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Seismic Behavior of Circular Sectional RC Bridge Columns with

Various Lap-splice Lengths
- An Experimental Study -
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/] ABSTRACT /

It is known that seismic performance of existing bridges having

insufficient lateral confinements and lap-splices of longitudinal

reinforcements at the base of column decreases dramatically. In this study, small-scaled model tests have been performed to confirm the
seismic behaviors of RC bridge piers with various lap-splice lengths. The 8 test models have circular section with diameters of 0.65m, 0.8
m, 1.0 m, and lap-splice lengths of B-class or C-class. The test results show that the failure modes of models are not depending on the
lap-splice length itself but depend on the ratio of lap-splice length to diameter, and that the displacement ductility is also affected by this

ratio.
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Table 1. Summary of previous experimental studies
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= HJXI‘SPX] Bh= A 07 Bk Itk Aboutaha et al.(1999)[5]=
8(D25), HHol54 o] 24 in(610mm) Q1 Al of chsh

[e] 1__
M*@% ¢8§aﬁm, FYATo] BE Pl ST AN ¥
(o)

]
i

1.0~2.0% X*ﬂ % ‘ﬁﬁé"éls = L}E}lﬂﬂi 2 93K pinching effect)
o] 23t o U A B o] 482 LS 215143t Murat Melek and John
W. Wallace(2004)[6]+= 4= HRloledo| = A V& 22 E 7|
o] ARIA] 452 2elslr] SJstol Zein ], SRS e
Aol Zol7120d, 2 A 6710f thel A Sastack S
HIO D25E AMESIGoH, AlEAT TE|ZE  H|(drift ratio)7}
1.0~1.5%ol} 4 R2fa}ajol] ofgt 22 2w Ash ek 28 2115t
¢t} Kumar K. Ghosh and Shamin A. Sheikh(2007)[7]-& 1970 o] &

of| A= 7] w2t thet A4 AE 3sk AT AlEA| S
#74.2:356mm o], 70]& 20| =470mm o|c}. Ale 2} ol 2 F
AlEA 0] W9 A = 1.76~3 .48 Aol 2 Rt 7 i sk Zl o= |
a3}l Qlek

AR -5(2001)[8]2> WZVAI7E 21-8-54] ¢ RC ¢

S nzro] WAl

Author l,/d, l,/D Specimens Summary of results
Chai et al i3 l,,=20d,, D=24 in(column diameter) Raid 1 | strenath dearadati d
ai etal.[3] 20 0.625 | Portion of lap splices;100%, d,=No.6 apid flexural sirength degradation occurre
(1991) ) after the first cycle to ©=1.5
h/D=6.0(h; column height)
l,,=20d,, 354, During cycle to 14=2.0 vertical cracks developed in
Jaradat et al.[4] 20 0.76 D=250mm, Portion of lap splices;100% the splice region, which resulted in strength
(1998) 35 1.78 d,= No.3, No.4 degradation. The concrete cover started to spall off
h/D=4.0,7.0 during cycling to £=3.
S 1,,=24in, Bx H=36 inx 18 in SpIiEe fai:]gri wr?s as;ot':ritatelcli withdve?zial sp(ljitting
outaha et al (5] 2% 1.33 | Portion of lap splices;100%, d,=No.8 Cracks, which showeg virtualy no GUCHity and very
(1999) _ ’ limited energy dissipation.
h/H=6.0 The ultimate drift ratio was 1-2%.
Murat Melek and 1,,=508mm, B> H=457 2mmx457.2mm Lateral st:ength deterioratiqn initiated between 1.0
John W. Wallace[6] 20 141 | Portion of lap splices; 100%, d,=No.8(D25) and 1.5%(41=1.6-2.4), which was resulted from
(2004) ) H=4.2 bond deterioration between reinforcement bars and
- surrounding concrete.
Kumar K. Ghosh 1,,=470mm, D=356mm, B H=305x305mm S;g?]ific?ntly reduced d:ﬂz;til(ijty a?d unstal;le hyslt.eric
and Shamin A. Sheikh[7] 25 132 | Portion of lap splices;100%, d,=No.6 chavior Were presenied cue fo premarure spice
’ failure. Displacement ductility ranged from 1.76
(2007) h/D=4.13, h/H=4.82
t03.48.
Kim Jae Kwan et al 8] lsp=?81mm, D=1 ,OOIOmm i Rapid flexural strength degradation with vertical
(2001) 30 0.381 Portion of lap splices;100%, d,=D13 cracks occurred
h/D=5.0 in 1=1.5.
l,,=270mm, D=600mm ili issipati
Lee Dae Hyoung et al[9] v . Very poor dUCtI|It.y and gnergy d|SS|pat|on. yvere
(2002) 20 0.317 Portion of lap splices;100%, d,=D10 presented. The ultimate displacement ductility was
h/D=4.0 1.6
1. =600mm, D=1,200mm i i
Kim Tae Hoon et al.[10] - e ) Rap|d flgxural strength dggradahon occurred
(2003) 24 0.5 Portion of lap splices;100%, d,=D25 prior to reinforcement yielding due to premature
h/D=6.0 splice failure
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Fig. 1. Property of specimens
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Table 2. Specimen properties and design parameters

Diameter, D(mm) Dia, of longitudinal Class of Length of lap—splice, Column
. reinforcement . l,, (mm) X Aspect ratio,
Specimens oroto | Specimen | Proto lap splice — height, h WD l,,/D
type |(1/3 scaled)| type Specimen tength type Specimen (mm)
D0.65L374 D29 D10 Class B 1,150 374 0.58
D0.65L488 2,000 650 D29 D10 Class C 1,500 488 2,925 0.75
D0.65L585 D32 D10 Class C 1,800 585 0.90
D0.8L448 D32 D10 Class B 1,400 448 A5 0.56
D0.8L576 2,500 800 D32 D10 Class C 1,800 576 3,600 0.72
D0.8L800 - D10 > Class C - 800 1.00
D1.0L467 D32 D13 Class B 1,400 467 0.47
D1.0L600 3,000 1000 D32 D13 Class C 1,800 600 4,500 0.60

2.00

Fig. 2. Test setup

Drift ratio(%)

Cycle

Fig. 3. Loading history
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Displacement(mm) D0.65L374 Displacement(mm) DO0.65L.488 Displacement(mm) D0.65L585
-88 -59 -29 0 29 59 88 -88 -59 -29 0 2 59 88 -88 -59 -29 0 29 59 88
200 0 PULL ~—= PUSH 200
150 150 h 150
100 100 100
z 50 z 0 z 50
T 0 N 5 0
© & vl
S 50 ) S -50
~100 100 7 -100
~150 150 { -150
-200 200 -200
3.0 2.0 1.0 0.0 1.0 2.0 3.0 -3.0 2.0 -1.0 0.0 1.0 2.0 3.0 -3.0 -2.0 -1.0 0.0 1.0 2.0 3.0
Drift ratio(%) Drift ratio(%) Drift ratio(%)
(a) D0.65L374 (b) D0.65L488 (c) D0.65L585
Fig. 4. Load-drift responses of specimens (D0.65 series)
Displacement(mm) Do .8L448 Displacement(mm) D0.8L576 Displacement(mm) D0.6L800
-4 108 72 36 0 6 72 108 144 444 108 12 -3 0 % 72 18 144 -4 108 72 38 0 % 72 108 1M
250 e 250 —+ 250
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Drift ratio(%) Drift ratio(%) Drift ratio(%)
(a) D0.8L448 (b) D0.8L576 (c) D0.8L800
Fig. 5. Load-drift responses of specimens (D0.8 series)
Displacement(mm) D1.0L467 Displacement(mm) D1.0L600
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(a) D1.0L467 (b) D1.0L600
Fig. 6. Load-drift responses of specimens (D1.0 series)
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Fig. 7. Load-drift envelope curves
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(d) D0.8L448

(e) D0.8L576

(f) D0.8L800

(g) D1.0L467

(h) D1.0L600

Fig. 8. Failure of specimens
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Table 3. Summary of test results(displacement ductility)
- . Ultimate . - . . .
Specimens Yielding disp.(mm) disp.(mm) Displacement ductility Ultimate drift ratio L /D
ecime . s
P (4,) (112) AlH »
Yy (4,
Push 18.84 36.5 1.94 1.25
D0.65L374 1.94 1.25 0.58
Pull 18.84 36.5 1.94 1.25
Push 18.84 51.5 2.73 1.75
D0.65L488 2.73 1.75 0.75
Pull 18.84 51.5 2.73 1.75
Push 18.84 74.0 3.93 2.53
D0.65L585 3.33 215 0.90
Pull 18.84 62.8 3.33 2.15
Push 23.50 36.0 1.53 1.00
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Table 4. Energy dissipation ratios of each group
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