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Crack resistance of prestressed RC-UHPC composite box girder
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Abstract: The prestressed RC-UHPC composite box girder with high tensile strength and corrosion-resistant
ultra-high performance concrete (UHPC) as the web and bottom plate and reinforced concrete (RC) as the top
plate was proposed, and a specimen was fabricated. The flexural test was carried out to analyse the crack

development pattern and damage mode of the specimen; the finite element software was used to simulate the
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test, and the calculation accuracy was verified by comparing the finite element calculation results with the

testing data, on the basis of which 19 finite element analysis models were established to analyse the influence of

various parameters on the cracking moment; relevant codes and existing literature were used to investigate the

cracking moment of the prestressed RC-UHPC composite box girder. The results show that: the first crack

appeared when the specimen was loaded to about 33.3% of ultimate load; the cracking moment was influenced

by the prestressing bar tension factor, the prestressing bar reinforcement ratio and the tensile strength of UHPC;

the cracking moment calculation method based on the conversion section and the crack width calculation

formulas in DBJ 43/T 325—2017 were used to calculate the cracking moment and crack width of the

prestressed RC-UHPC composite box girder, respectively, and the calculated values agreed well with the

testing and FE results.

Keywords: bridge engineering; composite beam ; ultra-high performance concrete; cracking moment; crack width

PR FRIE WA REAAE
B2 s TP AL S (AR S B MR A Ak M T
Tl W TE AR S PR SR E R S R R A
M-IREE A AR RIS A ER (AW
M ST 59 TG R AT R KSR
fh T )5 VRBE 3 R, A R BR A T
T 38T W 32 H 0 T, PC AR Gt 3 i A7 76 IR B T
2 Eh T REREY, TR, HE IR EE L
(W #F UHPC) B 7EAF 22 TR P A5 8] 732 N FHE7, K
AP i AN S B m i bR B R
2 K UHPC T % $7 X, 3% 38 IR %E + (7 Bk RC)
FH T 52 5 X 198 8 RC-UHPC 40 & R 450 % H 5
PN S HRGE A A B GE R PO RERE ST A

H i, & A % & % RC-UHPC 324 Jy 2 1 BE T
WSS . WuZE"BESE T U JE UHPC B X 40 T8 #
[ RC-UHPC 24125 4 G 19 52 W ; Zhang 55T 4k
JE 1 RC-UHPC 224t 25 0 3 & 3, UHPC 5 RC
6] H A A W B 45 90 5 Yang ZF R T A2 h X
% Xk AT UHPC | oy [E] 2k ) RC #4458 #0 i RC-
UHPC 22470485 385, & 9 B A B AF iR 407 5 NI
J¥ ; Zhang 55" K g 2 2080 R A BRI T R K
R 7 5 W R R 2 806 E #1i RC-UHPC 240
PR R Ay S . 7E IE O B R RE Oy L 7 W
FUME TR S T B M UHPC 2 0 JF 2445 46
A 2, feilg 22 AE0TAR By AR n BN 2
TOCFEPBER G T RRA K BT AKX P RN
FARBUE AR AR o 55 —J7 0, B EE X 6 28K i
RC-UHPC 2 1F # I 5t 24 14 B8 19 o 58 b Bl sk =,
K, A 0 X H R TR 5%

25 T TN ) RC-UHPC 24 446 92 1 1 25 3
55, JF 45 A A R oo K HIE o A, BT TR RC-
UHPC 41 & 56 7 1) 24 4% I & LA BR8] 2 506 H
TF 2L S S O 4R 5 T 2L R S R 4 T Y
Y

1 REMAEERSHT

1.1 Rt

R A8 SCHR[19-20]0 25 18 , B8 1 I il 4 — AR 7 17
1 RC-UHPC 4 & 48 B K B2 Ry 5 m, TS B8 42
4.76 m, MM F N 0. 77 m, B N 6. 18, it PR i
T A R AN L T o B b A e E ARJEE 50 mm,
JE MR 90 mm , RC A5 60 mm 5 3 14 3 5 3% i Ak 8
M 75 mm, i§ #5125 mm; it £ 4 3% 400 mm J5

L 1300 |
300 } 1240 - 1.30
e HUHBHRA #10 HihlUHPCARIT
EN Oy et p SR
i 2] HishlUHPCAA IR .

770
590

[90,

(a) Bl v T

| 300 i
30_‘\ ! }240 ot 1_30
MR | BOREm$10 FRIULPC K AR
Tl [E s S i)
-~ | HimlUHPCAR AR | |

770
555

125,

(b) I S A T
Bl {eERNITS8HE

Fig.1 Midspan and fulcrum cross section of tested

specimens
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Fig.3 Elevation layout of specimen displacement sensor
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Table 1 Finite element model parameters
FoE itz 41 T RE 1 53 s A i 4 457 Je i UHPC #i 1 UHPC #i & TR RC Hi &
% i C AT R/ 6 B HAE/mm ¥ /MPa S % /MPa ¥ /MPa g/ MPa
AQ 0. 66 75 16 438 7.6 133.3 63.3
P2 0.22 75 16 438 7.6 133.3 63.3
P4 0.44 75 16 438 7.6 133.3 63.3
P8 0.88 75 16 438 7.6 133.3 63.3
P10 1.10 75 16 438 7.6 133.3 63.3
X25 0. 66 25 16 438 7.6 133.3 63.3
X50 0.66 50 16 438 7.6 133.3 63.3
D14 0.66 75 14 438 7.6 133.3 63.3
D18 0.66 75 18 438 7.6 133.3 63.3
D20 0.66 75 20 438 7.6 133.3 63.3
Q400 0.66 75 16 400 7.6 133.3 63.3
Q500 0.66 75 16 500 7.6 133.3 63.3
L6 0. 66 75 16 438 6.0 133.3 63.3
L9 0.66 75 16 438 9.0 133.3 63.3
Y120 0. 66 75 16 438 7.6 120.0 63.3
Y140 0.66 75 16 438 7.6 140.0 63.3
Y150 0.66 75 16 438 7.6 150.0 63.3
C40 0. 66 75 16 438 7.6 133.3 40.0
C50 0.66 75 16 438 7.6 133.3 50.0
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Fig.7 Comparison of finite element data with measured data
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Table 2 Finite element method calculation results

A o , TG M,/
HREHMSE  SBORE !
G5 M., /KN M, 5

A0 632.48

P2 0.22% 361.12 0.571

P4 . 0.44% 466.15  0.737

o7 1 A A 2

P8 0.88% 724.96 1. 146
P10 1.1% 765. 34 1.210
X25 N 25% 366.84  0.580

TSN R DEY

X50 50% 518.63 0. 820
D14 14 mm 606. 11 0.958
D18 W EAT 18 mm 655.02 1.036
D22 22 mm 707. 56 1.119
Q400 o 400 MPa 627. 64 0.992

i 501 I 3
Q500 500 MPa 643.13 1.017

L6 . 6.0 MPa 610. 54 0.965

UHPC i 5 [

L9 9.0 MPa 711.48 1.125
Y120 120. 0 MPa 581.88 0.920
Y140 UHPC #i JE o & 140. 0 MPa 664.10 1.050
Y150 150. 0 MPa 674.22 1. 066
C40 . 40.0 MPa 594.53 0. 940

MR RC e i fir

C50 50.0 MPa 619.83 0. 980
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Fig. 8 Calculated values and contrast values of cracking

moment formula for specimens
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