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EXECUTIVE SUMMARY 

Milwaukee County commissioned a study of the parking garage at Milwaukee’s General Mitchell 

International Airport (GMIA) to update a 2011 Study performed by GRӑEF (formerly Graef, Anhalt, 

Schloemer & Associates). Simpson Gumpertz & Heger Inc. (SGH) and our team was selected to 

perform the survey. This report summarizes our activities, observations, material testing, 

conclusions, and recommendations. The report concludes by providing a recommended 

maintenance plan to address the overall garage structural integrity and waterproofing strategies. 

The plan also incorporates maintenance conditions on the facade, stairwells, stormwater piping, 

and electrical system.   

Building Description 

The parking garage is a 6-story, post-tensioned (P/T) structure constructed in three phases. The 

original 1977 structure provides approximately 277,000 sq ft of parking on each floor and is closest 

to the Main Domestic Terminal, in plan. A 1989 expansion is located along the western edge 

adding 126,000 sq ft per floor. A 2002 expansion oriented along the northern edge, provides 

another 209,000 sq ft per floor. In total, the parking garage is over 3.5 million sq ft. Vehicular 

circulation is provided by a number of interior and exterior straight ramps, and a pair of helical 

ramps on the west side of the structure. 

 

The parking garage superstructure is cast-in-place, reinforced concrete, utilizing post-tensioned 

(P/T) concrete beams and one-way slabs. Each structure is structurally independent from each 

other and separated by movement expansion joints. A full structure height, partial interior atrium 

is located between the 2002 expansion and the 1977 and 1989 structures.  

 

The exterior facade of the parking garage consists of decorative concrete and former metal screen 

wall panels. The stair towers and a portion of the east elevation is clad with a glass and aluminum 

curtainwall system. 

Scope of Work 

Our scope of work was outlined in the GMIA request for proposals and our response submittal.  

Our work consisted of the following: 

• Review original construction drawings for the parking garage and the additions, past 
engineering studies of the parking garage, and the annual maintenance plans for the 
parking garage. 
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• Perform a condition survey, noting visible concrete distress or deterioration. We focused 
on the following elements: 

• Topside and underside of the P/T concrete beams and one-way slabs 
• Columns 
• Spandrel panels around the building exterior 
• Stair tower framing 
• Miscellaneous steel elements 
• Waterproofing components 
• Facade 
• Stormwater piping 
• Electrical systems and illuminated signage 

• Sound representative portions of the garage’s concrete superstructure to assess the 
condition of those elements and identify delaminated concrete.   

• Perform a more detailed survey of select garage areas. This detailed survey includes 
noting the concrete conditions, complete sounding of the topside surfaces, and obtaining 
material samples for material testing.  

• Survey the average depth of reinforcing steel and to determine the concrete cover over 
reinforcing steel using ground penetrating radar (GPR). 

• Obtain concrete core samples of representative components to determine chloride 
levels, carbonation depth, and general concrete quality. 

• Perform ultrasonic thickness (UT) testing to identify steel thickness of railing posts with 
varying corrosion conditions. 

• Estimate the expected useful life of various parking garage elements and develop 
recommendations for a garage maintenance plan with short-term, mid-term, and long-
term project timelines. 

Conclusions 

Overall Garage Conditions 

Concrete Elements 

• Concrete surface delaminations on the are typically located near water management 
features, such as drains or expansion joints. 

• Corrosion of the drain sleeve contributes to overhead delaminations, which require 
immediate attention in some locations to prevent a fall hazard. These locations require 
periodic monitoring to identify future delaminations.   

• The 1977 structure concrete has an air content below current industry recommendations 
for outdoor exposure, which may be a contributing factor to some delaminations. A 
functioning and well-maintained waterproofing membrane mitigating water infiltration is 
crucial to mitigating future freeze-thaw deterioration in the slab. 

• The concrete chloride content in the top several inches in all the garages is high enough 
to promote corrosion of the embedded reinforcement in the presence of water. A 
functioning membrane will mitigate water intrusion into the slab, reducing the potential 
for future corrosion activity. 
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P/T System 

• The unbonded P/T tendons are showing evidence of moisture ingress into the plastic 
sheathing in all three structures. Our subconsultant, Vector Corrosion Service’s (VCS) 
testing suggests the sheathing may be damaged in isolated areas, which allows moisture 
into the P/T system. Grout chloride testing at one location revealed a high value, 
necessitating a greater sampling size to ascertain the scope of the condition in the 1977 
Structure. Mitigating the moisture infiltration into the P/T system is essential to 
maintaining system performance and reduce the potential for future deterioration. 

• The P/T anchorages exhibit varying levels of deterioration with many locations exhibiting 
grease leakage, moisture staining, or both. The anchorages are likely a significant 
source of the moisture infiltration observed in VCS’s testing. Mitigating water infiltration 
through the anchorages is important to the performance of the P/T system. Anchor 
pockets exhibiting deterioration require repairs. All beam and slab pockets should be 
coated with a protective coating, such as a traffic bearing waterproofing membrane or 
breathable elastomeric coating.  

• Further study is necessary to quantify the extent of moisture within the P/T system. The 
current evaluation represented a small sample size of the overall P/T system. A more 
comprehensive testing and evaluation program is necessary to better extrapolate test 
results over the entirety of the garage. 

• Once the moisture mitigation measures are complete, tendon drying, and re-greasing 
are options to remove moisture from within the tendons and reduce the potential for 
future corrosion.   

2002 Infill Area 

• The northwest corner setback areas in the original 1989 structure were infilled as part of 
the 2002 construction. The angles and anchors supporting the infill slabs exhibit signs of 
corrosion and require localized repairs to maintain their integrity. 

• The supplemental column sections supporting beams within this area appear to be 
pulling away from the existing columns. Further investigation of this condition is 
necessary to assess whether this affects the column’s stability and ability carry the 
applied loading. 

• The jacketed, Level 2 P/T beam exhibits significant deterioration, corrosion staining, and 
cracking. The short, inclined cracking on the beam side is similar to cracking associated 
with bond failure of reinforcing steel or failures due to horizontal shear stresses. Further 
investigation and analyses are necessary to assess the cause of the deterioration and 
effect on strength. This work will help formulate a repair strategy for the infill area.   

Railings 

• The cable barrier railings in the 1977 and 1989 structures exhibit corrosion of their 
anchorage components and require maintenance to maintain their integrity. Re-
tensioning isolated cables will be required.   

• We observed varying conditions of the white-painted, tube steel railings in the garage. 
These railings are typically present along the bridges connecting the 1977 and 1989 
structures to the 2002 structure. Our UT work determined an average reduction in the 
steel wall thickness of 12%, with a maximum reduction of 20% at one location. This 
section loss amount leads to a reduction in the structural capacity of the posts, requiring 
additional study and analysis. 
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• We are unable to quantify the corrosion extent on the railing post base buried in the slab. 
The construction joint created between the slab and vertical post is not sealed. Our 
experience indicates this condition can lead to further deterioration or section loss from 
the inside out. Further evaluation of the concealed conditions of the vertical posts is 
necessary.   

Atrium  

• The atrium between the 2002 structure and 1997 and 1988 structure has elements 
exhibiting varying levels of corrosion. The corrosion level currently appears to be 
aesthetic; it does not appear to significantly affect the structural strength of the elements 
but requires repainting to mitigate further corrosion. 

• At two locations, the vertical mullions on the 2002 structure are not connected to their 
mid-height connection. An internal splice component appears to be present and 
preventing the pieces from further displacement. The mullion mid-height connection 
should be repaired to prevent further displacement. 

Waterproofing 

Traffic Bearing Waterproofing Membrane  

• Our observations identified numerous locations where the membrane within the 1977 
structure is worn through to the concrete surface. Many locations are at the north and 
south drive lanes where vehicles are turning. The traffic bearing membrane in the 1977 
structure has reached its useable service life. Complete removal and replacement is 
recommended.   

A traffic bearing membrane in a parking garage can be expected to last 5 to 7 yrs, if well-
maintained. Areas subject to higher traffic volumes (ramps, drive aisles near the 
terminal) or constant turning actions may require additional attention. Also, different 
membrane products exist on the market with higher initial costs, but a better track record 
of performance. Initial cost and service life of these should be considered.   

• The high chloride content in the concrete and leaking cracks with efflorescence are also 
present within the 1989 and 2002 structures, indicating water is migrating through the 
slab. Membrane application over these slab areas is essential to mitigate further 
corrosion activity and prolong the service life of the garage. Regardless of the structure, 
the membrane system should lap over the slab edges and cover the P/T anchorages 

Expansion Joints 

• Expansion joint seals, and sealant joints atop construction joints and random cracks 
need replacement. We observed active water leakage through many expansion joint seal 
locations throughout the garage during a rainstorm. These observations demonstrate the 
existing expansion joints are not performing and allowing water to bypass the gland.   

• P/T slab anchorages are located below the expansion joints and we suspect moisture 
migration into the anchorages is contributing to the elevated moisture levels within the 
P/T system. Additionally, leaking joints allow chloride-laden water to breach the slab 
level, where it permeates the deck soffit elements and causes further corrosion.   
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Facade 

• The report provided by McEnroe Consulting Engineers included a number of conclusions 
and recommendations regarding the facade and stair elements. While the majority of 
these elements in the parking garage are in good condition, some systems have reached 
the end of their expected lives and should be addressed. 

Stairwell  

• The stairwells have apparently been undergoing recent rehabilitation as part of annual 
maintenance. Our work identified a number of miscellaneous issues in each stairwell, 
including loose handrails, curtain wall deterioration and leakage, corrosion of steel 
connections and railings, cracked concrete and CMU walls, and peeling paint.   

• Trip hazards on the stair nosings are identified and are prioritized as immediate repairs. 
Recommended work in all stairwells consists of cleaning and painting the structural steel 
stair framing and railings.   

MEP Systems 

Plumbing Systems 

• The plumbing systems for the garage are generally original to the building and exceed 
their useful life in many areas requiring replacement.  

• Our subconsultant, OTIE, identified a number of stormwater pipe runs with evidence of 
ice damming within the system resulting in cracked piping. The 2002 structure exhibits 
less instances of ice damming due to its use of heat trace and pipe insulation to reduce 
the possibility of water freezing in the system. 

Electrical Systems 

• The electrical systems are generally in good condition as upgrades have been completed 
through the years, but some items require attention.   

• OTIE did identify isolated locations where occupancy sensors or wayfinding signage 
lighting are not functioning properly. There are also locations where the fixtures are 
deteriorating and require replacement.   

• At the top floor, mounting bolts for lighting supports are corroded and likely require 
replacement. 

Conveying System 

• The elevators within the 1977 structure are original and are nearing the end of their 
service life. 
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Further Investigative Work 

Our teams’ work on the parking structure to date provides a general overview of the garage and 

its major elements to identify the major rehabilitation issues the structure is facing. Additional 

investigation on select items is necessary to obtain further information and study their 

implications. Based on our assessment work to date, we recommend additional investigation or 

testing into the following items: 

• Additional sampling of the P/T ducts in all three structures for the presence of moisture 
to determine the extent and to establish baselines before and after membrane 
application and expansion joint seal repair. 

• Review of the existing expansion joints to identify the seal type, its performance, and 
susceptibility to damage from normal use.   

• Within the 2002 Infill (1989 structure), the following items exhibiting deterioration 

• Level 2, jacketed P/T beam exhibiting efflorescence, cracking, and anchorage 
conditions. Also review the exposed P/T anchorage plate condition on the west 
side.   

• Enlarged columns sections added to the existing east columns, which appear to 
be pulling away from the original column. 

• The condition of the slab support angles and its anchors exhibiting corrosion. 
 

Maintenance Plan 

We developed the tables in Appendix K to summarize the major components within the garage, 

assign a priority rank based on the rating system we developed for this project, provide repair 

recommendations, and provide an opinion of probable repair cost to maintain this garage as a 

key asset at GMIA.    
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1. INTRODUCTION 

1.1 Background 
The parking garage at Milwaukee’s General Mitchell International Airport (GMIA) is a 6-story, 

post-tensioned (P/T) structure constructed in three phases (Figure 1.1). The original 1977 

structure provides approximately 277,000 sq ft of parking on each floor and is closest to the 

terminal: in plan. A 1989 expansion is located along the western edge adding 126,000 sq ft per 

floor. A 2002 expansion oriented along the northern edge, provides another 209,000 sq ft per 

floor. In total, the parking garage is over 3.5 million sq ft. Vehicular circulation is provided by a 

number of interior and exterior straight ramps, and a pair of helical ramps on the west side of the 

structure. 

 

The parking garage superstructure is cast-in-place, reinforced concrete, utilizing post-tensioned 

(P/T) concrete beams and one-way slabs. Each structure is structurally independent from each 

other and are separated by movement expansion joints. A partial interior atrium is located 

between the 2002 expansion and the 1977 and 1989 structures.  

 

The exterior facade of the parking garage consists of decorative concrete and former metal screen 

wall panels. The stair towers and a portion of the east elevation is clad with a glass and aluminum 

curtainwall system. 

1.2 Objective 
The objective of our investigation is to establish the parking garage’s current condition, estimate 

the expected useful life of the various parking garage elements, and develop an asset 

management strategy for future project planning by Milwaukee County. 

1.3 Scope of Work 
Our conclusions and recommendations are based on the following scope of work: 

• Review original construction drawings for the parking garage and the additions, past 
engineering studies of the parking garage, and the annual maintenance plans for the 
parking garage. 

• Perform a condition survey, noting visible concrete distress or deterioration. We focused 
on the following elements: 

• Topside and underside of the P/T concrete beams and one-way slabs 
• Columns 
• Spandrel panels around the building exterior 
• Stair tower framing 
• Miscellaneous steel elements 
• Waterproofing components 
• Facade 
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• Sound representative portions of the garage superstructure to assess the condition of 
those elements and identify delaminated concrete.  

• Perform a more detailed survey of select garage areas. This detailed survey includes 
noting the condition of the concrete, complete sounding of the topside surfaces, and 
obtaining material samples for material testing.  

• Survey the average depth of reinforcing steel and to determine the concrete cover over 
reinforcing steel using ground penetrating radar (GPR). 

• Obtain concrete samples of representative components to determine chloride levels, 
carbonation depth, and general concrete quality. 

• Perform ultrasonic thickness testing to identify steel thickness of railing posts with 
varying corrosion conditions. 

• Estimate the expected useful life of various parking garage elements and develop 
recommendations for a garage maintenance plan with short-term, mid-term, and long-
term project timelines. 

1.4 Description of Parking Garage Structure 

1.4.1 Original 1977 Structure 

The original parking garage built in 1977 is a post-tensioned concrete structure. The structure is 

approximately 502 ft in the east-west direction and 528 ft in the north-south direction. The 

structure is segmented into nine sections measuring about 175 ft (N-S) by 163 ft (E-W). Two, 2 

in.-wide expansion joints in each direction separate the sections. Four north-south oriented atrium 

openings/ramp structures interrupt the framing. The parking garage consists of five supported 

floors and a 5 in.- thick slab-on-grade. Level 2-5 elevated slabs are 6-1/2-in. thick and the Level 

6 Roof Slab is 7-1/2-in. thick. The garage is founded on drilled caissons. The typical overall floor 

plan for the garage is shown in Figure 1.4.1.1. 

 

The main beams span in the east-west direction. The beams are either single spans of 58 ft, 

between the atriums/ramps, or three to four continuous beam spans of 57 to 58 ft each. The 

typical beam section is 18 in. wide and 36 in. deep, and varies, with bonded post-tensioning. The 

P/T is called to be either 1/2-in. diameter, 270 ksi bonded tendons, or 1/4-in. diameter, 240 ksi 

bonded wires; P/T shop drawings would show the type used. The P/T has a parabolic drape for 

both single and continuous span configurations. P/T beam anchorages are typically located in the 

edge columns and contain added anchorage zone reinforcement within the column proper. 

Grouting tubes are shown at the columns.  
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The slabs span one-way in the north-south direction, with typical spans of 24 ft with some 

locations up to 32 ft. Slab spans vary from two to eight continuous spans. The P/T slabs also have 

parabolically draped, main post-tensioning, and utilize unbonded monostrand tendons. 

Temperature tendons are placed in the east-west direction. Per the drawings, the slab P/T was 

to be protected with mastic-coated strand paper or plastic sheathing. The drawings note the 

maximum length of slab P/T which can pulled from one end is not to exceed 90 ft. Intermediate 

stressing anchorages were provided in the slab at the designated construction joint locations. 

Typical slab and beam tendon profiles are shown in Figures 1.4.1.2 and 1.4.1.3. 

 

The expansion joint framing consists of double columns and double spandrel beams in each 

direction. In the P/T slab, this typically places one dead (or fixed) end P/T anchor, and one live 

(or stressing) end P/T anchor within the joint, unless actual construction and P/T stressing 

modified this arrangement. Thus, one of the slab P/T anchorage zones was patched/grouted flush 

after stressing.    

 

Vehicular circulation between floors is achieved with the four ramps in the north-south direction. 

Landing bays for the entrance and exit onto the ramps are found in the north and south ends of 

the garage, as well as an intermediate landing the middle of the garage. At the roof level, the 

concrete atrium / ramp framing is typically covered with a metal shed type structure. The framing 

consists of structural steel columns and beams supporting steel joists. The structures are clad 

with metal panels and roof is covered with metal roof deck. Figure 1.4.1.4 details the profile of the 

ramps. 

 

The 1977 Structure was designed for a superimposed live load of 50 psf for the typical floor. The 

ramps and roof level are designed for an 80 psf live load. Concrete strength was specified as 

4,500 psi at 28 days. P/T stressing was allowed when the concrete strength achieved 3,000 psi. 

The concrete is noted to be normal weight with a target air content of 5.5% +/- 1.5%. The structure 

was designed under the provisions of ACI 318-71.  

1.4.2 1989 Addition 

The 1989 addition is a post-tensioned concrete structure located to the west of the 1977 structure. 

In plan, the structure measures approximately 240 ft in the east-west direction and 528 ft in the 

north-south direction overall. P/T beams consist of 4-span continuous members in the east-west 

direction spanning approximately 56 ft each. The columns in the north-south direction are spaced 
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consistent with the 1977 structure. The structure is founded on a belled caisson foundation 

system. The typical overall floor plan for the structure is shown in Figure 1.4.2.1. 

 

The structure consists of five supported floors and a 5 in.-thick slab-on-grade. The elevated slabs 

are all 7 in.-thick with unbonded monostrand (7-wire strand) noted for P/T reinforcing. The main 

slab P/T tendons have parabolically draped, main post-tensioning, similar to the 1977 structure. 

Temperature tendons are placed in the east-west direction in the center portion of the slabs. 

Nominal reinforcing bars were also used in the slab; these bars were called to be epoxy coated.  

 

The typical beam sections are 16 in. or 18 in. wide and 36 in. deep with unbonded multistrand 

(groups of 7-wire strand) reinforcing. Almost all P/T beams have a parabolic drape for the tendons; 

in one single span location, the P/T is harped at midspan. At the horizontal ramps connecting to 

the 1977 structure, there are cantilevered P/T beams supporting the slab. 

 

The east-west expansion joints align with the 1977 structure expansion joints; there are no north-

south expansion joints, except where the 1989 structure abuts the 1977 structure. The typical 

slab and beam tendon profiles are shown in Figures 1.4.2.2 and 1.4.2.3. The slab construction 

joint and P/T end anchor details are shown in Figure 1.4.2.4.  

 

As shown in the original plan, the northwest and southwest corners of the structure were set-back 

on Levels 5 and 6. The set-back area constituted a 2 bay (E-W) by 3 bay (N-S) area. On Levels 

2 through 4, the set-back area was smaller, consisting of a 1 x 1 bay. This was remediated in the 

2002 structure, as discussed below.  

1.4.3 2002 Addition 

The 2002 addition is a post-tensioned concrete structure approximately 742 ft in the east-west 

direction and 328 ft in the north-south direction. The structure dimension in the north-south 

direction tapers down as it approaches the structure’s east side; at the east end the structure is 

72 ft wide. The entire 2002 addition is located on the north side of the 1977 and 1989 structures. 

The structure is separated by an interior, covered atrium running the east-west length. Three 

north-south atriums were incorporated into the plan, primarily north of the 1977 structure. Bridges 

and slab infills connect the 1977 and 1989 structures to the 2002 expansion. The typical overall 

floor partial plans for the structure are shown in Figures 1.4.3.1 and 1.4.3.2. Similar to the other 

structures, the foundation system is drilled caissons. 
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The structure’s geometry matches the two southern structures. Main beams span in the east-west 

direction. The beams are either single spans of 56 ft, between the atriums, or four to five 

continuous beam spans of 56 ft each, with short end spans ranging from 14 to 28 ft. The typical 

beam section is 18 in. wide and 36 in. deep, and varies, with unbonded multistrand post-

tensioning. All P/T beams have a parabolic drape for the tendons. The columns in the north-south 

direction have a typical spacing of 24 ft. Bridges and slab infills connect the 1977 and 1989 

structures to the 2002 expansion. The typical overall floor partial plans for the structure are shown 

in Figures 1.4.3.1 and 1.4.3.2. All P/T is noted to be low-relaxation, 0.6 in. diameter 7-wire strand 

with a strength of 270 ksi.  

 

The structure consists of five elevated floors and a 5 in.-thick slab-on-grade. Elevated slabs are 

all 7 in.-thick with unbonded monostrand P/T reinforcing. The main slab P/T tendons have 

parabolically draped, main post-tensioning, similar to both the 1977 and 1989 structures. 

Temperature tendons are placed in the east-west direction in the center portion of the slabs. Like 

1989, nominal reinforcing bars were also used in the slab; these bars were called to be epoxy 

coated. One expansion joint runs the length of the structure in the east-west direction. The typical 

slab and beam tendon profiles are shown in Figures 1.4.3.3 and 1.4.3.4. The slab construction 

joint and P/T end anchor details are shown in Figure 1.4.3.5. 

 

One expansion joint runs the structure length in the east-west direction, segmenting the structure 

into a 168 ft-wide north section and 144 ft-wide south section. There are two north-south 

expansion joints located along the north-south oriented atriums. Structural framing at the joints is 

consistent with the 1977 structure; double columns and double beams frame out the joints.  

 

As addressed in the previous section, the original northwest corner of the 1989 structure was 

inset. The 2002 addition included infilling this area, requiring column extensions and supplemental 

slab supports on the sides of existing beams. Galvanized steel angles attached with post-installed 

anchors provide the slab support. At the 2nd Floor, a P/T beam was supplemented/jacketed for 

one span. A floor partial plan of the third and fourth floor of the structure infill is shown in Figure 

1.4.3.6 and the in-fill angle detail is shown in Figure 1.4.3.7. 

The 2002 construction added two helical ramps on the west side of the 1989 and 2002 structures 

to provide vehicular circulation between floors. The helices have conventionally reinforced 

concrete spandrel, curved edge beams with post-tensioned, one-way concrete slabs. Typical 

construction is shown in Figure 1.4.3.8. 
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Vehicular and pedestrian bridges connect the 2002 structure to the 1977 and 1989 structures, 

spanning over the interior east-west atrium. The bridges span north-south 56 ft and are 28 or 42 

ft wide. The typical bridge has four, single-span P/T beams topped with a 6 in.-thick slab. The 

slab is a three-span continuous slab and post-tensioned in the east-west direction. Tendons are 

located at 2 ft centers and are parabolically draped. The south edge of the bridge has an 

expansion south separating the structures.  

 

Each bridge has steel railings on either side. The typical railing configuration is shown in Figure 

1.4.3.9. The lower rectangular rails are HSS 12 x 4 x 3/16 in. with the vertical posts being HSS 4 

x 4 x 3/16 in. members spaced 5 ft on center (o.c.). Posts are welded to an embedded steel plate 

8 x 8 x 1/4 in. with four 1/2 in. diameter cast-in headed studs. The base of the guardrail post is 

concealed within the thickness of the concrete curb.  

 

Along the north side of the interior atrium, there is a walkway enclosure structure at the 3rd Level. 

This steel framed structure houses two moving walkways with access to the airport terminal. The 

lower walkway is column supported, while the roof structure is hung from the 2002 Structure 

spandrels with tie rods and turnbuckles.  

1.4.4 Post-Tensioning Systems 

Each structure has a unique P/T system in their beam and slabs, as noted below: 

 

Table 1.4.4 – Post-Tensioning System Types Used in the Structures 

Structure Construction 
Vintage P/T Beams P/T Slabs 

1977 Bonded multistrand tendons 
(7-wire strand or wires) 

Unbonded monostrand 
(7-wire strand) 

1989 Unbonded multistrand tendons 
(7-wire strand) 

Unbonded monostrand 
(7-wire strand) 

2002 Unbonded multistrand tendons 
(7-wire strand) 

Unbonded monostrand 
(7-wire strand) 

 

The bonded tendon system uses grout to encapsulate the beam tendons in metal ducts and 

provide corrosion resistance. The unbonded monostrand system, predominantly in the slabs, 

used strands in plastic sheathing or paper protected by grease. The unbonded multistrand system 

in the beams uses similar corrosion protection means.  
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1.4.5 Facade System 

The 1977 parking structure has exposed aggregate spandrels and cable barrier railings around 

the perimeter (Photo 4). The original panel attachments are concealed normal carbon steel 

connections embedded in grout. A 2012 project added supplemental anchors to the panels 

(Photos 5 and 6) The 1989 and 2002 parking structures have precast panels and barrier cable 

railings (Photo 7). The entry and exit helix ramps on the west side have bent metal pipes with a 

plastic covered metal fabric. A recent Summer 2021 project removed the metal screens from the 

facade. 

 

The 2002 addition included a center walkway with a moving walkway serving as a connection to 

the main terminal. This enclosure has curtainwall, a concrete base structure, and a steel roof 

structure (Photo 8). A series of vertical, painted metal fins attach to the facade in this interior 

atrium area, as well as a portion of the west elevation between the helixes (Photo 9).  

1.5 Relevant Parties 

The following parties were involved in the design or repair of the parking structure at General 

Mitchell International Airport throughout the yrs: 

Firm/Consultant/Entity Year Past Role/Involvement with GMIA 

Mochon Schutte Hackworthy Juerisson, 

Milwaukee, WI 

1977 Engineer and architect for the original 

garage 

Graef Anhalt Schloemer & Associates, 

Milwaukee, WI 

1989 & 2002 Professional and structural engineer for 

garage addition. 

Howard, Needles, Tammen & Bergendoff 

(HNTB), Milwaukee, WI 

1989 Architect and engineer for garage addition 

Pujara Wirth Torke Inc., 

Wauwatosa, WI 

1989 Architect and engineer for garage addition 

PSJ Engineering, Inc. (PSJ) 

Milwaukee, WI 

2002 Plumbing engineer 

Ring & DuChateau, Inc. (R&D), 

Milwaukee, WI 

2002 HVAC engineer 

GRӑEF, 

Milwaukee, WI 

2011 Consultant for condition survey 

K. Singh and Associates, Inc. (KSA) 

Milwaukee, WI 

2011 Subconsultant for condition survey 

Eileen McEnroe Hankes (Milwaukee Co. 

Engineer) 

2018 Internal consultant for facade survey 
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2. DOCUMENT REVIEW 

We reviewed the following documents and summarized pertinent information below as part of our 

condition survey: 

2.1 Previous Reports 

We reviewed the following reports: 

• A December 2011, General Mitchell International Airport Parking Structure Structural 
Evaluation Report, prepared by GRӑEF, and K. Singh and Associates, Inc. (KSA). 

• GRӑEF provided a summary of maintenance within their report which we include 
in Appendix A. 

• 2018 Milwaukee Department of Neighborhood Services Facade Report Application 
prepared by Eileen McEnroe Hankes.  

2.1.1 GRӑEF/K. Singh and Associates, Inc. (2011) 

In 2011, GRӑEF and K. Singh and Associates, Inc. (KSA) performed a visual investigation of the 

structure. Their work included a chain drag delamination survey in select areas and limited 

chloride testing of the slab. The report presented a number of photographs illustrating 

deterioration conditions.  

 

Below we summarize their observations, findings, and recommendations per structure vintage: 

2.1.1.1 1977 Structure 
• The original parking structure is in good condition. Minor spalls on the concrete frame 

were noted as well as minor cracking in the beams and columns. Past repairs to soffit 
spalls of the parking decks were evident. Bottom side spalls generally appear to be at 
locations where thru slab cracks had been injection grouted or where abandoned 
electrical boxes are located. 

• The 1977 structure was constructed with uncoated reinforcing bars. The corrosion of the 
reinforcing and subsequent surface spalls on the topside of the deck appears to be 
decreasing based on the amount of spall repair required during the annual inspections 
provided by Milwaukee County.  

• The membrane reduces the occurrence of moisture entering the slab and reduces the 
mechanisms allowing the reinforcing to corrode. The current maintenance program 
appears to be frequent enough to maintain this trend. 

• The loss of water tightness at the expansion joints in the drive aisles and parking stalls 
has caused the slab edge reinforcement to corrode. Large spalls at the tendon anchors 
created by this corrosion have been responsible for the loss of bearing and the failure of 
several tendons. To reduce future deterioration at these locations, the joints must be 
inspected and maintained at a greater frequency than the current maintenance program 
provides.  



 - 9 - 

• A waterproof membrane could be applied to the vertical concrete beam surface at the 
joints, which would prevent concrete saturation should the expansion gland fail. 

• Several expansion joints were found to have steel angles placed on each side of the 
gland during past repairs. The inclusion of these pieces reduces the joint width, which 
reduces its expansion capabilities. The width changes at the ends of these angles 
causes a discontinuity in the gland. In addition, these angles may have reduced the 
thickness of the elastomeric concrete and provides another element prone to corrosion. 
All of these conditions can lead to premature joint failure. These joints should be 
monitored closely and properly repaired when delaminated elastomeric concrete fill or 
torn glands are found. 

• The stair towers located at the west edge of the 1977 structure had corrosion present at 
the window and door framing. Corrosion of the frames has caused many of the wire glass 
panes to break.  

• Corrosion of the steel framed metal clad structures over the sixth-floor ramps on the 
1977 and 1989 structure require repairs. The damage to the metal panels, trim and 
downspouts will require replacement of these elements. The continued corrosion of the 
steel framing will require future surface preparation and repainting. 

• Corrosion was noted at several of the precast connections along the perimeter of the 
parking structure. Further investigation was required to determine the actual condition of 
the precast panels. Should significant deterioration be found, a supplemental connection 
could be designed and provided, or the panels could be removed. Spalls on the exposed 
aggregate exterior surface have also been found. Future spalls are expected due to their 
33-year age. 

2.1.1.2 1989 and 2002 Structures 

• The west and north addition are in very good condition. The minor spalls and cracks in 
the concrete framing and walls should be repaired.  

• Previously routed and sealed cracks in the floor deck have aged and should be resealed.  

• The expansion joints are generally in good condition, however deteriorated joints were 
found primarily on the top level and should be addressed. Leaking at these joints will not 
create the spalls and tendon bearing issues found in the original structure due to the 
epoxy coating and the encapsulated tendons used in these additions.  

• A repair project and a five-year recurring repair program should be implemented to 
address their current condition and expected future deterioration.  

• The sealant joints around the perimeter of the west addition and the stair towers of both 
additions are aged and cracked in many locations. The decks of both additions had 
sealant joints at the deck construction joints. Deck cracks found upon completion of the 
construction were routed and sealed. Many of these joints have deteriorated and require 
replacement.  

• The exterior metal screens and exterior steel angle fenestrations applied during the 2001 
north addition have areas of peeling paint and minor corrosion on the structural 
framework and connections to the parking structure. These are most likely due to poor 
preparation of the galvanized surface prior to painting. A painting program recoat these 
features should be implemented to prevent the corrosion becoming severe which would 
significantly increase the cost of repairs. 



 - 10 - 

• Small spalls at locations where the reinforcement bars are close to the surface of the 
concrete are likely in the future but based on the minimal number of past spalls in the 
structure, major spalls are not expected. Major spalls are also unlikely in the 1989 and 
2002 additions due to the means and methods used at the time of construction. 

• The maintenance program for the traffic bearing membrane and expansion joints in the 
1977 structure is required to limit the number and size of topside spalls in the structure. 
The membrane was installed in phases starting in 1985 and maintained in good condition 
through the maintenance program. The membrane has successfully slowed the 
deterioration of the concrete floor decks. It is expected the membrane will need to be 
removed and replaced in 35 to 40 yrs. 

• Expansion joints are only expected to last 6-8 yrs in heavily trafficked areas and 9-12 yrs 
in low traffic areas. Continued monitoring and timely replacement of the expansion joints 
should prevent the edge of slab damage and loss of tendon bearing. Expansion joints 
on the upper levers are expected to require replacement first because of the snow 
plowing operations required on that level. 

• Routing and sealing are expected to be required on a few new cracks. A good quality 
polyurethane sealant properly installed can be expected to last 20 yrs. Sealed deck 
cracks and control joints will require a second replacement project because they only 
last 8-10 yrs, but non-traffic areas are expected to last past the maintenance period. 

2.1.2 Milwaukee County – Internal (2018) 

In 2018, Ms. Eileen McEnroe Hankes was an employee of the County, and performed the 

inspection of the garage facade as part of the City of Milwaukee, Department of Neighborhood 

Services, Facade Report Application (Facade Ordinance) and is included in Appendix B. 

Significant findings form this work include: 

• Corrosion of metal screens, metal fenestrations, embed plates, hangers in atrium and 
precast panel supports 

• Loose or missing curtain wall caps 

• Damage to precast panel supports 

• Cracks and spalls in concrete frame 

• Loose post tension tendon plugs 

• Loose and delaminating concrete patches 

• Deteriorated sealant and expansion joints 

• Failed post tensioning tendons 

• Missing or loose nuts on supplemental precast connections 

• Gaps at stand out precast supports 
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3. SGH FIELD INVESTIGATION 

3.1 General 
SGH made three separate site visits to the GMIA Garage. Kevin Conroy and Neal S. Anderson 

of SGH visited the parking structure the week of 5 April 2021 to review the project scope, observe 

the primary structural elements, and perform a cursory observation of deterioration readily visible.  

 

On 22 and 23 June 2021, Rebecca S. Havel, Emily E. Abraham, and Kevin Conroy of SGH 

conducted a visual condition assessment of the garage. We documented the type and 

approximate extent of visible deterioration and distress on the following elements: concrete post-

tensioned beams, post-tensioned slabs, columns, and miscellaneous steel members; 

waterproofing components; and previous repairs. A detailed description of the deterioration types 

we identified at the structure is included in Appendix C. The visual survey establishes possible 

deterioration patterns and identifies areas for further examination. We documented our 

observations from the overall visual survey on field sheets showing plan views of the garage floor 

slab (see Appendix D) and photographs of representative conditions. The following report 

sections provide a summary of our observations.  

 

On 12 and 13 July 2021, Eric T. Fleet, Emily E. Abraham and Neal S. Anderson of SGH conducted 

a visual condition assessment of the remaining portions of the garage. At the areas shown in 

Table 3.1, the survey was more detailed including noting the concrete condition, complete 

sounding of the topside surfaces, and obtaining material samples for material testing. Ultrasonic 

thickness testing was performed on select steel railings and posts where corrosion was present.  

Table 3.1 – Detailed survey areas in the garage 

Garage Survey Area 
N/S Column 

Lines 
E/W Column Lines  

ID Level Construction 
Vintage 

West East South North Notes 

77A 3 1977 12 14 K L Short-term parking 

77B 3 1977 12 14 T U Short-term parking 

77C 3 1977 6 7 N P Main ramp from Level 3 
to 4 

77D 4 1977 1 3 V W  

89A 3 1989 W7 W5 P Q  

89B 6 1989 W3 W1 V W Roof 

02A 3 2002 8.1 10.1 DD EE  

02B 4 2002 W5 W3 CC DD  
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3.2 Parking Garage Visual Survey 

Our survey included a visual assessment of the accessible, individual elements of the parking 

garage structure in the three construction vintages and sounding approximately 20% of the 

topside surfaces adjacent to expansion joints. We documented locations with signs of water 

leakage, deterioration, and distress, and estimated the approximate size at each location. 

Vehicles or other obstructions were present at many locations precluding our observations, 

particularly in the levels where rental cars were parked.   

 

Observations from the overall visual survey were recorded on field sheets showing plan views of 

the garage (see Appendix D). This work was supplemented by photographs of representative and 

noteworthy conditions. 

  

We summarize our observations of the various elements of the parking garage below: 

3.2.1 1977 Structure 

3.2.1.1 Structural Elements 

• Corrosion staining and cracking was observed at P/T beam locations throughout the 
1977 structure. The corrosion staining was most prevalent around and below the 
expansion joint locations (Photo 10). 

• At some P/T beams, we observed the profile shadow of the tendon / duct on the vertical 
beam face. At these locations, the cracking was coincident with the tendon drape 
centerline and exhibited cracking with white efflorescence marking the crack (Photo 11). 

• The P/T beam anchorages observed in the open garage atrium areas appeared to be 
generally sound (Photo 12) with no visible corrosion staining, signs of moisture 
infiltration, or deterioration at most locations 

• At one location, the button head P/T beam anchorage was visible and exhibited corrosion 
(Photo 13) 

• Delaminations and spalls are present adjacent to many drain locations (Photo 14 and 
15). A number of these locations have previous overhead patches (Photo 16 and 17) 

• Delaminations and corrosion staining are present at P/T beam soffit locations adjacent 
to the expansion joints and bridges in the 1977 structure (Photo 18). 

• Within the expansion joint, delaminations and corrosion staining are present on the 
vertical surfaces (Photo 19). 

• We observed deterioration at a minimal number of columns including spalls, exposed 
rebar and efflorescence (Photo 20).  
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• Sounding of the top surface within three representative bays revealed minimal 
delaminations shown in Appendix D. The actual quantity ranged from 0 to 0.1 percent of 
the area surveyed. 

• Extensive flexural cracking with efflorescence was observed on the ramp soffit of the 
one-way slabs, particularly on upper levels and highly trafficked ramps (Photo 21). 

• Rust staining was observed on steel bar joists supporting metal roofing on the top garage 
level (Photos 22 and 23). 

3.2.1.2 Waterproofing Related Elements 

• A waterproofing membrane covers a majority of the topside surfaces. The membrane 
color and texture appearance varied on individual floors and between floors, indicating 
a possible variety of brands used in the garage. Thicknesses seemed to vary too, but we 
did not attempt to quantify this. The membrane on all levels has various areas of repair, 
apparently from annual maintenance to the coating.  

• Isolated locations exhibit membrane wear down to the concrete surface in both aisles 
and parking stalls (Photo 24). More significant wear is present in the north and south 
bays in the aisles where vehicles are turning (Photo 25). 

• We observed cracking with white efflorescence on the slab underside suggesting water 
mitigation through the membrane-covered slab (Photo 26). 

• Expansion joint seal types varied throughout the 1977 structure. We observed traditional 
compression seals, compression seals armored with elastomeric nosing material, pre-
molded expansion joint, and stainless-steel flashing. Their condition varied based on 
location, length contributing to movement, age, width, and cleanliness of the gland 
surface. 

• We observed active water leakage and fresh moisture staining in the cavity beneath the 
expansion joint between the double beams. This moisture collected on beam soffits at 
multiple locations after the rainstorm. (Photo 27). 

3.2.1.3 Reinforcement Survey 

We located the embedded reinforcement using ground-penetrating radar (GPR) to identify and 

document the reinforcement in both the slabs and beams. We identified the following 

reinforcement spacing and concrete cover based at the two survey locations: 

• On Level 3 of the 1977 structure, the GPR identified the slab cover as 1.25 in. and three 
top bars with 3 in. cover at the beam locations. 

• On Level 4 of the 1977 structure, the N/S slab tendons are spaced at 12 in. o.c. with 
some bundles at 6 in. spacing. 
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3.2.2 1989 Structure 

3.2.2.1 Structural Elements  

• At some P/T beams, we observed parabolic cracks tracing the tendon / duct profile on 
the vertical beam face. At these locations, the tendon centerline exhibited white 
efflorescence leaching through the crack, indicative of water leakage (Photo 28). 

• Corrosion staining and cracking was observed at P/T beam locations throughout the 
1989 structure. The corrosion staining was most prevalent at expansion joint locations, 
where water leakage was evident (Photo 29). 

• The P/T beam anchorages observed in the open garage atrium areas appeared to be 
sound for the most part. The grout pockets were intact. Further sounding work will be 
required.  

• We observed spalls, delamination, efflorescence and corrosion staining at some P/T 
beam and slab anchorage pocket locations (Photos 30 through 31). 

• Delaminations were observed at P/T beam soffit locations adjacent to the expansion 
joints and bridges in the 1977 and 1989 structures (Photo 33). 

• We observed deterioration at a minimal number of columns including spalls and exposed 
reinforcing bar.  

• Sounding of the top surface in two representative bays revealed no delaminations shown 
in Appendix D.  

• Cracking and corrosion staining were observed at the new slab adjacent to the 1989 
structure near the 2002 expansion slab (Photo 34). 

• Columns in the 1989 structure adjacent to the 2002 expansion were cut during the 
construction of the new slab and beams. Reinforcing bar is exposed at some of these 
locations (Photo 35). 

• Cracking at some of the rehabilitated columns was observed in the 1989 structure near 
the 2002 expansion slab (Photo 36). 

3.2.2.2 Waterproofing Related Elements 

• We observed cracks in the P/T slab soffit with white efflorescence at many locations 
suggesting water mitigation through the slab (Photo 37). 

• Extensive efflorescence is present adjacent to the bridges between the 1977 and 1989 
structures to the 2002 extension (Photo 38).  

• Expansion joint seals varied throughout the parking structure. We observed traditional 
compression seals, compression seals armored with elastomeric nosing material, and 
pre molded expansion joint. Their condition varied based on location, length contributing 
to movement, age, width, and cleanliness of the gland surface. 

• We observed moisture in the joint between the beams and on beam soffits at one location 
after the rainstorm. (Photo 39). 
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3.2.2.3 Reinforcement Survey 

We located the reinforcement using ground-penetrating radar (GPR) to identify and document the 

reinforcement in both the slabs and beams. We identified the following reinforcement spacing and 

concrete cover based at the two survey locations: 

• On Level 3 of the 1989 structure, the N/S slab tendons are spaced at 12” on center 

3.2.3 2002 Structure 

3.2.3.1 Structural Elements 

• Water staining or possibly post-tensioning grease is visible on the side of one beam 
(Photo 40) 

• The P/T beam anchorages observed in the open garage atrium areas appeared to be 
sound for the most part, but exhibit corrosion staining (Photo 41), and evidence of 
moisture infiltration or leaking of grease (Photos 42 and 43). There are isolated locations 
where the grout is not present exposing the anchorage (Photo 44). In Photo 44, the P/T 
tendon is exposed, the end is frayed, and end projects out from the slab edge; this 
suggests the tendon is likely broken. 

• The most severe corrosion staining at anchorage pockets is located on the bridges 
connecting the 1989 and 2002 structure. (Photo 45) 

• Extensive efflorescence is present adjacent to the bridges between the 1977 and 1989 
structures to the 2002 extension (Photo 46).  

• Cracking, spalls and corrosion staining were observed at the new slab and columns 
adjacent to the 1989 structure near the 2002 expansion slab (Photo 47). 

• Sounding of the top surface within two representative bays revealed no delaminations 
shown in Appendix D.  

• Similar cracking with efflorescence and staining was observed in the spiral ramps 
constructed as part of the 2002 structure. Many of the cracks propagated from light 
fixtures or construction joint locations (Photo 48). 

3.2.3.2 1989 Infill Area 

• Extensive staining and efflorescence are present at the steel angle and new slab addition 
as part of the 2002 garage expansion (Photo 49).  

• Galvanized angles have corrosion staining at plain anchor locations along the perimeter 
of the infill slab (Photo 50 and 51). 

• The existing beam on Level 2 exhibits signs of deterioration, cracking and corrosion 
staining (Photo 52). Short horizontally inclined cracks are present at the mid-height of 
the vertical side. 

• At the upper levels, cracking at the beam-to-column joint is present (Photo 53). 

• The column enlargement at the 5th floor appears to be leaning towards beam midspan. 
The construction joint between the existing column and enlargement has opened up and 
created a gap (Photo 54) 
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3.2.3.3 Decorative Atrium Elements 

• Corrosion is present on several decorative elements within the atrium between the 2002 
structure and the 1977 and 1989 structure including: 

• Decorative metal screening support members 
• Facade connections and elements supporting the moving walkway enclosure 

(Photo 55). 

• Two vertical mullion elements are disconnected from their mid-height anchor (Photos 56 
and 57) 

3.2.3.4 Waterproofing Related Elements 

• We observed the post-tensioned slab exhibiting cracking with efflorescence at many 
locations suggesting water mitigation through the slab (Photo 58). 

• Expansion joint seals varied throughout the parking structure. We observed traditional 
compression seals, compression seals armored with elastomeric nosing material, and 
pre molded expansion joint. Their condition varied based on location, length contributing 
to movement, age, width, and cleanliness of the gland surface. 

• Leakage is present through the expansion joint and saturates the post tensioning 
anchorage zones located in the joint cavity (Photo 59) 

• We observed moisture in the joint between the beams and on beam soffits at one location 
after the rainstorm. (Photo 60). 

3.2.3.5 Reinforcement Survey 

We located the reinforcement using ground-penetrating radar (GPR) to identify and document the 

reinforcement in both the slabs and beams. We identified the following reinforcement spacing and 

concrete cover based at the two survey locations: 

• On Level 3 of the 2002 structure, the N/S slab tendons are spaced at 12 in. o.c. 

• On Level 4 of the 2002 structure, the N/S slab tendons are spaced at 12 in. o.c. 

3.2.3.6 Railings 

We observed varying conditions of the white-painted, tube steel railings in the 1977 and 2002 

regions of the structure. Some railings exhibited minimal corrosion and paint blistering/peeling. 

Other railings with more exposure exhibited rust staining and evidence of section loss at their 

bases (Photo 61). The steel thickness of the vertical rail posts was surveyed with non-destructive 

testing (NDT) techniques. For a given horizontal rail or vertical post, we measured a location with 

no evidence of corrosion or section loss to establish a control measurement. We then cleaned a 

corroded area and obtained a thickness reading on the corroded section.  
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Table 3.4.3 presents our thickness measurements. The average thickness of an uncorroded 

railing section of the railings was 0.223 in. The average thickness of a corroded railing section 

was 0.192 in. Our measurements identified reductions in the wall thickness ranging between 3 

and 20% with an average of 12%. 

 

Table 3.4.3 – Ultrasonic thickness measurements at the bridge guardrails 

Garage 
Level 

Control 
Thickness (in.) 
(Uncorroded 

Section) 

Measured 
Actual 

Thickness (in.) 
(Corroded 
Section) 

Net 
Reduction 

Avg. Avg. Avg. 
2 0.226 0.190 15.9% 
3 0.231 0.191 17.3% 
4 0.214 0.202 5.5% 
5 0.226 0.200 11.5% 
5 0.250 0.199 20.2% 
6 0.217 0.182 16.0% 
6 0.219 0.198 9.7% 
6 0.198 0.191 3.2% 
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4. WORK BY SUBCONSULTANTS 

4.1 General 

SGH had a team of subconsultants assisting with the condition investigation of the parking 

garage. The subconsultants are listed below in Table 4.1, along with their specific responsibility. 

Each subconsultant prepared their own reports as shown in Table 4.1 which we include in this 

report’s appendices.  

Table 4.1 – Project Subconsultants 
Subconsultant Role on Project Full Report Contained in: 

Vector Corrosion Services Inc. (VCS) 
Tampa, Florida  
 

Evaluation of damaged or 
deteriorated post-tensioning Appendix E 

McEnroe Consulting Engineers 
(McEnroe) 
Wauwatosa, Wisconsin 
 

Facade assessment Appendix F 

Oneida Total Integrated Enterprises 
(OTIE) 
Milwaukee, Wisconsin 
 

MEP assessment Appendix G 

CCS International, Inc. (CCS) 
Milwaukee, Wisconsin 
 

Cost estimating Appendix H 

 

In the following sections, we summarize the observations and conditions noted from the 

respective subconsultant as well as recommendations contained within their reports. The work by 

CCS is presented in Section 8.4, as their cost estimating relied on information from SGH and the 

other subconsultants.  

4.2 Vector Corrosion Services Inc. (P/T Assessment) 

Vector Corrosion Services Inc. (VCS) investigated the P/T systems in the garages. We summarize 

their P/T investigative work and observations: 

• Electrical continuity of the north-south (N-S) unbonded P/T reinforcement was measured 
in each structure:   

• 1977 Structure 
• Unbonded beam monostrand tendons are electrically continuous. 

• 1989 Structure 
• Unbonded tendons are electrically continuous. 

• 2002 Structure 
• Unbonded tendons are electrically isolated. 

VCS notes their findings are not surprising as the 2002 addition utilized epoxy-coated 
reinforcement, which provides electrical isolation. The 1977 structure utilized uncoated 
steel reinforcement, while the 1989 west addition used epoxy-coated reinforcement in 
the top mat of the slabs and uncoated steel reinforcement in the bottom mat.  
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• VCS’s investigation of the P/T beam grout pockets showed wide-spread cracking and 
signs of leaking grease, while the slab grout pockets appeared to be in better condition. 
Half-cell surveys of the pocket regions revealed varying degrees of active corrosion.  

• VCS employed the Post-Tech Corrosion Evaluation (PTCE) method to evaluate the 
potential risk for corrosion of the unbonded P/T tendons. The PTCE method determines 
the moisture quantity along the tendon, allowing an assessment of corrosion risk activity. 
VCS accessed 29 total tendons - 6 beam and 23 slab tendons 

Air flow was established in 100% of the tested beam tendons and 48% of the tested slab 
tendons. The air flow and its moisture content are measured. The quantity of the moisture 
within the air allows for categorizing into three categories (i.e., Dry, Dry/Wet, or Wet). 
Tendons categorized as “Dry/Wet” or “Wet” have a higher potential for active corrosion. 
Table 4.2 presents the results of the PTCE testing: 

Table 4.2.a: PTCE Test Results 

Element Construction 
Vintage 

Number of Tendons 
with No Air Flow 

Number of Tendons 

Dry Dry/Wet Wet 

Beam 
1989 0 1 0 1 

2002 0 0 2 2 

Slab 

1977 3 0 2 3 

1989 7 0 1 4 

2002 1 0 1 1 

• VCS identified four areas for destructive openings to visually inspect the unbonded P/T 
tendon condition. Their observations are as follows: 

Table 4.2.b: VCS Destructive Openings 

Opening 
ID 

Construction 
Vintage 

Level Observation 

1 1977 3 (soffit) N-S slab tendon appeared to be in good 
condition; sheathing full of grease 

2 1977 6 (soffit) N-S slab tendon exposed exhibited 
corrosion; no broken wires observed. 
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3 1989 6 (soffit) (2) N-S slab tendons exposed. Tendons 
appeared to be in good condition: 
sheathing was full of grease.  

4 2002 3 (soffit) (2) N-S slab tendons exposed; tendons 
appeared to be in good condition and the 
sheathing was full of grease.  

 

• In the four openings above, VCS checked the tension by attempting to insert a 
screwdriver between the individual tendon wires. If the tendon is under tension, the 
screwdriver should not wedge between the wires. If strand tension is lost, the screwdriver 
can wedge between the individual wires. At all four openings, the screwdriver was unable 
to fit between the wires, indicating tendon tension is present.  

• VCS performed impact echo NDT to assess the P/T grout conditions and identify the 
presence of grout voids or soft grout in the beam tendons duct. A total of four beams in 
the 3rd Level slab and six beams in the 6th level slab was tested in the 1977 structure 
for a total of 500 lineal ft of bonded P/T tendons examined. VCS made the following 
observations:   

• 6th Floor Small Openings: Two locations showed no corrosion of grout void. 
Corrosion is present on the interior and exterior duct surfaces at the third location. 
Corrosion staining is visible on the grout surface. 

• 6th Floor Large Opening: Corrosion is present on the duct interior and isolated 
surface corrosion is present on the wires. Despite the corrosion, VCS stated the 
wires generally appear to be in good condition. VCS noted the tendon consisted 
of individual wires rather than a 7-wire strand. At this location, cracking along the 
beam bottom is present but does not appear to be due to reinforcing bar or tendon 
corrosion. Grout samples were obtained for further material testing. 

4.3 McEnroe Consulting Engineers (Facade and Stairs) 

4.3.1 Facade 

Ms. McEnroe Hankes performed a facade inspection in 2018. For this study, McEnroe Engineers 

examined the exterior facade and stairwells comparing conditions observed in 2018 to conditions 

today. Her complete comparison is included in Appendix F and we present significant findings 

below:   

Table 4.3.1: Select Findings from McEnroe’s Facade Examination 
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Condition 
ID* 

Condition Noted in 2018 Update of Condition in 2021 

#5 Spalls on Decorative Precast 
Panels 

More spalls were noted in 2021 than 2018. This 
may be due to better visual access after the 
metal screens were removed 

#6 Damage to Precast Panel Supports More damaged supports were noted during this 
2021 review. This is likely due to additional 
impact damage during snow removal. Some 
supports were noted with corrosion as well.  

#9 Loose and Delaminating Concrete 
Patches 

Two additional locations with loose spalls were 
noted and reported to MKE Engineering 

#10 Deteriorated Sealant Joints More areas of deteriorated sealant joints were 
found in 2021 than 2018. This condition is 
worsening with time, as expected. 

#15 Missing or Loose Nuts on 
Supplemental Precast Connection 

More locations with loose nuts were noted 
during this 2021 review. A few locations were 
also noted where the bolts and washers were 
smaller than appropriate for the holes in the 
steel supports. See Photo 9. 

 Note: The condition ID corresponds with the Condition within McEnroe’s report 

4.3.2 Stairwells 

McEnroe Engineers reviewed the fourteen stairwell conditions in Stairs 1 to 13, and 15; there is 

no Stair 14. McEnroe notes the Airport has been upgrading the stairs over the past several years. 

McEnroe categorizes the stair condition from fair to good condition. The report reviews each stair 

tower individually with specific observations. Recurring issues on all stairs include the following 

items: 

• Sealant joints require replacement. 

• Curtain wall leakage is present and may be related to sealant joint issues. 

• Cracks and delaminations in the concrete stair framing. 

• Corrosion of steel connections and railings with some railings requiring painting. 

• CMU wall cracking.  

• Corrosion of curtain wall connections. 

• Steel toe-kick stair nosings are loose creating trip hazards in some locations. 

• Metal window mullion at the Level 6 enclosure of Stairs 9 and 11 are corroded. 

• Standing water observed on the landings of Stairs 13 and 15, suggesting leakage from 
above. There is corrosion of the steel safety plate landings. 
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4.4 Oneida Total Integrated Enterprises (Plumbing and Electrical) 

Oneida Total Integrated Enterprises (OTIE) was retained to assess the plumbing and electrical 

systems on site. Their field observations of the conditions are presented below. 

4.4.1 Plumbing 

In general, the plumbing storm systems are original to building construction and have exceeded 

their expected useful life in many areas. The exposure to the weather has had a significant effect 

on the longevity and condition of the storm drainage system. Numerous areas have signs of ice 

damming within the piping systems, which subsequently resulted in the ice expanding and 

breaking pipe. We summarize pertinent information from their report regarding the plumbing 

system below: 

• The storm system is mostly cast-iron pipe and is rusting leading to a reduction in strength 
and longevity of the system.  

• Facility maintenance staff report issues with some piping exposed to the elements 
resulting in extreme corrosion and deterioration; some areas have experienced freezing 
resulting in cracked pipes.  

• Corrosion of the vertical storm leaders is present at each floor penetration.  

• The 1977 structure was evaluated in a prior study. The results of this study led to the 
storm system being designed for replacement.  

• The 1989 structure has horizontal branches visibly broken on some floors, where other 
locations have new piping. Some branch lines have been replaced, while the adjoining 
vertical storm leaders exhibit significant degradation.    

• The 2002 structure has electric heat trace and pipe insulation systems, which aid in 
preventing water within the system from freezing and damaging the piping. The heat 
trace system appears to be operable as no apparent damage to the piping is present in 
the vicinity of the heat trace systems.  

4.4.2 Electrical  

The existing building’s power and lighting system have been updated over the last 20 yrs with the 

parking garage expansion projects. Garage electrical circuit distribution raceways were also 

evaluated to determine usability. These improvements resulted in better functionality, extended 

equipment life, and lower energy consumption when compared to the traditional technologies or 

design practice they replaced. We summarize pertinent information related to the electrical 

systems below: 

• The interior garage drive aisle lighting system consists of ceiling mounted LED 
Luminaires on the lower floors and pole mounted LED Area fixtures on the top level. The 
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mounting bolts for the top floor LED fixtures exhibit evidence of bolt corrosion. This 
corrosion can affect the vertical integrity of the pole and its wind EPA rating.  

• There are several legacy luminaires, such as linear fluorescent, still being utilized in the 
parking garage area. The luminaires lenses need to be cleaned or replaced to maximize 
light output.  

• Several of the drive aisle car motion sensors were not responsive and the luminaire did 
not change light levels.  

• In some stairwells, no intermediate floor landing light is present.  

• The stairwell lighting has “occupancy sensors” to permit two different levels of light 
output. Otie’s site visit indicated not all the stairwell luminaire occupancy sensors were 
working. Some stairwell luminaires were missing sensor covers.  

• There are no observable Fire Alarm Notification devices in the Garage except for devices 
associated with the stairwells. Many of the Fire Alarm pull stations in the 1977 Structure 
are original and are difficult to open. They will need to be replaced with similar plastic 
pull box covers used in the newer additions. 

• Many stairwell “Exit” signs and “Areas of Rescue Assistance” signs were not working 
and did not provide compliant signage illumination levels for visual recognition. Several 
strobes located in stairwells appear to be non-functional also.  

• Equipment associated with the Parking Management System should be maintained, 
including lamp replacement and lens cleaning where needed. Electrical pull boxes and 
rigid steel conduits associated with the 1977 structure were not specified in PVC and 
suffer from the deteriorating effects of the environment. 
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4.4.3 Conveying Systems  

The conveying systems in the garage consist primarily of the elevators and moving walkways the 

atrium between the 2002 structure and 1977 and 1989 structures. We understand these elements 

are continuously maintained by an on-call mechanical contractor, who has better knowledge of 

the systems. The maintenance records should be referenced for more detailed information on 

these systems. We summarize pertinent information related to the conveying systems below: 

 

• All elevators and the moving walkways were operational during Otie’s site visit.  

• Passenger elevators in the 1977 structure are functional and appear to be original. At 
this age, the elevators are near the end of their useful service life. 
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5. LABORATORY TESTS 

5.1 General 

Thirteen concrete cores from the garage were transmitted to our laboratory for material testing. 

Laboratory tests of these samples include chloride ion analysis, and a limited petrographic 

examination to assess the air content. In addition, one grout sample obtained from a P/T beam 

duct in the 1977 structure was submitted for chloride analysis. 

 

Table 3.4.3 provides a summary table documenting the core locations and characteristics of the 

concrete sampling location. Individual core photographs are presented in Appendix J. We 

summarize the laboratory testing results (Appendix I) in the following sections.  

5.2 Concrete Core Removal 

Thirteen concrete core samples were removed from the garage for general concrete condition 

assessment and laboratory analysis. Core samples were nominally 2-3/4 in. in diameter with 

lengths varying from 4-3/4 to about 9-1/2 in. Table 5.2 shows the concrete core locations and the 

condition.  

 

Table 5.2 – Concrete Core Locations in the Garage 

Core Survey 
Area Level N-S Offset 

Dimension 
E-W Offset 
Dimension 

Core 
Length 

(in.) 

Concrete 
condition 

1 77A 3 12 in. N of CL_K 15 ft E of CL_12 6.375 Near 
delamination 

2 77B 3 8 ft-2 in. N of CL_T 19 ft E of CL_12 4.750 
Partial core 
(parked car 
below) 

3 77D 4 10 ft-6 in.N of CL_V 22 ft E of CL_1 6.750 Clean slab area  

4 89A 3 7 ft S of CL_Q 26 ft-9 in. E of 
CL_W7 7.375 Clean slab area 

5 89B 6 11 ft-6 in. N of CL_V 1 ft-9 in. E of CL_W3 9.375 Through crack 

6 89B 6 4 ft-9 in. N of CL_V 8 ft-6 in. E of CL_W3 8.750 Through CJ in 
slab 

7 89B 6 17 ft-9 in. N of CL_V 20 ft E of CL_W3 7.625 Clean slab area 

8 02A 3 7 ft-6 in. S of CL_EE 28 ft-3 in. E of 
CL_8.1 7.125 Clean slab area 

9 02A 3 9 ft S of CL_EE 22 ft-9 in. E of 
CL_8.1 7.125 Through crack 

10 02B 4 8 ft S of CL_DD 31 ft W of CL_W3 7.000 Clean slab area 

11 02B 4 6 ft-6 in. S of CL_DD 34 ft W of CL_W3 6.875 Through crack 
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Core Survey 
Area Level N-S Offset 

Dimension 
E-W Offset 
Dimension 

Core 
Length 

(in.) 

Concrete 
condition 

12 77C 3 4 ft-2 in. S of CL_P 13 ft-9 in. W of CL_7 7.750 Clean ramp area 

13 77C 3 3 ft-3 in. N of CL_P Along CL_6, 1 ft-11 
in. in wall above ramp 7.625 

Clean area 
through ramp 
wall 

Notes: CJ = 
CL = 

Construction Joint (existing) 
Column Line 

5.3 Chloride Testing 

We selected ten concrete core samples and one post-tensioned grout sample to perform chloride 

testing. Test samples at various depths were obtained to determine the chloride level profile. The 

depths generally corresponded with the level of the reinforcement, but also included near surface 

chlorides and mid-height of the slab.  

 

The core sections were pulverized to yield representative powder samples, and then the chloride 

contents were determined by acid-digestion potentiometric titration procedures in accordance 

with ASTM C1152. According to studies performed by the Federal Highway Administration 

(FHWA) and others, 0.20% by weight of cement is considered the chloride ion threshold value 

sufficient to initiate corrosion of reinforcing steel embedded in concrete. The concrete of the GMIA 

Parking Garage is normal weight concrete with an estimated six bags of cement, this threshold 

value is about 0.029% by weight of concrete.  

 

The chloride ion contents for the selected core depths are given in Table 5.2.1. Values shown in 

bold, italic type are chloride ion contents in excess of the corrosion threshold for a six-bag mix.
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Table 5.2.1 – Acid-Soluble Chloride Contents in Concrete and Grout 

 Acid-Soluble Chloride (% by wt. of concrete) 
 Survey 

Area 
Nominal Sample Depth (in.) 

Core ID 1-1/2 3-1/2 5-1/2 Notes 

1 77A 0.293 0.053 -  
2 77B 0.095 0.044 -  
3 77D 0.052 0.032 -  
4 89A 0.022 0.047 -  
6 89B 0.155 0.079 0.052 CJ  
7 89B 0.064 0.038 -  
8 02A 0.034 0.037 -  
9 02A 0.098 0.056 - Crack 
10 02B 0.029 0.031 -  
12 77C 0.164 0.029 0.060 Ramp 

P/T Grout 1977 0.423 (no depth – in duct) 
Notes: 1 ½ in. = 1-1/4 to 1-3/4 in. actual sample interval 
 3 ½ in. = 3-1/4 to 3-3/4 in. actual sample interval 
 5 ½ in. = 5-1/4 to 5-3/4 in. actual sample interval 

 

5.4 Concrete Carbonation 

Select concrete samples were submitted for concrete carbonation testing to determine the depth 

of carbonation. The samples were fractured to expose a fresh surface to which a phenolphthalein 

solution. Surfaces with a high pH (greater than 10) will turn purple and surfaces with a low pH 

remain clear. Table 4.3 shows laboratory carbonation testing performed on select core samples.  

 

Table 4.3 – Carbonation Depths in Select Core Samples 

Core ID Core Length 
(in.) 

Top Down Bottom Up (Soffit) 
Minimum 

(in.) 
Maximum 

(in.) 
Minimum 

(in.) 
Maximum 

(in.) 
3 6.750 0 1/16 0 0 
4 7.375 0 0 0 0 
7 7.625 9/16 5/8 0 0 
10 7.000 0 1/8 0 0 
12 7.750 1/16 3/16 0 0 

5.5 Air Entrainment 

To assess the general condition of the concrete air matrix, we longitudinally cut and polished one 

concrete core from each garage vintage. Polished sections were examined by a petrographer and 

they provided an estimate of the air content in the concrete. Photographs of the polished core 

cross-sections are provided in Photos 62 to 65. 
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We summarize pertinent findings from the air examination below:   

• All three cores exhibit intentionally added air entrainment, as indicated by the spherical 
shaped bubbles of the air-void system. 

• Core C3 (1977) has a total estimated air content between 3 to 5%,  

• Core C4 (1989) has a total estimated air content between 6 to 8%, and  

• Core C8 (2002) has a total estimated air content between 5 to 7%. 

The only drawing general notes for the concrete mix design information were from the 1977 

Structure. The noted air content was 5.5% +/- 1.5%. As shown above for Core C3, the actual air 

content is estimated to be at the lower end of the specified range.  

5.6 Concrete Characteristics 

As noted, Photo 62 shows a combined photograph of concrete from the three structure vintages 

represented by Cores 3, 4, and 8. SGH did not perform petrographic analysis on the cores, but 

our review confirmed no deleterious reactions or material damage are present in the concrete 

paste matrix or individual aggregate particles.  
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6. DISCUSSION 

6.1 Deterioration Mechanisms  

6.1.1 Reinforcement Corrosion 

The availability of moisture and oxygen can initiate a corrosion reaction of steel. When embedded 

reinforcing steel begins to corrode, corrosion products (rust) form on the steel surface with 

increasing volume as the corrosion mechanism continues. Corrosion products occupy a larger 

volume than the parent steel; this volume increase can exceed seven times the original volume 

after significant corrosion. The corrosion build-up on the steel surface causes internal tension 

stresses in the surrounding concrete. These tension stresses can exceed the concrete tensile 

strength and eventually cause concrete cracking. These cracks typically lead to concrete 

delaminations and/or spalling in the area surrounding the corroding steel reinforcement.   

  

Corrosion of embedded reinforcement in concrete can develop from many sources. The most 

common sources include corrosive chemicals containing chlorides, sulfates, or bromide; 

reduction in pH caused by water leaching through cracks; or the carbonation reaction with 

atmospheric carbon dioxide. Once initiated, the conductivity of the concrete, the availability of 

moisture, oxygen, and heat facilitate the corrosion reaction driving further concrete deterioration.  

 

In exposed steel elements, continued corrosion can lead to loss in reinforcing steel area. If the 

corrosion is not mitigated, the corrosion can reduce the strength of the connection or element 

significantly.  

 

We expand discussion on corrosion mechanisms below.  

6.1.1.1 Corrosion from Chlorides 

One of the major deterioration mechanisms of concrete is corrosion of embedded reinforcement 

or metals. Corrosion of embedded steel reinforcement takes place when the normally protective 

concrete environment is disrupted by the presence of chloride ions, progressing to the level of the 

reinforcement. Parking garage structures in northern climates are exposed to significant quantities 

of deicing salts brought into the garage by vehicles.   

  

Salt-laden water from melting snow and ice permeates the top surface of parking decks. Cracks 

and open joints allow salt-laden water to permeate the concrete more quickly. Chlorides from 

deicing salts cause corrosion of the steel reinforcement and connections, leading to cracking, 
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delaminations, and eventually spalling of the concrete over the steel. Chlorides can also cause 

deterioration to other elements or structures within parking garages such as stairs, doors, 

connecting pedestrian bridges, etc.  

  

According to ACI 201.2R-16 – Guide to Durable Concrete, the chloride corrosion threshold value 

in newly constructed reinforced concrete in dry or protected conditions is 0.20% total acid-soluble 

chloride by weight of cement. However, ACI 222R-19 – Protection of Metals in Concrete Against 

Corrosion, notes these limits are for new construction and not thresholds for electro-chemical 

corrosion. ACI 222R-19 references the CEB Design Guide for Durable Concrete Structures, which 

identifies a typical threshold value of 0.4% by mass of cement, with a range of critical cement 

contents defined by the amount of concrete carbonation and the environmental relative humidity 

as shown in Figure 6.1.1.1. This figure illustrates the chloride concentration threshold is not a 

singular value, and carbonated concrete significantly lowers the threshold value.  

 

Our experience shows chloride-induced corrosion can occur at values as low as 0.2% by weight 

of cement, but widespread corrosion probably will not initiate until higher contamination levels. 

The 0.20% limit requires conversion to compare this value to the percent by weight of concrete 

determined by our testing program. GMIA Garage has normal weight concrete with an estimated 

six bags of cement making the threshold value 0.029% by weight of concrete.  

6.1.1.2 Dissimilar Metal Corrosion 

Dissimilar metal corrosion refers to corrosion damage induced when two dissimilar materials are 

coupled in the presence of an electrolyte (salt). One of the coupled metals becomes the anode 

and corrodes faster, while the other coupled metal becomes the cathode and corrodes more 

slowly. For galvanic corrosion to occur, three conditions must be present: electrochemically 

dissimilar metals must be present, the metals must be in electrical contact, and the metals must 

be exposed to an electrolyte such as water with chlorides. 

6.1.2 Freeze-Thaw Deterioration 

Freeze-thaw deterioration occurs when moisture in concrete is subjected to repeated cycles of 

freezing and thawing. During the freezing process, water experiences an increase in volume as it 

turns to ice. This volume increase causes residual water in the concrete pores to compress, 

thereby producing an internal hydraulic pressure. If water cannot escape by diffusing through 

unfrozen pores to internal voids or the free surface of the concrete, ice forms and the associated 

hydraulic pressures will cause the pore water to dilate or expand. Pore dilation creates internal 
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stresses within the cement paste, which can exceed the tensile strength of the paste and cause 

rupture (cracking). Upon cracking, additional moisture is permitted to enter the concrete interior. 

Repeated cycles of freezing and thawing will lead to continued crack growth and degradation of 

the concrete. 

 

As a means to prevent freeze-thaw deterioration, modern-day concretes incorporate tiny air 

bubbles into the concrete matrix using air-entraining admixtures. The air-entraining admixture 

causes many small air bubbles to develop within the wet concrete and remain stable once the 

concrete is cured. The entrained air voids act to relieve this pressure as water is forced into them. 

A good dispersion of air bubbles is important to minimize the distance internal water must travel 

to relieve the pressure. Normal air content ranges between 4.5 and 7.5% for freeze-thaw durable 

concrete, depending on the exposure conditions and maximum aggregate size within the 

concrete.  

6.2 GMIA Parking Garage Conditions 

6.2.1 Concrete Delaminations 

Our walkthrough identified concrete delaminations within all three structures. Visible 

delaminations are not systematic and generally represent less than one percent of the surfaces 

in the garage. Sounding of the concrete in representative areas identified less than one percent 

of the survey area contain delaminations. Most delaminations occur near water management 

features, such as drains or expansion joints. Leakage around the drain bowl set in concrete 

contributes to the corrosion of the sleeve, which leads to some of the overhead spalls we 

observed. At the expansion joints, we observed delaminations on the sides and soffits of the 

beams adjacent to the expansion joint. Corrosion staining typically is present at these locations, 

suggesting corrosion of embedded reinforcement or P/T anchorage plates are the delamination 

source.  

 

Our sounding of the topside surfaces did identify isolated delaminations within the garages. We 

are unable to conclude whether these delaminations result from corrosion of steel reinforcing or 

they are caused by freeze-thaw deterioration. In the 1977 structure, either source is the result of 

moisture bypassing the membrane. The air content of the 1977 structure concrete is lower than 

current industry recommendations of 5 to 7% making the structure more susceptible to this 

deterioration mechanism. With the low air content of the concrete, the importance of a functioning 

membrane is heightened. Membrane breaches can also cause water entrapment below the 

membrane, saturating the concrete and reducing its ability to dry out.  
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Corrosion of the embedded reinforcement is another potential cause for the delaminations. The 

GRӑEF 2011 Report and our recent chloride testing show the majority of chloride levels at the 

test locations exceed industry threshold values for corrosion initiation. At these levels, the 

reinforcement will be susceptible to corrosion under moisture presence. While means to extract 

chlorides from structures exist, they are not typically recommended for large structures such as 

the GMIA garage. A functioning membrane will mitigate the amount of water reaching the 

reinforcement layer and will reduce corrosion activity. 

6.2.2 Post-Tensioning System 

Post-tensioning was used throughout the three structures in both beams and one-way slabs. In 

any P/T system, it is imperative to keep individual wires, tendons, and anchorage zones dry to 

mitigate reduce future corrosion. Our evaluation included a visual assessment and testing of 

various elements to assess the P/T system condition. The testing included NDT methods and 

physical openings to observe the condition of internal P/T reinforcement. 

6.2.2.1 Internal Reinforcement 

The internal reinforcement of the P/T system includes either bonded multistrand tendons (strand 

or wire), unbonded monostrand tendons or unbonded multistrand tendons, depending on the 

structure. These elements provide the primary reinforcement for the garage to resist the applied 

loading. The testing program focused on determining conditions susceptible to promote corrosion 

of the internal reinforcement; tests included PTCE, half-cell testing, impact-echo, and physical 

openings. 

 

Generally, the testing identified the current unbonded strand condition appears to be good at most 

locations with intact sheathings and the P/T reinforcement encapsulated with grease. One 

location exhibited limited areas of corrosion on the strands in the 1977 structure. Despite the 

visual observations, VCS’s testing identified the conditions surrounding the internal reinforcement 

are at levels that will promote corrosion. The PTCE testing identified only one tendon to be within 

the “Dry” category. The remainder have moisture levels high enough to promote corrosion activity. 

Additionally, VCS could not perform the testing at eleven locations due to possible breaches in 

the sheathing or duct surrounding the internal reinforcement. These breaches potentially could 

allow water to migrate to the reinforcement leading to corrosion.  
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VCS’s testing results support our observations where we observed efflorescence or grease on 

the sides of P/T beams. The presence of these materials on the beam suggests water is migrating 

through the beams inside the sheathing. 

 

The grout chloride testing revealed chloride levels far exceed industry threshold values for 

corrosion initiation. Chlorides in the grout have the same effect as chlorides within the concrete 

slabs and will promote corrosion activity. We did not ascertain whether the Cl- was from external 

sources (deicing salts) or a purposeful addition to the original P/T grout. Additional sampling and 

laboratory work would be required to assess this.  

 

Our investigation sampled a small percentage of the internal reinforcement within the garage and 

further testing is likely necessary to confirm the observations are consistent throughout the 

garage. If the conditions are prevalent throughout the remainder of the garage, corrosion of the 

internal reinforcement is the highest risk. Maintaining the internal reinforcement in a dry condition 

by preventing water from reaching the reinforcement is essential to system’s long-term 

performance. 

 

For tendons where moisture infiltration is evident, but are still in good condition, P/T drying should 

be considered. However, if there are discontinuities or internal sheathing damage along the 

tendon length, tendon drying becomes challenging. P/T drying involves passing dry air through 

the tendon length until the P/T tendon cavity within the sheathing reaches the “dry” range. By 

drying the moisture out of the tendons, the risk for corrosion activity decreases. If the tendons are 

still structurally in good condition, this process can be a very effective way to mitigate corrosion. 

P/T drying should be accompanied by our recommendations for a membrane over the garage 

slab and P/T anchors to mitigate water from re-entering the tendons. 

   

After P/T drying is conducted, the tendons can be re-greased to provide improved corrosion 

protection. Corrosion-inhibiting grease is used to protect the present carbon steel, P/T tendons 

inside the plastic sheathing. Grease naturally repels water and fills the cavity space, leaving no 

void spaces for water accumulation. The grease will help to prevent moisture migration to the 

wires/tendons.  
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6.2.2.2 P/T Anchorages 

The evaluation also included assessment and testing of the anchorages. Anchorages are present 

on the slab edge or beam ends and many are fully exposed. Other anchorages are in expansion 

joint cavities between the double beams, where leakage was evident in many locations. The 

unprotected nature of these pockets exposes them to weather and water can migrate into the 

patch interior through the cracks or perimeter construction joint. The cementitious grout creates 

a high pH protective environment for the steel anchorage hardware. Over time though, water 

infiltration reaches the bare steel hardware and initiates corrosion.  

 

Our visual survey identified varying conditions of the visible anchorages. Several anchorages are 

located directly below expansion joints between two beams and are not readily visible. We 

observed corrosion staining, leakage of the grease, evidence of water infiltration, and anchorages 

with missing or cracked grout. In general, the newer 1989 and 2002 structure anchorages exhibit 

more signs of deterioration than the 1977 structure. The monostrand P/T anchorages on the 

bridges between the 2002 structure and 1977 and 1989 structures exhibit the most severe 

corrosion staining.  

 

VCS performed half-cell testing of select anchorages in the three structures to assess the 

potential for corrosion activity. Their test results confirmed corrosion activity is likely at many of 

the anchorage locations.  

 

These conditions, especially the corrosion staining, are indicative of moisture within the P/T 

system. Missing or cracked grout at the anchorage contribute to moisture entering the system, 

which may explain the PTCE test results. The half-cell testing also provides evidence the 

conditions for the P/T system support corrosion activity. As we discussed in the Section 6.2.3.1, 

corrosion of the P/T system components is the largest risk. The anchorage condition along with 

their exposure likely allow a significant amount of moisture to enter the system. Once moisture 

infiltrates the system, corrosion of the components is likely and be accelerated by the high chloride 

levels of the grout at select areas.  

 

Protecting these anchorages is crucial to the performance of the P/T system. The anchorages are 

likely a significant entry point for moisture within the system. A coating on the vertical concrete 

surface over the anchorage zones will mitigate water infiltration at the anchorages. Coatings to 

be explored include a traffic-bearing waterproofing membrane or breathable elastomeric coating. 
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Anchorages with corrosion staining should be inspected and sounded to assess the level of 

corrosion and whether further repairs are necessary at those locations.  

6.2.3 2002 Infill  

Numerous elements related to the infill concrete added to the 1989 Structure’s northwest corner 

exhibit deterioration. Galvanized angles supporting the infill slabs exhibit signs of corrosion and 

utilize anchors experiencing galvanic corrosion. The corrosion is likely due from leakage through 

the construction joint and poor corrosion protection means on the anchors. The original drawings 

showed stainless steel anchors at some locations, but they were not used throughout. No 

membrane is present on the top surfaces and water is migrating through the construction joint. 

Localized repairs using a zinc-rich paint on the angle and possible anchor replacement will 

mitigate further corrosion. 

 

The supplemental column sections added to the existing columns appear to be pulling away from 

the parent column. This could be the result of normal beam rotation, insufficient accommodations 

for initial beam shortening due to P/T, or an inability to accommodate thermal movements. The 

original drawings include doweled reinforcement between the supplemental column section and 

adjacent existing column, likely intended to create a composite section. The gap separation we 

observed between the two sections suggest the doweled reinforcement has pulled out and they 

are not acting compositely. We recommend further analysis of the column to assess the ability to 

resist the applied loading. 

 

The Level 2 beam exhibits significant deterioration, corrosion staining and cracking. The short, 

inclined cracking on the beam side is similar to cracking associated with bond failure of reinforcing 

steel or failures due to horizontal shear stresses. Further investigation and analyses are 

necessary to assess the cause of the deterioration, its effect on strength, and any remediation 

required. 

6.2.4 Railings 

The railings within the garage consist of tensioned cable barriers within the 1977 and 1989 

structures. McEnroe noted corrosion of the cable anchors in their survey. Most of the components 

for this railing system are galvanized metal except for the cable anchor or strand chuck. Continued 

corrosion will reduce the cross-sectional area of the anchors reducing the strength of the system. 

Routine maintenance such as paint application will mitigate the effects of corrosion. Re-tensioning 

loose cables is required to restore the structural integrity of these cable barriers.  
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We observed varying conditions of the white-painted, tube steel railings typically present along 

the bridges connecting the 1977 and 1989 structures to the 2002 structure. Some railings 

exhibited minimal corrosion and paint blistering/peeling. Other railings with more exposure 

exhibited more advanced deterioration with rust staining and section loss at their bases. Our non-

destructive testing determined an average reduction in the post wall thickness of 12% with a 

maximum reduction of 20% at one location. This section loss reduces the structural capacity of 

the railing and anchorage to the structure, which will require additional study. 

 

We are unable to quantify the corrosion loss extent on the railing post embedded in the slab. The 

construction joint created between the slab and vertical post is not sealed. This open joint allows 

water to migrate beneath the slab and corrode the post below the sidewalk elevation. Additionally, 

no weep holes are present within the railing system to allow drainage from water within the post 

interior. Our experience has shown this condition can lead to further deterioration or section loss 

from the inside out. Further evaluation of the concealed conditions of the vertical posts is 

necessary.  

6.2.5 Atrium Elements 

The atrium between the 2002 structure and 1997 and 1988 structure has elements exhibiting 

varying levels of corrosion. The atrium is open and its elements subject to deterioration. Several 

hanger elements support the canopy of the moving walkway. The corrosion currently does not 

appear to significantly enough to affect the structural strength of the elements but require 

repainting to mitigate further corrosion. 

 

At two locations, the vertical mullions on the 2002 structure are not connected at their mid-height 

connection. An internal splice component appears to be present and preventing the pieces from 

further displacement. The mullion mid-height connection should be repaired to prevent further 

displacement. 

6.3 Waterproofing  

6.3.1 Traffic Bearing Waterproofing Membrane 

The 1977 structure has a traffic bearing waterproofing membrane installed on the supported 

levels. An annual maintenance plan provides repairs on an individual floor each year on a rotating 

basis. Our observations identified numerous locations where the membrane is worn down to the 

parent concrete surface. Many of these locations are at the north and south drive lanes where 
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vehicles are turning. Premature membrane wear at drive aisles and turning areas is common and 

many engineers specify an additional membrane layer within these areas.  

 

We also observed many locations where cracking and efflorescence is visible on the slab 

underside, suggesting water is migrating through the membrane layer and hence nearing the end 

of its useful life. As we discussed in prior sections, a functional membrane system is essential to 

mitigate corrosion activity within a P/T system. Membrane breaches allow water to penetrate the 

slab level. The present high chloride levels within the concrete and P/T grout will accelerate the 

internal reinforcement corrosion if water is present.  

  

High chloride levels within the concrete are not isolated to the 1977 structure only; it extends to 

the 1989 and 2002 structures and ramps. Cracks with efflorescence are also present within these 

two “newer” structures, indicating water is migrating through the slab at these areas. A membrane 

covering these areas is essential to mitigate further water infiltration, shutting down internal 

corrosion activity and prolonging garage service life. Regardless of the structure, the membrane 

system should extend over the slab edges and cover the P/T slab anchorages. 

6.3.2 Expansion Joints 

During our site visit, we observed active water leakage through many expansion joint locations 

throughout the garage during and after a rainstorm. Some joints had water leakage on the 

adjacent double beams at those locations. Additionally, we noted many beams at expansion joint 

locations were damp and water-stained following the precipitation. These observations verify the 

existing expansion joints are not watertight and thus allow water to bypass.  

 

Expansion joint maintenance is critical in parking garages, especially for the GMIA Garage, given 

the conditions we determined during our evaluation. Main slab P/T anchorages are located at the 

expansion joints and we suspect moisture leakage directly into the anchorages is contributing to 

the elevated moisture levels within the P/T sheathing.  

 

The exposed P/T grout pockets showed various signs of deterioration. We believe similar 

conditions exist at the concealed anchor pockets; this was corroborated with recent annual 

maintenance repairs to anchorages at the joints. Water entry occurs at the deteriorated, 

concealed grout pockets, which happen to be a high point in the monostrand drape profile. 

Additionally, leaking joints allow chloride-laden water to breach the slab level, where it permeates 

the deck soffit elements and causes further corrosion.  
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6.4 Facade 

The report provided by McEnroe Consulting Engineers included the following conclusions and 

recommendations regarding the parking structure facade and stair elements. While the majority 

of facade and stair elements in the parking garage are in good condition, some systems have 

reached the end of their expected lives and should be addressed.  

 

McEnroe’s report discusses each of the systems and findings; this summary provides a list of the 

most important of these findings.  

• Damage to precast panel supports  

• Cracks and spalls in concrete frame  

• Loose and delaminating concrete patches  

• Deteriorated sealant joints  

• Deteriorated expansion joints  

• Missing or loose nuts on supplemental precast connections in 1977 structure  

• Loose or corroding cable railing systems  

• Corroding steel supports at walkway roof  

• Exposed rebar in concrete  

• Corroding steel connections in Stairs 2 and 4  

• Steel toe-kick plates buckled in Stairs 8, 10 and 12 creating potential trip hazard 

The full report is contained in Appendix F 

6.4.1 Stairwells 

The stairwells have apparently been undergoing recent rehabilitation as part of annual 

maintenance. Our work identified a number of miscellaneous and isolated issues in each stairwell, 

including loose handrails, curtain wall deterioration and leakage, corrosion of steel connections 

and railings, cracked concrete and CMU walls, and peeling paint.  

 

Trip hazards on the stair nosings are identified and are prioritized as immediate repairs. 

Recommended work in all stairwells consists of cleaning and painting the structural steel stair 

framing and railings. Other work items will be tailored to the particular stairwell – replacing sealant 

at curtain walls, replacing entire window frames and mullions due to completer section loss, and 
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retrofitting stair connections. Any concrete repairs will be coordinated with garage slab concrete 

repairs. Lighting improvements and egress signage requires updating. 

6.5 MEP Systems 

OTIE conducted a review of the MEP and conveying systems with the parking garage. Their report 

provides a detailed discussion of their findings and recommendations.  

6.5.1 Plumbing Systems 

The plumbing systems for the garage are generally original to the building and exceed their useful 

life in many areas, thus requiring replacement. OTIE identified a number of storm piping with 

evidence of ice damming within the system resulting in cracked piping. The 2002 structure exhibits 

less instances of ice damming due to its use of heat trace and pipe insulation to reduce the 

possibility of water freezing in the system. 

6.5.2 Electrical Systems 

The electrical systems are generally in good condition as upgrades have been completed through 

the years, but some items require attention. OTIE did identify isolated locations where occupancy 

sensors or wayfinding signage lighting are not functioning properly. There are also locations 

where the fixtures are deteriorating and require replacement. At the top floor, mounting bolts for 

lighting supports are corroded and likely require replacement. 

6.5.3 Conveying System 

OTIE notes a mechanical contractor has been providing maintenance on the elevators and 

moving walkways. The elevators within the 1977 structure are original and are nearing the end of 

their service life. 
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7. CONCLUSIONS 

Based on our assessment and work by our subconsultant team, we offer the following 

conclusions: 

7.1 Garage Conditions 

7.1.1 Concrete Elements 

• Delaminations on the concrete surfaces are typically located near water management 
features such as drains or expansion joints. 

• Corrosion of the drain sleeve contributes to overhead delaminations, which require 
immediate attention in some locations to prevent a falling hazard. These locations 
require periodic monitoring to identify future delaminations.  

• The 1977 structure concrete has an air content below current industry recommendations 
for outdoor exposure, which may be a contributing factor to some of the delaminations. 
A functioning membrane mitigating water infiltration is crucial to mitigating future freeze-
thaw deterioration in the slab. 

• The concrete chloride content in the top several inches in all the garages is high enough 
to promote corrosion of the embedded reinforcement in the presence of water. A 
functioning membrane will mitigate water intrusion into the slab, reducing the potential 
for future corrosion activity. 

7.1.2 P/T System 

• The unbonded P/T tendons are showing evidence of moisture ingress into the plastic 
sheathing in all three structures. VCS’s testing suggests the sheathing may be damaged 
in isolated areas, which allows moisture into the P/T system. Grout chloride testing at 
one location revealed a high value, necessitating a greater sampling size to ascertain 
the scope of the condition in the 1977 Structure. Mitigating the moisture infiltration into 
the P/T system is essential to maintaining the system performance and reduce the 
potential for future deterioration. 

• The P/T anchorages exhibit varying levels of deterioration with many locations exhibiting 
grease leakage, moisture staining, or both. The anchorages are likely a significant 
source of the moisture infiltration observed in VCS’s testing. Mitigating water infiltration 
through the anchorages is important to the performance of the P/T system. Anchor 
pockets exhibiting deterioration require repairs. All beam and slab pockets should be 
coated with a protective coating, such as a traffic bearing waterproofing membrane or 
breathable elastomeric coating.  

• Further study is necessary to quantify the extent of moisture within the P/T system. The 
current evaluation represents a small portion of the overall P/T system. A more 
comprehensive testing and evaluation program is necessary to better extrapolate test 
results over the entirety of the garage. 
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• Once the moisture mitigation measures are complete, tendon drying, and re-greasing 
are options to remove moisture from within the tendons and reduce the potential for 
future corrosion.  

7.1.3 2002 Infill 

• The angles and anchors supporting the infill slabs exhibit signs of corrosion and require 
localized repairs to maintain their integrity. 

• The supplemental column sections supporting beams within this area appear to be 
pulling away from the existing columns. Further investigation of this condition is 
necessary to assess whether this affects the column’s ability carry the applied loading. 

• The jacketed, Level 2 P/T beam exhibits significant deterioration, corrosion staining, and 
cracking. The short, inclined cracking on the beam side is similar to cracking associated 
with bond failure of reinforcing steel or failures due to horizontal shear stresses. Further 
investigation and analyses are necessary to assess the cause of the deterioration and 
effect on strength. 

7.1.4 Railings 

• The cable barriers in the 1977 and 1989 structures exhibit corrosion of their components 
and require maintenance to maintain their integrity. 

• We observed varying conditions of the white-painted, tube steel railings typically present 
along the bridges connecting the 1977 and 1989 structures to the 2002 structure. Our 
testing determined an average reduction in the steel wall thickness of 12%, with a 
maximum reduction of 20% at one location. This section loss amount leads to a reduction 
in the structural capacity of the posts, requiring additional study. 

• We are unable to quantify the corrosion extent on the railing post base buried in the slab. 
The construction joint created between the slab and vertical post is not sealed. Our 
experience indicates this condition can lead to further deterioration or section loss from 
the inside out. Further evaluation of the concealed conditions of the vertical posts is 
necessary.  

7.1.5 Atrium  

• The atrium between the 2002 structure and 1997 and 1988 structure has elements 
exhibiting varying levels of corrosion. The corrosion amount currently appears to be 
aesthetic; it does not appear to significantly affect the structural strength of the elements 
but requires repainting to mitigate further corrosion. 

• At two locations, the vertical mullions on the 2002 structure are not connected to their 
mid-height connection. An internal splice component appears to be present and 
preventing the pieces from further displacement. The mullion mid-height connection 
should be repaired to prevent further displacement. 
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7.2 Waterproofing 

7.2.1 Traffic Bearing Waterproofing Membrane 

• Our observations identified numerous locations where the membrane within the 1977 
structure is worn to the concrete surface. Many of these locations are at the north and 
south drive lanes where vehicles are turning. The traffic bearing membrane in the 1977 
structure has reached its useable service life. Complete removal and replacement are 
recommended.  

A traffic bearing membrane in a parking garage can be expected to last 5 to 7 yrs, if well-
maintained. Areas subject to higher traffic volumes or constant turning actions may 
require additional attention. Also, different membrane products exist on the market with 
higher initial costs, but a better track record of performance. These can be considered.  

• The high chloride content in the concrete and leaking cracks with efflorescence are also 
present within the 1989 and 2002 structures, indicating water is migrating through the 
slab. Membrane application over these slab areas is essential to mitigate further 
corrosion activity and prolong the service life of the garage. Regardless of the structure, 
the membrane system should lap over the slab edges and cover the P/T anchorages 

7.2.2 Expansion Joints 

• Expansion joint seals, and sealant joints atop construction joints and random cracks 
need replacement.  We observed active water leakage through many expansion joint 
seal locations throughout the garage during a rainstorm. These observations 
demonstrate the existing expansion joints are not performing and allowing water to 
bypass.  

• P/T slab anchorages are located below the expansion joints and we suspect moisture 
migration into the anchorages is contributing to the elevated moisture levels within the 
P/T system. Additionally, leaking joints allow chloride-laden water to breach the slab 
level, where it permeates the deck soffit elements and causes further corrosion.  

7.3 Facade 

• The report provided by McEnroe Consulting Engineers included a number of conclusions 
and recommendations regarding the facade and stair elements. While the majority of 
these elements in the parking garage are in good condition, some systems have reached 
the end of their expected lives and should be addressed. 

7.3.1 Stairwell  

• The stairwells have apparently been undergoing recent rehabilitation as part of annual 
maintenance. Our work identified a number of miscellaneous issues in each stairwell, 
including loose handrails, curtain wall deterioration and leakage, corrosion of steel 
connections and railings, cracked concrete and CMU walls, and peeling paint.  

• Trip hazards on the stair nosings are identified and are prioritized as immediate repairs. 
Recommended work in all stairwells consists of cleaning and painting the structural steel 
stair framing and railings.  
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7.4 MEP Systems 

7.4.1 Plumbing Systems 

• The plumbing systems for the garage are generally original to the building and exceed 
their useful life in many areas requiring replacement.  

• OTIE identified a number of storm piping with evidence of ice damming within the system 
resulting in cracked piping. The 2002 structure exhibits less instances of ice damming 
due to its use of heat trace and pipe insulation to reduce the possibility of water freezing 
in the system. 

7.4.2 Electrical Systems 

• The electrical systems are generally in good condition as upgrades have been completed 
through the years, but some items require attention.  

• OTIE did identify isolated locations where occupancy sensors or wayfinding signage 
lighting are not functioning properly. There are also locations where the fixtures are 
deteriorating and require replacement.  

• At the top floor, mounting bolts for lighting supports are corroded and likely require 
replacement. 

7.4.3 Conveying System 

• The elevators within the 1977 structure are original and are nearing the end of their 
service life. 

7.5 Further Investigative Work 

Based on our investigation and testing to date, we recommend additional investigation or testing 

into the following items: 

• Additional sampling of the P/T ducts in all three structures for the presence of moisture 
to determine the extent and to establish baselines before and after membrane 
application and expansion joint seal repair. 

• Review of the existing expansion joints to identify the seal type, its performance and 
susceptibility to damage from normal use.  

• Within the 2002 Infill (1989 structure), the following items exhibiting deterioration 

• Level 2, jacketed P/T beam exhibiting efflorescence, cracking and anchorage 
conditions. Also review the exposed P/T anchorage plate condition on the west 
side.  

• Enlarged columns sections added to the existing east columns, which appear to 
be pulling away from the original column. 

• The condition of the slab support angles and its anchors exhibiting corrosion. 
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8. MAINTENANCE PLAN 

We developed the tables in Appendix K to summarize major components within the garage, 

assign a priority based on the rating system we developed for this project, provide repair 

recommendations, and provide an opinion of probable cost. The following sections describe the 

rating system and the repair recommendation philosophy. 

8.1 Garage Elements Evaluated 

The Maintenance Plan Tables contain the following garage elements, which have been previously 

discussed. These elements were selected as deterioration is currently present or additional 

preventative maintenance is necessary.  

• Structure 

• Beams/Slabs – Post-Tensioning 

• Post Tensioning Anchorages 

• Exterior Facade Elements 

• Life Safety Elements 

• Railings 

• Stairs 

• Waterproofing Elements 

• Traffic Bearing Membrane 

• Expansion Joints 

• Sealants 

• Mechanical, Electrical, and Plumbing (MEP) 

• Storm Drain Systems 

• Lighting 

The rating system for these elements is contained in Appendix K   

8.2 Rating System Developed 

Consistent with the requirements of the RFP and County, we developed a rating system for the 

garage elements to assist with future expenditures and project programming. This system was 

formulated based on past garage studies we have conducted for other clients with similar 

requirements. We also based the ratings on the National Bridge Inspection Standards (NBIS) 

bridge rating system. Although we do not get into the granularity of this latter system, that is 

element-by-element ratings, the categories we selected were influenced by categories used 

therein.  
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We developed four categories for the present condition and maintenance work required on the 

three garage structure vintages at GMIA: 

 

Table 8.1 – Ratings System for the Garage 

Category Numerical Ranking and Meaning 

Element/Member 
Importance in the 
Garage 
 

1 – High (Strong): Load Carrying, or Global Stability impacted 
2 – Medium, Serviceability Concern, Load Carrying unaffected 
3 – Medium: Durability  
4 - Low: Aesthetic   

Present Condition 
 

1 – Poor 
2 – Fair 
3 – Good   

Repair/Maintenance 
Timeframe 
 

1 – Imminent Hazard – As soon as possible 
2 – Immediate: within 1 year 
3 – Medium: within 5 yrs 
4 – Long Range: Over 5 yrs   

Repair Importance 
(Criticality) 

1 – High: Further delay can lead to longer-term structural issues. Service life 
or capacity is exhausted. 

2 – Medium: Service life or capacity is exhausted, but maintenance can be 
delayed a few yrs with little ramifications 

3 – Low: Maintenance and upkeep required 
4 – Low: Primarily an aesthetic concern   

 

The numerical ranking is selected so as to develop an item prioritization within the garage. Each 

element is assigned a number for the four categories. We did not develop a weighting formula for 

the four categories; each category is weighted equally based on the ranking assigned. These 

numerical rankings can then either be summed or multiplied. This result can then be used to 

prioritize the elements with lower numbers receiving higher priority. 

 

Given the information in Table 8.1, we believe the categories are provided with the necessary 

backup definitions. Repair importance is a category meant to convey the criticality of performing 

the repair. A rating of 1 in this category suggests it is very important to conduct the repair as soon 

as possible, whereas it may affect the performance of the structure. A rating of 4 suggests a repair 

should be performed; however, it carries a lower priority, and the garage can function without the 

repair being made without significant long-term effect.  

8.3 Repair Recommendations 

We present repair recommendations for the various elements within the Maintenance Plan Tables 

based on our observations and testing. The repair recommendations are conceptual and are not 
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meant to be suitable for obtaining competitive bids. Further development of the recommendations 

including extent, scope and final material selections are necessary. We developed these repair 

recommendations based on our experience in similar structures and from industry 

recommendations.  

8.4 Cost Estimates 

We worked with our subconsultant, CCS, to develop costs for the maintenance plan we present 

in this report.  CCS’s cost estimate is included in Appendix H.  We also include their cost estimate 

for various items in our Maintenance Plan Tables.   

 

CCS’s future cost projections assume normal market conditions and escalations of 3 to 4 percent.  

If actual market conditions exceed these assumptions, the estimate should be updated 

accordingly. These estimates do not include professional fees or construction contingencies.  

Additionally, we recommend carrying an additional contingency in the plan to account for design 

evolution of the repairs.  As more investigation is completed and final repair details are developed, 

the repair cost will be subject to change.   

 

Preserving the garage structure and the P/T system is foremost in the recommendations reflected 

in the tables of Appendix K.  To this end, we list the estimates of probable cost for the major 

components of the work below. 

 

Table 8.4 – Summary of Major Cost Items from Appendix K Items 

Element / Component Repair Timeframe Estimate of Probable Initial Cost 
Waterproof membrane 

(1977, 1989, 2002) 

0 to 5 years $ 15,300,000 

Expansion joint seals 

(1977, 1989, 2002) 

0 to 5 years $ 2,700,000 

P/T anchorage repair / 

protection 

0 to 5 years $ 350,000 

Sealant replacement 0 to 5 years $ 1,828,200 

Façade / stairwells 0 to 5 years $ 90,000 

Plumbing work 0 to 5 years $ 4,200,000 

 

In addition to the above, CCS provided a cost for replacement of the structure.  The present 

garage contains approximately 8,015 parking spaces or 3.5 million sq. ft. of gross area.  
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Replacement considers demolition of the present garage in tight quarters and construction in the 

same confined area within the airport terminal footprint.  The estimated replacement cost for the 

entire garage is $330 to 420 million dollars (in 2021 dollars).   
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Photo 1  
 
Overall view – West 
elevation of the 1989 
structure. 

 

 

 

 

 

 

 

 

 

 

 

Photo 2  
 
Overall view – North 
elevation of the 2002 
structure. 

 

 

Photo 3  
 
Helical ramps on west side of 
garage structure. 
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Photo 4  
 
Exposed aggregate 
spandrels and cable barrier 
railings at perimeter of 1977 
structure. 

 

 

Photo 5  
 
Supplemental anchors added 
to 1977 perimeter panels in 
2012. 

 

 

Photo 6  
 
Supplemental anchors added 
to 1977 perimeter panels in 
2012. 
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Photo 7  
 
Precast panels and barrier 
cable railings along 
perimeter of 1989 garage. 

 

 

Photo 8  
 
Interior atrium separating the 
2002 north addition from the 
1979 and 1989 structures. 
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Photo 9  
 
Vertical metal fins attached 
to the facade of the atrium 
area. 

 

 

Photo 10  
 
P/T beam soffit exhibiting 
cracking and corrosion 
staining at an expansion joint 
location (1977 structure). 

 

 

Photo 11  
 
P/T beam face exhibiting 
cracking and efflorescence. 
Cracking appears to follow 
the internal P/T tendon drape 
(1977 structure). 



SGH Project 210510 / September 2021 

 

Photo 12  
 
P/T beam end anchorages 
observed in the atrium (1977 
structure). 

 

 

Photo 13  
 
A button-head P/T beam 
anchorage visible with 
corrosion staining (1977 
structure). 

 

 

Photo 14  
 
Visible delamination 
evidence of the concrete 
soffit adjacent to drain (1977 
structure). 
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Photo 15  
 
Concrete soffit spall adjacent 
to drain (1977 structure). 

 

 

Photo 16  
 
Overhead concrete soffit 
patch adjacent to drain (1977 
structure). 

 

 

Photo 17  
 
Overhead concrete soffit 
patch adjacent to drain (1977 
structure). 
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Photo 18  
 
Delaminated concrete patch 
on the beam underside in the 
1977 structure adjacent to 
the bridge and atrium to the 
2002 structure addition. 

 

 

Photo 19  
 
Corrosion staining observed 
within the expansion joint 
cavity between the double 
P/T beams (1977 structure). 
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Photo 20  
 
Concrete spalling and 
exposed column tie 
reinforcement corroding 
(1977 structure). 

 

 

Photo 21  
 
Longitudinal cracking with 
white efflorescence staining 
on underside of ramp slab 
(1977 structure). 
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Photo 22  
 
Rust staining on steel bar 
joints supporting the metal 
roofing on the top garage 
level at the ramps (1977 
structure). 

 

 

Photo 23  
 
Rust staining on steel 
members supporting the 
metal enclosure on the top 
garage level at the ramps 
(1977 structure). 

 

 

Photo 24  
 
Membrane on concrete slab 
exhibiting wear on the 6th 

Floor (1977 structure). 
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Photo 25  
 
Membrane wear observed at 
a turn lane (1977 structure). 

 

 

Photo 26  
 
Longitudinal crack with white 
efflorescence staining on 
underside of P/T slab (1977 
structure). 

 

 

Photo 27  
 
Visible moisture presence 
through an expansion joint 
seal after a recent rainstorm 
(1977 structure). 
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Photo 28  
 
P/T beam side face 
exhibiting cracking and 
efflorescence. Cracking 
appears coincident with the 
internal P/T tendon drape 
(1989 structure). 

 

 

Photo 29  
 
Spall and corrosion staining 
at P/T beam adjacent to the 
expansion joint (1989 
structure). 

 

 

Photo 30  
 
Apparently dislodged grout 
plugs at slab anchorage 
pocket locations (1989 
structure). 
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Photo 31  
 
Observed spalling, cracking, 
and grease staining at a P/T 
beam anchorage zone. Note 
exposed P/T chuck is 
corroded in the upper right 
corner (1989 structure). 

 

 

Photo 32  
 
Corrosion and grease 
staining at a beam 
anchorage pocket location. 
Note apparent repair of some 
pockets, evidenced by the 
lighter patches (1989 
structure). 

 

 

Photo 33  
 
Cracked and delaminated 
concrete patch on a P/T 
beam soffit adjacent to 
expansion joint (1989 
structure). 
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Photo 34  
 
Efflorescence and corrosion 
staining on the underside of 
new P/T slab in 1989 
structure adjacent to the 
2002 structure. 

 

 

Photo 35  
 
Exposed column tie 
reinforcement in the 1989 
structure adjacent to the in-
fill slab from the 2002 
expansion. 
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Photo 36  
 
Cracking and corrosion 
staining in a concrete column 
in the 1989 structure near 
the in-fill slab as part of the 
2002 expansion. 

 

 

Photo 37  
 
Crack with white 
efflorescence staining on 
underside of a P/T slab 
(1989 structure). 
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Photo 38  
 
P/T beam vertical face 
exhibiting efflorescence 
stains at the bridge to the 
2002 structure. 

 

 

Photo 39  
 
Visible moisture leakage at 
expansion joint location in 
1989 structure after a recent 
rainstorm. 
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Photo 40  
 
Grease or moisture staining 
outlining a crack on a P/T 
beam (2002 structure). 

 

 

Photo 41  
 
Corrosion staining exhibited 
at a P/T beam anchorage 
pocket (2002 structure). 

 

 

Photo 42  
 
Cracked P/T beam 
anchorage pocket exhibiting 
evidence of moisture 
infiltration (2002 structure). 
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Photo 43  
 
P/T beam anchorage zone 
with individual pockets 
leaking grease (2002 
structure). 

 

 

Photo 44  
 
P/T slab anchorage pockets 
exhibiting grease or moisture 
staining. Grout plug missing 
at one location showing 
frayed strand end (2002 
structure). 

 

 

Photo 45  
 
Corrosion staining at P/T 
slab anchorage pockets on 
the side of the atrium bridges 
(2002 structure). 
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Photo 46  
 
P/T beam face exhibiting 
efflorescence stains adjacent 
to the bridge (2002 
structure). 

 

 

Photo 47  
 
Cracking, spalls and staining 
on the slab and column 
framing adjacent to the in-fill 
slab as part of the 2002 
expansion. 

 

 

Photo 48  
 
Transverse crack with dark 
staining adjacent to a light 
fixture on underside of P/T 
slab in helical ramp. 
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Photo 49  
 
P/T slab exhibiting corrosion 
staining, exposed reinforcing 
bar, and efflorescence at the 
in-fill slab as part of the 2002 
expansion. 

 

 

Photo 50  
 
P/T beam face with the 
galvanized supplemental 
support angle for the infill 
slab. Angle anchors are 
corroding, and corrosion 
staining, and efflorescence is 
evident below the angle 
(1989 and 2002 structure 
interface). 

 

 

Photo 51  
 
Dissimilar metal corrosion of 
the angle anchors, coupled 
with brown corrosion staining 
below the angle supporting 
the in-fill slab at the 2002 
structure interface. 
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Photo 52  
 
P/T beam face exhibiting 
cracking, efflorescence, and 
brown corrosion staining. 
Cracking appears to follow a 
construction joint on Level 2 
of 1989 and 2002 structure 
interface. 

 

 

Photo 53  
 
Cracking at the vertical 
construction joint where the 
column was enlarged on the 
west side adjacent to the in-
fill slab (1989 and 2002 
structure interface). 
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Photo 54  
 
Enlarged column on Level 5 
with separation gap at the 
construction joint (adjacent to 
the 1989 and 2002 structure 
interface). 

 

 

Photo 55  
 
Interior facade connections 
and tie rods supporting the 
moving walkway enclosure to 
the terminal in the 2002 
atrium. 



SGH Project 210510 / September 2021 

 

Photo 56  
 
Vertical aluminum fin 
mullions in the interior 
atrium. One piece is visibly 
disconnected from mid-
height anchor connection. 

 

 

Photo 57  
 
Close-up view of the broken 
connection at the vertical 
mullion. Note outward 
displacement has opened 
the splice in the mullion 
(2002 structure). 

 

 

Photo 58  
 
Crack with minor 
efflorescence staining on 
underside of P/T slab (2002 
structure). 
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Photo 59  
 
Active moisture leakage 
through expansion joint 
(2002 structure). 

 

 

Photo 60  
 
Visible moisture staining at 
expansion joint location after 
a rainstorm (2002 structure). 

 

 

Photo 61  
 
Corrosion staining and 
evidence of section loss at 
the base of tube steel bridge 
railings (2002 structure). 



SGH Project 210510 / September 2021 

 

Photo 62  
 
Polished sections of Cores 3, 
4, and 8 from each one of 
the garage construction 
vintages; 1977, 1989 and 
2002 structures respectively. 

 

 

Photo 63  
 
Close-up of polished Core 3 
showing the entrained 
spherical air bubbles (1977 
structure).   

 

 

Photo 64  
 
Close-up of polished Core 4 
showing the entrained 
spherical air bubbles (1989 
structure).   
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Photo 65  
 
Close-up of polished Core 8 
showing the entrained 
spherical air bubbles (2002 
structure).   

 



 
Figure 1.1 – Overall Parking Structure (Graef 2011 Report) 



 
Figure 1.4.1.1 - 1977 Garage Typical Floor Plan 
 
 

 
Figure 1.4.1.2 - Typical 1977 Garage Slab Tendon Profile 
 



 
Figure 1.4.1.3 - Typical 1977 Garage Beam Tendon Profile 
 
 

 
Figure 1.4.1.4 - 1977 Garage Ramp Profile 



 
Figure 1.4.2.1 - Typical Floor Plan (S3, 1989 Drawings) 
 
 

 
Figure 1.4.2.2 - Typical Slab Tendon Profile (Section 9 / S13, 1989 Drawings) 



 
Figure 1.4.2.3 - Typical Beam Tendon Profile (S11, 1989 Drawings) 
 
 

 
Figure 1.4.2.4 - Construction Joint and PT Anchor Details in Slab (Section 4 & 5 / S13, 1989 
Drawings) 



 
Figure 1.4.3.1 - Typical Partial Floor Plan – West (PS S1.31, 2002 Drawings) 



 
Figure 1.4.3.2 - Typical Partial Floor Plan – East (PS S1.32, 2002 Drawings) 
 
 

 
Figure 1.4.3.3 - Typical Slab Tendon Profile (Section 1 / PS S4.03, 2002 Drawings) 



 
Figure 1.4.3.4 - Typical Beam Tendon Profile (PS S5.01, 2002 Drawings) 
 
 

 
Figure 1.4.3.5 - Construction Joint and PT Anchor Details in Slab (Section 2 & 3 / PS S4.03, 2002 
Drawings) 



 
Figure 1.4.3.6 –In-Fill Slab Plan at 1989/2002 Intersection (PS S2.07, 2002 Drawings) 
 
 

 
Figure 1.4.3.7 – Steel Angle and In-Fill Slab Details at 1989/2002 Intersection (Section 10 / PS 
S4.06, 2002 Drawings) 
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