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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. 
I 

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 satisfactory 

value,and a new reinforcement is computed.The dimensions of the cross-section 

are not altered if the section is inadequate against the shear.However, 

a warning message is printed out to this effect. 

Web reinforcement is calculated 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 formulas are studied: l-Ex:act formulation recommended by the Code 

ACI 318-63 ; 2-Empirical equations of ACI 318-63 ; 3-Equations derived by 

considering strain compatibility ( ACI Publication SP-7,"Ultimate Strength 
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All of the above formulas are transformed into a form most suitable 

for the straightfo~vard computation of reinforcement areas.After a comparative 

test of these different formulas in the computer,it has been found that they 

produce almost identical results for a wide range of data variation. Therefore , 

the empirical column formu+as of the Code (ACI 318-63) are adapted for use in 

the programming as they are the simplest. 

For biaxial gending,the approximate method,in which the biaxial 

bending of a column is related to its uniaxial resistance through a factor!, 

is used. 

A comprehensive Fortran program for the automatic design of 

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

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

Design requirements are compl~tely satisfied. 

The IBM 1620 machine of the Computer Center of Robert College has 

been used. 
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I N T ROD U C T ION 

The first rublished ultimate load theory was that of Koenen's. 

P/,GE 3 

In 1886,he assumed a straight line distribution of concrete stress and a neutral 

axis at middepth. Since that time about thirty theories have been published, and 

many different distributions Of stress in the concrete compression zone have beeh 

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 simplification of design calcu-

lations.In 1904,for the first time, von Emperger proposed the use of a rectan-

gular concrete compression stress block,and thereafter, several other engineers 

reccommended it. 

Extensive ACI investigation in the early thirties,several papers 

on stress distribution and ultimate strength design published in Europe during 

the 1930's,the studies of ultimate strength by VfuitneY,a study of the ultimate 

strength of eccentrically loaded columns reported by Hognestad in 1951,and 

additional experimental evidence as to the parameters of the concrete stress 

block presented during the Symposium on the Strength of the Concrete Structures, 

London,May,1956,all agreed upon the maximum concrete stress to be O.85f' , c 

and confirmed the use of a rectangular concrete compression stress block 

having a width of O.85f' • c 

In recent years various tests carried out on plain concrete 

specimens by Portland Cement Association with sand-gravel and lightweight 

aggregates,by Rusch at Munich Institute of Technolo&y helped to determine 

the magnitude aDd gosition of the internal concrete force at ultimate strength 

by the application of statistical methods. 
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By analytical investigations,assuming that concrete stress,f,is some 

function of strain, 6 ,and is given by f=F(€ ),it was deduced from a study of 

concrete stress-strain curves obtained in the Portland Cement Association that th 

relationship between concrete stress at extreme compressive fiber,f ,and the u 

cylinder strength,f',can be expressed as c 
f ;5f'O.S H f 0 85f' • owever, =. ,a u c u c 

conservative straight~ine relationship was proposed for design purposes. 

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

adopted a modified ultimate strength specification for axially loaded column~. 

In October 1955,the Report of the ASCE-ACI Joint Commi~tee on Ultimate Strength 

Design allowed the use of "a rectangle,trapezoid,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.60lb,"The ultimate strength method of design may be used for the 

design of reinforced concrete members." The ACI Building Code (ACI 318-63) 

incorporates detailed rules of ultimate strength design. 

Ultimate strength design has certain advantages.In ultimate strength 

design a lower load factor is used for loads that are definitely known such as 

dead load, and a highe.r load factor for loads that are less certain. Thus the facto 

of safety becomes more consistent with the type of loading.Certain inconsistencies 

in the design of members carrying ~~ial 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 desien method eliminates this discrepancy 

since it gives a more realistic picture at failure. 

The ultimate strength design gives a better balanced design that may 

resul t 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 Method.The rectangular stress compression block 

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

With the accumulation of test results the load factors are getting less and less, 

thus allowing more economical design.No wonder with ultimate strength design 

gaining more importance day after day. 



THESIS 
ROBERT COLLEGE GRADUATE SCHOOL 

SEBEK ,ISTANBUL 
PAGE 6 

BASIC ASSUMPTIONS The standard assumptions associated with ultimate 

strength procedures are taken from the ACI 318-63 Code. 

These are: 

I-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.85f~ is assumed uniformly distributed 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 klc 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 

perpendicular to that axis.The fraction kl is taken as 0.85 for concrete 

strengths,~' ,up 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, 

for 

(
fb -4000~ 

0.05 --
lOaD 

" 

f' <4000 psi c 

for r;; > 4000 psi 

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,fy,for the grade of steel used is taken as 29,000,000 psi 

times the steel strain. 

--1 
_______________ u _ 

'--____ J _ ___ _ __ 

-------- .- ----t-- --N.A. 

Ar:.. TI.l~L STR.E5S 
DI,TR.16UTION 

EQUI\I.A.LtNT REC. T1WGUL~;:t.. 

t;>\S,fU BlJTION 

Fig. I-Equivalent stress blocK for rectangular section 

Actually!due to the linear strain distribution sccross the section 

the rectangular stress block may be considered to De equivnlent to replacing 

the actual stress-strain curve for concrete by an equivalent rectangular 

stress-strain curve as in Fig.2. 

OB7J~ 

I 

! 

/ 
/ 

I 

0.1 '7 Su.... 

For this assumed,fictitious 

stress-strain relationship,the concrete 

stress is taken zero up to a strain of 0.15 E.u. 

where £~is the ultimate concrete strain,and 

then assumes a constant value of 0.85 fb 

Fig.2-Equivalent stress-strain until failure occurs. (ref-9) 

curve for concrete . 
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Rectangular Beams with tension reinforcement only- The formula 

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

Mu = t[A sf y (d-a/2 ~ ( Eq.16-1)in the ,Code • 

where a= As f,! I a.85f: b 

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

PAGE 8 

Eq.l 

Eq.2 

v;t /fy [ l-~ 1-2Mu ,f-" d J Eq.3 

(for this derivation see appendix eq.Al). 

In Eq.3 ,;( = O.85f~ bd 

One directly gets the reiilforcement from the equation 3, but the 

ACI Code states that the reinforcement ratio shell not exceed 0.75 of the 

reinforcement ratio which produces balanced conditions at ultimate strength. 

Thus,if the computed reinforcement ratio is greeter then 0.75 of the balanced 

ratio,or when the term under the square root in Eq.3 is'negative, we have to 

change our design that is either We have to increase the depth of our beam 

or put compression reinforcement • 

Increase in denth of the Rectangular Beams - When the applied moment 

is excessive,or when we are beyond the limitations of the Code,we increase 

the depth of the beam. The formula given in the(ACI 318-63)Code is, 

Mu=t[bd2 f~ q(1-0.59 q~ 
q=p fy I fb 

(Eq.16-1) 

Eq.5 

At the limit the reinforcement ratio may be equal to 0.75 of the 

balanced re,inforcement ratio, P
b 

• Therefore, 

p = O. 75Pb= 0.75 [O.S5kl f' If )(87,ooo/87,OOO+f 1 
C Y Y 

(Eq.16-2) Eq.6 
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~fuen the value of p is substituted from eq.6 to eq.5 ,and q is 

eliminated between the equations 5 and 4 ,we get the new depth as 

Eq.7 

where 

(for the derivation of equations? and 8 see appendix A2) • 

. RECTANGULAR BEAMS WiTH COMPRESsioN REiNFORCEMENT - Vrnen 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 rectangulgr beams 

with compression reinforcement is given by: 

M =dJ[(A -A' )f (d-a/2)tA'f (d-dl~ u ISS Y s Y ~ (Code 16-3) Eq.9 

where a:; (A -A')f 10.S5f' b s s Y c Eq .10 , 

The equation (16-3) is only valid when the compression stee,l reaches 

the yield strength,f,:t ,at ultimate strength. This is satisfied when: 

p-p' ~ 0.85 klf' d I If d 87 ,ooo/e? ,OOO-f c y Y (Code 16-4) Eq.ll 

If (p-p') is less than the value given by Eq.ll,it means that the 

compression steel stress is less than the yield strength,fy,or the effects 

of compression steel are neglected.Then the calculated ultimate moment 
. 

shall not exceed that given by FJ'l.16-l (ACICode 1602-c). 

The Code 

p-p' 6: 

Calling 

we can get 

gives further 

O.75Pb= 0.75(0 .85kl f~fy) (87', 000/87 ,000+fy) 

(p-p' ) = F 

(A -A' )= Fbd s s 

Eq.12 

Eq.13 

Eq.14 
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?uttinp (14) and (15) into (It)) we get 

El Lmination of a between equatio:ls (9) flnd (I~) [:i ves for A' 
s , 

A' =tM leb -0.7:>0 bdf~- O.75Pbdf1Vf (d-d') 
s uT 'b, 1.7:" Y 

c 

where O.75Pb is as defined in (12). 

Tension reinforcement becomes 

A = O. 75Dbbd-A ' s ' s 

See appendix ,equation A3 for this derivation. 

PAGE 10 

Eq.15 

Rq .16 

EQ .17 

Eq.18 

FLEXURAL CO~TUTAT:tONS UL'l'iMATE STRENGTH DESIGN 1- AND T- SECTIONS-

When the flange thickness is less than 1.18qLi/k
l 

the ultimate 

moment is given by: 

M =rh[(A -A f)f (d-a/2)tA ff (d_O.5t)l u T say s y ~ COde{16-5) Eq .19 

in which Asf,the steel area necessary t 0 develop the compressive strength 

of overhanging flanges is: 

A f= 0.85(b-b' )tt' /f 
s c Y CoJe(16-6) 

and 
a = (A -A f)f /0.85f' b' 

s s Y c 

NoVi if in the equation (19) we make the following substitutions 

A -A f= X s s and a=: Xf /0.85f' b' 
Y c 

we will get a quadratic equation for X and its solution Nill give 

x=~ {l- 1-;d[;U -ASffy(d_Q.5t~ 
See appendix A equation 4 for this derivation. 

Eq.20 

Eq.21 

Eq.22 



THESIS 
R08E~T COLLEGE GRADUATE SCHOOL 

SEBEK ,ISTANBUL 
PAGE 11 

Where and A5~ is taken from Eq.20. 

Now having X we may get total reinforcement as 

Eq.23 

INCREASE IN DEPTH OF THE 1- AND T- SECTIONS - If we get a 

negati ve quantity under the square root of the equation (22), or if (Pw-Pf) t 

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 limit 

P -Pf = O. 75Pb = L w 

A A 
_s __ J:L = L 
bid bid 

X=A s - A =-Lbld 
..s~ 

Eq".24 

Eq .25 

F..q .26 

EliminatinG X between equations 22 and 26 we get a quadratic 

equation for d,which is: 

where 

Solution of this gives 

O.85f~b [2~+ASffvt) 
LO'f:J(Lblf~ -l.7fdb ) 

O.85f~ bf)' Asr 
~ = __________ ~r ____ _ 

IJb' fy (Lb' fy -1. 7fd b ) 

( See appenoix A equation 5). 

Eq.27 

Eq .28 

Eq.29 

Eq.30 
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UNIAXIAL BENDING OF COLUMNS Short columns with symmetrical 

reinforcement in two faces are considered.The ultimate strenf-~h is given by: 

P =~[0.85f'ba-A'f -A f ] u r c s y s s ("er Code 19-1) Eq.31 

because of symmetrical reinforcement 

The balanced load'Pb becomes 

(Code D02-b) Eq.33 

Thus Eq.34 

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

controlled by tension.For symmetrical reinforcement in t·,vo faces the ACI 

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

p u ~? [ O. 85f ~ bd [ -p'f-l-e' / d+ r-( -l--e-' /-0-) 2-+-2p-~-m-' (-1--(1-' /-u-, )-+e-'-/ d-::-J~ }] 

where 

Solution of this equation for p gives a quadratic equation 

f « == ~.-JY,----:--
0.85f' c 

Pdt 
1l + __ 

O.85f'bd d c 

P ( P 2e' - __ .....ll..- U t-

O.85f'bd 0.85f'bd d c c 

We compute total reinforcement from A
st

=2pd b 

See appendix A6 for the derivation of e~.3f. 

Eq.35 

Eo .36 

Eq.37 

Eo .38 

Eq.39 

Eq .40 

_ _...o:<s._----. ... __ _ .... _._~ ______________________________ ....... _...I 
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From the equation ()6) the steel percentage is computed as: 

E q.41 

When P 
u 

is greater than ¥ the ulti~Bte capacity of the member is 
U " 

controlled by compression.In this c8se,the ultimate load is assumed to 

decrease linearly from Po to Ph as the moment is increased'from zero to 

the balanced moment,M
b 

,where 

P = rh [0.85f' (A -A t)i-A t f 1 o T c g s s yJ (ACI Code 19-7) Eq.42 

WhEm compression governs the ultimate capacit,V is given by tv.'c 

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

empiricnl one. 

l-Exact equation- The ulti~2te load is given by: 

P =P -(p -Pb)M 1Mb u 0 0 u (ACI Code 19-9) 

Pb = pCO.35f~bab 1 
rO•85f 'ba {d-d' '-a /2)+A'f (d-d'-d" )tA f d ll

] l ebb s y s y 

A = A' s s 

a b= kl P7,OOO d /27,000+f 
y 

(ACI Code 19-3) 

Eq.43 

Eq.44 

Eq.45 

Taking Po from Eq.42 and putting all of the above values of Pb,Mb,A~,ab 

into the Eq.43 and solving for As we get a quadratic equation in As 

Eq.46 

where 

«--= 2rbf (f -O.85f')(d-d') T y y c 
Eq.47 

A--M (f -.8')1" )-p f (d-d' )/2+.5 cb .El5f'btf (d-d')+J.85f'bab(f -.R5f' )(d-d"-.Sa b ' ;-- u y c uy r c y Icy c ' 
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2 2 
Ij-:=-C.85 rbf' b tab (d-d"-.5a. )+.85f' M b(a

b
-t)-O.85f' ha (d-d"-.5a )p 

D le 0 eu eb bu 

~t2As 0 2 flI... (1- 0- 1''''//) 
V 2 (~/o<J( 1- 1- (f/,,~Io<)' ) 

2-EmpirieHl equation- The ultimate load 

A'f s y 

i8 given by: 

PAGE 14 

Eq.48 a 

Eq.48 b 

Pu~ t [;-~, + 
btf' ] 

(l t</1:)+ 1.18 
(ACI Code 19-10) 

+ 0.5 
E.() .49 

Solution of the above equation for A gives 

l; btf' J (e/d-d' )+0.5 

(3te/ d
2 

):1.18 
.Eq.50 

Ast= 2As= 2 f 
.Y 

See appendix A parts 7 and 8 for the derivations of the equations 

48 ahd 50 • 

CIRCULAR SHORT COLUMNS WITH BARS CIRCULARLY ARRANGED 

The reinforcement is computed using the empirical equations given in 

the ACI Code 318-63 • 

I-When tension controls: 

)

2 Pt mDs 
-0.38 + 2.?D ( 

0.85e J} 
- D - C.38~ (ACI Code 

1.9-11 ) 

Eq.51 

• I 
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Solving equation 51 for Pt and multiplying it by Ag we get A as 
st 

(--",,---' 

Pu 1. 7e +--
O.S5f'D2 

D c 

See appendix A9 for the derivation of the formula. 

p-,d, 
U - T 

A st= 

2-yrnen c~mpressior. con:l.'c1s 

A f 
st Y 

3e 1 + 
D 

s 

+ 
A f' 

g c 

9 ! 6 De 2 + 1. 1S 
(O.SDo+O.67!) ) 

8 

Sol virr for Ast we get 

k+l P A f' 
Ds u g c, - -

f 1 9.6De +1.1S y 
(O.8D+0.67D )2 

s 

J 

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

Eq.52 

(ACI Code 19-12) 

Eq.53 

Eq.54 

SQUARE SHDRT COLUMNS WITH BARS CIHCULARLY ARRANGE!) -

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

these are empirical equations. 

1- When tension· controls: 

(ACI Code 

13-13) 

Eq.55 
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SolvinG equation 55 for Pt,and multiplying it by Ag VIe get Ast as 

t p 
u 

p 
u 2e 1 

------~--- + ~ -
O.85t2

fl 
C 

See appendix All for the above equation. 

2-When compression controls: 

A f A fl 

A g 

P =t st Y 
t 

g c 
u (ACI Code 19-14) 

3e l2te 2 
D + 1 (t+O. 67D) + 1.lS 

6 s 

Solving equation )7 for Astwe get 

p 
u 

A fl 
g C 

+1.1S 

See appendix A 12 for the derivation of the above equation. 

Eq.56 

Eq.57 

Eo.58 

6

1 



THESIS 
ROBERT COLLEGE GRADUATE SCHOOL 

BEBEK ,ISTANBUL ' 

UNIAXIAL BENDING OF COLUMNS 

The formulas satisfying the conditions of equilibrium and 

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

ass~~ptions are those given in the Code ACI 318-63. 

The column sections having symmetrical reinforcement in two 

faces are considered. 

P.6,GE 17 
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RECTANGULAR CONCRETE CROSS SECTioNS 

The expressions giYing the ultimate load and moment carried b,'Y-

PAGE 18 

rectangular concrete sections are derived from the fig.3 where the dimensions 

and variables related to the section are shown. 

_;..r __ b_--i1--__ 
'Pc 
~ 

-.. ---

t.. O.S5r: I 

I 1 
I-y---

-!J 
::> 
~ 

~ 

-'-

- - -------- ---1----. - 1--------- ~ N.b.. 

t 
'2 

----------i--- --
G.A.:!' 

-

-

1------- !-- - -' - - ---

~ 

By summing the forces in the compressed portion o~ the section, 

one gets 

p :=. 0.85f' klk bt c c u Eq.59 

If the moment of p~ is taken ubout the gravity axis of the section, 

the res\.Ilting expression will be 

M = 0.85f' k
1
' k tb( t/2-k1 ku t/2) = c c u 0.85f'bt

2
k

l
k (1-k1k )/2 c u u 

Eq .W 
2 

When P is divided by O.85f'bt ,and M by O.85f'bt ,the dimension-
c c c c 

less expressions are obtained as 



Q ::::.0.85kl k c u 

Qc = 0.85 

THESIS, 
ROBERT COLLEGE GRADUATE SCHOOL 

SEBEK ,ISTANBUL 

for klku< 1.0 

for klku> 1.0 

~l-k k ) for kl k < 1.0, Rc= (1.85kl ku / u u ' 

R = 0.0 for klku :> 1.0 c 

PAGE 19 

Eq.61 

Eq .62 

Eq.63 

Eq.64 

We found the expressions for the load and mo~ent carried by a 

rectanE:Ular concrete section. Now we have to compute the load and moment 

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

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

by the c~ncrete to the one carried by steel. 

----------------------~----------------------------------------------------------~-~ 
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RECTANGULAR COLUMNS WiTH REiNFORCEMENT ON TWO FACBS 

CASE 1,Fig.4. 

PAGE '20 

Case 1 considers a rectanPllar section where the strain in the 

outermost reinforcement is greater than the strain at ,Yield in the o\,tcrmost 

reinforcement (E: >(; ) s y 
and where the strain in the outermost compression 

reinforcement is less than the strain fit yield in the outermost relnforcement 

(E.~ < E y)' 1>u 
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Fig.4 

From the fig.4 

d = Ct/2+t/2 ~ (t/2)(1-tg) 
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From similar triangles 

£. 
B=-~k 

} E U 
u 

D( = (2k -1-g)/2 
U 

F =: (p bt) [(f )-O.85f'] 
Sl esc 

F = (p bt)f 
8 2 e y 

~ /f3t =~ /k t 
Y r U u 

F=Force in end steel=(p bt)lf -O.85f'-f 1 = F -F 
e 8 c yj sl 8 2 

From the similar triangles Elf t = E~ I ex. t 

PAGE ?1 

Eq.67 

Eq.6B 

Eq.69 

E~=Ey o<../f Eq.70 

f s::: EsE: s Eq • 71 

f = E ~ Eo. 72 ,r s Y 

Eliminating E1s and Ey between the equations (70),(71),and (72) we get 

f ::: f o(/r., 
S Y r 

Putting Eq. (73) into (69) 

F ::= (Pe bt)[(f;l <:X~) -O.85fd-f;l] 

Bq.73 

Eq.74 

taetoring out . O.85f; and multiplying it by the capacity reduction 

fac tor r we. have 

Pes = f~bto.85~~m oI.~) -l-m J Eo.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.(61). 

I 
• 
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Eq.16 

Taking moments about the plastic centroid which coincides with the 

gravity axis in this case,we get 

Mes= (0. e5Pe) f~bt(gt/2) ((m 010) -l+m J 
in equation 77(gt/2)is the lever arm. 

(l-klk ) 
0.85 k k ------u---

1 u 2 

Eo.77 

Eq.78 

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

adding them we get the ultimate moment carried by the section, 

MulMcs+Mc):1f~bt2 { 0.85Pe(e!2)[ m c;(~ -ltm]to.85klku(1-klk)/2} 

Eq.79 

We put ft and 0( from equations 67 and 68 into (76) and (79), 

then eliminating Pe between (16) and (79) and solving for 

cubic equation 

k we get a. 
u 

A k3 + B k
2 + C k + D = a u u u F.o .80 

where 

Thus' having k we compute p from one of the equations (76) or (79), 
u e 

and get tile reinforcement as 

A == 2p bd 
st e 
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(see appendix B 1 for further detail ) • 

CASE 2,1!'ig.5. 

Case 2 considers a rectangular section where the strain 1n the 
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outermost reinforcement is greater than the strain at yield in the outermost 

reinforcement (f /6) and where the strain in the outermost co~pression . s y 

reinforcement is greater than the strain at yield in the oute!-most reinfo!'cement 

( E,' > ( ). 
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Fig.5 

For this case from the fit';Ure we get the h.rn ts Of k 
u 

F :::(p bt)r f - 0.85f' J s ely c 
1 

Z. 
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I 
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F= Force in end steel = F - F = -p bto.S')!" 
sl s2 e c 
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Eq.EH 

Adding to the load carried by steel the load carried by concrete, 

and. multiplying by capacity reduction factor t ,we get 

P = d ft bt [- 0.85u + 0.85 klk J 
1.1 I c 'e u Eq.82 

(In eq .81 we factor out 0.85f~, and take the load carried by concrete from trle 

equation 61 .) 

Taking moment about the plastic centroid which coincides with 

the gravity axis in this case,we get 

M :(gt/2) [F + F '=.(gt/2)n bt[f es sl 8 21 ·e y -0.85f'+f ) c Y 

M =p bt
2

(g/2) [2f .,:. 0.85f'] es e y c Eq.83 

Factoring out C.85fi and multipl;ring by ~ ,Wf: obtain the 

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

moment carried by the concrete section alone from the 0.60,we will 

get the ultimate moment carried by this sectior;l.. 

Mes= f~bt2(g/2)L(O.85P) (2m-I)) 

Mc = f~bt2[0.85 kl ku (1-kl ku )/2] 

Eq.84 

Eliminating Pe between (82) and (84) ,a quadratic equationis obtained 

for k 
u 

2 
k -2 C<. k + (j = 0 

u u J 
Eq.85 

Eq.86 
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gt(2m-l)P +2M u u ----------
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Thus having k we compute p from one of the equations (82) or (84), u e 

ana get the reinforcement area as 

A t= 2p bd 
8 e 

(see appendix B~ for further detail). 

CASE 3,Fig.6. 

Case 3 considers a rl'?ctaneular sp.ction where the strain 

in the outermost reir~orcement is less than the strain at yield in the 

outermost reinforcement (G I... f ) and where the strain in the outermost s y 

compression reinforcement is ereater than the strain at yield in the 

outermost reinforcement (G' > E. ). s y 

From the figure 6 we get the limits of k as 
u 

From the similar trianc,lEs (fit;.f.) 

From the fif.6. noticing 

. 
-+ • 

~ t +kut = (t/2)(l+~) 

1= _!;~L - ku 

Eq.e7 

Eq.8S 

BOGAZiCl ON}VERSITESi KOTOPHANESI 
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Fig.6 • 

F = (p bt) [f - o.E'5f'1 s eye 
1 

F _ (p bt) f 
8

2 
e s 

f =E E. 
Y Y Y 

From equations (87)~(9]),(92) we derive 

f = f <} /(3 
s .Y ) 

Pl..ittint; eq.33 i:1 to eq.90 F becomes s 
2 

F (Pe bt ) f p~ 
,82 Y 

Force in end steel becomes 

/ 
t:~ 

F = F -F = (0 bt) [f -0. 35f' -f 1> /B] 
8

1 
8

2 
. e Y c Y ,-

~ 
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}oX! • P9 

Eo .90 

Eq.91 

Eq.92 

Eq. 93 a 

Eq.9) 

Eq.94 

In eq.94 factoring out a.85fc', addinp-' to this load carried by rcinforceme':lt 
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the loud carried by concrete taken from Eq.61,and multiplying Eq.94 by 1 
we get the ultimate load cprried by this section as 

Eq.95 

Taking moments about the plastic centroid which coincides in this 

case with the gravity axis,we get 

M =' (gt/2) (F +F )=p bt (c,t/2) (f -L.85f'ff f~ 1 es· 9 1 9 2 e' y c.Y J 

Factoring out C.8,)f~ and multiplying by 

Mes= f' bt
2 

O. 85Pe(gj'2) (m-l+m p~J 

Mc::' f~bt2 0.8') k1ku (1-k l kJ/2 

Eq.96 

Eq.97 

Eo .60 

The ultimate load carried by the sectionis obtained by summing the 

moments carried by reir~orcement and concrete separately 

Elirnhlnting p between Eq.95 and Eq.98,we get an equation of third 
e 

degree in k , 
u 

where 

A k\ B k
2
+ C k + D= 0 u u u 

Eq.99 

_"'u_~'1 
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D ::::. _m_E u_{_l_+_g _) _ [p u
2

g 
+ M

Ut
] 

d1 f I bt 
1 c 
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Thus having k ,the depth of the rectangular concrete compression 
u 

zone,we may compute p from one of the equa"ticns «J':;) or (98),and get e 

the reinforcement area as 

(see appendix B3 for the above derivations) • 

CASE 4, }I'it • 7 

Case 4 considers a rectanGUlar section with compression 

throughout;the neutral axis falling outside the cross sectionjand the 

strain in the outermost compression reini'ocement is greater than the 

strain at yield in the outermost reinforcement (E I > f ) s y 

From the Fig.7 

From similar triangles (Fig.7) 

f - E r s- S t:. S 

f =- E E 
Y Y Y 

Ea.. 100 

Eq.lOl 

Eq.102 

Eq .103 

----.-. r 
I 



THESIS 
ROBERT COLLEGE GRADUATE SCHOOL 

BEBEK ,ISTAN9UL 

I 
\ 

j 
PAGE 29 

------EB------------.'·l -
Pu 

e 

kv t 

k Ell 
--j'J 1\ 
V 

Fs, ~ I-- l I 
'P/ Cy 

gt 
Z 

""" In 
+ 

Gf'1..AVITY ... A)l..IS 
..,.. 
'-' 

-f-J/N 
E)I /I -r--u 

9t -2 

I I f., 
" .0t 

- t-- I fs ,.. -~ 

VFs2 
I .... ...... 

.... 101 --
- NEUTRAL AXIS 

-
Fir·" 

From equations (lCl),(102), and (103) we derive 

fs= fy ~~ 

F - P bt (f - 0.85 f') 
8 1- eye 

Fs2= p bt (f - O.85f' ) 
esc 

Substitutine f from(104) into 
s 

Force in the end steel bec)mes 

F we have 
8

2 

II 

F = F t}' =(p bt) [ (f -O.85f' )+(f rt'l/:?;_ -O.85f')) 
sl 6 2 e y c y J c 

1 
/ 

"it 

---

Eq.104 

Eq.105 

Factoring out o.e5f~,rnultipl.Ying by ~ the e'l.105 ,and adding to it 

the load carried by concrete taken from· the ea.61,we get the ultimate load 

carried by the section as 

I 

'1 

.1 
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ErJ.I06 

Taking moments about the ;:!ashe centroid whicl-. coincides in this 

case with the gravity axis,we get 

M = (gt/2) (F -F }::. p bt(;;t/2) l (f -O.85f' )-(f 11,fr" -C.85fc')] 
es s 1 8 2 e' Y c Y If .... 

Factoring out O.85f~ and multipl,ying by f 

M = es f'bt 2 
O.85p c e 

M == c Eq.EO 

The ultimate moment carried by the section is obtained by summing 

Eliminating P
e 

between the equations (106) and (107),we get 

an equation of third degree in k , 
u 

Eq.107 

. 3 . ? 
A K -t 3 xc:. + C k + D::. 0 EI) .108 

U u u 

Thus knowing ku,the depth Of the rectanEular concrete compression zone, 
oS 

we may compute 'j from one'the equations (106) or (107),and get the 1'e1n
f e 

forcement nrea as A += 2p bd 
Sv e 
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See appendix H4 for the &bove derivations. 

CASE 5. 

Case 5 considE-l'S !l rectangular section with compression throughout; 

the neutral axis fallinr, outside the cross section;and the strain in the 

outermost compression reinforcement is greater than the strain at yield in 

the outermost reinforcement ( E.~ >t.y ) . 

ku::: llkl F =O.8?f'bt from eq .62 
c c 

ku= l/kl M :::0 from eq .64 
c 

The ultimate load and moment carried by the reinforcement is 

the same as in the case 4. 

F = f~bt o.8SPe [(m-l)+(~ 1f -1)) 

Adding the concrete ultimate load we get 

Pu = t f~btt~·85Pe) [(m.=l)+(m flZf -13-t'J.85) Eq.109 

The ultimate moment carried by the section is equal to the 

one c!rrried by the reinforcement .9-l~Jne, since the concrete does not carry 

any moment,e~.64. 

M = f'bt d. 'p (&/2) 
2 ro~'; 

u c 1 e Eq.110 

Eliminating p between equations (lOg) and(llO),then solving 
e 

for k ,we get: 
u 
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Eq .111 

Thmwe may solve for p froL1 Eq. (lOY) or (lle) and get the reinforcement 
e 

urea as: 

A t= 2p bd s e 

See appendix B 5 for the nbovp derivations. 
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RECTANGULAR BEAMS mmER MOMENT AND SMALL AXIAL LOAD 

PAGE 33 

In the c)mputation Of ultimate load and moment fJr' recti;lngular beams 

usuallY the small axial forces are neglected.How€ver,winds,earthquakes, etc .. , 

create axial loads • This load ma,V" be taken 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
u 

P
b

) 

-t 
2 ~t k.I:.-I,I--+-_-L__ _ _ _ _ 1

i
- k.,ku t 

-'---f- __ N~L A'i-IS -f-- __ -I-- _ 2. 2-

-'------;r-t-- ~ RA.v I I:f A,1-15 - - - - -

----+----~-- - - - - --+----~ 

Fig.8 

~rom the fig.Q. 

Summing internal and external forces 

p = cb O.85k
l

k 1'1 bt- eli -;) btf 
u I uc l-c .v 

Taking moment around the grnvi t:{ axis 

Eq .112 

t ¥.l~ t t 
Mu= t {)'85klkuf~bt (2- 2U) t r Pebtfy (2 -d') Eq .113 

Elim1na ting p between F.., s. (112) and (:"13), and sol vinr for k ,we get e - - u 
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2 [M +P (t/ 2 -d I )] 
U U 

·PAGE 34 

Eq.1l4 

Eq .114 

Eq .115 

Havine ku,we easily get Pe from on~ of the equations (112) or (113), 

then we compute Ast 

Ast+~/ f 
Y 

where 

A t:: P bt 
6 e 

l 1-
1-

;r = 0.97 J~ bq 

2(M + P (t/2 
u u 

11 d 

(See appendix B 6 for further detail ) 

Eq.1l6 

- d')l] p 

1 u 
Eq .117 ---ff 

.'f 
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COLUMNS SUBJECT TO BIAXIAL BENDING 

Where beams and girders frame into the column in the direction of 

PAGE 35 

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 corner columns,but si

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

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

We may compute the ulti~ate load of a biaxially eccentric column 

on the basis of the ~eneral basic assumptions of ultimate strengt design. 

There are mainly two different methods,one d~veloped by A.H.Mattock, 

L.B.Kriz,and Eivind Hognestad (ref.S),and the other by Boris Bresler (ref.l). 

I-The method developed by Mattock,Kriz,and Hognestad- When a section 

is under the action of an axial load and bending about both principal axes, 

the neutral axis at ultimate load takes an individual position caused by 

only one combination of axial load 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 a~is,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 compression zone. These quatities may be computed relatively 

easily since expressions for the area of concrete compression zone,A c ' 

and the coordinates of its centroid ,xc ,and Yc ,have been derived by 

Mattock and Kriz for different positions of the neutral axis. 
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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 conditions of 

equilibrium,the ultimate 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 baaed on the 

equation suggested by Boris Bresler- 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 centours. (I<'if>~)). u u 
Po 

Fig.9 

\,-M (i\ .. ~e.rdc.~;on curve:-) 

Laod cot\tour 
.; MOJ 

When the bending resistance is plotted in terms of the dimensioless 

parameters pjPo" M jM . , and M/ M ,the ultimate capacity surface 
J. ox .. oy 

generated takes the typi cal shape shovm in Fig .10 • 

The contours can be approximated by the expressions 

n. h. 
(Mx 1M )+(M 1M ) = 1 ox OJ' . 

Er: .n8 
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Fig.10 

:=.1 Eq .119 

These interaction equations are sUf,cested by Bresler (ref.l). 

is a factor which relates the biaxial bending of a column to its 

uniaxial resistance. ~en p =0.5,the lower limit ofp ,equation(ll9) describes 

a straight line joining the points at which the relative moments equal one 

I 
! 
! 
i . 
« I 
~ Ii 

at the coordinate planes.Ylhen f=1.0 ,its upper limit,equation (119) describes I 

two lines each of which is parallel toone of the coordinate planes For interme- il 
diate values off equation (119) describes curves which have been s:metimee calle1 I 
sub- and superellipses,l"ig.ll • I, 

i~O -=----=:;:---'""'"----, 

0.27 

0,1 2 7 

o 0.''1, 

M.",=-Arr1i€c:I M,,~eh~ ().~D\.l+ :-:'-d.'f.io;. 

My'" f\FflieJ Mornent o.b00-\;' :J- C!)<.;s, 

M • .J~ \..)hia.,.iil\ \'''k.Ji"cC~pac.i.+}a\'cut J-2;<.i>, 

M.".,= \In;a)'.'\al ~e"J;~capc.c.·l9 about )(- 2",ic;, 

Fig.ll 

I : 

~_t=-.. 
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f is a function of the amount ,distributi on, and location of the 

reinforcement,the dimensions of the column and of the strength and elastic 

properties of the steel and concrete. 

j3 is dependent on the ratio puipo ,the bar arrangement,the 

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

of f 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<'it; .16 

I 
l 
1 

! 
I 
i 
~ 
~ 

~ 
~ 
~ 

i 
I 
~ ; 
I 

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

when M 1M >Mx /M Y uy tL,{ 

M M (1-P ) __ l_ x 1 1- ---------
M M P uy ux 

Eq.120 may be written as 

M +!vi (M 1M) Y x uy ux - M uy 

Eq.120 

I 
~ 
E 
~ 
" ; 
~ 

I 
E 
~ 

i 
i 

EQ.121' 1 
~------ .. ,.. ___ l ... _____ ._ .. ____ ~~ .. __ ,. ____________ ~_~~ ... ____ • .J,~__._ I 
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For rectangular sections with reinforcement equally :distributed on 

all faces,Eq.121 can be approximated by; 

when 

M ~M (~)i~:-J!2 
y x t P 

And similarly : 

M 1M <. M Y uy x 1M 

(1- f3 ) My 
----------- i-f Muy 

ux 

M 
x 

M 
ux 

M 
Y 

(l-p ) 
-------
f 

_ 1 

t M - M x- ux 

Eq.122 

Eq.123 

Eq.124 

Eq.125 

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

is more sui table to) design than the first method in which 'Ne have to know 

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

the ultimate load and moment.In the second case a uniaxial moment is computed 

from the equations 122 and 125,assuming 0.65 (since this is a good average 

value) .'rhen a section is designed tly empirical column equations,and from the 

idealized charts (fi[.12 to 15 ) a new ,f value is read.If 

this f value is different from the old :me,we will compute new Mux or M uy 

from the equation 119 ,then we will find new reinforcement and repea.t the 

above iteration up to a point where we will get at which will be in close 

agreement with the preceding one. 

~--------~==-~-------~--------.------==----=------, 
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--------~~--------------------______ _= ___ w~~ ___ • ____ ~~~~ ________ • __ , ______ ~~ 

COM?U'l'ER I)ROGRAM DESCRiPTioN 

Two programs are prepEred,one for beam desiGn (appendix C),and the other 

for column desigr. (nppendix C).Dt<e to the memory c[!.]JnCity lLnitHtion of IBM 

1620 at Rob(~rt College, thE' tHO programs are debuf,ged separately.However, 

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

in bigger computers. 

Beam Analysis Program Description - Number of membero,nurnber of load 

c8ses,number of load corn~in~tions,participation and over stress factors,the 

concrete strength,the steel yield strength,and the end forces acting on the 

members are read.The factor kl is computed.The depth of the beam is checked 

against the ACI Code (318-63) BPction 9l0,and a message is given if the beam 

is deep. 

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

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

prescrioed way in order to obtain the critical condition. Howev'r, the members I 
I 

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

resultants are calculated 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 co~puted using 

the refined expression that takes the effect of small axial lands into 

consideration.The maximum percentage of reinforcement can not exceed C.7'5Pb' 

this is checked.If thl"' computpd reinforcement rives a gree.ter percentage 

than this maximum allowed value,or if the term under the square root of the 

I 
I 
I 

I 
1 
I 

deri ved equa tior; 1 s nega ti ve, a message saying "insuffid ent depth, depth is I 

I 
~-""'---·-~~----." ____ ~ _____ " ________ ~ __ r'_~ __ a~~"Ua~"'''.!1 
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I: 
increased is given,and a new depth is computed by the Eq.7.'l'his new depth is 

on the limit and to avoid any further complication ill the reinforcement compu-

tation it is increased 10 %,then -a new reinforcement is cE11culated,and the 

results are printed out. 

Subroutine Shear-This 8ubrouUne determines the shear rein1'orcing 

steel area at five points of any member per inch lenrth of the beam. Thus the 

designer may choose the spacing of' stirrups and/or bent-up bars in accordance 

with the common practice. 

The shear stress permitted on an unreinforced web is computed by 

equation (17-2) of ACI Code 3lt;-63,taking into account the axial load in 

addition to shear and flexure.The modified bending monent given by eq.l'i'-) is 

used in eq .17-2. The nominal ultimate shear stress is co:npvted by 0'1.17-1 (ACI :318, 
, 

63) .For I- and T- sections b is sUbstituted for tJ ir; eq .17-1. By ACI 1705-b 

vu= lOrJiT ,if this condition is not met,a messuge saying "inadequate secf.cn 

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

is checked against 

reinforcement is computed by eq.(17-4), of the ACI Code.Then the computed 

, ~\ II 1 
reinforcement is checked against 0.1':> 'Yo of the area bs and set equa to it 

in case when it is smaller than this value ( ACI_ Code 3lE-<-63.1706-h) 

Subroutine T- Beam - The reinforcement is computed by eq.23.The T-

beam is considered as a rectant,-ular beam a t the end points because it cElrries 

negative mOll)cnt and the flange is under tp.nsion. 

For interior pOints,if the flange thickness exceeds 1.18qd/k1 

we design 

thickness 

the beam as a rectanf,ular beam (ACI Code l6l5-a).When the flange 

is less than 1.18 qd/k
1 

,'l'he 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 (pw-P
f

) ex,:eeds 0.75 of the balanced steel percentage,we increase the 

i 
I 

I 
I 
I 

; i 
~~,~ __________ ~ _____________ ~w_~ ___ • ___ "'~~I'~ 

I . 
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i 

Card No. 

1 
(one card) 

2 
(one card) 

3 
( NC cards) 

4 
(one card) 

makine use of the eq.28. . 

BEAMS INPUT DATA CARDS 

Variable 

Ti tle of the run 

ME, NI~~'AD, NC 

PARTIe (I, L), I-I, lIL¢AD, !"AC (L) 

FC,FY 

I, S, B, BP, T, DP, l"T, :)1, 1>2, I.BAR 

~ -----
K 

Format 

BOH 

2014 

8FIO.0 

8F10.O 

8FI0 

13,F7.0, 
6FIO.O, 
Fe.O,I2 

2014 

Remarks 

ME=number Of members 
NL0AD= number cf 

load cases. 
NC:nurnber of combina

tions of different 
loae Ca.ses. 

Repeat this card as 
many as NC. 

1<'C=f' c 

Repeat this card 

as many as NI.¢AD 

I 
I 
r 

I 
. 

, I 

I,A,BD,W LTYPE] 
- - - - - -, - - - -- I4 .. W6.2 

1''!-

Supply these cBrds 
for beams only. 

! , 

'- ~Rep ea t as many as ME, tot:::.l number of members 

to- Rep en t as many as NL¢AD 
~Repeat as many as K 
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Column An&1Y6i8 Progr6M Descr1pti0n- In the column m&inline number of 

rnembers,number of load cases,number of load combinations,concrete stren,"th, 

steel yield stress,and the colwnn properties are read. The factor kl is comp~tcd. 

Minimum and maximum reinforcerne:lts(ACI Code 915-3) are cb.lculated and the 

reinforcem~nt is compr.reti ,,0 the;n, B message being [i Yen when j t is ot! t of' the r;mge 

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

If EO ( (hj r) (1"0 ,the strenr.th reduction factor R is calclAlated Hnd the 

loads and the moments &re divided by this factor.If ':llr is greater than 100 

a me~sage saying "in this column h/r ratio is greater thuD 100 'I is printed out. 

In ACI CO-Je (article )lC,-a-l) it is advised : "If lateral displacements of the: ends 

of the member is prevented and the ends of the member are fixed or defi~itely 

restrained such that a point of contrd'lexure oeClAre between the ends,no 

correction for len[th shall be m'lde unless hlr exceeds 6r." When cornpresGior. 

controlz,the above,most encounter€d,cas~ is considered. On the ot~eT hand, 

when tension controls, the fac:oI' H is considered to vary li~early wi to 8.x10.1 

load from the values given by equations 9-2,9-3 (ACI Code) at the b8lanced 

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

( 

p -p ) 
Hob R + (I-H) --~---

Pb 

The ml.nimum eccentricities O.05t for spirally rein.forced colurms, 

or O.lOt for tied columns abolAt either principal axis are set in this subroutine. 

The maximum moment accompanying tnese eccentricities are calculated. 

ThR minimum rE t.il~ !l" spiral reinf'~)rcement, Ps' is computed from 

p - 0.45 (A IA -1) f' If s- gcc.V 
eq.9-1 (ACI Code) 

I 
J 
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/ f 

Subr::lutine Circle- The reinforcing steel areas of circular 

columns with bars circul,lrl,y arranged, and square columns with bars circularly 

arranged arE computed according thE' tr'!nsformed empirical equbtions of the ACI 

Code 

Subroutine ACIUNI _ The total reinforcement of the rectangular 

columns unaer uniaxial bending is computed by the transformed equations of the 

ACI Cod~ 5l/?-63.1'hese empirical equ"tions are given for symmetrical rein.f"orcernent 

in single layers ~'c.rfillel to the axis of beniing, the ones used in the progrFlmming 

are equations 40 and 50 • 

f 

I 
I 

I 
I 
I f.' ·r Subr,)u tine BIAX - In this suhroutine the uJliaxi ,11 moment 

abOLt O!1(' of I.: 
the axes,M ! ar 

u:r M 
ux is cOl1puted from one of thE' equat:'ons 122 or 1?5 ,·.i1~1;.er '.1 

the comparison between M!M &no It; /~l having been made. Then the n, redominattng 
ux .Y u,Y 

equation is chosen, and a r.einforcement is computed by uniaxial design metllodi3. 

Total steel area sives q D flf"" -0 n IF are also cnlculc:;ted.r~rom the BErTA :. t c ~y,·o' u 0 

subroutines c .mt9 ining strfiien t line ideali:ta tiona of f3 envelopes, lmowing q J 

/ 
I~ 

Pu Po a new r is computed,then this newr~ompared with the old one,and if these 

two values differ more than a certain t01erated percentage,s new M or M 
. ux uy 

is computed from the equation 119. A new reinforcement is computed with new 

moment,and tho e.bove procedure is repeated up to the point where two succeeding 

r~ are in cloGe agreement. 

Subr'Jutine BETTA This subroutine contains the strai~ht line 

ijealizntions Oi_'! envelopes. 



r--
~ 
~ 

I 
I 

I Card No. 

1 

(one card) 

2 
(one card) 

3 
(one carJ) 

4 

. (ME cards) 

E'or the 
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, 

COLUhUiS INPUT DA1'A CAHDS 

Varible Formut Remnrks 

Ii tle of the run EOH 

I 
ME,Nlj.5AD,NC 2014 ME=number of members. 

NC~number of cor.:bi:18 _ 
tlons of different load 
CBses. 

FC,FY eFlO NIJfAD:num~c·r of loaa cases. 

FC=f' , !<'¥=f • c ;y' 

... 
I,S,B,BP,T,uP,FT,LBAR 13, F7 .0, 

bFlO.O, 
Ft~. u, I2 

C(J, 1.), J -l,r\ [,FLl,O 

Repeat as many as Nl0AD 

~ Hepeat as many a" '" MJ~ . 

combi.ned muinllne input data c'1rds given for beams are uded. 

I 
I 

%~a~~ j ~-.m ......... ___ .... ,.,._ ..... , ______ ~,_~~ ___ ,_-------•• ---------------=--~ 

I 
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Example Source Given A M A (Karaca) 
~ u s No. 2 in k' in 

1 "Theory and 
~rob1ems of 

einforced 
Concrete Design" 

Everard and [:JI'~" Tanner 

p.B5 pro~).4-14 12'/ 

f =40 
:::" 

ksi 

f'-e- :; ksi 

M:: 55 k' 2.52 91 .0 2.24 

" )/ 
2 same 

2III_112~d 1).86 :Jl'ob.4-16 
It---3'· --'II 
f :: 40ksi :r 
fl - 3 e- ksi 

M = 250 k I 13.20 415.0 7.21 

3 ,( seme II 

DI'4" p.36 prob. <1-24 

~ 
f ::40 ksi 

.Y 
fl:: 3 ksi 

c 

M:::lb7.0k' 5.90 27(..0 4.25 

'l'hese 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 multipliAd the moment by 1.65 , 

an average ~f l.~ and 1.2 (Acl 51~-63,150G a ). 

Example 4 - Gi ven: a roc tan[;ular oeam b =- 18" ,t=36" , 0.'=3" , 
l' =) ksi If :40 ksi 

C y 

M 1:' V A A u u u s sv 2 k' k k 1n2 in 
290.0 20.0 105.0 2.97 0.040 

360.0 20. 1) 5.0 3.55 0.000 

460.(; 51.0 no.o 4.30 0.045 

650.0 71.~ 205.0 (,41 0.123 

760. 0 20.0 105.0 t).44 0.040 

1,390.0 20.0 105.0 

I NSUF:F' I C I BNT DEPTH-DBPTH IS 1 NCREASBD t- 42.5" 

1,390.0 I 20.0 I 105.0 I 13.EO I 0.027 

PAGE 51 
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Example Soc:rcc Given M A A (Karaca) 
No. u ,82 s 

k' 1n 
in 2 

!"'i .JQ '/ "1 :r' 

1 " EVp.rl1rd U:lj ~~}" 
" Tanner I<.-joj 

8" 

(r.<">f-17) f'::-3ksi c 
f y= 40 ksi 

~, • t~2 M = 50 
pr,)b.4-8 u k' 82.5 2.0 1.95 

U: 3

' 
2 "Everard and ~, Tanner " 

~ 
p.e? f'- 3 ksi 
prob.4-19 

c-
f :: 40 ksi y 
M -u- 150 k' 247 5.C7 4.90 

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

method,thnt is ..... hy we multi~'lic-j tt1e moment by l.f5 to ~et th,' u1tirm:.te 

streneth design moment. 

L ___ . ________________ . ____________________________________________________ ~ 
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Gi'/en A rec kno.;.lar beam which h,,,:! b= H3" , t= 36 11 
, d' =3" 

I 
f ;: 3 k~i 

c and 40 ksi.' 

M = 1,UGG k' and P = l\j(~ k • 
u u 

SoL. t 1 )1;8: 

1- The load beinr sm~ll r tha~ the bBl~nced load, 

tp.n" i'.lll contre·ls .:'rom the column f Jrm1.l1'!s of tne ACI Code , 

cqu;" tl:;ns 40, and 41. the reini'orcnm0nt is computed as 

2- F'ro:n the beam form1.l1i ,equation 3,we fet the 

rei~forcement as V.1 in~ 

3- From the formul~ taking into account small axial 

lando d~rived for use in th0 desi~n o! beams (equation 1:7) 

we cO:-:1;)'J.te thEtrei?1forcemen t as 
2 

11.;3 1n. 

As Seen in tile a~c;ve exampl e8 econ'Jrny is '3chi€ved by the n" fined expression 

when we consijcr the effect of ~m~11 axial loads in the desiK" of beams 
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Complltati:m of k from the cubic equation is made b.v using I'lewtonu 

Rnphson method.Here are presented the solution of equations for different 

cases derived before. 

In all eX:lmples bel')w f ;;; 40 ksi and fl= 3 kai . 
y c 

EXAMPLE 1. 

PAGE :,4 

Given: t -:: 25" d l 
:; 2.5 " J M =275kl P =66 k 

u . u 

Solution: The cubic equation for. k is 
u 

3 2 
- lC.7C50 k - n.5192 k - 2.7619 ku - 0.8073 ': 0 u u E q.80 

this equation [iV~'s for k ;:: ,1569 
u wh:tch falls into the region 

defined by the Case 1. 

Then we compute tne reinforcement area which is Ast == 9.14 in2 

The empiric~l equation of ACI 318-63 gives 

EXAMPLE 2 • 

Solution: 

b == 18" + 

M == 1000.0 kl 
U 

t=36 11 

P ;:: 250.0 k 
u 

The equation giving k is 
u 

2 .) 
k -2x 15.47t7 kL + £3.3693 ;;; 0 

U U 

, d l 
;:: 3 " 

Eft .85 

this equation ~ives k =0.2727 WhlC~ falls into the recion defined u 

by case 2 . 

Then the reinforcement area is computed as Ast= 20.39 in
2

, 
,., 

The empirical equation of ACI Code 318-63 gives Ast': 20.39 inL, 
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t=25" J d' =2.5" M =431. Sk' u 

Solution: The cubic equation for k is from eq.99 
u 

-29.~71i-;.~ + 65.343 k~ - 71.624 ku + 28.';36 = 0 

P = 519 k u 

this equation gives for k = 0.7043 which falls ihto the region u 

defined by the Case3 • 

Then the reinforcement area is ccmputed 

The exact equation of ACI Code gives 

The empirical equation of ACI Code (eo.19-10) gives 

EXAMPI':i~ 4 • 

A = 13.94 in
2

• st 

A :: 13.7A st 
2 

in . 

Given: b=17" t=25 " J M =600 k' J P -U ~u- 1,440 k 

The cubic equation for k from equation 108 is 
u 

-29.357 k
5 + 64.048 k

2 
- 94.575 k + 59.450 = 0 u u u 

This equation gives for k =0.9944 which falls into the region 
u 

defin~d by Case 4 • 

Th~n the reinfor'cement area is computed as A 52.87 -= st 

A 53. ge; -= at 
The exact equation of ACI Jade (Eq.19-9) rives 

The emprtcal equation ofACI Code (Eq.D-IO) ~ives Ast= 52.25 

in 
2 
· 

in 2 
· 

in 
2 
· 

PAGE S5 
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3 

4 

5 ., 
6 " 
7 " 
8 '1 
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CO!viPARATIIVE EXAMPLES OF DIFFEREN'l' COLUMN FORMULAS 

FOR AXIAL LOAD AND BENDING 

b t d l M P ACI Code 318-63 Eqs. u u 
in. in in. k' k Empirical Exact 

Ast (in2) Ast ( in1 
18 36 3 1000 250 20.39 

17 25 2.5 374 225.4 9.10 

17 25 2.5 431.5 ,519 13.07 13.78 

" " " 344 829 19.45 20.07 

" " 289.f 87 8.99 

" " 600 1440 52.25 53.90 

" " 265 53 9.13 

" " 320 128 9.01 

For all of the above examples fl~ 3 ksi and f - 40 ksi c y-

PAGE 56 

Equations 
derived taking 
strain compatibi-

lity into account 

~t (in
2

) 

20.39 

9.10 

13.94 

18.84 

9.13 

52.67 

9.15 

9.01 

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

use any of the colur.m formulas vIe transformed, since they give almost 

the same steel area • 

I 
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t 
Uniaxial design of Columna " I 

Example Source Given Ast(in
2

) Ast (Karl3.Ca) (1 <i'~ 11 

1 Everard r2" 

'1 . [2011 Tanner . . . . . . .. , 
p.186 , f':=:3 c kai 

prob.lO.9 f =60 y ksi 

M :;:;240 k' ; P=720 k 15.71 17 .81 u u 

2 p.lS8 2"t@EolI 
I 

prob.1O.16 M ~208 h ; u 
U -l)Q '( ... u- .,.,'. k 7.22 7.17 

3 p.lS8 uTIli prob.ln.W 

M = 30E h' ; 
II 

P :::183.5 k 9.43 9.44 u 

4 p.lSf [d~." prob.lC.15 

1E-.811~~ -
M =3"10 h' ; P =738 k 12.00 12.03 u u 

The above examples are designed by ultimate streneth desien method 

in Everard and Tanner.In the first example the difference is due to the 

fact that in this circular column the design is made &ccording to strain 

compa~ibility conditions.Hut the empirical equation of the ACI Code gave 

a steel area n,£-)% on the safe side. 

In all of the above examples fl=3.0 ksi 
c 

.p -

... -y 60. 0 ksi 

• 

i 
i 
i 
I • ? 

S 

I 
S , , 
• 
I 
Q 

~ 

I 
I 
I 
j 
~ 

I 
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1,000 ~ 9.00 
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Example Source Given A st 

(in
2

) 

~ b", i4-" 
1 Czerniak •• t" is'' 

<=1'=2.6/1 

fb-= 4ksi 

f -40 ksi y-

M :40k' x 
Mi: 30k' 

4.00 p - 200 k ~ - 5.08 u 

2 II ~.J rTlc!}'r n i . 

M =40 
MX:a20 4.00 
pY=120 5~08 u 

3 " M == 40 x 
M = 19.7 4.00 
pY::- 120 5.08 u 
SJ me. d.~ i .... i . 

5.:l"'1e. ~~ ' .... L 

4 " 
M = 1t€) 
M

X
= 4.00 19.7 

pY= 162 5.08 u 

5 " S;J~ as ...... L 

M =40 
MY=19.7 4.00 
~::'250 5.08 u 

From a Xerox copy 

PAGE 5? 

r 
Loads for A st (Kara c 

USD (in2 ) 

M "'" 66 
x 

M - 49.5 y-
Pu=330.0 2.52 

M =66 
~=33 
p =197 u 2.52 

M = 66 
1r= 32.5 
pY;;:. 197 u 

M :.66 
x M =32.5 

Py=266 2.52 
u 

M ::.66 
tf=52.5 
pY =410 2.52 
uu 
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In the source from where the above examples are taken ,the WSD (working 

stress desi&n ) method is used that is why to get the ultimate strength design 

moment we multiplied this moment" by 1.65,an average of 1.5 and 1.8 ( ACI Code 

318-63,1506 a). 

We investigate the behaviour of the examples given above under a 

variation Of bending moments about the two axes. 

Example I 

Given: 

M (it' ) 
x 

BO.O 

fO.O 

BO.O 

BO.O -
80.0 

50.0 

100.0 

100.0 

Example II 
Given: 

M (k' ) x 

50.0 

49.5 

70.0 

90.0 

90. ') 

b=14~ t=lB'id'=2.6", f - 40 ksi ,f'- 3 ksi Y c 

M (k' ) P u (k) Ant (in
2

) Y 

50.0 q 200.0 3.03 

50.0 270.0 3.30 

60.0 200.0 3.67 

10.0 200.0 7.36 

80.0 200.C 7.12 

80.0 200.0 4.72 

100.0 200.0 13.30 

100.0 270.0 11.60 

b=14 " ,t=lB",d'=-2.6", f = 40 kei,!'- 4 ksi 
y c 

My(kl) P (k) Ast(in
21 u 

100.0 200.0 4.B2 

90.0 330.0 4.02 

50.0 410.0 2.52 

49.5 330.0 2.52 

80.0 330.0 5.56 

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

.. , 

, j 

1 



Given: 

1 

2 

3 

4 

k 
.J 

6 

7 

8 

M M x y 

(k' ) (k' ) 

100.0 33.0 

10(;.0 50.0 

100.0 70.0 
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P Ast u 

(~) (in2) 

197.0 2.52 

200.0 3.10 

410.0 5.13 

COLUMNS UNDER BIAXIAL BENDIUG 

PAGE 61 

, 
b=17" , t=25" , d'::;2.5", f = 40.C kSi, f -== 3.0 ksi, 8.bar arrangement. 

Y c 
M M P A t Ast(Karaca) x Y u 

(k-ft) (k-ft) (k) (in~) (in2) 

374.0 20.0 225.4 6.28 11.66 

344.0 20.0 829.0 " 27.14 

289.0 20.0 87.0 " 11.05 

74.0 300.0 225.4 " 18.00 

10E.5 106.5 255.0 " 4.25 

58.6 117.2 140.5 " 4.25 

142.0 53.0 85.1 " 8.78 
.' 

17.5 73.0 3.5 " 4.25 

Source for the above example is reference No.7 pp.151-153 • 
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No. 

1 

2 

3 

4 
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BIAXIAL BE!IDING OF COLUMNS 

Source 

Fleming 
ref .11 
p.335 

Fleming 
ref .11 
p.335 

Parme 
ref.9 
P.9l9 

Parme 
ref".9 
p.921 

FURTHER EXAMPLES 

Given 

b-=~1.(t"ii:~" 
4-6;lr arrahge.l"t\l!.l1t

f'= 3ksi 
c 

f = 30.0 ksi 
Y 

M =45kl 
MX:;17.5k' 
pY=70.0k 

u 

b::ol4" 1:.:::.\411 
) 

-1-10.:; ... dr rd" j'e.."le.n.t 

f'"" 3 ksi c 
f :::60 ksi 

Y 
M = 46.6 
~= 58.5 
pY=175.0 

u 

b",~6")t={61/ 

8 - bar .3 rra hj'e. tTle.nt 

fl= 3 ksi 
f

C::40 ksi 
t.i'; IBO.O kl 
MX= BO.O kl 
~= 220.0 k 

D
o b",u" 

o 0 l:.,,;24" 
o . 0 

~ 0 

f'= 3ksi 
fC; 40 ksi 
MY=200.0k ' 
M

X= BO.Ok' 
Y=300.0 k 

u 

b-:. t:o ;'1..11 d':.2/~ 
J 

4-bar ;lY"i'-an ~U'1ent 

f'= 3 ksi 
fC: 40 ksi 

Y 

M:: 45 
t,r= 17.5 
pY= 70.0 k 

u 

b = 14-") \:;" \ It'~ d'= 2.6 

4-1,;11'" Cl)"rand'e"1e'lt 

fl = 3 ksi 
c 

f -= 60 ksi 
.V 

M = 46.6 
x M ;;;. 58.5 

pY=175.G 
u 

\, '" \ 6", t= I ~ 1/ J d '" 2 5
11 

e-bar dyrd hj£.t>")cn"1: 

!'= 3 ksi 
f

C= 40 ksi 
MY; IBO.O k' 
MX= BO.O K' 
pY; 220.0 k 

u 

0
00 

a 0 

o 0 a 

b = ~211 
t"14" 
c::I':2.2"'J 

fl= 3 ksi 
t

C= 40 ksi 
~"'200.0k' 
M :: BO.Ok' 
pY=';OO.O k 
uu 

A 
at 

. 2 
l.n 

2.89 

2.64 

B.OO 

4.B1 

PAGE 6 2. 

A (Karac'a 
st 

in
2 

3.93 

3.41 

15.81 

8.46 
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j 
I 
1 

In the Reinforced Concrete Building Code (ACI 318-0), all of the I 

I:il 
formulas are ih such a form that the ultimate loads and moments are given in 

function of the other variables.Therefore the desicner assumes everything in Orderj 

to check whether or not the assumed section is satifactor"'.However,whilB designing I 
I 

a reinforced cocrete section,in many instances the ai:n is to find the reilf:)rce:nent 
I 

That is why the ideal thinG would be to h8ve formulas which directly give the 

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

l"ormulas for rectangular beams, 1- and T- sections are transformed 

into such a form that the reinforcement is directly computeuoA refined formula 

~ taking into account the small axial IDads in rectangulnl' has also been 

developed from the strain-compatibility considerationuolt is sp.en,from the 

example po?3 ,that a 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 de;)ttl when a section is founCl to be i:-ladequate to car:!:'y 

the moment, is developed. In addition to this, for rectanf-;ubr beams,an equation 

satisfying the given steel percent~gc requirements of the ACI Code,is derived, 

when a section can net carIJ' a given mo:nent, to com-;:ute the compression steel 

area. The cornDarisons :nade with beams desiGned by Working Stress Design method 

(p 0 50 ) showed thE! t Ultimate Strength Design gives less reinforcement, bl<t 

it is necessary-to note that the lo&d~ factors used have an important effect 

on the reinf9rcement • 

Ilhen a section is inadeq'Jate fJr shE,;r the jE-cision is left t::J 

the designer. 

I 
I 
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r~----·----N-------- . 
l 

The empirical and. exact column equations of the ACI Code 

are tranSf0r.11ed into a fo!'m sui table to desigp purponcs, that is the for~ulc;s 

giving the reinforcement directly are ·developed.The equlJ.tions considerinr: 

strain-compatibility are alGo 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 corn;mter programming thp empil-ical e<;U<ltlO!W of t.he 

ACI Code are used,since they are the simplest. The examples compared with 

the designs made by Ultimate StrenGth DeSign method are in close agreement(~.57 ). 

In biaxial bending the idealized r envelopes are given fer 

different bar arrangements.The ch<1rts with be.rs arrangements s'yrnetric!!l in 

~NO faces coincide exactly with the derived design equations. In case we 

have steel in four faces, though the idE.::llized r enve10pes are oror.:rammed, 

care should be taken because the total reinforcement is approx1mated,but the 

error produced is on the conserv~tive ~ide. 

Columns under biaXial bending designed by usn have less 

steel than the ones designea by WSD (p.59 Czerniak). 

Comparison with exampl~s taken from Fleming (p. 52 ) showed that 

our steel area is about 25 % higher. The examples are desif.:ned in Fleming 

by USD method making use of the charts deve10pp.d by the method of Mattock. 

Comparison with the examplp.s of Panne (p.G2 ) shows that our 

steel area is greater.But Parme does not consider capacity reduction factQr, 

and for 6-bar arrangement our formulas do not c;ive exact solu:ions,they are 

derived f:Jr symmetrical reinforcement LI two faces, thus our steel area is 

expected to be greater,and this is the case. 

Comparison wi th Czerni8k (;;. eli ) shows agHin that we get greater 

steel area.But again Czerniak does not t~ke into conslderation any capacity 

reduction fnctor'T' When WE designed the same examples with reduced moment and 

~ .. - ___ • ~ ________ ~ ..... ~x: ___ ~ ______ , _______ _ 
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load we get less reinforcement (examples 5,t,7,O, p. 6i ). 

When the eccentricities about either principel axis are 

smaller thnn the values requj.red by the ACI Code 318-0 (art Lela 1)01-a ), 

they are augmehted to "these minimum v~lues. 'l'nus i:1 biaxial bend iug desi[;-n· 

if the moment about one of the axis is smaller,it ~ill 9utomutlcally be increased, 

and this increase will affect the design a lot. 

______ ~ _________ ~ __ ~ ___________ ' ... ~ICI. 
--~-~-
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I-·----·"-.-...--""-·-~-

I 
CON C L U S ION S 

The following conclusions are deduced after the solution of exampl~s 

with our transformed formulas: 

I-The denien is simplified by the fact that the desiGner has ttl tlluf, 

into the transfomed formulas the known quanti:ies ~o Let the reinforcing 

steel directly. 

2-The comparison with ~orking Stress Design method shows clearly the 

importance of load factor in Ultimate Stren{;th Design to achieve economy. 

3-1n column design,tne exact, and ()i~lpiric;.d eflllstions of t.he ACI Coie. 

and the formulas derived by applying :"tnli!l-COr",1i:\ t ibil i ty considpr'1 tions to 

symmetrically rcinfo:'ced. rectClnf..':Ular sections in two f8.ce5,9.11 gi ve Ftlmost 

the sa:ne rein-:orce:nent I'or wide rhnge 01' ds.ta vnris.tion. 

4-In the biaxial bending case when we have smnllpr pccentricities 

than the minimums required by the ACI Code, the desi!7fl t;iv'~s conservative 

results if the eccentricity,and t!lC'rcfore the moment is increased about one 

of the principal Axes. 

~~~ __ ~ ___ ~_4._' __ O_'_~_.~ ______ -=~' ____ ~U~---------.-------~~-------------------------------------~~---1 
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APPRNDIX A '3 

Rcctang-..;.lar Beams with c:)mpre:ssion reinforcememt-

I t-1\<4::: '1 l (A~ - A'~) {j ( cl- °/2 ) -t- A'st,Cd-d ') J (I\CI Coole ~c;, 3) Li - 9 

I I 
vlh.", Q~ (4,-A',)t,/o.8"(b '4.'0 I 

077 
(

O_B 7 k,(/ ) ( 81,00
0 

) 

(;I S 7, 0 "" "" + Ij 

t= ~. 13 

e9 10. beCc-mes a.~ter -tkl. e/(""'(f1.a.t(on o} (As-A's) 1,) 'h'lC~"S o} E11l",-i-il1"s 

,14) o.hd (iiJ 

1 V\ el-lu~ ~11 (7 Vl (4 J P u. 1-1 I VI ~ 
<Z.'jU6 ). we J'e1 

M\),: 

I 
S olvi n.J 

1 [ FbdL(d- 0.77 bd kl 
2 

Re abo ve 

M ... I Iq' 
---

e 1~a ~ ~ ~., f~" 

{;I Cd. -01') 

Eq.l(, 

l?; 1, 0o 0 J -i- f\ '0, f,. ( J - d ~ 1 
'87,°00 ... {; 

t\ , 

puHi",S +ht. v~lve. o~ T- from E9·17} + he.. -t1-ranJeol forr" oj [~. 11 beJDme.S 

A 5 ::: __ "'_1_,,"_/ 4'~. __ -~[~O_.7_,?_(_O_!l_'i_k_' t_)~g~~_:c_O,,_c ~....:J~:I_b_d_·_(..:.q_-_O_' 1_:_6_d_k_'_B;~, :_l: __ :_:-=-,Jj,---,--,)J~ 

, , 
f 
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Flexural comput~tinns I- and T- sActions-

whe-11 tZ H69d/k 
I 

~ u = 'f [( A. ~ - A, j ') j)l (d - "'/2. ) +- A, f LJ d - 0.7 t) ] 

r1 s 1 0 0 8 ,;" ( b - b ,) t L If 
:.I 

Q -= (A s - A Ij )j j /0. t, 7" L b' 

M .... 

X T 

( " " 16-6) 

E9- 22 

i 

1;:'1_19 I 
['1 20 I 
~'1.2il 

I 

I 
\ 
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APPENDIX A~ 5 

Increase in depth of the 1- lnti T- sections-

~ 

J-j 

L b"~ [ - i:= -" / 1--L [~- 4SL ((d-05t)]) A7i ! ;/- V I'd r J 1j 

= 0 

0\ =-- OBZ'\~ 6f t Ass 
[ L 1;,' L ( L 1,,' )) - -17 L hj 

~ '1 A 72. b£' (~ r'l e/S 

\
2 ) d o _,0( -+)=0 

S I \ . \ ,\, IlL cC]·,·~-j'~'Oh q/'V,L -\:CY' )ke (Vlcreas ed dCb~h I 
• " L)' I,." (' h ~ I v~- () ~'" J J 

, 
I 

I l . 
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Untaxil!l b:mding of columns,when tension controls _ 

(Ac..I (".:Ie. (q.-tCJ-7) 

E"l,37' 

J 

- f + f -t- 0 2 
+ -2 r f ) = J( 

0f1+ ~rf I = (cJ2'-;'3) + f 
/ 

a ~,d 

f 2- + .2 r f = (;k -f ) 2+ .2 ( J(-f) r + f2 

f- -1- 2 [£-)3 --r] r + (1(-1)2.-F~ = 0 

f'2 - 2 [ f +-t - :K J T :k O!_ -2 :x f =- 0 

f+t-X = q == (1 - ~) + m'(A-~) + J'-c1< 
~ = 1 + rn I ( ~ - ~-' ) - J( 

~ =- :J( ~ .2. :1::(3 = JC ( :J< - -<- -t- .2 e ') 
( . I d 

1>2 - 2 O<f+ t = 0 

( 

i cr p 

AG2 I 
I 
i 
I 
I 
I 
I 

j 
i 
i 
i 
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r-·U-.B---------------A-P-P-END-::::-----......... --·-.. ... ----~=-.ti.lll 
! Exact colt.unn equation when compression controls _ 

I 
! 
~ 

?b ~ t [0.B7 { h q~ ] 

M I:> := t [ 0.87 ( b 0. b ( d - d "- '; ) + Ar~ ) ~ (d - d I_cd /I) + A:, L d" J 
t -== 'f[o.azI,f (A~-Ast ') +A5t~:J 1 

Ad = b t ) A$ =' A1s j Ast ==- ..21\<;, 

42- Q/rId 417 

/'\:::: cf [0. 67 J~ bCl.b (d-d"- ~) + As ·bCd-d'- ol'J -I- A.!.3.fd ll J 
-:Pc = ~ [O'~7 ~: ( bt ~ 2As) + 2A~~.:J ) 

• I'hto -l-h.t 
l ~ ob ~G\'-n ed 

e1 ll Q.t.'tm A11 I +C.rms 
In. -Iern--..s oJ A~ 

0<-:::. 21' {j(L- O.'67J~)Cd-dl) 

A. 71 

/;q.44 

l' = -fVI .... O,-O. B5 S:)-1',.Jj (d-d ')h -t .7cp.\3f(btJj(d-cl')tf·87~>ab(V·~7()(J-dl/-.7Clb) 

8~ oeD d 

'07, 000 -+ Jy 

I! 

I 
___ -J 
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Empirical column equation when compression controls-

I 
I "'Pu = 
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-- -1-
d-d' 

= 
07 

0,7 

-1- 0.7 
c:l-oI' 

~9·Lj<j 
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Circt.lar columns with bnrs circularly 81'raged,whcn tc.nsion contrnl3-

~u. ~ ~t O.~7-1~ D2ly'(o.~e - 038)2 + l'~~Db~ I _ (0 ~~~ - o 3B)] 1 

. / ( O~7e. _ 0. 39).2. + ""ft "PI b s ' 
~ D 2.7 D = 

I 
e9Uo.11on 

! 

Ct'-\.J CAl",U.\\\h.3 

( A elL <' d L ~f 9 - 11) E ~ . 51 

(
o.gqe ) + -- - 0.3 S 

. .J:, 

-l1e.. J ---- 0·7(; 

1> 
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Sq'Jare columns Ni th b<.trs circul£u'l,'f arruni~ed, ',vhp.n t(:nsion controls-

(AC.I [oJe,Y1-13) 
Eci,55"" 

=- -4-' 1':-0 "'--. 8-7-j-~-L t-,- -I- (t - 0, '7 ) 
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APPENDIX A 12 -

Square coLlmns 'Hi th bars circularl:! 8.rn;;n{!ed ,v:hen cor::crc!O',::l :)(, ('ontr",ls-

--l2te. + 1.18 
(t. 1- 0.G7 b:,Y 
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Rectaeu12·r columns ,derivation of equation b:! .str:=oin comnfltitJility-

CASE 1-

_ k _ 1- Q 2ku.. - i + ~ 0\ _ '-' ---4=- = ~":'=-----"'-

F!>, = (Pe bt)[ (:fJ - 08LJ~ ] 

Fsz-:= ( fe- bi) [ fj 1 

2. 2 

PAGE 81 
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1- 4 bar urrangeme~t ,f - 40.0 ksi -
. Y 

4= 0,3 

~ = 0.7 

q ::: O. q 

9~ 1.3 

o"'(p ..... /pJ<: .22. 

0.22..( (r .... /p'o) '- 0.70 

0.70 «P"'/p,,) < 040 

o L ('P"'/pJ.::: 0.18 

() I~ < (p",h"o) < 0.30 

o.3(;,L (P~/Po) <. 0.90 

0.( (P"'/f'"J t.. 0.1'1 

0.1'1.( (f ..... /Pc) < 0.32 

0.32< (P"'/Po) <. 0.73 

013 < (PL</?o) < 0.'10 

o < (P ... /Po) < 0,17 
0.17 < (P ... /p.) < 0.24 

0.24 < Cf ..... / 'Po) < 0.37' 

0.37 < (1' ... / Po) < 0.70 

0·70 ~ (f .. /'Po) " 0.90 

o < (f' .... / fo) <:: 0.17 
0.17 .( (P ... / 'Po) < O.GC 

0.(," < (f .... / Po) < 0.:10 

'P .. P "" -o. ')3 1': -t O. '04 

/l:J -= - 0.0 ,. ~ 7 ( P"'(Po') + 0 ~;;"3 

f; = 0.421} (l'''/Po) + 0.Lt1 

/''''' -1.0'3 rFi./p,,) + 077 

(3-= - 0.083'7 (P .... /Po) -t 0·'7'19 
f = 0.4- (, /.; ('f", / Po) + 0.398 

p = - 0.66 ( "" / P.) + o. 677 
;:- 0 77 
j3::; o.4-i{P"'/P .. )+O·4-1 
f= i.1'+5 (P~/Po) -0.102.. 

-0.47 (f .... /?,,) +o.{" 
0 .. 73 

O./tc,,4- (P ... /p,,) -to.Lt2 
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~225' ('P ..... /r.) - 0.13'5 

- OAI (P"'/p.,) +O.7~ 
0.Lt7 (P ..... /Po) + o.43Lt 

1.06 (Pu./fo) -t' o.oi'7 
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1= 0.3 

'1::: 0.'3 

o ..c. (P ... /P.) < D.20 

O. 2 0 < (P u. / Po) « 0, 4 / 

0.41 < (P .... / Pc) < o. Cf 0 

o <"(P ... /p.,)<O.13 
0.13 ~ (( .... 1 P.) < D.2S 

O.2~ < (P ... / P~) < 0.90 

o L ( f I< / 'Po)':::" 0./0 

0.10 <: ('P ... /po) < 0.24 

02~ < ( 1' .... / Po).c:.. O.:'}o 

o L. ( p" / Pc) <. 0 . 2 c> 

0,20.( (P .... / Po) L.. 09 0 

o .( (P .... /Po)L 0.1(, 

O.lC; ~(P .... IPo) <.. O.~O 

f..:: -0.'10 (p",!Po) + 0.627 
!..= -0.167 (pl{!Po) -t o.G7'S 
f= 0.224 (P\.JI'~)-t 0.716 

r:. = - i. 05 ( R... / Po) -t 0·7 7 
J:. = - 0,33'3 (P .... /Po) + 0.6'13 
p= 0.202 (P ...... jP.,) + O.'7oLt 

f -=- - Q. B 7" ( P 4. / Po,) -t o. ro 7'7 
f.-= -0.4/G (P ... /Po ) +0.031 

)3= o.tIi3Z(P...jPo) +0.49(, 

'-= -o.L,ooCPu./p.,) -\- 0.000 

f=- O.179(P",}Po)t D.~ «34 

f-::. -o.31'7{Pu./Po) + 0.717 

f-; 0·'7'3 (P .. jPo) + 0.4'2>4-
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3 - 8-bar 8rran~emcnt ,f - 40 kai -u y 

0= .1 , 

~ -= 0.3 

~:: O. if 

9:: 0.'3 

9 ~ {3 

o < (f',,/Po) < 0.2(; 

0.1.(, z.. ( P,,-/Po).c. 0.1+& 

0.4-(, < ( P~/ p,,)!.. 0.] 1:7 

O. 70 ~ ( Vu.1 Po) L. o. ~o 

o ~ (p.../Po)< 0.2 B 

o.28«p"/Po)<: 0.70 

0. 70 < (Y ... / Po) <: o. '3 0 

o .c.. ( P .... / p. ) <. 0·30 

0.30 <. U ... .j P,,) <. 0)0 
0.70 <'(Pu./Pc)< f?9o 

o <. ( Po.<. Ipo) L.. 0.27 
O.2Ji <.(P .... /P,,).( 0.70 

0.70 <. ( P ... ! Po ) <- 0 . .9 0 

o L (1' ... I Po) ~ 0 1 3 

0.23 <. (P .... !p,,) L.... 0 70 
0.7.0 .:: (Vu./P,,) .( o·OJo 

4- 8-bar arr~ngement , f - 60 ksi -y 

1 ::0.3 

D L. ( P ... ! Po) !.. 0.36 

0.36,( ('P .... /Po) <. 0.90 

o L. CPu-/po) <: 0.29 

0.2:1 .:::.. (p../ Po) < 0.:3 0 

o .:::.( P ..... /Po) <. 0.2.'7 

o.2fi <. (P ... / Po) <. 0.90 

o < ( 1" ... / f,,) <. 0.2 I 

0.21 <. (P .... / Po) <. o.Lf.1i 
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o < (P .... / 1'0) < 0.20 

0.2.0 < (pu../ ""Po) < 0.4!' 
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0.1?7 (P .... !Po) + 0.'172 

o. Lt'l (P~l Po) -t" 0. 36 7 

- O. J 7" 0 ( f'" I Pc> ) -I O. (; 4-7 
0.200 (rCLJp~) + O.7'-/-0 

0.470 (P ... /Po) + 0.3167 

f3 -: - 0 . ,j 0 0 (r l{. / Po) + 0 . (, I £7 

f-= 0.200 (f'4./P,,) + 0.740 

f~ 0.4fjo (P"jPo) -r 0.3(.7 

r = - 0 GG? (P" / P~) TOGO CZ 

f = 0.2 (/0 ( p ..... l Pc'] + 0.74- 0 

f = O. If?!:? UL( / P"j + o.3~ 7" 

~:: - 0.306 (? ... /Po) + 0.735 

f>= o./n (Pu..!Po)-tO.:;;b1 

p= -O. 3~ 0 (f .... /Po) + 0.6('17 

f= 0.207 (p~/ f.,)+ 0.'7/6 

f=- -O.2.bO (Pu./fo)-t- 0,(,2.'7 

[3= o.16Lt- (r"/Pc) -t o. '314-

fo -= - 0.310 ( f:.. I Po) -t o. 7G.P7" 
f:= 0.2..70 (f' ... /?a) + 0.4-71 

[3== 0.1 '33 (f'~/l'o) -t- 0.7 30 

J'= -0.227 (P .... /Po) +0.770 
;0== 0.2,0 (P.../Po) + 0·4-71 
f = o. { '3"3 (f .... ) f'o ) -t o.? 3 0 

PAGE 98 
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5- 12-bar arran[cmpht ,f - 40 ksi -y 

9== 0.1. 

1~ O.? 

6 -

9-:: 0 .1 

9'= 0.3 

9 =-- 0.7 

~= O.q 

9 = 1.3 

° L.. ( P ... / Po) .( 0.'38 

0,3'0< cP .... /-po).( 0,90 

o < ( P ... J p. ) < o. '3 7 
0.37 .( (1' ..... /Po) <. 0.90 

o ~ ( Pu./p,,) < 0.3 

0.30 <. (P .... / Po) <. o. q 

o <. (1'" If. ) ( o.2.Cj 

O. Z'j < ( f ... / 1'0) < O. 'I 

o <'(Pu./f'.)< 0.2'1 

0.29 < (f ... jP,,)L 0.90 

1":- bar arrl3 hi·~Cm€nt 

0 z (f .... /r.i<.o.37 

03'7< (P~/'f:,)<O.90 

0 ~ (r~jp,,) <. 0.27 

0.27 ~ (F';""/f'o) <. 0.90 

0 d P",jP.) < 0.2.3 

0.23 .( ( F... .. j Po) < 0.90 

0 < (p .. /Po) < o. ~3 
0.19 < (P", /P,,) < o. '79 

0.75 < If .. / Po) < CJ. 90 

0 c... (P ... /f'o) <- 017 

0.0 i. (P~/ P.) < 0.79 

o. ~9 <. (F~ Ipe) < O.:l 0 

, f - he 
y 

f3=- - o. 370 (p~/p,,) -t O.7roo 
f =- O. 2 7 0 ( f ... / Po) -t o. '7 I 8 

f-=- - 0.17(' (f ... /P" ') -t 0.(.'2>7" 

f:;. 0.270 (P ... / 'Po) -+ o. '71 8 

f-=- - O.183( f ... /Po)·t 0.G'77 

f= o. 270 (P~/ P,) + 0·71~ 

r:.~ -0.121 (P .... JPc) + 0.630 

p= Q.2.70(P",/po) .,.. 0·718 

j3=- -O.0'72(P .... jPo) +0.610 

p= O.21o'LP .. /P,,)+ 0.7'18 

ksi -

fo = - o. 33 0 (P .... / Po) + o. 74 0 

f= 0.1 (,4 (P ... /Po) -r O.7'G'3 

f= - 0.33'+ (P .... jr.) -+ O.b7o 

f= O.183(p ... jP,,)-t-O.?3i 

(3 = - O.2Go (r .. Jr.) -t O. (,30 

f-= O.1lt9(P",,/Po)+ 0.7 3 (, 

f-= -,0.342. (P .. /Po)+ o.r:;q, 
f-= 0.212 (P .. /P,,)+0.4-:3 0 

f-=- o. ° lr6'7 [p .. j Po) -+ o. '72>7 

B= -0.2(;,4 (~ ..... /f'o) -\ 0.77 0 
j 

(3; o.2~2 ( P ..... I Po) -t 0,4':3 0 
f 

r= 0.048'7 (p .... /r,,) + 0'797 

PAGE <; 9 
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6,8,10 bar arranKements, fy - 40 ksi -

o ,( (1' .. /Po) <.. o. 21 
O:2l L.. (P .. /Po ) <. 0.1+'" 

O.Lj6 L.. (P ... /P,,)<' 0.(,1t 

0.6~ <: (1'"IP.,) <. O.<jo 

[3-= -0.<04'7 (Pe<.!Po) -t 0.'7:10 

f';c -0.100 (r .. /po) -to. b 7' 
f?> =- o. 2 7 '& (P ... / Po) TO. 7 0 2. 

(3= 0.4-04- (f' .. /Po) -10.4-22 

9= 0.3 0 < ( P ... /Po) <.. 0.31 j3=- - 0 32 z CP,,/f.) T 0.(;50 

[!,= Q.27B(f ... /f.)-r O.'1oz 

9 ~ 0.'3 

0.31 < (P ... /Po) < 0.(:,4 

o.bY < (p ... /Po) < 0.90 

o <(.p~Jpo)t...O.28 

0.28 <:. (F .... / P~) <. 0.0't 
0.("4 "- (F'~/ Po) <.. 090 

0 «P ... /P.).:: 0.20 

0.20 <. (P ... / p.) <:. 0.64 

O.6lj t.. (1' .. /1',,) < 0,90 

0 <. ( P ... lp~ ) < 0.16 

O.IB < ( P .... /f'_) < O.b~ 
0.64 ( ( t'~/Po) < 090 

8 - 6, !.:~, 10 bar arrHnt'ement~ 

q-=O.1 0 dP ... /f'~)( 0.30 

9~Q·? 

q::: 0.£1 

~::; 1.3 

o.~o < (F-/po) ( 04( 

0.4·( <:(Pu./Po)< O.so 

0< CP .... /Po)Lo.29 
0.26.( CP"'/Po)< o.go 

0 < (F"lp~)L. 0.2G 

0.2(; < ( P... / Po) <- 0.90 

0 (, Ow / P .. ) ( 0.2.0 

0.20 < (p"If' .. ) < 0.173 

0.73 ( (p .. / P .. ) <, 0.90 

0 < ( P .. / Po) ~ o. /7 
0.17 < (Pulpo) < 0 73 
0.$3 <.. ('P../P.) < 0.30 

r = 0 .It 0 It (f ... / P.) -t 0.42 Z 

p::. - 0,2&8 (Pu.. Ip,,) -t 0.C;(;0 

f = 0.27 8 ( P ... / P.) -t- O. 7D 2 

jt3 :: 0 .Lt 0 Lj ( Pu../ 1'.) -r o. Lt 22. 

13-= - 0.325 (F~ IPe) .\ o.~3c 
f:. 0.275 (P ... /I:,) \ Q,~02 
f= O.404(r:.../r.)+Q.422 

[3-= - 0.276- (f' ... !p<» + 0.(,,10 

f'= 0.278 (P.~./Po) + 0.7DZ 

p.,.. 0, 'to'f (P ..... /Po) -t 0.422-
I 

f - 60 ksi -y 

f-= -C.~3Lj (pu.k,) -t O.7GLi 

~=-O.13(, (r .... /p.,) -t O.~7~ 

!= 0.22"-1 (f ..... /Po) + 0.'728 

f:= -D.37'? CPu-/Po) + 0.(,90 

f :;;: o.1g'7(P .... /Po)-t 0.?23 

(3::: -.0308 (P"-/Pa) T 0.b3'7 

p= 0 .'188 l..f .... j Po) + o. '7ob 

~ = - 0.377 ( P .... /Pc )1- o. t; 0 '7 

0= 0 197 (p'{/f'o)+ 0.4-<31 r= 0.137 (P .... /Po)+ 0.723 

f:- -0.373 (Pu./p,,) + 0. 7 \5 0 

[3=- a.-1 9 7(p.,./'Po) -ro.491 

f= o. {37(f~/f'c) -t- 0.723 

PAGE :-~.:; 
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a= depth of equivalent rect8nt")llsr stNSS block, defined by Section 1503(g) ACI 

Code,it is equal to k1C 

a
b 
=deuth of equivalent rectanf,'Ular stress bloek for bah,nced couditions -k1 c t 

A =~ross area of section 
g 

A'-=area of tension reinforcement 
s 

A'=area of compression reinforcement 
s 

Asf=area of rein;:'orcement to develoJ.; comuressi ve strength of overhanfFirl{! 

flanges in 1- and T- sections 

A ... =tot&l area of lout,! tudinul reinforcement 
s" 

A :total area o:L' weh reinforcement i:1 t,"nsioIl 'Iii thi:1 a distH!1ce,s,:naasul'PQ i:1 
v 

a direction parallel to tne longitujinal rcil~orcement 

b=width of compression face of flexural member 

b';width of web in 1- and T- sections 

c=distance from extreme compression fiher to neutral axis 

c.-=distunce from extreme comnression fiber to neutrel uxis for balanced 
o " 

cond i t i ons=d (t'7 , DOC' ) / (,.: '7, OOO-f ) 
Y 

(l,h(listance from extreme compression fiber t, centroid 

tension reinforcement 

d"=distance f:'om ;:L:lstic centroid to centroid of tension reinforcement 

DeQver-all diameter of circular sect~on 
i. 

D =diameter of the circle through centers of reintorcement arranged 1.n a circulaV'{ 
s ", 

pattern 

e=eccentricity of axial load at end of member measured from plastic centroid 

of the section, calcula ted by conventional method!:, (); frame analysis 

e':::eccentrici ty of :1Xi'11 load at end of member ~leasurp.d from the centroid o:f tl,e 

tension reinforcement,calculated hy conventional methods of frame analysis 
.~_ I ... D 1 __ -..r _________ • __________ ·~~~ .. __ ;oJ 

1 

·1 

1 
'J 
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eb=eccentricity of load Pb measured from plastic centroid of section 

f'=compressive strength of concrete c . 

f =calculated stress in reinforcement when less 
s 

f =yield strength of reinforcement 
.Y 

F= force ind steel(totul) 

tinn the yield strength,f 
y 

kl=a factor de~inca in Section l503(g) in ACI Code,and in p. 

PAGZ1 0 2. 

k t=the de~th Of the compressed area,measured from the extreme fiber on the u . 

compression side 

klkUt::the depth of the equivalent rectangular stress block 

m= f /0.85f' y c 

m'=m-l 

M=bending moment 

MI=~odified bending moment 

ub=moment capacity at simultaneous crushing of concrete and yielding of 

tension steel(balanced conditions)-Pbe
b 

M =moment carr~~d by concrete section alone c 

M =moment carried by end steels es 

M ::moment capacity under combined axia~ load end bendinr; u 

N=load normal tot to the cross section,to be taken as positive for compressi~n 

negative for tension,and to include th8 effects of tension due ~o shrinka[e 

and creep 

p=A /bd s 

pl= AI Ibd 
s 

Pb=reinforcernent ratio producing balanced conditions at ultimate strength 

Pf = Asf /bld 

Pt= Ast lAg 

plI:.A IbId 
w s 

,--------~---=.-
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p ::.ratio of vollime of spiral ::-einforceme:lt to total yolumE' of s ' 
core C.lUt to out 

of' spirals) of a spi.rHlly reini'orced concrete or composite column 

P
b 
=axial load capacj. ty /.it simultaneous crushing of cancro te hnd y ie10. 1ne 

of tensicn st"el (bnlanced conditions) 

P -=axial load capaci t:,r of ae tuul r:Jember .:hen concentrically lOCided 
o 

P ... p -axial load capacity under combi:1ed axial lo.:::.d ane. bena.in£ 
u u, 

r=radius of I-!sretion of gross concrete '-"r8e. of column 

R~a reduction factor for lonG columns 

q= A f /bdf' 
s Y c 

t=flan~e thickness in 1- and T- sections 

v :,shear stress carried bj concrete 
c 

v =nominal ultimate shear stress as a measur~ Of diagonal tension 
u 

V:total shear at section 

V =total ultimate 
u 

shear 

. V' ::ul tiruate shear carried by web reinfor'cement 
u 

[ =ultimete concrete comprensive strain~O.005 
u 

E. :strain at yiel in (lutermo2t rf;in!'orC8mcnt 
y 

L: -strain in outermost tension reinforcement 
'- s-

E :strain in outermost compression reinforcement 
s 

t;"capacity reduction factor 

\ 

~. 
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APPENDIX E 

*06044 
C I. KARACA -So TEZCAN ULTIMATE STRENGTH DESIGN PER ACI-318/63 
C ULTIMATE STRENGTH DESIGN OF REINFORCED CONCRETE MEMBERS PER ACI-( 

DIMENSION F(8,3),PARTlt(3,3),FAC{3),A(3,3),BD{3,3),W(3,3), ' 
1LTYPE(3,3) ,K(3) ,SR(2,5) ,.R{B) /' 

C M A I N LIN E 0 F B E A M S 
999 READ 102 
102 FORMAT(80H 

902 
97 

-..975 

12 
'976 

910 

C 

911 

S 
908 
909 

993 

804 
802 

803 

3 
4 

46 
913 

13 

1 
PRINT 102 
READ 902,ME,NLOAD,NC
PRINT 9?~'ME'NLOAD'NC 
FOR~~A T ( ~ 14) 
FORMAT(1123H NUMBER OF MEMBERS{ME)=,I4/29H NUMBER OF LOAD CASES(1 

10AD),=,I3,3X/33H NUMBER OF LOAD COMBINATIONS(NC)=,I3/) , 
PRINT 975 
FORMAT(/SlH COMB. NO. PARTicIPATION AND OVER STRESS FACTORS) 
DO 12 L=1,NC 
READ 908,(PARTIC(I,L),I=1,NLOAD),FAC{L) 
PRINT 916,L,(PARTIC(I,L),I=1,NLOAD),FAC(L) 
FORMAT(I5,5X,10F7.2) 
READ 908,FC,FY 
PRINT 910,FC,FY 
FC=FC/1000. 
FY=::FY/1000. 
FORMAT(24H CONCRETE STRENGTH(FC) =,F8.0/ 24H STEEL YIELD STRESS 

1Y)=,F8.0) 
READ MEMBER DATA 
DO 1000 I=l,ME 
PRINT 911,1 
FORMAT(//II/,I4,19X,23H END FORCES AND MOMENTS,19X,2HPY,8X,2HMY) 
DO 5 L=1,NLOAD 
READ 908,(F(J,L),J=1,8) 

PRINT 909,(F(J,L),J=1,8),L 
FORfv1AT{8FIO.0) , 

FORMAT(5X,8F9.2,I3) 
READ 993,IX,S,B,BP,T,DP,FT,D1,D2 
FORMAT(I3,F7.0,7FIO.0) 
IF(I-IX) 804~803,804 
PRINT 802,I,IX 
FORMAT{30H MEMBER NUMBER IS OUT OF ORDER/2I5) 
GO TO 77 
CONTINUE 
IF{DP) 3,3,4 
DP=2.S 
CONTINUE 
IF(BP) 45,45,46 
PRINT 913,1 

FORMAT(16H LOADS ON MEMBER,I4) 
DO 18 L=l,NLOAD 
READ 902,K(U 
PRINT 91,K{L) 
KK=K(L) 
IF(K(L» 18,18,13 
DO 17 M=1,KK 
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, READ 11,I,ACM,L),BDCM,L),WCM,L),LTYPECM,L) 

17 
I is 
I 45 

11 
91 

912 

298 
299 

PRINT 91,I,ACM,L),BD(M,L),W(M,L).LTYPECM,L),L 
CONTINUE 
CONTINUE 
CONTINUE 
FORMATCI4,3F6.2,I4) 
FORMAT(8X,I5,3F9.2,I4,I8) 
PRINT 912,I,S,B,BP,T,DP,FT,D1,D2 
FORMAT(/I4,3H S=,F6.1,3H B=,F6.1,4H BP=,F6.1,3H T=,F6.1,4H 

16.1,4H FT=,F6.1,4H D1=,F6.1,4H D2=.F6.1l 
G1=.85 
IFCFC-4.) 299,299,298 
G1=.85+.05*CFC-4.) -
CONTINUE 
IF(BP) 501,500,501 

C BEAMS 
501 IFCT-12.*S/20.l 325,326,326 
325 PRINT 499,1 
499 FORMAT(I4,6X,35HCHECK THE DEPTH AGAINST ACI-TBL909) 
326 IFCT-.4*12.*S) 500,500,498 
498 PRINT 497 
497 FORMAT(61H DESIGN THIS BEAM ASA DEEP BEAM,SINCE T IS GREATER 

500 

898 
896 
897 

401 

890 

1 0.4LIIII) 
GO TO 1000 
CONTINUE 
DO 300 L=l,NC 
IFCNC-1) 897,897,898 
PRINT 896,L 
FQRMAT(/72X,5HCOMB.,I3) 
CALL MPVCSR,XM,YM,P,IS,R,S,A,BD,W,LTYPE,K,D1,D2,B,BP,L,NLOAD,F, 

1PARTIC,T,DP) 
IF(BP) 401,400,401 
CONTINUE 
PRINT 890 
FORMAT(6X,72HAT PU VU T AS TNE\oJ 

1 ASNEW 
C BEAMS 

MU 
ASV) 

. 396 
387 

385 
384 

563 

562 

TH=T 
DO 800 MP=1,5 

T1=TH 
TNEW=O. 
ASNEW=O. 
ASV=O. 
XM1=SR(2,MP) 
VM=SRC1,MP) 
GO. TOC396,396,397,397,397),MP 
IF(B-BP) 385,385,387 
BH=BP 
p=o. 
GO TO 384 
BH=B 
CONTINUE: 
CALL RBEAMCXM1,P,FC,FY,BH,BP,TH,DP,FT,G1,AS,ASP,TNEW,ASNEW,I,IS, 

1) 

ASH=AS 
IFCTNEW-TH) 562,562,563 
TH=TNEW 
ASH=ASNEW 
CONTINUE -

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

.1 

~ _____ .. _....:.~_J 
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799 PRINT 126,I,MP,XM1,P,VM,Tl,AS,TNEW,ASNEW,ASV 
800 CONTINUE 
126 FORMAT(2I4,4F8.1,F8.2,FS.1,FS.2,F14.3l 
C COLUMNS 
300 CONTINUE 

i 400 
11000 
j 

! 77 
( 

! , 
~ 

GO TO 1000 
CONTINUE 
CONTINUE 
STOP 
END 

PAGE 

___ , ____ ... _._~ __ M ______ ... _, __ n"_~_"" __ '"'-t' 



THESIS 
ROBERT COLLEGE GR:'OlJl~ 7~ :,CHOOL 

8t:BEK ,ISTM1BUL 
PAGE 
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SUBROUTINE MPV(SR,XM,YM,P,IS,R,S,A,BD,W,LTYPE,K,D1,D2,B,BP,L,NLOi 

1,F,PARTIC,T,DP) \ 
C THIS SUBROUTINE COMBINES LOAD CASES AND DETERMINES M,N,V AT FIVE PI 

DIMENSION R(8),A(3,3),BD(3,3),W(3,3),LTYPE(3,3),K(3),F(8,3), I 
1PARTIC(3,3),SR(2,5) i 

I 

D=T-DP i 
DO 390 J=1,8 I 

390 R(J)=O. I 
DO 33 KK=l,NLOAD I 
DO 321 J=1,8 ; 

321 R(J)=R(J)+F(J,KK)*PARTIC(KK,L) 
33 CONTINUE 

15=1 
P l=R ( 1) +R ( 7) 
P2=R(4)-R(7) 
IF(ABSF(P1)-ABSF(P2» 38,38,37 

38 P=ABSF(P2) 
IF(P2) 35,35,32 

32 15=2 
GO TO 35 

37 P=ABSF(P1) 
IF(Pl) 34,34,35 

, 34 15=2 
C 15=1 MEANS COMPRESSION, 15=2 MEANS TENSION 
35 CONTINUE 

DO 391 JV=1,5 
DO 391 JL=1,2 

391 SR(JL,JV)=O. 
SR(2,1)=-R(3)+D1*R(2) 
SR(2,2)=R(6)+D2*R(5) 

C FOR BEAMS CALCULATE MNV AT INTERIOR POINTS, FOR COLUMNS SKIP THIS 
IF(BP) 45,45,46 

46 SR(1,1)=R(2) 
SR(1,2)=R(5) 
DO 100 M=3,5 
Z=M 
DEF=Z-2. 
DIS=DEF*S/4. 
SR(1,M)=R(2) 
SR(2,M)=-R(3)+R(2)*DIS 
DO 39 KK=1,NLOAD 
IT=K(KK) 
IF(IT) 39,39,810 

·810 DO 380 J=l;IT 
IF(A(J,KK)-DIS) 80,380,380 

~ 80 LT=LTYPE(J,KK) 
GO TO(71,72,73,380),LT 

71 SR(l,M)=~R(l,M)-W(J,KK)*PARTIC(KK,L) 
SR(2,M)=SR(2,Ml-W(J,KK)*(DIS-A(J,KK) )*PARTIC(KK,L) 
GO TO 3~0 

72 IF(M-3) 82,81,82 
• 81 SR(1,1)=SR(1,1)-( D/12.+D1)*W(J,KK)*PARTIC(KK,L) 

SR(1,2)=SR(1,2)-(D/12.+D2l*W(J,KK)*PARTIC(KK,L) 
SR(2,ll=SR(2,1l-W(J,KK)*Dl*Dl*.5*PARTIC(KK,L) 
SR(2,2l=SR(2,2)-W(J,KK)*D2*D2*.5*PARTIC(KK,L) 

82 SR(l,M)=SR(l,M)-W(J,KK)*(DIS-A(J,KK»*PARTIC(KK,L) 
AA=A(J,KK) 
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i 

Ii 
1\ 

I 

j 
Ii 

1 

1 

1 
:1 

:j 

d 
:1 
! 
i 

I 
d 

i 
I 
! 

'\ 
I 

" 1 
I 

i 
:1 
I 

i J 

61 

62 

73 
380 
39 
100 

101 
45 

30 
31 

BB=BD(j,KK) 
C=S-AA-BB 
IF( (AA+C)-DIS). 61,62,62 
ARM=DIS-(AA+.S*C) 
SR(2,M)=SR(2,M)-W(J,KK)*C*ARM*PARTIC(KK,L) 
GO TO 380 
SR(2,M)=SR(2,M)-.S*W(J,KK)*(DIS-A(J,KK»*(DIS-A(J,KK»*PARTIC(KK' 

1) 

GO TO 380 
SR(2,M)=SR(2,M)-W(J,KK)*PARTIC(KK,L) 
CONTINUE 
CONTINUE 
CONTINUE 
DO 101 M=l,S 
DO 101 MM=1,2 
SR(MM,M)=ABSF(SR(MM,M» 
CONTINUE 
XM=ABSF (SR ( 2 , 1) ) 
IF(ABSF(SR(2,1»-ABSF(SR(2,2») 30,31,31 
XM=ABSF(SR(2,2» 
CONTINUE 
YM=ABSF(R(8» 
RETURN 
END 
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*06044 
SUBROUTINE 

1I,IS,MP) 

I 4 
ASP=O. 
D=T-DP 
ASM=B*D*.2/FY 

67 
66 

5 
12 

GAPA=.85*FC*B*D 
SAYN=l. 
IF(IS-2) 66,67,67 
SAYN=-1. 
SAY=1.-2.*(12.*XM+SAYN*P*(.5*T-DP»/(.9*GAPA*D) 
IF(SAY) 5,6,6 
PRINT 12,I,MP 
FORMAT(2I4,4X,19H INSUFFICIENT DEPTH,4X,20HDEPTH IS INCREASED •• ) 
AS=O. 
GO TO 13 

6 AS=GAPA*(1.-SQRTF(SAY»/FY-SAYN*P/(.9*FY) 
C CHECK FOR LOCATION OF N.A j 

803 

75 
821 
820 
823 

IF(P) 803,822,803 
EPU=.003 
EPY=FY/29000. 
ALF=D/(G1*T) 
GU=ALF*(l.-SQRTF(SAY) ) 
BETA=EPY*GU/EPU 
ALT=O. 
UST c 1.-(DP/T)-BETA 

~ 
'I 

I t . , 
I ! I 
I 11 . ~ 

~: 
~I 

If (MP-3) 75,822,75 I 

IF (MP-5) 821,822,821 I I 
IF(UST-GU) 820,822,822 i 
PRINT 823, I III 
FORM~T(18H DESIGN MEMBER NO=,I4,4X/76H AS A COLUMN, SINCE THE AXI I 

1L FORCE PUSHES THE N.A. BEYOND THE RANGE DEFINED/26H IN CASE 2 ~ 
2 THE ACI-SP7) I 

GO TO 642" I ~ 
822 CONTINUE I Ii 
C CHECK FOR MAXIMUM PERCENTAGE PB I 
10 PB=.6375*G1*FC*87./(FY*(87.+FY» I 

IF(AS-PB*B*D) 103,103,5 . 
103 IF(AS-ASM)104,101,101 
104 AS=ASM j 

i «, GO TO 101 
I' 

~C INCREASE DEPTH INCASE OF INADEQUACY 

I ~ 13 Q=.6375*G1*87./(87.+FY) 

II DNEW=SQRTF(12.*XM/(.9*B*FC*Q*(1.-.59*Q»)*1.10 
~ TNEW=DNEW+DP 

• GAPA=.85*FC*B*DNEW 
SAY=2.*~M*12./(.9*GAPA*DNEW) 
ASNEW=GAPA*(l.-SQRTF(l.-$AY»/FY 
CONTINUE 
RETURN 
END 

--- ! 
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*06044 
SUBROUTINE SHEAR(VM,XMl,P,FC,FY,B,BP,FT,T,DP,AS,AV,I,MP,IS) 

C THIS SUBROUTINE DETERMINES THE SHEAR REINFORCING STEEL AREA AT 5 PTS~ 

127 
126 

3 
4 

SAYN=l. 
IF(IS-2) 126,127,127 
SAYN=-l. 
CONTINUE 
D=T-DP 
VU=VM/(BP*D) 
VAL=8.5*SQRTF(FC*1000.)/1000. 
IF(VU-VAL) 2,2,3 
PRINT 4,I,MP,VU 
FORMAT(214,47H INADEQUATE SECTION FOR SHEAR(ACI/1705B) (VU)=,F7: 

1,IX,3HKSI) 
GO TO 87 

; 2 
. ! 

AG=B*FT+(T-FT)*BP 
VALM=3.5*.85*SQRTF(FC*IUOO.*(1.+2.*P*1000.*SAYN/AG»/l000 • , 

11 
10 

27 

X=VM*D 
IF(12.*XM1-X) 10,11,11 
X=XM1~"12. 
DIN=BP*(X-P*SAYN*(.5*T-.125*D» 
VC=.85*(1.9*SQRTF(FC*1000.)+2500.*AS*VM/DIN)/IOOO. 
AV=O. 
IF(VC-VALM) 26,26,27 
VC=VALM 

26 IF(VU-VC) 36,36,37 
37 IF(FY-60.) 46,46,47 

47 FY=60. 
46 AV=(VM-VC*BP*D)/(.85*FY*D) 

IF(AV-.OOI5*BP) 56,36,36 
56 AV=.0015*BP 
36 CONTINUE 
87 RETURN 

END 
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i/ 
1 
i 
I 
I 

1 

200 

5 
12 

13 

6 

121 
26 

61 

74 
75 

14 

j 101 
! 
1 

SUBROUTINE TBEAM(XM,P,FC,FY,S,BP,T,DP,FT,Gl,AS,ASF,I,MP) 
PB=.6375*Gl*FC*S7./(FY*(87.+FY» 
PH=O .• 
D=T-DP 
CONTINUE 
ASF=O. 
GAPA=.85*FC*B*D 
SAY=I.-2.*12.*XM/(.9*GAPA*D) 
IFCSAY) 5,6,6 
PRINT 12,1 ,MP 
FORMAT(2I4,4X,19H INSUFFICIENT DEPTH) 
AS=O. 
Q=.6375*Gl*87./C87.+FY) 
D=SQRTFeXM*12./C.9*S*FC*Q*(I.-.59*Q»)*1.10 
T=D+DP 
GO TO 200 
AS=GAPA*C1.-SQRTFCSAY»/FY 
Q=AS*FY/CB*D*FC) 
VAL=I.18*Q*D/G1 
IFCFT-VAL) 26,121,121 
IFCAS-B*D*PB) 101,101,5 
ASF=.85*(B-BP)*FT*FC/FY 
SAY=1.-2.*«XM*12./.9)-ASF*FY*(D-.5*FT»/CGAPA*D) 
IFCSAY) 13,61,61 
X=GAPA*Cl.-SQRTFCSAY»/FY 
IF(X) 74,75,75 

X=O. 
AS=X+ASF 

IFC CAS-ASF)-BP*D*PB) 101,101,14 
SH=.85*FC~~B 

DIN=PB*BP*FY*(PB*BP*FY-2.*SH) 
ALF=SH*FY*ASF/DIN 
BET=SH*C2.*XM*12.1.9+ASF*FY*FT)/DIN 
D=ALF*Cl.-SQRTF(1.-SET/eALF*ALF»)*1.1 
T=D+DP 
GO TO 200 

AS=AS+ASF 
RETURN 
END 

./ 
I 

I 
I , 

I 
I 
I 
I 



902 
97 

910 

908 

298 
299 

993 

912 

796 

C 
29 

411 

410 

C 
C 
C 128 
C 
129 

1 

1'" I r-r·! (~ 
Ii I:.:J I ,:) 

ROBEI1'T COLLECE GR/\DU:"iC SCH00L , 
SeBEK • I 5 TAt·mUL 

ULTIMATE STRENGTH DESIGN OF' COLUMNS 
COL U M N SMA I N LIN E 
DIMENSION CL(1),GL(1),HP(1} 
READ 102 
FORMAT(80H 

PRINT 102 
READ 902,ME,NLOAD,NC 
PRINT 97 ,ME,NLOAD,NC 
FORMAT(2014) 

I.KARACA - S.TEZCAN 

FORMAT(1123H NUMBER OF MEMBERS(ME)=,I4/29H NUMBER OF LOAD CASES( 
10AD}=,I3,3X/33H NUMBER OF LOAD COMBINATIONSCNC)=,I3/} 

READ 908,FC,FY . 
PRINT 910,FC,FY 
FC=FC/1000. 
FY=FY/1000. 
FORMAT(24H CONCRETE STRENGTH(FC} =,F8.01 24H STEEL YIELD STRESS 

1Y)=,F8.0} 
FORMAT(8F10.0) 

G1=.85 
IF(FC-4.) 299,299,298 
G1=.85+.05*(FC-4.) 
CONTINUE 
DO 1000 I=l,tv1E 
AST=O. 
PS=O. 
LBAR=O 
READ 993,IX,S,B,BP,T,DP,FT,D1,D2,LBAR 
READ 993,IX,XM,YM,P 
FORMAT(I3,F7.0,6F10.0,F8.0,I2) 
PRINT 912,I,S,B,BP,T,DP,FT,Dl,D2 
FORMAT(IIII4,3HS=,F6.1,3H B=,F6.1,4H BP=,F6.1,3H T=,Fb.1,4H DP= 

16.1,4H FT=,F6.1,4H D1=,F6.1,4HD2=,F6.1) 
PRINT 796 
FORMAT(/2X,65HM LBAR 

1ST SPIRAl) 
XMF=XM 
YMF=YM 
XM=12.~E-XM 

MX MY PU PB R 

YM=12.*YM , 
CALL COLUMN(XM,YM,P,FC,FY,B,SP,T,DP,FT,Gl,I,ASJ,S,PS,R,AG,PB,PBV; 
1AXES,HP,MEM,NU1,NU2~NU3) . ~ 

IF(AXES-l.) 29,29,30 :~ 
I i UNIAXIAL BENDING ; 1 

CONT I NUE . . " I 
IF(FT) 410,410,411 ~ , ~ 
CONTINUE :1 
CALL CIRCLE(XM,P,PB,T,DP,B,FT,FC,FY,AST,Gl,I,E,AG) ~ 

GO TO 129 ! j 
CONTINUE 1 

CALL AciUNI(XM,P,PB,T~DP,B,FT'FC'FY'AST,G1,I,AG) I~ 
... CALL SP7KU (XM,P,PB,T,DP,B,FT,FC,FY,AST,Gl,I,AG,KU,UK) ( 

IF(AST+I00.) 128,210,128 fi 
CALL SP7AST(XM,P,PB,T,DP,B,FT,FC,FY,AST,G1,I,AG,KU,UK} f~:,1 

IF(AST+I00.) 129,1000,129 
CONTINUE 
GO TO 800 ' ~ 
-. " ~ 
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BIAXIAL BENDING 

204' 

205 
206 
209 

210 

CONTINUE . (, 
CALL BIAX(XM,YM,P,PB,PBy,T,DP,B,FT,FC,FY,AST,Gl,I,AG,LBAR,BET,TOI 

CONTINUE '-~'I 
IF(AST-.Ol*AG) 204,205,205 I 
AST=.OI*AG ! 

GO TO 210 
IF(AST-.OS*AG) 210,210,206 
PRINT 209,I,AST 
FORMAT(I4,10X,4HAST=,FS.2,4X,46HIS IN EXCESS OF O.OS AGROSS, IN 

lEASE SIZE ••• ) 
CONTINUE , 
PRINT 126,I,LBAR,XMF,YMF,P,PB,R,AST,PS 

1126 FORMAT(2I4,4FS.l,2FS.2,FlO.4) 
1000 CONTINUE 

STOP 
END 

! -- . 

I 
! 
i 

I 
t 

i 

t 

I 
I I 
I I 

! I 

I 
[ I 
II 
I 

I 
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i ! 

J\". SUBROUTINE COLU~N(XM'YM'P'FC'FY'B'BP'T'DP'FT'G1'I'AST'S'PS'R'AG, I 

1PB,PBY,AXES,HP,MEM,NU1~NU2,NU3) 
DIMENSION HP(l) 

1 NU1=0 
NU2=0 
NU3=0 

C NU1=1 USE SEC916A1, NU2=1 USE SEC916A2, NU3=1 USE SE~916 EQ9.5 
C NU1=0,NU2=0, NU3=0 MEANS USE SEC916 EQ.9-4 

28 
26 

5 

6 

3 
4 

C 

701 
, 8 
9 

702 
704 

70,3.. 
706 

705 
127 
121 
12{) 
12 
760 
15 

AXES=1. 
IF(YM) 28,26,28 
AXES=2. 
D=T-DP 
RGX=.25*T 
RGY=RGX 
IF(FT-1.) 5,6,5 
RGX=.3*T' 
RGY=.3*B 

RMIN=RGX 
IF(RGY-RGX) 3,4,4 
RMIN=RGY 
R=l. 

SL=12.*S/RMIN 
SH=12.*HP(I)/RMIN 
SH=SL 
PB=.7*.85*FC*B*D*G1*87~/(87.+FY) 
PBY=.7*.85*FC*T*CB-DP)*G1*87./(87.+FY) 
IF(NU1) 702,702,7Ul 
IF(SH-60.) 14,14,8 
IF(SH-100.) 9,9,10 
R=1.32~.006*SL 
GO TO 127 
IF(NU2) 703,703,704 
R=1.07-.008*SL 
GO TO 127 

IFCNU3) 705,705,706 
R=1.18-.009*SH 
GO TO 127 
R=1.07-.008*SH 
IF(R-l.) 120,120,121 
R=1. 

. IFCP-PB) 12,12914 
R=R+(l.-R)*CPB-P)/PB 
IFCR-1.) 14,14,15 
R=1. 
GO TO 14 

I 
I 
! 
! I 
: I 
i 
I 

I 

I 

II I, 
I. 

i I 
i I 

\11 

10 
17. 

PRINT 17,I,SL 
FORMATC10H IN COLUMN,I4,3X,11H, 

IAN 100) 

q 
H/R RATIO,F8.2,4X,19HIS GREATER I 

14 

21 
22 

j 23 
24 

L~ 

GO· TO ,15 
P=P/R 
IFCXM-.1*T*P) 21,22,22 
XM=.1*T*P 
IF(YM-.1*B*P) 23,24,24 

YM=.1*B*P 
CONTINUE 

I 



i 

700 
607 

701 
606 

608 

900 

901 
899 
777 

Tli'E'CI':I r , . .1 •. .,) 
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fJE5EK, i5Tt.~~?UL 

AG=(3.14159*T*T)*.Z5 
AC=3.14159*(T-Z.*DP)*(T-2.*DP)*.25 
PS=.45*(AG/AC-l.)*FC/FY 
CONTINUE 
RETURN 
END 

SUBROUTINE CIRCLE (XM,P,PS,T,DP,B,FT,FC,FY,AST,Gl,I,E,AG) 
E=XM/P 
AL=P/(.85*.75*FC*T*T) 
DS=T-Z.*DP 
EMS=FY*DS/(.85*FC) 
IF(FT-l.) 700,700,701 
IF(P-PB) 607,607,608 
AST=(Z.5*AG*T/EMS)*AL*(AL+l.7*E/T-.76) 
GO TO 777 
IF(P-PB) 606,606,608 
AST=(T*AG/(.67*EMS»*AL*(AL+Z.*E/T -1.) 
GO TO 777 
FAC=( (3.*E/DS)+I.)/FY 
IF(FT-l.) 900,900,901 . 
DIN=9.6*T*E/«.8*T+.67*DS)**Z)+(1.18) 
GO TO 899 
DIN=IZ.*T*E/«T+.67*DS)**Z) +(1.18) 
AST=FAC*«P/.7) -AG*FC/DIN) 
RETURN 
END 

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

P ... '\Gf 

II 
I 

I 
I ;1 

i' 
i 
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I 

SUBROUTINE ACIUNr(XM,p,PB,T,DP,B,FT,FC,FY,AST,Gl,r,AG) 
C-SOLUTION BY ACI EQ.I0 EMPRICAL FORMULA 

D=T-DP 
AL= .85*FC 
E=XM/P 
EP=E+.5*T-DP 

410 IF(P-PB) 101,101,102 
C TENSION GOVERNS 
101 SA=P/(.7*AL*B*D) 

ALF=FY*(I.-DP/D)/AL+DP/D-SA 
SI=SA*(SA+2.*EP/D - 2.) 
CALL SECON(ALF,Sr,R1,R2,I,1,MESAJ) 
IF(MESAJ-1) 197,299,197 

197 AST=2.*(Rl*B*D) 
- GO TO 300 

C COMPRESSION GOVERNS 
102 CONTINUE 

AST=(P/.7- (~*T*FC)/~(3.*T*E/(D*D» +1.18»* 2.*(E/(D-DP) +.5)1 
GO TO 300 

299 AST=-100. 
300 RETURN 

END 

SUBROUTINE BIAX(XM,YM,P~PB,PBY,T,DP,B,FT,FC,FY,AST,Gl,I,AG,LBAR, 
1BET,TOL) 

TOL=.03 
RX=T/B 
RY=B/T 
BET=.65 
Yl=YM+XM*RY*(l.-BET)/BET 
Xl=XM+YM*RX*(l.-BET)/BET 

999 CONTINUE 
XMH=X1 
PBH=PB 
TH=T 
BH=B 
IM=l 

C' IM=l MEANS MX PREDOMINATING, IM~2 MEANS MY PREDOMINATING 
IF(YM-XM*YI/X1) 3,3,4 

4 XMH=Y1 
BH=T 
TH=B 

PBH=PBY 
IM=2 

3 CONTINUE 
IF(FT) 410,410,411 

~11 CALL CIRCLE(XMH,P,PBH,TH,DP,BH,FT,FC,FY,AST,G1,r,E,AG) 
GO TO 98 
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I 

I 

410 CALL ACIUNICXMH,P,PBH,TH,DP,BH,FT,FC,FY,ASTH,G1,I,AG) 
129 CONTINUE 

IF CLBAR) 716,716,717' 
716 PRINT 715,I,IM,LBAR 

GO TO 327 
717 CONTINUE 
715 FORMATC3I4,38H IMPROPER BAR ARRANGEMENT NUMBERCLBAR» 

GO TOC101,102,103,104),LBAR 
101 AST=ASTH 

GO TO 98 
102 AST=C8./7. )*ASTH 

GO TO 98 
103 AST=C12./10.)*ASTH 

GO TO 98 
104 IFCIM-1) 26,26,27 
27 AST=ASTH 

GO TO 98 
26 AST=C10./7.)*ASTH 
98 PT=ASTICB*T) 

Q=PT*FY/FC 
PO=.7*C.85*FC*CAG-AST)+ FY*AST) 
PP=P/PO 
CALL BETTACPP,FY,LBAR,Q,BETN) 
SA=LOGFC.5)/LOGFCBETN) 
IFC(CABSF(BETN-BET»/BETN) -TOL) 320,320,87 

320 CONTINUE 
BET=BETN 
IFCIM-l) 261,261,271 

271 XMK=X1*CC1.- CYM/Y1)**SA)**(1./SA» 
IF(1.03*XMK-XM) 325,327,327 

325 CONTINUE 
GO TO 87 

261 YMK=Yl*(Cl.- (XM/X1f**SA)**(1./SA» 
IF(1.03*YMK-YM) 326,327,327 

326 CONTINUE 
87 CONTINUE 

BET=BETN 
RY=XM/X1 
RX=YM/Y1 
X1=XM/( Cl.-RX**SA)*-l~Cl./SA) 
Yl=Yfvl/( (1.-RY-1H~SA)*~H1./SA) 
GO TO 999 

327 CONTINUE 
RETURN 
END 
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SUBROUTINE SECON(AL,BE,Rl,R2,I,J,MESAJ) 
MESAJ=O 
SAY=l.- BE/(AL*AL) 
IF(SAY) 6,5;5 

6 PRINT 7,I,AL,BE,J 

PAGE 

7 FORMAT(I4,5X,17H IMAGINARY ROOTS ,4X,4HALF=,F14.4,4X,4HBET=,F14. 
lI5 ) 

MESAJ=l 
GO TO 770 

5 Rl=AL*(l.-SQRTF(SAY» 
R2=AL*(1.+SQRTF(SAY» 

770 RETURN 
END 
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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 
2'17 
219 
212 

214 

216 

218 
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SUBROUTINE BETTA(PP,FY,LBAR,Q,B) 
BAR ARRANGEMENT LBAR=l FY=40. 
B=O. 
IF(Q-.2) 171,171,170 
IF(PP-.22) 172,172,173 
IF(PP-.5)174,174,175 
IF(PP-.9) 176,176,500 
BETA=-.93*PP+.84 
GO TO 77 
BETA=-.0535*PP+.635 
GO TO.77 
BETA=.425*PP+.41 
GO TO 77 
IF(Q-.4) 181,181,180 
IF(PP-.18) 182,182,183 
IF(PP-.36)184,184,185 
IF(PP-.9) 186,186,500 
BETA=-1.05*PP+.77 
GO TO 77 
BETA=-.0835*PP+.599 
GO TO 77 
BETA=.464*PP+.398 
GO TO 77 
IF (Q-.7)191,191,190 
IFCPP-.19) 192,192,193 
IFCPP-.32) 194,194,195 
IF (PP-.73) 196,196,197 
IFCPP-.90) 198,198,500 
BETA=-.66*PP+.675 
GO,TO 77 
BETA=.55 
GO TO 77 
BETA=.45*PP+.41 
GO TO 77 
BETA=1.145*PP-.102 
GO TO 77 
IF(Q-1.1) 211,211,200 
IF(PP-.17)212,212,213 
IFCPP-.24) 214,214,215 
IF(PP-.35) 216,216,217 
IF(PP-.70) 218,218,219 
IF(PP-.90) 220,220,500 
BET A=-.4 7-l~PP+ .61 
GO TO 77 
BETA=.53 . 
GO TO 77 
BETA=.464*PP+.42 
GO TO 77 
BETA=.415*PP+.435 

PAGe 
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j 220 BETA=1.225*PP-.135 • i GO TO 77 
I 200 IF(0-1.8) 231,231,1500 
I 231 IF(PP-.17) 232,232,233 
i 233 IF(PP-.66) 234,234,235 

235 IF(PP-.90) 236,236,500 

232 BETA=-.41*PP+.58 
GO TO 77 

234 BETA=.45*PP+.434 
GO TO 77 

236 BETA=1.08*PP+.015 
GO TO 77 . 

500 PRINT 1497,PP 
1497 FORMAT(4X,54H PU/PO GREATER THAN.9 NOT ALLOWED IN PARMER,SCHA 

1S,2F8.2) 
GO TO 77 

1500 PRINT 1496,0 
1496 FORMAT(4X,48H 0 IN PARMER,S CHARTS CAN NOT BE LARGER THAN 1.6,6X 

1F8.2) 
77 CONTINUE 

B=BETA 
RETURN 
END 

SUBROUTINE BETTA(PP,FY,LBAR,O,B) 
C 8 BAR ARRANGEMENT LBAR=2 FY=40. 

B=O. 
141 IF(0-.2) 291,291,290 
291 IF(PP-.26) 292,292,293 
293 IF(PP-.46) 294,294,295 
295 IF(PP-.70) 296,296,297 
297 IF(PP-.90.) 298,298,500 
292 BETA=-.462*PP+.77 

GO TO 77 
294 BETA=-.05*PP+.663 

GO TO 77 
296 BETA=.167*PP+.562 

GO TO 77 
298 BETA=.45*PP+.365 

GO TO 77 
290 IF(0-.4) 301,301,300 
301 IF(PP-.28) 302,302,303 
303 IF(PP-.70) 304,304,305 
305 IF(PP-.90) 306,306,500 
302 BETA=-.243*PP+.68 

GO TO 77 



300 
311 
313 
315 
312 

314 

316 

310 
321 
323 
325 
322 

324 

326 

320 
331 
333 
335 
332 

334 

336 

500 
1497 

1 1500 
1496 

77 
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BETA=.255*PP+.572 
GO TO 77 
BETA=.45*PP+.365 
GO TO 77 
IF(Q-.7) 311.311,310 
IF(PP-.30) 312,312,313 
IF(PP-.70) 314,314,315 
IF(PP-.90) 316,316,500 
BETA=-.15*PP+.645 
GO TO 77 
BETA=.20*PP+.54 

GO TO 77 
BETA=.45*PP+.365 
GO TO 77 
IF(Q-1.1) 321,321,320 
IF(PP-.25) 322,322,323 
IF(PP-.70) 324,324,325 
IF(PP-.90) 326,326,500 
BETA=-.10*PP+.615 
GO TO 77 
BETA=.20*PP+.54 
GO TO 77 
BETA=.45*PP+.365 
GO TO 77 
IF(Q-l.8) 331,331,1500 
IF(PP-.23) 332,332,333 
IF(PP-.70) 334,334,335 
IF(PP-.90) 336,336,500 
BETA=-.065*PP+.605 
GO TO 77 
BETA=.20*PP+.54 
GO TO 77 
BETA=.45*PP+.365 
GO TO 77 
PRINT 1497,PP 

PAGE 

FORMAT(4X,54H PU/PO GREATER THAN.9 NOT ALLOWED IN PARMER,S 
IS,2F8.2) 

GO TO 77 
PRINT 1496,Q 

FORMAT(4X,48H Q IN PARMER,S CHARTS CAN ,NOT BE LARGER THAN 
IF8.2) 

CONTINUE 
B=BETA 
RETURN 
END 

, 

I 



12 

131 
391 
393 
392 

394 

390 
411 
413 
412 

414 

410 
421 
423 
422 

424 

420 
431 
433 
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434 

430 
441 
443 
442 

444 

500 
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P.OBC:fl"T COLLEGE GRA ClL!t.1 E SCHOOL 
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SUBROUTINE BETTA(PP,FY,LBAR,Q,B) 
BAR ARRANGEMENT LBAR=3 FY=40. 
B=O. 
IF(Q-.2) 391,391,390 
IF(PP-.38) 392,392,393 
IF(PP-.90) 394,394,500 
BETA=-.370*PP+.76 
GO TO 77 
BETA=.27*PP+.518 
GO TO 77 
IF(Q-.4) 411,411,410 
IF(PP-.37) 412,412,413 
IF(PP-.90) 414,414,500 
BETA=-.176*PP+.685 
GO TO 77 

BETA=.27*PP+.518 
GO TO 77 

IF(Q-.7) 421,421,420 
IF(PP-.3J 422,422,423 
IF(PP-.9) 424,424,500 
BETA=-.183*PP+.655 
GO TO 77 
B=.27~~PP+.518 

GO TO 77 
IF(Q-l.1) 431,431,430 
IF(PP-.29) 432,432,433 
IF(PP-.90) 434,434,500 
BETA=-.121*PP+.63 
GO TO 77 
BETA=.27*PP+.518 
GO TO 77 
IF(Q-1.8) 441,441,1500 
IF(PP-.29) 442,442,443 
IF(PP-.90) 444,444,500 
B=-.052*PP+.61 

GO TO 77 
B=.27*PP+.518 
GO TO 77 

PAGE 

I 
PRINT 1497,PP 
FORMAT(4X,54H PU/PO GREATER THAN .9 

IS,2F8.2) 
NOT ALLOWED IN PARI'I(ER,S CHAI 

GO TO 77 
PRINT 1496,Q 

FORMAT(,4X,48H Q IN PARMER,S CHARTS CAN NOT BE LARGER THAN 
1F8.2) 

CONTINUE 
B=BETA 
RETURN 

END 



THESIS 
ROBERT CO~LEGE GR"DUATE SCHOOL 

8EBEK ,ISTANBUL 

SUBROUTINE BETTA(PP,FY,LBAR,Q,B) 
C 10 BAR-ARRANGEMENT LBAR=4 FY=40. 

B=O. 
121 IF(Q-.2) 511,511,510 
511 IF(PP-.21) 512,512,513 
513 IF(PP-.46) 514,514,515 
515 IF(PP-.64) 516,516,517 
517 IF(PP-.90) 51B,51B,500 
512 BETA=-.645*PP+.790 

GO TO 77 
514 BETA=-.10*PP+.676 

GO TO 77 
516 BETA=.27B*PP+.502 

GO TO 77 
51B BETA=.404*PP+.422 

GO TO 77 
510 IF(Q-.4) 521,521,520 

521-
523 
525 
522 

524 

526 

520 
-531 
533 
535 
532 

534 

536 

530 
541 

543 
545 
542 

544 

546 

540 
551 
553 
555 
552 

IF(PP-.31) 522,522,523 
IF(PP-.64) 524,524,525 
IF(PP-.90) 526,526,500 
BETA=-.322*PP+.69 
GO TO 77 
BETA=.27B*PP+.502 
GO TO 77 
BETA=.404*PP+.422 
GO TO 77 
IF(Q-.7) 531,531,530 
IF(PP-.2B) 532,532,533 
IF(PP-.64) 534,534,535 
IF(PP-.90) 536,536,500 
BETA=-.26B*PP+.66 
GO TO 77 

,BETA=.27B*PP+.502 
GO TO 77 
BETA=.404*PP+.422 
GO TO 77 
IF(Q-1.1) 541,541,540 
IF(PP-.20) 542,542,543 
IF(PP-.64) 544,544,545 
IF(PP-.90) 546,546,500 
BETA=-.325*PP+.63 
GO TO 77 
BETA=.27B*PP+.502 
GO TO 77 
BETA=.404*PP+.422 
GO TO 77 
IF(Q-1.B) 551,551,1500 
IF(PP-.IB) 552,552,553 
IF(PP~.64) 554,554,55~ 
IF(PP-.90) 556,556,500 
BETA=-.27B*PP+.61 
GO TO 77 

• 

PAGE 

I 
\, 
I 

I: 
I 
I' 

I 
I 
I: 



554 

556 

500 
1497 

THESIS 
ROBERT COLLEGE GRADUMi:: SCHOOL 

BEBE1\ ,ISTANBUL 

BETA;';. 27 8 iii:> p+-~ 50-2-----------
GO TO 77 
BETA=.404*PP+.422 
GO TO 77 
PRINT 1497,PP 

__ ~_~_ -.1 ___ ~ ___ _ 

PAGE 

FORMAT(4X,54H PU/PO GREATER THAN.9 NOT ALLOWED IN PARMER,S CHAI 
IS,2F8.2) ! 

GO TO 77 ! 
1500 
1496 . 

PRINT 1496,Q I 
FORMAT(4X,48H Q IN PARMER,S CHARTS CAN NOT BE LARGER THAN 1.6,6X! 

77 

..... 

C 4 
o. 

152 
241 
243 
245 
242 

244 

246 

240 
251 
253 
255 
252 

254 

-'.! 

IF8.2) '\' 
CONTINUE 
B=BETA I 
RETURN i 

END 

SUBROUTINE BETTA(PP,FY,LBAR,Q,B) 
BAR ARRANGEMENT LBAR=1 FY=60. 
B=O. 
IF(Q-.2) 241,241,24U 
IF(PP~.20) 242,242,243 
IFc(PP-.41) 244,244,245 
IF(PP-.90) 246,246,500 
BETA=-.9*PP+.825 
GO TO 77 
BET A=- .·16 7*PP+. 678 
GO TO 77 
BETA=.244*PP+.518 
GO TO 77 
IF(Q-.4) 251,251,250 
IF(PP-.13) 252,252,253 
IF(PP-~28) 254,254,255 
IF(PP-.90) 256,256,500 

, BETA=-1.08*PP+.75 
GO TO 77 
BETA=-.333*PP+.653 
GO TO 77 



THESIS 
ROBERT COLLEGE GRADUATE SCHOOL 

BEBE~( .ISTMmUl 
PAGE 

< ~~---~--~c _______ ....,.;a~--...,_ ....... _~ ______ ................. _ ....... _.--

. ~ . 

256 . 

250 
261 
263 
265 
262 

264 

266 

260 
271 
273 
272 

274 

280 
281 
283 
282 

284 

500 
1497 

1500 
1496 

77 

. B ET A= ~2-0-2*PP+ ~504- -
GO TO 77 
IF(Q-.7) 261,261,260 
IF(PP-.I0) 262,262,263 
IF(PP-.24) 264,264,265 
IF(PP-.90) 266,266,500 
BETA=-.85*PP+.675 
GO TO 77 
BETA=-.416*PP+.631 
GO TO 77 

BETA=.182*PP+.496 
GO TO 77 
IF(Q-1.1) 271,271,280 
IF(PP-.2) 272,272,273 
IF(PP- 0 9) 274,274,500 
BETA=-.4*PP+.60 
GO TO 77 
BETA=.179*PP+.484 
GO TO 77 
IF(Q-1.8) 281,281,1500 
IF(PP-.16) 282,282,283 
IF(PP-.90) 284,284,500. 
BETA=-0.375*PP+0.575 
GO TO 77 
BETA=.179*PP+.484 
GO TO 77 
PRINT 1497,PP 

I 

I 
i 
!, 
I 
I 
L 
( 

I 
! 
I 

I 
FORMAT(4X,54H PU/PO GREATER THAN .9 NOT ALLOWED IN PARMER,S 

IS,2F8.2) 
CHAI 

! 
I 
! GO TO 77 

PRINT 1496,Q 
FORMAT(4X,48H Q IN PARMER,S CHARTS CAN NOT BE LARGER THAN 

IF8.2) 
CONTINUE 
B=BETA 

RETURN 
END 

! 
1.6,6X! 

I 
I. 
I. 

'--1' 

I 

1 
i 

.1 
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SEBEK .ISTA~3Ul, 
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C 8 

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 

1500 

1496 

77 

SUBROUTINE BETTA(PP,FY,LBAR,Q,B) 
BAR ARRANGEMENT LBAR=2 FY=60. 
B=O. 
IF(Q-.20) 341,341,340 
IF(PP-.36) 342,342,343 
IF(PP-.9Q) 344,344,500 
BETA=-.306*PP+.735 
GO TO 77 
BETA=.176*PP+.561 
GO TO 77 
IF(Q-.40) 351,351,350, 
IF(PP-.29) 352,352,353 
IF(PP-.90) 354,354,500 
BETA=-.310*PP+.665 
GO TO 77 
BETA=.205*PP+.516 
IF(Q-.7) 361,361,360 
IF(PP-.25) 362,362,393 
IF(PP-.90) 364,364,500 
BETA=-.26*PP+.625 
GO TO 77 
BETA=.184*PP+.514 
GO TO 77 
IF(Q-1.1) 371,371,370 
IF(PP-.21) 372,372,373 
IF(PP-.45) 374,374,375 
IF(PP-.90) 376,376,500 
BETA=-.31*PP+.595 
GO TO 77 
BETA=.25*PP+.477 
GO TO 77 
BETA=.133*PP+.53 
GO TO 77 
IF(Q-1.8) 381,381,1500 
IF(PP-.20) 382,382,383 
IF(PP-.45) 384,384,385 
IFCPP-.90) 386,386,500 
BETA=-.225*PP+.57 
GO TO 77 
BETA=.25*PP+.477 
GO TO 77 
BETA=.133*PP+.53 
GO TO 77 
PRINT 1497,PP 
FORMAT(4X,54H PU/PO GREATER THAN .9 

1S,2F8.2) 
GO TO,77 

PRINT ,1496,Q 

I 
I 
I 
I 
I 
I 

I 

I 
NOT ALLOWED IN PARMER,S CHAI 

I 
I 

- .'- "--._- ----~ --------- .- - -------.----- -~--~-~'·-·...:,....'f 

FORMAT(4X,48H Q IN PARMER,S CHARTS CAN NOT BE LARGER THAN 1.6,6Xl l 

I' 
! I 1F8.2) 

CONTINUE 
B=BETA 
RETURN 
END 

I fl , 
\ ' 
l' 
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i SUBROU-~I-~~-'BETTA (PP, FY, LBAR,Q, B) 
& C 12 BAR ,ARRANGEMENT LBAR=3 FY=60. 

I ' ~ • 6=0. ' 
~ ~ 132 IF(Q-.2) 451,451,450 

'I 451 IF(PP-.35) 452,452,453 
~ 453 IF(PP-.90) 454,454,500 
~ 452 8ETA=-.33*PP+.74 
~ GO TO 77 
i 454 BETA=.164*PP+.568 
J GO TO 77 

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 

IF(Q-.4) 461,461,460 
IF(PP-.27) 462,462,463 
IF(PP-.9) 464,464,500 
8ETA=-.334*PP+.67 
GO TO 77 
BETA=.183*PP+.531 
GO TO 77 
IF(Q-.7) 471,471,470 
IF(PP-.23) 472,472,473 
IF(PP-.9) 474,474,500 I 
BETA=-.26*PP+.63 I 

GO TO 77 II 
BETA=.149*PP+.536 
GO TO 77 !i I 
IF(Q-1.1) 481,482,480 
IF(PP-.19) 482,482,483 I 1 
IF(PP-.59) 484,484,485 I J 
IF(PP-.90) 486,486,500 I I 
BETA=-.342*PP+.595 I r, 

GO TO 77 [ 
BETA=.212*PP+.490 I 

GO TO 77 I' BETA=.0485*PP+.587 
GO TO 77 
IF(Q-1.8) 491,491,1500

1 Ii 
IF(PP-.17) 492,492,493 ( 
IF(PP-.59) 494,494,495 I ~ 
IF(PP-.90) 496,496,5001 I' 
BETA=-.264*PP+.57 
GO TO 77 
BET A= .212*PP+ .490 I ! 
GO TO 77 I 

1,1 ' 

BETA=.0485*PP+.587 i 

;;k;~T;;f;5-~rpU~;O GREATER ~:N :9 NOT ALLO~E;I:~~RM-E~~~~~i Ii' 

1S,2F8.2) 
GO TO 77 'I I 

PR I NT '1496,Q i 
FORMAT(4X,48H Q IN PARMER,S CHARTS CAN NOT BE LARGER THAN 1.6,6~ ~ 

1F8.2) I 
CONTINUE II 

B=BETA 
RETURN ii" 

END 
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BEBEK .ISTt.~l~Ui, 

SUBROUTINE BETTA(PP,FY,LBAR,Q,B) 
C 10 BAR ARRANGEMENT LBAR=4 FY=60. 

B=O. 
122 IF(Q-.2) 561,561,560 
561 IFCPP-.30} 562,562,563 
563 IFCPP-.41} 564,564,565 
565 IFCPP-.90) 566,566,500 
562 BETA=-.434*PP+.765 

GO TO 77 
564 BETA=-.136*PP+.676 

GO TO 77 
566 BETA=.224*PP+.528 

GO TO 77 
560 IF(Q-.4) 571,571,570 
571 IFCPP-.28) 572,572,573 
573 IFCPP-.90) 574,574,500 
572 BETA=-.375*PP+.68 

GO TO 77 
574 BETA=.185*PP+.523 

GO TO 77 
570 IFCQ-.7) 581,581,580 
581 IF(PP-.26) 582,582,583 
583 IF(PP-.90) 584,584,500 
582 BETA=-.308*PP+.635 

GO TO 77 
584 BETA=.188*PP+.506 

GO TO 77 
580 IFCQ-l.l) 591,591,590 
591 IFCPP-.20) 592,592,593 
593 IFCPP-.53) 594,594,595 
595 IFCPP-.90) 596,596,500 
592 BETA=-.375*PP+.605 

GO TO 77 
594 BETA=.197*PP+.491 

GO TO 77 
596 BETA=.135*PP+.523 

GO TO 77 
590 IF(Q-l.8) 601,601,1500 

PAGE 



601 
603 
605 
602 

604 

606 

500 
1497 

I 
11500 
1496 

77 

THESIS 
R08Ef?T COLLEGE G;:;',:)l!~~E SCHOOL 

SEBEK ,tSTAr;i3Ul 

..-
IFlPP-.17) 602,602,603 
IF(PP-.53) 604,604,605 
IF(PP-.90) 606,606,500 
BETA=-.353*PP+.58 
GO TO 77 
BETA=.197*PP+.491 
GO TO 77 
BETA=.135*PP+.523 
GO TO 77 
PRINT '1497,PP 

PAGE 

FORMAT(4X,54H PU/PO GREATER THAN.9 NOT ALLOWED IN PARMER,S 
1S.2F8.2) 

GO TO 77 
PRINT 1496,Q 

FORMAT(4X,48H Q IN PARMER,S CHARTS CAN NOT BE LARGER THAN 
IF8.2) 

CONTINUE 
B=BETA 
RETURN 

END 



SUBROUTINE ACIUNI(XM,P,PB,T,DP,B,FT,FC,FY,AST,Gl,I,AG) 
C SOLUTION BY ACI EQ.19/7,8,9 EXACT EQUATIONS IN COMPRESSION 

D=T-DP 
AL=.85*FC 
E=XM/P 
EP=E+.5*T-DP 

410 IF(P-PB} 101,101,102 
C TENSION GOVERNS 
101 SA=P/(.7*AL*B*D) 

197 

ALF=FY*(l.-DP/D)/AL+DP/D-SA 
SI=SA*CSA+2.*EP/D - 2.) 
CALL SECON(ALF,Sr,Rl,R2,I,1,MESAJ} 
IFCMESAJ-l) 197,300,197 
AST=2.*CR1*B*D) 
GO TO 300 

C COMPRESSION GOVERNS 
102 CONTINUE 

193 

30 
31 
51 
99 
98 

40 
50 

299 
300 

AB=Gl*6*87./(S7.+FY) 
ALF=1.4*FY*CFY-AL)*CD-DP) 
BE=XM*CFY-AL) +.5*P*FY*(D-DP)-.35*AL*B*T*FY*(D-DP) 

1 - .35*AL*B*AB*CFY-AL)*(T-AB) I 
GA=.35*AL*AL*B*B*T*AB*(T-AB)- .5*AL*B*AB*(T-AB)*P+ XM*AL*B*CAB-] I' 
ALFA=BE/ALF 
BE=GA/ALF 
CALL SECONCALFA,BE,Rl,R2,I,2,MESAJ) I 
IF(MESAJ-l) 193,299,193 I 

COZ=Rl I 
IFCR1) 30,31,31 ~, 
IFCR2) 99,40,40 ~ 
IF(R2) 50,51,51 j 
IFCRI-R2) 50,50,40 i 
PRINT 98,I,MP ~ 
FORMATC2I4,5X,36H NEGATIVE AST FROM EQ. ACI(19/7,S,9» 
AST=2.*COZ 
GO TO 300 
COZ=R2 
AST=2.*COZ 
GO TO 300 
AST=-100. 
RETURN 
END 
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I SUBROUTINE SP7KU (XM,P,PB,T,DP,B,FT,FC,FY,AST,G1,I,AG,KU,UK)I. 

DIMENSION ROOT13) I 
I EM=FY/( .85*FC) I 

E=.003*EM*29000./FY 
EYU=(FY/29000.)/(.003) 
PU=P I ( • 7*FC-l~B*T ) 

~Ol 

202 

: 555· 
! 

I: 776 

I ! 
. : 203 ! I , \ 
5 j 

! i ,1 
II 
t ! 

11204 
i I 
Ii .! 
i j 
I 

, I 

1 

1
801 

1 

205 

C 
777 

XU=XM/(.7*FC*B*T*T) 
G= (T-2 .*DP)/T 
DO 104 KU=1,5 
SAYN=1. 
GO TO(201,202,203,2U4,205) ,KU 
GIS=l.-G 
Y=E-EM-1. 
Z=E+EM-1. 
SAYN=-l. 
ALT=(.5 -.5*G)* .99 
UST=(.5*(1.-G)/(1.-EYU»*1.01 
GO TO 801 
AK=.5*(G*(2.*EM-1.)+1.)/G1 

. BK=(G*(2.*EM-1.)*PU +2.*XU)/(.85*G1*G1) 
CALL SECON(AK,BK,UK,R2,r,3,MESAJ) 
PRINT 555,I,KU,AK,BK,CK,DK,UK,R2 
FORMAT(2I4,6F12.4) 
IF(MESAJ) 104;776,104 
ALT=(.5*(1.-G)/(1.-EYU» *.99 
UST=(.5*(1.+G)/(1.+EYU» *1,01 
GO TO 770 
Y=EM-1.+E 
Z=EM-1.-E 
GIS=l.+G 
ALT=(.5*(1.+G)/(1.+EYU»* .99 
UST=(.5*(1.+G»* 1.01 
GO TO 801 
Y=EM~2.+E 

Z=EM-E 
GIS=l".+G 
ALT=(.5*(1.+G»* .99 
UST=(l./Gl )* 1.01 

AK=-.85*Gl*G1*Y 
BK=.85*Gl*(Y-G*Z+.5*G1*GIS*E) 
CK=G*Z*PU-2.*Y*XU-.425*G1*GIS*GIS*E 
DK=GIS*E*(SAYN* .5*G*PU+XU) 
PRINT 555,I,KU,AK,BK,CK,DK,UK 
GO TO 777 

DK=(1.+G)*E*(.5*G*PU+XU-.425*G) 
CK=G*Z*PU -2.*Y*XU -.85*G*Z 
UK=-DK/CK 
ALT=(i./Gl )* .99 
UST=9999999. 
PRINT 555,I,KU,AK,BK,CK,DK,UK 
GO TO 770 
ROOTS OF CUBIC EQUATION 
R1=ALT+.02 
TOL=.005 
NCYCLE=20 
CALL CUBIC(TOL,NCYCLE,Rl,R2,R3,AK,BK,CK,DK,IM,MESAJ,KU) 

\ \ 



! ! 718 

717 
.. 766 

)
762 
761 

13 8 
l768 

770 
98 
103 

,'1698 
16 9 9 

1104 
I 

\306 
I l37 
I . 
I .' 
i700 

200 

'\ , 

1\ 
i I 

ROf:,EFd COLLEGE GRADUATE SCHOOL 

IF(MESAJ) 104,769,104 
CONTINUE 
LIM=3 
ROOT(1)=R1 
IFCIM-1) 718,717,718 
ROOT(2):::R2 
ROOT(3)=R3 
GO TO 766 
LIM:::1 
DO 768 JJ=1,LH1 

SEBEK ,ISTANBUC 

PRINT 555,I,KU,ROOTCJJ) 
GO TOC761,762,762),JJ 
IFCIM-1) 761,104,761 
IFCROOTCJJ)-ALT) 768,37,38 
IFCROOTCJJ)-UST) 37,37,768 
CONTINUE 
GO TO 104 
IFCUK-ALT) 103,700,98 
IFCUK-UST) 700,700,103 

IFCR2-ALT) 104,699,698 
IFCR2-UST) 699,699,104 

UK=R2 
GO TO 700 

CONT INUE 
AST=-100 •. 
PRINT 306,1 

P.l.G[ 2. 

FORMATCI4,4X,43H ACI-SP7 FORMULAE DID NOT SUPPLY A SOLUTION) 
GO TO 200 
UK=ROOTCJJ) 
PRINT 555,I,KU,AK,BK,CK,DK,UK 
CONTINUE 
CONTINUE 
PRINT 555,I,KU,ALT,UST,UK 
RETURN 
END 

1\ 
, I 
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, , I 

I 
! 
I 611 

1612 
I 
I 

1,613 

614 

615 
, 616 

555 

SUBROUTINE SP7AST(XM,P,PB,T,DP,B,FT,FC,FY,AST,G1,I,AG,KU,UK) 
EM=FY/(.85*FC) 
E=.003*EM*29000./FY 
PU=P / ( • 7*FC-~~B*T ) 
SA=.85*G1*UK 
G=(T-2.*DP)/T 
GO TO (611,612,613,614,615),KU 
AST=(PU-SA)/(.85*(E-E*(1.-G)/(2.*UK)-1.-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-$A)/(.85*(E-E*(1.+G)/(2.*UK)-2.+EM) ) 
GO TO 616 
AST=(PU-.85)/(.85*(E-E~~(1.+G)/(2.*UK)-2.+EM» 

AST=2.*AST*B*T 
PRINT 555,I,KU,UK,AST 
FORMAT(2I4,4F14.3/) 
RETURN 
END 
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SUBROUTINE CUBIC(TOL,NCYCLE,X,R2,R3,A,B,C,D,IM,MESAJ,KU) 
IM=O 
MESAJ=O 
DO 10 I=I,NCYCLE 
FX=A*X*X*X+ B*X*X + c*x +D 
FP=3.*A*X*X +2.*B*X +C 
XN=X-FX/FP 
IF(I-1) 27,125,27 

27 IF(ABSF(XN-X)-DIF) 125,125;25 
125 DIF=ABSFeXN-X) 

IF(ABSF«XN-X)/XN)-TOL) 20,20,10 
10 X=XN 
25 PRINT 17,KU 
17 FORMATe32H FUNCTION KU NOT CONVERGED, CASE;I4/) 

t-1ESAJ= 1 
GO TO 200 . 

20 CO=.5*(B/Al+.5*X 
UN=CO*CO+D/eA*X) 
IFeUNl 26,28,28 

28 R2=-CO-SQRTF(UN) 
R3=-CO+SQRTFeUN) 
GO TO 200 

26 PRINT 18,X 
18 FORMATe8X,32H ROOTS X2, X3 ARE IMAGINARY, Xl=,F16.Sl 

IM=1 
200 RETURN 

END 

• 
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