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Experimental Study on Behavior of Confined Concrete According to Configuration of
High—Strength Transverse Reinforcement
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Abstract

This study estimates the performance of confined concrete according to the configuration of transverse steel bars. The
main test variables were the yield strength of spiral reinforcement and configuration of transverse reinforcement. A total
of 27 specimens with rectangular cross section were cast and tested under monotonic concentric compression. R—type
specimens with rectangular spirals, C—type specimens with circular spirals and O—type specimens with combined shape of

rectangular and octagon were designed in this study.

From experimental results, it is concluded that the proposed

configuration of transverse reinforcement can provided improved ductility to the confined concrete compared to

rectangular spiral reinforcement.
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Table 2 Properties of reinforcements
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w (MPa) (GPa) (MPa)
045 469 547 i
Table 1 Mix proportion of concrete (Normal— 185 472 183 557 553
(Ave.) (Ave.) (Ave.)
—" g strength) [ 464 557
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strength . 045 882 962
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Fig. 1 Stress versus strain relationship of materials
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Table 3 Details of specimens and experimental results

. Cross section . . ). Peak Axial strain at Lateral strain at o o
Specimens (mm) (Dﬂf’a) () @) Stress peak stress peak stress o f o -
(MPa) (MPa) (MPa) “

RP - - - 46.6 0.0029 0.0020 - -
RN 133X133%266 472 42.7 1.20 43.6 0.0050 0.0025 0.94 1.78
RH 880 42.7 1.20 434 0.0053 0.0025 0.93 1.82
CP - - - 45.0 0.0059 0.0021 - -
CN 150X 150x300 472 37.6 1.20 42.8 0.0051 0.0027 0.95 1.84
CH 880 37.6 1.20 43.6 0.0054 0.0028 0.97 2.63
op - - - 44.5 0.0030 0.0023 - -
ON 141X141 %282 472 40.7 1.20 42.9 0.0054 0.0035 0.96 2.05
OH 880 40.7 1.20 42.9 0.0044 0.0029 0.96 2.47

* f, Yield strength of spiral, s pitch of spiral, p,: ratio of the volume of spiral, ¢, and ey axial strains at peak stress and 20% stress drop on
descending branch, respectively, f’..: compressive strength of confined concrete, f',,: compressive strength of unconfined concrete
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Fig. 2 Cross section of specimens
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Fig. 3 Details of specimens
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Fig. 4 Test setup of LVDTs
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Fig. 5 Stress versus strain relationships of tested specimens

== H163 HMe=(2012. 11)



SERER Hn, %i e A gl a0
of 7}

LVDT: Aﬁ% FA E7F Qe &A%Y 54w
A 7S A EaI3ih Fig. 5ol Hi= vle} 7o)
2 ARAIL] A Adsks o A4 AsS B
whd, IR A A9 sk o)F Hot o

A1 As& YERT

Fig. 6 3R 5 neE S8 -3 E
of digt AFAHE Yepdich. 9714 AFdA= 5
AFAN FollA di3EAR1 ghs AEato] YRS H
<ol AAZEQl RAJE = AdAe S3-AgE &

AE HERd Fig. 6(a) oA K= vk} o], RP A A<
Hd-gH7 HAEHA FWHES 47 43.5MPad
0.0029% el 3945% RN AAe] Hof-3-<%
Ho-ed Al W ES 717} 43.5MPa¥ 0.0050, RH
AR A= 242} 43.4MPa 0.00539]%1t)

Fig. 604 = vs} o] &l A Hols
g B AgA el Ak ASE oY HulsEA
FWPES T AdAET o 1.7 STkl
ol RP
td

2 rﬂr

A= HAdsks o]F 94 AFS Bl Bk
, %E@% RN Y ol RH /Khﬂxﬂl—_ 3;}16}3 ]-6 Eﬂr o
A AsS JEMISITE FRAT FEAE STt ot
£ ASHE Hujsks o) F wEEgloy 1 g A
A k). ol= i @Ae] 7= VleketA 54 wiE
O% =T Table 304 Hi= uke} o] A=A
HARATe] Mg EC] A fARRE & 5 Qi
Fig. 6(b)= w34l A&l CAlE= A9 &
H-HEE IS YePATh Table 304 B uie}l 2
o] CP A&A2 A& Hh-gA] FRPES 2442
45.0MPas} 0.0059% VFepdth, 3945 ON 232
s Hulg#A FHFES 712t 42.8MPa¥} 0.0051
= L}EM @?-% | o3t TR FEER] Agkort
L7 F7kste] E+-5el <Jgh
gheldk 4= gllth CH AgAl: Hoj-g5o]
43.6MPaz g85lo] ¢Id whi, FHo-g5A] FHE
E2 0.0054%2 7 AdA e vlsiAl= 1.84] 718k
ARE CN AgdAell vlaix= A2 S7kskA] ekttt ol
H|5 HjEdo] ddo)et dxete AAlztE ddel] 4
5= A9 TEA Kok A ES] WA o] A
o7 Wolr WA= AAto 7 duketh 13w A
sl o1F AsolMe FRAALY] FHAT SIS

—

5

MY 7 W%&E %%%D}.

Fig. 6(c)= o] A7lA ARkt Oxe]= A9 &
I

H-H13E WAE UERATE R CAl= A elx e}
60
404
© ..
o
s \
@
g 204
173
—RP
—-—RN
0 - -RH
2003 -002 -001 000 001 002 003
Lateral strain Axial strain
(@) R Series
60
0] | _,',A
© o
a
=3
@
£ 204
173
—cP
—-—CN
-CH
O T T T T
-0.03 -0.02 -0.01 0.00 0.01 0.02 o0.03
Lateral strain Axial strain
(b) C Series
60
— 40+ ' /’.”,ﬂ
© Lot
a .~ 4
2
1))
(/2]
£ 20
n

0 | T - T
-0.03 -0.02 -0.01 0.00 0.01 0.02 0.03

Lateral strain Axial strain
(c) O Series

Fig. 6 Stress versus strain relationships according to yield
strength of spirals

SRR ST M| ZEE| =2 A16H M6=(2012. 11) D



A 748 ON#t OH A A F-2 A A u)
3o ﬂm%ag 719 STV @k Hh, }Jﬂ%vfi/’%*l

59 7b7te] Zbelginh, et Aule Y

1.
ol
304% o F 7T FEIIT o] Jsko] UERA]| 9

sort Atz ol AL Jugae Jug

95 ATl Fe 53] ArjstE of

& RAE = AgA R CAJE] = A9

AR10m, o= ol Aol Ahet Wl A3)
A B4 A S olsi
wiE el mhe AR Aol2 sl $Iste] Fig,

7]

W mE S
Fig. 7@ BELE Jurog e 484 <

$U-WYE AS vlwsisich

—HEE WAE el 2o wi gl %7:]]‘310]

BE QAL AR AR ASS BAS & 2 ek

g

o

X

Stress (MPa)

Stress (MPa)

Fig.

511-

|5 Yekd Fig. 7(b) oM Bz niel o), 14%=

40

20

60

40

20

7

¢

FrATS AR AdAY] SH-HEE

Fu:ri

o’ *
-7 / \\
\
N
{ —RN
-.--CN
—-—0ON

0
-0.03 -0.02 -0.01 0.00 0.01 0.02 0.03

Strain
(@) Normal strength reinforcement

A

-~ CH
—-— OH

0
-0.03 -0.02 -0.01 0.00 0.01 0.02 0.03

Strain
(b) High strength reinforcement

Stress versus strain  relationships according  to
configuration of spirals

SETFEENHRAHSE =28 M16d M6E(2012. 1)

e AR AEA Y A5 OH A Ak CH A A <]
= ¥ ’d715] RH AgA el Hlsto] =23
th 53] o] ATtellA Ak viZdEE 7= OH A
A= 9 C *‘4_3 Ao}t AR Qe B H
A ST

2
£
ok
Y
I
fol
=
fr
J 0
_1

A %sé F A849] 9]94S Photo 201 YER)
At - AFAR PAIgZ=E Hdlsks olF ZAHE
o] %7461 S7Fstar vk AshiaA HE o
At RAJEIZ= A3 49 A Sl 7p7HIAA]
BAE FatelAE FAE Blerh WA AgEHgle
o, &g o]F v Hog uk|7} HolH: s
ERJ ST

AE AT oR 9455 CAgl= APA AT

ON OH

Photo 2 Crack patterns of specimens



FHdjsls olF-
2 E7}L uleE|glom, &E s
i ZAE H7t

27} driF oz T E o WS

33 ¢y BTl

E OlT ﬂﬂ%%%‘ﬂ 80% we] WEE nE el
ok RAJEIZ= AL 73% RERT RIS ARgE
AlE

RN Pk ;q] 9]_ _Tl
o) AL 20 i

0

—_L
ol A2 ghee AT 5 Ak

Table 3914 Bi= nlg} o], CAlE]= Adlde] 3%
WA WA 2
TS AFES ON AEAIRT 43% 9457 5395 et
‘H‘Hdr
o Aog w|EAl uel AR FEJT

N'l

i

Ductility factor

ZZef| v A=
Fig. 8% SR7F] o] ARl RAJE =
71F0Z Cob OAlgl= AA2 AdT2s vk
Aot} Fig. 804 Bz vks} o], 3R7e] FEAE
7} 472MPag) 7% ON A8 9] 14-& RN Ag 4w}
ok 15%

7Ta T1Twea
i=!
&AM CH A3AIE Bad= Al
o= Al 7H MR T AETH B
7,

I} e 5 9es gnle

=

¢

S7Fste] 3%<1 CN AA KT 55 o] <
2.0
B R Series
® C Series
* O Series
1.5 ® CH
* OH
* H H
1.0 2 = RH |
N Series H Series
0.5 T T T
200 400 600 800 1000

Yield strength of transverse reinforcement (MPa)

Fig. 8 Ratio of ductility enhancement

P75 9 e v wAY PR 22
olZelE BE W
e et 2rel g
7k Ab2kgel B2igo] AR 0X12)= ABAIY 29, At
ZAPA% FARE S ekglon, 53]

A0 WL Mol BAje) PRolA] EaE

=7} 88 OMPaOJ 7ol Fig. 8o
LERd e} @ﬂ Ao ARt OH AEA9
Q1/d0] oF 36% F7VeIIth o) 914do] RH A3 A xch
45% Z7Fet CH A8A1e] 80%°l dldshz o=, o
AgolA ARbet A} Z7te] E3HdEvE A3 fAt
3 A WY T e Yrisith o] ATl

A2
Aloke MERYS AN AREAE )5l 48

d Ae FolFITES} e FETE s oE T
&sto] 7)1 Ae F AdKle v gAY A
O ydEy, olo] tigt F7HARl A4t Fostelet
ekt

4. 4 =2

o] AellM= AR %d_—ziz—ﬂaé 71l A8 7}
Fo e S ARkslgle

AP A3} et 2 A

[S]
22 ek
(2) ATHE BE QYA Fugee R

o T
__)&‘
T

o
g
>
e

:il;b‘ 74 ol golgk =

30
50
o

(3) Alte HHJWL 7= OAlE = AP A= ARz
ol RAJE| = AFA R HEGE RS AL
23 A 15%, 1T RS ARESE A9
36% ¥ 9 FHEES B o= 3%¢)
45%%1 93 YHATS AR CAlEl= A
o} vwshl-e wl AQMe wiTEAE T Y
Aol 7o ZAET} gayH o7 14 FHS)
o5 oujsit},

71%9] & Aolle ZIE kEQT FHIN],
S W7o )9} FEAE 5 WS W] JEkg worn
2 ol tigt F714Ql A7) A|&A 07 ax|ofof st
Ro7 wekdc)

SHERX SR MR T =27 A16H M6z (2012. 11) 7



o] = 20129 % (S| o] Ao gt
ZAAe] 219 (No. 2012—-0001764) ¥} 20095 -
(T )es) o] Ador d=rayActe] tiesdel
A A19AIRI (2012-0006682) 02 Falie A rduc) &=
o] =i 2012 (w57 | o Al o= ¢
ATAke] 7)1 Z2 7419 A1 (2012R1A1A2039067) 2 RE
of e E AF UL

-

o

|

il

rok

Fp 2

1. ACI Committee 318, Building Code Requirements for
Structural Concrete (ACI 318M—08) and Commentary,
American Concrete Institute, Farmington Hill, MI, 2008,
p.473.

2. J. B. Mander, M. J. N. Priestley and R. Park, “Theore—
tical Stress—Strain Model for Confined Concrete”, Journal
of Structural Engineering, ASCE, vol. 114, No. 8, 1988,
pp.1804—1826.

3. Japan Institute of Construction Engineering, New RC
Research and Development Report, Japan Institute of
Construction Engineering, 1988~1992.

4. Jong—Kuen Kim, Byum—Seok Han and Sung—Woo Shin,
“Ductility Capacity of Ultra—high Strength R/C Tied

Columns Considering the Axial Load Ratio and Configuration
of Transverse Reinforcement”, Journal of Architectural
Institute of Korea, vol. 25, No. 1, 2009, pp.3—11.

. Korean Standards Association, Method of Tensile Test

for Metallic Materials (KS B 0802), Korean Standards
Association, 2003.

. Korean Standards Association, Standard Test Method

for Compressive Strength of Concrete (KS F 2405),
Korean Standards Association, 2010.

. Robert F. Mast, Mina Dawood, Sami H. Rizkalla and

Paul Zia, “Flexural Strength Design of Concrete Beams
Reinforced with High—Strength Steel Bars”, ACI Structural
Journal, vol. 105, No. 5, 2008, pp.570—-577.

. Sung—Woo Shin and Beom—Seok Han, “Confinement

Effects of High Strength Reinforced Concrete Tied
Columns”, Journal of Korea Concrete Institute, vol. 14,
No. 4, 2002, pp.578—588.

. Sun—Kyoung Hwang, Hyun—Do Yun and Soo—Young

Chung, “Effects of Transverse Reinforcement on Flexural
Strength and Ductility of High—Strength Concrete Columns”,
Journal of Korea Concrete Institute, vol. 14, No. 3,
2002, pp.365—372.

Received : 04/03/2012
Revised : 06/11/2012
Accepted : 06/14/2012

2

o] A= IR wiEE e w2 sy 2gE A

3 e AFAE A on, g skl A8S itk o] AT
C—type @ o] AtoA] #ket A3 Fzto] E3E O—typel @ AESINTh
5 ]
(6]

o] wizE o ® sloick & 2770 A F
o= wiEddE AFFEQ R-type, 9%

et F0 et Yuree] Bug e

] H
AR, o] Aol Ak o] Az Ee wmale] Holy Qe S S Sl 4 ik

A 80| : 374 2AYE, ey, 374 B PR AT, I

8 s=Eaxsmogxzelzes =27 Hi16H M6S(2012. 11)





