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Learning ODbjectives

AParking Structures

A Structure Types
ACost Comparison
ALifecycle Costs

AConditions Facing Parking Structures
ACommon Deficiencies

Almportance of Routine Maintenance & Timely Restoration
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Innovative Eng ineering, INC. sl =1
AScott L. Weiland PE

A BSCE University of Michigan
A Graduate Studies:
A San Jose State University
A Georgia Institute of Technology
APE in 20 States + PR & Guam
A Parking Consultants Council

A 39 Years in Design and Construction

A BOMA Georgia Insight magazine
A Parking Structure Maintenance Part 1 & 2
A Falling Building Facade Closes Atlanta Streets
A National Parking Association Parking Magazine
A Parking Structure Maintenance
A Parking Today
A Why is it Raining in my Parking Structure?
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Innovative Engineering, Inc. =)

ATrey Thomas PE

ABSCET, Southern Polytechnic State University

A16 Years in Design and Restoration Engineering
ACoauthor of Parking Structure & Forensic articles |

ACertified in Mold, Lead & Asbestos Surveying @
AOSHA Competent Person for Boom & Scissor Lift$
ASPRAT Level 2 Rope Access Technician

AFAA
AFAA
AlLeve

AExpert estimator (within 5% of actual)

Part 107 Remote Pilot Certificate
Part 107 Daylight Waiver

| Certified Thermographer
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Structural Systems

Castin-Place Concrete  Precast Concrete Structural Steel
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Other Systems (generally not recommended)

Mild Reinforced Concrete Prone to Cracking

Composite Metal Deck on Steel Deck Traps Moisture
Bar Joists w/Metal Deck Prone to Cracking
Hollow Core Slabs on Steel/Conc. Prone to Water Intrusion

Filigree Slab Soffits on Steel Prone to Cracking

Florida, Steel Connections,

Keystone Joist & Beam Soffits Cracks
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Castin-Place

AAdvantages
AFlexible Geometry
AMonolithic, Fewer Joints
AReduced Maintenance Cos
ALonger Life Expectancy
AHigher Durability

"%, ,, -+ i ADisadvantages

y

. AHigher Initial Investment
L ALonger Schedule
AMore Labor Intensive
ADifficult Quality Control
AWeather Dependent

nllams
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Precast ConcretéAdvantages

AAdvantages
ALower Initial Investment than CIP

AFabricated in Controlled Plant
Environment

ANot Weather Dependent
AAccelerated Construction Schedule
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Precast ConcreteéDisadvantages

ADisadvantages
AMay be no local plant
AGeometry not Flexible
ALower Perceived Ceiling height
AShearwalls (Closed In)
AMore Joints

AProne to Thermal Expansion &
Contraction Damage

ACorrosion of Steel Embedment:
AHigher Maintenance Costs
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Structural Steel

= W T

AAdvantages
ALower Initial Cost than Precast
AAccelerated Construction Schedul
AFabricated in Controlled Environm
ANo Shearwalls (Open)

ADisadvantages
ACorrosion Issues
AHigher Maintenance Costs
ANot Suitable for Fire Protection
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Typical Annual Life Cycle Costs/Space
$1,000

$800

$600
® Maintenance

$400 = Initial

Cost/Space

$200
$0

$333

CIP Precast Steel
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Parking Structures

"SR 2R ANot Bullet Proof
| “adl ANo Protective Skin

ADeterioration Starts Immediate

& ASubjected To:
AMoisture (Rain, Snow, Ice, Dei

.ﬁ!’ Salts)
et ACO2 Carbonation

‘ \\\ i ALY, L a ]
r‘\,\. % e AExtreme Thermal Expansion &
s = Contraction

ADynamic Vehicle Loads
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Structure Degradation

STRUCTURAL FAILURE
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Irving Texas, O'Conner Ridge Blvd. Collapse
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Irving Texas, O'Conner Ridge Blvd. Collapse
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Irving Texas, O'Conner Ridge Blvd. Collapse

ATypical Precast Double Tee

Joist Seat
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Common Deficiencies

ANumber 1 Enemy

WATER
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Common Deficiency: Corrosion

Ingress of corrosive species
(into porous concrete)

Cracking and spalling of the B A2 X
concrete cover

77000 )P0 Sl PV V7] A spall
B: Crack

C: Corner Spall
D:Delamination
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Common Deficiency: Spall & Delamination

Delamination Section Loss
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Common Deficiency: Exterior Spalls

Spall Over Sidewalk Spall Size
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Common Deficiency: Ponding

Ponding Supplemental Drain
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Common Deficiency: Failed Joints

AWhy is it Raining in my Parking
Structure?
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Why
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Sealant Failure
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Common Deficiency: Failed Joint Sealant
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Drainage & Joint Plan
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Common Deficiency: Cracks to be Sealed

. 01Cr acks < .035¢&racks that Lec
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Common Deficiency: Epoxy Injection
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Common Deficiency: Corrosion

Ingress of corrosive species
(into porous concrete)

Cracking and spalling of the B A2 X
concrete cover

77000 )P0 Sl PV V7] A spall
B: Crack

C: Corner Spall
D:Delamination
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Common Deficiency: Sounding
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Chloride lon Testing

Dust at Various Depths Chloride lon Concentration
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Carbonation Testing

W

Coring Slab Depth of Carbonation
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Common Deficiency: Last Resort

Traffic Bearing Membrane
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Common Deficiency: Failed Spall Repair

Improper Surface Preparation
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Common Deficiency: Overloadd€re Truck
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Broken Precast Spandrel Beam
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Common Deficiency: Curbs & Wheel Stops

POUIBLE TEE T BPOLBLE TEE

siﬁey =y
Broken Curb Broken Wheel Stop
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Precast Shear Transfer Repair
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Precast Shear Transfer Repair

Precast Double Tees Shear Transfer Repair
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Structural Steel Corrosion

ASteel Protection &
Corrosion Issues

ASteel Deck Traps Moisture,
Hides Degradation.
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Precast Haunch Connection Failure
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Precast Haunch Connection Repair
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Shoring to nRedmove Load
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Precast Haunch Connection Finished Repair

Good as New
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