B33 A1 VL3I 1 2 24 R CA AR B2 JD Vol. 33 No. 1
2024 3 H Journal of Jiangsu Ocean University (Natural Science Edition) Mar. 2024

DOI:10. 3969/j. issn. 2096-8248. 2024. 01. 014
I 554 5 T R B R MR IR IO B T

wORLE

%
o

RME K2 EARTR2ERE LT HM 21501D

W E.ATHARS MG R L LRSI RS IE HA R IEA A%, X 2 A M
Mok LM AN S KRS 5 AN A A R E 4 MRS B GKIE, 5 AT RS JE AR A ] JE XF v A
M RBE L EMBR T ARG Yn, KBS REN T A WAL RE L EMRMHREL SR
W, SRR AR CIEN K. @ HAHRE LSRN ERARR AR, A EXBFR
Aah b FEARSIE M AR FE M A A IE M AREN YR, LT WA RS KRR AT E
BRI Fa it oK, FAL L KL D & B AT, 2 v 5 ML A6 Rk L 45 M et ot R T BORAIRIE
KEIE A B R W F LA RS AR AR B A R A R

FESES . TU3LT XHERARERD A T E RS .2096-8248(2024)01-0107-08
SR AR, EXR O RELENBOERBEREART[J]. ZTREFRXFFZRAR
A58 ,2024,33(1):107-114.

Experimental Study on the Eccentric Pullout Performance of

Four-bar Reinforced Concrete Structures
XU Cheng, TANG Xingrong
(School of Civil Engineering, Suzhou University of Science and Technology, Suzhou 215011, China)

Abstract: In order to study the eccentric pullout performance of multi-bar reinforced concrete
structures, two axial pullout tests of four-bar reinforced concrete structures and five eccentric
pullout tests of four-bars reinforced concrete structures were carried out by using the eccentricity
distance and the spacing of the reinforcement as parameters, and the effects of the eccentricity
distance and the spacing of the reinforcement were analyzed on the pullout bearing performance of
the four-bar reinforced concrete structures. The test results showed that composite damage oc-
curred in all the four-bar reinforced concrete specimens. When other conditions were the same,
the pull-out capacity of the four-reinforced concrete structure decreased with the increase of the
eccentricity distance. In addition, on the basis of the experimental study, the calculation model
and calculation formula of the eccentric pull-out load capacity of four-bars reinforced concrete
structure were established by considering the effects of eccentricity distance, reinforcement spac-
ing, reinforcement edge distance and reinforcement depth, and the calculated values were in good
agreement with the experimental values, which provided a technical basis for the design and cal-
culation of four-bar reinforced concrete structures.
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Table 1 Geometrical dimension and reinforcement of each specimen

= O it > B A3 18] 1 HLA TR JE ChERES BEfLE AR

LS e,/mm s/mm [,/mm d/mm D/mm
PB1-6d 0 0 120 20 26
PB1-8d-1 0 0 160 20 26
PB1-8d-2 0 0 160 20 26
PB4-s100-8d-¢,0 0 100 160 20 26
PB4-s100-8d-¢,50 50 100 160 20 26
PB4-5100-8d-¢,100 100 100 160 20 26
PB4-s150-8d-¢,0 0 150 160 20 26
PB4-5150-8d-¢,50 50 150 160 20 26
PB4-5150-8d-e, 100 100 150 160 20 26
PB4-5150-8d-¢,125 125 150 160 20 26
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Table 2 C35 concrete mix proportion

kL £ B b il HAS A/ (kg e m™ )
A+ 5~16 1 000
i b 713
7K e P.0 52.5 285
FEAIK K 180
Ah PC-1 6.97
IR I % 50
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Fig. 1 Geometrical dimension and reinforcement of each specimen (unit: mm)
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Table 3 Properties index of HM-500 anchoring adhesive
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Fig. 2 Schematic diagram of loading setup
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Fig. 3 Final destruction form of single planting bar specimens
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Table 4 Main test results for each specimen

LT ¢,/mm s/mm l,/mm P /kN P s /kN ¢ P,./kN  IRIES
PB1-6d 0 0 120 / / / 120.0 R 2N
PB1-8d-1 0 0 160 / / / 133.0 AR
PB1-8d-2 0 0 160 / / / 145. 0 HEWIR
PB4-5100-8d-¢,0 0 100 160 117.00 117.00 1.000 234.0 HEBIR
PB4-5100-8d-¢,50 50 100 160 201.79 38.21 0.189 240.0 AR
PB4-5100-8d-¢,100 100 100 160 236. 96 33. 04 0.139 274.0 CRER 137N
PB4-5150-8d-¢,0 0 150 160 165. 25 165. 25 1.000 330.3 HEWIR
PB4-5150-8d-¢,50 50 150 160 162. 75 40. 25 0.247 203.0 AR
PB4-s150-8d-¢,100 100 150 160 208. 14 35. 26 0.169 243. 4 AR
PB4-5150-8d-¢,125 125 150 160 167.01 29. 89 0.179 196.9 CRER 137

2.1.2 wpARAEE R T T A I A

A O B IR B G Xk U iy A A 41 B 4 AR



%13

TR A - DS A T IR e A O 1L A RE I R BT 5 111

1145 CULIEL 4) . Q@ g 5 30T i 0> T (9 — 00 A1 757
O FN@ Iz 5 fi > 1 9 — DAL A3

o D
OQ I90)
W IE
@O o 9l6)

B4 HEHHESTE

Fig. 4 Schematic diagram of planting bar numbering
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Fig. 5 Final destruction form of axial pullout specimens
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Fig. 6 Final destruction form of eccentric pullout specimens
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Fig.7 Load—displacement curves for each specimen (P—4§)

2.3 WEWABEADWH

Bl 8 5 Tl R E AT 2 P, 5RO e,
IRFR(P,,.,—e,). HE S AU, 2 A5 m K %=
A ) B el 455 5 A %) o R R 2R T 2% B A O R
O NI VA

S SCITC 5 i O — AT 357 40 53 4 AR 28 4 ikl &R
B @) At B A O — AN AR ) Py SR O
— AN A AR TT P PILGAE Bl @, =P /Py .

P19 25 7 378 5 i Lo — 000 A 55 5 7903 7 4K 7 3 )
PR R @, 50w 0 BE R ELAR A EUAE e /d R
FiMhd., MIEMLELE (R =0.984 5) Al 14,

:( 69— 152)e—°+1 5
e1=(0.016 9% —0.4 FRal

3504
300 .

Z 250 \-¥0_
52001 . .
&2 1501
iE 100+
501

00 2IO 4I0 6IO 8I0
e, /mm

8 ZHiRGEHERULEXREWPL,,—e)

Fig. 8  Relationship of load and eccentricity for each
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Table S Comparison of test values and calculated values for each specimen

f/ ./

’ al
n'Pui/ PR/ P/

O P N o o, 4 9. o N P /P,
PB4-5100-8d-¢, 50 2.85 11.17  0.255  0.731  0.960  1.000  281.2  247.7  240.0  1.032
PB4-s100-8d-¢,100  2.85 11.17  0.096  0.731 0.960  1.000  281.2  216.3  274.0  0.789

PBd-s150-8d-¢,0 2.85 11.17  1.000  0.808  0.960  1.000  281.2  436.2  330.3  1.321
PBA4-5150-8d-¢, 50 2.85 11.17  0.255  0.808  0.960  1.000  281.2  273.7  203.0  1.348
PB4-s150-8d-¢,100  2.85 11.17  0.096  0.808  0.960  1.000  281.2  239.1  243.4  0.982
PB4-s150-8d-¢,125  2.85 1117 0.195  0.808  0.960  1.000  281.2  269.8  196.9  1.370

4 it

(1) D A 307 TS 35 - 45 R P AR B 3R 18 o 5 5
I o LA o 4 A S A A TS X R S AR 0 T
— 0] A R TR KT O S A 0 1 — D Y B 3R
HETH

(2) A 2% 4 A8 [ B D A7 A A7 38 14 %) hr 4k
TR K 74 it 2 i L B A 8 KT D)

(3) FEIR I A I B9 FERE -, 2 58 i 0o B LA A7 1)

P AL 0 B A R R B S S ST T R A A TR
15k = 25 A8 i O 07 4 R 3800 T SRR T A58 2 5 i
PORBIHAE S IR AW & R4 ] UHR 5
VU A3 A3 TR 45 - 45 A i O SRR KT

SE

(1] RER.REE AWM AR X TAEMRR MDD W
%GR FHE R %, 2000.

(2] sk B RE T, 0 CEM, 55 TR B 4 R 377l 1 44 B 1
FEHE LI AR EA ,2023,39(1) 1 37-41.

(3] JAHTRI, Tt 3k . i o0, Y 8 4 e A9 il 61 B B 7R 2% R



114 VLI VE I 2 R B AR B2 D 2024 4 3 H

J14rpil)]. TR J1%,2002,19(6) : 82-86. 88-91.
(4] ARk, B9 A5 5 B 65 b AL J3 B8 T 6B 43 Br (T 0. (110 P, BRUE 24, 2 250, 55, B0 73 TR € - 495 g UL 73 At 5
FAR SR, 2012,32(11) :14-15. 114 i P R S A [0 . Tl 5, 200636 (2) 1 98-
(5] ral#E . ok B0, 70 90 i VR 6E 1 B A4 b J3 1 iz 403K 0 B 100.
FE[J]. @R A ,2003,34(6) :442-444. (120 HRGe5e. 6 IR 2 FIAR 7 40 XoF Ak 25 AR A5 ¥ 45 200 1)
L6 =AEMABEYN S, TR . )5 4l B b 2 A8 W 32 hi R 48 00 3 s [J]. BHER R 2014, 29(4) 1192,
BRI A TR, 2007,23(2) :97-100. (130 R, fh 248 5 2 8 T e R 4 2 P g il I A 5
[7] COOK R A. Behavior of chemically bonded anchors [D]. L. R H K4, 2006.
[J]. Journal of Structural Engineering, 1995, 119 (147 Wk, 1R EE 1+ 454 b 24 0 A BERS R N iF 52 [ D], 47
(9): 386-388. M K7, 2007,
[8] WANG Chiping, WU Shengmin. Tensile capacity of [15] 50 =0, 48 57 /. TR 458 1 M A3 T 06 sk g 3036 23 17 [T .
post-installed rebars in concrete structure [J]. Ad- W TF2,2014,46(1):129-131.
vanced Materials Research, 2011, 15(6): 255-260. C16] X ZE. VR B 1 A 5 45 1 RG 45 5 151 2 68 Y 3k 36 8F o
[9] QIAN Zengzhen, LU Xianlong. Experimental investi- [D]. 75 TR M B k22,2019,
gation of the tensile capacity for anchor groups with (1770 2= NI, TR e A 7 245 F) 22 A A 17 i (] 200 I ) 3k 26 F 5%
different spacing between cast-in-place headed anchors [D]. 75 T M B4 K2, 2021,
of high strength and deep embedment[]]. Arabian (18] JE24o6, B X4, 5. S AL s BL s sk 2 1 .
Journal for Science and Engineering, 2019, 44 (5): 201921401297, 7[P]. 2020-06-16.
4745-4755. (197 HE% . FE26OR. 25 ] §0H0 SR BE + 3% 20 98 19 25 4 5
L10] A7 55 AR AN ARV . YR BE 1 465 1 1) UL J37 K 4% il [ 2k i A PERELT . VL9507 R 2 2 4 CH AR FL 24 RD , 2022,
IR FELT ], BB R A 2A4R CT 4 0D 2003, 36 (2) 31(3):49-56.

(FAEp 8. et I HHE.KIIB

R T R e T T e T
‘ %
‘ 3@
: :
: R ) :
: :
%. Shy i B A B A B R ST 2 A ) A SR A R AR R S TR AR BRI TT AR :z

iVﬁ%%%%ﬁiﬁ%ﬁﬂﬁ@ﬂﬁﬁ%%ﬂﬁ%%Jﬂ%ﬁﬁﬁwﬂw*E?ﬁ%ﬂ@ﬁ%@w*ﬁ
$E%ﬂmmmE%ﬂﬁ%ﬁ%i%%ﬁ*Eﬂﬁ%%ﬁ%%ﬁﬁﬁ%m%¢&ﬁ%ﬁﬁ@ﬁ%fﬁﬁ&
%ﬁﬁ@ﬁmﬂ%&ﬁﬁﬁﬁﬁﬁ¢®%@ﬁ%kﬂﬁém¢iﬂﬁ%ﬂﬁ%%%#ﬁﬁbﬂ*ﬁ%ﬁ
¢ AR SR OB AR RO D 30 ) 199 ) e 27 AR S0 R 2 T A 25080 20 ) vl R 38 ) G 388 ) 30 P ) LA BT 3
%ﬁﬁ%—fﬁ?%%ﬂﬁ%$iﬂ&%ﬂﬁﬁ@%ﬁi%%%ﬂJﬂW%UW%ﬁ%ﬁ%KE%ﬁﬁm%
AL AR IESCIR R B S . FLi AR T BERR (8 R R A2 25 L T B 4 A 11 RSB O B Hh RO (L4 1R 2
§§ AR T ARRRE B G AT A5 I D00 455 2 B8 40 2 L 45 A R Tl T 11 sk AR BTN A 0 Sk B R
i%ﬁﬁﬁ%%%ﬂﬁm%%&ﬁﬁﬁﬁﬁmJﬁ%ﬁiﬁom%%@%#%%&@ﬂﬁ%%%%%ﬁ

¥ EALEE, B
:
% YL IR P22 R CA SRBE A RO ) 4 48 3 ﬁ
" ::Q
¥ s

B L L I S I N RSt





