Amirkabir Journal of Mechanical Engineering

Amirkabir J. Mech. Eng., 56(11) (2025) 1575-1590
DOI: 10.22060/mej.2025.23731.7806

Load Acceleration and Crack Propagation Direction on Interlaminar Fracture Toughness
In Polymer Matrix Composites: A Theoretical and Experimental Approaches

Alireza Sartipi Esfahani, Ahmad Reza Ghasemi *

Department of Mechanical Engineering, University of Kashan, Kashan, Iran.

ABSTRACT: In this research, the effects of crack propagation and load speed in the first failure mode Review History:

on failure toughness have been studied analytically and experimentally. In the first mode, the opening of  Received: Dec. 06, 2024

the crack opening of the fiber layout was examined in two different modes and the release of the crack  Revised: Feb. 13,2025

was tested in a direction parallel to the fibers and perpendicular to the direction of the fibers. To perform  Accepted: Feb. 28, 2025
three-point bending tests, test samples are designed and built according to the standard. The purpose Available Online: Mar. 13, 2025
of the rate of speed has been evaluated by changing the loading angle relative to the fixture line. The
percentage changes in interlaminar fracture toughness in double cantilever beam and transverse three-
point bending and longitudinal three-point bending tests are 5/67%, 6/5%, and 3/93%, respectively.
These changes indicate that the difference between fracture toughness in the crack growth region for
double cantilever beam test specimens is smaller than that for three-point bending specimens due to the
thickness of the specimens. The results show that interlayer failure toughness is much greater when the
crack grows parallel to the fibers than when the crack grows perpendicular to the fibers. The physical
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reasons for these experimental results are discussed below.

Polymer Matrix Composites (PMCs)

1- Introduction

The transverse cracks that propagate along directions
different from those assumed in standard tests are common.
For instance, some models proposed to predict the initiation
of transverse cracks [1] or the evolution of transverse
cracks [2], which require fracture toughness values that do
not correspond to those obtained through standard testing
procedures. Additionally, transverse fracture toughness
values are required for some fracture models [3] and damage
models [4-5]. In this study, the effects of loading rate, fiber
orientation, and different three-point bending and cantilevered
beam tests on fracture toughness were investigated.

2- Methodology

The study employs experimental tests including the
Double Cantilever Beam (DCB) and Three-Point Bending
(TPB) methods to measure fracture toughness in composite
materials. The TPB test is utilized to assess both longitudinal
and transverse interlaminar fracture toughness by analyzing
crack growth and comparing it with DCB test results.
Additionally, the effect of loading rate on interlaminar
fracture toughness is evaluated. The preparation of test
samples involves specific designs for DCB and TPB tests,
ensuring precise dimensions and pre-crack lengths.

*Corresponding author’s email: Ghasemi@kashanu.ac.ir

3- Results and Discussion

The results of the experiments demonstrate that the
interlaminar fracture toughness is significantly influenced by
the crack propagation direction. Specifically, the toughness
is considerably higher when the crack grows parallel to the
fibers compared to when it grows perpendicularly. This
difference is attributed to the higher constraint on crack
growth along the fiber direction and variations in the crack
path at the micro-mechanical level. The results show that in
the longitudinal interlaminar three-point bending test, samples
(S3, S4, S7) were able to evaluate the value of interlaminar
fracture toughness (Fig 1).

The value of the initial fracture toughness at this stage
of the final load is significantly different from the secondary
load. This is because the fracture toughness is strongly
dependent on the crack length during growth. The TPB
test samples, with their larger dimensions, exhibit higher
toughness values compared to the DCB test samples, which
have a smaller crack growth region.

4- Conclusions

In this research, the effects of loading in Mode I fracture
on fracture toughness have been analytically studied and
validated through various experiments conducted at different
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Fig. 1. Ultimate load for longitudinal interlaminar three-point bending specimens

loading rates. The results indicate that the fracture toughness
measured using the DCB (Double Cantilever Beam) test for
longitudinal interlaminar failure is lower than that obtained
from other experimental methods. The primary influencing
factors on the results include specimen geometry and physical
factors such as directional instability, which causes crack
deviation across the upper or lower interlaminar boundaries
of the composite specimen.
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Fig. 1. Showing transverse and longitudinal fracture toughness in a layered manner
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Fig. 2. Design of the experiments performed. (a) Double-sided single-ended beam tensile test for longitudinal
interlaminar fracture toughness. (b) Three-point bending for longitudinal interlaminar fracture toughness.
(¢) Three-point bending for transverse interlaminar fracture toughness.
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Fig. 3. Construction and preparation of test specimens of laminated composite multilayer plates. (a) Multi-
layer for an interlayer crack growing parallel to the fiber direction. (b) Multilayer for an interlayer crack
growing perpendicular to the fiber direction.
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Fig. 6. Force (N) — displacement (mm) curves obtained during the tests. (a) Loading cycle (primary loading and

secondary loading) for the specimen with longitudinal and transverse interlaminar cracks (b) Ultimate load for

longitudinal interlaminar three-point bending specimens. (¢) Ultimate load for transverse interlaminar three-
point bending specimens( Continued)

VoML



VR B YOVO doxio VFY Jlo )Y 0yleud DF 095 ¢S ol SilSn i 4yl

90

80

70

60

N]

Z. 50

40

Force

30

20

10

0 0.2 0.4 0.6 0.8

—s1
—_—s4
——55

S6
—s7

1 12 14 16

Displacement [mm]

(42956 5,158, 9 adg! (5,135,10) (5,148, 4y (1) Lol Jgb > baaluwsay (Jiosdse) (ol — (1 95) 955 Sl e 5 S
SBaiged 51y (20 )b () Job I o (ST Al iked aiged g1 (20 )b () (2555 9 Job Il S 5 b Wiges (51
2y sl o gl dal aw ies

Fig. 6. Force (N) — displacement (mm) curves obtained during the tests. (a) Loading cycle (primary loading and

secondary loading) for the specimen with longitudinal and transverse interlaminar cracks (b) Ultimate load for

longitudinal interlaminar three-point bending specimens. (¢) Ultimate load for transverse interlaminar three-
point bending specimens
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