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Inverse Analysis of Mass Concrete Thermal Parameter Based on

Genetic Algorithm
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2. School of Highway, Chang’an University, Xi’'an 710064, Shaanxi, China)

Abstract: In order to accurately and efficiently determine concrete thermal parameters, such as
adiabatic temperature rise, the thermal conductivity, the surface heat transfer coefficient and
reaction speed, which were difficult to be obtained, the genetic algorithms were applied in inverse
analysis of concrete thermal parameters according to the measured temperature during the mass
concrete construction in Puli bridge vice cable saddle pier foundation, Yunnan Province.
Meanwhile, three-dimensional finite element model was established to predict temperature field in
follow-up concrete construction and verified by the measured temperature and stress. Finally,
according to the predicted results, surface cooling and cooling water pipes inside can effectively
reduce the temperature difference between inside and outside, and prevent cracks in early stage
after concrete pouring. The results show that the surface maximum tensile stress is 1. 5 MPa
when internal temperature of concrete reaches peak value, that means none possibility of cracks.
After concrete pouring 3 d, crack resistance index is greater than 1. 5, that indicates few
possibility of cracks. The calculation value of temperature field coincides well with the measured

value based on the inverse parameters.

%5 B 8 :2015-04-12
E&WH: @%E%ﬂ%%i\ﬂﬂﬁ<51408<>4<>>;irﬁ%iiﬁiﬁﬁﬁﬁmlﬂiE(ﬁfﬂ 2013(A)02)
BB A IE 5 (19635 . B, 5 WM M L 15 9 TR, E-mail . y2f21706 @163. com,



82 EHAFE TRFR

2015 4

Key words: bridge engineering; mass concrete; temperature control and crack prevention; ther-

mal parameter; inverse analysis; genetic algorithm

0 51 &

TEAF R LR b KRR & B 5E SR 40 R TR
PRBRIRBE L . MR ARIR B - 1 /K YE /K Ak T il i 4 3]
5 oy BN R MR Y 3l 22 L 7R A 29 PR TR B LR
T SR 4% 5 A R A BT 06 1 it B B ol TR O - 1Y
WARTEAN A RAE TR 25 5 S BB o7 Rk 5L 348
2o TR WA SR P RE T IR A5 A T B A LT AR
SEN LB R R BUR BE 1 IR B Rx — 1 25 E
ST R BRI AR

3k S ASE A0 T AT 2803 19506 ) W A it 5
Hh R R B4 IR B B T G A AN 3 50 B 3 B0 il 55 3
R R LA T AR A 1 AR S A O A
FOIR BE b B A R L R ) AF R T R L AR
i T BB R 73 B TR 5 - 0K Ak S R g i A ) 2
MRS DL 25 25 18 7 22 e SR R RS A B i B2 A
SFAR RN R W R R BUR BE 1 ) 3 0 E3
B R BE L R SRR B IR R B S R AR
B2 S FUOL ) A R A LR TIOR3 i 34
FLARAE I 22 5 il 5 9 o A A AR LA R 2R 4K
525 R TR I 5 3L BE A A7 A 26 R B S 3 5 2% A
AR IR o itk BE o A 77 AR AE XS AR Y I ELAE Rl 0 )5
J7 1) B TR A X AR

RAR B BE 1 288 7 A= 19 I 32 2240 1 TR Bk
A PR ) S PR AR PRI . DE SRR EE AR
5 MR B A A B 0 g e T A A5 A il T Ll
JEE IV T3 AT 2L FRAP 26 0 XHIRLBE LB RT3
SEIRS o KPR B BB s P TR S AR S S R
i B 2 DA R

KA 5| MR AR B R A 7 AR ) R
LA R AR BT B 3R 45 T 2R 0 32 S A0 B Il
i B I TR e A VA A R e B O A L
FE ) U A Al R T R 4 o S R R
DRI & BT JZ » 4 il g SR LB v KA Tk
TE 2 R R SRS I S A 4 0 R R A A
b AR AE 7 A R B B e T A i A
0 P 0 IR R P 2 1 3 G T B O AR 9 IR R A A 9
il T 2% T By 448 7 R AT B ORY

PAFEAIF IS 32 2R AR AR IR B K AL I A BRIT 73
A B A% TOUIN it JEE 2R 4 7 A ) DI L 9 I SR it
3Ty JEIT . A A BRI A S K A IR K

TRBE T 200 B R mT RE P2 £ M iR 47 Bl 2R it 14 i
o TG0 A 25 SR W] FE RO TR BE L I Ty 2 S
By wema v . AT 2 BT 30 4 R TR B L AR
TSRO T LR E S T S Pri T
T R TR BE 1 E 5 L 8 Al BORE SE B HIL I R A 4 3
MUY (E B0 (B 55 52 B AH 22 K [ I A2 it T 3L 3
I 5E RBE T T A S RO R A = A .l
TR BE 7 7 Rl TR A 25 R AR
[F] Pk 220 FF) S JEE e ik S 38 0 AR AR B 1 A
AN BEREES B B R TR R R 1y i

BEOF 3 — ] L, A SCAR AR 40 i T B 3 0 A 14
it 3 e » 3 o 3 A% B3k BT 0 M A B BB 8 S iR
BE T I PR R ERE I SR IR DL o = A BROC
BT 3 Ao B 580 M 06k S 9 2 B b T SRR R 1
P AR AR TR SRS DL i R o TR O 9 A
JE T A4 O 4R A BV X i it 4 S 2R T4
P T .

1 SHAE

1.1 AREREFEL
TEVH A R WAL A — S AL, AN F8 € iR
6(19yvzat)2ﬁﬁ/%§&f§%ﬁ$ﬁ% ’ EI]

a0_ .0, °0 , I*0. , AN
al—a(angfay2 azz)Jr f

A0 U sa TR B A0 IR BE 1 48 IR
Thse gmtia] s £ e .
1.2 KERNEEZITHERE

R A A B A% G A S BB P 250 AT LA
15 2K B W R P K LS 1 A« B
c‘WdWAqW J %st
K qu odu o 430N HUK R & L S T
JE A IR e IR EE 5K Z [EHR B L
ML s ds A TR A7 .
1.3 RELINAHHER

TR BE T AR5 Z N JJARZS T 1 N A2 15 & AX, £
B P G ORI AR B TR SRS LT
25 N7 1 A A AR R A

AX,=AX.+AX,+AX)+ AX, + AXD (3)
P AXG Oy B N AR S R s AXG O RIS A B
AX T BE DV MY 5 AXG S T 4 N R 3 AXG

@)

Ay = (2)

Ko
<



%5 WriEE A AR TR Sk 0 KRR L F AR AT 83

B

B AR RN A
1.4 BEEEE

$Uig L Ry Rate S ob S i s o1 K B 7 B A A o
Holland &5 @1 57, 18 1% 7 3k 2 B0 A 28 A AR Wy ot Ak
WG R AR E R — R AHRAE AT
REHE A+ PR LA R A [ A e e T 5 R 1 L 2 ) e
DO AN O T ] 80 A5 1Y A 2R 1 AT 947 1R s 3L
A IE 5| MR B 1 WF 5 L T A

ALk 0 AR I R AT AR B K
T AAE B AL TR L SR 1) S B g O e B
R SR JA R AR I J7 ik BEAT e 4 S8 UL Je A8 5 2 i
B 56 FUR I PP e €0 1R 09 15 8 S8 A i A B AL A
e HbREy etk . fE xRk, Qe R AU A9 fE 2R
BB TR R — 2 A A 25 M Kl Rk 2k . B |
AL L A PR B M. B DR R R T e AR
R Ay 22 DR RS A A ol R e o — R 3 9 A 2 i o
HE AN AR E B9 I /NFR S BRI TS PR X A AR
35 1 i 1L P B R Ay B BE

2 BHRESHW

2.1 fREIPGEL

AL LA 25 B 8 S KM S KFE LR S R
B o WU 5 N AR R 8 A, F 460 850 166 m+
628 m+166 m, HLZ B SCHIEMK 24 m, T8 21 m,
B 6 m, B TREE o 6 048 m® ., A EE & ALY
SY)EGESREBENE 1 PR

i3k MIDAS/FEA #7802 S L mb i 1/4
A R TTBITY B UR AR bR R U RIS BE T 10 R«
WY SETE 7 01y il W BE 7 1R = Bl IR )
B ) 30 B4 R0 S AR R T 4 3 A AR
20 CL )@ THE 2 B IRBE LA RIS RA
el N EE 3 KM B N1 A b i B %
52 < B2 T VT 42 R8T 2 S s Kb B, A AL A A
] 28 Oz 180 XTFR BB AE 58 FE 7 0] E 2 Oyz [
PR o AR I 43 ) e 5 I A% 3, S TR S oe .  2
Ry BRI 1/4 A PROCHIRY , (8] 3 S A AL A T

A S R VR R 3 R A5 o T ) A AR
JEIREE L AR, 3 2 AT B 27 AN AN A Sl
ORIt T N S R A N D22 B i L = R G AL ]
TR EE 15 S 1 e A s BGR TL 0, R SR B v, 4R
FBA VLR T R BB DA S B AT BB L A
TREE T NER A F g XTIl BE 37 1 52 W 5 /0N o It LATE )L
T AR AT LSS AR A 34,5 BT Y R 24 HGR
F& 0, 52N BE 0 8K 5 R I 81, 2, 3 5 i A AR

,400, 500

200X 8

‘1_450_1

200X10

oF
oy

(c) HERY R

1 HERFEERE(R{L:cm)
Fig. 1 Schematic Diagrams of Layered

Pouring Thickness (Unit:cm)

2 EREREAE 1/4 HRTER
Fig.2 1/4 Finite Element Model of Saddle Foundation

B3 EEHHE

Fig. 3 Radiating Surface in Model



84 AHAFE TRFR

2015 %

‘ 2400 |

5 110?2001 400 . 450

2100

12 3 4 5

400

100
50|, 200,300

B4 HEBEIBEEMNSAFE(ENM: cm)

RE A FR IR BB
2.2 RGESH
R RS ILRE R F C30 YR ¥E 4, Hopid & b ik
HY SR 1.2 Fn . i TR R B+
T R 2R DR TRL R PN K AS A T 1) T4 B 2L i B
AR A1 T LR TR AR | Bl PR A A KA
Bl 5 e HUKE T 3R 3 R EHIKM S HL .
BHIKES EHZ N 0,038 m. X i R ECN 371. 67
We(m’ « O ERRELPEME 2)Z, BiE
FRPAEHKER I E AN 4.5 m’ « h ', MGt
AR A ST AR A B8 HUK A R R A

Fig.4 Arrangement of Temperature Measuring ﬁrﬁﬂ ?/?} fﬂ 7J( 'EE@' /Jﬁ ﬁ ’ ﬁdﬁ B2/ 3%9; {D"J 2?:1: ’ 'H‘;%; Hj‘ 7/% d£F|] 7J(
Point in Vice Cable Saddle Pier (Unit:cm) EHREREY R E 4 m® - h!,
F1 BEIARVHEBRIBCORELIRAL
Tab.1 Mix Proportions of C30 Concrete of Vice Cable Saddle Pier in Puli Bridge
oK K e K b N i KA 7K S
A/ (kg » m™3) 314 104 859 151 504 353 159 6. 27
xR2 MHEOMENESH
Tab.2 Physical and Mechanical Parameters of Material
SRR L2/ ) E47 3
(RS . 5 A/ (KN« m™ %) . NER /=4 LR/ MPa
[kJ+(me+heC) '] [k]« (kg+C) '] 10 °°C !
C30 R #E + FE SR 0.978 25 1 0.18 3.0X 10
E e 13 0.784 26 1 0. 20 10.0
T 32r
T 28
C :
; ) 2
C + 241
' D =
C i L
: S 20
( f 6 . . . . .
t 0| 0 50 100 150 200 250
[ ' 5 )/h
: )
( T 6 SEBITHMEME 2 ERAERERET LGS
' ( ¥ Fig. 6 Change Curve of Environmental Temperature
i ) After Pouring the Second Layer of Vice Cable
JE R B . .
Saddle Pier Foundation

Bs5s AHKEHRE
Fig.5 Arrangement of Cooling Water Pipe

R3 RAKBEXRSH

Tab.3 Relative Parameters of Cooling Water

FERA/

i A FRJE /C
[kl - (kg+CT) ']

B/ (g m )

HOR | w2 | Ha

22.9 26.6 24.9
Bl 6 by B BSOS 2 JR DR SR PR B IR

AR 2 . H I 6 T B B SO AT B B e R

426. 853 9. 806 65

i 22 F2 1T 20 "C o il TR IBCA RO 2 T DR LA G - R
B - 2 TP P S W N 3 °C LN TN AR
FEAE  BRRCTE 3 AT I A O PR U B AR E L AN B
P85 L B Xk B T 45 2R B R
2.2.1  FURAF A B AR F R

TR BE S o3 M7 b E W B ) 4 S840 IR B
TR o EE oo FIARR AR AR BB
PABIRBE - W 2 PO T A9, X 2 S Hp LA
R o A LAy = P A B L T SOR 2K
— AT R B . AR T A0 3 B UK I8 R IS F



%5

R LA THEAA LR RERRRE LA FARBEIE>N 85

PR LA R 5256 % 0 58 5 0 T B 22 S A R o DA
B 5 5 PR AL A SZ TR BE A S BRI (1 BE L
P LB R T B R X LA s 3R TR R R B
% AT AR 22 01 52 BE K PR 48 TR 3R 1 2 ) 7
ST o PRI A SO T 8 £ 3 0 R B B 002
AR B v 4 0 THASE Y 0Co) SR R 48 RO RY 1)
0()=0,(1—e") (D

o Ay I ) A

R BN TR EAG ST 2 SR A BT
T 1 B R B S AL 1 1 22 T A S SR
Y H AR e K J (X0 L BP

JXO = DD [Ty yizing) —

=1
Tolxisyiszirt) ] (5)

P T S B TSR s T S ) R 32 S B
M S s ANE N S R B
2.2.2 BRIESMWER

MR B 37 27 A~ i B 0 S e B2 . R
MATLABIEE S sttt Wk th TR&E% &
LA S S B IE I R 220 K]+ (me h e TC) T
A<80 k] + (m+he«C) ',40 C<LG,<<65 C,0.3 d<<
v=<1. 1 d, S ok 8 o i A OC S H0E SCInTR s ek
AL R AN E R 50, M i O 50, 28 XM A
0.9, 78 F MK 0,01, RFFEAT 1 Y%A, AR I & N
JE R RN R ep i B A MR R AT HE R ORI R
DL PEE B KA A . e K 4t B T 5 S g R L S A
FEH R MR S & 7,8 FioR .

80 18
60 16
8 )
< 401 — B R HHET 6, 4%
ceee RN
201 12

NI N
2 4 6 8 10 12 14 16 18
HEAR UK B
B7 ZKEMEBEASKMEEHNLITIES L

Fig.7 Evolution Course Curves of Maximum Adiabatic

Temperature Rise and Reaction Speed

H R A A TR B, A 25 17 kAU
T RE » 735k PAR BN R R BB AE &
16 YR IE AR 15 SIS AT A5 H 5 28 38 73 A 45 24
F I AR TE 0, =58.6 °C, N E v=0. 54
d. FHMAEF21=10.07 k] « (m « h«C) ', EHIK
MR P=T0k] « (m* «h+C) ',

N T BRSO AL A A B A S 2 B (EL Y IR

80 80
A NP L PR T
O 60 . 60 O
= : =
L 40 140 .
g — SMEHA )
. s-e- RIEHA R LB .
= —
£20 y 20 =,
=< a

(=]

é élt ‘6 l8 l|0 1|2 1‘4 ll6 15(4)
BRI H
8 REHARBSSHRRBHENIEML
Fig. 8 Evolution Course Curves of Surface Heat Transfer
Coefficient and Thermal Conductivity Coefficient
BV AR 9 AT 5 R A ACTEL BE 37 73 A A5 28 o
HEAT BAE 45 3 5 B2 B S SE e IR 9,10,
551

— i
TR 2 1

45}

DL) .
2 35r /¢

25¢

0 20 40 60 80 100 120 140
I T)/h
9 ME2RFBETHTEESREILNE
Fig. 9 Calculation Results and Measured Results of

Inverse Temperature for Measuring Point 2

— S
- SR

0 20 40 60 80 100 120 140
I 17)/h
B10 MRS RREBEEHHEESEEXNE

Fig. 10 Calculation Results and Measured Results of

Inverse Temperature for Measuring Point 5

1 9. 10 AT R0 IR BE -+ R S 80T 5 B R
5 S ELAR ZEAR /DN P00 RCR R T L S 98 9 A8
MR . PR B0 1 S R K 8 2 R T
FETES
3 RimSH

R B2 8 73 M7 i A5 21 10 1R 5k AT 2 S8 %
Joi SR 2 it TR 5 3 B 3 e B T S AT 0
AR . D9 B 1k B BT 25 X IR Bk 4 3R Y 5
W X G 28 THT R B >4 1) 3l 15 0t » 01 035 I8
3225 BRI



86 AHAFE TRFR

2015 4

3.1 BEHESERSW
11,12 43500 055 1 )2 RS 2 )2 00 A5 1 5 0 A5
5D £, & 11,12 W LLE H L AE R
R ek PR A TR it e S I itk Vi ¥ - 3R 1T HICA
RE 78055 » P 0 R /0N o N A T 22 W S AR
TREE T 7E RS 52 W 50 h 28 45 P BB IR BE 3k 3 0 {1
53.8 C.&KERHNZIE REZERKZR 31.7 C,
TEVRIES 2 JAIRBE 10 55 1 )2 R 8E 100 3 5 TR B2
e BT E 35,8 °C L ARG ZAS BRI 1k B R T
JE 31.5 °C o MW AL 1.5 iS5 Dy i i 2T LU S N
i Fo e Ul B 57,3 °C R TH e L 44,6 °C L AN
ZE2 N 12 °C L AR T I 25 BOR B I
60

— W A1
S0 RREE (P E

0 200 400 600 800
B i)/

11 F1EMNS 15N SHWEERRMLZE
Fig. 11

1000 1200 1400

Temperature Time History Curves of Measuring

Point 1 and Measuring Point 5 in the First Layer

70
..... — W ri1
60 SRR F=H]
osor S T
=t A
IE 40t K
30m

200720 40 60 80 100 120 140 160

I 7/h

B12 F2RWUS15NESHEEHR#HZ%
Fig. 12 Temperature Time History Curves of Measuring
Point 1 and Measuring Point 5 in the Second Layer
Zead 15 d WY BRDE S 56 2 JR IR BE R AE DESR 64
ha M 1 i B 37,6 °CL A 5 Y JE
60. 4 °C, Huif N AL 22 R B B RAEL 23 °C L i 2 R b
RV TR A TR Y KD s BRI 2 JRIRBE Ly
PR R TR R LS 1 R B/ LA 2 R AR E i
JERERILEE 1 22 —28, NI TEE 3SR BE
V2 I LT J 5 2 T R 3 R PR S v K A I L 1
Jite » LABR /N AN 22 - B 1R JF 3R i TR R AE R
52 Al 2 B S 0 1 A i R B R B (L
S AR 3 C,
3.2 MAHELERSN

T 5 T At VR R A U B AR S B g o A v R

SRR A A ek B Ay O N 2 45 4 L O IR IR EE
B T 10l o B B A SRR RRAE A N T
T il 2 A AFF 52 B A P B B 0 3 43 AT DA R OIS
1) U A B S i

i 3 R R BT S A ¢ ok T Y A R Ak E
BN ILE , PRI E SR IRBE L SR
5 S BR 7 A N 7 1) B » — R0 16 A2 TR B2 - Bl
WEZBE =R i > 10 5, BRI B4 & ARt 1. 2<i<<
1.5, BRI 35 2488 0 R AR 0. 7<<C1. 2,

FEAE A SF T AN N7 AR B AN 13 s, Ho
fF 51 7EFE TR BE H 0T 0. 5 m &b R AF A 2 72 1R 5
- H AL L AR AR 3 7 YR B 0 2 A

N
)
T

2100

1,4,7 2,35
6,8,9
;
1 5
50, 1150 ! 1200 |
T T 1
(a) P
9
o
S
~—. o7 8
S
2 |® 4 3' 5
ox |e1 °2
=
(b) LI

13 BHIESHE(FRM:cm)

Fig. 13  Arrangements of Characteristic Points (Unit:cm)
i 3 IV 3 5 0 07 Lo B 4% AR A B Ok L
7y D A il 2 e L AR B I 14,15, i 18] 14,15
ATRAAE s dr T 40 A Al 22 A TR R T 3
PLRE S350 R 0 A o5, 3 B R de KA R Jy. 18
RN Y NI RECS P TE A NAA RS B 5 /NG (£ N B
MPa, 5 A7 1 3 24 I 28 VFP L B, B0 ph o S LAY
FA8E R A BEE RS/ . BB IR I AR TR BE T
BE R RE AR WS 45 2 A2 g F T R AE SR ) B R F
9 dZEf kB ER RME 1. 6 MPa, 55 1 2R &E L 1%
H5E 15 d IR 2 JZIREE L HEH0) S IR BE L ) BESR
AR E AR RN 2 FR BTG SR BE L
A ) K LA OB B 250 . B AR AT Y

PURAGH i =2 IR BE L e 7= A 24 PR K .
Hi P 15 B AT LU ) SR8 % i =20 i), iR
e L AR 3 R L )5 7 RER A 1 )2 TR BE 5 R
J5 1310 h P, S HRE AL T BT RTR BB/ . HH



R LA THEAA LR RERRRE LA FARBEIE>N 87

%5
5.

£

S — VRN S
R - EAE AL

B == =1 22

£ == AL A3

oo N e

R A N
i3 —~ T Ttz

0 200 400 600 800 1000 1200 1400

I []/h
B 14 $FER 1~3 & AREH M A2
Fig. 14 Time History Curves of Maximum Principal

Tensile Stress of Characteristic Points 1-3

20_ Valka ’u————__""_—_T'_—_'__——_'
'-'H\’.' VL
| (W
- q . \ ’
B i — A
RN ] I ﬁﬂiz
= L 1 - —— =g 4\.\3
w10 o L
5|
5F 7
/
/
/
0 1000 1200 1400

3200 400 600 800
I 1]/h
15 HER 1~-3REH
Fig. 15 Crack Resistance Indexes of

Characteristic Points 1-3

e R LN T3 A R VRN 7. B IR EE £
A B AT REPE /N L AT DU AR S RV R
JF2E T HLAE D505 R AIE 2 1~ 3 (BT 2446 B 4
K EM R AR AZ B 1 Z2EA K
AIREE A A, A R T IR S RS
25 S R BE L A R K Fh0 0 ).

FEIRBE L D3 10 h B SERESE 2 2Bk &
FIRE 1R 1. 83 MPa, i th T & VFHi R )1, $1 5445 5K
Hyi=0.76, KT WA F R4 A /NME 0.7,
U TR B A= N B AT BB A PR 2 4k . th R 4 nT
BB LR 3 dJa PR EAE 1.5 DL B R
T-By 11 2488 Kk A (0 e /M 1.5 B LU BE + N 3R 3
d UG — R4 A 54 4%

4 4 i

(1) A 4 30 37 552 000 Y 6 & P4 30 7K Ak 48R 11 T
JE o o FH 35 A% B0 B U oy BT TR B 1 R ) 2 S8 15
AL PR TE 0,=58.6 C, M # B v=0.54 d, 5
MAEBA=10.07 k] « (m+h+C) ', BHEBMA
B B=T70k] - (m®«h+°C) ', FF RS HMN
JEGEIR BE IR B 5 L ME W) & B AF . U088 5

x4 BRIEFRREFEABRKERES

Tab.4 Maximum Principal Tensile Stress in Different Ages of Concrete
i 1 10 h 20 h 2d 3d 5d 10d 20 d 30 d 50 d
12 1. 37 1.94 1. 64 1.12 0.95 0.93 1.15 1.04 0.98
R ERRN S/ MPa | 522 1.83 2.08 2. 80 2.17 1. 04 1.37 1.38 1.14 1.01
%32 1.59 1. 68 2.29 2.04 1.46 1. 37 1.17 1.12 1.02
AL F1/MPa 1.41 1.93 2. 94 3.26 3.59 3.91 4.25 4.33 4. 39
12 1.03 0.99 1.79 2.91 3.78 4. 20 3.70 4.16 4.48
PraL e o= 0.76 0. 87 1. 05 1.51 3.45 2.85 3.08 3.80 4. 35
%32 0. 89 1. 15 1.28 1. 60 2.46 2.85 3.63 3.87 4.30

S A BT IR BE D) E S B RS ] Sk

(2)VR#E 175 B 5T 50 h i, N 30 I B 35 3] 0
53.8 C.4/KERHEMGIRERZE 31.7 C. 2%
IR TS 25 SR B B . BT RO S B0 A BROTEE
TR AT 0 by SO 3R FE 3 S A1 AR 0 R 0E L K AR 0
S5 AR TR BE 1 R SRR R 25 T A O RN P AT 1R
KA B e T A 0 /N Y AR 2% DA B Ik 2 A%
7= A

(3) 1 501 9 A1 L 25 16 52 ), FE TR E - 9 IR
J3£ 3 W (I IS % T i N ) 3K B e KB 1. 5 MPa, K #
TRV . )RR EE LB 3 d )5 . Bi A4S
BORBAE 1.5 DL b KF By 1k 4 4% & 2B i e /ME 1.5,
WOREE L A 3 d G — A & pm A gk,

(4) 76 TRt T o, R I BE T 38t 4% 3800k SV 40 B

RAABUREE T 30T 2 S5 0 5 A7 Hat R sioR s
LA R i e AU S5 36 2 R 0 37 0 ) ) R 9 L T
S LA A e 1 58 AR AN 22 1

S 2% 3Lk :
References:

(1] VLEV. E4 R BORE & OB R TIREE R TR

B FEALEL A BT 5 H0 A R X SR L) . TR E £, 2007
(12).:98-102.
JIANG Xi-ping, WANG She-liang, DUAN Shu-xin,
et al. Mechanism Analysis of Temperature Crack Ap-
pear of Super Mass Concrete and New Methods of
Anti-rack[ J]. Concrete,2007(12):98-102.

L2] # P09 08 A, 4. T U 4R 2 5% JIg 1
RABRBUREE B AT ) T T TR AR R 5M



88

EAMFE TRFR

2015 4

[3]

[4]

L6]

L7]

[8]

B SRR R, 2012,31(4) :526-530.

DU Ping, LIU Shu-xian, TAN Guang-zhu, et al. Nu-
merical Analysis of Mass Concrete Based on the The-
ory of Four Dimensional Temperature Field[ J]. Jour-
nal of Liaoning Technical University: Natural Science,
2012,31(4) :526-530.

XA L JE AT, AR, 45 R BUIR BE 4 i B2
PR AT A £ )%, 2010, 31(8): 2666-
2670,2676.

LIU Xing-hong, ZHOU Chuang-bing, CHANG Xiao-

B B

lin, et al. Simulation of Mass Concrete Temperature
Cracking Propagation Process[ ] ]. Rock and Soil Me-
chanics,2010,31(8):2666-2670.2676.

HATTEL J H, THORBORG J. A Numerical Model
for Predicting the Thermomechanical Conditions Dur-
age Concrete [ J]. Applied
Mathematical Modelling,2003,27(1) ;1-26.

ing Hydration of Early-

XU I R R L SR P BB R R A R (A B B
B2 335 03 A O 2 L) 1. RO%E B TR % 24 4 . 2005, 45
(1):121-127.

LIU Hai-cheng,SONG Yu-pu, WU Zhi-min. An Ana-
lytical Method for Stress Field of Massive Concrete
Considering Temperature Effect[]]. Journal of Dalian
University of Technology,2005,45(1):121-127.
Bk 3%, Byl Ad . KARBUR BE Lok AL B#OR 23 =4k
FRIE 3 A LT 1. WE 2K 8 0lk R 2 27 4z, 2004, 36 (2)
261-263.

YANG Qiu-ling, MA Ke-shuan. Analysis of Massive
Hydrated
Heat Temperature Field[J]. Journal of Harbin Insti-
tute of Technology.2004,36(2):261-263.
TEBE, FEFE B, S E A IR EE IR
L5 57 LA LT ] KRR i AR 1994 (4) :12-18.
DING Bao-ying, WANG Guo-bing, HUANG Shu-

Concrete 3-dimensional Finite Element

ping,et al. A Review on Causes of Cracking in Do-
mestic Concrete Dams and Preventive Measures[ ] ].
Water Resources and Hydropower Engineering, 1994
(4):12-18.

TKF I R0, AR KGR | R 1 R AR B B
BN 5 TR R A LT ] I R 22 4 A ARBE AR
2002,30(5) :12-16.

ZHANG Zi-ming, GUO Xing-wen, DU Rong-qiang.
Analysis of Hydration Heat-induced Stresses and
Cracks in Massive Concrete Walls[ ] ]. Journal of Ho-

L9]

(10]

[11]

[12]

[13]

[14]

hai University-Natural Sciences,2002,30(5) :12-16.
PG W AN S5 De FUIR X K AR BUR BE
TR EE )'JE'JE’HI'][J].kﬁk???ﬁ:ﬁﬁ?ﬂ?}ﬁ,
2011,31(5):68-71.

LI Pan-wu, ZENG Xian-zhe, LLI Bo-yuan, et al. Influ-
ence of Placement Temperature on Mass Concrete
Temperature Stress[ J]. Journal of Chang’an Universi-
ty: Natural Science Edition,2011,31(5) :68-71.
M2 PO R R AR R AR B BE A E K
BRI E RS Ok S Rl KR 2E 4. 2013, 44
(8):950-957.

LIN Peng, LI Qing-bin,ZHOU Shao-wu,et al. Intelli-
gent Cooling Control Method and System for Mass
Concrete[ ] ]. Journal of Hydraulic Engineering,2013,
44(8) :950-957.

BREZ & #.m B KREBUREE SRR R K&
B 2 L) ). IR BE L. 2001(12) - 30-32.

CHI Pei-yun, QIAN Qiang, GAO Kun. Cracking
Cause and Method of Preventing Cracking of Mass
Concrete[ ] ]. Concrete,2001(12) :30-32.

ik e, BRI SFL AR R ORIR BUR BE LR
RGBT RLT ] K2R 224 B AR . 2006, 26
(3):43-46.

ZHANG Yong, LIU Bin, HE Shuan-hai, et al. Tem-
perature Control and Anti-crack of Massive Concrete
in Large Bridges[J]. Journal of Chang’an University:
Natural Science Edition,2006,26(3) :43-46.
Mk R SRR FRTR B bt R R M R IR
BERE J3 50 BT . Tk £, 2008(9) :104-107.

YE Wen, YANG Yong-min. Temperature Monitor
and Temperature Stress Analysis of Big Bulk Con-
crete Structure[ J]. Concrete,2008(9) :104-107.
AT B B AL e i e TREE LR R 2 S8
i B3 5 S 2 BT (T ). A b TR A 4R 2002, 24(2)
175-1717.

ZHU Yue-ming,LLIU Yong-jun,XIE Xian-kun. Deter-
mination of Thermal Parameters of Concrete by Re-
verse Analysis of Test Results[J]. Chinese Journal of
Geotechnical Engineering,2002,24(2):175-177.

JA B MR AR, 38t A% Bk JURE e i A LML bt [
B7 Tl i At - 1999.

ZHOU Ming., SUN Shu-dong. Genetic Algorithms:
Theory and Applications [ M]. Beijing: National De-
fense Industry Press,1999.



