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Construction defect litigation has increased dramatically in the residential market in the 

past 20 years, particularly in the states bordering the Gulf of Mexico due to their high 

precipitation rates and high relative humidity. A review of the literature indicates that more than 

half (53%) of all construction defects are due to faulty workmanship, improper installation, or 

poor supervision of trade contractors. The workforce in the Gulf States increasingly consists of 

low English literacy workers employed by non-unionized construction companies that 

traditionally do not provide formalized craft training.  

The focus of this research study was to identify the extent to which lack of craft training 

may be responsible for moisture-related construction defects among the trades responsible for 

weather-proofing the building envelope. A survey was administered to more than 120 envelope 

trade contractors in the southeast United States (U.S.).  Results indicated that 59% of the 

companies hired entry-level workers with little or no prior experience. Eighty-two percent of the 

companies stated they provided no formal training to workers. Fifty-four percent of the 

companies surveyed stated that their workers primarily spoke a language other than English.  



 

10 

CHAPTER 1 
INTRODUCTION 

Problem Statement 

In the United States, construction defect litigation has increased dramatically in the past 20 

years. Construction defects originate from several factors, such as design flaws, defective 

building materials, poor project management and poor quality of inspections, improper use or 

installation of materials, and poor workmanship. More than half (53%) of all construction defects 

are due to faulty workmanship, improper installation, or poor supervision of trade contractors.  

Several geographical areas of the U.S. experiencing high growth rates and high levels of 

precipitation and relative humidity, for instance the Gulf States, are particularly vulnerable to 

moisture-related construction defect claims. Moreover, the construction workforce in these areas 

is increasingly populated by low English literacy workers employed by non-unionized or “open 

shop” construction companies. A non-unionized workforce traditionally lacks structured training 

or apprenticeship programs for entry-level craft workers. 

The problem of construction defects has been widespread among residential contractors as 

evidenced by the disproportionate number of liability claims in this market. Construction defects 

commonly result in litigation cases and rising insurance costs. While the residential construction 

industry grew in the early 1980’s, construction defect claims also grew in litigious states such as 

California, Arizona, Nevada, Colorado, Texas, and Florida (Grosskopf and Lucas 2008). 

Construction defect claims in 2000 led to approximately $200 million in claims, which increased 

to $1 billion in 2001 and to $3 billion by 2003.  The number of construction defect claims 

increased from 18,800 cases in 2001 to more than 107,500 in 2003 (Lennes and Holland 2002). 

Following such an increase in construction defect claims, insurance premiums increased 
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significantly, which forced one-third of all contractors to stop working in those markets where 

they could not afford liability coverage (Krizan et al. 2003). 

A 2007 survey was sponsored by the Associated General Contractors of America (AGC) 

and conducted by the University of Florida to study the causes and effects of construction defects 

with a focus on moisture-related defect claims. It was found that approximately 78% of the 

respondents were involved in at least 10 construction defect claims. More than half (60%) of the 

construction defects observed by the respondents were in residential market (single-family, 

apartments, condominiums and others). Sixty-nine percent of the defect claims were due to 

moisture intrusion in the building envelope and other 15% were attributed to faulty mechanical 

system design, installation and operation. Survey results showed that more than half (53%) of the 

construction defects occurred due to faulty workmanship, improper installation, or poor 

supervision of trade contractors. Approximately 90% of the respondents indicated that 

construction defects have increased 25% or more in the past 10 years (Grosskopf and Lucas 

2008). 

Construction defects are usually claimed against commercial general liability (CGL) 

policies. CGL policies cover construction defect claims if the defect was due to an “occurrence” 

and if the defect resulted in tangible property damage. CGL policies generally maintain that if a 

defect is caused by a foreseeable event or, an event that was within the effective control of the 

contractor, the defect is not covered. Most claims due to faulty workmanship are considered a 

foreseeable and controllable event and thus, expose the contractor to significant risk.  Among the 

most common type of construction defect is moisture intrusion in the building envelope, often 

caused by improper material installation. Moisture intrusion creates a favorable environment for 
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mold growth. The average cost of residential mold remediation ranges from $50,000 to 

$100,000. More than 10,000 mold-related claims are currently under litigation (Fizgerald 2007). 

Research Aims 

In summary, preliminary research findings indicate that most construction defect claims 

are attributed to moisture-related defects in the building envelope, particularly in the 

southeastern U.S. The literature also suggests that most construction defects are the result of 

improper material installation, poor project management, and faulty workmanship. Moreover, the 

construction workforce in the Gulf States is increasingly populated by low English literacy 

workers who lack structured apprenticeship training. To validate these findings, a survey was 

developed and administered to trade contractors with following aims:  

1. To determine the demographic composition of the workforce of trades responsible for 
weather-proofing the building envelope in the southeastern U.S.  

2. To identify the extent to which moisture-related construction defects can be attributed to the 
lack of training, especially among low English literacy workers. 
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CHAPTER 2 
LITERATURE REVIEW 

Construction Defects 

A construction defect is a condition that reduces the function and value of the building or 

property. Construction defects range from simple aesthetic issues to complex structural defects. 

Construction defects often arise from non-confirming work, defective materials and equipment, 

design errors and omissions, and unstable subsurface conditions. Construction defects are 

classified into two groups; patent defects and latent defects. Patent defects are easily visible 

during inspection and can be treated during the punch-list or warranty period. Latent defects are 

often concealed, and, when discovered years after building is complete, result in costly 

construction defect claims. Moisture-related construction defects often result in latent defects 

because water leaks, condensation and moisture trapped in foundation, wall and ceiling cavities 

may take years to become evident. Latent defects usually cause significant damage, reduce 

property value, and may even cause health problems (Grosskopf and Lucas 2008). 

Moisture-Related Construction Defects 

Moisture can enter the building envelope by three major paths: water leaks, infiltration of 

moist outside air, and water vapor diffusion. Water entering the building envelope can also travel 

along the top or bottom of the truss, rafter, I-beam, floor joist, or suspended ceiling for some 

distance before falling or being absorbed by porous material, a phenomena known as bridging. 

Porous materials such as concrete, wood or brick veneer can wick water by capillary action, and 

transfer the moisture upwards or inwards in the building envelope (Grosskopf and Lucas 2008). 

Rain and ground water leaks often result in mold growth, peeling paint, wood decay, or 

corrosion. Leaks can be the result of poor design details, missing air barrier in walls and ceilings, 

incorrectly installed flashings and drainage planes, and improper site grading and drainage. 
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Missing or improperly installed air barriers and vapor retarders can cause infiltration of warm, 

moisture laden air into the envelope cavity, resulting in condensation. Flashing is a continuous 

layer of impervious material installed either exposed or concealed that prevents water intrusion 

at material transitions in the building envelope. Flashing materials include but are not limited to 

aluminum, copper, painted galvanized steel, stainless steel, sheet metal and plastic sheet 

material. Drainage planes are water repellent materials, like building paper, house-wrap and 

closed cell foam insulation, which are interconnected with flashings and overlap each other so as 

to direct the flow of water away from the building envelope. 

Improperly designed or installed roofing systems are among the leading causes of 

moisture-related construction defect claims. To ensure that the roofing system adequately sheds 

water away from the building, roofing materials must be installed according to manufacturer 

specified slope requirements. Shingle roof must not be more than 3 in 12 pitch (3:12). In 

addition, low-slope roofs require at least ¼ in 12 pitch (¼: 12) to have positive drainage. All 

downspouts must be connected to leaders with 5 percent (6 inches per 10 feet) minimum slope 

that extend at least 10 feet away from the foundation (Brennan 2006). Mechanical roof 

penetrations, obstructed roof drains and structural deflection causing water to pond on the roof 

are other common causes of construction defects.   

Plumbing and mechanical systems leaks, another major source of moisture related defects, 

can cause considerable damage over an extended period of time before being discovered. To 

reduce leaks, plumbing lines must be pressure tested. Supply lines must be pressurized to design 

values of 60 psi or greater for 24 hours and drain lines must hold standing water under 5 feet or 

greater head pressure for 24 hours or longer. In addition, placing plumbing lines, valves and 
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drain lines in exterior walls that are vulnerable to freeze damage can result in leaks and 

subsequent moisture damage to porous insulation, wood framing and drywall (Brennan 2006).  

Condensation is also a common cause of moisture accumulation in the building envelope. 

Condensation occurs when water vapor in the air comes in contact with surfaces that are colder 

than the dew point of the air. Dew point is the temperature at which the air can no longer hold 

added water vapor (saturation point). In cold climates, water vapor from warm, moist indoor air 

exfiltrating from interior spaces into envelope cavities can cause condensation in the wall and 

ceiling if condensing surfaces are below the dew point of the air. Likewise, in hot humid 

climates, water vapor from warm, moist outside air infiltrating into the building envelope 

through cracks and holes can cause condensation on the inside of wall or ceiling cavities if no 

vapor retarder is provided, or, if the building air pressure is negative. Air infiltration and 

exfiltration paths include door and window perimeters, electrical boxes, and joints between 

foundation, walls, floors and roofs. A vapor retarder is defined as a membrane that has perm 

rating of 1.0 or less and prevents water vapor transmission. To avoid condensation, the vapor 

retarder is most often installed on the “warm” side of the insulation layer. In cold climates, the 

vapor retarder is placed on the interior side of the insulation. Conversely, in hot humid climates, 

vapor retarder is placed on the exterior of the insulation (Grosskopf and Lucas 2008). Some 

envelope assemblies contain components that by their physical nature perform as retarders. 

These materials include but are not limited to sheet plastic, kraft paper facing on insulation batts, 

closed-cell styrofoam sheathing, asphalt-impregnated building paper, and solid vinyl wall 

covering. Care should be taken to avoid accidental placement of multiple vapor barriers, 

especially those separated by porous, moisture vulnerable materials. For example, moisture can 

become trapped between vinyl wall paper and the intended vapor barrier, resulting in moisture 
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damage to insulation, wood framing and drywall. Similarly, in cold climates, metal siding and 

roofing can cause condensation and corrosion problems for dehumidified buildings (Cammalleri 

and Lyon 2003). Condensation also occurs on water lines when the pipes become cooler than the 

dew point of the air. Missing or improperly installed insulation, especially within wall and 

ceiling cavities, can cause condensation related defects.  

Differences in air pressure can transport moist air between spaces. Pressure differences can 

be caused by wind pressure, stack effect and mechanical system operation. Air flow around the 

building creates positive pressure and infiltration on windward side, and negative pressure and 

exfiltration on the leeward side. Stack effect due to rising interior air temperature, exfiltrates 

through upper levels, while drawing in cooler air through the building envelope at lower levels. 

Stack effect causes significant pressure differences especially in multi-story buildings 

(Cammalleri and Lyon 2003). Construction defects due to mechanical system operation (e.g., 

HVAC) include inadequate dehumidification caused by oversized capacity and reduced airflow, 

inadequate exhaust for internal sources of moisture, and insufficient ventilation air to maintain 

positive building air pressure (Grosskopf et al. 2008).  

Moisture vulnerable materials, or materials that are porous and organic such as wood and 

drywall, can be wetted during transport and jobsite storage. Moisture vulnerable materials should 

be protected prior to and during installation, and should not be enclosed or in contact with other 

wetted materials. Moisture-related defects often arise when moisture vulnerable materials are 

installed with moisture content of 20% or greater.  

Apart from moisture intrusion, excessive moisture can also accumulate within the building 

when water used in kitchens, spas, and bathrooms is not properly exhuated to the outside. 

(Grosskopf and Lucas 2008). According to ASHRAE 62.2-2004 (residential), local exhaust for 
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kitchens must be at least 100 cfm (50 L/s) of air and bathrooms exhaust must be at least 50 cfm 

(25 L/s) (Sherman 2004). Building occupants are also a substantial source of moisture generation 

in the building envelope. Humans are around 60 percent water by weight and consume about a 

half a gallon of water per day.  Humans release approximately 3 pounds of water per day per 

person by exhaled breathing and perspiration (Grosskopf et al. 2008). Moisture can also be 

entrained in building materials. According to Fitzgerald, an average, new 2,000 square feet home 

contains about 5 tons of moisture. 

Mold and Moisture-Related Construction Defect Claims 

Mold has become a prime concern for the building occupants in recent years. Molds can 

produce chemical compounds called mycotoxins that can be hazardous to building occupants 

having compromised immune systems. According to AGC (2003), molds can trigger a wide 

range of allergic reactions in sensitive individuals, including eye, nose and throat irritation, 

dermatitis, and a generalized worsening of asthma or respiratory distress. Molds can also trigger 

allergic reactions in sensitive individuals. Mold growth is supported by an organic food source, 

suitable climate (e.g., 40°F to 100°F), and moisture. Absence of any one or more of these 

conditions will suspend mold growth. In the buildings, mold growth can only be controlled by 

controlling moisture. Moisture control is a two-fold process consisting of preventing water 

intrusion or condensation in areas that must remain dry and managing water in areas of a 

building that are regularly wet as a result of their use (e.g., kitchens, bathrooms, etc.). Moisture 

control protects building occupants from adverse health effects of dampness and microbial 

growth, and, protects the building and things the building shelters from physical and chemical 

damage (Grosskopf and Lucas 2008).  

Mold litigation increased exponentially from 2000 to 2003. During this time, insurance 

premiums increased more than 50%, forcing more than one-third of the contractors to 
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discontinue working in the construction markets where they could not afford insurance liability 

coverage (Grosskopf et al. 2008).  Small construction companies with revenue between $1 

million and $5 million had insurance premiums increase more than 75%. Insurance coverage cost 

per new home construction in 1998 was 2.5% of the total project cost and increased to 4% in 

2003. In 1998, the $180 billion residential construction market paid $4.5 billion for CGL 

coverage. By 2003, the $283 billion residential market paid $11 billion, and increase of nearly 

60%. As a result, more than $6 billion in added insurance costs were absorbed by consumers, 

resulting the delay or cancellation of several projects, and, the awarding of other projects to 

lesser qualified contractors with minimum bid qualification coverage (Ducker, 2005).  Since 

2000, more than $9 billion have been spent to correct construction defects each year and 80% of 

the defects are moisture-related.  Of this total, $2 billion per year are paid to homeowners to 

replace damaged wood due to moisture problems (Fizgerald 2007).  

Construction defects are usually claimed against commercial general liability (CGL) 

policies. CGL policies cover the construction defect claims if the defect was due to an 

“occurrence” and if the defect resulted in tangible property damage. Damage caused by faulty 

workmanship is not covered by commercial general liability policy (Fisher 2005). The defect is 

not considered as an insured occurrence by the policy if the defect is predictable or within the 

control of the insured.  

Construction Defect Claim Survey 

A 2007 survey was sponsored by the AGC and conducted by the University of Florida to 

study the causes and effects of construction defects with a focus on moisture-related defect 

claims. The anonymous survey was administered to attendees of the annual AGC Surety 

Bonding and Risk Management Conference in Longboat Key, Florida who combined, had 

experience with more than 17,000 defect claims. With a total of 30 respondents, survey results 
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showed that 78% of the respondents were involved in at least 10 construction defect claims. 

More than half (60%) of the construction defects observed by the respondents were in residential 

market (single-family, apartments, condominiums and others). Sixty-nine percent of the 

construction defects were moisture related. Fifteen percent of the defects were caused by faulty 

design, installation or operation of mechanical systems. More than half (53%) of the construction 

defect claims were due to poor supervision of trade contractors. Nineteen percent were due to 

design errors and omissions and 13% were caused by poor management. More than 90% of the 

respondents felt that construction defect claims had increased 25% or more in last 10 years 

(Grosskopf and Lucas 2008). 

Workmanship and Construction Defects 

Poor workmanship is the most common cause of construction defects. Due to rising 

construction demand in the 1980s as well as increasing wages and shortages in skilled labor, 

many contractors began using less qualified (or unskilled) workers and less jobsite supervision 

(Green et al. 2001).  As a result, latent defects related to poor workmanship began surfacing in 

the 1990’s, first in California and then in other litigious states having substantial residential 

growth. 

Formalized, structured craft training is least prevalent in non-unionized or “open shop” 

markets in the U.S. Open shop is a way of employment where the worker is not required to be a 

member of a labor union as a condition of employment. Open shop hiring started in the 1950’s 

and grew with the demand of construction following the World War II, and is legal in 22 right-

to-work states in the southern and western U.S. Training programs such as “The Construction 

Industry Training Council” are run by Associated Builders and Contractors (ABC), AGC, and 

few large open shop industries. Open shop training programs take about three to four years to 



 

20 

complete and the annual rate of completion is only 10 to 13 percent of total enrollment. The open 

shop market is about 60% of the total construction market in the U.S.  

According to Business-Roundtable (1990), the total cost for formal training including all 

books, tuition, instructors, classrooms, teaching aids and administrative costs, ranged from $300 

to $600 per student per year. Accounting for inflation, the cost of formal training today would 

cost approximately from $470 to $950 per student per year. Completion of formal training takes 

about 3 to 4 years. In the 1990’s participation in open shop training programs averaged 12,000 

participants per year at a cost of $8 - $9 million. 

Table 2-1.  Cost of training and inflation rate 

Year 
Inflation 
% 

Lowest cost 
of training (in 
$) 

Current 
low (in $) 

Highest cost 
of training (in 
$) 

Current 
high (in $) 

1991 4.25 300.00 312.75 600.00 625.50 
1992 3.03 312.75 322.23 625.50 644.45 
1993 2.96 322.23 331.76 644.45 663.53 
1994 2.61 331.76 340.42 663.53 680.85 
1995 2.81 340.42 349.99 680.85 699.98 
1996 2.93 349.99 360.24 699.98 720.49 
1997 2.34 360.24 368.67 720.49 737.35 
1998 1.55 368.67 374.39 737.35 748.78 
1999 2.19 374.39 382.59 748.78 765.17 
2000 3.38 382.59 395.52 765.17 791.04 
2001 2.83 395.52 406.71 791.04 813.42 
2002 1.59 406.71 413.18 813.42 826.36 
2003 2.27 413.18 422.56 826.36 845.12 
2004 2.68 422.56 433.88 845.12 867.76 
2005 3.39 433.88 448.59 867.76 897.18 
2006 3.24 448.59 463.13 897.18 926.25 
2007 2.85 463.13 476.32 926.25 952.65 

 

However, only 10% of the funds are spent on training open shop workers (Business-

Roundtable 1990). In addition, researchers believe the quality of work is deteriorating in both 
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union and non-union labor forces. Even if skills exist, the absence of a proper working 

environment degrades work habits, and eventually degrades the quality of work (Barrett 1998). 

Communication is the key to ensure that work performed is according to specifications. 

The U.S. construction industry is composed of approximately 18% of Hispanic workers and is 

steadily increasing (Jaselskis 2006). Thirty percent of Hispanic workers in the U.S do not speak 

English (Thompson and Siddiqi 2007). According to Jaselskis (2006) language is one of the 

primary barriers in training. 

Summary of Literature Review 

A review of the literature indicates that construction defect claims are increasing in the 

residential market. Sixty-nine percent of the moisture-related defect claims are attributed to a 

building envelope, such as leaks or moisture migration through roofing, exterior insulation and 

finish systems (EIFS), vapor barriers and seals around penetrations. The most prominent causes 

of construction defects are poor workmanship and poor supervision of trade workers. Moreover, 

poor workmanship originates from miscommunication and lack of practical craft training due in 

part to language barriers.  
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CHAPTER 3 
RESEARCH METHODOLOGY 

Introduction 

To determine the demographic composition of trades responsible for weather-proofing the 

building envelope, and, to identify the extent to which moisture-related construction defects can 

be attributed to lack of training, a survey questionnaire was developed. The survey was limited to 

trades responsible for installing the building envelope such as concrete, masonry, carpentry, 

painting, EIFS, dry wall and insulation in Gulf states, including Alabama, Florida, Georgia, 

Louisiana, Mississippi, North Carolina, South Carolina and Texas. The main focus of the survey 

was on workforce demographics associated with each trade, the frequency and duration of 

practical craft training provided to them, and the frequency of construction defect claims.  

Questionnaire Development 

Survey questions were developed to determine the demographic composition of the 

workforce associated with trades responsible for weather-proofing the building envelope and to 

identify the extent to which training may be responsible for moisture-related construction defects 

with an emphasis on low English literacy workers. Referring to previous research analysis and 

data, the questions were developed with an understanding of problems that caused construction 

defects in the building envelope. A multiple-choice selection question method was used because 

the survey was intended to be internet-based with a simple point-and-click function to improve 

the response rate and assist in statistical analyses. An initial draft of survey questions was 

developed and screened to clarify any ambiguous questions and to modify the answer choices. 

Survey questions were finalized and sent to the Institutional Review Board (IRB) at the 

University of Florida for approval. 
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The survey instrument consisted of sixteen questions divided into three sections (Appendix 

A). The first subpart asked about the demographic composition of the responding contracting 

company. The demographic composition was focused on the type of work performed and the 

location where the company performed most of its work. The second subpart asked about 

workers demographics and the training provided to them. Workers’ information within the 

company was related to the number of workers employed, the duration that worker had been with 

the company, the type of workers (union shop/open shop or temporary), workers’ education 

level, and workers’ English language literacy. Each responding company was asked about the 

type and length of training given to workers and any observed improvements in the quality of 

workmanship due to training. The third subpart asked about construction defect claims within the 

company and the respondent’s general knowledge of construction defect claims within the 

construction market. Companies were asked if they were involved in any of the construction 

defect claims due to a particular trade in the past 10 years. They were also asked questions about 

defect claims in the construction market, defect claims attributed to building components, and 

percentage of defect claims attributed to faulty design. Finally they were asked if they felt there 

was an increase or decrease in number of defect claims in the past 10 years. An Internet-based 

method of survey was developed using an HTML protocol that allowed participants to go 

through the survey questions and answer the questions with a click of the mouse.   

Research Participants 

The research focus was based on a geographic location, specific construction trades, the 

educational level of the workers, and the language capabilities of the workers. Since the study 

was related to the demographic composition of workers in a company, the prime target 

participants of the survey were senior-level company executives or company representatives with 

past experience in the construction industry. The Blue Book of Building Construction was used 
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as the source, which provided information of various trade contractors in specific regions of the 

country. The participants for the survey were not randomly chosen and were selected from the 

Blue Book of Building Construction by filtering location and trades in which companies were 

involved. For example, subcontracting companies were selected by searching for concrete work 

trades in Florida from the Blue Book of Building Construction web-based directory. Participants 

were classified by trades and location, which constituted small and large subcontracting 

companies mostly dealing in residential construction. Survey participants included senior-level 

company executives such as the president or vice-president, and company representatives such as 

safety managers, project managers or superintendents of the subcontracting company.  

Survey Distribution 

Selected sub-contracting companies’ websites were visited, and e-mail addresses and 

phone numbers of company executives or representatives were tabulated.  The survey 

questionnaire along with a copy of cover letter was sent to the e-mail addresses of each 

respondent. Due to less than 10% survey response rate, the survey distribution was switched 

from e-mail to phone. Two under-graduate students were hired from the M.E. Rinker. Sr. School 

of Building Construction at University of Florida for more than four weeks to conduct the survey 

over phone. The survey was made voluntary to participants and they could skip any question if 

they did not know the answer. After completion of survey, the responses were saved on the web-

based server where the survey was created.  

Data Analysis 

The data was first analyzed using simple frequency distributions.  Next, bivariate analyses 

were used to determine if statistically significant differences existed between demographic 

groups and, to determine the strength of correlation between respondent demographics and 

survey responses.  Because several of the key variables in the survey are nominal or ordinal, 
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cross-classification tables with inferential statistics were used to test for independence between 

variables at the bivariate level of analysis.  Typically, chi-square tests are used to assess 

independence with nominal variables.  The chi-square test is based on a comparison between the 

frequencies that are observed in the cells of the cross-classification table and those one would 

expect to observe if the null hypothesis of independence were true.  However, because the chi-

square test generally requires a frequency of at least five in each cell for two by two tables, this 

statistic requires large sample sizes.  As the number of respondents for some questions in this 

survey was relatively low (e.g., not all sections of the survey were applicable to all respondents) 

Fisher's exact test was used to test for independence when necessary.  Fisher's exact test gives the 

exact p-value for a cross-classification table.  

The measure of association for interval (or continuous) variables is known as the Pearson 

correlation (r).  The Pearson correlation is a type of slope whose value does not depend on the 

units of measurement.  In general, the correlation can be interpreted as the value one would get 

for the slope of the regression equation for Y and X if units for the two variables were used such 

that their standard deviations were equal.  This measure is also referred to as the standardized 

regression coefficient for the bivariate regression model.  This measure describes the strength of 

the association between the two variables, and the slope indicates the direction of the association. 

The Pearson correlation is appropriate for use with dichotomous variables when both X and Y 

are dichotomous or when one of the two variables is dichotomous and the other is "quantitative," 

such as interval data.  All relationships are considered significant at p ≤ 0.1.  Correlation 

coefficient (r) values range from +/- 1.0, with +1.0 being a perfect positive correlation and, -1.0 

being a perfect negative (opposite) correlation. 
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CHAPTER 4 
RESULTS 

Descriptive Statistics 

A total of 121 survey completions were received, representing an estimated margin of error 

of +/- 7% at a 90% confidence interval. Respondents were first asked about the percentage of 

work performed in particular trades (Figure 4-1). Half of all envelope work performed by 

respondents was in roofing (33%) and painting/waterproofing (17%). 

 

Figure 4-1.  Trade work distribution  

Each respondent was then asked to indicate what percentages of their projects were 

performed in the southeast and Gulf states during the past 10 years (Figure 4-2). The majority of 

projects performed by survey respondents were in the states of Florida (39%), Texas (24%) and 

Georgia (23%). When asked about the number of field workers employed, 78% of the 

respondents indicated their company employed less than 50 field workers (Figure 4-3).  
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Figure 4-2.  Geographic distribution of projects performed by survey respondents during the past 
10 years 

 

 
Figure 4-3.  Size of company by number of field workers 

Respondents were asked how long the field workers had been employed by the company. 

Respondents indicated that more than two-thirds (68%) of their workers had been employed with 

their company for five years or less (Figure 4-4). When asked about the type of labor force, the 



 

28 

respondents indicated that 95% of the workers were permanent hire, open shop workers (Figure 

4-5).  

 

 

Figure 4-4.  Tenure of field workers employment with current company    

 

 

Figure 4-5.  Distribution of union, non-union (open-shop) and temporary labor 

The survey also inquired about the education level of the workers. Eighty-three percent of 

respondents indicated that field workers had high school or equivalent education (Figure 4-6). 
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Respondents were asked about the practice of hiring entry-level workers in the company. Results 

showed that 41% of the respondents did not hire any entry-level workers in the past year, while 

54% of the respondents hired 1 to 24 workers in the past year (Figure 4-7).  

       

 
Figure 4-6.  Worker education level  

 

 
Figure 4-7.  Entry-level workers hired during the past year 
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Respondents were asked about the percentage of workers who spoke a language other than 

English.  Fifty-four percent of the respondents stated their field workers primarily speak a 

language other than English (Figure 4-8).  However, it is unknown how many of these workers 

speak English and to what extent. The survey also asked if companies provided practical craft 

training to their employees, and 82% of the respondents indicated that their company did not 

provide any formal training (Figure 4-9). 

 
Figure 4-8.  English vs. language other than English spoken by workers  

 

Figure 4-9.  Practical craft training provided 
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Respondents who provided practical craft training were asked if they found any quality 

improvement in workmanship as a result of this training. Forty-eight percent of the respondents 

felt that they observed quality improvements of up to 25% after practical craft training and 52% 

felt that quality improved more than 25% (Figure 4-10). When asked about construction defect 

claims in the past 10 years, 40% of the respondents stated their company was involved in at least 

one and perhaps several construction defect claims (Figure 4-11). 

 
Figure 4-10.  Quality improvement in workmanship following practical craft training   

 
Figure 4-11.  Number of construction defect claims in past 10 years per company 
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Respondents indicated that 61% of construction defects were caused by poor 

workmanship, poor project management, and poor quality of inspection (Figure 4-12). From a 

list of construction markets, 57% of the respondents stated that the construction defects occurred 

in the residential market consisting of multi-family, single-family and other residential housing 

(Figure 4-13). Respondents also stated that a total of 54% of defects were envelope-related 

(including exterior wall cladding and roofing) construction defects (Figure 4-14). When asked 

about the percentage of moisture-related construction defects due to leaks, and faulty mechanical 

system design, installation or operation, 69% of the respondents stated more than 25% of all 

construction defects were moisture-related (Figure 4-15). 

 

 
Figure 4-12.  Causes of construction defects    
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Figure 4-13.  Distribution of construction markets affected by defect claims  

 
Figure 4-14.  Building components associated with construction defects  
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Figure 4-15.  Percentage of moisture-related construction defects 

 

Inferential Statistics 

A correlation between the number of field workers hired and projects in different states 

were examined. The numbers of field workers hired were negatively correlated with the projects 

in the states of Florida, Georgia, and Texas, which suggests that projects in those three states 

have either a limited impact on hiring field workers, or more likely, that residential construction 

in these states has stagnated in the past year (Table 4-1). 

Table 4-1.  Correlation between number of field workers hired and projects in different states 

 Projects in 
Florida 

Projects in 
Georgia 

Projects 
in Texas 

Field 
Workers 
Hired 

Pearson 
Correlation 
Coefficient: r 

-0.267 -0.410 -0.348 

Statistical 
Significance: p 

0.029 0.0008 0.03 

No. of 
Observations 

66 39 37 

 

The hiring of field workers was analyzed with the number of entry-level workers hired, the 

number of workers who primarily spoke language other than English, and workers receiving 
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practical craft training. A strong correlation exists between the number of field workers hired and 

the number of entry-level workers hired as r = 0.6392, p < 0.0001 (Table 4-2). The data suggests 

that as the number of field workers hired increases, a proportionate number of entry-level 

workers also increase. The correlation between the number of field workers and workers 

primarily speaking a language other than English is statistically significant and suggests that 

larger firms hiring larger numbers of field workers also have a higher proportion of workers who 

primarily speak a language other than English. The number of field workers and companies 

providing practical craft training are significantly related, suggesting that larger firms are more 

likely to provide practical craft training.  

Table 4-2.  Correlation between number of field workers hired and entry-level workers; workers 
primarily speaking a language other than English and practical craft training provided 
by employers 

 Entry-level 
workers 

Workers 
primarily 
speaking 
language other 
than English 

Craft practical 
training 

Field Workers 
Hired 

Pearson Correlation 
Coefficient: r 

0.6392 0.225 0.297 

Statistical 
Significance: p 

<0.0001 0.01 0.0014 

No. of Observations 112 113 113 
 

A negative correlation exists between the number of workers employed in a company for 

less than one year and workers primarily speaking a language other than English (Table 4-3). 

The data suggests that if the number of workers employed in a company for less than one year 

increases, the number of workers who primarily speak a language other than English in a 

company is reduced. The slowdown in residential construction may be increasing the 

competitiveness for fewer entry-level jobs and causing a shift away from immigrant and 

undocumented labor.  
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Table 4-3.  Correlation between workers in a company for less than 1 year and workers primarily 

speaking a language other than English 
 Workers primarily 

speaking language 
other than English 

Workers working 
in a company for 
less than 1 year 

Pearson Correlation 
Coefficient: r 

-0.31545 

Statistical 
Significance: p 

0.0035 

No. of Observations 84 
 

A negative correlation was noted between the percentage of workers who had been 

employed in a company from 6 to 10 years and the percentage of entry-level workers employed 

(Table 4-4). A moderate correlation exists with p = 0.0604, which is not statistically significant 

but suggests that as worker tenure increases, fewer entry-level workers are being hired. A 

statistically significant negative relationship was noted between the education level of workers 

and the overall number of construction defect claims (Table 4-5). This suggests that when 

workers have received a higher level of education, construction defect claims are reduced.   

Table 4-4.  Correlation between workers working in a company from 6 to 10 years and entry-
level workers 
 Entry-level workers 
Workers working in a 
company from 6 to 10 
years 

Pearson Correlation 
Coefficient: r 

-0.22403 

Statistical 
Significance: p 

0.0604 

No. of Observations 71 
 
Table 4-5.  Correlation between workers’ education level and number of construction defect 

claims 

 Number of 
Construction defect 
claims 

Workers education 
level 

Pearson Correlation 
Coefficient: r 

-0.18098 

Statistical 
Significance: p 

0.0529 

No. of Observations 115 
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A positive correlation was noted between the number of workers primarily speaking a 

language other than English and the number of construction defect claims attributed to the 

building envelope (roofing). When the number of workers who primarily speak a language other 

than English increases, defect claims attributed to building envelope (roofing) also increases 

(Table 4-6).  

Table 4-6.  Correlation between number of workers who primarily speak a language other than 
English and defect claims attributed to roofing 

 

 Defect claims attributed to building 
envelope (roofing) 

Number of 
workers 
primarily 
speaking a 
language 
other than 
English 

Pearson Correlation 
Coefficient: r 

0.26148 

Statistical 
Significance: p 

0.0288 

No. of Observations 70 

 

A negative linear correlation was noted between quality improvement noticed after 

training, and the construction defects attributed to the envelope (exterior wall cladding). The 

high statistical significance indicates that when the quality of workmanship decreases, 

construction defect claims in the envelope-related trade increase (Table 4-7).        

Table 4-7.  Correlation between quality improvement in workmanship and construction defect 
claims attributed to envelope (exterior wall cladding) 
 Construction defect claims 

attributed to envelope (exterior 
wall cladding) 

Quality 
improvement 
in 
workmanship 

Pearson Correlation 
Coefficient: r 

-0.53675 

Statistical 
Significance: p 

0.0586 

No. of Observations 13 



 

38 

CHAPTER 5 
CONCLUSIONS AND RECOMMENDATIONS 

Conclusions 

This research was undertaken to develop a better understanding about possible causes of 

construction defects in the building envelope.  Most of these defects are presumed to be related 

to water or moisture intrusion.  The two main objectives of this research were: (a) to find the 

demographic composition of the workforce associated with trades responsible for weather-

proofing the building envelope, and (b) to identify the extent to which training may be 

responsible for moisture-related construction defects with an emphasis on low English literacy 

workers. 

Survey data from 121 respondents indicated that most construction defect claims are 

attributed to moisture intrusion in buildings. Respondents stated that 95% of their workforce 

consisted of open shop (non-union) workers that traditionally, do not have formal apprenticeship 

training.  Eighty-two percent of respondents indicated that they did not provide practical craft 

training for their employees.  Moreover, respondents stated that 54% of their workers spoke 

English as a second language or that they spoke no English at all. Respondents also indicated 

that 59% of the workers hired in the past year were entry-level workers, presumably with no 

prior training or experience. Respondents stated that 68% of field workers had been employed by 

their current company five years or less.  

Eighty-three percent of the employees had a high school diploma or a general education 

diploma (GED) and twelve percent had elementary education only. Research shows that as 

education level increases, the occurrence of construction defects decreases (p=0.05, r=-0.18). 

Responses suggested that most contactors worked in a building envelope-related trade, primarily 

in the southeastern U.S. which is associated with high relative humidity, and which increases the 
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risk of moisture intrusion in interior spaces. Specifically, 50% of respondents were either roofing 

(33%) or painting/waterproofing (17%) trade contractors. More than one-third of respondents 

(39%) were from the state of Florida. Sixty-two percent of respondents were from small-to-

medium sized companies employing fewer than 50 field workers.   

Respondents also indicated more than half (57%) of all construction defects occurred in the 

residential market and that nearly three-quarters (71%) occurred as a result of poor 

workmanship, poor project management or poor inspection by trade contractors. Of respondents 

who indicated their company provides craft training, language barriers may be a factor in the 

effectiveness such as training. In fact, nearly half of respondents indicated only marginal 

improvement (25%) in quality of workmanship following craft training. Furthermore, research 

suggests that the incidence of construction defects may in part be influenced by language 

barriers.  Research indicates that for roofing contractors, the incidence of construction defects 

increases as the number of field workers who primarily speak a language other than English, 

increases (p 0.03  , r = 0.26).  

Recommendations 

To improve the quality of workmanship and productivity of field workers, companies 

must have proper training programs and materials. Future research is recommended to develop 

training materials for field workers, especially those who primarily speak a language other than 

English. A training module can be devised that may have effective training material translated in 

the language that non-English-speakers understand.  Recommended is the development of 

training materials comprehensible at an 8th grade reading level and complete with illustrations 

showing trade specific, code compliant methods, materials and safety practices. Particular 

attention should be devoted to identifying and preventing moisture-related construction defects, 

especially in residential construction. 
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APPENDIX 
SURVEY QUESTIONNAIRE 

Workforce Assessment survey: 
 

1. From your experience, please assign a percentage that best represents the amount of work 
your company performs in each trade (listed below) relative to the total amount of work 
your company performs. 

 
 01-20% 21-40% 41-60% 61-80% 81-100% 

% Concrete foundation/walls O  O  O  O  O  

% Masonry/pre-cast  O  O  O  O  O  

% Rough Carpentry/siding/trim O  O  O  O  O  

% Roofing/sheet metal O  O  O  O  O  

% Painting/waterproofing O  O  O  O  O  

% Windows/doors O  O  O  O  O  

% Stucco/EIFS O  O  O  O  O  

% Dry wall/plaster O  O  O  O  O  

% Insulation O  O  O  O  O  

% Other O  O  O  O  O  

 
2. Approximately what percentages of your projects within the last 10 years were located in 

the following states? 
 

 01-20% 21-40% 41-60% 61-80% 81-100% 

AL %     O  O  O  O  O  

FL % O  O  O  O  O  

GA % O  O  O  O  O  

LA % O  O  O  O  O  

MS % O  O  O  O  O  
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NC % O  O  O  O  O  

SC % O  O  O  O  O  

TX % O  O  O  O  O  

Other O  O  O  O  O  

 
3. Approximately how many field workers does your company employ? 
O None 
O 1-9 
O 10-49 
O 50-99 
O 100-149 
O 150-200 
O 200+ 

 
4. Approximately what percentages of workers have been with your company? 

 01-20% 21-40% 41-60% 61-80% 81-100% 

Less than 1 year   O  O  O  O  O  

1 – 5 years O  O  O  O  O  

6 – 10 years O  O  O  O  O  

More than 10 years O  O  O  O  O  

 
5. Approximately what percentage of your workforce is comprised of the following types of 

workers? 
 01-20% 21-40% 41-60% 61-80% 81-100% 

% Permanent hire,    
Union shop workers 
 

O  O  O  O  O  

% Permanent hire,  
Open shop workers 
 

O  O  O  O  O  

% Temporary or Day 
Labor 
 

O  O  O  O  O  

% Other (please specify) O  O  O  O  O  
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6. Which of the following best describes the average education level of your field workers? 
O Elementary 
O GED/High school 
O Trade school 
O College 

 
7. About how many entry-level workers did your company hire in the past year? 
O None 
O 1 – 24 
O 25 – 49 
O 50 – 74 
O 75+ 

 
8.  Approximately what percentage of your field workers primarily speaks a language other 

than English? 
O None 
O 01% – 20% 
O 21% – 40% 
O 61% - 80% 
O 81% - 100% 

 
9. About how often does your company provide practical craft training to workers? 
O On the day new workers are hired 
O Once a week 
O Once a month 
O Once every two months 
O Once every six months 
O Once a year 
O No formal training – learn on the job 

 
10. From your experience, what percent improvement in quality of workmanship occurs after 

practical craft training? (Skip this question if you answered “No formal training – learn 
on the job” in Q9) 

O 1% – 25% 
O 26% - 50% 
O 51% - 75% 
O 75% - 100% 

 
11. To the best of your knowledge, how many construction defect claims has your company 

had in the past 10 years? 
O 0 
O 1 – 9 
O 10 – 24 
O 25+ 
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12. From your experience, please assign a percentage to the following causes of construction 
defects according to the extent each were responsible for the claims listed in question 11. 
(Skip this question if you selected 0 in question 11) 

 01-20% 21-40% 41-60% 61-80% 81-100% 

% Design documents O  O  O  O  O  

% Poor workmanship by   
Subcontractors 
 

O  O  O  O  O  

% Defective building  
materials 
 

O  O  O  O  O  

% Poor project management O  O  O  O  O  

% Poor quality of inspection  
by codes enforcement 
 

O  O  O  O  O  

% Other O  O  O  O  O  

 
13. From your experience, please assign a percentage to the following construction markets 

according to the number of claims attributed to that market: 
 01-20% 21-40% 41-60% 61-80% 81-100% 

% Multi-family residential/ 
condo  
 

O  O  O  O  O  

% Single – family residential  O  O  O  O  O  

% Other residential (e.g.,  
hospital, nursing homes,  
hotels, dormitories, etc.) 
 

O  O  O  O  O  

% Office buildings O  O  O  O  O  

% Poor quality of inspection  
by codes enforcement 
 

O  O  O  O  O  

% Other O  O  O  O  O  

 
 

14. From your experience, please assign a percentage to the total number of construction 
defect claims attributed to the following building components: 
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 01-20% 21-40% 41-60% 61-80% 81-100% 

% Substructure and foundation  O  O  O  O  O  

% Superstructure O  O  O  O  O  

% Envelope (exterior wall/ 
cladding) 
 

O  O  O  O  O  

% Envelope (roofing) O  O  O  O  O  

% Mechanical systems 
(plumbing and HVAC) 
 

O  O  O  O  O  

% Other O  O  O  O  O  

 
15. In your opinion, moisture problems such as leaks in the building envelope and faulty 

mechanical system design or operation are responsible for _______ % of all construction 
defect claims: 

O <2 
O 25% - 50 
O >50 

 
16. In your opinion the number of construction claims has 
O Increased - <25%  
O Increased – 25% - 50% 
O Increased - >50% 
O Decreased - <25% 
O Decreased – 25% -50% 
O Decreased - >50% 
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