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A STUDY OF TI{E EGRESS PROVISIONS OF THE HUD MOBILE HOME CONSTRUCTION AND SAFIITY STANDARD

Sanford C. Adler

ABSTRACT

Evaluatlve tests were carrled out to assess the adequacy and sufflciency of the HUD

Moblle Home Constructlon and Safety Standards. ProJect actlvltles lncluded llbrary research,

laboratory testlng and constructlon of a Mob1le Horne Emergency Egress Demonstration Unit.
The study recommended: (1) establishment of performance goals to relate the desired obJective
(safe egress) to the speclflc requlrements of the standard; (2) expanslon of the scope of the

requlrements to assure Ehat egress devlces do not adversely affect the safely or securlty of
the moblle home under normal llving condltlons; and (3) support of applled research to lnter-
relate egress requlrements, devlce characteristlcs, and human capabilltles.

KEY WOR-DS: Emergency egress; HUD; moblle home; racking; research; safety; standard; window
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EXECUTIVE SI]MMARY

Thls study was carrled out to tdentlfy the technlcal basis of the emergency egress

provlsions of the HLJD Moblle Home Constructlon and Safety Standard, and to conducE evalua-

tlve tests to assess the adequacy and sufflclency of the egress provlsions. There are two

baelc questlons addressed by thls study:

Is there readlly available tectrnical data that can be Pointed ouE as the

technlcal basls for the current emergency egress provlslons of the standard?

2. Are the emergency egress requlrements of the standard adequate?

In general, Ehe answer to both of these questions lsttno."

The standard appears to adequately address the deflclencies whlch exlsted ln mobIle home

egress wlndows and appurtenances (screens and/or storm windows) ln use at the tlme the

standard was written. However, it does not appear to adequately address the potential defl-
ctencles whlch are lnherent In some of the newly-deslgned egress devices.

Llbrary research was carried out Eo identlfy the technlcal basls of the egress requlre-
menF6 of the standard. Wlth the exceptlon of llmlted studies concerned wlth the mlnlmum

dlnenslons of an egress devlce, very l1ttle reLevant data was found whlch addressed the
phyelcal and sensory llmltations of mobile home occupants or the behavlor of adulEs and

chlldren under emergency conditions. State-of-the-art research on tenablllty crlteria and

uaxlntum time for egress ln a moblle home flre ls currentl-y under way at the National Bureau

of Standards.

Laboratory research to aasess the current requirements and test procedures ldentifled
several areas where the current requirements appear to be lnadequate and confllcting.
These problems are dlscussed in detail 1n the body of the report.

A demonstration unlt was constructed by lnsta11lng new prototype egress wlndows in a

1972 raoblle hone obtained from the Disaster Houslng Managenent Offlce, HUD. The unlt con-

taln6 nine dlfferent devlces whlch can be compared as alternatj.ve methods of egress.

I
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The followlng recomnendatlons provlde a ratlonal framework for future Lmprovement of

lhe egrees provLslons of the Federal Moblle Home Constructlon and Safety Standards.

1. Establlsh Performance Goals

The standard should establlsh performance goals whtch expllcltly deflne the

potential hazards whlch Justlfy the need for emergency egress (such as flre); the

populatlon of moblle home occupants expected to be able to exlt unasslsted; and the

tenablllty criterla and approprlate safety factors whlch determlne the maxlmum allow-

able time for egress.

2 Exoand the S coDe of the Standard

The scope of the standard should be expanded to assure that the introduction of

an egress devlce does not reduce the llvablltty of the uroblle home by adversely

affectlng safety or security under normal llvlng conditlons.

3. Support Applled Research

Applted research should be supported whlch explicltly relates the emergency egress

requirements of moblle homes to the physlcal, sensory, and behavioral attrlbutes of
repreaentative mobile home occupants.

vli



EVALUATION OF THE EGRESS PROVISIONS OF THE HUD MOBILE HOME CONSTRUCTION AND SAFETY STANDARD

Sanford C. Adler

I. INTRODUCTION

A. Background

In accordance wlth congresslonal leglslaElon whlch mandated the developmenE of

a national moblle home standard, the DepartmenL of Houslng and Urban Development

(HUD) pub llshed ln the Federal Reslster (40 fn 58754) the flnal rules and regula-

tions for the Federal Moblle Home Constructlon and Safety Standards. The standard,

dated December 18, 1975, became effectlve June 15, L976, and ls ln substantlal mea-

sure based on previously existlng Natlonal Flre ProEectlon AssoclaEion and Amerlcan

Natlonal Standards Institute standards (NFPA-5018-1974, ANSI, A119.1-1975). In

addltlon, parts of the HUD standard are derlved from state standards, enforcing

agency standards, and the results of mobile home research conducted at the Natlonal

Bureau of Standards (NBS) and elsewhere.

An lmportant segment of this standard ls that part whlch contalns the emergency

egress provlslons. There has been concern among offlcials of HUD and bulldlng offl-
clals ln general that there 1s no published or readlly avallable technlcal data that
can be pointed to as the technLcal basls for the current provl-slons. As a result,
the Divlslon of Energy, Bulldlng Technology, and Standards of the 0ffice of Research

and Demonstratlon, HIJD, asked NBS to conduct evaluatlve t.ests to assess the adequacy

and sufflciency of the egress provislons of these standards.

B. Ob ective

The objectlve of this study is ro provlde a technlcal basls for judging the

adequacy and sufflclency of the emergency egress provlsions (other than doors) of
the HUD Moblle Home Construction and Safety Standards.

There are two baslc assumpt.ions (leading to four posslble outcomes) under-
lylng the use of standardized test procedures or requlrements.

1. Assumptlons

(a) There are "goodt' devices and "bad" devices. (In simplest terms, a
t'goodt'device would permi.t rapld, safe egress ln an emergency, while
a t'badt'device might not.)

I



(b) The test procedures or requlrements of the standard can dlstlngulsh
between "goodt' and "badt' devlces.

2, Possible Outcomes

(a) A devlce ls "badr" and lt falls the requirements of the standard.

Thls ls a desirable outcome.

(b) A devlce ls "badr" but lt does not fall the requlrements of the

standard. Thls 1s a serlous error whlch permlts a high rlsk of
lnJury or loss of llfe ln an emergency. (Type I error)

(c) A device is "goodr" and lt passes the requlrements of the standard

Thls ls a deslrable outcone.

(d) A devlce is "goodr" but does not meet the requlrements of the

standard. Thls klnd of error: leads to increased cost wlthout
beneflt. (Type II error)

In general, test procedures or requlrements which tend to decrease the Type I
error tend to increase the Type II error. Hence, every standard should srrlke a

balance between beneflt (lncreased publlc safety) and cost. A cost-benefit analysls

was beyond the scope of this study.

C. Work Staternent

The work was carrLed out as three dlstlnct but interrelated tasks.

1. Llterature Search

A llterature review was conducted to determine whether exlstlng data

relating to physical and sensory llmltatlons of mobl1e home occupante, behavlor

of chlldren and adults under emergency condttlons, characterlstlcs of egress

devlces, and our knowledge of ltfe-threatenlng elements of a hazardous sltuatlon
were or could be related to the specific egress requlrements of the standard.

2. Demonstratlon Unit

A demonstrati.on unit was constructed to test and demonstrate the

functlonal characteristics of typlcal emergency egress devlces as they

are lnstalled in a mobile home.

I
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3. Laboratory and Fl.eld Research

Laboratory studles were conducted to examlne che general functlonal
characteristlcs of exisElng emergency egress devlces and to determine the

feaslblllty and applicability of the physical test requirements of the

standard, Planned field studies to determine the effect of lnstallation,
transportatlon and use on the functlonal characterlstics of egress wlndows

could nor be conducted aE the tlme of the study, slnce mob11e homes conEainlng

new egress devlces Lrere not avalLable.

D. Ilgress Requirements of t.he Standard

The emergency egress reqtrirements (other than doors) are contalned ln
sectlons 280.106 and 280.404 of ttre IIUD standard and are summarlzed ln Table 1.

The requirements cover construction, operation, and lnstallation of windows, win-
dow appurtenances, and egress devices. Const.ruction and operatlon requirements

lnclude:

1. Wlndows

') ')(a) Slze. Wlndows must have a clear openlng of at least 5 ft- (.46 m'), and

minimum horizontal and vertlcal dimenslons of 22 ln (56 cm).

(b) Latches - No more than thro latches, permanenEly attached or requirlng
special tools to remove, located no more than 60 in (152 cm) above the
floor of the mobl1e home. Rotary operation ln excess of 180o noE allowed.

(c) 0perating forces. Operatlng forces on latches or for llfting or sliding
cannot exceed 20 lbs (89 N).

(d) fnstructlon Instructlons for operating wlndows and appurtenances must

be permanently attached to the window and contaln the legend "do not
rentove. tt

2. Appurtenances (Screens and/or Storm Windows)

(a) Size. Same mlnlmum dimenslons and area as windows.

(b) I.atclres No more t.han four latches, which cannot be misapplied with normal

tools, located no more tlran 60 in (152 cm) above the floor of
the mobile home. Contact area r)f operating latch must be equal to or

Breirrer rhan .25 in2 (t.6t cm2).

lrouseho ld
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(c) Operatlng Forces. Operatlng forces on latches or for llftlng or slldlng
cannot exceed 5 lbs (22 N).

3. Egress Devlces

(a) Latches. LaEches cannot be more than 50 In (152 cm) above the f1oor.

L
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Requlreoent

Dluenglone
Mlnlouo Eeight

Mtnt-EuD Wldrh

Mlfllmun Area

Locatlon
Rooms in lloblIe llome

Place ln Roon

ODeratlon
Nuober of Latches

Locatlon of latches, operaElng
handles, tabs and any other
wlndow, acreen or storm wlndow
devLce whlch needs to be
operated to exLt

Surface to which operaclng
force is applled

Rotary operatlon (More than
180')

Forces - operatlng forces on
locks, latches, llftlng and
sllding

Operatlng InsEructions
When requlred

Content

ConsErucElon
G;hod-;f attachment of
handles, latches

280.106(a) Every room desLgned
for sleeplng and not havlng an
exlt door, sha1l have a wlndow
or device whlch neets 28O.4O4

None (280.106(b) Speclftee wLndows)

280.106(c) Maxinum 60" above
floor

280.106(a) Every room deslgned
for sleeping and not havlng an
exlt door, shall have a wlndow
or devlce whlch neets 28O.4O4

280.106(b) Bottom of openlng
raxtann 36" above Ehe floor

280.404(b) (4) (11) Maximum 2

280.106(c) Maxlmun 60" above
floor

None

280.404(b) (4) (v) Noc allowed

280.404(b) (4) (111) 20 pounds

280.404(b) (1) Window nanufac-
Eurers supply wrltten instruction
to hoDe uanufacturers

280.404(b)(4)(r) on wlndou lrith
legend "Do Not Removerr and
remlnder to renove all shlpping
clips

280.404(b) (4) (lv)
Permanent or requlring speclal
tools to remove

280.404(b) (2) Meet requlrements
of 280.403

Appurtenance

280.404(c) (l) Shall not
encroach upon

280.404(c)(1) requirement
of section

280.404(c) (1) (b) (3)

Not Requlred

280.404(c) (2) (1) Maxlnum 4

280.106(c) 60" above floor

280.404(c) (2) (rv) niniaum
.25 square inch area

280.404(c) (2) (11) 5 pounds

280.404(c) (4) (1) Instructlons
on removal included on window
label speclfled in 280.404
(b) (4) (1)

280.404(c) (2) (lli) Cannot be
misapplled wlth nornal
household tools

-

TABLE 1

EGRESS PROVISIONS OF Hl'D I'TOBILE HOUE STANDARD

Egress Devlce Wlndow

280.404(b) (3) (1) 22" minlmum

280.404(b) (3) (i) 22" Eininum

280.404(b) (3) (il) 5 square f eet

Performance



II. DEMONSTRATION UNIT

A demonstration unlt was constructed by installlng prototype egress wlndows and

devices ln a L972 model moblle home obtained from the Dlsaster Houslng Management

Offlce of the Department of llouslng and Urban Development. The mob1le home ls a two-

bedroom, 60 ft x 12 ft unlt manufactured by Iilcona Homes Corporatlon of Elkharr,
Indiana. (See Flg. 1.)

A llst of egress wlndow manufacturers r^ras obtained wlth the assistance of

Assoclated Certlflcatlon, Inc. (Da11as Labs.). Uslng this Iisting, manufacturers were

contacted directly to obtaln samples of egress wlndows. It ls lmportant to note that

the wlndows lnstalled 1n the demonstration unlt are representative of the types of win-

dows belng manufactured, but are not necessarlly ldentlcal in constructlon. The devices

lnstalled ln the demonstratlon unlt are described below and summarlzed ln table 2.

A. Newly-Ilanufactured I'Ilndows an d Epress Devlces

1. Casement Wlndow

)

Flgure 2 lllustrates a 24 ln (61 cm) wlde by 33 in (84 cm) hlgh
gLazed casement window with a clip-on inside screen. The window can

with Ehe vertlcal hlnge on either the left or rlght s1de. The latch
Iocated on the rlght slde of the wlndow is used for normal operation
egress when the screen is flrst removed.

doub 1e-

be mounted

mechanism

or for

A slmilar, but larger casemenE wlndow, 30 1n (76 cm) wlde by j9 in (99 cm)

hlgh is also installed ln the demonstration un1t.

2. Awnlng Wlndow - Egress Frame

Figure 3 illustrates a 30 ln (76 cm) wide by 39 in (99 cm) high awnlng

wlndow mounted ln an egress frame. The wtndow was supplied with a separaEe

lnterlor frame for mount.lng either a sEorm wlndow or screen. A rotary crank

near the lower right side of the frame is used for normal operation of the

wlndow. The egress latch 1s a vertical bar on the left slde of the window

frame which can be reached afEer the sEorm window or screen is removed. When

Elre egress larch-bar is displaced verLically a few inches, iE releases the

frame and Ehe entlre window assembly can be pushed open like a casement wlndow.

1

6
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3. Vertlcal Slldlng Wlndow - Egress Frame

Flgure 4 lllustrates a 30 ln (76 cm) wlde by 39 in (99 cm) high vercical
sllding wlndow mounted ln an egress frame. The wlndow has an outslde screen

and was supplled wlth a separate lnterior frame for mounEing a storm wlndow.

For normal operatlon, the bottom half of the wlndow slides up and down. The

egress frame and mechanlsm operates the same as the awning wlndow described

ln 2. above.

4. Horizontal S1ldlne Wlndow

Flgure 5 lllustrates a 46 ln (117 cm) wide by 39 in (99 cm) high lrori-
zotta:.. slidtng window with an lnslde double track storm wlndow and an outside

screen. Durlng normaL operation or egress, the rlght-most window and storm window

are pushed to the left. To egress, the screen must also be removed.

5. Awnlng Wlndow, Pop-out Panes

Flgure 6 illrrstrates a 30 lrr (76 cm) wlde by 53 1n (135 cm) hlgh awnlng

wlndow with pop-out panes. No appurEenances were supplled with the window.

Durlng normal use, a rotary crank located mid-way along the right slde of the

wlndow opens and closes the top two lights. To egress, a laEch locaEed on

each slde of the wlndow (near the top of the bottom pane) is lifted, permitting
the botton two panes to fold out and down.

6. Vertlcal SIldlne Wlndow

Flgure 7 illustrates a 30 1n (76 cm) wide by 59 1n (150 cm) high vertlcal
sllding window wlth an inslde double track storm window and an outside screen.

Normal and egress operation of the urindow are identical except. for the addl-
tlona1 step of removlng the screen for egress. To operate elther the prime

wlndow or the storm wlndow, you must simult.aneously disengage latches at both

sides of Ehe bottom of tlre frame and l1ft the window.

7. Knock-Out Panel

Flgure 8 lllusErates a 22 in (56 cm) by 22 ln (56 cm) wa1l panel mounted a

few inches above the f1oor. The panel is used only for emergency egress which

1s accomplished by opening the two latches (ln either order) and pushlng Ehe

panel out.

i
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B. 0rlg inal Eouloment

1. Awnlns Wlndow. Plgeyback Egress Frame

Figure 9 lllustrates a 30 ln (76 cm) by 40 ln (102 cm) high awning wlndow

Eounted ln an egress frame wlth a plggyback deslgn.l A rotary crank at the

lower rlght slde of the frame ls used for normal operatlon of the wlndow. To

egress, two latches located along the left side of the frame are released and

the wlndow is pushed open. The entlre wlndow assembly, lncludlng the attached

storm window or screen, opens llke a casement wlndow. The moblle home had one

of these wlndows lnstalled in each of the two bedrooms.

2. Non-Egress Awntng Wlndow

Flgure 10 lllustrates a 30 ln (76 cm) wlde by 40 ln (102 cm) hlgh awnlng

wlndow of conventlonal (non-egress) deslgn. The wlndow was installed with an

lnterlor frame for securlng an lnside cllp-on screen or storm window. A

rotary crank near the lower right side of the frame (mlsslng ln Fig. 10) ls
used for normal operatlon of the wlndow. There are two of these windows re-
raalnlng ln the demonstration unlt.

1-Plggyback deslgn - A wlndow deslgn whlch lncludes a frame wlthln a frame. The inner frame

contains all of the functlonal components for normal window operation, lncludlng storm windows

or screens. If the outer frame 1s released for egress, the entlre wlndow assembly moves as a

unlt.

I

q
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TABLE 2

WINDOWS AND EGRESS DEVICES INSTALLED IN

DEMONSTRATION T]NIT

New V,llndows and Egress Devices

t
1

2

3

4

5

6

1

2

Casement wlndow, double gJ-azed,

lnslde screen (two speclmens)

30 in (76 cm) wlde x 39 ln (99 cm) hlgh and

24 ia (61 cm) wlde x 33 ln (84 cm) high

Awnlng wlndow, egress fraoe,
lnslde cllp-on screen/storm window 30 ln (76 cm) wide x 39 in (99 cm) hlgh

Vertical sllding wlndow, egress frame,

lnside cllp-on stonn wlndow, outslde
screen 30 ln (75 cm) wlde x 39 ln (99 cm) hleh

Horizontal sllding window, lnside double

track storm wlndow, outslde screen 46 Ln (117 cm) wlde x 39 ln (99 cm) hlgh

Awning wLndow, pop-out panes,

no appurtenances 30 ln (75 cm) wlde x 53 in (135 cn) hlgh

Vertlcal sliding wlndow, lnslde
double track stonn wlndow, outslde screen 30 1n (76 cu) wide x 59 ln (150 cm) hlgh

7. Knock-out walJ- panel (two speclmens) 22 tn (56 cm) wlde x 22 ia (56 crn) hleh

Orlginal Equlpment (1972 Moblle Home)

Awning wlndow, conventlonal- deslgn,
cllp-on lnslde screen/storm window 30 ln (76 cm) wide x 40 ln (102 cn) high

Awnlng wlndow, egress frame,

piggyback lnslde screen/storm wlndow

9

30 ln (76 cm) wlde x 40 in (l-02 cm) hlgh
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Flgure 2. Denonstratlon Unlt.
Casement wlndow
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Figure 3. Demonstration Unit.
Avrning window in egress frame
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Figure 4. Demonstration Unj.t'

Vertical sliding vrind.or'r in egress frame
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Flgure 5. Demonstration Unit.
Horizontal sllding window
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Flgure 6. Demonstration Unlt.
Pop-out awnlng window
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Figure 7. Demonstration Unit
Vertical sliding window

16



Figure 8. Demonstration Unit
Knock-out panel
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Flgure 9. Demonstration Unit.
Awnlng window in piggyback egress frame
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Flgure 10. Demonstration Unit.
Non-egress awning window
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III. LABORATORY TESTS

Laboratory tests were conducted on elght egress devlces ln accordance with the

test procedure descrlbed ln sectlon 280.404(d) of the HLID standard. Two wlndows and

an egress panel were tested in the moblle home demonstration unit and five windows

were tested ln the Buildlng Safety Laboratory. After completlng the baslc tests re-
quired by the standard, the flve wlndows tested ln the laboratory were subJected to
mlld and severe rackingrl such as mlght occur due to the foundation settlement or
physlcal dlsplacenent of a mobile home. Data was collected on forces requlred to
operate the racked wlndows.

A. Procedure (general)

A large steel test frame qras constructed ln the Bulldlng Safety Laboratory to
conduct tests as specifled ln the standard and also permlt controlled racklng of
wlndow specimens as large as 75 ln (190 cm) wlde and 55 ln (168 cm) hlgh. (See Flgs.
1l- and 12. )

Wlndows r^rere prepared in the foLLowing manner:

For tests ln the Safety Laboratory, the steel test frame was leveled and

Locked in posltlon.

A wooden frame r^ras constructed of standard, 2 x 4 lumber, and secured lnside
the steel test frame or bul1t lnto the wall of the mobile home. The dlmen-

slons of the wlndow frame openlng hrere determined from the manufacturerrs

lnstallation instructions or by addlng L/4 tn (54 mm) to the oeasured

dimenslons of the window.

After carefully levellng and squaring the wooden frame, the wlndow unit
was instal-Led and attached using the manufacturerrs pre-drllled screw holes.

A1-1 shlpplng clips rrere renoved and the wlndow was checked for proper

normal and egress operations

Appurtenances whlch required separate nountlng frames r^rere tested ln the

noblle home demonstratlon unit. (Mountlng them in the laboratory test
frame would have lnterfered wlth the racking tests on the prlme wlndows.)

lRacking - a vertical force was applled to the framed wlndow to cause the wlndow and frame

to be displaced relative to their original posltion

1

2

3

4

5
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Operatlng forces were measured by pushlng or pulIlng the wlndow mechanlsms

wlth a Chatllllon DPP-50 Force Gauge. Prlor to testlng, the accuracy of

the gauge ura6 verlfled uelng dead welght loads up to 25 lbs (11.3 kg).

hlhen the wlndow conflguratlon permltted, a crank was used to pull rhe

gauge at a uniform rate of epproxtmately 15 ln/mln (38 cm/mln). Otherwlse,

the laboratory technlclan applled the gauge manually at a uniform buL

somewhat faster l.oad rate. (See Flg. 13.)

B. Tests Req ulred by Standard

The general procedure for testing each devlce is descrlbed above. It ls lm-

portant to remember that these tests were carrled out to evaluate the test proce-

dure rather than the test speclmena. Slnce the speclmens irere not randomly

selected, but were speclally prepared for shlpment to the llatlonal Bureau of

Standards, the test resuLts have no statistlcal slgnlflcance.

Eight egress devices were subJected to physical tesLlng. The devlces are

ldentlfied and the results described by the followlng format:

Descrlption - ldentlflcation of the device tested.

Egress Procedure. Test data are reported for each step of t.he procedure

required to utlllze the devlce for egress. Force values reporLed are Ehe

highest and lowest value of three or more consecutlve readlngs.l

Comments. Discussj.on of the device and/or speciflc omlsslons or requirements

of the standard.

The test results are sunrnarized ln table 3.

1. Specimen I (See Figs.2t 14, 15, and 16.)

Descr iptlon

Double-glazed casement wlndow with lnslde clip-on screen. Nominal dimen-

sions 24 ln (61 cm) wlde by 33 tn (84 cm) hlgh.

lTechnical footnote: References to the rwelghtt of the window or appurtenance in "lbs"
are properly to be interpreted as the mass in pounds (lbm) avoirdupols, convertlng to kilo-
grams. References to forces ln "lbst'are properly to be interpreted as pounds force (lbf)
avoirdupois, converting to newEons. trlhere convenient, the weight can be interpreted as

gravitational force in lbf, but the kilogram equlvalent then must be inEerpreted as given in
kllograrns force (kgf), a non-Sl unit.

5
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Egress Procedure

(a) Unlock screen by trrrnlng latch (located on left sldu 16.5 in (42 cm)

above bottom of wlndcw) 90o up or down. Contact areas of latch equalled,)
.25 Ln' (1.61 cm'). operating force, 3.5-4.5 1bs (15.6-20.0 N).

(b) Remove screen by pulltng on .62 ln 2 (4.0 cm2) tab (Iocated on left side

15.5 1n (42 cm) above bottom of window) and llfting screen out. Force

required to release .6 lb (.27 kg) screen ranged from 2.8-3.0 lbs
(12. 5-13. 3 N) .

(c) Bend clip to release egress handle located on rlght slde 9 in (23 cm)

above bottom of wlndow. Force required to disengage egress handle ranged

from 2.8-3.0 lbs (12.5-13.3 N).

(d) Llft egress handle Eo horizontal posltion (17 in (43 cm) above boEtom of

wlndow) and push wlndow open. Force requlred to push open window ranged

from 0. 4-4.1 lbs (1.8-18. 2 N) .

(e) Exit through clear opening 23 in (58 cm) wlde by i2 in (81 cm) high
(area = 5.1 rt2 (. az *2) ) .1

Comnents

Thls speclmen was tested in the moblle home demonstration unit uslng a

hand-held Chatilllon DPP-50 Force Gauge.

The appurtenance does not appear to meet Ehe egress requirements of the

mobile home sEandard. A Phlllips head screw ls used to retain the latctr which

secures the screen. This screw may be misapplled (made too tlght) with normal

household tools (section 280.404(c) (2) (i11)).

The operaEing lnstructions whicl, are on Ehe wlndow cannot be read because

the screen ls mounted inslde the window and obscures the 1abel. Thls is noE a

vlolation of the standard. In all other respects, thls is an acceprtrble egress

device. It requlred five dlstinct sequential operations Eo egress tlrrotrgh Ehls

wlndow.

Actual egress was noE attempted during this strrrly

a

1
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2, Speclmen 2. (larger, but otherwise ldentlcal to speclmen 1)

Descript lon

Double-glazed casement wlndow wlth lnslde cllp-on screen. Nomlnal dlnren-

slons 30 ln (76 cm) wlde by 39 tn (99 cm) hlgh.

Egress Procedure

(a) Unlock screen by turning latch (located on left side 19 1n (48 cnr)

bottom of wlndow) 90o up or down. Contact area of latch equalled
2(1.61 cm-). Operatlng force, 7.0-10.4 lbe (31.1-45.3 N).

above

25 ln 2

(b) Remove screen by pulIlng oa .62 rn2 (4.0 c*2) t"b (located on left slde

19 ln (48 cm) above bottom of wlndow) and lifting screen out. Force re-
qulred to release 1.1 lb (.5 kg) screen was less than 0.1 lb (.4 N).

(c) Bend cllp to release egress handle located on rlght slde 12 in (30 cm)

above bottom of window. Force requlred to dlsengage egress handle ranged

from 0.3-4.1 1bs (1.3-18.2 N).

(d) Lift egress handle to horlzontal positlon 1.9 in (4.8 cm) above bottom of
wlndow) and push wlndow open. Force requlred to push open wlndow ranged

frorn 1.4-4.9 Ibs (6.2-21.8 N).

(e) Exit through clear openlng 29 Ln (74 cm) wlde by 38 ln (97 cm) hlgh,
(area = 7.6 f.t2 (.zr m2)).

Conrnent s

This specimen was tested ln the Building Safety Laboratory using a hand-

held Chatilllon DPP-50 Force Gauge.

See speclmen 1 for addltional comments.

3. Speclmen 3. (See Figs. 4, L7, 18, 19, and 20.)

Desc r ip tlon

Vertical sllding window ln egress frame wlth lnslde cLlp-on storm wlndow

and outside screen. Nominal dimensions 30 in (76 cm) wide by 39 in (99 cm) high
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Egress Procedure

(a) Rotate three clips (located 20 1n (51 cm) above bottom of window on lefr
and right sides of frame, and iu center of bottom of frame) 90o to release

storm window. Contact area of each latclr equalled .28 in2 (1.8 cm2).

Forces required to open clips ranged from 0.6-7.3 lbs (2.7-32.5 N).

(b) Llft out storm wlndow and set aside. welghE of window equalled 8.4 lbs
(3.8 ke).

(c) Pull down on vertical bar locaced on left side of wlndow to release cgl'ess

mechanism. The 34.5 in (88 cm) bar mounted 2.5 in (6 cm) above bottom of

wlndow requlred forces ranging from 11.4-13,6 lbs (50.7-60.5 N) Lo operaEe

(d) Push htnged wlndow out (force range 5.0-6.0 lbs (22.2-26.7 N))

2(e) Exlt through 29.5 in (75 cm) wjde'by 40 ln (101 cm) high opening (8.2 ft
(0. 76 m2) ) .

Comments

The egress frame and egress rneclranisms are lderrtical on speclmens 3 and 4.

Thls speclmen was tested 1n the Bulldlng Safety LaboraEory using a crank-
driven Chatilllon DPP-50 Force Cauge.

The force required Eo remove and Lift the sEorm window exceedr; 5 1bs (22.2 N)

which appears to be a violation of section 280.404(c)(fi) of the standard.

The large storm wlndor.r (8.4 lbs (3.8 tg), 30 ln (76 <:m) x 4() in (102 cm))

ls difficult to handle. lt requires seven distlnct sequer)[ial optritr.ions to

egress through this wj.ndow.

4, Speclmen 4 (See Figs . 3, L7, 18, 19 and 20)

Descrlpt ion

Awnlng window in egress frame wlth inslde cLip-on screen (or srorm window).

Nominal dimenslons 30 in (76 cm) wlde by 39 in (99 cm) high.
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Egress Procedure

(a) Rotate three c1lps (located 20 ln (51 cm) above botEom of wlndow on left
and rlght sldes of frame and 1n center of bottom of wlndow frame) 90o to

release screert or storm wLndow. Contact area of each latch equalled,,
.28 ln' (1.8 cm'). Forces reqrr{red to open cllps ranged frorn 0.6-7.2 lbs
(2. 7-32. 0 N) .

(b) Llft out 6torm wlndon and set aslde. Welght of wlndow equalled 9.6 1bs

(4.4 kg).

(c) Pull down on vertlcal bar located on left slde of wlndow to release egress

mechanlsm. The 34.5 in (88 cm) long bar nounted 2.5 in (6 cm) above

bottom of wlndow requlred forces ranglng frour 14.8-17.4 lbs (65.8-77.4 N)

to operate.

(d) Push hlnged wlndow out (force range 12.4-15.9 lbs (55.2-70.7 N)).

2(e) Exlt through 29.5 ln (75 crn) wlde by 40 1n (102 cm) hlgh openlne (8.2 tt
(.76 m2) ) .

Comnents - See cornrnents under specimen 3.

5. Speclmen 5. (See Figs.51 zLr 22,23, and 24)

Description

Horlzontal slldlng wlndow wlth lnslde double track srorm wlndow and out-
side screen. Nomlnal dimenslons 46 ln (117 cm) wide by 39 ln (99 cm) htgh.

Egress Procedure

(a) Slmultaneously disengage two latches (located on left and right sldes of
wlndow, 3.25 ln (8.26 cm) above bottom of frame) to release storm wlndow

Contact area of each latch egualled .47 tn2 (3.03 cm2). Forces required
to operate latches ranged from 3.6-6.7 lbs (16.0-29.8 N).

(b) Lift out storm window and set aside. l.leight of wlndow equalled 8.6 1bs

(3.9 ke).
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(c) Unlock wlndow by llftlng latch handle (ln center of left sidt,of wjndow

18.5 ln (47 cm) above bottom of wlndow) upward approximately 90o. Oper-

atlng force ranged from 5.4-8.4 1ts Q4.O-37.4 N).

(d) Slide wlndow to left as far as it w111 go. Operating force ranged from

5. 8-9.6 1bs (25.8-42. 7 N) .

(e) SLmuLtaneously pull tabs (located 5.5 ln (14 cm) and 33.5 ln (85 cm) above

bottom of wtndow) on screen to the left and push screen out. Tab contact

area equalled 1 in2 (5.4S cm2). Force requlred to release tabs ranged

from 0.1-5.1 1bs (.4-22.7 N).

(f) Exlt through 22 ln (56 cm) wlde by 37 ln (94 cm) hlgh openlng (5-7 ft
(.sr m2)).

'2

Comnents

The window and appurtenances did not appear to meet the egress reqtrlre-
ments of the mobile home standard. The force requlred to remove ttre storm win-

dow exceeds 5 1bs (22.2 N) (section 280.404(c)(1i)). The top tab on Lhe screen

ls located 69 ln (175.3 cm) above the floor when Ehe window 1s mounted wiElr ttre
bottom 36 in (91 cm) above the floor (secEion 280.106(c)). The operaring in-
structions placed on the wlndow describe a clip-on storm $rlndow which is dif-
ferent from the double track storm window supplied (section 280.404(<r)(4)(i)).

The window also has two design deficiencies. Installation of the double

track storm wlndow obscures from vlew Ehe locking latch on uhe prime wlndow,

and makes it physically dlfficult to reach and operate. The large sEorm wlndow

cannot be easily held by Ehe two latches on the bottom of the window (recom-

mended egress procedure). Durlng initlal evaluatlon of this wlndow, a labora-
tory staff member lost conErol of the storm window, resultlng ln broken glass

and a minor cut.

This window requires two dlstinct simultaneous operatlons and five addition-
al- distlnct sequential operations to egress.

6, Specimen 6 (See Figs. 6, 25, and 26)

Desc rlpt.lon

Awnlng window wi th pop-out panes. Nomlnal dimensions )r) rn ( , 6r lr;;) wi de

by 53 in (135 cm) high. No appurtenances vrere aval1ab1e aL timr: ot lL.st.

26
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Egress Procedure

(a) LiFt latches (motrnted 13 1n (33 cm) above bottom) on both sldes of wlndow

Force requlred to lift latches ranged from 0.9-3.6 1bs (4.0-15.0 N).

(b) Push hlnged wlndow (lower trno ltghts) out. Force requlred ranged from

0.4-0.8 1bs (1.8-3.6 N).

(c) Exlt from 29 7n (74 cm) wlde by 25 ln (64 cm) hlgh openlnC (5 ft (.qe m2) )
2

Conments

Thls wlndow meets the requlrements of the moblle home standard. It requlres

four distlnct operatlons to egress from thls window. Thle devlce permlEs very

fast egress, but It ls 11kely that It would be damaged durtng use, slnce the

hinged wlndow falls against the slde of the mobtle home.

7. Specimen 7. (See Figs. 7, 27, and 28)

Descrlptlon

Large vertical slldlng wlndow wlth inslde double track sEorm wlndow and

outside screen. Nominal dlmenslon 30 tn (76 cm) wlde by 59 ln (150 cm) hlgh.

Egress Procedure

(a) Simultaneously pu11 in two latches located on sldes of st.orm wlndow near

bottom. Contact area of each latch equalled .12 tn2 1.ll cn2). Force

requlred to operate latches ranged from 1.0-1.5 1bs (4.4-5.7 N).

(b) Slide window up unt11 latched in fu1ly open posltion. Force ranged from

L2.6-L2.8 lbs (56.0-s6.9 N).

(c) Simultaneously squeeze latches located at bottom left and rlght of
prime wlndow. Forces requlred Eo operate ranged from 5.0-6.3 lbs
(22.2-28.0 N) .

(d) Slide window up until latched in fully open posltion. Force range

16.0-I7 .4 lbs (7 1..2-77 .4 N) .
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(e) Pu11 dor^'n on two tabs locaEed on cop of screen (27 in (69 cm) alrovr. lrot torl

of window) an,l lrrrstr screen olr! . Force requir:ed rangctl I ronr ll . i;- I ./ . 1 ll,r,

(37.8-53.8 N).

(f) ExiE from 28 in (7I cm) wide by 28 in (71 cm) lrigh opening (5.5 ft-
(.s1 m2)).

CorunenEs

The appurteniln('es (l() not appear to meet tlle egress requireruenEs of the

mobile home standard. Iloth che force required to lif t the storm window ;rrrtl IlrrrL

required to release llre tabs of the screen exceeded 5 lbs (22.2 N) (seccion

280.404(c)(2)(il)). 'fhe strrface area to which an operating force is applied on

the storm wlndows is lcss Ehan che requlred 0.25 1n2 (I.61 r,rn2) (section

280.404 (c) (2) (iv)).

'l'his window reqrrires tlrree distinct simultitneous operaEions antl tlrret'

additional distlnct sgqucnEial operations to egress.

8. Specimen 8. (See Figs. 8, 29, and 30)

DescripE i.on

Egress panel morrnted in wa11 5 in (13 cn) above floor. Nominal dinrensions

22 in (56 cm) wide by 22 in (56 cm) high.

Egress Procedure

(a) Release two latches mounted on left and rlght sides l1 in (28 cm) abov.r

bottom of pane1. Forces required Eo operaEe latches ranged from 2.3-4.5 lbs
(10.2-20.0 N).

(b) Push ouE panel . Force range 9.6-1 0. t 1bs (42. 7-44. 9 N) .

(c) Exit through 22 in (56 cm) wide by 22 in (56 cm) high oPening (3.3o ft'
(.:r m2)).

Comment.s

IThis egress device appears to meet Ehe requiremcnEs ()l

standard. However, if it was the intent of the sEandard tt
I lrt: nttlhilr, lrottrtr

t t-quirc egf cis

devices to meet the mlnimum area requirements for wlndows (l) tr2 (.46 m2),
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a

sectlon 280.404(b)(3)(11)), thls devlce would fal1 the sEandard. It requlres
four dlstlnct sequentlal operatlons Eo egress Ehrough this device.

Due to lts locatton (5 ln (13 cm) above floor) and ease of operatlon,
thls devlce permlts very fast egress. However, thls could present a potentlal
hazard to a very sma1l chll,d capable of operattng the latch mechanlsm.

C. Racking Tests

Measurements were made of forces requlred to unlock and open egress wtndows

after slmulated racklng loads (frame dlstortlons) were app11ed. Such loads mlght

occur due to foundatlon settllng or physlcal dlsplacernent of a mobl1e home followlng
an accldent or natural dlsaster.

1. Racklng Test Procedure

Uslng a hydraullc ram attached to the test frame, angular distortlons of
the following magnltude were applled to test speclmens 2,3, 4,5, and 6:

Angle between base of frame

and

horizontal reference point.

Equivalent vertlcal displacement

of the floor at one end of a

60 ft (18.29 m) moblle home

(6.4 cm)

(12.7 cm)

(25.7 cm)

(4 7 .8 cm)

(95.8 cm)

2. Racking Test Results

The lightweight constructlon of the windows permltted them to function
even after being severly racked. Operating forces generally increased with
increased racking and some specimens could not be closed after being opened in
the racked positlon. The numerj.cal results of the racking tests are summarized

in Table 4.

to

..+

.go

1.50

3.00

2.5

5.0

10.1

18.8

37 .7

1n

1n

1n

1n

1n
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3

Devlce Tested

1. Casement wlndow (small)

2. ,tCasement window (large)

,rVertica.[ slidlng wlndow,

egress frame

4. *Awnlng wlndow, egress frame

5. *Horizontal slldlng wlndow

6. rtAwnlng wlndow, pop-out panes

7. Vertical sllding wlndow

TABLE 3

LABORATORY TEST RESTTLTS

[,llndow

Pass

Pass

Pass

Pass

Fa11

Pass

Test Results

Appurtenance

Fall - Sectlon 280.404(c)(2)(i1i)
Phllllps head screw

Fall - Sectlon 280.404(c)(2)(ili)
Phillips head screw

Fal1 - Sectlon 280.404(c)(2)(ii) Storm

window weight greater than 5 1bs (2.27 kil.

Fail - Sectlon 280.404(c) (2) (li) Storm

wlndow welght greater than 5 1bs (2.27 kg).

Fal1 - Sectlon 280.404(c) (2) (1i) Storm

window weight greater than 5 lbs (2,27 kil,
Sectj.on 280.106(c) Screen tab over 60 in
(152 cm) from floor. Section

280.404(c) (4) (1) Incorrect instructions
on window.

Appurtenances not avallable at tlme of
test.

Fal1 - Sectlon 280,404(c)(2)(il) Storm

window welght greater than 5 lbs (2.27 kil.
Pass

8. Knock-out wa1l panel Pass N/A

*Subjected to racklng tests ln additlon to and followlng tests requlred by standard

1
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Speclmen bJ

No Descrlpt lon/Mechanlsm

TASLE 4

Racking Test ResultsS/
Force 1n lbs (newtons)

Amount of P.acklng

None
0 tn/60 ft

0 cm/18.29 m

)o

2.5 7n/60 f.t
6.4 cm/18.29 m

0 in/60 ft
7 cm/18.29 m

.go
10.1 1nl60 ft

25.7 cm/L8.29 n

1.50
18.8 1n/60 ft

47.8 cm/18.29 m

3.00
37.7 l.n/60 ft

95.8 cm/18.29 m

5
t2

2 Casemcnt wlndow (large)
R.cnove screen
Puch wlndow

Vertlcal sIlder, egress frane
Letch
Push wlnd.ow

Awrlng wlndow, egress frame
Latch
Push wlndow

Horizontal s1lder
Letch
Pueh wlndow

Awnlng wlndow, pop-out
Left latch
Rlght latch
Push wlndov

77.4 (77 .4)
Ls.9 (70.7)

L4.t (62.7)
4eJ

18.6 (82.7)
eJ eJ

0.2 ( .9)
s.3 (23.6)

12,7 (56.s)
2.8 (L2.s)

19.9 (88.5
21.0 (93.4

8.4 (37.4)
s.3 (23.6)

1e.4 (86.3)
23.8 (10s.9)

(1
(20

0.3
4.6

0.1
4.9

0. s)
6.7)

8.4 (37.4)
9.6 (42.7)

3
5

6.s (
3.s (

16.2 (

8)
7)
s)

(18.7)
(13.3)
(20.0)

4.2 (18.7)
L.4 ( 6.2)
3.6 (16.0)

7)
3)
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dr.bl" values are aaxiuum forces requlred 1n lbs (newtons) to operate the wlndows after racklng forces were applled
Uo1l ,trrdo*ne tested could be operaEed even after severe racklng.
dEstlnat"d value. Gauge dld not hold maxlmum readlng.
dtat"h snd/or vlndov popped open due to racklng--no force was requlred to oPerate devlce.
dv.lo." were not recorded.
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Figure 11. Racking Test. Normal (level) position.
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Eigure 12. Racking Test. Racked position
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Figure 13. Use of Force Gage.Procedure used to measure force required to open windor+ latch
34



Figure 14. Egress Test. Specimen 1.
Removing screen
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Figure 15. Egress Test. Specimen 1

Pushing window open
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Ftgure 16. Egress Test. Specimen 1.
Detall of egress handle and retai-ning clip

37



'$

t

1:

'lii:.!

i
,. ,'i**#

iil*
i,,,rl, li:f,{

tirI

i

*{

.,

'&

t

ii

t,

Flgure 17. Egress Test. Specimen 3.
Releasing storm window retalning clip

Releaslng one of three clips which retain inside clip-on storm window
The same storm window frame is used on specimen 4.
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Figure 18. Egress Test. Specirnen 3.
Removing screen

The sanie procedure is used on specimen 4.
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Figure 19. Egress Frame. Specimen 3.
Operating egress mechanism

Pulling dovrn on vertical bar to release egress mechanj-sm.
The same procedure is used on speci.men 4.
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Figure 20. Egress Test' Specirnen 4'

Pushing window oPen

The same egress ttti" is used on specimen 3'
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Figure 21. Egress Test' SPecimen 5

Removing storm window
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Figure 22. Egress Test. Specimen 5.
Unlatching prlme window

Note that latch mechanism is blocked by rernalning storm window.
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Figure 23. Egress Test. Specimen 5

Opening prime window
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Egress Test ' SPecimen 5

Removing screenFigure 24.
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Figure 25. Egress Test. Specimen 6.
Releastng egress latches
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Figure 26. Egress Test. Specimen 6.
Opening window

When dropped, hinged window fa11s flat against side of mobile home.
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Figure 27. Egress Test' Specimen 7'
OPening Prime window
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Figure 28. Egress Test. Specimen 7.
Releasing screen
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Figure 29. Egress Test. Specimen 8.
Unlatching panel
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Figure 30. Egress Test.
Dropping panel
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IV. DISCUSSION OF RESIILTS

A. Technlcal Basls of the Egress Provisions of the Moblle Home Standard

The egress requlrements of the Moblle Home Standard are based ln substantial
measure on earlier voluntary standards, ln partlcular NFPA 5018-1974 (Ref. 7) and

MIIMA Speclflcatlon 2-73 (Ref. 4).

Llbrary research was carrled out to identify, through exlstlng standards and

other documents, the technlcal basis of the egress requlrements of the standard.

I.Ilth the exceptlon of l-lnited studies concerned wlth the mlnlmum dimensions of an

egress devlce, very llttle relevant data was found. Where research data was found,

lt did not appear Eo support the speclfications contained 1n the standard. These

findings are discussed below.

1. Dlmenslons and Locatl-on

Table 5 sunmarizes the informatlon found relatlng to the dlmenslons and

location of egress devices. A revlew of the avallable data suggests the follow-
ing:

(a) Dlmenslons should be related to the antlclpated method of egress. Openlngs

close to the floor, which permit egress by crawllng, will requlre different
dimenslons than openings mounted at higher levels, requlrlng the occupant

to climb out for egress.

(b) For mobile home occupants of average size, the followlng dlmenslons aPPear

to be adequate for emergency egress. If the moblle home occupant is expected

to crawl through the egress devlce, mlnlmum dimenslons should be approxl-

mately 22 in (56 cm) wide by 22 in (56 cm) hlgh. If the mobile home occupant

is expected to climb through the egress openlng, mi-nimum dlmenslons should

be l-8 ln (46 cm) wide and 32 ln (81 cm) hlgh.

(c) No data was found which establlshed the height above the floor at which

occupants generally would shift from a crawJ-ing to a climbing method of

egress. The method of egress may also be affected by the height of the

egress device above ground level. (Note Fig. 31.)

2. 0perating Forces and Locatlon of Operating Mechanisms

Tables 6 and 7 sumnarlze the informatlon found relating to operating forces
and the location of latches. Ihese two factors are interrelated and should be

studled together. A revlew of the avallable data suggests:
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(a) Maxlmum allowable forcee ehould be deterinlned on the baele of antlclpated

occupant Btrength and etature, helght at whlch the devlce 1e nounted, and

nethod of operatlon (push, pull, squeeze, twlet).

(b) Young chlldren can generally exert forcee ln excesg of 10 1be (44.5 N) on

operatlng devlcee whlch are mounted at or below thelr shoulder helght.
However, alnost all chlldren under 9 yeare of age cennot reach or operate

devlcee 60 ln (152 cn) above the floor.

(c) No data wae found whlch eetabllehed the relatlonehlp between forces whlch

could be applled ae a functlon of the lndlvldualre baelc Btrength and the

dlfference between the lndlvldualre helght and the helght of the operatlng

devlce.

3. Tenablllty Crlterla

Tenablllty crlterla relate to epeclflc elements of a hazardoue envlronnent

whlch are capable of lncapacltatlng an indlvldual attetrptlng escape or reacue.

Exanples lnclude crltlcal factors such as oxygen, carbon dloxide and carbon mon-

oxlde levels, temperature, and smoke denslty. Determlnatlon of tenablltty crl-
terla and maxlmum al1owable tine for egress is a state-of-the-art regearch

actlvlty currently under way at the Center for Flre Research at the Natlonal
Bureau of Standards.

B. Adequacy of the Egress Provlsions of the Moblle Hone Standard

In addltlon to the speciflc shortconlngs dlscussed below, the egress requlre-
ments of the standard appear to be too narroril ln ecope. (See reconmendatlons)

Laboratory research to asseas the current requlrements and test proceduree ldentlfled
areas where the current standard appears to be inadequate, inconslstent, and con-
flictlng. Wlth respect to the comments whlch follow, lt ls aseumed that the reader

ls famlliar wlth Table 1 of thls report and sections 280.106 and 280.404 of the

Moblle Home Standard.

1. Inconslstency

(a) Dimensions (280.404(b) and (c))

2Windows and appurtenances must provlde a 5 ft
a mlnimum dimension of 22 Ln (55 cm).

Egress devLces are not mentloned.
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(b) Locatlon (280.105(a))

Bottom of wlndow openlng nust be wlthln 35 ln (91 cn) of floor.

Egress devlces are not mentloned.

(c) Nunber of Latches (280.404(b) and (c))

Wlndows nay have two latches.

Appurtenances rray have four latches.

Egress devices are not mentioned.

(d) Surface Area Where Force ls Applied (280.404(c))

Latches on appurtenances must have a contact area of at least .25 lrt2

(t.61 cn2)

Wlndows and egress devlces are not nentloned.

(e) Rotary operatlon of Latches (280.404(b))

Not permitted on wlndows.

Appurtenances and egress devlces are not mentioned.

(f) Maxlmum Operatlng Forces (280.404(b) and (c))

lbenty lbs (89.0 N) for windows.

Flve lbs (22.2 N) for appurtenances.

Egress devlces are not mentioned.

2. Confllct

There ls a dlrect confllct between section 280.404(b)(3)(11) (mlnlmun area

of 5 ft2 (.t+O n2) and sectlon 280.404(c)(i1) (maximum Ufring force of 5 lbs
(22.2 N) for appurtdnances). A Etorm wlndow whlch is 5 ft2 (.45 n2) ln area

welghs more than 5 lbs (2.27 kg). It ls lmposslble to simultaneously neet both

requirements.
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3. Incomplete Speclflcatlon of Teet Methods

(a) Test Methods A and B - Dlmenslons (280.404(d)(1) & (2))

It 1s not clear how to calculate dlmensions when latches or operatlng
handles protrude lnto the egre6s area.

(b) Test Methods C and D - Operatlng Forces (280.404(d)(3) & (4))

The rate at whlch the force ls applled 1s not speclfted and only a

slngle readlng of the gauge ls requlred. Thls is l1ke1y to generate a

sj,tuatlon ln whlch dlfferent technlques w111 yleld slgnlficantly dlfferent
force readlngs on Ehe same devlce or mechanlsm.

In test method C, the requirement that the wlndow be subJected to five
openlng and closing cycles before testlng should be deleEed, slnce 1t

creaEes a test conditlon whlch is unrealistlc wlth respect to actual use of
an egress devlce.
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TABLE 5

BACKGITOUND INFORMATION

DIMENSTONS AND LOCAT1ON OF EGRESS DEVICES

InformaEion Source

Fed. Standard 2L7 - Bus windows
(Ref. 2)

MHMA Spec.. 2-73
(Ref. 4)

NFPA 101 - Life Safety Code
(Ref. 5)

NFPA 5018-1974
ANSr A119.1-1975
(Ref. 7)

NFPA 501C-1974
(Ref. 8)

I'lcCormic
(Ref.22)

Van Cott
(Ref.33)

Woodson & Conover
(Ref.35)

Safiredoor Corp
(Ref. 38)

Hunt Co.
(Ref.42)

Recommendation or Requirement

Nomlnally 20 tn (51 cm) wide x 13 in (33 cm) higtr for
each egress window.

Mlnimum dlmension 22 in (56 cm). Minimum area 5 fr2
(,46 n\. Maxlmum height from f loor to bottom of open-
lng ts 36 ln (91 cm).

1973 Edltion - 22 in (56 cm) minlmum dlmension
(.45 n2) mlnlmum area, maxlmum height from floor to
bottom of openlng ls 32 in (81 cm).
1976 Draf.t - Mtnimum 20 in (51 cm) wide, 24 in (61 cm)
high, mln.lmqm area 5.7 f c2 (.53 m2), maxinrum heiglrr
from floor to bottom of openinll is 44 in (112 cm)

Minimum dlmensions 22 in (56 cm). Ilinimunr area 5 ft2
(.46 n4. Maximum helght f rom f loor Eo boLtom of open-
1ng ls 48 ln (122 cm).

Nomlnally 20 in (5I cm) wide x 13 in (33 cm) high for
each egress wlndow.

Ilinimum dimension for a crawl through opening with nor-
mal clothing 7s 22 in (56 cm).

Mlnlmum dlmension for crawllng or sliding through {s
20-22 ir (51-56 cm).

Ilinimum dlmenslon for crawl through opening is 22 in
(56 cm)r step or c1lmb through openi-ng is 20 in (51 cm)
wide x 32 in (81- cm) high.

opening 22.5 ia (57 cm) square near floor permirs
lngress by fire fighter with breaEhing apparatus.

Helglrt more important than width l-or climb through egress.
Openlng 16 in (41 cm) wlde x 28 in (71 cm) high is
acceptable for climb through egress. Openings 16 in
(41 cm) wlde x 42 in (107 cm) high or 18 in (46 cni)
wide x 32 in (81 cm) high, acceptable for cgress and
ingress by fire fighter with backpa,:k.

, 5 f.t2
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TABLE 6

BACKGROUND INFOR}IATION

EGRESS DEVICE OPERATING FORCES

Informatlon Source

Fed. Standard 2L7 - Bus wlndow

(Ref . 2)

MHMA Spec. 2-7:)

(Ref. 4)

NFPA 101 - Llfe Safety Code

(Ref.5)

NFPA 5018-1974

NASI A119,L-L975

(Ref. 7)

Brown, Buchanan

(Ref.11)
and Mandel

Recouunendatlon, Requlrement or Comment

Low force, less than 20 1bs (89 N), wlthln 71 ln (180 cm)

of floor, rotary or stralght force appllcatlon. Hlgh force,
less than 60 1bs (267 N), wlthln 52 Ln (L32 cm) of f1oor,
stralght force appllcatlon perpendlcular to exlt.

Locks, latches, lifttng and slldlng operational forces

shall not exceed 20 lbs (89 N), wlndow appurtenance opera-

ting forces sha1l not exceed 5 1bs (22 N).

Wlndows for rescue must be readlly openable from inslde
wlthout use of tools. Panlc hardware shall cause door

latch to release when a force not to exceed 15 lbs (67 N)

ls applted.

Wlndow whlch can be opened from the inslde wlthout Ehe use

of tools.

Flgure 4 shows that essenttaly all of the 5-year-o1ds

tested could squeeze, push, pull, or twlst wlth forces ln
excess of 10 lbs (44 N) on devices mounted at or below

their shoulder length.
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InformatLon Source

Fed. Standard 2L7 - Bus windows

(Ref.2)

MHIIA Spec. 2-73
(Ref. 4)

NFPA 101 - Life Safety Code

(Ref . 5)

Dlffrient, eE al
(Ref. 16)

TABLE 7

BACKGROUND INFOR}{ATION

LOCATION OF EGRESS DEVICE OPERATING MECHANISMS

Recomnendation. Requirement or Conuuent

Low force wlndow release wlthln 71 in (180 cm) of f1oor.
High force vrlndow release withln 52 in (132 cm) of f1oor.

No latch, lock or operating handle be located in excess

of 72 Ia (183 cm) from the firrjshed floor.

Releaslng bar on door shall be not less than 30 in (76 cnr)

nor more than 44 in (112 cn) above the floor.

977" of. all 8-year-old chlldren cannot reach a device

located 60 tn (152 cn) above the floor (estimate based on

human scale 1a).
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Figure 31_. Height of Egress Windows above GroundEgress wlndows lnstalled in the demonstration unit with the bottom of thewlndow openlng 36 in (9r cm) 
"to""-it. floor pr.""-ai. bortom of the windowapproximately 70 in (17g cm) above the ground. ll.a."atat the bottom of theegress panel (behind the roodel) 1s only 3g 1n rsg-"rl above the ground.
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V. RECOMMENDATIONS

A. Establish Performance Goals

In the absence of available data to the contrary, lt is assumed that the most

critical need for emergency egress occurs during a nighttlme flre when sleeping

occupants of a urobile home are jarred awake by an alarm or by sensj-ng the smoke,

flame, or nolse of a fire.

Emergency egress devices should be located and operable ln such a manner that
essentially all occupants capable of independent movement can safely evacuate unas-

s isted.

hlith these two assumptions in mind, the following goals are reconmended:

1. Prlmary Goal

Provide a device with an opening large enough and so placed and operated

as to permit 95 percent of all rnobile home occupants wearing normal clothing to
exit from a darkened room unassisted withln 30 seconds wlthout significant rlsk
of serious injury.

Conments

A design goal of 95 percent is suggested by Henry Dreyfuss Assoclates
(see reference 16) as desirable for civilian envLronments. It is however, a

subjective number which is based on what soclety is wllling to accept as a
reasonable level- of risk. Whatever leve1 is selected, to design for it re-
quires a detalled knowledge of the age distribution of mobile home occupants.

It ls anticlpated that thts data r"rill- be available from the Bureau of the Census

ln early L977.

The design goal- of 30 seconds to egress ls also subjective. It represents

the average time it took the authorts 9-year-ol-d daughter to exlt from a locked

bedroom wlndow in a conventional singJ-e famlly home and lncludes unlocklng the

prime window, raising the prime wlndow, unlockLng the storm wlndow, and ralslng
the storm window. Egress time must be kept to a mlnimumr'since prellminary fire
studies lndlcate that untenable condltions can be reached in a mobile home in
less than four minutes (see reference 13).
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2. Secondary Goal

The egress device should not reduce the safety or securlty of the mobile

home under normal 1lving conditlons.

3. Comp lementary Goals

(a) Without compromising the prlmary goal of egress, the dtmenslons of the

egress device should consider standard mob11e home consEructlon practices

(b) I,Jithout unduly lncreaslng the cost of constructlon, the dlmensions of tl.re

egress devlce should conslder lngress by ful1y equlpped rescue personnel.

Acceptance of these goals necessarily requires expandlng the scope of the

egress requlrements of the Mobile Home Standard.

B. Expand Scope of the SEandard

1. Size and Locatlon of Egress Opening

(a) Placement

Every room designed for sleeplng should have an egress device or door.

(b) Relationship Between Height Above Floor and Minimum Dimensions

The review of the published daEa on minj.mum dimensions for egress

suggests that there should be dlfferent acceptable dlmensions for egress

devices installed near the floor of a moblle home and egress wlndows ln-
stalled at hlgher levels (see references 2,41 5,7r 22, 33, 35, 38, & 42).
Table 5 summarizes published requiremenEs/recornmendations for egress dimen-

sions and helghts above the floor.

The dimenslons should be based on tlle anEicipated nreEhod of egress;

i.e. climb vs. crawl. In general, openings placed so t.hat Ehe occupant must

climb through them require a greaEer verEical dimenslon than openings which

permlt Ehe occupant Eo exit by crawling through them.

2. OperaEion of Egress Devices

(a) Nlqbef of Operations Required

There are two que:;tions which should l>e addressed in Elrt.sLan(lar(l
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(1) The maximum total number of operations which are permltted, includlng
unlocklng, lifting, pushlng, etc. (the present standard allows 13).

(11 ) The maxlmum number of slmultaneous operations (if any) which arc per-

mltted. If slmultaneous operations are permitted, separate spet:ifi-
catlons may be needed relatlng to thelr operating forces, metlrod of

operation, and dlstance from each other.

(b) Allowable Maximum operatlng Forces and Location of Ooeratine Devices

The allowable maximum operatlng force of a latch or oEher mechanisnr

must be related to the operation lnvolved (push, pul1, squeeze, twist) and

Ehe height of the mechanism above the floor.

3. Security

'fhe egress window or device strould offer the sanle lesistance to f<-rrced entry

JS any window, door or oEher openlng into the mobile lrome.

4. Practice

The egress wlndow or device should be designed Eo permit occupants Eo

practice all of the steps necessary for egress. This implies ttlat there strould

be minirnal risk of personal injury or damage to the devlce during operaEion.

5. Safety

The egress wlndow or devlce should not reduce the safety of the mobile home

durlng normal condltions. Design features such as the following mlght be con-

sidered.

(a) Operatlng forces large enough so that latches are not inadverEently operaEed

by very young children, pets, or normal household activities, such as clean-

ing.

(b) Shlelds which prevent smal1 fingers from reachlng operating mechanisms.

(c) 0perating devices placed outside the reach of crawling lnfants

(d) Latches which combine two distlnct movcnr(,rrls to operirte, i.e. a .[ilt clr wiEIr

a button that must be depressed before the laEctr wlll trrr[r.
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6. Operating Instructj,ons

The operating i.nstructions should be vlsible, easy to read, and easy to

undersEand. Proposed oper;rting lnstructlon 1abe1s should be preEested by

chlldren. The use of nonverbal, plctorlal instructlons should be encouraged.

7. Time to Egress

Thls is the baslc test of an egress devlce and in a sense, lt lncorporates

all of the other crlterla. A statistlcally val1d procedure should be developed

for appJ.ying this crit.erla as a performance test.

C. SupporE Applled Research

Tables 8 and 9 summarize and compare the exlstlng standard and the reconunended

requirements for emergency egr ess devlces for mohile homes. The actual levels for
ther;e cri-teria can best be establlshed by supporting additional research in the

followlng areas

l. Occupant Analysis - Physical

The objective of thls research 1s to identify the physical and sensory

llmltatlons of mobile home occupants which are relevant to tlre use of emergency

egress devlces. Thls program should lnclude the following actlvlties, whlch

were beyond the scope of the present study.

(a) Request a speclal tabulation based on the 1970 Census of Populatlon to
determine the frequency adJusted age and sex dlstrlbutlon of moblle home

occupants.

(b) Utilize existing anthropometric informatlon sources or, lf necessary, con-

duct addlt.ional research to determine typlcal body dlmenslons, strength
(push, pull, twist, squeeze) and reach capabillties of mobile home occupants

2. 0ccupant Analysls - Behavioral

Research models should be developed and tested to galn an insight lnto pre-
dictable behavior modes of adults and chlldren under emergency condiEions. In
particular, studles should be carrled out to determlne whether behavior under

emergency conditions can be modlfled through experlence (such as fire dri1ls) and

education.
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3. Devlce Characteristics

The objective of thls effort ls to trtilize human englneering principles ro

assure that the locatlon and physlcal characteristics of egress devices ar(,con-
slstent wlth the physlcal capablllties and behavlor of mobile home occupanLs.

Research should be carrled out to determtne:

(a) The minimum dimensions necessary to permlt average (50 percentile) and Iarge

(95 percentlle) occupants to egress by crawllng through an openlng.

(b) The mlnlmum dimensions necessary to permit average and large occul)ants t()

egress by climblng through an opening.

(c) The maximum height above the fl-oor that small (5 percentile) and average

sj,ze occupants can egress by crawllng through an opening.

(d) The maximuur height above the floor that small and average size occupants can

egress by cllmbing through an openlng.

(e) With respect to operatlng mechanisms, the maxlmum height-force that can be

applled for each type of operation (push, puIl, twist, squeeze) for smal1

and average size mob1le home occupants.

4. Egress Tests

A statistlcally valld procedure should be developed for estimatlng the time

to egress utilizlng an egress devlce. There are two basic approaches:

(a) Develop a slngle tesr which would be uniformly applied to every type of
egress devlce manufactured. Thls approach is direct, but miglrt be difficult
to implement if there are a large number of dlfferent egress devices manu-

factured.

(b) Explore the feaslbillty of developlng a computer model to predlcr the aver-

age egress time of an egress device based on factors such as size, location,
number of operations, and forces required to utilize the device, as well as

physical characterlstlcs of mobiLe home occupants. The model parameters

would necessarily be based on a series of egress tests conducred with repre-
sentative mobile home occupants and devices. Thls approach is initially
more difficulE, but may be easier Eo implement.
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5. Hazard Analysls

Research (such as the actlvltles currently betng carrled out 1n the Center

for Flre Research at NBS) to categorlze the speclflc elements of a hazardous

sltuatlon whlch are 11fe-threatenlng would be contLnued ln order to develop

estlmates for maxlmum acceptable egress tlme.

Sectlon 280.1(b) of the Federal Moblle Home ConstrucElon and Safety Standard

summarlzes the overall lntent of these recommendatlons and 1s quoted herewith

without further conrment.

"These Federal }{ob11e liome Conetructlon and Safety Standards seek, to

the maxlmum extent po8slbler to establlsh performance requlremenEs.

In certaln lnstances, however, the use of speclflc requlrem(rnts ln the

Standard ls necessary because, at this time, that ls the best avallable
means of ldentlfying the deslred performance. The use of speclflc re-
quirements Is not intended to prohlblt the utllization of any maEerlaI,

plece of equipment, or system whlch cannot meet the precise speclfica-
tlons, but whlch upon evaluation provides equivalent or supertor per-
formance. tt
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Requlrement

1. Location

2. Size of openlng

3. Operation

TABLE 8

SCOPE OF EGRESS REQUIRE}IENTS OF CURRENT

HUD MOBILE HOME STANDARD

Cri.teri.a

Every sleeping room

Bottom wlthln 36 in (91 cm) of floor

Minimum dimensions of 22 Ln (56 cm)

I,llnlmum area of 5 f.J (.46 m2)*

3.2

Up to 13 operations allowed for egress (3 for
prime window, 5 for each appurtenance)

No restrictions on simultaneous operation

I'laximum operating forces must be less tharr 20 lbs
(89 N) for wlndows, 5 1bs (22 N) for appurtenances*

Rotary operations not permitted on windows

Latches no more than 60 in (152 cm) above floor

3.3

3.4

3.5

1.1

7.2

2.1

2.2

3.1

4. Securi ty 4,L No requiremenE

5. PracEice 5.1 No requirement

6, Safety during non-emergency 6.1 No requirement

7. operating lnstructlons 7.1 Instructtons on window for operation of window and

appur t enanc e

8. Ttme to egress 8.1 No requlremenE

*Conflict - 5 ft2 (.46 m2) of window glass weighs more than 5 1bs (2.27 kil. Ilence, the

welght of the wlndow and frame exceeds the maxlmum force allowed to lifr the window out.
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TABLE 9

RECOMMEI'IDED SCoPE OF ECRESS REQUIRET'IENTS FoR

MOBILE IIOME STANDARD

Requlrement

1. Locatlon

2, Slze of openlng

3. Operatlon

4. SecurLty

5. Practice

Safety durlng non-

emergency

7. Operatlng lnstructlons

8. Time to egress

1.1

L.2

Crlterla

Every sleeplng room

Botton wtthln ** of floor

No uore than ** operatione requlred for egrese

Sluultaneous operatlone perultted lf dletance between

operetlng devlceg 1a lees than ** lnchee and the oper-

atlng forcee are less than ** or elmultaneous opera-

tlone not permltted.
Operatlng forces less than ** pounds

No rotary operatlons requlred for egreee

Latches no Eore than ** above floor

2.L If bottoo of openlng ls lrlthln ** of floor, olnlmuu of
22 ta (56 ca) wlde x 22 La (56 co) hlgh (erawl)*

2.2 If botton of openlng le uore than ** above floor, uin-
lmum of 18 ln (46 cu) wlde x 32 ln (81 co) hlgh (c11ab)*

3.1

3,2

3.3

3.4

3.5

6

4.L Same reslstaace to forced entry as other openlngs 1n

moblle homes

5.1 To encourage practice, deslgn should mlnlnlze rlsk of
lnJury or danage to devlce durlng operatLon

5.1 Infant-proof deslgn

6.2 Mlnimurn force requlrement to prevent accidental
oPeration

7.L ShouLd be slmple and easy to understand by chLJ-dren

and adults, placed ln easy to see/read location

8 .1 Most occupants, includlng chlldren and elderly, should
be able to egress wlthln 30 seconds

*Addltlonal regearch requlred to establlsh t'bestl' values.

**Speclflc reconmendatlon cannot be made r^rlthout addltlonal research.
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