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ABSTRACT 

A numerical method of working stress design of reinforced 
concrete columns with unsymmetrical T-shaped sections subjected 
to biaxial bending and axial force is presented. The design 
procedure, modified on the basis of Turkish Building Code 
requirements, is similar to Rtidingerls and Chuls iterative 
solution methods in which the stress at any point is found from 
a general formula for unsymmetrical bending of unsyrunetrical 
sections. The formulation derived for T-sections is readily 
applicable to L-shaped as well as to rectangular sections. The 
tileory includes the cases in which the eccentricities exceed 
the cracking limit of the section. A computer program is given 
and one complete numeric example is included. 
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NOTATIONS 

transformed area of the uncracked 
section 

- transformed area of the cracked section 
- area of the ith reinforcing bar 

distances to locate the neutral axis 
of the uncracked section 
distances to locate the neutral axis 
of the cracked section 

- coordinates of t~e point of application 
. of the normal force with respect to 
x,y axes 

- coordinates of the point of application 
of t:1.e normal force with respect to 
x I ,y' axes 

- axial force 
- moments of inertia of concrete of the 

uncracked section with respect to x,y 
axes 

- moments of inertia of steel of ~he 
uncracked section with respect to x,y 
axes 
moments of inertia of tue uncracked 
transformed section with respect to x,y 

axes 
- moments of inertia of the cracked 

transformed section with respect to X, ,y' 
axes 

- modular ratio ( the ratio of the modulus 
of elasticity of steel to the modulus of 
elasticity of concrete) 

I 
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S,Z,P,O,R,Q 

u,V 

x,Y 

xO'Yo 

x' V' , v 

x, y' 
i' i 

e 

- parameters used in area, centroid and 
moments of inertia formulas for the 
cracked section 

- axes passing thro"ugh the bottom-left 
corner of the section 

- coordinates of the ith reinforcing bar 
with respect to u,v axes 

- coordinates of the centroid of the 
uncracked section with respect to u,v 
axes 

- centroidal axes of tile uncracked section 
- coordinates of the centroid of the 

cracked section with respect to x,Y axes 
- coordinates of the ith reinforcing bar 

with respect to x,y axes 
- centroidal axes of the cracked section 
- coordinates of the ith reinforcing bar 

vlith respect to x' ,y' axes 
- coordinates of the (x) corner of the 

section ~..,i th respect to x, y axes 
- stress in concrete when section is not 

cracked at the (x) corner 
- stress in the ith reinforcing bar when 

the section is not cracked 
- stress in concrete when the section is 

cracked at the (x) corner 
- stress in the i th reinforcing bar vlhen 

the section is cracked 
the angle be~ween the neutral axis and 
the horizontal 
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CHAPTER 1 

INTRODUCTION 

It is generally a straightforward problem to determine the 
allowable capacity (under axial load and moments) of a given 
reinforced concrete section, providing that the position of the 
neutral axis and stresses are knO\~. In practice, however, the 
procedure is reversed. Working loads are given and the sections 
as well as the reinforcements are required to support these I 
loading. For this purpose, a trial section is selected and the 
maximum stresses are calculated. The allowable capacity of the 
selected section is reached when the calculated maximum stress 

. in steel or concrete is equal to the allowable stress. 

Columns with T or L-sbaped sections are more effective and 
economical particularly in irregular column layouts, since most 
corner co.lumns as well as some interior columns are subject to 
bending in two directions. Because of their larger moment of 
inertia properties, T and L-sbaped columns can resist relatively 
bigger bending moments in both directions. Columns which are 
axially loaded occur rarely in buildings, simultan~ous bending 
is almost always present. Bending moments are caused by 
continuity, i.e., by the fact that building columns are parts 
of monolithic ,frames, by transverse loads such as wind forces. 
Even when deSign calculations show a member to be loaded axially, 
inevitable imperfections of construction,will introduce eccen­
tricities and consequent bending in the member. Usually it is 
assumed that bending is present about only one of the two 
principal axes of the section. There are other situations, 

, ; 
however, and they are by no means exceptional, in which axial 
compreSSion is accompanied by simultaneo~ bending about both 
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principal axes of the section. Such is the case, for instance, 
. in corner columns of tier buildings, where beams and girders 

frame into the column in the directions Of both 'valls and 
. transfer their end moments into the column in two perpendicular 

( 

planes. Similar situations can occur with respeot to interior 
columns, particularly in irregular column layouts, and in a 
variety of other structures. Further, T and L-shaped columns 
fi t into the wall thicknesses and \vall layout better than the 
rectangular columns. Therefore, they are also preferable for 
archi tectural reasons. We should bear in mind, hovlever, that 
the desi~ of even rectangular sections subject to biaxial 
bending requires complicated calculations. 

Nevertheless, there are numeroua papers published in Europe 
and the USA about the design of columns under biaxial bending. 
Most of the papers published in the USA are for ultimate 
strength design (1-12)*. J.Rtidinger (19) and Kuang-Han Chu (18) 
presented methods for the design of rectangular sections. Their 
,methods are too lengthy. Moreover, Chu I s formulas are for 
ultimate strength design. 

L.S.Mtiller (13) presented a design method applicable to . 
L-shaped columns symmetrical about a 45-deg. axis and assumed 
that the eccentricities do not exceed the limit of cracking of 
the section. K.Kammtiller (22) and E.Morsch (23) proposed 
design methods for .any type of section using graphical methods. 

B.Loser ~24,25) presented three separate methods for the 
deSign of columns subject to biaxial bending. One of the methods 
is graphical and the other ~lO are applicable only to rectangular 
sections. In one of the latter methods', the first location of 
neutral axis is determined, first, by finding two factors from a 
table which correspond to a previously calculated parameter 

(*) Number in the brackets refer to t:le References at the end 
of the thesis. 

. I 
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and then substituting these into some equations. Generally 
speaking, all of his methods require lengthy computations. 
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Ouvrier (30) in his book about columns subjected to biaxial 
bending, gives design principles for square sections. Design 
procedures presented by Sager (26), Nolte (27,29), Ban (28) and 
Pucher (21) are applicable to rectangular sections only. Biaxial 
design of columns by these procedures require the use of auxil­
iary tab~es and diagrams prepared by the. above mentioned authors. 
In Pucher'smethod, it is assumed that the reinforcing is present 
only on the tension side of the section. 

As stated above all of the available design procedures are 
restricted to rectangular sections and further most of them 
require the use of design tables or charts. These tables and 
charts, altough simplfy the tedious calculations to some extent, 
due to the inevitable interpolations or extrapolations the result 
become approximate. 

Cho-Liu Ang (14) and Eli Czerniak (15,16,17) have computurize 
the working stress design of reinforced concrete column sections 
based on ACI-Building Code, however, limiting their discussion 
to rectangular sections only. 

The purpose of this paper is to, develop a method applicable 
to the analysis of T,L-shaped and rectangular column sections 
with small and large eccentricities. It is also intended to de­
velope a computer program for this method. The main difficulty 

, 
in this problem is to locate the neutral axis of the cracked 
section. By means of this program the designer may determine the 
stresses in a tentatively selected section within about ~lenty­
five minutes after supplying the dimensions of the section, coor­
dinates and the diameters of the reinforcing bars to the IBM 1620 
computer. 
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The method developed in this paper is similar to the iterativ 
solution methods proposed by Rtidinger and Chu, modified on 
the basis of Turkish Building Code require~ents. If the eccen­
trically applied force does not cause any tensile stress in 
concrete, in other words if the neutral axis does not intersect 
the section, the design is simple and strai.ghtforward. Once the 
transformed area of the section is obtained, the stress at any 
point may be calculated from a general formula derived in strengt 
of Material courses for unsymmetrical bending of unsymmetrical 
seotions. But, if the section is cracked because of tensile 
stresses in concrete, the problem necessitates iterative solution 
and the basec difficulty lies in locating the neutral axis. This 
difficulty is eliminated to some extent by determining the first 
approximate location of the neutral axis from a formula proposed 
by Loser. After the neutral axis is determined the area, centroi 
and moments of inertia of the cracked section are calculated. To 
be able to v~ite general expressions, six parameters are used. 
These parameters define the points of intersection of the neutral 
axis with the sides of the section. The exact location of the 
neutral axis is found by iteration and then the stresses are 
calculated by the formula mentioned above. 

Due to the limited capacity of the I~l 1620 a column section 
is designed by running four separate programs which are linked 
together. The programs are so developed t~t one has to prepare 
data only for the first program. The first program tests the 
slenderness, minimum and maximum steel ratio of the section and 
determines whether the applied load exceeds the ultimate load 

, 
under which the column fails or not. 
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CHAPTER 2 

WORKING STRESS DESIGN 

2.1 GENERAL CONSIDERATIONS 
The vast majority of reinforced concrete structures have 

been proportioned based on a straight-line theory which is 
called working stress design. When using working stl:ess design 
techniques, members are proportioned so that they may sustain 
the anticipated real loads induced (working or design loads) 
without the stresses in the concrete or reinforcing exceeding 
the proportional limits of the individual materials. Although 
the stress-strain diagram of concrete does not exhibit an initial 
straight-line portion, it is still assumed that Hooke's law does 
apply ,to concrete. 

This leads -to the basic assumptions in vvorking stress design 
required· for the development of design procedures: 

1. Plane sections normal to the neutral plane remain 
plane after bending. 

2. Tensile strength of concrete is neglected. 
3. The strain i~ reinforcing bar is the same as that of 

the surrounding concrete. 
4. Both the concrete and reinforcing steel obey Hooke's 

law. 
S. Strain is proportional to the distance from the neutral 

axis. 
6. All other basic assumptions of deformation and flexure 

of homogeneous sections are valid. 

2.2 . SMALL ECCENTRICITIES 
At low stresses, up to about one-half. the ultimate, ecceB-

I 
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trically compressed members behave elastically. In elastic 
members the stresses may be calculated by simple addition of 
those caused by axial compression and those caused by bending. 
This will be the case in the design procedure presented in this 
paper. 

If the eccentricities are small enough so tlmt tension 
stresses in the co.ncrete will not exist. Then the strain and 
stress distribution as sho~'m in Fig. 2.1 is essentially the same 
as in an elastic, homogeneous member. 

IJ // 
/'" 

0 
(n-1) asi 

)C 
0 ~o8 8 0 /' 

/' 
'" .,/ 

FiCJ.2.1 Stress -Strain in an Uncrac ked Section 

Therefore, once the transformed section has been obtained, 
the usual method of analysis of elastic homogeneous members can 
be ap-plied and the stresses in concrete are computed with 
equation 2.1 (34). Similarly the stresses in reinforcing bars 
are oomputed \'lith Eq. 2.2 • 

F 

2.1 - + ----~2-- Y -
A IxIy - Ixy 

\f':, "'" n \r'c 2.2 

where F::. axial force 
Mx::bending moment about x axis 

I 
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Illy"" bending moment about y axis 
n =modular ratio (modulus of elasticity of steel/modulus 

of elasticity of concrete) 

The sign convention is as follo'\'lS: 

y y 

Fig. 2.2 

Sign Convention 

N.A. 

Axial load, F, and bending moments, Mx and l'1iy ' can be 
replaced with a single eccentric force, F, of equal magnitude 
acting at ex' ey where ex = -M!F and ey = Mx!F. 

y 

My 

= 

Fig. 2.3 
Eccentric Loading 

Then Eq.2.1 becomes 

1 

-+-------
A 2 

I I - Ixy :x: y 

2.3 LARGE ECCEl~ TRICI TIES 

y+ 
exIx - eyIxy 

2 
IxIy - Ixy 

2.3 

When the eccentricities are large,·t~nsion cracks wi~l make 
part of the concrete ineffective and the elastic stresses are 

I 
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distributed as in ?ig.2.4 • 

/' 

.Fig. 2.4. Stress Distribution in a Cracked Section 

PAGE 10 

The shape of the cracked section is dependend on the magnitude 
of F and values of ex,ey• The possible shapes of the cracked 
section are sho\~ in appendix C. If the position of the neutral 
axis is known, then the stresses are given by the following 
expressions. 

stresses in concrete: 

~= F ( 

1 e I I I -e I I' . 
Y Y x xy 

-+ 
A' I'I' _ It 2 

x y xy 

stresses in steel: 

y + 

etlt _ etlt 
x x y xy 

It It _ 1,2 
x y xy 

2.4 
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CHAPTER 3 

DESIGN PROCEDURE 

3.1 PRINCIPLES FOR DETEmIINING STRESSES IN AN UNCRACKED SECTION 

Fig. 3.1 shows an unsymmetrical T section with an arbitrarly 
chosen reinforcement arrangement loaded by an eccentric force F. 

v y 

I.E,---- Uo ------';>01 

Cl __ -+ __ ~C2 

• j th reinforcing bar 

• • 

ClO ev 
I C3 C4 X 
I 

• 0 Ti
r 

; • • • 0 

, 
Vo I 

t3 

• • • • -~ 1 ~ u 
C.§k ---1C5 1< t1 d 3 

~ d4 --
.~.~ . -._---- d s -----_.-. 

I tz 

11L--° ________ ~~ 
C8 k d z 

~-------
i , 1<------- ------- --- ---

Fig. 3.1 

A Typical Section 

The area of the transformed section is: 

3.1 

I 
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The coordinates of the centroid of the section with respect 
to the u,v axes will be: 

Uo = 
·h.d! + .2t,-t4d:z. T ~-l+ -+- 2. t J d3d+ -+ t3<i: -t 2l\o1-,)~a.5l t..(~ 

2.A 
3.2. 

3.3 

Moments of inertia of concrete with respect to the x and 
y axes are determined from the following expressions: 

Ixc = \~ d:z.t.:L (-l~ -to "3 (t2- 2\1ot) -to \~ t.\t~ (t.; +3t tl\-l vS) ~& c\l-t3 ( t~ + 3( t.3 -2Vo)~) 3.4 

lye ~ I~ t.,d. ta~ + 3(d,-2 u.)') + :~ t.t., (t.~ + 3 (d, .d.- 2 u.n .... t,d, (d~ +. (d,+<l.-2 0.:)') I 
3.5 

Moments of inertia of steel witl:l respect to the x and y 

axes are determined from the follovving formulas: 

Ixs = lV\-t)~o.$l.yt '3.7 

Iys = (t'\--{)~ o.sl.xf 3.8 

IIC.Ys = (n--t) ~ a!o~)(~~~ 3.8 

The total moments of inertia of the section vvi th respect 
to the x and y axes: 

I = )( IlCe + lxs 3.10 

r':1 = lyc:,+lys 3.11 

r)l..Y :. 1)(1'::' ... r It'is 3. i2 

" 
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The stresses in concrete at the corner points are determined 
fromEq. 2.3. 

Let. 

then 

(~lC)Cf "'" F l i + Kytt J4- vo) +- Kxtd2.- Uo») 
(q-IcJ C7. = F (~ + K'1 (b.-Va) + Kx td~-Vo)) 

(VrJc.'5 = F (~ +Kytt}-Vo) + K)«d~-LJo)) 

(q-"xc.)c.4\ = F t ~ ... l<'(ttl-VI» + \c()l.tds--LJo» 

( q-:tc)c.S" = F (~ + \-<''1~-Vo)'" Kx.(ds-Uo)) 

(~1C.)C.' = F ( ~ + Ky (-Vo) + KIt(d 4 -Uo)) 

( ~ tC.)C.l = F ( ~ + Ky (-Vo) + Kx(dr.-Uo)) 

l '\f 1:e.) C. S = F ( ~ .4- Ky (- Va) + Kx.(- \.Jo)) 

(\f I.e.) C'3 :. F ( ~ 4- Ky ( -t.,.- Vo) ... I<Jet - Uo)) 

( ~ 1. (.)C.IO = F ( ~ + K y (tl-VO) -+- l<x(d 2 - Vo)) 

3.13 

And stresses in reinforcing bars are determined from Eq. 2.2. 

3.14 

3.2 LOCATION OF NEUTRAL AXIS OF UNCRACKED SECTION 
The point of application of the force, F, has great impor- . 

tance because it determines the angle betvleen the neutra~ axis" 
and the horizontal and the place of the. compression area. There· 
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are four different cases concerning the position of the neutral 
axis and each case is further subdivided into two groups. These 
cases are summarized in Figs. 3.2 to 3.5. 

0) 

0) 

Case (a) 9:00 

y y 

- --N.A. ------ N.A. 
I~~:;::;:;;:;:;:~ x ;--t::====::::::;:--~x 

POINT OF APPLICATION OF F POINT OF APPLICATION OF F 
IS BELOW THE N.A. IS ABOVE THE N.A. 

Fig. 3.2. Compression Areas When 8-=00 

Case (b) 9=90° 
N.A y 

POINT OF APPLICATION OF F 
IS AI .THE RIGHT SIDE OF N.A. 

Fig. 3.3. Compression 

Case (c) OO( 8 (90° 
Y /N.A. 

b) 

N.A. Y 

/ 

1J-t====::::;----1~ x 

POINT OF APPLICATION OF F 
IS AT THE LEF T SIDE OF N. A. 

Areas When 9 = 90° 

y N.A. 

/' 
0) e 

" ~ .. 

POINT OF APPLICATION OF F 
IS AT THE RIGHT AND BELOW 
THE N.A. 

Il-l:::==:::::;:--'!" x 

POINT OF APPLICATION OF F 
IS AT THE LEFT AND ABOVE 
THE N.A. 

Fig.3.t.. Compression Areas When 0°(9(90° 
, 

Case (d) 0° ) 9) - 90° 
N.A. y 

~ ... 0) 

, o~~7',t.;:;, ~;=:=1'~ x 

/ '~ / " /'/ 
POI NT OF APPLICATION OF F 
IS AT THE LEFT AND BELOW 
THE N.A. 

Fig .3.5 Compression Areas 

N.A.~ 

b) , 
y 

POINT OF APPLICATION OF F 
IS AT THE RIGHT AND ABOVE 
THE N.A. 

When 0°)9) -90° 

I 
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Throughout this paper the location of neutral axis vlill be 
defined by distances Band C, as illustrated in Fig. 3.6 • 

N.A. -- -1"-
'------1 B 

c= -I-'--____ ---'1... 

N.A. 

N.~ r-

,N>- I: '", 
if B' ! I I , 

,,/// : ~ : "'~ 
'. L.:i. ", I 

~--~---- c -~-~--~ ~~---- c - ->1~ 

Fig.3.6. Distances B & C. 

By definition neutral axis is the zero stress line, 
therefore, the equation of the neutral axis is obtained by 
setting \f' = 0 in Eq. 2.3 • 

Case (a) 

Case (b) 

Case (c) 

where 

B ... - - _I • K" + \/0 
... - A \t<.y 

C 1 = - t 

Bl:: -.1 

C 1 = -..!.. . h + ds- - Va 
A I'(~ 

-taft e = 

3. \5 

3.16 

3.17 

l*) Actually in these cases B or C are not defined but in the 
computer program they are identified as -1. 
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1

:. ~ ~ -Al • l-<.£· -+ d.; - UO 
-TQt\ a K". 

\ . K B1 = - \).tQ'" a --A .-2L + Vo 
Y'y 

v" ..!- . K" .L. LJ -- - ~ .... 0 
-\-Q>'\ 9 A Kx 
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3.18 

If there is no tension stresses in the concrete and if the 
calculatE;!d stresses do not exceed the allowable stresses, the 
section is uncracked and the design is completed provided that 
the steel ratio, .slenderness and. mir..imum transformed area 
satisfy the requirements of the Turkish Building Code. Also ~ if I 
the calculated stresses are considerably smaller than the 
allowable stresses, a smaller section may be tried to ma}ce the 
design more economical. 

3.3 FIRST APPROXIMATE LOCATION OF NEUTRAL AXIS OF CRACKED 
SECTION 
If the section is cracked, the neutral axis must be moved 

to','"ard the compresEion area as sho\,ln in jj'ig. 3.7. In order 
to speed up the time-consuming trial and error procedure the 
first approximate location of the neutral axis will be determined 
by the Eqs. 3.19 to 3.22 proposed by LBser for rectangular 
sections. 

Case (a) 
If the point of application of F is below the neutral axis 

) C: - 1 3.19 Q 

If the point of application of F is above the neutral axis 

B" 'ax. (~1~)C1 -- 0.3 \'\f'tJC.7 

(~1C. )C1 
. C=-i-
J 

3. \9 b 
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• • 

TE NS ON 
AREA 

• • • 

\." 
~~~~~~--~~--~-\~\r_J-~x' 

k---------.-------
X'IY' - centroidal axis of cracked section 
0' - centroid of cracked section 
x1Y - centroidal axis ol Llncracked section 
o - centroid of uncracked section 

Fig. 3.7 

A Typical Cracked Section 

. " \ \ 
\ " 

PAGE \7 

B 

, 
y 



-----------------_._------

I 

Case (b) 

THESIS 
ROBERT COLLEGE· GRADUATE SCHOOL 

BEBEK, ISTANBJ]L PAGE 18 

If the point of application of F is at the right side of 
the neutral axis 

c = c.l.' (~1C.)C.4 + 0.3 (~1C.)C.9 
(q'l(.)c+ 

B .. -\ 3.200 
) 

If the point of applioation of F is at the left side of 
the neutral axis 

c = C1. . 

Case (0) 

('i":tc.)c'f - O.S("i"l')C4-

( q-:r.c.)c.CJ 
) B=-\ 3.20 b 

If the pOint of application of F is at the right and below . 
the neutral axis 

t'flc.)min. + 0.3 (i1c.)mQl'. . c = B 

) 
) ;'QY\ 9 

{ ~ 1.(. ",in. 

B= E>t:. 3.21 (l 

If the point of application of F is at the left and abdve 
the neutral axis 

('\I"~JM'n. - 0.3 (~L(') me.,<. . 
) 

B c= B= ~. 3.21 b 

Case (d) 
If the point of application of F is at the left and below 

. 
the neutral axis 

B C=----
i:.Ql'\ S 

'3.22.0 B= ~. 

If the point of application of F is at the right and above 
the neutral axis 

B :. 'B'l' 3.22 b 

The values of Band C define one of the cases shovffi in 

appendix C. 

I 
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3.4 EXPRESSIONS FOR AEEA, CENTROID AND Mm.lENTS OF INERTIA OF 

CRACKED SECTION 

In order to facilitate the derivation of area, centroid and 
moments of inertia formulas, typical expressions are supplied 
by means of parameters S,Z,P,O,R, and Q introduced for each case 
in appendix C. These parameters are defined on the basis of the 
following discussion. 

Let us consider a rectangular section as shown in Fig. 3.8a 
and find the area of the shaded portion. Divide the shaded 
portion into three parts (see Fig. 3.8b). The area will be the 
sum of these three parts. 

y y y 

I 
1 

0): CD 
-- -I 

~I 
0 ~ 

X 0 X 

( b ) 

y y y 

Fig. 3. 8 Different Compression Areas For a Rec tangular 
Section 
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If the s!laded portion is a trapezoid 
the above formula is still applicable. 
therefore, (SI(- Zx)(Zy-M3y) =0 • 

Then 

as shown in Fig. 3.Sc, 
In this case Zy=M3y 

If the slladed portion is a triangle (?ie. 3. '.3d) , Z,,:: M3y) S,,: M2x 

and 
(s)( - Zl( )(Z1 - 'M'3 y ) = 0 

( M2.)C - S,)( M2y -M4y):0 

The expression for area becomes 

Then 

shaded portion is a rectangle 
and 

,Sx- Zx)(Zy-M3 y ) =0 

-\: (Sx-Z)C)(Sy-Zy) =-0 

(Fig. 3.Se). S.= 2.' Mix, I 

And, if there is no shaded portion, S,,:. Z X = M4,,:: M2" 1 

S y ~ 'Zy = M4y and 
(M2x - S,cl( M2y - M4v) =0 

Then 

( S" - 7.,,)( Zy- M'3y} = 0 

-k (5" -ZlC)( Sy -Zy) =- 0 

A::. 0 

With the aid of these parameters four general equations are 
written for the area, eight equations for locating the centroid 
and twelve equations for the moments o~ inertia of the cracked 

section. 

Case' (1) 
If the neutral axis is vertical or horizontal or has a' 

positive angle with. the horizontal and if the compression area 



! ... 
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is below and/or to the right of the neutral axis, . formulas for 
the area, centroid and moments of inertia will be 

AI = AI + Al '" {A3 + A/f -to 1\5 +~ A, -+ A7 +-A1J +1: Act + n 2:a1\' 3.23 

)( _ 3A,13 I .. 31\2,6,2 + AlB} T'?>A4S4+3A:lB~ t-A"B" + 3A,\37 +3A"E,. ... A1 S, .. 61'1~~:lUc~ 3.240 
0- bAI 

Yo = 3A''Slo -+ 31\1.\3" + 1\1 \31'1.+ 3 A4 'S.s .. 3 ASS'4 ... A"S,S' -+ 3A, 81" .. '3A,B,~ + Act 'BI' + 6\'1 ~ Q:I"Y': 3. '2.4b 
'AI 

I~ ::. 112 AI «(ClOy - C7y)'2."3 (6\0 -2Yot) -t ,~ A,. ( 1'1 -CBy)2. +3 (611 - 2'io)"l) 

+ ~6 Al (( $'1 _Zy)2. .. 2 (6,2. - 3YoT) +ii A,. « C.2 '1 -( 7y):L .. 3 (6'3 - 2 'fot) 

; ,~ A )( Py - C 7y )'I.. + 3 ( 8\14. -210)2) + iE. A, ( Oy - Py)~ + 2 (Bls- 3'fr:>Y") 

+Ii A, ((C.4.,-C5y)~+3(Bu.-1Yo):r.) +-k A'B«Qy-tby)I. .. 3{B\~-3Yo)') 

11'1 = ,~ Al «(C\0lt-SIl)7.+ 3t'O,-2.Xo)Z) .. -& Az.«SJt- Z,,)1.. .. 3(a~-2){cl) 

+ ~E. A3 « SJ(- ZJ()1.. + 2. (6"3 - 3)<0)'&) + Ti All « C.Z1 - GIS' + 3l6,. -2XoY) 

+ ii AS" « 0IC- Px )2.+ 3l S5 _lXo)2.) + "3'" A, «01(. - Plt )l.+ .2l B, - 3 Xot) 

-4- ,~ A7 {(C4 1C - RlC)1 +3 ('O}- tXo)'') .... ~ Ae« RcQ,cl""-'" 3 (a,-2Xo)~) 

+ )', Act ( RlC-Q.S~ + 2 (Sq-3Xot) + n ~a$~Xi.2. 

!~'t = ~{A, (B,-2X,,~ 8 10-2 Yo) + A.,.( 6'2. -2Xo)( 6 11 -2Yo) -\- Alf tB~-2~){B,~-2. Yo) 

... As ( Bs;- 2XoX S\~ - 2'(0) + ~(87- 2Xo)(~u. - 2Yo) + A, (8 f -2XD)( B\1-2.Yo)J 

where: 

3.25"0 I. 

3.25b 

3.2S'c 

AI": (C\ oJ( -S,,)(C\Oy - C7y) 

A2,: (Sx-ZIC){Zy -C7y) 

A'3-=- (51' -Zx)( Sy- Zy) 

AIi= (C2 x -O,,)(CZy -C6y ) 

As:' (o)t-Px)(P y -C7y )' 

A,: (Ox-Px)\Oy-¥y) 

A7 = (01)(- Rx )(C4., - C 5y )" 

A 8 ~ (R It - Qx)l Q y - C by) 

Aq::. t~)C-~It)(Ry-Qy) 



I 

B, = (-\01( ~Sx 

B'2.:: Sx + Lx 

8 3 :, Zx + 2Sx 

B"\ = C2x +Ox 

Bs = Ox + Px 

131. :: Px + lOx 

Case (2) 
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B1-:: C4)( 1- Rx B ''3 = C 'l.y ~ C by 

B8 = Rx +-Qx ~\"I = P'f -t C 7y 

Bq = Q It -t 2 Rx 8\s:' Oy"'< 2..Py 

1\0 :: C 10y 1- C1 't Bib = C4y ",C5y 

B\, = Zy + e7y 8 \l = Q y + C 6y 

B,2. = Sy -+ 2Zy \3\&, = R't +2Qy 

PAGB 22. 

If the neutral axis is vertical or horizontal or has a 
positive angle with the horizontal and if the compression area 
is above and/or to the left of the neutral axis, formulas for 
the area, centroid and moments of inertia will be 

3.26 

y.. _ 3A,S,'t '3 A1. ~h -\- A,] 'B3 + 3Aq. Y>~ -+ 3As9, + A" '3, ... 3A1'ih i 3A,Bt!, + A~Sq ... b n 2.Q~.X~ ~.17a 
0- (, AI 

'I - '3A, ~IO -\ 3 A1. 'all of Al ~u. T sA .. S,'3 -4- sA,. 'B'1f -+ Ac.B'r of 3 A'I 'a 'I. 'r 3111,,81') + Act Sir + 6., '2.as~ y~ 3.'17 b 
0- 6A' 

\ \ 1.. L) \ I( )1. )1) lx= IiA,«CIOv-C.7y)" 3lB.o -2"Yo) -\\i Al\ ClOy -$y -+3lB,,-2'10 

+~" A~«S'(-Z'1)'Z. +2 (Bu.-3Yot) '" +z ~«C2y-Cby)Z.+3(B'3-2'7'ot) 
+ ,~ As « C?y - Oy)'Z. + 3 (8."1 - 2 'IS) 4- +" A, « Oy- Py)2. + 2 ( B,s - 3 'lot) 

-I- ,~ A7 ({ C4 y -C5')')~ -+ 3 (B'b _2"'0)'Z.) 4- Ii A,«(C4,,-Ry )'1.4-3 (B\'~. -2'1J) 

+ 3'C:! Aq « R't - Qy)"L ... 2 (S\i' - 3 'loY' ) ~ n 1'.0.$'1. '1l2 

3.28a 

I 

-----------------------___________ ----J 
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I~ '= ,'2. A ,U2X -C9lt}"Z.-t-'3{S,-2XS·) ~.1\: A2.«SlC-ZX)"Z.-t~('Eh-2XoY-) 

4- 31~ A"3 «5")( -ZX)2. of 2. (S3 -:3 Xot) 4- I~ A+ n PI( -C7/C)1. -t- 3(84 -2)lot) 

f I~ As- ( Ox - p,s· ~ "3 ( Bs - 2 Xo)~) • ~b A" (( OJC - p}()1. ~ 2 (8" - '3xS') 

4- I~ Al ( oj( - C6J():&" 3l B7 - 2.xS) .. Ii Ag «( RIC - <Q,,)~ ... 3 (Sv-2.XS') 

-T -flo Aq ( R IC - QlL)" ~ 2 U3 q- '3 X.)L) ... n ~ as~xi:&. 

1~'t=* [AI (8,-2X.)(S,o- 2'10) ... A 1 ( 13~ -2x.X S\\ -'1'1.) + A"l84 -2XoXB r3-2."'fo} 

"" AS- ( Bs- .-2X.)( B'4 - 2'(0 ) + A1 ('57- 2. Xo){ 8" -lYo) ... As ( B 8- 2Xo)( B~-2'f .. )] 

.,. 112, A) tAl + 4 (B",\- 3 ,.; .. )( 3'1- 3 '(0) ~ 7'2. A, t A, -t 4 (B" - 3 Xo)( 6\5" - 3 Y .. )) 

-I- 712. AqtAq + 4 ( Sq- 3X'oK B'a - 3 Yo)) + t1 L Q:.~ X~ y~ 

where.: 

PAGE 13 

3.28 b 

3.28 c. 

A,::. l7 lC -C8It XC\Oy -<:7'1) 

A2. = ( SIC - Z lC.)( c. lOy - Sy) 

Al -= (Sx-2x)(Sy-Zy) 

A4, =(P~-C.1)C)tC2y-Cby) AT=- (Q,,-C6/t)(C4'rC5y) 

AS"::. (OlC-P~)(C2y-Oy) As =-(R r Q,,}(C4y -Ry) 

A~ <: (OI'-~lC)(Oy-Py) Aq,= (R)(-Qx)(R't-Qy) 

B, -= Z)( + C8x. B~ ::. QIC -t Cb x B'1,=CZ y ... C6y 

82, = Sl( -t Zl( Bi ::. Rx l' Qx B'AI::' C2y of Oy 

\'h = Zx. '" 2 5x 8q = QlC"" 2Rx S,s::' Py-t 20y 

S" = P.,. Ie (7'1<. ~D = C IOy-\ e7y B" ::. C4y + C 5y 

85 :: 0,( "" Px BIJ ::. ClOy ~Sy 817 ::. C4y ... Ry 

Bl,::' P X. -t 2 OX' BI'l. = Zy+2Sy B'8 =- Qy '" 2Ry 

Case (3) 
If the neutral axis has a negative angle with the horizontal 

and if the compression area is belovl and to tne left of the 

neutral axis, formulas for the are1.l, centroid and moments of " 

inertia will be 

I 
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3.29 

'1.0-= 3A,~, +:\Az.Bz+ AlB3 + 3f't'te,'t-t"3J\,~s+ Aloia" -4 3A)'il>1-t 3J\-aS<a+Aq\h + 6\"\ ~a~~x.: 3.300. 
6A' 

'1
0

=' 3A, !?l,o ~ 3 Al. ~Il 1- A3 P.>!1. + "3 A4~'3 t"3 S\rtht + A, \?"S' + "3 A~ \3,1. -t 3 AS' all + Aq ~" + b n '2. a~·. Y.: 3.'3 Ob 
bA' 

1 > ~ A, (( C q 'I - C COy )"2. + 3 (B '0 - '- '( 0 Y) + -& A:z. t t Zy - C 7)')l. + 3 ( S \I - 2'1'0 f) 

+3'~A3(~y-Z'1)2.+2(B'2-'3,{O)1.) + ,~ Al!-l(Ciy -C7),)1+ 3(Br3- 1'1o)1) 

+ .k A~«(O'l-C.6vt of 3(BI4-~"o)1)+~ Ar. ( Py-Oy?-t 2(B,s -3'fS') 

+ ,~ A :J(( C. 3 y - C 6.,,)1. + 3 (B II. - 2Yo)1.) + -& A g ( G...t - C Sy)1. 1- 3( 8.~ -l'fS) 

+ ~b Aq «(R'I_Q.'1Yl. ... 2(Blr - 3'/S') + n :2.Q:)~'/~2. 

1',,= i A, (( S,,-C9x )1. 1- 3 (SI-2Xo)1.) + ~ Al (( ZlC _~K)a + 3(S.1-2Xot) 

-l- 3" A) «(Z,,-SIC)2.+ 2 (Sl-"3XO)l.) +~ A~«P)t-(1lC)1.+3(Sq-2XS·) 

... I~ A'S « Or p)C.)7. + 3 (BS" -2Xof') + ~, A, «( O~ - p)()t. + 2( S,,-3XS) 

+ 12 A ~ « R)l - C 31C)2. + :3 (Bt - 2 Xot) + .~ A, « ~lC- RJ(t .. 3 (Bp-2X'o)1) 

4- -h A'l « Qx- R,c)1.+ 2l6q- 3 X 0)'") + n L. a:;~)(? 

l')(y:' ~ [A, (13.0 - 2'(0)( 8 1- 2)(0) ... A;LlB II - 2Vo)(B 2 -2Xo) + Att( aI3-2Y")(B~-2Xo) 

+ A,. ( SI" - 2 '1o)(B5 - :z Xo) + A~ U3 II, - 2lb)( B1 - 2 Xo) +- AIJ( 8.? - 2 '(0)( SF-2Xo)] 

+ ~'2.A3(-A3" 4(B,L- 3Y .. )(B l -3Yo) + -h A, C;A,+4(B
'
1"-3'fo)(Bc 3Yo)) 

~ t,. Aq (-Aq +4 (B,v-3V.)tSq- 3Xo)) + n ~ aSLx! V .. ' 

w'nere: 

3. '31 a 

3.31 b 

3.'31' c 

AI":. (Sl<-C9"XCQy-CBy) 

A2 ::. (Z,,-Sx)(Zy- C7't) 

A3= (Z)C-S,,)(Sy -Z't) -

Att·:: (C1y ~C7'1X Px -Ci lC ) 

A,= (Olt- P"HOy-CbY) 

A,-:. (Ox-P)C){C>y-t'y) 

A1 :: (f~\C-C3lC){C3y-C6y) 

Ag = (~"-Kx)(Qy-C.5"y),, 

Aq = (Qx- Rx)(Ry - Qy) 

I 



B,-= SK-+C.'h 

B2. =2x 't-SK 

8:\= Zx"i- 2 Sx 

B~= fix" Cix 

Bs=Ox.-+ P)( 

Bf, = 0)(-+ 2.Px 

Case (4) 
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13~ = Rx ~ C. '3)( '<'. 

B,:: QlC -\- Rx 

Bq = Qx -+2 RIC 

BID = CCfy + C. By 

Ell = ?y ... c. 7y 

\312. = S Y -+ 'J.. 2 y 

PAGE 25" 

'8'l= C1'1 + Ch 

BI"t = 0.,. ~ Cby 

BIS" = P'1 of 20y 

Bu, = C 3'1 + (by 

BI~ = Qy-+ CSy 

81f = Ry + 1Qy 

If the neutral axis has a nega ti ve angle -\'li th the horizontal 
and if the compression area is above and to the right of the 
neutral axis, formulas for the area, centroid and moments of 
inertia will be 

3.32. 

XfI':: 3A 113,"t- 3AL~t. t A') S) -t 3A .. '84" '3 As 135 +A, 3, -+ 3A, ~1 + '3 Art',a +A'IP.J, + ('..,1 ~s. XL 3.33 a 
i:.A' 

1')( =- I~ AI (( C4y - C5y? + 3C 8,0 - 2'10)1..) -+ n. Az. (( C3 y -R"f + 3 (B" - 2 ),,,)1.) 

+~ A3(Ry -Qy)2. -\-1(812- 3 '10)1.) + T2 A'i(C1't-Py)2~3(BI~-2Yo)2.J 
+I{ As-«( £:2,.- cb'll -t 3( SI1/- -2'fo)1.)~ ~ Ac,({ Py_Oy)1. + 2 (1315 - 3YS") 

I . 

+ I~ A7 «(Cqy - S'1)1.. ~ 3(13,,,-2Y,,Y) + ::z. Ag«Sy-C7y)\ 3(Sli -2.Yo?) 

-+ ~6 A, « Sy- Zy)" + 2 (6 1, - 3YS) + n L a:l~ 'I~2 

3.34a 

BOGAZiCl ONlvERSlrESi KOrOPHANESI 
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1\,= ,1l. A\ttC5",,-QlC)2 4'3<'~\-2~o)'Z.)4- ~~ ~:z.t.tQ'lt-R,S·-+3~S2.-2XoY·) 

+ 3£' AJ t(Q,,- R,,)'2. -+ 2. (Sl- "3Xo)1.) + -k A~ tt OJ( -P,d1. ~ '3 t V,4-1X.,y) 

-\- Ii As (( C'3 x - Ox)1. + '3 (as - 2Xo)~) ~ ;" Ad( Dc 'Px.)l. -+ 2 t ~,- ~Xo)1) 

+Ji A.;.((C{O)C-CqlC.)L+'3(\)T-2~oY) +,~Atr((c'7)(-Zlt)1.-+'3<"S8-2Xo)~) 
-+~ Aq((Zx-SlC)l.-+:1.(Bq-'3XoY') + Y\~as~)(~2. 

l'lt'l = ~ [AI <.. B'D - 2.Vo )(B,-2 Xo) + Al.l ~\I-?'fO)(62<l.xo) + A~ (SI1- 2'fo)(B4-2Xo) 

+ As (SI" - 2'{O)(S5 - 2Xo) + Ao?-l B,,, -2'{o)( '01 -2to) + Air (B\'~. - 2,( .. )( \3p- 2.X.,)l 

+ -h A3 <..- Al-+ 4 ( tOIl. -'3'10)( B)- '3 Xo)) -4- ~i A, (-A£;- 4 (S,s -~'10)l8, - '"3Xo)) 

t ~i Aq (- Aq + 4 <.. E'I- '3 '10)(\3<1- '3 X 0)) -t n LOs~ ~~ V~ 

whert! : 

PAGE 2,6 

3.34 b 

3.3ic 

A,'" tc. S"x- QltXC4y -CSy) 

A2.= (C3y -Ry)(Qr Rx) 

A3 = lQx - RlC)(R y - Qy) 

All'" (0,,- P,c.)( C1'1- ?y) A~ = (( 10" - ctt,,)( Ctly -Sy) 

As: (C3x-O,,)(C2y-Cby) Ag = (C7'1.- Z,l()( S'l-C7y) 

A,= lOx-P,,)(Py-Oy) Aq = (Z,,-$,,)(S.,,-Zy) 

'8, .': C 5", T Qx B~:. C 10" '" c.~)( 8'3':. C 1"1 +- 'Py 

82 -: Qx +'Kx Ba:: C.?)( -t- ZX B,.If = C2 y 'tC6 y 

8'3 :: 2.Q" + Rx Bet:: 2Z~ ... 5x SIS' :: 2Py ... 0'1 

Bit:: o~ -+p~ Blo = C4y + C5y BI" ':: C Cfy -t Sy 

B5 = C'3){-t Ox 81/ -; (,3'1-+ R." BH ~ 5y +C7y 

BE. = 20)(+ Px 8,1. =2Ry + Qy t3,a :: 2Sy + Zy 

3.5 STRESSES IN CRACKED SECTIOE 
Once the area, centroid and moments of inertia of the 

cracked section are calculated, the stresses in concrete at the 
corner points of the section can be found from the following., 

equations. 

I 

----------------------------------__ ~ _ __J 
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F/A' 0\-
-"--. 

\fc, :. '-<1' (*'4- Vo -'I.) + K,)(' l 01- U O-~D) 

\fC.1 = F/A' + Ky' (tlt-Vo- YO) + Kx' (d lf - UO-XO) 

'ifC3 ': F/ AI + Ky' lf3-Vo-YO) + I<}C, (d.,-Uo-Xo) 

'\fc't = F/ AI + Ky' (-Vo-Yo) ... K,c' (d li - Vo- Xo) 

~cS' = F/ A' -I- I<y' (-vo - Yo) + Kx' ld s - Uo- Xo) 
'3. '3 5" 

'\fe, ... F/A' + 1<''1' (-va-Yo) + Kx' (d4 - Uo- Xo) 

~C:l = F/A' + Ky' l-vo-Yo) 0\- Kx' (dz. - 0,,- )(0) 

~8 - F/ A' + 1<'1' l-vo-Yo) + K,,' (-Vo - Xo) 

trc't ~ F/A' + Kyl t-b. -Vo- Yo) + l<')I'1 (-vo - Xo) 

~IO = F/ A' + Ky' ttz.-Vo-Yo}'" l<.x' (d2,-Uo-Xo) 

where 

. 
) 

r I I - II ,.. ex' x + t- e y ' xi K" I = ---:---'-----'-:---'-.,--,. I' I I 2-
)( .I't - I'1-Y 

And the stresses in reinforcing steel are given by the 

follwing equation. 

3. '3 b 

3.6 LOCATION OF NEUTRAL AXIS OJ!' CRACKED SECTION 

The analysis of the cracked section continues vii th' the 

determination of the 10 cation of the neutral 8.-xis by using the 

1 f d f I ' I' l' d A' va ues oun or ex" ey " x' y' xy' .an • 

CasE (a) 

I=" B = - - -+ Va -to Yo 
A'Ky' 

oJ C=-i 3. '37 



Case (b) 

Case (c) 

Case (d) 

where 
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B= -\ )' C = Qr - \J -)\0 ~....E-
., 0 A' \<.,,' 

B ~ {d6'- Uo - )(0) +on al 
- A~<'Y' + "0'" Yo 

C = (as' -U o - Xo) ~ ~ - ...L I t- Vo· '10) 
A Kx l ~a." e 

8=- t- u o- Xo)-t4Y\ 8
1

-
\= 

+Vo+'/o 
AI Ky' 

c=- _...L I - :r-- I (Vo + '{o) + Uo + Xo 
AII()(I Q>\9 

-ta., (9' = - \()(,' 

Ky' 

3.7 ITERATION FROCEDURE 

PAGB 28 

3.39 

3.40 

The next step is.to compare the values of 13 and BI , C and 
CI - If they coincide the analysis of the cracked section is 
completed, but if they do not, let 131 = Band Cr ::. C. .i!'ind the 
area, centroid and moments of inertia of the cracked section 
whose neutral axis is defined by 13 and C. Then calculate the 
stresses and the neVl values of Band C. Compare them with the 
previously calculated 13 and C and repeat the procedure until 
they coincide. Then the analysis of the cracked section is 
completed. 

3.8 SUMMARY OF DESIGN FROCEDURE 
A reinforced concrete section is either given or tentatively 

selected. The loading (F,Mx 'lo1y ) is know as the working loads. 

The problem is to find the stress-strain distribution, ~.e., to 
determine whether the stresses exceed the allowable limits or 
not. The procedure for solving the problem is.as follows: 

L ________ . ______________________________________ ~--~ __ ~ 
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1. Locate the centroid 0, and compute Ix' Iy and Ixy of 
the uncra:cked section from Eqs.3.1 to 3.12. 

PAGE 2.9 

2. Using equations 3.13, 3.14, determine the stresses in 
the concrete and in the reinforcing bars. If the 
calculated stresses are smaller than the allowable 
limits and if there is no tensile stress in the concrete, 
the problem is solved. But if there is tensile stress 
in the concrete, proceed as outlined in the following 
steps. 

3. Determine the location of the neutral axis of the 
uncracked section. (If ex= 0, use Eq. 3 .15; ife = 0, use ( y 
Eq.3.l6; if ex>O and ey<O or vice versa use Eq.3.l7; if 
ex>O and ey> 0 or ex<O and ey<O, use Eq. 3 .13) 

4. Locate a new neutral axis by using Loser's approximate 
formulas (Eqs~3.l9 to 3.22). 

5. Locate the centroid of the new cracked section 0' and 
compute I~, Iy' and I~y of this new cracked section. 

6. USing equations 3.35 and 3.36, determine the stresses 
in the concrete and reinforcing bars. 

7. Determine the location of the neutral axis of the new 
cracked section by using the values found in step 5. 
If ex~O, use Eq.3.37; if ey=O, use Eq.3.38; if ex>O and 
ey<O or vice versa, use Eq.3.39;if ex)O and ey)O or 
ex<O and ey<O, use Eq.3.40. 

8. Compare the locations of the neutral axis found in step 
7 and in step 4. 

9. If the neutral axes coincide and the stresses calculated 
do not exceed the allo ',lab Ie , the problem is solved. If 
the neU.tral axes do not coincide repeat steps 5,6,7, and 
8 assuming the location of the neutral axis as found in 
step 7. 

D.u?ORTANT NOTE: 

All the formulas derived in this paper using the sign 
convention shovm in .I:!'ig. 2.2 and labeling shown in Fig. 3.1' apply 

-to the cases where the right leg of the T section is thinner 



THESIS 
ROBERT COLLEGE GRAD"L"ATE SCHOOL 

BEBEK, ISTAN"BDL PAGE 30 

than the left leg. If one i'lant-s to de;,.;ign a T section whose 

! or right leg is thicker ti1an the left leg then, he must use the 

N.A 

"'-, y 

X4---...---~ 

Fig.3.9 Sign Convention When Right Leg Is T hie ker 

Than Left Leg. 

N.A. 

/ 
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CHAPTER 4 

COMPUTER PROGRAMS 

The computer program listings are given in appendix D. 
For data instructions see appendix B. 

The computer gives a message and terminates the operation 
in the following cases: 

Case I 
N01Th1AL FORCE GREA TER THAN ALLOWABLE 
This is printed when F > tlJ'.Jal.Ac + (IJ\)QI. As 

Case II 
AREA TOO SMALL. CHANGE THE CROSS SECTION 
This means that tentatively selected section is smaller 

than a section of 24cm x 24cm with a reinforcement of 49114. 
This is the smallest section that can be designed according to 
the Turkish Building Code. 

Case III 
INCREASE THE LOAD ~'fITH A FACTOR SPECIFIED IN THE CODE 
This is printed when the column is slender. The load must 

be increased by the factor Vi given in Cetvel Va (page 55) in 
Betonarme 9artnamesi. 

Case IV 
CHl\NGE THE SECTION OR REINFORCEf.1ENT 
This means compressive stress in concrete exceeds the 

allo'liable stress. 

Case V 
CHANGE THE SECTIQN 
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This is printed \tlhen the first assumption of neutral axis 
falls outside or on the edge of the section. This means that 
the eccentricity of the load is too large and there is no 
compression area. 

Case VI 
N.A. FALLS OUTSIDE 
See case V 

Case VII 
N.A. FALLS ON PT.4(1.5,8) 
See case V 

The other messages are self explanatory. 
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CHAPTER 5 

CONCLUSIONS 

As demonstrated by means of the numeric examples, the 
method presented determines theor~ically the exact location 

PAGE 33 

of the neutral axis and the stress distribution of unsymmetrical 
or symmetrical column sections in biaxial bending with the 
eccentricities exceeding the limit of cracking. However, there 
may be approximations involved due to the assumptions inherent I 
in the elastio theory of bending. 

r.. The method is programed for purposes of electronic computa-
tion, instead of preparing design tables and charts. Therefore, 
the design time is reduced to bare minimum and moreover, more 
accurate results are obtained. Further, the errorS that could 
easily be done in the manual design computations are avoided. 

Ttirkiye Kopru ve in§aat Cemiyeti Betonarme 9artnamesi 
requires that in biaxial bending, the calculated maximum tensile 
stress must not exceed 0.35 times the calculated maximum com_ 
pressive stress in concrete. It gives the allm'/able compressive 
stress for B160 as 80 kg/cm2 when moments are present in ~~O 
directions. This means that ooncrete may take tensile stress 
up to 28 kg/cm2• Since this is not reliable, tensile stress in 
concrete is aitogether neglected. The other restrictions 
slenderness ratio, minimum area, steel ratio and allowable ca­
pacity of tl~ section, are formulated and incorporated into the 
first computer program. Therefore, the designer need not spend 
time for testing theserequfrements. 

The- designer may use any type of steel arrangement. -If the 
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reinforcement in the tentativel~. selected section is too much 
or too small the computer increases or decreases the diameter 
of reinforcement bars. On the other hand. if the section is 
too small, the computer prints out a message calling for the 
increase of the section. The section could be enlarged by the 
computer automatically but since the choice of the deSigner 
could be restricted by architectural considerations, the change 
of the section is left to the judgement of the designer • 

. " 
This method is also applicable to t~e design of shear walls 

which have longitudinal reinforcement bars up to 50 since shear 
walls are designed as columns whose lengths are equal to the 
height of the building and have a uniformly spaced longitudinal 
reinforcement arrangement such as the reinforcement in a one 
r.,'1ay slab. 

•• J 
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APPENDIX A 

NUMERIC EXAMPLE 

,I 

-
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NUIvlERIC EXAMPLE 

In order to show the resuts satisfy the equilibrium 

PAGE 3b 

equa tions (~F:2, 0, z III = 0 ) ea~ily, a T section symmetric about 
an axis (1-1) is chosen as sho\~ in Fig. A. 

Let 

1 v j 

./ tf eu , I" 
I 

I I 
~S~ -,$ :<- c!.:l. 

i CI 'I .--:.- s 

I 2- --or 
d, I 

-~~ 5..0- I 
eto c3 I , --.- ---- --. 

1_ .. 
I .: ,q , Ie 

I 
3 . 

t./."t3 

, 

I ,.! 7 I 
~ I 

I .J..._ -. -0-

(81 c71 11 Cb 

t, --+-
Fig. A 

F (axial force) = 5000 kg 

eu ::. 35 cm ,8v = go cm 

·tl = t2-=-t3 = 20 em 

dl =d2-=d3= 25 cm 
n =15 
s = 3 cm 

...;.lsi 

4-

__ 5. 
c5" 

dia,n{eter of reinforcing bars .= 14 mm 

length of column = 300 cm 

~u 

and assmne B160 concrete and STI steel are used. 

From Betonarme Qartnamesi 
maximum steel ratio = 0.030 
minimum steel ratio = 0.004 
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For B160 concrete alloi·,rab1.e compressive stress is 80 kg! crn2 

and for STl steel allowable tensile and compressive stress is 

1400 kg! cm2 • 

According to the information given above, data for the 

computer is as follows: 
-~-.-.~.-. ,-.. _--- -.. ---~------.--------~--.---. ----- -~---.--.------.- .-------.. --~---

I 
I 
I 
i 

TITLE. hi . 
/ R~\ "I 

EXAMPLE TO TEST THE PROGRAM • ~ 
20.=71 20.:::.T2 20.=T3 25.=01 25.==-0:2. 25.=03 15. 10;1 
1.4:: l>So~~c 28.,. Asu .~tI-c 42. = Itsl/ *-\k\-;b.-.-4.------"74"'2:-.----4'2,.,-.----r~ i 
1.4 ;,,,\-bo.c 42. ~"n\-"'o.t" 17. !"l\-1..,... 1,4 67. 17. t>S,I'r&V/A5v ot t'ke! 
1.4 67. 3. 1.4 42. 3. sec.oYld l1~r 
1.4 28. 3. 1.4 3. 
1.4 3. 17. 1.4 28. 

• 004= SRM( .030=- 5~MA 
-5000. '" F 35. :. E\) 

-80. = Ac.e. O.=Ac.s -1400."ATS 1400.". I\-TC. 

300. 0::: \"II 

The solution 

3. 
17 • 

90. :: f:.V 

The comput2r prints out the solution in the following way: 

-----.. ---------------------------------------------------------~ 



~'JSD OF ::C ~Ut'lNS , ,.." .. 
EXAMPL.E TO TEST THE PROGRAM 

PART ONE, SECTION NOT CRACKED 
ALL UNITS ARE IN I<G A1~DG:i 

Tl= 20 0 

T2= 20. 
T3= 20. 
Dl= 25. 
D2= 250 
D3= 25 0 

MODULAR RATIO= 15 
NUMBER OF BARS= 10 

MIN. STEEL RATIO= 
MAXo STEEL RATIO= 

NOR~AL FORCE= -50000 
EU= 350 
EV= 90. 

.00400 
003000 

ALLUWA6LECOMPRESSIVE SrRESS IN CONCRETE= -800000 
ALLOWAaLE TENSILE STRESS IN CONCRETE= 0.000 
ALLOWAbLE COMPRESSIVE STRESS I~ STEEL= -1400.000 
ALLOWAeLE TENSILE STRESS IN STEEL= 14000000 

DIA. OF REINFORCEMENT oAR U (!-lOr< I lOi'H AL) V (VERT leAL) 

1.40000 
1.40(;00 
1040000 
1040000 
1040UaC 
1.40000 
1.40000 
1.40000 
1.40000 
104JOOO 

28000000 
42.00UGO 
42000000 
67000000 
67000000 
420',00000 
28000000 

30')0000 
3 .. 00000 

28.':;C")C) 

NORMAL FORCE WITHIN ALLOJABLE RANGE 

STEEL RATIO WITHIN ALLOWAdLE RANGE 

42000000 
42 0 00000 
17000000 
17000000 

3000000 
3 000000 
3000000 
3 0 00000 

17 0 00000 
17 0 00iJOO 

CENTROID OF THE SECTIO~ 

UO= 34099999 
VO= 15 0 96936 

TIX= 303041030::)l)() TIY= 682931079000 TIXY= 

'STRESSES IN CONCRETE 

-37.822 
170143 

-j70022 
170143 

-5120369 -j120369 
-54.324 -540324 

-70266 
170143 

-70206 
-70286 

-540324 

----r-----------------~--

17.143 
~7.286 

202.180 2020130 202"lSC 202.180 



, ~". -

iii IN. STRESS IN CONCF,;ETE= -370822: 
1"-1 A X .. STRESS IN COrK i~ c: T E = 170143 

HINe STRESS IN b/1.i-';S= ,,512.36<J-· 
HAX .. STRESS IN 6/\RS= 202.160 

l--------,..---~ 



PART TWO, SECTION CRACKED 
ALL UNITS ARE IN KG AND eM 

TA.NTET= 0.00 

C= -1.000 Q= 
'-' 

POINTS TO LOCATE N.A e 

XO= 

90999 
-34.999 

9.999 
10.000 
35.000 
10.000 

0.0 YO= 

0000 
0000 
0000 
uOOO 
.000 
0000 

15.969 

8.816 

CIXX= 69227.14600 CIYY= 13188S.01000 CIXXYY= 

SIXX= 63149.89100 SIYY= 1014083970CO SIXXYY= 

TOT AL i·10HErn 
TIXX= 
TIYY= 
TIXXYY= 

TET= OoD 

OF Ii'lEfnIA i:.JHEN SECTION CR,[I,(I<,ED 
132377 0 03000 
233293 0 98000 

,,00005· 

NoA. HORIZONTAL, 6A MEASURED FROM PToS 
SA= 22 0 7831 Lt 

CA= -1000 

STRESSES IN CONCRETE (CRACKED) 

54 0 723 
54.72.3 
6.85S 
6.855 

56.118 
56.118 
56.118 
56.118 

60855 
6 0 855 

STRESSES IN BARS (CRACKED) 

-71Vc014 -7100014 
2130672 2130672 

213 0 672 213.672 730 .. 937 

MIN. STRESS IN CONCRETE= 
MAX. STRESS IN CONCRETE= 

-54.723 
560118 

MIN. STR~SS IN BARS= -710.014 
~;JA >. S T RES SIN B A f~ S =: 7 3 0 .9 3 7 

ALL S T RES S E S iiJ I T H I N 1\ L L QVJ A D L E FU, ,~G E 

--... ----~---,-

730.937 

.00030 

730.937 7300937 



PART THREE, FI~AL STRESS~S 
A.LL UNITS ARt:: II~ KG Ai"~D G~ 

CIXX= 

SIXX= 

POINTS TO LOCATE N~Ao 

- 3 4 0 9 SI 9 4 0 ) ::., 

-340999 40 );,J 
90999 6.d13 

10 0 008 60813 
100000 40030 
10.0eo 4.030 

Xo= o. YO= 110938 

341J203~bOO CIYY= 14811023800 CIXXYY= 

774970447UO SIYY= 10140b.97000 SIXXYY= 

TOT AL HOi'viEIH OF 
TIXX= 
TIYY= 
TIXXYY= 

I~ERTIA WHEN SECTION CRACKED 
111679080000 
116220.2COOO 

- .. 00005 

TEl = aO 

j'ioAo H0RIZOIHhL, bA j-lt.,L 3Ui:.;ED FFW;·j PT.5 
6A= 25 0 24524 
CA= -1 .. 00 

STRESSES IN CONCRETE (CRACK~O) 

540915 
540915 
140581 
140531 
700178 
70 0 17'0 
7U o 178 
7G Q 178 
14 0 501 
140581 

STRESSES IN BARS (CRACKED) 

-698 0 644 -6980644 
3430812 

iVIINa STRESS Ii~ CO,\Ki\i:::TE= 
HAX. S n<'ESS l!'-i CDI'Ki\ET E= 

9270538 

-:)4.91::;' 
700170 

MINo STRESS IN BARS= 
MAXo STRESS IN 3ARS= 

6'700644 
927 0 50d 

-
ALL S T r:;;E SS ES,.il TH I j\) hL LUWi\t:3 L E 1~ .. 6J~GE 

927 .. 588 

-.00015 

000CI0 

927 .. 538 



CIXX= 

SIXX= 

. -". -

POINTS T~ LOCATl NoAo 

-340999 40030 
-340999 40030 

90999 9027~ 

10 0 000 9027~ 
10000(; 40830 
10o~uG 40030 

xo= o. YO= 1202.44 

31701074)00 C1YY= 1316~Gb3800 CIXXYY= 

79147064100 SIYY= 101408097000 SIXXYY= 

TOT AL HO!'lEIH OF 
TIXX= 
TIYY= 
TIXXYY= 

INERTIA WHE~ SECTION CRACKED 
110849038000 
11457d o '3C )00 

-,)CJ17 

TET= 

(,~ 0 A Q 

SA= 
CA= 

" o v 

HUR IlO!H AL, l5f\ HEASUF:.ED FROH PT 0 5 

-1000 

ST~ESSES IN CONCRETE (CRACKED) 

540764 
54.764 
14 0 907 
140907 
7u o 645 
700645 
70.61+5 
70.645 
14. '107 
14.907 

STRESSES IN BARS (CRACK~D) 

-696 0 057 -6960057 
349 0 029 349 0 029 

349 0 029 349 0 829 9340277 

HINo STr~ESS IN COi\lCl";ETE= 
HAXo STi~ESS Ii\l COI\lCi..;t::TE= 

-54.764 
70.64:) 

MINo STRESS IN BARS= -6960057 
MAX. STRESS IN BARS= 934.277 

ALL STr~t::SSES 'vJITHIN ALLOAA6LE f~Ai~G[ 

POINTS TU LOCATE NoA. 

934 .. 277 

-.00017 

0000000 

934 0 277 



CIXX= 

SIXX= 

XO= 

-34.999 
-34.999 

90999 
100000 
10 0 000 
10 0 UOO 

Uo 

4 .. 030 
4 .. 0 3b~' -

90379 
9.379 
40030 
40030 

YO= 120254 

31630003700 CIYY= 13100047300 CIXXYY= 

792000776uj SIYY= 101408097000 SIXXYY= 

TOT AL ,\10f·1EfH OF 
TIXX= 
TIYY= 
TIXXY'(= 

T ET = .. (j 

INERTIA WHEN SECTION CRACKED 
110831061000 
11450S-044000 

000012 

J~ 0 A 0 HOi~ I lOra AL, dA i\H:ASU[~EO Fi~Or'ii P T .. j 

BA= 2'::'034947 
CA= -1.00 

STRESSES IN CONCRETE (CRACKED) 

54 0 764 
54 0 764 
140908 
14.908 
70.646 
700646 
70.6 Lt6 
70.646 
14.908 
14 0 908 

STRESSES IN BARS (CRACKED) 

-696.051 -696.051 
349.037 3490037 

349 0037 

MINo STRESS IN CONCRETE= 
MAX. STRESS IN CONCRETE= 

934 .. 287 

-540764 
700646 

MIN. STRESS ,IN BARS= 
IYtA). S TRESS I 1\1 BAi~S= 

696 .. 051 
934 0 287 

ALL STRESSES WITHIN ALLOWABLE RA~GE 

NEUTRAL AXIS LOCATED 
STOP 

9340287 

-000017 

000030 

-
934 0287 9340287 

__ . ____ ~._---. __ ~~- .... ---~----~--------~--------.--.-~------------ ... --.--.--. ... ~-.----------.---~-T'.-.-.-~---.-"-~-.~"----.--~--.-~-----~~--------....... -
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The final solution is'pointed out by a line on the left of 
the page. -Representing tIle solution schematically 

54.7~4 k~/cW\' 

C<. ~ ..• ~~ .... ~'CI~:;~CI-1 __ , __ ,_-_ '--'----- .--~ n~ --t~1 
: \ \ \ \ \',1 

\ \ \\, 
N A --....... - .;., .. \,;..' ';..:\+----. . A 

Cq efo ' C3 c1 
i ~------~~, : ~I~------~I~ : __ -------_ .•. --~,- e. --- _L "'-- ~ • 

: "f .3 4 2.5'.3S"CIII I ; If) , ; 

; , 
. i7 ,I. 
c7 

Tests for 

I I 

; ; 
6 , 

-- • i 

i 

s'. • 
Co 

Stresses in 
concrete 

f!, 

I~ 
~ 

'\l' 
'~ 

...f---__ ~-- .---L 

~ 

I ~ 
\J 

,~ 
,M 
,I"-
I 

1jI--

/ 

/ 
/ 

/ 
/ 

Stresses 
steel 

"':!\-- --

~ 
\J 

:& 
'~ 

c.. 

I 

I -(,e/6 .'0 '51 k~/Gv>!· 
[c 0 .... ") 

Q31. Z&'7."'6/c.i'11~_ I 
Cf5.'1,S/c'!L __ 

in 

--" ------_.-, ... ,,---
q34. 2n 

kVo..,t 

Volume of compressivQ stresses in concrete 

1/2 x-54.764 x 19.65 x 20 ::. 

Volume of compressive stresses in steel 
2 x-696.05l x 1.539 -

Compressive force developed in section 

-10761.17 kg 
/ 

-2142.50 kg 

-12903.67 kg 

II 
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Tensile force developed fn steel 

PAGE 33 

349.037 x 1.539 x 4 4- 934.287 x 1.539 x 4::s 7900.14 kg 

Equilibrium equations 

F = F(compression) + F(tension) 

-5000.00 = ;"12903.67 -T 7900.14= -5003. 53 

and 

flloment about a horizontal line passing through the point 

of application of F 

0=-10761.17 x 51.55 - 2142.50 x 43.00 + 2148.67 x 73.00 

-+5751.4.7 x 87.00 =- 377.39 

Since numbers are rounded off in calculations, we have 

some small discrepancies. 
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APPENDIX B 

DATA INSTRUCTIONS· AND VARIABLE DEFINITIONS 

, ; 

------------------------------------------------~ 
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I 

NO 

I 

2 

3 

4 

5 
6 

7 
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DATA INSTRUCTIONS 

VARIABLE 

TITLE 

TI, T2, T3 ,DI,D2 ,D3, RM,N 

{DS,ASU,ASV 
..:---------------------
SRNI,SR£.LA 

FN,EU,FN 

ACC ,ACS ,ATS ,ATC 

HI 

VARIABLE DE.;j'IlJI TIONS 

PAGE 41 

FOBI·IAT 

1.x',79d 

7.FIO.3,I5 

6FIO.,3 

2.FIO.5 

31J'20.5 
4FIO.3 

FIO.2 

TI,T2,T3,DI,D2,D3 - Dimensions of the section (cm) 
v 

DC' 
'0 

ASU ,A~..v 

SHl·U 

OJ 

+ 
T2 
i 

.' ~ 
I, T3 
I , ~U 

02 -..k Tt ..k-- 1>3 ..J 
-Nodular ratio (modulus of elasticity of 

steel divided by modulus of elasticity of 

concrete) 
l'';urnber of reinforcing bars 

- Diameter of a reinforcing bar (cm) 
- Coordinates of a reinforcing bar with 

respect to ti,v axes (cm) 
- r.linimulll steel ratio specified by the Turkish 

Building Code according to the type of 
concrete and type of steel 

l----~ 



I 

SRMA 

FN' 

EU,EV 

ACC 

ACS 
ATS 

ATC 
HI 
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- l'Iaximum--' steel ratio specified by the Turkish 
Building Code according to the type of 
concrete and type of steel 

- Design load (kg), if compressive (-) 
- Coordinates of the point of application 

of FN with respect to u,v axes (cm) 
Allowable compressive stress in 
concrete (kg/cm2 ) 
Allowable compressive stress in steel (lcgfcrti) 

- Allowable tensile stress in steel (kg/cm2 ) 

- Allowable tensile stress in concrete (kg/cm2 ) 

- Length of the column (cm) 

I 
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APPENDIX C 

POSITIONS OF NEUTRAL AXIS AND PARAMETERS USED IN AREA
J 

CENTROID AND MOMENTS OF INERTIA FORMULAS FOR THE 

CRACKED SECTION. 
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;:---_ .. _-- .. --~-------------

Case (a) 8=00 

y 
Cr-l --+----...C2 a C2 

C9 Cl0 

'----+-----1~x 

C4 ~ ij- ---+- -z SIP ° NA I 
,R,a , 

B 
...i... ~-~~--~----C~5 

S ( c t 0]( I B-Vo) 

Z (C9x1 B-Vo) 

P «(fOx, 8-Vo) 

o (cax,S-vo) 

R (C4"1 B- Vol 

Q (C3", 8- Vo) 

Case (b) 8 = 900 

NA y 

I 
Cl C2 

P,o 

I 
I 

C 9 Cl0 
S I C3 Cl, 1 

I R 
0 , 

I : lz I , 
C 8 1- C7 C6' C5 

I' c--->t~ 
S ( 8S' -00 - c. ) Cqy) 

I (d s - Uo-C I CSy) 

P (Ch ... C{ y) 

o (Ci)(, Ci y) 

R(C3x}C3 y ) 

Q (C3)(, C3 y ) 

x 

I 
I 

C8 C7 

S (C 1o", 8- Yo) 

Z (C9)1.) B- Vo) 

P (CiO~ I S-Vo) 

o (C3)< 1 6- Vo ) 

R (C31'1 C'3y ) 

Q lC3 x/ C3 y ) 

N.A. 
C1 

0 

I 

Il CIO I I 

C 

I I 

z,s! Ip 
(;8 C7 I 

S(C7x,C7y ) 

Z(C7)(/ C7y) 

: 
C6 

C2 

C3 

IR Q 

I 
I 

CE 

P (ds-Uo-C JC7y) 

o (dS'- Uo-C J C.1 y ) 

R (C3>" C 3y ) 

Q ((3,c, (3y ) 

N.A. 
Cl, 

C5 

Cl, 

C5 

C1 C2 

- -p ° C9 C10 

Z,S I 
I C3 
I IR,a 
I 

, 
I : 

C8 C7 C6 

S(C9x)C9y ) 

Z (C9x /C 9y) 

P ( C 10)( 1 B- Vo) 

o (C3)C, 8-Vo) 

R (C3')() C '3y) 

Q(C3)C,C3y) 

Cl C2 

C 9 C10 

I C3 
I I I I 

I 

I 
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-
ct. 

C5 

N.A. 

CI, 

R 

; 

N.A. 

I z,s J.. P,O 1 10 
C8 C7 

S (c 7x, C. 7y ) 

Z (C7lC,C7y ) 

P (CblC,C6 yl 

o (C.6 x/ Cb y ) 

C6 I 

R (ds -uo-c Jt3y) 

C1 (d5 -Uo -C. Jc5y ) 

C5 



t 

I 

THESIS 
ROBERT COLLEGE G13~\PVATE SCHOOL 

BEBEK, ISTANBUL 

Case ( c ) 0° < 8 ( 90° 

y 
~N.A. 

Cl C2 , i1 0 
/ 

I . 

N.A. 

C9 

C3 / 
R 

Z 

C3 ct. 
'R Q 
I 
I , 

Jj 
~ C8 C7 C6 c;1 C8 

C 
C5 

S(d5~Ul)-C+\.t/1.at\e ,CiDy) 

Z (CBx , (C-d 5HQ",e -Vo) 

P (C7)1.) (C-t.-d l )+a",9-Vo ) 

o (C2x) (C-d3 ) +~~ e -Vo) 

\:( (C3)1, C3 y ) 

Q(C3x,C.3y ) 

Case (c) cont. 

N.A. 
Cl C2 

o 
/ 

/ 
CIl 

C3 CI. 
IR,Q 

I I 

C8 C7 C6 CS 

S(ds--Vo-C +~2./tQv.e ,eio y ) 

Z (C8}t, (c·-ds-)h.., e -Yo) 

P «(7'1.) (C- t l -d3 )+Qt\6-Vo) 

o (ds -Uo-C -to bd~Qv. e 1 C2.y ) 

R (C3 x )C3 y ) 

Q ((3)(, (3'1) 

N.A. 
CI 

I 

c .... '9 _..;;.;.Cl0;;...t: / 
CI. 

I I 
I zs 

C8 CS 

S( ds-Uo-C + tl/~\'\e ,CiOy) S (c. 7x, C 7y ) 

Z(ds-Vo-C I C8y ) Z(C7){J C7y) 

P(C7x, (C-t,-d 3Ha",9-Vo) P (ds-Vo-C J C7y ) 

0(C2)(, (C-d l )ta",9-Vo) Olds-Uo-C.+ \:~/tQ"a,C2y) 

R (C3x, (3y ) R (C3".1 C.3y ) 

Q (C3)C, C3y ) Q(C.3)', C3 y ) 
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N.A. 

C9 

CI. 

C8 C~ 

S (dS'-Uo-C·d:1 /\-o..,e J CiO,,) 
c 

7. ( cis - \J 0 - C , C Sy) 

P(C7lt J (C-t,-ch)tQf\9 -Vol 

o (ds":Uo-C +~u,/~QV\9 ,C2.y) 

R l(3)C, (3)') 

Q lC3)C/ C3y) 

N.A. 

C~I --+i 

CI. 

z 
C8 C5 

5 (C7x, (c- t,-chHQIt9 -Yo) 

Z (d!i - Ub - C ,CO 7 y ) 

P (C7y-, (C-t l - d,)~Cl~!9 -Yo) 

o (ds-Uo- C -+ -lq 1'0.,9 J C2y ) 

R (C3x,I c. Jy) 

Q (C,3,.., C3y ) 

-----------------------------------------------------------------------~ 



THESIS 
ROBERT COLLEGE GRADt:ATE SCHOOL 

BEBEK, lSTA3~BUL 

~---------------.----------.----------~--

I 

Case (c) cant. 

N.A. N.A. 

C2/ C\ 
---, 

C\ / C2 

C9 CIO 0 

I 
/ C3 I 'Ra 

I I I 

I I I 
5 zi 

C4 

·C9 CIO / 

sJ( 
/ I 

C/. 

C8 C7 " CS ceo CS 

S (C7)(,<;'7y) S (C7", (c.- ~ ,-dlH'QI\ a-vo) 

2 (C7x,C7y) Z (ds-Uo-C, C7y) 

P (ds-Uo-C.) C7y) p tC7lCJ (C- t,-d l HQ\\8 -Vo) 

o (C2lC, (c- d1H"" a-vo) o (C2.)() (c-d'J)+Q~8 -Vo) 

R (C3lC,C.3y) R (C.3)(, C3 y ) 

~ (C3x.l C.3y) Q (C'3)(1 C.3 y ) 

Case ( c ) cant. 

C\ C2 Cl C2 

N.A . 
C9 CIO C9 

." 
CIO 

I C3 C4 N.A 
I ~-

Z _~--TQ R 

C8 C7 Cf) CS C8 C7 C6 CS 

S(C7)(J (C-tl-d3)~Qlo\e-vo) S(C7", (c-t\-d,Ha,,9-Vo) 

Z (c. 8)(, (C- d5")+Q" a - Vol Z (c 6)1., (c- ds-Ha"e -Va) 

P (c 7)C) (C-t.,-d1).l·Q"e - Vol 

D ( C 2)(, (C - d 1 H·Cl.., e -vo) 

,R(C3x , c~QlI\a-vo) 

Q (C3" J (c - d3)+all\ 9 - Vo) 

p (C7~) (C-t,-d3)+a~e -VD) 

o (C2", (C-d 3 ) +",,,,9 -Yo) 

R (C3x, C3y) 

Q (C.3", C'3y ) 
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CI C2 

C9 CIG NA. 
fi I C3 =-

I ~·R 
~- a Z I' 

.-J. ......... I P I 
C8 C7 C6 CS 

S (C7)() (C- t,-d J ) -\-QIo\ e -Vol 

2(C8)(JCc-d~)+-Ql'\a -Vol 

P (C7x J (c:- t,-d~ talo\6 -Vo) 
f o (C3)(, (c-cl,HQ"e-vo) 

R (ds-Uo- C~-l:d4,,\O\e ,C3y) 

Q (C3)() «- chHo.l'\ e -Vo) 

C\ C2 

C9 CIO 

C3 

Z 

-- C7 C6 CS C8 

S ( c 7" J (C - ~\ - d'3 }-\Q .... e -Vt> ) 

2 (ds--Uo-C., C7y ) 

P (C7,cJ (c-t.-d,J"'Cl",e-vO) 

0«(6)(, (c-d)HIZl",e -Va) 

R (C4x, C.-{-Q.,9 - Vo) 

Q (C 6)(.1 (C - dl) ~"'" 9 - Vc) 

I 



t 

i 

I 
I 

l 

C9 

THESIS 
ROBERT COLLEGE GRADUATE SCHOOL 

BEBEK, ISTA~iBUL 

Case (C) cant. 

CI C2 CI C2 

CIO C9 CIO 

C3 C4 N.A. C3 N.A. 
I 
I 

I R , .,. 
I ~V s,z p S,Z 
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CI C2 

C9 Cl0 N.A. 
I 
I a.;;.C=-3 ~:;., C4 
I 

C8 7 C6 C5 CB C5 C8 C5 

S{C7X,L7y ) 

2 ((7"" C.7'1) 

P (ds-Uo-C) Cby) 

o (C6)( ... CC-da)·h I1 9-Vo) 

R. ((4)(.1 C. 1-QI<\ e -Vo) 

Q ((6",) (c-d1HClIo\ e-Vo) 

Case (c) cant. 

CI C2 

S(C71<,C7y ) 

Z (C7'1-) C.7 y ) 

P (Cb,c, c. by) 

o (C6)CJ C by) 

R (C'h) C-\a.., a -Vo) 

ex (ds - Uo-C ) C.Sy) 

CI C2 
N.A. 

/ 
N.A. C9 cm C9 CIO 

I 

5Z 
CB 

S (C7'/., C7y ) 

Z (C7x, C7y ) 

P(d s -Vo -C J G6 y ) 

o (C3)(/c-d)taH9 -Vo) 

R (ds - Ul1 -C .. t:~J+a", e, C3y) 

Q (C3x) (C-d 3)+o\\9-Vu ) 

r----! 
I 

I 
I I 
I pol s,Z I , 

C8 C7 

S (C7x, C.7y ) 

Z(C7y.,C7y ) 

P (Cb)C,C6 y ) 

o ( Cb)(,C. by) 

C6 

C3 C4 

I 
Q 

C5 

R (d,. -V D- C .. il/tal-\ e J. C3y) 

Q (,,5' - U,,- C , C5'1) 

s (C 7)( J (C - t ,-ch )-\0." e -Vo) 

Z (ds - Uo-C ,C7y ) 

p (C.7'JJ (C-t,-d3Ho.O\I9 -Va) 

o (C3lC) (C-d3 ) ·\-o • ..,a -Vol 

R (d s -Uo-C + tJ/-6.", 9 ) C4 y ) 

G. (c. 3x) (c.-d) "-ClO\(3 -Va) 

N.A. 

j;P 
C2 

I 

C9 

C3 CI. 

C5 

S (d5-Uo-Ct it/-'to.",e ) C.10y) 

2 (d~-Uo-C J C By) 

P (C1 x ,C1 y ) 

o (C1".ICiy) 

R ((3)( ... (,3'1) 

Q (C 3.,. , c. 3y) 



THESIS 
ROBERT COLLEGE GRADUATE SCHOOL 

BEBEK, iSTAN13UL 

Case (C) cant. 

I 

N.A. 

Ac' 
/ ,P,O 

C2 CI 

'" 

'" ~Cg ClO Cg J cia 

I/s: C3 
C, 

Z I IR,O 

/ : : 
C~8----~C7----~C6----~CS 

S(dS'-Uo-C t~t/-!Q"e ,eiDy) 

ZlC8~llC-ds)~Q",9-Vo) 

S,Z I 
I 
I 
I 
I 

C8 C7 

S(C9}(,C9 v ) 

Z {C~)C.,C9 y) 

N.A. NA 
CI Lci 
)("0 

/ 
/ 
C9 cta 

C3 5,Z I C4 /1 
~-...., I 

C3 

IR,O 

I 
I 

C6 

I 
I 

• 
CS C8 C7 

s (C.~)C, CC3 y ) 

Z(C'3)()C~y) 

I R,Q 
I 

• 
C6 
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C 

CS 

p (C~lCJCiy) 

o (Cilt,C1'f) 

P (C iV)(J (C.: .\:.- d3)+~'" a -Vo) P (c iOx, (c.- t,- d 3)\a",e -Vo) 

D (C2)C , ((- d3) h.d3 -Vo) 0 (dS' -V.,-C -t t'l/1ro.", e C2y) , 
R lC3,c,C3 y ) 

Q(C3x, C3y ) 

R «(3)(, C3 y ) 

Q (C '3)(, C'h ) 

Case (d) 0° ) e)-90° 

I NA 

TI'''' 
CI 

B ICg cIa P 

y 

C2 

l~S'Z ~ 
I
C8 

. 

. .( C ---'71 

.s (C.10 K) C10y) 

"Z (C'to ll ,C10y) 

P ( c ~ 0 x ) ( C - d 3.) ~Cl" 9 - Vo ) 

o ( C ?'x I (c. - d .. ) ~~O\ G - Va ) 

R(C~)(J (C-d lt).l.Qt\6-\Io)­

Q(C-Uo,CG y ) 

C2 

5 (C i Olt J C 1 0 y ) 

Z (C10x,C10 y ) 

C3 C4 

CS 

P ((iC)x J (C-d~HQ0\9-Vo) 

o (C-Vo)CG y ) 

R(Cb)C,CG y ) 

Q (C6)(, C6y ) 

------------------~------

R (C'3)t,C.3 y ) 

N.A. 

\ 

C9 cia \ s,zl 
I 
I 
I 

C8 C7 

S (C10x,CiOy) 

7. (CiO){,C.<Oy) 

C2 

C4 

C.5 

P (tlf /~Q .... e + Uo-c., C2y ) 

() (C.3)C1 (C-d 4Ha"e -V"1 
! 

R (C3)(, (C-dq)h" .. e -Vo) 

Q (e- 00 , C 6 v ) 



THESIS 
ROBERT COLLEGE GRADUATE SCHOOL 

BEBEK, 1ST -lNBUL 

~----"--------.---,--------------------~-

Case (d I cant. 

Cl C2 el C2 

N.A 
CIl 

CS C7 

'~4 CI. 
o~ 

I ... 
Q 

Cl') 

S(CiO x CiO y ) 
I 

Z (CWx / t \Oy~ 

P (C10 xJ (C-d1) ~Q"e -Vo) 

o (C3)(, (c- d4 Ho." Q -Vol 

R(C3x 1 (C-d4).\uIo\G-Vo) 

Q (C4)(, (C-ds)+Q"d;) -Vo} 

Case (d) cant. 

C ~ '_--.:;C2 

cIa 

I C3 CI. -*1 ~~........;, 
Z .... 

I 

~ ... CIa 

5 ~ C3 CI. 

1 o~ 
1 I .... ~ 
: I at'-. 

CS C7 Cli CS 

. 
S ( C - -\.z./ -la.~ a -Uo I c:toy ) 

Z (c {0lc 1 (c- d1H:Q~ e -Yo) 

P lCfo)C} (C- d·Jto,,9 -vol 

o ( c ~)C, (<: - d ~) ~o" e -Va) 

R (C'1)(1 (c- d4) ~Io\e -Vol 

Q (C4>lJ (C- ds-) tQ\4 e -Vo) 

~r N.A. 

Cl C2 

C9 cIa 
S,Z I 

I 
I 
I 
I 

P , 

\ 
o 

C'\ CI. 

R 

CS CS C8 C7 

S (C9x, C~I1"e-VD) 

Z (C10)(; (C-d2.HCllo\e-VO) 

P (CiOx) (C-02.)+O",9-VD) 

o (C3)() (C-04)~a~e-\lo) 

R (C6x) ((-d4) t-C1"S - Vol 

Q ( c- Uo J C 6y) 

S(CfO,c)C(Oy) 

z (CiO,,)C1D y ) 

P (-llJj.{;Q,,9 .. Ua - C. > C.2y ) 

o (C3,c} (C-d4) tQo(B - Vol 
R (c- t3IiAMe"-uo , c3y) 

Gl (C4)() (C-d5 HQ"s -VtJ) 
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Cl C2 

cIa 

I C3 el. 
5 .... ~ 

ZT - - 1 
1 ~_ 

Q 

es C7 e6 CS 

s(c~)( C~a"e-vo) 
I 

Z ( C 10 J{ ) ( C - d :a. H'Q" e -Vo) 

p (c. iO,eJ (c.- d2Holo\ e -Va) 

o (C 3)( I (c.. - d~ ) -\-0" e -Va) 

R (C3)(, (C.-d4h·Q~e-vo) 

~ t C4y., ( c. -d 5.).\-0.10\ e -Vo) 

N.A. C.~l _---.::;C 2 

" , 
C9 cIa 

C8 

S,Z I 
I 
I 
1 
I 

C7 

. s ( c iO", c .. toy ) 

z lCiOxJCWy) 

p (<:~O)tJ lC-d,J~Q",9-Vo) 

o (C3)C) (C-dlf)ta,,9-Vo) 
,I 

R ( (- tJ/\:Q"e - Uo I C3 y ) 

Q (C4x J (C-ds).\-a., 9-Vo) 



I 

TH E SIS 
ROBERT COLLEGE GRADUATE SCHOOL 

BEBEK, ISTANBUL ----_____________ H_~. __ ._~ ________________ __ 

Case (d) cont. 

N.A. 
CI C2 

p 
\ 

C9 

cs 

S (C \0", C'\Oy) 

Z(C10 x/ C.10 y ) 

C, 

CS 

pt -\:.4/-\.0,,9 +Uo-C, t2y) 

. 0 (C3)(.) (c-d4 HClv\9-Vo) 

R (c. - -l3/ia" e - Uo J C4y) 

Q (C- Va) C5 y ) 

Case (d) cont. 

N.A. 

N.A. 
\CI C2 

P 

\ 
C9 CIO 

S,Z 
I 
I 
I 

C8 

S (CiO x/ C.10y) 

Z (C10~,(10v) 

C, 

\ 

cs 

P (ew,,) (c-d2,Ha..,9 -'.10 ) 

o (C.3" J (C-d4) -\u)\9 -Vol 

R ((- 1.3f.\·QK9 - Vo) C4y) 

Q (C-Vo I CSy) 

N.A. N.A. 

N.A. 
C2 

\ 
C9 Cl0 \ S,Z I 

I \ 
I 

C8 

S(C10x,C.W y ) 

z (ctO'j(,C.10 y ) 

PAGE SO 

C, 

CS 

p( ~",I-\-a"e + Oo-c.) C.2y) 

otC-Uo)C6 y > 

R t Cb lt , (by) 

Q(C6 lt/ C6 v) 

\ CI 

PO 

C2 Cl ,.---...., \ CI C2 

\ 
\ 

\ 
9 • \.CIO 

s,~ C3 Cl, 

Z P I 
I 

I I 
I \~o ,l..R,a 

\ 

C9 CIO \ 
\ s,z C3 1. c, 

I I R\ I I 
I I ta 

C9 C 

Cl. 

C8 C7 C6 1 c 5 C8 C5 C8 C7 '\ C6 CS 

s ( C 1 0 l<, (1 Oy ) S(c- h/tClIll9-U p ,C.Wy) S (C<3 x , C.-lQ,,9 - Vol 

7. (C'{O~J C i0y) Z (C-Uo,C8 y ) Z (Cia)(, (C-d2)~Cl,,9-\lo) 

P(C2",C2 y ) P (C.7",C7y ) P (CiO", (C.-d 1 )1Cl,,9-Vo) 

O(C2 xJ C2 y) o (C71C J C7y ) o (c- Uo, C 6y) 

R,( C.-il/-\:Q,,9 - VO.l C4y ) R(C6JC,C6 y ) R (C6)CJC6y) 

Q (C- Uo, CS y ) Q (Cbx,Cby) Q(C6l',C6 y } 



THESIS 
ROBERT COLLEGE GRADUATE SCHOOL 

BEBEK, IS'TANBUL 

Case (d) cant. 

CI C2 C~l _.-::.,;C 2 

N.A. C9 
~-~ 

CB cs 

S ( C - t.d ~~ 9 - Vo j C. i Oy ) 

Z (CiOx J (C-dz.Ho."\9 -Vol 

P (c-(oJ() (c-dz.)-\u",e -vo) 

o (C6x ) (C- d4H·Q~ {} "7\)0} 

R (Cbltl (c-c!q)+n",e-vo) 

~t(-UoJc&'y) 

Case (d) cant. 

N.A. 
Cl C2 

p , 

C9 CIO , 
~-R-,Q~C ~ 

C8 C7 C6 

s ( C 10)(.1 C 1Oy ) 

2(CW)C.,C10y ) 

CS 

P ( 4:,. /10 \1\ e -t U 0 - C J C 2 y ) 

o (C2)() (c-dlt)h. .... G -Vo) 

,R (C4x) C4 y) 

Q ( e4 )( 1 C4y) 

Cl, 

" 
C8 C5 

S(CqxJ c.+~\I\e-vo) 

z (c- Uo , c.ay) 

P(C7lt,C.7 y) 

o (C:l x/ C.7y ) 

R (C.b){}Cby) 

Q (Cbx) Cby) 

N.A. 
"" C_,.;.I_~C2 .. 

... 

C9 CIO .. s,z .... C_3~ ...... Cl,~ 
I R,O 

I 
I 

C8 C7 C6 

S (CiOx) C-fOy) 

Z (C.H»){, C.10y) 

cs 

P(C1't) (C-dI.HQ\I\8-Vo) 

O(CZlC. J (C-d IfHaI4.9-Vo) 

R ( C4 1(" C4y ) 

Q (C.41C}C4y ) 

C8 

CIO 
I 

I 
.... I 

* 

PAGE 5t 

Cl, 

... 0 

6 cs 

s(Cqx) c.ta", 9-\10)' 

Z (C'tO ll ) CC- dz.Halil e -Vol 

P (CiOlC.J (c.-d2.)k~ 9 -Vo) 

o (c-vo) (by) 

R (CGx
1 

<:€>y) 

Q (CbX, (by) 

N.~. 
C~I_....;C:::.:;2~\ 

P,o 
\ 

C9 

C8 

S(CfOx}C{Oy) 

z (c tOlC.) C. {Oy) 

P(C2x / C2 y ) 

o t (2)(" C 2 y) 

\ 
\ 

R( c - b/ta .... e - VO J C~y) 

Q ((4)() (c-dsHQ~e-vo) 



THESIS 
ROBERT COLLEGE GRADUATE SCHOOL 

BEBEK, tSTANBUL 

~----------.----,--------

Case (d) cent. 

Cl C2 Cl C2 

N.A. 

PAGE S2. 

Cl C2 

C9 Cl0 N. ........... 
~ °C3 

A C9 Cl0 P 
~3 CI, 

. C9 Cl0 N ~-Z;P 
A 

I 

5 CI, 
I --
I I R 'Q-' ~ 
I I 

I : 1 

C8 C7 C6 C5 

S(C-h/b",9 -UO, C{Oy) 

z (C "0)( J (C- d 20) +0. VI e-vo) 
P (CW)C.,(C-c:l2.)-6,,9-Vo) 

o ( C'3')(, (C - dlf)~a" e -'10) 

R( c- t.3/lt..o.V\9 - UOJ C4 y ) 

~ (C4x,(C- ds)-\o.Vle-vO) 

Case (d) cent. 

Cl C2 

_C9 -= Cl0 
P 

5 - _ fl,.,C3 CI, 
Z I 0 

I 1 R,a 
I 1 
I I 
I , 

cs C7 CII C5 

stc-t1./-\Gl~g -VOl CWy) 

Z(CiOX
J 

(C-clz.)'\-oVl9-Vo ) 

P (CWlC J (C-d1.)+aVl9 -'10) 

o (C3')(1 (C-d4).fa .... 9-Vo) 

R (C4x ... C4y) 

Q (C4 \c ... C4y) 

-. C3 CI, 
5 Z 

0 1 'Q" il-I R 

I I 
1 

! 1 
C8 C7 C6 C5 

S (C9x, C t.a .... 9-Vo) 

Z (C Wx) (C - cf2.).\-o.I\ 9 - Vo) 

P (CiOxJ (C-d1.)taKe -Vol 

o (C3)(,( C-&-\)ta .... 9-Vo) 

R (c. - t,3 /\:Q~ e -Vo J C 4'1) 

Q (c 4)( J ( C - d s) +0." e - V,,) 

N.A. 

- $ -5 Z I 0
1 1 R,o 

I I 
I 

~ I 
I 

C8 C7 CG C5 

S(C~)C.JC-\0.",9-Vo) . 

Z (CW)( 1 (c- d~) +0.1\9 - Vo) 

p t C -tOt J (C- d,H·o. .... e -Vo) 

o (c 3)( J ( C ~ d4) +o.M e -Vb) 

R(C4 lC ,C4 y ) 

Q (c~')(JC4y) 
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J+:'L::::::·E~L~·~·::~·~·:·~·~·g.J:~:·i·~~.J:.~.:i.s:~Ii§·~:~:g.g.8.J8~·Ij·}18}:h~~BJ&·~~s~~~?~~~;}:~:~~~~~~~~~~~~~\~~~L~~L~~~~~"}}})H)}H}}}}}}D})D}}D)}))'::))))'::)}))}~~~~~~~~~~~~. 
PRINT 1 

.:.:-:.:.:.~:.:.:-:.:.:.:.:.i:.:.'.'.:.:.:.:.:.:.:.:.:.:.:ff.dRMA::r·:{·:·iH]~':;/3.tix-;:T4f{:W5Ji;i:o:f/ti/5tfjr!fii(s/ii//J///:L:;;·;·;-;-;-;-;-;LC·;-L/fffffffffffffiiifiiiiiiiiiiiiiiiiiHiiiiHiiifjji/:·:.::::T::;·;·;·;·;·;·;·;·;';·;·; 
READ 11 . 

::.:-:.:-:}.:.:-:.:.:.:.:.~: ::·:·:~·{:·~:::\{::PR·fMt·:·:':::l~})/:::::::::::::::::::::.)·:·::.:\: i:'\{~iiii:"Ni{///:::::.:./=\::\\/:\.:::·:·:::::::\:::::::'::::::::::::\i;-\\·~·};:;:;:;:;\\·///;/;~:;:;·:;:;"·::::.:;;~~~YYL/L/.~::~~~::)~;~::':'~.::):)))))))\))) 
11 FORMAT(lX,79H 

·:·:·:~::::·:·::::::::::;·:;:;:::::r:::::;·;·):::·;·:·:;.;.:.;.:::.:.:.:.:.:.:.:.;-;-:.;.:~.; .. :.;.:;.::{/:>::/:/~./~·~::::'~·L·~::·~·~:>:~::::::j:·L:':';·~~:··:·:·::::::·~:·:·:·L:':·/;':·::~:·/':':·:·\·\)·:·;·:·:·/:/(~(j:;·F:iii:/~·ii:::ii:::::::i::~::·i::\::::~:·::/(...-...:··:::.:t::\·:·:·:.:·{·:.:( 
PRI NT 12 . ' 

:;:~.'.'.::~:.'~:::.'.:1'.2:.:.:.:.'.:.'.:·~~::.fQRM'AT:rJ8.y.·:i.2-9.HPART·::~Q.N.E;'·:. SECTlo.N::·:·:JJOJ;'·~·:(:I:~:A:(KE.i)/J[t(;+t6H:Ar.;'t.:iJJM{:ts.·:':\:ARt·:".':'I::;:~·.'/·{:,{: 
iN KG AND CIV,) 

. /EL~::;\~~Y?:·;\~:::~READ:::22-Z:,-:t[t;tr::~(~J~3.i~Dlif.b;t~:D3:'"R:1'!lWil·:::/~i.:::,:::::::::,:::;,:,:;::;;·,:::,::::::~:::.~:;:.:.:~:.::.:.:,: .. ,:.:.: .. ::'.'.::::.'::.::?\:.:~:.:.\::\\').).\.~.:.:.:.' .. :: ... : ........ :.:.:.:.:.:.~.:.:.:.:.:.:.;.:.:.;: 
222 FORMAT(7Fl0.3,I5) 

~:·::o/:~:;; i::o; ::;: 0;·: i;i:o:: ;;;itK;;: 1· :.:. :.::.:.::: :.:::::. :.:.:.:.:.:.:.:.:::::::. :::.:.:.:;. :.: ·.:.·.:·:.:ii.:.·.-ii.:.-.· ... :i:;.· ... i:; ... ::iii.:::i.: :ii.:.:..'..'..': ... : . .':: .. :.::. :.:.:: .':.::::::::::)~::::.: :~::.: .. ::,'e':::::::' .. : ::':'; ~:.:::::.::::.::.: .. ,::.:.:.:.:.~: :).:.:.j:::.: .. : .. ·:·::::.~:·:::·:·::.::::.:.:.:.:::i. 
RECORD(KK) Tl,T2,T3,D1,D2,D3,RM,N 

~;:::~:':'::::::;::;:;:::~:·:::::·:::::::::::·P·Ryi\{i:::::;··3::;Tl:;t2:~l3:~:bl:~D2::,:b3:;:Rti(~:N:::;:::::;::::::::;:::;::;;::;::;::: .. :;;;;;;;;;;;:;;;;;;;;;;;;;;;;;;;;;;;;.;;;;;;;;;;;;::;;;::;;;:::;;:;;,;;:;;;::;;;;;: 

0::::::::::::::::::Z::f:::::::::::)/:::\:ti~~.~~j~~~\~\~~1~i:i:,~:~jl~i.6~;::i8~ii;;;:i-!'·S;~·~~i6k!;~:A~i::;·~:~;·i:~:~~;;'~;'·;;.;L~.:tr~?: .. ~ ... :.: ..... :::::::::::::.~~ ... ::.:.:~:. ::~::::::::::~::::~::::::: 
210X,14HMODULAR RATIO=,I5Jl0X,15HNUMBER OF BARS=,I5) 

~~E{{H{H{{~~"{{~~"{~T~F(({/'Rftnil~·~4~~~tb@t~I~)~~~.:A~Sti{~¥f~*sv~{Il~¥-l~m~i)~~N)I))l))l))E)\)))\l)\HH))H\\\\\\\\\\\3~{/:H/:~jjjjj:::::::::::::::::::::::::::::::jj~jjjjjjj::::jjjj: 

.. _ ... _ .. _ ..... 4 ......... _ ..... fQ8.M.AJ..L9.f.lO'.~.;:?J ...... _ ............ _ ..................................................................... _ ..................... _ ..................................................... . 

.',~:L:jj.:·:j·:j.'.'·:·:·:·:.'.'.'.'.'.'.'.'.'::·:~~·:RE:A~D:·=-=-:"fj=-(YG:¥gRiWf:~~s~~~i:A::::::::::::::::::jjjjjj::y.: ..... :.:.:."'j.:.:.:.:.:."'.:.:.:.:':.:':':':':.:':.:':"~~.:~~~~~~~~.'~~~~~~~.'.:~.'~~~~.'~~~~.'~~~~~~~~~~~~~~~~~~';~':,:,:,;::,;::';:;:::,;:;;:;::',:~:':';::':':':':':':':':':':':':':':':':':':':':':':':':::":::":::.=! 
700 FORMAT(2FIO.5) 

/:{:LY{/{{{::::::::{{{{{~~{{{{Mi}:Ni/j;bi"~~{§Rf;,flY~YS:R*fA:':':':':':':':':':':':~'::i(':~~:{::i:':':'::~~~~~~~~~~~~~~~~~~~HH~~~~~~~~~~~~~~~~~~~~j:;:;///:~::;/:;:;:;:;/:;:;:;:;:::;:::;:;:;:;:;:;:;:~~~~~~~~~~~~~~~~:·:::':'L:::,:,~~~~~~~~~n~~~:, 
701 FORMAT(/IOX,17HMIN. STEtL RATIO=,Fl0.5/10X,17HMAX. STEEL RATIO=, 

~}+\~~S ~ /~ ~~~ ~::·:·'':':·:':':i-f-·'tQ·}·'f?j)·:·:·:·:·:·:.?~nLnt·FELL~ELLL!!:P[:~~~~~~~~~~~~~::::::::::.:\::;:;:::::;::::/(;:~(L((((((((((:;(0~E~~;:~·~·~·~·~:~~~~~~·~::::·:::·:·:·:~·:~~·\·)2·:·/·:.:.:.:.:.:.:.:.:.:.:.:~.~\?::::::::::::::::\:~:::::::::: 
READ 19,FN,EU,EV 

P!:TNiHH:i\9):'':'::::::\\\\'tokMAT.:{ 3 Fz:'oiii:'5:j\LLHHH:;~~~~:;~~~~~~~~~:;:;:DD;:/=;=;:;:!jfjf!jf!H!jftt/HfjffjfjjjjHfjf!!!.L\~H~Y~'~·~'~'/~~~~/~·~·~'~'~~y~'~'~~'~~·~~X'~~~)T~:33~:~:~:~':~'~:~::::'~:::::::~::(::<::;: 
PRINT 20,FN,EU,EV 

:L~~~~::~::~:/?J'LH::":HH:;:::f0.RNiA1J·;' 1 QX.;~~.t.\3.:HN:OgM'Alli\\f.:QF{(/E:~·'i'HrfOi.~i3iYi:tfK:~'3:ffif:0.~If.:·tu:ji~j:l:LL:2::::::::.·::::::::::?:·/,:·:~~~~~·:·:~·:E?\:)~:)~) 
110X,3HEV=,F10.3) 

:·:\:;·2/:~~~):~~)~~)~~~~~~~~;REAb::~~3A~'-'Att:~Att;~j/"t::S::,::A:rS::::~::::::::::::/:::::~:://;;~j3~~~;;;;;\££££~£~!~~~~~!iii~~~ii}(:\·:::':·:·:·:·:·:·:·:·:·:':':·:·:·:·:·:·:':':·/·:·~:·:S:!!!!!!!!!££!£!!i;;;;;;;;;iiEiii;i~::/?~ 
34 FORMAT(4FIO.3) 

·'+YH++:~·.:/>:\\/:::"Kk;;;(z:ztI':/:/:)~\,\)~L);T);:::::::))~E:·\/:::::::}////::/::/:\:T:://·<::<///::/.(:·;·;:{;:{{;~E3333~~3;;~~;~;;;~~~;;;/;;/)~:·)::::)~;::::::;:::::~;\~);:::;:::;::'::::::::;'::;:;:::~FD/:\ 

RECORD(KK) ACC,ATC,ACS,ATS 
:~·:;·:~·::~.;.~·:~·::::''':'::::::;::·:::;::::·::;-.::PR..fN.T:···'.3:';/{Alj(fiAT"t\"At·s.·:fAt·::~/::·:·:·:·:·:·:·:::·:·:··:·.·:·::·:··.:·:·:··:·:·:·:S·t·~·~·~·~·~·~::::/:·:·:":::·::·~:·:::::::::::::;::E::::::::::;:::::;::E::::::;j;;:;;;;:;;:;;:~;;::;.::: .. ;~~;;; .. : 

35 FORMAT(/10X,41HALLOWABLE COMPRESSIVE STRESS IN CONCRETE=,F10.31 
:·~./.~}}~~.~~::~:·~:·\\·:·.:·;·i-i&-k-:~:·3·7-HAl:{OtjjA:B·tiE::·:·:"i·EN:S·flt:·:·:·s:i·RE·S:S·::·:·:iN:·::·~Oi\jCR·ET·E·~·:·~:·FiO'~:3:;:::~·~·~i·~~i~·:·~·:·:·:·~·:·~·:·:.:.:.::.:.:; .. :.:.:.:.:.~~ ..... : ... :.;~;~; ....... :.;;; .. 

:~:~:~11;;~~:~;;~;~;;;,;;;,::~~:1=g:~:::;::~:!ctt·t:g~~.~~=t:~:·:.:..:~~ro.~:~[.~.sl;i~E~1;~·i·~:2sJ.~·E[:I::g:k6·::i}~.:::?{//[[/:-..::::·:·:·:.:::::::·::·.:::·.:::·; ... :::·:;.:::.;{:"::.:/:.: 

'y \: j::: ~ ~;: ~~, ~j 1,:;:;:::: :~. ~:~:~:~: ~l~: ~ ~ ~:: ~; ~ ~ ~:~:: .:::;;;.: ..... ::;:;::;;: ;;::;.;;:::.;;;; :.: :.~: :<~>;:::::.:.: :~~.:::~.:.:\~.;~.;.;";.:.;.;";.;.:.:.: ;"::: ::-:;.·:x·:::::·:::::::::: ... :.::::: .... : .. ::.:.:.::. :.:.:.:: :: ......... ::: .... :: ....... : .. : .. :::::::::::: 

::~;:;.\;\;:;>:;~:::rr;\::(;:i·i:~~:~.:t~;~.~9.1jt:f:[.~.~.}.~t; ·gr{;;~tL~rI?':~E~n};:~:.J:.:.=.'.~:.~.~}~.1.~.1:J}?H.:~:~~P.~:2:.·7.~:~.I~~. )-}:?-}~::~~.: .. : .. : .. : .. :.;::'~'.:.; .. : .. : .. : .. :.;.( .. : 

:.~<:.<:::~::~:~::~:::::::~~~::::.:.:::~;:g.~=i:~.~.:~::.t:~t.b:~.:i~;r:--;.:.:~;Af}&:.('~f.:f~;:jl/g\/{i;.{:~.I::~.Y~;--N~(>:·:.·:JjjJ:jj3j;j.:ji}jj;i}jjjjjjjjjjjjjjj3:::;jjjjj33j3:;;;;;;j;;;::::.~:::.::.::.:~:~: .. ::~ ... :.~.\~;~:,:\\\:.:: 

::~:~/~~~~~~~~~}~H·:~~/\~@~i~:f:~YI:Ft:::::;::§:t.'i61~~:::j\:\\2::::::::::::.::~((((::((.:::(::::((:::::::::::H:::::::::::\~}.}L~~.\~33.~.~.~.:/.~.~~£.;).;.£{EHr·~·~~;j:~~6jjj~~~~<~((<\-2.g.2·;·;·:///·:'::;/}:\\:; 
C roT. AL AREA OF RE IllfORCE\1ENT ::::-:'.~.'::':'.UX.:.~.'.:':'.~:r:':':'}:}·:'60~.'Lt.'·.'f,~:,:"r,~~~·lA·%;33~:~~:~~}3\{/:.»~·;-;::;-;-:;~;-:::;·:;·:;·:;·;·;·;·;-'j/!/!EDEiiiLY,\,iiir:'i:Y::i:::::/S((:::~:'S((':':::::/':::F::::::::::::,::::::::::::::::L:::::::::::::)::::::::~:::~~~~':ii~ni)))):; 

) v 0..$ ( I I *" 2 1 14 ;.=~:[{[[:'[::{[[:Zihi:iiiiii:'i;;~~1i;il;f};~;::~'.:f&:r{.:!t:.:::I~:.:.:.:).)·:·:·:·:·:.:.:.:.:~~\.)·::::::::·t::.::.:.:.:·:·:·:·:·:·:·:·:·:·;·;\\\\\:.::::::::::::::\::\:?:::::::::::'L\\\\\\\:\~\\\\\\\\:.\\\\::.~.;::3:=::::::}H.'/ii.':;iHHiHi.;.':~/':'~~~~:~;;;;~ 

?::j~~:':'~:~~::/~:::~:'~:::~:3;::~~~Lf:~:E:~·~·~:2·6::·f::?:;=;;=:L~.1=.bL/.:t=l:.f.+:!:ffi!?:;:;!:~;:~:::::2E2fHHjfff/F\-\·\-)\·~·;:;:;·;:;:X2:'~)T~~~~~~~.'X~~:!-:iiHHi/EE/;:E~''::\:::·:·::'\\}::::.,.:.: 

:\::'::~:;~~~;~;~1~:~~~~.:.:.:).:.:.:.:.:~gM*~3.t·~'Gl1·:~·;~XA~y·:{y:'-:::~:::·:·:·:·:i::.::::\+iii::i::::;·~·~:·:~·:·:·~:·~·:·::·~·:·:{:?~\.':.'.'::;:.::::::i:::}i:'!::::'";;·i·i·i·;-i·;·;·:·;·;·;·;·;·:·;·:·;·;·;·;·::;:;=;:}/·;;·;·;;//,:-:':·X::·: :::::::::::::E::::i~::'· 

·:-:.'i::::':':N.:i:'.:::}::.'.:i·:.'·:::·:::::::::::::~~t:~~:b::t~·k",,::j;:;;$·UMA:$;:·::;::::·:·::··::::::::··:·:::::.-:''-:S;·;:·:,·::,·,::::::::::::::::::::::·.::::::::::::.::.\::.::::.::.::::.\/:~??:::,(\:,.\(::/~::;;;;.::::·+:·:~:-.::S·.\~·:::\::::::::·~:::-:':\\\\·.:":·\:; 

:·::·::::/://::S::·:::··:·" TRANSPQS.EP:: AREiA-· .OF::.::T:1:-l.E:::.~R?·$:$:"? .. ;' .. ~:C:~)B:~!![i![U,[L:.':::"r:··{{;.:"{/:·;·;{:·:"{=·C:··{:···:·:·C::... . ....... . 







·~·~·;(·\~L~\~:\\~{:::~:;::H:::d:fI:{:~~::f:[£~&~~b&&twb8@iHi@oHr§@&.:~1N1!lf1HllllllllllllHlfflffffff:::::fffHfIEi!Ei!h'!!H~:L~'iiiiiiii:':':':':'ii:'ii(.'·:·:···:·:·:·::·:·:·::::·:::::~::·:·:~~~~~e; 
{{{~~{{{{:·{{{{~~gL;?}\:£g~i~l~~~.g.f.:}·.:·/:T.f6':i.jj::g/fg:}i:.::/~/.::.::::·:·::~E~~H~~S~~~~~~~;:;:~;:~~;:~~;:;E;:/:~;:~~~;:;:;:;:~;X:;:~;/:~~;/:~;:~:·:;~~::/:(:;{?~{~{~~:(~:::::::::::·::::·)·.E-'\H.~.~\~~ 
~:.'\·:~,:\:::~:}}:·f.:::·::·~·:::'·i:~~·~·i~·i-~·i:g··T~·+,-o-~~·0Hf.)·~·~·~{·Z.-G·2\~·2:·0·i-~~-\fo:i::::::\;-\\~~~ii\i\\;ii\;i;·,;i\iiii\~\~~{{X:ED\~~Y:/H}HHHHHHHHH}H}}H}}H})}Htj:tt}H,~jjjjjjjjj~~ 
:.:.:.:.:.:.::.:.:.:.:.:.:.:.:f.:~:.~::.:.:.:.:.::.:.:~~2~f~{~~.g:62~,:~:y.:::~«<:::::::::::::::(('{>L'i/;~·~~Li/:,/E///5~LE:'//;//:L;-;L';//;i;·;-;-;-;·;·;·;·;·~~;·L;·~fffffffffLffffffffffffffff~fffHHfff+iffffEff:Lf:;·;·;·;·;·;·;·;.;.;.;: 

202 GO TO 106 ................ . 
::.L{·:·:·/:·)i~r:o·:(:·:·:\~·COKt·t·:(~l·U:E::::/::::::::::X:.:::\:::::·:·:·:·:·:i/{):·i~\\~\Y~{::{::::::?:{~:::::::::\::):::::X::::~:::\/::::::·:::::\:}};·};:i;·\/:·\~:;/::;:;2:;';:;\:.:;:;:;:;:;~~~Y:-;Z·//<);;;~;;~}~;}::;:;:;;;;;;;;;;;;;:: 

IF(TANTET-O.001) 203~203,204 
.~~ >;::; ~.~ ;.;;.;: ~~(O:({;; ;::::::co1!t; f~jEFt·:·: ::~·;·;·:·;:;·;::::·.:·.:~:i:·;·.::~·:\::::{·/·:---:~·~::::.~.~:.~.~.~.:~.~;. ~:.:: ~:. +.?::~~~~:.: ~:·:·:·:·:·/·:·)'E·:·::<·/·:·:::·:·:·:~·:·}·{·:·\(~~T!.(/i(:::::·::i::: i;i:":: :::/::t;;:"::(:.:/<E\,·:::)~:;{\::::::::·~:·~ 

TESTP=(FN/A)+( (FN*EY*TIY-FN*EX*TIXY)/(TIX*TIY-TIXY*TIXY) )*(-10.­
;'=::·.::.:.:.::'.:.:.:.:.:.;::.:.{'.~.:.:.:.:.;.:.'.:·:·:lD5.?~tANT.:EI:i.+:(:·~(·:fN'l~'E·XjftI-X~f-N-~*"·Ey,~f/(l:>'{:Y:i:l:tf.t)(~·(-:'t()i;:'tfxN/ltTi:Y:~t:t*-~{;:ri';Lf?/t£cij:':~';:'::':~,:::,:~\ 

GO TO 107 
~·HH\\\::j:b::'~{"::i~,~CONI:I:NU E~{:·~:::{:{~~{{~:~~;:~ii~~i~i~ii~iH~UiUii:~i~iiiii3ii::'~i:::ii:·:':::':::::;\::::::::;'::::::'-;::::::::::::::::::i·::~:·::"'-:::::"·:·.\··{'-"Y·:·:::"·;··:·\:·.\\:;':·::.:.\:.: .. ::)))~::. .. :: .. .-:::: .. ::.:.-.:.:.:.:.;.:.:.:.;.:.:.:.-.;.;.:: 

KK=9 ............... . . : ~./ .. \~.: i; ,: i;; ,:; :~.~:. ~~::.: :~:i :R1ii·C OR f): (: KK:): ::: TEst p .. : .. :' ... '.:. ;.'.·:·.·;.·;:;:.·.·;::·:;i;.·;::::::;i::i::::'·'.:i.:::;.:.: .. :.:.:::.:::: ::.:: .:::::::::::::.,::',:.:::.::.:.:.::'. :::::,':' .:,:,:.':,,';;:,:::,:::.:. ~~::.~:.::: .. : .. ::::. :.:.:.:.'.:.'.:. :.: ....... :.:.:.:.~ ... : .. :: .... :::.::. 
.......... . ... EN.P. ..... ... ..... ... ....... ............... ............. . .... ..... . ........... . 
:':;::::::::::::~::::::::::.:::;':::::::::'--.:.:-:::::::::. ::.':: .. :: :":":::::":::::=:";".::::;;;;; ::;;:::; ~;;;;:;;;;::;;:;:;;:;;;;;;;;;::;;;::.:; ,::: :;:;;;;;::;;:.:~:: -:.: .::;:::::::::;;;;;;;;;,,' . ':::::::::::::::: :,=::: :.;:::.::::::::::: :.:.::::::::::::::::::::::::::::::: ,:;::: ,:.:.: .:: 

... -- . -............ _ ..................... : :'::':':'::':'::':'. :':':':':". :::::"::.:::::--:::::::::::::::: ':::':':'::: ::--::-:.::':::::.:::::::::--::":~':::: ::''-'-::'::::: ::: .. ;;" ... : .... ;; .. :.~ ~~:. ~ ~~ ~ ~ ~ ~ ~:.:. ~; :.~. ~.~ ~.~ ~:,-:,~ ~ ~:.:. :.:.:.:.: .. '.:. :.:.:. : .•. : ....... '.:: .. '.'.-." ...•...•.......•.•.•.•. : .. : .... : ... :.' ...... "... . .................................. . 

... . -.. : .. :.:; _. ~: ..... ; ~. ~ .. :.::.: . : : : :: :. . -. . -. -. -. : ' .. : :::: -.:: --: --: ...... :.: : ..... "'" .. . . .. ........... ... . 

" ..... " .......... , .................................. " .....•.•....•.....•.... : .. , .. "" .. ".. . .. : .. "".. . -- ... -. . : ' ...... : ....... :... ... . ....... : ... : ..... : ............••.............. : ... : .. : ...... ' •. : •.. : ... : •. : •. : •. ' •. : ..• ::: ... : •.. : ••. : .. ' •. ':' •. : •. : •. : •. ' .. : •. : •. ::: •. ::: .. : •. : •. : .. ::: •. : •. :.:.~.~.=.:.: .. . ·.=.:.i.:.:.:.:.:.=.:.:.: .:.:.:.:.:.:.:.:.: .:.'::: '.:.:.:.:.'.'.:.~.~.:.:.:.:.:.:.:.:.~.:.~.:.'.~.~.:.~.~.~_ ~:~: ::::~ ::~~.:.:.:,: ::~5.::::::: .:~:.:~::::~:. ~:::':' __ :':': :'::::' .. :. : .. :.:;':::::':':':":":':' :.;:::: :'::' :;' :':'::, ::: .:.:.:.:.:. : .... .-.: .... : ..... :: ... :.::.: .. : ..... : .. .-..... -........... . 

.. .. " .. _. . ........... -' .... ... . . -.. .... . .... :::::.-. .-::.-.-: . .-.-:.-.-.-::: ' .. : .................... : .. : .... : ...... -: .... : :.' ;.' ; .... ' ·:.f.f.[.f.::.f.f.~.:·.f.f.f.i.f.f.{.f.i.i.f.~.f.~ ~ .. ~ .. ~ ... :.:.~ .. ~ ... ~.~ .. ~ ... ~ ... ~ .. ~ ... ~ ... ~ ... ~ ... ~ .. : ... ~ ... ~ ... : .. : .. ~ .. :.:.: .. : .. : .. : .. : .. :.: .. :.: ... :.:.:.-:.':.':.':.-:.':.':.':.-:.':.:-.;-.;'.;-.;-.;'.;-.;·.;-.;·.;-.;·.;·.;·.;·.;·.;·.;.-;·.;·.;·.i.;.·~.:.~.~.~.~.~.~.~.~.~.~.::.'::~::: :':':':":>.':: ::'~ ~3~~3.:.:3: ~<: ~ ~.:.::::: 3 :«::: 3·~~::;:·~:::~::~~~;:~ ::::~.::>:.:: ~: ~~ :'."::. ::: ~·:·;·.:r: /::':':::'~'-:~.'.:.::':::_" ::: .. '- ':::. . .... 



C SECOND PROGRAM 
~;~;~·\~~;<~t:~:l:~~:::::::/:\tt}MP.:R:£SSl~0rif~~~8iE:t0;wiiiitikiJitffAEi}WJXiri&HHiiiiiiiiiiiiiiiiiiiiiiiiii:::.'::iHiiI.H[n[6L:H~:i:D:X:2iiiiiiiii:::·:·:·:·:·:·:·:·:·:·:·-'-:·::·::::·::::::::::::)::~~~H 

::t2ttt{{{~H:~~~~;;;;~~;/:~/KI;~i~:~~~Jg~::~:.:;:~:4.::~5§~b~;~:.C::~~~:~}:~.:~.::.kt;~f&1~;:&~;:4~Jj~i;:~~g}~~;}:~~~~~/:~\~~~~~~~:~::::/:~~:~;:~~{:~~:;:;:~~;:~:~:~:;~:~:::::::: :::.:: :.:·:·.:·:·.::'·.:A:·.:\;.::U.;.;~ 
DEFINE DISK(10,4S00) 
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.::.'.'.'.'.'.'.'.:.'.:.::.:.:.'.'.:.:.'.'.'.:.:.:.:.'.'.2'A'i;~·A-2.·~;:·jf'§;:-A4.}:A5.::;::fi..:6;:A'fh:A=8?';'=A'/;i~:{fl:f{~iB:i:,;:BjjX:8'i{Mjffj/{{f;&~'~i~i1f~f8:8i{Bi9iii~ijjioi~H~iii;iif.:ir::.Y·;·;';';·;·;·;·;';';·;': 
3B12,B13,814,B15,S16,B17,B18) 

.::-~.::.:.5:,:,:,:·:·:,:·;:·:\\":(~:·:::·:~::CAL:L:/:·68·f£)(t:~·rX-:;:·S:¥:·~·:fxVz+yp.:)'S~::p+::~6x\by.\~R:X:::~ii~~Y;:./Q=X·:::;QWY€;·ikTCifY\\{4X\:~~~~~~~).:.:'~>~E~}~}jjj})} 
1C4Y,C5Y,C6Y,C7Y,C10X,C10Y,XO,YO,A1,A2,A3,A4,A5,A6,A7,AS,A9,Sl,B2, . 

':~·:?~;~':';;~;~;~;;;';:';';;:·;::;'2B:j;/ji4:·~·;8:5·:·;:8'i{{ff'B:·S-:B·::~·:&:i}:·~:&i:b\:6'ii~:~ih:,2:·~i3h-,,3\·:fh·4W·'B-j)5·TBY6:'/B~i/iT·B:i·ii:fC'=fXYtf;:·::;:(t.~?:.~,~:(> 
3CIYY,CIXXYY) 

:.::::.:.: :::,=,(:.:.:.~:.·.;.=':.:.U.=.:.=.:::·: ~ G b: ~: 'T 0::: ii B B ~ :::.:.:.:: :::.:,.:.:.:.::.:: .::::.~:~:.::.:.:::\:;: \=\::. :' .. '.' ::':;':'.":~': :'~~::: ;/:;,:,', ;,: :,',',',',',';;,';;:';;;;;;;;;;:;: ;;;;;;;(;;::~~·L·i·:·i':?:\YN:':':\\\:\\\\\\::,(:':\,:\':':\::\\';i;:",'{::{::{{/:(S:{~ 
C LOCATION OF NEUTRAL AXIS WHEN TANGENT IS NEGATIVE 
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. DIMENSION AS(SO),ASX(SO),ASY(SO) ,STICK(lO) 
:~L2~:<~E(:}}/(:D::f}!i-EH&.T0j:f/A-.Y.V:X.~5.0jJAi5(r5H:i.:tTf{te(~iO:lit;~t&:i5t5.0:)~/:~:;:;:/X:L/:(:;:;:~://:~:~\L~{::~;\C:{::::.:·:::·::·:·::::·:,:,:·:·.e.:.~:..\\\\\\\~ 

DEFINE DISK(lO,4S00) I 

\::H~:.::::·:·:·y:·<:::·:\·:·:·.p.·iH:·N-T·:·:·:·:i:::::·:·:·:(:::::::.:.:(;{/(::\\-\\\\\\.:.~.~.~.~.~.~.\~.~.~.~.\~:;/::;:;:;:;:;\:t~\\\\~\~;\~;:;:~\·,:,;~;;;\~;{:':»~+\\>\~{)}}}}}}}DYH)))))))))}:=))}:')/:)}}J):,)?:,))fjjjjjjjjjjjjj~\j 
1 FORMAT(lH1,26HPART THREl, FINAL STRESSES/1H ,26HALL UNITS ARE IN K , 

:.::.:.:.:.::.'.:.:.'.:.:.'.:.'.'.:.'.'.'.:.'.'.'.:i't{.'ANtX::.:ct!iT~::.:::~:/«(:'<':':~~'::::::::::/:/:{2;L~::~:(:i:Li;::'/!/!//!///i/i:'///,/E:///;;:/;;·;·;·;·;·;·;·;·;-;E;·;·L{iiiiiiiiiiiiiiiiiiiiii~iiiiiiijiiiiiiiiiiiiiiiiiiiUiiiiL\:·;·;·;·;·;·;·;';·;·;·;·~;·;·:; 
KK=l I 
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KK=l 

::: :.;.~::;:;:;:: ;;:.:; :.\~::;: ~ :ftEttHti(K-:':·;·;·;-j(A!!{(j:.T/;::t}j:/:J.:::";({t:·:·~:::i::.::. :-:'.-{.::.::~.:~:~~::,:.~ ~:·::/-}E':':·:·{-/':·:·{·:-:((.::.~/:'./({(:/:'::':':'((::':::':'ii;:: :i: j::~:iii:ifJ:·i::::::::::: f.f: ;:\? {L>\,~:.:,:;j 
KK=6S I 
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KK=77 
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FETCH(KK) (ASX(I),ASY(I),I=l,N) 
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FETCH(KK) (STICK(II),II=l,lO) . 
:{/:/{{X{{{{{/{{{::{{/:{2K-K-{,£{2/fADH[[LU[{[{~Y,\:Y:'(::?:\':':':':':\,:'::t:':':':':':':':':':'{i::t::tt:.::.::.::.:{i{~~~~~~~~~~~~)~~~~~~~2~~~~~~~~~~~tttt~jtt·;:;:;//:;:;//:;:;:;::/:{;/:;:;//:;:t;:t;:~t~t~t\t~~~~:-\L?~~~~~E?EE~;: 
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FETCH (KK) TANTET . 
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