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At the present the corrugated web beams and the fire action in steel 

beams are important aspects of structural behavior and are receiving 

considerable attention from researchers. This paper presents the results of 

a numerical study, using ANSYS, of the large deflection behavior of steel 

beams at elevated temperatures with different web shapes; corrugated or 

flat. A particular emphasis of this paper is to investigate the behavior of 

steel beams with corrugated web and compare this behavior with flat web 

beam. After validating the capability of ANASYS against available 

experimental results of fire tests on restrained steel beams, this paper 

describes the results of a numerical parametric study. The parameters 

investigated include beam span, different web shapes (Corrugated/Flat), 

uniform and non-uniform temperature distributions, different levels of 

applied load, and effect of lateral torsional buckling. It is concluded that, 

flat web beams can resist higher than the corrugated web beams at higher 

level of temperatures. The lateral torsional buckling is the most important 

factor which should be considered in the design process of the steel beams 

by checking the beam resistance bending moment capacity in fire. Beams 

without lateral restrains, affected significantly by the compactness of the 

web and the flange for the flat and the corrugated web beams 

respectively. The flange out of plane deflection of the corrugated web 

beams ( flange transverse bending) is required to be considered in the fire 

design process. 

KEYWORDS: Fire resistance; Corrugated Web; Lateral torsional 

buckling; Steel beams; and Elevated temperatures. 

 

1. INTRODUCTION 

Webs are one of the main components that act with flanges in hot rolled or built up 

sections to form beam or girder members. The web may be subjected to elastic 

buckling from shear, bending moment and localized compressive stresses from 

reactions or concentrated loads. The interaction between these forms of buckling must 

be controlled by using transversal and bearing stiffeners as stated in the design codes in 

case of using flat web. Consequently; the web panels can be considered as stiffened 

plates that can receive both high shear and high moment in different sections or in the 

same section depending on the beam statical system. One of the methods of reducing 

the web thickness without using stiffeners is the use of corrugated sheets as webs. The 
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use of corrugated sheets as webs in steel beams instead of regular flat plates with 

stiffeners has attracted several researches. The application of such beams in actual 

structures has started since 1960s. The failure modes of corrugated web can be 

summarized as follow:-  

(a) Failure of corrugated web under shear; was due to buckling of the web. That 

buckling of the web is local and global for the coarse and dense corrugations, 

respectively; Abbas and Elgaaly [1,9] suggested a buckling formulae, which are 

based on local buckling of the corrugation folds as isotropic flat plates or global 

buckling of the entire web panel as an orthotropic plate. 

(b) Failure of corrugated webs under uniform bending; was sudden and due to vertical 

buckling of the compression flange into the web after the stress in the flange 

reached the yield stress. That means, the web offered a negligible contribution to 

the moment carrying capacity of the beam. Based on these studies, it was 

concluded that, for design, the ultimate moment capacity can be calculated based 

on the flange yielding ignoring any contribution from the web; Elgaaly [10]. 

(c) Failure of corrugated webs under partial compressive edge loading; was due to a 

flange collapse mechanism and web crippling or web yielding, followed by 

crippling and vertical bending of the flange into the crippled web; Abbas and 

Elgaaly [3,11,12]. In additional to the above mentioned modes of failures; Abbas 

[2,4,5] presented a theoretical formulae for the linear elastic in-plane and torsional 

behavior of corrugated web I-girders under in-plane loads. Using a typical 

corrugated web steel I-girder consists of two steel flanges welded to a corrugated 

steel web. Under a set of simplifying assumptions, Abbas [5] applied the 

equilibrium of an infinitesimal length of a corrugated web I-girder studied, and the 

cross-sectional stresses and stress resultants due to primary bending moment and 

shear were deduced. The analysis show that a corrugated web I-girder can twist 

out-of-plane simultaneously as it deflects in-plane under the action of in-plane 

loads. Means that, the corrugated web I-girder under primary moment and shear 

cannot be analyzed using conventional beam theory alone, and a flange transverse 

bending analysis is required.  

In fire conditions, non of the previous research studied the effect of fire in 

corrugated web beams in case of protected or unprotected beams. More and over the 

effect of lateral restrain on the behavior of such type of beams did not consider in most 

of the research. 

The growing use of unprotected or partially protected steelwork in buildings 

has caused a lively debate regarding the safety of this form of construction. A good 

deal of recent research has been concentrated in this direction and has indicated that 

steel members have a substantial inherent ability to resist fire so that additional fire 

protection can be either reduced or eliminated completely [14,15].  

At present, the fire resistant design of a steel beam is based on the bending 

resistance of the beam [7 and 13]. This resistance is limited to the plastic bending 

moment capacity or lateral torsional buckling bending capacity of the beam at small 

deflections. Using this design concept, the steel beam will have a relatively low 

survival temperature in fire and would require expensive fire protection. Alternative 

design methods have now become available to eliminate fire protection in many cases, 

for example by using tensile membrane action [8] in floor slabs or by integrating the 

functions of load bearing and thermal insulation of concrete [18]. However, 
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applications of such alternative methods will still leave the majority of steel beams 

requiring fire protection. 

The fire engineering approach demands a better understanding of the factors 

which govern the behavior of both individual steel members and the structure as a 

whole in fire conditions. This control of fire by design and construction is beginning to 

be a normal method used in building codes to achieve fire safety. It should take into 

consideration the fact that the basic objective of structural fire safety can be satisfied 

only if control of the movement of the fire is achieved and if structural stability is 

provided. When subject to fire, an unprotected steel structure will lose its stiffness and 

strength as a result of deterioration in its material properties. The traditional approach 

to this problem has been to design the structure for ambient-temperature strength and 

serviceability, and then to apply insulation to its load-bearing members to meet the 

requirements for fire resistance [13]. The prescriptive approach to the design of 

structural steelwork for fire resistance, which involves the application of a prescribed 

thickness of fire protection material to limit steel temperatures within required fire 

resistance periods, is progressively being replaced by a fire engineering approach [6]. 

This requires the designer to calculate the response of loaded structural elements to 

increasing temperatures, allowing fire to be considered as one of the limit states for 

which the structure is initially designed [13].  

This paper presents the results of a numerical study, using ANSYS [6], of the 

deflection behavior of steel beams at elevated temperatures with different web shape. 

After validating the capability of ANSYS against available experimental results of fire 

tests on restrained steel beams, this paper describes the results of a numerical 

parametric study. The parameters investigated include beam span, web shape, uniform 

and non-uniform temperature distributions, different levels of applied load, and the 

effect of lateral torsional buckling. The purpose of the present paper is to gain a good 

understanding of the important parameters that influence of the fire in the steel beam 

with corrugated web compared with the same beam with flat web. 

 

2. NUMERICAL SIMULATION METHOD 

In this study, the commercial finite element software, ANSYS, is used. To allow for 

different loading positions and non-uniform temperature distributions to be considered, 

shell elements of type SHELL43 in the ANSYS software were used. The finite element 

simulation for high temperature analysis was divided into two steps, in which the 

structural load was applied first and then the steel temperatures were increased. During 

the elevated temperature analysis, the numerical solution process could become 

unstable. To obtain a stable solution, a pseudo-dynamic procedure was adopted with a 

dissipated energy fraction of 1E-10. This energy fraction was chosen and 

recommended by Yin and Wang [18], which is small enough so as to have almost no 

effect on the deflection behavior of the beam. 

  

3. MODEL VALIDATION 

The author validated the capability of ANSYS to deal with the steel beams, subjected 

bending moment and fire, by comparing the performed finite element model with the 

http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6V3T-4B3NMMC-1&_user=793840&_coverDate=07%2F31%2F2004&_alid=688930219&_rdoc=3&_fmt=full&_orig=search&_cdi=5739&_sort=d&_docanchor=&view=c&_ct=5&_acct=C000043460&_version=1&_urlVersion=0&_userid=793840&md5=2b69dcf0bc0b320f89ced020bd646ff0#bib6#bib6
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test results on restrained steel beams at large deflections performed by Liu [14]. The 

test specimens were modeled using finite elements and the computer program ANSYS. 

The model used to perform nonlinear analysis; the load increments as well as the mesh 

size were selected based on studies to examine their effects. The comparison between 

the results obtained from the finite-element analysis and the tests was satisfactory as 

will be shown in Fig 4. 

3.1. Comparison with test results of Liu et al. [14] 

The tests of Liu et al. [14 and 15], were supported on rollers without axial restraint. 

Some axially restrained column tests were reported, but they were only concerned with 

compression induced by restraint to the column’s expansion, not tension induced by 

restraint to the column’s shortening. Therefore, this paper only considered the 

experiments of Liu et al [14 and 15], who conducted a series of fire tests to study the 

large deflection behavior of restrained steel beams in the Fire Research Laboratory at 

the University of Manchester. In the test performed the beams, of 178 × 102 × 19UB 

(S275) section, were mainly unprotected. In order to simulate the heat-sink effect due 

to the concrete slab, the top flanges were wrapped with 15 mm thick ceramic fibre 

blanket [14]. The steel beam was restrained between two columns to give a structure 

similar to a rugby goal post as shown in Fig. 1. The goal posts provided the beam with 

an axial restraint stiffness of 8 kN/mm [14]. In some tests, additional horizontal 

restraint was applied at the level of the test beam by struts spanning between the goal 

post columns to give a total axial restraint of 62 kN/mm to the beam. Both extended 

end plate and web cleat beam-to-column connections were tested. The present study 

only compared numerical simulation results against tests using extended end plate 

connections, which allowed the test beams to experience some catenary action. The 

extended end plate connections were estimated to provide a rotational restraint stiffness 

of 14,000 kNm/rad to the test beam [14,18]. The experimental study considered two 

different load levels, having a load ratio of 0.5 or 0.7. The load ratio is defined as the 

ratio of the applied maximum bending moment in a simply supported beam to the 

beam’s plastic bending moment capacity at ambient temperature.  

In numerical simulations, stiff end plates of 10 mm were attached to the ends 

of the beam to ensure plane rotation of the beam at ends. The axial restraint to the 

beam was modelled by an elastic spring of stiffness of 8 or 62 kN/mm. The rotational 

stiffness of 14,000 kNm/rad was modelled by two rotational constraints, one between 

the top flange and the centre, and the other between the bottom flange of the beam and 

its centre, as shown in Fig. 2, each having a stiffness of 886 kN/mm [18]. 

Consequently, the rotational restraints were modeled by using a couple of spring 

constraints at the top and bottom flanges of the beam end sections, relative to the centre 

of the beam’s cross-section. The experimental measured temperature profiles for 

flanges and web, shown in Fig. 3, were used in numerical simulations. 

In this figure, the results are shown for different level of loading ratio 0.5 and 

0.7. It can be seen that the simulation results are in good agreement with the test 

results, the accuracy of the authors’ simulations being comparable to that of the 

independent study of Liu et al. [14]. 

 

http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6V3T-4B3NMMC-1&_user=793840&_coverDate=07%2F31%2F2004&_alid=688930219&_rdoc=3&_fmt=full&_orig=search&_cdi=5739&_sort=d&_docanchor=&view=c&_ct=5&_acct=C000043460&_version=1&_urlVersion=0&_userid=793840&md5=2b69dcf0bc0b320f89ced020bd646ff0#fig1#fig1
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6V3T-4B3NMMC-1&_user=793840&_coverDate=07%2F31%2F2004&_alid=688930219&_rdoc=3&_fmt=full&_orig=search&_cdi=5739&_sort=d&_docanchor=&view=c&_ct=5&_acct=C000043460&_version=1&_urlVersion=0&_userid=793840&md5=2b69dcf0bc0b320f89ced020bd646ff0#fig2#fig2
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6V3T-4B3NMMC-1&_user=793840&_coverDate=07%2F31%2F2004&_alid=688930219&_rdoc=3&_fmt=full&_orig=search&_cdi=5739&_sort=d&_docanchor=&view=c&_ct=5&_acct=C000043460&_version=1&_urlVersion=0&_userid=793840&md5=2b69dcf0bc0b320f89ced020bd646ff0#fig3#fig3
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Fig. 1. Schematics of the test arrangement of Liu et al. [14 and 15] 

 

Fig. 2. Application of boundary conditions in numerical simulations of Liu’s 

tests.[14,18] 
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Fig. 3. Measured beam temperature–time relationships from Liu’s tests.[14] 
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(a) Comparison at 50% ultimate load 

resistance 

(b) Comparison at 70% ultimate load 

resistance 

Fig. 4. Comparison between experimental and finite element model. 

 

4. PARAMETRIC STUDIES 

Testing each assembly for all possible fires is obviously not an economically appealing 

solution. However, an understanding of the overall behavior of the steel beams with 

corrugated or flat web in a real fire situation is necessary to increase the efficiency of 

fire protection. A number of methods have been proposed to calculate the fire 

resistance of structures under fire conditions, numerical modeling being one of them. 

The most general and versatile approach is the finite element method, in which various 

factors affecting the behavior in fire can be included. Among these are non-linear 

material behavior, geometric non-linearity, and non-uniform temperature distributions. 

The parametric study is divided into two parts: laterally restrained beams and laterally 

unrestrained beams. The first part is performed to check various web shapes for the 

maximum resistance of the steel beam, where the second part conducted \to consider 

the lateral torsional buckling effect. In all cases, the beam is simply supported at both 

ends and there is no restraint to its thermal expansion. A numerical model represents 

only a half of the full length of the steel beam, consequently symmetry boundary 

conditions are used at the beam center in order to simulate the full beam adequately. 

The main advantage of this method is that it enables the behavior of complicated 

structures to be studied. 

4.1. Beams and Web configuration: 

The standard beams used in this study are UB457×152×60 and UB406×178×60 with a 

span of 5, and 8 m. The UB457×152×60 and UB406×178×60 sections have the same 

cross-sectional area but different second moments of area. Both of the beams modeled 

using flat or corrugated web. The dimension of the corrugation profile shown in Fig. 5 

is stated in Table 1. 
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Table 1. Corrugated dimensions used in this study. 
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Fig.  5. Profile configuration 

4.2. Temperature distribution and applied load ratios: 

Fig. 6 shows the uniform and a non-uniform temperature distribution which will be 

used in these analyses. The applied load ratios are 0.4 and 0.7, defined as the maximum 

bending moment of a simply supported beam to the yield bending moment capacity of 

the beam at ambient temperature. A central point load is applied at the top flange and 

lateral torsional buckling of the beam is restrained. Since, the beam is said to have 

failed in the fire limit state when the mid span deflection excessed span/20 [18]; 

consequently, the analysis is performed to pass this limit. 

  

 

Fig. 6. Temperature profiles. 

http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6V3T-4B3NMMC-1&_user=793840&_coverDate=07%2F31%2F2004&_alid=688930219&_rdoc=3&_fmt=full&_orig=search&_cdi=5739&_sort=d&_docanchor=&view=c&_ct=5&_acct=C000043460&_version=1&_urlVersion=0&_userid=793840&md5=2b69dcf0bc0b320f89ced020bd646ff0#fig6#fig6
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The analyses were performed for the UB457×152×60 and UB406×178×60 

beams. The maximum in-plan deflection under central point load and uniform 

temperature obtained by ANSYS for 8m beam with flat web and 5m beam with 

corrugated web shown in Fig. 7. Where, Fig. 8 shows the temperature distribution of 

8m beam with corrugated web at the end of the analysis if it is subjected to central 

point load and non-uniform temperature distribution. The results obtained by 

comparing the temperature–mid span deflection are plotted from Fig. 9 to Fig.12. 

General comparison between the temperature–deflection curves for all beams under 

different temperature distributions will be summarized in the upcoming paragraphs. By 

comparing the beams with the same type of web, it is noticed that at low temperatures, 

the total deflection of the two beams is different because the beams are in bending and 

they have significantly different bending moment resistance. At high temperatures 

when the beams are in catenary action phase they behave almost similarly; because 

they have the same cross-sectional area. Figs 9 to 12 show also that, the corrugated 

web beams show higher initial deflection under central load than the flat web beams. 

The different ranged from 15% to 20% for beam UB406 with a span 8m and 5m 

respectively; where for beam UB457 the different ranged from 20% to 25% for 8m and 

5m span respectively. 

 

 
 

 

Fig. 7. Deflection shape and the end of the analysis of the Flat and Corrugated web 

beams 

http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6V3T-4B3NMMC-1&_user=793840&_coverDate=07%2F31%2F2004&_alid=688930219&_rdoc=3&_fmt=full&_orig=search&_cdi=5739&_sort=d&_docanchor=&view=c&_ct=5&_acct=C000043460&_version=1&_urlVersion=0&_userid=793840&md5=2b69dcf0bc0b320f89ced020bd646ff0#fig10#fig10
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Fig. 8. Non-Uniform Temperature distribution at the end of the analysis for C. web 

beam 
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Fig. 9. Temperature–deflection relationships of UB457 and UB406 beams, 5m length 

under non-uniform temperature distribution. 
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Fig. 10. Temperature–deflection relationships of UB457 and UB406 beams, 8m 

length under non-uniform temperature distribution. 
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From the temperature–deflection for the beams with flat or corrugated webs 

under different temperature distributions, it is observed that the beam deflection vary 

with the applied load ratio, having larger deflections at a higher load ratio. At low level 

of temperature the beam’s bending moment capacity, which is mainly a function of its 

temperature distribution, directly controls the beam behavior. Therefore, since the 

beam behavior is controlled by bending at low temperatures, a longer beam span gives 

larger beam deflections than the shorter one. Where, at higher temperatures, a beam’s 

bending moment resistance is very small due to the deterioration in the mechanical 

properties of steel. In additional to, the catenary action phase is started to govern the 

beam behavior instead of bending moment. In this phase, the deflections of beams of 

different spans are similar and are mainly dependent on the applied load ratio. More 

and over, in this phase, it is noticed that, the deflections of beams under uniform 

temperature distribution are more than those under non-uniform temperature 

distribution. 
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Fig. 11. Temperature–deflection relationships of UB457 and UB406 beams, 5m length 

under uniform temperature distribution. 
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Table 2 . Temperatures at failed fire limit state (Span/20) 

Axially 

and 

laterally 

restrained 

Temp. by C° at deflection =250mm Temp. by C° at deflection =400mm 

Beam 406- 5m 

length 

Beam 457- 5m 

length 

Beam 406- 8m 

length 

Beam 457- 8m 

length 

LR 0.4 LR 0.7 LR 0.4 LR 0.7 LR 0.4 LR 0.7 LR 0.4 LR 0.7 

NU
* 

U* N

U 

U N

U 

U N

U 

U N

U 

U N

U 

U N

U 

U N

U 

U 

F.W 817 
78

5 

74

5 

72

0 

82

0 

79

0 

75

0 

71

5 

80

8 

79

0 

72

5 

71

5 

80

6 

78

6 

72

8 

71

8 

C.W 772 
75

0 

72

5 

70

0 

76

0 

74

6 

71

5 

68

0 

76

0 

74

5 

68

6 

67

7 

76

0 

74

0 

68

0 

67

0 

NU
*
 = NU = Non-Uniform temperature -  U* = U = Uniform Temperature.  -  LR = Load Resistance 

ratio 

 

Regardless the web shape, if it is assumed that, at the temperature where the 

beam deflection started to increase rapidly than the temperature increase, is the critical 

temperatures; then from the above figures it is observed that:- 

The two beams UB457 and UB406 show the critical temperature for 5m length 

under non-uniform temperature 700° and 650° corresponding to applied load ratio 

0.4% and 0.7% from the ultimate capacity respectively. Where, the same beam under 

uniform temperature distribution, the critical temperatures were 600° and 550° 

corresponding to applied load ratio 0.4% and 0.7% respectively. For 8m length beams, 

the critical temperature under non-uniform temperature 650° and 600° corresponding 

to applied load ratio 0.4% and 0.7% from the ultimate capacity respectively. Where, 

the same beam under uniform temperature distribution, the critical temperatures were 

550° and 500° corresponding to applied load ratio 0.4% and 0.7% respectively. In 

additional to the above mentioned notices, it is observed that, after 500° and 600° 

corresponding to 0.4 and 0.7 load resistance ratio respectively, the behavior showing 

higher resistance of flat web beam than the corrugated web. The beams at these levels 

of temperature started to loss their resistance rapidly due to the percentage of 

decreasing in the modulus of elasticity. Both yield stress and modulus of elasticity after 

500° decreased by significant value which leads to rapidly increasing of the beam 

deflection. The low resistance of corrugated web due to the decreasing in the flange 

compactness and both web and flange local buckling in the area close to the mid span. 

This area has a combine of maximum bending moment and shear. The analyses results 

summarized in table 1; shows the bottom flange temperatures relevant to span/20 mid 

span deflection value. From this table it can be noticed that, the effect of applied load 

ratio, whenever it increased the overall beam resistance under fire conditions decreased 

significantly. Protection of the top flange from fire can increase the short beam span 

resistance more than the longer one. Finally, the second moment of inertia of the beams 

is not effect the ultimate resistance of the beam significantly under fire conditions. 

4.3. Effects of Lateral Torsional Buckling 

Lateral torsional buckling is one of the most important modes of failure of a steel beam 

at ambient temperature. Consequently, there have been many research studies of this 
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topic and it is also comprehensively dealt with in design codes of practice for the 

ambient temperature condition. 

At ambient temperature, occurrence of lateral torsional buckling of a steel 

beam is often associated with the failure of steel beams where there is not sufficient 

lateral restraint to the compression flange of the beam. If a steel beam is laterally 

unrestrained, lateral torsional buckling may occur and this may affect the beam’s large 

deflection behavior. The important of considering the lateral torsional buckling in fire 

is stated in different codes such as, BS 5950 [7], the slenderness effect is considered in 

the calculation of load ratio, by dividing the beam’s bending moment in fire by the 

beam’s lateral torsional buckling bending resistance at ambient temperature, instead of 

the beam’s plastic bending moment capacity. A similar method is used in ENV 1993-

1.2 [13] in evaluating the critical temperature–utilization factor relationship. In this 

study, to enable the lateral torsional buckling of a beam to occur, lateral restraints 

along the beam were removed in numerical simulations and a small lateral deflections 

were introduced to allow analysis of lateral torsional buckling. Thus each simulation 

was divided into two steps. In the first step, an eigen-buckling analysis was conducted 

to identify the critical lateral torsional buckling mode and the associated deflected 

shape of the beam, which used to specify initial imperfections of the beam. For the 

present study, the maximum initial imperfections at the centroid of the beam 5m and 

8m beam lengths were (2.5mm) L/2000 and (2mm) L/4000 respectively. Since the 

beams (UB406, UB457) have the same area and length where the only different is the 

web slenderness ratio, the beam whit less moment of inertia and higher web 

slenderness (UB406), is analyzed without laterally restrained. The results obtained 

from the above implied analyses are plotted in figs. 13-a&13-b, and 14-a&14-b. 
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(a) Uniform temperature for F. and 

C. web beams 

(b) Nonuniform temperature for F. and C. 

web beams 

Fig. 13. Temperature-deflection of UB406 beam without lateral restraints, 5m Length 

span. 
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(a) Uniform temperature for F. and C. 

web beams 

(b) Nonuniform temperature for F. and C. web 

beams 

Fig. 14. Temperature-deflection of UB406 beam without lateral restraints, 8m Length 

span. 

Figures 13 and 14 show the temperature deflection comparison between 

corrugated and flat web beams UB406 with 5m and 8m lengths with initial 

imperfection 2.5mm and 2mm respectively. The analysis performed under different 

conditions of temperatures. It can be seen that, under uniform temperature the 

corrugated web has a higher resistance than the flat web in spite of it has an initial 

deflection higher than the flat web. In the other hand, under non-uniform temperatures 

the beams with both types of web show almost similar behavior. It is noticed that, the 

corrugated web loose its resistance due to the tow types of flange buckling obtained at 

the end of the analysis. The first was local flange buckling (due to decreasing of flange 

compactness) as shown in Fig.15-a where the second was transversal flange buckling 

(due to variable bearing between flanges and web) which shown in Fig.15-b. 

Regardless the web shape, again if it is assumed that at the temperature where the beam 

deflection started to increase rapidly than the temperature increase, is the critical 

temperatures; then the UB406 show the critical temperature for 5m length under non-

uniform temperature 700° and 650° corresponding to axially and laterally restrained to 

laterally restrained only respectively. Where, the same beam under uniform 

temperature distribution, the critical temperatures were 600° and 550° corresponding to 

axially and laterally restrained to laterally restrained only respectively. For 8m length 

under non-uniform temperature 650° and 580° corresponding to axially and laterally 

restrained to laterally restrained only respectively. Where, the same beam under 

uniform temperature distribution, the critical temperatures were 500° and 450° 

corresponding to axially and laterally restrained to laterally restrained only 

respectively.  
Lateral torsional buckling for both types of 8m beams length obtained during 

the analysis for corrugated or flat web beams shown in Fig 16. 
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(a) Local flange buckling (in plane) (b) Flange transverse buckling (out of 

plane) 

Fig. 15. Flange buckling in corrugated web beams. 

 

 
 

 

Fig. 16. Lateral torsional buckling for C.W. and F.W. beams 8m length. 
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Table 3 . Temperatures at failed fire limit state (Span/20) 

Beam 

Length 

Temp. by C° at deflection = 250mm or 400mm 

Beam 406   - 5m length (250mm) Beam 406 – 8m length (400mm) 

Axially and 

laterally 

restrained  

Axially 

restrained 

Axially and 

laterally 

restrained  

Axially 

restrained 

NU U NU U NU U NU U 

F.W 817 785 710 620 808 790 700 610 

C.W 772 750 740 660 760 745 720 680 

 

Table No.3 shows the temperatures at failed limit state for 5m and 8m length 

beam406, in case of axially and laterally restrained or only axially restrained boundary 

conditions. The comparison contains the failed fire limit temperatures under uniform 

and non-uniform temperatures distribution. From this table, it can be noticed that the 

resistance of the flat web beams decreased significantly in both cases uniform and non-

uniform temperature distributions. Where, in case of corrugated web there is not a 

great different in case of non-uniform distribution. These cases reflecting the 

importance of protecting the upper flange which control the behavior of the corrugated 

web beams. Finally it can be stated that, due to lateral movement of the beam, the 

bending moment resistance of a beam (using flat or corrugated web configuration) 

without lateral restraint is lower than a beam with lateral restraints. 

  

5. CONCLUSIONS 

This paper has presented the results of a numerical study using ANSYS, to analyze the 

large deflection behavior of steel beams at elevated temperatures with different web 

shapes. After validating the capability of ANSYS against available experimental 

results of fire tests for large deflection behavior, a numerical parametric study was 

conducted and the main conclusions can be drawn as follow; 

In case of beams laterally restrained, the flat web beams can resist higher than 

the corrugated web beams at higher level of temperatures. Beam with lateral restraints 

can resist the applied load through bending at relatively high temperatures so that 

catenary action phase occurs at a high temperature. For a beam without lateral restraint, 

the bending capacity is low so that it goes into catenary action phase at a low 

temperature. 

In case of the beam under uniform heating, where the strength and the stiffness 

of steel change at the same rate at elevated temperatures, the beam slenderness is 

unchanged. Consequentially, the beam slenderness changing can be taken into 

consideration in the calculation of the load ratio in case of non-uniform temperatures 

distribution effect.  

Protect upper flange beam from direct fire can increase the bending resistance 

of the beam by a significant value. In case of unprotected beams, the lateral torsional 

buckling is the most important factor which should be taken into consideration in the 
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design process of the steel beams using the beam’s bending moment capacity in fire. 

More and over, in case of beams without lateral restrained, the most important factors 

that govern the overall behavior of the beam are the compactness of the web and the 

flange for the flat and the corrugated web beams respectively. The out of plane 

deflection of the corrugated web beams should be considered in the fire design process 

as one of the important factors.  
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التحليل اللاخطى لسلوك الكمرات الصلبة ذات الاعصاب الراسية المسطحة او المعرجة 
 تحت تاثير درجات الحرارة العالية

 
هذذ الاحث ذذدل دذذسهلسحايذذهلب س س ذذهلثييذذبلساهلرح دذذهلاحوذيكذذحلاحه ذذسسرلد حذذ لحسحايذذهلبذذ   حلسح ذذي لاح ذذحاحرل

 كذذذيللاححايذذذ لللاحهوح ذذذللدهديحذبهذذذيلثه  سبهذذذيلهذذذ لاحاهذذذحا ل ا لاحويح ذذذلل سذذذرلاحاهذذذحا لاحكذذذسثلل ا لاا
د حذذ لثوذذسلاحب دذذملهذذ لاهايذ ذذللل ANSYSاا كذذيللاحهيذذر ل لذذذرلهذذ ةلاحسحايذذللبذذهلايذذبلساهلثحذذذيه 

بلساههلثهديحذللذبيئ لاحهدس للثه  سبهيلبهلبذف  هيل هس ي ل هلبرحملاحث دلاحرلسحايلل سسله لاحهبغ ذحا لاي
ه للشاللاحوكذللمهوذحالادلهيذروطلدرذدللاحاهذحةلدهدذساحلاح هذللاحهذي حلدبدت ذللسح ذي لاح ذحاحرللذ لل

 ذحاحرل يح ذل لدهذ لذبذيئ للاحبفيعلاحاهذحرلدال ذحالبذ   حلاذثوذيالاحسذرلاح ذيذثرل ذذسلبوذح لاحاهذحرلاحذرلسح ذي 
احب س للاحوسسىلاحبرلبهلاذ يتهيلبهلبدس هلهذ ذ ي لبثيسح للث  لسح ي ل حاحرلاحشذفهلاحيذفسرلحساهذحرلداحبذحل هل
ذرلهذبكفلاحث ح لده له الاحث دل ها لايبذبيالا لبغ  ذحلشذاللاحوكذللدسح ذهلاح هي ذللدسح ذللبد  ذسل

 احاهحا لاحكسثللحس ح م اح حاللاح يذث للحههيلب   حلاث حل سرلهديدهلل
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