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Shear Behavioral Model based on Shear Deformation Compatibility
in Reinforced Concrete Members

Woo Kim", Chang-Shin Rhee”, and Jae-Pyong Jeong”
" Dept. of Civil Engineering, Chonnam National University, Gwangju 500-757, Korea

ABSTRACT This paper presents a model for evaluating the contribution by arch action to shear resistance in shear-
critical reinforced concrete beams. Based on the relationship between shear and bending moment in beams subjected to
combined shear and bending, the behavior of a beam is explicitly divided into two base components of the flexural action
and the tied arch action. The compatibility condition of the shear deformation that deviates from Bernoulli bending plane is
formulated utilizing the smeared truss idealization with an inclined compression chord. The Modified Compression Filed
Theory is employed to calculate the shear deformation of the web, and the relative axial displacements of the compression
and the tension chord by the shear flow are also calculated. From this shear compatibility condition in a beam, the shear
contribution by the arch action is numerically decoupled. Then the validity of the model is examined by applying the
model to some selected test beams in literatures. The results may confirm the rationale of the proposed behavioral model.
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Fig. 1 Shear resistance mechanism: (a) arch action; (b)
beam(flexural) action; (c) combined action
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Fig. 2 Typical geometry of various truss models: (a) Standard
truss model; (b) Fan truss model(Marti, 1985); (c)
Truss model combined with simple strut-tie(Walraven,
1994; Niwa, 1997); (d) Refined truss model with
inclined chord(Leonhardt, 1965)

380 | et=232|Esls =2F M183 M35 (2008)

131} Fig. 2(c) (s} 722 7 A
TS Edsted & ﬂoﬂlx:- %—?3}3’-, 84 L
42 AME7] Hobe ﬁ < Z¥ste HEgd =r=ERE
g AN o °] 13t =8 ol =
B obx z2Ex "E‘_‘;'\—J 737do] F 9]
dA 718t A EsA Hojgd 317]

weba 2 Apoies B oAG 74 < Elol
&3 F48-02 Fadto *rxlﬁ}owﬁ‘:‘ Ziolth, o]g
HAaE 93k o)l8d 71E sde ago] WA o=
AYE HAA Aty FAndEe AA Y = V=dM/dxol
A% H2 FYUEFH)EMCFT)E Collins'V9}t 3
ARAREHLEY (rotatmg angle softened truss model;
RA-STM)®] Hsu'7} 2@ e Az5zre A& o33
(stress filed) FEf] & L_Ei* (smeared truss) ©]4s}
o]-&3}% L, Efol=-olX]e] & WY} BH-o ?d‘?l H3
o] ME Aot gt ARHFAF=AL H A3

ARk o] AgxE o83t He| HAd 7”—%} 7]
BAg3 ofx2hgo R —r—'H8 Aok AF Pl e
2 7E AYASE o}

=

2.7|2¢2|= 71

217|248 R

ﬂl}g
gt
iy
1
L)
[
i

Fig. 3(a)o} 7ol 53tz
He] A, Agx| 7t A
*l°ﬂ Zr-gginh H 4

2 2 R f2E —i’—ELFJE
a‘ 7e] A WEREHNE B7o]
Czoll ofa Agdr). o 3
B ALS wE IR H
dM/dxl| Y ehE thedt e TR o= Jehdt).

=

im
o I E
& % ot

L2
2N o

b

o

K

o
1>
o 1
fu
=
4
>y
AUR|
v
rlo

o,

mn’.

o

%

A
Lo e

&
im

ofg] Mef Az & deiA
Fig (bl ef o] EayE 2
golil BE “H -8 (beam action)’o] 2]t zm x{ 5} X
olg} ae}. F WA e AARA ¢r2E o] 37 A
& 9vsly, “ofx]Z&(arch action)’®)] 2|3 Aok A
Folzt et 1N ¢EHe A% 79 2, Fig.
)M B0l 718717} desdx 9 727] W&ol o] A
< B} golm- ol XY g ovelH, ojuf =

M Ae J
O

p

§ A GRio] A2 FAAe| s AT,

9 4 (1e] 2 e oulzRE, gue AuEe
S8 HAGOR Fols) A 5 /18 g2
o ol ols) 2RAoT AFAtE AL & 5 9



Compression force path ¢

T

n ?
#------p--i—-»

e i 1
ax : ’

i

(a) areinforced beam
C-dC dC c
_....»0 ﬁ-q—— /nT

T l(1~a)V z
V4

14 n 4 n
e T i S—— -
T-dT  “73F T T
l‘—d—Jx dx
(b) Beam action (c) Arch action

Fig. 3 Mechanical interpretation of shear resistant components
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Fig. 4 Shear deformation compatibility condition: (a) smeared
truss idealization; (b) idealized beam
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Fig. 5 Simplified compression force path in a point loaded
simple beam
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Fig. 6 Equilibrium condition in web shear element. (a)
cracked web; (b) stresses on web element; (c) strain
on web element
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Fig. 9 Final configuration of resulting forces at a section
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