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Study on Uniaxial Tensile Test of Half Grouted Sleeve Connection
with Axial Eccentric Rebar after High Temperature

ZHANG Wangxi'*", WANG Jia>, ZHAO Xuetao®, LI Jingxian®, LU Lixing®, CAO Yadong’
(1. Hunan Provincial Key Laboratory on Diagnosis for Engineering Structures (Hunan University ), Changsha 410082, China;
2. College of Civil Engineering, Hunan University, Changsha 410082, China)

Abstract: In order to study the uniaxial tensile behavior of half grouted sleeve connection (HGSC) with axial ec-
centric rebar after fire, uniaxial static tensile tests were carried out on 48 HGSC specimens. The effects of rebar axis
eccentricity and high temperature on the mechanical properties of post—fire HGSCs with different rebar diameters are
studied, and the engineering opinions are given combined with the existing research. The results show that: post—fire
HGSCs with rebar axis eccentricity mainly exhibit rebar fracture and rebar pullout failure. With the increase of the
axial eccentricity ratio of rebar and the peak temperature , the transformation from rebar fracture to bonding failure is
more likely to occur; Rebar axis eccentricity further affects the connection performance after high temperature. The
force of HGSC with axial eccentric rebar decreases to 94% of that of the corresponding specimen without defect at

most, and the slip increases to 173% at most; It is suggested that the influence of fire temperature and the axial eccen-
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tricity ratio of rebar should be considered in the design, construction, post—fire performance evaluation and repair of

HGSC and PC structure with this connection. It is required that there is no rebar pullout failure and obvious bond-

slip between rebar and grout. Welding can effectively solve the problem of poor thread processing quality.

Key words: half grouted sleeve connection (HGSC) ; axial eccentric rebar; uniaxial static tensile test; high tem-

perature ; failure modes ;reliability
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Fig.1 Sketches of HGSCs (unit: mm)
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Tab.1 Dimensions and information of specimens
etE R W /C MR /% M
d/mm  L/mm  d/mm  d/mm  L/mm  L/mm

GT14-CEN-T-1,2 25,300,600 0 14 120 25.0 34.0 155 25.0 E1(b)

GT14-0OFF-T-1,2 25,300,600 50 14 120 25.0 34.0 155 25.0 E1(c)

GT18-CEN-T-1,2 25,300,600 0 18 150 30.5 40.0 193 25.0 K 1(h)

GT18-OFF-T-1,2 25,300,600 50 18 150 30.5 40.0 193 25.0 K 1(e)

GT22-CEN-T-1,2 25,300,600 0 22 180 35.0 45.0 230 38.5 K 1(h)

GT22-OFF-T-1,2 25,300,600 50 22 180 35.0 45.0 230 38.5 K 1(e)

GT25-CEN-T-1,2 25,300,600 0 25 210 38.5 50.0 256 415 K 1(h)

GT25-OFF-T-1,2 25,300,600 50 25 210 38.5 50.0 256 415 K1(e)

e AL 6 MR, AL G5 L CT14-CEN=T=1, 2" MBI T3], “CT” /s HCSCAk A, HF B0 “ 147 Fon E R B4R, “CEN" &
TR AT CCOFF” R A0 6k 509% ) 5 “T7 37 W20 4T A0 B fie B TR, 43531 8 25 °C 300 °C 600 °C., BRI XS R 2 AN, 175

VTR DO . d AN AR s d N TRTAAR d, NS TRTAME.
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Tab.2 Mechanical properties of rebars

s/ RS, iR BRI
MPa MPa TR =/%
14 509.8 657.7 7.8
18 517.4 662.5 7.5
22 502.2 631.8 7.9
25 476.8 605.1 8.2
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Fig.2 Temperature controller and heating furnace
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Fig.3 Temperature control curve
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Tab.3 Results of post—fire HGSCs

. F/ A/ F/ A/ S/ WK
ENiE R ! ! . ) i -
kN mm kN mm mm R

F./ A/ F A S/ BER
IANEE Ao ! ! ! ! ! e
kN mm kN mm mm AR

GT14-CEN-25-1 7468 040 9239 981 435 I
GT14-CEN-25-2 78.16 039 9339 945 3.99 I

GT14-CEN-300-1  77.56 0.51 94.16 11.76  6.98

= =

GT14-CEN-300-2 7295 049 90.16 1238 7.60
GT14-CEN-600-1  75.58 0.57 9292 16.61 1260 I~
GT14-CEN-600-2  76.08 0.59 91.58 1508 11.07 I~
GT14-0OFF-25-1 7329 043 9239 11.62 6.16 I
GT14-0FF-25-2 80.56 0.42  96.76 1021  4.75 I
GT14-0OFF-300-1  78.59 0.53 94.01 13.68 8.90 I
GT14-0FF-300-2  78.88 0.48  93.87 14.89 10.11 I
GT14-0FF-600-1  75.34 0.56  90.58 18.98 1497 1
GT14-0FF-600-2  76.06 0.61 91.53 1836 1435 1II°
Il

GT18-CEN-25-1  133.19 0.48 164.85 1492 9.67

GT18-CEN-25-2 12743 0.52 159.44 17.51 12.26 1
GT18-CEN-300-1 125.10 0.51 156.48 19.70 13.59
GT18-CEN-300-2 126.25 0.59 156.50 19.68 13.57
GT18-CEN-600-1 115.24 0.52 151.23 10.29 4.79
GT18-CEN-600-2 112.03 049 153.16 1098 5.48

GT18-0FF-25-1 139.38 0.52 16094 16.51 11.26

= = =2 = = =

GT18-0FF-25-2 13398 045 156.76 17.73 12.48

—
%

GT18-0FF-300-1 128.14 0.53 161.34 20.31 14.20
GT18-0FF-300-2 129.75 043 160.67 21.24 15.13

GT18-0FF-600-1 106.16 0.51 146.23 11.04 5.54

= =2 =

GT18-0FF-600-2 107.21 048 150.67 11.87 6.37

—

GT22-CEN-25-1 21844 0.59 23999 1598 1045
GT22-CEN-25-2 17985 049 22685 1330 7.77 I

GT22-CEN-300-1 179.24 0.71 231.57 1491 995 I

—

GT22-CEN-300-2 181.35 0.64 227.89 14.18 9.22

GT22-CEN-600-1 177.26 1.10 227.18 11.45 8.4l

= =

GT22-CEN-600-2 179.29 0.88 22291 958 7.13

—

GT22-0FF-25-1 17829 0.52 227.69 1841 12.88
GT22-0FF-25-2 184.21 048 23046 15.62 10.09 I
GT22-0FF-300-1 182.86 0.67 231.40 20.72 1576 1l
GT22-0FF-300-2 180.89 0.78 229.15 21.10 16.14 I~
GT22-0FF-600-1 176.86 0.87 224.85 14.29 11.59
GT22-0FF-600-2 177.55 0.76 22234 14.17 11.79

GT25-CEN-25-1 24586 0.68 315.18 16.32 10.58

= = B B

GT25-CEN-25-2  243.14 0.61 291.27 19.08 13.34

—

GT25-CEN-300-1 224.55 0.71 284.67 17.06 12.28
GT25-CEN-300-2 241.20 0.75 309.20 14.85 10.07

GT25-CEN-600-1 231.16 1.03 278.06 20.75 16.74

=E = =

GT25-CEN-600-2 243.48 0.95 298.29 20.09 16.08

—

GT25-0FF-25-1  229.84 0.52 287.87 18.59 12.85
GT25-0FF-25-2  246.71 0.61 310.69 19.73 13.99 I

GT25-OFF-300-1 234.58 0.78 312,51 23.73 1895 1~
GT25-0FF-300-2 239.76 0.73 305.16 24.52 19.74 1~
GT25-0FF-600-1 221.06 0.78 295.16 20.30 16.29 I

GT25-0FF-600-2 226.64 097 27345 20.00 17.03 I

T F (F)RIA(A,) 3313 7R il e HGSC T i (Al B ) A
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Fig.5 Failure modes of post-fire HGSCs
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Fig.6 Ratio of force affected by temperature
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Fig.11 Performance evaluation results of post—fire HGSCs

4 & it

1) B[] 32 P01 15 ek i 80 79 4 0 1) HGSC
T A A PR IR S PR YR . R R R A A
R AU 0 2 2 %) O A XS iy 0 A505  DR 7 A R
AR, LIS M i 0 A AR e R RS R

2) KA R IR A HGSCOXYE LA 2 3 A
T RN A7 22 1 T R 3% e v FH A R B ) (JGJ 355—
2015)" 1B S A AT TR IR LA AT A e ]
A BRI RS0 HGSC, L I 2 A A b 28 A o R s
TR, M H AR G 20K, il I A TR
XF HGSC % 25 i% % 12 1 PC 45 M R AT B0t T2 9 e
PEBEPEAG 550 [ B, 25 1 I I B 55 B 57 il £ g
FEBE (R 520

3)1E HGSC MR S vy it 47 K4 W] LU S5 e R
i I T 0 e AR (1% ) 8 it G 1 0 Wi 22 R

4)ZE A 300°C HIR)E , HGSC Bk #E 11 A Z iR
JEE TN 7 51 42 O R 52 ) 5 600 “Cos it i, HGSC Y 7K

1 B A B R O B R RERS 22 . 600 C
1R it JE HGSC A Jee R R B for 28 B KR B = = 00 T
Xof 07 £ 28K 114 78% 1 93% , T it g 2E 38 17 114 Jesh e A
B 7 2 10— 20 e R e 28 T i g A3 A 6 07 i 28 71
949% F198%. HGSC 4 faf 2 52 /5y ifit A 2 it 00 FE 1Y 52
e, SN AR TC G .

5) 90 7 LA 23 52 ) e L HGSC AR SR =X,
T T 5 M 372 2 W P17 28T 1 A7 T A o, X AN A
LV R 1) 2 T T B S T O 8 T R T 4 K, X
AR B | TR R Aar 2 A0/ i RS 1 ]
FIE 7E T 32 205 v e I 3 T v T /)N L 2 600 °C R it
S MR AN AR EAR K 14 mm I, SRS IR AT 2R
(144K 3 T % i B K R S IR T 1Y) 284 %, i 1 HoAth
T 120 B i ] A AS BN i/ N = T
(49 47 %. 5 A3 At 208 Al o 255 18 RS v R 378 2 A PR Ay 282
AR I RS, R R N F TC B R 173%.

6) i Uik f HGSC (1) 45 50 5L 4SS k5 W 777 il 2k D
O FVEN Al AR T G, {HL i Ak 29 32 %) v T R A1
600 “Cfm it 5 1 HGSC ) &8 Ui ML it i KR [ 2
i T 49%.

27 3Lk

(1] /b, phige, B3 SRR AT R X 0 A S eI e e
TIVERER IR ISR RTIE L) ). L, 2013,43(14):77-82.
WU X B, LIN F, WANG T. Experimental research on effects of
grout age and types of steel bars on mechanical behavior of grout
sleeve splicing for reinforcing bars[J]. Building Structure, 2013,
43(14):77-82. (In Chinese)

[2] EINEA A, YAMANE T, TADROS M K. Groutfilled pipe splices
for precast concrete construction [J]. PCI Journal, 1995, 40(1):
82-93.

(3] ¥, sk, Bhhd . SR Y TRESORL 5 5 5 Rl 2 i i g o
FELT ] WIR R4l (A AARRARRD |, 2020,47(9) :69-75.
HUANG Y, ZHANG F, YI W J. Experimental study on bond
strength between sleeve confined grouting and steel bars[J]. Jour-
nal of Hunan University (Natural Sciences) , 2020, 47(9) : 69—
75. (In Chinese)

[4] LINGJH,ABD RAHMAN A B,IBRAHIM I S. Feasibility study
of grouted splice connector under tensile load [J]. Construction
and Building Materials,2014,50:530-539.

[5] LINGJH,ABD RAHMAN A B,IBRAHIM I S, et al. Tensile ca-
pacity of grouted splice sleeves [J] . Engineering Structures,
2016,111:285-296.

[6] LINGJ H,ABD RAHMAN A B,IBRAHIM I S,et al. Behaviour
of grouted pipe splice under incremental tensile load [J]. Con-

struction and Building Materials,2012,33:90-98.



59

SRR AP o 8 R R R 0 B ) A 19

[7]

(8]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

HENIN E, MORCOUS G. Non-proprietary bar splice sleeve for
precast concrete construction [ﬂ .

83:154-162.
ZHENG Y F,GUO Z X, XIE M. Behaviour of grout-filled splice

Engineering Structures, 2015,

under monotonic and cyclic loads[J]. Advanced Materials Re-
search,2014,1079/1080:322-326.

IBACUWE . GDPS IR RN A EHEHOR AT [ D], B Rt AR K
%, 2016:14-16.

ZHENG Y F. Research on rebar splicing system by GDPS grout—
filled coupling sleeve [ D]. Nanjing: Southeast University, 2016
14-16. (In Chinese)

IS TR O PR U - JGY 355—2015[S ). Jbnt. oy
Rl Tl i i, 2015:32-38.

Technical specification for grout sleeve splicing of rebars :JGJ 355
—2015 [S]. Beijing: China Architecture & Building Press,
2015:32-38. (In Chinese)

HUANG Y,ZHU Z G,NAITO C J, et al. Tensile behavior of half
grouted sleeve connections : experimental study and analytical mod-
eling[ J ].Construction and Building Materials ,2017,152:96-104.
XUTF,LI QW,ZHAO R D, et al. On the early-age bond—slip
behavior of an eccentric bar embedded in a grouted sleeve [J].
Engineering Structures,2019,190:160-170.

MRafh, £, B, &5 BERE RO 32 4
PERE BRI E S EUEA [ ] LSS5 M 24, 2020,41(S2)
160-171.

CHEN ] W, WANG Z W, JU S L, et al. Experimental study and
numerical simulation on tensile behavior of eccentric rebar connec-
tion for half-grouted sleeve splice [J]. Journal of Building Struc-
tures, 2020,41(S2):160-171. (In Chinese)
ZHANG W X,DENG X,ZHANG J Y, et al. Tensile behavior of
half grouted sleeve connection at elevated temperatures[]J]. Con-
struction and Building Materials,2018,176:259-270.

ZHANG W X, LV W L,ZHANG J Y ,et al. Post-fire tensile prop-
erties of half—grouted sleeve connection under different cooling
paths[]] . Fire Safety Journal ,2019,109:102848.

ZHANG W X,HE C,ZHANG J Y, et al. Mechanical behavior of
post—fire half-grouted sleeve connection covered by concrete[J] .
Construction and Building Materials,2019,201:218-231.
TREE, (DR, SREERE, RS TR RS 1
AYERERE W S FIRE S MRS 20 A [0, IR 224l CF AR
J2), 2019,46(11):33-42.

ZHANG W X, HE C, ZHANG ] Y, et al. Experimental study and

bond slip analysis on mechanical properties of half grout sleeve

[18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

splicing of rebars after high temperature[ J |. Journal of Hunan Uni-
versity (Natural Sciences) , 2019,46(11):33-42. (In Chinese)
ZHANG W X, WANG J,ZHANG J Y, et al. Experimental study
on post—fire performance of half grouted sleeve connection with
construction defect [J] .
2020,244:118165.
WANG T,XU H M, YU M, et al. Experimental investigation on

Construction and Building Materials,

the failure modes of grouted sleeve connections under thermal and
mechanical loads[J] .
104246.

RAET, SR, SR L RGBT R i
T[T ]. TR, 2020,37(5) : 104111,

ZHU J N, GUO D D, MA J F,et al. Experimental study on tensile

Engineering Failure Analysis, 2020, 109:

properties of semi—grouting sleeve after high temperature[J ]. Engi-
neering Mechanics, 2020,37(5):104-111. (In Chinese)
ARHLE B AR RRL : JGT 107—2016[ S ] JLAT RS T
A i fEE, 2016:11.

Technical specification for mechanical splicing of steel reinforcing
bars: JGJ 107—2016[S]. Beijing: China Architecture & Building
Press, 2016:11. (In Chinese)

SR AR A 5 1S IR TT . GB/T 228.1—
20218 ] LR AP AR AR, 2021 :9-19.

Metallic materials Tensile testing Part 1: method of test at room
temperature: GB/T 228.1—2021[S]. Beijing: Standards Press of
China,2021:9-19. (In Chinese)

IR U B 3 A 4 07 15 (IS0 7% )+ GBIT 17671—2021[S]. b
A ERRIE A, 2021:9-10.

Method of testing cements determination of strength: GB/T 17671
—2021 [S]. Beijing: Standards Press of China,2021:9-10.

RS 2 PRIV S S 0T - JG/T 398—2019( S 1. db e« v [ Amife
JiEkt, 2019:5-9.

The grouting sleeve for rebars splicing: JG/T 398—2019[S]. Bei-
jing: Standards Press of China,2019:5-9. (In Chinese)

TOL, ARIEPE, T8, 45 AU 415 AT I 4 i i i ik
BT[] A B T2 4 (A AR B R , 2016,44(2)
26-32.

HUANG Y, ZHU Z G, HUANG D, et al. Investigation into half
grout sleeve splicing for rebars via static tensile test[J]. Journal of
South China University of Technology (Natural Science Edition) ,
2016,44(2) :26-32. (In Chinese)

Building code requirements for structural concrete and commen-
tary : ACI 318—19 [S]. Farmington Hills: American Concrete In-
stitute, 2019:291.



