CRACK GROWTH INITIATION AND
PROPAGATION DUE TO A CLOSING PORE
IN A NATURAL QUASI-BRITTLE
ORTHOTROPIC SOLID

SAILENDU BISWAL

DEPARTMENT OF APPLIED MECHANICS
INDIAN INSTITUTE OF TECHNOLOGY DELHI
MAY 2024



© Indian Institute of Technology Delhi (IITD), New Delhi, 2024



CRACK GROWTH INITIATION AND
PROPAGATION DUE TO A CLOSING PORE
IN A NATURAL QUASI-BRITTLE
ORTHOTROPIC SOLID

by
Sailendu Biswal
Department of Applied Mechanics
submitted

in fulfillment of the requirements of the degree of Doctor of Philosophy

to the

INDIAN INSTITUTE OF TECHNOLOGY
DELHI

MAY 2024



CERTIFICATE

This is to certify that the thesis entitled “Crack growth initiation and propa-
gation due to a closing pore in a natural quasi-brittle orthotropic solid”,
submitted by Sailendu Biswal to the Indian Institute of Technology Delhi, for the
award of the degree of Doctor of Philosophy in Applied Mechanics, is a record of
the original, bonafide research work carried out by him under our supervision and
guidance. The thesis has reached the standards fulfilling the requirements of the

regulations related to the award of the degree.

The results contained in this thesis have not been submitted in part or in full to any
other University or Institute for the award of any degree or diploma to the best of

our knowledge.

Prof. Gaurav Singh

Associate Professor

Department of Applied Mechanics
Indian Institute of Technology Delhi
New Delhi - 110016

India

Date: 09/05/2024



ACKNOWLEDGEMENTS

I would like to express my sincere gratitude to the following individuals for their

invaluable support and assistance throughout my research work:

First and foremost, I would like to thank my thesis advisor, Prof. Gaurav Singh, for

his guidance and support.

I would also like to extend my gratitude to my SRC committee members (Prof.
B.P Patel, Prof. M.K Singha and Prof. N.V Datla) for their insightful feedback,

constructive criticism, and willingness to engage with my ideas.

I am grateful to the staff at the Department of Applied Mechanics for providing me

with assistance in performing experimental research work.

I would like to thank my family, friends and colleagues for their unwavering love,
support, and understanding throughout this process. Their encouragement and

belief in me have kept me motivated and inspired.

Thank you all for your contributions to this work.

Sailendu Biswal

Date: 09/05/2024

i



ABSTRACT

This thesis discusses the mechanics of crack formation, the initiation of its growth
and eventual propagation leading to fracture due to a closing pore in pine wood
(Pinus radiata). A closing pore situation begins with the compression of a speci-
men with an open pore which gradually closes by pore surfaces coming into contact.
Thereafter, cracks form near the pore which grows and eventually fracture the spec-
imen. The combined action of contact and fracture mechanics due to a closing pore

is the first novelty addressed in this thesis using experiments and FEM simulations.

The simulations of closing pore situation in wood requires the determination of elas-
tic and fracture properties of wood. This is extremely more challenging compared
to synthetic materials due to natural occurrence, quasi-brittle nature and macro-
scopic orthotropy of wood. Experiments have been conducted on wood samples to
determine it’s elastic properties in tension, shear and compression. Thereafter, frac-
ture properties like critical energy release rate and traction-separation relations have
been experimentally determined for mode I and II using multi-specimen approach.
The use of multi-specimen approach for calculating the fracture toughness of wood

is the second novelty of this work.

Thereafter, experiments are conducted for wood samples containing central pores
along the grain direction. The pore/grain orientation and surface roughness be-
tween pore surfaces are two parameters which are studied using overall mechanical
response. Finally, FEM simulations are conducted for closing pore situation in pine
wood by incorporating its elastic and fracture properties. Several observations from
experiments are reproducible using these simulations under the constraint of linear

elasticity.

The findings of this thesis can be extended to other naturally occurring quasi-brittle

orthotropic solids like bone.
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