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An experimental Study on the Confinement Effect of Concrete
specimens confined by Interlocking Spirals

I R A R
Kim, Jin-Keun, Park, Chan-Kyu

ABSTRACT

Experimental research was carried out to investigate the confinement effect of concrete
specimens confined by interlocking spirals subjected to the concentric axial compressive
load. Main variables are the compressive strength of concrete with 2 levels(normal and
high strength), the spacing of the spiral reinforcement, the yield strength of the spiral
reinforcement with 2 levels and 4 different interlocking lengths.

For the same volumetric ratio, the use of interlocking spirals is not as effective as the
single spirals, provided that the spirals have the same diameter.
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mix cement water sand coarse aggregate | silica fume | superplasticizer
no. | (kg/m’) | (kg/md) | kg/md) (kg/m>) (kg/m?) (%)

NSC 320 230.4 752 919.3 - -

HSC 495 165 613.3 10443 55 2
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specimen Ps Joc Eqe specimen D¢ fo £,
(MPa) (MPa)
NC-Plain 0 25.02 0.001965 | HC-Plain 0 77.99 0.002588
NC120-1L | 0.0060 25.02 0.002081 | HC60-1L | 0.0121 78.56 0.002878
NC120-2L | 0.0065 2521 0.002071 | HC60-2L | 0.0130 80.53 0.002905
NC120-3L | 0.0075 25.40 0.002233 | HC60-3L | 0.0150 81.07 0.003010
NC120-4L | 0.0092 25.74 0.002297 | HC60-4L | 0.0183 84.37 0.003183
NC60-1L | 0.0121 26.49 0.003136 | HC40-1L | 0.0181 83.40 0.003151
NC60-2L | 0.0130 27.14 0.003474 | HC40-2L | 0.0195 84.42 0.003263
NC60-3L | 0.0150 27.65 0.003911 | HC40-3L | 0.0225 88.04 0.003671
NC60-4L | 0.0183 30.78 0.005671 | HC40-4L | 0.0275 90.70 0.004030
NC40-1L | 0.0181 32.58 0.01015 | HC20-1L | 0.0362 103.40 | 0.005000
NC40-2L | 0.0195 33.07 0.01131 | HC20-2L | 0.0390 107.77 | 0.005787
NC40-3L | 0.0225 36.27 0.01488 | HC20-3L | 0.0450 11471 | 0.007425
NC40-4L | 0.0275 40.58 0.01988 | HC20-4L | 0.0550 12420 | 0.008617
NC30-1L | 0.0241 42.28 0.01534 | HC50-1H | 0.0157 82.85 0.003091
NC30-2L | 0.0260 4338 0.01735 | HC50-2H | 0.0169 83.88 0.003409
NC30-3L | 0.0300 46.45 0.02088 | HC50-3H | 0.0195 87.33 0.003345
NC30-4L | 0.0367 52.40 0.02440 | HC50-4H | 0.0239 87.87 0.003741
NC20-1L | 0.0362 54.04 0.02455 | HC40-1H | 0.0196 88.70 0.003469
NC20-2L | 0.0390 58.23 0.03096 | HC40-2H | 0.0212 90.14 0.004081
NC20-3L | 0.0450 63.56 0.04020 | HC40-3H | 0.0244 93.62 0.004262
NC20-4L | 0.0550 78.26 0.04754 | HC40-4H | 0.0299 96.12 0.004652
NC40-1H | 0.0196 37.19 0.01901 | HC25-1H | 0.0314 103.28 | 0.006676
NC40-2H | 0.0212 39.20 0.02154 | HC25-2H | 0.0338 113.34 | 0.009827
NC40-3H | 0.0244 40.59 0.02257 | HC25-3H | 0.0390 116.87 0.01597
NC40-4H | 0.0299 44.79 0.02571 | HC25-4H | 0.0478 131.36 0.01997
3238 GAF3 g ake] JRr7 E3°V1%w~%%°ll%@ﬂ+ﬁ%%ﬂ%
Lo} Aol gAY Frz aute 28E YAz
single spiral Jocl €oe intérlocking Rz zarnc $e3r Ao 8 Jeyo)
(ps) spiral (o) E 2004 e UYAZ 2HF 3l A
NC40-1L(0.0181) | > | > | NC60-4L(0.0183) | AH o7} FrhAdE32 F7hTel uhet
NC30-1L(0.0241) | > | < | NC40-4L(0.0275) | A2 (fyc, o)t 27FHS & 4 STk
NC20-1L(0.0362) | > | > | NC30-4L(0.0367) | 2a]y = 3o]a chpsdzo] A=
HC40-1H(0.0196) | > > | HC50-3H(0.0195) H 28 =35 1,}-/%]_1 AP R JaZe
Aol Hry auz  R2TE Yl
A71A, Age e Y, S T gyae) guz wa AT W ohe
<9 74, d.e A2 v 7‘]%‘ It HH T A GG HFE S of 4 9]

—-308 -



A& EW, NC40-LAzl=elM Yol 7t

100mm7F =¥ JdZFE NC20-1L
Aot SUdsA A AnAdes

NC20-1L A@A N &8 Acs ol3g
o},

33 ZuY $UMYE FA

292193 ¥ =
ush zol 5T WU Al
AU ol7} BohE4F Hol S A3 Hul g Y
oxel WHE 7S & 5 Atk -

MY FHAM st 787+ A

o7k ZAR4H 23 YUY T4
A Aem Urlyth vt 238 E
AgAAE SEMYE  wHe 4%

BRoA AT AuRRc} 8ot 25
weh 444 Pel B erdeh ©3 12T

FAYE APAH A= i]ﬂl*b ¥ olF §¥-
YT S42 o= ¢ $97kA] sy

shzbe deblEE, 7 ol F ohA R
o Zyo] TRAAL YuiE wol 2 AUtk
o2l WA AN Aolol WAl TR
©7} 432MPadl AT S 28T 7 ¢
BE DT AUANA ek olf e
AT ARAelAL HHze] WAe]
2Y) § Yol ¥ A AY At He] By

E)9li=v, o]l kiRl A WSk W
2le Mo Auitowa] shpRye
Mo sEWFeE PR Yo

ebdl e Ao g Abg gk

ey 1Y 40 Ve ule) 2ho]  3FEZ}
T 7} 1030MPagl YA & AR ol
ole gt WtAlo] whA¥stA oy A% H
Bh73 A& e T

18 4ola] o ¢ Q= upel o] AT
ZaYE ANPANA 17% A& AN
T, G2 sl HEoE HUl-E A
o YT = F7HHE o 4 vk HC25-4H
ANFARD AT UMY HEEE

HC20-4L Bt} 2u) o]4 Zg& 7HA+=
Reg depgdt, o)A 17T EIAYE
ANGAAME 3745 JMZ AFE3E A
HAT YHIHEE w2dgd & A4S
AE + UL ot

HEZT ZARE AFA A o i s
1+ o] %ﬂ%%vﬁ— Aot gzt ghol
vebdbeu, v 231 LIE_ Al H A ol A £}
e 4% & VM ZJ © HehA] ook
G Zgke] & Eas|Ee 3R
Hpgk Yol o3t JAM o) o3 o] ol
ebxbedl, tix A1 o) 7F NC20-L Algl=
ot}

34907 Y| AN
Bl at s Eel AHE Yu 7 &9
A A ARgSHE L), 4] (3)7 R

psfv Ss .
o= -——-,-*-( I~ ._z;} 3)

A A ol X 2]
vhAl 2 {lz‘:l ‘%l“v]r’é;{l- ANgAel e

AL 8FoA T

357459 F7t

Al (3)ellA AlkgE R S st
AREaeee] A% Fukvb 18 59
uhetuf ok 79 501 A el 42 9l Eo] EUSH

FE ol M2 g ARG 2 Lol Qo)A
{E“V\? (,J Lih 701 Vg’ .&1 6]»0” }':i L l /‘F'T_; Z 4 ]‘ -
FTAE Areda HPdold A

G WA g 20w ek

3.6 HulgEol Ao Zulgdys
Al(3)oll A Al4sH Hu 7 S uigh 2o
Yol Sy WL 29 60
eht 2tk 18l 6el4 o & Aol M
SelolAe) WHE = a2e) Yol
HAQle] EaeEel hgsod A

-309 -



IdFLE ¥ Aoz JEud o] e
HRAE&Yol FNHILF Frke Aow
e 28 olBiRt S8 EaRE
o Zert FdeE A st AR
ekt ol 1T EAE 7FlAMY
Ad F7HE AT FIFE JeihE ¥

AMAE AP el Fyugel iz
"2 ge ofulgt

4.4

r

2 Q7o) 2AE @ obshw thg 3} 2o,

D AR dazsel oM, z@s
Jazel Age 9T e A4T
Aol st Yuzk 23t dehd
Fee d 4 AT

2) ZTE HAZ L AT AR AT

WAaAZEy AH2Y e de
et
3) WA HiAoldl ANl FUT
FrgstA ARITIZES AR
7 23AREY Zredd 9¥e

WA ok A2 7 vebith

4 Aol AP ol BAl LT
st A HuigHod M HYE
WY T3EL A $&o A

TS WSS g+ AUt

AL
B A7 1993UE BEAAY B2
2 dyul AYow suHYow ol
AA=H YT

F}rEH
1. CALTRANS Structures Seismic Design
References, Bridge Design Specifications,
State  of
Transportation, Division of Structures, 1990.

California, Department  of

2. Tanaka, H. and park, R., "Seismic Design and
Behavior of Reinforced Concrete Columns
with interlocking Spirals," ACI Structural
Journal, Vol. 90, No. 2, 1993, pp. 192-203.

3. ACI Committee 318, "Building Code
Requirements for Reinforced Concrete
(ACI318-89)," American Concrete Institute,
Detroit, 1989.

4, Iyengar, K.T. Sundara, Desayi, Parakash and
Reddy, K. Nagi, "Stress-Strain Characteris-
tics of Concrete Confined in Steel Binders,"
Magazine of Concrete Research, Vol. No. 72,
1970. pp. 173-184.

| Iinterlocking length
-t T

de spiral
de =100mm
height=400mm
I 198 g4
80
70
60

w
(o]

stress(MPa)
4 B
o (@]

3L 4L
L 2L
0 1 1 1 1 i 1

0O 0.01 0.02 0.03 0.04 0.05 0.06 0.07
axial strain

3™ 2 FEF SY-HP = F(,=25MPa)

-310—-



140 —
120 - high strength high strength concrete
i 120
100 |-
.k HC20 oo
o] O
80
% L 4L % 80 HC25-4H
2 60| D so )
QL) B 2L 9_) A b5 \
- - ~H -1L%
T 0 il 7] 40 \_\ .
= HC40 4L\ % HC20--4LHC25-3H
HC20-1L
20 2L
i 20
O | 1 | 1 O 1 1 L 1 ] I} 1 1
0 0.005 0.0t 0.015 0.02 0.025 0 0.01 0.02 0.03 0.04
axial strain axial strain

2" 3 5 $Y-HY L FA({,=78MPa) 1¥ 4 G2 G A 9] A (,=78MPa)

0 60 0.05

m o
l8 3 © 25MPa(fy=432MPa)
+ 50 5004 F ® 25MPa(fy=1030)
~ ® 0 78MPa{fy=432MPa)
o x~ ~ ® 78MPa(fy=1030)
= 40 o
= € 0.03
Z T
o 30 . 5
£
o £ 0.02
Q 20 o
= 0 25MPa(fy=432MPa) -
< ® 25MPa(fy=1030) — 0.01
o 10 0 78MPa(fy=432MPa) .9

>
§ # 78MPa(fy=1030) 5 [ g o
<0 [ S N T ol v vy

O 2 4 6 8 10 12 14 16 18 20 0 2 4 6 8 10 12 14 16 18 20

calculated confining stress(MPa)

:J-EH 5 701'}:191 %‘7]‘

-311-

calculated confining stress(MPa)
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