014 | —010 | —051 | +.018 | +.010 | +.029 | +.017
=0 =b/4 =b/2 =c/4 =
14 | +.032 | +.011 | +.022 | +.010 | 006 | ~.032 | +.003 | +.004 | +.007 | +.012 | _, | /.;i X = i 2 £
1.25 | 13 || +.052 | +.018 | +.038 | +.017 | —.011 | —.053 | +.008 | +.007 | +.018 | +.019 M | M
37 | +.048 | +.015 | +,037 | +.014 | —.010 | -.048 | +.014 | +.008 | +.022 | +.016 Mz |[EMy) s t My || M i o z z | Mg | M:
34 | +.032 | +.011 | +.023 | +.011 | 006 | —.028 | —001 | +.000 | +.002 | +.008 14 | +.005 | +.009 | +.002 | +.003 | —004 | -.020 | +.002 | +.003 | +.005 | +.009
1.00 | i3 | +.053 | +.018 | +.038 | +.017 | —~010 | —-048 | +.002 | +.002 | +.007 | +.014 | 1.00 | 35 | +.011 | +.016 | +.006 | +.006 | -.007 | —.035 | +.006 | +.006 | +.011 | +.016
3; | +.048 | +.015 | +.038 | +.015 | 009 | —.044 | +.007 | +.004 | +.013 | +.013 37 | +.016 | +.015 | +.009 | +.007 | 007 | —.035 | +.009 | +.007 | +.016 | +.015
17 || +.033 | +.011 | +.024 | +.011 | —.005 | —.024 | -.003 | -.005 | -.002 | +.002 14 || +.006 | +.010 | +.003 | +.004 | 003 | ~.016 | +.000 | +.000 | +.001 | +.005
0.75 | 34 || +.054 | +.018 | +.039 | +.017 | -.008 | —.041 | —.003 | ~.005 | 000 | +.005 | 0.75 | 14 || +.013 | +.017 | +.008 | +.008 | —006 | —.029 | +.001 | +.001 | +.005 | +.009
37 || +.049 | +.015 | +.038 | +.015 | —.008 | —.039 | +.000 | —002 | +.006 | +.006 37 || +.017 | +.016 | +.010 | +.008 | -.006 | ~031 | +.004 | +.003 | +.008 | +.010
34 | +.033 | +.012 | +.024 | +.011 | 004 | —021 | -.004 | ~011 | 005 | -.008 34 || +.007 | +.011 | +.005 | +.006 | 002 | -.010 | —.002 | —.005 | —.003 | -.002
0.50 | 1% || +.054 | +.018 | +.040 | +.017 | ~.007 | —.035 | ~.007 | -.016 | —.006 | —-010 | 0.50 | 35 | +.015 | +.018 | +.010 | +.010 | —004 | —021 | -.003 | —.007 | —.003 | —.002
37 (| +.049 | +.015 | +.039 | +.015 | —.007 | -.034 | —.004 | —.010 | —.001 | -.004 3 || +.018 | +.016 | +.012 | +.010 | —.005 | -.026 | -.001 | -.004 | —000 | +.001

Minus sign indicates tension on the loaded side.




Table VIIl. Shear at Edges of Slabs Free af Top
and Hinged at Bottom*

kB bt
e ——d 5
% ZFree I
Fixed | Fixed—F @
i Z
' wa X
b/a i P 1 2 3

Mid-paint of bottom edge +141wa? |+.242a? | +.38 wa?f | +.45wa
Corner of bottom edge =258 wa’f | -.440wa? | -.583 wa?® | -.5901pa?
Top of fixed side edge -000wa? | +.010wa? | +.100wa? | +.165wa?
Mid-point of fixed side edge +128wa? | +.258 wa? | +.375wa? | +.406 wa?
Lower third-point of side edge |+.174wa? |+.311 wa? | +.406wa? +.416wa?
Lower quarter-point of side edge!| +.192 150 ? +.315wa? | +.390wa? | +.3981q?
Total at bottom edge -048wa?| .096wa? | .204wa| .286wa%
Total at one fixed side edge 226wa? | .202wa%| .148wa| .107 wa’h
Total at all four edges -500wa? | .500wa?| .500wa| .530 walb

*Data are derived b
TThis value could n
tNegative sign indi

y modifying values computed for walls hinged top and bottom.
ot be astimated accurately beyond two decimal places.
cates reaction acts in direction of load.

Table Vii. Shear at Edges of Slabs Hinged at Top and Bottom

| & | &% |
T -I s | Y
A o
: Znged !
Fixed | I-'ixed—-/ M
’ Hinged I{
[wa | Xt
b/a g 1 2 5 10 Infinity
Mid-point of bottom edge +.1407 wa? | +.2419 wa? | +.3290 wa? +.3333 waf
Corner at bottom edge -.2575 wa?f | ~.4397 wa? | -.5833 wa? ~.6000 wa®
Mid-point of fixed side edge +.1280 wa? | +.2582 wa? | +.3504 wa? +.3912 wa?
Lower third-point of side edge +.1736 wa? | +.3113 wa? | +.4023 wa? +4116 wa?
[.O}HBI' quarter-point of side edge || +.1919 wa? | +.3153 wa? | +.3904 wa? +.3980 wa?
Total at top edge -0000 1wa®h | .0052wa® | .0538 wa | .1203wa® | .1435wal | .1667 wah
Total of bottom edge -0480wa® | .0960 wa® | .1818 wa® | .2715wa® | .3023 wa® | .3333 wa’
Total at one fixed side edge | -2260wa® | 1994 wa | .1322wa% | .0541 wa® | 0271 wa® | .275wa™
Total at all four edgss | .5000wa? | .5000 wa® | .50001wa% | 5000 wa?h| .5000 wah .5000 wa 2b

*Estimated.

tNegative sign indicates reaction acts in diraction of load.
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