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Abstract

This paer discusses the application of the softened truss and strut and tie models on short beams. The softened truss model originally
proposed by Hsu is based on three fundamentalcjmes of mechanics of materials, i.stress equilibrium, tsain compatibility, and
constitutive laws of materials. The model has two important chaiatits: The first is the non-linear association of stress and strain. The
second is the softening of concrete in compression due to tensile strains in the perpendicular direction. For short beams, one of the most
important factors influencing behaviour is the effective transverse compression, which is dependent on the shear-sparajtegib.

In this study, the softened truss model is revised so that the model gives more accurate predictions of the shear strength of short beams. The
revised sftened truss model (RSOTM) has three differences from the original model. In the RSOTM, it is shown that the effective transverse
compression is not only dependent on #yel ratio but also on the reinforcement ratio in the longitudinal direction as well as the size of

the pecimen. Second, it is shown that the softening phenomenon in short beams is more severe than that assumed in the original model.
The thirddifference is that the effective transverse compression will be zero ahdmatio exceeds 1.5. The ROSTM is compared with
ACI318-2002, which recommends that short and deep beams should be designed by strut and tie models. ACI318-2002 and the final draft
of Eurocode 2 do not provide specific guidance on suitable strut and tie models for different cases. In this study on short beams, a strut and
tie model which consists of three mechanisms is recommended: a direct strut mechanism to account for the contribution of concrete and two
truss mechanisms to account for the contributions of the horizontal and vertical shear reinforcements to the shear strength. It is imperative
that ACI 318-2002 and the final draft of Eurocode 2 should be modified so that they should stress the existence of these three mechanisms in
short and deep beams.
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1. Introduction The typical stress condition in a web of deep beams is shown
in Fig. 1
Shortbeams are very frequently used in floor diaphragms,
shear walls, transfer girders used in multi-storey buildings
in foundation walls and in folded plate roof structures. ACI
ASCE Committee 445] classifies a beam ith shear span-

Hsu et al. [—-§ have made gry important and valu-
' able contributions to the sheanalysis and mechanical be-
haviour of reinforced concrete structures. The softened truss

i . model was first proposed at the University of Houston by
to-depth ratiog/d, less than fs a deep beam, and a beam Hsu [1-5 for predicting not only the strengths but also

with a/d exceeding 2.5 as an ordinary shallow beam. An . . . .
/ d y y the deformations of structures in the non-linear analysis of

beam between these limits is classified as a short beam. .
short beams. The model has been applied on 64 deep and
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Notations b is the width of the rectangular beams

o is the angle of inclination between the d is the depth of the beam cross-section
longitudinal axis and the axis Es is the modulus of elasticity of steel bars

Bs is the effectiveness factor for the strut fc is the concrete cylinder strength in MPa

&1 is the principal tensile strain in the concrete fe is the maximum compressive cylinder strengdth

gr andeq are the average normal strains in thendd for is the concrete cracking stress taken
directions, respectively 0.31,/fc (wherefc is in MPa) in Sl units

gly andsty are the yield strains of longitudinal and feu is the effective compmssive strength of the
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g1 ande; are the average normal strains in thandt

o1 andoy are the average concrete stresses in toed
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pr andp; are the steel ratios in tHeandt directions,
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transverse steel bars respectively

is the strain at the mdmum compressive
stress of non-softened concrete and can
taken ag—0.002

is the cracking tensile strain

directions, respectively

t directions respectively

is a strength reductiomttor which is equal to
0.75 for all truss elements

is the value of¢ for struts, ties, and noda
zones in strut and tie models

is the angle fron axis of $rut and &is of a
layer d confining reinforcement

is the angle beteen the axis of the

compressive strut and the axis of the fti

attached to one end of the strut
is the average shear strain in thet co-
ordinate

respectively

is the angle fron axis of $rut and &is of a
layer d confining reinforcement

is the angle beteen the axis of the
compressive strut and the axis of the f{
attached to one end of the strut

is the main tensile reinforcement rati
=100As/bd

is the longitidinal reinforcement ratio includ-
ing the horizontal shear reinforcement

is the vertical shear neforcement ratio

is the shear stress

is the effectiveness factor

is the shear span

is the area of the vertical shear reinforceme
and Ap is the area of theéhorizontal shear
reinforcement

is the area of shear rdorcement perpendicu
lar to the main flexural steel within a distang
sin ACI Code

is the area of the shear reinforcement para
to the main flexural steel within a distance ¢
s in ACI Code

is the web width oflT beams in inches
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concrete in a strut

transverse steel bars, respectively
is the average stress in the beam reinforcem
is the yield strength of the reinforcement

are the yield stresses of longitudinal and

transverse steel bars, respectively
is the average stress
reinforcement in the horizontal direction
is the length of the bearing plate

fi and f; are the average stresses in longitudinal gnd

in the transverse

is the effective span as measured from center-

to-center of support points

is the cross-seanal height of the beam

is the force in the strut or tie, or force actin
on a node due to the factored loads

is the moment, at facted loads, occurring at
the critical section

is the nunber of specimens

is the standard deviation

is the spacig of the horizontals, the vertical
shear reinforcement

is the clear shear span measured from ins
edge of the bearing block at support to outsi
edge of the bearing block at loading point

is the shear force iN

is the contribution of the concrete aNgis the
contribution of the web steel if present to th
shear strength

is the measured ultimate strength of de
beams

is the calculated shear strength

is the width of the diagonal concrete stru
mechanismwreq is the required width of the
struts or nodal zones

is the width of the strut

is the effective width of the tie
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significant amount of shear reinforcement. Furthermore, the
database that Mau and Hsu applied their model on con-
tained both deep beara/d less than 1) and short beaay(
greater than 1) tests. The database also contained tests car-
ried out before the 1980s. In this study on the other hand, a
new database consisting of a greater number of specimens
is used to investigate the predictions of the softened truss
model. The tests belonged to different researchers such as
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