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Effect of base width on bearing capacity factor N,
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Abstract: In the andysis of the ultimate bearing capacity of foundation, the base width plays a very important role. In a generd
formula of a centrally and vertically loaded strip base, N; and Ny have accurate val ues which are not affected by the base width;

while N, does not have a true uniform solution. Therefore, the effect of base width on bearing capacity is converted to that on N,.

Based on the Mohr-Coulomb theory, the effect of B on N, of y-c-¢ soil with different surface roughnesses and different dilation
angles is andyzed by the asto-plagtic finite element method. Excellent agreement is obtained by the comparison among the
finite element method and the classical limit equilibrium methods, limit analyses, multi-block upper bound method. The results
show that the base width has more remarkable effect on N, under smooth base than that under rough base. The effect is much

more remarkable when the non-associated flow rule is considered, particularly with the little dilation angle.
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Fig. 1 Finite element meshes for rigid strip base

LT REURE 2 P88 0 ol 3 4 o KL R 5 Jes 246 3ol i
PRI BLEAT G o SRR B A7 7% s 0 e il 5
AR A AL (Y s B, ST e A R R SRR, 7
SR 2 ESE RO R s 6T 5E A S,
WISE AL AT o A I AR AR S5
W FrR:

SPERE E=2.0X10° Pa; JAKALL v=03; A
Ji =20 KN/m®; %58 )7 c=20 kPa; P4 FE#E fij =0°~40°;
BIIK My =0°~40°,
1.1 RE RN B

X OCEE L HbIE, ML PR AR rTRoR A

g, =cN,,
b, Ne [ Prandtl fi# OGiEEEaED A1 Terzaghi fif# CFL
REFEAL) AT 2SR oR A
u

— H émtan' 2 ° J
N, =cotj x"™ xan"(45 +—)- 17 , 1
i (45 +2)- 14 ®

(
e

Rl N =coff oo -1
2m§m9+%)

N w

m-j )dan]

D> (D~

>

° 2

D>
[en ] enY ey en e

e
Wl 2 49 - AR S R A e S T g - s
M2k AT, BOLRTE 5 8 m, ALK T84 (B=1,
2, 4Am) NIRRT 5 2 2 7E 0.1% AN, 1]
PATA A Ne AN52 3L 0 58 BE I 52 o ] 3 ARSI B4 3
55 2 gl BT 5 VAT B, fEE - &E T,
Prandtl fif k6T ARG Ne RECAA, 170 AS SCIR G I il )
W% KT Prandtl fi#: Terzaghi fift ik A2 i At
A TR g I A T+ Terzaghi i . A SCAR 5 EUiR .
[ (1°) 222 S LA P PR A TR KT 1S K, &1 3 AR bl g
B A ST IEIA R = RS B o

2 REEENFABNEEFEM g -stik (B=8m)
Fig. 2 q - s curves under smooth rigid strip base without gravity

100

80 [

.0

0 -l
0 5 1015 20 25 30 35 4
ol ()

3 FEEEHIRITELRERA NBE o BT 1L
Fig. 3 ¢ - N, curves under rigid strip base without gravity
1.2 EEHERHN, BEIE— SRR &L L
A HE— B IUEASCAT RIC /T ORI, IX L
FeHIEALFIR ) c=0 b AR ) RN, BEj 1721k
R, U R AT LA R A

1
a, =§gBNg o (3)

Kl 4 72 B=8 m N R IR 45 TE ALl /T c=0 15 0L
(1) q-s gk, K 5AARARTFTIRBINN, 5
28 B BRSPS LG, B 4h T B=1m Fl B=8m
IS RASCH R GA#E, 7T LA H Meyerhof LA Hansen
(PIff i /N, 1 Vesic LA Terzaghi [RARALE N BE#
FE /NI AL N, T N R ECRINIRAE T Ny 55



410 a5 oE L OB ¥ M 2010 4F
AN RSP ATEA BEAS A BRI AS I TR, CHuE 1000 [ o%?m
i It Hee v e — 20 i 56 AIE . lm_fé@%lﬁ

160 -

—a— p=40°
—o =35
—a—p=30"
—— p=25°
—o—=20"
—5—=15"
—— =10
—p=5"

120

ql0.57B

80

1 ]
020 0.25

0 0.05

0.10 0.15
sIB

& 4 FHFERIME & FEALAE c=0 FTRY q - s B £%(B=8m)
Fig. 4 q - s curves under rough rigid strip base when ¢=0 (B=8 m)
1.3 EFNRHN BEIE—5HEAZERILER

1R 2 5 h G RO WIPE S T Rl N,
HIEHEMIER, XTLRT LU H, B
JEE 5% i B G PN R4 A 0GR 3G K, 2 N BE R A
j =400, RHRSEEAL 1) N, JLF 2 Gl il i m s o

ASCH BRTT o HeRAFH) N, AR — AN A, 2B
5 55 B (K TR, 3X— 5.5 Griffiths ™ 153 #4518
3, AHJEAE c=0 /N mEEAES /N, FHtaT I
R VA c=0 I N, A g (A2 i RAR K IR 22 o J140 N
RPATLUE AT BRI N R A DI (
<10°) 1 N, T B, X R N R AR
NI A SCAT B TTIE il N, BEE P9 R A TR AN )
TIEAF RN N AR 22 ARG R, I A SO B i
T ChenIF11 Michal owskil™ (s _EFf#, Chen [[E K
A E AT TR, 92 N, oK, AXES

¢ Hansen
Meyerhof

0.1

(%13

10 15 %(} (25) 30 35 40

(& 5 tEBERI AR N, 52 SRR &5 bR
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equilibrium methods under rough rigid strip base
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Table 1 Comparison of N, between FEM and other methods under smooth rigid strip base

N, 3 BUC A N,
i10) B=1m, 2m, 4m, 8m Sokol ovski(1960) Chen(1975) Michal owski(1997)
5 0.192~0.18 — 0.10 0.13
10 0.517~0.49 0.48 0.50 0.42
15 1.15~1.07 1.40 1.20 1.05
20 2.371~-2.24 3.16 2.70 2.33
25 5.39~4.970 6.90 5.90 5.02
30 10.31~9.51 153 12.7 10.92
35 23.51~22.5 35.2 28.6 24.7
40 58.90~57.60 86.5 71.6 60.2
F 2 HAMERIEEEEMAB N REN SHEERZENL
Table 2 Comparison of N, between FEM and other methods under rough rigid strip base
N, 73 BUCH# N,
i10) B=1m, 2m, 4m, 8m Chen(1975) Bolton& Lau(1993) Michal owski(1997)
5 0.29~0.23 0.38 0.62 0.18
10 0.80~0.71 1.16 171 0.71
15 1.89~1.74 2.30 3.17 1.94
20 4.36~3.96 5.20 5.97 4.47
25 9.55~8.80 11.40 11.60 9.77
30 20.85~19.75 25.00 23.60 21.40
35 47.90~46.48 57.00 51.00 48.70
40 117.80~116.0 141.00 121.00 119.0
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Table 3 Comparison of N, under strip rigid base between FEM and multi-block upper bound method

010 ATCAT BRTTAR 2 YLk EIRAF c=0

ACAT RICR 2 Yotk - BRA% c=20 kPa

B=1m B=2m B=4m B=8m B=1m B=2m B=4m B=8m

5 0.29/0.18 0.26/0.18 0.24/0.18 0.23/0.18 0.41/0.47 0.36/0.46 0.30/0.45 0.29/0.42
10 0.80/0.71 0.75/0.71 0.72/0.71 0.71/0.71 1.08/1.38 1.03/1.34 1.01/1.26 0.80/1.15
15 1.89/1.94 1.82/1.94 1.77/1.94 1.74/1.94 2.35/3.08 2.30/2.90 2.05/2.73 1.81/2.53
20 4.36/4.48 4.15/4.48 3.99/4.48 3.96/4.48 5.07/6.39 4.96/6.05 4.75/5.64 4.48/5.29
25 9.55/9.80 9.20/9.80 8.95/9.80 8.80/9.80 10.75/12.77 10.50/12.17 10.35/11.50 8.98/10.90
30 20.85/21.53 20.39/21.52 20.04/21.50 19.75/21.50  23.30/26.81 23.15/25.45 22.32/24.17 21.56/23.12
35  47.90/48.98 47.17/49.07 46.78/49.06  46.48/49.03  54.20/58.54 53.10/55.71 52.09/53.27 50.92/51.36

40 117.8/119.69 116.9/119.69

116.4/119.69 116.0/119.69 130.30/138.81 127.60/132.28 125.90/127.42 123.57/124.48

F 4 c=20 kPa Bt [ E R ARAEFZ B 3T N, B2 bk
Table 4 Comparison of N, under different base roughnesses when c=20 kPa

010 BRI GHE BE IR A

B=1m B=2m B=4m B=8m B=1m B=2m B=4m B=8m

5 0.38 0.34 0.31 0.29 0.41 0.36 0.30 0.29
10 0.87 0.86 0.83 0.75 1.08 1.03 101 0.80
15 1.94 1.88 1.79 1.64 2.35 2.30 2.05 181
20 3.70 3.50 341 3.20 5.07 4.96 4.75 4.48
25 7.34 7.00 6.69 5.94 10.75 10.50 10.35 8.98
30 15.00 14.40 13.43 12.20 23.30 23.15 22.32 21.56
35 33.90 30.98 29.20 28.60 54.20 53.10 52.09 50.92
40 78.80 72.92 68.12 64.90 130.30 127.60 125.90 123.57
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Fig. 6 g - s curves under rigid strip base (c=20 kPa, B=2 m)
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Fig. 9 N, under rough rigid strip base with different dilation angles
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Table 5 B - N, table under rigid strip base with different dilation
angles and different roughnesses

(a) j =40° N, Bl 585 B 11724k

R T ARk AT R

j =40° c=20 kPa
B=1m B=2m B=4m B=8m
y=j 78.8/130.3 72.92/127.6 68.12/1259 64.9/123.57
y=0.50] 52.30/89.95 46.85/85.70 48.93/82.47 41.95/79.96
y=0.25 38.65/63.34 32.67/58.20 34.27/55.91 27.09/52.20
(b) j =20°I¥ N, Fifi 5 £ BIF A2 4k
FEI G A R R fi
j =20° c=20 kPa
B=1m B=2m B=4m B=8m
y I 3.70/5.07 3.5/4.96 3.414.75 3.20/4.48
y =0.50] 3.45/4.83 3.17/4.61 3.01/4.39 279/4.21
y =0.25 3.18/4.46 2.85/4.19 2.72/413 2.69/4.07
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