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This dataset contains the mechanical properties and struc- 

tural characteristics with images of the carbon fibre rein- 

forced epoxy composite (CFRP) laminates with open/blind 

holes. The mechanical dataset are the fracture strength, strain 

at fracture, strain energy density for resilience, strain energy 

density to fracture and stiffness of the CFRP laminates for dif- 

ferent setups (namely 1 hole, 2 holes parallel to applied load, 

and 2 holes normal to applied load) from pristine and barely 

visible impact damage (BVID) specimens, determine from in- 

plane compression test. The structural-related dataset include 

thermographs, images of BVID specimens, drilling-induced 

damage BVID specimens and video clips of crack propagation 

during in-plane compression testing. 
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pecifications Table 

Subject Engineering, Composites, Mechanics of materials, Mechanical Engineering 

Specific subject area Hole application for composite repair, strength of materials, hole-hole 

interaction and orientation 

Type of data Table, Image, Chart, Graph, Figure, Video 

How data were acquired Infrared thermography (C-CheckIR, Automation Technology GmbH), Digital 

camera (Nikon D7200), Mechanical tester (MTS Landmark) 

Data format Raw, Analyzed, Filtered 

Parameters for data collection Mechanical condition: Pristine, BVID CFRP laminates (24 ply, 100 mm by 

160 mm) 

Hole setup: (i) no holes, (ii) 1 hole, (iii) 2 holes parallel to load, (iv) 2 holes 

normal to load 

Hole type: blind, open 

Description of data collection Quasi-static indentation (QSI) was performed to induce damaged ( i.e. BVID) 

to the samples. Holes were created in the BVID samples by mechanical 

drilling. 

Imaging and quantifying of the structural data, namely BVID diameter and 

drilling-induced damage diameter, were acquired using Infrared 

thermography. Acquisition of load and displacement during in-plane 

compression test was used to determine fracture strength, strain at fracture, 

strain energy density for resilience, strain energy density to fracture and 

stiffness of the CFRP laminates. Imaging and videoing of the crack 

propagation during in-plane compression test were obtained using digital 

camera. 

Data source location Newcastle University in Singapore/Newcastle Research & Innovation 

Institute Singapore 

Republic Polytechnic, Singapore 

Data accessibility Data are available with this article 

alue of the Data 

The data is valuable because it contains important information concerning how hole type,

ole-hole interaction and orientation of holes within the damage area affects the mechanical

roperties of the composite laminate. 

The data could be valuable for informing materials engineers about (1) the damaged material

tructure integrity following the drilling of holes, (2) effects of the hole-hole interaction and the

rientation of holes on the mechanical behaviour of the BVID specimen, and (3) performance of

ifferent type of holes, namely blind and open holes. 

The data could direct future research relating to the optimization of the design of resin-

njection method for repairing damage structures [1,2] , as well as new approaches relating to

he response of drilling holes in composite materials. 

. Data Description 

The data consists of the mechanical properties and structural information of the carbon fibre

poxy composite (CFRP) laminate containing different hole types (blind holes and open holes)

nd hole setups (1 hole, 2 holes parallel to the load, and 2 holes normal to the load) in pristine

nd barely visible impact damaged (BVID) conditions. 

The mechanical data comprises of the fracture strength ( σ U ), strain at fracture ( εU ), strain

nergy density for resilience ( u E ), strain energy density to fracture ( u F ) and stiffness (E) of the

FRP laminates derived from the stress-strain curves of the specimens subjected to in-plane

ompression testing to fracture. ( Table 1 ) shows the derived data of the mechanical properties

f CFRP laminates with the presence of blind holes. Table 2 shows the derived data of the me-

hanical properties of CFRP laminates with the presence of open holes. The complete mechan-
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Table 1 

Mechanical properties of CFRP laminates with different blind hole orientations in pristine and damaged state. 

Pristine Damaged 

σ U εU u Y u F E σ U εU u E u F E 

MPa MJ/m 

3 MJ/m 

3 GPa MPa MJ/m 

3 MJ/m 

3 GPa 

1 hole 309.4 0.0112 0.75 1.75 29.82 186.4 0.0095 0.15 0.76 23.64 

(1H) 272.7 0.0114 0.49 1.67 29.26 176.9 0.0099 0.14 0.77 20.31 

314.3 0.0121 0.56 1.75 29.92 176.5 0.0099 0.14 0.76 21.25 

2 holes parallel to load 304.4 0.0116 0.62 1.72 29.71 176.2 0.0097 0.15 0.75 22.38 

(2Hp) 292.7 0.0114 0.61 1.54 29.45 172.0 0.0092 0.17 0.73 22.63 

317.9 0.0118 0.64 2.04 30.06 171.6 0.0095 0.14 0.70 21.48 

286.9 0.0112 0.59 1.48 30.06 165.2 0.0089 0.16 0.66 22.53 

297.3 0.0121 0.52 1.74 29.13 165.0 0.0090 0.15 0.66 21.89 

307.8 0.0119 0.56 1.64 30.05 177.1 0.0088 0.17 0.69 24.84 

2 holes normal to load 309.9 0.0118 0.64 1.80 31.15 194.0 0.0105 0.13 0.88 21.58 

(2Hn) 280.2 0.0113 0.64 1.67 28.27 165.5 0.0089 0.15 0.65 22.56 

262.3 0.0111 0.53 1.35 28.03 183.0 0.0098 0.16 0.79 22.05 

289.8 0.0104 0.66 1.54 32.61 164.5 0.0074 0.26 0.61 24.13 

284.5 0.0106 0.61 1.40 30.74 151.8 0.0080 0.15 0.53 24.22 

293.1 0.0115 0.59 1.65 31.62 162.6 0.0082 0.17 0.58 24.34 

σ U - compressive strength, εU - compressive strain at rupture, u E - strain energy density for resilience, u F - strain energy 

density to rupture, E - stiffness. 

Table 2 

Mechanical properties of CFRP laminates with different open hole orientations in pristine and damaged state. 

Pristine state Damaged state 

σ U εU u E u F E σ U εU u E u F E 

MPa MPa MPa GPa MPa MPa MPa GPa 

1 hole 291.2 0.0114 0.21 1.72 29.26 181.3 0.0084 0.19 0.77 26.82 

(1H) 288.7 0.0118 0.19 1.67 29.60 176.1 0.0087 0.17 0.81 24.90 

265.6 0.0111 0.18 1.36 28.50 178.0 0.0090 0.16 0.74 24.62 

2 holes parallel to load 294.6 0.0110 0.24 1.73 29.95 196.8 0.0102 0.12 0.84 29.38 

(2Hp) 290.3 0.0117 0.19 1.49 28.94 175.7 0.0092 0.14 0.67 23.12 

325.4 0.0124 0.21 1.79 29.68 190.8 0.0097 0.16 0.82 23.63 

290.7 0.0118 0.22 1.63 28.57 159.2 0.0090 0.15 0.64 24.24 

286.5 0.0117 0.21 1.67 28.47 163.5 0.0091 0.15 0.66 21.90 

306.0 0.0123 0.17 1.72 29.95 166.6 0.0098 0.11 0.68 22.15 

2 holes normal to load 280.4 0.0126 0.20 1.73 26.16 185.9 0.0105 0.13 0.84 20.67 

(2Hn) 284.6 0.0127 0.19 1.83 26.40 162.9 0.0089 0.15 0.64 22.21 

291.7 0.0135 0.18 2.12 25.68 176.7 0.0098 0.15 0.77 21.30 

282.2 0.0126 0.17 1.95 25.16 155.6 0.0089 0.14 0.60 21.65 

289.6 0.0122 0.20 1.62 27.01 173.4 0.0090 0.18 0.72 23.23 

287.9 0.0124 0.22 1.76 26.71 166.0 0.0098 0.12 0.68 19.92 

σ U - compressive strength, εU - compressive strain at rupture, u E - strain energy density for resilience, u F - strain energy 

density to rupture, E - stiffness. 

 

 

 

 

ical data can be found in the “Mech_Properties” spreadsheet in the supplementary excel file

(Data_Mech_Struct). Of note, the data related to the CFRP laminates without any holes can be

retrieved from another data article [3] . 

The structural data comprises images of BVID laminates and drilling-induced damage around

holes in BVID laminates taken using infrared thermography, and the following quantitative data:

• diameter of the BVID, 

• diameter of the holes, 

• drilling-induced damage diameter around the holes, 

were derived from the images. 
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Fig. 1. Dot plot of the BVID diameter versus the blind and open hole setup. 

Fig. 2. Schematics showing the hole setups and loading direction (first column) and crack propagation after test (last 

column). Thermograph showing structural failure around holes in BVID before and after compression after impact (CAI, 

i.e. in-plane compression) tests by using infrared thermography. 
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Fig. 1 shows the dot plot of the BVID diameter created by quasi-static indentation (QSI) in

FRP specimens. The quantitative structural data namely BVID diameter and the drilling-induced

ole damage size can be found in the respective spreadsheet in the supplementary excel file

Data_Mech_Struct). Fig. 2 shows the schematic of hole setups and crack propagation around

oles, and thermographs showing the typical structural failure around the blind holes and open

oles in BVID before and after compression-after-impact (CAI) test. The complete dataset of the

hermographs and digital images showing the structural failures can be found in the MS Pow-

rPoint file (Images_of_hole.ppt). The video clips that shows crack propagation around the holes

n the surface of the laminates during in-plane compression test was recorded, and the video

lip can be found in the supplementary folder (Compression_test_clip.zip). 
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Fig. 3. Experimental flow diagram. (a) CFRP laminate specification. (b) Quasi-static indentation. (c) Schematics of the 

hole types (blind and open hole) and the hole setups (single and binary-hole setups, N = 3 samples per variant) in 

BVID specimens. (d) Thermograph of the damage around the hole. (e) In-plane compression test. (f) Deriving of lami- 

nate mechanical properties from a stress-strain curve after in-plane compression test. Symbols: σ U denotes compressive 

strength. ε denotes strain. U E denotes modulus of resilience. U F denotes fracture toughness. E denotes stiffness. 

 

 

 

 

2. Experimental Design, Materials and Methods 

2.1. Experimental design 

The data presented in Section 2 were derived from a series of experimental activities. Fig. 3

presents the diagram of the experimental workflow. The detailed information of (a) specifica-

tions of the CFRP laminate, (b) creating BVID using QSI, (c) process of drilling holes and hole

setups, (d) inspection of BVID and hole damage using infrared thermography, (e) in-plane com-
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Table 3 

Sample distribution for different treatments of the CFRP laminates used to derive for the mechanical test data. 

2 Holes parallel to 2 Holes parallel to 

1 Hole (1H) applied load (2Hp) applied load (2Hn) 

Open Hole Blind Hole Open Hole Blind Hole Open Hole Blind Hole 

Pristine specimen 3 3 3 3 3 3 

Damaged specimen 3 3 3 3 3 3 

Sub-total 12 12 12 

Total 36 
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C  
ression testing, and (f) determining the mechanical properties of the CFRP laminates were de-

cribed in section 3.2 and 3.3. 

.2. Mechanical test data 

Fig. 3 (a) illustrates the schematics of the 24-ply CFRP laminates used to derive for the me-

hanical test data. More information regards to the specification of the 24-ply CFRP laminates

ould be found in another data article [3] . 

Table 3 shows the sample distribution for different treatments to the CFRP laminates used to

erive for the mechanical test data. A total of 36 pieces of CFRP specimens were mechanically

ested to rupture using in-plane compression test method. The specimens were apportioned for

hree treatment groups (12 specimens per group). The three-treatment group were corresponded

o 1 hole, 2 holes parallel to applied load, and 2 holes normal to applied load. In each of these

reatment group, the CFRP specimens were divided to 6 specimens for each type of holes namely

pen hole and blind hole. Of note, three out of the six specimens were subjected to BVID (BVID

pecimens), while the other three specimens remained as pristine (pristine specimens). 

With regard to the BVID specimens, the CFRP laminates were subjected to impact damage

sing quasi-static indentation method (QSI), following the ASTM methods [4] . Fig. 3 (b) shows

he experimental setup of the QSI method. Of note, an impact energy of about 12 J was exerted

nto the CFRP samples during QSI; the imparted energy was deemed as the range of energies

ssociated to BVID as reported in a literature [5] . 

Fig. 3 (c) illustrates the schematics of the different hole types (blind hole and open hole) and

ole setups (1H, 2Hp, and 2Hn). The holes were created by mechanical drilling using a 2-mm

iameter drill bit. The different treatments to the CFRP laminates namely hole types and hole

etups were related to resin-injection method used to repair BVID CFRP laminates. Several liter-

tures reported that the blind holes [6 , 7] and open holes [8] were used as a preparatory steps

or their repair method; but the structural effects of the CFRP laminates when such holes were

ntroduced into the damaged site and the arrangement of the holes for the purpose of repair

ere not reported. With regard to the hole setup (1H, 2Hp, and 2Hn), the process of mechanical

rilling of a single circular holes into the CFRP laminates removed fibres and matrix resulted in

eak interfacial properties [9] . When a load was applied, the crack propagation occurs longitudi-

ally along the weak interface; whereas at the strong interface, the cracks propagate across the

bres until the specimens failed completely [9] . Dependant on the parameters (namely the load-

ng axis, and the specimen geometry and specification), the cracks growth may spread parallel

r normal to the loading and fibre directions [9] ; therefore, the two-holes setup was arranged

n parallel (2Hp) or normal (2Hn) to the axis of the applied load were employed to derive for

he structural and mechanical data. 

Fig. 3 (e) shows the experimental setup of the in-plane compression test used to derive the

ataset of the mechanical properties of the CFRP samples. The in-plane compression test follows

 ASTM protocol [10] . The data recorded from the mechanical test consists of the load relative

o the change in displacement ( �L). Fig. 3 (f) shows a typical stress-strain ( σ−ε) curve of the

FRP specimens with hole. The load and displacement data obtained was used to derive for the
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stress ( σ ) and strain ( ε). The σ versus ε plots was further analysed to derive for the compressive

strength ( σ U ), compressive strain at rupture ( εU ), modulus of resilience (u E ), fracture toughness

(u F ), and stiffness (E). 

The information related to (1) QSI method used to create BVID in CFRP laminates, (2) in-

plane compression test method, and (3) mechanical properties derived from the stress-strain

curve can be found in another data article [3] . 

2.3. Structural data 

Non-destructive testing (NDT) methods namely the infrared thermography and digital imag-

ing was used to examine the failure structures and interaction between holes within the CFRP

laminates. The infrared thermography captures the thermal variation (depicts the material inho-

mogeneity) on the surface of the specimens in the form of images also known as thermograph.

The method used to conduct infrared thermography inspection on the CFRP specimens were

similar to the procedures shown in another data article [3]. The thermograph was used to (1)

quantify the damage area of the BVID, (2) determine the positions of the holes in the BVID of

the specimens before mechanical drilling, (3) examine for interaction between two holes, and

(4) examine for damage features around the edges of the hole [11] . 

For digital imaging, a digital camera (Nikon D7200) was used to capture images and videos of

the failures of specimens during mechanical testing. The dataset obtained from digital imaging

was used to observe the failure patterns happens on the specimens during the in-plane com-

pression test. Videos were taken during the process of the in-plane compression test to observe

how structures failed around hole or to another nearby holes [12] . 
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