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Table 1 Allowable temperature difference near

foundation for conventional concrete dams A T/°C

R BRREAKE I/m

BEh/m <17 17-21  21~30  30~40 40EFEE
0~0.21 26~24 24-~22 22~19 19~16 16-~14
0.21~0.41 28~26  26~25  25~22 22~19 19~17

R2 MEBRRLINEMBFEE
Table 2  Allowable temperature difference near

foundation for roller-compacted-concrete dams

AT/C
[:2B- 3 i1 BRRKAKE I
HE R <30m 30~70 m <70 m
0-~0.21 18~15.5 14.5~12 12~ 10
0.21~0.41 19~17 165~ 14.5  14.5~12
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AKREERE 1:1 FIBRMKRE XM ZEHEERTK
PR E 50% Z P RKGEB, EFEAH
H28d”, HE1TR, BIFEERE 284U, R
HEFKPEEEK, KGEETESPIRE, ®iH
2EFMAMN, BRI IEERE
BMEKTZES B/ . 7 RBE+LREHFEY 28 d
RIEITEAN B,

gsm —F&AF [
s I s e
iLw
;i 400 \\ x -’:
mi AN L \ \{l-
800 S \ (VAR =
N IR R
1200 oz
~\__‘_ _
1600
1 2 5 10 20 50 100 200 400 600 1000
B (PR yd

H1 KRS5EW 11 BEMRHGRHER
Fig.1 The deformation in specimens of cement

mixed with rock powder by 1:1 ratio
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Fig.2 Distribution of cracks on the

upstream face of a concrete gravity dam
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Table 3 The maximum tensile stress in the winter on

the upstream face of a concrete gravity dam MPa

KFRA BEMN

TR 1B 1 HE 4.2 2.6

5 cm AR + 2 cm K F R W E R Z AR 1.6 -0.1
3 em E K + 1 em KPR MR Z 4R 1.9 .0.1
FeFRRLS (EH) 2.2 1.33
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Table 4 The position requiring long time thermal
insulation in the construction period and permanent

thermal insulation in the period of operation
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T rwm 2w H A K 2% 2%
B LWME %  AMME 2%  FARML
R — - 2% 2%
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B, BIHE, GMEE, BRF, KAEKPRER
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BANETE LT 8 mm, LERFERY,
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Fig.3 The cracks in Shalaohe
MgO concrete arch dam

LY sEFH SR 15.3C, KIBEZE 9.45C,
NEEXE, SBEXEFABEXRE, BRI K,
HE £, RILEFBE, REERXFEFEKBA
3.5% ~5.0%8EE, TRIEKELEHET, ¥F
AARZMXFMMBRE, BRARAFE LN,
3.2.2 SRR EHIM  SILRHEIA

FHETILRE, ME 71.5m, AFRMEKFAKS
WitBEitit, ATV ENBN =4 TmENE, #
ME B BRI EAKFKBR2EHRBEAE =T
AEAEHANBEBHTR, RAS MBS
BHTRERT

AT HALXZWRBHA KM, 7 2002 4 11
APZERF4ARBEALHERE L, SEBERE
Big, 2MBECHRR, AZHARTHERFIT
B, ATHNARBERFE, BERELESBEN
3% ~4% (MFEO0~30m) 8% ~10% (IF 30
mPhl), BE8% ~10%2EBE K K@E THEER,
AUBFETELSTR, RERBEAKXETLE, WE
4FiR, BITHE, NAWEREXR, BREXRANERE
BT 2B 4528 LkEE; REREAES
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KESAH); ME. WKFP; IE 25 m LATHE
Ri, 25m KL ERRFFEEKREBRRR.

B ER T RATHL, RT 258, N
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Fig.4 The inducing joints in the

Sanjianghe MgO concrete arch dam
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BELHS R, RIBEY o, 15 em L HEIK
B, RIER 80% WPLEIRE, B TXNITH:

R, = £.(1.0 - 0.8425,,) (1)
X#, R AR «c WIRBELHS, £ 0¥ - &
15 em ML RIRAE BT ERE; o, AWM - BE
THEBRBERBEZRY; RE0.842 HRIEH 80%
ML B R B

BETERFEER CHFRIE 2848, ScmxH

R RIER 5% HPLERE, B TRITHE:
C = fczs(l - 1-645843) (2)
RF, fxN28d 8 15 em X HERGELHHRE
BRE; 0,28 dRBBELINEREEEZ R
RE1.645 HRIER 95% R E RE

BELIRS R 5REFRCHHLER/C=1.3
~2.5, HEBK, B5ZHEREX,
4.2 &itthRA i@

BEIBREFE CHNATFILVLERARRT
BREAEN, —FEEEIHRE, 5—F@E, B
MERALE ERRIEKR, #3284 A5 REL
BEMMAL, BRELBESR C MATAKM
ITREAGEMN, MITRELTRESK CHER
TR 28 d, XRTELBELRK, KINKHET
BEEKERE, BIFER—E 30 m BH/NEIRE
T3, BATHERE 28 d NEBBIHE K EIEH KL
TR HE LG RAS 4 RS L RITRH: 28
d, 90d, 180d, 365d; F#ARAL 28 d #1365 d,
EHZEL A TRANI (FAEEL) 180 d
(BEREL), RA28dF365d; XEHT: a.
E28d590dZABEIBREMKESL, MAS
ZHEREX, HI10dUEBREHMKAHE; b.
T HEBITHR R R R RESEE, WL 365
d AT, RIAMBNE K.

BETEEERKRAE L/ WEAEEMEY
X, EWMEREE, WKkR&HFH. BEERMME
B. MRS RERARAR W, RN
B, B®LRBELBREDR .
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EEITENELRERERERITELERBNWE
BRE, ABE R RERBBENERZ 90 4 #
B 80% RIEZR, Btk 28 d W3 95% RIER, &
LRBLFABHR, MAIBRR-NBEERE, BX

FEBAB G IR 28 d ¥ 95% R Rk it
Mo XR2IBRBITRYIRA 28 d, BELERH
AR d (FAREL) f180d (RERSE
1), 5l CoBBER Ry Ry, FH Ryl Ry R
FERITRENHEME, FBR W Ry/Cs M R/ Cy
ZAZHEERNE R, TABERK, BSHFH
T Ry/Cx thEK 4L, ATE W, XEMR2IRAT
Ry/CxMITHRIE, LEITEHP Ry CpyimimEiE T
A,

B, BRERITHRABREFR C =10 MPa,
B XHR[2]#78 Ry, = 14.6 MPa, B 5 &, JLA
LHRITHEMMEMBE RSN ZkMECLL B,
Ry =16.9 MPa; FLIREH R, = 18.0 MPa; &l
BEott A, Ry, = 19.5 MPa; MBI K C, Ry, =
21.2 MPa, XL TRTABIMIRE LIRS H X
MRQIBEEEFINBEE 16%. 23%. 33.6%.
45.2% ., LhHMBE LIRS EEX AL, AEMM
KIS ERIRS, T KE TR
BEEH HEE,
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Fig.5 The strength class Cy and the concrete

mark R, for the conventional concrete
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BE, 28 d KK TR FTRE, X¥LMRIE
90 d 5 180 d RAIBE LA XM AT RRBERA THRES
Hm[ﬂ o

GLR, TUSRABRIBRARELR
EER CRAHEYN, KNIEXARELEBRES
% C RAGHEN, MX%ERABELIRS R,

BRI IEE S H K FTIE (REELE 0
HHE) M ATl QREELHNRITHRE) FR
BRARBETRESESR C, AEHEREBRLE, &
ERXEWHFW, HEREXRARELFS R, (H
BIRAE Cofl CoB 50

5 HaBpMREZLAK

RERE T IR AMBEER 90 d R HRE
+HERLZBARNDTF 400, A FIBREE, ¥
RSN ZLRBANELRE, BXFERESFMH
R, BEi—SHREMEitS, RTERERZRLER
¥k k180 d IR /NT 4.0, 0¥k 90 d BPBHE,
ZLRRELR LERER 3.5 £RH, X2,

5.1 ERISHIRERERMELE

BT & BH#IRT PR AR’ . XE4E
R, BERY. KRRV E (BEFRLER) AR,
AR AMEEERANZLSRRNEREITHE,
DEE R RS EROEWHET T

HARRRELRE R SEARAHRE LR

BfHWRR, IRRWT:
R, = f.c,cc5¢4¢5 (3)
AP R ANKERNBELIIERE, £, EN 15
em 35 R4 90 d B8 H 80% fRIE R K BT EE R E
o ARGERRAY, IKERESLIHFKRREZ
i o, ART R, BKRAHAFS 15 cm 3L H /i
WREHE; ¢, ABRBRE, o, AEEERRH
590 d @@L ERE LE, o, JvafEBHN R K.
BEXBLREM, AI%H ¢, =0.84, ¢, =0.83, c,
=0.87,
B c WBRBLHERE S, () TERR
mE:

c=(ﬂ=ﬂuwh+mqiﬂmsrs3ﬁ

28
(4)
AP om SKRGFH. BRKBE. SMnwB
BEAX, BEIUERS2KLBBAMNFBAIR
Bk 365d, TR

f:(365) ' 1 + mlIn(365/28) (s)
£.(90) = 1 + mIn(90/28)

EEEARELEERAR, KARZE 1~ 2 min
WBRE, LR IRINFHHNEREIEHF, TE
5 1~2 min, 7878 ¢SE A (8] B < 48 X 1R %E 1+ 38 B
155 2 TDUE-J R

¢y =

®5 TREFEAE R ELEENK W
Table 5 The influence of duration of load on the strength of concrete

T B RF L AT 1) 2 min 10 min 30 min 1h 4h 100 d la 3a 30a
7 [5) ¢ 76 B [ 3 BEE/
FRRREETEE 100% 95% 92% 90% 88% 78% 7% 73% 69%

stFHEN, BEREEMR, KURERERK
SBMAKMLZEZL, BRERERREEL
B, MBBEREEK, FRLBER. K458
ERER, BUURFFREE EBR R c; =0.70,

ZEX=FHERZLRBMT:

K—#iHZLRZAE (ZLBRITHRSRUSR
KEEMNA);

K,—8BELZL2RY, DMERERERHF LR
RABBENEZLSRE (RITRHPE 04, 15 cm L
TR, B ;

K,—3KFERELRZY (R 3654d, K

HRE, RE®R, KAF, HEBEEB).
ENMRBZEFENTRR:
K, = K,c,c,¢e5¢4¢5 = K ¢/, ¢ cc’sc’s  (6)
e, ~cs EXWAT, ¢\ ~cs REFERELERY
BHMNRAXRRE, BT ¢ =c=0.70, AKX
(6) A:

¢’ ¢,

K’=?ZZZK‘ (7)
B EXMTESEH#NTERZRERY K, 1 H
BREFENEERE K,

# 6 I T EAS— RS+ HILFRR A
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Table 6 The factors of safety for compressive stress adoped in practical arch dams

BHELRH K,
mx  mE N Wit RARR. R ®iHES BRAZENS  BRIFELRE  ANARERE  RENK
/m .
#d Fiem, ¥k /MPa /MPa K, BELFRMK, RLREK,

PE NS ] 292 180 15x15x 15 40.0 10.0 4.00 3.75 : 2.16
RIFE HEER 2715 180 15 x 15x 45 35.0 9.40 3.712 - 3.9 2.13
BAM  Vajomt  263.5 90 P25 x 25 35.0 7.00 5.00 5.26 2.88
it  Mauvoisin 250.5 90 20 x 20 x 20 4.0 9.90 4.24 4.46 2.44
P HE - 240 180 20 x 20 x 20 35.0 8.40 4.17 3.64 2.10
A+ Contra 230 % 20 x 20 x 20 45.0 10.50 4.29 4.51 2.47
xH Hoover 222 28 B A Ak ki 17.5 4.30 4.07 8.67 4.75
BA RIEHEW 186 91 @15 x 30 43.0 9.98 4.31 5.13 2.81
%E  Mossyrock 185 365 B A e kiR 33.1 8.30 4.00 5.19 o 2.84
P E AR 162 % 20 x 20 x 20 30.0 7.50 4.00 4.00 2.30
#E  Yellow Tail 160 365 B A kA 28.1 6.20 4.00 5.19 2.84
$%E  Roselend 150 9% 5(2;5;’;31)53 30.0 7.50 4.00 6.59 T 3.6l
PH Bl 150 90 20 x 20 x 20 25.0 5.42 4.61 4.61 2.54
Gl n 140 9% 15x 15x 45 30.0 6.50 4.62 4.62 2.55
FE R 76.3 90 20 x 20 x 20 20.0 1.62 12.34 12.34 6.29

E: (1) EEFRBBUUG, BWBRITBRE /NS 0w N

12.5% . (2) /N33R ERIEENY 90%

MREZRLS R T
52 BUHRERBHNZLRBNLEY

ENMNEEFERARELERBETING,
AREUTILELR:

1) MW LRELERBHIAT. TEZFAL
BREL RIS SHA KRS RN, RiGHME
LR¥6~10, BHBMEZLABBEMNE L, X
R—MHEBBRIAR. §%, ZR/DMRGREZRE S
MEBRESIEFRRNAEREAET, TRXIMEER, ¥
LRBPEBVE—¥, B, BHRRPEEEER
BEHRMBES, CBRAESBREY R, BHH
KERME, RS TH, FRIAMHRT REEK
Mg, BRABIERI, ZHEHRNTHERELZLERK
RE2.0~28%44h, HEFARK,

2) MHtMELRBUE FRBEM, — MK,
BN EZLSREEL, MAENRHERZLRH
B/, XEWRFENREE, —H @RS KFE
BEESE; B—mm, SEATBARBIRE
ZL2RAPER. ARSER, ARNTITPERE
RARBRHEERE.

3) PEREBINEZLRBRE. AF6 w4,

HERBEELIRS M Rig0400* BB B Rip450* , HNMELRBTRR

BREBRERENBRINERL2RE K, BSHR
BLUNTE 4.46—8.67 Z /6], BRKEWE4.5—522
|, BE1LANDF4.489; RETHARAMPER 3
MERHME L REBM; Kk HE 3.90, 8N
3.64, /NEIL3.75,

4) LRBYRFBFRB{INNIERZLZRE.
BEH, ATIREE, HE2FZBENRTF—
M, EEHMRESHSNNELREFERT
HAAKE, MAKTEAN—BEEN, XZ,

HABRKBLATESKEFRES, EEHRITS
BRAEENE, REFBRTHAFHKE, Eh
BN —6, REESEFHRLR, BF
EEXYUAR, —HBMNRITRABRKELZRH,
HRBRTX—HR. RERBWER, 2F LT
BRMB/IK, BHATERERLEHEFRALENRE
E, XHRE, NETFURE. EENWEREER:
KRBMMNTER 2 R BIR RBP4, 15 cm
SH IR 80% RIERE B, RIFM 4.50, £
RRAETF 4.00, WBiHHEHIN 180d, BIFH5.00,
ZLAPAETF 4.50,

SChRit T B3R BT B AR, AT RBAENR, B’
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HWXHRBERETLRESHK, FEERER, B
T EZLEREABIBERENREREN —
115

ANBHEN (B 292 m) REMFABFEHM, |
FRRAMNZSARHBME, ELEEREVERR
B, 8%¥FXEBR&ITE, CREBRNAXKIRE
TS M Rg400* B E Re450* , ZLABRET
12.5%, BEAMM200 75, HYTFEBRENT
B

6 BMAMAFHES

ARITEFBRRKPITTHEINGE, BEENENHE
B, REEATHNZIT. BT EREFERR, Lk
ENMAEPA—ERLTE, RE¥ERAT . &
EFRE THRTERM A", EHERETH
IOE B B A 4 AR T, R T 4 B LR ML VS BT R
MU, T A PR JT R BF T HE IR RE T 38 B

RAERTEITESN, BRBELGR (1,
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Fig.6 Stress distribution on the surface of foundation
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On Some Important Problems About Concrete Dams

Zhu Bofang
( China Institute of Water Resources and Hydropower Research , Beijing 100038, China)

[ Abstract] The number, the height and the size of concrete dams under construction in China are the biggest
ones in the world. Some important problems about concrete dams are discussed in this paper: (1) The key
technique for terminating the history of “no dam without crack”. (2) Two kinds of guiding thoughts and two
results of practical engineering for application of MgO concrete to dam. (3) Concrete mark based on 90 d or 180
d ége is more appropriate for concrete dams than concrete class based on 28 d age. (4) The safety factor for
compressive stress for the specially heigh concrete arch dam (higher than 200 m) is some what low in China (5)
The equivalent stress in arch dams analysed by the finite element method.

[Key words] concrete damj; cracks; concrete mark ; safety factor for compressive stress; equivalent stress for

finite element method
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