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ABSTRACT

The aesthetic and architectural shapes of the beam-column elements may enhance the elements
strength depending on the maximum and minimum bending moments effect. Therefore, the stability
value of the non-linear taper member in concave configuration may be more efficient than linear
taper or prismatic members.

The modified stability functions will be obtained from the solution of the basic differential
equation, where this basic differential equation depends on the non-linearity factor " A of the
beam-column shape and the shape factor of the cross-sectional area, These two factors, multiplied
by others, produce the modified shape factor, which affects the results of the basic differential
equation solutions.
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INTRODUCTION

Present day demands for economy of materials together with sufficient strength leads to the use of
more slender structural members and thus a greater understanding of the stability behavior becomes
essential. Increasing the second moment of area for each strut, which can very often be
accomplished by increasing the cross-sectional dimensions, can enhance the strength of the
structure.

The increase of depth, width or both dimensions of struts is followed by and associated to the
increase of the subjected bending moment and axial force. The configuration of the struts may be
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mcreasing with cross-sectional dimension along the axis of the member producing a linearly or non-
linearly tapered member Fig. (1).

A

dx —====0

A
Y

L

a. Linear non-prismatic
Fig. (1) Tapered beam-column element
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b. Non-linear (concave)

Fig. (1) Tapered beam-column element (continued)

MODIFIED STABILITY FUNCTIONS AT COMPRESSIVE AND TENSILE AXIAL LOAD

The modified slope-deflection equations associated with an elastic prismatic strut for a non-sway
mode are:

M, :%(se[ £5C8,) ()

Mr-%(scsj £50,) 2)

The stability functions S and SC are functions of the non-dimensional parameter p=Q/Q, ., where
Q 15 the constant axial foad and Qg is the Euler load.
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The modified stability functions of the non-linear, non-prismatic members in a concave tapered
configuration are given by Equations (3) and (4) they are different at the ends.

M, = Eﬁ}'l (5.6, +5Ce,) " G)
M, :Ei?(sce, +8S, 8_.,) (4)

where I is the moment of inertia at lower depth of member, S1, SC and S; are the modified stability
functions of the non-dimensional parameter pr=1HOL

The derivation of the modified stability functions by the exact method is presented here for non-
linear tapered members in either one or two directions.
The depth d (x) may be expressed by:

d(x) =d,(x/a)" (5)

where a is the distance of end 2 from the origin O (point of zero), and d- is the depth at end 2
Fig. (1).

From Equation (5), the depth at end 1 can be obtained as: —

y }\, .
d, :dz(b/a) (6)

L
where b is the distance of end 1 from the origin O. Writing U =a/b or

U=a/b (7)
where U is the modified taper ratio and may be obtained as: —

U=uU* (8)
FThe moment of inertia of the strut may be expressed in the form shown by Equation (9):

1(\) — I_‘(\ f,ra)?'-,m (9}

~ where I(x) is the moment of inertia of the section at distance x from the origin O. Equation (9) can
be written as:

[(x)=1(aral®

where m is the modified shape factor and may be obtained as in Equation (10)
( Al-Damarchi, 1999)
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= Am (10)
where m is the shape factor for linear taper members and may be obtained by using Equation (11):

m = log(1, /1, )/log U ()

The basic differential equation of the beam subjected to a constant axial force Q is
( Mclachlan. 1961): —

_" + Q}/ :'(x~a)+%—(x—b) (12)

Substituting Equation (9) into Equation (12) yields:

_M,
_L(

I+

) B m dz
(3] g

" X"a)+Pﬁ2 (x -b) (13)

The right hand side of Equation (13) can be reduced to zero by replacing “y” by “Z” when
) M, ,
=y Q—' R (14)

[hus, the differential equation becomes:

2 iy
L 0%z =0 (15)
dx~
where
o’ =+Qa" /EI, . (16)

Equation (15) can be transformed into a Bessel Equation by the form shown in Equation (17)
(Al-Sarraf, 1979)

e i 5 o rarcn s RN 8
I’z _Qo-1) 47 (g2 2 om0 =0 )y a7
dx” X dx X"

This equation has a general solution of ( Mclachlan, 1961)

Z=x" [AJ . (]3\ )+ BJ | (BxY )] (18-a)
7 =x*[a1, (Bx" )+ BI_, {px" )| (18-b)

where A and B are constants of integration, if epending on (n) if not an integer; then J, and I, are
Bessel and the modified Bessel functions of the first kind of order (n). Therefore, the solution can
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be written down in terms of Bessel functions by giving particular values to the constants o, {3,y
and n. By comparing the two Equations (15) and (18), the constants o, {3, and n can be obtained:

a=05, Pt 2, o220 oy L

~ 4 2~

Hence. the general solution of the fundamental Equation (12) is:

y=AﬁJAL(&c)+BJN&MYH+%%}xha)+%§ﬂx—b) (19-a)
y:N&Lmnmxﬂ+anmrﬂm%i{x_ﬂm%%ix-b) (19-h)

depending on whether Q is compression or tension.
There are four unknowns A, B, M,, and M,, which have to be determined from the following
boundary conditions:

g x=a, y=0and dy/dx=8,,
and x=b, y=0and dy/dx=6,.

The solution of the basic differential equation of an elastic curve for nonlinear non-prismatic
members depends on the value of the shape factor m and non-linearity factor A..

In fact, the non-linear non-prismatic members can be classified in three types according to the non-
linearity factor A :

A > 1, the configuration of the beam element is a concave tapered member along its axis.
A =1, the configuration of the beam element is a linear tapered member along its axis.

e
2-
3- A <1, the configuration of the beam element is a convex tapered member along its axis.

The non-linearity factor A > 1.0 in a concave taper member is considered here.

Concave Tﬁper for m = 4 and _7&_=2.6

m=mh\=10.4

Case 1: Compressive Axial Force Q > 0: -

7 )
0=05, y=>9%_ 45 no—l 40119, p=—29 _ 102380

2 T o104 " T 2-104

The solution of Equation (12) and its first derivative become:

' dal %0 ) ’ V] M ; N
y=x% Al (0“—f89 |+ BJ_O.],()I 0238@H+ L(x —a)+ M, (x —b) (20)

| TR L g4

QL QL
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(0.238w}+ M, +M,
X4.2 4 QL

BJ

4.7 Y —1119

dy o (O.ZESmJﬂ @

= AT : 21
dx X-‘L? th./_ X ( }

N

The values of the constants A and B are obtained by substituting the boundary conditions in
Equation (20):

A MIJ__UH:)(Q)_'\{%_'_MEJﬁO,li‘?(B)\/E (22)

Ja/b 2Q

B M, J,, 19(0-) de_MZnglglﬁ) \/E (23)
Vab ZQ |
where
L2=1Tgy (G)Jfﬂ.n()(ﬁ) —J om0 (O(‘)J(J.l 19 (B) (24)
2 10, g K03
0=0238-2 | =0238-2 | p,= L o=2
a*’ e El.w Els

. {1 471,05
SC = (oLF, + za®b*7) Z2R2_0 ] (26)
. wPEl, ) ‘
S, =(G)Lf, 4 Zh™ sl 8 el (27)
) E ®PEI, ) by
where
(£, £ o f f , i)
P= Z}:Eﬁ TKb—O—_ e a_SS'J & b.” b—?l.ﬁ = “{;“5‘; } o U.)I,i'lfz (—'8)
and

.f‘? = ‘] -] !ii‘(a)'li Hl')(ll?)) - J] H‘)(CX')J—-W ]N(B)

il I ¢ 1 PN o St IS (A R
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| S

fy =0 gn0(add, 1 1a(BY+ T 0(a)_, 1o (B)
Lasd B | o log) + g i CBH et )
o= Tonog (B 5B + I g1 (B, 115 (B)
Bl o C0)) | led el o] )
Case 2: Tensile Axial Force Q < 0: -

a=05, y=esll pilie. 1 5119, g 20 ifoag
> 10.4 10.4

The solution of Equation (12) and its first derivative become:

s (0.238w 02380 M, = M, .
7= Al 20 L 220 g Mgy, &)
Y | 2 M 5 :
21 = ﬁ'f"AII El@(o-iff@J & :437 BL;HD(O:?_QS@] - ](;LMQ (30)

The values of the constants A and B are obtained by substituting the boundary conditions into
Equation (29):

* M, [--UJI‘)(OL)\/;_{_MEI%).HQ(B)V%

A (31)
Javb ZQ
B:_Mnlo1\()(“)£+M210|1L)(B)\/g (32)
Vab Z2Q
where
Z= I—U \ [O(O(')]O.I]LJ(B)ilﬂ 1 [G(O(‘)I—{j.liE)(B) (33)
5 o QL 2104 Q o5
&:0.238*5 . BZOQBS? s Py :':’;j and CU=( 3
a™ b™ El,n v ElL
The modified stability functions are: —
S, = (oLf, + za%?) L2ZQOT -
' \oPEL,
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o o 471,05
SC = (oL, - za®s b+ L2Q2 b (35)
oPEL, )
S, =(oLf, + zp'2 | k22" (36)
wPEI,

where

. o F, f. f f , .
S RS R

| \a oy B a5

and
fi=1, TCHENGIES no (L, 115(B)
f, =1, 19 ()L 0 (B) — Iy sl o (B)
f_; = I-‘H i !‘J{(x)li !IQ(B) - 1(} 119 (O!‘)I-] I{(}(B)
f-'l = I—().IIQ(B)IJ IJO((X‘) - 10 IEQ(B)I—I 119 (a)
f‘s = Io 11&)(5)14 e (B) - l,_{; l]<J(B)l].l 0 (B)
f(» = I—fl H‘)(O‘(')Il ll‘)(a) - I(J H‘}(O”)]'-‘f.il‘)(a)
Concave Taper for m = 4 and &= 2.2

m=m\ =8.8
Case 1: Compressive Axial Force Q>0:-

2_9Q 2
a=05, y= e acd 2.0 B, s i +0.147 |, B = . - +0.2940
3 2-8.8 2-8.8
The solution of Equation (12) and its first derivative become:
y ,‘_ : 2 I j M M')
. ”‘LAJU . (79'—2“9:“”} +BI ., (Q?fﬁ” Ftic T C TN Wl SN (38)
' \’ X’ BN 3 L, QL

dy o 0.2940 © 0.2940 M, +M, "
a; - ’;;__e)‘ﬁ“],l t47(7§,4ﬁ) - o BJ-| 147( Xﬂﬁ}_'_ “*mjai*; (39)

Thus: -
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; s
B, = ((OLL +Za' ﬂ (40)

@PEIL,
391,05
SC = (oL, +2a“b”{£zQ—;é_—I_b—} (41)

Orel,
; : 4.4

g—@mu+2wﬂfiﬁ§ } 42)

wrel,
Case 2: Tensile Axial Force Q < 0: -

_2-
o =10. 5 =t 8.8 =-34 s 1 ertl), 147 5 B‘:—"—‘—-': +0.294w
2 2= 8.8 2+8.8
The solution of Equation (12) and its first derivative become:
os| 0.2%40 ozwm)W M
Y= LAIU.M?( X34 ) + BI 0147[ ]J QI] (x— )*“_(X =} (43)
/ ,) { ’ / Q ] 3 I\«’I M’,
fy - %AI; H{Om?;—f‘rca)_ UE)U BI .l 9_2%?@ = LTS (44)
g x 4 X
Thus: -
S, = (oLf, + Za** Laghy (45)
oPEI,
i 0 5 \
SC =(oLf, — Za" b** LzQa¥p" (46)
QPEI
4.4

S, =(oLf, + Zb44{;£%$; J 7]

where the equations of f), fg, B, G, T B, 2o B,@, P and the constant of integration are given in

Table (1).

Concave Taper form=4 and A= 1.8

=mA = 7.2
Case 1: Compressive Axial Force Q > (: -

=S s Yo

2712
2 2
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The selution of Equation (12} and its first derivative become:

J = X(H!—-/\;Iw 1‘-)“('0 3?}5@) BJ ~0.1 92(0‘"3§5w j} M
L "7 k¢ %28 QL

.

@}_’:wg;__l_ml]91(0.38503)_ ® BJW{U_385w}+M,+M2
o Ao :

76 Ex 3
dx X X x>° QL

The modified stability functions for this case are: —

S = (m[_f, -~ zaB-f’fﬂé_
| 1 ePEL

- 3] 405
SC = (oL, + za> o> | ZE0E B
(DP]:‘[2 !

The solution of Equation (12) and its first derivative become:

)3 0.385 0.385)] M
y=x' {Alowz("}{z‘éwj‘kBlowz(“XaTJ-JW““L Mot )= ﬁ(x—b)

QL
dy _ o (038%) © g (0385 M +M,
F_ i \l)ﬁ T T L) 76 }
= /X j QL

The modified stability functions for this case are:

3.6
S, =(wLf, +Za®s | LA
: HPEI,

— 31 a5
SC = (oLf, - Za" b’ (LZQe* b W
©PEI,
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o )

12 :((DLIZ +7pte)| LLQa””
: PEI

(37)

where the expressions of f}, £, f3, fi, fs, f5, Z, &, 3, @, P and the constant of integration are given in

Table (1).

Cencave Taper form =4 and A= 1.4
m=mk =56
Case |: Compressive Axial Force Q > 0: -

oo B S , p=—22

2 2~5.6 2 8.6

The solution of Equation (12) and its first derivative become:

0.5 . .-.. ! M 2
y =x"’ [AJ a\z78(§*]536_mj+ B"~f).2?8(0 D??QJJ " Qf‘ (x—a)+ “E)NIT:(}& +)
Xt e o0y o

/ B 0.5 (0.55 M, +M,
di_in]|77hk0.3§§w}h O pj JU.31\603J+_  + M,
5

31 2 -1278
4 5 . X QL

Thus: -

S, = (coLf. 4 Za™ {:Légbdw
‘ ; oPEL, )

SC = (wLf, +Za®* b“ﬁ“ZQaN bnw
3 \ OPEL, )

' 2.8
S, ={oLf, + zb*¢)| 22287
h h mPEL,

Case 2: Tensile Axial Force Q < (: -

2-5 20
=05, y_:uézﬁ;q.s .= 156:410.278 BT = 40,5560

The solution of Equation (12) and its first derivative become:

- .
0.556m

| AIu:?Si( ’33_)+Bl---"}275
hal Nk o

0.5

y=X

= 1+0.5560

(58)

(59)

(60)

(61)

(62)
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L+ M
g = *C“?TAI, 178(0'516(0)* 693 BI 273(0‘55?&)} o Mo 2 {(64)
dx x°° - - x° X~ QL
The modified stability functions for this case are: -
28"
S, = (oLf, +7a2| LEL (65)
, @PEl,
. / 23 br)_s\
SC = (olt, - za%sp2?| L2QE b 7 L00)
' oBkEL, - |
, 28
S, = (Q)Lf3 + Zb** Lale (67)
wPEl,

where the expressions of f}, £, £, £, fs, f5, Z, ¢, B, @, P and the constants of integration are given
in Table (1).

MODIFIED STABILITY FUNCTIONS AT ZERO AXIAL LOAD
The basic differential equation for a tapered beam is ( Al-Damarchi, 1999)

m_d y M M
- e b 68
H: La} d>\ L T rl)+ L. e ) o

This may be written in the form: —

EL, j“ff - a': [(Mf + M, Jx™™ —a(M, +UM2)X”iﬁ]‘ (69)
2

Integrating with respect to x; ~

) d\" d - )\1 m (
s M, +M ——a(M, +uM, )=—— 70
“dx L {( o )2 m M, 40 )l—m} B

and again: ~
Ely —-lj(M +M,) i—*—a(Mi+uM,)-m—Xi +Ax+B (71)
L | (2 m)(3-m) (1-m)(2 m) '

It may be noted that this solution is used when the value of T # 1,2,3.

There are four unknowns A, B, M, and M,. which have to be determined from the boundary
conditions at the ends. Then, the modified stability functions are:
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. (-mL 2 ) 3W-2-F 2 JHE Mo |
S, = +—— ﬁ:;—?(3~4m+m‘)+ S Lo T,,T(f)—:n +m“” (72)
P - abh =2 alnbm aﬁm~ 4
2ok Sl o e g 3T 1-#i s :
SC = gn_]—ZL b(l?ﬁ_;’_)+ (1- ln)(aa—ln e - j+£ﬁ—]3~(3 -m 1 (73)
¥ a a b |
Q-MLM2-3m+W®  8H-2m° -6 2 a . ]
§, =~ ———Az| £T2MEm — T t (-] (74)
i 1) L al‘l‘lbln afﬂ bﬂ'l % b-_'ﬂ blTl < J
where
21 1-m 3-m 4] s
pL2n s (3 ~ 4 + m> )+ (L, + 1_37__1 ](4 ~4m +m* )+ b ™ 4 o" (75)
alﬁ—7 at}"l*.} alT’I
EXAMPLE

By comparing between the elastic critical loads of the frame shown in Fig, (2) for the two cases of
stanchion shapes, the more efficient shape can be found. The first case shows a linear taper member
while the second depicts a concave taper with the other properties being the same.

For the non-sway mode and joint B rotating by By

Fl EI
KBL‘ = ’i’j ’ KAB :_EA_
P P P
!
! 5 1.7 A m=4
b_10
a 5
A b ] & A D

Fig. (2)
ZNIB = MHC 7 Mim

=Ky[s6, +5C0.|+K,,[s,0, +SCo, |
4+2Jp, +25,0,
(24 +28,)o,

Il

where

S =4 and SC = 2 for prismatic member and zero axial load ( Livesley, 1956).
0, =0, and B0 8. =

The critical load makes the stiffness vanishes.
24 + 25/=10
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S[ = 12
By trials, the different values of p are substituted in the stability equation for Sy until §; = 12 for
each A factor.

10.4 5
s
38450 |

By comparing the critical p from the concave taper strut with that of the linear taper, it is seen that
the concave shape is more efficient in carrying loads over the linear taper member,

CONCLUSIONS
Modified stability functions are derived for non-linear concave taper members having a shape factor
m = 4 for a square or circular solid cross-sectional area. The non-linearity concave factor A= 1.4,

1.8, 2.2 and 2.6 are subjected to a constant compressive, tensile or zero axial load obtaining closed
form solutions.

These expressions for the modified stability functions S,,SCand S, are exact for any depth ratio

and any non-dimensional axial load parameter p. The concave shape of the beam-column may
enhance the strength of the strut.
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SYMBOLS

E - Young’s modulus

fi, £...0s : Parametric functions

I : Moment of inertia at end 1

15 : Moment of inertia at end 2

K : Stiffness of the strut

I : Member length

m : Shape factor

i) : Modified Shape factor

M1, M2 : Bending moments at ends 1 and 2 of the member
Q : Axial load

Qp - Euler load = B[ ,1.> / n? (forend 2)

S : Modified stability function at end 1

S, : Modified stability function at end 2

8C : Carrying factor of the modified stability function
U i Modified taper ratio

Y : Deflection

), : Non-linearity factor

0,,0, :Rotations at ends 1 and 2 of member

p : Axial load parameter = Q/ &
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]

Table (1) Formulae of derivation symbols in stability function

(£.b* +£.2"%)

Symbol | W =88 A=22 m=72 =18 56 A=14
Z‘ 0’4{0’)I0I4'{B) 4’)14{0‘)‘! I4’(B) J—U]U"(C’(‘) OIQ’(B OIQZ(OL) 4)19’{B 0778 o) ‘J?Q( ) 0278 ) (127 h(B)
® (a** @ /e1, ) (a7 Q/E1, )" (a“’ Q/EL, )
o, 0.2940a > 0.385wa™" 0.556ma
B 0.294 @b~ 0.385wb ¢ 0.5560b "
Cf A MJ_, :47((1){3 'tMﬂ J mu.m(ﬁ)wf b ]VI:‘I—()‘IL)Z(‘I)V;a j‘_Mg-} ) |92(B)V% ij-uz?ﬁ(a)_\ig tf\/igj : U_g;g(ﬁ)\f’%
o JabzQ JavbZQ VabZzQ
2l g | MdusloNarMilyBNb | MIysleha M BN | MlgmoRa + Mo Bhb
= JabZQ JabzQ JadbzZQ
§ f T 1ad B = 1) B | T im0, (), 2D 1352 B) | (015 (@B
i g tl 14.)]4/(&)‘][)!47@5) JUM'I((‘X')J 0147(B) ﬁUl‘)Z(a)JOEQ.’Z(B)ﬁ‘]QI‘}z(OL)J#!Q‘Z(B) ‘IAJ 7"8((1)‘10 78(]3)'"‘10”78(0”)‘] {)’76([3)
’ % 13 ‘]—CLM?(Q(‘)J I4'[B)+J0147((1’)‘]- 1. E47(|3) —0_19:((1)‘[1.192(B)+J0.l92((1)‘]-1‘192(B) J4J278(G‘)JI 78(ﬁ)+107"8(0()‘] 127 S(B)
g‘ ty J 0147@)\] ;47(05)+Jo|47(l~)’)]_1 o] 3 (B, 1020 +35,10:(BW  155(00) I-{J 73“)’)‘]1375(05)*'10373(3)«[ w::g(a)l
(‘3 fi ] )14?(.[3)T 147 (B) +‘] ﬂl‘h(B)‘Il 147@) ‘IU‘192(13)‘1—[.192(B)+J—U‘E92(B)J] 192\5) JO S(ﬁ)‘]—l JTB(B) +‘J 0“78([3)‘]! 27 8(6)
fs J_014A00; A0+ 0N A 0) 3 0104ON o016 L0 15000 | I a0 155() =+ T (0T el
Pl (f b(pu_-, us) (fibg"s—f}a“) (fibw -fﬁ‘aoj)
b2 (£, — f.2%) (£.b" ~£,2%) (o> —ra) |
P zla*op, - b*°p, |- 0Lt F, z[a“a - b3"P2J—— oLf,f, | ZJa*’P, - b”‘ﬁPz]—mLf,f?
Z lu‘m(a)hu.m(ﬁ) - l—um(a)lu m(B) Ls.mz(a)lu,wz(ﬁ)“lo 192((1)170 wz(B) Igo,zvx(u)l o.zvs(B)_ ] o.zvs(“)lwozvs(s)
@ (~a** qQ/E1,)” (-2’2 Q/E1,)"” (~a** Q/EI1, )
o 0.294ma>* 0.385wa™* 0.556ma"*
B 0.2940b " _ 0.3850b " 0.5560b "
A .M' Lo (OL)\”‘Ig Myl (B)’ﬂ?, Mg 0 (G’)VE +M, | 70,192(6)\[6 1\_41 l --0:78((1)\/5 + lefc,zm(B)‘j—b—
= ' VavbzQ JabZQ JabZQ
3, B ]\/{!I(H 7’( ) a+ M I I—U(B) b - 1\/TII‘\) |‘J2(G’)\faj+]\/12](\‘:‘E{B)‘\’{E - M I’)""?\( )Vd A M ! J’ "!(B)’\fbl
| £ JavbZQ JavbzZQ JavbZQ |
; f] I-l.!d’-’(a)TI 147(B) 7II‘I41‘(G’)I~1.H’.’(B) I -1 192((1)11 IO’T(B) I 192 ({X)I-I 197(B) I—IQTS(O(’)II Q?S(B)"It 278((1)1—! 278([” l
é fﬁ 1——0.Ld?(&.)Io_M'f(B)mro‘lfw(a)lfolﬁ(]}) l = 9~(OL)IO|9?(B) Iolqz(a)l—mgo(ﬁ) 1—0.273(0{')10,278(5) "10278((1)1--(1278(@
:‘E t3 170147(05)%47([3) ’Hulm(a)[mﬂ?(ﬁ) I—uwv(a)l oz(B)*luwv(a)l 1192(B) IA.u_z?s(a)Ilg?e(B)+{£127s(a)1--1273(13)
_,S {4 I u!w(ml m(u)Jr ]c: w(ﬁ)[ -1 547((1) 43 w‘:(B)Il |Qz((x)+ I(; wz(ﬁ)li ;L)?_(.O:) I 1 275(B)ll.278(0()+]n).??S(B)]—-l ??H(.DO
fi 10.147([3)'{—!‘IQT(B)MFLAO,MF(B)I] E-’ﬂ(B) IU.I‘.JQ(B)I 1,192(5)+I—O.i‘32(B)IJ,192(B) I(}Z'FS(B)I—IE?S(B)+I—U,278(ﬁ)*{§ 273(15)
f6 1_0_147((}:)1 I,!47(u’)+IO.I47(C(')1-—1_I47((1’) ]:"0_192((1)1]7192((1)“}‘10_!92((1)1_1.]92(0;) 170.278(0(’)'1]'_178((1)4_1!).278(0"’)14,273(0")
P

_(£b"7 + Fra™)

(f(b{lﬁ + i_‘ a'0,5)

:Q/Qlf

0% - 1,0%)

(f 95 _ g do's)

7[at?p, + 63°p, |- oL, F,

Zla*'P, + b7 P, |- oL 1,

164

Zla*'p, +b°

;J: wLf T, J




