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Calculation of the water and earth pressures for saturated clay

SU Dong
(College of Civil Engineering, Shenzhen University, Shenzhen, Guangdong 518060, China)

Abstract: There has been controversy concerning the methods of estimating water and earth pressures together. This article
quantitatively analyzes the error of existing methods of water and earth pressures calculation for the normally consolidated saturated
clay under fully undrained or steady flow conditions. In most cases, the predicted results by existing methods were found
non-conservative and errors can be over 40%. After that, the formulas for estimating the water and earth pressures together for both
the normally consolidated and over-consolidated clay were derived using principle of equivalence. The results of proposed equations
are found in consistent with those by WEI Ru-long. The formulas are also verified by method using undrained shear strength used by
other scholars in foreign countries with good agreement. The proposed approach tends to overestimate the total pressure of water and
earth pressure in both normally consolidated and lightly overconsolidated clay subject to steady flow. On the other hand, this
approach may underestimate the total pressure in heavily overconsolidated clay. The critical state occurs when the negative excess
pore pressure fully dissipates. The developed equations calculate the total active or passive pressure of saturated clay under fully
undrained condition using of the total stress parameters. The formulas do not consider the influence of seepage on water and earth
pressure. The significant impact of seepage on the water and earth pressure suggests it should be considered in engineering practices.

Keywords: estimating water and earth pressures separately; estimating water and earth pressures together; the equivalence principle;

loss rate of hydrostatic pressure; error
RGO —. GRS AR T

Logl = i RO R AR B TR R -
G A LIEAEE LR L, BRI L AR A, Tkl

Wk H#H: 2015-10-15

FEWH: ERARREREEIE (No.51478273); HYITTHEALHIFINH (No.JCYI20140418095735556).

This work was supported by the National Natural Science Foundation of China (51478273), and the Shenzhen Municipal Science and Technology Plan
(JCYJ20140418095735556).

S AEER A Ok, B, 1978 AR, M, #aR, WiLRERN, TEAR LSS AR, A L TRBUE U S NEE T HE M. E-mail:

sudong@szu.edu.cn



%6 g5 e ORISR B S ERTHE AKX 1689

R RALLUR I RVE L Bpo b, AR, K
Fs &8T5 K L SRR A RN T 585 fi
(AN = oY S P L 57T N A S e S S T
P/ A S O I /N eV i RFS L ST TR Nl
BB, AR . K L AR
FSYNAAL VAR {=E A=K7 o) N sy a5 1t A PR S T 1]
(L8 1 VAR LA AN HE R A A B A L XE LA 3
i, EK. L AR AT AR ERA
R, RSO AR SRR C AT TR 2
W SRR E, AR LA S A A
2T K S T 3 L s AR Bk i s s
B4 Nl K T BEEh DL K S T 5, AN
Rt AN A

SO E B R D B E AT,
SEXEWETK. LI EREA g A K S
PERBGEB TG DL PV HIE R M 48 oK. bR
MR ZEREAT T eI T ARG IR SR, HE
S TR IE ] R AR 45 K
NEFHRK; FIRHEY] 7z A 30 EANSRAT 45 A
HOKPUBTRE K. A EE AKX 8t &
JERKS AR R R T

2 BUTKS BRI EF A RZE T

21 K. 2EHISESK, LEHER
P NS V2 5 i = G SRR S AN LR =g iy = A
FE T3, RIS AR M AR RS 55 4 A e FLIRUK
K7, BEREIE ). B PERRPERRAS K
TR IIE AR A
¢ =o'K' —2c\JK'
pa GZ a c a+u} (1)
py, =0,K, +2c K +u
X pe ps K, LI oy R R A
W SR AEPIRS K LR MG H1 CRSCH Bk
e RANHABN IRV HIL S o) A nE
BN J)s K] =tan’(45°-¢'/2) , K, =tan’(45°+

0'12)» @' NHBMNEESM:  WHREERI; uh
FLBUKE T

FESERR TRER,  FLBUK s ) u A (R K 7
P8 7330 O LR IR R s, P A RBCR T B 52
o I8 g s AR M HE K A AR R 2 N B A 1 AR
I Dy s EEFERR (RIS AN K BANHEK SR R FR ),
CRESUIEY TS AR ot S iy L 3=
Wesh L v B BCR A R 2 3K

pl=0,K, ~2¢JK, }
)

p,=0,K, + 20\/1(7p
Kb py A py 23K s & AT AT 3
BRI sh 15 ) CARSCH] BRS¢ Ros R )
R TEELINET ) o, ABEMBN T K, =tan’
(45°—p/2), K,=tan’(45°+9/2), o JPIAEHES
(RN IJHRFR): ¢ BB D) CRN HEhR) . K.
T A B R SRR BN AR, R L
B K Hs g S a0 S A s EE bR, AHAESERRAY
H, SR () WA B L E N AEEE
T LA 78 P IRATAT ALK
22 BUTK. 2ENEHE AR HIER B4R L1

Ky EEAHREDT

BEAT K. B JIEEN, GRS HOR
FURE) UV BO IE R 4 AR LS, PeiaRAEe
IR FH =l 1) ] 5 ANHE K BTSSR AR 0, ~ €y
o B 1 ] A BRI o, o AR
ANIE [ 253 A0 5, R =l 45 A HE K Ty
SREEFRAR TN (20 FEAFIEIL TR TH R
221 EFIEIET

I 3 AN RN ) T B 5 R BR AT B A B
Wi o SCER[STAREG T 7045 RAR W], X T 1EH [ 45 %
+o B = bk 48 U % ( Reduced  Triaxial
Compression test, RTC) M3 (1) ¢, /T B =l s
4556 (Conventional Triaxial Compression test,
CTC) =R o, » (AT KA RN )
FEARIEA —5. BEGUITAZ /e — M5 AR H s /s
AR A, DT el sl s A7 6 £ 2 g B A2 5 S
(F k3

WA 1 s ABCGE AN A4 AEHCIEH [ 45 %0 A,
EMHAEN o, (o)l =y'z, y' N IPARMEE,
z 0 A KBREED AR R 45 AT AN 8 =
B #gikger, XFERIRIN G0 g R KR RO ) g
/RN 2 o, WA

_ !/
0,=Yyz
r_ _ — s
ol=0,—u,=y'z—u; (3
I — —

0, =0, — U

A AAFERIRIN 1B E LB K T -
TERIRAPERIRAS, R N B W2 I R K AR

o, =0k, }
" g
o;=0,K,

4

X K =tan’(45°-¢'/2) »



1690 =+ 0 2 2017 4F
& RZER N
t_ e t
=Pl P, (10)
D, Pa
Fal (8). (9 fRAL (10D, 15
5 _ ysatZKa -1 ( 11 )

B 1 BEHHZERAREE
Fig.1 Sketch for an excavated foundation pit
under dewatering

A
R <
cu
ISy
0 o3 O3 o O, 0':0"
u u

B2 IEWE SRt LR N BRI 5 N ) R R (B
Fig.2 Mohr circles for the total and effective stresses of the
normal consolidated clay

Kl @) A (3 B3, 15
oK =0K, —u; (5
PRt (3 1L 2 AR (5,
(Y'z—u)K, =y'zK, —u, (6)
sy
_ V'Z(Ka _K;)
- 1-K!
T RE L HEIE RBCIER D, BOEEETUTZ
WIE U AHEK 24, BRI A &b Ak N 3= 3 R
SHRRES I, A T M B S R AL
T s = F A e U 75 1 LB K S T
PR K L o350, W) A AbAr kB
SRR IR B IIA T

Dy = (Vo2 —uy — 1)K +uy +u, (8

Xy AN LHRER; u, b 4 brIERLEKE
B
KHAKS LEIEH, R ) %10
BEK. HEIHR
Py =7VaZK, (9)

(D

f

- /
(YouZ — Uy —ue)K, +uy + 1y

By =y,z 30 (7 AR (1D, B
K

S=— 2 (12)
yiw'i‘LKa
Ysat Vsat

Hal (120 ATRAEH, B EOE 58 AR, K.
THENEEX (2 81 AHEmE RS K LR
SNSRI, B (2) 55 1 AJFAREL
“OKs D) ARG LUK ) B 5 m AL E AE
AN SR EEFR AR IR

e LMW ER v, =20 kN/m®, sl (12)
AEAFIRZER S B o, AR, 45 R 3
~e MWEIRTLLEH, K. BEIEHENX (2 6 1
LTS R AR DMK LRSI H g5, Rl
M 2 251 At SR fEr: REE o, 1K
MEK, He, =250, REFRSILH-423% .

gDCLI/(c )
0 5 10 15 20 25

8/ %

-50 L

B3 KEFERQE 1 AETEAHKEH THIRE
Fig.3 Error of the first formula of Eq. (2) in calculating
the water and earth pressure under fully
undrained condition
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the water and earth pressure under fully
undrained condition
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