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ABSTRACT

The book involves the main recent progress on seepage theory
for dam engineering. The fundamentals for seepage theory and
seepage theory for dam engineering are briefly introduced in the first
two chapters. The rest six chapters are mainly the systematical
summary of recent research achievements by the writer. The basic
seepage theory for fractured rock mass of the dam foundation, the
dam body and the seepage control measures are discussed, then are
proposed the interactions between seepage and stress, seepage and
temperature. The mathematical models and their solution methods for
coupled seepage and stress fields, coupled seepage and temperature
fields are also introduced, finally are given the examples of
engineering application.

The book is intended for scientific researchers and students of
higher leaming engaged in hydraulic - structure, geotechnical
engineering, civil engineering, hydrogeology, engineering geology,
nining and oil engineering,



I

BEAT R TR R A “Bok®. XoKF)” MEERE
Bz —. B ARHSHARRRR, K LERRNREE
ek, TR ARMEBLERREN. B TRRARREE
MR TIEE, B OX LB AR AR AR & R 208
FHARMBHRE. '

AT X TR THEE S BRIFHRCAEALH
FE RO CERH STRARMER. REmik, BAEEH
RBRNBAOE e, E£RASNTFE BRI EER
stk R ML R AR . LR, BN
FhRFnEE KRS RS EESHERIRT
ERRANTEOBREET. B, 0% EMPERD
WA ML T AKSIEF R, A=02 —HAMKIR 4R
FBIEA. I 1959 §2iEE Malpasset BRI RFN 1963 £
KF| Vajont HEHFER F R EMBBM S TR AFAIT
EH. BEEWN TERRIRHERER, BRHFUIRE
BRAEE,

M 1993 FAR, 1EE A BGETI-EEAIRAE . Bakid sy
(BEHNEBE) ME. MLEUIREE, tEEEhT
TE5XMITEBRAFAROUIRIE, REMEFEHIXLE
ERMRITAENRG DL . SETREMR, XRBEE 24 4
B AT B8 2 B A KL RR IR 0 2 T T ) SCRRIEAT T 4



B B3 EER 8 EREMHANY T EFIREMRTEAILIE
BRAFTIEBHOUTFURR, FEALIKR, AH--
SERARRI ML, E& TXA DS W AER
i,
o EAPHBHRZER 1FEERRT LSRR
ey X PER. BLRIPFZRER. WLEEESIMXRE
EHEBUSEBAEE, 2MOTHSFEESIABKN RSB
TERTIFRIUR, M %S FRFREEERHFR
R4 T EXHIER.

EERARG TA QIR CE TR, ARARE
R GRS BRI R B AN XA HOFEB T, F
FEEEBGHUT EMMFESE T EIRSRMEL: BEXH
B, FrEE. BHESER. RSgEQL. #PhXEE. T
Péedt. HEMEL. SRERL. SHREM. H%.
B4 AU R B0 AN DX LR 1 & 803 5 32 1.

BT RN LRBRAFTI RO, MZEZNER
KFRTHELRER, BPRRZIEGHEERES, BiF
ERFERI KiEERIHEIE.

RE
2001 4 4 A F e K%



H X

1 BT R

Ll BiRBBRAF -

1.2 BR )’J?ﬁ/’#?’ﬁﬂe—#ﬂﬁ%?}'% “

S 13 BRAFRMRAF R

2° KiNTIZERHF8LE

2.1 M LHFMEE e

AE LK .

3 MBERBREWEH ST

3.1 %/ Monte-Carlo #8434 Kt - LM £ 4R 1
PN DT YT

32 HHERS g AN S é?#ﬂ‘#ﬁ #ﬁ#ﬁ‘.‘-‘t’-‘?—'

Fik .

34 EHREHAMS AT o

35%%&Wﬂﬁé&am@ﬁ%ix&

—_— o N -

zzéﬁﬂ¢&x&xm1&+ﬁi%&.MMmm"
23 KMIALERNFEORALRBS
24 KON TALER S F L RAIE ..

14

18

e 42

e 49
3.3 sf’-%{rﬂpﬁ,bﬁ,«;}ﬁ
.63
=71

56



3.6 ERZHETHEMMESAST TS
3.7 £ EHEMBE ML ANTT o 84
AHEHK e e et e et s 20e 003

4 KHGER S S5EH
41 iﬁﬁ.ﬁ@ﬁﬁﬁemﬁﬁ}-ﬁ; BTSN «
42 MARRBEARERE oo e ee e 107
43#$%ﬁ£w£#mﬁ¢ﬁﬁﬁﬁﬁﬁm“mm4w
4.4 BREREETIMNE (B2) AN e e 122
4.5 ARERER 10 s‘ﬁ&é#:iciia‘w\:fbiii’r cevven e o 128
4.6 KM DR ASK H dd oy —F :
BRHEFE oo oee et e e e eee s v ns srreen a2 e- 135
A TRE oot e e e e e en e e e e s e s e 022 140

5 BRERA. ERSEEMEEES

5.1 BB BRI LA A 6 R A AT e s 143
Sz BEWREAEEARAEMXERELNE 150
5.3 BREE RS S EHGEHA 157
5.4 AR LIME (5) ﬁ:&mﬁmwﬁmﬁ

k... tertevee et renvet nraen e mee vnn s san seeaee | 70
5.5 kim:r!(ﬁﬂ,ﬁﬁ et et e e e ven ane vea e 00 172
Sééﬁﬁziwaﬂﬁ&ﬁww.mmmMmmme
57 AR LR EMAAEER i ee e e e - 189
X 3 PSP [+ |



6 BMHSN NGRS S

6.1 K LIVRAY 5 LN GAREIAT e e e
6.2 ARJERAE L HURIRG B FL /1 35485 oo e

63 Mg R AS 5 Hip
ABE- o ..

64%%§M%%ﬁﬁ%ﬁA%ﬁ%§ﬁﬁ#ﬁ%

R ..

BRAE AR cevee e e een ent et e e e ot e e e e

7 BRBEREIHEE S

7.1 RIE LB A LRGSO e
72 EWEAG 5B E SRS HEENARY .. .. ..

7.3 —HERAS 5 R R AR ASARA 4O RRAT IR L

74 3BHAGRE AW, BARBE H A —8B

HADH .
RH TR

8 Tz

524
206

-..-208

v e 209
&51ﬁmﬁ%KHMNmmmmmmmmmmmm.

219
222

224
228
229

-.237

245

8.1 X Kk sbM R B iRH 5 5 N g A e
8.2 X ARERAR LIS R A G oo

8.3 X ARE AR + AR B & A st 44

8.4 X AR5 RAE LINA RIS 5B A IGIRS S e
BB TARE o e e e e e e

B BT oo e e e e e ettt

247
261
271
279
286

287



Seepage Theory for Dam Engineering

Contents

1 Fundamentals of Seepage Theory

1.1 Seepage and Seepage Theory ... T |
1.2 Research Contents and Methods for Seepage Theory ...... 2
1.3 Basic Fluid mechanics Laws used in Seepage Theory ... ... 5
1.4 Basic Laws in Seepage Theory <o oo v iiivvien i

2 Introduction to Seepage Theory for Dam Engineering

2.1 Introduction to Dam Engineering .- - - v v v v e 0213
2.2 Tniportance of Seepage Research in Dam Engineering ..- 14
2.3 Basic Concepts of Seepage Theory for Dam Engineering 16
2.4 Deveiopment of Seepage Theory for Dam Engineering--- 18

3  Seepage through Fractured Rock Mass
in Dam Foundation

3.1 Determining the Fractal Dimension and Hydraulic
Conductivity Tensor of Fractured Rock Mass by
Monte-Carlo Analogy Technique ............ Y

3.2 Classification of Fractured Rock Mass, Pemleabtllty by



3.3 Unsteady Flow through Single Fissure ... .. oo cvever e
3.4 Flow through Fractures of Variable Apertures «..........

56
-63

3.5 Seepage Free Surface in Fracture Network of Rock Mass 71

3.6 Seepage through the 3-D Main Fracture Network

in Rock Mass .. - v
3.7 Multi-Level Fracture Network Model for Seepage

1N ROCK MBSS +or ot vae vis ire s e v sen s ree ve vny vee ves e
REFEIEIICES «v- «+v xn ee wam ver can cmn ses was ars vrs sem on san wrn bos san son

4 Seepage through the Dam and Seepage Control

Measures

4.1 Hydrostatic Seepage Pressure on Dam Foundation
Plane . - et evneen aente e s

4.2 OthmaI Thickness of Curtain Groutmg in Dam
Foundation - - cv vin crn e v i i e e e

4.3 Effect of Drain Hele in'Dam Foundation of
Fractured Rock Mass..

4.4 Seepage through Layers in Roller Compacted

Concrete Dam -

4.5 Optimization of Seepagc Control and Drain

Measures in RCCD .

4.6 A Modified BEM Method for Determmmg

v e 135

SeepageFreeSurface e eee an e e e e s

.75

84
93

.t .96
- 107
..-119
- 122

-+ 128

140



5 ‘Interaction between Seepage and Stress, Seepage and
Temperature

5.1 Hauling Forces Applied on Single Fissure Walls
byF}mdFlow ran res var aas mae ses aas aen san P I .|

5.2 Summary of Interaction between Seepage and

Stress in Rock Mass .. P I )]
5.3 Effect of Seepage Forces in Fracture Network on

Stress of Rock Mass .. — Y
5.4 Effect of Seepage through Layers on Stress of RCCD ...170
5.5 On Water Load Appliedonthe Dam +«.oovvvv i v een o0 172
5.6 Effect of Seepage on Shearing Strength of Rock

and Soil Mass ... .evveeeian R § .14
5.7Interaction between Seepage and Temperatw'e .- 189
References - «v evcrr cor cor ver son cir et e s v e wns wne cee vee oee 193

6 Coupled Seepage and Stress Fields
_ 6.1 Coupled Seepage and Stress Fields in Single-Zone

Embankment Dam - «ov e oo [TOR [ 11
6.2 Coupled Seepage and Stress Fields in RCCD . ----206

. 6.3 Coupled Seepage and Stress Fields in 3-D Fracture
Network - e 208

6.4 Multi-Level Fracture Network Model for Coupled
Seepage and Stress Fields .. oo vvvviiie cen v ive v 00002209
6.5 Developmentof Soft ware Kit .......c. oo vl 1010219



7 Coupled Seepage and Temperature Fields
7.1 Coupled Seepage and Temperature Fields in

Concrete Dam ... .o cov oos e ren ven nee 0224
7.2 Continuum Model for Coupled Seepage and

Temperature Fields in Rock Mass -- sesees e ees 00 228
7.3 Theoretical Solution for 1-D Coup]ed Seepage. and

Temperature Fields --ecovcercam enne nin i ven crs sos 200 202 229
7.4 Hydraulic Head in Combined Gmwty-

Compression-Temperature Driven Flow  ...............237

8 Examples of Engineering Application
8.1 Coupled Seepage and Stress Fields in a Dam Area -.. ... 247

8.2 Seepage Body Forcesin aRCCD ... ov v vee e 11012261
8.3 Coupled Seepage and Stress Fieldsina RCCD  .........271
8.4 Coupled Seepage and Temperature Fields ina RCCD ...279
| 205 [ 1= 1| =< PR ). | %

Introduction to the author .. ..o oo vn vt 287



1 HERAFEM

1 B FEM

L1 BREERNTF

BIMRIESEM (FLBR. R AR G,
k) M Emamsl. BHRSEARFPRZHFE
fr1. T KBRS RBAUYKBRAR, ESARMNEHE
SISk, B, HAbdE (. KRS, B IR
%) A TR TBRRR.

BT LUKE R R4 SAFRERAT 53 K. TRigB A
MRA, RIS AMABIR . UEBRE L MASIH.
R FURAR TN EIR AR, THBHY ABEBRS
EBEBRT. BERBBAEEN RSP RERMN, TTH
BTSRRI SRS . RS FHENRE, TR
B N BIBRESREHR. HEBEREETLTARER
A, BRI AR EBRSTESR. TH -LREHHE
Fiik.

B F RN A LR AP RS sRE R RN
%R X BN IENRIBTK N FEMN . YWERN R
FRMF. RYIE, NERERM DXV, Rl FRAED
FR—ABER . B, RN R T IH R R
ISR )TIZMNI TR IR AL, A#
WL, KBEFARSFH. FETE. KSR, Tk



B s 2EE

Fi. AmITE. BRIASAR. HRITR. HRTUR S
#l. T TRURBERR GBS, Ll MRRME
K, BUNER—TIBERT XML EF, )
BRNENERECH —ESLENNL. BE 1856 F, &
(8 TH2YFAFE (H. Darcy) il #5500t P BAE R IE R AT
REGEHRTRNBEEX. REBNAR—AEER (&
YR . hBIMHERRRE T ERM. BREHN
LR RE R L PHEEN IR AR FETH,
RALAOIFURR MG RN FEEHE BT BN BRAOFET,
EAAHIH. 1889 4F, ATFERSE H.E. S0 KAFEE SCHE
S THRIENMS . BE, FEREX, £ENBRD
SHRGHAT T ZRRARPIS, FWMAB T —RITF R
B 1922 4, WHBEEE H H EHRRAERH T RMRE
HIBA R, SRR TR NSHRBRO T — M HR
MIR. @UAHRRATE, BUECRERAIETEIR

HWRRE, BEFE (EREMNE. ARATENLART
) ERRSHTPAHT BRATZMNA. BHETRE
TLERUE, M TBRBFRETNRR, ABR R
THE I

12 RN FIORRRENARSE

BRI ENUTRN R BFRAE K SLEI NN R, B8
MEAREEE. TERBHRE (NE—RER. AW



1 R A

HfE) . MEBELE. BERELEATHE ngstt
ey B,

BIBE TS F ORI R, BRI FIPFTFAT T LUK
FEXHLUTFIATTE:

(1) BRAFEXRSHIR. AFNTR (EEREL
%) REMBERAR, NMTRRENNZHE. BEHSE
FHE, URBBRANITHES.

(2) BERANBINEDIR . BIESHARHES
WS TR RS T2 B R AEs) R AR RTR
#.

(3) BMMHERR. PRI URLFRNTIR. A
B RE BRI, BRAERER OFR) WRUEK
BBARN AL FE A T RS,

(4) BRAFNECHRTITIR. RERHRNFRT. B
FEBBFRE ., BEFFEY (WBHESBRIEBHMER
N, BRpS5NASHMEHET . BHHSREHKRAHREL
REGRABRED MBETEOIR, KEBEERBEHTN
HEVIR.

(5) BRH¥SEYIR. BBEBRNZSBAMERG
EHEWR, E D AKRHTETR, BFRYREH
UIRUR EFHE& X RBHWTR.

(6) BN ¥NRAWYR. BIEBWR N ELEKFIKET
2. BT LARNTE. KBEFRSAM. FHT
2. KO, TREHRR. RmmITR. BREIXBIFR. #
MIFR. HRAUR SiEd. T TR LR 4L B 9
IR HIWFSR



1 R F R .

LB W, BEHENPIR NSRRI E, SRR
WISUHTI RESURIBE . 40— 1R 1 5 e AV R R AY
S5}, BIRHEMBIST R U T LAY,

(D) BRI EOMFEITHE. BTFEBRARNR
(FERE ) RYHT—EMRRIFEN . 3T
BN — AN BB ER AR TS, it
i, BHTRANRRAENSRSORABSRERE. BESE
%,

(2) HHEESMARTE:. BARRAERRENSBES
2% SRR MBS TR (— R LM% ik
%, BMARAERTBANFESENM (E) KRB RE
RAE. BERFRRFEAROSER, BRHERBHE LS
B AR RIR.

(3) BeEHRITE. MEERENEMBILE, B
WSS RS AR — R RS 75 TR R RS
HERD . HiTREMERAY WREERLREME F
BN, ST RBEOERE, BN ENBFHTIR
FETR ITAR A SEAR 1 FRIMRATAR. XTSERFRCANUE, —AR
BEREEOBERRITE CoARENE. BKARTE.
AR RBASE KR ES) .

(4) RESMFE. aTFRENENE BRIETIR
HAMWVEAERD “REHE” . REMTTEBBBRBR
HRBER—A “KE” R HMHRGERAER FromL
B, SBIRMABRSCEE, Sl RGOSR,



1 #ARAF R

1.3 BRDFERRE T E R

B PR, JERMRRIR R S
HARFE, LT RBRAFT AR D ¥ER R,
(D) EEHTRE (RETIE)

s

%?+V-Uw)=0 (L3—1n
o

~df vnaa = [[f Lav (13-2)

BLEWES, o AMAEHEE, v ARENEERE, 4%

AR (EHA) HREEE, V AHAR, n h%TH
MR dA SNEE TR R AR, ¢ ot a8ER. AT

Gk, LLE PR o aa—f =0, H p FEEZ @R E R A

{tﬂ
(2) BHHFE:
av

P ar (1.3—3)

Xep, fARGARNRE, p HHEERES.
(3) ZhEJTHE:



