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Experimental Study and Bond Slip Analysis on Mechanical Properties
of Half Grout Sleeve Splicing of Rebars after High Temperature
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Abstract: In order to avoid failure of the half grout sleeve splice of rebars in prefabricated concrete structures
after fire and serious consequences,27 14 mm-half grout sleeve splicing specimens of rebars were manufactured to
study their mechanical properties by unidirectional static tensile test after high temperature. The test results showed
two failure modes of the specimens after high temperatures including fracture and pull—out of rebars, in which the
latter one was more likely to occur when the specimens were cooled by water. During the tensile process, the relative
slip can occur between the sleeve and the rebar connected at the grouting side, and the slip increased nonlinearly
with the increase of the temperature. Based on the test results after 600 °C high temperature and the existing bond
strength formulas, suggestions were given to avoid the pull-out failure of rebars after high temperature. According to

approximate analysis of steel slip in elastic stage,the quadratic function curve between the slip and temperature un—
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der natural cooling after high temperature was obtained.

Key words: half grout sleeve splicing ; unidirectional static tension test ; after high temperature ; failure mode
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Fig.1 Tllustration of half grout sleeve splicing

for rebars (unit: mm)
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Fig.2 The schematic diagram of grout

strength determination(unit: mm)
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Tab.1 Strength of grout

ik WA WA WA
éﬁ% ’_tx"_‘/oc 15°8 15°8 1958 }j;f( 5-3
/MPa /MPa /MPa /MPa

SKA-1  HiR 6.31 106.5 100.2

SKA-2  H#  6.00 92.5 97.1  HAMRRHE  98.98
SKA-3  Hi  6.61 97.2 100.4
SKA-4 200 3.29 75.1 74.6
SKA-5 200 3.59 80.4 88.8  HIRAH  78.18
SKA-6 200 3.19 64.1 86.1
SKA-7 400 2.37 68.3 76.1
SKA-8 400 2.45 70.6 784  HRBH 7287

SKA-9 400 2.66 73.9 69.9

SKA-10 600 1.60 62.8 68.4
SKA-11 600 1.20 73.3 700  HIRBH  66.2
SKA-12 600 1.41 64.8 57.9
SKA-13 600 1.1 477 455
LK E
SKA-14 600 1.03 533 40.5 48.67
(05h)
SKA-15 600 1.05 515 535
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Tab.2 Loading and measurement information of specimens

R TR B C BHER MEARC B
GSA1-1,2,3 B ¥ L3
GSA1-4,5,6 200 H ARV A L3
GSA1-7,8,9 400 H ARV A L3

GSA2-10,11,12 600 H ARV A L4
GSA2-13,14,15 600 ek H) L4
SLA-1,2,3 B ¥ L3
SLA-4,5,6 200 BRI L3
SLA-7,8,9 400 HARVH) L3
SLA-10,11,12 600 H ARV A L3
SLA-13,14,15 600 ek H) L4

A, o
FRICEL

L=42.5| L=155

L:=240
A3 FaREHiRns R (R4 mm)
Fig.3 Mark position of half grout sleeve splicing

[L,=42.5

for rebars(unit:mm)
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Fig.6 Failure mode of rebar broken
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Fig.7 Failure mode of rebar at the side of grout pulled out
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Tab.3 Test results of half grout sleeve splicing of rebars

S JEARGREE  MRBRER A ##Wﬁ t&[f&l%?ﬁﬁ

/MPa /MPa FRNE RN R

GS14A1-1  472.84 666.67 0.002 08 0.071 83
GS14A1-2 47505 673.23 0.001 92 0.066 29
GS14A1-3 45549 622.94 0.002 17 0.075 83
GS14A1-4 50253 680.96 0.002 25 0.061 08
GS14A1-5 51228 650.23 0.002 29 0.070 29
GS14A1-6  539.57 663.94 0.002 08 0.071 33
GS14A1-7  468.62 655.43 0.00333  0.084 50
GS14A1-8  466.67 655.88 0.003 17 0.097 83
GS14A1-9 44958 640.03 0.003 29 0.092 04
GS14A2-10 52034 635.48 0.005 45 0.128 26
GS14A2-11  500.06 621.83 0.007 10 0.098 58
GS14A2-12  467.77 642.37 0.006 39 0.097 94
GS14A2-13  505.78 602.99 0.006 84 0.783 23
GS14A2-14  541.59 626.38 0.006 19 0.709 87
GS14A2-15  465.89 625.73 0.006 39 0.768 00

x4 MNRANHRBER

Tab.4 Test result of rebars in control group

P JEARGREE  MRBREREE ##Wﬁ t&[f&l%?ﬁﬁ

/MPa /MPa FRNE RN R
SLI4A-1  467.25 654.78 0.001 96 0.104 63
SL14A-2  461.21 657.18 0.002 13 0.099 00
SLI14A-3  459.52 600.45 0.001 96 0.086 54
SL14A-4  478.04 622.48 0.002 25 0.074 71
SLI4A-5  467.45 632.55 0.002 25 0.069 50
SL14A-6  459.19 618.52 0.001 92 0.074 67
SLI14A-7  459.71 634.50 0.003 25 0.076 33
SL14A-8  449.97 659.78 0.002 96 0.062 17
SLI14A-9  491.36 622.35 0.003 17 0.067 92
SLI4A-10  474.85 636.19 0.004 17 0.072 79
SL14A-11  459.19 644.12 0.004 13 0.093 63
SLI4A-12  491.10 622.35 0.003 75 0.073 46
SLI14A-13  462.38 632.68 0.004 19 0.068 77
SL14A-14  456.34 640.09 0.004 19 0.084 45
SLI4A-15  496.23 629.50 0.003 81 0.067 23
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Fig.8 Relationship between ultimate strain and temperature

of specimens and rebars after high temperature
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Fig.9 Stress—strain curve of specimens at room temperature
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Fig.10 Stress—strain curve of rebars at room temperature
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Fig.11 Stress—strain curve of specimens after 200 °C
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Fig.12 Stress—strain curve of rebars after 200 °C
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Fig.13 Stress—strain curve of specimens after 400 °C
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Fig.14 Stress—strain curve of rebars after 400 C

A 13 & 14 v AR 400 CrniiR e =R
IR 3 FR B 715 200 °Crii J5 B i 454 T Al
b 22 S AN K. R T2 i RN 7K 461.62 MPa,
X REZH B 357 1) °F- 22 ) I A 28 467.01 MPa, — 444
R . SR AL AR B B A 13 AR e BT R AR N
0.099 5, B0} BRI 2H -2 i A2 0.065 7 K, XF L
I K 200 Crpifd JE G OL T AT AL, 78 400 CA4 T
FfiF5 200 CAMF N KRB, U4 1.3 Boh AR TE
400 CEAF T EE 200 CEAF g, SR BE
FERITE 400 CH =L TIER, SFEERMILEE
D1 RS KT X BEAT B 7 Bk 13 B AE 200 CF Y
224 600 CHBEMHFEREREERAMH TN

SHF

600 °C.fe i Ji 5 171 14 423 B B9 1z - g AR

itk an& 15~ 18 FrR.

700 -
600

500
]
£ 400
z —a—GS14A2-10
: —e—GS14A2-11
(300 —A—GS14A2-12
200 W

100 &

0o 002 004 006 008 010 012

A 15 600 C& iR XM -5 % i &

Fig.15 Stress—strain curve of specimens after 600 °C
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Fig.16 Stress—strain curve of rebars after 600 C
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Fig.17 Stress—strain curve of specimens after 600 °C

by water—cooling
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Tab.5 Bonding stress of half grout sleeve splicing

of rebars after 600 °C

TR A IR 2 /°C B4V J1/MPa

600 6.97k

EL 1 600 °C i Ik J5 89 7317 21 22 i 3K 3% e i 1
GS14A2-13 .GS14A2-14 F1 GS14A2-15 MR 7 =X,
ok e N EE R s g N opa il
457, BhEE S SR AR Z R R UWTT

P
= _-u 2
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P ONREE )5 d R AR s L AN AT R Y
BEHC . B (DOARAZ(2), 7] 75
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wdL\ f.

Hi G AT 75 600 “C i GS14A2-13 .GS14A2-

14 F1 GS14A2-15 1) k {HANEE 6 FTR.
6 600 CHBRZEALHAXEN k&
Tab.6 Parameter k of specimens after 600 °C

with water—cooling

SV kAH
GS14A2-13 1.51
GS14A2-14 1.80
GS14A2-15 1.73
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BE 7, KT s BRpThrm B, 45650315
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Tab.7 The specimens’ approximate slip of rebars

in sleeves during the elastic stage mm

D PRCErE FRCBCER BRI M

v
s PRCB BrBfiRs  SMWATDE EimEiE 39(H
GS14A1-1 L3 0.50 0.17 0.33
GS14A1-2 L3 0.46 0.18 0.28 0.32
GS14A1-3 L3 0.52 0.17 0.35
GS14A1-4 L3 0.54 0.19 0.35
GS14A1-5 L3 0.55 0.20 0.35 0.33
GS14A1-6 L3 0.50 0.21 0.29
GS14A1-7 L3 0.80 0.27 0.53
GS14A1-8 L3 0.76 0.27 0.49 0.52
GS14A1-9 L3 0.79 0.26 0.53
GS14A2-10 14 0.84 0.00 0.84
GS14A2-11 14 1.10 0.00 1.10 0.98
GS14A2-12 14 0.99 0.00 0.99
GS14A2-13 14 1.06 0.00 1.06
GS14A2-14 14 0.96 0.00 0.96 1.00
GS14A2-15 14 0.99 0.00 0.99
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X=0.339 69-6.897 4x10+2.918 47x10°%#  (5)
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Fig.19 Curve of specimens’ approximate slip of rebars in

sleeves during the elastic stage with the change of temperature
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