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1. Introduction 
At the request of Canada Post Corporation, a structural investigation of the Level 2 slab at the 
Winnipeg Mail Processing Plant (WMPP) was completed by Crosier Kilgour & Partners personnel. 
The purpose of the investigation was to provide an opinion as to the current condition of the 
facility, identify areas of duress and provide recommendations aimed at extending the service life 
of the structure.  Complete removal and replacement of the Level 2 slab has been recommended 
previously and still remains the recommended course of action  

 That being said, it was requested that the following report address the 
deferral of the Level 2 slab replacement. 

On July 7, 2006, a memo was issued summarizing the recommendations for 2006 resulting from 
the monitoring program.  The following report will reiterate this information in a more detailed 
manner. 

The following report details the problem background and provides a summary of our 
observations and findings, as well as provides opinions regarding the condition of the structure. 
Recommended repairs and estimates of budget construction costs are also provided based on our 
review of the existing material, the site conditions, and our experience with the investigation and 
restoration of structures exposed to moisture and chlorides.  

1.1 Structural System 

The second level of the Main Depot MPP incorporates a vehicular traffic area of 
approximately  square feet, designated the Teamway.  The structural system consists 
of a  concrete slab reinforced with steel bars  

 Support for the slab is provided by structural steel .  
Support for the beams and slabs is provided by a grid of steel columns  

  

The platform also comprises of a  concrete structural slab supported on a steel 
frame.  The platform is stepped up from the vehicular traffic area  

The design live loading for the vehicular traffic area is  psf whereas the platform has 
been designed fo psf. 

The Teamway or tractor trailer traffic area has been provided with a  concrete 
overlay,   Corrosion and waterproofing protection had 
been provided  

  No corrosion protection has been provided for the platform presumably due to the 
lack of exposure to chlorides and moisture. 

The structural steel sections have been encapsulated with concrete for fire protection. 
 

1.2 Background of Structural Deterioration 

Deterioration may be defined as any internal or external process, which may adversely affect 
the structural integrity or function of an individual member or of the structure as a whole. 
The processes of deterioration can include items such as internal material reactions, the 
external environment, as well as aging. The manifestation of deterioration may range from 
aesthetic concerns, through serviceability issues, to complete failure. 

Deterioration of concrete structures exposed to moisture and chlorides has become a 
widespread problem in recent years. In areas of steel reinforcing, long term moisture and 
chloride penetration can cause corrosion of both structural steel and embedded steel 
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reinforcing within the concrete.  

The relatively high alkalinity or pH of concrete normally protects embedded steel from 
corrosion. The term pH is a chemical designation expressing the degree of acidity or 
alkalinity of a solution. A low pH refers to an acidic condition, while a high pH is alkaline.  
The high pH, or alkaline environment of concrete facilitates the formation of a protective 
film on the steel, which prevents corrosion. Unfortunately, chloride-laden moisture, destroys 
the protective film, thereby initiating corrosion of the steel.   

The exact level of chloride concentration required in reinforced concrete to promote 
corrosion varies, as many variables exist. However, extensive research and experience has 
suggested that approximately 0.15 to 0.20% chlorides by weight of cement content, 
represents the corrosion threshold for normal reinforcing steel. That is, the concrete is no 
longer capable of protecting the embedded steel from corrosion in the presence of an 
electrolyte, such as moisture. Note that moisture in the liquid phase is not necessarily 
required for the corrosion process; research has suggested that a relative humidity above 
50% is all that is required to provide sufficient electrolyte to facilitate corrosion. 

Continual moisture infiltration into reinforced concrete will eventually induce corrosion in the 
presence of oxygen. Cracks in the concrete facilitate rapid moisture and oxygen penetration, 
thereby setting the stage for the formation of a galvanic corrosion cell. 

Corrosion is also significantly enhanced by a process termed carbonation. Carbon dioxide 
present in the atmosphere penetrates the concrete over time, lowering it’s naturally-high pH. 
As stated previously, the naturally-high pH is presumed to promote the formation of a 
passive protective film over the embedded steel. This film inhibits corrosion. However, once 
the pH drops below approximately nine due to the process of carbonation, destruction of 
this protective film ensues; thereby creating the potential for corrosion.  Cracks aggravate 
corrosion by providing a more direct path for the penetration of both moisture, carbon 
dioxide, and oxygen. 

Corrosion of the reinforcing steel is an electrochemical process, in which metallic iron is 
oxidized, converting iron to rust. This process of converting iron to rust is expansive; that is, 
the rust occupies a much larger volume than the steel. Depending on the state of oxidation, 
the volume increase may be as large as 600% of the original metal. This volume increase 
causes cracking of the concrete and delamination of the adjacent concrete surface. 

In several cases, loss of steel/concrete bond and reduction of cross-section can lead to 
structural failure. Obviously, as concrete cracking occurs, the rate and depth of penetration 
of chloride-laden moisture increases dramatically. 

Moisture arises from many sources, however the main sources are rain, melting snow, and 
the deposition of moisture and salts brought in by vehicles. In the absence of a protective 
cover on the top surfaces of the concrete, moisture will permeate through the concrete. This 
moisture will not only cause problems due to corrosion of the steel within the concrete, but 
it will also dissolve certain constituents of the concrete, specifically calcium hydroxide. 
Eventually, all the calcium hydroxide is leached away due to the continued presence of 
moisture.  

The calcium hydroxide-laden moisture reacts with the carbon dioxide present in air, forming 
a white crust. This white precipitate is calcium carbonate. The problem typically manifests 
itself through white stalactites emanating from cracks within the concrete. The phenomenon 
is termed efflorescence and is usually considered an aesthetics problem rather than a 
structural problem.  

Cracks presumably exist in all reinforced concrete structures due to one or more of these 
factors. Cracking can occur as a result of numerous factors, throughout the life of a 
structure. In most instances, cracks only become significant if by their presence, they allow 
moisture or deleterious substances to penetrate the concrete, thereby hastening 
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deterioration. In some instances however, cracking can be an indicator of more significant 
structural concerns such as, delamination due to corrosion of the embedded reinforcing steel, 
freeze-thaw deterioration, and chemical attack. It is for the above reason that an accurate 
evaluation of the causes of the visible cracking is essential. 

Research into parkade durability has significantly enhanced a parking structure's resistance 
to continual exposure to moisture and chlorides. The introduction of the CSA Parking 
Structures Code, S413 has significantly increased the life expectancy of structural decks and 
supporting components. Research and development of more advanced protective systems 
are also contributing to increased durability; however, caution is required in choosing the 
most appropriate restoration option for existing structures with advanced levels of chloride 
contamination.  

2.  Scope of Investigation 
A detailed investigation of the existing structural deck is required to identify existing levels of 
deterioration and develop remedial options aimed at extending the service life of the structure. 
The following sub-sections discuss the procedural steps and applicable reference standards 
utilized during the evaluation of the WMPP loading dock structures. 

2.1 Review of Background Repairs and Monitoring  

The structural integrity and corrosion potential of Level 2 at the Main Depot has been 
reviewed periodically over the last 30 years.  Previous investigations had concluded that 
Level 2 suffers from inadequate drainage and chloride induced corrosion to the slab 
reinforcing steel.   

Upgrading of the drainage profile, structural repairs, and replacement of the waterproofing 
has been recommended.  However, repairs to date have consisted of removing and repairing 
delaminated areas of the Level 2 slab. 

2.1.1 Years 1994 through 2002 

Limited structural investigations of the soffit and dock area of Level 2 were completed 
in 1994, 2001, and 2002 concluded the following: 

� A profile level survey confirmed that in general, the deck has a relatively poor 
drainage profile.   section of the vehicular deck 
area has however, improved drainage in this one area. 

� Visual inspection confirmed extensive cracking, delamination and spalling.  In 
2001, the extent of  delamination/spalling was relatively significant at an 
estimated total of 1,150 square feet. 

�   confirmed extensive areas of loose concrete, 
primarily over the beams supporting the deck.  In 2001, the extent of loose 
concrete  was measured to be approximately 3,000 square feet. 

� On-going corrosion combined with confirmed areas of poor bond in the Teamway 
overlay prompted concerns with respect to overloading of the structural slab, 

  Structural calculations indicated that 
at large areas of topping debonding, significant over-stressing of the structural slab 
may result .  

� Corrosion of the embedded reinforcing steel continues to impact the structural slab 
capacity by decreasing the bond interlock between the concrete and reinforcing 
steel.  The delamination also presents an inherent safety concern due to the 
possibility of dislodging concrete  

� Re-inspection was completed in 2002 in addition to in 
order to chart the extent of deterioration in the structural slab. 
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� The 2002 investigation revealed a significant growth in delamination over one 
year, 22 percent.  It was determined that the increase in delamination is the result 
of continual corrosion of the embedded reinforcing steel.   

� In addition to evaluating the extent of  delamination, the degree of debonding 
between the structural slab and the topping was determined.  This was determined 
by performing extensive bond testing of the Teamway topping using the uniaxial 
pull test, CSA A23.2-6B.  

Remediation proposals were therefore pursued; however, due to the logistical 
difficulties of construction in a building with continuous, active operations, alternatives 
to full scale restoration and/or deferral of a restoration program was therefore 
pursued, at the request of CPC. 

2.1.2 Years 2003 through 2005 

The following remedial measures were performed in 2003. 

� Grouting and patching of approximately 3,700 square feet of Level 2 slab. 
includes repair  of the structural 
slab. 

� Installation  to confine the cracked and/or loose concrete 
fireproofing surrounding the steel beams and girders. 

A monitoring program was initiated in 2003.  A report outlining the findings was 
submitted in March of 2003.  The monitoring program recommended the following. 

�  repairs 

� Steel reinforcement beams to address large areas of topping 
debonding. 

� Supply and installation of nylon netting 

Following this repairs were then performed in 2004 and 2005. 

Due to the extent of corrosion, our recommendation for the long-term, essentially a 
25 year plus time frame consisted of complete removal and replacement of the 
Teamway deck. Budget pricing was provided on January 10, 2006 for complete Level 
2 slab replacement.  The total conceptual budget price was $3,602,700.00.  This 
estimate is exclusive of GST, consulting fees and contingencies.   

2.2 Visual Condition Survey 

The condition survey is categorized as a non-invasive inspection technique and is typically 
the first course of action in a structural assessment. The visual inspection can often provide 
significant qualitative and quantitative data regarding structural performance and extent of 
deterioration. In addition, it can establish the existing condition in terms of the extent and 
cause of deterioration, material deficiencies, as well as previous damage, and performance 
of past repairs.  

This condition survey will typically include a complete review of all exposed surfaces of the 
structures as well as a number of other activities including a thorough inspection of exposed 
surfaces, mapping of cracks, identification of observable design and construction details not 
shown on original construction drawings, and review the performance of any existing 
coatings and sealants.  

Where applicable the inspections will identify the following: portions of the structure 
showing visible signs of duress, surface condition of the exposed concrete surfaces (cracks, 
spalls delamination, efflorescence, exposed reinforcement, evidence of previous repairs, 
condition of surface coatings, etc.); and construction defects (honeycombing, cold joints, 
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plastic and drying shrinkage cracking, etc.). The compilation of the above information will 
aid in the development of a preliminary condition assessment of the structures. 

Applicable reference standards include: American Concrete Institute (ACI) 201.1 Making a 
Condition Survey of Concrete in Service; ACI 224.1 Causes, Evaluation and Repair of Cracks 
in Concrete Structures; and ACI 320 Corrosion of Metals in Concrete. 

2.3 Physical & Chemical Testing 

The following sections provide a brief description of the investigation and testing techniques 
that were utilized in the assessment of VMPP truck dock structures. 

18(1)(c)(i), (iii)
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2.3.6 Analytical Investigation 

The role of an analytical investigation is generally to evaluate the theoretical capacity 
of the structure as well as the integrity of a member in its degraded condition and 
thus determine if intervention is required to restore the member. Analytical analysis 
involves the use of established mathematical modeling and supplemental calculations 
to evaluate the structural behavior and resistance of the structure. It can also provide 
insight into the performance of a structure over the long-term. This may include the 
use of theoretical models, computer aided design and analysis software, and re-
analysis using current design standards. 

For the purposes of this investigation an analysis of the key structural elements has 
been completed based on information obtained from the available structural drawings 
as well as measurements taken on-site.  
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3.  Summary of Findings – Level 2 Teamway 
To evaluate the present condition of the Level 2 Teamway and help establish corrosion potentials, 
and therefore the Level 2 slab deferral scheme, several investigative techniques were utilized, 
both physical and chemical. The following subsections discuss the evaluation method employed 
and the results obtained.   

18(1)(c)(i), (iii), 26
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Table 2: Pull Test Data 
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4. Analysis and Recommendations 
A detailed assessment of the Winnipeg MPP was completed.  As discussed in the preceding 
sections, each component of the data was used to provide an indication as to the structure’s 
present condition as well as the corrosion potential.  The following subsections discuss our 
opinions regarding the structural condition of the Level 2 slab and the associated 
recommendations for addressing the areas of concern.  Budget construction costs for 
recommendations are provided in Section 6. 

Please note that the definitions of debonding and delamination are provided in Appendix B in 
addition to a diagram found on drawing IE-1 which graphically shows the areas of delamination 
and debonding.  A section is also provided which shows the two layers of reinforcing steel and 
the location of the topping.   

4.1 Level 2 Teamway Slab 

18(1)(c)(i), (iii)

18(1)(c)(i), (iii), 26
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5. Estimates of Probable Construction Costs 
Accurate estimation of construction costs for remediation projects is difficult to provide because 
of the inherent number of variables associated with working on an existing structure.  Hidden 
corrosion conditions can exist, greatly increasing the cost of repairs.  These unknown conditions 
may not be exposed until demolition is well under way.  In addition, the market is highly variable.  
Budget costs received in 2005 were 25% to 60% below actual tendered 2006 construction costs. 
We therefore recommend that updated budget construction costing be obtained once the scope 
of work has been finalized.  All budget pricing below is in 2006 dollars and therefore does not 
reflect inflation and the variability of the construction market. 

The active operation associated with a major Canada Post Corporation depot further compounds 
the logistical difficulties associated with completing structural repairs. Based on our restoration 
experience in the Winnipeg depot, the Winnipeg International Airport, and various hospitals, a 
substantial component to the cost lies in the number of phases required and the site protection 
measures required.  Typically, full height hoardings are required, incorporating insulated tarps to 
dampen sound. High capacity exhaust fans with filters are also specified to ensure the 
construction site is run under negative pressure to prevent dust migration beyond the 
construction area.   

Based on the results of our investigation and combined with the experience of restoration on 
similar projects, the following tables summarize the estimate of probable construction costs for 
the recommendations discussed within this report.  Please note that the costs presented are for 
construction only and exclude contingencies, government taxes, and professional fees for design 
and specification preparation, tendering, inspections, and project administration.  Finally, as 
stated above, all pricing is in 2006 dollars. 

5.1 Level 2 Slab 
Table 4: Option 1 – To maintain status quo for 2006 

Item Description of Work Estimated  
Total Price 

1. Miscellaneous patching repairs. $2,000.00 
2. 2.1  pressure grouting $40,000.00 
 2.2  pressure grouting $5,000.00 

3. Supplemental reinforcing steel  around 
beams and girders. $6,500.00 

4. Shoring.   $1,500.00 
5. Supply and installation of new steel beams  

 Does not include cost of 
hoarding. $35,000.00 

6. Hoarding and site protection; assuming all work occurs under 
one contract. $60,000.00 

7. Monthly visual review for 2006 (5 months). $1,000.00 

Total Estimated Cost                                                                         $151,000.00 
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Table 5: Option 2 – To be completed in 2006 to obtain a deferral of 3 to 5 years 

Item Description of Work Estimated  
Total Price 

1. repairs on an annual basis.  $115,000.00 per year for 5 
years. $575,000.00 

2.  (2008 and 2010). $9,000.00 
3. Steel beam installation . $80,000.00 
4. Removal and replacement of Teamway membrane. $200,000.00 
5. Monthly visual review (over 5 years). $12,000.00 

6. Mobilization, set-up, site protection, etc. $130,000.00 

Total Estimated Cost Over 5 Years                                                   $1,006,000.00 

 

Table 6: Option 3A – To be completed in 2006 to obtain a deferral of 5 to 10 years 

Item Description of Work Estimated  
Total Price 

1. repairs on an annual basis. $115,000 per year for 10 
years. $1,150,000.00 

2. Monitoring program (2008, 2010, and 2015) $90,000.00 
3. Removal and replacement of debonded areas of concrete 

topping followed by complete replacement of Teamway 
membrane. $250,000.00 

4. Hoarding and site protection to complete topping 
replacement in ten (10) phases. $60,000.00 

5. Monthly visual review (over 10 years). $24,000.00 
6. Mobilization, set-up, site protection, etc. $190,000.00 

Total Estimated Cost Over 10 Years                                                 $1,764,000.00 

 
Table 7: Option 3B – To be completed in 2006 to obtain a deferral of 5 to 10 years 

Item Description of Work Estimated  
Total Price 

1. repairs on an annual basis. $115,000 per year for 10 
years. $1,150,000.00 

2. Monitoring program (2008, 2010, and 2015) $90,000.00 

3. Removal and replacement of debonded areas of concrete 
topping (excluding areas that must remain fully operational) 
followed by complete replacement of Teamway membrane.  
This also includes the cost to supply and install steel beams 
below areas where the debonding was not addressed. $300,000.00 

4. Hoarding and site protection to complete topping 
replacement in eight (8) phases. $48,000.00 

5. Monthly visual review (over 10 years). $24,000.00 
6. Mobilization, set-up, site protection, etc. $190,000.00 

Total Estimated Cost Over 10 Years                                                $1,802,000.00 
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Table 8: Option 4 – To be completed in 2006 to obtain a deferral of 10 years plus 

Item Description of Work Estimated  
Total Price 

1. Complete removal and replacement of Level 2 slab. $3,602,700.00 

Total Estimated Cost                                                                   $3,602,700.00 

 





Canada Post Corporation   CKP File No. 2006-194 
Winnipeg Mail Processing Plant 
Structural Investigation  September, 2006 

   

CROSIER 
KILGOUR &
PARTNERS 
LTD. 
Consulting 
Structural Engineers 

Appendix A 
Photographs 





Canada Post Corporation   CKP File No. 2006-194 
Winnipeg Mail Processing Plant 
Structural Investigation  September, 2006 

   

CROSIER 
KILGOUR &
PARTNERS 
LTD. 
Consulting 
Structural Engineers 

Photograph # 2 

 
Description: Example of growth of deterioration.  Unsound area includes repair area 
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Photograph # 3 

 

 
Description:  New delaminated area identified. 
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Photograph # 4 
 

 
 
Description: Unsound concrete identified in repair area. 
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Glossary of Concrete Restoration Terminology 
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A 
anode the electrode in electrolysis at which negative ions are discharged, positive ions are 

formed, or other oxidizing reactions occur. 

anodic ring effect corrosion process in which the steel reinforcement in concrete surrounding a repair 
area begins to corrode preferentially to reinforcement in the newly repaired area. 

B 
bond adhesion and grip of a material to other surfaces against which it is placed; adherence 

between repairs and existing substrates. 

bond line the interface between two surfaces bonded together with an adhesive. 

bond strength resistance to separation of a repair from the existing substrate or from reinforcing and 
other materials with which it is in contact. 

bruised surface a surface layer weakened by interconnected micro cracks in concrete substrates caused 
by use of high-impact, mechanical methods for surface preparation; fractured layer 
typically extends to a depth of 1/8 to 3/8 in. (3 to 10 mm) and frequently results in 
lower bond strengths as compared to surfaces prepared with nonimpact methods. 

C 
carbonation the conversion of calcium ions in hardened cementitious materials to calcium carbonate 

by reaction with atmospheric carbon dioxide. 

cast-in-place frequently used repair technique in which mortar, concrete, or other materials are 
deposited in workable condition in the place where they harden and become part of 
the structure. 

cathode the electrode at which chemical reduction occurs. 

caulk to install or apply a sealant across or into joints, cracks, or crevices to prevent the 
passage of air or water. 

chain drag a nondestructive testing method in which the sounds from chains dragged over a 
concrete surface are used to detect delaminations; dull or hollow sounds indicate 
delaminated areas, whereas nondelaminated concrete exhibits a clear ringing sound. 

chloride content total amount of chloride ion present in concrete or mortar. 

chloride ion anion of the commonly used deicing salts and of the accelerating admixtures calcium 
chloride and sodium chloride. 

chloride threshold the amount of chloride required to initiate steel corrosion in reinforced concrete under 
a given set of exposure conditions; commonly expressed in percent of chloride ion by 
mass of cement. 

concrete a composite material that consists essentially of a binding medium within which are 
embedded particles or fragments of aggregate, usually a combination of fine aggregate 
and coarse aggregate; in portland-cement concrete, the binder is a mixture of portland 
cement and water. 

concrete, reinforced concrete containing adequate reinforcement (prestressed or not prestressed) and 
designed on the assumption that the two materials act together in resisting forces. 

concrete, structural concrete used to carry structural load or to form an integral part of a structure; 
concrete of a quality specified for structural use. 

coating liquid, with or without fillers or reinforcement, that is applied to a substrate by 
brushing, dipping, mopping, spraying, troweling, etc., to form a material that will bond 
to and preserve, protect, decorate, seal, or smooth the substrate; also used to provide 
a barrier to contain chemicals. 

construction joint interface between two successive placements; bond is typically required at such joints 
and reinforcement may be continuous. 

control joint formed, sawed, or tooled groove in a repair surface to create a weakened plane and 
regulate the location of cracking resulting from restrained contraction of the repair 
material. 



Canada Post Corporation   CKP File No. 2006-194 
Winnipeg Mail Processing Plant 
Structural Investigation  September, 2006 

   

CROSIER 
KILGOUR &
PARTNERS 
LTD. 
Consulting 
Structural Engineers 

core a cylindrical sample of hardened concrete or rock obtained by means of a core drill. 

corrosion degradation of concrete or steel reinforcement caused by electrochemical or chemical 
attack. 

corrosion threshold total chloride or soluble chloride content necessary to initiate corrosion of metals 
embedded in concrete. Usually assumed to be 1.0 to 1.4 lb/cu yd or approximately 
0.4% by wt of cement? 

cover (1) in reinforced concrete, the least distance between the surface of the reinforcement 
and the outer surface of the concrete. (2) in grouting, the thickness of rock and soil 
material overlying the stage of the hole being grouted. 

crack a complete or incomplete separation of concrete into two or more parts produced by 
breaking or fracturing. 

crack bridging the ability of repair or protective surface treatment to remain continuous when installed 
on a cracked concrete surface. 

D 
dead load a constant load that in structures is due to the mass of the members, the supported 

structure, and permanent attachments or accessories. 

debond a separation of bonded surfaces. 

deflection movement of a point on a structure or structural element, usually measured as a linear 
displacement transverse to a reference line or axis. 

degradation a detrimental change in the physical and/or chemical properties of a material. 

delamination a separation along a plane parallel to a surface as in the separation of a coating from a 
substrate or the layers of a coating from each other, or in the case of a concrete slab, 
a horizontal splitting, cracking, or separation of a slab in a plane roughly parallel to, 
and generally near, the upper surface. 

deterioration physical manifestation of failure of a material (e.g., cracking, delamination, flaking, 
pitting, scaling, spalling, staining) caused by service conditions or internal autogenous 
influences.  

distress physical manifestation of cracking and distortion in a structure as the result of stress, 
chemical action, or both. 

dowel (1) a steel pin, commonly a plain round steel bar, which extends into adjoining portions 
of a concrete construction, as at a joint in a pavement slab, so as to transfer shear 
loads; (2) a deformed reinforcing bar intended to transmit tension, compression, or 
shear through a construction joint. 

drying shrinkage shrinkage resulting from loss of moisture. 

durability the ability of a structure or its components to maintain serviceability in a given 
environment over a specified time. 

E 
efflorescence a deposit of white salts left on a surface when a solution containing the salts leaches 

from concrete or masonry and then evaporates. 

elastomeric having the characteristics of an elastomer. 

evaluation the process of determining the need for maintenance, repair, or rehabilitation of 
concrete and concrete structures by identifying the cause and extent of distress or 
deterioration. (See also repair, maintenance, and rehabilitation.) 

F 
failure a point at which a material stops performing as it was intended to. 

fatigue the weakening or failure of a material subjected to prolonged or repeated stress. 

flexural strength the property of a solid that indicates its ability to resist failure in bending. 
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fracture a crack or break, as of concrete, or a rock mass; the configuration of a broken surface; 
also the action of cracking or breaking. (See also crack.) 

full-depth repair removal and replacement of damaged or deteriorated concrete that constitutes the full 
depth of a member or element. 

G 
galvanic corrosion accelerated corrosion of a metal because of an electrical contact with a more noble 

metal or nonmetallic conductor in a corrosive electrolyte. 

grout a mixture of cementitious material and water, with or without aggregate, proportioned 
to produce a pourable consistency without segregation of the constituents; also a 
mixture of other composition but of similar consistency. 

grouting the process of injecting or placing grout. 

 

H 
hairline cracks cracks in an exposed concrete surface that are barely visible because of their extremely 

narrow widths. 

honeycomb voids in concrete created when the mortar does not fill all the spaces among coarse 
aggregate particles. 

I 
impact-echo a nondestructive testing method, based on stress wave propagation, that uses impact 

to generate a low frequency wave; the presence and position of a reflector, such as a 
crack, delamination, or void, are indicated by the echo amplitude and time. 

infiltration the uncontrolled ingress of air or liquid through cracks and pores in concrete. 

J 
joint a physical separation in concrete, including cracks if intentionally made to occur at 

specified locations. 

joint sealant compressible material used to prevent water and debris from entering joints. 

L 
laitance a thin layer of weak and nondurable material containing cement and fines, brought to 

the top of overwet concrete and other cementitious repair materials by bleeding water 
or improper finishing.  

leakage the quantity of material that accidentally enters or escapes through an opening such as 
a hole or crack. 

live load a moving load on a structure. 

macrocell corrosion process whereby one layer of metallic reinforcement corrodes preferentially to another 
layer. (See also microcell corrosion.) 

M 
membrane, liquid a liquid material applied to a surface to form a continuous waterproof film after it cures. 

microcell corrosion localized corrosion in which anodic and cathodic reaction sites are in close proximity to 
one another. (See also macrocell corrosion.) 

microcrack a crack too small to be seen with the unaided eye. 
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N 
nondestructive testing examination of materials and structures in ways that do not impair future usefulness 

and serviceability in order to detect, locate, and measure discontinuities, defects, and 
other imperfections to assess integrity, properties, and uniformity, and to measure 
geometrical characteristics. 

O 
overlay a bonded or unbonded layer of material placed on a concrete surface to either restore 

or improve the function of the previous surface. 

P 
passivation the process in metal corrosion by which metals become passive. (See also passive.) 

passive the state of a metal surface characterized by low corrosion rates in a potential region 
that is strongly oxidizing for the metal. 

pH a measure of the dity or alkalinity of a solution, with neutrality represented by a value 
of 7, with increasing acidity represented by increasingly smaller values and with 
increasing alkalinity represented by increasingly larger values. 

plastic shrinkage shrinkage that occurs prior to setting of a cementitious repair material. 

plastic shrinkage cracks cracking that occurs in the surface of a fresh cementitious repair material soon after it 
is placed and while it is still plastic. 

protection the process of maintaining a concrete structure in its present or restored condition by 
minimizing the potential for deterioration or damage in the future. (See also 
maintenance and preservation.) 

pulse velocity the velocity at which compressional or other waves are propagated through a medium. 

R 
reflection cracking the occurrence of cracks in overlays and toppings that coincide with the location of 

previously existing cracks in the substrate. 

rehabilitation the process of repairing or modifying a structure to a desired useful condition. (See 
also repair, and restoration.) 

reinforcement (1) bars, wires, strands, fibers, or other slender members which are embedded in 
concrete primarily to improve tensile strength; (2) fibers and fillers that improve the 
physical strength of coating systems. 

reinforcement continuity a condition in reinforced concrete in which the reinforcing steel is sufficiently 
interconnected to provide a path for electrical current. 

relative humidity the ratio of the quantity of water vapor in the air to the maximum amount the air 
would hold at the same temperature, expressed as a percentage. 

repair to replace or correct deteriorated, damaged, or faulty materials, components, or 
elements of a structure. (See also rehabilitation, and restoration.) 

restoration the process of re-establishing the materials, form, and appearance of a structure to 
those of a particular era of the structure. (See also rehabilitation, and repair.) 

rust a corrosion product consisting primarily of hydrated iron oxide. 

S 
sample a portion of material taken from a larger quantity of material which serves to provide 

information that can be used as a basis for action on the larger quantity. 

scaling local flaking or peeling away of the near-surface portion of hardened concrete or 
mortar. (See also peeling, and spalling.) Note: light scaling of concrete does not 
expose coarse aggregate; medium scaling involves loss of surface mortar to 5 to 10 
mm in depth and exposure of coarse aggregate; severe scaling involves loss of 
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surface mortar to 5 to 10 mm in depth with some loss of mortar surrounding aggregate 
particles 10 to 20 mm in depth; very severe scaling involves loss of coarse 
aggregate particles as well as mortar generally to a depth greater than 20 mm. 

sealant a material that has adhesive and cohesive properties to form a seal. 

seepage the infiltration or percolation of water through a material to or from the surface. 

service life an estimate of the remaining useful life of a structure based on the current rate of 
deterioration or distress, assuming continued exposure to given service conditions 
without repairs. 

shotblasting surface preparation method in which steel shot is centrifugally propelled at high 
velocity onto a surface; the process is confined in an enclosed blast chamber which 
recovers and separates dust and reusable shot. 

shotcrete mortar or concrete pneumatically projected at high velocity onto a surface; also known 
as air-blown mortar, pneumatically applied mortar or concrete, and sprayed 
concrete. (See also drymix shotcrete, pneumatic feed, positive displacement 
and wet-mix shotcrete.) 

shrinkage a decrease in one or more dimensions of an object or material. (See also contraction, 
volume change.) 

shrinkage crack a crack caused by restrained shrinkage. 

shrinkage cracking cracking that occurs in a repair when the restrained contraction induced by moisture 
loss or carbonation exceeds the tensile strain capacity of the material. 

silica fume very fine noncrystalline silica produced in electric arc furnaces as a byproduct of the 
production of elemental silicon or alloys containing silicon; also known as condensed 
silica fume and microsilica. 

soffit the underside of an element or structure, such as a beam, staircase, arch, or cornice. 

sounding a technique to evaluate the condition of hardened concrete by striking the surface with 
a hammer; sound concrete will exhibit a clear ringing sound, whereas dull or hollow 
sounds indicate delaminated areas. (See also chain drag.) 

spall a fragment, usually in the shape of a flake, detached from a larger mass by a blow, by 
the action of weather, by pressure, or by expansion within the larger mass; a small 
spall involves a roughly circular depression not greater than 120 mm in depth and 150 
mm in any dimension; a large spall, may be roughly circular or oval or in some cases 
elongated, is more than 20 mm in depth and 150 mm in greatest dimension. 

spalling the development of spalls. 

stain discoloration caused by a penetrating substance. 

stalactite a downward-pointing deposit formed as an accretion of mineral matter produced by 
evaporation of dripping water from the surface of rock or of concrete, commonly 
shaped like an icicle. 

strengthening the process of restoring the capty of weakened components or elements to their 
original design capty or of increasing the strength of components or elements of a 
concrete structure. See also external strengthening.) 

stress intensity of internal force (i.e., force per unit area) exerted by either of two adjacent 
parts of a body on the other across an imagined plane of separation. 

substrate the layer immediately under a layer of different material to which it is typically bonded; 
an existing concrete surface that receives an overlay, partial-depth repair, protective 
coating, or some other maintenance or repair procedure. 

supplemental reinforcement additional reinforcement installed in a repair section when the original reinforcement 
was inadequate, the reinforcement has lost cross section, or the existing member is to 
be strengthened. 

surface preparation the process whereby a method or combination of methods is used to remove 
deteriorated or contaminated concrete and roughen and clean a substrate to enhance 
bond of a repair material or protective coating. 

surface repair repair of a concrete surface, e.g., application of an overlay, or repair of near-surface 
concrete that constitutes only a small portion of the depth of a member or element. 
(See also partial depth repair.) 
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T 
tensile bond strength the unit stress, applied in direct tension, required to separate a hardened repair 

material from other materials with which it is in contact with failure occurring in or near 
the bonded interface. 

tensile strength maximum unit stress that a material is capable of resisting under axial tensile loading; 
based on the cross-sectional area of the specimen before loading. 

test a chemical or physical evaluation of a material, structural element, or structure by 
experiment, observation, or inspection. 

topping a layer of concrete, mortar, or other material placed to form a floor or surface on a 
concrete base. 

V 
visual inspection an evaluation procedure in which a qualified investigator observes, classifies, and 

documents deterioration or distress on exposed concrete surfaces; typically, one of the 
first steps in evaluation of a concrete structure. 

void cavity enclosed within an otherwise solid mass; may be intentionally or unintentionally 
formed and may be filled with air, water, or other gaseous or liquid material. 

W 
wearing course an abrasion-resistant surface treatment applied to concrete pavement or concrete slabs. 

X 
X-ray radiograph an X-ray film, plate, or paper that is placed at the image plane and is used for 

recording an X-ray image of the object being examined. 
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Appendix C 
Laboratory Test Data 
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Appendix D 
Sample  Test Results 

18(1)(c)(i), (iii)
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Sample Reading # 1 

Description: Reading indicating a fully solid structural slab and well bonded concrete topping. 

18(1)(c)(i), (iii)
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Description:  Reading indicating a fully solid structural slab and unbonded concrete topping.  

18(1)(c)(i), (iii)
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Sample Reading # 2 

Description: Reading indicating a delamination at the reinforcing steel. 

 

 

 

 

 

 

 

 

 

 

 

 

 

18(1)(c)(i), (iii)
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Sample Reading # 3 

Description:  Reading which does not correspond to a predicted flaw location. This 
reading was classified as suspect.  

18(1)(c)(i), (iii)

18(1)(c)(i), (iii)
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Appendix E 
Reduced Scale Drawings 
 
 
 
 

 












