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' CHPTER1 . . | .
\ ) ' RS ' .
4 INTRODUCTION = ' T
1.1 GENERAL o ‘ .
. / - . 5

Adequate low cost housing is one of the basic needs of any

socief:y and industrialized building systems appear to be a possible

solution to this problem. A very successful form of industrialized |
. /’

building systems, known as panelized building was developed in Europe p
'in response to major housing shortages at the end of World War II. Pat‘;e]“:/
jzed buildings are‘consté*ucted out of iarge prjfcast concrete panels which
are used in a vertical pos%’tion as shear-wall elements and ¥n a horizontal
position as floor or roof el énents. Originally, panelized buildings were
designed for non-seismic regions but their potential as a solution to

- major housing problems prompte%their use in seismic regions of the world.

The major concern in panelized buﬂding systems constructed in-

geismic regions -is the perf’omlance of the ;tabiﬁzing shear-walls built
‘out of panels and the connecting components at the interfa"ce of Fﬁese
panels. Tﬁe normal practice is.to design the structure to accommodate
static or quasi-static equivalent i-oadsb according to relevant codes, but
when ‘abriormal loadings, not specified in codes, occur, the result is .

Jusually catastrophi&\

Catastrophic failure is the result of a Jocal failure progressing
horizontally or vert‘iﬂcaﬂ_y and creating consequentes much greater than‘tﬁe
initial ;’aﬂurg, This phenomenon is known as progressive coHapse: In
the past, research was concentrated on progressive collapse due to static
1oa;l.1ngs but' recent studies are being directed towards the behaviour of

panelized structures under seismic loadings.
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Lite;-ature on panelized structures ranges from the general ) )
i*equiréments ﬂ‘)r\ co‘nstr’uction and planning to the detail’ed ~1‘ nvestigation
E N of joints and connections under seismic loadings. Lewicki [1] outlined "

the pri.ncipa'l consi deratjqns for planning and design of panelized structures,\/
particularly buiidi ngs with 1a‘r§e panels. The Portland éament Associaticim '
[2] presented a series of- ‘four reports on the "Methodology for desigm’ng-l C ;

(%)
of panelized structures". Becker & al.[3] explored the: basic nature of

' 'thé respons e c;f both simple and composite precast shear-walls and report
observatio'ns on the furidamenfa] behaviour of pf'ecast walls and the imph‘ a-
tions for seismic design. Frank [4] investigated the d);namic\;'espons of

large panel structural systems, The study examinéd the dynamic regponse

for parameters such as height of building, width of panel, relative

stiffness of the connections, the percent éﬁtical damping and variat

R SCNEAR S

'

o in tthe expected ground motion. In the same research program, Zeck [5]

inv{fﬁgated the joints in large panel structures in re]atior/y”co the -
forces they aré required to transfer under various loadi ng conditipns. - ' a
Pall [6] developed limited-s1ip bolted joints for large panel s tructures
and investigated the seismic respc')nse of buildimgs using this type of

. joint, Huttelmaier [7] studied the dynamic response of a large pantﬂ\

structure as influenced by varying connection stiffness and panel types.
N ’ }

1.2~ SCOPE OF THIS StupY °

5 ' ' This report preéents the results of a study of a twelve storey ]

t

panelized shear-wall with respect to progressive collapse. The analysﬁis

js done by a method based mn simple cantilever assumption, as developed

in reference.(2), for static loading and by a -finite element analysis for

A T T IVIT P TN 0 s

. . _both.static and dynamic loadings. The aim of the study is to determine

-
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. |
forces developed in tie and connector elements arranged to prevent

o progressive coﬁapse when a load bearing element becomes ineffective and

also to determine the connector forces .due to a dyrgamic loading with'panels

Voo

[
L]

“ First, panelized building systems and cbmponents are defined_ in

ineffective at various levels.

4
&

K “) -«
chapter 2 and mechanisms to prevent progressive collapse and methods for

calculating fo.rces in tie elements are outlined in cha.pter 3. Chapter 4
~ presents the ;:;r:pperti es of the wall to be analysed and chapter 5 presents »
the results of the investigation. |
For the analysis, the wall systeém is assumed to be rigid at'the,
‘b'ase and to behave as a cantilever with structural integrity!aélkli eved by .
horizontai and vertical connectors at each floor level. ;he baneliie&
L , wall is twelve storeys high and three bays wide. Each panel is one nbay;

by one storey insize (figurell) and the behaviour of the structure is

iz, e o S . - . .
Bt 2 L WCT HPLFV AT SISO NS ST PIROUPIRIVEL NS S

-

limited to the elastic range. For the static analysis, gravity loads o
" consist of superimposed floor loads and weight of floors and wall banels.

For the dynamic analysis the wall is subjected to a ground acceleration 4

i & eSS v AR E e A,

represented by a response spectrum.
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: o " - CHAPTER 2 -

PROPERTIES OF PANELIZED BUILDING SYSTEMS

2.1 GENERAL S

Precas:t e1ements‘ il concrete are members cast in-a factory or ou
site but not 'in their final position. JPrecast concrete elements exist in
many forms lfrom' concrete masonry blocks tob flexural and compression
members, to entire rooms and buildings. Within this range, the eo;\p,onents
known as large panels exist. 5

-
-

Large panels are flat concrete members which perform structuraﬂy

M 3 ¥

in a horizontal position as floors or roofs and 1n a.vertical .position as
walls at least one storey in he1ght. Lewicki [1] descr1bes three 1evels
of 1ar-ge panel concrete construction. They are prefabmcated floors and
roofs assembled with tradrtwna] bear1ng walls; precast floor, roo; and
wall panels. with f1mshes on site; and precast floor, roof and wall panels

with finishes done at the time of casting.

A . R ’
The last two levels are panelized structures. A panelized structure

. s therefore a system with walls assembled out of panels, and roof or floors

assenbled out of panels or planks and w1th walls transfermng the 1oads

_to the substructure. Unlike trad1t1ona1 shear-waﬂs which commonly res1st

only lateral loads, large panel waHs are also load beari ng walls,
H .

2.2 PANELS T

. P;r’le1s in industrialized buﬂdings'are, basicc:aﬂy flat plates.
When used as floor qr roo-m; members in the horizontal position, loads are
resisted by out-of-plane behayiour. They are flexural members and can be
designed to resist vertical loads thmuéh unidirectional or bidirectional

action. When used in the vertftal position in shear-wall structures -

Xc
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large panels ensure strength and steb$1ity of the Bui]ding th}ough in-plane .

stiffness. Out- of—p]ane resistance s neg1ected
A

The overal] d1men510ns of large panels are governed by pract1ca1
4? . consieerat1ons such as transﬁerﬁat1on, factory and assembly capab1]1t1es
or'architecture. In width, panels. can vary in dimension from one bay to
the entire w%dth‘of the wall. In height, the panels in a wall have to
be at least one storey. Thickness cen vary achreing'to the position of
the panel within the heighf of the building and is proportioned according
to structural requiremengg. | , o

" large panels for structural walls are usually homogeneous and made

* of ordimary concrete. 0Over the years reinforcement in large structural
\ :
! panels has reduced considerably because research and experience [1]
\\ proved that panel walls can be designed as plain concrete walls

\\ similar to block walls/ However, reinforcement is necessary to accomm-

. \
\ odate other conditi nd transportation stresses and
Y. localized effects such as at connectors and regions of stress concentra-

- tion. Panels can be ribbed to increase stiffness in crifical regions

such as at extremefiesrof the wall.

.:\2.3 JOINTS : | N
‘é\.3.1 GENERAL

In order for joints to participate in the integrity of a panelized

strycture, they are expected to withstand the same forces that would,
exist in the corresponding sections of a monolithic system. Since the

wall Q{stem in a shear-wall building assures- the physical stab111ty of

the enﬁire structure, Jo1nt1ng between wall elements is s1gn1f1cant1y more.

important than jointing between floor or roof elements. In prefabricated

23 el W
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'.buildings, jo{nts alang the interface between the wall panels and the
. floor slabs are.ca]]ed hor1zonta1 joints and the vert1ca] 1nterfaces ’
\between wall pané*% are called vertical Jo1nts.

The design of jointing in large-panel structures draws most
attenp1on becausg they contribute to the behaviour of the system much
differently from the commonly understood mono1ith{c sheqr-wall. The

a ihportént features of joints‘are the ébility to transf \vloads from one
element to another and the‘amount of deformation they érmit.l Particular
concern is focuéed on Fheir p&rformance under geVere dynamic loadings

énd their resistance to progressive collapse. To prevent progressive -
collapse, joints must be caﬁéble'of bridging the gap created by failure
of other members and withstanding the impact created by debriﬁ;mused /}
by some local failure. .

Jojnts may be constructed from plain concrete, ;einf;fced concr-
efe or steel depending on the nature of stresses to be transferre§ anq
the pfacticé]ity of 1nsta11ation: Plain concrete joints are essentia]]&
capable of traﬁsferring normal compression or shear sfresses while reinf-
orced concrete or steel joints are also capable pf transferring normal

tensile stresses. < 9
- N

2.3.2  HORIZONTAL JOINTS . ~° . .

- Horizbntal jointé in prefabricated sfructural walls act as trans-
fer mechanisms for loads from'upper‘§toreys and'f1oor slabs fo Tower panels
and to tﬁe ﬁubstructure. ”Figure (2) shows some configurations of
horizontal wall joints. A retommended’dasign approach is to spréad_the

load from the upper levels to the lower panels over the entire area of

the joint (figures 2a,b,c,d,& e). When 16ads are transferred through two'

A e ek e bt 7
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or more levels (figure‘Zf) or when loads are transferred on one plane but
through concrete of differentwmgtrengths (figure 2g), the load may
concentrate at only one level or on the concrete of higher strength.

Figure (3) shows a practical detailing procedure ensuring axial load

' q .

transfer to the Toad bearing panel as well as facilitating broper grout
.o - .

’

Filling. A special horizontal joint occurs between floor §1abs parql?e] -
to \1§he1r‘ span,(figure 2h). K |

Horizontal joints where floor slabs are sbpported on walls are
subjected to zaditiona1 local' stresses due to the deformﬁtion of the slab
and consequently rotation at the supports. Because of the rotation the
contact area of the loaded surface is reduced. In such cases, Lewicki [1]
astimates thaf the.carrying capaci;y of the wall méy be reduced by 1/3
or 1/4 of the carryiné capacit& when the’contacf'surface is uniformly
loaded. Alternately, when floor slabs are continuous over the support
wall or when moment is transferred to the joint, Zeck [5] demonstrated the
consequences on the lower panel (figure 4). Under these conditioqs'the
joint will be subjected to tension-compression stresses due to the moment
connection as well as compression from gravity loads. The result could .
]eéd to tensile spli;ting stresses in/fhe lower panel and should be \
accounted for by reinforcement. Q ' |

' 2.3.3  VERTICAL JOINTS

Vertical joints extend/;b the full height of the panel, normally

from floor to floor. The prindipal function:of vertical joints is(fo

resist vertical differeritial displaceﬁents of the panels. In order to
’ ¢

resist vertical movement between panels, the vertical joints transfer ‘

vertical tangential forces [1]. Vertiéal,movement,between panels occur

2
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as a resuit f in-plane bending due to lateral loading (figures 5a & b)
’ because of unequal gravity loads on adJacent pane]s (figunes 5c & d) or
due to differential settlement of the foundation. Vertical joints are

also expected to resist tensile forces due tb the buckling tendencies of

adjacent walls (figures 5e & f).- ‘ ) R

The variation ﬁn stiffness of vertical joints affects the entire
wall structdre-considerab]y. Very stiff joints restrain any differential,
movemerits permitting the wall to behave FS a monolithic system (figure 6a).
On the other hand, very soft joints permit movement between the panels
resulting in the stiffness of the shear wall being the sum of the stiff-
nesses of the individual paneis.(figure 6b), [5]. ‘

Vertical joints may be classified as either wet or dry. Wet
ioints require in situ concrete or gout to fill the gap between adjacent
paneis,and‘can be' reinforced or unreinforced. With respect fo'progré§sive
co]iap§e, unrei nforced Qet_joints offer no resistaﬁce and therefore
nare not recomeﬁd: Fighre (7) shows four’examples of wet reinforced
joints. .
‘ In dry joihts,/the connection is-made by welding or bolting steel
sections to inserts cast in the panels. " Figure (8) shows examples of

weided and bolted dry JOints s
2.4 GENERAL BEHAVIOUR OF LARGE-PANEL STRUCTURES

In buildings con§tructed of brefabric ted panels, stability
againsf lateral vibrational loadings (wind and seismic) is estasiished
by interaction between the fioors and the she'r—yé]i;. Ehe fioot§ are
hsualiy considered stiff in their own planes, distributing laierai loads

of the building to the walls. .

-
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¥

. should be so arraﬁged’that they are in two vertical perpendicular planes.

'
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- In ﬁlahning the structural system of pqﬁelized building,
importance shou}d'be given tg the fact that the distribution of loads

between the shear-walls depends on thé relative stiffnesses and the

position of the walls. Also of equal importance is the fact that the

load capacity of the total system depends on the capacity of the
individual panels as well as the interaction between them.

"For buildings of monolithically cast shear-wa1ls; these problems

»

are normally easily handled. However,- for buildings erected from panels,
‘the prob]qms are more complicated hecause the strength and stif?ness of

-the joints. are quite different from those of the pahe]s. The stress

distributton in the wall will depend upon the shear stiffness of tHe
joints and the strength of the wall will be affected by the presence

. » '
of thesé joints. , )

Panelized highrise buildings therefore need special considerations

in assuring the structural integrify of the entire structure because the

monolithic shear-wall is now replaced by discrete elements. Further

problems arise when it is necessary to remove one or more panels for

architectural or functional purpases or when one panel becomes ineffective.

This situation is analogous to having openings in a continuous shear-wall.

In such cases connection systems should be designed for progressive - v

collapse conditions in order to redistribute loadings to alternate
sgpport elements.

2.5 IMPORTANCE OF WALL ARRANGEMENT

To ensure the 1ntegr1ty of a panelized structure the 1nd1v1dual

~466mponents of the structure should behave as a continuous unit. Since

structural stability is ensured by.the wall elements, wé]] assemblies
‘ s
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At Teast two such wall should exist in one plane in order to avoid

-~

compiete failure of the entire budeing if one wall faiis. ‘Whenever .

possible the system should be symmetric -to avo1d torsional effects [2]

The arrangement of Suppoft wall systans can be classified into two main

- categories and many yariations of these chn be developed foy«é/part1cu1ar

situation. They are the main walls in the long sense of the building
(the longitudinal wall systém), (figure 9) or the cross-wall system-
with the main walls in 'the transverse sense of the building, (figure 10).

2.6 LOADINGS ASSOCIATED WITH LARGE-PANEL STRdCTURES

The category of loadings associated with 1arge-banef structures
differs from conventional construction because of the nature of systems
épproach t6 industrialized buildings. The phases of const%uction t;ke )
p]ace in two different places, that is, prepafation bf elements in a
factory and erect1on of components on site. Lewicki [1] describes three
stages of work which detenn1ne.l e different 1oad1ng cond1t7ons

Stage A - De-moulding and transportation of components;

Stage B‘-.Eregtion; |

Stage C - Function of the individual components and service
Ao, . ’;,

condition of the,bui1dihg as a whole. :p

Stage C is the predominant condition wh1ch 1nf1uences the

" --performance and. method of construction of the 1nd1v1dua1 components as

well as the“building as a whole and thérefore forms the basis of design

Stages A& B are secondary effects with respect\to the

- calcu]ations.
)

structural behaviour but can be significant to ihdividual elements when’

sdpport conditions differ from the final structure.

<

.
T i Bt

g

N R VS

PR




[

.

— . -

CHAPTER 3.. . ° .
PROGRESSIVE COLLAPSE OF LARGE PANEL WALLS, - ’ .
.%3.1  CAUSES OF PROGRESSIVE COLLAPSE : S 0

-

Progressive collapse is the condition when an initial Tocal
fai?yre spreads te other areas of the s%ructure eventually causing
structural collapse disproportionate té the initial cause or the -initial .
eaamage. Loads usually associated with progressive collapse are those that

are not included in codes and therefore may not be considered in degﬁgnt

9

) Suc%}]oads aqe due to abnormal events such as gas explqsions, boiler

. , 1failures or ignition of some industrial liquids [81, yghicu1a¥ impact,
) falling or swinging objects (usually durf%d)constructfon or demolition):
'adjapeﬁt Qxéavatioh or flooding that cause severe local foundation -

failure, very*high winds, sonic booms and Hesign‘of construction errors.

Iﬁ addition, the effect of fires, earthquakes and corrosi;n,which are
specified in codes, may also cause progresgivg collapse.

~ To preclude catastrophic fai1dre the designer must first

distinguish the differencg between general ana progréssive collapse with
regard to thé initial effect and then consider rational means t&?ﬁﬁmiting'
‘the spread of the local effect. AThe common means of preventing progres-
sive collapse, especially in bane]ized‘structures,vis to prov;de

continuous ductile load resistipg elements and connections with inherent ’
.dqctilipy and strength and to provide signifié;ht.alternative,paths far
1oad traﬁsfer by bridging the fai]ed‘e1ement [9]. Thg mechanisms that
are comhdn]y emp]oyeq to resist %rogressive collapse ar; discussed.jnl

the following section.
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3.2 MECHANISMS TO PREVENT PROGRESSIVE COLLAPSE

The miﬁor causes of progressive collapse as outlined in the
previous section indicate the difficulty in setting limits with respect
[

to this phenomenon. However, the following 11mitations,are‘suggested in

"Commentaries on part 4 of the National Building. Code of Canada 1977"[9].

a) wﬁere progressfbn might be vertical, failure should be
limited to?the Storey immediately above and below the
location of the apnorma] event. .

b) Where tﬁe prbgfessionamight be horizontal, failure should
be limited.

) to.the truss, beam or precast f]qér or roof panel inifia]Ty

) damaded and perhaps to one on either side; or

ii) to one bay-sized\ﬁ%oor or roof slab or where the prinﬁipal
. support at one end of the slab is removed, to two bay-
. - _ sized slabs which may han§ together as a centenary.

)

" The following four general considerations to be used in design to avoid
progressive collapse are also suggested. Cz:L ]
1) Reduce the probabi]%ty éf occurrence of an abnormal event,
' 2) Design using ductile connections;
3) Destign to resist abﬁofmal loads, and
- 4) Design for alternative paths. - .
Tﬁe fourth suggestion™is fast becoming thg ;ccepted normal pract-
jce because it 1§Jeasier to appay and contrq].’This éiternatiQe path
is*achieved‘by having a proper wall arrangement as outlined in section
(2.5) and 5} providing continuous ductile ties; around and near the

periphery of floors and roofs and grbund‘the periphery of significant

. " - A ]
& . ) - o
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obenings; in the longitudinal and transverse semse of slabs and in the

b ] 1

vertical d'i\rebction in structural walls. The forces in these ties are
.obtained by predicting typical damage caused by abnormeal events and‘
finding alternative paths around damaged areas. Based on praé:tic'a]
(design‘apf:roach, ties are treated separately for“’v{;ﬂs and floor systems

even though these two components behave interdependently to gdaraﬁ,ee
; " ;

" the overall stability of large panel structures. Details and performance

o

of ties are discussed in“’c’ﬁe ‘following sections.

3.3 TIES IN WALL SYSTEMS

.3.3.1. GENRAL

Large panel wall systems are sus¢ceptihle to pméressive collapse

because of the nature of their composition, i.e. discrete elements [10].

—

Therefore, continuity between elements is not only necessary to provide
aﬁ integral structu;'e but is also requfred to be able to redistribute
support conditions from a failed éupport member to c;ther sound elements
thhou.t the consequence of overburcign. When a load bearing interior

panel of a multipanel wall system fails, the panel above.is required
+ to redistribute tr;e 10ad1’n§s from above by beam or-arch éctiq’n [2 and 9]’,\'
(fiéure ). In thia‘case, ten§i1e stresses may develop -and resistance
is achieved by tensile elements along the hqrizontal joints between panels.
A 'n'\ore critical situation arise; when an exterior panel fails thereby
_requiring the system above to behave as a cantilever (figure 12). To
.treate the cantilever effect significant tensile s;cresses areé developed
and this is resisted only by tensile elements which run a'lon.g the.léngth
of the horizontal joint transverse to the floor span, called transverse

ties [2]. ' ' .

S
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In order for “the system ko, perform as an effective cantilever,

sufficient horizontal shear resistance of the horizontal joints must be

developed. In the vertical direction, tensile elements called vertical
ties are installed to create a c1amping effect of the panels to increase
the shear friction of fhé Joint. Ties in wall systems therefore mainly

resist tensile stresses created by the caﬁti1§ver action (transvérse

k]
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ties) and act as dowels to ensure full devefbpmént of horizontal shear

-

resistance (yertiéal ties) [2].

3.3.2  TRANSVERSE TIES

Transverse ties are of significant importance to creating alterna-

a4

tive paths in-wall systems sbecause tK;y proVide 100% of the tensile
resistance required in the cantilever mechanism when an exterior panel ~

fails. The installation of transverse ties along the horizontal joint

.
e R Al VT A e, Y

'is fatilitated during assembly of panels and before grouting. Figure {13) ~u.

e

shows a practical arrangement for transverse ties. Since these elements
are required to resist high tensile stresses, unstressed prestressing . k
strands aré recommended because high'resistance can be achieved by smal

diameters [2]. ‘ . i

3.3.3  VERTICAL TIES

2

The principal functions of vertical ties are to ensure shear: ,\‘

f -

'friction action between panels at horizontal joints by providing a
clamping action between consecutive 1fft$ of panels and to re§ist tgnsi]e
forces created by overturning moments 8f the enfire wa11'sysfem [2]. ‘
Vertical ties run through the height of panels and are joined at horiionta1
joints (figure 14), Large diaméter bars which reduce the number of
elements and Eonnecting points facilitate aésembly énd are therefore

;/7//
preferred. )

R VN A Aaen
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3.4 REACTIONS‘CREATED BY CANTILEVER ACTION

For an extreme‘éase where a full extérior panel becomes ineffect-
ive (figure 15a), a cantilever system is created-{2]. For a static load-
ing case the cantilever is required to resist.]o;jﬁ from the roef (wr),
1o€ds from the floors (wf) plus weight of panels (wp) (figure 15¢c). The
,conséquence of thist;;\?hat a‘moment and she;r force are induced at the
vertical joint adjacent to the -failed-member. The shear‘?orcé’creéted at
the vertical joinf (Vv) is equal to all loads carried by‘the'canti1ever
and the moment at the yerfica]ujoint c;eates a couple consisting of’a
tensile fopce (Fr),at ?ﬁe top of the cantilever, tensile force (Fx)‘at
intermediate floor levels, and a compress fon force (C) at the bottom,
(figure 15¢). Beéause of the failed member, the system has now become | SN
unsymmetric and an overpﬁrning moment (MOV) is jnduced. ‘ |

To ensu;e cantilever behaviour the tensile forces Fr and Fx?

(n < x E_N-lj induced by thelmoment are resisted by transverse ties;
The verpica] ties aésist by providing adequate’ shiear capac?f;/i%h) between
successiQe panel heights and by ;esisting the overturning moment Mov‘ '

The shear at the vertical joint VV is resisted by the shear capacity of

th vertical joint and the‘;ompressive force (C) is transferred fhrough

¢

saas et

the(;grtical joint by an effective compressive block, (figure 20). o !

The effectiveness of the vertical tﬁe§‘en3ureshthat the cantilever

F s e R T

is rigid and that the opening of the vertical joipt is linear which means -

H

A

¥
A
8

that the difference in strains in the t§ansverse ties from floor to floor"
{s also linear with a maximum at the top of the cantilever and zero at

the bottom, (figure 15b). - /

s}

~ Formulae for calculating the reactions induced by the cantilever
“action, as indicated on figure (15c) were developed in reference [2],
' '
) B .

. . ‘ -
¢ . ' .
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Qased on the following assumptions. _ .,
| 1. The canti]éver portion of¥the,wa11 behaves in an éséentia11y
rigid manner such that: |
- rotation occurs about the base of the can%i]ever;
- §hear s1ip in the horizontal joints is not sigﬁificani;
-+ opening of the vertical joint is 11ne$r1y related to
the distance from the base of the cantilever.
2. The entire wall assembly (cantilever and support)’is
laterally supported at each floor level by the remainder
of the structure. ) B

3. F]oo?-fo-f1oon heights are approximately equal.

A linear elastic response is assumed and the compression reaction

. is idealized as a single force at fhe root of the ca%f?ﬁever. The

equations (déve]oped in ref.2) for calculating these reactions are
presented and discussed in the following sub-sections.

3.4.1 FORCES IN TRANVERSE TIES

Forces %n tran?vefse ties are giveq by equations (3.1), (3.2a)
!

and (3.2b). These equations wefe developed based on the equilibrium of

forces shown in figure (15c).

, 2
o= a 'Eg1hd' i , (3.1)
. r r s ) . ’
¢ ¥ ‘A ws'lzd
- Futmax) T % 3%, - ) (3.2a)
Foo= F . 4 ()

¢

where, . ‘ .
' ,ws = Average total-storey load per meter width of wall

(w§%1‘1oad plus floor dead and Tive loads)

N

&
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ld .= %idth of ineffective or damaged portion of wall
i.e. unsupported length of wall panel, {
hs = Avefagé storey height. .
Fr = ,Jensile force in uppermost‘transverse tie.
F, = Tensile force in trans?erse tie,(forn <x <N -1)
N " = Number of étorex§ in wall
n = Storey number where pane] is ineffective
oo ® Coefficient given in figure (16).
ak = Coefficient given in figure (17).
xA = Floor 1eyel under consideration.(See fig.1 for floor levéls)

Equa%ion (3.]) givgs the tensile force jn the uppermost transver;e

-tie for varying depths of cantiievers, equation (3.2a) gives‘the max imum
tensile force in the transverse tie element at any level (x,n < x < N),
(for a1l cantilever depths), ad equation (3.2b) gives the force 16 the
transverse(tie at any Tevel (x,n < x < N-1) for a particular cantilever
depth (N-n). figure (16) gives G values for equation (3.1) and figure
(17) gives a, values for equation (3.2a). Exapination of figure (16)

" indicates that the force in the uppermost‘tie element is ma;imum for the
minimum depth of cantilever and decreases with increasing depth.

| Based on investigation of various heights of QaTl, o, was found
to be small (qx < 0.1) for floor levels below (N-7). As a result the
?oliowing minimum values are recommended to ensure overall integr{ty

'
e —

at.each floor level.

a) When using equation (3.2a) to calculate the maximum
. transver§é force, o should not be taken less than 0.1;and
b) . in the design.of the transverse tie, the force Fx should not

be taken less than 80 kN (18 kips).
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The second value fs 1gdependent of the configuration of the .

: . n : . :
fassenb1y and is based on{a 9.53Hmm (3/8") diameter prestressing strand
which is chosen as an arbitrary minimum size. F is found from .

min

X .

min
where,
‘ \ ) 2 )

Fx ‘ = Minimum requirement- for transverse ties

min . .
¢ =" reduction factor £ 0.9
AS = Cross sectional area of brestreSsing strand=51.6mm3
fpu . Specifiedminimum ultimate tensile stréngth of

prestressiné strand = 172 kN/mm?

Figuﬁe (18) shows a plan view of transverse tie érréngements.

3.4.2  FORCES IN VERTICAL TIES .

. Horizontal shear capdcity required to ensure the cantilever
behaviour is assured by the dowel action of the vertical ties. The

horizontal shear force developed is given by equation (3.3).

v = R —s _d d . ‘ (3‘3)

Vﬁx = Horizontal shear force at x, (i.+ 1T<x<N)

B

Equation (3.3j‘gives the horizontal shear force for any floor levels x,

Coefficient given in figure (19).

{n +-1 < x < N) above the ineffective panel and.figure (19) indicategl
that'the maximum value for Bx increases for levels further'away_from the
top of the.cantilever. Due to shear friction a;t1bh, the horfzonta1

" force induces a tensile force in the vertical tie‘e1eﬁeﬁt given by:

7

R

equation (Q(Efzi~fl . . . .
. | | : . ) = ¢ (As) qu | '. '. . | (3.2C) Q
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. va = vérticgl tie force due to shear friction

n Snear friction coefficient specified in.ref. [11]

1 4'for'concréte cast monolithically,

1 0 for concrete placed against hardened concrete and
0.7 for concrete placed aga1nst structural steel.

* In addition to the-tensm]e forqe due to shear,fr1ct1on,.vert1ca1'

¢

ties aretsuojébted to a direct tensile force given in equatfon (3.5).
Tx is the‘force due to suspension of each storey load:

ST, =Wy o - (3.5)

The total tensile force in vertical ties (equation 3.6) is therefore the
sum of the tension due to shear friction and the tension due to suspension

of a storey.

t T ¢+ T ‘ ' . (3.6)

x (TOTAL) = 'vf T 's

3.4.3. FORCE IN THE EFFECTIVE COMPRESSION BLOCK

The -compression component of the couple induced by the cantilever -
T _moment is transferred to’tﬁe adaacent vertical panel stack by an effect-
ive compression b]ock at the bottom of the cantilever. Since any panel

i

within the height of the wall may become ineffective, this compression

L . . )
. ** "block may occur at the base of any exterior panel. The force is given
. . /— ~
by equation (3.7). o
.. s d c '
c = Compress{on force at the base of ony cantilever

X
height, {x = n+1)

M v-\‘,‘a)’ )‘-.

o . b
TRLPE o .
. ﬁ " ‘o, * . 1 E u W
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The force C s equal £6 the shear force at the iowest*]evel in
the cantilevef and to‘ensere'that this -force is effectively transferred
to ;he adjacent stack of panels, dry packing of the bottom quarter of
each panel is recommended, (figure 20). -

3.5 VERTICAL REACTIONS

. At.the vertical joint, a vertical reaction equal to the canti-
lever weight plus floor loads and given by equation (3.8), is induced [2].
vVX - ws ]d : ‘ - . 0(3'8)

Vertical shear force between 1eyels x and x + 1,

‘va

n s xe N =), -

Examination of equation (3.8) indicates that va is constant

for constant load per floor.and uniform panel sizes.

3.6 TIES IN FLOOR AND ROOF SYSTEMS : o

Floors and roof systems, as stated earlier, provide—iaferal
suppor’t to wall systems thereby assuring the/gyera]]“stabi1ity of the
Lbui]ding. With respect to_proé;essive collapse, floor and roof systems
do not contribute dirécf]y to bridging ineffective arees but adeqeate
res1stance s requ1red to prevent further abnormal 1oad1ngs of debris-[2].
To prevent comp1ete fa11urq’of slabs, tensile elements are required to’
ensure continuity between the slab components and the remaining stab]e
part of the strueture even though allowing considerable slab daﬁage and
deformation. When support elements fail, contindity of §1abs is proyided
by fjes placed between slab joints in the djnectibn of span and these
are called longitudinal ties. Floor syeteﬁs also require peripheral éies
which are more of a practicé]vrather than .a structural element since they
act as a continuous tensile ring to hold the slab elements together as an :

\
/
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'effect'ive diaphragn. Tensile forces i tﬁe peripheral ties were found

T T AT

i to be negligible and only practical requirements such as instaliation
3 » are imposed. At extremities of the building layout, transverse and
_longitudinal ties can be used as peripheral ties. Since-this report is
limited to shear-wall analysis details of floor apnd roof tie e1ene}\t§
'are not presented in detail,
|
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CHAPTER 4

PROPERTIES OF THE TWELVE STOREY SHEAR WALL INVESTIGATED
4.1 - GENERAL

o . ) . » » s
Based on the discussions of the previous chapters, the rest of

this report deals with the investigathﬂ'dT'e twelve storey penelized

shear-wall with respect to'prééressive collapse and gravity and seismic

Toadings. -The analysis is performed using a finite element computer pro-

[y

""gram (descr1bed in section 4.5) for both seismic and static load1ngs as

well as by employ1ng the simple cant11ever for static loadings described

.in chaptér (3 ). The aim of the 1nvest1gat1on is to understand the struc-

'tural response of;b pane11zed shear-wall by comparing results from the

method in chaptér (3) and the finite.element analysis under static and
dynamic loadings for panels missing in a manner to cause progressive

. | .

The shear-wall selected for investigation is a twelve storey pan-

co]iapse.

elized wall with elevation shown in figure (1). The program of study is .
shown in table (1) .and all ana]ysee are besed on Tinear elastic behaviour.

The entire wa1] structure‘is constructed from precast concrete
panels ‘and Jjoint propertles in the form of axial and shear stiffnesses
are lumped at 10 nodes per panel (f1gure 21). Each pane] is theref}r

defined by three connector elements along the hor1zonta] joints and two

~ along the vertical joints. The wall is composed of 36 panels, three in
" the*width and 12 in the height, and is 11 meters wide and 35.64 meters

high. For the seismic analysis, a ground mdtion represented by afresponsem

spectrum (described in section 4‘4), is imposed on the structure and for ‘
the 'static anaiys1s gravity loads 1nc1ud1ng the weight of the wa]] and -

dead and live 1oads from the floor§qpre used, (see detai]s of tab]es 2&3)
J

°
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4.2 -GEOMETRIC AND MATERIAL PROPERTIES OF PANELS

‘thick. The panels are constructed from normal weight concrete of mass

64.11 kN per meter width of wall. This uniform Toad is comprised of -the

- stiffness of 14.6 x 107kN/m and axial stiffness of 14.6 x 102kN/m per

Each panel is 3.67 meters wide, 2.97 meters high amd 0.2 meters

density o = 2.4"x 10° 'kg/m®, Poisson's ratio v = 0.17.and modulus of
elasticity E = 27.6 x 10° kN/m®. Floor and roof slabs are assumed to
be of .same thickness and material properties. At each floor-Teve}, the -

slabs are assumed to transfer a uniform load to the wall panels equé] to

dead weight of the concrete slab, floor live load, équipment load, weight
of interior partitions and weight of extgrior curtain walls, For missing
panels, convenient values app%dximafe]y equal to zero are‘assigned to

the thlickness and the geo@étfic properties.

4.3 PROPERTIES OF CONNECTOR ELEMENTS

N R i . Bk

A schematic representation of a connector element is shown 'in_

A

fﬁgure (22). Each connector has a shear stiffness denoted by Kv and an

axial stiffness denoted by Ka’ allowing for two degrees of freedom per

[y

connector, that is trans]ation'in the x and y directions. Huttelmaier

(7] founé for a twelve storey shear-wall with four connectors along the
horizontal joint per panel and- two connector elements along the vertical
jéint per pane1 that mono]ithié behavjqur is achieved by shear and axial

stiffness values of 14.6 x 107kN/m per horizontal connector and: shear

vertical connector.

Connector stiffnesses used in this investigation were generally
more flexible than thoseemenfibneq above whch means that full morloh'_t:hicdx
behaviour was not assumed and stiffness values were selected based on -

praﬁtical results from 5?evious re%earch (4,6,7,9). Table (4) summarizes

s
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. /;/i/dﬂﬁgconnector stiffnesses used in this study. -
e 4.3.1 HORIZONTAL CONNECTOR STIFFNESS ‘ .

" In reference [12], a shear stiffness of 57.58 x 105kN/m per

meter width of wall was found to produce a behaviour within the elastic

range. Applying this value to the panel used in this study gives a value

of K, (for horizontal joint) = (57.58 x 10%) 3.67 = 21.12 x 10%kN/m (for
three connectors per panel). ‘

The axial stiffness (Ka) for the horizontal joints was calculated

using an. effective modulus of elasticity for a horizontal joint as evalu-

- ated by Frank [4] who used the horiionta] joint arrangement ;hown in
figure (23) and model for calculation shown in figure (24). The resis-
.tance of the model was evaluated by cons1der1ng only uniaxial stress
states and the resistance of the actua1 joint 1s considered to consist
;Pf the following six main elements.
"1) - A layer of grout between fToor planks wiphfd
Young's ﬁo&ulus approximately half that of the
panels. This grout normally extends into the
hollow core of the f]oﬁr planks.
’in c . 2) - Hollow-core floor planks spanning between adjacent walls.
3) - A layer of drypack concrete with approx1mate1y the
* ‘ same/st1ffness pr'opert1es as the pane]

4) - A layer of bearing pads, usually neoprene or korolath,'

between the floor planks and the 1ow%r wall panel. »

5) =~ Precast panel units immediately above and below the
. connectdion area. ’ o

6) - The post-tensioning system.
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The effective modulus of elasticiky for the systém has,found'to
be 1172 kN/m*> (1700ksi) before creep and as high as 15.51 kN/m2(2250 ksi)
: < after creep. An approximate.average value of E = 12.2 x 10° kN/m® was

used to evaluate the axial stiffness of the horizontal joint in this

study. The value of K, was evaluated by equation (4.1). ‘ .
A E - o o
. K = q.—L—.E.tt ' . (4-J)
. a L. .
. N J‘ : .
where, . y
( Ap = Contact area‘of panel
= +length of panel times thickness
_ = (3.67) (0.2) = 0.7%° )
| = 'E e~ Effective modulus of elasticity of the joint
© f=12.2 x 108 kl/\l/mz ' 5
L; = Thickness of the joint |
= 0.28m (11")
. : (3.67 x .2) X 12.2 X 108 .
‘ . K= 378 = 32 x 105 kN/m (for three

connectors per .
panel) .

-

4.3.2 - VERTICAL CONNECTOR STIFFNESS ~ ° -

e~

Shear stiffness for the'verticé] connectors was. selected according

i M

. 'tb results fognd by -Pall.[6]. who recommended a value of 640 x 103kNlm

. ber connector which makes the total shear stiffness for the vertical
joint per pane]'equa]vto 1280 x 10°kN/m since there are two connectors
on the vertical joint per panel.. The axial stiffnsss value was chosen

- -as 14.6 xaloakN/m‘per connec tor wﬁich,is an order of 10 times greater

) *  than the limiting value foﬁndfby Huttelmaier [7]3 This value makes thé

tota] axial stiffness per panel equal.fo 29.é x 10%kN/m.

o Joe
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4.4 SEISMIC LOADING

The sefsmic 1oading selected as 1nput is represented by the
response spectrum for 5% damping of the E1,Centro Cal71forma earthquake

of May 18, 1940, nor-th-south component [13]. ‘Figure {25) shows the

\ L ‘_
response spectrum curve normahzed to peak spectrum acceleration. Table

(5). gives the: ac;::el eration coeffitients for 30 points, The peak ground
acce1 erat1on 1&'taken as .33g (g = gravitational accel eration) and the

A

peak acce]eratlon for the response spectrum is. taken as twice the peak

ground accel eratmn (.66g), [13].

4.5 COMPUTER PROGRAM USED FOR ANALYSIS

3

The 1nvestigat10n of the structure was performed by ‘the use of

_the general purpose fi mte element program Sap IV [14]. ’The program

R,

was developed at’ the Un'iversity of California, Berkley and is capable

'

of solvi ng a wide rqnge of three d1mens1ona1 elastic problems subjected

to either stat1c or dyAﬁlc loadings.

A subroutine for panel and corjnector el ements was added by

"Hufﬂ emaier [7]. The inclusion of this subroutine fac1l1tates the

[

solut'lon of Jarge panel structures. ‘ o

Ay “r ~
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CHAPTER 5

!
i

PRESENTATION -AND DISCUSSION OF RESULTS

w}th respect to progresswe collapse, forces in t1e and connector

e]e ents are calcu]ated for the structure cases detailed 1n table (1).
a static-loading case, resu]ts are gbtained from equations in chapter

3 as well as finite e%tement ana]y;is, and for the‘ dynamic loading case

PN A
results are obtained from finite element analysis only. A"dynamic -

%
loading case ,is also applied to the structurg with panels missing in the

interior wall R: general structur‘a] response and connécto‘r‘element
forces. Propert¥es used in the analyses are detaﬂed in tables (2) and (3).
For the stat1c analyses, forces are calculated for assumed tie

& o

and connector requirements to withstand progresswe collapse. Correspon—

: d1ng forces for the dynamic ?nalysm are also obtamed and compamsons

will be made to determine the maximum forces for ‘design purposes.

The structure cases (A) and (C) of figure (éG) define the limit-
ing cond‘itions for uppermost transverse tie force and horiyzf)ntall\ éhear
force respectively. .Case. (A) v‘l,ith cantilever height of one pane1% gives
the maximum tt’e force in the uppermos’t transverse tie element in the
structure and c;se (c), witu the cantilever height being maximum .induces

the maximum horizontal shear force and consequently the maximum force-in .

" the vertical tie element.® The intemedizte case, case (B) with the

cantilever height of five panels, is.selected to estimate the locatien of
the minimum transverse tie requirements and for comparison of force
distribution with the finite element analysis.

3 M EY
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5.2 -‘TEN§ILE FORCES IN THE UPPERMOST TﬁANSVERSE TIE AND CONNECTOR
 ELEMENT , | ‘;Q o
Table‘(ﬁ) presents tne uppermost” tie and connector.e1ement
vforces fdr the th;ee canti]gver conditions of figure (26) . ,S1nc@\a
nanel can become ineffective‘at any level, the‘cantilever height can
vary from one panel depth to (iil) panels depths. The design force for
the uppernost tie_e]gment corresponds to case (A), .as noted previously.

Examina€ion of table (6) shows that for a cnnti]ever depth of
oné panel the tensile force in the_uppérmost transverse tie element,
obtained from equation (3.1), is identical to the tensile force in the "
uppermost vérticai‘conneétor element, obtained from the finité element
analysis. This means that” for a cantilever nepth of one panel the |
behaviour is similar forﬂpoth methods. The force obtained frnm thé”
dynam1c ana]y;Tg is lower than the results for the static dead load case

"because the dynamic input 1oa; has a hor1zonta1 component which makes
the ]oad1ng conditions different. ' - '

As the canti]ever height increases to the maximum of (N-1) panels
the tens11e force in the vertical connector (frmn ;1n1te element ana]ysi;)
corresponding to the uppermost t1e element becomes 1ower than values
obtained from equagnon (3.1). Figures (27) and (28) present axial force

__gjsiﬁiggfions for transverse ties and corresponding vertical connector.

- elements.along thg height of structure for cases (B) and (C) of ﬁigurea(zs).

" The forcé distribution %or the‘tnansverse ties follows a 1ing§r pattern
qorrespgpding to the strain distribution of figure (15b) but the distribu-
tion for the tensile forces of the vertical connectors (from finite element

analysis) produces a pattern similar to the distribution of stress in a

. = )
o typical deep beam. This means that whereas the theory-jor the simple

e mee — -
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. N .
cantiTlever assumption considers ideal limear strain distribution for
.cantﬂevers deeper than one panel, the model for the finite e]e}nent
analysis represents deep beam behaviour, The location of maximum tensile

- force for vertical cénnéctor elements obtained from the f%ni‘te element -
ana]ysis\for cantglevers deeper than one panel therefore is not at*the |
uppermost element. Consequently, the tensile force ip the uppe}mos‘t

tie element, obtained from equation (3.1}, wﬂ] always be greater than 'or

© equal to the correspondmg va]ue obtained from the finite e]eme’t ,,ana]ysw

e e

For the design of- the upper'most tie element, therefore, the result from

equation (3.1) is adequate. ‘ b ‘

5.3 MAXIMUM FORCE_IN TRANSVERSE TIES AND. MAXIMUM TENSILE FORCE IN

VERTICAL CONNECTOR ELEMENTS: AT RNY LEVEL

’ PR
The maximun tensile force in the transverse tie elements. and

S e ARSI AP AT ¢

\ | ) 'vertical connector e]éyhents for any cantﬁever height, will always be ‘
: smaﬂer than the value for the uppennost level wwth single panel
cantilever of figure (26) case (A). However, determination of the forces
N " at all levels is necessary so that ties are not excessively over-des1gned
as well as to determine-?th'e Cut-(;)ff level for minimum tie requirement.

Table (7) and Figure (29) show the maximum values for transverse tie

;
:
{
4
3
3

forces using equations (3.2a) and the maximum tensi'&g\forces for vertica)l

connector elements from finite element analysis, at any level (x, n < x

B

< N), for any cantilever height. Thgaforces in the transverse ties
decrease along the depth of the structure with values less than the
minimum\requiranen‘t' of 80 kN at Tevel 10 and lower. However, the finite

element analysis produces values which are less than the minimum of 80 kN

f . between levels 10 to 7 and 5 to 1. Values, for levels 5 and 6 are higher

than the minimum requirements. Design fO‘r}ces for transverse ties will o

A




t
therefore be selected from the finite element analysis and are recorded

in table (8). - - i Y

LY

5.4 VERTICAL TIE FORCES

Vertical ties satisfy three different conditions for stabf’ﬁ'ty.
Shear friction at horizontal joints is assured by dowel aﬁcﬁtion‘of vertical
ties which also resist suspension of the lower panel and floor loads-
’

£ ‘s

These two#force's are additive. In addition, vertical ties resist .any

overturning moments that develop.due to eccentricity or horizontal Toadings.

Since forces in vert‘fga] t'igs are directly related to horizontal shear , '
forcés\ by shear friction action, it is nécessary to ﬁ'rsqt determwzne the
maximum-horiz8ntal shearl force at ény"leveL Table (9) lists the
maximum horizontal shear force for th'e three ;:antﬂever mechanisms being

considered. The maximum horizontal force occurs at the level immediately

above the base of the cantilever for maximum cantilever height (figure 26C).

The minimum occurs for minimim cantilever height, figure (26A).
ITab]e (10) 1lists the total vertical tie force due to shear )

friction and suspension of Tower levels as well as corresponding tensile

forces from the finite element analysis. For the finite element analysis

for static’loading, the tensile force é]so increasey with incrjeasing
canti{‘rever ciepth buqt the minimum value is approximately 84% of the mingmum,
value from- equation (3.6) and the maximum vaTue ‘is 17% greater than the
maximum values from equation (3.6). Results for the 'dynamic:analysis also
%n\crease with increasing cantilever depth but values are in the range af
26% to 38% of the static analysis.

Overturning moments induced by cantilever ‘aotion.due to static
loading is resi'steq by gravity forces since the adjacent uniform stack of

» 4
.

.
v
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panels are equally loaded. Overturning moment to be resisted by the
“* vertical ties, is therefore due to horizontal loading or as in this
study due to dynamic 1oading. For the dynamic ana]ysié the maximum oyer-

- ' . - l « o
turning moment occurs for the structure case with all panels in place as

sho;n in figure (37) and section 5.7.7. This ovenrturning moment is

R P I

resisted’by gravity loads resulting infg net stabilizing moment (5able~11)L
‘ Design force for the vertical tie will theréfbre Egltﬁﬁyhaximum
JE::e frdm;tab]e'(]O). This vglue represents the total force per panel.

Th

5,_wWith three vertical ties per panel the force per tie will be 1/3

this maximum value. . o \
[} * 3
5.5 FORCE IN THE COMPRESSION BLOCK . ' |

/ -
Thedcompréssion component due to the cantilever momeS%\coup1e, ’1(

R R PV

as outlined in section 3.4.3, can develop at the base of any panel since

any panel can be the.Towest level in a cantilever.

Table (9) 1ists the compression components for the three
: structure cases of figure (26). The maximum compression force occurs at
the baée.gf the lowest panel for the maximum cantilever (fiéure 26, case C)
from finite element analysis. As stated earlier this force is transferred
“to adjacent stack of panels through grout over the lower quarter of the

I3 ’ . -fo:) . §
panel. : —t 4

\ o~

B

5.6 VERTICAL SHEAR FORCE
Thé“verf{cal shear force induced by cantilever action, as gfated
_in chapter (3), is equal for each panel for constant'pane1 height and
"consyant load on panels and is equal ;o the load per panel. ,Eigufe (30)
* shows for the finite element analysis (for static loading) the maximum
possible vertical shear férce for each pané] was found to be mihihum at

1

the uppermost panel and maximum.at"the lowest panel for maximum éanti1ng§ .
t | i . ‘ . )

[}
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"height. Values for the uppermost panel are identical for both aralyses but
] ' 0
the highest value from finite element analysis is approximately 380% of

sthe value obtained from cantilever assumptlon (equation 3.8) for the
Jowest panel. Vertical shear connectors should therefore be proport1oned

according to the.result of the finite element analysis (Table 12).

5.7 DYNAMIC ANALYSIS ‘ ’ .

t

5.7.1  GENERAL , * =

The dynamic ana]yéis was performed fov panels mfssing in both
interior and exterior walls as well as for a uniform structJ;e with all
‘panels being in place. ‘Values for fundamen?a]'period, maximum deflection,
ba;é shears, base overturning moments and maximum connector forces for

cases with ineffective panels in both walls are obtained and normadized

’ ¢

to maximum values for the strgcture'with all panels in place. The results
obtained emp1oy§g the first twelve modes and the data are plottkd in
'figures (31 to 38).

5.7.2 n EFFECT OF MISSING PANEL ON MAXIMUM AXIAL FORCE FOR VERTICAL

‘e

CONNECTORS . |

Figure (31) represents the ratio of the maximum axig1 force (Fva)
for vertical cbnnectors'for the structure with a missing panel, to the '
maximum axial fgrce (F;a)for the vertical connectors for fhe structure
with all panels -in place. s

" For panels mjssing\in the interior wall the ratio rangesﬂbetween

1.0 to 0.5 for panels m1551ng in theupper region of the wall (between

“levels 5 to 12). The effect of panels missing at Tlevels 1ower than 5 is

not significant and values are approximately equal to those of the struct-
ure with all panels ‘in place. For the ex;e?iér wall the effect is opposite.

¢
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Max imum force’for:pane1s pissing above level 5 increases to a maximum
of 150% of the maximum force For ‘the wall with all panels in place and
to a maximum of 140% for panel missing at the lowest level. For panel
missing at 1evé1 3 the increase is dbout 10%.

5.7.3 EFFECT OF MISSING PANEL ON MAXIMUM SHEAR FORCE FOR

VERTICAL CONNECTORS

- Figure (32) represents the rétio of the maximum shear force
(Fvv)’ for vertical-connectors for the structure with a missing panel,
to the maximum shear force (F;v) for the vertical connectors for the
structure with all panels in place. |
For panels missing in the interior wall the}e is no significant
change in the maximum shear force from the wall with all panels 1in place.
" The maximum deviation is approximately 4% for panels missing at level .8
and level 1. However, for panels missing in the exterior wall, the
maximum increase in';hear fqrce i; about 240% for thé&pane] missing at
the lowest ]eveTu; The differqffé decreases a1m?sf linearly from 200%

for level 4 to zero for level 11.

5.7.4 EFFECT OF MISSING PANEL ON MAXIMUM AXIAL FORCE FOR

HORIZONTAL CONNECTORS

i’igure‘33) represents the ratio gf the maximum axial force -
(FAa)’ for’hoyizdntal connectors for the structure with a missing
panel, to the maximum axial force ﬁﬁﬁa) for the horizontal connectors
for the structdra with all panels in place.
Y . The variation in maximum forc;; for panels missing in both
‘Qp]ézfis approximately simi1$r°for!panels missing above 1eve1 3 with.

. a maximum decrease of 25%. For the panel missing at the lowest level

-
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however, the increase in force for the exterior wall is 25% greater -

whereas there is no difference for the interior wall,

5.7.5 EFFECT OF MISSING PANEL ON MAXIMUM SHEAR FORCE FOR

HORIZONTAL CONNECTORS

Figure (3&) represents -the ratio of the maximum shear force
(Fhv),'for horizontal connectors for the structure with a missing panel,

to the maxjmum shear force (FHV) for the horizontal connectors for the
4

[y
£

“structure with all pané]s in place. -

The effgct for panels missing in both walls is similar except for
the panel missing at the lowest level. Thereiisga decrease in force of
25% for pane]s missing at level 6 in bofh exterior‘ang interior walls
buf there is an increase of 50% for the exterior wall and 25% for the
interior wall with the panel mis§¥ng at the lowest 1eve1

5.7.6. EFFECT OF MISSING PANEL ON FUNDAMENTAL PERIOD AND

A

MAXIMUM DEFLECTION OF WALL

Figures (35) and (36) show the effect of a missing panel on
the f1ex1b111ty of the structure. ‘

Figure (35) represents the ratio of the fundamental per1od (T )
for the structure with a missing panel, to the fundamental per10d (T;)

for the structure with all panels in place and figure (36) represents
. 4

' the ratio of the maximum deflection (AS); for the structure with a missing

panel to the m;&imum deflection (E;) for the structure with all panels in’

place. The effect in both figures (35) and (36) are similar. There is a

5% increase in the fundamental period and maximum deflection of the

-structure for a panel missing at level 3 in the interior wall. For panels °

missing in the exterior wall, fundamental period and maximum deflection

o
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:increasé from 104 for a panel missing at level 7 to a maxﬁmum of 60% for
a ‘panel missing at the lowest level. nTher; is no change in fundamental

perio& and maximum deflection for the panel missing at level .

5.7.7 EFFECT OF MISSING PANEL OVERTURNTNG MOMENT
- X

Figure (37) represent§ the ratio of the base overturning

~moment (Mo), of the structure with a missiné paniel, to the base over-
turning moment (EE) of the structure with all pané]s‘jn place. . For the
interior wall the ma£}mum reduction iﬁ'basé overturning moment is 15%
for a panel missing at 1evé1 6 and for the exterior wall thé max imum

reduction in base overturning moment is 40% for a panel missing at level 4.

5.7.8 EFFECT OF MISSING PANEL ON_BASE SHEAR

' Figure (38) represent§ the ratio of the bégé shear (VS) of the
structur? with'a missing panel, to base shear (V;) for the struzture
with all pané1§ in place. . For the interior wall the maximum reductiop
in base shear is 15 fér a panel missing at 1e§e1 6 and for thé interior

wall the maximum reduction is 40% for a panel missing at level 4.

a
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CHAPTER 6
CONCLUSIONS
6.1  STATIC ANALYSIS >

An analysis of‘% twelve storey panelized shear wall was pé}ﬁormed
with respect to progressive co]]apseT The analysis was carriéd out by'

a finite element method for both static and dynamic load{hgs and the
results were compared to the results of a cantilever assumption method
a£<developed in reference [2] To. represent cond1t1ons for progressive
co]]apse pane]s were assumed 1neffect1ve as outllned in table (1).

To w1thstand progressive collapse tie elements were assumed for
the cantilever method and -lumped connector properties in the form of
shear and ax%al stiffnesses were assumed for fhe finite element analysis.
Eorces'devgloped in the uppermost trangvé}se ;ie elements were found to
be identiégl for both methods of calculations for static loading (téb]e 6)
for canti]evgr of one panéﬁ but'values from the finite element analysis
were faundltc be more critical for tie element§‘at Tower levelg;(tabIé.7

and figure 29). Forces for the dynamic ahalysis were found to be Tower

‘than values from the static analysis (tablé 6). Horizontal shear forces

of horizontal joints were found to be identical at’thé uppermost level

ﬁut the finite element analysis results were found to be more criticalﬁ
for panels at.lower levels with a maximum at the Towest level for‘é
maximum cantilever height (tab]e 9). Vertical tie forces are directly
related to horizontal shear. force and the max1mum va]ue was found at the.

Towest level for the highest cantilever height (table 10). The force

_in the compression block, for each panel,created by canti1e§et moment,

i

" §s equal to the horizontal shear. force for that panel and is also given

in table (9). Results. for vertical sﬁear 6er panel are given in figure (30)."

[
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~34). With respect to structural response of the structure (figures 35
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3

The maximum value from finite element analysis is appfoximate]y 380%

the value from the simp]e~quti]ever assumption.

6.2-  DYNAMIC ANALYSIS

A°dynamic’ana1ysis was carried out for gr&und acceleration
represented by a response~sbectrum for 5% damping and was performed
by a finite e1ement'ana1ysjs. Connector fdrces and general structural
.responses were obtained for the wa11 Qitﬁ all panels in place as well
ag with the wall with panels ineffective in both the interior and |
eerrior stacks (table 1). Cqmparéd to the wall with all panels in place
significant egfects were found on axial and sheqF forces of the vertical.
‘conﬁectors for panels missing in the exterior staék. For axial force
an 1n€rease of 502 was ipund (figures 31 and 32) and for shear force an
in&rease of 240% was found. Effect for panels missing in the intgrior
stack was not significant. The effect on forces in fhe horizontal

connectors were similar for panels missing in both stacks (figure 33 and

to 38) panels misSing in-the exterior stack ‘had greater effect.
Fundamental period«and maximum deflection for panels missing in the
exterior stack increased by 60% whereas there was no significant change ' <

when panels were missing in the interior stack.

6.3 CLOSING REMARKS

The present study analyses the response of a panelized shear wall

in theve1astic'range. That is, the panel and the joints are proportioned

in such a way ‘that the stresses in these elements do not exceed the elastic
Timits under a given seismic loading condition.- However, in pragtical .

design it is important fb know the elasto;plastic behaviour of the panel

[
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wall §ystem,%n order to achiéﬁe economy in design of the elements.
Future.study may therefore be directed to the élasto-pl%stic response

analysis of a panelized shear-wall with respeét to progressive as we11‘

/

- as total collapse. . o -
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TABLE 1 - PROGRAM OF STUDY

(Reference Figure 1)

r

2m =

ANALYSIS

-CONDITION OF STRUCTURE

4

INTERIOR

EXTERIOR
WALL

éIMPLE CANTILEVER
ASSUMPTION BASED

WALL

PANELS MISSING

A | ON EQUATIONS ‘OF. rermam——- AT ALL LEVELS
CHAPTER 3 .
(STATIC LOADING) ,
FINITE ELEMENT )
B ANALYSIS = = | ccecemaa SAME AS ABOVE
(STATIC LOADING)
FINITE ELEMENT 1 PANEL MISSING PANEL MISSING
¢ | ANALYSIS BETWEEN LEVELS BETWEEN LEVELS
(SEISMIC LOADING) 0&1;28& 3; 0&1;34&4;
5 & 6; AND - 6 & 7; AND
10 & 1 0411
Y.

2
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TABLE 2

DATA FOR EQUATIONS IN CHAPTER 3

SR (Static Analysis) T
. CoA Y

e .

”

7/ 'TOTAL LOAD ON WALL (DEAD AND ‘LIVE LOADS

’ . FROM SYAB & WEIGHT OF WALL)
- L = 78.66 Ki/m WIDTH OF WALL
| . 1, ¢ LENGTH OF CANTILEVER CREATED
s - = 3.67m R h
. b= HEIGHT OF STOREY *

v

= 2,97m , £

. . N = NUMBER-{F STOREYS IN WALL S
b C = 12 ‘ b “

: ’ o : : Y
: =7 7l 'n = STOREY MMBER THAT IS CONSIDERED -
! . o ‘ : -
() . - < INEFFECTIVE ,
' } ‘ .. = ‘
RN ( . , .
¢ ¢ i
. .. . N 4 i o ‘ ) ‘\
t J \‘ ‘a -
¢ L d
&
%, L4 ’ L * ’ 3 .
L ;’;g T MMLL"_;; S C
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TABLE 3

/

. 3
(Static And Dynamic Analyses)

Joint Stiffnesses are detailed in

Table 4 ' s

. (For étatic analysis) = total load on wall
 (Dead ang‘Live.Loads from slab & weight

of wa]ﬁ) "
78.66 KN/m width of wall

(For dyammic analysis) =-total dead load
on wall, (Dead Toad/from slab & weight of
panel). ‘
68.66 kN/m width.of wall
Length of p€??1 * <
3.67 m ‘ s '
Height of panel

" 2.97m

NS,
o rreh——




SUMMARY OF JOTNT STIFFNESSES
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TABLE 4 ‘

. TYPE OF JOINTS

Il

" SHEAR STIFFNESS
. KV=RN/m

AKIAL STIFFNESS
. =kN/m

HORIZONTAL JOINT
(TOTAL FOR 3 |
CONNECTOR ELEMENTS/
PANEL)

21.12 X 10°

)

-

32,00 X 108

VERTICAL JOINT

. (TOTAL FOR 2

CONNECTOR

| ELEMENTS/PANEL)

12.80 X 105

29.20 X 10
! al

A

1
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TABLE 5

o

SRECTRUM DATA 'FOR SEISMIC INPUT g

POINT f “PERIOD SPECTRAL'ACCELERATION
NO. SEC. COEFFICIENTS
m/sec?/ m/sec?
1. 0 5
2 05 .6
3 .10 .7
4 .15 .8
5 .20 .9
6 .25 1,0
7 .30 876
8 .35 .780
9 .40 .706.
10 #.45 .646
11 .50 .597
12 60 L2
13 .70 .464
14 .80 ‘.420-
15 .90 384
16 1.00 .355 \
17 1.10 .331
18 1.20 .310
19 1.30 .292 J
20 1.40 .276
21 1,50 .262
22 1.80 .228
23 2.10 .204
24 2.40 .184
25 2.70 ° .169
26 3.00 .156
27 3,30 145
28 3.60 .136
29 3.90 128
30 4,20 121

-t
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e TABLE 6 °
. ‘ ’ Sy
~ TENSILE FORCES IN UPPERMOST TRANSVERSE TIE ELEMENT AND -
UPPERMOST VERTICAL CONNECTOR ELEMENT
T y
!
3
STRUCTURE TENSILE FORCES IN UPPERMOST
ELEMENTS (kN)
TRANSVERSE VERTICAL CONNECTOR
. TIE ELEMENT ELIMENT (FINITE
PANEL e F ELEMENT ARALYSIS)
| MISSING | FROM : |
- cAsE | BETWEEN | FIG. . STATIC LOAD |DVIAMIC
LEVELS | 16 ANALYSIS
ol DEAD |~
DEAD L?VE DEAD: | DEAD & | DEAD LOAD
N LOAD | oaps | LOAD | LIVE
LOAD
] A 10 & 11 | Y400 155.6 | 178.3 |155.6| 178.2 | 132
B 6& 7-]0.45 70.0| 20.3 | 69.8] 80.0 122
) , £ "
C o0& |o0.22. 3.2 39.2 5.3 6.1 43
b
) . u]z
. . d R N
< ’R“\F A& er ——2—-F— Equat'lon (3.])
. \ ”
DEAD LOAD = 68,66 K/m width of wall o

DEAD & LIVE LOADS = 78.66 kN/m width of wall
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MAXI‘I:GUM TENSILE FORCES IN TRANSVERSE TIE ELEMENTS AND
VERTICAL CONNECTOR ELEMENTS AT ANY LEVEL

(Static Analysis, Dead & Live Loads)

: MAXIMUM TENSILE FORCE AT
;o oo ANY LEVEL kN
R TRANSY ERSE VERTICAL CONNECTOR
: X TIE ELEMENT ELEMENT (FINITE
LEVEL FROM "OF ELEMENT ANALYSIS)
, FI1G.17 X0
12 1.00 ’ 178.3 178.2
n 0.45 80.3 142.1
10 0.29 £ 52.0 73.3
9 0.21 37.4 71.0
8 0.17 30.3° 72.0
7 0.14 25.0 78.0
6 0.12 21.4 89.0
5 0.10 17.8 89.4
4 0.10 17.8 69.0
3 0.10 17.8 8.0
2 0,10 17.8 0 .
1 0.10 17.8 0
ws ] 2d :
Fxmax =0 5 Equation (3.2.?)
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TABLE '8
S _ DESIGN FORCES FOR TRANSVERSE TIES
. o A
¢ 3 S ’/ ( 1
,g LEVELS DESIGN FORCE -
b \ © | FOR TRANSVERSE TEES kN
. v (; : * '

v e s

. 12 . 1783
; - ' . no 1421

10 to 7 ~ 80,0
[ L | 6 89.0

o . 5 ' 89,5
| 3t0 2 . 80.0

PR N



, e et oy
)

. . ‘ - 47 - 0
| ' o " TABLE'9
Pl ' / ! . .
SHEAR FORCE IN THE LOWEST HORIZONTAL JOINT IN CANTILEVERS
A, B &C (fig. 26) S
- ‘ ) o
¢ . ‘
stcroRe TOTAL SHEAR FORCE IN LOWEST HORIZONTAL
JOINT IN CANTILEVER (kN)
' 3 HORIZONTAL CONNECTOR -
\ 8 y ELEMENTS (FINITE ELEMENT
Wil X h, - ANALYSIS)
PANEL  |FROM .‘
: MISSING [FIG. -
CASE | BETWEEN | 19 opap | STATIC LOAD Rﬁfiﬁ?é?s
LEVELS Rk
' DEAD | LIVE DEAD DEAD | peap
| AD |LoaD.| oaD| & . | DA
o LIVE -
LOAD
} A [ 10&m |1.0 ° |155.6]178.3) 155.6] 178.3 |177.0
5 | 647 139 |216.3|207.8| 219.1| 251.0 |200.0 -
\ : ° k
c 0'a 1 |1.45 [225.6|2s8.5| 326.9| 374.5 |aa7.0 | -
! ) | A .
| s Vs Ly
. 5;2:}:; ! thi x —Z—-ES—— Equation (3.3)
: | DEAD LOAD = 68.66 kN/m width of wall

" DEAD & LIVE LOADS = 78,66 kN/m width of wall.
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TABLE 10

AXIAL FORCE IN THE LOWEST HORIZONTAL JOINT IN

CANTILEVERS A,B & C (fig. 26)

T TOTAL AXIAL FORCE IN LOWEST HORIZONTAL
» ; : JOINT IN CANTILEVERS A B C (fig.26)(KkN)
AVa S
3 VERTICAL - 3 HORIZONTAL CONNECTOR |
TIE L+ ELEMENTS (FINITE ELEMENT
ELEMENTS ANALYSIS)

CASE | PANEL V. ) | -
MISSING 1 Tee T |1+ | (sTATIC) | DYNAMIC
BETWEEN | FROM WE
LEVELS TABLE |DEAD |DEAD & 5 DEAD & | DEAD

; LIVE |LIVE X LIVE LOAD

U LoADS. | LOADS . LOADS

\

A 10 & 11 178.3 .| 178.3 | 288.7| 467.0 | 391.0 |101.0

B 6&7 247.8 | 247.8 | 288.7] 536.0 | 535.0 |195.0

¢ 0&1 . 258.5 .| 258.5 | 288.7 553.3 | 646.0 | 247.0

)
x

Vix w=1.0  Equation (3.4)

_ Equation (3.5)
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&TABLE 1

NET BASE RESISTING MOMENT (DYNAMIC ANALYSIS) “ '
NO PANELS MISSING ~ o

.
. LOAD WEIGHT LEVER OVERTURNING
: - ARM MOMENT o
kN m  kNem - /
v GRAVITY 288.7 x 3.67 x3 )
» . 2 . . \
1 a
(DEAD) 3x 12 - 5.51 |
: = 10393 . .- 57*%15’ -
| \ \
‘ . \
DYNAMIC |  =mmee | emmee 44,100 :
NET RES_ISTING_MOMENT. = 13,115 kn-m ~ . )
¢ - \
) .
)

T R AR
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SRESULTS FROM FINITE ELEMENT ANALYSLS, STATIC DEAD & LIVE LOADJ

i

DESIGN SHEAR FORCE FOR VERTICAL CONNECTORS

D SR

- 50 -
TABLE -12

FLOOR LEVEL

VERTICAL CONNECTOR -
SHEAR FORCE

kN

— e wd
—-IN

N W e v N OO 0 O

288.7
360, 0
450.0
540, 0
600.0
670.0
750.0
860.0
730.0
1000.0.
1100.0

v
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FIGURE (24)“ - MODEL OF HORIZONTAL CONNECTOR USED °
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\ DATA FOR FIGURE (27)
B ' "4 AXIAL FORCE DISTRIBUTION-FOR -TRANSVERSE
; N ‘ \
T : ~ TIES AND VERTICAL CONNECTOR ELEMENTS o
X FOR CANTILEVER CASE C (FIG.26)
|
S .
| . (STATIC DEAD LOAD) * '
| ®
) ¢ AXIAL FORCE, (kN)
f © * .
1 FLOOR LEVEL - . VERTICAL TRANSVERSE TIE,
| , | CONNECTOR _ # .
. ' ) TENSION| COMPRESSION |.. TENSION '
N 12 0.0. 39.2
¥ 11 a 3. 35.7
, 10 . 1168 *32,2
' 9 , 31.5 8.6
| 8 47.2 SRR 25,1
~ o 7 63.0 21.6 =
i 6 1 75.3 17.6
5 77.8 - 18
4 59.0 / . 10.6
3 v |74 R 7.0
2 ' ’ - 98.7 ' 3.0
1 217.0 .0.0
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) AXIAL/FoéCE DISTRIBUTION FOR TRANSVERSE
TIES AND VERTICAL CONNECTOR ELEMENTS
FOR CANTILEVER CASE B (FIG.26)

P

- 90 -
A-2

DATA FOR FIGURE (28)
1

(STATIC DEAD LOAD)

AXIAL FORCE (kN)

FLOOR LEVEL :
VERTICAL CONNECTOR TRANSVERSE TIE
< TENS ION
TENSION | COMPRESS ION
12 7.3 80.3
11 106.0 64.3 ;
- 10 63.7 48.2
‘g 10.0 32.1
8 " 6.8 16.0
Vs
7 < 185.0 0
).

Nmascitiaic,
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DATA FOR FIGURE (29)

[N

MAXIMUM TRANSVERSE TIE FORCE AND MAXIMUM -

TENSILE FORCE IN VERTICAL CONNECTOR

14

AT ANY LEVEL

(STATIC, DEAD & LIVE LOAD):

L4

r
L

. MAX. TENSILE FORCE (kN) &
FLOOR LEVEL.
TRANSVERSE TIE . VERTICAL
CONNECTOR
12 178.3 " 178.2
1 80.3 182.1
10 52.0 73.3
9 37.4 71.0
8 30.3 72.
7 25.0. /«{g
6 /21/7—*“,/ ., 89.0
‘5 17.8 ., . 89.4
4 17.8 . 69.0
3 7.8 8.0
*2 17.8 \ 0.
1 17.8 0

. MINIMUM 'REQUIREMENT = 80.kN “




B ’ S 4

.
- ) i
= 5 . ' | '
< e vy r B i
| - S i e
A } . s ' : ' o ' ‘
N . i ‘
. » B N . .
. - ' ‘
b - - .02 -
NN . . * ¢
9 - . ) ‘ '
.g J ’ “ |
. . .
. v °

g" “ . . . , . ’ v

[ . -

3 ‘ . ”

} -

; .

: | |

i

P
.

; 7 . DATA FOR FIGURE (30)

' | - VERTICAL SHEAR FORCE FOR :
. - k4

EACH PANEL . - .

ALYSIS, DEAD & LIVE LOAD)-

VERTICAL SHEAR FORCE, (kN)
2 &2

S FINITE ELEMENT: SIMPLE CANTILEVER ,
FLOOR LEVEL ANALYSLS - . ASSUMPTION ;

gy 5

s ' '
) . IR PR 288.7 . mea S
| oo 360.0 - o sl |
! <10 450,0 1 288.7 '
3 1.9 540.0 . . | 8.7 ¢
; ‘

8 600.0 - ! 288,7 o
1 670.0 288.7 "

“?_

N
'
o ~J

730.0 - ' * 288.7

: 860,0 - - »8.7 )
N - s | meoe . .| 7 2887 o

(3 4]

10000~ o 288.7
1100.0 . 288.7
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DATA FOR FIGURES (31) AND (%) ’
EFFECT ‘OF MISSING PANEL ON 7
VERTICAL -CONNECTOR FORCES :
(DYNAMIC LOADING)
,‘ L :
VERTICAL CONNECTORS.
~ RATIO OF AXIAL FORCE | RATIO QF SHEAR FORCE
LE§L oF Fva’lFva - Fov! Fov
MK ING. - Ve ‘
PAREL FOR FIG. 31 FOR FIG. 32
o v K . N
INTERIOR | EXTERIOR [ INTERIOR | EXTERIOR .
WALL WALL | WALL WALL
11 0.68 1.45 «0.94 0.87
7 — 1.20 —_ 1.67
- B \ ‘a
.6 0.93 - | 0.89 —-
PO - 1.20 | --c- 2.20 ©
3 1.00 - | 1.00 —---
e » .
1 0.90 1.3 7 0.91 2,41
Foa = 132 kN Foy = 310 kN
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DATA 'FOR qu&s (33)fAND (34) E .
. EFFECT OF MISSING RANEL ON- S
HORI ZONTAL CONNECTOR FORCES
(DYNAMIC LOAD)
1
HORI ZONTAL CONNECTORS :
LEVEL OF RATIO OF AXIAL FORCE - |RATIO OF SHEAR FORCE ;
MISSING F F./F §
PANEL Fnd "ra hv" " hv ,
(FOR FIG_. 33) FOR FIG. (34)‘
INTERIOR EXTERIOR ‘| INTERIOR | EXTERIOR
WALL WALL WALL WALL
3
L& 0.92 0.92 0.94 0.2
7 1 ceme 0.78 S " 0.85 ;
6 0.88 ———- 0.84 .-
‘ /r\l
S 0.9 S 0.93
3 N 0.99 - eh e _ 1.]3 -
1 0.99 1.26 . | 1.28 1.44
Fra® 2501 K hy = 535 kN
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DATA FOR FIGURES (35) AND &)
‘ | EFFECT 0[ MLSSING PANEL ON |
'FUNIEAME'NTAL PERI0D A)lD MAXIMUM DEFLECTION
(DYMAMIC LOADING)

$
-. ‘ ; \
e J \ .
* |RATIO OF FUNDAMENTAL™| RATIO OQF MAXIMUM
PERIOD DEFLECTION )
LEVEL OF ° T./7 Bl b
MISSING (FOS S 3 .
PANEL R FI6.35) (FOR FI6.36)
INTERIOR EXTERIOR | INTERIOR | EXTERIOR
WALL . ¢/ WALL WALL WALL
: _ , . )
1 | 1.0 0.97 1.02 0.95
7 ——-- 1.4 Smemy 1.12
T
6 1.08 © .07 ——--
4 B [ 1,42 —— 1.47
3 /1./08 1.07 —
p ‘, . .
} 1 1.01 1.55 1.02 1.68
e + L — ! —
- ' T -= 0,755 secs.: 4 = 60 m.
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" DATA FOR FIGURES(37) AND (38)

A-8

EFFECT OF MISSING PANEL ON BASE

' A 4 v
OVERTURNING MOMENT ARD BASE SHEAR
£ 1

(DYNAMIC AMALYSIS) »

*

RATIO OF BASE RATIO OF BASE:
OVERTURNING SHERR ' .
- MOMENT,! . V.V
$ LEVEL LVER ‘ S
OF 0. (FOR FIG. 38)
MISSING (FOR }16.37)
* PANEL -
INTERIOR | EXTERIOR | INTERIOR | EXTERIOR
WALL WALL WALL WALL
1 0.88 | 0.90 0.90 0.82
i
7 ———- 0.77 0.75
6 0.83 | ---- 0.83 ———
. 4
4 —--- | 0.63 0.70
3 0.86 | ===- 0.90 ———-
1 0.90 0.73 1.03 0.86
M= 4.84x10%kn-m V= 1951 kN
0 .
-
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