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Effect of Stiffeners on the Behavior of Slender Built
up Steel I-Beams
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Abstract—This paper presents the effect of stiffeners on the
behavior of slender steel I-beams. Nonlinear three dimensional finite
element models are developed to represent the stiffened steel I-
beams. The well established finite element (ANSYS 13.0) program is
used to simulate the geometric and material nonlinear nature of the
problem. Verification is achieved by comparing the obtained
numerical results with the results of previous published experimental
work. The parameters considered in the analysis are the horizontal
stiffener's position and the horizontal stiffener's dimensions as well as
the number of vertical stiffeners. The studied dimensions of the
horizontal stiffeners include the stiffener width, the stiffener
thickness and the stiffener length. The results of the achieved
numerical parametric study for slender steel I-beams show the
significant effect of stiffeners on the beam behavior and its failure
load.

Keywords—Steel I-beams, local buckling, slender, stiffener, thin
walled section.

[. INTRODUCTION

LENDER steel plate girders are used in a variety of

structural engineering applications, due to their high
strength to weight ratios. The behavior of these slender girders
has some problems of local buckling, lateral-torsional
buckling and shear buckling. The use of slender steel plates
stiffened with vertical stiffeners is suitable solution to
eliminate the buckling problems. During the past four decades,
numerous tests have been conducted on slender plate girders
with and without stiffeners to provide a better understanding
of the modes of failure and the influence of geometric and
material parameters on their ultimate resistance. Ishac et al.
[1], [2] presented a numerical study for slender plate girder
without and with horizontal stiffeners at web-depth/5
measured from the compression flange and also illustrated
experimental study for four slender steel I-beams. Sasa
Kovacevi¢ et al. [3] described the behavior of the
longitudinally unstiffened web plate due to patch loading.
Chacon R et al. [4] presented a numerical study for
longitudinally stiffened steel plate girders subjected to patch
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loading. Alinia et al. [5] investigated the optimum location and
dimensions of longitudinal stiffeners in web plates under in-
plane bending using finite element method. Kdvesdi et al. [7]
presented analytical and numerical study for I-beam with
horizontal stiffeners under the combined shear and patch
loading. Graciano et al. [8] presented a review and nonlinear
finite element analysis for three studied cases related to actual
launched bridges. The influence of the longitudinal stiffener
and girder depth on the capacity of girder under patch loading
was concluded in the study [8]. The objective of this work is
to provide an extensive numerical study to the behavior of
slender built up steel I- beams showing the effect of using
horizontal stiffener at different positions and different
dimensions. To achieve this goal, a finite elements model is
developed by using a commercial finite element program
ANSYS 13.0 [6]. This model is used to conduct the parametric
study required to fulfill the main research objective stated
above.

II. NUMERICAL ANALYSIS

A. Finite Element Model

A finite element model using a non-linear finite element
program ANSYS 13.0 [6] is developed for simulating a simply
supported steel slender plate girders. Among the elements
used in the model is the shell 181 that is available in ANSYS
library. This element is used efficiently for modeling the
buckling problems. The mesh density is chosen so that the
elements aspect ratio is nearly equal to one. The beams
boundary conditions at supports are simulated to represent
hinges where the degrees of freedom (DOFs) ux, uy and uz are
constrained and for the roller supports where the DOFs uy and
uz are constrained. Another element solid 186 is used to
simulate the solid part at the supports and under the two point
loads. Geometric imperfections are applied to the studied
beams. Two cases are considered for modeling the material
non-linearity, the perfect linear elastic and the multi linear
clastic-plastic. The steel elastic modulus is taken as 1.9x10°
MPa and Poisson's ratio is assumed to be 0.3.

B. Verification of Results

The results obtained by the developed finite element model
are checked against the results of previous experimental work
[2]. This experimental work was conducted on four slender
steel I-beams with and without horizontal stiffeners. The
horizontal stiffener is located at web-depth/5 measured from
the compression flange. The beams are restrained laterally
against lateral torsional buckling. The results of the present
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numerical analysis give close failure loads to the previous
experimental work as shown in Table I.

TABLE1
FINITE ELEMENT AGAINST EXPERIMENTAL WORK RESULTS

. Vex Vie Vie/
Girder a/d,, dulty be/2t; (erf) (K;]) Vi N
SP-1 1.833 11538 15625 3856 35825  .929
SP-2 1.833 11538 15625 5053  502.64  .995
SP-3 1375 15384  15.625 440 474.5 1.078
SP-4 1375 15384 15625 6495 66055  1.017

a= distance between vertical stiffeners, b= width of flange, d,= depth of
web, t= thickness of flange, t,= thickness of web, V.= experimental failure
load, V¢, =finite element failure load, by2t= half flange width to thickness
ratio, dy/t,= web depth to thickness ratio, a/d, (aspect ratio) = distance
between vertical stiffeners to web-depth ratio.

III. PARAMETRIC STUDY

A parametric study is carried out to investigate the effect of
existence of horizontal stiffeners on the behavior and failure
load of slender built-up steel I-beams. Different parameters are
considered in this study. Among these parameters are the

(b=150 mm), flange-thickness (t=5 mm) and beam-length
(L=5400 mm). The variable parameters are presented in Table
II. The beam sections are chosen to be a slender section with
dy/ty =120 and b2t = 15.

TABLEII
CONSIDERED PARAMETERS FOR FIRST CASE STUDY
No. Parameters Status values
1 Horizontal stiffener width (bs) Variable 55,65,75 mm
2 Horizontal stiffener thickness (t;) Variable 2,3,4,5,6 mm
3 Horizontal stiffener position (x/dy) Variable %‘]252’, %_12%, %23’
4 Aspect ratio (a/dy) Variable 3,1.5,1

x= distance between centerline of flange and center line of horizontal
stiffener.

The second case is a beam with constant of web-depth
(dw=700 mm), web-thickness (t,=5.83 mm), flange-width (b=
150 mm), flange-thickness (t=5 mm), beam-length (L=6300),
horizontal stiffener's thickness (t; = 5 mm) and aspect ratio
(a/dy = 3). The variable parameters are presented in Table III.

dimensions of the stiffener and its position along the beam TABLE I
section. The beams are loaded by two point loads at the two- CONSIDERED PARAMETERS FOR SECOND CASE STUDY
thirds of the beam span as presented in Fig. 1. Two studied N Parameters Status values
cases are considered in the analysis; 1 Horizontal stiffener width (bs) variable 55,65,75 mm
. e . . . . 0.15,0.18,0.2,
The first case is a beam with constant of web-depth 2 Horizontal stiffener position (x/d,)  variable 557 5, o3
(dy=600 mm), web-thickness (t,=5 mm), flange-width
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(d) Cross section of studied beams

Fig. 1 Studied beams
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Fig. 2 Example of local buckling for stiffened slender plate beam

IV. RESULTS AND DISCUSSIONS

Results of finite element analysis are shown in Figs. 3-37.
The following sections illustrate respectively; the effect of
horizontal stiffener's position (x/dy), horizontal stiffener's
thickness (t;) and horizontal stiffener's width (bs) for different
aspect ratios (a/d,=3, 1.5,1) beside studying the effect of
horizontal stiffener's length (L;) on the failure load ratio (Py¢/Ps)
of the analyzed beams where: Pr= failure load of stiffened
beam and P¢= failure load of un-stiffened beam.

A. Effect of Horizontal Stiffener's Position

Figs. 3-5 show the effect of horizontal stiffener's position
(x/dy) on the beam failure load with different horizontal
stiffener's width to thickness ratios (by/t;) and for aspect ratio
(a/dy=3.0). Figs. 6-8 and 9-11 illustrate the same effect but for
aspect ratios (a/d,=1.5) and (a/dy=1.0), respectively. All these
results are for beams of the first study case (Table II).

Fig. 12 shows the effect of horizontal stiffener's position
(x/dy) on the beam failure load for different (bs/ts) in case of
(ts=5 mm) and (a/d,=3) for the second study case beams
(Table III).
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Fig. 3 Effect of (x/d,,) on the Failure Load (a/d,, =3.0 & bg=55 mm)
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Fig. 4 Effect of (x/d,,) on the Failure Load (a/d,, =3.0 & bg=65 mm)
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Fig. 5 Effect of (x/d,,) on the Failure Load (a/dy, =3.0 & by=75 mm)
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Fig. 6 Effect of (x/d,,) on the Failure Load (a/d,, =1.5 & bg=55 mm)
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Fig. 7 Effect of (x/dw) on the Failure Load (a/dw =1.5 & bs=65 mm)
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Fig. 8 Effect of (x/dw) on the Failure Load (a/dw =1.5 & bs=75 mm)
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Fig. 10 Effect of (x/dw) on the Failure Load (a/dw =1.0 & bs=65
mm)

Fig. 12 Effect of (x/d,,) on the Failure Load (a/d,, =3.0 & t=5.0 mm)

It is clear from these curves that, the optimum position of
the horizontal stiffener (x/dy) is about (0.18) of the web-depth
measured from the compression flange. It is clear also that, as
the thickness of the horizontal stiffener increases the beam
failure load increases. The charts show that the load capacity
of the stiffened beams is more than the load capacity of the
un-stiffened ones reaching a ratio of 62%.

The illustrated figures highlight also that the aspect ratio
has negligible effect on the results. This is because the failure
mode is mainly due to local buckling in the compression
flange.

B. Effect of Horizontal Stiffener's Thickness

In this section, the behavior of the beams in first case study
(Table II) is investigated for different thicknesses of the
horizontal stiffener (t;). Figs. 13-15 present the effect of (t;) on
the beam failure load with change of the aspect ratio (a/d,,)
and the stiffener's position (x/dy). The stiffener width is taken
to be (bg=55 mm).

Figs. 16-18 show the effect of horizontal stiffener's
thickness (t;) on the failure load with change of (a/d,,), (x/dy,)
and for (b=65mm).

Figs. 19-21 show the effect of horizontal stiffener's
thickness (t;) on the failure load with change of (a/d), (x/d,)
and for (b=75mm).

From all curves of this section, it is noticeable that
increasing horizontal stiffeners' thickness (t;) leads to increase
the beam failure load. The increase in the beam failure load
for t= 6 mm reaches to 60% of the un-stiffened beam for case
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Fig. 14 Effect of (t;) on the Failure Load(a/d,, =1.5 & by=55 mm)
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Fig. 15 Effect of (t,) on the Failure Load (a/d,, =1.0 & b=55mm)

1.7 /AW =0.15
el dw=0.18
16 e/ dw=0.20
: e dW=0.22
e AW =0.24
1.5 el 3 AW =0.30
v
- 14
=
[
13
12
0 2 4 ] 8
to(mm)

Fig. 16 Effect of (t;) on the Failure Load (a/d,=3.0 & by = 65 mm)
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Fig. 19 Effect of (t;) on the Failure Load (a/dy,=3.0 & by =75 mm)

1,7 /W =).15

ez /dw=.18

16 e/ dw=0.20

: /AW =22

e (dw=0.24

1,5 w=e==x/dw=0.30
31,4
1,3
1,2

0 2 4 6 8
t(mm)

Fig. 20 Effect of (t;) on the Failure Load (a/dy=1.5 & by =75 mm)



International Journal of Architectural, Civil and Construction Sciences
ISSN: 2415-1734
Vol:10, No:8, 2016

ol 5 A ={).15
L7 ol /A =0.18
e 3w —0.20
X/dw=0.22
(W =0.2 4

4
t (mm)

i =015
1.55 P [dw=().18
1.5 e /AW —0.20
' /=22
1.45 ﬁ_ﬁym;&pi
L 14 o [dw=0.30
="
:1,35
& 1.2 2 :
1,25
1.2
50 55 60 65 70 75 80
b,(mm)

Fig. 21 Effect of (t;) on the Failure Load (a/d,=1.0 & by =75 mm)

It is clear also from all the above curves that the envelope
curve is for the position (x/d,= 0.18). This confirms the
previous conclusion that the optimum position of the
horizontal stiffener is at (x/d,=0.18).

C.Effect of Horizontal Stiffener's Width

This section deals with the effect of the width of the
horizontal stiffener (bs) on the failure load of the slender steel
I-beams. Figs. 22-26 show the effect of (bs) on the beam
failure load with different (t;), (x/dy) and for (a/d,,=3.0).
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Fig. 22 Effect of (bs) on the Failure Load (t; = 2.0 mm & a/d,,=3.0)
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Fig. 23 Effect of (bs) on the Failure Load (t; = 3.0 mm & a/d,=3.0)

Fig. 24 Effect of (bs) on the Failure Load (t; = 4.0 mm & a/d,=3.0)
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Fig. 25 Effect of (bs) on the Failure Load (t; = 5.0 mm & a/d,=3.0)
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Fig. 26 Effect of (bs) on the Failure Load (t, = 6.0 mm & a/d,=3.0)

Figs. 27-31 show effect of horizontal stiffener's width (by)
on the failure load with change of (t;), (x/d,) and for
(a/dy=1.5). These charts illustrate that the beams with
horizontal stiffener's width 65 mm give little improvement in
the failure load with respect to the beams with horizontal
stiffener's width 55.0 or 75.0 for all studied sections. For
example, in Fig. 24, the increasing in failure load at bs= 65
mm reaches to 51% in case of (x/dw=0.18 and ts=4 mm), but
at bs=75 mm it reaches to 50%, and at bs= 55 mm it reaches to
48% in the same case.

It is clear also from all the above curves that the envelope
curve is for the position (x/d,=0.18). This confirms the
previous conclusion that the optimum position of the
horizontal stiffener is at (x/d,=0.18).
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Fig. 27 Effect of (bs) on the Failure Load (t; = 2.0 mm & a/d,=1.5)
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Fig. 28 Effect of (bs) on the Failure Load (t; = 3.0 mm & a/d,=1.5)
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Fig. 30 Effect of (bs) on the Failure Load (t; = 5.0 mm & a/d,=1.5)
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Fig. 31 Effect of (bs) on the Failure Load (t; = 6.0 mm & a/d,=1.5)

Figs. 32-36 show effect of horizontal stiffener's width (bs)
on the failure load with change of (t;), (x/dy) and for
(a/dy=1.0).
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Fig. 32 Effect of (by) on the Failure Load (t; =2.0 mm & a/d,=1.0)
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Fig. 33 Effect of (by) on the Failure Load (t; =3.0 mm & a/d,=1.0)
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Fig. 34 Effect of (by) on the Failure Load (t; =4.0 mm & a/d,=1.0)
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Fig. 36 Effect of (bs) on the Failure Load (t; =6.0 mm & a/d,,=1.0)

D.Effect of Horizontal Stiffener's Length

Figs. 37 and 38 show the effect of the length of horizontal
stiffener (L) on the beam failure load for the first and the
second studied cases respectively for t; = 5.0 mm, by = 55.0
mm and a/d,, = 1.0.
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Fig. 37 Effect of (L;) on the beam failure load for first study case (t, =
5.0 mm & a/dy, = 1.0)

The two curves introduce that the increasing of horizontal
stiffeners' length (L) increases the failure load of the beam
until the length becomes 55% from the beam length (L). Then,
the increasing of the stiffener length (L) above this limit has
no effect on the beam failure load.

Fig. 38 Effect of (L) on the beam failure load for second study case
(ts=5.0 mm & a/d,, = 1.0)

V.SUMMARY AND CONCLUSIONS

This study deals with the effect of stiffeners on the
performance of the slender steel I-beams loaded by two point
loads at the two thirds of the beam span. Finite element model
and parametric study are developed to perform the desired
analysis. The parameters considered in the numerical analysis
are the horizontal stiffener's position, width, thickness and
length. The number of vertical stiffeners is also considered in
the variables. The main conclusions drawn from this work are:
(1) The failure mode is mainly due to local buckling in the

compression flange; hence, the aspect ratio (the ratio of
the horizontal distance between the vertical stiffeners to
the web depth) has no effect on the results.

(2) Using horizontal stiffener in slender steel I-beams
increases the failure load of the beam for all considered
cases.

(3) For all studied cases, increasing the thickness of the
horizontal stiffener for slender steel I-beams leads to
increase the beam failure load. For instance, the use of
horizontal stiffener with 2 mm thickness increases the
beam failure load with a ratio reaching to 35% of the
failure load of the non-stiffened one. If a 6 mm horizontal
stiffener's thickness is used, this ratio reaches to 60% of
the failure load of the non-stiffened beam.

(4) The appropriate selection of the horizontal stiffener
location improves the failure load of the beam to the
maximum. For slender steel I-beams, the optimum
position of the horizontal stiffener is at about 0.18 of the
web depth measured from the compression flange.

(5) The width of the horizontal stiffener has a little effect on
the failure loads of the slender I-beams. The stiffener
width gives the maximum failure load of these beams
when this width reaches about 0.85 of the half flange
width.

(6) Increasing horizontal stiffeners' length (L) in the middle
of the beam increases the failure load of the beam until
the length becomes 55% from the beam length (L).
Increasing the stiffener length (L) above this limit has no
effect on the beam failure load.

995



International Journal of Architectural, Civil and Construction Sciences
ISSN: 2415-1734
Vol:10, No:8, 2016

ACKNOWLEDGMENT

The authors would like to express their appreciation and
indebtedness to Prof. Dr. Ishac Ibrahim Ishac, Professor of
steel structures, Zagazig University, Egypt for his support
within achieving this work.

REFERENCES

[1] Ishac I., Ossama H., Ehab M. and Shady M., "Behavior Analysis of
Stiffened Slender Plate Girders," IABSE Conference, Sharm El Sheikh,
(2012).

[2] Ishac I., Ossama H., Ehab M. and Shady M., "Experimental and Finite
Elements Study on Slender Built up Steel I-Beams," Eurosteel, 10-12
September, Napoli, Italy, (2014).

[3] Sasa Kovacevi¢ , N. Markovi’c., "Longitudinally Un-stiffened Plate
Girder Webs Subjected to Patch Loading", Contemporary Achievements
in Civil Engineering, VOL. 24, (2015), pp. 325-331.

[4] Chacon R, Bock M, Real E., "Longitudinally Stiffened Hybrid Steel
Plate Girders Subjected to Patch Loading," Journal of Constructional
Steel Research, VOL. 67, (2011), pp.1310-1324.

[S] M.M. Alinia, S.H.Moosavi., "A Parametric Study on the Longitudinal
Stiffeners of Web Panels," Thin-Walled Structures, VOL. 46, (2008), pp.
1213-1223.

[6] ANSYS Release 13.0 Documentation. ANSY'S Inc., 2010.

[7] Kovesdi B, Alcaine J, Dunai L, Mirambell E, Braun B, Kuhlmann U.,
"Interaction Behavior of Steel I-Girders. Part II: Longitudinally
Stiffened Girders," Journal of Constructional Steel Research, vol. 103,
(2014), pp. 344-353.

[8] C. A. Graciano and D. G. Zapata-Medina, "Effect of Longitudinal
Stiffening on Bridge Girder Webs at Incremental Launching Stage,"
Ingenieria E Investigacion, VOL. 35 No. 1, (2015), pp. 24-30.

996



