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Abstract

A strain-controlled axial-torsional model has been published in ASCE Journal of
Engineering Mechanics 2022: J. Eng. Mech., 2022, 148(6): 04022027. The model is

mildly adjusted to be suitable also for stress-controlled experiments.

This thesis aims to derive closed-form solutions using a rate-independent flow elasto-
plastic material model and optimize important parameters through fitting with the well-
known stressed-controlled experimental data of Phillips and his collaborators obtained five
decades ago. The model needs a total of 8 material constants in addition to Young’s mod-
ulus and shear modulus. The axial-torsional model features an evolving cubic distortional
yield hypersurface, which is articulated with two Mises hyperspheres, characteristic of
internal symmetry of two elements of the projective proper orthochronous Poincare group
in the plastic phase. Associated with each Mises hypersphere in stress space is a normal-
ity plastic flow rule of mixed-exp-AF, referring to a combined isotropic-kinematic rule of

hardening-softening, which combines the isotropic exponential rule of degree 2 and the
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kinematic rule of Armstrong-Frederick.

By conducting yield surface axial-torsional stress-controlled experiments on the ma-

terial, the corresponding unique parameter combination can be optimized and fitted. Then,

by inputting this unique parameter set and any stress into the closed-form solution, this

paper can predict important information such as the stress state and plastic behavior of the

material under any applied stress.

Our investigation is executed at room and at elevated temperatures.

Keywords: closed-form solutions, flow elastoplastic material model, cubic distortional

yield surface, axial-torsional stress-controlled experiments, elevated temperatures
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Obtain closed forms

Optimization

Extemnal force is given L3

Switch off,
elastic phase

Switch on,
plastic phase

Plot the yield surface

Figure 1.3: # 3 /i 42 8]
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Evolution of Yield Surfaces
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Evolution of Yield Surfaces
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T B RS T RN L

l l
E R R Too 1o
10845 0.7521 0.4177 -8.5995 -15.6683
l s l ]
G k, k, n n
4077 65268 559724 11.6377 26.4252
Table 4.3: F @k 8 T chF & I 3 %8
H Prestress ol o} oy R’ R® H
(0.050,0) (0.3578,0.0158) (0.3578,0.0158) (0.3578,0.0158) 2.1717 1.3048
(5.507,0) (2.7259,0.0171) (2.3952,0.0185) (2.4123,0.0181) 1.8852 1.2459
(6.742,0) (4.3669,0.0176) (4.8355,0.0195) (4.3879,0.0189) 1.3856 1.1520
(7.625,0) (5.5952,0.0189) (6.0085,0.0215) (5.6095,0.0210) 1.3286 0.9233
(9.213,0) (7.2277,0.0213) (7.7264,0.0232) (7.2864,0.0222) 1.2903 0.7754
Table 4.4: % (&, ix ™ 7~ -] Rl ¥y
422 BEIu&R
RGP A B b B 4 s A e B LSk R4

WA fhi A RS AR T enF 4T 5 0 T Ko nE f (distortion) I % o

Bl4.11 ~ Bl4.12 ~ Bl4.13 -~ Bl4.14 ~ Bl4.15F & 5 4e phe Ji 4 P 2L M 444 F pr %

KRG uF B B4~ Fl417 > B418 ~ BA IR K & L s e b B4 R G

CONE QLR S AR A - B IR S = S AL L
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Shear stress, ksi

Shear stress, ksi

Comparison of two states
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Shear stress, ksi

Shear stress, ksi

1st subsequent yield surface
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2nd subsequent yield surface
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Shear stress, ksi

Shear stress, ksi

3rd subsequent yield surface
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2nd subsequent yield surface
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Too
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S
(©.9]

10526

0.5146

0.3503

-11.6802

-18.8306

G
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by

nl

U]

S

3957

53885

407189

10.2215

16.6686

Table4.5: 2 E kit ™ > B R 5 ISI°F P & 1 jz

9
B

H Prestress

I
oy

S
oy

Oy

(0.050,0)
(5.507,0)
(6.742,0)
(7.625,0)
(9.213,0)

(0.3578,0.0158)
(2.5224,0.0166)
(4.3078,0.0172)
(5.4262,0.0179)
(7.1682,0.0205)

(0.3578,0.0158)
(2.2247,0.0182)
(4.6121,0.0189)
(5.7945,0.0208)
(7.5594,0.0220)

(0.3578,0.0158)
(2.2458,0.0175)
(4.3145,0.0184)
(5.4511,0.0204)
(7.2202,0.0209)

1.7053
1.5465
1.1250
1.1093
1.0556

Table 4.6: F @k T » &

5 151°F eh= o) F#ch

E

Rl

1

l

T

r

S
(©.9]

10227

0.3615

0.2381

-17.9214

-27.5025

G

Ky

Ky

77l

U

S

3844

48834

398506

7.8491

13.1810

Table 4.7: R &/ ET B A 2 227°F P & 1 3 %8

H Prestress

I
oy

S
oy

gy

(0.050,0)
(5.507,0)
(6.742,0)
(7.625.0)
(9.213,0)

(0.3578,0.0158)
(2.3387,0.0164)
(4.2059,0.0169)
(5.3318,0.0175)
(7.1124,0.0192)

(0.3578,0.0158)
(2.1035,0.0178)
(4.4173,0.0182)
(5.6138,0.0196)
(7.4042,0.0216)

(0.3578,0.0158)
(2.1287,0.0173)
(4.2542,0.0180)
(5.3610,0.0191)
(7.1811,0.0203)

1.3494
1.2065
0.8856
0.8550
0.8153

Table 4.8: % E kLT > 8
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Table 4.9: %

BT B R L 207°FenFE LT

B S

H Prestress

7
oy

S
oy

Oy

Rl

7]

(0.050,0)
(5.507,0)
(6.742,0)
(7.625,0)
(9.213,0)

(0.3578,0.0158)
(2.2017,0.0161)
(4.0053,0.0165)
(5.2819,0.0172)
(7.1034,0.0183)

(0.3578,0.0158)
(2.0455,0.0175)
(4.2469,0.0180)
(5.5485,0.0189)
_(7.3554,0.0200)

(0.3578,0.0158)
(2.0663,0.0169)
(4.2105,0.0178)
(5.3199,0.0185)
(7.1756,0.0195)

0.9974
0.9058
0.7021
0.6613
0.6465

0.7224
0.5867
0.3588
0.2958
0.2056
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Initial yield surface
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Shear stress, ksi

2nd subsequent yield surface
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Shear stress, ksi

4th subsequent yield surface
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Tensile stress, ksi

Figure 4.30: Z B R B2 BE R THhe B4 2 52 B Ka

1st subsequent yield surface
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Tensile stress, ksi
Figure 4.31: Z ERE X BR R  Thhb v B4 2 5- B E K5
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Shear stress, ksi

Shear stress, ksi
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Figure 4.33: Z ER L2 BR R T v B4 2 52 B K5
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