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summarYS-

A Program bas been developed for bUilding design. 
General building -eomprises, slabs, simple 'beams, continuous 
beams, and columns. Input to the pro,gram describes arbit ­
rary statical QYstem. Output provides dimensions crfdifferent 
components, required area of steel, volume of concrete, and 
weight of reinforcements. Hence, the program can be used for 
thefollow1ng purposes: 

1- design a new structure.
 
2- review the design of an existing structure •
 
.3- economical study of buildings.
 

Thl;! program sticts to Egyptian specification as cbse as 
possible. 

The program is written in Fortran IV language. 

Introductions 

If it is required to solve a problem, a question may 
be msed whether to use a cClllputer or not. The answer has 
to depend on the nature of the problem; i.e. mainly on the 
follcrwing factors: 

1- amount of exact calculations. 
2- repititian of the problem. 

If one of the above factors is iucreased, computer should 
be used. As a'matter of fact, building des1gc. is a repetitive 
problem, i.e. the same proceudDre of calculations has to be 
carried out periodically, only the numerical data being diff­
erent for different configurations. 1, 

I
1 

In such a case, a computer program ma.Y be written in 
a form of a standard genera!. program (package), and. the analysis i

•

of the individual case merely involves transformation o~ the 
designer's drawing board into computer input medium. i 

t 
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Computers can be used to solve problems of structural 
analysis. An extension to the analysis is to design a 

structure for a given allllliable stresses. The presented. 
program is an atte::Jpt to intort)duce a standard program for 

buildinG design, which can be applied to d~erent inpute. 

In caking prel:iJ!lina.::'Y studies, structural engineers often 
prepare cost es~i~ates, using different column spacings, 

and beam arrangecents. Hence, it is possible to get the 
most economical choice. 

Building desiGn, in this pro;;ralD, is carried out 
accordicg to the elastic theory. 

I. 1.:ethod of solutiona 

A.s ~s' 

Program differentiates between one was shb, and two 
way slab accQrding to their dimensions. Initial slab thickness 
is assumed equal to lOcm, and then corrected according to the· 

bending mament. lTumbers and d1alll eters of steel bars are caJ.c­
ulated in the 'Cwo directions. Weight of steel and volume at 

concrete are also obtained. 

The follQ\7ing boundary conditions are considereds 

L,_
 
~ 
~'!>=>,,;,~?'?7",,,,,,,,,,"7"'?"...r 

Fig. 1 
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Bs Secondary beamss 

The maximum positive bending moment is calCUlated by 
means a subroutine which also calculates reactions'. Neigh­
bouring slabs transform loads to smple beams according to 
their codes as follows: 

E",I,II', ""l\. ... 11 1 ',,,9. 
1. 2. 3. 

Fig. 2 

Concentrated loads are also considered. The mentioned 
subroutine calculates bending moment at different stations 
beginning from 0.2 span till 0.8 span. The maximum positive 
bending moment is Obtained as the maximum value at these 
stations. The depth is obtained from the ma1(imum positive 
bending moment as a tee section~ The correspondinc a:'ea. of 

steel is determined. Weight of steel and volume of concrete 
are also presented. 

C: Continuous beams: 

TQe analysis of the continuous beams is performed 
by the equilibrium method (stiffness matrix). The cont in­
uous beam is condidred as a linear skeletal structure. Loads 
from neighbouring slabs and cross beams are t~an·sformed to 
main bemas. ' Slope~eflection method is applied to obtain the 
stiffness matrix. The matrix is solved for rotations at the 
joints. Hence the connecting moment s a re obtained. Solution 
of the equations follows the band matrix alogritbm. Calcu­
lation of maximum pas itiva bending moment for each span 
followss the same procedure as that of simple beams. Constant 
depth and breadth are assumed allover the continuous be~s. 
Depth is obtained according to the maximum negative beinding 
moment. Area of steel is calculated for each span according to 
the maximum negative and maximum positive bending moment. 
Volume of concrete and weight of steel are also calculated 
for each continuous beam.­

- "1!IiIIMkc em.· ,% -
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D. Diagonal tension check tor beams. 

The ordinarly used equation fo~ 4~~~~~ tension is 
used to get diaGonal tensile stresses~ It ~~ese stresses 
exceed the allowable 11mits, diagonal' re~nttf~ements will 
be introduced in the form ot inclined stirr~s. 

The foll~wing choices are considered: 
1- number of branches of each stirrup n =2 
2- area of steal As =0.5 cm 2 which corresponQ.. $9 fJ anm. 
3- allowable diagonal tensile stess q = 6 Kgjcm? 

The fol1~~ing equations are used. 

q = Q S = _·---:.:.;:8;.L.7-'n=--..::A:.::.s-d1ioiill......d....._ {2 
.87 b d 

Where: 
Q = maximum shearing force. 
fs= all~wable steal stress. 
d = depth of beam. 
b = breadth of beam. 
S = maximum spacinc of inclined stirrups at maximum 

shearin,; force. 

Es Columns 
AS mentioned before 'the subrou't1ne for calcul~~I,~ 

the maximum positive bending moment, also calculates.c~~qmn 

loads P by accuc,ulating shearing forces from different ~@~a. 

The foll'Jwing known equation is used for design o~ 

columns as concentracally loaded. 

Ac = p tor As 0.01= 
1.15 fc ACo 

Where
 
Ac = requix'ed area of concre'te~
 

As = required drea of s'teel.
 
tc = allowable concre'te stress.
 o 

The effect of buckling is taken into consideratiion, 
hence the required area of c~ncre'te is modified according 
to the following. 

pAc = 
1. 15 fc w 

where w is a reduc'tion factor 'that depends on column length 
and bread'th and given by E.S.S. 'tables. 
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II. Input. 

Input to	 the program describes exactly the statical syste:::, 
i.e. the following are fed to the program as'an example of 
input cards. 

1.	 First card. 

15 8 ·5 3 3 
Where
 
Number of joints = 15
 
number of slabs 8
= 
number of simple beams 5= 
number of continuous beams 3= 
number of storys = 3 

i.. Second card 
50 1400 pO. 1400 50. 300 400 

Where 
allowable c oncrte stress for slabs = 50 kg/cl!l2 

allowab~e steal stress far slabs = 1400 kg! em 2 

allowable concrete stress far beams = 60 kg/ct::2 

alloable . steal stress for slabs = 1400 kg/c1ll2 

allowable concrete stress for slabs = 50 kg/cm2 

li.ve load = 300 kg/ct::!2 

dead load = 400 kr;/ CJ:: 2 

height of wall = 3PO m 

3. Third group of c.ards: 

3. 4.	 1 

Where
 
x - coordinate of a joint =3.
 
Y - poordinate of a joint =4.
 

I C = 1 
IC = 1 if a column e:xists at this joint, other value for 
IC indicates that there is no column at this point. Every 
joint has the same form~t i.e. the number of ¥his group of 

cards equal to the number of joints. 

Fourth card
 
107 208 ••••••••••
 

where
 
designation of the first slab = 10'7
 
designation of tha second " =208
 

,; -	 .. ,.. 
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It is meant designation, the two numbers connecting a
 
di~;onal of the slab.
 
The number of slab designations equal to,number of slabs.
 

5.	 Fi.:ft h card 
5 6 8 2••..•.. 
where 
designation of first slab boundary conditions = 5 
desi~nation of second slab boundary conditions = 6 

For	 designation of slab boundary conditions refer to Fig.l 

6.	 Sixth group of cards. 
205 1 1 2 204 1 206 1 3 
1:/here 
designation of the simple beam = 205 
designation 'jf direction = 1 

designation of wall existance = 1 

number of connecting slabs = 2 

first connecting slab = 204 

designation of first slab = 1 

second connecting slab = 206 

designation of second slab = 1 

point of concentrated loa~ = 3 

Designation of a simple beam is the number of jounts forming 
the beam i.e. the above beam connects j'oints 2,5 

Designation of the direction equal to zero if the beam is 
in the x-direction, and equal to l for the y- direction. 

Designation of slabs connected to the b«;lam as explained 

before. 

Seventh group of cards. (Continuous beams)7· 
15 0 

507 1 609 1 8 

Where
 
first card number of spans = 5
 

4esignation of direction= 0
 
designation of wall = 1
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.Second card
 
designat ion of span = 607
 
number of connecting slabs = 1
 
connecting slab =
 609
 
designation of slab = 1
 
point of concentrated load = 8
 

For each continuous beam the first card indicates the number 
of spans, the second card is repeated for each span. The above 
first· card and second cards are performed for each c antinuous be.§.m. 

II. Output
 
Slabsa
 

1.	 designation of slab a SUENO 
2.	 thicknes of slab T. 
3.	 number of steel bars in X-direction a N B A 
4.	 diamter of steel bars in X-directiona DBA 
5.	 number of steel bars in y-direction a N B B 
6.	 diameter of ste~l bars in y-directionaD B B 
7.	 weight of steel/unit area in X-direc.aW S T A 

8.	 weight of steel/unit area in y-direc.aW S T B 
9.	 total w. of steel up to the
 

relevant state aW S T T.
 

~O.	 total volume of ooncrete up to the 
relevant stage :V CON 

SecondarY beams: 
1.	 designation of secondry beam as.B.No
 

maximum positive bending moment aP B M.
 

breadth lB.
 
depth ID.
 
shear stress at the first joint aQl.
 
shear stress at the second joint 1q2.
 

spacing of inclined stirrups at the first
 
joint.	 ISl. 

8.	 spacing of inclined stirrups at the
 
second joint IS2.
 

9.	 area of steel I AS. 
10.	 weight of steel in the secondary beam IW S T 

11.	 tcrtal w. of steel up to the relevant stagelW S T T 

12.	 total volume of concr~te up to the re'Vdant 
stage IV 0 0 IT. 

-
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Continuous beams. 

1. span number of the continuous be8111 • SPA.NNO 
2. maximum positive bendiD6 moment of the span .:fBM 
3. connecting mOl:lcnt at the first joint 

• BtU
4. connecting moment at the second joint 

• Bl425. breadth 
• B6. depth 
• D7. shear stress at the first joint .Ql 

8. shear stress at the secdond joint JQ2 
9. spacing of inclined stirrups at the first joint • 51. 

10. spacing of inclined stirrups at the second joint • 52. 
11. area of steel at the first· joint s A51 
12. area of steel at the seuond joint . 

• AS2
13. weight of steel in the span • VIm 
14. total weight of steel up to relevant stage sWarT 
15. total volume of concrete up to the releVant stage: VCOU 

Columns: 

1. designation of the column joint JNO 
2. column load : SF. 
3. concerete area fQ.r s'quare section AC5 
4. steel area tor square section s AS5 
5. langth of squ~e side : BS 
6. concrete area for circular section s ACC 
7. steel area for circular section • ASC 
8. diameter of column s BC 
9. concrete area for rectanguJar sect10n ACR 
10. steel area for rectangular section : ASH 
11. breadth of rectanguler section s BR. 
12. weight of steel in the column • war. 
13. total weight of steEol up to the relevant stage • WarT. 
14. total volume ofc oncrete up to the relevant stages VCON 

r 
! 
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V. Blook diagram s 

loop of slabs 

loop of simple
beams 

loop of continuous 
beams 

I Read 1nput cards 

obtain slab dimensions and 
type.
calculate bending momentso 
get slab depth.
calculate reinforcement. 
write slab output • 

. . 

calculate simple beam length. 
get total l::lod from connect inC 
slabs and beams. 
obtain maximum positive bendinG 
mClllent. 
design depth and reinforcement 
writ e simple beam output 

Get total load from connecting
slabs and' beams. 
get fixed and mClllents for each 
span.
calculated connecting moment 
obtain maximum positive bending 
moment. 
design depth and reinforcement. 
write continuous beam output. 

loop of columns 

get area of c oncrete. /
de$1gn for circular t rectangular 
and square sectt'ns. 
ch~ck f or buckling.
obtaine reinfor6ement. 
write column output. 

j 



ID:- Results: 

Resu1ts: 

The attached drawing is soIved, and the annexed 
outpu;t is for that bUilding. The following parameters are 
included: 

1. number of joints 
2. number of slabs I 

3· number of simple beams 
4. ntu:lber of continuous beams I 

5· number of columns 
6. number of storys 

76 
45 

6 
26 

56 

3 
Total mill time taken for this problem =56 seconds 
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SLdNO 

1iO 

211 

312 

514 

T 

8".-+ 

~ ..' 
8'. 

8', 

NBA 

6 

5 

6 

6' 

oBA 

8; 

10; 

8·; 

8~' 

DESIGN 

NBB 

5 

5 

5 , 

OF ILABI 

DBa 

8,; 

8'i' 

8,. 

8,;' 

WSTA 

3,08 

4,01 

' 3.08 

3.0 8 

WsTB 

2'. 57' 

2'.5'7 

2.''7 

2'.51 

WST'r 

56~'47' 

141,97' 

198.,44 

254.91­

VCON 

0. 80 

1~84 

2',64 

) ... 

S.EI.NO 

4963 
6471 
5513 
507. 
69'76 
62'70 

' pBM 

O~"'YE 
0,319E 
O,1361! 
0.1441 
0137i!E 
Ol'HYE 

04 
04 
05 
05 
04 
04 

OISION OF 

B 0 

H'I 25,. 
IS, 55, 
12. 85,., 
12i 85-,' 
2'. 55., 
ISo 25'.' 

BECONOA_V 

Q1 

4;. 
3; 2 
818 
9'03 
3i1 
4.4 

BEAMS 

Q2 

4';4 
3,2 
8',8 
9'0" 
3'.'1 
4,4 

11 

20.0 
20,0 
13,3 
12,6 
20.0 
20.0 

S2 

10',ft 
20',0 
13';'3 
12'r6 
10'i0 
10"0 

AS 

9,'40 
6,'62 

14;29 
1';'07 
6,50 
9t40 

ws? 

'1.5'7 
29.68 

112.01 
1".15 

29.11 
31'. '7 

WITT 

3'49'~85 ' 
35'79; 52 
3691 -:'!16 
3809.'70 
38U.81 
38'70~;n 

veON 

46..'51 
.7,04 
.7 ..18 
48.49 
49i'04 
49;'13 

\\ 

SPANNO 

109 
I> ,., 

'i 1'2;'; 
i.!:~ j 

H41 
1.1 50 

pBM 

0,2611 04 
0,113 E 04 
O,,14H 04 
Oi'jl.H 04 
Oi,pE 04 
C;-261 G 04 

OESIGN 0, cONTINUOUS IIAMS 

8M1 8M2 8 D 

O',OOoE 00 ••'35'E 04 25; 55, 
-',5551 04 • /2581 04 l! 5., 55-; 
-,258E 04 ... 29gl! 04 250' 5h 
.,29 011 04 ·,25 I! 04 2~; 55, 
-,25S1 1\4 '•• 3551 04 ilh 5'"-.35H 04 O.OOOE 00 25, 55, 

Q1 

Z',8 
1,.,7 
3'.4 
3'.6 
3',3 : 
4'.'2 , 

Q2 

40'2 
J ,'3 
!o'6 
1i'4 
3 ;7 
2i'8 

'11 

20.0 
Zo,o 
20iO 
20,0 
20iO 
20,0 

S2 

lo~o 
20'00 
20.0 
20,0 
20.0 
20,0 

Al1 

0','00 
5.10 
n85 
4~'U 
3~'85 
5'030 

AU 

.'.55 
1 ,9'7 
2 '053 
Z'.53 
,,97 

4. " 

WIT 

20 ;'39 
' niH 
17 ;26 
,9.'42 
17 ;26
z:s :74 

WITT 

,89 0,''71 
3914.51 
393,,77 
19 5'.19 
3968.46 
3992120 

VeON 

49H8 
50 33 
50 88 
51 43 
51 98 
52 !l3 

2'10 O,252E 04 O'.OODE 00 -, !4!! 04 12. 55\" 5.,6 8,·6 20iO 13~'6 o~ 00 4,40 19,,73 4011,;91 52 79
'\ O'1!,i C,'lo'JE 04 -,34]E 04 -.,il'OE 04 12; 55\ '7) 6,7 15,6 17-.5 5,'13 Z2 ~97 40U,'0 53 D6
'1 b ~~6 O.140f ot. -,250e 04 ••,i!81E 04 12; 55,; 6.9 '7;2 16,8 16~2 3-;73 

1. " 
16',,71 53 322.45 4051,6'

'i:. ::i> 4 OJ'I40E 04 -,Z81E 04 -.2'OE 04 12. 55, 7'.2 6 ..., 16.2 16.8 4.20 2',45 ,8j'80 4010.40 53 58 
\ i, l~ t~ O,'lu',lE 04 -,250E 04 -.3431 04 12. 55, 6'.7 '7,5 ,1,5 15.6 3.73 1.91 16;7, 40 87.'1 53 85 
I,;t ~ 1 Oll'~F. 04 -,343E 04 ",l98E-07 1h 55 t 8,.6 li6 13.6 20'.0 5.13 4.40 22,'97' 41'0.09 54 11 



DESION OF COLUM~S STORY NO- l 

AIR WST WUT YeONJNO SF ACS ASS BS ACC ASC BC ACA IR 

0,0001 00 
1 
3 
4 
5 
6 
8 
9 

lI ',768e '06 
8671',·2 62 5 ,0 

16Z64,4 62 5 ,0 
2Z64,3 62 5',0 
2Z64.3 62 5'i'O 

16264,4 62 5.. 0 
11671.2 62 )·,0 

16~78.'t~ 625,'0 
- - ... 

6,25 
6,25 
6,25 
6,25 
6,25 
6,25 
6,25-._.. 

25,0 
25,0 
25.0 
25.0 
25.0 
H"O 
25,0-~ ... 

625.0 
625.0 
625.0 
~25.0 
625,0 
6l5,O 
625.0. _.... 

6.25 
6.25 
6.25 
6.25 
6,25 
6,25 
6, Z5 

, -

JO,O 
JO,n 
JO,O 
50,0 
50,0 
50',0 
J 0'i(l - .­

625,0 
625,'0 
625,0 
625"0 
625"0 
625 .. 0 
625,0- ,. 

6.25 
6,25 
6,25 
6.25 
6\ 25 
6,25 
6,25.­

25.0 
25.0 
25.0 
25,0 
25,0 
l5,O 
25,0 , 

18.00 
18.00 
18.00 
18,00 
18.00 
18,00 
18,00- ... 

6469,09 
6487,09 
6505,09 
65U,09 
6541,09 
6559,09 
6577,09.-.. . ... 

94,,71 
94 i 90 
95',08 
95,,27 
95,46 
95,d 
9,',1i-..... 

DESION OF COLUMNS STORY NO­ 2 

JNO IF ACS ASS as ACC ASC ac ACII ASII III WIT WITT YeON 

0,7691 06 
1 
3 
4, 
6 
8 

1 , 

0.. 768e 
17342',4 
32 528 ,8 

4528 ,\,6 
45 28 ,6 

32528'i'8 
'73U',·4 
nlJl'i~ 

06 
625iO 
62 1S • 6 
62 5.,0 
62 5.,,0 
62 15',6 
62 5 ,0 
U~,Q 

6,25 
6 i 29 
6.25 
6,25 
6',29 
6,25 
f,U 

25· 0 
25=0, 
25 ... 0 
25',0 
25;,0 
25,i'0 

J"O 

:::,: ~ 
625,0 
625,0 
628,6 
625~0 
tU,a 

6 25 
(29 
6 25 
6' Z5 
6' 9,2 
6, Z5 
~,n 

10,,0 
J 0'. 0 
!G'i 0 
JO,n 
JO'o'O 
JO',O 
JO'i'O 

62' ,,0 
62 8 .6 
62' .,0 
625.-0 
628,-6 
625 .. 0 
~ni'Q 

6,2~ 
6,29 
6,25 
6i25' 
6,29 
6,25 
~I~~ 

25,0 
25;0 
25,0 
25,0 
n. 0 
n,o 
2~.9 

18 00 
1(.10 
18,00 
18,00 
18,10 
18,00 
11 1 ~~ 

1 49 :",17 
1 49 54,28 
149 72,28 
1499 0,28 
15008,38 
15026,38 
15~~~i 61 

210,13 
210,42 
210. 61 
210;79 
210,91 
211." 
2'1i 5' . ..... 

DeiloN OF COLUMNS ITOIlY NO­ , 
JNO IF ACS AIS II Ace AIC 8C ACII "II III WIT WnT YCON 

0.151. 0' 
.~ 

4,,. 
8, 

1.' 

0~'768e 
Z6013,~6 
48193.3 

6792",8 
6792,8 

487' 3 t' 3 
~601 3.i 6 
"136',8 
~4U511 

06 
625·'0 
942 :9 
62 5 .,0 
62'.0 
'4Z'i'
U'.o 
9 49"

UJ4,.3 

6.25 
9· ,43 " .-·6 i 25 
6. Z5 
,~ 43 
6i,25 
,,50 

14.'U 

25 ..0 
35:0 
25',,0 
25,0 
15···0 
25,:,0, 
n·~:o 
40,.,0 

6ZlJ ·0 
942: 9 
625-,0 

. n5,O 
942,,' 
625.; ° 
,4q','!1 
14S4.~J 

6 Z5 
9: 4S 
6,25 
6,25 
9.4J 
6, Z5 
,,50 

14.34' 

JO."O 
!5'i'O 
1,0'0'0 
IO'~ I) 
!S'i'O 
10'i'0 
!S',"I) 
45,:0 

625 ,.0 
942 ..,9 
625,,0, 
625 ,~o 

94Z ..' 
625fO 
,4' i"5 
1434.~~ 

6 .. 25 
'i43 
6'.25 
6.25 
9.4! 
6. Z5 
'i50 

14.34 

25 0 
4n~0 

Z's ~ ° 
25:0 
40,0 
25,' 0 
40 i O 
60~O 

1'·00 
17:'5 
18·00 
1a :.00 
27," 
1',00 
27.35 
41,~S1 

4810' 58 
4812 ;74 
48147,,74 
48165,74 
48192.89 
4821 Oi 19 
48238,14 
48279 ,54 

, 
665, 00 
66J~28 
66J i 47 
665,66 
6"l'U 
666.13 
6660"" 
666.. 84 

. 


