72 ol A I8
ﬁﬁﬁfﬁoﬂ U A = ?:2

BEHIR B B A

// /// = //

3 P PN
ek BB T8

(51 A 12

2001

ji o



SmEaeE Rl A 3Bl
Aol VA= HE

mHHEE B R A
o] MXE LB HLBN WYX E RIT.
20014 J1 A
P K BREE B KB
RARE LBH

B L
s oA

& A B9 LB LR XS B
200146 1 H

oA
i
bl
=

il
pu
=




23

Summary

Figure Contents

Table Contents

Photo Contents

I 322adE ue g8y A%

1.
2.

3.

4.

I

Iv.

F2EaYE B § WY
Fz2Eade ¥ gn ¢4
FZEZAYE H Y AE

Ty 2azes) $H-AYE B AL

4% 2 Aol B4

CAEA A

4y An R #A

Add ez By FIZAE B H Y

vi

W DN = =

[©2 TN & ) BNV

12

21

21

24

32

37



Effects on Flexural Capacity of Shear Reinforcement
in Reinforced Concrete Beam

Ko, Yu-Shin

Department of Construction and Environmental Engineering
Graduate School of Industry
Cheju National University
Supervised by Professor Eun, Hee-Chang

Summary

Shear reinforcement has an important role to strengthen shear capacity of reinforced
concrete beam. Although the flexural design corresponding to design code does not consider
the effects of the shear reinforcement, its utilization in flexural region leads to the improved
ductility and the enhanced strength by confining concrete in compressive region. It allows to
design the over-reinforcement beam. In this study, the effects of the shear reinforcement on
the flexural ductility and strength of reinforced concrete beam according to the spacing of
shear reinforcement, steel ratio, and shear span ratio are considered. The flexural capacity
depends on the amount of longitudinal bars and the flexural ductility depends on the
confinement degree by the shear reinforcement reinforced in the flexural region. The flexural
analysis varies with the stress-strain relation of confined concrete, and there have been
many approaches to decide the relation. The analytical results based on the stress-strain
relation presented by Chung almost corresponded to the experimental ones. It was observed
that the proper design of the shear reinforcement leads to utilize the over-reinforcement

concrete beam. From this study, we observed the following results.

1. The flexural capacity of reinforced concrete beam depends on the amount of longitudinal

_ii_



steels regardless of shear reinforcements. The confinement of concrete by shear
reinforcements led to the enhanced ductility and the design of over reinforced concrete beam.

2 The reduction of shear span ratio yielded the increased flexural capacity and decreased

ductility.

3. The flexural analysis of reinforced concrete beam using the stress-strain model of

confined concrete proposed by Chung properly coincided with the experimental results.

4. Under the consideration of the mechanical behavior of confined concrete, the ultimate
strain of concrete could be assumed as 0.008 and derived the equivalent rectangular stress
block. It was observed that the maximum steel ratio of confined concrete beam can be
estimated as 1.15~1.2p,.
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st w2 w2 Fejrt I w2 FSole FdBsrsian Ao

ol ol e} o] 7t AFAEL T ZAYE LH-HUFE A RN Px =
7t Algrek Ad &8 Ale MEES 7Y % AARAM 13t lon olEe
E Fxo A o 7&H PR FHEE QU

Table 19 71&¢] 2t 7250l AMAG 2= F7F A5 Hd &3 Al ¥y &, 19
SH-U¥E oA 24 A S e JEh

=114

Fig. 12 Paultre & Cusson model
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Table 1 Stress-strain models of confined concrete

Al <t A of & = & A <& 3
AT 27 7 1
2 3y ¢ Ki=1+ —5°
3 A we )
- e = 0.002- K,
TFAKent =
& AR (Ecgecc)
, 2¢e, &,
ek sawye |- KS lgamr — (panr)Y)
A Aa
] A B EE (e <e.)
fo=K,f  [1-Zm(e.—0.002K.)]
_ 22.9B%[(, __nC? \{, __s \?
AE Z7 A KT TP (1 5.5B7 )(1 23)]" @ sfun
2~ ul = [e]
TR AW 8 78K, - .x107°
g Ao Wy
. = _ﬁ Lt 776 - _S 2 psf h
Sheikh |¥ e Sl P25 bl 5.0(13)]7?‘_'L
& HERE (e,<e)
Uzumeri
i , o 28, c
FHMGE | L= @ Ko f T ()]
oA AgHA
B AEE (e <€L)
fe=a K- f . [1-Z(e.—eg)]
214.27 \ 1,
K.=1+ (1.15+ 2820y "r
B 37 A A A
= 2 Hg & Agf,n
g A Wy =458
" 3 g fr
Fafitis € = 14.61x10 'f’, +0.0296f—, + 0.00195
& AERE (e,.<e.)
Shah
fo=fell=(1=-E9)4) (A= £ )
$8-wg s « «
A Aoty [BFFEE (e, <e.)

fc zfpc exp[ “k(Er_st‘c)lJS]
(k=0.17f.exp(—0.01 £,) )
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A ot =} o] 2 = 9 H <o 2
= s'f e
BE B4 A K= 1+ 1055 ) (5 )1 - 5)
_ f. C 2B
T+ 2 Y &
g Ao WE| e, = € [1+4.7(K,—-1)] (K.<1.5)
Sakino |4
& = e = €.[3.354+20(K;—1.5)] (K >1.5)
Sun y= —AX+(D=DX*
Y-y & 1+(A—-2)X+DX?
wA AN, —E—fi— D=15-1.68x10"3" £ +0.5V7,
— 0 -0.17 fle
A =71 A4 Ke=1+9.%4(f,.) " fo
F 2 Hg &
Afp.Sina
a }\]9‘] t\ﬂ% fle:szl:kz—E—S'hB_
S ioglu &
aatcloglu | € € = € .[1+45k;K]
1/(1+2K)
ik M A g s el o) R
oA Al eg = 260 pu ks + Epgs
2= F7 A Kszps_L\/f,h(l_O_si)
L Fe he
g A9 ¥y
g e.=(1+231K) ¢ .
fc=Ee +{(f c—E€ )/e? e
Muguruam (<€)
fcz(f ’C_fr,‘c)(ec_ecc)z/(e‘c_ecc)2+fcc
Y-y s

A A LA

(6 <e.<e.)

fe= (fcu_fcc)(ec_ Ecc)/(et‘u_ Ecc) + fee

(€L‘C< 86)
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Al ok 2} of & =2 @ A g 2
22 %;7; j K, =0.0343(1 - D255 ), 4 nd p)v%
SRR 0.0035(1 — LTSy g 21
vong |E €ec = 0.00265+ i
& FERE (e,<e.)
Nawy AX+ BX?
+3-uyg s Y IrA-2)x+(BF DX
A ALY \gany (e e
Y= 1+(C—C§§;ffzz)+l)xz
CHERE
fo @ 23gEe FAH 2=
fo 72 39 E %
foo T2 Zaes Ay ¢
f ey T4 2adEY WUYE @4 29
h, o} EAEY X
n TEE FH29 £(59 %)
C Ty FHZ 24T A
w Az w2 77
d FzH2 37
a HH2 3
a Wy 25 hot olRe 2%
€ o} awEee] Ho £9 A9 WYE
€. sol 2aANES WY E
€ ol 2AES AU ¢ Ao Hi WEYE
€ Ao} 2aAES HY ¢ Ao A WHE
Poe=0.85f.(A,—Ay)
€' P2 2avee Hu &9 Ao WHE
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Table 20419 o] F 97H9] A|PAME AR on, AGAZ 74, FH Iy,
AGQRHE A9 F2 U2 3 AdHI L AF2 EadE9 2L 3
AANFez a2 w2 3Fd 2 74 a%E, 1221 A9 Auf g3} P A
A AGFZ JFE Feotstiz o5 AlPA 7t A=A Fig. 13& AP A9 )
Y A4E Yerda ltHphoto 1).

ALG ZAYEY W Z Tt 20kegf/cm’o2 A, EAYES FAdT HEE A7) Y3t
o #nl 2o o&f Al Ebd(photo 2)3ld ZF7|d & FEF AL AA
(photo 3, )3t o™, FA A o3 43 FZHZF & 235kgf/cm’S Bt

AbE IS FAHZWE 1ste] DI3~D2E WA A Algsgon AgIILS
DI0E, HEEZ A AL A AFHFZ L 482 AHE3dy. FH 29 F&Re
gyatr] st wAHNE A #dug g Fol 83 FFA A (photo 5).

HEAZE M e FRFE 71&dA Adstn e Hd AGFZ 23S dR
ReE ZE APAANAM 10cmZ DA wl23Ad AHgd B2 HA =4S
Table 3] “WERHA T

289 & HY Aol 718 e WY Aojol o3t od, FAF W At dojuAy
FAHETF UF At o o] 7t¥e] Brtssitn #dg dztx stgsiyo. &%
< Zedoll FAE 2= Ao o ZA3 A Hphoto 6). Fot TAYEL] AGHPEF
S SRS A8l YFF WA ol olYE FAYE AAE R HEc).

gl

-]

A
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20 0 _

1 == =T HH
sl

1= J

100| &0 L 300 _|_ 90 _|_1po

(a) Detail and shape of specimen (a/d=3.7)
P2 | P2
S S

_CSQ __L-.xno -"J-—I"N

f T A

ama 2 -
JSQI 650 300 ! 650 l;sm

(b) Detail and shape of specimen (a/d=2.5)
Fig. 13. Detail and shape of specimen (unit : mm)

p/2 p/2
2 620 steel rod
0 an
Ll7s wozaw s
[ S
7 v ]
|
100__14 %0 I | %0 100

Lyor

Fig. 14. Measuring and loading method for test
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Table 2 Summary of specimens

specimen steel ol S O w
(cm)
U10-25 3-DI3 0.347 10 0.014 0.147
B3.5-3.7 1.05 35 0.041 0.448
4-DI19
B35-25 1.05 35 0.041 0.448
05.5-3.7 1.25 55 0.026 0.530
055-25 2-DI19 & 1.25 55 0.026 0.530
035-3.7 2-D22 1.25 35 0.041 0.530
035-25 1.25 35 0.041 0.530
MO05.5-3.7 1.434 55 0.026 0.610
4-D22
MO035-3.7 1.434 35 0.041 0.610

p: FATH, p,=0.858% (650 ):

ps RGBHD A A n), w=Tf'}

L awnzner, 25)
Hrgeld HedZ W2 22010, 55, 35cm)

. T4 3 2¥] (Under-reinforcement ratio)

A

-

vs}

1 & A 2 ¥] (Balanced-reinforcement ratio)

dl

— O : Fd) A Z8](Over-reinforcement ratio)

——— MO : =t} 3 28] (Most over-reinforcement ratio)
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Table 3 Mechanical properties of steels

steel yield strenzgth strain at K}%ﬁ%u: Sﬁlt‘fgjsé]&
1 [0)

( kgf/cm ) YIEId(%)) ( kgf/cmz) ( kgf/cmz)
D10 4,070 0.199 2.04x 10° 5630
D13 4,970 0.252 1.95x 10° 6050
D19 4,650 0.243 16x10° 6500
D22 4,570 0.235 1.62x10° 6330
#8 3,120 0.170 1.83x10° 4650

33U FF FAYE 5o Adet AYBF A el F¥% S Jetslr)
Aste Hof H NP7 4553 ALY H o] AdEHE 7 wigd AGdE2
o 2EHYA AAE &z FAsAUrHphoto 7). 21 B &
o FEIZY AFTE Hotetz] fAdte gAIGHEA 2EHQ] Aol A E A3

ANEAY MY R FES FAHEA Fig. 1494 B uvteh 2ol LVD.T.E HA 3
on, o] Holy A AAAA AT AR AR F, MPE R WUAE
Z74stdo. Fig. 14= 714 R 53 FAE dehdz 3.

AFA Y 7t §A dde] ANPGRS FdetEtr] fste] v Al@Aed HA <A
Ex 2AgHon 7t F A @A 2Ase 2 S¢or Ao 749 A
FHE AGA GErAAT. ARG A2 o =5 FAUE 75 ARE FHoe)
17, §FES ZAEY 4 R AE 9P ojFok JHHE A48 FAFA

o
B
o
~
'm
10
i)
u

2. 4% 4% 4 4

FoFEAge BE BRAZ Q430 w2Y I FE oFo ¢F2 magEo
Az olojxE HHAE AAZ AAZ o)FolAxn Utk st FHHZH o]
oA IH 2 a2 AAZE o)FojA L ot FHHT o HAE HoA FWHEE Frtsl
v RES A9 gHQlele A8 e HER HAC oz o] Arh

AdUlE S BAE Exoz wigd AGEIE #H ¢ sjogdo=y IAHS T3
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AZ ok AY 23, @ W™ 98 ZagEe uwe g HaHue, FE 25t
255 98 2aYE vy Al3e] wan WHAs 343 BAdse AA4HA AF

& Btk aeu, A9dEI2d o 4FFo] 749 ZAYE Mo H YHL FH29
FE Ev 9E ZAAE g A dHo] AHAWL FAI AgAgoz W<
S7t2 2219 Hd ¥ WHE 2y

Azd ZE AFAE Hel ¢ A E AAZ AY =HAomz A7 252
AFAAME A Boe Hel osfiA o7t 24 e g AAHUL. galy, v E
ANdAE ol o 37t A AcHphoto 8~16 FXR). A AT o= wiad AY
HMe 27 § 29 BT ¥, 5] 4F AXNHA G HRE x4 A9y
FAIo] FEE Foll o]Ed ¢ dAHE Holn FIFAHo2 H HAyHE RHAHQ
B FFE B ©A, dDdA N7 250 AgAE Ado] 3 oz oy
Foll B-dd #do] FAFE B F AN T FI2uY Ad AW wi2d A
HAMNE F2 H2 vizd APAS FASHA 27] § Fdo] HAsn o5 7
g0l ¥eRe 9 dFFHoz HA HdHUon, AEALH I 252 AFAE
A B-dd ddE #EE F WY 283 9% B2 FEE AFso ¢ES
AYES ¢ A& FAYES st &g Fof TAYE RES AYstm ¥
AEFez digs B 5 AU A2 w2 Hulgo] 3¢ L A Eay
Aedd 2o kA0l 2ol mel ddo] FIES TR + YU AFHF 2 u)
o tAo] 23 4FF FAYEY F& AN  AFAAME AGIZ w2 g
fal wod 45 E2 & A7 AY B2 dRA FRHAUT. Table 40
48 238 8%t

1) 3% 2 23
Fig. 15 Al@Al zZ&3te 53 A3 #AE vt gl o] ageld Ho
3t A HaZdo] FUiste wet F/HEE B F o, A §F olFoe M2
of Azt Aol & APAHA AFE Holi 3SE ¢ F A FHHFIH o)A
ooz w2y APgAe g APAd vste e Yol FZo] FEgc}
S B F U T, Hddol FHokg AWM zE 259 AFAQA A fole Ao
of g HHd3 vz AdA o]Fojzittd ol dis) FEF dAol ArYS U F
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Fig. 15(b)llM Hdl dF& AFF HFI2o WPl o 2AHS & + AUtk 2
dAu, Aad2e w2 A AP mex B2 A @z A4 ¢ Uy
o] F2so] 2xt9] A dFE Holxn Utk F, MM IZo] 2UsHA wWiIE AHA
AN 4&HF FE FaES dg o|Fdr 74 J3 9 FAHAZ HANoR
oAl HEo] dsdte AE RAF 3 Yt

load(tonf)

(a)

load(tonf)

(b) Load-deflection according to the area of steels
and spacing of shear reinforcement

Fig. 15. Load-deflection relation

2) A2 4
Mty o2 APAZ RAFZ o AHFgsE UF go) Frldo] FH 2o ygu
o Eg3l7] olde ¢FF ZAYEL e 943 HAHHA FAAEL B 18

D2 JREZ BolM 4FSF FAYUEE TE FAYEY WER AHS FTIHA

ry



2vd Afd2 2o # iy 2 4

Fig. 169 %

oM B F UKo

SREED

SECEERE

e 3R

2 HA o g ZHES9}

2 & F Ut 28y dd 329 w2 348 55cmolA 35cm2 29 7
< FAH 23 A PEAEE Bolu Q)
Table 4 Summary of experimental results
M o (tf - isp!
Initial Moment at (tf - m) disp a;:em
' crack yield of d e:l'
t
speciemn moment M., steel . Ana/ ue ]_l y
Ana. Exp. ratio
(tf - m) M, (tf-m) Exp.
(u4)
U10-25 0.85 3.86 5.0 5.0 1.0 14
B3.5-3.7 0.85 10.0 11.27 114 1.01 56
B35-25 1.23 11.1 11.27 12.2 1.08 5.93
05.5-3.7 0.66 10.7 11.44 11.8 1.03 1.48
05.5-25 1.0 12.2 11.44 128 1.12 1.39
035-3.7 0.81 10.6 12.1 12.6 1.04 5.26"
03.5-25 0.84 114 12.1 134 1.11 59
MO5.5-3.7 0.66 11.7 12.3 129 1.05 1.3
MO035-3.7 0.81 124 13.1 13.3 1.01 51
#o71A M= A A Fol A¢E A 2AYES $H-wMEE WAL ALY

AAE 2kl
« Y FRAMAE B WA 4717 de ARAZA Y £RAQ WY

A g B E
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Table 494

7 ARl 27 # FEA B He Agdz 7

Ao G WA Fn gt AL L 5 A ¥ A4S Aol

Hoe dEd

A4 B A4 Fuar) datolr

7 A% 3 AR

o ¥ WEs A48

momentlionf-m)

moment(tonf-m)

W2 kA o HRES & & Yok B 4Y dn, Ay B
HedZ A4S DAB(=35cm) o8z uj2d "Ug

i, AGEILoR FHE FEHY AS JQH2 B AdAs

=
25 =9

At Atz

»

(b) most over-reinforcement concrete beam
Fig. 16 Moment-curvature relation
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moment(tonf-m)

o so00 t000 1500 2000 2500 3000 3500
curvature(*1 0 6scm )

(a) over-reinforcement concrete
beam with spacing 5.5cm

moment@onf-m)

[ so00 1000 1500 2000 23500 3000
curveture(‘106sem )

(b) over-reinforcement concrete beam
with spacing 5.5cm
Fig. 17 Moment-curvature relation according to shear span ratio

3) A zulel teg 8 A%

Fig. 173 Table 4914 & 4 gl vie} o] B2 EAeE wo| Muuze =2
FE PIAC 8AY AGHNIL 259 3790 AlgAe] ds WA 2590 AY
M7b R 2 H g detdn Aok a2y Ao 8 Uy o)3d AMe AuAz
HI7E A& Aol Hatde B & Aok mebd, AgAzte] e n=
A e Him # TE AdEI s RAFOW 2R HUY 2 A4y
& FEFS 9 5 QU

rr
2
a0
2
2
2
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4) AGHFZ A%

Add T F2EF3YE B Adud 3, 453 ZadE 74, 4532 w2
€ 3oz v AdHIZH @ ¢FF FAYE
Wetel 2ty A2l A7 o] LAY HdPdHFIo| FTAE F&d 1)
Ac e SR A F FEHol, HEHH AH S 9Pt A axsts 95
R AL Fdo] dFHE AAd o2 e 2EdA ARAE zt Risid M
A2 MYEL FAAY. F, Fig. 189149 2o] & xu] ol N E Shear 13} 2
g, ¥ AdE& ¥ dRoE Shear 38 2+ R

- Shear 1 — _I;\ [‘ Scm i r\z \\:\\ o8 ‘\ ‘({
N shearz ) i ! H \gb ‘ =‘5cm
1 g
|
I ] I . ' e e
(a) middle(flexural zone) (b) end(shear span)

Fig. 18 Location of strain gage on shear reinforcement

Fig. 19% 2§ 83 0g duzz 72% 8 Fhdel w2y duyae) wy
REE Holu Itk MY MANA AvBIel HA AAG F& il Ao o
sigh Ao ABHTY Y vehd He) I AR oA BHAM B 7
el AudTe AW Azhlel HEEI By o 2 Wy P PRo wa= A2

]

nj2o)l 3 TN EHHoT PEE FAAEES TEAIT QSe o & gt

932 HRAYL 252 BasE ARAIUG] AgAIe) Avel dg Aol 7%

b old3 433 23PES FEEY BT ARAHAS ¥ 4 Ao gk, dud

2S¢ ¥ el MIe FoY FH2 ¢ FAM ¥ P TN £ dov,
Aol 8 d4E BB HeRe % 4 A
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load(tf)

Shear 2A&)

Shear 1(H)

load(tf)

~-600 0 500 1000 1500 2000
strain(micro)

(a) 03.5-3.7 specimen

B gy U

S O

Shear XM THAY)

1500 3500 5500 7500
Srain(micro)

(b) 03.5-2.5 specimen
Fig. 19 Strain of shear reinforcement
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IV. dd3d 2oz 7td AL2AIE 19 § 4

TEE FIEAYE B H AFS dF37] HdAME F4E A EY $FH-AY
F Y F2 ZIAYEY FY-HYE Y FHUIZY $Y-¥YE 2do] Wt} 74
¥ ZAYES SY-MYE WA= A AF 79 &Y-HUYE RIS ol g3 F2 &
A e &8-H¥E 29 Hognestad® T9E, 2o £3-¥yg AAE Parkel &
9 (Park® Paulay, 1975)8 o] &3t o] AH2o AZAAL 123 F)

T4£E HIIAYE B g ZHE-IE @A ddg Bt AU Y
< A% 712 HHezeE (D) MY ¥ ¥y Fox HYHo|th (2) EAYEY IF &
& FAEG. 3) 5 ZAYES WA UYEL 0003°]t) Fig. 20014 BE uiel o)
UF A 2AE] WYES FEIA Z4 FFDANA HdH LI &
A ol ¥} EFY AAE w3 4 AFAE AMsn o JY =
o] &% (bi-section method)& ©]&3td FHF A& AAsY, Fog RYE 9 IJ§
< st

Fig. 210 A3 2o % % 23ES +4 FHE 12d FIE3ALE B &
ANE-FE B e P29 429 g JehdUrh A APXAA tES 3
B Zage9 v dAd @y Eol 0.003~0004914 AlFEHJen, AR AFAAME
Z YoM AFE 2 H22 T HHEA}E BY 2y, 745E F3YEY &
-HYE BAE o8 HMAE Hd ¥ WY H 1 o]F AFS HuAH I {F3tn
Atk At AgE o] 3 ¢FF FAYEY F45& HABIE A 59 AL A
o] 1S & + Avh

webd ddE 2ol o3t FAYES 745 ARWHIT B MHAE 7M5EA 3 ol
AAz pad 38 B85S H 88t HAV 7tsdith 745E E3YE 2o A4S ¥n

mo}ﬂ

1)
o
>
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Initial input data:

Section size, Material properties

,

Choose &;, de, i=0

'

» Strain at extreme compression

concrete €4, =¢€;+de

l<

Assume neutral

axis

'

Determine strain

IE of divided section

.

Determine stress from

stress-strain relation

'

Force equilibrium
|ICc+Ce+ T <8 & 25

YESl NO

Calculate flexural

moment

'

Calculate curvature

v

output

Fig. 20 Flow chart for computer program
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8t71 A FEHE-FHIAFTE 035013l A E AGHETE SR wIsdE A4 &
e 5 7] Wl FEId diF Aol etk rHE FAYE R Hy 2
g A7) s 749 ol EAYES] ¢E A9 WY E 00089 Wi 4 &
& Fig. 2201 Yehideh. 748 F3YE Hel 57 88 BEE o] AF(B)E 75
¥ Z3YE Fxd met 2Fdnh & d7dME 8.¢ AR sy de ge
He o3

(1) A SHEE(Fig. 22(cN< 57 $E8 5= (Fig. 22(d)9] |4 g}

(2) A FHEZY AN HA SHE X EARY Az T &8 B2
EA7A S A 2.

fioh Ze el wet 44" g F4E 2AYE Zxo BAE Fig. 239 YeE
At Fig. 28225 H HA 2A5WE oj&dtd §7F $HEEF o] AX(LIE 4 4-1)
T o] AAE + Ut

B1=0.8878 — Kf 4/ 10000 4-1)
LA FEE ZAYE B FYE Yolx Fig. 22449 S71 $¥E2S o] L3y

A (4-2)8 2ol yebd 5 Qloh o @ 23 Hdl WHHM ¢E2 HEIZIAYEE A
o] wa)sly] W&o 23 Ao 2L 2

J4>4

€ d
kdl = ey (4-2)
T4E Z23YE B Ho HIuE 3o HEzAd o tSoz g}
Ast _ Kfcklgl cecubd (4 '3)

Pmax="pq" = 7 ( ew+te,)bd

SR AAZIEA ¢ dH A2 e g go] Hosta Qi
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14
2
! angiytical results
2
LT
€
(tf.w)
8
-]
4
2
Q
) 500 1000 1300 2000 2300
ZE(+10"-6/cn)
(a) MO3.5-3.7 specimen
' T T T T experimental resuits
12 oo N g 22 [T TR SU -
2 40 R B
u i
e k
(tra) ® e G T e et e e T Sy 77T T B
6 LAl L L LT O SRS R, -
4 (¥ Lececenaaces s— ----------- S beeme i co oo docaccaaaa. -

0 500 1000 1500 2000 2500 3000
T B(10°-6/cw)

(b) 03.5-2.5 specimen
‘Fig. 21. Comparison of experimental and analytical results

b’
cBeu  Kfy  [ykdl Kf, | 0.5pikd?
kd1 T, ﬁlkd{ =
M € — | et |
y

(a) section (b) strain (c) actual stress (d) stress block

Fig. 22 Equivalent stress block of confined core concrete
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09 - , - |
5 07 adiraiiacad as 1
05% ~ |B1=0.8878-Kick/ 10000 |
03 |

01 : '
a0 I 40 O D A0 80 W0 100

Kix(kgt/crrf)

Fig. 23 Relation of equivalent stress block depth factor
and strength of confined core concrete

0 . 85fckB€cu

5= (e, + £w) “-4)
4 (4-9% 4 @39 ddaiy A e gges Sy,
_ KBI cecu(e +€cu)bd 4 -5)

Pmax = 70 85Bec (e, + eo)bd ©

drdoz b'd =(0.7~-0.75)bde]xz, o] & WMFEL 0.0020]3 & AoA A

@ €,,=0.003, £,=0.008% HAE&A 4 (4-6)3 o] Arh.

me=1.lK%pb (¢ pfyk <0.35) 4-6)

2 @40 BEZIHAFIE 245 Al F2uE Sl daE2 w2 AEy
& st tEE FIITAYE B Hu F2HE 115~120, AEVE M #
chelc,
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A2 e FAe AU Puste Avude WA, FE29 4NE A
A71E ool Bl tsted AHES AUAA 24 BAe A SHS AN gAY &
Atk wEA, B AP E AgdTol o uzol Yol uAE YL YL Fa
o stelatgon, ol o2 MW MuE AN APos Ry FU2W vy
2 9 Aeddue 0 § AL dopstdon 4y AoE o2 HY AR ww
ol g3 2L AEL AU

flo

(1) BZEANE B 3 HHL FH29 uT Yol o8 2, Agd2 L o
& AA vAA R Aoz eyt FPH2Y ooz wag AFMAME
TE % YEFSF ZadES WHAIIZ FAI B HAES ey § AMde
FA A

(2) A7 zu7E 259 AGA7E 372 AGA Bt 2 3§ HHE Holy dde 7
a%e 2+ Uk

) AAAZ BAM ¢%F ZaPEE FEHIW F Uy @ ddE2o o @
DS BEE 5 QU o] o, DA ¥HL DBolstZ 3t

(4 8 3G dAz dAd APAANA ¢ v T3} A Aol AgE 2o
MEE X2 4 2w ool e daEZol gAxow ¢x ZTazeg 7L
i &S ¥+ A

G eI oR nid H2EAUE B H ¥ H P4 Fo] i Ao
B HY diote vuzry ¢ £ AU

gated Al Hgaky) HHE g BES AR o, o)g 2AR p4d doza

HE Hel Ao HIHE 115~12p, 357 HAEFL §538 5 AUk

_37.‘



= R |

S

1. Base, G. D. and Read, ]J. B. , 1965, Effectiveness of Helical Binding in the
Compression Zone of Concrete Beams, Journal of ACI, Vol. 62, pp. 763-781.

2. Cusson, D. and Paultre, P, 1994, High-Strength Concrete Columns Confined by
Rectangular Ties, Journal of the Structural Engineering, ASCE, VOL. 120, No. 3,
pp.783-804.

3. Cusson, D. and Paultre, P., 1995, Stress-Strain Model For Confined High-Strength
Concrete, Journal of Structural Engineering, ASCE, VOL. 121, No. 3, pp.468-477.

4. Cusson, D., de Larrard, C. Boulay, P. Paultre, 1996, Strain Localization in Confined
High-Strength Concrete Columns, Journal of Structural Engineering, ASCE, VOL.
122, No. 9, pp.1055-1061.

5. Hansen, E. A., and Tomaszewicz, A. 1993, Effect of Confinement on the Ductility
of Structural Members with High-Strength Concrete, Proceedings of
High-Strength Concrete, pp. 184-191.

6. Kent, D.C., Park, R., 1971, Flexural Members with Confined Concrete, Journal of the
Structural Division, ASCE, VOL. 97, No. ST7, pp.1969-1990.

7. Krauthammer, T., Shahriar, S. and Shanaa, H., 1987, Analysis of Reinforced
Concrete Beams Subjected to Severe Concentrated Loads, ACI Structural Journal,
V. 84, No. 6, pp. 473-480.

8 Mansur, M. A., Chin, M. S,, and Wee, T. H., 1997, Flexural Behavior of
High-Strength Concrete Beams, ACI Structural Journal, V. 94, No. 6, pp.
663-674.

9. Mohamed M. Ziara, David Haldane, and Atallah S. Kuttab, 1995, Flexural
Behavior of Beams with Confinement, ACI Structural journal, V. 92, No. 1, pp.
103-114.

10. Park, R., Priestley, M.JN., Gill, W.D., 1982, Ductility of Square-Confined Concrete

_38_



Columns, Journal of the Structural Division, VOL. 108, No. ST4, pp.929-950.

11. Raghu Pendyala, Privan Mendis, and Indubhushan Patnaikani, 1996, Full-Range
Behavior of High-Strength Concrete Flexural Members : Comparison of Ductility
Parameters of High and Normal-Strength Concrete Members, ACI Structural
Journal, V. 93, No. 1, pp. 30-35.

12. Saatcioglu, M. and Razvi, SR, 1992, Strength and Ductility of Confined Concrete,
Journal of the Structural Engineering, ASCE, VOL. 118, No. 6, pp.1590-1607.

13. Saatcioglu, M., Salamat, AH., and Razvi, S.R., 1995, Confined Columns under
Eccentric Loading, Journal of the Structural Engineering, ASCE, VOL. 121, No. 11,
pp.1547-1556.

14. Saatcioglu, M. and Razvi, S.R., 1999, Confinement Model For High-Strength
Concrete, Journal of the Structural Engineering, ASCE, VOL. 125, No. 3,
pp.281-289.

15. Scott, S.R., Park, R., Priestley, M.J.N., 1982, Stress-Strain Behavior of Concrete by
Overlapping Hoops at Low and High Strain Rates, ACI journal, pp.13-26.

16. Sheikh, S.A., Uzumeri, S.M., 1980, Strength and Ductility of Tied Concrete
Columns, Journal of the Structural Division, VOL. 106, No. ST5, pp.1079-1101.

17. Sheikh, S.A. and Uzumeri, S M., 1982, Analytical Model for Concrete Confinement
in Tied Columns, Journal of the Structural Division, ASCE, VOL. 108, No. ST12,
pp.2703-2722.

18. Sheikh, S.A. and Yeh, C.C. 1990, Tied Concrete Columns under Axial Load and
Flexure, Journal of the Structural Engineering, ASCE, VOL. 116, No. 10,
pp.2780-2800.

19. Soliman, M.T. and Yu, CW. 1967, Flexurai Stress-Strain Relationship of
Concrete Confined by Rectangular Transverse Reinforcement, Magazine of
Concrete Research, Vol. 19, No. 61, pp.223-238.

20. Surendra, P. Shah and Nijay Rangan, 1970, Effect of Reinforcements on

Ductility of Concrete, J. of the Structural Eng., ASCE, Vol. 96, No. ST6, pp.

1167-1184.

_394



21. Yong, YK, Nour, M.G., Nawy, EG., 1983, Behavior of Laterally Confined
High-Strength Concrete Under Axial lLoads, Jourmal of Structural Engineering,
ASCE, VOL. 114, No. 2, pp.333-351.

22. Ziara, M.M., Halolane, D., and Kuttab, A.S., 1993, Shear and Flexural Strength
Resulting from Confinement of the Compression Regions in Circular Section
Structural Concrete Beams, Magazine of Concrete Research, V. 45, No. 164, pp,
211-219.

23. AR - YRR - JF BAATT, 19834 9)], RiHARIC L B &M 2 7 ) — P o#t ek
2 BT AHIR (20l 2), AAREAG ARl AEEMEY, pp.1913-1916.

24. b B OCER, 19874F 101, RiHESRATIC X2 @mmE 2 > 7 ) — F oWtz 47
DRIELYR, AARESRE A GBS E R

25, WEHRIA, FRE4S, 19934, SRS HE L GBIy 7Y — Mo
L HEEMWI%, 2> 7 ) — b LBELRLEER, Vol 15, No. 2, pp.719-724

26. HYEERYA - $R K4S, 19944 TJ], (RURTHIERMIC L D BRS 23 r 7 ) — P o)) -
U A Btk AARSEHEERE RE, 94615, pp. 9%6-104.

27. BYEFRIS - BR KA - B GEES - KEERA - th 2B BB, 19974 9)], HyRRCHEN LI
Réh JIcBT 2HI%(Z2 01,23), AARERE AR M#EARYE, ppdS-64.

28. BIRFRM - B OREME - R K4 - AERAK, 19984, RCHE LR Féh o Itiz BT 9 K% all ok
WMo, a7 ) —F B ERRETHRGE, Vol.20, No.3, pp.499-504.

29, 3 41 9 490, 2000, BZEAYE BolA AdHZo| HUH v FE, A
F diste Fags AdriEd T4 AllE 23 pp 151-159.

30. 71 W& 9] 59, 2000, AFHZe] HZEALYE RO AN VA= FFl &3

AP A7, dFAEe3 A3 A3 27 3% pp 53-60.

31. 4 ¥% 9 52,2000, Ao 27 JPAI B 934 54, dFdH
g+3] 16¥ 115 pp. 83-90.

32. % 28, 1998, AnZAIoR F&E FIZTAYE 71T 3 Wy A4 a
A, T i HAE =L

HE4, 2000, £4EE S B 172 E RC 7159 We 2 A &3 A, &

2 ot

u;

J»

_40_



34. A AF 9 49, 2000, EZEIAYE F2 AA, QY E3AL
35. R. Park, and T. Paulay, 1975, Reinforced Concrete Structures, John Wiley &
Sons, New York, N.Y.

_41_



Photo 2 Placing of concrete
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Photo 4 Finishing of cocnrete
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Photo 6 Experimental equipments and measuring systems



Photo 7 Bondage of strain gage

Photo 8 Failure mode (U10-2.5)
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Photo 9 Failure mode(B3.5-3.7)

Photo 10 Failure mode(B3.5-3.7)



Photo 11 Failure mode(B3.5-2.5)

Photo 12 Failure mode(05.5-3.7)
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Photo 14 Failure mode(03.5-3.7)



Photo 16 Failure mode(M05.5-3.7)
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