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ASSTRACT:

The paper investigates the relstionship between the
two standard methods of design that are used for dimenkioning
reinforced concrate rectangular sections subject to simple
bending, nemely, the flexural strength design method, and
the working stress design method. It makes it possible
(within certain limitations) to use either method to obtain
identical regults, It egtablishes the stress factors to be
used in working stress design that would give results
equivalent to a specified set of load factors that are
adopted by the flexural strength design method, and wvice
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1. INTRODUCTION :

The adoption of the Flexural Strength Design (F.5.D),
oreviously known as the Ultimate Strength Design, and the
Limit State Design methods for dimensioning of reinforced
concrete gections, has c¢reated {at least in Iraq} a cartain
misunderstanding, especially by designers still using the old
Working Stress Design (W.5.D), a=s to the suitability of these
new methods of design, for conditions prevaliling locally.
Although the F.B.D method gives more economical designs, yet
the load factors usad in the flexure]l strength design as
specified by the various codes, do not seem to satisfly those
acquainted with the W.S5.D, with the result, that the two
schools of thought have yet to find a common ground on which

to weigh their designs.

It is the aim of this paper to establish a practical
design procedure that makes it possible, for a designer of a
reinforced concrete section subject to simple bending using
the new F.5.D. method, to obtain identical results as would
be obtained by another designer using the old W.S5.D method.
Also to make it possible (within certain limitations) for a
designer using the W.S5.D method to design for a kmown load
factor (as with the F.S5.D method) and obtain the same snswers

as would be obtained by the F.S5.D method.
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It is then possible for all designers (whether those

g the old W.S5.D method or the new F.S5.D methoed) to have

ommon basis, represented by the load factors used, to
ablish a well defined criteria whether the sections
gigned represent a suitable solution for the problem in

gtion.

. DESIGN METHODS:

Design methods for the F.5.D or the W.S5.D are
standard textbook problems, and are available in various
publications 1, 2, 3, 4, 5 to 15. The equations to be used

are given below for the two methods, using the A.C.I notations.

8, Flexural Strength Design:

For an ultimate moment (M ) acting on the section
shown in figure (1), and let:
M= AMpp+ Mg eesesensessanassansnnsnroncsocsns(l)
where (AF ) and { N } are the load factors adopted. THen

M, =dp,bd%(1-0.59 p —1} e SR Sy FUR IR, (- |
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from which the depth of the section {d) is determined
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Figure (1)
provide that (M ) is given in (kip inchea). Then the area
of steel (4.) is given in terms of the steel ratio (p) from:

AE L F b d I o T S e "!!"l[!l-'{ﬁ}

The two equatioms (3) and (5) above, can be utilized
for the design of reinforced concrete sections subject to

bendingiﬁ} using the charts prepared by the author.

Appendix (2) gives the program prepared by the author
using the hand electronic computer (HP 65) for the above
method, which can also be used for designing sections wifh

double reinforcement.

b. Working Stress Design:

For a service load moment ﬁME) acting on the section
shown in figure (2), where:
HE‘ = HDL + HI‘L ‘..-li-i-.IF--‘--!'-I-I-I--FIII-III-II-'II-'{E}

and if
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where ( J ) is the stress factor for steel.
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Then the steel ratio ( F ) can be determined from eguating
C =T

f
ThEI‘EfDI'E F - _E X 'FE' i..iil-ll-lll-'l‘-!l-l-!-l"!-l-!!--!-1-(‘13}
=

The moment (M_) is given by:
- - (an)
HE ﬁrckjbd "jiii‘.j.ilillillII-l-II‘-F'II!-l-Ii'|.I'l-a-
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from wh the depth (d) can be obtained from the equation :
Te
b

............,.......,............;-----------‘f1---1-1-':15}

d = klu

2000

where kl =
" e

j l--llliilIir-ﬁltli!*'iiill-¢¢p¢-‘(16}

provided that (HE} i given in (kip inches).

For a balanced design, i.e. for the concrete to
reach a full stress of Efc = 0.45 fé}, and for the steel to
reach a full stress of [fs = ilfy}‘ then the value of the
ateel ratio ( P ) can be determined from equation (13) by
substituting the wvalues of (n) from (7), (k) from (8), (£ )

from (9), and (f.) from (10).

0.225 £ !
Therefore P-?rz—‘?—fnf—raﬁh R
y Sl el b

from which the area of steel (AB} can be determined

RE = F h d '."i'--'j.--'l-*'.illll‘il"!ﬁ-iil-*ll'(1a}

The curves shown in figure (3), give values of ( P } for

various combinations of {IF}, (X.)s & Y ), and (£5).

Equations (15) and (16} can be used to determine
the depth (d) of the section, while egquations (17) and (18)
are used to determine the areas of the steel reinforcement

for a balanced design.
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Appendix (3) gives the program prepared by the author
using the hand .electronic computer (HF 65) for using the work-
ing strese design method for dimensioning a singly reinforced
concrete rectangular section subject to simple bending at

balanced conditions.

3, STRESS FACTORS AND LOAD FACTORS:

There are basic differences between the two standard
wethods of design for reinforced concrete sections, These
differences are given below :

a, The W.5.D method uses a linear stress distribution with a
maximum stress for conerete in compression {fﬂj which
decreases linearly to zero at the neutral axis, while
the F.S.D method adopts an equivalent rectangular
stress block whose ordinate for conecrete stress is
(0.85 £)) and with a depth (a) which is less than the
depth of the neutral axis (€. .

b. The W.S.D adopts & working stress for steel {fa}’ where
(£, = j‘fﬂ,), using a stress factor for steel ( ¥ ).
Thig steel stress factor is always less than (0.5),
and varies usually between (0.4 to 0.5). For cocncrete

a constant stress factor of (0.45) is used, and there-

fore (f_,) is always taken as equal %o (0.45 £.).




¢. The F.5.D method uses a load factor (W ) for the dead

load, and & load factor (7 ) for the live load,

together with another factor ¢ = 0.9. The steel
¥ield stress {IF}’ and the concrete compressive
cylinder strength at (28) days (f}) being the basis
of the analysis.

d. The W.5.D method is related to the working stresses under
prevailing service loads, while the F.5.D method is
ralated to the ultimate stresses that occur in the
concrete and steel at ultimate load conditions. The
relationship between these two sets of conditions isg
not linear, and varies according to the stress
factors, and the load factors used,

e. The range of the load factors used for the F.5.D method
san vary according to the prevailing conditions.

This is not possible using the standard W.5.D methed.
It will be shown later that due to the stress factors
chosen (0.45 for the concrete, and between Q.u'tn 0.5
for the steel), then the low load factors such as

(1.4) for the dead load, and (1.7) for the live load

cannot be obtained.

4, THE RELATICNSHIP BETWEEN W.5.D AND F.5.D:

To find the relationship between the W.35.D and F.3.D
methods, equations (3) and (15) for an equal depth (d) to be

obtained by boeth methods: 57
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Then substituting values of {k1] irom (&), {ﬁu} from
(1) {klw} from (16) and {He} from (6):

¢ 1000 IJ“FHBL v Py
tpty

(1 = 0.59 ¢ ;%E b
c

= |= E@DD_ }‘,; JHDI-I + HI'L ----u.;------{"‘?"]
R b
Then substituting the value of ( o )} from eguation

(173, (k) from (8), (9) and (10), (J) from (11} and putting

NI:'L- g .....,..-.....|.--|.|.----l-l-l-lll-!l!---ll----lli-'i{-EEI}
Tz

and let Whpr *+ 1ty 4§ . 0
Mppt Moy § o+

the following equation can be obtained:

= H --------1{21}

Ve G o g
R ALE + 1 (l-ﬂ'-lﬂlﬁ Hmj{i!!.HES 'FL-I-T yﬁ)
T " 254.385 Y (T, +0.0044 V&) (T2 (152. 631 K+ VHyE)

e (22)

The walue of (R) is, therefore a function of the
variables {fy‘ £} and r'}. When the values of (R) are

caleulated for wvarious combinations of stresses for a range

of ( J ) varying between (0.5) to (0.4), then Table (1) is
obtained.




Table (1) VALUES OF (R)

42 £ For values of [ = S«

pei psi U5 0.48 :::.-’IE‘*‘LDT#_'
2000 1. B 1.9 2.02 224
2500 1. 84 1.91 2403 2.24

40000 3000 1,85 1.92 2.03 2.25
3500 1.85 1.92 2.0% 2.25
4000 1.85 7. 92 2.0% 2e25
2000 1.83 1.90 2.02 2424
2500 1.84 1.1 2,02 2.24

50000 5000 1.84 191 2.02 ==l 8
5200 1.54 1291 2.02 2elh
4000 ‘1 « B} 1.9 2,03 2 o 24
2000 1.83 1,90 2.0 2,24
2500 1.83 1.90 2,02 2e24

60000 3000 1.83 1.90 2.02 2,24
5500 1. 54 1.90 2,02 2,20
4000 184 191 20 2 o2l

Table (1) exhibits an interesting characteristic. Tt

can be seen that the values of (R) can be approximated to be

a function of { Y ) only, irrespective of the values of [%?

and (f!) fdr the ranges studied.

values !

S

Table (2) gives thesge




Tabie (2) Ra=1t (Y)
¥ | 0.5 0.48 0.45 0.4

R | 1.84 1«91 2.02 2.24

If a linear relationship is assumed for R = £( { ),
then the following straight line formula can be obtained:

R BB S NEY aieveesvissienssssanseslEi)

On the other hand, if a parabolic relafiapship is
assumed, then the following parsbolic formula is obtained:

R=5.37 - 10,91 F + 7.69 ¥° servennnnneena(28)

This relationship is shown on the curve indicated
B R g E ) in figure (4). The same figure iz alsoc used to
show the relationship between the various load factors (A¥)
and ( 1, ), the dead to live load ratic ( § ) and the value
of (R).

Equations (23) and (24) give the relationship between
the load factor coefficients that are used in the F.3.D
method, to the steel stress coefficients ( F ) which is ubed

in the W.5.D method.

It then become possible to use either the F.S5.D
method to obtain results identical with the W.B.D method for
a given steel stress coefficients, or vice wversa (but within
certain limitations), to use the W.S5.D method and a defined
set of load factors to obtain results identical to those

that can be obtained by using the F.S5.D methed.
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5, PROCEDURE FOR DESIGN:
a, The Use of F.S.D method to Obtain Results Identical %o

W.5.0D method.

In such a case, it is assumed that the designer using
the W.S.D method has established the following guantities :
{i‘s} for a kmown H:r:" {fj:}, {]"EDL}, {I"ELL} and the breadth of

the seetion (bl.

Then the procedure to be used by the designer using

the #.5.D method is as follows :

i. Obtain § = :%%
1

ii. Pind ) = =
fﬁ

iii, Using curves shown in figure (4), for the glven ( ¥ :
then from curve R = £ ( J ), the value of (R) is
determined. It is also pessible to ebtain the value
of (R) by substituting value of L X )} either in
equation (23) or (24). :

iy, Using also figure (4), for the value of (R) found, and
for the given ( § ), the load factors (¥ ) and (7 )
can be obtained and directly read from the figure.

v, The value of M, = Mo, + HLHLL can now be calculated.

vi. Using figure (3), or eguation (17), and substituting

values of {fé}, ( V) and (fv}* then the wvalue of the

N -




stacl ratio ( p ), representing the balanced steel
ratio for the working stress design method, can be
obtained.

vii. It is now possible to use any method for F.S5.T to obtain
the depth of the section (d), and the area of the
steel reinforcement {LB). Use can be made by adopting
the procedure suggested by the Authnriﬁ}, where {kl}

is determined for the given th}. (£}) and {F]. then:

Hu
a-x, gt emd A =pbd

A typical example is solved using the abovVe

procedure in Appendix (1)

b. The Use of The W.8.D Method to Obtain Resul®s Identical
to F.5.D Method.

In such & case, it is assumed that the designer
using the W.3.D method is given the load factors that are tO
be used.

There is & certain limitation which confronts ¥he
user of the W.S5.D method in this respect. This is clear
¢pom figure (4), whers it is noted that the range of the
curve R = £{ § ) for values of ( ¥ ) between (0.4) and (0.5)
lies only in the region of load factors from (W =1.8) and
(N =2) to (W =2,2) and ( 1 =2.5) only, i.e. & designer
uging the W.S5.D method can only use 1oad factors in this

range only.
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It is assumed that the values of (AV ) and ( N 7y
(f},}, (fé]‘. {M‘DL}' {HLL:I and (b) are given. The procedure

iz as follows :

_ Mpr,
i. Obtain 5"H£E

ii. Fer the value of ( §) obtained, and the given values of

(¥ ) and ( ), the value of (R) is either obtained
from figure (4), or caleculated from equation (21):

wE . n
£ +1

iii, From figure (4), for the value of (R) obtained snd from

E =

curve R = £( § ), the value of { ¢ ) can be obtained
It is also possible to obtain ( § ) from either
equation (23) or from equation (24) for“the value of
() as calculated in (ii) above.
iv. The value of {fﬂ} to be used in the W.B.D method is now
obtained from f o ff}r

V. The section can then he designed as a balanced szection®
for the given fHDL}* (M), (£, Efé} and (b) by any
of the standard methods of design using the W.S5.D
mathod,

vi. When comparison is made to the F.5.D method, it is
necessary that the dEEigner using the F.5.D method
to use a steel ratio ( p ) as would be obtained from

equation (17), or from the curves shown in figure (3)

-m'—




A typical example using the procedure given above 18

ven in Appendix (1},

COMPARISON OF F.5.D. TO W.5.D METHODS :

The F.3.0 method gives & more realistic explanation of the

capacity of reinforced concrete sections to the loads

to which they may be subjected to.

It is possible to vary the load factors in the F.S5.D

method in such & range, that it can cover all the
various cenditions of the concrete construction
industry. e.g. it can take into consideration the
high quality control of concrete production, by
decreaging the load factors used to the minimum
values that are specified intermationally. Thie is
not possible by using the W.S5.D method which has a
minimum possible load factor of enly (W =7.8 and

M = 2) for a maximum ( § ) = (0.5).

]
¢. The Author has prepared a very large range of comparative

designs by using the two methods. Figure (5) shows
a typical comparison. It considers the case for :
f:Iir = 40 ksi, HHL = 2700 in k, HLL = 800 in k,

i.6. ( § = 3)., Then using the load factors

(A = A, N =1.7), (¥ =1,5 1 =1.8) and

(¥ =1.,8, N = 2) the depth of the conecrete section

=ER
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and the area of the steesl are caleulated for =

oreadth (b = 15") for wvarious steel ratics ( P ) by
the F.5.D method as given by the A.C.I code, for the
three cases of f| = 2000, 3000 and 2000 psi. It is
only when (A4 = 1,8, 1 = 2) that the W.5.D method
at balanced conditions can give ldentical results

with the F.S.D., This is shown in figure (5).

It is clear from figure (5) that for the same depth for a

concrate section, then the design by the F.5.D method
would give steel areas about (25 per cent) less than
by using the W.S.D method. This is the case when
taking the load factors (W= 1.4, and 1 = 1,7) and
comparing it to a balanced working stresg degign
using a steel stress faetor ( ¥ = 0.5), which
corresponds to load factors of about (W = 1.8 and

:1' o Et':}}i

e, The working stress design was based originally only oh the

steel and concrete stress factors, irrespective of
the load factors. Therefore, the W.S5.D method was
unable, except by using the procedure suggested by
the Author, to correlate with the actual load factors

at which the gection can reach its failure strength.
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7. CONCLUSIONS :

a. It is possible to use the flexural strength desipn method
to obtain identical results as would be obtained by
uging the working stress design method, and vice
versa, it is possible (except for low load factors)
to use the working stress design matﬁud to obtain
identical results as would be ubtainﬂd by using the
flexural strength design methed.

b. The load factors, the ratio of the dead to the live loads,
can all be directly related to the steel stress
factor ( Y ) which is used in the working stress
design method.

¢. The use of the flexural strength design method give more

aconomical and realistie designs.
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NOTATIOHS:

wa

=

RE =
b =
4 =
d =
fc =
fE =
fE -
fy =
n =
j =
]":1 -
klw -
k =

The depth of the rectangular stress block.

The area of the tensile steel reinforcement.

The breadth of the section. :

The depth of the neutral axis.

The distance from the centroid of the tensile stsel
reinforcement to the top compressive fibre., The
effective depth of section.

fé x 0.45 psi, concrete stress at service load.
Conerete cylinder 12" by 6", compressive strenpgth at
28 days in (psi).

Steel stress st service load = r’fF vsi.

Yield stres=z of steel psi.

The total depth of the concrete section.

Ratio of distance {jd) between resultants of ;
compressive and tensile stresses to effective denth.
4 constant to determine the depth, using the flexural
strength degign.

A constant to determine the depth, uging the working
stress design.,

Ratio of distance (k d) between extreme fiter and

neutral axis to effective depth.

- T



Moment at service lpads.
Ultimate momant.
Moment due to dead load,

Moment due to live load.

M +* q;HLL
i TR 8 L ¢ . VoL

Modulue of Elasticity of Concrete = 57000 . psi.

Modulus of Elasticity of Steel = 29 10° psi.
Load factor for dead load.

Load factor for live load.

Ratio of dead to live loads,

Stress factor for steel = ;? s

The ratio of the area of the tensils reinforcement
to effective area of concrete.

lMoment capacity factor, = 0.9 for simple bending,
Resultant of compressive stresses in flexural
computations.,

Resultants of tensile stresses.

T



r uses the Working Stress Method for
#inforced concrete section. If the stresses,
id section characteristics used are as follows 1
*“é = 27000 psi for IF = 60000 psi, £ = 3000 psei,
My = 942 in k. Mpp = 554 in ke b= 12 in.
It is required to design this section by the
flexural design method to give the same results, as will be
obtained by the use of the working stress design method, and
alse to find the load factors that would result in such a

CASe.,

HSolution @

=

1, Obtain §-Hf—;-$=1.?

£
2. Fina ¥ = 2 = 288 - 0.45
y

5. From figure (4), for ¥ = 0.45, from curve E = o i T
find R = 2,02

Wote: The value of (R) can also be obtained by
substituting in the straight line formula (equation : 2%) or
in the parabolic formula {equation : 24).

4, From figure (4), at §= 1.7, and R = 2.02, the load
factors A= 1.95, and f = 2.15 are obtéined.

- 72 -



Thzse load factors correspond to the actual load

factors corresponding te the working stress desien.

i . } B = !
he wvalue of {Hu} is calculated from M, = Wy + rLELL

Py = 195 = 942 + 2,15 x 554 = 3028 in.k
From figure (3), for fy = 60 ksi, )Y = 0,45,

i.e. £ = 27 ksi, and £} = 3 ksi, the value of ( p )
15 obtained p o= 0.0079. As an alternative, the
value of [F} can be determined by substituting in
equation (17).

. The design of the section by the flexural strength design
method can then be carried out for : fT B0 ksi,
fo = 3 ksi, M, = 3028 in.k., p = G.Dﬂaa, b= 2",

(5)

Using charts prepared by the Author y use chart

No. (13), k, = 1.6088

M
d = qub—“ = 1.6088 * %@- OB CE fnched.

A_ = 0,0079 x 12 x 25.56 = 2.42 sq. in. .
B. The ¢orresponding calculations by the designer using the
working stress method for a palanced design would

be as follows :

HE = 042 + 554 = 1496 in.k.

n:%’z-%hgizag
C

at £, = .0.45 fé

- -



] 1
then k¥ = T = o 27000

T + 5
n fc 09.289 x 0,45 x 3000

Therafore k = 0.3171

The value of § = 1 = Lk =1 - 3 x 0.3171 = 0.8%3

f
8 _ 0.3 x ﬂ-#D x 2000 _ 0.0079 as before.

K = I'E P 3 = 27000 x 0.0079 x 0.B943 = 191.44

M
d = i:‘h = q,} ﬂ"r E:-UEI:G = 25.52 inches.

AE = 0.0079 x 12 % 25,52 = 2.42 inches 8q.

Example (2):

A designer using the working stress design method,
wishes to design & section that should have a load factnr of
(2) for the dead load, and a factor (2.3) for the live logd.
It is required to determine the value of {fa} that must be
used to accomplish this. A compariscen of the design by the
W.S5.D and P.5.D methods is also required.

Given : f;,r = 40 ksi, £, = 2000 psi, My = 746 in.k

HLL = 538 in.k, b = 12 inches.
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solution:

1.

2.

3’-

M
Cbtain § ='H§f - £35 = 1.42
+#_ 2 x 1.42 + 2,
Cbtain R = T+ - W = 2,124

Note: It is possible to read directly from figure (4) the
value of (R}, by reading ( £ = 1.42), then from
the curve of load factors (ap = 2, n = 2.3), (R) is
read to be (2.124).

From curve R = £ ( [ ), in fizure (4), and for (R=2.124)
the value of ( ¥ ) is read to be (0.424). Alternatively,
it ¢an be obtained from the straight line formula
R=3.84-4,001 7 . Therefore 2.124 = 3,84 - 4,01 §
from which ¥ = 0.428 , Alternatively the parabolic eguation
R = 5,37 - 10.91¥ + 7.69 ¥Z gives, by solving this
quadratic equation ( ¥ = 0.424). Therafore

I‘E = Q.424 x 40000 = 168960 psi.

The section can now be designed by the working strass
design method. At f_ = 16960 psi, £, = 2000 psi,

'f-:: = 0,45 fa. Therefore fc: = 0.45 x 2000 = 900 pei,

b = 12 in, M_ = 764 + 1302 in. k.

n = 2877 . 14 376 .

A000 1
(k) from equation (3) = = 0,3764
- x

(j) from equation (11) = 1 = ¥ x 0.3764 = 0,B745

{ ) from equation (13) = % = 0,01

E= IE 'ﬂ J = 18960 x 0.01 x 0.8745 = 148,14



M
- “ EEE - q TH%EQ%E%ETE = 27.06 inches.

AE =:p bd=0.01x 12 x 27.06 = 3.24 Sgoin.
5. Comparing the above solution, with that carpisd@iemt by

the F.5.D method:

at §= -E%% = .42

from figure (4), at (R) = 2.988
the load factors curve forp (.
For R = 2,125, and from cul e value
of ( J ) is read to be
equation (17), the ve
alternatively from 1%
interpolation.

Using chart Ho.

k, = 1.779 :
d = inches.
AE .
Lakl g
AFPENDIX: 2.
Frogras sections

subject %o b
Use

forcement,



1000

A \/ ¢ p f}{{ﬂ-c.?iﬁ} I

-I:I,ﬁ"a_F {ﬂ-ﬂ?ﬁﬂig] + U-E-'?ﬁ}
c

d'kl\/—i‘:_; BB A wpn
Froeram:

T )<{o PR “ENTER /= RIN
CLX x RCL 4 1 L
LEL . x 0 s

A RCL 1 = 0 RCL 6
LSP x x 0 ENTER
) RCL 2 . x RCL 8
4 + & : § x
510 1 | ROL 3 7 Vx ROL 3
570 2 x 5 SI0 7 x
ST0 3 E, ENTER RIN R/8
STO 4 5 RCL & LEL RCL &
50 5 9 x c X
S8TO & X + BCL 5 BB
RTW CHS RCL 1 ENTER

LEL 1 x BCL &

B + RCL 3 5

1 1 ' £

ENTER ENTER ’ Vx

; . 9 Gk

7 7 x s

5 5 g ET0 8

ENTER
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M
d = ?EE = d 1 DEGSD s 27.06 inches.

Ag =pbd=0,00x12 x 27.06 = 3.24 8q. in.
%« Comparing the above solution, with that carried cut by
the F.5.D method:
Hu - ?’HDL + '1HLL = 2 x 764 + 2.3 x 538 = 2765 in.k

at §= £35 = 1,42

from figure (&), at (R) = 2.125 for ( £ = 1.42) and
the load factors curve for ( W= 2, and f= 2,3).
For R = 2,125, and from curve R = £{ ¥ ), the value
of ( ¥ ) is read to be (0.424). Substituting in
equation (17), the value of ( P ) = 0.0099,
alternatively from figure (3), p = 0.01 by
interpolation,

(5,

Using chart No., 2 prepared by the huthor
k) = 1.7791

M 2
d=}:11|/~r“ = 1.7791 X E?rg-i = 27,006 inches.

AE = p bdwe 0,01 x 12 x 27 = 3.22 8¢ 1n.
i.e,. identical results.
AFPERDIX: 2,

Frogram for designing reinforced concrete sections
subject to bending, with =ingle or double reinforcement.
Use-hand electronic computer HF &5.

Equation used:
- 05 -




000

= L/ ?e fy{{"‘-ﬂ'.?frﬂ} L1

-0.59% (1-075%) ;ﬂ + 0.675}
=

r' [ ]
d = K ”"Elg . Ag=p b d, A -akpbd

Frogram:
. HUL & ENTEN /X FTH
CLX X ACL & 1 LEL
LBL - x O D
A RCL 1 - ) RCL &
ISP x x 4] ENTER
_ RCL 2 = x RCL 8
& F 6 f x
STO 4 RCL 3 7 Vx RCL 3
STC 2 x 5 ST0 7 x
STO 3 ) ENTER RTN R/8
8TO 4 5 RCL & LEL BCL &4
870 5 g x C x
STO & X + RCL & R/S
RTH CHS RCL 1 ENTER
LBL 1 x RCL &
B + RCL 3 +
1 1 X f
ENTER ENTER . T
. . 9 RCL 7
7 ¥ X x
5 5 1 STO 8
ENTER

.




Frocedure :

Insert Program.

Press: A

Write wealue of (f_ psi) and press 5T0 1.

Write value of (f_ psi) and press S5TO 2.

Write value of ( P ) and press STO 3.

Write value of ( ® ) and press 5T0 4. ( Note: If no
compression reinfercement, then leave as zero).

Write value of {Hu in. k,) and press S5T0 5,

Write value of (b in.) and press STO 6.

Press: B, gives kl

Press: C, givas 4

Press: D, gives Ag

Prass: R/3, gives ié (for case of compression reinforcement).

HNote: The above program can be used in metric system, with
the stresses given (kgfcmE}, the moment given (t.ﬂ?],

and the dimensions given (cm).

Appendix: 3,
Frogram for designing a reinforced concrete section

pking stress method subject to simple bending with

UL -




08,

.l1

E
n = Ef : . k= fs " j =1 =Bk
1 + - 7
' n 0.45 £

B N K=t pj EF A =pbd
P _1‘3_ ’ =g Podoo WJEb s
Frogram:

f RCL 5TC 6 = <

CLX ENTER R/3 RCL & RCL

LBL i 1 X 9

A \'ra ENTER STC 8 -

DSF & z R/S f

. S5T0 5 4 LEL Vo

i R/S BRCL & c STO 2
STO 1 RCL 1 x RCL 1 RTH
370 2 ENTER CHS ERTER LEL
$T0 3 RCL 2 1 RCL 7 £
STO 4 + - RCL &4
HTN ; ST0 7 RCL 8 ENTER
LBL i R/5 x RCL 2
B 5 RCL 2 5T0 X

5 = ENTER 9 RCL 8
0 RCL 5 . RTN x
8 3 2 LBL RTN
7 : % I?EL z
7 g % ENTER
ENTER 1,/% RCL 1 RCL 4
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Frocedure !

Insert Frogram,

Fress: A

Write wvalue of (rs pei) and press ST0 1.
Write value of (r; pesi) and press STI0 2.
Write wvalue of {ﬁE in. 1lbs.) and press STO 3.
Write wvalue of ( b in. ) and press 5TO &4.
Pregs: B, gives n

Press: R/S, gives k

Press: R/S gives J

Press: R/S gives P

Press: C, gives K

Press: D, givea d

Press: E, gives A!

- s o mm mm




	1977-Binder1
	S (1)
	S (3)
	S (4)
	S (5)
	S (6)
	S (7)
	S (8)
	S (9)
	S (10)
	S (11)
	S (12)
	S (13)
	S (14)
	S (15)
	S (16)
	S (17)
	S (18)
	S (19)
	S (20)
	S (21)
	S (22)
	S (23)
	S (24)
	S (25)
	S (26)
	S (27)
	S (28)
	S (29)
	S (30)
	S (31)
	S (32)
	S (33)
	S (34)
	S (35)
	S (36)
	S (37)
	S (38)
	S (39)
	S (40)
	S (41)
	S (42)
	S (43)
	S (44)
	Scan10044
	Scan10045
	Scan10046
	Scan10047
	Scan10048
	Scan10049
	Scan10050
	Scan10051
	Scan10052
	Scan10053
	Scan10054
	Scan10055
	Scan10056
	Scan10057
	Scan10058
	Scan10059
	Scan10060
	Scan10061
	Scan10062
	Scan10063
	Scan10064
	Scan10065
	Scan10066
	Scan10067
	Scan10068
	Scan10069

	1977-Binder2
	S (71)
	Scan10071
	Scan10072
	Scan10073
	Scan10074
	Scan10075
	Scan10076
	Scan10077
	Scan10078
	Scan10079
	Scan10080
	Scan10081
	Scan10082
	Scan10083
	Scan10084
	Scan10085
	Scan10086
	Scan10087
	Scan10088
	Scan10089
	Scan10090
	Scan10091
	Scan10092
	Scan10093
	Scan10094
	Scan10095
	Scan10096
	Scan10097
	Scan10098
	Scan10099
	Scan10100
	Scan10101
	Scan10102
	Scan10103
	Scan10104
	Scan10105
	Scan10107
	Scan10108
	Scan10109
	Scan10110
	Scan10111
	Scan10112
	Scan10114
	Scan10115
	Scan10117
	Scan10118
	Scan10121
	Scan10122
	Scan10123
	Scan10124
	Scan10126
	Scan10127
	Scan10128


