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LIST OF SYMBOLS

The following symbols are vsed in this thesis.
_tner symbols not listed below are defined whsre they

sre used

A = gross-sectional areca ;

¢ - nondimensional carry-over factor for fixed end
membher

c = modified carry-over factor for members heving
gussets of infinite rigidity ;

E = Young's modulus of elasticity

E = equilibrium forces ;

T = out of balance forces 3

81 &ggz length of gusset plates av end 1 and end z of

menber ;
i = morxent of inertia ;
¥ = BEI/L = bending stiffness , and in *he presence

of rigid gusset plates k = EL/1 ;

L = unstrained length ;

L. = strained length H
L_ = arc length H
= (L - g -8) ;
Lb = buckling length H
Lbﬂ = buckling length taeking into account eflcct of
‘ rigid gussets H
Vi1
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il = bending mament ;

- = external panel load ;

F = axial load ;

B = 7‘2 EI/L2 = Euler's load , and in the presencs
7% F11°

of rigid gusset plates Py

1l

%
!

= shearing force ;

tn
1

= nondimensional stiffness facter for fixed end
member
s = modified stiffness factor for members having

gussets of infinite rigidity ;

Truss = rigidly - Jjointed plane truss;
% = projected length of member along the X-axie ;
X = deflection aleong the x-axis ;3
= projected length of member along the y-axis j
N = deflection along the y-axis
= initial angle of inclination of a member with
the x-axis ;
= mocdified value cof angle o&¢ ;
. = an estimated value for 7 H
g = final displacements 3
< = axial displacenment ;
s = angleq}otation with »espect to initial direction
of member ;
r = P/Py ;
% = angle of sway with respoet n initip) Airceticn of
membar, VIT:
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INTRODUCTION

General :

Existing metlods of design used for steel structures
and based on.elastic theory are empirical methods of un-
inown accuracy. The natural growth of these methods has
led to comparing the behaviour of struts in structures
with. that of isolated struts. Thus, the buckling length
of any member was assumed a constans fraction of ivs the-
oritical length. These methods have not led to anything
more than empirical methods which may be over-generous.
Therefore, it is necessary to find the elastic critical
loads for a complete structure. This is not difficult
when calculations are carried out by means of the elec-

tronic computers.

The thesis presented is carried out with the intent
te two main objects. The first is teo determine the ela-
stic critieal loading pattern, as well as the buckling
lensthe of a sets of rigidly-Jointed plane trusses for
various stiffnesses of upper chord, lower chord and web
sembers to be considered as a design data for civil Eneg-
ineers. The second is to study the affect of all the se-
condary affects on the elastic criticel loads of rizidly-

Jointed trusses.

vin-jointed, statically deberminate trusses “resent

ivy proplem, since axial loads are directly wroportional U
X
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the applied loads. Each compression member acts as a pin
ended strut for which the critical buckling load 1s equal
~o its muler load ( P.. = P = 712 EI/L2 ). Any combin-
stien of loading, which will cause the stress 1n any of

the compression members to reach its critical value, will

ceuse failure of the whole truss.

Rigid-jointed statically'determinate trusses (i.e.
trucses that are statically determinate in their primary
atresses) are the most fruisful for discussion because of
their practical importance. The compression members in
such trusses will not act independently because of the
secondary moments involved and the buckling loads ¢t thece
sembers are not reached untill the cembination of loading
or the truss causes instability of the whole truss. To 8
olcse approximation, the axial loads in such Trusses are

crounrtional to the applied loads.

Rigid-jointed statically indeterminate trusses differ
from statically determinate trusses as the axial forces
are not proportional to the applied loads. This due to

the inclusion of the secondary effects.

Four programumes have been conatructed by the author.
Detailed write-up of these programnes requires a lot of
crsce , theorefore, it has been decided %O describe  the
firct programme 1n full details and to describe the main
iinen of the other progrimmes with the aid of flow diag.=""

X
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ta show how the solution can be czrried ~ut.

Three methods of analysis are performed. The first is
g cimnlified method which neglects the Joint translation
and the axial forces in the bruss menhers are calculated
on the assumption of pin-jointed conrcctions. This method
is based on the investigation of distorted configuration
a1 “ne truse relatea to chosen disturcances. The second
is arn accurate anaslysis which studies the effect of Joins
translation and the change in the axial forces due to the
chear in the members caused by the secondary moments.
The third is a more accurate analysis which includes the

rollowing effects :

1—- Lffect of joint translabion ;

¢ Effect of the change in the axial forces due ho
the ghears 1n members i

45— Effect of the change in geometry of the deflected
truss, i.e. the change in the angles of inclination
and lengths

4- Bffect of the difference between the arc length and

the strained length of members (bowirg effect).

The gecond and the third methods of analysis are baizl
on thne investigation of the stiffnegs matrix for the whole

crass related to the actual aprilied losas.

X1
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General Assumption :

The study is based on the following basic assumptions :

1= Ruckling oubside the plans of the truss is prevented.
-~ The truss is perfectly elastic.

S The deflections of the members are small.

4—  The members are initially perfectly straight and

without end eccentricities.

5- The centSreid and the shear centre of any cross-
section both occur in the plane of the truss.
This condition satisfied for plane ‘trusses wiil
loads acting in the planme of the truss only, the
members all having axes of symmetry within that
plane. {(The stability functions s & ¢ may cr-y
pe aprlied to such a member if it is so consira-
ired contimuously aleng its length that twistirz

avout the longitudinal axis is everywhere rrevented).

The first assumption means that any member is under-
goinc flexure about one principal axis only, =znd that be-
nding about the other principal axis (i.e. out of the plene
5% +tne truss) does not occur. The second assumption mecns
trzt the stress-strain relationship is assumed to be in-
d=finitely elastic. The third assumptiocn involves the
s-veripe differential equations which express the reiat-
i~nship between bending moment and deflecticn. Let us
exqﬁinéwfollowing expressions

XIT
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sguation (b) is the more exact relationship. But eguat-
ior (a) is a good approximation if the deflection is sm-
atl. The third assumption implies that the equaticn (a),
net equation (b) is used for the analysis, The fourth
and fifth assumptions also limits the scope of the pre-

sent work.

e o o e ke

This thesis consists of five chapters :

Chapter i presents a review of the previous work.
wost of the work asvailable up till now which deals with

the critical loads of complste trusses 1s given.

Chapter II deals mainly with the determination of
the buckling loads and buckling lengths of a setb of sta-
“lecally determinate rigidly-Jjointed plane trusses accor-
ding to the simplified method of analysis which is z very
successful method for such trusses. The effsct of infin-

:oely rigid gusset plates 1s also included.

In chapter 111 the additional effects of Jjoint tra-
rslation and shearing forces on the buckling loads of

trusses are studied for the cases of statically determinate
XIrI
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