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Study on the bending performance of circular
hole castellated steel reinforced high strength concrete beam

MENG Ercong'*, SU Yisheng®. QIU Xiuli*, Pl Yundong®, XIAO Zulin*

(1. School of Engineering and Technology, Southwest University, Chongqing 400715, P.R.China;
2. School of Civil and Architectural Engineering, Guangxi University, Nanning 530004, P.R.China)

Abstract: To study the bending performance of circular hole castellated steel reinforced high strength
concrete beam, we designed four specimens, and then carried out flexural loading test. The results mainly
show that the loading process of specimens can be divided into elastic stage, elastic-plastic stage and failure
stage. During the loading process, the beam does not crack prematurely. And after yielding, the beam still owes
high safety reserve. All the deflection value of specimens are beyond 14 mm when damaged, far surpassing the
specification limit, which means that the beam has good deformation performance. Based on the test results,
software ABAQUS was used to analyze the performance of specimens with nonlinear finite element method. And
the finite element calculation results agree well with the test results. Based on the foundation, we used software
ABAQUS to expand the analysis. The results show that the steel and concrete strength both have little effect to the
initial elastic stiffness. With the increase of steel and concrete strength, the bearing capacity of specimens will
gradually increase and the ductility coefficient will gradually decrease.

Keywords: circular hole castellated steel; reinforced high strength concrete beam; bending performance;

experimental study; finite element analysis

Wi HE:2017-02-09

EE&WHE: HFEHRRBFREA T E (51468003) ; P /g K2 W+ 5 4 Y B 5 B (SWUL16071) ,
Supported by National Natural Science Foundation of China (51468003) and the Doctoral program of
Southwestern University(SWU116071).

EEB N % N 1990—) B Wi, FENFR G IR B 45 4540 % J7 10 B 5E , (E-mail) 465800521 (@ qq.com,



%94 FOAF ABALEZAMSBRRE LR T TRENT 31

WA 5 TR A A E T 3 2 H TR AN s T 0 R AR e T Y IRk s R AT D) B L AR S T R A AL AR
B e — R B A B R 0 B FL B A S I8 SR | B 5 R 1 R EG B R D R e L R AR T i
SRAMCTEYF 2 Kk B G R R X G 0 s AL 1 1 F T AR A e (H A T 2R
U, W er TR AR i i TR B R A R A R iR TR R R 1 S R Ok 11 — o B 4 A T X 7 0 s T AN
o R VR RE R 0 TR v FL AR 9 A A TR b S TR AR O, 2 S O R L T DA AR T
VB IR BE 1 22 [) 1 e 45 o 388 00 V9 257 0 %) Kt 245 50 B 1338 PR A TS O = 245 F 7 A2 0 2ok R o B0 %) s 5 i A% TR
G20 DT PR b b ek 0% T A o b ) TR . 2 A X N T L e v R A R R TR O R 1 ) 2R M BE A
THISERETE BT RIE T 4 ML IR LM 5 R A R i TR R R 6 LR AT R 5, TR A R T
HEAT B0 TIE B H0 2 4 AT Shy e o AR A0 5 5 T R - 2 ) A OGBS F T M TR B PR S
1 RIEHER

PRI AE BT 5T SR 22 BV BRI T4 AR R R L s R s TR R R IR R K R 2 m, it
BN 1.8 m, Wess BRI R F RS o 112 /9 Q235 B E4T 95K J5 I Tl 75 1 B2 35K Ee 38 1.4 iR (0 B35
5 Ry 1,94 5 A >R A ¢6@200 mm, 257 ff >R F§ HRB335 2L E A28 10 mm (4K A« ol 4 i A G i H 28K
LR 1,18 1 R YEY-1 /9 RE R Be i 1 1 2 Sk il 1 58 A i) e 3 70 0 R R 1

®1 R#HigItsH

Table 1 Specimen design parameters

g 5 o R A 2R/ mm A JCPL Y i FLAR TR Ak
YFN-1 200 mm X 350 mm 50 Jc RN
YFY-1 200 mm X 350 mm 50 H [ L,
YFN-2 200 mm X 350 mm 90 Jc BN
YFY-2 200 mm X 350 mm 90 H e
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Fig.1 Size and reinforcement figure of YFY-1 Fig.2 Castellated steel skeleton
U N A8 B AN A 3 BT L 1. RAOBA&
T A3 BE SR A 28— % TR 4 | Ez TR
. N 5: HAR 3: SR
A 7 3 < A0 4 I B, R A ' "/5/4= nRR
A I E LN 50 kN, 45 9 £ 4 6 7: JKFE
Fa 38 2~3 min J5 BEEC. T /5 #EAT N \\6: yw s /
B Y i 855 %) 0.80P, ~0.85P,
(P, i P 18 W 08 0 400 75 45 R 1
MBS AL R 5 7 B 1 & B3 mEKETEE

1 mm, HEiXEEE . Fig.3 Loading device schematic diagram



32 TRKXKFFR H 40 &

2 EFERELSR

2.1 WREES5ERE
A AT 3o K T 45 T A T B R 3o R A 0L 3 T 2 A L T R A A 0 O A
TR T A B B 7R 19 1 2R/ 5 M A F 0.17P, ~0.25P , I 7585 T F 33 2% M4 BRI /IS 1 158 [ S5 L B
5 B K SRR R T 2 0 1) L (AR R O I T 2 B R AR 1 2 R A 1 R R A 1 %
1 5 25 767 R0 40 0 000K L B R T B 2 938 A = L= e i 12
e R ] bR R S BGAE] 0.4P,, ~0.55P,, it of 4
By T OW N r B4 S AR S B9 4% 1 BE A N
80~130 mm; X4k F] 0.80P,, ~0.85P,, B}, s
A BN M B A 9 4 A 2 5 B 1 R 1 s
BT B R T b 30 VR B T W L 3 T

i e o e p . WA AT SR b) R R g

Vi M5 AR 0 e 2 B A L 0 (a)BEIREEHE (b)RES i

4 R YEN-2 iR SR 8 L B 5 ik 2k 4 YFN-2 B

%;ﬁ}aﬁg%g‘%ﬁﬂ:@o Fig.4 Failure model of YFN-2

1E T f ///f 5 = IE /"‘(\}_ R T 1E //“‘\”\ b 1E /‘\1")* v

B ARG ] /f T L AT Tl Ay DT
4 T WYY e 7 1 A D € viREVINLY N

/ INTIN N 2k mi(N 1} | i
H \ [\ R EAY # A4V RN H V'\y ‘/;’K‘ \ H | J/l‘}.“f\
L TR \\‘d“ 1l Urw” i) L] :?\‘/\:\\\ [ (w’\ﬁ;‘) \\‘
(1)YFN-1 (2)YFN-1 (3)YFN-2 (4)YFN-2

Bs5 BAHMBEREHRERTE
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Table 2 Measured crack, yield and bearing load value

TT 2541 2% Jit e A 28 LS IR TR

KA g 5 P./kN P./kN P. kN P./P, P,/P,
YFN-1 72.4 296.3 384.8 0.19 0.77
YFY-1 74.6 312.1 393.4 0.19 0.79
YFN-2 66.3 279.7 351.7 0.19 0.85
YFY-2 70.0 285.5 356.8 0.20 0.80
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Fig.8 Bearing capacity of specimens with different shear connection method
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Fig.9 Bearing capacity of specimens with different protective layer thickness
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Tab 3 Measured yield deflection, extreme deflection and ductility coefficient of specimens

45 Ji B2 B Ay /mm WREREE AL/mm TEVE R u
YFN-1 6.31 15.10 2.39
YFY-1 5.41 14.12 2.61
YFN-2 5.40 15.45 2.86
YFY-2 5.27 19.90 3.78
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Fig.13 Failure model comparison figures
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Tab 4 Bearing capacity and ductility coefficient of specimens with different steel strength

e IR W i AR IR i
W S E: i 288 E7113 R 2%
RE u
P,/kN P../kN A, /mm A,/mm
L—f,—225 271.2 347.3 3.34 14.51 4.34
L—f,—275 301.1 366.6 3.65 15.40 4.22
L—f,—315 324.4 382.1 3.84 15.52 4.04
L— f,—345 335.6 390.4 3.95 15.46 3.91
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Tab 5 Bearing capacity and ductility coefficient of specimens with different concrete strength

W F i 4 2 WEe {757 4% JiE W 1 B2 W pe e

45 P,/kN P, /kN A, /mm A,/mm SRR

L-C40 310.7 354.9 3.69 17.8 4.82

L-C50 324.4 382.1 3.84 15.52 4.04

L-C60 339.2 405.0 4.09 13.0 3.18

L-C70 352.2 432.2 4.60 10.34 2.25
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