[bookmark: _Ref225091165]Table 1 
Mechanical properties of component materials.
	T800-12K carbon fiber
	
	QY8911-IV bismaleimide resin

	Parameter
	Value
	Parameter
	Value
	Parameter
	Value

	E11 (GPa)
	294
	ν12
	0.3
	Em (GPa)
	4.16

	E22 (GPa)
	19.4
	ν23
	0.4
	νm
	0.34

	G12 (GPa)
	15.0
	X11, T (MPa)
	5490
	Xm, T (MPa)
	68.44

	G23 (GPa)
	6.9
	X11, C (MPa)
	2689
	Xm, C (MPa)
	203.28


Note: E11 and E22 are the longitudinal elastic modulus and transverse elastic moduli; G12 and G23 are the shear moduli; ν12 and ν23 are the Poisson’s ratio in different directions, respectively. X11, T and X11, C are the strengths. ‘T’ and ‘C’ denote tension and compression, respectively. Em, νm, X m, T, and Xm, C are the elastic moduli, Poisson’s ratio, and strength of QY8911-IV bismaleimide resin, respectively.

[bookmark: _Ref225092395]Table 2 
Static tensile test results.
	NO.
	Tensile stiffness (GPa)
	Average stiffness (GPa)
	Coefficient of Variation (%)
	Tensile strength (MPa)
	Average strength (MPa)
	Coefficient of Variation (%)

	H01
	71.45
	
	
	763.07
	
	

	H02
	70.23
	68.21
	6.73
	737.87
	742.06
	2.60

	H03
	62.96
	
	
	725.23
	
	

	P01
	36.15
	
	
	463.20
	
	

	P02
	35.95
	34.82
	6.14
	466.35
	450.92
	5.33

	P03
	32.35
	
	
	423.21
	
	



[bookmark: _Ref225092745]Table 3 
Dwell tension-tension fatigue results for standard specimens.
	NO.
	ST (%)
	max (MPa)
	Ndwell
	Ndwell 

	D01
	90
	668
	870
	1651

	D02
	
	668
	1274
	

	D03
	
	668
	2810
	

	D04
	85
	630
	3005
	2643

	D05
	
	630
	2280
	

	D06
	82
	610
	4630
	6555

	D07
	
	610
	11162
	

	D08
	
	610
	3872
	

	D09
	80
	593
	12125
	12125


[bookmark: _Ref225092749]
Table 4 
Dwell tension-tension fatigue results for open-hole specimens.
	NO.
	ST (%)
	max (MPa)
	Ndwell
	Ndwell

	H01
	92
	415
	2080
	3728

	H02
	
	415
	3080
	

	H03
	
	415
	6024
	

	H04
	90
	405
	6661
	5078

	H05
	
	405
	4683
	

	H06
	
	405
	3890
	

	H07
	87
	392
	7455
	12038

	H08
	
	392
	16621
	



[bookmark: _Ref225092922]Table 5 
The results for the standard specimens under CTBF loading.
	NO.
	ST (%)
	max (MPa)
	AH (mm)
	NCCF
	NCCF

	CS01
	77
	570
	0.3
	9610
	12301

	CS02
	
	
	
	14992
	

	CS03
	
	
	0.5
	13210
	9634

	CS04
	
	
	
	6058
	

	CS05
	
	
	0.8
	8301
	5771

	CS06
	
	
	
	3241
	

	CS07
	80
	593
	0.3
	13023
	8923

	CS08
	
	
	
	3224
	

	CS09
	
	
	
	10523
	

	CS10
	
	
	0.5
	7434
	6815

	CS11
	
	
	
	4690
	

	CS12
	
	
	
	8321
	

	CS13
	
	
	0.8
	2471
	3566

	CS14
	
	
	
	241
	

	CS15
	
	
	
	7985
	

	CS16
	
82

	
610

	0.3
	2014
	5360

	CS17
	
	
	
	8598
	

	CS18
	
	
	0.5
	1380
	3077

	CS19
	
	
	
	2229
	

	CS20
	
	
	
	5623
	

	CS21
	
	
	0.8
	564
	1275

	CS22
	
	
	
	1985
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CTBF loading results for open-hole specimen.
	NO.
	ST (%)
	max (MPa)
	AH (mm)
	fB (Hz)
	NCCF
	NCCF

	CH01
	
82

	
370

	0.3
	30
	32085
	28278

	CH02
	
	
	
	
	24470
	

	CH03
	
	
	
	50
	17406
	18848 

	CH04
	
	
	
	
	20289
	

	CH05
	
	
	
	80
	18977
	16381

	CH06
	
	
	
	
	13785
	

	CH07
	
	
	0.5
	30
	20010
	

	CH08
	
	
	
	
	15913
	14944

	CH09
	
	
	
	
	8909
	

	CH10
	
	
	0.8
	30
	2263
	

	CH11
	
	
	
	
	7953
	5086

	CH12
	
	
	
	
	5043
	

	CH13
	
87

	
392

	0.3
	30
	7386
	

	CH14
	
	
	
	
	6311
	7904

	CH15
	
	
	
	
	10014
	

	CH16
	
	
	0.5
	30
	1219
	

	CH17
	
	
	
	
	6234
	5714

	CH18
	
	
	
	
	9690
	

	CH19
	
	
	0.8
	30
	968
	1775

	CH20
	
	
	
	
	2581
	

	CH21
	
90

	
405

	0.3
	30
	1781
	3046

	CH22
	
	
	
	
	4311
	

	CH23
	
	
	0.5
	30
	1219
	

	CH24
	
	
	
	
	1706
	1205

	CH25
	
	
	
	
	690
	

	CH26
	
	
	0.8
	30
	168
	612

	CH27
	
	
	
	
	1056
	



[bookmark: _Ref225106978]Table 7 
Test results for standard specimens under CTBF loading at ST=80% and fB=30Hz.
	MF
	Parameters
	
(%)
	

	

	

	
(%)

	Trapezoidal distribution
	a=1.39
b=2.31
	2.22
	120
	8923
	7453
	16.5

	
	
	3.40
	
	6815
	5636
	17.3

	
	
	4.29
	
	3566
	3063
	14.1

	Normal distribution
	a=1.39
c=0.20
	2.22
	120
	8923
	7031
	21.2

	
	
	3.40
	
	6815
	5214
	23.5

	
	
	4.29
	
	3566
	2871
	19.5

	Γ-type distribution
	a=1.39
k=6.50
	2.22
	120
	8923
	8369
	6.2

	
	
	3.40
	
	6815
	6601
	3.1

	
	
	4.29
	
	3566
	3210
	9.8

	Parabolic distribution
	a=1.39
b=2.31
	2.22
	120
	8923
	7437
	16.8

	
	
	3.40
	
	6815
	5563
	18.4

	
	
	4.29
	
	3566
	3083
	13.6



[bookmark: _Ref225107034]Table 8 
Test results for open-hole specimens under CTBF loading at ST=87%, fB=30Hz.
	MF
	Parameters
	
(%)
	

	

	

	
(%)

	Trapezoidal distribution
	a=1.39
b=2.31
	1.71
	120
	7904
	6968
	13.4

	
	
	3.11
	
	5714
	4887
	16.8

	
	
	5.24
	
	1775
	1495
	15.9

	Normal distribution
	a=1.39
c=0.20
	1.71
	120
	7904
	9619
	-21.6

	
	
	3.11
	
	5714
	4829
	18.3

	
	
	5.24
	
	1775
	1433
	23.8

	Γ-type distribution
	a=1.39
k=6.50
	1.71
	120
	7904
	8831
	-11.7

	
	
	3.11
	
	5714
	5010
	12.3

	
	
	5.24
	
	1775
	1560
	12.1

	Parabolic distribution
	a=1.39
b=2.31
	1.71
	120
	7904
	6305
	20.2

	
	
	3.11
	
	5714
	4646
	18.7

	
	
	5.24
	
	1775
	1481
	16.5
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Comparison of CTBF life predictions for standard specimens.
	

(MPa)
	

(mm)
	

(%)
	

	


	
	
	
	
	Palmgrem-Miner
model
	Modified Miner model
	Zhu’s interaction model 
	Proposed model

	570
	0.3
	1.48
	12301
	18369
	14658
	10087
	11268

	
	0.5
	2.19
	9634
	17250
	12023
	6930
	10568

	
	0.8
	3.86
	5771
	9890
	6875
	3890
	6520

	593
	0.3
	2.22
	8923
	10325
	9968
	6635
	8369

	
	0.5
	3.40
	6815
	9501
	7830
	4680
	6601

	
	0.8
	4.29
	3566
	7201
	4980
	2021
	3210

	630
	0.3
	3.04
	5360
	8895
	6758
	3603
	4930

	
	0.5
	4.40
	3077
	6681
	4680
	1360
	3512

	
	0.8
	5.46
	1275
	3683
	1735
	668
	1620
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Table 10 
Comparison of CTBF fatigue life predictions for open-hole specimens.
	
(MPa)
	

(mm)
	

(%)
	

	


	
	
	
	
	Palmgrem-Miner
model
	Modified miner model
	Zhu’s interaction model
	Proposed model

	370
	0.3
	1.09
	28278
	46253
	40231
	15123
	37201

	
	0.5
	1.49
	14944
	32124
	28653
	8259
	19230

	
	0.8
	2.75
	5086
	7598
	6632
	4230
	5600

	393
	0.3
	1.71
	7904
	9610
	10112
	4871
	8831

	
	0.5
	3.11
	5714
	6574
	7536
	2687
	5010

	
	0.8
	5.24
	1775
	3623
	3120
	3251
	1560

	406
	0.3
	2.58
	3046
	4635
	5300
	1231
	3210

	
	0.5
	4.87
	1205
	3600
	3101
	823
	1608

	
	0.8
	6.53
	612
	890
	1023
	489
	750
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