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ABSTRACT

The Ultimate Strength design formulas of the "Building Code
Requirements for Reinforced Concrete (ACI 318-63) are transformed into such
a form that,the reinforcement can be directly computed,once the basic loads,
geometrical data,and material properties are known., -

At first,the stress resultants of each member for different load

cases are combined in any prescribed way,in order to obtain the critical-

condition.However,the members are designed for each case of the combined

stress resultants.

In.beams,both the flexural and the shear reinforcements are
calculated,not only at the ends of the member but also at midpoints and
quarter points. y

In case the beam section is found to be inadequate to carry the
bending moment, the depth of the section is increased to a minimum satigsfactory
value,and a new reinforcement is computed.The dimensioﬁs of thé cross-section
.are not altered if tﬁe gsection 1s inadequate against the shear.However,

a warning message is printed out to this effect.

Web reinforcement is célculated for an inch length of the beam.

This allows the designer to choose the spacing of stirrups and/or bent-up

bars in accordance with the common practice.

Columns are designed for both uniaxial and biaxial bending cases.

In the formulation phase of columns subject to uniaxial bending three kinds

of formuias are studied: l-Exact fqrmulation recommended by the Code
ACI 318-63 ; 2-Empirical equations of ACI 318-63 ; 3-Equations derived by

cbnsidering strain compatibility ( ACI Publication SP-7,"Ultimate Strength
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Design of Reinforced Concrete Columns."

All of the above formulas are transformed into a form most suitable
for the straightforward computation of reinforcement areas.After a comparative
test of these different formulas in the computer5it'has been found that they
produce almost identical results for a wide range of data variation.Therefore,
the empirical column formﬁlas-of the Code (ACI 318-63) are adapted for use in
the programming as fhey are the simplest.

For biaxial pending,the approximate method,in which the biaxial
bending of a column is related to its uﬁiaxial resistance through a féctorﬁ s
is used.

A comprehensive Fortran program for the automatic design of

reinforced concrete beams and columns is developed in a way that,"Building

' Code Requirements for Reinforced Concrete (ACI 318-63)" Ultimate Strength

. Design requirements are completely satisfied.
The IBM 1620 machine of the Computer Center of Roberi College has

been used.
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INTHODUCTION

The first published ultimate load theory was that of Koenen's.
In 1886,he assumed a straight line‘distribution of concrete stress and a neutral
axis at middepth.Since thdt time about thirty theories have been published,and
many different distfibutionsIOf stress in the concrete compréssion zone have been

suggested.But recent experimental and analytical investigations proved that

the "equivalent rectangular stress block" yields sufficiently accurate results,
and at the same time it leads to considerable simplifiecation of design calcu-
lations.In 1904,for the first time,von Emperger proposed the use of a rectan-
gular concrete compréssion stress block,and thereafter,several otherrengineers
reccommended it.

Extensive ACI investigation in the early thirties,several papers
6n stress distribution and ultimate strength design published in Europe during
the 1930's,the étﬁdies of ultimate strength by Whitney,a study of the ultimate
strength of eccentrically loaded cOlumhs'reported by Hognestad in 1951, and
additional experimental evidence as to the parameters of thé concrete stress
block presented during fhe Symposium on the Strength of the Concrete Structures;
London,May,19%56,all agreed upon the maximum concrete stress to be O.BSfé y
and confirmed the use of a rectangular concrete compression stress block

having a width of O.85fé .

In recent years various tests carried out on plain concrete

specimens by Portland Cement Association with sand-gravel and 1ightweight
aggregates, by Rusch at Munich Institute of Techhology helped to determine

the mégnitude and position of the internal concrete force at ultimate strength

by.the application of statistical methods.
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" conservative streightline relationship was proposed for design purposes.

By analytical investigafidns,assumingvthat concrete stress,f,is some
function of strain, e ,and is giyen by f=F(e€ ),it was deduced from a study of
concrete stress-strain curves obtained in the Porfland Cement Association that the
relationship between concrete stress at extreme compressive fiber,fu,and the

0.8

cylinder strength,fé,can be expressed as fd=5fé .However,fu=0.85fé,a'

In 1940 the Joint Committee Reccommendation,and in 1941 the ACI Code,

adopted a modified ultimate strength specification for axially loaded columne,

In October 1955,the Report of the ASCE-ACI Joint Committee on Ultimate Strength
Design allowed the use of "a rectangle,tfapezoid,parabola or any other shape
which results in ultimate strength in reasonable agreement with tests " without

specifying an exact shape for the‘compressive stress distribution.In 1956, the ACI

“added Art.601b,"The ultimate strength method of design may be used for the

design of reinforced concrete members." The ACI Building Code (acI 318—63>
incorporaties detailed rules of ultimate strengthvdesign.

Ultimate strength design has certain advantages.In ultimate strengih
design a lower load féctor is used for loads that are definitely knoﬁn sﬁch as
dead load,and a higher load factor for loads that are less certain.Thus the facto:
of §afety becomes more congiStent with the type of loading.Certain inconsistencies
in the design of members carrying axial load and bending are eliminated by

ultimate strength design applied to all members.

Elastic or straight line theory does not give a true picture when

ultimate strength is'reached,thus at ultimate load the actual factor of safety

is left uncertain.Ultimate strength design method eliminates this discrepancy

since it gives a more realistic picture at failure.
The ultimate strength design gives a better balanced design that may

result from the general straight line theory.
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The economy depends upon the load- factors used,so extensive tests
are made to decrease the load factors.
The Ultimate Strength Design based on a theory giving a better

picture of the reinforced concrete section at failure is more reasonable than

the Working Stress Design Methqd.The rectangular stress compression block

is relatively eésy to apply where need‘be with stress-strain compatibility.

With the accumulation of test results the load factors are gefting less and less ,
thus allowing more economical design.No wonder with ultimate strength design

gaeining more importance day after,day.
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BASIC ASSUMPTIONS -~ The standard assumptions associated with ultimate
strength procedures are taken from the ACI 318-63 Code.
These are:

l1-At ultimate strength,concrete stress is not proportional to

strain.The diagram of compressive concrete stress distribution may be

assumed to be a rectangle,trapezoid,parabola,or any other shape which

results in predictions of ultimate strength in reasonable agreement with the

results of comprehensive test,

The above requirements may be considered satisfied by the

equivalent rectangular concrete stress distribution.At ultimate strength

a concrete stress intensity. of O.85fé is assumed uniformly distribufed over

an equivalent compression zone bounded by the edges of the cross~section
and a straight line located parallel to the neutral axis at a distance

a kjc from the fiber of maximum compressive strain.The distance c from the

fiber of maximum strain to the neutral axis is measured in a direction
perpgndicular tb that axis.The fraction kl ;s taken as 0,85 for concrete
strengths,gg sup to 4000 psi and is reduced continuously at a rate of 0.05
for each 1000 psi of strength in excess of 4000 psi.

This is expressed as,

ky= 0.85 . for f} <4000 psi
£L -4000 ,
k= 0.85 - 0,05 = for £ 4000 psi
\ 1000

2-Tensile strength of the concrete is neglected in flexural

computations.
3-At ultimate strength linear strain distribution in the concrete
is assumed.

4-The maximum strain at the extreme compression fiber at ultimate
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strength is assumed equal to 0.003,

5~Elastic—perfectly plastic stress—strain relationship for steel

in tension and compression is assumed.Stress in reinforcing bars below the

yield strength,f,for the grade

times the steel strain.

Pig. l-Equivalent stres

Actually,due to the 1li
the rectangular stress block may
the actual stress-strain curve f

stress-strain curve as in Fig.Z2.

VIVALENT STRESS-STRAIN RELATIoNSWIP

of steel used is tsken as 29,000,000 psi

!
assg.
-t C
- -—nA,
ACTUAL STRESS EQUIVALENT RECTANGULAR
DISTRIBUTION DASTRIBULTION

8 blocx for rectangular section

near strein distriovution accross the section
be considered to pe equivalent to replacing

or concrete by an equivalent rectangular

h e - . . e
5 | /ﬂfha’Shcﬁ-”'EWCWVL For this assumed,fictitious
085 (' /—‘_‘\\\
87§, ; stress~strain relationship, the concrete
// stress is taken zero up to a strein of 0.15¢,
/ : ’
where ¢ is the ultimate concrete strain,and
/
. o = [
sl . z then assumes a constant value of 0.85 &

Pig.2-Equivalent stress—-strain

curve for concrete .

until failure occurs. (ref-9)

A
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Rectangular Beams with tension reinforcement only- The formula

given in the Code (ACI 318-63) is,.

Mu:?{Asfy(d”a/g)} ( Eq.16-1)in the Code . Fa.l

where a= Ag Ly / O.BSf: b ‘ Eq.2

putting the value of a from eq.2 into 1 and solving for As one gets,

A= 74/1’y 1..\}1_2&1u /X Eq.3

(for fhis derivation see appendix eq.Al).

In Eq.?% K = O.BSfé bd
One directly gets the reinforcement from the equation 3,but the

ACI Code sfates that the reinforcement ratio shall not exceed 0.75 of the
reinforcement ratio which produces balanced‘conditions at ultimate strength,
Thusg,if the éomputed reinforcement ratio is greaterbthan U.T75 of the balanced
ratio,or when the term under the square root in Eq.3 is negative, we have to
change our design that ié either Qe have to increase the depth of our beam

or put compression reinforcement .

Increase in depth of the Rectangular Beams - When the avplied moment
is excessive,or when we are beyond tne limitations of the Code,we increase
~ the depth of the beam,The formula given in the(ACI 318-63)Code is,

2 .
Mu::¢ bd fé q(1~0.59 q) (Eq.16-1) Eq.4

At the limit the reinforcement ratio may be equal to 0.75 of the
balanced reinforcement ratio,pb + Therefore,

- e — 21 -+
P= 0.75p,= 0.75 [0.85k, 2 /;y][m,ooo/e*z,ooowy]

(BEq.16-2) Eq.6
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When the value of p is substituted from eq.6 to eq.5 ,and gq is

eliminated between the equations 5 and 4 ywe get the new depth as

}

d:\/Mu /¢ bf4q(1-0.59 q) Eq.7
where '

q= 6375 kl<é7,000/87,ooo+fy) By .8

(for the derivation of equations 7 and 8 see appendix A2) .

RECTANGULAR BEAMS WITH COMPRESSION REINFORCEMENT - Wnen the applied
moment is excessive,or when the calculated reinforcement is beyond the

limitations of the Code,instead of increasing the depth we add compression

reinforcement.The ultimate design resisting moment in rectangular beams

with compression reinforcement is given by:
— At - 1 34! -
Mu_(?[(As AL )fy(d a/2)+ASfy(i d ﬂ | (Code 16-3) Fq.9

where ea:(AS-A;)fy /0.85féb Eq.10 .
The equation (16-3) is only valid when the compression steel reaches
the yield strength,ﬁ,,at ultimate strength.This is satisfied when:>
p-p'> C.85 klf;d'/fyd 87,000/87,000-fy (Code 16-4) Eq.11
It (p-p') is less tnan the value given by Eq.ll,it means tnat the
compression stgel stress is less than the yjeld strength,fy,or the effects
of compression steel are neglected.Then the calculated ultimate moment
shall not exceed'tnat given by Eq.ie-l (ACI Code 1602-c).
The Code gives further
o-p! £ 0.75pb==o.75<b.85klf' f&)<87;000/87,000+gy> | Eq.12
Calling (p-p')=F : ‘ Eq.13

we can get (As —Aé )= Fbd , Fq.l4
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At the limit
EH:O.75pb , Eq.15
Putting (14) and (15) into (lO) we get
— 5 f ] ; e
a_.0.75pbbdfy/0.85fcb Fq.1l%

Elimination of a betwesn equations (2) and (1¢) gives for Al

A |

" R

, 0,75pydf. 1/.

1 _

AL= Muﬂ? -O.75pbbdf}€} l.7f'b Y Iy(d-d') Eq.17
C

where O.75pb is as defined in (12).
Tension reinforcement becomnes

A= 0.75p§d-A's Eq.18

See appendix ,equation A3 for this derivation.

FLEXURAL COMPUTATIONS ULTIMATE STRENGTH DESIGN I~ AND T~ SECTIONS-

¥hen the flange thickness is less than l.qud/kl the ultimate

moment is givenbby:
- - ) o i el 165 .
Mu_¢[j(As Asf)fy(d-a/z)+Asffy(a O.Stﬂ Code{16-5) Eq.13

in which Asf,the steel area necessary t o develop the compressive strength

of overhanging flanges is:

- ht ! ‘ ' e .2
Ayp=0.85(b=b')tr! /fy Code(16-6) Eq.20

() 'bl . E‘ ')i
a= (A ‘-A f)f ‘ / .851‘ Qe c

Now 1f in the equation (19) we make the following substitutions
— — - I
A~A =X and a= Xfy /0.85;Cb

we will get'a quadratic equation for X and its soclution wiil'give

2 [ I ’
_X - - A
x..fy 144" %a ) Sffy(d—O.St Fq.22

See appendix A equation 4 for this derivation.
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Where ;(::O.BSf‘b'd and A, is taken from Eq.20.

Now having X we may get total reinforcement as

Ag= A p#X | Eq.23
INCREASE IN DEPTH OF THE I- AND T~ SECTIONS - If we get a

" negative quantity under the square root of the equation (22),or if(pw-pf) '

the difference between the web and the flange reinforcement ratios,exceeds

O.75pb (defined by eq.6),we will increase the depth of our section .

At the linmit

D = = .24
PP 0.75pb L Eq.24
As A§f |

b'd_b'd =L Eq.25
X=A, - A, =1b'd Eq.26

Eliminating X between equatibns 22 and 26 we get a quadratic
equation for d,which is:

4 -20(d+ B=0 © Eq.27

Solution of this gives

d=°<[1—\/ 1_-([3/087} Bq.28

) £ '
_0.858b (A 4eher t] Bq.29
/3 Io'f, (Lb'fy, -1.76b )

where

- 0.85£7 b2, A Eq.30

Ib'f, (Lb'fy, -1.7:)b )

( See appendix A equation 5).
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COMBINED AXIAL COMPRESSION AND BENDING

COLUMN FORMULAS

UNIAXIAL BENDING OF COLUMNS - Short columns with symmetricel

reinforcement in two faces are considered.The ultimate strength is given by:

= ' ~At - ' Qe
P,7p[0.85¢ ba ALt At ] (4CI Code 19-1)

Ag=Af because of symmetrical reinforcement

The balanced load,Pb becomes

-t 31y
Pb—</‘> O.85fcoab

a =k,¢, kld(87,000/87,000+fy) (Code 1302-t)

Thus Pb=7s‘o.85féb kl(BY,OOO)/(B?,ooo-fy)

Eq.31

Eq.33

Eq.34

When'Pu is less than Pb,the ultimate capacity of the member is

controlled by tension.For symmetricél reinforcement in two faces the ACI

Coce gives the expression (19-5) which is:

Pu:¢[0.85fgbd f-pri-e/a4] [(1-e'/0) 425 [o (l'd'/d)*e'/‘ﬂl}

Solution of this equation for p gives a quadratic equation

p-2% p+ ¢ =0
where
f d! P d!
X=smm VT T et
0,85f! d 0.85f'bd d
c c
P 2e!
—_ 11 u +._"‘
59 O.BSfébd O.BSfébd d

e'=, /7, + (t/2-a")

We compute total reinforcement from Act:deb

See appendix A6 for the derivation of eq.3€.

Eq.35

En.36

Eq.37

Ea .38

Eq.39

Eq.40
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From the equation (36) the steel percenfage is computed as:

When P is gfeater than Pbtbe ultimate capacity of the member is
u
controlled by compression.In this case,the ultimate load is assumed to
decrease linearly from Po to Pb as the moment is increased from zero %o

the balenced moment,Mb ,where

P - ot - 3
¢O-§13[O.8)fc(Ag Ast)-{-Astfyl (ACI Code 13-7) [Ea.42

Whén compression governs the ultimate cepacity is given by twc

different equaticns,one of them is the exact equation and the other is the

empirical one.

1l-Exact equation- The ultimzte load is given by:

Pu:}90-(130-1>b)mu /Mb , : (ACI Code 19-9) Eq.43
o the, -
p = ¢lo.35¢!be | £q.44
— ' v _ 3 ! 1_qtt "
Mb_<]5 [o.asfcbab(d-d 2, /<)+Asfy(d—d d )-;-Asfyd } Eq.45

(4CI Code 19-3)

A_=A'
s s

a =k, £7,000 d /<-,7,ooo+fy

Taking PO from Eq.42 and putting all of the above values of Pb’Mb’Aé’ab

into the Eq.43 and solving for AS we get a quadratic equation in As
K5 2B Ag + ) =0 . Eq.46
where

;o - -1 Aa 1Y L] .
X = 2;15fy(fy O.8‘3fc)(d a') Eq.47

o - 85" ) > ~d! 24, ’ L8 ! > —ar 7."3 1 f -, ,858%" L
= Mu(fy .8511) Puiy(d d')/2.5¢ ESfcthy(d a')+¢ Sfcbab(xy 5¢1)(d-d

5,

=Y
0

b
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2 2 , ‘
-_— /.8;‘ i"‘ — "- ' - \' 3
\Z’( 5 ¢flb tab(d d .5a.0)+.85fC51ub(ab t)-C.85f'cbab(d-a"-.53b)Pu

hsg2h = 2 B (1-}\/1—-—;"‘;;> ' Eq.48 a
A =2 (ﬁ/o(> < 1-W> | Eq.48 b

2-Empiricsl equation- The ultimate load is given by:

1] '
ALty bte! .
Pu-—CF S - + _ ; (ACI Code 19-10)
ot 00 (3te/d“ )+ 1.18
Solution of the above equation for A gives
jJ btf! (e/da-d')+0.5
A on = 2 L 5 ¢ / .Eg.50
st=hs=2 | ¢ 3te/d°)+1.18 £,

See appendix A parts 7 and € for the derivations of the equations

48 and 50 .

CIRCULAR SHORT COLUMNS WITH BARS CIRCULARLY ARRANGED
The reinforcement is computed using the empirical equations given in
the ACI Code 318-63 .,

1l~%hen tension controls:

{ 2 \/(0'859 )2 P, MDg <°'859 38>} (ACI Cod
P = 0.85€!'D [, ~0.,38] + - - G, ode
u ¢ e D . 2.5D D L9—ll)

Eq.51

1
|
1
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Solving equation 51 for Py and multiplying it by Ag we get A tas
s

o] ‘ .
2.58,D Ag Py o+ TS 0,76 Eq.52

2
$ DnD_1! 085 0.85£!0° D

A

st=P¢ Bg=

See appendix A9 for the derivation of the formula.

2-¥nen compression contrels

stty A fé v
B=¢ |——— 4+ - € (ACI Code 19-12)
Je 9,6 De + 1.18 '
+1 2
D (O.8D+O.67DS) Eq.53
= 4
Solvirp for Ast we get
%_e__+l P A T
u C,
A =—S8— | = - £ Eq.54
£, ¢ 9,6De +1.18
) (O.8D+O.67Ds)2

See: appendix A 10 for the derivation of the above formula.

SQUARE SHORT COLUMNS WITH BARS CIRCULARLY ARRANGED -

The reinforcement is cdmputed using the equations given in the ACI Code,

these are empirical equations,

l1- When tension. controls:

| 15-13)
Eq. 55

| | | [ 2 ! 1
Py= & O.85btf'[4\/<.%. -0.5) +0.6728 p.m _<-§— ,o.5> (ACI Code
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Solving equation 5% for pt,and multiplying it by Ag vie get As as

t

t ~
Pu Pu. 2e

A 5 % o+ -1] A Eq.56
0.67D m#>0.85t f! 0.85¢ ¢!
] c c

st=Pthg =

See appendix All for the above equation.

2-When compression controls:

ALt ATl
P=¢ |t ¢ & (ACI Code 13-14)
Je 12te

Z= ’ [
5 + 1 (2:67375;)2 + 1.18 Eq.)7

Solving equation 57 for As we get

t
241 | P A £
s _u g c Ea.58
st T ‘J’ iZte
o ¥
(t+O.67DS)

See appendix A 12 for the derivetion of the above equation,
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UNIAXIAL BENDING OF COLUMNS

The formulas satisfying the conditions of equilibrium and

compatibility of strains are derived in the following pages.The basic

assumptions are those given in the Code ACI 318-63.
The column sections having symmetrical reinforcement in two

faces are considered.
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RECTANGULIAR CONCRETE CROSS SECTIONS

The expressions giving the ultimate load and moment carrted by
rectangular concrete sections are derived from the fig.3 where the dimensions

'énd variables related to the section are shown.

b 0.85f |
| | \
T T » r
T +
D —_—
e =~
2 'Y
X - S :: 4 (E_ klk\lt)
/ 22
T s T T T — U NA
KN ' ' Cenas |
t J
7 -
— Y . — e e

Fij,é’
By summing the forces in the compressed portion or the section,

~one gets
= 1
Pc—-O.BSkalkubt Eq.59
If the moment of P, 1s taken about the gravity axis of the section,

the resylting expression will be

’ 2
— ! - = ' T 11— :
Mc.. 0.85fcklkutb(t/2 k,kut/g) O.BSbet hlku(l klku)/z

Eq.€0
2
Vhen Pc is divided by O.85fébt ,and Mc by O;SSfébt ythe dimension-

less expressions ere obtained as
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Qc:.0.85klku | for _ klkdcl.o
| - ) _
I QC:O.85 I0or klku> 1.0
|
R = .85k k (155 for k.k < 1.0.
c™ 1 5 e 1l™u v
R =0.0 - for k.k >1.0
c 17u

Eq.61

Eq.62

Eq.%3

Eq.64

rectangular concrete section.Now we have to compute the load and moment

carried by the reinforcing steel from the conditions of equilibrium,and

We found the expressions for the load and moment cearried by a

‘the compatibility of strains.Then we will add the load and moment carried

by the concrete to the one carried by steel.
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RECTANGULAR COLUMNS WITH REINFORCEMENT ON TWO FACES

CASE 1,Fig.4.

Case 1 considers a rectangular section where thne strain in the
outermost reinforcement is greater than the strain at yield in the outermost
reinforcement (Es >éy) and where the strain in the outermost compression

reinforcement is less than the strain at yield in the outermost reinforcement

/ R
(es<e¥). o 14 e
] - l
t
—~(4-
- l | ‘ 2 _Fs, €s /
3 - -
e X b
t Pz «t
] NEUTKAL'_ Ax1s ) . ) ’
]
t _
32_ /3& o
} GRAVITY AXIS ) N
Y )N
! éj .g
gt
+ 2
2 F?el ] =
t F
y J 3(4—3) Sy
I b 2
l )
' Pig.4
~From the fig.4
d = gt/2+t/2= (t/2)(14¢) |  Eq.65

a'= t-d = (t/2)(1-g) ' | Eq.66
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From similar triangles Gy,ﬁ$t -Gu/kut
S
- Cy,
/3 e, u ' Eq. 67
qt:kut-(t/Q)(l..g)
ol = (2ku—l-g)/2 ‘ Eq.68
- _0_R&et
F = (p bt) [(fs) o.beJ
1
FS = (pebt)Ly
2
= i = - L - -
F=Force ia end steel (pebt)(fs 0.85¢! fy] = Fsl Fs2 Eq.69
- s s —— I
From the similar triangles €y43t E.S /Xt
/
és=€y O(/ﬁ Eq.70
= 7
fs"Eses v Fa.71
f =E } Ea.72
Yy S(Ey ’
Eliminating e; and GEyvbetween the equations (7C),(71),end (72) we get
f =f </ Bq.73
o= Ty “/p ’
Putting Eq.(73) into (69)
F = (p, bt)[(fj 0%5) ~0.85¢! -f,] ' . Eq.74

factoring'oﬁt . 0,85f! and multiplying it by the capacity reduction
factor ¢ we have «
oA =
Pes = féth.BSh[(m 45) —l-m_} , Ea.75

This is the ultimate load carried by end steel,we have to add to it

the load carried by the concrete taking it from the eq.(81).
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P o=¢ féb{).BB f’e[(m %) ~1-m] + O.85klku} £q.76

Taking moments about the plastic centroid which coincides with the

grevity axis in this case,we get

M = (0.85p ) f'cbt(gt/z) [(m 0‘/]5) ~14m ] Eq.77
in equation 77(gt/2)is the lever arm.
M = £'bt° 0.85 k. k QI"-‘i}-‘u—)—- Ea.78
c c 1 5

Thus we have the ultimate moment carried by the steel and the concrete,

- adding them we get the ultimete moment carried by the section,

2
— s - ' d — —
b 1 )£ Lot {0.85pe(g/2)[ m /F’ 1+m}+o.85klku(1 klku)/E}
v Eq.79
We put B and o from equations €7 and 68 into (76) and (79),

then eliminating pe between (76) and (79) and scliving for kuwe get a
cubic equation

A k3 + B k2 +Ck +D=20 Fa .80
u u u

where

A= -0.85K; [m(e - € )-€ ]

B=§O.85k1 |- e ale-1)+ € (e-1)- 6ym(g+1)} - (0~85k§/?) (e, (g-l)}

Pug 2M 0.85" 2
= —— - —_— &€ m- € -~ - k.€ m{g-1
C{cpfébt (e m€.-cm) cﬁ-—Jf’cbt;z( W €, € 1 mg-1)

€y m(g-1) { Pug Mu
D= ———mppe—- —— -

PEEARY: 2t

Thus” having ku we compute Py from one of the equations (76) or (79),

and get tne reinforcement as

—2p bd
Aét’ I%
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 (see appendix B 1 for further detail ) .

CASE 2,Fig.5.

Case 2 considers a rectangular section where the strain in the
outermost reinforcement is'greater than the strain at yield in the outermost
reinforcement (é;sj>€y) and where the strain in the outermost compression

‘'reinforcement is greater than the strain at yield in the outermost reinforcement

(¢/ ).
s>€y G}Pu .
[ » “
- l__ . J
—t— L] e Tl
) . /
Pe » /
)kt ] gt oo
ezku A g
o pt
NEUTRAL|AXIS _ N |
Y GKAVYYZ‘AX\S B _ /
Ft
gt
2.
1 ' / €y
2 : /
Pe /
L ] . -
ﬁl(1—3) s,
=

Fig.5

For this case from the figure we get the limits of ku .

[G-al/2] v +pt < k2 <1ve)/2] © -pt

Fs;(pebt)[fy - O.85fé]
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= o bt T

F82"‘ e Y

F=Force in end steel=F — F = —p bt0.85¢t! BEq.B1
8 s e c
1 2
Adding to the load carried by steel the load carried by concrete,
and multiplying by capacity reduction factor ? ywe get

- ' - . } e

Pz fcbt[ 0.85p, + 0.85 k k] | Fq.82
(In eq.81-we factor out 0.85f!, and take the load carried by concrete from the

equation 61 .)

Taking moment about the plastic centroid which coincides with
the gravity axis in this cése,we get
= Z - ‘ =0.85f!
(gt/2) [Fsl + Fszl_(gt/z)pebt[fy 0. Sfc+fy]

2 , .
H_=p bt (g/?) [ny»- 0.85¢! ] Eq.83

Factoring out. C.£5f! and multiplying by ¢ ,we obtain the

ultimate moment carried by the reinforcement,then if we add to it the

moment carried by the concrete section alone from the E1.60,we will

get the ultimate moment carried by this section.
2
] _ Py Sme
= flot (&/2)\(0.85p)(¢m 1)}

2
1
M_ = £lbt [0.85 klku(l-klku)/Q]

m L2, Tf'o“c [o 85p Me/2) (2m-1) 4 0. 85k k (1-k & )/?] Fq.84

Eliminating p_ between (82) and (84) ,a quadratic equstionis obtained

for k_,
u

2
- = Fq. .
ku 2‘>&ku+[3 0 q.85

k, = o [17\/ 1- Pl } | : Eq.86
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where
_gl2m-1) 1
2k
1 -
and
gt(2m-1 )Pu+2mu

S ¢ 0.85£) btk

Thus having k  we compute p_ from one of the equations (82) or (84),
and get the reinforcement area as

Astz 2pebd

(see appendix B2 for further detail).

CASE 3,Fig.6.

Case 3 considers a rectangular section where the strain
in the outermosf reinforcement is less than the strain at yield in the
outermost reinforcement (€=54 c y ) and where the strain in the outermost

compression reinforcement is greater than the strain at vield in the

outermost reinforcement (6; > ey ) .
From the figure 6 we get the limits of ku as

| (+/2) (u)-pr k< (1/2)(1ee)

From the similar triangles (fig.€.)

€ /@ =€ /([s t) ., eszeﬂ/ﬁ Fq.87
¥rom the fig.€. noticing % t 4kt = (1/2)(1+8)
= -1E Eq .86
. u

BOGAZIC] ONIVERSITESI KOTUPHANES]

ot
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D ru
€uw
t(1-g) Fe
3\3 Y /
l - < & ///
}
Te /
t : Sy
kut 4 g~
“ t
d:—i(4+j) t
, A GRAUITY ! AXig P
+
NEUT RAL AX\S _
at _
2 ot
¢ ey :
/2- —
| ] e -
s F
z("g) 2
X ' 2
| i
l b 1
Fig.6
— - - 1=t E ¢
Fsl,_ (p,b%) [fy o.abe] Bq 69
F = (pbt) f Eq.90
s e s
2
fS=ES€S Eq.91
£ =F Ea. 9
y yey Fq.92
From eguations (87),(91),(92) we derive
£ = F <i>/ Eq.93a
8 v )3
Putting eq.33 into eq.90 Fe  becomes
, 2
Rz (pot) 1 ¥/ Fq.93
S5 e y /3
Force in end steel becomes
+ Bq.324

. A - — _‘.( '__f %
F_I'sl Fs2_ (p,bt) [fy0d5fc ; /[5:\

In eq.94 factoring out

C.85f! ,adding to this 1oad carried by reinforcement
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the load carried by concrete taken from Eq.6l,and multiplying Eq.94 by ?

we get the ultimate load cerried by this section as

P=(P+F )¢ 1 bt[(O.BSpe)(m—l-m o)+ O.SSklku) Eq.95

Taking moments about the plastic centroid which coincides in this

case With the gravity axis,we get

= (7 ’? - -4/ ~C.8
= (5t/2) (B 48 )ep bt (5t/2) (fy 858147 %] Eq .96
1 2
Factering out 0.85fé and multiplying by
2
- 1! — .
M, = £'bt O.85pe(g/2) [m 1+m é/ﬁ,] ) Eq.97
2
- 1 : -
M= £1bt° 0.85 Kk (1-k k)2 Ea .60

The ultimate load carried by the sectionis cbtained by summing the

moments carried by reinforcement and concrete separately

mu=[mes+mc]?= ¢ f'cbtz{ 0.85pe(g/2)( M-14m %/P )+ o.saklku(l-klku)/ﬂ Eq .98

Eliminating Py between Eq.95 and Eq.98,we get an equation of third
degree‘in ku, )
A k3+ B k2+ Ck+ D=0 Eq.99
‘ u u u
where

A:[-Q.ESk (eym- €+ eum)]

K, O.SSki ]

B= {—O.85k‘g(€Lym— &yf eum)+0.85( eym— €y+ éum)+-—§——_‘ eum(g+l)

P

u .85 2M .
C= | ———wme g(éym-_éy- €M)= ———kgm eu(l+g)_ U €yme £+ Eym)-

$£'bt 2 L2
c ?fcbt
C.85 .

- —;-' kl eum(g+i)
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m Eu(l+g) Pug Mu
= +
cff’bt 2
C

Thus having ku,the depth of the rectangulsr concrete compression

zone,we may compute p_ from one of the equaticns (95) or (98),and get

the reinforcement area as

Ast 2pebd‘

(see appendix B3 for the above derivations) .

CASE 4, Fip.7

Case 4 considers a rectengular section with compression
throughout; the neutral axis falling outside the cross sectionjand the
strain in the outermost compression reinfocement is greater than the

strain at yield in the outermost reinforcement (éﬂé) € y)
In this ¢ase (l+g) t < k.t < (1/k)t

From the Fig.7

-k o(2FEy £q.100
7= T

From similar triangles (Fig.7)

' 6s/fz‘t: = éy/[gt ; és=64(%/f> Eq.101
fs: Es €s £q.102
=% € Eq.lq3
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1 @ Py
[ €u |
= f -
I
NG R /
ey |
e | ] <
'Pcf €y
gt
2
N
o
+
GRAVITY | AX1S <
. i
I €y
Kyt
gt
7
Fey Jat
= ] €
< F. *
Sy z nt
_NEUTRAL_AXIS ,
Pig.7
From equations (2¢1),(102), and (103) we derive
f = f Q WY e
e= Ty ﬁg Eq.104
} 1
Fsl= p bt (fy- 0.85 £
F = ot
S, pebt (fs— 0.8)1C )
Substituting f_ from(104) into F_ we have
F_=(p b’t)[f,’Z/ - O.ESf'J
s, ( e ¥ /3 c
Force in the end steel becomes
= 3 = —O. :’ v’ -\ ! .
Fslﬂsz (»bt) [ (fy 85*0)+(fyf’263\ 0 85fc)} Eq.105
Pactoring out O.85fé,multiplying by ? the en.105% ,and adding to it :
the load cerried by concrete taken from the en.bl,we get the ultimate load 1”
carried by the section as . j
ﬁ
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P =47 + Fc]zfi‘éb‘c{(;‘.&‘ipe [_(m-l)-l-(m ’% -l}+0.85klku} En.106

Taking moments about the Aastic centroid - whick coincides in this

case with the gravity axis,we get

5, .= (et/2) (Fsl—Fs;: p bt(2t/2) { (fy-.O.BSfé)-(fy”’b/ﬂ -C.BSfé)}

Factoring out 0.85f) and multiplying by ¢
Mo = £lot° 0.85p_ (&/2) [(m-1)=(nflfy -1)|
es” c e P

2
— ' —
Mc = fcbt 0.85 klku (1 klku)/2 Eq.€0

The ultimate moment carried by the section is obtained by summing

the moments carried by reinforcement and concrete seneretely

(ki
=)

2 .
rauz[naes+bxc]¢:¢f'ébt {0.85,06(5'/;») L(m-l)-(m”l}/ﬁ ..1)] +0.85k, k,

£q.107

Fliminating p_ between the equations (10€) and (107),we get
an eguation of third degree in ku s

.3 w28 5
A Ku 4+ B Au + C ku + D=0 En.108

2 \
A= -0.85k7 ( €,m-2 € + eum,]

0.85k°
=1-0.85%k.g - 185 -2 0 ) ! 9
B_.{ 0 8,klg( éy_ Gu)+0 Bbkl( eym ?€5y+ eun)+ ; eum(1+5)
Pug C.Ebkl o ou
C= (e - Eu)m-——-——-— €um(g+l) - —i— ( eym-z € 4 éum)
$1'bt ) $ 1ot ' v
(o4 [
eum(l+g){( 2 1
D=d —mmmme P /2)gtH tJ
?f(‘:bt ‘/ u/

Thus knowing ku,the depth or the rectangular concrete compression zone,
: . |
we may compute P from one'tne equations (10€) or (lOT),and get ithe rein-

forcement area as As+=2pebd
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See appendix B4 for the zbove derivations.

CASE 5.

Case 5 considers a rectangular section with compression throughout;

the neutral axis falling outside the cross sectionjand the strain in the
outermost compression reinforcement is greater than the strein at yield in

the outermost reinforcement ( €, €, ) .

k= 1k, P = 0.85f! bt from eq.02
ku::l/kl M =0 from eq.64
The

ultimate loed and moment carried by‘the reinforcement is

the same as in the case 4.

F = fébt o.85pe L(m—l)+(mlﬁ%3 -l)]

Adding the concrete ultimate load we get

P = ¢ féﬁtz(O.BSpe) [(m=1)4(m "% -13«}0.85}

£q.109
The ultimate moment carried by the section is equal to the
one carried by the reinforcement zlone,since the concrete does not carry
any moment,eq.64. ,
S 2 o!@; - .
M = f!bt ar{*p (e/2) [(m_p.-(m%/ -1)] Fq.110
u~ "¢ e ] /5 :

Elimineting p between cquations (109) 2nd(110),then solving

for ku,we get:
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: P M
- € m(l4g) Sl——"— .85 | - 2y
. proe ) g
ku: ' 5 ‘ o Eq.111
u : u
mg( & - € ) ——FTTI — 0.8% - -""“"-“75( é, n-2 ¢ ~ e m)
y u ( Acot ?)fébtc N ¥ Tu

Thenwe mey solve for p_ from Eq. (109) or (11C) and get the reinforcement
area as:

AST;: 2pebd

See apvendix B 5 for the above derivations.
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RECTANGUTLAR BEAMS UNDER MOMENT AND SMALL AXIAL LOAD

In the cdmputation of ultimete load and moment for rectangular beams

usually the small axial

Yorces are neglected.lowever,winds,earthquakes, etc..,

create axial loads .This 1loed may be teken into account considering

the beam under the effect of an eccentric force which creates moment.

The axial eccentric force being smaller we get at ultimate load the case

where tension controls (P_ P

)

u b
Gf v 0.854;
| L= & f bt 085Kk,
bkt <
2 — — - -k 1 kit
NEUTRAL_AXIS R R 2 2
W G‘LAVITTZ ARLS - . —_
t
5-d
R A L }—]— — — — - 3~
d' -¥5: CFFP. bt}'j
Fig.8
From the fig.B
Summing internal end externzl forces
= D.85k.} "t ht- : i . 2
Pu, ? 0 Bbxlxuicot ? pebtly Eq.11
Taking moment around the gravity axis
t xlxut N
- 1 t T e t"‘ - ! F1%
Mu_?O.SSL:lkufcb ( > 5 ) + ¢ b Ly(g ar) _ Fq.113

Eliminating p_ between Ens. (112) and (i13), and solving tor k  ,we get
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2 , -
ku - 24 K, +‘F =0 Eq.114

where .

g 2[map (t/2 -a)]

1 qa' /e u'u :
C*-—'il(l-'g')—-d/ﬁlt } /3= " 5" Eq.11l4
0.65xSf' bt
: 1l ¢

k=) 28/ 1- P ' Eq.115

Having k ,we easily get p_ from one of the equations (112) or (113),

then we compute As

t
Ast:pebt Eq.116
2(t + P (t/2 - a')] P
Ay X/ £, 1-\[1- u_u ) - Eq.117
¢ X a e,

where

A= 08%f bd

(See appendix B 6 for further detail )
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COLUMNS SUBJECT TO BIAXIAL BENDING

Where beams and girders frame into the column in the direction of
both walls and transfer their end moments into the column in two perpendicular
planes,we have axial compression accompanied by simultaneous bending about both

principal axes of the column section.This happens in cormer cblumns,but Si-

milar situations can occur with respect to interior columns,especially in

irregular column layouts,end in a great variety of other structures.

We may compute the ultimate load of a biaxially eccentric column
on the basis of the general basic assumptions of ultimate strengt design.
There are mainly two different methods,one developed by A.H.Mattock, |
L.B.Kriz,and Eivind Hognestad (ref.8),and the other by Boris Bresler (ref.l).
1-The method developed by Mattock,Kriz,and Hognestad- When a section
is under the action of an axial lbad andlbending about both principal axes,
the neutrél axis at ultimate load takes an individual position caused by
only one combination of axialbload and moments acting on this section.
If the magnitude of the axial load or either bending moment is changed,

the position of the neutral axis will also be changed.Therefore,considering

all possible positions of the neutral axis,we may cover all possible combi~
nations of axial load and bending moments that cause the section to reach

the ultimate load.In this method the position of the bottom of the

compressive concrete stress block is defined by its coordinates in

x and y directions.Then knowing the concrete compression zone area,the
resultant concrete force may be computed and located at the centroid of the
concrete comﬁression zone.These quatities may be computed relatively
easily‘since expressions for the area of concrete compression zone,AC,

and the coordinates of its centroid ,x_,and y. ,have been derived by

Mattock and Kriz for different positions of the neutral exis.
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The resutant tensile and compressive steel forces,Fst and Fsc and their

" centers of action are calculated by statics.Then from the condifions of
equilibrium, the ultimaté axial load is found from summing internal and external
forces and its eccentricities from the center of the section are found by

summing moments about the extreme compressive concrete fiber.

2~ The Method developed by Parme,Nieves,and Gouwens based on the

equation suggested by Boris Bresier— The biaxial bending resistance of

of an an axially loaded column may be represented in three dimensions
as a failure surface formed by a series of interaction curves drawn radially

from the P axis.At constant values of P we get different load contours. (rig.3).

P A
— P-MC tnteraction curve)
Load contour
. Mo
Moﬁ\
° NU
M7
Pig.9

When the-bending resistance is plotted in terms of the dimensicless

parameters Pu/PO_, Mr/MOX,and Mv/ Moy,the ultimate capacity surface

generated takes the typical shape shown in Fig.l0 .

The contours can be approximated by the expressions

n R n
k / ? = : ¥n,118
(x /Mox)+(n y/moy)._ 1 |
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and
1og0.5 logC.5
Mx log . My log .
i T =1 Eq.119
ox oy
a%%
10
|
{
2
! ¥
| ; s
BlJBZ
o 1.0
My
4§A Mox
1.0
M
May
Fig.1l0

These interaction equations are suggested by Bresler (ref.l).
/% is a factor which relates the biaxial bending of a column to its

uniaxial resistance. #hen ﬁ =0.5,the lower limitkofﬂ yequation(119) describes

a straight line joining the points at which the relative moments equal cne
at the coordinate planes.Whenj3=l.O yits upper limit,equation (119) describes
two lines each of which is parallel to one of the coordinate planes.For interme-

diate values of/& equation (119) describes curves wnich have been sometimes called

sub- and superellipses,Fig.ll .

{+0

. 0.2%
0129

0 ong M"/m,,(

1.0

Myz= Aryliea\ Morment about x-axis
M_,=A(>f|ieo1 Mement about y-axis.

MUT- Lhiarial \;tha\'\ngcapadbakvu‘{’ j'a)‘fs -
Moy = Uniaxid! kc-«-“nicapatlb abart x-2x3s,

b

Fig.1ll
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F is a function of the amount ,distribution,and location of the
reinforcement, the dimensions of the coiumn and of the strength and elastic
properties of the steel and concrete.

/3 is dependent on the ratio Pu/Po , the bar arrangement,the

reinforcement index,q,and the strength of the reinforcement.The envelopes

of ﬁ values are given in figures 12 to 15. ( They are taken from ref.9) .
For design purposes we may make our first approximations as

straight lines instead of exponential contour,

1.0
3 <2 esponential contoyn
Moy 18y My
(Mm\( P ’-No‘v"1
> .
z
<
z’\
< Ma My yBY
Mar+("10y ( p )_1
\
45°
) ¥
-0 M,/ Mox 10
¥ig.16

From the figure 16 ,by simple geometry the equation of the lines are:

when M, / My 7 e / Mo

Eq.120

£qQ.120 may be written as

; ) i | '
Mo B (Mg / M ) (1-p)/g =y Eq.121

NI,

O AT RO T AT
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For rectangular sections with reinforcement equally :distributed on

all faces,Eq.121 can be approximated by: -

And similarly :

when N / M, <My /muJc

X ux » Eq.124

Eq.125

In the computer programming the second method is used,since it

is more suitable to design than the first method in which we have to know

reinforcement,its exact location,compressive concrete zone depth to get

the ultimate load and moment.In the second case & uniaxial moment is computed
from the equations 122 and 129,assuming 0.65 (since this is a good average
valué ).Then a sect;on is designed by empirical column equations,and from the
idealized /3 ,Pu /PO | éharts (fig.12 to 15 ) a new ﬁ value is read.If

this/ﬁ value is different from the old one,we will compute new Mux or Muy

from the equation 119 | then we will find new reinforcement and repeat the
above iteration up to a point where we will get ajg which will be in close

agreement with the preceding one.
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COMPUTER PROGRAM DESCRIPTION

Two programs are prepered;one for beam design (appendizx C),and the other
for éolumn desigr. (appendix €).Due to the memory capaéity limitation of 1BM
1620 2t Robert College,the two programs are debugged separately.ﬁowever,

a combined mainline of beams and column design is also given.It may be used

in bigger computers.

Beam Analysis Program Description - Number of members,number of load
czses,number of load combinztions,participation and over stress factors,the
concrete strength,the steel yield sirength,and the end forces acting on the

3

members are read.The factor kl is computed.The depth of the beam is checked
against the ACI Code (318-63) section 910,and a message is given if the beamn
is deep.

Then the subroutine MPV is called.This subroutine computes the stress

resultants of each member for different load cases,combining them in any

preseribed way in order to obtain the eritical condition.Howevr,the members

are designed for each case of the combined stress resultants .The combined siressy

resultants are calculsted not only at the ends of the member but also at-

midpoints and quarter points.The flexural and the shear reinforcements are

calculated at each of these points.

In subroutine rectangular beam the reinforcement is computed using
the refined expression that takes the effect of small axiezl loads into
consideration,The méximum percentuge of reinforcement can not exceed C.?5pb,
this is checked,If the computed rginforcement cives a greeter percentage
than this maximum allowed value,or if the term under'the square root of the

derived equatiorn { s negative,a message saying 'insufficient depth,depth is
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increased is given,énd a new depth is computed by the Eq.7.This new depth is
on the limit and to avoid any further complication in the reinfbrcement compu—
tation it is increased 10 %,then“a new reinforcemept is calculated,and the
results are printed out.

Subroutine Shear-This subroutine détermings thé shear reintorcing
steel area at five points of any member per inch length of‘the‘beam.Thus the
desiéner mgy choose the spacing of stirrups and/or bent-up bars.in accordancé
with the cbmmon practice.

The shear stress permitted on an unreinforcgd web is computed by
equation (17-2) of ACI Code 31#-63,taking into account the axial ioad in
addition to shear and flexure.The modified bending moment given by eq.l7-5 is
~used in eq.l7-2.The nominal ultimate shear stress is computed by eq.17-1 (AcI 318,
63).For I- and T- sections b'is substituted for v in eq.l7-1. By ACI 1705-b .

V.= lOfA/FfZ ,if this condition is not met,a messuge seying "inadequate secicn

for shear" is printed out.The computed allowable shear on unreinforced sections

is checked against 3.5¢\/f'c(1+c.ooz N/ AE)/ (4CI 17¢1-e) .The longitudinal
reinforcement is computed by eq.(i7-4), of the ACI Code.Then the computed
reinforcement is checked against 0.15 % of the area'bs"and set equal to it
in case when it is smaller than this value ( ACI. Code 31£-63,1706-b) .

| Subroutine P~ Ream - The reinforcement is computed by ean.23.The T-
beam is considered as a rectangular beam at the end polnts because if carries
negative moment and the flange is under tension.

For interior points,if the tlange thickness exceeds 1.18qd/kl

we design the beam as a rectangular beam (ACI Code 16C3-2).When the flange
thickness is less than 1.1& qd/k1 yThe formula derived for I- and T~ sections

is used to get the reinforcement.If we get a negative quantity under the square

root,or if (v _pf) exceeds 0.75 of the balanced steel percentage,we increase the
W
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depth making use of the eq.28,
BEAS INPUT DATA CARDS
Card No. Variable Format Remarks
1 Title of the run &0H
(one card)
( 2 ME, NL.@AD, NC 2014 ME=number of members
one card) NL#AD= number cf
load cases.
NC=number of combina.-
tions of different
p)

load ca ses.
( NC cards) PARTIC(I,L),I—l,HL¢AD,FAC(L) 8F10.0 Repeat this card as
. many as NC,

4
(one cerd) FC,FY : 8F10.C FC=f! FY=f
NIOAD times K(F(J,L),J-l,e} 8F10 Repeat this card
as many as NIfAD
13,¥7,0,
1,s,B,8P,T,DP, FT, 11,02, LBAR 6F10.0,
F&.,0,I2
K B 2014 Supply these cards
: N g amn 1Y,
[ {EA 20, s l4,376,2 | 07 beans only

L Repeat as many as ME, totzl number of members

rRepeat as many as NL@AD
wRepeat as many as K
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Column Analysis Program Descrintion-~ In the column meinline number of
members,number of load cases,numder of load combinations,concrete strensth,

steel yield stress,and the colwan properties are read. The factor k, isg computed,

1

Minimum and maximum reinforcements(ACI Code 9l3-a) are calculated and the

reinforcement is compared to themn,a megsage being given when it is cut of the range.

Subroutine Column- In this subroutine h/r ratios are computed.

If 50<.(n/r)< 170 , the strength rveduction facteor R is calculated and the

loads and the moments are divided by this factor.If h/r is greater than 100

a message saying "in tnis cclumn h/r retio is greater than 100 " is printed out,

In ACI Coae (article 31é=-a-1) it is advised : "If laterel displacements of the ends
of the member is prevented and the ends of the member are fixed or defiﬁitely
restrained such that a poiﬁt of contrztf'lexure occurs between the ends,no
correction for length shall be mude unless h/r exceeds €(." When compression
controls,the above,most encountered,case is considered. On the other hand,

when tension controls,the factor R is considered to vary linearly witnh axial

load fromthe values given by equations 9-2,9-3 (ACI Code) at the balanced

conditions to a value of 1.0 when the aexial load is zero,thus

RL R +'(1-R) (ffé:f—)

The minimum eccentricities ©.05t for spirally reinforced columns,

or C.10t for tied columns about either principel axis are set in this subroutine.
The maximum moment accompanying tnese eccentricities are calculated.

The minimum retio of spiral reinforcement,ps,is computed from

pg= 045 (Ag /A, -1) £ /fy : eq.9-1 (ACI Code)
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Subroutine Circle- The reinforcing steel areas of circular
columns with bars circularly arranged,and square columns with bars circularly

arranged are computed according the transformed empirical equations of the ACT |

Code . -

Subroutine ACIUNI - The total reinforcement of the rectangular
cclumns under uniaxial bending is computed by the trensformed equations of the

ACI Code 318-63,Thege empirical equstions are #given for symmetrical reinforcement

in single layers parsliel to the axis of benling,the ones used in the programming

are equations 40 and 50 ,
Subroutine BIAX — In this subroutine the uniaxial meoment about gne of
the axes,Muy,or Mux is conputed from one of the equations 122 or 125 ,aufter

the comparison between Mx/Muy and MY /Muy having been made.Then the predominating

equation is chosen,and a reinforcement is computed by uniaxial design metnods,

Total steel area .ives qutfé/fy;Po, “u/PO are also calculated.From the BETTA
subroutines containing strazignt line ideslizations of p envelopes, knowing q ,

. s is 3 3 Y LAY
Pu /Po a new F 1s computed, then this newy‘comparea with the old ocne,and if these

4

two values differ more than a certain tolerated percentage,a new Mux or Muy

is computed from the equation 119, A new reinforcement is computed with new
moment,and the ebove procedure is repeated up to the point where two succeeding
FIS are in close agreement.
Subroutine BETTA -~ This subroutine containg tne straight line

iiealizations o?/B envelopes .
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COLUnAS INPUT DATA CARDS

Repeat as many as NL#AD

L. Hepeat as many as Mk .

Card No. Varible Formut Remarks
1 Title of the run 80H
(one card)
2 WE, NLJAD, NC 2014 MEznumber of members .
(one card) NC=number of Ccombing -
ticas of different load
3 cases.
(one cara) FC,FY 68PL0 NLfAD=numoer of loaa cases.
FC=£! ,  Fy=f
o ¥
4 1,S,B,BP,T,DP,FT, LBAR 13,%¥7.0,
. 6710.0
I 1
(ME cards) Pé, 0, 12
F(J,1),d-1,6 6EF10.0

For tne combined mainline input deta cards given Pw beams are used.

Je—
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RECTANGULAR BFAM EXAMPLES

3

Example Source Given A M A (Karaca)
No. in k! in2
1 "Theory and
roblems of
einforced
Concrete Design"
Everard and (51
Tanner '
0.85 prov.4-14 124
£ =40 ksi
S .
fcz 3 }éSl
li= %5 k' 2,52 91 o 2,24
Hi y
2 same
: ; ZI'I 244
0.86 prob.d-16 Bt
31—
f =40ksi
Y
£ »'
.LC._ 35 kei
M=250 k! €.20 415.,0 7.21
3 “seme
' 2y
.86 prob.4-24
K—“:ﬁ
f =40 ksi
Y
f'= 3 ksi
c
M=1t7.0 k' 5.90 27¢.0 4,25

These examples are designed by working stress design method in the

"Thecry and Problems of Reinforced Concrete Design" ,that is why to get
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the ultimate strength design moment we multiplied the moment by 1.65 ’

an average 9! 1.5 and 1.8 (Acl 312-6%,1%06 a ).

Example 4 ~ Given: a rectengular seam b= 18" y=36" , a'=3"

' -
iczj ksi ,fy=40 ksi

i P V A A
u u u g S5V 2
k! K K in® in
290.0 20.0 105.0 2.97 0.040
360.0 20.0 5.0 3.55 0.000
460.C 51.0 110.,0 4,30 0.045
€50.0 | T1.0 205.0 €.41 0,123
760. 0 | 20.0 105.0 |  6.44 0.040
1,390.0 20,0 105.0
INSUFFICIENT DEPTH-DFPTH IS INCRASED  t- 42,5"
1,39.0 | 20.0 | 105.0 | 13.£0 0.027
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T- BEAM EXAMPLES
Example Source Given M A AS(Karaca)
in
Y 1¥¥
T3
1 " Everurd and N 2
1"
my kel
Tanner o
' )
(I’"f—l?) fc=3k51
f = 40 ksi
y
2 Mu: 50 k! 82.5 2.0 1.95
prob.4.-.8
32 I '3//
" ’ =
2 Everard and ey o
Tanner " —_—
e
.o £l= 3 ksi
prob.4-19
prod.4-19 £= 40 ksi
Muz 150 k! 2417 5.07 4.90

In Everard and Tanner the design is done by working stress design

method, that is why we multiplied the moment by 1.£5 to get the ultimete

sirengih design woment.
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COMPARISON OF THE NEW BEAM FORMULA
Given : A rectangular beam which hzs b= 18" | t= 36", dt=3"
' - -
f =3 ksi and £ = 40 ksi.»
¢ y
M = 1,000 k' and P = 10U k .
n u
Solutins:
l- The loa¢ being small-r than the balsnced load,
tenziom contrcls,Prom the colunn formulas of tne ACI Code ,
X . . T . 2
equatiuns 40,and 41, the reinforcement is computed as 15.4 in .
2- From the beam formula ,equation 3,we get the
g ’ . .2
reiatorcement as 17,1 in.
3- From the formulsi taking into account small axial
1onds derived for use in the design of beams (equation 117)
- . 2
we conpute the reinforcement as 11.7°2 in.

As scen in thne above examples economy is achieved by the refined expression

when we consider the effect of small axial loads in the design of beams .
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UNIAXIAL BENDING OF COLUMNS

Compytation of ku from the cubic equation is made by using MNewton-

Raphson method.Here are presented the solution of equations for different
cases derived before,

In all examples below fy= 40 ksi end f'= 3 ksi .
¢
EXAWPLE 1,
Given: b= 17" , t = 25" ) ¢t = 2.5 ", Mu=275k" P =6€
i u
Solution: The cubic equation fof ku is

- 10,7656 ki - 13.5192 ki - 2.7¢19 ku - 0.8073 = © E q.80

this equation givéé for ku = 1569 whiich falls into the region

defined by the Case 1.

Then we compute tae feinforcemeht area which is Ast = 9,14 in2
The empiricui equétion of ACI 318-63 gives Ast ='39,09 in2
EXAMPLE 2.
Given : b = 18" + t=36 " , d' =3 "
= 1000.0 k' P = 250.0 k
Solution: The equation giving ku is |
K 2% 15,6767 K- + £.3693 = 0 Eq.85

this equation gives Ik =C.277 whigct falls into the region defined
by case 2 .,

.. 2
Then the reinforcement ares is computed as Ast= 20.39 in.

D

[4
.

L
J
Wl

The empirical equation of ACI Code 316-63 gives ot™ ’0.3%9 in
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EXAMPLE 3.
Given: b=17" = t=25" | 4! =z,5" s Mu=431.5k’ , Pu= 519 k

Solution: The cubic equation for ku is Irom eq.99

S P S v
~29.9T15] + 65.349 k_ - 71.624 k4 28,536 = 0

this equation gives for ku= 0.7043 which falls into the region

defined by the Case3 ,

. 2
Then the reinforcement area is ccmputed Agy= 13.94 in-.

s
; 2
The exact equation of ACI Code gives Ast= 13.78 in .

. . 2
The empirical equation of ACI Code (eq.19-10) gives Ast: 13.07 in .

EXAMPLIE & .
Given: b=1T7" , . t=25 " , d'= 2,5% Mu=600 k', Pu= 1,440 k
The cubic equation for ku from equation 108 is
3 2

ot

This equation gives for ku=-0.9944 which falls into the region
defined by Case 4 .
. Then the reinforcement ares is computed as Ast= 52.87 in2.

The exact equation of ACI Code (Eq.19-9) gives Ast= 53.90 in2.

The emprical equetion of ACI Code (Eq.l?—lo) glves Ast='52'25 in“.
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CONMPARATIVE EXAMPLES OF DIFFERENT COLUMN FORMUTIAS
FOR AXIAL TOAD AND BENDING
Examplel b [t [d° M, u ACI Code 318-63 Egs. Equations
. . ) derived taking
in.jingin. | k k Empirical Exact strain compatibi-
lity into account
. (2
Ay (inz) Ast(lng A, (in“)
1 18 |3¢e|3 1000 ]250 20.39 20.39
2 17 125{2.5]374 225.4 9.10 9.10
3 17 12512.5) 431.9 -£19 13.07 13.78 13,94
4 it 1" 1" 4344 829 19.45 20,07 168.84
" " " 289.4 87 8.99 9.13
" " " 1600 (1440 52.25 53.90 52.87
7 " " " 265 53 9.1% 9.15
8 " " " 320 128 9.01 9.01

For all of

the above examples

'~ 3 ksi and f = 40 ksi
c y

From the above examples we conclude that for design purposes we may

use any of the column formulas we transformed,since they give almost

the same steel area .

T T ORI
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Uniaxial design of Columns
Example | Source Given ’ Ast(ine) Ast(Karaca) (1
2!/
1 Everard -
Tanner 20"
D.186 . fé:B ksi
proo.10.9 fy=60 ksi

M =240 k'; P=72C k 15,71 [7.81

p.186 23 Jeo",

n

prob.10.16 M =208 k P =153.7 k 7.22 1.17
5 p.188 . N'; _‘1;;, 200 g
prob.10,1& e o ) P
M= 306 k' ; P =183.5 k 9,43 9,44 %
u u ;
4 .15 — 3
prob,1C.15 244

I=
- 481 > 12.67 R
Mu=370 k' ; Pu=738 X 12.00 12,03

The above oxamples are designed by ultimate sirength design method

in Everard and Tanner.In the first example the difference is due to the
fact that in this circular column the design 1s made sccording to strain

compatibility conditions.But the empirical equation of the ACI Code gave

a steel area 1]1.,8% on the safe side.

In all of the above examples §

fy= 60.0 ksi
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COLUMNS UNDER UNIAXIAL BENDING

EXAMPLES
Example Given 'Ast (Karaca)
in2
1 Det=30" 5 d'=3" ; D=2k
M - 1,000.0 k' ; P =513.6k 36,23
7T~ | ! [l
t ) t‘goljd'-'-s/Db:erl
‘\-/
2
Iu: 1,000.0 ¥*%. s Pu: 567.3k 26,09
P=30" d-3" b, -24"
3
[ 2 &
llu_ 250.0 'k Pu_ll,OOO k T.06
,:: ::, t= 30“} phie 37D = 248
4
9.00

M = 250.0 k' ; P = 1,000 k
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COLUMNS UNDER RIAXIAL BENDfIJG
Example | Source Given : Ast _ Loads for Ast (Karacd
' . 2
(in2) USD (in®) [
d o b:ﬂ*‘ﬂ
1 Czerniak °e £=18"
) d'-‘2~6“
6= 4ksi
f ~40 ksi
y_4 si
M =40k’ M = 66
X x A
My= 30! _ 49,
P.Y= agg . 4.00 _ My_ 49.5
u 5.08 Pu=330.0 2.52
2 ] SameB¥n 4.
Mx=40 M =66
M=20 4,00 My=33
PY=120 5.08 P =197 2.52
u u
3 " - 40 M= €6
= 19.7 4,00 = 32.5
= 120 5,08 p§= 197
Same as in L | |
Same ms m 4, |
4 1"
Mx= .49 Mx=66
M= 19.7 ‘ 4,00 M'=32,5
pY= 162 5.08 =266 2,52
u u
5 " Same as ind.
M =40 M =66
¥=19.7 4,00 M}f,:sz.s
- = 2.52
U 250 5.08 S’u 410 : 5
From a Xerox copy




THESIS

ROBERT COLLEGE GRADUATE SCHOOL
"~ BEBEK,ISTANBUL

In  the source from where the above
stress design ) method is used that is why to get the ultimate strength
moment we multiplied this moment by 1.65,an average of 1.5 and 1.8 ( acz
318-63,1506 a).

We.investigate the behaviour of the examples given above under a

variation of bending moments about the two axes.

examples are taken ,the WSD (working

Example I
Given: b=14) t=187d'=2,6", £=40 ksi ,f!= 3 kei
Méx') M;k') P (k) Ast(in2)
80.0 50.0 g 200.0 3.03
£0.0 50.0 270.0 3.36
80.0 60,0 200.0 3,67
80.0 70.0 200.0 7.36
80.0 80.0 200.C 7.12
50.0 80.0 200.0 4,72
100.0 100.0 200.0 13,30
100.0 100.0 270.0 11.60
Exemple II
Given: b=14 " ,t=18",d'=2.6", £= 40 koi,fl= 4 kei
2
Mx (k') My(k') Pu (k) Ast(ln 7
50.0 100.0 200.0 4.82
49.5 90.0 330.0 4,02
70.0 50.0 410.0 2,52
90.U 49.5 330.0 2.52
90.? £0.0 330.0 - 5.56
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M M P A
b d Yy u st
2
(k') (k') (£) (in%)
100.0 33.0 197.0 2.52
10G.0 50.0 200.0 3.10
100.0 70.0 410,0 5.13

COLUMNS UNDER BIAXIAL BENDING

Given: b=s17" y t=25" , 4'=2,5", fy= 40.C ksi, f;= 3,0 ksi, 8.bar afrangement.
M My P Ast Astharaca)

(k-ft) (k-ft) (k) (in) (in©)
1 374.0 20.0 225.4 6.28 11.66
2 344,0 20.0 829.0 " 27.14
3 289.0 20.0 87.0 " 11.05
4 74.0 300.0 225.4 " 18.00
5 10€.5 106.5 255.0 " 4,25
6 58.6 117.2 140.5 " 4.25
7 142,0 53.0 85.1 " 8.78
8 17.85 73.0 3.5 " 4.25

Source for the above example is reference No.7 pp.151-155 .
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BIAXIAL BENDING OF COLUMNS -
FURTHER EXAMPLES .
—
Example| Source Given A A (Karaca)
No. st st
: .2 .
in in
1 Flgmﬁ‘g‘ be413't<14.3" bot=42" d-2%
re};s 4-‘:3:» ar'rahgen'\ud" 4bar arrangement
pe c- 3ksi f'= 3 ksi
y= 30,0 ksi = 40 ksi
M_=45k' M= 45
M¥=17.5k W= 17.5
PY=70.0k Y= 70.0 X 2.89 3,93
u u
O L LN LI= T
2 Fleming | 4-bar a_rrange.rr\e_nf ‘f-l’:rar}'an;erqent
ref.ll
p.335 £1-3 kei £ =3 ket
f =60 ksi f = 60 ksi
y v
46,6 i = 46.6
MX_ 58.5 = 58.5
v =175.0 Pi=175.0 2,64 3,41
3 Parme , , ; ”
ref.g E'—"{é P t'—"-"é” b=‘6l)t=16".)14 325
P.919 8-bar arr‘angemerd” B8-bar arrangement
£1= 3 ksi £'= 3 ksi
f =40 ksi = 40 ksi
myz 180.0 k! My— 180.0 k!
M= 80.0 k' M = 80,0 K!
pi: 220.0 k ? = 220.0 k 8.00 15.81
4 Pax:me ol beda” ol bed2”
ref.9 o o L=24" L=q4"
p.921 o ‘o ol dl=2.8"
b 0 oo
f'= 3ksi f(':= 3 ksi
£%= 40 ksi £% 40 ksi
1 =200.0k! Mi 200. 0k
= 80.0k! M = 80.0k'
P§=3oo.o X 3y=5oo 0k 4.81 £.46
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DISCUSSION

In the Reinforced Concrete Building Code (ACI 318-€3),all of the
formulés are ih such a form that the ultimate loads and moments are given in
function of the other variables.,Therefore the designer assumes everything in order
to check whether or not the assumed section is satifactory.However,while designing
a reinforced cocrete section,in many instances the @im is to find the reiiforcement
That is why the ideasl thing would be to have formulas which directly give the |

reinforcement once the loads,geometrical data,and material oproperties are known.

Formulas for rectangular beams,I- and T- sections are transformed

into such a form that tne reinforcement is directly computec.A refined formula
beams

taking into account the small axisl loads in rectangular has alsc been

developed from the sirzin-compatibility considerations.lt is seen,from the

example p.93 , that 2 small economy is made when we have tension.

From the percentage steel limitations of the Code ,a formula at the limit

giving the new increased deptn when z sectlon is founu %o be inadequate to carry

the moment,is developed.In addition to this,for rectangular beams,an equation

satisfying the given steel percentage requirements of the ACI Code,is derived,

when a section can nct carry a given momeut,to compute the compression steel

area. The comparisons made with beams designed by #orking Stress Degign method

(p.50 ) showed that Ultimate Strength Design gives less reinforcement,but

it is necessary:to note that the loed . factors used have an important effect

on the reinforcement .

When a section i€ jpadequate for shezr the decision is left to

the designer.
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The empirical and exesct column equations of the ACI Code

are transformed into a fofm suitable tc design purposes,that is the formulss
giving the reinforcement directly are ‘developed.The equations considering
strain-compatibility.are elso derived.These three sets of equations gave almost
“the same results for a wide range data variation as seen in the examples p.56
In the computer programming the empirical equations af the
ACI Code are used,since they are the simplest.The examples cohpared with
the designs made by Ultimate Strength Design method are in close agreement(r.57 ).
In biexial bending the idealized,aenvelopes are given fcr

different bar arrangements.The charis with bars arrangements symetricel in

two faces coincide exactly with the derived design equations,In case we
have steel in féur faces, thougnh the idezlized F envelopes are oropgrammed,
care should be taken because the total reinforcement is approximated,but the
error produced iz on tne conservative side.

Columns under biaxial bending designed by USD nave less
steel than the oﬁes designed by WSD'(p.59 Czerniak ).

Comparison witnh examples taken from Fleming (p. 62 } showed that
our steel area is about 25 %,highér.The examples are designed in Fleming
- by USD method making ”sé of the charts developed by the method of Mattock.

Comparison with the examples of Parme (p.€2 } shows that our
steel area is greater.But Parmevdoes not consider capacity reduction factor, ’
and for B-bar arrangement cur formulas 40 not give exact solutlions, they are
derived for symmetrical reinforcement iu two faces, thus our steel srea is
expected to be greateryand this is the case.

Comparison with Czerniak (p.Gl ) shows again that we get greater
steel area.But again Czerniak does not take into cons:deration any capascity

reduction fuctor,? , When we designed the same examples with reduced moment and
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load we get less reinforcement (examples 5,6,7,8, p. 61 ).
When the eccentricities about either principel axis are
smaller than the values required by the ACI Code 318-€3 (article 130l-a ),
they are augmehted to these minimﬁm values,Thus in biaxial bending design’

if the moment about one of the axis is smaller,it will auzomutically be increased,

and this increase will affect the design a lot.
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CONCLUSIONS

The following conclusions are deduced atter the sclution of examples
with our transformed formulas:

1-The design is simplified by the fact thet the designer has to nlug
into the itransformed formulas the known quantities to get the reinforcing
steel directly.

2-The comparison'with Working Stress Design method shows clearly the
importance of load factor in Lltimate Strength Design to achieve economy.

3-In column design,tne exact and cmpirical equations of the ACI Code,
and the formulas derived by applying strain-~compatinility considerations to
symmetrically reinforced rectangular sections in two faces,all give almost

y vearizstion,

)

the same reinftorcement for wide range of dat
4-In the biaxial bending case wnen we have smaller eccentricities

than the minimums required by the ACI Code,the desien gives conservative

results if the eccentricity,snd tacrefore the moment is increased about one

of the principal axes.
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APPENDIX AX

- CF(- A )(y (d- %)) | Ec}. 16-1  (ACT Code) \Z_q.l

o= Asfy/o.ggs‘c‘{: ‘ Eq 2

f\)“’l,hg His inke (1)
o= Al g AL /gy

Y'earronjmdﬂ

AL - 2 ———L—O'z’;“ As + —L—‘H Mo

_oBsLd _W.amw)l_ LM,
AS {y ( {J CFIU

/,\ o .er bd _ 85 Ld \/,1 2 M
S = [i P2
‘ 3 §5 082 Cf]j;bd

re Ficpc\/ng % = 0.9‘7'{;/ Ld

A, = —f—{i—\/f—j;; } Eq- >
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Increa gse in def’“‘! o(» Hie red-angular beams
M, = 4:[55{1(; q(’l—oﬁﬂ‘ q):‘ Eq 16-1 {Code) Eg .4
Eq. “) Cgl/v_e;- —‘twr' d
—7
d=V' M»k/chqu(A—ogﬁ ‘1) Eﬁv 7
9= P Jv /5' E q9- 7
! 87,000 .
‘f): 075 Fb = 0.7% [0.55 k, :L /Jj] _6. . 070 - . Ec‘ 6
Jeee " 4,
9= o757 085k, 67,590 = 06375 K, 87,009 £q.8
67/009 +}y g/lam.,fj
FUH‘/"; eﬁua’t.’on{a) l'nl e,quaHan('f) becomes

.ML\

§7lo0o00"

9?[ ceo -4}]

) C}’ b_{; 0‘6”7 kt

(4 <~ 054x0.63]7 K,

87’00 o
87,000 "]Ev

)
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APPENDIX A 3
-Rectangular Beams witn compression reinforcement-
Moz @ [(A-AD (de @)+ Al ()] (ACH Coce 16 3) Ly 9

where . |
o= (A\s‘Ars)fjA.aﬁ{;b Eq. 40

the Code Lgnlues

p-p' = 0VFR = 077 <0'85k‘\q/7(j) <"s7,ao; > Lq 12

8lo0e

cd!lfng (F' F’): F Eq.13

we éd’ ,(_'A\S—A';) = F bl Eq 14

at the Hmit t=07%p =079 (o.% k(/}))(__”_"_f_i_j ~ Eq15
€700 1,

eq 0. becomes  affer Fhe elimination of (A=AS) Ly means of equations
;\4‘1‘) and U’;)

- 015ebd § /= 075 bdle _8looo
mEOTE 5’/0'86&.5 - ” < 575—vo+7( Fele
! Y

Tn E/‘TYLLK*"I’” (q) FuH(ng !'iAG#A’g):J,—-'[,o{ and the valoe o)( a. .{rarn
eq. 6>  we gd .

- . Jd g‘]/ooo ) ! g 4!
MU: Cf[ de L (d_ 075‘2b kl 670004!1‘) A AS fj(d djl

SG\V/IHJ He abo ve eioa‘kor\ {vr A';

017 bdk, 8Jce=
M‘/qr - Fbd 5; (d— 7 >

f.;\‘s___ ‘ B7 eco - )(;r E‘il?
§, (a-4)
PuHin‘j +he valve OJ’ T 7chrﬂ Eq. 17, the t;r:aneo\ {or*rﬂ 0{ Eq 17 l;m_:mas
' ; 87oco ) _ 0.177 bd k, 971000 >}
/-\, ) l\d\/‘if—" - [0.7‘; ( 089 kK, ‘;’c) 87,°°° ";j l’:J (d 2 8/16~(,a n J,

5,(4- <)
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APPENDIX A 4

Flexural computatinns I- and T- sections-

when t< Aeqd/
Mo = & [ A AL, {, (d=22) + Ay {S(d»o.at‘)] (ACT Code Eq.16-5) EqAS
Ag, = 087(b-b') | /)(, | | (- » 16-6) Eq 20
a= (A-Ag)]y foss| L q.21
“del us cadl A=Ay = X ' Lq. A4l
Awp = As-X Eﬁ' Atz

TUHI;\S Cciug“ron A4 fn}'a the eniua(’\’on 1SJ wWe ie:"

g e f
as " Jo s (b Eq A44

e \llmnrna'}::\j* €L belween The Qﬂwajrw/ans Ad43 amd A44

Mooy (d Kby Ay (d-05Y)
¢ y 4.7{“;,' J

rcar’f‘ﬂv\jt/hj

z2 . + —T—*—“As j(A“o‘fy't) = O
)”f[f{" X ;Ld X [CF iS J

xz _ﬂ_{nli. X + l-’{LL’ [h;; B A5§§3(A_O'5t)] = O Eg. A4P
1 5

the Solubion o}.Hm/g t{unolraha- fﬁibcd‘u&’n g e

1

X = —f—c— 1 -\/1 - 7‘2 {%— - Asyd, (d- o.st)J Eq.22
/
-2 /

/ - o.z’ﬁj':é’o)

w l’\& re
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APPENDIX A-5

Incremse in depth of the I- ind T- sections-

At Fhelimt Po- P,z 07p = L Eq. 24
'H'\IS means (A - /‘\ >/¥/3d =L :{ A5~ Ass )//‘;5{ ‘Ec‘ .Z?/
bhevefere (Ay-Ay) = Lbd =X 1q 26

g\l’m(lha“/,\j >< between lﬁugl’”\/c‘hﬁ /22’) e (ZCJ/\

Lbd = .i, i \/i—/_c_d[

u;é'if_ 1= \/ /Ld [—ﬂ- As | (d~0-5t)] /551

5?Uar|/rx_3‘ AL ond A\m %9”‘(3 we l\a.\/e,.

. ot ZN\.\+
L, 08%(i b, A L O.B%LB[L? As},&{} i
{Ly}) (Llyljj~ ],[}LE)J (Lbjj(LL‘ij 17}L b)] o )
colling o= 0824 b Asy R ket (]
o ' §y - /3 T
(Lo ] ey, - 4108 [Lb,(Lbg, - AT,
E q A%2 beocermes
0\1__ Jx d s fg =0 EC]‘ 2,{

| s 7/ F
(S(’ku'\!’pv\ r& ’U\:s Ccp)oxi;on 31\/&5 —‘j:r er mc.reasec{ dCP”ﬂ/

ael a0 - L. 26

e
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APPENDIX AG

Uniaxizl bending of ceclumns,when teasion controls -

P=¢ (O_B‘?{Lbd {—FM—%’ T‘\/<1-S')2+2F[m’(l—-:—;)+%'] ” (Act (ode Eq.49-5)

Eq.3%
J\?el& us  call ({_.i‘) = (3 - i_____r ‘K S A—é—| *j’-’_‘: .
4/ 7 & 0884 bd (-5)3

ju‘H:x;j;’ ol Yese vnte gci,3§ , e ger ,

,F+/5+\//32+ 2)#/07.:;%' A

N/ S,  ae
Squarine  AG2 /},z+,2)/‘/o :(%-/3)7+2(5(/_/5)/b+/52

[=

\97_ + 2[,%—/3—-}@73 + (\7("/5/2.—/52:o
?2—2[/3”#_‘%].,_31,2%/5:0 | A 63

La\(«;\g [5 37' K =X (4—-— + (,4—__) 5_,

= 1+ M(4~—-)—3ﬁ | AG4
Cand ?:%-g%ﬁ:%(x_zdrégl) | . AGE
AG3 becomes ?1-2o<?+?9 = 0 AGGC

der/n{f A GG _’T O we Cge_’L

peo (V1% ) it
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APPENDIX A 7
Exact column equation when compression controls -
o= Rm (B=F) My, (ACT Code 43-3) £q.43
/lak(vxs all e terms voﬂ one pside  we ja* +he éf’(l)a\“l/c'h
PeMy + ToMy- BM~ BM, =0 | AT
To=[o87{ ba,] | | Eq.44%
M, =[085 ba, (d=d™ %) L AL (d-dd’) + A, d*] Eq.45
R glo8 [ (Ag-Aw) vhud,) Eq 42
Ag=bt A=Ay Ag=ZA
T)uH.'nj fhese into equaltions 42 and 47 |
Y D Y P S RN DN R
T, = 4’ [,o‘eﬂi (Lt-24.)+2A,§ ] Eq.42a

./ﬂ,,?o/ My srom ke eciwntfohs 44  H2a , and 4573 are {nserted

7

- hto  4he ec]uaJr(vn AT, 1Le\¢ms Ave ezpcpqnaled

and an equation
{5 obtamed in derms o]l A .

<><A§—2'}6/-\5+X=O | Eq L6
where |
%= 29 {,(f, ~0.87f )(d-d)
Sr= =M oesf ) -T, (d-d), .54>-‘3?£Etj(j(d—dl)+<§>.8‘7ﬂlaab (47 [1)(d-d"- Fau)

V= 0.35‘2%/:6%% (d-o"-.5a,) + 085 M.b(a,-t) - 085/ ba,(d-d"0.7a, ) P
8] oco A
8] coo+{,

An Hhese exforessfons a, = k

.SOIU"’I/OH 0'( "Hle, ¢TU&+(OH~4G g,(k/% {ar AS

Age B4/ 2T

f
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APPENDIX A 8

Empirical column equation when compression controls-

' ' ! Cq.49
To= ¢ Pl ftgc T {ﬂml)
e 3te AC)l Code -10
Tt 0% Tt 448 (
'l\'szAs
As L R b (,
& 4+ o5 4 3te 4 448
d-df 4z
! €.
kA bt TR
A= =
2 448 3

sy

W

oY

ARTPECIRSER IR S0 ra BT A
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APPENDIX A 9

< P . n .
Circular celumns with bars circularly arraged,when tension controls-

(PLL = 4){0%’%& Dz[M(%— 038)2 _,_Tz%& ! _ < O%)‘?e_ _ 038)]}

(ACT Code 49-11) Eq.51

0.8%e 2 D X P 0.85%¢
—22= 038 | 4 HmMmPIs “
‘\/( ) m? (J) _0.38)

& o.ﬁ‘a’jl D N

. / . !
SﬂUQrp/ng 7”\1'5 eﬁUO\"lor\ at«d! C,tha\\\ndo

. 2 - )
f b, _ ( i > + < f (U'\gp’c‘ - 0.68>

2.9D

(Ft _ 25 b P [ Fa | . dte _ O.’7G] EqA‘M
mPs & 037 { DT | 4 087 bt p

t
(4

l\st = 'Ft AS
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APPENDIX A 10

Circular columns witn bars circulzrly arranged.when compression controls

TR IRl i i i s LR i o iy

’ ,
P = 7} Ase ‘gj + A3 F‘ (Ac1 Code ‘4‘1-\2)
* 3e + 4 9.6De +/\,(%
Dy (0.8D+067D,)* Eq.73
Asedy Ag
Ly ¢ _gebe 4+ 442
D (o.8b+ 0.67D;)
3e +A_ . 1
AS‘\: = )5 _ ?u _ Ag‘g(’ EﬂA‘Ol
iy ? gebe 448 £q.94

(08D +0.67D YV

!
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Square columns #ith bars circularly arranged,wnen tension controls—

P=9 {0-35 bk, K\/_(%‘O-‘;)l’““o” SIS 0%

(AT Codeld-13) |

Eq.55

e -05)+o0c7 e = 4 (& o >
\/(t ) T OCl R 4 omm 1L | (T Ob) S A

-Squarx/hi _AM’\ and (/Oerceul/r\g derms

D
f

067 s m:( i , Jlf 2 - e _os
. ¢ o8f) bt & 089 ), bt (e-2%)

b=t

’Pv\. ‘t v'z ?W,1+—2~e_——‘ A’iiz
067 Dsm ¢ 087yt Gosrf t _

Te =

1‘\St: h Ag_ = Pttz
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APPENDIX A 12

Square columns with bars circularly arrsnged,when compression controls<

./
P~ [Ast ‘L/ A‘Sgc (ACI Code 43-14)
w #’ +
3e g _42te 148
Dy : (f+ 0.67D5)2 ‘;c\ .71
!
Ase g, B SN Aﬁigo
3e 4 4 % 12te + 4.18
])5 (t +0.67 D;)z
3 "
D&g-’.d ’P“* ASJ"
Ast = - Eq.58
Sj < _dzte 1448

(L +067D )
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APPENDIX B 1

Rectagular columns yderivation of equation by strsin compatibility —

CASE 1-
Fro‘m H\e gii,q’ d= -8—2-L:-+—£2— = % (/[-f—j) EOK,GE
[ ,
d'- t-d= -_‘;_(4+§) - %(q—g) Eq.66
'From 5'.ml-]ar‘ ‘{—V‘{Qnales ,_éLz €u_
pt k.t
'
P:Z‘L kq, EqAG”]
From the fig 9 Xt = kit - = (1-g)
Aok -dzg o 2k.-drg Eq6s
2 2

f= (pbt)| (1) - oesf. |
Feos (ret)[ ] |
Tekal {orce m The Skecl = 1= E' *Tsz = T)L!Dt }jL—O,B?ﬁi“}j] Eoi.é?

Trom ‘Hu: ‘jimi!ar’ ’L"QHJF&S €y __ €/5 : 6’ /s Eq Bl
[at Y / ‘// i

j.‘): E_r,é; . J’;: Eé €_j FL\thj "H'\.QS( +UJO 'H’\%a B

fs 4 , [
Bmes 0 b

Elfmihqﬁnj &s bedween 13 and 68

ﬂbf[}j%_o.ssﬂ JJ pbt 085{ 039 ﬁ‘i—;s%ffj

but 5 . - , RS g e |
557 som PR {bLtO,Eﬂ%L {6 A l

Eql13
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To ‘Hm/§ we add the ultimate ‘(oaci Carviead l;‘y concre te.

thus  our W\himate foad %or this case s

./ﬁ&: & [?es+1>c] = ¢§: Lt l 087 by (m%~1—,m) + 0.25 l«kd €416

h[‘o\kl‘hj %\OVV\LV\{’S O-lDo\Ak ‘*L\Q \7‘5{5!‘—{& (ey\‘h‘o]plj "\(\oﬂhhs \16\/?r arm= 3—;?

Moment carricd by steel <Moo {11t (087 1) 8E (st fum)
f\/!on\cl/\{ tarried L7 Concre be = M= JLEJCZ 0.8% k., (4._L<Ik.,\)/2 £4q.60
The ulimate moment carried b7 e Section ic

= 4 [Mes + Mc] = (‘;\J;Ltz[ 085}% _3_(%0}/5_&+ rn) v 0.8% k ki (hkk&/ﬂ“]

L. 79
\X,/!n.ah N ahd(b are rﬁFlac&A 'cy their valuoe in Esls, T6 and ]9

’PLL: q;tbt{oiéqﬁ{ e 2k“;4+3‘néi; )-A_—mJ—fO.BE[(,k’K} E‘{Bl?_

MK: CP{‘L{&{ 0.%% F‘ ,3 [(m 2ku;l+ﬂ x G.\:( )_,1_,,.,} + 085 k)k\x(«i—\qk“)/zi E,{B]g
‘(:7 w

i Y - B4

Py ovrp | m (Zaztet)(£y) o] s oerik B

['\4&1 - Oggfe_a_[,ﬂ,‘(‘zku‘i*i)( 6‘*—)_1-#}14} -+ Og?k'kw(/’—:—zk—‘——ls:—) EC‘B1;
c:bJL"t , 2 2 €y Ka

(?w /ﬂu Lt) — 0.85 kK

oo (s 7]

: (M“/ab;’;gﬁz)“ 0 8% k.kw(%)

' 2ko—-1 € )
085 9@[( S *%)(6 km>m_i+m}

Eﬁuﬂh“j Brle 4o BT and +a/<m§ all 4he Terms 1o one Side.
o)( the €7ua’r:on we jeJr

{rgm ?3'14 EQB‘G

-

» :(ram BAG qul“]
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(st | sl tbimsen] e ot

4§ bt
—1—M] =0

, , E&.TSI%
MuH{Plj{wj B48 b\/ 263 ko wWe gg,t

P m— €& ,+6,m um+€ me |~ L Y L —
(W— 0.85 K, k. )S(Zk (€.m-€ reym)-Eum e, AJ [} - 08Y¥I<K( )][ ko (€

— €y~ €M) - Eom 1 Egin gﬂjzo

EQ.B1Y

Equation BAG  fives the %ol\cw\'ng _QUL\L e,c‘ualv{oh —g-or "

AKE +BkE « Cko+D=o te.8o

\xzflere/

A=~ 0.85 k* [ m (eu-€y) - éj]
1’):{0.35 k‘[-éum(3—1)+€j (g-4)-€,m(g+9)]- OBW (eum)(g- i)}

(6 m 6 + €y ) 2 (é - €y 6jl )-Oi‘Zk e«.ﬁ’\(j ’.&Bj

C =
{c?{ bt bl bt

Do €-”ﬂ<i*i>{ﬂ% M
N 2 tJ
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APPENDIX B 2
CASE 2 -

:Frorﬂ the £\39 we gct Hae (im]‘ts o} \<u

[(4‘2‘%75} £ o€ ket <[Pt -plt

Fo= bt [{,- 07 .1
Fo = b bt iy

F= total {orce i Steel = —'Fs."?n: }Fﬂ bt [§j~0.65}l——¥j1
?acatorl'ncf out 0.6?.{L

F=-087pbt ] = -fbt o87p, 5 R={btoeTkk.  Eq 7T
The ulimate foaA corried \1\1 e seckion

P e A e N e T Eq 82

_Ta_kx/hj Momevd’é about dhe %\agl“\'c/ -C,eh“‘ro‘.c\
(””L.c feve r orm R =S %£/2 >

e = B[] - B[g el o ] 1ot

el

= §_ o085 bt e 51/2 [fgyyﬂ’_‘i}z S\c bt® 087 p, 3/2 {Zm-—il

r\_/lcw\cre’(c = -ﬂ, Lt* 0.8 ke de, (21— k.kw>/z_

BEq.60
-~ The v.“fl'w\a—’lc Mame»\‘\* torried \o\? e gechion e

MMy = MO ¢ = § L [(ewr ) g [2m-1) - oFzki (mek ) |

Eq. 24
P

“w

From ect_ %7 fo= k e —

Eg B24
085 ¢4/ bt

From eq. 8k TD - 2 My 2 kL (4—k,kk)
‘H‘olﬁi 0.8% 9(201—/) 3(2»«—1) 2
' Eq.BZZ
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Eﬁua*'llhi %21 -tO (BZ'L /fahol ‘_'('Gkkihj a\l *L& ‘{‘ermb +0 oné .
Sle{e a,/L the eﬁuahun w e éfg'*

T T et T L LT R
$lbtosr  plbtosrglem-1)  glam-4)\ 2

st 0.8% g (2m-1) Kk~ 3(zm-15m-2m+¢}’blgt" 085k (ke-kkZ)=0

e%qu.o(ihg and arran@,'nad, fo the Fa—u)w Ofr K ;
- CH‘ Lt 0.8 k- kf*{"[c%lllptm? (2m-1) 085k + &f bt 087k, ke~ Eg(2m-1)-2Mgo

.ECY’B?:_)) 9 +r—an§ »!»crmeA 4“\3\[:)
(Gm-1) 4 ' Tt 22M
Ki- 2 P“z‘r— | s Bglme D 2P g
) A ?J,{Lil/(,la?}i »
w“'/,j_ o g(im-i) + 4 " _ {§[2M—1)PW+ZMLL.
2k i ¢lLbL LPops
Eq. B24 becomes
k:_—»ZoLlcw+/‘5=o Eﬁ.B?

so lukion 5’% thie quao\r—aklc e_olual‘ian {or‘ ku g;JES
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APPENDIX B.3
’Frorn ‘”\C C\XG ‘Hr\@ f‘l}'ﬂ;‘l's o-g ku dre
t e £ ¢ S+
2 (gl-pt =kt & o (g

From simi lan ‘%r]ahj\és in giol.Q

s _ &y e, & Le. 8%
= J
$t ﬁt ) A
{S:;ses , {j:l’;b{;j EQ's Q1,492

Elimiha%nj 6‘5 and E/J DQ“'\A)QEV\ (8?) av\o( (Ct/f_))(ciZ)

{.=1, 4’/[/5 | £qQ. 93a
From 1he 4..'3 6 bt k.t :-_L?'_(—ujjﬁ
Hhere fore P = Li_ . EQ. 88
Torces (n the sheel  are | |
T, = (pot) L-oes{l] | | Q.29
fo = (pbt) §, EQ. 90

re Plac.f\ Y\j -{’5 ky tQ 933 We coktain
= (pe bt) |, Cf/ﬁ | ta 93
Tmlal 40»*(,6 carried lgy Steel is

3/ | be 94

chs: ’?s = ?c bt)[g—o‘%gsl_fj [ﬁ
35

53

:Fadorihég’ out 06_54‘; in »"EC\ .\54 1_ and ,rcF\akc"lr;g Tk M
Feo = 0.8% & bt Pe [fm— i-m 9’/}3]
The load (arricd concrele o - glcbt' 087k ke ke T

T hos Hhe Gltimate load Lavrried lpj the gemL(on Vo the Hurd

case 19
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o= [T+ B Mt(”fﬂ(m S PR ) £Q.95

"bk\'wj amoments about the F\D\S‘Lic. centroid
(ha‘)’& - lever arm = g9%/2 )

’~ . . ; _ IE - - ! /
N\on\em{: tarried Ej stec = Mcs* 3_2 (1'51_*}'52): %ﬁbt(gj’o'gfi{;fj(ﬁ%/ﬁ)
£Q.96

"Fgcj[or‘mg out O.Btfj['L n EQ.9¢ and Fu\‘\ing m= 57/0.87:{[ ,we obtain

Mesz fLbEY 0877 (g/_,,_)[vn—i-rfm%] | £Q.97

Momen! c@rried by toncrete is M= [ bt osgkl (1-kiki)f  EQ.GO
The uvltimate. Moment careied by H\a. section A4S
= ¢ [Mege M T =4 4t [O,BEPE (ﬁé)(m-xm%% 0.87 ki (1-kka)/o | ER9IB

wWhen if; and /5 are replaced 'h ERQ'S 87 and 98 , we gef

=l bt{osrp (mot-om (28220). & L osrki] £Q B34

2

y “

e ot ot f2) e (UE )] s as ke (ks | pgnse

P { 1+8-2ky\, €u }+ 0.87 kil EQq®33
—& = 087 T f{lm-L)-m—
CPJL Ll ’F ( 2 / €jk
N .
Ma 1r3-2k ) £n |y 087 e (okk) Lo w3
,(?“/4>£th)_ OBk k. ' from B33 EG.B3%
?e B A+gq -2k €
085 {(m—i)—m( 3 *)e;;lw]
- 4~k ka -
(Mmlb_tz) 0.8% lc.kw( 5 ) (rom B3 [Q.B36

P =

-+ — 6\—&
oor g (e (4525 £ ]

PR
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ciua{'ln B36 +o B3IT and +al<in§ all 4fe Yerms to cone side
+he Qtfuod‘ian Wwe i€'+

T [y a2} e ][ Mo ke \m_ fArgo2k) en |
<cmt 08”"")(2)[(” Y m(ﬁl )eij Lgiw M""“( 2 )}( vy )ejkw °

EQ B3]

/Y}Zu“’//b/j/'nj ;BS? lpj 26_7‘(“  , ‘Oect?e/'t

S 9\ 2k (£gm- €4 €um) r m e (4 3] [” kk(“"‘wﬂ 2k, (eym-=
(m OBEU(“) 2{2 (Eym-ey7€um) 3 T - 0.8 2 [ 5

—€j+eum¥)-éum(34 =0
ER B39
E&.B38 ges the [ollowing cubic cquation [or ke
Akd+ Bk s Cki+ D =0 | Q.99
where

= —087k (eym-¢€,+ €um)

0‘8‘7 i

. ’P\L — i )
C:[mj (egm Ty - 6m) Oa?kgme (1+ 3)—4£ (éjm ej+(:,“m)— 8; k‘é_m(gf)}

D: ,m———————‘é“(4+—g—)-‘[?uq s Mu}
et L2 oo
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APPENDIX B 4
CASE 4 -
From the -g{g.? the limits o{ k., are

(4_21) t Kk, < (%\t

Trom 1’"’\5 4,}? ?: km”( 4—(—8)

2

b\'ml\av +riahc?les in {Y‘\g,’? %ive

€s <€ ) €, - € B EQ.4iot

7 ¢ —/Sij ’ e

[,=Es€y g %j:Esej EQ's 402,403

0[671 UL fle/D/ace 65 and ej in EQ.’lOl \7:) x—ke'\r \/a\oc,s grom
1oz and 403

-5 % . to. 104

Torces in the sheel are | = (pbt) (§,- 08l )
To = o bt ({,-oeg{ ) |

Substitubing [ from (404) inko Ty, we Yave
o, =, Lt) (gj‘r% ~ oszf )

Todal {:cr(,e Carried b;} steel ds

7 :Ws\w{sz:(hbt)[(L_o.s;}'b)w»-(b% - 0485&)] EQ 407

s

?ac%v(ng out 0-55(-2 in EQ. 4Log and subﬂ\xu\mj M= 'SJ/O.EE%S,G

Teo= Jibt 0859, [(m-0)«(m Yy = )]
The foad carricd by concrede is B flbb o2y kke  EL.ET

Thus the wlimate {oad carried b‘\/ the deckion in the -gvur“\
Casbe 5 ‘
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7, - 4,{;“ <P ] § Lt {osg b [(rn- DT - BIEC AN EQ.406
{Ang /W\omenl(b about the Y\&QHL centroid
{ note that lever arm (s a9t/ )
Mjcme_nf carried Lf) 541({': P’((S:iﬁ_t.(’.}s_fs )
M,, = ?CB‘L[ -oaz;)—(sj__oaféj )|
?3c+0r|hj out 0.2% ;(,, and subs+%u+\hg M= Syo/B?S,_
= (gt 3 A= (-
= bt 087 pe 2 [(m-s) (% 1))
T/“_: I"\aW\em“' (A rried b\) toncrete = JQL)‘LZ 0,87 KK (4 m;'k“) Et.Go
T he vWYimate fYV\DY\\Q/nJT CArvieda b\} e setion s
. L2 7, . “kk%) .
o= bl L {088 Pq%{[m—i)—(mﬁ—iﬂﬂ— 05% kik, (5 £ e 1o

\XI/LIU\ ﬂ and ’Z are  sobetituled EQ's 406 and A07

?u = d?ﬂ bt { 08% Pe [’"\“' m (m(w’zi“g)"6;1Ll‘<bL B ZJ +0.87 K k“}

mu=¢;1L{*{o.ach(g)[m ’"‘(M) %og?k‘k ﬂq}

-:?%l:t_z 0 8% P, [m+ m(ZK““ i- ‘3);* —2}« 0.8% K, K

oo 8] () as, o)

i |
Pe = G _ élgtzk - [rom BE3
OS?[mwm(-zﬁl;i—'g—)éjkw 2]

ﬁir‘» o.%fzk.kw(ﬂgk*_)
Pe = —22

from BYY
O.Bi(ég—)[m m(zk'i 3)@ K}

\;’j theiv valve

EQ. B4t

EQB 2

Q. BA3

EQ.Bhty

EQ B4Y

CaRb4o
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Equa*h/n EQ'e BLT and BLG , and %e_kw\g o\l the Yerma Yo oune |
S ide el +he equation we get i

;E‘L{ | >(§) (M-m(zkii—gr);d_mhf o.szk,kk(«_-%“mm%)ét_z%o

EQ BA4]

Multiplymg  BAT by 26 ke, \.A)e‘ge{“

| |
Pu_ o Xé) 2k (€, - €)m +m€l&('(+3]] [ 085Kk, ‘*}%ku][zku(mej—?eff me.) - -
L ‘“2[ (€s-€9 i bt <a ) 3
-me (4+9)) =0 ¥

LU BLE |

EL BhLg gq\;cs the K OUOIV\g cobic e,cxa*\ovx gor X<\L |
AK2 4+ BR2 4 Cr e D =0  EGdee |

wWnerve

A= [-0,85 k2 (éjw\-2éj+6“m)] |

27K
B=[-087ky (6,-tu)m « 0.8%K, (€ym=-26y+ )+ “E cm(14g)]

= A
‘%’S'\gt -£u - > %C m(“j)‘qiz‘;_(eJm px3 jfﬁuh')) Ong' Qﬂh(g‘ri{lﬁ
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APPENDIX B 5
CASE 5 -
The limits o4 Ki are

t(%()é kot £ o

The ¢feet ,{»oroc. s as an the casel | Aow our concrete

Sec*ior\ Cavries o ol.'lykcrev& lo ao %\\(P/VL \Oj

= o087l bt Aov \<‘*> /‘/\<4 ee 62
-Te\e \.)Hin«;x*e Lead s
Pom b [Feut P )= Lt fosrp [0+ (m - l+oeed EQ 409

TgLQ. Momaht to reied b»’ Concre*(’,' ,'Lec{‘io‘q is equat v gevo

M. = o, Lon \<w>"/k EQ. 6k
: | A

Therejtore the ultimate w\orv\ent (oreied (’j 4he seckion is eol««al

fo 4hie \;r\aw\e.u;{ cBarericd {;tt ticet alone in ‘*ké_ case 4, (s
:(P-J[(lLU 09‘?}?@< >\:C""‘ 1)- (rw\,’zoﬁ __j_)] EQ.B 5L

\X/E\av\ ’)Z a2 /5 are e,(’/'m:'hgfco/ E(Q'S 109 and BY1 Le_wme,
. ~ / . / ’

T - 4’er£%:{0,8"2’ pe [+ m(Z"“‘;i’5> éj;u -2 ] =+ 0,85} EQ BbZ
Moo= bfl bt" o.a%joe(%)[m—w(z—k*—;—i;i)é%; I EQ®53
- (T Jab“C) {rom EQ. Log rassy

os5(m+m(2k_i‘_3>_j_gz~2]
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(Melar o)

o)

fe ~

from Lo B53 FOB S5

e

q»tg tht? BZ74 and "59?/ A d +a.‘|<_lug ff 1lhe terms 4'0 e A{oi(
a the e UL.erxon
f T

T M ;
i g - m+ T -~ méy - + €, M)~ + wl=of !
(ﬂ?{;i—o‘g?)@)[z k(g Edme mt-)e | L [2‘“*( &y 2eyr €umy-imi-gleool

EQ.BY6

———“s—(é.,-éu)mik 0.8% (éj—é )mjk + W(’“’@)é 3/ [?“ —O.@’Z] -

$lbt Phbt

2 My » M

- “Zey+ Eum) Kk me, (A1q) =0
bt (St fem ke *

EQ B7{

Solubion o} the gﬁ“ZHO” BT 3\'»’6’5 ku\ Qs

™M
- éum(i*—f})[-& _l‘(*-__~og§')+.—'“'__TJ;

Ko { (‘” bt ¢de bt £ 441

oar) | 2M. e e
f 3(ey- e (LH bt OB%) Tyl )}
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APPENDIX B 6

From the g}j.g = (P;; bt 0.8% k,ku EQ,‘?‘}

| Foe o bl EQ. B6
The ultimate load is the sum o) the loads carried by concrete and gheef

Bz f-Fs = & b (b87kik - b,

EQ {12
The wnltimate

moment taken about the rav«'f) axis 1%

M\L—— Cf’&{ thQquku (tlz—— k:kvt/z) -+ CP{’: b‘t](j (é/z _dl) EQ\'{"3
From EQ {2 ?e:—?w ¢ f bt 085Kk,

‘ EQ.BG2
¢ bty
?uH(ng this value o} po wbe EQ 443
a5 ) _P.+ ¢4 bto.es k\lcu> Lt + _d
Mu—_"??{b L’ck,k“(t/1 — k'k“‘t/z)*f' @ ( bt &,(/2 )

5 . 0.8% / /
Sty @Rk (-4 gt 08Bk (%)

- 4 btk ogr kI [ bt ol (o) of bk nog Tk (- )

aking all the terms teo one cide. amd 0‘.\\/"9“."‘& \Dyk‘#}ibtl k?‘OB‘}’)/zl

2 4 T Mo+ R (Y, - 4d%)
Ka 2[+n<i_d)+“(']ku+ 2

tyrt 2
(| bt K, 0.95)/2
k:—_z_[t——d’ﬁhglk REGEANGARE D) =
K.t 2 | 2 Ck’ J»l" bi’z 0.89‘K17' v
o2y MR Ce-a)]
k t d &!L L>b-t7- k2 085 B
ko= 4 <i~\/1 _2[Mu+ R (-] KRS 7
“T kit Pl bt k?o0.8% d2
tf[zre{are

| ___i ~ Z[Mw+'&(f/2—d')] '
i < \/1 >

EQRes
¢{. bosrd*
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AS = ?ebt ’ EQ BGoH

Substibuting BEZ and BE3 .info BEGH  We get

N ¢f Lt ogsk bt 4 (}1_,\/~2[M¢+R(%-W)
T bt ¢/, bt Kt ¢ Loesd

085 ' bd \/ [Mu+ P (b~ 'U) S LR BGS
A= i ( 1- ¢ cesfbd d ¢,

alling /4:0.35411?4

X \/ 2 [M»:r?ll%_—d')]ﬁ A | ‘
- - 4 - {- - ISR
’A\s _—_S), < (f) /C d. v q,{y
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APPENDIX C

IDEALIZED j) BENVELOPES

l- 4 bar arrangement ,fy— 40,0 ksi -

Pu
q=-1 0clT/p) < .22 (= -0.93 F + 084
0.21.((?\4/?5)4 0.90 //5:_0_093q((’“/?o') + 0. 653
0.%0 <(P“'/Po)< 0.30 ‘ /3 = 0425 (?u/P03 + 0.41
9=0.3 0 < (%/p)c 018 p=-tos (Blp, )y + 077
0186 < (Pe/P,) < 036 ﬂ:-—mogS?(Pw%J-+d5Qﬁ
0364 (P/p) < 0.90 /3: o.4¢k (P/p,) + ©0.398
g=07% o< (P/p,) <019 = ~0.66 (AJpP,) ~0.675
018< (P /B )< 032 /@: 0 5%
032< (Po/py < 073 = 047 (P+/P.) + 0.41
073 < (P«/?5) < 0.90 = 1445 (T«/P.) = 0.402
q:‘.oq O < (Pu./Pn) < O.(’] =

o4 (%])?) +0.6!
0.53

0.40k4 (P/p,) +0. k2
0.415 (Pa/p) 10.435
1.225 (R /t.)— 0.135

0107<(P/P) < 0.24
024< (% /R) < 0.3%
035 < (/P.)< 070
070 < (%/T) < 0.90

1}

L\

A\

1.3 o <(R/F) < 017
017 < (R/PD < 066
066 < (f/P.) < 090

-0
[\

= - o041 (%) +o58
o445 (Pe/p.) +0.434
108 (P/P) + 001%

il

SR ﬁb‘.\m‘hﬁ R




THESIS

ROBERT COLLEGE GRADUATE SCHOOL PAGE 07
' BEBEK, ISTANBUL

2- 4-bar arrangement , fv— 60 ksi -

q=1 0 < (P./p) < 020 | /;: -090 (P /P>) + 0.825
0.20< (P/P) < 0,41 ﬁ:-—a%7(&/h)'*0673
041 < (F/P) < 0.90 ]’= 0.224 (P /P,)+ 0.518

=03 0 ¢<(P/P)< 013 F:—i.oe(pu/i%)w*oﬁ?

043 € (7 /P.) < 0.28
028 < (Pu/P,) <090

= -0,333(P/P) +0.65%3
= 0.202 (R./P,) +0.504

--085 (P/P) v0.675%
= -0.416 (P /P)+0.631
0182 (R /P) t0.496

q-0.% o < (P /P)< 0Olo
0lo < (P /P)< 024
024 < ( Pu/B)< 090

= ~0.4o0{(Pu/pP.) + 0.Gc0
0,204 (P/P) < 090 = 0.179(Pu)Ps) 4 0.4 GY
q=43 o0 «(R/R)L 0l6

=-0375(Pu/P)+ 0.575
016 & (Pu/Po) < 0.90 -

= 0179 (PJR) + 0. 484

/3
P
Ji
q=0.9 0 (R/P) < o20 ﬁ
ﬁ
f
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3 -~ BE-bar arrangenent ,fy- 40 ksi -

q: ’1,3

4~ B-bar arrangement , fy- 60 ksi

9= 01

0 < (Pu/tpo)< 026
0.26 < (R/Po)< 0.5G
o46 < ( Pu/P)L 0.]0

070 £ (Pa/P,)L 0.90 '

0 < (P/p)< 028
0286< (f/PY< 0. 70
070 < (T /%)< 0.90

o <(P/P)< 030
0.30 < (¢ /P )< o]0
070 < (PuyPe) < 2.90

0 <«(R/p)< 0.2
0.25 <(f/%)< 070
0.70 «(R/B)< 0.80

o Z (R,_/Po) <013
0123 < (P./R)~0T0
0.7 < (FufBy ¢ 090

0 &£ (R/R) <036
036< (PL/P) < 0.90

. O é (?\&/Pa) < Ozg
0.29 < (P/P)< 030

o < (R /m)< 025
0.25 < (Pu/P)< 0.90

o < (R/®)L 0.2]
o2l < (R/B)< 045
045 <« (R/TR)< 0.90

o <(R/%)< 0.20
020 < (R/Te)< 0.45
0.45 < (P/P)< ©.390

)

- 0.4w62 (/e + 017
~0.09 (Pulp) t0.663
0.16] (Pul/Po) + 0.562

/
?: 0.4% (PufPs) + 0.3C5
/&
2
S
£

it

~ 0,243 (R./p) t OGCBO
0.195 (P (f) +0.772
0. 4% (PP )t 0.367

i

1

~0.050 (B/p.) 4+ 0. 645

1

f{ 0.200 (7. /fP.) * 0.540°
0. 450 (Pu/pPo)* 0.367

\@

~o0.do0 (Fu]fe) + 0.615
0. 200 (Ru/P) + 0.5740
0450 (PufP) + 0367

\—@\m\w

pe- 0665 (R JP.)+ 0.60%
ﬁ: 0.200 (Pu/Pe)+ 0.54 @
/3 o L45p (_Pu/Po)+O.365

f=~-0.306(%/R)+0.735
/3 0.176 (P./f) t0.561

/5 ~0.340 (P /P) +0.665
[5 0.20% (P./R)+0.516

1)

~0.260 (R /R)+ 0,625
0.184 (P /B)+ 0. 514

h\w

= ~0.310 (/P ) +0,59%

F: 0.250 (P /P) + 0.477
3= 0.433 (P/ %) + 0.530
/3= ~0.225 (R/ %) +0.570

0.290 (B/P) +0.477
0.133 (Fu /P )+ 0.530

[}

n\
i}
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S

4= 0.4
q=03
9= 0.9
3= 09

q= 1.3

12-bar arrangement ,fy— 40 ksi -

04 (Pu/P.)YL 0.38
0.3%< (P /%) 0.90

0 <(R/R)K 037
037 < ( Pu/P)< 0.90

o <«(FR/r)< 03
0.30 < (R/PR)< 019

o < (R/p)¢ o019
0.29 < (P./f) < 0.9

o <«(FP./p)< 0.29
029 < (R /P )<L 0.90

/3; -0.370 (R /P.) + 0.TGO
p= 0.270 (R /P.)t 0518

= —0.176 (P/P) 4 0.685
F: 0.270 (R./P.) + 0.518

= - 0,183(&/;",)+ 0.65%
/3: 0.270 (P P-}+0.512

=042 (Pu/P.) +0.630

/3: 0.270(fu/p) + 0.548

A= ~0.052(P./P) +0.610
Pz 0.2T0 (R/R)+ 0.5718

6 - 1 - bar arrshgement , fy - &0 ksi -

9= 0.9

9=13

o < (R./P)<0.35
035< (P./B)<o0.90

o < (P J/r)< 027
0.27 < (R /FP) KX 0.90

o <(PR/R)< 023
0.23 <(h/Po)< 090

o < (R/p)< 0A3
019 < (P /)< 0.59
0.59 < £./R)< 0.90

o <« (R/p)< 017
at] 4 (k/f)< 059
0.59 < (R /P> < 0.90

= -0.330 (R./7) + 0.7ho

/

P 0164 (PujR)+ 0.50%

:v-o.aaq (t/7.) +0.670
= 0.183 (P/R) + 0.534]

/3
I
3= ~0260 (R /) + 0.¢30
/3: 0.149 (Pu/P) + 0.536

= 0.342(P/P)+ 0.595
It 0.212 (R/m)+0 43F0
P 0.04B%(Pu/P) + 0.587]

/B:"O,QQL‘ (Pu/?o)"o.l??o
/,(3; 0.242 (f./P) +0.490
'p: 0.0485% (Ru/F.) + 0587
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T~

q:o.1

qz_QE

q:o.‘i

q:(lﬂ

q:.:f%

q:OJ

c7:03

§=07

q:

04

13

A 6,8,10 bar arrangements, fy - 40 ksi -

o £(hf)C 021
021 < (Pu/P) < O4G
046 < (R./P,)< 0.64
0.64 < (% /pP) < 0.90

0 <(P./p)<¢ 031
031 <(P\A./PO) < OQ“‘
0.c4<(p /p) < 0.90

o <(Ph/p)e 0.28
028 < (fu/F) < 0.64%
0.64 < (P/p) < 090

0 <Jd(P/p)< 020
0.20 {(P./P)<¢ 0.64
064 {(R/P,)< 0,90

(o] <(P-/t’:>)< o.18
oug <(®/r.) < o0.64
064 < (t/p)< D.90

=-0.645 (P./P) + 0.190
-0.100 (B /P ) +0.67¢C
0.27%(R/R) +0.502
0. 404 (Puff) 40.422

N

-0.322 (B /p,)+0.690
0,278 (P/f)+ 0.502
0.404 (Pu/P) +0.422

- 0,268 (R /P) + 0660
0.278(R./P) + 0.%02
O0.404(R/R)+ 0422

i u

t

e Th h\’?ﬁ o e TR T®

f= - 0.325(F. /r.) + 0.63¢c
= 0.278 (/) to.502
F: 0.4o04 (FL /L) + 0.422

p= -o0.272 (%/f) + 06to
- 0.278 (Fu/fs) ~ 0.Fo2
= 0. 404 (P [P) + 0.422

6,£,10 bar arrangements , fy— 60 ksi -

0o (R /p.)< 0.30
030 <(f/p)¢ 0.4l
o4l <(R/R)< 030

0 (P fP)l0 28
0.28 < (R [fpP.)c0.90

o <( F../Po)i 0.26
026 < (R /p)< 090

0 «(%/p)<C 020
0.20 ((Pa/Ps) < 0.53
0.93 < (P/P) < 090

O. < (R/R)< olY
0.0 < (R/P.)< 053
053 C(R/P)< 030

=-on3b(R/p) 4+ 0769
Fr»onaé (Pu/Po) + 0.676
ﬁ: 0.224 (Pw/ﬁ;) +0.528

p= 0377 (P/P) + 0.G8BO
/5 = O.487(PM/PO>+ 0.923

= - 0308 (h/p) + 0635
3= 0.188 (% /Ps) + 0.906

r=-0.375(tu/R) +0.607
fa= 0197 (P/F)+ 0-49)
/5: 0.13% (P“/Pc‘,/)aro.;za.

pe ~0.373( P/ )+ 0.580
P 0.197(Pu/P,) T 0.491
[5= 0.135(%/P) + 0.523
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APPENDIX D

NOTATION

a= depth of equivalent rectamgulsr stress block,dsfined by Section 1503%3(g) ACI

Code,1t is equal to klc

=depth of equivalent rectangular stress block for balanced conditions —klc

ab b

A =gross area of section

2

Aé=area of tension reinforcement
Ag=area of compression reinforcement
Asf=area of reinforcement to develop compressive strength of overhanging

fisnges in I- and T- sections

As*=total area of longitudinal reinforcement
v

Av=total area of web reinforcement in t=nsion within a distance,s,maasurnd in
a direction parzlliel to tne longituiinal reinforcement
b=width of compression face of flexural member
b'=width of web in I- end T- sections
c=distance Trom extreme compressicn fiber to neutral axis
cb=distance from extreme compression fiber to neﬁtral axis for balanced
conditions:d(H7,ooe)/(u7,ooo-fy)

qliistance from extreme compression t'iber t: centroid of compression reinforcemnt

d=Gistance from extreme compression fiver to centroid of vension reinforcement
d"=distance from plastic centroid to centroid oY tension reinforcement
D=gver~&ll diameter of circular section
Ds=diameter of the circle torough centers of reinforcement arranged in a circulay
pattern
ezeccentricity of axiasl load at end of member measured from plastic.centroid
of the.section,calculatcd by conventional metnods of Irame analysis

e'=eccentricity of axial load at end of member measured from the centrcid of the

tension reinforcement,calculated by conventional methods of frame analysis -
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e. =eccentricity of load P, measured from plastic centroid of section

b “b
fé=compressive strength of concrete

fs=calculated stress in reinforcement when less itnan the yield strength,fV

fy=yield strength of reinforcement

F= force gnd steel(total)

k =a factor defined in Section 1503(¢) in ACl Code,and in p.

kut=the denth of the compressed area,measured from the extremé fiber on the
compression side

klkut=the depth of the equivalent rectanguler stress block
- { £ L]
m= £ /O.obfc

m'=m-1

M=bending moment

¥'=modified bending moment
Mb=moment capacity at simultaneous crushing of concrete and yielding of
tension steel(balanced conditions)-P e, '

,Mc=moment carréed by concrete section alone

Mes=moment carried by end steels

Mu=moment capacity under combined axia} load end bending

N=load normal totto the cross section,to be taken as positive for compressisn
negative for tension,and to include the effects of tension due io shrinkage
and creep

A /od

p'= Al /bd

pb=reinforCement ratio producing balancéd conditions at ultimate strength

Pe= A, /b'd

pt= Ast /Ag

pwa As /b'd '

e
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ps=ratio of vo;ume of spiral reinforcement to totsl volume of core (out to out
of'spirals)of a spirally reinforced concrete or composite column

P =axial load capacity at simultaneous crushing of concrecte and yielding

b
of tensicn st-el {bzlanced conditions)

Po=axial load capacity of actual member when concentrically loaded

PuwPufaxial load capacity under combined axial load anc benaing
r=radius of gyretion of gross concrete ares of cclumn
R:arreduction factor for long columns
a= AL / bdf!

t=flense thickness in I- and T~ sections

vc=shear stress‘carried by concrete

vu=nominal ultimate shear stress as a measure of diagonal tension
V=total shear at section

Vu=total’ultimate shear

.V&=u1timate shear carried by web reinforcement

eu=ultimate concrete compressive strain-=0.003

¢ .=strain at yiel in outermost reinforcement
'€S=strain in outermost tension reinforcement
es=strain in outermost compression reinfcrcement

76 =capacity reduction factor

RugTwn

3V

W A

Fave

Mg Y

e
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APPENDIX E

E #06044

% C I« KARACA -Se TEZCAN ULTIMATE STRENGTH DESIGN PER ACI-318/63 :
- C ULTIMATE STRENGTH DESIGN OF REINFORCED CONCRETE MEMBERS PER ACI—«

DIMENSION F(8s3)sPARTIC(3, 3)9FAC(3);A(393),BD(3 3)sW(3+3) ;
: ILTYPE(393)sK(3)sSR(2s5) sR(8) :
i C MAINLINE O F BEAMS _ :
. 999  READ 102 !
. 102 FORMAT(80H |
' 1 , ) ‘ .

PRINT 102 ,

READ 902+sMEsNLOADSNC-
i PRINT 97, sMEsNLOADsNC
. 902 FORMAT ( 14)

L 97 FORMAT(//23H NUMBER OF MEMBERS(ME) »14/29H NUMBER OF LOAD CASESH

10AD)=51353X/33H NUMBER OF LOAD COMBINATIONS(NC)=913/)
; PRINT 975
~975 FORMAT(/51H COMBe NOe PARTICIPATION AND OVER STRESS FACTORS)

DO 12 L=1sNC .
READ 908,(PARTIC(I,L),I 1,NLOAD)9FAC(L) :
1 12 PRINT 976sLs (PARTIC(IsL)sI=1sNLOAD)sFACI(L) '
. .976  FORMAT(I545Xs10F742)
READ 908,FCsFY 8
PRINT 910sFCsFY -
FC=FC71000, ’
| FY=FY/1000, {
- 910 FORMAT (24H CONCRETE STRENGTH(FC) =9F8e¢0/ 24H STEEL YIELD STRESS
| 1Y)=3F8.0) i

1. C READ MEMBER DATA

DO 1000 1=1sME
- PRINT 9111 '

911 FORMAT(/////314+19Xs23H END FORCES AND MOMENTSsl9X92HPY,8X92HMY)

DO 5 L=1sNLOAD
: READ 908s(F(JslL)sJ=14+8)

5 PRINT 9099 (F(JsL)eJ=1s8)sL

908 FORMAT(8F1040) -

909 FORMAT(5X98F942+13) :

. READ 99351XsSsB QBP9T9DP’FTle,DZ

. 993 FORMAT(I33F7e05s7F1040)
IF(I-IX) 80448034804

804 - PRINT 802sI,51IX

802 FORMAT (30H MEMBER NUMBER IS OUT OF ORDER/215)
‘GO TO 77

803 CONTINUE
IF(DP) 3534 i

3 DP=245 . !

4 CONTINUE. B

- IF(BP) 45445946

46 PRINT 9131 ‘ j

913 FORMAT(16H LOADS ON MEMBER»sI4) .
DO 18 L=1sNLOAD _ ' |
READ 902sK(L) _ e !
PRINT 91.K(L) '
KK=K(L) : i
IF(K(L)) 18+18+13 ' . , |

13 DO 17 M=1sKK .
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READ 1151sA(MsL)sBD(MsL)sW(MsL)sLTYPE(MsL)
PRINT 91,I9A(M9L)aBD(M:L)’w(MaL)sLTYPE(M9L)oL

17 CONT INUE
is CONTINUE e
45 CONTINUE
11 FORMAT(1443F6e2s14) ‘
91 FORMAT (8Xs1593F9¢2514518)
PRINT 91251sSsBsBPsTsDPsFTsD1sD2
912  FORMAT(/I493H S=9sF6els3H B=sF6els4H BP=9sF6e1s3H T=9sF6elss4H DP=sF
166l 94H FT=9F6els4H D1=sFbelstH D2=3F6el)
Gl=485 .
IF(FC~f4e) 29952995298
298 Gl=e85+e05%(FC~4e)
299  CONTINUE
IF(BP) 50155005501
C BEAMS
501  IF(T-124%5/20.) 32533265326
325  PRINT 4991
499  FORMAT(I4s6X9s35HCHECK THE DEPTH AGAINST ACI-TBL909)
326  IF(T-e4%124%S) 50055000498
498 PRINT. 497
497 FORMAT(61H DESIGN THIS BEAM AS A DEEP BEAMsSINCE T IS GREATER TH!
1 0etsL///7) :
GO TO 1000
500  CONTINUE
DO 300 L=1sNC
IF(NC-1) 897 897,898 |
898  PRINT 896,sL
896 FORMAT(/?ZX,SHCOMB.,IB) :
897 CALL MPV(SR;XM;YM9P’ID’R959A9809 sLTYPEsKsD1sD2sBsBPsL.sNLOADSF »
1PARTICsTsDP)
IF(BP) 401+4005401
401  CONTINUE
PRINT 890
890  FORMATI(6XsT72HAT MU PU VU T AS TNEW |
: 1 ASNEW ASV )
C BEAMS
; TH=T
DO 800 MP=135
T1=TH
TNEW=0,
ASNEW=0
ASV=0,s
XM1=SR(2sMP)
VM=SR (1 sMP)
! GO. TO(396,3969397aB979397)sMP
396  IF(B-BP) 38593855387
387  BH=BP
P=Oo'
f GO TO 384
385 BH=B :
384  CONTINUE
: CALL RBEAM(XMl’PQFC9FYaBH:BPQTHQDP:FT!Gl’AS;ASP,TNEWQASNEW,I915ﬂ
| 1)
' ASH=AS - ,
; IF(TNEW~TH) 5623562563
1563  TH=TNEW ,
i ~ ASH=ASNEW g L
562 CONTINUE o | o
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gy GO TO 799
397- IF(B-BP) 301+396s301
301 CALL TBEAM(XMl9P9FC9FY$B’BP9TH9DP’FTQGl’AS’ASF’IOMP)
: CALL 5HEAR(VM9XM19P9FC’FYsBaBP9FT9TH9DP’A59ASV’IsMP,IS)
799 PRINT 1261 sMPsXMLoPoVMsTL1sASsTNEWIASNEWSASY
800 CONTINUE :
126 FORMAT(214 94F8elsF8e29F8419F8s29F14e3)
C COLUMNS ‘
300 CONTINUE
- GO TO 1000
400 CONTINUE
1000 CONTINUE
T7 SToP

END

CALL SHEAR(VM»XMLsPsFCsFYsBsBPsFTsTHsDP s ASHsASVsIsMPsIS)
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1390 R(J)=0.

.34 I15=2

- 810 DO 380 J=1sIT

00 oot O U e gl 'i

SUBROUT INE MPV(SRaXM’YMsP3159R SsA,BD9W,LTYPE’K9D19029BsBP,L9NLO
lsFsPARTICSTHDP)

C THIS SUBROUTINE COMBINES LOAD CASES AND DETERMINES MsNsV AT FIVE P
DIMENSION R(8)3sA(3+3)sBD(353)sW(353)sLTYPE(333)sK(3)sF(8s3)>
1IPARTIC(353)sSR{2+5)
D=T7-DP
DO 390 J=1+8

DO 33 KK=1sNLOAD
: DO 321 J=1,8
321 R(J)=R(J)+F (JsKKI*PARTIC(KK»sL)
33 CONTINUE
I15=1
P1=R(1)+R(7)
P2=R(4)=R(T7) ‘
IF(ABSF(P1)—~ABSF(P2)) 38938+37

38 P=ABSF(P2)
IF(P2) 35535932
32 18=2
GO TO 35

37 P=ABSF(P1)
IF(P1) 34934435 : '

C 1S=1 MEANS COMPRESSIONs  I1S=2 MEANS TENSION
35 CONTINUE

DO 391 JV=1,5

DO 391 JL=1,2 - - | |
391  SR{JLsJV)=0,

SR(25s1)==R(3)+D1%R(2)

SR(252)=R(6)+D2%R(5)
C FOR BEAMS CALCULATE MNV AT INTERIOR POINTSs FOR COLUMNS SKIP THIS

IF(BP) 45545546
46 SR(1s1)=R(2)

SR(1s2)=R(5)

DO 100 M=3,5

Z=M

DEF=Z-2+

DIS=DEF*S/4.

SR(1sM)=R(2)

SR(2sM)==R(3)+R(2)#DIS

DO 39 KK=1sNLOAD

IT=K(KK)

IF(IT) 39539,810

IF(A(JsKK)-DIS) 80,3805380

80 LT=LTYPE(JsKK)

GO TO(T71s725735380) LT

71 SR sM)=SR (1sM) =W (JsKK) *¥PARTIC(KK»L)

SR{2sM)=SR(2sM)=W(JsKK)*(DIS=A(JsKK)I#PARTIC(KKsL)

f GO TO 380
72 IF(M=3) 82581582
‘81 SR(151)=SR{1s1)—( D/12e+D1)*W(JsKK)*PARTIC(KKsL)

SR(1+2)=SR(152)—(D/12e+D2) %W (JsKK)¥PARTIC(KKsL)
SR(251)=SR(251)=W(JsKK)¥D1#D1%*45%PARTIC(KKsL)
SR(252)=SR(292) =W (JsKK) #D2#D2% ¢ 5#PARTIC(KK sL)

82 SR(1sM)=SR(1sM)~W(JsKK)*{DIS—A(JsKK) }¥PARTIC(KK L)

__AA=A(J5KK) :
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BB=BD(JsKK)

C=S~AA-BB

IF((AA+C)=DIS). 6196262

L 61 ARM=DIS=(AA+45%C)

: SR(2sM)=SR(2sM)~W(JsKK)*C*ARM¥PARTIC(KKsL)

i GO TO 380 :
62 SR(2sM)=SR(2sM) =e5%W(JsKK)* (DIS~A(JsKK))#(DIS~A(JsKK) ) *PARTIC (KK
| 1) . 3;
s GO TO 380 :

73 SR(25M)=SR(2sM)=W(JsKK)*PARTIC(KKsL)

. 380 CONTINUE

39 CONTINUE
100 CONTINUE
DO 101 M=1»,5
DO 101 MM=1,2
101 SR(MMsM)=ABSF (SR(MMsM))
45 CONTINUE
‘ XM=ABSF(SR(2s1))
! IF(ABSF(SR{251))—~ABSF(SR(2+2))) 3053131
i 30 XM=ABSF{(SR(252))
131 CONTINUE
YM=ABSF(R(8))
- RETURN
END
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SUBROUTINE RBEAM(XMsPsFCsFYsBsBPsTsDPsFT 3Gl sASsASP s TNEWsASNEW s
1I15ISsMP)
ASP=0,

4 D=T-DP

ASM=B#D¥%*42/FY
GAPA—.85*FC*B*D
SAYN=1.

IF(15-2) 66’67967

167 SAYN==-1,

66 SAYz=le=2e%#(12 *XM+SAYN*P*(.5*T DP))/(o9*GAPA*D)
IF(SAY) 5966
5 PRINT 12s1sMP
12 FORMAT(2I494X919H INSUFFICIENT DEPTH»4X920HDEPTH IS INCREASED )
AS=0,
GO TO 13
16 AS= GAPA*(l-—SQRTF(SAY))/FY SAYN#P/ { « 9%FY)

| C CHECK FOR LOCATION OF NoA

IF(P) 8035822+803

| 803  EPU=,003

EPY=FY/29000,
ALF=D/(G1*T)
GU=ALF*(1+—SQRTF(SAY))
BETA=EPY*GU/EPU
ALT=0,
UST=1le—(DP/T)-BETA
IF (MP=3) 75,822,75
75 IF (MP=5) 82158225821
821  IF(UST-GU) 820,822,822

1 820 - PRINT 82351

823  FORMAT(18H DESIGN MEMBER NO=»I14,4X/76H AS A COLUMNs SINCE THE AX
1L FORCE PUSHES THE NeAe BEYOND THE RANGE DEFINED/26H IN CASE 2
2 THE ACI-SP7)
GO TO 642
822  CONTINUE
C CHECK FOR MAXIMUM PERCENTAGE PB
10 PB=¢6375%GL#FC%874/ (FY*(87e+FY) )
IF (AS-PB¥B#D) 103510355
103 IF(AS=ASM)1045101,101
104 AS=ASM
GO TO 101

C INCREASE DEPTH INCASE OF INADEQUACY

13 Q=e6375%G1#87e/(8T7e+FY)
DNEW=SQRTF (124 %XM/ (¢ 9¥B*FC#Q¥*(1e~e59%Q)) ) %1410
TNEW=DNEW+DP
GAPA=485%FC*B*DNEW
SAY=2 ¢ %#XM%*12 4/ ( « 9%GAPA*DNEW)
ASNEW= GAPA*(l.—SQRTF(l-—SAY))/FY
101 CONTINUE
642 RETURN
END
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SUBROUTINE SHEAR(VMsXMLlsPsFCsFYsBsBPsFTsTsDP9sASsAVIsMPsIS) .
C THIS SUBROUTINE DETERMINES THE SHEAR REINFORCING STEEL AREA AT 5 PTS
SAYN=1.
IF(IS-2) 12691275127
127 SAYN==1.
126 CONTINUE
D=T-DP
VU=VM/ (BP*D)
VAL=845%SQRTF(FC#1000.) /1000,
IF(VU=VAL) 2352+3
3 PRINT 4sIsMPsVU .
4 FORMAT(214947H INADEQUATE SECTION FOR SHEAR(ACI/1705B) (VU)=,FT:
1,1X93HKSI) E
GO TO 87
2 AG=B*FT+(T-FT)*BP
VALM=3¢5%, 85*SQRTF(FC*IUOO.*(l.+2.*P*lOOO #SAYN/AG) ) /1000,
X=VYM#*D
JF(12¢#XM1—-X) 10s11s11l
11 X=XM13%12e
10 DIN=BP#(X-P*SAYN¥ (s 5%#T—4125%D})
VC=e85%(1e9%SQRTF(FC#10004)+2500« *AS*¥VM/DIN) /10004
AV=0, ‘
IF(VC-VALM) 26+26+27
27 VC=VALM

26 IF(VU=VC) 36936437

37 ° IF(FY=60e) 46946947

47 FY=60. .

46 - AV=(VM=VC#BP%D)/ ( «85%FY*D)
IF(AV=e0015%BP) 56436936

56 AV=40015%BP

36 CONTINUE

87  RETURN
END
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200

121
26
61

74
75

14

101

SUBROUTINE TBEAM(XMsPsFCsFYsBsBPsTs DPsFT9G19ASsASF eI sMP)
PB=e6375%G1l*FC#87e/(FY#(8T74+FY))

PH=0,

D=T-DP

CONTINUE

ASF=0,

GAPA=485%FC#B%D

SAY= 1.-2.*12.~XM/(.9*GAPA*D)

IF(SAY) 53646

PRINT 12,1 sMP

FORMAT(21494Xs19H INSUFFICIENT DEPTH)
AS=0,

Q=eb63T75#G1%*87 4/ (87 4+FY)
D=SQRTF(XM*12./(.9*8*FC*Q*(1.—.59*Q)))*lolO
T=D+DP

GO TO 200

AS=GAPA%#(1«=SQRTF(SAY))/FY

Q=AS*FY/ (B*D*FC)

VAL=1.18%Q%D/G1

IF(FT=VAL) 26,121,121

IF(AS-B%D¥PB) 101510145

ASF=.85%(B~BP ) #FT*FC/FY

SAY=le=2e% ((XM#12e/ 9)“ASF*FY*(D‘¢5*FT))/(GAPA*D)
IF(SAY) 13461,61
X=GAPA*(1+~=SQRTF(SAY))/FY

IF(X) T4s75.75

X=04

AS=X+ASF .
IF{(AS—ASF)~BP#D#PB) 1015101s14
SH=¢85%FC#B

DIN=PB*BP*FY*(PB*BP#FY—- ZoWSH)
ALF=SH*FY#*ASF/DIN
BET=SH*(2e#XM3#124/ ¢ 9+ASF*FY*FT) /DIN
D=ALF¥(1e=SQRTF(1e—BET/ (ALF*ALF)))%1,1
T=D+DP
GO TO 200

. AS=AS+ASF

RETURN

END

r
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C COLUMNS MAINLTINE
DIMENSION CL(1)sGL(1)sHP (1)

999 . READ 102

102 FORMAT ( 80H

PRINT 102 .
READ 902sMEsNLOADsNC
PRINT 97 »sMEsNLOADsNC
902 FORMAT (2014
97 FORMAT(//23H NUMBER OF MEMBERS(ME)=s14/29H NUMBER OF LOAD
‘ 10AD)=91393X/33H NUMBER OF LOAD COMBINATIONS(NC)=513/)
READ S08sFCsFY
PRINT 910sFCsFY
FC=FC/1000.
FY=FY/1000,

910 FORMAT (24H CONCRETE STRENGTH(FC) =sF8.0/ 24H STEEL YIELD
1Y)=3F8.0)

908 FORMAT (8F1040)
Gl=.85

IF(FC=4) 299,2999298
298 Gl=e85+e05%(FC=4,)
299 CONTINUE
DO 1000 I=1sME
AST=0,
PS=0,
LBAR=0
" READ 99335IXsS+sBsBPsTsDPsFTsD1sD29LBAR
; . READ 993sIXsXMsYMsP
993 FORMAT(I3sFT7e0s6F10409F840,12)
PRINT 91291s55BsBPsTsDPsFTsD1sD2

160l 94H FT=3sF6elstH D1=sF6elstH D2=sFbel)
PRINT 796
796  FORMAT(/2Xs65HM LBAR  MX MY PU. PB
1ST SPIRAL)
XMF =XM
YMF=YM
XM=12 o %¥XM
 YM=124%YM

1AXES s HP sMEMsNU1 sNU2sNU3 )
IF(AXES=1s) 29529530

C UNTAXIAL BENDING

29 CONTINUE
IF(FT) 4104105411

411  CONTINUE
CALL CIRCLE(XMsP>PBsTsDPsBsFTsFCsFYsASTsGLs IsEsAG)
GO TO 129

410  CONTINUE
CALL ACIUNI(XMsPsPBsTsDPsBsFTsFCsFYsASTsG1ls 1 sAG)

C CALL SP7KU (XM$P,PBaT’DP989FT9FC’FY,AST9619IgAG,KUaUK)

C IF(AST+100s) 128521045128

C 128 CALL SPT7AST(XMsPsPBsTeDPsBsFTsFCosFY»ASTsG1lsI sAGsKUUK)
C . IF(AST+1004) 12951000,129

129  CONTINUE
GO TO 800 -

C ULTIMATE STRENGTH DESIGN OF COLUMNS I1.KARACA — S.TEZCAN

912 FORMAT(///1433H S=9F6el93H B=sF6els4H BP=sF6els3H T=sF6els4H DP“;

CALL COLUMN(XMaYMsPaFCsFY;B’BP9T9DP;FT;GloI0ASJ$S;P59R,AG,PB$PBW

CASESh

STRESS

i

F— -
T RO TR IR ¥ 60 T LA kbbb i
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o,

WL, 4Ty

C BIAXIAL BENDING

30
800
204"
205
206
209
210
126
1000

CONTINUE

CALL BIAX(XMsYMsPsPB, PBY,T,DP,B FT’FC’FY’AST’G].,IQAGQLBARDBETQ(‘__O}:

CONT INUE
IF(AST-s01%AG) 20452055205
AST=,01%AG
GO TO 210
TF(AST-+08%AG) 21052105206
PRINT 20951,AST
FORMAT (14510Xs4HAST=5F842,4X,46HIS IN EXCESS OF 0408 AGROSS,
1EASE SIZEees)
CONT INUE ‘
PRINT 1265IsLBARsXMFsYMFsPsPBsRsASTsPS
FORMAT (21454F8¢152F8425F1044)
CONT INUE
STOP
END

IN
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SUBROUTINE COLUMN(XMsYMsPsFCsFYsBsBPsTsDPsFTsGlsIsAST»SsPSsRsAGy
1PBsPBY s AXESsHP s MEMsNULsNU2 s NU3) .

DIMENSION HP(1)

- NU1=0

NU2=0

NU3=0

C NU1l=1 USE SEC916Als NU2=1 USE SEC916A2s NU3=1 USE SEC916 EQ9.5
C NU1=0sNU2=0s NU3=0 MEANS USE SEC916 EQe9- 4

28
26

0N

701

& 8
9

702
704

703

706

705
127
121
120
12

760
15

10
17.
14

21
22

23

24

~ CONTINUE

AXES=1.

IF(YM) 28926428
AXES=2.
D=T~DP
RGX=425%T
RGY=RGX

IF(FT=1e) 59695
RGX=e3%T
RGY=63%B

RMIN=RGX
IF(RGY=RGX) 3444
RMIN=RGY
R=1le

SL=12+%#S5/RMIN
SH=12+%HP(1)/RMIN
SH=SL
PB-.?W.BB*FC*B*D*61*87 /(8T7e+FY)
PBY=e 7% e85¥FCHT#(B=DP)#G1%8Te/ (87 4+FY)
IF(NU1) 70247025701
IF(SH=604) 149148
IF{SH=1004) 939410
R=1e32=¢006%5L
GO 70 127

IF(NU2) 703,703,704
R=1407~+008%5SL.
GO TO 127

IF(NU3) 705,7059706
R=1418-4009%SH '
GO TO 127
R=1407=-4008%SH
IF(R=1e) 12041204121
R=1, '

“IF(P=PB) 12+12s14

R=R+(le=R})¥*(PB-P)/PB
IF(R=1e) 14514915
R=1,
GO TO 14
PRINT 17sIsSL '
FORMAT(10H IN COLUMNsI493Xs11lHs H/R RATIOsF8e294X»19HIS GREATER
1AN 100)
GO -TO 15
P=P/R
IF(XM=o 1%T*P) 21922522
XM= o 1 ¥ TH*P -
IF(YM=e 1%B%*P) 23924924
YM=,o 1#B#P
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PAGE

202

- 201
200

700
607

701
606

608
900
901

899
777

SRRy T

(IF(FT-1.) 201,202,201

PS=0,

AG=(3. 14159*TwT)*.25
AC=3 414159 (To2 4 ¥DP)* (T=24%DP ) %425
PS=e45%(AG/AC~14 ) ¥FC/FY
CONTINUE
RETURN
END

SUBROUTINE CIRCLE (XMsPsPBsTsDPsBsFTsFCoFYsASTsG1lsIsEsAG)

E=XM/P

AL=P/ (4 85% 4 75#FC#T*T)

DS=T-2.%DP -
EMS=FY#DS/ ( 485%#FC)

IF(FT~1e) 700,700,701

IF(P-PB) 607s607+:608
AST=(2¢5%AG*T/EMS ) #AL¥ (AL+1 7*E/T—.76)
GO TO 777 h

IF(P-PB) 606+606+608
AST=(T*AG/ (¢ 6THEMS) ) ¥AL* (AL+2e*E/T =14)
GO TO 777

FAC=((3e*E/DS)+14)/FY

IF(FT~1e) 900,900,901 .
DIN=Qe6¥THE/( (e 8¥T+e67%DS)%%2)+(1618)
GO TO 899 \
DIN=12¢¥T*E/((T+eb67#DS)%%2) +(1418)
AST=FAC*((P/e7) —AGX*FC/DIN)

RETURN

END




ROBERT COLLEZGE GRADUATL SCHOOL PAGE
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O D R ]

'SUBROUTINE ACIUNI(XMsPsPBsTsDPsBsFTsFCsFY»ASTs>GlsI1sAG)
C-SOLUTION BY ACI EQe. lO EMPRICAL FORMULA
D=T-DP
AL= .85%FC
E=XM/P
EP=E+45%T~DP
410 IF(P-PB) 10151015102
C TENSION GOVERNS
101 SA=P/ (e T*AL*B*D)
ALF=FY#(1e~DP/D)/AL+DP/D-SA
SI=SA%* (SA+2.%EP/D —~ 2.)
CALL SECON(ALFsSIsR1sR2sIs1sMESAJ)
IF(MESAJ~1) 19752995197 '
197 AST=2+% (R1%B%*D)

GO TO 300

C COMPRESSION GOVERNS

102 CONTINUE ‘ ,
AST=(P/eT~ (BXTH#FC)/((3e*T*E/(D*D)) +1418) )% 24%(E/(D=DP) +¢5)/F
GO TO 300 | >

299 AST==100, ;
300 RETURN ' }

END

SUBROUTINE BIAX(XMsYMsPsPBsPBYsTsDP, B,FT!FC’FY’AST’Gl’I’AG,LBARQ
1BETSTOL)
TOL=.03
RX=T/B > - . :
RY=B/T i
BET=e65
Yi=YM+XM#¥RY#(1le—BET)/BET
X1=XM+YM#RX*(1es~BET)/BET
999  CONTINUE
XMH=X1
PBH=PB
TH=T
BH=B
IM=1
C- IM=1 MEANS MX PREDOMINATING, IM=Z2 MEANS MY PREDOMINATING
IF{YM=XM%¥Y1/X1) 33394
4 XMH=Y1
BH=T
TH=B "
PBH=PBY
IM=2 :
3 CONTINUE
IF(FT) 4109410411
411 CALL CIRCLE(XMHsP sPBHsTHsDPsBHsFTs FCsFY9AST’Gl,I9E9AG)
GO TO 98 i
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410
129

716

717
715

101
102
103

104
27

26
98

320

271

325
261

326
87

327

CALL ACIUNI(XMHsP9PBH>TH9DP,BH,FT9FC9FYQASTH9Gl9IsAG)
CONTINUE :

IF (LBAR) 71657165717
PRINT 715s15IMsLBAR
GO TO 327
CONTINUE
FORMAT (3144384 IMPROPER BAR ARRANGEMENT NUMBER (LBAR))
GO TO(10151025103,104),LBAR
AST=ASTH
GO TO 98
AST=(8e/T7e )*ASTH
GO TO 98
AST=(124/104)%ASTH
GO TO 98
IF(IM=1) 264926527
AST=ASTH
GO 70O 98
A5T=(100/70)*ASTH~
PT=AST/(B*T)
Q=PT*FY/FC
PO=e 7% ( «85%#FC%(AG~AST )+ FY*#AST)
PP=P/PO
CALL BETTA(PPsFYsLBARsQsBETN)

. SA=LOGF(+5)/LOGF(BETN)

IF(((ABSF(BETN=BET))/BETN) -TOL) 3205320587

CONTINUE

BET=BETN <

IF(IM=1) 26152615271

XMK=X1#((la= (YM/YL1)#%SA)%%(1e/SA))
IF(1403%XMK=XM) 325,327,327
CONTINUE

GO TO 87

YMK=Y1#((le= (XM/X1J%¥SA)¥#(104/SA))
IF(1403%YMK=YM) 32653275327
CONTINUE

CONTINUE

BET=BETN

RY=XM/X1

RX=YM/Y1

X1=XM/( (1e=RX%%¥SA)%%(1a/SA) )

Y1=YM/( (1e—RY#%#SA)%#(14/SA) )

GO TO 999

CONT INUE

RETURN

END
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770

SUBROUTINE SECON(ALSsBEsR1sR2sIsJsMESAJ , i
MESAJ=0 ‘

-SAY=1e- BE/(AL*AL)

IF(SAY) 635545

PRINT 7s1sALsBEsJ |
FORMAT(14s5Xs17H IMAGINARY ROOTS 94X s4HALF=9Flbebs4Xe4HBET=sF 14|
115) :
MESAJ=1
GO TO 770
R1=AL%*(1«-SQRTF (SAY))
R2=AL#*(1«+SQRTF(SAY))
RETURN
END
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FPAGE

151
171
173
175
172

174
176

170
181
183
185
182

184
186

180
191
193
195
197
192

194
196
198
190
211
213
215
217
219
212
214

216

218

SUBROUTINE BETTA(PPsFYsLBAR*QsB)
BAR ARRANGEMENT LBAR=1 - FY=40,
B=0,

IF(Q=e2) 17191715170
IF(PP=¢22) 17241724173
IF(PP=e5)17451749175
IF(PP—=e9) 1765176+500
BETA=—¢93%PP+,84

GO TO 77
BETA=—40535%#PP+4,635

GO TO 77
BETA=e425%#PP+441

GO TO 77

IF(Q=e4) 18191812180
IF(PP-,18) 182,182,183
IF(PP=e36)1844318445185
IF(PP=,9) 18651865500
BETA==1e05#PP+477

GO TO 77 ~
BETA=-40835%#PP+4599

GO 70 77
BETA= ¢ 464%PP+,398

GO TO 77

IF (Q=e7)19151915190
IF(PP=619) 192+192,193
IF(PP=¢32) 19451945195
IF (PP=e73) 19691969197

IF(PP=490) 19851984500
BETA==466%PP+,675

GO TO 77

BETA=455

GO TO 77
BETA=e45%PP+441

GO TO 77
BETA=1e145%PP~4102

GO 7O 77

IF(Q-1el) 21142115200
IF(PP=¢17)212352125213
IF(PP=e24) 2144214,215
IF(PP-435) 21632164217
IF(PP=470) 21842185219
IF(PP=¢90) 2205220,500
BETA=—e47#PP+461

GO TO 77

BETA=453

GO 10 77
BETA=4464%PP+e42

GO TO 77
BETA=4415%PP+a435.
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BEBEK, ISTA:-zEQL
66 ‘-Ii 6"*‘7“7“"" e e ~. —— Pl AT T
220 BETA=14225%PP-4135
GO TO 77
200 IF(Q=1e8) 231423151500
231 IF(PP=e17) 23252324233
233 IF(PP—e66) 234923445235
235 IF(PP~490) 23652365500
232 BETA=~441%#PP+,58
GO TO 77
234 BETA= e 45%PP+e434
GO TO 77
236 BETA=1408%PP+¢015
1 GO TO 77 .
500 PRINT 1497sPP |
1497 FORMAT(4Xs54H PU/PO GREATER THAN 9 NOT ALLOWED IN PARMERsS CHAI
1592F842) :
GO TO 77 ;
1500 PRINT 1496,Q ;
1496 FORMAT(4Xs48H Q IN PARMERsS CHARTS CAN NOT BE LARGER THAN le6s6Xi
1F842)
77 CONTINUE
B=BETA
RETURN
END
SUBROUTINE BETTA(PPsFYsLBAR»QsB)
C 8 BAR-ARRANGEMENT - LBAR=2 FY=40e
B= 0 .
141 IF(Q=e2) 29142915290
291 IF(PP=e26) 29222925293
293 IF(PP=e46) 29432944295
295 IF(PP=,70) 2962965297
297 IF(PP-,90) 298352984500
292 BETA==4462%PP+,77 ;
GO TO 77 '
294 BETA==e405%PP+,663 ;
GO TO 77 : :
296 BETA=4167%#PP+4562 ?
GO TO 77 :
298 BETA=e45%#PP+4365 §
GO TO 77 |
290 IF(Q-e4) 30193015300 |
301 IF(PP=-+28) 3025302,303 :
303 IF(PP—=470) 304s304,305 g
305 IF(PP=490) 30653065500
302 BETA==4243%PP+,68 ' '
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Sl atad’

306

300
311
313
315
312

314

316

310
321
323
325
322

324
326
320
331
333
335
332
334
336
500
1497
1500
1496

77

304 BETA=e255%PP+.572

GO TO 77
BETA=¢45%PP+6365

GO TO 77

IF(Q-e7) 31193114310
IF(PP~430) 312s312,313
IF(PP~e70) 31493144315
IF(PP-s90) 31653164500
BETA=~4 15%PP+ 4645

GO TO 77
BETA=e20%PP+454

GO TO 77
BETA=e45%PP+4365

GO TO 77

IF(Q-1e1) 32153215320
IF (PP-425) 32253225323
IF(PP=470) 32453244325
IF(PP=+90) 32653265500
BETA==+ 10%PP+4615

GO TO 77
BETA= ¢ 20%PP+ 454

GO TO 77

BETA=e45%PP+4365

GO TO 77

IF(Q=1e8) 331+33151500
IF(PP=423) 33253324333
IF(PP=470) 33493344335
IF(PP-+90) 336533635500
BETA=~4065%PP+, 605

GO TO 77
BETA=e20%PP+¢54

GO 1O 77
BETA=o45%PP+4365

GO TO 77

PRINT 1497sPP

FORMAT (4Xs54H PU/PO GREATER THAN

1552F842)

GO TO 77
PRINT 1496,Q

FORMAT(4X948H Q IN PARMERs»S CHARTS CAN.NOT BE LARGER THAN 1l 696X
1F8e2)

CONTINUE
B=BETA
RETURN
END

9

NOT ALLOWED IN PARMERSsS CHﬂ
|

i
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PAGE

SUBROUTINE BETTA(PPsFYsLBARQsB)

C 12 BAR ARRANGEMENT LBAR=3 FY=40,.
B=O.

131 IF(Q=e2) 39193914390

391 IF(PP=e38) 3925392,393

393 IF(PP=¢90) 39493945500

392 BETA=—=e370%PP+476
GO TO 77

394 BETA=e27#PP+4518
GO TO 77 :

390 IF(Q=e4) 41154115410

411 IF(PP=437) 412+412+413

413 IF(PP=490) 41494144500

412 BETA==4176%PP+4685
GO TO 77

414 BETA=e27#PP+4518
GO TO 77
410 IF(Q=e7) 42154219420
421 IF(PP=s3) 4224223423
423 IF(PP=e9) 42444245500
422 BETA==4183%PP+4655
GO TO 77
424 B=e27%PP+4518
, GO TO 77 :
420 IF(Q-lel) 43154319430
431 IF(PP=e29) 43254325433
433 IF(PP=e90) 43434344500
432 BETA=—el21%PP+e63
GO TO 77
434 BETA=e27%PP+4518
GO TO 77 :
430 IF(Q-1e8) 441544151500
441 IF(PP=e29) 442+442,443
443 IF(PP~e90) 44494444500
442 B=—e 052%PP+461
GO TO 77
444 B=e27%#PP+4518
. GO TO 77
500 PRINT 1497sPP
1497 FORMAT(4Xs54H PU/PO GREATER THAN «9 NOT ALLOWED IN PARMER»S CHA
‘ 1532F842)
GO TO 77
1500 PRINT 1496,Q _
1496 FORMAT(4Xs48H Q IN PARMERsS CHARTS CAN NOT BE LARGER THAN le636X
1F842)
77 CONTINUE
B=BETA
RETURN
END
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SUBROUTINE BETTA(PPsFYsLBAR$Q9B) v
C 10 BAR.ARRANGEMENT LBAR=4 FY=40.
B=0a . '
121 IF(Q=e2) 51155115510 :
511 IF(PP=421) 51295125513
513 IF(PP-e46) 51435149515
515 IF(PP=e64) 5169516517
517 IF(PP-+90) 518s5184+500
512 BETA==e645%PP+4790
GO TO 77
514 BETA=—41l0%PP+,676
GO TO 77 ‘
516 BETA=«278%PP+4502
GO TO 77 .
518 BETA=e404%PP+4422
. GO TO 77
510 IF(Q-e&4) 52195215520

521 IF(PP=e31) 5225225523
523 IF(PP=e64) 524352445525
525 IF(PP=e90) 52635265500
522 BETA==¢322%PP+469

GO TO 77

524 BETA=e278%PP+,4,502
GO TO 77

526 BETA=e404%PP+,422
GO TO 77

520 IF(Q-e7) 53155315530
‘531 IF{(PP—=428) 5325324533
533 IF(PP-e64) 5345344535
535 IF(PP-+90) 53645364500
532 BETA=-¢268%PP+466

GO 70 77 .
534  BETA=4278%PP+,502
GO TO 77 :
536 BETA=e404%PP+,42
GO TO 77

530 IF(Q=1lel) 54145415540
541 IF(PP-e20) 54245425543
543 IF(PP=eb64) 5445444545
545 IF(PP-e90) 54695464500
542 BETA==4325%PP+.63

GO TO 77 |
544 BETA=4278%PP+,502
GO TO 77
546 BETA=e404%PP+,422
GO TO 77 . ‘ *

540 IF(Q—=1e8) 551455151500
551 IF(PP-,18) 55255525553
553 IF(PP=e64) 55435544555
555 IF(PP—=¢90) 55635564500
552 BETA=-e278%PP+461

GO TO 77
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556
500
1497
1500
1496

17

C 4
152
241
| 243

t 245
242

244
246
240
251
253
255
252

254

554

. FORMAT(4Xs48H Q IN PARMERsS CHARTS CAN NOT BE LARGER THAN 1le646X

J SUBROUTINE BETTA(PPsFYsLBARsQsB)

BETA=+278%PP+4502
GO 'TO 77
BETA=e404%PP+4422
GO TO 77
PRINT 1497,PP
FORMAT (4Xs54H PU/PO GREATER THAN +9 NOT ALLOWED IN PARMERsS CHA
1S552F842) )
GO TO 77
PRINT 1496,Q

— S S S S IO P SRRSO

1F8e2)
CONTINUE
B=BETA
RETURN
END

BAR ARRANGEMENT  LBAR=1 FY=60. f
B=0e g . :
IF(Q=e2) 2419241+24U

IF(PP-e20) 24292424243 ;
IF-(PP=e&4l) 24492444245 T
IF(PP=e90) 24632465500 ’ j
BETA=—=49%PP+4825 j
GO TO 77 '
BETA==el67%PP+4678

GO TO 77.

BETA=e¢244%PP+4518

GO TO 77 '

IF(Q=e4) 25142515250 -
IF(PP=e13) 25242525253

IF(PP=o28) 25492544255

IF(PP—490) 25642565500 C
BETA==1+08%PP+475 :

GO TO 77
BETA==4333%PP+¢653
GO TO 77



THESIS |
ROBERT COLLEGE ORADUATE SCHL;OL PAGE
BEBEK , ISTANBUL

250
261
263
265
262

264
266
260
271
273
272
274
280
281
283
282
284
500
1497
1500
1496

77

o5E

"BETA=.202%PP+,504 -
GO TO 77
IF(Q~e7) 26152615260
IF(PP=410) 26292625263
IF(PP~e24) 26492649265
IF(PP=¢90) 26632665500 -
BETA==0e85%#PP+,4,675
GO TO 77
BETA==e416%PP+,4631
GO TO 77
BETA=4182%PP+4496
GO 70O 77
IF(Q=1el) 271271280
IF(PP-e2) 27252722273
IF(PP=e9) 2742745500
BETA==e4%PP+460
GO TO 77
BETA=e179%PP+4484
GO TO 77
IF{Q-1.8) 281’28191500
IF(PP=e16) 28252825283
IF(PP=e90) 284322844500
BETA==0+375%PP+04575
GO TO 77
BETA=4 179%PP+4484
GO TO 77
PRINT 1497sPP .
FORMAT (4Xs54H PU/PO GREATER THAN 9 NOT ALLOWED IN PARMERsS CHA
15»2F8.2) : i
GO TO 77
PRINT 1496,Q
FORMAT(4Xs48H Q IN PARMERSS CHARTS CAN NOT BE LARGER THAN 1e646X
1F8.2)
CONTINUE
B=BETA

RETURN
END
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202
341
343
342

344

340
351

353

352

354
350
361
363
362

364
360
371
373
375
372
374
- 376
370
381
383
385
382
384
386
500
1497

11500

1496

17

SUBROUTINE BETTA(PPsFYsLBARSQsB)

BAR ARRANGEMENT LBAR=2 ' FY=60,
B=0e

IF(Q-e20) 34143415340

IF(PP=436) 34235342+343

IF(PP-s90) 34453444500
BETA==e306%PP+4735

GO TO 77

BETA=176%PP+4561

GO TO 77

IF{Q=e¢40) 3515351350,
IF(PP=o29) 35293525353
IF(PP=s90) 3545354,500
BETA==4310#PP+,665 :
GO TO 77 .
BETA=4205%PP+,516
IF(Q=e7) 36153615360
IF(PP—¢25) 36243624363
IF(PP=e90) 36493644500
BETA==426%PP+4625

GO TO 77 .
BETA=e184%PP+ 4,514

GO TO 77

IF{Q=1el) 3719371370
IF(PP=e21) 37293725373
IF(PP=o&45) 37493744375
IF(PP=690) 37643765500
BETA==¢31%PP+ 4,595

GO TO 77
"BETA=e25%PP+4¢477

GO TO 77
BETA=e¢133%PP+453

GO TO 77

IF(Q—-1+8) 3815381,1500
IF(PP=+20) 382s3829383
IF(PP-e45) 38493844385
IF(PP=490) 38693864500
BETA=—4225%PP+4¢57

GO TO 77
BETA=«25%PP+6e477

GO. TC 77 .
BETA=4133%PP+,53

GO TO 77 ,

PRINT 1497 PP

FORMAT (4Xs54H PU/PO GREATER THAN 9 NOT ALLOWED IN PARMER»sS CHAI

15+:2F842)
GO TO..77
PRINT .14965Q

FORMAT(#X;48H Q IN PARMERsS CHARTS CAN NOT BE LARGER

1F842)
CONTINUE
B=BETA
RETURN
END

THAN 1

0556X

]
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C 1z

132
451
453
452

454

450
461
463
462

464
460
471

473
472

474

470
481
483
485
482

484
486
480
491
493
495
492
494

496

500

1497

1500
1496

77

SUBROUTINE BETTA(PPsFYsLBARsQsB)

BAR . ARRANGEMENT LBAR=3 "FY=60e
B=0. . - R
IF(Q=e2) 45144519450

IF(PP=435) 45294524453

IF(PP-490) 45444544500
BETA==4¢33%PP+e74

GO TO 77

BETA=¢164%PP+,568

GO TO 77

IF(Qeob) 46154615460

IF(PP=a27) 46234624463

IF(PP-a9) 4643464500
BETA==e334%PP+¢67 .
GO TO 77 :
BETA=e183%PP+4531

GO TO 77

IF(Q—=e7) 4715471s470

"IF(PP=e23) 47254725473

IF(PP=a9) 474447445500

BETA==e26%PP+,63 ‘

GO TO 77

BETA=4149%PP+,536

GO TO 77 '
IF(Q=1e1) 4814482,480 i
IF(PP=¢19) 482s482,483
IF(PP=459) 4843484485
IF(PP=490) 48634865500
BETA==¢342%PP+4595

GO TO 77
BETA=¢212%PP+4,490

GO TO 77
BETA=40485%PP+,587

GO TO 77

IF(Q~148) 491549151500
IF(PP~el7) 4929492,493
IF(PP=¢59) 49454944495
IF(PP=e90) 49634965500
BETA==¢264%PP+e57

GO TO 77
BETA=e212%#PP+,490

GO TO 77
BETA=¢0485%PP+4587

GO TO 77
ggéﬁlT%ZiZ%Zﬁ-PU/PO GREATER THAN «9 NOT ALLOWED IN PARMER,S CHA
1532F842) ' i
GO TO 77

PRINT '1496,Q

FORMAT (4Xs48H Q IN PARMERsS CHARTS CAN NOT BE LARGER THAN l1le6s6X

1F8.2)
CONT INUE
B=BETA
RETURN
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122
561
563
565
562

564

566

560
| 571
] 573
! 572

574

| 570
581
583
582

© 584

580
591
593
1 595

| 592

594
| 596

| 590

SUBROUTINE BETTA(PPsFY»LBAR9QsB)
BAR ARRANGEMENT LBAR=4 FY=60.

B8=0.

IF(Q=e2) 56195615560
IF(PP~430) 56245624563
IF(PP—e4l) 56435644565
IF(PP=490) 5665665500
BETA==¢e434%PP+4765
GO TO 77 .
BETA==0136%PP+4676
GO TO 77
BETA--ZZQ%PP+0528
GOC TO 77

IF(Q=e4) 5719571,570
IF(PP~e28) 57295724573
IF(PP=490) 57495745500
BETA==¢375%PP+468
GO TO 77
BETA=4185%PP+,523
GO TO 77

IF(Q=e7) 581;581 580
IF(PP~426) 58245824583
IF(PP=a90) 584958445500
BETA=—4308%PP+4635
GO TO 77 -
BETA=.188%PP+¢506
GO TO 77 '
IF(Q-1el) 59145915590
IF(PP=420) 59255925593
IF(PP=e53) 59495945595
IF(PP=690) 59645965500
BETA=—e375%PP+,605
GO TO 77
BETA=e197%PP+4491
GO TO. 77
BETA=«135%#PP+4523
GO TO 77

IF(Q~1e8) 601460151500
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601
603
605
602
604
606
500
1497

1500
11496

77

IF(PP=e17) 60256025603

IF(PP=¢53) 60496045605

IF(PP=490) 60656065500

BETA=—4353%PP+458

GO TO 77

BETA=e197%PP+4491

GO TO 77 :

BETA=e135%PP+4523

GO TO 77

PRINT 1497sPP

FORMAT (4Xs54H PU/PO GREATER THAN .9 NOT ALLOWED IN PARMERsS CHA
1532F842)

GO TO 77

PRINT 1496sQ

FORMAT (4Xs48H Q IN PARMERsS CHARTS CAN NOT BE LARGER THAN 1le636X
1F842) '

CONTINUE

B=BETA

RETURN

END
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SUBROUTINE ACIUNI(XMsPsPBsTsDPsBsFTsFCyFYsASTsGlsI5AG)

C SOLUTION BY ACI EQel9/75859 EXACT EQUATIONS IN COMPRESSION

D=T-DP
AL=485%FC
E=XM/P
EP=E+45%T~DP

410  IF(P-PB) 10151015102

C TENSION GOVERNS

101 SA=P/ (. T#AL¥B%D)
ALF=FY#(1+=DP/D)/AL+DP/D~SA
SI=SA% (SA+24*EP/D = 24)
CALL SECON(ALF»>SIsR1sR25151sMESAJ)
IF(MESAJ-1) 197,300,197

197  AST=24%(R1#B%*D)

GO TO 300
C COMPRESSION GOVERNS
102 CONT INUE

AB=G1%D%87e/(8T7e+FY)

ALF=1e4%FY®*(FY-AL)*(D=DP)

BE=XM*(FY-AL) +o¢5%P*¥FY#(D=DP)=435%AL#B*#T*FY*(D~DP)
1 = «35*%AL#*B*AB*(FY~-AL)* (T~AB)

GCA= e 35XAL®AL*B#B*T*AB#(T~AB )~ .5*AL*B*AB*(T—AB)*P+ XM*AL*B* (AB-T|

ALFA=BE/ALF

BE=GA/ALF

CALL SECON(ALFAsBEsR1) R2,1929MESAJ)
IF(MESAJ-1) 19392995193

1193 COZ=R1

IF(R1) 30s31s31

30 - IF(R2) 995404540

31 IF(R2) 50551451

51 IF(R1-R2) 50550540

99 . PRINT 98s1sMP

98 FORMAT(214+5X936H NEGATIVE AST FROM EQe ACI(19/75859))
AST=24%C0OZ
GO TO 300

40 CO0Z=R2

50 AST=24%C0Z
GO TO 300

299 AST==100,
300 RETURN
END
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1202

(776

203

1204

801

205

777

555

SUBROUTINE SP7KU (XMsPsPBsTsDPsBsFTsFCsFYsASTsGlsIsAGsKUsUK)
DIMENSION ROOT(3)
EM=FY/ { «85%FC)

E=e Q03#EM#29000e/FY
EYU=(FY/29000,4)/7(+003)
PU=P/ (¢ 7%FC%B%*T)
XU=XM/ (¢ THFCABH*T*T)
G=(T=2e%DP) /T

DO 104 KU=145

SAYN=1.

GO TO(2019202520352U45205) sKU
GIS=1le~-G

Y=E-EM~1.

Z=E+EM~1,

SAYN==-1. - .

ALT=(e5 =e5%G)¥* 499
UST=(e5%(1le=G)/(1e~EYU))#%1401
GO TO 801

CAK=e5%(G*(2, *EM~1 e)+le) /Gl

BK={G# (24 %EM—=1e)#PU +2¢%XU)/(85%#G1%G1)
CALL SECON(AKsBKsUKsR2sI193sMESAJ)
PRINT 55551sKUsAKsBKsCKsDKsUKsR2
FORMAT(214s6F12e4)

IF(MESAJ) 10457765104

ALT=( 5% (1le=G)/(le=EYU)) %499
UST=(e5%(1le+G)/(1le+EYU)) #1401

GO TO 770 '
Y=EM=-1e+E

L=EM-le~-E

GIS=14+G
ALT—(.S*(1.+G)/(1.+EYU))* 99

UST=(e5%(1e+G) )% 1401

GO TO 801

Y=EM=2++E
Z=EM-E
GIS=1le+G
ALT=(e5%(le+G))%* 99
UST=(1e/Gl )¥* 101
AK==¢85%G1#G1%*Y
BK=eB85%G1¥#(Y~G#Z+e 5*61*615*5)
CK=GH#ZH#PU=2 ¢ ¥Y*XU=o425%G1*#GISHG] S*E
DK=GIS#EH* { SAYN# o5xG*¥PU+XU)
PRINT 5555 1sKUsAKsBKsCKsDK UK
GO TO 777

DKz (1e+G) KE# (o 5#G#PU+XU=~4425%G)
CK=GH#ZU¥PU —24#Y¥XU = ¢85%G#Z
UK=-DK/CK '
ALT=(14/Gl )% &99
UST=9999999,

PRINT 5553 1sKUsAKsBKsCKsDK UK
GO TO 770
ROOTS OF CUBIC EQUATION
R1=ALT+402

TOL=4005

NCYCLE=20

CALL CUBIC(TOL,NCYCLEsRlsRZsR39AKsBk9CK9DK9IM;MESAJ,KU)
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769

1718

4717
1766

762
1761
38

1768

4770
198

1103
1698
1699

104

306

37

700
200

IF(MESAJ) 104,769,104
CONTINUE

LIM=3
ROOT(1)=R1 :
IF(IM~1) 71857175718
ROOT(2)=R2
ROOT(3)=R3
GO TO 766
LIM=1
DO 768 JJ=1sLIM
PRINT 555451 sKUsROOT(JJ)
GO TO(761762s762)sJJ
IF(IM=1) 76151044761
IF(ROOT(JJ)—-ALT) 768+37+38
IF(ROOT(JJ)~UST) 37s37+768
CONTINUE
GO TO 104 -
IF(UK-ALT) 103,700,98
IF(UK~UST) 700,700,103
IF{R2-ALT) 10456995698
IF(R2-UST) 69916995104
UK=R2
GO TO 700
CONTINUE
AST=-100."
PRINT 306s1
FORMAT(1494Xs43H ACI-SP7 FORMULAE DID NOT SUPPLY A SOLUTION)
GO TO 200
UK=ROOT (JJ) :
PRINT 5555IsKU>AKsBKsCKsDK UK
CONTINUE
CONTINUE

_PRINT 55551sKUsALT>UST sUK

RETURN
END
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SUBROUTINE SP?AST(XM’P’PB’T’DP’B’FT’FC,FY’AST!Gl,I,AGSKUQUK)
EM=FY/(«85%FC)

E=e 003%#EM%29000./FY

PU=P/ (e T*FCx*B*T)

SA=485%G1%UK

G=(T=-2+%DP)/T

GO TO (611;61296133614:615)9KU
AST=(PU=SA)/(+85% (E=E*(1e=G)/(24%UK)~14=EM))
GO TO 616

AST=G1*UK-PU/ 85

GO TO 616

AST=(PU=SA)/(«85%(E~E*(1. +G)/(2.*UK)—1 +EM))
GO TO 616

AST=(PU—-SA)/(«85% (E-E*(1e+G)/(24%UK)=2, +EM))
GO TO 616
AST=(PU=e85)/ («85% (E~E*(1e+G)/(2e%UK)=2s+EM))
AST=2¢*ASTH#BH*T

PRINT 55541sKUsUK3sAST

FORMAT(21454F1443/)
- RETURN

END
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27
125

10

25
17

20
28
26

18

200

‘R2=~CO~SQRTF (UN)

SUBROUT INE CUBIC(TOLsNCYCLEsX3sR25R35AsBsCsDsIMyMESAISKU)
IM=0

MESAJ=0

DO 10 I=1sNCYCLE

FX=AXX%#X%¥X+ B#X*#X + C*¥X +D

FP=3 ¢ #A¥X#X +24%B¥X +C

XN=X=FX/FP

IF(I=-1) 272125427

IF(ABSF (XN=X)-=DIF) 125’125925

DIF=ABSF (XN-=X)

IFCABSF( (XN=X)/XN)-TOL) 20,20910

X=XN

PRINT 17sKU

FORMAT (32H FUNCTION KU NOT CONVERGEDs CASEsI4/)
MESAJ=1

GO TO 200 °

CO=e5%(B/A)+e5%X

UN=CO*CO+D/ (A%*X)

IF(UN) 26528428

R3==CO+SQRTF (UN)

GO TO 200

PRINT 185X :
FORMAT (8Xs32H ROOTS X2s X3 ARE IMAGINARYs X1=3F16e5)
IM=1

RETURN

END
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