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Table 1 Comparison of optimization results for the short

cantilever beam with different cases

Material volume Number of Maximum of D-P

Case
ratio/% iterations  constraints/MPa
Oc =0y 13.528 65 0.0152
oc = 30t 13.948 72 0.0396
oc = 504 19.327 83 0.0325

BB EA D-P AW AE, WEW T HIEBA

4.2 WEXIEREBRIMLLRIT

ME 6 PP g, HER &I ER A A
0.12mx0.06 m, 7245 P34 [ 3. Wit e A ez —J7
M NIRRT EA F = 20N fEH. FrR Ao e
BAHEE KR, KR4 E, = 100 MPa,
HIA WA v = 0.3, FVFH0E 8B A VF U b 8 B A
oc = 4oy = 9.6 MPa. M4 ZH KIXTFRPE, H
o2 FB 4 #EAT 434, SERI4r 24 900(30%30) A~ 8 F5 A
SPTE N 7 6. B0 R BT AR AR X B BEECA 0.5,
XF 1% &5 ¥ 36 AT ML Bt

| 0.12m L

6 W2 I ST 4 B Bt IR
Fig.6 Design domain for a two-side clamped four-point

hinged structure

SR ASCHT D-P i IR UE U 6 MR AL T7 ¥ 1 B
WA INNE 7(a) PR, &id 76 WAL EA K AF,
TR B WA RHABUR N 27.272%. fEA LB, A )4k
S5 F SCHR (3] 1B von Mises 534N 7 #HFMEAL T
B, BIR ovon = 4MPa [ JE J3 o R MRHE Bl E 4T
. AN EMIHINNE T(b) Fras, PRE KADEHMAT
RA 26.054%. WHEEM, BEBHT LT EENK
MIEE R, MRS H AR TT L3k 7] B4 A 0 R 6 52
PRS2 R, HA& BARE AN, &
SCTT ¥R T % 8 T MO 52 F Mk RE 47 i 52 BLPE E 22 1
JESTHRFRAE, BRMRMLAME AR FEHZE
FfE R AR S T 8 o

(a) RXTT#
(a) By the present method

(b) von Mises S M A4
(b) By von Mises equivalent

stress optimization

SV Ei A

Fig.7 Comparison of optimal layouts

4.3 FRRIEREWRIMLLIET

W0 8 Jt 7 K R R BT S M) P T vk, K
0.48m, 98 0.18m. 7245 Wi ) e 3, BEatd i
[ 52 AN R AT EH, KA Fy = F, = 100N.
JE ST MRS LA R AR AL By = 10° MPa, A
A v = 0.3, VPS8 8 A Vb b o B N
oc = 5oy = 10.5MPa. 7% & 5 K BUAT I X AR,
BB 300 22 230 4 AT v B i3t e on R
7.5mm, LRI 4 A 768(32 x 24) A~ 8 5 45 FH N Sy
JG, MEHUHIIRAT R A X B RE A 0.8.

o Ve

> Gl
S
0.12m 0.12m
i 0.48m

=1

B 8 P RLBESCHETE A5 M I BT

Fig.8 Design domain for a two-point hinged

rectangular structure

B 9(a) TR A R F AR SCHR MR AL T 35 1) B A
KRR, PR E BAORMARI R A 16.242%. W RAE &
#REES J IR 1% B8, SR A von Mises 5534 M 7 #H M AL
Ji ¥k, B ovon = 6 MPa, HTF A 7 B9 B T4 i
B, BB RS mE 9(b) . AR,
HTREELEHWHINERA T RENZRMHE, B
RANTE & F T R JIAH SRR RE, AT AR 3CT7 36 0] 3 1

(a) A3CTH ¥
(a) By the present method

B9 ML R R

Fig.9 Comparison of optimal layouts



884 ) £

# 2011 4 3 43 %

(b) von Mises 253 % 7 k.

(b) By von Mises equivalent stress optimization
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Fig.9 Comparison of optimal layouts (continued)
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TOPOLOGY OPTIMIZATION OF PRESSURE-DEPENDENT MATERIAL
STRUCTURES BASED ON D-P CRITERION Y

Luo Yangjun?
(School of Mechanics, Civil Engineering and Architecture, Northwestern Polytechnical University, Xi’an 710072, China)

Abstract Many widely used materials, such as concrete, rocks, ceramics and polymers, have the feature
of increasing shear strength as a result of hydrostatic pressure increases. Structures made of these pressure-
dependent materials would typically hold the characteristic of better stress limit in tension than in compression.
In this case, the von Mises criterion is incompetent while the D-P criterion described in terms of stress invariants
is available as one of the simplest plasticity yield models. To take into account the asymmetrical compression
and tension behaviors in the conceptual design of continuum structures, a practicable topology optimization
strategy for pressure-dependent materials based on D-P yield criterion is presented in this paper. By using the
element artificial relative densities as design variables, the optimization problem is formulated as to minimize
the total material volume under D-P yield constraints on each element. In this optimization model, the SIMP
interpolation for element stiffness and the power-law interpolation for the local stress of porous microstructures
are adopted. In order to circumvent the stress singularity phenomenon, the e-relaxation strategy is applied for
relaxing the local yield constraints involved in the low-density elements. In this context, the sensitivity of the
element constraints with respect to the design variables is efficiently derived by the adjoint variable method.
Then, the optimal design is obtained by employing the gradient-based optimization algorithm. Finally, three
numerical examples with different strength limits in compression and tension have been solved to illustrate the
validity of the proposed optimization model as well as the efficiency of the numerical techniques. It is observed
that the optimal material distribution designed by the present method may have a significant difference compared
with one designed by the conventional von Mises stress constraint approach. The obtained optimization solutions
are reasonable since they can make the best use of their strength in withstanding the compression. The meaning

of the proposed method for pressure-dependent material structures is thus demonstrated.

Key words pressure-dependent material, Drucker-Prager criterion, topology optimization, sensitivity analysis
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