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Shrinkage Restraint Stress in Ultra-high Performance Concrete Surface of Steel Bridge Deck

HAN Fangyu', LIU Jianzhong™*, LIU Jiaping', WAN Hongyan', SHA Jianfang™>, LIN Wei**, WAN Yun**, ZHENG Xiaobo™*
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Abstract: The development behavior of shrinkage restraint stress on ultra-high performance concrete (UHPC) surface of steel bridge
deck was investigated by theoretical method and restrained shrinkage experiment. The results show that steel bridge deck plays a
leading role in restraining shrinkage deformation of UHPC and its restrained degree reaches to 0.41. An exponential growth trend
occurs for reinforcement ratio regarding the restrained degree. Also, the restrained degree is linearly correlated to the generated stress
in UHPC. The increment of the generated stress induced by reinforcement decreases as reinforcement ratio increases. In addition, a
shrinkage value below 300x107® and feature of strain harideing for UHPC applying on bridge deck surface for cracking control were
also proposed. A dense reinforcement (=3%) can have a greater cracking risk in UHPC and equivalent stiffness in structure.

Keywords: ultra-high performance concrete; steel deck surfacing; shrinkage restraint stress; cracking risk

B AR L S BRI, R EY UHPC MR M7ttt F i e £ LA s L,

0 i AR Ry P B R it (UHPC) 2 51 S 2
ARFF TR Z RiE. UHPC HE A7 L
P RE IR DU RLERE S ) DL AR 7 55—
RPNBRIRHAPERERS 1, BET 2 EAR TR AL
A KBS AL ER, TR R RS
RIEIEE Tz~

oo Tk e 7S B0 L S T AVERE, UHPC 9%
M AR AN ZE R R R QRS0 1 B A, R K

WA E I 2020-03-12 BT H#: 2020-04-26.
FEWH: HEKEHARREEESE(51978318, 51978246).
B HhE0988—), W, fdt, TFI.
BEEE: MEBa976—), W, it Rk

TR EARAL SR, (5 UHPC 7E 05 A 55 2 i
I RS, SR SR i 2 — R R
/NIAIFE AT /N 2 33 mml®. 4R1f UHPC 7K ik He
WAR S BREERRL By 15 B AnA A S5 ] 45
SRS KIS T R UHPC (iR
Grmlik gz U, Helaikds vV i,
UHPC1 d 48 & mhids MU i ity 45%°. 784038
ARAERF, 12~15 h [ E U4 205 B g sl ik

Received date: 2020-03-12. Revised date: 2020-04-26.

First author: HAN Fangyu (1988-), male, Ph.D., Engineer.

E-mail: hanfangyu@cnjsjk.cn

Correspondent author: LIU Jianzhong (1976-), male, Ph.D., Researcher.
E-mail: ljz@cnjsjk.cn



348 B 11

7k A R VR RE R R A I Bl R 2 A L RN W + 1701 -

UHPC Hrhi s i 70%00 1, Hszbr TAERmrss
PRI UHPC 5H1R 75 5 PR g i
DRI, FEAA AR T AN 2 AN A 1S 2 R AE L R, 78297
RLFE H UHPC W46 20 508 773 K S 800 12410 2
R, MU gE AP AER, BEE R AN
KWK, UHPC 45041535 2 500 R B ot
3 AR, WORH I UHPC 250 iR A% A
RN T (4 D R 8 R . TR, e[ P4 UHPC
R T A 2 2 W R SR R T R R AT N, M
UHPC W45 4T 9 I 42 A0 45 K6 B 1 A B B AR T 24X
K, & UHPC S T 425 45 H K 2 i O A 25 i

DRIk, KBTI T 4 45 44 -F UHPC 1
WAL RAT A, FEAE BB SRR 8 3T UHPC Y4
PRSI, o W 45 K 2 BOR 45 28 T %o
UHPC W45 £ 58 877 B 52 IR S0l 2 XU
N UHPC 44 THI 4 25 45 M B0 R BT R SR A5 2 I
GIEEEE R

1 Wds 2y R i B 7 i

UTHety, ZEYB I ER AR K N H T UHPC AR
[IARAE . e A R 7 ST AR ATy
UHPC W45 29 B 7 2 B A RIS 4 A8 T 5 B0 — b
BARA TR LA E TN IR BT A, R
H — 4 B A AR EE KA Maxwell B 1
Duvaut-Lions i %8 PR TH U AR 20 SRR 7, anfEl 1
Fus, Ex NE kA Maxwell BEFINIEE, o A% kA
Maxwell FEFIIERET ] o [FE A T VP45 A9 T TR
FITC 5 % %7 UHPC i3 E L RAE AR, 5INEE
MEEHINIE bR Eo REIEA R ST ME5 LR
R, Bl 1 PR

l::' E;

Pl BT S MR A R A Y
Viscoelastic model with a spring charactering
equivalent structural stiffness

PRI 1] Ar 7 7E Maxwell B B, RIZ05K

Fig. 1

B Eo WIASTE AN Ae Bl Agg, XL 7343 5l
N oM oo, i Fi+1 53 27N Ar P RIS 18] 9 A
PR

Ag' = Ag; + A& (1)
UHI — U}z;rl — (i)+1 — E()Agé (2)
()M Q2) AT
i+1 i+1
Agp=20 - Ck 3)
EO EO

#T Boltzmann & JNEEE, HA Maxwell 1]
W2 a N el i ) THE, AT 4R
WA, BRI & SR &%, N
Agh=0, Ad=Ag} .

(B 4 E _Ar
ot ="k | Zk Tk 1 _e % |(Ag' — A& + 0!
E T > ( 0)+ 0

4

W UHPC i %% 2 A 4 0 - 2 ) 7] utﬁ(ﬁ)
Maxwell £ 2 13K EL:

m i+l i M
ot = ;[Z_I;(Ek 2+ E; j(l _e ™),
(Ag' - Agé) +o'
Forbr m 9 Maxwell BEFIHUE, 2438453 UHPC HIZIHR
TR, B Ag , T Ad—Ag), FrTLLEERG)
5 UHPC AU AG 20 RN A«

e, EEPAFEE LSRN BT UHPC #4RH
WA AT, i), NGRR3R
PAEA R LR EE T 1 UHPC WAL N SR AT N,
Horb o AT LABRARONEE KT UHPC SH2E 2 AR L

m il i A
Zr—k B By l-e * As'+ 0’
~Arl 2

)

O_i+l= (6)
m i+l i _Ar
zrk(Ek +Ek] l—e Tk
o At 2

1+

E,
u- ! )

m i+l i _Ar

ka(Ek +Ekj 1—¢ Tk

o At 2

1+
E,

2.1 JR#RY
FRz A4 LR FH VL 95 95 TRERE T A R A A B A )



. 1702 - QEIEN=Ei )

J Chin Ceram Soc, 2020, 48(11): 1700-1705

2020 4F

AP MER R, BFKIES ZH 0 miE B A,
HorK e PII52.5 HERR #h /KR, KB 5B &M
ELHCA 1 D058 G TEM R KM E N 2.94 g/em’,
0.08 um A1 0.045 pm FLfRGH R 5HA 18.0%A1
27.0%, /K= N 105%, 3. 7d A28 d iEom
FE4r )N 24.5. 35.2 MPa 11 48.1 MPa; 45 KN
RARVEFITRY , R E N 2.82 glem’s HLH KA
ZRAWH, TR 5~10 mm; AN R
FRIR = PERE K, K KT 30%; HEF4E
NKFE 13 mm. EAR 0.2 mm 998 4R (4R AN 2T 4 .
2.2 A HHE

R AL : MR A E 1031 kg/m’, 41F
KL & 737 kg/m® s HLEEHH & 397 kg/m®s M0
HIHE 20.62kg/m®. KL 0.16, SF4EBEN 2%.
LA LERREUREARL, Jelgim R A BRHTHE 30,
BN IFFIA IO VRE, HiPE 3 min LA3RIGS)
IR, B Y ST NAR ST 44k B4 HE 2 mino 545
PEEE I, K UHPC ARZE N SR | 25 il o
PLAHGREE . UR4EZIRAS T . A A8 TR S Ik A
Ao HiERAE RS A 100 mmx 100 mmx 100 mm;
25 iR R R A 100 mmx 100 mmx400 mm; - LR
R SR, BRSO 50 mmx100 mmx
220 mm; WCHR QR AT A RS9 2 600 mmx
1 200 mmx276 mm, AMUIE 2 Fr7~. UHPC ffi%é
JZIEEE N 55 mm, W EAN 12 mm, N5 A E
UHPC BTG E, AN EE LZ,
FriEt 50, 75+ 100 mm 3 B4 7 18] B SR 7T A i 2%
(2.05%- 2.91%H1 3.94%)HI501; UHPC H MY 4E
BIANME R ST A ¢110 mm=x500 mm.
23 FHiE

UHPC #F &L 1 77 % 1 g 4Kk 9% 1 4z

GB/T31387—2015 #4475 B Ak o o4 g DR H
instron-8803 FE R AR A 95 57 i I WLk A7 2k o 4k [X
BRI Y 300 mm, AN SONALRE Nk, Indd 2
4 0.03 mm/min, 7247 P 222k 1 ANEAE AL 225
A5 AL A2 K 8% (LVDT) F T SER 30 ik 36 i 72
HARALFS; UHPC 299 4s A8 % R AN SR AR
THTREE, NARTHL TN B R B, B
25175 mm, KA ZHEEF AFT-CM-32 A8 KA
ITSERPREE, 7 d WEHEREME N 4 h, ZJ5HE
9 8 h, R RAHMAXNAZTHIE UHPC H HUR
AT, AERNTLERE .

150 300 300 300 150
[ $13x40 Welding stud T

9
10
D, P,
\ANZ

| 150 |60 180 60| 300 |60 180 60| 150 |

16
—J

260

K2 2 i A2 T R i 2 B (mm)
Schematic of mould for restrained shrinkage
deformation test

3 Z£R53%

31 WHRARTR

# 1 N UHPC HIFEATAEMERER 28 d 1244k
ft. M# 1 WTLIEH: UHPC BA A%kt B
U7 AR T B T DA R0 HE P S e B 1 HE
BV, DU SRS RAF (0 F 2 e RE, JCI R B
% UHPC EA SR () S ALk 25, s e S AR B ]
%1 300x10°°, R RSY BT LUE
RO B 48 Py T AR R PE e

Fig. 2

&1 UHPC ## TR N1 RE
Table 1 Workability and mechanical properties of UHPC

Fludity/mm Compressive strength/MPa Elastic modulus/GPa

First-crack tensile strength/MPa

Tensile strength/MPa  Tensile strain
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