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A STUDY OF RIGIDITY AND STRENGTH IN TORSION OF
H-BEAM STIFFENED WITH TRANSVERSE STIFFENERS

By Katashi FUJI* and Hiroshi OHMURA**

The torsional rigidity of H-beam with transverse stiffeners will increase due to its
stiffeners, and the average angle of rotation per unit length will be smaller than that of
H-beam without stiffener,

In this study, torsional experiments of H-beams with transverse stiffeners were
performed. From these results, the torsional rigidity of the H-beam with stiffeners was
evaluated as the imperfectly restricted warping torsion caused by transverse stiffeners,
and the torsional strength was discussed.

1. INTRODUCTION

The behaviour and strength in torsion of stiffened H-beams have not sufficiently been investigated 1),
though these of unstiffened beams have already been studied and can be predicted acculately.

Torsional rigidity of H or I-type beams is generally negleced in designing of bridges or frames, since itis
relatively small, But torsional rigidity of these beams should be acculately evaluated in exact prediction of
torsional response or lateral bucking load of the beam, and sometimes could not be neglected in the design
of curved girders, In torsion of H-beam having transverse stiffeners, the stiffener is twisted by the
warping of flange of the beam, reversely the warping of H-beam is restricted by the resistance of the
stiffeners, Consequently, the torsional rigidity and strength in practice is greater than those of
unstiffened H-beam itself. However, because this effect of warping restraint due to a transverse stiffener
is not generally so large, the effect will be evaluated by adding in torsional rigidity of the beam.

In this study, torsional tests of stiffened H-beams are performed. And the estimation of rigidity and
strength in torsion of stiffened H-beams is described by parameters which indicate the effect of warping
restraint due to transverse stiffeners.

2. TORSIONAL TEST

Test beams are made of SS-41, 250X 125X6—9 rolled H-beams, and transverse stiffeners are located
at uniform intervals. Dimensions of test beams are shown in Table 1. The test No. 1 which has no stiffener
presents St, Venant's pure torsion. For No, 2~No.5, the thickness of the stiffener , varies but the
interval | is constant, and for No.6~No.9, [ varies but i, is constant.
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Fig.1 Test beam and element of analytical model. i Fi g.é Test arrangéments.

Tablel Dimensions of test beam. Modulus of elasticity E=2. 00X10° MN/m? (2. 04
. ? . .
No. L 1 bs | ts | Kk xl()‘: « | ® X10° kg/em?), Poisson’s ratio y=0. 3, and yield-
o e e ing stress 0,=277 MN/n? (2830 kg/cn) are obtained
1 128.0
. . 8.91 . .

200 26012251 00 L e [oie] sonas by tensile tests of specimens and used for the
4 128.0 16.0{12.5| 1.0 11.67 0.135 6.26 I .
5 128.0 16.0 12.5| 1.3 22.02 0.135 2.2; ana ySlS_
[} 127.2 5.3112.5} 1.0 15.62 0.045 .
7 | 127.2| 10.6]12.5| 1.0 | 12.91 |o0.089| 5.66 The beams are tested as St. Venant's pure
8 127.2 21.2}12.5¢{ 1.0 10.99 0.179 6.65 . .
9 | 127.2] 31.8/12.5[1.0 | 10.19 |0.268] 7.17 torsion, subjected to a concentrated torque at the

loading end. The loading end is construted of round
rod which is supported by bearing, and circular plate which are wound with the wire, The round rod is
bolted to the end plate of the test beam as shown in Fig. 1a), The torque is induced by streching down the
wire, and measured by load cell at the other end at which the rotation of the test beam is restrained by the
H-beam bolted to the end plate of the test beam, as shown in Fig. 2.
The end plate of the beam is not welded to the flanges as shown inFig. 1a), otherwise the warping of
flange is restricted by the end plate and is not free at the end.

3. RESULTS OF TESTS AND THEORY

(1) Rate of twist

Fig. 3 and Fig. 4 show torqus vs. average rate of twist curves, These figures show that the larger £, is
or the smaller [ is, the smaller the rate of twist appears. Since i, of No. 2 is small, the rate of twist is
nearly equal to that of No. 1, but the rate of twist of No. 4 is 50 % less than that of No, 1, And it is also
noticed that the rate of twist of No. ] increases as well as in elastic region when the magnitude of the torque
is beyond the fully-plastic torque for pure torsion T,g, which is immediately derived as (0. 231 tm from

“Nadai roof”, This steady increase is caused by “large torsion” due to spiral tension of flange fiber,
which is certified from the measured axial strains of the flange tip.

Moreover, it should be remarked that curves for stiffened beams become paralle to that of pure torsion
when the torque reaches a certain value, for example, the inclination of the curve for No. 7 is similar to
that for No.1 when the torque is larger than T=0.4 tm,

(2) Evaluation of torsional rigidity for stiffened H-beam

Considering the effect of stiffener in H-beam torsion as the warping restraint of stiffener, the evaluation
of torsional rigidity for stiffened H-beams will described herein,

The H-beam stiffened with transverse stiffeners are constructed of the beam elements shown in Fig, 1b) ,
The torsional rigidity for stiffened H-beam is derived from solving the differential equation for torsion

about the element of the beam. Now. the boundary conditions of the beam element are given as following.
G0 A Z=m(), -+ v e e eremeeer e (1-a)
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Fig.3 Torque vs. average rate of twist (k=const.), Fig.4 Torque vs. average rate of twist (Z,=const.),

§”’=0at z= l/zand z=—l/2, .......................... Mevvessariaboecarisasaisioarareserarntsnesasennsocrre (1 'C)
where @ is rotation angle, @ =d#/dz, and k shows the spring constant due to a transverse stiffener
between warping moment EC,, §” and rate of twist §’. Eq. (1 - ¢) is exactly sufficient for the H-beam in
which the stiffener locates at ]/2 from the end of H-beam in uniform torsion. However, it is checked by
finite element analysis considered spring constant k, thateq. (1 -c) is approximately sufficient for usual
H-beam having end stiffeners, though the warping moment adjacent to beam end, indeed, is not correct in

practice,
Solving the following equation under the conditions (1 -a~c),
—ECy 874+ GJE = T e s s (2)
torsion angle between ends of the beam element leads to
Tl 2 L OO RO P U UTEOSUPPRSRURE SO
0= (1~ mrr o). (3)

In eq. (3), parameter x and R is

i= l«/ETTE_C:, e eeeariereeieeseaneiaanesestiter ettt e et s asee e aeanteeaeaeeaaihe erasernerenreteteanes (4)
R=\/G_JEC—w-/k. ..................................................................................................... (5)

Parameter R shows the effect of warping restraint due to a stiffener, and perfect warping restraint is
obtained when R=0(.
The values of these parameters are shown in Tablel.

From eq(3), the torsion angle between stiffened

H-beam ends §* are approximately expressed as 10 oto.2 T
B*=1AB, (M=L/1). --eeerreememmreemenseneenns (6) ~ S SJexo.
Fig. 5 shows the relationship of the average rate of (9%"2‘2 mj\o‘o)\ N H
twist GJAG/ T and 1/R for the each value of x. And B &N l ] l
experimental value for T=(. 1 tm are also shown in this o.\,o_g et 357)
figure, As shown in Fig.5, the smaller x or R is the 0-5 Y '\\:ﬁi'ia AK‘:H"{\;%‘
smaller the rate of twist becomes, \j{'“
Since parameter x is usually less than (.4, and eq. o7 e .0593)\ o5 f\\%
(3) will be led to the following expression because of H\' Qg\t\\; %
. NO.6(x=0.0447).¥,
wooh (/22 [iRS S
AG/I=T/(GTHE/D). -evveemmrereeeniieeeenen. (7) 0 ool 01 Lo B
Eq. (7) shows that /[ increases in torsional rigidity Fig.5 Average rate of twist by restrained warping of
due to warping restraint of a stiifener, torsion (where experimental values are when T
Spring constant k will be derived, in the following, =0.1t-m),
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n Fig. 6 shows a vertical stiffener, in which Z—ﬁ, BC or EF are
£ connections between flange or web respectively, and which will deforms
AWX . as broken line. Spring constant k will be able to expressed as,
/! . 1\~ri 5 1
/:[ :N%:L\f; k=G*J*h+ 6(2=0)< flgmx-xdx+Lebmy-ydy)
AR R 3 z h?
Stiff/:"ner_“:i\; x\ \\X Y =ﬁ%t:7 <212f f + Eb4+ 7kt ) .................... (8)
Con?jcwkck“‘ E\\ in which G*J*} is the quantity due to pure torsion of a stiffener, m_,
:/' R : ™ “\\‘ My in the second terms shows reactions of bending moment per dx or dy
4 {‘N | | VoL strip corresponding with torsional displacements 8-x, «-y as shown in
d) e Fig.6, and ¢, 7 show relative stiffeness between the stiffener and flange

Fig.6 Stiffener deformation by or web respectively. The values of k are also shown in Table—1. Curves
warping of H-beam, basedoneq. (7) andeq. (8) areshowninFig.3, Fig.4. Thuseq. (7)
gives excellent correlation with test results,

(3) A proposal for evaluation of strength in pure torsion

Since the steady increase of the torsion angle is obtained due to the effect of “large torsion”, the
collapse torque could not be obtained obviously. The strength in pure torsion without the effect of “large
torsion” can be given as follows :

Generally, stiffeners will yield earler depending on the warping of the flange, the beam will be in the
state of St. Venant's torsion beyond the torque in this state, because the effect of warping restraint of
stiffeners can not be expected. Therefore the strength of stiffened H-beam can be given as

sz Tpst+Msfp‘ h/l .................................................................................................. ( 9 )
where T, is fully-plastic torque of H-beam itself due to “Nadai roof” and M,,, shows fully-plastic torque
of a stiifener which neglects the effect of m, or myineq. (8) for simplicity. The second termineq. (9)
shows the torque for warping torsion.

If theyielding of flange occurs earlier, M,,, is replaced by in-plane fully-plastic bending moment of the
flange plate.

4. SUMMARY AND CONCLUSIONS

The torsional rigidity and strength of stiffened H-beam in torsion has been evaluated and formulated by
regarding it as imperfect warping restraint torsion. Owing to transverse stiffeners, the rate of twist can
be smaller as shown in Fig, 3, 4 or Fig. 5. This effect of warping restraint can be included in the torsional
rigidity of H-beam, which is given by GJ+k/I. Spring constant k is obtained from eq. (8). The
average rate of twist can be evaluated by using parameters of eq. (4) or (5). Finally the torsional
strength of stiffened H-beams can be calculated by eq. (9).
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