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In vleu of the pleBenE accepEed practlce in Ehis country fot buudhg technoloay,

comon U. S, unlts of neasurerent have been used thloughout thi6 publlcaclon. In recog_

nllton of the posltlon of che United States as a signatory to the General Conference on

l,lelghcs and Ueasures, shlch gawe official sEatus to che netric SI systeE of unlcs 1n

1960r appropriate converslon faclors have been provided in the Eable belos. The reader

inrerested In oaklna furcher use of rhe coherenE sysEeo of SI u.lts 16 refelled co:

S1 Converslon Unlls

NBS SP 330, 1972 Editton, "The Internatlonal Systen of Unit6"

ASTM E38O-75/IEEE Scd. 268-1976 ASTM/IEEE, "stendeld Metllc ?!!ctlce Gulde"

Table of Convelsion Factors to Metric (S.1.) Unlt8

Uu1t1ply By

LenSth

foot (f t)
2.540 x 10

1.048 x 10

2 2 2
) 5.4516 x 10

9.290 x 10-2 2 2
)

3 1 1.539 x I0
2.832 x l0

5

3 3
)

-2

Pressure or SLress
.))neecon/net€r ( N/D )

5.895 x 103

4.788 x 101

pound (1bo) kiloglaE (kB) 4.536 x 10-1

kiloslanlEeter3 (ksl83) 1.602 x 101

mrle/hr (nph) netet/sec (r/s) 4.470 x r0-1

2 3.048 a 1o-1



A! expe!1Eencal lnvesEigallon of wlnd loads acclnS on a full-sca1e nobl1e home ls
reported. The oblecttves of the InvesElsaElon were (1) Ehe dlrecc nea6urenent of Eulface

pre66ule8 Bnd overall dias and Ilfc rorces. (2) the fo.nuratron of recomended loads for
the deslar of lob1le hoEes and thelr anchoring sysEens co resist forces due to ulnd aod

(3) the @ssureoent of deflec!1ons and the identiflcatlon of failure oodes Hlrh aPPlication
of E1lulat€d slnd load8.

Measureoetrts Eele obralned for a valtety of qind speeds and !e1.tlve qlnd directlons
uslns a DobUe hore ulth norlnal plan dlEenslons at 12 by 50 ft (3.7 by 18.3 m). {ind
Epeeds eele Ees8uled ac flve leve1s ranBlDA fror r.5 to 18 E and the Eean veloclty proflles
sere fouDd to be besc descrlbed by a po{ei lav riEh exPonenE o = 0.18.

Ext!@e neSatlve pressure fluctuaclons sele found ro occur on the end ual1s and along

the pelllete! of the !oof. The lesonanr component of response of the rob11e hone to drag

and llft forces 1E negllglble fo! b6s1c wlnd speeds up to 90 Eph (40 u/s) and che averase

EAxlou llf! IosdB ale noc stloDs]y lnfluenced by the plesence or absence of sklrElnC.

Reco@ended deslgn loads are hsed on the average oaxiEu evenE 1n a tlDe lnterval of
1000 Beconds and sr€ tsbulaced ror assuEed lasic lind speeds of 70 and 90 Eph (3r and 40 m/s)

and a ederately open wlnd exposure.

Keysords: AelodynsElcs; bu11d1ng6; codes and standardsi fu11-sca1e Eesthgi dobile horesi

etnd loeds.
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a = aEpliEude level aE upclosstng

c - Wetbull paraneter

Ca = ,.." atre eoefflcient

ci = ,""" 1itr coerficienl

c- = man pl4$re coefficient

c = !,8.s. pre6sule coefflcient (slmltarly fo! dlaE and 11ft)

C' = marinim or miniEu pressure coefficienE as appropriaEe
p

g = peak facto! = (peak value - nean)/(standard deviation)

h = reference helshc (top of nobile hone)

H = helghE of oob11e hooe superscructure (floor to cellins)

1= InEensiEy of tu!bulence (percenE)

k = lJelbu11 paramecer

! - lenglh of nember

n = frequency (Hz)

na = uPclossin8s of aEPlitude leve] rran Per unlE tioe

no - upcrosElngs of the bean per uEl.t tlme

n- = dvcrage rate oF occurrence oa poriLive o! needEivF peaks ln Lhe record

t = .ean pre"sur" over record len8rh

p = .."i** or EiniDum pressure as approprlate

pr - maxlnun or mintmum p.essure becwee! succesBlve upclosslngs of the nean

po = freestreaE slaErc pressure

P(>X) = c@p1@enLary cmulaciv€ dlstribution function of x.

n - .","*."" dvnsmlc pressure at heiehl h

S = spectral denslty

; = mean velociEy over record lensEh

r = ""*i"". 
veloclEy observed in lecord

UFM = speed based on fasEesE tu11e of vind

vR = coefflclenE of variaElon of reslstance

(siEilarly for drag and 11tt)



un = welght factor

tJ = ,idth of nobile hore

o = nean wind speed plofl1e lndex

t = nean wind direcElon relattve to crue norEh

6 = mean 1nd dlrectlon relatlve Eo ax16 of noblLe home measured clockFlse fron fronr

p = mss denslty of alr

o = standald devlatlon

dR = facEored ultiMte res16lance

YdD = faccored dead 1o6d

YUIII = facEored elnd load
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This reporE describes insrrumenLaLlonr experinenral Lechniques and Lest resulEs obLained

arom a srudy of wind lorces acrlng on a fu11-scale mobile home, The infornation presenled

herein forns the basis lor recomended revisions of Sectlon 280.305 "structural Design

Requiremetrts," ?art (c) "l.rind, snow, and Roof Loads," subsecrions (1), (2), and (:l) of the

federal Mobile Itone constluction and Safety standards, daled December 18, 1975. These

lecomended revlsions are lncluded as an appendix ro Ehls repo.L and are inEended as

mlnimun requirenenEs for the deslen of nobile \oEes Lo r€sisl wlnd 1oads,



AlEhotrEh rh€ generat aiea of,lnd research has dade tremendous advances over the pas!

decade, hosE of the effort has been concentrared on call huildings and other halor en8ineerlng

sErucEures. on]y recencly have elnd loadlng problems associaEed qiEh 1ow-rise bulldlngs
begun ro receive proper attenrion, Ihere are severBl reasons for thls seL ol

among theh the tack of eeonohlc incentive for seekln8 desiSn refinenents in lndtvidual
bulldln8s oI relaclvety 1ov iniElal cosE and a prevailing b€Iief that convenEtonal 1ow-rlse

bul1dlngs, slngle-fatrl1y dee11lngs 1n laltlcular, do noL oerit the sahe concern for srruc-

tural lntegrlty thar 1s assoclated wlth ]alger bu11d1ngs. studles of daMge calsed by

hurrlcanes, tornadoes and other sErong winds conslstently pol t to housing as Ehe majo!

cont.lbuEor ro econonic loss and ln the ease of moblle homes, uind is second only Eo fire
in causlo8 deaths, iajuries and propercy drmage lt, 2, t)!J. {s hobile homes cur.encly
accounc for 20 to lO percent of sin8le-famlly holsing lloduction in Ehe UnlLed States {41,
rhe be.eflts to be derived fror better load dellnicion are subst6nElal.

1. tNl',RODUCl tON

2. TULI-SCAIE MEASUREMENT PROGII.A}!

Flgules in brackeEs indicate liEeralure reference on paBe U2

The deterEination of wlnd forces on rob11e homes 1s conplicated by che fact Ehar, near

Blound level, the loca] rerrain and adjacent bulldtngs can have a pronounced effect on the

mean sind speeds and on Ehe lnrensity of eind Susts (rurbulence). In addltlon, Ehe !ela-
tively hlgh raclo of vlnd load to dead load and the llmited physical slze of moblle home6

tend to make rheh nore sensitive to wlnd effeccs than 1s the case for bulldings of laraer
dlnenslons where spatial averaglng can substantially redrce the effecEiveness of gu6ts 1n

ploduclng load fluctuaElons.

The purpoEe of Lhis research efforc 1s to document both localized and overall loading

due Lo wlnd, Eo provide a rational basls for rhe deternlnatlon of vind forces acrlng on mobite

homes and thelr anchoring sysEens, to develop speclflc uind toad requlrenenEs on uhich Lo

base revislons oE Lhe federal Moblte Hone Consrruclion and safeEy SEandards t5l, and ro pro-

vlde reference data for ftrture investigattons of ulnd forces on nob11e hofres and siDilar loq-
rise bulldlngs. rhis study sas sponsored by the EnerAy, Building Technology and Standards

Dlvislon of che Office of ?olicy Developnenc and Research, Department of Housin8 and Urban

DeveLophent (nUD) as part of 1ts serles of research projecEs direc.ed Eovards the lmprovement

of Ehe fede.al uobile Hone consrluctlon and Safety SEandards as required by Title VI of Ehe

Houslng and DevelopmenE Aet of 1974.

The sysEema.lc lnvesElgaElon of wlnd forees acLlng on a srructure and the .esponse of

Ehe structule to those forces can oost conwenienEly be carlled out ln a wind Eunnet. To be

valld, thls approach requires tlat cerEaln feaEures of the atoospheric suriace flou be

rl



adequately simulaled at sone reduced scale and Ehat tbe structure under conslderaclon be

Eodeled at Lhis same scale. Adequate ulnd tunnel sinulacioos of atnospheric s rface flous
have been aceoEplished aL scale ratios of froE 11200 to 11500,hich rou1d @ke 1t extreoely
dlfficulr lo consErucE and instr@eEt Eodel8 of nob1le homes and thelr suppolts and t1e-
dom systes at che required scale. lor the oea6uleEenr oi surtace llessules a slup1e geo-

netrlc Eodel ls usually sufflclent, but fo! those cases 1n shlch the dynarlc re8ponse ls of
concern, structural characterlstics such !s sclffness, nsss dlstrlbuclotr and dabplnS rust al,so

be Eodeled. If load-deflecEion !e1at1on6h1p8 and ta11u!e @des ale of lnEeresl, lndlvldua]
stluctural nembers and conneetions Eu6E be modeled and Eh16 is u6ua11y dore 6c sc41e r6tlos
of floE 1:3 Eo 1:10,

In vlee of these p!ot1@6 a66octared with hodel scudle6, lt wa6 dectded early 1n the

ploArab that a cohplehenslve set of slnd load ne.su!@ents should be obtalned 1n fu1l scale

to provlde the basls for deslAn load iecomeDdatlons for conventional "slngle-u1der' unlts
and to provide a Eeans for checklng Ehe valldity of any future ,ind tumel studles of nore

cooplex Eobile hoDe geodeEll€s atrd varlous rype6 of qlnd eaposure. The 4perlDental Eechnl-

ques and resr r4u1rs descrlbed 1n rh13 reporr conslsc of rpo dlsrltrcr phasesi a f1!3r phase

lnvoLvlng the Eeasureoent of elnd loads on a full-scale oobl1e hooe sde! Etiona wlnd condl-
tlons, and e second ph.6e 1n phlch slNlared Elnd loads uere applied to the Eobl1e ho@ to
est6bllsh load-deflectlon relat1oo6h1p6 and to ldentlfy fsllure Eode6. IE 1s leportan!
to under8tand that Ehe results of Ehe f1!st phase fom che basls for Ehe desl$ load lecoo-
reqdatlom conE.lned 1E rh16 relort strd that the6e recommendarlons are 1n no uay reLated Eo

the r4ulc8 obtalned 1n the second phase. The spechen nob11e hore End experloeEtal setup sre
descrlbed lD the following sectlons. Consultatlon8 were held wlch the proJect sponso! and

technlc.l leplesentatlve6 of che noblle hone manuf.ctullng induscry to leach a con6en6u6 on

the cholce of the speclren Eobue hone and Ehe experhetrtal serup prlor to conductlng che

fuU-sc6Ie oeasurerent lroErd.

2.1 The riobile Hooe - The oobl1e hore used ln rhls study uas obEatued EroD the HUD lnventory
6c ellkes-Barre, Pemsytvanla, shere several lhousand unils had leen stoled foUouln8 deploy-
Denc as renporary shelte! for vlcElos of Hurrlcane Agnes in 1972. Noninal plan diEenslons are

12 by 60 fr (3.7 by 18.3 D) and an overall vleu of Ehe oob11e hobe 1nsralled at the Eesr slre
16 shom 1n Plgure 2.1. Tle floor plan and a typlcat closs-sectlon are shoM 1n Flgure8 2.2
atrd 7.1, lespectlvely. The dead loail Dlth furnlshlngs reooved averaged 260 lbf/ft (3.8 kN/o).
Thu6 the exte!1or geooetry and M6s dlstrlbutlon (those paraoenreis whlch targely govern lhe
plnd load8 End response to chose loads for a 8lven wrnd condltlon) of the speclDen rcb1]e
hoEe ale lyp1c.] of culrenc "slngle-wlde" units. Deta116 of che roblle hone constructloD,
whlch ale peltinent to che load-deflectlon srudles carrled our fouopiDA coolleclon of rhe

,1nd load oeasur@enrs, are Plesetrred ln Sectlon 7.

2.2 I!.e_!C$-Z!g - A parklog area a! the south end of rhe calrhersbutg caolus of the
NaEloMl Bureau of standalds (Ms) uas selecced ror Ehe fleld resr slre. The avallablury of
electllc 6e!v1ce llnes and a f1aE, paved surface on ehlch to rocare rhe @b11e hooe 8.e6!Ly
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slmpllfled Lhe expe!lmenta1 se.up, The surroundlng rerraln 1tr Lhe diiecEloo oi Ehe Prevaillng
wlnds can besL be descrlbed as genEly ro1l1ng Ar.ssland and culrivaEed flelds slLh a tew

scatEered crees. Tuo bultdlngs are loc.ted 6djac€nt to Lh€ LesE siEe as shod in Flgure

2.1. floweve!, for Lhe records discussed 1n thls reporL, Lhe influence of thes€ buitdings

on Ehe wlnd fleld alound the mob1Ic lrome ras lnsignificanr. Strong eiads in Ehe Gallhersburg

frequenE during Lhe winter months rrom Novcmber Ehrough March and usually

cone from Ehe vesE-norEhresE alEhoueb severat cvenEs can be expected each uinEer from the

southsest. Maxlmum susEs or 45 Lo 60 hph (20 ro 27 n/s) are nornal.

2,3 Support ftame and Turnrable - The crlte!1a for Ehe deslgn of Ehe nobile home su?port

fr.me qere as follous: (1) that rocacion of Lhe mobile hone and suPPorc frame be posslble

loder srrong-,ind conditions in order to change the .elalive qind direcLion! (2) rha! Ehe

supporE frame ?rovide a realistic srnu]ation of Ehe in-service foundation condiclons of

a typlcal mobile home lnstaUaElonr and (3) rhaE the sEilfness of the suPporl frane be

ouch greaEe! than chat of the mobtte hotue co avoid resonance probl€ns.

the flrst crlterion uas importanc because of the liniced range oI {1nd direcElons chat

could re.sonably be expecEed the rest site during Ehe winEer ronths and the

need co conplere the field sludies in a relatlvely shorE perlod of Eime. The support lrahe

can best be descrlbed .s Ehree separaEe componenEs; Ehe aoundation system! the force
neasurenenE sysEen.nd the Dain supporE frme, The foundacion system consisEs of four

ldenElca] sEeel beah and cotuftn assefrbttes shlch siExlaEe iootin8s and plets and inctude

dlagonal and over-the-top Eie-douns as shom tn Figute 2.4. The foree neasuremenc aystem

conslsts of four force links Eo neasure horizontal forces (drag) and elght force links to

neasure vertical forces (1if!), These force links transniL rbe loads acting on the bean

and column assemblles Eo Ehe naln frane which is supporled by four levelln8 jacks and a

LurnEable as showd 1n llgures 2.4 and 2.5. To rocate the mobile hohe Ehe jacks are

reEracEed and Ehe 10ad ls transferred to a seE of casters located at Ehe fronl end of rhe

main support fru€ (FlBure 2.6), a manoDeler sysc@ insralled in the nob1Ie hone faciliEaEed

adjustmenE of Ehe levelin8 jacks alter roEaEion. the turnEable-casEer arrangemenE altoued

216 deglees oI roE.Eloo (Figure 2.3) and a set of guide rollers kepE che nain supporl frane

rentered on Lhe rurntablc durlns roldLion.

In designing Ehe valious coDponencs of the supporc fraEe the loqesE first-node n.turaf
frequencles (boEh verElcal and hotlzontal) were require.l Lo be aL least a, rimes the hishesE

fllst-mode oatural flequencle6 of the noblIe home. Tlis requlrement plevenced resonance of
the roblIe hoDe .nd loundaElon sysc@ and apploxinaEely un.oupled the dynanlc lesponse of

rhe mob1le hone and rhe su?port frane. The roblLe hone naEural frequencles ,ere dereroined

by cemporali1y hountlng the home on plels locared as shom 1n Figure 2.4, exciting Ehe

hoFe and measurlng the free vibratlon wlEh an acceleroneter. The highesE flrst-mode
natur.l frequencies Bere approxlMrefy 8 Hz verlical and 4 llz horizontal.
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Locations of Ehe force 11nk6 are 6hoh 1n FlsureB 2.4 and 2.5 and a vleu of a verElcal
force ]1nk 1s 6hoh In Plgule 2.7. A k^lte edae eelded Eo che top ar6 and a ball JolnE
oounted 6n the bottor atu all@ the lransoleslon of veltlcal force. only. The channel

sectlon at the botEoi of Fl8ure 2.7 Bupport6 plyrood sk1.t1n8 (r@oved). Both sklrEed and

udskllEed confltuEatlorc uere lnvetttated. The holizontal tolce IInk. uere deslgned Eo

acl 6. cantlleve.Et be1ry cl6Eped to the Ealn suppolt flaoe aE rh. top End contactlng the

bean snd colunD asseEbly of the loudatlon ay8t@ through knue edteB at the boEtoD 6s

shom 1n F1tule 2.4.
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The fo11oe1ng sectlons desc!1be the allaogenent and essenrial cha.acteristics of 1nsrlu

nenLatlon used to obtain neasu.@enEs of qlnd 6peedr plessure, drae, I1fE aDd acceleration lD
rhe flrst pha6e of rhe study.

3. INSTRWENTATION

3.1 Irlnd speed - An 16 D suyed uaBt was located to Ehe southwest of Ehe mob11e home

3.2 PreEsure- Pressules on Ehe exEerlor surfaces of rhe nohtl€ hore and tbe lnteinal

(Elsule 3.1) and lnstlurenEed wllh plopeUer anercoeEels (clU Mod. 27100 equlpped with
4-b1ade p!ope11e!6) aE the 18, I0, 5, 3 and 1.5 d 1eve1s. The aneoohetels wele claEped

to a plpe luntr1ng the height of the @st so Ehsc chey could !e Mnually aligned wiEh a

ulnd dilectlo! vsne rounced et the cop of the MsE. So Ehat ulnd speed data could be

correlaEed wlth NaEloEl !.Ieather servlc€ records, a sEandard 3-cup anemomeEe! (Mod. F420-c)

was mounted on a boon ar rhe 10 h level, This aneoooere! provlded the s18na1 for trlg-
gerlnA lhe data acquiEltlon 6y6Eeh whl1e oleratlng ln the autohatlc mode and a contlnuous

stllpchart lecord of wlnd speed sas obtained froE chis aoe@eete! dullng che cou.se of the

6tudy. In addltlotr to Ehe mast-Dounted aneEoEeters, tvo lrope1le! an@oEetels vele Eounted

on ?oltatle trlpodE whlch qere usually located dliectly uleind of the no)lle hone. The

helghts of Ehese anehmeters Eele adluBtatle flon 1.5 to 2.5 D.

The an@onetei slAEl6 rere fltceted by nean6 of a s1ryIe RC network to retuove trush
llppIe and lhe ouEput vollaaes were crlmed !o a Eorlnal Eenstttvity ot I0 mvhph (22 nv/ts-I)
The outpuc lnpedance of the 618nat condlltonlDg ctrcult requi.ed a sensiElvlEy coilecEion of
approxlmately 5 pelcent vhen opelaElng wlth analog cape recordels. The

caUlrated 1n a ulnd tunrel !!1or ro belng 1n6Ea11ed on the @6c aDd were perlodlcally
calltieted ln place durlng the srudy ustng synchronous rocor€. Maalsum changes ln sensl-
ttvlry of rhe andoEeEe! clrculrs durlry Ehe srudy were of che order of + 2 pelcenc.

pressule ,ere oea6uled )y resns of dltferenllal pressure tlansdueers of lhe va!1ab1e-

leluctance type that had teen used successfutly itr prevlous NBS studles of qlnd 1oad1q

t5, 71. To account for chanaes 1n the zelo leadlngs due Eo therful drlfE and leposlrlonlng
of the tlansducers a scheme developed ac Ehe lulldlns Re6earch statloo (U,K.) [8] for obtato-
tnA transduce! offsets unde! wlndy condltions las used 1n rhls sEudy. A solenold valve 1s

!1aced 1n Ehe lelerence !!essu!e 1lne and notuUy trsnsnits Ehe reference pre66ure to Ehe

back 61de of the tlansduce!. l{hen acEuated, Ehe valve connecEs Ehe back slde of the

crarcducer to che acElve pressure Llne, thls plovldlng a net tlansducer electrical offset
for a zelo plessuie dlffelenEie1. The Elansducer-vatve arrangeDent and deralls of the
pre6sure tap6 used lD th16 study ale shom 1n !1gu!es 3.2 and 3.3. The conpleEe assdbly
was mounted 1n a blacket as shom 1n ll8ure 3,4 and thls alloqed the transducer array to

!e chaneed ln a Mrter of a few elnutes betveen recordings.

An anblenr pressure probe developed at the \tss [9]
at a helghE of 1l n and served all of the !!ess!!e taps

12
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(4,8-M) I.D. flexlble tublng. The probe, 6hom ln !1gure 3.5, registers true amblenE

plessure for all wlnd direcElons 1n the horlzonEal and accomodares verLlcal anAtes of

acLack up to + 10 degrees.

DynaElc callblatlon of the tap-tube-Eransducer arang@enc shoun in ltgures 3.2 and

l.l lndlcated a flaE response Eo 40 Hz. NoDlnal outpuE vas 110 volEs ac the fu11-6cale

ranse ol i 0.1 psl (l 6E9 N/m_). A sEiEch-selectable fl1Eer on the oulPut scage of the

traosducer deDodulaEor could be set aE 5, 10, 200 oi 1000 Hz. Eor EosE of the Pres6ure

recordlnSs obcalned ln Ehts study che outpuEs were flltered ac 10 Hz. Tuenly-seven

pressure rransducers {ere used tn lhe sEudy.

Although the Pressule taps Eer€ deslgaed to oleraEe under condiElon6 of utnd-drlven

rah, plobleEs rere encountered rlch Ehe accuulatlon of rater in Ehe celling EaPs. Polous

draln plues aE Ehe boEtoEs of chese cals had a te ency Eo clog dlrin8 pellods of heavy

!a1nfa11 vlth the resulE that vater enEeled the active ltne Eo Ehe Plessure Eransducels.

thls reqllled thac the ce1]1ng Eaps be blom ouE perlodlc611y. The menlEcus folhed 1n

the actlve l1ne caused a ploDounced shift ln Ehe Eransduce! oftseE and 1t,as Ehelefore

obvious when 6 clogglns condltlon had occurred.

Tlansducer offsets eere reeorded aE the beglnnlng of each record and fulI-scele ouEpuEs

eere checked agalnst a secondary plessure standaEd once each week on averase. Maxlhum error
due Eo transduce! drlft, chaneeB lE sensiElvlty, lecorder drllt and A-D conversloD ls
es!lmaEed to be of the order of 10.03 psr (1.4 N/o2).

3,3 Dlas and LlfE - Dlrecc ol reslonse to drag and 11ft forces qere obcalned

froD rhe force llnks brlefly desclibed in Sectlon 2.3. Stiffness requlrenents for che force

1ink6 and the relatlvely high lnpuE levels required by the data acquisiElon system complicaLed

the ln6trunenEaElon scheoe for the force llnks. Ioil straingaBes in a full-brldge configura-

Eion sere used tn conlunction siEh DC aEplifiers to obEain oucput leve1s shlch vere conPatible

lith rhe hpuE secclon of rhe daEa acqul6ltion sysEen. The gages lere sealed ulth a

lrorective ruhber coatlng.nd sele po{ered ulEh a co@on 10 IDC supply, A shunt reslsror on

each brldBe alloued rhe condttton of che bridges to be mniEored under load. The nooinal
genslclvlcles (Hlthout ampllf1caE1on),ere 4.5 and 12.3 uv/lbf (1.0 and 2.8 !v/N) for rhe

ver!lc.1 and horlzonEat foree Unks, respecclvety. Anplifiers qith a noElnal aaln of X200

and an adjustable Dc ofrseE qere used FlEh che verEical force 11nks, the anpI1r1er oucpurs

belng nu11ed under caln condltlons. The outpuEs of the horlzontal force 1lnks eere nuIIed
wlth a t!1m1n8 re6lsto! prlor co aupI1flcat1on (x100). only four of Ehe verLical foree

llnks oele opelated contlnuously as Eransdlcels duling lhe stody due to problen6 wlth d!1fE

in the ampllflers and oEfset suppression cllcults. Problems encountered alth lhe verllcal
fo.ce l1nks are dlscussed 1n a slbsequenE section. The blidge-anplifler conflSuratlon for
Ehe horlzontal folce 1lnks proved to be far nore 6rab1e, Ehe offseLs of Ehe lndlvldual
1ink6 meaEured under calm condiElons being caused by valplng of Ehe mobl1e home superscrucEure

"lLl^ changes 1n Lempelalurp and hufridlry, 
t/
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3.4 AccelerEElon - In addltlon to the pre1lnln6ly accelelat1on neasurehenLs used to deter-
mlne che mob11e hone naEula1 trequeneles, recordlngg of Ehe transverse acceleraElon of Ehe

loof scrucEure under slndy condiElons ,ere obtalned by nounElng a single-coFponeoE

accelerooeler on che botEon chord o! a roof Eruss dlreccly beloe Eap R10 (See Flgure 2.2).
These recordioBs vere used to otltaln esElMEes ol lhe structural drnpinS. DamPine is
dlscusEed h secEion 5.5.

of a computer-coDErolted nuttlplexer, sanple-and-hold tup1ifier, 12-bic A-D converrer and

7-t!ack tale deck. Trla8eilng level, sanpllng raDe, amplilier 8a1n and record lengEh are

selected during lroglan enEry, and lnlElatioD and terninaEion of recording can also be

accoEpllshed by nanual lnteftentlon. Channels are mulEiptexed at a raEe of 20 kHz, TLre

sysE@ also plovides for a L4-Erack analog tape recorder co be operaEed under conpurer

conrrol. MasEer rlEe ls sutplied to bolh rhe diglcal and ana158 sysEems by a Eine code

seDeiator. Detalls of the systeh h6ve been prevlouEly de6crted ln the rireraLure [6].

It uas itrtended ar the ouEseE Eo record che outputs of al1 data channels (49 @ximum)

on d181ta1 tape and to record selected chamels on aMlog tape 6s eell so thar h18her

sepllng rates coufd, If necessaly, be olEained aE a laEe! date. Hovever, problens,irh
Ehe dlg1ta1 tape recorder lesulEed ln rcsl of the daEa being recorded in aralog forn and

only a fee recolds lncorpolating aIL data channels were recolded on dlgiEal tape near the

eod of che ceEt 6chedule. Tvo 14-c!ack aEloA lecorders eere used aE other tlhes to record

a torat of 26 channels of data slDul.aneously, one channel on each recorder being reserved

The maximur saEpllnB rare ls governed by che number of channels being recorded. l'or
this study the linlE uas approxi@Eely 30 sanples per channel per second. Holever, a

race of 24 sarples per second sas 8enera11y used, being reduced co 12 saDples per second

Ior lecords consisElng only ot ulnd speed data. Record lengths of 20 ninules eere the usual

case, bul continuous analog recordlngs of up Eo 2 hours were obrained on cellaln occasio s.

IE ,as scandard plocedure to also record open-scale sEripchart records of elEd speed and

directton, A continuols closed-sclle record of elnd speed ar rhe 10 n level eas also
obraloed du.ing che course of chis study. The data acquisition systetu is shoh in llgure 3,6

The three cabtneEs on che lefE contaln signal condlEloning equipmenL and the rnalog tape

lecorde! {h11e those on lhe rlght cont!1n Ehe dlgltal dara acqulsirlon sysEeh.

3,5 Dara Acquistrlg! - the daEa acquisltlon sysceh used in Ehis phase of the study consisls

19
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Approxisalely 45 hours of recordings vere obtained during six monLhs ot operaElon al

rhe Eesr site and 1E uas essencial thaE Ehe dara be carefully screened for quality and

content prior to comlEting Ehe and funds fof, computer proccssing. The olen-scd1e

stlipcbarl recolds of ,ind speed and dilecllon ploved Lo be extr€mely valuable in Ehls

screenlng process and Ehe procedure uas to visually escimat€ the maximum and mean spe€ds,

and Lhe mean direcLion. A1so, a subjective indcx of starionnrity (r = Poo! Eo 5 = excelrent)

was assigAed Eo each record. Thls infoma.ion, conbined ulth a tabte indicatinS th€ tvpes

of cransducersr rhetr locaElons and Ehe orlenEation and confiBuration of the nobile home,

sreatLy sinptlfled Eh€ process of deletuinlng lhich records eere Eo be analyzed

4 N TA RNDIX:'ITON AM) ANAIYSIS

4.1 A-D ConversioD - 
^s 

indicated previously, problems uiLh the di8iEal Eape recorder

4.2 Hean and SEandard Deviatlon - The nean and sEandard devlaLion uere calculaLed for each

requlred EhaE a good portion of rhe daca (approximately 70 percenE) be recorded in analog

fofu. The analo8 capes were played back aE Ehe oriSinal record speed (l l/4 ips) for A_D

converslon and a l0 Hz loupass filEer eas used on ea.h channeL to inprove Lhe signal-to_
noise latio. Th€ A-D.onverslon ua6 accohplished vich tlre sane digital sysEem used in rhe

daEa acquisition stage. A raEe oi 24 samples Per second uas sLandaid! but cerrain records

conEalnlns only elnd speed daLa rere sampled at a raEe of 12 samplcs Per second becausc of

che sechanrcal filrering of Ehe aneEoDeters, ln Eost cases a record lengrh of 1000

seconds was used !o! the A-D conversio., buc this was reduced Eo 500 seconds and in some

cases 300 seconds ahere po!Eions of the original record exhibited poor 6Eationarity, Spot

checks wele made for Lape dropouts duting the A-D converslon process .nd s€vera1 channels

of dara uere rejected at Lhis sLage. Ho,ever, sotue records,€re processed and larer found

Eo contaln dropouEs, this effect being quice obvious i. Lhe plots of Lhe cunulative dis-
.!ibotlon funcLions.

Once Ehe records had been cooverted co di8ical fom, a routine procedure t6s used Eo

cafiy ou! the data analysis. This involved the use of three conputer prograhs develoPed

ar rhe NaS for the anatysis of random dara. These include PBoctuAv 2 whlch formts sequenEial

channel sanples tnto sequenElal sanples fo! a gtven.hannel; CDI qhich contalns subloutines

for daEa condensatlon, trend reEoval, calcutaElon of mean and r.n.s, walues, pe6k values

associaced rlEh up.rossings, and probabitity dlsEributions of peak vatuesi and SLIXP rhlch
cotrblnes DulEiple recolds inEo a slngle Eifre series. A flo, charE for rhe daEa acqulstEion

and analysis proceEs i6 given In llgole 4.1,

record uslng all saEptes rdalnlng ln the serle6 afEer lowpa6s digiEal flltering or conden-

saclon, FoltoFhg thls analysls of the entlre series, Lh€ record sas dlvlded lnto chlee

equal blocks and the block means and sEandard deviaEions deEermined. !'1na11y, a.ee tlme

selies uas formed by r€noving the btock neans and che slandard deviation ol Lhe resulEing

series uas detemined. rlnile Ehe block means and sEandard deviatlons provld€d some lnsi8hE

2L
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4.4 specrla1 Analysls - while conputer rourlnes have been used ln the past for the calcu-

ro rhe sEatlonarlLy of the lecord and could have been u6ed ro obtaln

flucEu6tlnS coeiftclent8, Eost of Ehe coefflclents p!esenced In lhls
the totat record length.

estlEetes of mesn

4.3 lCe!_ltrlrgg - rhe averase rate of occulrence of peaks, np, and upcrosslnss of the mean,

a , uere detetulned Eo. each record. ln addltlon, the Eaxio@ (or oinlmuE) value of the

s1gna1 assoclaEed rlEh each upcrosslng of the mean,as deEemined. These values lere then

puc 1n Ehe fom of a reduced o! standardlzed variaEe (see sec. 5.1) and ploEred as c@ulatlve
dlstribution func.lons.

larlon of specElal denslty functions ftom dlBlEaI daEa, rhe schene used ln this sEudy was

to detemine Ehe autoco.relatlon funcllon dlrectly frof, analog daEa and co then carry out

a lourler transforoatlon usinB dlglral Eechnlques. A conbined correlaElon and probabillty
analyzer was used ro obEain a 400-po1nt represenratlon of Ehe autocorreLation function.
The anaLo8 lecords vere reproduced a! 16 tlaes the record speed ro slnPllfy renoval of the

DC c@ponent wlth a hlghpass fllrer and approxtuately five enlries of che record pere used

to obtaln an escliare of the auEoeolrelaElon funcLion. the 400-polnt function oas then

operated on u31na a elndow function descrlbed In Ref, 10 to obtaln esElnares of the spectral
denslly functlon,

23



Twe4ty-Lhree records we!e seLecled for deEalled anatysls snd cerraln characte!!stics
of rhese recolds, tncluding Ehe EeBt conflturatlons and dlgiEal sarpllng ratee, ere

presenEed 1n Table L. The fIlst tpenty records wele lnlt1al1y lecorded h am1o8 forE

and eubsequenEly converted to dlgiEal folE fci aMlysls. the last thlee records eele

1nlEla1ty recorded 1n d1g1Ea1 fom.

5. TES1 RISUITS

!eed8 ulo neasuled aE the 10 m level wlth the Etendard 3-cup

11sted 1n Table 1 along ulth the uaiEun Epeed observed 1n the lecold 010

and rhe turbulence tnEenslty I - ou/;ro. AlEo ltsted ln Table I are the Eean slnd dlrectlon
e o.as"rea clockelse froD tlue norch 6nd the lelative Dean Dtnd dlrectlon 6 oeasuled

cLockeise fron the front eod of the mb11e h@e. tu expecred, rosE of Ehe scrong plnds

durlng the course of thls study caEe froo the west-northuesE and a lesser nunbe! fron Ehe

south-south{esE (see Elgole 2.3).

5,1 Nlnd Sleed - Mean slnd s

DeEails of rhe slnd speed neasurehencs obrained wlch the plopeLler aneoooecers at
helghEs of I.i, 3, 5, 10 and 18 E are presenEed in Iable 2. ltrlth the exceprlon of
Records 5-1 and 10-5, mean siDd speeds Eeasured by the plopeUer anerooecer at the 10 o
Ievel are consistentty locer than Ehe speeds neasured ac che eaEe heiAht slrh che l-cup

This is to be expecEed as che plope11er anehooeEels have a flxed ortenEarion
qhlIe rhe cup anemohete! accomodate6 flucruatlons and Erend8 1n rhe slnd dlrectlon. The

nean speeds treasured by Ehe plopeller Ehe 10 n leve] average about 85

pelcenc of the speeds measuied by the cup aneEoEete! fo! rhe firsr flve records ln Tab]e

2 and aboul 98 percenc for rhe other records. ThlE anoEly cannoE be explained by

anemohete. EisallgMe ln senElclvlly. It seeEs ltkely Ehat lnsufflclenc
clearance betseen lhe ansomete! body and the {eacher shroud otr Ehe plope1le! hub ,as Ehe

cause of this tenporary probleD slDce subsequent lecoldB tsken ac nearly rhe ssme wind

dlrecElons Bhoa Euch beEter agreemenc belueen cup and propeller, No correcElons were

applled Eo Ehe propeller aneroneter data to accouot for departure fron 1deal response at
hiaher frequencles. DynaDic response characEeiisrics of these fixed-orientatton anenonerers

have been established and reporred 1n Ref. 11.

T\e nean veloclEy profiles are of interesc ln deflnlng a reterence sind speed for Ehe

pressure, drag and ltfr coefficienE6, Borh a logarllhmlc ]aw and a poeer 1aw represenraElon
of the variaEion of mean wind speed ,1Eh helghE above glound eele coapaled slth rhe

measurements obEahed In this study. The logarithDic Ia{

veloclry aE hei8hE
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a .onsranr (us!a1ly Eaken Eo be 0.4)

zero-plane dlsPlacenenE

surface roughness 1en8Eh,

can be derlved fron dlnenslonal analysls and has been shoun Lo be an adequare exPres6lon

of mean velociEy prof1les neasured 1n neutrally scraEifled flovs over flat terrain of
uniforn roughness [12, I]1. tto,ewer, Lhe empirlcal porcr lau

o = exponent which depends upon Lhe surrace rou8lrness,

is qidely used in codes and sEandcrds dealing viEh uind toading [14, ]51. In prac.i.e,
boEh descriptions of the nean vetoclLy profile Involve a subj.cEive asscssment of surtace

roughness. Th€ pouer 16w sas found to best liL Ehe uind spccd mcasuremencs obrained in
this study and iE hds, rherefore, been used in che presentation of resr results as eell as

in the fofrulaLion of recommended desisn loads in section 6.

". = "r. lr,J

.hd. \ = hdn velocicy at some reference he1shL h

(2)

5.2 Tlne Histories and Slcccra of Uind speed and P.essure The time hiscories of,ind

Typical mean velocity profiles are shoh in Fi8ure 5.1. IisrimaLes ot n obtalned tron

chese and sihila! plots ratrged from 0.17 ro 0.21 and averaSed 0.18. The plol ol d versus

uind direcEion in Ei8ure 5.2 lndicares liErle change in surrace roughness ulth dlrection.

wind speeds at the.eference heighr of l.l m (Ehe heiBht of the roof-!a11 incersecLion

of the nobile home) rere obrained lror Ebe nean velociLy profll€s or ere calculaced usinA

the mean speeds aL 10 m and values of a interpolared rrofr Figure 5.2. values of Ehe menn

uind speed;. . at the reference helghc of 1.3 n aDd the colresponding mean .lyoamic pressure,

a^ - - tl2 ,u: ^. drP listed in Tabl" L

speed and pressu.e plorLed in Figuie 5.1 represent a rypl.at ]-minute segmenE or record

No. 10-4 for uhich the uind dlrectlon sas approxlhaLely normal (iace-on) Eo Ehe right side

of the mobile lrone. TLre pressures are plotled 1n terms of no. dimaosional pressure coeffic-
ients (.o be dlscussed ln Ehe follosing sectlon) and lrovide sone lnstghE regarding Ehe

variation of pressute wlth respecL Lo tlm€ and locaElo! oi Ehe prcssu!e Eap, Pressure Eap

designations are given in rigure 2.2, It should be noted thaE Ehe IocaEion of the meEeorologl-

cal mast relallve Eo lhe cenEe! of Ehe ftob11e home for Lh16 parrlcuLai recotd uas approxl-
mrely 6Q fr (18 n) upwlnd and 80 fr (24 m) tra.sverse to rhe alnd dlrectlon, rhus, wrile
thele .ppears to be a vely sErong colrelaEion becween vlnd speed flucEuatlons at 10 m and

3 n, Ehe co!.e1atio, betseen lhe wlnd speed flucEuaLtons aE I m and Lhe pressure fluctuations
on Ehe vindward face (rap 79) ls ueak. rle superlor f.equen.y response of Ehe propeller
anenonete! compared qitl the standard 3-cup anenomeLe! 1s obvlous. Comtarlne Lhe Elme

hiscories for Laps 79 and Rt1 suggests a lalrly sErong corretatton beLveen rhe EUo and
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indicates a dramaLi. change in boLh Lhe mean and lLu.LurrinB conpodeDts oi Lhe suriace

p.essure as the flo! passes over rhe qindward edge ol LlLe roof and actually becones derached

or separared from the roof surfa.e. thls separaElon 1s h1gh1y internittenl and 1s influe!.ed
by Ehe Eurbulence and telaEive dlrectlon of Lhe orcomhg uind, Lhe eeomeLry of the roof ln
Ehe region of separated f1ou, and lo sone extenE by the raLio of uidrh to dePrh ot rhe

nobile home. Thc etfecE of flow separaLion is a neAatiwc mean pressure uirh intense

neeative-going flucLuaEions whi.h occur dr rreq!enclcs con<1derab1, h18h€r Lhan those

obseived on Ehe indwald wa1l,

The rime hisrorles for raps R11 and R9 arc also uell correlaled. llouever, Lhe

lntensiLics of boLh the nean ard flucLuacing conponenls at R9 are subsEantiaLly less o,ing

Lo the reatLachm€nt of the floq A short disLance dounNind ol che separation toi,t, ]\

aurther reducrion in mear and fluccuacing.omponenLs oi the lressure is observed aE the

leesard side and in the Eobile hone inE€rior (rap l8 and inLelnaI pressurc), dnd ubile
Ehey appear to cortelaEe poorly sith rhe other prcssu!es An! uith the wind speed, rhere is

a fait degree of.or!el6tion beLqe€n Lhe rvo. This is ro be expc.red slncc Lhe intcrnal
pressure 1s relaEed Eo Lhe permeabiliLy of the mobilc home and Ehc major porLion of Ehe

exterior suriacc rrea is subjecL .o pressure ttu.cuarlons occurring in Lh. wake creaced

by the mobile homc,

lahil€ rhe rine histories of uind speed and pressurcs are informaEive, a clearer
plcture oI rhelr flucruaring cosponents can be obEained trom Llre specEral density funcEion

S(n) shich hdlcaEes Ehe nanner 1n uhlch lhe harmonic conLenE of a siEnal is disLriblEed
over .he frcquenc, ranee. Tl:e specLral densiLy f!nction has the property

€)

in rhich d" ls rhe variance of Ehe variablc x(L), and n is the frequency. Ihe spectral
funcEions ptesenEed i. rigures 5,4(a) Lo 5.4(E) are ploLtcd in terns ol a dimensionlass

ordinaEe nS(n)/o'and an abscissa wh.icb is rh. lo8 of LIre fr.qlency n. lhus rhe racio of
the area associared with any frequen.y increment /,n Lo Lhe toLal area undcr Ehe curve

represenLs Ehac fracLion ol Ehe roLal variance relaEcd Lo ,in.

comparing Lhe spectrum of the slnd speed flucruations ar 3 m (Fisure 5.1(a)) wiEh

rhat of Ehe pressure fluctuations on Lhe windwald ua11 (llsure 5.4(b)), the peaks in Ehe

1ow-f!equeney range occur at approxthaEely the same trequency and tilere 1s l1tLIe conEribution

ro Ehe variance fron frequencies abov€ 1 Hz. Thls su8gests a quasi-sEaElc relaEionship

betueen speed and pressule fluctuatlons 1n the case of Ehe uindlard oall. As the f1o,
passes over Lhe roof the contriburion of high€r frequencies becon€s siEniticanc as is
cLearly indicated by the spectrun for Lap R11 shom In Fi8ure 5.a(.). 0n Lhe lee,ard
porEion of lhe root where Ehe flor retrds to becomc reaLrached the high-frequency conDoncnts

are still sisnificanE, bur rhe loa-rrequency peak is begioning Lo.m€r8e again as is shoun

l1
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ln lleure 5.4(d). The specEla for Ehe leewald slde and for Ehe lnEernat pressure, Ftgule

5.4(e) ard 5,4(r) le6pecrlve1y, lndlcaEe a doolnant 1or-flequency peak which agaln cotncldes

sIEh Ehat of che ulnd speed Bpecllta. ConErlbutlons floE the hlghe! frequenctes 6re

PloPorllonateIy less.

The observatloN desctlbed above 4re ln general agleenent ulth che EersureDent8

obEalned by Eaton 6nd llayDe I8l on a Ewo-story house and tllu8crale the dra@clc chEnges

ln the chalacterlstice of pre6sule Elgnals Ehat occur 1n regloB of sepalated f1@. The

consequenceB of lntense pEessure fluctuatlons at hlgh frequencles c6n be serlous uhen

constlucclon o6Eerl6ls ale lnvolved thlt do nol petfo.E seU under lepeated Loadlnt,

5,3 PleeBule Coeftlclents - 11 1s usual in expelleenEat studles such as thls to express

pleEsures ln terE6 ot soEe dynanlc reference P!e8su!e and a dlEenBlonless pressure coefflclenE

c
!/Z pt2

= ------!-
t/2 P"l. r

1.3

(4)

{llele p 1o che local plessule on the sulface of the bulldlng, !o 1s the freestleam anblent

or ahospheric pressule, O 1B lhe Esss denslcy of e1r, and u 1s a refererce wiad speed,

u8u1ly taken !t soEe potnt ln the undlstulled qlnd fleld. For rhe case of bulldlng
.erodyndlcd, .peclfied de8lgn ulnd speeds and surfrce pressures are usually assoclated

utlh short !1!e perlods (2 to 3 seconds) and represent o41D@ values tlkely co oecur.

The IefereDce helght for the wlnd s?eed usuaUy corresponds to the helghE of the bul1d1ng.

In thl8 Etudy the pres6ule records vele aMlyzed 1n ter@ of Ee6n and fluctuatlng
cooponents !6 outllned 1n Sectlon 4.1 The lefelence shd epeed uas based on oeaBuleoents

obEalned floo the lnst!@ented @st and t!1pod-houtrted an@oEererE, Inrerpolated !o a

helsht of I0.8 ft (3.3 D) whlch colresponds to Ehe helghE of rhe roof-ea]I ltrEersec!1on

of the robl1e hoEe, the eveleg1ns ElEe fo! Eesn plessule and hean speed was equlI !o rhe

lecold lengEh (300 Eo 1000 Becond8) and both nean snd fluctuatln8 plessule coefflclents
wele ilererElned ln accoldance Elth che deflnlElons

(5)

(6)cr

ltr shlch p s111 be understood to lndlcaEe che nean p.essuie ove! Ehe record lengrh relarlve
to freesEreaD arblenc lressure (p - po), op Is rhe standard dev16Elon of rhe p!e66ure

tluctuaclons (!hs leve1 vlch lespect to rhe EeBn), and u3.3 ls Ehe Eern etEd speed over
the record length at the leference heish! of 10.8 ft (3.3 6). The baxlDu (or mhrruE)
pre8aule In the lecold cen theD be explessed a6

38



qhere g Is the n@ber of scandard devlaElons by whlch the Mxlou (o! ornldun) piessure

depalts from the meaD plessure over Ehe record length. The deflnitlons of the mean,

st.fldard deviaEloo and Ehe peak facto! e fo! a randou varlable x(E) are shom Craphlcally
in ligure 5. 5.

Ir 16 not sufflclent Eo sloply detemlne Ehe @xtruD depalEuEe fEom Ehe nean ld a

given lecord. As w111 be deronsusted ln Sectlon 5.3, the svelage raEe of fluctuatlon and

Ehe plobablUty dlstrtbltlon of lhe tluctuatlon eplitudes w1ll a16o be requlied wher

speclf y1n8 desl8n Pres6ules.

2

P - 1/2 pi1.t rc- + a co )

Tt foIIoHs lroE Eq. 8 that for suffLclentlv larqe values of n ,

tnl-Ln P(x > s)) - k(xn a -Ltl a)

<1)

(e)

(r0)

(12)

ior a statlonary, nalror-land, gausslan plocess wlth zero Eean 1t can be shom [16]

thac che probablllty that any peak 1n Ehe record 1s gr€aEe! than sone va1ue, a, ls

-42lzo2 (8)
P(x'a)-e

It can 41so be shom that fo! a nalloe-band taugslan ?!oce8s wlEh nosE of lhe enelgy

ceatered ac soDe frequency no, che avelage rate of upcrosslnSs of Ehe value x = a can be

2 tzo2

Note chal Ehe Ray1e18h Piohablllty dlstllbuElon funcrion (Eq. 8) 1s a speclal case of rhe

WelbulI dlsE!ibutlon luncEton

-,1,k
P(x>a)=e'c' (11)

Hhere k - 2 aod c . U ox. i'rhen plotteit on Ltr(-rr) velsus !z coordlGEes, !q. 11 shoulil

exhlblE a llnear relatlonBhlp slnce

Alchough a narrorbaod gau8stan plocess h6s beetr asg@ed tn the above, rhe lelatlonshtp
lndtcated by Eq. 10 hE6 been used ln the snalysl3 of vallous records obtalned 1n th13

study, EAny of whlch ale wlde-bend landon end hlghly hEernlttenE. The plocedule used 1n

the analysls of pressule oeasulment6 ras Eo detelmlne the EaxlD@ (o! nlnluum) value pr

of the pressure slgn6l folloulng each upclosslnA ot the rean and to defln€ X as a reduced

or standardlzed va!1ace as fouorg:
39
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x=p'-p (13)

P

The probab1llly dlscrlbuclon of X Eas then detelDlned flom nq. 10 usins a class 1nt.lv.L
of 0.25 o ln addlclon Eo rhe naxtnu (or olnlnun) values of the valiab1e, Ehe rrt.
ol occurrence of peaks ln Ehe record, npr uas also deremin.d. Typical valueb for C-,

CD , C, no aod nD are given ln Table 3. Typical p1ot6 of probabillty disErtbuLlo- ar.
strS* r. rrg.res'S.O and 5.7. values of the EeibuU parueEels k and c (srope aqd l.t.rcep!)
resulElng fron chese plots ale listed in Table 3. Mean ?lessure coefiicienrs
olcained froo lecordtnas for uhtch rhe plnd direction pas apploxihaEely face-on to lhe

sldes of che moblle hone ale plotred for the skirted and lnst lrEed conflguration. !r
Iigures 5,8 aad 5.9, respeccively.

The plocedure lust desclibed ,as also used in .he analysls of conblned lecord. !.hlch
qele generaced using Ehe SUMP plogram oenEloned 1n Sectlon 4.1. In Ehis prograh ElAhtlnS
faccors, w, are Belected for each daEa channel, nr such that

N
tE (14 )

and Ehe sumed channels thus lepresenE a spallal avelaBe of N cof,curlenE Elme h16rot1...
In the ca6e of etr arlay of plessure Eransducels wlEh each Elansducer leplesentlng Edlrc.nt
surface areas of approxiMrely equal slze and shape, the {elghts for each data ch.nnel

would be ldenr1ca1. lor lrregula! transduce! spacinB the choice of relghts ts sor.tri.r
sublecElve, buE 1n elther case 1t 1s lEplied that all pressure fluctuaElons sensed.t.
polnE by a Eransduce! act slth equal lntenstty ove! the entile surface area assl8n.a lo
Ehe transducer. That Is Eo say, the cohelence is assuDed to be unity becween all polnt.
in Ehe alea for the entlle ranSe of flequencies ln rhe siBf,al. thus, for a 8lven 6et of

flou conditlons, che aDounc by ehlch the conEritution of a pr€ssure flucruatlon is over-

estinated p1ll hclease ulEh Ehe slze of the assiSned surface area and pith Ehe r.cltroc.l
of rhe durarlon of the fluctuatlons. The ueiAht factols used in Ehis analysls uer.
all equal and resulcs for selected conblDed pressure tlre hisEories are Siven ln T.l!. a.

The EesE resulcs presented 1n Tables 3 and 4 plovide sone insight concernlng che Epatlal
excenE of exEleDe plessure flucluatlons on che excelior surface of the mobile hohe. Of

particllar lDteresc are the largest lDsraDtaneous loads in?osed on tributary surface ar.a5

suppolced by sEluccural eleEenEs such as walt sEuds and roof trusses and on asseEbllo. .uch

as doors and elndous. The deglee to whlch Ehese loads can be approxlMted by plee8u!.s
neaslred at dlsclete pohc8 slthouc regald to the coherence of the pressule slgnal8 qlU,
of course, depend upon Ehe slze and shape of rhe tributary aiea as mencloned above and

upon Ehe naEure of Ehe plessule flucEuatlons Eyplfied by the tltue hlsEolles shosn !n

4l



rable 3 - Sinsle-Paint P,,esswe caeffl:ciento

No. P
scc-

P p

1-5

2-7

4-5

9-1

9-2
r0-4

36

39

43

R4

30

36

39

43

76

84

E5

R4

76

a4

85

R4

g2

R2

18

77

79

83

R8

R9

R10

R11

-0.08
0.51

0.65

0.73

0.19

0.57

o.7 5

-0.50

-r.34
-2. A5

-0.50
-o.24
-0.l0
-0.54

-2,42
-2.42
-0.43

0,54

0.67

0.65

-0.65

-0.73

-0.90

-t.52
-o -32

0.37

0.31

0.37

1 15

0.39

0.32

0.33

0,39

o,29

0.36

0,37

L.42

0. 49

0,20

o.2L

0.31

1.43

r.39
0.19

0.37

0.48

0.4r
0.35

0.31

0.40

0.71

0.15

4.94

6.O9

0.97

4.10

5.90

6.ZL

10.33

4.05

8.18

3,46

3.56

2.79

7.81

5.91

5.27

7.18

-3.37
3.74

5.74

5,O2

-1,56

-1 .t3
-5,99

-4.65
1.32

r.17
L.44

1.36

r,85
1.38

r.85
1.30

1.30

L,24

1.40

1.39

1.83

1.38

1.39

L.41

r.63
3,11

L.2A

2.O7

1.99

l.a?
2,56

2,94

3.O4

\.29

o,92

0,58
0.58

1.19

0.59

1.05

0.48
0.57

o.26

0.18

0.20

1.09

0.43

o.42

o -42

0,60

1,38

t,47
0.35

0,52

0.5r
0.51
I.12
1.IE
L.22

1.49

0.35

0.53

0.45

0.85

0.86

o.71

0.87

o.72

0.20
0.85
o.54



rohle 3 - sih.gle-Poiftt Presswe coefficneitu
(cdtlnu.d)

cc-p a p

10-5

10-6

10-7

57

61

63

64

69

70

7I
72

57

5l
63

64

69

70

7I
72

R8

R9

R10

R11

7A

72

R2

-0.80
-0.84
-o.92

-0.90
-1.01
-1.17

-L.45
r.58

-0.27
-r.01
-t.02
-r.03
-1.01
-0.87

-0.81
-0.73
-0.15
-0.17

-2.47

-0.95

-0.55
-o.12

-0.28

-2.56

o.41

0.50

0.59

o.58

0.60

0.12

0.85

1.13
0.22

1.05

0.65

0.80

0.83

0,7r
0.67

0,56

0.72

0.20

L.2A

0.95

0.51

0,35
0. t-0

0. r0
2.Zl

-4.74

-7.89
-6.56

-6.98
-5.O7

-5.38

2.34

-14.78
-7 .66

-5.13

-4.89

-5.76
-5.7 3

-7,34

-4.22
1.12

13.47

9 ,42

5.15

-3. A2

-3.71

0.96

0.90

0.95

0.86

0.53

0.55

o.47

0.59
o.21

0.53

0"47

0.52

0.46

0.35

0.40

0.59

0.68

0.40

2.21

1.41

!.25
1.13

0.40

0.42

2 -16

2 .71

2.59

2.41

2.18

2,30

2,28

2.10

2-22
2.98

2.32

r.87

1,85

1.69

r.80
2.32

z. 14

2. L9

4.10

3.24

3.29

2.7 4

2.66

0.55

0.70

0.71
0.61

0.56

0.82

0.87

0.81

0.94

o.92

o,61

0.65

0.71

o.74

o.72 0,79

0.55 0.71

0.20 0.55

0.58 0.81

t2-5



Iabl-e 1 - siflgle-Point heesu?e Coeffnctenta
(continued)

c-
P

c a

12-5 (coEt. )

t5-1

R3

R4

R5

R8

R9

R10

R11

fbo!
36

17

36

39

73

75

78

79

80

8L

a2

83

84

85

3

-0,88

-0.49
-0.40

-o.4?

-0.33
-o,21
-0,20

-o.21
-o.22
0.39

0.56

o.79

0,70

-0.50
-0.43

-o.41
-0.38
-0,37
-0.58

-0.55

-0.48
-0.4E

0.60

0.63

o.32

o.23

o.2l
0.50

0.15

0,12

0.10

0.11

0.09

0.36

0.38

0.35

0.3r
o.29

0.30

0.28

0.25

0.24

o.z4

o.29

o,27

o.26

0.25

o-42

o,42

L.62

L.92

r.93
2.18

1.r0
0.98

1. t5
1.15

0.34

1.00

0.54

0.45

o.47

o.11

0.2 3

o.49

0.36

o.26

o.25

o,46

o.33

0.36

0.38

0.84

0.69

-5.47

-6.25

-6.34

-11.56
-5.?O

-4.90

-5.95
2.50

4,29

4.32

4 -32

-r0.30
-3.79

-5.85
-4.03

-4.13
-4,37

-r0.09
-5.10

-4.95
-5.30

4.00

4,7 5

3.22

3.34

3.64

2,64

2.99

3.04

1.27

3.ZL

3.49

2. A1

2.00

2,00

2.2L

2.34

2,37

1.99

2.50

2.O9

2.10

2.44

2.71

2.13

2.OL

r.03
0.95

0.95

l. L5

1.02

1.00

0.58

0,48

0. E4

o.72

o.22 0.53

0.57 0,92

0.52 0.41

23-4



Idble 3 - single-Poitt Presswe coefficient,
(contlnued)

P
cc

23-4 (coat.) 5

14

15

t5

29

30

3t
32

49

50

51

52

51

14

79

R1

R2

R3

R5

R6

R8

R9

RIO

RI1

0.t,5

0,64

0,16

0.69

o.31

0.71

0.65

0.64

0.54

o.7 4

0.64

0,7 3

0.52

-0.55
-0.59

-2.43
-2.21
-t.24
-r.76
-2.71

-1.15

-2.50

-1.55
-1.25

-0.qr

0.40

0.39

0.39

0.33

0.33

0.16

0.34

o.z9

0.38

0,39

0.35

0.35

0.37

o. 29

0.22

0.93

0.91

0.50

0.71

0.96

0.55

1. E7

0.66

0.5 3

a.42

5.33

4.7r
4.18

4.10

4.36

4.37

4,6L

4.39

4.33

4.57

5.09

-3.84
-4.24
-3,69

-4.08

-9.31

-5.47
-3.94
-6.59

-6.10
-5.94

o.1a

o.57

o.47

0.52

0.94

0.55

0.51

0.49

0.68

0.50

0.46

0.5 7

0.82

0,34

1.56

1.40

1.5 3

r.09
r.06
1,40

1.48

1.20

1.30

t.23

2. tt
t.94
1.15

1.89

2.79

2,O4

L.92

2.LA

2.to
1.80

1.9 8

1.85

2.30

1.7 5

1.93

4.15

3.62

3.35

3.00

3.33

3.10

t.17
3.01

2.88

2.7 t

0.78 0.81

0.46 0.7 5

0.6E O.l1

0.70

0.71

o.7 7

0.85

o.l1
0.81

1.00 0.99

0.79 0.79



loble 3 - siflgl,e-Paint Pv$ou,e coefficnentu
(continued)

Ec
P

29-2

35-1

21

24

z6

27

za

29

30

31

32

33

34

35

35

37

36

39

R2

R3

R4

t5
R6

11

13

14

35

0.40

0.75

o,62

0,76

0.81

0.35

0.71

0.79

0.70

0-60

0.80

0.61

o.32

0.7 4

0.81
0.70

-L.12
-1.59
-2.06

-1.28
0.75

0.59

0. E0

o-77

0.33

0.39

0.38

0.38

0.35

0.34

0.38

0.36

0.3r
0.37

0.36

0.34

0.32

o,37

0.36

0.30

o.97

0,56

0.78

0.99

0.61

0.41

o.37

0.39

0.36

5.52

4.05

4.10

3.73

3.95

5.82

4.13

4.24

4.45

4.51

3.97

4.40

5.43

4.t6
4.22

4.84

-5.49

-3.09

-2.64
-4.77
5.t2
4.94

5.7L

4.50

0.83

0.40

0.51

0.32

0.35

0.79

o.45

0.36

o,41

0,59

0.39

0,38

0.16

0.38

0.33

o,4E

1.33

t.13
0.87

0.80

1.14

0.55

0.60

o.42

0.39

2.57

1.60

1.68

1.54

L.99

2.5L

1.86

1.61

2.O9

1.53

r.89
2.56

L-74

t.76
2,32

3.t2
2.46

2,36

2,28

2,63

1.83

2.04

1.7 7

1.80

0.80 0.79

0.58

0.57

0,78

0,91



?able 3 - single-Poi.nt Ptesau?e coefficienti
(cooEtnued)

apc
P p

35-I (coEt.) 36

37

38

39

41'

46

50

54

78

79

80

E1

Rl

R2

R3

R4

R5

R8

R9

RIO

RIl

o.32

0.55

0. 79

0.69

0.87

0.17

0.73

0.7I
-0.65

-0.61
-0.61
-0.64

-2.03
-1.89
-1.16
-1.60
-1.89

-2.5L
-r.56
-L.29

-0.93
-0.53

-0.55

0.34

o.20

0.38

0.33
0.54

0.42

o,46

o.44

o.25

o,23

o-23

o.23

0,95

0,90

0.50

0.70

0.96

t.92
0.50

0.56

0,43

o.21

o -22

6.50

4.42

4,79

4.35

4.9L
1.70

4.56

-6.63

-4,42

-4.O4

-1.L4

-4.69
-5.08
-6,49
-5.96
-4,76

-2.t3

2.O3

7.00

0.91

o,65

0.40

0.52

o.47

o.42

0.41

0,58

0,56

0.36

o.21

o.24

1.7 5

1.41

1.57

r.13
L,11

1.16

1.09

1,22

t.19
0.45

0.41

2.64

3.00

r.16

L.72

1.7I
1.53

L,7 4

t.94
1.54

L.79

L.A2

1,79

3.48

3.2L

2.45

3.17

1.9 3

2.Ll

3.55

2 -60

0.61

0.79

o.82

0.95

o,62

o, E9

o.91

0.94

1.08

o-74

Peak values exceeded range of recorde!

0.24

0.16

0,6r
o.52
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roble 4 - ttuLtiple-Potnt Pteagure caeffnciento

No. P
c t

PP

10-4

10-5
RE to RlI
7L,72

51,6Lt63,61,69,7O

57 ,6L t63,64
57 t61,54,59,7Q,7L,12
R2,R3

R2 to R6

&6 to RIl
29 ro 32

4,15,30,50,52,54

3,4 t5,14,r5,L6,29,3O, 3L,12

49 ,5O ,5L.52 ,54

Rr,R2,R5

82,R4,R5

R2 to R5

R8 to R].1

30,3Lt34t31,38

21,30,3t,3J,34,35,37, 38,1r
26 ro 44

R1,82,R5

R3, R4,R6

RL to R6

R1,R2

R1,R2,R5

R1 to R5

0.35

o.42

0.33

0,58

o.72

o.57

-0.95
-1.57
-0.94
-1.03
-0.E9

-1,71
-0.94

-0.25
0.60

0.68

o.6L

0,65

-2.27

-2.O5

-1.84
-1.55
0.82

0.81

o,74

-1.99

-\.37
-1.68

-1.96

-r,94
-1.71

0.35

0.89

0.51

0.82

0.65

l.13
0.48

O.II
0.3r
o.26

0.28

0.33

0.82

o,76

0.55

0.68

0.39

0,38

0.35

0,67

0.58

0.5E

0.87

0.82

0.67

-4.93
-4.21
-5.07

-4.52
-6.54
-1.75

-5,25
3,97

3.72

4.7L
(.18

-4.3t
-4.58
-4.8r
-3.43
3.99

4.03

4.ZL

-2,64

-1.49

-4.66

-1.76
-4.81

0.8r
0.50

o,37

0.29

0.22

2,43

3.O4

0,67

o.44

0.58

0.46

0.41

0.99

0.98

0.82

L.22

o.22

0.20

o.23

1,.O2

0,58

o.79

r.27
1.04

0.82

3.L2

2.43

2.3L

2.05

2.25

3,85

4.44

2.95

2.O5

2.20

1.93

1.90

3.57

3.42

3.36

3.35

L.15

1.38

l.5l
3.35

2.68

3.15

3.59

1.42

3.37

0.50

o.26

0.80

o-45

o.52

o,52

o,47

o.52

0.48
l.lE
t.o2
1.12

l.0l
0,64

0.41
0.39

o.52

0,42

0.36

o.72

ro-6

t2-5

21-4

29-2

35-r

0.55

0.83

0.68

0.71

o.l1
0.7 4

0.79

0.7 3

t.14
0.9 3

0.99

0.93

1,11

o,12

0.79

0.82

0.7 3

0.68



I.llch reaald co the Einduald ea11, rhe fol]oulng reducEions in the r.m.s. pressure

coefflclents and Ehe peak pressule flucEuatlons uere detetuined by compario8 results of

che oulc1ple-polnt aBlysi6 (see Table 4) !1!h average value6 based oo che single-Point
resuLts Presetrted ln Table 3.

gcc

Gt2) (lercenE leducEion) (pereent reductlon)

23-4

29-2

29 ro 32

4,15,30,50,52,54

49,5O,5t,52,54

10,3r.,34,37,3E

21,30,31,33,34,35,37,34,4),

10

t20
30

L3

2t/

50

6

32

11

0

3

E

16

IE

3

5

9

The areas 1lsted above are soheuhat subjectlve, lt being assuded that continuous sErlps

be represenEed by Ehe plesEure t6p8 located qithin tho6e sErips or zones as,

for exemple, 1n che case of rhe second cooblnatlon for Record No. 23-4 {he!e che alea

lepresenEs e conElnuous strlp 60 fE (18.3 f) 1on8 and 2 fr (0.61 m) 1de. It ls clea! that
only when lhe Er!trsducer array becomes Llne-11ke 1n 6hape aod is of appleclab1e length do

Ehe lndlvldual pressule neasureoenEs slgnlflc6ntly overesEltuate Ehe Mxloum loads acting on

trlbulaly aleas. In Ehe c.se of Record No, 29-2, indlvldual oeasurerents overestlMte che

r.n.s. plessuie coefficienE and the Mxlrum load fluctuaEion on the 50-fE2 (4.0-m2) atea "t
regula! shape by tess Ehan 10 percent. Shce the plessure flucruatlons on rhe ulndward

ua11 are due p!l@!11y to the 1ong1rud1nal coEponent of the incidenE curbulence, strongly
coherent plegsure fluctuations are Eo be expecred over tllbutary aleas ,hose dloetrslons are

soal1 coopared to Ehe scale of Ehe turbulence.

For Ehe c.se of end p.1ls ulEh Ehe ulnd approxtMtely norMl to che axls of the nobrle
hore, flou Beparatlon occuls aE the qlndsar<l corne! and the natule of rhe plessure fluctu-
.t1ons 1s Eore coEplex than ls ttie case fo! 6 elndeEld waU. Referllng to Record No3. 10-5

6nd 10-6, the fol.loehs leductlons Eele dete!61ned for the lndicated t!1bur.!y a!es6.

" 
BC.

Becord Tap cooblnatlor Aree Po 'o
No. (tr2) (Dercent reductlon) (DercenE reductlon)

10-5 5

16

11

t9

11

l2
8

17

32

1

t2

1o-6

1L,12

51 ,6r,63,64,69,10
57 ,61,,63,64

57 .61,64.69,lO.11,72
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Ahtle the true naxlD@ pressure fluctuatlon fo! Ehe ft!6t ta! coEbinaElon of Reeord

No. l0-5 eannor t'e deterDlned because the ranSe of che lecorde! Eas exceededt lt i6 obvlous

rhat the reducElon6 ln boEh ahe r.D.s coefflclenrs and the mxlEu 1oad6 are Eole pronounced

fo! streeuiee surf6cee than fo! ourf6ces notul to the f1ow. Itoqeve!, Ehe reglon of
extrere negsrlve oean snd fluctuetlng pressure8 (ta? 72, Record No. 10-5) 1s of vely thiEed
extenl snd Ehe coefflclentB b6sed on cdbined lecoldg (Table 4) ale Bufficlent for calculathg
loads actlDA over the entire end EeU. As polnred out previously, the relatlve rlnd dlrectlon
slgniflcantly lnfluence8 the Eagnltude of surface ptessures 1n realons of separated flow.
In the ca6e of Recolil Nos. 10-5 snd 1G.6, lt appeals ttEl the flow ove! the end wa116 i6
fully separated slth the posslblllEy of leatE6chrent occurriog lust at the ala1llrg edSe of
the end sall for B.ecold No. 10-6.

ReEerl1nt Eo Flgule 5.E and 5.9, Ehe @tnltude of Ehe nean o! stesdy corporenc of rhe

ples8ure scElng on the roof changes vely rapldly near the leadlng edge, Th13 13 also crue

of the fluctuatlng coEponeDt aa caE be 3een froo the result6 presented 1a lab]e 3. Coopaled

sLrh avela8e va1ue8 of rhe sin81e-poinr !e6ulr3 ln T6ble 3, the follorlnS reducllons are

obrained for the !,o.8. pleEaule coefflclentB and the pesk plessule fluccuaciotrB {hen based

on coDblned records (5ee rable 4).

c
Tap CoDblEtloo Area Po

(ft2) (percenE reducEton)

ec

(pelcent reductlon)

10-4

t2-5

23-4

29-2

35-1

R8 to Rll
R2,R3

R2 to R6

R8 to R1I

Rl,R2,R5

R2, R4, R5

R2 to R5

E8 to Rl1

Rl,R2,R5

R3,R4,86

Rl to R6

R1, R2

R],R2,R5

Rl to R5

l6
20

50

l6
30

30

40

15

30

30

60

20

30

50

26

53

8

t2

13

16

35

29

t2
29

6

13

18

34

2?

3

11

23

33

9

l0
t4
24

A3 expected, esEl@aes of boEh the r.E.B. plesgure coefflctenEs and the pesk tluclu-
atlon6 obtalned floD coDbined lecolds 6re slgnlflc.rtly Less than the evelaged values
obtalned froE the single-point enalyst. Thj.6 1s parrlcularly rrue uhele che trlburaly
area lncludes pressule tapa locet.d a1on8 the 1ead1n8 edge ss weU 6s raps nee! rhe o1dd1e

of the roof. On the othe! h.nd, tho8e corblmtlons that lnclude taps locared only along
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Ehe leedlng edge o! only reU back froE Ehe leadlng edae exhlblL subsLantlal-Ly smaller

reductlons foi corblled records. FIou over Ehe roof cleally lnvolves two reglonsl
(1) a narroo strlp atons the leedtng edge uhere extrdely loE oeen plessules ald strong

negallve-8oha flucEustlons occu! snd (2) lhe leMlnde! of the loof whele the mean pressure

lnclea6e6 and the dpLlluiles of the pressule fluctuatlons decrease towaid che Eraillng edge.

lecause loca] failules oE the loof reoblene caD lead to coEplete fallure of Ehe roof sysEen,

special rErentlon ousE be glven Eo the o@brane and fastenerE alonB che perlmeter of che

5.4 .D!4e__4EtLIi!l!_!.se!iLS&!C - DaEa reducclon and analysis Eechniques prevlously

desc!1bed fo! presEure measurmerts uere also applied to Ehe Elhe hisrorles of drag and

l1fE leacElons. Boch slngle and coEbltred records eere leduced Eo oean and flucEuatin8
coEponents and dlsrrlbutlons of the flucEuatton @llttudes pere described in teros of Lhe

lJe1bu1l .oefflclents dlscussed ln Sectlon 5.3.

As oentloned 1n Sectlon 1.3, ualplng of the noblle hoDe supergtrucEure qlEh changes

1n teopelatule and hunldlty caused 6hlfts 1n the outpur Elgnals of the losEluented force

11nk6 that were difflcult co dlstlngulsh floE oind effects. A1ao, lotatlon of Ehe hob11e

hoEe and supporE fraEe Eo alter che relaElve ulnd direclion lntroduced s19ft1 offseEs

Ehat could only be evaluaEed under relaElvely calh rlnd conditlons. Thls ras not a

se!1ouE probleD tn evaluatine totel drag respon6e sioee aU fou! horizooEal force tinks
sere opeleced conElauousLy ilurlna the sEudy. !o! the vertlcal foice o! 11ft Eeaslrements,

houever, these lnduced offsets could nor alrays be evaluated or ellEinated slnce diftlcuLcies
ulth sta!111ty 1n soEe of the daca ciannels did noc auoe the slnuLtaneous Ee.suleoent of
folces 1n a1] elght force llnks, The ne.n o! sleady coDponents eould lhus be eEtituated

elth confldence ody fo! Ehose ca6es wheie Ehe oobl1e hooe sas not lotated between lnlr1al
and flnal readlnas obtatned unde! calo condltlons. These plobleDs qith the evaluaclon of

force-11nk off8ecs dld not affect the evaluEtlon of the fluccuatlna conponenEs of IlfD
and diag lesponse, hovever. In rhe fo11oE1n8 dlscusslon, the nuDbelttrg sysceE in llgure 2.5

1s used to ldenllfy the force 1l,nks.

A ryplcal Epectlal density functlon for rhe dlag force fluctuaElons neasured aE Ehe

foftald found.tlon as6@bly Is shoE 1n F1au.e 5.10, The saEe cooldlMEes as descrlbed

1n sectlon 5.2 h6ve been used ulth foEce replaclng lressure a6 the the-dependenE varlable.
Most of Ehe contrltiutlon to the total Dessured va!1ance 1B a6soct6ted wlth frequencles of
less thafl 0.6 Ez qith 6 spectla1 pe.k aE applox1Ete1y 0.03 Hz. Ihere ls anoEhe! peek

centered ac 3,6 Hz ullch represent8 the contribution of the reson6nt lesponse of the forsard
portloo of the Eobile hoDe. As pointed out lD Ehe dlscuBsloo of ple8sule flucEuatlons, the

alea assoclared elth a frequency lDcr@ent An 1s proporclonal to that frectlon of the

varl.nce conlllbuEed by frequercies over the sare lncrerenE. Fo! che ploEEed specEru Ehe

re6onanE corponenE aDounts to less tha! I pelcenE of the total verlance and Lhe assmption
of a quasl-scaElc response to rlnd flucEsaElons ls reasomble, Al hlghe! ,lnd speeds the
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area of the loq-frequency poltion of Ehe speclruo ulll be preselved, buc the frequencles

{111 increase 1n dlrecE proporEiotr !o the oean speed. For a baslc pind speed of 90 oph

(10.2 o/s) (6ee secElon 6.1) Ehe correspondiry Bpeed ac che reference helghL of 10.8 rE

(3.3 r) ard averaged over the s@e record 1en8!h of 300 seconds as uas used for Rec. No.

8-2 uould be spploxlEately 63 E?h (28.2 o/s). Slnce the refeteDce slnd speed (see Table 1)

uas 17.1 mph (/.7 o/s), the fEequencles eould be Eultlplled by a facto! of 3.6. rhus,

for che as6uEed baslc eind sleed of 90 Eph, the eDer8y-contalning frequency range eould

s8111 be uel1 below the filst-node Mtural flequeDcy of 3,6 ltz and Ehe reso.anE componenE

of leBponse eould not be slgnlflcanE.

as wlth the pressure coelflclenEs, che d!69 and llft coefficients ale deflned 1n

EerEs ot s dynarlc piessule aE Ehe leference heltht h = 3.3 n and have the form

Fd

t/2 a"l'lA
(r5)

(16)oa

l/2 ou3'3A

phere !d and od denoEe che Deatr and scandeld devlation of the dlag folce and A ls the

prolection on a vertlcal ptane oI the ho!11e hoEe area served by a given horizontaL force
I1nk. Slh11a! noEaclotr and expresslons epply to Ehe 11ft forces. It should be noted

here that the plolecEed aleas for dlag lolces leflect the plesence o! alsence of sk1!t1Dg

at rhe bortoD of rhe robtle ho.e.

DraS coefflcleqtE based on lndividuaL and cmbhed tlte hlstories are presented ln
Tables 5 and 6r respecEively, fo! lecolds oblalned Flth the Flnd directloD approxlmarely

nor@I co rhe longlEudlnal axls of che DobUe hooe. Also ltrcluded foi certaln records are

the Ulelbull eoefflclerEs detetu1tred froD plots of .he probablltEy dlstrlburion fun.tions.
Llfr coefftclents ale plesenEed 1n Table 7.

the Dean dlag coefflclerts, %, for the c@blned records usEed ltr Table 5 exhlblc
consldelahIe 6cette!. ilowever, the tesE reaulE8 do sutaest a lalge! mean dlag coefflclent
fo! the unskllEed conflguratlon and thtB tB ln agleeoent wtEh the reatr plesBure coefflclencs
plocted 1n llture8 5.8 and 5.9, Neglecrlng €nd effeccs, the6e plot6 BugSest thst the Eeen

dr6g coefflclenc foi rhe unskllred conflSulatlon iE apploxl@te1y 1.2 tloe8 rhar for the

skl.ted confltulatlon. Thls 6ane !at1o lo! the 6ve!age6 of the nean d.sg coefflclent6 of
Ta!1e 6 1B 1.24. ReDoval of the EklrElng results 1n 6Iarge! aspect letlo and a 1alger
d!6g coefflclenE ls, lherefole, to be spected.

orag and 1lft coelficlenEs have been Eeasuled by Hafii6 [17] Elng 1:16 scale Eodels

of Eobile hoDes placed in a uind tunnel havlnt a unlfom flow viEh 1@ lntenslty of tur-
bulence. Fo! Ehe unsklrted conflgulatlon, Eesn draS coefflcieDts of 1.22 and 1.23 Eere
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?able 5 - IfldioLA,al Dtag caefficiata

No.
cd

P
g

6-6

8-2

8-5

9-1

9-3

9

10

11

t2
a

r0

11

t2

0.85

0.93

0.94

o.97

r.03
1.13

0.94

0.79

0.93

r.05
0.80

0.67

L.21

I.14
0.95

0.93

r.59
1.48

r.06
1.05

1.46

L.43

0.85

1.05

o,94

0.70

6.88

4.75

7.r8
5.61

3.92

3.74

4,2L

10.18

4.95

5.35

5-14

9.20

5.53

4.52

4.56

4.74

1.t2
6.30

7.53

4.32

1.26

4.40

4.02

5.47

5.06

0,83

o.7L
0.65

o.6t
2.II
3.53

1.21

3.24

1.71

2. BO

2.44

2.43

L.62

2.7 a

2.54

2.7 L

2. r0
3.ZO

2.65

2.56

).,91

1.L2

2.85

2.86

0.55

0.56

0.29

o.L2

o.22

o.29

o.23

0.1r
0.13

0, 16

0.41

0. 19

o.29

0.36
0.54

o.20

o.25

0.33

0.36

o. 18

o.27

o.31

0.41

0.18

o.24

0.32

0.35

0.14

0.25

0.21
0.19

0.t1
0.4I
o.16

0.54

0,39

o,27

0.35

0.35

o.23

o.24
0.40

0.33

o.32

0.59

0.58

0.45

0.41

0.38

o.26
0.41

0.35

0.14

0.14

0,40

0.64

o,44
o.79

o.42

0.56

0.81

o.62

0. E6

o.7 3

0.20
0.18

0.21

0.22

0.35

0.13

o -34

o.26

0,54

0.55

0.55

0.53

0.66

0.46

o.7L

0.51

9

IO

Lr
t2

9

10

II
t2

10

1I
12

9

9

l0
1I
12

915-r
l0



rable 5 - Ir,aitihnl Dvas coefficieftts
(cootirued)

No.
c; ca

P

15-1 (cont. )

23-4

29-2

l5-1

0.5 7

o.46

0.36
0.37

0.21

o,22

O.IE

o,23

o.67

0.65

0,67

0.54

0,58

0,58

o.64

II
12

9

10

11

L2

9

lo
I1
t2

9

10

l1
'L2

1.08

0.69

0.95

o.67

1.13

0.65

1,50

o.62

1, t6
0. E3

0.8r
0,98

0.90

0.15

o.2t
0.30

0.14

0.18

0.27

0.43

0.19

0.20

o.21

0.38

0.17

o.24
0.35

3.94

4.51

3.86

4.29

5.57

3.93

3.57

3.7L

3.90

5.90

4.53
q.z9

4.5:1

0.18

0.16

0.45

0.45

0.17

0.43

0,31

o.42

0.60

0.56

0.34

0.39
0.30

o.51

0.56

2.42

2.94

3.11

2.65

1.87

3.25

3.38

3.04

L.A7

2.51

2.49



Iable 6 - codbined Dras coeffi.ciento

Na.

ac.
P

6-5

a-2

8-5

9-l

9-2

23-4

29-2

9,10,Il,12 o,92

1.03

0,86

1,07

L.29

0.85

1.05

0. 19

0. 16

0.29

o.2a

0,27

0.19

o.24

5,96

3.54

5.09

7.O9

5,24

3,4r

l.7r

o.2a

0.22

0.2r

o.25

0.36

o.27

o.35

t.44

2.7 4

2.70

2.40

2.7 L

2.59

2.43

0.37

0.57

0.54

0.55

o.12

0.40

0.65

0.68

0.10

0.28

0.38

o.21



rable ? - L1:,ft caefficnen*

'( P
er ta

a-2

8-5

9-r

9-2

21-4

29-2

0.83
0.89

0.86

1..03

0.9r
o.91

3.54

3.81

3.79

4.18

\5.20
9.7L

5.59

4.81

5.30

4,15

1.63

4.69

6.32

3.90

5.04

4.40

1.45

4.30

0.48

0.30

0.38

0.42

0,33

0.31

0.40

0,2?

0.35

0.7r
0.48

0,68

0.51

0.42

o,67

o.32

0.54

2.93

3.15

3.00

2.8L

2.94

2.79

2.92

2.65

2.71

3.75

2,94

3.30

3.10

3.28

3.04

3.35

3.20

3.l0

o.47

0.41

0.30

o.25

o.27

0.28

0.20

0.39

0.20

o,3z
o.64

o.26

0.50

0.64

0,55

0.37

0.45

0.3r

0.70
o.64

0.59

0.68

o.64

o.16

o.52

o.62

0,50

0,70

o.7 5

0.59

0.71

o,76

o.77

0.59

o.67

0.65

t,2
5,5

L,2t5,6
L,2

5,6

1,2,5,5

5,5
L,2,5,6
L,2

5,6

1,2,5,6
t,2
5,6

\,2,5,6
L,Z

5,5

\,2,5,6

0.21
o.22

0. 19

0.33

o.2E

0,28

0.38

o.27

o,26

0. r8

0.19

0.19

0.19

o.t7
o.2t
0, 18

0.16



obtalned for proEoE)?e lenBths of 50 and 60 ft (15.24 and 1E.29 E), respecclvelyr eith the

ulnd norDal to rhe longitudlnal axl8 of the dodeI. The sldEh of rhe Eodel corre6?onded

ro a prororype rldrh of 10 ft (3.05 E). l/1rh sklrrlns 1n6talLed, a mean draB coefficienr
of 1.31 u6s obtalned for the 50-ft plolotype length. Eouever, since che surface area on

uhtch cheBe coefficiertB 6re b6Beil doe. rct lnclude the 6rea of the EkLrtint, Ehe actual

d!6t coefftcleEc fo! Ehe skilted conflturation would be approxlEately 1.05. Thus the

rrendg obBerved 1n rhe wlnd tunnel $lch unlfolm flov 6re In 1lne wlth the fu11-sca1e

Eea6urerentg of dlag forces 1n the atEoBpherlc boufldsiy 1ayer.

Hallis 61so measuled lift forces and calculated 11ft coefflclents !o! several retaElve

,lEd dlrectlons. Fo! the Dodel of a 50-fE ploEoEype qlthout 6klrtlnt, a o41Eu l1ft
coefflclent of 0,62 ras obtsined elth the wLnd al 45 degrees co Ehe lotgltodlnal ax16.

t,Ilrh the eln<l not@I to the longlEudlnal axls, the 11Et coefflclent sas 0.13. HlEh 6k1rc1n8

lnslal1ed, the lift coefflcleEts fo! Ehe6e sale lelatlve wlnd directions Dele 0.89 ard

0.78. Alrhouth sulrsce pressuleB are noc dlscussed In Ref. 17, the 11ft coefflclents fo!
wlnd notMl to the lousltudlnsl axIB of the mdet EuSgest a ehange of 0.13 - 0.78 = -0.55
In the average plesBure coefficlent on the underslde of the model {lch r@oval of the

sk1rl1n8.

The Eeen 11fr coefflcients rn fuLl ecale could be deternlned ulth sone cof,fldence

fo! only trc lecords ss 1s lodlcated 1n Table 7, 6ldrt1ry belng atteched ln toth cases and

the De6n lift coefflclent avelegln8 0,92. ReferriDg a8aln to the oean pressure coefflclents
plorted tn Elgules 5.8 and 5.9 and notlng the floor pressure coefflclent8 1lsEed ln
Table I, De.n 11fE coefflcleuEs of 1.05 atrd 0.80 are obEained for lhe sklrted and unsklrted
conflgulaElons, lespectlvely. theae ale only lough estl@tedr 1t belnt assuEed thar che

preE.ules sctlng on the uDderslde of the Eoblle hoDe (Eeasured 6t the centerune) are

unlforE 6c!o86 th€ eldth of the hoee and that end eEfect8 are neg]iSlb]e. Tlte chatr8e ln
the Dean llessure coefflclent on the unde!61de of the noblle hone (6ee Table 3) slEtr

Eehoval of Ehe skirElog 1s 0.22 - o.53 - -0.11, approxlEacely hau rhsr obselved in che

tudel Btudles cooducted by E!!riB. Ehl1e sklrEiry alpalent1y has e plorounced effect on the

oean llft coefflcl@t 1u unlfo@ floes, thi8 is trot the c6se 1n the atDospherlc boundaly

5.5 Structur.l DaEDhs - Record InAa of acceleratlons unde! Etlont ulnd condltiong afforded

sn oppolrunlcy to obtaln eBElDateE of the coublned 6tructural daEplnS of the Eob11e hohe

sulelstructule and the foundetlon 6y.t@. Tvo Dethod6 Eere used ln rhe 6naly51s; the rendm

decleEenc o! rechnl.que [I8, 19], ad the sutocotelaElon technlque. The detalls
of the AnalyBts and the test le8ult6 have been leported by YaDg t20l snd only s sutrfuly of the
procedure 6Ed ty?ical !$ult8 Bre pleEented helein. In the landoEdec techniquet estl@teg
of the daEplnA latlo ale ohtailed frd Ehe decay of e glgnature resulEtng froo the averaAln8

of a large Euobei of 6eguencs of lhe sccele!.tlon tlue h16ro!y, rhe lnlrlsl polnt of the

segr! ncs colresPondlEg to consecuElve crosslngs (rlth boEh posltlve or negaclve srole) of
6ooe 6peclf1ed auplltude. The uln advanEAges of the lardoodec lechnlque ove! Ehe c@only-
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osed autocorrelatlon Eechrlque are a frxed e?1ltode of slgnature and a slanaElre ,hlch has

the 6aEe dlbenslons as Ehe orlgl.el tlEe hlstory slnce no nultlpllcatlons are 1f,vo1ved. the
flxed a&lutude fe6tule stablllzes lhe fom of the ditnature fo! non11ne6! varlaElons of
daEptrg {iEh aEplltude and stDple 3u@aclon6 le?lace 6@tlonE of tlEe-Iagged lloducts.

A Eyplcal rendoodec sisnature ls shoh 1n Flgure 5.1r(a) and 1s ba6ed on rhe acceleratlon
ElEe hlstoly obtalned wiEh skirtlng 1nsBl1ed on rhe Dobl.Ie hone ard wlch che accelerobere!

mounted as desc!1led in Sectlon 3.4. The Dean slnd speed at the reference helBhr of 1.3 m

uas 22.5 uph (10.1 E/s) and the relatlve e1trd dlrecElon ranaed flon 265 to 270 destees.

Thus, the slnd uas bloslng nea!1y face-on co Ehe IefE slde of che mblle hone 6Dd rhe notile
h@e supelsclucture sas les?ondlna 1n Ehe holizont.l bendlrS and racklng modee, The auEo-

collelation functlon and the spectral denslty functlon fo! Ehe see acceleratlon EiDe hisrory
aEe shom 1n Flgure 5.U(b) and (c), re6pectlvely. lrlrh refelence to Elsure 5.11(c), Ehe

?redonlEnE peak ln Ehe spect!@ 1s cenleled aE approxlMtely 4.3ltz w1!h a second well-deflned
peak at ap?roxlhEtely 9 Hz. There 1B no stgnlflcanr conEriluElor above 15 Hz.

Ihe s@pllng l6te for the randoEdec ana1ys16 wa6 66.7 s&ples pe! 5econd and the

record lergch sa3 approx1b.tely 300 seconds. Aa aEplltude of 1.50 o was selected fo! uhich

Ehele occulled 756 segoents ln the record and Ehe cuE-off frequeEy was 7,E Hz. The resutrs
of the ana]ysls 6!e tlven In Table 8.

The duplna latlo esti@tes obtalned !y Ehe randohdec cechnlque

than cho6e obtalned flor the autocollelatlon fuctlon shlch is Eo be

lcs "flaed aoplltude" feature. The sutocotlelatloo functioo, on the

the eltlre clDe hl8tory and 1s therefole Dole geDsltlve to noDllDesr

ale mole consiEtenr

exPected because of

other hand, lncorloraEes

dmpln8 and cross products
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Thls chaptet de6cr1be6 the cllterlt, a6BuPtlons ed ProeeduEes used to estab1lsh

6pprop!1.te €tltlc loadB fo! the deBlF of @bl1e hoEe8 and thelr anchollog sydt@s to
reslsE !l.nd folces. thele dcBlgE losile lre 1!t8e1y based on lhe lest le8ults Presenred and

dtdcussed h Sectlon 5 aDd lepreBent the lver.ge Dshu loa& Ukely to occur tor the 6tated

6. R.ECOHMENDED DESIGN I.]INID LOADS

ecrlon 280.305 of the currenE versLon of Ehe federal l'{oblle HoDe

6.2 Delltn llbd SDe€ds - In calculettn g d1@n6lonle6s plessule, dra8 lEd llfc coefflclent6

CoEstructloE and Slfety stddardB (DeceDbe!, 1975) 3pec1f1es des18E klnd loade for a "stedsld
wind zonerr6nd errEurllcane wind zone." Appto;tuate1y, lhese zones ale deflned by the 80 nph

lsotlch for ! so-ye!! Eean lecurreEce lDterval .s plesented in Ref. 14. IEp11c1t 1n the sPec-

lfled de61tn loads for the t{o zo@s .re b!s1c ulnd speed6 of 70 lEd 90 Eph (31 and 40 o/s)

b.sed oo the "f.Btest E1le of vlndl at 30 ft (9.r5 o) above sround 1n opo te!!.1D.
Thus, rhere are Eub6tlErte1 portions of elch zoEe for shlch the b!e1c alnd sPeede ale

exce6deil by the "[!prrv6lues of Ref, 14. The rlnd speed dtstllbutlons 6Pec1f1ed 1E Ref. 14

!!e cullently under E414 .ad the zone deelSuttons .nd baBlc ulnd dPeeds of 70 eEd 90 uPh

qilL conrlrue Eo be uBed tn th. lDte!tu. However, 1t 1s iEtortant to note that the6e rlnd
speedg llply lnterv!1 of lpploxli.ltely 30 yes!6 fo! portlono of the c$o

lE Sectlon 5, the i0e!n wlEd Bpeed !t a flxed lefelence helght w.B wed to detemlne a

treeocre.D ily@1c prelsure. ThlB leference hel8ht 1s u8ueLly taken as the he18ht of the

bulltllng or 6tluctute for conveDieDce ,r lpeclfylDa pre66ure and force coefflcleEt6 for
butldlnts of varlous aspect rltlos. Eor a rlnl!@ c1e.lance of 1 ft (0.3I D) beEqeen che

BrouEd 6ulface .nd the Eobile hoDe undeEflee .s Bpeclfled 1D Ref. 21, a 6utE6ble leference

helght eould be 9.5 ft (2.90 E). All other condiElons belog equal, the DeaE ulad 6peed at
Ehls heltht vU1 be 1e6s thaE th.t at the 30 ft lefelence hetght used h Ref. 14' cte

leductlon depeEdlry upoD the average rerrlln loughne88 at the slte. Uslng the poser 1ae

representltion of the De.n veloclty protlle .Ed 6e1ect1ng 5! exPonent of 0.17 33 belng

represdtatlve o! . Doder.tely opeu erEo.urer rhe IoLlouing lel.tloMhtP betseeo ElEd sPeed

.t rhe BtaEdard relereEce helghl of 30 ft (9,15 i) and at the leference helght of 9.5 fc
(2.90 E) 1s obtalned.

u9. s 9.5
30 f

t7
(17)

30

= 0.82

rhe cholce of avelaglnt tlDe Is .@hat.rhitr!ry, but 1t Bhould be long enough to leflect
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the effeets of l-ow-frequency cobporenEs of EurbuleDce aenerated by lhe tellain rouAhnes6

and short enough so chat a leasonably statlomly the history flee of 61gnlflcanE Erends

wlU be obEained. Experlence haE shoh that ave!6Alna the6 of flon 15 to 30 nlnuEes

genela11y satlsfy the6e requlreDents and a tlEe lnterval oI 1000 seconds v111 be used hele

To le1ate the fasresE ntte Epeeds to €peeds averaged over 1000 seconds, leferenee is
Eade to data obEained by Durst [22] ltr stroog w1nd6 over fIat, uno!6Eructed telrain. A

plot based on Dulstrs results and whlch Alves the ratlo of the average ptobabte naxtuun

,ud speed Eo the tuean hourly speed for a cerraln roughness tn 1ltre wlth Ehe exponenl of

0.r/ has beetr plesenred by vellozzl and cohen [23] and 1s reproduced in lisule 6.1 Fasrest

n1le speeds of 70 and 90 Dph colleslond to avetaalne ttues of 51 and 40 Eecond6, respectively
The colrespondlng 6!eed rattoE foi an everaSlng clue of 1000 second€ are

"(rooo) = 0.80

"(r.o)

"(51)

(r8)

(19)

(20)

"(rooo) _ " ..

Taklng 0.81 as.n average ratlo, the design rlrd speed at the leference helght oI h =

9.5 fE (2.90 E) and avera8ed ove! a pe!1od o! 1000 seconds 1s relaced to Ehe IasEesE mile
baslc rlnd Epeed ty the folloqins aplesslon.

(0.82) (0.81) ul'i{

The colle6poodlnE nea! dFelc relelence p.eBsure for slaDdard alooEpheric condlElons ls

qh=1/2p -2 (21)

- 0.0011

= 0.56

2urll

,lth qh exp!4sed ln psf ard \u in rph.

6.3 Selectlon oI leak lactors - To obtaln pres6ures o! Iolces fo! deslen pu?oses, reference

is rade Eo the dlmensionle€s coelflcletrEs dlscu66ed ttr Sectlon 5. Fo! the lecold lenBths

used 1n chts sEudy, the coelltclents based otr lhe rean6 atrd standald devlaElons can le
as8ured co be lndepenilent oI averaglnA rlee and the dete@lBElon of de618n value€ Ehus

hvolves Ehe selection of apptoprlaEe pe.k fsctoi6, g. Takhg 6urface pressure as an

example, Ehe deslgn value 1s
61
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p - q. c. (22)

(23)

,lth g correBpondlng to the average @xio@ v!1ue of che peak factor occurlng 1n a rloe
hterval of 1000 seconds. lroo slollarlty algEentg tt catr be readlly shom chat rhe probabl-

11ty of the peak flctor exceedlns soEe value. X. Is

-0. (c-+cc )

P(>x) 3.3
560 n

shele u3.3 1B the oeasured ne.n reference vlnd speed and no Is lhe avelage upcrosslnS rate
obralned frob Ehe analysl.s of peak values. flavlng esralllshed ?(>x), rhe value of I 1s

obralned floo the plot of the probablllty dlstllbuEion function. IE is ass@ed 1n Eq. 23

rhrt the upclos81ng rEte Bc6I4 d1lectly wlth the lefeleoce vlnd speed, 1.e.,

(24)

5.4 lnterEl and ExtelM1 PredsureE - Hrv1n8 e6t.bu6hed a plocedure fo! selectj.na rhe

H/, 1E/,
Th16 only lequlles th.t the ch6rlcrellEtlc lentth scales fo! the two vlnd speed6 be equal

and thet the f1o! plocesB be lndependeEt of the Reynolds rute!. Expelloenra1 lesults
obtalned fr@ studleo on blutf bodles 1n both @de1 snd fu11 sc6le suppolt the6e ass@pclo!6

To llluEtrate the effect of svelatlnA tl@ on the average @xiE@ fluctuatlnS cohponenE

of plessule o! Io.d, pe* factors have beeE calculated fo! two values of the lacio;t.3/no
and fo! .veraalry tlees lrnglna froE 3 EecoDds to I hr. A bssic aind speed of 90 Eph sas

a36ued lnd the llelbuU coefflclerEs c = 0,7 lDd k = 0.E eere u6ed to obtaln rhe valoes of
a, The lesulrs lre plorEed in Flsule 6.2 as ! laElo of rt.l it.l ." 

"6oool 
i?tooo) .h."h

lepresents the change 1n the p€lk vllue of the fluctuting cmpotredt ulrh aver68lng E1oe.

rhe v.1ue5 of the laclo u/n-and the Uelbull coefflcl@ts .re typlc.l of the values obrelned

1o thia atudy. It 1B seen froo llgule 6.2 ttua the ]tql!@ ch.nae is less th6n 10 percenE

fo, !ve!!81n9 tlEea t&alna froo 100 lo 1000 seconds.

peak facto!, Eh€ ple86ure coefflclentE preoented io Tables 3 end 4 can be used co

olt.1n the rvellte EdiEu (o! DlnlEtn) pre..ure coefElcienrs .Bsocllted slth ! t1@
1nter.I of 1000 secord6. Itr cllculltlag rhe llesoures c.bul.red 1n rht6 6ecrlon and

the d!e8 and llft force8 pre.ent€d in the folldint sectlon, the dynAolc leference
p!$Bure deflned by Eq. 21 has been u6ed. Slnsle-poinr and EultlpLe-polnt !!essu!e
coefflclents (see 6ec, 5.3) ale 1i€ted tn Idlee 9.n<l IO, le6pectlve1y, fo! blElc uind speedE

of 70 and 90 oph. Note th.t the pelk fsccols lncre!6e sllghcty ulrh w1trd speed tecause of rhe

1!!8e! n@ber of upclosolngs occurrlng 1n a tlven rioe lntelval. Ihe peak departuleg
floo Ehe DeaE have been estioated for the crltlcal cases, i.e., posltlve-AolnE v.lues for
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Tabl.e 9 - Aperuge Mdz,irw single-Point Fae$,"e coeffieie ts

ufl{ = 90 DPh

I
"o

LO-4

10-5

r0-6
10-7

12-5

18

79

R11

5?

6t
64

1L

R9

70

72

19

83

30

l4

$
19

L
lr
I

0.80

0.55

0.19

0.80

Q.28

0.30

o,32

o,58

1.01

0.70
0.21

\.2
1,2

t,4
1.0

r.1
0.83

r.35
0.33

0.43

0, 3a

na
a,I
at

-5.3
1,1

-8,I
8.0

-10.5
-11. r
-9.5
-9.2
6.5

6,7

-4.8
-4.5

-4,7
-5.6

8.E

-5.9
-r0.2
-10.1
-8.1
1.6

-t.t

-L.44
4.37

-7.17
0.88

-5.7 A

-6,39

-6.41
-9.27
1.LE

r,17

-8.45

-0.80
-o.73
0.46

-L,65

-2,06
3.88

-r1.5
-11.9

-5,|n
r.4t

P(>x)
x I03

0.53

0.43

0.15

0,53

o.22

0,24

0.25

0.45

0.79

o,54

0.17

0.95

0.91

1.12

0.80

0.87

0.65

1.05

0.25

0.34

0. t0
o.I
.I
ri,li

-5,4
E.1

8.4

-10.9

-LL,1

-10.0

7.2

7,O

-7.8
-5.0

8.0

-5.0

9.1

-5.1
-10.7
-10.5
-1,4
ta.a
{J
.J.a

-1.46
4.56

-8.05
0.94

-5.92

-5 -69

-6.10
-9.70

1.31

L.23

-8.93
-0.82

-o.15
0.50

-1.12

-2.L4
3.99

-11.9

-L2 .3

-1 ,t
a.f

4,,
{.t,

15-1

23-4

i1

= 70 Eph

s
x 103
r(>x c^

t)-2
!-1

{.-



Record PE6aure T.p

labl.e 9 - Aoe?age ttaE,nun si gl,e-Point tueas1.d,e Coeflicients
(coEtraEd)

P(>x)
r 103

-90ryh
I

"o

35-1 (cont,) R3

R4

R5

Floo!
htelnal

o.22

o.3t
0.30

o.77

0.85

-8.0
-6.7

-r0.4
6.1
5,5

-5.15
-5.29

-II.9
0.87

0.90

- 70 qh
P a

"p

o.29

0.40

0.38

t. o0

1,09

-1 .7

-6,4
-10.0

5.1

6.2

-5.01
-6.0E

-11.5
0.78
O.EI



Iable L0 - Arerage Mari un ttuLtipl,e-Point tuesswe Coefficient3

o

L0-4

10-5

10-5

t2-5
23-4

a
"o

R8 co 811

51 ,6L,53,64,69 tlo
57 t6L,53,64
51,6L,64,69,70,1L,72
&8 to R1l

29 ro 32

4,8,3O,5O,52,54

3 ,4 ,5 ,L4 ,15 ,L6 ,29 ,30 ,1L ,32
49,5O,5!,52,54

81,R2,R5

R2,R4,X5

R2 to R5

88 to Rl1

30,31,34,37,38

27,3O,3L, 33,34 t35, 37,3A, 4L

26 ro 44

Rl,R2,R5

x3,R4,(6

R1 to R6

Rr,R2

Rl,R2, &5

Rt to R5

0.27

0.57

0.75

0.99

0.57

0.80

o.62

o.7a

0.83

0.35

0.35

0.29

1.23

L.35

1.18

o.21

0.40

0.34

o.z7

0.33

o,42

-9.1
-11.4
-5.6
-9.8
-9.5

4.7

9.5

-7 .9

-7 ,3

-8. r
-3.9

7.8

7.7

8.0

-4.3
-7.2
-5.4

-6.8
-1 ,3

-4.14
-6.15

-7.26
-1.30

3.30

3.O2

3.21

1.26

-4.75

-7.60
-7.11
-4.20

3. E6

3.14

3,51

-4.47
-5.55
-4.EI
-7.88
-1.93

29-2

35-1

u = 70 oph

e
"p

?(,x)
x 103

0.35

o.7 4

0.95

L,21

o.7 3

r.04
0.79

1.00

1.07

0.46

0.41

0.56

0.36

1.58

t.74
t,52
0.34

0.51

0.44

0.35

0.43

0.55

-8.6
-10.9

-6.3
-9.r
-8.9
8.3

8.3

8.8

7,6

-7.5
-7.0
-7.8
-3,8
7.5

7.6

-4.2
-6.9

-6.5
-7 ,L

-7,L

-3.96
-5,50
-6.20
-6.81

3.L7

2,84

3.07

3.16

-8,42

-7,37
-6.91
-1.L3

3,?5

3.52

3.40

-4.80

-5,37

-4.70
-1.62
-1.76

-7.47



slndeard faces and neBaEtve-goinA values for the roof and leeuard faces. InEernal pressures

and plessules acttng on the underslde of che f1oo. syBren are ba6ed oD peak poslclve delarEures

The plesgure coetflclent6 116ted 1n T6bIe6 9 and 10 hsve been avelaged whele mle than

one lecold ls avaUahle fo! lelatlve elnd direcElon3 lhlch ale .pploxlrtely equal. The

leoulting coefflclents are ltuted 1n labl€ II alotr8 wlEh che corre.pondlng riaxlD@ o!
i1n1tuo pre6d'rre6 for bs8lc v1d sp€ed6 of 70 a 90 liph (31 and 40 E/s).

AlEo l1dted 1n Table U are the conblned ?reEsures fo! the roof, roof overhangB, {sU6
and f1oor. coEblned preeBures fo! trlbutary sress of the roof replesent the avela8e o41EW

dlstrlbuted 1o6ilB acrlnS on sreas typi.cal of those Eupported by lndlvldual roof truBBeB.

The coEbitred pre.Eules llsted for the perlDete! of the roof represeEt the averate @xiE@

losds 6cE1ry over s perlDeter Btrlp approxlstely 2 ft (0.6 o) vlde, this eldrh belng based

on the shspe of the oe6n pressule dl8trlbucloEs as plorEed 1n llgure8 5.8 atrd 5.9. Ior the

case of Eaust the preosulee lelresent tro!81-case net 1oad1n8s for rllbutary 6!ea3 cyplcal
of doors, 'irdow6 and raU el@ent8 Buppolted !y lndivldual well 6tuds. The8e coobitred p!es-

sureo, adju6ted to account fo! code8pecrfied rclkinA stre88e6 as dl6cu6sed 1n Sectlon 5.5,
are the basl8 for the rec@eEded deB18n ,1nd 1oads. Ah eeople vhich 111u6t!6tes the ploce-

dule used to detelelne de618o lo6ds 16 plesented in Appendtx A.

5.5 Maxia@ D!.E and Ltft CoefficieDts - E6c1@tes of pek factors and @xtEuo dlag coef-
flclents fo! lndlvldual snd coEblned lecoEd8 6!e listed in Tablee 12 6nd 13, t$pecEively.
Ihe procedure fo! obtalnl[g these coefflclents 1s ideEElcal slth thst used ln the plevlous

sectlon fo! preBBure coefftclents. Nthough the c@bined records suggesc e larger dreg

coetflcleEt lor th€ ur.klrted coEfisuratlont the variatlon 1n Che values llsaed h rable 13

t6 loo 1s!ae to !e.ch ary deilolte concLuslons.

there Is no obvlou8 expla@tlon fo! che very flst Elope ot the We1bu1l dlBtrlbutlotr
fo! the coEblned force link out?utE of Record No, 9-1. The dlBtrlbutloEs for rhe lndlvldual
force I1Ek6 le6ult tn Euch &auer pak fscro!6 as i6 lndlcared ltr lable 12 and rhe resutEs

of Ehe c@blned aMlye& ffi Record No. 9-1 Eu.tr rherefolet be dlscounted.

Aver5slna the o4tu@ d!69 coefflclentE for al1 records except No. 9-l of Table 13,

lhe fouovlng values are obtalEed fot the ov€rsl1 drag coefflclents eEd fo! lhe equlvalenr
alstlc 1oad6 vhlch ale to be c.ken aB actlns oo the 614 obtBlned ty plolectlnt Ehe alea of
the oobile hoDe onto E veltlcal plane nomal to the plnd dlrecclon.

c'

2.69

2.14

(oPh)

70

90

0
(Psf)

t4,5
24.5



rabLe Ll - A"e"age ttq'rrnan CoobLned Eveosweo

ITMI

coEblned P!essulee (pB f)

BOOF
I.lbutary areas

Perireter of rool
Overhrlts Cnet upUf c)

I{AI.LS
stdes (slndeqrd)

" (teei'qrd)

rad8 Gtldrard)
rr (Ienard)

-40,I-9.8--49.9
-65.8-9.8--76.6
-65.A-29.4--96.2

29,4 + 1,r. 32.5

-L6.9-9.4=-26.7
29.4+3.L=32.5

-60.5-9.8--70.3

rLOOR 8.9+ 3.1 - 12.0

I}IIII}UL

UFU . 70 Eph um ' 9o oPh

tp p

Gsf )
"p

p

(psf)

-23,2-5.4--24,6
-39,1 - 5.4 = -45.L
-39.1 - l7.O = -55.7

17.0+1.9-18.9
-10.0-5.4=-15.4
17,0+1.9=I8,9

-35.I-5.4=-40.5

5.4 + L.9 - 1.3

-4.30
-7.35

3. 15

-1,65
3. 15

-6.50

1.0q

-0.35

1,00 5.4

-79.7

r7.0
-r0.0

17.0

-35.1

5.4

-4,4s
-7 .50

3.30

-1.90
3.30

-5.80

1. 10

-0.35

1.00

29,4

-15.9
29.4

-50.5

8.9

-40.r
-66.8

9.8

-3.r



?able 1,2 - Aoercse arii n Dras Coeffi.eients (InAi d,az)

c

5-6 3.81

1.60

2.77

2.50

4.18

2.50

2.93

3,70

4.00

2.95

2.54

3.45

3.03

1,92

2.47

4.65

1.95

2.06

1.95

8-2
9-r

9-2

2!-1

29-2

ulu - 70 oph

P(>x)
x 103

I c P(>x)
x 103

z

9

10

l1
L2

9

9

IO

11

L2

9

10

Il
12

9

10

II
12

9

IO

11

t2

2.19

2,6L

2.88

0.91

1.60

0.96

1,16

I.20
0.54

0.65

0.84

o.92

r.02
1.00

0.98

L.O7

I.LZ
0.83

0.5 8

o.62

5

7

6

5

6

5

7

7

6

7

5

6

5

8

7

6

7

6

6

0

1

2

3

3

8

I
2

I
5

3

2

2

2

5

2

7

9.6 3.53
1.58

2.66

2.7t
2.43

4.61

2 -40

2.74

3.50

3.89

2.88

2-4A

3.31

2.9L

1.83

2.43

4.59

1.67

2.OZ

1.91

1.70

2.O3

2.24

0.71
L.24

o.75

0.90

0.93

0.50

0,51

0.56

0.12

0,19

0.78

0.76

0.83

0.87

0.65

0 .45

0,48

6

7

8

6

I
5

6

6

8

7

6

7

7

E

9

7

2

4

5

9

9

7

7

I
0

9

r0.2
5.5

8.3

6.4
6.5



?oble 13 - Arercse M@iM D?as caefficientu (conbi@d)

UIM - 90 [}h

6-6
&-2

9-r
9-2
23-4
29-2

2.29

L.97

5.89

3,50

3.00

2.96

unr - 70 npn

P('x s c
d

r(>x) a
!o!ce LInk codbinatlon

9to12 1.95

1.70

L.47

r,05
1.70

1.00

7.O

5.1

16.0

1.9

11.1

1.5

2.25

L.91

5.55

3.42

2,96

2,86

L.52

t.32
r.15
0.82

L,32

o.11

1.2

5.9

17 -2

8.2

]t .3

7,9



lecause the end6 of the oobl1e hone are cantileveled flob rhe foundatlon assablles, the
dyBnlc leslonse at the fronr and !ea! as8@blles can be erpecred ro be large! than fo! rhe

lnterEedlate asE@t1les. Thls lE ln ggredent Flth lhe reEults fo! lndivldual force 11nks

pleEented In Iable 12. The foLlo,lng vslueB wele obralned !y sveraalna the peek draS

coefflclencs fo! folce l1nk NoE. 9 snd 12,

la8ic WlEd speed
(oph) d f

(psf)

Egttuates of peak tactors and avelage MaiNo 1lfr coefflclencs are plesented 1n Table 14.

Illth Ehe exceltlon of Record NoB. 8-2 and 9-1, a Dan 11fE coefflcletrt of 0.90 has been

ass@ed 1n estlDatlnS the pe3k v61ue. A3 sith rhe esrl@Ees of drag coefflclenrs, rhe 11fr
coefflcleqts fo! Record No. 9-l sle questlonable. Dlscounclns thls !eco!d, the foUoring
average Eexldh 11ft coefflclents 6nd equlvalent sEatic loads are consldered ro be !ep!e-
senEsEive of Ehe load condltlons for rhe lndlvldual foundaEton asserblles, no dl6tlncrion
belng oade betEeen skirted snd unskllted configurarlons.

t0

90

3.27

3.l0
t7 .3

29.4

xa61c Wind Speed
(trPh)

10

90

2.40

2.50

P(psr)

13.0

22.3

ci

For the ca6e of ext!@e upUft, lt ts a6sued that fallure of the slndqald sk1ltlng can occur

or that the sl4 uflder an unEklrted Eoblle hoDe can becoie tlocked wlch deb!16 dulIng a

Eevele stom, thus BuljecclnS the underBlde of the @blle ho@ to loslt1ve pressule, Ihe

lntenslty of this positive or upufa p!es6u!e {111, of coulse, depend upon the slze of

openlng In the qlndeard Bkllting o! the deglee of deblid blockage, but 1t 1E leaEoGble to
a6s@e that pre66u!e6 Bt least aE lalge as the E€n p!$Bu!e on the rlndward face ac groud
level can develop. Flgure 5.8 suggeEcg s resn lresaure coefflclert of 0.6. Irrhen added to
the avela8e MxiouE ulllft loads detemined sbove, the extreme upUft loads fo! basic vlnd

speeds of 70 an<I 90 Eph ale L6.2 a 27.6 psf (775 and !320 N/@Z), leEpectlvety.

the dlas atrd lifE loeds detemined ln sectlons 6.4 and 6.5 are tAbulated as deslgn loads

fo! scandald 6nd hurrlcane w1d zoneE ln Table 15 vlth adlu6tDents belns @de for woiklng
stleEses ad wi1l be dlscus6ed later 1n thle sectlon. The areas over whtch lhe loads 4ct ale
shom 1n lIgule 6.3. fliese deslgn loads, exp!$sed h relrE of wltrd !!essu!e actlng on pro-

lecced sulface aleas, represert the aversge @xlouo v61ues to be *lected for the crlEella
snd e68urpEioru dtucuoseil 1n sectlon6 6.I to 6.3.

5.6 Deslstr Wlnd Loads - Tne sulfece llesBules acttng on locaUzed aleas (see Table U) and

c

18



8-2

a-5

9-1

9-2

23-4

29-2

Iable 14 - Auepage Mattrnn Ltlt Co"ffici"nLs

oru = 90 optr

8.6

8.4

4.5
5.5

3,5

8.3

4.7

9,4
6.2

8.3

8.6

8.5

8.4

7.2

8.6

1.0

2.45

2.7 A

2.46

2,39

2.44

l.8E
4.18

3.26

1.70

2.39

2,53

2.50

z,23

2.41

2.45

2.O2

a
L

P(>X)
x 103

aForce Link CoEhlMtion )
3x10

2.36

2.67

2,29

2.34

r.85
4.03

3.t2
!.52
2.41

2.34

2.46

2.44

2,16

2.35

1.96

0.61

0.97

0.17

0.79

1.00

L.O7

0.75

r.10
0.65

o,42

0,6r
0,43
0.59

0.85

0.81

0.41

0.85

0.50

L,2

5,6

1,2,5,6
L,2

5,5

L,2,5,6
L12

5,6

L,2,5t6
t,2
5,6
L,2,5,6
L,2

5,5

1,2,5,6
L,Z

5,6

1,2,5,6

0.78
\. 25

0.99

1.02

I.3E
0.96

L.42

1.09

0.53

o.79

0.55

0,7 5

r,09
r,04
0.52

1. 09

0.65

5

3

7

8

E

8

8

I
E

7

6

I
6

3

9

2

6

9

0

2

1

0

9

1

6

1.1

8.1
8.0

4.2

L



Table 15 - Reconmended Degign Loads !ot, Sl<nnatd qld llwric@1c Uind ZoneB

ROO!

EliD ITAILS G) De6t€a of studB, HIndoHs, exterlo! uaU coverlng and fastenels

1

G) De618n of truases, roof oeDbrane and fastenels Cexcept as rcted beld)
G) R6oI !€obrare and fast€ners on Etrlp 2 feet slde qreEdha around perlDerer

(c) OreEbanSe (oet 
'rp11ft)

STAIIDARD I]IJRRICANE

-23 (-1E) -40 (-30)

SIDE EAT,LS (d) D4rgD of EEud6, door!, windoqa, exterlor uau coverlo8 aEd fssteners
(ucepr qs noted belox)

(e) !,rt€rr.or yal1 coverlnt atrd festenels at end6 of sldeaUs on verclcaL srElps

-36
15

-61

77

!5
-t2

25

-21

-24 -40

I5
-32 (-24)

6

26

-56 (-40)

10FLOOR G) DeE18o ot Jolsta, floot paDels and fadteners Coccupsncy load qcluded)

DIAC LOAD Load actlng on horlzontally prolected aleq of sErucrule and u6ed for
de6&n ot Btructur4l subsystela to re€1st racklng

(h) EEd secrlons C1/4 lensth)

O) cenEraL sec.lon (l/2 r.ensth)
17 (15)

15

29 (24)

24

UILIfT LoAD(k) Load ectlng vertlcauy upward on plan alea of scruclu.e and used fo!
desl8n of struccural subsyste[s to reslsE ]endlna lu verrlcal plaDe 16

2

A1l pres$res ln pounds per 6quare foot.
Ne8atlye slAn Lndlcates pres8ures actinS outvald.
Loade lndlcated by ( ) ale to be applled Eo double-eide unics only3



(o)

(r)

ROOE WALLS AND FLOOR

b)
b)

ROOF PESIMETER ANO CORNERS OF WAILS

(r)

ORAG AND UPLIFT

ri-g. 6.3 - Loadirq Diagrans fot Reoornended Desi'sn Lc)ada Liated in ?able Ls

{ha
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The loads plesented in lable 15 are ba6ed on obtalned fron a 61n81e-,ide

mobl1e home and cannotr 1n all cases, be d1!ect1y apllled wlth confldence Eo double-elde

unlts. Roof geooeEly and the Eldth-to-depth ratlo of a double-rlde unlt can be expecEed ro

subsranElally reduce the load8 acting on trlbuEa!, roof aleas and on end paUs. In addiElon,

the dyDtu1c leaponse of the caotilevere<l end sections ,1lI be aEtenuated because of the

1ncleased r1dth. Therefore, certaln desltn loads io Table 15 for double-plde unlts are based

on che provlslonE of Ref. 14. Thls lncludes the provlslon for exterlo! ua1l coverlng aod

faBteD€rB st the ends of slde eallB ou velE1cal strlps 5 fr (r,8 h) wlde slnce no lel1abte
oelleureoeots for thls c6se sere obtaLed ltr Ehe fuu-3cale sEudy of che 8lngle-vlde unlt.
Unles8 oEherelBe lndlcatedr th€ tebulated loads sre to be applled co both single- and double-

stde rob1Ie hoDeE .

To account for the lnherenE iandoDnes6 ald uncelEalnt1e8 1n the valiou8 desltn p6r8Eeters,

losd ald/or redlstance factoro are arplled lo s@e spproprlate l1Dlt state equaElon

ln vhlch SRr 'rdD aad r l, are the fsctoled ultlEte reslstance, dead load and slnd loed,
respecEile1y. AlternsElvely snd €qu1ve1ent1y, thls equaElon My be leduced to che uolklD8

6tless deeLtn !ektlonBhlp Eh3t Etry buildlng codes culrently plesc!1be:

R )D+I'

- 0.8 ul

(25)

<26)

(27)

1n vhlch R 18 an aUovable atreBa o! realBEaEce. since dead load tenerally constttuteg a

Etgb1t1z1ng folce, It EAy be neglected 1n the 1ln1t scaEe equtlon for slnd-crlc1cal Derbers

The lesl8tance factor { o! .lldable dtEess dependE upon the coefflclent of v6!1at1on

of leElstance VR eEd sooe !e€u!e of the requlred de618n re11ab111ty. Fo! sood cotrscrucElon,

VR raDges froD 0.15 for tenoloE aDd flexule to 0.28 for coopresslon perpendiculer to graln

[24], slch 6 reple6entaclv€ velue of 6bout 0,2. The re]1ab111ty @y be reasuied by Ehe

B6fety lndex whlch iB sbout 3 fo! typlcal 6Eeel and cotrclere congtructlon 1251. Th16

lnforDatlon 13 utillzed to obtsln the folloqlng @lklng Etless design equatlon:

\sc

in uhlch \BC la the reBl6tance based on allokable sE!e66es fo! wood speclfled by Ehe

Unlfom !u11dhg code 126l and W ls the wlnd 1o6d deterlned usint the Eethods oltllned ln
thi8 chapter. The eiod loads tiEred 1E lable 15 have been reduced by the lector 0,8 and

.re lDteEded Co be used dllectly uith the lequlr@ents (1ncludlry aUoeed 1nclea6es 1n

uolk1ng stlesses for vlnd) of the vallouB Btandalds 116ted in sec. 280.304 "Mate!ls]s"
of the federat Moblle HoEe ConatlucElon and safecy stan<lerds [5].



The leduc!1on faccoE of 0.8 has not been applled to Ehe svelaae oai!@ dleg and 1lft
losds deterDlned 1tr sectlon 6.5. To e8!6b1ish an ep!!opr16te uolk1ng stress de8lgn equaElon

for E1e-doEn hardsare, a replesentsrlv€ v6lue of the coefflclent of va!!6t1on of reglstanee,
VRr 1s iequlled. The ulclDAce r6slstance of tle-dom cdponeDt6 can be expecEed to declease

elth the repeated 6ppllcstlon of ertlde loeds 6nd thls should be lccounled for lu rhe
qPe!loental detelolnarlon of vR.
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7. LOAD-DEFIECTION STDDIES

UpoE cobpletlotr of tle flrBt ph.se of the study concerDed wtth pres6ule snd force Eeasure-

DeEts (plesented tu sectlons 2 through 6) ! Eecond phaBer lnvo]vinS the ressuleEenE of deflec-
Lions of the Eobtle hoEe Buperltlucture and the foundatlon sysceb under tnom sppLi.ed 1oads,

ea3 conducteil. Th. prl-elry purpo8e w.. ro obtlln eBEluteB of srlffnesE 1n the !.cklnt .nd

lateral bendtng Eo<le6 and to EelBure the fotceB in certrln coEponents of the tle-dom .yEt@.
!1oa11y, Eodes of fll.lur€ rele $tabl16hed under Load condltlons whlch Eere a rea8onable ap-
proxlutlon of actuallnd 1oad8.

Relevalt ro rhe load-deflection Ee!6uldent8 ed the oboerved fa1lule Dodes are rhe

folloslng constrctloE detlils of the epeclDen Dobue hoDe. Eall sEuds ale I L/2 hy 2 LIZ In
(38 !y 64 @) sctual dlDssion o! I6-io (106-@) centels and phEes and headers ue I by 3

ro!h.l. The loof systa conslats of staudlrd boued truBses on I6-1n ceDEere, ns1led lDto
the top e.ll pl.te throuth the 1/2-1n (13-e) flbelbodrd celllng. The roof Edbrane ls 26

tauge 86lv!E1zed steel 6heet Ertlched by 6taples co a header n!1led lnto the eDds of the

roof .!usses. Lith the exceptloE of the haltuly, uhlch has been retlofltled ulth 5/16-ln (8@)

gyp6@ bo.!d, lntello! plne1lnt 18 5/32-b (a-@) plyUoo<t stlpled to rhe e.Il etuds. The

floo! sy6E@ coosiEt! of 5/6-in (16-@) plltlcle bo.rd supported on 2 by 4 noDlM1 Jolscs.
Bsr loi6t6 oa 46-ln (1.22-0) c€Dters .nd 1O-1n lunlor beua qke up the uDderfrlDe 5s ls
shoh 1n !1.$re 2.4. Elterlo! claddlog 1s 22 t.ute !1@Inu sheet lttlched to let-ln longi-
tudl l E.ilint Bttlps by .c!ds on 8-1n (203-@) certera.

7.1 qlpell4eSlg!_lgllp - The lold-deflectlon cests rele cooducted at the fleld t€6t 61te

u8r.ag the oee support frue lnd drat and 1lft lmtr@entatlon descrlbed ln Section 2.3.
Ba6ed upon the presEure aod Iold tclsureEents !!ev1ous1y descrlbed lnd the facc th6E the

ove!!I1 responBe of the Dobile hole tu quasi-sEattc tn natule, 1t eas declded that d!!8
Ioad6 could be8t be shulated by the .pp1lcaclon of equlv.lerl stetlc ltne lo6ds applled

Eo the "rlndu.rd" uaU. To apply theee loads, the follorlng scheoe w6s used. Iou! equally-
gpaced boo@ Eere lEBt.IIed !E shoh 1n Usure 7.1, rhe oute! endB beln8 ie8tlBhed
by vertlclI c.b1eB lttach€d to e.rth anchors ed the lnne! enda besrlng dlrectly
or the @1o support f!6@ 6t polnto in ltne ulth the Etee1 beso and colu@ a6gdb11e6 oI

the touEdatlon eystee. tenalon !od6t connected to rhe booEs .nd p6sBlng through che Doblle
hooe, uele 6Etlched to a ey.ta of whlffLetleee !s shoi,n 1n rtguie 7.1. Tenslon sa8 6pp11ed

by hydlauuc !!nB .nd the !pp11ed lolds wele @..u!ed at the cente!6 of the whlffletree8 by

loa<l ce1l6 1fttalled ou the ends of the tenBlon rodB. Tvo res vele pllced back-to-btcl ln
the uppe! tension lods to lcco@odlte deflecllong ur lo 10 1nche6 (250 @). vleqE of the

booDs lnd whtffletlee8 .Ee ahom tn !1gu!eB 7.2 &d 7.3. h addltton to the latelal lire
lolds appueil to the rrelndElrd" w!11, a ve!tlc!] 11ne 1o!d w6E appued to the rrvlndrard'r

edae of the loof .yst@ by Deam of hydrauuc laos And plpe colutr€ bearlna on the left-
hlnd 1on81tud1E.1 E@be! of the Esln suppolt fraEe. Ihe load sas dlstlibuted to the roof
tlusBes thlough a sy6teD of el8ht ehlfflecrees, thlee of whlch ale 6hoh ln Flgure 7.4.
Ide!11y, the upuft lo.d should have been applled dlrectly to the roof EeDblase by means of
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al! bags, luE thls oouLd have lequlled reroval of Ehe celling panels and sohe of the paltlEton
wa11s, theleby reduclng the stlffness oI lhe Dob1le hoEe BupelsEluctule. In vles of the
fact that the roof ueobrane 6cts as a rrue ierbrane, belng seculed only ar lhe ?erlDeEe! co

heade!6 rhlch aie ln tuln nalled lnto lhe ends of rhe loof rrus€es, Ehe upLlfE tlne load

applied dhectly to the ends of the roof trusses w66 deeEed to be an accepEable approxlMtlon
of actull vlod loadlog. No correspondlng 1lne load vas applled !o rhe "leeqard" edge of
the root sysE@ as thls vould have requlled peneElating all of rhe palclclon walls DlEh rhe

{1IfIetrees. Thls oolssion Fas no! consideled ro be signlflcant because lhe inrenslrles
of both the neen atd fluctuatlns Dressules ale ouch less on the le*ard hslf of rhe ioof.

The raos were controlled by a Eulcl!1e-chantrel hydraullc load nalncalner qhrch allored
Ehe load lnc!@eDts to be sioultaneously applled to each ulffletree rhtle Eaiorainin8 a

coesranE lelatlve load lntenslty. The force 1lnks berween che folndatlon sysEeE and Ehe

naln support frane ellosed a direct conpalison lelseen app1led loeds end reactlons. Load

ceUs were lnsEaUed la Ehe dlaSonaL and ove!-the-top t1e-dohs aE load pornr No. 3 (see

rigures 7,1 !trd 7.5). HorizoDlal derlections eere Eesured by oeans of dlsplaceoen!
tlansducers nounEed on supporcE along the ledaid eaU. The8e transducer supporEs ele
lsolaEed froo the rob11e hooe and the @ln suDpolr Ilue and the eea6uled deflecElons
therefore 1nc1!ded contrlbuElors froo both che Eob11e hoEe prope! and the foundacion sysEed.

Verlcal dlsplac@enrs of the floor systeD se.e oeasured at selected polnt6 along the

"vlndrar<I" w.ll Bo that aplarent hollzorEa1 deflecrloqs due to loratlon of rhe @b1le hoEe

could be accounred tor. T\,o disphcmena clan6ducers munted on telescoplng sup?oiEs

plovided 6 mea6ule of dlagoEl strain tn a veltlcsl plane at rldlen8Eh of rhe @bile hoDe.

The dlaltal dats acqulsitlon sysr€r u6ed 1n ahls phrse of the study can rultiplex up Eo

200 rorlevel s1sn.1 lnpucs Et a rate of 10 channels ?er second and.ve!a8es each saople ove!
a 15 m6ec pellod to loplove the stgn.1 co nol6e rltlo. MaxltruE e!!o! due to transducer
drlfE, notrlltretllty .nd A-D convelslon was apploxi@Ee1y + I percetrE.

7.2 Load-Deflectlon Heasurebents and Fallure Moder - All 16ds ,ere a,p11ed ln increneDrs
and deflectlols sere 1n nost cases recorded froi 1 ro 2 ElnureE after Ehe load 1ncleaenr
had been applted. The llne loads qele lropoltlooed so as to approxi@ce rhe pressure

dl5E!1lutloDs suatested by Flgure 5,8 and the loEd lErensltles uele calculated fo! aEsuoed

baslc ulnd sreeds uslng the di.8 and 11fE coefftctents pEesenre<l ln Sectlon 6.5. In Dhe

foUowlnt dlscusslonr reference 1E ude to Elgule 7.5 vhich lndlcaEes the locaElons of the
boors (load poltrts I to 4) and the sectlo!6 et vhlch horlzoEtal deflecrtonE qele EeaBuled

at the ce111n8 and floo! p.1aEe6 (deolguted ao 1T, IB,2T, erc.) Un1e66 orhe lse nored,
horlzontel delleccloEs at the ce1Ilng plane .!e lelarlve to rhe floor pl.ne and h6ve been

collected fo! lolatton ol the tloo! sy8td. The loads p1olted agaltrsE deflectlotrs ar Ehe

!1oo! plene correspond to the tot6l shea! pe! unlt jlengrh, 1.e,, the s@ of the top and

botton hollzontal llne 1oad6. ln addltion Eo dllect @easlreDent of horlzoncal dl6placeEents,
extenslon and contlactlon of the lnte!1or dlagotra]s of a closs-sectlon through the oobUe
hone were oeasuied.t BeeEion 3 (see F18ure 7.5). 1n the fo11@Ing discusslon Dlasonal "A"
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refels co rhe line exEendlng flom the floor aE the elndeard qaII Eo the ceillng a! Ehe

leepard ,a11 and vlce verse for Dlagonal "1".

boon-whlfftetree eomblnatlon was loeded at a glven time. The Deasuled absoluEe deftection6

fo! 1o6ds applled sequentlally to lo.d po1trc6 1thlouah 4 sre plotted in llgule 7.6. l,oad

lntensltles ale 1lsted on the f18uie snd cofues?ond splroxlnately to the drag forces 66soc1-

ared wlch a !as1c Flnd speed of 50 iph (22 u/6). The loads wele applied 1n a slnsle

As expeeted, the foruard portlon of rhe Eob1le ho@ supersErucEole exhibiEs less s!!ff_
nes6 than do the central and !ea! portloDs shere Ehe tr6nsverse Pa!E1!1oD salls are located.

It 1s a16o apparent lror llBule 7.6 thar che trdlcared sclffnes6 oI the fouldation syster
at load polnt No. 4 16 Eubstsnclatly less Ehan at Ehe other Ehlee loEd polnts. This ls
belleved to be due to slsck ltr the cotrnecllons becqeen the nobile hone floor s;steo and the

uDderflee (bar lolst6 snd Bcrlngels) 61nce the foundaEion esseEblles wele all ldeotlcal
1n coGEluctlon and !11 tle-dcjrrn calles vele glven the 6aEe p!e1o.d (app!ox1@te1y 100 lbf
o! 450 N) prlo! to te6tlna. Also note that the Ealn support fraDe does noE rlansfe! any

ho!1zonta1 loads Eo the glounil lnd does nor, rherefoie, corcllbute to ho!1zonral deflectlons

Load Case No. 1 - Llne 1o6ds ,e!e applied to the vlnd,erd ua1l only aEd only one

Load Case No. 2 - Llne 1oads eele applied to the Elnduard ual] at aI1 load polnrs

Load Case No. 3 - Th16 load case hcluded hollzontr1 llne loads actina oa the wlnduard

slDultaneously and, .s vlth Load Case No. 1, collespooded Eo 6 baslc ulnd speed of approxl-
@te]y 50 oph (22 @/s). The lelerive horlzortal deflecrlotu are plotted in riaure 7.7.

Note that .lthough the load vB. deflectlon le1atlotr6hips ar boch the floor and cel1lng
p]anes are @n11near, rhe Ioundlt1on EyEt@ respond6 dllecE]y to load qhl1e the Buperatruccule

requlles an Initiat racklng loed of alproxl@Eely r0 1bf/f! (15 N/E) befole the "leewsrd"
wsU on {hIch the deflecclotrs l{e!e Eeaguled becobes fu1ly robllized.

w.11 to 61tu1.te dilg lnd a veltlcs1 1lEe load actlng aE rhe leadlng edge of the loof to

sloul.te uplifE. The Edlrw load aEcalned dullDg Ehe Eest corresponds to a basic qlnd

speed of approxltutely 70 Dph (31 !/B). The hollzontal 1o!ds and deflecElons are ploEEed

1n Flgure 7.8. The lertlcat Llne load6 for this load c.se eele a6 fo1lovs.

1

2

3

5

6

1

I
9

LoAd InEenoltv

2L Lbt/tr

63

82

105

120

106

61

2\
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rt ls lEpo.tant to noEe that the deflecrlons plotEed fo! che ce111ng plaoe in
ll8ule 7.8, ehlle belng referenced to the floo! p1ane, have not been corrected fo! lotatlon
of the floor plene and thus do lot reflecl rhe true sclffnesg of lhe superstluctule unde.

lhe losd8 degc!1bed Ebove. The totatlons for the load tes!6 lnvolvlng appuc6tlofl of a

vertlcal llqe load were in all cases lerge enough Eo lreclude rel1a)1e corlecElons of the

meaEured horlzontal dlspkceoente at lhe ce1lltrg platre. To obcaiq an estlMte of Ehe su?e!-

stlucture stlfftress, lefelerce 16 n.de Eo Elgure 7.9 lE whlch rhe dlagotral dlsllacments have

leen plotEed agalnsE the interslcy of che up?er horlzoEtal 1lDe 1oad. Based on slEple

SeoDerflc relallotrshlps, the true lelatlve holizonrst dlsplacenenEs berween the floo! and

ce1l1ng planes .!e 6!p!ox&ate1y 17 pelcent glater th.n the beasured d1aaotr.1 dlsplac@ents.

applled {1th the furelrlon of establ1sh1trg che ultlmte load capaclry of the ho}t1e hooe

supelstluctule under conblEe<I l1lc atrd diag roedln8. Also of lnterest ras the fa11u!e Eode

of the @b1le hone uuderfrse Eo vhich the dlagoMl t14 {e!e attached. H@eve!, the test
had to be temln.ted at a losd levei corlespondtng to a bsslc vlld speed of approxio.tely
90 uph (40 ds) because the allgment of the vercic4l raos eould not be Mintalned unde!

the 1a!ge lotetton aEd l.te!s1 defrecllotrd ercountered. The tesE was lepeated 6fte! the

over-che-to! cle-dods had beer pleloaded Eo approitMrely 550 1bf (2.9 kN). Ioltial
fa11u!e of the suleEstructule occulled 1tr the roof-to-wal1 connecEton on Ehe ulndvald slde

betEeen load polnls 1ad 2 .nd Das foUoEed very shortly by an 1dent1cal fetlure )eEveen

losd potf,cs 3 and 4 vlth the sare loads Epplted. Loed 1eve1s al the tiEe of fallule eele

Load Case No. 4 - Thts load conblEetio! p.s tdentlcal ro Load C.se No. 3 and aas

1&4TophollzonEa1

2&3Top

95 lhr/tc
154

73

143

255

The re81oE of ln1cia1 fsllule Elrh loads 6t111 applied is shom 1n ligule 7.10, In
Flgule 7.U the loof E@b!6ne ha8 leen peeled bsck strd the f6cla 6t!ip rdoved ro expo8e

che he.der and vau p1ate, Sep.ratlon of the he.der lroE the pl6te vaB lpplox1@te]y 2 1n

(50 @) qirh the up11lt loadlng ot 255 Lbt/tt (3.7 kN/D) epplred. The fallure was pro-

tleE8lve 6nd extended ove! the leglon bet!.eed the lo.d sp!4de!E unde! the tte-dom celles.
lo.d-deflection data fo! the celung plAne colld nor be plotred w1!h acculacy beclude of
Ehe 1a!te rotaclons. As rlth load clBe No, 3t releleuce 1s ude to the oe68uled diagoEl
d16p1ac@ente fo! 6n eBttuate ot Etlffne68 of the centlal poltlon of the eupel6tluctule.
The resulcs for loed ce6e No. 4 ere piesented in ligule 7.12, the final itrcleoenE of dls-
plsceEenc belng o46u!ed .fle! lellure of che ioof-ro-E 11 connectlon. Altholgh the lelative
ho!1zonta1 deflectlon at the celling !1an€ lor Ehls rosd Ievel averaBed 0.8 ln (20 @), the
partltlon sal1s .flil end walrs showed no .lgnificanr slgns of d16rre6s.
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FllsE st8ns of dlsEie88 ln the Eob1le hooe underflaEe tor Load case No. 4 uere observed

5t load ?olnt No. 2 uhen a Eela f!1led 1! ore of the bar lolsts, allowlng che botEoo chord

to buckle. Thls occulred uhen Ehe s@ of the ho!1zonta1 line loads (app11ed drsg) ,a6
gpploxisarely 2OO lbt/tr (2.9 kNh). At thlB 6.@ losd level, 1nltla1 yleldlna vsg

olselved ln the eeb of the lo[alludhal 6ttlE8er st load polnt No, l vhere the d1s8on61

rle rlo connecred ro rhe u€b by E4n3 of !n eyebolr. No addlrloEal fallure8 pele obsened

10 the underir.le durlng .ppllcaclon of rhe r@hlEg load lEcr@eEcs. UoEever, splitti,ng
ot the helderB 1n the floor eyete! laa observed at po1nc6 trhele the b6! lolsrs of lhe

underftlDe eere att.ched by 1!8 6crds. A vles of the y1eld llf,es ln the eeb or the 1on8i.-

tudlnll .trhger !t 1o!d poht No. 1 1s shouD 1[ r+uie 7.I3. A short sectlon of steel
chsdnel e.6 u8ed !t elch lold polnt to dlstrlbute che load at the eyebolt. The e.xlEuE

drag lold appueal to lold po1!t No. 1lrs 260 1bf/ft (3.8 tx/h).

Lold C.se No. 5 - ThlE f1n 1 loa<l1ns conflsurltlon applied to che bob11e hooe corclsted
olLy of . horlzont.I Iln€ lo.d lctlng .1ong the top of the vindv.ld FaU. the lulpose of

the test {.s to ex@lne the fa1lule uechanlsE of the psrtltlon waUB snd end ra113 rn 6

stEple r.ckln8 oode, Prlor Eo conductln8 the te6t, the Byst@ of !aD6 and {hiffletleeE for
.ppIyInS the verrlc6l Une 1o!il waB reoved and 2 x 4 c16ts {e!e plEced agalnst the inside
of the wlnd{.rd wall 6t the celllng and Dere nslled lnto the bottoE cholds of lhe loof
tiu634. ThlE.Ilouod the roof-to-uall comeetion, shlch had been ddged ln the prevloug

tesE, to t!.n.fer the uppe! holizontal line lo.d 1nto the roof tru6se6. A plelosd of
approxlutely 500 lb8 (2.2 kN) wa. lpplled ro the ove!-Ehe-top cle-doms to prevent exces-

sive rotltIotr of the @b11e h@e.

Load-deflectlon dlaSru8 fo! potnca !1org rhe leesaid e.lJ .t the celtlng pl.ne Ere

plotted ID lttule 7.14. th€ deflecEloos are lelative to che fl.oor pllne snd hlve been

corrected tor lotrtloD oI the EoblLe hoEe tloor eyst@.

ov@enE of the erd ea1lo and plltlclon orus relatlve to the floor lnd ce1l1ng Eas

DorlEored du!1n8.ppllcltton of Che load lDcr@eDt6, Io1loE1na the.ppllcrtlon of losd

incr@ent No. 5 (dee RlBure 7.14) thls lel.tive "sup" !ve!!Bed 0,1 1n

(2.5 @) aE both rhe floor.nd cel1l.ry for sU r.Us. No sianiflcsnE chute uas obselved

fo! the end e.UE.t Io.d tncrdeDt No. 7, but aveleged.bout 0.2 1n (5 @) for the
plrtltlon ,all., Veltlcr1 .epalatloo of the paltitlod E 116 fioE the floor becee
signlflc.nt du!1Et appllcation of load IDcE@ent No. 8, ave!.tlng 0.5 In (13 @). Du!1nt

the .ppuclt1on of 1o!d lnc!€aent No, 9, portLons of the intellor panellng sep.lsced
froE the front end vaU and troo @.t of rhe peltlrlon e!116. A160, the exterlo! sheer on

the fEont end v.11 developed ! pronouEce<l buckle as lE shoh in Flgule 7,15. Ihle q6s

the hlgheet lold lev€1, .rtalned dulir€ Ehe reat, 1r be1E8 obvlous rh6r no lddlrloD!1
Ieslar.nce co !ack1n8 cou1.l he ileveloped h the superstlucture, The ge?aiatlon of the
plltttlon Eallo froE the IIoo! lvera8ed 2 1tr (50 @) arong Ehe h!ll{.y and s11p avellged
0.4 rE (10 @) .t both floor lnd celung. No separatlo! of the end ua1ls floE the floo!
or cel11ng e.. obBerved. Ir@ever, the €l1p aftet lppl1cltlon of losd lncrdent No. 9
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ave!6Aed 0.2 in (5 m), Dlagonal dtspl,acdents at Sectlon 3 fo! Load C63e No. 5 ale
plotted agahst the horizontal load lntenslty 1n Elgure 7.16. The range of che dlsPlace-

oenc Elansducels eas exceeded wlth the !pp1lc.t1on of load 1rcr@ent No. 7 and Ehe E@1nde!

of Ehe plot 1s gPeculatlve.

7.3 S fnes. coefftclents - Iheie rre sever.l accepEed procedures for quaotlfylnt 6tlffnes8
coefflcletrtB for noEl'lnaE 1old-deflectloo p1ocs. Ior sood frde coDs.tuctlon Ehe 1o6d

pe! unlt length of strucrule correEpondlne to a net deflectlon of 0.1 1n (2.54 @) has been

used [27]. RelevaEt to.Ey detlultlon of Btlffness ls the load dur.tioE (paltlcula!1y

fo! wood flde conBtluctlou) rnd the anticipated lente of etluctulE1 deforD6tion. The

deflecrtond Eessuled 1n thl8 gtuily colle8pond to load dulatlom Eh.t are Eub8tanElaUy

lonter rh6n thoBe ls6oclated vlth ?e!k uild Su8ts and tend, theretore, to oveEdtlDate

the deflecElonB due to actull load fluctuatloft, However, thlB conslder.tloE tu offset
s@ewhst by the lect thlt deflectlon LlDltatioEB usually ielace co 8elvlce condlclon6

rarher rhan Eo ultl@Ee load condltlonB af,d the lssoclaced 8ho!t load dulatton.,

Ir tE u8ual for codes end Etandllds to speclfy dellectlon liolt.Elon8 6s f!.ctloB of

span or lengrh of oabe!, !, typical liDlt6tlons belng L/I80 for stuP1e 6PanE and r/90
for caotllevers. !o! ! @biLe hoEe of typlc.] dtuensions che t.oge of sUoeable deflectloEs

usft8 rhese crltelia rould be apptoxiElte1y 0,5 to 1.0 tE (I3 ro 25 @) for the 6uPer-

srlucture. The fol,I@l,ng stlffnesE coefftclenEs ale ploposed .s best representtng the load-

deflectlon relltlonships presented in Sectlon 7.2 for the fouEdetlon confituraEion uaed 1n

rhls study and for the !!n8e of deflectloDs lelevanc to senice condltlom.

Racklng of end l{aUg

Rlcklag of .eolr.l poltlon
of suDerstluctule

I!6n6verBe loadl.ng of underfraue
lnd foundltlon EyBt@

170 (Ib6/fc) /1n

StlffEe6s coefflcierts fo! Doblle hooes consrructed in accold6nce wlth the Provlsloa8 of the

culrerE feder.l Mohlle lto@ conBtlucEloE and Safety Sr6nd!!d6 cln be e{pected to be 6ubstan-

rlally g!e.te! Ehan the va1ue6 llsted above due to 1Dplovesenls ln 3tluctulal connectiono and

the ileBl8n ot p.ra1r1on uallE, floolB and ceulngB Eo act.a tlue dl.ph!.t@, Hovevet, the

coefflctents deternlned 1n thls 6cudy can sefle 6s a reference !y flh1ch to ludg€ the effec-
tlvenes of lecent Btructu!.I luovatloEB lD Eoblle houe con6tructlon.

100

430

7.4 lorce€ 1n Tie-Dom cables - The tle-dom sch@e used in the 1old-deflecclon studleg

is shoh l.n Elgure 7.1. If 11 1B asEued thlt (1) the 1o.d disEllbuEion ove! the @b1le h@e

cloB6-secclon 1s knowni (2) thac che vlndsard pier o! pedestll 13 unloldedi and (3) that the

<t1aton!1 t1e connecttog the undelflee to the ledsrd aDcho! 16 slack; there .!e flve
unknm forces lD the Eoblle hore gupport lnd cle-dorn sy8t@6. The8e ale valld !8g@ptlon8

shen the ovelturning Dolent equ!16 or 4ceeds lhe restorinS D@enE due to deld told and
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Ehe sysren of forces becoEes statlcally decemlDate 1f Eoo addl!1o@l assuEPtlons are

Eade; (I) thac chere 1s no load eetlng on the te*ard polElotr of the over-the-top tle and

(2) thar lhe coefflclent of flictlon bet{een the Eobile hoEe undelflee and che leeward

ple! ls knom o! thac che slppolElng pie! 1s free Eo lotate and can, therefore, develop no

leslscance Eo tra$verse forceB. The force8 1n the tle-do6 cables and chel! varlaElotr

with applled Lift atrd dlat folces Ere dlscud8ed ia the folloslns.

1n the ove!-the-Eop t1e at the wlnduald 'ra1l ale plotted aealnst the applred dra8 etrd l1fc
folces, lespectlvely, It 1s seen th6t the force ln the dlagonal lle tncle63es raPldly

shen rhe epplled draa Ioad exceeds A2 Lbt/tr (l-2 kN/o), lndicatlnS that sudlDg of Ehe

longltudl@I sulngers on the p1)-ood pads coverlns the gupport colu@s has occurled.

Beyond thls polnE approxlEately 65 pelceEt of the lncr€ase 1n Ehe applled drsg load 1s

leslgced by the dlagoMl Ele. Flot Dea6ure&ent6 of veitical forces io lhe foundatlon

a6seih1y, the ehsnge ln Ehe veltlcal reactloD at the leeEald stlinge! teEueen load 1ncleEents

4 and 6 of Flgule 7.17 uss apploxtuately 5OO lbt (2.2 kN), suggesrhg a coefflclenE of

fllcrlon of 0.4 berkeen the plyuood pads and Ehe botroE flange of the longltudlnel 8t!inge!
of the loblle hooe.

Load C.se No. 3 - ID Flsure 7.17 tle Deasuled forces in Ehe actlve dlaaoEl t1e eEd

Ioad case No. 4 - Olth leference to Flgule 7,18, lhe lhreshold of slldlns ls not

the force ln the over-the-top tle, vh11e ploEEed againsE lhe vertical 11ne load ln
rrSure 7.17, actuaUy depends upon both the applled drag end IIfE force6 as Ehe restorhg
Eooent due to the dead Ioad of the boblle ho@ ls exceeded. However, slth the drag and

llft Iolceg Eslnt4lned a! a coEotent !e1ar1ve lntenelty a 1lnea! plot should be obtahed.
Thls Is 1llu8t!6ted by Lo6d Caee No. 4.

clesrly deflned, buE I! ha6 beeE eubscanclally increaged by preloadhg the ove!-Ehe-top

Ele, The rele!1omh1p betueen the force tn tle tie and the applied lif! and dlat 1o6ds

becooeE hlghly linear sfle! rhe foullh load j.ncrdenr. Chenges ln Ehe ovelEulning EoEents

due to lift ad d.ag and the re€18riry oooenr due ro the tle-doh cable on Ehe elndeard

slde dlffer by approxlEately 3 pelceDt ove! the linear range.

On the ba31B of these !8u1ta lt can be coneluded thaE aecurate 4Etuaces of tle-dom
fore4 unde! ext!@e loadlnS condl!1oDs shlch overcoEe the restorlng rmenE due co d€d load

can be @de ulth ?!ope! cholce of fllction coefflclent 6nd the assuE?tlon tha! the folce
ln the leeuald porrlon of the ove!-the-top t1e is zelo. As Eutge8ted ear11er, the as8uptloo
EhaE t,c suppnltlDt plerB c.n leslst tlaffve!8e folce3 @y not a1way6 he v311d. Glven the

:_1ucr r r.in8 naEure of l1It and dr6g forcesr lt 16 entirely posBlbre tha! a Eoblle home can

"valk" a,,ross Lhe ple! cap tf Ehe over-che-to! t1e6 sre slack, Ehus sutJectlng the dlagonal

tie to the fu11 inteDE1ty ot the draA load.
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8. CONCIUSIONS AND RECOIOIENDATIONS

Baeed on full-sc.te EeesuleDents of uitrd 6ree<I6 and concoElt.nt loads lctlng on a

12 !y 60 ft (3.7 by 18.3 E) Eob11e hooe.nd rh€ behavio! of rhls Dob1le hoEe unde! slEulated
lo6d8 collespondlns to tasic Dln<l Bpeeds of 70 !trd 90 Elh (31 and 40 o/s), rhe fo11ow1tr8

eoncluElons c.n !e staled:

(1) Ihe loads lisred 1E T.bIe 15 leplesent Ehe .verege DaxtEu values llkety to occur ror
dode.ately open {1nd eaposules and fo! ba61c qlnd s?eeds of 70 and 90 Eph (31 and 40 m/s).

(2) IGasuled dlat lords teEd to conflfu the deslsn dra8 loeds currencly speclfied 1n rhe
fedela1 rioblle Ho@ consErucrlon lnd s.fety Sr.nd.lds (Deceber 1975). lor rhe s@e baslc
wlnd Epeeds, upufE loads extlapolated floo flr1l-scale EelsuleoentB .!e .ppioximarely 80

lelcent Sreater than rhe de618n uplift loads currenrly spectfled.

(l) Exc!@e Eeg.tlve pressule flucE@tions on che extellor of slDa1e-Elde oobile hoEes

occur on the end wal1s .nd along the pelllete! of the roof oveE stllps !pp!o*l@te1y
2 ft (0.6 t) ,ide.

(4) Averqe DsaloLE uplift loads are nor stlongly lEfluenced by the presence or absence of
skirtltr8. Drag Io.dE c.n be ls6ued to v.ry dlrectly elth the plojected s!e. of rhe oobl1e

It 1B felt th.t the folldlnA coucluslong u111 be u6efu1 ln ey future rolk deallng Dith
,lnd forces of, @blle hooe6.

(5) The lesonlnE coEponent of reBpon6e !o dlAg .nd l1fr folces 16 netllglble fo! bs6lc olnd
speeds up to 90 lph (40 D/s) .

(5) rhe averaee tdl!@ v.1u* of ple6sure atrd folce coefflclenrs can convenlearly be

explessed 1n Eem6 of ! Eeatr coefftctent and lhe ploducE of a pak faetor and a !oot-ne.n-
6quaEe (t.a.s. ) coefflclent.

(7) A He1bu1l dlsEtlbutlon slE16facror1ly desclibes rhe plobabUtty dlsErlburlon of peak

plessure and 1o*l fluctu.tlonB.

(8) AccuEate estret.s of tle-doh forces uod€I lo.dlEt condlEtons ehlch overcoDe the de!d-
lo.d reotorlng ooo6E cln be ude on the b.s16 of .tupufylng a.s@ptions.
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rhe foltoutng recomendatlons ale Mde wlth regard to the ullllzetlon of results obtalned

froo Ehts study af,d wlth lesald to fu[ure research lnto wlnd effeecs on nobl1e hones.

(1) The losds Ilsted ln Table 15 Bhould fotu the basls for the design of Eobl1e hores co

,estst wlnd forces and ulnd load provlsloru of Ele fedelal Moblle H@e constluction end safety

Stadalds should be rwlded aE Eug8e6ted by che uoldlna of Appendlx ! of lhl8 !epo!t.

(2) ConslderEtloE Bhould be 81ven to the testint ot Eobl1e hoEe 3ca1e oode1s of varlous

geoEeEl1eB ln elf,d tuDneIB to augnent the lecomended design loads listed 1n Table 15.

lxpelitrenta1 data plesenteil 1f, thlB repolt €hould be used to valldste che Eodelitrg technique

(3) ReaLlsrlc liEltstlona oa Btluctulal deflectlom ahould be estabughed for senice load

coEdlrlons, rakiDg lnto accouoE recent lnnovatioM 1n @!Ile hoDe de318II and coDsEruction.

(4) Addltlonal lesearch should be conducted Eo esta!11sh an 6pp!o?!1ate Eorklng sEress deaign

eq@tloE for c1e-doi.4 tErduale anil 1CB lntelface elth the Eoblle hoEe. Estl@tes ot the

eoeffictenr of vsE&t1oE of reslstance for varlouB tie-dM cooponents should be tased on

Iosd teEr6 thst stuulare the fle6n and fluctustlng coEponent8 of 11ft and d!69 forc$ leported

ID conc1u61on, lt ouoE be eEphaslzed rhat the reco@eEded de61Etr r1trd loads l1sEed 1n

Table 15 and 1E Appendlx B ale based or dllect fleld carrled out on a ful1-
scale nobl,le hone, the teooetly and Eass dlstllbutlon of whlch are rePle8entatlve of curlent
sln8le-w1de Eob11e h@e congarucrlon. rhese load leco@endeclons are 1n no ,ay lelated to

the constrctior detalls, load-detlectloo relatlonshlPs and tall,ule nodes dlscussed in
Section 7 of this leport. The oeesureoents liesented in Sectlon 7 are exPlolatoly 1n nature

and are qot clatued co be leplese4tatlve of sEructural characcerlstlca of curlenE Eob11e

hme c6.Etructlotr.
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Metbel8 of rhe Stluctuleg SecElon steff plovlded valuabte s8l3taflce durlng Ehe

course of thlB experlDental lnvesrlSarlonr rnd tbel! conrrlbutlons sre 8latefuuy ackld-
ledged. The suthor e1€hes to €rpreE6 h16 dpeclal thanks to the foUoslng lndlvldu6lB:

9. ACIOiOi{LEDCUET+aS

Mls. cathy l,l. usrfleld, Adrlnlstratlve Ald, lerforEed Lhe cyplng of EhiB lepolt.

Dr, R. A. C!16t, Chlef, Stlucture. Secttm essisted ln the desigr of the experlEeDt and

provlded Eany helpful augtesclons du!1n8 the field studies and dullDg the prepEtatlor of

Dr. l. A, EUhgEood anil Mr, C.W.C, Yaacey I structulal ReBealch Englneer8, deBltned the

@hlle hoEe support fruet force 11*s and turntable,

Dr. E. V. Leyetrdecker, Structural R$e6rch En81Eeet, de8lgrled the loading syate@ ueed ln
the load-def lectloD atudleB.

Mr. T. !. Ruschel1, Electronlc. lechntcld, Ea. le.pmBlble for lnstruDenl cal1blaEion and

callled out the A-D couv€lBlm 6d leduction of data.

l{essls. F. A, Rankln, supe.vldory Technlcla!, anil R. Eltlla@, Phy6lcist, supervlBed the

ln6ta11etlo! of the robile hoee ac Ehe te8t si.te and the lnEtlraent6tlon-data 6cqulslElon

sysreo, le8Pectlve1y.

1,1r. J. N. Brerer, Chlef, Plant D1vldlorr arralged fo! u6e of the Eeat Elte ald lnatallaElotr
of electrtcel .edlce llnee.

111



1

2

3

5

6

10. REEERENCES

9. Aoblent Plessure ?robe, Unlted Stltes ?aEent 3t950,995, Api1l 1976.

Dlkkers, R. D., t{srshal1, R. D,, and thor, H. C. S., "tlurrlcane Caoille-AuAUsE 1969."

NlS Techulcal Noce 569r NsclonAl Buleau of Standards, Uashlngton, D. C., Halch 1971,

Itehta, (. C,, ec a1., "Eng|eerlng Aspeets of the Tomadoes of Ap!11 3-4, 1974." RepolE

prepared for Nrclonal Re.4!ch Council, Nattonal Acadeoy of Sclences, Haahtnaton, D.C,,

1975.

I,lh1ce, G, P. and lteast J. E., rrABsessEent of Research oo Natula1 Hazalds

ceEb!1d8e, Massachusetts, 1975.

7

Ealdllp, T, G., rrl'lob1le Eore Anchorlng Srscetu and Related ConsElucclon." Reporc fo!
lnBcllute for DlEsote! Re8eatch, Texas Tech UnlverslEy, Lubbock, Texas, June 1976.

l,tobue BoDe ConstruclloE aDd Ssfety Standslds. Depr. of Uousltrg and Urban DevelopEent,

Federel Register - Pelc II, DeceDbe! 1975.

Ma!3hs11, R. D. 6nd ItBl, C., "Techniques fo! Measurlng r{lnd Loads on lu]l-Sca1e
Bu11dtn86." Ploceedings of Resesrch Salna! on W1[d Loads on StEuctures, Univelslty
of ltauali, occober 1970, pp. I33-I48.

ttalsh6u, R. D., "A Study of Wlnd hessures on a Slngle-lao1ly D{e111ng 1n Model and

Full ScBle." Journsl of Iodusrrial AerodFeDlcs, vol. t, No. 2, ocrober 1975, pp. 177-!99

laton, K. J. and Mayne, J. R., I'Ihe l.teasur@en! of wind Pre6suie6 on leo-Story iiouses

at Aylesbuly." Jou!f,a1 of Induatlla1 Aerodyranlcs, vol, 1, No. 1, June 1975, pp. 67-109

10. RelnhoLd, T. A., Tleleun, H. w. snd Mahe!, l'. J., 'rlnvestlgatlon of 6 G!1d lnduced

Turbulent EnvlloMent ior ItEd Tunnel Testlnt." Repolt No. lrPI-E-74-30, v1ra1n1a

?olytechDlc Instltute and SC.te Unlv., Blsckbu!8, Virel,nla, Decober 1974,

11. McMlchael, J. M. and Klebanoff, ?. S.r "lhe DyDeDlc Respon6e of Hetlcold AnemneEels

NISIR 75-772, Nallonal Bulau of Standards, lrashlnAron, D. C., NoveEbe! 1975.

12. Tetrnekes, H.r I'The Loaaritt@ic Ullnd ?!ofile," JoulMl of the AtEosphellc Scienceg,
vo1. 30f 1973, pp. 234-234.

13. Sib1u, E., "IDga!1thu1c Ptofllea and DeBtgn Lllnd Sleeds." Jour@l of Ehe En8ineering

Mechanlcs Dlvlslon, ASCE, vol 99, No. EM5, P!oc. ?aper 10100, ocroter 1973, pp. 1071-1083

172



14. AEerlcan Natlonal Stand6rd A58.1-1972, lulldlng Code RequlleEenEs Ior Mlnlf,uo Des18n

loads 10 Bolldlna8 6nd Othe! SlrucEutes. AEerlcan NaElonal S[andards lnsElEuEe, Inc.,
Neu Yo!k, 197 2.

15. Natlona] Butl<11n8 Code of C6Mda, Suppl@enE No. 4. AssoclaEe CofulEtee on the N6llonal
lulld1ns Code, Natloml Reseelch Coucll of canada, 1975.

16. Melbourne, l"l. H., 'rPeak Faclors for Stluctules OscillaEing Under tltnd Actton."
Proceedtngs of Conference on ?robability Theory of StrucEural Deslgn, The lnstltution
of Engrneers, Australla, Nov@be! L974, pp. 35-44.

Harlis, R. B., "UiDd Fotces on Uobiie HoEes." ReporE prepared fo! Foremost Insulance

Coopany. Departrent of Clvll Englneellngr Unlversity of Ulchigan, June 1962,

21

20. 16ng, J, C. S,, rrthe IeasureDeut of Deplna 1n iioblle H@es." Repolt plepared for the

Narlonal lute6u of St.Ddard8! Septeober 1976.

Standald for rhe lnstallarion of Hob1le H@es - Includlng Uob11e Iiooe Palk Requlreoedrs,

NIPA No. 501A, 1975.

Duiscr C. S.r ,Urnd Speeds Ove! Sholt ?erlods of TiDe. UeEeorologlcal Mlgazlne, Vol,
London, 1960, pp. 18I-186.

t7

18

19

22

23

24

Cole, H. A,, Jr., "on-che-1lne ADa1ysl5 of randoE Vlblatioas." AIAA Pape! No. 68-288,

plesented at AIAA/ASME NlnEh Stluclures, Scluctulat DyoaElc6 aod Mate!la1s Conference,

?a1o Sprlnss, CA, 1968.

Yang, J. C. S. and CaIdreII, D. W., "The Measuldeat of Damplng and the Detectlon of

DaEages in SEructules by the Rlndor Decreent Technlque.r' Plesenred and publlshed ac

46th Shock and Vlbratlon SyEpo8iun and Bu11elln, Satr Dlego, CA, Noveober 1975.

Vellozz1, J. UI. ara Cohen, 0., "cust Response Eactors." Jouhal of the Structulal
Divislon, ASCE, Vo1, 94, No. 5T6, Proceedltrg6 Paper 5980, June 1958, pp. 1295-I313

"Wood Eandbook," Agllcurcural Hsndbook No. 72, lolest Products Labolatory, IJ.S, lorest
servlce, August 19 74.

89,

25. CalaBbos, T. V. and Rav1trd!6, M. I(., "TenEaEive Load and Reslscance PacEor Deslgn

CllEerl8 fo! Steel lu11d1ngs." Research RepolE No. 18, Stluccural Dlvlslon, WaBhington

UnlverslEy, Septebbe! 1973.

"UnlforE !u1ld1ng Code," Intelnat1ona1 Conference of 3u1ldlDg offlclals, 1973.

113

26



21 Tuoh1, R. L. and )lccurcheor, U, J., "Testlng of 6lutl-Sca1e House Under SlDulaEed

SrNloads and tllndload8." USDA Fore.E Sewlce ReBe6.ch Psper FPL 2341 1974.

114



To 111ust!are the precedule outllned 1n sectlotr 6.4, the average @xlEu pressure coef-
flcldEs .!d the reco@endeii deslgn pres6ure fo! tllbutaty rcof .reas (excludln8 the loof
perloete!) ale deteElned fo! a sln81e-wlde Eob1le hoEe 1n the foll@1ng exaEPle.

1I, APPINDIX A

IllusEr.Elve !x6op1e - DeEemhatlon of DeslAn loads

qh = (0.0011)(70)- - 5.4 psf

The lalue of P(>X) 16 obtalned froo Eq. 23

lroE !q. 11,

The Eultiple-polnt pressule coelflclents for Record No. 10-4, Eaps R8 Eo R11, are

presented io Table 4. Ihese coefflclencs were coDputed uslng a recold lengrh of 504 seconds

and a oeln rlnd speed of I3.0 Dph rr .he helght of the Eoblle home (see Table 1). Arso

llsred 1tr Tab1e 4 are the peik factor g, the upcrossing late oo, che pek r.re npt and the

Welbull parueters c atrd k. As prevlou6ly discussed, the valu€ of C-, C

consldered ro be 1Dvlrlatrt vlEh v1nd 6peed.

Assuolng ! baslc wlnil 6peed of 70 oph, the rc.n dyneic lefelence pre63u!e,

obt.ined f!@ Eq. 21.

P('x) ' G6o-x-1t€I'ri6t = r'5 x 1o-4

the essociared pelk f.cto!, t, can nos be deteElned, elther !y usiEg Eq. 11 or by resortlng
to prohabillEy paper !B shom in uture 5.6.

d
lo,5oi

12

s = 8.6

.l.5x10

Sloce netltlve dep.lturs floE the oean.!e of lorele3c fo! extehal p!e68u!e6 eclina
on the roof (BucrloD), the peak factor 1s based oD netlElve depEtules fr@ the EelE lDd

the peek treaatlve pressule coeffleleDc 16 obtllaed as EoUov6:
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c-
P

=C-+eC

- -0.95 + (-8.6) (0.35)

- -3.96

(see Eq. 22)

These !!e Ehe v!1ues of r(>X). s lnd C! l1sted 1n Table 10 fo! Record No. 10-4 and forp
una - 70 tph. An ldeotlc.l Ptocedule i3 u6ed to obhin Ehe co!!$PondlDt valueE for
uFlt'90 Eph' In detelilnlng the lEterrlll P!e88u!e coefflc1ent8, the Peak flcto! rd b.Eed

on poBltlve deplrture8 fron rhe oelrn 31Ece th13 rr1l1, when coEbhed Elth the netltlve
externll p!e6su!e lctlng on the !oof, produce the rc6t c!iEic!1 p!48uEe coEblMtlon.

Asrtn vlth lea.rd to tllbutlly !r€!B of the roof, the va1ue6 or C6 1tuted 1n T.ble 11 are

obtained frm lverltiEg the teldmt Eultlple polDt pre.sule coefflcleEts Usted ln Table I0
lEd the loterD.I Fessure coefftcledts llsted ln T.ble 9, Eor UFM = 70 Dph (Table 11), the

v.1ue8 of C^ fot crlbut.ry loof a!e!o aDd for the Elxr!@ lnEerul prsaule .re -4.30 lnd
+I.OO, respectlvely. The collespondlns vllues of ; (see Eq. 22) fot !n - 5.4 0"6.'"
-23.2 psf lod +5.4 p.I, le6peetlve1y. Slnce chese pressules both acE upuard on Ehe !oof, che

codlned pre88u!e b -23.2 -5,4 - -28,5 psf for uru - 70 tph. Flnelly, .pply1nt che load

reductlon facto! of 0.8 fo! t o!l-1ng stless d€eltn.s ls dlscu6sed 1n Sectlon 6.6, the

reco@ended lord for the deslgn of trusseo, roof o€Ebrane aud fasteners in the stlndard wtnd

zone (r.ble 15) ls (0.8)(-26.5) . -23 psf.
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Reco@ended Revlslors of sectlon 280,305 "Scruclural De618n Requherent6" - lederal Mob11e

EoEe ConsElucElon and Safety Scanderds, DeceEbe! 18, 1975.

12. A?P!\'DIX B

RI'LES AI\'D RECULAIIONS

the fo11oe1na chaoSes ln the rules and regulaalons of sectlon 280.305 "StiucEula1
Design RequlreEenEs" are recomended on the basls of fu11-scs1e heasureEents, desl8n criteria
aod plocedures descrlbed elseshere ln chls report. The loads lndlealed in the EolLoslng

palagraphs are equlvalenl statlc lo.d8 fo! the deslgn of Eoblle hones and their ancholing

syst@s Eo reslst ulnd forces and replesent averaae @xlE@ loads for Ehe condiEions stated.

sec. 280.305 StlucEu!a1 deslsn !equiruents,

(a) (see orlBiDaI text)

(b) Desiga Loafu. (L) Deeagn dead 7rad3. Deslan deed loads shalt be rhe actual dead load

supported !y the strucculsl ass@bly under conslderallon. (2) D%i.gn LiDe Loa* - Il].e desien

live toads, lncludha rlnd ard snos Loadsr shau be as speclfled 1n thls SecEion and shal1

be con8idered to be unifoEly dlstrlbuted. The roof l1ve load or 6nos load sha11 not be

coDsiilered eE actlnA slDulteneousLy wlth lhe Dlnd load and the roof llve or sno load aod

floor llve toads shatl trot be consldered as leslscln8 the overturnlng honenE o! sliding due

to wlnd. (3) I{hen engloeerlng calculatlons ale perfoloed, al1ouab1e unlE stlesses My be

lncreased as provlded in the doc@enrs lefelenced 1n Sec. 280.304 except a6 shoun otheMise
1n sec. 280.306(a). (4) The Data PLate posted 1n the oobtle hoEe (see sec. 2E0.5) shall
shoe fo! qhlch sEructural zone(s) of the UsA the Eobt]e hoEe ha6 been deslsned and the actual
destgn extelDa1 snos and/or Elnd l1ve loads, The Data plate sheIl tnclude reProductlons of the

Load zone Meps shom ln sec. 280,105(c) a8d (d) ard lerated lnfolfution. the Load zone }laps

sha11 be not less lhan one-half the Bize 1lLusclaEed.

lc) qinn LoaAa. (t) StanAald v1:vl. (zone I). ulen 6 Dob11e hohe 1s not deslsnated es

"Hu!!1cane-Res 1B t 1ee, " the Eob1le hole snd each Hlnd reslstlng psrt end portlon thereof shell
be deslgned fo! the loads 116ted under "srsndErd Ulnd (Zone I)" ltr Ehe table below.

(2) u"n:oafle Reaietire (Zola Ir). (1) lrhen a Eob1le hore 1s deslsnaled ss .Hu!!1cane

Reslstlve,rr the troie and each ulnd reslsrlDg p6rt end poltion theleof dhe1l be deslgned fo!
the losds 11sted under "Itu!!1caoe Reslstlve (zotre II)rr 1n the table be1ow, (11) ror exlosules
ln coastal and other ereas ,he!e Elnd lecold8 lndlcare slgnlflcantly h18her loads than the

loads speclfied fo! Zone I end Zone I1! the Deparlflenr my eslabl1sh more strineent !equl!e-
f,ents fo! hodes knoh to be deslrned for such areaE,

1r7



(d) Raof :,.dds. (1) E1at, cuFed and plEched roofs sha11 be deslgned Eo reslst the fol-
lortng l1ve 1oads, applied domserd on Ehe horlzontal prolecEion as a?propriate for the

deslgn zone @rked on Ehe oobI1e hoEe:

I::1"';::.:-.-----.---:-----:---------:----------------------------------i-----i ,,,,i:'
south zone----------- -----------------------20

(2) lor expoBures ln a!ea6 (Eoutrcalnous or other) uhere sro, recolds o! experlence

lndlcate stgnlflcanE dlffelences froE the loeds slated sbove, the DepartrenE ray e6tah11sh

oole stritrgent !equ1!dent6 fo! hoEes knom to be destlned for such areas, For snou

1o6d8, such lequireoents are to be based on a roof snow load of 0.6 of lhe Sround 6noa

losd for areis exposed Eo Hlnd and a roof snoe losd of 0.8 of the around sDoD loed for

(f) Fascenlot of stlucEurel syst@. (see orlghal cexc)

(s) Udlla. The rall6 EhaU be of Eufficlent stlentlh to ElEhstand the load requlleEenEs

aB defhed ln sec. 280.305(c) and (d) of thls palE snd, qhen suuected to horlzont6l Loads

of 15 6nd 25 lbe/ft' fot Zone l snd zone II, lespectlvely, BhaU not exceed the deflecllons
aE Bpeclfled ln sec. 280.305(e). The connectlons betueen Ehe bearhg ralls, floor, and loof
flaDeuolk EeDbers 6hat1 be fatrlcated ln such a @nne! 66 to plovide Elppolt for the @ter1a1

u8ed to enclo8e the uobl1e hone enil co provlde fo! tEsnsfe! of a1] Iateral 6nd verttcel loed8

to the floo! 6nd chassls.
(l) Excepr shere substaEtlated by englneellng anslysls or Eests, studs sha11 not be

notched o! dr11led in Ehe niddle ooe-thild of rhel! lenBth.
(2) lntetlo! val15 and paltltloDs shall be constlucted ,1th stluctula1 c6pac1!y

adequ6te for che lntended purpose aDd shaU be cspsble of leslsElna a horizontal load of
nor leEs than rlve pounds per square foor. Flnlsh of ealls and palrlt1oDs shal1 be securely
fascened co E.U fraolng.

(e) Deslsn Load Derlectlon. (See or181na1 text)

(h) Eloors. (see o!1s1@1 tat)

(!) Raafa. (1) Roofs Bhelr be of sufflclen! strength to wltkEand the load lequ1leEentE

ao deflned In sec. 280.305(b), (c) snd (d) of thls part and, whetr sublecced to uptlfE loeds

of 9 and 15 lbs/fr2 tot Zone I and Zone 11 lespectlvety, o! the loof loa<ls of Sec. 2SO.3O5(d),

sha11 not exceed the deflectlons specifled lu sec. 2E0.305(e). the connectloE6 betueen roof
flaDeuork Edbers snd beallnt 8a116 sha11 be f6brlcated !n such a @nner to provlde for the
transfer of deBlgn velrlcal End horlzoEral loads Eo lhe bearlng EaUs and ro les16t upllfr

tl8



(2) Rooflng oeobranes shaU be of Bufficlent rlgldlty to plevenE deflectlon whlch ,ou1d

pemlE pof,dlng of trater o! 6ep6latlon of sea@ due to wlndr snow, !ce, electlon o! transpot-

(3) cutrlns of roof fiereeork Eubeis for ?eesaae of electllca1, pluabing o! oechaDical

systeEs shall not !e allored except rhere subslantiated by etrSlneertna analysls.
(4) A11 roof leneEretlons for electrlcsl, pl@blng or nechanlcal systeos shal1 be

ploperly ftashed and sealed. Itr adilltloq, uhele a Detal roof ndbrane is ?enetrated, a

eood becker shal1 be 1nstal1ed. The backe! plate shal1 be not 1es6 than 5/16 trch pl)ryood,

wlth extertor gIues, s€cured lo che loof flerhg syslen beneath the rcta1 roof, and 6ha11

be of a slze to assure thal all sclevd secu!1ng the flashing ale hetd ty Ehe backer p]aEe,
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D€1gn of ErlJ3eee, rool Delbrare and fasteDers (deepE aE noted belos)
Roof EeoblaEe and faEEererg on sErlp 2 feet elile dteEillEg alound pelheter

overhargs Cret uputc)

(zone 11)

-40 (-30)

-61
77

Deaign LoalE far 5tunntrd. @A *dc@e tlind. zonea

DeElAn of lolst8, floor pane16 atrd fascenelB (occupancy load dcluded)

SIANDARD

@;;-it
EURXICANE

-23 (-r8)ROOI

SIDE Erl,LS

ELOOR

DIAC LOA.D

UPLIFI LOAI)

-36
15

I5
-t2

26
-21

D€rtttr of Btud8, doors, ulrilor.€, qterlor sall cov€rlo8 and flsrenels
(ercept e3 rcred bel.ol.)

Erterlo! fl411 coverlnt and fast€nels at end8 of sldda1ls on vertlcel €t!1ps

END IALLS De61an of .tuil8, fllndovE, qtellor EaIl covellDa and fasteners 15

-32 G24\
25

-56 (-40)

-24

6

r7 (15)
15

16

29 (24)
24

-40

10

2A

Load 4ctlng o[ horlzoEtslly prolected are of Btructule 6nd used for
d8lAn of stroctural subsysreM ro resist racklrg (see Note 4)
Ead secclors (1/4 lensrh)
Cencral Becrion (I/2 lensth)

Load actlnS veltlcal]y upEald on plan alea of struclule and used for
deslgr of dtlucturel subsyslem to reslEt beEdht In vertlcEl plane (see Note 5)

1. Ar1 ple8sur€ ln pound8 per square foot.
2, Negattve slgo lDdlcateB presEules actlns outsard.

3. Loads hdlcated by ( ) are to be appued to double-rlde unlts oDIy.

4. Resultant to be applled at 0.6h above arouEd l€vel. h 16 he18hr o! roof-rau 1nlereectlou
5. Resultan! ro be applled Ec 0.4w froE wlndward edae of roof. W 1s wldth of Eollle hoEe.
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