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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 Riidinger's and Chu's iterative
solution methods in which the stress at any point is found from
a general formula for unsymmetrical bending of unsymmetrical
sections, The formulation derived for T-sections is readily
applicable to L-éhaped as well as to rectangular sections. The
theory includes the cases in which the eccentricities exceed
the cracking limit of the section. A computei 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 tne point of application

- 0f the normal force with respect to

X,y axes

coordinates of the point of application
of the normal force with respect to
x',y' axes |

axial force

moments of inertia of concrete of the
uncracked section with respect to x,y
axes , '

moments of lnertia of steel of the
uncracked section with respect to X,y
axes

moments of inertia of tne 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 ) |
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parameteis used in area, centroid and
moments of inertia formulas for the
cracked section

axes passing through the bottom-left
corner of the section

coordinates of the i’} 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 tiie 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 thne cracked section

coordinates of the ith

reinforcing bar
with respect to x',y' axes

coordinates of the (x) corner of the
section with 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 ith reinforcing bar when
the section is cracked .

the angle between the neutral axls and
the horizontal




THESIS

ROBERT COLLEGE GRADUATE SCHOOL
BEBEK, 1STANBUL . PAGE 3

CHAPTER 1

INTRODUCTION

I+t 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 known., In practice, however, the
procedure is reversed. Working loads are given and the sections
as well as the reinforcements are required to support these
loading. For this‘purpose, a trial section is selected and the
maiimumvstresses are calculated. The allowable capacity of the
selected section is reached when the calculated meximum stress

‘in steel or concrete is equal to the allowable stress,

Columns with T or L-shaped sections are more effective and
economical particularly in irregular column layouts, since most
corner columns as well as some interior columns are subject to
bending in two directions. Because of their larger moment of
inertia properties, T and L-shaped columns can resist relatiVely
bigger bending moments in both directions. Columns which are
axially loaded occur rarely in buildings, simultaneous 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 membexr 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 situation%,
however, and they are by no means exceptional, in which axial
compression is accompanied by simultaneous 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 walls and

’t;ansﬁer their end moments into the column in two perpendicular

pianes. Similar situations can occur with respect to interior
columns, particularly in irregular column layouts, and in a
variety of other structures. Further, T and L-shapéd columns
£it into the wall thicknesses and wall layout better than the
rectangular columns., Therefore, they are also preferable for
architectural reasons. We should bear in mind, however, that
the design of even rectangular sections subject to biaxial
bending requires complicated calculations,

Nevertheless, there are numerous papers published in FEurope
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.Riidinger (19) and Kuang-Han Chu (18)
presented methods for the design of rectangular sections. Their

- methods are too lengthy. Moreover, Chu's formulas are for

ultimate strength design.

L.S.lMiller (13) presented a design method applicable to

»L~shéped columns symmetrical about a 45-deg. axis and assumed

that the eccentricities do not exceed the limit of cracking of
the section. K.Kammiiller (22) and E.Mdrsch (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 two are applicable only to rectangular

gections. 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 tae References at the end
of the thesis.
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' stresses in a tentatively selected section within about twenty-

computer.

and then substituting these in%b some equations. Generally
speaking, all of his methods require lengthy computations.

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 tables and diagrams prepared by the above mentioned authors.
In Pucher's method, 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 oxr charts, These tables and
charts, altough simplfy the tedious calculations to some extent,
due to the inevitable interpolations or extrapolations the results
become approximate. | '

Cho-Liu Ang (14) and Eli Czerniak (15,16,17) have computurized
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 proﬁlem is to locate the neutral axis of the cracked
section. By means of this program the designer may determine the

five minutes after supplying the dimensions of the section, coor-
dinates and the diameters of the reinforcing bars to the IBM 1620
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The method developed in this paper is similar to the iterative
solution methods proposed by Riidinger and Chu , modified on
the basis of Turkish Building Code requirements. 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 straightforward. Once the
transformed area of the section is obtained, the stress at any
point may be calculated from a general formula derived in Strength
of Material courses for unsymmetrical bending of unsymmetrical
sections. 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, centroid
and moments of inertia of the cracked section are calculated. To
be able to write 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 IEM 1620 a column section
is designed by running four separate programs wanich are linked
together. The programs are so developed that one has to prepare
data only for the first program. The firsf 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 stress desigh
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 working 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 in reinforcing bar is the same as that of
the surrounding concrete.
4, Both the concrete and reinforcing steel obey Hooke's
law, : , ’ .
5. Strain is proportional to the distance from the neutral
~ axis., ' . . '
6. All other basic assumptions of deformation and flexure
of homogenebus sections are wvalid.

2.2 . SMALL ECCEETRICITIES | |
At low stresses, up to about one-half.the ultimate, eccemn-

b e e e s e
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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 that tension
stresses in the concrete will not exist. Then the strain and
stress distribution as shan in Mg, 2.1 is essentially the same
as in an elastic, homogeneous member. -

Strees

Strain
rd "
9 / . ?.’_\"
J\/ = 0\@\
0O Q~(n-l)a e /

Fig.21 Stress-Strain in an Uncracked Section
Therefore, once the transformed section has been obtained,
the usual method of analysis of elastic homogeneous members can
be applied and the stresses in concrete are computed with
equation 2,1 (34). Similarly the stresses in reinforcing bars
are computed with BEq. 2.2 . | | | '

F Mxly-+ Mnyy Mny +'Mxlxy |

@ = + vl —5 % © 2.1
A ley - IXy Iny - Ixy

= oW - 2.2

where 7T -axial force
M =bending moment about x axis
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My:bending moment about y axis
n =modular ratio (modulus of elasticity of steel/modulus
of elasticity of concrete)

The sign convention is as follows:

y y y
r - . | A
JS

NW(+)

E ' i X

— - .
Fi¥) ° MX(+)I T ° ot
' ~

Fig. 2.2
Sign Convention

Axial load, F, and bending moments, Mx and My, can be
replaced with a single eccentric force, P, of equal magnitude
acting at ex,ey where ey my/r and e, _.mx/E

y p
My ﬁeibgy/f:
= | ey=My/F
, U o
F v -
Mx
Fig. 2.3
Eccentric Loading
Then Eq.2.1 becomes
1 eJ,Iy exlxy eXIX - enyy .
q\c_ = F + 5 Y + ) 5 X 2.3
A» Iny - Ixy IXIy - IXy

2.3 TARGE ECCEETRICITIES § »
When the eccentricities are large, - ten81on cracks will make
part of the concrete ineffective and the elastic stresses are
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distributed as in fig.2.4 .

©
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e - \ 9
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- v YT nagg o @~ -
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\ \\;\\
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///"‘
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Fig.2.4. Stress Distribution in a Cracked Section

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

expressions,

Stresses in concrete:

T ] 1 . e&l& - eéléy eili - e&Iiy -
c = ¥ + X .
2 . 2
TSR 5 AR £ Iy Iy - It

Stresces in steel:

.q;=:nq1
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CHAPTER 3

DESIGN PROCEDURE

3.1 PRINCIPLES FOR DETERMINING STRESSES IN AN UNCEACKED SECTION
Fig. 3.1 shows an unsymmetrical T section with an arbitrarly
chosen reinforcement arrangement loaded by an eccentric force F.

AV N
Yo T c2
* i reinforcing bar
- ey o F
i ° °
ty
CS C10 &y
+ i ! C3 Ch . X
L] [ o) @ -
) o ! ° ° T T ‘ )
t2 |
; ' t Yo
° e o . ° 'L l
] - - 4 >‘_ U
C8 d, CZ%( t, Cb d, C5
< d, >
. r<_-..‘,,._“ U d 5
Fig. 3.1

A Typical Section

The area of the transformed section is:

A=ty +tod, + tyds + (n-1) = agi - 3.1
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The coordinates of the centroid of the section with respect
to the u,v axes will be: '

U = t.ds + 2tkad, + 2ty + 2 tydzds +'h:sd: 4+ 2(m-1)Zasiue 3.2
2A '

Voo —Xads + LXE 2 diti e 2(n-0Zaqw
° 2A 3.3

Moments of inertié of concrete with r.espect to the x and
y axes are determined from the following expressions:

Ic= \dez‘tz (A2 +3 (12~ 2V0)) vk, (AR +3(tg-2v,)‘) o datg (B 3(k5-2v0)) 3.4

ch = "lz &-zdz (di 1 3(Cl2"2 Ua)z.) + —l'a "'.“tq ( "‘_‘3 + 3 (dq‘\'dz“ Zuo)‘l) +* ','{i t'sd; (d§*3(d5*dq"20¢bz)

3.5
Tyve= —l; [’tzdz (£,-2Vo)(d,~2U0) + £, 4 (4~ 2Vedld 4yt d - 2U0) + £3d 4 (t3-2Ve)(ds +d,, -zuo)] 3.6

Moments of inertia of steel with respect to

the X and y
axes are determined from the following formulas:

I,s = (n-0Z ast yi

3.7
Iys = (n—4)2a5;_xf' 38
Lys = (n-4) £ QsiX{Yt 3.3

1

The total moments of inertia of the section with respect
to the x and y axes: ‘

I,= L +Iys

3.10
Iy- 1_7?* Iys

3.1

Ixy = Lyyet Trys 3.12
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The stresses in concrete at the corner points are determined
from Eq. 2.3.

Let.
- eIy exlxy
K\! I"x"/ - Ixzy .
- e,‘Ix - €yLuy
Kx— I'*I‘I - I:-y
then
(Teede = F (& + Kylta=vo) + Kyeldamuo)
(“-It.)ci = F ( "/i.' + Ky (Lq"v°) + Ky (dq."Uo))
(vrc)c’g = F ( 'E:' + Ky (‘\'.3"' Vo) + Ky (C\q-Uo))
(“—Ic)cq = F ('!R + ‘<y(+—3"v°) + KX(dg—Uo))
(WIc)cs‘ = ( _'p': + l’<y (“Vo) » Ky (ds"‘Uo))
[ . 3.13
(ch)c‘ = F ( = + Ky (-Vo) + Kx(dq—Uo))
(WIC)(_-, = F (_L + Ky("‘vo) + Kx(dz_"u ))
(vxc)cg = F ( ',5:‘ + Ky( Vo) + Kul- UO))
(WIC\CQ = F ( ll\ + K\(({- VD) l‘(x(—Uo))
(Trde, = F (% + Ky (£,-ve) + Kxld,- Vo)

And stresses in reinforcing bars are determined from Eq. 2.2.
(sz)i = “F(Tl-\' * K‘/(‘:(") + Kx(xi)) 3.4

3,2 TLOCATION OF NEUTRAL AXIS OF UNCRACKED SECTION

The point of application of the force, F, has great impor-
tance because it determines the angle between the neutral axis~v'
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.

Case (a) 6=0°

AY _ Y
a) b)

-—t - N.A. —_— - N.A
7 > X o =X

/ /, T

L / PN IP NN
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 6=0°
Case (b) ©=90°

NA y ) NA. y
|4 : 14
a) 2 b) {’1
- 17 A
7 Se X — //4 > X
VO ST 10
L L /{
I [
POINT OF APPLICATION OF F PCINT OF APPLICATION OF F
IS AT THE RIGHT SIDE OF N.A. IS AT THE LEFT SIDE OF HNA.

Fig. 3.3. Compression Areas When 8=90°
Case (c) Q°< e<90° , NA
! - Y -

A

P
A
48 W S X i S X
"0 / van - ’ S 0 o
/V // // ki S //
POINT OF APPLICATION OF F POINT OF APPLICATION OF F
IS AT THE RIGHT AND BELOW IS AT THE LEFT AND ABOVE

THE NA.

THE NA.
Fig.3.4.Compression Areas When 0°<(8(90°

Case (d) 0°)@)-90°

N.A.
N.A.\ AY \ AY
Q) N ’ b) RN G5 -/

ey \\ > X < > X
Dy // L /l’ /\
POINT OF APPLICATION OF F . POINT OF APPLICATION OF F
IS AT THE LEFT AND BELOW B IS AT THE RIGHT AND ABOYE
THE N.A. THE N.A.

an 35 Compressnon Areas When 0°)0)-90°
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Throughout this paper tae location of neutral axis will be
defined by distances B and C, as illustrated in Fig, 3.6 .

N.A.
N.A.E,
| 2 1N
NA —— =g ——— -~ ,// !—T— 8 ' »‘
l - B | AN
C:-‘l’ . ? B = l‘l‘ 1 / ! ! N

L — 2 ral N

B e R S

Fig3.6. Distances B &C.

By definition neutral axis is the zero stress line,
therefore, the equation of the neutral axis is obtained
setting V=0 in Eq. 2.3 .

0= . Ky(y) v Kx (X)

A
Case (a)
= _._|_~K” +\/o
Bs A ¥y 3.15
Ci=-1
case (b)
Br= -4
. « 316
Cre~g s~ ds—Vo
case (c)
BI. = -U.)*‘ane"%'%"’w’
' 317
where
eYIxy - EXIX

Yan 0 =
. er 17 - exlxy

by

(*) Actually in these cases B or C are not defined but in the

computer program they are 1dentif1ed as -1l.
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Vo L K
= 4+~ -2 4 dg-VU
Cl 4tan © A X 5 °

v
3.18
Ve LK
o e e— -— Y U
CI 4an @ Kx T e

ITf there is no tension stresses in the concrete and if the
calculated stresses do not exceed the allowable stresses, the
section is uncracked and the design is completed provided that
the steel ratio, slenderness and mirimum transformed area
satisfy the requirements of the Turkish Building Code. Also, if
the calculated stresses are considerably smaller than the
allowable stresses, a smaller section may be tried to make the
design more economical,

3.3 PFIRST APPROXIMATE LOCATION Of WEUTRAL AXIS OF CRACKED
SECTION : ;
If the section is cracked, the neutral axis must be moved
toward the éompression area as shown in Pig. 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 Egs. 3.19 to 3.22 proposed by Ldser for rectangular
sections,. '

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

- ) (W:C)cvi + 0.3 (Tie)ed - C=z -1 319 a
B- BI (Tu)c7 )‘ )

If the point of application of F is abové the neutral axisf

8- Bf‘ (q-:c)cg'— 0.3 (Tre)er , C= -1 . 319 b
(Tre)eq
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X
° .
Q)
_\
O )
R\ i
TE|NSION oo o
*> C A
: - <O . L
2GRN | o
o
| B
s
AN | b
\\ ‘\\‘ \\.\\“‘ \\\ o y \\.~~\\\\ N : T & ?,X : l
\ \\\ \.i\\ \‘\ ‘.*‘:\ - \ N ‘v >‘-.‘1\ ¢y°_‘xl |
B COMPRESSION AREA\\ l Lo
yas \\ \\\\\\\\ \ \\\\\ R R 5 ;
A N \\Qx ) \\ ARV ;\\.\\ SN ;\\ > ’\\\\\\n" R o fff ,f
. c I
!—< Cy
x',y' - centroidal axis of cracked section
o' - centroid of cracked section
x,y - centroidal axis of uncracked section

centroid of uncracked section

=]
I

Fig. 3.7
A Typical Cracked Section
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Case (b)
. If the point of application of F is at the right side of

the neutral axis

Cecp Wiy +03( Wdes . . 3.20a
(WIC)CQ-

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

C = C‘I, . (T'I.c. cqy ~ 0-3(“}&\(:4- ) ‘ B__‘ 3.20 b
(‘rlc)cq

Case (c)
If the point of application of F is at the right and below
the neutral axis

. B '
B: B, (Txc)mm. + 0.3 (Tyc)max. ; C= o 3.21 a
(“-‘LC) min.

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

(ch)m'\n. ;0'3(“.1‘) max. } C- B 3.21 b
(ch)m'm. . tan ©

B= By

Case (d) » v
If the point of upplicatlon of B is at the left and below
the neutral axis

(q_],c)m'\n_ *0‘3(“-1()'“6\)&- « C= - B 3 220
B=B (vlc)m'm - tan 6

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

the neutral axis

B - 31_» (vxc) min = 0.3 (W‘le) max ; C= - B 3.22b
(mfc)m'\n *Qn °

The values of B and C define one of the cases shown in

appendix C.
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3.4 EXPRESSIONS FOR ALREA, CENTROID AND MOMENTS 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 S5,2,P,0,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.

Az (M2g-5x)(M2y~M4,) + (8¢-Z,)Zy-M3y) + 1 (Sx~Tx)(Sy-Zy)

y Y
A P
(M1, M1 !
l
I ]
@, @ 3
(2, ,2,) o S
} N
(M3, M3y )
. (b)
[Sx Syl |
BRSNS
NN
(Sx,Sy! LT
- \\\\ \\“\\\\ \‘\\
y LN NN
N R \‘?\ NN
S5 IR SRR H cnl
. =5 . .0 (Sx,Syl =
(d) (e) (f) 12z o

Fig.3.8 Different Compression Areas For a Rectangular
Section
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If the shaded portion is éhtrapezoid as shown in PFig. 3.8c,
the above formula is still applicable. In this case Zy=M3y
therefore, (Sx-2Z,)Zy-M3y)=0.

Then
A = (M2-5){(M2y-M4y) +4 (Sx-Zx)(Sy -2y)

If the shaded portion is a triangle (fig. 3.8d4), Zy=M3y, Sx=M2,

and ,
(Sx-2x)24-'M3,) =0

(M2, - 5,)( M2, -M&,) =0
The expression for area becomes

A: -!Z (Sx'Zx)(Sy"Zy)l

If the shaded portion is a rectangle (Fig. 3.8e), Sx=Zyx= Mix ,
(Sx-2xN2,-M3y) =0
L (Sx-2x)(Sy-24) =0
Then
A= (M2,-5,)(M2, - M4,)

And, if there is no shaded portion, Sx= Z,= M4x= M,

(M2x -~ Sx)(M2y - Méy) =0

(Sx-2Zx)(Zy-M3y) =0
L (Sx-2Zx)(Sy-2Zv)=0
Then _
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 of 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

A‘: Al+A1+JiA3+A4«-A5+JiA6+A7i—A3+—‘iAq+nzﬂsl 3.23

Y. = 3AB, 13A,8; + A3Ba +3A,484+3 AsBs *ABe + 3A1B; +3AsBy + Aq4Bq +b6nZasix:
0=
. 6Al

3.24a

\/o___ 3A\B\o*3ALBu+A38|'L+3A48|3*3A£B|4+AGB\€43A1BIL +3Aq4Bg +AqBip + 6nZ Bty 3.24b
CA

I, =75 A ((C10,- C7) 43 (B1o-2¥)") 475 A, ((2,-C8,)*+3 (By-2%))
+ 3 As((Sy -2 42(82-3%)) +35 Ay ((C2y~CTy)*+3(Bi3-2%)")
3+ 1 As(( Py ~CTyF+ 3(Big=2Ye)) + g5 AL (( Oy~ P+ 2(Bis- 3%o)) 3.25a
rob Aq ((Cay=C50 + 3(By - 2YY) + 15 Ag ((@y~C6,)"43(B,; -3%0Y)
+ 2 A ((Ry-0)"42(B - 3%Y) + n Zasy:® '

I = o ACI0,- S0 + 3(B-2%)) + 5 AL ((S4- 207+ 3(B,- 2Xd))
435 Ay ((Se-Zd"+ 2(B3-3Ko)) + 75 Aa ((CZ4- 0c)*+3(8y-2%0)')
+i5 Ag((0e-PeYs 3(Bs-2Xa)") + 57 Ac(0-Px)™+ 2(B(-3%.)") 3.25b
+ L A7 ((CA= R +3 (8- 2%e)) + & Ag((Re-R)™+ 3(By-2X0))

+ ?‘; Aq « Rx'Qx)z“'z(Bq-a)(O)‘) +n Za,;x'f'

Io, = SLA (B-2XX B 2%) + AslB,-2K)(Bu-2Ye) + Ay (Ba-2Xe)Bra-2%)
+ As(Bs=2X ) Biq~2Y0) + A3(By-2X) (B~ 2Ye) + Ag (B 5-2Ko)( By-2%)]
+35 Ag(Az+4(B,,~3%)By-3Xo) + 5 Ac (A +4 (B,,-av,)(Be-éxo))
+ L AqlAq+4(B,p-3%)(Be-3X) + 1 Zaixly!

3.25¢

where:
A=(C10; - S0y ~CTy) A= (C2,-0xNCZ4-Cby) A= (Cly- Re)NC4,-C5,)"
A= (S¢~Zx)Zy-CTy) As= (0c-P)(Py-CTy) Ag=(Re-Qud@y-Chy)

As=(Sy-ZSy-Zy) A= (0x-P)(0y -Py) Aq= (R~ Q(Ry -Qy) ‘
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By = CiD, +Sx By= Che+Re - By=C2y+Cby
B,= Sx+7x Bs = Ry +Qx Biq= Py+C7y
By= Ze+ 25« Bq = Q,+ 2Ry Bis= 0y 2Py
Ba=C24 +0x B, = C10,+Cly By, = C4, +C5y
Bs = 0, + Py By =Z,+Cly By = Qy +Cby
Be = Pe+ 204 B, =Sy +2Zy Big =Ry +2Qy

Case (2)
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 tne neutral axis, formulas for
the area, centroid and moments of inertia will be

Al:. A‘+A24-§A3+A4+A5*—\EA6+A7+A3+J7:Aq+“za5{_ 3-26

Yo 3ARB43A.82+ A3B3 + 3A4B4 +3AsBs + AcBe + 3A7B; 13AeBe + AeBg + 6nZQsiX{
o~ 1
6A

3.27a

Yo'.-. 3A810 +3AL8, 1A38 +3A4Bys -¥3ASB|4 +ABis 4 3ABIx 3A$B'7 +AqBip +6 mZasiye 327 b
6A'

\

T, = &5 A(CI0y- CT))"4 3(Bo-2Y6)) # 5 Ay ((C10y - S,V 43(8,-2%))

r A (Sy-Z,)" +2(Bum3%)) + 45 As ((C2y~C by ) +3(Biz-2%o)) |
b AL((C2y =03+ 3(B,,-2%)) + 35 Ac(Oy-Py)*+ 2 (Bis-3%)) 3.28a
+ ik A ((C4y=C5,Y 4 3(Bip-20)) + 7 AslCAy =Ry Y +3(Bys -2v.3)

57 Ag ((Ry-Qy)"+ 2(Bg- 3%Y) + n Zagy:®

.
(%
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T, = 5 A UZ,~C8,0 +3(Bm2K)") +3% Ay ((Sy=Tx) +3(B,-2Xo)")
+37 A ((Sx=2,)* +2(B3-3X%e)") + 5 Ag ((P-CT,)+3(B4~2%0)")
15 A5 (0= Pe)™+ 3(B; - 2X0)) + 3¢ AL ([0~ P)* 4 2(B,-3%e)) 3.28 b
b Ay (( 0= €O, 4 3(By - 2XY) + 15 Ag ((Re- @)+ 3(Bo-2X0))
4 AUl R - Qu)' + 2 (Bg-3%)) + n Z agixt™

I‘*i:?'? [A‘ (B,-2Xo)(8io=2Yo) + A (B =2XoX By -2Ye) + Ay (B4=2X.X B 3-2Yo)
+ AS'( Bg “‘ZXOX &m"z\/o) + A‘](B)"Z_Xo)( B“—ZYc) +Ag( Bg'zxo)(B.n—ZYo)]

+ 7—'5_ A, (Ay+4 (55-3)(9)(8.2-3‘/0))4 =,-'5_' Ao (A 4(B(-3X)(B,s -3Ys)) 28¢
£ 35 AglAq+ 4 (Rq-3Xo)(By -3Yo)) + nZayxiy:

where: _

A = (Z,-C8 XCl0y -CTy) Ay = (P=CTlC2y-Chy) Ay = (Qe-C6e)(C4y-C5y)

2 = {Sx-ZxNC10y -Sy) As=(0c-P)C2y-0y)  Ag=(Ry-Qu)C4y-Ry)

Ay = (Sx=Zx)(Sy-Zy) Ag = (O-P ) Oy -Py) Aq= (Ry-Qu)NRy-Q,)

Bix ZeeCBr By = Qe+ Cbx Biy= C2y +Chy

By = Sy+Zx Bs = Ry + @« Biy=C2y + 0y

Ba= Zx+23 Bq = Qu+ 2Ry Bis = Py+20y

By = Py v C7x Bio = C10y+CTy B, = C4y +C5y

Bs = O + P B, = ClOy +Sy By =Cly +Ry

Be= P+ 20y Bo = Zy+2Sy Bis = Qy « 2Ry

Case (3)

If the neutral axis has a negative angle with the horizontal
and if the compression area is below and to tne left of the
neutral axis, Formulas for the area, centroid and moments of }“‘_
inertia will be
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A=A vAsrgAyt AgeAs+AcvAs v Ag ey Aq+ nZ agl 3.29

Y= JA B +3A:B.+ AsB3+ 3A384+3A5Rs+ AcBe 4+ 3A183 4 3AeBe +AqBy + bn ZasiXe 3.30a
o= 6A .

V.= IA B+ A8, +A1B12 +3A48 +3AZ\X:+ AeBis + IA1B1, +3ApB3 + AqBip +bEnZ aay: 3.30%
L= 1 A(Cy 08+ 3@ 2Y6Y) + 5 AL ((Zy-C7y) 3 (8, ~2Y0Y)
#32 A3 ((8,-2)7 4 2(B,,-3%)") + 75 Aa((Cly -CTy)* +3(Bi3-2%)")
+ b A ((Oy=CbyY 4 3(By-2Y)) + 3 A (( P -0y)*+ 2(B,s -3Yo)) 3.31 a
12 Y
+ L A((C3y o +3(B - 29)) + 5 Ay((Gy=C5y) + 3(By-2%))
+-L Aq (« R\,~Qv)‘ +2(Biz- 3\/0)1) +n Zasl\/liz
36

Iy= 7 A ((S-C3) +3(8-2%1) + 75 Ay ((Z-5x)" + 3(B,-2%.Y)
+ 9 A3 ((Zx= 53 4 2(By-3XaY" ) +3k Aa ((Pe=CAe)* +3(B4-2%0))
b A ({0 Pu)* 4 3(Bs-2X)%) + ¢ Al (( Oy -Px)*+ 2(Be-3%)) 3.31b
£ A ((Re-C3)" +3(By-2X)%) + 5 Ay ((Qe- R4 3(B5-20))
52 Al Q- Re)s 20Bq-3K)) + 1 Z 0k |

To= 3 LA (Biom 2%)(B,- 2X0) + Az (B~ 2Yo)(B-2Xe) + Ag(B3-2%:)(Ba-250)
+ Ag (Big-2Y:)(Bs-2X0) + Az (Bo-2%)( B, - 2Xs) + Ag(By=2Y.)(B,~2140)]
435 A3(A3+ 4(B,-3Y.)(B,-3%)) + 35 Ac (A¢+4(Bir-3%)(B,-3%))

+ 33 Aa (g +4(Bp-3%)(Bq-3X)) + nZ asixly,

331c

where:

As (S-CUNCH-CBY)  Ag= (Cly-CHXP-Ch) Ay = (Re=CTNCIy-Chy)
Ag=(Zx-5xUZy-CTy) Ags= (0x- Px)(Dy~Céy) Ag = (Re-Re)@y-C5y) |
Ayt (Ze-SSy-Zy) . A= (0p-PXOy=Py) Mgt (@x-RA(Ry-Qy)
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B= Sx+C9% By=Ry+C3x ™ B,z Cly +Cly
By=Zx+Sx By = Qu+ Ry Biy= Oy + Coy
By= Zx+28x Bq= Qx+2Rx Bis =Py + 20y
By= P+ Ciy Bio= Cy+CBy B, =C3y +Cby
Bs=0x+Fx By=2Zy+C By = Qy+C5y
By = Oy 2P Bi=Sy+21y Bis = Ry +2Qy

Case (4) _

If the neutral axis has a negative angle with 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

A‘:A|4Al+'}iA3+ ‘Aq‘tks"%A"&A;*’Ag"‘Ji Aq+ nZ ag 3.32

X,= 3A B +3A: B +A3B3+3A484 ¢ 3AsBs +AcBp + 34187+ 3ApBs +AaBq + b3 asiX{
6A' :

3.33a

Y,z 3A B +3A;, 8y +A3Bi + 3A, B3 +'3As' B4 t—AsBu +3A 81 +2AeB v+ AqBie tEn Zas ¥ 333b
bA' '

Ty= A(C4y~C5))"+ 3(B-2%)Y) +4 A, (( CBy -Re)*+ 3(By-2Y)Y)
+3 A3URy =0 + 2(B12=3%)") + 75 Ay ((Cfy-Py)*+3(By-2Ye)?)
L As((L2,- ce,) + 3(Bg=2%)")4 5k A (Py-0y)* +2(By5 - 3%.)) 3.34a
*E A, {(Cy - s,) €308, 2%)) +L Ag((Sy-CH) 4 3(B,; -2%))
+ 57 Aq((Sy=Zy) + 2 (B -3Y)) + nZagy?

BOBAZIG! ONIVERSITES] KOTUPHANES]
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Ty= A KC5,- Q0 43(B,~ 2%1*) 45 A, U@y
§g A ((Qx‘Rx)z“’ 2 (33-3)(‘;)1) ""L

R)"+ 3(B,-2X))
Ay (O, -9, a3 Ba- 2%o))

,1 AS((C3X Ox)1+3(85‘2x°)1)"' (,AL((Ox Px) +2(B"3X°)> 334b
15 A2 ((CH0g - €)'+ 3(By-2%)) 475 Ag(( L7 24"+ 3(Bg- 2%))

+ 37 Aq (2= $x)*+ 2(Ba-3%o)?) + nZ agix:”

Loy =g LA (Bo=2%)(B-2X0) + Ay Ry~ 2%e)(B,- 2X6) + Ag (B3~ 2Ye) B4 2X0)
+ As(B,q~2Yo)(Bs = 2Xo) + Az (Bi=2%)(83-2X0) +Az (B yy- 2% ) By-2%s)]
qz A ( A3+4(B|L 3\10)(83 3X°)) + I AC( Ab*q (8.5'3\/0)(86 3x°))

Aq( Aq+4 (B\S SYO)LBq 3)‘0»‘1' nzosu.x VL

w.h:rc:

A, = (C5¢- QuXCay-CSy)
A= (C3y -Ry )N Qy-Rx)
Ay = (@ - R(R, -Qy)

B, = C5,+Qx
B, * Qx +Rx
Ba= 2Qx+R«
By= Ox+P

Bs = C3x+0x
B = 20,4+ Py

Aq= (0x-P(Cly-Py)
A5= (C3x-0x)(c2~/-C6y)
Ag= (Og- P)(Py -0y)

B, = (1D, + Cx
Bg=LCTx +Zx
Bq=2Zx+ 5x
B = C4y +C5y
By = C3y+ Ry
B, =2Ry+Qy

3,5 STRESSES IN CRACKED SECTIOR

3.3%¢

A:, = (C{O‘-CQx)(CqY—Sy)
= (CTx-ZxX Sy~CTy)
Aq = (Zx‘ Sx)(s*/‘zy)

By = Cly ¢ Py

Big=C241C6y
Bis = 2Py + Oy
Bi=C+Sy

By Sy +C7y

Bis =25y *ZY

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 follow:mg

equations. .
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Toy = F/A & Ky (K4-Vo-¥o) + Ky (d5- Uo-Yo)
V. = F/A + Ky' u‘.q"‘vo“Yo) + Ky (dg-VYp-Xs)
Tes = F/A + Ky (43-Vo-Yo) + Kyt (dg- Uo- Xo)

ch» = F'/ Al + KY! (—Vo—\’o) + Kx‘ (ds"Uo' x°)
Vs = F/A + Ky (=Vo-Yo) + Ky lds-Up-e)

| 3.35
T = F/A + Ky (=Ve-Ye) + K (da-Ug-%o) |
Vo = F/A + Ky (-Vo=Yo) £ Kyld,~ Up-¥o)
Vo = F/A + Ky (VoY) + Ky (-Vo-Xo)
To = F/A + Ky (om0 + Ky (002
q:.w = F/Al + Ky' ('iz"Vo"YO)"' Kx! (AZ" U°-x°)
where ’
- FEle'y + Fex-I'xy - Fex'Ix + *'eY'I"Y
K‘l‘ - 1 =t "2 /. KX‘ )
o1y - 1., lev-lxv

And the stresses in relnfor01ng steel are glvon by the
follwing equation.

T o= n [F/A +Kylyl) « Ky (x)] 3.36

3.6 LOCATION OF NEUTRAL AXIS OF CRACKED SECTION
The analysis of the cracked section continues with- the
determination of the location of the neutral axis by using the

values found for ey ey,, li, I&, liy,~gnd A'.
Case (a)
B=-—— *Var Yo Caef 3.37

A'Ky
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Case (b) o
- - . v
B=-1 3 C= ds-U Ko + e 3.38
Case (c)

B = (dg-Uo-Y¥o) +an®'~ — + Vo Yo

ATy 3.39
- (ds"‘Uo—XO)'l' ——|‘<"‘ - ;‘;‘:“e| (—-Vp"\lo)
Case (d)
= (= Ua=Xeo v
B=( UF° x)—hne ATy + Vo +Yo 3.40
C-= “re T T e|(vo-i-\lu) + Uo +Xo
where
+cn 9‘ = - le
Ky

3.7 ITERATION PROCEDURE

The next step is.to compare the values of E and BI’ C and
CI. If they coincide the analysis of the cracked section is
completed, but if they do not, let BI= B and Ci::C. #ind the
area, centroid and moments of inertia of the cracked section
whose neutral axis is defined by B and C. Then calculate the
stresses and the new values»of B and C. Compare them with the
previously calculated B and C and repeat the procedure until
they coincide. Then the analysis of the cracked section is

completed.

3.8 SUMMARY OF DESIGN PROCEDURE

A reinforced concrete section is either given or tentatively
selected., The loading (F,Mx,My) is know as the working loads.
The problem is to find the stress-strain distribution, i.e., to
determine whether the stresses exceed tine allowable limits ox
not, The procedure for solving the problem is as follows:

Tl
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1. Locate the centroid o, an@ comnpute IX, Iy and IXy of
the uncracked section from Egs.3.1l to 3.l2.

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 e,=0, use Eq.3,15; if ey;o, use
Eq.3.16; if ex?O and ey<0 or vice versa use Eq.3.17; if
e, >0 and ey>0 or e, <0 and ey<0, use Eq.3.13)

4. Locate a new neutral axis by using Loser's approximate
formulas (Egqs.3.19 to 3.22),

5. Locate the centroid of the new cracked section o' and
compute Ié, I', and Ié 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 e =0, use Bq.3.37; if e'y=o, use Eq.3.38; if e >0 and
e <0 or vice versa, use Eq.3.39; if e >0 and ey)o or
eX<O and ey(O, use Eqg.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 allowable, the problem is solved., If
the neutral axes do not coincide repeat steps 5,6,7, and
8 assuming the location of the neutral axis as found in

step T.

IMPORTANT NOTE:

A1l the formulas derived in this paper using the sign »
convention shown in Fig.2.2 and labeling shown in Fig.3.l apply -
to the cases where the right leg of tne T section is thinner
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than the left leg., If one wants to decign a T scction whose

sv right leg is thicker than the left leg then, he must use the

sign convention and labeling shown below.

y oy
o Myl+)
C2 C T
dl
Mx‘*’/ c10 cg/l
X<_U 0: 1\
@ C4 : tz
W Fls) 47 | |
U—rd ' l —s
CSI d; CGI HC7I 2—94C8
N.A y y
\\ N.A
//
8 X <
* o &e(-/"
s

Fig.39 Sign Convention When Right Leg Is Thicker
Than Left Leg.
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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

NORMAL FORCE GREATER THAN ALLOWABLE

This is printed when F > (T.), Ac + (Tl Ay

Case II

AREA TOO SMALL, CHANGE THE CROSS SBECTION ,

This means that tentatively selected section is smaller
than a section of 24cm x 24cm with a reinforcement of 4814,
This is the smallest section that can be designed according to
the Turkish Building Code. ' |

Case IIIX

INCREASE THE LOAD WITH A FACTOR SPECIFIED IN THE CODE

This is printed when the column is slender. The load must
be increased by the factor w given in Cetvel Va (page 55) in
Betonarme Sartnamesi.

Case 1V
CHANGE THE SECTION OR REINFORCEMENT
This means compressive stress in concrete exceeds the

allowable stress,

Case V
CHANGE THE SECTION
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This is printed when 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 largé and there is no
compression area,

Case VI
N.A., FALLS QUTSIDE
See case V

Case VIL
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®tically the exact location

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
in the elastic theory of bending,

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 avolded.

Tirkiye K6prii ve Insaat Cemiyeti Betonarme Sartnamesi
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 gilves the allowable compressive
stress for B160 as 80 kg/cm? when moments are present in two
directions. This means that conorete may take tensile stress
up to 28 kg/em?, Since this is not reliable, tensile stress in
concrete is altogether neglected. The other restrictions '
slenderness ratio, minimum area, steel ratio and allowable ca-
pacity of the sectlon, are formulated and incorporated into the
first computer program. Therefore, the designer need not spend
time for testing these requirements.

The designer may use any type of steel arrangement. - If the
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reinforcement in the tentatively 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 tae desigh 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
way slab. |
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APPENDIX A

NUMERIC EXAMPLE
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NUMERIC EXAMPLE

In order to show the resuts satisfy the equilibrium

equations (ZF=0,ZM=0 ) easily, a T section symmetric about

an axis (1-1) is chosen as shown in. Pig. A.

Let

’ F
®u
!
e ! N H
{—>;$;<— —#S_-((—;Z
cf [o_ P -
! oo
d, |
i L c4
é>5~?_ erol : : c3 44S<-C
c e : . L e 13°
Rt }.xc 3 A
t=t, l
| . .
Iy Ui o | fe - —Celi
8 7 i ce i] »
e dz-——>}<— t, ds
Fig. A

P (axial force) = 5000 kg

ey = 35 cm

’ ev=90 cm

-‘tl=“t2=‘t3= 20 cm

n =15
s=3 om

diameter of reinforcing bars = 14 mm

length of column =300 cm
and assume B1l60 concrete and STl steel are used.

From Betonarme gartnamesi

maximum steel ratio = 0,030

minimum steel ratio =0.004
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For B160 concrete allowable compressive stress is 80 kg/cm?
and for STl steel allowable tensile and compressive stress is
1400 kg/cm?.

According to the information given above, data for the

computer is as follows:

e Rt e - G S S e R P SO

v TITLE : ‘M N
EXAMPLE TO TEST THE PROGRAM < - YooY

204=T! 206=7T2 204=T3 L250:D/ 25 ¢=D2 " 250=03 15, 10 i
le4 =DSpihe 28> AS‘;L}“‘ 42 = RSV hile]lod 424 42 N
le4 St voc 42 st boe 176 vl 1.4% ) 670 170 DS, ASU ,ASY o} the |
le4 67 3e i le& C 42 : 3e ~ secomd bar i
le4 28 3. le4 ’ 3 3e
le4 3 17. le4 . 28 17

e004=SRM| 4030= SRMA S ‘

‘ «50006 = F 354 = £V : 90e¢ = BV

-804 = ACC Oe=ACs =14004=ATS 14004 = ATC :

3006 = I

The solution

The computer prints out the solution in the foliowing way:




o WSD OF -ZC JUMNS
EXAMPLE TO TEST THE PROGRAM

PART ONEs SECTION NOT CRACKED
ALL UNITS ARE 'IN KG AND -CM

Tl= 204 e

T2= »200

T13= 200

Dl= 25

D2= : 25,

D3= 25,

MODULAR RATIO= 15

NUMBER OF BARS= 10

MINe. STEEL RATIO= 0« 00400
MAXe STEEL RATIO= s 03000

NORMAL FORCE= -5000.

EU= 35

EV= 90, ;

ALLOWAGLE COMPRESSIVE STRESS IN CONCRETE= . —80.000
ALLOWABDLE TENSILE STRESS IN CONCRETE= .. 06000

ALLOWABLE COMPRESSIVE STRESS IN STEEL='=1400.,000
ALLOWABLE TENSILE STRESS IN STEEL=  1400,000

DIAe OF REINFORCEMENT oAR U(HORIZONTAL) - VIVERTICAL)

1.40000
1,40000
1.40000
1.40000
1.40000
1,40000
1.400C0
1.40000
1.40000
1.400C00

28.00000°

4200000
42.00000
6700000
67.0000C0
42400000
28.,00000

3400000

3.00000
28.5CH( 2

4200000
4200000
17.000C00
17,000C0
3.00000
3,0000¢
3.00000
3.00000C
17.003000
17,00000

NORMAL FORCE WITHIN ALLOWABLE RANG

m

STEEL RATIO WITHIN ALLOWABLE RANGEL

CENTROID OF THE SECTION

34.5999%9

A Uo=
. V0= 15,96986
TIX= 30304130000 TIY= 68298172000 TIXY= -001159
‘STRESSES IN CONCRETE
—37.822 57822 ~7266 -7.286 17147
176143 1701453 176143 —76266 —~74286
STRESSES IN-BARS
—512,369 =5126369 ~544.324 ~544324 2024180 202,180 202.18C - 202.18¢C

-540324

=544324




MINe
MAX e

MI N e
MAX L

STRESS
STRESS

STRESS
STRESS

IN
IN

IN
IN

CONCRETE= .

s e o

—370822‘

CONCRETE= 171453
BARSE 5124369
BARS=

2024180




PART TW0Ds SECTION CRACKED

ALL UNITS ARE IN KG AND CM LT
TANTET= 0e00
C= ~1.000 R= 156969
POINTS TO LOCATE NeA,
96999 0000
_343999 oOOO
9,999 0000
10000 0000
35,000 s000
10,000 0000
X0= 060 YO= 8.816
CIXX= 6922714600 CIYY= 121885,01000 CIXXYY=
SIXX= 63149689100 SIYY= 101408297000 SIXXYY=
TOTAL MOMENT OF INERTIA WHEN SECTION CRACKED
TIXX= - 132377503000 L
TIYY= 233293.98000
TIXXYY= 200005 -
TET= C0eD

" NoeAo HORIZONTAL 5A MEASURED FROM PTa5
BA= 22.,78314
CA= =1,.00

STRESSES INbCONCRETE {CRACKED)

54,723
540723
6,855
6855
560118
56,118
562118
56,118
60855
60855

STRESSES IN BARS (CRACKED)
~71Ue014 =710.014 213,672 213672 730937 730937
213.672 213,672 '

MINo STRESS IN CONCRETE= ~546723
MAXe STRESS IN CONCRETE= 56118

MINs STRESS IN BARS= . =710.014
MAY » STRESS IN BARS= 730,937

ALL STRESSES WITHIN ALLOWABLE RANGE

730937

200025

«00030

7306937




PART THREEs FINAL STRESSES
ALL UNITS ARE IN KG AND CM

POINTS TO LOCATE MeA.

~344999 42
34,999 4¢)%)
9,959 64313
10.C00 60813
10000 44030
10.CCO 4,030
X0= 0o YO= 11.938
CIXX= 3418235600 CIYY= 14811.23300 CIXXYY=
SIXX= 7745744700 SIVY= 101408497000 SIXXYY=
TOTAL MOMENT OF INERTIA WHEN SECTION CRACKED
TIXX= . 111675.80000
TIYY= . 116220.20000
TIXXYY= -.00005
TE] = o U

NoAo HORIZONTALs BA ME/ SUKED FROM PTe5
BA= 25,24524 LT
CA=  =1.00

STRESSES IN CONCRETE (CRACKED)

540915
54,915
14,581
144531
70,178
10,178
10.178
10178
144581
14.581

STRESSES IN BARS (CRACKED)

—~698.644 093644 343,012 3434312 9270538 9276586

343.812 34360812

N CONCRETES= -24e915
N CONCRETE= 70.170

MINo S

T
MAXe ST

MINo STRESS IN BARS= 658644
MAXs STRESS IN BARS= 927.558

ALL STRESSES wITHIN ALLOwWABLE RANGE

-«00C15

s 00G10

276538



e o

POINTS TU LOCATE NeAo

"‘349999 . 46030

34,999 4,030
90996 $e275
10,000 Se275
10GGG 44030
100000 40030
XO= O - ” YO= 120244
CIXX= 31701074500 CIYY= 13169463800 CIXAYY=
SIXX= 79147064100 SIYY= 101408097000 SIXXYY=
TOTAL MOMENT OF INERTIA WHEN SECTION CRACKED
TIXX= 110849438000
TIVY= 11457863C 700
TIXXYY= ~e20017
TETz o U

NoAe HORIZONTALs 5A MEASURED FROM PTe5
BAT 25034928 | o
CA= =1.00

STRESSES IN CONCRETE (CRACKED)

54,764
54,764
14,907
14,907
TUe645
70645
T70e645
70645
14¢ 3207
14,207

STRESSES IN BARS (CRACK:zD)

-696,057 =696,057 349,029 3496029 934,277 9346277

349,029 345,029

MINe STRESS IN CONCRETES= -24. 764
MAXe STRESS I CONCRoTE= 10645

)

~696.057

MINe STRESS IN BARS=
S= 9346277

MAXe STRESS IN BAR
ALL STRESSES WITHIN ALLCwABLZ RANGE

POINTS TO LOCATE NeAs

5346277

=-e0001Ll7

0.000CC

9344277



=34,999 45030

-34,959 440307
9.959 . 94379
10,000 9379
10060 L 44030
10,000 44030
X0= Os - YO= 12.254
CIXX= 316306083700 CIYY= 13100047300 CIXXYY= -.00017
SIXX= 792007760V SIYY= 101408097000 SIXAYY= 000030
TOTAL MOMENT OF INERTIA WHEN SECTION CRACKED
TIXX= 110831.61000
TIYY= 11450%.44000
TIXXYY= | 000012
TET= oo

NoAavHQRIZONTALQ'BA MEASURED FROM PTe5
BA=  20,34947

CA= =1.00
STRESSES IN CONCRETE (CRACKED) :
e
54,764 °
54,764 f~
140908 S
14.908 i
70646 's)
706646 b
700646
706646 <
14908 <
144908 g;
N

STRESSES IN BARS (CRACKED)

-696,051 =696,051 349,037 349,037 9344287 9340287 9344287 9344287
349,037 3490037

MINo STRESS IN CONCRETE= ~54 4764
MAXe STRESS IN CONCRETE= 706646

MINe STRESS ,IN BARS= 696,051
MA> » STRESS IN BARS= 934,287

‘ALL STRESSES WITHIN ALLOWABLE RANGE

NEUTRAL AXIS LOCATEZD
STOP -
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-

~Eva1uationvdf the solution

' The final solution is pointed out by a line on the left of
the page. Representing the solution schematically '

A
) 54,764 k Jem*
C c2 . (cv7mp) g,,_ .
'''' ) AN NIRRT [ === L N S
?; \ \%\ - i " ¢96.051 ka/cvn
AR S / (comp)
LR o — J
\ \\‘\\\i (\\\ //
N.A T - - ‘\(‘\ - - 1"
. C9 cio . c4 o/
. ll F"‘*_’""’“ - . ‘““‘""'6 smrmomns b e ‘I B "/_““”3"2/2" '63;‘k """";
‘ : , ‘ . g/fom
25.35cm 7 7;[0 3| ‘| - 4: « (Hension)
: Vot ) i /
P & s ! s : ; 434’2?? e’
v ’L,,___ i ® | ®, - - Y 1 Cfrnllvlf"i_
<& <7 “¢ Stresses:n Stresses in
concrete steel
Tests for equilibrium:
5000 I }ﬂ'g T ‘T |
| 1A Wy ™ \ ,
| |2 o y ooy !
A . e 3 ,
N -7 'i:: ‘o % 9 5
<7 AT i ‘ o 9 'Q
B S i ey (VIR TN RN
T /3’3‘ 5 é 57:6% 05,/7",“ S ; :P\ g;
19.65cm / / : 1 ' .
fo¥eél. {7 ’ t 4 : oo
_rh,xv_ S e .oV - Y
| — = v
25.35cm 349 037 // / .
i - Rkt . e Y :
v R A A . ,
934.287 ﬂ/Z/” t’ .
)\’g M‘
Volume of compressivu stresses in concrete
1/2 x-54.764 x 19,65 x 20 = -10761.17 kg
/
Volume of compressive stresses in steel
2 x-696,051 x 1.539 _ $-2142.50 kg
Compressive force developed in section - -12903.67 kg
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Tensile force developed in steel
349,037 x 1.539 x 4 +934.287 x 1.539 x 4 = 7900.14 kg

Equilibrium equations

P = F(compression)+ F(tension)

1

-12903.67 + 7900,14=-5003.53

1

-5000,00 =
and
sM=0
Koment about a horizontal line passing through the point
of application of F '
0= -10761.17 x 51.55 - 2142.50 x 48.00 + 2148.67 x 73.00

+5751.47 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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DATA INSTRUCTIONS

" NO VARIABLE FORMAT
1 TITLE 1X, 794
2 71, T2,T3,D1,D2,D3,RM,N 7§10.3,15
{DS,ASU,ASV |
3 =osozzzoIIs : 6710.3
4 SRMIySRHA | 2§10.5
5 FN,EU,EV 3#20.5
6 ACC,ACS,ATS,ATC o 4F10.3
7 HI F10.2

VARIAELE DEAINITIONS

T, T72,13,D1,D2,D3

Rii

bt

*{XSU 9 A*"v

Shidl

Dimensions of the section (cm)

AV
-
D1
+ ! -
T2 i . +3
i ! i Y U
D2 ok Tt - D3

Modular ratio (modulus of elasticity of

steel divided by modulus of elasticity of
concrete) '

Rumber of reinforcing bers

Dismeter of a reinforcing bar (cm)
Coordinates of a reinforcing bar with
respect to u,v axes (cm)

Minimum steel ratio specified by the Turkish
Building Code according to the type of
concrete and type of steel
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SRMA

FN
EU,EV

ACC

ACS
ATS
ATC
HI

Maximum~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/cmz)

Allowable compressive stress in steel (kg/cﬁ)
Allowable tensile stress in steel (kg/cme)
Allowable tensile stress in conerete (kg/cm?)

Length of the column (cm)
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APPENDIX C

POSITIONS OF NEUTRAL AXIS AND PARAMETERS USED IN AREA,
CENTROID AND MOMENTS OF INERTIA FORMULAS FOR THE

CRACKED SECTION.
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Case (a) e=0°
a ¥ oo a c2 ¢l c2
__NA.
- COE
c9 ci1o c9 c10 NA. @ cio
I c3 Ct e = b ey =" |zs i ic3 c
1 L z S|P 3] <% S——T) c ‘
NAsr= = —= = =3— = rNA ! ER’Q : ;R’Q
| 1 5 i 1 i ]
cs c7 oL c5 of: c7 cé cs cs c7 c6 cs
S (C10,, B-Vo) S{C40x, B-Vs) S(C9x,C3y)
Z (C9x, B~ Vo) Z(C3x,B-Vs) 2(C9%,C3y)
P (C10x, B-Vo) P{C10x, B-Vo) P{ C104, B~ Vo)
O (C3x,B-Vo) 0(C3x,B-Vo) 0 (C3x,B-Vo)
R (C4, B- Vo) R (C3,,C3y) R (€3x,C3y)
Q(C3y, B-Vo) Q(C34,C3y) Q(C3x,C3y)
Case (b) ©=90°
N.A. Cl J}y c2 CINA‘ c2 c C2 NA.
l PO )
F ! !
c9 J' c10 c9 C10 ce - cwo
S c3 o1 1 3 Ccl 1 C3 o
; o 'R,\Q > x 1| ‘lRo : = !R
! | ! ' 1 ] (
z,5; \p 7S PO la ‘
c8 l-z CI'/ o3 Cs cs 1 cje cs c8 cA; c‘f: I cs
e € ——————>
S ( ds‘ ~Uo-C )qu) S (C?X,C7Y) S (C7X, Q?y)
p4 (ds —UO_CJCB\/) 2(C7,¢,C7y) Z (C7x,c7~/)

P (cix,Cly)
0 (Ccix, Ciy)
R(c3x,C3y)
QR (C3x,C3y)

P(ds-U,-C,C7y)
0 (ds-Uo-C,Cly)
R (C3x,C3y)
Q (C3x,C3y)

P (Céx,Chy)
0 (Cbx,Chby)
R (ds~Up-C,C3y)
Q (ds-U,-C ,¢5)
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Case (c) 0° {8 (90°
/N.A. N.A
y -
a 4 LI o cy
l / [ 0
-1° l |
y | J £
g B
o o | co #Ao
s G «
Z 1 ° 1 X z 1
A .
/I_C 8 c7 cé cs — c8 c1 3 cs ch
re c >
S(ds“Uu‘C*‘)t.z/{av\B ,Cmy) S(ds-\)s—c +’L1/\'an91('.10y) S(dg~U°‘C* 1, /%ou6 ,C1Oy)
Z(CBx, (C‘dg)‘*‘af\e*Vo) Z (Cex) (C_.—Cls)“‘ana—Vo) i (0\5-\)0’ -C, CSY)
P (C7x, (C-4,-d3) taub Vo) P (C7x, (C-f,-a;;)"'ans"\/o) P(C7x, (c- h-ch) tan 8 =Vo)
0(C2x, (C-d3)4an0-Vo)  0(ds-Up-C+ts/tand,C2y)

0 (ds=Us~C +4a/tan® ,C2y)

R (€34, C3y) R (C3y,C3y) R (€3, C3y)
- Q(C3%,C3y) Q(c3x,C3y) Q(C3x,C3y)
Case (c) conf.
N.A. N.A. N.A.
c c2 c c2 c1 [cz
0 ) of 0
/ | /
/ / ,
co cio #P c9 C10 / (o] c10
2! p e c4 ' 4¢3 ch ! 3 Ci4
; IRQ : ! ~|R’Q }J lR,Q
/ | ‘ i : | i ) s ‘P |
/7 I | ‘ Z.S,Ll ! Z41 1
c8 c? c6 cs cs c7 cé cs cs f¢o cs cs
| S(ds-u,,-cm/&we,cm,) S(C7+,CTy) 5(C7x, (C-t,-d3)tand ~Vo)
2(ds-ve-C, C8y) Z(C7x,C7y) Z (ds-Ue-C 5 CT7y)

P(C7x, (C-%,-d3)4anb - Vo)
0(C2x, (C-d1) kaud -Ve)
R (C3y,C3y)

Q (€34, C3y)

P(ds-UD-C/C77)

P (C7x, (C-t,- ds)tan® = Vi)

0 (.ds"Uo‘C* E?/{OAGJCZy) 0 (ds‘uo"c*tq/{‘oueJC?_y)

R (C3x, C3y)
Q(C3x, C.3y)

R (C3x, C3y)
Q(C3x,C3y)
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Case {(c) cont.
N.A. N.A,
a c2 o c2 c c2
//
C/
c9 10 0 .c9 €10 7/ c9 c10 NA.
| /c3 Ci / C3 cl | C3 ’%_ <7
'RQ R I 0
I 1 s/fp g -
2) J, ' 2,7 } } - "/S%P/ :Q |
5,21 ] |
cs c1 1~ Cé s s/ @ c6 cs c8 c7 cé cs
S(c7y,C7) S(C7x, (C-t,-d3) vanB-Va)  S(CT7x,(C-£,~d3)tau & - Vo)
Z (€7, C7y) Z(dg-Uo-C, C7y) 2(C8x,(c-ds)tane -Vo)

p (ds“Uo’C Py C?Y)
0(C2x, (C-d;) tan8-Vo)

P (C7x, (c- {:\-ds)‘l‘one ~Vo)
0 (Cﬁx) (c-d3)tan® —Vo)

P (C7x, (C- £,-dy) taud -Vo)
0 (€3x, (C-cla)4and ~Vo)

R (€3x,C3y) R (C3x,. C3y) R(ds~"Uo-C*{3/4av\e)C3y)
Q (C3x,C3y) Q (C3x, C3y) Q (C3y, (C-d3)tamB-Vo)
Case (c) cont.
cl c2 c c2 a €2
N.A.
c9 1o co c10 o - co 10
c3 CLNLA N (I | c3 Ci NLA.
] Yﬁo l | .
| 0 —R ’/P U ./éb/
- | & R
e | s A L s
cs c7 cs cs  c8 c7 c6 cs — c7 . Cé cs

- S(C7x, (C-%,~daYaud-Vo)
- Z(CBy, (C-ds)taud - Vo)
P(C7, (C-t,-d3) 4au 8 - Vo)
0(c2x, (C-d3)4und-Vy)
R(C3x, ClanB~Vo) -
Q@ (C3x, (C-d3)taub Vo)

S(C7x, (C-4-d3)4aub -Vo)
Z(C 8y, (C-ds)4an® Vo)
P (C7x, (C-+,-d3)*au® - Vs)
0(C2x, (C~d3)+anb Vo)
R (C3x,C3,) h

@ (C3x,C3y)

cs8

S(C7x, (C-%,- d3)tan® =Vo)
Z (ds-Vo-Cy CTy)
P(C7x, (C-ti-d)¥an®-Vo)
0 (Cbyx, (C-d3)dand —Vo)

R (C4x, Chand - Vo)

Q@ (Chx, (C-cly)¥anB-Vs)
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Case (c) cont.
cl c2 c c2 cl c2
c9 cio c9 CI0 c9 C10 N.A.
NA.
| c3 Ct NA. I c3 ct ! c3 ,3/0.
! R ! ] R i 0L-~ R
I § - I | Q
] oé/ ! L .2 st I
52§ Pe-¥0 SZ4 P'OJ%L 2 ~T° {
cs 7 C6 cs c8 c7 C6 cs5 cs8 S ¢1T 0 ce cs

S(C7y, CTy)
Z(C7x, CTy)
Pds-Vo-C,C6,)

0 (Céyx, (C-d3)Yau8-Vo)

R (C4)<, Ctan 6 -Vo)

Q (Cbx, (C-d3)4anB-Vo)

S(CTx, C7y)
Z(C7x, CTy)
P(Cbx, Cby)
0 (Céhy, CHy)
R (C4x, Ctan B ~Vo)
Q(ds - Uo~C , C5y)

5((‘.7,( ) (c- \‘.,-d;)“m;« 8 -Vo)

Z (ds" Uo‘c ,C7\/)

P(C, (C"trda)"m-;e Vo)
0 (C3x, (C-d3) faud -Vl
R (ds ~Up-C* t3/tanb, C4y)
Q(C3x, (C-d3)4and-Vy)

Case (c)

Ci Cc2

c9 C10

C3
R

|
| i
}

cont.

NA.

Cé

- S{C7x,C7y)
Z(C7x, C7y)
P(ds"UD—CJ C«éy)

050 |
S,Z P 1. - : S,Z A
cs8 c71/ Ccé Cc5 Cc8 Cc7

0 (ng)(C‘d';) tauB -Vo)
R (dg-Uy-C + £3/tan®,C3y)
Q(C3x, (C-d3)4aud=-Vo)

C1

Cc9 10

/

C3 / CL

1 /R

7

!
|
|
|
<D
D

S (€7« C7y)
Z(C7x,¢7y)
P (C6x,Céby)
0(Céx,Cby)

PO l %g
c6 c5

' N.A.
1 c2
N.A. P.p
/
e clo
s e o
| %F
! i l
]z 1 - :
csfl c7 6 cs
S (els “Up-C+ {z/&me , C10y)

R (ds - Up'c + 't;/{aus 5. ng)

Q (ds -U.-C , C5,)

¢

Z (ds-U,-C, C8,)
P (C1x,Cly)

0 (Cix,Ciy)

R (C3x,C3y)

Q (C3x,C3y)
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Case (c) cont.
N.A. N.A
1 c2 a S c2
0
// P
& ‘ 4
c9 ct0 .
cL ] ct /S,Z L c3 cL
! ‘.’R,O
[} I
! '
CcS c8 (o) Cc6 csS
S(ds=Us-C ++:/4a4 8 ,c10y) $(CIx,CYay) S(C3y,CIy)
Zlcsx,(C‘ds)¥an9-Vo) Z(Csx,cg‘/) Z(C%)‘, C%y)

P (Ci, Ciy)
0 (Cfx,CH)
R (C3x,C3y)

Q(C3x, C3y)

P(C10x, (C- k.~ d3)4an B -Ve) P(C10y, (C-1,-d3)taus -Vo)
O(ds -Vp-C tafigu0 C2y)

0(C2x ,(C-da) +and -Vo)

R (C3x, C3y)
@ (C3x,C3y)

R(C3,,C3y)

< c
- s(c10,, C10y)
Z (¢104, C104)

P(Cl0x, (C-ds)4an8 Vo)
0(C3x, (C-de)tanB-Vs)
R(C3x, (C~da)tand-Vo)-

Q(C-Uo, Cby)

0° ) e Yy-90°

5(ciox, C10y)
Z (104, Cloy)

Case (d)
AN N.A.
N.A. (ol c2 \ ct C2
N \
I \e
Ic9 CI0RP c9 cw,\
S»ZI\\ c3 cs 52 \ c3_ cL
1
I o (? R : 1
1 ]
al AN I o\ JRa
ce = C7 3 ] cs cs c7 ck cs
5 .

P (£40y, (C-da)tanB-Vo)

0(C-Vs,Cby)
R(Cby, Chy)
Q (Cbx, Céy)

Q (C3x,C3y)

N.A.
al c2
X
\ .
]
co co)
52 C3  Ci
| N
} o]
1 1W\Q -
cs C7 6 cs

S (CHox, C1Oy)
7 (Ctoy, CiOy)

P_ (":Q [f0n © + Uo-C ) C2y)
D (C3x, (C'd4)+0u9 -Vg) '
R (C3x, (C-da)tand -Vo)

Q(C-Vo,Chy)
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Case (d) cont. -
¢l c2 a c2 cl c2
N.A.
~ N.A.
c9 ciow’?” h\\ﬂ C10 N.ACS C10
SZT S~ s ct ?\%‘K ¢ ~ |
> z 3 4 B, 3 [of3
I 0BR R 5 R
| RS R S Eahr
1 L oYy l P99 | 1 a
cs c7 I c5 cs €7 c6 s c8 c7 c6 cs
S(C1OX’C1O~/) S(C-‘\;/{nua "Uo,C‘\oy) _ S(ng, Clan©-Vo)
pA (C{Ox, Ci0y) Z (C{OX, (C-d2)tan® -Vo) Z (C(Dx,(’c-dz) fan6 ~Vo)

P (C{OX_, (C~da) Yan® -Vo)

0 (C3x, (C-da) a8 Vo)

R (C?)x, (C' d4) w0 —Vo)
Q (C4x, (C-ds)tan 8 -Vo)

P (Cloy, (C- d2)Yan® -Vo)

0(C3x, (C-da) tou b -Vo)

R (C?»l, (C"' da) tau -Vo)
Q ( C4x, (C'ds') fau 9-Vo)

P ( €10y, (C- da) 4au B Vo)
0 (€3x, (C-dy) 4an B8-Vo)
R (C3y, (c-dq)h,\e-\{o)
® ( C4x, ( C-ds) ¥au® -Vo)

Case (d) ‘cont,
ci c2
c3 cL
1
o'r
NG
Co6  ~cs

S (C3x, Chand- Vo)

2 (C10y, (C-da)¥aud -Vo)
P (Cloy, (C-ds) tand -Vo)
0(Cc3x, (C-da)taud - Vo)
R(Cox, (C-da)tand - Vo)
Q(C-Vo, Céy)

N.A. ~
c c2 NA. o c2
P
\\
OEK
c9 10 \ cs
S,z c3\_ ci 521
: " R ]
' | !
. 1 Q H | )
cs c7 cé cs c8 c7 cé cs

S (clog,Ci0y)
Z (c104,CH0y)
P (L4/kand + Uo-C, C2y)
0 (¢3,, (C-da) %au 8 ~ Vo)
R(C- t3/tan®-Uo,C3y)
@ (C4x , (C-ds)tand - Vo)

- S( €104, Cloy)

[

Z (Ciox,CfOV)

P (€404, (C-d2)4aub - Vo)
0 (€34, (€-da) hau®=Vo)
R (C-t3/tan8-Us, C3y)
Q (C4y,(C-ds)tan ©-Vo)
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Case (d) cont.
N.A.
1 c2
1\r
_ \ '
c9 Cc9 c9 C10 ‘
$,Z I c3 o
I\
I o\jra
cs c7 c6 \ C5 cs c8 c7 c6 cs
S(cio,,Cl0y) S (c10x,C10y) s(ci0x,Ci0y)
Z(C104,C104) - Z(C10x,C10v) Z (c10y,C10y)

P{ts/tand +Ug~C,C2y)
0 (C3x, (C~dadtanB-Vo)

R{C- t3/4an 0 -Uo, C4y)

Q(C-Uo ,C5v)

P (Cfox, (c-d)tan® -Vo)
0(c3x, (C-dg) tand -Vo)

R(C“ ial*unG—Uo,C‘}y)
Q (C-—Uo ) CSy)

P(ta/4an® + Up-C , CZy)
0(C-vo,Chby)
R(C6x,Coy)
Q(C6yx,Chy)

Case (d) cont.
- N.A.
C1 C2
Po"f

o C10

)
|
| |
c8 c7 Cé
 S(c1ox,Cd0y)
Z (C4ox, C10y)
P(C2x,C2,)
0(C2x,C2y)
R,(C-"a/{aue'\)o,cﬁy)
Q (C- Uo, C5y)

Cc3

o Jre |,
cs c7 Co CS
S(C-t./tanb-Vo,C10y)
z (C-Vo,CBy)
P(C7«,C7y)
0(C7x,C7y)
R(Chx,Chy)
Q(Céx,Cby)

cs c7 \ Cé cs

c3 4,
ZRP 1
\ |

|

1
1 N0 aRsa

S (C9y, ClanB - Vo)

Z (€104, (C-d2)tan B - Vo)
P (ci0x, (C-d.)4and Vo)
b(c— Uo, C6y)

R (C6x,C6y)
Q(C6x,C6v)
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Case (d) cont. - -
C1 C2 Ci C2 - Ct C2
NA. |
CON\_CI0 NA cs  cu NA.cs - cioj
ST B c3 [ s €3 C4 C3 C4
Z | |
T~ « 1 T
} &R Q v 1PO lR Q 0 }\R Q
cs8 Cc? C'B CS c8 &C'll étﬁ’ C5 [08:) c7 ‘\EB cs
S(C-te/tan® —Uo, C10y)  S(CAx, CtanB-Vo) S(C3yx, Ctau B-Vo) .
Z- (C‘on ,(C"d)_)‘h\u\e -Vo) 2— (C"UO - c-a‘l) Z (Ciox, (C—d:_)'hn O-Vo)
P (clox, (e-da)awB-Vo)  P(C74,C7y) P(Ci0y, (C~da)tan B -Vs)
0 (CGx ,(C-d4)+av\9-:\10) 0 (C?x,c—ly) 0 (C"Up) Céy)
R (Cbx, (C-da)tan®-Vo) R (CGK,CGy) R (C6x, CHY)
@ (c-vo, Cby) | @ (C6x,Cohy) Q (C6x, Coy)
Case (d) cont.
N.A. N.A. / . N.A.

c2 c c2 1 c2
\ P,0 \\
\QP\
~ \
0
\
c9 C10,
N c9 C10

c3 c \ 5,2 3 SN S:Z‘f 3 ct

l R,Q | | R,Q ] | R

{ } | | .

i J ] ] i i ]
cs Cc7 Cé c5 Cc8 ' c? (1) Ccs [08] c7 Cb Ccs )
s (cHoy, Cloy) s (ciox, Cloy) S(C10x, C10y)
7. (C10x, C10y) Z (10, C10y) Z (C10x,C10y)

P (4a/tanB +Uo-C,C2y) Py, (C-di)tanB-Vo) P (C2x,C2y)
0(C2x, (C-da)tan®-Vo)  0(C2x, (C-da)bauB-Ve)  0(C2¢,C2y)

.*R(th, Chy) , - R(C4x, C4y) ) . R(C-t3/tand-Uo, C4y)
Q (CAyx,Cav) Q (Cdx,C4y) @ (C4yx, (C-ds)tand Vo)
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Case (d) cont.
cl c2 (o) c2 cl c2
cgN'A‘ c10 " 0 N.A. co C10 B N.A €8 co} - e
S 7?\_ C3 (o2 < —-?@';\0 C3 (o2 . --Zef—...a‘
| 1 R q 1 1 R q i ] RQ
} : | } ; :
i 1 = } : 1 i 1 : J
c8 c7 c6 cs cs c7 c6 c5 cs c7 c6 o
S(C-%2/tanB -Uo, Cl0y)  S(CYx, CtanB-Vo) $(€9x,CtanB -Vo).

Z{ciog, (C-da)tanB-Ve)  Z (€10, (C-di)fand-Vo)  Z (C{0x,(C-d:) tauB-Vo)
P (Ctox, (C-di) 4au®-Vo)  P(C10x,(C-di)4an®-Vo) P (C10x, (C- de)iaub-Vo)
0(C3x,(C-da)4an®-Vo)  0(C3y, (C-da)tand-Vo)  0(C3x,(C- da)tan®d -Vo)
R(C-t3/komB -Up, CAy)  R{C-43/tanB-Us,CAy) R (C4y,C4y)

& (Cax,(C-ds)dan®-Vo) @ (C4x,(C-ds) +anB-Vo) @ (C4x,C4y)

Case (d) cont.

Ci C2

€9 co
c3 CL
! 0] N.A.
| ] R,Q
| i
| 1
5 ! 5
c8 c7 co cs

S(C-4%e/4an0 - Vs, Cl0y)
2(Cc10x, (C-d.)+an8 -Vo)
P (clox, (C-d,)taub -Vo) |
0 (C3x, (C-da)4auB - Vo) k ‘ ,

R (c4x, c4y)
Q(Cax, Cay)
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APPENDIX D

COMPUTER PROGRAM LISTINGS




OCT 25,1969

.ORMA TS 8 0K T4 HESH R 01T
READ 11

RECORD(&K) Tl;fé,Ta D15D2,D3,RM, N

‘ l&X33H93~3F14
15/10X 15HNUMBER. OF BARS=

SPRTRT OSSR
701 FORMAT(/10Xs17HMIN.

STEEL RATIO=35F1045/10Xs17HMAXe STEEL RATIO

NASTEEL—ﬁFlO-B/)

OF. .REINFORCEMENT. BAR 25X s 13HU(HORIZONTAL ).2.5X 2.



TQMTZTDI'

_IF(FN PEM) 83982982

ALLOWABLE RANGE/1

30053505300

“IF(BFAC'SO;) 59199159



RtCORD.(_K&) TIXaTIY9TIXY

FREST MRS
42 PRINT 421

‘INLREASEDABYHZ i)



”GO 7o 107
HCONTINUE:

CORDUAKK Y TESTR
END .




s 26HALL UNITS ARE IN KG

B R I OR G, C2Y s LAY

TIXsTIYSTIXY

FNsEXsEY







A ELOWLSHMAS s N ASTAS Ky AS Y RM»SX 5
lRXsRY9QXaQYaClXaCleC:}X_QC3Y9C5Y




Gy CLYyC2Y 5 €3Y




RECORE?KK) 8"
Fig)

,AA“XO YU,
1:B:64:B 65 B8:9:8958:10:%

All-yA5 A6"A/1A8 A9 Bl BZ,
9310001698 L9 B 180 L LAK




—lANTET (D5-UC) = (1o /A) 5 ((TIXHTIY=TIXYRTIXY )/ (EYRTIY=EXHTIXY))

”CﬁLL ABOXX(SAgSY
~1A59A67 A-( 7A8 7A9 Ble 327 B.)v;

%XA(STC STS,A




FINAL STRESSES/1H »26HALL UNITS ARE IN K

FETCH(KK) (ASX(TI)sASY(I)sI=1sN)

FETCH(KK) FNsEXEY

FETCH(KK) CMIN»CMAX
IVER B

FETCH(KK) ACC,ATC5ACS,ATS

FETCH(Kk)iTANTET

2165216a£25

IF(SULE‘O T
CONT- TN




240 PR;NT 206




:2A1;A2,A5,A4yA5,A~ AOS B
A351298139514 813381658179518)

"?T3?T¢?DI;DZ$D3?D4”U§?
5 :C6X9C6Y9C7X5C7Y’C8X&C&

RM,bx,SY ZX
ClYon © C ) X CON 9 GL QKo rrrrrive




S CIXXYY.sAY Y. AXX.s..

TRV SRV
AsTET25TC25TS8)




END




CECR(ZIESKASEY
ST_I_C K(.Lr ) = SK+SKY*®




"SUBROUTINE MINMA(STICKgeSTISKyN, CMIN,CHAX,SNIN,SMAX)
BIMENSTON:: STICKK&G#{STLSKFS&¥
CIIN STICK(1)

mCBNTINUE
_'PRINT 3

FE (SMIN=STISKT
SMIN=STISK







?







283, B4,E5,B6,B
BEINGCIXKYY)

2B 12=35%Y0]
DDDD=(1./12

\Y Y
NG




SUBROUTINE ABOV'E(SUHAS N AS ASX ASY RM SX SY,ZX ZY PX,PY OX,DY,

Ei7ooy +C‘r'Y
SY LY.







ASFATHABH(1.e/2




BB EZ RN e




SECDNTINUES
UUU ABSF ( S}\YY)




BA MEASURED FROM PT.5/10X,3H

RECORBAKK)BATE
G 0 TO 50

PT.e8/10X,3HBA=,F10.5/




P ATSIN)

SIEACMAXESTET
CMAk—Slp(lI)

SWEN=STS
DO 36 1=




FAXX (I )%AXX(I)

NERTEA WHEN SECTION CRACKED
2.520.0.5/15X s THT.LXXY.Y.5,F20.05)..










'OY—(C —D3)%TANTET-VO

MG




T21 T4+D3 TANTET :

i 540 5405 54

JTD=T:34D3:

TTECCZETDT

CONT.INUE...










2 T4,D1,D2,
SYFGEXICEYETK:

809,810

VO




IF(B-TR) 817 2817 9818

TOTE4T 1 TAmbz Tl
IE(B-T0)..




uo




'IF(TA -D4) 847 4847 9848
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