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An Experimental Study on Confinement Effects of Shear
Reinforcements for Ductility of Reinforced Concrete Beam

Ki, Jin-Ho

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

Summary

The shear reinforcements play a main role to maintain the shear strength of reinforced
concrete beam, but are not considered in the flexural design of reinforced concrete beam.
There are a few reports, which the shear reinforcements increase the flexural ductility of
beams. In this study, the effects of the shear reinforcements related with the ductility of
reinforced concrete beams are considered. We made an experiment with variables of shear
span ratio, the amount of longitudinal steels, and the space of shear reinforcements, etc.. And
we compared the experimental and analytical results. From this study, we observed the

following results.

1. The ductility of confined over-reinforced concrete beams is related to more

confinement-reinforcement index( pof,/Kf, ) than the steel ratio.

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

steels regardless of shear reinforcements or confinement-reinforcement index.

3. The confinement of concrete by shear reinforcements at compressive region leads to the

_ii_



improved ductility. This means that it is possible to design over-reinforced concrete beam by
properly confining the compressive region.

4. The reduction of shear span ratio yielded the enhanced flexural capacity due to the load
transfer capacity by arch action of web concrete.

5. It was observed that the maximum steel ratio of confined concrete beam can be
estimated as 1.15~1.2p,.
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Fig. 2 Stress and strain distribution corresponding to ultimate state
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(a) disposed shear reinforcements
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(b) simple type (c) complicated type

Fig. 3 Configuration types of shear reinforcement

Fig. 4 Force distribution after diagonal crack of reinforced
concrete beam with shear reinforcements
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Fig. 5 Internal distribution of shear force
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Fig. 7 Shear transfer after shear crack
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Fig. 8 Shear span
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Fig. 9 Deep beam
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Table 1. Stress-strain models of confined concrete

Al o = of & = 9 A ¢ 4
e 3 AR g g4 Lo T
9 Hy ¢y o ° e
. e = 0.002 - K,
3 Kent yeve (e,<€,)
& 2
= - . €c
B A~
A AL sure (e <€.)
fo=K, f . [1—-Zm(e.—0.002K,)]
2
K.,=1+ ——9—22 B [( - 5532) l_ﬁ) ]V 0 fun
B F7 AF
9 Ho 83 o g, = 7.824Ks-fc><10 6
WY g
. €52 7.76 S \2 osf 1n
Sheikh — = = 1+——[1-5.0(x -
S 2 €. C [ ( B ) ]VTCL
. yene (6.5€84)
Uzumeri
29-98% |f=a K, f [255 (=<)?]
A A .
anre (&, <€.)
fc=a'Ks'f’c[l_Z(ec_6ﬂ)]
f
Ko=1+(1.15+-2420) "
BE 27 A% ¢ ¢
2 A g9 o o _ Aafn
T * s'B
Fafitis e = 14.61%x10~
& gere (e.<e.)
Shah 5
fo=fe == 291 (A= =5
$8-uys foc c
DA A |awre (e <)
fc=frc exD[‘k(ec"Err)].ls]
(k=10.17f .exp(—0.01 f,))
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A ¢t = o] B » 9o g
Ko= 1+ 11.5(-2x Lo
e 3 Ax| Ke=1+1L £ ( )
L Hd §3 o ,
- € = €. [1+4.7(K,—1)] (K.<1.5)
Saki e ,
"‘8:”‘) e = €.[3.35+20(K,—1.5)] (K.>1.5)
Sun 2
| poAXH(D-D)X
$Y-wygg 1+(A-2)X+DX*?
A AL A:—Ef-‘E£ D=15-1.68x10"%- .+ 0.5V .
~or _fie
K= 1+9.94(f,.) .
2 F7 OAF
2 Hd &Y o ZAsfhccsina
WYy g fle=k2fl=k2 s'B
Saatcioglu Eec = e'c [1+5k3K]
g €. €, 1/(1+2K)
sa-w9@ | r=refa(Fe) (o) ]
o A
‘_7-“ ;“?—4 €m=260pu-k3$“.+ €085
VI s
A= 3 Ax KsszT’:_(l_O'sh_c)
2L H 3 o
Y g
€.=(1+231K,) ¢ .
fe=Ee +{(f'c—E€ )Y (e.<€)
Mugumam. fc:(flc_fcc)(sc_ecc)z/(e'c~€cc)2+fcc
SH-¥YF
BA Ay | (€ <e.<en)

fC: (fcu_fcc)(ec_ Ecc)/(ecu_ ecc) +fcc

(e..<e€.)
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o JYg MY & UES AP YFZ 2AYES Fasnz 2aNEe Yu
2oz 1Y + Ax ok YTl TaYES A AT FFL WAL
25 ARATY DAL £Y 4¥9 FL W52 ndy, 2 FA2NE W

o Wae Wiayd.

HPe AFtem FEAYAe) 108 29 3T TUs 2o AL ALE el
e ANsgom, A9 Mool oa NYA SA HHY @Ax Adsd A
g Fol ANPA) LAsE FHo B4 Yol 22H9 w3 AES wasdd.
Aol Aol &P FFeY] st THd 2aee $A-NEE BA 244
S AHg3te] ol2Hoz ML AN 4y ARE o|2H MY ARES ¥
wake] Ayel Aol HYAS AEegon, AW Wi Wy JH sersidy.
4% 2 olE Mol Anz Fy I Bz HAAS P oo Y= Zages
AGA2oR RgdTd A4AA ol AAHe A Asae AZsA

1. N84 A8

WEZBe(a/d) g WA 7|2 P AT olgoz iy FIZAYE RBoA A

HEze] & &9 2 dAY MM HEF Hebety] Yt Table 20 A9 2ol &
1078l Alg A& A 2Hs A b (Photo 1).
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Table 2. Summary of specimens

fy
NIAD | (kef p ol os s a/d o, s
) (cm) ok
/em®)
B10-3.7 10 3.7 0.0144 0.38
" B55-37 55 3.7
—_— 6 0.022 : 0.0263 0.335
- 4,650 .05 . .
B55-25 (4-D19) 55 25
B3.5-3.7 35 3.7
—_— 0.0413 0.293
B35-25 35 25
010-3.7 10 3.7 0.0144 0.45
055-37 55 3.7
T ] 4650 (20'(1);269 1.25 0.0263 0.396
- -D19, 5 )
055-25 4570 s Do 55 25
03.5-3.7 35 3.7
EEE— 0.0413 0.346
035-25 35 25

- fck 6 (Xx)
2 —_ —_—a VUV
o - Té‘-—ﬂly Py, =0.858, f, ( 6,000+fy ),

s:AwgATe WINY, o, AvAIe WA

L wunaua7, 25
AgdE 2 w2 27410, 55, 35 cm)
¥ A 2 8](Balanced-reinforcement ratio)

B
O : i & Z 4] (Over-reinforcement ratio)

{o

®oglpel SAolAsh zho] gof @ AwrAIel owts AuFe] g A
AEstad 2y Aste AANAG. A= 3757 258 AsAom, Fig. 108 A
AR G W e dEhun otk BRES wold dgEde] P2aas sobs

LSSkl ARA TR &Y el AvAee] 148 zasAn AL Fau

oX

o
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Ao wat D199 D228 AMgslgen AgdE 2L DIO
7] A AHHI L 8E AHEEEY. ARA TS ZAYEE 2R FLEy] Yt
Aoz wastgdoh 2t AgAe AvdnE BAs] Q5] st P 2 Gajol o
WD HollMe SEZE 71&AA Asta e Jd AGB2 348 gz g
F EE AFAAA 10cmtA o2 FddtA w2 &R H(Photo 2). B ATl AL
H329 983 54& Table 39 YERHYTH

AbE E3EY Wy ZEE 210kgf/cm’eZ FTAAC 9% 43 GExPz:
235kgf/cm’& RHTh EAES FUF VL A7) Yate duZo) <& Alg A
Ehdste] AF7lol osf FEF thF S HAA AN (Photo 3, 4). B F 3U Fo A
FAL AAsT 7] Fol 289 Tt FAHL AA AL

AgEs

flo
tifo
o

uj 2 3}

2.7t % 573 ¥

Aztg APEAE AFAGE LA 1008 &% BT T Ygo Mgt WY A
ofel & 7tHE HAEHY 4P GEAA} HEE 287 o AFAE A
(Photo 5)3t e, 2&efel LSt w22 A Y RAE gL 24% £ go
o2 vl gge FAFHAG.

ZH Y 489 sdol dAd 2= Mo & §F S Ao, A € ANYF
te] Pt FEL Fig. 119149 Zo] LVDTE 3, £34goz MxsQu. Ay
Aol HPe ANdA TIF st AHAMY AW L Qs JAFANE ALt
FET H HDHE2Y MYES ZAHS A 2EYQ AJAE X H(Photo 6)3tH o1,
$E dde BFES FASA 28 AE AXo] WHE AAE YY) A=
ZAYES o FAYEY AFE FHotdr] st Fo} TAYE Ade ZAE
AR E HAPor HEA 4FSF Ado] TAYE Ao|AE Mx sl

7 3, AF A 2 E 7Ee Stoz A¥ar|std AFAE 9N HAE
2 =4 %, 5x10ecme 2712 253 A dF9 Fvtet @4 7de IAH A
e AldA dehidoh ddd el o3 %% Fagee 74 318 gotsin
AL 455 E3EY 4 9 B8 utg o) FdE sEEtd AN A s
F a4 WHAs BASAY FaF 2t UF st o o4 aFrtdoel Bils
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(a) details of specimen with a/d=3.7

P/2 P/2
S S
_CSO ‘_C.IOO __E‘lh!
i — —
] —~ —_—
SQ 630 ' 300 I 650

(b) details of specimen with a/d=2.5

(c) cross section of specimen

Fig. 10 Details of specimen (unit : mm)
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620 steel rod
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Ll7s wm it I3
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|
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Lyor

Fig. 11 Loading and measuring equipments

Table 3 Mechanical properties of reinforcement steel

32 | G0 | adeee Gty | Gl
D10 4,070 0.199 2.04x10° 5630
D19 4,650 0.243 191 x10° 6500
D22 4,570 0.235 1,94 % 10° 6330
#8 3,120 0.17 1.83x10° 4650

sty ddd o 488 Fasqo.

oSl el AlFA W FEZ L 3ol FAYE Ado vidy ZAYE Ao]x
ot LV.D.TO 9@ d9g diolH 2Ad o8 =AUt Fig. 11 718 2 =
FAE Yt 9,

3. 439 43 2 ¥4
HIZAYE Ho ¥ A%e FHIY FE F 2458 AFS molygs} ¢

JE A e vl @A Wl Hast olud WA AR p/p,7t 24

P waslae, dedoos 388 14584% 0% 2age wy

Iy

B
=
I
k
hal|
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Fol® WEe /A% & Aok

Fig. 120] 74¥ a2 nel A4 s3-w9 DAF Yepido. 748 2o
T ool A4E W) As B ATlME ue Agulel AYe Agstel 83—

ANA A (3-1DE ol83tel AYNIE AT YRHoz FRA nolA F
e EE 9% 2aYE de) olfe] FRol SusDe IVPE UAEA 43

AP Eo) 0003 EE FHTo P2 Fol o) walsis AW ¥ Wz A

o

Ha= 4 (3'1)

o719 A, 4, : max]l £ max2o]A e H ¢
gy FETY FEA e ZAYE gAY g o) 0.003d =

max2 o T »es . - R R T T YT Ty
mMAax] eees comraee winien : ;
yielding i W/ Shear i
reinforcements i
i -'
& L ;
= o W/O Shear :
© . reinforcements :
g i ;
— i
H i
AyAu Au

Deflection(mm)

Fig. 12 Load-deflection curve of over-reinforced concrete beam

Zt AP A e AY AE Table 49 29F3tgich o] HolA Huy § e
Fig. 14914 3 A& Ao Wy =5 F A4 A Wy 3 2 @S el o
th. Table 4914 F5 RdEE AP I Y5 E FHZ] FEu: 23aE Aoy

%

HEo] 0.003 ok AR gt Aok
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AGANAE A9FRA 7AA NARSI dojubx) ekoh A%AA A4l F7A7} of
et
Table 4 Summary of experimental results
= A=A Mmax

%71 8 s " el
A 749 ZolE tf - m) e

S|

AW | RAEM.| M, Agas |

20 A % 13 (¢ 4)

(tf-m) | @em) | AHAARA L Ha

B10-3.7 0.81 9.7 9.96 104 1.04 1.59
B55-3.7 0.67 10.3 10.32 10.7 1.03 3.19°

B5.5-2.5 0.74 10.6 10.32 11.2 1.08 51
B3.5-3.7 0.85 10.0 11.27 114 1.01 56
B3.5-25 1.23 11.1 11.27 122 1.08 5.93
010-37 057 116 11.44 12.1 1.06 1.42
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 12.8 1.12 1.39
035-3.7 0.81 10.6 12.1 126 1.04 5.26"

03.5-25 0.84 114 12.1 134 1.11 59

« FELY ¥E £
#EEER
AAQGH & A

ful

Z3YE 4EHAT W EC] 0003 o

1) 33 %4 (Photo 7~17 &%)
RE APAE 27 8 Fd0) B F, FHE0] <
2 Az gdised, ¥ dd ¢dS 92

2HEY AdHI o3 759 3ot Ea
Foz FdES & 4 AUW 22y o
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(d) 03.5-2.5 specimen
Fig. 13 Crack development of specimens

AldAel #d WHdg 2 e FAe Fig 139 e U} Fig. 13(a), (b)o
A AHET RAFE Y M FYE yolzt Ay mE ZasE wa 2ot

At ol FhH I o% wjro g & godo) ZildY ZamE 9y W w

e

¥32._



HE oblste 4F 39 d9e Aoz gady] wEolgy Agdd. 28m,
Fig. 13(c)elq #3E 2 Bl 4&Z FAYES FES 7458 A NPgAE A4
2R Ay AFAHA & Tt A A} TR ¥ FLY FEGE A
AIAHAN ARIZ Zd9 F7H7F 2A BASAY. Fig. 13(d)e A3 ¢H7E 259
A-AZA stFe] Fokek oA H Hddde] 7HEHS P AWEY AgAaY 7
4 A A R A2 F3YE Erx g o3 Hd Yo fAHE AL
Holx glot. Ed, AR to]l &8 FAA0 FA WAL Ut

Fig. 14°] 19329 w2 A dg z AgA 853 A BAE Y
o Fig. 14914 & 5 & vheh 2o 433 mME Zageg g olF FAM Uy
A7k AR - Ao F2 APAM AFS FaYE T o7
e R AT FE2e FaEdoz Add O WYyo] Asate HFL Helxn
At F, AdEI2L 72 22YEY HAYAY AL AN asygoz A2
ZAYE Bl P gAol APHI vz e B H Y 2 A4 W) 58HYS
&+ gk a8y 2R 3E I 252 AgAdME Ag #de AAHd wel TR
A WH AE B F Jdoy, FFHoZ FHIA o5 Uy L dAAo SAYS

g & 9t

Load(t)

o 10 20 30 so 60 70 80

40
Deflection(mm)

(a) B-3.7 series specimen
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Load(tf)

Defiection(mm)

(b) B-2.5 series specimen

a0 T T T T T T
; 103.5-3.7
28 b AN 1, ......... ;
; {055-3.7
20 b L. R R L R TP F -
Load(t 1010-3.7 |
R A S LR S A S O A ~
vl f SO ORI SOOI SUS |
f |/ o L o e o - g oE 1 EE L S 4
i ;
o 10 20 30 40 S0 60 70
Deflection(mm)

(c) O-3.7 series specimen

Load(th)

40
Deflection(mm)

(d) O-25 series specimen
Fig. 14 Load-deflection curves
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35cm( =D/8)Z W2® A9 Hol ¥ e Z7E molm 3tk ol: Fig. 14014
wol: s} go] EFZ W2 zaE WA FMe B WAe Al wxatA
F&E #2a2Ee WHZst 2 FA2e ARAYo A WHo] 455y Hiol
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Fig. 15014 #FB2A42 89 A4ue 2238 Asstn A Agyol
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(a) flexural capecity according b) diSdmt ducuhty ratio
to spacing of shear according to spacing of shear

reinforcements reinforcements

Fig. 15 Flexural capacity and displacement ductility ratio
according to spacing of shear reinforcements
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ZAYES] dY Hgoz § AY Fdo] ALy g ZIANE ol 2L os
stz e 5ol A7) wEole} Atadt,

Fig. 16(b)ol M A HE 2 ztAe] 55cmol M ATzt BAQo] AL 3133
REAAY 35cmz w2 E AFAANMNE WY A 5ol S uEAr} e m, A
AT Aol 35cmz W2 H L WGz 7 379 BolM Aol A uehm 9
A, olg AgAlE 4 F8A X WA 2AsA ggon 2L o s}t
AT A& Az 7h 259 AFARG o 2 WY AAHE YR Rolgn Alg
"}

I oz Azt 2501819 Kol HaE o] XYoo AQHE A=
et B ZaEd AggYol wAsAEA Addyst BARY, dgn FyAa
Hell & FH 29 gRolde] 453 23a20E 92 3 YL 25 2§ o
Aol A 38 dd ael2g, Ju H2238E 2o MAAY ¥ Aue
Ba BAE 12t AGE IS AU w2 A dHe ATuY A4 2 g
ZAES] HHF/IZ A H A4S Y £ Ue Aoy Almgn)

i

14 ‘
2 N i —
-3 o5 -
g 10 z o
é 8 ) C z 4 ——s=55m'
i 6 53 —8—s=3.5cm
s, , - 8, :
—o—s=5.5cm;| ——
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Fig. 16 Flexural capacity and displacement ductility ratio
according to a/d (O series)
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Fob 2AYEL ABTADES A9 HLE AFE sl 9B 2adge welg @
A =oh 2AES] 0] G443 ZrsRYom, WLAZ BAol FLHE WX A
Hehtth & Fig. 17@el 4 A9 2170) 10em) AYAE 3ol TasE ¢
It Ao YAT FATY ARWAE A YerdA gob WAREI @HAA @
AekRt 22 AYA2 21Ao] 35me Fig. 17(0)S B 92 2aae vtejo)
sob #aEe] 9 Wit F43 AT FALE FRY ARPNL wold A
YA Wl GA H5ae Zae wolF Yok

Lo

5) 74dE I HZ Ho| AHA 2y

TEHE 2 2AYE B #H AFE ooz meotar] YNE T&E 2agE,
TS ZAYE F FHIZY £4-9HE BA) "ot B AT 739 Zage
o &Y-MYE WAL 7129 ATE F F U+ 50009 ZUe, 22 ZAYEE
Hognestad(Park3 Paulay, 1975)9] 29& FH 2o hsA= Park S(1982)9] A|QHA &
2}zt o] B8t

TEHE ATIAYE B gHe RAE-ZE BAE H457) st gHBEEHS A}
B3t ANE A 712 sMHozE (1) PEL 3§ WY FoT Yoy (2) =3
HES AFEHE FAh (3) JBIAYES wtela] WHES 0003 Solth Z Wy
AN FHF A2 AL Yo HP2AIA $AHA A LY (Bi-section method) S
°o]-&3tdot.

Fig. 189 7&€ st F223E B § A% v 24Px9} o]&8x)9 vune
HEFHRT Fig. 18¢ RY UHEIYS o83 B HAXNE PG F A=
S 2oli ok wHAM, ¥ A1 dAuyd wet T&E oy M2 ¥e| Hu)
W Ao shsith 4g Astmat g
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Yielding of reinforcement 45000
Spalling of cover concrete
o 40000
25 €,,=0.003
35000
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3 15 extreme strain of confined concrete .(%
S . —¥=strain of reinforcement 20000 5)
10 15000
10000
5
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Deflection(rmm)
(a) 010-3.7 specimen
30 45000
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@ Spalling of cover concrete 49000
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10 15000
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5 | —@—extreme slain of cover concrete
. extreme strain of confined concvete! 5000
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0 0
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(b) 03.5-3.7 specimen
Fig. 17 Load-deflection and strain curves of confined over-reinforced concrete beam
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AEFPIS AFE A A% Fol AN WHom ARG, B AT ALY 3
2EAYE wo HAPyUe T THY AIEANE no AYP PE-FII A5
(#f,/Ka)®) BAE Fig. 199 YEAIT. Fig. 1894 o) B3 uo] dye 7473
At} %, A2 Fol 424, WUAUS Fo| WES
F Utk EY FAT o] ol MY HYFE
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Photo 2 Assembling of steels.
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Photo 3 Placing of concrete.

Photo 4 Compact of concrete.
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Photo 6 Bondage of strain gage on steels.



Photo 8 Failure mode(B5.5-3.7).
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Photo 9 Failure mode(B5.5-2.5).

Photo 10 Failure mode(B3.5-3.7).




Photo 12 Failure mode(B3.5-2.5).



Photo 13 Failure mode(010-3.7).

Photo 14 Failure mode(05.5-3.7).

_57_



Photo 15 Failure mode(05.5-2.5).

Photo 16 Failure mode(03.5-3.7).



LL 035 2.5

Photo 17 Failure mode(03.5-2.5).
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