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Preface

This design guide is specifically focused on structural engi-
neering issues in the design of open-deck parking structures 
and does not deal in depth with parking usage or geometric 
topics.   General parking topics and their implementation 
in steel-framed parking structures are covered in a separate 
publication, Innovative Solutions in Steel: Open-Deck 
Parking Structures (formerly titled A Design Aid for Open-
Deck Steel-Framed Parking Structures), also published by 
the American Institute of Steel Construction.  

This design guide approaches the development of steel-
framed parking structures in the same sequence as a 
designer would approach the design development.  For 
this reason, the discussion of the steel framing system is 
deferred until after the section dealing with deck selection.  
The issues discussed in this design guide are:

• Deck Systems
• Framing Systems
• Mixed Use Structures
• Fire Protection Requirements
• Barriers and Facades
• Stairs and Elevators
• Corrosion Protection
• Structural Maintenance
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1.1 Overview of Open-Deck Parking Structures

Steel-framed parking structures are increasing in popularity.  
The recent trend toward steel has prompted industry analyst 
Dale Denda of the Parking Market Research Company to 
comment that “exposed steel-frame construction is back 
as a recognized option for multi-story parking structures.” 
(Parking Today, June, 2001)

Recent advances in coating technologies and design inno-
vations need to be evaluated and considered for the parking 
structure.  In addition, the structural engineer needs to be 
able to intelligently evaluate the merits of various framing 
systems in order to provide professional guidance to garage 
owners and other members of the project team.

Today, owners and architects are choosing steel framing 
systems for their lower construction costs, reduced life-cycle 
costs, rapid construction, long-term durability and a clean, 
open feel conducive to personal security.  It falls to the struc-
tural engineer to optimize these benefits in the final design 
by taking advantage of high-performance coatings, innova-
tive structural techniques, reduced structure weight (often at 
least 20 percent) and enhanced seismic performance.

Today’s parking structure framing systems primarily fall 
into three categories:

• Cast-in-place concrete framing supporting a post-
tensioned concrete deck

• Precast/Prestressed concrete framing supporting precast 
double tees

• Fabricated structural steel framing supporting a post-
tensioned cast-in-place, conventionally reinforced 
concrete deck on stay-in-place metal form or precast 
deck

Other deck systems have been utilized in various areas 
of the country including concrete filigree panels (a precast 
panel form system) and short-span reinforced concrete on 
removable forms.  Structural steel framing has been used to 
support all of these types of concrete deck systems.  This al-
lows the structural designer to choose the optimal deck sys-
tem for a given project and still enjoy the benefits of a steel 
framing system.

1.2  Major Components of Interest to a Structural 
Engineer

In order to effectively design an open-deck steel-framed 
parking structure the structural engineer will need to evalu-
ate a number of issues.  These include:

• Relevant provisions of the governing building code for 
the location of the parking structure

• The geometry of the parking stalls as a function of opti-
mum bay sizing

• The possible configuration of ramp systems to allow for 
smooth traffic flow within the parking structure

 These three design components are introduced and dis-
cussed as part of the general parameters affecting parking 
design in a separate publication, Innovative Solutions in 
Steel: Open-Deck Parking Structures (formerly titled A De-
sign Aid for Open-Deck Steel-Framed Parking Structures), 
also published by the American Institute of Steel Construc-
tion. They are summarized in this introductory section as 
they impact structural design.

Eight components of the structural design process have 
been identified and a separate section has been allocated to 
each. These are:

• Deck Systems

• Framing Systems

• Mixed-Use Structures

• Fire Protection Requirements

• Barriers and Facades

• Stairs and Elevators

• Corrosion Protection

• Structural Maintenance

Four appendices are included that provide design ex-
amples, additional resources relating to high-performance 
coating systems, discussion of the benefits of steel-framed 
parking structures and additional resources for the designer 
of a parking structure.

1.3  Code Considerations

1.3.1  Code Applicability

Over the past several decades designers have been faced 
with a variety of differing building codes based on the loca-
tion of the constructed project. Variations existed between 
model building codes and local jurisdictions within areas of 
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adoption of model building codes. The International Code 
Council released the International Building Code in 2000, 
consolidating three previously separate and regional model 
building codes: the BOCA National Building Code, the 
ICBO Uniform Building Code, and the SBCCI Southern 
Building Code. In 2002, the National Fire Protection Asso-
ciation released NFPA 5000 as an alternative model building 
code.  NFPA 5000 (Section 6.4.2.55) specifies that all types 
of parking structures conform to NFPA 88A. Designers 
should verify which model building code and what local 
amendments are applicable for a planned parking structure.

1.3.2 Relevant Code Sections for Open-Deck Parking 
Structures

For a listing of the relevant code sections for open-deck 
parking structures, see Table 1-1.

1.3.3  Code Definitions

Care must be taken in understanding the provision of the 
codes based on the definition of certain terms.  These in-
clude:

Height.  The IBC defines the height of a parking structure 
as the vertical distance from the grade plane to the highest 
roof surface.

Openness.  The IBC defines required openness for a park-
ing structure as having uniformly distributed openings on 

two or more sides of the structure comprising at least 20 
percent of the total perimeter wall area of each tier and 
the aggregate length of the openings should constitute a 
minimum of 40 percent of the perimeter of the tier.   NFPA 
defines openness as having distributed openings to the at-
mosphere of not less than 1.4 ft2 for each linear ft of its 
exterior perimeter.  The openings should be uniformly dis-
tributed over 40 percent of the perimeter or uniformly over 
two opposing sides.

1.3.4 Fire Protection and Height

Currently, model building codes do not require fire protec-
tion for structural steel members in an open-deck parking 
structure less than 75 ft in height as long as any point on any 
parking tier is within 200 ft of an open side.  It should be 
noted that the height of a parking structure is measured to the 
top of the deck for the top parking tier, not to the top of any 
facades or parapet walls (this is based on the treatment of the 
top tier as the “roof” of the parking structure with parking 
allowed on the roof).  

It is possible for a steel-framed parking structure to ex-
ceed the 75-ft limitation based on the square footage of each 
tier and the number of open sides, although parking struc-
tures seldom attain this height for operational reasons.  Table 
1-2 presents the parameters used in determining maximum 
height and tier area under both the NFPA Building Code and 
International Building Code.  The prospective owner of a 
parking structure should consult with the local building code 
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�� Deck Systems 
�� Framing Systems 
�� Mixed Use Structures 
�� Fireproofing Requirements 
�� Barriers and Facades 
�� Stairs and Elevators 
�� Corrosion Protection 
�� Life-Cycle Costs 
�� Structural Maintenance 

Four appendices are included that provide design examples, additional resources relating to high 
performance coating systems, discuss the benefits of steel framed parking structures and  
additional resources for a parking structure designer. 

1.3  Code Considerations 

1.3.1  Code Applicability 

Over the past several decades engineers and designers have been faced with a variety of differing 
building codes based on the location of the constructed project.  Variations existed between states 
and between local jurisdictions within states.  The year 2000 marked the release of the 
International Building Code while the NFPA 5000 code was released in 2002.  Both of were 
created as an attempt to consolidate the multiple model codes.  NFPA 5000 (6.4.2.55) specifies 
that all types of parking structures conform to NFPA 88A.    Verification should take place of 
which code is applicable for a planned parking structure. 

1.3.2 Relevant Code Sections for Open Deck Parking Structures 

Topic     IBC  NFPA 88A
Structure Classification   406.3.3.1 3.3.2.2 
Clear Height    406.2.3 
Guards     406.2.4 
Vehicle Barriers   406.2.5 
Vehicle Ramps    406.2.6 
Floor Surface    406.2.7  4.3 
     406.3.4 
Mixed Use Separation   406.2.7  4.1.2 
     406.3.4  4.1.4 
       30.8.1.2 (NFPA 5000) 
Area and Height   406.3.5  4.7.3 
     406.3.6 
Sprinkler Systems   406.3.10 
Prohibitions    406.3.13 
Design Loads    ASCE 7-98 Table 4-1 
Load Reductions   1607.9.1 

1.3.3  Code Definitions 

Care must be taken in understanding the provision of the codes based on the definition of certain 
terms.  These include: 

Table 1-1  Relevant Code Sections for Open-Deck Parking Structures
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official to determine any local modifications of the relevant 
code provisions.

When evaluating tier area and structure height the impact 
of any future vertical expansion should be taken into ac-
count.

When parking is being provided on the lower floors of a 
mixed-use structure, the lower parking floors must be fire 
separated from the upper floors and fire rated.

1.3.5 ADA Guidelines

The Americans with Disabilities Act establishes design 
guidelines for addressing the needs of persons with disabili-
ties to access all newly constructed structures.  Current ADA 
guidelines impacting parking include:

• The provision, size and location of a required number of 
physically disabled accessible spaces

• The provision, size and location of physically disabled 
van access

• Ramp slopes

• Signage

• Trip hazards

• Exit paths

Table 1-3 indicates the required minimum number of ac-
cessible spaces in any parking facility. These spaces must be 
at least 8 ft wide with a 5-ft-wide accessible aisle adjacent 
to the space. Two accessible spaces may share the same ac-

Table 1-2  NFPA Building Code and International Building Code Guidelines
for Height and Tier Area Perimaters

4

Height – the IBC defines the height of a parking structure as the vertical distance from the grade 
plane to the highest roof surface. 

Openness – the IBC defines required openness for a parking structure as having uniformly distributed openings 
on two or more sides of the structure comprising at least 20 percent of the total perimeter wall area of each tier 
and the aggregate length of the openings should constitute a minimum of 40 percent of the perimeter of the tier.   
NFPA defines openness as having distributed openings to the atmosphere of not less than 1.4 sq ft for each linear 
foot of its exterior perimeter.  The openings should be uniformly distributed over 40 percent of the perimeter or 
uniformly over two opposing sides. 

1.3.4  Fireproofing and Height 

Currently most of the model building codes do not require fireproofing for structural steel 
members in an open deck parking structure less than 75 feet in height as long as any point on any 
parking tier is within 200 feet of an open side.  It should be noted that the height of a parking 
structure is measured to the top of the deck for the top parking tier, not to the top of any facades 
or parapet walls (this is based on the treatment of the top tier as the “roof” of the parking structure 
with parking allowed on the roof).   

It is possible for a steel framed parking structure to exceed the 75 foot limitation based on the 
square footage of each tier and the number of open sides although parking structures seldom 
attain this height for operational reasons.  Table 1-1 presents the parameters used in determining 
maximum height and tier area under both the Uniform Building Code and International Building 
Code.  The prospective owner of a parking structure should consult with local building code 
officials to determine any local modifications of the relevant code provisions. 

When evaluating tier area and structure height the impact of any future vertical expansion should 
be taken into account. 

When parking is being provided on the lower floors of a mixed use structure, the lower parking 
floors must be fire separated from the upper floors and be fire rated. 

 NFPA 88A Type II (000) IBC Type IIB 
Fire Resistive 
Requirement 

None None 

Definition of Open 
Side

1.4 sq ft of each linear foot 
distributed along 40% of 

perimeter 

50% of interior wall area of 
exterior wall 

 sq ft/tier # of tiers sq ft/tier # of tiers 
2 sides open unlimited1 height<=75 ft 50,000 8 
3 sides open unlimited1 Height<=75 ft 62,500 9 
4 sides open unlimited1 Height<=75ft 75,000 9 
Exception1   unlimited height<=75 ft 

1the distance from any point on the deck may not be greater than 200 feet from an open side 
Table 1-1 

1.3.5  ADA guidelines Table 1-3  Minimum Number of Accessible Spaces

5

The Americans with Disabilities Act establishes design guidelines for addressing the needs of 
persons with disabilities to access all newly constructed structures.  ADA Guidelines impacting 
parking include: 

�� The provision, size and location of a required number of physically disabled accessible 
spaces

�� The provision, size and location of physically disabled van access 
�� Ramp slopes 
�� Signage
�� Trip hazards 
�� Exit paths 

Table 1-2 indicates the required minimum number of accessible spaces in any parking facility.  
These spaces must be at least eight feet wide with a five-foot wide accessible aisle adjacent to the 
space.  Two accessible spaces may share the same accessible aisle if the spaces utilize 90 degree 
parking.  Angled parking spaces must each have their own accessible aisle.  Ceiling clearances 
are not impacted by accessible spaces and should conform to a 7 foot 2 inch minimum or any 
applicable local codes.  Accessible spaces are required to be the closest spaces to all accessible 
building entrances. 

One of out of every eight accessible spaces must be physically disabled van accessible.  Access to 
van accessible spaces must meet the eight foor two inch requirement for ceiling clearance.  The 
van accessible space is still required to be only eight foot wide but must be adjacent to an eight 
foot wide accessible aisle.  Van accessible spaces may be grouped on one level of the parking 
structure, typically the ground level. 

Any ramp upon which parking or pedestrian traffic is allowed is recommended not to exceed a 
5% slope with a 6% maximum slope allowed.  All accessible routes must be clearly marked and, 
if the slope exceeds 5%, be slip resistant.  All pedestrian paths are to be clearly marked with 
signage with raised or Braille letters and standard symbols.  Local ordinances generally exceed 
the ADA requirements for size of lettering on directional signs for vehicular traffic. 

All trip hazards, such as car bumpers and raised curbs are to be eliminated from pedestrian 
pathways, with maximum curb slopes being 8%.  All multi-story parking structures require either 
at least one accessible elevator ,a pedestrian ramp to grade level or a grade level accessible 
structure.

Number of Parking Spaces Minimum Number of Accessible Spaces 
1 to 25 1 

26 to 50 2 
51 to 75 3 

76 to 100 4 
101 to 150 5 
151 to 200 6 
201 to 300 7 
301 to 400 8 
401 to 500 9 

501 to 1,000 2% of total 
1,001 and over 20 plus 1 for each 100 over 1,000 

Table 1-2  Minimum Number of Accessible Spaces 
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cessible aisle if the spaces utilize 90° parking. Angled park-
ing spaces must each have their own accessible aisle.  Ceil-
ing clearances are not impacted by accessible spaces and 
should conform to a 7-ft 2-in. minimum or any applicable 
local codes.  Accessible spaces are required to be the closest 
spaces to all accessible building entrances.

One of out of every eight accessible spaces must be physi-
cally disabled van accessible. Access to van-accessible spac-
es must meet the 8-ft 2-in. requirement for ceiling clearance.  
The van-accessible space is still required to be only 8 ft wide 
but must be adjacent to an 8-ft-wide accessible aisle. Van-ac-
cessible spaces may be grouped on one level of the parking 
structure, typically the ground level.

Any ramp upon which parking or pedestrian traffic is al-
lowed is recommended not to exceed a 5 percent slope with 

a 6 percent maximum slope allowed. All accessible routes 
must be clearly marked and, if the slope exceeds 5 percent, 
be slip resistant.  All pedestrian paths must be clearly marked 
with signage with raised or Braille letters and standard sym-
bols.  Local ordinances generally exceed the ADA require-
ments for size of lettering on directional signs for vehicular 
traffic.

All trip hazards, such as car bumpers and raised curbs 
must be eliminated from pedestrian pathways, with maxi-
mum curb slopes being 8 percent. All multi-story parking 
structures require either at least one accessible elevator, a 
pedestrian ramp to grade level or a grade-level accessible 
structure.

The reader is encouraged to become familiar with the full 
text of the ADA guidelines.
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No treatment of the introduction to structural design and
construction of steel-framed open-deck parking structures
is complete without a discussion of concrete deck systems.
In fact the structural designer, in concert with the project
owner and architect, should make the selection of the type
of deck system before consideration of the framing system.

The concrete deck or floor system is one of the two struc-
tural sub-systems in a parking garage, and the one which
governs the performance, life expectancy and life-cycle cost
of the facility. The other sub-system is the structural frame
that supports that concrete deck, the steel beams, girders
and columns.   As previously noted, there are several basic
concrete deck systems that have been used with steel fram-
ing in parking garages:

• Cast-in-place, conventionally reinforced concrete on
stay-in-place galvanized metal deck forms (in areas
where road salts are not prevalent)

• Cast-in-place, post-tensioned concrete

• Precast, prestressed long-span double tees either pre-
topped or site-topped

• Precast concrete forms with site-cast composite topping

Cracks, resistance to volumetric changes, poorly
designed or installed deck joints, freeze-thaw cycles and
chloride contamination in concrete decks have been the
major causes of deterioration of open-deck parking struc-
tures. Chlorides become established within the deck when
de-icing salts combine with water and penetrate into the
cured concrete or through cracks and joints.   This is usually
followed by corrosion and volumetric expansion of the con-
crete reinforcing steel and destruction of the concrete.
Also, concrete decks in any climate can become distressed
when the concrete ingredients or additives themselves con-
tain excess chlorides or other contaminants.  Chlorides that
leak through cracks or joints in the deck to structural steel
framing below can attack the steel and cause breakdown of
the coating system and subsequent corrosion.

It is estimated that 10 to 12 million tons of sodium and
calcium chloride are used annually during wintertime de-
icing operations in the United States.  Approximately two-
thirds of the land area in the U.S. is subject to freezing
temperatures during winter on a regular basis.  The corro-
sion of concrete reinforcing steel due to chloride contami-
nation from road salts began to be widely recognized by

state Departments of Transportation in the 1970s, as the
problem was being encountered in highway bridge decks.

Only about 0.2 percent of acid-soluble chloride content
by weight of portland cement is enough to contaminate con-
ventional concrete and initiate corrosion of embedded rein-
forcing steel. This concentration is equivalent to about 1¼
pounds of chlorides in a cubic yard of concrete.  As it cor-
rodes, embedded reinforcing steel can expand several times
in volume, generating internal pressures on the order of
50,000 psi. This results in spalling and destruction of the
concrete deck.  Crack control should be the structural engi-
neer’s highest-priority criterion for design.  Unless the
impact of cracks is controlled through proper design and
regular inspection and sealing of cracks that do occur after
construction, most of the other corrosion prevention meas-
ures available will not be successful over the long term.

2.1 Types of Deck Systems

Deck systems fall into three major categories:

• Conventionally reinforced concrete (site cast)

• Prestressed post-tensioned concrete (site cast)

• Precast concrete (usually plant cast)

A reinforced slab consists of concrete poured around
mild reinforcing steel.  This is a static type of system that
reacts to load through the concrete shedding tensile load to
the reinforcing steel through limited bonding between the
steel and concrete, but ultimately by the steel taking on the
tensile load through cracking of the concrete.

Prestressed post-tensioned concrete is cast around pre-
stressing strands or tendons that compress the concrete to
the extent that when an external load is applied, the concrete
remains in compression.  In a prestressed system the strands
are stressed or stretched before the concrete is poured.  The
prestressed tendons are bare, and are consequently bonded
to the concrete.  Post-tensioning differs slightly in that the
strands are encased in plastic sheathing, have the concrete
cast against them and are then stressed or stretched.  Thus
the definition of prestressed or post-tensioned is delineated
by when the strands are stressed relative to the placement of
the concrete. 

The biggest single difference between the two types of
decks is that the prestressed/post-tensioned deck is typically
under compression across the entire cross section and is not
as susceptible to cracking when properly designed and

Chapter 2
Deck Systems for Parking Structures
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detailed.  Conversely, the conventionally reinforced con-
crete deck is prone to cracking on the tension side.  The
degree of cracking of a reinforced concrete slab is affected
by many variables such as the amount of reinforcing steel
used, the reinforcing location, the concrete quality, the con-
crete curing process, and joint-spacing.  

Section 2.1 contains a discussion of each type of deck
system, Section 2.2 presents climactic considerations
affecting each deck system and the tables in section 2.5
summarize deck characteristics.

2.1.1 Cast-in-place  reinforced concrete

Cast-in-place reinforced concrete slabs have performed
admirably in floor systems in enclosed conventional build-
ings.  In open-deck parking structures, however, concrete
decks suffer from freeze-thaw cycles in cold climates,
application of de-icing road salts, poor design, construction
or inspection practices, and unsuitable aggregates.   

Certain basic precautions are required for a parking deck
to survive for the long term.  These include the use of:

• High-grade concrete and aggregate

• Proper curing procedures (7 days wet cure for optimum
results)

• Concrete with a minimum compressive strength of 4,500 psi

• Adequate drainage of the deck surface

• A low water/cement ratio concrete mix (0.40 or less)

• Adequate clear cover (1.5 in.) for the top reinforcing
steel

• Low permeability for the cured concrete

• Proper placement of reinforcement

The minimum thickness for a cast-in-place, convention-
ally reinforced slab in an open-deck parking structure is
dependent on bay spacing.  

Reinforcing steel in a cast-in-place concrete deck must be
protected.  There are several options for protecting the rein-
forcing steel. 

• Epoxy coating

• Galvanizing

• Use of stainless steel reinforcing bars

• Use of corrosion-inhibiting admixtures

• Use of Cathodic protection (may be cost prohibitive)

Recent research sponsored by FHWA indicates that a 75
to 100 year life can be expected for a concrete bridge deck
by using stainless steel reinforcing, with or without cracks
in the deck.  It is difficult, however, to justify the increase in
expense by using stainless steel for a parking structure.

2.1.1.1 Clear Cover and Permeability

Two prominent causes of distress in cast-in-place concrete
decks are excessive permeability and inadequate clear cover
over reinforcing steel.

Concrete is much like a “hard sponge” that will absorb
moisture throughout its life.  Fortunately, there are several
ways to control penetration of chlorides into the deck.  The
permeability of the concrete itself can be reduced by:

• A water-reducing admixture (also known as a superplastizer)

• A low water-cement ratio (0.30 to 0.45)

• A microsilica fume additive

• A calcium nitrate corrosion inhibitor

• Flyash or other pozzalan

• Proper curing procedure 

Recent studies have indicated that a low water-cement
ratio may be the dominant factor in achieving a concrete
with low permeability.  A silica fume particle is only one
one-hundredth the size of a cement particle. It is easy to see
how this additive can fill the voids in a concrete mix—voids
that would otherwise conduct moisture.  Silica fume, like
cement, also hydrates as it cures, so the strength of the con-
crete increases as well.

The specifier of such high-performance concrete addi-
tives to the concrete should be aware that their use may
require changes in the way the concrete is placed, finished
or cured. For example, shrinkage of superplastized concrete
has been observed to be higher in some instances than that
of conventional concrete, so the placement of control joints
assumes added importance.

Other families of products are intended to prevent chlo-
rides from penetrating into the deck by application after the
slab is cast and cured.  Examples include: elastomeric
waterproofing membranes, penetrating sealers, surface seal-
ers, and coatings or overlays.  Sealers, which must be peri-
odically re-applied, seem to be more effective when they
can penetrate into the concrete. Good penetration (1/8 in. to
1/4 in.) along with an adequate coverage rate affords better
resistance to permeability and counters the loss of sealer at
the surface due to normal wear from traffic on the deck.

In recent years, there has been significant testing and
evaluation of substances that seal concrete decks.  Materials
examined include latex products, epoxies, urethanes, lin-
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seed oils, silanes and siloxanes.  The success of any sealant
depends upon factors such as:

• Chemical formulation

• Concrete quality

• Surface preparation

• Conditions at the time of application

• Rate of coverage

Sealers are considered highly sensitive to these variables,
which may help explain inconsistencies among test results
and ratings that have been published by both producers and
independent agencies.  Perhaps the best advice for an owner
or specifier is to evaluate a product both by independent
agency data and local field experience, when available.

A good waterproofing membrane system, unlike a sealer,
will bridge small cracks (perhaps up to 1/16 in. wide).  A
membrane system, which is usually applied in three or four
layers (binder, membrane, wearing surface), may be as
much as 4 or 5 times the initial cost of a penetrating sealer.
A life-cycle cost analysis is thus in order when selecting a
deck surface treatment, and it must include consideration of
other corrosion control measures being contemplated for
the deck.

The depth of clear cover over reinforcing steel largely
determines their rate of corrosion. Even the top 1/2 in. to 1 in.
of high-grade concrete can eventually become contami-
nated by de-icing chlorides. Thus, it has been suggested that
the top 1 in. of concrete be considered “sacrificial”.  By
increasing actual concrete cover to 2 in., dramatic reduc-
tions in chloride penetration to the level of top reinforcing -
and in rate of corrosion - have been observed in simulated
long-term tests.  

Increasing concrete cover over negative moment rein-
forcing steel better protects the bars, but will increase the
width of any tension cracks that form on the surface. Care
should be taken not to significantly exceed 2 in. of cover as
cracking will occur in areas of negative reinforcement as the
thickness approaches 3 in.  A cover of 2 in. of actual cover
allows for fabrication and construction tolerances to mini-
mize crack width.  The American Concrete Institute (ACI)
recommends that top bar spacing in negative moment areas
be reduced to as little as 4 in.  All reinforcing steel must be
strongly supported.

Another technique for protecting reinforcing steel is
epoxy coating or galvanizing. Research has shown that an
epoxy coating with an optimum thickness from 5 to 10 mils
can reduce the rate of steel corrosion up to 41 times.  Epoxy
coatings are flexible, low in shrinkage and creep, and are
virtually impermeable to chloride ions. One concern is
damage to the coating during shipment and handling; dam-

aged areas that expose the bar must be repaired. Galvanized
bars have received mixed reviews over the years, but stud-
ies have also found them to be somewhat effective in resist-
ing chloride corrosion.  It is important to note that, when
galvanizing is selected as the means of protection for the
reinforcing steel, all reinforcing steel in that deck must be
galvanized, and the galvanized bars must not be in contact
with any ungalvanized steel.  Galvanized bars are more
resistant to damage from abuse; they tend to repair them-
selves.  Both epoxy coated and galvanized reinforcing steel
are used in bridge decks.  Bridge owners looking for a 75-
to 100-year life-span for critical bridges are likely to opt for
stainless steel.

As a chemical additive to concrete, calcium nitrite has
been found to be effective in interrupting the electrolytic
process that causes corrosion of reinforcing steel in con-
taminated concrete. Even though chloride concentration at
the level of the bars is far above the threshold level, corro-
sion activity itself is inhibited and greatly diminished.

2.1.1.2 Curing

The necessity of proper curing of the concrete deck cannot
be understated.  Improper curing techniques and/or the lack
of an adequate curing period will often diminish deck per-
formance.

Steam heat-curing of concrete with a low water-cement
ratio provides a 28-day compressive strength equal to that
of moist curing, and equal or better resistance to water and
chloride absorption and intrusion.  Steam curing is often
utilized for plant-cast deck systems such as precast double
tees.  Site-cast decks should be water cured for a minimum
of 7 days.    Curing compounds are not recommended, par-
ticularly in warm weather as they do not prevent the escape
of moisture and also prevent sealer penetration.  The use of
any deicer on the deck should be avoided for at least 6
months after concrete placement to minimize concrete scal-
ing.

2.1.1.3 Joints, Cracks and Drainage

Leakage of water chlorides through cracks or joints accel-
erates corrosion of reinforcement and deterioration of a
concrete deck.  Leaks also provide the major access for cor-
rosive chlorides to the supporting steel or concrete frame.
The primary difference between how these leaks impact a
concrete and steel frame is in the amount of time that
elapses before the damage becomes obvious.  Leakage into
a concrete frame will be hidden from view, but will require
expensive restoration in the long term.  Leakage onto a steel
frame will result in short term visible surface corrosion that
will require maintenance and touch-up, but more impor-
tantly, will bring attention to the deck problem.  When this
problem appears, it must be resolved in a timely manner to
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process and apply the penetrating sealer to the “solid” slab
just prior to occupancy.  The ultimate damage caused by
leakage of chlorides through cracks is very dependent on
crack width. Therefore, design and construction methods
that limit crack width, as well as minimize crack formation,
are beneficial.

Cracking and other effects of freezing and thawing cycles
have been alleviated by air entrainment of the concrete as
required by the ACI code.  However, excessive finishing of
the air-entrained concrete tends to force water to the sur-
face, thereby increasing permeability.  Again, the introduc-
tion of additives to the concrete mix may require an
alteration in concrete placement procedures.

Regardless of preventive measures taken, cracks and joint
leakage in a parking deck must be anticipated. In addition
to adequate concrete cover and reduced permeability, there
is a third provision that is important to the long-term sur-
vival of the concrete deck: drainage.   Positive drainage will
minimize ponding (i.e., collection of standing water) and
limit the quantity of contaminants that will reach reinforc-
ing steel in the deck and the structural steel below.  A min-
imum slope of 1/4 in. per ft is recommended for “flat”
surfaces.  Water should flow to locations where working
drains, with 8-in. or 10-in. diameter downspouts (placed at
low points) are able to remove it from the garage.

If cracking occurs, the cracks must be treated as soon as
possible.  Shrinkage cracks can be epoxied while working
stress cracks should be routed and then caulked with a traf-
fic-grade polymer or silicone sealant.  (Note: although sili-
cone sealants perform well, they are very soft and present
potential trip hazards in pedestrian paths.)

A well-drained deck should be thoroughly rinsed off in
the spring, subsequent to the last application of road salts,
using a 2-in. hose.  Prior to washing, loose, dried salt
deposits should be swept up and the deck (above and below)
should be inspected for cracks and evidence of joint seal
problems.

2.1.1.4 Steel Deck

Stay-in-place metal deck offers substantial forming econ-
omy over wood and other formwork and shoring systems
for concrete slabs.  Caution should be given to the use of
commercial galvanized deck (G-60) as it is prone to corro-
sion from chlorides that leak through the slab.  If the speed
of construction and economy of metal deck is especially
attractive, the owner should be made aware of the possibil-
ity of localized rusting or staining of the deck.  With a stay-
in-place form this is an aesthetic, non-structural concern.

Galvanized metal deck in some parking garages is per-
forming well, no doubt a reflection on the attention given to
crack control, joint seals and fastening of metal deck seams.
At least a G-90 perforated galvanized deck is recommended
(i.e., 0.90 ounces of galvanizing per ft2) for parking deck

avoid major restoration work on the deck.  The tolerated
crack width recommended for reinforced concrete struc-
tures exposed to deicing chemicals is only 0.007 in.  The
common causes of cracking in open-deck parking structures
are:

• Shrinkage

• Flexure (in areas of negative moment) 

• Restraint against temperature-induced volume changes
during or subsequent to curing

• Corrosion of reinforcing steel

• Cracking due to long-term effects of creep and differen-
tial volume changes between the slab and other struc-
tural elements with which the slab interacts, though this
is less predictable

The three types of joints in concrete decks are:

• Construction joints, located primarily for the conven-
ience and efficiency of the contractor

• Control joints, located to accommodate shrinkage of the
concrete

• Isolation joints, to accommodate expansion and contrac-
tion of the finished slab that occur with temperature
changes or post-tensioning

Joint seals can be a source of problems if they are
improperly installed or poorly maintained.  Indeed, an
increasing number of state bridge departments are placing
their faith in jointless bridge decks and integral or semi-
integral abutments to avoid joint problems entirely.  How-
ever, thermally-induced movements of concrete (and the
potential for crack development) are inevitable, and it is
better to have one too many isolation joints rather than one
too few.

The restraint to volume change developed at rigid eleva-
tor and stairwell cores, braced frames, shear walls or con-
necting structures should not be overlooked.  Such
restraints, when not properly located or isolated, have been
the cause of major cracking in parking decks, especially at
re-entrant corners or at other discontinuities. Whenever pos-
sible, core areas should be located to minimize discontinu-
ity in the deck system. Codes require that designers strive to
locate stairwell cores around the outside of the garage
perimeter.  If a perimeter stairwell is constructed of rigid
materials it should be isolated from the deck slab.

As previously noted, some penetrating sealers are effec-
tive in reducing the permeability of concrete decks, but they
are not designed to bridge or seal cracks in the slab.  Own-
ers should seal all cracks that form during the curing
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applications, as is welding or mechanical fastening of the
side lap seams.  Button-punching of side lap joints appears
to increase the likelihood of leakage through the seam and
corrosion of the underside of the deck.  For extra protection
a high-performance, compatible paint system should be
applied to the exposed underside of the deck after installa-
tion in areas where road or marine salts are present.

There are only three conditions for which composite
metal floor deck should be used in open-deck parking
garages:

• As a stay-in-place form only, not relied upon as tension
reinforcement for the slab

• As tension reinforcement in temperate climates, but with
tension reinforcing steel in the slab as well as a backup

• As the sole tension reinforcement for a slab in a deck
system that has been designed, by necessity, to be
leakproof

An example of  the last condition is the bottom level of a
car park having finished occupied space below.  Leakage
through this level is unacceptable. A typical solution is to
sandwich waterproofing and insulating membranes
between the structural slab and a good quality paving slab
above. A high priority should be placed on providing the
best possible surface drainage for the paving slab, and use
of a membrane system should be considered. Fortunately,
an insulated structural slab in this application is not likely to
be exposed to freeze-thaw cycles or extreme temperature
changes.

2.1.2 Cast-in-Place Post-Tensioned Slabs and 
Toppings

Post-tensioning a site-cast concrete slab in a steel-framed
parking garage minimizes intermediate joints and crack for-
mation and helps to limit the width of cracks that do form.
However, post-tensioning will increase elastic and creep
shortening of the concrete slab.

Bracing or shear wall locations should be near the center
of mass of the slab to reduce the possibility of restraint
cracks.  Extra care should be taken to isolate the slab from
any rigid elements near the outer portions of the slab.

Post-tensioning can be done in one or both directions.
Ideally, under real service loads, no tension should exist in
the top of the slab in the direction(s) of post-tensioning.
Some designers prefer not to post-tension in the direction of
composite beams, as it is difficult to estimate the portion of
the post-tensioning force being absorbed by the composite
beams themselves.  Unpublished tests performed by
Mulach Parking Systems showed a maximum stress
increase of three percent.  At the least, one would expect a
non-uniform distribution of post-tensioning force across the

slab. Indeed, unusual patterns of hairline cracking have
been observed in a few post-tensioned composite decks.
However, slabs that have not utilized longitudinal post-ten-
sioning have been noted to exhibit significantly more crack-
ing in the affected direction and post-tensioning in both
directions is encouraged.

The post-tensioned slab is somewhat more expensive
than the conventionally reinforced, cast-in-place slab.  In
some regions there is reluctance to use post-tensioning due
to a lack of availability of an experienced labor force and
local concrete contractors with post-tensioning expertise.  

Design recommendations issued by the American Con-
crete Institute and the Post-Tensioning Institute should be
observed.  

2.1.3 Precast Double Tees

For the long-span parking module, 10, 12 or 15 ft wide by
24 to 32 in. deep precast, prestressed double tees supported
by steel framing are typical.  This system, with both its
frame and concrete deck shop fabricated, has a very fast
erection time when both products are delivered in a timely
and coordinated fashion to the job site.

Other advantages of double tees include:

• Better control and assurance of concrete quality due to
prefabrication at a plant;

• Elimination of negative moments in the deck elements,
as they are mostly simple span;

• Inherently low permeability and better resistance to pen-
etration of chlorides if steam-cured, because steam cur-
ing of the double tees decreases size of capillary pores.

• Low cracking as a result of the prestressed condition of
the element

One of the concerns about all precast parking structures
is stability during erection.  A solution to that problem is to
use double steel columns and beams at interior supports.
Each double tee frames into its own beam at both ends, and
this avoids the large torsional loads that occur when placing
the first bay of panels onto a common beam and concerns
about adequate flange width to accommodate tees from two
sides. The two steel columns are normally spaced 3 ft apart
and tied together to form a mini-frame, which provides lat-
eral load resistance in the long-span direction.  The space
between the tee ends and supporting beams can be used as
a drainage pipe chase. The tee ends are bridged by a well-
detailed strip of high quality site-cast concrete, which is
later sealed.

If prestressed double tees frame onto one common beam,
joints should be sealed with sealant systems that accommo-
date movement and end rotations. Joint surfaces and instal-
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lation of sealers are especially important.  Whatever the
detail over the beams, a joint seal should be specified that is
compatible with the behavior of the long-span double-tee
deck system.

With double-tee decks, particular attention must be given
to the longitudinal joint at abutting flanges.  Every foot of
joint is a foot of potential joint breakdown, leakage and sub-
sequent deterioration of embedded metals.  It is recom-
mended that a high quality traffic-bearing polyurethane or
silicone sealant be applied to longitudinal joints.  Care
should be taken with silicone sealants as their softness pres-
ents a possible trip hazard in pedestrian traffic areas.  As a
backup, all metal passing through the joint can be stainless
steel, painted or galvanized for corrosion protection. 

In years past, site-cast structural toppings were placed on
the precast deck to help prevent joint leakage and to provide
a more true, jointless surface. Toppings are subject to crack-
ing, delamination, initial shrinkage and debonding. They
are placed on concrete panels that are themselves relatively
stable. For these reasons, unless diaphragm action is
required, precast, prestressed double tee decks in parking
structures are often left untopped and protected with pene-
trating sealers.  In applications when the seismic response
modification factor R is taken greater than 3, the need for a
continuous diaphragm requires a reinforced topping slab.

With untopped double tees, differential camber between
adjacent panels must be more carefully controlled, and be
limited to a 1/4 in. maximum in the driving lane area. Exces-
sive differential camber compounds the wear and tear of
joint seals; it can be controlled by minimizing the design
prestress force and by field adjustment using jacking and
shimming plus pour strips.

2.1.4 Other Systems

2.1.4.1 Filigree

The Filligree deck system consists of a precast, prestressed
2.5-in. concrete panel, usually cast off-site then shipped,
erected and used as the formwork for a 31/4-in. topping com-
positely cast with the form. The system has been used in
building construction for at least 35 years, originally sup-
plied under the trade name “Filigree.” That system is still
produced, and in some regions local precasters are supply-
ing competitive systems. 

The precast form is usually supplied in 8-ft widths and
lengths up to 40 ft, which can span two bays. The form is
precast with steel elements protruding from it that develop
the composite action with the site-cast topping. Filigree has
most of the required reinforcing steel and supports set into
the panel, but the concrete contractor must add some nomi-
nal reinforcing steel in the negative moment region, over the
beams in the topping slab.  Using spans of 18-ft precast

formwork, little or no shoring is required. The steel beams
are also composite with the topping, which is cast around
standard shear connectors. For the two-bay panel holes are
cast at the plant for the shear studs, which are field welded
to the beam flanges.  Joints should be tooled in the cast-in-
place topping immediately above the joints between the fil-
igree panels.

Parking garage owners should require some on-site pres-
ence of the supplier of this deck system during construction.
The “system” is not just the precast form but the two com-
ponents. The site-cast topping, like all structural concrete
toppings, is subject to differential shrinkage and movement,
and the panels must fit tight and proper field concreting
procedures must be followed. Minimal shoring, depending
on the supporting framing scheme, is usually required. Con-
tractors not familiar with this deck system should become
thoroughly familiar with it, including seeking the assistance
of the supplier and/or designer prior to start of construction.

2.1.4.2 Hollow-Core Plank

Hollow-core precast plank has been popular as a floor sys-
tem in residential buildings, either on steel framing,
masonry bearing wall framing or concrete framing. How-
ever, neither the concrete mix nor the plank configuration is
particularly designed or controlled for the challenging
exposure of the open-deck parking garage. The hollow
cores in the plank may accumulate water, and the top and
bottom elements are slender so there is minimal cover for
prestressing steel.  For these reasons, hollow-core plank is
not recommended for open-deck parking structures.

2.2 Deck System Selection by Climactic Zone

Deck system selection is a reflection of the particular cli-
mactic and environmental conditions.  Such durability con-
siderations are summarized for U.S. exposures in Figure 2-1.

2.3 Concrete Durability

The quality of concrete used in the deck system is very
important.  Care must be taken to ensure maximum con-
crete durability.  The following considerations should be
taken into account when specifying the concrete material:

• The minimum 28 day concrete strength should be 4,500 psi

• The minimum cementious material content should be
61/2 bags per cubic yard

• The minimum entrained air content should be 6 percent
plus or minus

• The maximum water to cement ratio should be 0.4
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Zone A Mild conditions where few freeze-thaw cycles occur and/or deicing salts 

are not typically used on roadways 

Zone B Areas where freeze-thaw cycle is typical and deicing salts are used on 

roadways 

Zone C Costal zones within .5 miles of body of salt water 

 

System Type Zones A Zone B Zone C 

Cast-in-place 

conventionally 

reinforced on metal 

deck 

A serviceable deck 

suitable for the 

climate.  It should be 

treated with a sealer. 

With a membrane 

coating, this deck 

system is 

susceptible to 

cracking.  Not the 

system to be used in 

most cases for a 

stand-alone garage. 

With a membrane 

coating, this deck 

system is also 

susceptible to 

cracking.  

Underside of 

galvanized metal 

deck should be 

painted.  

Cast-in-Place 

Post tensioned slab 

Sealed slab not 

required - with a 

sealed slab, more 

durable than climate 

requires 

With a sealed slab, 

historically the most 

durable deck for this 

climate zone 

With a sealed slab, 

historically the 

most durable deck 

for this climate 

zone 

Precast, pre-topped 

Double Tee 

With a sealed slab, a 

suitable deck 

depending on overall 

cost and precast tee 

availability.  Site 

geometry should be 

reviewed as best 

suited to rectangular 

floor plans. 

With a sealed slab, 

tees provide a 

durable deck.  

However tee to tee 

joints require 

replacing every 6 to 

8 years 

With a sealed slab, 

tees provide a 

durable deck.  

However tee to tee 

joints require 

replacing every 6 

to 8 years 

Cast-in-place 

Post tensioned slab 

on filigree precast 

form 

With a sealed slab, a 

more durable deck 

than the climate 

requires.  Probably 

the highest cost of 

construction.  Filigree 

forms should be 

checked for 

availability and cost. 

With a sealed slab, a 

reasonable deck for 

the climatic zone.  

However cost and 

form availability 

must be checked. 

With a sealed slab, 

a reasonable deck 

for the climatic 

zone.  However 

cost and form 

availability must 

be checked. 

Cast-in-place 

conventionally 

reinforced on filigree 

With a sealed slab, a 

suitable deck.  The 

filigree forms should 

be checked for 

availability, cost and 

site geometry. 

With a membrane 

coating, this 

conventionally 

reinforced deck is 

susceptible to 

cracking, especially 

plank to plank.  

Cost and form 

availability must be 

checked. 

With a membrane 

coating, this 

conventionally 

reinforced deck is 

susceptible to 

cracking, 

especially plank to 

plank.  Cost and 

form availability 

must be checked. 

Table 2-1 Deck System Performance by Region

*Region C is defined as any site within 1/2 mile of a salt water body

REGION A

REGION B

REGION C*

Fig. 2-1. Map of Durability Regions

Region A

Region A Region B Region C

Region B

Region C
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• The minimum of a 1.5 in clear cover at the top of the
deck for all reinforcing steel

• Strict adherence to ACI chloride levels must be used for
new concrete

In addition to the above minimum concrete material
parameters the following alternatives should be considered
since even small increases in material costs during con-
struction can reap large benefits in durability:

• An encapsulated post-tensioned system

• Calcium nitrate corrosion inhibitor

• Silica Fume

• Fly ash or other pozzalan

• Galvanized reinforcing steel

• Epoxy-coated reinforcing steel

As noted earlier, concrete parking decks require protec-
tive coatings.  Leaving a concrete parking deck untreated is
similar to leaving an exposed steel column unpainted.  Pro-
tective coatings come in two categories, sealers and mem-
branes.  The cost, application, and protection afforded is
vastly different.  It is important that the proper material be
chosen for use that meets the needs and requirements of the
structure and owner.

Concrete sealers are a one step, light coating that is spray
applied then brushed in to achieve maximum penetration on
the concrete surface.  They are designed to prevent water
and water-borne salts from penetrating the concrete deck.
The sealers themselves are not designed to be waterproof.
A good sealer should allow the concrete to breathe, or allow
vapors to escape.  Sealers are most effective in protecting
un-cracked concrete surfaces.

Concrete membranes are designed to be waterproof and
are not a light one-step spray application like sealers but a
heavy, multiple-step squeegee or troweled on application.
Membranes are not designed to and cannot bridge cracks in
the slab other than microcracks.  There are also some one-
step coatings available that are much heavier than a sealer
but not as heavy as a three-step membrane.

If a deck system has occupied areas below the deck
regardless of whether or not the deck system has a propen-
sity to crack, a membrane coating should always be used
and a plaza deck system should be considered.  

2.4 Plaza Deck Systems

A plaza deck system is a multiple-layer system that pro-
vides added redundancy and protection against wear for a
membrane system.  Plaza deck systems are more expensive
than typical membrane systems, but they may be selected
to:

• Protect occupied space below
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System Estimated Foundation Load 

Cast-in-place concrete frame with post tensioned concrete 

beams and girders and one-way post tensioned slab 

107 psf 

Precast, pre-tensioned, pre-topped doubles on a precast concrete 

frame 

96 psf 

Precast, pre-tensioned, site-topped double tees on a precast 

concrete frame 

113 psf 

Non-prestressed cast-in-place composite concrete slab on 

precast, prestressed joists and beams and concrete columns 

108 psf 

Precast, pre-tensioned beams and girders with one-way post 

tensioned slab on site-precast columns 

105 psf 

Precast, pre-tensioned beams and girders with composite 

CIP/plank slabs and site-precast columns 

111 psf 

Structural steel frame with cast-in-place, one-way, composite, 

post tensioned slab 

75 - 82 psf 

Structural steel frame with cast-in-place conventionally 

reinforced deck on stay-in-place metal deck 

55 – 75 psf 

Precast, pre-tensioned, pre-topped double tees on a structural 

steel frame 

96 psf 

Cast-in-place. Non-prestressed, short-span concrete 125 psf 

Precast, prestressed short-span concrete 130 psf 

Cast-in-place, post tensioned, flat plate short-span concrete 

 

125 psf 

Table 2-2 Foundation Loads by System
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• Reduce membrane maintenance

• Meet architectural and aesthetic needs of the deck

Unlike typical membrane systems, which are directly
exposed to traffic, plaza deck systems have a membrane
protected by a wearing surface and a secondary drainage
system.  The components of a plaza deck, from top to bot-
tom, include:

• Wearing surface

• Slip sheet

• Drainage layer

• Insulation (over occupied space)

• Protective board

• Waterproofing membrane

• Structural Slab

The plaza deck system should be designed to drain both
the surface water and any water that filters through the deck
system and collects on top of the membrane.  The drains
must contain weep holes below the surface level to accom-
modate the drainage from the membrane surface.  Both the
wearing surface and the sub-surface drainage layer should
have a slope of 1/4 in. per ft and an absolute minimum slope
of 3/16 in. per ft.  If this minimum slope requirement is not
met, the system will be highly susceptible to deterioration
and leakage.  

2.5 Deck System Design Parameters

Codes prescribe a minimum uniform live load of 50 pounds
per square ft and a concentrated load of 2000 pounds
applied over an area of 20 in.2 at any point on the deck.  The
code-prescribed minimum live loads listed above must be
considered in the design. Additionally, a well-designed
deck must account for the realistic loading of the structure.
Realistically, the typical live load on the structure is approx-
imately 30-35 pounds per square ft.  This is found by con-
sidering a compact car in the smallest parking space in a
garage (7.5 ft by 15 ft).  This compact car space occupies an
area of 113 ft2 and the weight of a compact car that could
fit into a space that small is approximately 3,200 pounds.
Allowing for an additional 500 pounds for four occupants,
the realistic loading by the vehicle is a weight up to 3,800
pounds or 33 pounds per square ft.  This does not account
for usually unloaded areas such as driving lanes, etc.  

Although conservative, a realistic live load on the order
of 30 pounds per square ft must be checked as a rolling load
or as pattern loading on slabs. This analysis will yield dif-
ferent reinforcing patterns than a simple code-specified
loading, and the more conservative of the two designs

should be used.  When designing a post-tensioned slab, in
addition to the code-specified load, the slab must be
checked using a live load of 20-25 pounds per square ft or
skip loading, but permitting zero tension in the top of the
slab.  

The foundation system for the parking structure must be
investigated prior to selecting a deck system.  Local soil
conditions should be determined through soil borings and
geotechnical testing by a qualified geotechnical engineer.  If
the site has poor soil conditions and requires deep founda-
tions, a lighter deck would be beneficial, since it would be
less costly and more easily installed.  Relative weights of
various framing systems are listed in Table 2-2.  If site geol-
ogy is such that the supporting underlying strata is not uni-
form and differential settlement will likely occur, a deck
system that can accommodate differential settlement must
be used.  If the site has large grade differentials, a retaining
wall design should be incorporated within the structural
design or the ground surface should be sloped back.  The
deck system must have both the continuity and the struc-
tural diaphragm capacity to function as such.

Drainage Parameters for Parking Decks

Next to concrete quality, the most important factor in garage
deck durability is drainage.  If a parking deck does not drain
it will deteriorate rapidly in the areas where water and de-
icing chemicals are permitted to pond.  This type of deteri-
oration will be more significant in geographic areas where
freeze/thaw cycles are a frequent occurrence and large
amount of de-icing chemicals are used.  In order to achieve
proper drainage the topics of deck slope and drain locations
and selection must be addressed.

2.5.1 Cast-in-Place Conventionally Reinforced Con-
crete on Stay-in-Place Metal Forms 
(see also discussion and figures in section 3.3.1)

Typical Parameters

• Light gauge vented metal decking available in depth of 2 in.
and 3 in.

• Gauges from 20 to 16
• Widths of 36 in.
• Galvanized
• Span Range 8 ft to 12 ft
• Slab Thicknesses 5 in. to 6 in. (minimum of 3 in. over

top of flutes)

Advantages

1. Low initial cost
2. In a mixed use occupancy, keeps the same type of con-

struction
3. Easiest type of deck to rehabilitate
4. Rapid construction
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Disadvantages

1. Metal deck cannot be counted on for reinforcing the slab.
The slab must contain sufficient reinforcing to carry the
loads imposed on it.

2. The deck requires coating/sealing because of its suscep-
tibility to cracking and corrosion.

3. The exposed metal decking may rust and leave an objec-
tionable appearance if the slab is left unprotected.

4. More joints are present.

Design Approach

• The design of a conventionally reinforced one-way slab
poured on a permanent metal deck is the same as other
one-way slabs. The end span spacing and reinforcing
must be adjusted to achieve a uniform slab thickness.
Also the following loading conditions must be used:

Full dead load and full live load on all spans
Full dead load and full live load on all alternate spans

• Slab joints in freeze-thaw areas should be set on 10 to 15 ft
centers.

• Slab reinforcing must be adjusted to suit the profile of
the deck being used.

Other Concerns—Use of Metal Deck

From Steel Deck Institute Manual #30...page 13:

7.1 Parking Garages: Composite floor deck has been used
successfully in many parking structures around the country;
however, the following precautions should be observed:
1. Slabs should be designed as continuous spans with nega-

tive bending reinforcing over the supports;
2. Additional reinforcing should be included to deter crack-

ing caused by large temperature differences and to pro-
vide load distribution; and,

3. In areas where salt water; either brought into the structure
by cars in winter or carried by the wind in coastal areas,
may deteriorate the deck, protective measures must be
taken. The top surface of the slab must be effectively
sealed so that salt water cannot migrate through the slab
to the steel deck. A minimum G90 (Z275) galvanizing is
recommended, and, the deck should be protected with a
durable paint. The protective measures must be main-
tained through the life of the building. If the protective
measures cannot be assured, the steel deck can be used
as a stay in place form and the concrete can be reinforced
with mesh or bars as required.

2.5.1.1 Deck Slope

All the areas of a parking deck must be sloped a minimum
of 1/8 in. per ft with a preferred slope of 1/4 in. per ft in all
areas of the deck whether or not those areas are exposed to
the weather.  There should never be any flat floors in a
garage even in a totally enclosed garage, because the vehi-

cles themselves will bring in rain, snow, and ice.  When
establishing the slope to the drain the following factors
must be considered:

• Camber in a plant-cast precast member.  The slope to the
drain specified should exceed the anticipated camber in
the precast member.

• Deflection in cast-in-place decks. The specified deck
slope to the drain should exceed the anticipated deflec-
tion of the deck for both dead and live loads.  A realistic
live load is approximately 20 psf.  Usually cast-in-place
post-tensioned slabs do not have deflection problems;
however, cast-in-place slabs with mild reinforcing are
very susceptible to deflection, especially shored slabs,
which must be checked.

• Deflection at cantilevered sections. The specified deck
slope must exceed all anticipated cantilevered member
deflections. Careful attention must be paid to deflections
due to concentrated wheel loads, heavy concrete span-
drel panels, or heavy planters.

• Concrete wash. There must always be an installation of
concrete wash at the perimeter of the garage to drain
away for the slab edges and exterior panels. This con-
crete wash should be a minimum of 2-in. high above the
finished floor.  

• Drain location and selection. Locate drains away from
columns, stairs, elevators, slab edges and walls. Never
use an exterior panel or wall to function as part of a
drain. 

The catch area of drains should be limited to approxi-
mately 5,000 ft2 of area, especially on roof areas open to the
rain, snow, and ice.  Drains should be specified with a
removable clean-out basket that can easily be taken out and
cleaned on a regular basis.   If the garage has easily clogged
drains, no amount of drainage planning will have any effect
on the actual drainage of the deck.

2.5.2 Cast-in-Place Post-Tensioned Slabs and Top-
pings (see also discussion and figures in section
3.3.2)

Typical Parameters

1. Typical effective span range is 18 to 27 ft.
2. Typical thickness of deck is 5 to 7 in. (Function of

span/depth ratio of 45.)
3. Usual range of reinforcing content:

Post tensioning tendons .6 psf. 
Mild reinforcing .6-.7 psf.

4. Spacing between joints (pour strips) should be a maxi-
mum of 170 to 200 ft.
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Advantages

1. Best choice for Zone III construction, refer to durability
map, Figure 2-1.

2. Considered to be most durable deck available.
3. Adaptable to any site geometry.
4. Produces a joint free and crack free deck with very little

incidence of leakage and maintenance problems.
5. Very light weight deck (Thin slab-long span) if founda-

tions are a problem.
6. Can tolerate different settlement actions without distress.
7. Low life cycle costs.

Disadvantages

1. A slightly higher initial cost.
2. The in-the-field forming and stripping are weather sensi-

tive.
3. Local field expertise may be lacking.

Design Approach

1. Post tensioned/prestressed design and construction have
evolved greatly since it was first introduced.The design
itself must consider the following load cases:
A. Full dead and full live load at 50 psf(Ultimate stress

analysis and design).
B. Full dead and live load at 20 to 25 psf at the follow-

ing locations. Using services loads (un-factored)
analysis and design while permitting no tension in the
concrete.

CASE A: full live load on all spans
CASE B: full live load on alternate spans

2. When post tensioning always use low relaxation style
strands.

Other Concerns—Temperature and Shrinkage

1. Post tensioning should be spaced to produce a minimum
P/A of 125 psi for temperature considerations, if used. It
is recommended that tendon spacing not exceed 36 in.

2. Structural post tensioning should be spaced to produce a
minimum P/A of 200 to 250 psi.

3. The tendons do not induce any force into beam connec-
tions when the post tensioned deck changes plane. A
composite slab when post tensioning is parallel to the
beams which support it, does not induce any appre-
ciable movement into that beam.

4. Lateral frames should be located toward the center of
the slab to minimize restraint of the post tensioning
shortening, shrinkage and creep.

5. Slab should be isolated from perimeter walls, stair-
wells or other rigid elements that may cause post ten-
sioning restraint.

2.5.3 Precast Double Tees (see also discussion and
figures in section 3.3.3)

Typical Parameters

Plant cast double tee
1. Span Range: Up to 65 ft plus or minus
2. Width: 10 ft, 12 ft, or 15 ft
3. Depth: 32 in. or 34 in.

Advantages

1. Can be erected in freezing weather
2. The tee units themselves are usually crack free because

they are prestressed and do not require very extensive
rehabilitation. Most of the heavy structural reinforcing is
in the tee stems which are well below the deck surface.

Disadvantages

1. The joints may need to be replaced every 6 to 8 years.
There are many joints at 10 ft or 12 ft or 15 ft c/c.

2. Care must be taken to seal the tees completely.
3. They require a higher than standard floor height to main-

tain the minimum seven foot clearance.
4. They require larger than standard exterior panels to con-

ceal the tee’s and beams.
5. They are best suited to a rectangular uniformly spaced

project with many typical same spaced bays.
6. It is a heavy system-approximately 80 psf slab weight.
7. The possibility of uneven joints due to camber differ-

ences between double tees.
8. Proper site conditions are required to stage double tee

delivery.

Design Approach

The precast double tees are always designed by a supplier,
a precast manufacturer. However, the design of the double
tees can be accomplished by procedures outlined in the PCI
Design Manual or they can also be designed by commercial
software if the designer wishes to have control over the
design.

Other Concerns

• Erection stability

2.5.4 Filigree Precast with Post-Tensioned Deck 
(see also discussion and figures in section 3.3.4)

Typical Parameters

Plant cast flat concrete form with truss reinforcing and an
integral top bar support system.
1. Typical span range 18 ft requires no shoring
2. Width—8 ft form
3. Depth 2.25 in. with 3.75 in. field applied topping
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Advantages

1. Braces the frame during construction.
2. Easier to form than stick forming.
3. The form contains structural reinforcing, bottom mat and

some top reinforcing and bar supports.
4. Underside of slab has a smooth uniform finish.
5. Requirements for field placed concrete and reinforcing is

reduced.

Disadvantages

1. Tends to crack at panel joints due to planking action.
2. Is usually a higher cost than stick forming.
3. Is not readily available in all areas.
4. Will result in a thicker, heavier post tensioned slab.
5. Large number of joints requiring caulking.

Design Approach

• The same design approach as the cast-in-place post ten-
sioned slab except using filigree forms will result in a
slightly thicker slab.

2.5.5 Filigree Precast with Conventionally Reinforced
Slab (see also discussion and figures in section
3.3.5)

Typical Parameters

• Plant cast flat concrete form with truss type reinforcing.
• Span Range—18 ft (no shoring)
• Form Width—8 ft
• Slab Thickness—2.25 in. form plus 3.75 in. topping

Advantages

1. Braces the frame during construction.
2. Erects easily and is faster than stick framing a slab.
3. The form contains structural reinforcing bottom mat and

some top reinforcing and bar supports due to truss type
reinforcing.

4. The underside of the slab has a smooth and uniform fin-
ish.

5. Requirements for field placed concrete and reinforcing
are reduced.

Disadvantages

1. Tends to crack at panel joints.
2. Depending on geographic location, may be higher priced.
3. Has the same vulnerability of conventional reinforcing

slab for corrosion considerations.
4. Will require additional sealing and caulking efforts to

make water tight.
5. Will require a closer support spacing or a thicker slab

because it behave like any one-way reinforced slab
(Span/depth ratio is plus or minus l/28 l=c/c spans)

Design Approach

The design of a conventionally reinforced one-way slab
poured on a permanent stay-in-place precast filigree form is

the same as any other one way flat slab. The limiting depth
span ratios are as follows:
• Simply supported: height is greater than or lesser than

length/20
• One end continuously supported: height is greater than

or lesser than length/24
• Two ends continuously supported: height is greater than

or lesser than length/28
The end span spacing must be adjusted to achieve a uniform
slab thickness. Also the following loading conditions must
be used:
• Full dead load and full live load on all spans.
• Full dead load on all spans and full live load on alternate

spans.

2.5.6 Precast Hollow Core Slabs with Field Topping

Typical Parameters

Hollow core slabs are plant cast prestressed slabs with inter-
nal voids and formed shear keys along their sides. 

Widths 4’ or 8’
Depths 8, 10, or 12 “
Effective span range 25’ to 30’

Advantages

1. Easy erection process.
2. Erection not weather dependent
3. Uniform bottom finish
4. Lower initial cost

Disadvantages

1. Very vulnerable to corrosion due to water and chloride
penetration into voids.

2. Due to dynamic rolling loads the shear key joints tend to
fatigue and fail.

3. Topping always cracks at plank joints.

Design Approach
• This system is always purchased as a pre-engineered

item. However, if the designer needed to check on a
design there are charts available in the Hollow Core Slab
Design Manuals or in the PCI Design Handbook.

2.5.7 Deck Renovation

A full discussion of methods of deck renovation is beyond
the scope of this guide.  However, it must be noted that any
activities that involve the removal or retopping of any por-
tion of the deck or any modifications of the framing system
must be carried out with the oversight of a qualified struc-
tural engineer.  Renovation may include adding topping to
the existing deck, which can increase the cumulative loads
on the structure beyond the level for which the structure was
designed.
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3.1 Introduction

For most open, above-ground parking garages, structural
design of steel framing is straightforward. Occasionally,
due to site constraints, ramping configuration or other fac-
tors, a complex framing system with unusual details (such
as skewed connections) is unavoidable. In order to avoid
substantial cost increases associated with premiums for
detailing, fabrication and erection the framing system
should be kept as simple and regular as possible. The engi-
neer’s greatest challenge is to design a steel framing system
that will accommodate expansion, contraction and deflec-
tion of the concrete deck such that cracking and other dis-
tress of the supported concrete deck will be minimized.

It is recommended that parking structure floor systems be
designed using wide-flange filler beams and girders or
castellated beams, rather than open-web steel joists or joist
girders. Protection of open web steel joists can substantially
increase the cost of corrosion protective coatings. Repaint-
ing of joists is very costly. In open-deck parking structures,
in view of the corrosive environment, the open-web steel
joist in the deck system is not recommended, even if the
structure can be built “unprotected.”

3.2  Economy

ASTM A992 wide-flange shapes and composite construc-
tion generally offer the most economical solution for a wide
module (long-span) parking structure frame. Unless addi-
tional detailing for a high-seismic application (R taken
greater than 3) is required, lateral load resistance is usually
provided by some economic combination of conventional
braced frames, moment frames and/or shear walls (in inte-
rior elevator/stairwell cores).

The importance of column grid selection has already
been emphasized. Economical bay size studies have been
done for certain generic building types, but because of all
the aspects of functional design, it seems pointless to
attempt to identify a “most economical bay size” for open-
deck parking structures. Suffice it to say that, in general,
long spans in the 55 ft to 65 ft range are cost-effective in
detached, stand-alone garages.

For a minor premium in initial cost, a steel-framed park-
ing garage can be designed for loads imposed by a possible
future vertical expansion, with very little modification to
the existing frame. Additions to a parking garage tend to be
needed earlier than planned, so designing for future vertical

expansion should be considered. A common technique for
accomplishing this is to extend column stubs through the
top level of the garage so that future column extensions can
be readily spliced to the original columns. The columns are
often extended a minimum of 3 ft-8 in. to afford pedestrian
protection. The stubs can be initially encased in concrete
and serve as a base for light stanchions. The designer should
inquire very early if there is any likelihood for vertical
expansion in the future (or, for that matter, for future con-
struction of any occupancy above).

A vertical addition in steel can be readily built atop vir-
tually any existing frame, including concrete, assuming that
the existing frame can be reinforced or otherwise upgraded
where necessary.  During erection a mini-crane may be able
to operate on the existing deck if temporary mats are uti-
lized.

3.2.1  Relationship Between Deck Type and Bay Size
Geometry

Bay size geometry is determined by considering the follow-
ing factors:

• Deck type

• Site size, parking and ramp arrangements

• Headroom constraints

• Budget considerations

Deck Type

Each particular deck type has an optimum span range where
it is the most economical. Deviating from this optimum
span range may cause inefficiencies in material usage,
resulting in increased costs. Optimum span ranges are listed
in Table 3-1. The span ranges shown in Table 3-1 work for
clear span construction. This is shown on the right side of
Figure 3-1. For short-span construction, shown on the left
side of Figure 3-1, these dimensions must be adjusted to a
multiple of car space. The car space used is usually a full-
size car or between 8 ft-6 in. to 9 ft (SUV)  wide. 

Also note that when using the precast double tee deck the
bay width dimension shown in Figure 3-1 should be in a
multiple of standard tee widths. Standard tee widths are 10
ft, 12 ft, and in some locations, 15 ft. It is common practice
to utilize bay dimensions that are multiples of the selected
parking stall width. While this may not be necessary if inte-
rior columns fully span the bay (typically 60 ft), it is still

Chapter 3
Framing Systems
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wise to locate columns at the extension of the parking strip-
ing to clearly delineate spaces and handle end conditions at
turning bays. The designer should contact the precast man-
ufacturer servicing the project area for their standard man-
ufacturing widths.

Site Size and Parking and Ramp Arrangement

The number of bays shown as bay length dimension on Fig-
ure 3-1 is a function of site size, parking arrangements
based on accepted standards or local zoning requirements,
and ramping layouts. These topics are covered in a separate
publication, Innovative Solutions in Steel: Open-Deck Park-
ing Structures (formerly titled A Design Aid for Steel-
Framed Open-Deck Parking Structures), but only
mentioned here for reinforcement and their importance in
the selection of the bay geometry.

Headroom Constraints

The designer should be aware of required minimum vertical
clearances and corresponding floor-to-floor height restric-
tions, which may impact the design of the members and in
turn the bay geometry. The typical minimum vertical clear-
ances required are 7 ft for typical decks and 8 ft-2 in. for
physically disabled van access. The deck should be
designed with a 2-in. margin over the minimum clearances.

If the garage is a stand-alone facility with no floor-to-
floor height requirements to match an adjacent structure,
the designer can use the optimum deck span ranges, set the
bay geometry, and proceed with the design.

However, if there are floor-to-floor height restrictions,
member span depths become critical and therefore must be
reviewed as to minimize impact on material usage and cost.
It is important to note vertical clearance restrictions can
come from different directions such as floor-to-floor height
set by matching existing or new construction levels or floor-
to-floor height restrictions set by ramp lengths and slopes
dictated by a small or unusual site.

These restrictions may force the designer to go to short
span construction as shown on the left side of Figure 3-1.

3.3 Plan Framing Design

After the deck type has been selected and the bay geometry
is settled upon, the framing plan must be addressed. The
plan framing design is a function of the specific deck types
to be supported, since each type has it’s own special details
and considerations. The types of plan framing to be dis-
cussed are for supporting the following types of decks:

• Cast-in-place conventionally reinforced slab poured on
stay-in-place metal decking

• Cast-in-place post-tensioned slab

• Precast double tees

3.3.1  Cast-in-Place Conventionally Reinforced Slab
Poured on Stay-in-Place Metal Decking

The usual span for a cast-in-place slab poured on metal
deck is approximately 10 ft to 12 ft. This dimension is not
the bay width dimension #1 shown in Figures 3-2 and 3-3.
This is the dimension between the filler beams. The bay
width is set at a dimension that provides for a minimum
weight of filler beams and girders. The plan framing is
designed in the same fashion as a standard composite com-
mercial project with some minor differences. These are as
follows:

1. The conventionally reinforced slab will crack. The
designer can implement a joint control pattern that will
help alleviate this problem. See Figure 3-4. The slab
always cracks over the girder because of the reverse cur-
vature of the slab. See Figures 3-5 and 3-6. These control
joints should be sealed with a good quality silicon traffic
grade sealer.

2. Knowing the slab will crack, the deck should be opened
to traffic and allowed to flex. After the deck has been
allowed to crack, the deck should be cleaned by shot
blasting, the cracks routed and sealed and then a deck
coating applied. A membrane coating should be used for
Zone III and a good quality slab sealant in all other
zones.

A typical design example is presented in Appendix A-2.

3.3.2 Cast-in-Place Post-Tensioned Slab Framing
Plan

The optimum slab span range for a cast-in-place post-ten-
sioned deck is 18 ft to 27 ft. The slab thickness is estimated
as the span in inches divided by 45. Typical slab properties,
as they are related to their span, are shown on Table 3-5.
Typical slab profiles are shown in Figure 3-10.  Typical
framing sizes are shown in Table 3-6. Examples of calcula-
tions appear in Appendix A-2 using ASD and LRFD design
methods. The framing itself is designed for strength and
serviceability the same way any composite commercial
project would be with a few additional considerations:

• The effect that post-tensioning forces have on members
and their connections

• Construction loads

• Connection design

3.3.2.1  The Effect That Post-Tensioning Forces Have
on Members and Their Connection

Many designers wonder what effect the post-tensioning
forces have on members and their connections. Are the
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post-tensioned forces resisted by the beam itself as shown
in the top half of Figure 3-12, or does the post-tensioning
act merely as a compressive force on a composite member,
producing an elastic strain compatible with the composite
members strain diagram, as shown in the lower portion of
Figure 3-12?

In reality, this is merely a compressive force acting on a
composite member and it is not 100 percent additive to the
bending stress as might be concluded. First consider the fact
that the slab is going into compression due to gravity loads,
both dead and live, and the slab is trying to shrink due to
curing. Unpublished testing by Mulach Steel Corporation
showed that an increase of 3 percent in the dead load con-
dition that diminished in magnitude with live load applica-
tion is the net result in the primary spanning beams. In most
current conditions, the slab is shored then post-tensioned,
then un-shored, thus the elastic shortening of the slab due to
both self -weight and post-tensioning occur at the same time
and are not additive but concurrent.

An excellent article on post-tensioning considerations for
parking decks on steel frames appeared in the 1988, Third
Quarter issue of AISC’s Engineering Journal.

3.3.2.2 Construction Loads

In a typical steel construction project with metal decking,
members are braced by the metal deck during erection. Very
little load is imposed on them and consequently they are
almost always laterally braced and stable. In parking garage
construction, however, members may often require lateral
bracing during erection and therefore construction methods
and sequencing become of vital importance to the designer.
This is true for all deck systems with the exception of cast-
in-place concrete on metal deck. 

During construction, either the beam should be designed
to support the weight of the concrete form and wet con-
struction of the slab, or supports should be provided for the
forming systems. Such support should provide sufficient
lateral bracing as shown in Figure 3-13. After the slab has
cured and the forms are removed, the capacity of the slab to
support the weight of the forms and wet concrete for the
pour on the deck level above. See Figure 3-14.

3.3.2.3  Camber

Cambering girders and beams can be beneficial for achiev-
ing economical long-span construction. Camber should be
limited to 3 in. as excessive camber requirements are diffi-
cult to achieve and are not predictable as to whether the
camber will be relieved after the dead load is applied.

3.3.2.4 Connection Design

In the design of a conventional steel frame with reasonable
spans (30 ft +/-) and light dead loads, the moments due to

the self weight of the structure, although significant, are not
very large. In the design of garage members, however, the
spans are large and the weight supported by the members is
considerable. As a result, the self-weight moments are quite
large. Considering this, the designer should be cautioned
about using a partially restrained moment frame unless its
performance at these force levels is considered. The use of
a staged connection, as shown in Figure 3-15, that can be
made rigid after the slab is stressed is suggested. 

3.3.2.5  Member Design in Direction of Primary 
Reinforcing

The number of beams spanning in the same direction as the
primary post-tensioning should be limited so as to limit
restraint cracking. Those beams that cannot be eliminated
should be made non-composite.

3.3.3  Precast Double Tee Deck

Precast double tees can span up to 65 ft +/-. The width of
the tees is typically 10 ft to 12 ft. The bay spacing is set up
as a module of the typical double tee width of either 20 ft,
24 ft, 30 ft, or 36 ft. See Figure 3-16.  The tees span the long
direction, while the girders span the short direction. The
actual design of the precast double tees is usually done by
the precast manufacturer due to the variation in casting
beds, strand sizes, and stressing bulkhead layouts. Also,
when using double tees, the floor-to-floor heights must be
increased to accommodate the deeper construction depth.
See Figure 3-17. When designing a steel frame that supports
a double tee deck, there are differences that the design must
accommodate. The designer must consider the following in
the design of tee-supporting girders:

• The girders will not be laterally braced for their entire
length, particularly during construction. See Figure 3-20.

• If a beam supports tees from both sides, specify the con-
struction sequence and check torsional and un-braced
loading the girder can experience during construction.
Also check that the flange is actually wide enough to
accommodate bearing for two tees.

• The double tees must be detailed in such a way that they
do not induce torsion on the steel beams (due to tee shrink-
age/expansion). See Figure 3-19.

• Make sure the beam flange and web can accommodate
the large point loads imposed by the double tees. See
Figure 3-20.

• Continue the double tees beyond the beams so as not to
induce torsion in the members. See Figure 3-18.

Since the double tees span the bay length dimension
noted as #2 in Figure 3-16 and the supporting girders span
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in which the owner or architect wants an upgraded appear-
ance. (See Figures 3-23–3-27.)

3.4 Other Framing Considerations

3.4.1 Connection Type: Rigid or Semi-Rigid

Connection type selection is critical in parking structure
construction. Parking structures differ from typical com-
mercial construction due to the span of the members and the
weight that they support. This subject has been briefly dis-
cussed in the post-tensioning deck section but will be cov-
ered in greater detail in this section.

For example, it is common for a parking structure beam
to be 60 ft in length supporting a dead load of 1.1 kips-ft
and live load of 0.9 kips-ft, requiring larger than normal
camber. If a fully restrained moment frame approach is
selected, and the beam-to-column connection is used to
develop the full end fixity of the member, the design
moment will be in the range of 600 kip-ft. Designing both
the column and the connection for the large moment leads
to an efficient economical frame design. Conversely, using
a partially restrained moment frame approach would lead
the designer to a huge disparity in end-connection design
values, especially at the roof level or upper level floor beam.
More importantly, how does the end connection behave or
deform when the camber is relieved in the beam?  If the
construction logistical challenges can be overcome, a
staged connection approach can be used that is free to rotate
while dead load is applied and fixed before live and lateral
loads are applied. For an illustration of this concept, see
Figures 3-28, 3-29 and 3-30.

3.4.2 Composite Beams

Composite beams are widely used in commercial construc-
tion for both economy and function. Parking structure con-
struction is no different. Composite beams should be used
whenever possible. The following is a list of deck types and
their composite classification:

Deck Type Composite?
Cast-in-place post-tensioned Yes
Cast-in-place on metal deck Yes
Cast-in-place on Filigree Yes
Precast Double Tee Deck No

The only deck type that precludes the use of composite
beams is the precast double tee deck, as there is no way to
develop any sort of effective composite action between the
precast double tees and the steel beams. The actual mechan-
ics of composite beam design are covered in other AISC
publications, and will not be addressed here, however
Figure 3-31 illustrates the typical concrete deck to steel

the bay width dimension #1 there is no steel framing span-
ning in the direction of dimension #2, except what is
required for frame lateral resistance. The designer must
select locations and design the appropriate number of rigid
frame bays as required. See Figure 3-16.

Girder-to-tee connections are unique because tees require
bearing on elastomeric pads. Refer to Figure 3-19 for typi-
cal details. To complete diaphragm actions, the tees must be
connected to each other. Typical tee-to-tee connections are
shown on Figure 3-21. For typical girder sizes, see Table 3-8.
For typical girder design examples, see Appendix A-3.

3.3.4  Cast-in-Place Post-Tensioned Slab on Filigree
Forms 

The cast-in-place post-tensioned deck on Filigree forms fol-
low the geometry of a post-tensioned deck in that the typi-
cal spans range from 18 to 27 ft. The slab thickness is
estimated as the span in in. divided by 45, however as a
practical matter the total slab thickness should not be less
than 6 in. (compared to 5 in. for a slab cast on removable
forms). The thicker slab is required because of the thickness
of the concrete form. The filigree form must be shored for
spans greater than 18 ft. The manufacturer should be con-
sulted for specific slab span/thickness conditions. This
combination of post tensioning will carry a cost premium
but will combine better crack control with a more uniform
underside slab finish.  Also the same concepts for the post-
tensioning effects on members and their connections, con-
struction loads, and connection design as previously listed
in Section 3.3.2 are applicable. (See Figure 3-22.)

3.3.5  Cast-in-Place Conventionally Reinforced Slab
on Precast Forms

The typical effective range for conventionally reinforced
cast-in-place slab on Filigree Forms is up to 18 ft and
should conform to the typical span/depth limitations used
for conventionally reinforced slabs. Slab thickness can be
estimated from the conditions listed below:

Support Condition Minimum Thickness
Simply Supported ....................Span (in.)/20
One End Continuos..................Span (in.)/24
Both Ends Continuos ..............Span (in.)/28

Because this deck is conventionally reinforced it will be
susceptible to cracking over the girder as well as between
the panels. Accordingly, the engineer should employ crack
control measures similar to those illustrated for the cast-in-
place slab on metal deck in later sections.  With proper
crack control and joint sealer /deck coating application this
combination can provide a deck with desirable visual
appearance.  It is also a good choice for multi-use facilities
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beam construction that creates the composite action for the
various deck types.

3.4.3 Shored Versus Un-Shored Composite Beams

In composite beam design, it is important to consider
whether or not to shore during construction. Shoring can
substantially add to the cost and schedule of construction in
office and commercial buildings, and can interfere with
mechanical and electrical trades that are eager to begin
work as each floor is installed. In an open parking garage,
however, these other trades have minimal impact, and the
presence of shoring should not significantly affect con-
struction schedule.

Although shoring may provide better control for leveling
floors, concrete cracking is more likely to occur over gird-
ers in shored construction, and the long-term creep loading
of the concrete slab itself is more of a concern. Since level
floors are not a design or construction objective, it would
seem that unshored composite construction with cambered
beams may have more advantages in achieving a durable
concrete deck. The paper “Cambering of Steel Beams,” by
Lawrence Kloiber in the Proceedings of the ASCE Struc-
tures Congress ‘89, ASCE, May 1, 1989, suggests that com-
posite beams should generally be cambered for dead load of
the wet concrete, the super-imposed dead load, and a part of
the long-term live load. A minimum length of around 24 ft
is suggested for beams that are to be cold-cambered.
Because of the need to have the connection face of beam
ends vertical, beams with moment connections probably
should not be cambered.

The decision to provide shoring and the amount of
shoring required will depend on the details of the deck sys-
tem, spans, the ability to camber beams and other factors.

3.4.3.1 Cast-in-Place Post-Tensioned Deck

If the deck forming system is self-supporting from either
the ground or the slab(s) below, it is considered to be shored
because when the weight of the slab is transferred from the
slab shores to the beam, the beam will be composite as in
the upper portion of Figure 3-32. If the deck forming sys-
tem is supported by the beam such as in the lower portion
of Figure 3-32, a panelized system the beam must be
designed as an un-shored beam. It is quite important that the
designer know and specify what type of forming system is
to be used. Also note, when using a forming system that is
supported by the steel frame, the beams must be braced lat-
erally, and unbalanced loading from wet concrete placed on
one side of the beam must be considered in the design.
Finally, the designer must specify the designation of shored
or un-shored construction on the drawings.

3.4.3.2 Cast-in-Place Slab on Metal Deck

The cast-in-place slab on metal deck system can be either
shored or un-shored. The decision to shore is usually influ-
enced by such factors as convenience and the availability of
either grade or an existing deck below to shore to. Only in
a very small set of circumstances is it cost effective to shore.
The designer should consult with local contractors to eval-
uate the cost-effectiveness of shoring and as always specify
shoring criteria on the drawings.

3.4.3.3 Cast-in-Place Slab on a Filigree Deck

Usually if the filigree deck spans are below 18 ft and the
deck does not require shoring, it is probably not cost effec-
tive to design beams for shored construction. On the other
hand, if the filigree deck needs to be shored the designer
should design the beams for either the reduced load as un-
shored or designed as shored. Shoring in a multi-story
application is almost impossible. The designer should con-
sult with a local contractor to see which is more cost effec-
tive and as always specify either shored or un-shored on the
drawings.

3.4.4 Non-Composite Beams

The only decks that drive the designer to a non-composite
beam design are the precast double tee deck and short span
concrete. All others should be composite. Please refer to the
precast double tee deck section for details.

3.4.5 Castellated Beams

This system uses steel beams, cut longitudinally mid-web to
create two long toothed pieces, and then the two pieces are
offset and welded to form a stronger and deeper web with
either hexagonal or round holes. Castellated beams can be
very economical in long-span construction. Castellated
beams can be used with galvanized metal deck to form a
cast-in-place concrete slab or with a shored post-tensioned
slab. They create a sense of openness in a parking structure,
as the holes in the beam webs allow light to pass through.
The design of castellated beams is specialized and the
designer should consult with a manufacturer for technical
assistance when using them.

3.4.6 Perimeter Beams

If the design of a parking garage requires an exterior archi-
tectural precast panel connected to the column, a beam at
the perimeter is not required. Many garages have been built
successfully using large precast panels for the structural ele-
ment at the exterior. The panel’s size and stiffness make it a
substantial perimeter member. Listed below are a few
details that must be carefully considered when using an
exterior panel for a perimeter structural element.
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• The panel must be tied into the slab in order to make it
effective (lateral braced). See Figure 3-33

• Panels must be attached to columns with details that
facilitate erection as well as accommodate future slab
deflections. See Figure 3-34

• Panels must contain sufficient reinforcement for in plane
loads as well as out of plan loads (car impact) 

3.4.7 Steel Joists

Steel joists should not be used in parking structures. Vibra-
tions and deflections inherent in joist systems create crack
control problems for the deck system. Joists can also create
unique challenges for the application and maintenance of
high performance coating systems. 

3.4.8 Control/Expansion Joints

There are three basic types of joints in a structure:

• Construction Joints

• Control Joints

• Expansion Joints

Construction Joint

Construction Joints are used in structures with cast-in-place
deck and are most effectively located between ramps, or if
this is not possible, at the quarter point of the slab span. The
purpose of this type of joint is to define the boundaries of
each day’s concrete pour. See Figure 3-36.

Control Joint

Control joints are used for crack control. They are joints
that are tooled, cut or formed (by plastic strips) into con-
ventional reinforced slabs at points were cracks are
expected or to break up slab widths in order to relieve slab
shrinkage stresses. (See Figures 3-5, 3-6, and 3-37.)

Expansion Joint

Expansion joints are used to break up contiguous lengths of
construction. There is a physical limit to how much of a
structure can be contiguous before thermal effects will
cause distress to the structure. Therefore the designer should
check a thermal map of the United States (Figure 3-38) for
maximum seasonal climatic temperature change to aid in
determining control joint spacing.

When an expansion joint is introduced, the structure must
be designed as two independent structures.

3.5 Vertical Framing Design

The vertical framing design of a parking structure is similar
to typical commercial projects except for the following:

• The structure will never be dimensionally stable because
it is not in a thermally controlled environment. The struc-
ture will expand and contract with changes in ambient
temperatures. As mentioned previously this expansion
and contraction will occur about the center of the mass
of the deck. The overall length of the deck will vary from
floor-to-floor and is also affected by the time of day. For
example, the top floor may be 30° warmer than the first
supported level due to warming of the sun. This warm-
ing will cause the deck to lengthen.

• The behavior of materials used to construct the deck will
not be the same.

• Concrete elements will shorten from their original
lengths due to curing, shrinkage, creep, and elastic
shortening depending upon such factors as prestressing
levels and post-tensioning forces. Another factor is con-
crete quality such as water-cement ratios, aggregate size,
curing.

• Steel does not shrink but does expand and contract with
temperature variations. Of importance is the fact that
steel and concrete expand and contract at different rates.
Relief joints must be utilized when there is a long con-
tiguous element of concrete together with a long con-
tiguous steel element.

3.5.1 Lateral Load Considerations

In applications with the seismic response modification fac-
tor R taken greater than 3, it is advantageous to use the most
cost-efficient lateral system possible and locate braces
linked on the exterior of the building. Consideration should
be given to avoiding architectural details that may impact
the location of these braces and unnecessarily increase the
cost of the frame.

3.5.2 Braced Frames

Braced frames are in general simpler to design in conven-
tional construction than a moment frame. However, in an
open parking structure they require additional planning and
detailing. This is due to:

• Length change due to thermal effects

• Shortening of the deck due to concrete shrinkage and
creep

• Effect on aesthetics and parking functional issues
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3.5.2.1 Length Changes Due to Thermal Effects 

The designer must consider that the design is for a structure
whose length will vary substantially. The idea that the
length of a structural element will vary with temperature
changes is not a new concept to structural engineers. How-
ever, in ordinary commercial type design temperature is not
a concern because most conventional commercial projects
are heated and cooled in order to maintain a constant tem-
perature and consequently a constant length. An open-deck
parking structure is at the ambient temperature, and thus it
will change length. Please refer to Figure 3-38 that gives the
maximum seasonal climactic temperature change contours
for the United States. Figure 3-38 shows that a garage in a
Southern State may only experience a maximum tempera-
ture variation of 30 °F. A garage in one of the Northern
States on the other hand could experience a temperature
variation up to 100 °F. Due to this temperature variation,
coupled with the fact that most garages are long structures,
300 ft or more, expansion joints are not uncommon. Also in
a garage of multi levels different floors will be at different
temperatures at different times. The roof level exposed to
the sun will be substantially warmer than the levels below
it.

3.5.2.2  Shortening of the Deck Due to Concrete
Shrinkage and Creep

As all engineers are aware of concrete wants to shrink as it
cures. The rate at which it will do so is subject to many vari-
ables such as:

• The concrete mix itself (water to cement ratio, etc.)

• Curing (water cured, chemically treated, or no cure at
all)

• Weather conditions that the concrete is subjected to dur-
ing curing (humidity, temperature, wind, etc.)

• Type of reinforcing (post-tensioned, prestressed, or con-
ventionally reinforced)

• The strength of the concrete (at the time of stressing)

The effect that the concrete shortening will have on the
structure’s length is also dependent on several factors such
as:

• The presence of beams framed at the column lines or
precast panels (See earlier discussion)

• If there are beams framed on the column lines, how large
are they and do they have moment resistant connections?

• Are there expansion/contraction joints in the structure?

It suffices to say that an open structure will not stay the
length it was when constructed for some or all of the above
reasons. The next section describes the importance of these
length changes.

3.5.2.3  Length Changes and How They Relate to 
Bracing

The designer knowing that the structure will vary in length
can plan the location of the braced bay. This planning
should be done to minimize the effect that the length chang-
ing has on the bracing. The relationship of the center of
mass and the center of rigidity should be particularly con-
sidered in seismic zones. Never locate the bracing at the
ends of the building. Please refer to Figure 3-39. Locating
the braced bay at the end of the building could result in a
buckling/tension failure of the bracing members and/or
their connections. Conversely, if the bracing were designed
to resist the shortening/lengthening of the structure it would
cause additional stresses or cracking in the deck. 

3.5.3  Shear Walls 

In many enclosed commercial projects with thermally con-
trolled environments the elevator/stair shaft walls are uti-
lized as shear walls to provide lateral stability for the
structure. From a practical standpoint the elevator/stair shaft
wall must be constructed anyway and the additional cost of
added reinforcing to upgrade the shaft walls to shear walls
is far less than introducing braced bays or moment resistant
frames. The above design of a shear wall as described is not
very complex because the only forces on the shear wall are
the lateral forces it must resist. On the other hand, the
design of a shear wall in a parking structure is quite com-
plex and if not properly planned, the design will not be suc-
cessful. Shear walls are typically constructed of reinforced
concrete or reinforced masonry. Neither of these materials
are as elastic or forgiving as steel bracing. The open struc-
ture variation of length that was described for the braced
bay structure applies to shear walls also and the designer
needs to be even more concerned with the effect these
changes in length will have on shear walls. Many early
garage structure designers tried to utilize the stair shafts that
were located at the ends of the building, as shear walls. The
stair shafts, being very rigid elements, tried to resist the
structure’s changes in length.This conflict resulted in dis-
tress to the masonry, eventual failure of the connections of
the deck to the masonry, and loss of the lateral restraint sys-
tem of the structure. Please refer to Figure 3-40 for an illus-
tration of this point. Also a very important detail that
requires the designer’s attention in using a shear wall is the
wall to deck connection. If the shear wall is not used for
load bearing purposes, the deck to shear wall connection is
simply reduced to an attachment of one element to another.
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The designer is cautioned to provide a connection that will
permit vertical deflection of the deck member while
restraining lateral movement of the structure. Refer to Fig-
ure 3-41 for an illustration of this concept. Failure to
accommodate this deflection will result in the connection
transmitting vertical load that it not designed to do.

3.6  Erection Considerations

Steel-framed parking structures require additional consider-
ations over and above traditional commercial buildings.
These considerations fall into two categories; those appro-
priate to all steel-framed parking structures and those that
apply to specific deck types.

3.6.1 Considerations For All Steel-Framed Parking 
Structures

Usually steel erection consists of beams, columns, joists,
deck and studs. However, parking structures have more
erectable components such as:

• Precast architectural panels

• Barrier systems including guard rail, barrier cables, etc.

• Stairs, hand rails, etc.

These components must be scheduled, coordinated, and
erected with the steel frame to save time and cost. There are
scheduling and cost benefits derived from having a single
erector with one mobilization erect the additional compo-
nents listed above. If more than one erector is used, there
may be no or limited crane access to erect these components
after the steel is erected. A normal steel frame erection is
stable once the deck and connections are complete. With
parking structures this may not always be the case, espe-
cially if the deck type is cast-in-place, since the deck is
required for stability. Conditions both during construction
and in completed structures should be reviewed to evaluate
the need for any special temporary shoring. Also if barrier
cables are used, the erector must be advised of pre-tension-
ing forces and the engineer must consider the pre-tension-
ing forces in the design. All of this coordination should be
done in accordance with responsibilities established in the
contract.

3.6.2 Considerations for Deck-Specific Types

Listed below are deck-specific types of additional erection
considerations:

• Cast-in-place post-tensioned deck may require the fol-
lowing: Additional temporary bracing cables that must
be left in place until a sufficient number of decks are
poured to ensure frame stability. The issue of shored ver-
sus un-shored construction is extremely important. For
un-shored construction the frame must be checked for
unbalanced form loads causing torsion during concrete
pours. All the beams and girders must be laterally braced
either by the forms themselves or sub-forming which can
be permanent or temporary. In shored construction the
deck must be designed to carry the weight of the wet
concrete pour above it or the designer must specify re-
shores to the deck below it. 

• Stay-in-place precast concrete form decking requires
that the erector be advised of the temporary shoring
required for forms. An engineer must evaluate frame sta-
bility for all phases of construction in accordance with
responsibilities established in the contract.

• Beams supporting forms with either unbalanced loading
or long un-braced lengths during the erection of forms
and during concrete pours must be checked for stability.
Design drawings should advise the erector of a proposed
sequence and/or the need to provide temporary shoring
or lateral bracing during construction.

• For a precast twin tee deck the erector should be advised
of a possible sequence of erection that doesn’t cause dis-
tress to the frame due to torsion from unbalance loading.
The erector must also be advised to provide temporary
shoring or bracing to prevent unstable conditions during
the construction phase.

• Cast-in-place on metal deck should require no additional
considerations other than those listed at the beginning of
this section.
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�� Deck type 
�� Site size, parking and ramp arrangements 
�� Headroom constraints 
�� Budget considerations 

Deck type 

Each particular deck type has an optimum span range where it is the most cost effective. 
Deviating from this optimum span range will cause inefficiencies in material usage resulting in 
increased costs.  Optimum span ranges are listed in Table 3-1.  The span ranges shown in Table 
3-1 work for clear span construction.  This is shown on the right side of Figure 3-1.  For short 
span construction, shown on the left side of Figure 3-1, these dimensions must be adjusted to a 
multiple of car space.  The car space used is usually a full size car or between 8’ 6” to 9’ 0” 
(SUV)  wide.   

Deck Type Optimum Span Range* 
Cast-in-place, conventionally reinforced, placed on metal deck 9 feet to 12 feet w/o filler beams 

18 feet to 26 feet w/filler beams 
Cast-in-place post tensioned 18 feet to 27 feet 
Precast Double Tee 55 feet to 65 feet ** 
Cast-in-place post tensioned placed on filigree deck 18 feet to 20 feet *** 
Cast-in-place conventionally reinforced, placed on filigree deck 18 feet to 20 feet *** 

Notes
* Span range is for bay width dimension shown in figure 3-1 except for precast double tees which 
span the bay length dimension 
** Precast double tees span dimension shown is for bay length. See Table 3-2 for bay width.
***Filigree deck requires temporary shoring beyond 18 feet.  Consult with the manufacturer.  

Table 3-1   Optimum Deck Span Ranges 

Also note that when using the precast double tee deck the bay width dimension shown in Figure 
3-1 should be in a multiple of standard tee widths.  Standard tee widths are 10’, 12’, and in some 
locations, 15’.  It is common practice to utilize bay dimensions that are multiples of the selected 
parking stall width.  While this may not be necessary if interior columns fully span the bay 
(typically 60 feet), it is still wise to locate columns at the extension of the parking striping to 
clearly delineate spaces and handle end conditions at turning bays. The designer should contact 
the precast manufacturer servicing the project area for their standard manufacturing widths. 

Manufacturer’s Tee 
Width

Bay Width 
2 Tees Wide 

Bay Width 
3 Tees Wide 

Bay Width 
4 Tees Wide 

8 feet * 16 feet 24 feet 32 feet 
10 feet 20 feet 30 feet ** 
12 feet 24 feet 36 feet ** 
15 feet *** 30 feet ** ** 

Notes
* this is used in an older style and is probably not available 
** this bay module is not effective from a steel usage standpoint 
*** this size tee has limited availability and designer should consult the area manufacturer 

Table 3-2   Bay Width Dimensions for Precast Double Tees 26

�� Deck type 
�� Site size, parking and ramp arrangements 
�� Headroom constraints 
�� Budget considerations 

Deck type 
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Cast-in-place conventionally reinforced, placed on filigree deck 18 feet to 20 feet *** 

Notes
* Span range is for bay width dimension shown in figure 3-1 except for precast double tees which 
span the bay length dimension 
** Precast double tees span dimension shown is for bay length. See Table 3-2 for bay width.
***Filigree deck requires temporary shoring beyond 18 feet.  Consult with the manufacturer.  

Table 3-1   Optimum Deck Span Ranges 

Also note that when using the precast double tee deck the bay width dimension shown in Figure 
3-1 should be in a multiple of standard tee widths.  Standard tee widths are 10’, 12’, and in some 
locations, 15’.  It is common practice to utilize bay dimensions that are multiples of the selected 
parking stall width.  While this may not be necessary if interior columns fully span the bay 
(typically 60 feet), it is still wise to locate columns at the extension of the parking striping to 
clearly delineate spaces and handle end conditions at turning bays. The designer should contact 
the precast manufacturer servicing the project area for their standard manufacturing widths. 

Manufacturer’s Tee 
Width

Bay Width 
2 Tees Wide 

Bay Width 
3 Tees Wide 

Bay Width 
4 Tees Wide 

8 feet * 16 feet 24 feet 32 feet 
10 feet 20 feet 30 feet ** 
12 feet 24 feet 36 feet ** 
15 feet *** 30 feet ** ** 

Notes
* this is used in an older style and is probably not available 
** this bay module is not effective from a steel usage standpoint 
*** this size tee has limited availability and designer should consult the area manufacturer 

Table 3-2   Bay Width Dimensions for Precast Double Tees 

Table 3-1 Optimum Deck Span Ranges

Table 3-2 Bay Width Dimensions for Precast Double Tees

Chapter 3  
Tables

Chapter_3_Tables.indd   25 6/9/2006   12:01:01 PM



26 / DESIGN GUIDE 18 / STEEL-FRAMED OPEN-DECK PARKING STRUCTURES 

Table 3-3  Typical Beam Sizes for Cast in Place Conventionally  
Reinforced Slab on Metal Deck—Configuration 1

Table 3-4 Typical Beam Sizes for Cast in Place Conventionally  
Reinforced Slab on Metal Deck—Configuration 2 

22

2
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Table 3-6  Typical Beam Sizes for CIP Post-Tensioned Deck 

NOTES:
1. STEEL SHOWN TO BE ASTM A992 (Fy=50 KSI)
2. C - DENOTES CAMBER.
3. S - DENOTES NUMBER OF STUDS.

NOTES:
A. USE BEAM B AND DEVIDE TURN-A-ROUND BAY 

INTO 2-SPANS FOR 45’ BAY + SINGLE SPAN 24’ 
BAY.

2 1
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Table 3-6  Typical Beam Sizes for CIP Post-Tensioned Deck (Continued)

NOTES:
1. STEEL SHOWN TO BE ASTM A992 (Fy=50 KSI)
2. C - DENOTES CAMBER.
3. S - DENOTES NUMBER OF STUDS.

NOTES:
A. USE BEAM B AND DEVIDE TURN-A-ROUND BAY 

INTO 2-SPANS FOR 45’ BAY + SINGLE SPAN 24’ 
BAY.
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Table 3-8  Typical Beam Sizes

2 1
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Chapter 3
Figures

Fig. 3-1.  Typical Floor Framing—CIP Deck
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Fig. 3-2.   Typical Framing Plan—Cast-in-Place Concrete Using Metal Deck—Configuration 1
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Fig. 3-3.   Typical Framing Plan—Cast-in-Place Concrete Using Metal Deck—Configuration 2 
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Fig. 3-4.  Typical Control Joint Pattern
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Fig. 3-5.  Cross-Section Through Slab at Filler Beam and Girder

Fig. 3-6.  Control Joints and Offset Studs

ENLARGED DETAIL
SEE FIGURE 3-6

GIRDERS (C, D, E, F, & G)
SEE FIGURES 3-2 & 3-3

EXAGGERATED DEFLECTED
SHAPE OF FILLER BEAMS
(A & B) SEE FIGURES 3-2 & 3-3

SLAB CONNECTED TO FILLER
BEAM FOLLOWS FILLER BEAM
DEFLECTION

IF TWO CRACKS WILL BE ON
BOTH SIDES OF THE FLANGE

IF ONE CRACK, IT WILL BE AT
CENTERLINE OF GIRDER

SINGLE STUD WILL PROMOTE DOUBLE
CRACKS AT FLANGE ESPECIALLY IF
FRANGE IS WIDE
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Fig. 3-7. Typical Slab Detail with Reinforcement
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Fig. 3-8. Typical Joint Detail
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Fig. 3-9.  Typical Framing Plan—CIP and PT Slab

SEE NOTE “2”SEE NOTE “2”
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Fig. 3-10. Typical Post-Tensioned Slab Profiles
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Fig. 3-11. Typical Pour Strip Details
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Fig. 3-12.  Effect of Post-Tensioning Forces
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Fig. 3-13.  Slab Support During Construction

Fig. 3-14.  Shoring Between Floors
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Fig. 3-15.  Typical Connection
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Fig. 3-16.  Typical Floor Plan—Double Tee Deck
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Fig. 3-17.  Typical Double Tee on Beam Cross-Section
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Fig. 3-18.  Precast Double Tees on Girder

Fig. 3-19. Torsion Considerations
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Fig. 3-20. Torsion Considerations During Construction

Fig. 3-21.  Tee-to-Tee Connections

DG18 Chapter 3 figures second set.qxd  6/8/2006  9:27 AM  Page 49



50 / DESIGN GUIDE 18 / STEEL-FRAMED OPEN-DECK PARKING STRUCTURES

Fig. 3-22. Cast-in-Place Post-Tensioned Slab on Filigree Forms
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Fig. 3-23. Cast-in-Place Conventionally Reinforced Slab on Precast Forms
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Fig. 3-24. Typical Detail at Control Joints

Fig. 3-25. Typical Detail at Expansion Joint—Joint Perpendicular to Slab Span
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Fig. 3-26. Typical Detail at Expansion Joint—Joint Parallel to Span

Fig. 3-27. Typical Precast Connection to Steel Beam and Slab
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Fig. 3-28.  Beam Loading Conditions

Fig. 3-29. Deformation in End Connections
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Fig. 3-30. Staged Connection

Fig. 3-31. Composite Beams
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Fig. 3-32. Form Deck System Supported by Beam—No Shoring

Fig. 3-33.  Perimeter Panel Beams
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Fig. 3-34. Attachment of Precast Panels

Fig. 3-35.  Reinforcement of Older 2-Column Layout  

NOTE:
RATIONALE BEHIND THIS LAYOUT WAS
SIMPLIFYING STEEL DETAILING. ONE
RAMP FRAMING INTO ONE COLUMN—NOT
TWO AS WITH ONE COLUMN.
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Fig. 3-36.  Construction Joints
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Fig. 3-37. Control Joints
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Fig. 3-38. Thermal Map of the United States

Fig. 3-39.  Location of Bracing
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Fig. 3-40.  Problems with Utilizing Stairwells for Lateral Bracing
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Fig. 3-41. Typical Shear Wall Connection
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With the decrease of available property in urban areas, the
availability of parking spaces takes on a new significance.
Large sites on which on-grade parking could easily be pro-
vided are becoming increasingly difficult to find.  Today’s
projects must provide a minimum amount of parking for
both code and market requirements.  Consequently, parking
structures are being combined with or attached to business
retail, commercial or residential structures.

A substantial number of new parking spaces in structured
parking are now being generated below or above occupied
space, within multi-story commercial, office, residential or
public buildings.  For buildings with a structural fire rating
for the occupied portion above, building codes usually
require that structural steel be fire resistant (fire rated), even
if the parking levels themselves are above grade and open.
(The applicable code may only require the steel framing
that actually supports the occupied space above to be fire
rated, if the parking garage, as an open, detached structure,
could otherwise be built unrated.)

Fire tests in Australia have demonstrated that structural
fire resistance in enclosed or below-grade steel parking
garages may not be needed if the parking levels are pro-
vided with complete automatic sprinkler protection.  In
these tests, sprinklers were shown to be effective controlling
fires in an enclosed parking structure by:

• Rapidly controlling the fire and confining it to the car of
origin

• Maintaining both air and steel temperatures at low levels

• Reducing quantity and duration of smoke and toxic
products

(Fire Safety Design Compendium - Version 1.0, October,
2001.  OneSteel Market Mills; OneSteel Manufacturing,
Pty. Ltd.)

Framing for parking under an occupied steel superstruc-
ture has often been built using site-cast concrete, but, if an
office or residential building above parking levels is being
designed in steel, there are valid reasons for using structural
steel framing for the parking levels as well.  First, transition
from a steel superstructure to the concrete frame below is
avoided.  Second, in comparing total cost of steel and con-
crete framing for parking under mid- and high-rise build-
ings, owner/developers note that the basic economy of steel
construction, together with income from earlier occupancy
and reduced financing costs realized from speedier steel

construction, can outweigh additional cost of fire protecting
the steel framing in the garage levels.  

For these and other reasons, taller buildings are now
being designed with steel framing for parking below occu-
pied space. Projects built with novel construction methods,
such as “up-down”, feature speedy erection of below-grade
single-shaft steel columns and an on-grade concrete deck so
that construction of the steel superstructure can proceed
before the site-cast concrete parking levels below grade
have hardly begun. 

Excavation and foundation work increase cost of below-
grade parking compared with above-grade. However, for
parking up to two or three levels below grade, there is little
impact on design of the steel framing itself.  For deeper
garages the design professional may have to account for
substantial axial loads in the floor system due to lateral
earth pressures. The steel beams and slab must be sized and
detailed so that there is adequate strength, buckling resist-
ance and vertical stiffness.  Axial forces of 40 to 50 kips per
linear ft along a basement slab are possible in deep car
parks where the water table is high. In some of these cases
all-concrete floor systems, with steel columns and some
variation of the up-down construction method, may be the
best solution.  In Knuttunen, David O., and Henige, Richard
A., Jr.; “Beam-Supported Slabs Subject to Edge Loading,”
Proceedings of the ASCE Structures Congress ‘89, ASCE,
Knuttunen and Henige have proposed a model that allows a
designer to estimate the stiffness required in the steel
beam/concrete slab to resist buckling due to this magnitude
of bi-axial edge loading.

An architectural trend has emerged for parking under
low-rise buildings only as high as three or four stories.
Prospective tenants for low-rise office, commercial and res-
idential buildings often require bay size flexibility, spacious
atriums and public spaces, and interior stairways connect-
ing two floors for a major tenant.  Intrusive bearing wall ele-
ments or closely-spaced column grids are simply
unworkable or impractical for many of these projects, espe-
cially if a decent parking layout and traffic flow is to be
achieved in a parking levels below.

When planning parking below occupied space, the
designer must first decide upon a typical bay size that will
at once satisfy the superstructure program above and the
parking layout below. Column locations should be consid-
ered that allow 3 side by side parking spaces (typically a
total width of 27 ft) and avoid columns in drive lanes.

Chapter 4
Mixed-Use Structures
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Some projects may have special fire protection require-
ments associated with them as a result of mixed occupancy,
exceeding height limitations, adjacency to property lines or
the imposition of local requirements.  As a result, the deck
will need to carry a special rating.  This must be considered
when selecting a deck system.

Research data from actual fire occurrences over the past
several decades in both the U.S. has demonstrated that for
an open parking structure, non-crash vehicle fires do not
result in heat build up or potential for flashover.  (Denda,
Dale F., Director of Research; Parking Market Research
Co.; McLean, VA.  “Parking Garage Fires—A Statistical
Analysis of Parking Garage Fires in the United States:
1986–1988”, April 1992.)  The small percentage of area and
volume of the parking structure involved in a vehicle fire
(typically less than 2 percent of the area) allows adequate
air volume in the uninvolved portion of the garage to miti-
gate the temperature and flashover potential of the fire.
While no evidence exists of heat build up or flashover, the
ventilation provided by the wall openings provides redun-
dant protection for those concerns and tenable conditions
for egress.  Vehicle fires in parking structures are localized
events.  Further, research indicates that personal injuries in
parking structure fires are rare and when they occur are gen-
erally unrelated to smoke or the fire itself.  

Damage to the structural systems of parking garages as a
result of vehicle fires has also been shown to be minimal.
Data published in 1992 collected from 404 fire events
reflected an average cost of structural damage of $131 or a
total cost for all fires of $53,265.  The evaluation of more
recent fire events is consistent with the earlier findings.

Full scale fires tests, such as the Scranton Fire Test of
1972 and the Australia Test of 1985, conducted in open-
deck parking structures have indicated that temperatures
reached in the structure do not approach the critical temper-
ature of steel even in the unlikely event of multiple vehicles
becoming involved in the fire.

However, application of both model and local building
codes require a fire rating for steel framing systems in cer-
tain applications. Table 1-2 in Section 1.3.4 of this guide
outlines the criteria for determining fire protection require-
ments for various configurations of open-deck parking
structures under the model building codes.  A general sum-
mary is that:

• A two-hour rating is required if the structure is greater
than 75 ft in height or the shortest distance to a 40 per-

cent open side from any point on the deck is greater than
200 ft

• Some local codes may require fire protection of all steel
parking structures

• Some limited extension of the 75 ft height restriction is
possible for structures less than a total of  400,000 ft2 or
if the structure is open on more than two sides.

Application of spray on fire protection material on the
steel frame will increase the project cost by approximately
10 percent.  Intumescent paints are the most expensive form
of fire protection but provide the most attractive appearance
within the structure.  As intumescent paint becomes more
popular, manufactures suggest the cost of this product will
decrease.  

Table 5-1 provides a summary of various approaches to
and recommendations concerning fire protection materials.
In addition to these cementitious materials and intumescent
paint systems, fire protection requirements may be
addressed by encasing columns in concrete. Sprinkler sys-
tems, although considered by some authorities to be ill
advised in a parking structure because of their propensity to
create a fog cloud hindering fire fighter visibility, also can
be used in some jurisdictions to provide a portion of the fire
rating.  

It should be noted that none of these fire protection sys-
tems provide corrosion protection for the steel. To control
corrosion, fire protection and should be applied over either
a zinc-rich primer or a galvanized surface. Coordination
should take place between the coating manufacturer or gal-
vanizer and the fire protection material manufacturer to ver-
ify the adhesion between the corrosion protection and fire
protection material.

All systems are field applied except for intumescent
paint, which may be shop or field applied. If shop applied,
field touch up will be required. Design consideration should
be given to the overall increase in structure weight by 1 to
3 pounds per ft2 for the fire protecting material.  The actual
weight increase should be confirmed with the manufacturer.

Consideration during the design and selection of framing
members can reduce the cost of the required fire protection.
By maximizing the massivity of the steel member (W/D =
(lbs/ft)/cross-section perimeter) the amount of required fire
protection will be lessened.

Chapter 5

Fire Protection Requirements
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Fireproofing 

Material 

Low Density Medium 

Density 

High Density Intumescent 

Paint 

Density 15-19 pcf 22-25 pcf 39-50 pcf  

Application Spray – wet or 

dry 

Spray – wet or 

dry 

Spray – wet 

and/or trowel 

Spray 

Primer Optional* Optional* Optional* Yes, if required 

Corrosion 

Protection 

Afforded 

None unless 

galvanized or 

HPC 

None unless 

galvanized or 

HPC 

None unless 

galvanized or 

HPC 

Yes, with 

compatible 

primer 

Topcoat 

paintable 

Yes Yes Yes Yes 

Impact 

Durability 

Poor - concealed Low Good Good 

Weather 

exposure 

None 

 

Limited Exterior Exterior –mastic 

or solvent based 

only 

Use Concealed Exposed 

inaccessible 

Exposed Exposed 

 * adherence between fireproofing and paint must be confirmed by manufacturer 

 

Recommended systems if required in a Parking Structure: 

 

System 

Intumescent Paint over zinc rich primer or galvanizing 

High Density trowel over zinc rich primer or galvanizing 

High Density spray over zinc rich primer or galvanizing 

High Density 1/8” topcoat spray over low density spray over 

zinc rich primer or galvanizing 

Table 5-1  Fire Protection Materials
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6.1 Impact Requirements

Barrier rails are required at the perimeter of a parking struc-
ture to provide adequate restraint to prevent a vehicle from 
breaking through the barrier and dropping the ground sur-
face below.  The National Parking Association recommends 
using an ultimate point load of 10,000 pounds applied on 
a one sq. ft area at a distance of 18 in. above the riding 
surface, located at any point along the length of the riding 
surface.

6.2 Railing Code Requirements

Openings in railings should be designed to prohibit indi-
viduals from being able to scale the railing and should pre-
vent young children from either passing through the barrier 
or becoming lodged in gaps within the barriers.  Openings 
in the railings and the spacing of the components should 
conform to the applicable sections of the local governing 
building code.

6.3 Facade Options

The selection of the facade treatment on a parking structure 
is important with respect to security, aesthetics and cost.  
Parking garage owners and developers are now realizing 
that a visitor’s first impression of their organization is con-
veyed by the parking structure. Many municipalities are 
now requiring that parking structures blend into the archi-
tectural aesthetics of the neighborhoods in which they are 
located.  For these reasons the choice of a facade treatment 
is a critical choice for the garage.  

A variety of options for facades are available.  The use 
of steel railing or cable systems provide a low cost solution 
that enhances the openness of the garage and the perception 
of the security of those using the garage.  Precast concrete 
panels are available with a variety of surface treatments 
including exposed aggregates and brick inlays.  Composite 
sandwich panels, which combine a variety of architectural 
options similar to those available with precast panels with 
a reduced structural weight, are available for a reasonable 
cost. Some parking structures utilize brick or masonry exte-
rior treatments. All of these façade systems can be easily 
attached to a steel framing system.

Care must be exercised in the selection of a facade system 
to ensure that the required openness to maintain a rating as 
an “open-deck parking structure” is maintained.  Failure to 
maintain proper openness may result in mechanical ventila-
tion and fire protection being required. If a required facade 
system results in less than the required amount of openness 

and sufficient space is available, it may be possible to offset 
the facade away from the face of the structure to maintain 
the required openness. 

It is important to recognize that these facade treatments 
may serve a structural function in addition to the architec-
tural presentation. The ability of the facade to carry live, 
dead, bumper, wind or seismic loads must be considered in 
the design process.  It is also important to resolve the pos-
sible conflict between the requirement for a stiff structure 
to support a rigid façade and the need to maintain flexibility 
in the main structure.

6.4 Perimeter Protection

Perimeter protection or vehicle and pedestrian barriers 
are required in all locations where a differential in eleva-
tion exists. Perimeter protection for both pedestrians and 
vehicles almost always occurs in the same location; there-
fore the requirements are blended together resulting in a 
minimum height requirements of 42 in. above finished floor 
(above concrete wash. See Figure 6-1.), a maximum open-
ing of 4 in., and a capability to withstand a force of 10,000 
pounds at a distance of 18 in. above the finished floor.

In a steel structure these requirements are usually met by 
using precast architectural panels or open steel members.  

Chapter 6

Barriers and Facades

Fig. 6-1.  Typical Precast Panel to Steel Column Connection 
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6.4.1 Precast Architectural Panels

Most parking structures utilize exterior precast architectural 
panels for perimeter protection.  The design of these panels 
and their connections is straightforward, and follows a few 
simple rules:  

1. Panels should span column to column. 

2.  Panels are usually 6- to 7-in. thick depending on span, 
lateral loading and architectural requirements.

3.  Panel connections must incorporate support from the 
deck slab for vehicle impact loads.

4.  The panel to deck connections must accommodate verti-
cal deck deflection.  See Figure 6-2.

5.  Panel connections must incorporate the difference in 
erection tolerance between AISC steel erection and the 
architectural exposed precast panels. 

6.  A bearing seat must be provided as a part of the precast 
panel connection to take the weight off of the panel. 

6.4.2 Open Steel Member Design

The open steel member design is usually used in the inte-
rior of the garage because it is less costly while providing 
a greater degree of openness. Listed below are the main 
points for consideration as shown in Figure 6-3 are:

1. The impact member, usually a tube or cable, must absorb 
the 10,000-pound impact force.

2. The perimeter protection cannot have an opening through 
which a 4-in. sphere could pass.

3. Some local codes do not permit the use of 1/2 in. diameter 
prestressed cables at four inches center to center because 
of the possibility of the ladder effect.  

6.4.3 Cable Barrier Design Calculations

Barrier cable design for a parking structure is unique 
because it utilizes a “cable” as it’s design element, not 
a beam, column, slab, or panel, as is popular with most 
designers.

Why are cables so effective as a restraining device?  
Cables are extremely efficient members for restraint because 
they convert a concentrated or uniform force applied on an 
axis normal to their span into a tension load, which requires 
very little material to resist. This section will provide a few 
design considerations and simple equations that will be 
helpful in arriving at a design solution.

LOAD

As previously noted, there are no code prescribed loads for 
parking structure design, nor are there any code prescribed 
analytical methods. A 10,000 pound concentrated load 
applied 18 in. off the deck is the generally accepted design 
loading.  A cable analysis has more than one variable, so 

NOTE:
MAKE SURE EVERY P.C. PANEL CONNECTION 
HAS 3 DEGREES OF ADJUSTMENT WITH ANY 
COMBINATION OF SHIMS, SLOTS AND ADJUST-
ABLE INSERTS IN PRECAST PANEL.

Fig. 6-2,  Typical Precast Panel to Steel Column Connection
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it is an iterative solution. Cable equations describe the 
displacement of a cable in terms of its area length, applied 
load, and pre-tensioned load. The larger the pre-tensioning 
force, the more taught the cable, the less the cable is able 
to deflect. These cables cannot be tightened without tak-
ing into account the forces they would put on the columns.  
Some of these forces could be quite large, up to 27 kips per 
in. each.

Several of these cables could easily overload a small 
column that supports a small vertical load such as a corner 
column supporting only one level.

DESIGN EQUATIONS  

There are two equations required for the design of a barrier 
cable.  Equation numbers Eq(1) and Eq(3) are used to solve 
for the deflection. Then the value of the deflection is used 
in equations Eq(2) and Eq(4) to solve for the tensioning 
forces in the cable due to load. There are two sets of equa-
tions listed; one for a uniform load case and one for a con-
centrated load. The pre-tension forces must be added to the 
tension forces calculated from the load and compared with 
the cables ultimate capacity force or factor of safety.

UNIFORM LOAD CASE

1. Solve for deflection noted as a. 

where:              
w = Uniform load
l  = Overall length of the cable               
E  =  Elasticity (29,000 ksi)
A  =  Area of cable (0.153 in.2 is area of a ½-in. diameter, 

seven strand cable, which is the most commonly 
used)

a  =  Deflection

2. Using value calculated for deflection a solve for pre-ten-
sioning forces noted as T.

where:
T = Tension force in the cable
l  =  Cable span
a =  Cable deflection from Equation (1)

CONCENTRATED LOAD CASE

1. Solving for cable deflection a.

where:   
P  =  Applied load (10 kips in this case)
l  =  Span of cable
L  =  Overall length of cable
E  =  Elasticity (29,000 ksi)
A  =  Area of cable (usually ½-in. diameter cable area or 

0.153 in.2)

2. Using value calculated for deflection a solve for pre-ten-
sioning forces noted as T.          

where:   
P = Applied load
l  = Cable span 
a  =  Cable deflection from Equation (3)
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NOTE:
MANY OLDER GARAGES USED 1/2” DIA. CABLES @ 4 1/2” C/C FOR 
PEDESTRIAN BARRIER. THIS IS NO LONGER PERMITTED BY SOME 
CODES BECAUSE IT CAN BE CLIMBED LIKE A LADDER.

Fig. 6-3.  Typical Open Steel Member Design
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To complete the design, Equation (5) adds the tension 
forces and compares them to the cable’s ultimate strength.

where:   
T = Calculated tension force due to applied load 
T ’ = Pre-tensioned force
Tult = Ultimate capacity of the cable

70 / DESIGN GUIDE 18 / STEEL-FRAMED OPEN-DECK PARKING STRUCTURES 

Factor of  Safety 
T +T’

Tult

= (5)
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7.1   Stair Locations and Requirements

Stair Location

Every parking structure is required to have a minimum 
of two means of egress (emergency exits, i.e., stairs) that 
are remote from each other. The maximum travel distance 
determines the numbers and locations of the stairs. Travel 
distance is defined as the distance an occupant must travel 
from any point in the structure to the closest stair. In open 
structures this distance is 300 ft.  

Specific Recommendations:

1.  The minimum width of a stairway is 36 in.

2.  Vertical rise shall not be more than 12 ft between 
landings.

3.  Minimum tread width should be 11 in.

4.  Maximum riser height should be 7 in.

5.  Handrails are required on both sides of the stairs

6.  Handrails can be between 34 in. and 38 in height.  34 
in. is the standard height.

7.  Handrails must extend 12 in. beyond the top riser and 
12 in. plus one tread width at the bottom of the stair 
run.

8.  The handrail diameter is 1¼ in. minimum to 2 in. 
maximum.  1½ in. diameter is standard.

9.  Minimum headroom requirements are 80 in. clear.

10.  Open railings must have baluster or be solid such that 
a 4 in. sphere cannot pass through any opening.

11.  An area of refuge must be provided at each exit and at 
each level above and below grade. This area must not 
interfere with the path of travel and shall be no less 
than 6 ft2. 

12.  Stairs must be well lit and, if enclosed, glass should be 
considered for the enclosure.

7.2   Elevators

Elevators have become an essential component of parking 
structure design and construction for both user convenience 
and Americans with Disabilities Act (ADA) requirements.

Chapter 7

Stairs and Elevators

LEGEND

A WHEELCHAIR SPACE:  30 X 48 in. MINIMUM OF TWO REQUIRED WITH 
ONE PER 200 OCCUPANTS BY THE AREA.

“AREA OF RESCUE ASSISTANCE” SIGN WITH SYMBOL OF ACCESSI-
BILITY ILLUMINATED IF REQUIRED FOR EXIT SIGNS. DIRECTIONAL 
SIGNS ARE ALSO REQUIRED.

AUDIBLE AND VISUAL TWO-WAY COMMUNICATION UNIT.

INSTRUCTION ON USE OF SPACE.

Fig. 7-1.  Plan View—Stairs

B

C

D
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Elevators

The number of elevators required will vary with garage 
usage. For an employee garage, there will be peak high 
demand periods separated by low demand periods. In 
contrast, garages in shopping malls will have a more even 
demand. The designer should consult with an elevator 
specialist or manufacturer’s representative to determine 
optimum design. There are also a few good rules of thumb 
to observe when considering elevators.

• Garages with capacities up to 200 cars with less than 
three supported levels need only one elevator.  Consid-
eration must be given to patrons’ use of available stairs, 
should the elevator be out of operation.

• Garages with a capacity up to 500 cars should have at 
least two elevators.

• Garages with capacities over 500 cars should have two 
elevators for the first 500 cars and one elevator addi-
tional for each additional 500 cars.

Type of Elevators

Elevators come in two typical types, hydraulic and trac-
tion.  Hydraulic elevators are usually slower, less costly, 
and have a vertical travel limit of approximately 60 ft. 

Hydraulic elevators require a small machine room at grade 
level. They function like a large telescoping lift, as shown in 
Figure 7-4. Hydraulic elevators do not require a large over-
head machine room but only overhead clearing required by 
code. Traction elevators are moved by electric motors that 
are above the elevator cabs. Traction elevators require a 
machine room above the elevator shaft that is always larger 
than the shaft.  Traction elevators cost more than hydraulic 
elevators, and require a large elevator tower/machine room, 
however, their vertical speed and capacity is much greater 
that the hydraulic elevators. Always consult with an elevator 
manufacturer for all specification requirements.  

Size of Elevators

Parking garages usually only require a standard 2,500 
pound capacity elevator. Designers, however, should review 
for unusual applications such as:

• Health Care Services—elevators equipped to carry wheel 
chairs and gurneys

• Sports Facilities

• Maintenance Facilities

All elevators require pit ladders, sill angles, and hoist 
beams. 

Fig. 7-2. Typical Stair Section
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Fig. 7-3a.  Tread Riser Stair Chart
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Fig. 7-3b.  Tread Riser Stair Chart
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Fig. 7-5.  Typical Cab Plans

Fig. 7-4.  Elevator Detail
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8.1  General Overview

The development and application of high-performance 
coating systems have contributed to increased use of struc-
tural steel framing for parking garages.  Owners concerned 
with maintenance and life-cycle cost now have the option 
of providing steel framing with a variety of corrosion pro-
tection systems that offer basic life spans of three decades 
or more.  Ultimately, the long-term performance of most 
corrosion protection systems for the structural steel depends 
on the overall durability of the concrete deck above and its 
resistance to leakage.

High-performance corrosion protection may be accom-
plished using painting or galvanizing systems. The alterna-
tive to a coating system for corrosion resistance, ASTM 
A588 or “weathering” steel, is not recommended for use in 
parking garages.  The main drawbacks to uncoated A588 
structural steel are:

• Good performance in a normal atmospheric environ-
ment, but not in a corrosive exposure that may develop 
if chlorides leak through joints or cracks in the concrete 
deck. 

• The steel surface weathers to a very dark reddish brown, 
not an appropriate interior color if a bright finish is 
desired.

• During the initial weathering process (usually one to 
two years) the products of weathering that run off or 
get blown off the steel at the exterior may stain adjacent 
finishes, including concrete and parked vehicles.

• Interior surfaces not exposed to direct weathering may 
not develop a proper patina to protect the steel from 
deterioration.

The discussion that follows is intended to provide the 
designer with general direction for selecting a corrosion 
protection system for structural steel framing in parking 
garages.  The design professional should become familiar 
with guidelines issued by organizations such as the Society 
of Protective Coatings (SSPC), the American Galvanizers 
Association (AGA) and the National Association of Corro-
sion Engineers (NACE). The corrosion protection system 
suppliers are a good source for technical information and 
assistance, and they can recommend proper systems for any 
application.

8.2   Environmental Factors

One classification of exposures for structural steel is pub-
lished by the SSPC. The open parking garage exposure in 
middle and northern tier states probably falls between Zone 
I-B (“Exterior normally dry”) and Zone 2-B (“Frequently 
wet by salt water - involves condensation, splash, spray or 
frequent immersion”).

In open parking structures, not located within a corrosive 
atmosphere such as coastal fog, exposure for structural 
steel framing will be Zone 1-B for most of the steel sur-
faces, but more like Zone 2-B in the vicinity of any leakage 
around vertical drain lines, deck joints, and at cracks that 
fully penetrate the deck. Rate of breakdown of the coating 
system at these locations will depend on width of the deck 
penetration, drainage characteristics of the deck surface 
and intensity of the de-icing program involving the use of 
chlorides in the community.

8.3  High-Performance Coating Systems

8.3.1   Overview
Paint systems have been the most popular choice for cor-
rosion protection of structural steel in parking garages.  
The paint system consists of a prescribed surface prepara-
tion for the steel usually followed by a two- or three-coat 
application of two or three paints.  Standards and methods 
for surface preparation are published by the SSPC.  Two 
standards should be noted: SSPC-SP 11, “Power Tool 
Cleaning to Bare Metal,” and SSPC-SP 12, “Industrial 
Blast Cleaning,” which is an intermediate level of cleaning 
between Commercial (SSPC-SP 6) and Near White Metal 
(SSPC-SP 10).

The cleaner the steel surface at the time of priming, the 
better the paint system will perform over the long term.  The 
Commercial Blast Clean (SSPC-SP 6) is the most common 
surface preparation specified for parking garages. However, 
certain paints may have a low tolerance to variation in the 
surface condition.  A Near White Metal Blast clean, SSPC-
SP 10, is recommended for surfaces to receive an inorganic 
zinc-rich primer.  Paint systems can be applied to steel 
surfaces cleaned by manual power tool (SSPC-SP3), but it 
is not recommended unless a limited performance, non-zinc 
primer rated as “moderate duty, durable” is utilized.  It does 
not make much sense to specify this lower quality cleaning 

Chapter 8
Corrosion Protection for Exposed  
Steel in Open-Deck Parking Structures
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method together with a high-performance paint system for 
a potentially corrosive environment.   Most structural steel 
fabricators involved in parking garage work have access to 
blast cleaning equipment.

The purpose of surface preparation, essential for any 
paint system, is to clean and roughen the steel surface. 
Loose or foreign matter on steel at the time of painting can 
cause premature failure of the coating system.  A surface 
profile of 11/2 to 21/2 mils is an adequate roughness for just 
about any coating.  A good steel surface is one that is rough 
and clean of loose matter but easily wetted by the paint, a 
combination that provides good coating adhesion.

Zinc-rich paints should have a minimum 80 percent zinc 
dust by weight. As noted earlier, inorganic zinc-rich paint 
should be applied only to the cleanest of steel surfaces.  
Compared to organic zinc-rich paint, however, inorganic 
zinc-rich paint has a lower minimum cure temperature 
(O °F to 40 °F vs. 35 °F to 50 °F) and better resistance to 
salt.  For industrial applications, inorganic zinc-rich paint 
is often used with no topcoat.  As part of a multi-coat 
paint system, inorganic zinc-rich paints have been the most 
popular primer for parking garage applications, especially 
in combination with the epoxy top coat and urethane finish 
coat.  This three-coat system has been the high-performance 
paint system of choice for steel parking structures. 

Environmental regulations restrict the level of solvent 
emissions from painting operations in some areas.  Many 
coating types are formulated with low solvent volatile 
organic compounds (VOC).  Coating specifications should 
include requirements for coatings to be “VOC compliant” 
for the area in which they are applied.  

Coating removal processes are also regulated by the EPA.  
Removal of lead based paint and the generation and control 
of dust from abrasive blasting is strictly regulated.  High 
performance zinc rich primers are recommended because 
they are permanent for the life of the structure.  Future 
maintenance is performed on the coatings rather than the 
substrate.

It has been well established that structural steel to be 
encased in concrete does not have to be primed or otherwise 
coated.  Encased iron and steel in place for 75 years and 
longer, when exposed during demolition or recycling work, 
is almost always found to be in good condition.  There are, 
of course, exceptions.  Concrete whose ingredients are high 
in chlorides can cause corrosion of the encased structural 
steel (and any reinforcing steel present). 

Another oversight noted in some steel specifications is 
the assignment of responsibility for field painting.  The 
structural steel fabricator is not a field painter.  Normal field 
touch-up of shop painting should be assigned by contract to 
the field painting subcontractor.

Quality assurance of shop painting is best achieved by 
timely shop inspection of both surface preparation and the 

applied wet film.  Considering that a high-performance 
paint system for a parking garage may comprise 10 to 20 
percent of the erected steel cost, the owner/developer has a 
strong incentive for assuring that the coating system speci-
fied and purchased is, in fact, supplied and properly applied 
and inspected.

The paint specifier has a choice of specifying a particular 
brand of paint system (no substitutions allowed), issuing a 
performance specification, or specifying a brand with an 
“or equal” clause.  The burden of proof for the “or equal” 
is on the steel fabricator and/or paint supplier to assure 
the specifier that a given substitution is, indeed, equal and 
acceptable. One method is to require performance verifica-
tion from an independent testing laboratory.  A sample of 
a generic performance specification is presented in Appen-
dix C.  Permitting acceptable substitutions gives the steel 
fabricator some flexibility while assuring the specifier that 
a paint system of sufficient quality will be supplied.  For 
a multi-coat, high-performance system, all paints should 
be supplied by the same manufacturer, if possible.  The 
concept of “shared responsibility” will only complicate the 
resolution of any subsequent question or dispute regarding 
paint performance.

How often must steel be touched up or repainted?  Life-
cycle cost may actually be decreased if maintenance is 
performed on a schedule such that the primer remains intact 
and only the top and/or finish coats need be replenished.  
Because the high performance zinc rich primers practically 
eliminate undercutting corrosion, the period of addressing 
issues through visible touch-up spans many years.  The 
life of the paint system will depend on the quality of the 
total coating system, on the exposure, on the quality of 
the concrete deck and on the adherence of the owner to a 
prescribed maintenance program.  Designers should consult 
the major paint suppliers, many of whom have information 
on life-cycle costs.

8.3.2 Selection

8.3.2.1  Factors That Affect Cost and Performance 

A coating system should provide maximum performance at 
the lowest cost.  In making the most proper choice, a num-
ber of performance factors should be considered; among 
them are the following:

1.  Functional Requirements—In most environments, coat-
ings are a requisite for the protection of steel from cor-
rosion.  Exposed steel in parking garages is often visible 
to the public, making maintenance of its appearance (the 
gloss and color retention) an important issue.

2.  Service Life of Both Coatings and Structures—The ser-
vice life of a high performance coating system, properly 
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applied and with periodic maintenance, can be expected 
to provide suitable protection over the life of the struc-
ture.  Optimum service life is best achieved through con-
formance with acceptable specifications that prescribe 
surface preparation and coating application parameters.

3.  Coating System Quality—As previously noted, the type 
of coating selected is an important factor for both its per-
formance and cost.  Normally, coating material accounts 
for 10 percent to 15 percent of the system’s total cost.  
So, sacrificing quality for cost on the coating system is 
not a wise decision.  In all cases, a paint system of high-
est performance should be specified.  The performance 
characteristics of the selected primer should be evalu-
ated against alternative primer systems.  Also, coatings 
performance must be specified.  Do not assume that 
the color and gloss retention of all polyurethane coat-
ings are equal.  Weatherability can vary across a wide 
range depending on how a coating is formulated.  The 
Society for Protective Coatings (SSPC) Paint Specifica-
tion No. 36—Two-Component Weatherable Aliphatic 
Polyurethane Topcoat, Performance Based is included 
in its entirety as Appendix B as a guide for topcoat per-
formance.

4.  Quality of Surface Preparation and Application—In 
virtually all systems that use high-performance coat-
ings (e.g., ethyl silicate zinc-rich, epoxy polyamides, 
polyurethanes), their most costly component is surface 
preparation.  The degree of surface preparation achieved 
is a major determinant of the ultimate performance of the 
coating system.

Initially investing in a superior surface preparation will 
almost always result in an increased service life.  Either an 
SSPC-SP6 commercial blast cleaning, or an SSPC-SP10 
near white metal blast cleaning, is recommended for use in 
parking structures.

a) SSPC-SP6 “Commercial Blast Cleaning”—Commer-
cial blast cleaning defines a more thorough, but not 
quite perfect, degree of blast cleaning.  It is a minimum 
specification that is used with coating systems of higher 
performance, yet less forgiving of surface imperfections.  
During cleaning, all rust, mill scale, and other detrimen-
tal matter is removed.  Staining that resulted from previ-
ously existing rust and mill scale is limited to no more 
than 33 percent of each unit area of surface, as defined 
under SSPC-SP6, Section 2.6 of SSPC Painting Manual 
Volume 2.

 The advantage of commercial blast cleaning is generally 
lower cost than SSPC-SP10.  

b) SSPC-SP10 “Near-White Metal Blast Cleaning”—This 
specification limits random staining to no more than 5 
percent of each unit area of surface.  This cleanliness 
level is generally used when the expense is justified 
by the severity of the anticipated service environment.  
Near-White Metal Blast Cleaning is frequently specified 
in combination with inorganic zinc-rich coatings.

 Parking structures are not anticipated to will require the 
use of a surface preparation that is more stringent than 
the “Near-White Blast Cleaning.”

5.  Maintenance Program—A well-established maintenance 
program will create a substantial increase in the service 
life of the parking structure.  This is a “common sense” 
approach to asset management that holds true for all 
components of a parking structure.  The magnitude of 
maintenance expenditure and the interval between such 
expenditures, depends on the initial coating choice and 
the established type of maintenance program.  

6.  Determining Coating Costs—To assist in making an 
informed decision, designers, specifiers, and owners 
of garages, require information on comparative costs 
and the expected service life of alternative coating 
systems.  It is relatively easy to compute initial costs.  
Shop-application coating costs are normally include:  
material, surface preparation, application, inspection and 
overhead.  For more precise estimates, individual shops 
can, determine the costs of labor, materials, and other 
items with greater precision.  Maintenance painting and 
touch-up requires a case-by-case evaluation to determine 
painting costs.  

When specifying coating system performance, per-
formance factors such as gloss, weatherability, graffiti 
resistance (chemical resistance), abrasion resistance, low 
temperature cure, etc., may increase coating material costs.  
When comparing alternative coating systems, compare the 
cost of comparably performing coatings.

8.3.2.2 Recommended Coating Systems 

1. a) SSPC-SP 6 or SSPC-SP 10
 b) moisture cure urethane(mcu) or epoxy zinc-rich 

primer
 c) high build aliphatic polyurethane finish coat (two 

component)

2. a) SSPC-SP 6 or SSPC-SP 10
 b) mcu or epoxy zinc rich primer
 c) mcu intermediate coat containing micaceous iron 

oxide
 d) aliphatic polyurethane finish coat (one or two com-

ponent)
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3. a) SSPC-SP6 or SSPC-SP 10
 b) mcu or epoxy zinc-rich primer
 c) high build epoxy intermediate coat
 d) aliphatic polyurethane finish coat (two
  component)

4. a) SSPC-SP 10
 b) ethyl silicate inorganic zinc-rich primer
 c) high build epoxy intermediate coat
 d) aliphatic polyurethane finish coat (two 
  component)
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COATING SYSTEM DESCRIPTION AND APPLICATION PARAMETERS 
System 1 2 3 4 
Description MOISTURE CURE 

URETHANE OR 
EPOXY ZINC-RICH 
PRIMER/ 
HIGH BUILD 
ALIPHATIC
POLYURETHANE 
FINISH COAT (TWO 
COMPONENT)

MOISTURE CURE 
URETHANE OR 
EPOXY ZINC-RICH 
PRIMER/ 
MOISTURE CURE 
URETHANE
INTERMEDIATE
COAT/
ALIPHATIC
POLYURTHANE 
FINISH COAT (ONE 
OR TWO 
COMPONENT)

MOISTURE CURE 
URETHANE OR 
EPOSY ZINC-RICH 
PRIMER/ 
HIGH BUILD EPOXY 
INTERMEDIATE
COAT/
ALIPHATIC
POLYURETHANE 
FINISH COAT (TWO 
COMPONENTS)

ETHYL SILICATE 
INORGANIC ZINC-
RICH PRIMER/ 
HIGH BUILD EPOXY 
INTERMEDIATE
COAT/
ALIPHATIC
POLYURETHANE 
FINISH COAT (TWO 
COMPONENT)

Benefit This two-coat system 
will provide 
application cost 
savings with the 
elimination of an 
intermediate coat and 
will provide acceptable 
corrosion resistance 
properties through (1) 
galvanic protection to 
the substrate and (2) 
application of a 
durable high build 
color retentive finish 
coat.

This three-coat system 
will provide long term 
protection to the 
structure through (1) 
galvanic protection to 
the substrate, (2) 
encapsulation with a 
moisture cure urethane 
intermediate coat and 
(3) application of a 
durable color retentive 
finish coat. 

This three coat system 
will provide long term 
protection to the 
structure through (1) 
galvanic protection to 
the substrate, (2) 
encapsulation with a 
high build epoxy 
intermediate coat and 
(3) application of a 
durable color retentive 
finish coat. 

This three coat system 
will provide long term 
protection to the 
structure through (1) 
galvanic protection to 
the substrate with 
outstanding abrasion 
resistance prior to 
subsequent overcoating 
applications, (2) 
encapsulation with a 
high build epoxy 
intermediate coat and 
(3) application of a 
durable color retentive 
finish coat.

Surface Preparation SSPC-SP 6 or SSPC-SP 
10.  The selection of 
either cleanliness level 
should be made after an 
analysis of cost vs. 
anticipated service 
severity. 

SSPC-SP 6 or SSPC-
SP10. The selection of 
either cleanliness level 
should be made after 
an analysis of cost vs. 
anticipated service 
severity.

SSPC-SP 6 or SSPC-
SP 10.  The selection 
of either cleanliness 
level should be made 
after an analysis of 
cost vs. anticipated 
service severity.

SSPC-SP 10 

Primer Moisture Cure 
Urethane Zinc-Rich 
Primer applied at 3.0-
4.0 mils dry film 
thickness (dft).or 
epoxy zinc rich 

Moisture Cure 
Urethane Zinc-Rich 
Primer applied at 3.0-
4.0 mils dft or epoxy 
zinc rich

Moisture Cure 
Urethane applied at 
3.0-4.0 mils dft or 
epoxy zinc rich 

Ethyl Silicate 
Inorganic Zinc-Rich 
applied at 3.0-4.0 mils 
dft

Intermediate Coat Moisture Cure 
Urethane containing 
micaceous iron oxide 
applied at 4.0-6.0 mils 
dft.

High Build Epoxy 
applied to 4.0-6.0 mils 
dft.

High Build Epoxy 
applied at 4.0-6.0 mils 
dft

Topcoat High Build Aliphatic 
Polyurethane (two-
component) applied at 
4.0-6.0 mils dft. 

Aliphatic Polyurethane 
finish coat applied at 
2.0-4.0 mils dft.  The 
topcoat can be a one-
component aliphatic 
Moisture Cure 
Urethane or a two-
component aliphatic 
polyurethane.

Aliphatic Polyurethane 
finish coat (two-
components) applied at 
2.0-4.0 mils dft. 

Aliphatic Polyurethane 
finish coat (two-
component) applied at 
2.0-4.0 mils dft 

Table 8-1  Recommended High Performance Coating Systems 

Table 8-1  Recommended High Performance Coating Systems
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NOTE:  There are coatings systems of varying generic 
types that may also be considered for use in parking structure 
applications.  An analysis of service life history, application 
properties and conformance to environmental regulations is 
a prerequisite of any product or system usage.

In garages that utilize interior revenue collection, the 
lower flange of wide span girders in the collection area 
should receive a second color coat to protect the bottom 
flange from sulfuric attack from exhaust gasses of idling 
engines.

8.3.2.3 Moderate Performance Coating Systems

Long-term corrosion protection is a critical component 
in the construction of a parking structure. Most parking 
structure owners desire a 30-year minimum performance 
life for a coating system.  Therefore, high performance 
coating systems are generally recommended for parking 
structure applications.  However, situations do exist where 
a limited structure life or the necessity of minimizing initial 
construction costs mandates utilizing a lower cost moderate 
performance coating system.  In such cases a two-coat paint 
system utilizing a mastic primer over wire brush cleaned 
steel (SSPC SP-3) and a polyurethane top coat may be 
specified.  A mastic primer provides only barrier protection 
to corrosion as opposed to the sacrificial protection of a 
zinc-rich primer and allows for corrosion undercutting of 
the paint system.  The selection of a moderate performance 
system should be made with the full knowledge and under-
standing of the owner and architect as to the increase in 
future maintenance costs.

8.3.2.4 Low-VOC Alternatives 

To meet future VOC requirements, the systems 1 through 
4 listed in Section 8.3.2.2 are available for commercial use 
at lower VOC levels, as needed.

While low VOC systems have demonstrated good long-
term service life, the manufacturer/supplier must demon-
strate the suitability of shop application properties, as well 
as citing the products specific field usage.

Notes on Coating Specifications:

1.  Thickness recommendations are typical of many coating 
suppliers and are presented here as minimums.  Maxi-
mum allowable or specified coating thickness should not 
exceed the manufacturer’s recommendations.

2. Gusset plates and faying surfaces are best protected 
by the shop applied primer.  Most zinc-rich primers 
are rated for friction connections in accordance to the 
Research Council for Structural Connections (RCSC) 
as Class A or Class B.  Should friction connections be 

utilized in the construction confirm the rating of the 
specified primer.

3. Field touch-up of erection damage, block-ours, primed 
gusset plates and fasteners should utilize system 1, the 
moderate duty surface tolerant system.

4. Mechanically galvanized fasteners are recommended 

8.4 Galvanizing

All-galvanized steel frame parking structures made their 
first appearance during the early 1980’s. Hot-dip galvanized 
structural steel can be competitive with steel protected by a 
high-performance paint system.

Hot-dip galvanizing is a shop-applied coating that pro-
vides a unique combination of properties. Galvanizing is 
different from painting in that a progression of zinc alloy 
layers are metallurgically bonded to the base metal. Pen-
etration of contaminants through this type of coating and 
the resulting under film corrosion are less likely. Galvaniz-
ing protects steel in two ways:

1. As a barrier coating which seals the base metal from the 
corrosive action of the environment; and

2.  By sacrificial action of the zinc, which tends to “repair 
itself” when damage or minor discontinuities occur in 
the coating.

Galvanized coatings have a hardness greater than the 
steel itself and thus have exceptional resistance to damage 
from impact and abrasion. Also, the coating tends to be 
thickest at comers and edges, often locations of minimum 
thickness of paint systems.

Because hot-dip galvanizing is accomplished by total 
immersion (when maximum member size of the dipping 
tank is not exceeded), all surfaces of the steel assembly 
become coated and protected. Since the zinc will not metal-
lurgically bond to unclean steel, poor quality galvanizing 
is immediately apparent as the work is withdrawn from the 
molten zinc bath and adjustments can be made on the spot.

Galvanizing tanks located in many regions of the United 
States are now capable of handling members exceeding 60 
ft in length in a single dip. In a galvanizing dip tank as short 
as 35 ft, beam sections up to 63 ft long can be galvanized 
by “double dipping”.  For sections exceeding 63 ft, sur-
faces in the center area not coated by double dipping can 
be metallized.  Design professionals should consult with 
local galvanizers when developing costs of galvanized coat-
ings, especially if beams are longer than available dipping 
tanks.  Designers should also bear in mind that galvanizing 
of ASTM A490 structural bolts is not permitted, therefore 
ASTM A325 bolts should be specified.
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Hot-dipped galvanized steel is initially shiny, but a natu-
ral “weathering” process, which does not reduce the protec-
tive capacity of the coating, tends to slowly transform the 
shiny surface of a duller brownish-gray tint. If a bright uni-
form finish or color is desired, a compatible topcoat of paint 
will have to be applied, an additional cost for the galvanized 
steel option for corrosion protection.  The combination of 
composite, galvanized wide flange beams and galvanized 
metal deck requires the removal of the coating on the top 
flange at the location of shear studs. The galvanizer, at the 
fabricator’s request, however, can easily mask off areas 
where shear studs are to be welded.  Research is currently 
being conducted to develop a method of “shooting” shear 
studs directly into the galvanized beam without the need to 
remove the galvanized surface.

The level of galvanizing specified for structural members 
is typically a minimum thickness of 3.9 mils.  A galvaniz-
ing performance model available through the web site of the 
American Galvanizing Association (www.galvanizeit.org) 
is designed to predict, for a given thickness of galvanizing, 
the time that will pass before the surface corrosion reaches 
5 percent, using meteorological data specific to any loca-
tion.  The model will also predict the thickness of galvaniz-
ing for a desired performance life.  Figure 8-1 presents the 
service life in various types of environments.  In selecting 
a corrosion protection system, the structural engineer is 
encouraged to compare the price, performance and aesthetic 
appeal of various options.

82 / DESIGN GUIDE 18 / STEEL-FRAMED OPEN-DECK PARKING STRUCTURES 

87

Figure 8-1  Service Life for Galvanized Coatings 
Fig. 8-1.  Service Life for Galvanized Coatings (Source: American Galvanizing Association)
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Investigation of the life-cycle cost of steel-framed park-
ing structures in comparison to other framing materials 
indicates that significant life-cycle cost savings may be 
possible through the use of a steel framing system for an 
open-deck parking structure.  These results correlate to an 
independent study of a steel-framed parking structure that 
was performed by Hill International for the Port Authority 
of New York and New Jersey. That study is documented in 

the April 2000 issue of AISC’s Modern Steel Construction 
magazine (reprints available through AISC). 

Life-cycle costs are a function of the initial construction 
cost, routine maintenance, and any future restoration costs of 
the structure.  For more information and guidance on deter-
mining on Life Cycle Costs for parking structures, contact 
the AISC Steel Solutions Center at solutions@aisc.org.

Chapter 9
Life-Cycle Costs of  
Steel-Framed Parking Structures
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Decks

❒ Are there any cracks?  Do they leak?

❒ Is the surface sound, or are there areas of surface scal-
ing?

❒ Does a chain-dragging test reveal a hollow sound in any 
areas?

❒ Is there any evidence of concrete delamination?

❒ Is there any evidence of corrosion of reinforcing steel or 
surface spalling?

❒ Are there any signs of leakage?  Describe conditions and 
note locations.

❒ If there is a traffic bearing membrane, does it have any 
tears, cracks or loss of adhesion?

❒ Are there low spots where water ponding occurs?

❒ Are there water stains on the underside (soffit) of the 
deck?

❒ Has the concrete been tested for chloride-ion content? 
When was it last tested?

❒ Are records of previous inspections available?

Steel Beams and Columns

❒ Are there any signs of corrosion on the beams or col-
umns?  Is the corrosion a surface effect or is there a 
significant loss of section?

❒ Is repainting required?

❒ What is the condition of the interface or attachment point 
between the steel members and the concrete deck?

❒ Is there any staining that would indicate deck leakage 
adjacent to the steel member?

Stair and Elevator Towers

❒ Are there any signs of a leaking roof?

❒ Are there any cracks in the exterior finish?

❒ Are there any signs of corrosion-related deterioration of 
stairs or railings?

❒ Are any other corrective actions required?

Expansion Joints

❒ Are there leaks through isolation-joint seals?

❒ Are leaks related to failure of the seals or the adjacent 
concrete?

❒ Could the cause be snowplows?

❒ What type of isolation joint/expansion joint seal is 
installed?

❒ Who is the manufacturer?

❒ Is there a warranty in force?

❒ Consult the manufacturer for repair recommendations if 
applicable.

Joint Sealants

❒ Are there any signs of leakage, loss of elastic properties, 
separation from adjacent substrates or cohesive failure 
of the sealant?

❒ Are there failures of the concrete behind the sealant 
(edge spalls)?

Exposed Steel

❒ Is there any exposed steel (structural beams, handrails, 
door frames, barriers, cable, exposed structural connec-
tions)?

❒ Is corrosion visible?  Is it surface corrosion or is there 
significant loss of section?

❒ Is repainting required?

❒ What is the condition of attachment point and surround-
ing concrete?

Chapter 10
Checklist for Structural Inspection  
of Parking Structures
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Drains

❒ Are drains functioning properly?  When were they last 
cleaned?

❒ Are the drains properly located so that they receive the 
runoff intended?

❒ Are seals around the drain bases in good condition?

Previous Repairs

❒ Are previous repairs performing satisfactorily?

❒ Are the edges of previous patches tight?

❒ Do the patches sound solid when tapped? 

Source:  Mr. David Monroe, President, Carl Walker Con-
struction.  Originally published in Parking, November, 
2001
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This exercise is an illustration of typical calculations to be 
performed in the design of a post-tensioned deck parking 
structure. The design examples are presented using both 
LRFD and ASD design procedures.  

Geometry

Ramp Width = 55 ft

Beam Spacing:

• 15 ft c/c for end bays.  Note that this garage has end bay 
parking requiring a 45 ft total end bay.  

• 18 ft c/c for typical beam spacing.

Design Loading

Dead Loads:

5 in. post-tensioned slab 63 psf
structural steel 10 psf

 73 psf

Note: The slab thickness selection will be shown in the slab 
design. 

Live Loads:

Gravity 50 psf

Wind Note "A"
Seismic Note "A"

Note "A" refers to local codes for wind + seismic loads. 

Component Design

Post-Tensioned Slab:

The thickness of a post-tensioned slab is a function of its 
span. A span to depth ratio of 45 for parking structures 
almost always satisfies both structural and serviceability 
requirements.

Span = 18 ft

Required slab thickness =  
 
Use 5 in. thickness.

(Refer to Table 3.5 for minimum slab thickness vs. span.)

Reinforcing Requirements: 

The design of a post-tensioned slab is complex and is 
beyond the scope of this design guide. However there are 
many software packages available that will simplify the 
design process. Also refer to Table 3.5 for typical reinforc-
ing sizes and details. For this example the following rein-
forcing should be used:

Post-Tensioning Tendon Spacing:

From Table 3-5 using the clear span of slab = 18 ft and slab 
thickness of 5 in.

Spacing of structural tendons = 24 in.

Since the width of the slab is 55 ft the required number of 
tendons is:

Use 29 tendons.

Temperature Tendons:

From Table 3-5 the maximum temp. spacing = 33 in. 
Therefore the minimum required number of tendons is:

Appendix A1
Example: Post-Tensioned 
Deck Parking Garage
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This exercise is an illustration of typical calculations to be
performed in the design of a post-tensioned deck parking
structure. The design examples are presented using both
LRFD and ASD design procedures.  

Geometry

Ramp Width = 55 ft

Beam Spacing:

• 15 ft c/c for end bays.  Note that this garage has end bay
parking requiring a 45 ft total end bay.  

• 18 ft c/c for typical beam spacing.

Design Loading

Dead Loads:

5 in. post-tensioned slab 63 psf
structural steel 10 psf

73 psf

Note: The slab thickness selection will be shown in the slab
design.

Live Loads:

Gravity 50 psf

Wind Note "A"
Seismic Note "A"

Note "A" refers to local codes for wind + seismic loads. 

Component Design

Post-Tensioned Slab:

The thickness of a post-tensioned slab is a function of its
span. A span to depth ratio of 45 for parking structures
almost always satisfies both structural and serviceability
requirements.

Span = 18 ft

Required slab thickness =

Use 5 in. thickness.

(Refer to Table 3.5 for minimum slab thickness vs. span.)

Reinforcing Requirements:

The design of a post-tensioned slab is complex and is
beyond the scope of this design guide. However there are
many software packages available that will simplify the
design process. Also refer to Table 3.5 for typical reinforc-
ing sizes and details. For this example the following rein-
forcing should be used:

Post-Tensioning Tendon Spacing:

From Table 3-5 using the clear span of slab = 18 ft and slab
thickness of 5 in.

Spacing of structural tendons = 24 in.

Since the width of the slab is 55 ft the required number of
tendons is:

Use 29 tendons.

Temperature Tendons:

From Table 3-5 the maximum temp. spacing = 33 in. 
Therefore the minimum required number of tendons is:

Appendix A1
Example: Post-Tensioned 
Deck Parking Garage
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Mild Reinforcing Steel

Once again referring to Table 3-5

The four typical bars required are:

 Bar "A" #4 × 13 ft-4 in. @16 in.
 Bar "B" #5 × 9 ft-6 in. @16 in.
 Bar "C" #4 × 9 ft-6 in. @16 in.
 Bar "D" #4 × 9 ft-6 in. @16 in.

Refer to Figure 3-10, which illustrates placement and loca-
tion of  reinforcing bars. 

Please also note:  Always include two #4 bars continuous 
at all anchorages.

LRFD DESIGN PROCEDURE
INTERIOR BEAM A

Span length, L = 55 ft   
Beam spacing, s = 15 ft   
Slab thickness, to = 5 in. 
Concrete, 
n = 7
Steel, Fy = 50 ksi
Studs, 3/4 in. dia. × 3 in. 

Loading—Service

Dead Loads:

5 in. post-tensioned slab 5/12 (150) = 63 psf
self-weight of beam—assume 94 lb/ft

Uniform Dead Load:
w = 15(0.063) + 0.094 = 1.04 k/ft

Live Load:

code: 50 psf
uniform live load = 15(0.05 ksf) = 0.75 k/ft

88 / DESIGN GUIDE 18 / STEEL-FRAMED OPEN-DECK PARKING STRUCTURES 

Mild Reinforcing Steel

Once again referring to Table 3-5

The four typical bars required are:

Bar "A" #4 × 13 ft-4 in. @16 in.
Bar "B" #5 × 9 ft-6 in. @16 in.
Bar "C" #4 × 9 ft-6 in. @16 in.
Bar "D" #4 × 9 ft-6 in. @16 in.

Refer to Figure 3-10, which illustrates placement and loca-
tion of  reinforcing bars. 

Please also note: Always include two #4 bars continuous at
all anchorages.

Span length, L = 55 ft   
Beam spacing, s = 15 ft   
Slab thickness, to = 5 in. 
Concrete,
n = 7
Steel, Fy = 50 ksi
Studs, 3/4 in. dia. × 3 in. 

Loading—Service

Dead Loads:

5 in. post-tensioned slab 5/12 (150) = 63 psf
self-weight of beam—assume 94 lb/ft

Uniform Dead Load:
w = 15(0.063) + 0.094 = 1.04 k/ft

Live Load:

code: 50 psf
uniform live load = 18(0.05 ksf) = 0.9 k/ft
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Mild Reinforcing Steel

Once again referring to Table 3-5

The four typical bars required are:

Bar "A" #4 × 13 ft-4 in. @16 in.
Bar "B" #5 × 9 ft-6 in. @16 in.
Bar "C" #4 × 9 ft-6 in. @16 in.
Bar "D" #4 × 9 ft-6 in. @16 in.

Refer to Figure 3-10, which illustrates placement and loca-
tion of  reinforcing bars. 

Please also note: Always include two #4 bars continuous at
all anchorages.

Span length, L = 55 ft   
Beam spacing, s = 15 ft   
Slab thickness, to = 5 in. 
Concrete,
n = 7
Steel, Fy = 50 ksi
Studs, 3/4 in. dia. × 3 in. 

Loading—Service

Dead Loads:

5 in. post-tensioned slab 5/12 (150) = 63 psf
self-weight of beam—assume 94 lb/ft

Uniform Dead Load:
w = 15(0.063) + 0.094 = 1.04 k/ft

Live Load:

code: 50 psf
uniform live load = 18(0.05 ksf) = 0.9 k/ft
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BEAM DESIGN

Beam design is presented for both the LRFD and ASD 
design procedures.  

Design Loads
 
Load Cases (only relevant cases listed)
1.4D = 1.4(1.04 k/ft) = 1.46 k/ft
1.2D + 1.6(L) = 1.2(1.04) + 1.6(0.75) = 2.5 k/ft
Live only 1.6L = 1.2 k/ft

Bending Moments (Unshored)
Mu = 2.5(55)2/8 = 946 k/ft (factored)
MDL  =  1.04(55)2/8 = 394 k/ft (service)
MLL  =  0.75(55)2/8 = 284 k/ft (service)

Check Section and Determine Properties

Assume  a = 2 in. Y2 = 5 in. − (2 in./2) = 4 in.

From composite beam tables for Fy = 50 ksi and Y2 = 4 in.  

Possible selections

 W27×84 or W24×76
 
Try W24×76

From composite beam tables

Y1 = 0.34
Qn = 814 kips
φMn = 1180 k-ft

Comparing Y2 for ΣQn = 814 kips
 b ≤  2 × L/8 = 2 × 55 ft/8 = 13.75 
  ≤  spa. = 18 ft
 b =  3.75 × 12 = 165 in. 

 Y2 =  5 − 1.45/2 = 4.28 in. 

Compute number of studs required

 Qn = 26.1 kips (Table 5.1)

Number of studs (2) ΣQn /Qn = 2(814)/26.1 = 62.6

Use 63, 3/4 in. dia. shear stud connectors.

Construction Phase Check

A construction phase live load will be assumed.  From the 
LRFD Specification (Section A4.1) the relevant combina-
tions are:

1.4(D) = 1.46 k/ft
1.2(D) + 1.6(L) = 1.2(1.04) + 1.6(15×0.02) = 1.73 k/ft
Mu = 946 k-ft

From composite beam tables for a W24×76 with Fy = 50 ksi 
and assuming adequate lateral support is provided by form-
ing system (very important to confirm plus no torsional 
loading)

φMn = φMp = 1180 k-ft > 946 k-ft

Service Load Condition

Assume that the fresh concrete load moment is equal to the 
service dead load moment, with Ixx of 2100 in.4

Switch to W27×84

Specify a camber of 21/2 in. 

From composite beam tables use Y2 = 4 (from above)

Y1 = 3.44 in.
Qn = 456 kips
φMn = 1270 k-ft
Number of studs = 2(456)/26.1 = 35 studs 
φMn = 1270 k-ft > 1097 k-ft

For W27×84 with Y2 = 4 and Y1 = 3.44 the lower bound 
moment of inertia can be found in the lower bound moment 
of inertia tables: Ilb = 4860 in.4
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BEAM DESIGN

Beam design is presented for both the LRFD and ASD
design procedures.

LRFD DESIGN PROCEDURE

INTERIOR BEAM A

Design Loads

Load Cases (only relevant cases listed)
1.4D = 1.4(1.04 k/ft) = 1.46 k/ft
1.2D + 1.6(L) = 1.2(1.04) + 1.6(0.9) = 2.7 k/ft
Live only 1.6L = 1.44 k/ft

Bending Moments (Unshored)
Mu = 2.7(55)2/8 = 1020 k/ft (factored)
MDL = 1.04(55)2/8 = 394 k/ft (service)
MLL = 0.9(55)2/8 = 340 k/ft (service)

Check Section and Determine Properties

Assume a = 2 in. Y2 = 5 in. − (2 in./2) = 4 in.

From composite beam tables for Fy = 50 ksi and Y2 = 4 in.

Possible selections

W27×84 or W24×76

Try W24×76

From composite beam tables

Y1 = 0.34
Qn = 814 kips
φMn = 1180 k-ft

Comparing Y2 for ΣQn = 814 kips
b ≤ 2 × L/8 = 2 × 55 ft/8 = 13.75 

≤ spa. = 18 ft
b = 3.75 × 12 = 165 in. 

a =

Y2 = 5 − 1.45/2 = 4.28 in. 

Compute number of studs required

Qn = 26.1 kips (Table 5.1)

Number of studs (2) ΣQn /Qn = 2(814)/26.1 = 62.6

Use 63, 3/4 in. dia. shear stud connectors.

Construction Phase Check

A construction phase live load will be assumed.  From the
LRFD Specification (Section A4.1) the relevant combina-
tions are:

1.4(D) = 1.46 k/ft
1.2(D) + 1.6(L) = 1.2(1.04) + 1.6(18×0.02) = 1.82 k/ft
Mu = 1020 k-ft

From composite beam tables for a W24×76 with Fy = 50 ksi
and assuming adequate lateral support is provided by form-
ing system (very important to confirm plus no torsional
loading)

φMn = φMp = 1180 k-ft > 1020 k-ft

Service Load Condition

Assume that the fresh concrete load moment is equal to the
service dead load moment, with Ixx of 2100 in.4

Switch to W27×84

Specify a camber of 21/2 in.

From composite beam tables use Y2 = 4 (from above)

Y1 = 3.44 in.
Qn = 456 kips
φMn = 1270 k-ft
Number of studs = 2(456)/26.1 = 35 studs
φMn = 1270 k-ft > 1097 k-ft

For W27×84 with Y2 = 4 and Y1 = 3.44 the lower bound
moment of inertia can be found in the lower bound moment
of inertia tables: Ilb = 4860 in.4
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Check Shear
Vu = 2.5(55/2) = 69 kips
φV = φ(Fyw)(Aw) = 0.6(50)(26.71×0.46)
 = 368 kips > 69 kips    ok

Final Selection

Use W27×84 Fy = 50 ksi with 36, 3/4 in. dia. shear stud con-
nectors. 

(18 shear stud connectors on each side of midspan)

END BAY GIRDER 

Design Parameters
 
Note: In order to minimize cracking, adjacent  ramps should 
not be connected. Thus, this girder should be non-composite. 

Girder Span = 45ft (Ref. to Figure A1-1A).

Concentrated Loads at 1/3 points

Calculate Factored Load (Concentrated + Uniform Load)

PD = 15(0.063)55(1.2)  62.4 kips
PL = 15(0.05)55(1.6) = 66 kips
PD+L     128.4 kips

Unif ≈ (0.2 k/ft)(1.2) = 0.24 k/ft

Calculate Bending Moments + Shears (Factored & Ser-
vice)

Mu = 0.24(45)2/8 + 128.4(15) = 1986 k-ft  (factored)
Equiv. Unif. Ld. = 2.67(128.4) + 0.24(45) = 354 kips 
(Table Pg. 4-189)
Vu = 0.24(45/2) + 128.4 = 133.8 kips
MD = 15(15×55×0.063) + 0.2(45)2/8 = 830 k-ft (ser-

vice)
ML = 15(15×55×0.05) = 619 k-ft (service)

Enter factored load table for Fy = 50 ksi with a
φWc /L ≥ 354 kips
For W27×178   φWc /L = 370K > 354 kips   ok

Check service load deflection

Final Selection

Use W27×178 Fy = 50 ksi camber = 11/2 in.

BUMPER RAIL

Geometry

Span ≈ 18ft

Design Load

P = 10,000 lb

Note: Codes do not define the bumper load as service or 
ultimate.  Also, the barrier member can fail in bending yet 
still restrain an automobile.

Calculate Bending Moments

Calculate Min Sy

Use HSS 10×6×5/16

Sy = 17.8 in.3

TYPICAL INTERIOR COLUMN  

Design Parameters

Fy = 50 ksi

Floor-to-floor height = 12 ft

Column is braced in X and Y − axis ∴ Ky = Kx = 1.0

Note: Most codes permit a 20 percent live load reduction, 
for members supporting more than two floors, however 
example is one story.  Estimated total steel weight approxi-
mately 9 psf.

Column Grid—Typical

55 ft × 18 ft
 
Calculate Design Loads

Pu = 18 ft × 55 ft (1.2 (0.072)+1.6(0.04)) = 149 kips

Select Trial Section

Try W12×40  (12 in. × 8 in. for connection)

φPn = 356 kips > 149 kips

Use W12×40
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Check Shear
Vu = 2.7(55/2) = 7.5 kips
φV = φ(Fyw)(Aw) = 0.6(50)(26.71×0.46)

= 368 kips > 80 kips    ok

Final Selection

Use W27×84 Fy = 50 ksi with 36, 3/4 in. dia. shear stud con-
nectors.

(18 shear stud connectors on each side of midspan)

END BAY GIRDER 

Design Parameters

Note: In order to minimize cracking, adjacent  ramps should
not be connected. Thus, this girder should be non-composite. 

Girder Span = 45ft (Ref. to Figure A1-1A).

Concentrated Loads at 1/3 points

Calculate Factored Load (Concentrated + Uniform Load)

PD = 15(0.063)55(1.2)  62.4 kips
PL = 15(0.05)55(1.6) = 66 kips
PD+L 128.4 kips

Unif ≈ (0.2 k/ft)(1.2) = 0.24 k/ft

Calculate Bending Moments + Shears (Factored & Service)
Mu = 0.24(45)2/8 + 128.4(15) = 1986 k-ft  (factored)
Equiv. Unif. Ld. = 2.67(128.4) + 0.24(45) = 354 kips
(Table Pg. 4-189)
Vu = 0.24(45/2) + 128.4 = 133.8 kips
MD = 15(15×55×0.063) + 0.2(45)2/8 = 830 k-ft (service)
ML = 15(15×55×0.05) = 619 k-ft (service)

Enter factored load table for Fy = 50 ksi with a
φWc /L ≥ 354 kips
For W27×178   φWc /L = 370K > 354 kips   ok

Check service load deflection

Final Selection

Use W27×178 Fy = 50 ksi camber = 11/2 in.

BUMPER RAIL

Geometry

Span ≈ 18ft

Design Load

P = 10,000 lb

Note: Codes do not define the bumper load as service or
ultimate.  Also, the barrier member can fail in bending yet
still restrain an automobile.

Calculate Bending Moments

Calculate Min Sy

Use HSS 10×6×5/16

Sy = 17.8 in.3

TYPICAL INTERIOR COLUMN

Design Parameters

Fy = 50 ksi

Floor-to-floor height = 12 ft

Column is braced in X and Y − axis ∴ Ky = Kx = 1.0

Note: Most codes permit a 20 percent live load reduction,
for members supporting more than two floors, however
example is one story.  Estimated total steel weight approxi-
mately 9 psf.

Column Grid—Typical

55 ft × 18 ft

Calculate Design Loads

Pu = 18 ft × 55 ft (1.2 (0.072)+1.6(0.04)) = 149 kips

Select Trial Section

Try W12×40  (12 in. × 8 in. for connection)

φPn = 356 kips > 149 kips

Use W12×40
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ASD DESIGN PROCEDURE

Bending Moments (Unshored)

Construction Loads

 MD = 1.04(55)2/8 = 393 k-ft

Loads applied after concrete is hardened

 ML = 0.9(55)2/8 = 340 k-ft

Maximum Moment

 Mmax = MD + ML = 393+340 = 733 k-ft

Maximum Shear

 V = (1.04+0.9)55/2 = 53.4 k

Effective Width of Slab

 b =1/4 (L) = 1/4(55 × 12) = 165 in.
 b = s = 15 × 12 = 180 in.

Required Section Modulus (Fy = 50 ksi):

For MD+L

 Str = 733(12)/33 = 267 in.3

For MD (Make sure about top flange bracing.)

Example assumes full top flange bracing.

 Ss = 393(12)/33 = 143 in.3

Select Section and Determine Properties
 

Y2 = 2.5 in.

Actr = (b/n)to = (165/7)5 = 118 in.2

Enter Composite Beam Tables (9th ED)

Pg. 2-270 for Str = 267 in.3

Try W27×84

 Str ≈ 301 (interpolate for Y2 = 2.5 in.) 

 @ Actr = 100 in.2 < 118 in.2

From Property Tables
 Ss = 213 in.3

 A = 24.8 in.2

 I = 2850 in.4

 tf = 0.64 in.
 d = 26.71 in.
 tw = 0.46 in.

Calculate Section Properties 

From table, at Y2 = 2.5 and Actr ≈ 30 (partial comp)

 Str = 285 in.3

 Itr = 6269 in.4

 yt = (26.71 + 5) − 22 = 9.71 in.
  
Check Concrete Stress (Unshored)

Check Steel Stresses

Total Load

 Str = 285 > 267 in.3  ok

Dead Load

 Ss = 213 in.3 > 143 in.3  ok

 ∴ fb  is ok

Check Deflection

Camber 21/4 in.
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ASD DESIGN PROCEDURE

Bending Moments (Unshored)

Construction Loads

MD = 1.04(55)2/8 = 393 k-ft

Loads applied after concrete is hardened

ML = 0.9(55)2/8 = 340 k-ft

Maximum Moment

Mmax = MD + ML = 393+340 = 733 k-ft

Maximum Shear

V = (1.04+0.9)55/2 = 53.4 k

Effective Width of Slab

b =1/4 (L) = 1/4(55 × 12) = 165 in.
b = s = 15 × 12 = 180 in.

Required Section Modulus (Fy = 50 ksi):

For MD+L

Str = 733(12)/33 = 267 in.3

For MD (Make sure about top flange bracing.)

Example assumes full top flange bracing.

Ss = 393(12)/33 = 143 in.3

Select Section and Determine Properties

Y2 = 2.5 in.

Actr = (b/n)to = (165/7)5 = 118 in.2

Enter Composite Beam Tables (9th ED)

Pg. 2-270 for Str = 267 in.3

Try W27×84

Str ≈ 301 (interpolate for Y2 = 2.5 in.) 

@ Actr = 100 in.2 < 118 in.2

From Property Tables
Ss = 213 in.3

A = 24.8 in.2

I = 2850 in.4

tf = 0.64 in.
d = 26.71 in.
tw = 0.46 in.

Calculate Section Properties 

From table, at Y2 = 2.5 and Actr ≈ 30 (partial comp)

Str = 285 in.3

Itr = 6269 in.4

yt = (26.71 + 5) − 22 = 9.71 in.

Check Concrete Stress (Unshored)

Check Steel Stresses

Total Load

Str = 285 > 267 in.3 ok

Dead Load

Ss = 213 in.3 > 143 in.3 ok

∴ fb is ok

Check Deflection

Camber 21/4 in.
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Check B/Flange Stresses

Shear Connectors (Partial Composite)

max. dia. = 2.5(0.64)
1.6 in. > 0.75 in.  ok
Use 3/4 in. dia.

Total Horizontal Shear

Concrete-Full

Steel

Max Str = 305 in.3 per Spec. para. I2

Seff Req'd = 267 in.3

Use 34, 3/4 in. dia. by 3 in. shear stud connectors.

Note: Typical end beam and interior beam "B" are similar.

END BAY GIRDER

Design Parameters and Geometry 

Same as LRFD Design

Calculate Concentrated Loads and Uniform Loads
PD+L = 55 ft (1.04+0.9) = 106.7 kips
W (self wt.)  Est. 200 lb/ft or 0.2 k/ft

Calculate Bending Moments and Shears

V = 106.7+(45/2)(0.2) = 129.3 kips

Calculate Required Section Moduli (Fy = 50)

For MD+L make sure top flange is braced, if not reduce fb

Select Section

Try W27×217
Ss = 624 in.3

Is = 8870 in.4

tw = 0.83 in.
d  =  28.43 in.

Check Stresses

Bending

Ss = 624 in.3 > 600 in.3  ok

∴ fb   ok

Check Deflection

PD = 55(1.04) = 57.2

Camber 11/4 in.

Use W27×217

BUMPER RAIL

Same as LRFD design procedure.

TYPICAL INTERIOR COLUMN
 
Design Parameters 

Same as LRFD Section

Calculate Typical Design Loads

Dead

 Slab 63psf

 Steel   9psf

 Total 72psf
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Live

Code 50 psf (Assume 1 floor garage)

PD+L = 18 ft × 55 ft (0.072 ksf + 0.05 ksf) = 121 kips

Select Trial Section

Try W12×40 (12 in. × 8 in. for connection)

Check Stresses 

KLx = KLy = 12 ft

Allowable load on W12×40 = 237 kips > 121 kips 
(Ref. AISC pg. 3-28)

fa < Fa   ok

Use W12×40
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DESIGN GUIDE 18 / STEEL-FRAMED OPEN-DECK PARKING STRUCTURES / 95

This exercise is an illustration of typical calculations in the 
design of a typical cast-in-place concrete on metal deck 
steel framed parking structure. 

Geometry 

To begin with the geometry of this example is:
 
Ramp width = 55 ft

Beam Spacing = Filler Beams – 10 ft c/c

Girder Beams = 22 ft -6 in. or 25 ft

Design Loading

Dead Loads

6 in. slab (total thickness poured on
3 in. × 20 ga. composite deck)  56 psf
Structural steel    10 psf
     66 psf

Live Loads

Gravity 50 psf
Wind Note "A"
Seismic Note "A"

Note "A": Refer to local codes for wind + seismic loads.

Component Design

Slab

Unlike most cast-in-place slabs on metal deck a parking 
garage slab cannot use the metal deck as slab reinforcing.

Slab Design 

Slab design for either 50 psf uniform load or 2,000 pound 
concentrated load 

wD = 56 psf 
wL = 50 psf
wuD+L = 1.4(0.056)+1.7(0.05) = 0.163 ksf 
  (uniform load) 
wuD = 1.4(0.056) = 0.0784 kip/ft
PuL = 1.7(2) = 3.4 kips

Top Steel
 

Uniform Load Case

– Mu = [0.163(10)2/12]12 = 16.3 k-in.

Concentrated Load Case

– Mu = [0.0784(10)2/12 + 3.4(10/8)/4*]12 = 20.6 k-in. 
governs

* Note effective width of slab for concentrated loads is 48 in.

Set a = 0.2 in.

Required As = 20.6/0.9 × 60 × (4-0.2/2) = 0.1 in.2/ft

Appendix A2
Example: Cast-In-Place 
Concrete on Metal Deck
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This exercise is an illustration of typical calculations in the
design of a typical cast-in-place concrete on metal deck
steel framed parking structure. 
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To begin with the geometry of this example is:

Ramp width = 55 ft

Beam Spacing = Filler Beams – 10 ft c/c

Girder Beams = 22 ft -6 in. or 25 ft

Design Loading

Dead Loads

6 in. slab (total thickness poured on
3 in. × 20 ga. composite deck) 56 psf
Structural steel 10 psf

66 psf
Live Loads

Gravity 50 psf
Wind Note "A"
Seismic Note "A"

Note "A": Refer to local codes for wind + seismic loads.

Component Design

Slab

Unlike most cast-in-place slabs on metal deck a parking
garage slab cannot use the metal deck as slab reinforcing.

Slab Design 

Slab design for either 50 psf uniform load or 2,000 pound
concentrated load 
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wuD+L = 1.4(0.056)+1.7(0.05) = 0.163 ksf 

(uniform load) 
wuD = 1.4(0.056) = 0.0784 kip/ft
PuL = 1.7(2) = 3.4 kips
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Uniform Load Case

– Mu = [0.163(10)2/12]12 = 16.3 k-in.

Concentrated Load Case

– Mu = [0.0784(10)2/12 + 3.4(10/8)/4*]12 = 20.6 k-in.
governs

* Note effective width of slab for concentrated loads is 48 in.

Set a = 0.2 in.

Required As = 20.6/0.9 × 60 × (4-0.2/2) = 0.1 in.2/ft
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This exercise is an illustration of typical calculations in the
design of a typical cast-in-place concrete on metal deck
steel framed parking structure. 

Geometry

To begin with the geometry of this example is:

Ramp width = 55 ft

Beam Spacing = Filler Beams – 10 ft c/c

Girder Beams = 22 ft -6 in. or 25 ft

Design Loading

Dead Loads

6 in. slab (total thickness poured on
3 in. × 20 ga. composite deck) 56 psf
Structural steel 10 psf

66 psf
Live Loads

Gravity 50 psf
Wind Note "A"
Seismic Note "A"

Note "A": Refer to local codes for wind + seismic loads.

Component Design

Slab

Unlike most cast-in-place slabs on metal deck a parking
garage slab cannot use the metal deck as slab reinforcing.

Slab Design 

Slab design for either 50 psf uniform load or 2,000 pound
concentrated load 

wD = 56 psf 
wL = 50 psf
wuD+L = 1.4(0.056)+1.7(0.05) = 0.163 ksf 

(uniform load) 
wuD = 1.4(0.056) = 0.0784 kip/ft
PuL = 1.7(2) = 3.4 kips

Top Steel

Uniform Load Case

– Mu = [0.163(10)2/12]12 = 16.3 k-in.

Concentrated Load Case

– Mu = [0.0784(10)2/12 + 3.4(10/8)/4*]12 = 20.6 k-in.
governs

* Note effective width of slab for concentrated loads is 48 in.

Set a = 0.2 in.

Required As = 20.6/0.9 × 60 × (4-0.2/2) = 0.1 in.2/ft
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Bottom Steel

d = 21/4 in.

Uniform Load Case

+M = (0.163(10)2/24)12 = 8.2k-in

+M = (0.0784(10)2/24)12+(3.4(10)/8 × 4)12 = 16.7 k-in
Set a = 0.2 in.
As = 16.7/0.9 × 60 × (2.25 × 0.2/2) = 0.143 in.2/ft

Final Selection

Draped Wire Fabric

Use WWF 4 × 4/W3.0 × W3.0
As furnished = 0.14 in.2/ft

 
Rebar

Use #4 @16 in. c/c Top & Bottom
As = 0.2(12/16) = 0.15 in.2/ft

TYPICAL BEAM A

Span Length = 55 ft

Spacing = 22 ft-6 in.

Service Loading

Dead Loads (Service)

6 in. slab on 3 in. deck 56 psf
steel filler beams   3 psf
Total 59 psf

Uniform Dead Loads

w = 22.5(0.059)+0.1 (self wgt.) = 1.43 k/ft

Live Loads (Service)

Code 50 psf
Uniform Live Loads
w = 22.5(0.05) = 1.125 k/ft

LRFD DESIGN PROCEDURE

Load Cases

1.4(D) = 1.4(1.43) = 2 k/ft
1.2(D) + 1.6(L) = 1.2(1.43) + 1.6(1.125) = 3.52 k/ft
1.6(L) = 1.6 (1.125) = 1.8 k/ft

Bending Moment

Mu = 3.52(55)2/8 = 1331 k-ft (factored)
MDL = 1.43(55)2/8 = 540 k-ft (service)
MLL = 1.125(55)2/8 = 425 k-ft (service)

Check Section and Determine Properties

Assume   a = 1 in.   Y2 = 6-2/2 = 5 in.
From composite beam tables for Fy = 50 ksi 
and Y2 = 5 in.

Possible Selections

W27×84 or W30×90

Try W27×84

From Composite Table

Y1 = 0.32
Qn = 921 kips
φMn = 1500 kips

Compare Y2 for ΣQn = 921 kips

b ≤ 2(L/8) = 2(55/8) = 13.75 ft
 ≤ spa. = 22.5 ft
b = 13.75 × 12 = 165 in. 

Y2 = 6-1.31/2 = 5.34 in.

Compute number of studs required. 

Qn = 26.1 kips/each  (Table 5.1)

Number of studs = (2)ΣQn/Qn = 2(921)/26.1 = 70.6

Use 71 shear stud connectors

Construction Phase Check

A construction phase live load will be assumed from LRFD 
Specification (Section A4.1). The relevant combinations 
are:

1.4(D) = 2 k/ft
1.2(D)+16(L) = 1.2(1.43)+1.6(0.02 × 22.5 ft) = 2.44 k/ft
Mu = 1331 k-ft

From composite beam tables for W27×84
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W27×84 or W30×90

Try W27×84

From Composite Table
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b = 13.75 × 12 = 165 in. 
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Compute number of studs required. 
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Construction Phase Check
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are:
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With an Fy = 50 ksi

φMn = φMp = 1500 k-ft > 1331 k-ft

Service Load Condition

Assume that the fresh concrete load moment is equal to the 
service dead load moment with an Ixx = 2850 in.4

For a W27×84 with Y2 = 5.34 and Y1 = 0.320

The lower bound moment of inertia can be found in the 

lower bound moment of inertia tables:  ILB = 6410
Check Shear

Vu = 3.52(55/2) = 96.8 kips
φVn = 0.6(Fyw)Ay = 0.6(50)(26.71 × 0.46) = 368 kips 
 > 96.8 kips

Final Selection

Use W27×84  Fy = 50 ksi with 71, 3/4 in. dia. × 4½ shear stud 
connectors (35 each side of midspan + 31/2 in. camber)

END BAY GIRDER

Design Parameters
 
Note: In order to minimize cracking the adjacent ramps 
should not be connected thus this girder should be non-
composite.

Girder span = 45 ft (refer to Appendix A2-1A)

Concentrated load at midspan
Concentrated Loads

PD = 55(22.5) (0.066)(1.2) =   89.1 kips
PL = 55(22.5)(0.05)(1.6) =   99.0 kips
PD+L =   188.1 kips

Calculate Bending Moments + Shears

Mu = 0.24(45)2/8 + 188.1(45/4) = 2176 k-ft
Equivalent uniform load = 2(188.1) = 376.2 kips 
(Tables pg. 4-139)
Vu = 188.1/2 = 94 kips
ML = 61.9(45)/4 = 696 k/ft (service)
MD = 81.6(45)/4 = 9.8 k/ft (service)

Select Section

Enter factored load table for Fy = 50 ksi and a 

φWc /L ≥ 376 kips
W27×194    φWc /L = 412(L = 46 ft) > 376 kips    ok

Check Service Load Deflections
Final Selection
 
W27×194   Fy = 50 ksi  camber = 11/2 in.

BUMPER RAIL

For typical bumper rail calculations refer to Appendix A-1A.

TYPICAL INTERIOR COLUMN

For typical column calculations refer to Appendix A-1A.
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With an Fy = 50 ksi

φMn = φMp = 1500 k-ft > 1331 k-ft

Service Load Condition

Assume that the fresh concrete load moment is equal to the
service dead load moment with an Ixx = 2850 in.4

For a W27×84 with Y2 = 5.34 and Y1 = 0.320

The lower bound moment of inertia can be found in the
lower bound moment of inertia tables: ILB = 6410

Check Shear

Vu = 3.52(55/2) = 96.8 kips
φVn = 0.6(Fyw)Ay = 0.6(50)(26.71 × 0.46) = 368 kips 

> 96.8 kips

Final Selection

Use W27×84 Fy = 50 ksi with 71, 3/4 in. dia. × 4½ shear stud
connectors (35 each side of midspan + 31/2 in. camber)

END BAY GIRDER

Design Parameters

Note: In order to minimize cracking the adjacent ramps
should not be connected thus this girder should be non-
composite.

Girder span = 45 ft (refer to Appendix A2-1A)

Concentrated load at midspan
Concentrated Loads

PD = 55(22.5) (0.066)(1.2) = 89.1 kips
PL = 55(22.5)(0.05)(1.6) =   99.0 kips
PD+L = 188.1 kips

Calculate Bending Moments + Shears

Mu = 0.24(45)2/8 + 188.1(45/4) = 2176 k-ft
Equivalent uniform load = 2(188.1) = 376.2 kips
(Tables pg. 4-139)
Vu = 188.1/2 = 94 kips
ML = 61.9(45)/4 = 696 k/ft (service)
MD = 81.6(45)/4 = 9.8 k/ft (service)

Select Section

Enter factored load table for Fy = 50 ksi and a 

φWc /L ≥ 376 kips
W27×194    φWc /L = 412(L = 46 ft) > 376 kips    ok

Check Service Load Deflections

Final Selection

W27×194   Fy = 50 ksi  camber = 11/2 in.

BUMPER RAIL

For typical bumper rail calculations refer to Appendix A-1A.

TYPICAL INTERIOR COLUMN

For typical column calculations refer to Appendix A-1A.
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2540(55)
3.56 in. (high but continue)
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161(6410) 528 240LL
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(2) spa. @ 22'-6"

PD+L

2918(45)
1.47 in.

161(7820)DL∆ = =

2696(45)
1.11    ok

161(7820) 484 240LL
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L L

= = < <
696 45
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ASD DESIGN PROCEDURE

TYPICAL BEAM A

Composite Beam

Bending Moments

Construction Loads

 MD = 1.43(55)2/8 = 540 k-ft

Loads applied after concrete is set.
 ML = 1.125(55)2/8 = 425 k-ft

Max. moment

 MD+L = 540 ft + 425 = 965 k-ft

Max. shear

 VD+L = (55/2)(1.43+1.125) = 70.3 kips

Effective Width of Slab 

b = 1/4 (L) = 1/4(55 ft × 12 in./ft) = 165 in.    governs
 = spa. = 15(12) = 180 in. 

Required Section Modulus (Fy = 50 ksi)

For MD+L

 Str = 965(12)/33 = 350 in.3

For MD

Ss = 540(12)/33 = 196 in.3

 
Y2 = 4.5 in.

Actr = (b/n) to = (165/7)3 = 70.7 in.2

Enter Composite Beam Tables

Try W30×90

 Str = 353 in.3 @ Actr = 30 in.2 < 70.7 in.2

From Property Tables

Ss = 245 in.3 A = 26.4 in.2 I = 3620 in.4

tf = 0.611 d = 26.4  tw = 0.47 

Calculate Section Properties

From Table with a = 4.5 in. and Actr ≈ 30 in.2

Itr = 8834 in.4

Check Concrete Stresses

fc = 965 (12 in./ft) / 841 × 7 = 1.97 < 0.45(5 ksi)  ok

Check Steel Stresses

Total load Str = 353 in.3 > 350 in.3

Dead Load Ss = 245 in.3 > 196 in.3

 ∴ fb is ok

fv = 47.7/(0.46 × 26.71) = 3.89 ksi
 
Check Deflection

∆DL = MDLL2/161(Is) = 540(55)2/161(3620)
 = 2.85 in., camber 23/4
∆LL = MLL(L2)/161(Itr) = 425 (55)2/161(8834)

Check B/Flange Stress

fb = [540(12)/245]+[425(12)/353] = 40.9ksi 
 < 0.9 (50 ksi)
B/flg stress   ok

Shear Connectors

Max. dia. = 2.5(0.64) = 1.6 in. > 0.75 in.   ok

Total Horizontal Shear

Concrete—Full Composite

98 / DESIGN GUIDE 18 / STEEL-FRAMED OPEN-DECK PARKING STRUCTURES 

ASD DESIGN PROCEDURE

TYPICAL BEAM A

Composite Beam

Bending Moments

Construction Loads

MD = 1.43(55)2/8 = 540 k-ft

Loads applied after concrete is set.
ML = 1.125(55)2/8 = 425 k-ft

Max. moment

MD+L = 540 ft + 425 = 965 k-ft

Max. shear

VD+L = (55/2)(1.43+1.125) = 70.3 kips

Effective Width of Slab

b = 1/4 (L) = 1/4(55 ft × 12 in./ft) = 165 in. governs
= spa. = 15(12) = 180 in. 

Required Section Modulus (Fy = 50 ksi)

For MD+L

Str = 965(12)/33 = 350 in.3

For MD

Ss = 540(12)/33 = 196 in.3

Y2 = 4.5 in.

Actr = (b/n) to = (165/7)3 = 70.7 in.2

Enter Composite Beam Tables

Try W30×90

Str = 353 in.3 @ Actr = 30 in.2 < 70.7 in.2

From Property Tables

Ss = 245 in.3 A = 26.4 in.2 I = 3620 in.4

tf = 0.611 d = 26.4 tw = 0.47

Calculate Section Properties

From Table with a = 4.5 in. and Actr ≈ 30 in.2

Itr = 8834 in.4

Check Concrete Stresses

fc = 965 (12 in./ft) / 841 × 7 = 1.97 < 0.45(5 ksi)  ok

Check Steel Stresses

Total load Str = 353 in.3 > 350 in.3

Dead Load Ss = 245 in.3 > 196 in.3

∴ fb is ok

fv = 47.7/(0.46 × 26.71) = 3.89 ksi

Check Deflection

∆DL = MDLL2/161(Is) = 540(55)2/161(3620)
= 2.85 in., camber 23/4

∆LL = MLL(L2)/161(Itr) = 425 (55)2/161(8834)

Check B/Flange Stress

fb = [540(12)/245]+[425(12)/353] = 40.9ksi 
< 0.9 (50 ksi)

B/flg stress   ok

Shear Connectors

Max. dia. = 2.5(0.64) = 1.6 in. > 0.75 in.   ok

Total Horizontal Shear

Concrete—Full Composite

Steel

Vh = AsFy /2 = 26.4(50)/2 = 660 kips governs
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Steel

Vh = AsFy /2 = 26.4(50)/2 = 660 kips governs
Max. Str = 385 in.3 with y = 4.5  

Seff req'd = 350 in.3

Use 56, 3/4 in. dia. × 3 in. shear stud connectors

Note: Typical interior beam "B" and end beam "C" are 
similar.

END BAY GIRDER

Design Parameters 

Same as LRFD Example

Calculate Concentrated Load + Uniform Loads

PD+L = 55(22.5 ft)(0.066 ksf + 0.05 ksf) = 149 kips
w = 200 lb/ft  Estimate or 0.2 k/ft

Calculate Bending Moments + Shears 

MD+L = 1490(45)/4 = 1676 k/ft
V = 149/2 = 75 kips

Calculate Required Section Modulus (Fy = 50 ksi)

Ss Req'd = 1676(12)/33 = 609 in.3
 
Select Section

Try W27×217 Ss = 624 in.3 I = 8870 in.4

 tw = 0.83 in. d = 28.43 in.

Check Stresses

Bending

 Ss = 624 in.3 > 609 in.3   ok
 ∴ fb is ok

Check Deflection

PD = 55(22.5) 0.066 = 81.7 kips
∆D = P3/48EI = 81.7(45)3 1728/48(29000)(8870)
 = 1.04 in.

Camber 1 in.
PL = 55(22.5)(0.05) = 61.9
∆L = 61.9(45)3(1728)/48(29000)(8870) = 0.8 in. 

Final Selection

Use W27×217 with 1 in. camber

BUMPER RAIL

For typical bumper rail calculations refer to Appendix A-1A.

TYPICAL INTERIOR COLUMN

For typical column calculations refer to Appendix A-1A.
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Design Loading Information

Dead Loads

Precast Twin Tee Deck 80 psf
Structural Steel 10 psf
Total 90 psf

Live Loads

Deck Loads (Code) 50 psf

Design Example

The bumper rail and column designs are similar to those 
in the previous examples and will not be repeated for this 
Appendix.

For precast deck-beam design, check the construction 
phase loadings of the beam as well as the final built condi-
tion.  Figure A-3B illustrates these phases. 

Since the beam design procedure is typical, only beam C 
will be illustrated. 
 

Appendix A3
Example: Precast—Twin Tee Deck
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Design Loading Information

Dead Loads

Precast Twin Tee Deck 80 psf
Structural Steel 10 psf
Total 90 psf

Live Loads

Deck Loads (Code) 50 psf

Design Example

The bumper rail and column designs are similar to those in
the previous examples and will not be repeated for this
Appendix.

For precast deck-beam design, check the construction
phase loadings of the beam as well as the final built condi-
tion.  Figure A-3B illustrates these phases. 

Since the beam design procedure is typical, only beam C
will be illustrated. 

Appendix A3
Example: Precast—Twin Tee Deck

BEAM B
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BEAM B BEAM C
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B
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 D
B

E
A

M
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B
E

A
M
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B

E
A

M
 D

SEE NOTE "A"
TURN-A-ROUND BAY

PARTIAL FLOOR PLAN - TWIN TEE DECK

2 - TEES ERECTED

1 - TEE ERECTED

UNBRACED

W = 2.7 KIPS/FT

W = 2.7 KIPS/FT

UNBRACED LENGTH

CHECK BEAM FOR DEAD LOAD AND

CHECK BEAM FOR DEADAND LIVE LOAD - USING O/C 

DESIGN STEPS:

2.)

1.)

UNBRACED LENGTHS DURING ERECTION.

OF THE STEMS AS UNBRACED LENGTH.

LENGTH

12'-0" TYP.

6'-0" TYP.

36'-0"

12'-0" 24'-0"

24'-0" 12'-0"
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Design Loading Information

Dead Loads

Precast Twin Tee Deck 80 psf
Structural Steel 10 psf
Total 90 psf

Live Loads

Deck Loads (Code) 50 psf

Design Example

The bumper rail and column designs are similar to those in
the previous examples and will not be repeated for this
Appendix.

For precast deck-beam design, check the construction
phase loadings of the beam as well as the final built condi-
tion.  Figure A-3B illustrates these phases. 

Since the beam design procedure is typical, only beam C
will be illustrated. 
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W = 2.7 KIPS/FT

W = 2.7 KIPS/FT

UNBRACED LENGTH

CHECK BEAM FOR DEAD LOAD AND

CHECK BEAM FOR DEADAND LIVE LOAD - USING O/C 

DESIGN STEPS:

2.)

1.)

UNBRACED LENGTHS DURING ERECTION.

OF THE STEMS AS UNBRACED LENGTH.
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12'-0" TYP.

6'-0" TYP.

36'-0"

12'-0" 24'-0"

24'-0" 12'-0"
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BEAM C

LRFD DESIGN PROCEDURE

Design Loads

Uniform Loads

Dead wu = 1.2(2.7) = 3.24 k-ft
Live wu = 1.6(1.5) = 2.4 k-ft
Total wu   = 5.64 k-ft

Dead only

 wu = 1.4(2.7) = 3.78 k-ft

Design Moment

Beam Selection and Moment Capacity Check

Using beam tables for Load Case 1 Pg. 4-81

Wu = 5.64(36) = 202 k-ft

Try W27×94  φWc /L = 232 kips > 203 kips

Using unbraced charts for Load Case 2 and 3.

Load Case 2:

Mx = 189 k-ft   Mr = 442 k-ft @Lu = 27 ft 

Load Case 3:

Mx = 483 k-ft   Mr = 852 k-ft @Lu = 15 ft 

Check Deflection

Final Selection

Use W27×94    Fy = 50 ksi   With 1 in. camber

BEAM C 

ASD DESIGN PROCEDURE

Design Loads

Uniform Loads

Dead: wD = 30(0.09) = 2.7 k/ft
Live: wL = 30(0.05) = 1.5 k/ft
Total: wD+L   = 4.2 k/ft

Moments

 * See Figure A-3B
 ** Load Case 1—Dead + Live Load
 *** Load Case 2 and Load Case 3—Dead Load Only

Beam Selection and Moment Capacity Check 

Using Allowable Stress Design selection table for Load 
Case 1 - Pg. 2-10

Try W30×99

Load Case 1:

Mx = 680 k-ft   Mr = 740 k-ft Lc = 7.9 ft > 6 ft   ok

Load Case 2:

Mx = 135 k-ft   Mr = 240 k-ft @Lu = 27 ft   ok

Load Case 3:

Mx = 345 k-ft   Mr = 570 k-ft @Lu = 15 ft   ok

Check Deflection

Final Selection

Use W30×99    Fy = 50 ksi    With 3/4 in. camber.
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Load 
Case*

Moment
Unbraced 

Length

1 5.64(36)2/8 = 914 k-ft 6 ft

2 1.4(135) = 189 k-ft 24 ft + 3 ft = 27 ft

3 1.4(345) = 483 k-ft 12 ft + 3 ft = 15 ft

*See Figure A-3B

Load 
Case*

Moment Unbraced Length

1** 4.2(36)2/8 = 680 k-ft 6 ft

2** 27(10.2) = 135 k-ft 24 ft + 3 ft = 27 ft

3*** 13.2(16/2) = 34 k-ft 12 ft + 3 ft = 15 ft
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The following coating specification defines procedures and
materials required to achieve corrosion protection for
exposed structural steel subjected to normal parking garage
conditions.  Many of the requirements borrow from the best
practices of the steel bridge construction industry, which
has used similar coating systems for decades of construc-
tion.  When properly applied, the coating system outlined in
this specification will protect parking garages subjected to
road salt or coastal climates for 30 years or more before
touch-up is required.  

The high-performance, zinc-rich primer applied to abra-
sive blasted steel slows undercutting corrosion to impercep-
tible rates.  After the first appearance of rust, the owner has
an extended period to plan for maintenance painting.  The
zinc primer and urethane finish will continue to protect the
structure and do not require removal in maintenance paint-
ing. Future maintenance is of the coating system, not the
substrate.

Two modes of deterioration will be addressed in mainte-
nance.  The appearance of rust begins where physical dam-
age occurs to the coating and where very thin primer films

gradually give way to the forces of nature.  The urethane
finish coat is formulated to resist degradation from ultra-
violet light but 30 years is a long time and southern expo-
sures will chalk and fade by then.  Proper color selection
minimizes this appearance.  Maintenance painting involves
power tool cleaning followed by a spot primer and a full
finish coat.  The spot primer upgrades corrosion protection
deficiencies and the full topcoat refreshes the finish and
adds barrier protection to the system.

It should be noted that the specification provided here is
meant to be a guide, and may not be appropriate for all
applications.  Proper scrutiny should be employed to ensure
that actual project specifications are consistent with the
expected performance of coating required, and the limita-
tions of the system, as outlined throughout this Guide.  In
some cases, this may require the use of a three-coat
painting system. 

Appendix B
Protective Coating System Specification
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SECTION 09960

HIGH-PERFORMANCE COATINGS FOR STEEL

PART 1—GENERAL

1.1 SUMMARY

A. The General Provisions of the Contract, including General and Supplementary Conditions, and Division One—General
Requirements, apply to work specified in this Section.

B. Section includes: labor, materials, tools, equipment, and services required for surface preparation and application of
special coatings as specified and in locations scheduled.

C. Related Sections:

Section 05120: Structural Steel
Section 05210: Steel Joists
Section 05500: Metal Fabrications
Section 05510: Metal Stairs
Section 05520: Pipe and Tube Railings
Section 09900: Painting

1.2 DEFINITIONS

Applicator – A fabricator, paint contractor, or other entity that prepares steel or coated surfaces and applies coatings.

Best Effort – Actions expected of a reasonably knowledgeable and trained person to properly perform an activity.

Breaking the Corner (Corner Chamfering) – A process by which a sharp corner is flattened by passing a grinder or other
suitable device along the corner, normally in a single pass.

Conformance Certification – A verification issued by the coating manufacturer confirming that a particular batch of prod-
uct was produced in accordance with the manufacturer’s standard. This standard of performance for the product must have
previously been approved or accepted by the Owner.

Corner – The intersection of two surfaces.

Edge – An exposed, through-thickness surface of a plate or rolled shape. This may be the as-rolled side face of a beam
flange, channel flange or angle leg, or may result from thermal cutting, sawing, or shearing. Edges may be planar or
rounded, and either perpendicular or skewed to adjacent faces.

Fastener – A mechanical device used to attach two or more items together, such as a bolt, nut and washer.

Hackles, Fins, Scabs – Hackles, fins, and scabs are as-received defects in the steel surface. Usually, hackles, fins, and
scabs affect only a thin (less than 1/16 in. or 2 mm) layer. The defects are often apparent after blast cleaning because the
abrasive impact causes a loose edge to rise from the plane of the surface. Hackles, fins, and scabs may normally be
removed by use of a grinder, scraper or chisel. Sometimes gouging and welding are necessary for deep scabs.

Inaccessible Areas – Partially or completely enclosed surfaces, the majority of which are not visible without the use of
special devices such as mirrors.

Sharp – An acute corner or prominence that is able or appears to be able to cut human flesh. (Cut corners are often judged
to be sharp, rolled corners (such as flange toes) are usually judged not to be sharp.)

Snipe – The area remaining clipped at a corner to clear a weld or rolled fillet.

104 / DESIGN GUIDE 18 / STEEL-FRAMED OPEN-DECK PARKING STRUCTURES

DG18 Appendix B.qxd  6/9/2006  11:38 AM  Page 104



Spot Prime Coat – Spot Priming: application of primer paint to localized spots where the substrate is bare or where addi-
tional protection is needed because of damage to or deterioration of a former coat.

Stripe Coat – A coat of paint applied only to edges or to welds on steel structures before or after a full coat is applied to
the entire surface.  The stripe coat is intended to give those areas sufficient film build to resist corrosion.

Visible Coating Defects – Imperfections that may be detected by the unaided eye. Visible Coating Defects include runs,
sags, lifting, chipping, cracking, spalling, flaking, mudcracking, pinholing, and checking.

Visual Coverage – Acceptable coating of inaccessible areas or surfaces inaccessible to manual spray painting equipment
and dry film thickness (DFT) gages. DFT requirements are waived; however, surfaces may be inspected for visual cover-
age by the unaided eye, video monitoring or inspection mirror.

Weld Spatter, Tight – Small weld metal droplets expelled during exposed-arc welding with adequate thermal energy to
adhere on metal adjacent to the weld area. The droplets retain their individual shape but have sufficient fusion to resist
removal by hand scraping with a putty knife, per SSPC-SP 2.

1.3 REFERENCES

A. American Society for Testing Materials (ASTM):
ASTM A 6, Specification for General Requirements for Rolled Structural Steel Bars, Plates, Shapes, and Sheet Piling
ASTM A 36, Specification for Carbon Structural Steel
ASTM B117, Test Method of Salt Spray (Fog) Testing
ASTM D 523, Test Method for Specular Gloss
ASTM D 1654, Test Method for Evaluation of Painted or Coated Specimens Subjected to Corrosive Environments
ASTM D 2244, Test Method for Calculation of Color Differences from Instrumentally Measured Color Coordinates
ASTM D 2247, Testing Water Resistance of Coatings in 100% Relative Humidity
ASTM D3359, Standard Test Methods for Measuring Adhesion by Tape Test
ASTM D4060, Abrasion Resistance of Organic Coatings by the Taber Abraser
ASTM D4138, Standard Test Method for Measurement of Dry Paint Thickness of Protective Coating Systems by

Destructive Means
ASTM D4285, Standard Test Method for Indicating Oil or Water in Compressed Air
ASTM D4414, Standard Practice for Measurement of Wet Film Thickness by Notch Gages
ASTM D4417, Standard Test Methods for Field Measurement of Surface Profile of Blast Cleaned Steel
ASTM D4541, Standard Test Method for Pull-Off Strength of Coatings Using Portable Adhesion Testers

B. SSPC: The Society for Protective Coatings:
SSPC-AB 1, Mineral and Slag Abrasives
SSPC-AB 2, Cleanliness of Recycled Ferrous Metallic Abrasives
SSPC-AB 3, Newly Manufactured or Re-Manufactured Steel Abrasive
SSPC-PA 1, Shop, Field, and Maintenance Painting of Steel
SSPC-PA 2, Measurement of Dry Film Thickness with Magnetic Gages
SSPC-QP 1, Standard Procedure for Evaluating Painting Contractors (Field Application to Complex Industrial Structures)
SSPC-QP 3, Standard Procedure for Evaluating Qualifications of Shop Painting Contractors
SSPC-SP 1, Solvent Cleaning
SSPC-SP 2, Hand Tool Cleaning
SSPC-SP 3, Power Tool Cleaning
SSPC-SP 5/NACE No. 1, White Metal Blast Cleaning
SSPC-SP 10/NACE No. 2, Near-White Blast Cleaning
SSPC-SP 11, Power Tool Cleaning to Bare Metal
SSPC-SP COM, Surface Preparation and Abrasives Commentary, SSPC Painting Manual, Volume 2, “Systems and

Specifications”
SSPC-VIS 1, Visual Standard for Abrasive Blast Cleaned Steel
SSPC VIS 3, Visual Standard for Power- and Hand-Tool Cleaned Steel

C. Research Council on Structural Connections (RCSC):
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Specification for Structural Joints Using ASTM A325 or A490 Bolts

D. American Institute of Steel Construction (AISC):
Sophisticated Paint Endorsement (SPE)
Manual of Steel Construction

E. Related Reference Documents:
Applicable Ordinances and Regulations
Equipment and Coating Manufacturer’s Published Instructions and Product Data Sheets

1.4 SYSTEM DESCRIPTION

A. Products provided and installation by this Section are special coating materials requiring special expertise in surface
preparation, application and safety procedures, and should not be confused with conventional paint systems speci-
fied in Section 09900.

1.5 SUBMITTALS

A. General: Submit in accordance with Section 01330, Submittal Procedures.

B. Product Data:

1. Submit complete range of manufacturer’s standard colors for selection by Architect.
2. Submit a sample of the custom color in the proposed gloss.
3. Resubmit samples until color match is acceptable to Architect.

C. Quality Control Submittals: Submit certified test reports from acceptable independent testing laboratory indicating
coatings comply with specified performance requirements and Manufacturer’s Certificate of Compliance.

1.6 QUALITY ASSURANCE

A. Applicator Qualifications:

1. Applicator shall have minimum five years experience applying special coating materials or carry Sophisticated
Paint Endorsement, QP 3 or QP 1 certification as applicable. Applicator must provide proof of certification or
the following:

a. Minimum five years commercial experience applying industrial grade coatings.
b. Minimum five successful projects of similar scope and complexity.
c. List of references for completed projects.
d. Qualifications and project history of proposed job superintendent.

2. Applicator shall employ skilled craftsmen to ensure highest quality workmanship.  Materials to be applied by
craftsmen experienced in use of specified products.

B. Regulatory Requirements: Comply with applicable codes, regulations, ordinances, and laws regarding use and appli-
cation of coating systems that contain volatile organic compounds (VOC).

C. Pre-Application Conference: Prior to making field samples and placing order for materials, Architect, Contractor,
installer and manufacturer’s representative shall meet and agree on methods and schedule for application.

D. Manufacturer shall review and advise applicator on proper application procedures and techniques.  Initial applica-
tion shall be observed by coating manufacturer representative. 
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1.7 DELIVERY, STORAGE AND HANDLING

A. Deliver materials to application site in original, factory-sealed, unopened, new containers bearing manufacturer’s
name and label intact and legible, with following information:

1. Product identification (name or title of material).
2. Manufacturer’s batch number and date of manufacture.
3. Mixing instructions.
4. Thinning instructions.
5. Application instructions.
6. Color designation.

B. Store materials in a protected and well-ventilated area at temperatures in accordance with manufacturers instructions.

C. Use only thinners manufactured and recommended by coating system manufacturer for each paint or coating used.

1.8 PROJECT CONDITIONS

A. Apply coating materials only under following prevailing conditions:

1. Air and surface temperatures shall not exceed minimum or maximum requirements for product application as
stated on product data sheet.

2. Do not apply coatings to damp or wet surfaces.
3. Relative humidity that is not above 85 percent and surface temperature that is at least 5 °F above the dew point

temperature at the time of application, and for a minimum of four hours after application.
4. Wind velocity must be less than 20 mph.

B. Coordinate special coatings work with other trades to ensure adequate illumination, ventilation, and dust-free envi-
ronment during application and curing of special coatings.

C. Protect adjoining surfaces not to be coated against damage or soiling.

D. Maintain work area in a neat and orderly condition, removing empty containers, rags, and rubbish daily from the site
and disposing of it properly and legally.

E. Maintain a safe work environment in accordance with federal, state, local and project site regulations and guidelines.

PART 2—MATERIALS

2.1 COATING MANUFACTURERS

A. The provisions in Part 2 provide a standard of quality for the coatings system and capabilities of the coating supplier.
Coating manufacturers and their systems must demonstrate compliance to these provisions.

B. The Manufacturer of special coatings under this section must be certified to meet the requirements of ISO 9001 and
ISO 9002.

2.2 COATING SYSTEM REQUIREMENTS

Primer: Zinc-rich epoxy, gray-green at 4 mils DFT. Primer must be rated for slip-critical connections in accordance with
RCSC Class A or Class B and in conformance with design requirements. 

Finish: High-build aliphatic polyurethane, 4 mils DFT.
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Touch-up primer: High solids aluminum filled epoxy mastic primer at 5 mils DFT.

The coatings products submitted must meet the following requirements to be approved for use.  Compositional limitations
on the products are minimal.  Those stated here are for regulatory reasons.  Performance requirements are stringent and,
therefore, require verification of an approved independent laboratory.

A. Compositional and Supply Requirements:

1. Products must be of generic types specified under Coating Materials.
2. Each coating must contain no more than 0.06 percent lead in the dry film.
3. The volatile organic compound (VOC) content of each coating must not exceed 3.5 lb/gal. (420 grams/liter).
4. Each coating in the system must be compatible with the other coatings in the system.

B. Performance Requirements:

In order to be approved for use, coatings must be tested in accordance to the listed ASTM methods on steel panels
prepared as described below.  Results of these tests must meet or exceed performance stated.

1. Panel preparation: Test panels shall be grade ASTM A36, hot-rolled steel, 3 in. by 5 in. or larger, ¼” thick.  Pan-
els shall be blast cleaned with metallic abrasive to a cleanliness of SSPC SP 5, white metal blast with an aver-
age anchor profile of 2 mils as measured according to ASTM D4417, Method C.

2. Coating thickness: Each coating shall be spray applied at the manufacturer’s recommended dry film thickness,
not to exceed 5 mils for the primer or finish coat.

3. Curing: Coated panels shall be cured at least 14 days at indoor conditions.
4. Scribing: Test panels shall be scribed in accordance with ASTM D1654 with a single “X” mark centered on the

panel in dimensions of roughly 50 mm by 100 mm.  The scribing tool shall be a straight-shank, tungsten carbide,
lathe cutting tool (ANSI B94.50, Style E).  The scribe incision shall expose the steel substrate as verified by a
microscope.

5. Substantiation: All testing shall be performed in triplicate according to the cited ASTM methods, including the
reporting of the average of each group of three test panels.  Test results shall be stated on the independent labo-
ratory stationary.

C. Primer Performance Requirements:

The following performance standards are required for the epoxy zinc-rich primer applied in a single coat to steel pan-
els as described above.

1. Salt Fog Test (ASTM B 117): Exposure duration shall be 5,000 hours.  Panels shall show no delamination, blis-
tering, rusting or rust creep at the scribe.

2. Cyclic Weathering Test (ASTM D 5894): Exposure duration shall be 5,000 hours.  Panels shall show no delam-
ination, blistering, rusting or rust creep at the scribe.

3. Humidity Test (ASTM D 2247): Exposure duration shall be 4,000 hours.  Panels shall show no delamination,
blistering, rusting or rust creep at the scribe.

4. Adhesion Test (ASTM D4541).  Average adhesion of three panels tested shall be at least 900 psi when tested
using a fixed alignment adhesion tester (Annex A.2), manufactured by Elcometer, Ltd.

D. Finish Coat Performance Requirements:

The polyurethane finish is required to meet the abrasion and weathering standards established here.

1. Taber Abrasion (ASTM D4060).  The high-build polyurethane may be tested with or without primer.  Test shall
be conducted using CS-17 wheels for 1,000 cycles at 1,000 grams load.  The average weight loss shall not exceed
100 milligrams.

2. Cyclic Weathering (ASTM D5894).  After 5,000 hours of exposure the polyurethane finish shall retain at least
70 percent of its original gloss (average of three panels) as measured per ASTM D 523 using an incidence angle
of 60º, and the color shift shall not exceed a ∆E 3 as measured per ASTM D 2244 (illuminant D65 and a 2º
observer).
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PART 3—EXECUTION

3.1 SURFACE PREPARATION

A. Material Anomalies

1. Corner Condition—Remove all sharp corners prior to painting by creating a small chamfer.
2. Preparation of Thermally Cut Edges—Thermally cut edges (TCEs) to be painted shall be conditioned before

blast cleaning, if necessary, to achieve proper profile.
3. Base Metal Surface Irregularities—Remove all visually evident surface defects in accordance with ASTM A6

prior to blast cleaning steel. When material defects exposed by blast cleaning are removed, the blast profile must
be restored by either blast cleaning or by using mechanical tools in accordance with SSPC-SP 11.

4. Weld Irregularities or Spatter—Remove or repair all sharp weld prominences, weld deficiencies (overlap;
rollover; excessive concavity, convexity, or roughness), and all heavy, sharp, or loose weld spatter. Occasional
individual particles of rounded tight weld spatter may remain, but widespread, sharp, or clustered particles of
tight weld spatter must be removed.

B. Pre-Cleaning

Remove all oil, grease, and other adherent deleterious substances from areas to be painted, in accordance with SSPC-SP 1,
prior to abrasive blast cleaning.

C. Abrasive Blast Cleaning

Abrasive blast clean the entire surface to achieve a cleanliness of Near White Finish (SSPC-SP 10/NACE No. 2) with
a surface profile of 1 to 3 mils.   Expendable abrasives shall meet the requirements of SSPC AB1; recyclable steel
abrasives shall meet the requirements of SSPC AB2 and AB3.  The surface cleanliness shall be verified using SSPC
VIS 1.  The surface profile shall be measured per ASTM D4417, Method C (Replica Tape).

3.2 APPLICATION

A. Mix and apply coating materials in accordance with manufacturer’s directions, and in accordance with SSPC PA 1.
Apply at the minimum specified thickness without exceeding maximum allowed dry film thickness recommended
by manufacturer.  Wet film thickness shall be monitored by the coating applicator, per ASTM D4414.  Dry film thick-
ness of each coating layer shall be measured and recorded in accordance with SSPC PA 2.

B. Apply coating materials by spray application to scheduled surfaces in accordance with manufacturer’s recommen-
dations. Faying surfaces of bolted joints shall be primed to a thickness not exceeding RCSC requirements. Primed
faying surfaces shall be masked if the finish coat is applied in the shop. 

1. Rate of application shall not exceed manufacturer’s recommendations.
2. Mix all material as required by the manufacturer for application of materials.
3. Comply with manufacturer’s recommendations for drying or curing time between coats.
4. Finished surfaces shall be uniform in finish and color.

C. Work material into surface voids.  Daub material behind corner clips in stiffeners and other attachments and in
restricted areas inaccessible to spray application.  Cut in edges clean and sharp, without overlapping, where work
joins other materials or colors.

D. Make finish coats smooth, uniform in texture and color, and free of brush marks, laps, runs, dry spray, overspray and
skipped or missed areas.

E. Allow sufficient curing time for coatings to be handled.  Steel must be handled using padded lifting points and dun-
nage for storage, shipping and erection.
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3.3 QUALITY CONTROL

A. Surface preparation must be inspected by QC before proceeding with coating application.

B. Inspect each coat before applying succeeding coats in accordance with SSPC-PA 2. If inspection (QC & QA) is to
be conducted, it is to be done prior to application of the subsequent coat and in a timely fashion.

C. Furnish and maintain at the project site the following fully calibrated testing and inspection devices available for use
by manufacturer’s representative or Architect:

1. Sling Psychrometer, U.S. Weather Bureau Tables, and Surface Temperature Thermometer, or electronic psy-
chrometer with surface temperature probe.

2. Testex Micrometer and Replica Tape.
3. SSPC VIS 1 and VIS 3.
4. Notch-Type Wet Film Thickness Gauge.
5. Type 1 (manual-magnetic pull-off) or Type 2 (electronic-constant pressure probe) dry film thickness gage and

calibration blocks (NIST traceable or other).
6. Inspection Mirror.

D. Record blast profile, DFT, humidity and air and surface temperature readings.

3.4 TOUCH-UP AND REPAIR PROCEDURES

A. Touch-up of shop-applied coating system.

1. Areas left unpainted, as for welding, areas with damaged coatings and field-installed fasteners and fasteners
installed during fabrication, after primer application, shall be cleaned in accordance to SSPC-SP 2, hand tool
cleaning in preparation for spot priming.

2. Apply epoxy mastic primer at a dry film thickness of 5 mils by brush in accordance with the manufacturer’s rec-
ommendations in a neat and workman like manner.

3. Apply urethane finish by brush or spray to a dry film thickness of 4 mils in accordance with the manufacturer’s
recommendations.  Material shall be applied in a manner to minimize touch-up appearance, i.e. to edges of nat-
ural break points such as gusset plate edges.  The wet edge of touch-up finish must be squared off neatly.  If
spraying, mask surfaces unintended for coating application.

3.5 CLEANING

A. Remove coating spatters and overspray from inappropriate surfaces.

B. Properly dispose of all waste and trash in accordance with law and regulations.
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