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This study presents a compreknsive strrrctural art4lysiS of skar  connected cavity 

wih. vertically sp4nnedp saib$ect to h t m l  i d  The caviîy w l l  investigated in thh snfdy 

is a niasonry a.rsenrbl'y cornprbing IWO wytks sepruaed by a contintmas crniîy and tied 

togetkr, vüa non-conventionai metol connectors. Since the intraluction of the new Block 

 heu?* Connecior the role and the strirctrcrui behaviow of traditio~l cuvïty walls with 

jkxïble ties c h g e d  sign@xmtly. AAo, tk new. Cruiodian Standiards Association Standard 

CSA CAN3-S3W.I-M94 Masorny Design for Bdclings - Limit States Design innoduces 

men& d serviceability requirementr t k t  mwt be met in design. For b o l  reasons. the 

author recognized a great need for a r u t i o ~ l  apprwch and more reaiistic predicton of 

structural p e ~ o m n c e  of the cavity wll.  Ciarently. the musonry industry U looking into 

a method to t~& &anrage of t k  umed smrricml jwtentiai of the outer wythe by reducing 

the material and construction costs, 

The realistic detemination of the response of either a plain or reinforced s k a r  

coltnected cavity d l  deniandr knawièdge of the inelrrrtic b e b i o t u  of al1 constituent parts 

and the ability to incorporate thse h m  a r u t i o ~ i  anaiysis of the real structure. Since a 

precise a~ ly s i r  is highh compkèx, this requires a remonable compromise between recility 

and the irce qfsariiplfiing assrapti0nr:jirsiy. in the fomuation of material and geometnè 

properties. secondly in simulati~g the structure with a mathematical d e l  and finally. in 

the use of the principles of mechonics. 



In this sttuiy. the proposed m e t h i  is conceptutally founded on the premise t h  the 

met- of analysis sliouki be independent of the procedate for estimating muterial 

propernperneir in order to be valid for m e n t  as well as for possible fvnae knowledge of tkse 

propernès. 

l'Re proposed MetW 4 Imposed Rorrrtiom which folk inm the category of 

fipararion Meiihodr is a speckl type of non-iineat analysis. It i3 based on the Principle of 

Superposition. with matetiàl non-lineor stress-saain rehtioaships. und consequently non- 

linear constitutive relotionships accounted for. 
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1.1 CaviCg WaU 

The cavity waii mvestigated m this study is a nvwmy assembiy comprishg two 

wythes separated by a contmuous cavity and ried togedicr. via mn-conventional metal 

cornectors (See Figure 1.1-1). The term wythe can be denned as a maronry wall of one 

masonry unit in thicknesd1). It bebngs to the category of non-bad M g  waiis. since no 

venral bads are invohred in analysis. The tie, which cm trans&r shear and is aiso refwed 

to as the Bbck S w  Connecter (See F i  1.1-2). provides a certain degree of composite 

s t m d  action b a n  tfie two wythes. How mch de@ on the properties of the wail's 

components. GeneraUy, it enhances the mtegrity of the whoie assernbly by mobilizing the 

structural potemial of the exterior wythe. It is cIearly apparent that by providaig the sti&?r 

connector, whkh maoduces composite action, a more structuraQ ngid cavity wall Û 

obtained However the e&xtive stifniess of the connector is somewhat Iimaed by the 

cüfkmî dehmmhn properties of brick and concrete block due to changes m humidity and 

temperature e k t s .  It should be borne in mind that the cavity waii is an idciennsiate 

structure and environmental mors can gemate signifiant undesirable stresses. 

This study presents a comprehensive structurai anaiysis of shear connecteci cavity 

waiis, verticany spanned, subject to wSd bad. The new shear-connectora' changes 

s&dhnf@ the mk and the srruetUral behaviour of traditional cavity walls wîth flexible ties. 

Also, the new Standard, CSA CA.3-S304.1 - M94 Mc~sonry Design for Buildings - Limit 



Fi- 1.1-1 Cavity Wall (comesy "Talllcete") 



Fi- 1.1-2 S h e p  Connecter ( comesy ''Fer~'') 
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sutes ~esign': inaochices rquhments, such as stmgth and senrkeabiiity, that mst be met 

in design. For bth w n s .  tkre is a gnat need for a rational approach and more realistic 

pradiction of structural perhrmance of the eavity wall. 

Apparently, aay method that ignores the eiasto-plastic nahue of the cavity wd's 

component materiais camot provide satkfktory pladrtiDn of stmigth. The reaiistic 

determbtion of the tiesponse of eïther a pkii or reinforcecl cavity wan demands knowiedge 

of the inelastic behaviour of ail constituent parts and the abiiïty to incorporate these mto a 

rationai analysk of thc mai srnimue* Since a precise analysis is highly cornpiex, ths requins 

a maonable compromise bctween rwlity and the use' of simprng assumpions. 

Initiany the structure possesses a certain "amount" of s ~ s s ,  which depends on 

material and geoiaetric properties* hie to extemal influence. wiKL bad for exampie. the 

structure iç forced to defiect htedy* Sive on@ reversible ciastic deformations take place. 

the relationîhip between the maximum defkction aad appiied bad is Imar. At one p m t ,  

due to a highcr bad, ore section st- to behave elasto-plesticany. nie plastic components 

of intenial defonriations are imversibk and the stifkess of the structun is aEécted 

The ovedi sti8SRess of the cavity wall demases and consequently the baddefîection 

rebtiondiip commues in a non-lineor bhion. Wah a finther bad increase new phemmmi 

may OCCW. These could take the form of crack at the mottaf joints and their propagation, 

and/or pkstiEication of hiBhly sassed sections of V-ties. Both processes contribute to a 

considerable loss of overaii stinness of the cavity wail and its ability to resist furuier loads. 
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This stage is c- by large deflectioa The theory of s d  deformations is still valid 

and without signincant axial forces. al1 cquilibrium equations can be expesscd m terms of 

the ongaial geouietry of the structure. Ttierefort. there is no need for a second order 

airaiysiS. The structure collapses when it reaches ultmiate carrying capacity. At which load 

and in wbat mode a cavity wall wiû $iI &pends on geomtiy,  end material and sectionai 

pmperties of ai l  components. Ifa construction factor is exchdeâ, the material faihue wilï 

likely occur at an ultimate bad  

Shear connecton have the ab* not only to transfer a lateral load from the veneer 

to the backup wa& but ako to gemme sbear forces. whkh m tum produce beneficial positive 

moments in both wythes. The induced axial compression hcces m the veneer wall and the 

mQced axial tension forces m the backup wan are rehtively smali and for shpi ic i ty  can be 

neglected in calcuktions. DMdiag the bendng momnt by the axial force yields a hrge 

eccentncïty cbsc to pure fkxure. Moments created by sheat forces are important s k e  they 

enhanee the capacity of both wythes. 

1 3  RDposcdMetbod 

In this study. the proposecl mthod is conceptualty founded on the premise that the 

methoci of should be indepaiden of the procedure for estimahg material propenies 

m orda to be vaüd for current as well as for possible fiiture kiowledge of these properties- 
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A cornputer pgram has been devebped that performs the h t  order non-linear 

structural anaiysis of shear-conuected cavity walk taking account of non-linear material 

properties of the wythes. A rationai approach bas been empbyed and the analysis is based 

on the combination of comgatibüity mthod, staaiess mthod and mthod of imposeci 

rotatiamC4) (modifkd compatibiliîy methocl). 

What the program can do: 

It generates five points on the moment curvature diagram of any plain. paniany or 

funy grouted, with or without ~Siforcemnt. brick or block section; 

It establisIies rotation-force rehtionship of Block S w  Connecter; 

It generates a mn-a#ir baddeflection diagram of a masomy simpiy supponed wa& 

subject to lateral bac& with remion stinening" fhctor accounted for; 

It genezates a bad-deflection diagram of the cavity waR due to a lateral bad up to the 

crack lirait; 

Theontifany. it tras the potential to generate a non-linear bad-deflection diagram of 

the cavity wall up to the faihire, subject to lateral ha& 

1 3  Objectives 

The main objective of this study was to devebp a compter program whrh has a 

twofold pirpose: 

1. To aid the mgoieet à1 the design p c e s  of the cavity wall, resptng the limit States 
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design requirements: 

II. Usage m evaluating the test nsulrs of the cavity waiL 

ûther ob@tives are: 

To predict more realistic structurai behaviour of the cavity wall; 

Better understandhg of non-linear deformation pheno- 

To determine distribution of moments and consequentiy bad-deflection rektionship 

at any bad stage, not only at ultiioate: 

b To define rnoâes of fidues. 



2.1 Intmduction 

Maso~iry cavin/ wak an frcsuentiy used to povidt superior moistue resistance and 

emrgy eftickncy for building envebp design. The wall system consists of an air cavity 

sandwiched ktwan an outer veneer wythe and an hoet structural back-up wythe. 

Traditionally, the back-up wythe bas ban designed to min the full lateral impsed bad, 

while the veneer wytbe has beai regarded as just an architectural &mg wiihout any stnicniral 

importame. By introducing tk non-conventîonal connectors that have the ability to transfer 

a shear and enabie a composite action between two wythes, a contribution of veneer wythe 

in incnasing the stifhss of the system has been afhieved. Cummly, the masonry i d u s t ~ ~  

is looking mto a mthod to take advantage of the unused structural potential of the outer 

wythc by reducing the material and construction costs. In ment years many tests have been 

done with cacouragig rrsults and con ch si on^(^ It triggend a need for developmg 

a new ap2ni~ach in the design of caMy wails. Also, new defhitions and revisions have been 

hroduced anci incorporateci in Standard CSA S304-1 M94 Mmonry Design for BuiIdings, 

that refbxt the new structurai concept of the cavity wall systen 

2.2 CavityWaik 

For a long time the advantages of the anangement of the cavity walls have beni 

rec~gn.ized('~). The caviîy between the wythes is a convenient place for Mailing the 
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continuous air and vapr mmbniae and insulating material Aiso. the cavity acts as a 

superior rain sc~een, allows &ee air fbw for ventïiacion purposes and allows pavtrated 

rainwater andor condensed vapor to nmff h l y  through the weep holes. The mon cntical 

parts of the cavity wall assembly art the ties. which embie the wydies to act together. What 

degree of composite action h providai, s t m e  speakiag, depends main@ upon tie 

S~BESS. its spcmg and tie interaction with the masonry at the location of its embedmentC1) 

Due to tb existence of a large variay of C O ~ O T S  on the market Canadian Standard 

Association made an effort to devebp a code exclusive to the categorization, design and 

specfiation of masonry connectors. According to C~N-~370-M84('~. the masonry 

connecto~~ weie divided h o  two gmups, the standard and non-standard connectors. Most 

of tradiaonal th, such as the comigated snip, 2-shape wire or rectangular wire tie. fàil mto 

the category of standard c o ~ t o r s .  They are also b w n  under the cornmon nam "weak 

W. whrh they *unot transfh a masurable amount of sbear force. and consequemly 

zero composite action can be achieved baween two w y t k .  The drawbacks of the weak ties 

led re~earchers('~) to develop a new type of tie with irnproved fkatures. One attempt was to 

introduce a st* tk that woukl inmase the rigidiy of the assembly. thus ducmg the hteral 

dektion and crack width, m other words enhairmg the serviceabiüty limit criteria. 

The ideal type of connecror for a cavity woll will, tkrefore, be one thr  U stifl 

enough i t ~  transfer the lad w the bac@ wytk  Md flexible enougli to accommodate 

t h  vertical movements 4die îw wythes. Zhe niain objecrve of the researchers was 

to develop a sheur comctor which will pamully resîrain the vem'cal mvements 

between the two wytheS wWIthout inducing hrge stresses dice ro material properîies 



and temperature Mec@. 

The sbcat coaDcetor used thmughout this study was dcvebped by Dr. M. Hatzinikohs and 

his team at 'Ihe Praire Masonry Research institute (PMRI) m Edmonton. The superi~nty of 

this type of tie ir wen ncognircd and it is bemg wideiy used m the masoiiry construction 

indusm. 

The evohition of the tie prompted the need for a revision of the old CSA A370-84. 

The new edition was pubiished m 1994('? Som notable changes of mtertst inchide: 

w hanmafrption with CSA A371. the masonry consmiction standard, and S304.1. the 

newniesomyLSDdesignstandard 

a re-thinking of tem.  so that, a 'standard cormectory m the 1984 edition became a 

"conventional connector", and a "non-standard connector" became a "non- 

conventional connector" 

w enhancement of existing perlormance rqukments, and the introduction of new 

performance rqhments 

The Block S k T M  Coniector. whah bebngs to the non-conventional connector 

category according to the revised classification, is an "engïneered connectoi' with superior 

perîonriance. corsmictibiüty (easy of hsdation and p k h g  of hstaihtion), abbility to provide 

ütle or no impact on the air and vapor barrier systern, ability to pnvent àisengagemnt and 

ab- to nduce the heat bss due to thermal btidging. 
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Many tests had been conducted by âifkrent authorsC'" (ln m deteminhg two 

parametm: the compressive strength and the D t x d  tende sangth of c o m t e  bbck and 

brick nirisoriry. Sire the inasonry is a multioomponent a~sembly, havhg an ïnsight into the 

relative miportance of various geomtric a d  ptysid proputies of the bbck, brk, grout and 

mortar is indispensable. The coirhsions drawn firom the experimenta.1 worlr wiU be 

n i p p o n e d b y a d y t k a l m m e n t ~  rrhtioriship established for bbdc and brick section 

m this study. 

In order for tbe pedbniiance of the caviiy Wall to be accu~ately quantihi and venned 

two d.iî%mt issues shouki be qbnd:  first, a need for obtanng more accurate information 

about material properties and sceondly, a need for rationai stnicniral mis. 

2.3 StnirbuslAasly?ingMetbals 

TraditjDnai m&o& for d e s i i  tbe cavity walls were based on the assumpion that 

non-composite adon is pmvided betweai t ~ ,  wythes. the applied moment is distributeci 

proportionai to tk stafness of th wytbes ami worLiiig stress method is e m p ~ o y e d ' ~ ~ .  The 

enpeieers had a diffkuity m the design process, since no ckar guidelines and standards had 

been e s t a b w  

The extensive research and testing of shear comiected cavity w& have been 

conducted by PMRI(~) @) (12) m the iate 80's. Theorerical analysis was based on the two- 
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drniensioaal mode1 by assurning constant stitniess of the wail assembly abng its kngth and 

analyting only a portion having a one metre widih Any 2-D stmctural program for elastic 

fiame mis could perform the annlysis. and P gives good resuhs only for b w  level bads 

up to the elastic limite 

As a rcsuht of experimental and amlytkal studks done by PMRI, design c w e s  and 

tables'" were oaained by viuying the different pararneters hvolved Tky also helped to 

establish suitable guidelines for the design of the cavity waL For a h t  time an effkctbe 

momrit of inertia for the cracked section was used in the analysis. taken and modined from 

S304M84. 

Meanwhile, a few smipliocd a d p i s  techniques were developcd to generate design 

aid tables to faciütate the design processQO? 

Later, drrc was an attemp by the PMRI research t*un to produce the ideaüzed bad- 

defiection cuwe that consists of four characteristic poÎnts with changing of materiai and 

section propettits dependng on the stress leveL nie analysis procedure is based on the 

review of the baûdeDection m e  and observation during the testhg of cavity wails subject 

to a lateral load. 

SoAwareQU package Skar Truss for analysis of cavity walls, developed by Canadian 

Masonry Research Institute (CMN) was mmduced on the market recently. 



13 

3. CAWTY WALL AS A STRUCTURE 

3.1 Geomtry 

Masonry is a modular product, tbat is, unh are manufactured m standard overail 

sizes. Basic standard s k  corn m moduies of 100 mm. This momilar appach bas to be 

mairitainecl m al1 ttnet directions of a masomy building- The dimensions should be phnned 

to multiples of 100 or 200 mm. Thete are two different aitegories m modular dimensionhg 

of the cnasoiiry uniis: the nominal VS- actual dimCnsOllS. Actuai dimensions of a unit are 10 

mm snialler m di three diniérisions than the nomnial dimensions to fit a standard mortar jomt 

of 10 mm. 

Theoretidy, thir program ailows any value for fioor-to-roof height, excep one 

condition, the modular bbck height of 200 mm. bas to & in overall height. The typical 

~ k t e d  heights wouid be h m  2400 mm up to 9000 mm. 

The veneer wythe ir assumd to be cons~icted of a standard ciay brick unit. The unit 

has actual dimensions of 90 mm wide by 57 mm high by 190 mm long (See Figure 3.1-1). 

Provisions have beai buih in the program for analyzng a reidorced v e m  waL The same 

d8nerisiom for rmits appiy, wtiuh have larger voids to accommodate the reidorcernent and 

adequate grouting. 

nie backup wydie is consoeffd to be constructed of a siandani holbw concrete bbck 



100 METRIC STANDARI) PRESSED 

Figure 3.1-1 Standard Brick Unit 



Fi- 3.1-2 Standard Concrete Bbck 
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un9 wthwidrhrof 140,190,2400r290 mm. A typcalbkxk is shownonFigure 3.1-2. The 

other two cinrrpiriS;nns are constant: 19Chxun high by 390 mm bng. The dimensions of the face 

sk& web width and core kngth are iisted on Table 5.5-2 for merem unit s k .  

nicm~arpmtthickieJskassumeiitobe1Ommmbthwythcs. Thsmakesthe 

nomsiaidirtaiw between two venical mortar bed pmts to be 200 mm m backup wythe and 

67 mm m the veneef wythe. 

Cavity width varies h m  25mm up to 100 ma 

Sheat coinector comes m di&rent sizes. dependhg on design requirements. The 

program prompts for mput on protmsion lengths of V-Tie and steel plate. Spacmg of 

cormectors is dictated by the maximum rccommended spacmgs. Vertical spacmg is 200 and 

400 mm respectiveiy top and bottom. fbbwed by equal spacmgs of 600 mm or 800 abng the 

height of a veneer wall. Horizontal spacmg can Vary h m  600 mm to 1ûûû mm. 

3.2 Constituent Parts anà Propcrties of the Cavity WiP 

Mmonry strengdr One of the m ~ s t  important material properties required in the Lmia 

States design of masonry is the spcioed compressive strength of block or brick nurronry f ,. 
Two sources for obtaning the vaiues f, are suggested(ll. The f5st source is the Tables m 

S304.1, based on the specified unit strength. the type of mrtar and the number of grouted 
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cores. The second source would invohre the testing of stack bonded rnasonry pris- made 

h m  the materhi compommts used in the actuai structure that is to be anaiyd. Table values 

for compnssive strength of brick and bkxk masomy can be obtained h m  Table 3 and 5. 

S304.1-94. Due to lack of consistent data there is no tabuhted inforniation about the 

comprwske strength for holbw chy brick mammy. This should k &termineci by prism 

testing. FlexuraI tensile sirength f, is another very imposant engineering property required 

in flexural analpis of the cavity waL nie values for flexurai tende strength of block 

masorny, tabuhted on Taôle 55-1, mpresent the nimmary of the extensive research done by 

dialnn a u t h o ~ s ( ' ~ ( ' ~ ~ ) .  Tbey are m gemal agnemnt wiih the values shown m Table 6, 

S304.1-94. It is worth mntbning that the c u m m  Code, does not reflect the higher t 

suength of the gtouted aiasomy versus sood masomy. Aiso. it does not address the Eict that 

f is not onty a finction of the strengdi characteristics of the component mate-, but also a 

function of their geometrk characteristics. The values for £lexural tende saength of brick 

masonry are deriveci by analogy on the behaviour of bbck masomy and they are listed on 

Table 5.5-1. 

Brick mclsonry Mit. It is assumd th a siandard brick unit satisfjhg the wuirement 

of CSA Standard A82.1 bas ôeen used. It can be soüd or holbw. The Qexibiüty of the 

pgram albm a srniaual a d p i s  of cavity aalls where veneer and backup wythes can be 

made of non standard d s .  assuming parameters such as, compressive and fkxural tensile 

smngths obtained through testing. 
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Conmete maronty unif CSA Standard A165 mvur aii aspects of material properties 

of concnte masomy units. The most important &sical propenies of a coacnte bbck are 

considemi to be. 

z. SOM content -Ifna cross-sectional a m  is l e s  than 75% of the gros cross-sectional 

area, the comae block hlls into the category of hobw units. OtherwiSe, it is 

classikd as a solid unit. A hobw unit is designated by the letter H, and a solid unit 

is cksignated by the letter S. To distiagujsh the unit with cores h m  the redy SOM 

unit, A165 has incîuded the designation S, for fiiny soüd unt. 

ii compressive strength - The most typicaI vahies range h m  1SMPa to 35MPa. 

Üi dewity - Not addresS8d in th0 study. 
iv. and noUtwe content - Not addresd in this study. 

Mumu. The latest A179 Standard recognizes two types of mortar. Type N and Type 

S. The mortar type has to be specifïed if the compressive strength of masonry is selected 

h m  the Table. Aithough the mm accounts oniy 2.3% of total masomy volume, it pkys 

a significant roii m the tensiie sangth of the rnasonry. 

Grout. The assumpion is that grout confom to ail the requirements h m  CSA 

Standard A179. It oems two purposes m masoq.  Mt, to kmd the reinfoamg steel and 

etiable it to act wiih dic iwt of the assenMy and secondly, to increase the efféctke area of the 

masdnry section, thus enlarggig the load-carrying capacity. 
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ReiIrfo~ement. Ody standard repifo~~ing bars are assumed to be used. The program 

allows eaha or both wytks to be nidimecl nie rsquaed paameters are yieki strength and 

the total SeCtiDIialar*i of th bars per one mctre waIi width The assumpion is that the bars 

are phced m the centre of the waL 

~ b c k  sk(JM Connecter assembly comîsts of a Shcar Connecter Plate, a V-Tie and 

an opional Sisuhtion support of rigid plastic (See Fi- 1.1-2). It has been recognized by 

CSA Standard A370-94, and bebrigiag in die category of mn-conventional coiinectors. The 

shear plate if prochcecl h m  16 gauge sheet metal. The différent heïghts of 60.70 and 75 

mm exist on the market. The +Id sûength of the plate is 230 MPa. The V-Tie is 

rnanufbctured h m  4.76 mm diameter wke. 

3.3 BdargCoaditions 

The veaeer wythe is supporteci at the bottom by mans of steel shelfangle, or rests on 

the floor or foundation smchval elemnts. At the top, the veneer is h e  to move. and a 

backup wall D supporteci by a steel chaiinel tbat akws the wythe to move vertically but 

restrains the horizontal movemnt. Both wythes an connecfed by shear-coniectors spaced 

at certain internais. 

In the maipis, both supports are modeled as hinged at the bottom end. At the top, 

the backup support is simulateci by a rokr that allows vertical movement. Embedded ends 
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of the V-Tie and thc steel plate m the mortar joints are represerlted as a fked suppon in the 

structural analysis. 

3.4 ExteInal- 

The posaive unifr,rm wid pnssun iF corisidard to be the only one that acts upon the 

wadward$ceofdie stnrcture. Sdfweightofthe 11131~nnry Unas bas beai negiected. Neither 

wythe is subject to venical bads. nie exterior wythe acts as a veneer wail, d the interior 

wythe aas as a backup waJL However. the program itseK possesses enough hxibioty to be 

upgraded to accommodate the effkct of verticai loads. 
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4. RATIONAL APPROACE IN UNDERSTANDING THE STRUCTURAL 

BEEAVIOUR OF CAVITY WALL DUE TO WIMl  LûAD 

4.1 Cause dNon Lbmdty in the Lmd-Defiedon Relatiombip 

A primary goal of any structural anaiysis is to pradict the uhimate resistance. which 

a wailcan wnsmt &en a certain ioading pattern, in this study a uniformly di9aikted wind 

bad Aahough bad Caaryog capscity k of umst importance. excessive deflectio~~~ can alro 

lead to structurai pmbkrus. EW thaî nason SerYjceabiiity requirements that inchide crack and 

deflection control must be satisfkd The aoaiysis can ôe compieted if the bad-dehtion 

relationships can be determined for al1 stages that a structure (wan) passes through, h m  a 

zero-bad stage to the dtimate-bad stage. 

Figure 4.1-1 Characteristic Stress States due to Bending 

A cross-section of masonry waU, subject to pure flexxure, passes hou& different 
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s~deformation States, which dinctly depad on the magnitude of the moment (See Fi. 

4.1-1). At low bad levei, â e M  as Stage 1, a small moment causes b w  stresses in the 

masonry. The distribution of stresses abng the cross-section is liwar and there is no 

crac& as long as the stress remains below pire tensile strength. At this stage aii internai 

defôI1IliitjDns an: ehistic. Once the pure tensile strength at the tension face has been reached 

the cîkilmtion of tais& stress is m longer I;near. Under a furthcr load increase, the tensile 

stress curve cîeviates more h m  the strai@t Inu, and the neutral axis shitts siightiy toward 

the compression zone. Stage II is characterued by developmg eksto-plastic deformations 

abng the taision um. The mechaniSm of piastifkation is a cornplex phenomenonm' which 

starts by the generation of microcracking in the mortar pint or m the mterfàce between the 

mortar bedpht and the bbck or brick and subsequently in the grout mass. When the most 

stressed fîbres m the tension zone exceod the pue tende strength of the moriar, plastic 

deformations commence. Further load increase causes an increase in interna1 forces at the 

cross-section, and tensik stnsses p d u l î y  ~ a c h  the pure tensile strength of the grout ancVor 

mortar m the adjacent fibres along the cross-section and plastic deformations continue. 

Eventuaiiy, m the stage next to h c t u r e  most of the tension zone is M y  plastifïed, tensile 

capacity haâ been exhausted and failre is imminent. Plain masonry members subject to out- 

of-piane bending always coilapse through cracking and devebp elasto-plastic strains in the 

10- stage next to km. nie formation ofa crack ahways takes place wahin the tension 

zone abng apnt. Meanwhile the compression zone is strained ekstically till fracture, since 

devebped stresses are less than the elastic üma. 
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In the aise ofa ichfbrced cross-SeCtjOn, tbe bars ate plaad in tk centre of the section 

and k i r  position coIicides with the naitral zucis- At Stage 1, no stnsses are devebped m the 

bsrs At Stage II, kauise of the &ifhg of a naitrai axis up- s u d i  stresses devebp, but 

they are too smd to a&ct o v e d  behavi0u.r and cm be neglected m calculations. A 

transition phase h m  Stage II to Stage lII is characterized by an abrupt change of  the section 

stifniess due to a higher moment. Shce the fdiy plastined tension zone can no longer take 

part in resisting the temile stresses. the bars become effective- A crack bas a tendency for 

m e r  propagation toward the compi.ession zone aad the neutral axis shifts nU upward. 

Depending on tht m u n t  of reÏnfbrcement. danait possible situations aiay develop: 

(a) Whm a very small amount of steel is present, the bars are not able to pick up an 

tensile stressa produced at the end of Stage II (A .c min A 3. and the section faüs without 

any w h g .  In this case. Stage III is mer reached; 

(b,l) The minimum amount of reidorcement bas been provided (the vahie for the 

miment capacity of phin section will sem as a condition for determinath of the minimum 

amount of reidorcement, min A , f y jd 2 12 M , ). and it cm resist the tende stresses. 

Since the bars pick up most of the tende stresses the section regains equüorium. From the 

condition h r  detennbatbn of the minimum anmunt of reinforcement it can be shown that the 

stresses m the bars reach the yieldmg stress. it manr that the capacity of the 

section ir alnnst exhausted, because h m  now on the bars are king snasred constantly wiih 

a srdi bad increaSe. At Stage IV, deformition of the tensile bars continues at a much faster 

rate than the defonnation of the comprcssed fibres. This causes very iarge rotation of the 
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SeCtjDn, krgt defkction of the waû wiih a clear si$n of the crack widening. It also causes a 

fimha redlfcrion of the active compression zone. Therefore, ultenately the section fi& with 

cnishing of mortar and parts of brick or bbck at the compressed fke shea This type of 

Eiihire in the beranire if kpwn as a -ion fai?urien. Experuiieraal work show that after the 

bars reach the yielding stress* an increase m the steel sDam occurs very rapidly. From the 

aforemensioned msons, such as very large rotation, an excessive dektion anci the width of 

a crack, the uhimate steel s a a i n  at fiihm, would be signincan only h m  a theoretical point 

of view. For practical cakuhtions, the aitical steel s t d n  b r n  5-~WOO can be used as the 

criterion for remion tgiluren, as it is done in som European Codesmo4). 

b2) Wbai tbe area of steel 4 k conderabiy greater tban minimum (Q min.& ),the 

section is capabk of attracting more bad At som bad level when the m s t  strained fibres 

exceed their elastic sPan limit uie seaion errters Stage IV. Wih a ainher bad increase both 

the bars and tbe m ~ s t  shahxi fïbm in the compnssed zone ddonn at the simüar rate. There 

is furtha reduction in ~ s s .  shiftng of the neutrai axis and propagation of cracking. The 

fibres in compression stan to strain plastkany, the stress curve k more c m  while the 

stress m the bars is st i l l  iess than yielding stress. As the most strained fibres approach the 

ultimate compress~e strength and the top fibre reaches the ultiniate strain the section has 

exhausted its kad capacity. nie section experjenced a tailute, the so calied "compression 

hilurem, wiih cnshing 0fmom.r and p u t .  This mode of Eiihin is undesirable because there 

are m clear signs and prbr wamings that a Eaihue is imminent. In other words, then is no 

large rotation of the section, no plastic strain deformation of the bars, no ckar sign of 

widening the crack, and it happens at rather small defiections; 



b3) Thc drird mode of faikrc k the "talanced fidure." 'Ihir happe- when the mortar 

and graa sian crushing and the stress m the bars reaches the yieldng stress simulraneously. 

As a conciusion, cnishing of the exterior part of the compression zone is common to 

al ldrnet i l l l ireb,  whilethestrainm the bars caneither bevery large, orat yieIdsuain, 

or saani that is less than the elastic saani W. Figure 4.1-2 shows qualitatively the bad- 

deflection behaviour of a masonry wail due to a wind Laad 

A waiî resists cieflection h m  extenial ioad due to its st i fhss,  which can be 

expressed as the product of the modulus of &formation of niasomy (Ed. its sectional 

geometricai propties Q, and iis hem. How o m  section win respond to the imposeci load 

and what pattern of stress-saain distribution will be devebped depends directly on the 

moment at that section and the section stiffiiess. How the whole waü Win respond and what 
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the maximun de8ection will be, deperd on the couplete pezKoCrnatK:e of an sections abng the 

Wall. 

Up to a certain bad level(0-1). and tebtiveiy s n d  m>mn*i. the masoriry behaves 

ehsticdy. ali sections k p  th& o @ d  u11c1acked stifnm and the deflection is proportional 

to the bad From tbe stress-stmai point of view, it means that all sections are fully fiinctional 

at Stage 1. As du baâ h irreared to a vahe q,,,, at least one moment exceeds a certain vaiue 

defineci as the limiting moment of ehstkity. Then is a change in the stifniess of those 

sections where the most msik saessed fiLra staa  expehcing eksto-phstic behaviour. The 

wail enters Stage II. Consequently, the wall becoms lcss s t a f  than the orïginai one. The 

load-deflectibn rehtionship cm stiü be idealized m a linear nishion, due very small plastic 

component of the total interna. defi,rmation. See bad level(1-2) m Fig. 4.1-2. 

Point 2. denotes the uhiniate bad e, for a plan waIl and its comspondent defkction 

v, The fkibm occurs at the most stresseci (crihi) section when the tension zone becow 

fuly phstified and the walî is m Longer capable of resisting the temüe stresses. 

At the same load levei, m the case of a reniforccd wail (Stage II, 2'). the bars m the 

cntical stetiai take over di temile stresses. The crack piopagates toward the compression 

mne, with a m u b g  redllCtjDn of die s M b s  and signiticanly Iarger rotation of the section. 

It afkcts the walî total ''flexure stinness" and deflecthns krrese, 2-2 ( v, - v',). 
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Wdh a hirther bad incrcase the wall becomes more saessed and niore deforaied, At 

sections where cracks bave fonned and the steel becoms active, different degees of 

piastincation of highly seamed films m the compression zone occur due to higher stresses 

(Stage m). Som sections hurtion at Stage IiI and sorne of them at Stage IL. The priions 

of the waJl where the mmst is less than the momeat of ehsticity stiï i hurtion under the 

Stage 1 reghœ. It &paidf on thc mommt distribution. nie behaviour of the portions of the 

wail between the cracks will be considered m the next chaper. The overall effcct of all 

menboned is that the wall becomes ks sWand its deflection mcreases at a b ter  rate than 

does the ioad (2'-31516, shown on Fi. 4.1-2). 

Pomt 3. demtes a moment when the bars start yielding in at least one section. The 

nnal stage bas been characterized by a progressive rotation of the criticai section, a clear 

widening of the crack and a rapid increase m the dektion. This aII occurs during a very 

smail bad increment. When the capacity of the critical section is exhausteâ, it resuks m the 

faihire (not necessarily m the statkdky indeterminate stnicnires) of the whole wall at q, 

(ultimate Ioad carrying capacity). at pomt 4. 

The nonlBKar nature of a bad-deflection c w e  comes as a consequence of the 

inelastic iiahire of the stress-stmh nhtbnship of the ~mterials mvolved in masonry structures. 

nie other causes of non-liiearty, such as a gwmetric or long-term bading effect, are not an 

objective of this study, because only the wind short-static bad is considered, 
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4.2 Rapoirce of Veneer / Brick-Up Wail Subjected to FleniR 

4.2.1 Reaiity & Slaipü@hg Assumptions 

Tht realisùf determiriation of the ~csponse of plain and reinfofced m m y  smctures 

demafEdS a biowledge of the inelastic behavbur of the component mate*, and the ability 

to incorporate thcse mto a ratio- 

na1 analysis of real stnictures. 

This requks a reasonable com- 

pro& between reaüty and 

simplicty: F i ,  m the fonmi- 

Mon of material characteristics 

and geomtric propertics, 

secondly m simulating the 

structure with mathematical 

mode1 and M y .  in the use of 

the principles of mecfianiCs. For 

that nason some assumpions 

must be made. Figure 4.2.1-1 Sass and strain distribution m a 
masoriry wail subjea to bencihg 

Cmm-section 

The most wideiy used ekrnents in cavity waik are concrete bbck and brick. Smce the 

wall is verticdy suppoaed, the stresses act normal to the bed joints. Analysis is performed 
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pr mare length of the wdL The t y p a  cross-SeCaon can bc ideaüzed as either 1-shape or 

rectangukr shape depending on the degree of groutiag, with one metre width. 

O Dishibution ofstiains (amsis the cms+section) 

It is assumd that the mmbcr iF subjected to sQams m only the axial direction These 

straîns are uniform over the wltth of the section, but vary heariy over the deph of ùie 

section (ie.piane section ren#iirs plant). S b  strain causeù by transverse forces is nepiected 

( y - 0). 
The masonry strain distribution can be de- by just two variablesm: straîn ai an 

outer iàce(q) and seain at the iana face(% ). nie two variabies that will be chosen to define 

the linear saani  distribution are the strain at the centroid e, and the curvature 4 (See Fig. 

4.2.1 - 1). 

The curvahire is squal to the change of tk sbpe per unit Inigdi abng the mmber and is also 

qua i  to the $train $radient over the depth of the member. 
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(Temile saains are positive, compressive stranis are negative and a positive curvatun is 

associatecl with the inner fare having an algebmidy smalltr st rah  than an outer face) 

a DMbution of stmses (across the cms-sec!ion) 

A c w e  that depicts the dismtion of the stresses across the masonry section is 

approximated by usmg standard stress-saain cuves (See Fig.4.2.1-2). 

'Tht inelastr iranor of this relationship can gaiadny be ~presented by the expression: 

It shouid be 
f m  

mentioned that 

each ma~0n. r~  em en 

assembiage with 

weU defined 

sectional and ngum 42.1-2 Typical Stress-Strah C w e  for Masonry and Steel 

m a t e r i a l  

properties and ioading history has a unique stress-strain cwe.  The most basic measun! of 

the stress-saai, behaviour of masoiiry ir the uniaxial compression and tension c w e s  o b d d  

h m  piun andlot cyhler tests. A typical uniaxial stress-strain cuve is shown qualitatively 

on Figure 4.2.1-2. At bw leveis of stress up to a certain pomt. the masonry exhibits elastic 





compressive. The moment M h positive if it causes tensile saesses on the inner face. 

4.2.2 Motœnt-Cmature Response of tk Masonry C m  Section 

Ifa mmber is subpcted to flexure, which is a case with a veneer and backup wall due 

to wind bad, the moment-cwahue response can à easily determineci by using equilibrium 

and compa&iÜy condirions wiih the b w n  m a t a  st~ess-stram reiationship. The analytical 

process is shown schematicany as folbws. 

S train Distribution (across the section) 
4 

I 

Distribution of Stresses (across the section) 
i 

Axial Force & Moment 

The assumptbn that axial bad (force) is zero. that is, pure fkm, enables a creation of a 

unique moma*-amature rehmiship for any section with di&rent geometrical and materiai 



prapties (See FG. 4.2.2- 1). A conve- 

nient procedure is to choose an arbi- 

uary vahie of outer face compressive 

strain a d  then finci, by trial and emr, 

the correspondhg inner face tensile 

saaii whkh gives zero axial force. For 

each set of strain vahies, obtained h m  

this procedure, thm is one, and only 
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bd 

M i r  

Figure 4.2.2-1Momnt-Curvature C w e  

one vahie for curvature and its associateci moment. If these caicuiations are npeated for 

di8laait values of outter section strain, up to the unimate vahie of compressive strain which 

the section can smtah, the compke momens-curvature curve can be denned The maximum 

value of the moment (the peak of the cme) is the ultïtnate resistance moment of the cross- 

section, while the m a x i .  curvatwe shows at wbat cmature the cross-section can no 

longer sustain funher deformation (ultimate cumatme of a crtral cross-section at faihire). 

Although the pure temile sangth is of high practical mterest, this characteristic 

quantiry is rather seldom used, because it is dEicuît to test masomy in pure axial tension(22). 

'IhetasilcszmgthisusuaRydaamiied~iidire*ways ûœwaytoestablishthe tensile 

strength D through the testhg a specimn subject to bending stresses. Then, conventional 

tensile strength or moduius of rupture can be calculateci usmg Navier's expression (the 

hypothesis of the elastic body aad linear stress disûibutbn across the cross-section up to 

EiiLue), whai the maximum moment is dMded by die section modulus. This approach, at the 
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same tïm, repraads a cornrenient way fw eqreshg Oainal cracking strength of the section 

and load carryiag capacity of the piain section, but only for ekstic mthod of structurai 

analysis. More TatiOnal anaiysis requins a more r e M  appioech In reaüty, actuai stress 

distributionatthtstagematofaihireisothatlwlinear.aadthcmaximumte~~~ilestnss is 

bwer than the moduius of rupture. In aaahisiip etha plain or reinforced mammy walls, such 

behaviour is particuhriy important. 

Tb stress-sa compataiaty mthod if based on tht hypothesis of the eiasto-plastic 

nature of the body. To male this mthod applicable for the whole range of bading, besides 

the compression portion, the tension poaion of the stress-& curve must be also known. 

4.23 Moment-Curvaturie Rditiomùip for a Fdte Length of Member 

In Section 4.2.2 only the relation between moment and cwature at a cross-section 

was pesented and de- To understand devebpoait of cmature abng the wall axis and 

its dation with a moment furiber expknation is needed. 

A finite (discrete) length of a reinforceci wall, is shown on Fi. 4.2.3-1. subjtct to 

constant badmg mnmts. It is assurmi that the moment is large enough to cause cracking. 

From the nature of masonry, the cracks always fom abng the joints, thmfore a nguhr 

pattern of cracks eventuaily will form at the pmt spacmg. At the cracks the masoiiry has 

exceedeû its tensik saength No t e  stresses exin in the rnasonry, and *fore aii tende 

stresses mua be carried by the reinforcement. As for masonry between the joints, it is les 



saessed and t k e  is m apparance of the priniary cracks which are visible at the jomts. The 

Moment 

f i u ~  

f-imion 

f-0 

S tiffness 

Cwature 

c G-- 
@ Stxain dism'bution at uncracked section 

I i 9 Strain distrî'bution at cracked section 

Figure 4.23-1 Stress and Curvature Distribution abng a Segment of the Masonry Wail 

bond between die bars and grout wül enabk some temile stresses to k transferred h m  the 

bars ito the a d ,   IR It wili cause formation of intenial secondary cracks. As a result, 

a very cornplex stnss-strain state exists ktween two extemai cracks. So nIr. no convenient 

analytical mthod can descnbe and calculete the rnommt-cwature dation at a section 

between two cracks. 

Figure 4.2.34 shows quabthely the stress distribution m the masonry and the bars. 
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and the change of cumanire and df&s along one typical segment of walk 

i nit average stress in the compressive portion of the masonry changes dong 

the the heigtn of the waL The hrgest average stress occurs at the cracked 

section, whae the neutrai liœ is ciosest to the compression f'ace. Between the 

cracks. due to bolvernént of the taision porion of the masoriry* the average 

compressive s- is much smaller* and the neutrai line is close to the 

centmida1 axis; 

ii. Ihe masomy aunot cany any tende snesses at the crack, while between the 

cracks, bebw the neutd axis it is m the tension with a very cornplex stress 

distribution; 

iü The ims are most s m s e d  at tbe location of the cracks and the k t  stressed 

mid way between two cracks; 

iv. C- a b  changes its value* with the highest vahe at the cracked Sedon 

##î and the smallest vahe at the least straeied Sectio&I; 

v. The actual stifhess has a mverse proportional relation with curvature. For 

practical reason, an average stifaicss is used m calculation. 

Line A (CbO-@-W-eO) on F o i  4.2.3-2 sepesant an idcalired moment-curvature 

response of a nirifi,Tced niasonry mmber at a cross-section (&ctiod2, Fii.4.2.3- 1) subject 

to bending with tension hihm expected. This type of diagram is used in this study m 

cakiilating e&ctive stinnas of a finite beight of the walL The effective stifniess is expressed 

as a ratio between the appiied moment and the average curvature (Line B). 



Uncracked s e p n t  0-1 Elastic portion 
1-2 Plastincation in t e d e  masonry zone 

Cracked segmnt: 2'3 ëI e - 
2-3 Eirre-mihdrmwhr 

Steel yie1ds: 3-4 Section at crack conttols 

Figwe 4.23-2 Moment-Cumature and 'Tension Stinening9' E f f ~ t  

As bng as the applied maniait is less rhan the cracking moment the average stif lkss 

wiU be equal to the initial s t i f k s  of &ctre0n#2. Up to the ümit of eiasticity this statement 

is valid. while for the section O-@* up to the moment of cracking it npresents a good 

approximation. At the cracking moment levei, the section expriemes signincant kss of 

stiûhs and the curvature changes its vahie ( At higher moments up to the moment 

of yklding, cwahire Pmases hearly at one rate (8'-a)). and at the nnal stage up to Mure 

for s d  moment increment. c w a m  also mcreases linearly, but at much &ter rate. The 
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effective s t i f h s  will folbw the mornent-cuzv~ rehtion expnssed by line 69  (part of 

h e  B). Sistead of line 6-9'-9 (part of Iine A). The caicuhtexî value for st i fbss and 

curvatiue. taking hto account the contriùution of masomy m tension between two cracks 

(hatched ana), Win be the enectiVe sti[aiess and the average curvature associatecl with an 

applied moment. (hce the steel star& yielding (region 9-0). the section at the crack is 

assumed to control the calcuhtion of the stHness. This is a stage close to Eiüure, and it 

justifies this kind of approximation. 

4.3 Odgb .nd Efied of Generated Shear Force in Connectocs 

Shear connectors bave the ability not only to transfkr a lateral laad h m  veneer to a 

baclcup wall, but alro to generate sbeat hrce which m nms produces benekiai e f f i s  m both 

wythes. The structural response of a shear connectors to an imposed load andlor deformation 

depends rminiy on amterial and geometric properties of its two components. V-tic and steel 

plate. These two parts. IEilad Ma adjustable hinges and weil embedded m the mortar joints 

of v a v a  and backup wall rrspeaiveiy. radns the shear comector close to "state of the art" 

in a latge family of connectors. It i9 sufficiently stin to enhance stability of a cavity waü 

system and flexible emugh not to produce undesirable e&cts m the mm joints due to 

badiiig. Whai a ca* wall is subjacted to uniformly disrributecl wind hi, a large number 

of exprhn ts  m('1'(12' showad h t  both wythes folbw simüar deflected shapes. In tenns of 

disphcenm?~, thejoinîs m both wytbs at the sam level undergo almost the same horizontal 

disphcements (Xa-XJ, almost the same rotations (8,=8J9 and, without si&tcant axial 



39 

fi,-, mgligible vaticat âisplacema*s ( Y p O  and Y,,=O). The effect of the small difference 

in horizontal dûplacements resuhs h m  anial force m the shear connector, the effect of 

verticai dispbcexnents can be negiected and dit efkt of rotation will resuit m a generating 

shear force in the coimaor. Knowiag material and geomaical propenies of V-tie, steel 

pkte. veneer and bachip wa& and having a well-defkd cavity width, the dation between 

rotation anci shear force can be estabiished. For that pirpose the idealited beam mode1 m 

Fig.4.3-1 is assumd. Points A and B Tepresent the pmts at the centerrlin of the veneer and 

backup wall nspMiveiy. Elexnent AA' is the pan of the V-tie embedded into the mortar bed 

area of the v a i a r  walL E k m  AC is a continuation of the V-tie mto the caviîy, linked wiih 

Figure 43-1 Shear Comieaor 
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elexnent CH at hiige C Elemar CB' is pan of dr steel piate m die cavity while elcmnt B'B 

is the rrmainder of the sted plate embedki in the mortar ana of the backup waiL In reality 

both embedded parts of the V-tie and steel plate act as rigid bodies. and for more d i s t i c  

smulatpn vay large stitniess has bcm assigneci to the= Ali conriections are assumed to be 

ked excep the conmaion at hisge C whkh cannot m e r  any mommt by definition. Due 

to rotation of joints A and B both V-tie and steel cowctor are forced h o  bendiog. The 

generated sbe;u force causes moment at pnts A' and B'. Since the V-tie (two round wires 

m V shape) nomdly has mch wtalUa f h n a l  stiairss than the steel plate. the uhimate shear 

brce Win be Iimaed by the ratio between the capacity moment of V-tie and protnision length 

of V-tie @)(AC). Once the maxjmum shear force has becn reached, the wires start 

yieading, associated with the formation of a plastic linge mm to point A'. Further rotation 

wili cause no imease m shear force, excep brger deformation of wins concentrated m the 

region of the plastic Mage. The dinet stitouss method is used in this study m analysing a 

modelbemwithngidendpans. 

One nni*ure b wrisidered hilly anaSrçsd whm intemal forces, intemal &formations, 

reactions and displaeements, caused by extemai ador mtemal e&crs are determined. 

In staticaily determinate stnicnires, for any bad kvel, the distribution of mtemal 

forces can be daamsied with the use of basic statk conditions of equiliriua To calculate 
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dispiacemnts, moment-curvature rehtionship must be established fim, for every cross- 

section wih dincrrn material and geometric propenies. The next step would be inteption 

of cwature abng the beam, assuming bounchy conditions to be &fineda It shouid be 

pohted out that whk the dissibution of forces Q iidepcndan of the deformation of structure, 

the displacemnts can be determined only a f k  distribution of forces is ohained. 

For statically indeterminate structures, the pmblem is quite different and more 

complicated. The dkt&&n of i n r d  forces cannot be determined without considering the 

defl,mation of the structure. Deformation propaies of materiais h m  which the structure 

is made dinaly a&ct the distribution of forces. Gmal l y  speaicing, it is possible to 

determine ali tmknowns with the help of a di&rent numerical iterative tachnique. 

It ê weii b w n  that the Comptibiiity Methoci repnsents an application of the Energy 

Principk of Virtuai Work, which is @en wiîh Equation (4.4-1): 

Equation (4.41) arprrsses the basic nbtion between possible equibrbm states and 

possible &formation states of a structure. From an enugy pomt of view, work done by 

external forces including reaction forces on correspondent displacemnts is equal to work 

done by mtemd forces on mtemai defi,rrnations. In k t ,  the equation (4.41). which 

expresses hinciple of Vittual Work. forms a basis for derivation of equations satisfygrg the 



requiremnts of equilibrium and compa~ility~ 

The proposed Method of lmposed Rotationsc4 which falls hto the category of 

sepuration methads is a special type of non-linear analysis. It is based on the Principk of 

Superposirion, with matcrial mn-line#r smss-araii niario*, and coiiscquently non-linear 

constitutive nbtionships are accoumed for. The name sepatation nzethods c o m s  h m  the 

mthodology of these methods where the effets of plastic, or mit accurately non-ünear 

structural piopexth. are separated h m  linear e-s. A continuous masomy wall subject 

to unifody distributed bad, staticaiiy indeterminate to the n-th degree wiil serve as an 

example to demonstrate the Separath Methoci, Fig.4.6La. To mate a primary statically 

daenninate systern, n-reddancies are requireâ to be releaseû by the introduction of hinges 

at the i m r  supports. It makes the primiary system, a system of n+I simple kams For 

compatibility requirement (relative rotations of cross-sections next to the hinges sbould be 

zero), a pair of equai and oppsite extemal moments are applied m adjacent cross-sections 

of each mw intrOd\iced hinge. There are as many pairs of extemal momnts as the nurnber 

of rebdancies, and their magnitude is unbiown. 

In the analysiî, the morta. phts an assumed to be the only regions where plastic 

defomiation takes place. The segments between the mortar joints are assumed to behave 

Iineariy accordhg to principks of elastr analpis. For methodologifal reasons plastic regions 

witi be aïtegoritad mto two groups: regions in the vichiîy of new mtroduced hkges (i)  and 

regions m other locations ÿ). Potentiai plastic regions are shown on Fig. 4.4-lb with 



q-Wed load 

a 

figure 4.4-1 Plastic Zones in a Masomy Wall 
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help of the moment distnbutbn diagram. whrh is not known beforehand, but qualitativeiy 

couki be estimated. A set of n simuhaneous compatit>*ty equatiom must then be sohd for 

n-number of unlmown moments. The physical d g  of general compatibîlity equatbn 

(4.4-2) can be descrkd as follows: 

where: 

Bi - mutuai total rotation of end cross-sections adjacent to hinge i: 

0, - elastic rotation at hinge i, caused by extemal bad; 

0, - elastic cotation at hinge i, caused by unit moment fom ]2 - 1, i - 1.2. - 

8, - elastic rotation at b g e  i, caused by unit moment force X, - 1, k 4  

ifj h- interna1 work done by bending forces produceci by state X, on pknr  

&fOmaîbn m the phistu region @ between the hinges, whrh affects the total 

rotation at hinge i; 

ei - mutuai plastic rotation of end mss-sections adjacent to h g e  i: 

Tb compatibiüiy condition for hinge i requires the rotations to be the same on both 

sides of support. In other woids, the end SeCtjOm adjacent to hinge i must not mutually rotate 

and reiative total rotation Bi must be zero. 

The contribution of plastic regions in total intemal work is @en by the integral 

[M~ 
dl which r e h  to all plastic regions of the contwious beam. The estimation of this 
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integral depends on the accmcy of the moment-curvature diagram (Fig. 4.4-le). and the 

applitd numericd technique. In Fig. 4.41 c, d, a simplified approach in cakulating this 

integral is ibtm&d. The integrai smipiy npresms the area of of region of phstic curvature 

For the integral between the hinges: 

For the integral adjacent to hinges: 

Equation (4.4-3) may be -en for every state & = 1, thus generating and solving 

a system of n-iinear sirnuluuw>us equations in whifh the elasto-phstic behaviour of a bearn 

is accounted for. The soiutions are not straightfomard, bezause phstic rotations $ and 'P, 

are functions of unlmowns X, . Through an iteration process and repeated adjustments of 

plastic compona*s of rotations, sohtiom are possible. This is a gemal fonn of equation and 

it raquirrs some rearrangements to maice it mnie suitable for use. The rnodined version of the 

Separation Me- called the Method of Imposed Rotations (Macchi's Method) is useâ m 

this study and pnsented m chapter fie. 



4.5 Deflection 

The deflection h e  of a baded wythe is more realistk. if irreversible. Le. plastic 

componn* of narahin: is taken h o  account. F i  4.5-1 shows that at any section where 

R R R R 

h d e d  simple btani 

the moment e x c d  the elastic limit, plastic dehnnatbn takes place. It contributes 

significantly to the overall deformation performance of the wythe. In this study the method 

of the conjugate bcam will k used to compte the deflectbns of the baclnip wythe. The 

conjugatebeam isbadedwiihaktitiousbadofniaistynimaicallyequalto @m= #d+% 

for the actual wythe. The values for curvature can be okaeied h m  the moment-curvanire 

nlatiomhip for a finite length of a member. eiaborated m the section 4.2.3. 



5. FIRST ORDER NON-LINEAR STRUCTURAL ANALYSE /FONLSA/ 

5.1 Inbpduction 

FONLSA means Fkst Onlet Non-linecll Stnrcturul Anafysis. First order, because al1 

equilibrium and kinematic rehtionship for the smcture are exprwsed m terms of the 

undeformd geomay of the stn~cturr. Non-linear, because the assumption is the 

displacements and intemal forces are not proportional to the applied bad. The cause of 

nonlinear structural behaviour k besed on tht material stress-strain rehtiomhip that wiü force 

the structural elements and the structure to have nonlPiear constitutive relationships. In the 

analysis the moxtarpnis and V-Ties are assumed to act as a plastic b g e s  and to experience 

mniinear moment-rotational defOCilliiIjOn characteristics. F i  5.1 - 1 shows a typical cavity 

waîl used m the structurai anaiysis. It represents a statically indeterminate structure. where 

forces camot be &ermined wiihout considang defOIIlliiadns. nie pgram has been written 

m FORTRAN and c m  be run on UNIX system. 



5.2 (A) shows the static system of the cavity wall used m this program. For 

methodological reasons it ïs decomposed into three main parts: the veneer wall O. shea. 

conicaor and k k u p  Wall (III). The axial force m the wythes induced by the generated 

shear force m the connecter is negbcted Figure 5.2-1 (B) depicts the deformation state of 

*m. 

Shear farce 

RI R2 R3 ~eac t ia i  forces 

(III.) - 
O t' 2 f O 

A) Statk EqyiWhm of Deconposed Cavity Wall 

B) Decdmposed Cavity Wall - Deformation State 

Fi- 53-1 Decomposition of the Caviîy Wail 
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these bec main parts. The Irmernatic assumpions and conditions are: the deflection of the 

venner and backup wythe at the "supports" is de- by the expression oi = ii + AL and 

the wytbes at thc usuppons" experience the sam rotations. Static equüibraim îs mahtained 

for each bad level through the iteration profes. 
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5 4  Section: Layer Appmwh 

The adoptai mociei of the niasonry cidss-sectbn P shown m Fi 5.4-1.1 - section with 

variable web width which goes h m  zero for ungrouted, to hill fiange width for a fuw 

grouted waL 

Wl&h [lm] 

Fgum 5.4-1 Eqiuvaient and IdcalUed cross-section 

To calcuJate the section maiad which wiü poduce a comspondent cwature, at the 

same tEile saMyhg the constitutive law, the nmsorny stnss htegrak stated in the Sub-sect ion 

4-2.1 mst be evahiated. A niimiml technkpe has beai employedo. The section is divided 

into a mies of rectanpuiar layers. The iarger number of layen will give the mon accurate the 



Figure 5.4-2 Calculating Sectional Moment Usmg Layer Approach 

nie mt aSSumpiDn is that the siraii m each iayer is uifbrm and m a l  to the "actual" 

s m h  at the centre of the layer. For each value of the strain, a correspondent value of the 

s t x m  can easily be determinad h m  the masonry s t . ~ ~ ~ - s t r a h  relation&@ (Fig. 5.43) for a 

STEEL 
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given section. Note that the CSA Staadard S304.1-M94 ailows some fiexibdky m the 

selcction of a stre~s-sSan relationShip. ami &us physical popenies of masoary are defined 

as follows: 

sttength in substmtieal agreement weth results of compreheruive testd30). 

For mammy m compression, the relation- 

ship between stress, f ,  and the s t r a i ~  

causeci by this stress, Û. is repnsenteci by ', e', = 2 - 
t: 
Li 

the paraboh shown on Fi. 5-43  Pnd m 

e,, = 0.003 
given by Equationm.(5.4-1). The peak 

stress iP f m. associateci with oofiesponding straii em obtained h m  Eqn (5 -4-2). The ultimate 

strain is adopted h m  the Codeo (Eq5.J-3). The new Code for concrete innoduces larger 

uitimate strain vaiue, and it can be expected that an updated masomy code wül reflect that 

change. 

The stress-smh relationship of 
E, = E, (5.4-4) 

masonry m tension is idealized by the bi- 
f'm 0.4 - = 0.6 + - = 0.8 (5.4-5) 

linear m e  shown on the Fig. 5.4-3. One f' 8 
assumption is that the masonry has the - cl, dm - - (5.4-6) 
same moduhis of ehsticity in tension and E, 

compressiona2) (Eq.5.4-4). The ratio 
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between ulrinmte ?etsile stnagth. f ' and d u l u s  of nipure, f pn is basexi on an empirical 

equation* (Eqh 5-44), which is derived for concrete, but for practbl purpose can be 

applied to the masonry as welL The ultmiate tension strain is defaied by Eqn. 5-44.  

"b bi-iïnear curve represent- 

ing, the steel stress-strain rehtbomhip fi = E~ es, if es ey (5.4-7) 

is shown on Fig.5.4-3. Analytically, f ,  = fy , a & Y c e s s e ,  (5.4-8) 

the curve is defineci by expressions 

5.4-7 and 5-48. In some E m p a n  codes the ultimate stmh is limiteci to 5%0 or 1 0 5 0 0 . ~ ~ ~ ~ )  

Then. by muitipiysig the stress with the ana of the layer. the force m each layer can 

be found The last step wouki be the cakulation of the section momnt. This cm be found 

by a auMmuion of ail products of the hyer force and the distance between the middle of the 

kyer and the refmnce axis. 

The procedurt fbr calculatag the iùrces in the reinforcmg bars is as follows: the force 

in the bar can be RNd by mukipîying the stress at the centre of the bar tirnes the area of the 

bar, fobwing the stress-stram relationship for a @en steel grade (Fig. 5.43). Fniany, the 

total mmnt is obtained by adding the moment caused by masoiay stresses to the momnt 

caused by bars. 



55 

5.5 Moment-amatwe 

In this section a subroutine is presented that cakuhtes M-4 (momnt-curvature) 

values for brrk or bbck cross-sections (see Fi. 5.5). It encompasses the whole range of 

sections, hom plah to niny puted  xeinforced sections. nie calcuhtion pertains to one metre 

length of the waIL The bars are h t e d  m the middlc of the section 

The r e m i d  b u t :  

Compressive unit m g t h ,  defined 

Size of unit [mm] 

SOM content of unit (Hobw. Solid or Solid Fully) 

Type of morta. ( S or N ) 

Number of grouteci cores, per Iinear mtre hgth (0-5) 

Compressive strength of Uns FIpa] 

Compressive masonry Strength mpa], h m  Table 5.5-1 

Flexurai temile niasomy smngth wpa] , h m  Tabie 5.5- 1 

Steel rcinforcemnt [mm2], /if phia..O d f  

Face-Shen (h), Table 5.5-2 

b Web widih (ww). Table 5.5-2 

Core length, (ak), Table 5.5-2 

Etmivalent a d  @ e f s  dimensions: 

b Equivaknt web widih: 



Table 5.5-1 Table for Compressive Strength of Concrete Bbck Masonry and 

Tabk Flexural Tensile Strength of Concrete Bbck and Clay Brick Masonry 



Table 5.5-2 Dimensions of Clay Brick and Concrete Bbch 
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The thickness of one face-shen layei: tfs,fisw/20. 

b The thrhiess of one eq. web layer: hhw-(hw-2. *&w)/20, 

Reinforcm8 bars: Specitied yield strength of 400 MPa. 

Moduius of ehsticity for masonry: Em - 850 f 'm 

Moduius of ehstîcity for steel: Es - 200,000 Mpa. 

POINT The h t  set of values is determinad by setting the following condaions: 



POINT The second set of vaiues is determined by setting the folbwing conditions: 

The prognim checks for As ( amount of resiforcement). If As-O., thm the program 

terminates. 

If 4 *O. two new conditions are set for each case: 

If As r As, nin then 'Section wodcs as a ~ J a h  one'. 

A% bal The conditions: 

=, ,,- = mu 



lVXBl'ï a' The third set of values is determined by setting the fobwing conditions: 

POINT The fouxth set of values is determined by smiig the foilowing: 

POINT The tifth set of values is detemineci by setting the followhg: 



POINT@ The sixth set of values is determined by settàig the folbwing: 

5.6 S h e a r C o ~ r I I  

In this section a subrouthe is presented which calcuhtes a nhtionship between 

generated shear-hm9 whkh occurs at tht location of the hinge, and imposed rotations at the 

mmber ads (at the centerliie of the veneer and b k k  waïî respectiveiy.) The Direct s ~ s s  

method is used m adysing a modcl beam with rigid end partsa6). 

Figure 5.6 Sbear-comxtor mathematical mode1 and Shear force 1 Rotation 
rehtionship 
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Dendtioa of the pmbiem: 

Due to imposed rotations 8, (4) = O,(&). find shear force (R,), for incremntal vahie of 8- 

If8c8-. thenS-R, 

If028,,.thaiS=S,, 

R e q W  @ut: 

b cavitywdth[mrn] I L I  

b V-tie Roausion Length [mm] 1 LI/ 

b Steel Pkte Length [mm] 1 1 

b V-tie D b t e r  [md 1 dJ 

V-tie Moment of Inertia [mm4] 1 III 

b Steel Plate Mo- of Inenia [mm4] 1 I2 1 

Veneer Wdth* [mm] / 2L9, 1 

Backup Wadth* [mm] 1 2L9,1 

The maximum shear force is limited by: 

e z = -, (fôr two W) 
3 

Dispiacements: 

dl - ? ( Unknown) 



** Imposai rotations 

Stimiess matrixes for 9 (V-TU) and @ (Steel pkte) 



1 
0, = - K, Do . where Km-' = - - 

I k I  

[a: :] [:] -14 

S h c u  fom R, or S genexated at the hhge is equd to: 

R,-R,-R,  

Moment inducd at the veneer wall due to imposai rotation 8 - d, - & is equal to: 

M.-R,+R, *L', wiiere: R, is end moment 

Moment induced at the bachp wail due to imposeci rotation 8 = 4 4 is equal to: 

M,-R, +R, *L', where: R, is end moment 



5=I.l Anilgds of Veneer Wythe 

This subrouthe penorms the annlysis of the veneer wytbe. Staticaiiy the veneer is 

asumed to act as a continuous beam. Tb extenial e&ct consists of thtee parts: the positive 

wind bad, the moments at the u~ppon" p a s  U c e d  by shear-force and "support" 

settlemnts due to fkxure of the whoie cavity wail. Initiany, the moments at the "support" 

joints and support settkmnts are set to zero. 

Vmabulant: 

"Support" - pmt at the connecter 

"Fliki" - wall betwem two "supports" 

Each mortar pmt is labelle& as either a "support" or a 6'fkld" jomt. 

Each mortar jomt is designated as a plastic one 

Definition of the vroblem: 

Due to d o m  wind bad (q). comntrated moments wd and "support" 

settlemwts (A , ), find the totai moment at each p m t  and reaction force at each 

"suppon". 

The Method of Imposed ~otations(*) proposed by Macchi is used in this program, and 
1 

repsents an improved version of the Separation Method, already covered m chaper four. 

It is based on the p ~ c i p k  of superposition of the distribution of moments due to external 
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bads and tht distribution of moments induceci by plastic rotations. 

The disabution of moments due to extemai kads is obtained h m  the system of 

equations: 

This system of equahns represents the pure application of the compatibihy method, and is 

given m a maix fom 

Distribution of the moments due to plastic rotations is computed firom: 

This system tus to be solved O* Eor one plastic rotation, while others are taken as zero. The 

number of system of equations to k solved comsponds to the number of pistic regiom 

(mortar jomts) m the veneer waii 

for i=l,2.0.0.0.nr 

for &2 3.. . . . ..&f 

Total number is equal to nr +@f 

D- 

nr - number of redundancies, unknown forces 

jph - number of the "suppo~s" minus top one, equd to number of redundancies 

jbvf - number of plastic pmts m the bottom field 

jsvf - number of plastic pmts m the standard neld 
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jpf - total numba of plastic pins in the fields 

jphf - total number of plastic joints 

Reauired I n ~ u t .  fim Main: 

bwh - backup waU height 

sbc - spacing bctwecn two venval comctors /400.600,800 nmi/ 

Geontetrv: 

bkvel(200mm) 

bfiw (600mm) 

bfbw 

tfkw(200mm) 

sbvw (200mm/3.) 

mortar joints 

- elevation between vaieer and bachp bottom support 

- bottom veneer field 

- bottom backup &id 

- top veneer field 

- an average spacing ammg two bricks (57mtn). including 

Total moment at each joint is cakukted usiag the pririple of superposition: 

The rotations 9 and y h m  Eqn. 5.7-3 are nit b w n  beforehand and an iteration procedure 

is used as follows: 

i Mo- distribution is comptecl accordmg to ekstic theory (Eqn. 5.7- 1, Fig. 5.7- 1) 
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.- 
L Plastic rotations ei and 'fj are found for each plastic jont h m  the M - 4  diagram 

iii. Distribution of moments due to imposeci unit rotations is computed (Eqn. 5.7-2) 

iv. Total moments are obtabeâ fmm Eqn. 5.7-3 

v. Rotations 8, and 'fi are correcteci and subsequently the total moments 

vi. Iteration is tenninated as mon as the différence in moment vahies for two subsequent 

daaibutions do not e x c d  a speciticd value 

Reactions at supports are soived via shear forces, h m  the moment diagram: 

Sign comention: Shear force is positive whac tk mmbcr axes tends to rotate clocbise, and 
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negaiive when it tends to rotate wuntercbckwise m order to coincide with the tangent at the 

correspondent point on the moment &gram. 

Notes: 
nr - number of unkmwns 
w-windload 
ss - support settlemnts 
Sm - secondary moments 



e) Moment duo te the unit d u d a n t  foxca (momaat) 

9 Moiont (irqr duo to amonduy mamenta (ibur-fbm) 

Figure 5.7-1 Analysis of a Veneer Wythe by the CompatibUy Method 
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5.7.2 Gauss Method - !Wving a Sys&em of Llnnr Equatiom 

To W utùcnown forces in the Compatbihy Mabod a system of lïnear equations has 

to be solved. The Gaussian eümination method is appiied m this prognua. 

A . y  system can be Wtitten as the veztor equation, 

A x - b  

whae A k thc codncient mtrk x N], b is the constant vector (N x 11 and x is the vector 

a. Fom the N x (N + 1) augmenteci matrix AUG by adpining B to A: 

AUG=[A B] 

b. For I ranghg h m  1 to N, do the fobwing: 

i If AUG(1J) - O, interchange the Ith row of AUG with any row below it for 

which the coefncient of XO is mnzero. (If there is no such mw, matrix A is 

said to be smgular, and the system does not have a unique solution.) 

ii. For J rangoig h m  1 +1 to N, do the fobwing: 
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Add -AUG(JJ) I AUG(I,I) tunes the Ith row of AUG to the Jth row 

of AUG to eliminate XO h m  the Ith equation. 

c. Set X(N) v a l  to AUG(NT N + 1) 1 AUG(N,N). 

6 For J ranghg k m  N -1 to 1 m step of -1. do the folbwhg: 

Substinite the vaiues of X(J + 1) ......,X(N) m the Ith equation and sohe for 

5.8 Baehip W a ü m  

b Bachp wall is modeled as a simple beam: 

b Loads: 

Concentrated forces (axial force in the connector); 

Concentrated moments (due to shear force in the connector); 

b Axial forces. equal to generated shear forces m the connectors are negkcted; 

b Iniiially, concentrateci moments have zero value; 

b INtially, the mode1 has a constant stifbes. When M > M, , the pro- caicuhtes 

the effanive stifniess. folbwhg the M-4 rehtionship with "tension sti&ningY' 

included. 



fi- 5.8-1 Back-Up Wythe 

F i  1.) Moment Distribution 

II.) Sbpes & Deflections 

1.) Moment distribution 

Assumiig standard spacmg ktween two bbck (ZOOmm), for each pmt (total number 

of joints: ii-1, ......,nr+ 1). the moment is found using the recuisive formuhe: 

T,, -Ti -Pz 

!U&-W--~ +Tz * 4 

MiL*R - MG-' 

&ght-Ma. t+Y,  

Ma@*nipport* = 0.5 

b) Slops & Detlections 

The Conjugate - Bearn M*hod is used for sohg sbpes and âeflections of the backup 

waIL 



S b p :  0-t3,=f  

Defiedon: 6 = M ~  

wherethefictitiiouslood: f - 4 - M f E 1 ,  

Effective stan#s &- ) is ùased on the moment-curvature diagram for a M e  hgth of the 

My 5 M 4 Mu - EI, = 
M . where (bpLy = (M - M 1 

4u - +y 

9 + ~ P L Y  Y Mu - MY 



From static-kinematk W g y  it kui be coaeluded that the ciefïection-diagram matches 

moment- diagram, and the sbpe-diagram matches the shear-diagram of the fictiiious beam 

baded with kthious bad (See Fi. 5.8-3). 

The ktitious bad bas a non-uniform and polygonal shape. For practical pirpose this bad 

wiii be replacecl m two wayr: 

Wdh equivaknt concentrated force, P', at each p m t  
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Wah resultant force, Rf* whgh replaces bad between two johts 

then, fictitiom sirem force p slope 

At the ''supportn joints, axial swii due to axial force m the connectocs is taken Eno account: 

Ri '1 Lz AL, = - (- + -), for i=l .... nr+l 
Es Al A2 
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6. SUMMARY, CONCLUSIONS AND RECOMMENDATIONS 

6.1 Slimiinrg 

This snidy presents a comprehensive structural of shear connected cavity 

walls, venicany s p e  subject to a whd load. S i m  the introduction of the new Block 

S h a ?  Comiector the mie and the structurai behaviaur of traditional caviiy walls with 

Balbie tis changed signiocantly. Tb auautb ornoognized a great need for a rational approach 

and more redis& prediction of structural perf;ormaw=e of the cavity walL 

The amtysjs is ôesed on the combination of tbe Mahod of Imposeci Rotations and the 

Stifniess Methoci. For methodob$ral reasons the smcture is decomposed into tiiree main 

pans: the veneer wall, shear-connector and backup wall. The main asswapion is that the 

mortar jomts of both wythes and V-tie an assumed to be the oniy regions where a piastic 

portion of the defortnation talces place. 

The proposad Methoci of Imposed Rotations which falls mto the category of 

Separation Me- is a spocial type of non-linear analysis. It is based on the Prhciple of 

Superposition. with materiai non-linear stnss-straïn relationships. 

The main objectives of the snidy were: more realistic prediction of the structurai 

behaviour of the cavity wall, ktter understanding of non-iinear deformation phemmena, to 

determine dtstribution of moments and consequently bad-defkction nlationship at any bad 
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stage, not only at uhnate, and to define modes of faihues. 

The program comptes five points on the m>mmt-cwature diagrams of any pian, 

pania0S or iidly puted,  with or wiihout xeinforcemn, briEk or bbck whether standard or 

noestandard section. It cakuhtes the maximum of the induced shear firce in a fiinction of 

geomtrk and material propenits. It also generates a non-lmear load-deflectbn diagram of 

a mimnry wall, subjcct to fie-, with die "tension stÏ€Eeningn factor accountcd for. 

Furthermore. it generates a non-linear bad-defiection diagram of the cavity wail due to a 

iateral load up to the moment of cracking. and has been largely developed to pradict 

behaviour through to niihire. 

The program has been written m FORTRAN and cm be nui on the UNM system. 

6.2 CollChlSiom 

The advantage of the pposed methoci is that i~ is conceptuaily founded on the 

premise tbat the methoci of analysis should be independent of the procedure for estimating 

materiai properties in order to be valid for cumnt as weii as for possible future biowbdge 

of these propatrs. 

'Ihc striess-str;iHi mmpatibiücy mthod is based on the hypothesis of tht elasto-plastic 

nature of the body- To make tbis mthod apphble for the whole range of loading, besides 
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the compression portion, the tension portibn of the smss-stran c w e  must be also known 

hie to the ncognirjon of the piastic deformation component m a tension zone of the 

wisomy, two "elastic monmts'' are Biaoduceck the moment of the limit of eïasticity and the 

moment of cracking. Up to the moment of elastrity oniy linear dhribution of stresses and 

strains are present m the tension zone. The moment of crackhg is a ioad level when the 

tension zone is Miy plastiSed and reaches its M capacity. In a reinforced section, an abrupt 

change of the section stahiess occurs and the bars becom effective. 

A rational procedure is presented in a compter fonn that calculates M-+ 

(mommt-currsnirr) values for brick or bkxk cross-sections. It encompasses the whok range 

of sections, h m  plain to funy-groutecl reinfomd sections. The procedure facihates 

designhg the optimal combimation of the masoruy assembly for a specinc application. It is 

shown that: 

b the hrger block unit sizes of reinforceci niasonry section signincantly Picrease the 

flexural capacity of the masomy wall; 

ushg the imiis with higher compressive strength m maso- walls subject to fiexure 

is not economical; 

b the usage of higher strength type "S" mrtar is justifid, especidiy for crack conmi. 

since tk nirisomy with type "Sn has a 25% greater cracking amment limit conrpared 

Withthemasomywithtype'W; 

b then is m justification b r  orspecitjhg more reinforcel~ent, unless the moment capacity 
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govems the design. On the contrary, ït is shown that the mCrease of the a r a  of the 

reinfiorcement deCrrases the ducWity of the sectio~ 

w tht? number of puted cores Qes not inmase the ultimate fiexural capacity of the 

reiriforccd mammy Wall section; however, the gran signiocanSr im*ise the capacity 

of a non-reinforceci section, 

The program recognks and anaiyiicaiiy formulates the tension stiffening factor for 

a finite length of a mwiay watL 

It is shown that the Block S w  Coineaor bas the abilny not only to -fer a 

lateral bad h m  vewr  to a backup wall, but also to generate rhear forces that in tum 

produces positive momnts m b t h  wythes. Also, it is show that the endmost shear 

connectors attract considerabiy higher axial forces than the others. 

The analysis shows that the critical limit state for minfiorcecl shear connectai 

masonry walls subject to wDd b a d  is the temile mure of the mrtar bed of the backup 

wythe. It occurs at the centml portion of the wythe, where the sections are subjcct to the 

maximum moments. The cavity walls wiih reniforcad k k u p  wythe are a very effective 

combination. 



1. The structurai aaaiysis of the caMy wail presented should khi& the effect of the 

axial bad and environmental bads. However, the program itself possesses enough 

flexabiüty to be upgraded to accommodate the effit of vertical loads. 

II. The compter pgram should be reEined and made more user-fkieniny. 

III. In order hr the perbnriance of the cavity d to be accwately quantifmi and verified 

there is a need for obtaining more accurate information about material propenies. 

IV. It is w d  mentionhg tbat the curent Code Qcs not refiect the hi$her tensile 

strength f of ihe groutcd masoiry vasus ooiid masony. Atso, it does not address the 

fact that 4 is not or@ a fllnction of the strength characteristus of the component 

matera, but also a fiuiction of their geomeaic characteristlcs. More testing is 

nquir#l to nsolve this matter. 
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APPENDM: A 

Rogram Listing IFONLSN 



C MASTER THESIS "NON-LINEAR STRU- ANALYSIS OF 
C SHEAR-CONNE-D C A W N  WALLS DUE TO WIND LOAD" 
********************************************************************* 

C April1997, University of Manitoba 
C***********************t********************************************* 
C 

impkit realrL8(a-h,o-z) 
dimension &1(20,î0),deimo(20),&Ims(20)~tcve1(20),xe1(20), 
* 
* tdeW20), 

ca42O)smh(20,2),cm6(100)~caff(2030), 
r ( ~  v~oI@O),~~O@~O),  
* amni(20,2),ameigIOO), 
t 

* deni(20). 

* cvpn(20,20),cvpir(zO. 100)~p~~(2020)~if(20* 1001, 

* p~(2o),pirf(loo),to~(20,2),totmY100), 
ampK1 OO),ampb(20),axpIh(20,2O),axp@20,20), * tot1nhh(20,50),dde1(20,20),xxe1(20) 

characteP4vtm,h 
parameter(dite~îûûûûû.,numbele20) 
c o m n  /mmnStr./@,est 

c -----------O------- ----- 
C I N P U T :  
c OP-------------------------- 

C Input neecled for Main 
cq - wind load 
C bwh - bachip waîl height [mm], h m  floor to floor 
C sbc - veniml spacing between two connectors/400;00;800/[mm] 
c -------O------*-------------- 

C Input needed for moment-cwatm relation of the veneer w d  /MOMCURV/ 
C 
C vs - sk(width) of wit[mm] 
C ivprs - solid precentage of unit (hoIlow/SO% & 75%/, soüd/lûû%/) 
Cvtm -t.ofmortar(SorN) 
C ngcv - number of grouted cores(0-5) 
C vcms - cornQTeSsiVe masonry strengthWa] 
C vhms - flexufal tensile masomy strengthwa] 
C vstr - reidorcment[mm2]li€ pU..OJ 
C LIHIUUIIIUUI-CIIIII--H-HUI---U---~---- 

C Input necded for moment cwature relation of the bachp wallcMOMCüRVf 
C 
C bs - size(width) of unit[mm] 
C ibprs - solid precentage of unit (hoUow/SO% & 75%/, wsoüd/lûû%/) 
C btm - type of mortar ( S or N ) 



C ngcb - nmbet of grouted cons(0-5) 
C bcms - compressÏve masonfy strengthwa] 
C b h  - fkxutal teasile masomy strengthFlpaJ 
C bstr - ~PifOf~aicat[d]/if ph . . .OJ  
c ------ 
C hput needed fot Shear forceRotation rrhtiodSHEARFRI 
C 
Ccw -cavitywidth[mm] 
C ticpi - V-tie protrusbn hgth [mm] 
C areav - sectionai area of V-tit [mm21 
C areas - scctionai area of Steel plate [mm21 
C - V - ~ ~ J X I O ~ I U O ~  menia [mni4] 
C spma - steel plate. mmem of mertia [mm41 

read* ,vs 
read*jvprs 
read*,vtm 
read*,ngcv 
read*,vcms 
read*,vftms 
read*,vstr 

c -----------------O----- *- 

read*,bs 
d * & p r s  
read*, btm 
reaâ*agcb 
tead*,bcms 
read*, bfbs 
read*,bstr 

read*,c w 
&*,&pl 
read*,areav 
re!ad*,aieas 
read* .tiesma 
nad*,spsma 



C N - number of redundants 
C bfvw - bottorn veneer kki [mm] 
c tfcw -top fieid [mm] 
C vwh - veneer wd height [mm] 
C bievel - ekvation between veneer and backup bottom support 
C bfbw - bottom backup &Id 
C sbvw - s-g among two bricksJnchidmg mortarpints 
C jph - number of plastic joints at the supports(the kt one not 
c included), jph.-iir 
C jbvf - number of piasic pints m the bottom k k i  
Cjwf -numberofplasticpinsinuitstaidarrlfdd 
C jpf - number of plastic joints in the fields 
c jphf - totalnumber of plastic joints 
C est - moduhis of tiasticity, steel @l/mmZ] 
c fy - yiekliig stress W f d ]  



c goto 1500 
CALL MATRlX (nr,bfwv,sbc, 
* del) 

c goto15ûû 
C bop ,ifEiüure is not deciami new vahie for q!!!! 

ideM 
700 @nt*.' v 

prïnt*,'wIND LOAD q-'?q 
pnm*,l 1 

C constant vector-wind load-deImo(i) 

c suppn settiments are positive downward 

C const. vector-due CO secondary moments-&hm@ hl ...m 
C mpit seconkry moments vmom(i) C l ~ + l  
c vm>m(i).assumd m s t  be aU positive 
c constant vector is positive(tcvel(~3-+deims(i)) 



c ------ 
CAJW-. CVTOTAL (~,&hno,tdelss,&l~~~, 
* tcvel) 
CALL GAUSS (nr,del,tcvei, 
* xe9 

c redundancies. moments-positive, bottom side m tension 

c elastic portion of total moment amlh(ÿ>hiiges-Cl ....ph+ 1 
c ----- - 

CALL TOT- (iPaamoh,q,tfcw,ii jj&vf,bfwv,sbvw,~m, 
* sbcael, 
* a~lliehamelf) 
do 371 ü-ljph 
a<(totmhh(ii,iier)Jt.O).and,(3. t .jph))then 
go to 445 
end if 

371 continue 
go to Io00 

445 print*,' 
print*, 'REACTIONSt 
CALL = A m  (a~.ne~bfvw,tfcw,sbc,q,~~h,  
* summcaf,s~,m 

c ----------------- -- 
iaag-1 
do 150 ii-1-1 
caff(ii,kh)-abs(caf(iii) 

150 continue 
do 155 ii-lJph+l 
~abs(caf9ii,icirc)-can(ii,icim- l)).gt. 1ûû)then 
iflag-1 
go tO 160 
eise 
iiIag-0 
end if 

155 continue 
160 CALL BACKUP-M (caf,bwh,tfc~~sbc,bfb~,sumq,bmom, 

* sbbw~'bbf,jsbfjtbf~tota&cmh,c~ 
print*; ' 



C constant vector,plas&-hinges-cvph(&J ii-1 Jph 
C totai number jpM-jph+@, jpiilnr 
c sign; if plastic rotation h m  'totm(@ and xei(ï)-1 on the same side 
c the a... 
c -cv*(-1.) 
Cp----------------- 

jph-nr 
dû 165 i i l@ 
do 170 P1,nr 
il(ieq.ii.)then 
cvplh(iiii-1 .)*eh 
else 
cvpnl(wi.0 
end if 
tcvel(i)~~vpib(i,iii 
print*,'cvpih ',cvplh(i,ii) 

170 continue 
do 171 i=l,nr 
do 172k1,nr 
d d ~ K U i 1 C i i i i  

172 continue 
171 continue 

cal1 gauss(nr,ddeLtcve~el) 
do 173 bl,nr 
xpih(i,ii)-ncei(ï) 
t * ,  xpni ' , x x ~ I ( ~  



173 continue 
165 consinue 

C- -- 
C constant vector,pbstic-&id points-cvpKi,ïii b l & f  
c first field (0-1) 
C -- 

k 4  
jbf- Wsbb- 1 
do 175 ü - l ~ i  
do 180 b1,n.r 
i4i.q. k)then 
cvpK(@.i.-1 .)lbf*ü*sbb*eiv 
eise 
cvpif('rsi>.o 
endif 
tcvei(ï)-cvplf(i@ 
print*,'ii f,ii,f cvpw ',cvplf(i,iii 

180 continue 
do 181 b1.m 
do 182jl1,nr 
d ~ ~ i ( W i 1 C ÿ )  

182 continue 
18 1 continue 

c d  gauss(nr,ddel,tcvel,xxel) 
do 183 b1.m 
xpif(iiii'xxeI(i) 
print*,'kf ,::k ' iiV,ii,' ? , i l  xpif'sael(0 
print*,kplf 'srprr(iii3 

183 conrinue 
175 continue 

c --------------- 
C second &Id (1 -2) ........ (kt-1) 



cvpif('ijli*o 
end if 
tcvel(1pcvpWitiii) 
print*,'ü 'A' cvpK ',cvpif('ii 

205 continue 
do 206 i-1- 
do 207jl1,nr 
dd~~(C~tl?Idei('~iI 

207 continue 
206 continue 

c d  gauss(nr,ddel,tcvehe1) 
do 208 blm 
xpMiii')Ixxel(D 
prim*,k:k,' 3,s Pj: xpIf~orei(i) 

208 continue 
200 continue 

ÿ.iiew 
195 coatinue 

k-nr+l 
do 210 it#tl&jsf 
do 215 i-1,nr 
if(i.eq. k- 1 )then 
cvpai,ii)--1 JsPt((ü+pf+l)-ü)*sbb*eBr 
else 
cvplf(i,iii.O 
end if 
tcvel(~-cvpif(i,iii 

215 continue 
da 216 b1.m 
do 217).l,nr 
dd~(W9..dei('yIi 

217 continue 
2 16 continue 

cal1 gauss(nr,ddeî, tcveIxxeD 
do 218 i-1.m 
xplf(iii)-xxeYi) 
print*,W,k,' kt,&' il,i,' xplP~ael(i) 

218 continue 
210 continue 
pr.n*.'kyc,'jpf tÿçjsf 
print*," 'Jphf 

c ----------O--------------- -u- 

C plastic portion of mommthmges- ii-1 @+l; 



c cakuhte amph(@; klJph+l 
c plr@ fmm oimh(iJ3 & M-FI 

c this condition appks to non-reiaforced veneer waIl 
c ~~str.eq.O.and.aôstotmhh@.ge.vmcr)print*~~ 
c --------- 

a(totmhh(j,iter).kmncr)then 
p W i i ~ - O  
else @totmhh~,ieer).ge.vmcr.and.totmhh~&er)~.my)~n 
Eiliril(t~tmhh(j~iter)/vmrr)*vfkr 
di fcry4(vmy- tohnhhQj ter )Y(~y-= ) ) * (~  
teta-Vny-(filin+difi=ry) 
pW@=teta* 10. 

else @tomihhÿ,iter).ge.~~~ly.and.totmhh~~er).k.m)hn 
filin-(totmhh(j,ïter)/~lcr)*vficr 
difyu-((vrrm-to tmhh(j,iter))/(vmtl-vmy) ) *(- 
teta-6-(filin+dayu) 
ph(ji')-teta* 10. 
else @totmhhQ,iter).p.~m~l)then 
ptint*,'tension faüure at the joint-binge No. ' j 

end if 
q ~ ( i i ? q I h ( ~ M x p ~ ( 4 3 * p ~ Q 9  

* ' Irf iCJ,T,pW m t  , P  
380 continue 

priia* ,'ampniC.ii,')-',amplh(ii) 
ptint*,'t~tmhh('~&y~t~tmhh(U) 
do 385j-ljpf 

c ---- ---LIU------- 

c this condition appües to non-reinforcd veneer wall 
c if(vstr.eq.Oeandtomig~.ge.vmcr)print*,'faihue' 



C TOTAL MOMENT AT HINGESELASTIC PORTION ameIh(üj) 
c PLASTIC PORTION amplh(ii) 

C TOTAL MOMENT AT FIELDSIELASTIC PORTION amelf(Îj 
c PLASTIC PORTIûN ampl@ii 



c standard fie&- k=2 .... m+l 

425 continue 
to~ii)=ameig@+ampJf(ii) 
prirt*,to~,ii,3-', toanf(ii) 

415 continue 
jj-&jsf 

410 continue 
do 430 ü-ljph 

iter-icer+l 
print*,'Number of iteration 'jter 
go to 440 
end if 

430 continue 
print*.Total number of iteration ',iter 

1500 end 
C 
C 
C 
C 
C******************************************************************* 
C THIS SUBROUTINE CALCULAES M-FI (MOMENT-CURVATURE) VALUES 



C FOR BRICK&.BuX_X. CROSS-SECT'ION,FROM ZERO TO ULTIMATE 
C STAGE.SUITABLE FOR C PLAIN AND FOR REINFORCED SECTIONS. 
C*******X*********************************************************** 
CINPU'C 
C hw - size(width) of unit[mm] 
C ispr - solid pcentage of unit (boibw/50%&75%/~ soiid/lûû%) 
C typm - type of mortar ( S or N ) 
C ng - numba of groutcd cor~(0-5) 
C finp - cornpressive masomy smngthFIpa] 
C h t f  - fïeniral temile mesomy smngthFIpa] 
C ast - ninfO~cment[d](@1400Mpa)/if plaia..O J 
c ---- O---- 

SUBROUTINE M O M C ü R V ( h w ~ p r ~ t y p e m , n g ~ ~ , a a s t ~  
* a m e m a = ~ , a n i ~ p ~ , a m ~ ~ , ~ ~ a ~ e i ?  
mipikit real*8(a-ho-z) 
characteP4fypern 
common ~w~ew,tfs,bw~ast,shw~e~~epsb,epsr~p~emfintf~p, 
* epsysk 
* ,.fï&t,sumc,summ 
common /mmfictr/fy,est 

C-- ---IUII-HUUUIWI-C--U~IIU 

C epsb - bottom s a a i n  (positive) 
C epst - top stran (negative) 
C fi - cwatwe (positive associateci with algetnicany hrger 
C bottom strah) 
c ------p.- -------O--- -0 

fW?-ep  
nntf=M 
ast-aast 
erdl50.*nDp 
eps-0.003 
epsy-@/est 
natp-0.8*ninf 

c ---O-------------------------------- 
C LAYERS 
c ----------HI---- c--- - - U I 1 - ~ _ _ U _ _ U _ _ U ~ - - - - ~ _ I _ U U o  

f3w-35. 
ww-28. 
ak-109. 
bw-1000. 
ew-ng*(ak+ww) 
&&w/ 20. 
hhw=(hw-2**f$w)/20. 



ameq- 1 .)*summ 
kbfi 
@t 1 M ) a l n  

100 format(/ lOx,Mel +fl 3.2JNmm]'.lûx,'FIel -'f13.10) 
c go to lm 
C pomt2. 

epsbfidem 
epst-(-1 .)*epsb 
ew-psb 
C U  STR 

1 10 if(abs(sumc).gt. 100)then 
epst-epst+O.OoûOûûi 
CALL STR 
go to 110 

eise 
epst2-epst 
amcit(4 .)*summ 
m-fi 
frcr-fi2 
ei-amcrfficr 
print 120,amc~,fi2 

120 format(lh,'Mcr-'~3.2~~mm]',lOx~'FIcr-'fl3.10) 
end if 

C if steei-û no niore caEculation 
Sast .eq.O)stop 

C calculate Ast,mïn ( h m  McmMcr', F0Q<Fi2') 
c k 4 .  
shw=O.S*hw 
eesb-eesy 
epst-epst2 
eps-w 
C A L  STR 

200 i€((summ+~).k.O)hn 
tfi- 1 "sumc 
asmirwfy 
su==(- 1 .)*summ 



print 210,asmin 
print 2ll,summ,fi 

2 10 f o r m a t ( l l ~ ~ A ~ . ~ ~ ~ . 2 . ' [ m m 2 ] ~  
2 1 1 f o m ~ t (  lOx,'M -'JI 3.2.'-]', lOx.'FI -'fi 3.10) 

else 
epst-epst-O.000005 
C A L  STR 
go to 200 

endif 
C check for min. renirorcment 

iqasmin.gt.ast)then 
prim*,' Section works as a plain one' 
stop 

eke 
end if 

C csalculate Ast,balance 
epst-epsu 
epsb-w 
eps-psb 
C U  STR 
tfi-l*sunc 
asbal-tî7Q 
sumnil(-1 .)*summ 
print 250,asbal 
print 25 1 ,summ,fi 

250 fomiat(1 lOx,'As. bal=',fû.2.'[mm2]') 
25 1 format( 1h.M -'a 3.2JN1nm]'. 10x9'FI ='93.  

C c k k  actualAst. and Ast.babnce 
a(ast.gt.asbai)go to 500 
if(ast.eq.asbai)go to 600 

C point ' 
epsbO.ooOo1 
epst-pst2 
eps-vb 

300 CAW, STR 
tf-&t*ast 
sumc-1 *SUIILC 
ir(~sumc.~.0.99.and,~sumc.h. 1 .O 1)- 
tf~sumc 

else 
epsbpsb+O.oooOOl 
eps-psb 
go to 300 



enci if 
if((summ+~mcr) .@.O) then 
epst-epst-O.000001 
e v p s b  
go to 300 

eise 
amCrpl(- 1 .)*summ 
-fi 
prin 350amp& 

350 fo~t(llOx.Mcrpl'fl3.2~[Nmm]',10x,'FIcrp~~fl3.10) 
end if 

C tension faihue : yielding moment 
epst-epsu 
epsb-w 
e m p s b  

440cALLsTR 
tfdbt'ast 
sumc=-l .*sumC 
ir(t£(sumc.it.0t99.0r.t£/sumc.gt. 1 .O 1)then 
epst=epst+û.00000 1 
go to 440 

else 
print*,' Tension fiaiiwe' 
amyi-1 .)*summ 
@-fi 
print 45O,amy,fi 

450 tormat(lOx,'My - ' , f l 3 . ] ' ,  y -',fi3.10) 
end if 

C moment capacity at tension biilure 
epst-epsu 
epst-psy 
e m p s b  

460 CALL STR 
tî%t*ast 
sumc- 1 .*sumc 
iytvsumc.lt.0.99.or.tf7sullc.gt. 1 .O 1)then 

epsb-eps~.OOOOO 1 
eP=-psb 
go to 460 

eise 
amU-(-l .)*summ 
fiu-fi 
prim 470,amu,fi 



c ----------------- 
C SüBROUTINE STR &dates ~trains and stresses 



if (ckeq. 1)go to 50 
if (ast.ne.O)then 
ii-30 
d 
CF10 

end if 
50 do 100 bl,G,l 

a(ikmor.igt.n)then 
~ r ç  
ss-bw 

e k  
tr-hhw 
s-ew 

end if 
fi=(abs(epst )+abs(epsb))/shw 



C This subutine sohres system of liacar qyatiom with constant vector 
C********************************************************************** 

SUBROUTINE GAUSS(nnr,sdel,stcvei,sxel) 
impkit d*8(a-ho-z) 
dimension sde1(20,20),stcvel(20),sxe1(20) 



lls continue 
end if 
end if 

c---- ---- 
C eliminate i-th unknown h m  equation i+l ....nr 
c -----A --CI----- 

do 120 ji+l,nnr 
amuh=-sde1(i,i)/sde1(&~ 
do 125 k=@+l 
sdeUj,k)-sde1(j,k)+amuh*sdel(ik) 

125 continue 
120 continue 
105 continue 

c ------- --- u-- ----- 
C find the solutions 
c --- ------------ ----------- 

sxel(nnr)-sde1(nnr,nnr+ l)/sdel(nnr,nnr) 
do 130 j-m-l,l,-1 
sxe1Q)-sdel(j~uir+ 1) 
do 135 k-film 
sel@-sel@-sdel(j,k)*sxel(k) 

135 continue 
sxe1(jj-sxe~3/sdel(j,jj 

130 continue 
end 

C 
C 

C 

C 
c*************************************************** 
this SubroutPic cakulates rehtionship between generated 
C shear-force and rotaton at the rnernber ends 
c******************************lt******************************************* 
C a i  - cavity width [mm] 
C dl - V-Tie proausion hgth  [mm] 



C a12 - steel plate hgth [mm] 
C dv - diameter of V-Tie [mm] 
C ail - second moment of area of V-Tie [mm4] 
C ai2 - second moment of area of steel plate [mm4 
Chwv -veacerwidth 
C hwb - k h p  widui 
C -- P I  

SüBROUTINE SHEARFR(al,af 1 ,areav,areas,aiî ,aiS,hwv,hwb, 
* ~ ~ m a x r n t m a x )  

irriplicit real*8(a-h,o-z) 
dimension d(5),vk(5J),spk(55),sk(53),skdd5),skdpp(5), 

rt 

common /~~dïs~Ify ,es t  
c ----a-- -UI-VI--- 

pnn 10 
prim 20 
print 40,al 
print 50,all 
pnn 60,ail 
pnit 70,ai2 
print 80,hwv 
pxint 90,hwb 

10 format(/'SHEAR-FORCE-ROTATION (SF-TETA) RELATIONSHIP') 
20 format( 10x; 7 
40 format( lOx.'Cavity width [mm] 'f15.2) 
50 format( 1Ox,lV-Tie protmsion length [mm] '$6.2) 
60 format( 1 ~ , V - T ~ m m e n t  of inerrial [m 30.2)  
70 format( l0x,'Steel Phtehoment of inetth/ [mm4 'f10.2) 
80 format( l0x,Yeneer Wdi width [mm] 'fia 
90 format( 10x.lBackup WaR width [mm] '&a 

c - - - - - - - C - - - - - - - - - - - - _ U I ~ _ U I _ U _ _ _ U _ _ - - - ~ - - - - -  

dv-4.76 
al2-al-al1 
ail p-hw*O.5 
al2phwb*O.5 
xarea=all/areav+a12/areas 
s l -est *ail 
s2-t *ai2 
sml-ail/(0.5 *dv) 
amp@*srnl 
r p a m w  

C -----O-- * -------------------O------ - -O--------- 

C stifnless matrix for V-Tie and Steel Phte 



C - .  

do 150 b1.5 
do 20 j-1.5 
vk(iiwoO 

200 continue 
150 continue 

vk(1,1)=3.*sl/all**3. 
vk(l,2)-l.*vk(l, 1) 
vk(193)--3.*sl/dI **2. 
vk(2-2)-vk(1-1) 
vk(2,3)--l .*~k(1,3) 
v k(3-3)-3. *s lia11 
do 250 j.13 
do 300 P1,5 

v k(iJ>v k(jTi) 
c print*.vk(ÿ) 
300 continue 
250 continue 

do 350 b1,S 
do 400 j -LJ 
spk(i,ji')-O.O 

400 continue 
350 continue 

spk(1,1)=3.*sZ/a12**3. 
spk(l.4)--1 .*~pk(l J) 
spk(l,!5)-3 .*sUal2**2. 
spk(4T4)lspk(1 T l )  

spk(ST5)-- 1 .*spk(l J) 
spk(5,S)-3. *saal2 
do 450 j l J  
do 500 bl.5 

~p~(iT.ii~pko'~i? 
500 continue 
450 continue 

c ----------P-----------.-----------o ---- 
C total stifhess matra 
C ----CU H IIIIIIIII------------------ - --o. --- 

do 550 i-13 
do mj-13 
sk(i~J?--vUW?+~p~~Wi 

600 continue 
550 continue 

c ----------.----------.--------- ----------- 



C unkiown verticai dispkcemnt(at the linge) 
C ---- 

ak-1, 
620 rot=ak*O.Oûûûûûl 
do 630 bl,S 
d(1W.O 

630 continue 
d(3kro t 
d ( 2 W  p*d(3) 
d(4+ 1. *&p*d(3) 
WM(3) 
sM-û.0 
do 650 i-23 
skdskd+sk(l ,i)*d(i) 

650 continue 
d(1)l-1 .*(l Jsk(l,l))*skd 

c H I . u I I U - - - ~ - - L I L I U I U I U I - U -  

C reactiotl forces 
c ~ ~ - ~ ~ - ~ - - _ _ _ _ _ C _ ) ) _ u u u . u I I u u u . u I I u u u . u I I u u u . u I I u u u . u I I -  

do 690 i-22 
skdp( i i .0  
skdpp(i)=û.O 

690 continue 
do 700 i-22 
skdp(+sk(i, l)*d( 1) 

700 continue 
do 750 i=25 

skdpp(iN.0 
do 800 j-2.5 
~ ~ ~ p p ( ~ s k d p d ~ 3 + s ~ u ~ * d o i i  

800 continue 
750 continue 
do 850 b23 

r(O-~<da')+skdpp(i) 
850 continue 
igr(4).itOrp)then 
ak-ak-1. 
go to 620 
else 
m~-r(3)+r(2)*au p 
b o - r ( 4 ) * a p  
smax-r(4) 
ro tmax-a bs(d(3)) 



prin 890 
print mamp 
prïnt 910s(4) 
print 920a1nv 
Prplt 930,amb 
priat 94,d(3) 

c prPn 95O,(d(i),i=lJ) 
890 format(/lOx,R E S U L T S: ') 
900 format( lOx*Moment ofplasticity wmm] 'f10.2) 
910 format( lOx,Maximwn Shear-Force N 30.2) 
920 format( lOx,'Moment at Veneer Wail Wmm] 'f10.2) 
930 format( IOxJMomnt at Backup Wall -1 'JI 0.2) 
940 fi>naat( lOx,RotatIon at the ends ',iîO.6/) 

c 950 format( lûx,Displacement ',25x$i0.6) 
end if 

1OOO end 
C 
C 
C 
C********************************************************************** 
C This is subrout8ie MATRIX 
C********************************************************************** 

Subroutine MATRLX(nr,bfirw,sbc, 
* 
implicit real*8(a-ho-2) 
dimension de1(20,20) 

do 1 0  PlJU 
do 105 j-1.m 
del(iJj-O.0 

105 continue 
LOO coatinue 

del(1,1)Il(bficw+sbCy3. 
&1(1,2)lsbc/6. 
do 110 i-2,nr 
j-i 
del(iJj-(sbc+sùc)l3. 
a(ilt.nr)then 
j-i+l 
del(iJ')llsW6. 

end if 
110 continue 



do 1 1 5 j - l p  
do 120 i dJK 

del(uj1Qa 
120 continue 
1 15 continue 

do 125 i-1- 
do 130j-1,nr 
~ U i 3 i K 4 i i  

130 continue 
125 continue 
end 

C 
C 
C 
C********************************************************************* 
C This is sutmutine CVWIND 
c******************************************************************** 

SUBROUTINE CVWIND(m,q,tfkw,b~sbc. 
* amohdelmo) 
impkh nal.S(a-h,o-z) 
dimension delmo(20) 

c -------- --II--* 

amohq*tfkw**u2. 
d 100 i-1,nr 
d e l m O ( l ~ . O  

100 continue 
delmo(1)-bMl3. *(q*bfwv**2/8.)+s W3.*(q*sùc**2/8.) 
deimo(2)-2. *sW3. *(q*sbcrC*2/8 .) 
do 200 b3,m-1 
d e b ( n a e ~ ( 2 )  

200 continue 
&hao(~)-deImo(2)-~W6.*am0h 
do 300 i-1,nr 

300 continue 
end 

C 
C 
c******************************************************************** 
c This is subroutine CVSUPSET 
.................................................................... 

SUBROUTINE CVSUPSET(m,bfvw,defu,sôc,eiv. 
* tdelss) 
impkit real* 8 (a-h,o-z) 



dimension defll(20),delss(20,20),tde~(20) 
C -- 

delsso l&a(l)/bfYw 
delss(2,l)=defü(l)/sbc 
de~(l.l)-(-l.)*(delssol+deIss(2,1)) 
da 100 b2m 
d&s(i-1 .~pdefll(i)/sbc 
deIss(i+l,iifll(i?/sbc 
dtlss(Up(- 1 .)*(deIss(i-1 ,r')+delss(i+l,..i)) 

100 continue 
delss(nrm+l)-deni(m+i)/sbc 
prin*.'Dewsi-suppon settlments' 
do zoo j-1,nr 
t & I s s ~ . O  
dek(  1 ,O)=O.O 
& 300 i-j-la1 
tdelss(i)ltdeMj)+deIss(i,i)*eiv 

300 continue 
200 continue 

end 
C 

C 
C********************************************************************* 
C This is subroutine CVSECMOM 
C********************************************************************* 

SUBROUTINE CVSECMOM (nr,sbc,vmom, 
r): it,delms) 
implicit reaif8(a-h,o-z) 
dimension vmom(20),delms(20) 

C -uIII---ccIIILIII-----C---U-UI--UI-- 

do 100 i - l a  
it-(nr+ 1)/2 
iflieq. 1)- 
deims(ï)-(- 1 .)*sbd3.*mm(i) 
eise Wgt. 1.and.ili.it)then 
deIms(i3-(- i .)*sbc/3.*~mom(1~-~ .)*sbd6. *vmom(i- 1) 
else a(ieq.it)then 
&ims(~')I(-1 .)*s W6.*vmom(i-1)i- 1 .)*sbc/3.*vmom(i) 

* +(-1 .)*s~c/~.*(-~.)*v~oIII(~+~) 
e k  a(ieq.it+l)thm 
delms(i)-(-1 .)*sW6.*vmom(i-1)i-1 .)*sbd3 .'(- 1 .)*wnom(3 

+(- 1 .)*sbc/6.*(4 .)*mm(i+l) 
e k  if'(igt.it+l .andile.nr)then 



C This is sutroutine CVTOTAL-ehstk 
C********************************************************************* 

SUBROOTINE CVTOTAL (nr,delrno,tdelss,deIms, 
* tcvel) 

mipikit 1eal*8(a-ho-z) 
dimension delmo(20),t&iss(20),deIms(20),tcvei(20) 

do 100 id- 
tcvei(r?EdeImo(~-tdelss(0-deIms(D 
prin*,' tcvel('&,')=',tcvel(i) 

100 continue 
end 

C 

C This is subutine TOTALMEt 
C********************************************************************* 

SUBROUTINE TOT- ÿphaim~q,tfcw&~"bvfjsvf,bfirw.sbvw, 
* -msbc.xeL * 
impk it real*8(a-ho-z) 
dimension vm>m(20)~cel(2O).amelh(20,2).ameE(1ûû),ameihh(20~0) 
* ~(lOO),arris(lOo),amxeY 100) 



print*.Yeneer Moment(',.ï,'.'j,~,ameIh(i,jj) 
150 continue 

amelhh(i,ite+Olh(i, l)+ameIh(i,2))/2. 
100 cominue 

c goto1ooo 
\r - -  - - - - -  - - -  - 

C elastic portion of total moment ameir(ii)-field points-kl jpf 
C h t  term: [amo(ii).sms(ii)J 
c first field k 4  
c ------_UU____UU____UU___- 

k=l 
do 200 i-ljbvf 
amo(h~q*bfvw/2.)*ii*sbvw~s/2.*(ü*sbwv)**2) 
ams( i i i .  

200 continue 

c standard fW,mCluding the iast one 

C amK wment which talas mto account overhaDg amment a~~Ih( jph+ l , l )  
c ----------O------ 

if&.eq.jph+l)then 
adhl  Jsbc*(ii-U')*sbvw*ameIh(jph+l, 1) 
else 
amlf4. 

end if 
amo(ii)I(q*s W 2.)*(ii-@*sbvw-(q/2.*((ii-jjj*sbvw)**2) 

* +amlf 
if(k.ie.it)then 
ams(iii-1 .)*mm(L-l)/sk*(üi+$vf+l)-@*sbw 
e k  E(k.eq.it+l)then 
ams(ii)-(- 1 .)*(wr>m&- 1 )+vmom(L))/2. 
eke ir(k.gt.it+l)then 
ams(iip(- 1 .)*mm&)/ sbc*(E-&j*sbvw 

end if 
300 continue 

ij-ii+jSvf 
250 continue 

C ehstic portion hcluding dundants-aon<el(ii)-iî- 1 Jpvf 



C - 
x e ~ l ) - o . O  
k=l 
do 350 ü-ljbvf 
anixeI(ii)-1 Jbfvw*(ii)*sbwvlxeI(k) 

350 continue 
ii-~M 
do 400 k-2@+1 
do 450 ii-ü+l&jsvf 
amxel(iii1 Jsbc*(üi+m+l)-9*sbvw*xeI&-1) 

* +lJsbc*(ü-$)*sbvw*xel(k) 
c pim*,'amxei('ji') f,amxei(iii 
450 continue 
ÿ.i)Çm 

400 continue 

O00 continue 
ii-i)Çw 

550 continue 
end 

C 
C 
CC 
C***************************************************************** 
C This subrouthe is REACï 
C***************************************************************** 



tao, 1 w- 
& 100 k=lJph+l 
meq 1)then 
Pf-bfvw 
else 
pf-t)c 

end if 
tw*pf72. 
th(k)-(ameh(k, 1)-ameh(k- 12))f pf 
td(k- l92)-tsfo+th(k) 
cafik-1)i-l.)m-l.l)+ttgk-1.2) 
t@k, 1 H-1 .)*tsfo+th(k) 
if(k.eq.jph+i)then 
ttf(jpkl2)=q*tfcw 
cayiph+l)-(-l.)*ttqRh+I,l)+ttQph+l,2) 
end if 
~ ~ ~ ~ ~ & ~ f i r a # k - l )  
print*,'caf'(',k4 .')-'*caqk-1) 

1 0  continue 
~umrncaf'mzIlcaf+caffjph+l) 
sumq-q*vwh 
end 

C 
C 

C 
C****t********************************************************* 
C This is Subroutine BACKUP-M 
C************************************************************** 
C LoadConcentrated Forces CAF(i):Conc. Momnts BMOM(i). 
C ----O-- -------UUUU..uuu-.LIIuu~---UI1UI1L1L1 

c bwh - backup wythe height 
c bsr - bottom reaction 
ctsr - topreaction 
c s b w  - spacing ktween two blocks 
c hinges: itl...jph+l 
c field points: bl.*njbf 
c caf(i)- axial krce in the coniector('i1 ...jph+l) 
c bamm(i)- secondary moments 
C -------------OH-*----- UIUIUI--u-- - 

SUBROUTINE BACKUP-M (~bw~dcwjphsbc.bfbw.sumq,bmm, 
* sbbw~Wf,jsbfJtbf.ntotal,cmh,cmf) 
Unplkit rea148(a-ho-z) 
dimension caf(20), bmom(20),tfh(20),cmh(20,2).~1@ 100) 



c ---n- 
~MW-200. 
jbbf-bfbw/sbbw-1 
jsbf~Wsbbw-1 
jtM-tfkw/sbbw- l 
nj.~j'bbf+jhrL:$bf+jtbf 
ntotabjph+l+nj. 

c ----------- 
c find reactiadoad=caf+amst/ 
c -------- ------U 

amCafa 
sumcafd. 
do 100 ïbljph+l 
s u m c a f ~ ' u )  

c ---------- 
c bmom(ii) countercbkwise positive 
C- - --_____C__ 

aniraf~+caf(~*(( jph+l-@*sbc+ttCw)+b~~)m(~ 
100 continue 

b s m m d b w h  
tsr-sumcaf-bsr 
sumreacct=bsr+t m+caf(O) 

c -----n--- -- 
c W moment distribution at each point 
c tfh(ii) - transversal force at hinge 
c cmh(iyj - moment at hnge/left & rightf 
c -------O---- - ---- __YU_____------- 

t&(l)=bsr 
cmh(O2)-0. 
do 200 ii-1-1 
t&(ii+ i )-ta(@-Cayii) 
a(ii.eq. 1)d-bfbw 
iyiine. l)rf..sbc 
do 3 0  jd.2 
meq. 1)then 
amp-o.0 
else 
amp-bmom(u) 
end if 
cmh(iiJ)-cmh(i- 1,2)+tfh(ii)*rf-ampt 
prin*.Backup MomentC,$,;i.?-',cmh(üJ) 

300 continue 
200 continue 



cmhÿph+2,l)lcmh(jph+l,2)+tfh(jpû+2)*tfkw 
k-1 
üIm 
do 400 itljbbf 
cmf(iii.inh(lc,l )/bfbw*(ii)*sbbw 

400 continue 
do 500 k=2Jph+l 
do 600 ibii+l&jSbf 
cm3-(cmh(k, i)-cmh(k-1 , 2 ) ) / s b c r l r ( i i - & > * s  12 )  

600 continue 
jj-*$bf 

500 continue 
end 

C This is Subroutine SLO-DEFL 
C******************************************************************t 

a(iieq.jj+l)then 
cmp(cmh(nh+ 1.1 )+cmh(nh+1,2))/2. 
*ü+jSbf+l 
nh-nh+l 
else 
cmr(iii)~~mfonh) 

end if 
abscmr(ii)-abs(cmr(ii)) 



if@kfLeq.O)then 
~uiabscrm('i/bmcr)*bficr 
else X(abscmr(iii.ie. bm)then 
fib(iiiabscror('ili/bmcr) *lncr 
else ~(abse~u~.ge.bmcr).~(abscmr(~.h. bmy))then 
nmycmabscmr(ii)-bmcr 
rn-xmyct"L((b@-bflcrY(bmy-bmcr)) 
nb(ii)lbficr+ticry 

eke ~abscmr(iii).ge.bmy)then 
xmuy-abscIM(iî)-bmy 
fiyu--P((=-w)/@mu-bm~)) 
w@-wy+nyu 
end if 
a(abscmr(iii.ge. bmcr.and.abscmr(ii).lt.(bmcr+O.O 1 *bmy))then 
print*,ICrack occurs at joint1&' Moment=Mcrackingf 

eise ~abscmr(~.gt.(bm~~+O~OI*bniy).andabscmr(~.h.bmy)then 
print*,'Crac ked section at pint('.ii,'),Fstee1<FyS 

eke if(abscmr(~.ge.bmy.dabscmr(~. h. bmu)the 
print*,ISteel yielding at jomt'&'McrcMoment~Muit! 
eke if(abscnn(ui.ge.bmu)then 
print*,Faihue at jomtf&' MomenuMuh! 
end if 
if(cmr(ii).h.O)then 
fib(u)-(- 1 .)*&(ii) 
end if 
print*,'Cwature(ljL')-'$b(ii) 

100 continue 
c --*------------.-O---- -------- 
c Cakuiate cem) - concentrated equivalent force ibû... total+l 
C ------O------------------------ 

print*: ' 
fib(O)-o- 
Eibnto tal+l )-O. 
rez(O)-û. 
cef(0)-sbbw/6.*fib(l) 
do 200 ii-1,ntotal 
ce~u)-sbbwI6.*(sb(ii4)+4. *fib(ii)+fib(ii+ 1)) 
~z(ii)i(fib(ii-l)+tib(i))/2.)*sbbw 

200 continue 
c --------------------------*---o.------------- 
c ü=ntotal+l 
c -----------------------------O------------------ 

cef(ntotal+l )-sbbw/6. *antotal) 



rez(ntotak 1)-(5(ntotai)l2.)*sbbw 
amcefd. 
sumcefd. 
do 300 ii4,ntotakl 
sumcefhu.mcef+cer('i 
amcef-ef+~e~ii *((ntotal+ 1 -@ *sbbw) 

300 continue 
sibr-amceQbwh 
sbsumcef-slbr 
print*,'S~mCEF=~,sumcef 
prïnt*,'siw,sibr 
@t *,'sltr',skr 
print*,' ' 
print*,'SLoPES' 

c ------- -- -UI_ 

c SLOPES 
C --.uI----- - 

slO(O)-sb 
print * ,'Sbpe( O)-',slbr 
t h 0  
*Jwf 
do 400 ibl,ntotal+l 
slo(ti)Isio(Ü- 1)-rez(iii) 
qii.q.j+l)then 
print*.'Joint No!* 1 
&i)ejsbf+l 
slopeh(nh+l )lsb(ii) 
printYSiOpe (',nh+l ,~.sbpeh(nh+l) 
shearqnh+ l)-(.cfinar/mtmax) *slo(ii) 
igsheaynh+l).~.sGnax)shearfCnh+1)-sfmax 
iysheaynh+ 1). k. (- 1 .) *sfbax)she.nh+l )l 
vmorn(nin-1 )Ishearfi(nh+l)*(~pl+O.5*vs) 
bm0m(nh+l)~nh+l)*(cw-tiephO.5*bs) 
nh-nh+l 
else 
prim*,5lOp/seW(:ii,')-',sla(ii) 
end if 

400 continue 
prgit*,'sbpe('~~total+l .T,sb(ntotakl) 

c defîectiollSlht:transvd force based on conc.eqJorees/ 
c tef - O. eq. force 



te% l)-sIbr-ceflO) 
do 500 iil2,ntotahl 
tefliiitey'i-l)-cef(ii- 1) 

500 continue 
ch-sltr+sb(ntotal+l) 

C ----- - 
C DEFLETION 
c ----- 

priit*: 
pnn*.DEFLErnONS' 
nh-0 
i i - l i  
sdeqO)-O. 
do 600 6 1  ,ntotal+ 1 
sdeyiiim-l)+tef@i)*sbbw 
a(ii.eq.ij=tl)then 
@*,'Joint No!,nh+l 
&iFÇjsbf+l 
ssbw(nh+l)-sdef@i 
&hl(nh+l )-(@nh+l)/est)*xarea 
defil(nh+l)-ssbw(nh+l)+clekai(nh+l) 
pnit*,~flection,ba~irup (',nh+l ,‘)-'.ssbw(nh+l ) 
prht*,'Deflection,veneef (',nh+l,')-',&fll(nh+l) 
print*: ' 
nh-nh+l 
else 
~sde~ntotai+l).It.O.00000000 1 ) d e ~ n t o ~  
print * .'De~~ld/(',ii,')=',sde~~ 

end if 
600 continue 

end 





Wall Height - 3000.00 
Connector Spce - 800.00 

INPUT FOR TEJE VENEER WALL 
Size(width) of unit - 90.00 [mm] 
Solid precentage of unit - 50 
Type of mortar - S 
Number of grouted cons = 3 
Compressive masonry stnngth] - 15-10 m a ]  
Flexural tensiie masonry strength - 0.9 wpa] 
Reinfoxment 250.00 [mA2] 

INPUT FOR THE BA- WALL 
Size(width) of unit - 140.00 [mm] 
SOM precentage of unit - 50 
Typeofmoriar-S 
Nurnber of grouted cores - 3 
Compnssive maso- strength] - 15.10 FIpa] 
R e d  temile masonry strength - 0.9 WpaJ 
Reinforcment 250.00 [mmC2] 

Moment-Curvature for Veneet Wall 

Me1 = %5420.54[NmmJ 
Mer - 1 16250 1.2O[Nmm] 
Tension hihm 

My - 3%4195.04[Nm] 
Mt&= 4180382.01~] 

Moman-Curvature for Backup Wall 

Mel- 2178348.17~mm] 
Mcr - 2607826.46[NmmJ 
Tension fkilure 

My - 6333847.29[Nmm] 
Mt&- 6705545.41[Nmm] 



Cavity wYlth [mm] 100.00 
V-Tic procnision kngth [mm] 15.00 
V-Tie/moment of inertia/ [mm41 85.50 
Steel Pbte/moment of inertial [mm41 45 1 14.00 
Veneer Wall width [mm] 90.00 
Backup Wd wkhh [mm] 140.00 

R E S U L T S :  
Moment of Phsticity [Nmm] 14369.75 
MaxsnUmShear-Force IN] 958.15 
Moment at Veneer Wall [Nrnm] -57488.94 
Moment at Bachip Waii mmm] -148513.09 
Rotation at the ends -0.000394 

ITERATION NO.= 1 
-C------- 

Deitakd-support settiments 
t&b( 1)- o. 
tdelss( 2)- O. 
t&lss( 3)- 0. 
DeWsml-secondary moments 
&lm( 1)- O. 
&lm( 2)- o. 
&lms( 3)- o. 
Total constant vector elastic-tcvel(0 
tcvel( 1)- -9 1000000.000000 
tcvel( 2)- -128000000.00000 
tcvel( 3)- -120000000.00000 



bottom side m tension/ 
Jomt No: 1 Momtnt-Xei- -150463.91752577 
Jomt No: 2 Moment-Xeb -155876.28865979 
Jomt No: 3 Moment-Xel- -1 8603O,927835OS 

VeneerMomnt( 1, 1)- 
Veneer Moment( 1, 2)- 
Veneer Moment( 2, 1 )t 
Veneer Moment( 2. 2)- 
Veneer Moment( 3, 1)- 
Veneer Moment( 3, 2)= 
Veneer Moment( 4 1)- 
Veneer Moment( 4, 2)- 

F I N D  REACTIONS 
caf;( O)= 649.2268044123 
Gay 1)- 23U.ûû773 19588 
Gay 2)- 2369.0721649485 
caf;( 3)- 2595.23 19587629 
c e  4)- L642.4613402û62 

Backup Moment( 1, 1)- 
Backup Moment( 1, 2)- 
Backup Moment( 2, 1)- 
Backup Moment( 2, 2)- 
Bachp Moment( 3, 1 )- 
Bachp Moment( 3, 2)- 
Bachp Moment( 4, 1)- 
Bachp Moment( 4, 2)- 

FIND E?i /CURVATURE/FROM M-Fi 
Moment ( 1)- 885498.28178694 
Curvature( 1)- 3.3553 170619829D-07 
Moment ( 2)- 1770996.5635739 
Cuwature( 2)- 6.710634123%58D-û7 
Moment ( 3)- 2187693.2989691 
Curvanire( 3)- 8.2895752633236D-07 
Moment ( 4)- 26û439ûe0343643 
Cuwature( 4)- 9.86ûS l64O268 14D-07 
Moment ( 5)- 3021086.7697595 
Cracked section at pÏnt( S),FsteekFy 
Cwature( 5)- 1.1447457542039D-06 



Moment ( 6)- 3437783.5051546 
Crackeû section at joint( 6)JsteekFy 
Cwature( 6)- 1.302639868 l397P-06 
Moment ( 7)- 3380665.8075601 
Cracked section at joint( 7)JsteekFy 
Cwature( 7)- 1.2809%9141982D-û6 
Moment ( 8)- 3323548.109%56 
Cracked section at joint( 8)SstaekFy 
Cwatwe( 8)- 1.2593539602567D-06 
Moment ( 9)- 3266430.412371 1 
Cracked section at joim( 9),FsteekFy 
Curvature( 9)- 1.23771 Io063 152D-M 
Moment ( 10)- 32093 12.7147766 
Cracked section at pmt( lO),FsteekFy 
Curvatm( 10)- 1.2160680523737D-06 
Moment ( 1 1)- 2633 148.62542% 
Crack occm at pmt 11 Moment-Mcracking 
Cwatm(  11)- 9.9774880328525D-07 
Moment ( 12)- 2056984.5360825 
Curvature( 12)- 7.7942955419683D-07 
Momm ( 13)- 1480820.4467354 
Curvatwe( 13)1 5.61 1 1030510841D-O7 
Moment ( 14)- 904656.35738832 
Cwature( 14)- 3.4279105601999D-07 

DEF'LELIIONS 
DealkW( 1)- 0.25845564953008 
Joint No. 1 
DeM ( 1)- 1.3253823061868D-02 
Deflection,backup ( 1)- 0.503490308 1223 
Dektion,veneer ( 1 )- 0.5 l6743853874lO 

DeWfield/( 3)- 0.722866 12621360 
DeWfIeW( 4)- 0.90908392056167 
DeWfield/( 5)- 1.0558276492990 
Joint No. 2 
Deitai ( 2)- 1 .339S54S9S6149D102 
Dektion,backup ( 2)- 1.15678 15478682 
Deflectbn,veneer( 2)= 1.1701770938244 



DeW&Id/( 8)- 1.2056321065592 
DeWfkldl( 9)- 1.1540632892105 
Joint No. 3 
Delmi( 3)- 1.46743309405400-02 
Defiection,bachp ( 3)- l.05298603 1609 1 
Deflection,veneerr ( 3)- 1.06766036254% 

DeWfuW( 1 1)- 0.90457722721379 
DeWkkl/( 12)- 0.71625847068706 
DeWfieW( 13)- 0.4%76253199246 
Joint No. 4 
Dehi (  4)- 9.2870393268 1 14D-03 
Deflection,backup ( 4)- 0.25482218109352 
Deflectioqveneer ( 4)- 0.26410922042034 

I'TION NO.- 2 
----II--- 

De Wss/-suppon settlment s 
t&k( 1)- -33518431.708189 
t&k( 2)- -712578 174.39956 
t&k( 3)- -6608 13333.8O904 
DeWsd-secondary moments 
&h( 1)- -15330383.688053 
&lms( 2)1 -29660939.151402 
d e h (  3)1 -30160853.263754 

Total constant vector ehstic-tcvel(0 
tcvel( 1)- -4215 1 184.603758 
tcvei( 2)- 6142391 13.55094 
tcveY 3)- 570974187.07279 

Redundantdmoments-positive, 
bottom side in tension/ 

Joint No: 1 Monrent-Xel- -356397.70898 199 
Joint No: 2 Moment-Xel- 93 1258.09690877 
Joint No: 3 Moment-Xeb 1 147834,705971 1 
Vemr Moment( 1. 1)- -356397.7O898 199 
Venetr Moment( 1, 2)- -4l3886*6478 12 19 
Veneer Moment( 2, 1)- 93 12~8.09690877 
Veneer Momet( 2, 2)- 877518.5 1392121 
Veneer Moment( 3, 1)- 1090345.7671409 



Veneer Moment( 3. 2)- 1 147834.7ûS9711 
Veneer Moment( 4, 1)- -1 17488.93883020 
Veneer Moment( 4. 2)= -60000.000000000 

F I N D  REACTIONS 
Gay 0)- 306.0038184521 
Gay 1 )- 4375.4271 125378 
caf( 2)- 984.60313562338 
Gay 3)- 552.3 1 137747382 
Gay 4)- 3381.6545560016 

Backup Moment( 1, 1)- 
BackupMoment( 1. 2)- 
Backup Momnt( 2. 1)- 
Backup Moment( 2. 2)- 
Backup Moment( 3. 1)- 
Backup MO-( 3. 2)- 
Backup Moment( 4, 1)- 
Backup Momnt( 4. 2)- 

FIND FI /CURVATURE/ FROM M-FI 
Moment ( 1)- 957823.505%452 
Cwature( 1)- 3.6293707373950D-O7 
Moment ( 2)- 1841390.4659400 
Curvature( 2)- 6.97736%63 l834D-07 
Moment ( 3)- 1849872.0034080 
Cwature( 3)- 7.0095077801774D-07 
Moment ( 4fl932610.0868649 
Curvature( 4)- 7.3230177087779Dû1 
Moment ( 5)- 2015348.1703219 
Curvature( 5)- 7.6365276373784D-07 
Moment ( 6)- 2028672.6257532 
Cwawe( 6)- 7.670 164678708D-07 
Momnt ( 7)- 1845076.4540599 
Cwature( 7)- 6.99 1336555 1394D-07 
Moment ( 8)- 1730893.9103922 
Cwature( 8)- 6SS867774M 16ûD-07 
Moment ( 9)- 161671 1.3667245 
Curvatm( 9)- 6.1260189258927'-O7 
Moment ( 10)- 1576785.3690457 
Curvanire( 10)- 5.97473 19228759D-07 



Moment ( 11)- 
Cwature( 11)- 
Moment ( 12)- 
Cwature( 12)- 
Moment ( 13)- 
Cuvahue( 13)- 
Moment ( 14)- 
Cwature( 14)- 

DEFLErnONS 
DeWfieW( 1)- O. 17518626237847 
Jomt No. 1 
Dehal( 1)- 2.474Ol64638 16D-02 
Defiection,backup ( 1 )- O.336042623Ol5 10 
De&ction,veneer ( 1)- 0.36078278746892 

DeW&W( 3)- 0.47120007887153 
DeWfieW( 4)- 0.578 13 19223995 1 
DeW&Id/( 5)- 0.65577169509237 
Joint No. 2 
D e M (  2 b  5.5672835749597D-03 
Deflection,backup ( 2)- 0.70304070463446 
Defktion,veneer ( 2)= 0.70860798820942 

DeWfieW( 7)- 0.72005909413389 
DeWfield/( 8)- 0.70893679001402 
DeW&W( 9)- 0.67157977493208 
Jomt No. 3 
DeM( 3)- 3.1229578 1805 18D-03 
Deflection,backup ( 3)- 0.60953 1 10293884 
Deflection,veneer ( 3)- 0.612654075689 

DeWfnW( 1 1)- 0.52386254460689 
DeW&ld/( 12)- 0.41676203592001 
W f i e W (  13)- 0.29144687904575 
Joint No. 4 
Dehal( 4)- 1.9 l21033830443D-O2 
Deflectionbackup ( 4)- 0.151 13437615164 
Deflection,vemer ( 4)- 0.1702SS4O9982O9 



ITERATIONNo-- 3 
- - 
DeWss/-support settlments 
td&( 1)- -125575250.29272 
t&b( 2)- -4183 17789.59128 
t&k( 3)1 -326567838.97392 

DeWsd-secondary m m n t s  
de&( 1+ -15330383.688053 
de&( 2)- -20839357.358224 
d e b (  3)- -25408682.51 1805 
Total constant vector ehstEc-tcvel(i3 
tcvel( 1)- 49905633.980770 
tcvel( 2)- 3 1 1 lS7l46.94950 
tcvel( 3)- 231976521.48573 

Redundants/moments-positive, 
b t tom side in tension( 

Joint No: 1 Moment-Xeb -36700-436418494 
Joint No: 2 Moment-Xel- SO2743.78232050 
Joint No: 3 Moment-Xel- 466344.55350223 
Veneer Moment( 1, 1)- -367ûû.436418494 
Veneer Moment( 1, 2)- -94189.375248692 
Veneer Moment( 2, 1)- 502743.78232050 
VeneerMoment( 2, 2)- 481231.681418% 
Veneer Moment( 3, 1)- 410562.51394883 
Veneer M o m (  3, 2)- 46634455350223 
Veneer Moment( 4, 1)- -1 17488.93883020 
Veneer Moment( 4, 2)- -60000-000000000 

F I N D  REACTIONS 
Gay 0)- 838.8326057265 
&( 1)- 2907.3338409923 
caf( 2)- 1565.4970937008 
Gay 3)- 1758.5445939221 
cd( 4)- 2529.79 l86S4W 

Backup Moment( 1. 1)- 1673724.6729862 
Baclcup Moment( 1, 2)- 152521 lS8lûû8l 
Backup Moment( 2, 1)- 2546793.8541866 
Backup Moment( 2, 2)- 249 1220,9268576 
Backup Moment( 3, 1)- 2260405.5250754 
Bachp Moment( 3, 2)- 2404509.1272550 



Backup Moment( 4, 1)- 766858.05033508 
BackupMomnt( 4, 2)- 915371.14231309 

FND FI ICURVATUREI FROM M-FI 
Moment ( 1)- 
Cwature( 1)- 
Moment ( 2)- 
Cwature( 2)- 
Moment ( 3)- 
Curvature( 3)- 
Moment ( 4)- 
Cuvatuse( 4)- 
Moment ( 5)- 
Cwature( 5)= 
Moment ( 6)- 
Cwatm( 6)- 
Moment ( 7)- 
Cwature( 7)- 
Moment ( 8)- 
Cimature( 8)- 
Moment ( 9)- 
Cwature( 9)- 
Moment ( 10)- 
Cwature( 10)- 
Moment ( 11)- 
Cimature( 11)- 
Moment ( 12)- 
Cwature( 12)- 
Moment ( 13)- 
Cwature( 13)- 
Moment ( 14)- 
Cimature( 14)- 

DeWfkM/( 1)- 0.199428592801 14 
Joint No. 1 
DeM( 1)- 1.6439061947160D-02 
De&ction,baclaip ( 1)- 0.38636066099560 
Defiectio~veneer ( 1)- 0.4279972294276 



DeW&ki/( 5)- 0.79362453 117513 
Jomt No. 2 
Dead( 2)- 8.85 18570996523D-û3 
De£iection,~ckup ( 2)- 0.86508784417283 
Deflection.,veneer ( 2)- 0.87393970127249 

DefL/fiekl/( 7)- 0.89916214199890 
DeWfieW( 8)- 0.89628205936832 
DeWfield/( 9)- 0.85739239064533 
Joint No. 3 
Dekal( 3)- 9.9434138277228D43 
Deflection,backup ( 3)- 0.783 18572640486 
Deflection,veneer ( 3)- 0.793 129 l4O23258 

DeWfiekV( 1 1)- 0.6745 lSO7O3%S4 
DeWkIdc( 12)- 0.53578726706534 
DealkW( 13)- 0.373OZS668W 18 
Joint No. 4 
Deitaî ( 4)- 1 A3043 lO224929D-02 
Defiection,backup ( 4)- 0.19224805544802 
Deflection,veneer ( 4)- 0.20655236567295 

ITERATIONNo.= 4 
U-----I--I-C 

DeWssf-support settlments 
t&lss( 1)- -62 l43869.OO4933 
t&lss( 2)- -520282985.2 1597 
t&lss( 3)- -476748434.18389 
Dewsml-secondary moments 
&lms( 1)- -15330383.68853 
de&( 2)- -252 l2569.%5728 
de&( 3)- -27936668.6709 17 
Total constant vector elastic-tcvel(i) 
tcvel( 1)- -13525747.3070 14 
tcvel( 2)- 417495555.18170 
tcvel( 3)- 384685 102.85480 



Joint No: 1 Moment-Xeb -210359. 17748705 
loim No: 2 Moment-Xeb 634814.01640206 
Joint No: 3 Moment-Xel- 773336,O3 15 1223 
Veneer MO-( 1, 1)- -210359.17748705 
Veneer Moment( 1, 2)- -267848.1 163 1725 
Veneer Moment( 2. 1)- 634814.01640206 
Veneer Moment( 2, 2)- 597755.8 1786078 
Veaca Moment( 3, 1 )- 715847Dû9268203 
Véneer Moment( 3, 2)- 773336.03 151223 
Veneer Moment( 4, 1)- -1 l7488.93883(nO 
Veneer Moment( 4, 2)- -60000.000000000 

FIND REACTIONS 
Gay 0)- 549.4013709222 
G@ 1)- 35789262950442 

2)- 1419.2864276274 
caf( 3)- 1 138.8546935454 
C@ 4)- 2913.5312129280 

Backup Moment( 1. 1)- 
Backup Moment( 1, 2)- 
Backup Moment( 2, 1)- 
Backup Moment( 2. 2)- 
Backup Moment( 3, 1)- 
Backup Moment( 3. 2)- 
Backup Moment( 4, 1)- 
Backup Moment( 4. 2)- 

FIND FI /CURVAlTRW FROM M-FI 
Moment ( 1)- W1913.69737082 
Curvature( 1)- 3.4175181132113D-07 
Moment ( 2)- 1729570.8487526 
Cuntature( 2)- 6.5536644148 162D-07 
Moment ( 3)- 1841442.7411256 
Curvattm( 3)- 6.9775677435475D-07 
Moment ( 4)1202757l. 1794876 
Curvature( 4)- 7.6828428838853D47 
Moment ( 5)- 2213699.61784% 
Curvature( 5)= 8.388 1 18024223 ID47 
Moment ( 6)- 2351961.2164290 
Cuntature( 6)- 8.9120168394694D-03 
Moment ( 7)- 2206365.5294831 



Cumahire( 7)- 8.3603278044û32D-07 
Moment ( 8)- 2108636.6823195 
Cuvatue( 8)- 7.9900150945884D-M 
Moment ( 9)- 2010907.8351560 
Cwawe( 9)- 7.6197023846937D-O7 
Moment ( 10)- 1987435.53398 15 
Cuvatue( 10)- 7.5307614864ûSSD-07 
Moment ( 11)- 1736192.2940979 
Cmture( 1 1)- 6.S78754298 1û46D-O7 
Moment ( 12)- 1410692.5082254 
Cwature( 12)- 5.345375298 l972D-û7 
Moment ( 13)- 1085192.7223528 
Cuvature( 13)- 4.1 1 l9%2982899D-û7 
Moment ( 14)r 833949.48246919 
Curvature( 14)- 3.159989 lO998%lD-O7 

DEFL,ECI'IONS 
Dealfiekif( 1)- 0.19113343647175 
Joint No. 1 
DeM( 1)- 2e0236475852553D-02 
DeOcction,hackup ( 1)- 0.36878438169839 
Deflection,veneer ( 1)- 0.38902085755094 

Dealfield/( 3)- O.SZ2OZ883 124768 
DefiJkld/( 4)- 0.647 1754286 1505 
DealkW( 5)- 0.74159065444687 
Joint No. 2 
DeM( 2)- 8.025 13 l8839145i)-O3 
Defkctio~backup ( 2)- 0.80257432573 186 
Deflection,veneer ( 2)- 0.8 105994576 1578 

DeWkkU( 7)- 0.82862698822580 
DeWkkü( 8)- 0.821 11742195174 
DeW&ldl( 9)= 0.78 164779529933 
Joint No. 3 
Dehal( 3)- 6.439474749oO8 ID43 
Deflection,backup ( 3)- 0.7 1 15 1 177790040 
Deflection,vmer ( 3)- 0.71 795 l2S264941 



Joint No. 4 
Deltal( 4)t 1.6474104012067D-02 
Deflectian,backup ( 4)- O. l749%lS78884O 
DefLction,veneer ( 4)- O. 19 l47O26l9oO47 

ITERATION NO.= 5 

DeWsd-support senlmnts 
t&lss( 1)- -91543960.23 1 138 
t&k( 2)1 -484723608.57779 
t&k( 3)- -48942107.61947 
Delta/sm/-secoadary moments 
&b( 1)1 -15330383.688053 
delms( 2)- -23345604.014557 
&b( 3)1 -27003185.695332 
Total constant vector elastic-tcvel(i) 
tcvel( 1)- 15874343.919 190 
tcvel( 2)- 3800692 I2.59234 
tcvel( 3)- 3 15945293.3 1480 

Redundantdmoments-positive, 
bottom side in tension/ 

Joint No: 1 Moment-Xel- 436396.72873233 
Joint No: 2 Moment-Xeb 5%446.1299S7lO 
Joint No: 3 Moment-Xel- 635 147.75460192 
Veneer Moment( 1, 1)- -1363%.72873233 
Veneer Moment( 1, 2)- -193885.66756253 
Veneer Moment( 2, 1)- 596446.1 2995710 
Veneer Moment( 2, 2)- 566389.05373271 
Veneer Moment( 3, 1)- 577658.81577173 
Veneer Moment( 3, 2)- 635 l47.7S460192 
Veneer Moment( 4, 1 )- -1 17488.93883020 
Veneer Moment 4. 2)- -60000.000000000 

F I N D  REACTIONS 
c e  0)- 676.6721255462 
caf( 1)- 33 15.2426281201 
cd'( 2)- 1426.1724556492 
caf( 3)- 1445.1169306611 
caf( 4)= 2740.7958667902 



Bacbp Moment( 1, 1)- 
Bachp Moment( 1, 2)t 
Bacbp Moment( 2, 1)- 
Backup Moment( 2. 2)= 
Backup Moment( 3, 1)- 
Backup Moment( 3, 2)- 
Bachp Moment( 4, 1)- 
Backup Moment( 4, 2)- 

FIND FI /CCIRVATURE/ FROM M-FI 
Moment ( 1)- 873943.44748233 
Cimature( 1)- 3.3 1 15336538295D-07 
Moment ( 2)- 1673630.34û9757 
Ctmature( 2)- 6.3416954960524D47 
Moment ( 3)- I810268.7248450 
Cwature( 3)- 6.859443619686ûD-07 
Moment ( 4)- 2021 163.6467033 
Cwature( 4)- 7.6585635549260D-07 
Moment ( 5)- 22320583685616 
Curvature( 5)- 8.4576834901661D-07 
Moment ( 6)- 2404129.7669634 
Curvature( 6)- 9.1096931436555D-07 
Moment ( 7)- 229û966.4742354 
Cwature( 7)- 8.68089645969781)-O7 
Moment ( 8)- 2216626.904%38 
Cwature( 8)- 8.3992 100574905D-07 
Moment ( 9)- 2142287.3356923 
Curvature( 9)= 8.1 175236552833P07 
Moment ( 10)- 2142204.312409% 
C w a m (  10)- 8.1 172090646826D-07 
Moment ( 11)- 1853097.9029950 
Cumature( 1 1)- 7.02 17313 11433!Xl-07 
Moment ( 12)- 1489734.9475913 
Cwanue( 12)- 5.64488 17465779D-O7 
Moment ( 13)- 1 126371.9921875 
Cuvaturc( 13)- 4.26803218 l72231)-07 
Moment ( 14)- 837265.58277277 
Curvature( 14)= 3.1 725544284732D-07 



DeWfiekV( 1)- O. l94lO9 14475072 
Joint No, 1 
Deltai ( 1)- 1.87455 l8O29306D--û2 
Deflection,backup ( 1)- 0.37515973609387 
De&ction,veneer ( 1)- O.3939O5254123 17 
DeWfieW( 3)- 0.53251848793 186 
DeWfieW( 4)- 0.66225188408337 
DeW&W( 5)- 0.761 35 1026015 18 
Jomt No. 2 
Dehal( 2)- 8.0640678463500D--03 
De&tian,backup ( 2)- 0.82671750750749 
Defiectioaveneer ( 2)- 0.83478 157535384 

DeW&W( 7)- 0,85636575398348 
D&fkEd/( 8)- 0.85119234109950 
DeWfïekV( 9)= 0.8 1242208798557 
Joint No. 3 
&Etal( 3)1 8.1711864007743D-03 
De&ction,backup ( 3)- 0.74099415904276 
Deflection,verieer ( 3)- 0.749 l653454&4 

DeW&W( 11)- 0.6378275026 1633 
DefLBekV( 12)- 0.50676 150215 190 
DeW£ieW( 13)- 0.353 1 15974701 15 
Joint No. 4 
DeW ( 4)- 1.5497399 l6&26D-O2 
Deflectio~i,backup ( 4)- O. 1822107373 1578 
Deflection,veneer ( 4)- O. 197708 13648041 

IXEMTI0NNo.- 6 
---------O---- 
DeWsd-support settlaients 
t & b (  1)- -79492304. 157898 
t&k(  2)1 -496285621 .O1676 
t&l~s( 3)- -439 1 13866.06 188 
DeWsd-secondary moments 
delms( 1)- -15330383.688053 
d e b (  2)- -2415 1 104.505974 
d e h (  3)- -27405935.941040 

Total constant vector eiastic-tcvel(i) 



Redundantdmomcuts-positive, 
bottom side in tension/ 

Joint No: 1 Moment-Xeb -164628.79283838 
Joint No: 2 Moment-Xd- 604870,93377897 
Joint No: 3 Moment-Xeb 6966 1 l.973O9865 
Veneer Moment( 1, 1)- -164628.79253838 
Veneer Moment( 1, 2)- -2221 17.73 166858 
Veneer Moment( 2, 1)- 60470.93377897 
Veneer Moment( 2, 2)- 571793.2307I 176 
Veneer Moment( 3, 1)- 639 123.03426845 
Veneer Moment( 3, 2)- 49661 1.97309865 
Veneer Moment( 4, 1)- -1 17488.93883020 
Veneer Moment( 4, 2)- -60000.000000000 

F I N D  REACTIONS 
caf( 0)- 625.6186787515 
c a  1)- 3408.1 171532067 
Gay 2)- 1450.4264226364 
Caq 3)- 1298.2114056431 
caf( 4)- 28 17.6261399 1 1 1 

Backup Moment( 1, 1)- 
Backup Moment( 1, 2)- 
Backup MO-( 2, 1)- 
Bacbip Moment( 2, 2)- 
Bachp Moment( 3, 1)- 
Bacbip MO-( 3, 2)- 
Bachp Moment( 4, 1)- 
Backup Moment( 4, 2)- 

FIND m / C U R V A ~  FROM M-FI 
Moment ( 1)- 884703.10891026 
Cwature( 1)- 3.3523040046171D-07 
Moment ( 2)- 1695149.6718315 
Cwature( 2)- 6.42323419762771)-O7 
Moment ( 3)- 1823972.8041 114 
Cumature( 3)- 6.9 1 13709 152294D-07 



Moment ( 4)- 2027052.4823804 
Cwature( 43- 7.6808774444376D-07 
Moment ( 5)- 2230132.1606493 
Curvature( 5)- 8.4503839736458D-07 
Moment ( 6)- 2390486.4724564 
Cmanye( 6)- 9.0579%1728284D-07 
Moment ( 7)- 2240755.4997362 
C ~ ~ a t u r e (  7).. 8.56642 1479586m-O7 
Moment ( 8)- 2173749.8934778 

Sb 8.236741 1163703D-07 
Moment ( 9)- 2086744.2872195 
Cuvatue( 9)- 7.90706U753 lS4OD-W 
Moment ( 10)- 2073995.2269501 
Cumature( IO)= 7.8587522015443D-O7 
Moment ( 11)- 1801603.8455521 
Curvature( 1 1)- 6.8266107865464D-07 
Moment ( 12)- 1454955.9 18 165 1 
Curvature( 12)- 5.5 13OWSSW42lD-07 
Moment ( 13)- 1108307.9907782 
Curvature( 13)- 4.1995843333378IM7 
Moment ( 14)- 835916.60938019 
Cwanire( 14)- 3.16744291834oOD-07 

DEFLEmONS 
Dea/field/( 1)- 0.19302466863325 
Joint No. 1 
Dehl ( l)t 1.9270662424382D-O2 
Defiection,backup ( 1)- 0.37282770245577 
Dektion,veneer ( 1)- 0.39209836488015 

Dealfield/( 3)- OS286S%S647l 39 
DeW&ld/( 4)- 0.65665854561835 
Dealfield(( 5)- 0.75393392498756 
Joint No. 2 
DeM ( 2)- 8.2012080880880D-O3 
De&ction,backup ( 2)- 0.8 175 1569801554 
Dektion,veneer ( 2)= 0.82571690610363 

DeWkW( 7)- 0.84559827761382 
DefL/fkW( 8)- 0.83930724174040 
DeWfkW( 9)- O.8000692414O 150 
Jomt No. 3 



DefL/fieId/( 1 1)- 0.627 18247205242 
DeWkW( 12)- 0.49823066532413 
DealfkW( 13)- 0.347226464335608 
Joint No. 4 
Deitai ( 4)- 1.593 l8238603541)-02 
Defktion,baclaip ( 4)- 0.17923635284694 
De&tion,veneer ( 4)- 0.195 168 17670729 
Dealfieid/( 15)- 0. 
KERATI0NNo.- 7 

----..VI-- 

De Wd-support settlments 
tde]ss( 1)1 -84062715.748249 
t&h(  2)- -492974124.61861 
tdelss( 3)- -42SW37S 1.65027 
DeWsmkecondary moments 
deh( 1)- -15330383.688053 
deh( 2).. -238 l32l9.222lOl 
dek( 3)- -27236993.299103 

Total constant vector ebstic-tcvel(i) 
tcvey 1 )= 8393099.4363024 
tcvel( 2)- 388787343.84071 
cvel( 3)- 333 l4O74î.94937 

Redundantdmoments-positive, 
bottom side in tension/ 

Joint No: 1 Moment-Xel- - 154798.56755583 
Jomt No: 2 Moment-Xel- 604743.23221766 
Joint No: 3 Moment-Xel- 669715.93056833 
Veneer Moment( 1, 1)- -154798.56755583 
Veneer Moment( 1, 2)- -212287.506386û3 
Veneer Moment( 2, 1)- 404743.23221746 
Veneer Moment( 2, 2)- 572932.59896498 
Veneer Moment( 3, 1)- 612226.991738 13 
Veneer Moment( 3, 2)- 669315.93054833 
Veneer Moment( 4, 1)- -1 17488.93883020 
Veneet Moment( 4, 2)- a0000.000000000 

F I N D  REACTIONS 
caf( 0)- 642.0023875121 



Backup Moment( 1. 1)- 
Backup Moment( 1, 2)- 
Backup Moment( 2, 1)- 
Backup Moment( 2, 2)- 
Backup Moment( 3. 1)- 
Backup Moment( 3. 2)- 
Backup Moment( 4. 1)- 
Backup Moment( 4, 2)- 

FiND FI ICURVATURW FROM M-FI 
Moment ( 1)- 880905.22879855 
Cwvature( 1)- 3.3379131331718D-07 
Moment ( 2)- 16875539116081 
Cumature( 2)- 6.3944544547372D-07 
Moment ( 3)- 1818345.3872481 
Cwyature( 3)- 6.8900475900409D-07 
Momnt ( 4)- 2023393.4088771 
Curvature( 4)- 7.66701253695 l2D-W 
Moment ( 5)- 2228441.4305062 
Cwature( 5)- 8.4439774838614P07 
Moment ( 6)- 2392400.7175171 
Cwature( 6)- 9.0652496020504D-O7 
Momn ( 7)- 2270794.0909858 
Curvature( 7)- 8.6044595618625D-07 
Moment ( 8)- 2190276.1990724 
Cwature( 8)- 8.2993623503958D-07 
Moment ( 9)- 2109758.3071591 
Culvatue( 9)- 7.994265 138929 IBO7 
Momm ( 10)- 21034%.%12347 
Curvatue( 10)- 7.9705397390690D-07 
Momnt ( 11)- 1823860.4308533 
Cwature( 11)- 6.9109451 121330D-07 
Moment ( 12)- 1469967.3544829 
Cwatwe( 12)- 5.5699786735905D-07 
Moment ( 13)- 1 1 16074.278 1 125 
Curvature( 13)- 4.22901 2235048 1D-07 
Moment ( 14)- 836437.74773 105 



DEmiECI1ONS 
DeWfielcV( 1)- 0.19341048005632 
Joint No. 1 
Deltal ( 1 )- 1.9 lO764lW74ll-O2 
Deflection,backup ( 1 )1 0.373656û8878768 
Dektion,veneer ( 1)- 0.392764530 19343 

DeW&W( 3)- 053003277849094 
DeWbeW( 4)- 0.65866089662630 
DeWfkhP( 5)- 0.75662096461385 
Joint No. 2 
&&al( 2)- 8.0734377258823D-03 
De&tion,backup ( 2)- O.82090%917885 10 
Deflection,venccr ( 2)- 0.82898235561099 

DeWfkkü( 7)- 0.84%572475204I 
Ded/nekU( 8)- 0.8438839436891 1 
DeWîieldf( 9)- 0.8049 13 lSW!%24 
Joint No. 3 
Deltal( 3)- 7.728784924424ûD-03 
Deflection,bachip ( 3)- 0.7337777954599 1 
Defkction,veneer ( 3)- 0.74150458038433 

DeWfieW( 1 1)- 0.63145082099202 
WfiekV( 12)- 0.50166764728333 
DeWfieldl( 13)- 0.34960455888028 
Joint No. 4 
Deitai ( 4)- 1.5741 724SS74OSD-ûZ 
Deflection,baclaip ( 4)- O.lBO43784O3293 1 
DeaeCtion,veaeer ( 4)- O.l%179564l8867 1 

DeWiof-wiifonn load 
deho( 1)- 94033333.333333 
deho( 2)- 132266666.66667 
deIrno( 3)- 124000000.00000 



ITERATION NO.- 1 - 
Deita/ss/-support settlments 
t&b(  1+ -82449822.371080 
tdeiss( 2)- -493647257.22137 
t&k( 3)- -431582529.74092 
DeWsd-secoaQry moments 
d e h (  1)- -15330383.688053 
&b( 2)- -2395 13 15.907745 
&Ims( 3)- -27306041.641925 

Total constant vector elastic-tcveyi) 
tcveI( 1)- 3746872.7257998 
tcvel( 2)- 38533 l906.46244 
tcveI( 3)- 334888571.38284 

Redundants/momnts-positive, 
bottom side m tension/ 

Joint No: 1 Moment-Xei- 462490.96364721 
Joint No: 2 Moment-Xeb 5968 19.9 1820873 
Joint No: 3 Moment-Xeb 673229,60226448 
Vermeer Moment( 1, 1)- 462490.96364721 
Veneer Moment( 1, 2)- -219979.90247741 
Veneer Moment( 2, 1)- 596% 19.9 1820873 
Veneer Moment( 2, 2)- 564491,42238489 
Veneer Moment( 3, 1)- 6 15740.66343428 
Veneer Moment( 3, 2)- 673229.60226448 
Veneer Moment( 4, 1)- -1 1948.93883020 
Veneer Moment( 4, 2)- -62000.0000(30000 

F I N D  REACTIONS 
Gay 0)- 660.8182727453 
caf( 1)- 3461.8180486030 
Gay 2)- 1523.0617754541 
cay 3)- 1425.0402723199 

4)- 2850.8981763684 

Backup MO-( 1, 1 )- 1822994.6958239 
Backup Moment( 1. 2)- 167448 1.6038459 
Backup Moment( 2. 1)- 255lOl6.SSMll2 
Backup Moment( 2, 2)= 2467501.2757329 



Bachp Moment( 3, 1)- 2125586.8O8 1350 
Backup Moment( 3, 2)- 2274O99.9oO 1 130 
Backup Moment( 4, 1)- 792153.2146S9 12 
Backup Moment( 4. 2)- 940666.30663714 

FIND FI /CURVATURE/ FROM M-FI 
Moment ( 1)- 91 1497.34791 193 
Cwature( 1)- 3.4538323408480D-O7 
Moment ( 2)- 1748738.1498349 
Cwature( 2)- 6.6262928700895D-07 
Moment ( 3)- 1893615.3420372 
Cwature( 3)- 7.1752593953635D-O7 
Moment ( 4)- 2 1 12749.0802285 
Cumaure( 4)- 8.055977322439D-07 
Moment ( 5)- 2331882.8184198 
Cwature( 5)= 8.83%MiXS 1244D-07 
Moment ( 6)= 25O9258.9161720 
Cwature( 6)- 9.5080469691872D-07 
Moment ( 7)- 2382022.6588334 
Curvature( 7)- 9.0259252 1476711)-O7 
Moment ( 8)- 22965440419339 
Cwature( 8)- 8.70203089716461)-07 
Moment ( 9)- 221 1065.4250345 
Cwatre( 9)- 8.378 136579562lD-CV 
Moment ( 10)- 2199843.3541240 
Cwahm( 10)- 8.3356140735662D-07 
Moment ( 1 1)- 1903613.2287495 
Cuwature( 1 1)- 7.2 13 14324060S9D-W 
Moment ( 12)- 1533 126.5573861 
Cwatwe( 12)- 5.8093005960392D-07 
Moment ( 13)- 1162639.886ûZ26 
Cwature( 13)- 4.40545795 14724D-07 
Moment ( 14)- 866409.76064813 
Curvaturie( 14)- 3.2829871 185 1221)-07 

DEFLECTIONS 
DedlfieW( 1)- 0.20 l9733%282SO 
Joint No. 1 
Delta1 ( 1)- 1 .957430569 l48SD-iI2 
Deflection,bachip ( 1)- 0.39031904440935 
Deflectioweneer ( 1)- 0.40989335010083 



kWkW( 3)- 0.55390851705848 
DeWieW( 4)- 0.6886û937091842 
DeWfieId/( 5)- 0.79128783384939 
Joint No* 2 
Denal ( 2)- 8.61 19 l3266725@-O3 
Defiection,backup ( 2)- 0.85872803746174 
Defiectian,veneer ( 2)- 0.86733995072846 

DeWfield/( 7)- 0.88890554163366 
DeW&Id/( 8)- 0.88287385998863 
DeWfieId/( 9)- 0.84203405475495 
Joint No. 3 
DeM( 3)- 8.057666û9378071l-03 
Defk~ti~a,backup ( 3)- 0.76749412199528 
Deflection,veneer ( 3)- 0.775551788089% 

DeWfkldl( 1 1)- 0.6033 169849265 
DeWfieW( 12)- 0.52450428323534 
De&/fieW( 13)- 0.36543%6559387 
Joint No. 4 
DeM( 4)- 1.61 19955357576D-02 
Defiectbn,backup ( 4)- 0.18856563493878 
Deflection,veneer ( 4)- 0.2046855902%35 

ITERATION NO.- 2 

Dehalssl-support smlmnts 
t&k( 1)- -83%7121.732206 
tdelss( 2)- -5 17723023.77550 
tdelss( 3)- -45 159 l460.65086 
DeWsml-secondary moments 
&Ims( 1)- -15330383.688053 
&h( 2)- -24383519.325732 
&lms( 3)- -27522143.350919 
Total constant vector ehstic-tcvel(ï) 
tcvel( 1)- 5264172.0869259 
tcvel( 2)- 40983987643456 
tcvel( 3)- 355 1 13604.00178 



bottom side m tension/ 
Joint No: 1 Moment-Xeb -1 7025 1.23895507 
Joint No: 2 Moment-Xeb 635360.62699467 
Joint No: 3 Moment-Xeb 71 3888.17299327 
Veneer Moment( 1, 1)- -17025 1.23895507 
Veneer Moment( 1, 2)- -227740J7778526 
Veneer Moment( 2, 1)- 635360.62699467 
Veneer Moment( 2, 2)- 40141 1.36835338 
Veneer Moment( 3, 1 )- 656399.23416307 
Veneer Moment( 3, 2)- 713888.1 7299327 
Veneer Moment( 4, 1)- -1 l9a8.93883020 
Veneer Moment( 4, 2)= -62000.000000000 

F I N D  REACTIONS 
caf( O)- 647.752064925 1 1 
Gay 1)- 3532.6280709000 
cd(  2)- 1469.8588262872 
caf( 3)= 1369.5437779586 
c a  4)- 2Wl.7213897793 

Backup Moment( 1, 1)- 
Backup Moment( 1, 2)= 
Backup Moment( 2, 1)- 
Backup Moment( 2, 2)- 
Backup Moment( 3, 1)- 
Backup M o m (  3, 2)- 
Backup Moment( 4, 1)- 
Backup Moment( 4, 2)- 

FWD FI /CURVATURE/ FROM M-FI 
Moment ( 1)- 914643.73913890 
Cumature( 1)- 3.4657546ûû1958D-07 
Moment ( 2)- 1755030.9322888 
Curvanire( 2)- 6.650137388785 lD-07 
Moment ( 3)- 1888892.5112587 
Cuwattye( 3)- 7.1573637144593D-07 
Moment ( 4)- 2097010.6362176 
Cu.waure( 4)- 7.945% 185 l74O ID-07 
Moment ( 5)- 2305128.7611764 
Curvatute( 5)- 8.7345599890208D-07 
Moment ( 6)- 2469395.7603903 



Curvature( 6)- 9.3569980857620D07 
Mommt ( 7)- 2339690.9943468 
Cwaîure( 7)- 8.8655226944736D-07 
Moment ( 8)- 2253837.3540482 
Curvature( 8)- 8.5402073437247D-07 
Moment ( 9)- 2167983.7137497 
Cwature( 9)- 8.2148919929758D-07 
Moment ( 10)- 2156386.6194401 
Cwature( 10)- 8.1709484538334D47 
Moment ( 1 1)- 1870880.7695389 
Cmature( 1 1)- 7.089 1 13887721 7D-07 
Moment ( 12)- 1511118.3736486 
Cwyature( 12)- S.7259OïS lûûû34D-07 
Moment ( 13)- 1 151 355.9777584 
Curvature( 13)- 4.362701 1322854D-07 
Moment ( 14)- 865850.12785712 
Cwature( 14)- 3.280864566 1737D-07 

DEFLErnONS 
Wfieldl( 1)- O. lW88Ol77SO979 
Jomt No. 1 
Dehaf ( 1)- 1.9974689825776û-02 
Defktion9backup ( 1)- 0.386û8491782653 
Defkctîon,veneer ( 1)= 0.40605960765230 
DeWfkldl( 3)- 0.54747387956341 
DeWkki/( 4)- 0.68004580523471 
DeWfieW( 5)- 0.78083388349905 
Joint No. 2 
Dehal( 2)- 8.3 1 lO855582612D-O3 
Deflection9backup ( 2)- 0.846794495 16767 
Defktion,veneer ( 2)- 0.855 10558072593 

DeWfieldl( 7)- 0.87606972348526 
DeWfieW( 8)- 0.86977208766460 
DeW&W( 9)- 0.8293 1362246904 
Jomt No. 3 
Dehal( 3)- 7.7438698947363D-03 
Dektion,backup ( 3)- 0.75580800809384 
Defîection9veneer ( 3)- 0.76355 187798857 



DedlfieW( 13)- 0.36007418684985 
Jomt No. 4 
Debal ( 4)- 1.44073272244860-M 
Deflection,backup ( 4)- O. 185888 1589059 
Deflectiun,veneer ( 4)- 0.202273 143 1 1507 

ITERATI0NNo.- 1 
----CI --- 
Denalsd-support settlmtnts 
tdeiss( 1)- -87067391.602787 
t&k( 2)- -50958334494961 
t&s( 3)- -442775075.87830 

Deltdsm~-secondary moments 
&h( 1)- -15330383.688053 
dems( 2)- -2414663 1.742445 
de&( 3)- -2743699.559275 

Total constant vector eh&-tcveî(i) 
tcvel( 1)- 533 1 108.6241729 
tcvel( 2)- 397 196663.35872 
tcvel( 3)- 342 178775.43758 

Redundantdmomnts- positive, 
bottom side in tension. 

Joint No: I Moment-Xel- - 1648 13.87334947 
Jomt No: 2 Moment-Xel- 61683 1.8714û444 
Jomt No: 3 Moment-Xeb 687885.1671 1678 
Veneer Moment( 1, 1)- -164û13.87334947 
Veneer Moment( 1, 2)- -222302.8 12 17967 
Veneer Moment( 2, 1)- 616831.87140444 
Veneer Moamt( 2, 2)- 583770.94120047 
Veneer Moment( 3, 1)- 630396.22828658 
Veneer Moment( 3, 2)- 687885.1671 1678 



FIND REACTIONS 
Gay 0)- 686.6897889157 
Gay 1)- 3563.6081433959 
Gay 2)- 1569.3632543775 
Gay 3)- 1490.0007587ûû6 
Gay 4)- 293 1.7176324337 

BackupMoment( 1, 1)- 
Backup Moment( 1. 2)- 
Backup Momnt( 2, 1)- 
Bachp Moment( 2, 2)- 
BackupMoman( 3. 1)- 
Backup Moment( 3. 2)- 
Backup Moment( 4, 1)- 
Backup Moment( 4, 2)- 

FIND FI /CURVATURE/ FROM M-FI 
Moment ( 1)- 940231.57513021 
Cwature( 1)- 35627 ll6Sl8884D-O7 
Moment ( 2)- 1806206.6042714 
Cwahire( 2)- 6.844OS 1492 1702D-O7 
Moment ( 3)- 195946010047334 
Cuvatute( 3)- 7.4247570225519D-07 
Moment ( 4)- 2 l86%9.95 1 1845 
Curvature( 4)= 8.28683436454ûûD-07 
Moment ( 5)- 2414479.8976355 
Cu.rvature( 5)- 9.1489117065282D-07 
Moment ( 6)- 25992û6.1425731 
Cmatu.re( 6)- 9.849 1768 1O9942D-O7 
Moment ( 7)- 2470219,736635 1 
Cwature( 7)- 9.3601202844265D-07 
Moment ( 8)- 2383857.0322107 
Cuvatue( 8)- 9.03287599538 1OD-07 
Moment ( 9)- 2297494.3277862 
C~~ature( 9)- 8.70563 17063354D-O7 
Moment ( 10)- 228S38Se1693S07 
Curvature( 10)- 8.6597592288%4D-07 
Moment ( 11)- 1975281.8591735 
Cwature( 1 1)- 7.484'70896062670-07 



Moment ( 12)- 1590919.0030073 
Curvature( 12)= 6.0282868807505D-O7 
Moment ( 13)- I206556.l4684ll 
Curvature( 13)- 45718648008743D-07 
Moment ( 14)- 896449.83666394 
Cmature( 14)- 3.3968 l45326046P07 

DEFZECrIONS 
DeWfïeW( 1)- 0.2092053207584 
Joint No. 1 
DeM( 1)- 2Ol4986I77325 ID-02 
Delkction,backup ( 1)- 0.40435579875187 
Deflection,veneer ( 1)- O.4245OS660525 12 

DeWfieW( 3)- 0.57392628233248 
DeWfieW( 4)- 0.71361015661515 
DeWfieW( 5)- 0.82014669343%5 
Joint No, 2 
DeM( 2)- 8.8737176971405D-03 
Defiectbn,backup ( 2)- 0.89019545826306 
Defiection,veneer ( 2)- 0.899069 17596020 

DeWkki/( 7)- 0.92164039692985 
DeWkW( 8)- 0.91553697%3392 
DefW&W( 9)- 0,87330205835646 
Joint No. 3 
&hl( 3)- 8.4249749472756D-03 
Defiection,backup ( 3)- 0.79605702904592 
Defiection,veneer ( 3)- 0.80448200399320 

DeW&kU( 1 1)- 0.68492574801369 
DeW&W( 12)- 0.54404321234668 
DeWfieW( 13)- 0.37904752915668 
Joint No. 4 
DeM( 4)- 1.6S769362608S6i102 
Deflection,backup ( 4)- O. 19557680555544 
Dektion,veneer ( 4)- 0.2 12 153741 8 1629 



- CII-l 

Dehalssl-apport sathnans 
tdeiss( 1)- -8619753 1.336716 
t&k(  2)- -536496293.703 18 
tdeiss( 3)- -469 183743.48328 
DeWsm/-secoadâry moments 
delms( 1b -15330383.688053 
delms( 2)- -24747530.361440 
&h( 3b -27704148.868773 
Total constant vector ebstic-tcveI(ï) 
tcvel( 1)- 4M6l248.358 1024 
tcvel( 2)- 4247lO49O.73 129 
tcveu 3)- 368887892.35205 

Redwidants/moments-positive, 
bottom side m tension/ 

Joint No: 1 Moment-Xeb -178420.945768 10 
Joint No: 2 Moment-Xeb 657932.67287413 
Joint No: 3 Moment-Xeb 741578.75266650 
Veneer Moment( 1, 1)- -178420.945768 10 
Veneer Moment( 1, 2)- -235909.88459830 
Veneer Moment( 2, 1)- 657932.67287413 
Veneer Moment( 2, 2)- 622618.37284892 
Veneer Moment( 3, 1)- 68N89.8 1383630 
Veneer Moment( 3, 2)- 741578.75266650 
Veneer Moment( 4, 1)- -12 1488.93883020 
Veneer Moment( 4, 2)- -64000.000000000 

F I N D  REACTIONS 
Gay 0)- 663.3682429468 
Caq 1)- 3654.6714397874 
caf( 2)= 1519.5361043937 
C@ 3)- 1404.3260843949 
caf( 4)- 2998.8346143709 

Backup Moment( 1. 1)- 1891215.9006727 
Backup Moment( 1, 2)- 1742702.8O86947 
Backup Moment( 2, 1)- 2601397.4582102 
Bachp Moment( 2, 2)- 25 10168.8498 118 
Backup Moment( 3, L)= 2153234.6l6158 123 
Backup Moment( 3, 2)- 2301747.7077904 
Backup Moment( 4, 1)- 821352.60627500 



FIND m /CURVATURE/ FROM M-FI 
Moment ( 1)- 945607.95033635 
Cwature( 1)- 3.5830837337228D-07 
Moment ( 2)- 1816959.3546837 
Cuvanue( 2)- 6.884795655839ûD-0 
Moment ( 3)- 1957376.4710736 
Cimame( 3)- 7.4168621274607D-07 
Moment ( 4)- 2172050.1334525 
Cuvatute( 4)- 8.2303004106888D-07 
Moment ( 5)= 2386723.7958313 
Cwature( 5)- 9.0437386939 1691)-07 
Moment ( 6)- 2555783.1540110 
Cwature( 6)- 9.6843359267465D-07 
Moment ( 7)- 242W3S.2913119 
Cumature( 7)- 9.1733723892757D-07 
Moment ( 8)- 2331701.7328121 
Cmature( 8)- 8.8352499022035D-O7 
Moment ( 9)- 2242468.1743122 
Cuc~ature( 9+ 8.49712741513 lm-07 
ornent ( 10)- 2227491.1618013 
Curvature( 10)- 8.4403767396654D-O7 
Moment ( Il)= 193 1648.93241 15 
Curvature( 1 1)- 7.3 19375?164634D-û7 
Moment ( 12)- 156155O.lS7O327 
Cwa~re( 12)- 5.9 1700288 16549D-07 
Moment ( 13)- ll914Sl.38I6538 
Curvature( 13)- 4.5 146300468464D-O7 
Moment ( 14)- 895409.152264ûl 
Cumature( 14)- 3.3936290236445D-07 

DEFLECTIONS 
DeW&ldl( 1)- 0.20685590507670 
Jomt No. 1 
Deltai ( 1)- 2.0664764860535D-02 
Deflection,backup ( 1)- 0.39956705642624 
De&ction,veneer ( 1)- 0.42023 182 128677 



Joint No. 2 
DeM( 2)- 8.59197791 42214D-03 
Deflection,bacbup ( 2)- 0.876 17343268532 
Defiection,veneer ( 2)- 0.88476541059954 

DeWfieldl( 7)- 0.90638623641598 
DeWfiekV( 8)= 0.89979032322260 
DeWfieW( 9)- 0.85785341042042 
Jomt No. 3 
DeM ( 3)- 7.940540976024ûD-O3 
Deflection,backup ( 3)- 0.78 174O40674996 
De&ction,veneer ( 3)- 0.78968094772599 

DeWfieW( 11)- 0.6725753%35268 
DeWkW( 12)- 0.53432046429727 
DeWkldl( 13)- 0.37239752071525 
Joint No. 4 
DehaI ( 4)- 1.6956438679263D-O2 
Deflection,backup ( 4)= O.l9222847Sï38 10 
DeaeCtion,veneer ( 4)- 0.209 1849 1441736 

ITERATi0NNo.- 1 
------------* 

DeWss/-support settlments 
tdelss( 1 )- -9028049 1.603366 
tdeiss( 2)- -5275 10582.93 153 
tdeiss( 3)- -457561616.32302 
Deita/sm/-secondary moments 
d e h (  1)- -15330383.688053 
&h( 2)œ -24438433.829932 
delms( 3)- -275496û0.6û3019 
Total constant vcctor elastic-tcvel(ï) 



Redundantdmomnts-positive, 
bottom side in tension/ 

JO& No: 1 Moment-Xeb -1 70787.5O998261 
Joint No: 2 Moment-Xeb 639087.84962478 
Jomt No: 3 Moment-Xeb 709862,75567607 
Veneer Moment( 1, 1)- -170787.50998261 
Veneer Moment( 1, 2)- -228276.4488 128 1 
Veneer Moment( 2, 1)- 639087.84962478 
Veneer Moment( 2, 2)- 604932.66159273 
Veneer Moment( 3, 1)- 652373.8 1684587 
Veneer Moment( 3, 2)- 709862.75567607 
Veneer Moment( 4, 1)- -123488.93883020 
Veneer Moment( 4, 2)- -66000.000000000 

F I N D  REACTIONS 
caf( 0)- 706.6458499710 
ca€( 1)- 3678.8512230180 
caf( 2)- 1615.0%0710194 
@ 3)- 1539.089378007 
Caq 4)- 3021.6896181328 

Backup Moment( 1, 1)- 
Bachip Moment( 1, 2)- 
Backup Moment( 2, 1)- 
Backup Moment( 2, 2)- 
Backup Moment( 3. 1)- 
Backup Moment( 3, 2)- 
Bachip Moment( 4, 1)- 
Backup Moment( 4, 2)- 

FIND FI /CURVATURE/ FROM M-FI 
Moment ( 1)- 970350.27419204 
Cwature( 1)- 3.6768369832701D47 
Moment ( 2)- 1866444.0023951 
Curvanire( 2)- 7.07230215493360-07 
Moment ( 3)- 2026767.4859945 
Cuwature( 3)- 7.6797975403252D-07 
Moment ( 4)- 2261347.5 155829 



Cwature( 4)- 8.56û6647373232D-07 
Moment ( 5)- 2495927.545171 4 
Curvaturc( 5)- 9.45753 19343213D-07 
Moment ( 6)- 2686390.456û851 
Cracclad section at joint( 6),Fsteew 
Cmahm( 6)- 1.8269931868931D-M 
Moment ( 7)- 2553834.1543949 
Cuwature( 7)- 9.6769508060747D-07 
Moment ( 8)- 2465394.9697794 
Cuwatun( 8)= 9-3418383488384D-07 
Momnt ( 9)- 2376955.7851640 
Cwatwe( 9)- 9.0067258916022D-07 
Moment ( 10)- 2362773.1465375 
Curvature( 10)- 8.952985245972!5D-07 
Moment ( 11)- 204MS8.72035LO 
Cumanire( 1 1)- 7.73292659524971)-07 
Moment ( 12)- 1644547.741754 
Curvanire( 12)- 6-23 14%I329603D-07 
Moment ( 13)- 124306.7759998 
C ~ a n i r e (  13)- 4.73006567065 1OD-07 
Moment ( 14)- 926322.3498 13 16 
Cwatme( 14)- 3.5 lûûû7Ol99482D-07 

DEFLErnONS 
DeWfklcW( 1)- 0.23569366178425 
Jomt No. 1 
DeM( I b  2.0801485641889D-02 
Defiection,bacicup ( 1)- 0.456867556843 16 
Deflection,veneer ( 1)- 0.47766904248505 

DeWfieW( 3)- 0.65161088980651 
DeW&Id/( 4)- 0.8 1544745 l a 8 3  
DeWEiekü( 5)- 0.94500935404585 
Joint No. 2 
Deital ( 2)- 9.1323067161222D-03 
Ddbctio~bachp ( 2)- 1.0314587737952 
Deflection,veneer ( 2)- 1 .O4û!j9 10805 1 13 



Joint No. 3 
Deitai ( 3+ 8.7020839880928D-03 
Deflection,backup ( 3)- 0.88776355376720 
Deaectio~veneer ( 3)- 0.89646563775530 

DeWfîeW( 11)- 0.7599û755059440 
DeWfieW( 12)= 0.60130742224826 
DeWfieW( 13)- 0.4177ûl30937028 
JoÏnt No. 4 
DeM ( 4)1 1 .7085668îO3468D-ûî 
Defiection,backup ( 4)- 0.21514735260195 
Deflectio~veneer ( 4)- O.232233O2 130542 









1 MOMENTCURVATURE (M-FI) RELATIONSEIIP OF MASONRY CROSS-SECTION 
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