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R ABSTRACT T~

Current procedures to assess the strength and

-

b‘stlffness of a steel deck diaphragm under in-plane loads

' nfare rev1ewed. A new method to calculate the stiffness of

N

li"da steel deck dlaphragm is developed.:nffEli”F - e

1 ‘ | |
The 1nf1uence of different parameters that affect the

"

"»fbehaviour of a Bteel deck is analyzed _f _3f?n,f3{ﬁfr‘?5

“ftllmlted number of bdys._ A general

f:ibeam on an elastic foudha!1on is uS ¢

The behav10ur of one storey rectangular buildings
7_funder horizontal 1oads is studied.f A particular solution

}gdbased on; the beam model 1s applied for buildings having a

a

.olut1on based on a

\

for.any number of

Lsymmetrical“as well
- A . 4

_:'bays.v Thls procedure 1s applled for
._as nonsymmetrical buildings.

P "

Practlcal examples ‘of analy51s for lateral 1oad 'l .
resrstance of bu1ldings us1ng the method devélop%d are
'f'presented. T - o ' p' ‘p, T L }' I
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CHAPTER I o~

~INTRobucrr0N
14 o GENERAL REMARKSY |
ﬁ When a structure 1s subJected to lateral loads, a
complex dlstrlbutlon of forces results w1th1n the structure. ‘The‘
. fLrst questlon that arises . is how the lateral forces are
transferred to the vertlcal elements. Thisldistribution of
,'forces can‘become cOmplicated depending on the geometr§ of the

structure and the stiffness of the horlzontal dlaphragm and the

vertlcal resisting elements,

vt
e

L

1.1 'DiaphragmAAction_

| To show the influence of diaphragm action let us
iconsider theloneéstory.huilding shown in=Figure l.1. As shown,
the mind excerts a positive-pressure on the windward.side of the
building. The wall claﬁflng ADKI is assumed to have. enough
strength to work as a loaded glrder spanning vertlcally between
the wall foundation and tﬁe perimeter roof beams AB, BC and CD!
The roof surface ADEH is loaded in its own: plane along 1ts edge
AD The roof system transm1ts this horizontal edge load from 1ts'
l1ne of appllcatlon to the frames and shear walls and hence to
the building foundatlons.

In the case of an earthquake loading inertia forces are

imoortant. These forces depend on the mass of the element

involved. The equivalent static force which must be applied to a

structure in design is generally determined by building codes .as

)|



Figure I-1' Horizontal Forces on a Building



3
a percentage of the dead'weight of ﬁhe struCtureq This force/ds
1§assumed to act at the roof 11ne of a one- storey structure or at-
eaeh floor line 1n-the caseiof»multiple stories. The roof or
floor is désigned'as.avdiepﬁfagﬁ to transmi: the'force to the
_resisting cross walls. a
In couuentipnal.earthquake‘éhd wiﬁd.celculatichs,
reinfofced céucfete uerizontelvdiaphfagms are assumed to be
iﬁfinigely figid relative to their vertical supports. The
lateral forcesiepplied to the diabhredm are assumed to be
dlstributed to the vert1cal supports 'in proportion to the ]
“"relative stiffness of such supports..‘However, in a structure
with widely Spaced shear Wellslor in e*Structure where steel
decks or concrete filled steel decksfere<u3ed as hprizental
diaphragms, the deformatiop'qﬁ_the‘diaphragm can be
significant. : In these ceses, the distribution of seismic forces
in fhe vertiéal-resietaut.elements is markedlyidifferent from the
distribution that would result if the horizontal diaphragms were
asSumed.teibe.rigid. If the diaphragms are very flexible the
vereicalvsupports are assumed to be rigid‘reiative to the
'diaphragmiand lateral forces are assumed to be distributed to .the
vertical'supports in proportion to the contributing diaphragms
areas, Fer diaphragﬁs,intermediate between rigid and flexible,
one or the other of‘fhe;qbove methods ie usually applied,
'depending'oﬁ which iaeaiized situation is more closely
approximated. Therefore’there is a need to know the dlstribution
of forces to the vertical re51st1ng elements when. the diaphragms

are nejther infinitely rigid nor infinitely flexible.



"-1_3,2 OBJECTIVE AND sco#E S

The purpose of thls study is to analyze the 1nfluence ofk
the- dlaphragm st1ffness on the dlstrlbutlon of 1ateral forces to
the struohural re51st1ng elements 1n'bu1ld1ngs; The studyy}s‘i
limited to one storeyvsymmetrical end,noﬁsyﬁmetrieal réééahgu;arix“’
buildings. | ' ’ ‘ RN . B

Chapter II reviews and éhalyzes.different methods to.

calculate strehgth and stiffneSSvfor steel decks. Then a method; S

is. developed by the: wrlter to assess the stlffness'of stee{'decx
dlaphragms. F1nally the parameters. that~¢nfluence the stiffness
and strength of steel deck diaphragms are'studled;
” . Chapter III is devoted to a study of the influence of -
diaphrsgm stiffness on the distribution of leteral‘fotcesztoﬁthé
vertical -resisting elements for 3ymmetrlcal bu11d1ngs. | -
Chapter IV presents the analysis of the 1nfluence of
diaphragm stiffness on lateral force.dlstrlbut1on for
nonsymmetrical buildings. ' |
Chdpter V is detoted to the application of the theory

developed in Chapter III to practical examples.



.. CHAPTER II o R
CRITICAL REVIEW OF CURRENT METHODS
' TO EVALUATE STRENGTH AND STIFFNESS .

- OF STEEL DECK DIAPHRAGMS

- 2.1 iNTﬁquchoN SRR R

Thé‘inteni of this ch;pget 1s‘£o analyze anGJEOmpaﬁé-
some?p:oééddrégp devéloped'iﬂ Greéi Britain and North Ameriba,.
whi@ﬁ are‘c&nf;ntlf uséd in~éngiﬁeéring praﬁtice, to caléﬁ;éte
éze'strength gnd stiffness of steel deck diaphragms. ﬁA'ﬁéw'
apbroacﬁ,to_assess the stiffness of a steel deck diaphfaém is
developed and on the basis of tests performed in England is
‘jCompéred to the ;bdvé mehticﬁed procedures. At the end of the’
4chapter, the paraﬁétefs that. influence the stiffness and strength
ofibhe steel diaphragmsyaie studied, éo that, when designing a
diaphragm a swift degision may be taken.

L T ) T

2.2 ' EVALUATION OF STRENGTH AND STIFFNESS OF "STEEL DECK
DIAPHRAGMS

The strength and stiffness of decks can be?evél&ated
> - . y T
using several -methods as detailed below.

0

Testing. This is the most accuréte way of assessing the -
strength aﬁd stiffness of diaphragms; Putvat the éame time,\the
mos't éxpensive and time consuming. - Thus, it has not been used
- extensively in current ehgiﬁeering practice.

1)

Finite Element‘Method. The diaphragm is visualized as

[

~

an assemblage of structural elements interconnected at a discrnte

v



-.number of nodal poihts;L The corrugated steel sheeting is
0

L represented by an orthotropdc plate element, purlins and edge

beams are deflned as_ beam elements and seam’ fasteners, eud nffﬁffd
fasteners and shear connectors are represented by spr1ng _
elements.u Thls method y1e1ds results that are accurate and

R

addltlonally profldes 1nformatibn regardlng 1nternal‘force

dlstrlbutlons. 'Furthermore, it may be applied to diaphragms with
‘ openmngs, whlch LS not p0551b1e currently for other methods w1th

the exceptlon of testlng. .The f1nite element method has the7;5*'r

.o

follow1ng shortcomlngs- ;flg.fa_e; , _'??.1,"; ' '“dT;;‘.i;?j
A ij ' a computer is needed whlch is not always avallable to
| des1gners; . o e V_’ T |
(ii) The preparatlon of the 1nput data is time consumlng,"i‘S;
‘”and, = 9 ‘ L T
(iii) numer1cal errors can occur because of the - large amount

of | 1nput data requlred ,-““ffp~:*' -

., . ~

P

Analyticdl Method. ThlS approach uses elther the Energy i

or Equilibrium methods or both. Although these methods are not .

exact they provlde readily applicable-: solut1ons to practically

any type of sEeel dlaphragm. ‘ T : _ ‘: r'

Emp1r1cal Method. The Empirical method is(based‘on the.

result. of testlng, so that, it may be applied to decks‘hav1ng

similar character1st1cs. The results are glven in- ﬁables usually

(
supplied by the flrms that manufacture deck material Emplrlcal

equatlons have been prov1ded by the u, S. Department of Army, Navy

and Air Force (31) and by Luttrell (21) whose research in West



M

: :Virginie_University_has made available information regarding the:
béhaviour of'steel deck diaphragms. Some of the companies that
make use of these ‘equations are - westeel Rosco, Bowmen-Peterson,'

Westland Metals,,etc.

Generally what is requlred for de51gn purposes 1s a
readily avallable design procedure which prov1des a reliable
' assessment-of the strength and st1ffnes$qof dlaphragms. There
ere only two,. of the above mentloned procedures which satisfy
that requirement, i.e. " the Analytlcal and the Bmpirical ‘
methods. For steel deck diaphragms both methods are available,
for concrete deck diaphragms only Empivical Equations haQe been’
developed. The Analytical methods are discussed in detail in the

following sections.

2.3 . BEHAVIOUR OF A STEEL DFCK DIAPHRAGM UNDER IN-PLANE LOADS

‘A typlcal isolated dlaphragm is shown in Flgure 2. l. It

' is made up of a number of component elements, that is, corrugated

steel sheeting, purllns, rafters, shear connectors, end fasteners
. a ! : L
and seam fasteners. Different alterrate arrangements are

possible. The sheeting may be fixed to the supporting structure
on all four sides or only on two =ides. The ~~rrygations on the .
individual panels may be a]iqned rarallel or perpendicular to the

applied force.

.

" When a ‘force is applied to a diaphragm a distribution of

forces .among the different elements that make up the diaphragm
takes place. By means of fasteners part of the force will be . ~

1

-

Y
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taken by end and intermediate purlins and the.remainderfis

carried'by the subpanels.
Under these assumptions, two different modes of failure

-

of the diaphragm may occur.-_First,.if there are many fasteners

Aand w1th enough strength not to fail before buckllng of the

'sheetlng occurs, this fallure that is called “Buckllng as an
orthotroplc plate” This kind of failure is uncommon and_ B
represents the upper’bound,loae-that;a.steel‘diaphragm ébu164
take. Figure 2-2 illustrates sueh a buckling failure. Second,
if the number or{ the strength of the fasteners is low, the steel
" deck fails at loads below buckllng by failure at the fasteners.
Thls fallure may occur by tearlng of the sheetlng at the fastener

locatlons or by simple shear failure of the fasteners. This kind

of failure is called "Failure at the fasteners"

r

2.4 . ANALYTICAL METHODS

2.4.1 = Failure as an orthotroplc plate

There are several publlshed approaches that assess the
bnckling failure of,a dlaphragm; mainly Bergmann and Reissner s
(4) (Appendix A, Eg. A.l), Hlavacek's (21) (Appendix A, Eqg. A.4),
“Easley—McFarland's (14)V(Appengix A, Eq. A.6), Fasley's (15) |
'(Appengix_A,_Eq;'Amﬁ). ,Al;.efhthem give similar solutions for.
the critical’bUCkling load. 'Easieiis;(iS) equatidnSf(ApbendfkTA;‘u
Eq A 6) are the most rlgorous, but yield solutlons only when the.

,parameter € is known; ¢ is only available for simple and clamped

' "suppdrts. ‘Hlavacek' S- equations (20) (Appendix A, eg. A.4) are
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applicéblé for a éomplqtely_differgnﬁlkind of deck, that is a
flat'Sheéﬁ'which fs'sii%feh;d&by ﬁéfbendicular plates distributed
symmetrically to both faces of the sheet,

Bergmann and Reissner (4) were tﬁe flrst investigating
‘buckling load and according to Easley (15) the derivation of
‘ﬁheir formula is the most rigorous of all. |

™

2.4.2 Failure at the fasteners

A number of researchers have provided solutlons for the
failure that the fasteners; among them can be mentloned Bryan (7)
and Davies (1l1) in England being the pioﬁeers, Easley (13) in the
United States and’Fazio (17) et al. in Canada. The most‘relevant
contributions have been made by Bryan (7), Davies (11) and Easley
(13), whlle Fazio (17) et al. have refined Easley s (13)
method. lIn the following seétions a description of the solutions
prbposéd by the forementioned aqthors‘is presented together with
the advantages and disadvantages of their methods. Finally a

refined approach is presented.

2.4.2.1 Bryan's Method

nyan's approach (7) has been accepted as a feasible
solution for steel decks in Great Rritain. His method is based
on the Energy Method and Equilibrium. Details of his method are
presented in Appendix‘B.

Bryan cnnsidefs the flexibility of a diaphragm instead
of the stiffness. He recngnizes two types of steel deck and

acgumes a digtribution nf internal forces as shown in Figrre 2
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(b) Sheet Fasteners on two edges only

Figure 2-3 Sheet Fasteners
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3. _If,shear connectors-are preSent (Figure 2-3(a)) there will be

sllp only ag,the end fasteners~'a mode of deformatlon that he

',called “Dlrect Shear Transfer Otherw1se, Flgure 2-3(b)

applles, 1n whlch there 1s ‘a llnear disfribution of forces at the

- - - -

end fastener locations. Bryan referred to thls as the "Indlrect

* Shear Transfer"

" Bryan states that. the overall flexibility 'of a steel -

deck is the result of the summation of the flexibilities of the

-

’COmponentthhat_m;ke:up‘a steel deck. Consequently he analyées‘
"“lthe‘sheet deformation,fshearustrain:ofmthe“sheet,;axialhstrain’inf
the~purlins and:sheetgconnection-deformations; By studying the

effeéts separately} ‘the 1nfluence of each factor in the overall

flex1b111ty can be assessed and the less important factors may be

discarded.

o, -

Bryan 5 solution cannot be con31dered exact because ‘it

'requ1res the determlnatlon of six. dlfferent parameters by

.testing. ngorously hls solutlon should only be appllcable for'

the kind of deck and connections produced by the different
fabricators in Great Britain; when applying his method to decks
manufactured in North ‘America testing should be required to
obtain new parameters.

Bryan's\assumed‘distribution of internal forces is not
real according to bbservations made on tested panels (tilting.of/
the sub-panels). This affects the flexibility contribution of
the connections to the overall flexibility of the panei but does

not affect the results for the axial forces in the purlins, the

sheet deformation and the shear strain of the sheet.

. EE I N



Bryan did‘notftakg;ingof&écdﬁhg‘tﬁé;véréieai”n_"iﬁei' o
‘deistribdtien of fofdeeuthatﬁexistenet'the pdtlintconnéctioneii L
this'is an item that may be incbtpofated inynis'apéfbach'to;
improve hls method ' ‘,~.v ;::vt " S
~ The advantage of hls method is that the expressxone for
stiffness are not d1ff1culE.to calculate.
) Bryan~con51ders different possible modes of fallure
assumlng an 1nternal force dlstrxbutlon whlch 1s not reallstlc.
The. ultimate strength of the deck lS .obtained: by con31der1ng
;tallure at the seam connection, or, fallu 'at the_shear
‘;' connectors, oq;-failure.at“the sheetqurlin connection,,or, T
. : A :

failure at.the end purlins by-buckling;wnichevef is Least{

2.4.2.2v Davies' Method

P e

o ﬁavdes (11) method 1s based on Bryan's (7) work. He

‘assumes on the ba31s of Flnxte element ana1y81s,‘an 1mproved
’“;dmstributlcnrof‘Lnternal“forcesﬂ Details of his methed are
presented in Appendix C.

- Dav1es assumpt1ons can be discussed beéest thh reference
to Figures 2.4 and 2.5, The flrstxassumptlon is that the seam
slip at each internal seam is equal and denoted by 24. The
second assumes that the>total horxzontal force Qa/b in the two
edge purlins is equally shared between the sub- panel§ Using

,\Qﬁ these two assumptions vertical and horizontal equ111brium are
satisfied for an interiot'sub—panel. When the same princible is

applied ‘to the end panel, vertical equilibrium is not satisfied,

so that he makes a further assumption: the slip at the end
’ =
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connectors- is Ae +.A.:  This Ae is obtained from equilibrium
‘considerations viélating;momentwequillbrIUm for the end

b“‘ eln ) - ‘ e -
sub<papel, . R

'2.4.2.3 Easley's Method
. }) [ ) . ) L . _‘..‘. " -
Easley's method>(l3) is basically an equilibrium-

'approach that requ1res some parameters that are obtalned by

. 3\ - . .
' testlng.) HlS maln assumptlon is that the sub panel 1n a- -

& ‘.

dlaphragm tends to tilt in the frame, as shown in- Figure 2-6(a);
.thls was also conflrmed by test observat1ons. Davies (ll)
i:applled the same concept to hlS theoret1ca1 approach ‘and
7MacGregor (23) test1ng 1ndependently at the University of Alberta
made the same observation. Easley' s, (13) assumptions are
dlscnssed,in detail .in the folIoWing‘paragraphs.ﬂ_;i
| | The assumption that sub;panels deform ‘in the same way is
a simplifying one'th:t leacs to simple equilibrium equations for
therjntefiorisubfpanels, however the connections used are théJ
same for all the sub-panels; this is an idealization not
app11cable to real steel deck dlaphragms

The assumption that sub-panel end fastener forces. have
components parallel and perpendicular to the panel ends may be
~easily understood with the aid of Figure 2.7, which -shows that
panel rotation occurs when a. lateral force is applied. The
ﬁwgnituoeroﬁ‘thefperpehdicular component of force increase
;proportionally’to the distance from the center of'rbtatlon; This
is similar to an assemblage of bolts acted upon by a moment where

the force ‘taken by any bolt is proportlonal to the bolt dlstance
(



Figure 2-6
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Fastener ‘ Forces
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'from‘the center of rotatiOn. f';ﬁ - o }nif
Easley assumes that the'distribUtion'of forces'for4the
sub;oanel 31de fasteners are uniform in magnltude and parallel to
the ‘sides of the sub panel Theoretlcally'thrs assumptlon is not
correct. When the dlaphargm starts to tilt (Eigure 2.7) some
forces pérpendicnlar‘to'the side of the-snb—panels should. be
'Gsveloped. Also, a;‘it has been shown by_Finite’Element Analysis
by Nilson (285;these side fastener forces are distributed
parabolioaily.
B Easley (13) also observed in his testing that failure of
the diaphragm could occur becaﬁse of local bearing failure or
tear out of the sub-panels at the fasteners either those which
hold sub-panels together or those connecting.sub—panels to the.
frames, or failure in‘the fasteners themselves. He recognized
two different types of connection'failure, either failure\at the
end fastener located in line with the seam fastener or failure at
the seam fasteners. The first assumptionvof failure is
theoretically correct because’ it corresponds to the fdstener
‘ Lta%?ngﬁ}he,maximUm:vertical“loaé“(Seé'Figdré 2.6)‘aoeording to
the linear force distribution. Testing has confirmed this
assumption.. ‘The second mode of fallure theoretlcally corresponds
to all the seam fasteners in a sub -panel fa111ng
' s1multaneously. Testlng has conflrmed this assumption too, -
Although the actual dlstrlbutlo& of forces is parabolic, a
redlstrlbutlon ,of forces takes place before failure, confirming
that the behaviour of,a»diaph%;gm is influenced by plastic

deformations. The main shortcoming of this apprqach is that it
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Figure 2-7 _Shear' Panel Rofation
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112;4,2;4, éazio,kHa, El:ﬂakim's Method' o | ’;

o ThlS approach (17) is based on the methods ‘of Bryan (7),
Dav1es (11) and Easley (13) and ‘it -has the ‘same shortcomlngs |
.already p01nted out. Nevertheless, un11ke Easley s (13) method,
,thls method con51ders equ111br1um of an external sub-panel u51ng
ldlfferent type of fasteners for the end, purlln and side
'attachments. Therefore the purpose of Fa21o, ﬂa, Bl—Hakim'shJ”'
~approach is to analyze stee} decks -that are commonly used in
practlce.d The main assumpt1on made 1s that the stressv-
dlstrrbutlon at the end: fasteners for the’ end sub-panel is not
svmmetrlcal: 1t is Symmetrlcal for,the 1nterna1 sub-panels (see
-Figure'2'8);~ This leads to simple'equations; thus making the
method attractlve and easy %0 apply ) However, Fazio, Ha,:EJA
.Hak1m s assumptlon satisfies the equ111br1um of. the external sub-”

A 8

panel but not- the equilibrium of" the 1nternal sub- panels.\

2.4.2.5 Writer's Approach
In this section a soJ‘ution to the stiffness ofg steel

deck diaphragm 'has been developed“by the writer and is discussed
: A ‘ ‘
in detail in the following paragraphs.

~

The assumptions on which this method is based are:

1. The seam slip for a line of seam-fasteners is
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Ce e constant, -but it..varies from one line of seam- ..

fasteners to the next according to the mode of

deformation assumed in Figure 2.9.

A 2y Thé‘VerticaI~component.ofithe shear. connector force.
v ~:‘-»; S & - eonstant.
3. The horizontal component of the shear connector and

seam fas;ener force is negligible.
4. The horizontal force taken by th: end purlins is
7 shéreq evenly be each sub-panel |
“5.'7 Th? OertiCal'componeﬁts of the end fastener and’ the
purlin fastener férces vary. linearly at evefy sub-
panel.
For ;very sub—panel‘there are two unkﬁown
displacements.. TwoO équations are aﬁailable for each sub-panel,
from vertical force equilibriﬁm and moment equilibirum, which

permit the determination of displacements in each sub-panel.

. These equations are solved simuitaneously for the complete panel
IR FE & '

CLE e
FEPI

‘ﬁo obtain the total dispiacemént.
The necessary equations usipg’equilibfidm and
compatibility are developed below with the aid of Figure 2.9.
N ‘The vertical equilibrium of the first sub-panel yields

n
PA P X,

: ne
24, X . 1
"sc1Fsc1 T "sFs1 * Tse 2 (- )+ Sp ‘1“;—7) = N
| ' i=1 ol i=1 °

(1)

" in which
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Figure 2-9 Writer's Approach

_

2k



25_

.F se

scl

Replacing 2 and 3 in 1 results

: ', o e hé‘_!_" , .$:Tv¢
By - (Ag+AL) 24 T s ‘ g
e N - N
: -n + (1 ¥y + (1 ) = 0
sc S S S S = 3 .
sc s e i=1 ol p =) ol

(4)

> Scae- o~ ¢ e « B “ e . Ry -
» SN I T A R S a b @y
P

. - AL , s v e e e enew o mm s ety B m e b
Lol e ® WAlSoy because of linear distributidn of " stresses’ within

the sub-panel

. Al - . xol : : V . . .o R . . . " o - . i . N
8 - - " (5)
nsh 01
or
A . -t ) B - S .
, R | = . R
o1 ~ (6)
N ol - A1+A2 nsh
Replacing 6 in 4 results
ne” n,
. Al., n fA2+A3) . ZAl b - %flviz:: ‘Xi
sc S 5 S S E 3 —y
A1+A2 "sh
n n .
¥ S, E::: 1 "§; 17 & - O (7)
. 1=1 1i=1 A1+A2 néh

-
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Replacing 6 in 9 results

- A,

.2(?

s nsh.

4 ——
S a .

s - e

ne

g

P

lSa Z-)X\LSa

i

(8)

I

X5 by ZE: X4 a
) YT Ry Lo W)y Ta
P i=1 » | e
(9).
n, ' n_
2 22 x.e 2 Z |
i 75 Xi* 5 LX)t
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Because of linear distribution of stresses within the sub-panel

A X ' T ' : _ , .
Ké =92 . o - (13)
4 2 - x . S ~ N
n

Noh o2

or

a . . N
=2 A
. o Dsn 3
o2 ] A3 + A4

(14)
Replacing 3, 12 and 14 in 11 yields

n 2. n. P Pn_, 2
_S ‘ne s sp _ sh _~_nsh.
b2 " 4 (s~ *+35 *+ 5 Sp E Xi T @S X§

n_- 2n 2 Pn P

ns :
g" = 0 (15)
S
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" Moment equilibrium of the second -sub-panel yield

- - B A e
------ : 2458

ST My
. s s2nsh. 'S

e .

o Zﬁ | e Pn zzf ’ B |

) *"sh, 2 sh 2 2 E AR
Ay (—— , X, + — X, - : X, - X, +
3 Sea , i Spa i “§e i ] i

2A5 Z X PAS‘, S Xy
"sFs2 T Mecfsc2 T F, &= (P T )) ¢t —s';Z (1 -5x2) =0 08

A o ) .
= - _ , | - (20)
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Con g a
X03 T 3. *A n .. k
- .. 2.6 _'sh L
Replacing 12, 19-and’ 20- in 18 results "<

b, & + Az + + - E X - —
sc 2nSh Pnsh
- A6 (S + 3 a xi + -S—-—a—— xl)
sSC e = D | |
Moment eqdi_librium yields
a Z X, PA
a 5 i 5
rh\scAG S . - 2§—~ (1 -_x_)xi -
= " sSC nsh e o3 D

Replacing 21 i

oA (22 2
y ns‘:ﬁ
Qr

N
7

-

n 23.

sh Zx-).
a i’
p

]
o

S
(1 - —)x
X -

i~
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panels.

= Force taken by a seam fastener at line i N

. = Force taken by a shéar connector at edge i S e

= number of purlin fasteners.
A R

o

. . : v v
= number of end fasteners

number of seam fasteners

= number of shear connectors
mber oL shear

number of intermediate purlins
= flexibility of an end fastener

= flexibility of a pdriin‘fasteﬁér

1]

flexibility of a seam fastener

= flexibility of a shear connector.

= distance from the left edge of éub-panel‘i to the end

and purlin fastener as shoyh-}n Figure 2-9

= diétaﬁ;e‘ffom the left edge of sub-panel i go the
neutral axis of end and purlin ﬁéstener'as shown in
Figure 2-9

="displacement of left end fastener of(sub—panel i

-t : Y

The same procedure may be applied for more than 3 sub-

Once the individual displacements are obtained, this

> )

component of the shear stiffness can be added to the sheet shear

deformational stiffness and the stiffness resulting from axial

styxajn in purlins, as derived by Bryan (7).

The advantages of this method over the previously
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mentioned methqu may be summarized as‘fdliows: While Easley
(1353cqnsider§ onix;one tyﬁé of connections, tﬁis hethpd makes
.Huée of different typés,'which~ié'more.éépiicable to ‘real steel
decks. Fazio's (17)'approaéhfa;éﬁrég‘eguilibriumof the external
sub-panel but does not satisfy equiiibrium for the interior

ones, .Davies' approach violates moment equilibrium for the
external sub-panei. 'The Qri£ér's appréééﬂ meets moméng and. force
requiféméntﬁ-for every sub-panel. The only shottcémiﬁd of the
»writer*s.approachris_that it requires a computeg program tovsolve
thélget of simultaneous equations.

2.5 THE EMPIRICAL METHOD OF THE U.S. DEPARTMENT OF ARMY,
NAVY AND AIR FORCE

The equations used by the U.S. Department of Army, Navy
and"Aii Force (33) (Abpendix Fiihave an empirical g?sis. They
are the result of information gathered by the Trisérvice Seismic
Design Committee "and }eceived from the companies supplying the
material. According the the U.S. Department of Army, Navy and
Air Force (33) thé equationf‘for strength and stiffness are
suS}ected to some revision as new data is obtained, which makes
the method not applicable for a particular kind of deck, bnt
only, for decks having <imilar éharaﬂtérim*i"c v Yhe anee
tested.

This method is the only one that provides equatinns '

calculate the stiffness and wtrongth for steel e ncrete

']i"!phVﬁﬂY""? 1+ y e ;1‘,“,,0‘;‘0 o Fry e ’Vv""\[‘“’ LR R T SRR
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2.6 COMPARISON OF ANALYTICAL METHODS |

Only a 11m1ted amount of published 1nformation regardlngr
tests performed on steel decgs is avallable 1n the . llterature.- A
'“serles of tests by Dav1es (11) were selected to assist in a .
comparison and assessment of each of the appllcable analytlcal
.methods descrlbed above. Calculations for deck flex1b111t1es
were made and are presented in Table 2‘1,_together_w1th the
experimental resultsvreported by Daviesltll)f Parameters common
to all the methods arefshonn in'Taple_2.2. ’

. | Figures 2-10 and 2-11 show tpe'diménsions.and general -

arrangement of steel decks tested by Davies (11).

Basicallydpanels A and B are similar using an open
corrugated prqfiie (Amascodeck R15, Ref. 7).

Panels Al and A2 are of direct shear transfer, that 1is,
with shear connectors. While Al has purlin fasteners and end

fasteners in every corrugation; A2 has fasteners only in

alternate corrugations.

Panels Bl, B2 and B3 are of indirect shear transfer that
is, without shear connectors and with purlin and end fasteners at
every corrugation,.atvaléernate corrugations and at every third
corrugation respectively. .

Panel él and C2 are similar, without shear conngptors
and with purlin and end fasteners at every corrugation and at
alternate corrugations, respectively.

From the resuits summarized in Table 2.2, it is observed
that the overall fle*ibility depends heavily on two parameters,

sheet distorsion and the fastener flexibility. These two

parameters account for at least 70% of the total flexibility of

the gsteel deck.
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The sheet distortion depends on an experimental constant
~ Ko EQ. B 1, Appendix B whlch should be carefully assessed 'For
'panel Bl the test value of fleXIbillty is not predicted by any of
the methods, suggesting that the test value is not accurate,

" The results given by the wrlter s method predlct the
flex1b111ty of the diaphragm w1th almost the same degree of
accuracy as that of the other methods. Furthermore not having
the theoretical shdrbcomings of Fazio, Ha,vEl Haklm's (17) and
Davies' (11) methed regarding internal eggilibrium and moment -
respectively, makes the method more accept;ble. |

| The dlstrlbutlon of forces for the end fasteners is more
reallst1c than in Bryan s (7) method
Bryan's (7) approach for the prediction of the
flex1b111ty of panels C1 and C2 results in calculated
"flex1b111t1es_that are greatly different from test results,
which points dht that his- theory for indirect shear transfer is

~

not completely correct.

2.7 PARAMETERS THAT INFLUENCE STRENGTH AND STIFFNESS OF A
STEEL DECK DIAPHRAGM

2.7.1 Introduction

When designing a building in Engineering practdee it is
necessary to know the strength and the stiffness of each of the
elements that shape it. For a steel deck diaphragm under in-

. £ .
plane loads, there are several ‘variable such as, panel length, ~
- panel width,-purlin spacing and number ang/;rrangement of
connections, that affect the values of the strength and

stiffness. 'Thus, to obtain an optimum design, the influence of
' Mt =
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each variable on the overall strength and stiffness should;be

known.

-

The Fazio, Ha, El Haklms s (17) approach, beingaone of-

3t accurate procedures accordlng to the comparlsons made 1n‘

lthe precedlng section has been selected to show how panel length,.r
. panel width, purlin speC1ng4and number and,arrangement of
connectjons affect the beneviourxof.a steellpanel}‘ S
Q. Two-conputer programs based on Fazio, #Ha, El Hakim's
(17) eduations wefe developed;‘the'first'one;for*stfength‘
~calculations and the second one for stiffness calculations. _As<
 will be shown in Chapter III, the ratio of frame to slab
Stiffness needs to be knowndin order to calculate the amount of

‘ﬁorce taken by intermediate frames.

2.7.2 __Panel Length and Width

_ beck T15-24 was selected‘frOm reference 35. fFigures'
2-12(a) and 2—12(b).show the arfangement of connections, purlins

and the profile selected ‘For the calculations performed tbe
- S ’
connectlon propertles were, kept constant as follows:

3

Sg . = 0.0613 1n/klp (flex1b111ty of seam fasteners)

'\Sp = 0.061§ in/kipf(flexibility of:purlin fasteners)
Sec - 0.02049_inﬁkip (f;exibiiity of shear connectors).
Se = 0.0613 in/kip (flexibility of end fasteners)

Fsu =.0.382 kips (strength of seam EastenerS)

" Fpu = 0,917 kips (strength of putlin_fdéteners)

?sc = 3.751 kips (strength of shear oonnectorS)

Feu = 0.917 kips (strength of end fasteners)
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Stiffneés - The results of calcul&ticns are tabulated in
Tables 2.3, 2.4 and 2.5 for 30°', 22.5€ and 15' width panels,
'respecﬁively and are plotted in Figure 2.13.

| The first obsergatioﬁ that may be drawn’from -

Figure 2.13 is that there, is a well deﬁined relation between
stiffness and length of a s?eqr panel; a power cprve-fits‘the
‘data points well. The cdefficient of determination ranges
beﬁwéen 0.976 and 0.998. Thevpower_curves that best represent

the data bbints are:

AN .
For 30' width o _
K = 421.4 x 212908k piny
For 22.5' width o
) K = 259.7 x 2 1927 (x/in)
‘.i@r . X
For 15" width
ko= 111.1 x 271938y /iny

A second conclusion that can be drawn is related to’
Tables 2.3, 2.4 and 2.5. It is seen that the two most impoftant
parameters thaﬁ effect the flexibility, or its invérse,
stiffness, of a‘sﬁeel deck’ diaphr g;iare sheet distortjon (él.l,
Appendix B, eq. B.l] and the flexibilitf'of the connections.,
When designing, control of these two parameters is impértant.
Therefore, if an accurate value of the shear étiffness is
required, care should,be taken to ensure that experimental
factors, such as shear stiffness of fasteners and'Ko factor for
sheet distortioﬁ, involved in the determination of shear

stiffness are properly obtained.

Strength ~ To analyze the effect of different widths on
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Figure 2-13 Stiffness of Diaphragms
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Table 2.6 Width's Influence in Strength \
Panel Width (Feet) 30 . 22.5 . 215
e
Failure_at Seam (kips) 12.05 9.26 “ Qéisv“”
A e E :
Failure at Side (kips) 26.99 20.49 13.96
, ’ _ . {
Failure at End (kips) 22.55 17.06 s 11.55
—/. .
Failure Load (kips) 12.05 9.26




strength the same panels discussed previously were used. The
fesults are shown in Table 2.6'whefe the‘lowest value for each
panel is the fallure load. If these values are.plotted Figure

2.14 is obtained, which shows a llnear increase in strength with

“width.

2.7.3 ° Purlin Spacing

The ‘same panel used in the previous section wes selected
for the purpose of analy21ng the effect of purlin spac1ng~on
strength and stlffness. The. dimensions of the panel profile,

purlin section, number of seam and end fastg¢ners, and, shear

connectors were kept constant throughout the analysis. 1In Figure

2-15. the dlfferent arrangements selected are shown. The only
dlfference between an% two of them is the number of’ purllns and

purlin fasteners.

. -
3

Stiffhess - The results are shown in Figure 2-16. It is

observed that stiffness and number of purlins are linearly N

related. Another observation is that the bigger the ratio a/b

(Length/width) the 1essvimportant it is to add more purlins to

: S Y .
the panel., From Figure 2-16, the slope of the straight lines

decreases when a/b increases.

Strength - 55 for stiffness, the strength increases a=
tne number of purlins-ThOreased as shown in Figure 217,
2.7.4 Nomber of SeamitonnecrOrg

The effeq£~of'{ncreasing the number  of seam oonnectors
is analyzed fo%ﬁgneér panels of different sizesf~ The rasult »nFf
the caleculatiogs- are shown in Figure 2-18 and 2  19.
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‘; Figure 2-18 shows the. influence of tﬁe humber;of'seam
connéctoré bn_strength. It is observed that a straibht line fits
rthe»datanpoints véry.well, and that'the'effect‘of increasing the
nuﬁbef of seam‘cqﬁnectors is the same for different'shear panel
lengths., ~ |

” Figure 2—19 shows the influeﬁce of the number‘of seam
fasteners on stiffne35. A small increase in the nuhbér of.seam
fésténers implies a big increése in stiffness and this‘influence
is less ‘when the length of the shear panel increases.
2.7.5 Number of Shear Connectors‘.

The influence of incré:sing the number of shear
cdnnectorsfis Studied for shear banels of different dimensions,
The results are shown in Figure 2-20, 2-21 ‘and 2-22.

Figure 5-20 sho&s the influence oOf the number-of shear

‘cohnéctors on strendtﬁ. It is seen that only a few connectors
gée héeded in order ﬁo reach a strength value above which any
increase in the number of connectors is Qéeless from the strength
point of view. ' : _ g 3
Figures 2-21 ahd 2-22 show the influence of the number
of shear ¢onnectors on’stiffness. The same observation a§ that
obtaiqed for seam connectors may be pointed out,qthat is, a small
increase in the numbernsf shear connectors implies a big increase

in stiffness and this influence' is less when the length of the

shear panel increases,
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CHAPTER III. | y.
INTERACTION FRAME-DIAPHRAGM FOR SYMMETRI&AL: .
| - ONE-STOREY BUILDINGS. |
, /
3.1 - INTRODUCTION | | | \

This chabter is devoted to‘the‘analysis of recfangular,
symmetrical, qne étoreyabuildings subjégted to uniformly
distributed»horiéontal loads such as wind or earthquake.

Typical buildings analyzed are shown in Figgre 3-1
-(Tybeé 1, 2 and 3). They all have end shear walls and parallel
intermediate framesf' The only difference betweén two of them is
the number of intermediate frames. Theoretically the number of
intermediate frames ﬁay vary ffoﬁ zero to infinity. .

A typical builéing is shown 'in an isometrical view in.
Figure 3-2 and is comprised of several elements: a frqntuwall
ADKI, a horizontal diaphragm AHDE, two interior ffames BGMN and
CFOP and two end walls AHKL and DEILJ. '

When horizontal forces act on a building such as the one
shown in Fig. 3-2 a complex Yistribution of fnorces among tge
structural elements that make-up the building takes placé. The
léteral horizquAI 1oad_is taken by the front wall ADKI (Figufe
3~2); if this wall is étructurally strong iE transfers part of
the force ta the horizontal diaphragm'AHDE, which in turn in
combination with shear walls AHKL and DEIJ and interiorlframes
BGMN" and CFOP finally transfers ;he lateral loads to the

foundation of the building.

[ i §



-
~ shear wall mm—gé“ shear vyg_'ll
- Type 1 |
h " — he
shear rames shear
wall_| — | \ wall
) Type 2
frgmes
. _,‘ .
Type 3

Figure 3 -1

~ Type of Buildings
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Figure 3-2 lsometrie

View of a Building
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3.2 Method of Analysis

The structural béhaviour of a building may be studied bi
~ means of models. To reprééent the horizontal diéphfaém, two
Models have been selécted: the beém'modgl ahdéthe truss model.

To model frames and walls, springs of diﬁferént constants are

[
used.

',For.buildings upAté five bayé, the beam model yieldé
~solutions which are ndtxdifficult.to 5btéin. For more théd fivég'
bays a solﬁtion basgd onbthé iﬁeory 6f beams on efastic
foundations which was first usedfby Muté (25), is deﬁeloéed.

3.2.1 Beam Model
Generaliy, the horizontal diaphragm will béhave as a
deep girder, so thét both bending and shear properpieé must be
considered. Howevep,vwhen the buiiding has a steei deck
diaphragm the beaﬁ ﬁodél is adopted using the shear propéggies
b»only, because the contfibution of the edge girderé and the steél
>d;ck.to the bending proéerties is negligible. When the
horizontal diaphragm is made of concrete, bending as weli as
shear properties must be considered. |
The beam méééi procedure was applied to determine the
foree distribution for frames testéd by Bryan (7). Tabie‘}—l
presents the experiménta} and analytical results reported by
Bryan together with.those obﬁained>from the application‘of'the
beam model. 1In this caSe’only shear p;operties are usé& betause:

/ .
the horizontal diaphragm is a steel deck. As shown in Table 3.1,

the beam model predicts the force téken by the frames well.

. -



. Table 3.1
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N STIFFNESSES
R Tests Beam Model ) Bryan 3
kips/in kips/in of ' kips/in of
. Tests Tests .
TEST T FT 10.7 5.1 85 8.7 BI.3
No Gable ‘ o u ‘
Bracing F2 11.8 —.10.5 89 10.2 86.4
at ends C
TEST 1 ,
Gable Fl 6.91 ~5.81 84.1 5.79 83.8
Bracing _ :
at Ends "F2 8.08 7.58 93.8 7.57 93.7
TEST 1T Fl 7.76 2.74 59,3 3.76 100
Gable
Bracing .
At Ends F2 3.55 3.62 102 3.60 101.4
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S 3.2.1.1 Solutlon for a lelted NUmber of Bays := ﬂP
_ The solutlon for the force taken by an’ interior framé, 'f'
yjon a three bay bu11d1ng, (Type 1, as shown in Figure 3-1) is used
to explain some of the concepts involved in ‘the beam model.u j?

.Der1vat1ons are detalled in. Appendix J.'

The force taken by a frame 18'

N
. 2
EE + “F + 1 - G
Ve E Kg ~ Kgp 2 K,/ K % 8
r = " ~ ( 3 . 1 )
Ve Kp Kp 1
2,725 =— + 3 -+ '
Ky K K/K B .
where: ’
I o
“VR = Force taken'bj;ﬁﬁuinﬁeticr framé
Vo = Total horizontal force acting on the: building
Kp = Stiffness of the frame .
K = Bending stiffness of the horizontal diaphragmm
Kgh = Shearlng stlffness of the horlzontal dlaphragm

Ky =‘St1ffness of the wall

<

S;mpllfylng further, the following'quahtities are o

replaced in Equation 3.1.

‘ : ‘ _ ¥
KF/,Ksh =Y : : o
g : . k4
Ky/¥g = c (in general c = ZKW/XKF) - R
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Thus;‘the”salatibn:becomégk
"R oo _ , R -
Vo 2. 1 o | (3.2)
Tr .2.725% + 3y + 2 +.1. S ) .

'Using’Eig. 3.3;quuation'(3‘2) represents for every c
: »
value a space surface whose 1ntersect10n w1th the planes Y

!

Jﬁpandux = 0 yield the cutves for the'pure bendlng solutxon and ‘the

“f;npure shear solutlon, reSPECt1V91Y-."

S;nce factor ¢ may vary from ® to 0 representlng the

7:lower and . upéer bounds respectlvely, the 11m1ts for the force

taken by a frame would be- :

Lower bound 11m1t E ‘H o : o
_ ,
- -—8: X + y . . : . .
Lim g = 7 T2+ 3y ¥ T ’ - 3.3
W K . N ' o
. J

A . £ :
; ) . N o : .
Vqlch.xs.a space surface.shown Iﬁzrlgure 3.3. The intersection

oﬁgthis surface;with‘the”bending and shear planes yields the

P
g

S FTHmx FLO¢ and

Lim X = 0.5 . L L (3.4)
. T . . \ ) - .
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N

R , Lower Bound
» ‘ c=®

Z= _xry ——
- 2725x+ 3y+)

' 'Fi'gqre ‘3—,3,"S-chemqfic" I'fh'te‘rd,c.fiqn‘:?'_ R
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as shown in Figure 3.3. Equations

which is a plahé in thg<spa§

(3.3) and (3.45 are 'the limits for the compiete set oflsolutions;
The plane x = 0. is the‘bufe sgear gléné in that only |

shear properties are présent;;similarly the plgne y = o is the

- pure "bending plane since only'bendfng.properties'are present,

+
 Any plane passing through the origin and.perpendiqpaag,to;fhe .
'plané z = b yields a combiﬁéd solu;ion fn_which beﬁding5$s Leli'
as shear properties are'presént.in»; cohjﬁant ratib. |
The intersection 6f-th§15pa¢e:sptfacel(3;25 with the
plane’y = X is an example of a combinea soluﬁion as éhowﬁ in
Figure 3.3 and given,By Eqn.'g.s beiéw.' L
V# . . 2x + %Qc o o
o= ‘ i - (3.5)
T 5.725x + < + 1 . S i

Thewiower bound limit in this plane is

i

v » '
. R _ 2x : - g
Lim Yy  5.725%x * 1 \ | (3.8

cC + o

which coincides with eguation (3.3) when y is replaced by x.
Similarly the upper bound limit in this plane is: -~

S

f/_

. Beéause the pure shear plahe and the pure bending plane

are the limits where either only shear properties or béndiqg

i



propertles.are‘represented, it is important to have the solutlon
for the force taken by an 1nter10r frame for these planes.
Flgures 3 4 and 3 5 shOW'solutlons for the force taken
by 1nter10r frames for a three and a four bay bu1lding |
respectlvely. In these f1gures the pure shear solutlon and the
pure bendlng .solution are presented together. To obtain a wlde
. range of stlffness the x axis is necessarily logarithmic.r‘fhe y'
axis represents the percentage of the total horlzontal force
taken by an interior frame. ‘The parameter c.has alreadylbeen
defined and:the parameter n = 1“ldentifies symmetrical huildings
:as'wlll be seen in the following chapter.r | -
| As it is shown in flgures 3 4 and 3. 5, the'curves |
representlng the ‘fraction of the total horlzontal force -taken by
',an‘interipr frame, range between>two extremes whlch correspond to
a relatively ihfinitel& stiff diaphragm and aniinfinitely .

' rflexlble dlaphragm.

‘When the: horlzontal dlaphragm is stiff relative to t

~
frame, the ratio"Kpé

%(_tlffness of the. frame/stlffness of the

slab) tends to.zergg ndla ithe curves flatten out; thls means
that for anydc.the displacement ofAthe-hor1zontal.d1aphragm is
eonstant‘along the building and the force taken by_an~interiori'
frame is proportional to 1ts stiffness. As.'the ratio KF/K
.increases, the fractlon of the total horlzontal force taken by andk
interior frame increases, so that 1f 1t isg assumed-that'thﬂ
Rorlzontal dlaphragm is 1nf2p1tely Stlff the real)force taken éy’

a. frame could be underevaluated. Otherwise, 1f it is assumed

th t the horlzoLtal d1aphraém is 1nf1n1tely flex1ble, thls leads
J
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to an overevaluation of the force taken by the‘frame.v'
' 3 2.1.2 Truss Model .

Th S model 1s onlygéppllcable to bulldlngs hav1ng steel
deck diaphragms and 1sfequivalent to the pure shear solut1on'
glven by the beam model as it is explained in Appeﬁdlx H, for the
case- a two .bay bu11ding

| As shown in' Figure 3. 6, for a type 1 bu1lding, the
horlzontal diaphragm is modelled by a diagonal bar AB 1ﬂ>wh1ch
Ehe shear deflection. is the same as- in the diaphragm.
| | rThe vertical and horizontal members that ehape the"truss. .
-are taken as infinlﬁely rigld,'walls'and-idtermediate frames are
replaced by sprlngs. | .

STIFFNESS OF THE HORIZONTAL DIAPHRAGM -- F1gure 3.6 shows 3 types

of buiLdings. The steel deck dlaphragm of a typlcal bay of any
of Jthose buildings is replaced by a diagonal bar AB that glves an

equivalent.ghear defleetion.

Figure 3.7 shows the same typlcal bag)under the action

, »
of a lateral force Ky ’

N .

y Kl = Pl cos @

‘ .
-

but cos 8 = b/h;
= . ’
so that P = hl/b
. » ’ h
Triangles ACB‘and BDE are similar thus El = %
. So that . | o

. _ b
8 =H—
1
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- Figur

. |
3-5 Truss Model
6 de
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Figure 3
-7 Stiffnes k
- tiffness of the D
‘ iaphragm

. .



" also

W
pe

thus the'forcé that causes an uni;éry displaée@éné'is

>

3 Wil R R (3.8)

o
- W

~

‘and the area of the equivalent bar is

K h3 T |

Three bays buildings L ,  *. "v
The layout of _the bui&nlng is shown in F1gure 3.7 (Type
1). It consists of three bays, two gnd shear walls and two

interiSr frames. gpis dlstrlbutlon may ‘be 1nterchanged for two
end frames and two interior shear walls._. B

<

¢ the'sqiution 6fitne problem:

The'Variables 1nvoIved in

were alrbady defined for the beam hqdel_ah&'thef ares
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which is the indeperdent variable.

‘The dependent variable is L L

‘Y. 2
T

.and- the parameter‘c ¥s defined. as:
c =_2'KW/ZKE

These'above mentioned,varfables are related by the set
of curves shown in Figure 3.8. | S
.,It is observed'from Figure 3.8 that there is a-well

defined relation between the relat1ve stiffness KF/K “and the.

percentage of horizontal force taken y the frame.- Depending on

the value of the ¢ constant, it can’

ey

observed that there is an
, upper boundary when the enternal wa ls are frames represented by

c = 1. When the parameter ¢ increffses the curves get closer and

most-of~them gather in a , harrg nd space, so that, from a

practlcal viewpoint there is qa}difference for the force taken by

an

the frame when the outerwalls are either concrete or masonry.

An 1mportant observation that may be obtained from

N

'Figure 3. 8 is that the assumption of an infinitely rigid
horizontal diaphragm may lead to erroneous results sfor the force
.carried by the frame. A value of the relatf}e stlffness can be

chosen’ Such that @heeassumptlon of a rigld horlzontal dlaphragm g
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is_acceqfeble, for example o S ‘j? o e K
b"' ' g / '*‘ Q T
R YR ‘
v h v - A . . o ‘ - L L . B ‘.‘ “ 5 ‘; - an ., :
—1% < 0.20 U R T SRR RS T
R - S S
‘ Vre K y

This condition is satisfied for a value of KF/Ks
. approximately equal to 10 2. thus Figure 3 8“becoqfs Figure 3. 9.i'

It is also observed tth when the stffiqgss of the frame :

relative to the stiffness .of the horizontal diaphragm is large,

i [
 on

all the curves gather in a narrow space and finally for _F/K >

40 the curves 'reach a constant value equal to 0 352 for -

-

1nf1nitely flexible diaphragms which is higher than the area jnaE'

distribution method which yields a: value 0 333. ) o j- Lo
‘ 'Four and Five Bays One Storey Building_ ‘: i ;-”Pdif

7 o .
The features ‘of ‘these buildings are shown “4n Figure 3 6

(Type 3 and Type 2 for four and fiveﬂbays, respectively)

The ‘same . model is used Ts for three bays, but in these '
Yo

two cases for each ¢ value two chves:are obtained wh;ch .‘,5f

n“ﬁuzhl horizontal force taken by -

frames. (See Figures 3. 10, 3-11 andh3;12),_1;

-5ed relation between the relative stiffness and‘the ”33

”pegcentage of  the ‘total horizontal force taken by - an 1nb&ruor .

Lo
-
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3»2 2 General SOlutlon ff;i%ri,-ew

The general §blutlbn 18 based on the theory of beams on'7¢
\ : .

elastlc fOundatlon as f1rst USed by Muto (25). PR
ffﬂfh : As shown 1n Flgure 3 13 ‘the stiffness of the frames 1s,“

g

convertedj&nto resismlng elements dlstrlbuted»per un1t lengtw ofi:'

4fthe bulldlng.; Development of the equatlons is presented in

I L

-_,Appenm SEE A }

EX. The)deferentlal equatlon that represents thls<model 1s-ﬂ

= R

_{XiaérShear area of the horlzontal dlaphragm i

Eg = Young s Modulus of the horlzontal d1aphragm'
gF = ‘Unlformly dlstrlbuted re51st1ng‘3rce

'eGs F?Shear1n¢ Modulus of ‘the horlzontal dlaphragm

'
Moment f Inertla .of the horlzontal dlaphragm

=
L]

Uniformly dlstrlbuted horlzontal load

ug‘

Dlsplace ent of the horlzontal dlaphragm

S
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Ao
H

f Shear deformation coeff101ent.

P R VT

Solutlons for the dlfferential equat1on are

Coeffxcient of inelastic shear deformation

3 L : R
dependentgupon.the v

factors c and B -_'..f;" Q'." -
_oif”.ﬁs->58", R - )
fy (Acosfx w 831nfx)~:\3\\_Lccosfx + D51nfx) + W/gF
owhorg: - %@~ ‘
: 2, .2
d = (c i+8 J -
2 o
,t ‘2‘82 “. ]/2 2
£ ( S22, ) " .
. \ )
If =« =g ' .
y = A e xBxed +C e 9* + Dpxe dx w/gF (3.12)
—fdf = g .
y. = ae (d+E)x Be-(?+f)x + celd-fix De—(d—f)xf;.w/gF.

The Boundary conditions are

Cx =12,y = /s, M_ =0

(3.13)
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=
t
u

{h aending moment of the horizontal diaphragm

Force ta n. by an end wall( | lfﬂﬂ" ;ﬁ;? a;;-j?flf:ﬁﬂi¥

‘A,

fh Stiffness of an end wall

°
;&
4 ﬂ
4
»
”

l""l, The solution 1s developed 1n Appendix N. AibémPUter’ff'J;
o ~ Al ijL{}/f’j'H,,

_ _solution iS/also given 1n Appendix T""*ﬂhJV'ﬁ'

P ThlS procedure may be applled for dlfferent boundary

conditions, that 1s, end shear walls, shear wall at: the middle of fﬁ

I PR

the bullding or eccentrically arranged shear walls.~

3.2.3 Comparison of'the Genera fsolution'with]afstandard'f?,r |
- r | rogram Sl \L-e ;; ,‘“{pzsf‘"Vy-fff ff-/ o
'.d:,g:_ff Several computer runs wgre made in order to evaluate the
R . k _
results given by the general solutlon and a. standard program

(SAPIV) (31) for a 3 bay building and a 5 bay bullding. Whenr

’

us1ng thehstandardvprogram, the '~rlzontal diaphragm is

whlye the vertidal re81st1ng

' represented by ‘a beam elemen

. @lements are replaced by sp ements. For the general

v

solutlon the 1ntermed1ate frames are replaced by ‘a continuousi'f
resistlng _element.. R |

The results of these computer solutions are*shown_in
Tables 3.2 an 3.3 The percentagev0f~difference; between both“.A;>
solutions for the percentage of the total horizonbal force . ta&en
by the interior ffﬂmes ranges between 0% and 18% for three
bays._ For five bays differences range between 0 2% and 16%.

The main.reason for these differences is related to the

_different models used to represent the frames. For longer

»
}



T e 8a
bulldings with a larger number of bays the two models should gJ,Ve
snnilar results. - s CR a

R : X R oL N S
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KW/KF

MIQMUTO 1

' lp§E1.f‘f f‘i?”

Mﬁ?o 00560?;;: 5

Y M616;24;71v> |
Cse 2

.105.6 "

:u  FQ;0D546f 3f
UG, oo 0.00575

- ‘MUTO 3
- . .SAP 3

V? i}°”':v

- 0.00109

'“n'hdgisﬁiéfivaVm
o 0.2s017.

MUTO 4.

108.1 .

.4;2500?H/ J;

. 0.36553. 7,
0433961

. SAP 5

 }10$.§‘ .

N OQOQéO ;;,

  70‘2551lbﬁ;ff;!

MUTO 6

SPA. 6 - -

- 108.1

°°¥3952f

o, 08014f;y
10,09795

 ,18-éQ;E”t 

MUTO 7

sSap 7

108.1

0.0270:

-

0,00612“
0500664-

'MUTO 8

SAP 8 »

108.1

0.1700

0.09886
10.11826

© 16.40.
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TABLE 3 3
éﬂ, Lo _VFIVE BAY BUJLDING

Ty I e s

p/' _w.

's2 T leference ,._-‘VT_ Difference

T

© MUTO.1. 0.5 0.00339 - 0.00195 0.1659  0.80 - 0.1728  1:62
‘;'SAP.lf‘;"\-" Lo .7 0.1673 . . . 90,1700 -

.JMUTO 2 72 08 0. 00339 :'0}Q0195 OrgD635 16.00 0.00897 . 4.60
SAp 2 . . 0. 00756‘ x 0.00942 :

- . -

MUTb 3 0.95 0.00 R 0.00195 9.12843 0.26 0.12977.  0.20

12877 1 0.12951"

'MUTO.4 9.15 0.00339  0.00195 0.02530 . 3.98 0.02778 1.03
s ' ’ 1 0.02635 © .. 0.02807




e CHAPTER IV

.A(.INTERACTION FRAME*DIAPHRAGM FOR NONSYMMETRICAL ONB-STOREY
~BUILDINGS R .

N ’ . T

4.1 INTRODUCTION

”ﬂ" Th1s chapte§_1s devoted to the analy51s of rectangular, B

_hnonsymmetrical one storey bu1ldings subjected to uniﬁprmly ‘f -

'gfzdlstrlbuted horizontal loads such as w1nd orzearthquake.;

Typiaal‘bulldlngs studles are shown 1n Figure 4 1..~"

'Flgure 4-1a and Flgure 4—1b show bu11d1ngs where the end walls

&
.

' have dlfferent stlffnesses. These different stiffnesses : |
.'Lnfluence the dlsplacement of the bu11d1ng 1n such a way that it “w
.1s no longer Only translatlonal but 1s also rotatlonal. ‘
| ‘. When the stlffness of the horlzontal dlaphragm is
: 1nf1n1te as shown in Flguge 4-2a, the total act1ng horizontal
load can be concentrated at the geometrlc center. of the bu1ld1ng,,
whlch 1s deflned ‘as the center of grav1ty of the plan area of the
bu11d1ng. In this partlcular case “the bu11d ng will rotate
waround the center -of rotatlon wh1ch 1s deflned as the center of -
grav1ty of the stlffnesses of the vertlcaI elements -of tﬁiv |
_bu1ld1ng. Once the center of rotatlon is known - the force N
re51sted by any fr;;e can be easily determined. a_ﬁd;?
When the . st1f£ness of the horlzontal d1aphragm is not‘
'1nf1n1te the total load can not be concentrated at the. Geometrlc
center and the* load acting in any frame depends on the stiffnes;
“of the frame relative tovthe'etiffnese'of the horizontal
diaphragm and also on the locatlon of the frame. Instead a P
dlstrlbuted load is cons1dered to act on .the horlzontal dlaphragm
whlch is modelled as a beam w1th 1nternal shearlng force. and

>
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ﬂ Figure‘ 4 -1 T.ypical‘ ‘Arfcngemen'ts"
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bendlng moment (see flgure 4-2b).

o d

When the number of bays is less thah four the beam model

oL B
LT

foundatlons 1s developed

a

';4.2.1 BEAM MODEL L

452.l.lf SOLUTION FOR A LIMITED NUMBER OF:BAYS

yields results whlch are read1ly calculated : For more than three

bays a solut1on baSed on the theory of beams on elastlc‘

. \, ARRE

o) v . “

-ﬁ, 4 2 METHOD op ANAEYSIS E »-_j[fn" o

{
As in Chapter ILI the- beam model has been selected to

B \.'v

represent the hor1zontal d1aphragm.‘ To model frames and walls,

\

‘springs of. dlfferent constants are . used

For bu11d1ngs having up to three bays the beam model

YIEldS 301ut10ns eas1ly obtalnable. For more than three bays a

solutlon based on tHe theory of beams on: elast1c foundatlons is

Sl vv . : R

developed

A

The hofizontal d1aphragm w1ll behave as a deep plate - |

glrder,QSO that, bendlng and shear must be con51dered , When the

«

bu11d1ng has a steel deck d1aphragm only shear propertles are

| consldered 31nce the bendlng contrlbutlonhls sl1ght. When the

horlzontal dlaphragm 1samade of cohcrete, bend1ng-as well asj'
shear propertles must be con51dered L L

T e 2 L 2 v c . .

Z‘The solutlon for the force taken by an 1nter10r frame of
.a three bay bu1ld1ng, shown in Flgure 4- Lb w1ll be used to
i _
‘explaip’ how the’ nonsymmetrlcal arrangement of vertlcal elements

affecﬁs the fract1on of the total horlzontal load taken by an

5 t
¥
R



4'_and the pure shear solut1on,'respect1vely.

s o ,'x ’

u

1nter1or frame.n Derivatlons Are detailed in Append1x M. 7~f'”“ o
. The force taken by frame 1 shown in Figure 4 lb is

=3 B DU R ' T § S E

_;;4 <f4‘v.
A ”

A and B are shown in- Appendlx M.‘ '

VR = Force taken by the flrst 1nter1or frame

Vp = Total hor1zontal force acting on the bu1ld1ng

.

As 1n the . symmetrical case equat1on (4 l) represents for
every c value a space surface whose intersect1on with the planes

y -.0 and X'§ 0 yxeld the curves for the pure bendlng solutlon

The limits for the force taken by.a frame would: be -

o~ - ) S . - . T

2

Lim _5 =.0.18l7§ + X + l 1829xy + y + y o @p ; o

0 VE 0.495%% 4 2.907x + 3. 27xy + 4y + 3y2 1,

X +-y R o
TSR Ty I :

I

which is the}lower bound ltmit.i f*fvf;‘,ﬁfﬁ;

(4.2) -

Y

The 1ntersect10n of this surface with the bending and

shear planes, ylelds the curves

|

FTmEKEm

h<ﬂa<‘ 
'-JFU'

-

<



&

" The Qpper-honnd li@it'is\

fposs1ble set of solutlons.

o SRR \
e .
0. 05555(n+1) S . oo
. Ty L1m V—'= = 0,5 - . , - (4.3)
e DV 0.1111(n+1) 2 .

c+0 ~ 4n g ‘ e

which is a plane in‘*the spaceias shown in‘Figure‘3-3ﬂ'
Equations (4.2) -and (4 3) are the limits for any
/As fn the symmetr1cal case the pure shear plane and the
pure bendlng planes are the limits where e1ther only shear
propertles or only bendlng propert1es are represented- 1t is

necessary to. have the solutlon for the force taken by an 1nter10r

‘frame for the pure shear and the pure bending planes respectively ',

as shown in Figure 4-3. . To obtaln a wide range of stiffness the
X axis is necessarily logarithmic. The y axis represents the
percentageﬁgﬁ the total horlzontal force taken by an 1nter10r

. r
frame. “Parameter ‘c has already been deflned n for a 3 bay

\
bu1ld1ng is related to c aaco;dLng to
. : . ‘. - w .

c = (n+l§'Kw/2KF e N (4.4)

q"’*SZf*LQV
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L : . _ : o ok
As in the symmetr1ca1 case the curves that represent the

_fractlon of ‘the total horizontal force taken by an 1nter10r

e

frame, range between two extremes.ﬁ These are an 1nf1n1tely stlfff*'

© /..‘

.dlaphragm and an/ 1nf1n1te1y flexlble diaphragm, relat1ve to frame

v L L I . o I

when the horlzontai dlaphragm is- stiff relatlve to the
frame, the ratlo KF/KS tends to zero and for any ‘c the N
'dlsplacement of the horlzontal d1aphragm 1s comprlsed of a
lateral dlsplacement and a rotatlon,,subsequently the force taken
by an 1nterlor frame 1s‘proportiona1 to its stlffness and .to the'
‘relatlve locatlon w1th respect to the center of rotatlon. When
'the ratlo KF/KS tends to 1nf1n1ty the horlzontal dlaphragm is not
able to rotate and the dlstr1butlon of loads to each 1ntermed1ate
;frame is a- functlon of the trlbutary area which is 1dent1cal to.
the symmetr;cal case. When the’ ratlo KF/KS is 1ntermed1ate the
ud1aphragm w111 be able rotaté and th1s w1ll 1ncrease or decrease

the amount of horlzontal force taken by an 1nter10r frame

dependlng on 1ts locatlon.

4.2.1.2 RELATIONS'H'If WITH THE SYMMETRICAL CASE
.5,Thesrelationship between the symmetrical and the
- nonsymmetrical“case_is best shown when ‘comparing the results for
the force taken by an interior frame for a three bay building.
For -a three bay building theveoper bound 1limit for the
force‘taken by an interior frame is the plane Z = 0.5 which is
the same 11m1t as for ‘symmetrical bulldlngs. The 1o§ér bound

limit is the surface I o <



X +y
27 TI5x + 3y ey 1

which 1s the same ;@mlt for Symmetr1Cal bu11dings.

| o When applylng the general solutlon, the solutlon for theff"
: . N

: d1fferent1a1 equatlon is the same for the symmetrlcal and the,_

"3nonsymmetr1ca1 cases. The only dlfferences are the boundary

condltlons 1mposed on the 301ut10n.

W - : ~ »

4.2%°2 GENERAL SOLUTION

1

The generai'solution fOr’afnonsymmetrical arrangemeﬁt of '

" galls is based on the theory of a. beam on’'an elastic. foundatlon.fi
'As shown 1n flgure 4—4 ﬁﬁe“stlffhess of the framés 1s 3

converted 1nto res1st1ng elements dlstrlbuted per unlt length
Development of the equatlons 1s explalned in Appendix Q.

Solutlons for the d1fferent1a1 equatlon are erendent
o . - ".' - - . N

. upon tHe factors B and a.

o .‘If, B < a
_ dx o ' —dx ;" ,; o . |
Y, = l(A cosfx1+B151nfx ) +re ;-l(ClcosfxlfDlelnfxl) + w/gt)i
de —-dxzj "
y, = e ‘(Aécosfx2+82$1nfx2)+e ‘ (Czcosfx2+Dzslnfx )+W/gF .
Ilf- B > a
% ‘ ’ . "’:
(rfdxy SO0 T (d-fx)  =(@-nx)
Y, = Aje +B, e ‘ fCle - "+Dje SF



96

-~

Figure 4-4 - Nonsymmetrical Arrangement/ of Wall$



L a+B)x, -A'~(d+f)x d=E)x, o (d f)x

¥, rv§2§ :,~L;‘+B2g ,__n | +Cze L +D

‘,_If,B = d,»the:solutionsfaré ‘

dlsplacement of the rlght part of the . buxldlng

s
R 1
II

1}

Yo dlsplacement of the left part df the bu1lding

. The bounda¥y conditions are

¢

EN




)

’ .

Diéplacement‘of the left part of ﬁhé building

Dlsplacement of the right part of the bu1ld1ng
= Force taken by the right walkl

Stlffness of-the rlght wall

Force taken ‘by- the middle wall

Stiffness of the middle wall
Force taken by the left wall

Stiffness of the left wall

e



- “CHAPTER'V = =

'APPLICATION OF THE METHOD

5.1 | ‘ Introductlon - o '1.'~;h

Thls chapter is devoted to the appllcation of the

\cedgre dlscussed in the flrst four chapters to two practical ff7

examples. Detalls of calculatlons are shown in: Appendlx R.?fl

Both buildings analyqed“have three bays, two ‘end shear
walls and two steel: 1ntermed1ate frames as shown in Figure 5.1
The horizontal deck for both cases is a steel deck- in the f1rst’
.case 1t is fllled with concreté whereas 1n the second case there 5
is no concrete f111 To obtaln the stiffness of the horlzontal B
dlaphragm the procedure developed by the U, S Department of the
Army, Navy and Air Force (33) is applled The horlzontal steel

deck characteristic$ are those g1ven by thevmanufacturer (35).

5.2 ThREE BAY BUILDING WITH CONCRElE DECk

The bu11d1ng shown in Figure 5. 1 is flrst designed for
vertlcal loads, then making use’ of the beam model to represent
the horlzontal d1aphragm,»the bui ding 1s analyzed for horlzontal
loads. To calculate the stiffness of the horizontal d1aphragm
three constants are assessed: ’

'The first one considers the contrihution of the edge
glrders to the overall moment of 1nert1a.

The second dne accounts for the contrlbutlon of the

concrete and the steel deck to the overall moment of inertia.

99
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The th1rd coefflclent accounts for the shear propertles
of the hor1zontal dlaphragm. All calculations are presented 1n
Append1X'R. , :

5.3 'THREE BAY BUILDING WITH STEEL DECK

The same procedure as explained in section 5.2 is
A applxed,‘but in this case to calculate the stlffness of the
horlzontal diaphragm only two constants are assessed~

‘ The first one considers the contribution of the edge
glrders to the overall moment of inertia.

The’ second one accounts for the shear propertles of the
:horlzontal dlaphragm The contributlon of the steel deck to the-
overall.moment of inertia.islnegligible. Details are given in

Apendix R.

5.4 DISCUSSION

The'importance of considering the stiffness ofithe
horizontal d1sphragn is. apprec1ated when dlsplacements and
horlzontal forces on the vert1cal elements are calculated.

QASeVeral Variations of end walls are considered in O

Appendix R and the results are‘summarized in lables~5;l and 5.2
respectively(foriconcrete horiédntal diaphragm and steel
horizontal diaphragm.' Threeydifferent.end walls are considered
and. are shown as cases 1, 2 and 3 respectively.

‘Table 5.1 orésents resultshfor a building with the
horizontal diaphragm very Stiff since it is-.filled with

concrete. The first column of Table 5.1 shows the stiffness of

the frame relative to the stiffness of the slab. This value”fs



- . . ; ) S e

o extremely small and accord1ng to the study performed in Chapter
IIP the hor1zonta1 d1aphragm can be assumed 1nf1nitely atiff.
The second column of Table ‘5, 1 shows the stlffness of the end

: wall relatlve ‘to the stlffness of the 1nterior frame, As the

_stiffness of the end—waiiﬁgefreases the forcé taken .by an

’v.1nterior.frame lncreases.

PR YR

In the second case, summarlzed 1n Table 5 2, the o ~t
vhorlzontal dlaphragm is a steel deck w1th no concrete, thlS makes
'thé horlzontal diaphragm very flex1ble.‘ The assumpt1on that such"

a horlzontal dlaphgagm is. 1nfin1te1y Stlff is’ no longer valla as

i

it 1s Seen when comparlng results of the force taken by an

1nter10r frame. When the stlffness -of the horlzontal d1aphragm

D

is calculated the force taken by ~an interlor frame may be grggtlyﬁ

-increased. Thls 1ncrease is best shown when comparing the flrst
~

two lines of Table '5.2. There is an 1ncrease of. the force taken

“by an interior frame of more than two hundred per cent. when -the
LI R )
stiffness‘of:the'wall'relative to the stlffness of the frame ‘is’

-
-]

1.0 the" assumptlon that the hor1zontal dlaphragm is 1nf1n1tely
stiff is not bad, since according to study performed in Chapter

III, thlS case approxlmates the upper bound solutlon for the

~whole set of curves. - “aj
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' CHAPTER VI
-SGMMARY’CONCLUSIONS;AND\#ECOMMENDATIONS,

a

6.1 SUMMARY o "_, P
v, o An 1nvest1gat10n of the 1nteract1on between frame and
~diaphragm for hor1zontal loads actlng on one storey rectangular
‘buildings has been presented |

o Chapter II lncludes a critical review of different
}o.approaches.to'calculate the’strength and. stiffness of steel deck
dlaphragms. A new approach to calculate the stlffness of steel“

.dlaphragms has .-been developed and presented A parametrlc/study

°

of the dlfferent factors that govern the strength and stlffness
of a steel deck d1aphragm has been presented. |

In Chapter IIT a particular solutlon for the force taken
by an interior frame in a symmetrical one storey rectangular

bu1ld1ng has been developed This solution may begapplled to

burldlngs that have up to five bays. A general solution based "on

the theory of a beam on an elastic foundatlon has been presented

o

as well, Thls solut1on applies for any number of bays.

0 Inm Chapter‘iv a. partlcular solutlon for the force taken»'

by an interior frame for rectangular nonsymmetrlcal one storey

R

'7bbulld1ngs under horrzontal loads‘ha@ been presented Th1s-~ -

'solutlon may be applled to bu1ld1ngs having up to three ‘bays. A

s

o general solut1on based on the theory of a beam on an elastlc»

Lo -

" _fouﬂﬁatlon has ‘been-developed which provides the solution for - the

_]06;_;

oo 9 o - - o
s . ’ .y J
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‘force taken'hy an interior;ﬁrameffor buildings hav;ngfanyfndmber

g

.o’Chapter V»presents,tWo practical examples of ‘the. thedrY?t

developed in Chapter III with var1at10ns 1n stlffness of end

walls and - 1nter1or frames. Effects of varlatlon 1n d1aphragm

stlffness relatlve to end wall and frame stlffness are . dlscussed.v

. CONCLUSIONS

The most accurate analytical method to assess the7stiffness

of a steel deck diaphragm under in-plane loads is the method

.o
&

'develOped by Davies (il) in Britain.

The most 1mportant factors that affect the strength and

stlffness of a steel deck diaphragm &re: panel_length,

'.purlln spacing, numbér of seam connectlons and number of

'1nterna1 frame“

shear connectors..‘ . .

The parameter KF/KS (stlffness of the frame/stlffness of ‘the
horlzontal dlaphragm) is the flrst most 1mportant parameter

that aﬁgects the am0unt of hor1zonta1 load taken by an |

>

”ﬁThe~parametet“cf” ZK /XK (summatlon of the stlffness of

"the outerwalls/summatlon of’the stiﬁfness of the 1nternal K

frames) ‘is ‘the second most 1mportant parameter that affects

;Ithe amount of horlzontal load taken by an 1nternal frame.

_'The curve that represents the percentage of horlzontal force

”taken by an 1nternal frame is dependent upon the bend1ng and

’shearlng.properties'of the horizontal diaphragm. The
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solutlon lles 1n a plane whlch 13 bounded by the bure shear
plane and the pure bendlng plane. - ‘ |
6}.:The solution in the pure shear plane is a va11d solut1on for
”bu11d1ngs hav1ng a steel deck horlzontal dlaphragm when
. using the beam model.
7. The solution for the force taken by anrlnternalpframepis
always bounded by a lghe{”bound Space surface when c+« and
_'an'upper‘hound space'surface when c+0. This two limlts are -

dependent upon the number of internal'frames;

6.3' leITATIONS'OF THE METHOD AND RECOMMENDATIONS . _ -

. ' The solution for the stiffness of a steel deck dlaphragm
under in-plane loads in Chapter II is an elastic one; non linear
behaviour of connectlons and redlstrlbution of stresses takes
place hefore the failure of the diaphragm occurs; It is
recommended that nonllnear behav1our be 1ncorporated in the
5ana1ys15 of the dlaphragm.;

The solution discussed in Chapters ITII and IV is based
in the Beam model'so that the ratio between length and width of
the building must be larger than 2.0. It is_aleo a linear
solution since both shear and bending deflections are :
:jsuperimposed. Therefore, there is a need to study thlsimatter
'more thoroughly. A finite element analysis  that incorporates the.
Geometrlcal and Physical properties of the horizontal d1aphragm
may be applled The study may be w1dened for buildings of more

than one storey.
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/ PLATE BUCKLING FAILURE

L

f’géféﬁaﬁn; V.S.. and”Reieeneffs'ﬁefhcdi
Bergmann and Relssner (4) calculated buckllng loads of

"rectangular corrugated orthotr0p1c plates\w1th the a1d of Eq.

A

e - ., D T R S oo - . . 'A:.. . . A :
A ek . ER - -l - : . N D T e e -
1 - 3 e BRES S R - . % - B L . AN e

- A T e T 4 % ot uoes P

Nep = ———5—~— S ¢ S 3

Nopo= Buckliﬁé ioad‘ ' .cf o I E .
b = Penel width. | | |

,;P¥ 7,Bend1ng 5tiffness per- unit - length of dlaphragm in. the

ok dl?ectlon ’ )

Dy - Bend1ng stlffness per un1t length of dlaphragm 1n the
ey dlrect;On Zi \>"”-’ |

.‘X éfMultip11er dependent ‘upon © and ¢ .

e=2 1, D) 0. ?/'XQU, e '.;:f:‘ ;i}fijg;g),;

) . Dx‘ ov,s.-“ . B T

¢ = 3 (B—), ‘ g . : - (A.3)

a = Panel'lengthv

The dependence of A on, @ and ¢ is g1ven in the form of

curves in Reference 30
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» e @ e [ - ../‘v/ BRI S
. . , .o PR PN



16

Hlavacek's Method <. . s e

‘ Hlavacek (21) calculated buckllng loads' with the ald of

Equatlon A.4. : - ) o

or * - R C(A.4)

| Eaeley'— McFarland's Method

Easley and McFarland (14) calculated buckllng loads u51ng

..quuatlon A 5.

or ' S I | (A.5)

Easley's Method

Easley (15) calculated buckling loads with the aid of Eq.

A.6. ‘ o A;_ e e

Ny = .2 . ) | *  (A.6) "
‘ : b S :

Where 5 ls a parameter that represents boundary
» condltlons. The low r and upper boundaries "’ for g are 1. 0 and

1.9, but the true variation of ¢ w1t dlaphragm end restralnt is

uunknown., o Y oa e




~ APPENDIX B

BRYAN'S METHOD

thStiffness - } ';.> . A
Bryan (7) states that the overall shear flexiblllty of a
'shear panel can be evaluated by con51dering the effect of )

separate components. These compcnents can . be summarize%:as

follows:'
_Sheet Distortion B o .tv B ' S
- 4 , _ » 3
0.144 a 4, £, K _ - . L
- .0 "1 .70 : . _
..' Et b ‘ . A : =
wheﬁe

~a = Panel Length ° o

d, = Piteh'of.corru atiens T - v F
'Q - T 9 < . ' : ' ~ J.L
£, = correction factor B TReference 7, p. 110)
Kb; =1sheeting constant . 3; | 'f(Reference 7. P. 109)
E = Modulus of Elasticity
t  =’sheet thickness
b = Panel width
' *
Shear strain in the sheet ..
2 a £, (1+v)(1+2h/d) S
€1.27 T bt o L (B.2)
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S

e

'wﬁwhere'"' R

oy

A

;correctlon factor
~P01sson 's rat1017$1_

fhe1ght of a corrugatlon

B . \:g-

Panel Length

?*;.‘ .

3P1tch of corrugatlons

Panel wldth | . k - :-‘:v. ‘L !

%sheet thickneSSvf

Modulus of Elast1c1ty,“

1

f3

‘Akial strain in the Purlins

3

,fwhere

. .
T

*2‘a f

.“i3_7

3b AOE

T : -

correctlon factor (Reference 7, p.

cross area )

™

w . a
o’

D

S . .
rd - &

- ‘where

pltch of sheet-purlln fasteners
flex1b111ty per sheet-purlln fastener

correction factor .

(Reference 75 p. 1

(B.3)

(B.4)

"110)

. Sheet = Purlin'Fastehers (Sheeting‘fixed;aﬁ,éil four edgés)




~ o - ' ; e
. v e - -t -
N . . :
B - : .
PR - .

A i : e

-~ . : N - -
e - K

o shpgtrgurlin Fasteners (sheeting fixed tq.the purlinsﬁﬂﬁiﬁ_'

. L " qv P . /%2 ,J -Nc‘-.. ) : o

.-a,m' N 's A o

(6/p+2m+ a’ e a (B”57

L W ,uw..

o)
]

T ,; o f“ o : S v :
‘Seam” Fasteners (sheeting fixed on all four edges) .

Yo T T e e B Co
=ﬁ(ﬁgh‘1) SS/nsv,j.f BRI R ’ (P;G)

T B B s s e & e e m

Ea

‘number of sub-panels - N T 13.; :
flexibility ‘of a_eeam'festener.'j -

numbér . of . seam fasteners

“Sheet-~

sh S /n" w[}"-' L B

Connector Fasteners

€2.3

=2 Ssc./“.s,c |

(B.8) -

A ]

where

S

sc

nSC

flexibility of. sheet-connector fasteners -

number of sheet-connector fasteners

chig.éa DY ( < R R N -

°. e .
P
;
"
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; ’4.' APPENDIX c

,:'...' A:'.( :':- ‘-.,7,4 ﬂ,,‘ . .._. ..; -‘,;., : - DAVIES' METHOD ‘ : .i - , i A.b\.‘; _—

Stiffness7

LRI

: In addltion to the components already obtalned by Bryan,

-Dav1es (10) mod1f1es the follow1ng coefflcients

- Sheet-purlin fastemer .. . ... . .. ... .. . .

.= 2as, raf /p e
 where

a = panel length

s, = flexibility per sheet-purlin fastener

qa ¥.pitch of sheet-purlin fastener

£5 ‘="¢orrection factor
. b = panel width .

Seam fastener

2 S S_ (n -1)
jo] sh
_2.2 2 ns Sp +.gil(p+2) Ss

c (c.2)

SN

where . : .

m.
|

s -°f1éxibility of a seamvfastener

ﬁumber'of sub-panels

il

rsh
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i - - c. »
. ’ < :

ng = number of seam fasteners . °

pf»‘#fnumber,of'iﬁtermgdiate'pufiins

EE R Y

where

n, = total numbet_gf‘sheetfpurlih’fgétenersA”

p,. P w 2

per sub-panel, n_ even

p

(C.5)



APPENDIX D

- EASLEY'S METHOD

£ .
N . o P
cae A . o P b e [ A - e . -
P A S B Ll bk e wTELTL e W el a e A e o N !
« 4
. e R S W e et e el o« A s

© o strength” T

End Fastener Failure

 Easley (13) assumes that the horizontal force taken by each

fastener is constant.

’ .. PR

Fe h "‘n° . - 5 - - B s e w e ® ,“,f.,@“(D.l), P
) B ") e - P ) . ’ ; » . K vag e e e % . .
' f-':.“:; - p 4o Sh@. @ v,n,t Phmap crcw TN n 2 d s e al e e 0. s et LT o

‘The vertical component 1is

»

2x; n_ob . T e :

T | . . . '
Fepvi = —3 | (D.2)

a B 1 | | " | &l

where , -

]

Length of the panel .

W
]

og
]

width of tﬁe panel (parallel to the direction of the

corrugations)
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/

rotatlon of the sub—panel

| _—. , . fw.;GJH’
E‘R.i = (FSph + ?eﬁvi) ‘.

Seam Fastener Failure

' Prom Figure 2-5

- 9b
S. aBl'
yhere

Fs = side fastener force

strength of the steel deck diaphragm under. in plane loads.
. '] .

STIFFNESS

-

LR N

3

ES

T

-

(D.3)

(D.4)

ep,, = Horlzontal force component in‘the fasteners
| éé;l = Vertlcal Force component. |
Fr, . 7 Resulfant Force T o ttl
_ne'1 = number'gf:end fasteners per sub-panel
.np %'nnnher.ofnpurlln fasteners .
:ns‘f_n.'#fnnhber,offseam fasteners ;
“sh ; number of’sub-panels per panel
iR a ﬁyiii'p.erf9£;ﬁ}btgme‘l?satﬁ”,i?g;l}@? per_paned -
Q = Applied force as shownvin Figure 2.6a |
X . .= Distanee from eVery_end fastener to the center
Trotatioh.of*the:snbfpanel* . e

The.lowest-value‘frem;equations DiB:and_D.4 gives -  the

Y

Distance fwom every pur11n fastener to the center of

Easley S equatlon for the stlffness of a diaphragm is given

follow1ng the- AISI (1) recommendatlons forrshear diaphragms.

1 1 \
q \Mb gy
Gtt © 0392 F_as

+
1

~—

- (D.5)".
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BRI S :
N ' cnha o 27 s - .
sl . | L Rl FOR S L S - . -4 N -
SRR . A~ T o ey - E PN S
R TN ; y 3 : B
4 - DR AR .-
\In whlch R WLt e i e o S
g . s N -
‘:‘-_~_ . Lt . B ~ = - - - -

?'7;9¢11141t;:::: 5 length of onewcorrugatlon measured along the

I e “_,Mthhcorrugatloh RN a-f”'*? 1*“Ti"nfv¢:‘ﬂ ”r"“~“'#=:4’ SRR

HF‘~?f.t§%ﬂult1mate‘strength of the fastener connectlon
G f' ._'é‘shear modulus of elast1c1ty of the panel materlal-_
..fkf : ;;g=:pr03ect10n of the length, d, on the plane of the panel
'hsﬁ }_l-ehnumber of sub—panels
,tjtyf' 55 material thickness
o 4 M, = censtant - . - --'; e VQZ,‘ -f:‘,h -
AccordlngAto'Easley ‘the’ pqrameters Fi 4“qf?lfab?e°§t§i"€d;PYj_6 E’f

1

testing. . ' . )
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gEN

‘ ACCOrdlng to this method (17) the steel dbck may hava three

' f>modes of fallures._‘ ;; I ’

’Fallure at Seamj o »’f_ .““' ”fﬁ‘._'51?~
° ‘=IK1(OSESU +-P ?pu.+ 2.?eﬁ}.~

ult ' Y — j

(5 aX' - lJLéns * §R + §Z)

: - sh%o s p e _ A

' . : “ .’, .
where

. and
2ns zgle
s Y5 ts Y1p
X = S e B .
97 Nge 2ns ' 2ne P:np
s _‘ts t t s .
} sc s e P
and
n n
sh ve .
91e ~ A Z X4
=]
n_ n
s e 2
99 = T~ L . X4
2e a o i=1 i
n n
: sh p
g,, = — ¥ - x .
lp a p:l P .
’ v
g = "sh Ep_ X 2
Z2p a Xo p=1 "p. )
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. Failure At .Side DT R e o
o R R Ry v 2T 0
" Qumlt- - -»nv o -A“n’ .«.‘- = “7.““". P ‘,: _— \(E.-Z) '.- P
",Failure At End )
Fou -
Qi =-('F 2, p 2,172 (E.3)
eph . epv - ‘ '

‘a = length of diaphragm in-direqtidé'perpéhdicular-to.
éoftugdtioné

= horizontal cdnétant f5r§é=§swéhown‘in Fig;ré7Etl

Fopy™ Maximum vértibal force at the end fastener

F ‘=‘sﬁréndth~of~e§d fastener

eu
Fpu = strength of sheet to.bUrlin fastener
Fge = strength of side fastener /

Fg,, = strength of seam fastener

ng = number of end fasteners per panel end
ﬂhp = number‘of‘purlin.fastenérs per panel
P = number of purlins |

Nng = number of seam fasteners per seéﬁ line

sc number of side fasteners per side

3
]

number of sub—panel per panel
] = flexlblllty of end fastener

Sp = flexibility of purlin fastener
S = flexibility of seam fasteners
Sgc = flexibility of side fasteners

/

e
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F‘MPIRICAL METHOD FOR STRENGTH “AND STIFFNESS

-w.U.8. DEPARTMENTS OF TH ARMY, NAVY AND AIR FORCE SRR

e T e 2

CONCR’ETE DIAPHRAGMS

v

- This type of’ dlaphragm is made of a, steel deck w1th a
'superlmposed £fill of concrete hav1ng a mlnimum fic of 2, 500
p.s.i. at 28 days and a minimum welghtpof 90 P.s.f.

_ Galvanlzed steel deck 1s used. The methoa to calculate
shear stlffness and the worklng shear is given emplrlcally by the
.;Department of the Army, Air Force and Navy. (31) N
| Two types of steelldeck dlagphrams with concrete are
categorlzed;' ‘

- Type 1 If the diaphépgm is loaded without ‘shear stresses
pa351ng through the deck or its attachments as shown 1n F1gure
F.l.a. = . =+ |
Typeez. If the shear passes'thronghcthe deck or*its‘attaChments
asvshown.in Figure F.1l.b. | |
Stiffness .“ .
The factor F is’ 1ntroduced to calculate the stlffness‘of a.
‘ Mhor1zonta1 dlaphragm -and - is def1ned;as the average deflectlon ‘in

microinches of the d1aphragm web, per foot of span,. stressed with

a shear of one pound 'per foot.
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 Fig. FlI-A

Fig. FI-B

Figure F-| Steel Deck.with Concrete Fill
' ~

N ——
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(b) Type B

Figure F~2 Steel Deck 'Di'ophragms



- TYPE 1

I St S

‘where

11 =Distance in*ft between vertlcal res1st1ng elements and the

' p01nt to which the deflectlon is to be determlned

qave Average shear in qlaphragm in pounds per ft.'over Iength

-L']_‘- T o e | - | o ¢

A, =Web deflewction in inches.

{

Strength ' - B , A -

+ The criteria to calculate the strength of a concrete

gdlaphragm is given by ACI 318 -71 (2) but 11m1ted to the value of

4.

the equatlon

 _ 6.08E'c . t |
qud = . 3 b2 (F']‘) o :
1 + . L . . \

(P+1) 2t 2

where

‘qud =shear capacity in pounds per foot
f£'c =compresslve’etrength_cf concrete
b =width of the building .

P. = Number of‘interiorlpurlins

t =Thickness of slab in inches

- The flexibility factor F is calculated using the formula

: 6 o N
F = 101 : (F.2)
8.5ty " Y£'c
where
t =Thickness of the slab in inches

Y =Weight of the concrete in pounds per cubic foot.
£'c =The compressive strength of the concrete at 28 days .in

pounds per square inch.



Strength o R
where " '
92 s (t, +t ') K (P+l) : _ : ST
q1_= _ _ ab - - nsh R (F.4)
‘in which X, = 1,000 . - ' ' ,
9 = 96 '+ 4" - . . o (F.5)
where g ' o - w
1.5 s , : - * -
qq'= S JYETC | (F.6)
6 200 . . , ,
. " . : N N
and _
Q= z——ka | (R
X (ts+t!) n ' ) ' . .
where ‘ 1 %ﬁ 2 sh L

ap = Working shear in' pounds per foot
a = Length of the diaphragm . | :? e

Xy = Diétance in feet,betwéedfoutermost puddle welds attaching a ~

deck unit to the supporEing framing member., - »
S° = Section modulus in feet of buddle weld group at supports
t1 = Thickness of flat sheet elements inhincheg,
t,'= Effective thiékness‘pf flﬁﬁed elementsfih inches
tg = Thickness of fill'ovef top of deck in inché;.

* The Flexlblllty factor E,«ls deflned using the Formula

20 q611 .

F = 5 R (F.8)

2
a“qp

- ' [55%
STEEL DECK DIAPHRAGMS

I

Two types of steel deck dlaphragms are categorlzed- Type A

o
and Type B as shown 1n Flgure F-2 Defiinition of the symbols



P 132
‘"f”ﬁsedqare.as follows.‘tn} %iifnﬁj'jli': ;' .
a s Length of the d1aphragm {'w . f” ;
'spv' = t Averge Spac1ng of . proflle channed closures,‘ln feet.b
' eg =:‘fCenter to center spac1ng of seam‘welds in feet.
7_aw : ,i% 'Spac1ng of marglna lwelds 1n feet.
Cy | =. 1 for galvanlzed decks, 0 65 for palnted decks.
CZ- yi ﬂ’? d;l for button—punched seams, 40ts;1/215w »sgxfye}ded
‘seams - o 2 '“fd dgk _ _’5}f ".‘d Co
C3 = 1-for button-punch seams; 150 gl jfo‘riwe_lded ;
| N seams. | | ..;f'z.t, v,:f : |
Cy = .1 for button~punched s%ams~"d§£§iil~ror &eided_'
vseams. 7-f S o \ h
Cg = 1.2 for eontinuons angle closure; 1 for oont;ngous
. ieefclosure; 1f44 for proflle channel c1osure.j_
a . = ‘_Dlstance 1n feet between outermost puddle welds ot

attachlng a deck un1t to ghe supportlng framlng

v, -' Cos

. member. . . . .

"FI,FZ‘... =  Components contribUti_hg--.to the flexibil_ity factor F

(F=‘21F -). ' . _-z
: f'c' B =" Compressive strength of flll concrete at 28 daYs in
s .
Y pounds per square inch. R . J
h = -'HefghtJof fluted eleménts.inuinches
Ip - Gross moment of inertie of<deck~unit_aboht vertica;“
- centerline exid&thrOUgh‘dnit.in.inches to the fourth
power. - .
;LX.‘;ifé =  Gross moment of inertia ofjdeckvunit~ébovefthe

horizontal neutral axis of the deck cross-section
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dave

n

RRE]

:4such‘as shear wall) and the point to which the

:deflection 1s to be determined

eMlnlmum ‘length in 1nches of seam weld.

vper foob o _". - h :' A
o Zﬁfﬁ\\. o S
,ZP+15L2 SRS o .
Sectlon modulus‘1n feet ‘of puddle weld gron:/i;‘ﬁ

‘,per foot(of width in 1nches to the fourth power.

'ifDlstance in- feet between vertical reslsting element )

'Average 1ength of each deck unlt in feet. ~i. rifj' "
-Length of edge 11p deck panel in’ inches
3Dlstance 1n feet between shear transfer elements

Vertlcal load Span- of deck unlts in feet. -

Y

Effectxve length 1n 1nches of seam Weld. >

. -

Average number of vert1ca1 deck elements per foot

which. are laterally ﬁestralned at the bottom by

o
puddle welds. o

1

" Number of seam'attachments in span‘b along a seam

‘VlWorklng shear in pounds ‘per foot. The one—thir

1ncrease usually perm1tted on working stresses is

=

not aPplllcable to this vauey

oA - .
~Componentshor llmltlﬂg vaues,of working shear in

pounds per foot. ' o

’ Average shear in dlaphragm over length Ll in pounds

{

“

’shpports. (Each weld assumed as un1t area.

Thlckness of flat sheet elements in. 1nch S.

Thlckness of fluted element 1n 1nches.A

va“' -

"Effect1ve th1ckness of fluted elements 1n 1nches.



strength . -

6

te =
B
ks =
;Y&‘ -
| . '..‘root.‘
:frrpEfA% ST

A

»

Qp = kqy +‘q2)»g3/q2. whe:e-q3/q2_<ecr

Thxckness of closure element in inches.
QvThickness of f111 over top of deck 1n inches. '

lfThlcknéss in - 1nches of deck steet at seamsﬂ‘

1

‘and g
‘ IX x 10 g
dp $ T3
R .
(p+1) \
‘or
Lo 4
ay < - 0 P ¢ Jf 1, < 0.5
. b ! 3 Ha.
1.5/m"(F1+ Fz + -—1—2——
. T ' \ . .‘ .
o 92 s (t1 + oty ) K2(P+l) Nsh
. 91_ “ ) ab . '
where ' '
N 1,000
K= _
1+ s — - 1 -
(E, + t.) t coa T
17 S 0.5 2,43 , ©2
—3—1 + 100 a05 343 (2
t. 1
2 ﬂ
0.5 N . .
s 2% G500 0 p.5 (p1) 0.5"
q; a5 + ' 1.2
. sh b x,8 (t; + t,)

fﬂ-g‘_13h

’”:rUnit welght of fill concrete in pounds per cubicf

(F.9)
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 1b1L;ty F is deflned as

R R S UL R T R R T

F1=

K ‘ 2 - A“ . AR *'\ N ‘ ) }
a b® 500 , . 0.5 (p+1) a9y

= wE (‘T” + 2) g+ g,
C(p+1) % sh 160 Ip . bx § +ty) q1 qz

1

o .. ‘ : L4 3 . "‘.."

R (p+1)

o 12, 5 m2 i 3
e e— ?

-~

‘I¥PEB - e |
Strength o e B S
AgD.#wq3,~q4}‘orﬁq51@hicheyé; is the lesser but limited to 1050 1b/ft

R
N




" Flexibility

1 5. o

" where




STIFFNESS OF THE SLAB T

- . //

The horizontal dlaphragm is shown 1n Flgure G—l. It is

con31dered as a 51mp1e supported beam between shear walls..:

Con51der1ng bendlng plus shear deflections

: 2 ) - _
e 1 (1 §;) (W1x - E-’5—) dx R S
1 2 , T R \
CAGN <] S S S SR , .
] 6 (l x)(Wlx - Wx ) dx - N @ .
' — i +
E. 1L, :
Gliﬁ S7S
| 611. (-6 - w - p1 -5 (B - wx) ax
,f LT T s 2
© %0 . - GSASf - ' . Gll GSAS

~”The"integratioh of ﬁgese'quantities yield

.| S (63-24634+5 ) 4+ N1 /T? —62)
24 | I 1 171 . —_ 1 71
STS ) ZGSAS v

Therefore the stiffness of the slab is

s A 3 4 3 '
l.(fSl -26l +61)~ 1(6,-6
24 E_I -
S°s 2 GgAg

137
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(a)Bending

) (b) Shear

&

., N .
Figure G-1 Stiffness of the slab

R
v

138
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)  ;'-'f QH 'j’ .f_‘4j3§75

where

s,
H.
]

Length of -the slab between end shear walls-  Ljf '??i:;'"
= She5f area?of the ﬂbrizohtal Hiaphragm‘_

S

Eg = Young's Modulus Gf the horizontal diaphragm o
Gg ”3 Shearing'Mbdhlus.of.the;ho;iibntal'diaphragm{ SR

'IS = Moment of~Inért;a of>the;hofizbntalvdiaphfagm

z
#

Uniformly distirbyted horizontal load
61 = Locatioh cpeﬁficient ' ‘ R ///
A~ = Deflection of:the horizonta1 diaphragm

~
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APPENDIX H - . :

SYMMETRICAL TWO BAY BUILDING

- TRUSS SOLUTION

: . J‘g\:" 2.
the structure is shown in, Pigure A-1
f . SR ¢

The matrdx solution- yleln o

P - . :
v T KUy = KU - R U, R .

Py = KU, = =K U, + K U, - KU, «1‘ &4

| ( ,

P, :

3 T KU = 0.up - KU, + K Uy k )

Ve = KFUZ h
1. R Kp )
ZE.;Z KW/KF 4k
2P ¢ K
1 4+ = + ——
c K

Replacing —E for x
S -
v
F
and 1 for 2
1 X
c 'z

. 140
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“ Figure H-1 Two

Bay Building

am.



which coincides with the p*Fe shear soldtion given by. the beam.

model when replacing

; _ S'S
Ksh 1
%
for - '
"gK ) 2 GSAS .
»Shl 1
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APPENDIX I °

- . T i

Two Bay Build1@1 | L

Referr1ng to Figure I-l, the. deflectxon at the center of fhe :

span for a uniformly dlstrlbuted load is:

, 4 2 .
y =5 Wt w? o owm . wm
v 4 nkK,

1~ 387 E_1 g
$°S 8GRy

The Deflection at the center of the building for a point load ié:

@ Vri Vel VR VR
48E I 4G. K 4Kﬁ 4n Kw ‘ ‘
s's T Y

Equating the deflections

R

1 2 KF . )

‘Thus
4 2 v.id v

5 Wl + W1° + Wl + Wl R R

384 E_1 - 4K 4n K 48E_T -
§°S 8GSAS 4GSAS .

B S S S

ZKw 4n Kw KF

143
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- ¢01

SE

.i,.f,. .

uoisio} sAkog omj] |-| aunB)4

NOH ﬁo,ﬁ o ooﬁ | 1-07 2-01 ¢-01
S K- S [4 S "0 ] [ S 4 : S [
TtV vd J— { .—-- Vv 1 ¥ ..—-- LIL) d.. - —«-1~ rFrvr 1 1 ) ‘q-y‘- 1T 7 T rrent «w A T M
‘ J C=u :
I ‘ 1°
ONIAONdg =3 g€=u -~
L MU3HS 001=0 Zeu TahEs €0 c=u 1a
Y53IHS =3 €=u TS T=n =i
S e
HY3IHS £€=0 Z=u 2.4 w@ N
i | -
| . = =4 . L
IS 2=0 | ] Ay
i A 1o
, o
15 0 1 i | thn..-.- -v [ (1 _r-.h.b R S . —. _r—»-\- L1 - ,- _—-\rhr 1 .. | —--L..Ih ) S . m



\ ) . ~ ws
LN T R
" Therefore - , .
Soowmt wm?t ow W . s
. 384 EgIg T g 3, SIS T o X3
_ PR S SR ;
Vg = T —22 —
— + —2 ¢ L% —3—1— - :
048ESIS-‘ .4G'SKS. 4Kw' - 4] Kw’ KF ‘

as
¢ . 384 "sls &
5= 75 3 |

-

sh 1 .

The solution is ‘
1 1 1 1
==+ ==+ +

XB Ky KgAK AnK

V., 1.6 2 1 1 1 S

T + + + + == .
_ Ky Ksh 4K 4nk_ = Kg



Tifih.%‘i/the syﬁmetficalpcasefis ebiafnegf.
g "("v_ . A o ; i R | '» } . ‘-- ?“, . ' b'
Vg x4 Y +
T dex e 2y 1w G

“R G L x ‘ . L ’
R : K=Y s
#B 0 Tsh &
e N iy
wa.f7' - : ‘
C, = == (n+l) - ) : g
ihus _-F | ‘ .
S . (n+1) RO
d T (n+l) e
: 1 6x + 2y + 4nc%“{.% |

- R

A"

Qfrs p[s-a

~ . N “ < . [ e -

Ky

Y.E» x4y
Vo 16x+2y+1‘

These are the 11m1t1ng surfaces for the complete set oﬁ

.surfaces. ' ST S

IS . . ‘ N




Aiﬂg'interseqtiqn of the hbove‘written expression with the :

f l

: plane x =0. is représented by

' which.is a pure shear solution ' = . .. o ..

L]

jap—

»
[

i&ewintefséctiOnfﬁiﬁh~y =0 is .

lfsxff'C'+ 1 o o L TR e

,,whiéh'is-ajpdre bénding,gglhpion'




: . . DRI Cre S . . . . vy .. . . . . o e

L FARTVRE . L R . . . . S,

[

o This_ﬁalneveoindidesiﬁitn;the\value oﬁtalned'for,pureisneagfp

S sz Z = .'AO;..5»25__ .
' %‘.xﬂfha~ : .

,%ar;f,i. The combxned solution ls represented by a set of surfaces f:s
whlch may ‘be intersected by planes representing selected

R '.comblnations of shear and bending st1ffnesses. If the plane o

| X = y ‘is selected

'LimfZI-

X + 0

(]

Lim Z ) 0-5555 . . - '\‘Q N
X + o : ' '



\

7 =

3 P
y

’If.ihe p

ianeﬁyr4522315 3618¢£§d?f}??f“3

fj" " l
s+ 1

Lim z =

X + o

7 ;
c

S.6x-+ 141

Ol

Q)
+
[}

0.5357

e




_ APPENDIX J

_THREE BAYS SYMMETRICAL BUILDING

_ Basedkin Figﬂre J.1l the deflections Al'and A2 are respectively

¥

\'

A, = —

1 48

s
w

1

"ES'I

[+,
-0

1 4

3
VR

SI

e
)

A = cm—

7
2 486

m
0

~Thus, the total bending deflection is’

N

R : .'_.. 3 . )
o o 15 VRl™- \
“B 7 86 E_T
\
The éhéar deflection is:
8
‘A _'VR 1 N L}
sh -
. % 36Eg
i : , f, -":f

B

*

Then replacing the end supports by yiéLdfhdiéﬁpports; the total

deflection is -
3 3
b .15 Vel Vel v ) .
1 486 E_I : = K
| ~%s%s 36 Ry Fw \

‘150
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Figure J-| Three Bays Symméfriqal Building |
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The Dgfléction;inAthq‘pppdsitefdifection»is‘

ao=de3s wt w2 o

b

‘Equating‘thevdeflections, finally

435wt | wm? | w
. FBdEST, s A | 2K,
v =
- 'R 3 '
' LA U TS G
186 E I, 36 A, Fu  Ke

kDefining théVbéﬁding stiffness as

Ky . 384 Psls o
.35 73 S -

and the shearing stiffness as

- IGgAg
sh 1

~

(J-1)

52



| Reblacing‘iﬁ J. 1.

. .1 '1 )
FEEL R
‘KSh 2wa
25 + 3  +
. sh

<
.
é”L;  f

.‘V <
N

+

7
L& =

—1" ’ . R ' ' R

' Defining ‘

c =ntl) ¥ iEn =1 o =¥

A
rg .

—— = .

sh -

KoY g

Sl

If a solution based in bending is sought

' 1
v XY

x

<

T 2.725% + 2 + 1



'ThisféutVe lies in the Behding;Piane. L B ﬁ
The'solution'based in shgarlyieldé

- 1
¥ 5

R
T 3y + p f 1 -

‘ Bending solution

~ |

(]
S+
Q|+

‘
X + 0

-

3

<
o

[
A
#

= 0.367

¢ X ’

Shearing solution

L 4

N ~
ale
I

R

~

“OR ;
*Lim - l_“1~ -
y o ‘ .

+
S O'l—‘



L; .
im 5. 725x
C + 0



APPENDIX K

FOUR BAYS SYMMETRICAL BUILDING

' Solution for pure shear and pure bending are obtained if the

following procedure is used (See Figure K-1).
. Equilibrium yields: |
2_Vw +.2 VA + Vg = 2 F,+ 2 FA+F

B

Diaphragm shearbfirst’span

J o |
Diaphragm distortion

S %
, J
Vv
e N7 S
Ké' . KF . Kw .
1 .
d
Thus N
F 'VB
FA + — - VA — VA Vw
X = o = = (K. 1)
K K )
Sl F ' w

~ 156
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T~
H

(a)

A

-

Fw

e e s e =]

- e wn w e .

e 2 o o

/-f

- MW\ l'nvA ||"B ’ 'l

tIVw

Vay

Three and Fqu_r Bay »BUilding s.

Figure K-
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Taking moments with respect to the wall

-

~

' Vs w1 _ o | o
s R R

»

]

Diaphragm shear second span 

D2 B A
Vb v v
___2. = _E - e = 1 (F -V )
KS ’ KF KF ZKS B B

1 1

o
From (K-1) '
, 't

Ta_ Ve _Fa . Fp Va o v
K ‘K 2K K 2K

F W S1 1 Sl S1

A system of three ‘simultaneous equaEions’is'obtained

1 0 1. 1 1 _ Fa B
PR e m Yy T x )
E Sl - S w

VA[




(-',u;._ ;‘] ' Qf,  ,.;;'"';1;~;”3 ﬁ ’~f ST  @595

T ;' S - g -  ,p;>"
=V —; + V‘ [KF f §E;?]3 ) o CTIR

_ Flnally a solutlon is obtained :w ' ‘;f:;' ce .
. : K. B K K L K, i v
= (1tge— F 1 + FA £ [1 P ] + F ——5—[1 1
v Ic Kg KS 2K h
_A 1 ’ 1 : . et
1 K 2R - " K_2 -
. §£ + 1+ -F;+’\\F L .

s¢ - Ka
1 B l~

If a.Bending solution is sought 
| WL '

FA = 1.143 %

.W__l’ ‘ 7' T '
4 i . :

, Fp = 0.929

Therefore

Al i IR 1
W 1 Kp 2KF K2 ‘

s, Fs

1 -'KF ' Ky o KF2’
§E~+ 0.128 % c,+ 0. 4019‘?" + 0,143 g %

in which -
P ] .

c ='2Kw/3KF

L Yne | 3
Kg = 107.78 ESIS/l

tal
]

S -85. 33 E /l

= 0.792



+02ia

 K 2‘

‘S'

2

If a Shearlng

  ~"5‘.= .25 w1

solution

is sought

-luu-_

v

S

gx
K

=+ 0,797

K.2

>l

B

L F el

e

2y -

e






APPENDIX L

".”ﬂFIVE BAYS SYMMETRICAL BUILDING ;"';~'- f.jj e |

}‘ﬁf~,:for the force taken by the frame is obtained/(sae Figure L‘l)-_

a&ﬁ ﬂEqui1ibrium yields

A BT ‘wo A TB . Cw

Mak1ng use of the same procedure A for four bays,vsolutxon-'

- “J'-' -
oow e

 ’fﬂzVﬁ;ffszff;ng]?ﬁzFJ)+'??A +»2FE,“rj L ‘f?]¢>

e

'V, + V¥V = F. + F 4+ P

Diaphragm Shear First Span )

Vo= V= FW“'~

D

:‘,,1“

VT E R By -V

-

Ty

- Diaphragn distortion

, 2. . 3 a2



* Diaphragm distortion

Diaphragm shear second span |
vV, =V - F, #V, =F

(F -V

w A B . VA B

)
CR S
i
Yok
1]

4 »)'




— e — | s o

A fovme,  asaiionsy | Gt wo— - -

~ FigureL-l Five Bays Syrmetrical Buildng

N\



eaF




' APPENDIX M

NS

P : : (Lo

Nonsyuﬁbmglggg THREE. BAY BUILDING L

(’ Referrlné\‘a Figure 4 1 the thlrd span deflectlons are-

4 2 T
A 4 35W1 oW WL Wl
A4 384ESIS 3. 3k, T EK
- 9GgAg W
; 3. 3 :
v, v sV, 1 v
PR I & 1R L6 B3Ry
82 T 186 E.I. T 486 E.I. 727 = 77 T =
i sls sls G4Ag G Ag
- v ‘
v 4 2 R .o
,\ g YR.Y9VR, L 42 Vg
N 41?2 % 73 3R
’an> K-w .
- o J I
4 - 2 é
A 4.35W1% W w1 . Wl
3 384 EgIg . 9G A.: 6nK 3K - .
‘ , Gshs
. ' |
D 3 L 3 .
| 79/VR1'1 ; lel . vR2‘1 . VR‘zl
N T ET Tt T o ‘486 E.I. 37 -~ =
L J . -~ -
0 T BT GgRg sls GGAg
- a y
\ »> ( & '
RS ‘ ' 2V,
- . 2 Vp o . R2, R + 4V
Y, 3 ™1 ) L 3- 73 ®2
y nKQ X ' K'w -
_ an a3
Kg = 88.28 Eglg/l
Kgp =9 GR/A o | .
,* . ’ ’
i 166
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SO 17 A

If the displacements are equalized a set of two simultaneouspﬁ:

’equations 1s obtained, furthermore if ff ;.: : "}

" Kw (n+1)
T2,

‘The force taken by theififéf frame iss
R, L
g— = 0.181 1x2 4+ 1.183xy+y? + 0. 04229X("+1’ + 9~%%%3 % .(n +1) S

V.
I SR

O 2222y(n+1)

+ +

- “0.3839y(n+1)
* * ty# 2cn 2c : . . 2¢c

0 167(n+1)

»”»

P ; . e {:::.
. 0.0555(n+1)? . 0.333(n+n) N

+ - -+ _ -
o ,-n4c2 o . 2cn

“r B -—

+ 3.268xy + 3y°

10,495x2 0.242x(n+1)

2cn;

+.2.907x + 4y +

¢

0.242x(n+1) . 0.666y(n+l). o.sggyxn+1ﬂ
- 2C - o 2cn Y 2c

x -

L oa1men? | o, 5555(n+1) , 0,5555(n+1)

n4c2,.. - 2cn- "”\\ 20

[wre
N
i



" When y = o;=pure(béﬁding,solutidhfg,f‘

o

’ 2c .. . 2cn A ra
/,_ ¢ . . e . X o

0.333(n+1)
*~3%en -t X

., 0.0555(n+1)?

v

181x2 & 0:04039xtn+1) 6,1612X(n+1)_."0;167(n+1)‘

.168r; ;‘

' 0.495%2 + 2.907x + U:242x(n+1) | 0.242x(n+1)
o . . 7. 2¢n , 2c ,

—
S

s

0.5555(h+l)-+ 0.5555(n+1)

, 0.1111(n+1)?
: 2cn 2c

7 +

+1
ndc

_ U‘léLx2v+ X - X
' 0.495x% + 2.907x + 1 2-725x ¥ 1




Wheh X = o, pure shear solution

" 0. 167(n+l)
ke 2c.

“,; 2 0 3889y(n+1) 0 2222y(n+1)

- : . . o ) o : . b. o . o . Ty

0. 0555(n+1 0: 333(n+1) SRR
2 ‘)z +‘_f 2cn D e

.._n.4c

e ! S

0.666y(n+1) , 0.1111(n+1)>

+- ——— + .
o 2c o 'D4¢?

“3yz + 4y + ovsggg(n+})

L 0. 5555(n+1) . 0. 5555(n+1)

2cn o o 2¢

el



2a.¢ A
;| . et
e SRS

oy
s

 The force takenabyﬂthe_sscbnd7framg is:

2, 0.1605x(n+1) . 0.3885y(n+1)
- . 2¢ . - 2¢

 0;1812

# 1.181xy ¥ 'y

>

. 0;22é2y1n+1) '.0.04d§x(n+if' -
o 2cn +f . '2cn Xty

4 0:05555(n+1)? | 0.16666(n+1) |, 0.333fn¥l)
: 2 o 2ne . 2e

4nc

0:493x2 + 3.268xy +. 3y2 + 2.905% ¢ ay

;.0,2419x(n+1) + 0:.2419x(n+1) + 0-6666

2c 3 T 2en

(n+l) . 0.5555(n+1)

+ 0:1111(n+1) 2 0.6666y(n+1)
‘ 2 S 2c

4nc '2¢'

Co T

When y = o, pure bending sqlﬁtion'

s 3
"x - .
J



| ‘20, 1605x(n+1) 0. 0409x(n+4)
o 181x ¥ 2o * Zen
,+_o,9555(n+1)- 0. 1666(n+1) o 0. 333(n+r)

. 4"“.‘:.2._- T 2nc‘ 20

+ x'“

2 0. 2419x(n+l) 0.2419x(n+1)
0. 495x + 2, 907x + - 2c o + — _4..2c.n‘ -

’.+ 0.1111(n+1)% | 0.5555(n+1) 0.5555(n+1)

- : == ‘ . — + 1
=

3%

- : s . . o ' e @
L N2 . 0.181x% + x . X 5
M Ve '0.495x2 + 2.907x + 1 24725 + 1 )

C + @ - - .




‘when x =0, pure shear solution

Y2 . 0.3885y(n+l) . 0.2222vin+l)
o 0:05555(n+1)? | 0,1666(n+1) , 0.333(n+1)
a2 S 2nc T T2¢
4nc N e .
v
‘ R2 = N
Vo
3y2 + Ay :+‘0.6622§(n‘+1') f,lo-.ﬁrﬁgg)’(nﬂ)» .
- e - \:l . S , ‘ ) 2 - \
L+ 0.1111(n+1) % 0.5555(n+1) 4 0.5555(n+1) | no
: 2 2cn ' 2c + SN
4nc” ' :
. '
- VR‘2 :
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APPENDIX R .

-1

1.1  DESIGN OF A" THRFE BAY ONE. STORRY BUILDING WITH END SHEAR
-~ WALLS AND CONCRETF HORIZONTAL DIAPHRAGM.»_

’

fThe bu11ddng is shown 1n ngute 5 1 and 1S cOmprISed of
'W_.three bays. two' end shear walls’and two 1nter10r frames.,
. The type of deck used is selected from Reference 33 whlch is
T*lS H1 Bond 24" coverage, deck thlckness Q. 030" and a\/
s concrete cover of 2.5" (see FIgure 5. 2)

- The des1gn loads are shown below-

Vertxcal 1oads~

e Dead loads:
Deck: 35 psf
Beams: 15 psft

Live loads:

Snow:-SO psf . , - _\

Horlzontal Loads . e A

bt SN A

Canada (25) states- o e t__ : L -
) Vi=as Ky T F W 5 o (R
SRV where'df SRR ?;ﬁ’ ‘

\'

MInImum lateral selsmlc ferce

. S8 Selsmlc response factor _ . ‘
g , 4 - - ty

A = Acceleratlon ratio o o };

Ky = Constant that represents damplng and ductlllty of the
building

F = Foundation factor - :

W =

Dead load including 25% of the designdsnow,load

-

213

. The procedure recommended by the National Building Codejoflr.w~w
~ : v . e e /-



=; Therefore, replac1ng in (R 1)

(50 + 0 25 x 50) x 90 x 15 = 84375 lb

v 0 08 X 1, 0 x 0 8 x 1 0 x 1 0 x ﬁ4375 = 5400 lb

jfg?hus, the unlformly dxstrlbuted horizbntal load is i
1 v/90 = 60 lb 1. ﬁ, ﬂ;?;; _ f~f  i ¥ »?‘» O SR
'Stlffness of the Horlzontal Dlaphrag__ ""‘]‘ ff ¥J gf}*“'

To calculate‘the st1ffness of the horxzontal‘diaphragm three

' constants must be assessed ;f , o
1; Moment of Iqertia of the perimeter beams w1th respect to.ﬂz
' ?the centerl1ne of the bu11d1ng.’ '

_ - v

T2, Moment of\Inertia of the transformed area of steel deck

o

:w1th concrete flli

3::‘Shear a:ea ofuthe hQ:izOﬁtaiadéck with<¢ohéigté'ﬁilk,gj'~f

L e
.2
4

L. Moment of Inertia ‘of the per1meter beams- B A
. .
T Lk

. -'eeam_s:- wa x 28  Area = 3_-23 in2

-where
) _ R
Moment of'Inertla

Ig
a

Cross sectlonal area of the per1meter beams

o
"

w1dth of the bu11d1ng



, ““yf'c = 3000 951

- _"Thus 3 . : ':'_.: :v - | ‘ X

Be = 3 155 924 52;;;' ’

g%ggzséfﬁf2910Q0;600/3;155'924'='9'2

' ”Fof:a i7 t w1dth the steel area 1s.ﬁ;0§999f;h2;énqﬁhﬁe

;>concrete area 36 75 1n2 ‘
S . o s o = o » ‘ L3 . -‘\

"The equivalent'steel depth of the 'slab is

e

o

35:75 4 0.499)/12 = 0.375"

Q”ThergforeAthe.mgmeﬁ;,of Inertia of theﬁhQrizohﬁal diaphragm



il

,e;age Shear along length L/2

L = span ~,;-~ ;1‘T'ﬁ‘ et T e T

.

Flexlblllty factor . RGN 3‘5i7”*“-5' L

'bu€f . Cal

A.-=5wul.,F

LIS T Ry
S gp x 105 R o R

& . L S -
The shear. deflegtion for_an“equivalehtjbeam_is:

— S L - , T (R:5)
" where .-

' Gg ="shear modulus of the horizontal .diaphragm.



R R e CO NN SRR 1) SN
B AR SR T e R I S B e e T
A ~—,shear area of the hOrlzontal dlaphragm _37 -
. Web area of plate glrder e o ‘ N
.,,,ﬂuXe;=\b t" : |

- 'fi?where=f-j*-~-

b =. width of the horizontal d1aphragm

u‘

t th1ckness of the horlzontal dlaphragm

Y

o Comparing R 4 and R. 5 the thlckness of the equivaleht éléb,

«;u W «v‘-."-»,(, -_»'l':v- ;_',,n- Toa e sy

R obtained as’

't = :10:/FGS

A

Frbm'Reference'33 thé‘flexibiiity factor F .is 0.90‘fo: the

’"?4 6" spacihgﬂ

Thﬁs‘ o . : .
¢ = 1,000,000 - oo e
s o 11,209,000 x 0,90 = 0-099" |

e

. The shear area is '
. Ag= 0.099 x 15 x 12 = 17.9 in?

'tFrame Desigﬂ

| Designing the ineerior{frame for the vertical loadsf[af
minimum size for beam.énd columﬁsvfrem qtrength and defleétien
“point of view is obtained. Thefeafter any 4:;e of beamn and

‘ -

columns _may be used w1th the results sRown in Table R-1.

I

> * 7



. e o Do . PR R
% o, e vTagy i @ . o

o S R AT R A S Gl
N S s:iffnesé?bg»thé:é;ames-‘_-'

/N

_Beam - Ip . Column. AIlel o (g (—ﬁ—x.)c K

S kipssin

- : T gme— - . ) - pe PR
T R} '\ o o ; PN Slm e b

CWB X287 1847 Twe x 20 41.5 7 1.02 ©.0.346 7 3571
- W10 x 49..273  WB.x 20 69.4 1.52 - . 0.578 . 5.867

W12 x .58 476 W10 x 29 158 ~  2.64 - 1,317 . 12,740 .

-2




Co o
- 219.

‘Stiéfnéss”of the.snd'w51isu'. ;”-."'A, | 'J_'
_The exterlor walls may be made of any materlal- for th1s =

part1cular case concrete is used

's,'"""""" g

pmx*°The stiffness bf ‘the ” exterlor wall 15 obtalned fxom equatxon

-

Bogrigm 4""- Ak A

Ke—se — N S

....e 2 8 (thackness bf“the'WaiI)‘".fjjff;TZf!":?f:;;:.:}lﬂ:fﬁJ .
R my”-°“ R : L :

‘ b = lao"j(wrdth of the building)

L H = 120“'(Height of the . building)

~ E = 3,156 k/in (Young's Modulus) '~ ° - i”'j"""'fJ" s
Gg = 1,372 k/in (Shear Modulus) ‘
v =0.15 (Poisson's ratio)

f—~

SolvingK =, 8346 k/ln . e P L. - v E ,.r_ L ©

¢

. e

. The - force taken by an interior frame is:

1 1 1 i
. ) - + — + = s
A py e g




B

R

m——

cffggxw/xb

L e - S a0 e
- ° Tl

P ST IR

,h - v —' . ' ‘
‘= 5,4 Kips
Vo o ,

R

B

. e ° v

. L : . .
e -v.b"l.v_GVA

7
I3

S

[}

it .

5.4/15699

4

Bl

“¥r e ey

VR 270,042 K {:p”g‘. v

e

. .

@ e a e

.‘..,.Nc- .o

w

.

0 000323"

P

B

N

-

,l P

-+

= 8346/3574 = 2335 0.

-

-

-

The d1sp1acements of the frame and wall are

o

tas

P

respéctively

doa

Uniform d1sp1acement of the bu1ld1ng

o

horlzontal ‘force appl1ed to the bu11d1ng

0y
~ a " .
- - T~
. g
s ‘e .

Ceattme. .

e S
N 4
g .
EOER ’
.
R
i
.
+r
IS
. °



vu 20 &-._'-‘

Qe

. l--'or.

cand ¢y =«

=0, 00116 kps

Théifbtce“taken,py;a frame ‘and-a #hIl‘ﬁﬁéﬁ?é??ﬁgﬁifgﬁkﬁeﬁug'

’:1 2 THREE BAY BUILDING WITH END BRACFD WALLS AND CONCRETE

N DIAPHRAGM.,
--Stiffnéss'oﬁ the End Walls
b2
Kl—AE“—
_ h3
- 1
~ where ; L.
. A = Area of  the dlagonal element
b o= w1dth of the bulldlng
'j ﬁ Modulus of Elast1c1ty
h; = Length of D1agona1
Ky ='2.70 x 29000 x* Qs x 12)°

(18 x 12)
. ‘ . ‘

| Thé*coefficignt'c is

cyp = 250/3.574 = 69.9

lThe force 'taken by an interior frame is:

b
U
VR _ %43 * 1995 * 7. 750
V. T 2.725 3.1 I

€43 T 1999 * 250 * 37574

P

,250 k/in

EL T



v, '= 0.0757 Kips V. € 20624 kips >

The displacements cf*thecﬁgémg”andjﬁdllchfeArééacc;iﬁéijf

:'4'3.;574 : ‘.,,0'.,021‘2‘. - - ‘ o S ‘ . co

[ nd

e “ - s . .

- - _ 2 623 - 3 1 L ) ‘ . s s e ',-" | ,‘ , .
"8 F T30 < o. 0105 o ;j_;;/éﬂfu:.“ e e - e ,LL_; I
. . . o - - o e o _", .0 “ .«? ; - .\\"f‘ L

LT - .
P e

If the concrete d1aphragm is- considered 1nflnitely stiff, the -

v e n ’ b
o - . . .

dlsplacement of the bu11d1ng is uniform.'

5.4 _ 5.4 _ 0 orncew | .
8= 3% = gor.z - 0.01085% DRI -

. and phe»forcé taken by an interior fram and the ‘end wall are

respectively -

0.0381 kips

e
i

<
]

2662 kips



o ow e

o S ey

=

»’.now -

Reduc1ng the stlffness of the braced walls. Let uSe a frame '?"a

havxng a strfﬁnesij";“12:VS*K{LQ from Tableﬂa\l. Also » ;
- " : ) ; . \ . Lo et ~4-‘:' Al ‘-.‘n;"';‘:-\—;v
) 4“°1thea31ng.bhe stlffne & % “i Y
" P_.-l2,15 K/Ln¢;<; ;.4k~7m_“;f;:x irfxf?:f;L;; =*‘?“”“ ;f;l <~-
‘_: ﬂ ..-._..- A eoa :.:_'- -s.., ,'...-— __ ‘.__ - :,:, .1 _— . “ / . ) . o "_. . ‘“_‘:_: . _‘_.. PR
;  %th§, ﬁhe}fof¢e téken-by an inté%ior'frémé is:‘ :
S SRV CRO S
YR _ %83 * TO99 t 3% (12.74- = 0 9&4
—_— = . = 0.254
Vg 2.725 3, o1 + 1
7 T 343 1955 12.74 12.724 ¢ .
_ »
‘ Thus ) ,.v’ - o ,,4- " . ,c-. E a - N -

Vg ='0.254 x 5.4 = 1,37 kips =~
vy ="1.33 kips,
Cc = 1.

The displacement of the frame and wall are respectively

_ o 1.37
%17 17,77 = 0-108

[~
|

= 0.104"

For a infinitely stiff diaphragm, the displacement of the

A bﬁilding is uniform:

_ 5.4 .
A = z5ise = 0.106
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SR ; . e et g ORI
bt ) e A ST s e et

X . - »
. : SRR ST IR
oo T, - : . .-_‘:--..-v'..v4>." i "_c,.. . e e . P
) : R T L At ST PRSI : o EEN RN . ;
. . . - .o o CP . . . . . <Lt e e e teedy

="1..35 kips .. . L

WALLS AND STEEL DECK DIAPHRAGM

r\x.-’ i I

2. DESIGN OF A THREE DAY: ONE. STGREY'BUILDING WITH END SHEAR ';;;/

"The same bu1ld1ng is de31gned as in the f1rst example.vn.

\

"The type of deck used ‘is selected from Reference 33 which is
‘fT-15 24”'coverage, 3 transverse welds, span between purlins is . 6'

\

‘ ;and the deck th1ckness is 0 030' - v%f,f”“ *..;; f f‘v

Horizontal‘Loads

The procedure rlpommended by _the" ‘National Bu11ding Code of

-

-Canada (25) for wind states

g Cp

10.5 '1bsf

= q Ce C

0O a o
' W

0 mp
I ]
—-N
N

-

Thus .

= 10,5 x 1.0 x 2.0 x 1.2 = 25.2 1lbsf

126 1b.1.€.

V = 25.2 x 5

Vp = 126 x 90 11340 1b
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” §§iffﬁess;ofuLhetHofiioﬁtaiuDiaghregg;:

<

”f Two constants must be assessed-' ~;i

. 228

e

' i;" Moment of Inertza of the per1meter beams w1th respect

e iy w

to the centerllne of the bu1ld1ng.
2. "shear area of the hor1zontal disphregm”

i

1. Moment of Inertla of the Inertia of the perlmeter beams is-

calculated below

Using W8 x 28 beams “from Reference 8.

' The area is 8.23 in2 and the moment of 1nert1a is: .

o : 2
S I =2 x 8.23 (lé%l%) - 133,3§§ in4
-2.- * ‘Shear area of EhefhorizOntal.disphragm.

The. flexibility factor is used (33) such that .

F = 23 + 185R,

where

R = Ration betweeh-puflin spacing and length of "deck

supplied

In this case
F = 23 + 185 x 6/18 = 84.7 ~ - .
and the thickness of the equivalent slab is

t = 10%/FG = 109/84.7 x 11,200,000 = Q.0013"



Lo

The

shear area 1s -

As= Ty 0013 x 15 x 12 - o 195 1n2 :

Stiffness?of an ThteridrfFfameh‘

Tovw oL v oy
.. ;

Table R—l provides values for the stlffness of the‘frame.7

The value selected from thls example is 12 74 k/1n..

: St1ffness of the End Walls

. Ry
7 .
i

The

The

!

‘where

exterlor walls in thls case are braced walls.

stiffness is f'
2
= ag 2

3
hy

Area of the diagdhal element
¢ _ P
width of the building

'Moduluslof Elasticitj’

Length of D1agona1
2.70 1n2 _ _
. . _ 2 R o
'2.70 x 20000 x {15x12) , = 250 K/in
(18x12) _ 4 o
- ’ . R



L 1g ijggazsfiﬁﬁvf

Kg. = '8,8"..36‘- .x_"té:_g”:_,fdtid \x : 33.326/(905:12)?“- 271 -"/*F‘

v
.

Ksh = 9 x 11,200 x 0.165/90x12 = 18.2 K/in

¢ = Ky/Kp = 250/12.74 = 19.6.
1.1 1

VR -77T * 18,7 ' 3350

V. T 2.72%5 3 1 1

T, =+ T8.2. * 750 * 12,74

= 0.2356

S*..Vy = 11340 x 0.2356 = 2672 1b

-]

v, = 2.998 Rips . | \ I



“J,}f{?'a 2.672 | L
s S v 74 ° 210' et
"2'5‘0“2 998_ =0 012'-7 L g e T

.,,' .J,

"”fIf the horxzontal d1aphtagm is considered infinitely stiff

R F = KA e L v '. ‘” |

The forces taken by ftames and ‘end” braced walls are reSpective1y§; f
g Vg = 12. 74 x 0.022 = 0.275 kips '"1, ST .;ff{ﬂ?j;fﬁ s

S Y" =5, 500 k1ps

'4Conére§e'eﬁd*w§ils';l' N o _3“"" A_t E?

1 1 ‘ 1
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E?Fﬁﬁé"di§p1abeﬁen£?f

0.231 X 1134
.12‘7?_. ﬁ

0 206'

f;gq%j ) x - 16717

’f 11,34 ¥ *”?[ﬁJff-’ﬁﬂ\fiLjf"gf;;’};;;.fggﬁ,;
= TK?T? 0. 0097 L R AP

-y

e

Force taken by the frame _%°g;}‘ T N , .
: - Tt e e T
F = o oo7 X 12 74 = o oo& Ko P T S R

z" . . . .. . e “ . o v, .

A

: "5v53=-0§09055“'§r ST L

L Ke = 12,74 K/in . et T T s

Ry s l12.76 Kfin

Ve TTrmst i?Ti“?‘ L e
Vp D 20725 . 3 B SRR S T A
771 Taaz T2 74 Jz7 -

~“.;. ;11'




0 295 x 11 34 'uuA*L,‘7;' S PRI P

e

Considerxng the hor1zontal dlaphragm inflnitely stiff

K = 50 96

5

.}_jso}sﬁiéJO:?zgf:#?

‘ RN ﬂ“,_.u .

P .=12.74 x 0.223 = 2.84 kips -

Boao.28

)
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aepENDIX S . o

" COMBUTER PROGRAMS

‘e

STRENGTH =~ - =&
* STIFFNESS ”

231. "



!Ad of

v
2
3
L ]
.
8
-7
[
1]

10 - coWTIMUR ©

fitle

. IMPLICTY glnxnlun i» . 4 [ . } oo
- REALOS NP SN, NS, WSC,$3,58,.88C. 8 A, PEU.FPU, FEL,FEC R(100) ,R11100) : . : :
INTEGERSE NE, NP, KQUNT 1V : S :
CALL FREADS.” x 3N R * ..
CALL PREADCS, ,28,88,88C y ; . R S o -
CALL FREAD A'l-a. .h;1 rau,l'uiruu;rscn R . ) " o
2.0 R wi“ R . 3 . : e o X “:“.' . .
' T.ROUNT) ROUNTENF . * . .
| EALL PREADIS,‘ReB Vi X M) S e
~p0 10 tvey N X o o . . . o
CEIEaGIReRCIYY . T L T LN o P
Cageg2geNtIvIan » - ... v, -

CALL FREAD
00 102 ivat,N
GIPSGIPeNY (1V
SGIPRGIPORYILY
conTinug ) . . . . : : e
g1\ FaNEN/ASEIP 1 . . ' LA (R B e
CifsnsN/AsCIL e o 3 :
x0= (3.0 NE /882 . obo-cal/ll'lvccurll'v/fli:ltt:o: ob---sissoz ono . .
song/sge -l'll'!'AYIIN . ' Lo :
. s2msugn/a/xo ar o : ' L : . : L - s

102

K1y ooo-un-.ulu:nl:atn oqpilsso: ope
c. FAITCURE AT SEAM
OULTISK IS (NSTFSUSNPFPULD . °0Q¢’lv)/(l/llﬂ/l°-|
ENP/SP92 . 0DO/SK)
FAILURE. AT 3108 - B It
. ,:auxr::;l-4u|cursc~nv-r»ua: ooo-rlu)ltusclll:o-vls-cz onolll-- ER - B - ...
c FAILURE AT QND, BN : ” R
1P xe. cr ©.8R0.). KDUNTYL R o . :
resy ooe-x:snunra/lo)/lllnt '
- rEPN /nlull [3 . . .
- ru-crlrun':orcavltnz:-oo LT R : . A
GULY:-'IUI(?I’N"?‘I‘D'I--!l--n .
QULYSOULTY .. S Vo
IFLQULTR. AT, ouLT} SuLTEQULTZ - - . .
EF(OULTI.LT. QULT) GULTEOULTI . e
®01L NE. MF NP NSH %S NSC . -
WAITE!S. 20Q: S8, 1N ;l: L LN . : . .
SWRITE(S,30€} A, rsu Ry, rlu-vl: K . , T .
PORMAT. A R - . B .

fczl ¢||»/ilou’hgca' suv»/ur

se

ope) /(1. ooo-u:lnlc ) =

100

‘o
: '°i.7l.

CE X

400 °

‘0, ?l
"lTlli 0001
PORMAT ¢

wRITE(S, 300}

FORMAT(
‘o, TS
‘e’ .Y
cocr
LTS §

stor.

(11

.'PSC
crR.G28,

ouLT,

‘TAILURE
‘PALLY
FAJLUR

L PATLURE

[ R
OULYI OULYS QuULT

lT 'NI SEAM’

AT THE EnND
LOAD

g20.
620

‘G20



L Gnd ef file

TIROUNT) lounvwnr
‘CALL PREADIS, "ASS AERAS 8 1 3}
80 1@ Ivey, Ng .

. SRS YNeRILY) - ,

l’l!"l‘lll'llif
cenTinve
L PR .(l.fl!l LR ] .'l‘

Yoa/uEn

»
C22 02,0000 L] OQO*(NBN-1.00012 tA/NSN/KO- 1.
WRITEIS, 1090 A, . S

wRITE(S,200) W,
wRiTE(S, uu

GCA Ctl

‘At T10,820.7/
J18. e, 7T10,820.7/
LTELP1i,T10, 6207/

‘ l.'l‘~Y'0 830.71/

.630.7/

.-1'0',fl 3 TN 1‘0 ll. ”

F.lnlf(

4 L vvo.c:o.v/ . .
.‘IIN' 1Y0,820.7/ °
RS { 13 Yl. Clo T/
‘K1, T10,820.7)

‘E11°,710,820.7/

199, T8,°C12°,710,820.7/ o
1°0™, 75, °C13°,710,820.7/ - )
1°0°,78,°'C214°,710,820.7/

40 T8, "°C218°,710,820.7/

1°6°,78,°C22°,710,630.7)

1°0°,78,°K4',710,820.7/
1°0°,76,°X8’ ,Y10,6820.7)

...lllIIIIOI’OS|FIlPl/(llclll‘OI ODOINIII$OI 0.0
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