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ABSTRACT

In this study, the tensile strength of 321 full-sized grout-filled splice sleeve specimens were compared and
analyzed in order to afford the data for a reasonable and economical design of this system. The experimental
variables analyzed in this study were embedment length of reinforcing bars, compressive strength of grout, sleeve

geometry, loading pattern and final failure mode of specimen.

Following main conclusions are obtained : 1) The strength of grout-filled splice sleeve tends to be improved with
increasing compressive strength of grout and embedment length of reinforcing bars. Specially this tendency appears
apparent in specimens of bond failure rather than rebar failure. 2) The results of this study show that the sleeve
geometry have influence on the bond strength of grout-filled splice sleeve. 3) The grout-filled splice sleeve of bond
failure don’t show the difference of tensile strength according to size of rebar. 4) It is verified that the tensile
strength required in ACI and domestic code is retained either when the compressive strength of grout over 70 MPa
is used with embedment length of reinforcing bars over 45d or when the compressive strength of grout over
80 MPa is used with embedment length of rebars over 3.9d. 5) It is verified that the tensile strength required in AIJ
code is retained in .case when the embedment length of reinforcing bars is 0.8 times the rebar diameter longer than

in ACI code.

Keywords : grout-filled splice sleeve, strength, compressive strength of grout, embedment length, sleeve geometry
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Table 1 Test data of several grout-filled splice sleeve

K, A% 134 Solith Fig 1o AelA A
$9 EA 2Eehols Seine) YAS bR

22 Assee| AlE

Asset 19960 EoA gy FEY 2Zgolx
ST BE o|83 Ado|g AYE AAG o|F AFA
e BEgch o] AP Fa W 34 e
GEPES Be 74 Fola B2 7|E A
W Ard 2457 22 SRS AMgeld e Az
4ga3s ARsgn

23 Splice Sleeve® @At A3

A= Splice SleeveAl= 1992UFH AR E 600 MPa
oY, GAE 6% obdel A HEL A Qe

F4AEE AS3te] AW NMB ~Edols ejue)
FEYTE S AP R wre AL AN
o AyE R3S o] AFY F83 Wee Y
AAQo), 4 TPE GEAE, A7 74, P

Embedment Compressive . . .
Researcher I\;;?Cli)gegf ’lge%i:f length of | strength of grout I?ergir?f Size of rebar I\I/I:;gi(;ldg*gf Flr:ﬁédfgﬂllre
rebar( X d) (MPa)
D16 (2), DI9 (45)] pro o | R (89)
HKim™ 134 Cast 42~68 61~88 SD40 (134) | D25 (50), D32 (5) | e (40) | B 43
D38 (32) yehe S (3
D16 (2), D19 (3)
Asse!® D22 (2), D25 (2)
Ss€ 17 Cast 65~7 81~132 SD50 (17) | D29 (2), D32 (2) | Cyclic (17) | R (A7)
D35 (1), D38 (2)
D41 (1)
D16 (3), D19 (4)
NMB D22 (9), D25 (6) R (65)
Splice 7 Cast | 492~714 77~102 o gg; D29 (4), D32 (9) | More- 82; B (7)
Sleeve 118 D35 (17), D38 (2) | -V W (5)
D41 (30)
SD30 (11) D19 (11) R (9)
LLee”™ 49 Pipe 57~10.2 74 SD35 (16) D22 (22) Mono. (49) | B (13)
SD40 (22) D25 (16) S 2D
. . 1
AEinea'® 8 Pipe | 665~93 45~70 SD40 (8) b1 %i Mono. ® | B %i
26 SD40  (32) R (22)
Suzuki 36 Pipe 2~10 58~112 SDRO (2) D35 (36) Moro. gg B (12)
SD100 (2) ¥ S @
SD30 (1)
e ) | DIs 8 D19 0 & G
Total 1 (228) 9102 A5~ 132 SD40 (253)| Pog (6). D32 () | Mono. (226) B (82)
Pipe : SD50  (17) D35 (54’) D38 (36) Cyclic (95) | S (32)
(93) SDS0 (D) | Bt (31 W )
SD100 (2)
(Note) * ™ ™™ ¢ inner number of ( ) is number of specimen
Mono =monotonic loading, Cyclic=cyclic loading
. R=fracture of rebar, B=bond failure, S=fracture of sleeve, @ W-=fracture of welding part
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Fig. 1 Section of cast splice sleeve used in test of
HKim (D25 rebar)
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Fig. 2 Section of pipe splice sleeve used in test of
L.Lee (D25 rebar)
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Fig. 3 Section of pipe splice sleeve used in test of
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Fig. 4 Section of pipe splice sleeve used in test of
Suzuki (D35 rebar)

varied according to embedment length of rebar
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¢ Pipe Sleeve(Bond Failure) 4 Pipe Sleeve(Fracture of Rebar) 4 Pipe Sleeve(Fracture of Rebar)
0.6 7 T T T T T 0.6 T T T T T
3 4 5 6 7 8 9 10 3 4 5 6 7 8 9 10

Embedment length of rebar (d)

Fig. 5 Relationship between strength and embedment length
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40 50 60 70 80 90 100 110
1.8
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1.6 g
° 8
14 4 g
R S @ B
< 12 ’ """""""" "y = 1357 (ALY Code)”
N ou/f; < 1.0 6,/fy = 1.25 (ACI Code)
T s I P S N
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< Pipe Sleeve (Bond Failure) a Pipe Sleeve (Fracture of Rebar)
0.6 T — — T T T T
40 50 60 70 80 90 100 110

Compressive strength of grout (MPa)
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Fig. 6 Relationship between strength and compressive strength of grout for grout-filled splice sleeve specimen
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Table 2 Comparison of geometry data of grout-filled splice sleeve
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3719 Aol selHel| 285k A HdET
SR Ane AF7E 2 A7t sivkd ;
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. Splice sleeve
Researcher Type of | Type of Size of Thickn - da/d
specimen | sleeve rebar ickness | External _Internal Internal diameter t/ds e
(t) diameter (de) | diameter (di) | in end part(ed;) '

1 Cast D19 5.0 50.0 40.0 36.0 0.125 1.88

HKim™W 2 Cast D25 55 65.0 54.0 48.0 0.102 1.89
’ 3 Cast D32 75 75.0 60.0 55.0 0.125 1.73

4 Cast D38 95 85.0 66.0 60.0 0.144 1.57

1 Pipe D22 55 60.5 495 495 0.111 2.23

LLee™™ 2 Pipe D25 3.9 60.5 52.7 52.7 0.074 2.07
3 Pipe D25 5.5 60.5 49.5 49.5 0.111 1.95

1 Pipe D19 3.9 60.5 52.7 40.9 0.074 2.14

A FEinea 2 Pipe D16 3.7 483 409 254 0.090 1.60
3 Pipe D19 3.7 48.3 40.9 25.4 0.090 1.33

Suzuki”™” 1 Pipe D35 8.0 76.3 60.3 60.3 0133 | 173
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WD e W 3 ~ Su/f, 1 35(ALL-Code)
N T AR N""OJQ"J‘BS(AIJCOdG) N 12 ;..... - - Oy-y . COod@) . - - m e e e,
g " 6w, =1.25(ACI Code) 8 6, /£,=1.25(ACI Code)
T o U AU .
10 oo e et e et te e aae '8
g Su/,=1.0 6oty =10
08 08 4
0.6 r T T 0.6 T T T T T T
0.06 0.08 0.1 0.12 0.14 ! 12 14 16 18 2 22 24
1.8 18
y g (~45MPa, 14-8.0d . o ° f,=45MPa, 1,~8.0d
14 -
14 A
. N b U
R ST AR AR <@ _
J ...:\q,zﬁ,a.ssmucm) N o2 _[----Q‘f‘"/fr LIS(ALICode) . onoenniiii
g 12 1 64 /£, =125(ACI Code) g 6,/£=1.25(ACI Code)
10 oo e e e T T SO U 5T 4
6, /f,=1.0 6/, =1.0
08 4 08 A
06 T T T 06 T T L T T T
0.06 0.08 o1 012 0.1 1 12 14 1.6 18 2 22 24
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Fig. 7 Strength-sleeve geometry relationship of grout-filled splice sleeve specimen

€ T3 2o] $48 & & g WA TAE 3
Bolgo] B /1E AT o5 Fen Gl
e SAAE 5] Z7Kl et Fg. 89l 3%
St9)g APANN ehia Qi 2t 2ol En 9
25 dEoR Pt % & PP

(e
i

WA et of FRolN F2E 3
o2 umsm gtk olst 2o] 1
AN EEn wRe el Ags

2 Al A2 AR das
A AsE 97T, 53 S92 @
T Rk
o FAN Azol2d ¥
st Fgiekn Fga

Fig. 9904 B2elge] We] njxe 7

!
5
0% » —
o 18
1o, it

24
rlo
=
i = 1
M S 2 o oo W

}ll
g s 1(‘)_{%
2 0%
4,
5 o

9,

f“g

rO JHU
B o im
i =

o] Z

2y
oi
:L

=
it g
= 1o
£ i
ot

=
e

ol
ok
H

gl o)
o Ao Al g JEL etar] A5t Fpyg
b AT ARATE R Aelseeh 4N $E

640 =2a2|E85| =2E M16H 55(2004)



g APAe Aud AL AFHoz Ao
Y gelust shehe AGANA Aot ujdal
29 AL Aol teel AE JPol A9 Y
Aoz wusy] otk WA A27AY JFL Ay
A IH9E GEREIL 60~T0MPa MY FEF
S AHES BavhEe AR E2 DI9s D5
495 Aol 470 g 59 e Aol et
A ggtek 293 2EE 4547} T0~80 MPa E 4]
W= FEY gAng Aestu daviEg dNg A

n

< D259} D411 Ag= ohh dE I Ut Aol
1.8
f, = 60-70MPa < A
1.6 4
[ ]
(]
14 = 8
e D - YOO
< g8 ;
N 4T ° LT A'K """ o,/fy = 1.35° (A1) Code}
5 6,/f, = 1.25 (ACI Code)
1.0 +ooo.. \ ........... @ D19(Cast Sleeve, Monotonic Loading)
o/f= 1.0 s D25(Cast Sleeve, Monotonic Loading)
0.8 - ’ & D38(Cast Sleeve, Cyclic Loading)
2 D19(Pipe Sleeve, Monotonic Loading)
0.6 T T T T T T
3 4 5 6 7 8 9 10
1.8
f, = 70-80MPa
1.6 4
@ g @ 6/f, = 1.35 (ALl Code)
14 .%
B o S
DIEE B Ve
® O yfol./2f5=(l}%l ode) @ D25(Cast Sleeve, Mono.)
w1y .
1.0 —---—O--Z ---------- [ [t D41(Cast Skeeve, Mono.)
<Loading Method> a D22, D25(Pipe Sleeve, Mono.)
0.8 4 . Mono.=Monotonic Loading | ¢ D35(Pipe Sleeve, Mono.)
- Cyclic = Cyclic Loading o D35(Pipe Sleeve, Cyclic)
0.6 T T T T T T
3 4 5 6 7 8 9 10
Embedment length of rebar (d)
Fig. 9 Evaluation on strength of grout-filled splice

sleeve of bond failure

@
%‘Q 2 B :
............... o.‘.....
"""""" """"'K'H'/T';'ISS(AU Code)”
o,/fy=1.25 (ACI Code)
B S A 0 Udi20.1 & d/d<2
K ou /= 1.0 | & vdi0.1& d/d>2
Sy *(1ald) a di<0.1 & d/d<2
=370MPa o tdi<0.1 & d;/d>2
400 500 600 700 800

fe*(la/d) (MPa)
(a) Sleeve geometry
Fig. 10 Strength-f,

JI=

24Z J2IPE ST4| HZ0lg2l O TSt 8| w8t

+9 o] tA YA vEhd A¥e Holu A%
D4l A38AY A4 22 QPR ol WES
HEPrhs HolA 22 A9 2}o)7} gl

3 sl oHh
_;,37}313 /\U\]a} AZ DB
1EFEAEAE & PIAE YA A
77} 39mm= gk APAE Astie AL A7
spol o] thetA gt ol Bashue 3
AL Aol 370l me e Jolst S8
BRI g AL Tepee] uE de) o
AL ST SRl pgel TR g B
wasa et 32 A7l Z7hd wet
2ol x1 Sepe By A9 Splting e} WS
A a 1F glA dehlE g AT 2e wnaw
F(Pullout failure)7} EAAF7] woleta dAgdt. $A
AP B e Auny) ddlel aTeE %
AT 0~0MPa B0 484 Felug AHgdn
A2 DHY A4E BY gastEs vEve e &
Me Aol g vehbA gtk

Fig. 10014 228 343 4% 3294 5o ge
Azolg A4 APAY WEe vEsE @ o4
4% 1340) S2ust sue AP 229 44
o sleg AgAE Adsiart o aYelM stzEe
IEE ASFEG)S 29 HEo) vy
29t oA A ARINE & 5
2ol o] ¥ Wgvh Woled wHel g 9
Aoz vehdA oRg shiel Hog ¥
lojot, &, AA AgAe ejr F4d
¥ l/ﬁﬂﬂ WA t/d)E 0074~0144, £]H &R
B/MFE T AR (dd)2 1.33~2764] EH

ARESEaL
a2 AA

i

N

o

M O
- = 1!
H_HEL”“?TEH

S Bl 2k
o
©

2

3o TH o
e
4o 2y
S oo ¥ Hog
ki)
5 =
}..

o ”

=

Epes
N
iy

S o o w
él‘l

+ (la/d) relationship of grout—filled splice sleeve specimen

ﬁu} Fig. 10 (@A €gB FA/s8E WAYH S
L 3y pre U/mgaze) 33434 20
= BAZ st AA AYAE ot AEsitk
1.8
o
g ° ﬁ %0
1.6 ° & 0a *)
a 9 OF o ® 3 °
| B AR °
bl BB
A E--g ------------ L ARRERCECRREEE KO 135 (AT Code)
a a/f,= 1.25 (ACI Code) o, /f,=1.0
R IR 5 S Trasture ot rebar(Cast Sieove)
| ¢ / @ Bond failure(Cast Sleeve)
08 Sg*a/d) A Fracture of rebar(Pipe Sleeve)
=450MPa ¢ Bond failure(Pipe Sleeve)
0.6 \ : : . ‘ -
200 300 400 500 600 700 800 900
fe*(1a/d) (MPa)
(b) Final failure mode
641



7)1 E t/dgtel 01% ¥ WX dydgkel
ke Y P42 Y BT ¥
At f,- (o/d)7ke] 310MPa o]ite]d A 34
9 15% ol I9FEES Adstd ACI ¥ Ul &
w9t 9471 f,- (l/d)gke] 310 MPa o]4te] 7]
e 4 2IB$E F=7 70MPaolehd de] A
Zolg 45d ), FA IEE =t 8) MPao
o] Aol g 39d o Fustoor gtk 1|1l f,
[(l/dFkel JI0MPa ©o]39) FolFe HZ W=
ojatel ¢lAES Adslo] Al & uEEsith o7
A fy- (/d)gke] 370 MPa o)’do] H7] fJ8ide 54
2B b T0MPaclghd Ao AFAolE 53d o]
4 Z2A JE9-E 7=t 80 MPaol2bd Ao] Aol
€ 47d o1% FEslof ol we} ACI FERT} 08d o]
4 7 HA29 BRI} 87H.

Do
. O
R
T

N o

Ao dlo 1o

Fig. 109) (o)A thiite] dole AgAst 2%
or Azo] AUHUN A= AT o)l AFAL

] e
st Al #Ee WSk 202 fp- (Wd)gkol
MPa o}}o] He 749 A& yelgrk %3 Fig. 10
(@), AN Holge] WHe] Hahd= shtel T
L3008 JelA= yehd AAY S8 Ao ol
At A € F Aok 2 doolFe WE HdA
Faoz HeEod gYHE o= AR TEHEIE W
A & e FHoR ARG AR diE e
2 AEA e FE £y vnass A9 o)z}
fle Ao Yehdth

4.8 E

2 @relde 22E 344 Fdolge nu
A AAE A3 ARE AT Ast] 2Et AL
of AHHI Qe 4F 2E F4 Holgd 7x
Aed vludrtstadt et opdel 959 2+ 1
B 34 F2ol5e 30/ AeAHE
oA doolge WeHE SR HuEMse) o3

£ ro of

L ol

D) 2g¢E F44 ddolge g Hae AFYe
% A THGE AFAEIE T w AAE
A HAFATk 53 of2jd AL Axoz A
29 Aot FAY A aEE 4wt @
obx} FAuha7L BT APA A Felsh et

2) £YlBo] Pao] TS E FAA ATolge A%
Tl QS W= Ao e

3) FEE APAN 2 AR we F2olE
go Zpol7F SWstA LA edstch

)

ot rlo

of

642

W& s

A2 AAAolg 45d o1, THASE YEHEIL

o B9, A2 QA= ol JdF™EE Ads
Al] TEE W5 AdAe 54 2EtE 452
%7F TOMPaold d9] AAolg 53d o), 18
FE 45727 80MPaol H29) ARl 47d
ol Fr3jof Ft.

fnEel

Ik

L 8RR A 20, “O79 N EEAETET T A
GenBi”, Aka>7)-+TE Vol34, Nod, 199,
pp.15~23.

2. BAER A TA, ‘HEEREEET ARG LV
77 N ST OMAEICRE T TR 2 D1 BTN
BRI THERNOFE)”, LIRSS ASEYIHER
FEREAE(IERE), 1992, pp.893~8%4.

3 BARER A TA, “WER ) -T RS TR,
BMFICRT 220l HIRENS L UESBIRE, 20
2 BEHONEENE T, 203 HiegEEFk
FORR)", A ABEERG K SEH LRI R),
1993, pp.133~138.

4 $AREHR M 3A, “WEAR YN -T RG22 5 TR,
MFIC B 2EBOMEEET ) B, AR
SRR $4625%, 1994, pp.131~139,

5. #5AGTk 4t 6A, “AN-TEEE V27T M FEER
BT o (F 0l BRI BrET L, %
N2 BARFBETN), HAEEEe L ety
(K1), 1994, pp.201 ~204. \

6. $iARaTR 4 3A, “WERY -7 W77 F TR
BT oK LATE iz b1 5 EBIOMAE, HARRER
BaRbE R e 49655, 1997, pp9l~98.

7. 137, ‘Boles 2Egola &ElY B 2 B
il o3 AR ek AT, AR e
% FEE% Vol14, No8, 1998 pp.63~73.

8 A7 ‘REFES O HFoled AZdlolx &g
Bo] fhEteee] B3 5T, KEEEERUE Mk
&, Vol14, No9, 199, pp.73~8l.

9. MNP IEREE, (PUEPAd2, “Fab 2EZgo
2 & B oS A B AT B A 2pd
D19, D25, D32, DREZE)", MASHF)ALREE
7| e dTA/F YA R, (F)dls 2, 199

10. 187] 9 39, ‘AT REE2 $H2 FIo]g
TFEAF B A¥AT, 23 ETS=ER, 139
5%, 2001, pp.516~524.

—

=232 (e85 =2 E H163 55(2004)



11. 387, “a7% R2g2 214 AZgol~ &gy 18 HAZR 774 A2 Y ~-7HL&it, “BENMBZ77 A
of Q=S dgd B ¥ A7, dEAZE AZN =TXEA 7R RWTES L BT oM
=y F2A, 189, 123, 2002, pp.35~42. B (U IMERERAER)”, AAR 774 AR ) -7

12. STRESS, (F)HT71ed 14, “HP7 2ZTol|x & A&, 1993.

B oojdo) #3 I, ¥ 2UFFRALEATF 19. Amin Einea, Takashi Yamane, and Mather K
AME/(F)AF71E&A T4, 1994, Tadros, Grout-Filled Pipe Splices for Precast

13 o]gF 4 4A, “MEEEI|RE o] 43 HZolgd & Concrete Construction,” PCT Journal, 1995, pp.82~93.
g A¥H A7, KEBFEERE Voll3 No3, 20. ACL “Ad Buiding Code Requirements for
1997, pp.241~250. Reinforced Concrete (ACI 318-99) and Commentary

14 o8 4 24, ‘BN 5HEE FEH FiE g0 (ACI 318R-99),” American Concrete Institute, 1999,
of B WA, KERHEEEHRTE Voll3 Nog 201pp.

1997, pp.147~154. 21, BARESE C“@ior 7)) - L ERmEETRER

15, FTHELERS 41 2N, “ESmEEIc v 5 BV R VTEIRR HAHESEE, 1986, pp.271~279,
BFOBEHRIET 20520l SDA0ER % w72 2. AR 2, "SRR Ie 09", e
BFEEMREICOWT)", HAREEeAeEiREg T4 v 7V - 1983, ppl~h.

HEGERR), 1996, pp.743~744. 23. A4EZAESS| “AHMDFHAA SAYESZAA

16. HARR 774 A2 Y -7#Agit, “RPCREEICBITAN 71E°, S ety 199, ppl74~177.

MBR 774 ZZ)-7#FO/mIIEICERT 5 BEaiER 24. ohi9l Z197), whERt “HEEE $H4 HZo|gY
HRE(F DI IREZBHR L ZNMBA 7T 4 22 - T4£33, EIYESI=EF, 158 13, 2003
T13U-XMAD#ETFoiREPIERBRRE R EE)”, BAR pp.102~109.

774 AN =T RRAE T, 1992, 5. HAEGEES “@iior 7 ) - MHEYRRERGTICHT 5

17. BRZ 774 220 -7t “RPCREICBITAN BRY, AAREFEe 1987, pp43~5l
MB R 774 22 -7EFOBIHEICHT 5 BEFER
BEZ DI LREEZBIL7ZNMBRA 774 AR~
713U-X(D41) » 11U-X(D30)MEF M AEPIEABRAS £
WEE, BARTT 4 22 -7HARE, 1993,

* <%
2 dfdMe J#9E 44 FAZolgd Hrt dEAQd HAE 93 AEE AT st 15t i AMEHL

Y 2% IRFE FHY BoIZY TEYSE
Aol 9] Jolh 2PBHE FF Fo Ael2 )
GOE A4 Azolgd e B¢

e}
EE

RS TR ohlet SR ANED AF TgE FHY
Hom MmeMsel s 28 AES stk A, 2
Azolst 4 TUE YSVF S W AXE ARE noFon

53] ol2d AL AiHor Ao Aot gAY A 2IFE USAETE ol FHT7E AT AFA A
FREA Uehdth B4, S229 F4go] 2HHE T F2olFY R F¥E vAe AR deiith AA, F
Aupajg Aol AgA M Ao Aol wE Fols WHY Aol7t 59shA dehiA Askth YA, Fd aggE
A AZo|FelM H2 FEFEY 15% ol JAHE deste] ACI ¥ S 1ES B3] Aside 2HE ¢
7357 TOMPaol® Ao} AA-o)g 45d o1, 2B §574=7F 80MPacl 229 AR0)S 30d o3 Frso}
gt} B AL AT ol dFHEE Addstd Al] 1S UES] feiMe A 2PGE dFAET TOMPaold
Aol AAAolE 53d o[, 1F-E U727t S0MPaeld HY A0S 47d o Grslof gt

YNRO : atSE FAA A2olS, WY, TASE G2, A2 FRYo], &N Y3

2Z J2PE B4 H20[32 Lol cHEt BlnEot

O

643



