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Perfohance of tIob11e llomes
Data AcquislElon and Analysls Hethodology

In a study ar the NaEional Bureau of standards (NBs), funded by the Depalthent of ousing
and Urbar Developnenr (HUD), nerhods for Inspectlng Foblle homes to ldenEify perfodance
problens, recordlng Ehe problens and analyzlng the problen data uele developed. MainEenance
uolk olders for 2881 mobile homes, a part of 12,500 provlded by HUD for enerSency houslng 1n
rhe 6fte@Eh of Huflcane Agnes, aE uilkes-Barre, Pennsylvania, uele revieued and conpuce!
coded by an inter-discipllnaly Eean of enBtneels. also, perfolEnce data were obtalned froE
SraEe and oEher Federal aBencles for over 967 prlvarely omed mobile homes. A second task
,as the field inspeclion of 257 noblle bon€s co assist in Ehe dererninatlon of the causes
and consequences of Ehe problens ldenllfied 1n lhe daca acqulsiEion task, Compute! r€chni-
ques uele developed Eo process rhe dara and print out problen sumarlon tables, 8.aphs
to establish trends, corpile daEa on obvtous problehs and ferreE ouE Ehose problehs shich
my not be obvlous. This flrsE reporL documenElne Ehe daEa acquisiEion 6nd analysis meEhod-
olo8y uiIl be follosed by a series ol reporLs uhtch ulll present results and relaEe theo Eo

currenr srandd.ds, rhF regulaEorv and insuran.e Pro.eq<es.

J. H. PielerE, q, E. G!eene, .rr., L. F. skoda and L{, c. street
Center for Butldln8 Technology

consEructlon; Hurricane Agnes; Houslngi Yobile Homesi Yobile Hore ?arks; ?erfor-
@nce data; ReEulacory Process; Standards



1.,0 IN-IRoDU0I loN

1.1 Obi ecLixes oI tlolect RecenEly, cny peopLe and groups have qoestloned lhe effecEive-
ness of nobile hones in ?lovldlng safe, adequaLe and 1or-cosE shelEer, IlEhougb 11fe-safety
aspecrs such as fire safety 6nd {1nd dafra8e lecelve lhe nosr publtclty, furcElonal charac-
Leristics appear ro be of broade! conceln ro moblle home omers, lr ls recognlzed thaE oob1le
homes are subjected to condtctons prior Lo occupancy, e.9,, nanufaccurlng, Eransportatlon and
slting!/ uhich dlffer greaEly from conveflctonal housln8. Because of these unlque condltlons,
nob11e hones exhiblt perfolMnce problems uhlch My noE be encounteled 1n other foms of
holsing. UnfoltunaEely, there ls a 11m1Led anounE of organized docune.Earloo of rhese pe!for-
@nce lrob1ems, Mking iE dlfficult co plnpolnc uhat aspect of Ehe Eob11e hofre producEion
?rocess (srandards, !egulatory, @nuEacEurlng, transno!talton o! sltlnA) could be aE fau1E.
There is also limited data Eo asslsr ln evalua.lon of rhe durablllty and Mlnta1nab1l1ty as-
lecrs of nobil€ hone consffucEion.

To investlgaEe rhese reeognized problems! a projecE funded by che offlce of Policy Develop-
ment and Research of Ehe DepaltmenE of Houslng end Urban DevelopmenL (HUD) was sElu.tured
around rhe iollowins oblectlves I

A. ldentification and docunenrarlon of stgnlilcanc frobile home perfolmnce plob1ens.

of Ehe lelaclonshlp betueen rhe ldentifled perfomnce problems andl. Deteminarion
provlsions of

t, ANsl A119.1 SEandard for qohlI€ Homes.

2, InspecElon, Quality Assurance, and ReBulatory Plocesses.

l. MorEgage lnsurance Requtremencs.

C. Detemination of p.oblem areas requlrlng additional nob1le hone research.

I.2 {obi1e Ho@ Industry. Voblte hones have rlsen co a posiEion of dominance in housing
in the United States re?resenEinB approxinately one-f1ftb of neq houslnS 6Ea!t6 in eacb of
the last five yeals. The productlon of mobl1e homes I.cleased draMticalLy froh 100,000
uits ln 1960 to around 600,000 untts ln 1973 (Ilgure 1). rr the under 520,000 new houslng
@ikeE! nobile hones represenEed 962 of che houses ploduced ln 1971 uhlch ls sonewhaE hlghe!
than the race for years 1958 ro 1972 (Flsule 2).

the growch of the nobile home rndustry has resuLEed from ics abili.y to produce a producc
vhlch meets the price requilemencs fo! louer lncone Bloups durlna a perlod of llElnA cost6
for aL1 Eypes of houslng, Young fam1l1es and an incleaslng number of letlred pelsons are
creaEing a deMnd for lo{er-cost housing contalnlng che hodeln arenltles. The growth of the
indusEiy has aLso been helped by the sllltngness of che comercial banking sysEem to exEend
loans Eo custoners and dealers fo! the pulchase of noblle homes,

The baslc dlmensions of nobile homes can wary ln eidth fron 8 feet Eo 15 feet and IE lengrh
up Eo 70 feeE. !1ex1b111ty 1n home conflguraElon can be obcalned qlth unlts deslgned slth
exlandable porclons, and slngle wide unlts deslgDed to forn double wldes when placed adlacent
to one anothert or ln sohe eases! trlple {ldes, The lldth of the unlts 1s an lnportant dlEen-
slon because of 1ts lmpacl on transpolEarlon over the hlghaays. The dlstllbotlon of no!1le
hohe shhmenls fo! Ehe years 1971, 1972 and 1973 as a functlon of uidth ls shoh ln rlsule 3.
The lelcenlage of shllmenEs of 12-foot wlde unlEs has been decreaslng someuhat du!1ng Ehe

lelIod wh11e shlpments of 14-foot {rdes and double wtdes have lncreased. The nunbe! of 8, 10
and 6-foot elde6 and espandables2/ is a snal1 poltlon of rotaL shlpmenEs. IE 1s antlclpated

1/ Sltlng enconpasses placemenl and 1eve1lng the mob1le home on lEs foundatlon, lnstalling
sEeps, sklrtlng and conneeElng uc111Lles.

2/ Unlts designed ,1Eh sectlons vhlch elrher push-out or B{ing ouE fron Ehe nob11e hof,e at



dustly in that thele Is a sinsle standald, INSI AII9.1 standald for Mobile sohes t1l l/,
ohlch covels the Mlor aspects of Ehe rcbl1e home bu11dlns lloeess, l.e,, constluction,
e1ectr1cal, plunllng a.d mechanlcal. Park conslderatlons are lncluded ln ANSI A119.3
standald for Mobl1e Bome ?ark6 [2]. rhese standards ale developed uslng che concen6us
lrocess by ANSI ComltEee A1I9 on Moblle Eomes and RecleaEloDal Veh1c1es. The co@ittee
is sponsoled by three lndustiy Sroups ( ob1Ie Hone Manufacturers Assoclatlon, Traller
Coach Associaclon, and the RecEeaEional vehlcle InsEltute) aEd Ehe NaElon6Mre lroEectlon
Assoclatlon. Comlttee nenbershlp ls dlaq froE Ehe tubt1e houer leeleatlonal vehlcle, aod
telaced lndustrles as,e11 as flom state and fedelal aovehEntal organlzatlons, consl@!
gloups, trade assoclaclonsr lDsurance irdusEry and otheE inEerested grouPs.

l.i M.b11e Hone Standards The rcb11e hone lndustry ls unlque wlthln Lhe bullding ln-

1.4 Mob11e Hone Regularory Process. Secause of rhe naEure of the ploduct and its @nu-

Prolect ApDioech. Id o!de! to address lhe stated oblectives. che prolect waE orEanlzed

lhar 14 and 15 foot ulde moblle hones will lncrease rheir share of th€ rotal Mrker in
furure years as nore sEaEes lelax hi8hway transport uldch 1Inlrs.

around Ehlee baslc tasks.

Taek 1 - Collectlon and Analysis of Exlstins Mo!1Le EoEes Pelfoffince Data

Collectton of daEa flom ledelal agenclesr State legulatoly aSencles, and con-
slrr Aloups to reflect treDds and ldentlfy functlonal felLures and Mlor pro-

facEurlnB plocess, Ehe regulatory plocess for rcb1le home6 is mique to the houslna lndu6Ery
Enforcenent of a mllle home standald is Ehe responsrblllty of the sraEe In ehlch it is
manufactuEed and genelauy Includes celciflcatlon that the cooscructlon @ets the codes !e-
qulrerents and inspectlor of the pioduct ln the factory to lnsure Ehat the approved destgn

Thele are tqo baslc legulaEoly pldgran6 whlch ale used selaraEely o! 1n cosblnatlon
by the staces. Sone stateB 6et u! @b1Ie hone agencles to enfolce leAulatlons whl1e oEhers
ut111ze lndependent thlrd party organlzatlons to pelfotu such setulces. A lyplcal conblna-
tlon qould !e for the states to 6et u? an in-house aaency fo! plan eelElflcatlon rhlle
erploylng a thlrd-paity to perfotu 1n-p1ant lnspectlon. A recent Natlotral lureau of
srandards publlcaElor by cooke, TeJuJa, Dlkkers and zelenka t3l outltnes che va!1ou6 pro-
gra@ 1n use by the 50 srares a6 of eally 1974, thls report establlshes lhe facE Ehat
there 1s consiilelable leglslative acllvity at the sEate 1eve1 ln Ehe Dblle ho@ and
Mnufactured buildins !esul.tory fleId.

State6 that have leglslated @bl]e hone constructlon requlrerent8 have @st frequenEly
adolred ANSI A119.1 as e {hole o! have used 1t as a rcdel upon whlch Eo base Ehelr 6tandards
AB of Juue 1, 1974, 45 stateg have adopted or 6!e ln the plocess of adoplilg ANSI A119.1 o!
po!Eion6 theleof.

1.5

Eield lnslectlon of obile Homes

Su@rize Data and DeveloD Concluslons

InspecElon of oob11e hoEs in the fleld ln an attenpt to decemlne rhe causes
and consequences of the pelfotMnce ploblems docuDented io lask 1.

Synthesize data obtained 1n Tasks l and 2 to fulfiU
prolect. Develop addlElonal soulce docuEnts tn ahe

the other oblectlves of che
standards and regulatory areas

1/ RefeleDces ale 1lsced at end of leport



A. ReAulatory Study - V1slt SLiLe agcnc!cs regulaEing mobilc hoies and
manufactulers slEhln thar state Lo derernine specillc effects ol .he
regularoiy Frograms. In addttlon, vtsir selected stares represenrlng a
cross sectlon or Eypical programs such as scaEe operated prograns, Lhird
parEy proS!ams, and coobinatlons ol the tqo used rhroughour the uniLed

B. ANSI 4119.1 SLandald for Mob1le EvaluaEion Studv

2.2 
^val1ab1e 

Uobile Home Perfotunce Daca

2.2.1 HUD Data (Burlicane Aenes l'lobile Homes)

oullinlng changes 1n the speclftc requlremenls of
from rhe 1969 edlrion rhroueh rhe 1972, 1974, and

- Prepare a documenL
Ehe ANSr 4119,1 SEandard

2.0 DATA ACQUISITION PROCEDURES

2.1 IntrodueEion. The frobi1e hooe data obtalned conslsred of @tncenance records, consumer
complaints, on-slte lnspecEion repo!ts! etc. and data resulting frofr NBS fteld ream
Lions of moblle hofres. Because of Ehe varylng narure, locatlon and availability of
data sources, procedures had to be establlshed lhich uould provlde a cost-eff€cEive
timely neans of dara rerrleval.

In the ptanning phases of Ehe projecL, 1L eas anElcipaEed thaE Ehe malor porrlon of
lerforMnce daEa uould come fron moblle homes used by HUD as emergency housln8 follouin8
the 1972 Hurlrcane Agnes dis6sEer. I.acer, phen tL becane evldent thar Ehese unics qere
a1t Mnufactuled 6E alploximaEely the same rlne and were puE lnlo use under erergency
conditions, It uas decided co seek additlonal dara soulces ln order co obtain a more re-
plesentatlve data base. These add€d sou.c€s tncluded olher Eederal agenci€s, state re8ula-
Eory agencies, consune! groups, and prlvate ouners of frobile homes.

up and Mintained a records system uhlch alloqed
rcbiIe hores used ds tenporary housln8.

co Hurlicane Agnes, EUD seE-
of the perforMnce of Ebe

Developnent purchased approxlmately 18,000 nobl1e homes chaL uere used a6 cenporaly housing
for victims of the Hurricane Agnes dlsaster vhlch occlrred ln Jlne, 1972. The Largest co!-
centraEion of these nobile hotues,as tn rhe Nilkes-Barre, Pe,nsylvanla alea shele rhey
totaled approxihately L2,500 unlts. The urgent need for moblle home6 sa6 such that 1a!ge
quantity purchase negotiaEed and aualded ln a nlnlnal Elme peltod to MDU-
facturels and deaters slth the prlmary requtremenc betng the earllest po6s1b1e dellvery
date. since lhis immediate need exhausted the local Mlket of moblle homes, MnufacEurels
and deaters fron es fat south as lIorlda and as fat uest as Texas! supplled noblle ho@s to
the dlsaster reLief effort.

2.2.1.1 nW) ResDonse to Hlrrlcane Asnes Dtsaster The DeparrmenE of Hosuins and Urban

The lrocessing plocedure fo! lncomtng rcblle homes 1n the Llllkes-Balre
follovs. Thlee 1a!ge staglng areas rere establlshed aE corvenienE locatlons 1n rhe clty,
naEely the Red, \hlte, and Blue staglng areas (See rigure 4), E6ch rcb11e home Ehat entered
the area was dellvered to a partlculat! prevlously asslgned staglng area, Upon atlval er
Ehe staging area each nobile hohe ua6 v16ua11y lnspected to deternlne 1f 1l could be asslgned
for use imediately or if sohe repails uere needed a6 a lesuIt of manufactu!1ng omisslons o!
losslble cran6lolt danaBe. Re?a1r clews rere aval1able to Mke Ehe nobite homes "fleld
,eady" afEe! whlch the homes were deuvered to elthe! lrlvaLe slres or to tbe varlous nob11e
hone pa!k6 that wele belng constlucted ln the aree. !1e1d cle s ere tlren glven rhe task of
blocking and 1evel1ne rhe unlEs! hook-up of all utl11tles, and InstelllnE plecon6cructed

The €xlgencies of Eine, in @ny insEances, ?recluded specifylnB thal chese mobile homes
freet the lequilemenEs of standards such as ANSI 4119.1 or of rhe code of the €tate lE shlch
the hore uas purchased.

3



A6 soon as rhe mohile hores ueEe avallabIe for occuDan.y, lamllies were asslgned and
noved into rhen, Thc occopaDts then had rhe us€ of these unlts unt1l thelr pre-dlsaster
dweltings uele rehabiliraEed o! until perunent houslng beeane available, Any maintenance
or repairs to the nobiLe homes needed duling oc.upancy uas accomplished by HUD relair crees
or desigDaEed The o.cupant slmply bad to call che IruD Maintenance office giving
his o! her nan€ and address along ,lth the HUD number asslBned to thelr noblLe hoEe and re-
quest Ehe needod lepairs. ,{ re.ord of the .a1I las Mde by filLlng out a r€pair vork orde..
These !e?ai! orders uere then asslgned to MinEenance creus for dlsposltlon. Upon leceipc
of the order, lhe Mintenance creu ,ou]d proceed to che moblle hone and sake lhe necessary
repails notlng Ehe exEent of che repair! the tlne requlred, and MEerlals used for each
ordeled !epal!. Thls copy of the repalr older was then recurned to the mintenance office
and plaeed in a file folder that had been established fo! each mob11e home under che HUD

identlficatlon number. A Eyplcal "Mintenance uolk orde!" ts plesented 1n Appendlx A,
(Exhibit 1). Uslng thls procedure a complete htsrory of all repalrs Ede ro each mobile
hooe uhil€ occupied or available for occupancy (thtouSh park @naAer initiated Mintenance
orders) eas establlst ed.

As pemanenE housin8 becane available to the lnltlaI occupants, the uniEs uere either
reassigned Eo neq tenanls or kept availahle on a standby basis. As the need for tenpoiary
housing declined each empty unit uas evaluated by HUD inspectors co a set of crtEerla
establlshed by {UD so that a disposiElon deciston could be @de. Typical foms used 1n Ehls
"criteria inspecEion" are also lresenred in Appendix A, (Exhiblt 2). The disposlrion oltions
Nere as folloss: refurblsh rhe unlt and stote iL for future dlsaster usei declare it sur!1us
and place it on Ehe Erkel fo! transfer to other federal Aovernment aAencles thaE explessed
a needi o! declare the unlt unusable and a1lo! lt to be salvaged for repair of oEher units,
The optlon seLected generally depended on the dollar ourlay lequlred co relurbish the mobile
hone, A s@11 nunber of unics eere sold !o Ehe occupanEs LhaE had resided ln Ehem and
indicared a desire to purchase. The Kanlnski srola8e area (See Fl8ule 4) uas established
to accomdare the vacated mbile homes as each of the parks qere deactlvared and untll
flnal dlsposlrlon of the unlEs could be conpleced. ThIs storage alea vas rhe locatlon of
the NSS freld Eean lnspecclon operaElons descrlbed hereln.

wood.n sEairs ar the entrance doors an.l Install ins sklrt-tns on the mobi1. homes

2.2.t.2 DaLa A.qrislr lon trocedurps, ThF rvo u lor sources oE daEa used i.n

2.2,1. 1 SdmDle S€lecLion crireri.. ,\r prevlously noEed, Ehe files obcalned

the plojecE, Mlnlenance and reEurblshnenE daEa (Appendlx A - Exhlblts l aod
brought to NBS on loan Iron HUD. 0n1y data for approxtMrely 10,000 unlcs of
Eotal were lncluded slnce IUD requlred that flles for all acElve Eobl1e hohes
occupled) nust re@in in wilkes Balre.

the 12,500

The other source of data oas HUD Finance DeparEmenE lecords ,hlch could not be Eaken
fron wilk€s B6!re, IE aas necessary Eo have access Eo these fl1es slnce rhey contalned
valuable @bile home idencitication lnforMLlon such as manufacturer, serlal nunber, sEace
and year of Mnulacruie! purchase cost, nunber of occupants and lengEh of occupancy. A
foher HUD staff member wlLh experl€nce on the flur!1c.ne Aenes Dlsasrer Teafr as placed
unde! conuacr to extracL lnfornation from these ftles and .Lso Eo plovlde 11alson for all
NBs Wilkes-lafe actlvlties.

Barre had a numberinB sysEeh which rniquely ldenrtfied ea.h mob11e home, The
based on an elght d1g1E number slEh the f1!st four dlglrs belng the conrlacr
the lasc four dlglts behg the nunber of the moblle home purchased under EhaE
lor exanpte, the nobl1e hone wilh Ehc rlUD numbe! 3092-0100 represents unlt 100 purchased
under contlact numher i1092. The f1les eere ordered consecutlvely by HUD cof,Elact number
and ly unir nlnbe! uitbln each contracr. The nunber of moblle homes wlthln a contract
varied fron one to several hundred-

Slnce il solld noE be posslble to evaluate data for the enElre 10,000 un1ts, a method
of sele.ling a le!.esentatlve sample ulthout blas uas devlsed by the Statlstlcal Engineering
SecLlon of the NBS lnstiEuEe of Baslc SEandalds. fhls method consisLed of landomly select-
ing 500 unlts at a time,iEhout lcplaccnent. A random number rable *as generared and used



to selcct a 1000 uniL sample (in 500 unit blocks) lrom Lhc.umerical1y or,lercd files for
derailed evaluacion, The sample,as noem.d Lo 1Jc boEh nanaseable and represenlaLive ol Lle
10,000 mit populatlon, Tire vasE najority of lle !roblcms cre glcaned fron che malntenan.e
uork ordersi orly abo!r 102 of Lhe ploblems ucre providcd hy thc refurbtshm.,nL data. The
mainLenance uork ordels for these 1000 trtrics aere sepalated ro faciliLaLe computer .oding
of Ehe ?erformance probLens. Refurhlshnetrt data were found for only 1560 of Lhese 3000
units because a 1a!8e amount of this data had been shtpped iron l,Jilkes-Barre *lrh rhe nobilc
homes to other scorage locations throuBhout the counLry,

2.2.2 Ptivatcl,y olhed Yobile Ilom€ DaLa

2,2,2,1 Ceneral. Acquisition of performan.e data on froblIe homes fron sources other rhan
IIUD ras a baslc requlleme!E of Ehe prolecE, It vas felL thaL these data from prlvately
omed @b1Ie homes eere needed to alghent the lerfo!@nce data obtaine{l flon l{l1kes-Bafe.
Conside.ation of lhe two data sources should enhancc lhe general app1icabl1lty of the over-
all study results and Lend to mlnlmlze any variaEions caused by Lhe differences bDtseen
[ederal govehnenE and private pro.urement and certiti.arion procedures.

it uas d€cided early in the plannlng phase on Ehose sEaEes with large nobile
home !o!u16lions such as californla, Texas, rlorlda, otc. Uslnq Lhis apptoach iE was possible
to gain access to lhe maxirun quantlty of mobile home perfornance daLa for a minimuE cr-
penditure of Llhe ard money. 1L ls r€cognized rhat thls daca acquisition method does not
re.der results that ale statistically reliahle for the roral mobile lome popularion of the
U.S. On the olher hand, the results are genela1Iy representative of the pelforunce pro-
bleE encountered by mobile home users. The peifomance problems identified 1n prlwately
omed mobile hones can be useful in ferr€tin8 out the @jor probleE and Lhelr rclation to
Ehe nobl1e home sEandard (r1-\Sl  1I9.I) 6s qel1 as Eo r€Bulatory ?rocedures.

Initlal €mpha61s concenEraEed o! the slaEe ag.ncies reEponsible fo! mobile home regula-
Elon and/o! adnhlsElation. Table 1.2.2 fror refelcncc t3l as tound to he exLtemely useful
as a guide to Ehe location and personnel of Lhe srate agencles reBulatlng rob11e homes.
These agencies varled sidely from 6taEe to-state and aere attached ro buildlng code, consuner
affairs, comunlty developnent, labor or motor vehicle organlzaLions. In addltion co Ehe
scate organizarlons, other agencles,lth ?ocential datr banks on nobile hohe performance
uere.ontacted. these included aederal aSencies such as rhe Veterans AdmlnisEration, Dobile
home omers organizalions, privately ouned hobile hohc parks {ith rental unlcs, and various
consuher groups, There {as no atlemPt to intefliew privalc mobilc home owners on an in

2.2.2.2 D^Lz sour.e selection Crtre.la Since the study finlre and limited,

2,'],",1 ,aLd \cqulslE'ion 'roceJJres. 'he inirial .onla.r wlth rhe varlous poEential
soulces of rcblle home perfotuance data ea6 mde by a telelhone call Eo the organlzation.
The scope ol Ehe project vas .llscussed and a request was nadc for the organization's
cooperation in mklng data aval1ab1e to NSS. The requesE included fosardlng NBS a sample
copy of tvo or three docunented cases or mobile home perforMnce problems from their files
along ,irh an estlMle of the toEal nuhber of sucb cases available. As a follou-up acrion
to Ehe phone ca1l, a letEer las transmitted to the lndivtdual concacred recapping rhe phone
conversation aiLh a reqlesE for sample cases and other lniornation. As a resulE of rhe above
proceduie, reslonses includin8 samlle cases sere receiv€d llom 14 sources as llsred in

Afle! lnlEial discusslons wlth agencles having data, 1t became clear Ehat hosL of rhese
agencles d1d noE have sufficienr statf to excracc the data needed by NBs from rheir mobile
hone files. As a resulE it vas d€ctded co send lroje.t fleld t€ans to those sources uhich
appeared to have maxlmuD quanEities of moblLe home performance problems on file. visit
arlangerents were coordinaced {irh rhe s€lecred sour.e and usually a tuo Mn Lean made rhe
visic and retrieved the data. Notual procedur€ on arrival aE rhe source's offlce qas ro
revie Ehe lotal hoblle hone file aval1ab1e, af,d s€1ocr a replesenEative sample of cases
wher€ the file,as too voluminous to co?y each dockeE, Ior ea.h case selecced a coly was
nade of the omerrE lnitial conplalnt leEter and, uhen ava11ab1e, the agency fo1loa !p



irLspc.rlon rcporL. In additiotr, mobit. 1,. . id.nLilic.Lion dara u.r. re.ordea Ior .acL casc
,,!inA th. lonn s,oun in Exhibit l, ]\tp.n(lix I. Using rh. ahovc procedure a toral ol 967
rmbll.l,ome perlormance problen cascs uere obtained ^s summarlzed in labL. l.

',I !r.lLl hsler(ion rtf,

,elecrion crir, r:d. Ir b. "rr, n. c' 1r\ to esLabLish a seIecLio. criEerir lor mobil.l
in Lhe llUD s.o.knile and in rhe privare

2,1,1
bp.dus. ^l rhe largF nrnbFr avii lal Ic Iori

..r.l.l dLrD U1lri. lnitill.Iy it rds tlra -d o sr'r'! rrir' 'o' '.1' in.t-, 'on 't .ii'l ..
llrrre rhat ere lncludod ln thc 1000 nobile home sanple undcrgoing lcrforiran.o dara analysis
(section 2.2.1.1), 1t beeame evidenl very early in Ehe lield inspcction operations thac Lhis
Lyfc of pro.edure sould noL be pract1.a1 hecarse ol the dlfriculty encountercd in locarinS
specilic uniEs in the large rapldly changing lnventoty of mobile homes ar l1kcs-Barre.
rhiLs uere being noved on a 24 hours per day basis in and ouE of Ehe sLorag€ rrca making it
virtually impossible co obLain an inwentory or locale spccilic unrts.
\,Ldi:ional1y. the invenrory qas dom to 2000 units rrom rhe initial L2,500 moLiIe hones used
in Lli. disasLer eifort.

,\s a res!1r, Lhe procedure ado!ted as sinply to se1c.t uniLs aL iandom for flcld
ri.on uith no atlempt at plc-selecEron (random sampling). 'l'here ras an attempt Eo

units ol as many dlfferent nanuracLurers as possible and ro skip dxplicaLe unirs.
of 217 uits vere fleld inslecred aE l;ilkes-Barre.

Urilc the Lar8e concenrraLion ot nobile homcs in the qllkes aarre area as a rcsulE of
llrrricane Agnes created an excellenL opporruniry aor tield inspecrion of mob11c hones, some
drauhacks uere a?parent. ,{11 of Lhe unirs had bcen natrufactured at aplroximately the same
time (1971-1972) and many qere transportcd over unusually lonB disLances and had been sited
under cmergency conditions. The tenporary nature of rhc nobile home parks and Drivate site
placements creaced probtems Lhat qould noE have been encounLered under normal circunstances.
'L'hc conditions ucrc lurther conplicatcd by the fact thar Lhe o.cupants eere livitrg in mobilc
IronEs by necessity and not hy choice. Also, Lhe performncc dara gathered aL l,lllkes-Barre
hy Lhc lield inspeerlon team lepresen!s an aEypical co.dition in thar tne cedF "as looking
lor anC cmrded thc mosL extreme pioblems en.ounred.

2.1,1.2 Privarcly-omed Lrnirs th€ pcculiar conditions relilcd co acquisiLion, siLing and
o.:.upancy of thc HUD A8nes mbile honcs Mde ir ne.essary to insrect nobil. hone usaBes under
nD.e nomal .onditions. The field study uds entarsed to in.lude units from rhl't)rivaLe

&rcalse of Lhe dlfficulties of locating an(l erranginE inspcclion ol indilidua11y omed
uobilc lomes, sought ou hich wotrld allou large numbcr of uiEs
a! :r single location, 11so, it vas desirable ro have access Lo pur.hase s?ecili.ations
ann tuinLenance records of lhe hones lnspc.Eod. rour suclr sour.cs sere locile(l at various
locaLions in the Unlted Srates.

.\ trivately omcd moblle home park in l,exinaton lark, rhr_!land, consislins, of 25 n.u single
uide (12 foot uid€) untc6,hich had jusr been installc(l and occupi.d, sas i.spL'.red. -rhese

ucre dupLex rcnEal units and had heen purchased to a specilication cstablisr.,l liy lhe omer
an(l had unique construction characEeristlcs. Each unlr uas divided into tvo tiving areas
wlth separaEe bath, kltchcn and sleellng facilities,

\lol,ile hones consLrucEed in 1962 and 1965 uor. inspecLed a! li.rrcn 1ir rorce arsr in
(llycnne! WyominB ro obLain data qhich coul.L be retated to dural)i1iry. These unirs ohich
!r. being used as housing for families of construction pcrsonnet have been movcd.leven
lir.! over an averagc distance of 6t0 miles each novc, 'lh. nobile hones \ccrc turchased under a
str!.ilication prepared by the i\ir Eorce and have bccn nEinLained for th. covcrnnenr bv a



privaEe conpany slnce Purehase

A prlvate mob1le home park contalnlng 200 mobite hones manufacrured 1n l9/1 and 1972 was
inslected ln r,lontBomery, Alabana. These unlts were owned by the Alahana iarn Bureau (not
state affiliaced) and rented to AIr Eorce !ersonnel aLcendlng 12 week .ourses at Marelt
 ir lorce Base. In additlon to insp€ctlon of tbcse unlts, minLenance records aor one
Erelve veek occupancy period w€rc obtalne.l alonB with rclurbishnenE daLa tor rhe life of

Frve mobile hones belng modified under a HUD Cranc fo! use by handicapped students eere
inspected ac SL. Andlews college in Laulinburg, Norch Caro11na. These unlts uere obtalned
by the College froh che HUD Agnes scockllte and purchase! malntenance, and refulbishncnt
dara lor rne unlls were avaltable.

NBs staff nembers ,lth expertlse ln various phases of .hc building process, The Eean menbers
had Mny ye6rs ot experlence 1n Lhelr parEicular area ol Lhe building process and also had
some experience in the nobile hone fte1d, The team conslsceC of a sEruccural enBioeer-
projecc Mnager and flve otber members uith englneerlng experLise in the flelds of naterlals,
plumbing, heatinS, eleccrical, and flre Eech.ology,

Prlor Lo inlriarlon of rhe field lnspecElon task, che team nenbers became fahlliar {irh rhe
consEruction of Eobile hones by visltlng several nobile home manuEacturing plants lncludi!8
one rhat produced avelage qualiEy unlts as ,e11 as a planL rhat produced a superlor producc
A vlsit to a @nufacturer of nob1le home frames and net.lllc ro11 roollng uas also in.luded
in Ehe famlllartzation progr6n. These plant tours ee.e very instructlve and the plant
Mnagers exLretuly helpfut and cordial in Eheir elforts co explain rhe Mnufacrurlng pro-
.esses uscd lor produ.ing mobi le homes.

h addltion ro the plant tours, rhe Moblle Hone Mainrenance School establlshed by HUD in
wl1kes-aarre for lEa1n1n8 of lepa1r crews, was vlslted by che field lnspeccton tean. These
tralnlng coulses fo! mainEenance of heatlng, elecElical and plunbing syslems uele escabllshed
by gUD Eo lncrease efflciency of rhe repair crers responstble for nalntenance of the disaste!

2.1.2 rnEerdisclplanary Team Alproach, the nobile home fIeld lnspecEion team coisisced ol

2.1.1 Developrenr of Eield Inspecrlon Technlques. In conjunction lth rhe plant inspecElons
lnspecrion team byand Minrenance shcool visits addirlonal rralnins qas affo.ded the fleld

visits to the Red and Lrhite Staglng are.s ac r,Iilkes-Barre (See Figure 4)

The tihite Staglng Area was the "grave yard" for lnlts chaE had heen damged beyond relair,
these unlts lad been eiEher daoaged h transport, during ptacenenr at the nob11e hone parks
and plivaEe s1Les, o! duling occupancy, Sevelal unlts thaL had been destroyed by file eele
also stoled hele, these unlts vere belng salvaged of all usable parcs fo! lepalr of othe!
rcb11e homes. InspecLlon of chese unlLs @de it posslble Lo observe strucLulal franlng
Eechnlques (lncluding roof truss€s), Plumblng tre€s, utring Lechnlques, heaL duct assenblies
and insuLation, and vapor talrier lnstallaLlons. Many untts had bee. damaged so severely
Lhat it was noc necessary ro renove paneling for lnspecrion purposes as large portions of
Ehe panellng had alleady 6een lemoved or destroyed.

At the Red Staglng Area etghteen moblle homes wer€ set aslde for use by the fleld lnspectlon
tear. rrhile sohe of the6e units had been declaled unsultable for furthe! u6e by HUD because
of da@ged o! lnadequate constluctlon such as sholt outllg8ers, aluninun e1tln8, bent flames,
excessive refurblshnent costs, elc,, most oere in good condltion. ?erolsslon was granted Lo
NBs Eo perfom any type of desEluctl,e evaluaEion on Ehese units chaE the fleld lnspectlon
leam deemed appropliate including complete disnanEllne oa the uniE if necessary.

The type of "desEructive disassembly" lnspection ?rocedures enployed included the selecEive
rercva1 of ce111n8 and wa11 panels (lnterior and exEerior), flooring and undelcarriaBe
seather piotectlon barrier, to obsewe dorkmnshlp, srruccural franlng, insulatlon, vapor
barriers, wirtnS nethods and plumblng trees. Samples of che mterials such as cablnet doorsr
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wa11 paneling, .eilin8 Mtcrials, cl..tri.a1 and flumbln8 parLs and fixlurcs rere renoved
and returned to NlS for studv.

2.1.4 DaLa Recording Techniques. the data reco.dlng technlques used ln the fleld lnspec-

2.1.4.1 hspecEion For Development. Since "destruccive"

2.3.4.2 PhotoAraphlc Documentatlon To augnenc Ehe lnepectton form daca and ro plovlde

tion effort were boEh wrlctcn and visual. lnspection fotus sete flI1ed out o. each boblIe
home inspecEed. These foms included identificationr sErucEuralr pluDb1na, heatln8 an<l
electrical inforution, A photographi. recotd qas also Mde of each unlt that included
any unusual conditions encountered or failures that qere evldenr. These lnspectlon foEs
and photoAlaphs along ulth Ehe Mintainence and lefurbishment data then forhed the data
base for evaluaEton of Ehe indlvldual mollle hones exanlned durlng lhe fleld inspecrlon

(
Sjnce it uould not be possible to "desLructlvcly" inspecr any more ol the 2000 unlts at
l,Jilkes-Barre and aL prlvate slLes, 1t eas necessary co develop "non desrrucEive" inspeccion
!rocedures. nvaluation of rhe elSbreen unlrs indlcared Ehat !c ras dllfi.utL Lo remove and
rellace if,Eerior and eaterior panellng eas1ly slthout damaee Eo che panellng. Also! the
plunbing trees and healine, distribuEion systems could noc be thoroughly lnspected uilhout
laboriously lenoving paneling, lloo!ing, o! undercar!tage eeather protectlon uhlch would be
ditficulE Eo replace 1n a like-neu condition. Th€ rooflng sysrem lncludlna metallic
mmbrane, truss consllucrlon! lnsuIat1on, vapoi barrler and flntshed celllng 1s unltlzed.
The hioimm possible non-desElucllve meLhod of evaluatlon uould req lre the renoval of
the flrnace vent stack in order to lnspecl the lmed16le .rea of lEs penetraclon Ehrough
the roof. This vent stack uould then lrave to be teplaced and reseated from outslde Lhe
roof to elininate water leakage potenElal,

Consequenrly, the 'hon-destructive" inspecEion plocedure used for rhe vast @lorlty ot mobile
hones hecane a visual inspectlon qlEhout the reFoval ot pe@nenl consErucEion. ParEirion
construcEion could be obsetued in unfinlshed closers, aater hea.er conpartnents and fumace
eoclosures, ?luobinB inspections had co be confln€d co Ebe hot uater heacer coEpartEent,
ude! klrchen and bathroom sinks or aE washe! hookups. Heaclng systen evaluatlon uas con-
fined to the furnace compartnent and by removal of floor reglsEers. The electlica] dls-
tribution systeh could be evaluated at the load center and by removal of srtrch plares an.l
duplex ouEleE covels.

l\ four step approach to che developnent of rhe lnspecrlon foms for no!1le hoDe6 uas folloe-
ed. IirsEr each nenber ot the inspecrion team prepared a 1lsE of all info!@tion within
his palticula! field of exlertlse thar vouLd be advantageous lo know 1n evaluating Ehe
perfornance of the nobile home. The second ste? qas ro l1sE all tnfolhatlon that co!1d
possibL, be observed 1n an actual non-desriucttve vlsual lnspection based on Ehe experiences
gained in the destructlve evaluation experlment. The thlrd step uas co collale Ehese luo
1is.s wlEh the ANSI A119,1 standard and thereby estebllsh whac could be observed as sEandard
variances. The fourch 6te! eas co develop an lnspectlon forn 6heet for each dlsclptlne
that vould evaluate these sEandard requirements qith the eval1ab1e lnforfutlon 1n a sln!1e
check 11sE lype fomat, A typical sel of lnspectlon form sheeEs used 1s lncluded in
Appendlx A, (rxhibit 4).

for the fer uiEs described earlier, a "non-descrucElver' or
,as develoled to record all available lnfotruEion,

lnspeccion ,as precludedt except
vlsuaI lnspecclon plocedure

Since an oblective of Ehe ?rolect is the evaluaclon of ANSI A1I9.1
Hones, the data retrieved on the data forms ls relared dilectly ro
rhe srandard (1974 edirlon), shere possible.

Standard for Mob11e
speclflc sectlons of

a cross check for furure evaluation, a photographlc record of eech mob11e home lnspecclon
sas mde. The flrst phoroglalh taken was of Ehe front of the noblle home that clearly
identified the uniE by 1Es unlque ldentlflcatlon n!mbe!. Each succeedlng photograph
taketr aas of that paEticular unll and lncluded code vlolatlons, component o! sysEem
failures hnd any othe! unlsua1 condltlons relaEed to pelforhance lhat exlsEed on the
inEerlo! and exterlo! of rhe unir. Typlcal phorographic docunenratlon for a rcblle home
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3.0 DATA ANALYSIS VNTEODOLOGY

1.1 !S!CE1. ^n 
inltlal prolect task sas to develop a freEhodology for data analysls lhlch

could be used to evaluace the vast anount of mobile hone perfomnce daEa acqutred flon the
valious sources, Because of Ehis large quantlty of data, ir {as apparenr chat cotrpure!
technlques should be used. lt eas necessaEy Eo develo! a codlng 6ysteE rheleby a revieuer
coold record the ploblems Eo fom a data base for ana1ys1s. The data analysls sysEen
developed conslsts of a Pioblen Catalog shtch lists a broad ran8e of perfotun.e probleDs,
codlnA techniques ro recold the probleN and conpuEer progE6G to orgenlze and process Ehe
data, In developing chls syscem the foIIo,ing guidelines sere Eolloredl

is shoh in Appendix B

2. Daca analysls system should be readlly

3. DaEa ana1ysls sysrem should be easy to

The dala analysis syscem shouLd be eas1ly understood and capable of belnS used slch
a mlnlmum posslblltty of erior.

expandable and noE senEltlve Eo change

3.2 Probles Cataloe DevelopmenE, The
of two MJo! sections: (I) Mobl1e tlone

Pioblems ReleEed ro

Routln€ lratnt€na..e

Problem Catalog contalned ln Appendlx C is conposed
ldenEiflcatlon lrala, and (2) ?erfotunce Ploblem

ANSI 4119,1 scandard fo! }Iob11e Hores

The ldentlficaElon Daca SecElon plovldes a reEhod of recording lnfoloatlon descllblnt
chalacterlsElcs of each nob1le hone such es nanufacru.er, state and year of nanufscrule,
selte1 nunber, 6ea1 o! seals of epprovlng agencies, dimensions, constluctlon charecrerlstlc6,

The Pelfomance Plob1em llst ls organlzed into rhree subsecrlon6 whlch pemlts categorlzlng
of the mobl1e hore pelfotunce problere encouncered. (risule 5):

B

C. Appliance and Equhnent Ploblems

The Perfomnce Ploblen LisE uas develoled chrough a process of evolutlon; as nes plobleos
apteared ln tbe perfomnce data ner ltens rere added to Ehe 116c. the ANSI Standald 4119.1
subsectlon represents virtually the entire 1974 ediEion of the Standard (N!PA No, 5018-1973),
ulEh codlng sFbols betng asslgned for a?propriaEe paragraphs. In the case of lhe ElecEllca1
(Pa!t E), Plumbln8 (Part c), and Heacins (Parr D) sectlons of rhe srandard lhe p6r6traph
nunbers and key uolds ln the caEalog appear 1n sequetrtial order, lu6t as Ehey do in rhe
standaid. conscructlon (Pa!t B) differs in Ehat the catalog 1s organlzed around MJor con-
sErucrion conponenEs, such as roof! fIoor, valls and doors etc. Thelefore, sooe paragraph
nubeis Dhtch peltaln to sevela1 componencs are repeared and are not nece6sall1y in sequence.

IE tecaEe appalent in the ea!1y stages of data analysis rhat Eny of Ehe problens encounlered
ln Ehe Wtlkes-larre flles could only be related Eo ANSI A119.1 ln a vely genelal u6y. hl1e
msE of rhe MlnEenance uork orders ldenttfled Ehe rype and locarlon of problen and staEed
the mnner 1n Bbich iE qas correcced! sone {ere lacking in necessaly detail. lor example,
a wate! leak hey have been recorded,lrhout any lndlcation as to uhele in the notlle hoEe
1t occurred or what was done as a repalr. It should be pointed our Ehat truch of these
data eele lecolded under emergency condltlons vlth !o thought that they uould be lacer
used 1n th16 plolecE.

In vleF of these shollcomlngs, and b€cause of the need to !!e6e!ve the detal1 of rhe !ro-
b1ef,s lecolded, it was declded to create a Roucine Malntenance Sulsecrlon and an Appllance
and Equlprcnt Sub6ectlon vhtch vould be separate from the ANSI A119.1 6ect1on. If thele
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ras noL sufficienr i.foruLion to record a problen under.. I\sl ,\I19,1 'tading iL uas
placod in one of Lhese other subsecEiors, fhesc tuo subse.rions ol the.aLalog were also
developed in an evolutlonary manner. The lnitial organizatlon was established by a con
census ludgem€nE or the p.olect sratr, a plloE survey of the mainLenan.c records lor abouc
fifty tlllkcs-Barre mobile homes and a revieq of l,ltlkes-Barre nob1le home peraorNnce pro-
blcms produced 1n a selarate study condu.red by rhe HUD office of Poticy Rosearch and
DevelopmcnL. I{hen a previotrsly unleported problen occurred! a nc, coding slmbol uas
added ro the appropriate section, conEinually increasing its cowerage

thc Routlne Maintef,ance Subsection w.s organized under the same general headings as rhe
ANSl rl.119,1 SubsecLloni l e, construction, p1umt1n8, nealing, and eleccrtcal. The APpliance
and Equilmenr subsection sas grouped by applian.e; 1,e. furnace, range, hoE waEe! heater,
r€ftlgerator, ex|aust fan and snoke deleclor, stnce comPonents of each apPliance are listed,
ir 1s posslble ro reeord as h18h a degree of deta11 as the data PelmitEed, Fu.nlEure p!o-
ble(s and Ehe occurtence of a fire i. . nobl1e hone qere recorded under a category selarate
from the three subsections.

vere inEerdependenr ln thaE they were evolved concurlenl1y. l])e desiSn of the codine teeh
nlques sere influenccd by rbe projccL schedute, flcxibillcy oE addinB nev itens to Ehe

Iroblem CaEalog, available faciliEies for preparaEion or inPut data and the minimlzation of
con?uter codlng errors. The latLer could be most readily accomPllshed by a codlng folm
which.ould be read electronically, ?roduclnE a Mgnetic tape for conpuler inptt. This
vould ellmlnate, of course, the humn error inherent in the convenEional method of preParing
conputer lnpur data by keypunchlng coo?ule! cards, Tvo systems are cufienEly available
{helein lt ls posslble to Lranscrlbe data fron codlne forms dlrectly to fl68nellc Eape. one,
the llln Opttcal Scnsing Device for Input ro CompuEers (EosDIC) sysEen, is se11 develoPed and
has been usEd by the Bureau of the Census for Eny years; the second' the optlcal Characce!
RecogniEion (ocR) system, ls limited for hand?rinted aL?ha-numeric characEeis. ,/\lthough Ehe

IOSDIC and OCR 6y6cems aie atracrive lrom the lolnt of vlew of mlnlmizlng keypunching errols,
they do nol satsify any ol the other critcria. Bollr systems would cake ar leasc three months
to develop and have lhe forns ?rintedi once the forms uere printed, it sould be very difflculc
Eo nake add,lcions or effc.t changes, AddiEionally, both systcns can only be seiviced al a
11mile.l numbcr of facilitles. In viev of Ehe abovc, it was decided ro use the convenElonal
approach of filling ouc coding sheets and keypunching cards for comPucer lnPut.

3,1 rrolIem coding Techniques. The developmenL of the ?loblen catalog and codln8 technlques

A plob1eh leve1 concelt 1s enployed to organtze and assist 1n lle evaluaclon of
These 1eve1s are used for organlzaEional lurposes onlyi they do not lndtcaEe o!
deglee of tmportance of the piotlehs, Figule 5 illusErares problem levels l! 2

llgure 61so1ates ANSI 1119.I (construction) to lllusEiale Ieve1s 2 through 7.
1. the extlehe light hand colum ol the ?roblen CataloB in Appendlx C lndlcaces
leve1 for each iEen,

The coding tecl:nlqle selected for use in conjunctlon {irh the ?lobIem caralo8 is designed
ro minimize erlois in fillinB ouE conpurcr coding sheets. The standard conputer card 1s
scparaEed inro eiehc fields of Len spaces each as shom on Figure 7. The flrsr field is
used to identify the nobile homej ll 3092-0100 in rhe.ase shown relers Lo HUD unit 1092-0100
lach source of_ daLa hBs a unique identificarion lcLLet itr the lirst sPace of rhls field
IdcnLlficarlon data, orher than mobile home number, and prohlem data arc recorded in f1e1ds

Tlere is an alpha-numelic coding symbol in the Problem Calalo8 for each problem oi Piece oE

identificatlon ioiomatio. ehich is encered by a revicwer on a compuLer coding sheer liSure
7), using conEiAuous fields (1.e. there should be no blank fields betvecn Lhe first and
last entry). l\thile rhe codlng slhbols in thc ANs'l 4119.1 subsecrion are tabulaled exactly
as shomr the numellc ?art of €ach coding symbol tn lhe ltoutine Maintenance and Appliance
and Equipment subsections can b. eltherr r. (adiust), 2. (rcpair), or l. (replacc) de_
pending on Ehe Eype of ploblem (Appendix C), lor cxai!1e, the rePair of a kilchen faucet
assembly vould be lccorded as NP(A2,, uhile Lhe rcplacenenE ol Ehe same comPonenr ,ou1d be
N!K\], InLrtes tn field 2 rhrougl 8 can hc mdc ln any order and if more than one card 1s

10



required, rhe ldentlficatlon f,umber uould be releated tn ficld 1of succeedlng cards. The
older of che cards 1n the assembled deck ls unimporEanr stnce they can aleays be sorted by
ldentificatlon nunber if, field l,

^s 
an exanple of Lhe coding Lechnlque consider the folloelng problens and the resultlng

coile enrries on ElAure 7,

plpe in bachroom

1

Section of Problen CataloB

ANSI A119.1

Routine MalnEenance

Apptlance and EquiphenE

RLMP2

AFLS3

47

51

The personnel uho revlesed the flles and filled out the data sheets eere all engiDeers
or highly skllled Eechnicians. The field inspeccion tean fomed che nucleus of Ehe file
leview tean, A11 the Eechnical dlsclplines requlred to effec.ively revleu Dhe flles sele
replesented on thls team. Ile team vorked as a 8roup, so that everyone eould beneflt floh
dlscusslons concerntne Ehe proper coding sFbols for rhe problems found 1n the ft1es. A1so,
as new codlng Eymbols sere needed, Ehey coutd be readlly formulared and dlstrlbuted to the

daca (apploxlnarely 12,000 reporced probleE), computer rechnlques uele used for soiEingr
contlnlng blocks of daEa and orher data processlng needs, The systen selected foi coding
pelfomnce ploblens readlly lendE 1tself to this because each elenenE of daca has a uElque
pemutatlon of alphanwerlc chalaclerE, Prio! to hantpul.tlng che data, once lt was ln
the conpuEe!, an aecuracy check of the data uas made to ellhinate codlng form elrry and
keypunch ellors, Several proSlaEs were uritEen lo plocess the data and prlnEout our tables
and plots once the daEa had been ver1f1ed,

1,4 Conputer Technlques Because of the vast amounr oa collected mobile hone perfom.nce

3.4.1 pqB ve4lllttElor, ?roarans. stnee keypunching of calds ,as the rcsE erior plone

3.4.2 Problen SomaElon ?loerams and Graphlcal PresenEarloEs. Data

sEep in the lecordln8 of problemsr a compuEer rrogram vas qriEcen to prlntouE all codlna
synbols whlch qere noE ln Ehe ?roblem Catalog. the lncorrect codinB synbols on the pllnt-
out were checked agaiosE rhe codln8 fom and codecEed 1f poss1bIe. This checklnA plocedure
reduced the codtnB srEbol discald laEe to less Ehan I percent of the over 30,000 piobleEs

A larticula! ehecklng plob1en occurled 1n recordlng pelfolmance dara for the 3000 un1! HUD

sample descrlbed ln Sectlon 2,2,1.1. Thls san!1e uas selected flom 10,000 files shipped
fron ilkes-Barle to NBS. The 3000 untt ntrmbers selected fo! af,alysls uele transcrlbed
onto computer codlng sheets and keypunched to provlde a check list fo! dat. lnput to che
coDputer. The couesponding fll,es uele located and revieued by Ehe daEa analysls tean.
BecaDse of hu@n errors inherent ln the Mnual processtn8 of lililkes-larre ft1es, 1t eas
nor possible ro locate files fo! approxlnately 4? of Lhe looo unirs ln rhe sanple ehlch
lesulted in a flnal total of 2881 unlts for the sample.

uere developed lo esrablis\ trends, conpiLe d6Ea on obvlous ploblems,

11
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problem iL€r\ ul,rch may nnt be obvio' 5

The mosr importanL ol Lhese is a pro8ran whi.l) prints oul sumations of proLlcns relariv.
Lo Lhe levels ulthln Lhe ?roblem catalog, This prografr processes a given daLa base and
inslrucLs Lhc computer to prinr ouE suMalions and p€rcentnges for levels of problem
reEincnent (Appendix D).

once Ehe data bases sere established, .ompuEer programs uere developed Lo prinL tablesr
Braphs and hlsEoglans Eo assisE i. the evafuarlon oa the data. Tlrese included labtcs
relatlng daca such as; (1) year of mnufacture versus nunber ot rnils io Lhe dala file,
(2) sld.h versus nunber of uniEs in Ehe data fi1e, (l) sEale oa Fanuracture versls Lhe
nlmber of uniEs in lhe data fl1e, (4) Beat ot approvlng agen.y versus problens v€rsu6
number of untrs ln the daEa fi1e. These tab1e6 ale 111usE!ated in ]l.ppEndix E along rlrh a
rylieal conpute! plot developed fo! seal of approvlng agen.y versus average nunber of
problems pe! mobile hone. These lreliminaly data are for lllustrative lurposes only and
not for ana1y61s. This indi.ates the potentlal ol thc computer techniques ehlch w111 be
fu11y uEll1zed 1n specific aslecEs of data analysls as required in later reports,

1,5 Appllcation of MeElodoloAy to valious Data Bases, The applicaEion of Elrc Problem
Catalo8 and data proccssing techniques has been discussed tor the EUD [urricane Agnes
mobile home data (section 2.2.1). The privately omed mobile home dara (se.t1on 2.2.2)
uere bandled tn exactly th€ except iL uas not necessary to select a sMll saDple
oa unlts from a large dala b6se. Reported probl€hs aor all 967 nobile homes uere included
in the data base.

The forms compleEed durlng rbe field inspeccion of mobile hones! phocographic docuftentaElon,
and ava1lab1e malnEcnancc and refurbishmenL data uht.h were available constltured the data
base for Lhe f1e1d insteccion task (Section 2.1), Th€se data uele coded by Ehe Field
Inspectlon Team usin8 the fornat of the lroblem CaLalog.

The Ehree daEa bases, HUD Asnes dara, lrivalc daEa, and fleld inspectlon daLa ucre min-
lalned separately 1n eofrpuEer slorage files permlttlng any type of analysis neemed desllab1e
by lhe projecL staff. Analysls could lroceed separarely within each data ftle or selectlve
.ombtnatlons of data.oul.l b. mada-

This reporc 1s part of a ltUD funded projecl Lo ldentity and do.unent signifi.ant moblle
hone perfor@nce problcc and to relate tben ro possible in.dequacies in Ehe nobile hone
srandard! re8ulatory processes o! Eo insurabiliry aspecrs of concern to HUD. The dara
acquisition and analysis metbodology documented herein shous a unlque approa.h used Lo
solve a .omplex problem of data letrieval and analysis.

4.0 SIIMI,IARY COl,ll,lliNTS

The results and conclusions of the project tasks outlined in secrlon 1.5 of rhis r€porL
,i11 be developed in tuEure reports plann€d aor Ehis prolecr.



The aurhors are lndebted to mny persons fo! conElibutions and guidance lhat oade rhts
reporr possilLe. spectal thanks are glwen to NBs staff nenbers who palEiclpated 1n the
regulatory and fleld ltrEpectlon acEivity and ?lovlded invaluable assistance In the data
reduction effort dlscussed 1n chls report. Staff membeis fron the Centet fo! Bul1d1Dg
Technology included R. Beausoliel, 1. Ray, and U, Niessing. l. Budnick and J. Scolt of
che Center for lile Research plovided expelElse in lile Plotectlon Englneering and J.
Peebles of ?1anE Division was responslble fo! the electrical diselpllne. M. VogE of
Technical Inalysis Dlvlslon pre?aled the conputer prograns used for daca ana1y61s. J.
Ilnnan and T. Porte!, wolklng under outslde contractst Provlded valuable sulport to
lmpoltant project tasks.

The outsranding cooperatlon of John cibson, Dllector of the office of EEelgency Preperednes6
(08?) of the Depaitrent of Itouslng and Urt,an Develo?tuent and hls staff, both 1n Washlngron,
D. C. and aE W1lkes-!a!re, ?enn6y1vanla, conErlbuted slgnificantly to the success of thls
prolect. llr. James Mccollom of EUD, office of ?o11cy Develophent and Research provlded
valuable liaison betqeen NBS 6taff and 0ll opeiatiolE peisonnel.
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{NS1 A119,1 "Standard for ilobile llones", Natlonal Fire lrorectio. Issociation, BosLon,1

Alisl 1119,1 "Standard for Mobile Hone ?arks", National Eire Prorectlon AssociaEion,
Boston, Massachusetts.

NBS Technical Note 853 ''state suildin8 Regulatory lrograms for Mohite llomes and
Manufactured lu11dings - a Sumary" by Cooke! Teltya! Dlkkers.
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<- LEVEL 1

+ LEVEL 2

LEVEL 3

PRt]BLEM

APPLIANCE &

EOUIPMENT
ANS| A119.1

Rt)UTINE

MAINTENANCE

Ct)NSTRUCTI(]N CONSTRUCTION FURNACE

PLUMBING PLUMBING HWH

HEATING HEATING RANGE

REFRIGEBATORELECTHICAL ELECTRICAL

SM[)KE DETECTOR

EXHAUST FAN

AIR CONO

Flgure 5 - Orgdlzatlon of Probtem Car.log (Ievels 1, 2 and 3)



LEVEL 2 +

LEVEL 3 +

LEVEL 4 +

- 
LEVEL 5

LEVEL 6

LEVEL 7

ANSt A119.1

CONSTBUCTION

ROOF

FLO(]R
L(]AD CARRYING

CAPACITY

PARTITI()N WALLS
DECKING

EXTERIt]R WALLS
CEILING

WINDt)WS
Rt]OF TRUSS

EXTERI(]R DOORS

TENSI(]N MEMBER
INTERII]R D(]ORS

COMPRESSION MEMBER

WEB MEMBER

I
I

Flgure 6 - organization o! Problem Catalog (Levels I EhrouRh 7)



IODING IqBl4

ALPHA.IIIJMERIC CODINGHUD NO

FIEID 1 FIEI,D 2 FIELD 3 FIELD 5 FIELD 6 FIELD 
'

NC,v,lR,X., , , ,

EIELD 4

AEL'3,., , , ,

llr

--r--ILLLT---LL[-

_J--!Lt_Ll r r r L-l-

EEOEETEE

FIELD 8
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Table 1

Mobl1e Home Perfornance Probleo DJta Sources

Sour.e and Lo.arlon NuEber of l,{ob l Le
HoE Cases obtalned

Dept. of Labor and
S Eandalds - }Iob1l€

Callfornla - De Pr. of rlouslng

Devclopnenr - Dlv.

.{rilona - Division of BuildinA

!&4!e - Dept. of rilahaay
Safe ty and lloEo!

v1r81nia - Dept. of As.tculture
and Comerce - 0 fflce
of consumer Affalrs -

32

leglElg - offlce of cohPtroller
Cenela1 - Srate Iile
Marshalr - (Ar

Lou1slar3 - office oI Lhe CoveEnor - 700 3

Vislt co
Approxlh.te Nunlber of
Moblle Ho6e Cases Potentlally
Avallable (early 1974)

1?I

].62

257

3,000

No I

1,400

300

No 3C0

t42

Office of Consu@r P!o-



r6Dre I (con'c,
Vlsll to

sourca and Locatl6n

300

250

t25

t23

200

IO

V€ccrans  dnlnis cracion Offlce

Aiel1ce lbblleho@ Assoclatlon -

l{lEr€sota - Dept. of AdElnlstratlon -
Buildlns Code Divlsloa -(sr. PauI)

Yea

No

No

NO

WashlnBton - Dept. of Labor and

F1or1

lona1

AIabaEa Farm Eureau -

SeaE r1e

Iodustlies - uoblIe
Hore, ComeEciat
Coach &d Recreaclon-
a1 Vehlcle Sccclon -

Adminlst ratlon Center -

Veter3ns Adninls rra Elon Rc

25

Approxlnate Nunbe! of
Uobtl. HoDe Cases Potentlally
Avallable (ear1y 1974)

NuEber of Hob11e
HoE CaBeB Ob.aln.d

152

4?

40

r99

I

I
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Exhlbit 1 - Hm MalnEenance uork order Forn
Exnlblt 2 - Criteria Inspecclon Form
Exhibtr 3 - ?rivate Dara Retrlval Fom
Eahlbtc 4 - Iield lnspecrion Forre



HUD WORK
,rr llosK oBoEs No. fl IW 200087

ORDER

tl
G s

ROUTINE

t III E R GTI{ CY

FIELO

D
tr
o
o
n

t.
2
3.

{e, 0x T0 ENTEs fl

04 w0F( To 8E 0orvE

or) 0 Rrc rr'l A T0 3 c00E

I]' ASSIGNED TO

t .-J

iu' E - DUPLICATE W.O

ITq MAII{TEI{AI'ICE EMPLOYEE NUMSEB

lrer W0H K D0Nt (s.6rrEFl

l ,l.l_l (2,) oATE CoiiPLETE0 r22r Il*E C0LPtCT€0

CIARGES t,,,l.L_t
t,l,tl

w0n( D0NE c00E

CHARGE T0: (ilconm..drtion)

SET IJP Cl)NTiACIOR

SITE OEVELOPES

SUPPLIER

t{0 cuaF6E

I
2

3

5

6

1

i
I

u
'ltr
tr
o
tr
tr
J
tr

CHARGE TO CONTfrACTOS

COPY DISTFIS!IION:

4 GOLOEI{!OO AFTEF WO3( COIIPL'TTD TO XAI{AGER

3. PIIIX AFTTS EI]IT TO KEY PI,,NCH IHEN M / H FIT€S

2, YELL()W - AFITS COSTIN6 - TO FINAITCE

I, WH]TE-AFIEF COSTING-Tl) I(CYPUNCHTHEI{ M/H FILES

25
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Nihbei

iILllti-(
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Exhibit 2
2/21/'7)
L/)zh) \e'. 

^10/Ph3 R"\. B

CRITEBIA
RXr.

vtt,

d
MOBTI,E HOiTE DISPOSITTON (]HECK

IEIIL I
irlt N0

MTCR.

MiniM (2) pe. nobile home,.,...,
(Thlrd axlc - nrsnsgemert decision)

3.2.1

C. Outside l.Ja]]s

2

E. F1oo. deck (elued) to floor joists

F

Roof arched or peaked, ,rrhinjtu, slued truss constnction
on'6" cent

DeflecLion nonnal (in uDblockcd codition).. .. ,. ... ...
SLm iBht ( ho.izonL€-Iy \............. ..,...
LongitudiEl be contlnuous fron front
to rrar or are piec.d brars ol )rifom si?p or mj nirun
b"an siz- o, 8'(v-r-j'rl m.a sL r, m, r I ) . . . . . . . . . . . . . . . .

stud6 rt x 2t (finished sizc) on r6'r centers (exceptipn:
1i x 2 (Iinished sire) Ior all sr,uds iI studs al, vindous
and doors are ra x li (rinishcd size),. ,.. .. ..,.. .. ,.. ..
Inside paDellng secured to exterlor @11s

J.2-6
3.2-6

).2.2

3.2. )
).2.3

l
2
3

I 3.2. t,

).2,5

lnsulation thicl<ness:

Elect.ic

Itrll -T{,-
,+,

E]g!I

C. Plunbine

H. Electric

I lDelue leatures 1rllitlns transportability not present

Met€I pipe or tubing v h sc.eued, sveated joint or flare
fittings are lreferable; hoxever, approved (ANSI A119.1
Table c-1) plasiic piping fo. t.he vater dist,ributlon systee
ls accepEble....,...

Interior viring shall be all coppe! plefelably; hovever,
listed (UL) copper-clad aluirM uire is acceptable. .... 3.2.8

3.2.9

rNslEcToR, s NA}4E, ?R0DUC110N DATE

IETAII,ED DESCRIPTION OF UNACCEPAABI,E IIEMS

21



2/21/1')

',a/9tt )

CnITIRI
H.LL

i.1.1

Il , !!
Itd'. ri

{

Si,BIAL I:O-

A. Tonr,ue (v,,ld a!d strdisht.n.,ss)

1

Z

).

Flo
Clc

Cei l

;. I.d...............
:\sc:rg (ruxiIM s lc, i . 

r . . . . . . . . . . . . . . -... -.....
lixt,cnd to .oge .f h.bj]. :Ln. a.d a.. secur.d to
Dern ,t.r !)late uir,l .^rriaI! .r lag bolts,,.,.,

1- The u..,l.n ilo.r joist sysn,n shall be securely
ata.ircd Lo thc l ro1i Drtal crossnenbe..... ,....... ..

2. rrm. uirnin li,n (2' x 6tr lois.), 18" (2', x t,,,ton8.).,' \ r..,n.. .,.,.,.....,,,,,.,.,..,.,.,..,
L. t,',:. r'"-.. l. p,...:r, -v"......,.,..,.,.,.,.....
/. lP '. . .r ". .r.i d oi.b1 '.t",..".r_EitJ;'i,ir il;rln roor (!ejn , rLr,,c. .n1y) (ii applicable).

t- Hater il'ater .1,(.t,ss l..r:

MODIT,I; IIOH DISIO SITTON CIF]'( T,I Sf

Lltlt tl, I1

(
U(N

e

t,.

\

$\
N
a.q
d

rs
IUIJ 1i0
MIGIi,

).3.2

3.3.3

3.3. )

3.).6

). ).6

1.1.7

).3.9

). ).9

).3. /.

). ).5

). ).7
).).8H

I

.rl s 1 . , . , . , , . , . , , . . .

Sior-ri !i!do!s .. .Lher Lrar r".rtrLorn Tone mobile hones

": il,eo r'11,'',b, ....
. cox,:ri!. ia eoo.i corldr+"i.n ( 1rryl ) ( ca rpets ) . . . . . . . . .
|€s lrasllr a.]m.l.i.ns ( l.c ludi.U ail plubinB and
., /'t,oI,t;.-r t,,,,,,,..........,.
ilg noL salqir! or lcak si,air.d (stain overcoeted),...
.i l3',1s."-L.' ...J oi'rpi i...,.,...,,.. ,.,.,.

1.3.'
3. ).10

1

2
)

5
(,
,/

8

).)
3.)
).)
3.)
.,..
3.)

J
X

L
M

N

0

!
H

All ulndoss ar{ s.rviceab1,,,..,.,. ,,,,.,,.:,::::, ,

!'rrra.. i,!r!,el, e.d slcui. {ix.]ud. siaci).........
H.l, ai. .)sLen r.eislcrs a.d d!.ts iD A.od .ondilrion

lBrarr.s arc.lcrdble axd .1fi. Liv.

lelotrrour, ooMMrNrs oN iu\flllsi

" Tim. a @terial .ost
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Exhlblt 2

4zth3
t /D/'t3 Rev . 

^1a/FhJ flev. B

I TION CI{ECX L1ST

IEWL II (COI' T)
t

HUD NO.
l,lpcB.

k I
CRTTER]A

mF.

s

SEBIAL NO

T. Tires in good condition. . . . , . , . . .

T

2. .,jrs in Cocd condirion. ,,... ,

J. All ll,eel luss securc......... .

SpriDgB :in good condition, including att€ching bolts
and itu-klss.. .,.....

1 . Axles have 2rr mini-Eun upuard caDber. . ... .. .. .. ..
2, Hr ru tuo axles pe! oobile hone. ,... ,... .....,
l. All arl6s hove drsL caps. . .. .. ,

3,3

3.3

9
9
9

3. ).20
lu

INSPECTORIS NA]IE, PBODUCIION

coM!€NTS

l-l aDDrrroNAr coul,GNTs oN IEWRSE

3.3.21
). ).21
'1.1.21

DATE

)1,1I

ET

n Tine and Eiertal cost
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2/z /1)
t,/z)n J n".
1a/3oh3 \'. I

.OMMENTS

MOETLIi itoMlt DrSR)SITION Ctll,loK Lls1',

LT]W], TTT

3.t,1

). /,.2

3

ll,

i'
t
(t

JJt L

t/

IIUD }iO
lO'GH.

."d.

\

I
a1

SI1RIAL I,JO il

lB

[1icnr./ 1r I rri 1:
'. l' , \ , . . . . . . . . . . . .

2. !in.tL; 1sb1,,........................
). imirs (

4. nefrlltcr.,i.r, niriru (12) cubic feei
5. . o.j.,. .. '.. - bur", ., {ir' o.Fn...
5..1; r ..' hoa . . . . . . . . . . . . . . . . . . .
7. [xldL.l

18. r.: ,i iix .-.1'u "ijd. " b,........
o. r1l a'.o -d. I b "1..d 1......

1. Ccmqlc. -....... -

2. Comde to! ard saar... . . . ..
l. 1tb/shoue. Erd shou.r curtAin
I, tavaLory.
5. M€dicire cabinet.. . . .. ... . . .. .

6. Itirro.. .. ... .. . . .
7. LiEht. l ixrur. a.d slEde globe

lr. a.rch or sclu L.c cap!b|.!f s1,,,+ing (r)tersor
2. An.l-,'_.........
r. O ( r .,o . a b , " . . . . . . . . . . . . .
-0,(
lr, Tubl, or liJrjjir.q lsnp viil, slEd! 91.b.r......- ..4. 'at . ' i .,_ | ..

t(

lD. Bedrouo y'r :

l'. B.d. r'r".1 l.'.a or t "s (s.r,u,r ro n rFl 'o-,.r
D'4" ).5, _r .... ),t,,'-

2. Slo.ag,, cl.sL., b;ilL in o! 1rc' slandins...........
1. 1.9r. .i, .., .rd.."d, ,t, o,s, ,,.,,,.,..,........

14. lmpes ard r,ils i.r lacrr !i.d..(. , .. .... .. . . -.......

lE
lr. Bcd, x6|ial lrar. .. 1.gs {scr.ved to hc !-al ccrrer

pkr.,l. hx sprinr ard naL.r.r.ss.. -.-.- 3 /-.t,
2. storag!.;esL, bril"-ii o. rrec siandlnf. . .. .. .. .. .

lJ. JiE,| .ix ur d o.,,o, l.'^b^s.....
!. _'.pnJ b'l . l.' ' . b.. u'rd ^,,.,.,,,.........,.

Eerlrrror,t, .!MMl.NTs ori FnITFIII

t0



2/21/'7)
L/23h3 R"\
1o/3o/'7) R,'v B

].4OBIIE HOME DISPOSITION CI{'CX L]S]'

IErTr rrI (coN'T)

CBIl]iRII
F.NF.

(
l0

t t

SERIAI, NO

HUD NO

I,4FGR.

lF
lr. 8ed, v/netal f.ane o! less (scre,red to metal couer

plale), box spring and lsttrcss............ ...... )./,.t
2. Stora8e chest, built-in or free standine. . ... ,. ... .

lr. lisn! fix ir", and shadp stob-s. .. . .

1.. DBpes 3rd rcds Cor ea.h r:ndoL. ....... ..... . ..... .

lG
11. L,ater heater, thirty (30) satlon preferred, h1t

erisLing unit acceptable.. .. . . .. . ..
12. !atc. vahes

a. IxLelior Lale! shLt-off va]ve... ... .. . . . . .. .

lb. ?lastic checl< valve on inlet later line or an
exisiing anti-syphon valve on v6ter hcater.. .

ll. Fire extinsuishers - tilc (5) pound, fiucd snd
nountins bracket (reDovd snd ship separelely)....

14. snoke dete.to! (remove ana ship sepaldte1y). .. .. .

5. '|ir (2) sets of leys for each exterior door......
16. P_ visjo.s for ouLsid- -i6ht IrLur. and shacl.

e -ob- i, s ppl i.€ bl e)
7. Pose. suplly cod - tuenty-five (2r) feet lons

tor r'50 thp, l.1obile Hohe Use", unsp]iced.........
18. HalI lisht and svitch (if applicable).. ... .... .. .

COM}IENTS

I. ?ECTORI S N,IXI

El,raortroler, co tGNTs oN REVERsE

* Tihe and nat..rial cost
31
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lxhibi r :J

}iOEILE IIONE ])FOI]LI^'I DATA SIIEET

Source Docket l.lo

Seals AEtached (llltrlA, TCA, SBflU, Scate, or 0ther)

Lngth

Sellal No.

ligure I - Sanple of Dara sheer Uscd for Recordtng Hob1le Hone Coach
Idcntif lc.Elon Infomatlon

Pro!1eEs Reported in Source DocuDenr DaEed:

)2



Exhlblt 4

IiUrylra-lA

-oPenU.bJor6r

noof conslrucrron (ch..r)

-].*1.11..
5. Elaoe spread

*sdkd

3.?



cood _ oio obstructron')
aad _ (obe!ruc.rona)

3a



l. Djsrrlblrion Prnol trr\ (Irit r:-9 - I0)

lrfere Rrtjnx, 50 - 60 - 1C0 - I25 - I50
Li.rtcJ 1n ..ar r,trd of hJni I Y.s
rll,,lnun 24 in. rr.o flcor: , Ycs
Iltnliun 6 ln. clcar sprce in rronl; Ycs
Iasrened ro: I6n.LlnR

HearhertlSh! | Yes_ No

l0
9

9

l. Rcccptacle ourrets

oursrdc Fixrurer Yes

ReceDtaclcs Approved for sire usedl
I lSxi.uh )2
1a, count.r to):r 1n kiL.hcnr
lb AdjrrenL Lo r.friscraior and rrnsc;
lc srilr-1n vJn i rics I

}d Counrer !ors undei all .ablncLsl
2 riurin/adjrc.nL shouer/!ub srnce:

6
6
6
6
6

r1,3
r1.4
1r.5
11.6
tr.1
1,1.9
t1.ro

Iion€t, cahle !irlr nomei, boxcsl
outrei boxcs Irush xith surfice:
Boxes secureLy fastened:
conrrnueJ s),orth hcteeen boxesl
cable rhru s ruds proLe.L.d:
,cabre suDpo.t.,t
suPPo.t non.!!, .abre 0,,:

Ll8hrlns llx-llE (Parr r-r0)
Celring filru.u s..!rcly ftrslcned

Unfrnlsh.d (br.ks!de of panettne. €xposed studs)

cypsua,iirrhorrJ thj.kncss
lnsula!1on - roil bJ.Icd

Cah1. ac.ors rrrrr d.or: Yca

l5



3 . i:-.!t-1[!i1]r,

cl,JrrlnA or aiiaccnL crbir.!s

35

Erh3usr Hood (Y€s or No)



LP

Input Capactty _ BTU

outpuE Crpactty _ 3TU

H..tlra Untr [n.losur. conetructlon

CypsuE xallboa.d - ltlctn.e3
Insul..ton - loir back.d

Unfrnrshed (backsrd. ol prnclhs, .rpos.d r!ud.)
P.nel.d - ft,rckn€E.

PtE. ur.rl.t sd itze

I ft. 6r br. froo fornace
floor resrsLer e/.laEpers

SEo!h r16er cotrn.c.lon
(5.1.1.1) coDbust, tnLale Eod€nt proof
(6.4.2b) Dlafrhood .Ilsned 6 secur.d

2. !{.1 8ur.t.r aDorl.nces

A. InforMtlon on c1.6r.nc€!,
lnput, .r.., .!..ched to
.Dpl1..ce (6.6. r)

l. ?yp. ot fuel
,u€l burtrrtrB appLtan.e
(6.6.2)

c. Appll.ncc acc.s.lhle for
tDspe.rloa, repil:, re?r.c.-
enr s/o r€svt.8 .onsrruc-

37



!!-:j1!l!'l .ii r rr,tjri

O,r,ro.I) surrI,

lt.
t5.(r.

Il,
,.?)

ll)
I
!

,uE.c. v.nt t.or j..L

,rd d..lthmc .Ilgn d/x.ur.c
16l l..r r.cur.d

lar ..nlurr.! !n&r rhrl. h

't.Uia l$I. s.nr strhrtr I0 it.

36



r, ea!.r Dr.rrrbu!ron (Prrt c-1I)

2. .Iu&brq ra.llttl.t

4, not y.t.r rb.r.r (I1.3)

ulnleD sr2c Pielar (1r.I-r)

Gr,2,r)

r.ckf loe Prorec{oh (rr.z.r.r)
M.quar€ lrr s.p. (I1.2,r)

^nrr-siphor 
3,rr cock (u.2,6)

Dlsheash.r (rr,2,{)
crorh.s xr.h.r (rr.r.4)

^prrov.d 
n!rerr.1r (lrbr€ c-r app.ndix c)

Indrcerron of Err.rnal corr..10.
lndl..tlon or Proz.n r!L.r Plprn8

hb.l.d L.t.r
v.lv.(.) r6P Blrl.r (Ir,r.r,I)

rhr..L€d End (1r.3.1.r)

Drrln.se sy.r.r (P.rt c-rz)

ProPer Locarron (L.r.1)
Ploper cl.arlnc. (r2,2.2)
Hose couPler (r2.2,r)
c.p and cr.rn (1?.3.1)
Hln. ou.r€r sr,. (12,3.3,r)

Prop.r Ir.p 
^ft 

kn8th (12.5.1

lrap rm crad. (3.1.9. r)
39



ExhibiL 4

r..p! (3,1,9,r)

conn.4ron rnd r..p (e.r.4)
Dl.hsrsh.r D..r.l1! c.P (9,2,1)

clothe. c..h.r (9.2,()
Prop.. Dr.rn (e.,.4.r)
sr.rdrt!. Dri.n'ron. (9,2.4,2)
rrap for st.ndplp. (9.2,6.2)
v.nr.d st.ndPrP. TraP (9.2.4,2
Acce,.!bI. Sr.ndPrP. (9,2.1.7)

TtP. of DrN Ptprn3 r!t.rr.Ia

6. s.nr'.nd v.n.rie aPrrr c-r1)
!e!-.!*!xrln v.nL Trro!3h roof (rl,3,I)

rndlvldual v.nt. (rl,l.2)
rndrvBual v.nt vrrv..

Ad.qu!. Sorr.ontrr v..t'
rd.qu.t. v.n! l.n (Ir,t)

c!r.r rrshr frrrhrq (13.5,2)
r@vlhre v.4 c.P. (13.5.4

No! 5..n
Pror.ctton or }1plns/He.rh.!
Pr6..*lon or PrPhs/Rod D.u3e

40



Typlcal l1€lil lnEpectloD ?hotoaraphlc
Docu@ntatlm

4I



Elsure I - EronE of ltohlle Eooe

FiAure 2 - LlBht lixture in Area of lJaEe! D@ge
Pul1ed loose fron Ceillng

n2



Fiaure 3 - Electrical uiring Passlng Through sEud UnPloEecEed

mrt
llsule 4 - Hurrlcane Strap 1n Exposed Roof and l,lal1 ConsEructlon

4t)



Probler Cataloeue



I^-, ll\ r, IrrI.irI..
"'r' rt,,. r' .D,F T rHrr).1 r:(J/rai
nrtvar. <F.r.D I.FrrlrIaATInr !rr,"rrli
5.1i.( t ^r tiraP,^TI^l
i Arr nF !A,ir .^(rr PLp
sIAr, !!Enr "o,lrL !.sF .i^5 s^nut^(IllRF)
.\11/1^\) ,,r'E rnqILF F.':F rAS r^ UFACT')Rr^

ror r r^L icr
''A 'r .F rtr. ACr.i.y tss,clr t Ier irTA(|]aD 5EAL
Ylr],: nr qat|r Flar,!Fa

tAcT I (,lipA.rFpS OF TqE fa0tL Nl_rxfrFR
!Aqr c ai4r^.r.ps at Tl,]L 5[RIAL iJUNFEp

ct 1.p f r. | ^sT 
c aHrpA.rFrs nF IrF 5€AL urAEp -t tt tt,. t. . rr<-FAoeF

rrrEr;cr .'i^e,i.s rn rll Yr(-qaPeF
r0sr nF r'.ri F p.Hr I .\trts qNnLr DoLLA5R
'FI.!I ^r '.rlLr H)xFr F.iTrP pO(r!05.
.t\rrsta,s nF !..ILF 8.,'r

ri.h F qo/. I\ FFEr

^.1'nt. .liF 0rIr
!r t 4r r .r rnr t! r !4tsr r r! FFcT

r.T^t r I' nFF f r P.nR.^,rj
DF^n rF rr rt
FaC T O. U IT.

T.I^L ir"tP.Q lf,r,ilT rI!atlrnr r/2 lrATHSl
PFIP IF I! IT
... t I )F If'IT

F^T!!..f H^S 
^'r 

LYli' cr rr
,^Iqn.., n..c i.iT q!!E 

^ 
Fr!irr5I FAr.l

, rr.rI.F r,'Ioa,,ar lr.aa<
r^r^t ," !.re n. )noP(

D l(jcI \lnE
,i' rnra ., tFFr stnr
ri! rcFD 4r rH! nFAn

sT.DN UnOa<

nL.( crD, rrrcL
a!cqanr srti ct.
Pr^r.., r.ti!
rt^krn, srrl I r;t E

rF.B rlrl Irrara<r

Mob11e Ho@ ldenrlfication Data

45



}lobl1e Home ldentlflcatlon Daca

L'!r: ct^'! rI" IrFII

irt !r! I!. o,,Irl./,r-D tD^,f

,.f . .r Frr,t(^!,t (TF^F5
r.\i P r,, Dtaiir( qlniP<
rri,.F ! 

'rrrtar!r,)raa6<
, tvr "Dr;Iai,. 9TFAr<
cIr i ll|.1.1rl! <Ip^Ps

FarDtr^t olptr,.,

a^PP:n .t i^ 
^t 

riI l rUY
atF.rorart sra!t..

t. rrPq \ q' ! t.1 rre.,
I r. I tq^ ^4ns2- ^'DC \ t'i. l rnn 

^!rapL' r,i r, ^ - {irp qY<Tr! rtot,e
P.I^I I']'PI Y

Fr iqTl. <{.pt Y

{r irt,1r ry(r.e
.rl r,'.1rn r ,^r!'hrl 4!< . Lncl

lti r^,.rrr..||r(



?e!tolMnce ?loblen L13E

CODE

^rsr srl,t.r D^ ^rtr.l

l04n rrpoY aiFACtTY

r.,rsIo rFYn.a raIt0oF
c.Hn?FSStn,! /FflnrF .AtL or
r. FF nFrnFo EA ILtTFF
ann. T c!r(s a,rr FoF e nor J(a(

.r<rFi|tra .F (IRrrrIIPil sYsrFrs
rrlrss .."sra\rar,0rr
Torrs<-Ta-,rrrLL r.!.Tp!rar | 0r
ts..FtNC r. I cilqS rrTraqi!Frr
ca,trra Tn TDr ss ^Tra.H!F^rt
^.r/1t F ,lnr rtqiLrGN!rF{l
Ilf orf xI<^r ,.N.lrNT

a^t, r.r/ - ,^rap Rrs,:7araF qr11r pf Lt.
Nrfrn\Ar r rr{t r.^I | 0i,

Ar v.rJI DtrF rPl IMFJrlG.l
Ar !F"T DIPr .H.ATl (1
At.^,rat. 1r ^r Jat,rt
ar rlF n,7 .rnlrr'

l,l.es.arr.! n. ltnoF irD TTTERIOR rALL

I, rrrrr.r EL4r'r sFQt rn - .attlrrn
c.nrrrT prqtsr^r,ar

A,I\ II'FILTO^TION
rtI^Lt l( FnoF A.i'nt{G/.rtfntop (0vEttNG5
arir.inl iq,rTr.x af q,s'lANrE

v^P^p nroFtFF ,N aFttrrrr
CTILI 4 VET]IILTTEN

DESCRl?lION lEVEL

2
l

5

5

7

5

s
5
5

5
5

5

5

.t
,l

Laa. a^erYrr. aArr( rTY

rt !nn ,^tsls

.r 0^r. a^vFat ,i

.t onF a^vrpI4. ru DFaTt',,6

FlqrEiIl.. 4F sTpICTl,eAt <y5tFr5
a).cr I rG To .L a.F J0t<rs
FI O^F SYS'F{ T' I.IFTiI FPIHT

41



It.2

Ln^^ c^P.Yl . c{e^cllY
F/r.errF anv.F!rr(,

t,I.D'^p a.vrDrrtG
Ei<rF.rIrr4 nF SIeITTTRAL <y5IF S

FrTroInD a.vFptr(1 Tn r,lLL Fr^ftriG
I' t.pt^D a.vE. t r/6 T0 rnLL FpaxtNG

!rLl I. .l^^F
,r(l r^ int_t

rrAI!.o DrsIsriLr.F - F^rr tFais
o.,l.r"^rIn! .. F^taat^o anvrpl{G

t, TFCsrrrroN ^r r'rfl. irD Po^F
Ir tFa5r.rI.! .r !^t.1. inn FtanR

.,1'P^r, I'Y
r rrtrl^a a.vrpIr G

I rrn I ^n ..vfotr!

E(l.rt^o F{<T., r,/<
Ir r.pt^o Fr.srar FRq

^IP '^<'rt 
ArlTr

rlFr^l.l r a n^oF :.r,t,l NGlarrrp t nr (nvEri I Nr5
an\nF.r<Art.N FFc J<Trrrar

v^P^p nioFlap r aal_rita
r! .rtl INC

t rj^ r <Y<rE! r^ ErTret^H rat ts
i r Tr'.n rAaFI FD

! F r rrrrD ors I srlraF
nF aL. nn sY<TI I

rNlF!loa .t .\. srptrD-.t..rF (nvFptN(
!.I I 

^rr 2 r.aT.F .axoaelnrrrr t60R
.ror,.r Pr<tsr^r(.

^tk trall r,ATt.l
nrt!.LIirc/, or.ctrr/r IE sTprlaToPdL /Eir'tf it(
PAeT lT I nN | 

^LL5l.ln .^FRYl.r( crorclTY

r^Lt .n^uIrri
FASTFi'tri4 oF sIPri(T'rFal <ysTFrs

pA\Fr Ir( l4 .irt I FRl,rr,i
I rLt I^ R^^r sY<Tr
r^Lt ro Ft nnn <Y5ra{
r.nD En^trI,r4

^ue^8l|IrY nF DANFLrrr6
li Tr\t.F rl AfF seD€^tt _ PrlFt IrG
. p I I L I ! ri / N . r l: r r I I r a 0. <rorcrupaL ,t^1{aHs
rxrritn. 'al I q

rrArHFF prsrsri cr - rrirR t EAr
a. !Dtr< ai l nrt cF5I sr Ar a.

48



- ^lD I Flt rorrtnN
t.Ar a^nIrY1!{, .AP^.lrY - P^a/ING

rna's r YTFD tra
5
5
5
5
5

5

5
s
5

I
5

5
a
5

5

5
5
s

5
5

I

I
5
5
5
9

5
5

5
5

n7.l r.Ar!FP prsl5rrIc. - -rr.p tFlf
.7.. r.lT L.sC - aIr I'FttreiYIrN
i,a.:r Laan .ronYING alP^ct rv - plrrt!6
nq.l.t stlF
qq.:1.r Lf n.P ^,'. toc^II.rl

. r?Aa || IrY
I q.1., / 1 n.oD r!rrDt0a
6'.-r. t7:--lfr-.<i!-iill'r. /, " 

r
n' /^a Ir ITY

F tDF ei^Drt{c F. rrP}l.Nr
LI5TF' NFIF'T D

rrr,r nt r sI(u^L

irr,rllrn.FsISrirr(.
i-^ar arP!aIrY

5r,F. I ^L 
.F.trIPF!trjTS

rIiIE'rr! ,ltIt
totLFI roqF^ rTqErrr

T |l^',:; I r a.,r< l. ti o 
^ 

T I ^!5ri Fh^!r ^<(. rrt I
L^r r r I0nrr^L qL!BE,q
IFA!SvFn<a vr{aFR5

(.i Pt Ii.( xEa!rnt5p
p, r{tir rrAe l(strar v

srrl. G/<onlr ai rrrftaFns

q1 i.s A, ^ .ra rI,rGs

ArIr,rru <rLrPDtri. ot(r/!rraa

nn^r,,/1cFlvri r ptprNa - re LFD oF. TrrrD
v.l r Prp.s ,.r as 0.! rrr PtPrs
nnsTo|.r I vr Flrrl Gsr aor NErtl6rlsrLTc
H^TFrtAL tearaF.(ttorr r(nraFAlF0r
I^Dr.Dqc t^crrrn na ntpFr FtxtlE0rrIp
C^LV^III/''D PIOT BFNT IF {FLtTD

at r4'r 4t rtrrl rcs/urRr.rt^r aF Fl or

r! TII{i rTouaT
FTP'!F' A IPI NC

,. n.,r i DFsISr^,icl



1

5

7

1..

i.srq.L rli: ntrr

<i rL..r.. .|, t, i (
Pt A<rl. PInrr rlrrlr. lr'n .r.t^rs

( ^5I lDnr rntl PIFF J.rr Ts

h' AL rrrrl{r<

6r ^ nFs !."s

rrllfIEr.
tr<r^ttrrI,,i

. - i,r. .F I a^t, r\Fr,

r.\at 
^r 

.i F TFIP<
cr '^'/r6l I rY nr rF^rs

.1.^|nr!r ^n.!1,4<L.aArInr .. (Lrar,t^r r rtTrtrrcs
1,tsr'r t \,jr^Ll rr
.,1l D. r"<r1! tt.)
r!(r n. .r .1, trk I^.1

,iTr!I^L

.r rr.^t .ao,r,nr,t.1
.ri^l IrY ^F rIrI.,cF.

rlvr,Fr .o,rrrr.T,.{
a.i,rr.rt.ns

I | iF.7'^ rlL rrT'I.r.

rnrr.r )j<t.r
I.rt.1 .t 'r.FI, rr ^r'l.Fr

- .LUCH TiT'Y5

.1.. p .ri!\rarr. r

L .^q<to"(t ln.
or J.trr ^r Dh^ l ri

,rrrqrr4rrr.Sc nr sn.f FplFNcL
n,rr ^,'. t. ^yrt] 

pt ruat,tc FtxTl'lir_q
, r<, r1!r l|r i rAa'1I,rrs

.n.iri.cr t lr ra Dpr |

rJr,f .r I o1<, ^. noalrl

qTir 
^oro, srt.ITrrrrtnrs
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,nrLt.

Irr(rAlLATtl\ or pt rrntrc FIxTUIl_s

sIR! I r'S lrn srFFS< n,,Dtrr6/rrTFe
pIPrt6 q r ) P , n D r ( / I r T . D ! A L 5
il',.ro< A.''. r'l.F,l s

srnF..TH aE^0I IrIF {T<
T^ SrR!r.rUtrr

(rr

':tlrtr
ct r.tt

atr
atl

art

.lr

CII

c!t
(tl
(tl
crl
cr I

I

l

3

l

srrrrl Y PIol\G slTF
F^I riTtp 5|PeLv

\iTF. or rl FTs 
^Nl) 

suoPr y ao|lrFaTIoN5
I ^rrD cc!r!.arI0, prpF st7F, t o(ATI.N

rr sr^Lt^r!^r' <HALt DDFvti T ttA(KFL0[
r. aar,!FCrraN ro npAIrra4F nR vENl

,rt{ .uTLFT5 - 5FA(t!6 t0014 FL00o LEVEL
lopL I^!.F cnr N F a r I . I s / p p . I F ( T By Ala G,rp
fl rsHn"rarFp vrLvas/11a r aL FLI_r5B vALvr
rLLrs,i t^r k

!.TTT !FAIFE SAFEIY N'VJCFS
ITL IF' V!LVT<

AIID NEFS5UFF TIELIEF VILVLS
rD.<SIIFF AiJN IFHDFEAII]A! LIIIIIS OF VALVE
CFI ITF VALVF NR!IF

TLraF!nEn . .
rrDf trirr.s r\ Ft n0e
II TFDS I /r PIPE
rFDrt\IATFS 

^rnvr 
tL0oa

.rATaD !F^Iap<
rarntra Foe pnEs/rl frP pFt.l.F vaLvE

NF NISSIMILAP TEIAL5
rnDPnst^r nF .tP.
DI'I1)C r^TrnIrL rle.11r srFFLr (0FPFfi, pLAsYlCl

pLASTIa ptPt!6
FIrTI\rn< r(!rfrGrs Ir nIpEartoN 5tl!, r,!AT,

rlrrr,r,.s !^D rrori PIptrr.
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Appendix D

Typlcal Su@tlon of ?e!for@ce Data
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Appendi* E

Typlcal Graphical PresentaEio of Data !y CoEputer
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