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Applications of Mohr-Coulomb yield criterion and
Drucker-Prager yield criterion in bulk amorphous alloys

Z0U Ping, ZHONG Ming, LONG Zhi-lin, CHEN Shu-min, LIAO Guang-kai, DU Xue-lin

(College of Civil Engineering and Mechanics, Xiangtan University, Xiangtan 411105, China)

Abstract: The expressions and relationships of the Mohr—Coulomb (M—C) and Drucker—Prager (D—P) yield criteria
under various stress states were derived firstly, and the yield behavior adaptabilities of bulk amorphous alloys described
by the two criteria were compared based on the data of literatures. Finally, effects of normal stress and hydrostatic
pressure on the yield behavior of BAAs were intelligently demonstrated. The results show that the influence of
hydrostatic pressure on the yield behavior of BAAs is equivalent to a superposition of normal
stress under tensile or compressive load, and either the shear yielding or fracture is inhibited by hydrostatic pressure; The
D-P criterion is more suitable for explaining the yielding of BAAs than M—C yielding criterion.
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Table 1 Parameter expressions of M—C yield criterion and D—P yield criteria
Abbreviation Type a k
DP1 Circumscribed D—P criterion _Zsime _Sccosp
V3(3-sing) V3(3-sing)
o 2sin@ 6ccos @
DP2 Inner D—P surface criterion m m
DP3 M-C inside-tangent circle criterion under sing 3ccosg
associated flow rule \/m \/m
DP4 M—C equivalent area circle yield criterion ﬂ M
DPS M-C matched D—P yield criterion under sing ccosp

non-associated flow rule

3
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Table 3 Experimental parameters values of different bulk metallic glasses (BMGs) and predictive values based on D—P and M—C

criterions in process of tension and compression

Composition o/GPa  01/(°) o/GPa 0Oc/(°) oyppi/GPa o, pps/GPa oy pp2/GPa Ref.
CugoZr30Tiy 2.00 54.0 2.15 40.0  1.67945 1.39209 1.51379 [15—-16]
CugoZr30Tiyg 2.00 55.0 2.15 45.0  2.15000 1.86195 2.15000 [16]
CugoHf,5Tiy5 2.13 54.0 2.16 43.0 1.96367 1.67146 1.87830 [16]
CugoHf,5Tiy5 2.13 55.0 2.16 45.0  2.16000 1.87061 2.16000 [16]
Pd4oNigPsg 1.46 50.0 1.78 419  1.53259 1.29197 1.43300 [17]
Pd4oNisPy 1.60 56.0 1.74 42.0 1.50566 1.27039 1.41067 [18]
Pd;775CugSije s 1.44 50.0 1.51 45.0 1.51000 1.3077 1.51000 [19]
Pd;5CuqSij6 1.45 55.0 1.54 45.0  1.54000 1.33368 1.54000 [20]
Zr491Ti2,0 Cujp,Nig3Beye 4 1.98 51.6 2.00 40.8  1.62853 1.35954 1.49015 [21]
Zr4;2Tij3 8 CuppsNijgBey s 1.80 55.0 2.00 44.0 1.90800 1.63826 1.86511 [22]
Zr41 5 Tij38 CuppsNijgBen s 1.80 56.0 1.95 42.0 1.68738 1.42372 1.58092 [23]
Zrsy 5Tis Cuy7.9Al1oNijg6 1.65 54.0 1.88 440  1.79352 1.53997 1.75320 [24]
Zrs, 5Tis Cuy;9Al10Nijg6 1.66 60.0 1.82 42.5 1.61447 1.36822 1.52819 [25]
Zrsy sTis Cuy79Al10Nijg 1.66 56.0 1.76 42.0 1.52297 1.285 1.42688 [26]
Zr55Cuz0Al;oNis 1.53 53.0 1.77 41.0  1.45611 1.21776 1.33752 [27]
Zr55Cuz0Al;oNis 1.60 - 1.80 - 1.48079 1.2384 1.36019 [28]
ZrssCuspAl;oNis 1.51 - 1.82 - 1.49725 1.25216 1.37530 [29]
Z,55T1,Coy5Al;5 1.09 90.0 1.98 44.0  1.88892 1.62188 1.84646 [30]
Zrs74Cu64NigTagAlyg 1.71 54.0 1.74 41.0 1.43143 1.19712 1.31485 [31]
ZrsoTiz CuyoAl;oNig 1.58 54.0 1.69 43.0 1.53639 1.30776 1.46960 [32]
Zrs6,Ti13.8Cug9Nbs oNis sBeys s 1.49 59.0 1.67 45.0  1.67000 1.44626 1.67000 [33]
Zrs6,Ti3 8Cug 9Nbs oNis ¢Bej s 1.42 54.0 1.62 40.0  1.26544 1.04892 1.14062 [34]
ZrgoPd o CuyAlyg 1.68 55.0 1.88 45.0 1.88000 1.62813 1.88000 [35]
Z147Ti}159Nb, gCuyNijg Beyg 7 1.49 48.0 1.55 45.0 1.55000 1.34234 1.55000 [36]
Zrs7Cuy54Ni;s 6Al oNbs 1.20 59.0 1.80 45.0  1.80000 1.55885 1.80000 [37]
ZrgAl;oCuysNis 1.63 55.0 1.76 45.0  1.76000 1.5242 1.76000 [27]
CogoNb4B¢ 2.88 55.0 3.47 45.0  3.47000 3.00511 3.47000 [17]
Tigp.1Nip cCuy gSng ,Nbs, 5 0.67 90.0 1.60 45.0 1.60000 1.38564 1.60000 [36]
LagyAlj4(Cu,Ni)y, 0.55 90.0 0.56 42.5  0.49676  0.420989 0.47021 [38]
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Fig. 1 Tensile yield or fracture stress of bulk metallic glasses
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