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On soil skeleton and seepage force

LI Guang-xing

(State Key Laboratory of Hydroscience and Engineering, Department of Hydraulic Engineering, Tsinghua University,
Beijing 100084, China)
Abstract: Some concepts are pointed out, including the definition of the soil skeleton, its composition and the space occupied
by the soil skeleton. It is indicated that soil mechanics is a subject to study the mechanical properties of the soil skeleton and its
influencing factors. A large number of examples with some serious consequences induced by collapse of the soil skeleton are
illustrated. Based on the analysis of forces on particles, the mechanism of seepage force in the soil skeleton is explained, and the

formula for calculating the seepage force is derived. In particular, that generally the so-called “seepage force is the drag force of

the soil skeleton by flow of water” is not comprehensive.
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Fig. 1 Soil skeleton with effective stress and free particles
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Fig. 2 Several boundaries and corresponding volumes of soil
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Fig. 3 Three-phase conversion sketch of saturated soil
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Fig. 4 Sketch of stress of soil skeleton
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Fig.5 Simulation tests on gravel pile composite foundation
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Fig. 6 Stress-strain curves of several cases
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Fig. 7 Schematic diagram of three samples
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Fig. 8 Dry densities in mixed samples and composite samples
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Fig. 11 Sketch of seepage force in a textbook of soil mechanics
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Fig. 13 Schematic diagram of particles under horizontal seepage



1528 H O+ T OB % M

2016 4F

L SR A ORI 923 1) 7 1R K- 43 &R 1)
JIRIZKF oy B ARGy, A2 7K H0RE 1 K P sh 77
5¥aR 1z My, e 5T R — MR
7o

X B AT EE YOI I 1 R, A 13 bR T
TG MG TR — /K A2 3% B J50R i
FRAEN T AR RR AR, BT BA D1 8 B 2y E il #1
T o RBRAR KL —FE AR, JF Bl
FPHHER, IBAETEAKKI R, e ET T, M=
L SR A e (R 3K PR RORL 2 BEATLTE 1 5 BEALEE S, IR
ARSI R B A T . AR A, aniR
TR S H RV, A HIBIE I 7 AR EA —
ESBINT 8 AR “RKRES = |
7, “URSEMES, BREFET W, ARH K
P AR 2 R R,

H R BRAT R A8 2 %% 1 [P
2.2 BEINITE

14 FoRPE B 13 i Ze ik @ 78 4k
AL E, BORCAR S RN Ve, KPR NAL: 5
Foth R AR B . BT AR (EE RE A AT
RFN Vil (1-n), n AEFLERER, A LAZ kL P
Wﬁi%¢%£%¥wﬁﬁﬁﬂﬁazg%;ru%
BN Vil (1-n) LS Vy MEE IR 6D (# AAHiAL
BRACHRR S, FBREEBRTH OKFRRD B
IR, P g 22 55T R0 /K IR38 3% 71110 ) AR
71 J;

si

A, —y—i=J .
P ALy e ©)

Ah;

(14+n ) Vsl AL;

a=

| Al;

14 BENHES
Fig. 14 Derivation of seepage force
WAL SRR AR, & m A LKL, K m ASURL
2 B KK R &b, )

]_;Ji_;ywl_nl |:1_nizll/si:|ywl ’ (6)

T2 V=Vsr 78R BT AR - A o 1) 4 S S0R [ < 11
R fEATARE LR, YV (1-n) =1.0, U

J=rei o (7)

KRB EKAEH T A AR LB 28 R BiE

Tl jUBIET, BR—FERT), EfERTRAA

FAL AL b, HOR/NFIZK 33 B AR b, T & A

PEIB I, HAEF 5 171 5335 17K F135 8% 75 TR A — 58

3 % %

(DB 4 oy AL 42 A R T DA 4
S SRR, LB A A
i) .

(2) AT 538 2 2 AT S 3,
-y R B I e B R S 1 2%
B, EESBEUR, SR EAIRIE TR S

(3) b B L, PR B 2 7 R M R ¢
5TRE.

(4DVBIE 7 EB3B KN T 4 e S50 4
NSRSy, BE IR

(5) B A AL g, 1538 5 Edk
F1 7K 6 JEE RIS 7 7 e — 5

SE -

[1] MITCHELL J K. Fundamentals of soil behavior[M]. New York:
John Wiley and Sons, 1993.

[2] REINT De Boer. Trends in continuum mechanics of porous[M].
Springer, 2005 .

31 W i EEHEERHER S A EAE T FE[D]. b
e iKY, 1997, (TIAN Hai. Experimental study on
soil-pile interaction in composite foundation[D]. Beijing:
Tsingua University, 1997. (in Chinese))

[4] L & BRBEEM] Jbat: JbutEl Rk, 2001
(SHEN Kuo. Dream stream essays[M]. Beijing: Beijing
Yanshan Publishing House, 2001. (in Chinese))

[5] HOTZ R D, KOVACS W D. An introduction to geotechnicail
engineering[M]. London: Prentice-Hall, Inc.1981.

(6] FRFHER. + 712 M]. bt iR ARAL, 1994, (CHEN
Zhong-yi. Soil mechanics[M]. Beijing: Tsinghua University
Press, 1994. (in Chinese))

(7] FFEds. L7 M) Jbst: mAE R i RAE, 2010, (LU
Ting-hao. Soil mechanics[M]. Beijing: Higher Education
Press, 2010. (in Chinese))



