
October 8, 2018

Mr. David M. DiCiuccio

Executive Vice President

Director, Mechanical Engineering

Integrated Design Solutions

1441 West Long Lake, Suite 200

Troy, Michigan 48098

Re: Phoenix Center Parking Structure Post-Tensioning Investigation – Pontiac, MI

Walker Project # 20-1903.00

Dear David: 

Walker Consultants has completed our investigation of the Phoenix Center Parking Structure post-tensioned 

elements per our proposal dated August 29, 2018.  This letter report identifies the observations and findings of 

that investigation, and outlines our repair and maintenance recommendations with associated opinion of 

probable repair costs.  

OBSERVATIONS AND FINDINGS

FACILITY OVERVIEW

The structural framing for the supported Levels 2 and 3 (parking) and Level 4 (plaza) consists of a post-

tensioned, cast-in-place concrete floor system.  Highly stressed ½” diameter steel tendons embedded in the 

concrete floor provide the primary structural support, along with mild reinforcing steel bars that carry a small 

portion of the load.  The tendons are coated with grease and surrounded by a plastic sheath.  After the original 

concrete was placed, these tendons were pulled tight (stressed) to provide the necessary load-carrying capacity 

for the floor system.   Based on information from original drawings, the slab post-tensioned tendons running 

east and west are generally spaced somewhat evenly.  Along the north-south column lines, there is a grouping of 

approximately 20-25 banded tendons at each column line that serves as the beam spanning between columns to 

support the slab.  In most areas, there are no visible beams, but the concrete slab is thick to accommodate these 

tendons (9” at Levels 2 and 3 and approximately 14” at the plaza).

During our investigation, Walker found locations on all supported levels where there were failed post-tensioning 

tendons occurring at a spalled floor or ceiling area.  In some cases the failed tendon was broken at a spalled area 

due to corrosion.  Other failed tendons were found to be loose or projecting out of the slab, which indicates 

they are broken at a different location within the slab.

Although we did not find any indication of imminent slab failure (no serious flexural or shear cracks, or obvious 

mid-span deflections), there is evidence that water is entering the tendon sheaths, which will cause ongoing 

corrosion damage to the tendons and more serious structural problems in future.
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ROOT CAUSE OF POST-TENSIONING DAMAGE

 The main cause of damage to the post-tensioning system appears to be water and salt infiltration into 

the tendon sheathing.  Water and salt infiltration can result in subsequent corrosion and/or breakage of 

the steel post-tensioning tendons, and potential loss of structural capacity.   Water and salt infiltration 

into tendon sheathing was generally evidenced by the following conditions noted during our 

investigation.  

o Grease staining was observed at the underside of the supported slabs, primarily along the north-

south column lines where the banded tendons are located.  Grease staining on the underside of 

the floor slabs is generally indicative of water infiltration, and the potential for corroded 

tendons, as pressure from water filling the voids around the tendon pushes grease out.

o Moisture was observed within the tendon sheathing at a number of locations where small test 

openings were performed at spalled concrete areas.  

o Water was also noted leaking out of broken and/or exposed tendons from the underside of the 

slabs.

 There are multiple possible causes for water and salt infiltration into the tendon sheathing.  Based on 

our observations, the water infiltration is generally a result of some or all of the following conditions.

o A main contributing factor increasing the likelihood of post-tensioning damage is the low 

concrete cover over the tendons.  Current code requires 1” cover for slab tendons and 1.5” 

cover for beam tendons; many tendons at the Phoenix Center generally appear to have ¼ – ½” 

cover.  Our knowledge of the history of the Phoenix Center indicates that low cover was a 

known issue and that a waterproofing membrane was installed to mitigate this issue as much as 

possible.  However, there is still an increased overall possibility of water infiltration directly 

through the floor slab down to the level of the tendons, with so little concrete covering the 

tendons.

o Post-tensioning tendons generally have a “draped” profile within the slabs, with high points and 

low points that correspond to the structural loads at varying depths of the slab. At high points of 

the tendon profile, the tendon is located closest to the floor surface and water has the greatest 

chance of infiltrating through the floor slab and into the tendon sheathing.  These high points 

generally occur at each column. 

o At locations where the floor slab is spalled / deteriorated over the tendons, water has a direct 

route into the slab and is more likely to infiltrate the tendon sheathing.  

o At locations with significant amounts of ponding water, the floor slab concrete becomes 

saturated with water, which is then more likely to infiltrate down to the level of the tendons.

o At the time of original construction, the type of tendon sheathing being used was generally 

thinner than what current practices call for.  It also utilized a heat sealed seam along the length 

of the tendon that is prone to allowing water to enter, rather than the seamless extruded 

sheathing used today.  This sheathing may be more easily punctured, creating another possible 

method of water entry.
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o Although most directly observed tendons in the Phoenix Center did have grease, a small number 

of tendons at the small test openings were observed to have no grease filling the sheathing.  

Post-tensioning tendons are generally coated with grease as an additional anti-corrosive 

measure in case of water infiltration.  These tendons not coated with grease are more likely to 

experience corrosion-related damage and/or breakage. 

CONDITION OF POST-TENSIONED FLOOR SLABS AND WATERPROOFING ELEMENTS

 Generally, the floor slab concrete is in good condition, likely due in part to the protective effects of the 

waterproofing membrane.  There are a number of isolated floor spalls and overhead ceiling spalls 

scattered throughout the structure, but not more than would generally be expected from a structure of 

this age and construction type.  

o Most of the floor deterioration on the supported parking levels occurs near the columns, where 

there is a high concentration of reinforcing steel near the surface and the high points of the 

tendon profile occur.  Only typical maintenance repairs are needed to address the majority of 

these locations of spalled / deteriorated concrete.  

o The plaza level was rebuilt approximately 15 – 20 years ago, with new waterproofing membrane 

installed at that time, and is generally in good condition with only minimal deterioration at the 

underside of the plaza slab.  A number of grease stains are visible at the underside of the slab, 

however, it is likely that these stains are from before the major plaza repair project, and are not 

necessarily an indication of widespread failures of the plaza waterproofing membrane.

 The post-tensioning system is generally in fair condition.  A number of broken tendons were noted, but 

not an excessive amount relative to the total number of tendons in a structure of this size.  The grease 

staining apparent on the underside of each level does indicate that, on a large scale, water has 

infiltrated into the post-tensioning system. 

o Though currently in moderate condition, future tendon deterioration and repairs should be 

anticipated based on the significant amount of water infiltration already observed within the 

tendons.

 All supported levels of parking are covered by a waterproofing membrane, which was installed to 

provide a greater level of protection to the mild steel and the post-tensioning system.  

o We understand that the waterproofing membrane was applied shortly after original 

construction due to the low concrete cover throughout the structure.  Generally, this 

waterproofing membrane is aging and has had minimal past maintenance, which means it is 

likely no longer providing a high level of protection to the floor slabs and may be allowing 

increased amounts of water to infiltrate the tendons. 

o Many areas of the waterproofing membrane are worn away or debonded, particularly in areas 

of high wear.  The membrane provides little to no waterproofing protection to the floor slabs in 

these areas.  We removed a section of the membrane at a debonded area, and found numerous 

small holes in the membrane indicating poor waterproofing performance. 

o Some areas of the plaza level are also covered by a waterproofing membrane.  These areas of 

waterproofing membrane on the plaza level are exhibiting similar aging conditions as the 
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parking slab membrane.  Overall, exposed waterproofing membranes on both the plaza and 

parking slabs require repair and maintenance.

o The majority of joint sealants covered by the waterproofing membrane on each level are also 

aging, with numerous locations of failure and active leaking.   These include both cove sealants 

and construction joint sealants.  Failed sealants generally allow an increased amount of water 

infiltration into the floor slabs and tendons.  

 Poor surface drainage has resulted in ponding water at a large number of locations throughout the 

structure.  Ponding water is a likely factor in the deterioration of the waterproofing membrane in these 

areas, and in turn the deterioration of the concrete floor slab and post-tensioning system below.  

Installation of supplemental drains is recommended to help reduce the amount of water ponding.

 Expansion joints throughout the structure are generally in fair condition, but will require maintenance in 

some locations.  Leaking expansion joints are another possible source of water infiltration into the post-

tensioning system.  The parking levels typically have pre-molded expansion joints, while the plaza level 

has either silicone or elastomeric concrete-edged expansion joints.  Aging expansion joints on the plaza 

level will result in water leaking into the covered parking levels; damaged expansion joints on the 

parking levels may present trip hazards as well as a source of water leaking.  

MATERIAL TESTING

 Concrete powder samples were taken from four slab locations during our field survey.  The samples 

were collected at one-inch increments, starting at a depth of ½ inch down to a depth of 2 ½ inches, 

allowing determination of the chloride concentration profile at increasing depths into the slab.  The 

samples were sent to Universal Construction Testing (UCT) for testing.

 Chloride ion concentration testing provides information for determining whether an aggressive 

corrosive environment may exist within the slab, especially at the depth of steel reinforcement and 

post-tensioning cables within the slab concrete.  Based on industry experience, chloride concentrations 

equal to or over 0.06% by weight of cement indicate the potential for corrosion in post-tensioned 

concrete construction.

 Test results from the four slab locations show a typical chloride profile, with low concentrations deeper 

within the concrete, and high concentrations near the surface of the concrete where chloride (salt) is 

typically deposited onto the surface by vehicles dragging salt from the roads into the parking facility and 

by any de-icing salts used in the operations of the parking facility.  The chloride concentrations were also 

higher in the south half of the structure (currently being used for parking) than in the north half, which is 

not currently open to use.  

o The measured amount of chloride in the floor slabs in the south half of the structure was 

determined to be at least 7 to 10 times the recommended 0.06% by weight of cement limit, at 

the slab depths where reinforcing steel and post-tensioned tendons are typically located.

o The measured amount of chloride in the floor slabs in the north half of the structure was 

determined to be between 2 to 8 times the recommended 0.06% by weight of cement limit, at 

the slab depths where reinforcing steel and post-tensioned tendons are typically located.
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o Based on these material testing results, an increase in corrosion-induced concrete slab 

deterioration in the Phoenix Center parking structures would be expected to have begun 

already, or would be expected to begin in the relatively near future.  During our field survey, we 

did not observe significant quantities of corrosion-induced floor slab spalling / delamination.  

This means that in spite of the somewhat elevated chloride concentrations, the facility has of 

this date sustained comparatively little damage because of it.  However, with continued chloride 

exposure, it should be expected that a spike in corrosion-induced slab deterioration will likely 

occur in the relatively near future.

 This situation of elevated and increasing chloride concentrations in aging parking structures is typical, 

and not easy to avoid because of the prevalent use of salt for de-icing.  The recommended action to 

respond to elevated chloride levels is to limit water and salt from infiltrating the slabs.  Because all 

supported levels of the structure are currently covered by a waterproofing membrane, the most 

effective approach to this is to maintain the existing membrane.

 Complete chloride content testing results are included in the appendix.

MISCELLANEOUS FINDINGS

 Concrete wall and column deterioration was noted while investigating the condition of the floor slabs.  

Generally, column deterioration occurs at “splash zones” near the floor surface, and wall deterioration 

occurs at the precast panels, often below ponding water and leaking / failed joint sealant.

 Connections between the precast wall panels and the frame of the facility were observed during our 

field survey.  As noted by IDS, the majority of the top connections are showing variable signs of 

corrosion.  In addition, Walker noted a number of the bottom connections that were damaged or had 

anchors failed or missing.  We recommend considering repairing these bottom connections as well.

 At one of the ramps between Level 1 and Level 2 on the north half of the structure, the bearing 

connection between the supported slab and the grade slab appears to be settling.  Other ramps at this 

area already appear to have had a supplemental support frame installed to correct a similar issue with 

settling.  We recommend taking a similar approach to support this connection at the remaining ramp.

 Exterior joint sealants at the architectural wall panels were noted to be aged and in need of 

maintenance replacement.

 Repair costs for the above miscellaneous repair items are included in the opinion of probable cost.

RECOMMENDATIONS FOR RE-OPENING STRUCTURE

 Obvious floor and ceiling concrete spalls should be repaired prior to re-opening the structure to 

eliminate trip hazards and loose / falling concrete hazards, to limit water infiltration into the tendons, 

and to help reveal broken post-tensioning tendons.

 Regarding the post-tensioning system, the primary objective should be to repair all post-tensioning 

tendons which are obviously broken, loose, hanging, or otherwise create a hazardous condition for 

parking patrons.
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o To further determine the extents of ongoing post-tensioning deterioration and repair needs, we 

recommend that numerous test excavations be performed during repairs at areas of broken 

tendons, concrete floor delaminations, and at other representative areas.  These test 

excavations are necessary to determine the actual location and extent of post-tensioning repairs 

required to maintain structural integrity.

 A number of waterproofing elements throughout the structure should be repaired, including expansion 

joints, the waterproofing membrane, and joint sealants. 

o Expansion joints throughout the parking structure are typically wide-seal pre-molded joints.  All 

damaged expansion joints should be repaired / replaced prior to re-opening the structure.

o As mentioned above, the waterproofing membrane is either worn off or delaminated in some 

areas, or is generally aged and likely not providing complete protection to the floor slabs.  

Although it is not critical to re-open the structure, the damaged areas should be repaired in the 

near future to protect the floor slabs and tendons from corrosion damage.  This should ideally 

happen while the structure is still closed so that all repair areas can be easily identified.  

Furthermore, the waterproofing membrane system should be budgeted for complete recoating 

maintenance at some point in the future.

o Construction joint and cove joint sealants throughout the structure are aging / failed.  These 

sealants should be replaced in the near future to protect the floor slabs and tendons, and will 

need to be addressed at the same time as the waterproofing membrane. 
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COST OPINION

Based on our investigation, Walker presents the following cost opinion for recommended work, with repairs 

divided into three levels of priority as previously developed by IDS.   

DESCRIPTION
LEVEL 1 

PRIORITY

LEVEL 2 

PRIORITY

LEVEL 3 

PRIORITY

CONCRETE / STRUCTURAL REPAIRS $559,000 $304,000

POST-TENSIONING REPAIRS $1,186,000

WATERPROOFING SYSTEM REPAIRS $136,000 $268,000 $1,455,000

SUBTOTAL  $1,881,000 $572,000 $1,455,000

General Conditions (5%)  $95,000 $29,000 $73,000

Contingency (20%)  $376,000 $114,000 $291,000

Engineering (estimated)  $188,000 $57,000 $146,000

TOTAL  $2,540,000 $772,000 $1,965,000

PHOENIX CENTER PARKING STRUCTURE

OPINION OF PROBABLE COSTS
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CONCLUSIONS

Generally, the Phoenix Center parking structure is in overall fair condition and should have a substantial future 

service life if repaired and maintained regularly.  Because of the significant amount of water that has infiltrated 

the post-tensioning system and the high chloride levels within the floor slabs, ongoing future post-tensioning 

tendon and concrete repairs should be expected.  Implementation of the recommended repair and maintenance 

work outlined in this report in a timely manner can help limit future repairs, minimize safety concerns, and keep 

the structure operating at a reasonable level of service.

Walker Consultants would be pleased to assist you further with engineering services to implement the work 

recommended in this report.  If you have any questions after your review of this letter report, please contact our 

office. 

Sincerely,

WALKER CONSULTANTS

                                               
Marjorie A. Fera, E.I.T.                                Matthew C. Hunt, P.E.                                    Rick G. Klein, P.E.

Design Engineer                                           Director of Restoration                                  Managing Principal

Enclosures: Appendix A – Limitations

Appendix B – Photo Log

Appendix C – Chloride Testing Results
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This report contains the professional opinions of Walker Consultants based on the conditions observed as of the 

date of our site visit and documents made available to us by Integrated Design Solutions and the City of Pontiac 

(Client).  This report is believed to be accurate within the limitations of the stated methods for obtaining 

information. 

We have provided our opinion of probable costs from visual observations, limited testing, and field survey work.  

The opinion of probable repair costs is based on available information at the time of our assessment and from 

our experience with similar projects.  There is no warranty to the accuracy of such cost opinions as compared to 

bids or actual costs. This condition appraisal and the recommendations therein are to be used by Client with 

additional fiscal and technical judgment.  

It should be noted that our renovation recommendations are conceptual in nature and do not represent 

changes to the original design intent of the structure.  As a result, this report does not provide specific repair 

details or methods, construction contract documents, material specifications, or details to develop the 

construction cost from a contractor. 

Based on the agreed scope of services, the assessment was based on certain assumptions made on the existing 

conditions.  Some of these assumptions cannot be verified without expanding the scope of services or 

performing more invasive procedures on the structure.  More detailed and invasive testing may be provided by 

Walker Consultants as an additional service upon written request from Client.  

The recommended repair concepts outlined represents current generally accepted technology.  This report does 

not provide any kind of guarantee or warranty on our findings and recommendations.  Our assessment was 

based on and limited to the agreed scope of work.  We do not intend to suggest or imply that our observation 

has discovered or disclosed latent conditions or has considered all possible improvement or repair concepts. 

A review of the facility for Building Code compliance and compliance with the Americans with Disabilities Act 

(ADA) requirements was not part of the scope of this project.  However, it should be noted that whenever 

significant repair, rehabilitation, or restoration is undertaken in an existing structure, ADA design requirements 

may become applicable if there are currently unmet ADA requirements. 

Similarly, we have not reviewed or evaluated the presence of, or the subsequent mitigation of, hazardous 

materials including, but not limited to, asbestos and PCB.

This report was created for the use of Client and may not be assigned without written consent from Walker 

Consultants.  Use of this report by others is at their own risk.  Failure to make repairs recommended in this 

report in a timely manner using appropriate measures for safety of workers and persons using the facility could 

increase the risks to users of the facility.  Client assumes all liability for personal injury and property damage 

caused by current conditions in the facility or by construction, means, methods and safety measures 

implemented during facility repairs. Client shall indemnify or hold Walker Consultants harmless from liability and 

expense including reasonable attorney’s fees, incurred by Walker Consultants as a result of Client’s failure to 

implement repairs or to conduct repairs in a safe and prudent manner.
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Photo 2 – Overview, North Half of Level 2 (Closed to Traffic)Photo 1 – Overview, South Half of Level 3, East Wing (Open 

to Traffic)

Photo 4 – Typical Concrete Floor DeteriorationPhoto 3 – Plaza Overview (Rebuilt Within Past 20 Years)
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Photo 7 – Typical Ceiling Deterioration at Slab Edge Photo 8 – Leaching from Ceiling, Indicating Presence of 

Moisture and Salt

Photo 5 – Typical Concrete Ceiling Deterioration Photo 6 – Loose Ceiling Concrete



PHOENIX CENTER PARKING STRUCTURE

APPENDIX B – PHOTO LOG

WALKER #20-1903.00

Photo 12 – Typical Banded Tendons Spanning Between 

Columns at Slab Underside

Photo 9 – Moisture in Post-Tensioning Tendons Protruding 

from Slab Underside

Photo 11 – Tendon Protruding from Floor Slab

Photo 10 – Typical Banded (Beam) Tendons at a Column
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Photo 16 – Ponding Water & Waterproofing Membrane 

Deterioration at Slab Topside

Photo 15 – Moisture & Staining at Slab Underside

Photo 13 – Likely Previous Floor Repair Over a Tendon Photo 14 – Grease Staining at Slab Underside
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Photo 20 – Typical Damaged Wide-Seal Expansion Joint at 

Parking Level

Photo 19 – Aging / Damaged Expansion Joint at Plaza

Photo 18 – Ponding Water at Plaza Waterproofing 

Membrane
Photo 17 – Worn / Damaged Waterproofing Membrane
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Photo 21 – Leak / Rust Staining Below Failed Expansion 

Joint

Photo 22 – Typical Wall-Column Connections

Photo 23 – Missing Anchor at Wall-Column Bottom 

Connection

Photo 24 – Severe Column/Wall Deterioration from 

Overhead Leaking
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Photo 25 – Level 2 North, Ramp Connection Settling, 

Topside

Photo 26 – Level 2 North, Ramp Connection Settling, 

Underside

Photo 27 – Existing Supplemental Support Frame at 

Adjacent Ramp
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UNIVERSAL CONSTRUCTION TESTING
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Mr. Jacob Dean    jdean@walkerconsultants.com 
Design Engineer 
Walker Consultants  
525 Avis Drive, Suite 1 
Ann Arbor, MI 48108 
PH: 734.663.1070 

 
Re: Laboratory Studies of Concrete Powder Samples 

Phoenix Center Parking Structure Post-Tensioning Investigation 
Pontiac, Michigan 
Walker Project No. 20-1903.00 

 
 
Dear Ms. Fera: 
 
Enclosed please find the results of the chloride content analyses for eight (8) concrete powders 
samples that were reportedly extracted from the referenced location and delivered to our 
laboratories on October 1, 2018. 

 
The water-soluble chloride ion content was determined according to the applicable provisions of 
ASTM Standard C1218 – Standard Test Method for Water-Soluble Chloride in Mortar and Concrete 
and AASHTO T 260. 

 
The obtained test results are compiled below in Table 1. 

 
Based upon the present state of knowledge, 0.06% respectively, should be the maximum water-
soluble chloride contents expressed by weight of cement as suggested by the American Concrete 
Institute in order to minimize the risk of chloride-induced corrosion in post tensioned reinforced 
concretes. 

 
 

******* 

We appreciate the opportunity to be of continued service to you. 

Sincerely yours, 
Universal Construction Testing, Ltd. 

 

 

Elena I. Emerson   
Operations Manager 

 
cc: Marjorie Fera 
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Table 1 - Chloride Content of Concrete 
ASTM C1218 (Water Soluble) – AASHTO T260 

 

 
Sample 
Number 

 
 

Location in Structure 

 
Level tested, inch 

from top 

Chloride ion (CL-) Content 

by weight of 
concrete 
(PPM)* 

by weight of 
concrete 

% 

by weight of 
cement* 

% 

Phoenix Center Parking Structure Post-Tensioning Investigation 

CL#1 Level 3, South Half ½ - 1-½ 1670 0.167 1.06 

 Parking Stall 1-½   2-½ 880 0.088 0.56 

      

CL#2 Level 2, South Half ½ - 1-½ 1190 0.119 0.75 

 Drive Lane 1-½   2-½ 710 0.071 0.45 

      

CL#3 Level 3, North Half ½ - 1-½ 860 0.086 0.54 

 Parking Stall 1-½   2-½ 480 0.048 0.30 

      

CL#4 Level 2, North Half ½ - 1-½ 160 0.016 0.10 

 Drive Lane 1-½   2-½ 100 0.010 0.06 

      

Remarks: *) Assumed cement content 600 lbs/cu.yd. and U.W. = 3800 pcy. 
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