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Prediction model and shrinkage character of high performance
concrete plate component at early age

Li Guodong' * , Wang Zonglin®
(1. Institute of Transportation, Inner Mongolia University, Hohhot 010070, P. R. China;

2. School of Transportation Sciences and Engineering, Harbin Institute of Technology, Harbin 150050, P. R. China)

Abstract ; Shrinkage distribution on the early-age in different height of high performance concrete plate
component and the developing process of early-age shrinkage, temperature and humidity with age are
investigated. The results showed that relative humidity is decreased and presenting two stage features with
age in different height of high performance concrete plate component. At the same time, the early-age
shrinkage is out-sync along different height of high performance concrete plate component, what generates
surface tensile stress of plate component. When the tensile stress is larger than the tensile strength of
concrete, it products surface shallow cracks in plate component. This is the same as surface cracking

situations found in actual engineering. Meanwhile, by comparing the early-age shrinkage of concrete plate
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components and the early-age free shrinkage of the same concrete, prediction model of early-age shrinkage

of plate components introducing degree of relative constraint is established, and the accuracy of the

prediction model is verified. This model can predict the early-age shrinkage deformation in different height

of high performance concrete plate component. This result has practical significance to control the early-age

shrinkage crack of concrete bridge plate.

Keywords: high performance concrete plate component;

constraint; prediction model
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Table 1 The physical properties of cement
b ¢ R MR/ wE/ BEL5 I ] /min WM BT/ MPa B 38 &/ MPa
bR VB B/ %6 . N
. em? e g 1) (g+cm™) I 2k Gl 2 3d 28 d 3d 28 d
28 2470 3.17 58 350 HE 4.6 8.7 19.8 49.5
x2 KRLERS x3 HMERRERER
Table 2 Chemical composition of cement % Table 3 The quality index of fly ash %

SiO; Al O3 Fe; O3  CaO  MgO SO3 R,O  pek it

21.08 5.47 3.96 62.28 1.73 2.63 0.95 1.61

Bk debs 40 Rekut FOKAEE WKatl SO;
I 45 br 12 5 1 95 3
S 4 A 10 0.35 0.1 88 0.68
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Table 4 The physical and mechanical

properties of coarse aggregate

JE R Faaki Hiig/ W RE/ .
, " . ) NER /=4
EH/% J& /MPa GPa (Kg+m %)
13 105 70 2 660 0.167
x5 EER(PR)HMEAFER
Table 5 The physical and mechanical
properties of fine aggregate
MERR  HFRE/% , Kk #/ %%
(Kg+sm™ %)
2.78 1. 14 2 600 0.76

xo6 MAEHERERLIBALET

Table 6 The mix proportion of high performance

concrete used for bridge kg
K g IRV AT thEb K Hh Y
360 90 1120 747 126 7.20

®7 BRELINYEHFMEEE
Table 7 The physical and mechanical

properties of concrete
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Fig.1 Specimen preparation and schematic diagrams
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Table 8 The mix proportion of high performance

concrete used for bridge kg
s K BHEK A b K LI
1 360 90 1120 747 126 7.20
2 360 90 1110 740 144 6. 30
3 360 90 1110 740 144 6. 30
4 360 90 1110 740 144 6. 30
5 360 90 1110 740 144 6. 30
6 360 90 1110 740 144 6. 30
7 360 90 1100 733 162 4.50
8 360 90 1 090 727 180 3. 60
9 360 90 1077 718 203 2.25
10 320 80 1150 767 128 5. 20
11 384 96 1 086 724 154 6. 24
12 400 100 1070 713 160 7.50
13 440 110 1029 686 176 8.25
14 450 0 1110 740 144 6. 80
15 405 45 1110 740 144 6.00
16 315 135 1110 740 144 5.70
17 270 180 1110 740 144 5. 40
18 225 225 1110 740 144 5.30
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Fig.2 Nonuniform shrinkage test plan(mm)
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Fig. 3 Developing curve of shrinkage and temperature-

humidity along with age in different location

MR 2 AT A5 H 9 BE AR SO 1R 1 P
JEE R 5 o) A ] A7 5 Ak ) 4 o 388 I 6% 39 90 2 B ¥
/N B T B BURRAE L 2R T B BOR TR BE L N
FIAFDAS B B B B L 2R T B Bt TR B - A T



% 14

ZE M F AR L AR XA 60 T 00 45 45 b R TR AR A BE ST 97

FHG R RE R B AN B, oL 55 T B B TR B
TABE EREE LR R A 4 d A IR EE
o) B 300 PN S R A X A D B A R A A ol TR
e A B 9K Al SRR A B ER 5 A2 4 5 o U
1 1A 2 1R PR B ARG L O L 2R T B B il K
B ST W 1) P A R T R S fie o T E
9 7K A Sz R i o AT 5 S5C5S T B BE P TR 5 e P
AR R e b s TR BE LRI 4 d )5 IR BE LR E
SRIEINE] 28 d BREEMY 700 e AT IR BE L AR S
PRI 00 S8 0 A T 22 18 L R oK A SO [a] Bsf L 2R A 8 Dk
WY B 1LY B B oA AR 0 R B AR T 2
Mo X5 1R B 4 B A PR 09l 46 22 T il 2 T
— 2

[l 2] 3 S BT AT T IR R AR U A
A TR g B f 7 S8 WA 4 7 T B ) ) A A A L e
7 1) A [a) 37 5 114 e 45—t WA 4 72 T I % S0 6 A 1
RS e B2 AN [ o B AR K i1 PA 3R 22 AT 4 A2 B
BRI . TR R A A 1 1 AN 2 S0l e 22 JE A
LAY, DT AR R T8 7™ A2 T R X T R A R B
{19 R 5t JBE 17 5 3K ol L 1 AR R AR DL R B T T
JRREEM B, X TR 0. 2 m AYTREE TR XY
PE. DR 4 d 5 i TR BE L A9 A B S0l 7 A i A
HAR A D T BOAREE T 1 1 F YT 2 X A
S AE TR R W i A 1 9T o A R R I A A Y B
LA BT T e oF YR o5 A P Y ) R B R A
AN

Bl 3 Ca) Bz » 78 T 8 400 J01 TR 6 4 2 i ik 2 bk
R TR B WA AR T A AR PR K SR B AR
{12 AT 18 MAC AR 788 T B K T A 95 2 T 17 8 T /) 1
H5E - W 26 78 T K R AR N TR B ) T IR 2 TR B e
FH O

Kl 3(h) B » IR BE A BE SR Oy 20. 2 C L i
TR A B 7 A 1 K A 3 S ST BE A 1 PR
it JE2 Bt W 30) AN BB 9 T e L DEAR 1 JE A PR Y 3R IR
JER B fe iy 33,4 CLuiRBE Dy 37.7 C LR T i
JEh 35.2 C. SRJA KA TR BE A 10 7K A SO ek 2% A1l
TR BE e 10) PR 958 B3 B0TR 06 4 7 P 9 ) 3L E AN
FEAR . D3R 4 d Ja TR BE T 1 I 5 PR 5T R — 2 ik
B 22.5 Co 0 TIREE L AR IF . KEIRIAESR T
B B AR 7K A B S B0 g Tl - B 3 K e K
B RN T 3 & R BB A R TR 0 R A IR Y
B [ I 5 A1 8 3R 58 HEAT I B8 52 e » B 28 5 BRI I
W& .
2.2 HERETBEKS

AR K7 2 D B T Y A2 Al 0 SR 5 BUM R 1Y

AT T LAIR BE A AR 4 ) B4 S i 4 A2 P A
H A R A A Al R AR A 5 R B PRR 23 A2 T = (D)
I
e =er tew @)
e X BRI IRBE LA S4BT . er IR EE
A GRS AR AR TE o ew 10 B2 A2 b 5 | kS 1 Wi 4 A2
o 7 ARAE TR BE 1 i e 28 T8 0k B R A BRE L N
PRI AR IE iR B A R AR TE Cer ) M #2(2)
.
e = | adT 2

K er BIRE LI o Z2WE L WHREIKRE.T
Bt 2R EE TR B, T, IR BE e F IR
FE. B R BIREE - R A Ik R A & —
(B o LBl % 300 %) 2 R w4 X (3) 3t
a= 13Zexp<—%>+7 (3)
zal:joexp%(%—%))dz )

U, = (42 830 — 43T exp((— 0. 000 17T)1) (5)
A s 2o 2 TR BE 1 09 S5 R0 0T 25 08T R BE A8 Al X K
AR EmiTE WX (D T RREE+HFER
BE SR JESMRHE 8. 314 ]/ (mol « KU NS H
Tk B B R 2K U8 K AR S TG A BE s U AR E N T i
W) NG AL RE . Horb U, Sz s (8] L B2 B pR I, 7T il
LGP B,

M 3b AT LA H L T BE 4 58 S0 1 T IR B B
ARG 0 B I K A2 T 43 B L B A TR S5 TR R -
FESR ML L ST A rig K. B 4 2R E Tk
S 43 B I BE 2 e S MR AR . BT R
& - R K 2 08 K A I R 22 A B A A 3 AR B+
Gan =R || o 1 o ol = = 58 A=
2 A B R AE

00 -

-400 |

-300 |

o
gé-zoo r
-100
0
100 . . . . . . d
0 4 8 12 16 20 24 28
R
W o« RE-MEE o PO-BKS o M-

——RME-T4H 8 POo-FH ——KE-TH
B4 HEEBEEETHRAIGEE
Fig. 4 Before and after separating

temperature deformation



98 P RAREHRERKE A

%39 %

3 FiNRE L

3.1 HXMARE

A 4R 12X 56 5 2L 6 A ) G A bE TR BE - AT 3
51 B H R R I TR R S B 0 ) DU B[R] A
TR BE Wy sE st ) 2 28 d. R Bkt 1 Wy B
BARASRE B8 A5, e 455 78 T 32 2 A5 5 24 o 1) 5% ) A
Koo N TR EL 2 B 52 i B B B AN, S IR CE SR AR
U 2 i 50 e Y R R U U R MR BB R
5f #4100 mm X400 mm, T 43 F2 MU 46 AR TE .

WE S Pros A R BE A b TR BE 1 1 35 57 00 46 A2
TE A X 11 AN 35 S0 Wi 4 738 T W 0% 99 1 e e e —
B0 AR R S U AR AR T 3 K TR BE AR R 1 Y
W AR T it Uk BH R A RO ST 4807 of TR 6 - R 4 0
AR T 5 ) S 3 T SC 06 a0 TR BB 0 Y A i
ST Sk I AN BB 1 A 22 AE TR BRE A4 14 1 S PR i 4 AR TR
St T GRT P A 22 TR ST G AR R B AR Y R
FERR G AR b ol AR AT R ok A )4
A B RS SO — B0, AE W4 3 72 o s 32 30 30 B 45
LTI RE M TR BE A 1 LT T R A A R DT B
TR TG ARG B 1 R R R S BOREE
PRAE R B BR A AR BT — A5 TR
TR AR S B VR B AR R R B W 4 AR TR b
ST TR R - 38 S W A A8 TR b R R 0 4 AR T 1Y) G
LI BIAMAX AR E D, BARFR K 6)
Fis .

D=S"%x100% (6)

€)
K. D IR EE T AR A Wi A8 TE AR X 2R EE s €
R BE L SIS o en IR EE AR A 1A TR
P A s 2 .

AAA
-400 f AAAAAAAAAAAAAAAA
AA
@ _300 b A A R K X
3 A
= A
Ao200} d

a A
o
4f

100

pwn® CPPEISONCCeRnLo,
-

6::-,«:.000“ BRI PBPPR DD PP DO
R
®

0 4 8 1.2 16 2.0 Z:t 28.

& Hd

s« R o 0BT © KT -ZE T 2 B 5 B4R AE T
5 BRERIBAKREMAYEORETR

Fig. 5 Free shrinkage and nonuniform shrinkage

FE S I 28 d R BE L my i A T L 9 A K
(6 T3 4 i B e A Ry P i T2 B2 5 o+ AN [ 7 5 Ak
(28 d W4 A2 TE B R 0 20 SRR L 1AL 6 B L SR H

AHGS 2 TR /I T P9 B A X 249 TR BE 3 3o % 00 8 4
F1% 8 BRI 23 A7 180 U1 T 05 A A P ) AR X 29 o 2
N TG ) P S O TR AL P S T IR B R
T W 2 A2 TE R T AR A Wi 6 A2 TE 5 1 BA T 4k £ A 5K
Fay P S 6 A2 T e BE T 1) AS [ 2 S B0 5k 1
FAAT LR Y 5 2L T R T 2 R BE i B
56 J3E N L YR OBE AR 2> H PR )2 RS L X 5 B T
it v B A R 1 3 T O 2R DL AR W

—
=)
S

®
S

HR AR BEI%

'
(=)

D=81¢0-506k
il R*=0.949 3
0.00 0.50 1.00 1.50 2.00 2.50
EEE0.1 m

B 6 ExLRER [E T L&

Fig. 6 Regression curve of relative constraint degree

I LA b B TR BE A A £ 0 W 4 A P
FIR) R XoF 24 S B R e B ) R TR LR 9,

x99 BEL28IVUHEETHREXMAERY

Table 9 Expressions and determination coefficient

of shrinkage strain for concrete at 28 d

AR Fik= FilE ZRR?
AH X 2 o D = 8le 0-506n 0.949 3

3.2 TMAEER

TR MRAED R T 18 B A [ B 92 1 R R
T A LA R0 B B s AR JF A G R R R e
TR 1 % AR 50 25 X Kawai 280 $2 1 i ik
ARG IE , [6) I 25 5T 08 B KRS BE R K
B A P B TR B+ 0 3l e 2
TE B2 iz A A 2 3k 20 I X (7)) ~ (A2 PR, 1%
B T HE,

e(t) =a-(1+7) - q-ezg<cﬂ)-ﬁm )

m

Hrp

)

528(%): 1 1ooexp[—3.2<3” (8)

{ cm

B(t) =1 —explgt?) 9
y = a(AC)* +b(AC) +¢ aom
a=1—Fk(FA) an
p=n(])" a2

o seas () SRR BE 7RI ¢ B 20 i WO 48 D7 7% 5 poes
e (w/cm) 2 28 d B R 8k L 09 e 46 AR L 38 0T i
285 HL R 1l i o 1, R B A0 (2~ 9)  Hirp



% 14

ZE M F AR L AR XA 60 T 00 45 45 b R TR AR A BE ST 99

w/cm FrR TR BE 1 7KCRN I EE M B U AR s (o) IR 1)
SR VR B - 0 A I A B S R R Ry = AR
SR TR R A A AR N AR ) R B AC ROR TR BE +
& i sa b F e S5 B, 5 ISk B RE AL G | A5
FA Ko 2K USSR RURY L K 1 52 ) R 5, FA 3R
AR BE L PR KB s g M p R R Sk
AP s RERHE WA m Mon EH
B, 5 B RS R O s SRR BERE LR . d,

P R M R TR E 1l A 4 T A AR P 5 il
b FE T TR BE A ISR R AR [R] 0 A% R R AT A U A
T 1) B A 4 A8 TR D5 I AR 4 T 3 B B R P
51 AKX 249 o B A A S R B AR A AN TR
V7 ALb 1 B A 46 A T T A AR 00 A R 9 3k =X
W (13),

cm

) =Deg+ A+ - q-em(E).ﬁ(z)

(13

W« REEH o HLER
o KEAR A& WHKEER

B7 BRIt EHKEHRNER

Fig. 7 The prediction model of concrete plate

component at early-age shrinkage
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