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Analytical method for stress of granular medium foundation under vertical load

CAO Wen-gui', HE Min', WANG Jiang-ying’
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University of Science & Technology, Changsha 410114, China)
Abstract: The analytical method for stress of foundation under vertical load is an important basis of design and computation in
foundation engineering. However, the existing methods cannot reflect the properties of granular media for foundation soils.
Therefore, according to the current researches on stress transmission of granular media, firstly, supposing that the stress in a
granular medium foundation under vertical point load always diffuses downward with a curve cone, an analytical problem for
the stress of the granular medium foundation under vertical point load is converted into that of a curve cone under vertical point
load at its top, and a stress-solving method for a curve cone is obtained by discussing the stress-solving method for a line cone,
hence, an analytical method for the stress of the granular medium foundation under vertical point load is proposed. Then, an
analytical method for the stress of the granular medium foundation under circular vertical uniform load is established by
regarding the problem as the integral solution of the stress of the granular medium foundation under vertical point load, which
can adequately report the characteristics of the granular media of foundation soils and shows obvious superiority to the
Boussinesq solution. Finally, by simultaneously adopting the proposed analytical method and Boussinesq solution as well as the
numerical analytical method with PFC*", a comparative analysis of stress distribution in granular medium foundation under
circular vertical uniform load is carried out, and it is indicated that the proposed method is reasonable and feasible.
Key words: granular medium foundation; vertical point load; circular vertical uniform load; stress transmission; Boussinesq

solution; numerical analysis with PFC*®
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Fig. 1 Model for stress transmission of foundation under vertical

point load
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Fig. 2 Analysis model for stress of foundation under circular
vertical uniform load
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point load

2.1 SPEHIER THI%BEI#ERN SR EF A

N T ARAG IO IR i 26 [ 4 B R SR AT 1%, AR
B e MR IE IR BRI (Uil 3 s ) 77K
EITENT S N, WRGERCOLAAZ R S, 2t
FEAAE T RE -



1168 Z = S D 2017 4
vig=0 , (3)  EWIER o, fE#I ER AR Bl 5 T F
X, RIR/NESE, AI4R
o0 10,0 0 [ erare, =F (10)
or'” r'or' oz' 0
TR, B EME SR A AR X, 7 NEHEAE R E R, TRR N =
of ., & tana’ o T2, ¥ (D A (9. (10) AR
O 25(*N _arﬂjg ’ T Ay, A FN A1) 3 ANTTRE, BRSLSRE T E X 3
0 , 10 My EWEL, AIRIRN
Oy _;( 0 ,Jg _F (1-2u)cosa’—2u
5 o (5) ' 2n1-(1-2u)cosa’ +(1-2u)cos’ a’ —cos’ a’
O =5((2_#)V2 _alejg ’ A2 =0,
P o 4= _F (1+cosa’)(1-2u)
T 5(( —#)Vz_az,zjg ~ 2nl-(1-2u)cosa'+(1—2u)cos’ a' —cos’ o’
KA, wAMENARRLE, =1 . HTHEZREEED (11)
HORRYE, Wy, =10 =1, =1, =0 A TFHKG)
e & R o, A2 S8 HH G BT A2 1 TR Ak 1

PIRLAE R & N, Wik 3 NG =R, =2Tnrs
G=2In(R'+2) (Fi R =~r24 27 ) PR IEH & 1F
L R AL

/; = Algl +Az§z +A3§3 ’ (6)
X, A AR A3 RN E R KB () RN
® (5 A/E

’

Rm{a 20)-2 }+Af——+AAB -B,)
Oy :Al(l_zlf‘)z_,’g_AQ%+A3|:(l_2§l)Z'_Bl:l’
r

(7
32'3 z' 2uz' 3z°
o :A[ 25 -(1- Zy)R }—FA{—RG R j,

r' 3z" r' | 3z"
TZW:A?’F 2‘Ll—F —A R'3 R’2 +(1_2/J) ’

A,

12
- 3r

Bl = R! R1!+ N
) ®)
3+2w)z 37
B, = R - R’ °

BRI LA, X (7D B8 4y, A A3 MRER
B, FRRYE D TR E . BT B LR T HE O 3R T 2R
FA&RZNI1=0, m=cosa’, n=—sina’' (UK 3 AT
N, o NEKBRHETAN—F), T, HTHLH
eI AR R E KRR =2 tana’, IRIEELK
[ HAE 2 1 BT 32 90 00 0 3L 5 kA v] 15
(c.) ..cosa’'—(t,.).,_ .. .sina"=0,
(0.),rnar SINQ + (),
4, R HESZ S F AR R Berm) CE R HEX R
DT D AT SFAY, BT R BT AR Pl

.cosa’' =0

z'tana

R (1D ARAR (7D BinfS4HETRZEF ) F
1 F P LR R AR AR T 8 S, B

Fl cosa'z’  1+cosa’ 3z
= (-2p)| 222 + =,
2mk | R®  R(R+)) R

o _F '(1—2u)(1+cosa')_(1—2;1)2'}

“ 2nk|  R(R+Z) R"
F [3z° (1-2u)cosa’z’
Gzr = 5 ; ’
2mk | R” R"
I F 32" (1-2u)cosa'r’
z'r 27'I:k R!S R!3 ’

(12)
X,

k=1-(1-2u)cosa’+(1—2u)cos’a’—cos’ a' - (13)
AR O3S BB HER R =0 (12), T, &
SCHAE R R BRI i 26 R AR A 0 B TSR fif 7. N
I, AT HE BT i 2 G PR Al AR T 4B (A 5K
bro—IED, FEAEFYIT A0 R ) B e, K 4
For, BELRHET SN O, N R EHETTS N O,
MR HE 4k R S5 3, 7ET0 A O /E SR Ak F (1) Hh £515]
HEEAI AB BN ) SEETHUR OE R &R i 1 F 1)
B AR AB LN JIAE R, DRtk, 2[5 HE
AR ) F AR B ) fife o] e i i B4R R HE S 7 i
AT ALKR R R IRAT . Dk, T THEARA S EH 2R R HE 2

) FAERBIRL R RE 5 7%
B2, TR RR R 002 SRR R Orfz Z T8) 1) 5%
. W 4 fion, BT HEZ OB SWBFRR 2 z 4

Mg fARSE, B, 77
O re (14)

WHRA 2 =g(2), MAHL (14) 774



Eg WCEt, S BT BRI R AT i 1169

: f(2)
g(Z)—f,(Z) (15)
734k, i 4y
cosa’ = —— = z o (16)

OB f(z)+z"
TR, KB a5 KA (6) 7E
g(2) . (17

V() +g'(2)

cosa' =

4 HRZ[EIHER SR ARAEE
Fig. 4 Model for solving stress of curve cone
KL, ARAR 2R O'P Oz 54505 5 Orfz Z A4 R
RN
r=r,
0'=06,
z'=g(2) -
TR, K an. A8 AN (12) w73 2B 4
(r <f (2)) fEHETEREES ) F RIRLIfE, nRR
N

(18)

- - (1-2w)g(z)  (1+0)(1-2p) L 3r’g(2)

" 2mk| r L(L+g(2)) r

o - F (+(-2m)  (1-2p)g(2) ,

© 27k L(L+g(2) r

o o F _3g3(2)_f(1—2#)g(2)}, (19)
T 2mk| D r

e L F {3rg2(2)_t(l—2y)r}’

7" 2mk| O r

To =T9 =T =Tp. =0

A, L=Jrr+g’(2) (20)
PR {C) N 1)

V() +2%(2)
k=1-(1-2wt+(1-2u)* - - (22)

5 M FT SRAT AR R % 1) £ AR A B F R B b
NIRRT, Fon] 4y RS A far A FH 52 e Y R LA Y
AICAANF R G GUEEA T RE, B ALa T

(1) fERMBEMES S F ARG LA
(r <f(z)) BIBUARMEE R J1 ] R A 2 (19 #4704 .
(2) fERMBEMES S F AEH IR IE R LA

(r>f(z)) HIEUARHER J1 R
0,=0,=0,=17,=7,=7,,=0 o (23)
IR R ) B R g A R B IR B g SR A
J7iE e FERCHERG b, o] DL (6 M 5RAS B 7 188 ) 5047 A
BAE T BUAHIE R S SRAE %, FRAR S R
THTA.
2.2 2R EIt T e E A N EUA B E N i 50k
T BRA B T R 1) AT Aaf AR R U HL R B
GYMT TR, T A R 8 e A A 2 T B b
REA3f#E, KRR 3 AT A, ik, iR (19)
KB MR REAER, 15

F _3g(z)x2
zeﬁ_T+(l—2,u)(B3—B4x2) ;
F [3g(2)y 2
= |20 L (1-2u)(B,-B :
G.V an_ LS ( /,l)( 3 4y)
o F[3@ w-2p2)]
o 2mk| I r
- (24)
F | 3g(z)xy
= |22 B (-2 :
Txy an_ L5 4( ‘Ll)xy
o F 3@y -2yl
Yo 2mk| D r
. _F [3g%(2)x  1(1-2u)x
“omk| L r ’
X,

L=y\Jx*+y*+g*(z2) (25)

[(1+0)L — g(2)(L+g(2))] ’

3

L'[L+g(2)]

_ (1+0)[2L + g(2)]
L[L+g(2)T

(26)

4

5 ERZEIMBEHIER TR EN DS RE
Fig. 5 Stress analysis model for granular medium foundation under
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Table 1 Parameters of numerical analysis of Karlsruhe fine sands
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Boussinesq fi# 56.9 19.35

0.6 X 70.55
RICHENTARE 7478 6.00
Boussinesq fif ~ 35.82 18.26

0.8 . 43.82
RICHENTAE 4636 5.80
Boussinesq fif ~ 24.26 14.73

1.0 . 28.45
AT g 315 10.72
12 B0u§31nesq ik 17.38 21.98 18.33
ASCREDTRE 23.02 8.18
14 Boussinesq fif ~ 13.02 16.41 20.66
' AT AR 17.8 ' 8.47
g  Boussinesq fi#t 10.1 14.23 29.02
ASCRERTRE 1438 1.05
18 Boussinesq fi#t 8.06 11.14 27.65
' AR 12 ' 7.72
20 B0u§31nesq fift 6.56 0.45 30.58
AT 10.3 8.99

= 3 KFEME o. WL (=0, z=0.8m)

Table 3 Comparative analysis of ¢, on horizontal section (y=0,

z=0.8 m)
NI R 7] {E/kPa N
x/m Ik ” FERT R 2 /%
TR Bl i
Boussinesq fif ~ 31.94 21.89
0.2 , 40.89
AN 42.80 4.67
0.4  DBoussinesq e 23.02 31.47 26.85
ASLAENTIE 34.00 8.04
Boussinesq fif ~ 14.12 28.61
0.6 \ 19.78
ASCAEHTAE 21.96 11.02
0.y Boussinesq fi#t 7.92 2.8 10.91
AL A 9.26 4.16
Lo Boussinesq fi#t 4.32 1.49 189.9

A SCARAT I 1.50 0.67

=4 KFEE o. WL (=0, z=1.5m)

Table 4 Comparative analysis of ¢, on horizontal section (y=0,

z=1.5 m)
s N /11 /kPa v
x/m TR = FHXT IR 72/ %
bR BufEe ’
Boussinesq fif ~ 10.98 26.56
0.2 . 14.95
RICHRNTAE  15.64 4.62
Boussinesq fi# 9.76 27.16
0.4 . 13.40
KRR 14.82 10.60
Boussinesq fi# 8.10 34.62
0.6 X 12.39
RICHENTARE 1358 9.60
0.8 B0u§31nesq fift 6.36 11.95 46.78
AR 12.08 1.09
1.0 Boussinesq fi# 4.80 034 48.61
' ASCHENTIE 9.82 ' 5.14
3.2 i

EEXHUGE ITHETT R, SRH 3 5k s it R
B A S5 AT fur #VE R B R R DI AT T b St
8, A T N

U H T HORL 0B 9 A 51 R 2 L S e
PR TR HLER, Rk, SRANZ T ET 08
A SEbr. BTLL, A SCLABL 7V 3R &5 SRAE N R
SN CESHE”, MR, eI E SR A PR H,
AL Z T DX A AN A — PR 2= (1 I, Bt H
B FOKIT S, NS e S R SEBRIF 74T 72

(2) RH AR LT3 L7750 i 45 8 bR A
Boussinesq fif FT5 M. 77 53 # 45 S 58 e 2008 /795
Mrab i, UiBIASC 2 b Boussinesq fif 5 B & # 4

(3) BARAR L1 53 Wr 5 S T 4600 T 40048 7 pr 45
R, R, WEZAMAMAE RO ZERR, SRR,
OFE T RR DA TR ME ML by, XEEY
EE BAEFT A I BT R FH ) SR 5 2805 FH )& 22
PEA G @A ERI B RS T HUAN N 7]
FEIBHINLER, (HJ2, SZuaya i . LA oSS
Ji, AAAE—E A G,

(4) RHRSCITERAT IS, f (T 2K
B, AR SCHEATIRHIE 53 B I 2 e I U o0 A 45 SR SR 4,
GIESAARN), HAERT B TR, &H
M PR, XA AR STV TR 52 B R
I, X R AE BEIR NI AT

4 &% B

(1) LEBUAT B A I S A LT o L, 4
AT EH T ) VR P M 3 T B
320 G TR I G — B, 8 T R e B T R
BRI R A B HLEE, A BRI P R B L
RE 3 W7 B T S

(2R 7 168 A Hh R P B 6 7 )
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