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Research and application on temperature control and crack prevention measures of
mass concrete during construction period in Xuzhou Liushan North Pumping Station

YANG Cuiping' , MENG Guanging' , SHI Fangjian', ZHANG Zhipei®, SUN Qiaorong®, QIANG Sheng’

(1. Xuzhou Water Conservancy Bureau, Xuzhou 221018, Jiangsu;
2. College of Water Conservancy and Hydropower Engineering, Hohai University, Nanjing 210098, Jiangsu)

Abstract; Due to the complicated structure of the pumping station, the mass concrete of Xuzhou Liushan North
Pump Station is easy to crack during the construction period. The temperature field and the stress field of the mass
concrete structure of the pumping station during the construction period were simulated through three — dimensional
finite element calculation program using embedded cooling water pipe model. The results showed that in view of the
difference between internal and external temperature in the mass concrete and the complexity of the pumping sta-
tion, failure to use temperature control measures would result in tensile stresses exceeding the tensile strength of
concrete in multiple surface areas. By using a variety of temperature control and structural optimization adjustment
measures, the tensile stress during construction could be reduced below the tensile strength to avoid cracking. The
project had an excellent anti — cracking effect and the measures could provide a reference for similar projects.

Key words ; pumping station ; mass concrete ; temperature control and crack prevention; construction period ; stress

| manne TRE i FHAEBR Sy 50 45 Bl [ 751 75 B AT 5 G L
TLHR 21, 3 B BT [ 4 B 29. 55 m, 5T ] 29. 30 m, i
ML ACZE sl — e PR AE S K KBRS B UG 4 G RN 4. FE N K L4l o0 B

1575 B 83 :2019-04—29
TEE ' AT AR (1965—) , 20 AP, Mg TR0, T2 H TR BT BT AR



50 AR

K F

2019 4E 7 A

5.0/5.1 m, B EERE/NEE 1.2 m, HF KEE
3.19 m, HACGRIEBLIEIEN 1.2 m, PEIJE N
1.0 m FEARKIIE AR R 7K U 38 BE e Ak 4 ) 47 72
292 mJER R BUREE Lo BLoh, 34 B BUL A (E 2
ARSI A 0.6 m 0.8 m 1.0 m A&E, K
TIE R RS, N4 m ZEA AR 2 1.2 m o)
1 m, JREETHRS A C30, 4 H0R THAE K 5 5 T
SRE 0% W BE U 2, A B\ A8 Rk 4%,
Tt TN 5y AR 2R o TR, 7Rt T B AT 0
HIHE T UG A B BT R it o

X R BUREE - ) 47 By 2E0E 5T, [ N SR E
SR T RO R o A it D A SR 4 B SR 5T
BTN EZM T R IRR RS RS B
M PR P A28 3t 52 7 7 4530 A B BP0 9 % i s o5
S0t T390 0 L EE S R R 1 B 5 LA 5 H A 5
LUK A0 B A o T B, RGE AT 1 82 0 3 A7 301
A L E L 3 B 2 A e D i 9 7 R0 it 114 B2
) 398 7 9 SR P = A R OT ELREIL A 5
R R MRS 5 1) T B, X R INIEAT B 25 B R B
o, - i 0 3 2 D0 AL 1 e 5 2 0G5
SCAE X R TR VR S5 K D) PR AR R R kA T 9
SO BRI A BT 2007 EL TSR A R A 0 ) AL, 4
T PR A SIS TR X S R
TV KR W WO R ) I BE 3 B A BR G s
HFRT i, 09T 1 R AR BUK I 45 F i e
7525

AR F i B S KA RO T i =
AR IR G AR A BT TR B
FE T RNLAE S 3l ) AR BRIR BB - 45 #7399 1)
il BE S ML A3 3 049 53 A BUEE, 23 B FL L T R ik, I
5 22 ECR BUCR S 25 6 (9 B R T, 4 T 2B
g REE T TR, i DS YRR TR SRS
%

2 HEHRBMBREG

2 REEE R X FRE B 3l () — 2= (B L2 )
Fra iy Bt B, ZEuh A BRocHE A & 1y
7N, BT BUR 122778 A4S, 5 S B ECR 145009 4~
AR i AV TR 11 A BRI S T 1] 437 T
5 ML B 2R o Z B E ) F, X A
AW TT ), Y AT TR G 1) 2 e

TR B TR, b 1) DU ] RIS T Ay 466 A
AL, b BT A ORI A G5 R 6 BR T A 4 3G
o it TG B A T 295 4 i A B T XY R B T B

BCPG I BE S J5 b 4 B B, JFCAt 3 T 3 D A
L

N335 05 AT T 5 g 1 ] RS T o v
29T, BRI A IS SR BRI 0 16)
AR SR K A B T O E RS Al R D
UL

3 HESHMRFSR

TRM T4 5l 14. 48°C 5 H -39
I 27.1°C(7 7)), SR FHS 0.4C(1 H), 4
2RI 1,

THERE 248 ARG s — 4 Ak il
2

Ta(y) = 14.48 +13.35 x cos[%(T _7.0)]

(1)

Kb, 7 AN

Z BRI L0 25 3l b o 0 bl T J1 00, ISR AT
IR RE S E A A b oL, B T B = S
AT IE SR, S IR TR R R EES 5,
SSHOKk B TR TR 2,

XL AC S, 2R C30 JREE+ UE T 5e sk, 1R e 1
fiti THCA H S AT 2 S 3 35 R &3 A 20t
SE4 9 br TR G T2 R AR AR IR BE + HAh# S 2 5
B4,

fa PR T 0 (C) Bt E AT

0(7) =51.4 x (1 —e %" (2)

Hrfr, 7 HIRI(d) .

R A P ACRN S o it 3 38 22 o 2 Sl Y v
JrIa sk T ARSTE B T ARG, 43 )2 o
NEEWE 2 i, 2R EE T 2018 429 H
20 HHEs, & 2 DR #c 20 d,

TEJE i K T Ab A Ve HIUK A v HIK S R
FEAA 4.0 em WG, K A B BRI E R
1.0 mx1.0 m( /KRR x RBEEEE) . #KEH
RF SR FH R K A T4 A0 TR = /K Ak B 0
AR KA T o 120 m’/d, Y5 B I )5, MG TR
Rt SRR, 3B A DBV o TRBE L e SR St T 4
KA GEKIHE Ry 14 do ZE3G HEK R TE K4S AR
BEANE 3 FR,

4 HETESERSMN

R Ly AU 25 3l A A ) o R R AU s R A B ] 4
JI7IR 1A 2 B 4 Ry DA P8 1) e o B T e R



WHAREE, A5 AR L AL AL A BIRBE - ite T 31347 B 20 TS 51

Bl RWARTKRE
®1 Lz FAFYSE

Ay 1 2 3 4 5

7 8 9 10 11 12

SEPE(C) 0.4 2.7 8.0 15.1 20.6

PAME(C) 1.5 50 11.0  17.9  23.9

25.0 27.1 26.3 21.7 15.7 8.5 2.6

27.4 27.4 23.9 17.9 11.0 5.0 1.6

R2 WERNFESYH

S FHMARE Lb A E'F{Eu‘?ﬁ( LIkFRE REHERE  BE A
Akl/(m-h-C) ¢(kl/(kg+C) a(m’/h) «(107°/°C) E, (MPa) [ (kg/m’) w

RN 2.41 1.91 0.0012 8.0 19. 44 2030 0.30
HoH b 4.06 0.699 0.0028 8.0 27.40 2020 0.3
R 2 2.41 1.91 0.0012 8.0 28.20 2000 0.30

£3 C0RELBEALFAESE
Jiti T-1ie e B 7K K  OBERK +0k A > AKAF Mt
Gigi kg 147 290 9.32 722 1080 2329. 30
Al % 6.35 12.45 3.43 0.40 31 46.37 100
SMEFN kI/(m-h-C) 2.16 4.59 4.59 4.59 11.10 13.92 10.91
Hodt e kJ/ (kg - C) 4.19 0. 54 0. 54 0.54 0.75 0.78 0.98
x4 CORBRIMNFESH

TREE T FARE Eb A SRR LI FREL bEL/N W I

5 A (kl/(m-h-C) ¢ (ki/(kg-C) a (m*/h) a (107°/°C) w p (kgym*)  E, (GPa)
€30 10. 906 0.982 0. 00477 0.86 0.167 2329 32

AT AR R RIS 54T T YT R . N TR
71N SR S B3 5 ) Tk B R g B % 3 ) e D ik
LR IRl by S0V 1) 3 1T A A RS BBURRALE A 1
FIFRAERL 2

BR TSR, (500 40) iy T 00 i e 4 i 1 20

PEATH A R, B R T oems %

O (R AR TO0) IR BE T BRAR, TR B
A, T B A It

TOt 2 (A T00) - DOFET B0 1 B6Al L, 8
G TR AT, BN A @ERZT



52 DA i N < | 2019 4 7 H
PRAT
P L6 wERS
sey eyt
Ve P3
B2
Besi 1

2 RISESRTEE

3 REAHKREKERE

4 FHEFEMHTESTEE

(EFRIER)Z ) RSN R IREE A2l 30 d )5
13 - B 7% 1 4 2 P 45 g L 1 25 XU DR 3R 4
A BE SRR IR AP S BIVEE 5 DR IR R, PRl 22
552 4R 3 s @XSFEKSE BL ) AR DX, i K
EAAE, % 0.6 m x0.6 m,

LA FIEA 2 72 y =6. 22m 4b (BPJEE 0
PR ) Al R FL 2% T I ) B 2% PR AN 5 ~ 6 BT
PR PR 254 T D0 AR B RS, g g s b £k Pl A ] 7
~8 7R, B R S 3 S — R T

HI 00 1T AT RS R AT, 0 TR AR L B 53R
JZ TR PR JBE d5e A DAy 3 70 G R S O A itk JBE
B o W T HEK WIS, BB ) Bk, AR AR

(a)Y =6.22m 4bi B4 45 & (°C)

1 7d PRERITEAK A, F a5 L AR ) BRI, I
FALR S35 3.5 MPa, Lk Wl 8 o TR BE 1 140
PR T, SERRAR U ] LR IR 0 S 24, Wik
T2 AN 2 18 2 1 07 g R s DX AR 4 o A 1)
AN R, 5 PR ph O 2 R G T
PRI ZE R B 4R, 2 44 2R TR O i v, 8 T
T R A5 /N 7= A BT R 7 e K o

O 2 TR SR R DL, 7 22000 B 448 e 25
BAVERTR , tR /K A 2 1 R P 308 4 A A5 A 3 R i
{ESIIRE N 40 °C AL C I RBN I3 535 41,9 MPa
2.8 MPa, ANl b5 2 1 F P 35 04 55 K HE R 77433 R
2.8 MPa 1.8 MPa, ¥ FHfish i (3.0 MPa) .

(b)Y =6.22m kbR 1244 & (MPa)
E5 TR REdOHEasE



%5 7 3] WHAREE, A5 AR L AL AL A BIRBE - ite T 31347 B 20 TS 53

(] *} i \ ) 25
\q e | '
(a)Y =6.22m Abi 5 (45 & (°C) (b)Y =6.22m fbJi J) 145 & (MPa)

Bo THR2FEHRLIHHEELEE

= RF1 e R 55 ——TH1 ——TH2 —obitrsas

N 51 /MPa

0 100 200 300 400 05 0 100 200 300 400
WA /d W/

7 4FGERR 1 ROIRBEFN R ) [ B % X BE

= R Il e RFIS —— Rl —— RFI5 —9— RFl6

<
g
R
,L,:‘
0 100 200 300 400
W /d B3 /d

8 HHEM 2 KR TN AL ) [ A b £ 3of L B
A4k IR BE T U TR AR 2 TARERTT

5 MAMR
g
e T L
S A TR A PRI L E 2018 4E 9 ~ 2019 (1) XL B3 Mg B 2 Lo 2 W
HE 1 VST, 7 2018 ~ 2010 FEA L T UCIEN] é}%% VSR I B AU e 6 TR AL
e BRSO AEIE T 10 0ot FIREBOIAE  FFRES O, 3 0 A B AT 1300 B 24

it P, Eﬁi 2019 4£ 3 J ipAajI, JIE AR K E | D(,Eﬁ“ﬁj\z\%El‘Jo
H KA X 4 By S 1) Fh LR A 45 AR e B P HR AT AL (F#%57TR)



(L#% 53 )

(2)) ZR 3 235 1A Pt 7 o s R A iR L 7K
TS | R TE U s — BORBUKE R A + 3
T PRt 9 25 P R i ] MR R By AR

(3) AR SCHET D5 oM 35t A £ 1 1R 2 7 2R A
it ) oL STt PR A%, TR TS

SE Lk

(1] sk, PREERE, WEMS, 5. RUE25H KRR IR % 1
it TR B B AR I [ )], A E AR A KR
JKHL, 2018(12) ;161 —164 +168.

(2] Wik, IRAS, #22, 5 BETHUEM A HEA I
ARt T33P B 2 ik g [ ] K AR iR
2018, 49(S1) :33 —41.

(3] Wi, XUAE, $1°F, % BUORKH S R IUREE +
Jit T 3030 45 B bR S 4 e s A Ak A [ ] Tl

(5]

e I e e e e T e e e e e e T e e e I e e e T e e i e e

KSR EARIERR) | 2015, 43(04) :300 —306.
HIFESC, S5%%, BRSFIF. JEMAE R ALK I it T 09
BB B BT D). KRk RS, 2015,
35(03) :71 —74.

XU, B, HRR, . BRI UK 7R
LT R B AR (1), Sk
SREBLFRR) , 2011, 33(02) ;1 —4.

RIT, W KBRS TR R B R 1 0
DiELFERERFSCL M. 5t K h Tk, 2013,
FEIE, HIEL, PO, Pk R R A O
HERELT]. K14, 2018, 37(07) .74 —90.
HRAATF. RORFIREE BN ) SRR [ M]. db
52 11 A A, 1999

FeAF1y. AR AT R S R A (M ], L5 o Ak
FK H, th AL, 2000.



