
Three similar garages prove the 
importance of regular maintenance 

to a positive bottom line.
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By Gregory J. Neiderer, PE

some parking facility owners and operators believe that as long as their structures 
continue to serve the public, few maintenance-related tasks need to be performed. 
Nothing could be further from the truth—facility maintenance is downright es-

sential. One of the most important things an owner or operator can do to extend the 
life of a parking structure is formulate and implement a proper maintenance plan.

Case studies of three different parking garages in Pennsylvania 
clearly demonstrate that ongoing maintenance programs 
minimize repair costs. In fact, well-maintained garages have 
significantly lower annualized repair costs, while repairs 
for lightly-maintained garages cost operators and owners 
two to four times as much (on an inflation-adjusted basis).

Garage Condition
All three Pennsylvania garages investigated were built in 
the early 1970s. They were all designed by the same design 
firm and all experienced similar weathering. The primary 
difference between the three garages was the extent of 
known maintenance. To easily identify the facilities, they 
will be referred to by their geographic location within the 
state: Eastern, Central, and Western.

The three garages feature the same structural systems: 
cast-in-place lightweight concrete, one-way slab and beam 
floor systems reinforced with unbonded post-tensioned (P/T) 
tendons. The garages share the following characteristics:

● ●● The lightweight concrete has poor freeze-thaw durability, 
which is partially offset by significant floor drainage 
slopes throughout most floor areas. Where drainage 
slopes are minimal, the slabs exhibited significant 
freeze-thaw damage.

● ●● The P/T tendons are 7-strand wire protected by plastic 
sheathing with minimal concrete cover (less than 3/16 
of an inch). This was between the driving surface and 
the tendons where they crossed above beams. This thin 
concrete layer wore through in a number of locations, 
leaving the tendons vulnerable after the plastic sheathing 
also wore through. At locations where the sheathing 
had worn away, the tendons corroded and then broke.

● ●● Perimeter walls consist of either concrete or clay hollow 
cell block similar to—but only half the height of—com-
mon concrete block (CMU). In the Eastern and Central 
garages, every other cell was grouted solid, while in the 
Western garage, all cells were grouted solid. The Eastern 
and Central garages sustained significant damage from 
having water trapped in the un-grouted (empty) cells. 
This was from water slowly saturating the concrete 
and tendons beneath it.

The Western garage had supplementary slab rebar to 
provide a safety mechanism for tendon failure. When these 
rebars corroded, they became a significant deterioration 
mechanism as well.

Condition on Investigation
Constructed in 1973, the Eastern garage is a 420-space, 
five-level facility. The garage’s maintenance history was 
unknown, but appeared to consist of light maintenance 
(primarily repairing exposed broken slab tendons and 
installing weep holes into perimeter masonry walls to 
alleviate water storage within the ungrounded cells). 
During the investigation, the garage’s critical issues were 
extensive perimeter wall and slab edge deterioration on 
the upper two levels (due to water saturation from the 
perimeter walls’ ungrouted cells), localized slab P/T tendon 
breakage above beams, chloride-contaminated concrete, 
and brittle joint sealants.

Constructed in 1972, the Western parking garage is a 
300-space, four-level facility. The maintenance history was 
unknown, but appeared to consist of light maintenance 
(primarily removing loose concrete and patching of spalls). 
This garage received a unique vertical expansion down into 
the soil beneath a portion of the facility (to make room for 
a 10,000-square-foot bus/train waiting area). During this 
project, a traffic-bearing, waterproofing membrane was 
installed above the waiting area and joint sealants were 
replaced. During the investigation, the garage’s critical 
issues consisted of extensive slab freeze-thaw damage 
at roof-level flat areas, freeze-thaw damage to numerous 
beam and slab edges, localized slab P/T tendon breakage 
above beams, extensive rebar corrosion and concrete 
spalling over the top of beams, chloride contaminated 
concrete, brittle joint sealants, and a worn-out membrane.

Constructed in 1973, the Central garage is a 490-space, 
five-level facility. This garage was judged to be in fair 
condition, except for a 5,500-square-foot portion of the 
roof level where minimal floor drainage exhibited a sig-
nificant number of broken slab P/T tendons. The known 
maintenance history consisted of two sets of structural 
and waterproofing repairs, as well as architectural reno-
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vations (the original perimeter wall was replaced with a 
brick-faced concrete wall). During the investigation, the 
garage’s critical issues were the extensive P/T tendon 
damage at flat areas of the roof level, moderate slab edge 
deterioration due to water leakage through the original 
perimeter wall and then through the brick façade, chloride 
contaminated concrete, and brittle joint sealants.

Structural Repair Options
Detailed here are the structural repair options along 
with costs and lifespans for the garages. Excluded are 
non-structural costs included in the final repair options’ 
costs. These, while real, varied greatly by client preference 
and constraints. These non-structural costs included lost 
revenue; construction management fees; design fees and 
contingencies; and lighting, elevator, parking equipment, 
and occupied space upgrades. Structural repair option costs 
include structural repairs and waterproofing to protect 
the structural repairs. Unless specifically noted, all repair 
options were designed to allow for another life extension 
at the end of the proposed repair (See Figure 1 for details).

● ●● The Eastern garage had several proposed repair options: 
one-year life extension at $139,000; five-to-10-year life 
extension at $1,223,000; 20-to-30-year life extension at 
$2,216,000; and replacement with a new garage with a 
45-year-plus lifespan at $6,506,000.

● ●● The Western garage had these proposed repair options: 
three-to-five-year life extension at $889,000; seven-to-
12-year life extension at $1,262,000; and 15-to-25-year 
life extension at $1,855,000. No replacement option was 
desired based on the anticipated lack of future additional 
parking demand and the resulting inability to recoup the 
large costs of a new facility.

● ●● The Central garage had these proposed repair options: 
three-to-seven-year life extension at $253,000 (this 
option required demolition shortly past year 10); five-
to-10-year life extension at $684,000; 12-to-15-year life 
extension at $882,000; 14-to-19-year life extension at 

$898,000; 15-to-20-year life extension at $1,624,000; 
and replacement with a new garage with a 45-year-plus 
lifespan at $4,788,000.
The repair options presented different challenges to 

each garage owner. Owners typically look at monetary 
factors such as total cost, length of life extensions, and 
the remaining durations of outstanding bonds, as well as 
non-monetary considerations that include the political 
environment and anticipated future parking demand. 
Newer parking garages often have significant annual bond 
payments as compared to revenues, while older garages 
with small or no annual bond payments provide strong 
cash flow to subsidize other newer garages or the entire 
parking system. New parking garages rarely provide 
significant positive cash flow because they compete with 
much cheaper on-street parking (which is generally paid 
for with either gasoline excise or property taxes) and are 
provided as a public service with no intent of generating 
significant positive cash flow.

It’s recommended to owners that when analyzing 
monetary factors, one should look primarily at the annu-
alized cost effectiveness—or the ace—which is defined as 
cost-per-space per year (total cost divided by number of 
spaces divided by the mid-point between the anticipated 
lower and upper repair life spans).

Owners are also urged to look at total cost. The ace 
highlights the relative cost effectiveness of each option, 
while the total cost highlights total funding needs. To-
tal cost often influences the political consequences of 
requesting funding and interacts with the anticipated 
likelihood of future parking demand and the current 
political will to fund anticipated future parking supply.

Selected Courses
The Eastern garage had four options presented, with a 20- 
to 30-year life extension being the most cost-effective. The 
facility’s owner decided that additional parking demand 
was necessary for community growth. A demolish-and-re-

Figure 1
Eastern Garage (2004 Report) Central Garage (1998 Report)

Western Garage  
(2003 Report)

Option 1 Option 2 Option 3 Option 4 Option 1 Option 2 Option 3 Option 4 Option 5 Option 6 Option 1 Option 2 Option 3

Average  
life Span (years)

1 7.5 25 45 5 7.5 13.5 16 17.5 45 4 10 20

Total Project 
Cost in ($1,000)

$228 $2,179 $3,549 $9,429 $328 $855 $1,102 $1,149 $2,002 $5,668 $1,392 $1,895 $2,584

Structural 
Project Cost (in 

$1,000)
$139 $1,223 $2,216 $6,506 $253 $684 $882 $898 $1,624 $4,788 $899 $1,262 $1,855

Structural 
Project Cost/Car

$334 $2,940 $5,329 $15,639 $521 $1,407 $1,815 $1,848 $3,342 $9,852 $2,997 $4,207 $6,183

Cost/Space/year 
in Report

$334 $392 $213 $348 $104 $188 $134 $115 $191 $219 $749 $421 $309

Cost/Space/year 
in 2012 Dollars

$405 $475 $258 $421 $147 $265 $190 $163 $270 $309 $939 $527 $387
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build solution was chosen: Minimal garage repairs were 
made to maintain safety until the facility was demolished 
and a new 680-space, seven-level garage was built with a 
construction cost of approximately $12.1 million.

The Western garage had three options, with a 15- to 
25-year life extension being the most cost-effective. The 
owner chose the life extension based on its cost effective-
ness and a low anticipation for future parking demand 
increase. The owner then proceeded with small repairs 
until funds became available to repair the garage in three 
phases. Construction costs totaled just less than $2 million.

The Central garage had six options presented, with a 
14- to 18-year life extension being the most cost-effective. 
The owner chose the life extension based on its cost ef-
fectiveness, as future parking demand—while anticipated 
to increase—was uncertain as to the rate of growth and 
there was time before a new facility was needed. The 
garage was repaired in one phase with a construction cost 
totaling $1.5 million. A new 525-space, six-level garage 
with 20,000 square feet of retail was built several blocks 
away. The construction cost was $11.1 million.

Cost Comparison
Due to the effects of inflation on pricing, the U.S. Depart-
ment of Labor’s Bureau of Labor Statistics numbers were 
used to translate the ace pricing from each investigation 
into October 2012, prices. Figure 1 compares repair 
options with the translated ace pricing.

Figure 2 shows the translated ace costs versus option 
lifespan for all three garages.

The following conclusions can be inferred from the 
table and graph:

● ●● The garage with the known comprehensive main-
tenance history had the most economical ace. The 
garages with apparent little maintenance history had 
ace that was typically two to five times as expensive 
for similar lifespans as the comprehensively main-
tained garage.

● ●● Shorter term repairs typically have smaller total costs 
but also are less cost-effective (have higher aces) in 
extending the lifespan of a facility.

● ●● There is typically an optimum repair scenario that 
extends the lifespan most cost-effectively.

● ●● New garages are typically not the most cost-effective way 
to continue to provide structured parking supply, but it 
is difficult to accurately compare costs. It’s particularly 
difficult to project maintenance costs throughout a new 
garage’s lifespan, as this will significantly change the ace 
for the option. There is also difficulty in direct compar-
ison because new garages often have non-mandatory 
items (such as faster elevators, surveillance equipment, 
emergency power systems, and better durability resis-
tance) and mandatory items (more robust earthquake 
resistance) that simply did not exist when these garages 
were built. Other non-monetary issues that may be 
considered important are that new garages may be 
politically more acceptable than repairs, because old, 
repaired garages often appear similar to the general 
public when compared to their pre-repair appearance; 
newer features can be added; and few people may notice 
the increase in annual bond payments.
An interesting note is that the parking efficiency—the 

square feet per car—(which is set at the time of construc-
tion) affects maintenance costs. The Western garage has 
about 12 percent more square feet per car. Since every 
square foot must be maintained and repaired, the facility’s 
costs are 12 percent higher due to is configuration based 
on “per space” repairs.

The Importance of Maintenance Plans
Parking facilities differ from most buildings because, like 
bridges, they are subject to weathering, large thermal 
cycles, and de-icing salts. To counteract these factors and 
cost-effectively prolong their lifespan, a carefully planned 
and monitored maintenance plan will minimize the total 
cost of ownership. 

GREGORy J. 
nEIDERER, Pe, 
is mid-atlantic 
department head at 
Walker restoration 
Consultants. he 
can be reached 
at greg.neiderer@
walkerparking.com.
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