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Influences of construction defects of concrete cutoff walls on evolution
laws of their leakage dissolution
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Abstract: Under the action of seepage, the construction defects of cutoff walls have a significant impact on the evolution
process of their leakage dissolution. In order to investigate the influence mechanism of poor overlapping of the adjacent groove
sections and the bottom bifurcation of the cutoff walls, based on the relevant theories of fluid dynamics and chemical dynamics,
a coupling analysis model for leakage dissolution of concrete cutoff walls with construction defects is proposed. Based on a
sand gravel dam project with geomembrane anti-seepage measure, the variation laws of calcium ion concentration, porosity and
seepage characteristics of the concrete cutoff walls under two types of defects are revealed. The calcium ion concentration of
the cutoff walls decreases with the increase of service year, and the more serious the defects are, the lower the concentration of
calcium ion is. The porosity increases exponentially with the service year, and the maximum porosity increases by about 1.83
times after 100 service years. The anti-seepage performance of the cutoff walls decreases with the increase of the service year,
joint width and bifurcation height of the construction defects. Compared with the intact condition of the cutoff walls, when the
joint width is 3.0 cm or the bifurcation height is 3 m, the equivalent permeability coefficient of the cutoff walls increases by
8.20 times and 40.38 times respectively after 100 service years, and the total seepage flow of the dam body and dam foundation
increases by 4.49 times and 5.81 times, respectively. The research results can provide theoretical support for evaluating the

long-term service performance of earth-rock dams.

Key words: concrete cutoff wall; construction defect; leakage

dissolution; porosity; seepage characteristic

BEEWE: EXARRAESIH (52179130); L34 HARREESE
0 g] %‘ BiH (BK20201312); RIS P; %4 59k F Wit TAEHARWE FL

IiH (DFZX2020003)
SE 5 = “é,%“ S o | = N2 A
/Flb/‘)%j: lzji/?i FEARE o };ij\%{? /EE%IJH—_XA ! 7Kﬂ% E/J RS EHEA: 2022-03-21



1270 "+ T OB % M

2023 4F

Bz, RMIEPTERE T TZE %, ZHH
BRI TSR AORAIE, 7R SR Br TAE T 5 th LB
BEIT X R BRI A R RS AN 4R 45 it T ok,
NTRRZAWT T REN. Be B EPIE &Rk
i TREMHT 1 IR DB 5T R 2R €
PRI, 45 RERWIPNSEREE T LT 2.5 cm Y,
REEMNE LAATTREAEIBE IR . A2 — DT
TR S AL EE B BT LA BB RSB
MR FERCE KIS, SRR EREE TR L
BRSBTS REL AW [N, —%g
it JR NI R (1 3T K A7 AE S AN T R b A FL
%, HHGHRE PSS (MR WEZBRIEM,
FEAEKERT, Bighs (MR Bl feaathne
RRAEBAR, FEEAEG T, LR R, 55
FERRAR, RVEAB SR LR,

BiEwiRRE LS R EZ —, KB
Je T R B LAV PR B O 3w 7. 5
WAL AN R, IR B B SR BT H
WA T BRI R EERR RE AL, IEA 7K IR IER) s 7K T IHh
FEMERITR, LRV RIS R A TN ER T [ AR 55 0 fi AN
PHETHTH R, PN 7O RER, [FR, IREEE
BRGNS S EAPRLFLBR G0, AT 51 B IE &
By HeRBG K, M SR S B AR B T, &
A SORAE T s, s vs gt o121,

DA IR LSRR — LSRR, AR
B R HUE SO B B R S BB IE A
HosAs; A Nai, BoA %5 RBALB R FLB4S
A XIE 3 2R B RO, RS A} A 5 55
B R EES BT 7T o BTSSR e o U By 2 4
Bl XIS U AR i e i B2 . H T, Brissss
FE it T B 175 D0 T RIS 97 92 40 0228 T i B A0 LR
(RIAH R B R A L, L 1795 S e PR A7 A 2 i T 4000
Bz BB E i vt R, iR L S e (e AT 7%
il o

AL PRI - BT B A T T R A 88, S
FT LSRR E R R R R, L
TIERE BRI B B iS5 AR B M BOE 257
B TR R 3022 W) R 8 8 0 U 0 BT A
W TS TN TR %t i 0t R 58 B 1B T Tl
BACEE I RE R, B O PN )R L A U
B335 B BT At T 4R PSR -

1 RBRLEERMABE THEE
1.1 EETRETIEER
WRIEZEIEF T KU AL 1 5 73

SRR R AT, %, ST 8l
BB A RSO, A R B R RS
W, AR TLBR S BT A R . T
SRR A AL A, A R
BFHRRES, ¥R A0 TURR B TLTL A0,
5 LK TR LB M O B R e e 2o
TR, 95 R Bh 5 T 4R A
oo LA 1 0511,
00C) , Cuss .y
ot ot
Kbt 0 AL, ORIRHETE) C,, AR

?m@ﬁmﬁ;qmﬁﬁmﬁﬁﬁégg%iﬁﬂw

=0 . (D

BRI, v R T, v =122,
Ox Oy
AL
T O B D, Wb BT A LT
DGR N 2 1 B X R 4% 4 2 AL R
B s g1
Jiw =Dy -VC, +0-u-C, - ()
Rofte D A A R K AL 2 47 B 1
RO BRSG w ETIE, o =[]
1.2 FLEEBUAER
AL AU 2 o O FLI T o MR 2
et BAFUREIRAL, W R O FL B T
F o yl17-18]

0= ])vol (Qgel + Qcap) + Qleach °© (3)
e
0.19A
9 - -« s 4
= w/e+0.32 @
_w/c—0.36h, 5)
T ow/e+032
M,
eleach = i((js() - Cs) °© (6)
Pcn

Ape Py iRt ke R AR AR 73 B, ASCHL

vol

0261; 0, NHERALIER: 0, NEMILIE; 6., A
Ve R P UL A b AR YR AALLEE s wic
HKIREL, 5 0.611; M, NAFMEG /R T o
NEANATI RS €, ARG IS & B C
Ay R e S o AR B

SELBE T 9 A T A 2 2 ph A
IKARERRET ALK, 7EFRBK R AR, B
SRR R IRERR AT IR VTR, 1 e AR TP 4
VSR A AR I AL EERR A TG VAR
ARIAN K R A AT AR, B A 1
TV, BRI TURR R K, S K



ER & S IRECEBIEEEE ki Hg i i R 5 1271

o0
ot Pcu
Refr Ry, AR RS . AU AL R
e 5 e A YR AT 1 36 R0

“@“{am”TT ®)

MCH

=Ry - 0 (7

Ry = A1

K

sp

s A NEER BB 1% 250G n NEh 154850
C(Ca™" ) N5 B T s C(OH) Nl A A
B TR K, AR VA AR L
1.3 E#REHTK

B 88 772 /KRR S A Y B R BN Dos 1R IR
SCHRUFL B AR TR i BT RE AL, FLBRIA VRN &L
T ELRER RN

1-&G

— vol _
DS - l_CSVOI R/olf(e egel)DO ° (9)
Krft: G, AR LR R AR 235, L 0.414014);
S o IR EE LR AR AR 4, B 0.3260; &

vol

CABRHMEIERE, 4HL 1.5, 0.862Y; P ik
T KPR IR RIR D B 10 - 6,,) TR AL
EAIES S Gl
f(0-6,,)=0.001+0.07(0 - 0,,)* +

1.8H (0 -6,,—0.18)(0 —6,, —0.18)*.  (10)

A H(x)N Heaviside BRE. 4 x>0 B, H(x)=1; 4
x<0 I, H(x)=0.
BN WS EIN R R T R SR G el
o At
Dgy=a-u+D, (11)
1.4 ER-AM\BEeThEE
FLBR I V8 ST AL (R0 iR R AE TG sl K oy
T, AHBOKAFAEARSIBEER, REBRM T T T
SRR AR . ARE AT E L R T RN
%+V-(pu) =0
. (12)
u=-—-(Vp+pg:
PE

e p KBRS O, NIRICIL; p AFLBRKIE 77
g NEITIEE; k BE R KIEEMEREE
FEUEHE NFLBRZ I R 2 AR Kozeny-Carman(K-C)
TR FIBIE BB AT R

k=k0(9/90)3[11_%)J . (13)

Ak, WVIIRIBEREG 0, NATIRFLEEA, ACHL
REEL A SRR Ch= 1D IFLBRRAE NWIELER

z,
Py
o

2 1HEBYIGIE

MU B 3T A ), T S R 112.50 m,
B 40.5 m, 58 31.74 m, MK E 645 m, £
N 3R 3 3K RS /KT A K& CaCOs ¥ ) i
IZ A A B e R T, ALV RE L AR LA
WUAHEAKRE . ik, OIEHKE . DS ies 55

FEEH, KRIBARERA R E KW 1 s.

120[

0
-80 -60 -40 -20 0 20 40 60 80
X/m

100 120

1 REHMBEMHEREREE
Fig. 1 Schematic diagram of computational model for a gravity
dam
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Table 1 Parameters for different material zones

kol Do/ 15 R B 1525
YR Ao ) .
(m's’h) (m?-s™) A/(mol/(L-s)) n Ksp
HRVREE T 0.08 5.20x107° 1.00x10°° 1.00x10°® 4.50 5.50x10°¢
iRt 0.08 2.00x10°® 1.00x10°° 1.00x10°® 4.50 5.50x10°
=R 0.08 5.00x10°10 1.00x10°° 1.00x10°® 4.50 5.50x10°¢
[Sipe iR 0.08 1.50x10°® 1.00x10°° 1.00x10°® 450 5.50x10°
A 0.10 8.00x10°° 1.00x107 — — —
WUAHEKEL 0.50 2.50x1073 1.00x10°? — — —
WHEHEK L 0.50 2.50%10°3 1.00x107 — —

[Ty 0% 2 MAE. %) 7% 2% RMSE. P57 i
R24¥ 52N 8.89%, 0.140 L/s A1 0.971. b i B 5idul 45
RE5 THREMBIRE A, BZIRE LB E il

VAL Ltk
1101
—0a
L ——4

105 g :
—12a

100} o 4 a(UENIAE)
. 8 a(lAMI{E)

95+

h/m

90

85t

80

0 5 10 15 20 25 30 35
x/m

E 2 #ERCFEN TEANNERIE IR
Fig. 2 Evolution curves of base uplift pressure of gravity dam

for typical service years
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Fig. 3 Evolution curves of seepage flow of dam foundation for

typical service years
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Table 2 Leakage dissolution parameters of model
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Fig. 6 Distribution of calcium ion concentration of cutoff wall
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Fig. 12 Variation curves of seepage flow through dam under
various conditions
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