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Abstract

Dynamic plastic behavior of a rigid-plastic simply supported circular plate under moderate partial
uniformly distributed impulsive load is complemented by using a unified yield criterion which consists of a
generic of convex piecewise linear yield criteria. Upper bound and lower bound plastic responses of the plate
under rectangular pulse are obtained; response behavior of the plate with respect to the Mises criterion is
derived by a proximal manner. The inconstant circumferential moment distribution and the non-linear flow
velocity distribution in the periods corresponding to the two motion phases are suggested in this paper.
Static and kinematic admissibility of the dynamic plastic solutions is discussed and two types of moment
profiles for the plates under intense dynamic load are supposed for studying in the future. © 1999 Elsevier
Science Ltd. All rights reserved.

Nomenclature
01,03,03,0
T135 T125 T3

b

a,b; (i=1,2)
M, M, M,

0,P

T, T,t

i

R,a

k,, k,

C1i» Cay €335 €4 (I = 1,4)

principal stresses and uniaxial tensile strength

principal shear stresses

weighting coeflicient in the unified yield criterion

coeflicients in the unified yield criterion

radial bending moment, circumferential bending moment and ultimate
bending moment

transverse shear force and rectangular impulsive load

duration of pulse, duration of and actual response time, respectively
mass per unit area

radius variable and radius of circular plate

dimensionless radial and circumferential curvature rates

integral constants of velocity fields and moment fields

* Corresponding author. Fax: 0081 19 621 6460; E-mail: miyamoto@iwate-u.ac.jp

0020-7683/99/$ - see front matter © 1999 Elsevier Science Ltd. All rights reserved
PII1: S0020-7683(98)00130-9



3258 G. Ma et al. | International Journal of Solids and Structures 36 (1999) 3257-3275

Fpo Ty, Fay T dimensionless loading radius, dividing radius of the first phase of motion,
the second phase of motion and the static plastic limit state

DPos Ds> D dimensionless impulsive load, static plastic limit load and maximum
statically admissible impulsive load

n response delaying factor

W, W, actual displacement response of the plate, permanently deformed
transverse displacements at the plate center

Wy, Wi, Wa, Wy dimensionless velocity and acceleration responses of the two motion
phases

o, oy statically admissible loading factor and maximum admissible loading
factor

k, kinetic energy absorbed during the first phase of motion

Dimensionless variables
r=Rla,m, = M,/My, my= MM, p=Pa*/M,, q = 0Q,a*/M,, u = fia’/M,, w= Wa.

1. Introduction

Static deformation of elasto-plastic structures applies only if the loading magnitude is less than
the plastic collapse force. With impact or explosive blast loading, however the structures can be
subjected to an intense but short duration pressure or force pulse that exceeds the plastic collapse
force. The dynamic plastic behavior of beams is investigated sufficiently in the past (Stronge and
Yu, 1993), however, there are some difficulties to get the analytical solution for plate and shell in
dynamic plastic deformation state because of the complicated constitutive model. Circular plates
as special structures are always examined by analytical method for their axisymmetric charac-
teristics. Exact theoretical solutions to dynamic response of a rigid, perfectly plastic simply sup-
ported circular plate subjected to dynamic load have been studied at first by Hopkins and Prager
(1954). In the past forty years, a number of studies (Jones and Oliveira, 1980; Jones, 1989; Florence,
1977; Symonds and Wierzbicki, 1979) have focused on this subject by introducing various boundary
conditions, loading conditions and plastic flow assumptions for circular plate. So far, the above
studies are all on the basis of the Tresca yield criterion, namely maximum shear stress yield
criterion. Little attention has been paid to investigate the influence of yield criteria on the dynamic
plastic behavior of circular plates. In fact, strength envelopes of a great of metal materials are in
agreement with the Mises criterion; strength envelopes of some mild steel and aluminum alloy
close to the twin shear stress yield criterion (Yu, 1983), or the maximum principal deviatoric stress
yield criterion (Hill, 1951). Based on the twin shear stress yield assumption, Yu and He (1991)
supposed a unified yield criterion (UYC) by introducing a weighting coefficient in the twin shear
stress yield criterion. The Tresca yield criterion is a special case of the UYC, and the Mises yield
criterion can be lineally approximated by the UYC. Investigating the dynamic plastic response
behavior in view of the UYC has theoretical significance and wide-range applications. The math-
ematical expression of the UYC is piecewise linear, so it can be conveniently used to perform
plastic limit analyses of axisymmetric structures. The authors presented the exact static plastic
solutions of simply supported circular plates subjected to partial uniform distributed pressure in
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view of the UYC (Ma et al., 1995). In this paper, dynamic plastic responses are obtained for
circular plate subjected to a uniformly distributed moderate pulse with rectangular pressure-time
history. The entire plate is divided into two different regions corresponding to two related yield
lines. A series of results in specific conditions of the UYC are derived and compared mutually.

2. Unified yield criterion

Based on orthogonal octahedron of twin shear element model (Yu, 1983), the UYC assumes
that materials fail when a certain function of the two bigger principal shear stresses reaches a limit
value. The mathematical expression of the UYC is

Tl3 +b‘512 = C When le 2 T23 (la)
Tl3 +bfz3 == C When T]z < T23 (lb)

where 7,5, 7, and 7, are principal shear stresses and t,; =(0,—03)/2; 7, =(6,—0,)/2; and
T3 =(0,—03)/2; 6,, g, and o5 are principal stresses and ¢, = g, = g;; C is material strength
parameter; and b is a weighting coefficient that reflects the influence of the intermediate principal
shear stress. Figure 1 shows the projection in deviatoric plane of limit surface of UYC in triaxial
stress state. Rewriting (1a, b) in terms of principal stresses, it has

1 1
o — m(baz +0;) =0, wheno, < 5(0'1 +03) (22)

1 1
m(al +b0,)—05 =0, wheno, 25(0'1 +03) (2b)

where o, is uniaxial yield strength, b reflects the effect of intermediate principal stress o, on material

b=0.5 G1

Fig. 1. UYC in deviatoric plane.
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strength. When b varies from 0-1, a family of convex yield criteria those are suitable for different
kinds of materials are deduced. In particular, it becomes the Tresca criterion when b = 0 in the
UYC. The maximum principal deviatoric stress criterion or the twin shear stress criterion is
obtained when b = 1. The Mises criterion can be approximated by the UYC of b = 0.5. Expression
of the UYC is obviously a piecewise linear function.

3. Dynamic equations and boundary conditions

The simply supported circular plate with radius ¢ and thickness / which is subjected to a partial
uniformly distributed transverse load P is assumed that plastic flow of the material obeys the
unified yield criterion. Clearly, a rigid, perfectly plastic circular plate accelerates when it is subjected
to larger pressures which satisfy the inequality P > P, here P, is the static plastic limit load, if the
pressure is released for a short time. The plate reaches an equilibrium position (with a deformed
profile) when all the external dynamic energy has been expended as plastic work. It is convenient
to divide the subsequent analysis into the two phases 0 < 7 < 1; 7 < ¢ < T for a moderate impulsive
loading, where 7 is the duration of pulse and T is the duration of response.

Using the dimensionless variables defined in notation, the governing equations of circular plates
are as follows

o(rm,)[0r—my—rq =0 3)

o(rq)/0r+rp—puri = 0 “)
and

k, = —0*Ww/or?, ky= —(0w/or)/r (5a,b)

where p is a partial uniformly distributed rectangular load. In the first of motion (0 < 7 < 1), it
has

po 0<r<r
p={° ) ()

and in the second phase of motion (r < 7 < T), it becomes

p=0 (7

where r, is dimensionless loading radius.

The yield condition is controlled by the generalized stresses m, and m,. Figure 2 shows the yield
lines of the unified yield criterion in m,—m, space. In plastic limit state, moments of the plate center
(r = 0) satisfies m, = m, = 1 (point A in Fig. 2), the simply supported edge (r = 1) satisfies m, = 0
(point C in Fig. 2). Bending moments of all the points in the plate are located in the sides AB and
BC for the normality requirement of plasticity (Drucker’s postulate). The yield conditions of AB
and BC in Fig. 2 are expressed as follows,

my =am,+b, (i=1,2) ®)
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b=0.5
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Fig. 2. Unified yield criterion in m,—m, space.

where a; and b, are constants, they are a, = —b, b, = 1+ b, a, = b/1+b and b, = 1 corresponding
to the two sides AB (i = 1) and BC (i = 2).
According to associated flow rule, there are
k, = A0F|om,, ky= A0F/om, 9)

where Fin eqn (9) is plastic potential which is the same as the yield function. Thus, the following
equation is deduced,

kr = _aik() (10)
Equations (3) and (4) with the aid of eqn (8) give the moment governing equation as follows
0*(rm,)|0r* —a; 0m,[0r = —rp+ urv (11)

Governing equation of the transverse velocity is derived as the following by substituting eqn
(5a, b) into eqn (10)

0*w/or +a; 0w/(ror) =0 (12)

4. First phase of motion (0 <7 < 1)

In the first phase of motion, the plate is subjected to a constant loading p, in the inner
region 0 < r <, Integrating eqn (12) twice with respect to r predicts the transverse velocity
corresponding to the two sides as follows

(13)

. e 4ey 0<r<r
W=,

~ ~
\ 1 —a, . <r<li
Cial "2 +Cypy 1 ST
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(b) P :

Fig. 3. (a) Case 1 r, < ry; (b) Case 21, > ry.

where, ¢,;, ¢,; (i = 1,2) are integral constants; r, is the dividing radius where the moments are
locating at point B in Fig. 2; w, is the velocity response of the plate center which is a function of
time ¢. Continuity and boundary conditions of velocity are (1) w(r = 0) =Hw,; (2) w(r =r,) and
dw/dr(r = r,) are continuous; and (3) w(r = 1) = 0. Considering these conditions, the constants
¢y; and ¢,; in eqn (13) are then derived as,

rl—b(2+b)(l+b)
(145 —Qb+bHr

(14b)°
C(14+b)2—@Qb+b)r /0D

There are two cases of moment response during the first phase of motion as shown, respectively,
in Fig. 3a and b. For both the two cases, the boundary conditions and continuity conditions of
radial moment are: (4) m,(r = 0) = 1; (5) m,.(r = ry) is continuous, and equals (1+5)/(2+5b); (6)
om,[0r(r = r,) is continuous; (7) m,(r = r,) is continuous; (8) dm,/dr(r = r,) is continuous; and (9)
m,(r = 1) = 0. The conditions (6) and (8) are deduced from the continuity of shear force ¢ in eqn
(3) with the aid of continuity of m, and m,,.

and

Cip = ey =1

Cip = —Cyp =

4.1. Casel (r, <1))

For the first case, that the plate is subjected to a rectangular impulsive loading p, with r, < r,,
the moment response field is derived by integrating eqn (11) twice with respect to r as follows

- _Po‘f‘ﬂw’lczlrQ Wiy

e o i 0<r< 14
M =G ay) Goa@d—2a)" T e Usrsn (142)
_ B, Hicy 3—ay | . a—l4a . <r< 14b
" oG—an” T Goan@—2ay” T T SIS (14b)
_ uwicrn wwicy, 3—a, “l4a, <r<l 14
M =6 T Gm)@—2ay T T MSTS (140)

where ¢;;, ¢4; (i =1,2,3) are integral constants and they are derived from the continuity and
boundary conditions (4)—(9) as

3—a 2
Dol Polp
— - o 1 = -~ i = 1_7
C3q O, Caq , C32 (l_al)(3_al)’ Ca2 2(1—(11)
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1+b ﬂwlczz p MWICIZ B B
= | — — 1—73)— (1 —p3— 1—prl+a
s [ 246 20—a)" VT Goa)@—2ay T[T
1+b 1 UW €y Uwicyy _
S — - —a, 1_ 3—ay\ __ /1_ 4—2a, 1_ 1 —a,
o |: 2+br1 2(3—612)( n ) (3—02)(4—2612)\ g ) ( i )

as well as

3—a,

B—a,)(4—2a,) 1 POV; Do’ —14a

v, = — — r 15
a (2—a1>r%+cnr%-“[ 246 21—y (—a)Ga) } (13)

and the dividing radius r, satisfies

.. 1 €22 + i cnriT e
P — — W —
B3 g, 73— ) TH M 4200, T 424,

+(a; —Desor > T —(ay = Deszr 272 =0 (16)

For given rectangular impulsive loading p, and loading bearing radius r,, r, can be calculated
from eqn (16) by half interval search in the range of (r,, 1) with the aid of eqn (15) and the
expression of all the integral constants.

4.2. Case?2 (r, = 1))

When the loading radius is larger with inequality r, > r;, it leads to Case 2. The moment
distribution is expressed as follows by integrating eqn (11) twice again

—Do+WiCa1 Uwi ey 3-a “lta,
L= “ “tey 0<r< 17a
mil 2(3_al) r (3—a1)(4—2a1)r +C31r +(/41 r rl ( )
—Potuwicyn , Wi ey 3—a, iy
= Sma o <r<r 17b
m, 23—a,) r +(3_a2)(4_2a2)” + 307 +cC4n 1 P ( )
w,ce w,c
My = HUWiCas 2+ Uwi€yo r3_a2—{—c33l’_1+”2+6’43 r, <r< 1 (17C)

T23—ay)’ T B—a)(4—2ay)

According to the boundary conditions and continuous conditions (4)—(9), the integral constants
are rewritten as

31 =0, ¢ =1

. . , 3_ 3_
b, 1 wi, . ) > Py (i e
= +5 (c2o—Ca)ri— -

l—a, 21—a, l—a,\ 3—a, 3—a,

I e L E B S LI S
2724 T 263w T Gran@—2a) "

C42

7”? 1+a,
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3—a 2
Dol 14 Polp —i-
C3z = 1 3 +C32, C43 = CapF+C320, “— 2(3 —C337p “
(1—ay)(3—a,) (3—as)

as well as

 Q+Db)peri —2(3+b)
Q+b)yri+c i’

and r, satisfies

Wy Cay wwicy,

22—a)  (B—ay)(4—-2a,)

The dividing radius r, in the eqn (19) is calculated similar to eqn (16) by using half interval
search in the range of (0, r,). The moment fields of Case 2 are then determined after substituting
r, back into all the integral constants and eqns (17) and (18).

For a given impulsive load P which satisfies the static and kinematic admissibility, there is a
critical state between the two cases shown, respectively, in Fig. 3a and b. The critical dividing
radius r,, is obtained from the particular case of r;, = r, = r,. Then, if the actual loading radius is
less than the critical dividing radius r,,, the moment response fields are calculated using Case 1. If
not then using Case 2.

Equations (16) and (18) show that 1, is a constant during the first phase of motion. The
transverse displacement and velocity at the end of the phase of motion for both cases are,

+C33 +C43 :O (19)

w=wt (e )2 ((=1,2) (20)
and
W= t(e ! )2 (i=1,2) 21)
respectively. Equation (21) leads to a kinetic energy
k, = tuMyawit* K (22)
where
(c11)? 2¢y1093 (¢21)? (c1»)?
K= 4—2a, 3—a 2 /1_ 4—2a,
i LI L R N
2¢,5c B (€2,)?
3o, U+ (=)

which is dissipated plastically during the second phase of motion

5. Second phase of motion (t <t < 7T)

The circular plate is unloaded during this phase of motion and, therefore p = 0 on the whole
plate. But plastic deformation continues in order to dissipate the kinetic energy present in the plate
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at t = 1. The transverse velocity profile during this phase of motion has the same form as eqn (13)
of the first phase of motion except the dividing radius r, is replaced by r,. Identical to the first
phase of motion, the moment response field is again obtained as

WWaCay WWsCy

— 3—a —1+a . < < 2
m,, 2(3_a1)r +(3—a1)(4—2a1)r 4y 7 +cyy 0<r<r, (23a)

_ UW3 €y 2 UWsCy o
23—a,) (B—a))(4—2a,)

m,, P e, T e, o <r<l (23b)

The boundary and continuity conditions to (10) m.(r = 0) = 1; (11) m,(r = r,) is continuous,
and equals (1+5)/(2+b); (12) 0m,/0r(r = r,) is continuous; and (13) m,(r = 1) = 1. Thus, the
integral constants are calculated again as

C3l = O, 641 = 1
1+b ﬂW2C22 p MWZCIZ — —
— . _ 1_ 2y /1_ 3—a, 1_ 1+a,
C32 [ 2+b 2(3_612)\ 7‘2) (3_a2)(4_2a2)\ r2 ) ( r2 )

1+b 1 WWCan UW;Cpa _ _
= | - " plea ST ] p3-ar)y (1 — 42 1 —pl-a
Cqr |: 2+br2 2(3_a2)( ] ) (3_a2)(4_2a2)\ I ) ( I )

as well as
i —2(3+b)
AWy = 2 3+b (24)
QR+D)yrs+cyr3
and r, satisfy
Wy W,
HUWsCrp UWsCyp 4y tca =0 (25)

2B3—ay)  (B—ay)(4—2a)

where pw, remains constant during the second phase of motion.
A straight integration of eqn (24) with respect to time predicts the transverse displacement at
the plate center

w, zéwz(t—t)z—i—%wlr(%—r) (26)

when eliminating the two constants of integration by ensuring continuity with the transverse
displacement and velocity at the end of the first phase of motion (¢ = 7). W, and W, defined by eqns
(15) and (24), respectively, are independent on time. Equation (26) gives w, = 0 when ¢ = T, where

T=nt 27)
T is the total duration of response and 7 is the response time factor defined as follows,

The associated permanently deformed transverse displacement profile is



3266 G. Ma et al. | International Journal of Solids and Structures 36 (1999) 3257-3275

W= =it =1 (er' ey, i=1,2 (29)

6. Static and kinematic admissibility

When the impulsive time 7 is long enough and the transverse response acceleration W, during
the first phase of motion is equal to 0, the dynamic solutions degenerate to static plastic limit
solutions for the entire plate in plastic state. The static limit loads are derived from eqns (15) or
(18) as

2(1+b)(3+b
po= o 2UHNOED (30)
(2+b)[(3+b)—2(rp/rs) Ir;
or
6+2b
Ps—m (31)

respectively, for the two cases shown in Fig. 3a and b. Where p, is the static plastic limit load; r, is
the dividing radius which divide the plate into two parts with the moment profiles responding to
the two lines AB and BC in Fig. 2. r, calculated from eqn (16) or eqn (19) with the aid of w, = 0
and eqns (30) and (31). The critical dividing radius in static plastic limit state satisfying r,, = r, = r,
is equal to 2~ "*? which has been examined in reference (Ma et al., 1995).

The circular plate can be subjected to a short duration pressure that exceeds the static plastic
limit loading, but it is necessary to demonstrate that the foregoing theoretical solutions do not
violate the yield condition and are, therefore, statically admissible. The radial moment field is a
decrease function according to the yield condition in Fig. 2. In order to avoid a yield violation at
r=0and r = 1 in the bending moment distribution, it is necessary to ensure

om,Jor <0, *m,Jor’ <0 atr=0 (32)
om,Jor <0, *m,Jor >0 atr=1 (33)

For the first phase of motion, dm,/0r(r = 0) = 0 is satisfied automatically at the plate center,
thus it needs only to check d°m,/dr* < 0. Differentiating eqn (14a) or (17a) twice with respect to r,
the static admissible dynamic load should satisfy

Po+uwi; <0 (34)

which predicts the maximum dynamic impulsive loading p,, with the aid of eqns (15) and (16) or
eqns (18) and (19) for the two cases, respectively. Meanwhile, dm,/0r = 0 at r = 1 predicts another
maximum static admissible impulsive load p,, since 0*m,/0r* > 0 is satisfied automatically. Thus,

ALY Uwi o
3—a, 42—a,)

+(=1+ay)c;3 =0 (35)

according to eqns (14c) or (17c). p,, is calculated from eqns (15) and (16) or (18) and (19),
respectively, for the two cases with the aid of eqn (35). The radial bending moment distribution
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during the second phase of motion from eqn (23) is independent of p, and time and is statically
admissible. Thus the static admissible load needs to satisfy the inequality,

Ds < po < pg=min(py, pa) (36)
or

I<a<oa (37)

where p, is maximum statically admissible impulsive loading, « and o, are defined as statically
admissible loading factor and maximum statically admissible loading factor, respectively, and

o= po/ps; %= PalDs (38)

The response acceleration during either the first phase of motion or the second phase of motion
is independent to time and the displacement, velocity and acceleration on the entire plate are
continuous during the entire response time, so the dynamic solutions are obviously kinematically
admissible. The theoretical analysis above with 1 < o < o, is statically admissible while the associ-
ated transverse velocity fields are kinematically admissible. Thus, the solution is exact throughout
the entire response of a rigid, perfectly plastic circular plate.

The moment distributions will violate the yield condition when the impulsive loading P increases
to o = o, In order to avoid this violation, it is convenient to suppose that the moment profiles are
distributed as shown in Fig. 5a and b corresponding to the two violating cases plotted, respectively,
in Fig. 4a and b. The velocity profiles remain as decreasing function; however, the acceleration
responses are not constant and the plastic hinge moves during the response time. The dynamic
solution for the plate under intense impulsive load should be analyzed by numerical method, which
will be examined in the future.

7. Analysis results

The foregoing solutions predict maximum transverse displacement response and minimum
statically admissible impulsive load with respect to the Tresca criterion (b = 0), minimum trans-

15 pmgm, Ls

-Mg, M,

s T. 0.5 ,1

(a) violate the yield condition at =0 (b) violate the yield condition at =1

Fig. 4. Statically inadmissible moment profiles: (a) violate the yield condition at r = 0; (b) violate the yield condition at
r=1.
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me=1 my me=1

(a) r, is larger (b) r, is smaller

Fig. 5. Moment profiles of intense loading: (a) r, is larger, (b) r, is smaller.

verse displacement response and maximum statically admissible impulsive load with respect to the
twin shear stress criterion (b = 1), respectively. Solutions of the Mises criterion are between those
obeying the Tresca criterion and the twin shear stress criterion, and can be approximated by the
special case of the UYC when b = 0.5. For a given impulse loading radius r, and the pulse force
Do satisfying statically admissibility, r; and r, locating in the range of (0, 1) are calculated from
eqns (16) or (19) for the first phase of motion and eqn (25) for the second phase of motion,
respectively. Substituting r, and r, into all the integration constants and corresponding equations,
moment response fields, velocity response fields and displacement response fields of the plate are
then defined for the two motion phases.

Figure 6a and b show the moment fields during the first phase of motion when the plate is
subjected by a uniformly impulsive load (r, = 1) with respect to the three special cases of yield
criterion, with the load factor o = 1 and o = «,, respectively. Figure 7 shows the moment fields
during the second phase of motion which is independent of the loading radius r, and loading
factor a. Figures 8—10 illustrate the permanently deformed transverse displacements, displacement
responses and velocity responses of the plate center for the three special criterion when r, = 1 and
o= oy

Figures 11a, b and 12, show the moment profiles, velocity profiles during the first phase of
motion and the permanently deformed transverse displacements when the plate is subjected to a
concentrated impulsive load with r, = 0.01. The moment fields are singular at the plate center
because the shear force at the center is infinite. The statically admissible impulsive load p, is close
to the static plastic limit load p,, thus we need to apply the assumption shown in Fig. 5b for a fully
rigid-plastic circular plate subjected to concentrated load. It has been proved that the total static
plastic limit load P, = nr, Pa® for concentrated load satisfies P, = 2nM, no matter what the
weighting parameter b is selected (Ma et al., 1995), although the moment fields and velocity fields
are quite different with different yield criteria.

The profile of deformed transverse displacement restore to the profile similar to the case of fully
uniformly distributed load since the dividing radius r, during the second phase of motion is
independent of loading radius r,. The unified yield criterion, besides the special case of the Tresca
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0.5

------ b=0 —©—b=0
- — = b=05 —dA—b=0.5
b=1 —8—b=1

0 L
0 0.2 0.4 0.6 0.8 1

1r

0.5

0

0 0.2 0.4 0.6 0.8 1

Fig. 6. (a) Moment fields during the first phase of motion (o = 1). (b) Moment fields during the first phase of motion
(o = o).

criterion, leads to smooth velocity distribution at the plate center; meanwhile, the velocity profile
varies depending on the loading radius r,. The Tresca criterion as a special case of the unified yield
criterion leads to linear velocity profiles and there is singularity at the plate center for velocity
fields, in spite of r,.

Relation of the maximum statically admissible loading factor «, to loading radius r, is plotted
in Fig. 13, which shows clearly the two loading action regions corresponding to the two statically
admissibility shown in Fig. 4a and b with respect to the three yield criteria. Relation of response
delaying time factor n has a very close outline to Fig. 13 as shown in Fig. 14; however, they
completely overlap when the Tresca criterion is used. It leads to a;, = 2 and # = 2 for the case of
fully uniformly distributed impulsive load, when b = 0, which is the same as the results examined
by Hopkins and Prager (1954).

Figure 15 demonstrates that the effect of yield criteria to the dynamic solution is greater than
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0.5

- — — b=0.5 —A—b=0.5
—_—b1 —F—bel

0 0.5 ;1

Fig. 7. Moment fields during the second phase of motion.

uw, /(p,e*)

30

25 ——b=0

20 —A—b=0.5
—8—b=1

15

C
10

0 1 1 [l L
0 0.2 0.4 0.6 0.8 rl

Fig. 8. Permanently deformed transverse displacements (r, = 1,0 = o).

that to static plastic limit state. Figure 16 shows that the Tresca criterion estimates the maximum
permanent transverse displacement, which has been proved greater than the experimental results
(Jones, 1989).

8. Conclusions

Unified yield criterion with piecewise linear mathematical expression are applied successfully to
analyze the dynamic response behavior for simply supported circular plate under moderate impul-
sive load. A series of analytical results are illustrated to show the effects of yield criteria to dynamic
behavior of the plate. Particularly, the results show, the Tresca criterion (b = 0) leads to maximum
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Fig. 9. Displacement responses at the plate center (r, = 1, = ).
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Fig. 10. Velocity responses at the plate center (r, = 1,0 = o).

transverse displacement response and minimum statically admissible impulsive load. While the
twin shear stress criterion predicting the minimum transverse displacement response and maximum
statically admissible impulsive loading. Solution of the Mises criterion are approximated by the
linear function of the UYC with b = 0.5. This paper clearly illustrated the influences of yield
criteria on the dynamic behavior of the plate. It shows that the influences are greater for the plate
in dynamic plastic limit state than in static plastic limit state.

The solutions of this paper have theoretical meaning and more wider application range. By
choosing a certain material parameter, the unified yield criterion can be applied to all the isotropic
metal materials. The authors suggested two types of moment profiles when the plate is subjected
to partial uniformly distributed intense impulsive load, which will be presented in the future.
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Fig. 11. (a) Moment profiles of the first phase of motion (x = o, r, = 0.01). (b) Velocity profiles of the first phase of
motion (o = o, ry = 0.01).
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Fig. 13. Curves of o, to r,,.
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Fig. 15. Relations of p, and p, to parameter b(r, = 1).
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