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SYNOPSIS 

Cold-formed corrugated steel panels are effective for 
controlling the drift of multistory frames provided that 
the cladding is properly connected to the bare frame. This 
paper presents a method of analysis of the cladding itself 
and of the integrated frame. The cladding stiffness matrix 
is derived taking into account the flexibility of the conn-
ections, shear strains in the sheeting, bending of the 
corrugation profile, and axial strains in the perimeter 
members. Analyses of two welded shear diaphragms yield re-
sults comparable to those of finite element analyses and 
tests. 

The conventional direct stiffness technique is then 
used to evaluate the seismic response of two clad frames 
having 26 and 40 stories with 3 bays. The results obtained 
are cast in generalized forms applicable to other similar 
frames. The use of cladding does reduce the lateral deflec-
tions but may increase the member forces, especially the 
axial forces in the adjacent columns. It is recommended 
that overstiff cladding be avoided until further studies on 
the energy dissipation capacity and overall ductility of 
cladding indicate otherwise. 

RESUME 

Les revetements en tales ondulees forme-es a froid sont efficaces 
pour contraler les deplacements lateraux des cadres multi-etages pourvu 
que ces revetements soient bien attaches aux cadres. Cet article 
contient une methode d'analyse du revetement lui-mime et du cadre 
renforce. On a derive la matrice de rigidite du revetement en tenant 
compte de la flexibilite des attaches, du cisaillement et de la flexion 
dans les tales et des deformations axiales dans les membrures peri-
pheriques. L'analyse de deux diaphragmes en tales ondulees soudees a 
donne des resultats semblables a ceux obtenus par elements finis et 
experimentalement. 

On a utilise la methode de rigidite classique pour determiner la 
reponse aux seismes de deux cadres de trois travees, l'un ayant 26 
niveaux et l'autre 40 niveaux, renforces tous les deux par des revete-
ments. Les resultats sont presentes sous une forme generale de facon 
a ce qu'ils puissent etre utilises pour d'autres cadres similaires. 
On a constate que les revetements servant de remplissage reduisent les 
deplacements lateraux mais ils peuvent augmenter les efforts dans les 
membrures surtout les efforts axiaux dans les poteaux adjacents. En 
consequence on recommande de ne pas utiliser des revetements tres 
rigides jusqu'a ce que d'autres etudes sur la capacite d'absorption 
d'energie et sur la ductilite de ces revetements clemontrent qu'il 
est possible de les utiliser. 
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INTRODUCTION 

Cold-formed corrugated steel panels possess substan-
tial resistance against in-plane shear forces; but despite 
their increased use as cladding or partitions in multi-
story buildings, designers tend to ignore the panels' con-
tribution to the overall stiffness of the structure. This 
situation may be attributed to the lack of understanding 
of the behaviour of the component cladding and the diffi-
culty in integrating its stiffness with that of the bare 
frame. By taking into consideration the stiffening effect 
of the in-filled panels, the true behaviour of the system 
can be evaluated and that may result in significant reduc-
tion in the overall cost of the structure. To realize 
fully their advantages, the panels would have to be con-
sidered as "permanent" structural members and designed to 
meet the structural requirements. The panel size, its pro-
file and the connections should be able to develop: (i) 
the required shear stiffness and strength; and (ii) suffi-
cient bending stiffness to carry the transverse loads and 
to prevent premature shear buckling. 

Extensive research programs have been carried out to 
study the linear, static behaviour of corrugated shear dia-
phragms. Of particular significance are the works of the 
Cornell Group and of Bryan and co-workers; the former led 
to the development of AISI's design manual (1) for steel 
diaphragms and the latter to the adoption of the European 
Recommendations for the Stressed Skin Design of Steel 
Structures (2). Other researchers have also made signifi-
cant contribution to the understanding and utilization of 
cold-formed steel cladding (3). With regard to the inte-
grated behaviour of multistory clad frames, much less re-
search activity has taken place. Analysis methods based 
on finite element idealization of the panels have been us-
ed by Miller (4,5) and Oppenheim (6,7). In these studies, 
the 12 by 12 stiffness matrix of a shear diaphragm is ob-
tained by static condensation of the overall diaphragm 
stiffness matrix. Results of linear dynamic analysis indi- 
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cated that significant reduction in the lateral deflection 
can be obtained with the use of cladding (5). In 
Oppenheim's work (7) the dynamic behaviour of clad frames 
subjected to various sinusoidal ground motion was investi-
gated. The frame was modelled with elasto-plastic girders 
and with panels failing in a brittle manner at a certain 
relative drift. It was found that because of the whipping 
effect, panels in the upper stories may fail prematurely. 

Other techniques of analysis have also been used. 
Bryan and Davies' method (8) utilizes fictitious bracing 
members to represent the cladding. The method proposed by 
El-Dakhakhni (9) is based on the superposition of the 
applied lateral forces with the cladding restraining forces 
to achieve compatibility of the story drifts. These last 
two methods are much simpler to use than the finite element 
method; however, they fail to account properly for the in-
teraction between the story drifts and the column axial de-
formations. In addition, these methods presuppose the 
knowledge of the cladding stiffnesses. In all of the above 
studies, little information on the effects of the cladding 
upon the internal member forces has been given. 

This paper presents an integrated approach to the 
analysis of multi-story clad buildings. In this approach 
the cladding is explicitely modelled as an integral part 
of the overall structure, and thus the cladding stiffness 
need not be determined in advance. The method has most of 
the advantages offered by the finite element method; it is, 
however, simpler to use and more efficient in terms of com-
puter storage and computation. The analysis is based on 
the direct stiffness technique and composed of three main 
phases: (i) development of a 4 by 4 stiffness matrix for 
each cladding fitting into one story one bay of the build-
ing frame; (ii) generation of the assembled stiffness 
matrix for the overall structure; and (iii) solutions by 
mode superposition for the displacements, and internal 
forces in the components including those of the cladding 
fasteners. In the following, only phase (i) is described 
in detail as the others are part of the standard stiffness 
approach. Behaviour of the overall structures will be dis-
cussed with reference to two specific clad multistory 
frames. 

CLADDING STIFFNESS MATRIX 

The Structural System  

A typical steel diaphragm (Fig. 1) comprises several 
corrugated steel sheets, or panels fastened to one another 
along the laps and to the four perimeter members. The 
connections may be made by mechanical fasteners or by weld-
ing. Welded connections would result in a much stiffer and 
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stronger diaphragm. The direction of corrugations is arbi-
trary; however, since the story height is usually less than 
the bay width, corrugation generator running in the verti-
cal direction would yield higher out-of-plane bending stiff-
ness. The perimeter members are pin-connected to each 
other such that they promote a pure shear state in the 
sheeting. Similarly, the assembled diaphragm is in turn 
pin-connected to the framing girders and columns at the 
four corners. Details of the connections between the dia-
phragm corners and the upper girder should be designed so 
as to minimize the transfer of vertical forces between the 
two components, and at the same time to permit the full 
transmission of lateral forces. Several such connection 
details have been suggested in Ref. (4). 

Assumed Deformation Patterns  

Although the theory presented here can readily be ex-
tended to the nonlinear dynamic behaviour of clad frames, 
the present development deals only with the structural be-
haviour at service loads where all components are assumed 
to be linear elastic. Under the action of a load applied 
horizontally at the diaphragm corner (Fig. 2), the perime-
ter frame is rotated by an angle as shown. The diaphragm 
deflection r, corresponding to the load P, is due to 
several factors: (i) flexibility of the connections; (ii) 
shear strains in the sheeting; (iii) distortion of the 
profile; and (iv) axial strains in the vertical perimeter 
members. The strain energy associated with each of these 
deformation modes can be determined in terms of the over-
all shear deflection r, and the displacements of the panels. 
Consider a typical panel k of the diaphragm (Fig. 3): its 
new position may be specified by 3 rigid body movements 

u
k
, vk, ek and a shear deformation yk. For convenience, 

these movements are arbitrarily associated with the lower 
left corner of the panel. Thus, the total number of de-
grees of freedom of the diaphragm is one more than four 
times the number of panels. 

The total potential energy of the diaphragm is, sym-
bolically 

II , = U-P.r = itD1T  [S]fDI-P.r 

in which U = the total strain energy; {D} = the vector of 
diaphragm degrees of freedom, i.e., 

{D}T <r, ul, vl , e l , yl, u , v , 8 , y > (2) nnnn 

n = number of panels; and [S] = the diaphragm generalized 
stiffness matrix to be derived. Minimizing the total po-
tential energy with respect to the generalized displace-
ments {D} leads to the diaphragm stiffness equation: 

(1) 
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[S]{W = {P} (3) 

in which {P} contains only one non-zero element, P, at 
the first location corresponding to the degree of freedom 
r. Equation (1) shows that the stiffness matrix [S] may 
be derived by forming the strain energy expression in 
terms of the degrees of freedom {D}. 

Let i be a point in a panel k and located at the 
coordinates (xi,yi) with respect to the panel origin. The 

x- and y-displacements of this point are, respectively: 
(Fig. 3) 

u. = uk - 0ky. + yky. (4) 

v. = vk + k xi (5) 

Similarly, if j is a point on a perimeter member and locat-
edataverticaldistancey.

7 
 with respect to the diaphragm 

origin (lower left corner of the diaphragm), its displace-
ments are: (Fig. 2) 

3 
u. = v.  
3 'b 

V. = 0; 

in which b = depth of the diaphragm (in vertical direction). 
In the development that follows, it is assumed that the 
direction of the corrugation generator is vertical. 

Strain energy in seam connections -- A seam connect-
ion between two panels, k and k+l, may be idealized as a 
spring with the end i attached to panel k and the end i' 
attached to panel k+l. Using Eqs.(4) and (5), the dis-
placements of i and i' can be evaluated, and the strain 
energy in this connection is written as 

U.=1 11 11 = i{D.}T[k.]{D.} 

inwhichd.=the spring deformation 

d.1 1 [(u.,-u. 1
)2

(v.1'1 
_v.)2]1; 

{Di}T = <uk vk ek yk uk+1 vk+1 0k+1 yk+1> (10) 

(6) 

( 7 ) 

(8)  

(9)  



__ 

1 w 0 0 -1 0 0 

1 0 -Yi Yi -1 0 Yi -Yi 

y+1,472  
1 1 Yi -w -Yi Yi 

1 

(11) 1 

2 2 2 Yi -Yi 0  Yi -Yi 
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[c.] .= s. 

Sym. 1 0 -Yi Yi 

1 0 0 

Y• 

and w = width of the panel. 

Strain energy in frame-to-panel connections -- The 
connecting spring is now considered to have end i attached 
to a panel k and the other end j attached to a perimeter 
framing member. The deformation in this connection is due 
to the differential movements of the connected components: 

di = (u.-u.)2  + (v.-v.
1
)2 (12) 

Substituting Eqs.(4) to (7) into the above equation, the 
strain energy can be expressed in the form of Eq. (8) with 
matrices{D.}and[k.]defined as follows: 

{D.}T  = <r uk vk 6k y  -k > 

and 

Y.Y. -  J 1  
b 

2 
Y. yj Y. 

b2 b b 

1 0 - .Yi Y. 

1 x. 0 [ki] = si  

Sym. yl+xt 

2 
Yi 

1 

(13)  

(14)  
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Strain energy in the panel sheeting -- Consider now 
a panel k subjected to uniform shear stress 

T 
Q  
wt 

(15)  

   

in which Q = the shear load on the panel; t = sheet thick-
ness; and w = panel width. The strain energy in the panel 
k due to shear is 

bet' k U = l twba - s 2G 2Gwt Q  (16)  

in which G = shear modulus; and a l  = ratio depending on 
the corrugation profile. For example, the factor al  for 
the open rectangular profile in Fig. 4 is 

al = d+2h - (1 + 211) (17) 

In addition to the shear strain in the sheeting, the 
shear load may also induce torsion and bending of the 
corrugation profile. Neglecting the relatively small 
effect of torsion, the strain energy in the panel due to 
profile bending can be approximately evaluated as: (for 
the rectangular profile of Fig. 4) 

Ub 
=  a2 Q2  

k 144h3 2,2  

2Et3wbd 

in which 

a 2  - (d 2h) (d2  - 3Rd + 32,2)  

12hd2  

For closed profiles, the factors al  and a2  should be taken 
to be 1 and 0, respectively. Expressions similar to Eqs. 
(16) and (18) have been derived by Bryan and El-Dakhakhni 
(10). Ref.(11) gives a more refined version of Eq.(18). 

The total strain energy in the panel sheeting is the 
sum of Eqs. (16) and (18) 

uk libal 
'Gwt 

144h3R 2a 2) Q2 

Et3wbd 
(20) 

By equating the strain energy in the work done by the shear 

force 1/2 Qbyk, it can be seen that 

(18)  

(19)  



Q - bY
k 

f (21) 

in which f denotes the bracketed term of Eq. (20). Substi-
tution of Eq. (21) into Eq. (20) results in the expression 
for the strain energy in terms of the generalized shear de-
formation y: 

„k lk y  ykk u = s  7 (22) 

in which 

sk b2
(23) 

Cladding stiffness matrix -- The total strain energy 
in the cladding is found by summing up the contributions 
of the fasteners and of the panels. This process leads to 
the assembly of the diaphragm stiffness matrix [S], which, 
in effect, can be directly obtained by adding the matrices 
of Eqs. (11), (14) and (23) in accordance with the corres-
ponding degrees of freedom. The resulting matrix has the 
form 

Ism 

ES ] [S] rr 1x1 ri  lx4n 

[s]4n+lx4n+1 = 

it 4nx1 [Sii] 4nx4n 

in which the subscripts r and i denote, respectively, the 
"exterior" degree of freedom, r, and the interior ones: 

,u1 vi o l y l un vn on i
n, (25) 

By applying a static condensation procedure to elimin-
ate the interior degrees of freedom in Eq.(24), the stiff-
ness equation of Eq. (3) becomes 

S*rr r = P (26) 

in which S*rr  is the reduced stiffness matrix of order 1 by 

1 and can be recognized as the "conventional" diaphragm 
stiffness. The process of static condensation can be con-
veniently carried out with the computer program described 
in Ref. (12). 

(24) 



Ua  = 
1(2  b3  ) P2 (27) 
T 3 EAa2  

= cross-sectional area of a vertical perimeter 
(27), when combined with the strain energy due 

1 2  7  other factors, , leads to a modified ex- 

pression 

in which A 
member. Eq. 

to all the 

for the diaphragm stiffness 
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The stiffness SZ so determined does not take into 
account the flexibility of the perimeter members. The 
axial deformation in the horizontal perimeter members are 
neglected as these members are restrained by the frame 
girders. The strain energy in the two vertical perimeter 
members is (Fig.5a) 

Sm = ET 1  -- + b3  rr rr EAa2  
(28)  

STIFFNESS MATRIX OF INTEGRATED STRUCTURE 

The connections between the diaphragm perimeter mem-
bers and the frame members are assumed capable of sustain-
ing the forces F1 to Fif shown in Fig. 5(b). Let [T] be 
the transformation matrix defined by 

[T]
T = <1 - 1 - b a.> 

such that 

{F} = [T]P (30) 

By applying the contragradient law of transformation, the 
diaphragm stiffness matrix, incorporating the three rigid 
body motions of the diaphragm can be shown to be (the 
degrees of freedom are 1 to 4 in Fig. 5(b)) 

[k] = [T]Sm r  ETJT r 
i.e. 

1 -1 b 
a 

b 
a 

(29)  

Sm  rr (31) 

  

[K] = 

b _b 
a a 

b2 b2 
-- --- 

a
2 a2 

b2  

a2  

1 

Sym. 
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It can be seen from the above expression that the lateral 
displacements (coordinates 1 and 2) can affect the column 
axial forces (coordinates 3 and 4). 

The above diaphragm stiffness matrix can be directly 
added to the stiffness matrix of the bare frame in accord- 
ance with the direct stiffness method. This procedure 
does require some modifications of existing computer pro- 
grams 

 
for frame analysis. However, if column axial defor- * 

mations can be neglected, the analysis of the integrated 
structure could be carried out by conventional frame pro- 
grams as explained below. Ignoring the last two columns • 
and rows of the matrix [k] in Eq.(31), the diaphragm 
matrix becomes 

1 -1 
[k] = Sm (32) rr -1 1 

The above matrix is identical to the stiffness matrix of a 

truss member or a spring of stiffness STr. Thus, a dia- 

phragm between two levels can be modelled by a horizontal 
spring attached to the upper level with the lateral dis-
placement of the loose end of the spring coupled to that 
of the lower level. The use of this artifice necessitates 

the knowledge of the diaphragm stiffness Srr, which can be 

evaluated using the existing simplified methods (2,13); 
and the results obtained would be identical to those from 
Dakhakhni's flexibility method (9) in the case of static 
loading. 

RESPONSE OF CLAD FRAMES 

To verify the validity of the cladding stiffness 
matrix presented, the two diaphragms tested by Nilson (14) 
are considered. 

Diaphragm No.57-2 has the dimensiona a = 12 ft.(3.66 m), 
and b = 10 ft.(3.05 m) and consists of 6 panels of 16-gage 
continuous flat sheet stiffened by hat sections. The 
second diaphragm, designated by No.59-4, has 15 panels of 
18-gage hat sections giving rise to the overall dimensions 
of a = 30 ft.(9.14 m) and b = 15 ft. (4.57 m). The welded 
connections are identical in both diaphragms. The end welds 
are 1 in.diameter (25.4 mm) puddle welds, 3 welds per panel 
end. The side welds are of similar size and spaced at 
24 in.(61 cm) on centers. The seam welds are 1 in. long 
(38.1 mm) at 18 in. (45.7 cm) on centers. The connection 
stiffnesses have been determined experimentally (15) at 
1000 kips/in. (175 kN/mm) for the side weld; and 500 kips/in. 
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(87.6 kN/mm) for the seam weld. 

Because of the presence of the continuous flat sheet, 
the factors al and ot2 of Eq.(20) are set equal to 1 and 0 
respectively. Thus, f = 7.21 x 10-3  in./kip(41.2 x 10-3  
mm/kN) for diaphragm No.57-2, and f = 13.5 x 10-3  in./kip 
(77.1 x 10-3  mm/kN) for diaphragm 59-4. A summary of the 
spring forces, diaphragm stiffnesses and strengths is 
presented in Tables 1 and 2. In these tables, the tabulat-
ed fastener forces are the maximum values occurring in the 
end panels and are due to an applied load of 1 kip (4.45 
kN). The results obtained by the present method are com-
pared to those obtained by finite element analyses (15) 
and tests (14,15). It should be noted that the applied 
load in the diaphragm test No. 59-4 was in the direction 
parallel to the corrugation generator and thus, the tabu-
lated theoretical values have already been transformed in 
accordance with the method described in Ref. (13). The 
values of the fastener forces and diaphragm flexibilities, 
by the present method, are generally lower than by the 
finite element analyses. This is understandable since 
the present model is overly stiff due to the use of only 
one degree of freedom for the entire perimeter frame. The 
diaphragm strengths are calculated based on the strength 
of the end-weld which was determined at 6.3 kips (28 kN) 
per weld (15). In practice, the possibility of buckling 
of the perimeter members and of the sheeting should also be 
investigated. Other applications of the present method to 
screw-connected roof diaphragms may be found in Ref.(16). 

With regard to the response of the overall structures, 
two 3-bay clad frames are considered. The first frame 
has 26 stories, and the second one 40 stories with uniform 
cladding throughout the middle bay (Fig.6). Member sec-
tions change gradually along the height of the frames and 
are given Ref.(5). The two bare frames satisfy the 
strength requirements but fail to satisfy the lateral drift 
restrictions. 

In previous studies (9,17) on the static response of 
multistory clad frames, it has been found convenient to 
characterise the responses of clad frames relative to 
those of the bare frames by means of the dimensionless 
ratio 

Sm  rr 
EI 

12 E c  
L3  c 

in which I c  , Lc  = moment of inertia and length of the 

column; and the summation is carried out for all columns 

(33) 



in the story at a distance 5/6 of the building height 
from ground level. For the present application, a series 
of analyses corresponding to a range of values of y was 
carried out. The masses of structural members and dead 
loads were input as lumped masses at the story levels. 
The National Building Code response spectra were used (18). 
Damping values of 3% and 5% were assumed for the bare and 
clad frames, respectively. Higher value of damping was 
used for the clad frames because of the high energy dissi-
pation expected to occur in the cladding. However, for 
comparison purposes, additional analyses of the bare 
frame were carried out with 5% damping factor. The square 
root values of the sum of the squares of the first three 
modes were used to evaluate the frame responses. 

In all cases, the results are expressed in dimension-
less form as the ratio of the response in clad frame to 
that in the bare frame. Fig.7 shows the effects of cladd-
ing stiffness on the natural periods of the clad frame. 
As y increases, the clad frame becomes stiffer and the 
period decreases. At y = 0.5, the reduction is 20%, 25% 
and 29% in the lst,2nd and 3rd mode respectively. With 
higher shear stiffness ratio, the reduction continues but 
less rapidly. The variation in the maximum drift of the 
frames is shown in Fig.8, where a reduction of 22% to 35% 
at y = 0.5 can be obtained depending upon the damping 
value of the bare frame. 

Figure 9 shows the variation of the maximum bending 
moments in columns and beams of the clad frame. It is 
observed that with 5% damping in both frames, the maximum 
bending moments in the members of clad frames are higher 
than those in the bare frames. However, with a more 
realistic value of 3% damping for the bare frames, these 
forces drop below the corresponding values in the bare 
frames. Generally, the maximum moments occur in the in-
terior bottom column and in beams from the 2nd to the 5th 
floor. It should be noted that these maximum values 
sometimes do not occur in the same members of the bare and 
clad frames. 

The ratio of the maximum shear in the cladding to the 
total story shear (cladding and columns) at the same level 
is plotted in Fig.10. Obviously, as the stiffness ratio 
increases, the cladding attracts more shear, but at a de-
creasing rate. The maximum shear often occurs at the 3rd 
story. Fig.11(a) shows the dramatic increase in the axial 
force of the interior bottom columns of the clad frames, 
especially for the 26-story frame. This is due to the 
reaction of the cladding on the interior columns. How-
ever, the large difference between the behaviour of the 
40- and 26-story frames is unexpected. Apparently, this 
behaviour is related to the difference in the width of the 
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exterior bays of the two frames. In spite of this sub-
stantial increase in the interior column axial forces, 
the magnitude of this force is still less than that of 
the exterior column (Fig.12) for all values of y in the 
case of the 40-story frame, and for y < 0.4 in the case 
of the 26-story frame (see Fig.11(b) for variation of 
axial forces in exterior columns.) 

An additional analysis of the 26-story frame with 
cladding in an exterior bay (y = 1 and X = 5%) was per-
formed. Compared to the corresponding values when cladd-
ing was placed in the middle bay, there was an increase 
of 8% in the maximum drift and a reduction of 9% in the 
sum of column axial forces of the bottom story. 

CONCLUSIONS 

Cold-formed steel cladding is effective for controll-
ing the drift of multistory frames. In design, the shear 
stiffness and strength of cladding are important para-
meters, and special consideration should be given to the 
connection details between the cladding and the frame. A 
method for determining these design parameters has been 
presented and shown to be reliable. The integrated stiff-
ness of both the frame and the cladding is obtained by 
means of a specially derived cladding stiffness matrix. 
The analysis of the overall structure is carried out using 
the conventional direct stiffness method. The technique 
is efficient in terms of computer storage and computation. 

Earthquake response of two multistory clad frames 
has been presented in dimensionless form, which can be 
used to estimate the response of other clad buildings even 
though its validity still needs to be established by more 
extensive analyses. In general, light gage cladding with 
shear stiffness at 50% of the bare frame story stiffness 
may yield reduction up to 30% in deflection; however, 
member forces may also be increased. Overstiff cladding 
is not recommended since it attracts large shear load and 
tends to increase dramatically the axial forces in the 
adjacent columns. Further study on the energy dissipation 
capacity as well as the overall ductility of cladding is 
required before structural cladding can be used with con-
fidence. 
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TABLE 1 - Summary of Results for Diaphragm 57-2  

Data 
Present 
Method 

Finite 
Element 

Analysis [1] 
Experimental [1] 

Number of de-
grees of free- 
dom used 

Side Fasten-
er force,in 
pounds 

Seam Fasten-
er force,in 
pounds 

Maximum end 
fastener 
force,in 
pounds 

Stiffness, 
in kips/inch 

Strength,in 
kips 

25 

114. 

92. 

151. 

330. 

41.5 

858 

135. 

104. 

171. 

305. 

36.8 

- 

- 

- 

- 

303. 

38.6 

Note: 1 lb. = 4.45 N; 1 in. = 25.4 mm 





FIG. 2 - DEFORMATION MODE OF CLADDING 
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FIG. 1 -  COMPONENTS OF CLADDING 
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FIG. 5 - (a) AXIAL FORCE DISTRIBUTION 
IN VERTICAL PERIMETER MEMBERS; 
(b) COORDINATES OF CLADDING 
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FIG. 6 - SEGMENTS OF EXAMPLE FRAMES 
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FIG. 9  - VARIATION OF MAXIMUM BENDING MOMENTS 
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