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ABSTRACT

Among many connection methods of reinforcing bar, the grout-filled splice sleeve system is very effective method
of precast concrete construction due to its superior construction efficiency, such as large allowable limit to
arrangement of reinforcing bars, good application of large sized reinforcing bars.

In this study, totally 20 full-sized specimens were made and tested under monotonic and cyclic loading in order to
extend the usage range of grout-filled splice sleeve system. The experimental variables adopted in this study are size
of reinforcing bars embedded in upper and lower part of sleeve and compressive strength of filled mortar etc. After
test was performed, the results were compared and analyzed with respect to previous test of author. Following main

conclusions are obtained :

1) The structural performance of splice sleeve system is improved with mcreasmg

compressive strength of filled mortar. And also it was verified that the splice sleeve system with over 700 kgf/cm
mortar compressive strength and over 6.5d development length of reinforcing bar retains the structural performance of
over A class(Al] Criteria). 2) In the case of using different size of reinforcing bars embedded in upper and lower part
of sleeve, the result show that splice sleeve matching with large sized reinforcing bar must be used. And also up to
2 level smaller size of reinforcing bar compared to large reinforcing bar embedded in sleeve can be used.

Keywords : high strength groutfilled splice sleeve system, compressive strength of filled mortar, development length,

structural performance
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Table 1 Specimen lists

Kind of Test parameter
No. | Specimen |' 30 *'" Dia. of | Kind of | Loading
rebar mortar | pattern
1 | 1919DM D19+D19 D M
2 | 1919DC D19+D19 D C
3 | 1919sC | SDI19 | DI19+D19 S C
4 | 1916DM D19+D16 D M
5 | 1916DC D19+D16 D C
6 | 2525DM D25+D25 D M
7 | 2525DC D25+D25 D C
8 | 25258C | SD25 | D25+D25 S C
9 | 2519DM D25+D19 D M
10 | 2519DC D25+D19 D C
11 | 3232DM D32+D32 D M
12 | 3232DC D32+D32 D C
13 | 32328C { SD32 | D32+D32 S C
14 | 3225DM D32+D25 D M
15 | 3225DC D32+D25 D C
16 | 3838DM D38+D38 D M
17 | 3838DC D38+D38 D C
18 | 3833SC | SD38 | D38+D38 S C
19 | 3832DM D38+D32 D M
20 | 3832DC D38+D32 D C
* Note !
1919DM

—

Loading pattern (M:Monotonic, C:Cyclic)
Kind of mortar(D:D mortar, $:S mortar)
Size of rebar embedded in upper part of sle
Size of rebar embedded in lower part of sle

Unit: mm
44
320, 28 M 248 320

N8
D38 Rebar AN

D38 or D32 Reb.
Grout Mortar Splice Sleeve

Fig. 1 Typical test specimen

Table 2 Mechanical properties of reinforcing bars

Size of Yield Tensile Elongation
reinforcing strengt}; strength ratio
bar (kgf/cm”) (kgf/cm®) (%)
D16 4,408 6,281 224
D19 4,402 6,417 209
D25 3,980 5,041 20.8
D32 4,011 5337 24.7
D38 4574 6,662 242

Table 3 Mechanical properties of splice sleeve

Yield strength | Tensile strength | Elongation ratio

(kgf/cm®) (kgf/cm®) (%)
3,960 5,320 15
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Table 4 Compressive strengths of grout mortar

Kind of 4 days 7 days 28 days
mortar (kgf/cm’) (kgf/cm?) (kgf/cm®)
D mortar 542 680 716
S mortar 635 739 797
-
250t U.T.M
# 20mm
LVDT
Specimen|
% 20mm
250t U.T.M
—N
Fig. 2 Specimen setup
Failure
0.95 fyq
0
Fig. 3 Monotonic loading schedule
se, n=4 »Failure
2¢€y

0.95fvo

-0.5fyof-- -4 A X ¥ ¥ ¥ Yy

T
Elastic portion Plastic portion

Fig. 4 Cyclic loading schedule
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Table 5 Result of test

. Maximum .
Specimen strength (tont/cm?) Failure mode
1919DM 6.50 Fracture of
1919DC 6.29 D19 s7o reb
19195C 6.59 sized rebar
1916DM 6.50 Fracture of
1916DC 6.17 D16 sized rebar
22%22551[)%[ 288 Fragture of
FBIBSC 5,94 D25 sized rebar
2519DM 6.63 Fracture of
2519DC 6.60 D19 sized rebar
3232DM 5.8 Fracture of
3232DC 291 D32 sized rebar
32325C 5.88
3225DM 6.03 Fracture of
3225DC 595 D25 sized rebar
3838DM 6.58 Fracture of
3838DC 6.64 D38 sized rebar
38385C 6.34
3832DM 591 Fracture of
3832DC 5.89 D32 sized rebar
8
7 v /' =6.63tonf/cm?
6
Cl
1S
3 4
T 3
% 2
g 1
w
0 — ; ; .
g

t
w

0 1 2 3
Strain(%)

4 5 6

Fig. 5 Measured stress-strain relationship for
specimen 2519DM

O 4N WA OO N ®
]

Stress{tonf/cm?)

Jb6=6.06tonf/cm?2 \4

2525DM

o] 1 2 3
Strain(%)

4 5 8

Fig. 6 Measured stress-strain relationship for
specimen 2525DM

8

7 S b =6.60tonf/cm?

Lo T R -
o~ 5 f bo=5.7tonf/cm?
I I N { IS O W S -
2
T 3 fyo =4.0tont/cm?

[}
% 2
(7]
GO
E/-‘) O T T
- 2519DC
5 [2stooc]
-3
-1 0 1 2 3 4 5 6
Strain(%)
Fig. 7 Measured stress-strain relationship for
specimen 2519DC

8

7 fb =5.90tonf/cm?

5 fbo =5.7tonf/cm? \4
- I S s L -
£ 5
o
O UL 5/ U (P -
S 3 S yo =4.0tonf/cm?

P
o
» 1
0
-1
-2
-3
-1 0 1 2 3 4 5 6
Strain(%)
Fig. 8 Measured stress-strain relationship for
specimen 2525DC

8

7 Jv =5.94tonf/cm?

8 fbo=_5.71ZOnf/Cm2 -

NE 5
S 4 bt o\
€ 3 S ye=4 .0tonf/cm?
2
3 2
2 1
w
0 ;
-1
I 25255C
-3
-1 0 1 2 3 4 5 6

Strain{%)

Fig. 9 Measured stress-strain relationship for
specimen 25255C

Fig. 10 Fracture of rebar (Specimen 3838DM)
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Table 6 Evaluation of structural performance under monotonic loading

Stiffness : g
; Tensile strength E Class of
Specimen E (x10° kef/cm’) (rSnlig) : £ Dl.l((;/tll)lty sructural
0.7 fro 0.95 fro f, (tf/cm® fo /fas ? performance
1919DM 2.90 1.9 0.186 6.50 1.14 293 A
1916DM 3.30 345 0.061 6.50 1.14 1.84 B
2525DM 2.77 1.87 0.279 6.06 1.06 5.49 A
2519DM 495 485 - 6.63 1.16 2.70 A
3232DM 3.21 2.22 0.215 5.86 1.03 4.29 SA
3225DM 2.37 2.04 0.290 6.03 1.06 273 A
3838DM 2.36 1.92 0.282 6.58 1.15 4.88 SA
3832DM 4.12 2.87 0.183 591 1.04 2.04 A
SA > > o
Class E=2.1 09E.=1.89 =0.3mm fo Snax > 10, = 4%
L. A _ >
Al]J criteria Class > 09E,=1.89 0.7E,=1 47 <0.3mm fome = Max > 2%
of structural =
erformance| D = (1350 foo) > 1%
P Class 05E~1.05 =1
C o
Class | = 05E.=105 fo = fio
Table 7 Evaluation of structural performance under cyclic loading
Stiffness Ship .
. E (X10° kef/em®) (mm) Tensile strength Class of
Specimen E . structural
© 557‘, ) | eEAE 20¢ 8 s 2¢y 5¢y, |f (tf/em?) fo /e performance
1919DC 241 0.85 0.163 0.064 0.181 6.29 1.10 SA
1919SC 242 0.90 0.111 0.059 0.142 6.59 1.16 SA
1916DC 2.55 0.87 0.162 0.016 - 6.17 1.08 A
2525DC 2.09 0.83 0.294 0.091 0.204 5.90 1.04 A
25255C 1.87 0.88 0.278 0.055 0.146 5.94 1.04 SA
2519DC 242 0.88 0.259 0.027 0.164 6.60 1.16 SA
3232DC 2.18 0.87 0.283 0.098 0.252 591 1.04 SA
32325C 2.34 0.87 0.217 0.101 0.243 5.88 1.03 SA
3225DC 2.46 0.89 0.300 0.086 0.181 5.95 1.04 SA
3838DC 217 0.86 0.275 0.135 0.340 6.64 1.16 SA
3838SC 2.45 0.87 0.165 0.137 0.297 6.34 111 SA
3832DC 3.20 0.86 0.215 0.107 0.222 5.39 1.03 SA
o > 085 | <03mm | <026mm | <0.78mm
AU cn'teria A fb /fmax = 10,
of structural Class > 05 <0.3mm | <0.52mm fmax = Max
perfomance 5 (1.35fv0 i)
Class = 025
AR e Yehidln oAe AuAel sU% 4 U
$-9] A A= g H2o] A9 FYaA AFste] 24
WS YA EAZol ol B9 AFAE Jhe 35 ZExel PEMS Bl
AIZZME oln] 2AHE ozt H2 A&
M ofx wAgugel S7] wfieltn ddHn 3 Ao Lol7t 65 doja A EEEE 4T
Fig. 21914 UEhd 248 7l2agassh 2ol mas) 700 keflenieolw 2B ool sl 2ol 27
PR 23 EEEE 453 24E4E Ay o o] YT RE AFAE AF o] 4E vrhigith
sk AES Yepila A3 27o] Aold AlY Jy SR gl widse A F7o] Aol
A AQe ZE AGAZF AF o) dAHTES UE Al@AY Aee DR AR A4E7F ARl o &
THE B2EE S84 H20|32| A4S0 Mot AEHT 521
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zMax [ 135 fof,,]
(SA, A, B Class)

N A

8
095, E (x10 kgt/omd)

-

Ductility ratio

Fig. 11 AIJ criteria of structural performance Fig.

under monotonic loading

f
fffffff - 0.951,,
4T}
)
g
_0.027, .
[
—¢
1Slip < 0.3mm (SA, A Classs)
Fig. 12 Al]J criteria of slip under monotonic Fig.
loading
1 20 Jo =Max [1.35 £, f,)
! C’?'e ?C'e (SA, A, B Class)
--------------- fo
0.95 1,
4 3
ZOCE \‘E
/ 1cE 2
f €
Slip < 0.3mm (SA, A Classs)
----- 0.5/,
Fig. 13 AIJ criteria of structural perfomance Fig.
under cyclic loading
45 3 e =
. | @ Measured .(494)
‘t 40 ¢ Different rebar size
K 1 O Measured o
”_@ 35 Same rebar size
s ‘ O Reft23 [e] E
X 30 - 8 ; £
Woos < @
.V isa ® °
S. {
S 20
15 + -
500 600 700 800 900 1000
Compressive strength of filled mortar (kgf/cm 2)
Fig. 14 The effect of filled mortar strength Fig.

on stiffness of specimen (0.7 ¢ yoE)
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4.0 ‘
® Measured (4.85)
35 (Different rebar size )
' [ ]
O Measured
+ {(Same rebar size )
3.0 . ° o
PO Ret!: 23 8 o
25 & g ¢
o © M
2o | SAClass E _=1.89
o Y N 0. 0788
A Class
1.5 oot 0 ..............................
B, C Class Bo =147
1.0 + T T —
500 600 700 800 900 1000

Compressive strength of filled mortar (kgf/cm?)

15 The effect of filled mortar strength on
stiffness of specimen(0.95 ¢ yoE)

100
095 1 <o
¢, 8
090 1 SA o (o] S
Class @ % 8
085 fr-mrrmmmrems Y - S > St -~ S, J
A o O O 20cE/1cE=0.85
080 1 Class
° OMeasured
075 ORef 129
0.70 O T T N —
500 600 700 800 900 1000

Compressive strength of filled mortar (kgf/cm?)

16 The effect of filled mortar strength
on stiffness of specimen (20cE/1cE)

1.5
] ® Measured (Monotonic)
1.4 1 O Measured (Cyclic)
& Ref' 23 (Monotonic)
1.3 4 & Ref!-2. 3 (Cyclic)
1.2 4
*» e 8o $
1.1 {1 5A,A,B 0o %9
Class 8 % 8 0
1.0 Fromeim i T O T —
CClass Sb /fmax=1.0
0.9
0.8 T —
500 600 700 800 900 1000

Compressive strength of filled mortar(kgf/cmz)

17 The effect of filled mortar strength
on ultimate strength of specimen

08
07 ® Measured (Monotonic)
: < O Measured (Cyclic)
06 1 @ Ref 123 (Monotonic)
05 - < Ref 123 (Cycliic)
04 gfais

............. PR~ || 0n ¢ 12
03 | B
02 ] SALA o e o] < [
) 00 @ .
01 1 Class 8 ° ’ O # ©

<o
00 » . * 2 ;
500 600 700 800 900 1000

Compressive strength of filled mortar {(kgf/cm?)

18 The effect of filled mortar strength
on slip of specimen (elastic portion)

s=Ean|EstE] =R HM13H 55(2001)
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o O Measured
0.7 - 1,2,3)
o | B.C < Ref
€ Class
£ 051 Slip=052mm
ol 1 A
(7: 04 Class
& 03 1 i mimie—. _ Slig=026mm.

02 { SA g °

o Class DY < 8 8 0

| § o8 ° ¢

00 ; 1 . .

500 600 700 800 900 1000

Compressive strength of filled mortar (kgf/cm 2)

Fig. 19 The effect of filled mortar strength
on slip of specimen (2 ¢ ySlip)

14
<o O Measured
12 O Ref1 29
€ 101a,B,C
E g LCass_ ... _.. _.Slo=078mm . _
=z O
7] SA
w
06 1
3 Class o o
0.4 7 D o § 8 & &
0.2 1 @ @ & 8
0.0 . . . .
500 600 700 800 900 1000

Compressive strength of filled mortar (kgf/cm?)

Fig. 20 The effect of filled mortar strength
on slip of specimen (5 & ySlip)

7.0
6.0 4 O
—_ o
£ 5.0 | 8 6 © ©  SACss
= o o 2 O D=40
E 40 morm e o R ST -
3 © ACI
& 30 1@ Measured =Y D £ass
,=2.0
20 L..Differentrebarsizel  _ ___ _ YT _
O Measured B C
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Fig. 21 The effect of filled mortar strength
on ductility of specimen
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