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Analysis on structural behaviors and hydraulic fracturing of phase change
material-mixed clay core wall rockfill dam

LIU Donghai, CHANG Zhoumei, YANG Jiaqi, CHEN Hui
(State Key Laboratory of Hydraulic Engineering Intelligent Construction and Operation, Tianjin University, Tianjin 300350, China)

Abstract: To study the structural behaviors of the paraffin-based phase-change material (PPCM) -mixed clay core wall, including the
stress, deformation, seepage and hydraulic fracturing, this work constructed a seepage-stress coupled analysis model for a core-wall
dam filled with PPCM-mixed clay (PPCM-Clay) based on finite difference method. Then, the distributions of stress, deformation,
seepage fields and hydraulic fracturing behaviors are analyzed for the core wall filled with PPCM-Clay and conventional clay under two
conditions (right after construction completed and after impoundment) , following with analyzing the feasibility of mixed filling with
PPCM-Clay and conventional clay. Results under both conditions show that: the distributions of stress and deformation for PPCM-Clay
core wall are basically consistent with conventional clay core wall, with a slightly higher maximum vertical displacement than
conventional clay core wall; the distributions of permeability coefficient for the PPCM-Clay core wall is similar to conventional clay core
wall, but with a higher level ; the minimum safety coefficients meet the requirement of specifications, but most of which are lower than
conventional clay core wall; the hydraulic fracturing will not occur in both PPCM-Clay core wall and conventional clay core wall. It’ s
feasible to fill core wall with PPCM-Clay below 0 “C and fill core wall with conventional clay above 0 °C, which can reduce the total
PPCM content and address the issue that the core wall filled with PPCM-Clay would perform a higher maximum vertical displacement.
Key words: core wall rockfill dam; phase change material-mixed clay; stress and strain; seepage analysis; hydraulic fracturing; finite

difference method
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Fig.1 Validation of Duncan-Chang E-B model
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Fig.2 Flow chart of seepage-stress coupling calculation
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Table 1 Material parameters of each partition of the dam

MW p/(g/em®)  /kPa @/° Ag/° K n R; K, m K,

PS-0 1. 80 11.92 30. 48 0.0 141. 90 0.41 0. 86 55.20 0.21 576.6

PS-8 1.71 6. 40 29. 14 0.0 125.85 0.45 0.85 33.53 0.20 503. 4
SLUER 1.91 0.0 40. 40 5.81 342.00 0.33 0.91 151.0 0.24 587.0
PR 2.01 0.0 44.51 4.74 443.00 0.34 0.82 251.0 0.22 623.0
ekt 2.17 0.0 45.42 6. 66 754. 00 0.31 0.74 236.0 0.11 961.0

T PS-0 M+, PS-8 AW PPCM 45420 8% MIAREF: L., p W K K, K, .n.m R 5K E-B BIRUESEL R, ABIRGRIE L,
K2 SERYMN M ERSERYKRMBER

Table 2 Simulated results of undetermined coefficients for the prediction surface of permeability coefficient

H AR A B c D E F R?
PS-0 205. 396 -2.131 -11.205 -147.765 5.453 8.794 0.95
PS-8 87.742 -1.876 3.246 -75.164 -0.267 -2.258 0.98
PS-0-1.71 59.756 -0.326 -17.182 -27.662 5.932 -15.431 0.99
T PS-0-1.71 NHEN 1. 71 g/em® BYLEHE T,
2.2 SIS
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R B B KA RS A3 A 1.9 em T 2. 8 em) S AHAE B A O85 EA IUAH 2280
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Fig.4 Vertical displacement distribution of maximum dam high section during the completion stage
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Fig.5 Maximum principal stress distribution of maximum dam high section during the completion stage
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Fig. 6 Distribution of permeability coefficients for phase-change clay and pure clay core walls under

-17.0

different working conditions

AP 8 151 9 3 3 Al AHAL T3 T, B /K SIAR AR Jo b o B o £ LA e R B8 1) (2 A 3 N2 31,7 em, 47
16 N 7 ] ) e ROK A MBS N 5. 7 em, i TB A BINE T , 2 K DRI 13 g 0 A i R A T 80k (2
AL TSRO L T 0 A SR 0 g RN JE N g B S D R O A AR K IV ) AR I
G AT 55 R 386 R A SUUR) 2 A1 DR PR — 50 AR 0 355 A 3014 e A 1 o 99 o g R 4 28 o B A
A, S IRIK RS A B e R ERLEARZEAN K, £5G R T Al R, FHAS R Oy A1 30055 4l ek 0o i e



CIRE] XUZRIE 5 ARG LB A7 A VRS 5 K ) B 50 #r 67

z

L» LB Sk T O [ [
X 10 40 80 120 160200 240 280 320 360 400

e

(a) MR L O s AT (b) AR CHE A0
E7 SXUSHEEKENILBRENS R

Fig.7 Pore pressure distribution of maximum dam high section during impoundment period
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Fig.8 Vertical displacement distribution of maximum dam high section during impoundment period
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Fig.9 Distribution of maximum principal stress of maximum dam high section during impoundment period
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R, FEIF N EE KIAKNB SRS SR N N KERfB/om B[ NER KT
ﬁBiEiﬂﬂ@r’f@%uﬁ?iﬁn FLIR K R FH8 K A %00 F10 BUSURE RV T f8%/em Ji/MPa J3/MPa
MAEFE -2.6 5.7 -31.7 0.37 1.15
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Table 4 Safety factor of core wall rookfill dam under different working conditions

N , AHAR Z8h 0 335 A 40 B REHE A I .
LA R R Bk ik FE R s OVeHER
YR T3 2.006 1.852 2.085 1.897 1.250
IEH B KAL (e 1.970 1.725 2.013 1.760 1.350
IEH E KL (R 1. 889 1.726 1.999 1. 670 1.350
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Table 5 Mixed filling schemes of phase-change clay and pure clay

RAHSIr R WA R HF R/ m WSR-S /m B+ ST 5 1/ %
1 1134.0~1136.8 2.8 7.2
2 1130.7~1139.6 8.9 22.8
3 1127.4~1142.5 15.1 38.5

1127.4~1130.7
4 1134.0~1136.8 9.0 23.1
1139.6~1142.5
o —
—y o~
MEY
o
(a) HHEI (b) %2 (c) HE3 (d) %4
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Fig. 10 Schematic diagram of mixed core wall filling schemes with phase-change clay and pure clay (unit: m)
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Table 6 Maximum values of displacement and stress at completion stage under different mixed core wall filling schemes
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VEX, -2.0 2.8 -23.2 0.39 0.40 1.15
VEX! -2.0 2.8 -22.8 0.39 0.40 1.15
AR+ -2.1 2.7 -24.6 0.39 0.40 1.16
aighi+ -1.9 2.8 -22.5 0.39 0.40 1.15
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Fig. 11 Distribution of vertical displacement and maximum principal stress of maximum dam high section under

different mixed filling schemes
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Fig. 12 Distribution of vertical displacements of core Fig. 13 Pore pressures and stress distributions under
wall along elevation in different mixed filling schemes the condition of sudden rise of water level
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