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Experimental study on crack resistance of steel-UHPC composite
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Abstract: In order to solve the cracking problem of bridge deck slab in the negative bending
moment zone of steel-concrete continuous girders, it was proposed to use ultra-high performance
concrete (UHPC) to replace part of normal concrete (NC) of bridge deck slab in the negative
bending moment zone. The ultra-high mechanical property of UHPC was used to solve the
cracking problem of bridge deck slab in the negative bending moment zone, and its crack
resistance was studied. Three steel- UHPC composite beams were designed and tested for crack
resistance in the negative bending moment zone, obtaining experimental data on crack load, mid-
span displacement, crack width, and strain. A simple formula for calculating the crack width of
bridge deck slab suitable for stee-UHPC composite beams was proposed based on domestic and

foreign crack width calculation formulas. The reliability and applicability of the proposed formula
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for calculating the crack width of bridge deck slab were verified based on crack width test data

from existing literature on steel-UHPC composite beams. The results show that UHPC can

increase the cracking load in the negative bending moment zone of composite beams, and has the

ability to suppress the development of cracks in bridge decks, which can significantly improve the

crack resistance of bridge deck slab in the negative bending moment zone and effectively solve the

cracking problem of bridge deck slab in the negative bending moment zone. The nominal stresses

calculated based on the experimental results are all greater than the actual design values of the

project, indicating that the structure using UHPC instead of NC in the negative bending moment

zone has excellent crack resistance performance. It is recommended that the longitudinal laying

length of UHPC in the negative bending moment zone of composite beams should be 0. 2-0. 25L

(L is the calculated span) and the laying thickness should be 60-70 mm.
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Fig. 1 Longitudinal arrangement and loading diagram of test beam (unit: mm)
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Fig. 2 Arrangement of test beam section (unit: mm)
55 NC 22 5 i 4 (9 3% 4208 1o 5 7 3 5k X 5 i ¥ B
AbPRSE . AT A A BN P N 1E) A AR 150
mm ; % [ 40 4% 8 mm, [l 5 100 mm, [ 59 f
A BT WA 2 L B9 R R RO 25
mm, FREHT AR Z A HoAl 2 EO A ] 5
RZHNFE 1PN,

Table 1  Test beam parameters
e P = i g JEL
%ﬁ%;’é ﬁﬂﬁ}:ﬂih/ ﬁ%ﬁfffs%/ — £ émJiEZ*/
SU-1 12 25 1.12 60
SU-2 16 25 1.99 60
SU-3 20 25 3.10 60

1.2 X068 R HIE

IR ERAR W 3 FroR . A9 5 92 b #YAUE
P00 B E B9 TR TR B ) 4 L HE AN AR A
GEFLA A . P NC #8534 C50 IR Bk 1, & Bl & 1
FATIEFE IR ATV . B NC 2R 5% 47 21 350 1 i
] Z )5 % UHPC 5 NC 9 1 i 1 7% B b 21

UHPC Fe5t i, Ui 1k 21 40 KR 75 H 26 10 6
K. BEPEYA))E 9 UHPC 5 b 68 H 2L AT B IF 0
TSR A S Y R SR N T RS . UH-
PC 7EZ R T AT H AR FR P S B R 2K 4. F 4P
If 2 JG A 52 bR UHPC 21 NC 2 & B ik 5]
U R
1.3 g

UHPC K EE KA EED AR &

UHPCEH  REME SR

Y

s
B3 {BEEHERE
Fig.3 Test beam fabrication process
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Table 2 UHPC mixing ratio

- S—
UHPCEH

Moy K| RYE | LR LE | K | £ | £ R | KR

i/
(kg *m %)

194 | 782 200 172 673 149 21

x3 RELH R

Table 3 Concrete material properties

PUESREE/ | BAMEEE/ | BOPUE | SPTIRE/
kN MPa MPa 3 JiF / MPa MPa
UHPC 139.75 49.2 137. 46 32. 30
NC 51.14 46.9 51.01 4. 30

x4 WM EER

Table 4 Steel material properties

B A AR/ | e o JRE /| A R /| AR JEE L /| i R i /| R e R/
mm MPa MPa mm MPa MPa
12 452 637 8 371 524
16 431 628 14 379 529
20 428 618
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Fig.5 Layout of bridge deck slab strain measurement

points (unit: mm)
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Fig.7 Layout of reinforcement strain measurement
points (unit: mm)
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Fig. 8 Load-displacement curves of test beam
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Table 5 Main test results of test beam
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Fig. 12 Load-typical crack width curves
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Table 6 Critical nominal stress of test beams
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Fig. 14 Comparison of calculation results of

derivation formulas
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Table 8 Crack width calculation results

| pke g iy 0 -
s | AR S48 TRV {8/ mm

KA g N S AE wy /W ws /w wy /W

w; /mm o E BLE () 2 E A (ws) e 2 (i)
SU-1 248.0 0.05 0.118 0.065 0.060 2.36 1. 30 1.20
SU-2 393.0 0.05 0.102 0.061 0.057 2.04 1.22 1. 14
SU-3 511.0 0.05 0.100 0.052 0.055 2.00 1. 04 1.10
SCB-1 9.0 0.05 0.099 0.039 0.046 1.99 0.78 0.91
k9] SCB-2 16.6 0.05 0.116 0. 044 0.054 2.31 0.89 1.09
SCB-3 32.1 0.05 0.156 0.057 0.076 3.13 1.15 1.51
‘ SCCG 300. 0 0.05 0.089 0.043 0.043 1.79 0. 87 0.85

SCHERL13]

SUCG 849.0 0.05 0.105 0.049 0.051 2.10 0.98 1.01
S200-45-25-4 19.0 0.05 0.105 0.046 0.049 2.09 0.92 0.99
Hk[19] | S150-60-15-6 51.2 0.05 0.111 0.064 0.056 2.22 1.28 1. 11
S150-60-25-6 35. 6 0.05 0.101 0. 044 0.048 2.03 0.88 0.96
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Fig. 15 Schematic diagram of key sections
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Table 9 Calculation results of design values of key sections

1E {5 A A BRAR S TRERHE T B BROAR 25
W | AN/ | WA | A/ | I A
MPa (kN + m) MPa (kN + m)
1 4.8 3 464.6 7.3 5029.6
I} 7.0 5781.5 10.8 8 485.5
] 5.5 3981.5 8.4 5821.3

VE 44 SO 1 R R T UHPC A9 44 S 71
TSR ML EREHIX 6~7.5 m juHl
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Fig. 16 Schematic diagram of UHPC longitudinal
laying lengths
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Table 10 Comparison of nominal stresses in each test beam
SU-1 SU-2 SU-3
%4 R Ty EE TR AE S EE RS IEH T IR HE T
e BR AR 2 i FRAR S e FRAR S e FRAR S e R AR S e BR AR 2
K EH 01 /MPa 5.4 14.1 8.6 16.0 11.2 17.9
il {E 0./ MPa 7.0 10.8 7.0 10. 8 7.0 10.8
o1 /02 0.77 1. 31 1.23 1.48 1. 60 1.72
F11 SUBHEREHEE LKA
Table 11 Comparison of nominal stresses in each section of SU-3 test beam
Hom 1 Ao I o
EB )] IE RS 1EH HRIHE T 1EH TR RE S
e BRAR 25 e BROR 25 e BRAR 25 e BRARZS e BRAR 2 W BRAR 2
K 61/ MPa 11.2 17.9 11.2 17.9 11.2 17.9
il 0. /MPa 4.8 7.3 7.0 10. 8 5.5 8.4
o1/02 2.3 2.5 1.6 1.7 2.0 2.2
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