SEISMIC RESPCONSE OF RET!ICULAR ELASTO-PLASTIC STRUCTURES
by

A. La Tegolaland Ga Saréll

SYNOPSIS

After some references to the elasto-plastic behaviour of
trusses, an incremental approach for trusses submitted to
dynamic or in particular to geismic actions is proposed.
Plastic flow and columns instability effects are pointed out.
Some numerical examples illustrate the proposed procedure.

INTRODUCT 10N

In the analysis of the truss seismic response is essen-
tial to consider the plastic range. Another important aspect
of the problem is the columns behaviour in the post-critical
fields It is well known that the vibration amplitude is redu-
ced, when we consider the plastic range, also in the case of
resonance problems, owing to the plastic dissipation of energy.
This is not valid in the case of columns buckling: plasticity
makes unstable the column post-critical configurations and
reduces structure stiffness. [n the dynamic analysis it is
necessary to refer to the real elasto-plastic equilibrium con-
ditions of the members. Moreover, owing to the variable and
repeated character of the loading, members wich are in an un-
stable configuration may be subsequently recovered to the
structure strenght, which is also connected to the loading
process.,

The problem, solved by following the structure behaviour
step by step, leads to the solution of non-linear equations
systems that can be linearized operating by sufficiently small
increments. The incremental solution, because of the member
constitutive law characteristics,can have some discontinuities
to ke taken into account in the definition of each step start-
ing conditions,

BASIC EQUATIONS

With reference to the rectangular axes x, y, z, the geo-
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metry of the space reticular structure, whose Joints are
A.(x., y., z, ), is defined by the length and the axis direc-

tion-cosines 'of the generic member A. v AJ

e.'z\[AX?)*'A}’Uz'*AZU (1)

(=B s ()= Ba s ()= B2
The member length varlations, due to the joints displa-
cements uos Vi Woo are given by :

Aly = (et Du+ (o) Dy + (L2l Awy (2)

where A ( )y is ( %'-( )i

Because of the displacement increments Jw, Jvi, Jwi,
referred to the initial configuration, the following length
variation increments takes place :

The incremental Jotnt equ:llb rium equations, for the load
increments o X % S, B) Y ) dz.(r ), at the instant gL g (r IL
+ " s are g i
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where N. . represent the axial forces of the
kK memberd connedted by thedj Joint, being the tensile forces
positive; m. is the mass concentrated in the i joint; ax ’
i+ a_. are the acceleration components of the mass m.
"'The Elnematic quantities at the instant t (") can be express—
ed, as shown in {1 : by:
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(r) ° (r r (r
where s, ), vi( ), ai( ), 5ai( ) represent respectively the
displacement, velocity, accelgyation, acceleration increment
of joint i, at the instant t s with the following components:

U tf,q A xj 3ax3
Si=| W ;o Yz | W | S| Qv 5a;: day; : (6)
\7 v Jz; Qzj é Azi

»

The member force elongation relationships for the various
phases have been given in [2],[3],[4] under the following sim-
plifying hypotheses:

a) members hinged at the joints;

b) bilateral indefinite bending moment-curvature diagram;

c) linearized M, N dominium;

d) member deformability concentrated in the middle;

e) equilibrium biforcation owing to the stability linear theory.

These relationships, with reference to the various curves
of fig. 1, are specified by the following equations.

- curve (a) (elastic behaviour)

>
For Npp o <Ny <Ny (Ng; Noij)

we have:

SNy= EAu_ §(Aly) (7)
3
where N_. . is the eulerian critical load, N .. the ultimate

i . " ol
normal Eéﬂsnle force, Ai‘ the cross-section alea of the
member ij. J

- curve (b) (plastic behaviour)

For Nij =N i CS(Alzu) = Q

we have: d Nij =0 (8)
- curve (a’) (elastic behaviour)

The first step into the (a’) curve (point B) takes place

when:
N..=N .., (AL )<o
1) o1} 1y

and we have:
ij
- curve (c) (elastic behaviour)

For: Nij = NEiJ ’ Zﬁ?ijq> (ZSPij)D

— 1405 —



we have: IN.. =0 (10)

2 2
with: (AP-) _lie Ny 2 di | 1o Ney
3/ y %o N
Nojj Py Eij
being €, the maximum elastic strain and d.. = IM i'//Noij(
the ratio between the ultimate values of the benglﬂg moment

and the axial force

. curve (d) (plastic behaviour)
The first step into the curve (d) (point D) corresponds to

the condition:

[X&i= (ASQJD

If we have: (A(Agij) ) <
d Njj )

the constitutive law is given by:

IN;i = Nojj () (11)
! d% 1+ Nij./ Noij ( :
f,-j (Nij/ Nojj )3

under the condition:é(ﬁiPiJ)é 0.

But in the case of:

d Nj; )
it is not possible to follow the (d) curve in the tract
starting from the point D: at such a tract do not correspond
indeed possible incremental equilibrium configurations of
the structure.
A possible equilibrium configuration takes place at the point
of the (d) curve defined by the intersection with the straight
line of equation Af{. . = (Al .).. We have therefore a sudden
variation of the membe? force. onsequently in the next step
it is necessary to take into account the inertia forces incre-
ments in order to re-establish the dynamic equilibrium of the
Joints at the extremities.

& elj + 4

- curve (e) (elastic behaviour).
If at some point F of the (d) curve we have Z&?..>>O the mem-
ber returns into the elastic range and the constitutive law

is given by:
cSNij: 1N0l'j z S (A 2'1)
€olij+ 4 dij (4+ Noij ) ((fo)ﬁ- Nsijg) Noij (12)
i\ (Nide/ (N = Neyp)
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under the condition : Nij<:(Nij)H'

- curve (f) (plastic behaviour).
When following the (e) curve we have N.. = (N. ), the con-
stitutive law becomes: tJ iJ°H

INij= Moi; S(AL)
gL+ 4 di _4- NNy (13)
bi; (Nij/ Noij )’

under the conditions: é([§£.|)ao and N. . < N . .,
1J iJ oiJ

- curve (g) (elastic behaviour).
If in a point | of the (f) curve we have éﬂﬁﬁ..)<0 the mem-
ber returns into the elastic range and the condtitutive law
is given by:

JNU: Noij . _ é(Aeij)
e Gij+ 451_"21(1 _ Noij ) ((Nij)erz N
&j N}/ (Nij - Negj)

In the case we have plastic tensile strain (Af..) the
constitutive law curves translate into the direction of the
abscissa axis of the quantity AB = (AL, ) (Fige 1).

Therefore the incremental re!ationéﬁigs do not change
while the limit values of the elongations are modified of the
quantity (ZXfiJ) .

(14)

oij

r
NUMERICAL SOLUTION

The numerical solution of the equation system (1) is
obtained through the classical procedure of the incremental
solutions. At each step the validity of the solution is check-
ed both regarding the effective correspondence between the
constitutive law assumed for each member and its instantaneous
forces and elongations values, and regarding the required
approximation degree.

SOME EXAMPLES

Some numerical applications are developed referring to the
structure of fig. 2. In an initial phase we consider a vertical
loading statically applied given by the weight forces. In a
subsequent dynamic phase we suppose to submit the structure
supports to equal horizontal displacementsfollowing the law:
u(t) =u sin wt.

In ?ig. 3 is reported the time-displacements diagram re-
lative to the (1) and (2) joints.
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