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Experimental Study on Crack Width of UHPC Beam with 630 MPa
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Abstract: In order to study the calculation method of crack width of 630 MPa high-strength reinforced
UHPC (Ultra-High Performance Concrete) beams in normal use, six such beams were subjected to
bending test. The variation laws of crack width, deflection and reinforcement stress of the test beams
were analyzed. Meanwhile, a calculation formula for crack width in high-strength reinforced UHPC
beams was established. The results showed that: (1) The expansion of crack width was linear before
the yield of tensile reinforcement, however, when the maximum crack width was 0.34 mm, the ten-
sile reinforcement yielded, in addition, the number and spacing of cracks tended to be stable, the UH-
PC beams showed good ductility. (2) Upon damage, the tensile reinforcement had already yielded,
and the concrete had reached its ultimate compressive strain. So, the combination of high-strength re-

inforcement and UHPC can give full play to their excellent mechanical properties. (3) With the in-
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crease of the reinforcement ratio of the UHPC beam, the bearing capacity of the specimen increased

significantly. The maximum crack width decreased in the normal use stage, but the ductility decreased

as well, while the crack load was basically unchanged. (4) Based on 40 sets of test data, the influence

coefficient of steel fiber on the crack width of reinforced steel fiber reinforced concrete members in the

crack width calculation formula of (JGJ/T465—2019) specification was modified, and the calculation

formula of crack width suitable for UHPC beams was established. The calculated values of the formu-

la agreed well with the test values.

Keywords: high-strength steel bar; ultra high performance concrete; flexural behavior; crack width
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Table 1 Details of specimens

AEHS AW A i i R R/ %
L1 3E12 1.05
L2 4E12 1.40
L3 2E18 1.59
2C10 C8@100
L4 3E16 1.88
L5 2E20 1.98
L6 2E22 2.40

HE 7540 3R 630 MPa &R 4K 7 , C 1755 103 HRB400 24 7
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Table 2 Mixture proportion of UHPC
A kg/m’

P.0O42.5
7K e
1.00 0.45 0.60 0.60 0.06 0.29

BEIK ARy O OKR K

H A 9 %4 UHPC 33 M58 , Uik s =%
SCHR[ 13,0 A7 7 R B AR JE A 115.2 MPa, B0
B A58 N 6.7 MPa, 630 MPa & 5 5 fif b4 B 1 fiE
L33,

x3 WHEARNZMEE
Table 3 Basic mechanical properties of HTRB630

JEARER BB/ S
4% /mm
MPa MPa REfH /%
12 684.2 870.0 10.0
16 686.5 878.3 10.2
18 660.5 870.0 11.0
20 669.7 870.0 11.5
22 667.3 863.0 11.8
2 REWK L
2.1 WIRES
R OR S Nl ST A RS Y R LA a

L AR BN AT Bt A I ﬁt—@ﬁﬁnﬁz Hir 0, e
5B T KR E AL . M E R

A 5177 Do e o, S 2 T R G L 18] 52 R DX SE A
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Fig.1 Failure modes of pure bending section of beams
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Fig.2 Load-maximum surface crack width curves of rein-

forced UHPC beams
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Fig.3 Relation curves of load-deflection at mid-spans
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Table 4 Characteristic loads and the corresponding mid-span displacements

i p— TF 241 2 KA N A B Jet IR A 8 B AR L A2 7% e BIR AT 28 S AR R o 7 ——
P,/kN Ao/mm P,/kN A,/mm P,/kN A,/mm
L1 1.05 40 0.80 182 7.82 232 32.95 4.21
L2 1.40 41 0.76 195 7.95 251 26.20 3.30
L3 1.59 36 0.74 219 9.31 324 26.33 2.83
L4 1.88 44 0.75 319 10.13 373 25.60 2.52
L5 1.98 38 0.64 320 9.70 374 20.99 2.16
L6 2.40 38 0.55 375 12.72 410 22.26 1.75
32 FHEMBERIE 3.3 B\ Zh K E KT

S UHPC R A8, 56 0E - 4% 1 B e, 72 il &
AT ORG s T 8 = A8 R, e 2 SR an & 4 s . T I
UHPC it 55 %2 19 25 v 48 1 1R 5 1= 0 A8 3 L 5 4k 1k
FAE A7 5 A BOE -

P 5 25t L1~16 3 50 Z2 far 25 -5 v 32 54K 7 L
AR A AL B R 2 5 T A N 7 i IR i - 38
{54 674 MPa, Ji fiR B 48 i R 3 370X 10°°, M5
AL, 32 0 A 7 1 I A A T %4 e 2 A IR o 2k Ak A
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Fig.4 Strain distributions along the height direction in the

mid span of test beams
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Fig.5 Strain of longitudinal tensile reinforcement in mid span
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Table 5 Average spacing of cracks

W ARk S BT 7, o
G Ba ey, Sodss T
L1 9 65 106 1.63
L2 12 54 93 1.72
L3 13 47 106 2.26
L4 14 41 93 2.27
L5 14 65 101 1.55
L6 16 45 97 2.15
V- E 1.93

5 R A 0.17

42 MEAN ATE

(GB 50010—2010) # i H 527 25 44 7 119 59 7577 17

VIR R /NS
M,

“ T 0.87Ahy
K K555 & X 2% (GB 50010—2010) B .

1 26 6 7 %0, 85 UHPC it 56 32 09 89 45 1 138 16
{53 (2) B #EAT H8, R X (2) B 7
VPR R R R oL R N EA IR E NS S RN g2
TG, 2454 i UHPC I A 2183 8 R 5+ —
37 Z0 AR AR 2 RN A7 BN — IR R 2 A i
3 (2) I R % g 24 b UHPC BB g, B (2)
(O RN ARN AR N

(2)

o

43 WHENERHAREITE

(GB 50010—2010) #. J& w52 25 k) 4 14 459 7555 o7
AR 2RO AR



x6 WA

Table 6 Stress of reinforcement

RbsE — L) 2. 5 /ol
Rifo R (2)HFfE o
L1 340 457 1.34
L2 337 449 1.33
L3 318 430 1.35
1.4 300 440 1.47
L5 298 428 1.44
1.6 294 417 1.42
44 1.39
RUE-E3¢ 0.04
s—11— 065" (3)
010,

MR 78 BE o A, ) I EZE T
WU fE . SR PTE TAEM AR AT, th T 24 A HY 2T
IR (S T o (2 Rt o NI 9 E SR A
T, PRI, 248 Kb B A3 7K A2 B 10 g 2 T DD S
A3 A HHER AL

KT WHNERHEIERH

Table 7 Nonuniform coefficients of reinforcement strain

AR BT

= . ¢/t
RS Rewy  Roumng 0
L1 0.42 0.7 1.67
L2 0.43 0.8 1.86
L3 0.32 0.8 2.50

L4 0.35 0.9 2.57

L5 0.30 0.9 3.00

L6 0.36 0.9 2.50
I 2.35

5 5 A 0.21
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Table 8 Influence coefficients of crack width

EAESY

- B Kﬁﬁ"é F*EJQ o
o M BERBM SRR S -
(kNem) W'/ MM ',/ mm
20.88 0.060 0.08 0.16
27.84 0.120 0.16 0.19
M a0 0.180 0.24 0.20
41.76 0.230 0.32 0.23
22.59 0.045 0.06 0.23
30.12 0.090 0.12 0.21
M e 0.140 0.18 0.17
45.18 0.180 0.24 0.19
29.16 0.090 0.12 0.19
38.88 0.150 0.19 0.19
b 48.60 0.190 0.27 0.24
58.32 0.240 0.35 025
33.57 0.085 0.11 0.20 X
44.76 0.135 0.18 0.19
A 55.95 0.180 0.24 0.21
67.14 0.215 0.31 0.24
33.66 0.090 0.12 0.20
44.88 0.135 0.19 0.23
ko 55.95 0.180 0.26 0.24
67.14 0.230 0.33 0.24
36.90 0.080 0.11 0.23
49.20 0.130 0.17 0.20
M 150 0.190 0.23 0.15
73.80 0.230 0.29 0.17
16.42 0.056 0.07 0.13
19.10 0.085 0.12 0.23
M les 0.115 0.17 0.25
24.22 0.157 0.21 0.22
25.16 0.067 0.08 0.10
29.25 0.086 0.10 0.13
B s 0.104 0.13 0.15
37.05 0.123 0.15 0.16 ik
25.16 0.062 0.07 0.13 [18]
29.25 0.082 0.10 0.14
M s 0.098 0.12 0.17
37.05 0.115 0.15 0.17
36.77 0.098 0.11 0.12
42.75 0.118 0.14 0.13
M s 0.139 0.17 0.13
54.15 0.160 0.19 0.13
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