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1. Fundamentals

(1)

(a) Statical system for each tank

gy |
e

R

ForH=15m
The walls of the tank can be treated as cantilever , i.e., the total load acting in each
wall will be transmitted in vertical direction

Statical system in
conjunction  with
the loads

A JAY
Vertical Sec.
ForH=4m

Top horizontal beam should be used. In this case, the wall will be considered as two
way slab.

Vertical strip

Horizontal strip at the sec.
of max. horizontal load
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Statical system for
vl strip (Box. Sec)
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Structural system
for vl. strip dL 1l

* If the tie is removed

Statical system for vertical strip

T
T,
iy

H=2m
The walls of the tank can be considered as cantilever walls

>

A A A

>

Statical system for vl. Strip
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*H=4m

Top horizontal beam should be used.

| ]

Ay Ay Ay
vl. Strip

Fig. 5

Treated as cantilever
retaining wall -«

DN,
I

|
5
) |—L|

Central part

ES

For large diameter tank, the part of floor with the length (L) with the wall adjacent to
it can be assumed as a retaining wall connecting to the central part.

* If the tank has sliding base, the wall and floor will be treated separately.

Fig. 6

Horizontal Strip vl. Strip in long dir. vl. Strip in short dir.

b. Acting loads & case of loading

. Fig. 1 to Fig. 4 are elevated tanks
Acting loads are: * own weight of concrete elements
* water load — vl. Load on floor
— lateral load on walls
* External lateral load — wind pressure
— Earthquake Excitation

- case of loading
1- Case of water load (No external lateral load)
2- Empty tank and consider lateral load.
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o Fig. 5 is rest on soil tank
Acting loads are : own weight of tank
: Water load
- Soil reaction
there is only one case of loading under the effect of all acting loads

. Fig. 6 is under ground tank
Acting load are : - Own weight of concrete

- Weight of water
- Weight of soil above the tank
- Lateral earth pressure
- Lateral hydrostatic pressure due to ground
water.
- Soil reaction below the tank
- Uplift force due to ground water
Case of loading

Case 1 1
I e tank is full of water and no soil around tank (Check
o bearing capacity of soil)
' e tank is empty and consider soil around tank (Check
Empty uplift)
Case 2 |
(2)
a.S a.S
WS 4 as /L\ as 4 w.s
WiS I V\?.S \;VS

- The sections that labeled by (w.s) are water side sections.
- The sections that labeled by (a.s) are air side sections.
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sec. 1 M, = 0.0 . .
Ny = +150 kN } Water side section

, 15

=—%="=100 kN
15 15
-t=06T=0.6*10=6cm<20cm
take t=20cm

-use 10 —» g3, =0.85

A - T, _150*1.15*1000
S Bl 0.85*360

A /side =5.64/2 =2.82 cm?

use 54b10 /m’/side

=563.7 mm? =5.637 cm?

- Check of tensile stress for concrete.

fobfy=0Fy/n) n=17
T 150*1000

f=— =2 """ _075 MPa
A, 200%1000

¢ _06/f, _ 064300
ctr 77 17
fo<f, (0K

=1.93 MPa

Sec. 2 M, =100 KN.m , Ny =0.0 (water side sec.)
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.:Mzz?ézG&Zt:JM 1()()0:\/6'671000:47.2cm t =50¢/M =500 mm
=50cm
f, >f.,
I 1n6
WhereftzM:(SM2 = 66.7 EZ =1.6 MPa
Z bt 1000*500
N =0
t, =t[1 (N ]=t=50cm
f..(M)
—>n=1.65
_ 0.6,/f, 0.6430
o, = - ~1.99
n 1.65
- f, <f, 0.k

M, =100 kN.m & t=500 mm — d=460 mm

d=c, M,
f.b
* 6
460 = c“/—loo 10 —C, =797
30*1000
-.J=0.826
—>A, = M,
B.f,d
-usedp10— B, =0.85

B 100*10°
*  0.85*360*460*0.826
usel1db 10/m'

-M_)ﬂcr =075
3 100*10°
*  0.75*360*460*0.826
use5 4k 16 /m'

or9 ¢ 12/m'
A, =5 4 10 /m’

=860 mm? =8.6¢cm?

=975 mm? =9.75 cm?




Instructor: eng \ just for help Subject: Water Tanks
2000-2001 Solved Examples

Sec. 3 My =100 kN.m & T, =10 kN

_100 10

M =66.7 kN.m & T:E:&? KN

'[=50N+30=50\/66.7 +30=438 mm take t=500 mm
f. =1, (N)+f_ (M)
T 6.7*1000
fo (N)=—="""—
A 1000*500

6M  6*66.7*10°

fct (M ) = 2 - * 2
bt 1000*500

f, =1.6+0.0134 =1.6134 N/mm?

=0.0134 N/mm?

=1.6 N/mm?

f
f,=—r, f, =06\f, =328 N/mm’
n
f. (N
t, =t[1+ i(N) =500[1+ 0'0134] =504.18 mm°®
f., (M) 16
~.n=1.65
f., _328 _1 98 N/mm? >f. ok
1.65
e= M, = 100 =10m, outside sec. (bigecc.)
T 10

u
t
e, =e-—+cover

=10-0.25+0.04=9.79m
M, =T,e, =10%9.79=97.9 kN.m

u-ws

* 6
d=c, 'f\/l”g 460:011/% —c, =8.05

-.J=0.826
use . =16mm-—> B, =075

M T
,A‘S — us + u
ﬂcrfyd‘] ﬂcrfylj/s
_97.9*10° . 6.7*10° *1.15
0.75*360*0.826  0.75*360
use 5db16/m’

A =54 10/m’

=983 mm?
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Sec. 4 My=10kN.m & T, =150 kN

M :£:6.7 kN.m &T=@=100 kN
1.5 1.5

t =504/M +30

=50+/6.7 +30 =159.4 mm
0.6 T=0.6*100 = 60mm
-.use t=200 mm
fo =T (N)+f (M)>f, /7
T _100*1000

f (N)=—=>"""""""—05N/mm?
A,  1000*200

c

6M  6*6.7*10°

bt*  1000*200

f. (N
t, =t RCION 200[1+£} =299.5mm
f., (M) 1.005

~.p=145 f =3.28 N/mm’

f.,(M)= =1.005 N/mm?

f, =0.5+1.005 =1.505 N/mm? i :%z 2.26 N/mm?
o<t 0.k
M, =10 KN.m & T, =150 kN
= M, :£:0.067m <£-cover
T, 150 2
T M 150 10

T, =t =137.5 kN

="+
2 d-d 2 016

T,=T-T,=150-137.5=12.5 kN

—usedp10 ,B, =085 —

T, ~ 137.5*1.15

A = = =517 mm?
Bt 1y, 0.85%360
choose 7 4p 10 /m'’
*
N T, _125%115_ o,

" Buf,ly. 0.85%360
use5 ¢p 10/m'’
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2. Rectanqular tanks with sliding
Base (1)
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* Consider 1.0 m Strip at lower end of wall.

2. Rectangular tanks with sliding Base (1)

3.0m

40 kN/m’

40 kN/m*

40 kN/m*

40 kN/m’

50m

c

1d

yh = 40 kN/m

——>|

L |

* Applying 3- moment Eqn to calculate the bending moment:

apply 3- moment Eqn at (a)
Mg (3) + 2 M, (3+5) + My(5) = -6Rg
Rel = -(20.83 +4.50) 253.3

R, =45

Ma =Mp= Mq
3M, +16M, + 5M, = 6 * 253.3
24 M, = 1519.8
M, =630 m.t
60
100 M M| 100
(2
O [
100 M4 100
so QI+ [l Jeo
N.F.D

R, =208.3

L

4t/m’

4t/m

_we?
24

@) -

(1) k&

62
P11

63 (2) 63
18 18
63 63

62

B.M.D

\ ,

63

40m
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Calculation of moment by using method of moment distribution:

d

i 4t/m’
L c
Joint b
member ad ab ba bc ch cd dc Da
R.S 0.33 0.2 0.2 0.33 0.33 0.2 0.2 0.33
D.F 0.62 0.38 0.38 0.62 0.62 0.38 0.38 0.62
F.E.M 30 83.3 +83.3 -30 +30 -83.3 +83.3 -30
33 20.3 33 20.3 )
10.15 | 165 ”* 10.15 | 1657*
-30.4 -49.6 -30.4 -49.6
63 -63 63 -63 63 -63 +63 -63
* Design of Section (1):
t =504/M + 30 = 504/69.1 + 30 = 445.6
take t =500 mm
A =1000*500 = 5*10° = 500 mm
1000*500° >0 mmI
l=—" " —-1.042*10° mm*
1000 mm
100*10°
fct (N) = W = 02
* 6
f,(M)= 63—1010* 250 =1.51 N/mm?
1.042*10
t, = t(1+w) =566.22 mm
ct
o 06y25 =1.81 N/mm?
n 1.65
f
f (N)+f, (M) =1.71< - ok
n
M =69.1 kN.m T=100 kN , Water- side section
M, =945 kN.m T,=150 kN.m
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MU

e = =63.0cm>t/2

u
t
e, = e—§+ cover = 0.45m

M,,=T.e, =675 kN.m

MUS
=te

* 6
430 = ¢, 67.5*10
25*10
.c, =828  j=0.826
* 6 * 3
As _ Mus- N Tu _ 67.5*10 N 15*10 ~1130 mm?
B.f,id  B.f, 1y, 0.85%360*0.826%430 0.85%360/1.15
=11.3 cm?

use10 4p 12/m’
Sec.Steel=64b 10/m’

* Design of section (2)

M, =93 kNm ,T, =90 kN t=30cm ; Air-side section
MU
T

u

e =

~1.03m> L
2

e, =e- % + cover =0.953

M, =858 kN.m

* 6
Me -, [85.8%10
f B 250*1000

~.C, =393 j=10.802

d=C,

A M, T, 858%10°  90*10°
*Tf,jd  f,/y, 360%0.802%230 360/1.15
=20.85 cm?

usel0 qb 16 /m’



Instructor: eng \ just for help Subject: Water Tanks
:2000-2001 Solved Examples

Design of Section (3)

M, =27 kN.m T, =150 KN.m t=300 mm , Water -side section
A =1000*300 = 3*10° mm?

~1000*300°

I =2.25*%10° mm*

* 3
f(N)= % =0.33 N/mm?

* 6
f,M)= 22720 5012
2.25%10

fo(N)
ct

f.,m=2 N/mm®

t, =t(l+ )=3825mm ..p=15

fL(N)+f (M)=153<2 ok
"

ezM:O.18 m >l
N 2

e, :e-%+cover:0.10m

M,, =15 kN.m
d=c, [
f_b
* 6
230 = Cmfﬁ ~.C, =939 j=0.826
25*1000
As — I\/lLIS- + TLI
ﬂcrfyjd :Bcrfylys
=8.22 cm?

usel0 ¢p 12/m’
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3. Rectanqgular tanks with Sliding
Base (1)

3. Rectangular tanks with Sliding Base (11)
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Prob. No. (1) [Elevated tank with Sliding Base]
Take thickness of base = 20 cm

Loads
w kN/m? = weight of covering + weight of water + weight of walls + 0.w of base
Weight of covering = 4 kN/m?
Weight of water = y h = 40 kN/m?
Weight of walls : assume thickness of wall = 30 cm

= 0.3*25.0*4* (5*2+4.40*2) = 564 kN

Weight of walls /m? = 56.40/(5*5) = 2.256 t/m?
Weight of base = 0.2 *25 +0.5 = 5.5 kN/m?
Wiot t/m® = 4+ 40 +22.56 +5.5 = 72.06 kN/m®

~ 36.03 kN/m [
r= >0 =1.0 5.0 : :
5.0 ome |
I 36.03 kN/m I
a=0.5 £ =05 ! !
w, =W, =36.03 kN/m’ l g
' 5.0m
Consider 1.0 m width:
M, =169 kKN/m"  (Air-side section) 36.03 kN/m
AN AN
M . 5.0 ,
d=C, /f . | e
cu D
169*10° 112.6 kN.m

160=C1\ 551000

-.C, =195 C,<C
take t=300mm
-.C,=3.16 j=0.757
A M _ 169*10°

° f,jd  360*0.757*260
use 10 19/m’ in both directions bottom reinforcement
Use top reinforcement = 0.2*23.85=4.77 cm?/m — Choose 7 10/m’

Design of beams: assume beam 40 * 80 cm /frl\l\l\

O.w = 0.4 (0.8-0.30) *2.50= 0.50 t/m" a =

Wiap= 7.206 t/m’ | 20m .

Equivalent load for shear x‘:‘)::i‘z'g% ||<(NN//£:

Ws= 0.50 + 7.206 *2.50%0.5 =9.508 t/m" '

Qumax = 35.655 t A A
. 5.0 |

1min

=2385 mm?/m=23.85 cm?/m
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Equivalent load for flexure (bending)
Wp= 0.50+7.206*2.50*0.67= 12.57 t/m’
My max = 58.92 m.t

1=CT1 e

cu

6t,+b=220 cm

L
B = the least of 1—8 +b=90cm (controls)

%C.L — C.L=250 cm

* 5
w75=c, 28927100 e 463 jo0s21
"V 250*90 '

M
A, =—" =26.58 cm? use 7 4p 22 A,'=3db19
f, jd
check of shear
q - Q, _35.655*10°
‘" bd 40* 75
use 7 ¢8/m" 4 branches
q,. =09, +9,/2=15.79>11.885 kg/cm’ - O.K.

=11.885 kg/cm” >q, =9.68 kg/cm® unsafe
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Prob. No. (2) [Resting on soil tank with sliding base]

Check of bearing capacity:
Assume t=250 mm
2. vl load = wall load + base load + weight of water
(assume t yan = 300 mm)
Weight of walls = 0.3*25*3 (2*4+2*3.40) =33.30 t
w t/m?= 333/ (4*4) = 20.8 kN/m?
Wall load = 20.8 kN/m?
Base load = 0.25 *25 = 6.25 t/m* +0.5 (flooring) = 6.75 kN/m?
Weight of water = yh = 10 *3 = 30 kN/m?
Total load = 57.55 kN/m? <100 kN/m® ok

Loads
w kN/m*=wt of walls ~ (assume t yan=300mm) [
w kN/m = 333 / (4*4) = 20.8 ; =
(=10 a=p=05 10.4 KN/m g
W, = W = 10.4 KN/m? :
% .-
: 10.4 kN/m’
Consider 1.0 m width §
Ezzzzzzzzzzzzzzzzzzzzzzﬂ
My max = 23.4 kKN.m  (Water-side section) ' :
024 3.50 m 0.25
Water side
t =504/M 028 3.50m 0.28
= 50+4/15.6 =197.4 mm X — X
10.4 KN/m”
take t=250mm 156 kN/m®
A =1000*250 = 25000 mm* o i o
> 1000%250° ~7 v
= bé _ 1000%250° 4 49 %108 0.3 03
f,.(N)=0
*10° 250
f..(M)= M_156710° ~=1.49 N/mm? I
Z 10.42*10 1000
t, =250 mm f,/n=22

F (M) =1.498 < er ok
7
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d=C, M.,
f.,B
* 6
200=C, [23.4*10
25*1000
-.C, =6.54 j=0.826
* 6
M, 23.4*10 463 mm?

A = = =
) B.f,jd  0.85*360*200
use 7 ¢p 10/m’ (Top reinforcement)

Use bottom reinforcement 5 b 10 /m’

Note that in this case, walls of the tank act as
supporting beam with adequate capacity.
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4. Elevated Conduits

4. Elevated Conduits
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Sec. Elevation x-x
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i
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I
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7m

5m

5m

Plan

—_——— g =L
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(i1) Acting load

assume t; =30 cm
- Walls:
the wall will be considered as
one way slab in vertical direction.

i Wp i
p=yh=1%*17 =17 kN/m? i ‘_]_Gv 5
- Floor:
W:7t5+7/wh I :I-"II,-‘J! E +
=25*0.3+1*17 = 24.5 kN/m? L 1N
* I 4 ]
=200 o5 ! | -
4*0.76
4
o= 4r 1= 0.7 - p=1-a =0.3 (Grashoff 's coefficients)
r+
w, =0.7*245=17.15 kN/m?,  w, =0.3*24.5=7.4 kN/m*
Straining Actions
* Vertical strip
17.2 KN/m’
A 17 kKN/m® A 17 KN/m®
8.2 8.2
* 14.45 Mz
14.45 : 762
N.F.D B.M.D
* Section in Floor
\ 7.4 KN/m
( A A )
5m |

/\18.5

| |
/\18.5 /\18.5

A
! 5m
A

NN

18.5

B.M.D
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Design of critical sections

Consider fy,= 25 kN/cm?
St. 360/520 1)

| i

(3) )

(4),
7

Sec. (1)

water side section
M =8.2 kN.m

t =504/M =50+/8.2 =143.1 mm
take t, =300 mm

f, =f, (M) >f‘i

| n
* * 6
where, f (M) = 6“2' = 6 8'232
bt®  1000*300
f, =0.6f,, =0.61/25=3 N/mm?

t, =t[1+%]=300 =145

ct

o 29765 06 nimm? 5T, (0.K)
n 145

=0.546 N/mm?

M- =15%8.2=12.3 kN.m

u

t=300mm — d=260mm

[12.3%10°
d=c, Sex1ogy G =117

—1=0.826
nx =10mm— B, =0.85
M,  123*10°

* B, f,d] 360*260*0.826
choose 64p 10/m’
A =6¢p10/m'

o use ¢,

=187 mm? =1.87cm?
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Sec. (2)
M =82 kN.m &T =14.45 kN (water side section)

t=50+/M +30=173 mm
take t, =300 mm

fct :fct(N)+fct(M) >fci
n

f(N)= - -18:4571000 i penmm?
A, 300%1000

6M  6*8.2*10°
bt*  1000*300°
f, =0.048+0546=0594 kN/mm? —>

f. (M) 0.547

f (M)= =0.546 kN/mm’

t, =t[1+

n=145, f, =3 KN/mm’ fﬂ: 2.06
n

< e o.k

ct
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M,=15*82=123 KN.m & T, =1.5*14.45=21.7 kN

M . i
B =E=0.57 m>1 (big ecc.)
T 21.7 2

u

e, =¢e -%+ cover=0.57-0.15+0.04=0.46m

M, =T,e, =21.7*0.46 =10 kN.m

* 6
d=c M. -.260=c &—m =13
" f,b *V25*1000

J=0.826
use @, =10mm - By =0.85
M T

AS — us + u
ﬂcrfyd‘] ﬂcrfylys
10*10° 21.7*1000*1.15

= +
0.85*360*260*0.826 0.85*360
=234 mm

choose 6 ¢p 10/m’
A,=02A, use 64¢p10/m

Sec. (3)
M=26.2 KN.m & T=14.45 kN (air side section)

t =300 mm & d =260 mm

M, =15%26.2=39.3 kN.m &T, =15*14.45=2.17 kN

M : i
w393 _181m (big ecc.)
T 217

u

e, =€ -%+ cover=1.81-0.15+0.04=1.7m

M, =T,e, =21.7*1.7=36.9 kN.m

* 6
d=c, M, ~.260=c, M—ml:a??
f.b 25*1000
J=0.826
use @« =10mm
As — Mus + Tu
f,d f /y,
*106 *
36.9*10 21.7*1000 _ 200 mm?

= +
360*260*0.826  360/1.15
choose 6 10/m’

AL=6 10/m’
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Sec. (4)

M =18.5 KN.m (water side section)

t=50+/M =50418.5 = 215 mm

take t=300 mm
fct :fct(M) > fci |
n
6M 6*18.5*10°
bt>  1000*300"
f. (N
t, =t[1+£]=t=300mm—>77:1.45

f (M)= =1.23 N/mm?

fo (M)
f, =06,/ f, =3 N/mm* — fo _ 5 06 N/mm?
n
cf<ta @y
P
*106 *
d=c, My s26=c, M—wl:ZS
f,b 25*1000
J=0.826
use @, =10mm - By =0.85
* *106
M 1.5*%18.5*10 4923 mm?

A = =
* B, f,d 0.85*360*260*0.826

choose 64p10/m’
A =64 10/m

Design of wall as beam

o.w=y bt = 25 *0.3 *2 = 15 kN/m’
Wi = 24.5 kN/m?

NN

p—om | om Sm_ | (r=1.25,0.=0.79, B = 0.6)
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Load for shear:
w=0.W + 3 wgx = 1.5+0.6%24.5*2 = 44.4 KN/m’

Load for moment

W =0.W + a WsX = 1.5+0.79*2.45*2 = 5.37 t/m"

Le= C.L-C.L=5m
=1.051,=1.05*4.7=494m —

~H/Lesr = 200/494 = 0.405 > 0.4 (deep beam)

2 *C2 2 *E2
wl =53.7 5 ~112 KN/m . M"* =WI =53.7 5
12 12 10
For - ve moment
M, =1.5*134 =201 kN.m, d=1900 mm

M [201*10°
d=c, ; lkj) 1900 =c, %—wlzllﬁ

J=0.826

M = =134 kN/m’

M, 201*10°

A = =
° f,dJ  360*1900*0.826
use 3 dp 16 for - ve &+ ve moment /m’

=360 mm?

* Shear capacity has to be checked according to code provisions for deep beams
p=0.5

Max. reaction of beam o=1/3
R=1.1wl=1.1%*44.4*5=244 kN l l 2
a b C
For beam 2
Sec. of beam = 300 * 1000
o.w =25*0.3*1=8 kN/m"
s,
Load for moment W =0.W +o W X = 8+2*1/3 *24.5*2=41 kN/m"
Load for shear W =0.W +B w X = 8+2*1/2 *24.5*2=57 kN/m’
M =41*22/2 =82 kN.m
M, =1.5 M =123 kN.m
M *10°
d=c, | My g5_¢ 12870 .74
fb 25*300
J=0.826
* 6
M, 123*10 _ 240 mm?

A = =
© f,dJ 360*950*0.826
use 3 16 ,A =2 12



Instructor: eng \ just for help

Subject: Water Tanks

:2000-2001

Solved Examples

(i) loads on columns

vl. Load = 2 [244 + 57 *2]=716 kN
N=716*1.1=788 kN

Waying= 716 *5 =5 KN/m’
P=5*2=10 kN
M =10*10=100 kN.m

¢ ¢

Design of sec.
N =788 kN

Ny =1.5*788 = 1182 kN

Design for N only
Ny = 0.35 A fey +0.67 fy Agc
Ny= Ac [0.35 fe, + 0.67 fy ]

1182*1000= A [0.35*25+0.67*360*1/100]

A. = 1059 cm?
Take column 300 *400 mm

8m

To sustain the effect of buckling, take column 300 * 1000

He=kH,=22*8=17.6 m
Consider unbraced column



Instructor: eng \ just for help Subject: Water Tanks
:2000-2001 Solved Examples

A= F: :¥:17.6<1m ok

A >10 .. (long column)
2t 176 *1000
2000 2000

"M, —P5=788%12 122 mit
1000

=155 mm

M esign =M, + M,y , Where M, is due to wind load
=100+122=222 kN.m

N, =1182 kN, M, =1.5*222 =333 kN.m

M, 333

= 2% _03m
N, 1182 M < N Isoo
%=E=0.3>0.05 ok | 1000 |

use interaction diagram for f, =3600, «=1,£=0.8

N, 1182*1000
f bt 25*300*%1000

* 6
8 Muzz 333*10 __o.04
t f,bt®  25%300*1000
p=0.0

use min steel = % bt /side

= %*300*1000 =1200 mm?

choose 6 ¢p 16



Instructor: eng \ just for help

Subject: Water Tanks

:2000-2001

Solved Examples

IO
' 6 dp 10m < [P6 dp 10/m’
6 ¢p10/m* 6 dp 10/m
VAN
3 b 16/m’ |las e e . ad| 3D 16/m
P < | P
6 dp 10/m 6 4p 10/m

Cross sec. Of column

6 dpb 16
2dpb12
2d¢p12
2 ¢p12

30

[ 100

6 4b 10/m
)
6 4b 10/m

6 ¢b10/m’

6 ¢b 10/m’



Instructor: eng \ just for help Subject: Water Tanks

:2000-2001 Solved Examples
Prob. (2) e S
4m i i
2m i i
i) — .
4m
4m

4m
Sec. Elevation x-x

r .

Loads
The floor and wall will be considered as way slab in the plane of the paper.
Assume t=40cm

Floor
Wi =71t + yw h
=25*0.4 + 10*2 = 30 kN/m?
Wall
Wi = 7t =25 *0.4 = 10 kN/m?
P =yy,h=20 kN/m?

Straining Actions

[ L |
2m
p Wi p Wy,
| 4m i
31.2 31.2
31.2 31.2
+ +
25.3k 20 20 25.3 kN

28.8



Instructor: eng \ just for help Subject: Water Tanks

:2000-2001 Solved Examples

N.F. D B. M.

23.1 kN
IT= 23.1 kN sin 60 =28 kN 60°
5%’\‘ 23.1 kN /
water pressure
29.25in 60 o.w of wall + water weigh
25.3 kN =1%23.1 +00.5*0.76*16
=29.2 kN
Design of critical sections
Sec. (1)
M =312 kNm , T=20KkN (water side section) \ . . 7/(3)
| I
t= SON +30=50+431.2 +30 =309 mm (2) 1)
take t=400mm
fct = fct(N) +fct(M) > fci
| n

*

fL(N)=—— = 2071000 _ ) & \jmm?
A, 100*40

* *106

£, (My=M _67312710° ) 17 \ymm?
bt™  1000*400
f,=05+1.17 =1.67 N/mm?
N .
t, = t[1+M] = 400[1+£] =570mm , n=1.65
f. (M) 1.17

f, =06,/ f, =3 N/mm? S _ 185 Nimm?
n

o f >fﬂ 0.k
n

M, =15*31.2=46.8 kNm & T, =1.5*20=30kN

M, =@=1.56m >l (big ecc.)
T 30 2

u

t
e, =€~ +cover

=1.56-0.2+0.04=1.40 m
M, =T,e, =30*1.4=42kN.m



Instructor: eng \ just for help Subject: Water Tanks
:2000-2001 Solved Examples

* 6
d=c, ]i\/';) ,360:011/%—>c1:8.78

J=0.826
use @, =10mm - By =085
MUS Tu
o = +
IBcr.I:yd‘J IBcrfy/ys
42*10° 30*1000

- + =5.74 mm?
0.85*360*360*0.826 0.85*360/1.15

choose 8 ¢ 10/m’
A =64 10/m’

Sec. (2)

M =288 kN.m & T=20 kN (air side section)
M, =15%288=432mt &T, =15*20=30 kN

e= M, :ﬁ:43.2 kN.m >% (big ecc.)

T 30

e, = e-%+cover:1.44-0.2+0.04 =128 m
M, =T,e,=30*1.28=38.4 kN.m

M 38.4*10°

d=c, [—2 ,360=c¢,,/———— —>¢, =9.19
b db 25*1000
ab J=0.826
use @, =10mm - By =0.85
M T

* f,dl f, 7y,
_38.4*10° , 30*1000
360*360*0.826 360/1.15
choose 6 10/m’

A=6 10/m’

=455 mm?




Instructor: eng \ just for help Subject: Water Tanks
:2000-2001 Solved Examples

Sec. (3)

M =312 KN.m |, N=-25.3 kN (water side section)
Big. Ecc.compression

t=50/M —30 =249 mm take t=400mm
f, =f, (N)+f, (M)

_ *
£ (N)=—223710001 4663 jnjmm?
1000* 400
* *106
fct(M):eM:G 312710 =1.17 N/mm?*

bt®  1000*400°
f =-0.063+1.17 =1.107 N/mm?

ct —

£, =t 1 00— 2988 o1 mm L =16
f(M) 117
f, =06,f, =3 N/mm?®

Yo 186 NiMM? > f, (0.k)
n

M, =15*31.2=46.8 kKN.m

N, =-1.5*2.53=-38 kN

~Useg,, =10mm .. B, =0.85

= B.f, =0.85*360 =306 N/mm?

= Use strength interaction diagram for f, = 2800 kg/cm?,

£=08, a=1 = A ,=A,=8d¢ 10/m" (sameas for sec.1)

* Design of wall as deep beam

Water weight

* Loads in the plan of the wall \ l |
o.wofwall =ybtsin6 . own
=25*0.3*2.31sin 60 0 =60 weight
=15 kN/m’

- wt of water =y, Asin 0

=10 *% *1.16 *2 sin 60

=10 kKN/m’
- Load from floor = ws *2 = 30* 2 = 60 kN/m”
Wy =15 +10 +60 = 85 KN/m”

85 kN/m’




Instructor: eng \ just for help Subject: Water Tanks

:2000-2001 Solved Examples
2 * A2
Mo =W 85747 1033 kim
mx 12 12
2 * A2
Mo =W 85747 e kN/m
max 10

Check of deep beam condition
L =C.L-C.L=4m

=1.05L, =1.05%*3.7=3.89 m

L:E:O.59>0.4 Deep beam
L., 3.89
for - ve moment t=2310mm — d =2200 mm
M
d=c, |[—
f.b
* *106
2200=c, 1.5*136*10
25*300
C,=1334 —J=0.826
M, 1.5*136*10°

u

A = =
° fde 360*2200*0.826
1.3*312 = 406 mm?
Smaller{

=312 mm?

11

A, =Qreater ——*300*2200 = 2017 mm?
360

0.15/100*30* 2200 = 990 mm®
SLUse A, = 5db16 for both negative and positive momnts
e Shear capacity has to be checked according to code provisions



Instructor: eng \ just for help Subject: Water Tanks
:2000-2001 Solved Examples

(i11) Design of column
Load on each column

concrete | 6.32 |
1, 6.32+4 5.52+3.6 ! 252 ‘
LS * (2227901 g1* 25
2 LC 2 ) ( 2 ) ] 1.6

water 0.4 2m
o L g 55253601 g1u10 - 2059 : gsfmm :

2 2 : |
due to o.w of column - P_,., =1.1*295.9 =325.2 kN

Wind load

P=1%*2*4=8 kN
M=8*8 =64 kN P—22m

. .M/column =64/2 =32 kN.m

Design for N only
Ny =1.5*325.5=488.3 kN 6m
Ny =[0.35 feue + 0.67 fy u] Ac
488.3 * 1000 = [0.35 *25 + 0.67 *360 * 1/100] A,

Ac = 43700 mm’ r
Take sec. 300 * 500

unbraced column

A= F:e ,H, =kH_, =1.6*7=11.2m

_11.2 *100
50

. take t=70 > 4=16 >10 (longcolumn)
At 16°*700
2000 2000

M, =P.5=3255%90 _ o9 |Nm
1000

A =224 < (A, =23)

=89.6 mm

M gesign = 32 + 29 = 6LKN.m
~ M, =15%61=92 kN.m



Instructor: eng \ just for help Subject: Water Tanks
:2000-2001 Solved Examples

* Design for M & N

M,=92 mit
N, = 48.83 t
I?,Ocm
e:MU :izo_zm | 70 cm |
N, 4883
€_92 135005
t 07

use interaction diagram  for f, =360, =1,£=0.8
N,  488.3*1000

= =0.093
f. bt 25*300*700
M *10°
ke Mo 92007 505 p-0
t f.bt®  25%300*700
use min.steel A, = fog*300*700 8400 mm?*/side
use 5 ¢b 16
g o N S
& o4 S &
L0 N o Yo}
Sec. in column E ? 300 mm
700 mm |
[ |
8 db 10/m’
9 dp 10 6 db 10/m dp 10/m
40 ¢m 6 qb,\lo 40 cm 8 ¢p10/m )
N 6 db 10/m’
6 ¢b 10/m

Cross-section of tank
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Water tanks
o) LIy

pa Lalslo 905 Bodused) dnlu ) ad) Sluby Y o Ll god) (o e gane (g0
ol (tanks)d) puads ol (o acw
1— According to the position of tank with ground level

a— FElevated b— Rested c— Under ground

///IIIIIIIIIIIIIIIIIIIIIIIIlllllllll;y//' > 4 4 & & 4 Vo blld

| F

,// LI 2 2 /

///IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII///'
,// L2 222 2 /

SO,
-

A4

2— According to the shape of tank

a— Rectangular b— Open channel c— Circular

///IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII7//'

A | %

,///IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII/ /

7 ||| ~N

7277777222272
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— Statical action of water tanks

tay) 5 Bly SUoVy ge ke ol Lblse sties LI g Joleill-
Jln ) o5 5 (p ) popes Byl 5L @3 5l abYl e 55l §l35))
- Laale dedl gl
a— Open channel

/
X strip 1.0 width
/
Wy=teVt 7, h
MO I > h
: ) w, kN/m
¢ ¢ v [T
A é R.C. wall ", ENJm y:y
é wy =lyh wy =Ny h 2 ‘ L |

strip 1.0 width

| L |

w, =Yy h | kN/m?

(water pressure) »ldl latio dad 40 (w, ) Suo

Wy =Y+ Ty h kN/m?

Ssae 39 o)) BLEIL by VI o Slobusall Bamy )5 38 (wy) S
sy ¢515)) »Lall

Y. =25 kN/m? & V=10 kN/m?

Jeeo LsLJl o) Jiw Ll g S gaedl Jiw ¥ (support) J) 1da gh a
® i Sl 5l 1S L
By Eng. Fzz FEl-Din
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— Analysis of strip:

h strip 1.0 width
w, kN/m
v G LITRTTTTTTTTTTTIAT e
, W, kN/m ey
- | L | _
" wh b 4
» b w, kN/m h/3 h/3 b B
= x
2 _Wh b wh 2 2
My="%2"*3 =% Mb——Lwah
w, kN/m
w, K° (I w, h°
My=—% (b L 5>Mb= 6
_wp L _ WLl
y="2 ¥y=72

2
[ioint (b) is a rigid joint](¥ &uoyd) ) L) e S i, :EGLh]r;.aJl -
iy ¥ (ele Al L G2y ¥ () LB (o Sy fa="2"7 Jeil) o, -
Lol gle ol Lae Ll I dud, ¥ oo Sl [y:iugi]J.:_éJi 3, -

o L) olel i o gslay o) ol LimyeS Jis 421 L
(Arch action)

(Arch action)

(B.M.D)
w N | | # # wy L
AR e
; = +
w, L° oo WP ©
B8 Fng. Fzz El-Din Mostafa . 2



b— Open channel with top horizontal beam

top hz. beam

>e a )
Wy =tV T, h
[HEERNENENEN > w, kN/m
b v vopllEIATITITITET AT L
. w, kN/m oy
h | L |
- L -
o OUSI o35y Ll JS ple) wic ai85) 8,5eS g (tank) JI i (48
M‘*Jagx(t’ie) a..[a.ua‘xl-d-h.a&g

where

w, =h & w,=tV+Yh kN/m?

(moment distribution) plaxiul Jo3 (indeterminate) d,ill 0ds 4

5 Late
_ Analysis of strip: (B.M.D. & N.F.D.) pwy 0

&aba aqEﬁ -
h 'wzzh wzzh, h
i Re_ o \w, kN/m jh/3 h/SI o Ry
~_ S~
M, (from moment dist.) M, (from moment dist.)
w, kN/m
M M
f<|||||||||||||||||| )f
b L b
L wy L
y= 22 y= Y2l

2

By Eng. Fzz Fl-Din Mostafa VoA @



37 (B.M.D) QE | (N.F.D) |

c— Retangular tank

&S (one way) ,Hlyd) Ll s> 55 (open channel tanks) dJls 43
Oloadl Ll g (685 (Tectangular tank) s &b Ll el yJl o3l
coldl oles) s (one or two way)

(‘L\) wall (1) top hz. beam

«»"'“ £

- -

o N

2k !
~ 3 g S
S :
&
E _
[}

w, =yh & w2=fyc+ywh kN/m?

— for wall (1)

Ih/4

e D Loy

/4\% aYwh BYwh oYwh PBYwh
% T wh=w, load in

AW
vl. direction

® .
By Eng. Fzz Fl-Din Mostafa VoA




Jeadl e e3> OB (two way slab) &)y bMsS Jeco LI ;) douis
(Brwh) 233 ola3¥) (8 andy Juodl (S (atwh) gulyll 0l (8 ady
siladl odn o5 geSe 8Ll U olyadl gum, b Lald) JUas) oty

Qe gl dL3Y g6 oS ol sl Slie ZU JWL (very rigid)
oy LS () ) i L5 i 5 3135 B0

— for wall (2)

= p
}/4
_ | Y
BYwh %Ywh BYwh oYwh
fwh=w, Twh=w,

load
vl. darection

I <
plaxinl Jo3 (indeterminate) &yl 0da 4
h (moment distribution)
Oth
B A - jh/4 (BM.D. & N.F.D.)pwy L
’ \BYwh Y
Hul L |

strip 1.0 width

27 (B.M.D) ﬂﬁ | (N.F.D) |

N G —
7 Y 7 + >

By Eng. Fzz Fl-Din Mostafa YA @




— VL. strip (2)

b al
| strip 1.0 width | plasinls J=3 (indeterminate) doy il oda o
h (moment distribution)
S T 4 jh/" (BM.D. & N.F.D.)pwy Lo o
’ \%7,,
) L1 |
(B.M.D) (N.F.D)
\ / + +
— +

h . 075Bnh

strip (3) == — ;3 ;?:
N I —

-1 S HR R =

— S S [

0.75Bv, h
/ | Il WiinnnnRAnnERNRRANRREN
L,

ST U D sy 31 o i Lasle S350l Jasdl (S5 85591 Gy 0o
ol 8acls (o(h/4) glis,l e 455, lasle 3% (hz. load)
(moment distribution)slasiuly Jo3 (indeterminate) i iJ) ods o

L, |

- (B.M.D. & N.F.D.) pwsy law
"‘ 7| (N.F.D)
N (B.M.D)
AN A

| @
- Fl-Din Mostafa .

By Fng. Fzz



— Revision on moment distribution method

1—Get the relative stiffness for each member

~

Fized Fized 1 |
K=1 | L ‘

_Symmetrical j_0.51

%

L \ |
. . I
Fized Hinged p_0. 251' | 7 =
2—Cet the distribution factor of each member |p s — %
member
by o (/)
Ta /L0 )+ (1 /) ca k& g &
I L L
g = — (/1) { o il j.
“ad  (I5/Ly )+(I /h) L L
Note: p. f = zero (cantilever)
D.f, = zero (fization) (joints) JI S JiJdU
8—Get the F.E.M of each member
2 7 I
wh . w kN/m % ’Lg_ ' w kN/m
7’2<||||||||||||> <|||||||||||||
' 2
| L | | L |
2
— Wk
h h
\\
\ w kN/m w kN/m
~—, ~__
wkh wh?

20 75

By Eng. Fzz Fl-Din Mostafa YA



wh?

/\m /
- s - %D
h h
h/‘{ w kN/m h/‘{ w kN/m

— 777, — 777,
~__~ , ~__~
wk 2
724 ;"“,’;

Sign convention S, LY C’i]a.pl

dax g0 (5635 (clockwise) delud! o,Uie go Ab @l o 55edl
Ll 9S5 (anticlockwise) el o, e 0o &b ) 4

4—Make moment disiribuiion table
(joint) JS aic f.j",_:_li olus Sa (moment distribution) Jsa> Joco
(B.M.D.) posy (Sa aiag

Joint b a d i
member ba ab ac ad da de df fa
D.f. 0 v 0 v v g v 0
FEM |, O 0 e g e 0 e 0
BalM. || 0O ‘}@ — 0 — — — v B 0
COM ||l 0 0 N N N 0 N
BalM. | ' 0 — e e e \/ \/ 0
¢
M; v v v v \/ v \/ v

By Eng. Fzz Fl-Din Mostafa VoA



— For the following figures, it is required to draw

B.M.D. & N.F.D.

Example(1) T
o strip 1.0 width
3
31.25kN/m
A /
25kN,/m
7 VA
4.0 |
< . «
N 2522'5=37.25kN 31.25kN N
\25kN/m 25kN/m
31.25kN O, 31.25kN
2
. 26.04kN.m
%2'5@26. 04kN.m
31.25kN/m
26.04kN.m ( ) 26.04kN.m.
4.0 |
*
‘”'jﬁ —62.5kN 62.5kN
|
(B.M.D) | (N.F.D)
|
\ \ i
26.04kN.m 1 62 5N
‘ +
7 \ Vddd
\ﬂ 31.25kN

By FEng.

Fzz Fl—-Diwn

36.46kN.m

Wostafa



Example(2)

o dl
o strip 1.0 width
K
46.25kN/m
op\ [ e
_40kN/m
’ | 4.0 i
For Joint b Do al
Df = 0.75(1/4.0) _
“ba 0. 75(1/4.0)+0.5(L/4)
P 0.5(1/4) —0.4 L c
be  0.75(1/4.0)+0.5(1/4) " £
2 2
40%(4) —46.25%(4)
FEM. = =42.67kN.m , F.E.M. = =—61.67kN.m
ba 15 be 12
Joint b
member ba bc
D.f. 0.60 0.40
F.EM. 42.67 —61.67
Bal. M. 11.40 7.60
M; 54.07 |-54.07
Ra=73.75lcN 2
__>a[>a ZMa =0 = 80*(%5 *4)-/—54.07—Rb *4=0
= Rb=6‘6.85kN
S Sz =0 > R, +R,=80
-
40749 _g0.0kN > R_=13.15kN
b \40kN/m

R, =66.85k
By FEng. /,'2;5'4’/9,7’0)1')’1, Wostafa VoA



To get max M, al point of zero shear R, =13.15kN

+ve
__,a[>a
8lglues 5 ole) o(T)glis)) gle(zero shear)y) oy -
() dos e Jraso yhinadl Gibiodl dolises (Ra) 107
(®)
<
10z(5 )=R, =13.15 == z=1.62m
_ 2, bl \40kn/
= Mﬂ; 13. 75x—70x(7)— 14.22 kKN.m Ry =66.85EN< m
54.07kN.m
46.25kN/m
54.07kN.m. ( ) 54.07kN.m
lb 4.0 C
46. 225*4 —92.5kN 92.5kN
BT
(B.M.D) . ‘ (N.F.D)
14.22kN.m
|
|
54.071cN.m\\ | i 92.5kN

4 ‘ +
38.43kN.m| 66.85kN

By Eng. Fzz Fl-Din Mostafa YA @



Example(83)

r e <l
strip 1.0 width
(o)
<
13.80kN/m I".
L ) RN T 1e 1T
14.72kN/m ’ 25.28kN/m —
. 5.0
For Jownt b | |
Df = 0.75(1/4.0) —0.65 e a
ba  0.75(1/4.0)+0.5(1/5)
D.f = 0.5(1/5) -0.35
bc  0.75(1/4.0)+0.5(1/5) ~ .
2 2 S -
14.72%(4) 25.28%(4)
F.EM = + =19.16kN.m
ba 15 117
2 ;
~13.80%(5 Joint °
F.E.M.bc: 72 ( ):_28. 75kN.m member ba bc
D.f. 0.65 0.35
FEM | 19.16 |-28.75
Bal.M. | 6.23 3.36
My 25.39 |-25.39
2 2
XM =0 => 29.44*%(5 *4)+12.64*(3+ 5 *1
R,=4.52kN a (5 *4) ( 3*1)
, +R256.39—Ry *4=0
- _>a[>a
>=> R,=37.56kN
Xx =0 == R +Ry=29.44+12.64
¥ troeas = R =4.52kN
—5—— =29.44kN
S 25.28*1.0
’{ b \ : 2 =12.64kN
R, =87.56kN w___
b
By FEng. /:2:5’7‘3'?’6%'7” Wostafa VoA @



To get max M

[ ve @t DOINL Of zero shear

R a=4. 52kN

- %Da

41*14.72

4.0

<
| )

Ry=37.56kN ~_%5 30kn.m

[ *14.72]% 5 =4.52 = z=1.57m
= M, =4.52z—( *14.72)*(5 )=4.72 kN.m

25.39kN.m

)

25*39’“1""(:‘ 13.80kN/m
| 5.0 |
%k
73‘3& —34.5kN 34.5kN
] + |
(B.M.D) & | (N.F.D)
4.72kN.m
|
25.39kN.m | 34.5kN
7 \J + Vv 7a
17.74kN.m |

| 87.56kN

By Eng. Fzz Fl-Din Mostafa VoA



Example(4)

b [T
— 14kN/m —
o HE£ N= strip 1.0 width
NIEE 3E
g 14kN/m g
Lb HINNNRANERNNANNRRNRENPS
| 5.5 | .
For Jownt b
Df = 0.5(1/4.5) —0.55
ba  0.5(1/4.5)+0.5(1/5.5) ~
b\ c
D.f = 0.5(1/5.5) B
. b - —
¢ 0.5(1/4.5)+0.5(1/5.5) vy .
2
15. 0*(4. 5) member ba be
FEM, =——==25.81kN.m bs | 0565 045
14.0%(5 5)2 FEM. | 2531 |-38529
FEM = ’ ——2=-835.29kN.m Bal.M. | 5.49 4.49
be 12 M 30.80 |-30.80
f . .
33.75kN  # — 30.80kN.m
-
o |5
¥ 1S
15.0%4.5
£ ' 22.14kN.m x 33.75kN
=883.75kN ~__ 30.80kN.m e
30.80kN.m 1 4kN /. 30.80kN.m : &‘8’01\’.’”1
: 2
( = s G ) 3 (B.MD) | (NF.D)|+|3
. — ©
N | ®
%.BkN.m
14.0%5.5 |
——— =38.5kN 38.5kN -

By Eng. Fzz Fl-Din Mostafa VoA @



Example(5)

> X
|
strip 1.0 width
(»]
G |
|
|
v 57.5kN/m |
N 38.79kN/m. |
'{b N |
AN C | d
27.35kN/m g 7 22.65kN/m ‘
. 20 | 50
For Joint b |
Df = 0.75(1/5.0) _ > X
ba  0.75(1/5.0)+(1/2.0) |
|
. (1/2.0) 0.7 |
bc  0.75(1/5.0)+(1/2.0) |
. |
For Joint c N |
T/ Ney ‘
(1/2.0) N—IAS d
.D.f = — 83 4 7 ‘
cb (1/2.0)+0.5(1/5.0) ‘
D.f = 0.5(1/5.0) —0.17
cd  (1/2.0)+0.5(1/5.0)
2 2
27.835%(5) 22.65%(5)
FEM. = =50.42kN.m
ba 15 117
—57.5*(2.0)2
FEM = =—19.17kN.m , F.EM. =19.17kN.m
be 12 B cb
FEMY _—388.79%(5.0) Toint 5 C
cd 12 member ba be cb cd
F'E'M'Cd=_80'87kN'm D.f. 0.23 0.77 0.83 0.17
F.E.M. 50.42 —-19.17 19.17 —80.81
Bal. M. -7.19 —24.06 51.16 10.48
C.0.M. 0 _25.58 —-12.08 0
Bal. M. -5.88 —19.70 9.98 2.05
@ Mf 37.35 —-37.85 68.28 —68.28
By Eng. Fzz Fl-Din Mostoio g




R, =16.50kN Point of zero shear

I g 3[>“ x x
[5*27.36]*5 =16.5 =D z=2.46m
x
T, wr Z°
N —> M, =16.52— (-2 *27.35)%(5)
a| Ferss
27'35*5'0=68.38kN M+'uf2702 EN.m
0
*
ﬂ b k\ 22, Bg 125 _14.16kN
Rb—66 04kN ~__-
27.35kN.m
68.28kN.m
37.835kN.m. ( 57.5kN,/m >68.28kN.m < 38.79kN/m. )68.28kN.m
Ib 20 © c 5.0 d
42.03kN 72.97kN 96.98kN 96.98kN
|
1> | <)
o (BMD) (N.F.D)
‘
N |
27.02kN-m| | |
|
68.28kN.m ‘
| +
37.35kN.m | 42.03kN
SN A
7 = ~k<
52.94kN.m ! 66.04kN

By Eng. Fzz Fl-Din Mostafa VoA @



Example(6) %

, d .
e ST
strip 1.0 width
3 |
ﬁ.
|
23.18kN/m 3.18kN/m |
I N ﬁ o
14.72kN/m 25.28kN/m 77> |
- 4.0 . 40
For Joint b }ﬁ
e d .
D.f = 0.75(1/4.0) —0.43 > al ‘
ba  0.75(1/4.0)+(1/4.0) |
|
g = (1/4.0) =0.57 \
¢ 0.75(1/4.0)+(1/4.0) |
For Joint c y (, ,};{, e
/ |
D.f = (1/4.0) =0.44
cb (1/4.0)+0.75(1/4.0)+0.5(1/4)
D.f = 0.75(1/4.0) _
Yed  (1/4.0)+0.75(1/4.0)+0.5(1/4)
_ 0.5(1/4.0) B

D-Jee (1/4.0)+0.75(1/4.0)+0.5(1/4)

2 2
14.72%(4)°  25.28%(4)
FEM. = + =19.16kN.m
ba 15 117

F.E'.M.cd=— 19.16kN.m

2
~23.13%(4.0)"

FEM. = =—30.84kN.m , F.E.M. =30.84kN.m
be 12 cb
—~3.13%(4.0 )2
FEM = =—4.17kN.m
ce 12

By Eng. Fzz Fl-Din Mostafa VoA



By EFng. Fzz

Joint b c
member ba bc cb cd ce
D.f. 0.43 0.57 0.44 0.33 0.23
F.E.M. 19.16 —-30.84 30.84 —-19.16 —4.17
Bal. M. 5.02 6.66 —-3.30 —2.48 —-1.783
C.0.M. 0 —-1.65 3.33 0 0
Bal. M. 0.71 0.94 —1.47 —-1.10 -0.77
M; 24.89 —-24.89 29.40 —R2R2.74 —-6.67
Point of zero shear
R =4.64kN
- —>2[>“ [£*14.72]% 5 =4.64 => z=1.59m
2
=M, =4.64— (4 *14.72)*(")
o| #1472
¥ M, =4.91 kKN.m
14. 72*4 0 o9 4akN +ve
(=]
~ b 25 228*7 0 _12.64kN
Rb—37 46kN ~~—
24.89kN.m R=5.18kN
Point of zero shear ddf—
x
[1*14.72]% 5 =5.18 = z=1.68m
4 ' 2 ' 11472 | o
o M =5.182—(ZF *14.72)%( %) N
+ve ° 4 : 6 29.44kN
M, =579 kN.m 2 Ak ] S
~—7 R _=86.90kN
22.74kN.m Y
24.89kN.m 29.40kN.m 6.67kN.m. 6.67kN.m
( 28.18kN/m > ( 8.18kN/m >
1 4.0 c c 4.0 e
45.13kN 47.39kN 6.26kN 6.26kN

E'l-Din Mostafa oA



] 1 E <\
Q
Q
4.91kN.m (B.M.D) 5.79kN.m (N.F.D)
47.39+6.26

29.40kN.m
24.89kN.m\ / m =53.65kN
_/ \:A 45.08kN
19.12kN.m Rb—37 46kN

RR2.7T4kN.m
Rb —R =0.56kN

+

Example(7?)
18kN 18kN
r Ma <)
strip 1.0 widith
o | 6kN/m 6kN/m
<
35kN/m o ground level
c

T b \ \ YYyyyyYy
20kN/m / \. 20kN/m
| 5.0

-

Slolea ¥ ol HGess S A (rested on soil) ol Jiw olxd) e

(1, )aro, ¥ &3 (U(uniformly distributed) pUanl &yl ole de)se

O ol Ll el BLS L (200-500mm) e JB ¥ e

[Toase =(4—8) you ) 3L U (250-300mm,)

Lol (0. w. ) P (6kN/m)ls ) ple ¢ 5adl gl ) Jaod)

Fiross) 2530 oo 2e315d) @Ioland) Gl I3l oo Joleid] ey -
L ol (footing) S Jass olyadl o)) ) Hliiels S

By Eng. Fzz Fl-Din Mostafa . @



5B (Fyross )5l le 2ol gl lalan¥) Glasd

W= 0l olos) ¢ e

concen. ow. of
load wall floor
W, =18*2+6*4*2+35%5=259 kN
Wiotal 259
Joross 4 — 5#7 —01.8 kN/m direct load=35 kN/m
Foot =firass| ~direct load|
Fyross=51-8 kN/m
.. =51.8]-35|=16.8 kN/m |
0 A
[0t =16.8 kN/m
) 18kN 18\kN
r INa <\
o | 6kN/m 6kN/m
¥ / ; Assume I, =51, .,
20kN/m
B A X 51 c
£, ,;=16.8 kKN/m
| 5.0 | >a <h
For Jownt b
I I
Df = 0.75(1/4.0) —0.27
ba  0.75(1/4.0)+0.5(51/5)
Df = 0.5(51/5) —0.73 ‘Z/C 51 e
b 0.75(1/4.0)+0.5(51/5)
20.04(4)°  20.0%4)"
FEM. = + =24.07kN.m
ba 15 117
2
*
F.EM. = 16.6%(5.0) =85.0kN.m

” eh
By Eng. Fzz Fl-Din Mostafa VoA



xr x
[4*20]*5=12.14 == £=2.20m

M =12.140—(Z%20)+(E
=M, 12 142—(4*20)*(5")

M =17.83 kN.m
+ve

Joint b
member ba bc
D.f. 0.27 0.73
F.EM. | 24.07 35.00
Bal.M. | —156.95 | —43.12
M; 8.12 -8.12
R, =12.14kN
’ Point of zero shear
_ 4[>a
x
(o)
¥ g 20*4.0
5 =40kN
< *
S N

Ry =87.86kN ~__
8.12kN.m

(B.M.D)

17.83kN.

2.20

-

8.12kN.m

i
|
|
|

« 18kN

(N.F.D)

60.62kN.m
|
|
|
|

+

37.86kN

N=3XVL.=18+6%*4
N=42kN (comp.)

las dola &l gouls -

fanr Lo Wil o1l Lls oo ey ¥ Jod oy puSes o Lol Lan ¥
b (8 ¥ I 5 Jhwd el o sl dle Bl ) Gl eY)

e 855550 olad) Loyl 655 (Tested & underground tanks)
Lol Ll e Cud 4 (SO4L)

By Eng. Fzz FEl-Din
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Example(8)

[ Ma strip 1.0 width <
S 5kN,/m 5kN,/m
‘

24kN/mb 32kN/m ~ / 16kN/m ground level
| C YYyyyyy
1.66kN,/m
S 5kN/m 5kN/m
V-
12kN,/m
’ d Z

e
13.66kN/m4/ | 5.0 | N 18.66kN/m

rlas @ ¥ ayadl 5 ooy paw b ae srx ol e o)) e -
(de)isioy ¥ e 3o 035 JSS oyl 13s 3 L 5 )
['[17(383:8'[10011 :8'[(60)] ‘:" U.on"' “6-9"*’ <la

(earth pressure)

ow. of upper lower
wall floor floor

W, =5%*4%4+32*%5+12%*5=300 kN

Weotar 300
fg'ross: A = 5*1 =60 kN/m

Fros =60] —12| =48 kN /m|

¢ =

By Eng. Fzz Fl-Din Mostafa . @



» Pa strip 1.0 width |
S 5kN/m 5kN/m
V-
I I
'me 32kN/m /// 16kN/m. ground level
1.66kN/m
S 5kN/m 5kN/m
V-
I I
B d 81 e
18.66kN/m S/ . N 18.66kN/m
£ =18 kN/m
5.0
For Joint b
> a
D.f = 0.75(1/4.0) _ Pe E
Yba  0.75(1/4.0)40.5(1/5)+(1/4.0) , ;
Df = 0.5(1/5.0) _
e 0.75(1/4.0)+0.5(1/5)+(1/4.0) ‘%’g I
C
Df = (1/4.0) —046 |
S,y .
0.75(1/4.0)+0.5(1/5)+(1/4.0) I I
For Joint d 4,
al 7 8l e
D.f, = (1/4.0) ~0.24 ‘
(1/4.0)+0.5(81/5)
0.5(81/5)
D.f = =0.76
]:ie (1/4.0)+0.5(81/5)
24.0%(4)°  16.0%(4)"
FEM = =R27.79kN.m
ba 15 117
2
Q9%
FEM = 32*(5.0) =—66.67kN.m @
b 12

c
By Eng. EFZZ Fl-Din Mostafa VoA




1.66kN/m

2 2 2
1.66*%(4 12*(4 1.66*(4
FEM. = (4), 12*(4) (4) S b
bd 12 30 124 -
2
13.66%(4 S
+ (4) _9.07kN.m 2
904 g o
@ ¥
2 2 2 T
—1.66*%(4 12*(4 1.66*%(4
F.EM = ()— ()— (4) <
db 12 20 904 v~ d
2 18.66kN/m/  \
_ 13.66%(4) =—13.61kN.m 13.66—1.66
124 =12kN/m
2
*
FEM = 48%(5.0) =7100.0kN.m
de 2
Jownt b d
member ba bc bd db de
D.f. 0.35 0.19 0.46 0.24 0.76
F.EM. 27.79 —66.67 9.07 —713.61 1700
Bal. M. 10.48 5.66 18.71 -20.78 —65.66
C.O.M. 0 0 —10.37 6.86 0
Bal. M. 3.63 1.97 4.77 —1.65 -5.21
Mf 41.85 -59.04 17.18 -29.18 29.18
R, =6.20kN Point of zero shear
r iy %24 ]*2=6.20 1.44
r [4 ] 2 =0. > r=1. 7’;’1
o Fea =M, =6.201—(~f *24)*(5")
K
24;4‘0 =48kN M+’Uf594 EN.m
< 16*1.0
I DN,

Ry =49.80kN ~__-
41.85kN.m

By Eng. Fzz FEl-Din
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Point of zero shear

17.18kN.m

(B.M.D)

0.83kN. b o
1.66+4£*12
6.64kN : o
| <
24kN :
| )
6.83kN | de=28'64’cN ];
| — 1
N~—~
29.13kN.m
z z
7.6‘6‘x+[7*72]*7+0.83=9.6‘6‘>=> z=1.94m
=M =9.66z—1 66xi—(i*72)*(i2)
+ve ’ 2 4 6
—0.83*(x—3i)—77.78=—6.55 kKN.m
59.04kN.m 52 /m )59. 04kN. T
b 50 c
80kN
80kN
> ] It al
V.
Y, | -
5.94kN.ml{ L~ |
K \ (N.F.D)
V \
41.85kN.m
59.04kN.m, | 5%4=20kN
|
17.18kN.m 20+80=100kN
N 4
40.96kN.m [ o—=r—o—=
| =40.14kN
120.87kN.m. | -
| 28.64kN
| - _
29,1 3KN. 100+5%4=120kN

By Eng.

.\ Rp=9.66kN
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Example(9)

3.3kN/m
_a 7 e
strip 1.0 width
o
L \23. OkN/m/ / 4.0kN/m, P
B 7 ¥ 77777'C
15.0kN/m =~~~ 77
20kN/m | 4.0 | 4.0 |
For Joint b,d,a,e
ba  Yde ab  Yed (1/35)+(1/4.0)
D.f =D.f,=D.f =D.f = (1/4.0) =0.47

<U_
For Joint c,f

f  (1/3.5)+(1/4.0)

D.f . =D.f =D.f. =D.f = (1/4.0) =0.32
cb cd  “fa  “fe  2(1/4.0)+(1/3.5)
DF =D.f = (1/3.5) —0.
of  “fe 2(1/4.0)+(1/3.5)
a_/ \ f/ )
A BN :
i Vel 7 \
\ LN L5
2 2
20.0%(3.5) 15.0%(3.5)
F.EM. = + =13.73kN.m
ba 20 124
F.E’.M.cfz— 13.73kN.m
2 2
—20.0%(3.5) 15.0%(3.5)
F.EM = - =—8.37kN.m
ab 30 904
F.EM. =837kN.m @

/j?/ Fng. Fzz Fl-Din Mostafa VoA



2
— *
FEM = 25%(4.0) =—80.67kN.m

Joint a b c f
member| af ab ba bc cb cf cd dc de ed ef fe fc fa
D.f. 0.47 | 0.583 | 0.58 | 0.47 | 0.82 | 0.36 | 0.32 | 0.47 | 0.683 | 0.583 | 0.47 | 0.32 | 0.36 | 0.32
F.EM.|—4.40 |—-8.37 | 18.73 |-30.67| 30.67 |-13.73(—-5.8383 | 6.33 0 0 4.40 |—4.40 | 8.37 | 4.40
Bal.M.| 6.00 6.77 | 898 | 7.96 |-8.72 (—4.18 | -8.72 | —-2.61 | —2.82| —-2.33|—-2.07 | —2.68| —38.01 | —-2.68
COM |—-1.43| 449 | 339 |—-1.86| 83.98 |—-1.561|—-1.26(—-1.86|—-1.17| —1.41|—-1.34(—-1.04|-2.09| 38.00
Bal.M.| —1.44| —1.62| —0.81| —0.72|—-0.839 | —0.44|—-0.839 | 1.42 | 1.61 1.46 | 1.29 | 0.04 | 0.05 | 0.04
My |—-1.27 | 1.27 |26.29 |-25.29|80.54 |-19.86|—10.70| 2.38 |-2.38 |-2.28 | 2.28 |[-8.08 | 3.32 |4.76
= &
S
> 3
« N
T T
I I
o N
£ S S
N 8 Jla =2 ¥« :
-~ N * |~ 22 ™|~ N
© A__. ™ o 2
S N X
™ o) <t
o __b __d __c __f I
O .0 .0 3 .a..ph ..N..od
R R R R R

Vostafa

Din

zz Fl

F
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1.27kN.m Point of zero shear
7

1 Qa X X
4.62kN " [55*20.0]*5=4.62 == z=1.27m
z o M —4.625—(E%20.0)%( %
| 35%20.0°\ 1ve4-622—(35720.0)*(5")
™
20.%*3.5 35 OkN +1.27=5.19 kN.m

Yo

N

gjt b k\ 15. 0;0'875=6.56‘kN

36.94kN ~—~
25.29kN.m

. 3.32kN.m
Point of zero shear —
x x I 7.49kN
[3.5*20.0]* 5 =7.49 = z=1.62m .
=M, =7.492— (%20 0)*(12) Z 200 |9
+ve 3.5 ) 6 3.5 <~V o
—3.32=4.76 kN.m 35.0kN
o
Se]
6.56kN c Sy
~_~7 84.07kN
19.86kN.m
1.27kN.m 4.76kN.m 8.08kN.m 2.28kN.m
< 3.3kN/m > ( 3.3kN/m )
R2.28kN.m
g’ 4.0 ji I 4.0 € P
€ | 1.838kN
5.73kN 7.47kN 8.05kN 5.156kN
N
o
25.29kN.m 30.54kN.m  10.70kN.m 2.38kN.m
( 28.0kN/m > ( 4.0kN/m. )
d | 1.33kN
0 4.0 c c 4.0 dl N .
2.38kN.m
44.69kN 47.31kN 10.08kN 5.92kN

9
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4.76kN.m . 8.-08kN.m

1.27kN.m, | /D - 2.28kN.m
3.59kN'm 7.42kN.m
3.32kN.m .
5.19kN.m
j 4.76kN.m (B.M.D)
30.54kN.m
1
10.70kN.m
25.29kN.m \ 2.88kN.m
. 1.46kN.m =
18.09kN.m
19.86kN.m
7.47+8.05
=15.52kN _ 7.49-4.62
=2.86kN 1.33kN
5.73kN 7 \ N 1
T 5.15kN||
(N.F.D)
47.31+10.08
=57.39kN
+ ’ I
44.69kN 1.33kN || £ gorn
. +
7 Z _ VG
36.94kN 162“?947,61?,4’07

By FEng.
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Example(10)

strip 1.0 width

a f e
[
15kN/m
s .. I | -
% g g ><:
N N
< <
(=) (=)
N 15kN/m N
o) C d
| 5.0 | 5.0 |

For Joint b,d

D. fl') a=D. fde=

0.5(1/4.0)  _
0.5(1/4.0)+(1/5.0)

(1/5.0) —0.62
0.5(1/4.0)+(L/5.0)

D.f, =D.f, =

c

For Jownt c

(1/5.0)

D.f =D.f = =0.38
cb cd 2(1/5.0)+0.5(1/4.0)
a s
D.f = 0.5(1/4.0) —0.24
of 2(1/5.0)+0.5(1/4.0)
ks -
—75.0*(5.0)2
F.EM. = =—-81.26kN.-m , F.E.M. =31.256kN.m
be 12 cb
20.0*(4.0)2
F.EM. = =26.67kN.m , F.EEM. =—26.67kN.m
ba 12 cf

By Eng. Fzz Fl-Din Mostafa VoA



Joint b c
member ba be cb cf cd dc de
D.f. 0.38 0.62 0.38 0.24 0.38 0.62 0.38
FEM | 26.67 —-31.25 31.25 —-26.67 0 0 0
Bal.M. 1.74 2.84 —1.74 —1.10 —1.74 0 0
C.0.M. 0 -0.87 1.42 0 0 -0.87 0
Bal.M. 0.33 0.54 —-0.54 —-0.34 —-0.54 0.54 0.33
Mg 28.74 —-28.74 30.39 —-28.11 -2.28 -0.33 0.33
g §
PN é s ™ gr\
Z ] < Z o]
: x g [
s I1°] 8 S N
o) o )
N3 N N3
§ 3
of 2 NEE S
Yl S| | ¥ ¥
(=] S
N N
> § 2
g O é s (&) g S 3 )
- N < S =
N . )
© .
N S
28.74kN.m 30.39kN.m 2.28kN.m 0.33kN.m
( 15.0kN/m ) ( >
0 5.0 c c 5.0 d
37.17kN 37.83kN 0.52kN 0.52kN
40.0kN
+
o
3 5 = 3
\l: + ? % + ltwj '‘N.F.D
™
N 3 s (N.F.D)
™ ~ c?
777777 o v - %777
11.26kN.m ’1 .89kN.m
30.39kN.
28.74kN.m m (B.M.D)
\ 2.28kN.m
) — 0.33kN.m
17.831kN.m 28.11kN.m @

By FEng.
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Example(11)

— Q =——90kN ‘
counterfort, b=0.40 m x

< |

™

S |

° |

| 102kN/m |

8 / 200kN/m |

1L b Y ¢ /[ |
, FAVANEN K

| 5.0 | 5.0

|
alaly Jasu(frame)ie 8,be sag(counterfort) fiw puosdl JSEJI

csaac ¥ Jias (Joints b,c) i 8392 gadl B8 JI 4(tank)
For Joint c

D.f = 0.75(1/5.0) =0.60 (fized—hinged)
¢ 0.75(1/5.0)+0.5(1/5)
F o= 0.5(1/5) —0.40 (symmetrical fized—fized)
cd  0.75(1/5.0)+0.5(1/5)
102*3.75 102*1.25
= = * * *
M =M _ P (1.26+8.75/3)+ p (2/3*%1.25)
+90*5=981.25kN.m
’IULz_ Moant.
Mcant. 8 <
200kN,/m
/II I N N N N N N >
WA c
Lo | 5.0 |
200*(5)2 981.25
F.EM. = - =134.38kN.m
_200*(5)2 Joint c
FEM = =—416.67kN.m member|  cb cd
cd 12 D.f. 0.60 0.40

F.E.M. 134.38 | —416.67
Bal.M. 169.37 | 112.92

@ M, | 303.75 |-303.75
By Eng. Fzz Fl-Din Mostafa VoA




X ’
|
|

| O
|
303.75kN.m |

| o b

- 981.26kN.m 2 | 2 2
321.25kN.m |

| 102%5,/2+90=345kN
dole ab _,.‘.\Lo -

(counterfort) sl 43 a3¥ yhp c9lus (ab) e (mormal force) ) Lo
(frame)y) Jio dgacdl I (bc) Jed o, JHiu

Example(12)

40kN ]
N
N
o)

18kN I
v
o
o3

18kN -
N
N
™

9kN -
v
o
o3

5.0

By Eng. Fzz

El—Din

Wostafa

daacd) 5 ) yaS) de gane Jiw (frame) JI 1in-
8 5354)) 2883 (5581 (tower tank) Jes3 3

(wind loads)zbll Jlex) S arle

‘.imul.: (frame) J) 1ds > & seual |l

plasind bl Wl (moment distribution)

2sd Gk oo BB Uiy

sl 5SLYI we (intermediate—hinges)

(B.M.=0) by ) sSaw



40kN
18kN
18kN

9kN

D)

(o}

(o]

o

(o]

2
§*3.76=2.5

L*3. 76=1.256

(%)

K

~\

5 *3.75=1.8756

I\

7

*3.75=1.8756

A

*3.75=1.8756

A

*3.76=1.875

7

Go|l\) C»:|~x l\:|- l\:|- l\:lﬂ

*3.75=1.25

K

*3.76=2.6

By FEng.

Fzz Fl
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40kN >
9
o
20kN
O<—— o
20kN
20kN 20kN
20kN 20kN
20kN 20kN
—=0 —0 —fi9
N
18kN o -
)
29kN -
O<——
29kN
51.75kN 51.75kN
51.75kN 51.75kN
29kN 29kN
—=0 —=0 —¢
v
[ 8
Q
18kN o —t
&
38kN -
O<—— O<i—
38kN
102kN 102kN
102kN 102kN
38kN 38kN
e 0 > 0 l‘)
™
@
9kN o ®
N
o= O ===
42.5kN 42.5kN
151.75kN 151.75kN
151.75kN 151.75kN
42.5kN
— >0 —s0
42.5kN o
]
42.5kN
— — 42.5kN
~_7 ~_7
106.25kN.m 106.25kN.m

YA



50kN.m

79.375kN.m
25kN.m ZV 54.375kN.m
125.625kN.m,
54.375kN.m / 71.25kN.m.
124.3756kN.m
71.25kN.m 53.125kN.m
20kN
106.25kN.m 106.25kN.m 20kN 20kN
(B.M.D) 9kN
51.75kN |+ 51.75kN
9kN
102kN | + 102kN| |
4.5kN
151.75kN + 161.75kN| |
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Design for crack control

5k, Jio 85Ul 5] Jolgedl (po o game (o) E5lo sl LS e
gl s le Il B85 Jalsed) ods 2o
losd 0] prdans] (2565 e dondused) 5 Lo id) SLaned) mpess o3 U
&) Jolsed) oinl

— Category one (protected tension side)

&rao KW C.]n.u' RalY K W) AW
i) s3ead) a8ladll GELY) y Boled) Slisad) Go Galal) policd] poan Jio

NI KYPS

o o

— Category two (unprotected tension side)

Brase jad Al C.h..,l ) KRR oAV

CU3S 5 tebol ol 3y 9loadl Gbliadl o asladl o s lodl Ciiwdl Jie

i gidadl YLl 5 Slalyad) 5 LS fie do gided) sbliadl o6 Lol
s @ gyeadl jazdl aslad) 8Ll

— Category three (severly exposed tension side)
§Hlo Jelged 2ojyew ol pawsl SI3 Sl

(e by abyee ) a8Lal) ylnadl olel LS 5 olaal] LIS Jio
. pLaJ‘ Jl.::-..g d‘” K.;o_).f.—a.” &Lo:ﬁ.o.” K

— Category four (very severly exposed tension side)

b)) Was lao Gands Jolged Bpen 4l lav) S8 &L
@ asyeal) Sl 5 gmall Gyall GBI 5 sl gsladl S
ol 4L

@
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o Wil ol oye ol e WS Gy (i) Lisell mres ie

0.30 mm for category one

0.20 mm for category two

Crack width >

0.1756 mm for category three

0.70 mm  for category four

— Classification of R.C. sections accordindg to exposure
of tension side to walter:

/ \ oo o) Uil sl sl Sleladl] ¢l !
] iE obeall Loy w2l laus]

B.M.D. of strip
Z-X f / in a water tank

Sec (1-1)

Tension stde is out stde the water =>Air section = Category two

Sec (2-2) & (3-3)

Tension side is inside the water==>Water section==>Catlegory three

Sec (4-4)

Tension stide 1is out stide the water =>Air section = Category two
oleid) was (Gl Ll ooy pae (el (gix(uncracked section)
sl las pae Gaay JUIL
Factors affecting crack width
1— Concrete cover — @l Waddl aw oly WlS #5001 joye J4
2— Types of steel used (steel 360/520 1is better than
steel 240,/350) @

By Eng. Fzz Fl-Din Mostafa YA




Swlas JBIL 5 Galol 565 (FO/¥E) Wwas Law 13,50 oS5 (0Y/F1) was
et gare Jis S 5sS laysdl o

3— Diameter of steel bar

F) Goye sl gued] Hla3 ol LS

( if A¢ =1100mm® = choose A, =6#16 is better than 4¢19)

4— Characteristic strength of concrete ( jgu)

(4919) (yo S| (6916) J dadac) dxlisadl 53 U3

Sl poye S pulail) was g @leyadl ol oloy () ©oly LS

5— Stress in steel RFT. (f. )

Sl paye sl (7, )oly LlS

71—

Concrete cover

€

Ry

S pancd) ¢ gle IS () ele aaies oyt sUatd) dogs

(5,45 o) ALY )
All elements ezcept R.C. R.C. walls & solid slabs
Category walls & solid slabs
S < R5 Mpa|f, > 25 Mpa|f, < 25 Mpa|f, > 25 Mpa
One 25 mm 20 mm 20 mm 20 mm
Two 30 mm 25 mm 25 mm 20 mm
Three 35 mm 30 mm 30 mm 25 mm
Four 45 mm 40 mm 40 mm 35 mm
als gnLo

By Eng. Fzz

El—Din
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2— Allowable stress in steel

J Wb Lasdl (o8 d gawsdd] Slolas Y| jaidss A
(category, largest bar diameter & type of steel used)

— For deformed high strength bars

o | Redustion fastor () | ety | Cogory | ey
(N/mm?)| st. 360/520 | st. 400/600 | Largest bar diameter (mm)
220 1.00 0.92 18 12 8
200 0.93 0.83 22 16 10
180 0.85 0.75 25 20 12
160 0.75 0.67 32 22 18
140 0.65 0.58 — 25 22
120 0.56 0.50 — — 28

(working stress design method)

ke pracil] Wl (3 (7, ) ainal] Joles oo (5,

(ultimate limit design method)

FExample

M =200 kN.m , b=300mm , d=700mm , f =25 N/mm’
st. 360/520 , category (2)

6
700=C, [|_RO0*710 C.=4.29 & J=0.81
1 300*25 1
4 =1, Mul assume 18 used = B, =0.85
* by Jdf
6
1 200%10 2
A = . =1149.00 mm? => 5¢18
s 0,85,,0.81*700*360;., @



3— Allowable tensile sitress in concrete

S 2 Slolas) ;) o S Gy (category 3,4) Olivd) A (4
i W3y Blysdl 6 & g yamadl A8 slanl a J51 @lu sl g Uil
gy Blsmd 23U de3le Bluysdl 508 LWL 5 plhadll §,55 pan

- ) wasd

The tensile strength of concrete [, =0.6//f N/mmz

> |The allowable tensile stress in concrete f,= %

plail) 5L ele asicy al) Sloland Gaiss Joles 5o (1) Eun

(t,) Lo
V""'t““l(tﬁ’j“’mess <100mm 200mm 400mm >600mm
N 1.00 1.30 1.60 1.70

where t, =t[1+ gctjar ]
ct/M

N M. M
(j::t)N :T & (f;:t)u = I y = 7

+ve sign if (N) is tension & —ve sign if (N) is compression

dole &_,:J.o-

(t,=t)| 4L Laid (bending moment) J| doyeadl SlelUad)) dls 4
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— Steps of design of uncracked section ( water section)

Stage (1)

N M

get the concrete dimension >=> calculate f, =+ 1 177

==check f, < f, (if f, >f, == increase dimension)

el Ao yu2 JUWIL 5 Fole sup gl ) Gled) Belaxd) ode 4
Stage (II)

Calculate steel RFT. (by design equations)

Load pdawl (@) dnlo,ad) Sleladll piadis &5Y1 SYLJI (65 o Sgm
SILL Wb (stage LID) Gaids o (ole (water sections) olael) a5 e
a3 Y|

1— Design of sections subjected to axial tension (T)

Stage (1)
b*t(mm)=1 000 k T,
where
ko posdl Jsadl Go ks (£ f ) wle adiey Jules

T = working axial force (kN)
83LL (60 mm) 33 (1) <55

specail case

For walls and slabs b=7000mm ( r‘“*’"ﬁ Ao 5 )

= |t = k Ten

©
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fou Foto fs (N/mm?)
(N/mm?)|(N/mm?) oo | 200 | 180 | 160 | 140 | 120 | 100
175 | 084 |1.197] 1.14 | 1.13 | 1.18 | 1.12 | 1.11 | 1.09 | 1.13
20.0 0.90 /1,117 1.06 | 1.06 | 1.06 | 1.04 | 1.03 | 1.01 | 1.05
22.56 | 0.96 [/1.04/] 0.99 | 0.99 | 0.98 | 0.97 | 0.96 | 0.94 | 0.98
25.0 1.02 (00987 0.93 | 0.92 | 0.92 | 0.91 | 0.90 | 0.88 | 0.92
27.5 1.08 [0.937] 0.88 | 0.87 | 0.86 | 0.85 | 0.84 | 0.83 | 0.87
30.0 1.14 [/0.88/] 0.83 | 0.82 | 0.81 | 0.81 | 0.79 | 0.78 | 0.82

alb yole -
(f, =00) J Wlidl (k) 1L Jaawsl

k

av.

Stage (II)
As _ Tu.l.
%r’ (.fy /ys)
Example (1)
Toies 150 kN , b=1000mm , f,=25 N/mm’

st. 360/520 , category (3)
Stage (I)

b= Kk Thy =0.98%150=147mm == take t=150mm

Stage (II)

— Tyt
T R (fy /)

3
A, =190 15%0 94559 mm® /m => use 8#12/m

S 0.85%360/1.15

A

assume @12 used > f,=0.85

By Eng. Fzz Fl-Din Mostafa VoA



Example (2)
200 kN , b=300mm , f.=25 N/mm’

r . .=
working

st. 360/520 , category (3)

Stage (I)
O* () =1000 k Ty
300 t =1000*0.98*200 > t=653.30 mm
==>Take t =700mm
Stage (II)
Tt assume #16 used > f,=0.756

A —
TR ()

3
* *
A, = <00%1.5%70 =1277.78 mm® => wuse
0.75*%*360/1.156

7$16

2— Design of sections subjected to pure bending moment

Stage (I)
M*10°
t =12
(mm) V b*factor
where 8oL3L (60 mm) o839 (1) oy
M = working bending moment (kN.m)
b = width of cross section (mm)

specail case

For walls and slabs b=7000mm ( ‘.\Ln.,‘o).c oy )

By Eng. Fzz Fl-Din Mostafa



_ | M*10°

> =
(mm) V  factor
Tou 2 25 27.5 30
(N/mm®)
tmm tall. Mdes. mm f;fau’ Mdes. mm ftall. Mdes. tmm
200 |2.3|15.3| /M*10%|2.4|16.0| /M*10% |2.5|16.6| /H*10°
0.38 0.40 0.41
400 |1.8|48.0| /M#*19°|1.9|50.6| /M*19° |2.0|53.3| /M*10°
0.30 .31 0.33
600 |1.7|102| /M*10°|1.8|108 | /M*10° (1.9 1714 | /M*10°
0.28 0.30 0.31
Stage (1I)
M, 1. M,
d=Cy | —guf - & As=T*Tegs
Tou br 1,

Example (3)

M

=14 kN.m

working

st. 360/520

Stage (1)

(mm)

==>Take t

, category (3)

/

By Eng. Fzz FEl-Din

M*10°

factor

/

=200mm

14%10°

0.38

Wostafa

, b=1000mm , f =25 N/mm’

=1971.949mm



Stage (II)

Mu'l'=7.5*74=21 EN.m , assume cover=40mm
6
160=C, / <1*10 C,=5.52 & J=0.826
1000*25
4 =1, Mul assume $12 used => p_=0.85
ST, Jdf
Y
6
1 21*10 2 : ’
A_= . =5719.28 mm” /m > 5%/ m
S 0.85 (0.826*160*360 / P12/

Example (4)

M, ..=20 kN.m , b=250mm , f =25 N/mm’

working

st. 360/520 , category (3)
Stage (I)

6 6
* *
Ay T ey Ty -
(mm) V  b*factor 250*0.28

=>Take t =550mm

Stage (1I)

Mu‘l‘=1.5*20=30 kEN.m , assume cover=50mm

6
500=C, / 23500**7205 c,=7.2 & J=0.826
A= é . }f;l assume @12 used > f,=0.85
o J.df,

By Eng. Fzz Fl-Din Mostafa YA @



6
1 30*10 2
A = . =287.38 mm
$ 0.85 0.826*500*360

_ 1.1 _ 1.1 . _ 2
A = 7 bd = =0 250%500 =381.94mm’> Ag

1.7 pd = 11 250%500=381.94mm
%, 360

2

Ay = 1.34, =1.3*287.38=808.60mm?

mv req

0.715 yq — 915 550x500=187.50mm?
100 100

A, =308.60mm° = SPp12

mwn

3— Design of sections subjected to B.M. , Normal force

case (a) : Normal force is compression

6
Stage (1) ¢ M0 o0mm

(mm) b*factor

80L3L (60 mm) o ,8¥ (1) o,

Check stresses > f, =— ilv + g < Ju
Stage (II)
— < 0.5
=M . & _|
N t
. > 0.5

'Lf:— < 0.5 = wuse interaction diagram

By Eng. Fzz Fl-Din Mostafa YA @



Nu.1. 7]
calculate iy & oF 1. >  getP

—4
s |A = A =P *10 *f *b*¢

'if:—> 0.5 = eg =e+2L—co've'r > Mys=N,*e,

/|

— Mys _ 1 Mys N1,
=y g S R T A

case (b) : Normal force is tension

6
Stage (I =/ _M*10
ge (1) Yo\ pgactor T HOMM

80b3JL (60 mm) @83 (1) @)%

T M
Check stresses = f, =+ 1T < L

Stage (II) ,
— < 7 —cover
M
e = ¢ T |
>—— —cover AS7 S i
— 772 . S Tt
t g °
1f e <—3~ —cover ) Asz; T
N \
\
t t
> a=—- —e—cover b=7 +e—cover
T.b T.a
= I at+bd Iz a+b
5 > A ,‘I;'wl Ewl

= . R A So .
) R /) ®
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. t
if e > 5~ —cover = es =e—— fcover = M,~T, *e,

_Mys A Tui
b*fcu & As— Bcr [J*d*fy + f,;//y ]

s

Example (5)

Myriiiz30 KN-m N, .. =50 kN (comp.) , b=1000mm
f.,=25 N/mnt , st. 860/520 , category (3)
Stage (I)

* 3 % 3
t =/ M0 oomm= /32" o0mm=296.23mm
(mm) V  factor 0.3

==>Take t =300mm

Check stresses

3 6

7 __i+£ __ 50*10 30*10

t™ A4 " Z ~ 1000*300 ' 1000*(300)%/6
=—0.17+2=1.883 N/mm?

tv =t[7 . (j::t)N]

(f(.:‘t)M
t,=300[1- 21" ]=274.56mm = f,= %ﬂ.aw/mmz
Stage (II) = f, < f, (safe)
M,,=1.5%30=45 kN.m , N,,=1.5%50=75 kN
o= %:l‘ =22 =0.60m
e 0.60

=030 —<0 > 056 ( big eccentricity)

>z Bl /)mz/() lafa

_ .t 0.30
e, _emg/ —o= 0.60+ —~0.04=0.71m @



M,s=75%0.71=563.25kN.m
d=300—40=260mm

6
260=C, /5325*70 C,=5.6 & J=0.826
1000*25

N1,

_7 Mus _ u.l
Al ey T A

assume #1712 used = B,. =0.85

_ 1 [ 5325%10° _ 75%10° ]
s 0.85'°0.826*260*360 360/1.15

_ 2 ) )
A =528.44mm" /m’ >=> 5S¢12/m

A

Example (6)

M =40 kNm , T =40 kN (ten.) , b=1000mm

working working

f.,=22.5 N/mm’ , st. 860/520 , category (3)
Stage (1)

* 3 * 3
t =/ M0 somm= /20 somm=117.96mm
(mm) V  factor 0.28

==>Take t =450mm

Check stresses

3 6
M 40*10 40*10
Z ~ 1000*%450 ° 1000%(450)%/6

=0.09+1.19=1.28 N/mm*
(fot Iy 7

(fot Ju

0.09
t,,—450[7+—1‘19

T
Je=t—4 7

t,=t[1+

[=484.03mm =— f,= % =1.67N/" mm

= f, < [, (sa{?) @

By Eng. Fzz Fl-Din Mostafa



Stage (1I)

M, ,=1.5%*40=60 kN.m , T ,=1.5%40=60 kN

o= jil/{:zl =80 —1.0m >% —cover (assuming cover—40mm)
e, =e—5+c=1.00-2#210.04=0.82m
M,=60*0.82=48.90kN.m

410=C, \/47%300:27365 c,=8.8 & J=0.826

R RS

assume @12 used > B, =0.85

_1_ 7 4890%10° , 60%*10° ;
s 70.85 10.826*410*360 360,/1.15

_ 2 ’ ’
A =697.36mm”,/m’ = 7#12/m

A

-9 Y m_,:.].o-

‘_;32” &Lu‘ Loy asLd (Catego'ry 3,4)&“).45” ﬁm,a.‘ Qe

case (a) : Flange is at compression side

Stage (I) D=3t T B=b+6ts T
N ﬁ | | ﬁ \
% jts % + jts
e | | — |
177 Y
¢ ¢
L—sec T—sec

©

. b | b
By Eng. FzzZ Fl~Din Mostafa .



¢ MO e 0y 5 ;
(mm) V b*factor (0.6-0.7) (60 mm) <,3¥ (1) <8

(inertia) (e 3351 955 (T, L—sections) OleWadl (inertia) & 3(t) L5
(b,t) I i L) glI(R—sections) &leUadl

Calculate is &g > from tables get p.,n

= Get y=nt , I=("*10 9Bt , A=Bt_ +b(t-t, )

_ N, M(t-y)
Check stresses fi =+ ) + 7 < Jet
B, Be
Stage (II) f f f \ f
N— ‘ 3 ‘ \ ‘
kT I
t ¢
L—sec T—sec
1y oy
"~ Bt +b - 16ts +b
p=| CL —CL. Js3 B= C.L. — C.L. J5¥
KL KL
70 70 5 7
_ M1, _1! My,
d—C, Tféu & As= %r* J*d*fy
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case (b) :

Flange is at tension side

Stage (I) B=b+3t;  B=b+6t,
1 1 1 1
_ | | |
T e
rYa \ \ rva ‘
177k 77y
¢ ¢
L—sec T—sec
Lo Lo
6
M*10
= *(0.6-0.7) (60 mm) <83 () < %

(mm) V p*factor

Calculate is &g > from tables get p.n
> Get y=nt , I=(H*70_4)Bt3 , A=Bt, +b(t—t, )
N M
Check stresses = f, =t Iy < f,
Stage (II) \ N
i i ;
¢ :
R—sec R—sec
L § L ;
Lo Loy

(R—sec) g Uil O JWL 4 4l &b (flange)d) o) L

— Mu.l. — 1 Mt_c.l.
4=, | gt o ATRTTR, ©
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(water sections)olelalll asaas yaxlo

1— Design of sections subjected to axial tension (T)

Stage (1) |b*t,,,.,=1000 k T

specail case

For walls and slabs b=7000mm t(mm)= k TkN

where

koo dolaadl oo 3805 (5 f ) sle adien Jolew

T = working azxial force (kN)

83531 (650 mm) «,3¥ (1) o8

Stage (II) A, = B ?;l./ ;
cr\Jy YS

2— Design of sections subjected to pure bending moment

Stage (1) w*10°

(mm) b*factor

ecail case
SP ./ Mr10”
For walls and slabs b=7000mm |mm) V factor

where

M = working bending moment (kN.m)

Stage (II)
— Mu.l. _ 1 Mt_c.l.
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3— Design of sections subjected to B.M. , Normal force

case (a) : Normal force is compression

(]
Stage (I) t = _M*10

(mm) b*factor

83L3L (50 mm) «,5¥ (1) o)

-20mm

Check stresses > f, =— N , M <
A Z ct
Stage (II)
— < 0.5
e=HM ., e
N t
L > 0.5

if:— < 0.5 = wuse interaction diagram

Ny.i. & My

calculate

> get P

—7
s |Ag= Ag=P *10 *f *b*t

if:—> 0.5 = e =e+2L—cove'r > Mys=N,*e,

M,

1 . M
_ us — us .
d=Cy | —gef-- & As=*[ T*d*f,

L. ]

Ny
y/ s

case (b) : Normal force is tension

6
Stage (I) ¢ _M*10_  40mm

(mm) b*factor

8aL3L (50 mm) o 8¥ (1) o8

T M
Check stresses = f, =+ Tt < [Ty
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t
— < 7 —cover
e:£ ——)1 e — \
T o |
S t AS1 3 I
L 2 co've'rwe QQ’LT
¢ g °
1f e <5 —cover ) ASZ} T
N [
\
t t
> Q,:? —e—cover , b=7 +e—cover
T.b T.a
I = a+b , Ty at+b
rh Bt
s 'u: A — w.l. , A — w.l.
T B (fy /) 2 By (fy /%)

. 4 t
1f e >— —cover = es=e——; +cover > M,~T,,*e

R R
_ Mus _ 1 Mus Tu.l.
d—C7 \/b*—f;u & As= Bc'r*[ J*d*fy 7 fy ys]
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Example (7)

For the giwen figure, it 1s required to:
1— Design the critical sections.
2— Draw details of R.F.T. to scale 1:25

Given : f, =25 N/mm® , steel used is 360/520

X

r ] | <)
(B.M.D) N | (N.F.D)
©
" | 1.62,
o| 14.22kN.m [}g | 4 *92.5=37.46kN
¥ |
| + strip 1.0 width
54.07kN.m\ |
r 11 2 92.5kN

+
38.43kN.m , 66.85kN

| 4.0 |

2l gl -

Sluos o8 Wi [sec(7) is a water sec.] ) axs JUa)) lda (66
(stage II)(» @-lu'-iJ‘ Qe @5 (stage 1) ais 53

(t, =250mm) &Ll o8 Ui [sec(2,3) are air sec.] Low
8yl (stage IT) o godeitd) s o3

Sec (1—1) water section

M,,,.,=54.07 kNm , T, . .=925 kN , b=1000mm
Stage (I)

% 3 % 3
=/ M0 omm= /2E0TM0 L 0mm=479. 44mm
(mm) factor 0.28

=>Take t =500mm

)
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Check stresses

3 6
T M 92.5%10 54.07*10
Ji =t 4 "7 =" 7000%00 1000%(500)% /6

=0.19+1.30=1.49 N/mm?

0.179 0.6/25
t,=500[1+ 4 g5 ]=5673mm == f,,= — "~

= f, < f, (safe)

=1.76N/mm*

Stage (II)

M, ,=1.5%54.07=81.11 kN.m , T,, =1.5%92.5=138.75 kN

My g1.11 _ t
T, —738‘75—0.58771, >—— —cover

2

e, =e—4+0=0.68-22010.04=0.37m

M,s=138.75*%0.37=51.34kN.m

6
460=C, /57‘34*70 c,=10.2 & J=0.826
1000*25
A *[ + Ty | assume $16 used = B,=0.756
B J*d*f /

4 = 1 [ 51.34*10° 4+ 138 ’75*70 ]
s 0.75 0.826‘*46‘0*360 360/1.15

=1091.41mm* /m’ = 6416,/m’

Sec (2—2) air section

M, .=38.43 kNm , T =66.85 kN , b=71000mm
working working

Stage (II) assume t=250mm

M, ,=1.5%*38.43=57.65 kN.m , T, , =1.5%66.85=100.28 kN

My _ 5765 _ t
T 0.28~ 0.57m >7 —cover @

/;Z/ Fng. Fzz FEl-Din Mostafa YA
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e, =e—L5+0=0.57-9%22+0.04=0.49m

M,s=100.28%0.49=49.14kN.m

6
210=C, /49.74*70

C,=4.74 & J=0.82
1000*25

Ty,

A = %r*[ J*le"‘fy + / | assume #16 used => $,=0.93

3
4 =1 [ 49.14*10° + 100.28*10" g
s 0.9370.82%210%360 360/1.15

=1196.80mm® /m’ = 6¢16/m’

Sec (3—3) air section

M =14.22 kN.m

working

Stage (II) assume t=250mm

, T =837.46 kN

working

, b=1000mm

M, ,=1.56%14.22=21.33 kN.-m , T,, =1.5*37.46=56.19 kN

_Mur  271.33 t
e= T, 5619 =0.38m >7 —cover
e, =e—5+0=0.38-%£2+0.04=0.29m

Ms=56.19*0.29=1716.55kN.m

6
210=C, /76'55*70 c,=8.2 & J=0.826

1000*25

4 = ér*[ J*:f;"f f / | assume #1712 used => B, =171.00

A =1 16.55%10° 56‘.79*703]
s 77.00 Y0.826%210%360  360/1.15

A =444.53mm 2im = 5p12/m’
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Example (8)

For the giwen figure, it 1s required to:
1— Design the critical sections.
2— Draw details of R.F.T. to scale 1:25

Given : f, =25 N/mm® , steel used is 360/520

(B.M.D) (N.F.D)
_ > - X . 18KkN
S | strip 1.0 width
N |
A |
i I | _ 31.20kN
~ - :
17.83kN. ™ 60.62kN
/
1 8.12kN.m £3 A
|+ 42kN
| 37.86kN
| 4.0 |
Sec (1—1) water section
M, .=60.62 kNm , T, .=37.86 kN , b=1000mm
g working
Stage (I)
M*10° 60.62*10°
=\/——— +40mm-= +40mm=505.3mm
(mm) V  factor 0.28
=>Take t =550mm
Check stresses
T M 37 86‘*703 60 62*706
Ty :+A—+7 =7 1000*550 * 1000%(550)% /6

=0.07+1.20=1.27 N/mm?
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0.07

0.6/25
1.20

t,=550[1+ 7.7

]=682mm =— f = =1.76N/mm?
= f, < f, (safe)

Stage (II)

M, ,=1.5%60.62=90.93 kN.m , T, , =1.5%*37.86=56.79 kN

Mui _ 90.93 t
=T,  56.79 = 1-60m > —cover
e, =e—L5+0=1.60-9%2240.04=1.37m

M,s=56.79*1.37=77.58kN.m

6
510=C, / 77.58*10

C,=9.16 & J=0.826
1000*25

Ty
A B [J*d*f -/-f/ | assume $16 used => B,=0.75

4 =1 [ 77.58+%10° 4 56‘.79*703]
s 0.75670.826*510*360 360/1.15

2 ’ ’
A =923.96mm~ /m’ >=> S¢16/m
oY ol Biy) Job le pinds Gyes (£, =550mm) L3 o) L3

(Tigid) 53] dus)) 655 G~ (rested) Ol
Sec (2—2) air section

M =17.83 kNm , N =31.20 kN

working working

Stage (II) assume t=250mm

, b=1000mm

M, ,=1.5%17.83=26.75 kN.m , N,, =1.5*31.20=46.80 kN
_Mur _ 26.75 _ e _0.57 _ .
e=T =46.80 =0.57m >== 4 =557 =2.28>0.5 (big ecc.)

e, =e+5—c=0.67+%£2-0.04=0.66m
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M,s=46.80*0.66=30.73kN.m

6
210=C, /3073*70 C,=5.99 & J=0.826
1000*25

1 M, N,
A = Bc'r*[ J*zls*f 3 / | assume #12 used = B,=7.00

A4 = 1 [ 30.78*10° 46.80*703]
s 1.00 " 0.826*210*360 360/1.15

2 ’ ’
A =342.61mm" /m’ >=> 5¢12/m

Sec (83—3) water section

M,,..=812 kN-m , N, ,.=42 kN , b=1000mm
Stage (I)
M*10° 8.12%10°
=\/—— =20mm= ' —20mm=126.2mm
(mm) V  factor 0.38

==>Take t =250mm

Check stresses

3 6
g N M __ 42040 812410
t~ A Z  1000*250  1000%(250)%/6

=—0.17+0.78=0.61 N/mm’ < f, (safe)
Stage (II)

M, ,=1.5%8.12=12.18 kN.m , N, =1.5%42.0=63.0 kN
A, =5912/m’
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Example (9)

For the giwen figure, il 1s required to:
1— Design the critical sections.
2— Draw details of R.F.T. to scale 1:25

Given : f, =25 N/mm® , steel used is 360/520

strip 1.0 width

40.0kN
+
' O
o
3 33 3
Q
S|+ 3|7 | (N.F.D)
N o @
%] N P
o P ]
<

Q
U f.ach.m ***** Ko ——
3
N 30.39kN.m

28.08kN.m. (B.M.D)
\ 2 1| 2.28kN.m

- 0.33kN.m
17.64kN.m \QWNM
5.0 | 5.0
Sec (1—1) water section
M, ..=30839 kNm , T . =40.0 kN , b=1000mm
workwng workwng
Stage (I)
M*10° 30.39%10°
=\/ —— +40mm-= +40mm=3858.28mm
(mm) V  factor 0.30
==>Take t =400mm
Check stresses
3 6
T M 40.0*10 30.39*10
Jy _+A—+7 =7 1000%400 * 1000%(400)% /6

_ _ 2
=0.10+1.14=1.24 N/mm°< f, (safe) @
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Stage (II)

M, ,=1.5%30.39=45.59 kN.m , T,, =1.5%*40.0=60.0 kN

My — 45.59 t
e= T .~ 60.0 =0.76m >7 —cover
e, =e—4+c=0.76-22010.04=0.60m

M,s=60.0%¥0.60=36.00kN.m

360=C,

\/36.00*706

¢C,=9.49 & J=0.826
1000*25

1 My T,
A = Bc'r*[ T*d¥F, + / | assume ¢12 used == B,=0.85

A =T 7 36.00*10° " 60.0%10° ]
s 0.85°"°0.826*360*360 360/1.15

2, ,
A =621.183mm"/m’ >==6¢12/m

Sec (2—-2) air section

M =17.64 kNm , T

working

iin=40.0 KN, b=1000mm
Stage (II) assume t=250mm

M, ,=1.5%17.64=26.46 kN.m , T,, =1.5%40.0=60.0 kN

M
= Tu.ll. = 26%436 =0.44m >2L —cover
u. L. ¢
e, =e—L5+0c=0.44— 9224 0.04=0.36m

M,s=60.0%¥0.36=21.36kN.m

6
210=C, \/27‘36*70 c,=7.18 & J=0.826

1000*25

A = %r*[ J*és*fy + / | assume #12 used = B,=1.00
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Example (10)

For the giwen figure, it 1s rTequired to:
1— Design the critical sections.
2— Draw details of R.F.T. to scale 1:25

Given : f, =25 N/mm® , steel used is 360/520

4.76kN.m . 8-08kN.m

1.27kN.m | /E - 2.28kN.m
3.59kN.m 7.42kN.m
3.31TkN.m |
5.19kN.m
j 4.76kN.m (B.M.D)
30.54kN.m,
1
10.70kN.m
25.29kN.m X .s:; { 2.88kN.m
i \\J/ : 1.46kN.m. =
18.09kN.m
19.86kN.m
7.47+8.05
=15.52kN _ 7.48-4.62
—\ =2.86kN 1.33kN
5.73kN = \ 5.15kN||
. (N.F.D)
o 47.831+10.08
=57.39kN
, |
3 44.69kN 1.33kN || £ gorn
. +
Z Z _ ez
36.94kN i‘;‘%‘;kff‘ o8
4.0 | 4.0
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Sec (1—1) water section

, b=1000mm

working

M,,,..=30.54 kN.m , T, . =44.69 kN
Stage (I)

10> *10°
=/ M0 4omm= /32910 4 0mm=359.06mm
(mm) V  factor 0.30

==>Take t =400mm

Check stresses

3 6
fe —+A—+7 =+ 1000*400 * 1000*(400)% /6

=0.11+1.16=1.26 N/mm*< f_, (safe)
Stage (II)

M, ,=1.5%30.54=45.81 kN.-m , T ,=1.5%44.69=67.04 kN

Myi _ 45.81

t
T . ~67.04 =0.68m >7 —cover

e:

e, =e—L+0=0.68-92010.04=0.52m

M,s=67.04%0.52=35.08kN.m

6
360=C, /3508*70 C,=9.61 & J=0.826
1000*25

A

1 M,
s — @”*[ J*éfkfy * / | assume $12 used > B,=0.85

g =1 [ 35.08*10° 4 6‘7.04*103]
s 0.85°"0.826*360*360 360/1.15

2 ’ ’
A =670.45mm”/m’ >=> 6¢12/m
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Sec (2—2) water section

M,,.,=2529 kN.m , T, . =44.69 kN , b=1000mm
Stage (I)
M*10° 25.29%10°
=\/— +40mm-= : +40mm=330.34mm
(mm) V  factor 0.30

=>Take t =350mm

Check stresses

3 6
Je =+ 11t 7Z =" 7000%350 T 1000%(350)%/6

=0.13+1.24=1.37 N/mm®< f_, (safe)
Stage (II)

M, =1.6%25.29=37.94 kN.-m , T, ,=1.5%44.69=67.04 kN
A, =6912/m’

Sec (3—3) air section

M, ..=18.09 kNm , T .. -=3694 kN , b=1000mm

working

Stage (II) assume t=250mm

M, ,=1.5%18.09=27.14 kN.m , T,, =1.5*36.94=55.41 kN
A, =5912/m’
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