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Mechanical properties of new type of joint waterstop for high CFRDs and
its application
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Abstract: The concrete face rockfill dam (CFRD) is one of the most competitively powerful dam types now. In order to ensure
the safety of high CFRDs the stress and strain behaviors of dam body and concrete face as well as the displacements of joints
have become the point of engineering researches. A new type of joint waterstop is put forword and used in several high CFRDs.
The mechanical properties of the new type of joint waterstop for high CFRDs are investigated, and a series of stiffness
expressions for three-dimension displacements of joints are established. The proposed stiffness expressions can represent the
contribution of main components of waterstop to the force transfer from face slab to face slab and from face slab to plinth, and
then the influences of arrangement of the high CFRDs on the stress and strain behaviors of CFRDs especially under complex
topographical and serological conditions are revealed.
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Fig. 5 Copper waterstop and corrugated rubber waterstop
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Fig. 6 Relationship between settlement force F and settlement

displacement ¢ of unit length copper waterstop

00 Rk

g ——50 mm [

> ~———100 mm / /

E’ 8t 300 mm / /

R ——200 mm ;/ J

i

£ 6

=

&

ki

B 4

*

-

2

X

=l

b3 . . . . .
0 30 60 120 150 180

90
BLAPALE S/mm
7 BAKEIEKERRIHER S F SRS o XARZ

Fig. 7 Relationship between tensile force F and tension

displacement ¢ of unit length copper waterstop
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Fig. 11 Compression stress-strain relationship of thick

polyethylene foam board
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Fig. 13 Relationship between shear force /" and shear displacement

o0 of unit length corrugated rubber waterstop
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Table 1 Parameters of static mechanics of materials of Dam B

I/ / Ap/ E-B 7Y B KA Y
WUEAK SR TEES e Al g = _ =
(g'cm ) °) ) Kb m Cd/A’ ny Rd
HEX WopibE 2.22 51.6 8.7 1075 0.34 0.64 770 0.23 024 062 0.61
TPEX e R 2.19 52.9 10.0 1230 030 0.66 725 0.09 026 064  0.58
EHEH H A 95%+
- m 2.14 1. ) ) ) 14 2 ) )
B 1K T 5% 51.9 9.9 970 0.30 0.66 550 0 029 065  0.60
T WD A 45%+
3BIX FR S RAL D A 45%+ 2.05 49.8 8.8 765 0.31 0.66 330 0.24 0.48 0.61 0.63
T A 10%
T H A 35%+
3C [X HR S RAL D A 35%+ 2.09 48.0 8.0 680 0.30 0.66 285 0.26 0.66  0.52 0.64
T A 30%
HEKX D X e R 2.14 51.4 9.6 1040 0.29 0.63 595 0.19 028 0.3 0.55
Fz2 IEKARBTTITESH
Table 2 Parameters of coper waterstop of CFRDs
GRS A A a b c d e
SKITFAL7% F =a+bele@/er -9.13 18.76 -0.50 34.66 35.97
o—a
DRI S F= 45.54 0.24 0.14 0.0027
b+dS-a+d (5-)?
BN F:——jL—7 0.89 0.06 5X10°
a+bd —cod
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Table 3 Comparison of stress-strain behaviors of concrete face by calculated using two kinds of joint stress-strain relationship parameters

Fs 1K T & W AR B KB /em T & T AR N )8 KAE/MPa
e Wik H % 4 ) R
% e AR -
AR HE T R MLBIE ) S 53]
PIAEAE 475 4.6 -5.3 12.90 -1.27 12.10
A FAE 48.9 5.6 -5.9 13.22 -1.32 12.82
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Table 4 Comparison of joint displacement between that calculated using two kinds of joint stress-strian relationship parameters

WE W L4
B kS APl 4 DiREALFE CSARDE
e T < S - R 02 7
DAAEAE 0+155~0+425  2.2~25.8  0+305~0+1080 14.4~37.5 0+425~0+605 5.9~28.1 0+800~0+860 17.8-26.5
ARWFFAE  0+155~0+425  5.3~26.4  0+305~0+1080 16.7~39.2 0+425~0+605 7.5~33.5 0+800~0+860 20.4~27.7
WEWEES
B kS APl 4 DiREALRE CSARNE
XEAES  RBEmm XS %ﬁﬁ e —— %ff
DEEREN 0+305~0+365  8.1~12.7  0+470~0+890 5.4~13.2 0+230~0+305 11.0~14.2 0+860~0+930 ¢.8-13.8
ARWFFAE  0+305~0+365  8.2~13.6  0+470~0+890  5.4~13.5 0+230~0+305 14.2~14.8 0+860~0+930 ¢.8~13.8
3.3 IREEILIKN ST R AFNAIRTEE B IR HH PR B2 4% 107K B 1N AR 0 2275 31 (1) 2 4%

PREE LK NIRRT L IR IR AR AR AR ), SR A A SO FE 4% 1K
JS2 3 PR RS T S AR AR, S AR TR AR S8 BN SR RIS MG B RIRGE A R R K, el
fit%. B JURMIRIZEEILR M I NAE R RIS H RIS I AL & UTRE AR A akITAiAs , OB EBEIR
THEAT 2 10 T ARONE F3 AR TR R 2 A R R A AR A, (KT 2 BRI, AR50 e R 5 HL s BE K FHERR AL IR 34
KRR TCRIRGE KN IR R R HS TR 8O, 2R L SR 3 db 1 B 485K s
IR AR (BREEMSUAR RIS ) AN A Ol R ANBS ORI AR R, JF XS A a5 v
[e J82 ) RN A 2 ) IR OK, Wk 3 . AR (AR 4 Fos ), 904 & 1R i e I e e %



it 2025 4

= &§|é|é|é| 5|5|5 *|*|*| *|*|*|*|*| *| *|*|*|*|*| *|*| *|

N
of
&_F
H
5
4

+275
0+290
0+305
0+320
0+335
0+350
0+365
0+380
0+395
0+410
0+425
0+440
0+455
0+470
0+485
0+500
0+515
0+530
0+545
0+560
0+575
0+590
0+605
0+620
0+635
0+650
0+665
0+680
0+695
0+710
0+725
0+740
0+755
0+770
0+785
0+800
0+815
0+830
0+845
0+860
0+875

30.1

s/

L_|
A B e
i 7
3.234.1573?\‘\”\75?_* g{éﬁﬁg 7
S I08.736.56.037 B9 BT BBL O

AR ARV R TP

15 HEEARLAGETREALFE (mm)
Fig. 15 Settlements of perimeter joint under FSL

0+305
0+365
0+380
0+395
0+410
0+425
0+440
0+455
0+470
0+485
0+500
0+515
0+530
0+545
0+560
0+575
0+590
0+605
0+620
0+635
0+650
0+665
0+680
0+695
0+710
0+725
0+740
0+755
0+770
0+785
0+800
0+815
0+830
0+845
0+860

b

60] 1.4]

2
[ <

ANPEETY

IEEFIRIRTT s ARFRE X R R B
16 HEHAEEEKFIHE (mm)
Fig. 16 Opening displacements of vertical joint under FSL
R KAHIES] 39.2 mm CAIE 15 P ), & Wl faia s
BB I RARIA ) 26.4 mm. T WIRE LKL BEXEK:
R KAE 14.8 mm CAIPE 16 Fram). MK EEESE SmT LA (1] WSRERE. myiREE T IR A IO BOR M. dbst: o KA

FiH: ARSCHEFEE H P EREE 1L K B AR 6 R AR 7K ML RR#E, 2007. (LI Nenghui. Recent Technology for
L TH] S B Y R I A% 1k K SE R A T ) AR IR Y T High Concrete Face Rockfill Dams[M]. Beijing: China Water
R, TERER N B A H S S A R TR L AR and Power Press, 2007. (in Chinese))
WL T A B2 . [2] Bises, WOREME, 1RVEV, 5. wmiREREd iR 22 4 0 sy
ARBFFML AERT: A E K FK H R AR, 2014, (JIA
4 2:5 'I,e Jinsheng, LI Nenghui, XU Zeping, et al. Study on Key
COASCHRE 345 1E K S50 B 1 N AS 56 R IR Technology for the Safety of High CFRDs[M]. Beijing:
06 =K 38 FH i G BG M LED 25 & FH e Eowi ey L China Water and Power Press, 2014. (in Chinese))
R L TR G I T K G T et T (3] R M, ASELS. IR TR A U 4 1k KB AR
IR TR, LA TP ALK 5 0 = e L 1 2 R ). LK R s RS B S 2 A 2018,
Tk, WTH T BRI N 1A TR 16(5): 457-465. (XU Yao, HAO Jutao. Development and
., prospect of slab joint waterstop technology of CFRDsl[J].
AR 1 o TR B = T A M A e g% 1 K ) Journal of China Institute of Water Resources and
NI TE R R BEE —ERAERME, BidE B TEMN Hydropower Research, 2018, 16(5): 457-465. (in Chinese))
FIRTBAR I, ARt e 1K R 7 28 5 R i [4] Bi4rk, AOEVE, B/, S5 I £ 0 sk
4 2 T 2 M T R R TS WA R R FLIEKE]. KIS, 2001, 32(2): 35-38. JIA Jinsheng,

THIAR HE A 30U 378 T A4 R R 52 HAO Jutao, LU Xiaobin, et al. New type of waterstop for



318

BERERE, S, iR BE T IR A U 4 1k K IR B TR 8 37

perimetric joints of high CFRD[J]. Journal of Hydraulic
Engineering, 2001, 32(2): 35-38. (in Chinese))

(5] MEV, ERE, S/, & ISR EK 2R RER

RIGHTFL[I]. AKFI24R, 2000, 31(10): 16-21. (HAO Jutao,
YUE Yaozhen, LU Xiaobin, et al. Experimental study on
mechanical properties of copper waterstop in CFRDI[J].
Journal of Hydraulic Engineering, 2000, 31(10): 16-21. (in
Chinese))

(6] 1E&-T. SR HEVE L /KMPRIIBE ] 5 B [C/ A I

AR 2005 R SCEE. AbHt: T E I R, 2005: 267-289.
(TAN Jianping. Development and application of SR type
plastic sealing material[C]// Proceeding of Technology for
Earth-rockfill Dams. Beijing: China Electric Power Press,

2005: 267-289. (in Chinese))

(71 j53Es, EihE, XIEW]. g s MR il ge X 4% 5.0

AFIRA[CY/ RHE L BN E BRI 2, L5, 2000.
(LU Tinghao, WANG Yiqun, LIU Zhigang. Structure model
test and constitutive relation on perimeter joint[C]/
Proceedings International Symposium on Concrete Faced

Rockfill Dams, Beijing, 2000. (in Chinese))

(8] X3 VRE - T AR Ay R SR A K R SRS M BT 0], A

TR, 1995, 17(5): 65-70. (LIU Haowu. Tests and

analysis of joint waterstops of concrete face rockfill dams[J].

Chinese Journal of Geotechnical Engineering, 1995, 17(5):
65-70. (in Chinese))

[9] S%PE4e, ¥ RBE, JHNTIT. /KA HE K RIAR 21 AR e A 4%

5% 1EARM R R AR SR BR BF TE (). AT R 2 Be b4, 1999,
16(1): 60-64. (CAI Shenghua, HUANG Liangrui, TANG
Lifang. Study on sealing materials and type of concrete joints
in CFRD of Shuibuya project[J]. Journal of Yangtze River
Scientific Research Institute, 1999, 16(1): 60-64. (in
Chinese))

[10] /i, AR T TR A = 4E 50 JLAN ) [C)/ +

AIE AT AR 218305, #ITHE, 2001, (LU
Tinghao, YUAN Junping. Somethings about three
-dimensional calculations of CFRD[C]/ Proceedings of
National Symposium on Earth-rockfill Dams and
Geotechnical Mechanics, Dujiangyan, 2001. (in Chinese))

(1] ER%E, & 8, 23, 5 ZFAER T A

DU L%E “W” B IEKARTEARHERT T[], B KA
7K HL, 2021(4): 177-181, 187. (CAO Lijun, MA Chao, PENG
Wenzhe, et al. Research on the deformation characteristics of

“W?”  type copper water stop at peripheral joints of CFRD
under three-dimensional displacement[J]. China Rural Water

and Hydropower, 2021(4): 177-181, 187. (in Chinese))





