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i Trisside T ) .
IPN 1-9 :09°9179 MINDAY .
Weight Depth Width Thichness Toe Rad Area Momeat of Inertia Rad of Gyration Elastic Modulus . Plastic Modulus
IPN G D Web Flange hex yy Zxx Zyy Sxx Syy w J <t Cw.e A Cw,c
kg/m h (mm) b {mmy) t w(mm) t f{mm) mm cm”2 wcm” 4 cm ™4 cm cm ™3 cm”~ 3 cm ™3 cn ™3 cm cm”™4 KN*m~2 kN*m™3 KN*m~3
80 5.95 80 42 39 5.9 23 7.58 77.8 6.29 ‘32 091 19.5 ~oa 22.8 5 1.04 0.869 8.34 4.72 4.25
100 8.34 100 50 45 6.8 27 10.6 171 12.2 4.0 107 342 488 39.8 a.1 1.23 1.6 17.65 11.50 10.43
120 11 120 58 5.1 7.7 3. 14.2 328 215 4.81 1.23 54.7 741 10.5 12.4 1.42 2.7 30.49 24.43 22.22
140 14.3 140 66 5.7 8.6 3.4 18.2 573 352 561 1.4 81.9 10.7 95.4 17.9 1.60 4.32 49.25 46.79 42.62
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500 141 500 185 18 27 108 179 68740 2480 19.6 .7 are 2750 268 3240 456 4.42 402 3986.01 11866.88 10894.28
550 166 550 200 19 30 119 212 89180 3480 21.6 4.02 3610 349 4.81 544 5503.38 18358.14 168877.71
600 | 199 600 215 21.8 32.4 13 254 139000 4670 23.4 4.3 4630 434 512 813 7782.53 26815.31 24597.27
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SOLUTION : g
The bending-moment diagram for the applied forces is in Fig. 11-27(b).
The bending moment changes sign at a/2 from the left support. At this
point an inflection in the elastic curve takes place. Corresponding to the
positive moment, the curve is concave up, and vice versa. The elastic
curve is so drawn and passes over the supports at Band C, Fig. 11-27(c).
To begin, the inclination of the tangent to the elastic curve at the support.
B is determined by finding ¢ as the statical moment of the areas with
the proper signs of the M/(EI) diagram between the verticals through C
and B about C.

: 3P :
P v

>

A3p
(@

af2

top = 1%y + Pofy + Dy

1 [a 2¢ la la la 3a 2a
_HMAI...TQV.WI +=3 JlWthh + Ilv A.W,W&AM + va_

= 22 33) T332 32

Pt

6ET
negghive o . belar
The pésitive sign of ¢ p indicates that the point C is abeve the tangent
through B. Hence a corrected sketch of the elastic curve is made, Fig:
11-27(d), where it is seen that the deflection sought is given by the
distance A4’ and is equal to 44" — A’A”. Further, since the triangles
A’A”B and CC’B are similar, the distance 4’4" = f¢p/2. On the other

hand, the distance A4” is the deviation of the point 4 from the tangent
to the elastic curve at the support B. Hence

(b)

— e

vy = AA = AL" ¥ A'A" = t4p ¥ (t05l2)

1 . 1fa 24 P2
up =g @8 =g |3 (FOT| T Yim

. posihve . . _ above
_mv. yo ~e 3D : where the sign means that point 4 is belew the tangent through
B. This sign is not used henceforth as the geometry of the elastic curve
. % indicates the direction of the actual displacements. Thus the deflection
//N? of point A below the line passing through the supports is

Pa*@ 1Pa® Pa&®

PAT3EI T 26EI  4EI

3

This example illustrates the necessity of watching the signs of
the quantities computed in the applications of the moment-area method,
although usually less difficulty is encountered than in the above example.
For instance, if the deflection of the end 4 is established by first finding
the rotation of the elastic curve at C, no ambiguity in the direction of
tangents occurs. This scheme of analysis is shown in Fig. 11-27(e),

- iﬂﬁﬂ@ﬁh"&ﬁﬁﬁ.l&hﬁ?

. The foregoing examples illustrate the manner in which the moment-
Fig. 11-27 maom.B\wﬁoa may be used to obtain the deflection of any statically deter-

422 k‘ : - 423
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PROBLEM 9.31

19.7 o
¥9.33, 9.34, 9.35, #9.36, w.uulw.hcu #9.41, *9.42, 9.43

The ope i ; .
b oﬂ o:mowommm sections shown are all thin-walled, of constant thickness
eone Emmo symmetry. wymmcao a frictionless contact where overlaps g » angd’
e vmmn :a. an expression for the location of the shear centef. Oroo_mwns, :
Y examining limiting cases where possihle i : Yyour
: g ere possib ; ; : ;
approach zero, for example). p le (as by letting dimensiop b

z

Loy
T

b

AANANNNY

§

PROBLEM 9.34

z

ANAMIMRRARARRNRNY

\

IIIIIS

PROBLEM 9.37

PROBLEM 9.38

ROBLEM 9.38 PROBLEM 9.39

9.4

9.45

9.46
9.47

9.48

9.49

*9.50

PROBLEM 9.43

PROBLEM 8.41 PROBLEM 9.42

(a) Several beams of arbitrary cross section have their centroids in a common
plane AB. If somehow coupled together so that they share the same neutral
axis, the composite beam will bend without twisting if e is as stated in the
sketch. Derive this expression for e, in which y; is the distance to the ith
shear center.

(b) Use this formula to solve Probiem 9.35.

(¢) Use this formula to solve Problem 9.43.

N>NA m.\: -

L
Eﬂ._ lwwlt_

V.

Edy Eyly, E3h .
4 & § @ o= Eplyyy ¥ Eglyyy + 0o + m.:\:u.z
’ < i E 1 ¥ Eqly ¥ E3ly +--- T E ],

T2ZZA
IR

I

o

PRGBLEM 8.49

‘Section 9.8

For an arbitrary open cross section, prove that S, = S,; = 0 if axes yz are
centroidal and pole P coincides with shear center S. as claimed above Eq.
8.10.5.

Suggestion: Sete, = e. = 01in Egs. 9.8.3.

Use Eqs. 9.8.5 to show that point P is the shear center in Figs. 9.7.2 and 9.7.3.
Use the method of Section 9.8 to locate the shear centers of the following cross

sections.

(a) Problem 9.35.

{b) Problem 9.36.

(c) Problem 9.40

(d) Problem 9.42.

Imagine that the box section of Problem 9.31 is cut open at the lower left comer.
Locate the shear center by the method of Section 9.8. .
Locate the y and z coordinates of the shear center of the cross section shown.
Dimensions are in millimeters. Thickness 7 is constant. Axes yz centroidal, and
1, = 10.5(10) mm®, I, = 20.8(10)° mm?, 1. = 6.00(10)° mm*.

Imagine that the channel section of Fig. 9.7.1 s thin-walled, of constant thick-
_ness, with 1= b, but that the upper flange has a modulus three times as great
as that of the rest of the section. Locate the shear center.

N







se % &

- b . se(YEI§ ™ b
Jhe oae £ Lk b s
S
a \ 1 9 S
fo = ce\fu{"b J sr?g:jp
W = sphy
?‘.C«‘L - tIc‘l
..-—-—-————-"‘""""/—__T _ ~’6NN
3 (Yoohr = M) ¢ (Pt~ *o"1) T -
d.&.&.é <fJ s RS b .’\"D& el
(nr)2
o - my T ER crd <)}
L&l*ézl :r
¢
L c6 \ 1 \
ah =L | s
&Q&fy ~
2o wAEW P (¢ enecs cosice!l e e »a wgid S wendif ¢
, , g =y
e 9o ©  wnely e d gl s oo e g <hyp o [-]LVarh
1z AU N 1 gt
RN ’(‘Lq “ﬁ) WAy =YpME e
L e
A TR AR RALET
l-—»‘1—-—L o H
: Neny 2,\: vel, 99”’”,,L A YRecA L @VUJ I\’f‘“sz
“LM
”‘]J <t ‘ el ¥ g 0¥nz2 3“;\ SEREN

le J Nepd 9. d'z/\J’/\






-

)

fcl P!

N99LTLI :C.f’/"«"ﬂ (éa/xm)

xflL!O d.g.’v"aIYC C‘?j% Niqubzd
¢l
NOEg8oT o < dz7 =%
(‘!n ) 17
(W = T34 =Y
2

5°€ = aX(TYal -
AW,-U/X §is°g 6‘01 ;b'l‘) ol =T
USRS <l
N Egze =d < d7i= Y g
1('2/) /

2 TN, .ot
NHLIS8 = ¢ arxser)(oxo) U : ]
-

|
2l \ \
ALY xg";(:;é) T
’ ’Nj?
jCI' evi ‘JNE"{ 7’& Nll’r) Uﬁ)rhs'u&’a ‘Lqr: Cdl(td / i
cé j%&,\&/ 'Lkl,u()(’a N] 'Mf\ ’)l({b&.\.\\t’ B .1 Lo U ';\l amm..mr/ R
N,o/x/wz: " pMonst o y
‘;g(‘/:(e_oxxs'a)(qolxmi‘) =d N,WX“-"?‘= d - Ry 7D
Ql¥Xh9't =
A/ " " oSt 9
B s pome) 24 R LW
Ngorxa's = w _0ixs:L) S v
‘ﬁ L [¥as = Aﬁ olX a9 = Q-——"jq 2 6@ = 9
e (015 9 £) *d ’ d
4wi'ol><5'L=(sLo')v =\f
gul Jtt&‘la N 1) spINe ALY jcf.m iJUIEQ 129 <,Luom'
vel . G\H (- 7‘9 wpbud E\..i jit\t V&’.h/ CUNe PRI JCEK&'.' vel 1. ’ﬂj ‘-J“*Ed'

'7‘&! 'a)d Eys e
V\WS'L

j@/ ?Otr ugvd‘.o/ ((_7// 9/{' ‘b@axfu\ i{ g(qu)

I/\bn/ Gpive §RCHY J«.SW?}‘\V ¢ kt.\u

by =y aog 5'y9an=d

g
dy- = n_‘l QJ“‘{“
d 691
W = —N_‘f AN
17/ '
% <o wluc
Wl <] 24
SE Sy
d a— !/‘/






(% +q) 2 LY+ {)3’%
C%+a) T 7 3% - Gepar 72

T - 12
Q@S T = %2 (er9) Sq7; 4 on- -

. I3 '

0=q - 214+ op- = "W 4 w
2C+ (vqr. a 3_

(et "‘W\ BRAINGT A “19/\).- qu =

-

4
19 9% I .
s =,z(<“'“3vh/\‘=°“"1(“ 0,0 = v 2 MHH [ / L
ey j u!,\!u/

, }(\9 - ‘0 ﬁ;-o—e ﬁ vy
4 7{5 vv) (%‘z (h- >z)4 W&‘S -
Oy
[(92’ » * m]z + 9'-\‘12 * (92)} =T s 7
o w RITI )
von * “or\‘”’l*(“’l “l>“ YOA = - | "
laz+o%) . (qziddh) 10

(3’%“1)‘! (o:hwq) 19,2 - ‘(oq;+<f ) ?q v i M7+ 4'},‘97{\’?

o ./\ gwqu *‘HJH )

) T A ?I
0=2\" {92'?‘1(4’? + '§°|°> N qq"q{"z} A

ui

; . : Ay Yz ¢ Al
) . o= ‘a{\' 2239\ PN+ ql?/\) C\ P _—Z =
< g
Z 0=o\~"77 4‘1(“_14- 1.}4- qe T” =

L L.
: C’"“)vq}/f('-\'ﬂ) 4% = Y
O=3A = 22y + q-Y7

i

oy

I
rEe—e—

%—-:\}37\":\0} }ﬁg /\ VP”J—E = Y ; C’}l% ? |
5« § = vph 2 {
I H j/m “ ° f’L«———i Af
"-};5'= :z':G (2 R U 14 GJ ) ACIY A qu\rl .
Pyina 2l T LTI .
[( boy oﬂz P02 520t < T o T /\ ay f

N s A S e e i
‘% .n.-—'«mu o

1T I ' !
"Dl_ - a - Yn + q_ - Y .9, ) = q :
’ OA = Y2 ¢ (V2-Y)= 2
\\‘v;}—“l on ( ) C',L‘U ‘
11 "’I"L /‘
Tl - ¥







L S <
1]
NeX. 2 w

W
—\'kdﬁé.)'& :
Mgl

¢
AWGQH ‘-‘H W

c9]0<—

Wb e

s
wlf g
y o )

g,\l\& N

L4 W cedid «Zdl

‘SN‘ =

l, AL W

12
s =d

= e-l,dz + Q"Z'd,

4
6Z'JW+ ezc‘lH'* oH

dw < W
ol g qees

\JW
P _
02 < /] (o2
¢ "azT '''' q o
dn < Pu]
w(?(\\ gyl yeaq
Aw%‘;'JN

dng =Yy

, ¥
() p =dwze tHTTR
AdY = SNz "Wz =T
di- =71 e Tusty
C‘JIO(.
) J(UJ AW YW

Wy =

a9 +az W +an = a1dz

1z
Ie)b = Fwzs Pwz-di

14y = T2+ Wi
!

JW - g\'\l
m/ 9C dw =dw =Vw
ce jiLk. n‘kf 7w
A
dne =
i+ gl e gin = 824
S
d

2= e =
b = W2+ 7ng- TN =

)

Ha——-b

A 'AZL““Zl"\Z :DW

W
)
o
M4
Hz‘._,l
¢ Yz =
W

12Nzt 1de = ¥

Ayl

\’\Z__.‘,.

9y

&t
1z+ (g + 12

%
“ A}\

f\al
— <

i




P




ad ML ta Qv
L Laed.r One
IN GUALN

QL
LQUE.D CIRANG &¢ UL TRl Oy uracl swa taa uiGde J o ooel NU cadia as
twl ¢ca watl uualaa TR TR LaeNg  aad tuul LN YC WL S0 0N g

ULYe @a T

AT LamLif Ra’ Wi

Luu daallta™

NI NCa¢, WU Lol Coe
oL vl Nre N Land(U) adte Su axb NuL WU guu fiL (Rl NUL RO N RATWL £¢ NoLr
qUua &¢ &l o todau:

Ld quauna TUGQR LLANA (CALA-AAL. LGD)° (@UATLL (NT @ LTL3 LIULE ¢CQ & LTl

ML vl iy Wt g6 LA Tl @ @l ANeld £4.CT AL TCY LANGY
/S,

GLLG &ILN ¢l
uy vaud 7 twl wa | QWL 7 0002



Oy




YW os1 = df9

ejtc
%W 057 = 4
%5 o
'JU!N-!"W
T
: < ldpAr | - ¥ Wz
() 4G @QU LGLAAN QUIR Ltwta A WA LRGILA AUILL LlGL ATl
(p) cxaL vaxad uudade. wis ¢-%0f nun LAta LuGLa AL (uNed L b oz - L

¢ G| —
) tul ¢ca arau vuul coxdl () (uaR Ru ueNed uedade. '
(@ uenera Ledaeiee wde

(B) LUYITIL towec. ot

o

L

IN GURN:

} YN H’s

SR S ALY

TRL auNg aul Lo (osL &l @ aol el

rul [Aels] ALy gral LRALQad TRdk. TRL LAUNG  LAWRQ IR ALNQ QGLLQ TilLg A¢ /N b
ULt Q' 7







v

v v

d et T g glorggy = My ¥ = v
{J’Z"/:Oz’}%? z
by bay
[d Ko+ AT o+ g A{Hvl)j v2 . 1%1 = 9
(;‘?l {39! ‘12
(5’ d g + dhm *%'<<‘F‘>} T s
151
- 7.3
3 9 93 + V]?_ a T E -
veli 9. vy auw </ wi) ( ? j j FW]?‘V:IJ { ?]2.‘.1 2 i -3_0‘__
" Y e
di-~ = 32[1 0= Jo9 + g,wj
b
bl s - o !
o= d}‘h, + 5T 2 (j-f:‘ Q= JO? -+ % 7ﬂj Si_q.‘_ \\V‘H
bal boy OWL Rkl
O:dm+§)mmj<=0=’sz 0 I 4 2:)“"”5 'WJ o=E«_’Z s\;l
Ty \L’J')&’- 7%
Tl
dlosgo = dify = oy
0=~ j+S'é'd§§1+
T '\7 27 “a? o
dsa= My 0= Y~ 24 xen 9 = 02y32 T T
;o " Qﬁ/ f/
() 0 G54 % 94, Wy gy I @ o7 s
2498 ey
Q ﬁ ossf=%‘7',“ o V al 2.
o=z = d 7 d*t= "y 35 =y € ag.y
oY = Y de otz
47" &= o4z
P =g 2w
Q/ (,?th’ &;\4 V
gl T
s







wroo—- J ’ ’ ~yy - V5200 RN} vvlv-.-.} ~

W =a N SLEbigh es ey L MO GBI “W’J
1“w = .07‘1 @gﬂshxmh +ogepgusARLb Y + Lx;;xms) _ \——E\“ —
eg G NI e oV S Nk wi \\ Lsz\;\’ ’ﬂ’} ﬂ

Je“ 2 9&' g,%aj o§ E'L’ ‘-@\«J NUJ\\.. C.'ajw \f’o‘\ud JC\ 7‘« \AD\I W MigL rhUm/rn/’

e Wbl sy N"(c ¢ 1;‘ u:\e/ab\\f &,%’)‘vs J"\ u.\k.\("l

’7)« C‘E/) Uik Q-‘?U/IV«FNV’ l,lbt( \,N’}/ﬂ} \,Mg!o (,@jbg, .\

____ T - [— e e e e e e e

- o
AR S C 213 < . " S“'QL IE(Z;Z sl Yis
- e - . . o .
(20bh) s - % sea) (T )- Guade- s st A
|

Sl (s oty Zhrsh

lr"d b‘v U TRNISNPIUMINES Sl
e b wset <Y ! T A

(@aeth  a

WAING LHILD AR ﬁ&; .

: = ¢ 9'12b8ll
Wy owa capee T T T I slhg e
551 st sU st @
) . S o A TN O,
| cudame oy g < | T
Jet ensewny e d_e;( ¢ Yl e ! I el Ivees wers
90 NIV \..74‘.2\
s pwest |
Pouy o Kwsz\o /'\JY:— 4‘?\)\“““’ b 3 o
U qe” "L ® \
T «wzofxsz hpog - AU oy Wm\ A
o = &
E T “(s0° 0) (/‘l'%) :\)‘ ""95*‘“’ | %ﬂ - |
B : [R— ~—1————>«>—v q"’u - ajqelj woh M
— , |
9 )<\ S ;uqv - g __
e (9L NI g o\xfc.'apxl jﬂgwt o
TR e gl jeu o g

R EE s Sl

(_,,Nm[} d,m(.cr lnw. <. 03X en) 4-\1;

N@-({ < 82'
. _é_ : 8Zl = 5
- e Ve © Tb- “oblr
I T At

X
“ f \\.—O u!.\.l*f c2. s =0
3 e oemldy o ‘CJJ -

elen) [ @t cone | F o

. o 15 %50 1(“7{3+(x- o= =y
x| (75 beGe} | F e wpn| F o0 - Yy =
PN T PN T (b= (U =22
1 o ‘Vzl 1
M\’,l‘)/ IJH '-‘é 9 o JJ lJH {‘“""‘——‘or %‘
MO ‘J VFIRY QJT‘ D : jILw“ A

JEA LAY u.m/uJ, wvuoufj

Jvgry o€ wwinly wrde, ‘ff"
grgs) YE «dRiu . -

i
D™=







)

Wiog —= | l*“_L v -
X ——E%— Wi 0 9 qv l
2 T ()N IRO

Y4

v
?aiqu\?wi “
wog, | 9 “{‘ v 7
gqﬂ*}:v o q ql-ed _ ‘.')/'
wiagz 3 | - b AEEREERREARA RN’

LALL RO (XU TALU ToUe MaLlU uauwal Tuasa c’oarqun QUALN CRU QUIARD

tewl X° e Coy e-g ek dian towl Z0 s @ oditl TIEa TR
AT XU b ¢a Lutna LoNa: &g LWL Y @GL Y LU WUELY Ta.Cl Tog it dL.au

U QG QU QAUENUTD T- (N) (T- (T) Wil dWLU QUtAQa TLRALL (QL Ul Q. oL
T i b oxac duen (D wuley gucrs

X QN WU UARe Leela wedadie b el qaalg &¢ udilu dD 46t adwe gy udua

\- BJIN 09€="40" W ¢"(=q ‘W ' [=k ‘W =L
AU, AL CLUTLLL LSRALY CRALAQ TR aU. UALW QLU BGALL LT . edD 002 =14
wegwa 1 (o rdiew)

UULU LaalLta

NL. RCalg Nu Loyl
oLl Lomul Nre oN Land(U) ¢dty iU onl NUL N GUU Al el NUL' WO RLC NATWL K¢ Nel
QUUIE &g akds LT TTdav:

Ld GUAURA TLAR LEULE ULt Tuu @R’ lUATUL INT (@ LTLO LIU ¢ 41 uacul TerL
MWL wotul L il 09T Ldw Trrul (@ NLTAL ANGW  £4.CT AT 4CG LA

GLIG &ILN ¢l
uy uud 7 wcul alGe GTLNL € 0002



)




N

S

tul wul cedotiel cualaa TRWLL LTNL QGENU NU LG el quul! s

Wt ®a e (g rlieie)

LRE - CGRNL NU QURLQ LGLAA. 4C¢ UNGALLLY LAl XU LULENLY

Ued. teal waal Tl-mee
qf AU ARQ LXTLG. (U NMOLY' ARIA LG6AA) %N XU Luta &l b ¢~ J L. aat.
tul vaw Lal caee war weda gy L O e e J e wake b coaaa ca

ure ez (oe rdivw)






7N

-

111177

0w =2 @ T

QARQIL TRLL UNULLl
URALCY UL CUALT U UdLQe AURALGU LUNU LR WALCU @¢ LLIU LUGAU ML CTL
GUALCU LRALAAU £4.CQ RN NU Lol Udldd ¢Ge QU NILY L Qtla quuaal

wrg @ (b i)






Qe a- ) [ =u1Z]
Lk @ U1/q[ 0T X 67 = d \- U1/d] 0009€="0" LuLL@ @q LdLIL [ULLD TRLL LA

(LULGLO TAl. UsLL.n reL dual tawd z°
LATL U J ¢Ge LUDND LTNQ: g UCLQUUE WLLTLWY TQ.CL TAl. UELLD XL dr.at teul x¢

T oo st qudu sdial Che Al dual ensL T-wny ceacl
N GENL NU LCW Al gdlaal [ERUL a1 AL

&g UL €
otk QA QLD WGGLL RAWA CCW J CRAlLaa TR NQ oCq wa @ aau uuul st Tdad
ULt wa | (of)

LU Laallia

WL, NCal, Ny veoul
el oml e e Land(U) ¢dte ALL ol NUL NU GUU KLU Rl NUL N XEC NATWL 84 N4l

quua &¢ a&dy Lo codaw:

Ld qUALURA TLAGWY LCULS ULXé. T @4 (WUATL \NT @ LTLO UIULL ¢80 &0 darul corl
Wil vooul w w01 LA TRTUl (@ NUTAL ANGU 84CT QAN oCq LN

GLIG &ILN gl
ULU Uud 7 QAL T wcdl QG NGl € 000T



)




rul qul codonel cualan TRLL LTNY WENL NU GLCL Lt euul

ULt @ €

LR - GENL XU QRIa Uceaa. GqCq LUNGALLIU Lol NU LUy

Uede Lral uaal t-et
GG QAU Alua LXTlae (INU RELU (ARIA 164000 i XU Lda Tl b ¢- g cL. aat
tud ral Lrl et vat wda gy L= Og nan A d \&wa wale b cvaaa crwy

ULt ©a 7



“)




LeaLcy

QUALCU LRALQQU’ £4.00 RSN NU Lol vdiad GG QAU NILY L QM quumiaaly

ULt €@ () rl.mxr)



)




GO a- g T <rur g |
N - ur/qp o0l X 67 =71 P 0009€=%0 gy g A4 LA i cry (g

i carc., LRLLO ey duau tewl z
yac nu d 4G. LurNag UON.G: Cq Lraly RULTLWY Ta.cu Cat. UsLL.g oL dueaw ol x¢

© UL quau vdiar ¢, Al duau iersn ti-ggr g twacl:
NREN MU Lew e qduau N wa el

ag uy ¢

“acl waw gaug MGOLL Aa Taw g CRaLaa crul ng aCq a « aay uyyl, &¥l¢ tdac

ULt wa | (oh)

duau veauiq——— —

NL Nea, U umeyl

XL Lezul Ne oy Lar(Y) odre Ay gl RUL R QU &1Ll gnl e NQ NL. NATW &4 Neur

qHUR &¢ a&ds Lt coday:

Ld quauna cLamy HQUL® ULt T qecne \anl' e« Lola wigg 4C8 & uwtul cegy

ML weoy! Ll 08T Ldwr oyl “@ RLTAL AN £6:C0 AU ¢ LaNgu

GLIG &ILN ¢, .
WU dud 7 age ¢ ol a, _ NGl € 0007

R
M
g
i

!

!

i1







I
1y - }
Y-
z B N
} - 1
T
: y
7
oy P
- RO s T
U
i T r
S
trd wul codoniel cualan TRILL UENL QRN NU QLS Ll vquuL’ s’
wre @@ g (g1 rdieie)
(L

LR - GENU NU CAREQ LGS0 ¢C¢ UNGALLLY LAl NU USRI
uede Lral Jtaal T-gr

¢Ge MAU AQQ LXTLG. (INU RIRLY' CAREQ. 164000 N XU Lla Tl b ¢  cL. aat.
rud val Lalk et war uwda gy - Dg waN Ace J iea waa b cawaa cray

W wa g (og rdivw)




O



S~

.

uesLew

QUALCU Loallaau §4.60 qURN XU Uy di.ad ¢Ge

wrg @y (g rad)

QAQU -NILL L @rln quumaaly







@ L(g)

' Stefh = A e 4
1 ((E‘ZSI u, (‘ﬂ O/H:L) 4 g jjgtu‘é 1:1 ro
. ® e
ur =y
A TR
e gorebe e
wogrsl = (‘u m 7 ¢ 0009¢ =4 1)3# = a9g
(J/‘
- Ju
4.72 [ 'Zjﬂ; iﬂ - W;?/ __Y_ —G_O@ ‘V“S} D PW‘C\
S
@ 4 < l“"—‘7ﬁ°l,l"/19 g = J, L 17:9,1:'#‘&?//1:”-‘3 W‘( WJ‘#"W
. D>l bibte S gy cag <0y 0 @
AT (e e
(s
O R
fp > 1sd olpl = (eim)%; = “z,;‘;- w o= O I
- .-““v: le(;?}__?"4 -\% =
® e - @B
e U8) rs;i| o =
Ve
( (s1) n)( a 0/“51) ”‘? : ﬁ:“'g’ d P-4y 97"3; vrﬂ =1 @
A ¢
@ w w @B dii= 1% '}d
4
&% A §s
Upam 48 Dy
Jek
)
S ?—
( R o=% }Js} 8( j}z ';;- = = ¢
CTH /8 J an—r“da‘- Q 163 d e 7Vj8"f
H | Ys- - e °‘3 o= %92+ %. vy - /
W e o s e
O @
€ _,& S . s d
YA e 1 =P+ F
%&’gﬂw‘!(w@ A4 e 7 5 3 oTHT T 9‘/3(,\_“7(
N © ‘9*45 e
29,
i
9/\$ 4
& 9 i lt
as .
c “ ”/ /
. @g‘g:gﬂ 078d~- ¢ W7 ) > © 7
0=4 =In-Y\ O=ELZ %8O e o \L// g
@ %s = osH-% 0= S E






e,n‘&ft sw"
Je 29 «.ejoy{

\ 1 | T
5 4 Y.

&“/i’)l‘ 0\& @ \Jo i-n‘ -]t j'é b 9'()(.1 Q.\le.;d (QN l-)&t ({N'j)\
‘b oavainn) LUy

29¢ \.glj,. miceet, vl uji'o/ gy -7 e ae g (ANO neico
. ?1!-?1/\& 1’,‘\1 :@{;L '
U ; R RRALAL] Yor A+Y <2
e @ ;}:mé Y w ] ATEE bt as gt
JF b’ Aoz = v z;/ws;fa\
1 Canezke (pras)a
2 Wisyt "1wshmr < e b Iy
S (wev-) T Y T — N
((2*’67 p) = W1 Q‘I - Z)a & l))ﬂ | )[x‘a (A + (1) 1y - (1 x){;] 5 o T{:{;““ o U,
19 W (1(@2 ’\Z)WZ = o mu )% () j #)’3/5*55
e A
X V41kE = ‘)(MI\I*Z) . ot (A g+ (1% = a . Ilem % @
(@) s 1(hmlz) @ 1[( ae (egae (113~ 75)4] S DGR J"” &*%)Zf y
4 AN

AP e
S ¢
‘i({lZ’«“%W -1
O-Qz-;ﬂm*%ﬂb’f
- 9x1z-“/'4§+02* 9’x1+9><§1~
(Bereedx - 1w ar) = (- ¥xq) = }
(Qx‘]'gx{l) g)(" %%ﬂ

(@31 " R

@

b . *
® e o) ey - e 2
»?7‘7;9)“1 X7 -9y
@ 512 mz © T awp - b
() Sxa- Tz * (1) oy b
o fx -1 2.
IXm *tHWZ 7 @xﬁ
‘E‘x:l
g
) ;‘i, Ot guz v,
. fx .1 (40w tfn = gaxax-ayb Baxh
@ f) o= P 2 . z
g% =P (%1 ‘/’(gxﬁ)(g“q)b T Q%A

ﬁb‘@ ..
V,ga'

[

t26 Loy mml . gYfee

ehiee y°

@c(f] /Q&u U \£
e - -

<319 002 ‘”;9 < YW 09E
INUILC 0S¢ '4.(\.1&,&, 4 e lu.m.

Wy gel sdie gy o

Wiy

luo ol

%

W (9% (I‘l x)d?(q I (I*x)(; 2% ‘
A(0b -y gy :' !
“(’y«i l.
G- x)b Jf
HT 3‘4.‘(% -)d o S
Q=X 4—13)1» "u{ &4

{ic.
S\ (f :

e fyr'd 7y
q!a+ Fa sy

i)

i
T m

A

c\.k\- ed0)
PR

*1H

®

;
o d:‘. ZT“;(-Q)
974 = g roTdn

P
o
R T B
I
by ll&.\i'ﬂh
L’,&”/xd
jG: \‘-&B"

<.<.l(\ x iy ey Keg \

1
&:&LHLN‘- ceal vefed® Guaer o b






‘ .V 760?64‘ X 1\ B 11 L\cb" ERY) =
| | ¢ on

wz y b= s, ez 2
@ ho=b vnot Yy ogol =1

s_o/xs h 1 o !
) 1

® S80I = x 0= gexbib-

IRARER
%) bo°(0jg: \V\\ " e
C @ O::&.{.Q(-«D&)-: Wp

4
\ _/"/{ el @
2. 5 ' ’
1()«1)‘5 RUACLES \ sug’ s (s)ensiabe - %(snm S
c.ll' &"" .-’\_\; {\ i . o et .
=g N *lf e e |
v (Dd- )b = i O
A LRGN :
= m“ﬂ iy —— Wi seus (‘3“3 )N?” ake =% .
e gy ettt ® (1) NSSTESSh
R add r.“....w,,_,,_‘
? “ ,&/,/ . ‘ﬁ 1
e )
rﬂ wlT‘lg )(11{}‘,’{;1 = "t
) ’ . 5 «1‘[’1 113 1y ly {,\(,_,,,‘,W,M,,.w‘,,,m., ‘l,
hi8LhbE ¢ 4 )
@ WN»W X '"'j ’vz, q
/ )»me pr s N ssets’sh > T “fi“l 50 2= 7d Gy
©o w: e 176 caaqb = A
(8,2 B - 79529% " =4-1
D '1@5./.865‘0=J‘75t81'l' : W R '

7(2 !

3',3‘2 rd| g vy = 0
1
@ K 'ﬁ 'g‘\ 'Q l"’)«?frng
ww'm%,’ ey
3”**0" Wm mz m Y
e o +
A - _ SR X X12 A\
- 9 (X?> d %J('Q ‘lX‘m* 2’\'ﬂ _D S 13t My nxay =
o - % % = -
(ﬁ)% - (zm_ S\ YA | i><+_‘ - 2%y b - =%§‘;€ g @
al € 210 Aiw 000 o J
R
2 w
2o ge SR T
Xf(X-Q)- (X*'Q)C\J (X—"\)Jg »@X T =7 -
%) [4] 37 oz 3 . ..L%j].»-
{)(P(X’i‘]) S + »(F [(X}a’)é. KX"\)#] SK T n 2
¢ 1 X 9 pols
a2 R
®  (x9d ‘1(><—1)§3 *\ {mw\"
5 ol 7



GV e gUCT L BpsRs sty 07 09E *sll Yz
o (ya)aniot = Sl SR f
! PRLLLT Y-S /( L2 M ¢ z> SJ XV jé
JELINCVRNTERY: gy | (sam =Py ey e

k4 G
X = K(sr)m = [Py =54

0=l X (%M)M'H\%)ﬂ‘ L k) 0= = oz %32 = 92 7)
Cesaid  Jeam e L e T v
] SN R
W },,}‘ | ‘ _
sttt L e — e,
- [y < h
) " p —_— . A
¥ Q b7 “ U PP s
@ ["0 AW \ e
T etz 3% & & z XX
{ “(5). n JcLd ° _%V , A Ve, )
TR S bl ' Rl 4 )
@) "ﬁ &R i (7/,( {78-{ g & ‘é a % 2 ) ¢ ° , ON
OF ™ -
O 4 %, 0] eranl) w
it = Lig
£ 25 ) " e
7Y A e
MUZ. i ( g/) - T (wq otx(,z ! Ao - % ,_)
By \ ) L
Xy <l - £ T e
_,ﬁ}’:% PR @ &hz\zf?»: T ‘

(sym- by

szsm =9H3 h %
OLY) SM“‘Q J‘{ {1% ¢

e Wi Gy
set A5 ® i¥h " 4
SEX Ty ® L) 1 ,
K AR o '“&
& j? N ) P * (L
d% = Sy, e g ; £
TR Jals g %\\ N M\‘,‘j_{{ , 71 &
g e 48N Ty

N\
. bl
g LN

C P

@ d32§3\/'«!,§3§'2 2 %y ca
0 %, & ?gd ;Y
e S Yy “‘\ F
O men @.23&3
£

@ O

, {
AN, 'JX feem =y .
dm+ ‘{f’ !d (JG" - 3,3 O v:\* ‘é&,\”ﬁ e ?ﬁf\ @ @ \ 5‘ (lﬁ)
f]/ +7 \’j By Y oy Ry 1.%,933. @Jh ij .
g %4%", a?VJ /' v 3 %\lj
; i’\l ‘?J'VJ G2 Q‘Tji- %n - 29 ilils
H e P ‘ . a
¥ @™ @ 4% Wit @?
f-f‘/xg ¥
) Q:In-9prg 4
¢ 9p d i
) a, Y- ( 3% <9 H ...m_fg . ‘o ‘) ¥ .
Gabd Y s RT N AN, ' A A Y9 00z = 1
- , VJH %2 < . =
SN
‘\:\\‘ ; J@« e v Lesd "-‘l*i“‘(‘\"'
3 W J@LJ K<, 9’)“7 O‘&l& Nh')(‘tk.. LAV

L/ 5 =% o- Rrd + ‘E-QH .

\ W

Qugy) AR e

@ sl UL
® wvises =d
® 1?3:12 = (,If/,) S | ’l”'(""’f

; ») (Q

NE?I‘ '7‘{ LI LJ/LI.OHIJ & ’0|<J
0ok W ] ko 9




(e > a0 ¥ ((qrae + o3 +pg) ey
(22 = (- + )P

’l,;}.;‘} ] 2/F;. 29 }'1

9l : 1
- ?(‘%*D) '}2 F?pa 5}8 rEF )2 2 (qm) ac 3 1
‘ | S* ( ) Q'a cwﬁo? e T (ra)p 9,
1
A sl PR ?'
W W «,@ nre
3T Jpa - =
3 3, 3” ""‘91?
2 4
tl 5 3_ ?il;_ 2 Y
v‘%am’\ ¢ 99959 o + NN
z;_
Aoy - VI
Z e 2490 A =
(2%
% ? - % T .
¢ 1244 O TRYNEEN R aS- S
e 112 . ;S g st
TR Lon P
| P-'J? A 3 t?/\ o ,3‘ 2;} nd L Y
2 2 2 ey
v SN\ * 92°9T. vy o “\‘ % PL ° I‘ 3= .
/\ } q 3} PR %P P[ 1 w:‘%-vi:m%
.2) Y A wsu
¥ *a(om)z 2t e * (pz) = ¥p J
h. P @ Qs Qz,f‘( ).f' 6} azm’z /’n{h 61‘”‘)" L* 19 /0\Q6 c
fo=d w0 agab g2~ og@ T - 9:71e) 5 Che -
v oot ("”Z T A ,.
2 e ® 1 ]
o T Ll 4
JRE T /’F
& 0=)¢~1dz2 I
- ] | (.- {) A 7/}(vm-=f 3
0=g¢q(re-142)+ 9925147 ¢ AL .
oyt w4 #og  opgot- gz = o ,}“ 4
y ; 4.{'? 1
=gV - 81 < ) ,
7 A F ; ./ :
’zeb"f = G(&.H = (7./@ ) d,TZ ‘\,/ . / M«'MCQ’“VM*
2 ! w7
b AT - 60K - (goz-T)g \\ e 1

(%-1) - 1) ¢




é'éz
ls

“E

IL

Sy

85
L7

i
L
| 17

55

<1

9

X4

7]

C

iﬁ Lo 9

y C pY

§I7
LF e

”

SL.% 1 ?
o 3
bs A Al
€S b #l
9% L Y
SS s z/
oh ?
h9 ) S

b5 4 Al

s b T

Ch L Al

as b Vi

7' iz
bl Q!
a/ ¢
)
IhS+
Li
$ 8
3 B a/
o1 .74
of ot ()
¢/ <
ol 9t
al a’
Ot oS
/I s
b
Al
S
M




waog—s by

wve Y
R S To 29 aed
LLL, ////V
1
2 @ 1
AN d\ré
js 4 i 0 !
P o g )
wuog = | k=¥ 1 T ? ? )
} R t

LALL: NO INU TAL Tale wal o UQAURAL TRAGA Jdaare NIl GREN QUL QUIAGRA

toul X¢ e Toy g fen duad taul z7 LaLla a4 LAWY UL TELL
uac wu b eq. LU LENa: &g wdil gV a6l VLAl \QuUTLY Ta.cl T ek duau

¥ (G QU QUENUD T (N) 10 (R) Rl AL UUTAQQ TLNAUL (U ULkl LAl
r aux b exal diie (@D WUt qUCTA
W GENL NU LA Loaia uedades b adly qGAlG 4 pdiLl (1D 4Gt adil gy udua

Ly . . )
- BJIN 09€="O W ¢ 0=q ‘W g =0 ‘w7=T
AU AL CULTLLL LSRQUU CRALLAA TR AU UL QLY WGGLY UL 2- BdD) 002 =4

ULt QQ |

e

LU LQOLLIA AL Tl Qb

N[ Nl XU ueedd
el oroil Ree X Lan.(U) odty ALt il WUL NU QUL &ILL Nl NUL NT N RATWL A4 NIALY

cua &g Qads LTN Todad:

Ld qUauTa TLAMY LCUL® ULt TU AccT’ LAt (N @ LTLGE LIULd oca A2 pecul TeTl
il porul i il 0O€ Ldw Tl W LAl ARG £¢.C0 GATIU GCG LANGT

GLIG ALLN 4l
uLy Luitd 7 CUAL Qidl ol Qe

RSN EEY




)




TTRCTE A u-rtr,:.umu—:wmn:nr:trrrrm::x;na::r.mr:a:;wu: 4

Qe @- Y [ =uI7] ,
Lk - /qp 0] X 67 = H - JUI/q] 0009€="0" LuLLE &g LALW LA TRLL La

LUl CAle LSLLA L dual ol z°
LAl XU J 4G« UUIRDO LERAD C4 LQLAQLL QULITLLL TACL TAL. URLLA L duaan teul x¢

T sLd ety wdia oo A deay ersy ol teacl
N AN NU LCW 2l gdl.al ITNJUL i W AL

ag Ul ¢
watl @AW’ £aLa wGeLl AW TG J CRALAA TRAL RO ¢G4 @A & aay uaul se cdad
ULt @ 7






N
N/

1 = =]
’4:;:.'  —
Z A
°p
e Tt m—

_ - T
'3 J{:r:*-_-:;.-—--__ ———r

il wul cedoial cralan TRLL LONL  GENU NU QLG LElLL QuUuLs s

Ultq QO 4

v/ y

» ITITTT B ]

1] ——j——— 1—
‘e . ' ;_6_( U I*‘

LOL - QAR XU QRIQ LGLQA. ¢C¢ UNGALLLY LUAL XU LULERLY

Ugde tral wmaal T
GG QAU AQ LYTIG. (IRU NELUT (URIA. LG40 ENL XU e Tl b ¢- J cLe aar.
tul vaL Lak wien at weda gy L D wan sce g Wea e b cuaaa cry

ULt ©a ¢



e




9

N

LQALCY
GUALCU LtalLQaU £4.C0 ¢URIN NU LAy udiad

ulYeg QQ° ¢

GG QQU NILY LU axla qrutiaaly







\./

/4\



















q=-37

0=%+1+ Y

spisgy VL (oA

S TR IO RS 7L

i
LT TR I fn/wk /W Y Nv,e.n[‘:).w

4TINS v.e,.xfcj\w woNeY LIV

. ) .
== 2389 g ¥V
O e
- .C/{I‘I [L————-l _‘.. f, et . k’
L Gy —q — A

-~ | l | %
e\\\l{j _L Q,“(J t\blt&, Q Nle.j W ’JJ ATeY ’)HLJ 5 N 0K<'34'

| |
wjﬂ a4 CliN gj\ <.\ueg gfoll&.d Cj iy \,\l,lu. um'u VAl CELL ¥ IV‘H(Q

ulu\ Ly gy OO <eied Vel el el Sy z&m.« q/oju. W J]

-j/vgalc "o,u- S CenT J <y

.Tr'gﬂ (,')‘.0' J"’/”¢ 35 0("‘ Nc,e.xmj.v

»‘»yﬂf '1& T e TV | v

¥
l—’oz —l | — ¢ — 1

\
-t

-5 i 2 g« | | _

1 ' )
\,uw. L\ruva. Qc'ar( gt—.&m wex.jv MM e..&tj L (\bl&,\,V N‘&U AL AllY

b\b\a R 09\1 g mg‘\w M/j’) el b\e.l \M&r CE) Y







o '
- onlstobt:l =L
AT T « \
(1. ewwgloo _ / -
o AE "69""5*'
—— ‘ L el =%
‘_O/XZO'Z“=Y’ s | h
—
d = N’ ,0.2%( I
= oXseT- , T
X T e
I s o |
@\ - = g o/t _0/ .
(Jg aresd " J@,—OIXH 8)_ < Naes/ B
: = 71 QR =M
(/4'*74‘9 74t 7Y ;
_t

readuad (edsise) 3o b wge N |
- N jwj = YA (\l’ll (’.l’)&. i.‘ SNy

: ‘ ' W) el :

.A (_\r'r‘d : -oéseoa _—_3 ¢ '.)o/' 9')(2' ;70( j?d_l L_‘\.K,‘\r " 058 ' I /l;" Lo ~|-g04
‘ { ¢ ’ | . —}9‘ —Y
1 eusy <- Q08 v o el wod Y D e v

\‘% ')';\ <id lNINr?nV ’D@)LJ.Q/ : XJ ENALCY™ ,)le( NJ)L&AV 7'\,— |
w6 dicie ejee VUILCN Luef MO 3o Mefid £ et wepg ¢ wnﬂzjd’

“n,—. [ e







Z}

z R(,(th’ DSy <. dg'g/xy;_' Tu §00" - T Mgy -

z Nzl sdoseTs d, orseg
ds o(xh o= _oxsrZ =
ozxvoz)( ARV I B

(e d"m‘\@s) Xzl = g Oy T

v [N 71 -vr = 4t |

(porosilleom]s I3 T

2 P T S A
d 9/¥5 e T ad —

.1w

L el .
v Pod, by e "{Q-(ﬂ) ] [‘ ][é(")‘f-" R S N L

4 73/'@9902
v
A (“"7’/3 o Y
Adic <R9.C¢ Cl"( B ,,rg," e ,,,Q O e9gopc3 k4 .8?'&?%,5?5'*'9

it







g
=0
1149 N THE/N6
(X:7 - kx) T « , ———’—/\
w ;79 v Ty
o =Y
TN
I4%T IV I4¥8¢
- X — =4 ey —
(T + XTC = ) — T s
7]ﬂg _ K D = X 104 __EQ___‘_ — 80 € _ "’3(12 l<—— J—
s - i1 4 ],
79 A9 TAEN6 * g ]
[x(zq—z’])_gx] =‘( ————— — :V —__—/\___ <—TL——U
ad (4 ~ Dad v — (Dad . )
D > ¥ 104 1q < D10 !
xeu g l«rl%_,
148y IH91 I8V ~ E ~~
X,JE — X =4 ¥ - _ 0
( I € ) CI z’]d -+ €7d X
TE = x 104 T
xmu/‘-l
ng’g_:(( 14 4T x’@. —— o
n gz N R )
1
IHVZ 139 Igg xumh‘"—:
X, — X — =4 - - go
B T = amn an” | 7 ]
h
139 IHZ Iﬂ‘{, ,\'\’.lu/"_ ‘
YIE — X)) — = = - : (0]
(e - o9 = = = i :
. A
aning ofiseld jo uopenba pug 1e adois uonoayad anIND opsejg | Buipeoq pue weeg
winwixep

sadojg pue suolosjjeg wead °d xipuaddy

2c9.







| do e,\a,al/ ({vass:ad) £0= A

2oueys jeym “sdiy op =

NUJ.' CHYWE o

) B wc,uf.oﬁ

i l‘ v (oneok) =

Q\,’)'d”yé

g-01% aof§ = Fxg

-0I% Q07 - = £\3
3 108 =3

Sv'40dd

Ol

tHHHH

4

HHHHHI

v,(d

.
1

Hl '

it

g{

,u

6T = 4

p:le 1sd 01 % o€ = 3 107 ¢ epmiudew )

uoieondde oy o3 anp SIND0O SSOUNOIY} Ul

*g pue sdnj 0z = “d
() *(eanSy o0s) sofpo su Suoje sossoms

W\Mqusxp Auuopiun 03 pogoofgns st o3erd

q) v UN&.E,M' 210 mN‘ N—;,u. ojec
'V) (Y (.'a[,/tﬁlblol | QL”IQ“Q/ 'Nd*‘ @Ca“Vn’o’
"9,|'o/ (L,Q&’.tb‘d : arvgﬁl‘c/ a.ﬂl,(é,u A

2q

ut

Jo

H

%

&71 7’\[- U-L?Jla Ne” 82'2 (LE.Z y

*s 'ur-$4-4q- ut-()[-/(q- ur-z jo averd V 'sb

eJ> ¢<l,«<>d

/xséz

s JeyM *ouofe g Aq (€) UI SB SSeUNOIY) !
ABLID oures oy} asned o7, (q) (S9010) 9sdY} |

g,m'/ g.n’ y'c,d







Q™ (DX TUE VAT T OL+35- =

:‘)Ob\:= X

<ox.p

)OZMVP\%:L—\- bz“’?(%-xp) + I‘:D*‘XD z %p

), A dLJi <r0c wjmu “‘ji INoles | «_c.lt\ aul’

rss- = XD

Yhse }4:_

et wanll (wonvg v ﬁx,NJ 125, L8 )" l .- H‘i
ot o) g AT e e ij Ul Inediee of S -
- deoL hi'?
2/(159+>@~ YK JE @ = 38007V 0bl- 81400 sl 55
LI 30'6""”7("”“') + 3igov w((oh-—)« aw) + m .
s meli) + g
obahl = _bo hbl= obew
‘ b0"hal =)0
U\?I QJ,JI NUJ\N Q}jl o
vel, gu\@ (oh1-)z ke , YW oh-=ha,
. - C-'_ZE: -_W— - (T - VJH'O',?“ZED.
PEAE R R R i
7
: e d-oi) | = gHon ST
YN 8BS/ F -,/l: ("M ) ((ofr auﬂ . d *HV”
ﬁ"l*‘ (Fx_o,x_,))l\ .L"“’o gH il
=
’ ’ VR ' 47 U ’l’l ' vJHOhF_‘D o
» }NS"’/ f)ld‘ (LE.L:V ’)J N’S(NL GIT LN e J— lbf‘ﬁ)”&) Lo ?, 9
—_ ctt- = §7
— N/ [59z-°Q CI'EFT
ey =.066° 8 ) og-as) -
gee’l- = (Q&)z = g2V
2 .
oy sei0l == g -
,dv()w gz < ool % ob Y oH« ;““{D
Sz VYHOE
J)C| 1/,&8-)2(05'@)] (ngﬂ) o i o51= D
f-x
- %) -l
, Tz -t ==
z .2 . o5l
Y [C:Vrz(%"‘-‘))] * ohperp =t ——
v = J 'bu“/ Og
e Al eped s S I 77

won piz- = (9 o + (M50 4 =
g 03+ (1) (08 Top-)- =k
”Aw7e'«9-=bez')o7+ e (09) + o7 =
(19°) 09 + (s (520

je. Wk (—JI?CI;Q.

+ (03_,.017_) .:IX_D

n=0c- " <, u_pu<o(\

2
07 f**;“ nzwvs(ﬁ_o_xﬂ) _ :,&.“:L
2
NZW*VE"l + N‘ZU’?(“D %p) + D+’il) = Xp

/

K mrmn s

wh) r/kl.tﬁ hﬁ
W a3 = hy
N 09 =hxq Y W‘H \
YW or-=%p L] L
yH 08







]

’ g- |’_‘_D~7“0
gat=re L
. oa bor) S \h e {a Qii I"‘ "‘ "_-F;E—z“_ = )0.2 wn|_
(ziLbs-) (bloLi~) - ,

T SR LR R 3 sydolz-  *

I

E;Q_, *“ 1( Rﬁ?(‘bl) r :; K_D%D - {

f __‘,.:.2.—---— > - T ) “
1(&01,) A A Fazhl -bt8te- N
La—-——-—'—'—“"“""—_’,—___— i

(gi2-) Mia ekl - =

( 0/xsh'.l£g») (szému+(,,o'lwz‘)L{sntl,v(%aﬂ“‘?)‘(+C_r7(vfz+‘4) = Cavfz.f 3y = hp
T e A bkstet s
: '(5!01)(!;’5’111)liz:bl‘oLH(’_mW{i'Sﬂ be‘jlhﬁbq=(¢9‘+ﬁ9)\(;..‘f9(v_/2ﬂ~() s Yyufp4 A =

: '_O'/’X'tS'.gz ] 3(9_()/% a0 -'—) £582h" ~ 2ty
. ‘,J‘U-\(,e g %y{ B ='%97/+a.=0=?_0
coalyne) T-2h M 9(fzr) + (9o = 2+ 8Y
o L (2=(a%)
g e o=l hshE o= 9 b ggetl= T3 OfF
M sipes - =
(250 -1)

,0/x5°bz =

((")i!ﬂ + 70/)(&20/-):

o et =

: (z'é"—o. -1) A
[ ((,-o/x ol -) 7 + 0) 70/x5'53 =p
JC

O=§_D (== 0:%D

3 o o .‘A"
bt ~ z_D = 22 : i@il_f ) % Q3A+13) "‘"5— = Z.D
S

e Al
a-1p = 1y ) e jedic '69/\*'9)1‘35“3 '

7(& NﬁV.O’ 2 o:%b I c-}l\f/ _>/§
t‘f’/‘il tt0b = (,leg'll)("_a/x‘ong)‘: r'"_L

sz (g2 (e

gg.l : 4?’/,,,h§l7h2'llz ,0/%5°b1 ‘70/x5'bz 3 =9
) ]"’inl 7]xf CYYNQY T CE Jr/g"’/ S«P"y\ = by ' , J
7
JEhEsl =00
sl (L(Dl')tlf ,Eh'w ':-1)0.
L 9= 9- 7,o/xmozr‘,‘olxang- ~ Cr-%3
8w %}Qg Sl S 2 N T 0T o
' 5B '-":’-"i?"‘,;'.‘(i(.fWI"-—::é#f 0 =0 (hoas F ass-) =
’«OI)( { ‘Sﬂx +,.(m*a-“8—)t%; aﬂszg_ =
| Cega (=g V2s =2
AL 10 (]9’ ' : zQ 4(L9‘x3>[7+ L9+x9 = 23”3







(% +9)

%+ a) 3=

I
Q@IS

Iz _ 3T
RO ‘?‘1("0/\1*“'!‘97\).

(Iﬂ g"b) V’\“l (1 2 \S :% VP”J.S

¢t t.\f\?‘j (O} A\ j\c\') - q,o
-772 ;}“' ) ‘3“:(‘7:‘?3(5;2)4 W&S o

[(oim : m]? Nt T

VAt i ot

AT T A
von t N “’l*(”l '*l)- VA

T !
B - o g€ = —— z TS ) =
Chra)d "o s q) TR S N

Co- 2 - %W*W R

| f—.,l:'
P 9[\‘ &92 'ﬁ(qo * 4‘17\) P *{’2}

:U-'Z?IZ q_’ﬂ.'
)

0= a{\:—‘n\‘\ BoRt A )+ q qv ' Yone

[

,QJ

YL+ P
4% (wa)m §

A (32*‘\) ‘Dq'.},/\ + o\~ =

0= q4- >74+ o= = W

z | =9k~ ~ 31("‘_14- 1“ qs 39

1e L
e (1) T = Y

18 %*vﬂmmzwm 1

ar A

L AT oA = 2 (v-’r'ql)' b

Exs

0=\ - 274 + g4z

M gu&!’l
, g\\.{ N’>)N LR

9

L

i

9
0 E!
W¢ e
'l
;._V._.,w,..,%-.,-j_... N O ¥ AR
b
===
i
1
z;"j'u( -
. _9 







LN

[

g 11
i

(- 2)a8 ,
(A] /
DTN Gy LT
i{v-ﬂ ‘277&)1};} ZT =%
b
29719 (LN :‘I
WA T - 290 iy
i)

| o 11
~ NP AT 249 5554
Y 2
Aj = AN g d
— g A=d

AR 2T

+*
-QM(,\[-J 2. x.rjn. L o Eavo 1) ;v‘u« 2RIV Nl ¢

Iy y
- 249 = @ w Tz @+ l
2121 M e V-GJ B vy,
A a
ANCEITEE
N SLY €S _
. E q,N{.xu(. N VSS GQiLd 'aj \'.&.?J jg-& .\i.f)cy 9J ‘.'.71}7 ———
O - VPRS 9 u'k.v‘r:mc}g =VS, = ¥y - (Ll(.ol,u J5¢ u,mr/r_') <099 g f]d' <N anerd .,g
-3 I =s*
¥ - oA =2
2 ' ’
a2

_m/r#, (Ur L MR “"’7"!{’\' "’J «‘U._. " ?JNC{V
A . '

Ye

g‘, 2 Numx&l‘_'}e. . Vo

gcl’ c,e,.\ry Y pecivid <

98

)
TV e

A
Rt
§ad o
"'*‘WVA Cca.ee . NV 6 csc.ul R, ’
‘NEUIQ’ 9‘<U‘°/ JN&-'L d\.?J"V jenvoecyd dél ) %4/(45‘40’
c'_h/a’i é‘_\td,; QY LSl Rf gy

+
| n2
Y Y N&.‘.uv e,\“c/ ! 4\:N7/NA CGLY

< \'?‘j . c”/é«(‘n(}“

Y e X P[Ut ewr ¢c.utj <7‘|‘

»‘>,a 3,99\1 " 'af,v E‘L-Q{ @,.N)L.iél ! E}w‘ “E"’.V

i

- -
e e

-

el
J

- ‘M{'loﬂ' WIS e CL.J,

M<S 35,0 )

Y4 <t }Nﬁk 7'{ sLQ.«\ﬁj ’E&'i

. L 17 SREERYY IR0 g

vel ?N’/NL LR

<O 8 Q.&.ll?i T

Y4=34 .

J'm/
|'

ol %

QJ‘I/ j:fo-'i'/u M eyl g,

K NoGE

“ ey LW

CIY NS tag







T
13—} 1 [ \ ﬁ T

s e Yy

T

P A

d

O (L OLCER LR, TALL gV € LaL Laudia ael

dmlU dTLE Teg Ued Luqa
1) ¢dlLl ATIEAU Gas Qul € © RN RU dU RGaadU {(O)A° LLAdaL TARL LUGA. LD

—
DRGLT: LGL GULL® € @AW Tath

GLLG, BILY &l

Tl ¢ uud uLa QuQAL X, WAL ¥, LUQQ,R

LOCEAL URALTU (L LaaLL






LAURAL TRALE TRMW ¢LT dLQL AUL ¢-0°E dul BdD00Z="**d ©dIN 09¢= %o
(CNLGL LULE-LULE CARIUL ¢XTe dLQL QATE Sk A-A°
LTUL QUAILL gV TAMUL QGELL (Lo TG GLd-GLA. TARIUL ¢dLQl TATE Rl Z-Z

¢aN Tl die el gv-
7) CENL NU LELEQE L0KQU LEULUS M° Qg LG LUGLLA QLG 4wl &2 LAl DY






|

e 7 e T
_/_i#
LIEREEE RS b g
x,, .,

NNNANAN

SONN N AN

(vl
€)" ¢ILE ATUENU TULADS CRNL XU LCUWILU LAGLLQQ LYTLL" M 12b* MCLEA CUUTLQAL TL-






9>t
- 0 —

ok "‘— T el

e, el v - 1

) ¢mau Uul TR LA-LIGLS QRRL RU QLCL Ll act ‘






¢ . -(Q‘\ BErA)
'{ﬂa\ = f.cpil ¢ ~'s %
\ e U €
HYafg = meem's BENL L
= V¥
g <75 - =72 “ ‘L
d axr '{“s{)‘& ’)2,‘-""9}(7 g47y &
%,
Dy«’% {'3 éf%} gtﬂs—w< Ay z: Y
5}}"") P M-
o 09
“o‘)‘.‘ﬁ‘ s vL
—— 'S
<5 s@(w 3 0 e T -
PR <
T d
"2",? ' . e ,,i g )’I h-(j () \l 2 //{,,4‘_
) Ht g L
> '7_* oS - Sag %S B y
Nty aptaler op s 5

adl WL ta Dy
gy pNadar One
[N GURIN:

S daalyr

H*‘ ?M“"‘Ll‘ 1= -

X 5 X .o

H*’ 7M zr);; = Hy)
L T
T =T *_,. T DR
0%ty = g (g > )

.9

W2

el

LQUCR CIOSNA &¢ LRl trdien ) wwatl goa cmczo»m&za; ([) (N (Clg XU wadir o
tul gem acl umeae-ERtt taL taang  aau tuul e VOl N s T

(:((( ’*,(/
ULty o |

HulU el

i xcmq Nu vl

ISRTLS

AT LAOLLT D) QA" g

el vowl Ree gR Lanc(u) ¢dog giLu axb RuL R Uy AL qNLx RUL NO NL. NATIL &¢ \zqu

qHua &g a&dls LTR teda:

Ld gUauta TUGQA LLANE (CAGA-AAL: LGO) uATl \RQ ' LEL.AO LIULLG O & vl
Dl vl i 06 AU Tl @ Bkl ARG £4.CT QAT TCG LAaNA

/AT

GLIG ALLX ¢l
twy Lud 7

twl wa

WXL T 0007






®iW 05 = 969 A"

(AT
2w 057 = 4p.
%o o
9U|N.r|o!
Wy L 7
T(O) GG AAR-LIGAAA" QLN LT AL AT HHGU Q- AL L G~ EARL - f s
(P) cxaL uuned Ladade, el oMo au Lara teaila anla qaned L ' o1z l‘/ﬂ' : 1
elex 361 I
) tul ¢qca amay vuul cordl (g) (AN XU uexed tedade. ]
earra Ledadtig. wd e |
(o) e o——
(8) LUty tacca 2 -
e
N UEIN:
‘ F VT T 7713 f z
/

TRL mcmq aul Lug AL @l @ anl e

tul oo dil £cial LeALaau TRUL TIL LAUNG -LAWA LN AWWa GGILA Tillg @g W/N b
ULt @@ g






T s sl < fal 79w o ff’g sl L Tyl 1k

L 2
MR LANE | @,N‘/ NFIA 4‘“/ f&[\! ne. <P AL AL

bxﬁl”* {(—g ) (G g) e (GM :’)]
5( i~f ity }? % *74) 1 ’ oy

”, PV ) OB\?J_Q_

+-»@(1i+;5§*(‘§a%+(%[ Gyl (‘u}?s*}‘ﬂ}av [ RS SLURIN
gek'0 %f’ [(‘“E Cft zj‘) ( (f{fﬂ,;r) (Jf )(i{;'@)] i\; <

I3 - { e Yoy L. { 2 ay
((eg,r) { (”}24755*(?1/9] . QE (W}“‘? (Wuﬂ @_zn)l.‘_(m/ ~§‘(§d+ﬁﬁ} l
" - Oo;w '|‘l }
v W v v aye  ve W
iJeJ* Y % A e ™ WA T g
PRI A et P I
Z J\ 3d +‘0) (‘lrd"'ﬁ) L0840 . .
B E{Fﬂwh R AT M | LR ¥
. e 4
| s ) 8 (gye0) (T30 - sy | ey N
£ I e L e
T(;i‘f}]-r 9) + (5 ) =2
i rordy s T ‘ 31"(5?1«“03'%;51*3) = 9y
©*&n (ir"’é!*-a) 3 (z;dfﬁ’ 7-%
2
O A B 4
..1(/ '/ # '(9 H——

UIN T
BUCIU ' TAOU NILLU  UCIU GIAG CTULAD INILC € RAA IRGA

1) ATIL}SU09=YyJ [UM LUMT NU WILT NIGLU INTGU LTNIL

GRUU: UIUL GUIU® g MAIE TLTL

GLIG, MILN 4k
il ¢ ooqs!e uTLO
LHCLL U UNLLTLU ity iatuul






A
K U

v OLP

e U et - iR
Jﬁ'l J‘_u,@ ql\[ g«.d) &..&.) L ‘\]
Niighgl < d ¢ [antrh + L0l Ja = yroh =D erdne
Ve =d (= [bsh etor-]d = PAOK=O <P
| 20X B130" ) Mﬁ:w;ww e
[eviss r_ma(-z [(m 07) L9510 = 7L'L0‘l*]d = [so‘] (50')‘799‘~ vod ~ doutel- *
-—“W - - = - =
[Wso'l {(so )WSM 7] (” TR R
e Ty
L _axisey =Y i Uw)w % w?di < osiid B
‘1‘2 Q0 ~100 = _.7”,4__ i "“z /4! T{_T_-—-w
- (oo \ou ERY o M
K2 ogj_a{}jﬁ;i\ | - 5 o]l
) g2t gst 7y, Q1Xe%gott = i : ' o
(: ”’)«3 (l 75‘ 0) ’ | l |
‘(_.S‘Lo Q ! = |
2 dq t %W~L§f—j Z/d-—s-ﬁ_(pb | |
‘1‘\ U (998)d ? | /5T
(7874 L S
(so(m)d — O A

(LU UL BAN OFL" &N GUULUO LUMALT ML UATIL
LUM © LUMAT NU YILL UCIU d MTELL! UUNUA LULUL, Culot, 4N

unuiL uiN oul Luig-
o1 JLu Tie Tial 0g o, U UCiu d Gl CTULM.T ILUTO:0 M4

Z)  LAUIL LOUINL TULAT' TS AQU uul LTI QL o, uXQl ou






81-L1 "qo4y4

R ]

‘N 09€ = Ao ‘edD 007 = .nm £ =Sy ._W‘

1 19adsas yiim Kyajes Jo J010) € asn) “Suipyong sixe K4
;18 paxiy pue Sulp{onq SIXe x—x JOj spua s)i je pauuid
7 JO opeus si gy jeip Swnssy ‘3pjong o) gy ._onEum__
nim g 1aquisul o) patjdde aq ues jey peoj paAngiusip

NsuAul sjqemo}je wnwWIXew ayi suuuNdd "gI-L]
£
[LHE QNF
LI-LT "qoid . r
wuw g
e
AT WA

. M
N 09€ = 4D ‘BdD 00Z = 7 "¢"1 = S Jo Buipiong
1w £195es Jo Joroe) e asn) appong 01 gy Jeq Suisned
n payjdde aq ues Jey) peoy paynquisip sy jo m .o._m__uﬁ
! WOWIXEW Y} SUHLISIP ‘Spua si 1e paissuuod-uid
35 ss010 Je[ngueioal € sey gy Jeq [991S YL .E....\“n

91-LI "qoad

18y 9¢ = 4o
‘159 (01)67 = "7 -Suipeo] paydde sy o1 anp sixe £~ 2
inoqe 3ugpjong 01 19adsal Yaim K19)es Jo Jojoe) Syl SUILIND(] ‘SpU
Si1 e parauuod-uid st owel) Iy Jo gy Iwq [9S YL 9]-Lfe

SI-LI "qoMd

Joohe=]

19 9¢ = 40 ‘1Y (;01)67 = *F ‘T = "§°q Jo Juipong o)
193dsar yam £1a5es Jo 10)08) € as() “aweyy a1 03 patjdde 2q ued ey
d PEOJ 3|qeamo]je WIRWIXew S} SUUAIP ‘SPUI S)t Je P)d2uued
-uid s1 3t J] “Uondas sso1d arenbs e sey gy xeq [231s YL, SI-LI

+1-L1 "q0Md

e

, \\-
. s See "B 09€ =40
‘ed0 00z = g ‘Suipro] paydde oy o1 anp Sixe £~£ o
woge Suipyonq o1 102dsa1 Yiim f12jes Jo 10108) 3yt UL “SPUI
s je paauuco-uid si awrel) Ay Jo gy Jeq 391 YL, FI-LI

-
N18l y

52

€1-L1 "q02d

dm
diyg

18y 9¢ = 40 ‘(01)67 = "F 8’1 = 'S IO suipjong 01

Padsan yim L12jes JO JOYORJ B IS[) SPUD J1AR ® pasuuod-uid are

s SPOI 31 Jey) sunssy “peoj dnyj-9 atpt poddas [ja 3e “ul §1s33eaU
" wﬁ 0) oI Yoed JO JD)IURIP Y1 SUIULIAI( "UONIIS SSOID Je[naI
E Sutaey yoes ‘spos [oa1s oml Suisn apew st adexul] YL EI-LY

Tr-L1 "qoid

-Buipyong onseje awnssy “°d pe
-nud 3Y) SUIULAIDG "UONDIJOP [EINIAA SMO[E Inq uopeIon )

10u saop ey woddns e 4q g 12 pauoddns st uwn(os 3yl ¢

11-L1 "q0id

“

15y 9¢ = 40 ‘159 (0162
-spu nat 1e paveddns-uid are sioquiat a4 ), -ap§ong 01 512
atp Jo Aue Suisned ynoyim paydde aq uea je 4 910§ wnt
ap suuualeg ‘Ul G'] Jo Jodurmlp © M TONOIS SSOID
© Sey YoIyM JO YIBD ‘SInq [291S WoY apEw St SSna YL .

0I-LI "q0id

15y 9¢ = 40 ‘191 (01)6Z = 7 "3pionq 0 Jaquuaut 3y Susn
-y ssnu a1 £ pauieddns 3q ued jey  peo] wnwixew oy
~1213p *U} T = 4 SRIPEI JO POI [33S € S} g qudut J] pA
-md oq O} pamnsse 9Xe SSAN Ay jo siaquiswr A4y

SNIANTOD 40 ONITHONE L1 "HD




s




8I-LI "qoad

‘BN 09€ = 40 *BdD 00T = "7 "€ = 'S JO
ﬁo%u._ yim £107es Jo Jojorj e asp) ~Jurpyonq sixe £—£
12 poxy pue Juiyonq Sixe x—x Joj spud sy e paumd
JO opewl S gy JBR SWNSSY “IP{ING 0) gy Joquiswr
T Hg Jequisw 03 parjdde 9q ueo re1 peoj paINLUSIP

ISUWT [qemO[{e WNWIXEUI U} UL  “§I—LI
. .
w07~y
LI-LT *qoid P ¥
un g
i

Wi Li) =

- M
N 09€ = 40 ‘edD 00T = *F "S'1 = "§'d Jo Buipng
Im A3aJes jo J0108] ® 9s() *opjonq 01 gy Jeq Suisned
n paridde aq ues Jey) peo] paINGLISIP U JO M b.mmca
} WNWIXEW 31 SUMILIAP ‘SPUI i 92 paosuuod-md
35 $s01> uﬂ:»nmwwwu. ESey gy Jeq [93is 24 L ..\.nl.\ha

91-L1 "qoid

ys

) 1Y 9¢ = 40
159 (01)67 = 7 -Sutpeo| pandde op o) anp sixe £~£ oy
noqe Suipjong o1 1adsar ynm K1aJes Jo JOIOR) Y} JUTULINI(] “SPU

s & parsuuod-wid 1 Swey Y} JO gy Jeq [991S YL OI—LI« -

ST-LI "qoid

bazh 2=

- 19Y 9¢ = 40 1Y (01)6Z = *F T = 'S4 Jo Fuppong o)
103dsar ynm K1ages Jo 10108) B 9s() ~sures aip 01 paijdde oq ues jep
J DEO] 9]qeMO][e WNWIXeW S} SUIWIOP ‘SPua SH Je Pajoouuod
-uid st 31 3j "uonoas sso1d axenbs e sey gy 1eq (9918 oYL "SI—LI

£1-L1 "q01d

Nisly we

s Se7T 54 “BdIN 09€ = 40
vd0 007 = ©g -Suipeo| pandde oy o1 Inp SXE £~£ ap
1moqe Swipyonq o) 10adsal qim K)aJes JO JOJIEY U} SUTULIANI “SPUd

S e pojosuuod-ud St swrely S Jo gy Teq [9As YL FI-LI

€1-L1 "qoid

o
i 157 9¢ = 40 ‘(01)67 = "F ‘8’1 = 'S I0 Surpjong 03
adsa1 im K19Jes JO 30108) € 35[) “SPU2 I 1B patosuuod-uid are
01 243 Jetyy SWASSY "PeO} dnj-9 ay3 woddns jjix Jey rul §Isasesu
1) 0) POI [oBS JO JSIOUIBIP S} SUMLIASJ "UONISS SSOI3 IR[NOID

.,.“@ufmc_ By Yors ‘spol [221s Om) Bulsn speul st o8eyurp oyl ‘€1-LI

TI—L1 "qoxd

-uIpjonq olise]e Jwassy "4 peo
-2 Y1 SUTULIIA( “UONI3IP [BOTISA SMOJTE INq uoneIol ML
j0u s3op 18y poddns v £q g 18 pauoddns st uumjod 34y, Tl

11-L1 "q01d

‘151 9¢ = 40 “15% (06T :
-spua J1o1 1e pauoddns-uid ore s1aquiaw 4L "3PONg 0 §12q
o Jo Aue Suisned InopIs pandde oq ued Jeys J 230§ WNW
oy eunuISIR Ul §'] JO IDRWEIP B ilm UONJIS SSOID o]
® Sey YoM JO YIe3 ‘sIq 19315 Woly apew ST ssnn YL °1

01-LY "q0id

15 9¢ = 40 1Y (01)6T = “F "3p|onq.01 Jequidlls 3 Suisne
-yiim ssnx sy £q pauoddns aq wed 1ew J peol wowxew oy
-1219p *“Ul T = 4 SRIPE] JO PO [2915 € §1 ( 12qIIaW J] "pd:
-wd ag o) paumsse ore SSMI AR JO SIGUIA L ‘0
szD._oun_ooz_d_UDm,D.mo







8T-LI "q0id

BN 09€ = 40 ‘8dD 00T = *F "¢ = 'S4 Jo
03 100dsar im Kjages Jo 10108 © aspy “Surpiong stxe. A~
SIL 38 poxy pue SUIP[onq SIXe x—X 30 spud s Je paumd
31S JO 9pRW SI gV Jel) SWMSSY "SPYONg O] gy JIqUISWE
0@IA° DG Jaquista o3 parjdde aq wed Jew peo} pAngLLSIp

AIsuSIUl S|qRMONE WNWINEW Syl SUMWIRQ  “§I—L]
p .
wu g P
LI-LI "qoxd X = x
)
. M
dN 09€ = 40 “edD 007 = *F "§'T = "] Jo Supiong

mm £335es Jo 10108 © o5} “9[onq 01 gy Jeq Suisnes
g o1 paydde 3Q Ued Jey peo] PANqLISIP 3G JO M b.mwnuu
J[fe WNIYEW 41 SUNILISISP ‘Spud i 18 poiosnuos-md
SSO1D EEnESoou, B SeY gV Teq [9915 941 .\..Th.a

" d PEO[ 3]qEMO[[e WNMIYeW 1) SUMLIAAP ‘SPUd SI 18 Pajosuuod

oT-L1 “qo1a PI-L1 004
ug i
ot | p—un gg
ww 0¢ T
X X
unn g | A
£

: : 19 9¢ = 40
‘19 (01)6T = 7 -3utpeo] poydde o o) anp sixe L4
noqe Surpjang o3 30adsa1 yim K3o7es Jo 0308 Ay} UTHLISIA(] “SPUS
SJ1 e payoonuod-uid ST Swrely oyl Jo gy Teq [991s oUL ‘9T—LIs AR

N8l y we

: S S€rT sd BN 09€ = 40
240 007 = g -Swipeo] pandde om o3 onp snE £—£ aq
0qe Suippong of 10adsax M A397es JO J039B] A UILLIANS(] "SPUd
2 papoouuoo-uid s Surel Sy JO gV Jeq [931s UL PI-LE

€1-L1 "q0id

I18Y 9¢ = 40 “(01)6T = *F "8°T = 'S’ Jo BuIppPnq A1
3 Qi £197eS JO J0JOE] B 9S[) "SPUS JIaG I8 patosuuod-uid are
Spol o1p yeq omnssy “peo] dpj-g aup Hoddns s Jel Ul § JsaJedt
UY'0) poI [oes JO JOJSUIRIp 3} QUILIISNS(] "HOTIIS SSOII Iejnold
2q] 1oeo “Spol [923s Omy Sujsn opews st 9Fedm] ML ‘EI-LI

a2

-1 9¢ = 40 ‘1Y (016T = *7 "7 = "§"q Jo Suippng a
10adsar yuim K3oges jo 10308y € asq) “surery aip 03 parjdde aq ued 1eR

-urd ST 31 J] "UORd3S SSOId arenbs  Sey gy Feq [0S YL “ST-LI

71-LY "q01g

-Zuipionq onseld Swmssy °d pe
QU 9 SUIMLAJA(] “UOROIIP [EONISA SMOJTE InG BONEIOI

J0u saop 7ep woddns & £q g ¥e pauoddas st TR0 UL, T

1T-LT "q0id

‘18 9 = 40 ‘19 (0D6L
-spus 1ot 3¢ panoddns-urd are sIsquisw 3, 3PPNG O3 [SH
a1p Jo Aue Suisneds Jnopim pondde aq Ues e g 9230] WM
oY) oUMILISIA( Ul §°T JO IOIWEIP € Wim TOUDSS SSOId L
 SeYj UOTyM JO UYoed ‘SIEq [33)S WOY 2pew ST SSnm 3gY *

01-L1 "q03d

‘159 9 = 40 ‘15 (01)67 = "7 "3P{onq 01 Jequidll 3 Suis
-ym ssnn o Aq pautoddns aq Ued 18 J PEO] WaIbE 3
-I213p “"U1 T =  SNIpEI JO POI [931 ¥ ST 0 12qWawt IT P
-nid oq 0} powmsse 5B SSUO ) JO SIMQUIOW T,

SNINIOD 40 ONIDIONE, L1,'HD







S At vl vua oy

Lui uagdae opy
IN ¢URIN:

LeaaL
HaRe. CruENGg A¢ pgac Crdin ) uacl guiq Calwa wad, g oy GCdle NU wadn a
il ¢ea warl vvawqgq CRUL TaL vaaNg  aay gyl HN W et ovre Ly T

ULt wa I

AT Lamyrp

%4 e
Huou voaurq 8 W

—_—
Nl Neag Ry voyl:

GNWL Lt we, gy LaN(U) ¢dta &iu el iy x QUL ALl el Nuc N N wao 8¢ Newr
QLa &¢ sl uen crday:

Ld qlauna tuga.g Llaxa (caqa-gaL, LG.0) lwuatl g o4 LEL@ Lruea ¢en £g prgy

NLL wodl v 06 LAt .4 BB AN K¢ QAN Taq LN
. Ade

GLIG AILN ¢
Wuwd 7z - ey 8L Z 0007 -



v




i”Aw as) = 0o AN

(AEAN
- d‘ J
N 087 =
€Y o
DUw.r;o'
WdL
®) ¢a. aau uegaalr wun wacra A (LALRQ LoGLe audiLy Wl ¢atle T
ql 4
P cxan vened uadadie,. v ¢ Yof gux LA LRGLA AYWLT N e ®iH o1z
q q q

ij g ~|
® rul 4o @amay vl coxa (€) comn wu vened vedace.

@ v wudade, wha

®  wurow conca %

W cosx:

o 7

|

SAYEYNAY

AI}JHIALVf

ka QTR czch (WS {(s iV ab TR Y W 1o I W

ik 4Ca A KCILQL' aaaau txldl oxL LaoNg  LAWRQ LN AlRa lCJGLLQ CXLg @g /N b
ULfgq oz : '






Al L wa Hy
Lue muedar on:
IN ¢RIN:

Lo | b2
Lanca creaNa &¢ uxg Ctdin oy ueacl guiq Cawa uned. e qCalg NU waden a,
tul ¢ca wacl, vuaaq CRL TRL Lawng  @au uugl, VAL e iy T

ULre, @ |

E A0 Lagyrp ka' e ‘
Huau Loaueq = I S

NL Neae Ny unyl : :
GRLL Lol we. ¥ Lan(U) ¢dte aww ol RUL R QUU &iLL enly wyp- RO NCCNATW 44 e
QHUT 8¢ @Ay vTx codaw:

l

Ld quaua tugag LLana (cacia-gaL. LG.O)“ wuanl (g o LELO Lrua ¢cn go woyl
ML vt o g 06 Ldv ol FAE ANGU g4.cq QAN TCe vanqy
%I

QLG &ILN ¢l
WLy uud 7 4 o Tl wa g IXL 7 0007






~ (N
YW 0s) = J‘;p i

] NEJLS
2w 057 = 4p
%Y o
7U|Nirld
Wiy 7 T
~ - vaaea Ay | . ¥ Wz
() 4G QU LGLEAL" QU LR AT WARE LrGwa ALl (Ll ¢aTl, e
(P) craL vaxed vedag. wes ¢-%of nuw v ueaia anca coned owr b o1z ,:’w : .L
Qe T g~
() tul o aqau vuul coral () (e U sened vedade. ] _
ueara uedadg. wdie v
(q) A b Q }‘, ~J e l
(e) vunow cavca 4 2
CN quax: -
-~

=L anxeg aul Lu oL @l @ okt
Tlal ¢eo dwn gmal Leawaau TRl TRL LAGNG  LISWA LN &0 TGLLa Ty @g wy/N b
Ulrg v g



P




g,e, o
xqore Kyl

4 1 S P

").! | ‘z' “l‘??
)- X'] T~ XL!('fl—7m] +

}?M

X1
£,

REE

*

!mg

D’
| <J

o

R
‘.1{1 )

&

Kt oxlm

,x ru.

e .
h"lp’“ ‘l"‘ 1

N om

- .lX’M o s

u. hz
X M X

!,
=]

i

!

- A VA
T

bt 121

At g

o bZ

4 ‘19x m+'h)( m

) "'erl \\)

fa,

‘.___-

7m7 4 o

1
“ e

6!

174,)(?74 /)(!7 ¥ Qon/ Q

A7 /
L im- Mt & M =

1Gew =

==y

Ay, (8)

e CY i NS e
5T ‘{y ) 1‘€<‘0 % ('ﬂ 7(’4) ‘Z?\!m -

Y

7

. - g I e ,,Z SN
o= 1 g (F Yl

ST S S I
QT Mm = D (
ht ‘ ht / .
'":;7'm;: : “ﬁ')\mh o= :x)’_’d"”(j‘_’g}
7 -
1 w 7‘/ l - = d N
Ay o - “ﬂ(’u) |
9
S N

T w)-y o (T = K

90- Qa

P

P

(L

o7 Unf =l = 0 f1g)

ool

(i)

AT

¥

v xf;

m(i*'; .

?.’P

wlm-tm) = 'maz

"(#3)

A aa) ‘l,

BT aY &) QEaq

0) 15X ) 059
,‘) oY u) oo f‘

VRN w) =g

B




~
9 o
0
(o
. . . _
ja e S




OL'2L INTa0dd
|

o = [~ g7 i Wyt -
TR ¢ BT <K 5
R — - NY 07 1 ] 1Ny 071
uzn% M “‘] ot I“ }f
d
idn g ()
AUMOUS S1) umop WG ()
Sty
o e edspra e pagdde ag e o DDOP DVDASURY UM U 0T ¢ 1

AW OU] ST UOSSaIAWOn 10 10Isud) G FSaNs 2jqrmoqe oy, UONIIS SSOLD O 30
PLONURA 3 yrdnosyy patgdede “NY (41 10 9010] D{ISU0] [rixe ue SaLLmD o8 LV

T Ui/ uts o= (p)

, 1 1
( 103 1) — = - 109 I% - —_ 2
’m‘ ™ -1 — = [ A1) 100 171/ 47 - 1) p-

Y

01°Cha

v (9

17 _ . 'mu;s _‘L.—‘ ,
7~ o [ X OIS } OW":(’X')S @
q . ,/:{ 7 'Z '.d 2m
v GO Sy Mo Ko C <
Ih e e o
O cj;-— \/_.'}91.51,.{ h h
e '

Ieaul]

Kuym uwpdxg ()

-uou a1 (9) uud jo sinsor ary ‘qerrsjew ansed Laeauy] ¥ Jo oprw st wuaq oy ydnoyyu

"(3ON uswour Guipuoq .atp aunuInad|q (p)

"(410133ou st g 1nod Jo 1awasepdstp [eyuoziioy
MUY OS] WNSSY) “suonmIos [rws Jurwnsse ‘D utod Jo yuawoovidsp leiuozuioy oy ‘?y outwisiog (9)

"TUEn Ut usoys se Sunon d 9210 v 01 poafqns wasks oty 1o uonnios ayy ayaa (e) wed wory (q)°
"(X)A yudwoordstp qeioieg oy aunrogg (v)

*Mo3q V31 ur umoys su

OW mowow v pue g 1SRy o1 poyoalqns st Auptdir peanxopy v duiary vwnios -weaq snsea Apeouwy v ¢ cp

7L e T
) - /
/\. N Ll |-—— 2/1 -—-]
, . |
/ 1 "Wl PJ)UJ-—WXIJ- v ajuo rJ'bc”:uP st
A SWHOON M Gu'xq(o.lun ¥q 0 WAYm  SSouLs wnwixgw ML .u,\jo voissasdm uv L
/ .
N
,_,_’.: Ly (;C"I/IE'l.(.lLr:"“<,l sue) - CAjeaoe) ojejsuen o7 021 1Nq “uneios woay pajusaod S1

Hunoo oy pud aaddn agr 1y poxty £p101dwos S1UWN[OD d1[) pud JOMO} $11 1Y
ULN[Od a1y JO proj [La1LI0 o) JUULIdIOp 03 198N pue z-1 "By ur umoys
uunjes a o Huipuaq ) 1oy vonenbo [CUDIDNIIP IOPIO-PUODIS Oyl oJLIpL T



(Y




~,>7-=:>' voa) S WEEETRe e e - -
AN By avile vyl JN(J A’y ahdy T W (\)'(1.){(0' (n) => 0=§=Y=Q=V L (AR A LT A TR (‘-)((S)

o(wﬂno(w)kmf%vq%wmwNM)dﬁwmﬁwhﬂwmwwﬁ

10
n oy ¢ L) 7,(1 ANttty 2T el g 0oy, cren °=(°_x)1 0z (O-X)“ N 2{)(\ x)\".n
< >

VR S — s O TR TIIN ’)gu.i Jerdwa < QXY+ XY QX ey 2
2 =x
ceo qwgty ot ] lﬂ' qety vame e Al QEROERUTSGARNDY 0 I'_%_=¥ << \‘J\.

o el k’/NiO' (e d.-?Az»( ben _.n|+'\h/A“ = *-1 -
/dij _____ (o /_:M
L e ,_\T”é'VH .n“(x )74

| 1 .
— oy s
ARNN P Y 2N wwr) l’ 15 X237 F Riauns

s sy \m)hr. NLN A
[ 4 "
cunly A<y metivo cpe AT A el Mfﬁ;%% s
ewnley albe S T \'\0\7 L Y50 o AT Y
e, , ‘ ! — L et _L
,ND (TR mo[ ) ' :

UM uA.I'NO e \\«V
2\ / .
f ! ‘ \I\J & r.-&.
wrvo wliow wn Ij1ﬂ;3.L f’@«r worncid ' aue LN G?

(Sein!
v ov9i§ $OhT -
Wiy n% = _—_,(
'(_V.Z - aghhl 29 2ix ael @ vyl
""" o0l @
0¥ ) 9 a3 . -
e e
e "R e AT TTe N =
b 0942 1 o \ ol

294 anle | ww\(’uxeﬂl)l-’ 2

b S

M9 b I3Zb\ c_“\‘\ﬂ
I AL S \ €
o = g (_——‘ﬁ—ﬂ” I — 938 -Ivyg
! FOW -

faad
, Lot
C‘ 17 ’))I’N Na\,\mf ALY uuﬁ) <y lvw\r‘)

J

2%

' I‘Ia W j‘l (xhz- 1)

vey s enint ,N\ : , . I3
JRT A D oemte e eliode Afale o guek g 00 (x-276) g,iy-m

210

3Y R 8
T W L. oxx Wd’\f‘lf . H=x TA“W{H&.}D uwr’)

Vol ¢ ‘\SV . _WQ‘P /
Je clioyy (,,[*ié_i_l_r ”)M‘ &y gl o ¥y i N oy “I“P(L,
A / IQZL\
(Ll{kld s 4 Ml} I7 {elsise w7 gﬁ =p =
Jeuwte 2« ?J y I =
-~ 0

.
(-3 ) 38 =9

4

jJtLd <ol (e gj cl
RE
I (7- www) ik .)9 .y

13X
= 9"0 < CANVIE \(,’0.\1 lk'a’)l&.






B S AL R v v el DA I B | 73 7
t (4 J\.Q)JHX‘ 1= g

e TEx T Y X <riou qJ
AbtXWM-Xh = O * NS¢ 10 Eoey N§
12 PR s 5 e ¥
(1 p - x15)

(x-12)dmg = b
NU(G 47 !s < 4o |e\¢\.o/ LAY, t R

PGS 58 (49b = (g g1 + g

ey o
ING LY
ce, iy 98 el b

Je 1\(.&\\ JEATNY u&.)qyf
(hegd=s
g o ——
= w5 |
¢ xg IW |
o "/1 —
SRA S Ty
- 1)# (h-x)b ° 4 v
ljr/{lﬁ q&’m.u YL 'INum! CAINO K«@Lo AW J JH \ ' L ’ b
’ ) 4
C"@\. demiv(ny N2 R el ¢l u(‘\‘ LON wulled |y l %_/ . ;
------- / ) A JHT ey e el g BTV
j<[’ CAIve i wada <3 C')‘Qk. quu Q\]\[’J 9 {IL\: S d ‘T'
P —— _0/x 9587 /X eeh |
NSk =4 oxetl = ((gror) 1els?T0 aaaloz] = pW@
A -
, ox 9b8°¢C _ _
[\,5/5g2: T l..__————-———* _@/xaah N Mj’\
d 7O/><O€( J(A?O)lélj‘]‘O‘ 7 077 = _ngn/ g e ——
Y e \:\N“J <V NQIL?? ?N’—‘U\:’
, 7-0/X763'Z _o/xg,a/{z
MISHY =d xSl = Y(her)REis10 T aaator = .o
m ;_O/X 9582 9alxooh2 il 1:{' . T
N 0S2%) =y 70/“’2/" = d(8te) 24590 T Tedorl =Y L3 _
s o[d gt cudd  ait wm;) 7”’0“’
1 v/ —
e - l
oWt /~L L w<:“"‘;
dztisy - [gzgeowsL'o-LF W eRIes <pliy sennly wlo
4
j(/ \.N!N(‘) |L.\:0,xbl.8xd.l+ "TJ'-:M
4
(v;‘o: b1g)d =
(044021)'7 ('l.\'fh) TZM')(““' 02‘) Yoy ) g
{ T T ik } = el LA ”
aogepp) (&) ot La)T
:(,_o/wiz} ~ ams € 2l 3 = -
T I3, w="L= Nasiss) > 4 sotpsh  (82) o ‘("XW)T
g2 R T
r\'l\ j&(( N juac. A T 2 Eki 3%;\\5 I I 1P~ —
1b Aw'ouz Yex o= @
I T 7 - Y
A9 1 d n - 8,
%:X| R - _.,_.A,_\v,w’»\____.,l 9=

I3z Yxuemx 130
1"‘.““" - AX*“‘"}_ ._? - . P o A 13/ -\ 1. tm ot







1/1:*

[ A‘ UV QJJ
/I/- ¢ 11 ‘ I:‘Bb ’l‘ p 3_\./.L + ‘
|¢-.—- o el I e r— R'
<z Y ozl — ) ' 1 IB\l L M n A
acJ —
-
Do ho oA
—————vf_’;::g \IA.J 3& )\l.\\.\’. RNIOL Wi Lgied
qcy /VLIV YL Jnv)/ J<\£ ?{l_
. / {
~~~~~ — ) eade \y’ 1L Ny Ke) vlud wave 9l
S —"Lw—z{::i =T S
Mool oweW e LA a<h L g<h
7[d d \ln‘(-l -ﬁ > . - w Jj . | - W
3
9 -1
1w = W
&'N‘N(D 2 c\ M&‘ﬂ 2|dn Y\ouv) EANY Jﬂ-
; g
Yy -1
1_0_ :{1
-ll- =3« %A 3 -(3-| A
vel, - T2 d - =4-d)0 |
4 1
Wit - ag o3~
l e } / P 1
| . ‘ .D n (. n U ¢ L 3aniindiy faj HAi. no je, &,rlod-:“\[' JWAJ"‘
Jcl’ Je. L0 coee’ o diov Aj oui Cha \owl e’ wvid 9. xuwsn =
\‘47/(C.-0" Nr.kl,o’ /‘)E\\,\r /(.\l.\Q/ oleis e TURY ql‘d'; L AY 4“ d’j' W Q,’)(IQALI CL
e }H g,n‘ \LNIN(Q 'aml NAIHG, of 7,((.&! CJ(&,’I- %n ¢ wSise  wall e\ YL NENOY
} ’LXP
= ;""
W <33P 13
(0"6\, O::CL

P
Ty ~41;+-_Iq

(

e jp{b 0(\( %L\‘L 5%&\&. '7’\(" (UL S SIS fec. o q

je. fm‘. u@e\f ’J/ \L\'A\.\"

g+ + X\(w"»s(g + X\(@QV =Q

{






(X Jk\dj "V'Eund JNQ")‘

16 = & F\T YW LR AL
wo.rl\ (ct\ e cocH wonlio *P a4 -vao .
ple b e s S0 e R 1 T - =t
71 -
| A A B
1 —\\LW‘V _-2_(}—3
K” o) oW T
1X1I3 | s X33 _
- I J< n - =3 '
PV At o=q = o@\oﬂ%ﬁ'ﬁq = N(:)('\‘U‘.‘SXTB)% W
e 0N =
|9 0% Ty U] ® °\/¢‘:bv‘“?51\<g'_‘\(mzw“) 13
® oeQr 1+ ICEIFHINEY
@ O = 'XV—
N-© O=qQ+Y
AP ,\)2
Jeu vocd ol d ”N‘=(—‘:")JT§’13@ O=w:&0=*h\_l?]‘_3 @
a=(1=¥)0 ® azlom)n @ .
ISJ/‘1 =X QXY TRV G Wy T
L . _
282 g

o#x (¢ um.\fx\\

= w9 13&}a=a¢\
!‘/ 0 =7 ¢
0 WK TN
0= T W W] |-
N 0 WO~ T Te o
ol o\l 7 N T e came el
<a 8 o T X © \'.!-..Qul.r(o E‘-S UL
~ JCI o ) 1 o o) T ] L., JL.{J J\E’t’l\r 371 )\_dml}“(
® O Nas WL Y
@ o0rhrdat sV -
O, 0=7+9X
N"Iéj,d N'@ o=q+V
veli 9 _;-(gaa m:xfjc{ G ile o%; <X .
@su. € O:(o:)()‘:‘EP O=(-’=X)}§d+('l=x)fﬂ? 14 “@?«u&@
o uiiusf ® Lisy 09 (o=x)0 S o,(—]ﬂ)%g ©
Iﬁ/i =\
ix’.e,.sfu, K| Q+>9-r><\<*’?ﬂ/g+»(\<uov1=n
weliowe  7vg7l

xpP AP
©OkIL DRl O=fpd+ 0513

st e iy

3\






1y Lyo'sol (o) G A
PGl '-"( an(gg}a ) qah( ah| “A 10 0|
°lﬁjhza'=m-(zo —l) 510 )ta)
G l«r* W aXo <3 =N g
~_.,,:({,,r. YEL al& lﬁqqa = A0 +l) T
Ul‘-\ ¢ 0) “’1 -L 7:;"' v | %€ 4-])91.(___» .
(77!'}50'@*\*}#9“5*& (oewu S Ind ) B NI N s s
) —— LA W’ [
AN | SIS 5'\’65 /Xéizv ) (ctha-+1)8
1 AT (T
V. R
P Z T Pllc =1
ST a A
' a7 - 5' 4 b hg
wel U7 5 YL g
) 2 [ (b <F ’LL JLPJL o
ﬁVm’J’?-/) _
igrt
 Tes 7€
VEAL R
) n/
o sent]
B | -
a{‘q?d
“—
Tt s =P
,_,.l.+ 3i*‘
\




d

_ .0/14

6698

K2's cgo/.:__'\q;réz-/, (/ ) s
) (v
0 bSH =
; ,c/?ﬂ 5’"‘""/

o Hé J ﬂA

fcl

‘\.../ -

(~ .

ARSI 0l b8y

I‘ K °€W?—o{-s136[ ~

: f_;W\"{;V/g]/;S-E{‘S e

“ © [se%] [ tam ] g s
ey B

Ryres




F744
pi-11 '90¥d £1-11 "40dd Zi-11 "90dd
r iy
e yY T
11-11 "90¥d 01-11 '90¥d 6-11 "90Ud
h w1 ur [zl 7 o
g é é -uifa) A
tit " |
.EB—&\\ db - 7%
‘u/qi -
¢-11 '90dd L-11'904d 9-11 '40dd
7 7
L '
(TIx=yuss 4
Xy d
IS
£

[ERUAISHIp 19pI0-pucass o3 Saisn Vv

d
(7 3deq) 998 ad£3 sTy3 Jo SwIQoO
105 wEp [euonippe 103 6 — £y — %
— p — X + X — X = @4 Yl
‘qoid XLT— X S + 9 — DN £ 4ly ~ x)
9 — =aqg TI-11 904d ¢xipuaddy oy Ul
®. -6-11 pup 9-11 "Sqo4d _SuV
T 9I98L %98 76 -uprqoid oq wa_quEom
a10]q (X)W PUE (x)A 303 punoj SUOISSI!
.xou @ NPYO pue Apoourp  suonowal Y}
.oyndmoo ‘suoneidoyul oml Sunerdwos 19378
“uo m ‘pue ‘sA0qE @ St Swes ‘d
ﬂ._ow%uu tP -Kreomdesd sdays
woneaSojur o1y SuMOYS SIS YUK woun|os
a1y ajensSNl pue ‘Pa0qe € se awes D
.“w_ﬁouov ureaq 10 UOHENbo [eNUAIAHIp 19pI0
-unoj 93 asn Inq ‘9AOQE SE TS g ¢
-JueIsuo St 77 Swedq e
104 ATesS300U 13AIGM STORIUTY fyrenSuts
am 9501 "1 JO UOIONS [YSTED B e pue utww
anseld a4) 10} uonenbs oy UIEIGO ‘TOHEN

:payeIp st
ssarenIRNE SULMO[[0] I} JO SUO SA10S ‘somSg
sy ur umoys se PIPEo] sweaq SIeUTWIS
<p Ajeonms o 1o pI-II ysuerp oIl

A.u:m&e& pue g u% = 3P

ap 197 ) "6-11 ba 9uo Lt
P._ﬂ uﬁ‘_HB no%EOm joexd SIY] JO PAIBALISD
puooss oy dredwo) JUESUCD ® st J a59UM
d=gd— a) + X STTTL apdurex3 ot oxwo
ansepe AP Jo uonenba a3 18yl MOUS e-11 b3
‘gonyenbo [ENUAISKIP I0TXD o Suisn ‘SIT
-g = u UE 10} UONNGLISIp $530S Sunmsax
o QIS T Uun(ofd) = o SPXE TEPIONITE
a woyy 4 0UTISIp € € EW PUE [we)Q
+ w)(Iow) = =0 ST WX remn3uesal e Ul
ssans WNLITXELT AU ‘UONE(RI SIR Smsn “eul
moyg ‘[ < u jwdnodxd poUULSIOp AU
-usdxe a1 pue JuEsued B SLE a1oGM o = 7

g it g preRETT—

1444

: *2[8ue popnout A3 JEY-OUO ST § IoyM
(9505 — Y Jo uosurdxs sy3 jo w3y 1s1y Iy Furureras £q smoroy syL L

“(ss61 Any) 18 ‘zEL "ou 3>ded
sszanrSug pay fo L1aros uvopauy ays fo sSuipazsold Csyuawsoeidsi(T SSUL
SmenoeD 10] 2mpoo1d [eondleuy Uy, ‘GNWS ‘W "D PUE SYBpI0S O Y
sjdurexs 1oy ses swa[qoid xspdwod ajow jo juBUNEIN orewalsAs ® 104 o

st wonejax pasn Ajspim yons suQ “pasodoid
usaq aAey deord 2)eis-APEAIS 1O SUOE[AX
pourdwe Jo Joquinu ® SISEO Yoms Jwan
o1, “K1o1ejsmyes j0u st AJOnSEROSSIA Teaul]
jo uondumsse oy speuerewr Auew 104 P11

Uiy
*qo1q 335) pjo§ prepuels e jo sonzedoxd o
Sutaey [epsyew € Joy weiderp JOYIOUE Y9IOXS
4ndw jo suonipuoo sures sy 10d (q) ‘skep
1eoid£) o 10§ SUIM} JO UONOUNJ B SE UOKIIYIP
Joyuso oy Summoys weiderp e goeNs ‘werq
~[oAXBJ ST [eLIaVEL 31 TeY) Sulmssy (2) ¢
st ySrom Aidura syt 03 adid porry sy Jo 1ySrom
Y3 Jo onel YL "X § PaTY st pue “Aep e 1y 91
103 f1dws st adid sy -7 soueISp B $S0108
Aeinozuoy sueds goma [ELSIEUI  ORSEID
-oosia Apresnyy € jo adid ® 1opisuoD ‘€-11

("$3SS911S [ENPISAIOIOTL
feussjur 5g) saaowar uonessdo Sururyoew oYL
g “(48)7T +Aevemmxoxdde sty snipes
JO 9711 B OJUI JU3Q SAIMD € JO Suoyg 7 pIoyd
© WOIJ UONJI9PIp WRWIXBW 9Y} SUONISPIPp

mrews o) jeq 310N 1sd 401 X LT = F PuE
95y ps = I 397 {39 Pud 943 Y3noIY) PIOYS
SY) WPIJ 19)UD oY1 JE Jeq Y JO UOHIIPIP
o3 [ 3eym ‘Suo] “ur op U UL [ SIJeq S JI
‘SUOIIPUOD dA0QE 3} IO (Q) "suL esouad
a1 wojqoxd s[y3 JA]0S 03 s1ojourered Kresssosu
oy udissy ;oq Ieq pourgoEm 3y jo J o
-AID 3 M JEGM ‘SSIORR [EUISLIO S3 JO
spaip-om3 03 Jeq oy Sudnpal ‘woxoq SY) uo
pue do} 94} Uo Jo PAUTYORW ST TEq STY) JO SSU
-OI S JO YYXIS-000 J] () "91-9 51 398 ‘L9
sidurexg wr punoj sem se yoms UONNQLUSIP
ssa1)s [enpisaI € sey SupiIom P[od 9I9A3s Joyje
req remSueioss quSiens e e SWNSSY ‘T-F1

£ uaonpuod
sAOqe Yy 10§ Jeq oy Wl dopaasp pinom
jwowow Suipusq Jeqm (@) 15d 4,01 X 0F
= 7 pue ‘15d 000'pZ = %40 19T "POPIOXS 3q
JOU p[NOM [BLISJBW 9Y) JO JTUN] JNISE[d o3 1eyd
os poddeim 5q pnod Ieq ST YoIym punore
IopUT[Ao 3Y2 JO ISIOUIEIP ISI[JRULS 3Y) SUTULIA
(2) opm "ur ¢ Aq o m %4 st Lojre wmur
-umpe Jo Jeq JgnSueoer “Jeg Buol ¥ “I-IL

NOILNT0S d¥0d SWIATHOUd

-sweiferp armeans syendoidde oy Aq paoedar are
suesderp (77)/w om Suipiaoid ‘smesq Jo UONOIPSIP OWST[SU! A Sururux
-1312p ur A[oAnoaa KI9A pasn 3q Wed 215Y PIQUOSIP pomIowr AL
v -swajqod syeTruLIe)spul Afeoniels SUIAJOS Ui pasn 3q
.. T uonsodiadns 1aydeqs 1xou ot uf ‘sadeys eomawoad sydurns swoosq
Kew sweiSerp (77)/ Sesedas 343 Jo seale A Iouuew sy uj “uonisod
-1adns £q punoj 153q USYO 3IE POYISW BIIE-JUSWOW 3} AQ PIUNLLINIP
Smreaq OnNSE]2 JO SUORISRAP ‘suonipuod Surpeop pajeoydwos 104

+ STUSWAIMbal opewSULY

E wouy punoj 9q Ueo SUONEIUIOUOD oY} Jo sapnrudew SYL ‘syurod yons
7e sjusdue) ou3 JO SUONOANP SYI U SANINUNUOSSIP 10§ JUnodoe 0} sagury
® safuego a3ue P3jeIIUdUOd dNPONU 03 J[qissod osfe ST I ‘s3jSuein
. pue sopSueioar jo Isquinu B kq pajewrxordde aq fewr 13Ad0siEUM
BuresSerp (77)/ Kue ‘sonoeid uj -sjqeoydde are sainpacoid 9ACQE W  sumaq fo uondasq
swooaq Aew sweiderp (77)// 3 x31dwod Moy Js)eW ON “WE3q jeulu

11 42doyd







[ 744
pi-11 '90¥d €1-11 "90dd Z1-11 '40Ud
S Z rNL_
A YAy
yxe 4+ d ~y/
11-11 '90dd 01-11 "g0YUd 611 '40dd
w1 U7 U7 Fed 7 ws
k%. \Qm urq 3
| e— | e—
-urfqp e&\\ kTu\m\nlL
wq)
g-11 '90dd L-11 '40dd 9-11 '40¥d
4- 7 \.# _1 7 ,
L
(7ix=)yuis
XX J
£
I's

(-7 denyD 905 2dfa s Jo mEoBomm
J0j wep [euomIppe 103) 6 — ¥ — x)%A
— {p— X + KT — xwet =4 vl
“qoid txiT— X A+ 9~ NN+ oy — )
94 — = arg TU-11 ‘90 Mﬁ%@%ﬁ w
X1 pup o-11 °
11 91qEL 23S '6-11 P éw.—w 1 0 méoaeom
€9 ue (X)4 JOJ PUNOj SUOISSY
quuuﬁﬁ w_v%onw v%av Apoanp suonoeal 91
.oyndwod ‘suoneidsiuy om3 Sunedwiod 19332
“uo ‘pue ‘oroqe ¢ Se awes *d
,.su_%a u ‘pue ‘aaoqe € i sdos
woneaornr oy} STIMOYS SIS LM UOHNIOS
o SIENSTYE PUE 9A0QE § SE SUTES D
“HONOSYRP WEaq JOJ wonenbs [eUaIAPIP 13pI0
-quInoj o) 95N Inq ‘9A0qE SB suwres ‘d
-ymEeIsuco St 7 Sureaq fe
103 “ATesSS3090 ISASISYM STONIUNY Kuem3urs
a1 951} 31 JO YOISNS [MJATEd € ew pue EYS )
onsep 92Ul J0} wonenbo oy GrAIqo gonyenbo

[ENUAISTp JopI0-pUOSIS AU} Suisny 'V

1pejoalIp SE

soapewaafe Julmof(o) ous Jo Suo aAjos ‘som3y
sy ur umoys Se popeo[ Sweaq 2)RUTULIS)
<p Areonms om 10 “pI-TT YBRoI® 911

Jap 3¥1

(-oreiSeyun pue g UE} = XP

squp) 6-11 ‘b ‘euo syeunrxoxdde

S M UONM[OS 30BXS SKR JO AATYEALISD
puooss oy areduio)) JUEISUOD B st d azoym

.um = uQ
onse[e U
gonyenbo

— a) + gx St T-11 Sidwrexg Up oATw
jo uonenba oy3 12U MOUS ‘g-11 *ba
fenueIopp 0exe 2y Suisn °S°IT

‘g = u ue 10§ noqunEm% ﬁ«”«wwwﬂ“wuo
El 1S T W0y (0/A) = o SBXE 1
uﬁ u_om_ma 8a8m%.. e e 1@ pue [e)/(
+ (I[P = T S1WEQ repndueioel e Ol
ssans WILTXEW o3 ‘UORERI ST Susn e
moyg °1 < u jusuodxe paurILIP Kreruom
-uadxo o) PUE JUEISUCD B ST Y4 g =7

it 1 ikt SR

1444

: *3(ue papnioTY Y} JTEY-OUO SI g AISYM
(9505 — 1Y Jo voisuedxs oy Jo uusy 151y oy Sururerar Lq smofjoy S L

“(ss61 AIne) 18 ‘z€L "ou saded
‘sipaurSug pary fo K1a100s uvdrawy oy fo sSuipaasosd . ‘siuswoceldsiq ssniL
Sanenore) 103 2Imp3001d [edRA[EUY UV, “NIWS W "D PUE SIPPIOOS D Y
aidurexs 10§ %05 swopqosd xo(dwoo 20W JO JUIUREIL OREWNSAS B 10 4

st uonepa1 pasn Kppim yans suQ -pasodosd
usaq oaey dsard 9yeys-Apeals 10§ SUONEIRX
reoudwo Jo Joquinu B SasED  Yons Jwdn
o] ‘K1o1oeisnes j0u st KJIOUSBIPOISIA Tesurp
Jo uondwnsse ay; speusjew Auew 109 p-II

AL 4
-qo1g 305) PHOS prepums ® Jo sonsadoad oy
Suraey [ELSIEW € 0§ UrelSerp ISoUe Yo1ols
4ndur jo suonrpuod sures oy} 104 (q) “skep
1eo1d£3 om3 10§ aum jo WONSUNY B SB BOHOIYSP
I0yuso o Sumoys wesSerp v UopNs ‘uel]
-femxely §1 reneyew oy jeyy Surumssy (&) 'S
st 3ySom Kidws syt 03 odid oy s Jo 1ySem
a3 Jo onyel SYL “IY g PaYTY St pue ‘Aep & Iy 9§
105 Kidws st odid sy -7 sowessp ® ssoe
Areiwozuoy sueds yomga [eLIYEUX  ONISEID
-0os1A Apresurr & Jo adid e Jopismo) -g-I1

("S35S9IS [ENPISIIOIOIUY
[ewIa3ur 543 saaowas onelado Surumyoew syL
smg) )T +Apreumnxoxdde sty sniper
JO 3J0I> ® OJUT Jusq SAIND & Jo Juof 7 pIoys
® WOIJ UONISPIP WNWIIXeW Y} SUONIIPSp

frews 103 ey sjoN 15d ;01 x L2 =T pue
45 45 = %o 307 ;2q pud sy ySnony; proyd
9y} WP1y IOIU Y} JB IBq Y)Y JO UORISYSP
otz [ ety ‘ol “up O PUB 7 UT [ S1JEQ o1
‘SUONIPUOD JA0GE ) 104 (q) ‘Suua} esousd
wr woyqoxd sry 9ajos 0} sivjourered Aressaosu
oy udissy ;3q Teq peuIordm Sy jo J Im
-BAIND 91 LA JBYM ‘SSIDION [RUILO i JO
SPIIYI-0M] 03 Jeq 33 SuTONPaI “Wo3I0q 3Y) U0
pue doy 53 0o Yo pIUIYdLL ST TBq SIYY JO SSAU
-}ory) 3Y3 Jo qIx1s-0uo Jf (€) *91-9 13 395 ‘L9
sidurexg W punoj sem se UIns UOBNQLISIP
S$S913S [eNPISaI € Sy SuDjIom PIod 313438 Jae
Ieq rejnSueioal qySens e ey swnssy ‘T-11

£ uonIpuod
aroqe oy 10§ Jeq oy ur dofeasp pmom
wowow Fupueq Ay (Q) 15d 401 X 01
= 7 pue 15d 000'yg = o 19T PopeOx2 o
10U P[NOM [ELISJEUI 912 JO JIUT] JHST]S oY) 12
os paddeim 3q pinoo Jeq SIQ HOIYM punore
I5purpAo 943 JO JNDUIETP ISO[TEUIS Y3 SUTULINS
(=) ~opim -t ¢ £q Yorq ‘o1 34 st Aopre wmuy
-umpe jo req renduear ey Suop v CI-IL

NOILQNT0S JOJ4 SWHATE0YUd

-swesSerp saxmeams sendoidde ayy £q paserdar axe

swesderp (77)/ o Supiaoxd ‘smeaq Jo uonosyap dnseleur oy Surunm

-1335p Ul K[2AR59h9 I5A Pasn 9 Wed I3 P3qLIOSAP PoYIdW YL

-swisjqoid syemruLIajepur Afeaness SurAjos U pasn 3q

f. [ uonmsodiadns 1a3degs 3xsu oy uy “sadeys Jeomouosd sjduuis swioosq

Kew surederp (77)/m syesedss oq1 Jo seale oyj JuuEW sif U] “uonisod

-3adns £q punOJ 153G USYO 3IB POYISW BAIE-JUSWOW Y3 £q PIUNUIIAP
£~ sureoq onse[e Jo suonosgap ‘suonpuod Surpeo] pajeordwos 10

+ STuSWamMbax snewauny

WoIj PUNOY 3G UBD SUONENULOUOY 3y} Jo sspnymfew ayy -syuted gons

& 12 SyuaSue) oy JO SUONSANIP Y} UI SININURUOSIP 10§ Junodoe 03 saguny
12 sadueyp s[Sue parenuaouod sonpoxjur o3 a[qissod osfe st 3] ‘seuein
pue soffuemoal jo zaqunu v Aq pajewrxoidde oq Aewm Iaadosiegm
Eareiderp (17)/W fue ‘sonoerd uy -s|qeoridde sxe saanpasoid 9A0qe W swpag fo uonaafeq

amooaq Aew sweideip (77)//7 343 xa[dwos moy 1anew ON] “Weaq Jjeurut ’

11 41doyd







sty
: -1 -11 '904d

1-11 '90¥d £1-11 '4odd u-l

4 £7

9 Z | L _ 4 4 _ —.a T
A d uixy
e YN $T
Sil 611 '904d
11-11 "g0¥d 01-11 '90¥d
o . -
h 7 ur wm _ _ kmn
s . & %
Y
€
urjggod=" db. Tk
‘wjq)
11 '803d 11 °804d 9-11 "90¥d
_1 T LLi _4 7
L
(7Ix&)ws f
k.« d
'y
s

(- 1dey) ses 2dA3 s Jo wEoBowm
105 wep revomppe o) ‘6 — ¥ — DU
— {p— X+ T — XWT+ = (X4 vI-TL
“qoid $x1T— X 34 + (9 — NN + 5y = )
% — = ag “TI-11 "qo4d ‘xipueddy oy ut
e *6-11 puv 9-11 "sqoid “Suy
T SEL S TGP -worqoxd aq mﬁuu_mEom
a10j0q (X)W pue (x)4 JOJ puUNOJ SUOISSIM
.xouuuﬁ joog> pue ApoRNp SUONdEAIL O
.sindwos ‘suoneidaym omy 3umsidwes 1oy
“uo ur ‘pue ‘oAoqe @ Se Swes ‘d
wow_vva F P 4 -Aeorqdead sdois
wonedsrut o) SMMOYS SIYOISS M TONN{OS
JjensSn[l pue ‘sAcqe g Se JAWeg )
.ouwaoouov ureaq Joj uonenbo renuazspp 19p30
-qUNOJ S 95N ING 9AOqE Se SWeS '}
“JaeIsucd st 7 sweaq e
10 *ATESS3098 I9ASISYM STOHOUN] KyremSuts
I3 950). ¥ JO YOIOYS [NJIEO € el pue utww
ansers o 05 uonenboe oy UrEIqo ‘wonEN

[EnUAISYTp 19PIO-PUOS3S I} Suwsn v
1pajoeIIp ST
soanewoNE SUIMOTIQF 93 JO U0 JA[0S ‘samSy
Syl Ur UMOYS SE POPEO] SWESq JjeUIuLd)
-p Aqeoners og JoJ ‘pI-II ydnorn 9-1II
(-oyesSeyur pue g ue} = Xp
Jap 11 fauE) “6-11 b ‘ouo sjeunxoidde
o WM TOPNOS 10EXd SW3 JO 9ANEALSP
puoses oy arediwio) ‘JUEISUOD © ST J 21aYm
“d = o(d — @) + oX ST T-11 2jdwrexd Ul oimu
snseps oys Jo uonenba ays 3eqs Moys ‘g-11 D
‘vorenbo TeNUAIAEIP 30EXS A Suisn *s-11
‘g = u Ue 10} nouhwn_bm_v Eﬂwwmw._%uw

El NS “T*U0, ((2/d) = 0 SIXE 1
oM u:sw_ % 83% e 12 1em poe (e)/(
+ u|(IjoW) = ™o 51 weaq TeMIueoa € Ul
SSaNS WIWITXEW 33 ‘Uone[a: sip Sursn ‘yem
moys T < ¥ jusuodxs poUTUISISP Ayreruow
-usdxs oY) PUE JULISUOD E ST g A3GM o0 = ?

KRR e 1 SR R

ny

’ *9j3ue popnjout o} JTEY-9UO ST § SIPYM

(650 — Dy Jo uoisuedxs a3 jo unsy ysry s Jururessr Aq smofloy SIYL |
“(ss61 Amy) 18 ‘z€L “ou 3oded

‘ssoautdug a1y Jo f1a0g uvousuy ays fo sSupassosd  siuswssedsicy ssnax
Sunepnore) 1oy aumpoold [enAfeuy Y, ‘yuS ‘I "D PUE SHIPIOS D 'V
opduwrexa 105 205 swsqoad xs[dwos srow jo juSUNEIN SPEWISAS T 10

st uonepar pasn Lapm yons sug -pasodoxd
u33q oavy dear ojeys-Apesys 10y suoneper
feomdurs Jo Isqunu € sesed yons jean
o] "Azoioejsnies jou st A15NSEROSIA Teaury
Jo uondumsse oy sfeperewr Aurar 10 “p-IT

Uiy
"qo1g 395) pHoS prepuels © jo sansadoxd oy
Suraey fensyew © 105 weiSep ssyioue yojoys
qndur jo suonspuod sures o JoJ (q) ‘skep
Teo1d4) om; Joy Suim 30 TONSUNY € SE UOSIYIP
Jejuso oy Sumoys wreiSerp ® yoeys ‘meq
-JPMXeI ST [ESIEW o Je Sumumssy (2) *§
st 1q8rom Kidurs 531 03 adid popy o Jo ySrom
aT1 JO ONRI SYL “IY § PI[IY ST pue ‘A2 € 1y 9]
105 Kidws st odid sy 7 souesip ® ssode
Aqejmozuoy sueds gomm [eusyewr onseps
-00s1A Apreoun; ® jo adid e ispisuo) eI

("S9s50135 [RNPISIIOIOIWI
TewIs)ur o3 seaowas uonessdo Sureryoews oy
‘nng) “(48);7 AApereunxordde sty smiper
JO 912110 B 01 3U9q 9AIND ® JO Suoj 7 pIoyd
® WO UOHOSPSP WNIUIXEW 3Y) SUOHISHIP

Trews 1of jeys ajoN 1sd (01 x (T =7 pue
“15Y 5 = o 197 ;9q puo syl y3noay; pioyd
a1 WpIy IOJUSO oY) JB Ieq S JO UONOIPSp
a3 [ 3EYM “Suoj "ur Oy pue ;U T ST.YRq O )1
‘SUONIPUCD 9A0qE 343 JOJ (Q) "SULI) [erousd
ur wayqoxd sty) 2Ajos 03 s1spewered Lressaoou
oy udissy ;oq Jeq psumpoem oy jo d oIy
~BAIND QU [[IM JBYM ‘SSOOIYE remSuo Sif JO
SPIIY3-OM] 0} Jeq ay3 Surdnpal “wooq sy} o
pue doj 53 UO PO paUIYoe ST Jeq ST JO SSIU
-391q1 343 JO YIx1s-0u0 3 (€) "91-9 ‘814 995 °L-9
sjdurexg w1 punoj sem se gons wonnquySIp
S$$313S [ENPISAI € SBY SUIfIoM P[Od 2I0A3S I9)5e
Ieq remSueioal ySiens e jeqs sumssy “Z-II

£ uonIpuod
saoqe oyl Joy 1eq ay; ur dopeasp pmom
wowow Jurpueq Jeym () 1sd 01 x 01
= 7 pue ‘15d 0p0‘yz = o 397 papacoxs aq
JOU P[TOM [BLISJEW 943 JO JNWI] JUISE[S o3 121
os paddemm aq pnod Jeq sip yoigm punore
12purAd 33 JO JAJIUWIBIP ISS[{ETUS 9Y) SUTULINIT
(2) "opm "w ¢ £q Yorp ‘ur 34 st Lore wmoy
-umje jo req rem3ueiser ‘eg ‘Suoy V *I-IT

NOILNTOS Y04 SWIATIO0Id

‘smresSerp amjearns sjedordde sgy £q paoeydai sre

surexderp (77)/i o@ Swipiaoid ‘sureaq Jo wonosgap onse[our oy) Suturu
f.  -1919p Ul A[oAnoapa A1oa pasn aq Ued 219y PIqUOSSP POTIOWE gL

‘swoa[qod sreurmusispul Afeonels SulAjos uI pasn aq

k. s wontsodiadns 191degd 3xou a1y uy -sadeys [eotswoad sdwis swooaq
g Aew swesdeip (77)/ svesedss a3 Jo sesre oy Jsuurw sigy uy uonisod
k. -1odns Aq punoj 1s3q usYo are poyjow vare-juswIow o) Aq PAUIULIISP
£ sweaq onse}d Jo suonosgep ‘suonipuos Jurpeo] psreondwos log

+ SIuswazmbal snewsury

£ WOJJ punoj 3q Uegd SEONENU3OU0d 3y Jo sspmymufewr syl 'syurod yons
k. 38 s;uodue) o) jo suondaNIp Y UT SHMINUNUOISIP JOJ JUNOVE OF sofury

& 12 sadueyo o[fue pajenusouoo sonponur o3 ajqissod osye st 3] s9[Sueln

g pue sofueool Jo 1squinu e £q pojewnrxoidde oq Aew 19A30S)BUYM
puerderp (77)/w Aue ‘sonoerd uy -siqeondde a1e sampasoxd saoqe ag sumaq fo uonsanfoq
f- ‘om003q Kew sweserp (17)//7 sy1 xsidwos moy 1opew o) ‘weaq SIBUN  p saidoyy







Uy SE
T sv | g
sy | g
sy | g
Y N A #
I Y A
— lor | o
—~lor | o
o or | oog
oy | g
T lor | og
= lor | o
= se | og
1 se | og
I I S
st | ez
=l se |z
Tl st | e
o se | g
T oloe | gz
= log | gz
= | o Ll
oloe |y
R YA Y
st
Tolst |
Tl |y
=l g
I 42 A
- 'u zl
N RANET

0 @ g

T AW vyl

T Oade ac
T AQU Lyl

<O~z -

9¢

0'sz
0'te
0te
0tz
Otz
0'te
0'ez
0'ce
0tz
0tz
0ce
01z
01e
01z
01z
oL
0Ll
0Ll
0¢L1
o¢l
0'tl
gl
0el
0n
o
01y
01l
o1y
o1
r'g
v’

(0t)

0Ll
0z
0z
0
ol
0l
oLt
oLl
oLl
0¢l
0€l
0€l
el
o€l
el
011
o1l
011
by
01l
01
b8
vy
vy
vy
by
b9
9
9
b9
9

(62)

QUi of
\'AQ(-

(Giciea u
T Ao voggy (N«LR L)
AAU Uatacy

dag

?‘W#Wwvfwwmmmx&»ﬂwmmﬂm?a%ﬁ 2

NILL

Wi
le

(87)

HALUd Tl aegeeq Laul 4
| LA Lo gy

RARY AN YA
0z°sz | og'g
08'9¢ SE'l
08°0¢ oy
I8¢z 8T
00°¢] v80
0b 01 v8'0
0I'gg 980
06°81 Ly
0Ty L1y
or61 L0'1
06°¢] L0°]
L9z1 L0°1
oLgl Y1
00'¢l 90°]
0186 90°1
I8¢ $8°0
Y69 §8°0
86'S 98°0
SS°¢ £9°0
09¢ v8'0
e 80
LLe ¥9°0
62t v o
0L'e r9°0
loe r9°0
ST SO0
] £$'0
180 ro
LOX) 44
£6°0 40]

e

€0 |zvo
bum uon
£ X h!
o (L14]

M

1=%

it

ULy 7

0061
09'p]
08'bz
0t°0z
or's
179
06'y
08'p|
0811
89°8
0611
956 | g5z
v6'L |1z
0501 | zz'¢
LE'S |77
129 |8z7
€&y |oog
iy |zog
05t g0z
69T | 96°1 Jogg
WE 91 oy
9T 1841 Jogor
9T 1991 Jopror
L1 1977 fgog
P IST [2og
BU'L 21 [gorg
€60 |g¢r fop¢
0U0 [eey fop-y
6€0 [0g'1 Jor¢
00 [ 1¢] Jogg
€0 660 |1y
520 |00y [ipy)

Y0t
60'¢ 08°zg
6L°T J00° 90
28T 1008y
LL°T foozs
09°C 060y
£9°Z
§$°T
65z
19z
0s°¢

50 ) €2 (£44] ‘zqg)

)
:V/irf gvﬁf,{"f
vl

udi: gzop NIq

GLIGI4 GaLu Ngry - lingtia qe, @1zl

1g

0I'st]ozezy (0!X§9X08)

8XCYx08

LX09x03
8X0px0g ,
9X0vxog

(6x$5x5,)

LXSSXSL o

§X$EX5L
(6x05x5,)
LXosxs,
9X0SX0L «

(6x05x59)
(Lx05x59)
$X0§x59
(Lx0px09)
9X0px09 ,
$X0bx09 ,

{rxopxpg)
§X0£X05 4
vXoexos
SX0exsp
rXoexgy |,
(€x0exsy)
(PXSZXQP)
yXoexoy ,

Y

/)(! «.;/F é







08
08
08

i

e

(omn) (s1) {4)] €n (1) (tn o1) 6 - @ (¢) ¥ (n

Lsuap

- S§X0EX09

- §X0ex0s

8X09x06
9X09X06

©1x59x0g)
8XS9x08
LX09X08
8xopxog . |
9X0pX08
!
1

(6x$$x5L)
LXSEXSL
SXSEXGL

(6x06xs1) i
LXOSXS,
9X0EX0L

(6x05x59)

(LX0$x59)
SX0$X69 *

(Lx0pxp9)
I2X0PX09
$X0PX00

SXOPX05
rxovxog)

PXOEX0S

SX0EXSy
rxoexsy |
(EX0€XSP)
(rxszX0D)
¥X0ZX0p .
£X0ZX0p

YX0Tx0¢
£X0ZXx0t







SRR

o S @

g .
. ro-
i R I -
0 n-

: n -
v -

0s 0'sz 07'89
0 0sz or'vs
[N 0L 09I
Sy o€ oLy
Sy 0'€Z oL'ze
oy 0¢T 0S'pg
oy 0'€zZ 0¢'Ig
or 01z 09°0¢
op 01z 08've
oy 01z 0912
S¢ 01z 09°61
S¢ 0Ll 00°L1
S¢ 0Ll ovgl
¥y 0Ll o€ 11
0 oLl 01°01
b . 0t 0¢l 858
0t 0¢l 95,
S0E T o 19
st 01 T gy
ST o1l (X
VA o1l 0z'¢
a4 011 79T
(174 011 Loz
174 011 Ll
L1 7’8 YAl
Ll '8 S0l
L1 v'8 80
S '8 190
S b8 8p°0
4l b9 ZA0)
i wrue pllli)
T p ,(xl
(14 (07) (61)

o'l
Ll
B!
§S°I

LSt

op'1
vl
9¢'1
LE']
LET
971
o1
LIy
Lr
Lo']
96'0
960
86°0
L8°0
88°0
LLo
8L°0
L90
890
LS0
850
LSO
L¥0
L¥'0
LED
wn
Uy

(81)

tacud cd suca wagl 4=y

LLda vuugy {(NLRW)
ULLLG Lual (cncca LuceLL)
ALdco vuggy (NCLR W)
AQU LasacL

Umde ac aad NILL NuL
AQU Lyl

GLIGW, GzLu Nd1

Mﬁ@wm&smﬁmwxm@m%%ﬁ

08'Lp
0£'8¢
06'S€
0962
0r'cz
or'v
0r'e
002z
09°L1
0g's1
08'¢1
o1’z
£r'6
£0'8
veL
209
LA
6§y
(YA
89'C
AAXA
98']
6v'1
Al
160
9L'0
LSO
or'o
1€°0
$1°0

‘,(uo

uy
wn

Sh'e
o'g
£0't
90°¢
80'¢
§8°C
88°C
9T
L9t
897
Ly'e
9Te
6Tt
0T
80°C
881
681
06'1
oLl
L1
I1S°1
[43!
el
te']
I
(48
148!
£6'0
$6°0
PLO
un

g

(1)

uzl: gzor NIq
= NLULa @ pigd,g

00'p81
00°Ly1
006¢1
00°s11
0588
0t'c6
09'¢eg
0l'eg
01°L9
08¢
LURXY
or-9p
01'9¢
0L°0g
ov'Le
orez
0r°0z
oret
or'ei
(A
v9'g
60°L
t9's
89y
e
$8'¢C
vt
191
LTl
290
TR

bl

(s1)

ve'e
SL'T
Iz
W
e
97T
8T°C
() hrd
(44
£z
96°1
081
(401
(481
99°1
(N
os'1
11
SE'l
9¢°1
0T'l
121
Yo'l
SOl
88°0
680
060
vL0
SLo
650
un
L_x

1=%

(1)

0081
0I'p1
0s'§1
0921
LS'6
0011
L9'6
0901
£r'8
LeL
8I°L
88'9
6z's
Sv'y
o'y
Sy
1€
$0'g
€97
L6
16°1
$§'1
vl
81°1
0'1
980
§9°0
85°0
sv'0
82'0
Eum

fm=*m

€D

00911 6X06 «
0976 | Lx06
0S°L8 [01x08
0¢TL | 8x08 ,
08'SS | 9xpg
06'8S | 8xgy
orzs | Lxsy
0928 | 6xoL
orey | 1xoL «
06°9¢ | (9x0L)
Oree | (Lxs9)
01’6z | 8x09
082z | oxp9
o6l | sxpo
0E'Ll | (9x5¢)
09'v1 | Lxog
08zl | oxgg
0011 | ¢xp5 .
£8°L | Sxgp
€9 | pxcp
&S | cxop
8y | vxop .
98t | sxgg
96°T | pXsg
91I'C | (sx0g)
18°1 1239
vl £X0€ »
101 12454
6L°0 | e€xg7 .
6€0 | £x0z .
‘,lu:)
=9 | acl
1)



TSR




*

alcLGq clacy




et i

s T




UPB U N1795-7'9119
DIN 1026 :Ji7n

b
y
4,
X [
_, . . TNNN NOY - A,
= oo L 11 TN TINR WD 2V Spwn -G
s M (MP3IN) THNNN VIO - |
y (MTRNN VIOW) TANN 2T - W
(MYWN) TONN OPTI - |
L=I, 17N D2907970 7 PX P pRnn - 3
h b 3 t=r, A G W, i I W, i X a d w
nee mm mm mm :.5” | em? kg/m nW» naw , nw: nnw..» an nwa Mw: Q.M .ow.»w nww.u 1 5“.,_ E“n mm neo
S0 50 38 5.0 70 7027 | 559 | 264 106 | 192 ] 912 375 | 113 | 137 | 247 -1 - 4 11 20 50
60 60 30 6.0 6.0 646 | 507 | 316| 105 | 221 | 451| 216 | 084 | 091 | 1.50 — —_ - — | — | 60
65 65 42 5.5 7.5 903 | 709 | 57.5| 177 | 252 | 1410| 507 | 125 | 142 | 260 | 234 | S1| 16 11 25 65
80 80 45 6.0 80 | 1100 | 864 | 1060 | 26.5| 310 | 1940| 636 | 133 | 145 | 267 | 318 | 166 | 28 13 25 80
100 | 100 50 6.0 85 | 1350 | 1060 | 2060 | 412} 391 | 2930 849 | 147 | 155 | 293 | 490 | 223 | 42 13 30 | 100
120 | 120 55 70 90 | 17.00 | 13.40 | 3640 | 607 | 462 | 4320| 11.10 | 1.59 | 1.60 | 3.03 | 726 | 302 | 56 17 | 30 | 120
140 | 140 60 75 | 105 | 2040 | 1600 | 6050 | 864 | 545 | 6270| 1480 | 175 | 175 | 337 | 1028 | 400 | 70 17 | 35 | 140
160 | 160 65 75 | 100 | 2400 | 1880 | 9250 | 1160 | 621 | 8530| 1830 | 1.89 | 1.84 | 356 | 1376 | 502 | 82 21 35 | 160
180 | 180 70 80 | 110 | 2800 | 2200 | 1350.0 | 150.0 | 695 | 114.00 | 2240 | 202 | 192 | 375 | 1792 | 624 | 96 21 40 | 180
200 | 200 75 85 | 115 | 3220 | 2530 | 1910.0 | 191.0 | 7.70 | 14800 | 27.00 | 214 | 201 | 3.94 | 2280 | 726 | 108 23 40 | 200
20 | 220 80 9.0 | 125 | 37.40 | 29.40 | 2690.0 | 2450 | 848 | 197.00 | 33.60 | 230 | 214 | 420 | 2920 | 942 | 122 23 | 45 | 220
240 | 240 85 9.5 | 130 | 4230 | 33.20 | 3600.0 | 300.0 | 922 | 248.00 | 39.60 | 242 | 223 | 439 | 3580 | 1120 | 134 25 | 45 | 240
260 | 260 90 | 100 | 140 | 4830 | 37.90 | 48200 | 371.0 | 9.99 | 317.00 | 47.70 | 2.56 | 236 | 4.66 | 4420 | 1360 | 146 25 50 | 260
280 | 280 95 | 100 | 150 | 5330 | 41.80 | 6280.0 | 448.0 | 10.90 | 399.00 | 57.20 | 2.74 | 253 | 5.02 | 5320 | 1600 | 160 25 50 | 280
300 | 300 100 | 100 | 160 | 5880 | 4620 | 8030.0 | §35.0 | 11.70".| 49500 | 67.80 | 290 | 2.70 | 541 | 6320 | 1880 | 174 25 55 | .300
320 | 320 100 | 140 | 17.5 | 7580 | 59.50 [10870.0 | 679.0 | 12.10 | 597.00 | 80.60 | 2.81 | 2.60 | 4.82 | 8260 | 2150 | 182 25 55 | 320
350 | 350 10 | 140 | 160 | 7730 | 60.60 {12840.0 | 734.0 | 1290 | 57000 | 75.00 | 272 | 240 | 445 | 9180 | 2050 | 204 25 55 | 250
380 | 380 102 | 135 | 160 | 8040 | 63.10 [15760.0 | 829.0 | 14.00 | 61500 | 78.70 | 2.77 | 238 | 4.58 | 10140 | 214.0 | 230 25 | 55 | 380
71.80 {20770 . 846.00 . s11_]1240.0 60 | 400

400 400 110 14.0 18.0 91.50

o~




.




MRNIOYRIIIPURS NSRS SR S

IPN 1-9 :0'%9199 ninbav

ﬁﬂﬂmﬁ:. Depth Foatn Thickress Toe Rad Area Moment of Inertia Rad of Gyration Elastic Mudalus Plastic Modulus
PN G [»] i Web Flarge F 1xx vy Zxx 2Zyy Sxx Syy w J Ct Cw.e i Cw,c
kq/m h {mm) b {mm) tw(mm) t f{mmy mm cm ™2 cm 4 cm ™4 cm cm”™3 cm”™3 cm”~3 cm”™3 cm cm” 4 AN*m ™2 kN*m~3 “N°m~3
80 5.95 80 42 39 59 23 7.58 7.8 6.29 3z 091 185 3 228 5 1.04 C.869 934 472 4.25
100 8.34 100 50 45 68 27 10.6 7 12.2 4.0% 107 34.2 488 g8 81 1.23 1.6 17.65 11.50 10.43
120 11.% 120 58 5.1 77 a1 142 328 21.5 4.81 1.23 54.7 741 10.5 124 1.42 2N 30.49 24.43 2222
140 14.3 140 66 57 86 3.4 182 573 as5.2 5.61 1.4 81.9 10.7 954 17.9 1.60 432 49.25 46.79 42.62
160 17.9 160 74 6.3 95 38 228 935 54.7 6.4 155 117 14.8 136 24.8 1.79 6.57 7572 83.28 76.07
180 219 180 82 6.9 10.4 4.1 To2rs 1450 a13 7.2 1.7 161 198 187 333 1.98 g 58 111.47 139.49 127.83
200 26.2 200 S0 7.5 11.3 4.5 334 2140 117 a 187 214 26 250 436 2.17 135 158.74 223.35 204.47
220 311 220 98 8.1 12.2 4.9 38.5 3080 162 8.8 202 278 331 324 §5.7 2.36 18.6 219.25 340.55 312,13
240 36.2 240 106 8.7 131 5.2 456.1 4250 221 9.59 22 354 41.7 412 70 2.55 25 296.88 507.28 465.94
260 41.9 260 113 9.4 141 5.6 533 5740 288 10.4 2.32 442 51 514 85.9 2. 335 392.32 716.43 658.22
“ 280 47.9 280 119 10.1 15.2 6.1 61 7580 364 1. 245 542 1.2 832 103 2.86 44.2 506.62 975.09 895.41
300 54.2 300 125 10.8 16.2. 6.5 69 9800 451 119 2.56 653 722 762 122 3.00 56.8 639.26 1294.83 1188.54
320 61 320 131 11.5 17.3 6.9 777 12510 555 12.7 267 782 84.7 914 143 3.14 725 801.18 1699.53 1560.65
340 68 340 137 122 18.3 7.3 86.7 15700 674 13.5 28 923 98.4 1080 166 3.28 90.4 985.90 2193.48 2014.52
360 76.1 360 143 13 18.5 78 97 19610 818 14.2 29 1090 114 1280 184 3.4 115 1225.02 2817.70 2588.96
380 84 380 149 13.7 20.5 |2 107 24010 975 15 -3.02 1260 131 1480, 222 3.57 141 1480.91 3545.91 3248.12
400 92.4 400 155 14.4 216 8.6 118 29210 1160 15.7 313 1460 149 1710 254 a7 170 1773.66 4440.51 4075.10
425 104. 425 163 15.3 23 8.2 132 36970 1440 16.7 3.3 1740 176 . 3.91 216 = 222754 . 5856.15 .5375.42
450 115 450 170 . 16.2 243 9.7 147 . 45850 1730 17.7 3.43° 2040 203 2400 345 4.07 267 2714.54 7450.29 6846.43
475 128 475 178 t7.1 25.6 10.2 163 56480 2090 18.6 3.6 2380 235 4.26 329 3311.98 9501.74 8729.22
500 141 500 185 18 27 108 179 88740 2480 19.8 .7 372 275Q 268 3240 456 4.42 402 3988.01 11866.88 10894.28
550 166 550 200 19 30 119 212 98180 2490 218 4.02 3610 343 4.81 544 530308 18359.14 16877.71
800 199 600 215 218 32.4 13 254 139000 4670 23.4 4.3 4630 434 5.12 813 7782.53 26815.31 24597.27
=G
Mcere= T
e
] : C -
w.c - ~ 3 IS .
Mcrwe == Curc =72%E ~m\$ el,x
(2] ~ﬁ
—
—t
' C T2ET, (D ~1t,)
Mep.we = Is.tm.m Cuw.e= k.wl.llhl
. . 1
o= ,llkqll
- . 2 A>\ +z Aw)







2000 3 %mox D0 AR 2 7y 2 pnnioamn
"7 RUY 0B

ARG Y09 nuyh oovhy  MBRw AyaaR @ mana mpt 180 e i mant R
7292 T1ARN DY 03 QOANIT 07127 WP ORY AR 0370 N°2 RN 0O Nawtl wenwi? pa

. ;WP XA APYD Py Dnn
SPR BY TMAYR IR DR AR ARY MY DNT R IR ARD 7Y 22p° (n)’xww RD IR TAAT TINRG
Jmant R PWwoR IR

VITIVOIT hRnn

(40) 1 on % xn
P2 YIY TANT ML wr ow Y27 OR vxa vumwad Pomoa omya m1b0n 0wy mom aon

31in. Yw

Fp 7T v IR TIO‘WPL.J AT MO DR IRXD R
L, -120m2 DPAAT-12 FTYCIDY 10N W 07D WP nmnb TOR AR

,X T2 7107 TAI DTTRA CAwA 719703 NN muwit 9 R ovXinn 0% P onx awn
.Z 23 f707p TA OOTIRT 1WA 0Ny

UM 2 RN ATPR S0 BT Gy,=36000 lb/in® 1 B =29 x 10° Ib/in® ~w wran
12 in=1 ft. -w mar>







(M1 30 ) 2 on o

AR vuwR L omon omy P oomy xwmn BC - AB oopPn iwn a0ma mixn wa i

w19 P =5 qL 12 o nR Rxn (CuoPen bian AR DR 03 omy now °B?
‘ PIA1-12 WV WA P

IR AR MM APTWORT 92% uobhin vin NR WER - I

7 ‘_*J L ;-,—c;; =,
Ls—__ L f2 kt‘ L l

(Aaps 16) 3 om oaan

RS /']ﬂﬂ‘? TTPTAT 1T NROIRROR IR2T ATIXD LLMWRD TRVTTRI2 NN PN

?

L 2y,

d e

in :
— L,







(J\R\TJ ) 4 om0

MYLNT? MW TANIR DY Db PO MOT DX Kb oovy DVVNVRIT NDTYRY

Noyan







GO i d

36

A
G-
U
1
w
i
ay

DY7IY "IY DINIIT - LPN NT79 177010
DIN 1028 :j7n

Tnnn noY -

TN N 1OV Odpwn -

novynNn NLY -

C(MNIN) NN VN -

= (MDD vIDW) NN D -
JIA = (ywN) Tnnn ov1y -
=1y YNIN DY PI PN -

{M M
i‘l _'\ ,IV

©

A% i ﬁ/ '
L oy P 7 N A0
el X g . ]
om s W
an ' an ey Gyl ey ey @y @y @o @) @ @ 0y ey 01 oY
o Iy [ Wy iy ly Wy iy lg ig ln i11 lxy ay d dy | w | wy | w
em*| em3| em [ em4| em3| cm | em?| om| cm?| em| em?| mm| mm{ mm |{mm | mm |{mm

* 30%20x3 1251 0.621 0.94 044/ 029) 0.56( 143l 1.00| 0.25| 0.42] 043] 52| 64| 84 12 17 -
* 30%20x4 1.59| 0.81] 093] 0.55[ 038] 0:55| 1.81]0.99| 0.33| 042 053 | 42| 64| 84| 12 17 -

*40x20x3 | 2.79| 1.08| 1.27] 0.47| 0.30| 052 2.96] 1.31 0.30| 0.42| 0.64] 14.6| 64| 110} 12 | 22 —
* 40%X20x4 3.59) 142 126 0.60§ 0.39| 0.52| 3.79] 1.30( 0.39| 0.42| 0.81] 13.8| 64| 11.0] 12 | 22 -
(40x25x4) | 3.89| 1.47] 1.26| 1.16] 062 | 0.69 435 1.33| 070 053] 122] 104] 64| 110 12 | 22 -
(45%x30x3) | 4.47| 1.46| 1.43] 1.60 070| 086 | 5.5 1.531 093] 0.65] 1.55| 9.0| 84| 11.0]| 17 | 25 -—
*45x30x4 | 5.78| 1.91| 1.42] 2.05| 091 | 0.85| 6.65| 1.52] 1.18] 0.64| 2.01| 8.0] 84| 11.0] 17 | 25 -
*A5X30X5 | 6.99] 2.35| 1.41] 2.47) 1.11| 0.84| 8.02{ 1.51| 1.44| 0.64| 239 721 84| 110 17| 25 -

*50x30x4 | 7.711 233} 1.59| 2.09] 091 | 0.82| 8,53 1.67} 1.27| 0.64| 229 13.1| 84| 13.0] 17 | 30 -—
* 50x30x5 | 9.41| 2,88} 1.58] 2.54] 1.12| 0.82 10.40| 1.66 | 1.56| 0.64 | 2.77| 12.2| 84| 13.0] 17 30 -—

(50x40x4) | 8.54| 2.47| 1.57| 4.86| 1.64 | 1.19] 10.90] 1.78 | 2.46| 0.84 | 3.82| - 11.0] 130} 22 30 -
* 50%40x5 {1040) 3.02| 1.56| 5.89] 2.01 | 1.18] 13.30] 1.76 | 3.02| 0.84 | 3.60{ -~ | 11.0] 13.0| 22 0. -

* 60x30x5 1560} 4.04 | 1.90] 2.60| 1.12] 0.78 | 16.50'1.96 | 1.69| 0.63| 3.55| 21.4| 84| 17.0| 7 | 35 -
* GOX40X5 |17.20] 4.25| 1.89] 6.11] 2.02| 1.13} 19.80| 2.03 | 3.50| 0.86| 598| t1.2| 11.0|17.0] 22 | 35 -—
* 60x40X6 |20.10| 5.03 | 1.88] 7.12| 2.38 | 1.12{ 23.10| 2.02 | 4.12| 0.85] 6.94| 102 11.0| 17.0| 22 | 35 -—
(60x40x7) 122.00| 5.79| 1.87| 8.07| 2.74| 1.1l 26.30; 2.00| 4.73] 0.85| 7.81| 9.2{ 11.0|17.0] 22 | 35 -—
* 65x50X5 |23.10] 5.011| 2.04)11.90{ 3.18 | 1.47| 28.80| 2.28 | 6.21| 1.06{9.810| 3.6] 13.0] 21.0| 30 | 35 -
(65x50x7) |31.00| 6.99| 2.02{15.80 4.31| 1.44 | 38.40[ 2.25| 8.37| 1.06|13.00| 1.8{ 13.0|21.0f 30 | 35 -
(65x50x9) {38.20{ 8.77| 2.00{19.40{ 5.39 | 1.42 | 47.00| 2.22 {10.50{ 1.05[15.70| - [ 13.0] 21.0] 30 | 35 -—

* 70x50x6 |33.50 7.04| 2.21114.30| 3.81| 1.44]39.90 2.41 | 7.94] 1.07]12.67| -- | 13.0]{21.0| 30 | 40 -—
* TSX50X7 |46.40} 9.24| 2.36 {1650 4.39 | 1.41] 53.30] 2.53 | 9.56| 1.07[ 1590 13.0] 13.0}23.0| 30 | 40 -—
(75x50x9) 57.4011.60 | 2.34 [2020] 5.49 | 1.39 | 65.70| 2.50 |11.90] 1.07 | 19.40] 11.0 13.0}23.0] 30 | 40 -
* 75X55x5 [35.50| 6.84 | 2.37(16.20] 3.89 | 1.60| 43.10{ 2.61 | 8.68] 1.17[14.20| 8.4} 17.0]23.0| 30 | 40 -—
* T5%X55X7 |47.90| 9.39| 2.35|21.80( 5.32| 1.59 57.90| 2.59 [11.80{ 1.17[18.90( 6.6 17.0| 23.0] 30 | 40 -—
(75x55x9) |59.40(11.80 | 2.3326.80| 6.66 | 1.57 | 71.30} 2.55 |14.80| 0.8623.10| 5.0| 17.0]23.0} 30 | 40 -—

* 80Xx40x6 144.90| 8,73} 2.55| 7.59| 2.44 | 1.05| 47.60] 2.63 | 4.90| 0.84[10.40| 29.0| 11.0| 23.0| 22 | 45 -—
* 80x40x8 |57.60(11.40] 2.53 | 9.68] 3.18| 1.04 | 60.90| 2.60 | 6.41] 0.84|13.00| 27.2 1101230 22 | 45 -
* 80X60X7 |59.00(10.70 | 2.51 [28.40| 6.34 | 1.74 | 72.00| 2.77 |15.40] 1.28|23.81| 57| 11.0{23.0| 35 | 45 -—
* 80x65x8 168.1012.30| 2.49 40.10| 8.41 | 1.91| 88.00] 2.82 |20.30| 1.36[30.80| --- | 21.0(23.0| 35 | 45 -]
(80x65x10)82.20115.10{ 2.46 |48.30{10.30 | 1.89 |{106.00| 2.79 [24.80( 1.35|36.80| -~ | 21.0)23.0| 35 | 45 -— :

* 90x60x6 |71.70111.70 | 2.87|25.80| 5.61 | 1.72 | 82.80( 3.09 [14.60| 1.30{25.20| 17.8| 17.0| 250} 35 | 50 o
* 90x60x8 |92.50(15.40| 2.85(33.00] 7.31 | 1.70{107.00] 3.06 [19.00]| £.29{32.20:| 16.0| 17.0]{25.0| 35 | 50 -—
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Al a b s I Y3 A G U Cy ey z) 2| v \2) vy g a
mm-| mm | mm | mm | mm} cm? kg/m|mm| cm | em | cm | em | om | am | cm
* . 30x20x3 30| 20 3135 207 142] 1.1110.097) 0.99 | 0.50 | 2.04| 1.51 | 0.86 | 1.04| 0.56 0.431
*30x20x4 30 20 4 35| 20 185 1.4510.097| 1.03 ) 0.54 | 2.02] 1.52{ 091 | 1.03| 0.58] 0.423
* 40x20x3 40 | 20 3 35| 20 ) 1721 1.3510.117( 1.43 | 0.44 | 2,61} 1.77 ] 0.79 | 1.19] 0.46 0.259
* © 40x20x4 40 ) 20 4 135 20225 1.77|10.117{ 1.47 | 0.48 | 2.57] 1.80 | 0.83 | 1.18] 0.50| 0.252
(40x25x4) 40 | 25 4 [ 40| 2.0} 246 1.93]0.127| 1.36{ 0.62 | 2.69| 1.90 [ 1.10 | 1.35| 0.68 0.381
(45X30x3) 451 30 314520219 1.72|10.146{ 1.43 [ 0.70 | 3.09]2.23 | 1.21 | 1.59] 0.80] 0.436
* 45X30x4 - 45 | 30 4 | 45] 20| 287| 2.25/0.146| 1.480.74 | 3.07|2.26 | 127 | 1.58 0.83] 0436
1* 45x30xs 451 30 S [ 45| 20} 3.53] 2.77(10.146] 1.52 | 0.78 | 3.05|2.27 | 1.32 | 1.58] 0.85| 0.430
* 50X30x4 501} 30 4 45 20| 3.07( 2.41{0.156| 1.68 [ 0.70 | 3.36]|2.35 | 124 | 1.67] 0.78] 0.356
* 50X30XS - 50| 30 5 (451 20378 2.96/0.156{ 1.73 | 0.74 | 3.33{2.38 | 1.28 | 1.66| 0.80| 0.353
I (50x40x4) 501 40 4 [ 40 2.0 346 2.71{10.177) 1.52(1.03 | 3.50|2.85| 1.67 | 1.84] 1.26| 0.629
* 50x40X5 50 | 40 5| 40 20 427| 3.35/0.177| 1:56 | 1.07 | 3.49|2.88 | 1.73 | 1.84] 1.27] 0.625
> GOX30x5 60| 30 5| 60 30| 429| 3.37/0.175| 2.15| 0.68 | 3.90{2.67 | 1.20| 1.77] 0.72| 0.256
f* 60X40X5 60 | 40 5 6.0 | 3.0 | 4.79( 3.76{0.195| 1.96 | 0.97 | 4.08]/3.01 | 1.68 | 2.09| 1.10] 0437
i* 60X40x6 60 | 40 6 6.0 | 3.0 | 5.68| 4.46/0.195[2.00(1.01 | 4.06]3.02| 1.72 | 2.08 1.12| 0433
i (60x40x7) 60| 40 7| 60| 30655 5.14/0.195] 2.04 | 1.05 | 4.04{3.03 | 1.77 | 2.07] 1.14]| 0429
*  65X50xS 65 | 50 5 1 60| 3.0 554 4.35/0.224( 1.99 | 1.25 | 4.52{3.61 | 2.08 | 2.38] 1.50| 0.583
(65X50x7) 65| 50 7160 3.0 7.60| 597(0.224] 2.07| 1.33 | 4.50{3.62 | 2.19 | 2.37] 1.52] 0.574
(65X50x9) 65 | 50 9 | 60 3.0 9.58] 7.52/0.224] 2.15 3.41 4.48[3.63 | 228 | 236 1.57] 0.567
:'* T0X50%6 70| 50 6 | 60 |-3.0]| 6.88) 5.40[0.235| 2.24 [ 1.25 | 4.82]3.68 | 2.20 | 2.52] t.42] 0.497
* o T5X50xX7 75 | 50 71 65| 35| 830] 6.51/0.244] 2.48|1.25 | 5.10{3.77 [ 2.13 | 2.63 | 1.38] 0.433
(75x50x9) 751 50 9 | 6.5 | 3.5110.50| 8.23{0.244| 2.56 [ 1.32 | 5.06{ 3.80 | 2.22 | 2.62| 1.44] 0.427
;"‘ T5X55XS 75| 55 51701 35]6.30| 495/0.254| 2.31|1.33 | 5.19|4.00 [ 2.27 | 2.71] 1.58] 0.530
> ISX55x7 75 55 7170 35| 8.66( 6.80|0.254) 2.40| 1.41 | 516/ 4.02 | 2.37 | 2.70] 1.62] 0.525
(75)(55)(9) 75| 55 9 1 7.0 | 3511090 8.59(0.254| 2.47 | 1.48 | 5.14] 4.04 | 2.46 | 2.70] 1.66| 0.518
" 80?(40)(6 80| 40 6 7.0 | 3.5) 6.89| 5.4110.234| 2.85|0.88 | 5.21{3.53 | 1.55 | 2.42! 0.89 0.259
"“ 80x40x8 80 ( 80 | 40 8.0 | 3.5]9.01f 7.07]0.234( 2.94 | 0.95 | 5.15/3.57| 1.65 ] 2.38| 1.04] 0.253
*  B0XGOx7 80 | 60 7| 80| 4.0(938) 7.36]0.274] 2.51 | 1.52 | 5.55[4.42 | 2.70 | 2.92| 1.68] 0.546
X 80x65x8 80 | 65 8 8.0 | 4.0 {11.00| 8.66|0.283] 2.47| 1.73 5.5914.65 1279 | 2.94| 2.05] 0.645
(80x65x10) 801 65 | 10 | 8.0 | 4.0 |13.60|10.70{0.283( 2.55 | 1.81 | 5.56|4.68 [ 290 | 2.95| 2.11] o0.6d0 "
¥ 90X60x6 9 | 60 6 1 70| 3.5 (8690 6.82/0.294| 2.89 | 1.41 | 6.14| 4.50 | 2.46 | 3.16| 1.60| 0.442
* 90X60X8 90 { 60 8 | 7.0 | 3.5 [11.40| 8.96[0.294] 2.97 | 1.49 | 6.11]4.54 | 2.56 | 3.15] 1.69 0.437

D30N3 DT DM *







-—o{ l-*— loo

MM R pYP3N >

24-10- 97

2# s '{'é’\y

7”37_)"c GJ/\HN [3PI5D 5N ei3nd

/0")'3, /?;n)yn SDON  ATPON

loo
-PI foo
0
|50]
- — P S—
200
NE

I f

_ NewtRAL Qs TALSES ThPovan (G,

. Nortoe,

S T:P
| —f
U, ,. L hn‘. ! B

'?LANE SECTIONS REHAn) PUNE

B le -¥-in Awﬂ

Ao leop

21995 venl

5307 KNINS. ,oyl 0N PP

e X

’ J\MLJ

)\?-“(g wm ( LnT (oﬂo

ftm"’)“’

U ApNR DS RD
\‘) Pwlew le F1Gy» 32
‘?n& ns 33

l(lo fvp ~ 3R
7

Ee) 'Iwm "\n\>

P
——
;

Mg[f

CPMYRRL ORY

wag PINOD /°>o'\

e S

M2 ke mwns. k)

- DD
oo gl aen -

_¥BIDD oW T““"* ORI 'fﬂCpn‘B -

npen lel iomar
'bcﬂ"u—v

!Jc'{’fN‘lh [ ‘f\e'n -






24.10.99

R SN [>
2# = 'fm_‘x\

~ 73’37J'/c 6_]”’” 3PN SN e i3nd
i T ‘ A3 BRISD 5N RPN

Yoo :
B I | el

o - o | 20995 ¢enf

AD5eP m;f AR (N/Nf /0')/"0’3 p>0'\

XK

S R L ¢ D /@:; ';7,, T e

i ;B Akl ‘an » D533

S Y b S r’f-NT\‘(oﬁa MY Y ple B_yw ~3hp
' ‘(UsEe) Tm Tm;

L o feer Gl ewen pvon

| PANESECTIoNS REpA) PANE  DDR DR ke AN, A lcxvj el e~
. NEVIRAL s Phsses Thpowew CG. L IRIRPT AW Y”"’* MY 'f“Cj?,,’)‘?’.f‘

Moo, Ajpen lef ORI vJé!'N‘lh‘ [0 ﬁf\ém -
}cﬂSIrv







mwm =R NYPIN f>

,4—- oo

24.70.99

2# ol

»13 )k G 315D SN ke /3Nt(

/0'3'31 /’-;myn 5OON A 7PON

Qe

__PUANE SECTIONS REMAR) PLANE

_ NEVIRAL Axys $P55es THPOUGH (G, G- INIE P2\

. Meutog njped e monan

'hcol:v‘l.—v

e ke a0l

200
| | =
) joo |
. z.199-n venl
'i" DS app /\IJ“; ND'ODD 6””\/; /()J/I 'O P OO
o . e % -
B i Tl
’ - - - '\.\ [ ] LI
S o £ M UM‘,\ 7 ) Pl le oGy
{ ’ J\H)LJ ' (}]ﬂf‘a ms 33
e o V‘J )\';h“(g \mm f ':.N\rl'(oﬂo DR OVRY de F) )r‘x '\‘g'p _
!(v E¢) T Pina
T o dven Gl prpeon ever
'-—-({j"’ wsﬁ\ _.,___/} o~ AN | . et s m
—— . S B C./ . T
. : 4 +
L Vj | PIAYD

AR MY '{'\_Qy\ '\‘3

'Ja'i’N.lﬁ [an ﬁf\efn -






, P x)
;'?ofo\/ S '
R i
M
! dv
)ﬁ\“f . i v
Cow by - _
© o, MLy
e
- T
R O S b X AV o A
TRy
| ?mld, ¢ V&whd'rwmo,w
Wix) o x
|y A 7y = M
w(—| SM " Ej
J'r S T "
4
gl ) |
g ),
‘ _JJN\ N _[__I‘:_ ND 933 | _m'c,
=y, o B
'*\ N T TPov = p PR
Jv du . r
3 = ~ (%) 'J% v
Beor d le\mslrn y T Mx\

G-X:_Mi
d
5 - aM
C:JZ" W(X) dx—v






a Py
R LT
K Jﬁ i\‘) i

dv __ o di oy
)——--"w b X . dx F(K) I =-V
¢ ote 4 >I G w(x)
o ounN e v
3M|’ﬂlll\l“V o -,
haS X -
; (;‘_““ﬂ M I
% -dx
dy = /‘_4_)'
I
v, dM .y
a‘; —W(X) I
Lmle
O = - My Bk ons a1
1

'|"ecw w',-»M)»\VJj -3v3n

T ‘ TPV -3 p s

Vo) M.y
: X

Beor d Jidune brn y — WM

Vm _
H.'.LLI'e.l&r v (\jlb)l AV . f () A







B ""‘>

3.»( ﬁm‘j | cri%]
) |

~——» My
P My

O
CMCHU’%B My/ull -
E‘) “ X ’:J
I
T 4V o dM
ST e
> .
Ty = M}'
dv . dM vV
.CE ——N‘(X) CTX—‘
f?k 4o sy ipile
Oy = -M
. Ey T]’af\ W, +M +ij -730

%Pov e ,OJ N>
c‘_\_/: -uf(x) <JM: -V
dx A

dx

J

| !

Beur 4 Jhws i jw"(J"'] I

R | [ A




T




A N 72 bt ! r A TP PYOD K.

"”73 .<29 %) + P,%.e = HP '29.4' MP'39

i N = o8 My
¢l A -5 s (ofen 'Isw'a'n' Py

w-,(a. L/3)+ Pr28-Yy = M0+ Mp-380

3
P= 3'60ﬁ‘>
L
360%2: SN ,[
‘+' 2'. _ ;M 4P, 2L _ Pl LR-L =0 7“"'"/3‘“ CJmN:s‘f]snaf
),M”-o [ SR S ‘
Ry = ch + %_P z ﬁr-p.‘l,l (3.Lom)= Si4mp ‘w()
L L

L
Ml s Mp-ReYs Mp- Sl Mp= ~08M, Cotp N
:I | ;Mr‘N pine x=L/3 P Cy:mo g ™ IR s N
//Om RS SV JNEY pl \y\y, \Ugyr,s nS Pf

, - —- " g
ETRY Nrmenle 4( .

- Pavbe M,,.emromfom,,e AT T P e

?‘3\.6 = MP'9 + Hr‘39+ Hf'2_9
pP= ?.Hr/\_

- Po3ub - MpBe2ny2h e 1p®

p\r‘(r«a \M\Qf/-p"w?‘r aflis Mf(‘ N ;P }HI’ Jw?@!?n Yan
G T R R 1) Ho

fgnr -4 e M|

-

R 1 ? p IR B ’&QR};/E;;_ ' 2Mp 77 g P M
e 26 S P8 T TR I TN I T
P9 = 2M0 7 3Hp20 + 20 PO 229 $214,0

L







Yy 3 3 oA TR D PR Ak

4!73 .(29. %) " P'%‘e = Mp-20 + MP»39

P= 48 Mmp .
i L = 4.09 My}

cl A -5 '(oga'n Tﬁ'a’n' Py

P
L 20 ool - ' |
m%ﬁre - ;o(“"” _ i;’(a L/3)+ P26l = MyB 4 Mp-30
3.b0Mp =, P 3{
1‘“’/3 V T o |
.+)Q,ZMD"-’O ‘. MP ‘%P- Z'SL - P‘_s\:' *'RA‘:L =O | x=l{3p CJ'\”N-D ?'q;r
DR Ra= Mp 4 WP
Sl o A I »

Ml = Mo-R.ba M. .5 L |
. 'xa‘/; : MP A Ié Ml’ s?‘* MP‘ 0.8 MP <MF 6 o re: - Qlt (; Jon
e : e - = ING .
"/6.804? Jf‘f o ,Mr N PN X |7l3 » Gy

Cifeoin aop Dl |Mue e 2 1Pl

CeMp
2Hp LP
srmenle / y
Hp AR T

B TRV .
o PR | | - | W,

26

i 'P=_’2MF/L o \/\
P"‘(h'a Mict pilosal A‘W‘D"'_ " F Ve e
N s

2Hp =N I iml

-

W30 5D YIRIN P ple D T(,\_; pvam pigoon ak
= F= P
e 4

A0 = Zﬂre... 3”['2.9]'" ZHPQ p.Lo :lH‘-ZB +2Mr9

. ’P= §L4_? PH (’Mf/L
L







[= N Y S Tl ' UDIND Tfya’n Ak

, %0 - HP '20.'+»YMP’30

A -P ’(OB’D SN p}C

c-i

Ao

X='13 » CJN\N:" ?m>f

-u 3" H 3 5. '/

+ (ot up
P P

Mp=N DI xalfy B Gponn o » e b ryon

L fwen pon ple |The e 2 1Pl

ZMp 6‘\7

/
‘ 4"“1 —
LIARE T TR P

Miveale

~

J
J‘*""_QI;J?'D ‘Jan
e A
D I R T oy v
e (P % A aup 7 amp 77 M
2 TR P TR I T

T 6
P8 Mds M0







Y op TYy W3 Y LAt upfan pYeD alk
el ﬁl}w‘" e W (20 %) + Plg = 204 bpe 36
| P- 45 Mp .
A anc D ”MLE-A,quF/L |
cl /\ - P ‘(I/OS"B’,\ ',\-“)’57\ p}c
4 p
) /0 .20-L - ™ .
w& | T‘\ljiéw% S0 Yy) v P20 = Mpb it pe 3
g \
WMy P= 3.GO£'_F
L
e miitsrmirin o serear N 3,&,0&1_[.,: ’ P 3{‘
“"P/:g LP L D on ,
Mp e, {eo
= Cmr\m ’vl”-z.\r
+)ZMD:O -M? -%E-%_P':%: +RA'L=O X L/BP J )
Ry= Mp 4 P _
A= Hps 7 P[!m%l (3.401@) 5.3_,:4,,
M\w = Mp-Rylhs Mp- S5 Mps -0BM,  Crp : o
"3 e N - -l AV RN E Y TR TV
8% Mf\ /MF SR y;" \ S : ns >
e PN AD ple \S‘j?/ \'JX" l
-VMr
et W g et By s e s ZW’ {,P
M. 29 7 el g(--».__«.\.-.m_._h__,,__ ,
. A [—"
9 6 —
P21.6= M?-9+MFO+HP9+MF9 L _;} $Pr3,q ')'% AR T A
. 9 ~
P=2mph " P
k\k\ zH .")NP
a0 = MpBerpengtd T g \\{\.) 129
. L
P lHr/L Mp
3, .
P. . 20 +Mp'0 {
P2 Mf,9+2”r P PP 3L '!1 e
]
T 2Mp
P\r“‘m’k ‘M\ve, j\\'u\ﬁr n'lT\)ll M!:( i J]P )M J"'Tgl}!(_)ﬁ VAN
Vi Trrw\ Mp-n pinve paam “*P/‘z fP/?_
2”}’ -A PP |M\
e J,P gP |
I G A |y A A
e = | wej v 5 e gy B
26 5, 5. Jwo IR N T 2
P9 = 2M o9 +‘3Hr.2_9 + ZMPe \ L 7.\'\\-19 #Mp 8
P= 5»_44, P= M/

L







M T " ______.____._._/\5-';’11.70

. AR O R RN T - Typical
Lo T k=112

S : Z”)’P ' ’!f’ym

0 o 2 3 | 4wy

Fig. 12-23. Moment-curvature relations for circular, rectangular,
, . and [ cross scctions, My/My, = k, the shape factor.

Fig. 11-18.) Note cspecially the rapid ascent of the curves toward their

respective asymptotes as the cross sections plastily. This means that very

soon after exhausting the clastic capacity ol a beam,_a rather 9011_57;23—13}\60 D ~ND 4Y MYPOT

momeny. gg}gﬂlf'iimmﬁﬁﬁhﬂifﬁﬁ'dffﬁis condition is likened to a \
—p‘lzlfi_l:(: hinge. _In contrast lo a [rictionless _hinge capable of permitting
large rotations at no_moment, the plastic hinge allows large rotations to
oceur at a constant moment, This constant moment is approximalcly _1_’{;[_,,,
the ultimate or plastic moment for a cross scction,

" Tsing plastic hinges, a_suflicient number may be inscrted into a

structure at the points of maximum_moments to create a_kinematically
admissible collapsc mechanism, Such a m_qchanism,pc_[mitliug Vl‘x"nbou_ndqu'
n_lﬂc_)jcmcp_g_g_f‘z‘l(__§){§.Lg11‘1,m_,cnablcs one to (}ClCl’lpiHé the ultimate or_limit
carrying capacity of a beam or of a frame, This approach will now be
ilfustrated by several eximples, confining the discussion to beams.

. When the limit analysis approach is used for the sclection of
members, the working loads are multiplicd by a load factor larger than
unity to obtain the limit loads for which the calculations are performed.
This is analogous to the use of the factor of safety in clastic analyses. In
structural steel work the term plastic design is commonly applicd to this
approach. '
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1. Write the second-order differential equation for the bending of the column

. e N . .. - X
shown in Fig. P1-2 and use it to determine the critical load of the column. P
At its lower end the column is completely fised. At the upper end the column i
is prevented from rotating, but free to translate laterally. . (ans: Po=n*El/L%) ‘(“ B
!
2. Find an wpresgmp for The moximua stress whm 'y bo.ll wa\qhma W Newtes L /’,
is drorimo\ onto & fixed - fixed oeam. C \ !
o - S U
b= L —l N /
A 5 7 P
7 = v

[l L  tin | S Fig, p1-2 ‘

3L A Imeaxly ‘clastic beam-column ‘having a {lexural rigidity EI,is subjected-to-a lhrust P and -2 moment M6 -
as shown in Fig. A below. : :

(a) D_clermmc the lateral d;§placcmcnt v(x).
(L) From part (a), write the solution for the systcm subjcc(cd to a force P acting as shown in Fig B.

(c) Dclclmmc AL, the honzonial (llspl'\ccmenl of point C, assuming small rotations. (Assume also that|the O
hon/onl.xl dxbpl"u,c.nu,m of point B is negligible). . : )

(d) Determme the bendmg moment M(x).

(8) Explain why, allhouz,h the beam :s made of a. Imcarly Llasllc matcrml the rcsult., of pnrt (c) arc non-

lincar. . _ . _ l«»—éc 1
\3 ‘ | .- S o | ‘:‘1 Ht_c)lc{. —/VJ«fP ‘OL
P 1 E:t,-} - Pm, P BT \ l&- Ll..
i ) A -V

o : al L ‘ SR ;
w L . = R N
Answers & CFige b _ : , _F_l__'j_‘______.
. Mg [ sinkx  x ] P R L ' : P
‘ T et 2 e : i
o WywsE SR T X Bl . . A
‘ : ‘ac . T o ac » Lo . . . ; . i
@4 =T {1 - LY'P/EI cot (LYPIED) ] = N (1- KL cotkL) ‘ : ‘ N

(d) M(x)=M, sin kl/sin kL,

12,00 A T section carrics an axial tensile force of 120 kN, applied through the centroid

» Cof the cross section. The allowable stresa in tension or compression is 130 MPa.
Let 2« 200 GPa, What transverse force 2 can be applicd at midspan il the
beam is . . B :
(a)” Stem down (as shown)?
by Steny up?

P )
. S {( ' o ‘ | 100 mm | I mm
f ‘ Lo | 30 KN ' —
-lZ()kN‘é—j - [<P= 120 kN ) T
-//9/ . l /797 12 mm -~ I()(){l_m.n
} 1LS5m | —1.5m { o ) L T

PROBLEM 12,10
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PROBLEM 9.31

9.7
9.33, 9.34, 9.35, 9,36, 9.37-9.40, %9.41, %9.42, 9.43
The open cross sections shown are all thin- q
N:\o o%o axis of symmetry. \.»mmcam a frictionless contact w
each case find an expression for the location of the shear center. Check you
r

W o>
.

z

Loy

kﬁ

JROBLEM 3.32

z

PHOBLEM 9.33

PROBLEM 9.33

p4

—

T
1

i

T 7

] L ] m T
he << 1y z
ROB ‘
LEM 9.35 PROBLEM 9.36 ﬁwaFm—S\ww..wq
,vi z
ﬁ T
= ;
SR
y N
10BLEM 9.38 PROBLEM 9.39

walled, of constant thickness and:
here overlaps appear,

0.44

* Section 9.8

9.45

9.46
9.47

9.48

9.49

*9.50

e |

30°

PRCBLEM 9.43

PROBLEM 9.42

PROBLEM 8.41

(a) Several beams of ‘arbitrary cross section have their centroids in a common
plane AB. If somehow coupled together so that they share the same neutral
axis, the composite beam will bend without twisting if e is as stated in the
sketch. Derive this expression for e, in which y; is the distance to the ith
shear center. )

(b) Use this formula to solve Problem 9.35.

(¢) Use this formula to solve Problem 9.43.

E0,  Eyly Esly E4l,

\.\nzwn °
D D A

g P sllﬁvm

| va |y ] b | X ]
_ 1

i ¢ |
v,

Eyyvy + Exlyys + - T Byl
€TE L F Exly ¥ Esly T E,,

PROBLEM 9.44

For an arbitrary open cross section, prove that S, = §,. = 0 if axes yz are
centroidal and pole P coincides with shear center S, as claimed above Eq.
8.10.5.

Suggestion: Sete, = e. = 0in Egs. 9.8.5.

Use Egs. 9.8.5 to show that point P is the shear center in Figs. 9.7.2 and 9.7.3.
Use the method of Section 9.8 to locate the shear centers of the following cross
sections.

(a) Problem 9.35.

(b) Problem 9.36.

(c) Problem 9.40

(d) Problem 9.42.

Imagine that the box section of Problem 9.31 is cut open at the lower left corner.
Locate the shear center by the method of Section 9.8. v
Locate the y and z coordinates of the shear center of the cross section shown.
Dimensions are in millimeters. Thickness # is constant. Axes yz centroidal, and
I, = 10.5(10)® mm®, 1. = 20.8(10)° mm*, I, = 6.00(10)¢ mm*.

Imagine that the channel section of Fig. 9.7.1 is thin-walled, of constant thick-
ness, with & = b, but that the upper flange has a modulus three times as great
as that of the rest of the section. Locate the shear center.
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BEAM-COLUMNS, BUCI G, AND NONLINEARITY

cr o Axial strain after a small

lateral deflection is added

—_

Fe) g 4D

9}
~

et

Py
(a) (b) () _ (d)

FIGURE 12.4.1. (a) Buckling of a pin-ended column under centroidal axial load.

(b) Compressive stress~strain aBnBE showing loading and unlcading paths from

point D, which corresponds to inelastic gnES (©) Distribution of axial strain across

the column at increasing load levels, according to double-modulus theory. (d) Possible

distribution of axial strain across the column in tangent Som:_cm theory.

cross section. Therefore, the column must bend before reaching the double-
modulus load. But this is in contradiction to a basic assumption in double-
modulus theory. The contradiction is resolved by noting that lateral deflection
may occur simultaneously with application of the last increment of load. There
need be no unloading on the convex side, and modulus E, may prevail all across
the section (Fig. 12.4.1d). Under near-perfect test conditions the collapse load
slightly exceeds the theoretical tangent-modulus load, but it does not reach Sm
double-modulus load.

In summary, inelastic buckling of a straight, axially loaded column aOmm not
occur at a unique value of axial load P. Instead, buckling begins at the tangent-
modulus load  and is complete (meaning that collapse takes place) before the
theoretical double-modulus load is reached. Tests of real columns, which have
larger imperfections than laboratory specimens, are in excellent agreement with
tangent modulus theory.

Euler did not realize that bending stiffriess E/ could be calculated BBQ. than
obtained by experiment. However, he anticipated Engesser by remarking in 1757
that EJ represents a resistance to bending that need not pertain only to elastic
bodies {12.4].

- Example 12.4.1. A column has a solid rectangular cross section, 40 mm
by 30 mm. It is 200 mm long, free at the top, and fixed at the base. Material -
properties are shown in Fig. 12.4.2. What centroidal axial compressive load
at the top will make the column buckle?

EIA PSRRI R R T

CIEAl s A

3

Sl

3
=

X

T

N A RS BN

w
E, (GPa)

J=tox30

Hnwg.fw

25
FIGURE 12.4.2. Tangent modulus E, versus - 05300 700 800 800 1o
compressive stress o for a particular &o& oc- .
tained from a stress—strain Eon o (MPa)

P, = 1077 kN, or o_.a P /A = 898 MPa. This stress is consic
higher than the proportional limit stress, which appears to be about 32
in Fig. 12.4.2. Therefore, buckling is inelastic, ‘the effective modu’
pends on load, and an jterative Boﬁ:oa Om n&nEmcon s nm&nu 8‘@
as follows. ;
>mcho that o, will be, mmvn 600 MPa. At this stress, m_m. 12.4.:
= 160 GPa. Hence

) ,:NM~N B ann
s A

; As P_/A exceeds the assumed 0., of 600 MPa, another trial is neede

Assume that o, = 660 MPa; then

TEL _ 788 kN
4L .

Now the assumed value of o, agrees well enough with the calculated

1 and P, = 788 kN is wonmbﬁa as.the tangent ‘modulus buckling load.

= 740MPa - = (]

P,
E, =142GPa P, = .N = 657 MPa (]

Creep Buckling. As the name implies, creep buckling theory deals
material that creeps, that is, a material whose strain changes with time at ct
stress. A creeping column may display a small but gradually increasing
deflection, then fail mcaagG by buckling. The phenomenon is nxv_m:
- examination of, creep curves (Fig. 12.4. 8 One may enter the creep cu
a certain time, ‘say 1, and read the strain for each of several stress
Stress—strain data thus obtained is then plotted as a stress—strain curve, ¢

~The appropriate-equation-is P;="72El/4L* where =~

Nu 3
1 =20~ 2O _ 54 000 mm'

Tea

(12.4.2)

because buckling will take place about the weaker axis of the-cross section.

S3ag

i LA

st wssdiverta

the curve labeled ¢, in Fig. 12.4.3. Repetition of this procedure at severa
produces a set of isochronous stress—strain curves (stress versus strain at c«
time). These curves show that at a given stress level, the tangent m
decreases with time. ,::m :Eu:mm that however :QE the load, a Qmm?:a <

unll avvantinally:
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- Using condition (b) for the span BC provid e (@ . - >

t5g =0, or P)ior the span 5C provides another equation, |

. 17as) (8 +12) | (8(+Mp) 8 .

== (440 5) (18) | (18)(+M) 2(18)
: . ‘mNﬁ 2 (+40) 3 + 2 3 + 3 3 =0 .
: “or : . 3Mp + 6Mg = ~200 .

Solving the two redtced equations mwdauﬁwuoocmuwv

Mg =—204ftlb and My = —233ft-Ib

where- the signs agree with the convention of signs used for beams.

- These.moments with their proper sense are shown in Fig. 12-17(b).
Sowummﬂwww o&% oMMMMoaﬁv moments M., and Mg are mocua..so new’
; Iy to construct the moment and shear diagrams.
However, particular care must be exercised to include the moments at
the supports while computing shears and reactions. Usually, isolated
beams as shown in Fig. 12-17(b) are the most convenient free bodies for

determining shears. Reactions follow by adding the shears on the

adjoining beams. In units of kips and feet, for free body 4B:

SMz=0Q +, 2.4(10)5 —20.4 = 10R, =0, R, = 9.96kips?t

SMy=00+ 240105 +204 —10V5 =0, V;=1404kips]
For free body BC : :
SMe=0Q +, 10(6) +20.4 —23.3 = 187} =0,
Vg =3.17kips i
) SMp=00 +, 10(12) —20.4 +233 — 18V, =0,
. Vo = Rg = 6.83 kips |

Ry +Vg=24kipst and ¥p +»oﬂuow,€mq

From above, Ry = Vp + Vg =17.21 kips 1.

.Hwaoogwuoﬂomvommmnaaogmi&mqa.B ..
and (f), respectively. , grams are n Figs. 12-17(e)

126. THE THREE-MOMENT mOC>HHQZ

.. Generalizing ‘the procedure used in the i

‘the edus n preceding example, a
_Tecurrence Qd.bﬁm, 1.e.,-an equation which may be repeatedly mwwmwa for
; o<oQ two adjoining spans, may be derived for continuous beams, ‘For any

s ini,
ST

" and 0y = —tge/Lg, where Lz and Ly are span lengths on the left and on
ancbe R p g

®

(©)

~0
~ O

R
c

@ o L

Fig. 12-18. Derivation of the three-mor

n number of spans,.n — 1 such equations may be written. This gives
enough simultaneous equations for the solution of redundant moments
over the supports. This recurrence formula is called the three-moment
equation because three unknown moments appear in it.

Consider a continuous beam, such as shown in Fig. 12-18(a),
subjected to any transverse loading.” For any two adjoining spans, as LC
and CR, the bending-moment diagram is considered to consist of two
parts, The areas Ay and 4 to the left and to the right of the center
support C, Fig. 12-18(b), correspond to the bending-moment diagrams in
the respective spans if these spans are treated as being simply supported.

These moment diagrams depend entirely upon the nature of the known ¢RL
forces applied within each span. The other part of the moment diagram A, bz

of known shape is due to the unknown moments M, at the left support,

C?
tangent to the elastic curve at C, are equal. By using the second moment-

area theorem to obtain #; and fzc, these angles are defined as ¢ = trefLr

457

- m_.z.;.\v Nl
A
d.vmv« AN

ST A
@zsvx

IR TR E Y

.M, at the center support, 2nd Mp, at the right support. . noR
_ Next, the elastic curve in Fig. 12-18(c) must be considered. This P’
curve is continuous for any continuous beam. Hence the angles gand _ _____

' which define, from the respective sides, the inclination of the same(fi.;, AP







rex L\... wie L1got- ol L, respectively. Huov negative sign for the seernd angle is ’ 12-7. SPECIA T CASES - mu BCHN vm:umv\ou . Py - . Tc
MMM necessary since the tangent from point C is above the su, urt R and a T T y ﬁ o
blems ~ POSItIve deviation of 75, locates atangent below the same support. Hence, As a specific example of the evaluation of —— . .
following the steps outlined, e the constant terms. on the right side of the. three- sl =€
o S . moment equation, consider two adjoining spans 2 Sle b 1 b
0o="0y or- tro/Ly = —Ire/Lg m,,v,u loaded with the concentrated forces P and Pp, : L Lr .
and oo™ Fig. 12-19. Considering these spans simply sup- <
11 I . £ ported, since the maximum moment in the left span () %1 . -
—_—— AA Xr -+ MLy LM .mbuv is +Prab/Ly, and %7, = (L, + a)/3 one writes - _ :
Ly EI; 2 3 2 3 . . +Prabjl;
. 64, L _ ¢ (Lr) Prab(Ly + a) . +.
HIFFT; +LeMrle | LpMg2Lyg ‘L, va L, 3L,
¢ LpEIR\"®'F 2 3" 3 v 2
) :
vm\v” where Iy and I, are the Tespective moments of inertia of the cross-sectional = —Ppab AH + mv QN.B,V
area of the @mws in the left and the right spans. Throughout each span, . S
Ir and I are assumed constant. The term %, is the distance from the _&.m Similarly, by mm.ﬂo.aowmsmp ng the Ho_m,om the dimetl-, - By .
support L to the centroid of the area A4z, and Xz is a similar distance for sions n. and .@ in the right mmm:r le., by always .ﬁm.. 12-19. Establishing the constants on
Ap measured from the right support R. The terms My, Mg, and M R measuring a’s from the outside support toward ;¢ right hand of the three-moment
denote the unknown moments at the supports. the force, . . — equation for concentrated loads.
Simplifying the above expression, the three-moment equation* is : Ir % - ‘ a\ 1 : T
—6ApEE— _poa't AH +—} £ (12-14)
.ﬁhghu_rNAhhn_rN’hhmvEQl.erh.ﬁm‘iw IoLy, h .N.m.. -
Ir S ) 5 If a number of concentrated forces occurs within a span, the contribution
6, 64, . : R of each-one of them to the mvo.,d constant may be treated mnmwaw@v: 25N Mni2
- L, L I 12-12) S Hence a constant term for the right side of the 98?505.3» equation A”
! = 2 R licable for any number of concentrated forces applied within the spans is
el ] app y PP P
..:WJ.EE equation 12-12 applies to continuous beams on unyielding supports : T _ - . T _— (12-1%) fo 8D
with the beam in each span of constant Ina particular problem, ali terms, . —> P;ah AH o+ ummV —3>P ,m.\vw.&? +..Inh,v I a1 .J% .
with Bm. exception of the redundant moments at the supports, are nosmﬂmnm . el _ Ly o .,,w., Y Lg/ Ip U
Ja “My MMMmEMH M:Evmn ow m:sc.:msw.omm equations for the unknown moments where the summation sign designates the fact that .
17, as I an savw mwoommm:iw. SM..m.mmEmm the supports of :.6 adjoining spans a separate term appears for every concentrated ’, Pp
,v,b, bl mw . > & ; M 5 oauS n Fig. 12-18(d). However, in H.wmmn equations - force Py, in the left span, and similarly, for every jﬁ“«l«l«|§l\§|_
W\ scripts of the M’s must correspond to the actual designation of the force Pp, in the right span. In both cases; g or ' - -
”%MMNW Mwmwwwm A, wm hw etc. 28.:0& Sm.ﬂ at @.mn.& ends of beams the is the distance from the outside support to the = - w&L I a,%/dm, L
o own to be zero, Likewise, .m, a continuous beam has an particular concentrated force, and b or &' is the . - @) L >
&, the moment at the first support is known H distance to the force from the center support. Ifany - XLy xR
in mv,mamﬁ H.N-Hm. one of these forces acts upward, theterm contributed
¢ minimized by noting that moments at to the constant by such a force is of opposite sign. ,
Tn deriving the ER%MMMMM%%.H. . . The constant for the mmvn side of H.ra.z:.mn-
were assumed mwm:?o Hence a m?wmgm; QEWBSQ ot he supports : moment equation, when by Ewo_.B_.v\ Em.ﬁ.d uted :
equations mﬁoﬂmmnmmw.o?nm the owﬂwouﬁomm“ aic %oE tion of simultaneous loads are applied toa @om:.? is determined similarly. - A
convention for boares g £ ol moments according to the . Thus, Using the diagram in Fig. 12-20, ®
-*/ —64y I —~6 Awlhrmv Ahhh»h h\hv == 2ty Fi H.N-Nc Establishing the constants on
© " *The zu.on-umoansn equation was originally derived by E. Qmw.nwno:...m u.uaonor Nh 3 w 2L, 4 muw.:.wrn vmsm of the :ﬁm?BanE equation

enoi .
gineer, in '(12-16) - - for uniformly distributed loads.
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100 7N '
“. ror the pin-connected truss loaded as shown (where AE is the same for all members) determine, by
means of Castigliano’s second theorem : /? 23
v L 4~
(a) the vertical displacement of point B, 8 e )03

(b) the horizontal displacement of point C,
(c) the vertical displacment of point C.

P,L
Answers : (a) 2=, (b) [P, +(142V3)P,] , (©) (P2+P3)

'2.. By means of Castigliano’s Second Theorem, determine (in terms of E, I,
L and P), for the linear elastic beam shown :

A C Er D
(a) the vertical displacement of point B, ' . ‘LB ) A
(b) the vertical displacement of point A, ‘ L L l‘ I
(c) the rotation of point A, - ' '3 > A

_ 17PL3 _ PLZ
SiEr Lo () Ba TeaET b © A = GEI )

Answers : (a) Ag =

3, An elastic structural member ABCD, pinned at C and D, is subjected to an

applied moment M, at A and a horizontal force P.

(a) Using Castigliano’s theorem, determine the horizontal component of displace-
ment of point A in terms of M, P, E, I, L and h. Consider only flexural
effects. . _ P A )

(b) From the answer to part (a) above, determine the angle which member AB
makes with the vertical at point A due to a horizontal force P = 1 applied at h
A .

M h
Answer : (a) Ap = L [ 60

Ph? 8
= = (3L+2h) ]

4, For a curved beam whose lateral dimensions are small with respect to the radius
of curvature, the flexural and normal strain energy may be expressed as

Sk,

L
-
{
| Uu=3/Masif .
where A and I are the area and moment of inertia of the cross section and where A q

M = M(0), N = N(6) are the moments and axial forces at a cross-section.

M (.711”,
Note : The above integrals represent the elastic stram energy due to flexural and
axial deformation respectively. !
(a) Using Castiglviano’s theorem, determine the horizontal component of deflection of point B due to a

vertical load.

Answer : AB = PR _ PR

2EI  2A
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- 7.45  The uniform cantilever beam shown makes contact with the support at A only v EREREREN
’ after gap g is closed by application of load. What is the reaction at A in terms : 05
~-of g, L, g, and EI? What is the largest g for which your answer is valid? g 7 |
PROBLEM 7.45
, ’ o ‘
. 1.67 - The queeri-post truss shown consists of beam ABCD, compression members’ BE, : L‘ R ‘ t {1,
and CF, and a cable AEFD that is attached to ends A and D of the beam. A, = ff i ¢ fS
stress analysis under uniform load g is required. Outline an -analysis proccdur “ 3 "

in detall State what effects you will ignore and why. PROBLEM 7.67

+T1VEE IRINDA 270b°bA ja0RRn L, 1INy 4
Lurrw “(minny) n1eena Yy vunn
hrand nanann oAy away (v wyay

‘?/? PV o210 2 BIna 9918 @R oys (s

Y

Y=P/(3 V2); R = <2 = B/3 (8 Li21wn

X = PB/4; 2= -C%; ¥ = P 38 - {a
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*9.3 (a) For the Z section shown, calculatc /,, /,, and /.. Also locate the principal W/}[///
: centroidal axes and calculate the principal moments of inertia. 1 0 I
s —~t+20 mm
:ﬁ y 140 mm
. . . . 4 20 mm
9.9 What centroidal axial force must be applied to the beam of Fig. 9.2.3 to make : N
loal = |04l after bending and- axial stresses arc superposed?
R . 80 mm 100 mm
Q(N) 0 1
+ : 25 mm-—o{ o .~ Neutral axis ) (a)
r"*-—*"--—-—-j} A T PROBLEM 9.3
% M 33 mm
v /A - 6 4
.1, = 2907 (10)% wmm
— B D - it A} v
}. O m l 1L.Sm ——4 ’ N = 360.4° & S I 1, = 1.627 (10)5 mm4
* ’ ’ [T el = 1200 (10) mmd
0.60 0.4Q <
n ——
FIGURE 9.2.3. : o
. _
!p‘;; : -
. b - . N . B
*9,13  (a) A cantilever beam 1.6 m long has the Z section shown. It carries a load . (dimensions ;
" P = 2500 N in the —z direction at the free end. Find the maximum® th ) 10 ¢4 70
magnitude of flexural stress (cither tensile or compressive). Where does this ) % ¥
POSRIIIIIIS
stress appear? '
(b) Repeat part (a) with load P redirected so that it acts in the —y direction, 710
Amswen . Q) A4 MPa Y = SSmm T2 TOMm— A 10 |-—55—«—-55*| — 10

PROBLEM 9.13
£9.15 A column has the 1 section shown. A compressive force P parallel to the axis | '
of the column is applied at corner A. Find axial stress o, in terms of P at the
remaining three corners B, C, and D. : A ‘ B

2e= 6,00q7120 (MPa 1§ P em N,
‘ I, = 1105 (10 mm*

100 mm —— i, =49.4 (10)} mm?

A = 680 mm?

-

D C
. i
‘»42 mm*‘
PROBLEM 9.15
5. A structural angle ( L200 x 200 x 20) is used as a horizontal cantilever beam 125 cm long, and is
subjected to a vertical concentrated load of 18,000 N acting through the shear center of the cross section as
shown below. 18 kN

(a) Calculate the flexural stress oy at the points A, B and C at the fixed end » 125¢mm. |
of the beam, as well as the average shear stress r acting along the line d-d of
this cross section (see figure),

(b) Find the position of the Neutral Axis and the direction of the deflection.
Show on a sketch of the cross-section, indicating the orientation with respect 1'5{'”‘1
to the y—axis.

]

§

|

|

L
1
1]
X

N

Given : Iz = Iyy = 2875 cmi,

o0 M.
o
1
=

Pmsuer: Sxn= 145.6 MP.‘/ Saxp = = 109, 2MFa J 17l = 2.8MPa
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9.3 (a) For the Z section shown, calculate I, 1,, and 1 ,. Also locate the principal

: centroidal axcs and calculate the principal moments of inertia.

9.9 What centroidal axial force must be applied to the beam of Fig. 9.2.3 1o make
ol = lorgl after bending and axial stresses arc superposed?

+ % 25 mm —ol - Neutral axis
T s — e T A T
7»t7 —r/é/- \ dm mm
’ 7 i

1, = 2907 (10)% mm?

}‘—. Lo ~-l~—~----~« A m “—_’I 44; 36.4° 6"&‘ '**i mm i ' /‘
+ | N

}

0.6Q 0.4Q

65 mm lye

Bt
FIGURE 9.2.3.

9,13 (a) A cantilever beam 1.6 m long has the Z section shown. It carrics

= 1627 (10) mm
= 1,200 (1O jymd

a load

P = 2500 N in the —z dircction at the- free end. Find the 'maximum’
magnitude of flexural stress (cither tensile or compressive). Where does this

stress appear?

(b) Repeat part (a) with load P redirected so that it acts in the — v direction.

Amswery ;. @) A& MPa Y= SSma  a Ol

10+ ';;wi—ﬂ—{ h

*9,15 A column has the I section shown. A compressive force P parallel to the axis

of the column is applied at corner A. Find axial stress o in terms of P
remaining three corners B, C, and D.

2c ™ 06,0072 (Mpa € P om N,

'
i

5. A structural angle ( L200 x 200 x 20) is used as a horizontal cantileve

at the

z
20 mm

i =

~tH+ 20 m

a’ v 140 mm

20 nu

%

80 mm 100 m

(n)
PROBLEM 9.3

(dimensions:
tmonm} 10

J
55520

1= 1105 (1Y mm#
S =494 (10) mnd
A = 680 mm?

|‘4 2 mm »I

PROBLEM 9.15

r beam 125 cm long, and is

subjected to a vertical concentrated load of 18,000 N acting through the shear center of the cross section as

shown below,
(a) Calculate the flexural stress vy at the points A, B and C at the

of the beam, as well as the average shear stress r acting along the line d-d of

this cross section (see figure).

(b) Find the position of the Neutral Axis and the direction of the deflection.
Show on a sketch of the cross-section, indicating the orientation with respect

to the Y—nxis.

.

Given : I, = Iyy = 2875 cm?,

AMSUR T Gagpr 1456 MPa, Gaxp==~109.2Mfa , [Tl = 2.9MPa,

fixed end

Lz

‘,
|
!
1
il
1‘-\/\
Pl
IR
|
H
X

2o i,







4L Write the second-order differential equation for the bending of the column
shown in Fig. P1-2 and use it to determine the critical load of the column.
At its lower end the column is completely fixed. At the upper end the column
is prevented from rotating, but free to translate laterally. (ans: P=r’EI/LY)

2. Fd an wxpression for Mne, mogimum stress  whea o ball wtighing W Newtrs

B c\ra”vJ onto o fixed-fixed oeom’
o -

I— Y — h
R .

. Fig. P12

3. A lix1early elastic beam-column having a Tlexural r‘igid‘itY" E’I’;"is'su'bjcqtcd-;lda~-lh~r-u—st— P-and-a moment-My -
as shown in Fig. A below. . : , '

(a) Determine the lateral displac.cmem v(x).
(b) From part (a), write the solution for the system subjected to a force P acting as shown in Fig. B:

(c) Determine A, the horizontal disvplaccvmem of point C, assuming small rotations. (Assume also that the
horizontal displacement of point B is negligible). - :

(d) Determine the bending moment M(x).

(g) Explain why, although the beam is made of a lincarly clastic material, the results of part-(c) arc non-
linear. ' ‘9_;:‘ C: '

‘ o . \l p
| . | . . v‘g',d_./('{ ' . .
4 P PR \ le, -
P ET Mo 'f_p__r b N Lw
S @ﬁ—"‘ e = TV
o \ : v
L. ) l\ . r , L "
ANSWETS | | L Fig. b ' Fig. &

1 )
@ yX)==5 | SRl "

Mg | sinkx X
s " T TE

’
v

ae S — ac - 2
© A =7 UL~ LVFTEI cot (LYPIED) ] =7~ (1- KL cothL )

(d) M(x)=Mq sin k/sin kL

#12.10 A T section carrics an axial tensile force of 120 kN, applied through the centroid

of the cross section. The allowable stress in (ension or compression is 130 MPa.
Lot fs = 200 GPa, What transverse force I can be applicd at midspan if the
beam is : '
(a) Stem down (a8 shown)?
(b) Stem up?

I}

' o] 100 mp o 10N
¥ \ o

120 kN = — - 10kN —
- b 12 i~ 100 mm

oL . iy

PROBLEM 12.10
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3.1 Obtain expressions for the maximum deflection and maximum moment of a
beam column whose ends are built in and that is loaded with a concentrated
load at midspan as shown in Fig. °3-1.

Fig. P3-1

2. A linearly elastic beam-column having a flexural rigidity EI, is subjected to a thrust P and a moment M,
as shown in Fig. A below.

(a) Determine the lateral displacement v(x).

(b) From part (a), write the solution for the system subjected to a force P acting as shown in Fig. B.

(¢) Determine A, the horizontal displacement of point C, assuming small rotations. (Assume also that the
horizontal displacement of point B is negligible).

“(d) Determine the bending moment M(x).

(¢) Explain why, although the beam is made of a lincarly clastic material, the resulls of p'\n (c) are non-

lincar. L—ﬁc,

Figic. -/(4 Pl
¥ | 1 7 ‘};J a
P ET R F, Ma E‘I) [
A ey T A—\ e - :Q‘_b *
ol | -
Answers - L r L
NSWCErs Fl A FI ] 6
My f sinkx X ] P
D . - 2 e
@ ‘5(") T K=E
ac _— S ac )
(¢) g =7 [ - LV'P/EI cot (LY P/ED) == (1- KL cotkL )
(d) M(x)=M; sin kl/sin kL.
12,10 AT section carrics an axial tensile lorce of 120 kKN, applicd through the centroid

ol the cross section,
tet 1)
bheam iy

The allowable stresa i tension or compression is 13 MPa,
200 GPa. What transverse Toree 72 can be applicd at midspan il the

() Stem down {as shown)?
(h) Stem ap?

| 100 t~ AT

120 kN ~t—f

Vs

}—-»— 120 KN 274] .;...._’I-_
Ve P2 =~ |(J()lm|n
l " P —

.' LS5m i 1.5m
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BC ©ina Pyina X nivn nx aonb (kL wiq4

R%-= 0.04 nnana
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+ D nnatn bo Ypun

P10 PATAY jAasann Ay N - S

| ' ' ?y1pn P : ' *

RN y YD PIIN QDY K17 7m0 obpiya 10K X %u 1byey oan (s
e . *O™™ D =2 Yi03vpa by

! X ==~ V" = 20,23 o [ (x  ,n31wn

l) =m0 g ———

' | 2 .

P = . " 32 '

X =o (» My = 0.163 qQZ. ~Mpyp= 0.33/qﬂ;-nm=-g-f=- (2

o P P 917370 78Y §
L . i 7 RDWDIN AP L1
P .,'.Q~ l l ' N7 7238 173721 p3a qno A ..Z?
7 F , G 20 %0 paIR pruwn Yy Aniv At gy
i A0 e I” 1°92 00 0°7p R“T) N91pA Y0 "noYNd ,
: : AJ/ 2737 panty C =12 .(anns 01“"1" '
! 1372 ’F 27z 7 !/r”l 172 ),"

S S

S ma%nn wvoaw%t aony (R 1)

.n"xmwv'n AR TP N AR mmw‘n“

« A& nrvvyn awnY (X
‘ M‘W’RMO 3 Mc=-P2/Ao (HA= 0) (r of30KN

+8p=1 ‘;P,Q,a/(‘.AS‘EI) G

a lhe statically determinate structure.shown consists of clements
ngndly connected at B and F and connected by hinges at A C D D_
1d G Loads P, and P, are applied at pomt D. ‘

a) Using the Principle of Vntual Work delermine
(i) the reactions R XA ¢ and Ry 5,
(ii) the moment Mg in member -AD at pomt B,
- (iii) the shear force Vp in member FG at point F,

Note. ‘For each case show by means of a skelch, the virtually dis-
placed structure which is used (with respect to the original structure) -~ -
such’:that only the desired unknown appears in the vxrtual work
expressxon. ‘







27TND NN
8 on'rn

: . ¥ .
4.2 . Using reasoning similar to that employed in Article 4.2, determine the limiting

4.3

values for the symmetric and sidesway buckling loads of the frame'in Fig. P4-2,

Letting [, = I, =l and J, = Iy = I, determine the critical load of the frame in
Fig. P4-2 for :

- (a) the sidesway mode,

(b) the symmetric mode:

Find the critical load by setting up and solving the governing differential ..
equations.

Ty
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9.32, *9.33,.9.34,:9.35, #9.36, 9.37-9.40, *9.41, *¥9.42, 9.43
The open cross sections shown arc all thin-walled; of constant thickness, ar e
have one axis of symmetry. Assume a {rictionless contact where overlaps appear.
In each case find an expression for the location of the shear center. Check your:
answer by examining limiting cases where possible (as by letting dimension
approach zero, for example).

{-db ——l;—b —~]
o

- PROBLEM 9.33

_ (&) :
I B Y R ) :

7 )

: PROBLEM 9.42
a’e 0. «&S‘t bo ’“\9. Werdieod \AQL

2, (a) Calculate the shear stress distribution acting on a Z-section as

shown when subjected to a vertical shear force Vy which passes : {
through the shear center, : Wfé N Xezange
(b) Plot the variation of the shear stress 7/Vy along the flanges and “’?- m P 2
the web. Indicate the shear flow by means of a figure. - ;?O
(c) What is the location of the shear center of this section ? Explain |
the reasoning which justifies your answer. T
Given : IZZ =2015‘Dﬁn¢)1yy =q'.~“00““{4’ Iyz = "8%"\06%"‘;/‘ 10\0 ty Pﬁf J{\‘“SKM
: \
3. An aluminium channel ~is used as a cantilever 0cw long A g — X
and has an end load of ASKMN passing through the centroid as shown. \ : >
- ©O &
(a) Locate the shear center r
(b) Determine the angle of twist at the end B of the beam. s k )
(c) Find the maximum shear stress in the section x=0 including the T 4o~
effects of both torsion and flexure. C=] e 8 e N
o b — VA 3 VN
Given : G = 26 GRu-—, Ty =370 e Z = 4244 tmrem o P
— 2% Gl zz e st Contrond
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1.3 Find the critical load. of the one-degree-of-freedom model of a column shown ' - @ :)
in Fig, P1-3. The model consists of two rigid bars pin connected to each other \/ v
and to the supports. A linear rotational spring of stiffness C = MJ8, where o ) / 8 :
M is the moment at the spring and @ is the angle between the two bars, also » u /
connects the two bars to each other. (P, = 2C/L) , e \{j
2. Write the second-order differential equation for the bending of the column : I :
shown in Fig. P1-2 and use it to determine the critical load of the column. p
At its lower end the column is completely fixed. At the upper end the column Fig. P1.3
. 18 prevented from rotating, but free to translate laterally. (ans: Po= EI/L?)
. _ )
3. Determine the critical load of instability for the elastic column shown 1 o
(ans: Po=n’m’El/4L?) S
L g ET ~\ P T ‘./r,
J« : | C , /
) L 1 ‘ Lo/
. l ’I
4. An elastic road ABC havmg ﬂexural rigidity EI is s1mp1y supported as - )
shown and - P
is subjected to an axial load P. :
. s Fig. P1-2
E_.. Ao —— B < =}
R «L Y I
! : -

a) Obtain the following characteristic equation for the elgenvalue k

“corresponding to the critical load P ‘
okL(1-o)sin(kl)-sin(akL)sin[(1-o)kL]=0, k*<P/EI

(Hint: Write separate equations for each span and make use of the

conditions of continuity at the center support).

b) From the above characteristic equation, show that Pcr—4ﬂ:2EI/L2

when 0=0.5, that is when the support B is at the midspan.

c) show that as o~>0, the characteristic equation reduces to- tan(kL)—kL Verify that

the first root is kL=4.49 and show that the corresponding critical load is given by

P.=n’E1/(0.7L)% |

AP¥2 WNINPY P iy noa oIy BC MI72 N'W7 191X DiN A, woIn ny7 oy AB Tipy
0N 7w (Le 'I079RN TUXN) NOM7N TR DRI NONF7N oD NN '\NYD
: (Le=2.65L ,L;=L 2wx> .n)
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Chapter 12
Statically
indeterminate

10 T EI 18

1 Arooc + Kcoeiwv 1 Awumwo + 108M; + K.Sov
El T TE

problems

-or (C89)Mp ¥ 3Mg = =260

Using condition (b) for the span BC provides another equation
N.WQ = Qv or u

— (240 el
| 2 (FO——=— +— 3 T3 3

1 ﬁce (18 +12)  (I8)(+Mg) (18) ~ (18)(+My) NEJ
=0

or . 3Mp 4+ 6My = —200
Solving the two reduced equations simultaneously,
Mp = —-204ftlb and Mgs= —233ftdb

where the signs agree with the convention of signs used for beams
These moments with their proper sense are shown in Fig. 12-17(b) .

) After the redundant moments M, and M, are found uo. new
techniques are necessary to construct the moment and shear mmwmz::m
However, particular care must be exercised to include the moments mm
the supports ib.&n computing shears and reactions. Usually, isolated
beams as shown in Fig. 12-17(b) are the most convenient free bodies for
amﬂ.mmB.EEm shears. Reactions follow by adding the shears on the
adjoining beams. In units of kips and feet, for free body 4B:

2Mp=0Q +, 2410)5-204 —10R; =0, R, = 9.96 kips ]
2My =00+, 24(10)5 +204 — 10V =0, V5= 14.04 kips |
For free body BC :
SMz=0Q +, 10(6) + 204 —23.3 — 18V =0,
| Vg = u._w kips 1
SMp=00) +, 10(12) —20.4 + 233 — 18V, =0,

Vo=Rp=6. i
Check: ¢ © S kipsT

Ry+Vp=24kipst and Vg + Rp =10kips
From above, Rg = ¥ + Vg = 17.21 kips 1.

The complete shear and moment dia e T
and (f), respectively. grams are in Figs. 12-17(¢)

12-6. Hm.m THREE-MOMENT EQUATION

Generalizing the procedure used in th i
. 1 e preceding example, a
recurrence formula, i.e., an equation which may be repeatedly mmﬁmmm for

every two adjoining spans, may be derived for continuous beams. For any

AL -t

®)

©

~0

=~ O
=

() L——
Fig. 12-18. Derivation of the

n number of spans, n — 1 such equations may be written. This gives
enough simultaneous equations for the solution of redundant moments
over the supports. This recurrence formula is called the three-moment
equation because three unknown moments appear in it. .

Consider a continuous beam, such as shown in Fig. 12-18(a),
subjected to any transverse loading. For any two adjoining spans, as LC
and CR, the bending-moment diagram is considered to consist of two
parts. The areas 4z and Ap to the left and to the right of the center
support C, Fig. 12-18(b), correspond to the bending-moment diagrams in
the respective spans if these spans are treated as being simply supported.
These moment diagrams depend entirely upon the nature of the known
forces applied within each span. The other part of the moment diagram
of known shape is due to the unknown moments My, at the left support,
My, at the center support, and M, at the right support. .

Next, the elastic curve in Fig. 12-18(c) must be considered. This
curve is continuous for any continuous beam. Hence the angles 6 and

¢» Which define, from the respective sides, the inclination of the same:

tangent to the elastic curve at C, are equal. By using the second moment-
area theorem to obtain #; and ?xc, these angles are defined as 8c = trelLr
and 8/, = —1tge/Lg, where Ly and Lg, are span lengths on the left and on



er % 1 Aro% +35(100M5\ 1 (2,880 + 108My + 54M T
ically EI 10 = T EI 18 v « _’«/ﬁ:j\«\\g «
iinate . = \.«/*ﬁr‘

or C¥)Mp +3My = =260 q%! L L

- .. N\ T »
Using condition (b) for the span BC provides another equation © X

tge =0, 0r ’ ]

1 [(18) (18 +12)  (I8)(+Mp)(8) (I8

1708 5 )(+Mo) 2(18)

Eﬁm () —F—+ 55— F +— 3 gno

or . 3Mp + 6Mg = —200

‘Solving the two reduced equations simultaneously,
Mp = —2041tlb and Mg = —23.3ft-Ib

where the signs agree with the convention of signs used for beams.
These moments with their proper sense are shown in Fig. 12-17(b).

. After the redundant moments M, and M, are found, no new
techniques are necessary to construct the moment and shear diagrams.
However, particular care must be exercised to include the moments at
the supports while computing shears and reactions. Usually, isolated
beams as shown in Fig. 12-17(b) are the most convenient free bodies for
anmon.@uﬁm shears. Reactions follow by adding the shears on the
adjoining beams. In units of kips and feet, for free body AB:

SMp=0Q +, 24(10)5 —204 —10R, =0, R, = 9.96kips?

DM =00+, 24(10)5 +204 —10Vy =0, Vp=14.04 kips 1

For free body BC :
2Me=0Q +, 106) +20.4 —23.3 — 18¥5 =0,
Vg =3.17 kips 1
SMg =00 +, 10(12) —20.4 +23.3 — 18V, =0,
Vo = Rg = 6.83 ki
Check: ¢ ¢ tal

R4+ Vg =24kipst and Vg + Ry = 10kips |

From above, Rp = Vp + V5 = 17.21 kips 1.

The complete shear and moment dia s are in Figs. 12-
and (f), respectively. gram igs. 12-17(¢)

126 THE THREE-MOMENT EQUATION

,v Generalizing .Em procedure used in the preceding example, w.
recurrence formula, i.e., an equation which may be repeatedly applied for

_every two adjoining spans, may be derived for continuous beams. For any

456

=0

~ QX
=
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Fig. 12-18. Derivation of the three-m¢

n number of spans, n — 1 such equations may be written. This gives
enough simultaneous equations for the solution of redundant moments
over the supports. This recurrence formula is called the three-moment
equation because three unknown moments appear in it.

Consider a continuous beam, such as shown in Fig. 12-18(a),
subjected to any transverse loading. For any two adjoining spans, as LC
and CR, the bending-moment diagram is considered to consist of two
parts. The areas 4z, and Ap to the left and to the right of the center
support C, Fig. 12-18(b), correspond to the bending-moment diagrams in
the respective spans if these spans are treated as being simply supported.
These moment diagrams depend entirely upon the nature of the known
forces applied within each span. The other part of the moment diagram
of known shape is due to the unknown moments M . at the left support,
M at the center support, and Mp, at the right support.

Next, the elastic curve in Fig. 12-18(c) must be considered. This
curve is continuous for any continuous beam. Hence the angles 0 and

&, which define, from the respective sides, the inclination of the same-
tangent to the elastic curve at C, are equal. By using the second moment-
area theorem to obtain 775 and #zc, these angles are defined as 6 = trolLs
and 65 = —tge/Lp, where L; and Ly are span lengths on the left and on
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