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ABSTRACT 
The concept of prestressing steel structures has only recently been widely considered, despite a 
long and successful history of prestressing concrete members. The configuration of the beam 
affects the straining actions and deformations of the prestressed steel beams. 
In this research, the behavior of the prestressed steel beams is illustrated using fmite element 
analysis. The dimensions of the beam have been changed to fmd out their effect. The existence of 
vertical stiffeners has been also studied to fmd out its influence on prestressed steel beams 
compared with non-prestressed beams. This study has been catried out under the same static loads. 
The results show that it is better to increase the flange width to improve the stiffness of the 
prestressed beams while it is better to increase the web depth to improve the stifhess of the non- 
prestressed beams. It has been also noticed that there is not any obvious benefits of using vertical 
stiffeners. 
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1. INTRODUCTION 
The main reason of why prestressed steel structures 
are infrequently erected are due to a lack of 
knowledge regarding the system and the calculation 
methods. Once this information becomes general 
knowledge within the scientific and the construction 
community, there will be the same rapid adoption of 
prestressed steel (P.S.) technology as there was for 
similar technologies, for example, prestressed 
concrete (P.C.). In this respect, prestressed steel 
technology is the new fiontier for structural 
engineering. The aim of this paper is to present a 
static analysis of significant prestressed steel 
structures, together with relevant results, and to 
compare them with other structural typologies [I]. 
2. ANALYSIS OF PRE-STRESSED STEEL 

STRUCTURES 
A prestressed system consists quite simply in 
"subjecting a structure to loads that produce opposing 
stresses to those when it is in service". Prestressing 
can he usefully applied to any material and, in 
particular to steel (figure I), thus improving 
considerably its resistance characteristics. In the case 
of PC., the effect of prestressing enables beams to 
pass kom being partial reagents to becoming total 
reagents (only compression), (figure 2). The increase 
in the characteristics of resistance is solely due to a 

greater use of the section. In the case of steel this is 
taken for granted [2]. 

Figure (2), Prestressed concrete beam. 

The methods used for analyzing the sections are: 
- T7ie static method, in which at each section the 

effect of prestressing is .considered as an eccentric 
pressure (traditional method). 

- The equivalent loads method, in which the effect of 
prestressing is analyzed through the introduction of 
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a system of equivalent forces of external 
provenance which exert pressure upon the girder. 
These pressures are called "equivalent loads". 

3. STATIC ANALYSIS OF THE SECTION 
With reference to a simply supported prestressed 
steel beam, it will be necessary to assess in the highly 
stressed section whether, the tensions owing to the 
loads and the prestressing are lower than those 
allowed for by the limit state under consideration or 
not. An admissible value for tension loss for P.S., on 
account of fiiction and steel relaxation is 5%. The 
value of the tension losses that is considered in this 
research is 10% (generally for P.C., tension losses 
due to Kction, creep shrinkage etc. are presumed to 
be 25% - 30%). Two load conditions will be taken 
into account, more precisely, an initial or "at 
transfer" condition and a fmal or "at service" 
condition. In the first case the prestressing force P 
will be increased through the application of a co- 
efficient p= 1.10 to take account of the total (or fmal) 
tension loss [3]. 

4. FINITE ELEMENT MODEL 
The fmite element method, sometimes referred to as 
fmite element analysis, is a computational technique 
used to obtain approximate solutions of boundary 
value problems in engineering. The boundary 
conditions are the specified values of the field 
variables (or related variables such as derivatives) on 
the boundaries of the field. Depending on the type of 
physical problem being analyzed (3). SOLID45 is 
used for the three-dimensional modeling of solid 
structures. The element is defined by eight nodes 
having three degrees of freedom at each node: 
translations in the nodal x, y, and z directions. The 
element has plasticity, creep, swelling, stress 
stiffening, large deflection, and large strain 
capabilities. 

4.1. Input Data 
The geomem, node locations, and the coordinate 
system for this element are shown in Figure (3). The 
element is defmed by eight nodes and the orthotropic 
material properties. Orthotropic material directions 
correspond to the element coordinate directions. 
Element loads and pressures which may be input as 
surface loads on the element faces as shown by the 
circled numbers in Figure (3) Positive pressures act 
into the element. 
4.2. Output Data 
The solution output associated with the element is in 
the form of nodal displacements included in the 
overall nodal solution. Several items are illustrated in 
Figure (4). The element stress directions are parallel 
to the element coordinate system. The surface stress 
outputs are in the surface coordinate systems and are 

available for any face. The coordinate systems for 
faces IJNM and KLPO are shown in Figure 2. The 
other surface coordinate systems follow similar 
orientations as indicated by the pressure face node 
description. 

R J  

Figure (3) Solid 45 3-D structural solid. 

x J 
Figure (4) Solid 45 Stress Output. 

5. NON-LINEAR ANALYSIS 
Material non-linearity occurs when the stress-strain 
relationship stops to be linear and the steel yields and 
becomes plastic. The three sets of material data were 
as follows: For the elastic data the all elements were 
defined as elastic isotropic with a Young's Modulus 
of Elasticity of 2.05 x lo3 t/cm2 and Poisson's lateral 
to longitudinal strain ratio of 0.3. 
The prestressed beams have been modeled to study 
thier behavior at difference dimensions of web depth 
and flange width under the influence of adding 
vertical stiffeners. A disturbance force had been 
added to the system in order to actuate the structure 
to buckling. To study the behavior of structure, six 
cases have been modeled as the following: 
x Case I: Prestressed steel beams with vertical 

stiffeners. 
x Case 11: Prestressed steel beams without vertical 

stiffeners. 
x Case 111: Prestressed steel beams with vertical 

stiffeners under doubling vertical loads. 
x Case IV: Steel beams with vertical stiffeners. 
x Case V: Steel beams without vertical stiffeners. 
x Case VI: Steel beams with vertical stiffeners 

under doubling vertical loads. 
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The shape of fmitc element modeling of the 
prestressed beams is shown in figure (5). The beam 
has been loaded with a distributed load to study the 
resulting stresses and deformations, also the 
maximum deflection. The dimension of modeled 
beams bas been changed as shown in Table (1) to 
make a parameter study for the given model. 

a) Steel Beams 

b) Prestressed Steel Beams 

c) Beams without stiffeners 

d) Beams with stiffeners 
Figure (5) Finite element models 

Table (1) Beam dimensions 

6.  ANALYSIS AND DISCUSSION 
The stresses of the given models have been studied at 
specified values of loads as illustrated in figure (6) 
for the four cases. Cases (II) and (V) have been 
chosen as reference to compare these results in the 
variable cases with their results. 
Table (2) gives the results of stresses and 
deformations for the six cases. For each case it can be 
noted that increasing in web depth at constant flange 
width leads to increasing in tension stresses in top 
flange with increasing in compression stress in 
bottom flange and decreasing in deflection. In the 
other hand increasing in flange width at constant web 
depth leads to decreasing in compression stresses in 
top flange with decreasing in tension stress in bottom 
flange and decreasing in deflection. 
In addition, fiom the same table it can be noted that 
increasing the web depth at constant flange width 
leads to decreasing the compression stresses in top 
flange with decreasing the tension stress in bottom 
flange and decreasing the deflection. In the other 
hand increasing the flange width at constant web 
depth leads to decreasing the compression stresses in 
top flange with decreasing in tension stress in bottom 
flange and decreasing in deflection. 
The results of tension and compression stresses at 
mid span of fmite element model are shown in figure 
(6) the figure illustrates for each case the effect of 
using stiffeners in the two conditions of beams 
without prestressing and prestressed beams. 
The relationship between top flange stresses (Sx) and 
web depth to flange width ratio at constant web depth 
was examined and illustrated in figure (7) fiom this 
figure, it can be noted that increasing in web to 
flange ratio attends to increasing the compression 
stresses in top flange. In addition using stiffeners 
leads to increasing the compression stresses by 
approximately 20% in case of beams without 
prestressing and prestressed beams. In the other hand 
increasing in web to flange ratio at constant flange 
width leads to increasing in compression stresses 
(Sx) in top flange as iilustrated in figure (8). In 
additional in case of using stiffeners leads to 
increasing in tension and compression stress by 
approximately 20% in each case of beams without 
prestressing and prestressed beams. 
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a) Case I 

b) Case I1 

I 

c) Case 111 

. . m m  I.. 

I 

d) Case N 

I 

e) Case V 

f) Case VI 

Figure (6) Tension and compression stresses (Web depth =20cm and 
flange width = 15cm) 
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Table (2) Results of stresses and deformations 
I rucr 1 

The relationship between bottom flange stresses (Sx) 
and web depth to flange width ratio at constant web 
depth was examined and illustrated in figure (9). 
From this figure, it can be noted that increasing in 
web to flange ratio attends to increasing the tension 
stresses in top flange. In additional using stiffeners 
leads to decreasing in tension stresses by 
approximately 20% in case of beams without 
prestressing and prestressed beams. In the other band 

CIS V I  

increasing in web to flange ratio at constant flange 
width leads to decreasing in tension stresses (Sx) in 
bottom flange as illustrated in figure (10). In 
additional in case of using stiffeners leads to 
decreasing in tension stress by approximately 20% in 
each case of simply supported beams and prestressed 
beams. 
In addition, the relationship between bottom flange 
stresses (Sz) and web depth to flange width ratio at 
constant flange width was examined and illustrated in 
figure (1 1). From this figure, it can be noted that 
using vertical stiffeners increasing stresses in bottom 
flange while in the case without stiffeners the stresses 
tends to be zero. In the other hand increasing in web 
to flange ratio at constant web depth leads to 
increasing in compression stresses (Sz) in bottom 
flange as illustrated in figure (12). 
The effect of increasing web depth to flange width 
ratio at constant web depth on deflections was 
examined and illustrated in figure (13). From this 
figure, it can he noted that increasing in web to 
flange ratio attends to increasing in deflection. In 
additional using stiffeners leads to the same 
deflections in the two conditions of beams without 
prestressing and prestressed beams. In the other hand 
increasing in web to flange ratio at constant flange 
width leads to decreasing in deflection as illustrated - 
in figure (14). 

Deflection 
,nun 

TOP SIWSS, 

tkm2 Figure (7), top flange stress S, at constant web 
depth. 

~ O ~ I O U I  SIWSS, 

rhn2 

web depth'dlangt width 

Figure (S), top flange stress S, at constant flange 
width.. 

Sx I SX Sr 1 Sz I 
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Figure (9), bottom flange stress S, at constant web 
depth. 
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Figure (lo), bottom flange stress S, at constant 
flange width. 

Figure (ll), top flange stress S, at constant flange 
width. 
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Figure (12), bottom flange stress S, at constant web 
depth. 
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Figure (13), deflection at constant web depth. 
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Figure (14), deflection at constant flange width. 

7. CONCLUSION AND RECOMMENDATIONS 
- In case of prestressing, it is better to increase the 

flange width rather than increase the web depth to 
improve the sti&ess of the prestressed beams. 

- In case of steel beams without prestressing it is 
better to increase the web depth rather than increase 
the flange width to improve the stiffness of the 
beams. 

- The exist once of vertical stiffeners increases the 
stresses while it has not affected the deflection of 
the beams in both cases of prestressing or non- 
prestressing. 

- It is recommended to study the effect of stiffeners 
and prestressing under dynamic and fatigue 
loading. 
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