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Influence of moisture content and grain composition on shear strength
of slightly dense gravel soil and bearing capacity of foundation
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Abstract; Because of the special engineering characteristics of the gravel soil, it causes more and more
attention. However, there are less research about the mechanical properties of the crushed stone soil with
large particle size, silty clay and slightly dense state. According to the characteristics of this type of gravel
soil and the results of statistical survey, two typical gradation of slightly dense gravel soil are determined.
The shear strength of gravel soil specimen under different moisture content is measured by large direct
shear apparatus, and the relationship diagram of the shear force and the horizontal displacement under

different water cut rate is drawn. The shear strength indexes ¢, ¢ value are determined by univariate
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regression and the impact of moisture content and gradation on the shear strength is analyzed. The results

show that with the increase of water content, the cohesive strength of the gravel soil is decreasing, but the

change trend is significant and related to the content of cohesive soil. The change of water content has little

influence on the friction angle of the gravel soil. Using the specification method to calculate the bearing

capacity of foundation, and comparing with the experience value , the results show that the influence on the

moisture content of foundation bearing capacity, and is associated with the silty clay content of gravel soil

filling.

Keywords:silty clay gravel; water content; shear strength; foundation bearing capacity
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Fig. 2 Relation curves between water

content and cone penetration depth
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Table 1 Grading index of gravel soil
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Fig. 5 Shear stress and horizontal displacement relationship
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Fig. 6 Normal stress and shear stress relationship diagram
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Table 2 Normal stress and shear stress table fitting formula
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2.2 BUNRBERST

2.2.1 ®REBETMEREET AL XEZ HHE
5 WY BY RN 15 K- B8 e &l £k 1 a] A, AE B )T

16 B AR IR G AR b TR 4G B B 3 0 g BE 7 #% 1 K
7 TG 3G O, FE B VI A 2 5 mm 2 A7 I 8 1) 5 2
Ze3R BT 9026 Lh b i J5 28 1% 1 i B o s, £
RBEIR . BE AL AS 1 AN W in K 59 1 ) G248 s /) » HIk
AR TR
2.2.2 ARENFREAGHAH NEK2AUEFL.
ME KM 6 20 E] 1220 B, 9% i — 75 B SRS P
T BR SR 7R 43,3 kPa TFEH| 13. 8 kPa, FRF
HikF) 29. 5 kPa, ZRBC & 8BRS PE £ 56 A7 ARG R
J1H1 34. 3 kPa FREH] 5.7 kPa, FFE(E L F] 28. 7
kPa, SRR YE A - BE & KR KL R R )
N BRI 2 . R R T B K ST T R Y
SRR — 5 T TR A S KR, S B Rk A
B K 3G 2, 455 7K O 2 0RE % 32 )  s Oy — T
T KGR Ty 0 A WORL ] 5| ) R ) 25 A G 4
RAER FLE R4 s R Lk E, +
ORI [R] 1Y) 7K RREIBC 245 1 S 285/ T A 58 0 | 7 A B AT
FEMAE & K 388K, BURL ) 9 7K B8 3K 45 ) i
AN B K ZE RGO K RS T3 W)
2.2.3 AKRFEINNBEEAGY R HE2 AJHL



142

ERER L R IR

% 39 %

PR RS N A I AR K, YA A
KN 600 B E] 12% , 9 i — () N EE 48 AR AN 1E
36.31°~29. 68" Z [A] 5 {1k, g e — 1Y 1N JEE H2 fA AE
42.15°~39. 42° Z [A] 42 1k, PN BE 45 A 1) 0 R AE DN
B PN B A S B R 25 R RN R B S )
FHOG . BT ITORSE I A A B RS T & R RS
WA RURE R A AR T AL A AR
DL BB /IN R AT s B K R AR R 4 51 H Uk
SRR RIS T o SR T S AR A L i K R A b R
A1 VBRI N

2.2.4 BLAEREAYMIRTHEG TR HFE
— R R Y SRR A, B AR
Pl AR, R 2 WA AN KR R — R
e RS SR TR R A BN . B L RS R
71 E B HPRIAR /N ORGP SR A L P AR R R
TR B A B AL, SO AE R A b R TORG H dE
Er B R RO, A R A R
PEESEE AR . B & KR T S — B A RS
I3 R FE O, PN E B A R A B A E AR, R )
e — T BTPERE 52 & AR W] . B K R X
A RS PERE R 5 W B2 A oG B b
TR R WA D B KR T R T
B A 5 1 55 Bk 4

3 HEERALMERHENSN

A 0l B R B ) R B BT AT 5 2
Rl e R M BE Al BT A TR . R b MR R AR
T — Mt By B ¢ MR i B 7 156 A - T Y
GRS R RE S . FE TR SR RN T
T — e I A T A R B (. R S
A1 KB e (i AT i 02D T S R 3

fo= Mo+ Miynd + M.cy (2)

AR C2) 755 2% XA ] 33 K 38R i A
oS PR R BT O 5 SR R A M T L 2 0
TER T AT A7 b R 280 ) U Bk 47 FL A 20 T )
SME R Lt . GHiZ b X B 545 0L B 70 o Sk
KRBT 3. RIS % X 14K o o H.IF
W G e ml SE L o (H BRI o (HIH SRR B L 3T
CRAE ST

R3 MWRBBRERFITER

Table 3 The regional geological survey report statistical
TRWH S Mo R ) R AE{E / kPa
TiH— % 210
TiH = ik 220
BiH = ik 230
i H iy 2% 240

R4 HMERFENFEERER

Table 4 Characteristic value of subgrade bearing capacity table

GBL— AR IR {E / kPa

G Z R I FFAL{E/ kPa

FETl 98 BE /m LA /m

6% 9% 12% 6% 9% 12%
3 0.5 720.8 465. 6 261.0 826. 4 660. 3 490. 2
2 0.5 646. 8 385.3 227. 2 718.7 554, 4 382.5
1 0.5 609. 7 345.1 210.3 664.9 501.5 328.6
3 1 796. 1 543.9 311.9 927.1 758.7 590. 8
2 1 722.0 463. 6 278. 1 819. 4 652.9 483.1
1 1 685.0 423.5 261. 2 765.5 599.9 429.3
3 1.5 871.4 622.2 362.9 1027.7 857.1 691.5
2 1.5 797.3 541.9 329.1 920. 0 751.3 583. 8
1 1.5 760. 3 501. 8 312. 2 866. 2 698. 4 529. 9

B 53 A ol i, il —Rr A KR 6%
EFEE 9V mE, B AR KR Ty REAE(E R BT 29 255
kPa; i A7 & K& 9% ETHE] 12 %00, 4 R & 2%
TR TR T 29 195 kPa, 2R 0 A + & K &
o1 620 ETHE] 9% b, AR B SRR AEE TR T 4
165 kPa; # 4 £ &Kl 9% B3] 12% 0, 24k
AR EREE R M T 29 165 kPa, 20— 5 % it —

AR 43 BT AT AL s 7K R B A b R R 2 ) 5
AR s [F) b 35 7K 3R RBE — i) AR ) L S — g o B
KT R I GC — A AR B R AE (BT R i
FESRIE — R T o {ELX AR B B 52 i A 1 ] i
BE Y A i S — R [ AR S K T X R Y
@ (EHERBC— R o ZRIC— BE A Lo JBORS L 3 E
KR TE R oo (BT IR R B A L



%34

PR A K R A B R B XA R AR B AT M AR R R R R ) 89 R vk 143

M ISR ) R IR R K . R A R TORG 4 d
FE TR (R s 2 KRS R T 5 e R R

2 DX R 2K R AR A K b B DG R 4
A BE K B ) R AE A B BB BRU(E L ZE 200 ~
320 kPa 2z [H] , #2545 K 45 1 R 48 07 BUE (L3 3)
TEO N T o o EHITAA BN RBR T (WER D E
P T3 R A0 28 30 IDCMEL LU B 46 4T 0 O T b ik
AR FRAEAE W BUE A & 4. IAER 4 h Y52
Yo 1 m HEURAE 0.5 m B, KL 2K )RR IE(E R A
210. 3 kPa, B £ 2301 5 Py B0V 1) 4 56 BUE 1
B, JT LA 76 i35 58 B 45 /0 B UR v L BT A o7 ' 17 b
FE B K R LB i ) M AR D b Ty RS B ) 5% 4
Hh G T b R R 28 7 R AE 1 8 56 BRU(E I, 7R 3K ) ]
BB = il

4 it

1) 8 7R R 12 3t X5 TRORG A1 8 A1 1) RG 2R
AL NN R ey E IR DN TE O R
TR AR TEAT 1 19 P9 BE AR R IR )

2) % EE P i I 5 7K R A A T BT 5 1 5
Wi S AR T b AT T or A e s AR R N
PR s A BOR, - BT i R R T BOR R
A7 5 D SECTE W) 9 A JRORG R  K
T 0 5 B ) 55 A B ]

3) 3 3o 3t R 2 S5 st R 20 5 ) AR
A R E S U R S ER T AR
IRCAEL X EE R A0 B8 8 4T A 4 1 1 3 6 7R 38 0 R AR A
— R A o HR R DX A K R
e 0 P SR AN I AR A R T ML ) 2 0
IR+ R A3 ) T BE B e i » B8 4 A o 0% T Ml K
AR HO(E P T 5 AT

S 30K

[ 10 M L BRASSC AR, 55, B + 07 bR M 1) = %
I T ] K2R CA R BL R , 2015, 35 (2) -
60-66.
DONG H, CHEN X W, FU H L, et al. Three axis
test on shear properties of stacked stone [J]. Journal of
Changan University (Natural Science Edition), 2015,
35(2):60-66. (in Chinese)

[2 ] 5RHE0 R, Ak SO/ 5 v ] 32 07 ) 800 K it
PO R ] @SR 5 TR %, 2014,31(2):
6-9.
ZHANG C G, ZHAOJ H, DU W C. Advances in rock

for intermediate principal stress effect and strength

theory [ J |. Journal of Architecture and Civil
Engineering, 2014,31(2) :6-9. (in Chinese)

L3 1 Z4Em, T, 8020 . 5. KM ZWEX - ARA

VR 5T 5 2 B0y 5 AL R B [T ] 45 1 2%, 2007, 28
(7). 1338-1342.
LIWS, DING X L, WU A Q,et al. Shear strength
degeneration of soil and rock mixture in Three Gorges
Reservoir bank slopes under influence of impounding
[J]. Rock and Soil Mechanics, 2007, 28 (7). 1338-
1342. (in Chinese)

[4]JHU L Q, HAO J X, WANG L B. Laboratory
evaluation of cement treated aggregate containing
crushed clay brick [ J]. Journal of Traffic and
Transportation, 2014, 1(5). 371-382.

L5 ] HIAERE AR - 00 50RE #4544 5 A O R AFRE LD .

107 RG%E RGP TR %, 2000,
SHEN C K. Breakage behavior of coarse rain soil and
research on its constitutive relation [ D]. Dalian,
Liaoning: Dalian University of Technology, 2009. (in
Chinese)

[ 6] Bpdker, 4 £, 9EL . % AN IE S A a5 T R

PO 3R B R PE 0 R B B Y I s [T ]. A - AR
2016,38(2):161-166.
YANG J H, DONG J Y, HUANG Z Q. et al. Large-
scale direct shear tests on accumulation body with
different stone contents [ J |. Chinese Journal of
Geotechnical Engineering, 2016, 38(2): 161-166. (in
Chinese)

[ 7] SIMONI A,HOULSBY G T. The direct shear strength
and dilatancy of sand-gravel mixtures[ J]. Geotechnical
and Geological Engineering, 2006, 24(3): 523-549.

[ 8 ] MIRGHASEMI A, ROTHENBURG L, MATYAS E
L. Influence of particle shape on engineering properties
of assemblies of two-dimensional polygon-shaped
particles [J]. Geotechnique, 2002, 52(3): 209-217.

L9 1 XUSCT iR B FLAE % o 45 7R X =ik g DX A7 4 14 58

et LI %+ 1%, 2005, 26(11):1857-1861.
LIU W P, SHIW M, KONG W X, et al. The water of
the Three Gorges Reservoir Area of gravel soil
weakening effect [J]. Rock and Soil Mechanic, 2005,
26(11): 1857-1861. (in Chinese)

[10] MEDLEY E W. Observation on tortuous failure surface
in bimrocks [J]. Felsbau. Rock and Soil Engineering
Journal for Engineering Geology Geomechanics and
Tunneling, 2004,22(5): 35-43.

[11] SONMEZ H, TUNCAY E, GOKCEOGLU C. Models
to predict the uniaxial compressive strength and the

modulus of elasticity for Ankara Agglomerate [ ] ].



144

T REHRE X IR

% 39 %

[12]

[13]

[14]

[15]

International Journal of Rock Mechanics and Mining
Sciences, 2004, 41, 717-729.

SONMEZ H, GOKCEOGLU C, MEDLEY E, et al.
Estimating the unkbiaxial compressive strength of a
volcanic bimrock []J]. International Journal of Rock
Mechanics and Mining Sciences, 2006, 43. 554-561.
AF TR 8 2 53t s X SO AL Ik PR X AT B BT R
bR iR B WF T 0] R AL IR, 2005(2) £ 30-35.

SHI W M, ZHENG H L., LIU W P, et al. The Three
Gorges Reservoir Area of gravel soil shear strength
index of the experimental study [J]. Chongqing
Construction, 2005(2):30-35. (in Chinese)

PARE AR MERBARL A BT g 5 R 0 B Y
SAATLT]. 2 B TR ,2014,39(2) :253-257.

PENG D L, LI Z Y. Deposit slope of gravel soil shear
strength test research and analysis [ J]. Highway
Engineering, 2014,39(2) :253-257. (in Chinese)

JE RN XS AE G OB EN . = R X R K
K9 B E [T ). 3R 25 (8] 5 T 24 4l 2008, 4 (2)
226-229.

[16]

[17]

TANG X S, DENG C J, ZHENG Y R, et al. The
Three Gorges Reservoir Area of gravel soil water
research [ ] ].
Underground Space and Engineering, 2008, 4(2); 226-
229.
by, Bm, ek oA R R i
[J]. BRIEFL2A 5 THR 4 . 2011,8(5) . 57-61.

NIE R S, LENG W M, CHEN Y F.

immersion test Chinese Journal of

(in Chinese)

Gravel soil
bearing capacity test research [ J]. Journal of Railway
Science and Engineering, 2011, 8 (5): 57-61. (in
Chinese)

EAA L L Bitd, A5 AL AL 5T 0 15 o 2 B
HAO] A+ H2%,2015,36(3) :905-912.

HU W, MIN H, CHEN J, et al. Improvement of a
large scale in-situ direct shear test apparatus and its
application [J]. Rock and Soil Mechanic, 2015, 36(3);
905-912. (in Chinese)

CE e )



