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ABSTRACT

It is well known that axial tension decreases the shear strength of RC & PSC beams without transverse reinforcement, and axial
compression increases the shear resistance. What is perhaps not very well understood is how much the shear resistance capacity is
influenced by axial load. RC beams without shear reinforcement subjected to large axial compression and shear may fail in a very brittle
manner at the instance of first diagonal cracking. As a result, a conservative approach should be used for such members. According to
the ACI Code, the shear strength in web is calculated by effect of axial force and the vertical force in the stirrups calculated by 45° truss
model. This study was performed to examine the effect of axial force in reinforced concrete beams by nonlinear FEM program
(ATENA-2D).

Key words : Axial effect, Shear strength, Web shear, Arch action, Beam action

xE

gk Fo] 9l RC9 PSC Hojlx] 33 Q18-S AT TE A4, 958 IAeA 8 S S7MITE AL 2 g8z AR
ojth. ey} EEo] Akl GrivkE g3 WX 1L, Ak Aol owdt JERS FErte] thet o|svt B d ook I Bk E
o] I FAI7T 2 4E58H AT s wow A WA AAt o] dojubax g2 /997 2 S w4 es] BaE B-S AISE
I ek o] w A ACIY] BRARREE FATEZ 0 & 45°2 she EY RIS AMSsle] ~E g 283 S8 g 7E vhodsia
ot B A= 93] ehs 27ko 2 S HjAE #-3ke A4 =203 ATENA-2D (Cervenka, 2000)E A1&-3}] ZAZE Ho| =¥
280l w2 158 g Aotk

20l - S8, O s, BRAY, ol X%, BAkg

LMNE

A2 A o] L AFBo] Weldk ol B3 Zo| ghe weliedaE Tele RAje) ALSo] Z7Ek gtk 53] 20159

AP o] SRFSII & YIS W PSCRAS) et A1) W50l ol SiEk P4 Aol P PSCHA

Rl S I VYRS B, GEde ARSI Ae 2 el Aol et
g

LA IAE Zeo] AR o WAUZO R Jeke mAw, T4 vhite] oA W] ARulsirlE Felxow e

* A3 - wAA A} sgisty ERSEFel e Za<: (Corresponding Author- Honam University - safecon@honam.ac.kr)
** Adslnl E5-3-st3} vialaby (Chonnam National University - gos3452@lycos.co.kr)
e )Y Agislnl EE38y) w4 (Chonnam National University - wkim@jnu.ac.kr)

Received August 4, 2014/ revised October 14, 2014/ accepted December 14, 2014

Copyright © 2015 by the Korean Society of Civil Engineers
This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/3.0)
which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.




oRA2-g-& Rt

pal

E3lar Qlti(Kotsovos, 2013). 3HEE B7FET0] gl BAjox]
A5 AT WA =W 3 AR At Ee] dofupra
2ol ACIofAE= 3] B2
=2 Sl
A= IS W AeE TESI EaREe] RS 4K
s AlgidEe] EarlE FIPIE Bk & 749 45° Egs
o] o3 Huk IS APkl Atk o714 BAREEZ
67} 45° 2 IAETR= 7P dHe] & #AE o IE 4 vk
(Lorentsen, 1965).

ASCE-ACI CommitteedlME ol Aek) vlEHo] &
S HXE B3 2 Aeleislon), PSCHAI) 2ol 59
W= BRAG A gl =uE] A 23tEe] A &
ATHASCE-ACI Committee 445&462, 1973; 1998). & &I4-=
PSCHEAoA BRAE 4o AsS Ulg Ao 7ksle] =
oz Andt 4 Q= Avkrdyfeks 9§ 7% dAolth
Z8o] 2k g PSCHAIE Yutd o g AWier) S7kshtal
el ot HEkA A TAR FHIS o o] F=3H
ZAo]u, Collins®] MCFT (Vecchio and Collins, 1986)Z o]
gl Ag-o] 7FsslA|wE B2k8(beam action)Z} opx| kg0l gk
RS As] sl EThe Fo] Jr(Park and Paulay
1975; Niwa, 1997; Marti, 1985). wjghr] £ H-olx= PSCH-AY
E A 840t BRAHTS A Ta 1A AR Rag
shopks} NES B3 UEAREE sk, 9 ] <)k
Fes o] skt stk £ A7ellx] A8k Jeong and
Kim (2011; 2014)¢] g2olkst HIHAAR] A, Bt
824 AN BRde] Mshs ZE|REYAE FITER
Ao ¥ME AT o] AN {83 A= I

PSCHA2] ®lelo] 2kgah= T EdlA 52e PSCHA
o] BRe| et gkE-g#s el v gt e, 3
<o) ol WslE T ofxZREF} BaARge] MW 719E
WA Z]RE FA] ACI AV S o]& vhdeix] Bala gitk
wepx] 2 el it Rkl gl o oe =2
Z(ATENA 2000)& o]-&3le] PSC E3o] &3(91%, 945
ZRGA1A WEis(FEE, ~HEE, g7, A E 74
slal s FIAREFRAAVIEY] EAES gelstaz) gk

oot

ST

2. DI MCHDJDIE

Z2e] 28 JP FAl) Aol FFES WEAR= So]
o). Zejo] 2gsha ARV 83 ol el st
7] izl ARVETFGS ] AASH GebA, o]

s S7MI7IE vhdd)] SR TS e

1
rlo
=t
e

86  Journal of the Korean Society of Civil Engineers

PSCHO| HRAA s

AZIEk ACI A7 IS ol2fet SHEaE thae] 218 53l
akodalal QITHACI Committee 318, 2011).

n:

V,==(1+—")/fb,d for axial compression (MPa)
©T 6144, v
(1a)
1 N, , .
V.= E(l + m) /fub,d for axial tension (MPa) (1b)
: g

oA, EREY S &8 N, ' 2501
o} AledEe] EaEE] ¥

U5Ho| ZB3hk= PSCHAN FEEEZ] Adt 7|ow V&=
o} Eq. (2)2F ZTHACI, 2011; CEB-FIP MC, 2010; Vecchio
and Collins, 1986; Xie et al., 2011).

A d

V.= s' cotd5° (ACI) (2a)
Af,d

V.="""cot0 (CEB-FIP) (2b)
A d

V,=—"cotf, 6=20"+10,000¢, = 45° (LFRD)

(20)

n=r ACIS) 7% 0=45°% a43le] Ak s AHgslal 9|
W 9 BC27 Ko Wzt el mde 4g3ie] 0-22-68°
= g3} gt} LRFDE= Vecchio & Collinse] MCFTo]&S
Rk 2 B f&zlo] TYolMe] SUIAFE €, & o83t
HAFedzt 0 Axdslar giciRamirez and Breen, 1991; Gupta
and Collins, 2001).

N

3. ZAR}L

3.1 OIX|Z{ES afet W=

71& S 7(Jeong and Kim, 2014; 2011)olx] 253k o}x]2k8-S-
AEBle oA a5 ol&dte] S W A Az
Frizslarzk gtk Fig 1(a)dl)r] 55 gaolls o Rke-S st
g oAAT a(=0~1)ks ol8ste] ERdTka o] ke
v,=(1—a)v=_01-a) V/bz08 F&T 5 3l FAe] =

Nol SJ% U5 3 £, = N/ A, S} 3% 555 BRI

d

o



A4 -

~

]

g
2
Ny

¢

(1-a)yw

b,
Ji2222212223222%

—— — — -—
> /2

~ )
Axial = al
stress f, = <6 Vi
»X z L !
I // z \4—4—
o =
I \& & 2 Nw Nvl;
< <—-L—>
= VA v Now

|
|=
Qi

: n
Affv Affv Balanced axial force N, = fb,z=f,A,
b, b, Unbalanced axial force N, =(f.-f,)zb,
(a) Web Element (b) Internal Force Polygon Resulting
v Unbalanced
‘ﬂf" A . % ,A V‘:it:ess:fx-f,,
””” I
ﬁ/i_\\[}f:fz | \ﬁthr | .
/ 26 / l
Vs
i e < ! (1-a)w
(-aw Where f.=(1—-a)veotd— f, pva[zft_ b J
b, fi=(-a)vtanf-f v
(c) Aberage Stress of Web (d) Stress of Concrete (e) Stress of Reinforcement Steel
Fig. 1. Force Equilibrium in Web Element with Combined Load
w92 HEEhs 4 29 (1-a)w/b, 0] e pf, = [(1=a)vtand—f,]=(1—a)w/b, (©6)
= 434 okFig, 1@). o) o) 43 43 2aeiee)
FUEE FUHLE, T S 57 e 2k Fig 1ok AT 2ol <fa, B, (9] I telee) Sy
1(0)4 Mohrl-g o83t T3} Zo] T Hsu, 1993). 8 f,e B8 4 12 aﬂJJr =2] Vo et 2 gulsk T g e
F.EN/ (b,d))e] Fh & o]Fof ghek T, o]
fo={1—a)v(tand +cotd) - f, 3) gie Apolls F8ETo ‘%‘r%ﬂok & f,—f, vl 9ol
B9 AR BIE ofF 4 ghe BRFHo R Ytk olefd
f.=00—=a)v cotd— f, “ FHE O e j@iﬁ‘}“‘ Fig. 1(b)o} 2] =™, 1 53
gele] gL 2/27) | ol 3,
fi=00—a)v tanf—f, )
N, =N,+N,=(1—a)Vcotd—f, b, 2 (@)
Eq. (5)°] oJg Eele] 54 ¢ £, 54 ey
7 9 (1—a)w/b, st BBL olFet &tk = f,=p.f,+ N, =f,b,2 ®)
(1—a)w/b, 2Rz BRzA (714, p, = 4,/ (b,s) 01,
A9} £ 77 2Eg WA Selol, st 5H2E e Ny =(1=a) Voot —(f, +1,)b, z ©)
242) 57 2EE geEe e @A BckFig 1(e).
Vol.35 No.1 February 2015 87



ol x| 28-S aEet PSCH O] ERATAS

S0 N B w4 S, NE ol Lo 0w
Aol 8o 2 Tl Wi} HRehs Folw, N %
B o] AJgslop & el Bie] 453 o] u)s)
A gk= Aol B AHIRE HYS o)F F e FowA, AT= zL [N, (z,—2,) + N,y (z,—0.52) (10b)
YetaAel] AajEo] AR HE ZH ik ’

o] AREHiE S} 71 SHES; Fig 200)9} 2o, T
e mHE JYP2s BT wEske At dvk ol2d
Feje] ThHES thA] Fig. 2(c)e} 2] Al 2ol Al x]ste]

7R ARG ST Relsle] gt 11 IR TRSR TAR A, W, W feas
P59 €, - AC, P8l Sfe) 1l 5 N, 9 et

A 2Fgo) oJs) W] SyFelo] Azo] HErks A o . ¢
N SR 58 NS Fig 20000 ekl 2t o), A28 Bo]

ek BUSFFRY F, 2 el Agshe
2o & 2 O FAslo] of gRiie stk & 4 ok

wegh ARl IR T, + AT A B 58 NE
FHE SR A= Elo] g® TE FAdetar & 4 glow,
Exo] Hzlgo| ofdt N of B ek E2 N, = T 283
&= N, 7F dok olFA Apix| s ThasEs FIs AR
Y8 2+ &3] F7)E= Fig. 2(c)dl] Bl A} o] A5 ook
Eisad

ojuf et ke, N, o A8 2,9 e 2=
FU( 2, = 2)3PhaL Bl A v 99 2EH 4 =
2R3 29} BUM, /28 FARRE 5 e 2R gholekal 1)
of TesiRithy, o] wie] HE Y5 9 Y 7Y wle
Fig. 2(d)oll YR 244, vhaat 22 3718 24, o] gk
oY mulES} JHE o]F o} gtk

3.2 tHH ZH9| xHZHH
Kim and Jeong (2011a, b, ¢)& Fig. 1(a)$} Zo] Exo) 23
PE-gsdo] FE Fe] 7 sk WAl At AR WiAUES

O

o] FA| whd yiere] S22 Figs. 2(b)~(d)o} 2ol
ArdE ogt 4 C ¢} 7, & A s 7= AekR
A}& A8 {(shear-moment interaction)o] BHAY3ITH
Fig. 2 19| g vh 2831 e S FES Ve
Zolot whd fARHE M) o3 C (3 U=t 7,2
7} Z4o] 2,9} H 44, F ATRREol| ok BRY 5
N, (CFZEl oJgh g )9k N, (gl 23t =)} &
Aol 2,9} 0.5z, 2H& F(2F) Noj| tisf FaA], B4 2
st Eeks 4 N, N, N7 243540l 288t
e FEE ok olE 3 Fol EHY 58 N9 N,v
A

T E S

r
l

|

P

) F Z¥o] A Eq. (10)3 2k

S

s
o Z
: (G —AC )é N, [7)
- < g m--‘—L
ia Z
- (3)
M >
N, N,

: . :—b Z x
> A
- ~
- T +AT AT 2
> »—p | S
™~ [z+c/2J T
L A 77 _
N: Axial force + in compression

q : plastic centroid of 4 N = N( 4 J _

r: plastic centroid of Ag 4 4 In#

4 )

N.. = N| “b = A

Ao =4 + Ay + 4 w A In 4
Np = N % = fady

g
(a) Gometrical Definition (b) Configuration of all (c) Bundling of the  (d) Final Configuration of the
for a Section Resultantants Acting at a Section resultants Bundled Resultants After

Fig. 2. Axial Force Equilibrium at a Section

88  Journal of the Korean Society of Civil Engineers



%o cotd, = (12)
C=(GmAOZF NN, aw
Zr ( (Rl)a -1 +(f1 +fn )Au, (RT )‘I [1.5*0.5(}21 )“}+ant(17 (RT )a)
— V(1= (R)" |+ (1—a)[15-0.5(R,)"
T=T,+AT+(C,—AC) z, Z+Nb (11b) (a[1=(R)"]+(1—a)] &)
9] 2ol F3HE VIR o ARG 2720 o) 24
=G ;A—szcixi;]% (1o & 9orl, = o vx4 [ & 31800 71&d B3e) %Y
o va TN 221293} WE A5} 2734(Kim and Jeong 2011; 2014)9]] 2]&)
Z8o] 2834 s Aok TUe I o R AT - Utk
33 BA G,
S 3.1 Bg. (D9 2183 201 o] 53& M= B9 A 5 4 s otmags
3 3 o) — . . | [=]
.= A gRdel ofs) s Fa. (o)l 29k Fie e} qpagpe no) ople 0 8 AW 918 AR 342
29] whflo] OB R ol e 2k Rolek AR L ) gersierh chueles e st ARE ol
Z229)] 21e tislsle] fr=sbd, A a9k f02 TAE the e A o Wk ofUjah Gt o FE e Fun
2le] f=Hrk T3 Y SR Akl sPssich

1) Compression force path assumed < A flow chart of solution algorithm for o value>

a
z, :[/\7’ ] z,=R%-z, (1) Select o
max
Assume &

1) Web shear element Calculate z, £, g from
Egs (1),(9),(14)

< Equilibrium of concrete >

f> =(1-a)v(tand+cotd) — f; (2) .
S
fr =(1-@vtan-f; ®)
£ =(-avcod- f; 0 Yes Calculate /;

Calculate £, £, from Egs(5),(6)

Calculate f
from Eq (7)

from Eq (8)

where, v =V /(b,z,)

No,
<Stirrup stress >

p. [, =(1-a)vtanf- f 5) Yes

(- _ Calculate f;, &
P tfio =(1—@)vtanf-0.5f (6) from Eqs (2). (10) 1< 7 dose
Pty =(1-a)vtanf-05f (7) | to the'assumed?
0=(1-a)vtand—-0.5f (8)

Calculate f;, &

< Constitutive laws > from Eqs (2),(10)

P : B %
I E

__£_[fa)(a)
fz’o.s+|70el[2[e<,,] [5” o

where, f=1.0,€, =0.002

&

Assume &, &,

< Compatibility >
. Calculate @ from tan’ 6= ﬁ
g =—— [1-avuane-] (11) £+8
p.E, Calculate & =€ +& - §
£ =& cos’ O—¢, s’ @ (12) Caleulate /> /o from Eq (9), (10)
(13) Calculate f, fromEq(2)

¥, = (& +&)sin26
where, v=V/(b,z,)

1)) Section of member

< Equilibrium >
M 1

b ke 1+ 1) AR 15 05(R) |+ £,4,01— (R)%)
cotf, = — = - T 2
. Va[1- ()" [+ (=) [15-05(R,)) Calculate 7 = (& t&)sin20
------ ()
Calculate 7,
< Compatibility > from Eqs (13),(15)
Yo =¥ A%, - (15)
Are
where, Ay, = _E dy, the two %, close 2
B [ Va* (X —d"x“) EA + E A, .

, EAEA,

E A, =E [2d-=)b]<E, [ij b]
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Fig. 4. Numerical Analysis Program by the Proposed Model

90  Journal of the Korean Society of Civil Engineers

PSCHO| HRAA s

Fig. 49} o] /Paalsich st sz atale] Asjel w3
FaAshy T ATENAY) o4 Z27te vla 2 2495
gk

4.1 ORI o

A7) PSCR) AL AriE o 71 Adde] gob Bskalg
fpely] o] B3 ek o] =4 bl Uk whebd Akl
A 2218 FASP) ST AR @)} e e
2 8He ld-39] B BRle) Al Siao w ele 2e
A, S mel SEA AL Fig. 59 2k sjAsle]
Bol S, 45 MskAlA olxAe) wiske Axkeka
Fig. 691 418} 510k S5lo] S7HI45 oA 1AL,
= vl Aol tetort 43 gl 45 002

AolAck

2P
| }—~
140 ,;
120 ///‘6\
e N
% 100 ,,4 /.\ -N=0;1fuaA¢ (Compresgion)
. // / —
’
& 80 o
/

k= [
3 o s
B D %, «——— +N#0.1faAg(Tension)
WD P \
= 40 -
(=3
o
<

20 19

0
0 2 4 6 8 10 12 14 P

Vertical Deflection of Beam Center [ mm ]

Fig. 5. Load vs. Deflection by ATENA2D (a/d=3, p=2%)

00 \ Nl fu Ay

0.04  0.02 0 0.02 0.04 006 0.08 0.10 0.12 014 016

Tension Compression

Fig. 6. Variation of a with Axial Force (a/d=3, p=2%)



HA - 4

Predicted . . V.=S5kN
ByEq (12) \9= =

25 cm

2
4=

«

10em,
Predicted V., =65kN *

By Eq. (12)

p2s: p=2.027%
450MPa
Ds: p, =0.452%
f, = 320MPa

S =20MPa

Predicted
By Eq. (12)

N=0.1f ot
=60 kN

Fig.7.Inclined Crack Angle with Applied Axial Force by Proposed
Model

42 #gZt 4,

HP I 2 Iss AR Fig. 79] sidaats sl B,
=9 2hgo we} FEZRe 45° 2 IR @at, 9 1)
2 A= 45° B =7 BB, 7 o] 28
785 45° Bt 27 dgeointk wheby Sl wle) Rk
2HHe] frazdwrt ek oAl =7 wieel] d3) ACK 78S
AVl A @At S Zlow o ddrt

4.3 FOIEEZ ARl 33 Ha}

Fig. 8(a) 149} 458 s a/d=33] Hoj 2EY E&
F=8k FEM s dsoln, SelslstiAloln 2] itels
TAJs) g Zloftt: Fig. 8b)= ATazte] 12 HX|ollr] ~HH 8=
BEE R Aotk

S gl ue} FEIFY B AR weh Ago s
UeRton], 3] Fig. 8(b)¢] s271E B, o) 2483}
= A% AeAzr 2] ~EgeEe AT E} o] 45°
BT} =7 W] wjito)] AEjY Hito] wha) EIRS oF 4
Itk ojul olxAlS= Fig. 69 ke AREsIGITE

4.4 MU
59 SfEEe] TS AWy} SRR 49 Q13

o] STk Aekdtee A3] Hoprle S & 7 Stk Seld

WS AR QgEo] #kg5Pd Eq. (1)el oI35 Aekdert 53+

AFF=r} 2tokx] BB % (non conservative zone) ©] BHY

The ARdolth o]Ze Fig. 79] ARVETHZt 0,9 WstE o
0

A% AT 5 glom, 5% Yol S Fh 0,

[r o

A
Yielding
_____ (TF450KN)” ™ ™ Predicted || »
E Predicted g ‘
i a=0.15 =-0.1fudq V=0.85V,
E 150 7 o = (V=65 kN)
@ FEM =+0.0fuAd V=100,
£ s T (nA2skN)
< 100 bai
z %
=]
8 50 /é Predicted
Z a=0.0
(5]
[
0 @
=25 [
-1d 0d 1d 2d 3d 4d
Distance from support
(a) Tension of Steel at Ultimate Load
______ Yieldin g ]
(£.= 320 MPa) /’ 7
S 300} N=+0.1fekAg 7
& 0 = 60 /
2
= 45°
200
E Truss Model 4 N=0
8= s =0 _
@ 6 =43
(=]
@ N=-0.1fcxAg
o 100
= 6=33°
w
10 20 30 40 50 60

Applied Shear Force [ kN]
(b) Stress of Stirrup at a/2

Fig. 8. Steel Tension and Stirrup Stress with Applied Axial Force

v,

Ultimate Shear Stress , 3 ’;1 (MPa) Failure Mode :
FEM w stirrups yielding
/ 3.0 ald=3
-~ p=2.0%
conservaﬁ\?((. P, =045%
— zone 3 ~ fi =20MPa
) £, =450MPa
ACI Code @ 20+ f,, =320MPa
v, with Stirrups S .
—==p.f, s non-conservative
b,d =
i X zone
g AN Eq.(1la) 1.0 %
—em 2 2
ACI Code Q.(1b)
without Stirrups -
B »

4.0 2.0 0 2.0 4.0

@ . C : v
Axial Compression Stress , T (MPa) Axial Tension Stress , Al (MPa)
& .

Fig. 9. Ultimate Strength with Applied Axial Force

45° BT} ol Eq. (2)¢] 2EH A&y} ZrlsRuk 9 olge
o) g3t B 0, & FHED Kol Ve g el
7] wheol] 2B A= Yokt ofgh dVde Mol

Vol.35 No.1 February 2015 91



ol x| 28-S aEet PSCH O] ERATAS

S Hofl 91385 2F8-A171 Gupta and Collins (2001) A&2
& 53 ACI} QFd 5] l Gethe 237} Barso] QA
Fig. 99] a4 d3= UnbAQl e BT sl A9d=
ACI7} QEd S0 %ﬂ‘“/]-* R 280 2 v
FEMalA3} ofx|2k8-& arefgh H2lst el f=& 33 H3&
e B AdEs oFdi fdEs (V) oS
AR /‘Jtﬂzﬂi a%—fg 7H—v‘ﬂﬂ’*]74 X";}oﬂ A &= HARE

O

o mlO

Ay es Lg}ﬂt}
5.28

B Q7 Tk WEe o] Shekrolr], F2S s PSCHL
oA HAEET} ol whdsle] vyl Al TS B
Buea ko) mY SIS skl WA sl me
SIS AHBle] PSC o] (WS, QS AGAA ekt
2, efebt 7] VS Rsick ol 591 S
W $Ale] AUAITE T W Ao 2 e

e AlEsiSiar o5 &l ACTL dvlee] Al sl

oy

o} mg 7 0,5 45°= wAEkL Qs S AeAvlEe
WGBS WS A R ARG 72} 0,7} 45° Bt oA
AFEg Fefgria 5 glom, J;—g—a% g B9 AR
Tz} 6,7} 45°0T) 2 B o] ATPEE Hagrlehs
How HASSICL B el AT AT NS 99
Agiatzele] vwgrpt Qs ejolch

References

ACI Committee 318 (2011). Building code requirement for reinforced
concrete and commentary (318R-01), ACI, Detroit, M.I., 391.,
pp- 120-150.

ASCE-ACI Committee 426 (1973). “The shear strength of reinforced
concrete members.” Journal of Structural Division, ASCE, Vol.
99, No. 6, pp. 1091-1187.

ASCE-ACI Committee 445 (1998). “Recent approaches to shear
design of structural concrete.” Journal of Structural Engineering,
ASCE, Vol. 124, No. 5, pp. 1375-1417.

Cervenka, V. (2000). ATENA program documentation, Cervenka
Consulting, pp. 10-120.

Comite Euro International Du Beton (CEB/FIP) (2010). “CEB-FIP
model code for concrete structures.” Bulletin d’Information, No.

92  Journal of the Korean Society of Civil Engineers

124/125, pp. 437.

Commission of the European Communities (1991). Eurocode No.
2: Design of Concrete Structures, Part 1: General rules and
Rules for Buildings, ENV 1992-1-1, pp. 253.

Gupta, P. R., and Collins, M. P. (2001). “Evaluation of shear design
procedures for reinforced concrete members under axial compression.”
ACI Structural Journal, Vol. 98, No. 4, pp. 537-547.

Hsu, T. T. C. (1993). Unified theory of reinforced concrete, CRC
Press, Boca Raton, Fla, pp. 193-256.

Jeong, J.-P. and Kim, W. (2014). “Shear resistant mechanism into
base components : Beam Action and Arch Action in Shear-Critical
RC Members.” International Journal of Concrete Structures and
Materials, Vol. 8, No. 1, pp. 1-14.

Kim, W. and Jeong, J.-P. (2011a). “Decoupling of arch action in
shear-critical reinforced concrete beam.” ACI Structural Journal,
Vol. 108, No. 4, pp. 395-404.

Kim, W. and Jeong, J.-P. (2011b). “Non-bernoulli-compatibility truss
model for RC member subjected to combined action of flexure
and shear, Part I-Its derivation of theoretical concept.” KSCE
Journal of Civil Engineering, Vol. 15, No. 1, pp. 101-108.

Kim, W. and Jeong, J.-P. (2011c¢). “Non-bernoulli-compatibility truss
model for RC member subjected to combined action of flexure
and shear, Part 1I-Its practical solution.” KSCE Journal of Civil
Engineering, Vol. 15, No. 1, pp. 109-117.

Kotsovos, G. M. and Kotsovos, M. D. (2013). “Effect of axial
compression on shear capacity of linear RC members without
transverse reinforcement.” Magagine of Concrete Research, Vol.
65, No. 21, pp. 1360-1375.

Lorentsen, M. (1965). “Theory for the combined action of bending
moment and shear in reinforced concrete and prestressed concrete
beams.” ACI Journal, Vol. 62, No. 4, pp. 403-419.

Marti, P. (1985). “Basic tools of reinforced concrete beam design.”
ACI Journal, Vol. 82, No. 1, pp. 46-56.

Niwa, J. (1997). “Lattice model with concrete tension members for
shear resisting mechanism of concrete beams.” CEB Bulletin
d’Information, No. 237, pp. 159-170.

Park, R. and Paulay, T. (1975). Reinforced concrete structures,
Wiley, N. Y., pp. 201-256.

Ramirez, J. A. and Breen, J. A. (1991). “Evaluation of a modified
truss model approach for beams in shear.” ACI Structural Journal,
Vol. 88, No. 5, pp. 562-571.

Vecchio, F. J. and Collins, M. P. (1986). “The modified compression
field theory for reinforced concrete elements subjected to shear.”
ACI Structural Journal, Vol. 83, No. 2, pp. 219-231.

Xie, L., Bentz, E. C. and Collins, M. P. (2011). “Influence of axial
stress on shear response of reinforced concrete elements.” ACI
Structural Journal, Vol. 108, No. 6, pp. 745-754.



