EFlevated tanks

— Types of elevaled tanks

a— Open channel

b— Open channel with top horizontal beam and ties

counterfort
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d— Rectangular tanks

/ ////////////////////////////////////7// P
a Vi
4 V

> //////////////////////////////////////////

HZ. beam without ties HZ. beam with ties

f— Shallow tanks g— Deep tanks

/////////////////7/ P

P
77777777 / /

A 77727777777 77777772,
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a5 Yl yolicd) o (5SS (elevated tank) o) pwan ahLadl ¢153¥)

71— Floor slabs OIadl o)
2— Side walls Ol Lt ) oo

3— Swupporting elements (such as beams, ties, columns,..)

1— Floor slabs oladl dup,|

— Types of floor slabs

Ls
g {R650mm)

a— One way slabs (tf:7

Lol o (e 5355 50(0me way) Slbis e 5le Gl dao)) (685 Cua
\(open channel tank) Jie O1pS8S Jaes gl Glasdl

;

strip 1.0 width

ANV

DS

0000000
Wy =t T+, b
INRNERERRRNRNRENY

one way slab

W, =tV + Ny h

wy kN/m

2
NENNRERRRRRRNNNNEN kN/m

777777

| L |
strip 1.0 width

Ls L
& R60mm) T. < 2

a— Two way slabs (tf:

Lol o (e 5355 50(two way) SUbds e 5)le ) Bl (585 Cus
(rectangular tank) Jie 1SS Jaes @l ol5ad)

AWy kN/m B, kN/m
[ITTTTTTTTTTTTT [T T T TTTIT

ﬁLB
z bs | L T L L T
tl | strip (1) strip (2) @
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How to get o &P

Calculate

m L
m Ls

r= >1.00

(LL, )ibyd) JIsbl JUasl il gle i85 & Yoalow (m,m) Suum

S'trip & 2 | = —-——=—

m or m| 1.00 0.87 0.76

4
o T

R b= 1+74

1

(Grashoff equations )

dola QLB”J;O-

Joshall olas ¥l 5 Jaodl B o8 (B) 5 adl) oL F1 (g Jandl fanss o (@)

(T*:%) sy WU (rer) o) Ul (o3

(X:1+(7J94 )

() g1
1+ ()

Joslall olos ¥l 5 Jand) G 2 (0) 5555 Alodl odn 4 o
el sL3Y) (5 Jand) s 4o (B
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2— Side walls Ol kb ) g

a— Cantilever walls (tw:% £250mm )

SSSSS

NN\ SO
y

strip 1.0 width T
h
/ \ > >
Yl Yot

7777
| L |
strip 1.0 width

il QU’o":sLo-
(h<3.0m) Ll glis,) o) Ll 850 5,0 guoy piy ¥-)
(3.0m) se (cantilever wall) Jo Wl Lbladl ¢lis,) 50k Jads 3

JUasl aie ;S (@luys plad Zliss JUIL 5 5,08 pgied] (555 Y (i
i, YU Lol

b—0ne way in vertical direction (t, :%36 50mm)

R.C. cover
______ 5 e
(hz. beam)

h<56.0m h<5.0m

> Yol

b'
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c—Two way slabs (t,= 1L6? £250mm,) Li < 2

el 520 acdl o (L, ) Cun

@) wall (1)

‘,)0»“

gt‘h
\
Q
=
strip (1)
>

For wall (w, ) :

N
m L1 0. 76L7 ( ) I h) . N a 5
= = assumin > N
m h _ 0.87h g L1 \
RN N\ NANNNANANANNNNNN
b |
1 k
L, i 1 R
h > h
jh/4
| - 1
oaYwh BYwh aYwh BYwh
hw h=w, load 1n

vl. direction

h strip 1.0 width
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For wall (w, ) :

~m h  0.87h
“m L, 0.76L,

r

|

//é\-\;)‘“
v
e

P

— VL. strip (2)

__g[>

Bw,

I AN

/1

7 \%h

Y. h L

77777

— HZ. strip (8) at (h/4) from floor

]
(assuming h>L, ) h[

<R

PP
Brwh oYwh

strip 1.0 width

>=bh‘

jh/4

strip (3)7

/
L, |
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_“i_a

N~

e B

—

jh/4

P
Brwh %Ywh

load in

vl. direction

0.

0.7507 h

75B v,k

0.75B Y,k

0.7507,h

L,

S



L\‘;n
Y%
N

d—0One way in horizontal direction (deep tank)

(t,= 1L6S £250mm)

@) wall (1)
'\))01\’\' // — /
7 / [ /
tw %
~ ‘—‘C =
£ %
; %
N §
% 7 %
Ly |
For wall (w, )
L,
|
|
)
|
|
I > h > h

=N

| _1 A
Twh Ywh

|
l
‘A\? load 1n
vl. direction
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For wall (w, ) :

L,

’/ ' Twh
o

=N

Twh

load 1n
vl. direction

<R

w i <k w i
Strip (1) Strip (2)
h h
1 \ / 1 \
> Vb Tyh 2 ; T,k
L, | | L,

Strip (3) : horizontal strip at(%)

- HITTTT T TTTTT I
— 0.757,,h —
= =

~ [ g

1 ge 3=

—° 0757v,h °H

RN RRNNRRNARRRANERN
L

1
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3—Supporting elements

1— Top horizontal beams

a— Horizontal beam of open channel tank

 RykN/m > . R kN/m
h
r
L \ /
4 Ywh wah’ b
| L |
. N

- P Twe %

'é, |

g| [AR, kN/m <

3

% [ Tie = _R; *(S)?

) % M—’ue_ 12

e u,, =B S) 2<

2 F . +v 24

— P e O Tension in tie=R, *S

= A

b— Closed frame without ties (L<7.0m)
R, kN/m ; . R, kEN/m

e VL strip (1) FiE - /

|

h h A S

/1
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|
| [TTTTTTTTTTTTT IO | T
—H . R kN/m .
g fEVm eE v
H X N= |
= Y=
~g — = = [ |
— £ = B.M.D. - NF.D. |+
= R kN/m |
| [T TTTTTTTTITITITTITTITTH0d \ |
| L1 | —
|

Loads on top hz. beam

d— Closed frame with ties (1L>7.0m)

T
PRI RN NNNNNNEONRNRNIIN X =
= 7 R kN/m N\ . |
= A |
= > N =
3 HZ = A
=3 oS 9 el
AN R kN/m
| MIIITTIOTTTTTTTITTII] w

Loads on top hz. beam

£ ]
N}/ Ebsale -

J.J.ﬁ.:J(t’Le)&»,o‘g Jﬂﬁ:(?Om)UA ‘).IS' O‘)ASJ' Jjjo U' aJls 6_9
Jass Cuso(rigid) 0535 LWL 5 5,50 (lateral displacement)

(vertical wall) ) dawadU 535.5,5

/\
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2— Floor beams

— Method (1)

5,0501 ole Jlan Y] Olusd ik, b ax g

(R, kN/m) 55500 (ele 80 gacdl p51,50) Jled) 050, puSes Cun

A INENSS Eaaas
Strip (1) | |
i B B o B i
3 /Ir strip(1)(y /X "/ /. "/, ///{/
OL’LUf
N 71 : = = = I
JAN JAN | |
R, lcN/mT TR, kN/m b i B
(o.w.+R,) kN/m
|||||||||||||||||||||||£ N y
7 L A~ | B A —2
B.M.D. S.F.D
— Method (2)

e ; —— H————- -
AN / AN / AN /
| N\ T / N 1 / \ T /|
| N\ / AN / AN / |
SR O S O
<l | | I
VAN AN = | L | |
| L | ' A A R X '
| 71\ /1 \ VARREN I
| 7 1 \ / 1 \ / l N
|/ N\ / AN / \|
ﬂ N S W
LS LS
o.w.+ce7wf o.'w.+ca7wf
IINRRRRENRRRRRNERERENEN] IINRRRRRRNRRRRRRNRNNREN]
A o A Iy
| L | | L |

load for moment

©) Eng. Ezz El-Din

load for shear
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3— Wall acts as a beam

g U LY Bl gl 55088 faeg L6L) 1 Lyl 5 s LS -
o_).oS LmJL:.\.DL’ LMJ.D a.c_9|‘9J| ‘JLoa-y' uL.u.x

550 ol Jlon 31 Gl L8,k 0z -
— Method (1)

wall (1)
e

7

7

TN VL. strip (1)

strip (1)
>

r N\ /1

L
R, kN/m 2 R, kN/m . %
| I

(o.w.+R, ) kN/m
(LTTTTTTITTTIITTTIoqTraTTg
== AN I JAN
|

7

777
|

o.w. of wall=t, . hY,

— Method (2) -
wall (1)
L h
o.w.+ce—swf
< load t
A|||||||||||||||||||||£ oad jor momen N
==
ro s
0. Ww. Ca.?wf

IOy oed for shear %
’% L 7;%» | L, !

B
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— Details of RFT.

sl B gl (1-0) e sl Flw¥l sasny

5¢12/m for main steel (at tension side)
A =

S .
™R | 5¢10/m for secondary steel (at compression side)
sl Hoad) Bo)) o B o) (pew O e Jal e Ble) e -
¥y ol o) e oS dlad) Ll (U S aeo L) o (3
Ol Gyl (S LBl pulus o
___\/__ __;.\/\;__
HE] PU ) RPN
wall ol auc dd,
LeLJl Ll Iy
(|| | L Loe Jebs |
L + S

Spiisl) & gaed ol LS Llod) GH5Y1 pas) o, aimt

g 15 859 wasdl ady Lolod) el J) wasdl puby 3 502l gy o
poo ) o iy LS 3591 pasd) ey Eb Uil daad) (g5 pmol I )]

— @ 1
S HH3 SH3
I | N S IRV [ R N VL. R.F.T.
VL. R.F.T. [{ b Gnadad) sald) Yt 'y
{t>Hz. RF.T. it H->HzZ. RFT.
O | )| |
..... $ NN

I>>vr. RF.T.

11} I

HZ. sec. (1—1) HZ. sec. _(1—1) @
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iU 55088 Jaoy Ll Y LUl (el 5 Jhol apam 555 2i- £

Be +duoy Y

i
oo

o1yl (concrete dimensions) paw; &dsS

LLA S5 Cuss (air sections) BLS ale ¢35 5 HI>U(C.L)pwys -
(C.L)J) Ghaiee g
al> goulo -

Ls : . "
(16 or 1170[ £250mm) g» (air sections) &l wal

Ol s Lare 5w JU WS (water sections)Bls g8 - ¥

How to draw the haunch

ta,'i,r tai'r ta/l.'r ta,'w
24—z 2—HH—2
1y
i i’
i
. .
|
5 5
3 3
3| 4 3| 4
- -~ Q)
Y 3 X B
3 3
r;:.:-d}l.)gﬂjd.\.ﬁ.}.d'gﬁ ;a.c..\,a' P}J}bgﬂjiﬁlﬂ'gﬁ&hﬁ'
ol3d) e J3I 5135d) e S
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RFT. of elements of the tank

1— Walls

a— external walls

N
SO -

min. (3t,,) x ,
— | >
LT |
|
t, | K
|
5 |
| IP>R.F.T. of hz. strip ‘ 7-
N |
9 \ ‘
MBERND S
L
J

min. 5¢10/m’

409<1.0m
' d
//
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mmternal walls

b—

. of hz. strip

min. (3t,)

|
J
_>R.F.T

4@0
W0 I$G U

_
I

S1 4 A82
\ Q / min. 5¢10/m’
N g /
\
As4

N\

Lma,:v /4

\

min. 5¢10/m’
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2— Floors

— Case (a) >

[ =
& 5
-Hs . *’d|N
........... ,________?
T &
*FN

|
|
|
|
|
g |
A |
< Ny ‘
(4g,, Agy ) oS3 |
g |
S . !
;‘ min. 5#10/m’ |
S A, |

A I . \ min. 5910,/m’
, N |

Ass Y Asg |
min. 5¢12,/m’ |
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— Case (b)

.2

4ty

lo l‘
oo o

Jin Mostafa 2008.



3— Hz. strip

Case (a): haunch at hz. strip / \

4 twater

Y t'wa,te'r

2 2 2 T T .2 2 £ T T
N\ /
\ /7
v

RFT. of vl. strip

Z.

r
\
'y Ne 2

AN

SN, RF.T. of vl strip

min. 51 0/77T’
min.5¢10/m/’

w \

D

(AS1 ’ A82 ) C)‘)‘.‘S¥|

min. 5¢10/m’ %/‘ ‘

~ '
~ ; N\——

Ass

\

5
v
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Case (b): nmo haunch at hz. strip

1 AT NI N S
P | \i\ // o) L
\ RFT. of vl. strip 4
l\\. l\ L
[ ‘\\>R.F.T. of vl. strip IR
S 3 Sl R
S N
) )
N .| € 8§l , Y
= S (As, . As, ) 5253 S =
min. 5¢10/m’ ‘
_____—— e e——
AS3
e = . 1]
o o \i\ // 1 L
N RFT. of vl. strip y
(] 1 ]
\\' L L
[ [SSRET. of vl strip IR
S 3 Sl N G
N N
$ 3
S < ot
= S (4s, . As, ) 02553 S =
min. 5¢10,/m’

As3
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Example(1)

Given:

f =25 N/mm° & steel used is 360,520
cu

Required
Design the given open channel tank. % Sfull
- J 777777777
_-! ] 4.0m _ |
Solution

1— Concrete dimensions

n 800
=70 =79 —30cm

;. 400
‘t=76 =16 ~<OM

2— Loads on floor

W, =tV + YNy h=0.25*25+10*3

4.0m
w, =36.25 kN/m’
3— Analysis of sirp
S
™ vo
36.25kN/m 10*3=30kN/m
L [/
’ T
| 4.0
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45kN.m 45kN.m
86.25kN,/m
x ( )
: *
i 302 30_45kN 4.0
\SOkN/m
45kN
o~ *
204030 36'§¢:72.5kN 72.5kN
( ): =45kN.m
(B.M.D) | (N.F.D)
45kN.'m,\ 2| !
1K } 72.5kN
> \4 +

27.5IcN.m|W
4— Design of sections

Sec (1—1) water section

M, .=45.00 kN.m , T, .=72.50 kN , b=1000mm
Stage (I)

3
* *
t \/ M 70 +40mm= \/45'00 10 +40mm=427.30mm
(mm,) factor 0.30

=>Take t =450mm

Check stresses

3 6
fop L M _ 72500100 45.00*10
t~ " A Z  1000*450 © 1000%(450)%/6

=0.16+1.33=1.49 N/mm*
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0.6/25

_ 2
- =1.76N/mm

= fct:

> f, < f, (safe)
Stage (II)

M, ,=1.5%*45.00=67.50 kN.m , T , =1.5%72.50=108.75 kN

M
e= wl _ 67.50 =0.62m >t— —cover

Tyi 108.75 2

e, =e——+0=0.62—9%%240.04=0.44m

Ms=108.75*0.44=47.31TkN.m

6
410=c, /47-37*70 C,=9.42 & J=0.826
1000*25

— 1 Mus Tu.l.
S W - R

assume ¢16 used = B, =0.75

A

3
B 47.31*10° 4 108.76%10" g
S 0.7570.826*410%*360 360/1.15

2, ,
A =980.59mm”,/m’ >=> bp16,/m

Sec (2—2) air section

M =27.50 kNm , T =45.00 kN , b=1000mm

working working

Stage (1I) , t=250mm

M, ,=1.5%27.50=41.25 kN.m , T,, =1.5%45.00=67.50 kN

Uu.

Mui  _ 41.25 t
e= T .~ 67.50 =0.61Tm >7 —cover
e, =e—5-+c=0.61-25°240.04=0.53m ?)
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M,s=67.50*%0.53=35.78kN.m

6
210=C, /35-78*70 C,=5.55 & J=0.826
1000%25

S

1 M Tyt
A= Bc'r*[ J*Z'ls*fy . fyu/ys] assume @12 used > B, =7.00

A

_1_ 3578+10° , 67.50*10"
s 1.00 "0.826*210*360 360/1.15

A =788.60mm*/m == 7p12/m’

Details of RFT.

Sp18 |
o ?‘g

N\
o
-~

5410/m

. 5p16,/m’
7410,/m

3.0

.\ 3 6‘ L
. ’ A\
J S . 5¢10/m o8 L
‘ s - / [}
L L L L L ‘\ L L / 5¢7 6/m
- = — 7$12,/m’

uir \
422 \
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Example(2)

Given:

f =25 N/mm° & steel used is 360,/520
cu

Regu'i,red

1—Design the given open channel tank.

2—Design the top hz. beam & tie (spacing between ties
=5.0m)

full full

5.0m

\\\\\E
5.0m

ANNNNNNNNNNNNNNNN

__J_//;ase (4) _L
|

5.0m |

L

case (B)

|
|
— ¢ ARMANNNNNNNNNNNNNNNNN
|
|
)
|

5.0m

Solution

1— Concrete dimensions

[ 500
ty=t; =7 & =7g =31.250m

= Take tw:tf =30cm

Z2— Loads on floor

W, =t.Y + %y R=0.30%25+10*5
w, =57.50 kN/m’ | 5.0m |
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3— Analysis of sirips

_%Da <]§
S
0
57.50kN/m
| %//\ / C
. 50kN/m
| 5.0 (i
For Joint b
Df - 0.75(1/5.0) 06
ba  0.75(1/5.0)+0.5(I/5)
Df = 0.5(1/5) 0
bc  0.75(1/5.0)+0.5(1/5)
50%(5)° _57.50%(5)°
F.EM. = =83.33kN.m , F.EM. = =—119.79kN.m
ba 15 be 12
Joint b
member ba bc
D.f. 0.60 0.40
F.E.M. 83.33 —119.79
Bal M. 21.88 14.58
R =20.62kN M; 105.21 —105.21
a0 Point of zero shear
T xr
| 10z (10x)*5 =20.62 >=> £=2.03m
o}
50*5.0 2
\ 7 —125kN = M, =20.622—(102)*(5")
b 50kN,/m M+'Uf2792 kN.m
Rp=104.38kN~_ 105 21kN.m @
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105.21kN.m 105.21kN.m

57.50kN/m
( )
57'30*5 =148.75kN 143.75kN
2 & \ N.F.D
(B.M.D) S ?@ ( )
27.92kN.mi= - | 58.36kN
|
‘ +
105.21kN.m 2\
1% \_I 143.75kN
74. 48lcNm|—77/rz
104.38kN
4— Design of sections
Sec (1—1) water section
M, ..=10521 kNom , T,.=143.75 kN , b=1000mm
Stage (1)

3
[ M* *
t M0 10’ +40mm= \/705'27 7o +40mm=652.98mm
(mm) factor 0.28

==>Take t =700mm

Check stresses

6
PR 143.75*10‘1 105.21%10
t A4 Z 7 1000*700 ' 1000%(700)%/6

=0.21+1.29=1.50 N/mm?
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0.6/25

_ 2
- =1.76N/mm

> fct:

= f, < f,, (safe)
Stage (1I)

M, =1.5%105.21=157.82 kN.m , T, ,=1.5%143.76=215.63 kN

e:

Myi 157.82 t
T _275.6’3_0 73m >7 —cover

e, =e—5+¢=0.73— 201 0.04=0.42m

M,s=215.63*%0.42=90.56kN.m

6
660:01/90-55*70 C,=10.97 & J=0.826
1000*25
_ 1 Mus Tu.l.
A =gl Travy, T A

assume ¢ 16 used = f, =0.75

3
_ 1 [ 90.56%10° 4 216.63*10 g
s 0.75 " 0.826*660*360 360/1.15

2 ) ’
A =15633.67mm" /m >=> 8¢16,/m

Sec (2—2) air section

M =74.48 kNm , T =104.38 kN

working working

Stage (1I) , t=300mm

, b=7000mm

M, ,=1.5%74.48=111.72 kN.m , T, ,=1.5%104.38=156.57 kN

My 111.72

t
T, —756.57—0.7777’1, >7 —cover

e:

Yt _0.30 _
e, =e 2+C—0.77 5 +0.04=0.60m @
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M,s=156.57*0.60=93.94kN.m

6
260=C, /93-94*70 C,=4.24 & J=0.81
1000*25

1 M. Tyt
A, =51 J*Q(jis*fy i fyu/vs] assume $16 used > B, =0.93

A

3
_ 1 93.94*10° | 156.57*10 7
s 0.98370.81*260*360 360/1.16

A, =1867.95mm® == 10916,/m

Sec (3—3) air section

M =27.92 kNm , T =58.36 kN

working working ’

b=7000mm
Stage (1I) , t=300mm

M, ,=1.5%27.92=41.88 kN.m , T,,=1.5%58.36=87.54 kN

My 41.88 _ t
T .~ 87.54 =0.48m >7 —cover

e=

e, =e—L+c=0.48-953940.04=0.37m

M, =87.54*%0.37=32.39kN.m

6
260=C, /32.93*70 C,=7.16 & J=0.826
1000*%25
! M. Tyt
A= [%T*[ J*le*fy + j;u/Ys] assume 12 used > B, =71.00

A

3
_ 1 [ 3293*10° , 87.54*10 ]
s 0.9370.826%260*360 360/1.15

A =705.57mm”/m’ == 7¢12,/m’

@Eng. Ezz El-Dwn Mostafa 2008.



5— Design of top hz. beam

] —~
___ E_
g O ,
Sj _Ra:20.62kN/'m, <
L N 1 §> M= —20 62+(5)" =42.96 kN.m
g N
G| [
o %_, T=20.62*5=103.10 kN
M, = %_21 48 kN.m
Design of tie
Stage (1)
b*t =1000 k T assume b=300mm

(mm,)
300 t =71000*0.98*7103.10 > t=336.79 mm
=>Take t =350mm

Stage (1I)

Tu. L
A =
SRR )

assume $16 used > f,=0.75

3
* *
A, = 703.7*71.5%10 =658.69 mm”® = use 4416
0.756*360/1.15 49516

. o)
sec. at tie 2]: | 508 /m’

0.30

Design of beam

Assume b=300mm , t=3t,=3*300=900mm
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— Case (4) 090 -
(o)
N
« -
Sec (1—1) water section d]: \R\ A
S
y=0.3m *
M, .. =42.96 kKN.m ’ 7
working
L—sec °°°,
Stage (I) t, 0.3 b _0.3_ J L
t——W—O.SS , ?_ﬁ_0'25 L
Fom charts m=0.33 , n=370 0.30
= y=0.30m , I[=3.24*10"° mm’
Check stresses
6
L My 42.96*10 *300_ 2
o=t T = g gawggre 040 N/mmT< fctv 0.90 V
1 i
™
Stage (II) R—sec: °I
R—sec
Mu.l.:7°5*42°96:64'44 kKN.m , cover=60mm
6 d L
840=C, /64-44*70 C,=9.06 & J=0.826 Il
300*25 0.30
1 64.44%10°
A =075 0826*84700*360 assume #16 used => f, =0.75

. =343.98mm”

A, = LT pg =17 300*840 =770.00mm®> A
min fy 360

17 pa =11 300%840=770.00mm?
360

Ty
As =11.84_ =1.3%348.98=447.17mm?

Teq

095 pq = % 300*840=378.00mm?

700

A, =447 17mm’ =—» 412

min
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Sec (2—2) air section
0,90 V
1 1

M, .. =21.48 kN.m mJt g
working S
Stage (II) L—sec: I —coo o
Mu.l.:1°5*27°48:32°22 kKN.m , cover=60mm 1
© 6%0.8+0.3=2.10m 50
p_| CL — CL=5%=250m = take B, =680mm
kL |, 0.76*5.0 B
6
840=C, /32-22*70 . =19.3 & J=0.826
680*25

1 x10°

A SL.2<*10 assume 12 used > P, =7.00

s77.00 0.826*840*360
. =128.99mm”

A, = LT pg =17 300%840 =770.00mm?> A,
™min fy 360

1T pqg =11 300%*840=770.00mm*
3 360

A, =11.34_ =1.8%128.99=167.69mm~
Teq

075 g = 9719 300%840=378.00mm?
100 100

A, =378.00mm® =— 412

mwn
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— Case (B)

g 0.90
S 1 1
, 3 A/ ™
Sec (1—1) water section i /V 7 S
™
$ y=0.3m
M, .=42.96 kN.m > s
working
g L—sec
Stage (1) 1L
Check stresses 40._315
6
M(t—y) 42.96%10°%600 5
fi=——5 3 2797070 =0.80 N/mm~< f.,
) 0.90 )
Stage (II) L—sec: - 1 jm
S
Mul:7'5*42'96:64'44 kEN.m ol
L I
, cover=60mm , B, =680mm (as before) ===
L
0.30
6
840=C, /64-44*70 C,=13.6 & J=0.826
680*25
41 64.44%10°

- = =
s 0.85 (.826*840*360 SSume #12 used B,, =0.85

. =303.51mm”

A, = LT pg =17 300%840 =770.00mm?®> A4
min f'y 360
17 g =11 300%830=770.00mm*
%, 360
As =|1.34_=1.8*303.51=394.60mm?
Treq
075 g4 = 975 300%840=378.00mm?
100 100
Asmm:394.6‘0mm2 s AP 12 39
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Sec (2—2) air section ) 0.90

0.3

M =21.48 kN.m

working

Stage (II) R—sec: R—sec

Mu.l.:7°5*27°48:32°22 kKNm cove'r:60mm_

—_—

—
0.30
6
840=C, /32-22*70 =12.8 & J=0.826
300%25
A S 32'22*706 assume 12 used = p.. =171.00
s 1.00 0.826*840*360 er

. =128.99mm~

1.1 7.1 2
A = =_t-1r * =770.00 > A
S fy bd 260 300*840 mm s

1T pqg =11 300%840=770.00mm

3 360

A, =|1.834 =1.83%¥128.99=167.69mm?~

req

0.75 g = 979 300*840=378.00mm?
100 100

A, =878.00mm° =—— 4P 12

min

2

@Eng. Ezz El-Dwn Mostafa 2008.



Details of RFT.

0.90
|
E . [ker2 ?‘g
a O |4 4
5 &
TN ]
L --——\:§75¢10/m
| {~—o0.30

5.0

8410/ m

7912,/ m
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Example(3)

Given:

f =25 N/mm~°&
cu

4.5m

steel used 1is 360,/520

Regu'i,red

1—Design the given tank.

Z—Calculate the loads acting on

the floor beam (B, )

6.0m

|
R

722
2 %
% %
% %
0 full /
% 4
% 4
% 4
YL
B,
sec (1—1)
_| ) 5.0m ) |_
B AR -
| |
| |
| |
| |
| |
| |
| |
| |
| |
B 11
| 5.0m |

Solution

1— Concrete dimensions
g =h 90 o543

w- 76 ~ 16 <o lecm

p=L 200 o o5

F=16 = 16 cl-eocm

> Take tw:tf =30cm

5.0m
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2— Loads

on floor

w, =tV + %, h=0.30*25+10*%4.5
w, =52.50 kN/m’

3— Analysis of sirips

— st 1
p (1) S
| |
> <\ r
|, 0-76%6 __ 15|
|" 0.76*5 7| |
Ia r4 0.67 |
T = =u.
A\ g : 1-/-1'r4 :
cwp =0.67*52.5 0 |B=— 7 =0.33]
=35.18kN/m | |
- \ / | [0} |
0 //45lcN/'m, ch | |
! 5.0 !/ — % @
: | |
For Joint b BRI Np—|
| 5.0m |
D.f = 0.75(1/4.5) —0.62 | |
ba  0.75(1/4.5)+0.5(1/5)
D.f = 0.5(1/5) -0.38
bc  0.75(1/4.5)+0.5(1/5)
45%(4 5)2 —-35. 78*(5)2
FEM. =———%=60.75kN.m , F.EM. = =—783.29kN.m
ba 15 be 12
Joint
member ba bc
D.f. 0.62 0.38
F.EM. 60.75 —-73.29
Bal M. 7.77 4.77
My 68.52 —68.52
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Ry=18.52kN Point of zero shear

__>’a[>a
x
. (10x)*5 =18.52 == z=1.92m
o 10x xZ
N = M, =18.522—(10z)*(4")
45%4.5 ve
\ g " 107.20kN M, =28.76 kN.m
+ve
b 45kN/m
R, =82.73kN 68.52kN.m 68.52kN.m
b ~~—" 68.52kN.m ’ 35.18kN/m
( )
39. 278*5 =87.95kN 87.95kN
e oK <A
(B.M.D) 2 | (N.F.D)
23.76kN.m | 37.53kN
|
N\ ‘
_/_
68.52kN.m 2\
,-- H 87.95kN
_/_
7707
41. AZKN. ™ g e aeN
4— Design of sections
Sec (1—1) water section
M, .=68.52 kNm , T,,..=87.95 kN , b=1000mm
Stage (I)

3
* *
:/ M 10 +40mm= \/68'52 10 +40mm=534.69mm
(mm) factor 0.28

==>Take t =550mm 39
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Check stresses

3 6
fop L M _, 87950107 6852410
t— " 4 " Z " 1000%550 " 1000%(550)%/6

=0.16+1.36=1.52 N/mm?

0.6/25

== fct: 1.7

=1.76N/mm? == f, < [, (safe)

Stage (1I)

M, ,=1.5%6852=102.78 kNm , T ,=1.5*87.95=131.93 kN

U.

My 10278 t
=TT 131,98 0-78m >—5 —cover

e, =e—5-+0=0.78— %524 0.04=0.54m

Ms=131.93*%0.54=71.78kN.m

6
510:07/77-78*70 =952 & J=0.826
1000*25

— 1 Mus Tu.l.
A= ra, g

assume ¢16 used = . =0.75

3
71.78*10° 4, 131.93*10 ]

1
A =
s =0.75 L0 826+510+360 360,/1.15

. =1193.01mm® /m’ == 6¢16,/m’

Sec (2—2) air section

M =41.42 kNm , T =82.73 kN

working working

, b=7000mm
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Stage (1I) , t=300mm

M, ,=1.6%41.42=62.13 kN.m , T, , =1.5%82.73=124.10 kN

u.

My, 62.13 ¢
=T —724.70—0.507% >—— —cover

2

e, =e—4+c=0.50-953%94+0.04=0.39m

M;=124.10*%0.39=48.40kN.m

6
260=C, /48-40*70 C,=5.91 & J=0.826
100025
1 M T,
AS = Bcr*[ J*’l(lils*fy + fyu/ys] assume 16 used = f, =0.93

A

3
_1 48.40%10° 4 124.10%10"
s 0.9370.826*260*360 360/1.15

A =1099.41mm” /m’ == 6416,/m’

Sec (3—3) air section

A =5¢412/m
— strip (2)
_ 17.33%(6)% B wy =0.33%52.5
M =T 51,99 kN.m L s
N Y N N EREENEEEENEEEENEEEES
V&;\_L/V'Q;\'.L/A;\l AN AN AN
*(g)2 | 6.0m _|  6.0m |
Mﬂe:%‘i(@:ze kN.m

Sec (1—1) water section

M =51.99 kN.m, b=7000mm

working
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Stage (I)

x10° £10°
:\/ M*10 :\/57.99 10 —430.90mm
(mm) factor 0.28

==>Take t =450mm

Check stresses

6
*
I —p M, O199%T0 4 5y N/mm?

Z 1000%(450)% /6

0.6/25

r— =1.76N/mm* = f, < [, (safe)

== fct:

Stage (1I)

M, ,=1.56%*1.99=77.99 kN.-m , cover=50mm at long direction

u.

6
400=C, /77-99*70 =7.16 & J=0.826
1000*25
1 77.99*10°

4 =5385 > =
s 0.85 0 826%400*360 SSume #1Z used B,, =0.85

L =771.40mm”/m’ = 7p12/m’

Sec (2—2) air section

A, =5p12/m

— For beam B,

2.5m
e

Assume beam 1is (300*900)

5.0m |
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— Load for moment

L
W, =0.W.+C, 23 Wy *2
w, :0.3*(0.9—0.30)*25+2/3*5/2*52.50*2
w,=179.50 lcN/m

186.98kN.m 186.98kN.m w,=179.50 kEN/m

N g [T T T T T T TTTT171T1]

»\/% 7% 5.0m 7;%

(B.M.D) 560.94kN.m

— Load for shear

w, =0.W.+C, Ls LWy *2

2
w, :0.3*(0.9—0.30)*25+ 7/2*5/2*52.50*2
w,=135.75 lcN/m

339.38kN
w,=135.75 kN/m
HEEEEEEEREREREER
! .
(S.F.D) 339.38kN 5.0m
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Details of RFT.

—| 1—0.30

6410,/m
6412,/m

{ {F==-6910/m

N\

1 ..‘....\. -’..'$.'i ;/69)516/mJ
.m"""".\/r"' 6’¢16/m

| VL. strip
g 6410,/m
| < /] |
———— i — =
| ! b 4 |
— 6416,/m o

6.0m
| 7¢10,/m |
:—\ 7¢12/m 7 \ 7412,/m /—{
| 7 ~N 7 N |
! 5p12/m 512/m !

Hz. strip
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Example(4) (B)

Given:

4.0m
<
£

f =25 N/mm°® &
cu é
steel used is 360,/520 /

1—Design the given tank.

4.0m !
Z—Calculate the loads acting on

the top hz. beam (B)

SOONNNNNN

5.0m
N

full

N\

-— LLLLL L

! 4.0m |
sec (2-2)
Solution
1— Concrete dimensions
N m wall (2)
=t = =200 55 A 1
wTlf T T 1 <ot S
o
> Take tw:tf:25cm % N
IS
Z— Loads on floor Y|~ Jloor .
(e 0

w, =t,Y, + %y h=0.25%26+10*4.0 _ som
w, =46.25 kN/m’
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3— Load distribution

— Floor (4.0%5.0)

r=076% ;55 1]
r4 3 \

o= =0.71 | B \
B=—T4 =0.29 By
— Wall (1) (4.0%4.0)

* . |
—SE s T, \\
o= 1:;4 —0.63 : ; ) \ 0.75%25.2=18.9 kN/m
b= 17Zfr4 =0.37 "/!‘ o \\ 0.63*40=25.2 kN/m

0.37*40=14.8 kN/m

— Wall (2) (5.0%4.0)

. . }
’r:%:ﬁOQ : .
a:% —0.59 S ; B \ 0.75%16.4=12.3 kN/m
b= 117«4 =041 S L\\S\O\“ S 0.41%40=16.4 kN/m

0.59*40=23.6 kN/m

4— Analysis of strips

— VL. strip (1)
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— VL. strip (1)

N AN For Joint b
Df = 0.75(1/4.0) B
. “ba  0.75(1/4.0)+0.5(1/4.0)
¥
e Df - 0.5(1/4.0) —0.40
7182 / 0.75(1/4.0)+0.5(1/4.0)
r ‘3 AN c
A 16.4 lcN/m —
28.6 kN/m
! 4.0 |
2 2
23.60*(4) 16.40*(4)
FEM. = =27.42kN.m
ba 15 117
_32.84%(4)°
F.EM. = =—43.79kN.m
be 12
Joint b
member ba bc
D.f. 0.60 0.40
F.E.M. R7.42 —483.79
Bal. M. 9.82 6.55
M; 37.24 |-37.24
R, =7.11kN Point of zero shear
T —>’ﬁ|>a T x
[ *28.60]* 5 =7.11 => z=1.56m
xr
2 42360 2
o 47 =M, =7.1125— (- *23.60)*(5)
23.60*4.0
2 =47.20kN M, =7.36 kN.m
1= . &/\ 16.9971.0 _g. 20N
Rb—48 29kN

~— 87.24kN.m

Y,
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37.24kN.m 32.84kN /m 37.24kN.m
( 4.0 >
*
32’34 u =65.68kN 65.68kN

b X gl

£
(B.M.D) 2 |
7.36kN.m | “ | 25.45kN
| (N.F.D)
|
37.24kN.m ' +
1-X 2‘ 65.68kN
7 \ *
28.44kN.m| 48.29kN
— VL. strip (2)
e . For Joint b
_QD <]§ 0.75(1/4.0
D.f = 75(1/4.0) =0.65
ba  0.75(1/4.0)+0.5(1/4.0)
S
¥ D-ﬁ) _ 0.5(1/4.0) —0.35
PP ¢ 0.75(1/4.0)+0.5(1/4.0)
=13.41 kN/m
Y % /\ [ C
A 25.20kN/m 77777
14.80kN/m
! 5.0 |
2 2
14.80%(4) 25.20%(4)
F.EM = + =19.23kN.m
ba 15 117
2
_ *
FEM = 7347 (4):—27.9410N.m
be 12
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Joint b
member ba bc
D.f. 0.65 0.35
F.E.M. 19.23 —27.94
Bal. M. 566 3.05
M; 24.89 | -24.89
R,=4.69kN Point of zero shear
e X X
[7*74.80]*7:4.69 = x=71.59m
2 v14.80 X z
¥ ¢ tens =M, =4.692—(— *14.80)*(")
—5 — =29.60kN M, =4.98 kN.m
= b 25‘220*7'0 =12.60kN
Rb:37.51kN 13.47lcN/m 24.89\kN.m
~— 24.89kN.m 24.89kN.m< >
5.0
3% “294*5 =38.53kN 33.53kN
g XK
2 |
4.98kN.m 1. p ‘ 13.33kN
(B.M.D.) | (N.F.D)
24.89kN.m 5‘ +
H H 33.53kN
d \—1 . =~
17.02kN.m '
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— HZ. strip (3) at (h/4)

—C

For Joint b
. 12.830kN/m .
0.5(1/5.0
< S S ba  0.5(1/5.0)+0.5(I/4.0)
«© o
12.30kN. 0.5(1/4.0
| \ 50 | ¢ 0.5(1/5.0)+0.5(1/4.0)
2
—12.3%(5.0
F.EM = ( ):—25.6‘3kN.m
ba 12
2
18.9%(4.0
F.EM = ( ) =25.20kN.m :
be 12 Joint b
member ba bc
37.80kN 7 > 25-44kN.m D.f 0.44 0.56
© . F.EM | —25.63 | 25.20
g BalM. | 0.19 0.24
S S M; ~25.44 | 25.44
Q
2 XK
— 37.80kN

30.75kN

37.80kN  ~—__ 25.44kN.m 13.00kN.m |
_/_
74 1
A
R25.44kN. m
25.44kN.m 25.44kN.m |
12.30kN/m |
( ) 12.36kN.m | — (g M.D.) ‘ (N.F.D) .
b 5.0 a ‘
N
30.75kN 30.75kN | 3; BOKN
— Loads on top hz. beam C
7.11kN/m
S g
s (*) (%)
© ©
) ¥
< 7.11kN/m

A

5.0

50 -
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For Joint b

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

=0.44

Dp = 0.5(1/4.0) —
e 0.5(1/5.0)+0.5(1/4.0)

—7.11%(5. 0)2
FEM = =—14.81kN.m
ba 12

%k
rEM =269 (4.0)
be 12

2
=6.25kN.m

9 38kN # N 11.04kN.m

(&)

4.0
4.69kN/m

O

9.38kN

x__~ 11.04kN.m

11.04kN.m

( 7,11kN/'mz 11.04kN.m

=)

5.0

17.78kN 17.78kN

Joint

member

ba

be

D.f.

0.44

0.56

F.E.M.

—14.81

6.25

Bal. M.

3.77

4.79

M;

—11.04

11.04

11.18lcN.75§

9.838kN

e

11.04kN.m

11.04kN.m

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

N\ |
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5— Design of sections

Sec (1—1) water section

M =37.24 kN.m

working

, T =65.68 kN

working

,  b=71000mm
Stage (1)

3
* %
t \/ M 70 +40mm= \/37'24 10 +40mm=3892.33mm
(mm) V. factor 0.30

==>Take t =400mm

Check stresses

6
T, M 65'68*703+ 57.24770
t " A " Z ' 1000%*400 ' 1000*(400)%/6

=0.16+1.40=1.56 N/mm?”

0.6 /25

o =1.76N/mm®* = [, < I, (safe)

g fct:

Stage (II)

M, ,=1.5*37.24=55.86 kN.m , T ,=1.5%*65.68=98.52 kN

_Muir 5586 _ t
=T T98.52 =0.57m >? —cover

e, =e—t+c=0.567-%2210.04=0.41m

M,;s=98.52*%0.41=40.39kN.m

6
360=C, \/40-39*70 C,=8.96 & J=0.826
1000*25
T
Bcr de Iy /s 52
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assume $12 used = P, =0.85

6 3
40.39*10 4, 98.52*10 7

1
A =
s =0.85 0. 826+360+360 360/1.15

_=814.14mm”/m’' == 8¢12/m’

Sec (2—2) air section

M =28.44 kKNm , T =48.29 kN , b=7000mm

working working

Stage (1I) , t=250mm

M, ,=1.5%28.44=42.66 kN.m , T, , =1.5%48.29=72.44 kN

_Mui 4266 _ t
ST 72.44 ~0-09m > 5 —cover
e, =e—5+0=0.59-%£210.04=0.50m

Ms=72.44*%0.50=36.22kN.m

6
210=C, /36-22*70 C,=5.52 & J=0.826
1000*25

1 M To1.
b P A s 912 wand = =100

3
36.22+%10° 4, _7R.44*10 ]

1
A -
s 1.00 [0.826*270*36‘0 360/1.15

2 ’ ’
. =811.43mm" /m’ = 8412/m

Sec (3—83) air section

A, =5p12/m’
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Sec (4—4) water section

M =24.89 kNm , T =37.51 kN , b6=1000mm

working working

Stage (1)

3
* *
¢ /M’O +40mm= /24'89 "0 40mm=328.04mm
(mm,) factor 0.30

=>Take t =350mm

Check stresses

6
poop T M 37.51*10° _ 24.89%10
t 4 " Z 1000*350 © 1000%(350)%/6

=0.11+1.22=1.8383 N/mm?*

0.13 0.6/25

_ _ _ 2
" [=887mm == f,, 6 1.88N/mm

t,=350[1+
> f, < f,, (safe)

Stage (1I)

M, ,=1.5%4.89=37.34 kNm , T ,=1.5*37.51=56.27 kN

A, =6p12/m’

Sec (6—5) & (6—6) air section

=5412/m
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Sec (7—7) water section

M =25.44 kNm , T =37.80 kN , b6=1000mm

working working

Stage (1)

3
E *k
t \/ M 70 +40mm= \/25'44 10 +40mm=3317.20mm
(mm) V. factor 0.30

=>Take t =350mm

Check stresses

3 6
T M 37.80*10 25.44*10
ft =t A + Z =7 1000*350 * 7000*(350)2/6

=0.11+1.25=1.836 N/mm?

0.11 0.6 /256
t,u—350[7-/- m]—387m’m = fct_ 16

=1.88N,/mm*
= f, < f, (safe)

Stage (II)

M, ,=1.56*2544=38.16 kNm , T ,=1.5*37.80=56.70 kN

A, =7912/m

Sec (8—8) air section

—5412/m
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Details of RFT.

4] |Fo.25

5¢72/<m' =="7912/m

8410,/m
8412/m

4.0

I |}
, \ 6¢10/<m§ {8¢70/m i %"“"\%/~ |
— : SERNSS T 8p12
” N e
422 4.0 \/| |
| VL. strip (1)
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6#10,/Mm

~

—{] [l~o0.25
S S
1 ==-7#12/m SIS
o T 3 [®
~ © o)
LI 5e12/m
o 6412/m )

)|

-
\ \
A

,... 5¢12/m’~—/ J

(UL4#22 o 5 Y |
| VL. strip (2
b2 /m o (2)
5.0
| / T Ly -{ ---------- T ‘ T 70 T \ |
v f ....... \ \/....,\\\... N
X 1)
. 5¢12/m
Q > ld -//
~ Hz. strip (3) #10/m="] |
- 44>
& S
No] [\

[ 7¢12,/m|
\\ ~
X
R
N
3
\_, 5412/m|

7$12/m

£

QC, 5412/m
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Example(5)

Given:

f =25 N/mm® &
cCu
steel used 1s 360,/520

Regu'i,red

Design the gwwen tank.

L.L.=1kN/m?

L

é Jull

L.L.=1kN/m?

LLLLLL L

Jull Jull
%
7 % 7
7 7 2
/ L L L y L
J J sec (A-A4) ‘ ‘
_| 4.0m | 4.0m | 4.0m )
L YL L L
% %
2 2 7 2
2 2 7 2
@ / / /
% Jull 2 Jull % Jull %
2 2 7 2
2 2 7 2
7 2 7 2
% %
L L AL
sec (B-B)
4.0m 4.0m

4.0m |
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5.0m

5.0m

5.0m



5.0m

- N

J I S SR IR DR
7 7 /7
// // //
/ / /7
/7 / /
/ / /7
/7 /7
/7 7
£
\’\‘ Cb\’ LO
o R wall (2)
cov
F——————4 _
| 7
| //
| s E
a) \ * o
\ oV
oV 6\
0&‘
floor floor
t((\’
69
4.0m 4.0m
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Solution

1— Concrete dimensions

500

tw—7:37.25cm
f= 16 = cm

= Take tw:tf:SOCm v Logper=105CM

il gale -

s A WU L) oy Jie ah®s oyl ade ud (cover) JI o) LW
- 845 oydics g Lt godl g JJLal Jams g (165cm)

Z— Loads on floor

W =tV Ny b
for h=10m

w, =0.30*25+10*10=107.50 lcN/m2

for h=5m

w, =0.30*25+10*5=57.50 lcN/m2

3— Load distribution

— Floor (4.0*5.0) G,

_0.76%5 \ B
T=0.76%4 ~ %0 EQ

_r4 %)
=" =0.71 § " |
p= ! 7 =0.29 TR =
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— Wall (1) (+.0%5.0)

_0.87* _ '/ \
T=0.76%4 =143 7 b N\
r4 7 N \
a=———7 =0.81 g 7 \ \ 0.75*40.5=80.38 kN/m
B=—T— =0.79 =\ \
1+t 7 \

\
SR 0.81%*50=40.5 kN
40 ., / N\_287% /m

0.19*50=9.5 kN/m

— Wall (2) (4.0%10.0) _

one way wn hz. direction é 9|\
7 o |\ 876 kN/m
2 T
z A
S 7 \
S1— |
7 \
2 \ 75 kN/m
g ]
2 0
7 N
V,
M TITIIiTimMMirttss= /
| 4.0 , 100 kEN/m
— Wall (3) (5.0%5.0)
_0.87*5 1 7 N
T=0.76% ~1-14 1 s \
063 \ \ 0.75%31.5=23.63 kN,
1 Y/ a N
= =0.37 2 N
b 1+74 _: \

0.63*50=81.5 kN/m

O
o

0.37*50=18.5 kN/m
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— Wall (4) (5.0%5.0)

25kN/m
0.76* _, , e 4. -
r=—————=1. 7
0.746*5 r § /i
r V
=7 4% =0.50 S | 25KN /m
B=—"— =0.50 2 @ +z
1+7r 7 \ :T
!~\ ) \. N\ 256N/ m
— Cover (40+5.0) ]
0.29*4.75=1.38kN/m p
1.0*5 | |
= =1.25 S
1.0%4 A 50 2 -
_ r4 . ' ' a | -
o=—t 7 =0.71 T T |
g1 - =0.29 3.44kN 3.44kN | 40
1+7r
0.71%4.75=3.37kN/m
w, =t Y, +L.L.=0.15%25+1.0 | |
A
w, =4.75 kN/m? 40 A
6.75kN 6.75kN
4— Analysis of strips
strip(1) /% A /
2 D
s & 7
E 57
%] ] %
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— VL. strip (1)

|
5 |
S
° |
6.75kN 18.5kN /m| \37-0kN/m |
I IQD a a qd \ ‘
“T~ 26kN/m ‘
: |
g |
G |
0.71*107.6 -
0.71%57.5 =76.33kN,/m)|
=40.83kN/m _ | ~
L SEAS e [\ y
18.5kN/. P / Lt LZSkN/m ‘
31.5kN/m | 4.0m | 4.0m |
For Jownt b
D.f = 0.75(1/5.0) —0.38
ba  0.75(1/5.0)+(1/4.0)
D.f = (1/4.0) -0.62
be  0.75(1/5.0)+(1/4.0)
For Joint c
D.f = (1/4.0) -0.43
¢ (1/4.0)+0.5(1/4)+(1/5.0)
Df = 0.5(1/4.0) —0.29
cd  (1/4.0)+0.5(1/4)+(1/5.0)
D.f = (1/5.0) -0.35
ce  (1/4.0)+0.5(1/4)+(1/5.0)
For Joint e
f = (1/5.0) =0.57 , D.f. =0.43
ec  (1/5.0)+0.75(1/5.0) of
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2 2
18.50%(5) 31.50%(5)
FEM. = + =37.56kN.m
b 15 117

a

ef

2
— *
F.E.M.bcz 40'7823 (4):—54.44kN.m & F.E.M.Cb:54.44kN.m

2
~76.33%(4) ——101.77kN.m

F.EM =
cd

12
2 2 2
25%(5)°  25%(5)° 25%(5)
F.EM =-— — —
ec 12 124 904
FEM. =—57.82kN.m & F.E.M.Ce:57.82kN.m
ec
Joint b c e
member ba bc cb cd ce ec ef
D.f. 0.38 0.62 0.43 0.22 0.35 0.57 0.43
F.EM| 37.56 |—-54.44 | 54.44 |—101.77| 57.82 |-57.82 37.56
Bal.M.| 6.41 10.47 | —4.51 —2.31 —~3.67 11.55 8.71
C.0.M. 0 —2.26 | 5.24 0 5.78 —1.84 0
Bal.M.| 0.86 1.40 —4.74 | —2.42 —3.86 1.05 0.79
Mz 44.83 |—44.83 | 50.43 |-106.5 | 56.07 | —-47.06 | 47.06
R =8.09kN Point of zero shear
i~NQ
1 EQD x x
[5*18.60]*5=8.09 => 2=2.09m
X
s %*18.50 T vl
— (= % *(
2 > M, =8.09z—(7 *18.50)*(¢")
18.50*5.0
gz 6.20kN M, =11.28 kN.m
Yo}
N . *71.
R b \\ 37 520 .25 19 69kN
Ry=567.85kN
~__~ 44.83kN.m
44.83kN.m 40.83kN/m 50.43kN.m 106.5kN.m 76.33kN/'m, 106.5kN.m
< b 4.0 c > ( C 4.0 d )
80.26kN 83.06kN 152.66kN 152.66kN @
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Point of zero shear

R,=7.65kN
T —>%|> x x
[5*18.50]*5=7.65 == £=2.03m
X

X e18.50 z 2

5| ° o M, 7.653-(£-18.50)* (%)
—5—— =46.25kN M,=10.37 kN.m

Q 31.50%1.25

B o \\ > ~19.69kN
R,=58.29kN

Y~ 47.06kN.m

47.06kN.m

£ N\
25k]}f m 25k:N/m

QI 76.33kN €| |</— 15.63kN I

™~

x

S
T «———25*6=125kN

Xo]
R 25%1.26
__‘*I 79.93kN ¢ AN 2—_75'63’“N
‘ 25kN,/m
x__“~
56.07kN.m

Point of zero shear

[26x]+15.63=76.33 = 1=2.43m
_ _ _ 2 _ —
> M, =76.332—47.06-25x%/2—15.63(x—~1.25/3)
M =833.14 kKN.m
+ve
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10.37kN.m ‘
(B.M.D.) \ (N.F.D)
y 4oL | s7.5kN] | 6.75kN
1 2[>747.06 : KR qu
‘ 44.25kN
11.28 33.14kN.m |— ‘ 91.82kN
106.5kN.m ‘
44.83IcN.;rf\ | 21_ . | 235 LN +
g 6 PAY] 5, & * 80.26kN
34.03kN.m 46.16 | 57.86kN
57.85+79.93
=187.78kN 8]9 | )

R YEN K odJ‘gMJ'(NF)uU RIIRY) (Ce) sl 6.].‘: ‘)S.\J.o (ef) sJl Uy

— VL. strip (2)

(0.w=0.30*5%25=87.5kN)

3.44kN 3.44kN
. N For Joint b
Df = 0.75(1/5.0) —0.60
ba  0.75(1/5.0)+0.5(I/5.0)
S
© s 0.5(1/5.0) —0.40
b¢  0.75(1/5.0)+0.5(1/5.0)
0.29*57.50 2
=16.68 kN/m —16.68*%(5
S 1. F.EM, = ():—34.75lcN.m
'_ \ be 12
7 40.5kN,/m et
9.5kN/m
! 5.0 |
2 2
9.50%(5) 40.50*(5)
F.EM = =24.49kN.m
ba 15 117 @
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Joint b
member ba bc
D.f. 0.60 0.40
F.E.M. 24.49 —34.75
Bal.M. 6.176 4.10
M; 30.65 |-30.65
R =3.90kN Point of zero shear
T —>ﬁl>“ T, I
i [5*9.50]*5 =83.90 == z=2.03m
X v9.50 x z?
o 6 . =M, =3.90z—(5 *9.50)*(")
——5—— =23.75kN M, =527 kN.m
Yo]
B b & 10597725 _25.31kN
Ry =45.16kN
~—"30.65kN.m 30.65kN.m 16.68KkN /m, 20-65kN.m.
( 5.0 >
41.70kN 41.70kN
) 3.44kN
> . % X<]§
™
(B.M.D.) S } (N.F.D)
5.27kN.m K ‘ 14.89kN
|
|
30.65kN.m. ‘ *
\ | 41.70kN
“ —
21.48kN.m s 7gin @
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— VL. strip (3) For Joint b

p s 0.75(1/10
__aDa <]§D'b: (1/10) =0.
o 0.75(1/10)+0.5(1/5.0)
DF = 0.5(1/5.0) _
“be  0.75(1/10)+0.5(1/5.0)
100%(10)°
F.EM = =85.47kN.m
ba 117
_31.18%(5)°
F.EM = =—64.96kN.m
S bc 12
5§
Joint b
member ba bc
D.f 0.43 0.57
0.29%107.5 F.E.M. 85.47 —64.96
N/ | BalM. | —8.82 | —11.69
\100kN,/m _
! o = | M 76.65 |—76.65
Ra=2.75kN
_ _,gDa
76.65kN.m 31.18kN /m 76-65EN-m
< 5.0 >
S
N
77.95kN 77.95kN
2]: 5100*2.5#2516]\,

Ry =122.25kN
«_ 76.65kN.m
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b
|
|
(B.M.D.) | (N.F.D)
|
|
|
|
|
|
2.75*7.5=20.63kN.m | ‘
|
| +
76.65kN.m | 9| o
I8 LI
4 + :
20'79M 7717
122.25kN
— HZ. strip (4) at h=6.25
c 7 For Joint b
537'5”/ " Df - 0.5(1/4.0)
2 2 . “ba 0.5(1/4.0)+0.5(1/5.0)
% S| [
o3 o3 Df = 0.5(1/5.0)
37.6kN/m b¢  0.5(1/4.0)+0.5(1/5.0)
K//
b kl a__
! 4.0 |
_37.5%(4.0)°
FEM = =—50.0kN.m
ba 12
23.63*(5.0)2
FEM = =49.23kN.m
be 12
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=0.56

=0.44



59.08kN + ~49.57kN.m Joint b
© member ba bc
: D.f. 0.56 0.44
S 2 FEM | —50.00 | 49.23
§ Bal.M. | 0.43 0.34
h M; —49.67 | 49.57
O
b
59.08kN 4.0 a
_/_
> > 75kN 75kN
Lr'% " (N.F.D) + L‘.Q_)
o o™
X ks
E (B.M.D.)
) gsmmm /
Q ——
mS |
25.43kN.m
— HZ. strip (56) at h=1.25
d
c _
g g
N £ N 5
™ = < o0 <
© S < © 0
o . © o
N ] N N
30.38kN/m || 37.5kN/m 30.38kN/m
=
b /4 \ 7Y e |
\ J o\
| 4.0 | 4.0 | 4.0 |
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w Jownt b

= (1/4.0) —0. 71
“ba  (1/4.0)+0.5(1/5.0) '

f = 0.5(1/5.0) —0.29

Yo (1/4.0)+0.5(1/5.0) '

o Jownt a

g (1/4.0) —0.53
“ab (1/4.0)+0.5(1/4)+0.5(1/5.0) |
P 0.5(1/4.0) —0.26
Yae  (1/4.0)+0.5(1/4)+0.5(1/5.0)

0.5(1/5.0) —0.21

Jad~ (1/4.0)+0.5(1/4)+0.5(1/5.0)

2
_ *
_23038%(4.0) __ 40 516Nm & F.EM. ,=40.51kN.m

EM.

ba 72
23.6‘3*(5.0)2
E'M'bc: P =49.28kN.m
—37.50*(4.0)2
E.M.ae: P =—50.0kN.m
25.00*(5.0)2
E.M.ad: P =52.08kN.m
Joint b o}
nember bc ba ab ae ad
D.f. 0.29 0.71 0.53 0.26 0.21
F.EM | 49.23 | —-40.51 40.51 —-50.00 52.08
Bal. M. —2.58 —-6.19 —22.57 | —11.07 | —-8.94
C.O.M. 0 —11.29| -8.10 0 0
Bal. M. 3.27 8.02 1.64 0.81 0.65
Mg 49.97 —49.97 16.48 —60.26 43.79
% Lan ~ L'~~ L1 Naas AMAct~FfA O2NNO




59.08kN ;l/\ 49.97kN.m 62.5kN # N\ 43.79kN.m
(@) QO
S S
S < < <
0 < ‘0 S
o3 O
N N
Na] O
59.08kN C\/ 49.97kN.m 62.5kN ~__~ 43.79kN.m
49.97k:N.'n'<z, 30.38kN,/m 1348kN.m 60.26kN.'rr<L 37.5kN/m 60).26kN.m
b 4.0 a a 4.0 e
69.13kN 52.39kN 75kN 75kN
121.58kN |
59.08kN '
+
+ !
. |
: 3 |
2|+ 2+ . (NFD)
o N ‘
© ~ X
I _‘L______><Z
3 > |
S ® ‘
60.26 ' (B.M.D.)
49.97kN.m ‘
\ 16.48 \ i
]
S~ / 14.74
27.54kN.m ‘
43.79
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5— Design of sections

Sec (1—1) water section

M =106.5 kNm , T

working

=137.78 kN

working

, b=1000mm
Stage (1)

3
* *
t \/ M 10 +40mm= \/706'5 10 +40mm=656.73mm
(mm,) factor 0.28

=>Take t =700mm

Check stresses

6
g T M, 137.78+*10°, _ 106.5%10
t~ A " Z 7 1000*700 © 1000%(700)?/6

=0.20+1.30=1.50 N/mm?*

0.6/25

T =1.76N/mm* = [, < f, (safe)

> fct:

Stage (II)

M, ,=1.5%106.56=159.75 kN.m

Myi  159.75 t
=T 206 67 =0.77m >7 —cover

e, =e—L4+c=0.77-22010.04=0.46m

, T, ,=1.5%137.78=206.67 kN

M,s=206.67*0.46=95.07kN.m

6
6‘6‘0:01\/9507*70 =107 & J=0.826
1000*25

A

s Bc'r *[ J*d*f i ];//ys]
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assume ¢ 16 used = B, =0.75

A

_1 [ 9507*10° , 206.67*10
S 0.75 70.826%*660*360 360/1.16

A =1526.156mm”/m’ s==> 8¢16,/m’

Sec (2—2) water section

M, ..=56.07 kNm , T, .. =23572 kN
t=550mm |, c =8#16,/ M’

Sec (3—3) water section

M, .,=47.06 KN, Nopu=37.5 kN
t=400mm , A, =6#12/m’

Sec (4—4) water section

M i =44.83 kKN.m , T i =80.26 kN
working working
t=450mm |, L =8p12,/m’

Sec (6—5) air section , t=300mm

M =46.176 kNm , T =137.78 kN

working working

c =7$16,/m’

Sec (6—6) air section , t=300mm

M, . .=34.03 kNm , T, ..=57.856 kN
working working
A =8#12/m’

@Eng. Ezz El-Dwn Mostafa 2008.

, b=71000mm

b=71000mm

, b=71000mm

, b=71000mm

, b=717000mm



Sec (7—7) water section

M, . =306 kNm , T, .. =45.16 kN
workKwng workwng

t=350mm , A, =7912/m’

Sec (8—8) water section

M, . . =76.65 kNm , T . =122.25 kN
working working

t=600mm L =7P16,/m’

Sec (9—9) air section , t=300mm

M, .=<0.79 kNm , T  ..=12<2.25 kN
working working
C=7e12/m’

Sec (10—10) water section

M, . .=49.57 kNm , 1T, ..=75.00 kN
working working

t=450mm , A, =9#12/m’

Sec (11—11) air section , t=300mm

M, . .=30.5 kNm , T .. =7500 kN
working working
A, =7$12/m’

@Eng. Ezz El-Dwn Mostafa 2008.

b

b

b

)

>

b=71000mm

b=71000mm

b=71000mm

b=71000mm

b=71000mm



Jr—

w/z |$8

. ov | 4 |
w2188 w/9i#g | Saadhi ]
/ R e S S e N o
| &V/mw w0 1#g //D\xﬂﬁ w,/0 18 TS % /”
//_IIII . 8 .\
w/z |$8 P w9 e W S
.m .m .m , or'0—f f— gm.elm —
w W W 7 diuils
3 | : . [
| b 2y Jo LAd <=
| [
f | w189
:l w,/Z |$G __ , * —— —
——  w/z#5 R 7 -
| o
W |
|
G 0o] 7
° ] ,
no &)
AN N .
3 3 |
L K 0= B

LAY Jo spwrag

0¢G

0G
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5412/m

5412/m

— {—0.30

5.0

__ RFT. of hz. strip

-
-

7#10,/m
5¢12/m

7$12/m )

7910/m T\\}/

i

|

|

|

|

|

|

|

|

- |
1 |
|

|

|

|

|

|

5¢12/m _/
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VL. strip (2)




10.0

] I~o0.30

7410/m
7H1 2, m

L s L ey
. T’8 10/m___ 7#10/m \?\\ ul

| ——m— R VY) S

UL 422 AW
| 50 | VL. strip (3)
8¢12/m :
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|\,\,|, W/g %L ]]/4
1 w7 |P6 )
\ x ||||||| .\\J /
w/z 1P6
N © © N2
R S| ®
[\ [\ A\ A\
NN AN RN
s s BEREN
B == AU/0 B va» diigs zZf
o S ml mfom.o
w/z g 0P8 3 14
N AN /]
O\ . NN /.
* |
0¢G

N4
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— Some spectal cases

free edge

1— Walls supported on three sides

//////////////////////////// 7

5 a
T7 2 N1 A = — — ] 1
= Y strip(2)7] 2
E : / N A
NE= \ S 0
] 2
3 H \ £ a
S e N G 2
) N 7 2
S5 N 7 I~
strip(1) | L |
B, kEN/m
‘HH\HHHIHHH/HH strip(2)
\\__L_—//

)

deflection of strip (1) at joint (a)
=deflection of strip (2) at joint (a)

4 4
B, -h o, -L P, -L

8ET ~ 384E1 T BT gpi = (1)

4

==

p,tp, =twh = (2)
OB(2) S (1) v el

p, -L* L* +48h*
> — = > =
18nt H T n P h[ 48h* J=twh
48h* L*

= |P, =7 gpad ™ P, =l ygpt!™

o — B) ’ B: ph,
L? 48h*
= | o=l g endd o B=la eal
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OL'LUf
I AN 7] Ihﬂ
\BYwh 7%
*hyh, L
(B.M.D) (N.F.D)
\ / + +
Vo + 7
T OO
] 0.75[3Y,wh, ]
— < <
= 2 hz strip at h/4
I o =
— -
— S [
—  0.75Bv,h
| [T T
| L o N T
specail cases \ \
_ i — 0.757,h | :
17— af L h _ \ \
L* 3E\ N —
> 0= =0.02=0 S TII7777777777777777777,
iz ewryd wh L<h

AN ANNNNNANNNNNNNNNNNNNNNNNNN\N

h

>=>| for L < h walls are one way in hz. direction

|
w

[
0.757

] h ]
] < < — hz strip
h ] ]
Sl HS S H at h/4
]~ N [
Ih/zz s s |
AW T,k — 0.757,h —
I | [T
| | L
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4
. 48K
ST L= A — l3:[(4h)4+48h4]:0'76

A /

> Tl Twh 3 T h TITTT7 7777777777 7777777 77777 7777777 7777777777,
|
1

w | L>4h |

for L > 4h walls are one way in vertical direction

2— Corner effect lax ple

a— Cantilever wall (L > 4h)

load carried by hz. direction

S i

&g S
TA45 K
L
L
Strip (1) (vl. strip)
h
r A\ /
T R Toh 2
| L |
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— Load carried by hz. direction

Force on the triangle=p, *area

3
Force on the triangle= [szh J* héh /= Yw4h

Force on the tringle
area of rectangle

w (load in hz. direction)=

w=21 1 /hen)

w= N/
Strip (2) (hz. strip)
h
(B.M.D.) I
(N.F.D) I
<

b— One way tn vl. dir

1(\,/2’ h/2 irection

./ITTHTI\.\

/
Z
A
T

strip | (7

L
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Strip (1) (vl. strip)

> <
h
A\ /
y Tyl Twh 2
| L |
— Load carried by hz. direction o =Tl
av 2
Force on the triangle=p, *area |
3
Force on the triangle= [Yth J*[ h'g/2 = Vw8h
Tph
, , , Force on the tringle
w (load in hz. direction)=
5 area of rectangle
Yw b
w=2 1 [(h*h2) y
w=w4—h kN /m"
Strip (2) (hz. strip)
h/2 h/2
) / /
L teh Bk K \\ - |||:|I§
T4 8 32 — W=7 —
(B.M.D.)
- ] _.% e
[ L=
fwh h_ hwh® ? L
'=—%—2="3 | |
doYJ)

Ligs ol Jl sl 48 (one way) L)sadl Al 3 jalss (corner effect)

Lanle S350 Jaodl (65 o &u83) dou s 35U aid g (Tectangular) ol

3ol

_[4:5|‘9.=.J| &9 (0.5h) 85Lluae) % g(cantilever walls)gd (h) &8 Loae] J.a‘g.aj(w:wah)

(one way in vl. direction)
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Example(6)

Given:

< &

f =25 N/mm
cu
steel used 1is 360,/520

Regu'i,red

1—Design the given tank.

Z—Calculate the loads acting on the top hz. beam.

| V. | T |V. / 4
: g s P ]
3 full § 6 fut § T 0 full %
~ ¢/ < / 4 v ¢/

| | | | | | |
4.5m 4.5m 4.5m 4.5m 4.5m 4.5m
sec (B-B) sec (A—A)
| i 1=
.
: |
Ay ] I

1l room

g / ¢/ /

% ] ’ pump /¢ g ?
g /¢ /
g

4.5m

4.5m
r®
Le

4.5m  4.5m  4.5m
sec (C-C)
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Solution

1— Concrete dimensions
g =L 50 o545
wlf Ty T 16 <O 12CM

> Take tw:t =25cm

f

, L

2— Loads on floor

cover: 1 5cm

for outer floor (full of water)

wy =0.25%25+10%*4.5=51.25 kN/m’

for inner floor of pump room

w;=0.25%25=6.25 kN/m”

3— Load distribution

— for floor (4.5%4.5)
W/7/777777777777777777777777
_0.76%4.5 _
T=0.76%4.5 100 B
a=P=0.50 \
\

— Wall (1) (4.5%4.5)

_0.87%4.5
T=076%45 114
__rt
a=—T 7 =0.63
_ 1 _
p=—"—7 =0.37

@Eng. Ezz El-Dwn Mostafa 2008.

4.5
NNNNNNNNNNNNNNNNNNNNNNNNNNN

AANNNNNNNNNNNNNNNNNNNNNNNNN
4.5

NANNANNNNNN

[ 4.5

NNNNNN

S/ /7 /7,

0.37*45=16.65 kN/m

w
2 wy

0.63*45=28.35 kN/m



— Wall (2) (13.5%4.5)

one way in vl. direction :
\ 0
\ E‘“
777777 777777, 777777, 7 T
| 13.5 . 45kN/m
— Cover (45+45)
1*4.5 3
= =1.00
""7%45 B 0.5*3.75=1.88kN,/m
—B= 0 | |
a=B=0.50 < % A
wg =0.15%25=8.75 kN/m’ o : 4.5 T
| 4.5 !4.22kN 4.22kN

4— Analysis of strips

— VL. strip (1)sec (A—A)

4.22kN ?g
/, N ! 2
>a d KR | 45%(4.5)
| FEM =——=60.75kN.m
| ba 15
2
' —25.63%(4.5)
| FEM. =
A . F.EM. =—43.25 kN.m
0.5%51.25 | bo
=25.63kN/m 0.5%.25=| F E.M. =43.25 kN.m
L \ / /\j, 3.18kN/m cb
0y i A e | ~3.13*(4 5)2
\ 45kN/m / J 7\ \ € ppy - .
| 4.5 7 4.5 | oe 12
| FEM =-528 kKN.m
28.35 kN/m 16.65 kN/m ce
2 2
—16.65%(4.5)° 28.35%(4.5)
F.EM = — =—27.38kN.m
cd 15 117
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For Jownt b
0.75(1/4.5)

D.f = =0.43
ba  0.75(1/4.5)+(1/4.5)
f = (1/4.5) ~-0.57
bc  0.75(1/4.5)+(1/4.5)
For Joint c
D.f = (1/4.5) —0.44
b (1/4.5)+0.75(1/4.5)+0.5(1/4.5)
D.f = 0.75(1/4.5) ~0.33
cd (1/4.5)+0.75(1/4.5)+0.5(1/4.5)
D.f = 0.5(1/4.5) —0.23
ce (1/4.5)+0.75(1/4.5)+0.5(1/4.5)
Joint b c
member ba bc cb cd ce
D.f. 0.43 0.57 0.44 0.33 0.23
F.EM.| 60.75 |—43.25 | 43.25 |-27.38 | -5.28
Bal.M.| -7.58 | —-9.98 | —4.66 | —8.49 | —-2.44
C.0.M. 0 -2.33 | —4.99 0 0
Bal.M.| 1.00 1.33 2.20 1.65 1.15
M; 54.22 |-54.22 | 3580 |-29.22 | -6.57
R, =21.70kN
—iING .
ZD Point of zero shear
xr
z
o| 102 (10x)*5 =21.70 => 2=2.08m
N 45745 _101.25kN ?
\ g ~101. =M, =21.70x—(10z)*(5")
b 45kN/m M+'U§3014 kEN.m

Rp=79.55kN ~__ 54 2okNm
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Point of zero shear

Rd:7.32kN
x z d<]§<_ T
[ 7%16.65]*5=7.82 =>zx=1.99m
4.5 2 -
x r? 1*16 65
=M =7.32x—(-2F *¥16.65)*(=) 15" ©
+ve 45 6 V‘
16.65*%4.5
M =9.71 kN.m —=5—— =37.46kN
+ve
Vo)
* N
28.3521.125:15‘95101\/_ c :__
RC:46.09]CN
29.22kN.m™>~—"
54.22kN.m 25.63kN /m, 35-80kN.m 6.57IcN.:m 5,138 /m 6.57Ic\N.m
( b c > ( 4 >
4.5 1¢ 4.5 e
671.76kN 53.57kN 7.04kN 7.04kN
(B.M.D.) }é 420ty (N.F.D)
130.14 kN.m oTtkNm | 24.45kN 28.55kN
54.22kN.m '
35.80kN. | + +
4 6.57kN.m | 60.61kN
|1 ] 2' ! _/_ Wi +
7 19.87kN.m 7 1 SORNT | oo 4k N TS RN
i 79.55kN
29.22kN.m 61 76N
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— VL. strip (2) sec (B—B)

X :

™ 45%(4.5)
F.EM., =——==60.75kN.m
ba 15
_25.63%(4.5)°
F.EM, = -
LQ cd
N F.EM. =—43.25 kN.m
0.5%51.26=25.63kN,/m | cd
|
e \ Lo, | FEM =48.25 kN.m
\ 45kN/m 2/\ :
_ 4.5 77 4.5 :
For Joint b
0.75(I/4.5
D.f = (1/4.5) =0.43
ba  0.75(1/4.5)+(1/4.5)
1/4.5
D.f = (1/4.5) =0.57
b 0.75(1/4.5)+(1/4.5)
For Joint c
__ (1/4.5) —0.67
¢6  (1/4.5)+0.5(1/4.5)
;= 0.5(1/4.5)
“ed  (1/4.5)+0.5(1/4.5)
Joint b c
member ba be cb cd
D.f. 0.43 0.57 0.67 0.38
F.EM | 60.75 |—43.25 43.25 | —43.25
Bal.M. -7.63 -9.98 0 0
C.O0.M. 0 0 —4.99 0
Bal. M. 0 0 3.34 1.65
Mf 53.22 —-563.22 41.60 —41.60

©) Eng.
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Rq=¢1.92kN Point of zero shear

7

Rp=79.33kN ~__ 53 20kNm

__sgba
X

. (10x)*5 =21.92 => 2z=2.09m
o 10z . xg
< s s > M, =21.922—(10x)*(5")

5 =101.25kN
\ M =30.60 kN.m
+ve
b 45kN/m

41.60kN.m

< b c ) <
4.5 © 4.5 ¢
60.25kN 55.09kN 57.67kN

)

57.67kN

(B.M.D.) x (N.F.D)

30.60kN.m ‘ 27.98kN
gmm 41.60kN.m | +

: TN |

G 6/\ ! JAN +

7 17.47kN.m T | — S

23.28k:N.'m,l ~9 33kN
60.25kN

@Eng. Ezz El-Dwn Mostafa 2008.
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— HZ. strip (8) at h=1.125 . (c-c)

rwh 10%4.5

L = =11.25kN/m
_
“ 11.25kN,/m ||
<
21.26kN/m
3 S
- © ©
r.\z' N
B ~ x
21.26kN,/m
‘0
¥ 11.25kN/m 11.25kN/m jl 5

| 4.5 | 4.5 | 4.5 |

v
Y 1
28.48kN.m 7V ~ \X'za.zzakzv.m

35.88kN.m\\ /|35.88kN.m | (B-M.D.)
N\ e

I B e
T_

47.84kN

(N.F.D)

R25.31kN
R25.31kN

_/_
R25.31kN
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— Loads on top hz. beam
21.92kN/m  21.70kN/m X 92kN,/m
0
<
B4 N
g g
N N
o 3 3
S s
N N
N %
0
<
21.92kNXm  21.70kN/m 2 "92kN /m
! 4.5 | 4.5 | 4.5 |
—Alternative solution
3 Y b
21.92kN/m | 21.70kN/m | 27.92kN/m
0
<
g S
AN AN
% 3 3
3 |k 3
x N
0
<
21.92]cN/'m,l 21.70kN/m | 21.92kN/m
| |() ()l
4.5 |

©) Eng.
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5— Design of sections

Sec (1—1) water section

M =54.22 kNm , T =79.55 kN , b=71000mm

working working

Stage (I)

/ 3

* *

t = M0 70 +40mm= \/54'22 70 +40mm=480.05mm
(mm) fa,ctor 0.28

=>Take t =500mm

Check stresses

6
g LM 79.55*70‘: 54.22%10
t= " A4 " Z = 1000*500 ' 1000*(500)%/6

=0.16+1.30=1.46 N/mm?”

0.6 /25

- =1.76N/mm? >= f, < f,, (safe)

> fct:

Stage (II)

M, ,=1.5%54.22=81.33 kN.-m , T, ,=1.5%79.55=119.33 kN

Myi  81.33 t
=T 779 33 =0.68m >7 —cover

e, =e—5-+c=0.68— 9294 0.04=0.47m

Ms=119.33*%0.47=56.09kN.m

6
460=C, /56-09*70 C,=9.71 & J=0.826
1000*25
[ T.1, ]
* o %k
Ag B J d Ty fy/ys 93
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assume 16 used = B, =0.75

3
56.09*10° n 779.33*70]

1
A=
s ~0.75 [0 826+ 460+360 360/1.15

A_=1055.00mm?,/m’ >==> 6¢16,/m’

Sec (2—2) water section

M =35.80 kNNm , T =79.55 kN

working working

t=400mm , A, =5#16/m’

Sec (3—83) air section , t=250mm

M =30.174 kNm , T =28.556 kN

working working
A, =8#12/m’

Sec (4—4) air section , t=250mm

M,  .=19.87 kNm , T  ..=79.55 kN
working working
A =7912/m/

Sec (6—5) water section

k‘:53'22 kKN.m |, T k.:79.33 kN
working working
t=500mm |, . =6#16/m’

Sec (6—6) water section

My, ..=41.60 kN-m , T,,..=79.33 kN
t=400mm , A, =6#16/m’

Sec (7—7) water section

t=350mm |, L =6812/m’
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b=1000mm

b=7000mm

b=7000mm

b=7000mm

b=1000mm



(1) dwgs 74

w/z |#g

) —— | S w29 «m.w By |
VLT T w/g |P8 /N ge®y TN _
NN RN N N
: / — R Hl/ \\\\ v T I
\A/ / w/0 1 $9 \v/J /9 #9 w,/0 rﬁm ”\k\a\QN&b w /”
N 2 ! g O Al
y w,/9 19 w919 | | | . )
$ s < W e szo—i— |
S NN | | w,/0 189 |
3 3] [3 W w7 $9 <=1 |
w/z |$S 7 | g .
= r=3-
w,/g |$S , %
X3

LAY fo snpmiaqg
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w/z g

(z2) dwgs 74

f (SN 4

N w/z g

w/z |#g

\A | W9
////
\ w/9 1$9

w/0 P9

\E\NRVJ[\J ) /l_
BV : w,/9 1#9 ism

X

520}
w/0 1#9 <]
w/z |$9 <]

LN 4
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Example(7) (M.T. public works 2004)
Given:

f =25 N/mm°® &
cu
steel used 1s 360,/520

Regu'i,red

1—Draw the load diagram for the wvertical sections (A—A4)
, (B—B) & hz. section (C-C)

2—Calculate the internal forces and design section (A—A)

, (€=C)

3—Draw the load diagram for the top hz. beam.

4—Draw to a convenient scale details of RFT for
sections (A—-A) & (C-C)

B

full

4.0m

Jull empty %

LLLLLLLLLLL L

— LLLLLLLLLLL L L L LL L L L L LT L L

sec (A-A)
| | | |
4.0m 5.0m 5.0m
sec (B—B)
§ full empty %
<
sec (C-C)

5.0m 5.0m @
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Solution

1— Concrete dimensions

¢ g =L 400
“'fT76 TT16 T <R

> Take tw:tf =25¢cm

2— Loads on floor

for floor (full of water)

w; =0.25%25+10%4.0=46.25 kN/m’ | | ,
I ,
for empty floor 3T /
w; =0.25%*26=6.25 kN/m*
33— Load distribuiion T
g ) w, w, 7
— for floor (4.0%5.0) 3 0 /
MMM - 27 2” bl soitzsiiicoiisinin /
0.76*5.0 \ / | |
r:m:7.25 \ d T 5.0m " 5.0m
r4 : o
OL:W =0.71 y & ;V'
1 § /
p=—a =0.29  ___ 7

, 5.0

— Wall (1) (4.0%4.0)

_0.87%4.0 _ v \
T=0.76%4.0 14 715 \

r4 ol 7 N
a=——7 =0.63 < 7 \ \ 0.75%25.2=18.9 kN/m
S ﬁ @
=7 =0.37 | \

NASNNNNNNANNNANNNNNNNNNNNNNN

0.63*40=25.2 kN/m
. 4.0 !

0.37*40=14.8 kN/m
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— Wall (2) (5.0%4.0)

_0.76%5.0 _ )
T=0.67%4.0 09 /

I s —0.59 ) i A

et Y \ ~
__ 1 — : B 2

B= a— 0.41 \ A
! 5.0 |

0.59*%*40=23.6 kN/m

4— Analysis of sirips

— VL. strip (1) sec (4—4)

/, a S X
r D N il
S O
< 0.29*%46.25
=18.41kN/m 0.29*%6.25
=1.81kN/m
B bR//\ /\\JI' A e
\ Z/\C\ )

//77777/' T
| 50 | 50 |
| /oL |

25.2 kN/m  14.8 kN/m

For Joint b , e

Df =D.f =— O 75(1/4.0) —0.48
ba e/ 0.75(1/4.0)+(1/5.0)

Df =D (1/5.0) -0
be " Yee  0.75(1/4.0)+(1/5.0)

For Joint c

Df = (1/5.0) =0.34
®  (1/5.0)+0.75(1/4.0)+(1/5.0)

0.75(1/4.0) =0.82

D-Jea™ (1/5.0)+0.75(1/4.0)+(L/5.0)

@Eng. Ezz El-Dwn Mostafa 2008.
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\\ 0.75*16.4=12.3 kN/m

0.41*40=16.4 kN/m



2 2
14.80*(4) 25.20*%(4)
FEM. = + =19.23kN.m
b 15 117

a

F.E.M.Cd:—79.23kN.m

2
_ *
1841°05) _ o7 94kNm & F.EM. =27.94kN.m

F.EM. = =
bc 12
_1.81%(5)°
FEM = =—3.77kNm & F.EM. =3.77kN.m
ce 12 ec
Joint b c e
member ba bc cb cd ce ec ef
D.f. 0.48 0.52 0.34 0.32 0.34 0.52 0.48
FEM.| 19.23 | —27.94 | 27.94 | -19.23 | -3.77 3.77 0
Bal.M.| 4.18 4.53 —1.68 —1.58 | —1.68 -1.96 | —1.81
C.O.M. 0 -0.84 | 2.27 0 -0.98 | —-0.84 0
Bal.M.| 0.40 0.44 -0.44 | —0.41 | —0.44 0.44 0.40
My 23.81 | —23.81 | 28.09 | —-21.22| —6.87 1.41 —1.41
R, =4.96kN Point of zero shear
T —’QDG’ x x
[77*14.80]*5=4.96 == x=1.64m
xr
2 1480 x ®
3 14.80%4.0 =>M, =4.962— (4 *14.80)*(%)
5 =R9.60kN M, =5.41 kN.m
SI b k\ 25'220*7'0:12.60kN
R, =87.24kN _
b N~~~ 23.81kN.m Ry=5.61kN
Point of zero shear N
xr
x x
[4 *7480]*?:567 > xr=71.74m 4£*14.80
S
x x? 14.80%4.0 A
»:>M+vf5.6‘1x—(4 *14.80)*(?) ——5 —— =29.60kN
Q
M, 5651 kN.m 25'20;1'0 =12.60kN cT“'
R,=36.59kN

21.22kN.m ~—
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R.=0.35kN
FIN—
()
<
e
R _=0.35kN
1.41kN.m>—"
23.81kN.m 28.09kN.m 6.87N.m 1.47kN.m
13.41kN/m / 1.81kN/m
(F 1 |
5.0 1€ 5.0 €
32.67kN 34.38kN 5.62kN 3.43kN
5.41kN.m (B.M.D.) 6.51kN.m
28.09kN.m /|y
283.81kN.m|, 4, 2|“ 6.87N.m 1.41kN.m|
] ] )
3 1.52kN.m
7 15.96kN.m z T
21.22kN.m
(N.F.D)
* i 40kN
32.67kN H 3. 43kN
+
- + 0.65kN 0.35kN ‘
7777 77 @
37.24kN
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— HZ. strip (2) at h=1.0 sec (C—C)
a 7 \ b A c
[ <X /T ~
12.3kN/m
<| — __;3_ ______ _;5, ] _.><Z
12.3kN/m
4 > & f
| 5.0 | 5.0 |
For Jomnt a , c
D.f =p.f = —0:8(1/4.0) -0.38
ad of  0.5(/4.0)+(1/5.0)
D.f =D.f = (1/5.0) -0.62
ab ¢®  0.5(I/4.0)+(1/5.0)
For Jownt b
D.f = (1/5.0) 28
ZS (I/5.0)+0.5(1/4.0)+(1/5.0)
D.f - 0.5(1/4.0) o4

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

2
— *
FEM = 78.90 (4):—25.20kN.m & F.E’.M.be:25.20kN.m
a

d 12
12.30%(5) °
F.EM = =25.63kN.m & F.EM. =—25.63kN.m
ab 12 ba
Joint a b c
member ad ab ba be bc cb cf
D.f. 0.38 0.62 0.38 0.24 0.38 0.62 0.38
F.EM|—-2520 25.683 | —25.63 | R25.20 0 0 0
Bal M. | —0.16 —-0.27 0.16 0.10 0.16 0 0
C.0.M. 0 0.08 —-0.14 0 0 0.08 0
Bal.M.| —0.03 -0.05 0.05 0.03 0.05 —-0.05 -0.03
My —-256.39 | 256.39 | —R25.56 25.33 0.21 0.083 -0.03
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30.72kN 30.78kN 0.05kN 0.05kN
50 5.0
( a b ) ( ay c >
4 N / u N
25.39kN.m 12.8kN/Mm 95 sginm 2 kN-m 0.03kN.m.
— ! M/_ 0.03kN.m
a £ 6 5
37)8kN - é . 25,5616% 0.21kN.m
g N
o } N 12.47kN.m
V: g S e N S ><
X 2 (B.M.D.) % (N.F.D) .
2 + + % | %
. : Q
37.8kN |4 % g ~ =
| N
25.39kN.m +
37.8kN
— VL. Stmp (’3) sec (B—B)
Rg __>%[> <]§
@)
N 0.71%46.25
=32.84kN/m
) 23.6 kN/m
7 164 kN/m
| 4.0 |
— Loads on top hz. beam
__ JaY
/
R kN/m
3 3 S
S 2 2 2
¥ <3 < <3
© ~ o)
(o)) © ™
A 15 S
R, kN/m
— >
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5— Design of sections

Sec (1—1) water section

M =21.22 kNm , T =40.00 kN , b=71000mm

working working

Stage (I)

/ 3

* *

t = _ M0 10 +40mm= \/27'22 10 +40mm=305.96mm
(mm) fa,ctor 0.30

==>Take t =300mm

Check stresses

6
fop Lo M 40.00*703+ 21.22*10
t— " A Z  1000%*300  1000%(300)%/6

=0.18+1.41=1.54 N/mm*

0.6/25

o =1.88N/mm? = f, < f,, (safe)

> fct:

Stage (1I)

M, ,=1.5%21.22=31.83 kN.m , T, ,=1.5%40.00=60.00 kN

My 37183 t
=T 60 00 =0.53m >7 —cover

e, =e—4+¢=0.53-93010.04=0.42m

M, =60%0.42=25.2 kN.m

6
260=C, /25-20*70 C,=8.19 & J=0.826
1000*25

Tu. l.

e
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assume ¢12 used = B, =0.85

3
25.20%10° ., 60.00*10

1
A =
s =0.85 L0 826+260+360 360/1.15

2 P) P)
A =608.96mm”",/m’ >=> 6¢12,/m

Sec (2—2) water section

M, .,528.09 kNom , T, =37.24 kN
t=350mm , A, =6#12/m’

Sec (3—3) water section

M, . .=23.80 kNm , T .. .=3724 kN
workwng workwng
t=350mm , A, =6#12/m’

Sec (4—4) air section , t=250mm

M, . =1596 kNm , T .. .=37.24 kN
working working

A, =5¢12/m

Sec (6—5) water section

M, . =25.56 kNm , T .. =37.80 kN
working working

t=350mm , A, =6#12/m’

Sec (6—6) air section , t=250mm

My w=12.96 kKNmo, T, =37.80 kN
A, =5912/m/
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b=1000mm

b=7000mm

b=71000mm

b=71000mm

b=71000mm



w 3 ™
/2 1BG o~
//. E\ﬁ ’ :\A//.
// Q N b S\N N&Wl' ﬁ; ///
w,/z 1$9 w,/z |$9
o| |o Nl | o N
NN NEAN 3 [
3 |3 3|3 3| I3
—— — —C
| . 0 . 0G —
r~ e — —— ——————r - T
rd .
1@ AN @ A S 8
szo Oy sz 0 I Oy Sz 0l
[ A
(1) dwgs “TA | 3

w/z 1#9-= |

WL —

LAY fo spmiaq
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w,/ #9 \W

w/z %9 N

b

il
:

w,/z |#9 J_

| —

w/g |$9

O 4
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Example(8) (m.T. str. 2001)
Given:

&

f =25 N/mm
cu
steel used 1is 360,/520

Regu'i,red

1—Draw the load diagram for the wvertical section (A—A)

, hz. section (B—B)

2—Calculate the internal forces and design section (A—A)
, (B-B)

3—Draw the load diagram for the top hz. beam.

4—Draw to a convenient scale details of RFT for
sections (A-4) & (C-C)

o}
Qz: 4 s 72
S / : pump
3 é ru f VTP R fuil
ﬁ.
/ / sec (A—4)
| | | |
4.0m 4.0m 4.0m
3 o
£ L full
| |
s I I
— :::::_I Z I_:::::
g % / | pump /% sec (B—B)
< : 1 room ,
§ I
A I I
L] L

I I I |
4.0m 4.0m 4.0m
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Solution

1— Concrete dimensions

I 400
Al T 6 =716 =25¢cm
> Take tw:tf =25¢cm

2— Loads on floor

for outer floor (full of water)

wy =0.25%25+10*4.5=51.25 kN,/m’

for inner floor of pump room

w;=0.256*25=6.25 kN/m”

for cover of pump room

w,; =0.25%25+10%0.5=11.25 kN/m’ oy
3— Load distribution
Bzmmi:mm
— for floor (4.0%4.0)
NN\ NNN\\\\] —
_0.76*4.0 /
T=0.76%4.0 00 o [
O
B V
77 7777
| 4.0 |
— Wall (1) (12.0%4.5) ]
one way n vl direction Y E:

VI /777777777 777777777777 7777777777777/ /77 7/ 77/ /7 /777

! 12.0
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— Wall (2) (4.0%4.0)

[/////77777//7777/7/77777777/7%

-

. 0.76*4.0 _
T 0.76%4.0

o=PB=0.50

1.00
p

17.5

4.0
NNNNNNNNNNNNNNNNNNNNNNNN

o

AANNNNNNNNNNN NANNNNNNN\N

. 4.0 ,

0.5%45=22.5 kN/m

4— Analysis of strips

— VL. strip (1)sec (A—A)

0.5*=2.

5 kN/m

kN/m

0.5%45=22.5 kN/m

0.6%11.25 ?é
=5.63kN/mS .

For Joint b D a y
& !
Df — 0.75(1/4.5) [ |
“ba 0.75(1/4.5)+(1/4.0) }
0
D.f, =0.4 < '
0.5*51.2? ‘
_ =25.63kN/m 0.5%6.25=|
D']:,C_O'G L \ // = 3.13IcN/m!
Ny \ Je7 |
\ 45kN/m / Jﬁ \ ’
| 4.0 / 7 4.0 |
For Jownt ¢ 22.5kN/m 22.5kN/m |
1/4.0
D.f = (1/4.0) =0.40
¢ (1/4.0)+(1/4.0)+0.5(1/4.0)
cd
D.f = 0.5(1/4.0) —0.20
ce  (1/4.0)+(1/4.0)+0.5(1/4.0)
For Joint d
(1/4.0) —0.67

i (1/4.0)+0.5(1/4.0)

Df = 0.5(1/4.0)  _
T (1/4.0)+0.5(1/4.0)
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45%(4.5)

2

F°E'M°ba: =60.75kN.m
25.63%(4)°
F.EM = : =—834.17kNm & FEM =34.17kN.m
bc 12 cb
2
—3.13*%(4
F.EM = () =—4.17kN.m
ce 12
2
—5.63*%(4
F.EM = ( ) =—7.51TkN.m
df 12
2 2 2 2
2.5%(4 20%(4 22.5%(4 2.5*%(4
FEM =-— (4) — ( )— (4) — (4) =—22.28kN.m
cd 12 20 124 904
2 2 2 2
2.5%(4 20%(4 22.5*%(4 2.5%(4
FEM = (4) + ( )-/— (4) + (4) =14.72kN.m
dc 12 30 904 124
Joint b c
member ba bc cb ce cd dc af
D.f. 0.40 0.60 0.40 0.20 0.40 0.67 0.33
F.E.M. 60.75 —-34.17 34.17 —4.17 —R2R2.28 14.72 —-7.51
Bal. M. —710.63 —15.95| —-8.09 —1.54 —-3.09 —4.83 —-2.38
C.OM. 0 —1.55 —7.98 0 —2.42 —1.55 0
Bal. M. 0.62 0.93 4.16 2.08 4.16 1.04 0.51
Mf 50.74 —-50.74 27.26 —-3.63 —-23.63 9.38 —-9.38
Ra:22.4/7kNa
e Point of zero shear
x
x
| 10 (10%)*5 =22.47 => z=2.12m
¥ 4545 _101.25kN z?
= . — _ /7
\ 2 —> M, =22.47—(10z)*(5-)
b 45k:N/m M+'Uf3176 ICNm
Ry=78.78kN 50 04khm
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Point of zero shear

9.38kN.m
R =16.85kN

LLLL

1.25kN d
X X x
2.5x+ [ *20]* 5 +1.25=16.85 = £=2.05m
2 10kN 4L S
X xr X ~t
= —_ = (=% L i il
=M, =16.850—2.5x5 —(~f *20)*(5") LOKN
—1.26%(x—1,/3)—9.88=10.58 kN.m
11.25kN c
) R =45.65kN
23.63kN.m ~~—"
50.74kN.m 25, 6’3kN/m 27.26kN.m 3. 6‘3k:N.;'m, 3 13]CN/m 3.63kN.m
(h 0 .
4.0 1€ 4.0 €
57.18kN 45.39kN 6.26kN 6.26kN
9.38kN.m 9.38kN.m
5.63kN/m >
( ¢ 4.0 J
11.26kN 11.26kN
) }@ 16.85kN .
1 9.38kN.m ~ \
e " 11.26kN\]
S } 5 | (N.F.D)
2
© 3 (B-M.D.) S | 26.91kN
. vl |
» S |
50.74kN.m ‘
N 27.26IcN.y3.63kN‘m * \ 51 65KN +
' o 2] : F 7 57.13kN
7 . .m 75 NN\ N\ + N
2.631cN.m| 33.13kN
78.78kN

R3.63kN.m
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— HZ. strip (2) at h=1.00 s (B-B)
Ywh 10*4.5
T =7 =11.26kN/m
B J_l L
(.} L
<
17.6 kN/m
§ S
S 3 3
N < «
X Ry
17.5 kN/m
(=
3 0
N
4.0 4.0 4.0 |
~ 4
28.48kN.m 7V ~ N28.48kN.m
23.33kN.m\_ /|23.33kN.m | (B.M.D.)
5
\i1.67kN.m 4
S N ZT | B F ..... __._><Z
= e
o) w
™ ™
§ 35kN § (N.F.D)
™ ™
G | 9
N N
_/_
25.31kN



Loads on top hz. beam

22.47kN/m
S
<
S 3
AN AN
S 3 3
S s
N N
S
<
& 22.47kN/m 74'7
4.0 4.0 4.0
5— Design of sections
Sec (1—1) water section
M .=5074 kNm , T _.=7878 kN , b=1000mm

working working

Stage (1)

/ 3

* E
t _M*10 70 +40mm= \/50'74 10 +40mm=465.69mm
(mm) factor 0.28

==>Take t =500mm

Check stresses

6
fop LM 78.78*703+ 50.74*10
t 4 Z " 1000*500 ' 1000*(500)%/6

=0.16+1.22=1.838 N/mm?*
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_0.6/25

= fy= o =1.76N/mmf = < [, (safe)

Stage (1I)

M, ,=1.5%50.74=76.11 kN.m , T, ,=1.5%78.78=118.17 kN

U.

Myl 9611

t
=T, "118 77—0.64m >7 —cover

e, =e—4-+c=0.64-9:2010.04=0.43m

M=118.17*0.43=50.8TkN.m

6
460=C, /50-87*70 =102 & J=0.826
1000*25

— 1 Mus Tu.l.
Asnl ey A

assume ¢16 used = B, =0.75

3
__1 [ 50.81*10° 4 118.17*1074
s 0.7570.826*460*360 360/1.15

2 ’ )
A =998.59mm" /m >=> 5¢16,/m

Sec (2—2) water section

M =27.26 kNm , T =78.78 kN

working working

t=350mm , A =7#12/m’

, b=1000mm
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Sec (3—3) air section , t=250mm

My, =531.76 KN, Tpo=26.91 kN

A, =8#12/m’

Sec (4—4) water section

M, . .=<848 kNm , T  ..=25.31 kN
working working
t=350mm , A _=6#12/m’

Sec (6—5) water section

My, 0=23.33 kN, Nyoin=35.00 kN

t=300mm , A, =5¢#12/m’

@Eng. Ezz El-Dwn Mostafa 2008.
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(1) dwgs 74

w/z P8

) s _ 4 | w,/z |#G « 4 |
NN AN A
B AR— . HI/ , .\.\\ VRS .
\// \ w0 g v/ /2 18 w0 g [ k&\ssm o / |
oD | { & N
f gl N
. LY | sz ol g o |9
m m m 7 w/0 #9<-11
3 31 |3 ! w/z 1$9~<] |
w/z |$C 7 _ g
|y _ gl
w/z |$G S !
[\
O
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(2) dwys zH

N\
T —

IS

0 c}
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Example(9)

Given:

2

f =256 N/mm~ &
cu

steel used 1s 360,/520
Required

1—Design the given tank.

Z—Calculate the loads acting on the top hz. beam.

éru ___________________ 72 — 77y ee———— 72
4 ; 1]
¢ Y s
¥ full ¥ full
%
9 LIL.=2kN/mP L.L.=2kN/mP
k— % Z Z I IIIII4 /// 2L Z — // 2L Z oy IS4 YISO /
4 4 / 4
S 4 4 g 4 4
S| f empty H§Y empty SI®Y empty empty VY
Yo} ¢ 4 0 4 4
%
/ / 1 1.L.=5kN/m? Y L.L.=5kN,/m? })
J VJSQC (D_D)L VJ O ‘ ‘sec (C_C)L

) 5.0m ) 5.0m ) ) 2.5m ) R2.5m ) 2.5mAL 2.5mﬂL

S— LLLLLLL Z Z Z x— LLLLLLLLLL Z Z Z Z LLLLLLLLLL, 7

4

E /]

QS empty empty Y

Lr) /]

/]

g full — 72777 77777777777 727777777777 7777 :
S ? K

S 2

S empty empty |

o) 4

/]

) 5.0m ) ) 5.0m ) 5.0m )

sec (A—4) sec (B—B)
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4.0m

wall(2)

L 2.5m ) 2.5m )

lower tank

5.0m

upper tank

lower
floor
lower lower
floor floor
5.0m 5.0m
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Solution

1— Concrete dimensions

[ 500

'w:tf:76‘ =75 =31.25cm

> Take tw:tf =30cm

2— Loads on floor

for inner wupper floor (full of water)

wy =0.30*25+10*4=47.50 /CN/m2
for outer wpper floor (of L.L.=2.0kN/mF?)

wy =0.30*%25+2.0=9.50 kN/m2

for lower floor (of L.L.=5.0kN/m?)

w; =0.30%26+5.0=12.50 kN/m”

3— Load distribution

— Upper floor (2.5%5.0)

_— LLLLLLLLLLLLLLLLLLL L L

one way slabs

5.0m

5.0m

Z.
I
I
I
I
I
I
I
I
|
I
I
I
I
I
I
I
I
I

I
I
I
I
I
I
I
I
//////I///////
I
I
I
I
I
I
I
I
|

SO NNNNNNNNNNN AN SOONONANNNNNNNNNNNNNN

L 2.5m L 2.5m L 2.5m L 2.5m | @
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— Lower floor

. 0.76*5 _
T 0.76%5 ~

o=p=0.5

1.0

50

— Wall (1) (10.0%4.0) -

one way 1n vl. direction

4.0

| 10.0 | 40kN/m

— Wall (2) (5.0%4.0)

_0.76%5 oo
= 0.87%4 =1.09 0.756*16.4=12.3 kN/m
4
0= Tt =059
1 0.41%40=16.4 kN/m
B=—"— =0.41
1+

0.59%40=23.6 kN/m

4— Analysis of strips

— VL. strip (1) sec (C-C)

a

[ QD ’g[>a <]§ _
S
< A g
N S
V-
0.5EN /m 47.5kN,/m o7 558 /m
L Q jb/g \ )C 9.5kN,/m 5 ‘ 7 9.5kN fm
40kN/m - d 40kN,/m C  40kN/m
25 | 25 |
El o
2 § o O o
 6.25kN/m | 0.5%12.5
e T Y =6.25kN/m [ 6.25kN,/m
& 7 R
5.0m 4 5.0m 5.0m ,
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For Jownt b

7 0.75(1/4.0) 018
“ba 0 75(1/4.0)+(1/2.5)+(1/2.5) '
D.f =D.f = (1/2.5) —0.41
bd be  0.75(1/4.0)+(1/2.5)+(1/2.5)
For Jownt d
pf —— (1/25) —0.67 & D.f =0.33
@ (1/2.5)+(1/5.0) de
For Joint e
D.f =p.f = (1/50) -0.5
ed ef  (1/5.0)+(1/5.0)
2
40*(4.0)
F.EM, =—"——=42.67kN.m
_47.5%(2.5)
F.EM. = =—24.74kN.m & F.E.M. =24.74kN.m
bec 12 cb
2
—9.5%(2.5
F.EM. = (25) 4 95kN.m & F.EM. =4.95kN.m
db 12 bd
2
—6.25%(5.0
FEM =—825M50) 15 0okNm & F.EM. =13.02kN.m
ef 12 fe
Joint c b d e bi
member cd be ba bd db de ed ef fe
D.f. 0 0.41 0.18 0.41 0.67 0.338 0.50 0.50 o
FEM| 24.74 | —-24.74 42.67 4.95 —4.95 0 0 —183.02 13.02
Bal. M. 0 —-9.38 —4.12 —-9.38 3.32 1.63 6.51 6.51 0
C.OM.| —4.69 0 0 1.66 4.69 3.26 0.82 0 3.26
Bal M. 0 —-0.68 —-0.30 —0.68 -5.33 -2.62 —-0.41 —-0.41 o
Mf 20.05 |—384.80 38.25 -3.45 —2.27 2.27 6.92 —-6.92 16.28
Ra:77.10kN
- Point of zero shear
xr
vz _ _
(o (10x)*5 =17.10 => x=1.85m
S
ﬁ.
40*4.0 x?
\ > =80kN =>M, =17.10x—(10x)*(%")
ol \sorn/m M, =21.08 kN.m

Ry=62.90kN ~__ 38 25kN.m

@Eng. Ezz El-Dwn Mostafa 2008.

(29



2.27kN.m 4 9.5kN/m > fokN-m 34.8kN.m. 5 47.5kN /m, (20-05kN.m
<d2.5b) <62.5C>
14.16kN  9.59kN 65.27kN  53.48kN
R2.27kN.m
1.84kN -~
< DAY
d
6.92kN.m 6.25kN/m 16.28kN.m
( € 5.0 f >
(=)
G
18.75kN 17.50kN
e

1.84kN ~__

6.92kN.m

2
|
|

21.08kN.m !
53.48*2=
| 106.96kN 65.27+9.59=74.68kN
20.05
34.8kN.m // 1.84kN
2.27kN.m 1+ A
[\ 5
3.45kN.m. 59.68 2 4 —{14-16kN
38.25kN.m 62.9—1.84=61.06kN
(B.M.D.) O (N.F.D)
16.28kN.m _
6.92kN.m &77'5*2‘35:“]\’ i 18.75kN
7 7.983kN.m 77 1.84kN 777777
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— VL. strip (2) sec (D-D)

> > <N
23.6kN, g
.6kN/m 28.6kN/m <
16.4kN/m 16.4kN/m
%/ S CE b S C S R
0, 0, 0, ) §
G
0.5*12.5
6.25kN/m =6.25kN/m 6.25kN/m
( ) e
d /& ¢e d 7 a
| 5.0 | | 5.0 i 5.0 i
For Joint b
1/5.0
D.f =D.f = (1/5.0) =0.34 , D.f. =0.32
bd b¢  0.75(1/4.0)+(1/5.0)+(1/5.0) ba
For Joint d
D.f =p.f = —(1/5.0) -0.5
db de  (1/5.0)+(1/5.0)
2 2
23.60*%(4) 16.40*(4)
FEM = =27.42kN.m
ba 15 117
2
—6.25*(5.0
FEM = ( ):—73.02kN.m & F.EM =1302kNm
de 12 ed
Joint c b d e
member cb bec ba bd ab de ed
D.f. 0 0.34 0.32 0.34 0.50 0.50 0
F.EM. 0 0 27.42 0 0 ~13.02 13.02
Bal. M. 0 -9.32 | -8.77 | -9.32 6.51 6.51 0
C.O.M. | —4.66 0 0 3.26 ~4.66 0 3.26
Bal. M. 0 —1.11 —~1.04 | —1.11 2.33 2.33 0
M; ~4.66 |—10.43 | 17.61 | —7.17 4.18 ~4.18 16.28
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R, =12.01kN Point of zero shear

_ _,’aDCL

X X
[4*23.60]* 5 =12.01 ==>z=2.02m
X
2 v23.60 x z*
S 4 > M :72.0733—(7*23.60)*(?)
A 23.60%4.0 e
z T 47.E0kN M, =16.16 kN.m
Q %k
N : \\\ 16‘.420 1.0:8'20kN
Ry =43.39kN
Y~ 17.61kN.m
7.17IcN.m 10.43IcN.m b c
0.60kN +—~ & >4.6‘6kN.m
——3 SN\N §
| 50 |
3.02kN 3.02kN
S
o)
4.18kN.m 6.25kN/'m, 16.28kN.m
( d e>
5.0
d]
0.60kN  ~_~ ,  oinim 13.21kN 18.05kN
a XK S
16.16kN.m
2%3.02=
10.43kN.m |6.04kN _
17.61kN.m X s 30kN,
7.17kN.m \ + \ 30+3.02=33.02kN
4.66kN. M 529060 \=
=43.99kN
(B.M.D.) (N.F.D)
_/_
16.28
4.18 36.10kN +\ 13 216N

7 9.3 VL 0.6kN 7777
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HZ. strip (3) at h=6.00 s.c (a-a)

B S
JE12.3kN/m L j“’
>
S Ywh 10%4
~ w
S
. . ) 50
1 1
3 3
—‘S 2’7 IQ J E12.31cN mEL
12.83kN/m N AN
L s 3
) 5.0 ) S S
30.75kN 30.75kN
18.44kN.m
/\ y
20kN.m / \ 20kN.m
(B.M.D.)
¢ ()
(N.F.D)
30.75kN | T "1 30.75kN
_/_
10*¥2=20kN
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— Loads on top hz. beam

12.01kN,/m o
™
™

o tie g -

g S

o |[3 NIRE
SN RE
L |~ tie ~|d
o
«
12.01kN/m ™
_! 5.0 !_
5— Design of sections
Sec (1—1) water section
M oriirg 3825 kN.-m , T,4574.68 kN, b=1000mm
Stage (1)

%k 3 %k 3
t o=/ MT0 L somm= /3825110 4 0mm=3897.07mm
(mm) factor 0.30

>=>Take t =400mm

Check stresses

6
PR 74.68*103+ 38.25%10
t= " A Z ' 1000%*400 * 1000%(400)%/6

=0.19+1.43=1.62 N/mm?”

0.6/25

T =1.76N/mmf = f, < [, (safe)

= fct:
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Stage (II)

M, ,=1.5*38.256=57.38 kNm , T ,=1.5*74.68=112.02 kN

u. u.

My 57 38 ¢
T, —772'02—0.57m >7 —cover

e—

e, =e——+¢=0.51-22010.04=0.35m

M =112.02*%0.35=89.46kN.m

6
360=C, /39-46*70 C,=9.06 & J=0.826
1000*25

_ 1 Mus Tu.l.
As_ [%T*[ J*d*fy + fy/ys]

assume $16 wused == B, =0.75

3
39.46%10° n 772.02*70]

1
A =
s =0.75 10 826+360+360 360/1.15

A =968.61mm’ /m’ == 5¢16,/m’

Sec (2—-2) water section

M, ,.,=20.05 kNm , T,..=61.06 kN , b=1000mm
t=300mm |, L =6#12/m’

Sec (83—8) water section

M, ..=17.61 kN.m , N, ..=30.00 kN , b=1000mm
t=300mm , A, =5#12/m’

Sec (4—4) water section

M, .,=20.00 kNm , T,..=30.75 kN , b=1000mm

t=300mm , A, =5#12/m’
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Example(10)

Given:

° &

f =25 N/mm
cu
steel used 1is 360,/520

Regu'i,red

1—Draw the load diagram for the wertical sections (A—A4)

and hz. section (B—B)

2—Calculate the internal forces and design section (A—A)
, (B—B)

3—Draw the load diagram for the top hz. beam.

—
o)
™~

T~ S /777277

4.0m
S

] sec (A—4A)
i | 4.0m ) }
1.5 1.5
o [ [
~ ___g ________ A
:: :
I 1 I 1
§ % I 1 I 1 %
. I 1 I 1
s I I
I 1 I 1
- — - -------N-o- sec (B—B)
d 1 :: e B

i L 4.0m L )
1.5 1.5 @
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Solution

71—

Concrete dimensions

L _

400

tw=ts ==

> Take tw:tf

2— Loads on floor

16

=25¢cm

=25cm

wyr=0.25*%25+10*5.5=617.25 /cN/m2

3— Load distribution

— Floor (1)
_0.76*4.0

T=0.76%4.0 -0

a=B=0.50

— Floor (2) (1.5%4.0)

(4.0*4.0)

one way 1n short direction

— Wall (1) (7.0%4.0)

_0.76*7

T=076% =170
__r _
o= 7 =0.90
_ 1
B=——4 =0.70

T,

S
~

NNNNNNNNNNNNNNNNNNNNNNNNNN

N
4
N
B 7
N
4
2
N
4
N
4
N [0}
4
2
N
S TTT7777777777777777777777777;
| 4.0 |
r 1
13.56 kN/m

s 7 .
Y N

N
7 o N
7 N
7 N
7

N

N
7

N
2 B

N
7
7

N

N
N N N

7.0

0.9*55=49.50 kN/m
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PIIIIIII IS III SIS SIS SIS SIS IIIIIIISy

ARAALIALLLILLLLLUININUININURNNRNNNNNNNY

e ...

N
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L

! 4.0 !

1.5 kN/m

\
\ 4.5 kN/m

0.1*55=5.50 kN/m



— Wall (2) (7.0%1.5)

cantilever wall

‘0
é /I /s 7f 0// /7 -! 7 5 k _N /m
4— Analysis of sitrips
. e
o X
B aga 15kN/m ‘ <]§
1.5kN/m ‘
18.5kN/m ‘
. |
N |
_%05;6"31.5;‘ 61.25 kN/m
[ N\ fe7 : /I
g \2771’&5 5kN/ dm 77
49.5kN/m 1.5 ’ 4.0 | 1.8 |
15%(1.5)%
FEM =——"2=563 kN.m
ae 6 5. 63IcNm
for part ab a‘[;_\ 5.63kN.m QD 5’“N/ m
— — *
- 5 .0 _o. 756N
W, =(0.75+126 . 30/
+2.75)/4 E S
2 S (18. 5+49 5)*4 | 26K
w, =32.38kN/m S \\
. | ﬁ 5*7 O _2 756N
49.5kN/m 5.5kN/m. @
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2
32.38%(4
F.E.M.b = 8—()_ 5'T63:67.95 kEN.m

a

R
— *
F.E.M.bcz 67°1225 (1.5) =—11.48kN.m & F.E.M.Cb:77.48lcN.m

2
~30.63%(4.0)"

FEM = =—40.84kN.m
cd 12
For Joint b
Df = 0.75(1/4.0) _0.29
ba  0.75(1/4.0)+(1/1.5)
f = (1/1.5) -0.78
bc  0.75(1/4.0)+(1/1.5)
For Joint c
D.f = (1/1.5) -0.84
cb (1/1.5)+0.5(1/4.0)
D.f = 0.5(1/4) -0.16
cd  (1/1.5)+0.5(1/4.0)
Joint b c
member ba bc cb cd
D.f. 0.22 0.78 0.84 0.16
FEM /| 61.95 |—11.48 | 11.48 —40.84
Bal.M.| —11.170 | —-89.37 | 24.66 4.70
C.0.M. 0 12.33 —~19.69 0
Bal.M.| -2.71 | -9.62 16.54 3.15
My 48.14 | —48.14 | 32.99 | —-32.99

©) Eng. Ezz
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Ra:54. 13kN

¥ N563kN.m

Point of zero shear

N
x 32.38x=54.183 = x=1.67m
BR: S _ x
SR = M, =54.132—(32.382)*(5)
3 —5.63
A
R, =75.39kN
LAl 1 I M, =39.61 kN.m
~—"48.14kN.m
48.14kN.m 32.99kN.m 32.99kN.m 32.99kN.m
61.25kN,/ml > 30.63 kN/m >
< 6 45 € < c 4.0
56.04kN  35.84kN 61.26kN 61.26kN
gpg 5.63kN.m | \
(B.M.D.) | (N.F.D)
39.61kN.m | T2 } 32.30kN
| .
\3—2‘.99kN.m |
48.14kN.m | i
S A H T 56.04kN
7 777 _/_ 7777 7
28.27lcN.m‘ T
| 75.39kN
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— HZ. strip (2) at h=1.0m s (5-B)

4.5 kN/m
g g
> >
Q‘ 2 2
& 0 0
NS NS
4.5 kN/m
7.0
9.19kN.m

5 T4
18.38kN.m / \ 18.38kN.m

/ (B.M.D.)

> (N.F.D) >
S|+ +| &
I\ I8
© N
_/_
15.75kN
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— Loads on top hz. beam

| |
54.13kN/m

7.0m
54.13kN/m
54.13kN/m

54.13kN/m
| |

5— Design of sections

Sec (1—1) water section

M, =48.14 kN.m , T,..=7539 kN , b=1000mm
Stage (1)
M*10° 48.14%10°

=\ ——— +40mm-= +40mm=454.64mm
(mm) factor 0.28
==>Take t =450mm
Check stresses

3 6

_+i+£ _ 75.39*70_/_ 48.14*10

ft_ A Z ' 1000%450 1000*(450)2/6

=0.17+1.43=1.60 N/mm?
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0.6/25

T =1.76N/mm® = f, < [, (safe)

> fct:

Stage (1I)

M, ,=1.5%48.14=72.21 kN-m , T ,=1.5*75.39=113.09 kN

u. u.

My 72 21 t
T . 1 73.09—0.64777, >7 —cover

e, =e—4-+c=0.64- 95221 0.04=0.46m

e—=

M,=1713.09*%0.46=51.46kN.m

6
470:07/57-46*70 C,=9.04 & J=0.826
1000*25
_ 1 Mys Tyt
A= ray, T g

assume ¢16 used = f, =0.75

3
51.46%10° 4 173.09*710 7

1
A =
s =0.75 Lo 826+410%360 360/1.15

2 4 >
A =1044.46mm" /m’ >=> 6¢16,/m
Sec (2—2) air section , t=250mm

M =39.617 kNm , T

working working
A, =6816,/m’
Sec (3—83) air section , t=250mm

=32.30 kN ,  6=1000mm

M, ..=28.27 kNm , T,..=7539 kN , b=1000mm
. =8#12,/m’
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Sec (4—4) water section

M k.:78.38 kNm , T, ..=1575 kN
working working
t=300mm |, s =0#12,/Mm’

Sec (6—5) air section , t=250mm

M, .=919 kNm , T, ..=1575 kN
working working
L =5#12/m’

@Eng. Ezz El—-Dwn Mostafa 2008.
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w/Z |$9
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w/9 . $9 -}

/
w/z | BC _\
w/g |#G _/

....................

w/z |BC

04

|<
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— Design of wall as a deep beam

1— Simple beam

(simply supported deep beams) 55,3 dhvws d8iec) & yaS)
(0.8) t Jled) bojyoo e ladlae w3y (g1 S JOL VI P

0.86L o
Y, = J3) Leay

0.87d ie] ~—C
M, ;:S
Mgyl
= z;,.l._ Yot — T7_>
Ty, 1.1 J \‘
A, = > bd
B,-(5, /%)~ Ty _ -
| L |
If A, <Ll bd = take 4,
B Yy Nﬂ
1.1 pg — M,
Ty B3y —
A, =11.34
min S'req — )_.,S'jl
0.15 bd )
100
RFT. of
vl. strip

RFT. of hz. strip

f—
mﬁk
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71—

Continuous beam

(continuous deep beams) ilaiol d8rec)l &l yaSJ

d
7 204 (0.4) By Jed)) layos Go Ll ayyy @il) &1aS) (g
|
|
|
|
s - — 4
‘ > \ >
_ ‘ —¢ — T7->
|
|
| | | /. |
‘ Mo
| AN N
| AN AN i
Sec (1—1) Sec (2—2)
0.43L 0.37L
y . = J3! Laasl y .= J3) Laas!
ct 0.87d ct 0.87d
My My
S Yot == 1= Yoz
Tu.t. 1.1 Tu.t. 7 1
A = > bd A, = > bd
Bcrr (fy /’Ys) fy C'r (f /’Y) y

73A

m'im.

0.156 bd
100

L

If A, <77bd>=>takeA

e T

Smin
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0.54s,

NVYYMMAL Y
r1/7//77777/7 \
4
| S—

NVYVLAALY
r1/7/77777/7

0.4n 0.4k

| |
| 05k, | 4, 1
|

(0.8h) Yo acupy Ay Aad-
(0.20 m) oo w3 ¥ SUlus (e (0.8h) ) (0.4h) (o ooy s ad-
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Example(11) (m.T. str. 2000)

Given:

f =25 N/mm° &
cu

steel used 1s 360,/520

Regu'i,red

1—Draw the load diagram for the wvertical sections (A—A4)

, (C—C) & hz. section (B—B)

2—Calculate the internal forces and design section (A—A)

, (B-B)

3—Draw the load diagram for the top hz. beam.

4—Draw to a convenient scale details of RFT for

sections (A—A) & (B—B)

5—Design the wall (W) as a deep beam considering the

two wvents full of water and draw details of RFT.

4.0m

50m

A4
/ S
4 empty | full QS
/ , 6
Jsec (A-A) L
5.0m . 5.0m |
: empty full ’%
1] § /
sec (B—B)
5.0m . 6.0m |
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Solution

1— Concrete dimensions

=g, =L 990 o o5
"7 T 16 ol-<0cm

> Take tw: ¥ =30cm

2— Loads on floor

for floor (full of water)

wy =0.30*%25+10*4.0=47.50
for empty floor

wy; =0.30*25=7.50 kN,/m*

3— Load distribution

— for floor (5.0%5.0)

. 0.76%5.0 _
T 0.76%5.0

a=B=0.50

1.00

— Wall (5.0%4.0)

kN,/m’

i 2222222727727727727227227227227227272)

/4
/4
/4
/4
/4
/4
/
/4
/4
/4
/
/4
/4
/4
‘
/

Al
Allluuuuuiiinuuuu

N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
:
RSS
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
\
RS

(22

NANNANNNNNNNNNNNNNNNNNNNNNN

/7.

p

/774 7774777747777.

Y /4777,

]

5.0

S R I
5.0

_0.76*5 _

"=0.g7%4 ~1:97 § &‘ -
__rt _ ¥
0= r =0.59 B ;
1
B: =0.41 TIT7T777777 77777 777777777777,
7-/-’7"4 | 50

\
\\ 0.75*16.4=12.3 kN/m

0.59*40=23.6 kN/m
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4— Analysis of strips

— VL. strip (1)sec (A—A)

7, 7, d \
o > TR
§ )
¥ 0.5*47.5
oo =23. 75lcN/m
. b 17\ T
A AN 16.4 IcN/m
| 50 777|77/ 50 | 7 23.6 kN/m
For Jownt b , e
D.f =Df = 0.75(1/4.0) —0.48
a ef  0.75(1/4.0)+(1/5.0)
D.f =D.f = (1/5.0) ~0.52
¢ ec  0.75(1/4.0)+(1/5.0)
For Joint c
D.f =D.f = (1/5.0) -0.34
cb ce  (1/5.0)+0.75(1/4.0)+(1/5.0)
Df = 0.75(1/4.0) —0.32
cd  (1/5.0)+0.75(1/4.0)+(1/5.0)
23.60%(4)°  16.40%(4)°
FEM. = =27.42kN.m
ba 15 117
F.E. M.ef: —27.42kN.m
— *
F.EM, = 3 772 (5) ~7.81kN-m & F.EM. =7.81kN.m
_ *
F.EM. = 23'7725 (5) =—49.48kN.m & F.E.M, =49.48kN.m
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Joint b c
member ba bc cb cd ce ec ef
D.f. 0.48 0.52 0.34 0.32 0.34 0.52 0.48
F.EM. 0 —-7.81 7.81 27.42 —49.48 49.48 —27.42
Bal. M. 3.75 4.06 4.85 4.56 4.85 —11.47 —10.59
C.O.M. 0 2.43 2.03 0 —-5.74 2.43 0
Bal. M. —-1.17 —-1.26 1.26 717.19 1.26 —-1.26 —-1.17
Mf 2.568 —-2.58 15.95 33.17 —49.11 39.18 —-39.18
R;=8.12kN Point of zero shear
T —>§l>d x x
[ *23.60]*5 =8.12 == z=1.66m
T
%*23.6 T x?
S = g *x( =
¥ Z>M+ve8.72x (4 23.6‘0) (6)
23.60%4.0
& 2 =47.20kN M, =8.98 kN.m
e 16.40%*1.0
_{ c N > =8.20kN

RC =47.28kN
~— 83.17kN.m

Point of zero shear

X
. r - z
[7*23.60]* 5 =6.62>==>x=1.50m 4 *23.60
T 2 28.60*4.0
=M, =6.62x—(—;*23.60)*(5)  — g =47.20kN
M, =6.61 kN.m 16.49"1.9_ _g.20kN

Ra:O. 65kN

ad] ?&-

4.0

b

~ S SSS
R b=0. 65kN
2.58kN.m ~~—
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R.=6.62kN
f

TAb—

4.0

S

R _=48.78kN

39.18kN.m ~—"



2.58kN.m 3 75kN/m 15.95kN.m 49.11kN.m 23 75lcN/m 39.18kN.m
(7 4) )
5.0 ¢ 5.0 e
6.70kN 12.05kN 61.36kN 57.39kN
% % (B.M.D.) E
8.98kN.m 6.61kN.m
49.11
.>\< i
; 2.45kN.m i /
30.07kN.m
(N.F.D)
12.05+61.36
+ +
6. 70kN Y, - —7S ATkN 57.39kN
AN 0.65kN 5 .
VL Y TR
48.78kN
_ANa E
— VL. strip (2) sec (c—c) > <
3
S
<
0.5%47.5
=23.75kN,/m
[ AN /],
oA 16.4 kN/m /
77777 50 7 23.6 kN/m
| . |

(3
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For Jownt b
0.75(1/4.0) =0.65 , D,f,bcz7—0.6‘5:0.35

D.f =
Joa 0.75(1/4.0)+0.5(1/5.0)
23.60*(4)2 16.40*(4)2
FEM. = + =27.42kN.m
ba 15 117
23 75*(5)2
FEM =-—"= =—49.48kN.m
bec 12
Joint b
member ba bc
D.f 0.65 0.35 < ; >
FEM | 2742 |—49.48 1 5.0 €
Bal. M. 14.34 7.72
59.38kN 59.38kN
Mf 41.76 —41.76
R,=5.98kN Point of zero shear
— _,’a|>a, . .
i [4 *23.60]* 5 =5.98 == z=1.42m
L e23.6 2
o 4 == M, =5.98x—(~/*23.60)*(5")
23.60%4.0
z A7ROKN M, =5.68 kN.m
31 : &\ 16.4041.0 _g popen

_R;b=49.421cN

~—— 41.76kN.m
1 X

(B.M.D.) | (N.F.D)
|
|
1L
41.76kN.m \ ‘6 51 59.38kN
1L

W\J “Ldess
32.46kN.m‘ 49.42kN

@Eng. Ezz El-Dwn Mostafa 2008.

77777
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— HZ. strip (2) at h=1.0 sec (B—B)

N A\
U/
12.3kN/m
(e}
- £ N
) 3 3
(8] (8]
N N
12.3kN/m
- N
/
5.0 5.0
12.81kN.m
Y
/
/ \ 25.63kN.m
) }L
)
+ + 2
o
7 N~
o t S
+ ™
30.75kN

— Loads on top hz. beam

N .
/
5.98kN/m
3
N
= 3 g
S S N o
To) ~ ©
© ©
5.98kN/m
L A
N\
5.0 5.0
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5— Design of sections

Sec (1—1) water section

M =49.11 kNm , T =48.78 kN

working working

, b=1000mm
Stage (1)

3
* *
=/ MO 10" + 40mm= /49'” "0 40mm=458.80mm
(mm) factor 0.28

t

==>Take t =450mm

Check stresses

6
£ o=t r M _, 48.78*703_/_ 49.11*10
t~ " A Z  1000%*450  1000*(450)%/6

=0.11+1.46=1.57 N/mm?”

0.6 /25

- =1.76N/mm? >= f, < f,, (safe)

> fct:

Stage (1I)

M, ,=1.5%49.11=73.67 kN.m , T, ,=1.5%48.78=78.17 kN

My 7367 t
T, ~73.17 =71.01Tm >7 —cover

e, =e—5-+0=1.01- %21 0.04=0.82m

e—

M,s=73.17*0.82=60.13kN.m

6
470:07/60-73*70 C,=8.36 & J=0.826
1000*25

Tu. l.

et
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assume $16 used = B, =0.75

3
60.13*10°  , 73.17*10

1
A =1
s 0.75 [0.826‘*470*36’0 360/1.15

A, =969.26mm°/m’ == 5¢16,/m’

Sec (2—2) water section

My, =33.17 kN.m |, T, ..=73.41 kN

t=400mm , A, =5#16/m’

Sec (3—3) water section

M, . .=39.18 kNm , T, ..=57.39 kN
working worKkwng

t=400mm |, s =o916,/m’

Sec (4—4) air section , t=300mm

M, . .=30.07 kNm , T, .. =4878 kN
workvng working

A, =7¢12/m’

Sec (6—5) water section

M, .=41.76 kNm , T, ..=59.38 kN
working workwng

t=400mm , A, =8#12/m’

Sec (6—6) air section , t=300mm

=32.46 kNm , T =49.42 kN

working working

L =7p12/m’

Sec (7—7) water section

t=350mm , A, =6#12/m’
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b=1000mm

b=7000mm

b=71000mm

b=7000mm

b=7000mm

@



— Loads on wall (w) (wall acts as a beam)

o w,=188.33 kN/m.
™ [T I TTTTTITTTITIT]
= AN AN

| N

W " 50m ’
196.18 196.18

5.0m ’Nﬂ

— Load for moment 588.54

L
w, =0.W.+C, 23 Wy *2
w, :0.3*4.0*25—/—2/3*5/2*47.50*2
w, =188.33 kN/m
M, =1.5%588.54=882.817 kN.-m , L=5.0m

d=4.0—0.10=3.90m =— g _ 3.9

5.0

Pl len) =y =3.39m

0.86%5=4.3m
Yot~ | 0.87%3.9=3.39m

=0.8 = deep beam

M 882.81
T= = =260.42 kN
Yot 3.39
A, = fut assume $18 used == f,.=0.75
B (Fy /%)
3
*
A, = _<0042%10  _41409.20 mm?
0.75*360/7.75 RFT. of
1.1 1.1 2 vi. sirip
bd = 1L 300%3900=38757mm? > 4,
fy RFT. of hz. strip
1.7 pd =11 300%3900=3757mm* { l
3 360
7418

4.0m

As =|1.34, =1.3*1 109.2=1331mm?

mwn ,’.eq
0.75 44 — 975 300%3900=1755mm? J
100 100
A, =1755 mmZ=7#18 | 5.0m
miwn I
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N4

w/z j#
/
w0 | #G /
/ \
w/z I$S
Y %)} Y
hd % [
N (=} (=}
. AN AN
3 3] (3
= i —t
—
. _ . |
hr8 1L 05 Y 0% \
| .t&”N”””L””““““““”““““””””,m_.”””””““““““””“““”””””””3
m\ _ N *
(] S . S
] o o
S S

==~ w /7 189

(1) dwgs 74

—ti—o&0

@Eng. Ezz El-Dwn Mostafa 2008.

LAY fo snpmiaqg



0¢G

w/z $9

kﬂ Wz 189 _
(o)} (o)} (o)} (o)} (o)}
Y Y Y 8| |®
Ny N ™o A\ Ny
AN AN AN . AN
3 3 3 3 3

‘ZE
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Example(12) Term str. (20071)

Required

Design the given tank.

T L

SO\

full

4.0

pump room

4.0

- L

sec (C-C)

sec (D-D)

sec (A-A4)

4.0

4.0

4.0

4.0

/¢ L L
4 2 4
% % % %
% 4 %
4
7 4 Sfull %
4
7 7
%
2 full full
7 7777777777777
pump room
L L L
sec (B—B)
| 4.0 | 4.0 | 4.0 ,
7 LLLL S f L 7
4
4
4 4
7 % 2 2
2 Sull Jull % Sull
4 % 4
4 % / 2
4 % 2
4 %
LLLLL L
| 4.0 | 4.0 | 4.0 |
LLLLLL L L //
4
% 4 / %
% 4 / %
% 4 %
2 Sfull | pump room : full 2
% 4 / %
% 4 %
% %

L

L

4.0

4.0

4.0
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Solution

1— Concrete dimensions
I 400
tw:tf_76 =75 =25cm

t —

cover— 15cm

= Take tw:tf =25ecm

Z— Loads on floor

W, =tV + Ny h

for h=8m

w, =0.25*25+10*8=86.25 IcN/m2
for h=4m

w, =0.26*25+10*4=46.25 IcN/mZ

for empty floor

w, =0.25*25=6.25 kN/m"

3— Load distribution

NNNNNNNNNNNNNNNNNNNNNNNNNN

— Floor .
(1.0%4.0) 3 :
0.76%4.0 §
T="0.76%4.0 -0 \
a=B=0.50

e

, 4.0
— Cover (49+4.0) |

0.5*3.75=1.88kN/m
| |

1.0 . oo 40 A
x40 T 1 T
a=B=0.50 3.75kN 3.75kN

we =0.15%25=3.75 kN/m’
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/ |
1
A .
1
5 full‘
1
full % ~
1 .
] pump
A room
Wa
1
4
|
2202202202222/ 222727, /.
Wy ]l W3 ‘
/ .
full Y full ‘
Wy
/ .
w1 4 ’LU3 |
2222220202222/ 2222272724
4
w2/ .
[l pump
i
wy Ju ] room
/ !
B
Q
V.
o



— Wall (1) (4.0*s.0)

one way in hz. direction S). \ 30 kN/m
4\
S \\
© - \
\ 60 kN/m
N v QJt \
o \
!\\ N\ \4‘\\0 NN\ \\! 80 kN/m
— Wall (2) (4.0*4.0) 20kN,/m
0.76*4 T £ AN
7=0.76%4 ~ -0 b \
a=p=0.50 S \
~H N
a \
- \\ NANSN N
| 4.0 |

— Wall (8) (4.0%4.0)

_0.87%4 T
T_0.76*4_7'14 5
r4

=" 7 =0.63 : Z § \ 0.75%*25.2=18.9 kN/m

__ 1 — o

B= A 0.37 \
TN ~ TR 0.63*40=25.2 kN/m

| .

0.37*40=14.8 kN/m

4— Analysis of strips
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— VL. strip (1) sec (B-B)

3.75kN 3.75%2=7.5kN %
- IMa >0 |
|
g |
S 0 |
V.
0.5%46.25 ‘
20kN,/m =23.13kN/m |
| N\ o
R
|
. |
£ |
N 0.5*86.25 0.5%6.25 ‘
1B %// \ /I\ f - d.
40kN/m C ~
B0kN/m — 4.0m | 4.0m|
For Jownt b
Df = 0.75(1/8.0) —0.27
ba  0.75(1/8.0)+(1/4.0)
Df = (1/4.0) —0.73
be 0.75(1/8.0)+(1/4.0)
For Joint c
D.f =D.f = (/497 =040
cb ce  2(1/4.0)+0.5(1/4)
Df = 0.5(1/4.0) —0 20
cd 2(1/4.0)+0.5(1/4)
For Joint e
Df = (1/4.0) =0.44
e (1/4.0)+0.5(L/4)+0.75(1/4.0)

_ 0.5(1/4.0) —0.23

DT (1/4.0)+0.5(1/4)+0.75(1/4.0)
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0.75(1/4.0)
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R _=9

53.54kN.m ~—7

D.f = =
9 (1/4.0)+0.5(1/4)+0.75(1/4.0)
2
80.0*(8)
F.EM. = =48.76kN.m
ba 117
43 13*(4)2
F.EM = ' ==57.51TkNm & F.EM. =57.51TkN.m
be 12 cb
3.13%(4)°
F.EM = ' =—4.17kN.m
cd 12
23.13%(4)°
F.EM = ' =—80.84kN.m
ef 12
2 2 2 2
20*(4 20*(4 40.0*(4 20*(4
FEM =-— (4) — ( )— (4) — (4) =—48.18kN.m
ce 12 20 124 904
2 2 2 2
20*(4 20*(4 40.0*(4 20*(4
FEM = (4) + ( )—/— (4) + (4) =40.62kN.m
ec 12 30 904 124
Joint b c e
member ba be cb cd ce ec ef eg
Df | o0.27 0.73 0.40 0.20 0.40 0.44 0.23 0.33
FEM.| 4376 |-57.51 | 57.51 | —4.17 | -48.18 | 40.62 | —30.84 0
Bal.M.| 3.71 10.04 | —2.06 | —1.08 | —2.06 | —4.30 | —-2.25 | —3.23
C.0.M. 0 —1.03 | 5.02 0 —2.15 | —1.03 0 0
Bal.M.| 0.28 0.75 —1.15 | —0.57 | —1.16 | 0.45 0.24 0.34
My | 47.75 |-47.75 | 59.32 | -5.77 | 5354 | 3574 | -32.85 | —2.89
Point of zero shear 35.74kN.m
VN
R_=59.72kN
,‘jfm _
xr x
20x+ [ *20]* 5+10=59.72 =>x=1.99m 10kN S
x
=M =59.722—20 ﬁ—(i*zo)*(iz) L
rve O (R AVL STy 6 80kN S
—10%(z—1,/8)—85.74=20.37 kN.m 40kN
20kN Ci

0.28kN



R,=0.70kN R _=0.72kN
i _>2D a g 3
_,q§ _
g
o
-
o Re:O. 72kN e |
© ~_7
2.89kN.m
N
N 80*2.0 _gokN
2
L _,0
Ry =79.30kN
w__ 47.75kN.m
4.0 J >
46.26kN 46.26kN
47.75kN.m 43.13kN/m 59.32kN.m 5.77kN.m 5.7710\N.'m,
) v 3.13kN/m \ )
< b c ( R
4.0 c 4.0 R
83.37kN 89.15kN 6.26kN 6.26kN
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|
D D | <K X<l§
(B.M.D.) | (N.F.D)
|
|
32.85 :
2.89 ! 32.5
35-74\ 13.41|78.76\ —
|
4.2kN.m - 20-37 |
+
59.32kN.m \
47.75kN.m. \\ 5.77kN.m|_10.98 95.41kN
, | w  0.49] & . & 83.37kN
32.73kN.m !
53.54kN.m |
79.30kN
— VL. strip (2) se (c-¢) QD”"”"N 5
T a
For Joint b ‘
o |
Df = 0.75(1/4.0) 033 < |
ba  0.75(1/4.0)+0.5(L/4)+(1/4.0)
Df = 0.5(1/4.0) —0.23 23 13kNm
bc 0.75(1/4.0)+0.5(1/4)+(1/4.0) N TR c
ﬂ l25.2kN,/m,
D.f = (1/4.0) =0.44 14.8kN/m ‘
bd  0.75(1/4.0)+0.5(L/4)+(1/4.0) S
¥ |
For Joint d P |
(1/4.0) 0.5%6.25 ‘
D.f,= =0.67 ,=3.13kN/m |
(1/4.0)+0.5(1/4.0) g ‘e
s 0.5(1/4.0) —0.33 | 4.0 i
de  (1/4.0)+0.5(1/4.0)
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2
~23.13%(4)"

F.EM = =—30.84kN.m
bc 12
3.13%(4)°
F.EM = : =—4.17kN.m
de 12
2 2
14.80%(4) 25.20%(4)
F.EM = =19.23kN.m
ba 15 117
Joint b d
member ba be bd db de
D.f. 0.38 0.23 0.44 0.67 0.33
F.E.M. 19.283 —-30.84 0 0 —4.17
Bal.M. 3.83 2.67 511 2.79 1.38
C.0.M. 0 0 1.40 2.56 0
Bal.M. —0.46 —0.32 —0.62 —1.72 —0.84
Mf 22.60 —28.49 5.89 3.63 —3.68
3.63kN.m 3.63kN.m 28.49kN.m 23 13kN/m 28.49kN.m
( 3.18kN/m > ( ' >
a 4.0 e b 4.0 c
6.26kN 6.26kN 46.26kN 46.26kN
R, =5.27kN Point of zero shear
T _>g[>a x x
[ *14.80]* 5 =56.27 => x=1.69m
X
L w1480 x x?
3 4 At aoes o »:>M+v§5.27x—(7*14.80)*(?)
—5—— =R9.60kN M, =593 kN.m
SI b ¥\ 25'220*1'0=12.60k:N
Ry =36.93kN

S~— 22.60kN.m
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5.89kN.m
VR
m.gz. —
Rb:2.38kN
, X 3.75kN R 2 38kN
| 3.63kN.1
5.93k:N.'m,K :
| _
|
22.60kN.m/|
28.49kN.m |
. 75.01kN| | 28.75kN
5.89kN.m \_{ 7\
17.77kN.m | 84.55kKN
| _
|
|
(B.M.D) | (N.F.D)
|
|
3.63kN.m | i 6.26kN
7 2.63kN.m | 2.88kN
— HZ. strip (3) at h=5.0 sec (p-D)
|
C . K
30kN/m 18.9kN/m |
E |
(=
S O 3
S |
K |
30kN/m '
‘l?// . 18.9kN/m | R
\ J o\ e
| 4.0 . 4.0
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For Jownt b

Df = (1/4.0) =0.67
“ba  (7/4.0)+0.5(1/4.0) |
Df = 0.5(1/4.0) =0.33
Yo (1/4.0)+0.5(1/4.0)
For Joint a
Df = (1/4.0) =0.50
“ab  (1/4.0)+0.5(1/4)+0.5(1/4.0) |
0.5(1/4.0) =0.25

D'fae:D'fad: (I/4.0)+0.5(1/4)+0.5(1/4.0)

2
_ *
80.00%(4.0) __ .0 ookN-m & F.EM =40.00kN.m
Qa

FEM = =
ba 12

F.E.M.b =40.00kN.m
C

2
—18.90*%(4.0) —_25.20kN.m

F.E.M.ae: > =
Joint b o}
member bc ba ab ae ad
D.f. 0.33 0.67 0.50 0.25 0.25
F.EM. | 40.00 |—-40.00 40.00 | —-25.20 0
Bal. M. 0 0 —7.40 —-3.70 —-3.70
C.O.M. 0 -3.70 0 0 0
Bal. M. 1.22 2.48 0 0 0
Mg 41.22 —41.22 32.60 —28.90 —-3.70
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60kN »—~ 41.22kN.m

I QO
S N
¥ 3
Q
™
e
60kN ~__ 41.22kN.m
41.22kN.m 32.60kN.m 28.90kN.m 28.90kN.m
( 30kN/m ) ( 18.9kN/m )
b 40 @ a 40 ©
62.16kN 57.85kN 37.80kN 37.80kN

60kN

|

|

|

|

5.70)
N
3

&. 22kN.m 28.90 ‘

283.09kN.m

N
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62.16kN
18.78 M
+
95.65kN
: +
|
|
|
A“
|



— HZ. st'mp (4) at h=2.0 sec (4-4)
|
g
C / |
60kN/m |
g g |
Q
N N -
S S |
© ™ |
60kN/m ~
=] =7 |
b [ \ /. _
\ Ja ~ e
| 4.0 .40 |
—60.00*(4.0)2
FEM = =—80.00kN.m & F.EM. =80.00kN.m
ba 12 ab
F.E.M.b0:80.00kN.m
30.00*(4 0)2
FEM = : 2 =—40.00kN.m
ad 12
Joint a
member bc ba ab ae ad
D.f. 0.33 0.67 0.50 0.25 0.25
FEM | 80.00 —80.00 80.00 0 —40.00
Bal. M. 0 0 —20.00 | —10.00 —710.00
C.0.M. 0 —710.00 0 0 0
Bal. M. 3.30 6.70 0 0 0
Mf 83.30 —83.30 60.00 —710.00 | —50.00
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120kN

# N 83.30kN.m

O

4.0

O

60kN,/m

120kN

125.83kN
_
36.70 !
+
!

— 83.830kN.m

~—~— 50.00kN.m
S 60kN

30kN/m
4.0

3 60kN

ANNNNN

~—"50.00kN.m

/]

83. 301cN.'rZ 60N /m, 6‘0). 00kN.m
4.0 a
125.83kN 1714.18kN

120kN ‘

n 60kN
|
> !

=2

© |4+ |
X |

60.
gﬂ?OkN.m / 10.0 |
- |
48.35kN.m |
50.0kN.m
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Example(13)

Required

Design the given tank.

5.0

— 7 7777777 77777777777,
7 4
; ]
4 L/
4
7 wll % ull
3 % i % pump room 2 b
/ / /
4
L 4 7
4 % 2
4 4
L 7777, 7777 77777777777777., 7777/
sec (B—B)
| 4.5 | 4.5 | 4.5 |
, 4.5 , 4.5 . 4.5 |
| | | |
4 L/
% % %
% % %
: ?/ full ] pump room Jull
% % %
% % %
% % %
4 /)
4 L/
sec (A-A4)
Q _ /
< 2 full 7
4
4
l Urress
777777777777 777777777777 7777, 7777, @‘J

sec (C-C)

full pump room
L L
4.0 e 4.0 -
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Solution

1— Concrete dimensions

t,=t = = =28.18cm

>=>Take

2— Loads on floor =

w, =t Yo+ Yy h w |l S | pump room ful

for floor (full of water) o o
v

w, =0.25*25+10*65=56.25 kN/m” w,

for emptly floor Ve

w, =0.25*25=6.25 kN/m"

3— Load distribution

— Floor (4.5%4.0)

— Wall (1) (4.0%5.0)

_0.87%5 _ 1
T=0.76%4 ~ 143 S 7 \
— =081 “ \
o= 1_/_7'4 —_ . ;v o §
1 1 7 N

B= o =0.19 S N 0.81*50=40.5 kN/m

|
o

0.19*50=9.5 kN/m @

@Eng. Ezz El-Dwn Mostafa 2008.



— Wall (2) (4.5%5.0)

_0.87%5.0 _
_0.76*4.5_7'27
__ Tt _

0= a =0.7%

__ 1 _
p=—'—7 =0.28

— Cover (45+4.0)

5.0
PPANNNNANNNNNNNNNNNNNNNNNNNNNNN

0.28*50=14 kN/m

0.38*3.75:1.43kN/m B
_1.0*4.5 | |
“1.0%4.07 7740 74%’ 4.5 7;%/- B
T —0.62 ' ' 1
=Tt T .6 T 1
1 3.21kN 3.21kN

B=——""7 =0.38 40

0.62*%3.76=2.383kN,

W, =0.15%25=3.75 kN/m’ | Zm

> >
40

4— Analysis of strips T T
y f p 4.65kN 4.65kN

— VL. strip (1) sec (B-B)

3.21kN 3.21*2=6.42kN
Ipa P S 2
\ —21.38*%(4.5)
F.EM. =
\ be 12
\ F.E.M., =—36.08 kN.m

(®)

% } F.E.M. =36.08 kN.m
0.38*56.25 2
=21.38kN/m 0.38%6.25- F.EM = —2.38%(4.5)

|, 2.38kN/m; =~ ‘ce 12
i ‘bK/) \ /\/ c/ i
\ /J \ ‘ F.EM. =—4.02 kN.m
VAR
40.5 kN/m 9.5 kN/m
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2 2
9.50%(5) 40.50*(5)

F.EM = + =24.49kN.m
ba 15 117
F.E.M.Cd:—24.49kN.m
For Joint b
Df = 0.75(1/5.0) —0.40
ba  0.75(1/5.0)+(1/4.5)
D.f = (1/4.5) _
be  0.75(1/5.0)+(1/4.5)
For Joint c
D.f = (1/4.5) ~0.46
¢ (1/4.5)+0.75(1/5.0)+0.5(1/4.5)
D.f = 0.75(1/5.0) —0.31
cd (1/4.5)+0.75(1/5.0)+0.5(1/4.5)
D.f = 0.5(1/4.5) —0 23
ce (1/4.5)+0.75(1/5.0)+0.5(1/4.5)
Joint b c
member ba bc cb ce cd
D.f. 0.40 0.60 0.46 0.23 0.31
FEM. | 24.49 |-86.08 | 36.08 | —4.02 | —24.49
Bal.M.| 4.64 6.95 ~-3.48 | —-1.74 | -2.35
C.0.M. 0 ~1.74 3.48 0 0
Bal.M.| 0.70 1.04 —-1.60 | —0.80 | —1.08
M; 29.83 |-29.83 | 34.48 | -6.56 | -27.92
Ra:4.06k%v[>a Point of zero shear
'z . x_T
x [5*9.50]*5 =4.06 == 2=2.07m
o %*9.50 2
S x z
> M =4.06x—(—F*9.50)*(5
9'502*5'0 =23.75kN tve (5 / (6)
S 40.50*1.25 M, 55.60 kN.m
I b > =25.31kN
Ry =45.00kN
~—"29.83kN.m @
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Point Of zero shear Rd:4‘44kN

d<] N
Z . £
[5*9.50]*5 =4.44 == z=2.16m .
2 L 4950
x x 5 7 S
— _ (Y % X/~ .
23.75kN
M =6.40 kN.m
+ve g
25.31kN c -
RC:44.62kN
27.92kN.m
29.83kN.m 34.48kN.m 6.56kN.m 6.56kN.m
21.38kN/m 2.38kN,/m
( b c > ( >
4.5 ¢ 4.5 €
47.07kN 49.14kN 5.36kN 5.36kN
(B.M.D.) 6126y (N.F.D)
v/ \ V/ 3-21kN N
) \ | e K<1§
5.60 kN.m 6.40kN.m ‘
34.48kN.m ‘
29.83kN.m | + +
% ) 54.50kN
7 21.96kN. T \ ks *
. .m 7/ N\ o \
l 0.38kN 45.00kN
27.92kN.m

47.07kN

@Eng. Ezz El-Dwn Mostafa 2008.



— VL. strip (2) sec (c-c)

4.65kN 4.65%2=9.3kN  4.65kN

S FCRE. S S

0.62%56.25
:34.88lcN/ 0.62%6.25
1. =3 88IcN/m

5.0

For Jowmnt b , e

.f f _ 0750/50) —-0.38
ba et 0.75(1/5.0)+(1/4.0)

Dt —Df = (1/4.0) —0 62
be " “ec  0.75(1/5.0)+(1/4.0)
For Joint c

D.f = (1/4.0) -0.38
gg (1/4.0)+0.75(1/5.0)+(1/4.0)
D.f = 0.75(1/5.0) —0.24
cd  (1/4.0)+0.75(1/5.0)+(1/4.0)
2
14.00%(5)°  36.00%(5)°
FEM. = + =381.03kN.m
ba 15 117
F.E.M. =—31.03kN.m
—34.88*(4)2
F.EM. = =—46.51kNm & F.EM =46.51kN.m
be 12 cb
— *
F.EM. = 3.98 (4) ~5.17kN.m & F.EM. =5.17kN.m

)
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Joint b c e
member ba be cb cd ce ec ef
D.f. 0.38 0.62 0.38 0.24 0.38 0.62 0.38
F.EM)| 381.08 | —46.51 | 46.51 | —-31.03 | —=5.17 5.17 0
Bal.M.| 5.88 9.60 | -3.92 | —2.47 | —=3.92 | -3.27 | -1.96
C.0.M. 0 —1.96 | 4.80 0 —1.61 | —1.96 0
Bal.M.| 0.74 1.22 | —1.21 | —0.77 | —-1.21 1.22 0.74
My | 37.65 | -37.65 | 46.18 | —-34.27| —11.91| 1.22 | -1.22
Ry=6.07kN Point of zero shear
_ _>a[>a
X X
x [E*14.0]*5=6.01 == 2=2.07m
xr
o| Bt . 2
o) _ fhadll fhadll
- =35kN
R 36.0%1.25 M, =8.30 kN.m
- b > =22.5kN
Ry =51.49kN
~—"387.65kN.m

Point of zero shear

x T
[5*14.0]*5 =6.69 == z=2.19m

M =6.695—(E*14.0)%( %
—> M, =6.69z— (% *14.0)*(L )

37.65kN.m

(

M =9.75 KN.m
+ve

)

/

4.0

67.63kN

71.89kN

Rd:6.69kN
d<]§<_ _
T
wg gl
145 S
0
35kN
o)
N
22.6kN c I«'

) RC:50.81;}V

1.22kN.m

[\
A

84.27kN.m ™
11.97kN.m
3.88kN/m
( 1¢ 4.0

10.43kN
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qug.Zili:N

(@)
3
e
< < -
R,=0.24kN
1.22kN.m>~—"
8.30kN.m 9.75kN.m
(B.M.D.)
46.18kN.
11.91kN.
37.65kN.m ™ 1.22kN.my]
1.20kN.m
4 27.85kN.m 7 T
34.27kN.m
2 4.65kN 9.301c1\f<]E 4.65kN<] E
(N.F.D)
. +
67.63kN 82.82kN 5.09kN
+
N . 0 GBEN 0.24kN
/ ;;;;7/
51.49kN
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— HZ. st'r'i,p (5) at h=171.25 sec (4-4)

b(‘ ’)a ¢ d
e E 27lcN/m E ‘ E 27lcN/m E
AN AN AN AN
S S | S S
] 27kN/m ~ 27kN/m
ol e |
o~ . 27kN,/m . f
= | =
s | &
> | =
S o S
| 27kN/m
g% | h
4.5 | 4.5 | 4.5
For Joint b , c
Df =pD.f = — (&/45) =0.47
ba ce  (1/4.5)+(1/4.0)
D.fm:D.f(:b:O.SS’
For Joint a
D.f = (1/4.5) -0.38
@b  (1/4.5)+(1/4.0)+0.5(1/4.5)
D.f - 0.5(1/4.5) —0.19
ad  (1/4.5)+(1/4.0)+0.5(1/4.5)
(1/4.0) ~0.43

D.f =
ae  (1/4.5)+(1/4.0)+0.5(1/4.5)
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For Joint g

_ (1/4.0) —0 69
“9¢  (1/4.0)+0.5(1/4.5) |

0.5(I/4.5)

D — =0.31
gh  (1/4.0)+0.5(1/4.5)
For Joint e
Df = (1/4.5) =0.27
e¢  (1/4.5)+2(1/4.0)+0.5(1/4.5)
Df = 0.5(1/4.5) —0.13
“ef  (1/4.5)+2(1/4.0)+0.5(1/4.5)
Df = (1/4.0) —0.30
9 (1/4.5)+2(1/4.0)+0.5(1/4.5)
2
F.EM. = £7. f;M' 5) =45.56kN.m

ef

ec

F.E.M.ab:—45.56’kN.m

ce
gh
2

%
FEM. V= 30.58%(4. 0):40.57kN.m
Cc

12

ae
ge

F.EM., =—40.51kN.m

ea
€eg
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— Open channel with a counterfort

Joli cld 4 (deep tanks) dls 3 (counterfort) Jae J) ok
(swimming pools) dxluad] Slilan Ul (o8 o) L8l sod) B
5,8 slac ¥l 13

counterfort

0‘0'«:(”9

|
BANNNANNNANNT
%
3
| V@

o
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=
-

el

Strip (1)
<
B’wf
| \ / |
// \ /\ /\
,/ | L 7 L 7 L 7
ay,h By, h
Strip (2) aw,
M T O I
I e S
| Spacing | spacing |
Strip (3) -
-
|| E’
1 3
-ﬁa_ >y
Y5
s £
— 3
1 &
<
For B, o

e

At

T

spacing spacing I

R
g ©
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R7 *spacing

_ W ——

R1 *spacing

s Area
0.W.*+ 78])(1/)’1,
0.75B v, ,h*spacing
; RB1 RB,
L | L 777

Statical system of counterfort
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Example(14)

Given:

f =25 N/mm°® &
cu

steel used 1is 360,/520

Regu'i,red

1—Calculate the loads acting on each element.

Z—Calculate the straining actions acting on each

element.

3—Sketch the shape of RFT. of the counterfort.

6.0m

full

B

L L

5.0m

| 5.0m |

spacing=5.0m
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Solution

1— Concrete dimensions

I 500

ty=t; =75 =75 =31.25cm

> Take tw:tf =30cm

2— Loads on floor

w; =0.30*25+10*%6.0=67.50 kN/m’

3— Load distribution

— for floor (5.0%5.0)

0.76*5.0 ¥y N
T=0.76%.0 100 \ o 1
N 46
a=B=0.50 § x
N B 2
!/ /LY, /5./6// 7/ //!
— Wall (1) (s6.0*5.0)
Y, N ]
0.87%6 _ 2 \
r= e =1.37 ; \
4 7 N
) 2 \ ©
— = 7 \
= =0.22 | :
V/ N ]

VI /7777777777 7777777777777

| 5.0

0.22*60=13.2 kN/m
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4— Analysis of strips

— VL. strip (1)
v a \
> <\
S
<
©
0.5%67.5
o LN \ /|
\ AG /
! 5.0 77 5.0 X 13.2 kN/m
]
For Joint b 46.8 kN/m
. 0.75(1/6.0) —0.38
ba 0 75(1/6.0)+(1/5.0)
f = (1/5.0) =0.62
b¢  0.75(1/6.0)+(1/5.0)
73.20*(6)2 46‘.80*(6)2
FEM = =46.08kN.m
ba 15 117
2
F.E.M.bC:_SS';ZS*(S'0):—70.31lcN.m & F.E.M.Cb:70.31lcN.m
Joint b C
member ba bc cb
D.f. 0.38 0.62 0
F.E.M. 46.08 —70.31 70.31
Bal. M. 9.21 15.02 0
C.O0.M. 0 0 7.51
Mf 55.29 —-55.29 77.82
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R,=6.91kN Point of zero shear

_ _,2[>a,

T x
[?*73.20]*7:6‘.91 = x=2.51m
x
2 e132 x z”
3 6 2 povs 0 >=>M+v;—6’.97x—(?*73.20)*(?)
—5 —— =39.60kN M,=11.55 kN.m
o)
2 5 k 46'820*1'5:35.1k:N
Rb=67.79kN
~—_~ 55.29kN.m
( b c>
5.0
79.87kN 88.88kN

7777

11.55kN.m (B.M.D.) ‘ (N.F.D)
77.82kN.m) )
55.29kN.m | -
/ 5
38.91kN.m 72 77
| 67.79kN
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— Hz. strip at the floor (2)
Y
M_ve:%g(@:70.37 kN.m
N N T
AN N IV AN N BV AN | 7%'
* 2 '
M+Ue:—33'gi () _35.16 kN.m 5.0m

— Hz.

strip at the wall (3)

: N E -
o~ §>> 3 _§>Z
<2 ™ |
2 o £ B
S < B S| MO8
o ]
o §>> © L3 %
N &l §| O:
S §.2 % = 0 1 ®
g || :
| 3 AR N
s > J ﬂ§>:
< A _ i

— Loads on top hz. beam (B, )

©) Eng.

S ||
Q. -_—
G N

&

_4>: >

§ 1 &

G| [ o
R,.=6.91*5 N
B, _>'%\>_
R;=34.55 kN =

1
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— Loads on floor. beam (B, )

Assume beam 1is (300*900)

& Tt e

— Load for shear

L
w, =0.W.+C, 23 Wy *2
wa:O.S*(O.Q—O.SO)*25+ 7/2*5/2*67.50*2

w, =173.25 kN/m
R32:773.25*5:866’.25 kN

— Loads on side wall (wall acts as a beam)

AS
|

5.0m ' 5.0m ' \

— Load for shear

L
w,=0.W.*C, ?S LWy
wa:0.3*6’.0*25+ 7/2*5/2*6’7.50

w,=129.38 kN/m
R =129.38*6=646.88 kN
wall

@Eng. Ezz El-Dwn Mostafa 2008.



— Loads on counterfort

Assume counterfort is (300*1500)

g
(@)
©
35.1%*5
R /=175.5kN/m N\
L} =
7 VY VY
! 50 | 5.0 |

w,. =0.W.+C Ls Wy *2

e e 2
w, :0.3*(7.5—0.30)*25+2/3*5/2*67.50*2
w, =234 kN,/m

— apE=—34.55 kKN 34.565 kN ——

S
S
©
175.5kN/m
866.25 kN T
6;6.88 kN 234kN /m. ; 646.88 kN
| — b C 4(
7 7777 7777
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175.56*4.5 1756.5*1.5

M = *3.0+ —*1 0+34.55%*6=1523.55kN.m
ba 2 2

2
*
F'E'M°cb: 234.00%(5) — 1523.55 =—30.53kN.m

8 2

X

15623.56kN.m

;  30.58kN. m:é}, . 2

l 175.5%6/2+34.55=561.05kN

Al (o8 ¥ o sl (ab) e (mormal force) ) Lo
c3saedl (dl (be) Jeb oy S (counterfort)
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J
— ] 21%

Details of RFT. of counterfort
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