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Figure 8-12. Bearing capacity failure of silo foundation (Tschebotarioff, 1951).
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tsf = tons per square foot

Note: 1 tsf=95.76 kPa

56



Equations for stress-strain modulus E; by several test methods

E, in kPa for SPT and units of g, for CPT; divide kPa by 50 to obtain ksf. The N values should be
estimated as Nss and not Ny. Refer also to Tables 2-7 and 2-8.

Seil SPT CPT
Sand (normally E, = 500(N + 15) E, = (2to04)q,
consolidated) — 7000 YN — 8000 ‘_/EI:
= 6000N ———
- E, = 1.2(3D? + 2)q.
tE, = (15000 to 22000) - InN *E, = (1 + D?)q,
Sand (saturated) E, = 250(N + 15) E, = Fq.

e=10 F =35
e =06 F=10

Sands, all (norm. YE;, = (2600 to 2900)N

consol.)

Sand (overconsolidated) tE, = 40000 + 1050N E; = (6 to 30)q,
Eyocr) = Evne VOCR

Gravelly sand E;, = 1200(N + 6)

= 600(N +6) N=15
= 600(N + 6) + 2000 N=>=15

Clayey sand E, = 320(N + 15) E; = (3 to 6)g.
Silts, sandy silt, or E, = 300(N + 6) E;, = (1to 2)q,
clayey silt
If g. < 2500 kPa use SE! = 2.5q,
2500 < g. < 5000 use E! = dq, + 5000
where
. . _ _E(-p _ 1
E, = constrained modulus = Grwd=2m — m
Soft clay or clayey silt E, = (3 to 8)g.

a0 NBD wlw!l pN polio
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G, = i os( g L B D 2 12 0.9
S | 160 — (17.8 x 1.5) '

5
C,=1+0.2log (0_1) = 1.34
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(m) (m)  (kN/m?) 7 (m>/kN)
0-1 1 8,000 0.233 0.291 x 10~ 4
1.0-1.5 0.5 10,000 0.433 0.217 x 104
1.5-4 2.5 10,000 0.361 0.903 x 10~ *
4.0-6 2 16,000 0.111 0.139 x 10~*
T =1.55x 10"

281‘
Se"‘Cx'Cz@"‘I)Z'ET'Az
0

= (0.9)(1.34)[160 — (17.8 x 1.5)](1.55 x 1079
=249.2 x 107* m ~ 24.9 mm .
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TABLE 5-5

Influence factors /; to compute rotation of a footing

L/B Flexible Rigidf
0.1 1.045 1.59
0.2 1.60 242
0.50 251 354
0.75 291 394
: 3 * +
s e A Foigh o
2.00 3.57 4.59 0 = 1¢/] 22
3.00 3.70 4.74
5.00 377 4.87
10,00 3.81 498
100.00 3.82 5.06 = 16/7

*For circle B = diameter.

fThere are several “rigid” values; these are from equations given by Taylor (1967, Fig. 9, p. 227). They
compare reasonably well with those given by Poulos and Davis (1974, p. 169, Table 7.3).
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Given. A rectangular footing with a column moment of 90 kN - m and P = 500 kN. Footing is
3 X 2 X 0.5 m thick. The soil parameters are E; = 10000 kPa, i = 0.30. The concrete column is
0.42 X 0.42 m and has a length of 2.8 m, and E, = 27.6 x 10° kPa. Estimate the footing rotation

o~ Sl

tan 6

tan 8

tan @

N
m

042 x 042

™90 kN/m

\
-(—-}-soo kKN o

)
>
Y
=
w

[
W
3

2
3 o= 0.67
2.8 (interpolated from Table 5-5, column “Flexible™)
1 — w2 M
E, BIL
1 -03%2 90
10000 322
0.001 274 rad

Is

(2.8)

6 = 0.073°



From any text on mechamcs of matenals the relationship between beam rotation and moment
(when the far end is fixed, the induced M' = M/2) is

_ ML 4ET
Ty © M= 6
3 3
The column moment of inertiais — I = % = % = 2.593 X 107

Substitution of I, E,, L, and & gives the released column moment of

(27.6 X 109)(2.593 X 1073)(1.274 X 107%)

- ] *
73 30 kN - m

M =4

Since the rotation is equivalent to applying a moment of 130 kN - m opposite to the given M of
90 kN + m, the footing moment ts reduced to zero and the base # = 0.073°. There is also a change

in the “far-end” column moment that is not considered here.
Firs
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(Budhu, 2000) 25 > b slis
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(Saran, 1998) Cilsu slgt jlow sl

b ayiie sla o 00 yiuuS (sla o2
Slhgojwpy | Qhuglpuy gauls | Sy slagys, Sloay gdnls | Sttty slagm,
it
»Shia ) aShaa Y el »Slaa —Ea 2Slaa )
mm mm mm mm mm mm mm mm
Vs sl | 5 20 65 25 75 30 100 40
alis S slas3les 50 20 65 25 75 30 100 40
soal sl
L/H<25 60 0.00025L 80 0.00025L - - - -
L/H>25 60 0.00035L 80 0.00035L - - - -
50 0.002L 75 0.002L 100 | 0.003L | 125 | 0.003L
LeiiSo 5o sl slac

o 590 S Sasa gl H oG gi 58S 50 w0 58 r0 b Lo Gél JKb piad5 Cravid Jsbo L
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