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Activity 14 1 Glass
Fracture Patterns

Answer Key

Introductio
n to Glass
Fracture
Analysis in
Forensic
Science

W h e n  a  p a n e  o f
glass  is  broken,  it
does  not  shatter
r a n d o m l y .  T h e
resulting  fracture
p a t t e r n s  t e l l  a
precise  story  about
the force, direction,

and sequence of the
break.  In  forensic
science  education,
few resources are as
foundational  as  the
Activity 14 1 Glass
Fracture  Patterns
Answer  Key.  This
essent ia l  gu ide
helps  students  and
b u d d i n g
investigators decode
the  language  of
b r o k e n  g l a s s ,
t u r n i n g  w h a t
appears to be chaos
i n t o  a  r e l i a b l e
evidence  source.



Whether  you  are  a
forensic  science
instructor, a student
preparing  for  an
exam,  or  simply  a
curious  learner,
m a s t e r i n g  t h e
concepts behind this
activity  unlocks  a
d e e p e r
understanding  of
c r i m e  s c e n e
reconstruction.  This
article  provides  a
t h o r o u g h
exploration  of  the
key  pr inc ip les ,
p r a c t i c a l
applications,  and
common  pitfal ls
associated  with
g l a s s  f r a c t u r e
pattern analysis,  all
w h i l e  o f f e r i n g
clarity  on what  the
answer key typically
covers.

What Is
Activity 14 1
Glass
Fracture
Patterns?

Activity  14  1  is  a
s tap le  exerc ise
f o u n d  i n  m a n y
forensic  science
t e x t b o o k s  a n d
laboratory  manuals.
It  is  designed  to
teach students  how
to  di f ferent iate
between  various
t y p e s  o f  g l a s s
fractures, determine
the  direct ion  of
i m p a c t ,  a n d
sequence  multiple
break  events.  The
Activity 14 1 Glass
Fracture  Patterns
A n s w e r  K e y
provides the correct
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interpretations  for
the  diagrams  and
scenarios  presented
in the activity.  This
answer  key  is  not
mere ly  a  l i s t  o f
correct responses; it
is  a  teaching  tool
that  re in forces
critical  observation
s k i l l s  a n d  t h e
a p p l i c a t i o n  o f
fundamental physics
p r i n c i p l e s  t o
forensic evidence.

Why This
Activity Matters

Glass is  one of  the
most common forms
of  trace  evidence
f o u n d  a t  c r i m e
s c e n e s .  F r o m
broken windows at a
b u r g l a r y  t o
s h a t t e r e d
automobile  glass  in
a  hit-and-run,  the

ability  to  analyze
fracture  patterns
c a n  h e l p
i n v e s t i g a t o r s
determine  point  of
entry,  the  type  of
weapon  used,  and
even  the  sequence
of  shots  fired  in  a
shooting  incident.
The answer key for
Activity 14 1 serves
as a benchmark for
learners  to  verify
their  understanding
and  develop  the
analytical  mindset
required  for  real-
world forensic work.

The Physics
Behind
Glass
Fracture



Patterns

Before  diving  into
the specifics  of  the
answer  key,  it  is
i m p o r t a n t  t o
unders tand  the
physical  principles
that  govern  how
glass  breaks.  Glass
is  an  amorphous
solid,  meaning  its
m o l e c u l e s  a r e
a r r a n g e d  i n  a
d i s o r d e r e d
structure.  When  a
force is applied, the
g l a s s  d e f o r m s
elastically  until  it
reaches its breaking
p o i n t .  A t  t h a t
moment,  energy  is
released in the form
o f  c r a c k s  t h a t
propagate  outward
from  the  point  of
impact.

Radial and
Concentric
Fractures

Two  primary  types
of  fracture  l ines
emerge  when  glass
is broken:

Radial
fractures:
These are
cracks that
radiate
outward from
the point of
impact like
spokes on a
wheel. They
form on the
side opposite
the applied
force.
Concentric
fractures:
These are
circular or arc-
shaped cracks
that encircle
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the point of
impact. They
form on the
same side as
the applied
force.

The  Activity  14  1
Glass  Fracture
Patterns  Answer
Key  typically  asks
students  to  identify
these fracture types
in  diagrams  and
e x p l a i n  t h e i r
f o r m a t i o n .
Understanding  the
r e l a t i o n s h i p
between  these  two
fracture  types  is
e s s e n t i a l  f o r
determining  the
d i r e c t i o n  f r o m
which the force was
applied.

The 4R and 3R

Rules

T w o  m n e m o n i c
devices  are  central
to  glass  fracture
analysis:

The 4R Rule:
Radial cracks
form a Right
angle on the
Reverse side of
the force. This
means that
radial
fractures make
a right angle
(90 degrees)
on the side
opposite the
impact.
The 3R Rule:
Radial cracks
form a Right
angle on the
Reverse side of
the force. This
is essentially
the same



concept, but
some
textbooks
phrase it as
the "3R rule"
to emphasize
the three key
words: Radial,
Right angle,
Reverse.

These  ru les  are
c r i t i c a l  f o r
determining  which
side of the glass was
struck  first.  The
answer key will test
students'  ability  to
apply these rules to
various  diagram
scenarios.

Key
Concepts
Covered in

the Answer
Key

The  Activity  14  1
Glass  Fracture
Patterns  Answer
K e y  t y p i c a l l y
addresses  several
c o r e  l e a r n i n g
objectives.  Here  is
what  students  are
expected  to  master:

Identifying the
Direction of
Force

By  examining  the
fracture patterns on
a  broken  pane  of
g l a s s ,  a n
investigator  can
determine  whether
the force came from
the  inside  or  the
outside. The answer
key  provides  step-
by-step  reasoning
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for  each  scenario:

Look for the1.
point of
impact, usually
a hole or a
spider web
pattern.
Identify the2.
radial
fractures
extending
outward from
the center.
Examine the3.
edges of the
radial
fractures for
stress marks
(also called
hackle marks).
Apply the 4R4.
rule: if the
radial cracks
form a right
angle on the
reverse side,
the force came
from that

reverse side.

Sequencing
Multiple
Impacts

When glass is struck
multiple  times,  the
fracture  patterns
from  later  impacts
will  terminate  at
earl ier  fracture
l i n e s .  T h i s  i s
because  a  crack
cannot  propagate
across  an  existing
crack.  The  answer
k e y  t e a c h e s
students  to:

Identify which
fracture lines
are continuous
and which are
interrupted.
Determine the
order of
impacts by
tracing which



cracks stop at
others.
Understand
that the first
impact
produces a
complete set of
radial and
concentric
fractures,
while
subsequent
impacts
produce
patterns that
are truncated
by the earlier
ones.

Distinguishing
High-Velocity
from Low-
Velocity
Impacts

The  Activity  14  1
Glass  Fracture
Patterns  Answer

Key  often  includes
e x a m p l e s  t h a t
require  students  to
d i f f e r e n t i a t e
between  a  bullet
hole  and  a  rock-
throwing  incident.
Key  distinguishing
features  include:

Bullet holes:
Typically show
a round, clean
hole with a
cone-shaped
bevel on the
exit side. The
hole is smaller
and more
uniform than
blunt-force
impacts.
Blunt-force
impacts:
Produce a
more irregular
hole with
larger, more
jagged
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fragments. The
concentric
fractures are
usually more
pronounced
and numerous.
Thermal
stress cracks:
These occur
from heat and
do not have a
point of
impact; they
form curved,
meandering
lines that often
start at the
edge of the
glass.

Step-by-
Step Guide
to Using the
Answer Key

F o r  s t u d e n t s
working  through

Activity  14  1,  the
answer key is  most
effective when used
as  a  learning  aid
r a t h e r  t h a n  a
shortcut.  Here  is  a
r e c o m m e n d e d
approach:

Step 1: Attempt
the Activity
Independently

Before  consulting
the  Activity  14  1
Glass  Fracture
Patterns  Answer
Key, try your best to
label  the  fracture
types, determine the
direction  of  force,
and  sequence  the
impacts  on  your
own.  This  active
recall  strengthens
your  understanding
and  reveals  areas
where  you  need
more  study.



Step 2:
Compare Your
Answers

O n c e  y o u  h a v e
c o m p l e t e d  t h e
activity,  compare
your responses with
the answer key. Pay
close  attention  to
questions  you  got
w r o n g  o r  w e r e
unsure  about.  The
answer  key  often
i n c l u d e s  b r i e f
explanations  that
clarify the reasoning
behind each correct
answer.

Step 3: Review
the
Explanations

D o  n o t  j u s t
m e m o r i z e  t h e
correct  answers.
The  true  value  of

the answer key lies
in the explanations.
For  example,  if  a
d i agram  shows
radial fractures that
form right angles on
the reverse side, the
answer key explains
why  that  indicates
the force came from
the  reverse  side.
Understanding  the
why is essential for
app l y ing  these
concepts  to  new
scenarios.

Step 4: Practice
with Additional
Diagrams

A f t e r  w o r k i n g
through the answer
key,  find  additional
g l a s s  f r a c t u r e
diagrams  online  or
in  other  forensic
science  textbooks.
Practice  identifying
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fracture  types  and
sequencing  impacts
without the aid of an
answer  key.  This
re inforces  your
skills  and  prepares
you  for  practical
assessments.

Common
Mistakes
and How to
Avoid Them

Even  experienced
learners  can  make
e r r o r s  w h e n
analyz ing  glass
fracture  patterns.
The  Activity  14  1
Glass  Fracture
Patterns  Answer
Key  helps  clarify
several  common
misconceptions:

Confusing

radial and
concentric
fractures:
Remember
that radial
fractures
extend
outward from
the impact,
while
concentric
fractures form
circular
patterns
around it.
Practice
drawing them
from memory
to solidify the
distinction.
Misapplying
the 4R rule:
Some students
think the right
angle forms on
the same side
as the force.
The correct
application is



that radial
cracks form a
right angle on
the reverse
side. The
answer key
provides
diagrammatic
examples to
illustrate this
point.
Overlooking
stress marks:
Stress marks
(also called
Wallner lines)
are small
curved lines on
the edges of
radial
fractures. They
indicate the
direction of
crack
propagation.
The answer
key teaches
students to
look for these

marks to
confirm their
conclusions.
Assuming all
cracks are
from impact:
Glass can also
break from
thermal stress
or
manufacturing
defects. The
answer key
helps
differentiate
impact
fractures from
non-impact
fractures by
noting the
presence or
absence of a
clear point of
origin.

Real-World
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Applications
of Glass
Fracture

Analysis

The skills reinforced
by the Activity 14 1
Glass  Fracture
Patterns  Answer
Key  have  direct
app l i ca t ions  in
c r i m i n a l
investigations.  Here
are a few examples:

Burglary
Investigations

When  a  window  is
broken  during  a
break-in,  forensic
analysts  examine
t h e  f r a c t u r e
p a t t e r n s  t o
determine  whether
t h e  g l a s s  w a s
broken  from  the

inside  or  outside.
This information can
cor robora te  o r
c o n t r a d i c t  a
suspect's statement.
For  instance,  i f
radial  fractures
form right angles on
the interior side, the
force  came  from
inside,  suggesting
an inside job rather
than  an  external
break-in.

Shooting
Incidents

In  cases  involving
g u n f i r e ,  g l a s s
fracture  analysis
can  help  determine
the number of shots
f i r e d  a n d  t h e i r
s e q u e n c e .  B y
examining  which
bullet holes truncate
the fracture lines of
others, investigators



can reconstruct  the
order of events. The
a n s w e r  k e y ' s
e m p h a s i s  o n
sequencing multiple
impacts  is  directly
applicable  here.

Vehicle
Accidents

Automobile  glass,
i n c l u d i n g
windshields  and
s i d e  w i n d o w s ,
exhibits  distinct
fracture  patterns
depending  on  the
type of glass and the
n a t u r e  o f  t h e
impact.  Tempered
glass,  used  in  side
windows,  shatters
into  small,  pebble-
l ike  f ragments ,
while  laminated
g l a s s ,  u s e d  i n
windshields,  cracks
in  a  characteristic

spider web pattern.
U n d e r s t a n d i n g
these  differences
h e l p s  a c c i d e n t
r e c o n s t r u c t i o n
s p e c i a l i s t s
determine  impact
points and occupant
movement  during a
crash.

Integrating
Glass
Fracture
Analysis
with Other
Evidence

While  the  Activity
1 4  1  G l a s s
Fracture  Patterns
A n s w e r  K e y
focuses  specifically
o n  g l a s s ,  i t  i s
i m p o r t a n t  t o
r e m e m b e r  t h a t
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fracture  analysis  is
r a r e l y  u s e d  i n
i s o l a t i o n .  I n  a
c o m p r e h e n s i v e
f o r e n s i c
investigation,  glass
e v i d e n c e  i s
combined  with:

Fingerprint
analysis:
Broken glass
fragments can
preserve
fingerprints,
especially on
smooth
surfaces.
Blood spatter
analysis: The
location and
pattern of
blood drops on
broken glass
can indicate
the position of
individuals
during an
incident.

Tool mark
analysis: The
type of tool
used to break
glass often
leaves
distinctive
marks on the
remaining
fragments.
Trace
evidence:
Glass
fragments
themselves can
be transferred
to a suspect's
clothing or
shoes,
providing a
link between
the individual
and the crime
scene.

The  answer  key
helps  students  see
glass  evidence  as
par t  o f  a  larger



puzz le ,  not  as  a
standalone  piece  of
information.

Tips for
Instructors
Using the
Answer Key

If you are a teacher
or  lab  instructor
using  the  Activity
1 4  1  G l a s s
Fracture  Patterns
Answer Key in your
classroom,  consider
these  strategies  to
maximize  student
learning:

Use the1.
answer key
sparingly:
Provide the
answer key
only after
students have

made a
genuine
attempt at the
activity. This
preserves the
challenge and
encourages
critical
thinking.
Pair students2.
for
discussion:
Have students
work in pairs
to debate their
answers before
consulting the
key. Peer
discussion
often reveals
misconception
s and deepens
understanding.
Supplement3.
with physical
samples: If
possible, bring
in broken glass
samples from
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different
scenarios.
Allow students
to examine
real fracture
patterns with
magnifying
tools. This

tactile
experience
bridges the
gap between
the diagrams
in the activity
and


