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1. INTRODUCTION 

1.1. Background 

Title VI of the Housing and Community Development Act of 1974 

provided for the development of a Federal mandatory standard for 

mobile home construction and safety. Statutory responsibility for 

development and promulgation of such a standard was delegated to the 
Secretary of the Department of Housing and Urban Development (HUD). 

Title VI explicitly authorized HUD to undertake mobile home safety 

research and development in order to improve the mobile home construction 

and safety standards, particularly in those areas which impact personal 

injuries and deaths and property damage in mobile homes. 

A key area identified as a potential problem in mobile homes was 

fire safety. Various statistical sources indicated that while the 

incidence rate was approximately the same, the injury and life hazard 

and the extent of property damage per incident were three to five 
2

times greater than for conventional residences [1-9] • 

Examination of fire loss statistics indicates that most residential 
fires are initially localized and small in size [l]~ that is, they do 

not spread beyond the room of fire origin and by themselves do not 

pose a serious problem. However, the design characteristics inherent 

in mobile homes such as fire load density, room geometry, and combustible 
finishes may provide the potential for rapid fire development, resulting 

in higher temperatures, smoke and toxic gas generation in a relatively 

short period of time. While various design and structural features 
appear to be possible contributors to this problem, interior finish 

materials used on walls and ceilings have been suggested as one of the 
most important contributors to fire spread in mobile homes. 

No organized research studies have been performed to evaluate 

these c~aracteristics. Therefore, in 1975, within the statutory power 
under Title VI, the Office of Policy Development and Research of HUD 

requested that the Center for Fire Research at NBS expand and accelerate 

the activities of an ongoing research project which was initiated 

in 1974. The purpose of this ongoing project was to provide experimental 

data on the potential growth and spread of fire in mobile homes. 

2Numbers in brackets refer to the literature references listed at the end of 
this paper. 
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The Federal Mobile Horne Construction and Safety Standard was 

promulgated, effective June 15, 1976. This mandatory standard adopted 

many of the provisions contained in the existing Standard for Mobile 

Homes (NFPA 501S, ANSI Al19.1), a voluntary consensus standard previously 

utilized by many mobile horne manufacturers and state and local regulatory 

officials. Included in the provisions adopted from NFPA 501S was a 

surface flame spread rating for interior finish materials of 200 or 

less based on the ASTM E-84 Tunnel Test Method. In addition, results 

from initial segments of the Mobile Horne Fire Safety Project [10] were 

evaluated and criteria based on this evaluation were incorporated into 

the standard. 

Work has continued at NSS in the area of fire safety in mobile 

homes since promulgation of the standard. A total of ninety fu11­

scale fire tests have been. conducted in typically constructed 3.7 x 

18.3 m (12 x 60 ft)3 single-wide mobile homes (reference figure A1 in 

Appendix A). These mobile homes were constructed in accordance with 

the NFPA 501S Standard for Mobile Homes in effect in 1972, and from a 

fire safety standpoint had comparable structural, material and spatial 

characteristics to mobile homes presently constructed in accordance 

with the current Federal standard. Analyses of these tests were 

directed at evaluating the extent of potential hazard to life and 

property damage under the experimental set-ups selected. 

The criteria used to evaluate the hazard to life were selected 

based on available reference literature on human tenability, and 

included high temperature, excessive carbon monoxide, and oxygen 

deficiency. The criterion used to evaluate the extent of property 

damage was the attainment of flashover in the room of fire origin. 

Flashover is defined for this work as a fire phenomenon in which the 

radiati9n from the upper walls and ceiling and from the hot gases and 

smoke layer in the upper part of the room is sufficient to cause 

ignition and rapid complete fire involvement of all combustible 

materials in the room. 

Five interim technical reports have been published, addressing 

fire growth and spread in the kitchen, corridor, living, and sleeping 

areas of a mobile horne, as well as the characterization of the ignition 

3va1ues given in engineering units are actual; metric eguiva1ent units may 
be approximate. 

3 



sources used in these segments. These reports contain extensive 

detail regarding the full-scale experimental approaches, the rationale 

for selection of evaluation criteria, and the results. Reference may 

be made to these reports for details not included in this summary 

report. The five interim reports are: 

(1) NBSIR 75-788, Evaluation of the Fire Hazard in a Mobile Home 

Resulting from an Ignition on the Kitchen Range, Edward K. 

Budnick and David P. Klein [10]. 

(2)	 NBSIR" 76-1021, Fire Spread Along A Mobile Home Corridor, 

Edward K. Budnick [11]. 

(3)	 NBSIR 78-1522, Characteristics of Incidental Fires in the 

Living Room of a Mobile Home, David P. Klein [12]. 

(4)	 NBSIR 78-1530, Mobile Home Living Room Fire Studies: The 

Role of Interior Finish, Edward K. Budnick [13]. 

(5)NBSIR	 78-1531, Mobile Home Bedroom Fire Studies: The Role 

of Interior Finish, Edward K. Budnick, David P. Klein and 

Robert J. O'Laughlin [14]. 

This report provides a summary of the important findings from 

these previously reported segments of the project. In addition, it 

includes the results and analysis of a segment of work not previously 

published. This final segment of work encompassed eight full-scale 

fire tests conducted in a living room under a controlled set of 

conditions, in which various combinations of wall and ceiling interior 

finish materials were exposed to fires from upholstered chairs and 

sofas. The work is similar to, and was designed to complement, the 

series of sixteen tests conducted in the living room area, the results 

of which have been previously reported [13]. 

This report describes the rationale on which the overall experi­

mental approach was based, and provides a series of recommendations, 

some in the form of design options, for possible changes to the 

standard. These recommendations are presented in the form of specific 

material and design requirements for the kitchen area and in the form 

of a series of design options concerning ASTM E-84 flame spread 

requirements for interior finish in general. The design options 

provide for increasing levels of fire safety and are based on an 
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overall analysis of the work performed at NBS, with consideration 

given to applicable work conducted by other organizations. A limited 

impact assessment is included to provide a relative measure of the 

potential impact of each of three design options for flame spread 

requirements for interior wall and ceiling materials. The impact is 

based on the likely effect on fire severity, and does not include an 

economic analysis. 

1.2. Project Objective 

Mobile homes are currently constructed in compliance with the 

Federal Mobile Horne Construction and Safety Standard [15], which was 

developed and promulgated by HUD in accordance with Title VI of the 

Housing and Community Development Act of 1974 [16]. The long range 

objective of this project is to provide recommendations for possible 

changes to the standard with respect to material and design requirements 

that would provide an improved level of fire safety in mobile horne 

construction. Recommendations previously published [10]; dealing with 

the kitchen area included both material and design considerations. 

The remaining recommendations included in this report involve additional 

material requirements, relating specifically to flame spread ratings 

of interior finish. 

1.3. Approach 

The general approach to this project can be described in terms of 

four discrete but related steps. The first step was to define the 

problem--that is, to isolate the aspects of particular significance in 

mobile horne fires which are within the rule-making jurisdiction of 

HUD. This was accomplished by defining probable scenarios for fire 

growth and spread based on a compilation of available mobile horne fire 

incidence data. 

The second step was to design an experimental approach for several 

series of full-scale fire tests in a typically constructed mobile horne 

in order to examine the characteristics of fire growth and spread for 

the major scenarios. This step included the selection of evaluation 

criteria for analysis of the test data. 
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The third step involved the actual conduct of the particular 

series of full-scale tests to examine the effect of changing key 

design parameters on fire development for each of the scenarios. This 

step included the collection and analysis of experimental test data 

from 90 fire tests in a fully-instrumented mobile home. While these 

tests were performed under a set of environmental and end-use conditions 

likely to be encountered in mobile home use, it was not possible to 

investigate all conditions and variables. For example, the effects of 

a wide range of interior and exterior ambient temperature and humidity, 

of natural or forced ventilation, and of different levels of thermal 

insulation were not examined. In addition, while many interior finish 

materials having a wide range of flame spread values were tested, it 

was not possible to test every material which might be used in a 

mobile home, nor was it possible to examine all combinations of wall 

and ceiling flame spread values presented by the representative 

interior finish materials used. 

The last s~ep was an analysis of the experimental results of the 

various segments of the project, an examination of the relative impact 

of possible changes to the standard, and the preparation of recommen­

dations to increase the level of fire safety in mobile homes. 

2. SCENARIO DEFINITION 

A fire scenario can be defined as a postulated sequence of events 

starting with ignition and including the subsequent chain of events 

leading to a fire loss or injury [17l • The scenario plays a significant 

role in the experimental design and in the interpretation of the data 

collected during testing. Therefore, it has a distinct bearing on the 

qualifications or limitations of the results. For example, the 

significance of the contribution to fire growth of particular wall and 

ceiling materials in a room may depend to a large degree on the 

location and configuration of the furnishings and other movable contents 

which may be the initial source of the fire and/or serve as a critical 

link in fire spread. The size or location of the initial burning item 

(the exposure fire) could be selected so that the influence of the 

interior finish materials would be insignificant. That is, the 

exposure fire may be very small or may be located such that the interior 

finish is not exposed during initial fire buildup, or it may be very 

large, thus masking the contribution of the interior finish. Considerable 

attention was given to the development of plausible fire scenarios 

upon which the experimental work was based in order to avoid such 

extremes. 
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If a fire cannot be prevented, a chain of events occurs (referred 

to by some fire researchers as stages or "states" of fire growth) . 

This chain includes: 

1. Ignition 

2. Incipient burning (single item) 

3. . Spread to surrounding combustibles 

4. Total room involvement (flashover) 

5. Spread beyond room (post-flashover) 

A survey of available mobile horne fire incidence data [1-9, 18] provided 

information which could be related to the concept of "stages" for fire 

buildup (see table 1). Key elements in the data which were identified 

were: 

1. Area (location) of fire origin 

2. Primary source of ignition 

3. Primary means of fire spread beyond initial item 

As shown in table 1, the data indicated that the three most common 

areas of fire origin were: 

1. Bedroom/living room 

2. Kitchen 

3. Heating equipment area 

It was further indicated that the most common sources of ignition 

were: 

1. Fuel fired equipment 

2. Electrical 

3. Smoking 

And finally, the most common means of spread were: 

1. Structural or interior finish 

2. Power transfer equipment 

Based on these findings, scenarios for fire incidents were developed. 

A rank ordering of the scenarios in terms of probable occurrences 

resulted in the three major scenarios illustrated in table 2. 
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Experimental plans were developed to conduct full-scale tests to 

provide data on the first two scenarios. Interim reports NBSIR 76­

1021, NBSIR 78-1522, NBSIR 78-1530 and NBSIR 78-1531 all provide 

experimental results and analysis of selected measurements of fire 
4growth and spread from incidenta1 fires in the bedroom, living room 

and corridor areas of a 3.7 x 18.3 m (12 x 60 ft) single-wide, three 

bedroom mobile home. Interim report NBSIR 75-788 specifically addresses 

the results of experimental testing to examine the impact of incidental 

fires occurring on the kitchen range. The exposure fires used in the 

kitchen tests consisted of cooking oil on a kitchen range. The exposure 

fires used in the other tests included wastebaskets, standardized wood 

cribs, upholstered chairs, and a mattress. 

The third scenario, involving ignitions in heating equipment, was 

not selected for study. Section 280.203(3) of the Federal Mobile Home 

Construction and Safety Standard included requirements to increase the 

fire resistance of the enclosures where the hot water heaters and 

heating units were located. It was anticipated that these requirements 

would have a significant impact on the potential spread of these types 

of fires beyond the compartment. Therefore, this scenario was assigned 

a low priority, and no experiments were planned. 

3. EXPERIMENTAL TEST PLANS 

Details of the experimental procedures, the facilities, and 

rationale for selection of evaluation criteria are included in the 

interim reports. 

4. KEY EXPERIMENTAL FINDINGS 

~he following are conclusions, drawn from the various experimental 

segments of the project, which are pertinent in considering recommen­

dations to improve the fire safety in mobile home construction. 

4For this work an incidental fire is defined to be one which by itself does 
not cause flashover in the room in which it is burning. Flashover is 
defined to be a fire phenomenon in which the radiation from the upper walls 
and ceiling and from the hot gases and smoke layer in the upper part of the 
room is sufficient to cause ignition and rapid complete fire involvement of 
all combustible materials in the room. The term is synonymous with the 
phrase "total room involvement" [19]. 
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4.1. NBSIR 75-788, Evaluation of the Fire Hazard in 

a Mobile Home Resulting from an Ignition on the 

Kitchen Range 

1.	 A pan of cooking oil which burned freely for as little as 40 

seconds on a range in a mobile home kitchen represented a potential 

of fire spread and involvement of the cabinets and back wall in 

the kitchen area. 

2.	 For the range of vertical clearances studied, 57 to 79 cm (22.5 

to 31 in), the height to the bottom surface of the cabinet directly 

above the range had a slight effect on the time it took to reach 

sustained burning of the cabinet. Without a metal range hood, 

sustained burning of the Class C cabinet underside occurred 

within three minutes after ignition in the majority of tests with 

a cooking oil fire. Class C refers to a flame spread classification 

(FSC) within the range 76-200 according to ASTM E-84 [20]. 

3.	 Installation of a metal range hood of a design described in the 

test report provided significantly improved resistance to sustained 

burning of the underside of the cabinet directly above the range, 

significantly reduced the rate of temperature rise and maximum 

temperatures at the ceiling above the range, and increased the 

time to ignition of the vertical surfaces of the cabinet assembly, 

including doors and trim. 

4.	 Installation of minimum 6 rom (0.25 in) inorganic board between 

the underside of the cabinet and the metal range hood provided a 

significant reduction in temperatures transmitted to the cabinet 

underside. However, due to direct exposure on other surfaces, 

this did not prevent ignition of the cabinet in all cases. 

5.	 The partition behind the kitchen range represented a critical 

area for lateral flame spread and for fire penetration into the 

adjacent room due to a cooking oil fire on a rear burner. The 

presence of a range hood tended to increase this potential for 

the typical ASTM E-84 Class C partition material. 

6.	 With a range hood installed, the differences in performance of 

the three types of cabinet door materials were less pronounced 

than with a range hood not installed. However, in all of the 
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tests with polystyrene cabinet doors, there was a structural 

collapse of the door. 

7.	 Cabinets adjacent to the cabinet directly above the kitchen range 

could be ignited from a cooking oil fire, but not as readily as 

the cabinet directly above. 

4.2. NBSIR 76-1021, Fire Spread Along a Mobile Home Corridor 

1.	 The tests showed that an incidental fire entering the corridor in 

a mobile home, rather than venting itself by burning up through 

the roof or out the windows located along the corridor or burning 

through partitions into adjacent areas, initially progressed 

directly down the length of the corridor, significantly limiting 

egress. 

2.	 For fires starting in the corridor, the extent of fire spread and 

the time to reach thresholds for limiting physiological conditions, 

based on the various criteria provided, were significantly 

influenced by the ,surface flame spread characteristics of the 

wall and ceiling finish materials in the corridor. 

3.	 Combustible corridor wall and ceiling linings with ASTM E-84
 

flame spread classifications in the vicinity of 200, produced
 

untenable temperature conditions in the corridor in less than
 

four minutes after ignition of a wood crib in the corridor.
 

4.3.	 NBSIR 78-1522, Characteristics of Incidental Fires 

in the Living Room of a Mobile Home 

1.	 Under the experimental conditions of this test series, including
 

non-combustible walls and ceiling and no additional furnishings,
 

...	 an incidental. fire resulting from the burning of a wood crib 

weighing up to 13.6 kg (30 lb) or a medium size upholstered chair 

by itself did not result in conditions conducive to full room 
involvement (flashover). 
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In figure 2, the material hazard matrix covering moderate intensity 

incidental fires in the living room shows a common region of intersection 

between the regions of high and low flashover probability. The tests 

which define that uncertain region (MHLIV 23 and 24) both used intumescent 

treated lauan plywood walls (FSC of 36 and 45, respectively). In 

addition, both tests used ceiling materials with an FSC of 25. However, 

in test MHLIV 23, where flashover was observed, the ceiling was a fire­

retardant treated finished wood fiberboard while in test MHLIV 24, 

where flashover was not observed, the ceiling consisted of taped, 

spackled, and painted gypsum board. 

This result serves to highlight a limitation in the use of FSC 

alone in determining the hazard of a material. It is important to 

recognize that FSC alone is not a complete measure of the contribution 

of a material to fire growth and spread. Consideration of other 

properties such as ignitability, heat release rate, thermal conductivity, 

density, potential heat, and specific heat would provide a more accurate 

prediction of the contribution, particularly for materials having 

widely divergent thermophysical properties while at the same time 

having similar FSC values. The two ceiling materials tested in MHLIV 

23 and 24 provide a case in point. While the FSC was similar for both 

materials, the integrated heat release rate for a five minute period, 

based on laboratory tests conducted in the NBS Rate of Heat Release 

Calorimeter Model II at an exposure of 6 w/cm
2 

, was quite different 

for the two materials. The fire retardant treated wood fiberboard had 

an integrated heat release rate of 1324 J/cm 2 ; the value for the 

gypsum board was 394 J/cm
2 

• (Further discussion of this is included 

in section 5 of Appendix A.) 

In addition to the extrapolations mentioned above, the region 

where "flashover was not observed" for the moderate intensity exposure 

fire in the bedroom has been expanded to include ceiling materials 

having FSC values up to 25. The gypsum board ceiling material tested 

in the bedroom series had a measured FSC of 15. However, a gypsum 

board ceiling material with similar material and fire properties 

tested in the living room series had an incrementally higher FSC of 

25. The results of the two test series indicate that there was no 

significant difference in performance under full-scale conditions for 

the two similar ceiling materials having FSC values of 15 and 25 

respectively when tested with a wall material having an FSC value of 

25 or less. Therefore, the region in the matrix was extended for 

ceilings up to FSC of 25, in lieu of the more restrictive limit of 15. 
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However, limitations on the use of FSC, as described above, and 

the absence of comparative full-scale test data discourage a direct 

extension of the non-flashover region in the low intensity material 

hazard matrix (fig. 1) to include ceiling materials having FSC values 

up to 25. While such an extrapolation of the full-scale results was 

performed for the moderate intensity exposure fire in the bedroom, 
some comparative full-scale test data were available, and the corresponding 

FSC values for the wall materials in the non-flashover region did not 

exceed 25. In the case of the low intensity exposure fires in the 

living room, wall materials having much higher FSC values (from 45 up 

to lB2) are involved. The results of tests MHLIV 23 and 24 provide at 

least an indication that the use of some ceiling materials having FSC 

values of 25, in conjunction with a wall material having an FSC value 

as low as 36, can result in flashover. As discussed in section 5 of 

Appendix A, material properties other than surface flame spread are 

likely responsible for this. Therefore, in the absence of applicable 

full-scale test data, an extension of the non-flashover region of the 

matrix in figure 1 from ceiling materials with FSC values up to 15 to 

ceiling materials with FSC values up to 25 (when combined with wall 

materials ranging in FSC from 45 to IB2) cannot be made without intro­
ducing additional. requirements for the ceiling materials. That is, it 

may be permissible to allow a ceiling material with an FSC value up to 

25, provided that other key properties of the material such as potential 

heat, ignitability, and heat release rate do not vary appreciably from 

those of the material actually tested in the living room with the low 

intensity incidental fire exposure. 

5.2.2. Review of Similar Work 

Discussions of the significance of previous experimental research 

on related aspects of fire growth and spread are included in the 

interim reports, and will not be repeated. However, it was desirable 

to use the material hazard matrix to compare the results of other 

experimental work of similar scope. 

The results of the following three projects were analyzed for 
this purpose: 

1.	 Hardwood Plywood Manufacturers Association (HPMA)/Southwest 

Research Institute (SwRI), Fire Tests (1967-l96B). [22,23] 
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