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ABSTRACT: In the present study, a new model is derived to estimate the shear capacity of high-
strength concrete slender beams without transverse reinforcement using a hybrid adaptive neuro-
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fuzzy inference system (ANFIS) and particle swarm optimization (PSO) based on the wide range of Revised: Jan. 18, 2020

experimental results. The proposed model relates the shear capacity of the beam to effective depth,
the compressive strength of concrete, percent of longitudinal reinforcement, the ratio of shear span to
effective depth, and the nominal maximum size of coarse aggregate. The experimental data are randomly
categorized into two subsets of the training set and test set. After establishing the proposed model, a
sensitivity analysis was carried out to assess the validity of the proposed ANFIS-PSO model. For this
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purpose, the results of the proposed model are calculated by considering the variation of the two selected

input parameters, whereas the values of other parameters are fixed at the corresponding median values.
To check the reliability of the proposed model more accurately, the predicted values are compared with
the codes and standards such as ACI 318-14, Eurocode-2, CEB-FIP Model Code, AS 3600-2009, and

High-strength concrete
Adaptive neuro-fuzzy

Particle swarm optimization.

JSCE Guidelines against the whole experimental specimens based on the three well-known statistical
measures; correlation coefficient (R2), root mean squared error (RMSE), and mean absolute percentage
error (MAPE). It can be found that the proposed ANFIS-PSO model passed desired conditions and could
estimate the shear capacity of the high-strength concrete slender beams without transverse reinforcement

with a good degree of accuracy.

1- Introduction

Precise determination of shear strength is not easy
to calculate due to the complexity of the shear transfer
mechanism in the reinforced concrete members, and hence
numerous models and approaches have been developed
in this regard [1-4]. Most of the relationships have been
established based on a limited number of experimental
results or using numerical and analytical methods. On the
other hand, the comparison results of some models with
the experimental results show their inadequate reliability,
which can be due to simplifications in the complicated shear
transfer mechanism, accuracy within a limited range of shear
span (a) to effective depth (d) ratio, and lack of consideration
of all effective parameters in shear capacity. The slender
beam can be considered as the beams in which the ratio of
shear span to the effective depth is greater than 2.5 [5].

In recent years, structural designers have shown
considerable interest in the use of high-strength concrete
(HSC). Although there is no unique criterion for determining
the point of separation between normal and high strength
concrete, which is approved by the codes, the HSC may be
characterized as concrete with compressive strength in the
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range of 50 to 100 MPa. In this paper, HSC has a compressive
strength greater than 40 MPa, based on the recommendation
in ACI 363R-10 [6].

Computational intelligence is an efficient tool to solve
complex problems with an appropriate level of precision. So
far, a large number of experimental investigations have been
performed to study the effect of mechanical and geometrical
properties on the shear strength of slender beams and
addressed major parameters that contribute to the purpose of
the present study. In this paper, a new approach is derived to
estimate the shear capacity of high-strength concrete slender
beams without transverse reinforcement using a hybrid
adaptive neuro-fuzzy inference system (ANFIS) and particle
swarm optimization (PSO).

2- Experimental Database

Various experimental studies have been carried out in
recent decades on high-strength concrete beams without
transverse reinforcement, which have given rise to new
relationships and increased reliability. The results of studies
revealed that the main affecting parameters on shear strength
are compression strength of concrete, the ratio of shear span
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Table 1. Setting parameters of Gaussian membership function

Membership d a/d a, e
function o | ¢ o | ¢ o c c | ¢ c c
Cl 0.0359  0.2651 0.2239 0.232 0.1386  0.2742  0.1676  0.3941 0.0306  0.4401
C2 02128  0.3751 0.2346  0.3695 0.253 0.5196 02917  0.3306  0.0724  0.3999
C3 0.1773 ~ 0.3277  0.0875  0.3104  0.0517  0.2589 0.189 0.4707  0.1501 0.6053
C4 0.1254  0.3753  0.1851 0.6923  0.1086  0.5846  0.0353  0.2783 0.207 0.1946
C5 0.0642  0.0609  0.1575  0.1243  0.2569  0.2971 0.1642  0.4957  0.1763 0.709
Table 1. Setting parameters of Gaussian membership function
Number Rule
1 If disCl, anda/disCl  and a isCl, and f is le, and pis C1 then vis CL,
2 IfdisCZlanda/disCZ cand a_is C2 and f isC2 and pis C2 then vis CL,
d ald 2 a, ¢ I P
3 If disC3,anda/disC3  anda isC3 and f is C3, and pis C3 then vis CL,
4 If disC4 andal/disC4  anda_ isC4 and [ isC4 and pis C4 then vis CL,
g a < ) r
5 If disC5,anda/disC5 ,, and a isC5, and f is CS/ and pis C5 then vis CLg

to effective depth, amount of longitudinal rebars, and cross
sectional dimension of beam.

Only experimental results meeting the following criteria
are included in the database:

The beams with a/d greater than 2.5 were considered.

The slender RC beams were without transverse
reinforcement.

The predominant failure mode is shear.

The beams should be tested under a monotonically
increased concentrated load to avoid dynamic effects on
failure.

3- Hybrid ANFIS-PSO
3- 1- Details of Membership Functions

The Gaussian type of membership function is used for
the input and output parameters.

u(x;0,¢)=exp (1)

where, ¢ and o are the center and variance of each
parameter. The detail of each membership function is
presented in Table 1.

3- 2- Linear Functions

The proposed ANFIS-PSO model uses fuzzy c-means
clustering to generate a fuzzy inference system with five
clusters as a linear function:

CL,, =aX +a,X,+a X, +a X, +a X, +C j=1273,45 2)
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3- 3- Fuzzy Rule Base
Five rules are considered in the proposed model, which
are presented in Table 2.

4- Results and Discussion

The training and testing phases of the ANFIS-PSO
model were done using 139 and 46 samples, respectively.
The optimum system has 50 and 30 unknown parameters
for the membership and output functions, respectively.
The comparison of the predicted results of the test dataset
is presented in Figure 1. Results indicate that the proposed
hybrid ANFIS-PSO approach has a high accuracy against
the test dataset. The MAPE of training and testing data are
6.24, and 10.87, respectively, which show a reasonable
agreement between calculated and actual values.

5- Conclusions

In this study, a new model has been proposed to predict
the shear strength of high-strength concrete slender beams
without transverse reinforcement using a hybrid adaptive
neuro-fuzzy inference system and particle swarm optimization
algorithm. The input variables in the developed ANFIS-PSO
model based on an experimental database are effective depth
(mm), span-to-effective depth ratio, the maximum size of
aggregate (mm), compressive strength of concrete (MPa),
and percentage of longitudinal rebars. The average error for
the new model for estimating the training and testing dataset
are equal to 6.24% and 10.87, respectively. The results show
that more than 80% of the simulated results have less than
15% errors.
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Fig. 1. Classification of reinforced concrete beams: a) slender beam with shear span-to-depth
ratio greater than 2.5. b) deep beam with shear span-to-depth ratio less than 2.5.
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Table 2. Normalization relationship of parameters within the value of 0.1-0.9
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Table 3. The values of standard deviation and mean of the Gaussian membership functions

P fc ag

a/d d

c o c o Cc

o gas pb
o C o C (o2

0.4401 0.0306 0.3941 0.1676 0.2742 0.

1386  0.232  0.2239 0.2651 0.0359 Cl

0.3999 0.0724 0.3306 0.2917 0.5196  0.253  0.3695 0.2346 0.3751 0.2128 C2

0.6053 0.1501 0.4707 0.189  0.2589 0.

0517 0.3104 0.0875 0.3277 0.1773 C3

0.1946 0.207 0.2783 0.0353 0.5846 0.

1086  0.6923 0.1851 0.3753 0.1254 C4

0.709 0.1763 0.4957 0.1642 0.2971 0.

2569 0.1243  0.1575 0.0609 0.0642 C5
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Table 4. Coefficients of the linear functions in the proposed system
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Table 5. List of used rules

oucls 4 by yo abasl, ool o lous
IfdisC1, anda | disC1,,, anda,isC1, andf, isC L. and pisC1 thenvisCL, |
IfdisC2,anda | disC2,,, anda,isC2, andf isC 2 2 and pisC 2 thenvisCL, Y
IfdisC3,anda | disC3,,,anda,isC3, andf isC 3 n and pisC3 thenvisCL, Y
IfdisC 4, anda | disC 4, anda,isC 4, andf, isC4 . and pisC 4 thenvisCL, ¥
IfdisC5,anda | disC5,,, anda,isC5, andf ,isC ) and pisC'S thenvisCL; o
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Table 5. Statistical indices for proposed model and existing equations

ANFIS-PSO JSCE AS 3600 CEB-FIP Eurocode-2 ACI 318 g™
QAYe <MY </AN <IA¥ /MY <IAYA R
AVA <IVAY < [OYY 4N AN < [EYY RMSE (MPa)
AR Yo/o¥f ARYARY ARTER Va/vAa Va/8yY MPAE

sl odel daldl )3 o Lailg, a8 3 Uy oduz p3lKe | s ggsge ol 45 canl ansly LialS Ll
Al oo il glaojly

n 2 oS Al 1y odld jl ot 039d5te )3 (b Cud il .
Z(Vi,actual _Vactual )(vi,model _vmodel ) N - o & s s w“ | oae
R = pLsl Sy 4 Cand 031 ol 3 0 Wl Walign e W2d 0 (LS
= p v)
Z( = )2 Z(V _v )2 ol oo Wl ids by cadyls (0 o yal)ly ple g 05l sl ol
i,actual actual i,model mod el

i=1 i=1

Lylgy b ANFIS-PSO oS 55 i gl cuung o —A

p 29290

Z(vi,actual Vi model )2 09 4oyl i gl (b Cenglie (g9 p (Slalllas 3l gl Jlo 5
RMSE =\ " " 2 sl oanliio BB Lol oyl )3 o domss oS 433 8 plowl by ygila)]
S b slaulio (ool Jao 3Sos piny oy Sl 5
[vs]Eurocode-2 ([¥o] ACI 318-14 (cla asl 51 ;5 oas )|
MAPE = (@ji Viactual — Vimodel ) s I"AIAS 3600-2009 . [vv] CEB-FIP Model Code .
= Vi.actual .l oai plsl [YA] JSCE Guidelines

G oo odlawl oo LS')ST x> slodly plod jl anslio ploal 4ly
odd )l b b )b e Vigrruar 5 B8 Lailgy 0 &S

“ - o ) ol plomil Jige slayzel )l 5 Josd BB o3gimme 13 |y duglie lsn
‘pz’,mada! fvz',ncrun! )?.Jl"" dod u*i’l*‘ Vactual f"ls"""“"..l"’)'| 2

_ b b blie doeis iy Gl ol ooy lis VY S 0 duwldo
e dor Sl 7 1 5 odel Cawd LB cud b lade
” Ok Vmodet ' i S alold 5,5 J1)8 (45,0 YO agl) Joges jluos 59y p odls &5 coul
o] Leges s 1 9 Vimodel
5 o Auglis A3l b Jse gt oind (lii jluad ) 85
sgrge Laly) plo g (¢) JSs) ANFIS-PSO Jue 4 bsi
JB 5 Sloe (oolpiiy Jao a5 o ol (& b call-V e gla JS3)

dw )] ol odld 4&»:9: Lngu»s) J).g\Lo.C )Jdaﬁ.) ) d‘f ..))I.) u.lyﬁ

MAPE , RMSE pslio g R=Y e Lol clls iz 50
13l <IN § 55,5 R s 31 el ool ol [0F] Smith el

O o JB (San 05 )15 555 Jlade a8 ) ks ke . ) . P
Slaye (xSike sl sllad o pd (R?) pasets copo )lol pasls

o odlitl (MAPE) s 3llas 1oy (555lo 5 5 (RMSE)

Yoy



VOPF b YOVD dio V¥ e+ Jlo & o)loud @F 0,93 ey sl (3lpos swigen 4 s

omfovn € 7 dpodoangy (1)

T wy
\ _// i I I
° Tl o I
N = m I m I I
m =L |3 15 I I
[ T e S S MR R
ST e X ) I e
S N N |
. WA.z i\ o\
NNy, 4o _7 _
R = R AT ) B
NN |
[ 4/,, |
g N I
|||||_.||||._|14|/|.4 —_———ft®
I G A
I I M\
| | J/
_ _ _ o\
I SR AR 2NN |
I I I Q@)
_ " " | S
N
I I I I .Q.
| ! } } °
<t [ag} ol — <
b Ko gre 1DV (mamal)
vy
s N i _ _
< I m [ [
‘N2 1| e | |
NSk 5] 18 I [
RISk NS e o ek
TNCC N T TN [ -
Al AN [ [
SENNNSY |
MO T NGEN N
—. [ N | S S
T L O‘ i -
AR \
I M %8 x5 U
[ 1 I G N
|l|||.|||l./.h( ~t————}
I I
I [ ™ /_/
_ _ \
e S ke
| QNS
| | I &W/
I I [ N
I I [ [
! ! } } o
vy ~+ Lae} ™ - (=]

1 Ay Caglie

(ISl 0 alile;

s

-

(s Sy

(Y (5s) (Mo

&l

(&

4

3

2

(JBly ) (2o

1

2 ————

v Kov® g9¢ SV ()

4

2 3
e

1

(s yt Cxoglie

.,

(e Amest]

(@

(&

——— e e — NS

I _
I _
I I
. .

|
|
|
4
| | |
|
|
|
:
<t

|
|
:
e « —

embon Ko gogr naml)

b Ko OSd-SIANY (")

(Jwb K)o b3l (b 5y eoglin

sy eoglilo

(JSRwbKe) (a8 o

(<

&

e duwlie VY JSUS

ool

ANFIS-PSO Juo 5 35290 Latly, b I

Fig. 11. Comparison of the predicted results provided by proposed and existing models against measured data

Yov



&lo
[1] M. Nielsen, M. Braestrup, B. Jensen, F. Bach, Concrete
plasticity, beam shear—shear in joints—punching shear,

Special Publication, (1978) 1-129.

[2] F.J. Vecchio, M.P. Collins, Predicting the response of
reinforced concrete beams subjected to shear using

modified compression field theory, ACI Structural
Journal, 85(3) (1988) 258-268.

[3] S.-J. Hwang, H.-J. Lee, Strength prediction for
discontinuity regions by softened strut-and-tie model,
Journal of Structural Engineering, 128(12) (2002) 1519-
1526.

[4] E.C. Bentz, F.J. Vecchio, M.P. Collins, Simplified
modified compression field theory for calculating shear
strength of reinforced concrete elements, ACI Materials

Journal, 103(4) (2006) 614-624.
[5] P. Hong-Gun, K.-K. Choi, J.K. Wight, Strain-based

shear strength model for slender beams without web

reinforcement, ACI Structural Journal, 103(6) (2006)
783-793.

[6] S. Xu, X. Zhang, H-W. Reinhard, Shear Capacity
Prediction of Reinforced Concrete Beams without
Stirrups  Using Fracture Mechanics Approach, ACI
Structural Journal, 109(5) (2012) 706-713.

[7] A.H. Gandomi, A.H. Alavi, M. Gandomi, S. Kazemi,
Formulation of shear strength of slender RC beams
using gene expression programming, part II: With shear

reinforcement, Measurement, 95 (2017) 367-376.

[8] F. Cavagnis, M.F. Ruiz, A. Muttoni, Shear failures
in reinforced concrete members without transverse
reinforcement: An analysis of the critical shear crack
development on the basis of test results, Engineering
Structures, 103 (2015) 157-173.

[9] S.H. Ahmad, S. Fareed, S. Rafeeqi, Shear strength of
normal and light weight reinforced concrete slender
beams without web reinforcement, Civil Engineering and
Architecture, 2(1) (2014) 33-41.

[10] M.N. Hassoun, A. Al-Manaseer, Structural concrete:

theory and design, John wiley & sons, 2012.

R oylol ola (a3l pdlie ol )8 oad 035 Cuyis ¢ o8ly ke
0dysl & Joga > il claosly ol » MAPE s RMSE
Cud b S e 50 ol 0l drwgl Jde canlie olly [SSly &S o0
Alee Sgols gy 9 Yl Cunglio o L ao) (i £Y (glo s
(oislee) oo 3as i i 4 oad Wl Jao 13 (63955 sl el
O Wb a5 S)n fee gLl A GBp alad Cu
i )3 o s yile ] dio s g (JBblSo) oz (o)Lt Canglio o 2o i)
ot o gl e (sl cdtagy o Sl | e Vot azb S
0o &5 sl ol Sl @l oS 0ud plrl Jao gl 5 el
o olalel g Gajoel dsgeome (gl dadon s oS a0)> 3llas ;48
Ak o o gllae oUlgy 51 Lis aS 039 Ve/AY 9 SIYY L ol sy
09,5 3 dlisiul 3,50 (AL (sladiges do)> A 5l Ly (izeen
ploul couls 3BT 13 il o o yd VO 5l S olas (gl s
b s (295 Slpess ANFIS-PSO (eolpiiy Jao (g9 p osd
ol 50T 2 sl 00 (e (93939 S0y 99 Sy 4 g9
ot fy 5 et slayially 53 0 ol S ol o 51 S
03 33 (B byl 03 (g Sl > (B Canglile Dl yeiS 53 oS
oS cunl aily il el ol 53 5 Gl baisgyg I (pam
ly)ls iz (sbaosly )3 oy odmn pislSe I LS gg9e
ool 309390 (sla Jao b (gl dunlio ¢ Jdo ol & Cod iy ylinelol
Slasyo (pSho o sl (0 ¢ Stumsod oy (Wl ()l slapadli
culyd onl e o5 485 plocl b (3llas do)> (ke coys (0
3le VIYR 5+ 1VAD /35 | il i 4 o3l Jo o),

S5 o A
Slbwlre (ea sbghyy wlul p gie 3)509) adlae ol 5
5 Vb Cunglio o b ao)l o Y (slayd (G bl (oS il
s oS 53l edlatel b (oolgininy Jde cCunl oads 1)) cugels e
29 Ol pbajl gile dinge piyoSl g (s —(5 (el gl
ol o ool aie; cpl 3 ond pll ko)l wges VAD (Lo
5 Caeges (35 S g il ot wellasl oy Sl 6 S ole sl
Lo YO 4 il 3oy 5 eolatul 590 (slaodly Joyd (oloiin Jo

ol 045 394500

yoyy



reinforced concrete beams, Proceedings of the Institution

of Civil Engineers, 85(3) (1988) 397-413.
[23] ACT 318-14, Building Code Requirements for Structural

Concrete, American Concrete Institute. ACI, 2014.

[24] CSA, Design of concrete structures, Mississauga, Ont.:

Canadian Standards Association, 2004.

[25] FE.M. Code, Model Code 2010, Federation Internationale
du Beton (fib), (2010).

[26] B. EN, 1-1. Eurocode 2: Design of concrete structures—
Part 1-1: General rules and rules for buildings, European

Committee for Standardization (2004).

[27] CEB-FIP, Model Code for concrete structures, Euro-

International Committe for Concrete, Bulletin, (1990).

[28] Standards Association of Australia. Committee BD-002,
Concrete Structures: AS 3600-2009, Standards Australia,
(2009).

[29] Standard Specifications for Concrete Structures,
Japan Society of Civil Engineers, JSCE Guidelines for
Concrete, (2010).

[30] S. Ahmad, P. Bhargava, Shear strength models for
reinforced concrete slender beams: a comparative study,

in: Structures, Elsevier, 2018, 119-128.

[31]A.H. Elzanaty, A.H. Nilson, F.O. Slate, Shear capacity of
reinforced concrete beams using high-strength concrete,

in: Journal Proceedings, 1986, 290-296.

[32] A. Shah, S. Ahmad, An experimental investigation into
shear capacity of high strength concrete beams, in: Asian

Journal of Civil Engineering, 8(5) (2007) 549-562.
[33] K. Al-Shaleh, K.N. Rahal, Shear behavior of K850

reinforced concrete beams with low transverse
reinforcement, Kuwait journal of science and engineering,

34(2B) (2007) 35-54.

[34] J. Sagaseta, R.L. Vollum, Non-linear finite element
analysis of shear critical high strength concrete beams,
Architecture Civil Engineering Environment-ACEE,
2(4) (2009) 95-106.

[35] H. Elsanadedy, H. Abbas, Y. Al-Salloum, T. Almusallam,
Shear strength prediction of HSC slender beams without

web reinforcement, Materials and Structures, 49(9)

Yoyy

[11] ACI 363, Report on High-Strength Concrete, 2010.
[12] G. Campione, A. Monaco, G. Minafo, Shear strength

of high-strength concrete beams: Modeling and design

recommendations, Engineering Structures, 69 (2014)
116-122.

[13] M. Hamrat, B. Boulekbache, M. Chemrouk, S. Amziane,
Shear behaviour of RC beams without stirrups made of
normal strength and high strength concretes, Advances in

Structural Engineering, 13(1) (2010) 29-41.
[14] S.H. Ahmad, A. Khaloo, A. Poveda, Shear capacity of

reinforced high-strength concrete beams, in: Journal

Proceedings, 1986, pp. 297-305.

[15] A. Cladera, A. Mari, Experimental study on high-
strength concrete beams failing in shear, Engineering

Structures, 27(10) (2005) 1519-1527.
[16] K.V. Duong, S.A. Sheikh, F.J. Vecchio, Seismic behavior

of shear-critical reinforced concrete frame: Experimental

investigation, ACI Structural Journal, 104(3) (2007) 304-
313.

[17] S. Lee, C. Lee, Prediction of shear strength of FRP-
reinforced concrete flexural members without stirrups

using artificial neural networks, Engineering structures,
61 (2014) 99-112.

[18] H. Naderpour, K. Nagai, M. Haji, M. Mirrashid, Adaptive
neuro-fuzzy inference modelling and sensitivity analysis
for capacity estimation of fiber reinforced polymer-

strengthened circular reinforced concrete columns,

Expert Systems, (2019) e12410 1-18.

[19] H. Naderpour, M. Mirrashid, K. Nagai, An innovative
approach for bond strength modeling in FRP strip-to-
concrete joints using adaptive neuro—fuzzy inference

system, Engineering with Computers, (2019) 1-18.
[20] H.P. Taylor, The fundamental behavior of reinforced

concrete beams in bending and shear, Special Publication,
42 (1974) 43-78.

[21] H. Taylor, Investigation of the forces carried across
cracks in reinforced concrete beams in shear by interlock
of aggregate. Cement and Concrete Association, London,

technical report 42.447, 1970.

[22] A. Mphonde, Aggregate interlock in igh strength



[45] K.-H. Reineck, E.C. Bentz, B. Fitik, D.A. Kuchma, O.
Bayrak, ACI-DAfStb Database of Shear Tests on Slender
Reinforced Concrete Beams without Stirrups, ACI

Structural Journal, 110(5)(2013) 867-876.
[46] D. Angelakos, E.C. Bentz, M.P. Collins, Effect of

concrete strength and minimum stirrups on shear strength

of large members, Structural Journal, 98(3) (2001) 291-
300.

[47] P. Adebar, M.P. Collins, Shear strength of members
without transverse reinforcement, Canadian journal of
civil engineering, 23(1) (1996) 30-41.

[48] M.A. Salandra, S.H. Ahmad, Shear capacity of

reinforced lightweight high-strength concrete beams,

Structural Journal, 86(6) (1989) 697-704.
[49] M. Islam, H. Pam, A. Kwan, Shear capacity of high-

strength concrete beams with their point of inflection
whithin the shear span, Proceedings of the Institution of

Civil Engineers-Structures and Buildings, 128(1) (1998)
91-99.

[50] S.M. Kulkarni, S.P. Shah, Response of reinforced
concrete beams high
Journal,95(6) (1998) 705-715.

at strain rates, Structural

[51] M. Hallgren, Punching shear capacity of reinforced
high-strength concrete slabs, (1998).

[52] I.A. Bukhari, S. Ahmad, Evaluation of shear strength of
high-strength concrete beams without stirrups, Arabian

Journal for Science and Engineering, 33(2) (2008) 321-
335.

[53] A.H. Gandomi, A.H. Alavi, S. Kazemi, M. Gandomi,
Formulation of shear strength of slender RC beams using
gene expression programming, part I: Without shear

reinforcement, Automation in Construction, 42 (2014)
112-121.

[54]

engineering, Collins professional and technical books,

G.N. Smith, Probability and statistics in civil

(2016) 3749-3772.
[36]J.-K. Kim, Y.-D. Park, Shear Strength of Reinforced Higy

Strength Concrete Beams without Web Reinforcement,

Magazine of concrete research, 46(166) (1994) 7-16.
[37] A.G. Mphonde, G.C. Frantz, Shear tests of high-and

low-strength concrete beams without stirrups, in: Journal

Proceedings, 1984, pp. 350-357.

[38] R.S. Pendyala, P. Mendis, Experimental study on shear
strength of high-strength concrete beams, Structural
Journal, 97(4) (2000) 564-571.

[39] S.-W. Shin, K.-S. Lee, J.-I. Moon, S.K. Ghosh, Shear
strength of reinforced high-strength concrete beams with
shear span-to-depth ratios between 1.5 and 2.5, Structural
Journal, 96(4) (1999) 549-556.

[40] Y. Xie, S.H. Ahmad, T. Yu, S. Hino, W. Chung, Shear
ductility of reinforced concrete beams of normal and

high-strength concrete, Structural Journal,91(2) (1994),
140-149.

[41] R. Grimm, Influence of fracture mechanics parameters
on the bending and shear bearing behavior of high-
strength concretesl, Ph. D. Dissertation, 1997.

[42] M. Hallgren, Flexural and shear capacity of reinforced
high strength concrete beams without stirrups, Ph. D.

Dissertation, 1994.

[43] B. Stanik, The Influence of Concrete Strength,
Distribution of Longitudinal Reinforcement, Amount of
Transverse Reinforcement, and Member Size on Shear
Strength of Reinforced Concrete Members, MASc
Thesis, Department of Civil Engineering, University of

Toronto (1998).

[44] J. Morrow, .M. Viest, Shear strength of reinforced
concrete frame members without web reinforcement, in:

Journal Proceedings, 1957, pp. 833-869.

(1986).

DOI: 10.22060/ceej.2020.17435.6560

M. Ahmadi, M. Ebadi Jamkhaneh, Shear Capacity of High-Strength Concrete Slender Beams
without Transverse Reinforcement, Amirkabir J. Civil Eng., 53(6) (2021) 2515-2534.

o3 £yl o () 4 g

yoyf



