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Dynamic optimal analysis of concrete temperature control and crack prevention
standards and measures during dam construction for
Zangmu Hydropower Station

PAN Xiqiang', LIU Youzhi*, HU Ping’, LIU Yu’
(1. Huaneng Tibet Power Generation Co. Lid., Lasa 850000, China;
2. China Institute of Water Resources and Hydropower Research, Betjing 100038, China)

Abstract; In regard to temperature control and crack prevention for concrete dams in plateau areas with high
elevation and large temperature differences, a summary was made of research on concrete crack prevention during
the construction of the first large concrete gravity dam, with a height of more than 100 meters, in the Tibet
Autonomous Region. Based on on-site monitoring data during the dam construction for the Zangmu Hydropower
Station, dynamic feedback simulation analysis technology was used to demonstrate the real working condition
throughout the construction period. Then, risks that may occur during the later construction period were predicted
according to the simulation results, and the related standards and measures for temperature control and crack

prevention were adjusted and optimized.

Key words: concrete dam; construction period; temperature control and crack prevention; feedback simulation

analysis; area with high altitude and large temperature difference; Zangmu Hydropower Station
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Table 1 Highest temperature control standards and monitoring results of different regions in No. 8 and No. 9 dam sections
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Fig. 1 Comparison of inversion results and measured temperature data at typical points in No. 8 dam section in 2012
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Fig. 2 Stress envelopes for different cooling heights in dam foundation restraint zone



55 4 4 AR, AF JRAR K HL 3 IR B i TSN 42 By 2 v S R sh A Pk 23 A 303

2.2 EMBRARXKKELHAFTRXMUS T

RN Tk P v H e v T B AR, SRR 24 AR DX 198 DX BE 12 m 50K 24 m, SR8 20 S8 1 sl 28 s
SECT AR 2 A F | $REEME SRR BEME LA FEH 0 25 /K BRI 1 2R A TR EE T ih — I
B /MG E 120 d #2012 75 d AT,

3 gk8-1 MR TR, IV X A 12 m; gk8-7 [A¥& X 5 B K 24 m Y )7 %5 ; gk8-8 7E T
gk8-7 MY LAl b B2 B I R AT 45 d; gk8-9 WIBFFE N HRIE X AV 21 5 b FBAH <1 X 38 205 25 1 mT
1tk

------- ok8-1  ---gk87 — k88 e gk89 - - RS
A 181
28 3r
26+ 1.4k
24 H }% -
< ur
o 22 H A E osl
5( 20H ‘.‘ “ < 0.6F
TRV S o4
B 6 = 0.% L
14 _8421 L
12 0.6}
Q G A 6 A 6 5 € J N o % A 5 6 5 N »
S A AN O T S T D AN 0T B T
@Q\ q,Q\ qp\ qp\ qp\ PLQ\ @Q\ @Q\ ’LQ\ qp\ qp\ @0\ @Q\ @Q\ fLQ\ fLQ\ 10\ ’LQ\
(a)iR EE 1T PR Lk (bR 1l PR ER

B3 ERLARX AR AN E R N EE R R X EL 2

Fig. 3 Internal temperature and stress curves of concrete for different cooling schemes in dam foundation restraint zone

WNE 3 (a) FE7R CRRAE o0 IR BEEE 3 DR SUZIE A 3L 4. 0m AL 0 ) | TRIVA X BE 0 24 m 5 SR A L
FIE/NTF 12m R HFTE AR Z A HIIE ] K ; ok8-8 K H IUIVA HI T AR i D14 A 2 45 d, —101%
AITFIR IR R T2 75 d, B VR AV (] 4R AL 45 d ., 181 3 (b) R BTEIR IV AR fe KN A AT 86 K (B AT /)N
FARVFRIN ST, T IR  ok8-9 BUM ELAS R, T HRUE X V851 55 135 AH ARV X 174 A
[) A5 A7 5% R A VA B 1 RN 00 T M i 35 JE I k25 4k

P AT DL, A S04 R 000 E TR LR s 1) 43 00 T B A 00 45 d 1 75 d, 35X — 25185 AR D e 4R
[ /NI 22 P2V ET RS ET O e FI A — B, SRR H Oy 3, 7R AR I TR 2 4 Y TR A 38 T DAk )
TP E R R B Y, X —F8 5 VTR RUA K HL s TR P AR BIAR L A N H
2.3 BHXEBHNERERENESEBRLS T

Fi A K L T AR M A R IR 25 b X, AR S YR BT 25 3K 20 °C LA L, PRI K VR 6 - 3 T 3
MEREAR A, AN SRS 25 T JR B3R B 7 ) 5 i R L O R T O R A B R IR SRR R
6.3kJ/(m® « h - C) PEATESH, 58 29 5 DX ACHB 40 14 2% 1 A 1] 4 ) A R T ol 45 I FE 0. 5~ 1. 2 MPa Z 1], JR)
ALK E] 1. 5 MPa, LA ] DI BETHPT R, HJ2 T SR 2% p8 0 JA) 301 17 g 52 oy, 3 1 2 ¥ MR AE 0.3 ~
0.6 MPa, I S0 S K iR E1. 5~ 1. 8 MPa, K& RECH 1.2~ 1. 7 FAAE R IF RN . Btk , M % 4
(£ 3 K, WA A ARG R | 300G FL b A 403 A DA B v TR 28 e S A YR 6 = DX I 224 ok
TRIR S B B H R K F2. 67 kJ/(m? « h « °C) #EATHE M, Wik, AUt T3 1 it 2 1o 1) By 284 48 4
15 204G SRR A OGS L 25 ] 4 o, Pl v gl 2 B e i) 2 R I Vi 2 T B g A B 1A 2 1 m Ab 1 AR
fERLA:

2.4 JRFLBBLLRE R XUBE K R X F5 MEAR 4L 43 47

D5 FLAE SRR, 22 v RNl i S R FLAR 7 A s /K i, B2 F7 KA A i, A 5 B, B R e 1
() FSRIFHIRE 1 (1. 6 MPa) , B JER A AL A KIS AN ZE 8RBTSR, SORES LR W, 38 2 P S i fL
DI A 0 B, SR A TR T AR YA 0, PTG R RARRS AL A& RS K s 118 PN AR 22 , DA AR IS AL Y
FALW RN ), FRARTF 2R, 18 S S P H kR 5 KL IX 0 g, v] DA 53T AR L R FL
X B R STERU8/IN 0. 3 MPa, i 7R 24575 31 B i itz



304 IS S (SN S RE A S N T8 436

....... ek8-177 %% FIFRM A (F=6.3 kJ/(m? + h + C)) oo gk8-4T7ZE FIFFT £(8=2.67 kJ/(m? - h - °C))

— gk8-5J7 5 FIFER AT A (AR IR i) — k8- 1T R (F=6.3 kJ/(m? * h - C))
20 - SRS 16
8 18+ d? 0.8
= £ o
~ 12 S 0.0
1%: = 04
6+ -0.8
4t _
N A 6 A\ 6 B P IS A IS PR >
o ’f)’\,rg'\’fL ,L/Qc)’\% rV\\’\ ’5’0\’\ o ot oS oY ,Q’\’\S %,QQ’\% I\es /_L,Q/\:L 199’\ ,L,\\’\ ,’),Q\’\ /Q”D’\ ,_5,0‘)'\ ,BIQ’\’\‘D,&QQ’\ ﬁy\\,\%
@Q\ @0\ fLQ\ PLQ\ @Q\ @0\' @0\ ’],Q\ fLQ\ q/Q\ q/Q\ PLQ\ q/Q\ q/Q\ @Q\ q/Q\ q/Q\ 10\ q/Q\
H 4 H
(a) I FREL (b) 1 F13d PRk

B4 RELEHEREARRFREBEERERESN AL
Fig. 4 Temperature and stress curves for upstream concrete surface using different insulation measures
2.5 HEFEMERTEGTRRLS
Jit T BN (1% 7T E P 0 B K R TR R i
KU TR, FEAR K H i S W57 BT 25 2R 3R B e T
BT ST AL, AR R AT KR EE R
PEETFE SR T35 15 mm DL B HAT AP n] HEHE
(R AR BEAR 52 i U AR K B B0, 4 TR _02| (A
FESORAS  WA EE A TR/ T 0.5 mm ST 0ol |
PE. PRIt IS HILE AT R R b Bk L

% F1/MPa
OO0~ =
[(S Renll SO I o Jo Ranll O N SNYo |

N6 B 0 o 0 0
WFE, NS TFIE B 1 32 L5t L LI 6., T et N NN
2.6 MREKREFEAMBEREAEAREER © © © © © 0 0 07
R 53 4T
Es5 FRALHHEEFLOXRKEE 3L
22 1 e > il 11 Vi
BER LJ“ {ﬁEVF% %éfﬁ ’ K 2‘0 l% 1 H ] U\ Fig. 5 Comparison of orifice surface
§7 J( i) ’ H TR BE L %% TET E 5 % k it 2 El% i ’ i 22 52 stress for different cooling schemes

/N R 0K B KV ol A S SO SRR A X /0 o DR L i R v e i 249 TR DR 249 5T X B
Jrad B UL 7, i 1B 7 AR IR K L S, 3L b i 2R 1V T R 2 B K TR A R AT 2 AR A S
T/ 1) e 0k T R A0 R L U R 1 IR S IR 4 I S X e R I B A AN 2 K S 0 T
JEAE R B K T K Z I PR 2 A S A TR K AT

—3210m  ~=3220m —3231lm e 3243m  ----3253m ---3258m
227 0.4
20 f .
E 16f 0.0 SPaE cizemimn e
=] <
S 14} o -0.2
=y g 04
.R 1.0F R ~0.6
) = -0
S 08} Sy
0.6} :
041 -1.0
0.2} ' -1.2
0.0 - : - PRI s _14 - P P P
Q > © © Q > Al
SY® ,yﬁ ,¢$ ,wﬁ ,“ﬁ ﬁfﬁuﬁéﬁwﬁﬁ\ mmAmﬁpympywﬁgﬁﬁlgﬁl\§Q$QL¢&N®»VOQ
fLQ\rL ,Lg\q’ rLQ\qj rLQ\qj r)p\qj qp\q} "),Q\ %Q\ qp\ @Q\ @Q\ q}\\ @Q\ qp\ @Q\ @Q\ fLQ\ 'LQ\ @Q\
A H
() HLETFIE (b)HETIR J1 (2013410 E7K)

6 9SMBRNEFERETMN TN TERL

Fig. 6 Variations of longitudinal seam opening and joint surface stress in No. 9 dam section
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