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ABSTRACYT ~ - ..
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D ’ N . .
- WIND LOADS ON FLAT ROOFS WITH PARAPETS .

. PO

Wind Standards and Codes of Practice only rarely refer to

the, effects of-parapets on the wxnd induced roof pressure

-coefficients. In fact, there-has been only a limited number

of stud1es dealing wath the actual effect of parapets on

the wind loads acting on bu1ldings.

X

The\piesept study has performed a systemétic and intensive

research . to evaluate the wind loads on flat roofs with

-

parapets. The study is experimental and is being carried.

out. in ths Building Aerodynamics Laboratory of the Centre
for Buildihg.Studieéf‘The basic model is a flat roof
square building which has been tested in the boundary
layer wfnd tunnel for wind blowing over simulated open
Zountry and urban\terrains. Mean, peak and root mean square
values of wind pressure have been tecorded using both
local load and greq-averaged measurement techniques. -

‘The analysis of the uexperimental results indicates that
for ail different configugations tegteé, parapets gene:glly
redubé the highﬁsﬁétions on the roof edqe§ and may only
slightly affect the loads acting 'on the interior areas of

the roof. Roof corners, which sutfer the, majority of

iii



o ’ r’
failures, are affected py a sfgnificant increase on'both
mean and péi&_suctioﬁs for all buildings with low parapets.’
This finding,‘which ﬁaS'also beeé confirmed'by.using
extreme7va1ue distribhtion analysis, ?ecbmes critical if
one considers that a parapet abou% 0375 m yféh is used in

most flat-roof bqiidipgs. The<influence of parapets on the

‘wind-induced loads on . buildings appedrs to be independent

.of the terrain roughness.

{
Ny

Applying the results in p:acticz reveals that the ANSI
Standard specifications tof)wind loads on buildings with

parapets may be inadequate for roof corner areas.

- Suggestions for Wind Standards and Codes are made,

iv
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i

* ' INTRODUCTION - . o

" In Spite of all of the mathematical and engineeztng
sophxstlcatxon possxble with a computet,HIND ABAL!BIS

"has still managed to elude complete quantification,

veecdACK E .CERMAK

1.1 GEMERAL
Wind Edgiheering is a new and.rapidl} developing field. .

Wind effects on buildings and other structures have been
. ‘ ) .

§tﬁdied'systematically during the last 30 to 40 years.

o Dedelopmeﬁt~o£ construction methods, and-the use of modern
building materxala have led towa:ds light-wéxght and more -~
lunconvent1ona1 architectural schemes for the present day.
buildings. Conseqqently, unexpectgd wind forces may act,on.
these structures and, in the limit, damage uéy oécur.'Thg
N reliable prediction of wind response of buildingd';till'

seems to be a challenging task for researchers and
e l VA ‘ ’ . . .
scholars. " ‘ . oo

0

' Fortunately, complete destruction of buildings or
2 ' A N ! o

AY
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L]

structures by the wind is actually rather rare; ﬁut local
féilures, especially to . the roofs and claddings elemenés;
are mbrelcommon and théy are'much_costlyu'Wind Engineers
have carried outigéveral investigations related.td the

effects of wind on building roofs. Standards of practice

.and Building Codes have also been established to specify .

wind loadings.
Wind loading on roofs is a-complex probfem. Therefore a
closer-view to the wind loading mechanism seems to be

e

necessary. Figure 1.1 shows a bluff body in a turbulent
flgw (26): Di:ferént'pressﬁre’reg}ons are clear;y
identified and explained: The‘highest cqmpression‘gs'founﬁ
at the stagnation point of the front face."Géneral ly, the
pressure digtribution over the building envelope is not
'cénstant\and the maximuﬁ negative pressuré appears near the
leading roof edge from where the flow separates and
Qeattaches further'down the roof. This high Suctiop may

.cause many structural failures on roof claddings. As a

result, several investigations have been made on this

-

topic.

In 1975,. Melbourne (26) devéloped a hypothesis on the
cause’'of high suctions occuring near the leading edge and
this is presented in Fig’l.2. A very low, fntermjttént
pressure was found on the surface unQer the shear lafet

near the leading edge. Any decrease in the pressure will

' 3
)

2



-(n) SURFACE UNDER —

(A) UPSTREAM ‘SURFACE *VE
© PRESSURES. HIGMEST AT L
STAGNATION POINT,

(c) surface

" PRESSURES,

“

RE-ATTACHING SHEAR
LAYER HMIGHEST -VE
PRESSURES OCCUR WITH - .
CINTERMITTENT . YFLUCTUATING SHEAR
CHARACTERISTICS. LAYER. .

(A) THE UPSTREAM FACE WHERE THE MEAN PRESSURES ARE
POSITIVE. THE RMS PRESSURE FLUCTUATIONS ARE
CAUSED .PRIMARILY BY THE LONGITUDINAL VELOCITY
FLUCTUATIONS OF THE INCIDENT TURBULENCE. WHICH

- ARE AFPROXIMATELY NORMALLY CISTRIBUTED.

(B) THE STREAMWISE FACES (INCLUDING ROOES) NEAR AN -

UPSTREAM CCRNER., IN PARTICULAR UNDER
INTERMITTENTLY RE-ATTACHING SHEAR LAYERS. ARE
YHERE THE HIGHEST NEGATIVE SURFACE PRESSURES
, OCCUR. ' THE PRESSURE FLUCTUATIONS IN THESE
~AREAS CAN 3E FAR FROM NORMALLY DISTRIBUTED AND
ARE RELATED TQ THE LOCAL RADIUS OF CURVATURE OF
THE FLUCTUATING SHEAR LAYERS.'

{c) THE AEAR FACES WELL DOWNSTREAM os ANY . -
RE-ATTACHMENY IN THE wAME OR UNDER A FULLY
SEFARATED SHEAR LAYER WHERE THE PRESSURES ARE
REGATIVE. THE RMS PRESSURE FLUCTUATICNS
RELATE TO TOTAL WAKE PRESSURE FLUCTUATIONS AND

- ARE RELATIVELY LOW W{TH JISTRISUTIONS snouma
MODERATE INTERMITTENCY. THE PRESSURES IN
THESE AREAS ARE NOT NORMALLY CRITICAL FOR

s, .CLADDING DESIGN. . : .

.

&

GENERALLY 1IN
THE WAKE, ~VE

Al



- SHELR LAYER AND

o - \E RE-ATTAGHENT
T ‘ < LINE FLLCTUATES

’ oo REGIQN OF VERY
N "‘, ' ' LG\' ngs ¢

‘ 1, SHEAR LAYER. RE-ATTACHMENT EFFECTIVELY SEALS
OFF BUBBLE FROM DIRECT VENTING TO FREESTREAM,

o . 2. FREESTREAM FLOW OVER THE FRONT OF THE SHEAR
° ' . ’ LAYER ACCELERATES, THE INCREASED VELOCITY 1S
: ACCOMPANIED BY' A DECREASE IN PRESSURE,

, 3. THE COMBINED EFFECTS OF ENTRAINMENT INTO THE

’ , : . - SHEAR LAYER FROM INSIDE THE 3UBBLE AND THE
e e e DECREASE OF PRESSURE AT THE BOUNDARY CAUSES

Co THE SHEAR LAYER TO MOVE TO REDUCE BUBBLE

: . VOLUME AND INTERNAL PRESSURE (DOTTED LINE), .

RO IR . 4. TH1S PROCESS CONTINUES IN AN UNSTABLE WAY T0
, : ' REDUCE SURFACE PRESSURES UNDER THE BUBBLE
o A —~UNFIL IT IS VENTED.BY BURSTING OR BY
| T, ARTIFICIAL MEANS, .

.

’ -
'

- . ~
. 1

T & N ¥ 2 WIND-INDUCED SUCTIONS ON:
- . FLAT ROOFS(26)

. ' P T
N f 4, .
9 . :
‘ . : . i
4 ' (
ot “ ¢
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cause/the initial radius'of curvature of the shear layer to
dec éase and the peak negative pressure’ could be reduced
8 bstantially if the bubble around the te-attaching shear

layer were vented.

Some past wptks ( 17, 18, 2@, et al., )‘haue also found

that roof covering elements'and various architectrual

features have their unique'significant effecte on the zeot
wind loadings. One of sich elements, which is mostly used

in practice is the PARAPET.

'1.2 PARAPETS ON ROOFS

@

»

It is common to see a low wall around the periphery of the

buildxng envelope.lt.is technically named ™ PARAPET ‘..
The patapet may be an extension of the vertical. wall with
:less thickness or 1t may be fitted sepatately around the

roof. The geometry of the parapets mostly depends on the.

dimensions of the buildings in o:der to give a better

architectural look. Plate 1.1 shows a group of buildings in.

New York city. A close view of that pictuxe leads to an -

estimate that around 80 $ of buildings have parapets ow

.their roofs. However, the wind effects induced on roofs,

by the parapets have not teeejved much attention. Even

though the parapets are -honoured as a roof sgfdguatd-

element, their coneequent wind effect on roofs for various

<
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PLATE1.1 BUILDING ROOFS WITH PARAPETS
: . e .~ ~
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1

building configurations are quite interestjng to estimata.

All Buﬁlding Codes of Practice -have some specifications for
‘wind loads on t‘o;:qu without parapets. Wind loads on roofs
with parapets are not specified in any building code. The
present stddy’atiempts to evaluate the effect of parapets
on wind preséures acting on‘flat roofs;-Difofeht buiiélng
heights are examined under thé influence of many directions
'Gf wind. The assessment of wind loads under dffterent,
exposure conditions has also been att;mpte&. Based on the
experimental rgsults,’somé.recommenéations for roof wind

loads with parapets have been made.

1.3 THESIS ORGANIZATION ' . ' N

s

The following chapter will discuss in detail, the limited

avajlable work on this‘area and it will justify the need
"for the present st'udy. in chapter 3, t;he characteristics of
i;he simulated flow and the various configurations tested in
the experim/ents are given. In addition, the data
acquisition and instrumentation system of the. Buiilding
Aerodynamics laboratory of the Centre for Building Studies
will be dis'c':uss-ed. | , '

x‘h

‘Chapter 4 will p:'esent' and discuss the results .of the

experimental Etudy. For convenience, the various data are



i * 2 ~

. R
~ | .

p:esented under four dxfferent headings, dealzng with: the
general overall effects of parapets on roof, the parapet-
,induced wind effee}s on the interior areas 'of the roof;
the variagfgn of_the wind‘loadsffor‘reof edges aue to
parapets; and the detailed study of the rﬁoﬁ'ca:ner wind

3

loading. °* S . .

~ N _ o ) , ,
‘ measured in the wind tunnel - is discussed in the Chapter 5

by u31ng extreme value distribution ana1y91s. In Chapter 6,
N Standards and Codes of Ptactxce are presented. Flnally, the
~conclusions and recommendatxons for futther research in

T thxs top1c are suggested 1n Chapter 7.

& . h

The quality assurance of peak pressure coefficients

o n -the applxcatxon of present study results to the Wind
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oo . CHAPTER 2 Lo _‘ -
‘ -
s * . ) ”_:4_ A ,
LITERATURE REVIEW -
3 . :‘/ s ?Eu:, . - : 4
. ' - o R . S ﬂd%i%
"' Past experience has significant influence in the present" |
achievements " ‘ o -t
« » «»A.G. DAVENPORT
2.1. DESCRIPTION OF THE EXISTING WORK: __
“ - SO
. Ce TN oL
Only a limited number of studies were made in the past for.
_the'effect of parapéts on wind-induced roof pressures. All
" of these studies were experimental and were carried out: in
‘ ) 5 _ g
wind' tunnels. L o

- - . M
- . . - L]

The gir;t among these studies was catrééd oﬁf by
Leutheusser (22), two decades ago in a wind tunnel of the
. deronautical type. The study found that meaﬁ'wind pressure
.coefficients are reduced‘signif;cantli due to the preqenéé
of parapets. Figure 2 .1 shows the experimental.resulfs of
tpis stﬁdy in-fhe form of contours- of pressure

coefficients. Increasing the barapet's height tends ¢to

4

equalize-theéfressure,ovet the roof surface and the effects

S

become more pronounced with an increase on bd;}ding height.

— e reitar
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' Columbus (5) ‘carried out various tests Both in uniform and

' . . - £
buildings, gind pressures were reduced by more than 70 %.

]

———

This would seegn to indicate that parapets have a beneficial
.effect “"on roof wind~loading. However, the critical
parameter for the simulation of.builbdinqs' \exnosed to
natural wind, H/Zﬂﬁhe1ght rof the build1ng / roughness -
length) was neglected by this study. Thus the above results
may not be representative ‘1f one cons:lders‘the actual

~

turbulent flow conditions of the natural wind._

AN

tufrbulent flow conditions for the same bu'i‘lding

ceonfigurations that 'Leutheusser (22) tested.’ Only time-".

. N M o
averaged (meen‘) pressures at various roof points were

r

- measured. It was found that ﬂirapets do not cause any 2

'reduct1on on local mean pressures in turbulen‘t flow in !

contrast to the case of uniform flow. -’ | L

s — .
ks
°

. Davenport and Sur Yy (9) have tested the effects of-parapet

P

on. low- rlse bui émg models in a boundary layer wind

tunnel. They condluded that local mean suctions become .

Qorse«when parapets are added, in particular for corj ing. D

¢

wind. Castel lated ‘patapets, although better than gylar N

L3

parapets, céuse'only limited load the reductions.
a - * 3 . -

/
Kramer et al. (21) " from ”Germanyl found that pirapets change

v

'"the,preesure coefficients si'gnificaiatl'yl only in the corner

regi,,ops of the roof. 'Fore»p\arapets of h/B > 0.64 in squa,r"e' .

\-a—/

11
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v _ Build1ng Code of Cahada. -

¥ ] 1A

. Yi * “

L\ . Sockel and‘'Taucher (37), measured mean and extreme wind
N . k! - I\ :

pressure coefficients for points close to the roof corner.

PO | . « . - L4

- They reported that, when h/H = .82, the extreme value
" %guctions are'réduced by as high as 50 %. It was showp‘thét
by narrowing the probability density functions, the

parapets also reduce the ﬁuct\{at'ing (dynamic) pressure
‘ )
components. - : ' c
. -
¢ Z . Ca
In 1982 a systematm approach followed by Stathopoulos(38)
r
gives some clear. results for the effects of parapets on low

)

-~rise bul_ldmgs. For a parapet height of 1.2 m, both local

“ L
* )

N 'and area-averaged wind pressure 1lo in simulated open
. ‘ o ¢ g - .

" "‘country and suburban terrains wgfe measured. The study

conéluded that roof corner local suctions 'inérease in the
e - /! N

e - , : .
o pPresence ofﬂparapets. Some .recommend‘ations based on these
. expeﬂmen@l results, have al'so been made for the National

°

f\ ' : '

- ~ 7’

. .. B . A g ., , . R .

A The review of the existing knowledge will be completed with °

" the recent work from the University of Western Ontario,

‘-

L"d / carried out by Lythe and Surry (24). “The study. had two-main

'objeétives;‘(first; to deté’rmine the general distribution of-

wind lo%pn flat roofs- and secondly, to evaluate the

¢

'~ ' effects that. parapets have on these loads. The conclusions
o " U P
N of - tlilis work may be sgummarized 'as follows:
. ‘ .
. .
. / » N v
T2 . -
+ Q J ‘ ™
b

R 7 C e ) .o < .
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1) Parapets Q:crease the ihterioé‘peak préssurevfor Ibw

buildings but decrease them for high. buildings. Mean.

pressures are little affected by ﬁarapets. T

.2) The magnitude of ' peak pressure coefficieﬁfs ln'the»

edge regions,,génefally decreases with parapeﬁs.

o~
B v

-

pargpets on' low buildings increase the magnitude  of

]

. 3) Low

both peak and.mean pressures in the corner. regions.

However, high pParapets on low buil@ings and any parapets

» ‘.
2

on high 'buildings tend to decrease these pressures.:

S
Y
N L)

2,2 JUSTIFICATION OF THE PRESENT STUDY

—

Wind Standards and Codeéjpf Practice have no information

regarding the effects of wind on flaé-roofs @ith parapets,
c ' . . ” rL
as previously mentioned. Not much .attegtion has been paid

on the wind loads acting on tall building roofs with, -

'parapets and the, limited hpmbér of existing studies do not
seem to yiéld~concu;teﬁt results, ' ) '

4 ‘ N S
. ‘ L
. ¥

) Accor@iqg to Stathopéulos.(38),‘ parapeté fhcréase“th%i

+

'dofnep”rodf wind loads sigdifiéantly{’Therefoieh a .

comparison -of the local .mean wind loads for the corner

"

regions of variéus,existing studies has been attemptédz

Figure 2.2 shows on the top, the comparison bgfyeén the
studies of Lythe and Surry (24).and Kramer et al. (21), for

] : ) . - . R
- 1)

‘y '(‘ ' X 13 ". , ¥ - ‘. ) i , .‘ . .

o
"o PR

2
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different H/B ratios tested When the aspect ratio is more

than 0. 5, ie for taller bu11d1ngs, diségreement is_quite
) . o
high. In the bottom part of Fig. 2.2 results ‘are compared

3

’for varipous parapets used in prev1ous experlmental (21, 37)

-

works. Again the mean pressure coefficjents do not ‘seem to

1

agree well. In fact the disagreement among these studies d

is much higﬁer than what small dlfferences in model:

geometry could expla1n.

- ‘ .«
e

-]

The study-of Lythe and Surry (24) describes the effects of

‘parapets on roof w1nd loadlng for bu1ld1ngs of different

helghxs.»WLnd pressures for roofs hav1ng parapets 1.3 m

1

and above have been mEasured., In pract‘lce, however, . most i

"of the flat roofs are fitted w;th parapets less ‘than. or

around 1.0 m. So the present study gttempts to in evaluate

the roof wind loads also for parabets less than 1.0 m.

high. Lythe and Surry (24) have tested only two’ wind-

- ditections ( d%45°). ‘However, in- order to get‘the most*

-

4
crxtlcal pressure coeff1c1ents, addltlonal w1nd d1rect1ons
(30, 685" 963 are added in the present: work. The pressure

tap locations’ are_madefcloser to the edges than the~

«prew1ous studies, to predict the most critical edge wind

loadlngs.

4
-

'In'addjtion, to ungerstend the behaviour of the corner wind'

_loads, in detailed,marmer, spectral ahalysis has been used.,

‘s

-
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For the roof corners peak values of w1nd pressure'

fluctuat1ons have been estimated not only from a s1ngle

« —

recordeq but also from a detailed extreme value analysis of

measured peaks. The present"egperimental work also

‘‘'includes the -effect of parapets on wind induced area-

averaéed pressures and the influence of two dszerent

terrains (open countty - urban) on the w1nd 1oad

assessment. ‘ . .

=
v

Virtual ly, this thesis is dedicated to the design wind

"loads an tiat roofs w1th parapets oé taller 5u1ld1ngs. The

3

- . . \ .
urgent need of “this work has also beenzlndrcated,byﬁ

- < M
. . ~ 4

Saffa; (33) as follows: . S

» X
-

" The results of Stathopoulos’s ‘experimental study and
report on wind pressyre on low buildings with parapets are
very valuable. Unfortunately, very little data is available
on the effects of parapets for high-rise buildings, where
suction loadings on the roof corners may be extremely h1gh.}
It would be desirable to determine the effects of parapets
on high=rise buildings by additional experimental study. "
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EXPERIMENTAL METHODOLOGY:GK . I

»
- B !
" .-

" Wind tunnel modelling s a complex problem and its results
depend on the acc 'acy of the similitude criteria, and to
~“§~great extent on, researcher's experience, too. %

\\

e eeeSCHLICHTING.H

. | - g .
/ A
Within the past twenty - five years the field of Wind
Enginéeriné has exéerienced tremendous growth‘ﬁ% research,
médéling and>testing activities. The wind'tph#él se:veé as
a so;t of mjng,dress rehearsal which will r;flect
interaction of the structure and the wind over the life:of
the bu;ldiﬁg.The need for défihing qadeling'ctiterta'and'
éevelbping some level of standardization in wipé tunnel
' modei tests, is ﬁecoming'more important as the Building
\CAdeé and léading.Standa:ds move towards recognition of
:wind tunnel mééei test iesults $s3an alternative to
prescriptive design wind lo;ds} With respect to the nature
of application there‘axe two‘types‘df'wind tunnels;
aerénauticai énd boﬁndaty layer. The bouédary lgyef wind
tunnel has been utilized ipvthe application‘ot building

aerodynamics. P o \

vl 1?
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"All the’pxp&rimental work of this project was carried out
C v ' y ruildi,

in the boundary layer wind tunnel (BLWT) of the Building

‘Aerodynamics Laboratory of the Centre for Building

gstudies. . ) ) ) ' )

3.1. THE CONCEPT OF A BLWT

The concept of bounéary layer is o:igiﬁally{duehtd Prandtl.
The most comprehensive treatment of this phenomenon was
_undertaken by Schlichting in his fundamental work (35). The
bounda?y lhyer can be described as, a thin region nearia"
solid surface, in whic¢h the effect of internal frictiontin'
; fluid cannot Se neglected. In otheg words, the fiiétidnal
effect of the solid boundaries on flow is confined,f& the
.béundar& layer, in-which the fluid'veloéity chgngei fram

‘Zero at the so0lid surface, to the free flow velocity'

outside the boundary layer.

~ Y
o ~, . 4

te

As shown in 'Fig. B.i the bopndary layer on a smooth ﬁiatef
can be divided mainly into two'patts,ﬁthe,first iﬂ which
tﬁé effects ofnthe viscosity are larger (laminar bdunéary
. layer) and the main region in which the iﬂfiuence of tﬁe'.
viscous force may be neglected with respect to:the iﬁeztia
forces. Most BLWT; simulating the‘ﬁfnd reflect the
~turbulent zone in oider to match the air flow

11
1

18
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characteristics with those of natural wind near the ground

-~

surface.

3.2 WIND SIMULATION IN THE BLWT OF C’B.S

Various methods have been used to . develop the appropriate

turbulence and velocify variation with height. In the BLWT

= td

"of  C.B.S, the boundary layer develops naturally over a

rough floor. This implies that/diﬁferent wind tunnel floor -

roughnesses will develop conditions representative of

different terrain exposures.

e
-

Plate 3.1 illustrates two different terrain conditions of

PN

< -

National. Building Code of Canada (NBCC) or exposure C as

per the American Standard (ANSI). The ﬁtban terrain may

'boriéqpond to exposure C of the NBCC or exposure A of ANSI

Standard. Here for the open cohht:y ierrain)}he boundary .

layer develops over the touqhness of a carpet. For the

urban exposure eggbox panels have been placed on the top of

'the'ca:pet, The éggboxes,were stapled in diffefent

[ 4

positions to create the necessary roughness to yield the

A

.rgquived‘turbulen;é>at the centre of the turntable, where

the model locates.

N

the simulated flow. The opef country terrain condition °

‘shown in the top picture represents exposure‘A as per .-
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The vertical distiibution of the mean velocity and .the .
longitudinal turbﬁlence intensity for the two simulated '

flow conditions are shown in Fig. 3.2. It can be noted

* .. ' ' that for the same terrain roughness the turbulence
" iptensity decreases with the increase of height above

¢

ground, -and that for the same- height,—the turbulence

- intensity increases with the increase of terrain roughfiess.
‘ 2

By uéing a power law equation of the form:

.' ' | « | |
&  wive = 20 g A 3.1

The best fitted velécity profiles exponent may be estimated
as @.15 and 6.37 for the open country and urban terrain
conditions iespec‘tively. Experimental values are also

fitted by using a logarithimic law equation of the form:

)

. ot 1
. , - ,

V/VG = (1/k) Cg In(Z/Zo) 3.2

and the various parameters are including Cg and Zo'are
e ’ Co ‘ . ! ' » o . l ‘ 3

LT , provided in Table 3.l.

i

The simulation of the flow will be more complete; and ‘a
wp N '

geometucal nca le for the model may be assxgned, once the

lpectul curve of longu;udinal turbulence is establxshed.

Spectré measuxements were thus performed for both open

/

countty and urban snnulated flow condxtzons. Figure 3.3 .

. Ly,
" 22
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‘shows'diagrummatiqally the procedure ‘followed for the .

spectral measufements. The Fast Fourier Transformatian
(FFT): method was used for the development of a'pectral

@steimates. ‘The various experimental pétame_tei: used 13’\

Icollecting and a‘t}a‘lysing these ‘pec’tta are given iﬁ

[}

reference 25. Typical spectra measured at 2/2G = 1/4 are

presented for both exposures in'l!‘ig. 3.4,

)
~

Attempts have been made to compare the expérimental data .

with some of the following empirical " and analytvicwal

representations (39), sugh ‘as‘ Davenport's empirical

(. 'nSwm 2 x2 ey
equation: n = = o 1 , ‘R R
w et T3 (e e
where, x = - 1200 = ="~ Y2 200
10 : Vio

and Von-Karman's analytical expressi%n:
nsS . 4x N

A TE YT L - 34

9
4

where , x = nlx
/“’V

N + : - . .
Figure 3.4 shows that there is quite satisfactory agrgement

e
~ ‘

between the experimental aqda Davenport's empirical curve.

Results also agree,with some field measurements ( 1¢ ). To

determine the 1length scale of turbpulence in the

b .
longitudinal direction, Von-Karman's analytical model was

used ( 39 ): 3
) 25 ( zl_d)0.35 . LY 3.5
L 0.063 o oL
[-] R . . .

‘The most appropriate parameters of the wind tuynnel—floi-.

JRrpr—

"’\’ . 25 ‘ “’ ]

o



" § .
. .’j,'.' S
. WIND TUNNEL n/VZ (C/m)

o |
..

N
"

10 ’ 102
L
OPEN COUNTRY(

= DAVENPORT'S
] A

i c'g.s S i
\ P

<

FULL SCALE |

(scvzn,

0" - -
103 1072 1§" 1.
- 1072 1. 10
1] T R
0 URBAN:-
-3 —— DAVENPORT'S
' ""‘""C-B-S'S‘

0.2

0.1F

o

FULL SCALE )
" (ONTARIO )

| B i |

- 10% 1072 102 10

" FULL SCALE n/¥Z (C/m)

FIG,_3.4 SPECTR} OF LONGITUDINAL TURBULEHCE

COMPONENT AT Z/ZG=1/4 ‘




v - ' hd ‘
. +

, . . A,
regime are given in Table 3.1, along with some fyll scale

o

values which are taken from references 7 and 10. Based on_ .
these ‘data together with the spectrum of the lungitudinhl

turbulence component, a geometric scale of about 1:408¢ has -
~ . S ' - :
been established. The exact determination of geometric

“ v

scale is not absolutely' necessary as' has been demonstiated‘
in the past. Fot example, for low buildings;. soue small .
- rela;ation of the scale (up to a factor 2) is permissible~
. °for pyth‘local and aréa;avetaged,loads; This yields errors'
| of .the order of .18 % or less in/the°e§timations:og lgads.
(9,48L M;re hnforﬁatiqn aboutbthe'simulétron

character1st1cs and the des1gn and. fabrxcatxon of the

-¢.’ B, S s wind tunnel can be found in reference 39.

©

. '-»\ <

3.3 VARIOUS CONFIGURATIONS TESTED

°

The basic model used in the present study represents a,
B} ¥ - ,
t flat - roofed square building 6lm x 61 m, in 'plan. The
) .
- model is made of plexiglass and it has been tested with and

<,- wituout parapets, in simulated open country and urban
terrain exposures. Plates 3.2 and 3.3'show the model in
open, country and urban exposure zespectzvelyﬁ Both

conventlonalclocal load]and area-averaged measurements have

been carrzed out. The pneumatic averaging techn1que (46)

Lo

has been used for the measurement of area- averaged

pressuﬁgs.

Figure 3.5 shows the varipus heights of buildings tested®

»

27 ' .



-~ ‘ \ /.
. \ FULL SEALE ~~ 4 WIND TUNNEL
[ LOPEN cou TRy | ursan | opeN COUNTRY|  URBAN
. * ! ‘ ' ’ _\‘
26(m) | ; 220- 270 450-510 0.58 0.85 .
“» ' . . , K '
20(m) £ 0.001-0.20 1-4 £0.0001 0.009. -
@ 0.16 o.4ii‘,.fS 1 f. 0.5 0.37
' Cq 0.042 0.046 | . o0.082 0.046
LX(m)| 75-107 25-117. 0.18 \,\ 0.25
i\ r’! » - 2
“ i
' \ ‘ o
n' - ‘s y‘
b, t 4 y ‘ g
Mnu-:. 3.1 PARAMETERS FOR FULL SCALE AND.
" SSEMULATED FLOW CONDITIONS
N "
N 3
' ll b ! ‘ | é
. ( Lo 28" . _
o : | - “ * . / . - -



ERRREIA S A
| RN
\- f
%
o
-/ .
' PLATE 3.2 BUILDING MODEL WITH AND. WITHOUT = .
. PARAPETS IN OPEN COUNTRY ___ - e
: - 29 . - "




-t

‘t!q.i

@5‘-',

PLATE 3.3 BUILDING HODEL HITH AND WITHOUT
' PARAPETS IN URBMI TERRAIH

’ 4

Seid J
'ﬂ-'a@

- 30

&

£

&

Y



along with their model dxnensxons. As indicated in the
previous chapter, this- pronect is mainly dedicated to the
.effects of p?:apets on roofs of,tall buxldings. A low
- building 12m high has #1so been included in the
R experimental work, for comparfson of the present study dhta.

with previous resdlts.l

The exact location of roof preseute'taps is shown in Figqg.
3.6. The pressure;taps on one edge of the roof have been
.drilied_as closg as possible to the edge, in d}ae: to

L ‘
- measure the critical wind effects expected on edges. Based

on considerations of existing SEandards and :Building Codes
. of Practice (1,27) a number of different tributary areas

have been selected on the roof for measurement of area-

134

averaged loads. These areas are shown in Fig. 3.7.

-

£
~

Four parapet heights namely 8, ©v.75, 1.5 and 3.8 m have
been generally used. The high parapet of 3.0 m has been
1nc1uded in order to studyﬁwhe trends of the data to

understand the extreme effect of: parapets in detail. These

- parapets may afso represect cases of buildiﬁés under

-~

constructxon or partly damaged Addxtional parapets less
than 8.75 m high ( 8.2, @.3, G 4, and g .6 m) have also been

2 tested for the detailed assessment of corner wind loads.

1

T

All build1ngs have been tested for several wind

directions. The symmetry of the roof and the lynmetric

.31
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3.4 DATA ACQUISITION AND INSTRUMENTATION .

iogations of pzbssﬁte taps have also been considered when

' determining the necessary wind directions. A summarized,.

schematic diagram for the various cenfigurations tested is

b;esented in Fig 3.8

< s
P . .
o ) '

. ' ’

All pressures were measured by using SETRA 237 dynamic

. preééure transducers( 6.1 psid range) placed in a

‘scanivalve. ‘Pressure taps on the roof were connected to the

scanivalve, through a short plastic tdbing' with internal

diameter 1.6 mm as shown in plate 3.4. The pressure

-~
. 7

measurlng system in use at Centre for Bullding Studies,

-responds to pressure fluctuations on the model ‘up to aﬁopt

100 Hz with negligible attenuatibn orcﬂistortion.'ﬂigher
frequenc1es suffer: increaslng attenuatlon, although some

response is obtained for s1gnals of several hundred Hertz.

Figure 3.9 shows didg;amnafiéélly~the procedure followed

for- the loéaf l'oad and atea—avezdggd’prossute

measurements. A sampiing rate of SO.samples‘peF second ?verg
a period of ﬁﬁ seconds was used in the test. Sampling rate
has more éignifiéant effect on the fluctuating pe;ké (43).
Therefore for comparison purpose and. for quality
eyhluagi§; of peak presa;ze-éoefficien;s, experiments

have also been carried out with a higher sampling rate (509

35
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samplgs per .second) for a period of 15 seconds per second.
,Sﬂ‘such records, have been collected for sode pointn thus
resulting in 3750600 samples of data per point. Extreme

value distribution analysis has been carried out for these

PRS-

poznte and the qual ity of @ measured. peak values has been
: t ' .
established. Detailed discussion of this phenomenon will be

[,

presented in Chapter 5.

3.5 DEPINITION OF PRESSURE COEPFICIENTS °

All pressures in the wind ‘tunnel were measured in a

5

coefficient form with respect to the stabie, mean dynamic
velocity’pressure‘ pv . above the beundary layer for
a wind speed of approximately 1; m/s. ;his height
corresponds, to the gradient height at which surface

-frictional effects cease to be lignificant.

-—
'

By using'tne velocitf pfbfileg ( Fig 3.2) such measured
pressure coefficients can ne referenced to any height
within the boundary layer. M;st BuildingxcedeS'ef ptectice
and Wind Standards provideubressure coefficients.ﬁith
.respect to roof hei.ht level. Therefore, the coefficients
ldiscussed in the present work have been determined

similarly as follows:

-



r £*
P

.._r

~

-

cp = B/qH . C¥ = ¥/qu

CP = B/qH . B =B/qn .
in which, S . o
g ‘the maximum instantaneous pressuée measured “over the
) (smplxng period. _ .
1. ¢ the m1n1mum 1nstantaneous pressure measured over the

*

sampllng pezxod. e

P ; the time - averaged meanhpressupe.

4

o

ok

:. the root?mean square pressure.

< . M N 4

gH --%— pvz +the dynamic pressure associated with the mean

¥ T, ,
velocity at roof .height and P 'is the density of air.

L PR - .0 @ -

I3

‘. . Y4 . N
‘All pressures are differential pressures with respect to

the btqgie p:essure at the gradient heidht. The height
- @ : ‘ L .

" correction' factors (q /°q ) are given @ Table 3.2.
.7 . G H .

7 o) . <

~ -

A pictot1a1 reptesentatxon of the all pressure coe£f1c1ents

is ngen in Fxg 3.16. The mean pressure gives an 1nd1cat1on/
]

of the static wind load that can be expected . The Cp,
k

which is the measure of storm pressure or ,the maximum

suction for the roof is most}ly needed for the“design of

-

cladding elements. The rms value is a measure of

fluctuations in the pressure signal. Larger deviations from
. 0 ¢ %
the mean value will give a higher rms viglue. All pressure

- ’
. . .

" v
t '-49
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'RESULYS AND DISCUSSION

CHAPTER 4 -

'

t

*

» Theze has been sbme confusion in Wind Eng;neering about
the actual effect of parapets on the wind loads acting’
on buxldlngs; " ‘ ’ o

\ <>. o Lo . epeeseT. Stathopoulos.

41 GEMERAL -+t

‘ ’ . L

' The experimental. results are presented in this chapter. '1r

Some comparison ‘of the present results with those of

,.ptevioué worke are-also made for validation purposes.

1

a

Most of Wind Stayda;ds and Bufldihg Codeg 6f Ptactiée
divide the butld@ng toof,into three regions, na;g;y
moderately loaded interior region; heavify loadéd edge
region; and maximum loaéed co:ner tegion; and they provide
diffetantly loadings for each of thes? regionsg

v

» . X . 7 :
In order to.bg€§tf’understand the effect of parapets on

foof wihd loadings the,eipetimgntal°results of this study

m a4 -
-



»
\ B

are organized and presented in a similar fashion, but’;n
four sections. The overall effect of parapet on roofs is
discussed .in the first section. The effect df parapet on
" the ingerior roof loadings are analyzed in the secona
seéiion. The third section refers to thé_reducti@n/increase
_of'wind loads on the roof ;dges'due to parapetl Finally,
the w%nd-induqed roof corner loadé are discussgd and much
1 attention is also paid in tbeée corners where most of the

roof failures occur in practice.
A

i

In all sections the effect of parapet on local loads
.aétiﬁg on building rooés in open country and urban exposqfe
“-is first discussed. ?hen the area;averaged 'wind loa?s
measured in open country terrain are'presentedv In most
cases both mean and peak pressurelcoeffiéient values are
analyzed. For sbme cpnfigurations the‘rms preasﬁre

coefficient values are also cgmbared for roofs with and

without parapets.

4.2 CONFIRMATION OF THE PRESENT STUDY RESULTS

“
¢

In Fig 4.1, the data of the present s}udy are compared with
4 \ -
the experimental results of Stathepoulos(38). The most

critical Cp mean and Cp peak values from all different wind

directions are considered for the windward edge of the

roof. The top half of the figure bresents' datacollected in/

o S X
’ £
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the oped country exposure. Since previous data on the
! yd . t .

effect of parapets in urban\teriain.are not available it

has been decided to compare the urban exposure( x = 9.37 )

data of the present study wigh the suburBan exposure( x =

8.28 ) data of Stathopoulos(38). Typical results are shown

"in the bot;dm half of the figure. Generallf, the agteehent

between the two studies is quite satisfacfory. Some
variations may be attributed %g the dxffe:ence in the model
geometry and higher number of wind d1tect1ons tested 1n the

present study.

‘Figure 4.2 shows repeatability results of the experimental
work. The two sets of mean pressureecdefficient data

compared have been measured 28 days apart. The‘ag:eement

noticed is typical for other cases tested and it is quite

encouragxng. It also 1nd1cates the magnitute of errors or

accuracy expected from these measurements. The small

‘ poss1bilxty of errors expected in the peak pressure
coefficient values’ are discussed in Chapter S . >

i ' ” t
-

”4.3 OVERALL EFFECT OF PARAPETS ON ROOF WIND LOADING

»

For each pressure tap on the roof both mean and peakx

\

pressdre coefficiqnts have been collected for five widd‘

'

directions. The most critical among the fiye'yaLueh vas

selected as the worBt-azimuth'case,.Such crit{cal-pzessute .

47
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coefficients for ali,building heights‘tested are‘presented(

_innFiguzés 4.3 and 4.4, for their mean and peak values '

respectively.-Gfaphs have beeh arrange& accordlng to -
parapet hexghts and they refer to the open coE:t:y expoaure
results. In general, data indicate that pazapets teduce
both mean and peak wind loadings and their effect isfmdre:
p:onounced for higher :parapetsL Comparing the reduction
between the meen ana peak "the letter‘seem to'bene?3t more
for all patapet heighte.
The- corner taps form a distinet?exception<to this general

conclusion. For low parapets the loads are increased on any

‘building and for 1low buildings loads are increased by any

parapet. Detailed discussion of the behaviour of corner
% : .
taps is presented in the .last seetion‘Gf this chapter.

To exadiee'the effect of parapets on.roof wind loading in

urban ter:azn, a tall buxldtng (96m) and a low building

(12m): have been tested for various wind directions. Results '

are presented for mean and peak pressure coefficients in
Fig 4.5 in the same format as in figures 4.3 and 4.4 . Mean

L]

pressure coefficients are ebt‘much affected.HHowevet, it
shoeld be neticedvthat mest'bf the peak‘pressute
coefficient points lie below the reference line (45' fine)- :
yielding high reduction in the design roof wind loads._The °

unique behavior of corner can also be noticed here.

49
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—
TO'estimate the beneficial effeéﬁ of parapets on different
buiiding heights, similar patterns of graphs are presented
"in Appendix 1 and’ Appendix 2, for the open country and
urban tegrain exposures. .In glo§61 sense, "the. allevations
remaxn the same. Heverthefessﬁ the influence 65 the
buildxng height on the effect of a parapet shows a clear
trend: the reductions are hdghet,for taller buildings than
lowet'buildingg. By usiz: data from the various

cggfiguf%tions tested,. the—height effectiveness of a

o

parapet, h/H, on the roof w1nd 1oad1ng\has been attempted

but, unfo:ngnately + DO consistant trend has been found.

Area-averaged pressure measurements were also carried out
during the experimental wprk as mentioned pteqioudly.~
Estimateg of the éiéa-averaged pressures \Sere obtained fQ{

different 'z1butry areas as shown lin Fi§.3.6 by

1}

pneumatically avezagxng the ‘port pressures. Uslng this
method (46) both peak and‘ﬂpaq values of the are;;avergged-
pteséure coefficients have béen collected .and they are
giQen in FPig 4.6 for a Aumet‘&% areas.  Once again the
figures confirm the aﬁenepal beneficial effect of parapats

on the overall roof loadings thg the exception of corner - \

areas.

¢ : . . S P -
. f 3
' ' [ — - v o
The physical mechanism behind the general reduction due to
“ . . - .
paraﬁe;s on the roof is not very c&ea:; However, this

A

I
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s & .

"déveloping_sdme ‘kind ;of.analyticaljmodel.~ Ahong.tﬁe

_are presented in Fig 4.7; The linear regression equation is . =~ -

reduqtién‘mdy be due to, the fact tﬁax"parapets rehe to
lift the shear layer or turpulence associated vorticel awvay

o

fr?m the roof surface. This phenomenon wzll be further

-

discussed ar the end of this Chapter.

. ' AR e ] ' ‘

I

More detailed“eemparisons of the wind idads‘op~buiiéing

- roofs with and without parapet have been undertaken by

_different attempts made, the pressure coefficient values

. have been fKtted satistactorily .at least for some cases,

1

by the lznear regression model: . Q

a

Cp w1th parapet =m ( Cp wi thout parapet ) - p cd.l

O
.

where m-and b -are the parameters of the quel %Ed they

represent the slope and 1ntercept ‘of the regress line

v ' )

respectively.n

[}
’

- Note that when m approaches unity ané -b approaches zero,

the regression line shows no statierical difference for the

two sets of.data ie., roof' preséure coefficients with and

without parapet. The parameters of linear regressxon model

.meaningful if the correlation coefficient "r* fox, the . two - :

sets of data is high eneugh; .say more»tgam ﬂ.f%. For the
3.6 m high parapets this is not satisfied. The correlation
coefficients are generally. higher for the mean values in "

comparfaon to the peaks. This shows that the*peain are more s

55
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v
}

{

scattér?d. Similarly the m and b values for the individual

building height studied are shown in Fig. 4.8, the values

of ‘which cdrfesbond to the graphs in Appendices 1 and 2.
N 4

. o ‘ ‘ .
Using Equation 4.1 together with th& value of m and b, one

‘is able to estimate approximéte wind pressure coefficients

for the entire roof of a ﬁuildiug with parapets.
Interpolation of the valués Kay.also giye the genetai trend
for other parépet heights not included in the experimental
work. Since thzﬁ modei has been formulated based on the
dene;al experimental data its application for pressure
eValuaéions at specific.pointq\ of the roof .ia no¥

advisable. o : ' :

-

a
! °

4.4 EFFECT OF PARAPETS ON WIND-INDUCED LOADS OM ROOF
’ y

INTERIOR REGIONMS . ’

N

™~

Fivé pressure tgps on the interior aﬁéa of the roof h;ve
been ﬁelgcted, as'shown in Fig 3.6 and lécél and‘qrea-.
avéraéed wind pressﬁres have been collected for ;11‘
cénfigurétions tested. Results.ate discussed in this

sectidn.

-

T o— . -

~.Figu£e 4.9 shows.the most critical mean and beak pressure
coefficients of five taps for a tall building with and

. ;
. ~without parapets both in open country and urban terraiﬂ

57 !



s qu— '

)

1

04
0.6
0.8

1.0

Fl6.

- ya
%
=TS % Am) & 145]
_ ——=3 — -
N 1 ¢ N
- 2
Cl.’w'nn =mi(C
- PWP!T'
» irl >080
' P13 . ___ OPEN COUNTRY _
~ ols00 — URBAN . )
4.8 LEAST SQUARE FITTING PARAMETERS FOR
MEAN AND PEAK PRESSURE COEFFICIENTS
FOR VARIOUS PARAPETS
’/



*‘d .

'exposure. Here Cp's are plotted against the angle of attacé
to examine the directional effect of the wind. Data

'1ndicate that, in general, mean pressu:e coefficients aiei
affected neither by the direction of the wind nor by the

parapet heights in any exposu:e. There seems to be more

Vé;iation of the peak values uith ghejdirection of the wind

particulary in the urban exposure. This ma& be caused by

the increased turbulence of the urban exposure .

The lxttle effect of parapets on the 1nter10r regions of
the _toof is apparent in Fig 4.16. The most critical Cp
* 4 .

values measured for: all building heights tested 3are

presenteé. Typically on all buildings the interior 1loads
remain constant fdh=;11 heights of-paiape; te;:ed. Even the
terrain effect is found to be little. |

?igure'4.11 shows‘the area -laveragea d;dé loads'measured
on two buildiﬁgé_in open country terrain. The iﬁfluenc; of
wind directions on any parapet is émé{l for the cases
Eested. Area-aQeraged'pressu:e coeffiqienté of the roof
-internal area of various buildings tegted are given in Fig.
4.12.'Thesg pressure coefficients remain constant for

buildiﬁgs higher than 58 m Qhereas theykdecrease by

decreasing the building height.

Although—the windward parapets lift the air flow over the .

--roof, leeward parapets have the opposite effect and deflect

[
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:capsed by parapets.

the ai: flow back dovwn onto the roof. Thus the total

'cffoct of the parapets on the interior roof ‘areas appears
' to be insignificantw This found true for all building

: heights’and wind directions in both exposures éxamined.

Further 'study ﬁould be recommended to understand the effect

-

of parapet on roof interior areas. This can be analyzed by
fxxing parapets only around. some sides of the building
roofs instead-of using a perimetric parapet as was the case

of {he present study.

4.5 WIND LOADS ON ROOF EDGES WITH PARAPETS -~ -~ '~

Wind loading is more sensitive closer to the edge from
. N A .

-

which the flow separates. Information about wind loads on

roof edges is g@ailable in the literature. However, the

4. i

changes in the loading of roof edges due to parapets are
very seldom to find. As discussed in the previous cﬁapter,‘
some pressure taps have been drilled vety close (8.125cm on

the model) to the roof edge in otder to measute the parapet

"effect as accurately as possxble. This section will present

and discugs the'changgs in- wxnd loading on roof - edges

\
'

»

Figures 4.13 aﬁd»4.14 present mean and'ﬁeak pressure
A " w
64
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+ coefficients respectively on the roof edges }ith and

‘without pétapets. Results are given for the tallqst‘

building tested‘in each terrain condition for normal -wind

" direction. Bven‘though the.vz;tical scale in these figures

Ns . exaggerated, the predominant effect of parapets in

reducing the curvature of the shear Hayer and consequently

decreasing the wind pressures is clear to understand . The

cases presented are for a #.75m high parapet. Lower

parapets have also been tested for some edge taps of a tall

buiiding. Results are given iﬁ Fig 4.15 for both mean and

peak pressute coeff101ents measured at three different edge

height, in particular peaks show steeper reduction than

meanse.

'

* taps. Cp_values ‘are reduced with the increase in parapet

Y

[

To elaborate on these changes of ioof edge 1bading ue to

Precentage of Variation

the parapets data have been expressed in terms of

( P.V ) . This is related to

pressure coefficients and may be calculated by using the

following expression:

Loy

e e A

P.Vv = Cp without parapet - Cp with parapet /Cp without

parapet.

whete Cp will be either the peak or mean pressure

coefficient. Positive P.V's indicate :eductions in the

suction roof loads caused by parapets whereas negative

65
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PN

¢

. P.V's represént increases of wind loads caulédxby the

addition of parapets. . *
¢ N

LY

'Typical results are shown in Fig 4.16. For each height of

the building tested, the percentage variation was
calculated using the pressure coefficient of the most
critical wind direction. For each ca;e the maximum value
was dervied from all the taps that are located on the

»

edge. ‘Data of‘urbgﬁ terrain results are also inéluded‘in

1

the figure. Data show that the percentage of variation is

always.positive for the peak pfessure coefficients which

implies that parapets reduce the wind suctions on roof

edggs. Generaly higher parapets cause larger reductions.
This trend is well pronougjced for tall buildings. However,
some exceptions frém the'genezal pattetn'haVe been found
for lower buildings. Additional' experimental work carried

out has confirmed the influence of parapets on low

buildings.

The Percentage of Variation of mean wind pressure is

shown at the top Malf of the Fig. 4.16. The behavior of

-means is similar to that of the peaks except for some

negative P.V 's ( ie increase of wind loads caused on the

roof edgeé by parapeté’)'fdr the lowest buildingi.' .

. v
- 1

Diffe:enb\combinationa of tributary areas are considered on

roof edges (as dhown in éig 3.7) for the‘neasurqment of

71
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)ﬁarea-averééed loads. Figure 4.17 shows mean and peak uplift

data for all heights of building tested. The worst uplitt‘

- .
pressure coefficients have been presented for each parapet

t—

by relecting the maximum value from the various tributary

areas tested on the roof edges for five wind directions..

Both the mean and peak pressure coefficients are always
?

‘reduced by the addition of parapets and these reductions

are rather independent of parapet height.

» . 1]
<@

Area-averaged Cp peak values are signific:gt?y smaller

than correspondirng local values measured inside the area of

the roof regardless of parapets. For example, the area-

averaged peak pressure coefficient on the edge. of the
tallest (145m) buildlng-wrthout parapet is 1.7. The same
building nges a local Cp p\eak of 3 8 (maximum amoﬁg all

point pressures on this particplar e ge).” The implicstion

is that a great overestlmatxon of peak total load could be

made if point pressure measurements were generalized over .

an area. rSince parapets generally reduce the fluctuatrong
on the heavily loaded roof edges, this differehée between

local and Lrea-averaged loads may become more critical for

reofs'with parapets. ¥

\
4.6 WIND LOADS ON ROOF CORMERS WITH PARAPET.

+

-
-

This section wiil deal with the changes of rgpffeorpor wind

o A
+ L
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P

loedfngs caused by the addition of parapets. Rega:dlcss 6:
tﬁe existence of parapets the highest economical losses
due to w;nd action occur on building roof corners for
,obllque wind directions, where the magnitude of load is
.maximym, | . |

Some pievious stpdies (5,9,17,20,et al.) have found that

-

the corner 1loads ate‘reéuced significantly due to parapef@.

However, some recent work in this topic ( 24,38,49) has

»
4

_also found that the effects of parapet bn roof corne:s may

be aszerent. Table, 4.1 presents a11 available literature.
- 7.

. data on the effect of parapets on pressure coeffxcientl

eppropriate for roof forners. Only t}me-ave;aged (mean )

ptessu;e coefficients are tabulated mostly for cornering’

direction of

-

Lehtheusse;'s study ( .22 ) reports that wind pressure K\\ ‘

becomes more severe on low bufidings with low parapets but

‘this seems to conflict with his results presented in the
form of contours (see Etgure'zJJ, Scruton (34) states that.-

fo;'a hyperbolic paraboloid roof the coxner'prescure'

‘coefficient reduces from.-5.5 to -8.6 by the addition of a
.3 m parapef. ﬂoweye;,-these reéul;s'etiglnaﬁe from teeti
cat:ied out Lndet~uniforﬁ-flow cohditions idéﬁthey may not
be. apptop:iate if one considers the actual wind flou in

the natural enV1tonnenv' . = - o
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CORNER REGION

) “1 ~—CB (Mostly at 45)
SCHOLAR | REF.NO' FE?H | PARAMETERS NO Low -|° MIGH
: * PARAPET | PARAPET| PARAPET
%E%THE"S 22 UNIFORM :;g:b‘{:’l]ﬁ 2.1 0.7, 0.5
T | W/B=2;L/B=2 |
. " » I hn=1j24.1/12] 3.5 | 1.2 | 0.7
SCRUTON 34 " **% h=0.3m 5.5 0.6 ‘REE
1 . H/B=1/2;L/B=1| .
COLUMBUS .5 a;g-%;%zL/ : L3.5 1.4 ke
" TURBU = sL/B= .
n LE"T hl":’; !12 2-0 2-3 kkk
- H=4.8m - ’
KIND 17 h7°':5é}°4f e 2.5 2.0
. | H/B=1;L/B=1 -
KRAMER 21, - h/B=0.01.0.02| 2-9 1.9 | 0.8
P _ H=70.5m *
SOCKEL 37 | L reei 2.5 ax 1.1
. ’ " h'IO‘. o , ’
1 ) A L/B=2 - 2.9 *kk 1.2
STATHO T | H=5m.
POULOS 38 " .L/B=1.5 1.1 Thk 1.7
h=1.2m ,
" s " H=10m ‘ 1.4 »xx | 1.9
SURRY . - H=12m .
and - 24 ] L/B=2 0.8 1.1 0.8
LYTHE h=1.2.4.8m ,
. v . H=30m 1.4 1.4 1.0
- - . H=150m 2.5 1.5 0.9 _

‘v

NOTE: - '

lzsit* data not available

2) Tow parapet < 1.0 m

'3} high parvapet > 1.0 m

4) local load coefficients are consjdered

EFFECT OF PARAPETS ON ROOFS

£ -

. le;j> 4.1 DATA EROH'PREVIOUS~STUDIES ON THE
T

b
o



Sockel and Taucher. (37) did expériments on roof corners in
tur}b'ulent flow using a parapet of 1.4 mon a tall building,
they found that this parapet reduced the mean pressure by

about 58 % . Other‘eafly‘studies in turbulentpflow

s A

conéitioné {17, 21 et al.) also,brouéht forth that parapets

reduce the wind loads on roof cornegs..Recent;y”

Stathopoulos (38), after a comprehensive éprrimental study

- on the effect of parapeté on low buildings has found that

the roof corners experience a high suction in' the presence

of parapets.and also the study by Lythe and Surry -(24) has

&

. confirmed this finding§. However, the inconckysivé €5£ect

0f parapets on tall building .roof corners befomes evident

from' Table 4.1.IE is

the effect of parapets on tall roof corners in detail.

v

»

The first atfempt to study i?é*socaL wind loading on roof
éorﬁgr of,bui;diqgs witb.pa apets qag made by virtue of
pressure tracings. Figure 4:18'8h6ws such tracings for a
ta}l Huildjng with low'parapefs.ln each tracing the.time

duration corresponds tq one hour, in full ‘scale. Examination

of these tfécings.easily reveals that when the direcgion of

'wind:is oblique the effect of parapets is more critical

- pérticularly for-very 10w‘barapets.;§evera1 tracings have‘
. . <, . -

L

frgzings from roofs with parapets are compared with
- - . )

77." (J S

erefore, of interest to examine

been prdcurea for different building .configuratiénsf AR

. y ol

thos?fff &
' _J.

grqm'ibofs\without.pafapets in Pig. 4,19. Parapets on low
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buildings increase 'che corner suctions whereas qnly
parapets of height less than l.ﬂnldrastically affect,tne
wind loading on the corner of tall bu1ldlng roofs. The
given Cp values are referenced to the gradient he1ght.

The variation of pressure. coeff1c1ents with parapet he1ght
for all bu11d1ngs examlned is deplcted in Figs. 4.20 and
4.21. Mean and peak pressure coefficients are’'presented for
three different\wind directions. Data indicate that
pressure coefficients get their highest values mostly for
the 45' wind direction. All parapets seem to increase the
corner suctions in the case of lower buildings whereas only

L3

low parapets (less than 1.6 m high) have the same effect on

tall buildings. It is also interesting to notice the

variation of both mean and peak suction coefficients ﬁor
very low parapets. This has been srudied for two
representative bhilding heights (12 and 96m). Data indicate
that the maximum suctions are obrained for a parapet

approximately @.4 to 0.5 m' high.

L+

v

Experimental results for the urban exposure are.presented.
~in Fig.i.2Z.Mean‘pressure coefficients have compargble

‘magnitudes with those found for oéen country exposure while

peak pressure coefficients are approximately twice as large
|

in urban terrain. This is caused gy the increased

turbulence of the flow, but it should .be emphasized that

the higher magnitude ‘of peak Cp s does not necessarily
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PARAPET HEIGHT . h(m)  °*

FIG. 4.20 EFFECT OF PARAPETS ON HI“D-IHDUCED PRESSURE
- COEFFICIENTS ACTINGON ROOF CORNERS
(H=12,24m,0PEN COUNTRY)
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FIG. 4.21 'EFFECT OF PARAPETS. ON WIND-INDUCED PRESSURE -
¥ COEFFICIENTS ACTING ON ROOF C,ORNERS :
(ll-48 96m,0PEN COUNTRY)., .
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FIG. 4.22 EFFECT OF PARAPETS ON HIHD INDUCED PRESSURE
COEFFICIENTS ACTING ON ROOF CORIERS
(H=12, QGI,URBAI TERRAIN)
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-investigation.

-t

»

1mply h1gher suct1on loads on the roof corners. This is

because these values are associated wikth a lower dynam1c__

d

velbc1ty gressure at roof he1ght -.Bee the\Veloc1ty.

© 0

< ~ »

profiles presented in Flg. 3.2.. HoWever, the influence of-

parapets on the corner suctlons appears similar tqg that

a

found. in the open’ country terrain.

AN "t ‘

dJ

."From the discussion it is clear that several peculiarities

ear in the‘bﬁflding roof.corners equfﬁped with different:
parapeﬁs;'h siméle_lndicbtive comparispﬁiis made ‘in Figure
4.23} for all buildings tested in'garieus terrain
condisions. The most briéical values of both mean and peak-
éressure coefficients measured from fige‘wind,eirections

for each parapet height examined are presented. Based on

these data the following remarks can be’'made: ;

-

1) Roof corner pressure coeff1c1ents are increased by low

g parapets on any buildings in e1ther open country.or urban

terrain exposure.

2) High pazapets ﬁay_reduce the wind suctions induced on

roof corners.of tall buildings. > : .

The’ cause of th;s behavxour of pressure coefficients on

roof corners of bu1ldxng with parapets W1f1\~g/d1scussed.

1ater in" 1ight of some spectral analysis data and further

-

L4
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‘Area-averaged pressure coefficients collected for different

) buildings are presented in Pigs. 4.24 and 4.25. The size of

i

‘the cormer-area was helected acco:dxng to the Nationalii

> i}

Building Code-of Canada (NBCC) provis;qgs. Sznce, the 24m

N
height. belongs neithex to low buxldings jor is 1n the

categozy of high buildings, both a square area {as shown in

the 12 m roof) and an L shaped drea, appropriate for taller

buildingl, ;aze teésted tﬂa the most critical effect is

presented here. P:essure coefflcxents for three wind
) dttectiéns are shown. Similarly to the results obtained for
local loads,ulow parapets on tall buildings and any
parapets on low buildings gene:ally increase the wind 1load
on roof corner areas. This increase becomes worse for

obliqhetwind directions.’

—
/

Figure 4.26"sho§s the most critical area-averaged pressure
coefficients measured for roof corners with parapets.
Generally speaking, the trend is the same with that of

local loads. By compating Figs. 4.23 and 4.26 it is also

interesting to note/that the localized peaks show ai

k4

significant reduction of magnitude when spatial averaging

is taken ‘into account regardless* of the existence of.

phtapets.‘

’/(_
_—

Prom the preceeding, it is very clear that”low parapets in

any building increase significantly the roof corner

pressure coefficients for oblique wind directions. There is

187
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' , no glear'ur;de’rstand;(a‘g of t!}is,b‘ehav io"u: Jf t;le wind wohexi
inter;cting with th’_é bﬁildi;xg roofs’with pazai,ets_. However,
it ils well known that for simple flat roofs under oblique
wind. d:l;:ectioné strong co;liéal vértex s"heet; "induce
suctions along the roof edges starting with a gnaximum’ at
the corner. Small eddies fnay be produced in the vortex

~ 4
cones when low parapets are placed across the approaching
- . t, - N

stream lines and this may cause a " pocket of high

=

-

turbulenceé— " at the roof corners. Consequently, the
suctions are Aincreased significantly:. On tall ‘Euildings,
the high parapets prevent the generation of  small eddies .
in the vgrtex cones and act as a shelter for the corners by
reducing the roof su;:..t"ions. "Further research work would be
needed to understand this phenomenon in a better\; way. Wind
tunnel studies on flow visualization also may provide
“useful informatioﬁ regarding wind intetact-’ron\;aith building

b

roofs with various parapets.
Power spectral density measurements have been '‘made for
ddfféténtlcaaes'gf r&of corngrsﬂwith parapets. The Fast
j,réuzfei Transformation method (FFT) was used for the
collecéion of gPect:al estimqtes; All specgfa are
normal ized by the variance of the bressure. Hence the area
o Gndex each spectral curve becomes unity. Each ipgqtrum
provides the energy (ssbcia;ed with differxent frequency'

ranges. Hence the shape of the spectrum is chatacte:—istic

14
A

of_ the nature of the random signal. A broad -banded




~h

-
-

. < .
spectrum shoJe the enetgy of a tandom ptOCGSI agssociated
, with a large range of frequencies. In contrast, a narrow-
banded speetrum indicated that-the mhﬁoz contribution in
?ts enengy is caused by a ‘narrow bend or partichler
frequency of turbulence.
':)vm
As pfeviously discussed, the barapee effect on roof corne;s
is more cr1t1ca1 for oblxque wind directions. Therefore

powet spectral densxtxes of pressure loads are drawn for

oblique wind in the open,country“exposure.

N
Results are organized per bui}ding height in Figs. 4.27 to
4.3d. In all cases the effect of parapet 13 apparent in
decreasing the frequency associated with the highest energy
content of the fruetuating pressure. Twis_indica;es a
stabilizing effect fhet the parapet causes on the pzessuge
fluctuations associated with the roof corners. This
stabilization will be mo;e.effective in the case of higher
parepetsaon tall buildings which tend to break the high
frequency eddies of the pressure field into more stable

=edd:es of lower ftequency content. ' B

. Lower roof corners are exposed to a larger gradient of the

~, wind speed-as compared with fgalrex buildings, which 1n'

Lo

turn are .affected by a smaller tuibulence intenlity. This

is probably ‘the reason why thete is less; hdgh trequency

rod -

energy content in the pressure fluctuations oncthe corners

L4 i

-~ . -

92



- -

- . 0.5 T | Ll _ o
n;(zn) H=12m —— h=0
o ' h=0.75m
ol s h=1.5m
004" “]
*,
0.3 -
0.2— \ J
0.1 -
o 1 - 10 100 Co 1000
' n{Hz)
! . »
1 . ’ ) ..
FIG. 4.27 POWER SPECTRA OF PRESSURE FLUCTUATIONS ON A CORNER

POINT OF A FLAT ROOF NITH AND WITHOUT PARAPETS
(OPEN COUNTRY EXPOSURE) H=12m- \

pors



g Jj\\. i
- 0-5 - > | ' N x - ‘l
Z i —
i) S ———h=0.75m o
T ® ' emmeeh=],.5m°
0.4 T A | 1
0‘03 -
0.2 4
0.1 "
\\-u
0 1 . 10 - 100 1000
. : . n(Hz) "~ .
FIG. 4.28 POWER SPECTRA OF PRESSURE_FLUCTUATIONS ON_A CORNER

POINT OF A FLAT ROOF WITH AND WITHOUT PARAPETS
(OPEN COUNTRY EXPOSURE)H-Z‘. 4

N \

94



v‘ (OPEN COUNTRY EXPOSURE YH=48m

POINT OF A FLAT ROOF WITH AND- WITHOUT PARAPETS

- - ~ '\
o
“’I; - " \
. . \ ‘ . . . .
0.5 T I~ i .
ns(n) H"a- .~_-—'. h-o
o2 ———h=0.75n
—h=].5m
0.4 ~ \ -
003" T
/47
[ *
0.2k
N
(J
< 0.1F
{ d
i 1 p 10 100 : 1000
. n(Hz)
, °
& 'Y
FIG. 4.29 PONER- SPECTRA OF PRESSURE FLUCTUATIONS ON A EORHER



0&5 T 1 1
Hg ) ‘hs
nS(n) =96m — h=0
o2 e h=0.75m -
- N “h-l;s.
0.4"'u -y
0.3 -
. .
i!;'
« 0.2F o
0.1 -
-4
3 ° &
- - 1y 10 - 100 1000
- - n(Hz)

FIG. 4.30 POHER SPECTRA OFfPRESSURE FLUCTUATIONS ON A CORIER
: POINT OF A FLAT 'ROOF-WITH AND HITHOUT PARAPETS :

(DPEN COUNTRY EXPOSURE)H-QGI

96

“

54 -



Cra

°

of tall buildings without parapets (steepest gradient of
spectral curve of Fig. 4.380 ih comparison witﬁ Fig. 4.27).
Mevertheless, this dlfference_;ends to disappear in the
case of buildings wiéh parapees ﬁecause of the domineering

effed of parapets on the flow conditions. °

-t
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QUALITY ASSURAMCE OF PEAK PRESSURE COEPFICIENTS MEASORED
IN THE WIND TUNMNEL

El

4

«

" The aim of statistical theory of extreme values is
to analyse observed extremes and. to farecast further

extremes "

)

4 ¥ ....B.J.G,UHB‘L

L

S.1 GEMERAL " -

The wind-induced 16$ding on building roofs is .expressed as

a function of pressure coefficients measured either full
[ Y . N
3ca1% or in wind tunnels. Full scale measurements are
& ’ ) ' J N - \. ’
expensive, time consuming and they can be carried out only

EOt‘existing buildings. Therefore, there has heen an

)

increasing use of boundary layer wind tunnels as the design
’ ' . » e :
~tool, particularly when pressure coefficients for Building

' Codes and Loading Standards are required. = . .

]
-

- L v” ) ': 5 %.

s .

Wind tunnél.results can be trusked.oniy if “their quiliéy
is assured. Model:wind tunnel studies generally-refine thé

jfséakistical éstimatgs of loads and in most cases, reduce.

e ~

-

98 ) ’ ', ‘ .
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the level of un;ertanity-on load estimations. However,
uncertainties still exist in wind tunnel data. They
originate. mainly from the quality of simulation of natural

< &

wind, the measurement techniques, the sampling rate used
' [

in digitizatién of the pressure sijhal and tﬁe frequency

response of measu:ing system .

One random variable which peeds particular attention in
wind tunnel testing is the peak prebsure coeffjcient. This
issue becomes very important, since peak pressure

coefficients .are designated as design parameters by Codes

.and Standards. Peaks are random and the theory of Extreme . -

Value Distribution (Edhb) can be used for the estimation

of péaks at 'a particular realiability level. s

»

; Tﬁis pr&pess, howe&ex, is extremely time1c6nsuming and in
most préctical cases laboratorieé rely on singlé peaks
acquired from a suffxciently long record. This procedure
’was aIso applied in the tests of the p:esent study. A/
questton therefore arises about the possxble error expected
in the estimation of peak CP values for different buxlding
configurations-(building height, parapet height. eth.-u o
'thisiend; :ghe pprticulat”cases have been examined i'n
detail for comparison purposes. Before Qroceeding with
these cases the fundamentals of extreme value

[

.dié;tibution'anélysis are summarized.

99
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5.2 EXTREME VALUE DISTRIBUTIONS (E.V.D) . '

7

An importan£ class of probability problems are those
involving the extreme v51u§ distribution of random
variables. The summary presented here, is formilated from

'references 2 aﬁd'ld.

The largest valuesefrom samples of size "n' are also random
variables and thenefore have pzobabxlity distributions of
their own. These distributions can be related to the

distribution of the initial variate ( or population).
Because the extreme values of a random vgqiaﬁle’aré\
in;atiably asséciated‘dith.the tails of its ptébab@lity
dens;ty function, the éonvetgence of”the distfibutioﬁ
functxon of its extreme value to a pa:ticular 11mitin§
form,\wxll depend largely on the taxl behavio: of the
1n1t1a1 dxsttxbutxon in the direction of extteme. An‘
exponenglally detaying tail will conve;ge to the Type-l EVD
forn. This type has been found_satisfac%or§.f0t ﬁhe
pxgdictiqh‘of‘ peak presu:efcoefficients ;nd has fhus'ﬁeen

applied for the. analysis of the present study.

L]
.’

"_l‘he Cﬁmulative.ﬁistribhtion fupction (CDF) of t_h'e. Tyfu'-'l
form for the distribution of the largest value may be- .

.‘°

160 - e



. defined as :

-S
F (x) = exp (-e } - ' 5.1
x . .

. . : - t .

where 8 = an(x-un) is the standard variate , un and an are
. | ' '

the mode and dispersion parameters of the distribution.

-

By virtue of the telationship between the probability
: . .
.déensity function (PDF) and the cumulative distributjon

function (CDF):

f (x) = dF(x)/ dx o : ) 5.2
o X" ' ‘ ( .
5 : . -
where. f (x) . is the PDF - which ;kn be writtén as:
x . - 1 .
£ (x} = ad[éxp'siexp(-e§p‘5f]] ' ' ?,y
X . /

An extremal probab{lxty graph may then be const:ucted with

+

¢
values of "sg" scaled on one axis and the assocx ted CDF
v, /

given on the game (o{ parallel) ‘axis,, The other

(perpendicular). axis, represents values of the extteme
/ : .

.variate. A straight lxne thh a positive slopé, thexefore

K

represents-the largest value Type-1 EVD form . -
o Y.
5.3 APPLICATION OF PRESENT STUDY DATQ
8 ) / ,
. : - : , C ¢
From the discussion of the previous chapter it is apparent

that peak\b:essure coéffic@ehts havgviarge values on roof

-
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corners with‘parapets for.oblique wind directions. The roof
corner region was then selected for " more detailed study of
peak pressure coefficients. Coefficients have been acdnited

in‘ap open country flow regime. Pressure signals from an

'edge tap were also analyzed.

Data were acquired for a period of' 15 seconds dling a

sampling rate of 508 samples per second. Statistical

Exttemes maj provide useful information provided that the

esample size of the population is large. Therefore 50

records have been collecied resulting to 375,000 samples of
datd for analysis. A point of comcerns about these
mea:urements is the large amount of time required for the

collection of datd. It has been observed that each set of

~ data ( 59 records ) :equltes approxlmately 4 hours of . wind

tunnel operation for one point of\only.one configutation (

.bﬁilding‘height, parapet height, ‘'wind direction, exposure).

N

)

The ptessufe coefficients measured are~tefeienéed to the

dynamic velocity pressu:e at the ‘roof hexght leVel and for
mathematxcal convenience all negative peaks are changed to
thez: absolute yalues. They are ranked by,magqitude so that

the lowest of n'values (n - 50. in the present ﬁtudy ) is _

.g;ven the rank m-l, the second lovest m=2, and’ 80 on.up to

. the hxghest m-n. The ptobabxlity distributxon may then be

estzmated from th@se tanks by the equation.

’

‘ o 1@2




o

‘P(peaks) -_m/(n41)

* The Type-1l reduced variate s can be estimated according to

Equation 5.1‘as-£olloﬁs:

RV

8 (peaks) = -ln{-lh(P(peaks}] ! 5.5

J
3

¢

The PDE"\\sj‘is of the geaks are thus plotted by usfng
Equation 5.3, The'BYD lines may also he formulated by

using the values of the €ktremes against their estimated s

[

C ‘
values. . .= Cos

A
-

The PDF curves and EQD lines are shown in Eigureé 5.1 and
5.2. respectively. Figuxes‘are arrénged according to‘the
building height.' For each building, values atetcompared for

- the cases of wiﬁh‘ipd §ifhdut parapets. Two parapet

-

heights, namely .75 'and 1.5 m, have been.examingdt

t . : ‘ -
* AN . \ . s

The PDF shows the distributjoﬁ of suction peaks occurding on

Shé roof corner of buildings egpoéed to opep country
simulated wind conditions. The effective width of RbE

generally decreases with increase in parapet .height and

this is more clearly identified,for tall‘buildingé..yode'ﬁ-‘

' values of the distribution, which are . chaéacterizedlby'tbe
maximum likelihood of occurenge,‘.cénf#rq the,tésulﬁs.

- . dtscuisegxin,the pievious chabter, zégaia}ng the effect of

o N N ! * . N -
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parapets on roof corner suction loads.. Also for'lower

buzldxngs there is no overlapping between PDF's whereas on

taller buildings some minimum overlapping is not‘

s;gmfxcanr..r 'rlns xndicates that it is statxsticany safe.

19/:

to consxder"jreak suctxons of a smgle :ecozd,. at least for‘-

’ ~

this particular case.

The EVD lines shown in Fig. 5. 2 give the value of Cp peaks
for certaxn predetetminted probability risk levels of
exceedance. Fitting the best straight line to the data by

the least square method (1linear EegreBS'ion), .u't:he

cozrelation coefficient was found to be greater. than 0.97

3

for all the cases examined. As"sucn the Type-1l EVD form

appears indeed suitable and applxcable for predxcting the

extreme suct1on peaks that are induced on rodof corners'

thh parapets. The probabxl;ty of exceedance (P) or the‘

return period of these Cp peaks can be predicted by using )

these 1ines. For example, the probability of peaks ( H-96m,,

~"and h-ﬂ.'lSm ) ex;ceeding magmtude 6, is

1 . -~ v

N . -
g P(peaks >6) = 1 - F (6) -
. 'S . X
= 1 - 0.88
) - g, 12

Therefore, in accordance with the évailable data set, thete

is a chance of 88 % for the occurrence of peak pressure

‘ coefficient having value less than or equal 6, for,t:h_u

1

- - . . . e
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, particular case. Similar typee of~evaluation can also be



J?ha.addhtiop of parapets reducés $oth khe range of measured

possible for other cases/;;amined.

v

‘It has begn.considered.deéigable to. compare the Cp peak

" values diséussed in the previous chapter from a single

\

record -with those evaluated using extreme value

" distributions. Figure 5.3..presents thp»resulfs for all

buildings. Data .indicate that the sihgle’:ecord.peak lies

generally, ciose to the mode value of the peak measbred by

LY

EVD. This tzend of data enhances the quality assurance on

o

the single - ;gcozd peaks. Although results are presented
only for gwo'ﬁatapet heights, this:obserQatiop has also
been made for other cases. . B . o

- -

~To udndérstand the effect of parépets on buildings of

differenf height. the PDF diagrami haveée been tea?ranged
appzopri;gély.°§igﬁtev5.4 shows the effect of building
height fo?&roofs without parapets. For tail buildings thé
effe#tivelwidth of PDF curJes refledtihg the':ahge of

measured values is comparatively wider than for low

4

,‘buildings. Thetefoze the relxabxllty of suction peaks

repo:ted is higher foz lowet buildlng. In addition, greater

positive skewness fqr ;all-bpildxngs indicates probabxlity

of oécutehce'pf larger peaks for these configurations.

a

v o . K3

» -

bogki qhgh“;he;effeét of building heights on roof c&rnét‘

CR
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-

t

loadings. Figure §.S\§§owe bDF data fo:‘buildings with a
.75 m perapet whereas Pig S.é presents theiinfluence of A
l.5 m parapet. Itlis.iq;erestipg to note thaé suctiee
peaks on tall building corners shift to smaller va}ues in
the presence of parapets. In the cases of 1.5m pafaéeé, Qhe

tallest building "has the lowest suction peaks, whereas’

roof corner suctions for the lowest building ‘have

increased. The possible error by selecting a single -

record peak suctxon value is thus expected to be shaller in

the case of roof w1th rather than without. pa:apets.

»

Al . Kl

The same type of approach was foilowed for an edée pressure

‘tap. Pressure records were collected for the differeqt

. building configurations tested. PDF and EVD data in the

same format are presenteé'iﬁ_tigutes 5.7 and 5.8
respectively. The data confirm thagafor all puild&ngs, the
parapet reduces the pressurefcoefficienis ( eoméarison of
mode values ) In this case however, parapets do not appear

to affect the effective width of PDF functions and some
, - ) foa . .

.o t

overlappieg between cquiguretiona "with" and'“wiihout”
parapets dose occur. This may expléin some incogsistencies'
noticed on the behavxcur of some buildxngs regarding the
effect of parapets on w;nd loads of roof edges - see Fig.ll
4.16. |

The‘dxscussxon sheds ‘some light into the ‘randomness

1nvolved in the peak pressure measutement and provides an

. M - I i * »
- o 1le p . : ) o7 '
3 . l/ . - . s . R L.
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‘'idea about the\ possible errors they nay‘(oc\t‘:ur in the
estimation of pea{:'piessures. Tl;e comparison of th‘e~sir\u'gl~e
' - record péaks'énd EVD peaks 'is'general l‘y,l encourag'iriig’_;' .
nFuri:heiuiote, the role of parapet .in reducing 'tlhe
possipi}ity of error for critical des'i_,gn loadé has also ‘

- -

been identified. i

LI . PR
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. CHAPTER 6 - : T

APPLICATION FOR STANDARDS AND CODES OF PRACTICE = . "

4

. ) [
® Code loads are conventional loads." (’

«sseM.G.,Salvado

) ' ‘ [ \"?-""L i
Based on the experimental data and .the analysis of the
-results some useful suggestion for Wind loadxng Standards

and Codes of Practxce can be made. This chapter is dxvided'

into two seetions. The first secdtion describes the

-

tecommendations available in wind standaxds, whereas the

second sectxpn suggest how the: results of the present study

~

can be implemented in practice. g

<
i

£

6.1 CURRENT PROVISIONS OF WIND STAMDARDS
) .

As dxscussed‘in the chapter 2 the majority of+Wind Codes*ﬁ

AN

on toofs with parapets. However, ‘the ANSI ‘Standard (1).
;p:ovides a :eeoqmendatlon for the design of tall buildipg
~i00£s (H'>20m) with. parapets as shown ia’Fig 6.1,

zeproduced from ANSI. Accoxding to ANSI the building roof

can be' aeparated as intezxor region: (1), edge :eg;on (2)

\ . oo . . - . . A
. . 117 , :

'\ and Standa:ds have no specxf;cations regardxng wxnd loads~



" Roof
) PLAN
. ' ’ 2.5 | 1 ll
o ., 1020 50100200
) ‘ ‘ : A, (112 '
CUNOTE:. .~ o -7

(l) VERTICAL SCALE DEIOTES GCp TO BE USED HITH APPROPRIATE q OR q
¥ 4
02) HORIZOHTAL SCALE DENOTES TRIBUTARY AREA A, IN $Q2 FT.

(3) USE qhHITH.HEﬁATLVE YALUES OF GCp VALUES OF GCph _
\' . A ’ '

\
R4

N .

(4) IF A PARAPET ‘IS PROVIDED AROUID THE ROOF PER!HETER ZONES
(3) Alﬂ (4) MAY BE TREATED AS ZONE (2)

NOTATION: _ . o
53 OF MININUN WIDTH OR’0.S5h; uulcusven 1s. SHALLER
HEAN ROOF uzraur. IN. FEET

FIG 6 1 EXTERNAL PRESSURE COEFFICIEITSJ 6Cp,.FOR LOADS
ONBUILDING COMPOMENTS AND CLADDING FOR -

~ BUILDINGS ulru MEAN ROOF. HEIGHT h GREATER THAN

60 FEET (1 : .- -

118
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+

and corner regions (3 and4). The gust pressure coefficients
given in Pié.G.l must be multipljed by the zeference
dynamic pressure at roof height which can be derived ;fr-pm
the fastest mile wind speed aﬁa also by an exposure

‘factor to‘k yield the design wind pressure.

~
)

»
! . . .

~‘Note (4) in the “figure suggests the selectiorl of. GCp
coégficients c'brre_s'p‘qn'd.ing to the edgeQregion (i) ingtead
‘o'f t':;h‘esc'ornet region (3 and 4) £6% roofs hav'i"n‘g parapet
'ai:ound.i;ts é'erilﬁetet. For example, for a roof corner of"
a;:ea up to 1% sqg. feet (up fo’ 1.0 8q. meter) and ' no

parapets the Eoefficiént GCp is -5.0 . If a parépet is

provided on '\the same building, the coefficient GCp can be ) '

taken as” -2.5 regardless of the patapet height.. This
suggestion of ANSI i; bgs"eé on the assumption that parapets -
reduce drasticqlly the suction loads on roof corners. This
Asv in cbntrgst with the ?esult.s of the pres.e‘nt-,stu’dy,"which
't'la.ve cleariy shown’ the drastic increase ti‘:at a low parapet
m;sv cause on roof corner 'loads. Nevertheless, the ANSI

provi"sicd cg‘n-'be justified based on these grounds:, .

: 1) Note (4} was éuggested fol lowing’ Leutheu‘s‘sér's. s‘t‘udy'
o i ' o . . - ) .
(22) which was carried out in an aeronautical type wind

° .
tunnel where the wind.velocity is uniform .and the natural

’

~wind characteristics are not ,sihu.lat.ed..



- 2) In l.euthuesser s e‘xpezl"iment.al uork“pa:apeta less
than 1 @ m, for which the roof cérner wind loads are-
increased, have not been considered. - o
v ‘ . ‘ o ' , ¥

Figure 6.2 represent the provisiofis made by the Euroéean
Standard (12). Por flat. roofs wi“thout a par'apet t.h'e
external pressure coefficient can be taken és_-&ﬂland'this‘ '
value remains_ﬁnaffe::;d for roofs with low parapets.‘This“ }
provision seems. to be more representative for tall
building roofs wWith low parapet p;xt' it dbesb not seem to
‘hold for low buildirigs with low parapets. It - is also
éuggested that presg}re‘coefficienf can be qeduéed further
with increase of parapet height regardleés of ;hé buildiﬁd

height. The sourace study for these provisions is not clear
' . . ‘ . & .

1)

'to the author..
e . S S ;'al ‘
At present the Nation‘al Building Code of Canada‘ (27) has
not any specif1cat10ns for wxnd. loads on roofs with
parapets. Some suggestions ‘have been made by Stathopoulos .
(38),‘ for low building roofs mth parapet ahd they are

summerized here:

1) Wall loads should remain vuqaffect;éd' by the presence of
vp"azapet‘_s-. - : Co~

' 2)‘ 'rhe roof verge local high- suctions may be :educed by 39

"% in the preser)ce of parapets.

~
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©

3) The -local suctions on the interior roof areas should be

¢ —
increased .by 5% for buildings with parapets.

4) No reductions for large tributary areaé l1cads acting 06
. LA
roof corner reggions should be allowed in the presence of

parapets. .
? s

S

e N

. [
6.2 RECOMMENDATIONS BASED ON THE RESULTS OF THE -PRESENT
. 3 ' '
STUDY
¢ 9

Based on the results, of the present study thg_f@llowing

» récommendations fof_Wind Standards and Codes of.?ractice

tae

can be made: ’ -

v

&
v

I. Building'rbofs withllow'parapet (less thap 1.6 m)

13

a) Code or Standard .provisions for interior egions of roof

without parapet are equally applicable'to roofs with’
t e .
parapet. . ' . _ L

« -

B) Edge design loads may be reduced by 20 - 30 % depending
on the height of the building. : . /;“
» . ) ! - . . -

c) Roof corner local suction loads have to be increased
q .

around 3@ § for tall buildings and 56 $ low buildings.

. . . -
. .

.
“




v-

b

Ir\\Building'roofs with high parapet ( greater than 1.0m)

-

Code or Standard provisions for. interior regions of roofs
> \"N,, ‘ '
-without parapet a?é\equally applicable to roofs with

a)

parapetf

. . ' " 7 «
b) Edge design loads can be reduced by 506% for tall

L

No larger reductions are permitted on wind loads acting
. \ h .
on roof corners of low buildings and a small 'reduction

i

of 20 % may be allowed for tall buildings. B
S ’ ! ‘I’ - .
. J ) ‘ t g{

The suggestions listed above are generally épplicable for

Buildihdgs with low foof’an&les (8 - 10) having'a .Q
N ' \ .8

perimetrical pa&&bet and for wind coming from any

o

. . N

» direction. Since previous studies\j9,4ﬂ,47) haJ% found that
{ - .

the length of the building has /relatively small effect on

critical” values of roof wind pressures. So the above
recommendations may'be\applicable for buildings having

§

different aspect ratio. - ’b

R VR, -

23 C, ~

buildings and 20 % for low buildings. ' :
j g ' . \\.‘/"\

-3



. ’ CHAPPER 7

1 3

CONCLUSIONS AND R&OHHBNDA*IONS FOR FUTURE WORK

" At the end of the day, it is important foz all concetned
to have cons;dered the 1nteractions of the. wind and
claddzng on buildings - ignoring design advice or

research results can have dramatic consequences. " S

A

-

' esoee Baton' ‘.J T

A wind tunnel study fdr the determination of wind loads on
flat roofs with parapets has been carried out. The study
was experimental and-it(was pe;szmed.gt the Building

Aerodynamics Laboratory of the Centre for Building Studies.

¢ ! f

»

Different building heights have been examined under vatioqé

wind directions. Both local and arga-averaged pressures
& have beeﬂ measured ané:analyied for a variety of roof
parapets. éurtherpq:e,jattempts hav? been ‘made to

A understand the behavipuz of co;ner wiﬁd loads yy usihé’

" spectral analysis. Extreme'ialue Dist:ibution‘ahalysig'hag
also been used for the quality assqranc; of'the pe;k
pressure goéffigients ﬁeasuted in wind tunnel. The

L4

124




Ldiffbrént terrain conditions ( open ‘country - urban )¢

aﬁsessmenﬁ'of the wind loads has heen made unéet ﬁuo‘

<

v
v

The experimental results indicate that for all different

-

,configd}agﬁbns tested, parapets®generally reduce the. high

suctfonS'on the roof edges and may only slighty affect the

loads' acting on the interior areas of the roof. Roof

corners which sdffer'the majority of failures are affected

differently‘by a qignificant incredse in both mean—and peak
suctionf for all buildings wi;h';ow parapets. This increase -
may be critical-if dne considers that a pérapet about
9.75m, high is used 1n,most flat roof buxld1ngs. Spectral

measutemeﬂté‘bn roof cgi;;fs show ‘that the ' parapet

decreases the high frequen content of the'fluctgéting

pressure for bblﬁqpe’directions. ) )

. . . oL
\ ‘ * ¥ :
The influence of parapet on the wznd - induced loaqs on
'4 "

buxldingSyapgears to be 1ndependent of the\{ertaln

- roughness. Peak pressure coefficients however, increase

- % ‘ . 1
S . .
with increasing terrain roughness, whereas mean values
i ) <Q ) P “ Iz
i - ° ‘ < ’ s, h : i
remain geherally the same.

-Applying the results in practice reveals that the ANSI

Stahdard (1) specifications for wind loads on buildings
with parapets uiy be inadequate for roof corner areas.

Somé suggestions for Wind Standards aqnguilding Codes of

RERAT . r ) :
@ru@@ﬁce based on the results of the present study have



‘been made. - ’ o

More experimental results are required inorder to expand

these findings for other buildinq_or éqrapet

configurations. The current state-of-the-art in this area

3

~ can be advanceds« b& studying the wind pressure loads for

’ ]

various roof shapes with parapets; ahd by fixing parapets

only around some edges or part of the building roofs.

¢ ¢

4

_Qverall wind loads on flat roofs are reduced due to

’

parapets with‘thé exception of corner areas. Therefore, it

[ “

" is recommended for future research to vent‘the roof corher
suctioné udth‘patapets: Srotéing the parapets at the
corners may be considered’as an‘alternégjbe. éinally; wind
loads oﬁ parapet gurfaces must .also be evéluatea in orde;:
to determine whether parapets are economicallijustifiable

‘ as;a means:for feduqtibﬁ ét‘w}nd loads acting on building

I

.roofs.
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