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INl'ROOUCTION 

The wind loads on low-rise structures have been the subject or a11 iqfensive research effort 

1t the Boundary Layer Wind Tunnel Laboratory (BLWTL) of the Univenity"of Western Qntario. 

This report briefly outlines the scope and methodology or the research, reYleW1 the primBI}' 

observations, a1l4 discusses a siRlplirled summary of work which ~ anticipated to be incorporated 

In the Commentary to the National Building Code of Canada. 

Scope of the R~arch 

Historically, the BLWTL has had a long in.volvement in. det.ei;mi~i.ng low-rise building load!! 

as reported in references I lo 7. Other Institutions have also Ileen occu.1,>ied with llJis subject 

as discussed in references 4 and 6. The earlier studies provided useful Indications or some 
of~ Important features of wind loading on low-rise buildings; however, they M~ not 

safficlently comprehensive to conridently provide the basis for a modem code. Sue~ a code 

sltould recognize the importance of lhe turbulent atmospheric boundary layer and the dominant 

role of the associated unsteady wind loads. 

The Immediate aim of l}ie cummt wort has been lo signifa:anlly extend ttie da1• base ~ii
able by detenninkla the steady and unsteady aerodynamic loads on models represent~i'fe or 11 

wide variety of engineered low-rise buildings. The final goal has been to develop simpli~ des
criptions of the llel'O!iynamlc loa4s suitable for codirication. M\ldt of the data and ~ pre

liminary enaJyRs of the wort It.Ye bee11 presrnled previously in references 4, S, 6, and U. Tiie 
reader Is rderred to these saurces for details beyond the scope or this brief report. 

Some or the features indicated by e~lier studies which have guided the cvnent studies 

are, for example, that the dominant loads are· ftuctuatlng arid that these are not necessarily 

orsanlzed either spatially over the slnll:ture or In time. This has raised the questlow or the 

•"tent to which tbe effective loads are reduced with Increasing tributary area. This may be 
partteuf..-ly true in frame sttuctures with a variety of Influence lines. nieY liawe also 'ndicated 
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that lell'ain roughness cari hBYe an bnportant influence on the distribution of pressures and 

ihe ampllti~des of the fluctuating components. Building shape - In particular, roof oltch -

continues Io be a primary factor inRuencing the pressures. 

It b north noting that In principle the National Building Code of Canada (9, IOI reflects 

these nrlo111 lnRuence9 of terrain roughness, fluctuatins gust action and the effectiYe presSllre 

coefficient. In this code the effective design p1-essure p Is denned by: .. 
, '" ti c, ~t' ~r.. ' ' .. . , , . 

\ . ;! .. . • 

where q 111 the refmnce velocity pressure, In !Canada derived from the hourly mean lsoeed 
- ~ ' : ' - ' I 

c1 Is the sust effect factor, 

Cr Is the exposure factor, and 

c, ii the effective pressure coefficient based on the hourly meaa reference p re. 

For tstll bulldi!IP• the gu_st factor is detennined in part by lhe builcl ng's dymrm 

ho'lfeftr, for low-tise buildings, resonance of thj' structure does not normally play a •• 
role, and the aust factor becomes wholly an aerodynamic factor. As such In this wor. 

been convenient to wo~ in terms of peak pressure coefficients, which Bil! equivalent to t~ e .... 
prodect <1r c, . 

The ..,,ed for a reTlew of lo;~rise building wind loads has been underlined by red mt mtperi

ence In the U.S.A. where suggested changes In code ~&atlons uslni •allable ~ynamlc 
data hne, In certain inslances, led to significanl Increases In design loads for low-rise 

This appe1111 paradoxlcal when contrasted with JjlfOYen perfoonance. In ,articular, 

experience h• shown that engineered low-rise sitructuns - notably those monitond 

Metal Building Manufacturen Association -:-- hne had a good record of withstanding 

to.di, emi !though desigiied using data ( 11, 12) which are to some extent 1111spect . 

ulldings. 

11011 

t~e 

ind 

pn!9ellt lludy has thus been undertaken lo resolve this dUemma and to provide a combreho:msl.-e 

data "- for ruture code definitiolL 

o.enll Apf1roldi 

Experience with wind loading problems and the early wort mentioned abo.-e st 

dlcate that Ille dominant wind loads are unsteadlJ and vary mutedly rro111 point t~' lnt: Since 

thete varlatiil>ftS need not be synchronized, their overall effect· may be much less ~han , dkated 

by the commonly assumed simultaneous action of the wont local loads. Therefore, it has been 

of prhuy Importance in thi!I work to measure lime-vuylng loads neraged mer ,.. · t ri butary 

' IU'eBI. 
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The methodology of doing this is clhcussed In more detaU in rererences 4 to 6. Briefly, 

both local loads 111d area loadl hne been detemiili'ed. Local loads hm been cleri.ed 'iiSing 

conventional techniques (13). For area loads, pneumatic 8'eraging (14) has been dsed 'to prOYlde 

·, set of lnst111taneou1 loads assoclaled with tributuy areas of structural signi~e. On the 

rooi' these areas are rerened to as purlln loads, and on the vertlcal sulfaces as wall loads. An 
on-line computer propam then samples the Input load yector and multipHes It by a matrix 

or Influence coefficients to prO\'lde a set of structural 'olitputs', coneSponding typ1cany to shean, 

be~dl111 moments, tensions, deflections, etc. In nrious structural elements~ as Illustrated d;igrarii: 

. matically In Figure I. Since this II done on-&e at a high nite, tlie, result II ihe umtr\ij.fing be

haviour of those wincHnduced structural reactions wtiich are of primary design hltere'it. These 
·--· •. ~i.' < i l ' 

~twt I011ds then Inherently take Into account the degree of eoherence of the wlild loads over 
the roof. 

!! ' 

The progJ;ll!ll or ltudy ha ~d measuring aerodynamic data for a nnge of buHdl111 

seometries (width/lenstf&/helght and roof slope) and for two enti'ronmentS .(open i:oo~·ry and 

111buban) as ""'1m•rlzed In Ffswe , 2~ •Other factors h111'e also been lnYestlpted. 11lese Include 

loadl on enes; loadl jlll comen; changes; li.'buildi'tlg l&diiig due to canopies; paiapeis' amt' ~ar
by structures or ~lficant size; Internal pressure loads:·and jll'obability ' ilistrib.ltiOOs' c~fthe most 

sfsnjfi~~_loacb. :JAll memurements hne been carried out In appropriately siiDUlated atmospheric 

flow .. ,as historlcally (13) this_ has beewlhown to be the onf)I way' to obtain results hi good agree

ment 'wtth tun SCllle ~~rience. For both the local and dishtbuted wtlid
0

bids, Instantaneous 

peak (effectiYely I tecond dura"on run ICBle), root mean square and time nera&>e (approximately I 

hour IUD scale).loads we"' recorded. 
:; •,: ...... 

As 111 adjunct to dUs ex,stJnent, wind tunnel' tesb ha\.e abo b1een1 curied out on'• model 
of the run ICBle test house at·A~. England (7) and the 11isU1ts ire encoura&ins.' In' ~l
cular, ror winds aonnaUo ar.tei 1prnenf' blfw"ecn~perlment and° 'rull 11eale Is a sOod u be-
tween two llbnRu f•D scale data 11ets obtained o'ti·iHfferent days. ' l 

.~ ... 111· 

H!pllghts of the Stady • 

The primary obsenatlons of the 1tudles detailed In References 4 and 5 are • follows: 

I) ln/1uma oftJpn.n.lt: kMdr 1lie dy11onllc component or aM '°""""effects b ~lftl .,_ 
lfte meal <"""°"°'I. Thla .. 11 parlJculai;ly fnlt or local pressum, lea 10 ....... , ....... loe<I 
efTecl!. A11 uample 'time hlstety of a I~ p<essure Is shoWR In Figure l, • ' · 

• , • ., ••• r 
2) 111/luma a{ ttmlhl mupMD1~ 1'Mulced ch111grs In lemln twglma. affect die pmsure coel'· ' •· 

flclt:nts but th. tttnd>..are llOI 11-r-. oonslstent. The dynomlc ~I ~-- comht· 
enllr •llh rou@llef trmln. ~,.owerall pe1k ~res essoclated wtlh a pattlculu ''°"" • 
ied6ce eomewhll a tel'rll11 1cuiflness Inc- Thh II llhntntcd ltl flpre 4, wt.ere the 
meam Clll be lct'll lo be nmtedly dl!Tcrenl In ~ two kmtlm; liowner, rhe pHb ..., lllllCh 
less afl'ectcd. 

-1 ;~ ~ ... 
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3) Roof"°""' height and f""flh: The Orsi lwo lnlluence the I001ds slgnlllcandy. The dependence 
of the I001d coefficienlS on heigh! c•n be reduced consldorably by referencelng them to the 
Yeloclty pressure at eave height. Over the ran!:" of lenglhl 11Udled, for which the lenglh ex.-d
ed the width, there II comp•r•liYely Hide change In the measured I001do. 

4) Sale: BuUdlngs differing by up to t foctor or two In size may be associated with the ume 
premne coefficients provided the •wropiiale eDe heJFt ftloclly pressure Is used. 

5) Local roof ~num: The worsl lnslanlaneous suctiofts generally occur near wlndwa)'I comen 
111d ..... or neor the lee or the rid!:". Generolly for steeper roofs (>4:12 slope) the rklBe 
domln1te1, for Raller roofs the comers and e .... 1. Flow directed at the comers generally Is 
the most se•en: case. Posltlve downward pressures occur also, partlc1Jlarly on sleeper wind
ward roofs. This, with the leeward sucdon1, prodac:es unbalanced loads on the frame. 

6) Influence of rributary atm on roof load.: The el'TecllYe pressures octlng on roof panels can 
be considerably less th•11 the ycry high lnstanlllleoos suctions encountered locally on roof 
mrfaces. This I• partlcul•rly true near comers for quartering winds, Where the loads are nol 
wen correlated. This applies If non-slnmllaneoos peab are averaged and, eYen more so, Ir lhe 
pnl value of pressures ... ra!:"d slrnultaneously mer the 1re1 Is taken. A summary or thlt 
effect for much or the data elllmlned Is shown In Figure S. 

.,- . 

'1) Sq looih: Thc lnlegr1tcd hori1.onl1I thnnt, •ertlcal uplln and frame bending moments show 
ippred.ible elfeclS of spolla} 1Yersgf.ng of the dynamic fon:n. 11iete loads In: slgnJflcancJy 
less than those delermlned from lhe peak local mulma. The end boys and fnmes ire 111\1: 
jecled lo lllgillllcandyhlgher loo.ding effccll Ihm ire !hose 11011rer lhe centre of lh~ buUcllngs. 
TM effect of wind angle ls lest on tmse distributed load effecls, P"rllcuhrly for lnteillH' biyL 

~ - ~: 1 • 

I) lntmrol f"Ulll"''' Internal pressures 1tt dynlmlc wllh guJI fteton only sllghdy reduccd In 
comparison lo edernal loods. Fnrlhermcm, the Internal pret:SU..,t 1te wen corri:l•led spadal1y 
Implying their dynamic nature should be conslde..,d for 1truc1U1al loads. llils dynamic n1lure 
•d high degree of correl1llon Is dram1llcally lllu1lraled In Figure 6. 

9) Influence of parupets, ravo and nttrby 1trvctuns: Low parapet• lend to lncrell!e the loads 
neor the roof comen bot unsttady loads elsewhere on the roof are not marl<ecDy Increased. 
Enes or c1noples tend to simply edend the roof area and thus become exposed to the hi"' 
edge 111d comer loads whereas the roof ooer the budding Itself h someWh1t unl001ded. The 
pressures underneath the e1Yes tend to sllghtly unload the comen whUe Increasing the loads 
on eDe eccllons .... y from comers. Neorby 1truc1Ures !:"nerally tend to reduce the wind 
loads buf there ire some cues of dose prux:hnlly 111d/or l1rge rel11tre helghb Where loldl 
are lncree .. d. 

lmpllcallons ror Cocllllcatlon 

Some general implications are clear with reP,nl to code formulation. First, the basic 

rode form of CP"" q Ce C" CP rem:iins ~ p;od vehic~ for describing the wind action. 

Secondly, for Internal pressures, the emphasis should chanF so that gust factors are the 

norm nther than the exception. Thirdly, there Is considerable evidence lo support some 

llleriatlon of the exposure factor, Ce , below JO'. Finally there should be some changes 

to the coefficients recommended for low-rise buildings. It ls anticipated that some of these 

resuhs wlR 'be Incorporated in the 1980 revisions to the Canadian National Building Code 

11114 Commentary. Thme chan~s anticipated are a recognition of the reduction in reference 

presllllre (I.e. Ce) down to 6 m, below which Ce remains constant; and revision of lhe 

coefficients and associated comments, draft copies of which are Included as an Appendix. 

..... 
It ls lmport1111t to note th1t coeffii:lents In the Canadian Code are referenced lo hourly 

mean speeds Which are somewluii iess than the equivalent fastest mile wind speeds as ln

dicated 'di~matically in Figure 7/fhis follows from the fastest mUe ~being• gust 

speed or duration dependent on the wind spiied - at 60 mph It Is a ohe-mlnute average. 

lnnriably It Is averaged over. a ~od consjderably shorter than an hour. As I consequence, 

coelrJClenll designed ror the Canadian code are higher. An approxhnate relationship to cor-

rect them. to 1 fastest mile ~Is ls Included with the data. ' · · ' 

In application, the anticipated requirements are organized into two parts. The Ont 
provides loads which act on the 'prbnary' structilre. These are deslped lo deftlop such 

wind actions as frmne bending moments, overall uplift and horizontal thrust consistent with 

the experimental measurements or the peak values of such loads. These 'primary' structural 

loads include the alleviation for 1Yeraglng or the smaller gusts over the structure which were 

Implicit In the experimental measurement technktile, The seccmd set of requlremenl!I provide 

loads for elements. of • .the ttJuoture hmng daJler trif>uWy areas, whlcf\' 11rOUld nomudly be . ' 
11101;ialed. with parts or po1t1oft4: or: .. Sl1'1c surface of • bunJtn;:1• The slgnifk~~i ~t ·or·'. 

' • I ~ '' . ':: b : 
these loadl~~$ &'lflelr recognUlon or 1ho ieducllon In load assoclaled wllh ln-

c:reasin1 tributary area - ranging from small areas associated with fastene111 to larger areas 

moc:tated with design of &iris and purilns. 
• - <;,J, I - •' 

An example of the appllcalion or these loadin1 requirements Is Ulustrated In figures' ., . 

8 and_ 9 _In lerms_of specified 111eSSUies· for a fastest mile ~ed <if 'So mph at JO feet. 

FllUre !l sJiows th~ loadinp required for the design of the oveniD structural system for 1 

buB.4Qia.with •,3 •. ~ FP.Of pitch. This angle was chosen ·.S It Wu$1rates the mos! com~· 
""'-' .,,, 

requirements, havln1 three loading cases ralher'than"· lhe"flVo associated with buBdings hmn1 

roof1 or lo;wer pitch. The uppermost diagram of Figure 8 Is the loading associated with 

winds seneoilly perpea~lar lo the ridge. · Because of the .,6s'ii~e pressures deveio.,ed 

on ·tfMr .windw-.d.roof for, high roof llopes, lhe additional loading requirement represent~ 
by the bottom sketch Is needed ulsin1 from quarterlns winds or winds generally •Ions the 
ridse line. Finally, the middle sketch RJ.!met1tl a folding requirement 1SSOClated primarily 

. . . i~ 

wi~h lon&itudinal stability. Of ~note In Figure 8 are the higher loadin1 sequ!~ll 

for end zones. For lower roor slopes, p091l!Te pressla~ loading of the windward T0or Is ·not 

1 ~or conslden.Uon and hence a 51ngle loading case ~laces the top and bottom._Ee& c;f 
Fl111re 8. Thus for lhe nry common case of 1 Oat roor or a I : 12 roof slope, essentially only· 1 ltnlie 
loadlf!g combination need be considered, with the only addftlonal requlreiiient ·beinl. rhllt 

or lonlitudlnal stability. 

. F~re 9 slmlluty lllustralea the loading re<111irements for claddln1 and 'seecindary 
sbuctural elements. The ti~ Includes the largest local loads requlied (_,.lated Wltti · · 

the smallest tributary areas considered) and the smillest local loads requlreil shown appfied 
' 



oYer tl11t tributary area beyoncl which no further load reduction Is suggested. 

c:ontht1red here ls 200 because it again rep1resents the most complell case, having 

loadl In the area or the ridge. (which disappear for lo'1er roof slope$) and high C' 

loads, '(which disappear for higher roor slot:ies). Both primary and secondary 

caea lhould Include consideration or intem1al ~res,nlues of which ve lnclu, 

tit Increased 

point 

11 tnd ·91 for the example considered. Details for other geometries, aad the lnflueife Clf canopies 

me Included In the Appendill. An apparent omission wrorthy of no te 19 that no deTl1tlon for 

roullher temdn II Included. This essenliany results from considerations typiried br Fi3'1re 4, 

whldl mows that although mean pressures mre dramatk:ally reduced In bunt-11p lc(nin , peak 

lolch •r~ not affected significantly enough - nen for vea loads - to warrant a 
of eoel'fklen19 - at least for the lime belnt:. 

laclsJi:111nd to the Codified Model 

Sfiace and time do not allow a complete discussion of the method by which f he detailed 

ei1:perlh1ental data (representing more than i1 million numbers) were roiled down tb the specl

ficatlo~!9 of Appendill A. This process will be detailed in a later paper. Some cot
1 

ments are 

nol.e·wortlly. Cons1raints were pfaecd on acceptable forms of the final code model by nrious 

considerations - the major one being !hat the structural loads should be represcn tiy com

blnatio1i1 of rectanf:Ular load distributions. n..; tssence of ihe proce•ure was th~ lo develop 

envelopes or the worst loads measured for all eJJ:perimentaJ 'c'0nfigurations, broken down Into 

a limited number of classes defined by the !:lrong parameters such as roof slope; d by elimln

atlnc other pa111meters, such as height, by !ming coefIJcients on roof-41elght referef e velocity 

pressurm. Idealized loads, within the constraints of simplicity mentioned above, i ere then 

cletennlned which recreated the experimenta1I values or Ute measured structural 1n~ local loads. 

Such 'worst cue' loads are unduly comenative for a number of reasons. In tact, to arme 

at 1 rea1onable load ror engineering design purposes, It Is most useful lo consider lht complete 

loiidln1 process from the vlew~inl or reliability-based design. Such an analysis c+ sld.:r.1 the 
uncertainty usoclated with the dennilion of' the wind climate : with the actual eJJ:~e of• 

sttucture (lh surroundint: terrain): and with Ute magnitude of the 1ctaal pressure cocmcJents 

(both e:1ternal and Internal), a~socialed with both the variability among experhnen6 1 conn1-

uiatlom and the variability among fu ll scale conr1111nUons, i nd with the nature or\ the f:USt 
ICtion ldself. The Indications or such analyses, as reported in prerlmlnary form In 
IS, prm•lde a rational basis ror reducing the coefficients slightly from the worst ca 

wllen r~onulaled for use with traditional delinltlons of wlRd speeds (which are d 

pen return periods, Independent of direction). Such llllevatlons have been 

t19e clUJ~ of Appendill A. 

. · 
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SUMMARY 

' ; ~ . ' ~o ~,; ' 1
\.. ~ f • 

A m8'or study of wind loads on low-dse bulldlnp has cuhnlnated In a relatively simple 

formulation for the wind loadlna for such structures. These proposed load requhremenll reflect 

many Important aspects or the wind action, such as the predominance of unsteady loads, the 

reducHon In effective loadint with Increased tributary area, and the provision or separate seb 

or loads, Intended to be used tosethet. for deslp or primary 1truetunl memben. 
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APPENDIJi: A 

DllAJFT WIND LOADING SPECIFICATIONS FOR mE COMMENTARY 

TO THE NATIONAL BUIWINU CODE OF CANADA 

c.nt: The specifications shown below are excerpted rrom I draR copy or the ptopo11ed 
commentary for Dlustr:otion only. lllinor erron and Inconsistencies may iiru be 

I 
present. Furlhennore these specifkatlons are slflt subject to chaqe llld to fi~al 
acceptance. 

The flRUres for this Appendix are numbered In order; howev<?r, the origint l tllli .. 
and dnrt copy flRUre numbers hav" also been retained for rerere11ce. It L to these 
that the noles and text rerer. 

Exeerpta 1rrom Drart Commentary 

31.. The :lnfoni.ation on exten1al aml :Internal presure 
coef.flcients given in Figs. B-6 to B-23 coven the 
re111J1ire•ents for the design of t:he cladtllfT11 anti the 
8tn1cture as a whole far a vari.,t7 of simple buildiAg 
&eOll~tries. With the- exception of 1-6 to 1-9, the values 
of the pressure coefficients Cp are given as either tiae 
anti spatlslly-averaged pressure coefficients or simply 
as U...-averaged local. pressure coefficients, c;.. [n 

1-fi to 1-9, duliog vith low rbe. structures, value.s of 
the protlluct Cp CR are given; thi.a is the form both in 
which the7 are u~ed, aad of the ~sic vintll tunnel data 
from1 which t~e7 were derived. 

32. The internal pressure coefficients C 1 define the 
effe:ct of vind an the air pressure Inside t&e building 
and are important in the design of botb cladd!i:ig elements 
and ~he overall structure. The magnitude of these coef ficie 
tends to be uncertain owing to the influence of openings 
(eitllier intended, or unintended In the case of vindaw 
IJrukage) and thoe; nonnal vcntilatloa of the build.in! 
en.elope. A1J ~ consequence, internal pressure coefficients 
uv be wide-rarfging. Rece,nt vind tunnel studies on lov 
rbe •tructuru (12) have indicated .that.for the normal 
ranee• of; building openings ( >. • 51 of .surface area) the 
lntenial pressures may have lover mean-values than 
antl1:lpated formerly but they fluctuate aignificantly 
aud are- correlated to external fluctuations. 

la the face of these uncertainties an appropriate } 
treatment of internal pressures for both high and lov 
rise structures ia to use the coef ficlents in Fig. B-11. . 

• 

8-6 to 9-9 
become 
A·I to A-4 

See T•ble A·I 
excerpted rl"Olll 
•.•. B-11 

J• 

I 

,, 

" I 
I 

• i' 
i
i 

!: 
I 
i 
I 

,·,:, 

The formula (a) in 4.1.B.1.(2) 111a7 be used in most 
situations, including lov rise structures except in thOse 
dales vhere there are tllom:lnant openings. 

~3. figs. 1-6 to B-9 refer to low.buildings and present 
recent data obtained from systematic boundar7 layer vind 
tunnel studies., In several instances these data !ufve 
been verified against available full scale •easure.ienta. 
Tbe coefficients are based on the maxi-pm gust pressu~es ·· 
la,tiag approxiaat~ly 1 setood and conse~uently include 

· an '.allowance for the •gust factor, c
1

• The coefficients 
therefore represent the product CpC • An innovative 
feature of'.these tlllagraaa· is the reference to the tribu
tar7 area associatetll vj_t~ 1 the particular element or 
aember over which the vind pressure is assumetll to act. 
lo a1f' cases' these sh0uld be combined with the appropriate 
internal pressurea. Figs. 1-6 to B-9 are most appropriate 
for buildings with vidtn•.greater than tvice their 
heights an4 for vhlch the reference height does not 
exceed 20.. Further details of the vork on vhich these 
result• are base4 is gi~e~ in, References (12) and (13). 

.I.. 3•. Fig. ~6 pruents values of CPCI applic.able to 
i:nose primary st-ructu.ul actions affl!cted b7 wind 
;r~ss~ru on 90re than one surface such as in framed 
buUiUtigs~-: These almplified load dj.atribu~ona vere 
developed to yield as closel7 as possible the structural. 
actions (horizontal thrust, uplift and frame ....enta) 
deterained tllirectly from experiment. These resUlta 
Include allowance for. the partial loading of gusts ref er
~e4 to la the paragraph 4.1.8.3.(1). 

i 
l ' • • 

3S. Figs. 1-7 to. J-9 are intended f~r, those actions 
Influenced matnly b1 vind acting over siilglF surf aces 

· 'nch a.a desJ.go 'of clad.dint , secondary ~'ructural meaberii, 
and for other actions.. DOt described la B-6. 

l 
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TABLE A-1 

INJ(llOI Pl lSSUllS c,, 
I. O•Hl"I' '"''"IJ 111 wl,.fwu• ... ' ..... . r. o''"'"'' '"''"'' '" , ... .,, ..... -I.I 

'· o, ...... , ........ , ...... , •••• f"lllll I• wld 'flr!tll••. · 

•• o, ..... ,. .......... , ........... 
111 di• walls. 

. .. , 
I 

ns-1-11 
Eatl w1lprtn•rceot:lkic•tt. lonl 1oc1ion 111aUtna on_lhc rool1ndimkriot pttn11ta t... me ..... 

. F"igurt1 1-' to •-9 

lleference height for exposure factor: for the 
calculation of external pressures on end va11s use B, 
the total height of the building. For the calculatiDD 
of interns! pressures, use IR unl~ss there are dominant 
~peninga in the vindvard vall, in which case use z, the 
height to the highest· such opening. 
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LOAD CA.SEA: 
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Miii! ltefermce Speeds 

DIYlde Coeflldmc. by 
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.. Figure B-6 
. • • (1)-(1) 

COEFFICIENTS (C .C ) l'Oll DESICR OF PlllMAllY STRUCtullAlr'AllD WIND llRACIRC SYSYEJtS 
P I 

FIG. A-la AN110PATED FORM OF PltlMARY STRUCTURAL WIND LOAD SPECIFICATIONS FO~ 

LOW-RISE BUIWINGS (See F"'11. A-lb ,for .~led nolrs) - See also Flp. A·2 le A-4. 
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lot1~11 to Figure 8-6 

l. tbe building 91Uat •e designed for all wind directions. Ea.ch 
corner ~st be considered in tum uthe vind\lard corner 
11hovn in the ak'etch~a. ' For all root :ii0pea, Cue A and Capie 
I ne required as tvo separate loading conditions tb· genera te 
the vfnd actions, including torsion, to be fieB1sted bJ the 
atructural ay11te11. If the roof alopti ill 30 or 110re, 11 thl rd 
loadin& condiUon ie alao required u provided for by t he 
aecond line of Caae a. · 

2. 

J. 

••• 

For values of roof 11lope not ahown the coefficient (C .c ) 
1111y be interpolated linearly, · · ..- P I 

l~o11:ltive. col!f'f:lcient a denote forces toward the 11urr'ace 
wherea11 negatlv.e coefficient11 denote for~11 a"8y from t h11 
uurface. ., 

? 'c 
Xnterf.or pressure coefficient11 Cpi a r e 1iven in Fig 1-11, 

S. lbe referehce height R for p1~e11Sure8 t11 ·idcl-height of t he 
roof er 6 • yhichever is larger. The eave height way be 
wbatituted for

0
the mean hei1:ht, :If t he alope of the r oof 

la leaa than 10 • 

6. :ror the design of foundation.,, but exclusive of anchor11gea 
'to the frawe.- Oftl:J· 70% of the effectiv e load ill to be 
1:oa11Hered. 

1. llnd zone 1ticlth "z" should be the grea ter of 6 • or 2 y 
11he.re "y" 1e the gable \1811 end zone defined for Case II 
belov. Alternatively, for buildings "1th frames, the end 
1:one. "1:" 1111y be the distance bet-en t he end and the fir11t 
:lnterior frallll!, 

I; ltnd zone 1tidth "y" iB the leB11er of IOI cif the leaet 
horbontal dlmensioa or 40% of height I, except th.lit "y" 
1iu11t be at lea11t 4% of the horizontal diwen11ion, and at 
lluat 1 •· 

FIG. A-lb NOTES ASSOCIATED WITH fls. A-b ' 
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FIGURE 1-7 

= 

-

= 
= 

~ 

~ 

-

- @ 
...:::: 

l\!J 
,. 

I 2 ~ IO 20 

j'!.t1 ,,.., 

- © ,.t10~ 
IT 

' j 
. ·~-· ' · .. 
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Exter~l 1pe~k p!es·ur~ co~ff~cients.' cpc

1
, on valla for 

destgi{ ol c~addingJ secondary 11tructural wewbera,• and 
11Urfa~e11 ~ s :f1d ' of r~ur. •;t;. . 

lfotu0 to Figure B-t 
1) 
2) 

I • ~ J 

Thu~ c~e.fffclbtll apply'!for any: r~f ,slope, er, 

. 

:la~ 

-· 

3) 

The abscissa aru . t.n· the~g-raph k the 'destgn trUutJlry 
area vi thin· the •;tcllied zone. : ' 

1 
J ,. 10% of leut tlor:ltontal dbienaf,on ior 40% of height II, 
whichever ill leu. Ai.110 !f :a ha,•. z ~ U of lee11t horizontal 

: 

•> 
d:lae~don. · · · . . ; i , . · 
lnterio~ prea11ure coe1fi~1en~a Cp1 are 1:lven f.n Figure 1-11. 

FIG. A-l ANTIOPATED FORM OF SECONDARY STRUCTURAL WINO LOAD 
SPEOF1CATIONS FOR lwALLS OF LOW-RISE BUILDINGS fSee llso 

I FWi- A-1 lo A-4) 
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FIGURE 1-8 

bternal peak pr-sure coefficients, 0pc8, on roofil of 100 
alope or leas for deeign of cladding aitcl secondary structural 
-bera. 

lotu to figure 11-8 
j:1 

1) t canopy coefficients include contributlOnl ·fro• both upper 
anti lover surf aces 

2) tf@ and i) are applicable to both roofs and csnopiea. 
3) The abscissa area in the graph is the design tributary 

area wi~hin the specified zone. · 
4) y • 10% of leHt hOrizontal dt.ens:ton or 40% of he:t&ht R, 

vh:tcbever b l elili. Also y ~ i., z ~ 41 of least horizontal 
d.illenaion. 

5) laterior pressure coefficients tp
1 

are elven in figure 1-11. 
.; .'-'-.!.•• ·., 

FIG. A-J 
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ANTICll'ATED FORM OF SECONDARY STRUCTURAL WIND U>AD srECIFCATIONS 

FOR ROOFS OF WW-RISE BUIWiNGS H"VJNG SWPES .;;; ID° CSee lllso Flp. 
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External peak presaute coefficf,ents, '.CPC1 ,.; on i-~.fs of &feater 
than 100 elope for deaign of cleddinf and secondary strui:tural_ 
-'>era. ' · 1 

llotea to figure B-9: ,. I .j 
~ . i I t -

1) tbe abachH uea in the 1raph la th• design ~ri.\utary area 
vfthln· the epectfied zone. ,. , 

2) 7 "' 10% of least horizontal duen&ion or 40% of tie:t&ht R, 
vhichenr is lesa. Also '1 ti!- i., 7 ;!!! 4% of least hoi:izntd 
dimension. 

3) Interior pressure coefficients tp
1 

are iiven in Fie. 1-11 • 

FIG. A-4 ANTICIPATED FORM OF SECONDARY STRUCTURAL WIND WAD SPECIF1CA110NS 

FOR ROOFS HAVING SWPES > ICJll(See .iso Flp. A-1 and A-2) 
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