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 يهخص 
يآآز سيآآ ك  جكهلآآة انًُشآآ ت انًعدَيآآة ساكت ٔ ْآآو ٔاةآآد  يآآٍ لكثآآز انًُشآآ ت انًسآآحخدية ةآآديث   انًُشآآ ت انًعدَيآآة 

ت انًعدَيآة يثآم نعُ صز ْذِ انًُش ت  عهٗ سبيم انًث ل يٕجد عٕايم كحيز  جؤثز فٗ جصًيى انكًزالًْية انحصًيى الأيثم 

 Allowableالإجٓ ك انًسإًٓ  هآّ نبَبعآ ا  الإنحإٓالٗ انعز آٗ  - Unsupported Length) انطٕل انغيز يًسٕك  

Stress in Lateral Torsional Buckling  - الأةًآ ل- Loads   َإٓ  انزكآ لشSupport Condition -  رجبآة

   Section class (compact, non-compact, slender) َٕ  انقط   - Steel Grade انصهب

 The Required Inertiaفٗ انحصًيى انًبدلٗ يحى لًْآ ل ْآذِ انعٕايآم ةيآم يآحى انعصإٓل عهآٗ عآشو انقصإٓر انآذاجٗ 

ٔفٗ ْذِ انع نآة يًكآٍ لٌ يكإٌٓ انقطآ   نآّ عآشو اصإٓر ياجآٗ كبيآز ٔفآٗ َلآ  ٔيٍ ثى انعصٕل عهٗ انقط   يٍ انجدأل 

ٔه نح نٗ يحى جقهيم جعًهّ طبقآ  نهكإٓك انًصآزٖ لٔ يكإٌٓ انقطآ   نآّ عآشو اصإٓر ياجآٗ  slenderيكٌٕ اط   َعيف انٕاث 

لخذ كم لٔ يعزفة لٖ يٍ ْذِ انعٕايم نّ جأثيز كبيز عهٗ إخحي ر انقط   نذا يٍ انصعٕهة   compact Sectionاهيم ٔنكُّ

   ْذِ انعٕايم فٗ خطٕ  ٔاةد 

يعقق الأيثم  عًم هزَ يج كًبيٕجز لإخحي ر انقط   انًُ سب عٍ طزيق عد  يع ٔلات نهعصٕل عهٗ اط   نٓذِ الأسب ب جى

  يحطهب ت انكٕك انًصزٖ كم 
 

Abstract 
With the increase of steel cost the importance of optimum design increases. Many factors affect the design 

of beam sections such as (unsupported length – allowable stress in lateral torsional buckling- load and support 

condition–steel grade – section class (compact, non-compact, slender)). Choosing a section empirically or by 

experience and neglecting the previous factors is not correct. To design a beam section allowable stress may be 

assumed, the required inertia is too calculated, from sections tables a suitable section is to be chosen. At this step, 

the effect of unsupported length on the section properties has been neglected. The section may have large inertia 

but is still slender according to code limits and its properties will be reduced again, on other hand the section may 

have small inertia but still has considerable allowable stress as compact section. Which section is the best? , 

which factor has a big effect? And how to satisfy all these factors in one-step.  

As explained before it is difficult to choose the most economic section. A computer program has been made to 

select the best section by making many trails to choose the best section satisfying all conditions of the Egyptian 

code of practice for steel construction for the design of beam sections.  After that the results were grouped to 

know the way to obtain the optimum section with respect to flange width, flange thickness, ratio of flange with to 

thickness, web height, web thickness and lateral unsupported length. 
 

Keywords 
Optimum Design, Unsupported length, Allowable Stress, Lateral Torsional Buckling, Support Condition, Steel 

Grade, Section Class (Compact, Non-compact, Slender). 
 

 

1- Introduction 
All international steel codes of 

practice [1-6] attempt to improve the 

analysis and design of steel structural 

systems. In the analysis of a structural 

element, many factors control the 

design of sections and these require 

more accurate and more work in 

design. In the design of I beam (built 

up section). There are many factors 

controlling the design of section. Such 

that, section class (compact – non 
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compact – slender), distance between 

lateral unsupported points, Cb 

(Coefficient depending on the type of 

load and support condition) and steel 

grade.  

The design of I beam sections 

according to the applied bending 

moment, the section modulus is 

assumed as (Zx req  Mx / Fbx). The 

designer assumes Fbx, then find the 

required inertia and the suitable 

section can be obtained. This design 

does not give the optimum section 

(economic section). The section may 

have small thickness and large inertia 

but the section is slender and then its 

properties will be reduced. For some 

values of unsupported length, this 

section may be optimum while for 

other values this section may be a very 

bad choice. The best flange width to 

thickness ratio change with lateral 

unsupported length. If flange-width 

ratio (bf/tf) has a small value the 

section is non-compact yet the 

torsional buckling strength may 

control the design. 

So, a computer program was made 

to find the best economic section 

realizes the required conditions. A 

program was designed to select the 

best section from a number of 

available sections about 6,000,000 

section are included in the program 

[7]. 
 

2- Nomenclature 
A= Cross-sectional area of a member 

(cm
2
). 

bf = Flange width (cm). 

Cb= Coefficient depending on the type 

of load and support condition. 

Fb= Allowable stress in bending 

(t/cm
2
). 

Fy= Yield stress of steel (t/cm
2
). 

Fltb=Allowable lateral torsional 

buckling stress (t/cm
2
). 

Hw= Web depth (cm). 

Lu= Effective lateral unsupported 

length of compression flange (cm) 

Luo = Optimum unsupported length 

Mx = Bending moment about major 

axis  (m.t). 

tf =  Flange thickness (cm). 

tw = Web thickness (cm). 

Zx= Section modulus (cm
3
). 

Lum= Maximum Lu for economic 

design. 
 

3-The Best Suitable Distance 

between Unsupported Points  
The effect of unsupported length on 

the designed steel section will be 

studied using a computer program. 

Under constant (Cb – Fy – Mx). The 

relation between (Lu) and area of the 

optimum section chosen by the 

program is shown in Fig. (1). The area 

of the choosen section is constant until 

a certain value of Lu, after which it 

starts to increase. This value of Lu is 

the optimum lateral unsupported 

length which gives the maximum 

distance between points of lateral 

support without any increase in section 

area. 

For Mx=20 m.t, Cb=1, Fy=2.4, the 

optimum value Lu =440 cm. 

When the lateral unsupported 

length is small, then Fb is constant ( 

Fb=.64fy  for compact sections and 

Fb=.58fy for non-compact sections). 

With the increase of the lateral 

unsupported length, the section is 

controlled by lateral torsional buckling 

in which case Fb=Fltb  

Fltb =  (1)    58.0 
2

2

2

1 FyFF ltbltb    

The section may be controlled by 

eq. (1) but there is no reduction in 

allowable bending stress. The 

allowable bending stress begins to 

decrease beyond the point of Luo 

(optimum unsupported length). 

Using computer program to study 

affect of lateral unsupported length on 

area of choosing sections under several 



C: 14     Mansoura Engineering Journal, (MEJ), Vol. 40, Issue 2, June 2015 

values of bending moments. It found 

the relation between area and Lu for 

several values of bending moment as 

shown in Fig. (2). With increasing 

moment the value Luo increase. 

And by collecting and plotting 

values of optimum Luo in one curve the 

relation between Luo and Mx can be 

estimate as Fig. (3). From Fig. (3). 

With value of moment can find 

optimum distance between lateral 

unsupported points. 
 

4- Optimum Flange Width – 

Thickness Ratio 
Studying the relation between Lu 

and bf/tf Fig. (4), bf/tf optimum = 28 

and this value increases with the 

increase of Lu. At this value, the flange 

is noncompact (not slender) and there 

is no reduction in section properties. If 

bf/tf >28 the flange is slender. bf/tf has 

very small effect on Zx. Also found 

that Fltb increase with increase bf/tf . If 

bf/tf <28 Fltb may be smaller where 

Fltb1=20bf/√fy decrease with decrease 

bf .The second stage in curve when Fltb 

<.58Fy to increase Fltb the best solution 

to increase bf/tf ratio. The section will 

be slender but Fltb will be increase. 
 

4.1-Effect of CB on Bf/Tf 

Ratio. 
As shown in Fig. (5) increasing 

the value of  Cb increase capacity of 

section. 
 

5- Optimum Web Debt- 

Thickness Ratio 
The relation between Lu and 

hw/tw is shown in Fig. (6). hw/tw122.5  

Form code condition  

(2)    5.122145/  fbc
tw

hw

   
Minimum web thickness, maximum 

web depth is required for maximum 

Zx. 

For I-sections increasing web 

thickness isn't useful except for shear 

resistance. 
 

6- Effect of Lateral 

Unsupported Length on Web 

Dimensions 
Fig. (7) explains the change of web 

dimensions with the increaseof value of 

Lu. At first increase of value of Lu (hw & 

tw) are constant as shown in fig. (7) where 

Fb is constant. When Fb begins to decrease 

the area of the total section increases while 

the area of web decreases. The area is 

concentrated in the flanges. (tw) decrease 1 

mm to realize  (hw/tw 122.5) hw decrease 

by 12.5 mm.  

With the increase of Lu the allowable stress 

Fb decreases and that increase ratio of hw/tw 

eq. (2), while tw is constant   hw increase to 

realized eq(2) as shown in Fig. (7). 
 

7- Effect of Lateral 

Unsupported Length on Web 

Depth 
In Fig. (7) it can be see that hw=73 mm 

when Mx=25 m.t.  

If moment change hw will change as shown 

in Fig. (8). This curve gives an idea about 

the required hw for optimum section. In the 

first part of the curve the moment is small 

which required small (hw & tw) but tw is 

limited by 5 mm. Thus that a linear change 

in hw occurs with the increase in moment 

until Mx reaches to 10 m.t while tw is 

constant because hw/tw didn't arrive to 

optimum ratio 122.5. 

Further the increase of bending moment 

while (hw and tw) being constant, no change 

in web dimension and the increase is in the 

flange only. To increase web dimensions 

must increase thickness to conform with 

hw/tw ratio and that causes large increases 

in sectional area. So that hw is constant 

until big increase in the value of moment at 

this step web thickness increase 1 mm and 

hw increasing 12.5mm.  
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8- Result 
By using some curves for 

different values of lateral unsupported 

length and Cb can obtain the best built 

up I beam section realize all code 

condition. And with the value of 

moment can expected the best distance 

between lateral supported point. 

Fig. (9), Fig. (10), Fig. (11), Fig. 

(12), shown four curves  for different 

values of unsupported length with 

different value of Cb , and moment  

change from (5 m.t  to  60 m.t) , Lu = 

(200,400,600 800 cm) , Cb =(1, 2 ). 

According to value of lateral 

unsupported length Lu by using Fig. 

(9), Fig. (10), Fig. (11), Fig. (12). and 

with value of Cb can detedrmine the 

required curve. With moment can find 

1. The section area Area= given 

(cm
2
) 

2. web depth         hw=given      (cm) 

3. tw  hw/122.5 then find  tw      (cm) 

4. Af  =(Area- hw.tw)/2            (cm
2
) 

5. tf   = √ (Af  /28 )                    (cm) 

6. bf =28 tf                                (cm) 
 

9- Conclusions 
1. The optimum distance between 

laterally supported point can be 

determined with the knowldge of  2 

variables (Mx & Cb) only  

2. We can choose the optimum section 

from charts without calculation. 
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 Mx=20m.t   &  Cb=1   &   Fy=2.4
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Fig.(1) Relation between Lu and Area of I section according 

to E.C.P .2004. 

Fig.(2) Relation between Lu and Area for several bending 

moment values 

 

Fig.(3) Optimum distance between unsupported points 

 

Fig.(4) Relation between Lu  and ratio of bf/tf 
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Fig.(5) Effect of Cb on ratio of bf/tf 
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Fig.(6) Effect of Cb on ratio of hw/tw 

 

Fig.(7) Effect of Lu on hw & tw 
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B.U.S under luns=200cm , cb=1
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Fig.(8) Effect of Mx on hw 

 

Fig.(9) Lu=200 cm 

 

Fig.(10) Lu=400 cm 
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Fig.(11) Lu=600 cm 

 
Fig.(12) Lu=800 cm 
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