Ve OB S ol Clile gl p glabew dw Jow

US>

GRS g S5t gl ol lils slaosln jo ol gousS 5 slo iy a5 el oals (s aS Cowl g0k ; Do
Ot GRSyl 25 00 )5 (sl Gz adiam S 5o 518, (5285 0ol i) Bblie p0 )05 (oo 13l TS e slaosls
Hlio o ol gl i 1o 5 <8 jo o3l (Sealips Slasin 5 (S pSadz jsb 4 (il glo)b oo B 5 Uy
ke b (go¥98 ol Sl Jb cud )b g (e Syl sl | ool g, SGcaddllas (pliaws oo s |y sloj ) sl
59y ol 5 1S o @] 305 B sl o 51 slag i i 5 TadsS (Sado 3 olyF el s CMISFY iz ol
e S 98,5 o 0155l iy liln S g 555, 3 ol 51 s e b Tl a b il 5 o
S, 50 Wlgise sl 4 gy ool el o0 5L CMISF st * ol 5 oV bl s 55 (c¥gd 8 oy ool

59,5 lowl CMISF gass aws gl b 5 s pud Ll 5 0 (53l Joko

dodio
2ol 5130 ,5 samlie 50V g8 g de,l oy slaojle ;o (>, g S Glajlgs Glgie 4 0l oo olo cibg sl o
48,5 a0l o5l wiige lawgs o] sy el wigh oo 48,5 a5 10 5 lene slolall Glgie 4 Vero lag)] a8
aS iyl 1y Blbl GB L S ,wl 4 bl bl cpl 0,5 o0 51,8 A3l sla b cod ojle a5 oK Jl> ol b0l oo

Dgds oo 0Ll VOlaile b G ylgie o 00l dloul pitacw 4

S Az e s e Al S aladlr iy, S olgen Blbl OB Cuglie §  Saighcsin ;o Clile Sl 28,5 a0l

3w o 50 g 0gd 0)ly Ji ds el 51 i s ST asled g i 1y (65 Gten log ) sl ,b il i leisle
J—o-?!j |) Lmu] uLml...n l) o‘).o..b Corw ulﬁ 9 J.:os.: W) ud&- JJ-S )l FLY 60[.)) 6[.(&9).‘.: u).); w)?u L}T rﬁLo.J l.: J.u )‘
6’)9" )é)u._u UJ‘ r 05)1.:; J.:j.wga J.O.m 6)3&14:..\.9 ULQ 4) ul.@‘fl) ‘U] ‘DLQ.J L: ULQ)LAA )| Gw}:: (5")’ )I o= ‘0)5‘50
e 3979 poe g Altas (Suezmy JoIo 4005 S loy)) slagys 4 e chorn Sl 4 az g b Wi e (S
43,8 ool fleisle boojle as e Jdow o el ol Clale sl iy 1050 caadly 4 SO 5 ool Ll Jow
Otz O9b o)l (6 & IS g Cuoglie ol (e (S 50 4P B oliil 4 yomie Sl (e (28 1l 09 o0
alys 5,8 pl sladely 50 5l OB Cueglin § e Mlolis ol pals el azg L ol >1b ol goladl e
gl cpglie 51 (SO B gl slaosle olyp cdlo g oles cud )b (S5 Dl s ol olale sl o 00 oy

A g Al £g,0 dlge Cugline (goslw g, 5l AT Cawl oal 48,5 IS 4y alie sl by, ol 009 jul (GARS D 0 Budos

1 Composite structures

2 Concrete Masonry-Infill Steel Frame(CMISF)
3 Corner Crushing (CC)

4 Strut

5 Orthotropic

6 Failure modes

7 Infilled frame

8 Demand



5 Jols sVl (6,65 el g ola by, ol slaJae 5l soliiwl b allisle;] mlis galss jglaie 4 o jiole;]
(\qt\? MDS)W‘ 4..3; )l)ﬁ oolaw! 3,90 Tésm UL°J‘ U’“"j) ).u |)_._‘>\ o ;S...,.,...v )Lv L«.L?D 5 9 LS))"‘ k)dj)

@l olile b 53V lacl oled )b Cud)b 55 5 (S (e Slp esle () SG ] 09290 (sanlllas Saa
rd el g2l 4 (b 5B 50 09z g axlie (nFesle bl laptass (ol Wl b (2 )b by, cnl 0Bk (o0 (S
390 Bptan (nl (Flib g Jlod (sogtie (b9, o Garwsi 5 Hhb Shal jslane 4 Wlgt o ST (nl wled o

S5 1,8 solau!

Slitso b ol 5 oYl

ol cilise ol > slacdl> 3l cans & Jsb ,o aBisle;l 5 (Lo Sldllas 5yl 5l ool cavs 4 iils ull 5
90,5 (gaaiws n; el b glizme S0 0 Gl o ol Sl L

odd I8 )L slaaiss 5l G o Plas Claile jo Sads > Shles V@) S0 gillas a5 adeS Sads > cdb> )
spaze 558 slacl g cans Jlail b QB S ey 4 camo olo laSsl b liile a5 oablge )0 2> ol ol
D ooy twl 00l

ol el ol Slaibe (B8 50 e yo (B 53 by s SiLlei V(D) S pillae 45T L5 b 2l Y
B 0 7y 69 B g s DM o L Glils jo Il

4 beye b ool ol Q] P o sarhis o olale Sads > Kbl V() J&ud)ums“k;;as Hled adl> Y

WAl e ol azio 1 2 ) kS S e Claibe Jobss pae 5l 23U o3 ol jo a2V Lews Ol

5 oo anlive sy o slatal s (638 (slel 58 5145 5 5 Ky Sz o V(@) JSb gollae a5 0 g ka3 S 5 el F
il oo 658 L Olisln 5 (553 (sliael g chund VLA b OB S5 b cind OB Sy 4 bogy o Sl ]

g s sanlie s 4y 3 YL L by gt 5o Sty Jolie L2510 V(@) UK illae a5 POl 5 el 0
il e 558 L Olails 5 (553 (sliasl 5 cind SYLal b OB G L s OB Sy &y bgs e 5 2l o

1 Theory of elasticity

2 Finite element

3 Sliding Shear (SS)

4 Diagonal Compression (DC)
5 Diagonal Cracking (DK)

6 Frame Failure (FF)



fel FF mode .

Gyad jLad cll> () o33 o o (D) a3s8 Sass 5 cll> @) bt wlile b OB Gl ol 3 oY ) JS&
B 3 eI (@) 5 ks S 5 ()

A (heo (_SJ.Q.: Ll “5..;);.1 OV 9 4,...»95’ u;mo/o- slcdls (ol cdlo g0 s a5 0gl 6)5T°l€. Sl g
2 B el lislon (5l YU 6,2 s Sy kel 5 A g &y oy s (68 L) pgw b 1y (VAR5 CeposS)
b 5 eolitul 050 sla i Jes sl 4 azg5 b Il cpl 08,8 Tamin 5z, kS e axas 3 51350
S5 o ez o azl e Gl 5,0 o Tl 5 cdibbee Sl s sangle Lol skie 4 lagy] Cuslies
@‘;}u.ﬂ}g_iaU‘PQWLJ‘A.;SJ.Q.?D‘)‘5J4W)l);h‘9)‘5os5f)|wuLQJlmd.fM‘}d‘de?uL)(Ls).‘a.s
ol 5 gm0 Lol tost 41,5 15 10 pmbce 1y slasll 5 sl (ySas (ol )5) ooty Sl dz (51005 4285 L5 o
Satod o e anlllas ol ans e &) S as apbecs b g5 i sl slocSsh 51 USane il b 5o
as |, i sl o b e ‘531):} I e jolaio 4 JJLQJGA Joe sl u_gl):} | E PR P o aS |y ases
Obgy 5 edlatul b ylg5 so a8 Liya) (i ol e Can i bl b asl el sl s 4 00l &1 Jae &,
355 dunlio 0905 891y (i 2 9 Yol (s3loiin

R (b olile b gY g8 b Juo arwyd
P sl e S5 S abiws 4 SLIL 2P o @ e Yoeno (65k8 (S L cod oS plo i LGB il e
Ol gion (S ygame pac a4 dz gl L diged 55 abolddly g iz Ceand 93 4y iy el 9 00D (6,051 Hha3 Jsbo
b8 1iS ialej] saiges .l cwyp Ol (g3g0me Ll 1581 a5 5l solaiwl b (Yoo o) T ool lawgs LS,

I Slenderness

2 Qut-of-plane buckling
3 Acoustic isolation

4 EIDakhakhni

5 Ansys



e p5le LS5 (gl oo ooliiul gog0me lall Jow 5 el (5,1 s oyl ,Slles a5 ASTM E-519 s il

Diloas eals ylis (V) JSb jo alisles]

Looel cows 4 sy b by sl behs )y ASTM -519&&)] plsl 5, @) (5 a8 iS (gaiged ¥ JSCH

u,.,.....«.:‘ (§Ogde Ql.o.” )|)'é| Py )‘| solazl

Ol ol 25 5 )b gaba 50 Vgene) Wb (578 (o S 0 S5 aSinl LAz 4 w0l jpamme Jy D

Coglie o] hlis ;o ' uled sladsb 5o (F) S Bl 5 99,5 o jpame SLLI QB ol jo J4y (ol o> 5l 5
oloy b amoe iy a1y o5lal (al g 9 jslice ol (5 5l Sl sl BT (Sl g o ouled glasb 5 o
les Joos | (650t b o2l 3 oipgl S92g 4 Wiz SlaS 5 Giula 5 09290 (5 ,k8 slaS 5 pai sl
P55 g Ok T gl A08 TGsS g )il 00t 555 6yl peims brwgs Slalllas gdiad ,o kb, ol

26N g0k a4 ety i 9 (YL 5 A Al S sl i8S A )0 (658 AU 9o 5l St By (F) SO Bllae
etle 5 05 elin DAY 1T el 5 1V OSME,) peiions 1 (6o 35T b illae el e iy 8 5 0k 4y 5y Oy
Wlgs o5 OB slacl jo b slog s 5 o sla K (VA2 0 ly 9T bgigr :ab,c QY 1,0 5 T WJluge 1220

! Contact length
2 Confinement

3 Polyakov
4 Stafford

5 Smith

¢ Carter

7 Flanagan

8 Saneinejad
% Hobbs
10°Seah

11 Reflak

12 Fajfar

13 Mosalam
14 Buonopane
IS White



el ax S1) wgl aid )3 las o S o haie o2 ar ]y ool (61351 (galsS g0 4T ST (gl gale S 5l eolainl
(! o0l oolawl

—Contact lengths

God gaml oo 4 ilg S gilelae VIS

Lnssis 3 s 53 ' aiis (sl S (ot LB 5,500 050 (sioo 35 i b ol o oy L 5 lyo bl
Shel 5 b JUS1 o5 ol 5 ol 1 osdle il 5 3m () U2 L il b 0 0ol g3 0 ool pobite &
e 31 oSl 135 St sl ol L] V55 S 5 s 3 i 53 (s 1 45 soled o &3 lilen 4y 5
Codly ol ool 2 9850 (nl 05l 00 pal 2 1) 4kl wiz laglezslo iz sladny (e (28,0l Sl glabee iz
) wlas cilie 3blin 55 (ol 5 o cslais 1) il b WU sl e 5 (o Ulg) Loyt 50 45 o
05 et 1y 2l b LBlate 9 0K ST iy sla )5 it ;9 5 o3 JSKS Wl o0 45 525 (o0 518 5L cou (el
S ambe 15 glaglall b 1) CBple b s ol Sy sl 535050 Sledl 1531 o5 51 aslial b (Y« ) 315 1l)
oS iy 5] e (0) U5 llas sl 08,5 Jaw CONTACT2 sl (glopylall b ol gse & oy Laze PLANEA2
Gl SO L aslio jo slabs iz Jow sl eolatwl ol oo (g a8 saml SO Ko 4 cuol aid )3 13 s Cos
5 4855 (owled a2l ;5 0dig) i (23 il P il e rizen 5 ded e (LA e |) Sk yo S Cod (Bl

Aled so Jopnd caligS blis jo o5 &

I Maximum field moments
2 Deflection
3 Plane stress



P

PLANE42
Element

(2)

hol 5 515 sk (0) Siled o151 @) sl L33l 5 4o Slislen b Lo S Sy g350mme ool Joro & S5

ol slp Joe S Ganwgs 4 bgpe Coond (gl 098 o0 i Sond 90 @ Ol b QB (LS Joe Ganns
9 bS5 @ S axg (owaia Joao (nl 5o adbioe (e g 60Y58 CB lojlu piuss Sl (cwiin
b et e Lol ylas o J18, (a3 8 O jg0 4l B 4 s, B OB IS 4z S14S 05l o (et L3 a8 Le]
Sl s g 18, o pleaml o b cnulpbe sl ol 55500 gt 4 5 Jlasl jo Lasl gailas 5l o o
Gabee S Glgie ar iy B 00 S (o0 arogi (6,h8 (abie sal psphe L 095 oo ool (as id slaploll Sl oo
U595 93 s AT 90 (goAiiS Lo (goolus Lo S, g5 ale ool S LB o ()55l (6absT 90 (yms e (g
2] loi e o | o (6,351 sassS 50 g o Wb 51 olajidks 45 Sl iy L v gdilae Sy ales o

255 o0 )18 B 5l sasin blE 10 5 00,5 o Joe ure Slastinn b aleo a5l oolainl b sy

b g S-S ol colw dailg; cwl ol mlas g 9Ye8 (gl oad aogi sosle Juw 4 by pgs idu
51 eolawl b Yyl el Jo ‘G’.L...o.ml.; 4 by c;""t"t" sl 00l oolazwl o dlas g o¥gd Jow Sl ol s

@ 2lws Glp jeme JESH Glom e g ail Sabaslrs Ly, 51 eslatuwl e § ol (o080 (28,5 a5 10 S 5565 )
ot oy (6 IS5 b slisl, o iy Sl

©oYed OB wasa Juo
Sorldl b ot Lo BEAMS Sl 15 (sl 31 olictul b el (s350m0 ledl 380 o5 55 (s5Yg ol (glise!
Sl ol Gl 2 e (shas e 18 55 505 ailons Jae (gt @y 8 JLail oo 3 COMBINGD (o o8 T 50 28
so3guome )b o (slaalsS 5l pue 4 b ASTas 50 QB dguze JSCb oS 3 9 Clike Sgaome (6 pay JSA Jdo 4 a5
o0 e 5 Ok o (6 L Ll 5l e o (6 A5,L VL] o e (sla K e 5] dinion (sl 5
Lrgs 00 ) Jow 5 5 (148D ks 5 ol xilo) il co adaite Stuidly S5 oo 0oy To Sl 45

Secolo oo e 8 dw loslatnl Ly Jlasl o stz S g 25 69700 Slog i u (iaS il a5 (VA9A) aw

! Anisotropic
2 Rotational spring



0as plomil ol 5o g0l5T Sl o Y Jlasl cll> )] sl s g ol 0uis solinl s @3l Jow Jlasl jo Slyge sle i
b wloads e po 4 sol3] Sl yo T som 90 sl cll> 4o gtw a0 o5 Jlasl jo gt gy blas o] oll a5 ol

S Ly ke 5, 4

S pS1as sosgume Ll obane (S o i b 59Y58 G slael (g1 a5 wisls (las (VAA0) s 5 15 nilo
Ll 51 oS Gy o Jlail 5l (holgd 5o 9wl oo sl uled slasb sloiil Suoz g S slacl oSSy Coons &,

IRUICEIC g e IRV PN Ve

EYE 37
S(M, +B.M,.)
a =\ —2 P’ < 0.40 o
ot

2(M,;+ B M)

a,l= \,-I =(0.4] )

Tl

I eopsiw gl 2l ailes Jsb ar 25 el Jsb S O 5 gt Jsb a2 (gt oled Job Cmd O ] 50 a5
Jlasl Soodly S eyl o 4 a8 Jlasl Soeadly S cud b b 5 gm0 jlade 0 508 Mpj s sailas plp
a8l 5 S 9 Mpe 4 (g Jobo 5o atdly (3 S Sl sosgamme S (o sbocanns cus 5 0 Po g Bees 5 g

Wil o Ji Celo t Coled 4o 5 Mpp 4y 55 gaslas o

9 P rle wnleioe pedd ISk Az b @ azgi by s Sol ol sla sk ool &5 el S8 LB

by Clile oly3 4 ol a azgi LB 9 Bo L e 5 BC polie o ol cailin] ;o a5 5o, slgrinn (VA90) jla
Gl (12 g, o ol ol oo Po 5 Bro b Po g Beo 053 Vb a> piolie byl o 4 o9 5T 5 L (i
2t g Solwesle jalate a4 el 1Y ol Po a5 wisls las sogame Ll Judos 5l eoliiwl b g wis,S sl By 5 Be
5 Bb L B g BC a5 ol oy aogi ol 3 sailin] 10 oad (6 08,1 sloassS samb jo il JulS o Sewdl
o a8l Lalg, 3 Bho g Beo (Vb x> polie a5 03,8 arogs ol g o155 cxilo g sailu, 895 Vb a5 polis 4 Po

95 delns )
fe

Ty =—— ™)
e \1+3p,‘?‘4

! Coupling
2 Planar



(TEJO:: 4p)

aS o ol G Mg 20 i g 60¥ 98 QBB o Sl co o U o Olaile i (6,Llnd Caglie Fio o] jo a5

Fin gl 523k (F) 5 (F) Laulg, 50 s a0 Fingo g Fmo b sl Flo e olo o sl (F) 5 () Lals, Dol jslate a

O Ol Glastas i BN 15 il oo (B350 1 0gee 5 (Silee sl Clile (5,lad Cuwglie o 5 4 Tmoo 50
Ysano)cuul o5 (ol pllas 5 8Y58 e [ a5 (e 51l 2 ogdle ol Sig 395, Sl (g o b g oo el il
SBhsl | Jsine 28 S p L 038 o 5 QL G o Iz 4 omie Sanl (e Olils i (ALAT 5 (41T S99
G035 sz 4y STSal (VAAY)HISS 5 g5le) Lansgs aslie 5 o5 b amsl o0 1135 by oy pllino 5 (50Y 5% ol oy
Al yorie a5 ol 4 (VAAY) ], 50 5 M Lawgs ool ploxil 5] (gaalllas 45 0gd az g8 Wb el oals (5,8 Ceaglin
03,5 3,905 3L g0 1) (alBigle;l I 51 ool Cws 4y cud 1 a5 (VA0) le 5 015 wilo awgs ool &3l bg, 0 a5
B g el 68 Jlaao 1 Jladie scenl 1L a8 Sl 51 aizmed ol o] s 4 500 b pl s UL gl o 2 cdiog:

2loo (93,5 i e

sl S gosgame LG U ygiw 4y 55 Jlasl 5l Jolsd 95,5 co anosi YU slasilwesls 5 Sls 3 10 S ads L

:A;i—lso Cewd 43 (F) 9 () Lalg, 30, 3l ;_,%JJS@‘(mwwébhjsbdwlﬁjﬁJ)g@bﬁ.’;ij};ﬂ)o4;.:,.;;:.5

Iy 3
[2(M,;+02M,,)

a 1= \ . =0.4h ®
57 _ .
2(M_.+0.2M ;)
oyl = \f Bl PP 04 *
'rfm —o0

R bl jdes Clalbe aml g0 Linled jehaie 4 glaxas slaladl 4y baals 51 oolaiul o(¥) S0 4 4o

PR d asles aseie dalol )0 A aS il ails AL ply solee (eSS 6,1085,L L Jolee (g ks gaml aS oyl
bl i Sl moje8 2,8 Lol modle Lclils salem A2 L il co b (V) USE [0 oald ools lid gamb
sl swles Job sleasl g lanl jo Ag=1/2(A/2)=A/4 tolu L ploS 2 calne ¥ 3l oolaiwl b ax b jo ¢ cwlod (>lgi 0
e Ao=2A0=AN2 Colus b ade SO a5 aml g0 5l 0als (6,105 )L (galsS g0 (goaisS Jate salio 90 oS 5 00,5 o
ety g & 2Vl 5 45 AFA Eol b VU sakie oS5 55 e dhee ¥ (gtlmy & s S 055 Jobeo &
SO Coles 5o g wled go Jeaie oo ]y 00l (6,105 )L (gaisS g0 a5 A=A Colun b Sl (galis (S so Jeaie 0L 4
Al aslys A=2A1+AL faomme ;0 aS W oo Jlail Sul o a1 ok 4 g, gt a5 AimAMS Colas b ol sals
il (V290) Luls g ol sulo cwl oas ools HLias (F) JSs )0 Jaore CMISF (go3l S (gl o a3l cwain Jo

(0903 (350l Wyl oo s a4 dm Gamin sadal, AT Ag Colae b ale SO gabiwg |,



P

. T, b
il—ﬂfbuf}zf—+ﬂb!rf— W
[ C

cos

Ad=

S S CSHGSs dhp G5 T 5 O=tan TO=(M) (ol (b (sedgame wlul p aidl el Cwglie fo o 4o aS

oo Canod L TH=PB b )90 4 g Sliilie 9 55 S de mhaw (o axily

addllas cplaS Sloo)T 5lecn! pogdle 09, B ro (V) alal, ;0 T 5B sl ool dogs (8 con bl 1 o)bgo

9 ol 5l ogd a8 515 4 Lo dlge Cuglie ytalS (6l (g ke e 3l so 2P B il bl JLS, sy a

S b Bile ol R o sy oo P (81550 Slilse 1o olo wllas sl 055 Jlade i e a5 0580 (2,8

ol A8l Frvo byl L35 2 ol gl sl o sy oo 55 e (5 s & B () 5 () Lafy, 090 59 ot ol

@ ol lodlsS (Suo5 )0 G (0970 sl S0 8 (nl jo 0sd aly Jlade 4 felBe Lo el 4y oeie Wilg g 9590
JON PRI SNSRI NI

g dlore iy galal) 3l (g k8 glaale JS Colius oS 06d oo slpaiin YU o lae ulul 5

(1—o, o i O]
A=———7—
cos B

&' A=dA/4 !'J'Eﬂ_m—[.‘ﬂfmn Joint

L

.—_iz=.aia"?

2 @l las il b (60Y5h B (gl oads ail)) Jow £ S

355 S slye
$99,9 Le,u aS byﬁ ngYl JBJ.A O 9 é—‘a—QA (5"")""" QLM 9 Colao u_i) aQ &.\.»..MY‘ g_;té 6L{buLo.” )l oolazwl
15 ot o ) 4z b LWl slalall 3l oolitsl 5o oy 5l g0Vgh Wl a2 L5, s e ol ST a3
O & S Jlasl ;Shled a5 My oz pe g0 18 K ol cod)b cnl pdvaz s 60¥58 OB (pwain Joo 590
oa et (1) 5 (1) Lafly, 55 45 lailan o 55 o iy a8 Jul 5 15 o5 (atltd ol e (505 S0 4
ulﬁ LS"’L> GJLMJ (\y oo)f o).....llf ..\J‘BJGA)J ‘531)50 (5..7&.: é}wu’_‘c asls JLAJ‘ )é)ii.l M)‘Lﬂ u.d).‘a ulj_..c L Sl
el 51 ooliztul Uy oalSile] & oo s il o 30,5 0,alS (sl o3V ledol sl ardls oo s oadly B



Cowd & clodas SYlasl g5le e (gl oo solatul 4350 Sledlbl dlael ' Clodas Jlas! cdl> ;o b g ool  SoiwY!
Jlas! a8 ol StV olyg0 iSTas D )1 50 a8 el oo oals )L (V) UK 5o Jlasl )L, . (VAN T o) 5 7o) ol
S Jos 1 ol 5l S0t Wi eas JLail ol Stdly o9 Sae Dot 1S Jooss Wl e 08 et 9
o 2y ekl sleslaial b (o) 4 g Sdly Jelow jleslainl b 385 ©)90 4 Wlgh oo Hu o5 QB ol cod)bs

10 g0

H”= n=1"PFJ (‘\)

il e b Jlasl F yo (sl ggorme cdle )] j0 &5

Momernt

-
.. O, ¢,  FRoration
Ose @ g5 Jlail Slge Joo )L, ¥ IS

gy S Olge Ju
(S4BT 53 45 ol (g b gailaie Sy 08,8 o ) yE LS oo 4 Ly 3l i 45 el ey 93 g0 (siniiy olad 9
Lol pdydz gl ohdgy b ,U8) 50 dbhie (pl Dlakie (09 i (8 (nlpll WS o0 Jaite w2 4 | 00l (g,I5L
O 5 wlloge NAAY Laws )0 g Polhas A AA 8 Lows 10 5 Fawes) wloads Byme el &je0 4 oo slo o
Ly gt o 45,5 1135 1 Seig i) g0 41 oolacatl ooty pellinn 53055 a5 Sy 5 oliiol Ly (V22N s €1 34Y
S 5e)) Olrio al)Sabiilxe Ly, chled oo )5 4 9,5 95,5 (5 51 (558 & 50 4 (89 by &S Coddly cnl
abul, 5l Eo syl caz o i Kb Jge 59)5] s 4 (6l o jgmme JEH G ple 9 (VAAY A I 1568 5 Y aard)

1
E|‘|=1 ¢H+ 2VD_|;|] 1 2“ . 3H+ 1 ) -lH (\.)
ED cos | Eu G cCOs sin Eqﬂ Sin

! Semirigid
2 Chen

3 Lui

4 Hamid

5 Drysdale
6 Khattab

7 Shames

8 Cozzarelli



Oygo 40 a5 el gmlgy S V000 (BBl 550 0508 g (5le0 slaliwl, ;o Kb Jgdw w55 4 Eoo g Eo ] jo a5
dlios hp oo G g s oo s (B 550 b Slge S 50 RS A (GB350 p Sges Cuz )3 )5 S
o T el Wga 0550 50 Lol el pga o dos Sygo 4 sl ool T glaie wign 0 g, ool 5l eolatul ax 31
b ble sbwly jol, Kb Joe ibuns e 2 olo so)lgns sl YU salall) sloolaul oy )15 4 1) SaSS cpl g o0
D3 o EalS 88l 50 s oges S 50 ol o0 A a4y o,

slwly o ol Gl ol Coglie aSly Kb sla Jgoo g &5 a5 sy o0 Hla5 4y ilaie (08 (nl ) cnl 5l i o0
3eslazwl b fmo L Eo oypisle bl o Luwly ol Olyss 28,8 Jlas o (gl ool ol ) SO il wialys s 15 fimo ©
s (Se055 )5 09090 Gt se3g9ma il wilan (o 55 515 S5 By 5 Fimso b oo (il s o ey
Uinlesl asilen 1 Jaere ae 8,0, Finoo g Eoo bl s .ol Glile jo absS Sois,s o5 el a4 axgi b
by g (B slayio 1 sges Sy ;0 5)5iin olu Jlas Cwglie O959) Cawd a3 6l (ASTM E-447) o lails!
ool g olo wlas g)lad Cuglae a5 a3 cpl abl so i (0T L Cqz 0 b sl e [0 Yaase a5 (S
e basgi Fm0=0.7Fmo0 )50 ar alal) o g (o) ORA) R )0 5 oz Lawgs wilad oo et (55105 sl
Sl 00l UL""'J @L.: ULQ....A 6‘1.: |) g_iuj);y)‘ JM (/\) J.i..u Sl 00 ..)LM (\ ‘1‘\/\)

J{u.;n'ﬁﬂﬂ
|
‘ / I-E’Es-
el ,
Al S B
S B
. ' 1 |

el dlas Sas )l Joe A S

! Bed joint
2 Running bond
3 Stacked bond



2ol 5l o8 onl 0gd i Ep=0.5E0 o adgl 5L Jgow caai b plp Ep b piSTas 10 59 Kb Jedo (2,8 L

oolaiwl sl 4 0 walgs ool IS G ¢€p )b iSTas b gudaie 26,5 s Fmo o Ep oaslo b A@) Ui sillao
b a gadaly, SO LU cel 0ald ol canl ool ooy L @) JSKS j0 4S5, 1 ¥ a0 Sovie (sl
IS o el (5380 Dledbl 0429 pae &g 40 .05 00 a8 560,05 g Seolw Judow gl A@) IS Billao a5

Wigdise (258 p) Syse 4 (@)

e,=e,—0.001 W@
£,=g£,+0.001 V()
£,=0.01 Neo

slosb 5 SBelee bl idls b 2o, 4 49)alie a o Jobo 5 (N (gl SDcorlion b 25,5 5 (sl el
2ilsr (San alie j2 sl 1y lrales,e ekl S (50 )s] Cess 4 (090 e () 5 0) Latly; ol 2 (ol
Dloo Cewd 4 By 90y« Oy polie ol @ dle yo Job 10 Eu g By € ©la )T ool o L AD) S Gillae
5Bo sply (28 L i 10 00,5 o dilome o (] (61 Fu jlaie o j2 Crlias )0 Fimo (185 030 b (eizpn
e (78 & e el 5 @YL loakos 5 (awy salos G el sasly IS5 A B yo g bales pled gl Fme
el g saln Sl 5550 5 ol 5 oVl sl sl (S o kbl Lo K s 5 54l 59

B (ST oolain] Gk o350 sl amban g ae ST 5l AT (55 olal o Jae S sl eslaal aST el SS 4y p5Y
Slpiion 1) labwaiz sl Jaw (VAAYF) LU g joie 9 (VAAY) gegiawgan ;S el ool slpaioy pdions 1 golass lawgs
St i (Sazg @ dazg b ailes,S solatul swled slanldl LTl 5 G5 (VRAVE) L0 5 plluge wailes,S
gdaw i 5l gadod ()8 0ol &Il Jae OMS 1y a5 0y 00l ools slpiing (g0l (pmbaze Lawgi b Jow g9 opl Dlasin
Seolans Gadai b Ygors cing oliiloe Jolas a5 Lacl sl sew g bacolue Cids 10 2090 plydzgi olgs g pdlas
WYl e jo ol ge SBl gloj ) 5,108 L ot b LS B L ol )b Ly (B aile aKisle] slaaisl
A oo Sl Foduzn Jaw 9,5l S Glasin (S Gadad b Jow 9,5k Slasie

6, & 8. De_?amaﬂcrn

loaleo sl Jyore S0 ais —55 sabl, (0) (i ol s (25,545 alal; @) (as dus (soud ool Lasly, 4 S

1 Dhanasekar
2 Truss



oo a1yl gy 3l eoliimwl b Jiloyl sladiges 3w o

s b ot N Soguds g oKl j0 wigel F il suls oolatul CMISF (sdises O (s5lw e sl soloian Jow
el @28 S )18 olStnlel 0550 (VAAS) 7 guad oy 5 (VAAR) © ugal (0 AAT) Tl Ko (VAAT) TGl Lanogs ¥ S5
Sype (Seiliwl and J 8-l pis (6,05,0 cod (VAAYR) (500 5 plluge Lawgs (K55 olSiils jo ooty (saiges
bl s axiis kit oly wlas Cwglie b LSy CMISF slos slasliilo ol saiges T .08,5 )18 iolej]
CMISF Jowe ,li8, o ol pdlas Cuglie jois 5l miwions (rizpd g b ioles] zls Gl gl lulul ladiges ol
5| lasgemme Jold oouzmn Hlaw (s990me yladl (59,500 Jow SOl solaiwl b olBisle;] mls cpl g, cpl 5l aib oo
S Wgad ezt b LSS (VARA) dws bawgs wilonds Jate alais o 4y 8 Ve galiwg 4 S axdaune b slagladl
o9 yge opols las gl digad (pl ol o cdiodess Jlasl b g ailes g0 b (gl il G CMISF G 5l 0 o> G ulide
Colls s CMISF ez S 6l SLo &l o ale a3l oolatul 150 55 5 clodas SYlasl g5l Joe jo Sig, oyl
5oolatul b Slaslxe Ol .l oads Gl (Cod )b soxie) jud-(glas > b slaas > joe b alis Bl 5l o
(Yeooo Gl il olg oo ;500 Oldllae jo 1) bbdiges (pl (gogaome ledl (55le Jowe

Shiges (G i) s )b sabaly 10,01 Caws @ jelate 4 oo &l Jow 5l eoliiwl b ol (g0g05me yLadl (sasli po
5l ol o (gl ol eiie, b Laly ol o0 o0liial el 42,8 18 Ltulojl 3,50 (VAAF) (Sl Lansgs 45 WB2
5 o s sy B Wi el 0 00l 5Lt tlojl s JUS 4o duglie jlite 5 () +) U5 50 lisles of yan
Sy 055 o0 oy S0y o Cyyl 4 Wiy A5 Censl 0 o8 1ilazd S L8 b Co s s Yo o e 4,
W o 1850 4 (g5ha8 S5 S a az gl b siehS TIY (a8 ke o (S0 = )b (e o GLSL
S92 O A s by SIS a5 S Cline b B Gl b SudB s e )8 S5 S aese &
(0) JSh ool anllan ] Eomy 5l @l 5 08 sl (o alrale S & i U i IS 5 IS
Ced b ool s jge Sl s o L) 213 B ales )b ced b s (e (e 5o 0l &I Joe slac LB

slaise 0yl @F By (st fasgio (Jod (BB 50 4 99,05 (o0 Jla j0 YU s w0 )0 3 vgax 1) ol

) G USs 15 i a (VAAF Lugel) WCT (stigai s (VAT wyl s So) WAB (saigod lyr 5oyt ,b Lails,

WAS s4ig05 Caglie el alils ol 3 B CMISF coew )0 g0l alas Juw «dls ol jo .casl oad ools Las (YY) 4

D55 o0 5 10 S w3 Y Iy WCT sdises slp gyt s )0 VF

! New Brunswick

2 Monotonic racking load
3Yong

4 McBride

5 Amos

6 Richardson



Load {kN}
v 28883

OF L) WBZ sai505 (612 o)l i L Laslg, Vo o

Tast -

f"“! §

L

I a7 e |

"~

Load (kN)

ARREEE

I/

|

: | .
[ F% ?
o = L
0 10 2 33 4 50 6
Deflection (mm)

S00
450 -

400

50
)
3 50
Szm-g

150

oo I

3

0 & — -

0 10 20 30 40 50 60 7o

Deflection {mm)

O osel) WCT si50 (sl S yesi= )b Laily, 1Y S



Pz Sl D5 g0 e s ra ke Yo 090 plralr 1o Vgens (S LT (Ao 4 gl saised ¥ IS L
diged (nl 28T 18 L Cot s ta e £ plraly 4 pae, B 28 )18 Gilejl 5550 (ygudlan ) lawgs 45 WD
Joe lp B i)l Ly ot (g3la e Guamdl (39000 ledl (a0l 2 5l ooliitl b g LSy S5 5l oolisinl b
35 e el 55 s o asls olis alSKaglesT gl LS )3 aali sliie & () S5 55 lighen b 5 s o
olis aliole;l wledlbl g sl 03,5 5,915 5pS doy Vo |, o3 5L Jow .l conlio ol 5 B ol m=ls ,ss
e U bl s 4 i iz 0 Sl 10 5 b 8IS 755 & liploo b b gl 45 a0 e

5 S 0 ol&idls yo 1S S Cawl (gams Gaios die)ls g el asiinl CMISF slaginew (5,03 IS5 5 oI5 5
el s ol >

el 00 oo aslie SLaSG b el 48,5 )15 olos] 0,90 (12AYR) (1,500 g plluge lawgs a5 Q21SSB (saiges
4 ol 5l ey 15z 613850 Gialejl gy SIS o 1y GBplee b g s OB Jae (150 yii- )b sall, (V) S
o sheo £ sloale U1y QB Lo b OB Jaw .l 00ls las CB L 9 OB o canls 09uaS 1 0,5 (S jslaie
(el cpl 5lan 0,3 oo Hlal 00T Cus sy ¥l S ke 4 ] diged Cud b aS 69k 4y il ools L cds 4
ol e saslad o Jass 5 s (s 3523 L Ly 55 S i ke o o 5o sl o 311 5505, 5
OgiokeS TVO L jo 1) Joe slasl )5 (cies sla ST d(V0) S5 133,50 o 55 9 a3 o0 Cuwd Sl 993 unglite gy
ax ol 5 250,50 caws 4 (V2AYD) (1,500 g wllige a5 az T L alie (b, G b S cpl amo oo olis ol 51 L3 g
A ls sl sad slprias (VA9) Culy 9 (lhgig 5 (VAA0) uwls g 815 ailo «(VAAY) Jaxls o S, Lawgs

Load (kN)

0 20 30 40 50 B0 TO
Deflection (mm)

VAP (3l ) WDT (siigns (sl olS i L, WY S

1Drexel university



Load {kN)

o 4 8 12w @
Deflection {mm)

- —-
b L =)
| Y —
| & — =,
— r I ¥
T ——— - —
Ly A );

Moment Scale -
|’k.-‘-'.m.i' gayie 8

(123Ya )|,50 5 pJlwge) Q2LSSB (saiges sl (mannsi! Joo 51 ooliin] b soelcws 4y cias S ol Lo 1O S

WA RGN | SR

Slolesin g (5 5 axad
‘opwglpuﬁéuop ;;.Jl:>¢;oc.';45|)CMISF @Le,’»)legé)bj GBS e ;I.Jpo "&s)sS%AJLB.oQg"

Ll oo olo ok b go¥gd sl ol )baud )b g olp s abaxd U il o5 ool &8l dow SCaSS N
(Sl Joolan JSis bl ) (s0¥s8 QB jo ool &, s e L8, SuST () led oo (Smion (Jod BB cds
glas Jolie ;o 55k (o2dS S 5 obnl SSS (nl as oo )3 axg 090 | (Sado S ol 2) ol Sliiks

.oﬁf‘so).la’.;)o 6)“5)1"’)6). u,.bls (§oOgde Q]}Lc QO léj.a ‘) ‘S:L.;

| s Cawd ds alie ST L aS GB lacl ;o oas onnlice  ived sla K wlul e G sl 4y alis ds l ooliiul Y
SJLJ 6Lbul.oal~o 90 w.xS‘g ) aS ol t5Jl> aS ;).»9.4.»6.«) u‘).’> (5".@;[4 )519 L 4J~o dw ‘Q"‘ » og)h: ] );wwy
Joe 5l eolitul 0gd co (23 4 e absS (Hle 0 ol (5S¢ 5Ll laangS jo Sabs 3 a5 gsb 4 es o

iled oo Jetend alilo wiz laplazsle jo it bolile (le (235,050 g5lo s Grizen glale 4w



950 & S 505 Gloy a4 g Sl Fe3 )5 5 Slel esliul sl a5 WS e Wl Jaeg Sle S o SSS cpl Y
5 lapledl 5l slaegaze 4 i o 50 a5 e Jaeg o b sulad o )3, Taomio S5 wiile Sliilee ol j0 45 Mo Jae

el Aol 09 so Jate oo s bl Lo 128 5l lacgemme (sawg 4 g el dtlavs

G azg b Olila o glp gl il dw (laibbs Wiz g aib w28l loojle o ST ol 5l eolatul 6l F
Sl sloasl pr alax 51 g ailly o (Solw 4 Wl o 0T pl 0gd o (3ol oo &Il b, 5l oo aaS slapls
ol glo oo ;o byl oyols 518 g 6 ka8 slaals Sag5 sl jglaie a4 taigd o ooliiwl lojle Julox ;o 45 s3g0e

Dgd plil Slasein 4y ax45 b

Jelos sl 38l 5 51 (6l 5o el (e a5 Sl (> ST (aBly a pad 25,5- 55 el Sl eslitu] sl 40 0
» il galul, SO el ool a8 515 4 olo @las sl oad ool a3 s gabal, S bl 4l sgg slojls
Jelos loy 4 e (glwosls opl aS casl S5 BB sl oads oolawl (g0Y¥g8 GBS0 pusi—g o (gakasl) (o5l Jo
s SVl oo bl jglaie a4 00 5 o 6ol Sl o 0b olows b (goms dw gaids i slaojle ;o o9 4 S

Sl ol )b g (B 0,5] Cews a4y jelate 4 ot aw sabal) Jsl Ceend 5l solatl Seole g, SO

I Mesomodels
2 Plate



