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Tab.1 Load spectrum and residual strength
RN S P A58 B/ MPa
/MPa W 1st block 2st block 3st block 4st block
1480 8100 1939 1905 1857 1772
1200 50000 1938 1904 1855 1768
990 225000 1938 1903 1855 1769
1310 23000 1936 1901 1850 1757
1800 500 1923 1883 1822 Failure
1630 1900 1914 1870 1798 —
1100 115000 1913 1869 1797 —
850 1000000 1913 1869 1797 —
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Tab.2 Load spectrum and residual strength
(proposed method)

FeRRFT INE AR/ MPa

/MPa WHL 1st block 2st block 3st block 4st block
1480 8100 1943 1901 1848 1772
1200 50000 1939 1896 1841 1761
990 225000 1932 1887 1829 1741
1310 23000 1928 1883 1823 1732
1800 500 1928 1883 1822 Failure
1630 1900 1927 1882 1821 —
1100 115000 1920 1873 1809 —
850 1000000 1904 1851 1777 —
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5 &% i

(1) FeT 5 A MO 6 858 BE 19 53 10 S 80 1
T T R B R 55 A7 A v AR R A AR A
(LA ST SRR R St NSRS O ) =) S8 i)~
Jr L iE MR . B R B 5 AN S8 Ko o,
m Al 0 O] IR ke A R FEAA SIS L
AT 2 g 95 R 9 LA IR A 7R Ak A B R T
Tl 4 vk B A6 00 B AR AT 1 e D A

(2) WIS ZAT LA L J6 A ik 5 9 55 75
WEPIR R E L R R BB SEAE L. Y
90 ey 5 1 5 IR DA SR ATS 7 4 AT 5 S 3 55 77 i 1 i AR
ARG AT o 9% 5 75 A b B AT 2K 43 A I 6 B S8
JUF2h 0,78 52 Bs TR ] DL ZU WS RS 15 Lo B8] 2 5L
55000 e s B 0 LU A9 2 BRI L KA O TR IR S
O om, RINE 57 754y (1 T2 AR 2 B pe F w0 4 ok
JE 7S S R BORIH) U o B A TR IR 28, 5 0 K F
oK ] R I % 57 ] SEPERR AL SRS,

(3) 905 Hr e B, 00 A ok B 5 45 R 5 Sk
SEIR KA ] e KR 22 — 1. 58 %6 . % 95 i 5 3¢
Tk AR, S-N 2k 5 i 50 £ s L & #4f, MTBF

B A B 5 7 i AR B AT A S PR

(4) A SCHE AR IR T A% 8 B2 e 9% 57 75 i 5 )
U T O B2 3 AT 2R A B O 2 AR A5 R 5l
6 HOHE W) 5 B0 (H ST A R 7 O U
B A0 T S LARE

S 2 3k (References) :

[1] Schaff J] R, Davidson B D. Life prediction methodo-
logy for composite structures. Part 1: Constant ampli-
tude and two-stress level fatigue [J]. Jowrnal of
Composite Materials,1997,31(2) :128-157.

[2] Huston R J. Fatigue life prediction in composites[]].
International Jowrnal of Pressure Vessels and Piping,
1994,59(1-3) :131-140.

[3] GaoJ X,An Z W. A new probability model of residual
strength of material based on interference theory[J].
International Jowrnal of Fatigue,2019,118.:202-208.

[4] Chen X J,Sun Y,Wu Z W.et al. An investigation on
resi-dual strength and failure probability prediction
for plain weave composite under random fatigue loa-
ding [ J 1. International Journal of Fatigue, 2019,
120:267-282.

[5] Yao W X, Himmel N. A new cumulative fatigue da-
mage model for fibre-reinforced plastics [J]. Compo-
sites Science and Technology,2000,60(1) :59-64.

[6] WuF Q.Yao W X. A fatigue damage model of com-
posite materials [ J]. International Journal of Fatigue,
2010,32(1) :134-138.

(7] w R HEIERI MM EESMIEEL I 74k H
Vi A (D] %5 R E T & K %,2019. (TIAN Kun.
Strength and Progressive Damage Analysis of Fiber
Reinforced Composite Laminates D]. Harbin Institu-
te of Technology,2019. (in Chinese))

(8] % .4 e, AKX A.5. MERAENSELSH
AR S H At L[] AR S R T A,
2021,50 (10) . 74-77. (XI Wei, ZHENG Xiao-ling,
TANG Jia-li,et al. Influence study of stiffness degra-
dation criterion on composite strength analysis [ J ].
Machine Design and Manufacturing Engineering,
2021,50(10) :74-77. (in Chinese))

(9] xAEW, 7 M REE ZOMBERLENR G F
wm [J]. AL & 54k, 2015,36(6) : 1867-1875. (LIU
Jian-ming, WAN Xiao-peng.ZHAQO Mei-ying. Fatigue
life prediction of laminated bolted joint structures[]].
Acta Aeronautica et Astronautica Sinica, 2015, 36
(6):1867-1875. (in Chinese) )

[10] #&£EZ.Z &, FHE.F LM ESBE G F o
M kAR [T] @4 T ak K 3 5 3R, 2022,40(3)
651- 660. (TUO Hong-liang, WU Tao, LU Zhi-xian,
et al. Study on fatigue life prediction method of composite
laminates [ J |. Jouwrnal of Northwestern Polytechnical
Uniwversity,2022,40(3) :651-660. (in Chinese))

[11] ZBKk . ZH&H HBH,.F. 2B RRMYG 60 LM
AR EE A0 R A BRI AR [T AL E AR, 2022,43(6)
459-468. (WANG Hou-bing, WANG Xia-han, LIN



274 it & 4 % ¥ R F41%

Guo-weiset al. Residual strength evaluation of curved tion,2021,50(2) :51-54. (in Chinese))
hat-stiffened composite panels with discrete-source [17] M=, 5 X, EEE, 5. WELLASHAAMIT
damage[J]. Acta Aeronautica et Astronautica Sinica, AR B KA ST BAEL R, 2021, 48
2022,43(6) :452-461. (in Chinese)) (6):1-8. (LIU Bao-rui, LI Yao, HOU Chuan-tao., et al.
[12] %k #.&2 B.A M. F A TFTREBMALGEFER Numerical analysis method of oxidation behavior and
R AGAAER[J], Rk T4 F3RK,2015,31(S1):47-52. residual strength for ceramic matrix composite [ J].
(ZHANG Lu,JI Wei,ZHOU Wei, et al. Fatigue cumula- Structure & Environment Engineering ,2021,48(6) ;
tive damage models based on strength degradation[]]. 1-8. (in Chinese))
Transactions of the Chinese Society of Agricultural En- (18] ZWARA. s BEAAMMBLEMALBRELS R G A
gineering ,2015,31(S1) ;:47-52. (in Chinese)) @I kAR [LD] & WA E AR K F, 2019,
[13] A&, 2 KA, 0@, L TRERBKEEEMFIE (WANG Ming-ming. Research on Prediction Methods
HEFAE ] MR TR B, 2021,43(3) . 742-746. of Residual Strength and Fatigue Life of Laminated
(LIU Su-chao. JIANG Chang-jie, LIU Xin-tian. Fa- Composites Containing Delamination [ D]. Nanjing
tigue life prediction of metal materials based on University of Aeronautics and Astronautics,2019. (in
strength degradation [[J 1. Journal of Mechanical Chinese))
Strength,2021,43(3) :742-746. ( in Chinese)) [19] Tan W,Falzon B G,Chiu L N S,et al. Predicting low
[14] BAE. BT . TR ERhAoMBREHMs EREY velocity impact damage and Compression-After-Im-
ke FEAR [T EHFF IR, 2013,30 pact (CAI) behaviour of composite laminates [ ] ].
(3):455-460. (MA Cun-wang,LU Guo-fu, LI Guang- Composites Part A: Applied Science and Manufac-
liang. Study on prediction method for delamination fa- turing ,2015,71:212-226.
tigue total lives of integrated composite structures [20] %A%, ZRAF. % & FEEEEESELSBE
[J]. Chinese Journal of Computational Mechanics, BERERRAREMHw[]]. R AF 5 H K,2021,40
2013,30(3) :455-460. (in Chinese)) (7):1137-1142. (HUANG Xiao-di, LI Yue-yong,
[15] & #.,%) & kPl S5 L0 5MH EWEYS R YANG Bin. Effect of impact velocity and temperature
R E M L] T HH K,2022,52(1):110- on residual strength subjected to compression after
114. (TONG Yao, LIU Lei, ZHU Shu-hua. Analysis impact of laminates [ J]. Mechanical Science and Tech-
of compressive residual strength of composite lami- nology for Aerospace Engineering,2021,40(7) :1137-
nates with delamination[]J]. Aeronautical Computing 1142. (in Chinese))
Technique,2022,52(1) ;110-114, (in Chinese)) [21] X\ teig, LR, 40 & & EHH LM ESHK
[16] #A&F. .k B.BEF. o0 BELoMHAESREAN AT BER T XFFIR,2022,38(2):
B Emma [J] vl sl s 8 3h4,2021,50(2) . 164-170. (LIU Jian-hui, XUE Wen-zhuo, WEI tai. Fa-
51-54. (JT Yong-ging, XU Ying, YOU Yan-yu. Research tigue life prediction of composite laminates with im-
on residual tensile strength of composite laminates with pact damage [ J]. Jowrnal of Xi’an University of
initial delamination[J]. Machine Building & Automa- Technology»2022,38(2) :164-170. (in Chinese))

Residual strength and life prediction of composites based

on static strength distribution parameters

ZHAQO Wei-tao™ , ZHU Jin-jing, LIU Chun-sheng
(Faculty of Aerospace Engineering,Shenyang Aerospace University,Shenyang 110136, China)

Abstract: To reveal the relationship of residual strength and fatigue life with initial static strength
distribution parameters, calculation models of residual strength and fatigue life based on initial static
strength distribution parameters are constructed. The number of layers, ply thickness and ply angle of
the composite structure are not involved in the process of model construction,so the models have strong
adaptability. The model parameters can be obtained from a static test and a residual strength test, thus
the test cost of the proposed method is lower than that of a fatigue test. The residual strength and fatigue
life are related to the variation coefficient and distribution parameters of the initial static strength. When
the initial static strength obeys the Weibull distribution, the fatigue life also obeys the Weibull
distribution, which can provide a reference for fatigue reliability. The example shows that the maximum

error of the residual strength calculation result is —1.58% and the fatigue life fits well with the test data.

Key words: composite material;residual strength;fatigue life;Initial static strength;distributed parameter
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