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ABSTRACT: In this paper we introduce the theordtmanciples and illustrate the calculation methedsen
dealing with prestressed steel beams. Our aim make this structural typology movadely knownand to
furnish simplecalculation methodswhich in our opinion, are the real obstacle ® dlevelopment of this par-
ticular structural type. Furthermore, the use asgessed steel, compared to other typologiestsoffiner-
wise unattainable economic and technological adwms

1 INTRODUCTION .

compression

The main reasons why prestressed steel structur  of__ N ___ a

are infrequently erected is due, in our opinionato B

lack of knowledge regarding tlsystemand thecal- el < P

culation methodsOnce this information becomes == hsion
general knowledge within the scientific and the-con o) Initial prestressed  b) Loads ¢) Total

struction community, there will be the same rapic

adoption of prestressed steel (P.S.) technology d&sgure 1. Prestressed steel girder: principle otfion.

there was for similar technologies, for example-pr

stressed concrete (P.C.). In this respect, presies The static methqdwhich in each section considers

steel technology is the new frontier for structieat  the effect of prestressing as an eccentric pressur

gineering. The aim of this paper is to presentticst (traditional method).

analysis of significant prestressed steel strusture The equivalent loads method which the effect of

together with relevant results, and to compare therrestressing is analyzed through the introductica o

with other structural typologies. system of equivalent forces of external provenance
which exert pressure upon the girder and are called
“equivalent loads”.

2 ANALYSIS OF PRESTRESSED STEEL
STRUCTURES

2.1 General

A prestressed system consists quite simply in “suk
jecting a structure to loads that produce opposin -
stresses to those when it is in service”. Prestigss o) Prestressed b) prestressed  c) loads d) total
can be usefully applied to any material and, in par

ticular to steel (figurel), thus improving consier
bly its resistance characteristics.

In the case of P.C., the effect of prestressindlesa
beams to pass from being partial reagents to becom-

!ng total reagents (only C(_)rr_lpression_), (figureT2je With reference to a simply supported prestressed
increase in the characteristics of resistance @etys steel beam, it will be necessary to assess whether
due to a greater use of the section. In the case ﬂge section most under stress, the tensions owing t

steel this is taken for granted. . ~ the loads and the prestressing are lower than those
The methods used for analyzing the sections are:

“+

Figure 2. Prestressed concrete beam: principlaradtion.

2.2 Static analysis of the section



allowed for by the limit state under consideration. yoP y.,Pe M
An admissible value forension losdor P.S., on ac- |og = ——P—+ZP . —max
count offriction andsteelrelaxationis 5%. The val- A Ws W
ue we take into consideration is 10% (generatyf | ,  y,P y,Pe M
P.C.,tension losseslue to friction, creep shrinkage |9i =~ AW + W
etc are presumed to be 25% - 30%). Two load condi | '

tions will be taken into account, more precisely, a yhere: Ws is the higher resistant modulus of the
initial or “at transfet condition and a final or “at giegq girder, Mmax is the maximum moment taking
service” condition. In the first case the presi®$s jnig consideration the partial safety coefficieafs
force P will be increased through the applicatiba o plied to the loads.

co-efficient = 1.10 to take account of the total (or The intervention of an external moment causes the
final) tension loss. prestressing force (or rather, the center of pre3su

. to shift :
2.2.1 Bending.
It may be said that prestressing was invented fog0 :M—mill 5= Mnlax where: P* =y, [P
bendinggirders and it is for this state of stressing [P
that we gain the most benefits.

In reference to figure 3, it may be verified, &ms-  Thjs allows us to make a useful, though qualitative

< fy

< f,

fer: analysis of the prestressing of steel girders and t
highlight the main differences and limitations oé&p
o stressed concrete. In figure 5, giverande, the dis-
tances of the lower and higher kern points from the
o S e - barycentre pointd the distance of the resulting ca-
e ble from the lower kermpoint, we may see that the
| prestressing force shifts from poiki,
P, =8P
a
a) Initial prestressed b) Loads ¢) Total K 1
!
Figure 3. Condition at transfer. | i ]
P P . ay
Jioz_ypﬁ ¥ € M _ 3 - 1 e,
AW W O — '
g
where: A and Ware respectively the area and the } f
lower resistant modulus of the steel girdgrjs the
partial coefficient of safety applied to the press- So Ko l P d
ing, Mmin is the minimum moment calculated, taking ‘ | |
into account the partial coefficients of safety legap j

to the loadsg is the distance of the resulting cable
from the barycentre G.

Placing an equals sign between the stresses we Wil
obtain P for which verification at transfer is romg-
er necessary, or rather:

ipure 5. Representations of kern pointarel g

to point K, during the passage from the at transfer
phase to the at service phase. The two points are

o’ =f,=P both external to the central kern area (the sedton
_ _ _ _ partly compressed and partly under tension) . The
At service, figure 4, will verify: useful moment K1,) in which the section will be

able to absorb is :

Mu :Mmax_Mmin =P 51_:BP 50;

_G_.____I__ —— e
<o |
- G having placedK, = (q - ,850) :

M, =P (d - Bd) =P K,

a) Initial prestressing b) Loads c) Imposed loads d) Total

For P.C., we generally ignore its slight tracti@a r
Figure 4. Condition at service. sistance and the section is proportioned in such a
way as to obtain (fig. 6):

02=0; g'=0



which causes the prestressing force to shift in th E, P

lower kernpoint, at transfer, and in the higher kern T st oisfs (Gh=fa)
point at service. In this case we obtain : v | T
| |
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Figure 7. Limit points.
a7 ol In the at service phase, gives the deviation of the
a) at trasfer b) at service point of pressure, we have :
Figure 6. Prestressed concrete girder. 1_ P* P*el
X ’ Tt <
M, =P (3 - Bd) =P [(d+e,+g)-A]=P'K, o
: _ _ 1__P Peg
having placedK, = [(d +e+ e,) ,84. O5 = AW < fy

The first observation that may be made on the basis L. _ L
of the preceding results is that in prestresseel,ste the satisfying of the two inequalities, in the foah

the limits between which the prestressing foree €quality, allows us to find two values ef the lesser
shifts are wider. The second observation is that §f Which in absolute value, will represent the f@gh
prestressed concrete girder will have to remain-cordiMit point. From:

pressed throughout its entire working life which R D

constitutes a significant limitation given the exte %1 ~ 'd > Is = Td

variety of imposed loads and the possibility that a .

situation could occur that was not foreseen atithe We obtain:

sign stage.
2
- ol e;=+p—(1+£j .
.2.1.1 Cable zone (or Guyon zone) y ot . e =¢ Se‘el‘ <‘el‘
We propose to determine the zone within which the| . o? f, e=¢ Se‘ei" <‘el‘
plot of the resulting cable must be anticipatechwit Ty 1=

out going beyond the limits considered in any sec-
tion of the girder. The primary operation is to@sc |n order to verify the section we will have to ckét
tain the two characteristic points of the section ( respectively at transfer and at service:

limit points) i and &, figure 7, corresponding to X

the maximum deviation that the center of pressurg M, = & d

may tolerate at transfer and at service, without ex x

ceeding the limit state considered. M e < P (d +p + &)

In the at transfer phase, giventhe deviation from

. The “useful moment of the section” value is defined
the center of pressure, we have:

as .

e R M = MM =P 4 )+ 0]
o ! _ o ' In figure 8 we observed before that the interventio
the satisfying of the inequality, in the form ofuedj-  of an external moment shifts the center of pressure

ty, permits us to findey, or rather: upwards (positive moments) of a quantiy= M/P'
2 f in respect of the resulting cable. If, from limaipts

o’=f, = e :_'0_[1—_%] Eo and B we move another two points downwards
Yi Onm Bo and B at distances of respectively= Mun/pP

and3,:=Mma/P Wwe can state that the resulting cable

where: will be contained between these two points. By re-
s 1 , BP peating the construction, section by section, aa &r
p- = a Pm=— or cable zone) can be singled out, within which the

A resulting cable along the girder must be contained
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Figure 8. Resulting cable excursion.

In the following figures, several types of cablaneo
are shown for different types of girder.
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Figure 9. Cable zone.

2.2.2Shear

For a prestressed steel beam and generic section
figure 10, we have:
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Figure 10. Shear
V, =V -Psinag;
or rather:
VrO =vO0- ypPPsina at trasfer
V' =v!-y Psina atservice

T, = tVEth ; where t and h are respectively the

max

thickness and the height of the web and thus:

fa

T < for pure shearin

m

o, =+ o”+3r* < f, for bending and shearing.

2.3 The system aquivalentioads for prestress-
ing.

The effect of prestressing on a steel girder may be
analyzed by the introduction of a system of externa
loads (equivalent loads) which produce a series of
stresses and deformations on the girder which are
equivalent to its prestressing. Such stresses taken
gether with those produced by agent loads (dead and
imposed) will give the overall state of stress to
which the girder is subjected to. This must be com-
patible with the resistance and stability charaster
tics of the girder itself. A typical example of e+
lent loads is shown in figure 11.

H

a) Prestressed steel

H-tgoe H-tgas

-
PR R T

b) Equivalent loads

Fégure 11. Equivalent loads.



2.4 The continuous prestressed steel girder. P P

The continuous girder is the simplest of the hyper :
static type structural typologies and its use isoloe- A 5 .
ing ever more widespread in large structures. Thi a) Simply supported beam

presents advantages and disadvantages comparec
a simply supported beam, for example, some ac et _
vantages are lower flexure stresses, greater tygidi b) Principal Moment M1
less anchorage etc. Amongst the disadvantages ¢
sensitivity to support failure, stress fluctuatipns
greater tension loss etc.

From a structural point of view, the main differenc ¢
between simply supported beams and continuot = : -3
beams is that, even without the presence of dedd a €) Displacement due at principol moment

imposed loads, the latter's prestressing means th -
side reactions may be generated (not always, as v
shall see) which affect the state of stress. We cor
sider a simply supported prestressed girder, figur T
Re

12a, without external loads (and neglecting its owr
weight), the resulting cable represents the “succe:
sive resulting polygon” to which we give the name *“
line of pressures” This line of pressures, whilst it
coincides with the resulting cable in simply sugpor
ed beams, in continuous beams is generally diffel

Ro= Re/2 Rb= Re/2

d) Vertical reaction Rc to cancel out displacement

ent.
[ i H e) Secondary Moment M2z
In simply supported beam, prestressing gives plac _ Secondary Moment M
to a “principal moment” M;= Pe, figure 12b, . =

which upwardly deflects the beam itself, thereby
causing a displacement equaldg figure 12c. If we

f) Resulting Moment M3

attach a sliding bearing to the beam in C (contirsuo J"""""' e e
beam) so as to cancel out displacem&npthis con- | == —— e’_‘:_wp
straint will have to react with force Rc which urr =

will cause reactions R= Rg =P.C./2, figure 12d. g) Pressures line's deviation from the resulting cable

Thes_e reactions will cause aeCO”d_afY moment Figure 12. Continuous girder. Principle of function
M,, figure 12e. The sum of the principal and sec-

ondary moments is termed theesulting moment” 12 Rule “In a continuous girder, the line of pressures
M3 = My + My, figure 12f. In each section of a con- is obtained from the resulting cable by lowering or
tinuous beam, the effect of prestressing force & arnraising opportunely, the profile of the intermediat
the resulting moment Ms equivalent to the prod- supports, keeping the position of the extreme sup-
uct of force P, acting with deviatioe in respect of ports unchanged. This operation is call@tear

the barycentre equal to g = My/P. The deviation transformation *

line g along the longitudinal section of the beam isThe static regime of the continuous beam is charac-

the “line of pressures”figure 12. The line of pres- terized by the line of pressures. The equations de-

sures deviates from the resulting cable by : rived for simply supported girders are also vabd f
continuous girders, provided thde” is substituted
e-e= M M, _ M, with “e;”, or rather:
F.) P ® . 0__yp'aa_ ﬂDQ+Mmin<f
therefore in an simply supported beam, beingd0, 9 ~ A Yo W w ¢
the line of pressures coincides with the resulting ' '
ble. 0_1__ypp+preI_Mmax<f
On the basis of this we can put forward a first-gen|“s =~ A W, w, - ¢
eral rule
P P
oi_lz_yp _yp [Q_'_ I\/Imaxs.l:d

A W W

By analogous reasoning, the following second gen-
eral rule is demonstrated:



2% Rule “In a continuous P.S. girder, the cables thatial variations is evaluated on the basis of thiiea
have terminal anchorages in the same position araf the corresponding unitary deformation with crite
keeping the same form, differing only by their gevi ria analogous to the case of shrinkage.

tion on the intermediate supports, have the sanee li

of pressures. These are terneegiivalentcables.” 2.5.2.1 Bending.

In other terms, the equivalent cables give place t

the same resulting moment;Mrhis particular cable th reference to figure 14, we have:

which coincides with the line of pressures which is B o 0-Cemen
verified by M = 0 and consequently;R= 0, is b £cs e
termed the €oncording cable? One final general Jd =T "i | - /Gane
rule may be made on the observation of the form ¢ = e

the diagram of moments and of that of the line o N /
pressures. " —

3% Rule “In a continuous P.S. girder, the diagram of
moments in any system of forces (including the"
moments applied to the extremities) is the plahef A E
concording cable A=A+ A e dove:n :Ea
2.5 Prestressed composite steel-concrete girdersThere is nothing to say about the at transfer siage
regard to simple sections in P.C.. At service, vile w

igure 14. Prestressed composite girder.

2.5.1 Introduction. have to verify :
The system of prestressing is particularly advanta;, _ 1M, _ -
geous for composite steel-concrete sections shiewe t = n | od

positive characteristics of both materials may ée b ol =0 M

ter exploited. Compared to the traditional treatmenZa,, ~ %a,, +|_(X_ he)< g

of not prestressed composite sections, the introduc o M

tion of prestressing as a system of equivalentdpad Za,, =~ %a, +|—(H ‘X)S fq

has no particular novelty to offer in relation thav

has already been described in the preceding para-

graphs, apart from the fact of having to bear indni 2.5.2.2 Shear

that concrete, being subject to so-called "slow-phegegistance to shear action is only for steel girder
nomena”, like viscosity and shrinkage, brings aboufarefore we will have '
a variation of the tension state as a functioniroét

Some typical prestressed composite sections are_ V < _fq ; hearing:

shown in figure 13, where we can notice, unlike” =, ~7lim 3 Or pure shearing;

steel sections, the symmetry of the profiles.

] Oa= Vo? +307 < f, for bending and shearing.

b/2
1 2 CONCLUSIONS
Scarce knowledge of calculation methods and their
potential represents, in our opinion, the main @bst
Eé_" cle in widespread use of prestressed steel stestur
—b—t This paper has pointed towards some calculation
methods for P.S. structures in reference to girders
Figure13. Typical sections. demonstrating their simplicity and possible applica

tions.
2.5.2 Calculation criteria.

The calculation of tensions, in reference to simply@ BIBLIOGRAPHY.

supported beams, is carried out by using the “hOxunziata, Vincenzo 199%trutture in acciaio precompresso.
mogenized section method”. The effect of viscositypalermo: Dario Flaccovio, Editore.

of concrete with regard to the stresses and defor-

mations produced by permanent loads is evaluated

through the introduction of an imaginary elastic

modulus. The effect of shrinkage is determined by

an approximate method on the basis of values of

strain at infinite time. The effect of thermal @ifén-



