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war-fighting mission and the various aircraft and personnel specialties that are housed 

within facilities. In most cases there are higher hazards such as explosives and sensitive 

combustible fluids contained within facilities. As a visible symbol of our nation’s 

military might, USAF facilities have an inherent risk as a target for our nation’s enemies, 

and therefore commanders mitigate against that risk by going above and beyond the 

requirements of the International Building Code (IBC). These exceptions are outlined in 

the DoD’s Unified Facility Criteria (UFC) which is the DoD building code. In addition, 

like many other government entities, the DoD builds its construction standards with the 

weight of responsibility to tax payer dollars such that projects are cost effective over the 

life cycle of the facility (Department of Defense).  This research is justified and necessary 

for the USAF because it will distinguish itself by focusing on the differences imposed by 

DoD standards on fabric construction as opposed to the proven application in private 

industry. 

Within the past decade the USAF and the DoD have begun to implement fabric 

construction in temporary structures such as sun-shades and relocatable Large Area 

Maintenance Shelters (LAMS). Temporary structures as defined by UFC 1-200-01 are 

“buildings and facilities designed and constructed to serve a life expectancy of five years 

or less using low cost construction.”  The flexibility of this construction method and its 

speedy construction time have sold the USAF and DoD on its practicality as a deployable 

expeditionary construction method.  The USAF has established standardized deployable 

kits for temporary structures that many Airmen in the Civil Engineering career field are 

trained to construct. Therefore, it is apparent that the USAF and DoD are convinced of 

the capabilities of fabric construction as it is applied to temporary facilities. However, 
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given that the USAF has only the one test case at Tinker AFB of a permanently 

constructed tensile fabric hangar, there is not much data within the USAF and DoD on 

which USAF leaders can base a decision to continue investing in this method for 

permanent construction. Additionally, with the current restrained budget for military 

construction (MILCON) projects, it is very difficult for an organization such as the USAF 

to commit to fabric construction as it has with conventional methods such as steel, 

concrete, masonry, and wood when it is unclear how the new type of facility will standup 

to USAF requirements in the future. 

The USAF has already established that fabric construction is effective in 

contingency environments where temporary and mobile facilities are a necessity. As 

stated above, the intent for temporary construction is for the facility to be designed for up 

to a five-year useful life. In reality many of the structures, such as the hangar facilities 

manufactured by Alaska Structures Inc., that the USAF and DoD use in deployed 

locations, are in use for longer than twenty years. The recent up-tick of private sector and 

government agencies making use of fabric construction for permanent aircraft hangars, 

has sparked USAF interest in situations where fabric makes more sense than conventional 

construction.  In order to meet USAF and Federal mandates to seek out economical and 

sustainable construction methods that minimize ownership costs while meeting mission 

requirements, a holistic investigation of how fabric construction compares to 

conventional construction is required (Department of Defense). 
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Problem Statement 

Currently, the USAF does not have the historical data and established service 

standards to support recommendations for the use of steel framed fabric construction for 

permanent aircraft hangars. As stated earlier, the sole data point for USAF permanently 

constructed tensile fabric hangars is the Maintenance Repair Overhaul Technology 

Center (MROTC) hangar attached to Tinker AFB. As for existing DoD design and 

construction standards, which are primarily comprised by the Unified Facility Criteria 

(UFC), UFC 4-211-01, titled Aircraft Maintenance Hangars, contains the following 

guidance on tensile fabric aircraft hangars: 

Group IV hangars as defined by NFPA 409 (tension fabric structures on metal 

structural frames) are permitted when sited and constructed in accordance with 

this UFC specific to Group IV hangars. Where Group IV hangars are provided, 

protect them in accordance with the requirements of this UFC, including overhead 

sprinkler protection, Hi-Ex foam, fire alarm and mass notification, and hangar bay 

egress. (Sec. 5-6.1.2)  

 

Sec 7-6.2 continues to elaborate on National Fire Protection Association (NFPA) 

409 driven requirements. When compared to the rest of that 288-page UFC which 

specifies design and construction guidance for steel and reinforced concrete construction 

methods, other than the paragraph shown above there is no guidance for the tensile fabric 

construction method that permits its use. In order to provide guidance on this type of 

construction and fill voids in the UFC, AFCEC and the functional agencies from other 

service branches require research into what exists in industry building codes, standards, 

and accepted best practices. The industry guidance must then be compiled by Naval 

Facilities Engineering Command (NAVFAC), US Army Corps of Engineers (USACE), 
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and AFCEC and catered to meet the needs of each service branch to be published in the 

UFC.  

One of the drivers for this research is the knowledge gap often found by AFCEC 

staff members when communicating with USAF project managers who are in charge of 

projects associated with fabric construction. As will be discussed in the case study 

narrative, this sentiment was a common theme among interviewed AFCEC staff members 

that worry that USAF project managers whether, civilian or military, are not equipped 

with guidance on how to review design of fabric clad structures. It must be understood 

that tensile fabric does not behave linearly like steel and concrete in reaction to loading. 

The design from a manufacturer, or specialty contractor, must show that this complex 

behavior is accounted for (C. G. Huntington).  The guidance provided and distilled from 

literature in this research does not aim to teach USAF project managers conceptual 

understanding of the structural behavior of fabric, but to simply equip them with 

guidance that will ensure they can properly manage and review these type of projects.  

AFCEC staff members have conducted a cursory survey into viable methods of 

incorporating fabric technology into USAF permanent construction projects (Air Force 

Civil Engineer Center). This research discovered that the USAF needs a more rigorous 

exploration into the capabilities of fabric construction to inform a decision on whether or 

not to invest in the new type of construction. In order to support future decisions, it must 

be shown that when compared to conventional construction methods, fabric construction 

can provide equivalent or greater structural safety, can support the same functions 

required by USAF aircraft mission sets, and over an equal lifespan, has an equivalent or 

lower cost to the taxpayer to construct, maintain and operate.  Equally as significant, is 
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whether or not tensile fabric aircraft hangars are practical for the permanent use of USAF 

mission sets. Therefore, there are four decision criteria that form the framework of what 

will be investigated in this research: research consensus, structural safety, mission 

functionality, and economic feasibility.  

Research Objectives/Questions/Hypotheses 

 The first objective of this research project, coinciding with the criterion of 

research consensus, is to provide guidance about tensile fabric structures that can be 

implemented by the DoD in writing construction and design standards such as UFCs. The 

use of fabric construction by the DoD is contingent upon whether it meets or exceeds the 

performance of conventional methods. Therefore, this research will also discuss the 

comparison of fabric to conventional construction as presented in current literature. In 

addition to providing construction and design guidance, this research will also 

recommend feasible options for fabric materials that meet the needs of USAF permanent 

construction and are readily available on the construction market. This combined 

narrative will look comprehensively at design, construction, and maintenance of aircraft 

hangars as an outline for how to structure guidance for the unique case of tensile fabric 

construction.  

 Next, the research will draw from the experience of those closest to the tensile 

fabric construction industry, leading USAF aircraft hangar construction and design 

experts, operators and maintainers of existing fabric facilities, and architectural fabric 

manufacturers to explore mission functionality of this new type of construction.  By 

gaining first and third-person accounts of how these facilities function the research will 
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illuminate the realities of fabric construction and answer the question of whether or not is 

practical for the USAF.  Practicality in this context is taken to be independent of whether 

or not the construction method meets DoD construction and design standards since that 

question will be answered in the previous section of research. This section will also 

discuss how fabric construction will change the way USAF project managers and facility 

management personnel perform their duties. In addition to questions regarding 

practicality, the case study process askes many of the same questions that were addressed 

in the previous general comparison section in order to reinforce or reject the prevailing 

literature narrative through first-hand experience.  

 The third primary criterion of whether the USAF chooses to use tensile fabric 

construction is whether or not it is as structurally safe as conventional construction. To 

make this comparison, a simplified model of a KC-46 (the USAF’s new cargo fuel tanker 

aircraft) hangar will be created using Abaqus CAE © finite element modeling software 

with cladding of both fabric and conventional construction. These two models will then 

undergo equivalent loading conditions associated with environmental conditions and 

UFC requirements for the location of Tinker AFB, Oklahoma. Ultimately, factors of 

safety will be calculated for each model based on controlling loading conditions and the 

capacities of fabric and conventional construction cladding to be compared. The results 

of this comparison will speak to structural capabilities for fabric clad aircraft hangars in a 

large swath of the central U.S., and may serve as a benchmark for further research at 

different locations and facility sizes.  

 Finally, the question of whether tensile fabric hangars are more economically 

beneficial decision over the life cycle of the facility than conventional hangars. As 
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stewards of US taxpayer dollars, life cycle cost effectiveness must always be considered 

when planning construction projects. Air Force Instruction (AFI) 32-1032, the USAF’s 

guiding document on planning and programming repair, and maintenance and 

construction projects, requires Base Civil Engineers (BCEs) to “… determine solutions 

to: … provide, … facilities, infrastructure, and installations for effective mission support 

at the lowest life-cycle cost…” (United States Air Force). Using the guidance laid out in 

UFC 1-200-02 High Performance and Sustainable Building Requirements, the life-cycle 

cost analysis (LCCA) will be assessed at a lifetime of 40 years. This 40 year requirement 

differs from the previously mentioned 25 years since the guidance on LCCAs does not 

prescribe facility service life; it simply specifies DoD guidance on how to perform LCCA 

on a facility. The LCCA will use the same KC-46 hangar as the structural comparison for 

comparing initial design and construction costs, maintenance and repair, and operating 

costs of the two types of construction. Cost data will be garnered from DoD facility 

records, industry construction and maintenance data, and cost data published in literature. 

It is the predicted that fabric construction will be equivalent to, or more cost effective 

than conventional construction.  

Research Focus 

 There are many ways in which fabric construction can be used on large span 

structures to create unique designs and captivating works of architecture. This research 

will not explore the more complex forms commonly implemented in structures such as 

sports stadia and performance arenas. The structure of concern is an aircraft hangar with 
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tensioned fabric cladding on a steel frame skeleton. Large bay maintenance hangars are 

of interest so the approximate size of the facility is 200 feet by 200 feet.  

 The location of structural and cost analyses will be limited to Tinker AFB. This 

limits what can be said about the rest of the AFBs throughout the U.S and overseas. 

However, throughout the literature review and discussion of general guidance, the 

location will not be controlled, so the research will be applicable, to varying degrees, to 

all locations. 

A current gap in this research that is unique to the DoD is the analysis of how this 

type of construction resists the impact loading of an explosion as is done with all other 

common used types of construction on USAF installations. This will be explored in the 

literature and case study interviews to discern if there are obvious concerns with using 

this construction in instances with high levels of risk associated with ordinance 

explosion. The structural analysis will not account for impact loading from an explosion.  

Methodology 

The research will implement several methodologies to analyze the many areas of 

interest when it comes to building a permanent tensile fabric aircraft hangar on a USAF 

installation. Initially, to provide guidance to USAF standard writers, a comprehensive 

literature review of existing industry standards and practices will be conducted. The 

literature review will also provide recommendations for material selection that aligns 

with the requirements for permanent construction. Lastly, the literature review will also 

be used to form a narrative comparing tensile fabric construction to current USAF 

accepted construction methods.  
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In order to build a narrative based on first-hand accounts of experience with 

design, construction, maintenance, and operation of tensile fabric aircraft hangars, an 

instrumental case study as defined by Maggi Savin-Baden in Qualitative Research will be 

conducted (Qualitative Research, Ch 23). In general, this method involves conducting 

loosely structured interviews with subjects using questions that are catered towards the 

subjects’ specific experience and relevance towards the research topic. In the case of 

fabric construction, interviews will be conducted with hangar facility managers to gain 

insight into operations and maintenance, contractors with construction and maintenance 

experience involving fabric clad hangars, USAF staff members who have researched and 

managed aircraft hangar construction projects, and relevant manufacturers that feed the 

fabric construction industry.  

The structural analysis portion of this research project involves comparing two 

equivalent computer-based models of the conventional and fabric construction methods. 

This analysis will be performed with the aid of finite element analysis software and 

design load calculations will follow guidance relevant to each type of construction as 

specified in the IBC. The design for the model will be a simplified version of a recently 

completed design for a steel and masonry clad KC-46 hangar to be constructed at Tinker 

AFB.  

Lastly, a LCCA will be performed for both a conventionally constructed and a 

tensile fabric hangar of equal size, location, and function to analyze the economic 

feasibility of the USAF constructing and maintaining tensile fabric aircraft hangars.  
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Assumptions/Limitations 

Key assumptions must be made to limit this research in scope while still 

providing scientifically meaningful results.  In the development of this research project 

the following assumptions were made:  The location for structural analysis of Tinker 

AFB will be useful in providing a baseline for studying how the structural capabilities of 

tensile fabric hangars compare to that of conventional.  The structural analysis will only 

compare differences in cladding between conventional steel and fabric hangars. The 

supporting superstructure will remain the same for both models. It is also assumed that 

the chosen location will provide a meaningful economic comparison. The use of a case 

study for qualitative analysis also limits what can be said about the topic. However, the 

goal is not for the case study to provide general guidance, but to highlight specific 

anecdotes of where themes shown in the literature can either be realized or corrected. 

Since this topic is fairly new to the USAF, and even the AFCEC aircraft hangar 

construction experts that were interviewed, it is worth acknowledging that their capacity 

to speak on all aspects of fabric construction is limited. However, it is also assumed that 

the audience is familiar with general concepts of hangar design. This reinforces the 

decision to use the case study analysis, which allows the flexibility to steer interviews of 

each subject towards questions that emphasize their individual experience and expertise 

on the matter.  

Implications 

The goal of this research project is to provide a comprehensive impartial analysis 

to AFCEC, so that strategic decisions can be made for the future of construction methods 
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used on MILCON projects. This includes assisting the DoD in writing guidance for 

construction and maintenance of permanent tensile fabric hangars. As this is the first step 

the USAF has taken to research this topic and gather data on this type of construction. It 

will be a stepping stone for future research.  

Outline of Chapters 

The structure of this paper will be arranged similarly to the order of discussion 

that was used in this introductory section.  Beginning with the next chapter, the literature 

review will build a base of knowledge that is distilled from prevailing texts that are 

relevant to design, construction, maintenance and operation of tensile fabric structures. In 

addition, a large portion of literature research will be dedicated to aircraft hangar and 

large-span structure construction in order to provide a base of knowledge with which to 

compare fabric construction. Following the literature review, the methodology will 

provide a detailed explanation of the four types of analysis planned for this project as 

discussed above. The last portion of this paper will then be dedicated to the results of 

each analysis and conclusions that can be drawn from the completed work.  
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II. Literature Review 

Chapter Overview 

This chapter will synthesize prevailing trends from leading research and literature 

on the design, construction and maintenance of tensile fabric aircraft hangars, fabric 

material selection for permanent construction, and present a narrative that compares 

tensile fabric construction and current USAF accepted construction methods. This begins 

with an introduction of the concept of tensile fabric as a major construction material, 

followed by the history of its development from a conceptual breakthrough to the utility it 

sees today in the private construction industry. Next, the key concepts relevant to the 

design of fabric structures will be discussed in the framework of DoD design 

requirements. This will include a similar discussion of conventional design. However, 

with less of a focus on introducing ideas since it is assumed that the reader will be 

familiar with much of the conventional design concepts. A comparison will then be made 

between construction of an aircraft hangar using conventional and tensile fabric methods, 

providing advantages and limitations for both methods. The last comparative section will 

discuss the maintenance of both types of construction over the facility’s service life. The 

chapter will conclude with a survey of recent research in the fabric construction industry 
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to support later recommendations for the USAF on the selection of a type of fabric that 

will meet the needs of permanent aircraft hangars.  

Brief History and Description of Fabric Structures 

 Recounting the history of how tensile fabric technology has been used in the past 

will provide an understanding of how the technology could potentially be implemented 

by the DoD for use in current and future permanent aircraft hangars.  This includes 

lessons to be gained from the successes and missteps of the industry. In addition, a 

portion of this section will be dedicated to developing an intuitive concept of what tensile 

fabric construction is, and its governing physical characteristics.  

 In the introduction of this paper an expedient definition and description of tensile 

fabric construction was given simply as an engineered fabric stretched over a steel 

structural frame. A more refined definition for subsequent use throughout this paper is 

necessary.  As defined by C.G. Huntington, a leading researcher and practicing structural 

engineer in the field of fabric construction, “tensioned fabric structures are covers or 

enclosures in which fabric is pre-shaped and pretensioned to provide a shape that is stable 

under environmental loads (C. G. Huntington).”   At this point, establishing a general 

understanding of how fabric resists loading, the basic composition of structural fabrics, 

and general design approach shall be sufficient.  

 As introduced in a recent round robin analysis exercise that combined the 

expertise of several prominent universities and engineering firms, a key concept to 

understanding the design of fabric structures is that fabric, as a construction material, has 

negligible ability to resist bending and compression forces as conventional materials do. 
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This requires that fabric structures be designed with sufficient curvature to enable the 

fabric to resist forces in tension and shear in the plane of the fabric. This is the case when 

tensile fabric is used as a primary structural support of the building. In the case of aircraft 

hangars, this research is concerned with fabric as a non-structural cladding, and therefore 

the curvature of the fabric is not as crucial to the performance of the structure (P.D. 

Gosling a). Another key to ensuring that fabric is acting in tension is that the fabric is 

prestressed sufficiently that it maintains its form in any load conditions (P.D. Gosling a). 

ASCE 55, the governing design code for tensile membrane structures, emphasizes that in 

the case of fabric as cladding, prestressing is crucial since this will keep the fabric from 

going slack in certain areas which results in eventual tears of the fabric (American 

Society of Civil Engineers). 

The composition of tensile fabrics, like most conventional materials, has a 

significant influence on how the material performs as a part of a building and what 

approaches must be taken in the design process. Fabrics are woven materials in which 

small perpendicularly oriented bundles of fibers (known as yarns) are interwoven to make 

up tensile load bearing "scrim” upon which protective coating is applied that protects the 

scrim from weather and ultra-violet (UV) deterioration, provides fire resistance, and 
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provides the ability to resist in-plane shear loading (C. G. Huntington). Figure 1 below 

provides an intuitive depiction of the main components in a tensile fabric.  

 

Figure 1. Top image shows scrim with woven yarns of the warp and fill directions. Bottom image shows a 

typical cross section of a tensile fabric with the arrangement of coatings and scrim (C. G. Huntington). 

The Task Committee on Tensioned Fabric Structures produced a report in 2013 

with the intent of providing an introduction to the concept of tensioned fabric structures. 

In the report, the naming convention for the yarn directions identifies the initial direction 

that is laid straight in the weave as the warp direction, and the direction that passes 

around the warp yarn, as the fill or weft direction. The different coatings shown in the 

bottom image of Figure 1 can provide varying benefits to the membrane such as ultra 

violet (UV) protection, self-cleaning, added durability, and flame resistance (Task 

Committee on Tensioned Fabric Structures). 
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Figure 13. Conventional model loaded with Load Case 4. The roof center of mass is labeled, and the 

displacement in the z-direction is shown. 

As shown in Table 8, the calculated drift far exceeds the limit imposed by ASCE 

7-10. 

 Figures 14 and 15 show the highest stressed beam and column members of the 

analyses performed on all load cases for the conventional model.  
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Figure 17. Graphical output from Abaqus of S11 vs Time at max stress element in fabric model. 

From this graph it is apparent that the rate of increase in stress gradually slows 

over the duration of analysis. This trend is extrapolated in Figure 18 that applies linear 

trend lines to the data obtained from Figure 17.  
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Figure 18. Extrapolation of data obtained from fabric analysis 

The trend line shown in blue represents data from increments 1-26. The other 

trend line represents data from increments 27-5000 of the analysis. At this stage in the 

analysis, increase in stress is marginal and progression through load cycle time slows. 

Given the trends shown Figure 18, it is likely that stress will continue to increase either 

along or below the second trend line if the analysis was continued to its end. Therefore, 

the value of stress at one second will be conservatively estimated based on the linear 

equation shown for the second trend line. This value is shown in Table 8.  

Another check performed on the Abaqus results was done analytically. The Task 

Committee on Tensile Fabric Structures (TC on TFS) recommends the following for 

estimating tensile force in a membrane given an applied pressure: 

The curvature of most surfaces can be reasonably approximated by circular arcs 

over a finite distance. This simplifying assumption can be used with the structural 

characteristics of membranes: no compression, bending or shear, balanced tension 

forces and minimal surface area to develop a reasonable analysis. pg. 66 of 
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The tensile force in the membrane was thus estimated using simple linear 

analysis. Appendix B provides more details on the calculations used. The estimate for 

stress in the highest loaded membrane panel is shown in Table 8. Note that, as the TC on 

TFS explains, this estimate does not account for nonlinear increases in tensile load 

capacity of the membrane as it deflects and is therefore a conservative estimate of stress 

in the membrane. An initial sag of the membrane is assumed as the deflection produced 

by Abaqus, as shown in Figure 19, and the estimate proceeds from there.  

 

Figure 19 shows the maximum deflection of a membrane panel in the fabric 

model.  

 

Figure 19. Max deflection in fabric model using Load Case 4. 
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Per the IBC section 3102, there is no explicit limit on deflection for fabric 

membranes, the deflection is just worth noting for comparison to the conventional model 

(International Code Council).  In Figure 19, it is apparent that the steel frame gains 

significant stability from the attached membrane cladding.  

Conventional Fabric 

 Demand Capacity D/C Demand Capacity D/C 

Beam (W14X109) 87500psi 50000psi 1.75    

Column  (W14X233) 47528psi 50000psi 0.95    

Diagonal  (2L4X4X0.25) 37465psi 36000psi 1.04    

Drift 37.8in 20.5in 1.84    

Exterior Wall Framing, 
Live Load Deflection 

0.37in 5.72in 0.06    

Roof LL Deflection 2.38in 1.40in 1.70    

Roof 0.42W Deflection 26.76in 1.87in 14.34    

Roof D+L Deflection 4.28in 2.72in 1.58    

Decking Max Load 
from Tinker AFB Design 

64psf 65psf 0.98    

Membrane 
(Sheerfill I ®)  
Warp Direction 

   2362psi 28472psi 0.08 
 

Membrane Warp 
Direction Linear 
Extrapolation 

   7863psi 28472psi 0.28 

Membrane Warp 
Direction Analytical 
Approximation 

   11300psi 28472 0.40 

Membrane Fill 
Direction 

   1541psi 26389psi 0.06 

Membrane Deflection    N/A 16.75in N/A 

Table 12. Summary of factors of safety for each model 

 Considering the results from the conventional model, the high deflections and 

stresses may be attributed to a change in dimensions of the overall structure causing 

instability due to a rectangular shape. This would definitely explain the deflection due to 

wind loading in the z-direction, which is the long side of the structure. The primary cause 
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of instability is likely the lack of cladding and the associated stability in the conventional 

model.  

 The controlling safety factor from the fabric model comes from a comparison of 

in-plane stress to the manufacturer provided warp direction fabric breaking strength (see 

Appendix C for material specifications). With an estimate demand-to-capacity ratio of 

0.28, the factor of safety for the fabric used in this analysis is 2.52. This compares well to 

the factor of safety of 1.02 for the decking used in the Tinker AFB design.   

Results of Life Cycle Cost Analysis 

 The following are the results from the LCC comparison performed with the aid of 

the Building Life-cycle Cost 5 (BLCC 5) program.  Table 9 summarizes the inputs into 

the program. A more detailed listing of data used to obtain these inputs is available in 

Appendix A. 

Input Base Case: 

Conventional Steel 

Hangar 

Alternative: Steel Framed 

Fabric Hangar 

Study period 40 years 

Discount Rate 2.8% 

Location Oklahoma 

Initial Cost $17,638,503.00 $5,728,052.00 

Average Annual Maintenance 

and Repair (M&R) Cost 

$20,102.00 $11,895.00 

Re-Roofing Cost at 20 years $0.00 $271,375.00 
Table 13. Summary of Inputs to BLCC 5 

 Table 13 and 14 summarize the results produced by BLCC 5. Table 10 

summarizes results from Life-Cycle Costs (LCC) of both types of construction. BLCC 5 

conducts the analysis by computing the present value of initial costs, annual maintenance 
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and repair costs, and major overhaul costs of each option. These present values are then 

totaled as a LCC. BLCC 5 also conducts a similar analysis to obtain an annual LCC.  

 

 Base Case: Conventional 

Steel Hangar 

Alternative: Steel 

Framed Fabric Hangar 

Present Value (PV) of Initial 

Cost 
$17,638,503.00 $5,728,052.00 

PV of M&R Cost $681,217.00 $403,103.00 

PV of Major Repair and 

Replacement Costs 
$0.00 $235,103.00 

PV of Total Life-Cycle Cost $18,319,719.00 $6,366,257.00 

Annual Cost $767,164.00 $266,596.00 

Table 14. Summary of Life Cycle Costs 

 Table 15 takes the data from Table 13 and calculates savings over the 40 year 

period by choosing the alternative over the base case. By combining the future costs of 

both construction types, it is apparent that there are minimal savings accrued in the 

maintenance and repair of steel framed fabric hangars. The majority of savings in LCC 

clearly is from the initial cost of construction.  

 Base Case: 

Conventional Steel 

Hangar 

Alternative: Steel 

Framed Fabric 

Hangar 

Savings from 

Alternative 

Initial Investment $17,638,503.00 $5,728,052.00 $11,910,451.00 

Routine Recurring 

and Non-Recurring 

M&R Costs 

$681,217.00 $403,103.00 $278,114.00 

Major Repair and 

Replacement Costs 
$0.00 $235,103.00 -$235,103 

Subtotal (for Future 

Cost Items) 
$681,217.00 $638,206.00 $43,011.00 

Annual Cost $18,319,719.00 $6,366,257.00 $11,953,462.00 

Table 15. Summary of Comparative Analysis 
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V.  Conclusions and Recommendations 

Chapter Overview 

 At the outset of this paper, the purpose of research was organized by four decision 

criterion:  research consensus, structural safety, mission functionality, and economic 

feasibility. These criterion established the framework for investigating whether or not the 

USAF and DoD should pursue the use of steel framed fabric hangars as an alternative to 

conventionally constructed permanent aircraft hangars. Research consensus of steel 

framed fabric hangars drove an exploration into current DoD construction standards, 

industry building codes, and best practices from the fabric construction industry. 

Structural safety of steel framed fabric hangars was assessed through finite element 

analysis (FEA).  In case study interviews with facility managers, contractors, and USAF 

staff members, mission functionality was assessed. Finally, the LCC comparison between 

the two types of construction strove to test the economic feasibility of investing in the 

new type of construction.  

 Research Consensus 

It was found that fabric construction does incur more stringent design 

requirements for fire protection, since materials used are considered Type IIB or V per 

NFPA 409.  

The literature did not provide much detail on tensile fabric membrane 

performance as a building envelope. However, case study interviews with contractor 

participants showed that fabric membranes are designed to be water tight and provide a 
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moisture barrier against condensation.  The participants also point out that fabric 

membranes can be designed to include insulation.  

Another concern raised during examination of UFC 4-211-01 was the requirement 

to build hangars with a masonry wall from floor level to 10 feet.  The Atlanta and 

Rockford hangars are successful examples of fabric membrane rooves coupled with solid 

walls.  

Based on the assessment of fabric construction standards, best practices, and 

results of the case study, it is recommended that fabric membranes follow the same 

requirement as Vertical Lift Fabric Doors (VLFDs) to be prohibited from use in wind-

borne debris regions (Department of Defense).  

 Structural Analysis 

The finite element analysis of the fabric membrane material Sheerfill ®, 

reinforced that fabric membranes can provide equal, if not more, structural safety in 

comparison to claddings used on conventional structures. 

 Case Study Analysis 

Table 12 compiles results from both the literature review and case study analysis 

to summarize the advantages and disadvantages of fabric and conventional construction. 

This research largely focused on establishing a foundation of information for steel framed 

fabric hangars. Therefore, much of the literature used and questions asked provided 

information on fabric construction, but lacked in insights about conventional hangars. It 

is also assumed that much of the audience is familiar with advantages and disadvantages 

of conventional hangars, and can therefore draw on past experience and knowledge to 

improve this comparison.  


