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Effect of reinforcement ratio on crack characteristics of steel box-UHPC composite beam
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(1. College of Civil Engineering and Architecture, Guilin University of Technology, Guilin 541004, China;

2. Guangxi Key Laboratory of Green Building Materials and Construction Industrialization, Guilin 541004, China)

Abstract: In order to study the crack characteristics of steel box-ultra-high performance concrete (UHPC) composite
beam in negative bending moment zone, three partially-filled narrow steel box-UHPC flange composite beams with
reinforcement ratios of 1%, 2% and 3% were designed and manufactured. The crack development characteristics of
the composite beams with different reinforcement ratios were observed by reverse loading test, and the maximum
crack width, crack spacing and crack load were compared and analyzed. The research results show that the crack
development of UHPC surface layer is obviously different with different reinforcement ratios. The higher the
reinforcement ratio is, the smaller the maximum crack width, the denser the crack spacing and the greater the crack
load become. Compared with the specimens with reinforcement ratio of 1%, the cracking bending moment of the
specimens with reinforcement ratio of 2% and 3% increased by 30. 3% and 65. 2% respectively. The crack width of
narrow steel box-UHPC composite beams in negative moment zone can be calculated with the crack width calculation
formula in the Speci fications for Design of Highway Reinforced Concrete and Prestressed Concrete Bridges and
Culverts (JTG 3362—2018) by multiplying a correction factor of 0. 78.
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v PR AE TR BE 1+ (ultra-high performance concrete, UHPC) A Sy MERE R IF2 592 e ik, ERgELED
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Fig. 1 Dimensions of steel box girder
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Table 1 Material properties of concrete

BB YU 3 BE / MPa YLy B/ MPa fil-C B 58 BE / MPa SR/ GPa
NC 140.76 5.43 2.41 34.50
UHPC 117.16 16. 26 7.35 37.25
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Fig. 3 Layout of measurement points of test beams
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Fig. 4 Layout of strain gauges of flange Fig. 5 Loading device
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Fig. 6 Load-deflection curve of midspan Fig. 7 Strain curve of steel bar
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Table 2 Crack spacing of the test beams  mm

3 ERHESAREXBERIL

3.1 FRTEIHE W R /M A Tl

T2 30 2 VR BB - 3 AR A T SR A ] v E R A SUCB-1 20. 4 162. 2 76.9
T3 W B 43 FE SR A 1 B A 4 TR A T 5 A TR SUCB-2 17.6 136. 6 62.5
5 A A AT RE W 2 AR o o B 38 o A T 4 ARk SUCB-3 10. 1 89.7 41,9

SR T 2L . H T AT R R Al B A ARE P
TR + B AR I 320, AE 2 P AR T T R H IR A g, AT .
o. 1y

M, = o @)
yC

Arpe M, HTFR AR T, S SR s o, S UHPC IR )5 v Sy SRR B8 4 ToU T 346 35 241
& AT T Y B

R 4 5 1R T H R O RS A7 #3 ARTEAHESKREML
WL gE A2 3 i, MWET B LIE H iR 8 Table 3 Comparison of cracking moment between
SHEEZEEY/NT 5%, R 62 SUCB-2 5it 1 theoretical and experimental results
2 SUCB-3 MK 50 32 SUCB-1 3K Ut . I 24 45 4 /% EY Lt B {H s/
SRR T 30. 3% R 65. 2%, S I H 5 W /GNem) /(N m) s
AFAE 22 5 B A B R A LT BT LU AR S o SUCE-1 37.86 36. 52 L. o4
b, n] AR e B E AN -UHPC 4058 280 F SUCB-2 48.25 47.58 1.01
A, SUCB-3 61.53 60. 34 1.02

3.2 BETEEITE
MR8 [ Y AR S HLFE 8 TE 8 W, BRI AR

O c+d
W= E () (2)
A,
pm:A' , (3)
My,
0T D

cr

Ao C MIIFI R IR R LG C, RIS i R 8 Cy M PF 52 I R R 8 o AR R T 5 ¢ D4

R RIRSE  ms d R B EAR  mmg B 9B SRR 5 o NI SZROANATEC AT A, AL D9 Gh1a A

I AR, A 2RISR RN s v, DR PRl N R A2 A A A A BE R s 1, O T SRE OB
HRAEAZ (25 0.4.0. 6 F1 0. 8 M BRATAR C P, ) I 448 5 B (8, IR L 530 B X HE L sk 4 s,

x4 HEFTETHEESKBEIL

Table 4 Comparison of crack width between theoretical and experimental results mm
SUCB-1 SUCB-2 SUCB-3
1 3
HH(E 155 {8 A 0 HHE 15 {8
0./1Py 0.10 0.08 0.15 0.12 0. 29 0.22
0.6P, 0.16 0.12 0.21 0.16 0. 35 0. 28
0. 8Py 0.18 0. 14 0.28 0.22 0.46 0. 36

i 2% 4 AT 20, 5 SUCB-1,SUCB-2 #l SUCB-3 2445 56 [ A E S EZ b b 1. 25~1. 33, F4 K
1. 28, IR ZE R X T 3 MR I 3R 2 & A7 2% W 4N 25 4k, 1T 5 2 4 BE 1% 1% 336 1 0 I T BE + 45 40 9
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(R 187 F7 5 Xof S 8% S B MR 3 L %o BEAC T 24 AR e A BIR V6 P o DR 2 4 58 B T S (B AN 3 TR (8 2 D

FHRHLIE (JTG 3362—2018)"% i 4 T 5 24 4%
Y B 5 TS E 22 R R OK L4 8 UHPC MR &R
HBOF R 2 RIATEIE B IEAX W .

#£5 UHPC HPMEE R
Table 5 Correction factor of UHPC

- c+d 1 2% SUCB-1  SUCB-2  SUCB-3 RSl

W, =000 (SR ) o)
PPN EN0.30 4+ 1. 4p,, 0.4P, 0.780 0.760 0.790 0.777
X, €, O UHPC MEME IE R KK 0.6P, 0. 790 0. 780 0. 810 0.793
AR 24 4 S o 1 15 2 3K (5) o 28 4 5 1 ) ,
0.8P, 0. 780 0. 790 0. 750 0.773

WEREC, AT EIH AT 45 R L% 5.8 1E 5 2 4%
T {E 0.783 0.777 0.783 0.781

To BT EAE S AE XS bW 6 s,

Fo6 HETETHEEESHKBEIL

Table 6 Comparison of crack width between the corrected and experimental results mm
SUCB-1 SUCB-2 SUCB3
R IEE I E R EE W E R IEE R E
0.4Py 0.078 0. 080 0.117 0.120 0.226 0.220
0. GP), 0.125 0.120 0.164 0. 160 0.273 0. 280
0.8P, 0. 140 0. 140 0.218 0.220 0. 359 0. 360

i 2% 5 A1, 45 22 W A0 Fr 452 UHPC MPRMEIE R C, 297 0. 78, M3 6 IA K 248 58 115
EFRLL 0. 7S B ERE G ITBEBFESIKBMEZ N 0. 975~1. 027 , W) SRR UL 100% . HI BTG
v g 5 TR A R DL 0. 78 SRIT R IR FE-UHPC 4 & 52 004 X 24 4% T8 1 3 4y

4 i
W 3 % R A R UHPC 324538 40 76 B0 78 T8 4N 46 247 I SR X S BE RAE AY ) 8L, B AR 3 AR R

B I I R 5 b‘ﬂatﬁf”%k%%ﬁ&%ﬁ%m&‘ﬁ%mﬁJ%@Juwﬁm~
1) FER TC A7 256 X B AR 244 R R i 0 36 T T A9 R o A G L SRR IR Sk &2 L Sk R B /N L S
P % 4 H e K48 90 /N 458 R R R g8 . T RN 3 00 2 06 M 50 S AR 45 T BC A % 1 00 Yk
oy G2 1 T 2445 4y A 4 i T 65. 2 26 R 30. 3%,
2) RIS A7 Sy G FE AT 43 o M Y B 3@3&@[&&%@%5"& 4 5k B3 50 T T BB A A2 9 A B 7 2K
I 300 2 I A A T PR IR, U W 0 S L A8 I AR 4 G B HLA R AT B RR AT BE ) RS A A
3) 4 UHPC #EHE IE R mH 5357 . 1 @W‘E%;&ﬁ 0. 78 MR HE ML (JTG3362—2018) Hfr 2 5% 5 i 1
SN e DME IE ZR 8 2448 58 FE e (A S5 0 (E W) & BE 23 10020, v] DL R H R4S IR A -UHPC 4 & 3
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SE WK

(1] 2. 2 FHHEaRE L (UHPO A T &EL]]. ®E £ 5 KRH % ,2022,4(4) :25-28.

WANG Hui. Review of research on ultra-high performance concrete[ J]. China Concrete and Cement Products,2022(4) : 25-
28.

(2] 4P28 0, 2 AW, XiF&HE. 5. BHHRERE L (UHPO A KR ALZR[T] RE L AKRH &,2021,909):1-4.
ZHONG Yunwei, WU Yongkui, WEN Xugaoyuan.et al. Summary of research on basic performance of ultra-high perform-
ance coagulation[ ] ]. China Concrete and Cement Products,2021,9(9) :1-4.

(3] Fher i, G2, R HMa R L E AT L R[] A FH AL T42,2018,18(20):184-199.

SUN Shiguo, LU Yanpeng. Research progress of ultra-high performance concrete at home and abroad[]]. Science Technology



B UL A | T 2 6 AR - U HPC 416 B2 24 4 RRAE 1) 5% + 93

and Engineering,2018,18(20) :184-199.

(4] 2 &, &K, &4%,¥. UHPC 2L T 4EE A H 7 2 R[] 2% K F R A AHF ) ,2023,45(6) :70-76.
WANG Qing,DENG Jinlan,GAO Shuchang, et al. Study on the applicable calculation method of the cracking moment of
UHPC beam[]]. Journal of China Three Gorges University(Natural Sciences) »2023,45(6) :70-76.

[5] ZHAO Q,XIAO F,NIE Y.,et al. Behavior and design of steel-UHPC composite beams subjected to negative moment[ J/
OL]. Structures,2023,57. DOI:10. 1016/j. istruc. 2023. 105183.

(6] ¥ %, k. M-UHPC-NC 846 R §i F4E K & A WX B At [J] A R #3%,2021,51(1) :58-65.

LUO Bing.MA Bing. Experimental study of fatigue performance of steel-UHPC-NC composite beam in negative moment
zonel J|. Bridge Construction,2021,51(1) :58-65.

[7] LU W L,PENG W Q,ZHU L et al. Study on mechanical behavior of stee-UHPC-NC composite beams under negative ben-
ding moment[J/OL]. Case Studies in Construction Materials,2022,17. DOI:10. 1016/j. cscm. 2022. e01593.

[8] FENG Z,L1C X,YOO D Y et al. Flexural and cracking behaviors of reinforced UHPC beams with various reinforcement
ratios and fiber contents [J/OLJ. Engineering Structures,2021,248. DOI:10. 1016/j. engstruct. 2021. 113266.

9] & aed, 7 XA M-RASEERH A TR R LTI A%,2018,63(3):131-134.

YU Hongzhi, NING Wenwei. Research on concrete cracking in the negative moment zone of steel concrete composite con-
tinuous beam bridges[J]. Highway,2018,63(3) :131-134.
[10] BaRe, R Ak . 4A-R5 LA FFAEE AR T HAEGREAA]] LAARKXFFHRERAF IR ,2021,
40(2) :51-59.
YAN Yonghong, DENG Peng, HOU Hetao. et al. Experimental study on shear resistance of bolt connector in steel-concrete com-
posite beam[ J]. Journal of Shandong University of Science and Technology (Natural Science) ,2021,40(2) :51-59.

[11] REZ, RH 2 XM, F R RN LM S BB AT L AAE K F FIRCE KA FR,2020,39(5) :41-47.
ZHANG Xiantang, YU Hui. QIN Wenbin, et al. Sensitivity analysis of structural parameters of steel box girder cable-
stayed bridge[ ] 1. Journal of Shandong University of Science and Technology(Natural Science) ,2020,39(5) :41-47,

[12] SR K& K MAME, 20, 5. K T ANSYS 9 /& -F 48 R AR A NS4 w B 7 RARALAF R[]0, L AAHE R F 2R RAFRM),
2014,33(4) :58-64.

ZHANG Xiantang, HUANG Jinmei,ZOU Peng,et al. Scheme optimization of reinforcement of flat box girder bridge with
bonding steel plate based on ANSYS[]J]. Journal of Shandong University of Science and Technology(Natural Science) ,
2014,33(4) :58-64.

[13] FXh. &k, 7E.F. M-UHPC oML T Hate XA )] £ K T4 %K ,2015,48(11):93-102.

LI Wenguang, SHAO Xudong, FANG Heng, et al. Experimental study on flexural behavior of steelUHPC composite
slabs[ J]. China Civil Engineering Journal,2015,48(11):93-102.

[14] BR0 &, F %% F45, % M -UHPC 2 2 20 540 @ 45 X e & JL 28 58 2 A ()], 2 A 242 5 4,2019,52(3) :61-75.
SHAO Xudong,LUO Jun,CAO Junhui,et al. Experimental study and crack width calculation of steel-UHPC lightweight
composite deck structure[ J]. China Civil Engineering Journal,2019,52(3) :61-75.

[15] WANG Y.CAO J H,SHAO X D,et al. Flexural behavior and crack width prediction of UHPC-steel strip composite decks
under sagging moments[ ] ]. Engineering Structures,2023,293:1-14.

[16] ¥ £.4-UHPC 2 M oM@ h P HAER L LR A LB E[D]. ¥ . ¥ d K $,2021:61-75.

LUO Jun. Research on mechanical performance and crack width calculation theory of stee-FUHPC lightweight composite
deck structures[ D]. Changsha: Hunan University,2021:61-75.

[17] il %, R 4. UHPC 2R T4/ R ab X B [J]. % RIE T X5 FI,2014,46(4) :87-92.

XU Haibin, DENG Zongcai. Cracking moment and crack width of ultra-high performance concrete beams[]]. Journal of
Harbin Institute of Technology,2014,46(4):87-92.

[18] o # AR, 3t A ) Z048 38 4y 36, AN 2640 A5 8% £ TR A7 3R 8% £ 45 % 3% 3 MLFE . J TG 3362 2018[S]. 47« A K il R
#t,2018.

Ministry of Transport of the People’s Republic of China. Specifications for design of highway reinforced concrete and pres-
tressed concrete bridges and culverts:JTG 3362—2018[ S]. Beijing : China Communications Press,2018.
(=% B HR)



