ANALYSIS OF GLASS FRACTURE PATTERNS ON GLASS PANES

NUR IRYANI BINTI MOHD YUSOF

UNIVERSITI TEKNOLOGI MALAYSIA



ANALYSIS OF GLASS FRACTURE PATTERNS ON GLASS PANES

NUR IRYANI BINTI MOHD YUSOF

A dissertation submitted in partial fulfilment of the
requirements for the award of the degree of
Master of Science (Forensic Science)

Faculty of Science
Universiti Teknologi Malaysia

OCTOBER 2010



To my beloved mother and father
Rosiah Binti Yahya and Mohd Yusof Bin Anang



ACKNOWLEDGEMENT

Firstly, the greatest ultimate debt and gratitude is due to Allah SW.T., the
most Beneficent and the Most Merciful. May Allah pardon and forgive our weakness

and endow us with knowledge and wisdom.

In preparing this thesis, | was in contact with many people and academicians.
They have contributed towards my understanding and thoughts. In particular, I wish
to express my sincere appreciation to my main thesis supervisor, Dr. Che Rozid Bin
Mamat, for encouragement, guidance, critics and advices that helps me a lot to
complete this study from the beginning tills the end. I am also very thankful to my
co-supervisors Puan Rusikah Binti Minhad from Jabatan Kimia Malaysia for her
guidance, advices and invaluable help during the course of my project at Forensic
Laboratory, Jabatan Kimia Malaysia. Then, | would like to express my deepest
gratitude to Forensics course advisor, Prof. Madya Dr. Umi Kalthom Ahmad for her
valuable guidance and advices. Without their continued support and interest, this

thesis would not have been the same as presented here.

I am truly grateful to all of the science officers and lab assistants at Forensic
Laboratory, Universiti Teknologi Malaysia especially Encik Hanan and Encik Nazri
for their help throughout this project. My fellow postgraduate students should also be
recognized for their support. My sincere appreciation also extends to all my
colleagues and others who have provided assistance at various occasions. Their

views and tips are useful indeed.

Last but not least to my mother and sisters for their faithful support and

sharing all my problems.



Vi

ABSTRACT

Glass is one of the most common and important evidence submitted to
forensic laboratories for analysis. It is frequently encountered at crime scenes,
particularly those involving motor vehicle accidents or burglaries. This study
emphasized on the examination of the fracture patterns performed on different types
of glass panes after broken by different type of impact objects, analysis of fracture
features to determine direction of force and identifying of refractive index of glass as
further analysis. Three types of glass panes (float, tempered and laminated) and four
levels of breaking devices (hammer, bat, golf ball and stone either by throwing or
using catapult) were used in the experiment. The results show that almost the whole
float glass panes were shatters into sharp glass pieces after broken by all type of
breaking devices. Then, tempered glass pane was broken with the whole glass panes
shatters into small pieces of blunt granules when only hammer exerted on the glass,
meanwhile, for other breaking devices were caused a scratch marks on glass surface.
For laminated glass when broken by bat, throwing a stone and using catapult, almost
the whole of glass panes were remains intact on its interlayer film and got some
splinters from point of impact were flying out. Meanwhile, fracture patterns on
laminated glass pane when broken by hammer produced a cone or crater after
striking. However, impact objects used to break those types of glass panes are not
really reliable to be distinguished. This is because the fracture patterns on glass panes
obviously differ by its types of glass only. When a pane of glass is broken by an
impact, majority of the broken fragments will fall in the direction of the force, which
is on the side of the glass panes opposite direction of the application of force. A
determination of the direction of force in breaking a glass pane can be determined by
the direction of the rib marks. As the impact occurs, concentric fractures form
around the impact and interconnect with radial cracks to form triangular pieces. The
edge of each triangular piece has visible stress lines that describe the direction of the
blow. The refractive index of each type of glass was determined by GRIM 3
equipment which produce results of refractive index for float glass panes are about
1.5200; tempered glass panes are about 1.5181 and, laminated glass panes are about
1.5188.
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ABSTRAK

Kaca adalah salah satu bahan bukti yang penting dan biasa dihantar ke
makmal forensik untuk dianalisis. la sering dijumpai di kawasan berlakunya jenayah,
terutama apabila melibatkan kes kemalangan kenderaan bermotor ataupun pecah
rumah Kajian ini menumpukan kepada pemeriksaan bentuk retakan yang terhasil
pada jenis tingkap kaca yang berlainan selepas dipecahkan oleh jenis objek yang
berbeza, analisis sifat retakan untuk mengenal pasti arah daya yang ditujukan dan
identifikasi indeks biasan kaca sebagai analisis tambahan. Terdapat tiga jenis tingkap
kaca (terapung, tahan lasak dan berlamina) dan empat peringkat alat pecahan (tukul,
pemukul, bola golf, dan batu sama ada secara lontaran atau menggunakan lastik)
telah digunakan dalam eksperimen ini. Keputusan yang diperoleh menunjukkan
hampir keseluruhan kaca terapung berkecai menjadi serpihan kaca yang tajam
selepas dipecahkan oleh semua jenis alat pecahan. Seterusnya, kaca tahan lasak
pecah dengan keseluruhannya berkecai menjadi serpihan butir-butir kaca yang kecil
apabila tukul digunakan, manakala, untuk alat pecahan lain telah menyebabkan tanda
calar pada permukaan kaca. Bagi kaca berlamina yang telah dipecahkan oleh
pemukul, lontaran batu dan menggunakan lastik, hampir keseluruhan kaca masih
melekat pada filem lapisan dalam dan terdapat juga serpihan kaca yang kecil dari
permukaan hentaman tercampak keluar. Kemudian, corak retakan pada kaca
berlamina apabila dipecahkan oleh tukul telah menghasilkan bentuk kon atau kawah
selepas hentaman. Walau bagaimanapun, objek hentaman yang digunakan untuk
memecahkan kesemua kaca ini diragui untuk dibezakan. Hal ini adalah kerana corak
retakan yang terbentuk pada tingkap kaca sangat jelas berbeza mengikut jenis kaca
sahaja. Apabila kaca dipecahkan dengan hentaman, majoriti serpihan kaca akan jatuh
mengikut arah daya dikenakan iaitu pada bahagian tingkap kaca yang berlawanan
dengan aplikasi daya dikenakan. Penentuan arah daya dikenakan untuk memecahkan
kaca boleh ditentukan daripada arah tanda rusuk. Sebaik sahaja hentaman berlaku,
retakan sepusat terbentuk di sekeliling hentaman dan menghubungkan dengan retak
jejarian untuk menghasilkan kepingan bentuk tiga segi. Pada bahagian tepi setiap
kepingan berbentuk tiga segi boleh dilihat garisan tekanan yang mana dapat
menentukan arah pukulan objek. Indeks biasan bagi setiap jenis kaca ditentukan
dengan menggunakan peralatan GRIM 3 yang mencerapkan keputusan indeks biasan
untuk tingkap kaca terapung adalah 1.5200, tingkap kaca tahan lasak ; 1.5181 dan
tingkap kaca berlamina pula adalah 1.5188.
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CHAPTER 1

INTRODUCTION

1.1  Background of Study

Glass can be found in most localities. It is produced in a wide variety of
forms and compositions, which differentiates the properties of their material. This
will give evidence when it is broken during a commission of a crime. There are
automobile glasses, broken in accidents, shattered by gunshots, or just caved in with
a baseball bat or hammer by strangers. Broken glass fragments ranging in size from
large pieces to tiny shards may be transferred to and retained by nearby persons or

objects.

The behavior of glass during loading and fracture is decisively affected by
their structure, which depends on both the composition and the manufacturing. A
deformed or indented frame, in which glass panes was built in, indicates that the
failure was caused by force acting on the frame. Conversely, if only the glass was
damaged but no other parts, it is probable that the glass was broken by force acting
on it alone, or by thermal or residual stress. Any observation or information related

to the fracture and its possible cause must be carefully recorded.

The forensic examiner may be able to analyze fractured window panes and
determine the direction of an impact and the amount of force applied to them,
suggesting what actually happened at the scene. For example, it is often important to
establish whether a window was broken from inside or the outside. In the case of

burglary, the window would have been broken from the outside.



1.2 Statement of the Problem

Glass fracture patterns are unique; and these fractures are caused by an
impact either high-velocity or low-velocity projectiles, or glass cutters, which each of
them can be distinguished. Laboratory examination of recovered shards may reveal
the direction of breaking forces or the type of projectile and its angle of penetration.
Pieces of glass after incident may be fitted together such that a recovered fragment
can be identified as it had been broken from a specific pane to the exclusion of all
others. For such a case, this study is undertaken to differentiate the fracture patterns
on different type of glass panes which usually broken during commission of crime.
Moreover, refractive index of glass is different to each other according to their
chemical composition from different type of glass. Therefore, refractive index of
glass also needs to be determined for the purpose to link sample glass fragment to

origin glass.

1.3 Objectives of the Study

The objectives of this study are:

) To compare and analyze the fracture of the glass focusing on glass
panes fracture patterns with varying different types of glass panes and
object impacts.

i) To identify glass panes fracture patterns as to direction of the breaking
force.

iii) To determine the refractive index of glass using Glass Refractive

Index Measurement as subsequent analysis in this study.



1.4 Scope of Study

Determination of glass panes fracture patterns related to forensic glass
analysis is studied. In this study, the characterization and assessment of the
significance of fracture features in glass panes are observed through microscopic and
macroscopic examination which is important in forensic investigation. Different
types of glass panes which are float, tempered and laminated glass as well as
different type of object impact which usually used during commission of crime
prepared for this study. The refractive index for glass is determined using GRIM

(Glass Refractive Index Measurement) as further analysis.

1.5  Significance of the Study

Fracture patterns in a piece of glass reflect the nature of the glass and the
direction of travelling and velocity of the breaking object. Glass fracture
examinations undertaken to determine the direction of force and the presence of a
physical match depend upon careful evidence collection and packaging. Besides,
broken and shattered glass fragments that are produced in the perpetration of a crime
can be used to link a suspect to that crime scene. Thus, this study is embarked to
assist the police or forensic investigators to analyze fracture pattern of glass panes in
order for them to reconstruct the sequence of events that occurred when the crime

was committed.



85

REFERENCES

Abramowitz, M. (1987). Contrast Methods in Microscopy: Transmitted Light. Vol.
2. Olympus Corporation, New York.

Allen, T. J. and Scranage, J. K. (1998). The Transfer of Glass - Part 1: Transfer of
Glass to Individuals at Different Distances, J. Forensic Sci. Int., 93:167-174.

Anon. Glass Fractures. Scientific Working Group for Materials Analysis
(SWGMAT). Forensic Science Communications. 2004. Volume 7 No. 1.
www.fbi.gov/hg/lab/fsc/backissu/jan2005/standards/2005standards7.htm.
Retrieved on 21° August 2009.

Arbab, M., Shelestak, L. J., and Harris, C. S. (2005). Value-added Flat-Glass
Products for the Building, Transportation Markets, part 1, American Ceramic
Soc. Bull. (2005) 84:30-35.

Association of Official Analytical Chemists (AOAC). (1990). Method 973.65,
Characterization and Matching of Glass Fragments: Dispersion Microscopy
(Double Variation Method). In: Official Methods of Analysis of the
Association of Official Analytical Chemists. vol. 1, 15th ed. AOAC,
Gaithersburg, Maryland.

ASTM International. ASTM C162-05 Standard Terminology of Glass and Glass
Products. ASTM International, West Conshohocken, Pennsylvania.
Available: http://www.astm.org/Standards/C162.htm.

Bertino, A. J. and Bertino, P. N. (2008) Forensic Science: Fundamentals and

Investigations. Science Series Language Learning. Texas.


http://www.fbi.gov/hq/lab/fsc/backissu/jan2005/standards/2005standards7.htm
http://www.fbi.gov/cgi-bin/outside.cgi?http://www.astm.org/Standards/C162.htm

86

Beveridge, A. D. and Semen, C. (1979). Glass Density Measurement Using a
Calculating Digital Density Meter, Canadian Soc. Forensic Sci. J., 12:113—
116.

Bloss, F. D. (1961). An Introduction to the Methods of Optical Crystallography.
Holt, Rinehart and Winston, New York.

Bottrell, M. C., Webb, J. B., Buscaglia, J., and Koons, R. D. (2007). Distribution of
Elemental Concentrations Within Individual Sheets of Float Glass. Presented
at the American Academy of Forensic Sciences Annual Meeting, San

Antonio.

Bravman, J. C. and Sinclair, R. (1984). The Preparation of Cross-Section Specimens
for Transmission Electron Microscopy, J. Electron Microscopy Technique
1:53-61.

Caddy, B. (2001). Forensic Examination of Glass and Paint: Analysis and

Interpretation. Taylor & Francis Forensic Science Series. CRC Press.

Cassista, A. R. and Sandercock, P. M. L. (1994). Precision of Glass Refractive Index
Measurements: Temperature Variation And Double Variation Methods, and
The Value Of Dispersion, Canadian Soc. Forensic Sci. J., 27:203-208.

Curran, J. M., Hicks, T. N., Walsh, K. A. and Buckleton, J. S. (2000) Forensic

Interpretation of Glass Evidence. CRC Press, Boca Raton, Florida.

Dabbs, M. D. G., German, B., Pearson, E. F., and Scaplehorn, A. W. (1973). The Use
of Spark Source Mass Spectrometry for The Analysis of Glass Fragments
Encountered in Forensic Applications, part 2, J. the Forensic Sci. Soc.,
13:281-286.

De Rosa, R. L. and Condrate, R. A. (1999) Sr. Fourier-Transform Infrared
Spectroscopy Studies for Coatings, The Glass Researcher: Bull. of Glass Sci.
and Eng.:7-8.

Doyle, P. J., (1994) Ed. Glass-Making Today: An Introduction to Current Practice in
Glass Manufacture. R. A. N. Publishers, Marietta, Ohio.



87

Girrard, J. E. (2007). Criminalistics: Forensic Science and Crime. Criminal Justice

Illuminated. Jones & Bartlett Learning.

Greenman, M. (2008) The Search for Energy Efficiency, American Ceramic Soc.
Bull., 87:15.

Guttman, P. (1996) Assessment of Batch Raw Materials, The Glass Researcher:
Bulletin of Glass Sci. and Eng., 5: 5-6

Hicks, T. and Schiitz, F. (2005) A Model for Estimating the Number of Glass
Fragments Transferred When Breaking a Pane: Experiments with Firearms
and Hammer. Scientific and Technical. Sci. & Justice. Volume 45 No. 2 65-
74.

Hicks, T., Vanina, R., and Margot, P. (1996) Transfer and Persistence of Glass
Fragments on Garments, Sci. & Justice. 36:101-107.

Knight, M. A. (1945) Glass Densities by Settling Method: Water-Bath Apparatus for
Production Control in Glass Plants, The J. the American Ceramic Soc.,
28:297-302.

Kooi, J. E., Tandon, R., Glass, S. J. and Mecholsky, Jr. J. J. (2008) Analysis of
Macroscopic Crack Branching Patterns in Chemically Strengthened Glass. J.
Mater. Res., Vol. 23, No. 1.

Koons, R. D. and Buscaglia, J. (1999) The Forensic Significance of Glass
Composition and Refractive Index Measurements, J. Forensic Sci., 44:496—
503.

Koons, R. D., Buscaglia, J., Bottrell, M., and Miller, E. T. (2002) Forensic Glass
Comparisons. In: Forensic Science Handbook. 2™ ed. R. Saferstein, ed.
Prentice-Hall, Upper Saddle River, New Jersey. Vol. 1, pp. 161-213

Kubic, T. and Petraco, N. (2005) Forensic Science Laboratory Manual and
Workbook (Forensic and Criminal Justice) 2™ Ed. CRC Press.



88

Lau, L., Beveridge, A. D., Callowhill, B. C., Conners, N., Foster, K., Groves, R. J.,
Ohashi, K. N., Sumner, A. M., and Wong, H. (1997) The Frequency of
Occurrence of Paint and Glass on the Clothing of High School Students,
Canadian Soc. Forensic Sci. J., 30:233-240.

Lee, H. C., Palmbach, T. and Miller, M. T. (2001) Henry Lee’s Crime Scene

Handbook. 2™ Ed. Academic Press.

Lloyd, J. B. F. (1981) Fluorescence Spectrometry in the Identification and
Discrimination of Float and Other Surfaces on Window Glasses, J. Forensic
Sci., 26:325-342.

Locke, J. and Unikowski, J. A. (1991) Breaking of Flat Glass—Part 1: Size and
Distribution of Particles from Plain Glass Windows, Forensic Sci. Int.,
51:251-262.

Locke, J and Unikowski, J. A. (1992) Breaking of Flat Glass—Part 2: Effect of Pane

Parameters on Particle Distribution, Forensic Sci. Int., 56:95 - 106

Locke, J. (1985) GRIM - A Semi-Automatic Device for Measuring the Refractive
Index of Glass Particles, The Microscope., 33:169-178.

Locke, J. (1984) New Developments in the Forensic Examination of Glass, The
Microscope, 32:1-11.

Luce, R. J.,, Buckle, J. L., and Mclnnis, I. A. (1991) A Study on the Backward
Fragmentation of Window Glass and the Transfer of Glass Fragments to
Individual’s Clothing. Canadian Soc. Forensic Sci. J., 24(2): 79-89.

McCrone, W. C. and Hudson, W. (1969) The Analytical Use of Density Gradient
Separations, J. Forensic Sci., 14: 370-384.

McCrone, W. C., McCrone, L. B., and Delly, J. G. (1997) Polarized Light
Microscopy. McCrone Research Institute, Chicago, Illinois. pp. 169-196

Mencik, J. (1992). Strength and Fracture of Glass and Ceramics. Glass Science and

Technology. Elsevier Science Publishers, B. V. The Netherlands.



89

Misture, S. T. (1999) X-Ray Scattering Used to Characterize Surfaces and Thin
Films, The Glass Researcher: Bull. of Glass Sci. & Eng., 9:5,19.

Mozayani, A. and Noziglia, C. (2006) The Forensic Laboratory Handbook:
Procedures and Practice (Forensic Science and Medicine Series). Springer.

Nelson, D. F. and Revell, B. C. (1967) Backward Fragmentation from Breaking
Glass, J. the Forensic Sci. Soc., 17:58-61.

Petterd, C. I., Hamshere, J., Stewart, S., Brinch, K., Masi, T., and Roux, C. (1999)
Glass Particles in the Clothing of Members of the Public in South-Eastern
Australia—A survey, Forensic Sci. Int., 103:193-198.

Pounds, C. A. and Smalldon, K. W. (1978) The Distribution of Glass Fragments in
Front of a Broken Window and the Transfer of Fragments to Individuals
Standing Nearby, J. the Forensic Sci. Soc., 18:197-203.

Roux, C., Kirk, R., Benson, S., Van Haren, T., and Petterd, C. I. (2001) Glass
Particles in Footwear of Members of the Public in South-Eastern Australia—
a Survey, Forensic Sci. Int., 116:149-156.

Sakaue, K., Yoneyama, S. and Takashi, M. (2009) Study on Crack Propagation
Behavior in a Quenched Glass Plate. Eng. Fracture Mechanics, 76: 2011-
2024.

Scientific Working Group for Materials Analysis (SWGMAT). Elemental Analysis
of Glass, Forensic Science Communications [Online]. (January 2005).
Available: http://www.fbi.gov/hg/lab/fsc/backissu/jan2005/standards/2005sta
ndards10.htm.

Skoog, D. A. and West, D. M. (1980) Principles of Instrumental Analysis. 2" ed.
Saunders College, Philadelphia, Pennsylvania, pp. 356.

Smalldon, K. W. and Brown, C. (1973) The Discriminating Power Of Density and
Refractive Index for Window Glass, J. the Forensic Sci. Soc., 13:307-309.


http://www.fbi.gov/hq/lab/fsc/backissu/jan2005/standards/2005standards10.htm
http://www.fbi.gov/hq/lab/fsc/backissu/jan2005/standards/2005standards10.htm

90

Stoecklein, W. (1996) Fluorescence in Glass. Presented at the International
Symposium on the Forensic Examination of Trace Evidence in Transition,

San Antonio, Texas, June 24—-28.

Stoiber, R. E. and Morse, S. A. (1981) Microscopic Identification of Crystals. R. E.
Krieger Publishing, Malabar, Florida.

Stuart, H. J. and Nordby, J. J. (2005). Forensic Science: An Introduction to Scientific
& Investigative Techniques. (2™ ed.) CRC Press.

Tilstone, W. J., Savage, K. A. and Clark, L. A. (2006) Forensic Science: An
Encyclopedia of History, Methods and Techniques. ABC-CLIO.

Tooley, F. V. (1974) The Handbook of Glass Manufacture. Vol 1. Books for
Industry, New York.

Varshneya, A. K. J. (1994). Fundamentals of Inorganic Glasses. Academic Press,

Boston, Massachusetts.

Williams, H., Turner, F. J., and Gilbert, C. M. (1982) Petrography: An Introduction
to the Study of Rocks in Thin Section, W. H. Freeman and Company, New
York.



	NurIryaniMohdYusofMFS2010ABS
	NurIryaniMohdYusofMFS2010TOC
	NurIryaniMohdYusofMFS2010CHAP1
	NurIryaniMohdYusofMFS2010REF



