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An Analytical Method for the Evaluation of the RC Columns Capacity
Strengthened by Concrete Overlays

.M. Saadatpour and B.Haghighi
Civil Engineering Department , Isfahan University of Technology
Shora Design Office, City Hall, Isfahan

ABSTRACT- Review of the literature on the repair and strengthening of reinforced concrete buildings in
seismic areas indicates that the jacketing of existing columns with concrete overluys has been commonly used
Jor strengthening the columns. However, because of the lack of information for designers, the design and
construction of the jacketing in most cases is based on engineering judgement. The aim of this paper is to
develop a model to determine the ultimate behaviour of reinforced concrete columns strengthened by a new
concrete jacket. The proposed model is sufficiently comprehensive to encompass both the extreme cases of full
and no interaction, in addition to all possible partial interaction cases.

The behaviour at the interface between the jacket and the column is simulated by a shear spring with the
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bilinear shear-slip relationship. In cracked reinforced concrete members being jacketed with RC, there can be

numerous combination of stress distribution in terms of magnitude and shape, depending on the dimensions,

steel ratio, steel and concrete properties, and loading. Although the increasing of the jacket thickness and using

the high strength concrete and steel can increase the capacity of the member, it may cause inore sliding and

making the bound between the old surface and the jacket in critical situation.

S s g Cilzies glaay S 5 Ol B a5 b ugen 9azd S
skt (g s Con gliallast 300 43T, S5 25532185 2 S

39 S g P55 s e A s

Sos7 s ST S 0l Sy 57 L@ s I geel SLE, - Y
e S
5 Gl 3 S el Sy AT O e S oS e
REPI R KO FENPER T E Y game 03,8 5153 (65 90
i3S Joe e SalS )y 2 485 3y 5 Sl O e oS
by g (6) e 5L gl el s () JS2) el sl
Ceand 33 i 5 0 )5 phalte 53 S 2SO e 4L
LSy (6,Lad canslin (ghls 55 (g8 wam sy 5 ool O 52)
4 ddpad O g cpdala 5 s R il 0,8 @ 50 53 (23
Slymn NS s e 5wl A8 o Js 4SS D 500

\vVE )x"g—i A eJLs.-:'n NF JL.» ;d)U:..A

4o dda —
A5V os oolad sy e O g wblie o el 51 oS
L ) Bl i b sl pi e o2 lglezs o
s o G550 8t 4 8 e o ol B ol (Jolas
S8 25 o7 93k Ly g falind g gladianns e
o 43 F N3 s 2 3530 Sl lae sl l5eaS 03 g s
JURECIRICE {E S P ISV W I OV SR S PE SR )
sy ALl gl s g slas o pociialin
b AR LT sl yoil plont Ol dydor o 55 52 (8 353
a5 25U B 0 IS O pllae S 4 U e
S ol S s slegy LI eplpls coad (goliasil
Jie S G0l Alie G 58 o pulelp 45 0y 55
Slus b sl ol el ey 585 5l i 2Lb el e
O s 35 ‘-"Jr"‘ sl da g B gl oo

Y


https://dorl.net/dor/20.1001.1.22287698.1372.14.1.11.6
https://iutjournals.iut.ac.ir/jcme/article-1-78-fa.html

[ Downloaded from iutjournals.iut.ac.ir on 2024-07-23 ]

[ DOR: 20.1001.1.22287698.1372.14.1.11.6 ]

1 N
R @ @
f f S S 4 phile 1 S O

@by slsul ad b g3 slsul

- D 144

¥ Go g ge AR b olen pbie sy (Sas 5S O i 1

b gl b s slodl

@y 7

o:;J.o.G‘?uw‘SQYJJQiJ:JMdlj&;Q’):JU

ab s (gLl ab,b s sl [o. e
A

(3)

_
_

3 3
s | 1
H L

A B’ AI2
Ot phis |

Jail il - (1 Dt il G2 e g g 0 Sl gei - N (JSS

Y \YVE ijga:-" N DJLQ-:.D N F d\.w gdm‘


https://dorl.net/dor/20.1001.1.22287698.1372.14.1.11.6
https://iutjournals.iut.ac.ir/jcme/article-1-78-fa.html

[ Downloaded from iutjournals.iut.ac.ir on 2024-07-23 ]

[ DOR: 20.1001.1.22287698.1372.14.1.11.6 ]

ad gt Sld 5 Y
ool 2 0dd o 4B O i e slie el sl s e
i bl 5 obs b
s Khon ol o 2S5, L oy 4 g ke 53 0y 1l
Py g S g8 D pals 5 I b
Coglia g 03 S e il Jis 51 Jsb glas Klo o
s o RIS 55y 8 g e
ey pulas mhaas 53 B30 b 55 ) el 55 SanSls o
M B0 g phaie oy (5B 5 gee 53 poy Se Slkie
b Spe 4 (B) oyl 05 o sl 5 sho
i oph (T) iy 2,0 53 OF 5l day 5 03,8 o
Llase Bh Ao Olaen
axilir i ey a5 0 g phaite (6 s o ol
b e 4l LY YLl s el 35 s
EPURTIPrs RS
o st b oo phao o (S w3
P S b (Sl | Sar 1306) 20
LS oo i (phae 4yl 5 Sas)
23 Sy Slarys plas (gl 52 4t gy 9 O g gLl 18
ot 83308 2 B8 s 5 05 2 OLSG ol s
s Gt LY
:@6@49;;“@;3&}@(4“;&&:;
38 Y 50l BLals Koo b s g o 05 028
A s Sy g3 m
PERSS QLIS WRNPR LRt PR R W JUNPY N SUR TS
Slmamd 53 (o gy b s se Ot 2l L6
PP s ey abg e o ol RS 4 sl
SrSsbr Sl P o e slin 02 (812 453 4 0
B o dd el o5 e )
Sty = SVl g w4 Y S 25 T
~ A il 3 g g 26 (S b 1 036) IS
oS 3 Sk w0 po 4y IS5 b 4 o 55
S8 48 (0 g0 3 Blizzal sy go y2 o [0 0¥ 0T oled

\YVY )y_ﬂ.-’:‘: N aJLs..fn N JLe oMt

S8 Gk e 548 ol g 55 0 03 R 9B Aty 9 O g
[\ AT 5 gl Gla)lS s 4 o 5 b i pb o
ol o Jte oo ) plite 4 ol 3 oS o i Ly
il 0 438 S S 53 55, e
S8 g WS Jer el Sope 4 Oy B
Jelos 5 ot sl OF e 58 250y s yad 53 Koyl
(el =V ) el )l s ol O g Jobou s o
ool HalS w5 0 Il e 55 Skt asiliy
polae a3l KU S i Jl8) shls s32 55 5 ek a8
3 e 5 slize SlS 35 s g ules Che 53 S
Wy e S5lnn ol g (i =\ JS8) 5 g dalys K08,

B T PP Lot PP JORUP FC PR W I g

ol 53 S el ands G5 Sl s mle Ll e 5L
L3L axils 5y 5 eS8 S Lol &2 g 4y ol
(2= K8 Ll Joe chns Shpe o Jlast ol
ol 3 Gl b Bz s e Sl s ol yi iy
Tk 53 5 55 S b JIEPIRJOK SR HOWCS P P [
2ol S5 KawpnbaS o S3a Y s e odalin ules
i 53 15 b ol Sy ek e sl e
Wy P 53 48 38 0 S 5 4t 10 g ke 2 0
e A OB e S phaie kavy 534S 5 pee 55
Bl 50 Rl g edewy Jlo 4 e b glaan
g b s 4 5 by g0 295 ST 4y Ko sl
by 53 e S Lol 31 258 5l gal 33 S sl 453 S poss
3y ol O3 250 Slesil 5 o i 4 C“-"-" o2
O AT RTCTRP-CUPN PRI e I
g n ke (Slgsimie «Dlpesds ol sl 4l (5 =\ JK)
REUN ST 0 g8 TS LT PPV DUTLE JOUES S U |1 PR S OL LRV PU

o los daiio st 4 4 5 U sl Ballhe 5 oS ol )
BN e LN SRNCIURS PP RS P
o gl 31 hlzben ) paas (S50 £ 5 el Ogre 5 gy
3 JS8) 25l pas O o w5 daie (55 53 2,5 i
ol s oolgnd s Jue el 5V 1T Gl 5 g (Y
s B glaly Ko Ll plas SaSL S

T


https://dorl.net/dor/20.1001.1.22287698.1372.14.1.11.6
https://iutjournals.iut.ac.ir/jcme/article-1-78-fa.html

[ Downloaded from iutjournals.iut.ac.ir on 2024-07-23 ]

[ DOR: 20.1001.1.22287698.1372.14.1.11.6 ]

€U EY 1] 131}
/ _—
/
/| |
/ [_—
Vol YOl £ S
1,_+L7 M[ “3."— £y cy
R A ] .
N /)
i |
e / ]
!‘ gl A
C,_,:_..,Ch.z,. 0 Sl $ - vV e
b | fo Ve
LtV
"f“c"j“ -1 S Y-V Sl -V Sl
// e/ fes [ w
/ /
0-) Sl F-\ S V- S

0

S 1 gas il (gl - ¥ S

VYVE jo e 0 o led N F JLo (Ml


https://dorl.net/dor/20.1001.1.22287698.1372.14.1.11.6
https://iutjournals.iut.ac.ir/jcme/article-1-78-fa.html

[ Downloaded from iutjournals.iut.ac.ir on 2024-07-23 ]

[ DOR: 20.1001.1.22287698.1372.14.1.11.6 ]

o 7 ) —
=T —_
|| EZZZZ .
d e d /1 . N
L B1 5
¥' k 8 1 ~!‘— S S ey 15 gad ﬁj-‘iuf_%);};; 35 A by s pei
N (B,) sl gy 5,9 (T) S5, Calinss
S 5 S S 5 S Sl B e - T SS
335 ol 5 gome S g o e 10 S sy oo 2l a4 )L e gl L
oS Ay ad sl O sre el B ) S8 ol el e el 0y 3 S oslizad [¥] Jales  Jidate
B 5 gy 5 O el e 53 00 2 (¥ ¥ ods oo 5 gl 530 ) pots pdatag s s ho o A
(F JKa 91 5 ¥ oY) A=y gledl) als g dales 235 plEe = °—/’\éf—°u:;)§)|,\z..\:6@)l,g
(5B e p2 B 3l 5 Az sy WL 5o S s 3o pbn a3 8 5 5 o AOE ¢l O 31 a5 Bt
6‘4—'3‘)3%)‘-*5-‘93“;11154;5@)}"‘{&1‘ sy g RO e JS bk o pAiS el
2 oS s Sl 4t o (B) 4l 0w 22 S Dy 0 4 g g W gy 3 O g elad a3 L, b
O fms b 53 (5o 4R gy e 50 2l U 23 5b pl fly Sedd Jde o culbnd b G 28
3515 e Uil 3 gl e 45,8 gn o8 (T) 4 i Jlod) b g5 mie S D50 4 B2
o Ol 45 ol (555101 @ p3Y ezl Eu s ol 5 el
Sy b s Jise Sline Gl s 2 ol 93 5 ails sy JolS Jlasl oo Koo 5 o o B8
dols Glg o dlio 5 gy p 3 OSUSS Gled 2y i YL
RO A o 010 S8 a5 Lo S5 A6 o sl 51 1S
3 oS 5 Moo o ol st gly o 3550 o Jbe i 2y
(255 e g b Sl g ke 93 50 b3S ol e aploes gl s 5 O gnil oy 5 eslined 4 a5 L1
e 53 B g s Bl priaman 5 A3 oS S s gt ilzies sl J S (e e slin
5L 5l n oo gl ot 2 )18 A Sl o a2 8 Pl i 4 s ¥ S8 g b o Je B
s o) iy b O gt ay Sl 53 Lo Khe w55 Sileos 5 ol Tl a5 Ol gl s 355 o
21 50 5 s 4L 3 g Sl g é"-" e slae (1S L) é’-:’-‘ »h
o s s e op Slasie ple 5 Culies 1 5 ey 3530 o B O e Sl 53 It By
L ) JUst gl eV Tl VLt 53 548 g y2 3 5 48 K

L ok el Ly

VYV e 65 N ol A F Jle (ol


https://dorl.net/dor/20.1001.1.22287698.1372.14.1.11.6
https://iutjournals.iut.ac.ir/jcme/article-1-78-fa.html

[ Downloaded from iutjournals.iut.ac.ir on 2024-07-23 ]

[ DOR: 20.1001.1.22287698.1372.14.1.11.6 ]

e

Ly i d A

1Y) §
1 B .:9 B 151
’:.._ x: 2 PR Sx_/ . ESzL ; bl ) 'y o
%, o g by A '
© s 1d¢
/ S Lol | & I t
Z
=5 4
) —
l‘ -
Gl : /[l _/ N
T LB &
'*—'—J’é;_—}' SR SISy A Rl S P T
Oy N .
Gegopmnsss)  CushAoA g,y Br P55 T g m sy, Q4o
(&} () @ ) ) o

ij'dj‘dbd‘ﬂﬁ)s}ﬁdh)bw—f ’s..

wod 3550 3 g ol 0 gl ol il e S
T M 8y s S35~ SIS, Glgionin o 58l
G Jomlye Tadmn 3 0ol i 330 5540 bG5 sltes a1y 35,0 31
.‘«.:5‘_,-0)!;6!)

Sl ol pids e S 55 RS la s ped ¥ IS
s e LI (sl S v IS OS5 5 S

Pl 53 (s 5L Jone) C ke Sl ) ol ol
S ol przeas g ofo \H s ga 4ol g Jool § o paie
(g 0313 dS V[0 x Vo0 CICIN pa3 by ulad o shans 5
e S Coger 53 G255 Sl r s Siie I oS 4 Ol
U gl dmlons (gl el 0l (o 3 s g0 0
ooy 3 55 gl e 4 gl 6 5o RS il o ol
o) e 53 3y e o3Vl [Y] Dol lebans Sl 51 st
oS A gy el b 5 65 ppslS by 5 51 @) 50
3 0S5 Olles o 4 4z 5 Lo Ss 40 o0l o3
eU L 5 05,5 05 4 gl (55 gmelS sy K 0 S5 28
i 843 4 Lo e ) g 3l 51,2 (DSRCC)

53 43,8 58 eolizal aype S5 = 5, 0L, akayly) -0
Geoed ()

c\?—wﬁ)w) 2y °-’~'°TJ~_J"5 Jde Sls b S g5k &

U 5 S S ge o a8 Y ol O bl

Ol @l 53 (8,3 53 cnh L) ol ol Joe jao culies

513 ol g s sl GUisT 35 ke s il 08

fv

0dd Sy 585 gladn (5300 5y 9 K dlona —f
5wl Sl e B S sy glasyls pad it LS S
PRGN PRUL PRI I G E TR R ;,J_stcx,;,‘gx
ol phaie o8 RS e S0 005 Ly Sas Lyl
ooy 2l RS0 00 o el )b B S48 ol s
A=Y GRS ey el ped 53038 e Sl K s e
o pln oled sl 5o A5 Jade el £y 8 Y-
g g 53 S 68 on oS JlS o o Sl
V=1V 0-) 0 Gl raan 355 o0 Joole )15 25 S
w)&ij!’}’\sdwl):‘;wdmw, ey OLES
oV Sledlo 5 b s S e Jor Sodan 5l e 93 5
tL&.:,iJSy«SmW,a.\;:Suai@?—\ 35 V-
b o ol 5l s S e gl pls LS A edade
o Aol b5 0 g ) pme (S 4k S (258 st ¢ ol
(sl (g2 b S50 3l 5 e doli ) pdae 3550 5
S Gl 5 ¥ S o gl s L pdeis IS
Sl B fgaza )55 g2 50 S on S5 S5 gl
3ln prs a5l 3 o il b pl el phaie o)l
b bl s 53 B3 puslie (25 5 g Joun S 51 g
cIFLEM = o b5 G aoms o pis gl es 28l )
LSS a5 o g Sl 55500 oY 238 3y Jpd J6
3l B Ol = B3 5 5 - A By, 5l esliall
Sl ol & 4 35 b 0 S g dmlone b Ol 5 A5
3ephie 5oy by g plp 26 Gus0 by ol

VWVE g s ) opled VF Jlu oo


https://dorl.net/dor/20.1001.1.22287698.1372.14.1.11.6
https://iutjournals.iut.ac.ir/jcme/article-1-78-fa.html

[ Downloaded from iutjournals.iut.ac.ir on 2024-07-23 ]

[ DOR: 20.1001.1.22287698.1372.14.1.11.6 ]

oot aali )l ks

&—

Nyd g olagl 3 g09,3 sleo by
g i s 8330 5y pln cadolin

&
@ N T uJ>
@ < s0000e 0 1 ye3lS3 &ié
L —
. E>H/10 :
; o5l oobalae 1,55 aild
T<C<H ,l,.-.@.:,,n;;@ tccean "' . A S5
b
@«c-mzwﬂ'a e aw,»@ CBEPICHIARPU/T sl rlekos S5 i
)
rPRGl 2l 5 sls> ';-iJ $le Sliles H1L,G wilds
' 0gEP2<EPU+EPLXC-H+T)/(HL+
e
[ PRGS aabise o o1 |
A
et ZTOL<SM<+TOL
:—-‘"
Sl Sldas 15 ails 4*8?0/(0-‘1’)@!?0‘5'3 Sledes ,18 Al
O<EP2<EPU+ EPIC-HL-TV/ LT} ‘L
(@ch-aef'rrmmx JRCTR PR KO T
[PRGZ‘-U»‘ ey il 1 T
a | PRGEL by re) (l> L—-J
o A i3
OL<SM<+TOL
e =TOLSH<+TO
J-'.’"
\ H.,'
—— st Oh—“‘;’@ :
OLeC<T . <za<c<x ot lekos, | Sl >
o TP CIRRU/C 1y lbas ), Ssai> e
rPRG7 walijrpy gilybl A
PRG3" aelijrej sl \
r J =TOL<SM<+TOL
_— —
~TOL<SM<+TO - -
. <?.H<C<H $lr Sledas, 1,53 ““/
" ¥
s s 1 -
-——Q‘-C)IEPUKRQPL‘E ’ ‘EiG?l Uy pt3 fla> s
[?Rm sl il -,ai
3 ) d—"“
L =TOL<SM<+TOL
=TOL<SH<+TOL
— .
Jr——

o o

\YVE 85N o lad V¥ JU o Iohad


https://dorl.net/dor/20.1001.1.22287698.1372.14.1.11.6
https://iutjournals.iut.ac.ir/jcme/article-1-78-fa.html

[ Downloaded from iutjournals.iut.ac.ir on 2024-07-23 ]

[ DOR: 20.1001.1.22287698.1372.14.1.11.6 ]

4

Lot anbi 5 oo )lam 3l aalst

Tl sl Bl S .,9

¥
Sl laplos 1S5 wlds
T*EPUAC-TREPILEPU

)
rPRGn PB d-sb-'»',-él

®

Sl lhalae 1,55 ails

T*EPUAC-TEPIKEPU

¥

beZP2<(C-HI-THERU/H\s e & Lile 1S5 s> >

ﬁmm el ey glas 'il

<TOL<SM<+TOL

s

C OH<CT sl o ldas, S5 ail>

¥
—<2PU<E?'..<EPH Sl Slales H1G ..._l>
)

T
PRG4L anlijyyuj gola>1

LOIHCCCH (sl o ladae 1,53 9
T

M
FPRGS POTER .,-"5—‘»'31

|

“TOL<SM<+TOL

i

@«mm 5y o ladas 1,55 N}

rpacsr oy 05 \r”}':"ﬂ

o fss‘ ....u,,,,;,;n,,ud
[

o b
rE.?F.EMF.EPl.EPZ.......l

TOL=TOL+80000 TOL<210000
Byl tsz ¢ o290

& PNMAX.BMFMAX cvlar 'z |

VWVE S 3 ) oyled OV F Jl (0


https://dorl.net/dor/20.1001.1.22287698.1372.14.1.11.6
https://iutjournals.iut.ac.ir/jcme/article-1-78-fa.html

[ Downloaded from iutjournals.iut.ac.ir on 2024-07-23 ]

[ DOR: 20.1001.1.22287698.1372.14.1.11.6 ]

© 5 poler 5 pam 3 ks Jae Jledd ot g5 ) 50
L5 s w50 ks el slet el s STy e
(O JSE) pas U 51 iy Ol 3l Jhw bsan cle

2 eSS 093 4 U gl 53 5 5 00 B8 5 el LS e
ol GdS 5 il BlE Slazies a3y 5 s
RO PRR-SSS R UL«.::JJJ:_—):C:LAéLgAleBA{_}:JW

okd Jor Jlo -F

S LS e Slu¥o x Yo slula gre Je Ol e 4
by b g odd 2oy e Sl Ve Calind 4y e o
= 5 S, gl il 0 |l DSRCC (g 5 yelS
Sl ize ol sdd o3h QLS # S 53 O (g yoe S50
sdalice ol oy Glgmone LS 3 0l Sy 3B O 2w o)
sskie 4 58 CayB 3l S O RSAI S e
Sl (oven 4k iy 5 ySTe S5 55 el 0l st e
Sctodd oy J o 258 Q\J)JJYJ.;M):)U.L@
Sl 35 oo sanlie oS (g) 4k 4 Lloll melly 42
e 5 JSS 5 g 00 JolS el (S s 5
i b sl i sl Gosove S5 = ST 28,000 Gletos
Wby g s e 5 Shee coms aul 6l S
Fox Fo CM ax)lSy Ot S fmie ) 50§ 5 gorelS
52 55 phaia JS gl s Moo dsys K U (3580 55 gt 050)
Slsil sl ‘;..*»Uéziac.,a_gl},ub_jalm.i: o L o 5 3 98 JSS
el ad 510 g g G (2 V0 3 505) i pae sl

PR Jl a..L_p“

odd sdalia

Cead opf )3 Jlast 25
Sl pl s A5

—

:

aknd e

L0 S S
—s
mMd--
n

[F] F5i - Fn Ol alaly - 0 Y2

)-'-'9 L'J’-'-‘ Oledeie (Sl C}Ja...o CJ—’-‘ 33 d9>4s cJ'iJ’. UL{J-’
S ot ol 5 Vgans (o 5 ind e 3 )

oo Ly (St s T r s 4 5 635 003 roans
5 slimad ol bl il gleds, 4 Ol e 1 Jlasl o
s oledgy aben 5l s b Jlasls Mo 5 nSp)
g o JL:5;)\5‘-: ooy opl 2 S
e oy BLiV 6ol3 5 sl a5 B3 - Gh g 0L e
3 gy o eled sk 53 00 3wl 3 0 OL 2 g S5H)
i bl =S edd w8 S sp el 51 bl 55 ad sl 0 g
s[¥] Cg-lf F oSl Lol Calzdes glge 50l (6l v
s g ga adalie IS5 5 oS g,k 4l sil JB5 [0] |

L e sl 5 Sl oty s 4 Ul by e

[¥] o5 e 53 Jboait il gl slip 2580~ ot Oy Slaia = ) g

Es Qs E qs Jait &
in/in kips/in in/in Kips/in
Fx)o™¥ v/o Y/rxyeT v/ DM S0 N
fxtot v/t ¥/oxVo™0 /e ﬁ£‘**~’=‘*-dfﬂ5ﬁ)&%
V1o ¥y AR ¥/\ Jhast s Ros b ohyan 2 535 %
V/exye™ Al V/Yx)e™ ¥/ St e 5 st > Ko boolan 3 555 o2

AAASY R~ TANYIP-FEh Jle e dMazat


https://dorl.net/dor/20.1001.1.22287698.1372.14.1.11.6
https://iutjournals.iut.ac.ir/jcme/article-1-78-fa.html

[ Downloaded from iutjournals.iut.ac.ir on 2024-07-23 ]

[ DOR: 20.1001.1.22287698.1372.14.1.11.6 ]

o Sap — SR RS0 Gl e 4 J S8
Aledd s 5 (R 925 Y i ceelas) Fo, Sl sl
FU e 35l o ceslae Atsdh 3150 O gre s slae 215
slooil S50 28l wul b e il anilr 0y S ey
3 05 oS g gha 5o 55 i 208 Y el
SIS Ve S 5ol e Rl (6 Rt 0 Y
e 53 gl pules mdan 5> B3R Sluke () o e slae
sdaliie |3 55 a8 g) b 4 il 0l s 5 S 3 g 5
b Oy o coeslae 3 SYL Sl glgmeslae 55 555 e
A s g aly bl o e a ples gl s e e
Sldalie 5 baco 5 b 50wt il 0530 S5 05 28
WY o coslie Qokglem? i i 2Bl ede o Se o2
WS ] el Konlos 55 50 Ot o2 40 o 0 53
Fy, Slyis 8l om0 5 Jilie 151 glarimie
ol 03 S osb s e DL (g s Y 5 45 e slin)
I L 05 g sdalie JSG 55 5 2dy eyl 500 5
Al e Sl 55 O Ceeslie o 58 Y 53 oY g e slie
S glae AulEl s aS el plcdl- l s as 5 BB S
) bl S o sl o 2 e i 5 4 Y
oeh b e 5ol LS s By, e 4 Fy &S Sl U 2alS
h 3o W o VY leds et S s a8 i odais
oy o 4 ol s e DL 5550 3l s 5 e 53
O30 el g g 5B Slaas N sV bima 5l Y 5 sleslind
D s 58 rled sk 53 5 Al el 0 s e slia

by saeme S30e Sl o 51aS 6 Koo a5 B e
o Seeglie 5 g ailir S ol S le e Jae ol
QLJ\L_»@\:_JA_{«?PL:L};U.EJHY@M;N}S;
A Do O3 ST 568 s A5 e s b oo, G by
el S Solecalona yo oLzl Jlada s 43

. . 565l
4. interaction b o3l
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