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Summarys

A Program has been developed for building design.
General bullding eomprises, slabs, simple beams, continuocus
beams, and columns. Input to the program describes arbit-
rary statical gysteme. Output provides dimensions of different
components, required area of steel, volume of concrete, and
weight of reinforcements. Hence, the program can be used for
the following purposes:

1~ design a new structure.

2- review the design of an existing structure.

3~ economical study of buildings.
The program sticts to Egyptian specification as close as
possible. _
~ The program is written in Portran IV language.

Introductions

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

1- amount of exact calculationse.

2~ repitition of the problem.
If one of the above factors is Increased, computer should
be used. As a matter of fact, bullding design is a repetitive
problem, i.es the same proceudure of calculations has to be
carried out periodically, only the numerical data being diff-
erent for different confi\gu.ratibns.

In such a case, a computer program may be written in
a farm of a standard generé&. program (Package), and the analysis
of the individual case merely involves transfomation 6f the
designer’s drawing board intoc computer input medium.
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Computers can be used te sclve problems of structural
analysise. ‘An extension to the analysis is tc design =
structure for a glven allosable stresses. The presented
progran is an attexpt to intoreduce a standard prozram for
buildin;; design, which can be applied to different inpute.
In making prelininary studies, structural engineers often
prepare cost essimaves, using different column spacings,
and beam arrangements. Hence, it is possible to get the
most econcmical choice. )

Building design, in this program, is carried out
according to the elastic theorye.

I. llethod of solutiont
A3 Slabss
Program differentiates between one way slab, and two

way slab accqrding to their dimensions. Initial slab thickness
is assuned equal to 1lOcm, and then corrected according to the.
bending moment. Illumbers and diameters of steel bars are calc-

ulated in the two directions. Welght of steel and volume aof
~concrete are also obtained.

The following boundary conditions are considered:
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B: Becondary beamss B

The maximum positive bending moment is calculated by
Déans a subroutine which alse calculates reactions; Neigh-
- bouring slabs transform lcads to simple beams according to
their codes as follows:

Figo 2

Concentrated lcads are also considered. The mentioned
subroutine calculates bending moment at different stations
beginning from 0.2 span till 0.8 gpan. The maximum positive
bending moment is obtained as the maximum value at these
stations. The depth is obtained from the maximum positive
bending moment as a tee section: The corresponding avea of
steel is determined. Weight of ste2l and volume of concrete
are also presented. .

C: Continucus beamss

The analysis of the continuous beamsg is performed
by the equilibrium method (stiffness matrix). The contin-
uous beam is condidred as a linear skeletal structure. Loads
from neighbouring slabs and cross beams are transformed to
main bemas. ' Slope—deflection method is applied to cbtain the
stiffness matrix. The matrix is solved for rotations at the
jointse. Hence the ccnnecting'momentsaare obtained . Solution
of the equations follows the band matrix alogrithm. Calcu-
lation of wmaximum positive bending moment for each span
follswas the same procedure as that of simple beamse Constant
depth and breadth are assumed all over the contlinuous beé%.
Depth is obtained according to the maximum negative beinding
moment. Area of steel 1s calculated for each span according ¢o
the maximum negative and maximum positive bending moment.
Volume of concrete and weight of steel are alsc calculated

for each continuous beam. —




-4 -

Ds Diagonal tension check for beamss

The ordinarly used equation for diagenal tension is
used to get dia_onal tensile stresses, If these stresses
exceed the allowable limits, diagonal reinfergcements will
be introduced in the form of inclined stirryps,

The followlng cholices are considereds
1- number of branches of each stirrup n = 2
2- area of steal As = 0.5 cm2 which correspondg +#9¢ 9 Som.
3- allowable diagonal tensile stess q = 6 Kg/gm®

The following equations are useds

q = Q ' S=__.87n 4s fs d y 2
. Q.

87 b d
Where:
Q = maximum shearing force.
fs= allowable steal stress.

d = depth of bean.
b = breadth of bveam.
S =

maxinum spacing of inclined stirrups at maximum
shearin.; force. .

Es Columns

a4s mentioned before the subroutine for calculating
the maximum positive bending moment, alsoc calculates,celymn
lgads P by accunulating shearing forces from differeﬁx beamsg.

The follvwing known equation is used for design of
columns as concentracally loaded.

Ac = P for _As = 0.01
1ol fco A Ac

Where

4c = required area of concrete.

As = required Jrea of steel.

fco= allowable concrete stress.

The effect of buckling is taken into consideration,
hence the required area of concrete is modified according
to the following:

Ac = P
le 15 fc w

where w is a reduction factor that depends on column length
and breadth and given by E.S.S. tables.
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XXI. Inputs

Input to the program descrives exactly the statical sysier,
i.e. the following are fed to the program as an example of
input cardss \ '

l. PFirst cards

15 8 5 . 3 3
Where . ,
Number of joints = 15
number of slabs 8
number of simple beams = 5
number of continuocus beams = 3
nunber of gstorys = 3

2.  Second card . ‘

50 1400 H0. 1400 50 300 400 3.
Where
allowable c oncrte stress for slabs = 50 xg/cm2
_allowable siteal stress for slabs - = 1400 kg/cm2
allowable concrete stress for beams = 60 kgfcul
alloable .steal stress for slabs = 1400 kg/cm2
allowable concrete stress for slabs = 50 kg/cmz
live lsad = 300 kg/cum?2
dead load . _ = 400 kg/crm?
height of wall = 300m

3. Third group of cards: ,
3. 4, T 1

Where V

x - coordinate of a joint = 3; :

= 4.

Y = coordinate of a Jjoint.
' IC =1 ,
IC = 1 if a column exists at this joint, other value for '
IC indicates that there is no column at this point. Every
joint has the same format i.e. the number of yhis group of
cards equal to the- number of joints.

4, Fourth card .
107 208¢ccecscone.
where ‘
designation of the first slab 107

designation of the second " = 208 -
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It is meant designation, the two numbers connecting a
diagonal of the slab.

"'he

Se

For

Ee

number of slab designations equal to.number of slabs.
Fifth card

5 6 8 2iccc00n

wnere

designation of first slab boundary conditions = 5
designation of second slab boundary conditions = 6
designation 9of slab boundary conditions refer to Fig.l
Sixth group of cardss

205 1 1 2 204 1 206 1 3

Yihere

designation of the simple beam = 205

designation of direction = 1

designation of wall existance = 1

nunber of connecting slabs = 2

first conneciing slab = 204

designation of first slab = 1

second connecting slab = 206

designation of second slab = 1

point of concentrated load = 3

Designation of a simple beam is the number of jounts forming

the

beam i.e. the above beam connects Jjoints 2,5

Designation of the direction equal to zerc if the beam is
in the x-direction, and equal to L for the y- directiocn.

Designation of slabs connected to the beam as explained
before. '

e

Seventh group of cards: (Continucus beams)

5 0 1
507 1 _ 609 1l 8
Where
first card nunber of spans =5
designation of direction= O

designation of wall =1




.Second card

designat ion of span = 807
number of connecting slabs = 1
connecting elad = 609
desigoation of slab = 1
polnt of coneentrated 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 cmbtinucus belnr.

II. Qutput
Slabss
1. designation of slab 8 SIABNO
2. thicknes of slab 1 T. ‘
e nunber of st'eel bars in X-direction ¢ N B 4
4, diamter of steel bars in X-direction: D B A
Se number of steel bars in y-direction §+ N B B
Ge diamster of steel bars in y-direction:D B B
7 weight of steel/unit area in X~-direc.tW ST A
8. weight of steel/unit area in y-direc.stW ST B
9. total we of steel up to the
relevant state tW ST T.
10. total volume of concrete up to the
relevant stage sVCODN
Secondary beams: |
1. designation of secondry beam $S+BoNr
2e maximum positive bending moment . 3P B M.
e breadth s B.
4, depth sD.
Se shear stress at the first Jjoint $1Ql.
6e shear stress at the second Jjoint ;qa.
7 spacing of inclined stirrups at the first
Joint. sS8l.
8. spacing of inclined stirrups at the
second joint 152
9. area of steel ' $AS.
10.  weight .of steel in the secondary beam W S T
11. total w. of steel up to the relevant atagesW ST T
12. total volume of concrete up to the rewdant

stage sV C O I'.




Ccontinuous beamss

l. span number of the continuous beam s SPANKNO
2. maximum positive bending moment of the span s PBY
3« connecting momnent at the first Joinmt s BLIL
4. connecting moment at the second Joint s BM2
Se breadth ' t B
6. depth s D
7+ shear stress at the firgt Joint s Ql

8. shear stress at the secdond joint 3 Q2
9+ spacing of inclined stirrups at the first Joint s Sl.
10. spacing of inclined stirrups at the second joint 3 S2.
11. area of steel at the first joint 3 AS1
12. area of steel at the seuond joint s AS2
13. welght of stecl in the span g VST
14. total weight of steel up to relevant stage $ WSIT
15. total volume 3f concrete up to the re;eVapt stages VCON
Columns:

l. designation of the column joint s JNO
2. column load . s 3F.
Je concerete area f£qr square section s ACS
4. steel area for square section $ ASS
Se langth of square side ¢ BS
6. concrete area for circular section t ACC
7o steel area for circular section s ASC
8e diameter of column s BC
9. concrete area for rectangular section ¢ ACR
10, steel area for rectangular section ] ¢ ASR
11, breadth of rectanguler section 3 IBR.
12. weight of steel in the column ) s WSr.
1%, fotal weight of stecl up to the relevant stage s WSIT.
l4. total volume of concrete up to the relevant stages VCON

Y



V. Blook diasgrams

loop of slabs

loop of simple
beams

loop of continuous
beams :

loop of columns

Read input cards

obtain slab dimensions and
type.

calculate bending moments.
get slab depth.

calculate reinforcement.
write glab output.

..

calculate simple beam length.
get total lsod from connecting

slabs and beams.

obtain maximum posltive bending
moment .

design depth and reinforcement

write simple beam ocutput

Get total load fram connecting
slabs and beams.

get fixed end moments for each
spane

calculated connect ing moment
cbtain maximum positive bending
moment.

design depth and reinforcement.
write continuscus beam output.

get area of concrete. ,
. depign for circular, rectangular

and square sectidns.
check for buckling.
obtalne reinforfement.

~ write column ocutput.




III- Resultss =~
Resultss . o
The attached drawing is solved, and the annexed

output is for that building. The following parameters are
includeds '

l. number of joints s 76
2. number of slabs ) ¢ 45
3. number of simple beé._ms H 6
4. nunber of continuous beams 3 26
5. nuaber sf columns 1 56
6. number of storys 1 3

Total mill time taken for this problem = 56 seconds
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a - f
f
DESIGN OF COLUMNS STORY NOs 3
JNO SF ACS ASS 88 Acc ASC  8C ACR ASR  gR  MST WeTT VeoN
I 0,000 00 07688 06
| 1 B671,2 625,0 6,25 25,0 6250 6,25 30,0 625,0 . 6,25 250 18,00 6469,09 94,71
‘ 3 16264,4 825,0 6,25 28,0 625.0 6.25 30,0 625,0 6,28 25,0 18.00 6687,09 94.90
¢ 2264,3 25,0 6,25 25,0 6250 6.25 30,0 625,0 6.25 250 18,00 6505,09 9508
5 22643 625,0 6,25 25,0 €250 6.25 30,0 625,0 6,25 25.0 18.00 6523,09 98. 27
6 16264,4  625,0 4,25 25,0 6250 6,25 s0,0 625,0 6,28 25.0 18.00  6549,09 98, 46
8 8671,2 62540 6,25 25,0 625,0 6,25 30,0 625,0 6,25 25.0 18,00 6559 09 9s 63
9 163789 s2%i0 6425 25,0 62810 6125 30y  e2%i0  6.25 25,0 18,00 657709 9518
DESIGN OfF COLUMNS STORY NO= 2
JNO §F ACS ASS S ACC ASC  BC ACR ASR  pR W8T Wgrr veon

0,7696 06 0, 768E 06

17342,6  625,0 6,25 25,0 6250 6.2% v0,0 625~o 6,29 250 18,00 14936,17 210, 29
32528,8 6286 4,20 25,0 628, § & "29 3000 62806 6029 280 18:10 914954.28 210,42
452856 625,0 6,25 25,0 625.0 6.25 30,0 625.0 6,25 25.0 18.00 14972, 28 210,69
“23 é 625‘0 6,25 25,0 6250 6 25 30,0 6250 6,28 250 13 00 1499028 21079
32528.8 628.6  6.29 250 628.6 629 s0u0 62806  6.29 250 18.10 15008.38 210,98
17342,6 6250 6,25 25,0 625.0  6.25 3050 625.0 6.25 25.0 18.00 91502638 211;17
VSTY 030 6,33 250 6EN0 &3F w0 43N0 6,33 230 18,23 130461 219,38

L K- 1 S K N7 B

BESIGN OF COLUMNS STORY NO®
JNO " ACS  a88 a8 ACC . ASC  8C  aCR ASR  aR WET Ngt? VeoN
0.2311 07 OvTBE 06 |

.Y 260136 6250 6,25 29,0 . 6290 6,25 3070 6250 6.28 28 0 18 o8 6
3 serss, A 9 943 3500 k29 943 !5'0 952.9 943 4o;o 27713 4:333 - :a; 33
1 "793 3 94: 943 ”'° 942.9 9,43 §3.0 942,9  9.43 4o, 0 E7IAS 48192.89 665, m
‘ ' 9 9"' 9.90 949 9,50 %0 49 o8 .50 & o 27.35 48 3 ¢ 6
19 75!:5«; 136:3 14034 6000 14343 1630 48,0 14343 16034 68 (.30 sssrehe :‘:;:1



