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ABSTRACT

Previous resear ch omasshasvan rtyh aitn fiim &l Hepdf aefseeann e
i nt ergfagpsinaalogéni ngs ciapl aanfef eagt hhand stiffne:
frame syst eno.otfHotshteusdeis@shf i | | ed , staeale dfuoba me g
monotoni thepamnameatger g aipn magmimg ualfe aalnsdoeldaicmaitti ©
For desiagmidarmhd®AdO 1Al | ows for infibledsfran
than5 | mmated at the fr amet a obpe bceegns i aichiede id phaftiil
i nfiin llsat er al bludad nr @a&ibssicam®amt obe sh@mplli ed to
dessgnength and stiffness oSA h&a340i4nt et r €Ebe

€

no gaps be present at the infitd be bomsidd
participatingsisthater al |l oad

This study was motivated to further i nvest.|
openings-pbanéeéehéehavi our of masonry infillec
dat abase, this study focusend oadaopetiend oceldi c
schemeiscd&l ed masonry infilled RC frame spec
speci mesubjweactestt @t igcuascycl i c.Theadiorug timff &i lk

speci mens had the foll dbwi gpg thierbteearph nicolt loat f ga p
of 12 and 25 mag aate ct@hlecg mifi vndt lleyro fil hche( sBhmg a p

orach)  ;siadred 3) a full separation -igrafpi lolf dm®d m
mm at < ofiunthe gfacmm gap on each side). Oof t
specimens also had a window openQunagsstiaactciocu nt
|l oading fol-24wkdadheg Ap€ot ocol I n Redad tsO

fromraviduys(BHou2015) completed in the same e
compapuspaose.

Expement al r e scuol npsa rsdhdo wiealr ¢ hfarpa meo t § weeaibrheen i r
in strength and stiffness wasofobtsheer vperde swe ntche
i nfilWheonpemimpas ed to aaspedumehowith obt g
s twiafsf méwietrhv etdh e pr.e sAesn athe ndbfebdemsap si ze
reduction iniaonktiemaedt hsemoave@tth sdlidd nes:
ually the same 1Whem® 3 aminhien mreasazesead ef rod m
l ted in sigditfiimadaret sd & tkinty e swenedn huot h

ings and lgepsenageh praeeduesatsi, dart n es ssl dnsodf g a
.ficant

The cyclic Il oading scheme revealed dynamic c
f oundmatshoantregd r amasl| gd eattiehra nrye¢e d@ammeyn deRIC

2015 for unreTheéwatcieldi tmya sofnrtyhe i nfildlledt dr a
t hat of a RReb@ar® fedmeti on propdsed by MG
conserfwadtilvtei mate strength aemsd wittihf fgragpsss o f

X0 i



LI'ST OF ABBREVI ATI ONS AND SYMBOL

Symbol s

A Compressive area of infill diagonal st
Anv Net shear area

Ao Ar e an fooplelni ng

Ap Surcfaarnegda ldf i

Aw Hori zontal c¢cross section of the infild]
C Empirical cess w@pttaniehati swpd raicement

C Mul tiplication factor accounting for i
d Di agonal I ength of infil!l

e Eccentricity of the | oad

Ef Modul us of elasticity of fr ame

Em Modul us of elasticity of masonry

fGn Compressive syrength of masonr

fGno Masonry strength parallel to bed joint
fOno o Masonry strength perpendicular to bed
fo s Shear bond strength between the masontr
ft Tensile strength of masonry infild]l

h,o6 Hei ght of infil 1, frame

He ¢ Corner gsrgetathiofg i nf il |



Hd ¢ Di agonal cracking strength of infildl

Hs s SIl'iding shear strength of infill

Hu ¢ Ultimate | oad strength of infildl

lb Second moment of area of beam

lc Second moment of area of col umn

k Stiffness

Ker Di mensionl ess feaonpidiiagqdnalonstanki ng me
Kui t Empirical constant for wultimate | oad s
I Length of infild]l

m Di mensionl ess parameter relating to be
M Factored moment at section

Mp Plhasti ccarppamekrtity her t hecbtame beam or

Mp b Pl astic moment capacity of beam

Mp ¢ Pl astic moment capacity of col umn

Mp j Pl astic moment capacity of the joint
Nu Factoomuprvess$brce

Pr Factored axi al | oad resistance

Pw Vertical lionadd |dcetdi fg aome

Rs Reduction factor of i mipielnli nggi agonal st
t Thickness of infildl

te Effective thickness of infildl

€ Coefficient of friction between the interface of the infill and frame

Xiv
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ASTM
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Shear strength of asonry

Factoredshearat section

Nominal shear strength

Ultimate | oad of different failure mod
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Contact |l ength between the beam and th
Contact |l ength between the column and
Angwhose tangent is the infildl height
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CHAPTER 1l NTRODUCTI ON

1.1 BACKGRRNOOF MASONRY

Masonry is one of the oldest construction

dating as far DDagkkdasel@ad)d0 Hpiemaes 2t0Perh,a sma

evolved to include building materials such
more recently, c Un tli9eE0ed Mmasommry has tlseen t
materi al for construlche oinntfro®d uvaatcitiaomuad fsd tr e

reinforced con'ctreentteuriyn ptuhseh eeda rmhays c2rbroys tas i d e
efficdmreanttmadteromdmpani ed wi th advdheessoefdn de s i
masowmays lIsarigel ybgoeenhfadiods tdhBitmbuct ur al ma s
constructioni n hteecromspledtfilba viemkess aedi mdr b ét
ti.me With the Iinmasodmedyi gm lcdd5iOetshrddism 6 s uc h

as the American Stan@addsRAgsoceamenonfBui ll
A4119%53) and the National Building Code of
experienced a resurgence. I n the past six

in both the U®eaemd devrecadbdpemabée stress des
rati onal l i mit state design philosophy. To
masonry DbDOOGk¢$Pahnmasomnrdy 0h a sc ormeppgeayvi eaests si t s

popul aritymabubhdi o nmnatelee n2all sy .



12MASONRY I NFI LL FRAMES

Concrete masonry bl oc ik frama bulldng structerescas infiho n | y
walls as shown in Figure ILas an examplelheyfulfil | the function of eithepartitionsto

separate spaces or claddingsdmplete the building envelope. Despite their largelame

stiffness, the common North American industry practice has been to treat threm as
structural el ements and to use other struct

for | at ereasli sltaang .

\\“‘-“

— :_7

2

GRAPHISOFT® f

FigaitMasonry I nfill Wal.| Example (World

The decision to neglect the impact of infil

how to quantiaftty itome bex aveitetn® v their n q ffi 1 d mea.n dD e

| arge strides made in the field of masonry
has been one area which has received | i mit
the inifbdtdi cforndsmesttikemadost rary to the conve



being conservative, the resulted design mi
the bounding -prame, stitbsfhasgewi hliahfaotd t
change the dynamic characteristics of the
the | arge foheeteghpathedihhabviel lanc caudvder se

the stability of frame system.

Experi ment al redadrleeld dm am#$ &Gbréanannriem cthile a

primel19®80theThe findings from this period

key international masonry standards on the
advancementt edh mcolnpgyt,ert he numeri cal model i
as an effective tool for masonry infil]l re
behawifourhe masonry infillsed nffblyum@aEneyd sf aotnc
such asethiec gemdn materi al prihbpendi @ag of almet
interfaci al condition, and |l oading conditi]i
studied quite extensively, the presence o

bandfngime,l essameséeabeckeds no sufficient te
on how to eval uat @ et.ilieeipreserecé df imterfaciai gaps i@ not i n f i
uncommon, which can be due to the shrinkage and settlement of theriddfects in
workmanshipand total elimination of interfacial gaps is difficult to achieve in practice.

The uncertainty on the effect afgapon the infill contribution to the system stiffness and

strength is believed to k@Eprimaryreason that the msanry industry chooses to ignore the

infill contribution all together in an infilled frame design. Also to that effénet,Canadian



masonry standard CSA S304 (2014) requires thattheremeo gaps bet ween an
its bounding foame ¢c¢onsttdereafi dlparticipat
On the other hand,estihgen Asntear il cdathd praM®dn€ nyd sd t
an i nfbiel lcomaéyg dpartdi ci pating infill with a
i nfill panfdr atntee bteca m, provi ded itsh aatg mwd iteheed u c
stiffness and Htowengpdr hstadndared imadkdd .no r e

stiffness or strength reduction with gaps

separng the infild]l and bounding frame; nor
background of the size and | ocation of gap
side, top and all around t he iprafritlilcicpaant ibneg
by what degree of strength or stiffness is

To augment the existing body of knowledge of masonry infills with the focus on the
interfacial effect a research prograwas developedn the Depament of Civil and
Resource Engineeringt Dalhousie University under the supervision of Dr. Yi Liu. An
experimental testing of smasonryinfilled reinforced frame (RC) specimens under a static
lateral load applied at the frame beam lewals conductedn 2015 (Hu 2015) As an
extension of that study, this research was conducted to include more gap sizes and location
scenariosln addition the loadvas appliecgs quasstatic to providgieneraunderstanding

of infill behaviourunderearthquakdike loading which has important practical relevance.



1.3RESEBSROBJECTI VES

Thi s riess efammthceochcr et e masonry infi-¢ted KRC

cyclic |l oading. The following |lists main o

1 To desgn test specimens and test setup to be used pudmstatic testingprogram.

2 . To conduct testing of @cubpctedt® b guasimidcs onr y

cyclic lateral loading as well as all essential auxiliary tests on specimen congonent

3. To analyze thaystereticbehaviourand failure modef each specimewith a focus on
the effect of gap magnitude and location on the stiffness, strength, duetildyenergy

dissipationof the infilled frames.

5. To present appropriate conclusscand recommendations resulted from this study.

1.4 OUTLI NE OF RESEARCH

The thesis contains six chapters. Chapter
as well as defining the research objective
as&il abl epé¢i t &itwrhitemmgsegtroengt h and stiffness of
well as a review of current North American

description of the experiment al megtreorgiralns , |
construction of mas osnpreyc iammednissiedi@tld RCr ¢ ¢ e dne 1S

Chapter 4 discusses tchue rerapteulitnse nd b tparionge da nf



compari son wi tohbttahien esd aftriCobna phipue w(Is2elsilths) a s um

and final conclusions drawn from this stud



CHAPTER2L | TERATRR¥I EW

21 | NTRODUCTI ON

There is a considerabl e awdwmd aovbvifocesear e the
masonry infilled steel or RWerf,r amest it u die
conducted on infilled frames subjected to

gendbdbralaviremrd and fail uri el frsdydshtagemss mss.od bl ihe

Whil e providinggeandédedaamwifptinon Idfed fr ames ¢

of existing anal ytical me®mod hef arevd ewi @if,
|l iterature on masonry i-sfatiedl dadmeg anod|]
interfaci al gaps.

22 MASONRY I NFI LL RBEHAVI OU

Masoinmfyi Iwhsen built tight against the boun:t
frame during-pllcamel dvadles adf |liomd offering a
However, as |l oad increases, thehamdes azg itol
frame obfiaomhenst es two contact regions bet we:
at two |l oaded corners in the diagonal dire
zone, creating a bracing Ricguroam 2.qgluiprad\wind
representation of the contact corners and

Using the diagonal strut to replace the en



and strengt hidiisaglomeawnnsetts h @ dhoerwiagsi nal | 'y pr op:
Polyakov (1960). Since then, the method ha
forms of formulations. It has become the pr

wal | s baemadn hado ppm@sitonr y desi gn standards acr

detachment
frame-infill
P
— .
diagonal
detachment .
g compression
frame-infill

area
Figdl2Z2one of Compression Forming the Equ
(Adapt@Aadtertoml). 2011

221Dl AGONAL STRUT METHOD

The key to theddiissgdmaldedteruti nmetthe wi dth
can simul ate the stiinfffisdydssest nma n dOnscter et nhget hwi odft
simple frame analysis can be performed to
and analiyetsi chaalv estbuedken conducted to develop

strut width. A defttdielsed mbicdte df mautadme (r2e\V1i6e w



2.1 provides a summaryebdbetramidedd emddd |l 0 wfi org
prvd dér dbbeafc k grdesmcd opt ie@amrc h ihso dreditaetd most mo d
presewvetreed dewied opendnot oni cFilgautreer ad. 2| oialdli ng

geometric variables defined in Table 2. 1.

Tab2l&ummary of MAdadfgttihceal Equi val &&ndt BbBi agon

Aut hor Equation
Hol mes ( 1¢ 0 Qo [ 4]
o 0ee
1 C
Staf-$mirdh an 1 A [ 2]
(1969) Q le
. 0o i ps
1O Mee
. 0jQ T X VQaxe®T 1 Qeeu .
Maiomse (19 VjQ TP 1 Qee?’ 1 Qee v [2]
GC¥[ .
Liauw and K- 0 T8 9ol I imd@ v i — [ 2]
maQ
0 [ Qi &&
- ' ™ ¢OEJ— '00§4a00Q 8 .
Durrani and , ... 000 . [ 5]
a ¢Oop QOE oKer
Flaman and B ) AO [ B ]
[ - =
? ' BEIO

0 WY ¢ Xj?P QIEATQ pd
AlChaar (2 0 r@pﬁ)(p) Q81 ¢ Q3IQE HQ p [ 2]
0 ™ WwTgEeQ p& P w

EdDakhakhni 5 P 4 4 e [ B]
IO




Fi g@2zMasonry

I nf il

1y,

@eeof mentirtiiconvVar i abl

Hol mes ((Elg®RBp)er f or me d

experitment s mahl

scal

framepr aplbedwi dt h of the diagohaehagfshtrhue ,

di agonal , d.

St af-$mirdh and Car£2drn Cbhbh@U)tEeHgrex[p2ri ment s
square infiolulndf namas tahred cfont act | elhjgs h al ¢
governed by the relatitve the fWwmhizamies iod defei n

a di mensi onflieeTshsi 9 atrearmme teeral uat es

ot he

infilled

t

h e

Wwonomg | us

frame,

otot hmmik farnadmet h e

tt hhee hreeil gaht ti

sl ope

hor i zdoBhyt aclombi ni ng t

contact

| ength

he

10

of

t

hhetBmoddli c&knefst bé

he

it

defi nedarmdna sascu mil reqn g

ajJ'olnigs thneed ri odpgesentvi t b b

phfthe



strut can be defined.

Mai nstonfeEgqgREg@h)ducted a series of experi me
framessichug-fviett e aifgniitgause o p © b e d-esmipmii ¢ al equat i

i ncor ptoreatstnigff redes i padadiegnt Shadhdr €Carter (:

Liauw and Kwgm]d)@2wBuwgted an anal ytical stuc
met hod tobahiathyrz enatstoelmr ydmes. AokkRiysfamaluytei
study wdgitchhatont feorces bet wewer ¢ hrelghlrea ante é @
r e s ud ttreudt wi dth equation stilbutincor paorsdti«a

Si mpdremulfati on.

Durrani and Lu®»] )(1O0®Md u c(tEqdms tau2fgiarticdeh a¢ lee me
di agonal Tshteryutp rwipdotshe.d a new equation to ev

the effect of stiff nies sc orsoifreteepnieidchbietalny.and

FIl annagen and ERefh|f@ihdutd®2e®) a series of ex|
cl ayilnf isltleed uhdameame | oadi ng. They propose
based on a new ewmpiicrhi ciasl dceoshisgtnheed ,diof freerfelnet

states sustained by the infill during the

AlChaar (20-0Po)r o(pkecgre d[td ons ft diget rcwatl cwil catt h nfgo r
wi dhfferent. aBpeed-fomtcogveéechni gqgudrom m@es

finite el ement study, the equations indic

11



and squatadprdatlilos gwietat er or equal to unity

EIDakhakhni Eq®Ii[)2t(r200du3csetdr uvat tnnerteheqgpd ct t he
and framelwas$ epatchpatos@atdhe di agonal strut is
regions instead oadshleshgphe8dhiegowabuergri Bn
di agonal compression arel diiagd himieghd yl ¢ m@t [t o«

i nfUhbhdilr espe,atsi veolly ows :

. G0 & 0 .
1 Q 0 o mg Q [ 2]
. GO TR 0 ‘ [4D
1l a 0 5 1t Yo

wheMpanMprar e the pl astyattheomehtutmoapaadi beam
Mpji s the plastic moment capacity of the jo
beam, or Bljgannntigochtrieont;hef masonry strength par

the bed joint, respectively.

12



- beam-column joint
= J
Bl —

A=Ar2

A=A/d

beam

; | .

column

Fig@3Thr-8erut I nfilled Frame Model

(Adapt e eDafkrhce2kOni 3 )

222FAl LURE MODES AND STRENGTH ANALYSI

Previous research has shown t hat | ater al |

potentriemlmddead u(Li auw

representsaétaiolnsssarfendgheo Wndur e

and Kwan 198Bem&il aaca

2.

13



(&&)ompression Strut(bQorner Crushing

p P

— o e e

= = = = =

(dD)ji agonal Cr Failure

l
|
(I
Fay
(Sl iding Shear

Fi g@4Feai | ur e oMp tl EFF laek s
(Adapted-DakbmkBhi 2003)

P

Figur(ea)2.ddepi cts the compressionastrushfagl

regi on nf adehmasfr et h e siurd ftii Inkg,fpilrma naeen bauwctk I i ng of

14



infil]l wal | . Compression str uthaftaiilsurteo oi ss |
Figur(ebd@p#édcts the corner crushing failure
i nfill blomgkess Siaon im each of the occmtract
when a stirsomaiifrheadme ak mRaispunrfeg )d.d&pi tts the
tension (or diagonal <cracking) failure mod:
creanaeckbeidi agbngur(edd)@pitcts the frame f ai
occurs whenia wpwiatklke a asnter o ngh imsma srommg gl fi anif li U r
of the columns oFi ¢ bde(cet)@pindt gt hemasmkndeng
brace) failure mode which occurs when a h

bedjoofi ntthe maBlingbye aantfttrdilbmetaekd moarntda ra | sotirnotns

frame

lits al sot hadentorf iiedfi | | edarnd agneesmetfr y yeomnmcal
practice, corner crushing f aiSlewreea ails rtelsee ami
have developed infildl strength equations
defined above. A s uamrnea reys @ st eTthtbwd iste h2e lPruia ¢ fi
background information.given in the follow

15



Tabad2&ummary of Strength Evalwuation Equatio

A uhb r Equation
_ O ™WEQ & QAT [OT 1Qeeu
Mai nstone e [21
(O] ™ c1’Q 3"GeQAA | JO 1"Qa2 v
Woosd 1978 o 2 Prog [4 P
Q g
., a, .,
0 8 T QD [ 2B
Rosenbl ut 0 o 0%l Do— [ A #
“ TO00Q
¢ O0i Q&
0 0
0, §0@—— [ 25
, 0Qae
Li auw anc 'O ,:c')’Q‘ech ‘,,U [4 P
OWE , 0Qeae
(1983)
TO , 0Qee
Qe o
10 , 0Qee
- — [48
Qe @ OE —
Mehrabi 0 WD e [24 9P
St a9 noirtdh 0 eeor Lo P [2D
C Oo
Coull (1
'O p¥ cdB [21
0 0 aoke [ 2P
FI ama gBe d i
O U 0¥ [ 2B

NoO tHesiss stthedhaegr ;Hxzgacithg cor nerHpeirsusthhheng st
di agonal cr,aokliightg tshter eunbgttihmla ¢ ei hoialdl ed fr an

16



Mai nst onkeq(-2A9p/rlooposed an equation to calcul
crushi Rgofl oladi,ck maswasy fionmul hb@kki slvo i f éhe
par amhettelme compressmasensthf eaggdhto® hleeght ¢

col umn.

Woosd 19(BQ Al PllZ2vel oped an equation to cal cul
RC frames as a combination of the strength
equationeutothegesctiichiamg ¢theedgegtsts,er of t |

c apaocfi ttyhe frame beam or the col umn, M

Rosenbl utbg AL3L[9B))escr i bed two failure mode
and corner crushing, dw.r Sraisdbinmgy Shddrl | was
function of the aspect ratio and shwesmar str
def iame@& function of the contact | ength and
The equation utdi steesgthebehwaenfbd haen dnatstoen

contact | ength oft. the infill and col umn,

Liauw and Kwgurlb [-2@:83231BA2pplied the plastic
to describe two cfraiislhinrdegg dmeadeosn,a Tcheeronegru a s § D ¢
utilizes the phasatityhe@MdptamM,sEquat A6 nd

2-16] cal cul at esf aciolrantee icr lussrhbse gamdn damfdi d
beam anbde airmmfciolninect iBboghu astfe-2@p218]t i cveellcyul at es f

di agonali ndhidadrhk i mgnnec-tobomandonneétctl on resy

17



Mehrabi( Hqm@®P®DdDnducted a study assessing th

masonry infilled RC frames wnedi stédnaonefd | 1 I
frames bhdeia$ & ofadmheegihoonr iozfont al Cress sec
and the vertical Joad acting on the infild]l

St afSmoirtdh and Cé&gh20[-ZZLpOapegeaatitomsorfnemr
crushidngpgeomead ki ng matsoiemfyit hl bdsktdamaesdi agon:

concept .

FIl anagan tadand 9Egma2t2BZ2argued that the frame
properties had |ittle iIimpact on corner <cru
could provecjuese. aSheyf proposed a simplif
crushing strength and diagonal c Kecc &i ag st
empirical constantavialruec oonfa @e2ddctKs uasm i @mp iwn it

const aavta louflet 6 6 .

23 NORTH AMERI CAN DESI GN STANDARDS AN|I

The diagonali sstwiud e Inyant dvbamipit ceudsnmaat sioonnrayl d e s i ¢
standards,didIfe@ietmt wat hon of strut wi dt h ¢
section prooendesfddesigpt gui delainAmesrni ma t he

design standards for the design of masonry

18



231 CSA §&1340 4

The design of masbder yioum@s All48 8 0CH raaunsees 7c. aln3 .
the equivalent d$ ademiahedt rThe meadh®dadopt s
met hod first pBompbbBedndyC&thaéfo(do969) to d

di agonal sitsudeafiweedloil ¢lowi ng:

0 11 [2 %
whethandare the vertical and horizontal <con
di agonal strut respectively. The contact | €

“ 100Q 10O
. - =" n “ = [ 25
¢ OO0OK OO0 OKJl

wheties the effective t h,i ciksn etshse oefl atshtel cmanrsooc
frame materntiha&l molment of hilnetrhie ameorhem thtelodc oil
beaamd retmar mngre as dlelfa nefdf @ ot iFV eg udiea 2o ¢
Wett for the calculation of the compressive
w/ 2 and shal-qduanterxtcee dl eHmogt ehv eoHl, 4t h3e0gdl i & @ @
a furt hefrahree ceu o teiwd riduske ds tfrobictf anlecsusivat hoasf act

of 0. 5.

19



Theplane strength of rmadso ndetveimdhi nréedh piene tC S A
failure modesruti. eomprde agionm,l shear sl i di
crackRrRaorgmul ae f oelrd GSA ehJdh ewalpuas @mhednet

Appendi x A

232MASONRY STANDARDS JOI NT COMMI TTEE

The Masonry Standards Joint Commi tTlee ( MS.

Masonry Society (TMS), The American Concr
Engineering Institute of the American Soci ¢
masonry design provisions in accordance w

(ANSI ) consenlfshwes rpersaice duln essst. maef 0L eé&d (tToMSa s

4023/ AC-L3532AGCE) 5to represent the American r

standard wutilizes the equivawenthess$tfowti niget
X e 26
1 Alfo [ -26]

whedweivs stamen galsel ef i nedste@dr Itiher st i fafslred s ;n emar e
i n StSnmiftor dand Carter (Wa%s69anssewddhk scexgpuets

Fl anagan taehd898kwmwatasal clay tile infilled ¢

Similar tD4#t@0AIHI04 | stiesn@gtisoi eveSEUEGt201D

failure modes while slightTlyeyYiddfereatndnmic

20



sl i dhegwrd 25 min slpaltaecreamhent of the infilled
coramewushing fail u3sel mpddye ,usMSISI G 2x0Inst ant t e
di agonal strut width to account for the <co

the | at ertah e siitan feandgdtshe sosfed f ol | owi ng:

Vv, =(6.0in)t, f [ 27]
|t i's worth noting HdHatanbotMSJ@s®Osl heC A f S
t hi ckodsst,he infild]l Il nstt eadl ohetheftitbtahdoh

studinest.he case of turegreofufteacd oinrefi déhh se kfneecse

shell thickness of the masonry wunits.

233FEDERAL EMERGENCY MANAGBHEBNT AGENC

The Feder al Emer gen-S8yY 6Md iFEMAMS D6 ) Aggonfeys ent
t hwei dafh t he di agonal strut as wel | as four
(i .e. sliding shear, compression failuwnre,
opbanél The definition of the geometry of eq

by Mainstone (1971) withy tthef wnedhaoff odlhleo

0 TXV Ee 8 [ 2B

whermrs the diagonapgandelngth of the infildl

21



234 SE SMDESI| GN

lits wel | irnecsoeginsinmziecd desi gn that thlee reldasteidc
if structur al ebdemehtop anel azxpeesebginsmhe r
f oricse r ganlriozuegh t he use of ductiils tgormmacnloy
adoptned he seismic design codes (NBCC 2015,
capacity of a membetrune® a@nder gol edwdileolr mat i
mai ntaining wrosrtryoihgi teapaoiadyar eWhe wmn ssied esrn
structures or members are always designed
t haye alblseodthadiasisi pate earthquake energy by
the ductility, tdhdeshigolieeiceed dd8tCiCorR 0dB ple

design |l oa@aidsmibe reduced by a factor of 1 t

resi gystegqassused. The typical ductility fac
mo merngsi sting RC frames, and unreinforced n
l ow ductility factor of wunreinforcedcmason
than a concrete or steel | ater al resisting
masonry b eeccoomeosmi rcan in seismic regions.

information on their seismic perfdrincand ey,

|l i sted as a type of sei smi ¢ddsomixtper reismesn ti anl

evidence that masonry infilled frames <can
|l oadi ng. One objective obfehtahaisausfporrdrya nicse tod
masonry infilled RBE€aftfinaméoatdhmgugh quasi

22



24 QUASSTATI C LOAD TESTI NG

Qu

of

Me

ma

astiatic cyclic | oad testingei pmiachoefmhace
a component or s ub asstsaetmbcl yicryagpfb @ax rdskt br audcet du
a testing procedure where slow cycles of
or gteurdyt ot he performance of structures
opaghateiroanf,ccyol | apse, andanuasdgsew.ccampdr il o®
notonic | asdea gmadeiryicabll di negtmdiirct ,cygud a<i

sight into the hysteric characteristics
i ssipation, and ductailmeéeg .momend ipdaidmat e
eciumeim | d rye aitser than that of a cyclicall
terioration and degradstabinc of oadieng pieg i

od alternative for eunsdeircstmmerdfi airgmeatnieeef st |
phisticated and advancedlynasmtcngrsthatke g
sting. Specificatioasabicl baddngghhatverhb

the Applied Techd oHBOMA tCooumrcaMi deAT@Qr aa n«

i mul ation. While a majority of experiment e
ading, the following section provides a
ograms conductedfdr @amas masonry infil/

hrabi et al .-p(2924 mMmooonodonccednidnsyaliec |

sonry infilled RC frames. The parameters

23



t 6

fr

Ca

st

Re

r e

rame stiffness, infill opaneladasypraudntt iirl d te
a mewsa.s |Iftohuantd s peci mens subjected to cycl |
sistance and faster strength degradati on
at strong infillsipmqgviede@aeachattlgr whreer gy
ames-bayMspeci mens showed an increase in |

rger than speciamed sasnpgel cet braagyt i o had | itt]l

sal am (1996ep)l ameer feoxrpneerd memt a l-b sy uadn-de smuwlft
orey steel frames with and wit hottatoipeni
ading adnydn ams$ eudilooadi ng condi-gti atnisc tRee s tu
ncluded thwal sl rdsuhtetd in brittle fail

hayi obe baegtemgtlha&acgackpagt force.

ghadd®am4) performed an experiment al I NV e
ames subj ectged otad . c yTowikii cdh yrpedsk it r e t est ec

d solid sumnidtyas ftohuattdh itshe perforated unit

igidity in comparison to the solid units
e infildl

l vi & Bolognini (2008) c-ph doumeehtaewif cewipreg li an
ory infilled RC frames wistthati oficlylcl ieid
sults showed that a significantvedeiducallo

inforced infillsrewmdmrcemparmdd | wist h iuwr i

24



| ower energy dissipation at Iforva,mergnlfiitld dca

Sspeci men response was simiabhuesoctbsaée Db ¢t

Harris (2013) performed an ex psetroirneeyn tsaln gal nec
masonry infilled RC frametatuinad el oambinmog.onT
protocol-cowatsr dlorec basedednmpneviooushy!| get ¢
poi nwas ftohvantd by i ncreasing the strength of
in | ateral di spl acement was ofsaei ¢l e yaet| oitdael nltyi

|l oaded speci mens.

AINi mry @ &iiedd) esuaastii c cyclic | oad testing o

' i mestone masonry inwelésitredlbhedieng nwiihdowo
openipmgsemcaxi al |l oadi ng, and use of reinf
Sshowedt antsiudls decrease in ductility with t
capacity with the presence of openings,; ar
capacity of the infilled frames without re

25 MASONRY | NFI LINTWIRFA GIAA L

Whil e considerable experimental studies ha\
f rabmehavinowrener al, those focusilmngniatmeldttloe i
the best knowl edwer e fc dinnckuacsuwdadaaccj if1gocsendi t
The general findings of previous studies st
frame can significantly afifneddlylsteToler@. SA i f f ne

25



S304 does not all ow any Ida pasn db etthwee ebno utnhdei nr
desogmparticipating@ imdwdver MSpleG n2iOtls t he wus
beaamnfill gap |l ess than 9.5 mm, but in suc
infill shal/l be weevdeurc e cholty c3 %.r Iwth eitsh,erh a h
of side gaps and the background of the gap
The foll owing provides a review of most re

frames andafmddosnry

AbdiKadir c(oln9d7udc)t ed the first experimental t
an initial gap. Two infilled steel frames
framewberammredttelde tests yi eolfdetdnenog aspi gomi ftihc

or stiffness of the infild/

Riddington (1984) c ofnududcaticeedc rae tsee rmasso morfy tier
frames with initial gaps. Thet-@mafpilclongap, o:
3 mm t otpo rbfeialml gap al ong -oanfd la 1o0.n5 enant hc osli udn
Results showed that in comparison with the
gap paired withtthe it rmaon @ frresainmeetnigetshu,li ra nudl
redtui on when paired with the weak frame. Tt
1.5 mm si de aquaptsisntaeteepebdtubcdt iioon of 12% and 2C

frame and weak frame respectively.

Yong (1984) i fnnde sitlnefgiplele d mews bot h with a

26



bet ween the infild]l and the frame beam. The
wi mbraad the second specimen utilized fl at
and embedded i ntad itnhge crmoaurrtsaers .a tl nalctoemrprar i s o

speci men,onepeceaenieenduct i osnt roefn gulht iomat6e2 % and

of initial cracking slhoadl ddda | ZWIT%.e aSee dinmeun
Streanngdt ha 15%i nntrebhserbaonking | oadei n compa
Ri chardson (1986) investigated one speci me.]
steel framemstwptbap.20The gap resulted in
and 30% neflucstoarack [ oading i n Ulotmpmaat e o1
strength wabsy awsocomparcieson to a full cont.
Dawe and Se=xk8d&®&8Onete masonry infilled st
having ap2bteemf itl | gap. They found a signif
strength in both gapped specimens WwBASCOmMpa
concltihcaed a top infill gap reduced cracking
FI anaglamBea nettets t(eldd 9c9)ay tile infill ¢ad steel
infill gap. ag drhmeed upcreeds esntcief fonfess i n the ear|

once the gap was closed the stiffhematencr

strength of the gapped speci men was roughl

Ng'"andu (2006) tested two cal ciumnmsitloipcat e

beatmnf il gap. When compfacleldndwa rtpepfiwesidl tchc

27



speci mens showed an average reductfonstf z

cracki.ng | oad

Nazief (2014) conducted a finite el ement s

steeRClanmdnes. The gaps tesmedlvemm Bbemmeed

of the infildl and the frame beam, and 5 mi
around the infill wansd ctohtet |ddrda¢ndfee nmeanyb eg asp df
mm had virtually no efd exft tome tihref isltlr ewmhgitlhe
caused a 25% stwaesngalhstad afdaucrhdeohat &t al |l oad
infil beshegiheecnt @d 10 mm or greater full sep

Hu (2015) <conduct edataino re xgpfe rmameeainmagdinldlrmeade esktC
frames wi-tdnfoplbaatwosnifde | cglapgmn The inves
were 7 mm and 12 mm in bot h retdhuecetsi.o nT hien i wlv
strength with a2l17 mne dtuocpt i ganp wduth aa 12 mm |
ulti mate strength for specimens with side
12mm side gap respectively. In the case o

31. 8% wer e obgearpveaddf eri dteheg atpop espectively

For ease of retrtevedes, admtmimmenyt3iodffme d t fhien d

gap effect on strength and stiffness reduc
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Tab23s Summary of PneGapuEkEf Seatdses o

Sti ff Stren

Ref eren Fr ame Gap
Chang® Chan g«
3 mmgapp 50 -7
Rlddlgnto Stee|3 mm top &
-70 -15
gap
Ri chardso St eel 20 mm t o] -75 -39
Dawe &Sea Steel 20 mm t o] 50 60
St eel (
Ng'daun (20 _ _ 12 mm t o] 20 -2
silicat
5, 7 mm t 27 -9
10, 15 mm 41 -2 4
Steel
5, 7 mm f 37 -15
10, 15 mm 71 50
Nazief (
5, 7 mm t -1 -12
10, 15 mm -5 -19
RC
57 mm f ul -6 4 31
10, 15 mm 90 58
7 mm top -28. 1 -1. 9
12 mnygatpo| -28. 3 21
Hu (201 RC
7 mm gsaipd -31. 6 +1. 2
12 mmgapc 32.1 -15
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26 MASONRY I NFI LL WITH AN OPENI NG

't s commonltyh ad c a ehpetfepbifbepseennicnegs r educes t he
and streingtiblylbéd@ mheBased on the diagonal s
the simple and practical way of taking i nt
fackRort o t htehcawirdtels pohdimgesoliidngnifnl d&n ef
oRPfw.Sever al anal ytical m ect ahl ocdusl aht aev et hbee erne dpu
to accopeni ng@gsTaml egmdvad dsssmmiahmegs ® f engnueant i on s

anal ynfngl ed speci mens with an opening.
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Tab24r oposed

Openings

Di agoRadu Sttirasi o Va Wit | |

Aut ho Equation Frarm
v 0
P50
Durran o Yi Q& YOE+ — St ece 31
0 0 —— :
Luo (1 COEd— &RC
Y O Y O 0
AlChaar v ® 6 T6 @0 To St ec 2p
p 0 7o p® 0 70 <
(2003 &RC
Mo n d al ' o St ee
Jain ( Y p C¢®oO p (o] &RC [-23]
Tasnim
St ec
Mohebk v 4 58w 1 c& o IO 31
(2011 &RC
Aster.i St ee
and Nikfar Y p ¢ pd 1O Stee[ BB
(2013) Y p p8tvo 10 RC

I n theseHemmudatl oarseg t he

are the

di agonal

height and

and

31
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area respectively.

27 CONCLUDI NG REMARKS

Prews studies have resulted in several aneé
stiffness of RC/ steel infilled frames. The
most accepted method of analysis ©omrabiefil
accuracy. A v aweirpatoyp bosfe dftohremud eateer mi nati on
However, the existing analytical equations
to monotonic | oading aindgdilafryihladnrse vwapsy amd
present . Despite that the predgencsei gnfi fii ctae
affect the st,reangdt hs canmedt isme sf fenveesnrs al t er t he
frame, no definabl e r el atnido nlsdhd gt iboent weefe nt
stiffness and samarse nggetiihe oait € ithhoed eni nsdtdd dltt fe eo .n

maj ority of the exi samaisn g aceussesedr idlhl aemie gsgtaepe le
results on RC boundi nigtfarn a me db earhe migidmidtdd ds.h
an effective metsheodprdirodro umareas s t@afn diimfgi | | ed
moti va@amnmedst i gahtee effufretciterof i nterfacial gaps

Ssubj ect esdt attd icg g aosai
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CHAPTER3EXPERI MENTAL PROGRAM

31 GENERAL

This experiment al program was designed to
behawifoumraso@amdk¢ f nhmkek -suthadt@iicagielms$sioadi ng.

five specimens wpgedtitepl ade mme nsftaactbi oct el oolakdei dn

whi chwegroauragiprehi ned interfacial gap bet weer
waabafeame without inf il . Ofaltshhevihfaddow g a
openings in the infild]l

| n iatdidkon to infilled frame testing, auxili
material properties ofammanscornertye ,p rmassnosn.r y Tuh
sections provide detailed descriptn omfs of

speci menwsp, temd tseedsti ng procedures as well

component s.

32 I NFI LLED FRAME SPECI MENS

Table 3.1 provides a description of the te

Al l four i nfaidl lagdepfriccped i gn@ms| dicat e¢dbpe amt hr ee
infild]l i nterface (- Topi GaAp) nt2yfateswpSicoéu
and c-oht mhl interfacels GBdIiti 8epapavtdenpGe

i nf isplelceidme nvd nldaodv aopeni ng%actouheéeingfiflk a6e

33



opening aspeciWw-SrGlt2i oawvdiG1 ) 1. 5 (I F

Tab3dl&ummary of Frame Speci mens

Numb Specim Gap Wi ndowi 0
1 BF - -
2 | HG25 25 mm Top : -
3 Il #+#G12 12 mm Top Gap & -
(6 mm each s
4 | fV-T G1: 12 mm Top Ge 1 &0
5 | WW-SG1: 12 mm Side Gap 1 &0

The dimensions o&r & hse mbé wa melirsepdBahidste nbt s i mi |
test progr am twhaes scaommed urceeseedar ch group ( Hu 2/
RC frames but subjlectoedlecmparodg at e culltoa,di miyge
reinforcing details of speaifmeéns hwmara hept
aspect ratiodeffi Ded 3gaweArmd ggpboleuddgdsti ng m

thi cWwntheexceptsiper i ohnf's2 51 Fn whi c h tchoes pa ytelre h e

of bWwatsrkisminredaddi ti omorttoaradjhuisctkinnegss. The me
used we rmea dceu-s theabhef st andard 200 mm CMUs | ai
I nfills were unreinforced and ungrouted i

masonry blocks surrognwengi ghectved@@8awcepwhn
Al179 while all/l ot her remaining blocks r ema

t hrkasonr yunbdtrec kgnvémgure 3we@re Habfaibmdd ksg
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stretcher bl ocks in half.
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The frame beam and comusnpsarae esd@t0i onmms brye il &
10M deformed rebars and 10Mteentreps Adgdnat:i
strengwda® natdod etdh e -ctcoolpu nbne acror ner s wi th four
10Msbhaped rebaref The d#aamkbmmaesby K&t imonn s g
rei nfwmartched our 15M deformed rebars amd 10M

centre. Rei rafr@r @eime nRd edlertea i 3 .s3 .

1050 ‘ ‘ 050 ‘

RS
2

1200l n 9y |-—-\—3m]
I '1 I
-2
I |
| 43 | 150
2080 |
180 R
- ¥
o jﬂ
#5 il H#6 —
Ly, —1sM
_ 10M 20

Fi gB3Rei nforarneRrRabl (uni t: mm)

36



32Z22CONSTRUCTI ON OF RC FRAMES

Construction of the RC frames began with f«
buil ding concrete formwork (Figure 3.4), p
(Figure 3.5), and CBsgung B8Bh8 aodwd&mregur e
constwuthedriented strain board to speci fi
was thenimpdédoi tihendaodr mwor k, where plastic c
mm colvwerenabl &dicyglor f{lmeéewspebirmanded rods
l ength of twkee ef n anpad seheelamaohverd i n Fi gure 3.6 ar
pl aced on the beeaswraheifatxhef Ddpdtadhei mesi st ar
negligi bdye.miTxh ex aaspcar ceintfeble dompr essi vEIP3treng
and maxi mum coarse aggregate si'Zlkecoefmblex mn
20B%md the onsite slump test showed a fall:i
150 mm. Tthesgds!| cmmpml| eatcecbr A8 NTReCW4dBhC143M (2
Standard Test Met he€d meont Llommreft eHy dCroanwclried
into the formwork and vi brQuintceed twhiet hc oan cv ieh
thoroughly VYabeawad tsmeosbed over using coc
Concrete cylinders were pouradcsr mEfibeneodt

C39/C39M (2014) .

37



Fi gGB4For mwk

Overview

\

L
e —— ..,,_r_,,,___,,,_,\

Fiug3bRei nforcing
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Steel Pl aced
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FigB6Tehreaded Rods BFr&ced in For mw

Fi g8fTrorwor k with Reinforcement and Thre
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Fi g8B8&oncrete Casting with Vibrati

Fi gB9&oncr et eSrBoutrhfiancteh Tr owe |
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322MASONRY I QIGNITRUCTI ON

The masonr yweirref iclolosw atltheesh él'dd2f0 January, 2016
experienced mason to the -FGtl@n dalh@RWwWeract i c
construct éi om mboet d4r9 bW-EGh2 Aaw-Tdliweee | F

constomcti'a t2h0 mort ar batch B. Figure 3.10
process of a masonry infill. Construction
in habdfcwistalhwe tcer eat i ng hal fb omldo gikast tddoonwt hien
Figure Bhildf flmalgowed by carefully marking cc
and width of the infil!]l on the RC choel umn e
achi@vyesshown in Figur es3.albd i(sthyme nR b lojfe @wihreg
CMUs and mortar were carefully placed in a
3.10 (c). A level and plumb were used thro
were | evel and pgumé, 3a$0spown Masdé&nry bl o
the windowemn@egaismygptcerd construction practice
speci mens and masonry prisms were moist <cu

and then aidaguoétdtansti hgthe
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(a) (b)

(e)
FigB8r@Masonry Infill Wall Construct

4 2



33 TEST -B8ET

A hydraulic actuat BN waaist hu saelda atpoa el pt aglyyonfgi. ¢ O
The aovasathoomsad i ndependent frame which wa
of a reaction fram@oaseahbpwae t heFpglblreng. a
the spedihmmén evodrewdnmmiondgg t he full Wengthbhsed
as a si mpflhe melhesaad ewas connected to the spe
and threaded radstasaksbl gt avihed ewiot i htews plecl
hodfeor whtiwbhr etahdeed r ods of tthlrer speglti weinl eavea e
rod connected to the actuator head, was al
depicted iBettwgemet Be 12l.ate and the frame,
pads weed plb prevent crushing of thleasconcr
hel d pl ace -swiatphe tswoeeew beams c¢l| amphardg t o t
rods at stem ends of the beam as il |l ustr at
hydilrac rams wer e plfarcaende thieogtiimtolayn da ¢ dien g te atch
coldamnfurtherplremrsde raliinditrhge ofras h®hdéwmamen bbit

3.04) and (b). Hy d a avelmecn iptrdersesdu g le@ 0otf t &@et i
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Steel Plate to Hydraulic
~Actuator Connection

: )

e

¢ IR e
Incompressible Rubber

iy

Infill Threaded Rods Bolted
Connection to Steel Plate

FigBr2lydraulic Actuator Connecti on

4 4



(a) (b)

FigBrI&rame to Fl oor Connection Side &

(b)
Fig@8rt&®i ght Hand (a) and Left Handalck) Hy

Foudi spl acementweneg amns@ucetros monitor t he S |
Transd8teirnd gotenti ometeandilsWDBczz melnitnedar
di fferenti al transfor mer s, LVDT) wetrhee used

speci men, where transducer 1 was to measur
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LVDT2 was mounted to measure the | ateral

speci men as shown LWDTFi3dwamre 3u slédd patntake IBe id Su r
ouaddpl ane movement of thewaspega@amean dwiheulearLV
cendfr et heetamadmeL WRAB 4 earcpeedn dd endlfraat hteo f r ame

as shown in Figure 3.17.

Fi gBI@®@| acemewviDT oF
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FigBrT®l acemewvdDT oF & 4

34 LOADI NG PROTOCOL

The cyclic | oadtimigs psioudbgwgova usbE@dae hwpphi ed
Technol 0g¥%4 Cbadt)l | oading protocol speci f
structures. Al t houghs,inReChdad ©Obtemstbeéen st

|l oading proceduwyeiofi¢todtn®RCetf e amasomnmnm sever

(Meheabial . 1994, -Dolstadlamn iNIZGEQy2 210014 ) . The
|l oading protocol uses tghteo yd etl @r ndienfeo r tmae i
amplitudes for each set of cycl es.

Testing begins with six elasei peajyopmem@swi t |
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Foll owing the el asm,i2qp, c@®mpd e se,s ptelcrtd ev ed yc lae se
I f the speci meSBgeclyas esot whed d otédidioupeg wi t h s e

cycl es 4dqgyiamdr enags iartgt dgywrtniclr efmeei | ur e.

The calpdfwlrattehdke RC frame in this study is 7
34 kN epfl atnhee liant er al force. The |l oading proc

studbecameri gure 3.18.

°Q | 6@ | 7w
0 05m 075 @ | 2 | 3m |4q M

: o A |

V V
10 0 1 2 3 45 6\4\/8 9VOV1 ZV V4 5136117118149

Y
(@]
Y
[ —
D)
N
D)
w

Displacement (mm)
H
o

-50 Cycle Number v v

FigBI&oading ProtocStlatfioor L diaediQuasi

35 TESTI NG PROCEDURE

Pri ore sttedarsgn,e c wamsen first positioned in the t
careful il samedbwdpuhtane dThaeicdploancse mentwdrmreaens

then checked f awrerfeurnmtriocdmailtiitaylr araald tihgel ionf g .
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|l oad and dviasel a ¢ @mla.rédc osredctoentdv al s using an e
acquisition systemrréeapemadalnglitspl aaement cck
LabVI EW progrsamet aztt uad otrr ¢ lo procvati tcan rnt entee pe
10 mm/ mi nut e. Af t dr s p h arbeecagdei tint gosf wceyrcel evse r itf
LabView displ aoemarstur endih@at otrhet accuracy
coll ecting sgpee,tamemdonri maanc hs ewe roef Perdya Ime
Throughout the testing, the crackiwgreatte

notfeodd each speci men.

36 AUXI LI ARRYT I

3.6.1 CMUs

The compressive strength and physical prop
wer e mdas uvarcecor AdnhWeCWwdsdOhC1l1140M (20214) St an
for Sampling and Testing Concrete &datsiomsy
obtained included percentage absor pwteiren, ma
sel extt edandom for both compr es sdoomp nesasds iphy
testing was conducted using thienl BARsguoa 38n
Fi berweaeredssedpping materi al on botmm ends

smoastulm face for even |l oad distribution.
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FigBrIT€MU Compression Test

3.62MORTAR

Mortar 6fBpect heedcasonry i nfiTlhle walritarwand xTw
aspect ratio used was 1:1:6 volume ratio f
Traditionally a mix volume aspecadamgnmntand of
sand diee TMopretTado. bat ches of mwetarmghoaticd A
construction of masonr yMoirnfairl |c dvasislldBeaned n
hour scuarfitindgre -absro mid ednlmeo r t ar  ctuhbeensr ende rien hydr
Ime whoeda®w® esrpeci foifc &AtSiTdavnh C1 09/ C109M St anda
for Compressive Strength CofmpihgHesatulng Was

conducted using the | mshtoiwoin Fc gmpree 8si2®n ma
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FigB2@ortar Cube Compression Test

363 MASONRRI SMS

A tot al ocfoutrwenthyi g masonry prisms were
compressiivre sdaoemi@imd eCwWwWd th St andard Test M
Prismes.pii sms were produced at the same ti
under the same condition. Figure 3.21 ill u
prism comotrmacst iaompl | edf acrelsyhettthet memsonry
Conpr estseist i ng was conducted wusing the | nst
speci mens capped with two pieces of fiberbi

3.22.
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FigB82Masonry Pgtirsnc tCiomn

FigB22Masonry Prism Test

364CONCRETE CYLI NDERS

The ready mix concrete used for concrete

52



compressive MPar @hgt hr afwe2 SpaaiPbaresfib®er5 15

and six 100x200 mm and wareepoSMmad@00 cmini «
(100x2Wwermmgre siftgdy da dchfyp 8 compressi ve strengt
were oestbd day of frame ¢t emsgtimganrddrmddulht
elasticity. Alwertee sctaimiguapt rewa dd@uinlesC&Dbt ©3 9 M
(2014) StMentdhbooGdo niperseSs s emgt h of Cylinder Cor

Figure 3.23 shows a typical ssetengthomanpgr im®

FigB2&oncrete Modulus and Compressi

365REI NFORCI NG STEEL

Reinforcimwgasstcodll ecdateal firasm ciHut h(ix0rishicu dayn d

reinforcemeboutdmeessdf rom t he same batoch. Thr
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l ongi tudi nal reinforcing steel used in the
modul us of elasticity and str enagteh.p rDeesteanitle
i n Figuestwdngz c.onfhu atcedr AaTMeEISE AO@&)y d Tes
Met hods for Tension Testing of Metallic Mater
uni ver sal t est3.ndge pmaccthsi nae .t yFpiigcuarle t egs.t Tsheet up
strsetsrsain rel atwassmelpyg odetidienishg@ett he strain

extensometer.

90
T—- 60—~ 72 P : o
10 y (Y
L ."\ 6' \_{}/ 6

—RS
- 240 -

(a) (b)
FigB246teel Coupon Detailing (Hu 20
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FigB2%ensiwoth-Spetf or Steel20C&BYpons ( Hu
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CHAPTER4EXPERI MENTAL RESULTS

41 | NTRODUCTI ON

Thi s cpragpdrenstacsbot¢ he auxiliary and infilled
results detail bhypysiopalrt aed méclCMiisca mort a
concrete cylinders. Tharresoictuseetenhatin
di scussions of infilled frame failure mode
and streegd hdestterfiforati on as affected by in

bounding frame.

42 RESULTS OF AUXI LLARY TESTS

421 CMUs

The physi calCMps oiprogt ti dasr ea, wei ght, densi t)
moi sturwedemnteimi ndettdi sfhr ee CMUs were sel ect
wer e fugheids puThe®smet afyeamewrnthlere h@GMUhed ar e
4 . Mas calcul at é€dhé¢ omdies t9uarbé ocnapm tdeorthtw, @ s € t y

deterimmnadcordAd8mMc&E€lwWwiotricr140M (2015) . For ea
CMU, the initial wmas s f ( we.t gheea s aytaesd ivtrarela) n

Ssubmeirg2@ mm of water for 24 Wwasr smnmeasuwbdc
water. The speci mem tvwaes waheenrd raeamih vseudr § fane@ id g

was r eactortdheids point (saturated weight). The
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for 24 hours and final mass was recorded (
calcul ate t her eabcsortpanto,n,amdidsetnusi ty. Aver a
to be 141. 6 fkog/ine nui tohf a%pra aafteiroang e( Gno)i sotfu r3e
demened to be 48%B;%talwied mvar@ygeofdendwiittyh vaas
CV 0%. 1The LKLAANILS Standard for Masonry Uni't
mm holl ow bl ocks shal/l have moidethisri & yc @mteea
45% at a relative humidity of abo¥ve A5 W,

average phiysscal phep@MWs meet these critel

Tabdl€ MU Physical Properties

Receil mmer Satur Dry Absor Moi s~

| D Wei g Weigl Weig Weig Cont«DenS
(g) (9) (g) (g) ka? (% (o) (kO
A 1598 913. 1701 1593136 6. 5.1 202¢
B 1606 919. 1714 1601142 7. 5.0 201¢%
C 1640 946. 1752 1635145 7. 4.3 202¢
Avg.1l41 7 4.8 202z

CV( %) 3 3 8 1
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‘ﬁ 185 T

| 14 4 90
1
23—

Fi gdINeAr emt h&GMU Bl ock

Table 4.2 summarizes the chenpnessave’lasofet
was usetdhe cal ompaessnyveflveEireamget tkompressi v
was determ MRai albvClo®%. 7Fai |l ure modes dceen f.

conical splaeshthioommn di n Fi gure 4. 2.

Tab42€ompressive Strength of CMUs

Ulti i Conpres
| D Load Str eng
(kN) (MPh@

CMU1 123. 13.5

CMU2 10 . 11. 8

CMU3 105. 11. 5
Av g. 12. 3
CV( %) 7
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Fi gd2Tey pi cal FaitlthexM&JsMode of

422 MORTAR

Mortar waast almeM he con$StlPuaf@Gad Fahdl mort ar k
was iuml etdhreu cctoindddT @1f2 1amASIIGIAAS s hdwbl j@eodt 8r
batch A showedngtbobdMpadlds dvi@wWsarfedd am bat ct

B showed a crognph edlf® adan&l. &t %/ Bt BHCVatwehes

wel | bel oiv 0b& bpmct f bledd, biynddSAatS3n0g4d t he m
consistent for both batches. Figure 4.3 il
typical for mortar cube compressive tests.

Figd3Teypi cal FaitlhMoe t dosl €udfe
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Tabd4d3€ompressive Strength of Mortar

Lengt Widtl Ar e UItilmaeu(Compre
' D (mm) (mm) (mip  (kN) "N
(MP R

MA 1 49.9 50.6 251 1284 51. 1
MA 2 50.8 51.0 259 133.3 51.4
MA 3 50.5 51.8 261 141.2 53.09
MA 4 50.9 51.5 262 119.3  45.5
MA 5 50.2 51.0 256 116.0 45. 3
Av g . 49. 4

C\ %) 7
MB 1 50.0 50.8 254 126.1 49.6
MB 2 50.3 51.2 254 130.9 50.8
MB 3 50.1 50.5 256 124.5 49,2
M B4 50.4 50.0 252 117.9 46,7
MB 5 51.0 50.0 255 122.0 47.8
Av g. 48. 8

C\ %) 3

423 MASONRY PRI SMS

Prism bat cweerse Ac camsdt tBu entoed ar fr om batches .
S nce mortar was appofi e@MUOnI| fitoot apitnhEmdt dace a
wal I c oncsotmpurcetsi soiemvegt h was cfad cadimaedelcheéusi ng
faceaheda!l of the prism mafsandal schbanbdde hatbh

area I n Figure 4.4. A | icalhe offionr redawbl| tee d4 . c4o. my
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bat ch

A showed gat hc ooMp alelsl slav &Vswbheeds prism

B showed a

cgmpr eNBawd Oat G¥naédfgalh, the CVs

batches are below thesrsgaeantepgMasSemmesiyadaght

typically

cracki

failed Iin a diagonal cracking pa

ng was through the web of the prism.

TabdddMasonry Pri sm sCtonhpeaswsistisve Te

| D Pult ﬂN] | D Pult ﬂM]
(kN (MPR (kN (MPR
PA1 74. 11. PB1 68. 10.
PAZ 63. 10. PBz 58. 9. 32
PAZ 60. 9. 7PBZ 67. 10.
PA4 86. 13. PB4 67. 10.
PAE 66. 10. PBE 51. 8.1
Avg. 11. Avg. 10.
C Y % 14 CMM % 11
‘ 185 ‘ &
T—V ﬂj 17
0 \
[ ]
v %
Fi gd4eef f ect i-vyectCrosasl Area of Pri sms
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(b)
Fi gd5Teypi cal Failure Mode of Masonry

424CONCRETE

Concretewenyéei me@mtedmpressive davéngtalsi ag 1

well as on the day (0lf2 Ot .hdea yisnpflie |4e.d5 fsruammea rtie

6 2



of concrete strengt hMhat adiefrfagree cto mladyess so fv e
dawas 21. 2 kN wliheh aav eQVasgoelv ec3o%niprrdeasgt Wa ® n 2 2 8 ¢
MPa The average compressive sMPainghhao@GVtdoil
2.5%. The average modul us MFMa eFliagsutriec i4t.y6 wsah:
typical failure of7dd piecticyil ti mallerlIsi ratewapy i Fpaglrutr i

stress Vvs. strain scurve of the concrete cy

Tab45€ oncrete Cylinder Compression Te

14 Port TR 28 Puit fNj 12 Purt ] E
Day (kN ™MPRr Day (kNMPRr Dasy (kN (MPR (MPR

Al 37. 20. B1 224 27. Cl1 514. 28. 140.
A2 40. 22. B2 223 27. C2 541. 29. 128"

A3 39. 21. B3 222 27. C3 543. 29. 127

Avg 21. 27. 29. 1321

CV%) 3 3 3 4

6 3



Fi gdéTeypi cal Failure Mode of Concret

14 -

O 6 - E=12710
n

0 0.0002 0.0004 0.0006 0.0008 0.001
Strain (mm/mm)

Fi gdTleni ti al Stress vs. Strain Curve of Cc

(dynde) C3

6 4



425SUMMARY OF AUXI LARY TEST RESULTS

The steel preomdrotricesnewme pe ealst aieseédnighprogr .
anwlaseproduced nicnl utdhien gt atbhlee yi el d stress, u
and Y umg@dTuh eu srme cchad portohpee rmaiseassnr y component
stuwmdye sumnmarTiazbelde 4. 6. As shown in the tal
properties iomnf tR€Eomscwmehese and reinforicement

termsonmnpfondnassambl age are similar among al

Tabd4d6&S&ummary of Auxiliary Tests
, Reinfor
CMUs Mort Pris Concr Hu (20
Strer .
( MPa 17.¢ 49. . 11.: 29. 2 446 (€
Bat «
A El as
Mo dul - - 9435 1320: 24735
( MP a
Strer ‘ :
( MP a 17.¢ 48.¢ 10. 29. 2 446 (€
Bat «
B EIl as
Mo dul - - 850( 1320: 24735
( MP a

65



43 | NFI LLED S PREEYS WEINS

431FAI LURE MODE

Table 4.7 summartii mendaedfthrealf afi diulrer enamidd v & n

(puldndgnipegat i( pe s diomgienaficilnle € @ me n

Tabd7@ummary of EReseulitnent al

| D Fail uFinal Final

|l ntiio. Mode ( Modg

IF-FG12 SS CcC DC

IF-TG25 DC CcC DC

IF-W-TG12 DC DC DC

IF-W-SG12 DC ccC DC
Note: CC stands for corner crushingl SS st

cracking.

Corner crushing was the most common failwur
crackimg mast tcommon failure mode in the pi

initiated by wiitahg a el ekl dosfe Wwad | ur e
i ni thyl iedi nTgh es hfeaairl ur e modes arbd aii m ¢ldhierd & owmi
fi ndi ngismiolfar infilled frames 28l0bherceé edheo
f or matdigam aodf ¢oa¢ lbwegnby warsu sahlisnog s dtemd 1 mhd set
common faillThe fmobkowing section prioovni des

for each speci men.

6 6



43111 FG12

Cormearsimicegiatr e®lh. Qat eral i di pdl bele@@® @i men
| #FG1 2 Wi th a fulbowgwmadr pgeedsecent act heat het he
t hir dc yscadtredo ft hseh oivmefdiildeabl e 1 badf cartrlhi agt a:
at a di sdl4damenme Dturofng t hewals4 onbesleayveelde hes bia
of the infild]l at 22.4 kKN in the pulling act
was i nti hiendtidd began to form the diagonal
contact wiAstaltlhaea riemafei Iblodan o mbe gednnt toor nsehrow ¢
crushing at 37 kN during the pulling actio

to gaienmgtdht he cr ughteihiad el tvagsrl envima c BRebld 3

during the pulling Ricdurdea)db.jp8r olve d85 @m oOyeE
fai lur #ipgare dd,e®i cts corner crushangure.th
Foll owing pulling acti omwafsaiolbastreg3vledd ammnacaul r

the pushing action of the 35 mm | oading cy«
79 . 5sikmi lhaer ptuol Iti ng acOnbwy oaohré idmaa geovrhaml a dc.r a
obsernmedhe pusBanbydsplaglonsgi/ocho.r ner cr ushing
hand wereeomlseduvetdag|l urehewhopecdwl | corner

f ol l owiongp Itenteioorm efru &cér udsebpiincgt F(E).gur e 4. 8
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a) Overlwitaw FafamEai | ur e

b) BottOGmmemRi ghtt) Rioghotr ner

Fi gd8*peci me@®@12 FFai lure Pattern

43121 FT G2 5

Spenein-TIGR5 fdaiel ead cordrueri ngr ushkei nppaul | i ng act
cycwreer sudcdden di aigmintail atcerdactkhel prud bt ng dir
di spl acemeamna olfd tdearfla IlMWEF &1 Ikdvhiomrg t heatli agona
craaqlg ul ti mawaes cragaclbeadier cr ushicrmog afenthlee t
infild/l at a dimsplazhe mentngoft A&KOMI ht it mat @ul 0 &

act.Fioghur €ay. 9Showasl It hfeaidwerre plad)d ef o) whleowast

6 8



cl ewuspe view of the top | efai Icuorren erre sapnedc ttiovpe Ir
(bdepicts the icnortnlee tcaopusihefRrtigl towneg &ahef s
crushing failure, awabapopisrdrope | pulldamadg ca
| oad r aevgernsaall ,craack wamm ailstoo itnh & ipausehdi nlg 4a
mmyc | e, reachi Rfyl. aFaal bnpadi oft B& pushing a
the specimen conti nguetdhda o021gammI| syt elaen gd hg du
strengtthhe pushing action of 76. FikNreaet 4a 9l

(cs)howsn a diractrew sahti ntghe t o.p ri ght corner
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a) Overlwitadw Fa faamel uarte F

b) To@olLmeét c) TopCoRinght
Fi gd9*peci me@23 FFailure Pattern

43131 PN-T G1 2

Di agonal <cr acki nign twtafisaiol busreer vaendd afsi ntahle f ai | u
| WW-TG1vhi |l e no vi si bMaes csberawekrs chreugsahn ntgo f or
di agodoinaecti ohe infild]l at 3.5 mm ciynclteheatp ual
recorded IkdNad Sofmi Lar #4vy, da®gadniatimh ec rmagc kisi f ¢

actiommody &l e at a RB&dor Cedckeadnoft heg9di nfi

70














































































































































































