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Application of displacement multi-point constraint refinement method in
simulation of concrete-faced rockfill dams
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Abstract: In the numerical simulation of a concrete-faced rockfill dam, to consider the accuracy and efficiency of calculation,
the concrete slab can be simulated using fine mesh and the rockfill can be simulated using relatively coarse mesh. Therefore, the
proper algorithm should be established between the slab and the rockfill for transferring the load and displacement. An
algorithm to connect the fine mesh and the coarse mesh is developed based on the multi-point constraint method. It is used to
simulate a 200 m-high concrete-faced rockfill dam under construction. By comparing the results of the traditional simulation
and the current method, it is shown that the proposed method has good precision, and the deformation is continuous at the
interface between the slab and the rockfill. Compared with the traditional simulation, the simulation based on the displacement
multi-point constraint refinement method can describe the stress gradient in the slab, which can provide a technical basis for
simulating the local damage of the concrete slab. The proposed method is practical and easy to implement numerically, and it
has a good future for application.
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Fig. 1 2D example of multi-point constraint refinement method
HOGT L BT T RIBEREREE N KT, - eSS,
M5 R E R R S A 4, SR 6 R, SEbR
T T Bt IR R 10 ANSRSLRE B, AR
E[KT ., RAEA[K],  FEHERILT X
[K]I()xl() = [A]lToxm [K]?2><l2 [A]l2><10 ° (6)
¥ (6) JRIT, AITEMTA 40 R BB
33 (6) Shr bR S A HEE 9, 10 AHSC MR
Moz, WRIEREEXR (2, 3 o, 7alEn
FIEMEZT, 11, 8, 12 XM RME.
FHNIHL, BT 1. BT IT T 3R A B[R, BN 3
TR, R
[REI]I()XI = [A]TOXIZ [Re]l2><l ° (7
KU (7D BIT, "R SR s e TH
HHE 9, 10 &Mm#nEZESX (2, G
FEREET A2 g mE 7, 11, 8, 12 THRME,

12x12



618 H O+ T OB % M

2020 4F

L, /2L F1 L,/ 2L At 8853 FL B
I JE kiR E R TT Ty Bon NI (K D0 -
Al BB [ R 1, 728 001 25 8 A DO FEE A A RN 7 51 B, SR
AT BRI REIIE (S 1 » FHIRHER (5D RAFLE AL S
IR o
ALV SEIL T LR 2 M AHRE R =4 oL, #
GONEET B =4, W 2, B0 e Ml ey RFHEL NS
IT, HIT es NEEMKE T, WLMSHL es HITH
gidio, p's g W3RN HEIG e Ml e;
g B ERIR, Hhdido M=t u,, v, wy
WS i jo my n FNERIK, ¢ M=FRALF ] H
i om, ks 1 n BRINIREFRIR . VUSSR o' ufl, R
LS BTiETE, K= A KRN
u, =Nu, +N2uj + Nsu,, + Ny,
Vo =N + Nyv, + Ny, + Ny, (8)
Wy = NyW; + Nyw, + Naw,, + Nyw,,
X, N~ N, N i G me n FIHREBAFRRRIE
WA, Fikin T,

N = -o-n (%)
N, =+ &= (9)
N= A+ (%)
No=(=Een) (9d)

X, EMn AL S o £ iy jo my n L RFRAAKR o
WA TS o', p'y g K I3 EE B N
HHE”, S84, j, moon, I, kI3 HEGREN“E
H .

2 ZRYFRE= LR
Fig. 2 3D example of the multi-point constraint refinement
[FIREIL, R R RS BT s W FEHERE . for BORE R
65 Im AR B BRI BERE M AN BB, SRAAET-
JitEfE, BRI G omy n AT, FRAE (8

A R o IS -

2 U R RENBESIN
FEH A R oAl b 5 T SE AR 2 A0,
(ELATS 75 A R PR SR ) AL
2.1 Z#HTEHR NG S SRR AR TRE
XPT YR, 1, g5 S R AR AR B
EALE, WSS 6 Al 4 FARX A BAR R B s o
T =Y, NG R 32 R S (AR A RS T RE L
BRIk AT it — AN IS R 2R OGS R 32795 A
LA 2 R B AR BR A2 1 S 7 R DR 0 ) R, B 2 o
TN WEHEL NS i, j, m, n, FHFRGHRHE
HABR E M o ASCRAINTS 7 i
B0 (8) WG T2 (A Ahbrddife, B A
Xy =Nix; + Nyx; + Nyx, + Nyx,
Yo =N+ Noy; + N3y, + Ny, (10)
Zy =Niz; + Nyz; + N3z, + Nyz,, »
:—th:" X Voo Zo'ygégl‘ﬁO'%i'l‘Eﬂﬂé*i" Xp Vpr Ziy‘jéél:
MoD AR, Xp vy oz Mg G OF R AR RR,
X Ymr Zm NG R m 7[R ARER, X Vi 2y NE5 R n
A AR . AHERIL, 20 (10) o 3 AN TFEFANE &
M3L 2 AREE, TTLAER EAAAR R, F4h
o', i, j, m, n HEKSE (X, Y, 2) HHE R
MbRER (S, M, &) WHFR

& cos(&,X) cos(&,Y) cos(E,2) || X
ne=|cos(n,X) cos(n,Y) cos(n,Z)|qY . (11)
¢ cos({,X) cos(d,Y) cos($,Z2)||Z

HTo, i, j, m, n i TRE—AZEFHIA, A
AR (100 5 3 AN REIE AT, I BEST AT
2 NHEE, SREERTAEEIS N, mTZAREAR X
(11, 7 FEAR R i AR 2% A -
=<1 In<1 . (12)

LTSGR R R (12), WP o' HAL
T, j, m, n JERIE XN, RS FARYE
LGB 2% A, T 5K DX A T 4 4 W 1) S
B8 T BT Mg 0 IR =8 45 f DA SR B 1 R 3 A
B o
2.2 EKRIEEREROT AL TR 14

WA PR G H R R NI R R R A SRR T R AR YR
B EITN B SE E E Eng Y, BT AR E AL
SRV PRI A I B2 R B A R0 3 MBS 75 570 A A O
H O RINZERL, EEFEE T2 N E B E
RIEH B TCANE B OREK




% 4 3]

MER, & 82 i LQRIEAE AR AT IURSARASLUL b i) B 7 619

=1 HUR “Fak” REISH
Table 1 Parameters of “NHRI” model
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Table 2 Parameters of “NHRI” model for Nam Ngum Dam 3
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Fig. 5 Calculated results of continuous and non-continuous mesh
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Fig. 6 Increments of dam displacement caused by water load
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Table 4 Comparison of results of slab with and without refinement
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