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Behaviour of Beams Without Transverse Reinforcement

e

Cho, Soon-Ho

ABSTRACT

To deepen the understanding of shear behaviour in beams without transverse
reinforcement, the relative importance of five contributing factors to concrete shear
resistance(V.), which are i)flexural compression zone, ii)friction at crack faces, iii)dowel
action, iv)arch action and recently identified, v)residual tensile stresses across cracks, was
explained physically using two analytical methods based on the truss concept. One is called
"Modified Compression Field Theory(MCFT)” considering ii) and v) explicitly, and the other
“Crack Friction Truss Model{CFTM)” more dominantly ii) in determining concrete resistance.
To verify their effectiveness, the predictions using MCFT and CFTM were also made for
twenty KAIST beam tests(f'c=53.7Mpa), designated more likely to the development of the
size effect law based on the fracture mechanics concept. Experimental findings with varying
of a/d, longitudinal reinforcement ratios, and beam depths were well captured by the two
methods, and the complete analysis results obtained from MCFT enabled additional
explanations for some phenomena which were difficult to measure in tests. However, MCFT
seemed somewhat conservative for beams with higher longitudinal reinforcement, while
somewhat unsafe for beams with larger depths. More tests are necessary leading to firm
conclusions in these areas.

Keywords : Concrete Contribution, Shear, Diagonal Compression Field, Crack Friction, Truss
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Table 1 Details of KAIST Test Specimens'™®

Beam bw d D Ve

No.  lmm) |mm) | @ | ¥4 upa)

CTL-1/2* | 170 | 270 | 860 | 8.0 | 1.54/1.56"
P1.0.1/2 | 170 272 | 468 | 3.0 | 1.26/1.92
P3.4-1/2 | 170 | 267 11520 |3.0 | 1.72/1.73
PA6.1/2 |170 | 255 [2027 |3.0 | 2.07/2.20
AL51/2 170 1270 | 860 | 1.5 | 4.63/4.69
Ad51/2 1170 1270 | 860 |4.5 | 1.45/1.39
26.0.1/2 | 170 270 1860 |6.0 | 1.29/1.33
D142-1/2 | 170 | 142 | 452 |3.0 | 1.70/1.63
D550-1/2 | 300 | 550 [3097 3.0 | 1.37/1.30
D915-1/2 | 300 | 915 5139 |3.0 | 0.99/1.21

*Denotes the Second Test in a Pair
bw=Width, d=Effective Depth, p.= Steel Content,
a/d=Shear Span-to-Depth Ratio. v.=Observed Shear
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Table 2 Comparisons Between Observed and Predicted
Ulimate Strengths for KAIST Beams

Obser- Predicted

ved
MCFT CFTM Eq.(9)

it

Vit
Beam (kN) Ve [Test/ | Vup [Test/ | Vuy E:est/
No (kN) [Theory| (kN) [Theory | (kN) [Theory

CTL-1/2 | 71.2| 68.011.047} 68.0|1.047| 67.3| 1.058

P1.0-1/2 | 57.4] 58.1|0.988| 62.4/0.808| 67.8]0.847

P3.4-1/2| 78.3| 77.8/1.006{ 71.1{1.102] 66.5|1.177

PA.6-1/2| 92.6| 80.6|1.149| 72.9/1.271| 63.5]1.458

“A1.5-1/2]213.9|214.0/1.000{ 214.0| 1.000| 214.0| 1.000
A4.5-1/2| 652 58.2[1.120| 64.2{1.016| 67.3{0.969

A6.0-1/2§ 60.1f 52.7|1.140] 60.7/0.989; 67.3| 0.893

D142-1/2| 40.2| 37.9(1.061| 40.6{0.991| 35.4{1.136

D550-1/2 220.3]215.0/1.025| 210.4] 1.047{ 202.8| 1.086
D915-1/2( 302.01331.9(0.910} 311.1{0.971{ 273.1| 1.106

Mean 1.050 1.027 1.081
COV 7.45% 11.9% 16.6%

}Average Values in a Pair of Specimens
ZC.oncrete Plasticity-Based-Truss Model Used

178

ol o3 AMAE B3 E /oo ZA

EgandS e @-LHE o) & nFAHUYS &
g UTH(A#A /9 FA] = 213.9kN / 214kN).

X g2doA Slip Line% 35 e AAH
Aol alx 9lem Rigid-Plastic 23 E A
BAEE B A% #EHT ATe EE
2 TAYNERREH FFE AL ARSI
T BFetaL, o9 Zo] FFRAEE Fgs %
& & dtke A 3 09T EXjandl
HE Ve 383 At ot

r
1>
2
g
i
08

2I_-

4.2

e
i

Fig. 45 ¢&&%yFolEo 2|l d
99 #AE Jehag. a/dulvt 2
Z7] ARV #Edd 2 AgEEe
ok (B=0.171-0.202), wiHdl &<
AME 1o vhatE A4S BT it
EA g3t RUE 3o Fude o
o, Agozryg A9 Aoz dxjgch
1ad dA £(4e elék) Ay
W Atolo]] YRt H|FE H99 <
(2 (2)l 93l A=A, HF
o wat FAF = Arie Fashd
o AWM lst] AN A A=
Fol Aol AT e A&z Frdith
HzHoz R gvgt Zale]l AR FE
Zo] AR wet FEAANA ] AYH A
S JehfE 4(3)0] AehiE e AgslA "ot

dukRoF a/d BIJL A& B IFE(2.5 ol
ah) AFAY Adgo] At AL ofu
°‘E%X% Utk ol F7IET Wi} ol B
AA4E 35 A8dH NAHPEL Tt
2EZ9 FYo] Bo)gr} die|t}. s}
A 2o AgAR ol el FHRYTol
o] & Bel A% AFT A/ EH} g

2 Ruso], 2AE AFLHE e

Ro} AAF 2ES-Fo| wde] Algo] g

1=

5
-

N
B
[+
-

J8 Gl oY oofr B P O rlr oo R o b

=]
=)

o
319

o

[ﬂ.i

.>i

=z
Z A

}

oo oo A

ol
2o
T8 o
_g,ll‘!r_cl

2

52

20
=3
e

o ok
—_

A orfrodrorr

-

Fol AA WA H e Av

232 ESSX| H1141Z 1999.2



B7FEe] glE RE w$ vre At a5t
7= =d(B=0.171 - 0.253, Fig. 5(b)), °l&
2 gd Zor <late] wHwHel WAYstE b
weo] AE7] wjolw, w ad 1 HE
2 Q08 4EAY ¥ gL ddgo] A7t
71 H!H% 19, gtgggol BN E o9 2
F3 FAdEe BAE (7)o wgsn
E3 B APAL do] 0] FFoR
—°r°ﬂ AR Lo g2
@i F83r] g2 Aoz HUHAT, Fig. be
oy o FIUE e AlFAY dE-HEn
#AAE Ve HOsrEdA F28)(P1.0,
CTL, P3.4, P4.6)°l ma} o&d o H7
HEE(e)E 427 1.349x10°, 0.891x107°
0.597x107%, 0.478x107%c]9, wlz7ix| 2 Akl
2 dde] #Hy d¥8F(w)e 44 1.259mm,
0.976mm, 0.765mm, 0.682mmelth. A=,
gagdeEs 7] d#€ W F a4E Fo
0.05mm-0.15mm A= == w7z A&

A A FEE BB

uq
A Zherid Ko

::.i"i‘kojﬂmﬁ

L

4.4 37 |EHS A

©
o,

0
i
>
e
Y

A7) &3 Lkl
dE g Folgd= Eﬂt

A8 Aoz ZHIE

80
70 p=0.202
$=0.173
80
50
H
g a0
§ a0
s 20 —CTL-12 |
- — -A45-12]
10 [Eracking oo A8

0 031 061 08t 121 15% 181 211 241 271 3.01 33t 361 391
Pincipal Tenshe Straln (=, x1000)
(@

Inciination of Diagonal Compression
Shwas(ceg)

0.11 0.36 0.61 0.86 1.11 136 1.61 1.86 2.11 236 261 286 311 3.36 361 386

Principal Tenslle Sirain{ &, x1000)
®)

Fig. 4 Sectional Responses Varying of a/d Ratios

32| ESHX K 11A1ZE 1999.2

Inclination of Diagonal Compression

of A4

o}y
=27 4T

7]

I AE

Shear Forca(kN)

Inclination of Diagonal Comeression

#=0.165
300 — - D14z
- =CTL-1/2
250 =915 je— = D550-1/2
B=0178 —DE15-1/2
200
=550
150
100
p=0.202
foracking o eesemseemmeeemmm e T
ECN S 42270 o
---- =12 $=0.214
o
o 031 081 091 121 151 181 211 241 271 301 331 381 391

b 2 FLE Y F8

e A%

=]
L

ghelof,

AR sge] HAE B
glot, 1 A3 vdE G2 Qe g ELH
7+ A)4=(Size Reduction Factor)& A
o2 152 *‘1 HEHE F3)
o HgEE A%ege z+
M, Fak agel &
nARd e BEo 9l

s 8

Shear Force(kN)
&

— -CTL2
— =PI 4412

10 —hase!

Coptoar

0 021 041 061 081 101 121 141
Piincipot Tensie Shoin(
@

£,x1000)

181 181 201 221 241 261 288 307 321

Stress(deg)

0.06 0.26 0.46 0 66 0.86 1.06 1.26 1.46 1.66 1.86 2.06 2.26 2.46 2.66 2.86 3.06 3 26 346

Principol Tensite Strain(
(o}

£,x1000)

Fig. 5 Sectional Responses Varying of Longitudinal

Reinforcement Ratios

Principal Tensile Straing
(@

&,x1000)

— -cTL2
- -D550-1/2
{— - D915.172

e Drazi2:

006 031 056 081 106 1.31 1.56 1.81 2.06 2.31 2.56 2.81 3.08 3.3 3.56 3.81

Pincipal Tensile Strain(
)

=,%1000)

Fig. 6 Sectional Responses Varying of Beam Depths

179



"ol ok AA5YE Aets WPon ANE
Bg welstn Yons WEe A% 279
E=thHB=0.165-0.214, Fig.6(b)). °l&jg =

&7 mEHe 2 Bazant'Vol o8 7
g "ol AR vl lo} RARYE FT
F 9 1 HiXo wet Bdd wEow @vigd
nFsta Uvke d 2 FHo] vk I, F
o] APAA e ZdojdbeF o] oy Zo
& FEHo] MAE ABRATo] gl M
A ZAZ1EFE Alepzitia Basta e, oje
@M @@s}btﬂ Eﬂ %Ol aw g

.I}E‘_J

fuorld

do) vyt & A age 4aE x1x1—am 9)
.

Fig. 62 cfe] BE FaFE 2 AdAe)
d5WEE BAS HebY. Fol 2 BUSS

A A P P
ol B, 5AB F20(:=0.019)
a/dB](S 0OE 2¥ 5}

gl dashe 29 dehin Qe o
Fol 2 uUSE FENAo) Amz JuRe
2 ge WYEIN 2 FAEL Urhiol old)

7}74: A 2 3;1" 3z #E-E A7 #8
%9] @7] (D142, CTL. D550, D915)ol wheh
AZE HUsts HAA FTY HT AI S (g
B 747 1.015x107, 0.891x10°, 0.707x10°,
0.598x107°0|"], whatztx= Akl Fde o
T #EE(w)& 472 0.887mm, 0.976mm,
1.142mm, 1.281 mmo°]|t}.

gd, AV ET AFA ] distd 4(9)& &
T APl 24 @ ges ug shast

< dEstn v, ole AR FPHE o

4 2NasE Zeet ogw ad d8ds
(Kani, Univ. of Kansas, Collins, Damst-
adt 2 Shimizu 4¥)& FyAYecr HHg
7] qEITt? of7le] w3 AldAe WHE
0.07V f .<v<0.35V 7., 0.004<p0,<0.028,
3g% <8, 100<d<3000 & o]t}

180

5. &8

1

AF7A M2 e Erxideoziy %
g+ FFY iAW 2 wAHol&(MCFT ¥
CFTM) & AMg3ld 57k 22FE 7|7 %
(Vo) 8429 A4l Fox=8 wysigen,
£ 5 sMRde g§e4s HEs] ¢sd
H, JWelA A He de) Az gaa) A
o Rt} 2¥& Fu 39 dde uYE 2
HERS] AAAA (207, {.=53.7Mpa)E 9
sttt 1 47, dojdl 8L g3 2o

(1) MCFT 2 CFTMAIAM #Hsla e &=
2 E JoqZE AFAPEE o gEAT MR
243 A% 2 AgL d&sta 9ltd. MCFTE
i)FdEAe] vpEzg 9@ yugd 2o AF
N7 =E AHAR nEsty Qe vk,
CFTMEZ i) & 839 v)& Hdde ngst
3 o,

Ay

@) 5 29 2% goluAsl Bazls A3y
% 4T gARos mefd slens 49
Be s AaaA dEsn slo. iz

Ao AHgd Agd HlE_éﬂmﬂ Sl
MCET7} CFTM Ett 2%-3% A= <HiZe
23E Jedia dvk AR, MCFTE Eot
I R R R Ef&oh e BAZ oA
279 B Bt} @53 FFEE Jehhz 9}
S (MEAS ¥ =7.45%/11.9%), AH stz
H3= $o 9 BHod &3 AR (HAz FYE
4 2 ) E ATt

(3) 2.52a/d<6.0%] CTL 2 A Seriest& a/d
7b SUMESE B 4 2] 7Y 2 g3slE,
7]__4_2' olzg_azc}o] /JG?OE_TE‘] _\,}_R_E]MI ‘ﬂ,
ol#igt A& MCFTY sixZdxdrw o3l
T AR ole, MuHH FAlo] 2gslE mal
E 59 4338 ggolr},
(4) 3HEE A9 A%(a/d<2.5)% ¥ s}
Al.59 i3t & AE 2o 8] AAst
ARG Egand g AMsl oy, o A=
- 7Aoo 2 vEhgt
(5) CTL % P Series(1%<p=<4.6%)= p7}
Aeges ud lde dasEy 2 =
i stgo] AEHAE, ol# @ 4% MCFT

o % AmshE T AN} o)e Fago) =
SrE Zdolwd WHYEE(e) T FLE(w)o]

l‘h‘ rr

o‘N

l

ixg

ZF2|ESRX M1141£1999.2



ol H}
P4 64

& nEeE & /A5
A%, 5 Rd 2R A%
o 2ot 4343 AE8 9
%/Va‘féol s
(‘TL 4D Seriesow g9 A7 a9
& #EHE g3l 4E AL npE
2 *ulh T AR A uet
Ho A2 e W Zo] 30 Fdgk
of ojsted Agslm vt M MCFTE 2
2717 6WR(D915/D142)2  Zsgd]  wet
1/1.38] =g Aetgdo] zagitia o Fia
Atk iR ez dgdzel & JdAsht DI15

9] A% AV EHE tha BAF e Y Ao
2 Jegteon, widdl A(9)s duAoz I
H7H1/1.79 AA)ekeE Aow vehdth By

R Aee AdANE F7HIE0] e R
#Alel 2

2 ATE AEHAAT A4 DI A

10.

. Collins M.P.

. Reineck K.H.,

. Reineck K.H.,

. Nielsen, M.P.. Braestrup, M.W.,

ssjon Theory for Reinforced Elements Subjected to
Shear” (ACI Journal 83(2), 1986), pp.219-231.

et al.. "A General Shear Design
Method”. (ACI Structural Journal 93(1). 1996).
pp.36-45.

Model for Structural Concrete
Members Without Transverse Reinforcement”, (IABSE
Colloquium, IABSE Rep.62, 1991). pp.643-648.
“Ultimate Shear Force of Transverse
Reinforcement Derived From a Mechanical Model”,
(ACI Structural Journal 88(5), 1991). pp.592-602
“Shear Strength
of Prestressed Concrete Beams Without Web
Reinforcement”, (Magazine of Concrete Res.
30(104), Sept., 1978), pp.119-228.

Marti P.. “Basic Tools of Reinforced Concrete
Beam Design’, (ACI Journal 82(1), 1985),
pp.45-56

Bhide, S.B., Collins M.P.. “Influence of Axial
Tension on the Shear Capacity of Reinforced
Concrete Members”. (ACI Structural Journal
86(5). 1989). pp.570- 581.

Kim, J.K.. Park. Y.D.. “Shear Strength of
Reinforced High Strength Concrete Beams
Without Web Reinforcement”, (Magazine of
Concrete Res. 46 (166), 1994). pp.7-16.

‘Y FERAAE ATAEe dPuixder 11. Walraven, J.. Lehwaltern. N.. "Size Effects in
1997.3.-1998.2¢) F3E &9 AR 2 A o] Short Beams Loaded in Shear, (ACI Structural
A4 =T Journal 91(5), 1994), pp.58§ -593.
12. ACI-ASCE Committee 426, "The Shear Strength
of Reinforced Concrete Members - Chapters 1 to 4,
2 (ASCE Journal, ST., 99(6), 1973), pp.1091-1187.
13. Bazant Z.P., "Discussion of A General Shear
s o . Design Method by Collins M.P.. (ACI Structural
L ;?E Jia il f! ’W’“)‘* i Journal 93(6), 1996). pp.741-745.
) (@EFEINEFIA 110(1),1998). 93-40 48. 14. Collins M.P. et al., “Structural Design
2. Canadian  Standards  Association, Design of Considerations for High-Strength Concrete”. (ACI
Concrete Structures for Buildings: CAN3-A23.3 Concrete International, 1993), pp.27-34.
-M94”. Rexadale, Ont.. (CSA, 1994),
3. Vecchio F.J., Collins M.P., “The Modified Compre-
2 <
At zho] gl Hel AFE olaisly] Al ME thE Efa /dogRE U3 £ 79 iy 2 ujHol
Elg%sH ‘(MCFT 2 #EvHE (CFTM)ol 2] 8 FTez Z3E 7AdZE(VIE #4381 DEExdge 49
2 iDddEne nhEEg i) 72 3EAE, nlo}*ll}‘& 9Tl Fbd wEag B AR A= ddEd
FEE Eelgom dvsigo, ‘E?& F iy edel Brkg st AT N S99 Afdel Ay gaa A
of Brh 29E& ol v Uil niE FFERY APAR207, [ =53.TMpa) & d &8t dlEAF <
3, F A EYE a/d ¥, :?'-Tfa* 9 2o} Fo] ¥iggol ule} #5549 —_-,—a]a a3E F e E"-.éh_ AdeH, &
3 MCFT2%E dojd Br) A4 &8 € Hgdx B¥ So #g Fhe JAo 3914 49E 7MsstA sldrt. 3
Ak, 2ok g o) 23 WAL AU sle MCFTE P4.6 % D9lo«l s etEg 247 ohd #a 2 A grishe
A Jepda g1y, 28 R A7land g Bo A A28 fxs] YHaME UM 484 Ao deg
Rog FAHAY,

ZI2|ESBX| H11H1E 1999.2

(Hrdxt

£ 1998.9.1)

181



