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Large Plastic and Viscous Deformations of Dynamically Loaded Structures

Les grandes déformations plastiques et visqueuses des structures sous charge
dynamique

Grosse plastische und viskose Verformungen dynamisch belasteter Konstruktionen

1. INTRODUCTICH

The gsneral recort points out very clearly that under statical
conditione tne plecstic and viscous deformations and the effects of
geometry chenges influence significantly the ultimate behavior of
structures. The purpose of this report is to illustrate, that these
phenomena play even more important role in structures which are
subjected to impulsive or pressure (blast-type) lozding and undertake
lar-e deformations. At this specicl kind of lozding the meaximum
deflections and the load carrying capacity depend on the energy which
can be absoroved by the structure. In case of elasto-plsstic materizal
the plsstic energy dissipation capacity is usuelly dominant and
allowing moderately large plastic deformations the changes in geometry
also influence its magnitude in a considerably manner. In addition,
some materials (e.g. mild steel) are sensitive to strain-rate,
therefore, considering rapid lo:ding the viscous properties can have
also an important effect.

The exact analysis of this kind of problems even at very simple
structures results in fairly ccmplicatecd celculations, which cannot
be used widely in the practice (see e.g. [6,7]). In order to overcome
these difficulties among others a simple approximate metnod has been
elaborated for the estimation of the permanent deflections [4,5,8].
This method will form the besis of our forthcoming investigation.

2, TH& CONCEPT OF THE A~PROJIMATE MnTHOD

The stete of a rigid-plastic structure with density § is
cheracterized by the displacement, velocity and acceleration fields

* .
Ujy Uy and U .

At pressure lozding the externul pressure can be described in
the form Ti = p(t)Tg. Here T? is the function of coordinates x.

i
and defines the distribution of loading, while the load parameter
p(t) gives its magnitude in any instant of time. In our investigations

if 0<t <t p(t)=p,
if  t >t p(t)=0,
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The initiazl conditions of motion cre: at =0, uy
At impulsive loeding p(%)=0, but an initial velocity field

Vi is prescribed: at =0, ui=O, ui=vi.

:ui:O.

During the dynamic response the displacements of the structure
change not only their magnitude but their distribution, as well
(travelling hinges etc.). Consequently, they can be expressed in
the general form ui(xi,t). The aim of our approximate method is

to replace the actual displacements by a stacionary kinemectically
adaissible diSpiacement field uy which can be expressed in a
product form ui=wo(t)u§(xi). Using this mode approximation the

determination of the mexzimum permecnent displacements is reduced
to the solution of a one-dezree-of-freedom system [8]. The
differential equation of motion of this equivalent system is

W, = K[p(t) - r(t)] (1)
j o} Cc
P u
where K = i % a (2)

A
%fui ug av

and r(t) is the rcsistance displeyed by the structure under
quasi-static conditions.This function can also be approximsted
in a produict-form

r(t) = Py rl(wo)re(&o) (3)

where Pe is the siwmple collapse load factor and Ty and r,

express the influence of changes in geometry and strain-rate
sensitivity, respectively. They all zre¢ related with the pre-
dicted displacement ficld ug s

In most structures Ty and r, can be expressed in the
simple form:

rq = 1 + zlwg 5 r, = 1 + zawﬁ . (4)

Here Zgy Zpy D and m are constants, Wozwo/H and H 1is a

characteristic dimension (thickness) of the structure. Then,
equation (1) can be transformed as bellow.

a/ Pressure loading:

2 2
d W A

aw_ |\ 12
TRNESALNE-

e 1 + z2,w_ [|1 + 2 = 5
a® - A° to aT 7 (>)
Where T = t/t, A= KI°/Hp,, I = p t,, 1 = Dy/p,
and ir 0<t<1, d =1,
if T>1 d = o.
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b/ Impulsive loadins:

2 2 m
d~w v aw
0 0 n ! 0
-——-—-+-—~1+zw[;L+z(————)_/=O (6}
dte )b 1 o] 5 Vo dat
Here z.j = vlgz2 and Yy = VO/H. The latter denotes the parameter

of the initial velocity field and can be determined from the impulse
I, wich represents the dynamic pressure.

The purpose of our investigation is to determine the maximum
value of % when the structure is in rest: i.e. at t:tf, WO=O,

and wozwgax. Then, the maximum permanent displacements can be

estimated:
u?axajlwgax ug
Using the present approximats method the investigation of
different problems is relatively simple. The quasi-static solutions
are available in the literature or can be gained by the suitable
assumption of the functions (4). The non-linear second order
differential equations (5) and” (6), respectively, are to be solved

numerically.

5. APPLICATIONS

In order to illustrate the application of the method and the
influence of geometry changes and viscous effects on the dynamic
response of structures some results of our investigutions will be
presented.

5.1 CIRCULAR FLATE

The simply supported circular rigid-viscoplastic plate with
outer radius r=R and fully plastic moment MO is subjected to

a uniformely distributed dynamic pressure represented by an impulse
per unit area(I}.The transverse deflections and the initial
velocities are assumed

T
wo(t)(j‘ - 'E)
T
voll - ﬁ)
Here VO=VO/H and from dynamical consideraticns V = 2 Iég,/%:j?H.
. : 2 <
The simple collapse loed factor is pc=6Mo/R and according to
equation (é) K=2/u.

The effect of membrane forces at large deflections will be
taken into account by choosing z1=1/5 and n=2 1in equation (5)

[1]. The influence of strainrats sensitivity in steel plates can
be also significant. In case of %inear viscosity the parameters of
equation (6) are zé:O,8(HVO/VrR.), m’=1. Here the viscous constant
A can be determined from e iﬁ%@eﬂts [5]. In case of non-linear
Viscosity Zg = l,lBCHVO/2DR%§ y where for steel m"=1/5 and
D=40,4 sect [EJ.

w

v

"



44 la— LARGE PLASTIC AND VISCOUS DEFORMATIONS OF DYNAMICALLY LOADED STRUCTURES

Some results of our investigations are plotted in Fig.l.
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Fig.l. Circular plate under impulsive loading.

Here, for the sake of comparison, N.Jones’ more accurate solution
and the results of the simple bending theory are also illustrated
[6,7) . Fig.2. represents the maximum permanent deflesctions in
case when the structure is subjected to a pressure loading and the
viscous effects are not taken into consideration.

3.2 SHALLOV SPHIRICAL SHELL

Consider a rigid-plastic shallow spherical membrane shell
whith a hinged edge and subjected to an internasl dynamic pressure
uniformly distributed over the plane (Fig.}.). According to the
membrane solution the siample collapse load factor is pC=2NO/R,

N = GbH and assuming the trensverse deflections in the form

0
W = wo(t)[l - (%)d]

the consiant defined by equation (2) is K=3/2M . As the quasi-
-static solution of problem shows [9] taking into consideration

the influence of changes in seometry the paramsters in equation 5)
can be chosen as n=1,

2 . - . _
Zq = (R/EXL/R) and omitting the viscous effects Z5= 0.
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Fig.3., Spherical shell under pressure loading.
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To illustrate the results the maximum Bermanent deflections
in the function of 7 = po/pc and .13 = 1 R//ZHNO for the para-

meters R/H=25 and L/R=sina= 0,20 are given in Fig.3.
3.3 PORTAL FRAME

Consider an encastred rigid-plastic portal frame with
constant fully plastic moment M, subjected to constant vertical
loads V and to uniformely distributed horizontal dynamic pressure
p(t) (Fig.4.) . Assuming plastic hinges at the top and the bottom of
the columns the simple collapse load factor and the constant defi-
ned by equation (2) can be obtained pc=8M0/L2 and K=5/2/6- Here

Mo, is the mass per unit length.

In our former examples the changes in geometry were increasing
the resistance of the structure. At the present problem, however,
during the horizontal displacements the increzsing moments caused
by the vertical loads are decreasing the resistance of the frame.

Taking into account this effect the parameters of equation (5) can
be determined from simple stetical considerations: 21=4V/pCI)H/LAn=1

and omitting the viscous sefiects 22:0.

Using the parameters H/L=1/10 and V/PCL=5 the maximum ho-
rizontal displacements in the function of‘l4 = I2L24QOHMO are

illustreted in Fig.4. Here H denotes the constant heigth of ths
cross-sections.

_ R
lffaHM,

40 50

Fig.4. Portal frame under pressure loading.
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4, CONCLUSIONS

According to our investigutions the changes in geometry can
influsnce the maximum permsnent derlection oif structurcs
significantly. In particular this effect is very important when as
a conseguence of compressive forces the rcsistance of the structure
is of derceasing cheractsr. Then, the nezlection of +the second
order effects is at the salfety’s cost. The strain-rate sensitivity
even in steel structurcs does not have a great iuportance.

Whenever the load-deflection and deflection-rate relation of
the corresponding static problcem is known or can be described
approximately, the method prssented can be used for the rapid
calculation of the maximum pe¢rmanent deflections of any kind of
structures subjected to pressure or impulsive loading. The idea of
the method can be extended for the investiguztion oT other piecewise
linear or non-linear phenomena as e.g. strzin-hardening and elasto-
-plustic deformations.
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SUMMARY

An approximate method is presented for the prediction of the
maximum permanent deflections of structurces undertaking large
plastic and visco-plastic deformations under impulsive or pressure
loading. As illustrative examples a circular plate, a shallow
spherical shell and a portal frame are investigated. According
to the numerical results mainly the effect of changes in geometry

can influence the response of dynamically loaded structurcs
significantly.
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