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Fig.1 Increment of rotation stress in a micro unit
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Table 1 The system of yield criteria expressed by stress

single shear triple shear
shear state
yield criterion expression yield criterion expression
metal material Tresca o, -0 =k Mises J, =C

psing + %(ﬁcos 0, -

Gao Hong-
psing + i(«/37005 0, - Zheng Yingren sinf,sing) = 2ccos @ X
Mohr-Coulomb 3 e <
sinf,sin@) = ccos @ triple shear 1 - /3tan @, sin ¢
energy 3 + 3tan’0, - 4/3tan 0, sin @

triple shear
Drucker-Prager al, +./J, -k =0 ad, +/J, —k, =0

Drucker-Prager

2 sin @ 2 sin @
o = —— a, = ——
rock and 6, = 30° (constant) V3(3 - sing) 0, = 30° (constant) J3(3 - sing)
soil material  (riaxial compression) __ Gecose (tiaxial compression) | __6ecose
J3(3 -sing) V3(3 -sing)
2 sin @ 2 sin @
o = —— a, = ——
6, =—30° (constant) V3 (3 +sing) 0, = - 30° (constant) V3 (3 +sing)
(triaxial tension) _ bccosp (triaxial tension) B 6¢ cos ¢

a

_ﬁ(3+sin¢) _ﬁ(3+sin<p)

0, = 0° (constant) 0, = 0° (constant) )
) a, = sing
(plane strain) a = sing (plane strain)
( non-associated k= ccosg (non-associated k, = EC cos ¢
flow rule) flow rule)

il

E RN, 0,0 WE— FHEFNST; ak,a, k, SRR 6, 8 Lodé fi1s 1, J, IR TTaREESR — AN
TS ) i 7K A 5 — A ARk
Note In the table, o, and o are the first and the third major stresses; o, k,a, and k, are coefficients; 6, is the

LRAE Rl

Lodé angle; I, is the first invariant of the stress tensor; J, is the second invariant of the deviatoric stress tensor.
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JiEHe , I L AR EPE S O RS, eI ] A6 2 SR 8, IS Drucker 223
FISCIGEI I ST T8 SR A I 46 P i B2 42 1 94 T8 ) AT ] £ o BRACU S A A e, 9 D
Hi 25 A MR BR 3 A m ) B AR IR IR 2% P 3l e B Rl AR e B BR O A T i A B TR A 2 2 AR
Bl BR AR ).



FRPEAR IS S TR BB PEA K O R 721

2 2% ik (References)

(1]

(2]

(4]

(5]

(6]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

R« f/R VR BB (M), B 3 Jbat: Bles ek, 1966. (Hill R. The Mathematical
Theory of Plasticity]l M] . WANG Ren transl. Beijing: Science Press, 1966.(in Chinese) )
RN, fL5g. ALy e (M), dest: b EE S T d ik, 2010. (ZHENG Ying-ren,
KONG Liang. Geotechnical Plastic Mechanics| M ]. Beijing: China Building Industry Press,
2010. (in Chinese) )

FA, B, BT B SEse [ M]. dEaT JERUK 2R HREE, 2006. (WANG Ren,
HUANG Wen-bin, HUANG Zhu-ping. Introduction to Plasticy[ M ]. Beijing: Peking University
Press, 2006.(in Chinese) )

XITEE, KRN, BRIEDL. & 320 7 SRR 1) AR — B0 Ty B AE R [T . N Ry 2
1998, 19(5) : 407-413.(LIU Yuan-xue, ZHENG Ying-ren, CHEN Zheng-han. The general strain
stress relation of soils involving the rotation of principal stress axes[J]. Applied Mathematics
and Mechanics, 1998, 19(5) : 407-413.(in Chinese) )

HI, FBFN, Xy, BTECRAY. %5 0 ) e i LR A SC R PRk [ J]. £
FH%:, 2013, 34(4) ;. 327-335.(DONG Tong, ZHENG Ying-ren, LIU Yuan-xue, Abi Erdi. Re-
search progress of the soil constitutive relation considering principal stress axes rotation[ J ].
Applied Mathematics and Mechanics, 2013, 34(4) :327-335.(in Chinese) )

Grabe P J, Clayton C R 1. Effects of principal stress rotation on permanent deformation in rail
track foundations [ J |. Journal of Geotechnical and Geoenvironmental Engineering, 2009,
135(4) . 555-565.

FEULH, BB E. F 0 D RE A AR AR TR S e AT [ ], i Sy, 1997, 18(2) : 140-
146. (JJANG Hong-wei, ZHAO Xi-hong. The impact analysis of principal stress rotation on
plastic deformation[ J]. Shanghai Journal of Mechanics, 1997, 18 (2) . 140-146. (in Chi-
nese) )

Symes M T, Gens A, Hight D W. Drained principal stress rotation in saturated sand[ J].
Geotechnique, 1988, 38(1) . 59-81.

Lade P V. Elasto-plastic behavior of K -consonidation clays in torsion shear tests[ J]. Soils
and Foundations, 1989, 29(2) . 127-140.

SKIEHE, BB, N RIRERE X B DA T e o AT [ J . A 1%, 2000, 21(1) ¢ 32-35.
(ZHANG Qi-hui, ZHAO Xi-hong. An influence on shear band formation of the rotation of prin-
cipal stress directions[ J]. Rock and Soil Mechanics, 2000, 21( 1) : 32-35.(in Chinese) )
Bk, T, ZO%H, B2V, BREE. AE AR e s S R S BB R o TR e
EWEST[J]. A+ S, 2011, 32(88 1), 732-737. (LUO Qiang, WANG Zhong-tao, LUAN
Mao-tian, YANG Yun-ming, CHEN Pei-zhen. Factors analysis of non-coaxial constitutive mod-
el’ s application to numerical analysis of foundation bearing capacity[ J]. Rock and Soil Me-
chanics, 2011, 32(supp 1) : 732-737.(in Chinese) )

Zienkiewicz O C, Humpheson C, Lewis R W. Associated and non-associated viscoplasticity
and plasticity in soil mechanics| J]. Geotechnique, 1975, 25(4) . 671-689.

BN, & LR R ITE R A R SR [T]. A A 55 TSR, 2012, 31(7) : 1297-
1316. (ZHENG Ying-ren. Development and application of numerical limit analysis for geological
materials[ J]. Chinese Journal of Rock Mechanics and Engineering, 2012, 31(7) . 1297-1316.
(in Chinese) )

KRB, BB, et GRS, A FRITH R A S e e g i [ M. dest. NRAE



722

S N . = Aot F

[15]

il H AL, 2011, (ZHENG Ying-ren, ZHAO Shang-yi, LI An-hong, TANG Xiao-song. FEM Lim-
it Analysis and Its Application in Slop Engineering [ M ]. Beijing: China Communications
Press, 2011.(in Chinese) )

I, KRG, HIES, XIE. #F TRBARE T 530S [ M]. Jbat. ARZSE
ittt , 2012.(ZHENG Ying-ren, ZHU He-hua, FANG Zheng-chang, LIU Huai-heng. The Stabili-
ty Analysis and Design Theory of Surrounding Rock of Undergrounding Engineering|[ M ].
Beijing: China Communications Press, 2011.(in Chinese) )

BRI, AN, BT IR BET Ik AR Bl A FR T Ry B ik [T ], 5 L TR, 2010, 32
(1% 2). 162-165.(DONG Tian-wen, ZHENG Ying-ren. Limit analysis of FEM for pile founda-

tion based on strength reduction| J]. Chinese Journal of Geotechnical Engineering, 2010, 32

(supp 2): 162-165.(in Chinese) )

Plastic Constitutive Relation and Plastic Constitutive
Theory for Engineering Materials

ZHENG Ying-ren'”, KONG Liang’, LIU Yuan-xue'?’
(1. Department of Civil Engineering, Logistic Engineering University,
Chongqing 401311, P.R.China;
2. Chongqing Engineering and Technology Research Center of Geological
Hazard Prevention and Treatment, Chongqing 400041, P.R.China;
3. School of Science, Qingdao Technological University,
Qingdao, Shandong 266033, P.R.China)
( Contributed by ZHENG Ying-ren, M. AMM Editorial Board)

Abstract: Based on deep analysis of the plastic constitutive theory for engineering materials, a
more rigorous and general plastic constitutive equation was proposed, which could work as the
theoretical basis for constitutive modeling of engineering materials. Then the constitutive rela-
tion was applied to 3 kinds of engineering materials, i.e. geotechnical friction materials, metal
crystal materials and strength control problems. According to the material properties and re-
quirements of engineering calculation, the constitutive relation could be simplified for the
geotechnical friction materials and metal materials respectively. For the strength control engi-
neering problems, the related material could be deemed as perfectly plastic on condition of suf-
ficient plastic deformation, and the yield condition with the limit analysis condition was used to
determine the safety factor or ultimate bearing capacity through traditional or numerical limit a-

nalysis.
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