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THE ARCHITECTURAL REQUIREMENTS OF THE SCHOOL

In a suburban small town in the vicinity of Beirut.

School for : Kindergarden
Elementary
and two classes of secondary grade
Number of students: 400 Kindergarden 20
Elementary 316
Secondary 64

Classes are considered to hold around 32 students each

as an average (some going as high as 35 students)

It is understood that students will eat their noon meal

at schoo% hence the need of a "refectory"

Beside regular classroom, one large classroom is required
for education in euthenics, another old purpose room

can be used for different activities.

For the servicing, explicite requirements cover a garage for
2 cars, 2 store rooms, a janitor's room, adequate toilet
rooms, an office and waiting room for administration,

a teacher's room which can be used also for conference
between teachers and principal, a combination tibrary -

auditorium and a chapel to hold 27" people.



Living quarters to include living space for the local
teachers and living space for the principal which
includes an adequate living room in which they

can entertain visitors.

The latter two living rooms can be included in one
building but should be conceived with somewhat

of a physical separation.
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In trying to decide upon a subject for my thesis,
I was naturally drawn towards design in reinforced concrete.
In trying to analy this natural attraction
these two main reasons:

1, I felt that I had spent in my academle
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more time in Architectural design than 1In struc-
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tural and thus felt that ¢ re-

finement of the latter I had to spend scme tlme

2, Having noticed that only a few engineers in this
part of the world use tle modern American method
and bind themselves usually to the empirical

approach of the French method, I decided myself,

to try as far as possible to stick to the former

as will elearly appear when studying this Thesis,
Having decided on the general subject of my thesis

T bogan to look for a construction for which to prepare the
structural design, and could not find better than my firs
presentation in Architectural design: A school in the suberbs
of Delrut, and that for the lollowing reasons:

1, When I designed the above school architecturally
I tried to tackle it from an aesthetic point of
view eliminating all architectural flaws asfar
as possible without considering fully the diffi-

culties that a structural engineer will have to

face in designing it. The challenze being there
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above
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I accepted the architectural design as it

and tried to solve all these difficultiss in

Another purpose in accepting this particular

[95]

ubject 1s that it helped re to synchronise
both my architectural and structural knowledge

to produce better plans without giving
¥ - (i

o

prefer-

ence to either lines,

I wish to bring out at this point some of the pro-

thet I

had to face 1n the structural design of the

ioned =chool:

Due to the fact that the School has been ini-
tlally designed to accomodate 400 students only,
within a range of clasgses from first elementary
to second year preparatory, a possibility exists
for the expansion of this school, that is why it
should be noted, that Beams and Slabs of the top
floor ana the Columns have been desipgned to
éarry an additional story except in the case of
the Chapel and Auditorium, where the possibility
ot
1s non-existant. It will be noted that water

reservoir 1s placed on the top over the stair-
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cage in the Iministration Bullding as this is

the only natural place for 1% considering that
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be removed to allow the use of the present
Staircese for its proper function,

Another irregularity is that, Iin teachers

3

bedrooms, it is apparent that the partition
walls as designed by the Archlitect do not

rest on the roof beams of the lower off:
talting into consideration that the pesition
of these beams 18 Incumbent upon the partition
of the lower offices. Thus it will be noticed
that beams were designed as broad as the walls
they carry lrrespective of theilr depth. The

only weakness 1s that this forbids the opening
up of doors to connect the saild bedrooms which
actually is unnecessary. Twco other possible

solutions for this problem would have been:

a) To make a hidden beam 1in the slab.

b) To strengthen the slabs to such an extent,

oth these 3gol-
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utions are more classical than the ocne T
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applied, but the cost was the determining

factor in the final choice, considering
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that mathematlcally this wvery narrow beamn

ls enough to carry the load.
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Another point o
the Beams C = 1 = 2 = 3 in the Administration
Buildi The Architect 1in his desizgn has
determined the position of Columns 20,21 in
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Lassweleme nanner 28 to oblige the structural



ongineor to make Colurms 20, 21 carry Beams ClL - 2 = 5 by
shear, Yet he has helped him successfully complete this when
he designed Columns 20, 21 battgrod, thus allowing the broader
tope.

4, I wish also to draw the attention of the reader
to the beams carrying the inclined slabs of the Chapel's roof.
The load on these beams is both horizontal and vertical and the
reinforcing bars had to be checked for both, so as to carry the
inclined resultant,

In my calculations I have used in the main body of
Thesls the approximative methods in finding the moment for the
continuous beams, To make this thesis more comprehensive and
most beneficial, I have 1n Appendix A, redesigned the slab of
the Chapel using the Hardy-Cross Analysis., And in Appendix C
designed two frames chosen from the Auditorium and the Class-
rooms devision, also using the Hardy-Cross Principal,

So as to be able to fulfill riy alms in this thesis
as described previously, i.e. to aquire refinement in struc-
tural design, I have in Appendix B redesigned the main Stair-
case both architecturally and structurally into a hanging
stailrcase, which design has only been recently appiled 1n our
country,.
Cautlon: With this change the place of the water tank should be
chosen on the other staircase Léading to the top floor,

Finally I wish to state that in my designing the
structural plans, I have used more than one type of slab, and

that is to bring out the different aspects of the purpose of the



design as much as possible,

I wish also to point out that the specifications I
have used in this design are taken from "Design of Concrete
Structures" by O'Rourke, and that the graphs and tavles of the
same boolk have been used as much as possible, This should not
mean however that those specifications, nor any of the others
which are in use, are best suited for this part of the world,
due to the fact that they have been arrived at as results of
experiments performed under different geographical and climatic

conditions,
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v for reinforced concrete = 150 p.s.i., = 10,56 K.G/c.m"
' : ; o
v for plain concrete = 60 p.s.i. = 4,24 K.G/c.m"

g St &
fs = 20000 = 1410 K.G/c.m”
fig = 500 = 70.8 I’I.G/c.r;g,'? bags for fe = 1000 p.s.i.

f#c = 2000 = 56 make it 60 K. /o.r 6 bags, fe ='p.s.

e

bond U = 7.08 X.G/c.m”
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Design of Chapel Slab and Beams.
Roof beams ang T-Beans.
Ground beams are rectancular Beams.

Chapel columns and footings are under the Chapter of Colwms.



CIIAPEL ZLAD

j@n

The Chapel slab is divide
into sections as shown 1n

the figure

DESIGHN OF SECTION I. Span 5,4m assume 16 cm slab

- L 2
L.L. = 200 E.G/m

) o)

ol = 3w ¥ 0,15 % 2500 = 375 K.O0/m
(9]
| — =z -_— T wr ) . =
Total = 200 + 375 = u/UJLJ@AJ

[p]
R = R &= = = — - f .
N = 575 x B.d /10 = 1670 K.Gs ~ m,

= 167000 K.G. - cm,
o
e 3 > LE] L
M = 5 fekjbd

o

(9]
=

o
10.9 bd” = 1090 4
(5]
167000 = 1090 4~
2

d- = 167000 = 153
1090

d = 12.4 cm, + 2.6 = 15 cm slab.

As = lls = 167,000 — 12.9 cmg/m.
fsx jxd 1200x0,.87x12.4

1-12mmng=1.13

12.9 = 1.13 = 12.3 bars/meter

l.e. lOO‘ = 8.1 cn.

use 12 m.m1 4 at 8 cm.



Use 3 intermediate hidden beams Ifor

vibrations,.

For longitudinal reinforcement use 6 - 38 m.m

Sec. &4 B, IS T

/m.

cCTION



SECTION 2 Span J.0m assume 16 cm slab,

beams.,

=1 CYy = ng
M = 575 D68

T = 690 K.G - mn.,

DO M

‘ 2

100 x & x 60 x 0.87 x 0,42 4~ = 63000
2

1020 d = 69000 L.Ges = cm,

use the same d

As — G6S000 Fn A o
T20070.07x15.2 — °+° cn /m

5.5 .:' 1015 = ‘l.’?

use 12 m.m g at 20 en

Sane longltudinal reinforcement and intermediate

b ]



ESIGH OF

SECTION

~1

Span 6.1m assume 17 cm slab

(O]

beanms.

Tl =1+ Ol 3 8500, =425

L.L. = 200

S— - 2
620 n.G/m

193000 .G - em = 1090 d
therefore d = 13.4 cri.

As = 193000
1200x0.87x13.5

(o]
= 13,7 em®/m

b

A of Tl e LZ mem ﬁ = 1. 13 ot
13.7 £ 1.13 = 12.1 bars

S = 100

ofe

12.1 = 8 cn.

Same longitudinal reinforcement and intermediate



SECTION 4 8pan 2.7m assune 12 cm. slab.

DeL. =1 x 0.12 x 2500 = 300

L, e = 800
' 500 K.G/m

2
M = 500 x 2.7
12
e :
d = 30500 _
1020

d =5.3 cm, use d = 10 em

:'JO[) IS, Gc - U

As = 50500 A

1200:x0,87x10

using 10 n.nm B, 2.93 = 0,785 = 3,75

l_l
@)
O
spe

3.750 = 26,6 cm
7
use 10 m.m P at 20 cm

For longitudinal use 8 m.m £ at 20 cm.



As, as

the rest of the beans

have

assumption that j = 0,87

DESIGN

st detail, Tinding

been deslgned on the

ROOF BEAVS, CHAPEL

All are T beams.

¥
¥

i

designed to the =2 =25

tual j, and exact

an example, while

O Bl Span 12.2mn. ¥

10. 6 (K. G/cn®

10,6 = v
b1dx0,87

btd = VE.Grams

9.2

W per linear m = D.4 x 575 = 1550

w of beam (assume 40x50) 04x0.5x%2500

V = 2050 x(12.2 # 2) = 12500 XG
btd = 12500 & 9,2 = 1350

&)
i
(]
O
jolt
l
S
[¥3]

(93]
19
O

L40]
(@]
63}
(@]

KeGAm,



- 0

[m]
O % 12,2 . o
Il = 1888 x =£22- = 55300 K. - m
t = 0.15
di= 0.556
As = 3530000 = 60.5 sz
1200(56=7.5)

P = 60.5

|t
I

9, PJ
(4]
il
(@)
®
o
o}
@

j = 0,081 K =0,87

vl

As': 3530000
1200x0,91x56

el ey

iy
= o0 cm

e 2
1 - 26 mem@d = 5.31 cm

g X 300x15x0.91x56
( 2%0.27x56

115000 fe.

(] [9)
fc = 30,8 KoeG/cm® smaller than 60 K.G/cm”

Check for shear

TE ¥ _ 12500 -
—— e i i S e - oM o e .
bTja  30%0,87x56  0+6 KeG/om

Perimeter of 1 § =TT x 2,6 = 8,15 cm

U = 12500
6x8,15x0.87x56

= 5,1 smaller than 7.08 0.



Where should we bend 5 bars

lst bar 1 x 100 = 9,1%, 0.34x12.2 = 4.15 — 4.00
!
lst pair 3 x 100

i3

27.3%,0.24x12.2 = 2,83 — 2,75

2nd pair x 100 = 45.5%,0.16x12.2 = 1.95 —. 1,75,

—_—

11
2
If no stirrups are used v # 150 1b/in

1t 1s 60 f.e. 4.24 K.G/cn”
Shear carried by concrete only:
V = vxbxjxd
Ve = 4,24x30x0,07x56 = 6200 Iz.
Total V = 12500 H.G
125600 = 6200 = 6300 K.G. carried by stirrups

t1

H

D

{
o

[¢4]
6]

Using 8 mem ﬁ

a = 2x0,5x1410x0,87x56 = 10,9 cms

[#7]

place whergdgo= 6200
12500 - 1888x = 6200

X = 6300 = 3,35m,
1888




SIGH OF BEAIN B2 Span 12.2m.
¥ SRS .8 5 878 = 2640
2
w of beam: 0,35x0.60x2500 = 522
3162
522 + 2640 = 31862
¥ = %162 el =, 12500
b1d = 19300 = 2100 cm®
S
b! =35 4 = 60 cm 0.K.
I = 3162 x 12.27= 58,000 K.G - m
S}
is = 5,800000 = 78 cm
l O -LO.\J’?X./].
A
1l - 24 mem ﬁ = 4,52 cm
18 ~ 24'm,m @ = 81.43 O.K.
Perimeter of 1 bar = 3,14 x 24 = 75 gn.m
If we bend 8 bars
U = 19300 = 4,17 XK.G/on 0.K.
10x75x0,87x71
Where to bend
lst pair 2 x 100 = 11%, 0.34 x 12,2 = 4,15 m - 4.00m
18
2nd pair 4 =x 100 =229, 0.26 x 12.2 = &.17 - 3.00m
18
3rd pair 6 =x 100 = 337, 0.21 x 12.2 = 2.56 - 2,50m
18
4th pair 8 x 100 = 447, 0.16 x 12.2 = 1.95 - 1.75m
18
Stirrups: v = 60 p.s.i. = 4.24 K.G./ cm2
Shear carrlied by concrete alone:



24 x 0,87 x 71 x 35 = 9150 K.Gs.

<
Q
i
|
O
[ S
jon
ll
1xN

S at end using 8 m.m@ stirrups

s =2 x 0,5 x 1410 x 0.87 x 71 = 8.5 cm.,
10150

s at 3.2m

2 =S % 0.5 14100 x 0,87 = 71 = 17 em,
5075

at 30 cm spacing in the mlddle,




DESIGN O BEALS B3 AND

B4 taking B3,

w = 10 x 850 = 3250

m!l—'

w of beam = 0,40 x 0,65 x 2500 = 650

3250 + 650 = 3900 K.G/m,

VvV =12.2 x 3900 = 23700

2

brd = 23,700 = 2620

3
S

= 3900 x 12

[40]

2 X
° oL

100 =

8
As = 7200000

i

1200 x 0,87 x 78

20 - 24 m.m P = 89,72

Perimeter of 1 bar =

Ve will bend 10 bars

U = 23700
Gk R X 0,87 £ BO

Where to

lst pair

2nd pair

3rd pair

5th pair

Tt e,

bend

o] 20
o)

Im tolm zor;
o o
!

=
o O

20

bars:

10/ at 12.2 x
20/ at 12.2 x
30/ at 12.2 x

40/ at 12.2 x

4

SO/at 128 x

200000 .G, cnie

(o]

©
g7 cm

48]

cr

1t

14}

n

4,40m.

3+ 60m,

2.80m,

2.00m,

1l.20m,



Ve = 4,24 x 0.87 x 78 x 40 = 11900 Kg.

WVan e 4FaC
oe <3
57¢ & )
| [ S N, s SpNe e o _'_-_l__
L
N
g8 =2 x 0.5 x 1410 x 0.87 x 80 = 8,85 cn.
11500 say 8.5 cm.
8 =2 x 0.0 X 1410 x 0.87 x 80 = 17,70 cn.

5800 = 1.5 cm,

Check for slope effect.

4,75 x 750 x 0,51 T 4,75 = 382 Kg/nm.

M = 382 x 12.22= S70000 K.g.cm,

10
_ 2 2
o70000 =08.,2 x 82 xd , 4 =760, 4 =27.6 em,
We have d = 37 cm o' QO.K.

As = 570000 = 14,7 cm2
1200 x 0,87 x 37

t
-3

3 -24mm @ = 13,5
Yo=16 s E = 2,

(91}
K

S 2
16.11 em  greater than 14.7 cnm

This result 1s from one raw only the other rows help

2 )

in carrying this moment, therefore the inclination of

=

GIlS

roof

. o 3 g £ an SR
1s sale and can be taken care ol by the beams nif,ULLﬂ\/.
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DESIGN OF BEAM %11

dsiand A3

9.3 X 575 = 880 K.G/m.
6.1
Assume 0,30 x 0.30 x 2500 = 225 K.G/m
Total W = 225 + 880 = 1105 K.G/mn.
V = 1105 x 6.1 = 4@y 3570
qy2
Pl =20 4 = 18.%
use 30 x 30
2
M= 1105 x 6.1 = 3400 K.G - m.
12
: 2
A= = 340000 = 7.5 em

1200 x Q.87 x 45 5
use - 5 - 14 m.m 4 at 7.70 cm

Dend 2 bars at 0.18 xz 6.1 = 1m.

U = 3370 = 6.5 smaller then
3 x(3.14 x1.4)x 0,87 x 45 7.08 Oalia

Ve = 4.24 x 0,87 x 30 x 45 4360 greater thaen

3370
Using 8 m.m @ stirrups, start with s = 10 ecm for
l-m., 15 cm for 2nd meter and 30 cm in the middle.

Use the same design for B-7, 3-8, B-9, B-10,
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DESIGN OF BEAM

B6

=

4 find

4880 = 2440 K.g.

2

B
B¢ T Q70N = 5.9
2
3.9 X 650 = 4880
2

Assume slab beam = 30 x 30

225 x 5.5 = 620
P = 225 + 628 + 2440 = 3068
Rq = (3068 x 4.1 + 1105 x 6,1)
g ( 6ol o )
= 20606 + 3370 = 5430
llax V = 5430 Ig.
btd = 5430 = 592
9.2
bt = 30 d = 19.8 use 35
V=0 at: 5430 - 1105x =~ 3060
X = 2370 = 2.15m

'\': : O L] 5 O }:

0,30 x 2500 = 225

1105
u 5430 x 2.15
3060 x 0,15

(5]
1105 x 2,15

[»]

£

0]
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Bending

lst row 2

2nd row

(&)

4

8

11700 - 2956 = 8744

= 874400 =
1260 x ©.87

As

X 45

2
18,8 cm

2
use 8 = 18 m.m ¥ at 20.36 cm

bend 4

5430 =
4 X 5,65 x 0.87 x 45

6,18 smaller than 7.08

Ve = 4,24 x 0,87 x 30 x 45 = 4960

Using 6 m.m @ stirrups

B =2 x 0,88 x 1410 x 0.87 x 45 = 6,6 cm
(5430 = 4960)

all over the beamn.

4 - - &
= 20%, 6,1 x 0,25 = 1,75m.
=9 f ~ -
= 505, 6.1 x 0,14 = 0.35m.,

O.].'x.c
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GROUND BEAMS CHAPEL

DESIGN OF B-13 AND B 19

Wall:l x 0.30 x 5.8 x 2000 = 3470
1l x 0,40 x 0,60 x 2500 = 600
4070 K.g/m.

I1 = 4070 x 6.12= 12600 K.g.m
12

Il = 10.9 bd®

V = 4070 x 6.1 = 12500 K.g.

B
2
d” = 1260000 = 2890

109 x 40
d =54 cm, + 4 = 58
Use 40 % 60 cm.

As = 1260000 = 2L.5 em

1200 x 0.87 x 56

Use 11 - 16 m.m @, (A = 22.11 cn”)
Bend 5 ﬁs
perimeter of one bar =/l x 16 = 5§.00 cm

U = 12500 = 6.5 smaller than 8,08 0.K.
6 x5 x 0.87 x 56




columns to assist in carrying the

=y

Add 3 - 16 m.m. @ on top o
negative moment,

an

Bending of bars

©
(o
&)

lst bar 1 x 100 = 9%, 58 x 6,1 = 2,30m,
1

1st palir 3 x 100 = 27%, at 0.28 x 6,1 = 1.70m,

x 100 = 45%, at 0.17 x 6.1 = 1.10m,

Ve = 4,24 x 40 x 0,87 x 56 8300 Heg
12500 ~ 8300 = 4200 K.g.
sing 6 m.m ¢ stirrups, A = 0.28

8 =g x 028 x 1410 x 0.87 x 56 = 9,1 cm.
4200

Use s = 9 cm for 1 m, then 20 cm then 30 cm.



e
L=

SIGN OF

BEAM Bl4 AND Bl8 Span

Wald sl % @80 % x 2000

5.8m,

= 4190

o
Eexueiedd o 0L8'% 2600 = 600

4790

o
—_— AY7N [t B e Tr .
M~ ‘,]: l’L-J X » e 57\1_)0 ine _Jv-"ll

12
V = 4790 x 3.8 = 9100 K.g.

)

(]
)
A —_— Crro e —_ 0 O e
AS = O llL)OOC — Y0 Chh

e (o e e @t ek B

Use 8 - 14 mem @ = 12,32 ¢
bend 2 @ at:

.

x 100 = 25% at 0.3 x 3.

o |0

perimeter of one bar = 4,4

U = 9100 =
&€ X 4.4 x 0.87 £ 58

Add 3 - 14 m.m @ on top of
Ve = 4,24 x 40 x 0.87 x 586
9100 ~ 8300 = 800 K.g.

£ o

U Lll

()]

mem @ stirpups

~

S =2 x 0.28 x 1410 x 0.87

7.08.

ha
n
o
I

800

Start with 20 and end with

Ko /m

C.K.



!
Do
[4e]

1

8 BlS .= BlY Sparl

™A
DAl

lst barp

lst pair

2nd palr

5, 4.

Wall:l x 0.30 x 7.8 x 2000 = 4700

w of beam 0,40 x 0.70

700 + 4700 = 5400 E.g. per m,

-

&l

o
= 5400 x 5.4 = 15,700 K.z

L

x 2500 = 700

« =Y

d- = 3620, d = 60, use 64

/ = 56400 x 5.4 = 14,600 K.g.
(%]

As = 1 = 25 cnm

x 60
T z
16 mem @ = 26,13 cm

5 @s

U = 14600 =
8 x 5 x 0.87 % 60

1l = 7.,7% at 0.41 x 5.4 =

13

3 =23.1% at 0.30 x 5.4 =

13

Add 3 & on top.

7 smaller

1.

L.

6 2 m L]

18m,

Ve = 4,24 x 40 x 0.87 x 60 = 8600 K.

14600 = 8600 = 6000 ..

Using & m.m ¢ stirrups

8=2x 0,50 x 1410 x 0.87 x 60 = 12
6000

then at 20 cm then at 30 cm,

(@]

=]

5 St



DEST

RT

Urls

Qr

BEANM Bl6 Span 12,2m,

Walls 1 x 000 x 8 x 2000 = 4800

-
=
=]

= 0,50 x 1.50 x 2500 = 1870

6670 K.g per m.

o

M = 6670 x 12,27= 111,000 K.g - m.
9
= 111,000,000 K.g - cm.
[}

11700000"= 10,9 x 50 x 4~
2

!
2
0

20200

-

g

“:’-;, i.eo 150 lel.

(SN
il
N
H

1,100000 = 75 cm
1200 x 0.87 x 142

Use 15 ~ 26 m.m @ (& = 80 cm?)
perimeter of one bar = 8.3 cm

V = 6670 = 12.2 = 40500

Dending of bhars

lst

e}

m

bt

o)

1

(O

o

v

=]

e

H

]_h

|._ll
3

LT

s

[V
Dend 7 bars
~ 4 .l
L x 100 = 6,67% at 12.2 x 0.38 = 4,65
15
5§ x 100 = 20% at 12.2 x 0.28 = 3,42 make 1t
LS
[y ~ —_— P el - -
S x 100 = 33.35% at 12.2 x 0,21 = 2.55 make it
15
Fodle 5
7 x 100 = 46,5% at 12.2 x 0.16 = 1.95 make 1%
15 |
[
,’ |
|
— Taanls ] e |
| o’ g e f

Using 8 m.m ﬁ stirrups

0
= “
Av = 0,785 cm



1
o]
12

]

Ve = 4,24 x 0.837 x 50 x 142 = 26300 l.gs

2

40500 = 286306 = 14200

26300 x 6.1 = 3.95 m,

40500

8 =2 x 0,5 x 1410 x 0,87 x 142 = 12.2 cm.
14200

s = same = 24.4 cn.
7100

Use 10 cm in lst meter
20 em In 2nd meter

30 em1 in rest.



DESIGN OFF BEAM B2l Span 12,.2m

Wall = 1 x 0,12 x 5,8 x 2000 = 1390

w = 0,40 x 1 x 2500 = 1000

. )
M= 2390 x 12.2 = 40,000 K.g
9
4000000 K.
[»]
= 10.9 x 4038”

(]
r 2 S e - ' —
. d° =9200 , da=96, + 6 =

As = 4000000 Sl
1200 x 0.87 x 94

Use 10 - 24 m.m & , (A = 45,24

perimeter of one bar = 3.14

V = 2390 x 12.2 = 14,600 K.g
2

U= 14600 = 4,8

5 X 7.5 x 0,87 x 94

Bendlng of bars

I
o
o
U~
I
o
=
N
L]
o
™
]
(2
I

lst bar 1 = 100
10

x 100 = 304 wat 12.2

L
rd
.

x 100 = 50% at 12.2 x .14

Ve = 4,24 x 40 x 0.87 x 94 =

Using 8 n.n @ stirrups

8 =2 X 05 x 110 x 0,87 xX.9

0
~
cm
2
4 cm™)
X Bad = Ts0 ol

smaller than 7.08

= 4,15 make

L = 2,93 make

= 1,17 malke

4

il
}_l
N
®
o
o

800

it 4.00m,

it 2.80m.

it 1.10m.

Start with 14 cm spacing till 1/3 then use 30 cm.



CHAPTER TWO

Auditorium

Roof Beams , S\abs

G+ Beans

Columns and Footing in the chapter on

Colwmes



AUDITORIUM SLAB

- o == e

It is as Chapel section |

ey

one.

15 cm slab

use 12 n.m & at S cm
use 3 intermediate 1 <7

hidden beams to

take care of vibrations

For longitudinal reinforcement use 6 - 8 m.m @ per m.,



DESIGN Q' SECTION 2 Span 6.om assume 17 c.m slab.

O
=
.
Il
S
[Qe]
(9]

i = LA
ez il
-
It
20
O
O

= 625 K.g per m2

Il = 625 X 6.5° = 2180 K.G.-m

12

d2 = 218000 1090 = 200

d = 14.2 cem., 3say 14,5

sy 8¢5 = 1T o,

o

As = 218000 = 14.5 em® per m,
1200 x 0.87 x 14.5
o
= A ~ (&)
A of 1 - 12 n.m ﬁ = 1.13 c.m
14,5 £ 1,13 = 12,8 bars per m,
S = 100 - 12.8 = 7.8 ecm eay 7.5 cm.

Same longitudinal reinforcement and hidden beams as sectlon one.



DESIGN OF SECTION 3 Span 7 n. assume 19 c.m slab,

D.L. = 0.19 x 1 x 2500 = 475

Batia = 200
. 2

Botal = 675 K.G per m
- 2 = = &

M =678 x 7 = 3500 KiBerm

1e

2 "

d = 330000 &~ 1090 = 305,

d = 17,3, + 1.7 = 19 c.m.

-y - 2
As = 550000 = 1848 ent” per W

A2 1 R G 0 = B o 17 B0

Aofl-14mm g =1,54

18,3 =~ 1,54 = 11.9 bars per m,

S2100%1:.9 =8 o).
Same longltudinal reinforcement as before.



DESIGN OF BEANS Al, A2, A3, A4

take A3, Span 12.m.

o

w =675 x 6,75 = 4550 K.g per m.

4

assume
0.45 x 0.8x2500= 9oo " n n v
Tota.l 5450 mon n 1"

2

As = 9800000 = 100 cm
1200 x 0,87 x 94

Use 23 - 24 mom # = 104 c.m>

perimeter of one bar = 3,14 x 24 = 7.5 cm.

700 = B 05K

1st 3 bars & =x 100 = 137 at 12 x 0.31 = 3,72 make it 3.5m.
=5
=

gng M W 6 x 100 = 26% at 12 x 0.24 = 2.87 make 1t 2,57m.
L5 Er 4
[S1y]

(9]
|-_l
@

i
tv]
]
(8}]

3rg ™ -8 9 x 100 = 394 at 12 x make it 2.00m,

Lo
23
4th " A 12 x 100 = 52% at 12 x0.13 = 1,56 make it 1.25m.



Ay @

600 =
700

=
D |

(o0 I

&)
O

at end using 10 m.m @ stirrups

2 x 0,785 x 1410 x 0.87 x94 = 10,6 sav 10 cm,

17100

2]
I

L

a
1
0

2 x 0,785 x 1410 x 0.87 x 94 = 21 em. say 20 c.m,




DESIGN OF BEANS AG - A7

A8 - A9

taking A8 Span 7 m.

7 x 0,707 = 4,949 m.

: 2
w= 4,95 x 625 = 15980

——————

) /

asasune

Total

Vv = 1815 x

) ~3

o’
ja N
Il
O
(@3]
(93]
(®)

1
D

.
o

1l

As = 820000

0,30 = 0.30 x. 25600= 225

L. .

ft

usse

1200 % 0587 X

G = 6350

hix b'x Q.87 x

Bending

ket - bar 1l x 100 =

lst pair

2nd pair 5 x 100 =

Ve = 4.24 x 0.87 x

x 100 =

30 x

Using 6 m.m @ stirrups

Start with 20 c.m. spacl

2 X 0.28 % 1410 x 0O,

at

at

% at

87

g per m.

" 1 n

30 below slab

7.X 038 = 2,85 make 1t 2.75n.

7 x 0,256 = 1,75 make 1t 1.50m.

Zx 0,18 = 1,26 make it 1. 10w,

x 45 = 22 cnm.

6350 - 4960

T

o

and at the middle 25 c.m.



DBESIGHN OF BEALMS A4 - AD Use the same section of concrete

D eled O L s V-
lst bar 16% , = 0,32 X 5.5 = 1,76 m,

. - YR
lst pair 50% , = 0,18 x 5,5 = 1,00 nm,
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GROUND BEAMS AUDITORIUM

DESIGN OF BEAMS All - AlD

Span 12.m.
Wall =1 x 0.30 x 6 x 2000 = 3600

w=1x 0.40x0,40x2500 ;_1400

Total 5000 Kg Do

(o]
M = 5000 x 12° = 80000 K.g - m

4 = 18500 ; d = 136, + 6 = 142 c.m.,

2]
“

As = 8000000 = 56 sy
1200 x%x 0,87 % 136

2 2
use 11 - 26 m.m @ , (A = 58,7 em”)

V = 5000 x 6 = 30000 K.g.

Ferimeter of one bar = 3,14 X 2.6 = 7.5

U= 30000 = he8b 0.K.
% 7.9 % 0.8% x 136

<

1st bar 1 =x 100 = 9%, at 12 x 0.34
9.1

1st pair 3 x 100 = 27%, at 12 x 0.24 =
2151

2nd pair 5 x 100 = 45%, at 12 x 0.16 =

I
o

At

4,10 make 1t 4,.,00m.

2.88 make it 2.70m,



Ve = 4,24 x 40 x 0,87 x 136 = 20000 K.

Using 6 m.m @ stirrups

S =2=x 0.28 x 141C x 0,87 x 136 = 9.4
10000

Spacings
9 c.,mm. for the lst meter
18 ¢c,m. for the 2nd meter

30 c.,m, for the rest.

DESIGN OF Al2 - and Al18 The same as:

i

B1l5 - and B17 in Chapel.



DESIGH O BEANMS Al

(&}
(o]

3 - Al4 - AlS -Al7

Span G.9 Imme

Wall =1 x 0.3 x 6 x 2000 = 3600
w = 0.40 x 0,76 x 2500 = 760
4360 X.g per ni.
5)
I = 4360 x 6.9 = 20700 K.g.m.
10 , 2
= 10.9 x 40 d°
2
o kG = 4760 , d = 69 ca.m.
2
As = 2070000 = 29 ecm”
1200 x 0,87 x 69
: 2 2
Use 10 - 20 m.m @ = 31.42 cm
V = 4360 x 6.9 = 15000 , perm. of one bar = 6.28 cm.
g
Bond is safe
Bending:
lst pair 2 =x 100 = 20% at 6.9 x 0.3 = 2.07 m,
10
ond pair 4 x 100 = 409 at 6.9 x 0.21 = 1.45 m.
10
Ve = 4,24 x 40 x 0,87 x 69 = 10200 K.z
Using 6 m.m @ stirrups
8 =2 x 0.28 x 1410 x 0.87 x 69 = 9,85 c.m. say 9 c.n.
(15000 - 10200)
Start with 9 c.m. spacing for 1lst rieter
20 c.m., spaclng for 2nd meter
30 c.m, spacing for rest.



Administration Division
l. B8labs: Types: ordinary simple slabs.

A - Top roof slabs:-

1l - roof of pedrooms:- 1, 2, 4, 5, 6,

Assume 12 c.m. slab.

(4e2 - 0.5) x 650 = 455

>

(85 )

Short dilrection:-

(8]
— RiR 5 5 -t [~ v
M = 400 X Qs — ‘11':'.)'.)0_) HelGe=-m
i =
= 46550 K,G-c.m.
== = i - I
As = 4050 = 5 éni~ per M.

Use 10 m.n &

S =100 x 0,785 = 15,7 say 15 c.m.
o

Long direction:-

M= (650 - 455) x 4,2 = 286,00 K.G -

Ile



cte
= NGy e

i 2 z

of bedroom lio 3

. S R = ol 2
4,8 - 0,5) X 650 = 425 K.( per m

)

2
650 = 425 = 225 K.G. per m°

f 2

Short direction:-

2
425 x 4,2 = 620 K.G - m,

12
= 62000 K.G., = cm.,

(=]
62000 = 6.6 c.m”

2100 x 0.87 x 9

o
v
|

Long direction:-

[»]

::. = .rjgv: x 4:.3” = ‘132 1‘..-,’:’. = ks
12
= 43200 L.G. = c.n.
2
As = 432000 = 5.15 c.m

1200 x 0.87 x 8
, - 2
Use 8 m.m @ = 0.5 cn

5 =100 x 06 = 9,75 say 9 c.m,

5.16



O« Roof of Toilets amd baths in second floor which 1s o 8
Dimensions 4 x 4.2
short direction:-
N =85 = 16 = 452
12
(]
\s = 43200 = 4,62 c.m
% 9

1200 x 0.87
1 - 10 m.m @ = 0,79

8 = 100 x Q.78 = 17.1 say 17 c.nm,

4,62

Long direction:~-
= 15 c.m.

S =17 x 8
9



Roof of corridor and private tollet in second floor:-

1l =2nm

I- = 050 x 4: = 216.7 I;QG =

.
12
As = 21670 = 2,32 square c.m/m
1200 x 0.87 x ©
Use 5 - 8 m.m @/m = 2.5 sq.c.m./m

and 5 - 8 m.m ¢/m Iin long direction.

s

The top roof of stair case beling the floor of the
reservoire, 1ts desipgn is under the design of the

reservolre.,



= WY

ESIGN OF ROOFS 9 AND 10:-

Assume 2Q c.m. slab,
Dilis = 0420 x 2500 =
L.L. = =

Tile and

In one direction.

1100

(]

M= 1100 x 36 = 3300 = 10.9 x 100 d°

12

o

¢ <
o s U

As = 550000

=368 1 @ = 17,5

1200 x 0.87 x 17.5

1= 16 w.n @ = g.0%

S5 = 100 x 2,01 = 11 c.m.

18.1



DESIGN OF ROOF 11 TOP FLOOCR:=-

Dimensions 5.5 x 6.5

= 116000 K.G - ecm

12
= 10.9 x 100 d2

d =107 , d = 10,3 c.m. say 1l0.5

116000 = 10.6
1200 x 0.87 x 10.5

As

1l ~-12 mm g = 1.153

= 100 x 1.13 = 10 c.n.
10.6

Long direction:
2
211l x G«5~ = 74200

12

As = 74200 = T7eD €M,
1200 x 0,87 x© 9.5

l-10mm @ = 0.785 sq. c.m.

= 100 x 0,785 =

10 c.n.

-+

2.

o

13



= First floor roof slabs is the same as top roof slabs.

1



C

- DESIGN OF

THE FLOOR SLARS OF THE FIRST FLOOR BEYOND THE

RETAINING WALL:-

1.

"loor
as Toilets in second floor.
IMloor of corridor and part
retaining wall the same as
story.

Floor of principals living

Toilets and bath in second floor.
Floor of kitchen and stalrs

floor of

room the

first floor

same as

T
the

bedrooms 1, 2, 3, second floor.

of Teachers' Toilet and private toilet the same

of principals office beyond

corridors floor in second

floor of

same as



FLOOR OF TEACHERS' DINING 1in one direction: Span 3.5

L]
M= 6500 x 3.5 = 792 K.G -m,

10 = 79200 K.G.-c.m.

79200 = B.4B c.m2

1200 x 0.87 x 9

I

As

Lof 1 - 12 nm @ = 1.1% em®

S =100 x Lkyld = 18.4 o.m. make 1t 12 e:im.
8.45

and use 5 - 8 m.m @/m. in the long direction.



TEACHERS'

ot LB

CONFERENCE:~

5.9 x 4.2

w (1 - 1) =(5.9 - 1) x 650 = 590
(B Byie(a, g ' 8)

L3

Q
w carried by long side = 650 - 590 = 60 K.G/m"

Short direction:-

2
M= 580x 4.2 = 1840 K.G - m.
10
= 104000 ]{0{“}0 - C.Tl.
104000 = 11.2 em®
1200 x 0,87 x 9

I

As

Aof'l - 18 mm@= 113

100 3 113 = 10,6 maixe 10 10 cuma
13,2

Long direction:=-

M= 80 x 5.9° = 208 K.G. - m.
10
= 20800 K.G = c.m.
As = 208000 = 2,08 e.m-

1200 % 0,87 ¥ ©

1~ 8mm P = 0.8

100 .05 =\ 22.5 ¢t o taka 1T 20 e
2.22
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DESIGN OF ROOF BEANS

ROOF OF TOP FLOOR:- Exterior Beams:-

Beams C1l and C3 Span 5,9
w from wall = 0,30 x 1 x 3.20 x 2500 = 2420 K.G/m.

2
slab =(4.2) x 650 = 965 K.G/m.

6

o
O

2
965 + 2420 = 3385 K.G./m.

M= 3385 x 6° = 1210000

2
+ 9090 x 3.5 x 2.5 = 1330000

6 2540000 K.G - c.m,
V = 3385 x

o
1
}._l
O
|_.l
on
9]

9090 x 3,5= 5300
4

15455 = 9.2 x 40 d
d = 42.4 c.m. Uge 40, x.60 4. d = 686

As = 25640000 = 38 ¢c.m
2100 x 0.87 x 66

Bend 5 g

1st bar = 10%, 36 = 2,12 make it 2.00

(o)}
™
o
.
(S} ]

lst pailr = 30%, 6 x 0,25 = 1,50 make it 1,40

o]

2nd pair = 50%, 6 x 0.18 = 1,06 make it 0.80

Checlkt for shear at Col:-

V'= 15435 K.G.

Ac = 15435 = 1460 c.m”
10.6

Ac avaltable = 60 x 180 = 7800 com®

It 1s safe yet use bars anchored at both ends,



S A48 =

BEAMS €15 - (4 Span 5.m.

(3

w from wall = 0.3 x 1 x 5.2 x 2°

5 X 0,707 = 3.5

o
o
380 X 650 = 820
2] 5]

-

(]
ctr
1]

[
|

2
M from w= 3240 x 5~ = 810000 K.G - Cshi.

3200 x 1,5

Total M

10
= 478000 K.G - c.m.

=1,288000 K.G - c.m.
V = 2420 x S5 = 6050
2
+ 3200
9250 K.G.
9250 = 9.8-% 404
d = 25,2 meke d = 50

[»]
As = 1288000 = 25 c.m”
1200 x 0.87 x 50

Use 10 -~ 18 mem @ (25.45 c.m”)

6 m.m # stirrups. Spacing 10 ¢

o1

= 2420 K.G/m,

3240 K.G/m.

all through



DESIGN OF BEAM C2 Span 10,5 m,

w from wall = 0.3 x 3,2 x 2500 = 2420 K.G/m
2
from slab 4.5 x 650 = 1020
2 6.3
LB X 0.0 = 2,97
2,97 x 650 = 685
2 4,2 1705 K.G/m
2420
Total 4125 K.G/m.,
M from w = 4125 x 10.52 = 4540000 K.G. c.m.
10
M from
Cone.L.= 1450 x 6.3 = 915000
Total M 5455000
V = 4125 x 10,5 = 21500
2 2180

23680 K.G.

23680 = 9,2 x 404
Use d
5455000 =
1200 x 0,87 x 90

Use 10 - 28 m.m @/m.
Bend 5

Bond = 23680

60,5 c.m"

5 x 8.8 x 0,87 x 90

Check for shear with Col.

o

<

o

568

jav]

368 2240 ¢.m”

O

2 10.6 =

Ac avalilable = 86 x 40 =

5440

90

0o

= 6,8 smaller than 7.08

2
C.m

0.K.

0.K.



- 50 =

Continuation of Ixterior Roof Beams:

l. Cl5, Cl, €3 and C2 for floor and roof of second floor have
the same design as Cl, €3 and €2 all ready presented in the
design of floor of first floor.

2. €5 and C6 in roof and floor of second floonr have the sgame
design as C4 in roof of basement.

3. Let us leave stalrcase and its beams till later.

4. Design of C4 in second floor roof and floor.

Span 7.m.

3¢3 X 0,71'= 2,34

w= 2.34°x 650 = 540 K.G/m.
2 330
w from wall =2420 K.G/m

2060 K.G/m,

14600 - 4800 - 2960x = 0O

M= 14600 x 3.32 = 48500 K.G - m.
4800 x 1.02 = 4900 X.G - m,

[n}
2960 x 3.32° = 16200 K.G - m,

27400 K.G - m,
Assume wt of beam = 0,40 x 0,60 x 2500 = 600 K.G/m.
M= 2100 x 3.32 = 7000

600 x 3.32% = 3200
2

Total M = 27400 +.3800 = 31200 K.G - m.



because it is not simply supported

actual M = 3120000 x 0.8 = 2500000 K.G - c.m.

As = 2500000
1200 x 0.87 x 67

]
w0
o

Use 12 - 22 m.m @ (A = 45,.64)

Bend 5 (s

U= 17920 = 6,42 smaller than

T G 9 x 08T X 67
Bending:
1zt Dar B8.35%, 7 X 0.38 = 2,65

1st pair 25.06%, 7 x 0.27 = 1.89

2nd palr 41.75%, 7 x 0.21 = 1.46

ri
[

Qf

-

o



Interior Roof Beamss:-

8% Span 4.2 m.

812, 0134 Cl1l7, C184 Ol4,

. 900
w=§2.97)" x 6560 = 1220
4,2
2120 K.G/m.
()
M= 2120 x 4,2° = 375000 K.G ~ cm,
10

V= 2120 x 4,2 = 4550

4550 = 9.2 x 25d
d = 19.8 very small
Use 25 x 30

As = 375000 = 9,3 c.m?
1200 x 0.87 x 39

Use 4 - 18 m.m @



800

370

2070 K.G/m.

= 3630 K.G

Beams Span 2.5, 3.4, 3.5
cll, Cc9, C8
w =(2.5)% x 650 =
lJ.5
V = 2076 x 3.5 =
i 2
M= 2070 x 3,5 = 255,000
10
2630 = 9,2 x 254
d="16
Use 30 + 9 = 39
As = 255000

Use 4 - 16 mem @ (A =

|
(o]
L]
%]
(3]

1200 x 0.87 x

39

8,04 c.mz)



- 54 -

Beams Span 5m

c7

5 900
w=(3.,5)" x 650 = 1800
5

2500 K.G/m.
V = 2500 x 2,5 = 6250 K.g.
6250 = 9.2 x 25d
d= 27 c.m say 39 c.m.

M= 2500 x 25 = 625000
10

Use 6 - 18 mem &



Beams Span 6.2 m,

¢10
w=(4.,4)° x 650 = 2030
6.2 900
2030 K.G/m
V = 2930 x 3.1 = 9090
d = 9090 = (9.2 x 25) = 39
Use 25 x 40 , 4 = 48
M = 2030 x 6.2° = 1130000
10
As = 1130000 = 22.5 ¢.m°
200 X 0.87 x 48
Use 8 - 20 mem @ (A = 25,13)
Bend 4 #s

1st pair = 254 , 6.2 x 0.3 = 1,86 m,

2nd pair = 504 , 6.2 x 0.18 = 1,12 m,
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Slab Beams in Floor and Roof of Second Floor

l. C1l0 the same above it.

2., €8 the same above it.

3¢« Cll the same above it,

4, C7 and C20 in second storey same as C10 in Roof of basement.
5. Cl4 - same above 1it,

6. Cl2 - seme above it,

7. C21 - same as C7 in Roof of Basement.
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DESIGN OF INTERIOR HIDDEN BEANMS IN FLOOR OF SECOND STOREY:

cee2, C23, C24, C25.
Span 4.2
4.2 x 0.71 = 2.96

w :(2.96)2 x 650 = 13520 K.G/m.

4.2

Wall = 0.12 x 3.2 x 1 x 2500 = 960 K.G/m
Totel w= 960 + 1320 = 2280 K.G/m,
M = 2280 x 4,2°%= 400000
12
400000 = 10,9 x 124°
d% = 3060 = 55 ¢.m.
Use total GO

R = 400000 =7
1200 x 087 x 55

Use 5 - 16 mem @

N =2280 %' 4

Bend 2 #s

U= 4800 = 6.66 0.K.
3 X 65x 0,87 x 58
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DESIGN OF BEAM C-26

Bend ¢ &

Bending
1lst pailr

2nd pair

w from one way slab = 11,00 K.G/m

w from two way slab = (6 x 0,7)2x 1100 = 1620
2 6

w of beam = 0.30 x 0.50 x 2500 = 375 K.G/m
Total w = 1100 + 1620 + 375 = 3095 K.G/m
M= 3095 x 36 = 927500 K.G - c.m,

= 927500 K.G - c.m.

= 9,2 bd® = 9.2 x 30d°
d“ = 3400 , 4 = 58.2

As = 927500 = 15,3 ¢.m®

1200 x 0.87 x 58

Use 10 - 14 mim &

V= 3095 x 6 = 9275 K.gs

20% , 6 x 0.32 = 1,85m,

40% , 6 x 0.24 = 1,25m.

Ve = 4,24 x 30 x 0.87 x 58 = 6400
Using 6 m.m @ stirrups

B=2 X088 x 1410 x 0,87 x 568 = 13.8
2875

Start with 10 ec.m.

then B e

then 20 ...
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DESIGN OF BEAM C-27

Wall = 0,12 x 1 x 3 x 2000 = 720
Delis = 1,60 x .20 x 7500 = 800
L.L. = = 450
Tile and sand = 150

2120 K.G/m
M= 2120 x 36 = 636000
12
. = 10.9 x 160d”

d" = 356 , 4= 18.9 015

As = 636000
1200 x 0.87 x '13

I
)
N

Use 17 - 16 muam @ bottom

and 10 - 14 m.m @ top, they help for compression,



Administration Ground Beams

DESIGN G.BEAM C32 Span Oom.,

Wall = 0,30 x 1 x 4.2 x 2500 = 3140
w= 0,40 x 0,50 x 2500 = 500
35640

M= 3640 x 25 = 760000 K.G - c.m.

12 5
= 10.9 x 404°

d™ = 1740 @ d = 4L.7 say 44+ 6= 50 eclL.n.
As = 760000 = 16.7 c.m?

1200 x 0.87 x 44

Use 8 = 16 m.n 4§ = 18.1 c.m”
Bend 4 @

Tet palr = 854 , 5 x 0.3 = 1,5m,

"
o
@)
n
-
o
o
|_l
il
-
L ]

[ ]

2nd pair



2400 =

I = 040 X 0,40 'x 2500 =

400

2800 K.G/m.

2800 x L.&5 = 52800 K.G - c.m.

H=S
451
"

= a4 x. 40

iy e UL L diom.

52500 = haid
1200 x 0,87 x 36

(s
a’



DESIGN OF BEAM C37, 36, 39, 38 Span 4,2

0o

Wall = 0,12 x 1 x 3 x 2500 = 900
0

W= 0.25 XI0435 x 2500 = 217
14 By 7]
(9]
M= 117 x 4.,2° = 164000
12 o
1) = 10,9 x 28d%
d° = 605 , d = 24.5
Use 25 x 30 c.m.
Bo = 164000 = 6.5 c.m2

1200 x 0,87 x 25

Use 4 - 14 mm &

2 - 12 m.n &



DESIGN OF BEAM C - 40 Span Sm,

Wall = = 2400
W= 0.40 x 0,50 x 2500 =__ 500
2900 K.G/m
M uniform load = 2900 x 25 = 600000 K.G = c.m.
M concentrated load

= 2340 x 5 = 280000
4
Total M = 280000 + 600000 = 880000 K.G - c.m.

= 10.9 x 4047

no

d” = 2030 , d = 45, + 5 = 50.

[»]

As = 880000 = 18,8 c.m
1200 x 0,87 x 45

Use 11 - 16 m.m @ = 22.11
Bend 5 f@s

8420 0K,
6 X 5,05 x 0,87 X 45

U

Bending

lst Dbar, 9%, 5 x 0,4 = 2m. use 1.90m,
1st pair, 274, 5 x 0,29 = 1.45 use 1,.,40m,
2nd pair, 459, 5 x 0.22 = 1,10m use 0.90m.

For stirrups use 6 m.m @ all through.



DESIGN OF BEAM C - 41

Span bm,
Wall = 0.12 x 8.2 © 2500 = 960
W= 0,30 x 0.45 x 2500= 338

1298 K.G/m,

N = 1298 x 5° = 270000
12
+ 280000
550000 K.G c.m.
550000 = 10.9 x 0,304°
d° = 1690, d= 41, + 4 = 45
As = 550000 = 12,9
1200 x 0.87 x 41
Use 8 - 16 m.m
Bend 3 #
U= 5420 = 6,08 0.K.
5.3 B.60 ¥ 0.:87 x 41
Bending

1at bar 12.5%4, 5 x 0,35
lst palr 37.5%: 5 x 0.25

Use 6 m.m @ stirrups all

1.751‘1‘1.
= 112 Dlle

through



DESIGN OF BEAM C 42

w

Wall

1‘-‘1”. =

1560 x 6

Span

52

a

O

Sl

0,40 x 0,60 x 2500 = 600

= 960

1560

850000 K.G = cem,

12

3600 x 2.2 = 792000

Total M = 792000 +

I

3100

o 4 =185, 4

1342000

560000

1342000

10.9 x 404°

60

23.4 c.m2

1200 x 0.87 % 55

Use

Bend 5 #s

g =

10 - 18 m.m &

8650

o
=
A = 25.45 ¢cm

3600 + 1560 x 3.25 = 8650 K.G

= 5 0.K.

=
U

5 x 5,68 X @.B7 X Bb

Ve

V = 8650

4.24. x 40 x 0,87 x '8

8100

Use 6 m.m @ stirrups at 10 c.m.

Bending
1st

1lst pair, 304, 6.5 x 0,28

==
)

2nd pair, 504, 6.5 x 0.21

i

bar, 104, 6.5 x 0.4 = 2,60 make it 2.50m,

1,80 make it 1.70m,

1.40 make 1t 1,00m,



DESIGN OF MAIN STAIR CASES

Slab
L.L. = 350 K.G/m°

D.L. = 0,21 x 1 x 36 x 2500 = 590
32
Tiles and sand = 150
Total W = 150 + 590 + 350 = 1090 K.G/m®
M= 1090 X 6,5° = 4620 K.G - m
10
= 462000 K.G = c.m.
Assume that 2/3 of the moment is carried by beam
action and 1/3 by cantilever.
M = 462000 x 2 = 310000
2 2
= 10.9 x 100d
d® = 284 d = 16.9 c.m,
d is actually 8 + 10 = 18 e.m. 0.K.

Asg = 310000 = 16.7
1200 x 0.87 x 18

Use l4mm @ A= 1.54

s = 100 x 1,54 = 9.25 c.m. Say 9 c.m.
16.7 :

Therefore use 14 m.m @ at 9 c.m.
and 5 - 8 m.m @/m transversally

Cantilever action

w taken by Cantilever

1090 x 1 = 364 K.G/m®
3



i

M= 364 x 4 = 72800 K.G = c.m.

2 2
= 10,9 % 100 ¢
d 1s smaller than 16.9 0.K.
As = 72800 = 3,87 c¢.m®/m

1200 x 0,87 x 18

3.87 & 3% steps = 1.29 c,m%/step.

Use 1 - 14 m.m @/ step.



GROUND BEAMS OF MAIN STAIR CASES.

Bend 5 ¢
1st bar
1st pair

2nd pair

- C-30

W=

Span 6,5m,

0.40 x 0,70 x 2500

From stair 364 x(2 x 1)

= 0.30 x 1 x 3.2 x 2500

3828 K.G/m.

= 1610000 K.G - c.m,

w
el

A = 10.9 x 40 d°
d® = 3700
d = 60,5 say 64, + 6 =70 0
AS8 = 1610000 = 24,3
1200 x 0.87 x 64
Use 10 - 18 m,mu &
10%, 6.5 x 0.38 = 2,47,
30% 6.5 x 0.28 = 1.82m.
508 6.5 x 0.18 = 1.Y7m.



ROOF BEANMS OF MAIN STATIR CASES.

floor level,

C=28 which 1z at first landing and at first

Span 4,.,2m.

for one (m) width (w) from stair = 2/3 x 1090 = 728

W= 728 X 6,5 = =2370
2
Assume .30 x 0.30 x 2500 = 225
Wall 0,12 x 1 x 1.6 x 2500 = 480
Total w - 3075

M = 3075 x 4.2%= 540000 K.G - c.n.
10

V= 3075 x 2.1 = 6450

= 0,2 x 30d
d= 24 c.m,
Actual d = 45
As = 540000 = 11.60

1200 x 10,87 ¥ 45

Use 4 - 20 m.m ¢



- 70

BEAM C30 at .FIRST FLOOR LEVEL. Span 4.2

I B

w from stair B S )
w from floor slab =

1l x 5.4 x 1100 = 2970
2

0.30 = 0.30 x 26500= 250

5590 K.G/m*

M = 56590 x 4.22 = 985000

10

V= 5590 x 2,1 = 11800

=-9.2 x 304
d = 43, 45
Use 30 x 30, ¢.m.
As = 985000 = 21 c.m®

1200 x 0,87 x 45

Use 12 - 16 m,m #
Bend 6 #s
1lst pair 16%, 0.32 x 4.2 = 1,34 meke 1t 1,30m,
2nd pair 32%, 0.24 x 4.2 = 1,00 make 1t 0,90m.
3rd pair 504, 0,17 x 4.2 = 0,72 make it 0.50 m.



g Tl -

ROOF BEAMS C - 29 - C 31 OF MAIN STAIR CASES. Span 6.5

Slab = 1100 x 4.6° x 1 = 1790 K.G/m.
2 645
Well = 0,12 x 3.2 x 2500 = 960

Beam = 0,30 x 0,60 x 2500

450

3200 K.G/m.

=]
N
(%)

200 x 6.5 = 10400
2
= 0,2 x 30 x d

As = 1360000 =6
H200 x. 0877 x 74
Use 10 - 16 m.m @
Bend 5 f@s

U= 10400 = 6.5
Sx 5.02 x 0,87 x .74

Bending
1st bear 104 at 240m.
lst pair 307 at 160m.

2nd palr 507 at 0,.85m.






- P&\

SLABS - RIBBED FLOORS

Uslng 50 x 256 x 20 c.m. blocks

One way floor = - Wt of 62 c.m strip

5 bloeks =5 x 17 = 8 K.G4

6 c.m concrete covering = 0,06 x 0.62 x 2500 = 92.5 K.G.

Ribs 0.12 x 0,20 x 1 x 2500 = 60.0 K.G.
L.L. =450,0 K.G.
Sand and tiles =150.0 K.G.

Total w = 837.5 K.G.

Two way floor:-

Blocks 18 x 17 = = 307 K.G.
Concrete covering = 1,98 x 1.68 x 0.06 x 2500 = 500 K.G.

Concrete ribs =(4 x 1.98 + 4 x 1,20 x 0,20x2500 = 640 K.G.

L.L. = 450 x 1,68 x 1,98 =1500 K.Eq
Send and tiles = 150 x 1,68 x 1.98 =_ 600K.G,
Total w = 3447 K.G.

w = 3447
1.68 x 1.98

1

1040 K.G/m® say 1100




DESIGN OF 4 m - CORRIDOR

Bond

M= 837.5 x 16 = 134000 K.G -~ c.m.
e
M= BRI i L 87E K G,
== QR oo o)
d = 15.2 ¢c.m smaller than 23%.5 0.K.

As = 134000 = 5.5 cm®
1200 x Q.87 & 23.5

Use 1 - 18 mem & )

=1 8Hy68
Check for v
v = 1675 = 8,35 smaller th
Te X QLeY X 23.58
U= 1675 = 6.8 smaller

NSO & o 1B 8T 255

Use 6 m.m @ above blocks

and 6 m,m @ stirrups at 20 c.m.

m

than
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DESIGN OF ROOFS 12 6 x 8 meters

W =108 X BRER = 680

1s taken by short side = (8 - 1) x 680 = 565
(6 2)
Short direction:-
M= 565 x 36 = 168800
1.2

As = 168900 = 6.9 em®

1200 = 0,87 X £23:5
Use 2 - 22 m.m ¢ = 7.6 cm®
N = B8 ¥ B = 1695
= 1695 = 6,9 smaller than 10,6 0.K.

LR BB PR
U= 1695 = 6,8 smaller than 7.08 0.K.

2 69 % 0LBT X 255

Long direction:-
M= 110 x 64 = 70000
10
_ L 2
As = 70000 = 285 t.m
P20 BT 28,5

Use 2 - 18 m.m @ (A= 5.09 cmg)



B

DESIGN OF ROOF 17 i

Short side:-

M= 625 x 49 = 305000
106

205000

2 IR A OJIE0 Sty S ML N

Use 2 - 28 m.m ¢

V=625 x 3,5 = 2180
v = 2180 =
12 x 0.87 x 28.5
nm= 2180
17.6 x 0.,87 x 23,56
Long direction:-
= 55 x 64
1200 x 0.87 x 25,5

Use 2 - 12 mem

5

(s ]
=i kR am=

8.9 smaller than 10.6 0.K.

6,08 smaller than 7.08 0.K.

0.144 cm



=

DESIGN OF ROOF 15 9 x 9 meters.

680 = 340 1in both directions

2
M= 340 x 81 = 2750
10
As = 275000

= 11,5 em

1200 x 0.87 x 23,5

Use 2 - 28 m,m #

Checlt for shear
V= 340 x 4.5 = 1185

V= 1185 o=
12 x 087 X 235.5

U= 1185

@

L7«6 x U587 % 25.
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DESIGN OF ROOFS 6 x 6

w= 340 in both directions

s o
As = 122000 =5L0 ent

1200 x CL.8%7 % 23.5

Use 2 - 18 m.m ﬁ
Shear is safe

Bond T = 1020 = 4.4 0.K.
2 x 565 'x 0,87 % 23.5




R [

ROOF BEAMS

DESIGN OF BEAMS D - 1 Span 6.

w from wall = 0.12 x 3.2 x 2500 = 960 K.G/m.
w from slab = 4,61° x 1100 = 1800 K.G/m.
| 2 i) 6.5 e
Total w = 4560

M = 4560 x 36 = 1920000 K.G c.m,
10

V = 4560 x 3 = 14800
= 9.2 x 30 d
d= 54 c.m meke 1t 55 c.m.
As = 1920000 = 33.8 cm®

1200 x 0,87 % 586

Use 12 - 20 m.m
Bend 5 ¢ g'= 0.E.
Bending
lst bar at 2.28 m,
1st pair at 1.62 m.
2nd pair at 1.26 m.

Use 6 m.m @ stirrups at 10, 15, 20 c.m.



DESIGN OF

- B

ROOF BEAMS D - 2 Span 8m,

Bend 9 ¢
1st Dbar
lat pair
2nd pair
3rd pair

4th pair

at
at

at

at

0.12 x 3.2 x 2500 = 960 K.G/m.

' 5.7° x 1100 =4500
8
Total 5460 K.G/m.

M = 5460 x 64 = 3500000 K.,G - c.m.

V = 5460 x 4 = 21700
= 40 x 9.2d.

d = 59 meke it 62 c.m.

A == 5500000 = 54.2 c.m2

1200 x 0.87 x 62

Use 18 - 20 m.m &
U = safe,

3.35m.,

2.56m,

2,07m.

1l.68m.

1.36m.

Use 6 m.m @ at 10, 15, 20 c.m.



= oals o

DESIGN OF BEAM D=3 1= 1.6m.

from well: 0.12 x 3.2 x 2500 = 960 K.G/m.

Eromt el db s L6 On =" T 1

(o]
13~ x 1160 = 415 K.G/m.,
2 1.6
Total w = 1378 K.G/m,
2 3
M= 1800 x 1.8 = 38%c0 K.G — Gim.
10
V= 1500 x 1.6 = 1200 K.G.
2
d= 1200 ' = 4,35
9.2 x 30

Keep tha same section as D1 for architectural

purposes.



0.30 x 3.2 x 2500 = 2400

from slab = 1800

Total w = 4200

M= 4200 x 36 = 1,770,000 K.G -~ c.m.,

10

V= 4200 x 3 = 13700
d = 37.2 make it 60
As = 28,3
Use 10 - 20 m.m @
Bend ¢ ¢ ¥ = 0Lk
Bending of bars:
lst pair at 1.8m.

2nd pair at 1.26m,

Use 6 m.m ¢ stirrups at 10, 15, 20 c.m



< B

DESIGN OF BEAM D - S 1= 9.m.

Bend 9 #
1st Dbar
1st pair
2nd pair
3rd palr

4th pair

at

at

at

at

at

w from wall = 2400

w from slab = 2500

Total w = 4900 K.G/m.
M = 405-000 K.G - c.m.

V= 5000 x 4.5 = 22500

d= 6l.5 make it 62 c.m.

A3 = 62.5 c.m2
Use 12 - 22 mum @, A = 45.62
and 6 - 20 m.m @, A= 18.86
Total A = 64 .47
U = 0.K:
3.78m.
2.88m.
2.54m,
1.89m.
1,53m.,

Use 6 m.m @ stirrups at 6, 11, 20

Collly



= Bd =

DESIGN OF BEAM D - 6 Span = 8m,

w from wall = 960 X.G/m.

w of beam = 548 K.G/m.

Total w =1500 K.G/m.,

M

i

960000 K.G c.m.
d = 47 say 49 c.m.
As = 18.9 cum®

Use 10 - 16 mam @ , A = 20.1
Bend 5 U is safe.
Bending of bars:
lst bar at 3.00m.
lst pair at 2.00m.

2nd pair at 1.36m.

Use 6 m.m @ stirrups at 10, 15, 20 c.m.



DESIGN OF BEAM D - 7

w from wall = 960 K.G/m.
0.40 x 0,50

beam. W from beam = 500 K.G/m.

Total w =1460 K.G/m.

M= 1460 x 36 = 615,000 K.G c.m.
10

d® = 1410

d= 37.5 com. B8ay 44.c.m.

As = 13.4 cm®

Use 10 - 14 m.m @, A= 15,39 cm®
Bend 5 @ U 1s safe.,

Bending of bars:

lst bar at 3.00m.

1st pair at 2,.00m.

2nd palr at 1.36m,

Use 6 m.m ¢ stirrups at 10, 15, 20 c.m.



- 836 -

DESIGN OF BEAM D - 8 Span 3 m,

Asmauming 0.3 x 0.25 beam.

w from wall = 960 K.G/m.
w from beam = 188 K.Z/m.
w total = 1148 K.G/m.

I

M= 1148 x 9
10

d® = 380, d' = 19.5 say 24 c.n.

2

105000 I{.\r‘l' oad c.ma

As = 4.1 cm
Use 6 - 14 mam f, A= 9.24 c.m,
Bend 3 ¢ U is safe.
Bending is at one fifth of span,

Use 6 m.m stirrups at 10, 15, 20 c.m.



DESIGN OF BEAM D - 9

Assume 0,40 x 0,60 beam,
w from wall = 2400 K.G/m.

w from beam = 600 K.G/m.

w total = 3000 K.G/m.,

M= 1270000 K.G - c.m,
d® = 2900, 4 = 54
As = 22,5 c.m®
Use 12 - 16 mim &, A= 24,12
Bend 6 ¢ U is safe.
Bending of bars:
1st palr at 1.92m,
2nd pair at i.44m.
3rd pair at 1.02m.

Use 6 m,m ¢ stirrups at 10, 15, 20 c.m.



DESIGN OF BEAM D - 11 Span 9m.

Assume 0.40 x 0,85 beam.,

w from wall = 2400 K.G/n.
w from beam = _ 850 kK.G/m.
w total = 3250 K.G/m.

M= 3250 x 81 = 2,650,000 K.G c.m.
10

a® = 2650000 = 6050
10.9 x 40
d = 77.5 make it 80 ¢.m,

As = 2650000 = 31.3 c.m®
10,9 x 0.87 x 80

Use 10 = 20 mam @ , A= 31.42 c.m°

Bend 5 #
U= 14600 = 6,60 smaller than 7.08
B X 6:;83 % 0,87 x 80
Ve = 4,24 x 40 x 0.87 x 80 = 12100
8= 2 x 0,28 x 1410 x 0.B7 x BO = 21,7
14600 - 12100
Use 6 mem # at 10, 15, 20 c.m.
Bending

1lst bar 10%, 9 x 0.38 = 3,42 make it 3.30m.
lst pair 30%, 9 x 0,25 = 2,25 make it 2.20m.

2nd pair 5095, 9 x 0.17 = 1,53 make it 1.40m,
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DESIGN OF COLUMNS 1 = 2 = 5 = 14 « 9 - 12

for 6 bags of cement/m9 Fe = 60 K.G/c.m®

Cols-

Ac = 12500 = 208 c¢.m?
60

Assume ,35 x .35 ,

[65
P(1ls3 ~ 0,03 x 21.4) |

P = 32700/0.,66 = 5000 045

.« Ac = 50000 = 835 it &S
50

i
ra _.

a8 T .58 = 1220 greater than 8%5 0.K.

As = l X BSOS L2 e c.m2 X

100
Use 8 - 14 m.m ﬂ, and use
6 mem @ stirrups at 20 c.m.

Lower part of Col,

Ac = 67740 = 1124 ¢.m”
60

Use as before 35 x 35




FOOTING: -

Assume W = 2.5 K.G/c.m®

A = 67740 = 27200 c.m°

2.5
Use 1,65 x 1,65 ¢ .m.

Mx - x = 2.5 x 65° x 165
o

= 870000

d by shear = 67,700
15 x 4 x 35

1
A
ye)
°
0o
(%]
.
B

steel = 0.85 x 870000 = 22.8
1200 % 0.87 x 32

Use 16 -~ 14 n.m @ , A= 24,63,

The same section of steel for the other direction.

Using 10 c.m. spacing, and Bending 4 @ of each direction,



DESIGN OF

C

QLs

- 92 -

3= 16 = 4 = 15

)

Use 35 x 35
As =

Use 8 - 14 m.m @

0.01 x 1220 = 12.2 cm®

Lower part of col is the same

S5 % 65

==
il
NS
W
A
o
(@]

no
gl -
(1]

Use 135 x 135

M=

135 x 50 x 50 x 2,5 = 418,000

)

Ra = 418000 x 0.85 < 15,3
1200 x 0.87 x 22

d= 45300 =21.6 , + 10 = 32

e e 0 b

Use - 1l4mm g

Spacing 14 c.m,

’

A= 15:39 c.ng



DESIGN OF

o B

COLs 10 - 11

Col:

FOOTING:-

5)
Assume 35 x 35
P = 77700 = 100100 K.Gs
QL7

Ac = 100100 = 1680
60

then use 41 x 41

(=]
A8 = 1%.7 a.m”™

i O
Use 10 - 16 mam g , A= 20.1 c.m”

A= 77700 = 31,000

240
Use 180 x 180 = 32200

w = "T7.700 = 2,4

22,200
M= 2.4 x 180 x 69° = 1,030,000
2
d= 77700 = 30.7 , + 10 = 41

4 x 42 x 15

As = 0.85 x 1,030,000 = 27.2
1200 x 0.87 x 31

e

Use 14 - 16 m.m @, spacing 13 c.m.

Bend 4 #



DESIGN OF COLs, 6 - 7 = 8 - 13

Tn hasement: Ac = 142040 = 2420

Use 50 x 50 = 2500 c.mg

— o=c = - 2
As = 2500 x 0,5/100 = 12,5 c.m
Use 8 = 14 mim @ , A= 12.32 em®

Use 6 m.m @ stirrups at 20 c.m.

w of Col approx. = 0,5 x 0.5 x 10 x 2500 = 6250 K.G

6250 + 142040 = 148290 K.Gs.

FOOTING:~-

w = 148290 = 2.48.
60000

Mx - x = 2,48 x 245 x (97.5)° x 0.8
o

= 2,205,000 R.G o

d = 148290 =85
4 x 45 x 16

Use 20 - 16 m.m @#. Bend 6 fs.

Same Col in first floor

Ac = 92690 = 1550

&0
Use 40 x 40




Col.

in second floor

Ac = 52750

60
Use 30 x
As = 9000
Use 4 -

[40]
(93]



DESIGN OF COLs 17 - 30

Col.in first floor

Ac = 858680 = 14530
60

Use 40 x 40
wt of Col = 0.4 x 0.4 x 10 x 2500 = 4000 K.G,
As = 0.5 x 1600 = 8 c.m®
100
Use 4 - 16 m,m ¢
Use 6 m.m @ stirrups at 20 c.m.
FOOTING: -

82680 = 35800

Use 190 x 190 = 36000

Actual w = 89680 = 2,
36000

[ ]

M= 2.5 % 1.90 x(75)%x 0.8 = 1055000 K.G c.m.

—_——

2
89680 = d x 15 x 160
d = 57 .2 48

As = 1055000 = 27.4 c.m®
1200 x 0,87 x 38

o]
Use 18 = 14 mim @ 27.71 c.m® and bend 4 @Fs upward.

Col. in second floor

R= 2 x 89680 = 59500

As = 0.5 =x 1020 = 5.10

Use 4 - 14 mmn &



DESIGN OF COLs. 18 - 20, 21, 21, 26, 29.

Col,
Ae = 77250 = 1290

60
Use 386 x 36
w of 10 m., Col. = 0.129 x 10 x 2500 = 3220
77250 + 3220 = 80470 K.Gs
Ac = 80470 = 1340
a0
Use 38 x 38
As = 1450 x 0.5 = 7.25 c.m®
100
Use = 4 - 16 m,m @

Use 6 m.m @ stirrups at 20 c.m.
FOOTING:~

8070 = 32200

2ub

Use 180 x 180

d = 80470 = 35.5 say 36 + 10 = 46
4 . x 38 x 15

M= 2.5 % 71° x 180 x 0.8 = 910000

2

As = 910000 =124.9
1200 x 0.87 x 36
Use 16 - 14 m.m § , bend 4 @s.

Col. in second floor

80470 x 2 = 53800
5

f¢ = HER00 = 8900 , use 30 x 30
60

Bs = g00 x @.,5= 4,5 c.m2
100

Use 4 - 12 mam @ , A= 4,52

end 6 m.m @ stirrups at 20 c.m,



FOOTINGS: -

Second floor

Ac = 70040 = 60 = 1170
Use 35 x X5 = 1230
As = 1230 x 0,5 = 6.15 c.m®

100
Use 6 - 14 m.m &

70040 = 28000, use 170 x 170
Actual w= 70040 = 2.,42
29000
d = 40040 = 838.9 , + 10 =
4 X 55 X 15
L]
M= 2.42 x(67.5)"x 170 x 0.8 =
2
As = 750000 = 205
1200 x 0.87 x 35
Use 14 ~ 14 mum § Bend 4 £
Col.
R = 70040 x 2 = 46500
3
Ac = 46500 = 780
60
Use 30 x 30 = 900
As = 900 x 0,5 = 4.5 c.m°
100
Use 4 -~ 12 m.m ¢
and 6 m.m @ stirrups at 20 c.m.

750000



DESIGN OF COLs (GROUPS) A B 31, 33, 39, 45, 49, 53
44, 38, 52, 66, 69, 35, 37, 34, 40, 46, 50, 54, 58,
59, 8B, bl 47, 43, 41,
Cole~-
- - A 2
Ac = 123,150 = 20560 c.m
60
v = 1 2
Use 45 x 45 c.m
As = 45 x 45 = 0,5 = 10,22 c.m>
100
Use 8 - 14 m,n &
and 6 m.m @ at 20 c.m.
wt of 'Col. = 0,48 x 0,45 x 10 x 2500 = 5000
P = 123150
5000
128150 K.Gs.
FOOTING:-
128150 = 51200
2.5
Use 225 x 225
2
M =2.5 x 225 x(90) x 0.8 = 1830000
2
d = 128150 = 48, + 10 say 60 c.m,
4 x 45 x 15
As = 1830000 = 35 c.m®
1200 x 0.87 x 50
Use 18 - 16 m.m &
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DESIGN OF COLs. GROUP C, 56, 60, 65.
Cols ;=
Aec = 109000 = 18200

ANOM TN
_T‘It."..JIl_Jll_;:_

G0

Use 43 x 43 = 1850
As = 1850 x 0.5 = 9.25 c.m®

—_—

10

&

Use 6 ~ 14 m.n @

and 6 m,m @ stirrups at 20 c.m.

114000 = 453500
Lo I ~
o e

Use 215 = 215
2
M=2:5%x 215 x 86 x
2
d = 114000 = 44,5, +
&oge 45 % 15
As = 1580000 =3
1200 % 0,87 x 45
= 3‘... . 1'7

Use 17 = 16 m.m @

0.8 = 158000
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DESIGN OFF COLs. GROUP D, 68, 67
Gal 5=
3 = 3 —_— i 2
Ac = 100000 = 1668 c.m”
60
Use 42 x 42 c.m. 1760
) ) A [}
As = 1760 x 0,5 = 8,8 c.m*
100
Use 6 = 14 mm @
wt of Col. = 0.42 x 0,42 x 10 x 2500 = 4400

YOO T XY
FOOTING:~-

104000 = 41600

'y | =
v o )

Use 210 x 210 44000

Actual w = 104000 = 2,36
44000
o
M =2.36 x 210 x (Qﬁ) = 1750000
2
d = 104000 = 41,3, + 10 = 52
4 x 42 x 15
[
As = 1750000 = 32 c.m”
1200 x 0,87 x 42

']

jse 16 =~ 16 m.m @ Bend 4 @s.
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DESIGN OF RETAINING WALL
Clear Height = 4.25
and about = 1l.75 m below groung
Total height = 6.00 m.
O
‘t‘f = :?'5 1:.":/0 .I"l”
|
E \32Cco
| ssoo
40}11 |
!
750 |
| (782 4 2750
,P= 8500 N l
i T
| |
20 |
| R ¥ e | 540
= I D*T 720
| 50
A A IS
- b |
B J.‘ Z70 =
- S - %y
w = 100 Ib/eu~ft = 100 (3.3)° =
2.24
B 5]
P=1wh"1 -~ gin =1 x 1600 x
v ; o
& 1 + gin g 2

8500 K.Gs.

1600

(5] )
18

1"

ike \d

.

oy
|

4
f'l/.r.,i‘)

)

¢

L&

o



=103 =

0,40 x 5,50 x 2500 = 5B500
0,40 x 5.5 x 2500 = 2750
2

0.8 x 27 x 2500 = 3370
155 % 8e8 % 1600 = 13200
0.4 x 5.5 X 1600 = 1750

2
Overturning lionent =
8500 x 2 = 17000
720 x 1.756= 420

3

17420 I:i"l‘ = IMe

b
Staiizing lioment s

5500 x 0.6 = 3300
2750 x 0,93 = 2860
3370 x 1.35 = 4540
1750 x 1.06 = 1850
13200 x 1,95 = 25700
379860

160

38110 K.G - n.

r.8. = 38110 = 2,2
17420

Total Vertical Forces = 05500
02750

00800

01750

13200

03370
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Coeff of friction = Q.5
27370 x 0.5 = 13685

15685 = a‘.".S. = 1.75 Ool‘:o

7780

Resultant M = 38110

17420
o
20690 2137
20690 = 0.76 m. B e e G e S
27370 A

w x 228 x 100 = 27370 ' e B
: 7,‘*_'_ &t = fa= _’
& | 3
w = 287370 = 2.4

11400

Ve -
- . |

Teke section X - X | )
- ~ r—-n - l
P =1 x 180 X 549X 456

2 1,544

S5 S500

150 x 1.8d = 18100

1750 x 0.67 = 01170 0500

5500 x 0.20 = 01100 27150 L
2750 x 0.53 = 01460 /83 =2

-y ra——— |
370 x 0,42 = 00155 o bl gy 2 o2
3885
P on other side = 2 x 1600 x 1.25° x 0.456 = 370 K.Gs.

2

’_1

.54

i



+9215 K.G — m,
= 921500 K.¢ c.m.
= 10.2 d° x 100 , 42 = 905
d = 30 e.m.

Actual d is 80 - 10 = 70 c.m.

Ag = 921,500 = 12,7
1200 x 0.87 x 70
o
1 -14mm@=1.54 c.1”
g =100 x 1,54 = 12.2 c.m say 10

12.7

Take a section at 3.5 m. lower than top,

0.25 X 3.5 x 2500 = 1100

2
0,25 x 3.5 x 1600 = 700
2

x 1800 x 3.52 x 0,456

1.544

= 2860

3500 = 0.2 = 700 K.G.~ m.
1100(0.40+40.08) = 530 K.G - n,
700(0.40+0,16) = 390 K.G -~ m,
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M = 3330 - 1620 = 1710

171000 = 10.2 x 100 d2

d2 =168 , d =13 c.m,

We have 55 c.m.

o
Ag = 171000 = = AT T

1200 x 087 x

ol
o

Use 5 - 10 m.nm @/m all through.

Design of Cantilever at left side of base. ~

TS L00 x 108 = 6100

=

Woe=5.00/%x 1L ® 1L.5% OO = 13200
2.28 - 1.20 = 1008 r‘l.
1.50 - 1.08 = 0,42

P=1,08 x 2.4 = 1.13 K.G/c.m2

2.28
M =(1.13 x 100) x 1082: 33000
e T

985000 ~ 33000 = 952000 K.G - c.m.
]
= 10.2 x 10 &
d“ =935 ; 4 = 30.6

Ao = 952000 = 29.56 c.ng/iu
12008 x 0,87 x 31

Use 10 = 20 m.nm @/m.

Check d for shear

F = 13200 - 6100 = 7100 K.G.
7100 = 100 x 4 x 15

d = 4,75 smaller than 31



)

o
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the short Cantilever:-

o
M=2.,4 x 100 x 40 = 192000
2
800 x 20 = SIA0

d = 13.1 smaller than 31

As = 176000
1200 x 0.87 x 31

Use 5 - 12 m.m @/m.
By shear

b U=
=i e

.4 x 40 x 100 = 9600
800
8800

d = 8800 = 6 Cenle
LOOY 1D
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Water Tank
Above the Main Stalrcase of

the Administration Divislon.
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4]

DESIGN O THE TANK: Dimensions 4 x 6 x 1.

Capacity 36 cu.nme.

1
,l

(o

A R

Dealpgn part AB and consider that hoop steel carries all the

tension.
8
Max P = 1.5 x 1 = 1.5 tons/m

Force on face BC at a height of 0.5 m =

1.5 x 4 % 0.5 = 3 Tong = 3000 X.Gs,

3000 = 2 = 1500 .G

As = 3000 = 2.5 c.m”

1200

nn

Design face BC

£y
= 1.5 Tons/m”

L

= 1.5 (6 x 0.5) = 4.5

=

4.5 :' 2 = 2-25 TOnS.

2250 = 1,88 c.m°
1200



S U=y

M = 2000 x 16 = 320000 K.G - c.m.

10 2
= 10.2 x 100 d
3
4" =314 .d =179
2,3
20.0 .M. & K.
As = 320000 = 17.5 c.m°

1200 v 087 x. 175

Use 1 ~ 34 m,m P at 8 ¢.n, and

4.

use 5 - 8 m,m @/m in the long direction,

Beanms In Long Direction:

w=4x1x 2000 = 4000 K.G/m
2

Tank wall = 0.256 x 1,5 x 2500 = 935 K.G/m

Weight of beam = 0.40 x 0.80 x 2500 = 800 K.G/m

Total w

Bendling:

lst pair

2nd pair

= 4000 + 935 + 800 = 5735 K.G/m,

Ii = 5735 x 36 = 2,070,000 K.G - c.m.

) = 10.2 x 40 a°

d=71 +9=80¢.m. O0.K.

As = 2070000 = 28.1 c.m°
1200 z 0.87 x 71

Use 8 - 22 m.m f bend 4 @

g.= 17205 = 6 0.K.

4 x 6,9 x 0.87 x 71

at 1.60 m.

at 0.90 m,



Use 6 m.m #-at 7, 15, 25 c.m.

Use Transversal beams reinforced with 4 ~ 14 n.n ¢

Changes on Columns of the Stalrcase, 23, 24, 25, 26,
Total load = 103,180 K.Gs.

Col:

A = 103180 = 1720
60

Use 45 x 45
2
As = 10,1 cem

Use 8 - 14 mem ¢

'OOTING :
R

= 1,420,000 K.G - c.m.

d = 108230 = 40.5 c.m, say 50 c.m.
4 ¥ 45 %' 18
As = 1420000 = 33,5 o.m>

1200 x 0.87 x 40.5

Use 17 - 16 m.m &

Bond 5 @

Reduce section to 35 x 35 in the first floor
As ='6.15 c.m®

-

Use 6 = 12 n.m &
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APPENDIX A

When one considers the plan of the Chapel he will
realize that Beams Bl, B2, B3 and B4 are ind%bendent beamns.
The roof Beams on the sides are only carrying themselves,
thus to design them as continuous beams 13 useless, The only
atructural element that could be designed as continuocus for
the purpose of economy is the Slab of the Chapel.

pl I am golng to show in the followlng analysis that
in this special case (The Chapel), the design I produced 1is

as economical,
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CHEAPEL SIAB ANALYSIS BY THE PRINCIPAL OF HARDY CROSS
B C D
1
SRR GO L T BENGE e o = 1008l
het
-1400 {-690 -690 -2030 ~2080 7.
+ 290 -420 -045 + 495 +2030/ *©!

+12 =18
-5 49
+65 =9
-3 +4

o O
i 3
-

1240

+210 =1015
=770 + 455
+550 ~1235
J;L\O +1€3£—)‘
+135 =113
~1L8g |+ 62

+76 =42
=74 444

+36 -23
-37 +22

+18 =11
=08 L

+0 =5
-0 +5
+4 =2
~4 42

AT
[ |
+247
=201
&.4‘-\;{
+227
-84
+64

-46
+46

(o]
-22

+22

~11
+11

(o

Ao ot

.

STLITLD

..... 73

ent
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11.) = - 5’?I X 5.“1 . Q.Y;] =+ 50[-'- na =
Ra = 8400 - 1240 = 7160 = 1330 K.g=s.
D.4 Ded
Me = - 2070 = 9.2 x 1350 + 3.8 Rb - 9.2 x 575 x 4.6
Rb = 24800 - 12200 - 2070 = 2760 K.&
5.8
lle = = 2070 = 5 Rd = 5785 % BB
2
Rd = 12170 - 2070 = 10100 = 1560
Bt 645
- 2
b = - 1240 = 1560 10.5 4 3,8 Be =~ 575 x 18.3 = = 1240
Re = 30500 - 16000 - 1840 = 13260 = 3500
58 0.8
Ra + Rb + RRe + Rd = 9180
575 % 16,7 = 90850 0. K.
2] o n
3 et - e - 3 fe
lic = felejbd™ = EKbd™ = 10,9bd
[a
2
2070 = 10,9 .x 1 x .4
0 )
= a L= e 4 re
T&. 9 10.9
Just in agreement with the d I have chosen in my
desig Moreover the reaction just calculated agrees with
the end shear I have used in the design of the roof beams in

que

.?_
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APPENDIX B
R

M. e

This part consists of the

L

11 design of the

i)

to alter the architectur

a hanging one,

This structural analysis divides the stalrcase

4 structural units as

units are:~
1, 8tairs
2, Cantilevered landlng

3. Cantilever beam

4, Principal beam.

I.zoal}.u:_
)
Concrete: 0,15 x 2500 = 375 K.G/m
. - ~ . . 2
Stairs : 0,08 x 2500 = 200 K.G/m
(s}
Marble : 0.05 x 2000 = 100 K.G/m
2
Live load: 500 K.G/m
2
Total w = 1175 KeG/m
N 2 _ R
== 11/5 X 4.2 —_ BO(JLJ Tielrellls
10
d = 13.5
.l\\.s = l:og
Use 10 - 14 m.m ﬁ 1< i
NEATAN B

LAY TR TITETATY TN T A TTTY T
-~ CANTILEVERED LANDING -

i
Dl lirll &

(o]
ey Voo A
load = 1000 K.G/m

shown 1in the attached drawings.

The

™~ 1l Comn
. .r‘

o
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-

L ATLR

7

w

= LL¥F &

2
lOOO X 105 = 1120 I“;.d’ =~ T

2

18 c.m.

0
e S W
A = 548 .M

Use 8 - 10

YAXKTTTT U T
ekay L L SV NI

1000

l.S ~

=

pe - O PP —e AW,
s}

wt of beam = 300 K.G/m.

Total = 4300 L.G/m.

M = 4300 x 4 = 8600 K.G - 1.
©
This beam should be designed for

compression



1318

=g

Compression beam = 20 x 40 x 0,01l = 8 c.m.”

1.1 g

Steel of Tension beam = 17200 + 1200 = 14,3 c.m”

@
0]
i
o}
‘.

2

Use 6 - 14

=

Use 6 - 18 m.m @/m.

Caution: This principal beam is indipendent of the gtair unit,

o

so 1in conatruction,and for constructlion purposes, sulfficient

. o b 2
¥

insulation should be provided.
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APPENDIX C

For the sake of more practice and research on this
subject, and for the purpose of takling the problem mnore
scientifically, this Index was added.

It is mainly the application of the Hardy-Cross
Principal on two frames that have been chosen from the main
body of the thesis. The first is from the Auditorium and the

second 1s from the Classroom devisione.



THE FI

s
w
=

FRAME :

i

Roof Beam (A=-3) of the Auditorium is resting on
Colums (9) and (12).

The intention of the following analysis 1s to have
these Columns carry part of the moment on the.bean. The dls-

tribution analysis is attacned herewilth.

THE SECOND FRAME:

Two R. Beams (D-2) are resting on Columns (57), (58)
(569) and (60). Assuming a third beam between (58) and (59)
having the same section of the other beams and resting on Columns
(68) and (59).

On loading the slabs carried by those beams the worst
condition occurs when the classrooms on both sides of the cor-
ridor are fully loaded with students and the corridor has no
live load at all., The bending occuring takes the following

shape:

The moment distribution for this second frame is

attached.
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Beam (D-2)

=-32.00

morients about B are:

]
—
=
o
é
(o]
Hh

- 32,000
Ra x 8= - 8 Ra
6600 x 32 = + 210,000

+ 11,000

Therefore Ra 23,700

Vertical Loads on Column (60)

Geo DBeams =1 - 06000 K.Go
2 = 09000 K.G.

S - 09000 K.G,

R. Beams =1 - 12600 K,G,
2 =- 12600 K.G,

Wit, of Col, = 00970 K.G,
Reaction from I'rame = 23700 K.G.
Total = 73370 XK.Ge

The Column is also carrying a moment of 11000 K.G

N e L
M 3 -

e

/ ' > -
| | \= 72 .27



How lla + P = fc

1100000 x 40 + _2§870 = 53 smaller than 56
2 x 920000 40 x ©O

Permisable fc being 56 ,this section 1s O.K.

e
I have calculated one Colummn only as an example,
Because the Column 1s taking over part of the moment
it will increase in section as shown,

The following architectural treatment should be use=

ful in reducing the total volume of the Columns,

The Column has been consldered as pin joint so the
moment will increase directly with the height, beginning at (a)
with zero, Therefore, the section of the column at the bvase
is determined only, by the vertical load on the column, it carries
no moment, The higher we go from (a) to (b) the moment increases
until it reaches maximum at (b), as shown in the figure.

The same princigg; and treatment has been applied for

the Lecture IHall of the Engineering Building.

N

(=
Ui
1
1 =
1 g
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