
ABSTRACT 

 

STRAYHORN, TYLER ALEXANDER. Resilience in Homes: Evaluation of Materials and Educational Tools 
for Natural Disasters. (Under the direction of Dr. Sudipta Dasmohapatra and Dr. Dave Tilotta). 

 

Hurricane events are some of the most unpredictable occurrences along the South East 

coast of the United States.  These events combine high wind with blown rain, and flooding from 

storm surge and flash floods.  They can also produce catastrophic damage including loss of property 

and more importantly, human life. 

In order to address these growing concerns, a two phase approach was adopted. The first 

phase examined the effectiveness of educational tools for hurricane resilience in homes. The second 

phase evaluated the effectiveness and resilience of Oriented Strandboard (OSB) as a construction 

material following flood conditions.  

In the disaster mitigation community, one of the most important tasks is that of information 

transfer prior to, and following natural disasters.  In the first phase the goal was to improve the 

understanding of key aspects (attractiveness and educational value) that influence the utility and 

effectiveness of educational media tools for home resilience during hurricanes.  Three types of 

educational media were developed – pulp board coasters, tri-fold pamphlets, and a web hosted 

video. The contents of these media were developed based on data from federal agencies, as well as 

scholarly articles and technical reports.  Several focus groups of homeowners and potential 

homeowners were held to evaluate participant’s preference of these three media tools with regards 

to their usefulness for making homes safer during wind and wind-driven rain events (i.e., 

hurricanes).  



Analysis of the focus groups indicated that media use (based on disaster prevention home 

resilience practices) is highly dependent on the target audience. While participants indicated all 

three media types have merit, the pamphlet was preferred aesthetically and was most likely to be 

used by homeowners. In addition, the study found that the usefulness of the tools depends on the 

ease of understanding and implementation of the best practices and ease of access to the tools. 

In the second phase, the evaluation of Oriented Strand Board (OSB) under flood conditions 

was performed to test its strength properties under flood conditions. According to the Federal 

Emergency Management Agency (FEMA, 2008), there are currently no test procedures that can be 

used to identify and rank flood resistant construction materials on their performance following 

natural disasters. The result of this is a set of guidelines for material selection which lack 

quantifiable scientific validation. OSB is a common construction material utilized in 62% of 

engineered panel applications in wood frame home construction in the US (McKeever 2010). In 

2008, OSB accounted for 2.68 million square feet (McKeever 2010). The importance of 

understanding OSB’s performance after flooding stems from its wide spread use. By evaluating OSB, 

it is possible to understand the material’s performance as a function of submersion time and 

presence of flood contaminants. Evaluating OSB provides scientific information its salvage-ability 

following disasters. OSB samples from three different manufacturers were tested for their flexural 

strength and dimensional stability under different flood treatments. Variables used in this testing 

were: flood water type (potable or salt contaminated water), time (8, 24, 48, 72,168, and 336 

hours), as well as panel variability factors.  

Data from this research shows declining trends in mechanical properties for both potable 

and salt water submerged panels with increase in time of submersion of the samples for all 

manufacturers. Significant losses in mechanical properties were seen in the first 24 hours of 

submersion due to absorption of water and subsequent swelling in the structure of the wood. In 



addition salt contaminated water submerged samples degraded significantly less than their potable 

water soaked counterparts due to a lower amount of water absorption caused by the PH and salts in 

the water. (Grignon and Scallan 1980, and Lindstrom and Carlsson 1982)  
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PART 1: Effectiveness of Educational Tools for Hurricane Resilience in Homes 

 

1. Introduction 

Hurricane events are some of the most unpredictable occurrences along the eastern and 

gulf seaboards of the United States.  These events combine high wind with blown rain, and cause 

flooding from storm surge and flash floods.  They can also produce catastrophic damage including 

loss of property and more importantly, human life.  As the world’s oceans, especially the Atlantic, 

slowly rise in temperature due to global climate change, it is probable that the frequency of 

hurricane events will increase as well as their intensity.   

In the past 15 years, there were 246 cyclone events in the North Atlantic (National Weather 

Service, 2010) (Figure 1.1).  Of these events, 29 were tropical depressions, 102 were tropical storms, 

and 115 were hurricanes. 

 

Figure 1.1: Atlantic hurricane activity 1995-2009 by year (Adapted from: National Weather Service, 2010) 
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  In the years from 2005 to 2009, there were a total of 2,170 deaths from Atlantic hurricanes 

(considering events only costing over $1 Billion in damages) (National Climate Data Center 2010) 

(Figure 1.2).  This number dwarfs those of previous seasons.  In fact, that number was almost five 

times that of the deaths from Atlantic hurricane events (costing over $1 billion in damages) between 

1995 and 2004 (National Climate Data Center 2010).  In addition to the large scale death toll, there 

were also significant economic losses between 2005 and 2009 accounting for a total loss of $403.2 

billion (Figure 1.3).  This period included hurricanes such as Hurricane Ike in 2008 ($27 billion) and 

Hurricane Katrina in 2005 ($133.8 billion) (National Climate Data Center 2010). 

 

Figure 1.2: Deaths from Atlantic hurricane activity by five year interval (Adapted from: National Weather Service, 

2010) 

 

Figure 1.3: Monetary losses from Atlantic hurricane activity by five year interval (Adapted from: National 

Weather Service, 2010) 
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According to Van de Lindt et. al. (2009) 80% of the total building stock in the United States 

and over 90% of the residential buildings in North America are light frame wood (wood frame) 

construction. Although wood-frame construction is the most prevalent type of building, compared 

to other construction types, it is more susceptible to wind damage, specifically hurricane force 

winds. It is imperative to find ways to reduce losses during and following hurricanes.  In order to do 

so, it is important to examine the tools that may better prepare home owners for hurricane events. 

A survey of over 350 key stakeholders1 regarding natural disaster events in the Southeast 

U.S. conducted in 2008 showed that 91% of the respondents indicated a need for better education 

especially for the homeowner, with respect to the natural disaster resilience of homes (Tilotta, 

2010).  This is especially important not only because of similar findings highlighted in other studies 

(Hauser, Elmes, and Swartz, 2006) but also because of the lack of reinforcement techniques applied 

to their homes by the homeowners during natural disasters (The National Hurricane Survival 

Initiative, 2010, Mendez, 2009). Tilotta (2010) also reported that respondents in their study 

generally felt that information on best practices for reinforcing roof and wall systems during wind 

events such as hurricanes are the weakest area in terms of information availability. Additionally, 

results from a recent Mason-Dixon poll support the above findings. A study of homeowners about 

application of reinforcement techniques to homes in 2009 reported that 83% of homeowners had 

not taken any steps in the past year to make their homes stronger, even after last year’s active 

                                                           

1
 Key stakeholders included general homeowners, builders, architects, engineers, government officials, extension 

agents, manufacturers, and other housing-related professionals. 
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season (The National Hurricane Survival Initiative 2010, Mendez 2009). All of this together points to 

a lack of effective dissemination of information about risk and actions that may be taken in order to 

prevent damage. 

The purpose of this study was to increase an understanding of the key aspects 

(attractiveness and value) that influence the utility and effectiveness of educational media tools for 

home resilience.  Educational media tools, in this study are defined as the communication medium 

such as television, radio, print material, websites, etc. that may provide information about a subject 

area. As a first step, informational content and methods of delivery (communication medium) were 

reviewed from various government agencies and nonprofit organizations that disseminate this 

information to the general public.  It was found that most of the disaster related information was 

available in the form of technical bulletins, pamphlets, guide documents and technical reports 

(available both online and as hard copies) from these representative sources.  A review of the 

available information indicated several recurring issues. First, information on reinforcement 

practices for homes to homeowners or potential homeowners was found to be highly technical in 

concept. It is feasible to assume that these materials are difficult to understand and are written 

above the average American’s reading level. This assessment was based on National Assessment of 

Adult Literacy (NAAL) data, which showed that only 13% of adult Americans read at a “proficient” 

level and 43% read at a “basic” or “below basic” level (U.S. Department of Education, 2003). In 

addition the information presented was very general and vague; with a lack of any detail on “how to 

apply the practices” (few step by step instructions for a general consumer). These generalizations 

fail to capture why the selected subject was important to a specific person or group.  

Generalizations about subjects such as “hurricane resilience”, “disaster mitigation”, and other buzz 
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words that are prolific in the disaster management and preparedness publications and information 

sources hinder understanding of the information being communicated (Goodman M. B., 2006).  By 

reducing the complexity and making the language simple and easy to understand, it was 

hypothesized that marked improvement in the likelihood of use of different media as well as 

usability of such may be observed. 

2. Literature Review 

Reducing losses to people and their property during and following hurricanes is of grave 

importance.  In order to do this, it is important to examine the tools that may better prepare home 

owners for hurricane events.  There is a large body of information available regarding how a 

homeowner may prepare their home for natural disasters and specifically high wind, wind driven 

rain, and flooding events such as hurricanes. This is meant to facilitate the ultimate goal of this 

review, which is to provide a general overview of current information and technology accessible for 

the general public as well as voids/gaps in this information which may make it difficult for the 

general public to use.  

As previously mentioned, there is much available information and many sources of 

information for homeowners with regards to preparation for hurricane events. Currently 

information is disseminated via webpages operated by federal agencies such as FEMA, Housing and 

Urban Development (HUD), and Federal Alliance for Safe Homes (FLASH), but also nonprofit 

organizations such as North American Home Builders (NAHB) research center. The majority of these 

materials are offered in digital format as a download directly from the agency website or on a CD-

ROM. The materials themselves are of a highly technical nature. Communicating ideas of a complex 

or technical nature is a difficult undertaking and requires keen understanding of the information to 
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be disseminated as well as an understanding of the audience who will utilize the information 

(Macintosh et. al. 1999). In fact it is well documented that in the modern age of communication via 

the written word that the author must: first recognize that message effectiveness is dependent on 

the interaction between the text and the characteristics of the reader (Ruben 1984). The author 

must also engage in social inference, understand and consider the reader’s knowledge, and 

background in order to anticipate effects of the message, and “translate the cognitive 

representation of the reader into task-specific knowledge of potential communication gaps and 

advantageous strategies”. (Ruben 1984) Flower (1979) and Shaughnessy (1977) state that, writers 

who are not sensitive to their audience may not supply enough information, or supply the wrong 

details to the reader. Due to these common pitfalls in written communication, current information 

regarding disaster preparedness falls short of its designed intent: to educate and empower the 

homeowner. 

2.1 Currently Available Information on Home Reinforcement 

Information regarding reinforcement techniques for homes currently available to the 

homeowner can be separated naturally into best practices for new home construction, retrofitting 

technology for existing homes, and recommended materials. It is important to note that all of these 

best practices are measures that exceed local building codes.  In a mitigation assessment team 

report of hurricane Ivan in Alabama and Florida, it was found that most of the damage to building 

and structural failures appeared to be the result of inadequate design and construction methods 

(FEMA 2005a). This means that much of the damage done to homes and businesses in this storm 

and others could have been prevented by improved building practices to prevent storm damage.  
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Doing this can reduce building damage during coastal storm events, reduce building maintenance, 

lengthen building lifetime, and possibly reduce insurance premiums (FEMA 2005b). 

The Federal Emergency Management Agency (FEMA) is one of the largest proponents of 

knowledge dissemination with respect to home strengthening and retrofitting. FEMA publishes a 

wealth of information regarding ways to prepare a home for a hurricane. Focusing on high wind 

hazards, during a hurricane event requires particular elements of a home to be protected especially, 

the roof as well as the wall systems (Lindt et. al. 2007).  In a study by Van de Lindt et. al. (2007), 

effects of wind damage (ranging from 90 to 100mph) from hurricane Katrina in Mississippi was 

examined and several common failures were discovered with respect to the structure of homes. It 

was discovered that lack of uplift load paths, roof sheathing losses, gable end wall losses, use of 

conventional construction in high wind regions, and small details such as lack of nailing schedule 

adherence, all played significant roles in structural failures. Interestingly technology and practices 

exist to address every one of these issues. In the same study nonstructural damage was also 

characterized. Common damage included loss of roofing shingles, vinyl siding, the vulnerability of 

soffits and trim, the presence of attic vents. In addition the type of roof (e.g. hip, gable) also played 

a role as hip roofs performed significantly better than gable roofs. All of these concerns deal with 

the building envelope (wall and roof systems) of wood framed homes which are the predominant 

method of construction in the southeast United States. 

Many recommendations and guides have been prepared by FEMA, including guides to 

address many of the concerns which were evaluated and reported on by Van de Lindt, et. al. (2007). 

FEMA document entitled “FEMA Urges Disaster-Resistant Building”, addresses several key issues, 

specifically the use of wind resistant structural connectors for the purpose of creating load paths, 
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utilization of fasteners such as nails, as well as material choices for constructing buildings in the 

most durable fashion.  

In FEMA’s Home Builder’s Guide to Coastal Construction Technical Fact Sheet 7.1, guidelines 

for proper installation of roof sheathing including material selection, and installation guidelines are 

reported with the homeowner in mind. Guidelines on ways to circumvent building failure, and 

sheathing loss in high wind are also covered. This document specifically states that proper use 

fasteners and the right fasteners is important to building survival (as this is a commonly overlooked 

detail in construction) and, that loss of sheathing is a common means of total structural failure in 

high wind and (FEMA 2005b, 2010b). 

Establishing load paths is another critical step in protecting against wind damage.  FEMA has 

published a guide on load path establishment, Home Builder’s Guide to Coastal Construction 

Technical Fact Sheet 4.1 “Loads acting on a building follow many paths through the building and 

must eventually be resisted by the ground, or the building will fail” (FEMA 2010a). In the guide it 

outlines how to establish these load paths via connections made from structural member to 

structural member. In order to establish these continuous paths specially designed hardware is 

employed. This hardware transfers load from story to story via wall studs, and finally from main 

floor beams to the foundation which then dissipates the forces into the earth with no damage to the 

home (FEMA 2010a). 

Proper underlayment and shingle installation, with special care given to detail may reduce 

shingle loss during high wind events. This is especially important at roof corners, edges and ridge 

lines (FEMA 2010c, 2010d).  In FEMA Technical Fact Sheet 7.2 and 7.3 guidelines are provided for 

proper installation of basic asphalt shingles and underlayment as well as techniques for installation 
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in high wind prone geographical areas as well as regions of the roof which will experience the 

highest wind forces. These guides outline general techniques which are widely prescribed by 

manufactures as the proper installation methods for both underlayment as well as shingles.  

3. Objectives 

The goal of this study was to understand how homeowners and renters in the Southeast 

U.S. feel about the design and utility of different representative educational materials specifically 

created to convey information on natural disaster events (e.g., wind and wind driven rain) to 

homeowners more effectively.  

The specific objectives of this study were: 

1. To design and develop three different educational media tools (pamphlet, video 

and a coaster) and their content to make homes safe during hurricanes;  

2. Develop content from currently available information on the effects of hurricane 

force winds and how to prepare a home to minimize damage. 

3. To evaluate each of the above tools for their utility and effectiveness to 

consumers (current and future homeowners) at two locations (in Raleigh and 

Biloxi) and qualitatively discuss the factors that will improve the use of these tools 

for reinforcement of homes during hurricanes. 

4. Materials and Methods 

As a means of delivering information about home resilience during natural disasters, three 

model educational media tools were developed including a traditional tri-fold pamphlet, a pulp 

board coaster, and a web-based video.  The content of the media focused on best practice methods 
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to reinforce a wood-framed wall and roof system during a wind or wind-driven rain event such as a 

hurricane.  Specifically, the three media types were developed to include information gathered from 

FEMA documents and guides, and documents from the National Association of Home Builders 

Research Center (NAHB RC).   

The information in each of the media types was presented in an easy to understand 

language coupled with diagrams to aid in the understanding of difficult technical language and 

concepts.  Depending on the nature of the media, differing amounts of information were presented; 

for example, the coaster contained only trivia questions about reinforcing homes because of the 

lack of space whereas the pamphlet contained detailed information on home reinforcement with 

illustrations and pictures.  Specifically, the pamphlet was designed as a tri-fold color document 

containing text and pictures of roofs and walls suffering damages during hurricanes and specific 

techniques to reinforce these elements for improved resilience.  If interactive materials were to be 

developed that grab the user’s attention, challenge or entertain them, and finally educate them, the 

likelihood to use the materials improves; this is reported to be true regardless of informational 

content (Luma 2006, Lang 1994).  In order to address this idea, the coaster was designed to 

challenge the user with questions and also to allow them access to further educational materials by 

including a web address to a site.  The video was developed using humor to entertain the users 

while simultaneously educating them about roof and wall reinforcement techniques.   

4.1. Data Collection 

In order to evaluate the three developed media types for their utility, an expedient and 

efficient data collection method was needed that would allow for interaction and collaboration of 

ideas from the end user.  In order to accomplish this objective, focus groups were utilized.  Focus 
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groups are a form of qualitative research based on interaction between group members aimed at 

promoting self-disclosure among participants (Rennekamp, 2006).  The purpose of conducting a 

focus group is to listen and gather information.  It is a way to better understand how people feel or 

think about an issue, product or service.  In short, focus groups are a widely accepted method for 

obtaining people’s perceptions and attitudes, by stimulating new ideas and creative concepts, as 

well as for identifying problems and solutions for products or services (Rennekamp, 2006, Krueger, 

2009).   

Five focus groups were held with a total of 43 participants at the following locations:   

1.  Raleigh, NC – Three focus groups of 32 participants (6, 13 and 13 participants, 

respectively) 

2.     Biloxi, MS – Two focus groups of 12 participants (7 and 5, respectively).  

The five focus groups were conducted between December 2009 and April 2010.  No 

catastrophic natural disasters took place between those months in the U.S. (to introduce any bias in 

the results of the study). Each of the focus groups consisted of individuals of various demographic 

characteristics and experience regarding natural disasters. The focus groups in Biloxi, MS were held 

specifically to capture inputs from hurricane survivors (e.g., Katrina). The focus groups in Raleigh 

included randomly selected individuals (of all demographics) recruited by a focus group recruiting 

firm. The focus groups in Biloxi involved random individuals participating at the Gulfport Resilient 

Home Building Show and Conference (March 2010).    

Each of the focus groups was conducted for approximately one hour.   In addition to 

gathering background information from participants, questions about the three media types, their 
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usefulness and attractiveness were discussed and evaluated. In addition to qualitative discussions, 

focus group participants completed paper-based questionnaires about media attractiveness and 

likelihood to use the media.  

Since focus groups tend to be small in number and exploratory in nature, the responses 

from the participants were summarized and analyzed qualitatively as indicated by Krueger (2009). 

All frequent and repeated responses were recorded and categorized.  The quantitative data 

collected from the survey questions were analyzed using Microsoft excel and Statistical Package for 

the Social Sciences (SPSS) statistical software.  As the focus groups involved a small number of 

respondents, statistical analysis for differences among respondent groups within the sample were 

performed utilizing Mann-Whitney non-parametric tests of differences at 95% and 90% confidence 

level.   

5. Results and Discussion 

5.1 Demography 

 A profile of the sample respondents from the focus groups is presented in Figures 

1.4, and 1.5.  The ages of participants were evenly distributed 18 and 65 years of age (Figure 1.4).  Of 

the respondent sample, 63% were male, and 37% were female.  Overall 83.7% owned their home, 

while 16.3% rented (considered to be potential homeowners). 
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Figure 1.4: Focus group participant age 

With respect to education (Figure 1.5), it should be noted that when comparing the focus 

group participant education to U.S. demography, some discrepancies were found. For example, 

according to the U.S. Census Bureau (2000), in 2000, 80.4% of Americans indicated that they were 

high school graduates compared to 98% of focus group participants in the current study, and 24.4% 

reported having completed a Bachelor’s degree or higher in the U.S. compared to 63% in this study.  

Thus, the results of this study are applicable to a higher educated group of individuals if compared 

nationally.  

When asked about prior disaster experience, 40% of participants indicated having been 

directly affected by a natural disaster in the past. 
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Figure 1.5: Focus group participant education level 

5.2 Media Evaluation 

To compare the value of the three media types, participants were shown all three media 

and asked to evaluate their usefulness, attractiveness, and the factors leading to the likelihood that 

the participants would use their information in the future.  Average likelihood to use was evaluated 

using a five-point likert scale question (where one was “not at all likely” and five was “very likely” to 

use the media) for each of the media types.  Results of the analysis showed that participants 

reported the pamphlet to have the highest mean likelihood to use rating (μ=3.9) followed by the 

video (μ=3.31) and then the coaster (μ=2.26) (Table 1.1).  A statistical analysis of the differences in 

the sample mean ratings at 95% confidence (α=.05) showed that respondents were more likely to 

utilize the pamphlet to gain information with respect to improving the performance of their homes 

with respect to hurricane events compared to the video or the coaster (Significance, p=0.003, 0.000 

respectively for the video and the coaster).  The participants also indicated that the video was more 

likely to be used for information about home resilience as compared to the coaster (Significance, 

p=0.000) (Table 1.1). 
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Table 1.1: Participant likelihood to use media 

Average Likelihood of Use 

Media 

Type 

Mean 

Likelihood of Use* 

Std. Dev. Significance 

(p value)** 

Pamphlet 

(P) 

3.90 0.850 P>V (0.003); 

P>C (0.000) 

Video (V) 3.31 0.994 V>C (0.000) 

Coaster (C) 2.26 1.148  

*On a 5 point scale (1=not at all likely to use, 5=very likely to use) 

**Significance at 95% confidence using t-test 

 

The media type attractiveness and appearance was evaluated by asking participants, 

regardless of the information presented, to rank order the three media in terms of their 

attractiveness (where three was most attractive and one the least attractive.)  Results indicate a 

mean ranking of 2.40 for the pamphlet, 2.10 to the video, and 1.68 to the coaster (Table 1.2).  As 

shown in Table 1.2, the coaster was ranked significantly lower than the pamphlet in terms of its 

attractiveness (Significance, p=0.000) and the video was ranked as more attractive compared to the 

coaster (Significance, p=0.024) at 95% confidence level. The participants of the focus group also 

indicated the pamphlet to be slightly more attractive than the video (Significance, p = 0.084) at 90% 

confidence level. 
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Table 1.2: Average media attractiveness 

Average Media Attractiveness 

Media Type Mean 

Attractiveness* 

Std. Dev. Significance 

(p value)** 

Pamphlet (P) 2.40 0.735 P>C (0.000) 

Video (V) 2.10 0.841 V>C (0.024) 

Coaster (C) 1.68 0.789  

*Ranked from most to least (3=most, 2=moderate, 1=least) 

**Significance at 95% confidence using t-test 

 

Analysis of the demographic differences on the attractiveness and likelihood of using the 

media types showed the following results: 

 Males were significantly more likely to use the coaster (Significance, p=.003, at 95% 

confidence); 

 Homeowners were significantly more likely to use the pamphlet than the renters 

(Significance, p =.039, at 95% confidence); 

 No significant differences were found on the likelihood of using any of the media types 

among participants belonging to different income groups, age categories, education 

categories and natural disaster experience (at 95% or 90% confidence); 
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 No significant differences in media attractiveness were found among participants with 

previous natural disaster experiences, home ownership status, gender categories, age 

groups, various education levels, or income levels (95% confidence.) 

5.3 Qualitative Results: 

5.3.1. Overall 

Analysis of the qualitative information from focus groups is valuable due to the rich 

discussion among participants which many other methods of data collection are unable to 

accomplish (Krueger, 2009).  The opportunity to hear what the intended end user thinks is 

important in understanding what the consumer needs and is also an ideal way to evaluate ways to 

improve a product (Krueger, 2009).  The following section presents a qualitative summary of the 

most frequent responses for the participants overall (regardless of the media) and for the various 

media types. 

Based on the recurring comments and discussions among the focus group participants, the 

attractiveness and corresponding likelihood of using a particular media could be grouped into the 

following regardless of the media type:  

 Language and Appearance: Participants emphasized the use of bold colors and simple text 

(no technical language) and explanations coupled with the use of illustrations and pictures 

that could clearly demonstrate to people about “how to reinforce” a particular element 

(roof or wall) of a house in wind or wind driven rain events such as hurricanes; 

 Integration and Consistency: Instead of using only one medium at a time, all three media 

should be used together for conveying the same message and consistent information;   
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 Targeted Information: Almost all respondents agreed that similar media and educational 

tools could be utilized for all stakeholders but the look and the content should be based on 

the targeted audience. For example, a pamphlet for a homeowner should consist of 

checklists or description of best practices that an average homeowner will be able to 

accomplish (regardless of competency). A similar pamplet for a builder or a contractor could 

highlight the technical details that a homeowner may not be able to accomplish or 

understand;   

 Access: The specific location and access to the media tools is perhaps one of the most 

important strategies for improving their usage likelihood, according to the participants.  This 

is in agreement with a previous study that showed that if product placement was effective 

and convenient, then the intended end user was much more likely to benefit from the 

information to be disseminated (Holbrook and Hirschman, 1982).  The locations for the 

media should be at or in association with a credible organization/agency and may include 

government or non-government organization frequently accessed by the target group (for 

whom the information was developed).  Participants also emphasized that each of the 

media should include information of a contact (preferably local) or a credible website where 

the consumers may be able to get further information on the subject.  

5.3.2. Pamphlet 

The pamphlet was the best liked tool to present disaster information according to the 

participants because of the available space for including adequate information at one place.  In 

addition to bolder text and color for presentation, the participants indicate the following strategies 

for use in pamphlets: 
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 Aggregation of Information: One of the key features of the pamphlet was that it can be 

made larger to accommodate more information.  Not only can reinforcement best practices 

and solutions for the homeowners be included, but also pictures and illustrations of step by 

step methodology which highlight the key problems that the elements of a home (e.g., wall, 

roof, floor, foundation and openings – windows, doors and garages) may be subjected to 

during natural disasters.  Respondents indicated that they were more likely to use a 

pamphlet that they could store for easy reference just before a hurricane event, as 

compared to the video or any other educational material.  

 Localized: Participants emphasized that a pamphlet should have enough background 

information on the effects of natural disaster events for their particular location (county or 

state) to be most effective. It should utilize easy to use language and terminology that an 

individual at that location may be able to understand.  

 Strategic Access: The participants indicated that the best strategic locations for a pamphlet 

would probably be at a home improvement store, especially just before a hurricane season 

or storm event.  This will allow the interested consumers to be able to buy the tools and 

equipment required for reinforcements at the store. Other possible locations suggested by 

the participants for the pamphlet included the local county tax offices and town halls, 

utilities office, and through builders and contractors. One of the distribution methods 

suggested at every focus group was for the local government offices to mail the pamphlet to 

the homeowners (preferably, before the hurricane season).      



20 

5.3.3. Video 

 Short and Focused: With respect to the video, the consensus was that the videos should be 

condensed into small fragments focusing on only one aspect of a home during disasters in 

order to hold the end users attention. A demonstration of application of the best practices 

to make the home safer through the use of easily available products and easily doable 

processes (from a homeowner’s perspective) would be effective in videos.  

 Strategic Access: While the video was entertaining, participants felt it would only be as 

credible as the location at which it was hosted.  A video hosted on social media sites such as 

YouTube or Facebook were considered not as credible as those hosted by governmental 

agencies for disaster resilience information. Thus, best locations were discussed to be easily 

available links under “disaster management” or similar subject areas within county 

websites, as well as state and federal online portals. 

5.3.4. Coaster 

 Condensed information:  The coaster as a media type met with mixed reviews from the 

respondents, however, the versatility of the media and its nature made it attractive to 

participants. When asked, most participants indicated looking at coasters, and if available, 

taking coasters home from bars and eateries.   

 Interactive and challenging: If the coasters were interactive and challenged the user with 

questions (as developed for this study with multiple choice answer type question on one 

side and explanation of answer on the other side), it would be a viable method to aid in the 

consumer learning process with respect to natural disasters.  Generally, coasters are not 

thought of as an educational material, however in this study it is used in an innovative way 
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for interacting with consumers regarding home resilience. If the coaster or similar tools can 

be used to communicate or even direct interested individuals to think and search for 

information on important topics such as those discussed in this paper, then they may be a 

very effective tool. The coaster (and in this study the video as well) is considered an active 

learning method which is correlated to information retention more than a passive learning 

method (such as a pamphlet or book) provided all other variables remain the same (Haidet 

et al.  2004).  

 Dissemination:  Beverage coasters are limited by the amount of information they can 

present at one time.  This nullifies the possibility of allowing all needed information from 

being conveyed.  The participants indicated that coasters could be used only to catch the 

homeowner’s attention and pique their interest enough though challenging questions or 

trivia to drive them to seek out more information.  As a result, important web addresses or 

contacts should be provided on the coaster for follow up by individuals. The appropriate 

place of placement and distribution suggested by homeowners were restaurants and local 

eateries.  

6. Conclusions 

 According to these focus group discussions, all three media types have merit; 

however the pamphlet was found to be a more attractive media tool when compared to the video 

and the coaster used in this study for disseminating information about natural disasters to the 

general consumers.  The key findings indicate that clear and understandable language with pictures 

and illustrations, consistency of information presented, a credible source for distribution, and ease 
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of availability and accessibility of each of the tested media should improve the consumer likelihood 

to use the media.   

 All of the media types studied could be used together as an integrated marketing 

and promotion strategy to provide consistent and helpful information to intended homeowners. The 

content and location of the media should be based on its intended use and audience. This point is of 

extreme importance due to the well documented impact that location and access can have on 

ultimate knowledge dissemination. For example, a pamphlet could be located in a home 

improvement store for the homeowner to pick whereas a local builder may be able to pick it up at 

the same place or at the county offices or building code offices.  

 It is clear that the medium used to disseminate information of this nature were 

most useful if it provided the individual with a sense of the importance of the topic, allowed the 

homeowner to understand the basic concepts involved, and finally provided a method by which to 

move forward and act on it. Government and non-government organizations as well as researchers 

and local communities may use the findings to develop educational media and tools to 

communicate and deliver information related to natural disasters and home resilience practices to 

the general public.      

7. Limitations and Future Work 

 In performing this research, there were some inherent limitations.  Because of the 

exploratory nature of the study, the difficulty involved in conducting focus groups, and cost 

considerations, focus groups including consumers from only two states were included in this study.  

However, as stated previously, focus groups are one of the most effective methods for gleaning 
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more information on a complex topic (such as natural disasters) through in-depth discussions 

(Krueger 2009). The results presented are also representative of a more educated group of 

participants. For confirmation of findings, a full scale survey including representatives from various 

regions of the U.S. and demographics must be included.  Additionally, the focus group participants 

at Biloxi voluntarily attended the conference and may represent a group of very interested 

individuals on the topic of resilient building (which may differ from the general population). 

However, interested consumers may generally be the ones to take the lead in searching for 

materials and information and thus represent the target group that others may follow or mimic over 

time.   
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PART 2: Evaluating Oriented Strand Board Under Flood Conditions 

 

1. Introduction 

Floods are defined as a general and temporary condition of inundation of normally dry land 

from overflow of inland tidal waters, accumulation or runoff of surface waters, and/or mud. Floods 

are the most frequent natural disaster in the United States and occur in all 50 states (FEMA, 2011). 

Annually in the U.S., flooding accounts for $5.2 billion in damages and 80 deaths annually (NCAR, 

2001). 

Considering the effects of disasters during the selection, design, and construction of a home 

is an important concern if future losses are to be prevented. One consideration in reducing the 

effects of flood damage is to employ materials in home construction which will perform better even 

after being submerged in water and subjected to water-borne contaminants. But, according to the 

Federal Emergency Management Agency (FEMA, 2008), there are currently no test procedures that 

can be used to identify flood resistant construction materials or establish the resilience of any 

material under flood conditions. Rather, FEMA uses the guidance developed by the National Flood 

Insurance Program (NFIP) for selection of construction materials as well as a guide in the selection of 

materials for the repair of flood damaged homes.  These guidelines were developed based on 

observations made by engineers following flood events and lack quantifiable and repeatable 

scientific validation. In order to address this lack of reliable information, this research project 

evaluated commonly used light construction materials subjected to actual flood conditions. 

Oriented Strand Board (OSB) was chosen as the test material due to its common usage as a 
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structural component in sheathing and subflooring applications in homes. North American 

consumption of OSB declined with the decline in housing starts starting in 2005. Although this 

decline has had a strong effect on OSB consumption, estimated OSB consumption in 2010 was 

approximately 14.5 million m3 and forecasted to rise to 15.5 million m3 in 2011 United Nations 

Economic Commission for Europe and Food and Agriculture Organization of the United Nations 

2011).  Of this consumption of structural panels 26.8% is estimated to be utilized in the residential 

construction sector (United Nations Economic Commission for Europe and Food and Agriculture 

Organization of the United Nations 2011). Additionally, the estimated structural panel demand for 

reconstruction efforts related to hurricanes Katrina and Rita in 2005 consumed an estimated 139 

million square meters of OSB (Adair 2006). 

Additionally, there is very little understanding of how OSB performs under flood conditions. 

Therefore, the objective of this study was to evaluate OSB (engineered wood panel common in 

home construction) subjected to flood water.  For this initial study, and due to variability of flood 

water composition, synthetic flood water surrogates were utilized.  These surrogates included 

potable water as well as synthetic salt contaminated water. 

The physical properties of OSB examined in this work included dimensional stability after 

submersion (thickness swelling), water absorption, and flexural strength in the form of Modulus of 

Rupture and Modulus of Elasticity. 
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2. Literature Review 

Currently FEMA utilizes Technical Bulletin 2-08, also known as Flood Damage-Resistant 

Materials Requirements to offer recommendations on material choices. It offers a guide developed 

to evaluate commonly used light construction materials, under pre-defined flood conditions. This 

guide evaluates material performance under a 72 hour flood event, which, according to the 

definition in FEMA documents, consists of submersing the material in distilled water. In the 

document, “Flood *damage+-resistant material” is defined by the National Flood Insurance Plan 

(NFIP) as “any building product *material, component or system+ capable of withstanding direct and 

prolonged contact with floodwaters without sustaining significant damage.” These common 

construction materials are not tested under flood conditions, but evaluated and characterized 

nonetheless. Each material is given a ranking from one to five, where materials receiving a four or 

five are labeled flood resilient or deemed appropriate for use in high risk flood areas. The term 

“prolonged contact” is defined as at least 72 hours, and the term “significant damage” is reported as 

any damage requiring more than cosmetic repair. “Cosmetic repair” includes cleaning, sanitizing, 

and resurfacing (e.g., sanding, repair of joints, repainting) of the material. The cost of cosmetic 

repair should also be less than the cost of replacement of affected materials and systems. In 

addition to these requirements, materials that are considered flood damage-resistant cannot cause 

degradation of other materials or systems the material is part of. (FEMA 2008) 

 

2.1 Floods  

Flood events are defined by FEMA as “A general and temporary condition of partial or 

complete inundation of two or more acres of normally dry land area or of two or more properties 
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(at least one of which is the policyholder’s property) from one of the following: overflow of inland or 

tidal waters, unusual and rapid accumulation or runoff of surface waters from any source, mudflow, 

collapse or subsidence of land along the shore of a lake or similar body of water as a result of 

erosion or undermining caused by waves or currents of water exceeding anticipated cyclical levels 

that result in a flood as defined above.” (FEMA 2011) Flooding affects more people worldwide than 

any other form of natural disaster. (Hausmann and Perils 1998) Geo-scientists have reported that 

floods account for 23 percent of global natural catastrophes but account for 67 percent of casualties 

and 53 percent of economic losses in the US. (Munich Re 2001) Flooding can occur quickly and with 

little warning from events such as flash flooding where local streams and rivers crest their banks and 

inundate the surrounding areas abruptly and for a brief period. Floods may also occur due to rain 

and snow melt which saturates the ground and causes large areas of land to be immersed for 

extended periods. These events may also occur via breaches in dams and levees. In the 2009 

National Inventory of Dams, the U.S. Army Corps of Engineers found that 30% of U.S. dams and 

levees were in a state of significant or high hazard potential. Finally, flooding may occur due to 

cyclonic events such as hurricanes and the ensuing storm surge they produce.  

According to Leichti et. al. (2002), flooding represents a potential hazard to the durability 

and serviceability of residential buildings. Damage may also occur afterwards as materials which 

were submerged may be left in a water logged state in the presence of chemical and biological 

contaminants.  These contaminants could threaten the structural integrity of homes as well as the 

health of the inhabitants. 
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2.2 Flood Water Composition 

The composition of flood water is variable because of differences from one flood to the 

next.  Factors affecting composition include location, types of industry and agriculture, etc. (Carey 

et. al. 2011). In a study performed following hurricane Katrina in 2005, Pardue et. al. (2005) sampled 

flood water in New Orleans. The sampled flood water originated from storm surge and failures in 

the levee system which held back waters from Lake Pontchartrain. The objective of their study was 

to “present a snapshot of the chemical and microbiological characteristics of the water immediately 

following the flood caused by Hurricane Katrina.” (Pardue 2005) By sampling throughout the water 

column (conceptual column of water extending vertically from ground level to the surface of the 

water) in various areas in New Orleans, the researchers found flood waters had conductivity (as high 

as 12 mS/cm (millimhos/cm)) which was on the same order of magnitude as sea water (42.9 mS/cm) 

(Culkin and Smith 1980). These heightened conductivity values correlate to higher salinity than 

typically found in fresh water bodies. Fresh water typically has conductivity numbers as low as 100 

uS (micromhos/cm). This result points to the inundation of sea water inland from storm surge and 

the effect had on water composition, as conductivity and salinity have strong correlation. The 

heightened level of salinity found in inland water post hurricane event may extend for many days. In 

a 2008 study by Chunyan et. al. (2009) the authors report that the main peak of inward flux of salt 

water lasted for almost two days, followed by an outward flux lasting more than eight days. This 

data captures a 10 day period where sea water was inland. The effects of storm surge and 

subsequent salt water moving inland is not unique to hurricane Katrina. In 2004 hurricane Ivan 

produced a 3.5m storm surge which inundated 165 km2 of land (Hagy et. al. 2006). 
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In addition to the higher concentration of seawater in the flood water, volatile and semi-

volatile organic compounds (VOC’s) were also discovered and consisted of gasoline components, 

specifically benzene, toluene and ethylbenzene (BTE). It is worth noting that concentrations of BTE 

discovered were 2 to 3 orders of magnitude higher than previously reported in other storm water 

runoff studies. (Lopes 2000, Pardue et. al. 2005) 

Finally, the presence of other contaminants in flood water has been documented. These 

include metals such as arsenic, lead, chromium (only metals over allowable levels by EPA’s primary 

drinking water regulation maximum content levels), nickel, zinc, copper, and cadmium. Additionally, 

elevated levels (compared to primary contact water standards) of fecal coli forms were also 

observed. These levels were in line with previous findings (McCorquodale 2004) regarding storm 

runoff. 

 

2.3 Oriented Strand Board (OSB) and It’s Physical Properties 

Oriented Strand Board, abbreviated OSB, is “a structural panel generated by bonding 

aligned or oriented wood elements, known as strands, with a liquid phenol-formaldehyde adhesive 

under heat and pressure. OSB is similar to reconstituting the grain of the wood and imitating 

plywood construction.” (Avramidis and Smith 1989) It is commonly utilized in wood frame housing 

construction in North America and it is also a very important material to the forest products 

industry, the engineered wood industry, and the construction industry due to its “equivalent 

mechanical properties and substantially lower cost compared to structural plywood.” (Brochmann 

et. al. 2004) According to Howard (2000), OSB is finding an increasingly broad variety of applications 

within the construction industry. In fact “Between the years 1980 and 1997, U.S. OSB production 
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increased by over 900 percent.” Additionally, according to Howard, et al. (2010), OSB represented 

59% of North American structural panel production. 

The U.S. Department of Agriculture and its Forest Products Laboratory publishes 

information and peer reviewed physical characteristics of OSB in their publication Wood Handbook: 

Wood as a Engineering Material. In Table 2.1, an excerpt from the Wood Handbook, varying values 

of selected properties from different peer reviewed journal articles are presented for OSB. Bending 

MOE and MOR values are in the range of 0.64 - 0.91 x106 PSI and 3,161 - 5,027 PSI respectively. 

Biblis (1989), Pu et. al. (1992), and Wang et. al. (2003) evaluated panels composed of southern pine 

fiber. They found that these panels had an average MOE of 0.722 x 106 PSI and an average MOR of 

3954 PSI for samples which were oriented parallel to the strength axis of the panel. Additionally, for 

samples oriented perpendicular to the strength axis, the average MOE and MOR values were .377 x 

106 PSI and 3240 PSI respectively. 
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Table 2.1: Properties of Oriented Strandboard (OSB) (Wood as an Engineering Material, 2010) 

 

The relationship between the effects of moisture, thickness swelling, and strength 

properties of OSB (ASTM D1037) has shown trends correlating the effects of increased moisture and 

reductions in the flexural properties. Wu and Suchsland (1997) conditioned samples at 35, 55, 75, 

85, and 95% relative humidity at 24oC. Panels were then tested in bending to establish MOE and 

MOR. Additionally, thickness swelling values were measured. These researchers found that both 

MOE and MOR followed a linear relation with Moisture Content over the given conditions. In 

addition, “thickness swelling of these OSBs was shown to have a large non-recoverable component, 

which mainly occurred with MC increases above 8 to 10% level.” (Wu and Suchsland 1997) The 

losses in strength were quite dramatic. As moisture content increased from 4% to 24%, the average 

MOE decreased 72% in parallel samples and 83% in the perpendicular direction. Additionally, due to 



32 

a significant amount of non-recoverable thickness swell (change in thickness dimension occurring 

from moisture interactions which causes permanent deformation in wood), a significant portion of 

the MOR and MOE is not regained when the panel is returned to the dry state (Wu and Suchsland 

1997).  

Wu and Piao (1999) further investigated thickness swelling and its relationship to the loss of 

internal bond strength for commercial oriented strandboard in their 1999 article. This study 

examined OSB under five different treatment conditions including four different equilibrium 

moisture contents and one 24 hour submersion at room temperature. “It was shown that both high 

humidity and water-soaking treatments led to significant thickness swell for all materials tested. 

Residual internal bond strength for all OSBs decreased linearly with an increase in non-recoverable 

thickness swell. Regardless of the way OSB absorbed moisture, there was an average internal bond 

(fundamental measure of the adhesive performance in wood composites) strength loss of about 

0.0138 MPa for every percent of non-recoverable Thickness Swelling  in the specimens. In-plane 

density variation and non-uniform resin application due to curled flakes were found to play a 

significant role for the large thickness swell and internal bond strength loss in these products.” (Wu 

and Piao 1999) Wu also found that OSB swells an average of 32.8 percent over a moisture content 

change of 23.8 percent and 18.6 percent after 24 hours of water soaking. This corresponds to a non-

recoverable thickness swell of 20.1 and 14 percent, respectively. Thus it was discovered that there is 

strong correlation between water absorption and thickness swelling. (Wu and Piao 1999) 

Lehmann (1978), found that repeated cyclical exposure to high moisture environments has a 

highly degrading effect on flexural strength of flakeboard panels. In addition, resin content was 
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shown to have the largest effect on thickness swelling, which, as discussed previously, equates to a 

loss in flexural strength and internal bond strength. 

 

2.3.1 Current Standards 

No standard method exists for evaluating the flood resilience of materials. However, 

methods for evaluating other physical properties of OSB have been developed by different 

organizations. In North America, the American Society for Testing and Materials (ASTM) has 

published methods for the evaluation of thickness swelling as well as strength properties including 

static flexural strength. However, ASTM has published several standards that can be adapted for use 

in the evaluation of flooded materials including ASTM D1037 (2006), standard test methods for 

evaluating properties of wood-based fiber and particle panel materials. This standard is utilized to 

evaluate basic properties of wood-based fiber and particle panel materials, specifically water 

absorption and thickness swelling over a short term time scope. While this standard deals with a 

very short time horizon and does not capture the effects of longer duration events, the basic 

protocol for submersion method as well as thickness swelling and moisture content determination 

can be utilized. The protocol for this evaluation requires a specimen size of either 12” x 12” or 6” x 

6”. Samples are submerged for either a 22 + 2 hour soak for a continuous 24 hour soak or 2 hours 

and then 22 hours to gain information on short term submersion effects. This test is the closest 

thing to an available standard for evaluation of OSB under flood conditions as it deals with not only 

moisture relations and water in the atmosphere, but also with submersion of the product. This 

standard provides the user with an understanding of volumetric change as well as the amount of 

water absorbed over the given time interval as a function of initial conditions. These factors are 



34 

important to the general properties of the product. This standard addresses the need to understand 

how materials will change dimensionally with exposure to water, especially following re-drying, as 

thickness swelling and edge flare will affect usability as underlayment for flooring. 

As stated previously, ASTM D1037 does not address mechanical properties of the OSB either 

prior to or following submersion and re-drying. However, ASTM D3043, Standard Test Methods for 

Structural Panels in Flexure, addresses only initial strength properties. Specifically, “these methods 

give the flexural properties, principally strength and stiffness, of structural panels. These properties 

are of primary importance in most structural uses of panels whether in construction for floors, wall 

sheathing, roof decking, concrete form, or various space plane structures; packaging and materials 

handling for containers, crates, or pallets; or structural components such as stress-skin panels.” 

(ASTM 2006) Methods A and B, which are outlined in the standard, are “suited to the investigation 

of factors that influence strength and elastic properties uniformly throughout the panel, in 

controlled studies and to test small, defect free control specimens cut from large specimens”. This is 

as close to evaluating post flood event materials (OSB) as is available because “effects can be 

projected readily to full panel(s).” ASTM D3043 utilizes a universal testing machine which records 

data on loading and deformation which can be invaluable in understanding properties of material 

rigidity as well as ultimate loading. Depending on the orientation of the bending sample (parallel or 

perpendicular to the panel strength axis) the specimen will vary in size. Samples oriented parallel, a 

span to depth ratio of 48 times the material thickness is required and a ratio of 24 is required for 

perpendicularly oriented samples. Samples are tested to failure and the data cataloged during the 

testing process. 
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As this section clearly demonstrates, a standard is needed by which to evaluate the flood 

resilience of OSB. As has been discussed, flood water must be considered to be different than 

distilled water, and OSB must be evaluated after interacting with it. Testing must be done in order to 

understand the effects of time under submersion on strength properties as well as understanding 

the effects that flood water contaminants may play. 

 

3. Materials and Methods 

3.1 Testing Overview 

Exposure one graded OSB material with “A bond classification for panels suitable for uses 

not permanently exposed to the weather” (APA 2010), was obtained from three separate 

manufacturers in order to obtain representative samples of North American producers. Table 2.2 

shows the correlating thickness, exposure classification and performance certification organization. 

Two of the three products carried the Engineered Wood Association’s APA stamp while the third 

carried the Teco stamp. Two of the manufacturer’s products were 19/32” in nominal thickness while 

the third was 21/32” because this was the closest manufactured thickness available. 
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Table 2.2: OSB panel specifications 

Maunfacturer Thickness (in) Exposure Classification Certification Organization

Manufacturer 1 19/32 Exposure 1 Engineered Wood Association - APA

Manufacturer 2 19/32 Exposure 1 TECO

Manufacturer 3 21/32 Exposure 1 Engineered Wood Association - APA

Panel Specifications

 

Panels were evaluated under submersion in two water compositions. Potable water and Salt 

water (composition is addresses later in this chapter) were utilized as surrogate flood water. In 

addition, submersion over time periods ranging from 0 hours (control) to as long as two weeks (336 

hours) with soaking intervals between of 8, 24, 48, 72, and 168 hours (1 week). These submersion 

times were chosen for panel testing and evaluation in order to encompass a wide spectrum of flood 

durations. In order to evaluate the materials, one sheet from each of the three manufacturers was 

evaluated at each of the given conditions. Table 2.3 provides a summary of all testing conditions. 

Table 2.3: Summary of experimental treatments 

Water Type Control (none) Potable Salt

Manufacturer Mfg 1 Mfg 2 Mfg 3

Time Intervals (hours submerged)

Summary of Experimental Factors

0, 8, 24, 48, 72, 168, 336  

Samples were then allowed to come to equilibrium with atmospheric moisture conditions, 

cut into bending samples, equalized to 9% equilibrium moisture content, and tested in flexure.  

Additional details of the exact procedure will be given in Section 3.X of this thesis. 
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3.2 Pre Soaking Evaluation 

Evaluation of dimensional and moisture changes were catalogued to allow for assessment of 

moisture absorption and dimensional stability which may affect the mechanical properties of the 

OSB. To evaluate these factors throughout experiment, panels were weighed and dimensioned prior 

to submersion. One panel from each manufacturer was weighed utilizing an Ohaus Defender 5000 

series bench top scale. Thicknesses were also taken on the panels one inch from the panel edge on 

all four edges of the panel utilizing a Mitutoyo Series 193 micrometer (Figure 2.1). Sample panels 

were then placed in stainless steel containers 52” wide x 100” long x 4” tall and submerged. 

 

Figure 2.1: Thickness being taken with micrometer 

 

3.3 Water preparation 

Prior to submerging the samples the water which samples were to be submerged in had to 

be prepared. Where potable water was concerned a hose was utilized in order to fill tanks with 

approximately 30 gallons from the municipal water supply. Potable water in this study was supplied 
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form the Wake County municipal water supply. According to the city of Raleigh’s official drinking 

water webpage, municipal water for the city originates from the Falls Lake Reservoir which is a 

portion of the Upper Neuse River basin. The water is treated for human consumption with chlorine, 

chloramines, chlorinates, or chlorine dioxides as is common for municipal water treatment. 

In order to prepare the synthetic salt water, Instant Ocean brand aquarium dry salt water 

mix was weighed per manufacturer guidelines (Figure 2.2) to 138g of brine mix per one U.S. gallon 

(3.8L) of potable water (Figure 2.3). The synthetic was used in order to prevent problems arising 

with storage, transportation, and biologics present in the water. The synthetic salt water was then 

mixed and pumped into soaking tanks where the OSB had been placed. The specific gravity of the 

solution was measured (Figure 2.4) and was maintained between 1.02 and 1.03. Water or salt was 

added throughout the soaks to maintain specific gravity in this range. 

 

 

Figure 2.2: Salt being weighed 
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Figure 2.3: Water being added by weight 

 

Figure 2.4: Specific gravity of salt water mixture being checked 

 

3.4 Panel Soaking 

Sample panels were submerged one inch under the surface of the specified water utilizing 

ASTM D1037 as a guide. The panels were restrained with three architectural grade aluminum bars in 

order to hold them at the correct depth and prevent them from floating to the surface (Figure 2.5). 

In addition, fluorescent light diffusers were cut and placed under the sheets to prevent panels from 
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resting on the bottom of the tanks during submersion. Water levels were checked daily to assure 

constant depth within 1/8” of the one inch depth mark.  

 

Figure 2.5: OSB sheets in soaking tanks 

 

3.5 Panel Drying 

Following submersion, panels were removed from the tanks and placed on edge and 

allowed to drip for 15 minutes to remove free water. The sheets were then weighed and their 

thickness measured. Samples were stacked horizontally on bolsters and stickered with 1.5” spacers 

in order to facilitate air movement around them. A 5’ x 5’ industrial box fan was placed at the end of 

the stack of wet OSB and continually run to dry the panels until the panels returned to within 10% of 

their original mass. 
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3.6 Sample Harvesting 

Once panels were within 10% of initial mass (samples were dry to touch at this point), 16 

samples were harvested from each panel (Figure 2.6), yielding 48 samples for each treatment and a 

total sample population of n=624. Samples were harvested in a prescribed pattern shown in Figure 

2.6 in order to get four different groupings of sample types: edge samples with orientation parallel 

to strength axis (group 1), interior samples with orientation parallel to strength axis (group 2), edge 

samples with orientation perpendicular to strength axis (group 3), and interior samples with 

orientation perpendicular to strength axis (group 4). The sampling diagram below shows sample 

locations within the panel, where yellow represents group 1, blue group 2, red group 3, and green 

group 4. 

 

Figure 2.6: Schematic for harvesting flexure samples 

In order to harvest the samples, a panel saw, in-line rip saw, and cross cut saw were used.   

Samples were obtained in compliance with ASTM D3043 two-point bending protocol of parallel 

samples with a width of 2”, and length of 28” span plus 2” overhang, and perpendicular samples 

with a width of 2”, and length of 14” span plus 2” overhang. 

Group 1 
Group 2 
Group 3 
Group 4  
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As samples were cut, sample identification numbers were assigned to each one by water 

type, soak duration, orientation, sample location (group), and manufacturer. This was helpful to  

track data, assure data quality, and circumvent other experimental bias. 

 

3.7 Equalization 

The masses of the harvested samples were determined to the nearest tenth of one gram 

and then the samples were placed in an American Instrument Co. equalization chamber (Figure 2.7) 

at 23oC at 50% relative humidity. These environmental conditions were chosen to ensure that the 

equilibrium moisture content of the samples would be approximately 9%. Samples were weighed 

daily over a period of approximately two weeks to evaluate mass change over time and were 

considered to have reached equilibrium when their mass changed no more than .2g in a 24 hour 

period (ASTM D4442). In order to assure minimal changes to moisture content, the samples were 

placed into plastic bags as they were taken from the conditioning chamber prior to testing. 
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Figure 2.7: Flexure samples in equalization chamber 

3.8 Mechanical Testing 

Utilizing a MTS Corp. (Eden Prairie, MN) universal testing machine coupled with Test Works 

4 software, and an EIR LE-05 laser deflection meter, mechanical testing was performed in 

accordance with ASTM D3043, specifically method B – two point flexure testing (Figure 2.8). The 

actual test setup is shown in Figure 2.9 and was functionally the same as the prescribed fixture 

setup. 
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Figure 2.8: ASTM fixturing diagram 

 

 

Figure 2.9: lab testing setup 

Each sample was measured for width and thickness utilizing digital calipers that possessed an 

accuracy of one ten thousandth of one inch. A two thousand pound capacity load cell was utilized to 

load the samples in order to give the best possible resolution of data. The testing speed was .342 

in/min for parallel samples and .086 in/min for perpendicular samples per ASTM D3043. Data was 

collected on cross-head movement, loading, and deflection at a rate of 10 samples per second (5 Hz) 
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in order to calculate MOR and MOE values for each sample. MOR and MOE were calculated utilizing 

equation 1, below, from ASTM D198: 

 

    
          

     
 

(Eqn. 1) 

Where: 

 MOR = Modulus of Rupture (PSI) 

 Pmax = Maximum Load (lbf) 

 a = Span from reaction to load nose (in) 

 b = Sample breadth (in) 

 h = Sample thickness (in) 

     
  

 
  

 

    
           

(Eqn. 2) 

Where: 

 MOE = Modulus of Elasticity (PSI) 

 P’ = Load at proportional limit (lbf) 

 a = Span from reaction to load nose (in) 

 b = Sample breadth (in) 
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 h = Sample thickness (in) 

 L = Span from reaction to reaction (in) 

Δ = Increment of deflection of beam’s neutral axis measured at midspan over distance L and 

corresponding load P (in) 

Following mechanical testing, samples were cut from the bending samples for moisture 

content determination, weighed and placed in a forced convection oven at 103oC +/- 2oC in 

accordance with ASTM D4442 method B to qualify approximate moisture content at the time of 

testing.  

 

3.9 Statistical Treatment of Data 

In order to evaluate the data from the OSB submersion tests, all of it was coded into 

Microsoft Excel including test values and characteristics of the samples. The Excel file was then 

imported into the Statistical Package for the Social Sciences (SPSS) software and statistical analysis 

was carried out. Specifically, t-tests for independence, one way Analysis of Variance (ANOVA), and 

Bonferroni post-hoc test were performed. 

A t-test for independent means is a statistical test to evaluate the difference of means 

between sample populations. This test is utilized in order to assess if two groups within a sample 

population are different from one another with a certain level of confidence (Agresti A and Finlay B. 

2009). In this research t-test for independent means was utilized when two groups were evaluated. 

When more than two groupings were evaluated, an analysis of variance was utilized. ANOVA 

is a statistical test utilized for parametric testing to assess difference of means between groups 
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(Agresti A and Finlay B. 2009). This statistical treatment was utilized in this research to evaluate 

whether there were any differences in means between more than two groups or treatments. Along 

with ANOVA a Bonferroni post-hoc test was utilized in order to assess the differences between 

groups inside the ANOVA. Bonferroni multiple comparisons of Means, which is useful in order to 

make many comparisons between intervals of data and calculate the pair wise alpha between 

groups inside the ANOVA. Bonferroni was utilized with ANOVA in order to give better resolution of 

data and enable evaluation for the difference of means between treatment groups due to its 

conservative nature which minimizes type 2 error (Agresti A and Finlay B. 2009). 

In order to evaluate the results statistically utilizing the above outlined tools, all statistical 

analysis was carried out at 95% significance level (α=.05).  Specifically, MOR, MOE, and NRTS were 

evaluated. 

 

4. Results and Discussion 

4.1 Water 

Synthetic salt water was utilized in order to offer repeatability of the experiment. If ocean 

water had been collected the composition would have been unique to that water. In addition a 

synthetic was used in order to circumvent problems arising with storage, transportation, and 

biologics present in the water.  

To prepare the synthetic salt water Instant Ocean brand aquarium dry salt water mix was 

weighed per manufacturer guidelines to 138g of brine mix per one U.S. gallon (3.8L) of tap water 

(Table 2.4). Although, true sea water was not utilized, Table 2.4 shows a comparison of Instant 
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Ocean with Pilson’s (1998) findings on the composition of sea water. The two are extremely similar 

in chemical composition. 

Table 2.4: Comparison of Instant Ocean to Pilson’s (1998) ocean composition findings. (http://www.meta-

genome.net/methods/doku.php?id=media:seawater_with_instant_ocean, 2008) 

 

 

4.2 Non-Recoverable Thickness Swelling and Water Absorption 

Whole panels were evaluated for thickness swelling prior to sample harvesting. Eighteen 

panels for each potable and salt water submerged samples were evaluated.  The panels were 

http://www.meta-genome.net/methods/doku.php?id=media:seawater_with_instant_ocean
http://www.meta-genome.net/methods/doku.php?id=media:seawater_with_instant_ocean
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measured for percent non-recoverable thickness swell (NRTS) utilizing ASTM D1037 as a guide. NRTS 

was calculated using: 

      
     
  

       

(Eqn. 3) 

Where: 

NRTS = Non-Recoverable Thickness swell 

TF = Flexural sample thickness 

TI = Average initial panel thickness 

 

For samples soaked in either salt or potable water, the non-recoverable thickness swelling 

increased as the submersion time increased (Tables 2.5 and 2.6). As noted in Table 2.7, a significant 

difference between the magnitude of non-recoverable thickness swell (NRTS) between both water 

types was found at 95% confidence (α=.05) at 48 hours of submersion and longer. Potable water 

soaked samples show a trend of significantly higher NRTS compared to salt water soaked 

counterparts at each of the measured time intervals. Figure 2.10 shows the NRTS by both water 

types. 
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Table 2.5: Average NRTS for salt water submerged samples. 

Time (hours) Thickness Initial (in) Thickness Final (in) TS (%)

8 0.61 0.64 3.0

24 0.61 0.67 6.7

48 0.61 0.69 9.0

72 0.60 0.70 10.8

168 0.60 0.77 15.9

336 0.62 0.81 16.3

Total n=576

Average NRTS for Salt Water Samples

n=48 for each treatment (time interval)  

Table 2.6: Average NRTS for potable water submerged samples. 

Time (hours) Thickness Initial (in) Thickness Final (in) TS (%)

8 0.61 0.65 4.3

24 0.61 0.70 8.6

48 0.61 0.72 12.0

72 0.61 0.77 14.2

168 0.61 0.82 18.2

336 0.61 0.80 19.4

Total n=576

n=48 for each treatment (time interval)

Average NRTS for Potable Water Samples
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Table 2.7: NRTS analyzed by water type for all time intervals 

Time Potable water Salt water Significance (α=.05)

0h .00 .00 1.000

8h 4.31 2.97 0.109

24h 8.56 6.66 0.278

48h 12.00 9.02 0.001

72h 14.22 10.75 0.001
168h 18.21 15.93 0.053

336h 19.42 16.30 0.014

Total n=624

n=32 for each treatment (48 for controls)

t-test for independence of means used to evaluate differences 

between water types at each time interval (α=.05)

Non-Recoverable Thickness Swell by Time and Water Type

Mean Values (%)

 

 

Figure 2.10: Total thickness swell (%) of potable and salt water submerged samples 

Driving the thickness swelling was the absorption of water while the panels were 

submerged. The potable and salt contaminated water panels absorbed 77% and 66.5%, respectively, 

of their initial panel weight, respectively, after two weeks. This translates to a gain of 49.5 lb and 

43.6 lb of potable water and salt water, respectively. Figure 2.11 shows that the average percent 
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panel water absorption over time is similar in trend for both treatments.  However, the potable 

water treatments absorb water more quickly, while the salt water samples have a slower and more 

linear trend through the two week maximum interval. 

A higher level of water absorption and subsequent NRTS in potable water treated samples 

that is observed was most likely due to the salts present in the synthetic salt water utilized.  

According to Grignon and Scallan (1980) and Lindstrom and Carlsson (1982), woods tendency to 

swell under wetting is affected by PH as well as by the presence of salts in solution. Lindstrom and 

Carlsson (1982) found that swelling in wood is highest at neutral PH, and additionally the presence 

of neutrally charged salts will reduce swelling regardless of PH. Buckmann et.al. (1934) discovered 

that with some salts electrical charge may build up on wood surfaces creating electrical “back 

pressure” which may influence absorption of salt-water solutions. This research points out that salt 

water solutions absorb into wood slower than water which is not encumbered with salts, meaning 

that in the case of this research, there would be less absorption, NRTS, and subsequent flexural 

strength loss in salt water samples.  

Although limited work has been performed evaluating thickness swelling and its relationship 

to strength loss, Wu and Suchsland (1997) and Wu (1998) have shown that commercial OSB can 

suffer significant strength loss from higher moisture content conditions. In addition the authors 

suggested strength loss in OSB is due to breakage of adhesive bonds in the panel which in turn 

causes non-recoverable thickness swelling. 
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Figure 2.11: Water absorption over time 

The relationship between NRTS and water absorption was measured and the results show a 

correlation between the two variables.  A scatter plot between the two variables with the 

absorption data (x) collected for potable and salt water groupings explains upwards of 50% of the 

variance in the NRTS (Potable water r2=.614, Salt water r2=.542) 

The r2 shown above measures the strength of relationship between the two variables. The 

correlations between the two variables show a moderately strong correlation between submersion 

time and weight gain from water absorption into the panels. Figures 2.12 and 2.13 show an x, y 

scatter plot where the x axis represents water absorption and the y represents NRTS. As stated 

previously, the relationship between the dependent (y) and independent (x) variables is moderately 

strong.  
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R² = 0.614
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Figure 2.12: Water absorption and NRTS relationship for potable water 

R² = 0.542
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Figure 2.13: Water absorption and NRTS relationship for salt water 

In order to compare the performance of edge and center located samples, all edge samples 

are grouped for each submersion time and the average NRTS was found. The same treatment was 

also performed for center located samples. Tables 2.8 and 2.9 show NRTS by location at each time 

interval for potable and salt water separately. Table 2.8 shows that in potable water treated 

samples, the edges of the OSB panels displayed statistically significantly (α=.05) more NRTS than the 

center of the panels did for all time intervals. A similar result is outlined in Table 2.9, with the only 
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exception being at 24 hours of submersion where statistical difference is not observed, but the edge 

samples did show almost 2% more NRTS. The trend of higher levels of NRTS at the edges of panels 

than at panel centers in both water types is due to increased time of contact with a larger surface 

area coming in to contact with water initially at the edges of the panels. This fact, coupled with the 

anatomical structure of the wood exposed at these edges, yields the observed effect. Because the 

cellular structure of wood in the longitudinal orientation of a tree is used in a large capacity to 

transport water up its stem, it is only natural that after the wood is inserted into the panel that 

these longitudinal cells (the ends of which are exposed at the panel edge), conduct water inward in 

the panel more readily.  Due to these factors, higher amounts of water are absorbed at panel edges. 

This trend was observed even though the edges of the sample panels are coated with wax to 

prevent moisture from rain etc. from being absorbed. 

Table 2.8: NRTS evaluated by location and varying times for potable water samples 

Time Edge Center Significance (α=.05)

0h .00 .00 1.000

8h 6.64 2.07 0.000

24h 12.92 4.20 0.000

48h 14.72 9.27 0.000
72h 18.01 10.43 0.000

168h 21.83 14.58 0.000
336h 22.82 16.02 0.000

Non-Recoverable Thickness Swell by Time and Location: Potable water

Mean Values (%)

Total n=292

n=24 for each treatment (48 for controls)

t-test for independence of means used to evaluate differences 

between sample location at each time interval (α=.05)  
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Table 2.9: NRTS evaluated by location and varying times for salt water samples 

Time Edge Center Significance (α=.05)

0h .00 .00 1.000

8h 3.88 2.07 0.009

24h 7.50 5.81 0.216

48h 11.89 6.04 0.000
72h 14.06 7.44 0.000

168h 19.33 12.52 0.000
336h 21.12 11.47 0.000

Non-Recoverable Thickness Swell by Time and Location: Salt Water

Mean Values (%)

Total n=292

n=24 for each treatment (48 for controls)

t-test for independence of means used to evaluate differences 

between sample location at each time interval (α=.05)
 

Additionally, statistically significant differences (α=.05) in NRTS exist when comparing the 

different time intervals inside of the edge or center data sets for both potable and salt water (Figure 

2.14 and 2.15). In the case of potable and salt water treatments edge samples show statistically 

significant increases in NRTS after eight hours. Likewise center samples for both water treatments 

show statistically significant increases from the initial condition after 24 hours. Both Figures 2.14 

and 2.15 indicate that the edge samples have higher levels of NRTS than their center counterparts. 

This shows a trend of accelerated and larger quantities of NRTS in edge samples independent of 

water treatment when compared to center samples. 
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Figure 2.14: NRTS by time and location for potable water samples 
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Figure 2.15: NRTS by time and location for potable water samples 

A test for statistically significant difference (α=.05) between manufacturers of panels shows 

differences in  non-recoverable thickness swelling between the three manufacturers at 48, 168, and 
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336 hours (Table 2.10). While there is no statistically significant difference in NRTS at 72 hours 

between the manufacturers, manufacturer one had the lowest NRTS as it did for 48, 168, and 336 

hours. 

Table 2.10: NRTS by manufacturer over time 

Time Mfg. 1 Mfg. 2 Mfg. 3 Significance (α=.05)

0h .0 .0 .0 1.000

8h 3.1 3.7 4.0 0.400

24h 7.6 7.2 8.0 0.714
48h 8.8 9.7 12.6 0.005

72h 11.4 12.6 13.4 0.274

168h 14.9 17.7 18.6 0.019

336h 16.2 19.6 17.8 0.042

Note: significance value shown represents α for manufacturers 

with largest difference in means

Total n=624

n=32 for each treatment (48 for controls)

ANOVA with Bonferroni Post-Hoc utilized to evaluate 

Manufacturers at each time interval (α=.05)

NRTS by Manufacturer and Time

Mean NRTS

 

 

4.3 Strength Properties 

To evaluate the strength properties of the OSB samples, MOR and MOE were utilized. 

 

4.3.1 Modulus of Elasticity 

The modulus of Elasticity (MOE) with regards to flexural strength is a numerical ratio of 

stress to strain and describes how much a beam deflects under the proportional limit (limit of the 
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elastic zone of a material). It describes how a material performs with respect to deflection under 

loading without permanent deformation. 

When comparing the MOE of potable and salt water submerged samples of all orientations 

and locations over time in Figure 2.16, similar trends are found. In both potable and salt water, the 

mean values of MOE for both treatments show degradation over time. Potable water shows 

significant losses from initial condition after 72 hours of submersion, while salt water submerged 

samples show significant loss after just 48 hours when an analysis of variance is performed for the 

time intervals in each water treatment. When comparing the mean values for potable and salt water 

submerged samples over time in Table 2.11, no significant differences emerge between water types. 

This indicates that with regards to MOE, the effects of submersion of OSB in salt and potable water 

are not significantly different. 
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Figure 2.16: Modulus of Elasticity characterized by water type and time 
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Table2.11: Modulus of Elasticity characterized by water type and time 

Time Potable water Salt water Significance (α=.05)

0h 637,456 637,456 1.000

8h 512,485 584,194 0.221
24h 471,371 470,323 0.985

48h 467,517 461,929 0.919

72h 427,317 440,160 0.798

168h 397,692 394,450 0.946
336h 371,535 395,313 0.641

Total n=624

n=32 for each treatment (48 for controls)

t-test for independence of means used to evaluate differences 

between water types at each time interval (α=.05)

MOE by Time and Water Type

Mean Values (psi)

 

When analyzing panel sections by orientation, Modulus of Elasticity decreased faster for 

edge located samples than center located samples when comparing the data for varying submersion 

times (Figure 2.17). Edge samples showed statistically significant (α=.05) deterioration of MOE after 

24 hours of submersion while the center located samples showed significant deterioration after one 

week of submersion. Since the edge regions of the panels were exposed to more intimate contact 

with water for longer periods of time, it makes sense that this trend would be observed since there 

is a well-established relationship between heightened moisture and NRTS as well as thickness swell 

and strength loss (Wu and Paio 1999). Simply put, because the edges samples of the OSB sheets 

show the most dramatic loss of elastic modulus, they are the limiting factor in evaluating MOE for 

the entire panel under any given submersion condition. 
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Figure 2.17: MOE analyzed by sample location and time 

Differences also existed between rates of degradation among different manufactured 

brands of OSB with regards to elastic modulus of submerged panels. The data from each of the 

three manufacturers was analyzed separately and compared over the varying treatments of 

submersion time. When data for all locations and orientations were included, all three 

manufacturers degrade as submersion time increased. Manufacturer one showed no statistically 

significant loss of MOE over time when compared to control (un-soaked) samples, while 

manufacturer two and three showed statistically significant losses from initial condition at 72 and 

336 hours respectively2 (Figure 2.18). However, as Table 2.12 shows significant difference between 

the brands was not observed over the varying time intervals.  Additionally, Table 2.12 shows that 

the average values for manufacturer one was higher than manufacturer two or three at all time 

intervals. 

                                                           

2
 Panel thickness is accounted for in the MOE calculations, making a side by side comparison of the 

manufacturers possible. 

300,000.0 

350,000.0 

400,000.0 

450,000.0 

500,000.0 

550,000.0 

600,000.0 

650,000.0 

700,000.0 

0 100 200 300 400

M
O

E 
(p

si
)

Time (hours)

MOE by Time and Location

Center

Edge



62 

 

Figure 2.18: Average MOE by Manufacturer 

 

Table2.12: MOE by manufacturer analyzed at all time intervals 

Time Mfg. 1 Mfg. 2 Mfg. 3 Significance (α=.05)

0h 699,469    636,900     576,000     0.956

8h 610,884    515,988     519,190     0.609

24h 527,922    468,681     415,938     0.334
48h 559,323    431,744     409,100     0.071

72h 495,509    415,344     390,363     0.256

168h 452,003    369,350     366,859     0.444

336h 462,434    346,656     341,181     0.150

n=32 for each treatment (48 for controls)

ANOVA with Bonferroni Post-Hoc utilized to evaluate 

Manufacturers at each time interval (α=.05)

Note: significance value shown represents α for manufacturers 

with largest difference in means

Total n=624

MOE by Manufacturer and Time

Mean Values (psi)

 

MOE for parallel oriented samples was significantly higher than perpendicular samples at all 

submersion times as is seen in Table 2.13. The MOE for the un-soaked samples were 3.30x105 psi 

and 9.44x105 for perpendicular and parallel samples, respectively. Mean values for both parallel and 
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perpendicular oriented samples decreased as submersion time increased, reducing by36% and 51% 

of initial MOE for parallel and perpendicular samples respectively. This represents the engineered 

nature of the panels; as all OSB panels are engineered with emphasis on the strength properties 

parallel to the strength axis of the panel. 

Table 2.13: MOE by orientation evaluated at each time 

Time Parallel Perpendicular Significance (α=.05)

0h 944,213              330,700              0.000

8h 817,570              279,109              0.000

24h 719,394              222,300              0.000

48h 699,190              214,994              0.000

72h 648,692              218,785              0.000

168h 603,956              188,185              0.000
336h 604,898              161,950              0.000

Total n=624

n=32 for each treatment (48 for controls)

MOE by Time and Orientation

Mean Values (psi)

t-test for independence of means used to evaluate differences 

between sample orientation at each time interval (α=.05)  

 

4.3.2 Modulus of Rupture 

Modulus of Rupture (MOR) reflects the maximum load carrying capacity of a member in 

bending and is proportional to the maximum moment borne by the specimen. MOR is used in place 

of simply recording the peak load of a sample in order to take in to account variables which impact 

peak loading including span, breadth, and depth of a sample in flexure (Gere and Goodno 2008). 

Figure 2.19 shows the mean MOR for potable and salt water samples at each time interval. 

Figure 2.19 shows the trends for both water treatments are similar while potable water degrades to 

a larger extent. When the data is evaluated for each treatment (salt and potable water at varying 
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submersions compared to the control values) the average MOR for the potable water shows a 

statistically significant decrease from initial conditions after 24 hours of submersion, while those 

from salt water do not until 48 hours. Additionally, the MORs from the salt water experiments are 

200 psi greater at all times while there is only a significant difference between those from the salt 

and potable water experiments at 8 hours of submersion. Potable water samples showed more 

reduction in MOR than potable water samples at all time intervals due to the relationship between 

water absorption, its effects on NRTS, and subsequently flexural strength properties. 
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Figure 2.19: MOR by water type over time 

When MOR is evaluated over time in terms of sample location, the same general trend that 

is observed in MOE is seen again. As shown in Figure 2.20, samples located at the center of the 

panels as well as at the edge of the panels deteriorate with increasing submersion time. The 

samples evaluated from the edge of the panels show significant loss of MOR compared to un-soaked 

samples after 24 hours. Samples evaluated from the center of the panels show significant loss of 

MOR compared to un-soaked samples after 1 week of submersion. These findings showed that 

samples from panel edges degraded statistically significantly six days sooner. This trend, when 
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observed alongside the results of non-recoverable thickness swelling discussed earlier, show a trend 

of increasing NRTS and decreasing MOR over time. Because the NRTS is greater at the edges of 

panels at all time intervals, quicker losses of MOR in edge samples are to be expected. 

 

Figure 2.20: MOR by sample location over time 

When edge and center samples of the OSB panels are compared at varying time intervals, 

(Table 2.14 and 2.15), statistically significant (α=.05) differences exist. When samples from edge and 

center sections of potable treated panels are assessed, statistically significant differences are not 

observed at any time while the mean MOR values are higher in all cases (except the controls) in the 

center located samples. In salt water treated samples statistically significant difference are seen at 

48 and 72 hours of submersion (336 hours has an α=.066). Similar to potable submerged samples 

the salt water treated samples show higher mean MORs in center located samples even when 

statistical significance is not seen. This trend emerges because of the continued degradation of 

permanent deformation from NRTS in edge samples. While NRTS continues to be exacerbated due 

continued water absorption, the center portion of the panel has more material to restrain it from 

swelling where edge samples are uninhibited from doing so. 
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Table 2.14: MOR evaluated at all times by sample location for potable water samples 

Time Edge Center Significance (α=.05)

0h 2769 2515 0.341

8h 2117 2289 0.484

24h 1763 2133 0.107

48h 1693 2022 0.143
72h 1548 1962 0.085

168h 1402 1546 0.408
336h 1260 1486 0.207

Mean Values (psi)

Total n=292

n=24 for each treatment (48 for controls)

t-test for independence of means used to evaluate differences 

between sample location at each time interval (α=.05)

MOR by Time and Location: Potable Water

 

Table 2.15 MOR evaluated at all times by sample location for salt water samples 

Time Edge Center Significance (α=.05)

0h 2769 2515 0.341

8h 2477 2771 0.306

24h 1995 2175 0.435

48h 1736 2241 0.020
72h 1711 2101 0.037

168h 1498 1704 0.243
336h 1437 1841 0.066

MOR by Time and Location: Salt Water

Mean Values (psi)

Total n=292

n=24 for each treatment (48 for controls)

t-test for independence of means used to evaluate differences 

between sample location at each time interval (α=.05)
 

When MOR is evaluated by factors of water type and orientation (Figure 2.21), significant 

differences (α=.05) exist between parallel and perpendicular oriented samples in potable and salt 

water. This trend should hold, as exposure 1 rated panels are engineered for better flexural 
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performance in the parallel orientation than in the perpendicular orientation. As shown in Table 

2.16, parallel and perpendicular samples are analyzed separately by water type and for both cases, 

salt water submerged samples have significantly higher MOR values averaged over all time intervals 

than samples submerged in potable water independent of sample orientation. 

 

Figure 2.21: MOR evaluated by water type and sample orientation 

Table 2.16:MOR evaluated by water type for parallel and perpendicula orientation 

Orientation Potable water Salt water Significance (α=.05)

Parallel 2332 2554 0.007

Perpendicular 1205 1380 0.001

t-test for independence of means used to evaluate differences 

between watery type for each orientation (α=.05)

MOR by Water Type and Orientation

Mean Values (psi)

Total n=624

n=156 for each treatment (48 for controls)

 

Differences in MOR among manufacturers were also evaluated over time. In Figure 2.22, the 

three data series representing the three manufacturers utilized in this study in potable water 

treatments. Each series was evaluated over the two week time interval with 16 samples for each 
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data point utilized (48 samples were utilized for all controls). All three manufactures lose flexural 

strength over time at different rates. Significant MOR losses from panel initial conditions was 

observed at 336, 48, and 48 hours for manufacturer one, two and three respectively. Thus 

manufacturer one was most resilient to degradation as a function of time. This could be due to a 

host of factors including and not limited to resin content, which is a well known factor in panel 

strength. 

Figure 2.23 the manufacturers were evaluated after submersion in salt water treatments. 

Under these test conditions manufacturer one showed no statistically significant decrease from the 

controls at any given submersion time. Although, after two weeks of submersion the mean MOR for 

the samples was 800 psi lower than the mean value of the controls. Manufacturer two showed 

statistically significant decreases from the un-soaked controls after 72 hours of submersion. 

Manufacturer three showed statistically significant decreases from the un-soaked controls after 48 

hours. 

Additionally, MOR for all manufacturers was evaluated at all time intervals throughout the 

experiment. The results of this study are shown in Table 2.17 and 2.18. From Table 2.17, statistically 

significant differences between potable water treated samples are observed between the 

manufacturers at one and two weeks of submersion. In this case manufacturer 1 had the highest 

residual MOR at both times of submersion. Samples which were submerged in salt water showed no 

statistically significant difference at any of the time intervals while there was a difference of 

approximately 500 psi after two weeks of submersion. The differences between panels in potable 

water was most likely due to variability in manufacturer practices. Variables which may have 

impacted flexural strength post submersion could include: resin content, wood chip geometry, as 
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well as hot press temperature and cycle times. Additionally, OSB is an inherently variable material 

since wood, OSB’s main constituent, is also inherently non uniform. 
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Figure 2.22: MOR evaluated by time by manufacturer for potable water treated samples 
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Figure 2.23: MOR evaluated over time by manufacturer for salt water treated samples 

Table 2.17: MOR comparison of manufacturers evaluated at each time interval for potable water treated samples 

Time Mfg. 1 Mfg. 2 Mfg. 3 Significance (α=.05)

0h 2694 2523 2709 1.000

8h 2380 1955 2292 0.482

24h 1969 1820 2054 1.000

48h 2072 1752 1754 0.753
72h 1905 1558 1802 0.743

168h 1721 1124 1576 0.010
336h 1624 1061 1435 0.026

MOR by Manufacturer and Time for Potable Water

Mean Values (psi)

Note: significance value shown represents α for 

manufacturers with largest difference in means

Total n=264

n=16 for each treatment (48 for controls)

ANOVA with Bonferroni Post-Hoc utilized to evaluate 

Manufacturers at each time interval (α=.05)
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Table 2.18: MOR comparison of manufacturers evaluated at each time interval for salt water treated samples 

Time Mfg. 1 Mfg. 2 Mfg. 3 Significance (α=.05)

0h 2694 2523 2709 1.000

8h 3001 2431 2439 0.305

24h 2236 1838 2181 0.478

48h 2274 1872 1830 0.306
72h 2131 1698 1889 0.187

168h 1703 1442 1657 0.697
336h 1882 1333 1702 0.126

ANOVA with Bonferroni Post-Hoc utilized to evaluate 

Manufacturers at each time interval (α=.05)

MOR by Manufacturer and Time for Salt Water

Mean Values (psi)

Note: significance value shown represents α for 

manufacturers with largest difference in means

Total n=264

n=16 for each treatment (48 for controls)

 

 

5. Conclusions 

5.1 Thickness Swelling and Water Absorption 

Both water treatment groups had similar trends regarding water absorption and thickness 

swelling. As would be expected due to wood’s hygroscopic nature, (either submersion or in the 

atmosphere) water was continually absorbed throughout submersion and would have continued to 

be absorbed until the panel reached equilibrium given enough time. Although equilibrium was not 

reached in this study, after two weeks, potable water treated samples absorbed roughly 10% more 

water than their salt water treated counterparts. 
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Additionally non-recoverable thickness swelling also reflected the trends of water 

absorption. As more moisture was absorbed, there was also increase in thickness swelling. 

Moderately strong correlation was seen between water absorption and thickness swell as r2 values 

were seen above 50%. 

 As stated previously, higher potable water absorption and subsequent thickness swelling is 

due to hindrances in swelling from the salt in solution. Since potable water was absorbed more 

readily than salt water, subsequent thickness swelling was also greater in potable water (Tables 2.5, 

2.6 and 2.7). 

Independent of water type, the center sections of the OSB panels evaluated swelled 50% 

less than their edge counterparts at all given time intervals. These edge samples came into more 

direct contact with water initially due to the increased surface area afforded by the panel edges. 

This increased surface area allowed for a larger area of interface with water at the panel edges, 

causing the effect of NRTS to be amplified. 

 

5.2 Strength Properties 

Overall, the data shows that MOE degrades as a function of time of submersion. This 

relationship with time is not linear, as OSB’s elastic modulus saw 62% and 69% of degradation in the 

first 24 hours of submersion for potable and salt water treated samples respectively. This occurred 

as water was being absorbed rapidly. As the panels were soaked for longer times, absorption of 

surrounding liquid slowed as the panels approached the maximum moisture content possible. In 
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both water treatments a reduction of approximately 26% of initial MOE was observed after two 

weeks. 

In evaluating the flexural strength properties of OSB it was found that the edge samples of 

all submerged panels lose significant amounts of their initial MOE six days sooner than their center 

located counterparts. This finding is a direct effect of the absorption and subsequent NRTS observed 

throughout all submerged samples and is in accord with previous findings. Additionally, MOE loss 

varies by manufacturer which is assumed to be a function of variances in the manufacturing 

processes. 

Modulus of Rupture was affected to a much larger extent than Modulus of Elasticity. 

Potable water samples show significant deterioration after 24 hours of submersion, while significant 

deterioration did not occur in salt water treated samples until 48 hours. After 24 hours, potable 

water treated samples had deteriorated by 26% while salt water treated samples had degraded by 

21%. 

Significant differences in MOR exist at 95% confidence between sample locations. 

Independent of water treatment or sample orientation, MOR degrades significantly faster in edge 

samples. Additionally, center located samples showed trends of higher MOR at all time intervals 

than their edge counterparts in both salt and potable water treatments. These trends, similar to 

those in MOE, can be explained by the larger NRTS observed in edge samples. 

Other factors strongly linked to engineered intent of the OSB panels were also observed. 

The MOR of perpendicularly oriented samples was found to be significantly (α=.05) lower than that 

of parallel samples regardless of sample location, time of submersion, or water treatment (potable 

or salt water submersion). This result was expected as exposure 1 graded panels have lower 
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strength property requirements in the perpendicular orientation than they do in parallel orientation. 

Additionally, significant differences in MOR were observed between the three different 

manufacturers utilized in experimentation. With respect to time, after one week and two weeks of 

submersion significant differences (α=.05) in MOR existed between manufacturers in potable water 

treatments. Similar to trends seen in MOE among different manufacturers over submersion time, 

the differences in MOR are due to variability in material composition and manufacturing processes. 

The findings from this research further solidify the need for a method by which to evaluate 

commonly used construction materials for flood damage resistance. This is shown through the 

violation of several assumptions in FEMA TB 2-10 including: 72 hours of submersion being the 

standard by which all materials are evaluated, and that all flood water has the same effect on 

materials. 

In Table 2.19 a comparison is made of the findings from this research and quality control 

guidelines set forth by the Engineered Wood Association (APA). Means for all time intervals for both 

potable and salt contaminated water were calculated for all edge located samples. The values were 

then compared to the APA values and the time interval at which individual values were out of 

compliance was recorded. 
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Table 2.19: Comparison of Findings to APA 2-10 

 

Edge samples were evaluated due to the findings in this research regarding the accelerated 

degradation of both MOR and MOE over time compared to samples located at the center of the 

panels, and were thus the weakest link and the limiting factor for use. Table 2.19 shows that, with 

regards to the physical properties evaluated, MOR limits use as samples are out of compliance long 

before MOE loss becomes a factor. When comparing the water treatments, samples which were 

submerged in potable water fell below APA quality control guidelines after 8 hours of submersion, 

while salt water submerged samples were out of compliance after 24 hours. This demonstrates the 

inequality in effect of varying water composition as well as showing the need for evaluation of OSB 

over a spectrum of times in order to understand this critical aspect of floods. 

The end user of OSB structural panels as well as the bodies which certify structural panels 

and those organizations which disseminate information and recommend appropriate responses to 

flooding should consider the effects of time as well as water composition when making post flood 

assessments based on these findings. Due to differences observed in the reduction of the Modulus 

of Rupture between water exposures it is important to understand the type of flood event the home 

was exposed to as well as the length of the inundation of water into the home. Manufacturer should 

not be considered in the post flood assessment. Although differences existed between 

Parallel Perpendicular Parallel Perpendicular

MOR 8 hours 8 hours 24 hours 24 hours

MOE 168 hours 336 hours 168 hours 168 hours

Note: Values evaluated are for edge samples only.

Potable water Salt water

Comparision of Findings to APA PS 2-10

Water Type

Note: Values presented are the time period at which APA 

criteria is no longer met.
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manufacturers, the end user should not be concerned with these differences. In the case of potable 

and salt water submersion, significant differences between manufacturers were not observed until 

after 24 hours of submersion. Thus regardless of manufacturer, the panel would need to be replaced 

anyway. 

Although OSB begins to deteriorate as soon as water starts to penetrate the panel it does 

not deteriorate enough to warrant replacement until eight hours of submersion in the case of fresh 

water interaction or 24 hours in the case of salt water. OSB should be replaced following fresh water 

floods lasting longer than eight hours or salt water floods which last in excess of 24 hours. This 

statement is evaluated on the basis of flexural strength properties alone and does not take into 

account mold growth or any aesthetic parameter of OSB. 

 

6. Limitations and Future Work 

6.1 Limitations 

The main limitation of this work was the inability to equalize entire OSB panels to a 

controlled moisture content prior to soaking in order to evaluate total thickness swell as it is 

outlined in ASTM D1037.  
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6.2 Future Work 

Future research should include analyzing panels based on other flood water types such as 

diesel contaminated water. Additionally, plywood panels should also be included and compared to 

the data from the OSB panels. 

Examination of environmental impacts of the leachate emitted from OSB as well as their 

impacts on water quality and human health will also be important to show the affect of the 

submersion on the above factors. 
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Appendix A - Effectiveness of Educational Tools for Hurricane Resilience in Homes 

 

A.1 Test Media 

 

Figure A1.1: Screen capture of video produced as test media for use in focus groups (Access at: 

http://www.youtube.com/watch?v=V88Q-fx_pR4) 

http://www.youtube.com/watch?v=V88Q-fx_pR4
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Figure A1.2: Pamphlet created for use as a sample media type in focus groups 
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Figures A1.3: Front and back of coaster produced as a sample media type for use in focus groups 
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A.2 Focus Group Evaluation Forms 

 

Figure A.2.1: Release form used in focus groups 
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Figure A2.2: Background and demography form used in focus groups 
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Figure A2.3: Media survey used in focus groups 
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Figure A2.4: Retention analysis form used in focus groups 
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A.3 Retention Analysis 

 

To test the effectiveness of the media, respondents were evaluated on their retention of 

media content.  The retention analysis survey was compiled with all of the correct answers being 

separated Figure A3.1 shows the sources of the correct answers.  It is interesting that the video was 

identified as the source of the information for the correct answer almost half of the time.  This 

indicates that while the pamphlet may have been the preferred source for use by participants, the 

video helps those who interact with it retain information better than both the pamphlet and the 

coaster.  The pamphlet was identified as the source of correct responses just over 1/3 of the time 

indicating that it also was a viable source for retaining information. 

 

Figure A3.1: Respondent’s identified source of correct responses in retention analysis

36% 

45% 

19% 

Identified Source for Correct 
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Appendix B - Evaluating Oriented Strand Board Under Flood Conditions 

 

B.1 Preliminary Testing 

Initially, a question was surmised regarding how to soak and evaluate OSB in the most 

practical, and realistic manner by which to truly evaluate the material. As stated previously, current 

evaluation of OSB under soaking (ASTM 1043) utilizes panel sections, namely either 6” x 6” or 12” x 

12” sections of paneling for soaking. It was theorized that the panels must be soaked as a functional 

unit as they would in use in order to fully understand the effect of submersion. In order to test this 

theory, four quarter panels (22” x 22”) and four half panel sections (44” x 44”) were utilized. 

Exposure one panels of the same manufacture were purchased at a local home 

improvement warehouse. The panels were each cut into sections of the appropriate size (either 

quarter panels or half panels). All of the samples were weighed and dimensioned and then placed 

one inch under the surface in a room temperature potable water bath horizontally for two week. 

Following this treatment, the samples were weighted and dimensioned as before. 

Additionally, all samples were cut into 5” square samples. Each sample was weighed and 

dimensioned separately and then placed in a forced convection oven at 103oC +/- 2oC until 

equilibrium was achieved. At this point thicknesses were once again taken. 

Utilizing this information total thickness swell information as well as moisture content could 

be determined. Statistical treatment of Analysis of Variance was then performed in order to 

evaluate differences between specimen sizes as well as internal panel thickness swelling and 

absorption statistical differences. It was established that full sheets of OSB must be utilized. 
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B.2 Auxiliary Tables and Figures 

B.2.1 Non-Recoverable Thickness Swell  

 

Figure B2.1: NRTS by time and orientation 

Table B2.1: NRTS by orientation at varying times 
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Figure B2.2: NRTS by water type and orientation 

Table B2.2: NRTS by water type controlling for orientation 

 

 

Figure B2.3: NRTS by water type and location 
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Table B2.3: NRTS by water type controlling for location 

 

 

Figure B2.4: NRTS by orientation and location 

Table B2.4: NRTS by orientation controlling for location 
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B.2.2 Peak Loading 

 

 

Figure B2.5: Peak load by time and location 

Table B2.5: Peak load evaluated for location at all times 
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Figure B2.6: Peak load evaluated over time and by orientation 

Table B2.6: Peak load evaluated by orientation over time 

 

 

Figure B2.7: Peak load evaluated over time by water type 
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Table B2.7: Peak load evaluated by water type at all times 

 

 

Figure B2.8: Peak load evaluated by water type and orientation 

Table B2.8: Peak load evaluated for differences by water type and orientation 
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Figure B2.9: Peak load by water type and sample location 

Table B2.9: Peak load controlling for location evaluated by water type 

 

 

Figure B2.10: Peak load by orientation and location 
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Table B2.10: Peak load controlling for location evaluating for orientation 

 

 

B.2.3 Modulus of Elasticity 

Table B2.11: MOE evaluated at each time by water type 

 

Table B2.12: MOE evaluated at each time by location 

 

Location Parallel Perpendicular Significance (α=.05)
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168h 395,431.3          396,710.4          0.979
336h 353,825.0          413,022.9          0.245

n=48 for each treatment

Total n=624

MOE by Time and Location

Mean Values (psi)
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Figure B2.11: MOE by time and orientation 

 

Figure B1.12: MOE by water type and orientation 

Table B2.13: MOE evaluated by water type for orientation 
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Orientation Potable water Salt water Significance (α=.05)

Parallel 673,933.1          689,659.2          0.420

Perpendicular 209,468.5          218,513.3          0.282

MOE by Water Type and Orientation
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Total n=624
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Figure B2.13: MOE by water type and location 

Table B2.14: MOE evaluated for water type by location 

 

 

Figure B2.14: MOE by orientation and location 
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Table B2.15: MOE evaluated by orientation by location 

 

B.2.4 Modulus of Rupture 

Table B2.16: MOR evaluated by water type at all times 

 

 

Figure B2.15: MOR by time and orientation 

 

 

Location Parallel Perpendicular Significance (α=.05)

Edge 687,102.5          200,464.9          0.000

Center 717,079.5          245,298.7          0.000

MOE by Orientation and Location

Mean Values (psi)

Total n=624

n=156 for each treatment

Time Potable water Salt water Significance (α=.05)

0h 2642.0 2642.0 1.000

8h 2205.1 2623.9 0.027

24h 1947.7 2085.1 0.398

48h 1857.2 1983.4 0.424

72h 1754.9 1906.0 0.324
168h 1473.8 1600.7 0.303

336h 1372.9 1639.0 0.063

MOR by Time and Water Type

Mean Values (psi)

Total n=624

n=48 for each treatment
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Table B2.17: MOR evaluated by orientation at all times 

 

 

Figure B2.16: MOR by water type and location 

Table B2.18: MOR evaluated by water type at both locations 

 

Time Parallel Perpendicular Significance (α=.05)

0h 3388.1 1895.9 0.000

8h 3182.7 1666.6 0.000

24h 2643.6 1389.2 0.000

48h 2493.6 1317.1 0.000

72h 2350.8 1310.1 0.000
168h 1982.4 1092.1 0.000

336h 2028.5 983.4 0.000

MOR by Time and Orientation

Mean Values (psi)

Total n=624

n=48 for each treatment
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Edge 1626.5 1808.0 0.064

Center 1905.4 2139.4 0.010

MOR by Water Type and Location
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Total n=624

n=156 for each treatment
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Figure B2.17: MOR by orientation and location 

Table B2.19: MOR evaluated by orientation for both locations 
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