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ABSTRACT: Two novel damage tolerance characterization parameters based on infrared thermal
imaging were proposed to guide the strength design of carbon fiber reinforced polymer (CFRP)
laminates, using both the compression failure mechanisms and damage tolerance characterization
parameters for composite materials after impact. First, T800-grade CFRP laminates subjected to
different impact energy levels were prepared as compression specimens for static strength tests.
The compression process was monitored in real-time using infrared thermal imaging and two—di-
mensional digital image correlation systems to reveal the failure modes and mechanisms under
compressive loading. Second, incorporating the proposed two novel damage tolerance character—
ization parameters, the maximum average temperature difference and apparent dissipated energy
were used to measure the post—-impact compressive strength of composite materials. Finally, con-
sidering the unclear correlation between damage tolerance characterization parameters and impact
damage parameters of composite materials, the correlations between three impact damage parame-
ters and three proposed damage tolerance characterization parameters were analyzed utilizing the
Pearson correlation analysis method. The results show that as the impact energy increases, the
residual strength of the composite laminates gradually decreases. Fiber fracture damage contrib—
utes to the most significant reduction in residual strength, while pit depth and delamination area
are identified as the main factors affecting energy dissipation. The novel damage tolerance charac—
terization parameters demonstrate certain feasibility in evaluating the damage tolerance characteris—
tics of laminates, and can provide valuable evaluation references for the damage tolerance optimi-
zation design of CFRP laminates in the future.
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Table 1 Layered sizes of pecimens and detailed

information of pit depths

MiRe R/ BREKE/ ARKE/ R MR EE/

J mm mm mm’ mm
15.65 16.47 296.88 0.23
10 19.24 17.76 342.55 0.27
21.24 20.55 351.22 0.28
24.25 25.69 512.97 0.30
20 31.67 29.96 950.42 0.31
34.92 39.99 1441.66 0.35
35.87 40.23 129091 0.38
30 41.18 43.66 1450.29 0.40
42.65 35.78 1428.68 0.42
67.50 64.82 3372.21 0.65
40 70.26 75.30 3962.81 0.70
73.86 70.06 3 878.68 0.72
66.53 69.01 4287.01 1.13
50 70.23 69.14 4331.50 1.17
76.60 72.45 4 690.15 1.30
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Fig.5 Compression failure of damaged laminate specimens
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Table 2 Residual strength information of damaged

laminates

i R 87 NI 67 NI = P S Ji 46 5

fef/]  EAT/kN  #Hai/kN  JE/MPa  JE/MPa
125.810

10 130.650 126.99 264.56 320
124.520
117.580

20 126.810 120.81 251.68 320
118.030
114.425

30 106.775 108.47 225.97 320
104.210
80.600

40 85.850 81.65 170.10 320
78.500
72.130

50 70.200 70.66 147.20 320
68.650
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Fig. 12

Segmentation and extraction results of the compression failure region for each specimen
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Table 3 Specific values of different characterization parameters
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Fig. 13 Relationship between apparent dissipated energy

and impact energy, residual strength
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Table 4 Pearson correlation coefficients of different characterization parameters
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Fig. 14 Scatter plot diagram of pairwise correlation between two characteristic parameters
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