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1. 1NTRODUCTION:

Extensive research has been conducted in the past three
decates to investigate the behaviour of concrete beams under
torsion. Toralon in concrete structures rarely occurs without
other actions. Uswally flexure, shear, and axlal farces are also
present. Agreat many of the more recent studies have attempted
to establish the laws of interactions that may exist between tors-—

ion and other structural actians.

Because of the large number of parameters involved, some
effort 1s srill required to assess rellably all aspects of this
complex behaviour. The available test data of reinforced concrete
beams, subjected to combined bending, shear and axial forces, have

dealt mainly with the strengrh in combined loading.

The aspect of torsional stiffness in combined loading has been
dealt in few papers. Chinenkov (1) discussed qualitatively the

torsional stiffness in combined bending aund torsion.
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Pandit and Warwaruk (2 ) disussed the effect of flexure on
the infrial torsional sriffness of reinforced concrete beams of
rectangular cross-section, Sharma and Pandit ( 3) investigated the
rorsional stiffness of concrete beams tested under axial compreasion,

biaxial bending couples and torsion.

This paper descrihes the tests carried out on 18 plain and rein-
forced concrete beams under bending, shear and torsion. The weasured
inicial torsional stiffness has been compared with an emperical expre-
ssicn for the infitial torsional stiffoess of reinforced concrete beams

subjected to combined bending, shear and torsion,

2- TORSIOWAL STIFFNESS

The torsilonal stiffrness of a beam is defined as the twisting

moment required ro produce a unit angle of twist per unit length.

5 = T/a {1)
For a homogeneous material

S = XG (2)

The torsional constant K for elastic material is given by

2
E = =0 J/ ?‘e dx.dy (3)

and for plastic material , it can be given by

2
K = —-é-—a ]f #p dx.dy {4)

where 9:? and #p are elastic and plastic stress functions respe-

ctively.
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The initial rorsional stiffness referes to the initial slope
of the torque-twist curve. It is glven by the equation.

5, = Lin [-—-—?i«] (5)

T e

T

Tests on eighteen beams were carried out in various combinations
of torsfon, bending and shear. The test specimens included plain and
reinforced concrete beams. All beams had an L cross-section. Table

(1} shows the scope of the tests:

TABLE 1 Tesring programme

Serial Load Combination Croup A Group B Group C  Toral No.

_ i L i ey S
No. at mid-span ‘plain u:::m r:i.:ht spec tnens
1 Pure torsion 6 - = S
N Torsion,bending - 6 - 6

and shear
3 Torsion and = - 6 6
bending
Toral 6 6 6 18

The details of reinforcement and dimensions of the beams are
glven in ctable (2). All che beams had an overall length of 1.2 m.

The i'm.:_um in all the beams 'Iﬁd a prwut_t‘.‘:.gq_'l el 1l ¢ 1.5 ; 3 with

sk

l.."l
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a water-cement ratio of D.45, The rest specimens and control cubes
were compucted on vibrutlog tables and cured under 9Q percent

humidity.

4, TEST SET-UP AND TESTING PROCEDURE:

All specimens were tested on a M.A.N. 150 m.Kg rorsion testing
machine. The test set up is shown in fig. (1). The twisting moment
was applied by the machine while the bending loads were applied by
means of a hydraullc jack. A load cell was inserted between the
hydraulic Jack apnd the point of application of the load in order
te measure its value. For specimens of group (C), where two conce-
ntrated loads were applied,a spreader bear was used. -

Two especial ficttings were manufactured from sceel plastes and
angles which were fixed te the machine head in order to connect the
beam ends to rhe machine. The machine can apply only pure tersion,
in order to apply the vertical loads as well, the end fittings were
resting on roller bearings which were genercusiy greased to minimize
Ericrion. The left head of the machine is fixed while the right end
rotates to give uniform twisting moment on the beam. Each specimen
in group (B and C) was tested te failure by applying the loads in a
series of increments. 1In each increment the vertical load was first
increased and then the twisting moment, For each increment readings
for vertical deflecrion and rocation Qere taken, The beams of group

4 , plain concrete beams, were tested under pure torsion only,

5. TEST RESULTS

The main test resuits are given in Table 3, 4 and shown in
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Fig. 4 -6 , ALl these curves are characterissd by an initial
strafght part upro cracking, Mlm _'_h':r a gnii:u?fd.fw-sur_ the
pest cracking stage (far tiiﬁhmlhm¢ where the decreasing
stape shows loss of stiffness.

The presented torque-twist curves indicate rhat the iniedal
‘torsional stiffness of reinforced concrete beams is reduced due to
the presence of Flexursl moment and shear. 'm_-hitg;i'-‘f'.:i:j;in?}
stiffnass of beass in group B tested under the combined action of
bending, shear and torsion i= ybour 36 % of that far pure torsien.
‘Unlle the inttial torsional siiffness of the beams in group C tested
ander flexure and tnesion is abaut 51 % of rhat for pure torsion.

The tersional stiffness in combined loading may be expressed
By the following aquation

___+._;'4.5._
’. - {m

i F ¥
1 4_&:- v
Hsu, T.T.C. {4) showad that = good estimate of the inleial
tarsional stiffness of a reinfzoced beam in pure corsion cam ho
obtalned for u copresponding plain concrere beaw.

The values of 5 compured from  squation b and these derermined
- Iy "
from twsf results sra whown in table 4. The average mlni’q.f the razie

8, test e R :
5, compured 4 1.027 and tne standard deviation is 0.075. There

18 ® rassonable ‘gréament becween computed and fest wa)hes Justifying
the valldizy uf squacion 6.
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6. CONCLUSIONS,

The effect of flexural moment and shear ig to reduce the initisl
stiffness as shown by equation 6. The torsipnal stiffness up to
cracking torque for the combined loading can be computed from equation
6, as rthe rorque-twist curves are approximately linear upto cracking

totque.
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5 = zoml nﬂilﬂm

T

- muﬁ torsional sciffness of mxm m%‘
to pure Mlﬂﬂ

= inmitial tummn stiffness »h nmw -%Eﬂwg

'm-mmhi mmqwq,m 94 patatEn.
= applied torques; .
= cracking torque of concrete beams; _
" ﬂlm-tq@?}; m_‘ﬁ““;—.—
= angle of twist per it length; ;1
= angle of cwist immediately before craching:
= angle of twist at failures;
© overall deph of bean; - X
= chickness of flange.
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TABLE 3 : Main test resulrs — —
fc '[‘cr ecr S1 Tu Mode
Beam 3 4 3 of
Kg/em Kg.m rad/cmx10 Kg.cm 6 Kg. m failure
x 10 =
-Al 236.9 17.5 6.67 2.63 17.5 Britrle
& A?_ 230.0 50.0 8.55 5.85 50 5
AJ 250.85 85.0 12.06 ?.0‘75—“_7_85 - =
A‘,‘ 206,54 94.0 8.29 11‘._3: 94 .
__—AS 276.0 105.0'— 7.68 13.67 105 il /
A6 245.4 140.0 10.7 14,0 140 .
Bl 303.65 20.0 12,72 1.59 30.5 Torsion
E.2 276.05 30.0 9.473 .17 45 i
B3 244.95 40.0 9.807 4.08 G2 £
B!’ 271.40 60.0 9.8071 6.14 90 | Beading
BS 250.20 62.0 a.17 7.59 95 "__-
Bb 334,35 610 7.460 8.18 120 .
-—Cl 271,40 10.0 7.404 1.35 17 e
¢, 297.85 22.0 7.314 3.0 40 #
(l'3 234.60 30.0 3 7.40 4.011 -55 T
¢, 286,24 45.0 7.672 5.86 86 Toxstion
> C5 272.20 62.0 9.—;02 6,78 110 ]
C 2513.46 60.0 7.812 7.68 120 ¥
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Fig. { 1 ) General wiew of test set.up.
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Reinforcement detials far beams
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