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Abstract

Damage mechanics characterizes damage through damage degree, and describes the process of
material damage evolution by damage evolution equation, forming a complete mechanical analy-
sis system. However, there is still a big gap in the understanding of material damage mechanism.
In order to explore the evolution law of material damage and describe the nature of material
damage more accurately, this paper explores the meso-damage mechanism of materials through
the simulation calculation of finite element model of large slab with different stress states, and
discusses the tensile/compressive load and damage. In the driving force, the different effects of
skew stress and volume stress on the damage are proposed, and a new form of damage driving
force is proposed, which reveals the mesoscopic mechanism of “damage caused by tensile stress
and small damage caused by compressive stress”, combined with fatigue. The experimental results
prove its rationality, and establish a theoretical understanding of “accumulated stress of skew
stress and less cumulative damage of volume stress”. The above research lays a good theoretical
foundation for the damage mechanism understanding and damage analysis in engineering appli-
cation, and provides the applicability of damage mechanics analysis method, which provides theo-
retical guidance for engineering design and fatigue life prediction.
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Figure 1. Model and finite element meshing. (a) Model overall grid; (b) Partial enlargement of the hole edge
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Figure 2. Strain energy density and damage distribution of damaged area under pulsating cyclic tensile load. (a) Strain
energy density distribution; (b) Damage distribution
2. BRENETT R T RHRIRX BN TR ZEE RGN . (1) REERZEES; (b) REESS

55 _F T DA B2, 24t A0 Pk 0 0 A s 4 807 (R A R (LA (D), A R LI PR TP e BB T ()
PR, LI AR B B AT U 3() o, S EE AW E] 3(b)F. i BULHIIAE, S
DA, BRI A8 T, SLIRTIE EORAAAE RN AT, (HAR/DN, 1047 RERIRE

FERERY 1N 10 G AR R INAN R R0 i/ IS AR AT, A5 2057 75 dw IG5 RN 1 o, G5 RRWIHE
AT MR A R A 25 AE T ORI AR P Ao A A L XS PR 0 7 A iy L T T A BT AR L (0 55 A i,
ME-NBERFU L. B, TRRRHIER Y, AR Eo, B 57 75 amilgE .

DOI: 10.12677/ijm.2019.82019 168 VAEZT T


https://doi.org/10.12677/ijm.2019.82019

SZ i

-.330E-03 - 109E-03 504F-04 242E-03 A433E-03 624F-03 814F-03 001005 001196 001307 - ST2E-05 032764 0662 099605 133071 166507 199942 238070 266534 300249
(@) (b)

Figure 3. Strain energy density and damage distribution of damaged area under pulsating cyclic compress load. (a) Strain
energy density distribution; (b) Damage distribution
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Table 1. Simulation load-fatigue life (x10%)
= 1. (HEHTE - BHEH(x10%)

Stress (MPa) 100 125 150 175
Tensile Life 20 8.2 42 2.4
Compress Life 150 117 100 86

SHEE 1, B ERBEAESS, 7T UL BB 57 75 o6 5 B KT EEBBURR, B0 87 7T /N
BEDNTT BEAE O 57 75 i i 2 R By AR IR BT R, 7RO i R AR I8 55 77 i /N2 AR
.

MATRHA R S0AH N S 2 (e dt & T AE T, N3 s BROR 170 L 246 17 77 REA% FEL Lk B/~ o 18] A2 7
W5 e BT B, i B AR T 2 @I N e . TRESER R, SN A fF T S5t Ol AL 8.2, 55 75 dn i,
AR ST B R RS S 855 73 a Al b TR SO G, IR A5 20 2 Bk i 3 52[22] [23].

2.4, WRGRBRGIRCEINTE S

T IE VAR P B R 22 LT AL, T AT AR A SR B USRS o MR 57 ) R R I e
PEH R M RS G i) BRI, A @ SR SR IA A BR TR, i — B fa v A BHE RK 316
ARG RN e 4 A 18 100 T 0982 57 P B AL B AT RS0 2 17

AL IE T AR A BR G AL, AR 19K B 200 mm, RAK 6 mm, BEE 0.1 mm, WA 4(a)
BIATR, R E Xl 2 an ] 4(b) BB, BTHAME -2 HT250, £=110 GPa, A A 0.156, HArifE
T 55 B s a4 2 FoR[23].

Table 2. Cast iron HT250 fatigue test life
2. HBHHT250 FHHiRES

Fatigue test result

o./MPa 110 165 220 275

N 30580 2095 597 393
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Figure 4. Crack model meshing. (a) Finite element crack model; (b) Partial enlargement picture
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Figure 5. Vertical crack direction pull and parallel crack direction compressive strain energy density distribution map.
(a)Strain energy density under tensile load; (b) Strain energy density under compressive load
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Table 3. Model damage fatigue life under uniaxial tensile stress

3. BERNN RS TRERGES &6

Simulate result
Tensile Stress 10 15 20 25
Fatigue life 31,000 4360 980 400
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Table 4. Model damage fatigue life under uniaxial compressive stress

4. BRENIRES TEERGES 56

Simulate result
compressive Stress 100 125 150 175
Fatigue life 185,000 113,000 47,000 18,000

PAESE RV, Tk B ) LA kT ok s RO BRARS Bt AR ELRSLIF 2 S RO Ak B Y, TR e
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Table 5. Model fatigue life under biaxial stress (x10%)
5. WERN RS TRENE S H (<107

Simulated result
X Stress 100 75 50 25 0 -25 =50 =75 -100
fatigue life 146 87 55 36.4 22 17.8 12 10.8 7
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Figure 6. Model fatigue life at different stress ratios
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Figure 7. Model S-N diagram
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Figure 8. Schematic diagram of finite element meshing with elliptical square plates
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Figure 9. Fatigue life results for different damage driving forces of K =5
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Figure 10. Fatigue life results for different damage driving forces of K = 1
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Figure 11. Model material damage accumulation curve under biaxial equal tension
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