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Qualifications of ForensicQualifications of ForensicQualifications of Forensic Qualifications of Forensic 
EngineerEngineer

• Expert in subject under investigation
– Formal education
– Experience
– Licensed engineer
– Active in technical societies

• Fair, impartial, and ethical
T thf l– Truthful

– Objective
Avoid conflict of interest– Avoid conflict of interest
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Must like to be a detective• Must like to be a detective
– Detective: “someone whose job is to discover 

information about crimes and find out who isinformation about crimes and find out who is 
responsible for them” (Cambridge Learner’s 
Dictionary)
Y h t b bl t thi k t id th b– You have to be able to think outside the box

– You have to enjoy digging for the truth

M t b d i t• Must be a good communicator
– Reports and presentations to clients and to 

j di i l fjudicial forums
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So if you want to be anSo if you want to be an 
engineering  Sherlock Holmes, 

let’s go further……
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FailureFailure

• General Definitions
– Inability of a component, structure orInability of a component, structure or 

facility to perform its intended function
– Note: Failure does not necessarily involve y

collapse or rupture
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Concrete Floor FailureConcrete Floor Failure

6



Scientific Method ofScientific Method of 
Determining Cause

• State the problem
• Perform observations
• Formulate hypotheses as to cause of 

problemp
• Test the hypothesis by observation, 

analysis, physical test, etc.y , p y ,
• Analyze the results
• Make final conclusionsMake final conclusions
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Forensic Engineer in CourtForensic Engineer in Court

• Less than 10% of cases in U.S. go to 
trial

• Most cases settle after the lawyers 
make a lot of moneymake a lot of money

• For cases going to trial, the forensic 
engineer plays a major roleengineer plays a major role
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Let’s look at some basics

• Volume change in materials is very 
importantp

• How does it affect cracking?
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Cause of Concrete Cracks

• Concrete is very strong in compression
– 28-day compressive strength ranges 

from about 3000 psi to over 10,000 psi

• But it is weak in tension
% f– Tensile capacity is about 10% of its 

compressive strength



Source of Tension
in Concrete 

External or “Structural” Sources• External or “Structural” Sources
– Gravity loads 

L t l l d– Lateral loads 
– Loads from subgrade settlement or 

swellingswelling
• “Internal” Mechanisms

Volume change restraint due to– Volume change restraint due to 
temperature changes or drying shrinkage

– Expansion due to corrosion of reinforcingExpansion due to corrosion of reinforcing 
steel or deleterious chemical reactions 



What Causes Volume Change?

• Temperature change
• Moisture changeMoisture change
• Chemical reactions

R ti t– Reactive aggregates
– Corrosion
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Do all volume changes causeDo all volume changes cause 
cracking?

• When moisture or thermal effects cause 
a reduction in volume and there is 
restraint, cracking is likely

• When moisture or thermal effects causeWhen moisture or thermal effects cause 
increase in volume and there is 
restraint spalling is possiblerestraint, spalling is possible

• When internal reactions, e.g. ASR or 
corrosion occur cracking is likelycorrosion, occur, cracking is likely
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Restraint is the key toRestraint is the key to 
cracking

• No restraint, no cracking
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Effect of Restraint 
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Example of
Drying Shrinkagey g g

Slab length =
20 feet (6m)20 feet (6m)

Drying shrinkage =
600 microstrain600 microstrain

Shrinkage of slab =
0 0006 x 20’ x 12”/’0.0006 x 20  x 12 /
= 0.15 inches (6 mm)



Properly Designed Joints



Crack at Control Joint



Stresses in overlays

• Again, no restraint, no cracking
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St C ditiStress Condition

to
No temperature change = no stress

ts

to

Overlay bonded to slab

o > so > s



Stress Condition
Temperature decrease no bond

oTL

Temperature decrease – no bond

T = temperature change

sTL

L

No restraint – no stress



Stress ConditionStress Condition

Temperature decrease – bondTemperature decrease bond

Restraint due to bond results in stressesRestraint due to bond results in stresses

at interface and axial stresses



• An owner’s worst• An owner s worst 
nightmare!

• Delamination of a PCDelamination of a PC 
overlay

• Entire overlay was y
replaced

• Cause? An 
excessively thick 
bonding coat of resin 
which had a verywhich had a very 
high coefficient of 
thermal expansion.p



Spalling in concrete pavements—
tthermal expansion and contraction ts
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Why are jointed pavementsWhy are jointed pavements 
used?



Masonry

• Brick masonry expands due to moisture
• Baked in kilns at over 2300FBaked in kilns at over 2300F
• Absorbs moisture and expands

Al d d t th l ff t• Also expands due to thermal effects
• Concrete, on the other  hand, shrinks 

from the time it comes out of the forms 
unless it is exposed to moisture.



Buckled MasonryBuckled Masonry

Absence of an expansion Absence of an expansion 
joint under shelf angle may joint under shelf angle may 
cause compression  of  cause compression  of  
masonry  that can masonry  that can 
lead to buckling locallead to buckling locallead  to  buckling,  local  lead  to  buckling,  local  
spalling  of  masonry,  and  spalling  of  masonry,  and  
collapse of entire panel.collapse of entire panel.collapse of  entire  panel.collapse of  entire  panel.

Clayford T Grimm PE Inc



Expansion JointsExpansion Joints
sealant

Vertical expansion joint

backer rod

weepholesweepholes

shelf angleshelf angle

flashingflashing

shelf  angleshelf  angle expansionexpansion
jointjoint

Horizontal expansion  joint  under  shelf  angleHorizontal expansion  joint  under  shelf  angle



Expansion  of  Brick  Expansion  of  Brick  
Masonry SpandrelMasonry SpandrelMasonry SpandrelMasonry Spandrel



How To Prevent A Shear CrackHow To Prevent A Shear Crack

Expansion joint
should have been
placed here.

Absence of expansionAbsence of expansionAbsence of expansionAbsence of expansion
joint caused shear crack.joint caused shear crack.



Foundation Case Foundation Case 
StudiesStudiesStudiesStudies
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Site Plan



Sloping lot
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-1 - 1/2
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Failed 
Foundation- 1/2- 5/8 1 - 3/4

*Original drilled piers
*Pressed Piles

Exterior

1/2

1/8 1 - 3/4 Exterior
*Foundation cracks

Interior

1/4

1
1

0

3/4 1 – 5/8

*Cracks in slab
*Drywall separation
*Drywall shear cracks 
at window and door 
corners

1/2
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• Rests 18 feet below 
grade drilled at angrade, drilled at an 
angle

• 14” pier diameter
36” b ll di t• 36” bell diameter

• 2’ bearing corbel
• (6) #5 longitudinal steel ( ) g

bars
• #3 stirrups @ 12” O.C

• (2) stirrups at top• (2) stirrups at top 
and bottom of 
longitudinal steel

Repair 
Solution
*Pier Design
*Additional Repairs
*Pier Construction



Level slab with flowable 
concrete after all piers have 
been installed and after jacking 
has been finished

Wood flooring platform with 2x6 @ 
16” O.C. w/ ¾” plywood sheathing, 
glue and nail with 12d nails, 6” O.C. 
edge and 12” O.C. field

New 
2x6 wall

Wood flooring platform with 2x8 @ 
16” O.C. w/ ¾” plywood sheathing, 
glue and nail with 12d nails 6” O C

Repair 
Solution
*Pier Design

glue and nail with 12d nails, 6  O.C. 
edge and 12” O.C. field

New 4x4, 4x6, and 6x6 post to be installed at 
various locations, as well as new load bearing walls

*Additional Repairs
*Pier Construction
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Repair 
Solution
*Pier Design
*Additional Repairs
*Pier Construction



Apartment

• Two-story apartment rock veneered 
apartmentp

• Less than a year after it was repair with 
pressed piles it exhibited over 4 inchespressed piles it exhibited over 4 inches 
of settlement.

• The following photos show what they• The following photos show what they 
found when they exhumed the 
foundationfoundation.
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Paper cup formed the tipp p p
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Other foundation failures…
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E i P lli FExcessive Pulling Force Slab Uplift

ExcessiveExcessive 
Cable Drape

Potential Problems with 
P t t i d Sl bPost-tensioned Slabs
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Exposed Cable—Poor 
Construction/Inspection
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• Failure to maintain void beneath 
suspended slabs and beams

• Failure to provide adequate drainage p q g
around foundation
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Summary

• Many causes of concrete distress and 
foundation problemsp

• But not all is bad news
• This provides us with a life time annuity• This provides us with a life time annuity
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