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c idea of the model was proposed by Polyakov (1957), and
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provides results also on local levels and d for an infill wall with arbitrary op?niqgs z;'-md for
lick and Severn (1967) and later applied 1n different

parapet walls. A finite element model was f1 ohes -
variants by other researchers (e.g. Moss and Carr 1971, Mallick and Garg 1971, Riddington and Stafford Smit
1977, King and Pandey 1978).

have been widely applied for the lin

Two types of mathematical models
lest model which can be used t

equivalent diagonal strut represents the simp
after partial separation of frame and infill. The basi

B S

partment of Civil Engineering,

‘ubliana, De _
lavia

Slovenia, Y Ugos

[ Assistant Professor  University of Ljublja
I Professor Jamova 2, Ljubljana,




? Inuh:f“fﬂ‘i""""i model (1 hir

Ifill’r ‘:'}{' - ) '8 ») Y
: ".I'li ””H i . ’ I 3 2 (1N ais ‘( THiiiating
, ;];‘,W‘l”[] ;-]jl !ifl- 3 MO {l W!Ih { WL -’.l_l ) I Yo
—— }”i il I'H;Il'l{’. [ () o i{;’ i)‘ﬂj)} e ; [ill was EIfJ j’Hf;i’j"'J' 1 E‘rr Fin
e attempts havt - gianinng) (£ ~ach the 1o __ }
OTER v , A il d1ag he l'll“ EJ[’Ir ot 1 ;“111 rr;I;IHHH‘, ol the corne
()8 ;nrﬂ'ff', with an i ,'r"’)) In tNE * ! }[HLLHH--‘“ a0 , - ' o
l )05 ) : , sri) l } } A | I‘ﬁl- - . - 0N [ i; 100 11ttt
; e (AKJEY ”j}f] it ricr CCf on {j‘ {Nne : {]i”‘(.r[-n[ a5 J.HJ’][_!!HJH } 11100
ancl modt - +h the CAV* ' SINK e _ s S8
IIJI 1 degre of free dom wjfh oia F'”H ﬂ{juﬂ Hy LS jhﬂ;]“pf“fl N l:fhjfr!_-,rj torms 'he proced
J 1) f = - j neAallo) o - { . '
L aai . CONK C 5« : 5AILJFE} g
«liminated by the stalic = nt LYP* of infil, S of infill framcs
: representing difierer i to the [}rcdcﬁﬂﬂd LypP*
maltrict ' <etricted tO _ " u
p MterclhiVe ’_”]I re 108t . . 31T : (1T f{ r " ;
computation ully ellech (s 4 C(Jmhlﬂ;ill()n of an;n.l“”}-{ eth 'if”m*-f nOt much |,
o R . L r{_,{'l(:"] - . " . Y 7 1 B ()¢ -r_}l II}IJ! VW « Ei AT .
dure Adescribed 10 this paper TP ility of @ finite element IpPproacis | | walls are mad.
T'L, 5 'L ‘ sud T 4.V, . " - ’ a Y »
e { a diagonal strul model) and vu-‘»dh h are ~onnected 1O frame only in a few points. Very
P . » ace ( d [ hl;{ { ' e - l( 1 / - . . - .'J 1T,
as in the casc O ated 28 «ubstructures W ' - ral puUrpose Gnite element proor.
wilh finite elements and treated as ! C,Ud hY using d gLan P PRI Am
o s BN A ; -J ‘ . 2 > ' . 4 — - . :
' be efficiently ans y the m;,[_hcmallcal model and the method of analys;.

car ;
’ cAP84 ). In the paper
: nted.

building structures
xamples arc prese

«ubstructuring option (e.L
described and some numerical €

TICAL MODEL

ed in this paper can be in principle a0
. - " - s 1 JT 114 3

only infill frames where PPhcd
wi L 110 "Ilfﬂf.;w

l"[

MA'I“HEMA’I

d of analysis describ

We will study, however,
and infill. In such structures, separation b
. \ {;!13ff'f-u

en

frame and shear f_li:_:fr;rn';.-;[j;
LA L J”'i'* ‘-'J'i:

| and the methe
load level.

The mathematical mode
act between frame

for any type ol infill frames at any

connectors are prnded to ensure con Al 1

infill occurs due to differences between flexural (Jt,fl’ll'm:lll()ﬂ:% of Eh(_,_ |
. tension fallure of the connection. ['his separation may occur at 4 |

. ' Wy . SRR A at a 103

apacity of the 2 fill frame. If the lincar analysis 1s used, mathemac ¥’

' ' : : et L8 (o

d separation (€.g. model with equivalent diagonal stryt) ’”- |

- . e ) } _1-1"

frame and
the infill panel (Fig. 1) which produce
ximately half of the ultimate €

after bon

level of appre
. finite element analysis, if no tension strength 1s assumed 3
| g “U dal the

models typically simulate the situation

situation can be ecasily reproduced in
connection between frame and infill,

In the mathematical mndcl, upplicd In our Sludy for slalic and fr(:c—vil_‘)ruti(m zma]yais‘; hcam f=I{_; 101 ;

g {ltg_{rtzcx of freedom per node will be used to modc] the frame and rcclangu]ar pl:;mc St)r(;fgg (_;l(:;'n I.HLHM --mm

:;:;::HT:LLSI dlt;fr:ic:,idt;f rTCCd(le],SCT node (panel elements) will be used to model the infill. b(;r;ltfi ?;h -

it E} ly connected in the common nodes (the same displacements will be as ,ﬂ '1“[

ctween beam and panel elements will be provided in the regions where separatic emaec). No

: € separation between frame

-

and infill occurs.

‘ ']'}Tc zones and the lengths of contact betwe Ay
contact 1s assumed in all common n(:rd{:.‘;.b;t}::(;](jnllﬂla?;;izni(:;]g{l ~C'an oe determined by iteration. First, a rigid
'y removed :r:“:]rl] l}?:}vc?n b(:;im Emd_pand L‘»]tnmﬂl;i_~-;.

kit v regions where tension occurs at the
:—7}:?";}@”&;;0;. The procedure rapidly (:(_;nvurgmhu:w{rJ]L

stage . i

real lcnglh d(%lfﬂc(i:uih(m(]jd o€ noted, however, that the
parameters which a?f:ti (-:lpcnds,nm only on structura

on the variations in [EL UdCd.m the analysis, but also

- workmanship which c- ¢ qualty O_f material and of
Computation. Fortundtn‘r;m I i iuto Jpeeag o

x studies have demop [aft y? the results of parametric
e the exception of tth -rdtcd lhill the main results (with
| ~ Only scarcely depe S(ljr‘CSSCS In the corners of infill) are
IS S 1_____ ]Cngths of cont:cln ;“[ BRI Malations of [hc
Figure 1. [nfilia 1 e f€asonable o altcm. B S0 keasons, it s no
ame /s cOntact, In ygyal ,,p[ to calculate "exact" lengths of

Cases, the length of contact a of 2

frame an infil]) ' SCparatiop between, column can R
by Stafford e+ crmined usi |
» I ()r(_'l Sn]i[h( USlllg [h{_j. l{}rn]“lfl ro ']{)’\}U{I
1966) (F; o e
1g. 1)

] i :
S Y, S5
1

(X Hf

—

| }

h !

h

[] |
| i | |I _— |_,.- - |

[
!
i
T

! ,"“"‘




o

\h is @ nondimensional parameter (e

-
4 e 2B e B
p P
Ah =D 1/— 4 E I h
D
! E Jnd E are '1::: modl.flltlljj;‘(:)[ E:la?tici[_y of infill
P, isthe thickness of the infill. The meaning of oth

(2)

{ of mertia of the

gth of contact of a beam is less important and
f the length of the beam or determined accordin

artial infill (parapets, inhll witht openings) where the Je alogous to Egs. 1 and
ry Lo determine them hy iteration. X are not knox;m ?nnadl In thf.:
vance, it

e hﬁ]f 0
-V b nC.CCSSﬂ

Some mathcma[iml models, reported in the literatyre
~n frame and infill. In principle, this influence can be t:;asil '
_ sterative procedure and has only a small

f !10\‘['1 ;‘::;16 wcinity of the contact ((Riddington and Stafford Sm; h
inf1 - cluded in the mathematical model. iingdi) hun o 0

3

d that an accuracy appropriate for des;
s been foun | ' €sign purposes can be obtained by usi ‘
panel. In many cases even a 4 x 4 mesh may yield acceptable results for a:lis,plz—merm:nlsy e s

METHOD OF ANALYSIS

An analysis of a mathematical model of a real multistory building with infilled frames, which may have
-ral thousands degrees of freedom, is computationaly demanding and its results are hard t,o be lookeg over
Computational efficiency and survaillance of results will be greatly improved if substructuring technique 1S used-
This technique 1S ideally suited for the analysis of infilled frames where typically identical infill walls aré

provided .o different stories and different bays.

SEV

Each infill is treated as one substructure. The stiffness matrix for each substructure is first formulated by
proach. Then, all degrees of freedom with the exception of those belonging to the nodes at
te contact with the frame are eliminated from the stiffness matrix by the static condensation procedure (&.g
Przemieniecki 1968). Finally, the stiffness matrix of the whole structure 1s formed. Only degrees of freedom

which correspond to the contact points between frame and infill are ‘ncluded. The number f:)f degr:f:es of
ase of an infilled frame modeled with equivalent

freedom is larger than in the case of a bare frame or in the € _ ' e
diagonals, but it is an order of magnitude lower than in the case of the classical ﬁmte'elen}ent approach. The
same model and the same substructuring procedure can be 1sed for the static and free-vibration analysis.
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