e

SURFACE OF REVOLUTION

Axds of
Rotation

It is surface resulted from rotation of curve i

around axis-of rotation .

Ry : radius of curve

V'Ra _:7' -Length from tangent

. 35 : : . ;
.:to -axis of rotation = %, Q%’Q' : e N SRR \
' T 2 ' Céntcg' of
! * Curve
Membrane theory : 2 l
" Beam

For thin structures

the internal forces are'

B.M.D Pas 3 A
axial force . & \/ ;
[ : . Internal

| T Forces
i l
- S.F.D 5 :
1 i

"""" ke l —  Thin structure

' Axial . - ~

/ Force Only : ;nterm_al

orces
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—-DA. ANR ZAHER 2 SURFACE OF REYOLUTION

Internél Forces

q/

T, : Maridiane Force (Force in meridian direction)

T, : Ring Force (Force in hl direction)

—_——
—
—_~

- Ty +aT

: Calculation of Internal Forces

T1

ZY=0

W oo siné

. w s s

Type of Ty (C_qmpression or Tension) depends or. position of calculated section

due to support .

b (Comp.)

\W _,’J *\'ﬁ (Ten.)
i .

Tt (Comp.) If calculated sectian over support

T2 (Ten.) If calculated section under support
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(+ve sign) 2

«— resuliant of- T,

“resultant of T,
Ty+alT .\ o,

center of ‘ecurve -

vertical section B L i

of veftical cirele

of the element

center éf ro Eation

hor’izPhtal section i
"of‘hnrizonta] circle

of the element

+ve sign means comy.

~Ve sign means ten.

PAGE : (3)




SURFACE OF REVOLUTION
resultant of Ty
Ty Y e "
-—R—I—-I—R2+Z—Zcro //_ o
~
resultant of T,
resultant of T,
Ty Ta k-"‘\i.
‘LT R,
resultant of Tz
B ook @
B oy O
,//
resultant of T,
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DR. AMR ZAHER

Special Cases

§

i

(1) Sphere ( Dome )

R;sz‘—'-‘R

where R : radius of the sphere

Ty Ty |
R TR

Ty + T2 =R 2

(2) Goné:-

= = Zero




DR. AMR ZAHER

SURFACE OF REYOLUTION

Example (1)

Determine -type of forces .

on sections 1——-8

STy = .Zero
Tz = Comp.
sec, (£) 5
= Ten,
Tz = . Comp.

Ty = Comp.

Tgs TED.-
sec, (4

Ty = Comp.

Tzﬂ Ten.

Tl T _TEd.
Tz = Ten.
sec, (B) |
Ty = Zero Y Wy = Zero
Tp = Zero Rp= Zero

PAGE: (6)
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DR. AMR ZAHER SURFACE OF REYOULITION

\

—

—_—
~

Example (2) Wi :

Ty, To Di 7 .
Draw Ty 2 1agram Due to L.L P P t/mf

198 (O TN O O S o 7 i R T I (L
. |

Comp.

Yo.= P (=r?).

* P {xr)
721:71' sino . R= (7 )z+ T )a

il

Ty

B

sine =L 49 + R'~ 8 R + 18

B8.125 m

e}
il

P 2
T = (urr) y P2R
ZKTT

Ty+ T2 = R Z

Te=RZ - T

Ta= R P cos?e ~ -—P—B—B—

Te= P R ( cos%® u_é;)

- PAGE:(7)




DR AMR ZAHER . SURFACE OF REVOLLITION

Calculation of Z -

2 is the component of loads
perpendicular to the tangent

at certain point

ok , 2
Z =g cose+ P cos o

Z= Th +g coso

Example (3)

Draw Ty, Ts Diagram

R
| : - \ @
R*= (10 ¥+ (R~ 6 )° ' \\i
X
= 100 ¢8R = 108 + 25
| R =125 m

PAGE : (8 )




DR. AMR ZAHER

AT2== R g cos @& —

Wo = Vg. . surfa&e area
Wo =g*2R®Rh

Vo -
2nr sine

T =

n-872ERb
! . 2x r"Bi_ncp

i R e e na

ERR (lfzcbs--d ) _ &R (1-cos ©) _ ER (1—coso)
R sine* sino sin®o (1-cos?®)

TI::

ER (1—-cos @) - AR S arE s t/m\ 7
_ (1—cos @) (1+cos 0) (14+cos @)

=

at @ = zero 5 T1= &R

2
Ty + Tg = R Z
Tz= R 2 = T,

= g cos @

£

-ER
(1+cos @)

at @ = zéra |

PIGE:.(.Q) :




SURFACE OF REVOLUTION

DR. AMR TAHER

Example (4)

Calculate Ty, T for the Cone

S

Wo = nr?(3+h) — %—n r2(h)

R
e—
2n r ging
o ls constant . tan o = -
r
Ta = Rz Z
= I
2" Sine

PAGE : (10)




PR, AMR ZAHER

o _—

Example (8)° .
__‘—"'"_"——-—_—
Calculate Ty, T2 for the Cone

full of water

. Bec..1)
W¢_=—‘
Ty = —“—W‘?;:__
2nr sing
Te= Ry Z
Rg= s1;o 25X 1
Vo = A:e_a gf— _.t:i_a.ngl.é“' Premete'r: of c.g. circle
=n
= - 2 (i ——sgr )
A

PAGE: (1)




AR

Wo = mri(5-hi) + Eari(h,)

Vo ]
L = emrerens :
- 2% 1 sing : e

Tz= Rz Z

- Ti
Rz sin ©

Z =Yy (5~ 1)

Iin @

— ¥Wo for case of load perpendicular to the tangent

Wo = Pﬁ. * area of hl, projection .

Pn * xr?

I

Z = Pn

PAGE: (12)
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DR AMR TAHER

s'-uppcjrts' of surface of revolution

V = T; sin ¢

H = Tj cos @

Surface of revolution

| must- have hl & vi suﬁf)ort

(1) _hL beam
Internal Fo_rce iz Axial Force

\ Axial Force = H . r Tension

-q-—-*.
- Tu A
As = — \
s H.2r -
S p—
1 ;
Ac = (30 - 50) A B —
T ". '}
-q—-.._._
H
IR 8
PAGE

1 (1s)




(2) _vL beam

w =V 4+ ow o'f ,hL_ bg&m

+ o.w of yl, beam

" from tables

Q = e

B.M (at Mid apan) = ...
M___vc(at support) = ...
Mt = guaey

— Surface supported to another

Ty

PAGE : (1t )




SURFACE OF REVOLLITION

Axial Force = H . r

Compression Force

Design equation as column
Pu = 0.35 Ac Feu + 0.67 As.Fy

min ( 0.B Z Ac )

(1

Compression Force

“at intersection = H . r
I}
i

Pu = 0.35 Ac Fecu + 0.67 As Fy

fAGE: (13)
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DR. AMR ZAHER

Example (6)

Calculate the int_amn] forces

at the shown sections .

00

9,

(@1

- pssume t = 20 cm ) - (water gtructure)

o of slab = 0.5 t/m’ N L o
2 |(e)
A
)
Zz =g t/m' =06 t/of
T1= Tz = 6 ’20'5 = 1.25 t/nt _ _ comp.

Sec. (2

¥o =05 ¢ 2We 5 *+ 2 = 3142 ¢

T]_= Vo
Zxnr sino
r = 4.0 o = @,= coi' L = 631F
P 5 -
Ty = — e = 1.66 /mi comp.

2x * 4 * sin 53.13

PAGE : (18 )




DR, AMR ZAHER

T+ T =Rz :
Z=gecoso =03 t/m

| ! 1.564‘ Ta = 5 . 0.3

len.

T2 = ~008 t/m
Sec. (3) . ’

Wo :'O‘W«I‘I‘“‘a l +-w1i‘

5 _w@ n 0‘5 ; 21:'

5 -
—3m e g e R

+ 3 ‘4z+ 32)§ ;'50_27 t

< T - W@
1 - .
. enT sine
e B © = §or
4 T, = 50.27 = 48 i

2w * 5 * gin 90

comp.

PAGE : {17) : :




SURI/ACE OF 2SVOLUITION

—~ just after sec. (3)

Ti + T2 + RZ = zero
Z =Th =1 * 3 = 3 t/m"
16+ Ty + 6 * 3 = zero

T2 = ~18.6 t/m* - ten.

- Sec. (4) 4

4 o
&
‘We = 0.5 f o1t ¢ 5%+ &

. ] a'

+ 2M* 5+ ap }
(o
: S

K
+§-———-——n66-‘5(3*42+ T
3 2 @
+ 3 * 367"+ 85°)

~Te 3.67° 3.5}

3.50

= 310.65 t 1. .
o
. ‘ 10
Ty = __.._EQ___._., 7_. .
T Z2xr sine :
r = 50 - smo=~:L§‘l--
Ty = : 56'2?" = 10.4 i,/[n ~ comp.

ek D7
2x* 5 ¥ e
Ty + T2 + R2Z = zera - o----

Z=7Th + g cos o
=1*65 + 05 coso = 6.865 L/m?

84 + Ta + 5 * 885 = zero

T = —53.65 t/m' L ten.

PAGE : (12}




0.6 * 2TL* 6 ¢ 1.5 + 1r* 357% 85 4

Fare 16 (5 = _,._:133) = 816.63 t

T N0
2x r gine
r = 6.0 tm“’_ 3.55_7
Ty = — 3}6.63 :3 = ;‘?"19.71 rt/m " ten..
2n ¢ 3.67 ¢ 3 B B g koo

'T1+T2+R'Z=zero

Z=Yh + g cos o

=179 8.5 + 0.6 coso = 8.85 t/m*

—18.71+ Ta + 6 * 6.85 = zero

Tz = —1464 t/m‘ ten.

Sec. {6

(al + 0.6)

= - 5_-’

= - 21.25 t/m" ten.

PASE: (19)
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DR AMR ZAHER

) ~~Design of Support

36 t/m

w = 38.6 + component of ow

assume sec.

w=28.6+0.4.’1‘2.5

= 28.6 t/m

P =2%T¢ 367 ¢ 2pg

= 663.98 to

‘b.asu.me 6 column

Load / col. =

40 * 100

o

'—EP— = 110.._? Loii_m

Q — 12 | 55_.33 ton
M_He = 0.007s5 -7 663.96 * 3.67 =174 m.t

= -0.01

T

48 * 663.86 * 3.67 = -351 m.t

6 * 86390 3.67 = 3.6 ;.

M
: PAGE: ( 20)




NF =H*r=236¢357 = 12852.4 . comp.

PAGE : ( 21)




DR. AMR ZAHER SURFACE OF REVOLUTION

Example (7) -

¥ i 2.00 i 5.00
— Design the different elment
of the given hall - )
co® o
— Draw details of RFT in plan ;- (B)] : NN \ o
“and cross section | " (B) /NN -
4.00
S
[Te!
[
o
©
7.00 \1.00
assume t = 10 ctn | ' ) R R oy
LL = 50 Kg/m’ HL projection
F.c = 50 Kg/m
no. of columns = 12

R= (4 F+ (5+Y)
R (Tl i

16 + 26 + 10 Y + Y'=121 + ¥

Y =80m
-4 R = 136 i

PAGE : (22)




SURFACE OF REVOLUTION

DR. AMR ZAHER

assume t = 10 cm

g:O_W"*’F.C-

g =01 %25+ 005 =03 t/nf

o |._2.00 | 5.00
" Sec. 1)

Ty = Zero Wy = Zero

Z =g cos @ + p cos’ @

~ 0.3 cos 26.6 + 0.05 cos 26.6 = 0.31 t/of

r : 7.0
Bos o = : = 1683
27 Ssin o sin 26.6 - =
T2 — 15.63 031 = 4.85 t/m\ comp.

** sec resist Te= 10 * 100

Tp,= 4.85 * 1.5 = 7.275 t

Py = 0.35 Ac Fou + 0.67 As Fy = "

Ae..=.10 * 100

‘dake P, = 7.2764 = Tz, in equation

Min RFT for -surface of ‘revolution
£ :

0.3 % Ac

double mesh or

508 /mmt

if one mesh

PAGE < (:25)



SURFACE OF REVOLUTION

DR. AMR ZAHER

Sec. (2
W = 0,05 % F* (¥ 5°) + 03 * B+ 22 * (5 + 7) = 1169 &
Ty = L
2n r sino
I = 50 ® = 26.6 '
Ty = ey - 416 t/m ten.
2x ¥ 5 * sin 266
T,u = 416 * 1.5 = 6.24 t/m
Ty u 6.24 2 "
= - = 1. = 508
As Fy/7s 36/1.15 1.73 em 598/m
T2= RQZ
L= —5 s 031 = 346 t/m" comp
2~ sin 26.6 ’ y :
min. R.F.T
Sec. (3
Wo =005 * T* ((5°) + 0.3 *T*563*5=23032t g
2n.rosine. -
£ =50 o = 266
T, = 30,82 - = 10.78 t/m comp.
27 * 5 * sin 126.6
i min. R.F.T
To= RpZ
| PN 0.31 = 3.46 t/m" comp
27 “sin 26.6 : ; :
min. RF.T Nyi)
e
PAGE : (24)



DR. AMR ZAHER

SURFACE OF REVOLUTION

Design of Bi

| a'ssurne- sec. 20 * 40
ow = 0.2 *04 * 25 =02 t/m
assume no. of posts = 14
e

o heglect torsion

M = whL
+ve 12 :

_ WL

u —~ve 24

8.2 * 2.24
= 18.37

PAGE : (25)



DR. AMR ZAHER

SURFACE OF REVOLUTION

w o=V + component of o.w (=~ 0.2)

= 8.0 + 02 = 82 t/m

2 2
wl _  B.R(2.24 — a8 mit

M = ¥ o
+ve 12 12
i = aglzoar” :
M =3 & =0 it

- <24

Normal Force = Hr = 17.8. * 5 = 89 t ter.
for section of ( —ve M )
e = _LI:IL / o E
8.42 A :
= 0384 =~ 4 cm d B = SR
M 94 o
NS b o
e < (% — cover ) small ecc. ten.
o 2l -
T = 89 *53-= 556 t
w e i .
T'= 89 *gp= 334
_ _T SHIB R 4B it g 5
s EE < w9 =
TR gaheqse - =
A= ""Fy/¥s ~ T s6/L1s o™ = s
1
Post !
Pu=1837 * 15
assume sec. 20 * 20 4912
= =
PAGE : (26 )



SURFACE OF REVOLUTION

DR. AMR ZAHER

Design of Bz

2
M - WL
at support 12

(10.41-0.2)° * 1.8 . -
-1z

at mid span .. 1.38 mt

H = 335 t

PAGE : ( 27)



DR. AMR ZAHER SURFACE OF REVOLUTION

NF = 335 * 4 = 134 t comp.
M 2.76
= e = ——— = .0
TN T 134 2 I
0.02
e i e (O
t 0.40
- neglect M
Py = 0.35 Ac Feu + 0.67 As Fy
A: = 20 * 40
P, = 134 * 15

134 * 1.5 * 10°= 0.35 * 20 * 40 * 250 + 0.87 * As * 3800
A; = 54.3 em®

1L = As _ 543

—E—W*IOO:GB% >3%

take sec. 20 * 70

Ay = 3254 on? . 9922

B=232 %

PAGE : ( 28)




SURFACE OF REVOLUTION

DR. AMR ZAHER

Cone II

7 =g cos ® + p cos® @

= 0.3 cos 31 + 0.05 cos®31

(&)
(&)
= 0.29 t/m”
SR
Sec. T O S e T SR I e
T, = Zero " Wy = Zero
Tz: Rz Z
Ry L =160  _'3106m
. sin o sin . 31.0° :
 To = 31.06-* 0.29 = 9.0 t/m’ Tension
e Ta _ 9.0 * 15 = 431 crn2 two sides
1 Fy/Ys 3.6/1.15
‘: As/side = 2.155 cm’ = 598/m each side

o Taofsee (@) & ()

J
is not required since

Asy of Ty .. (at sec.(1)) min. RF.T

double mesh or

508/

PAGE : (29)



DR. AMR ZAHER SURFACE OF REVOLUTION

- Sec. (3

Il

We = 0.5 * T * ((16) — (11) ) + 03 * 7 * 583 (16 + 11 )

169.56 ton

_ Wao 4 .
2xr sine T 1

r = 11 o = 31.0°

16956 _ 4we t/m' ~ comp.-
2x* 11 * sin 31

Ty =

Dome

Sec. 1

Wo = 0.05 * -7L* 7%+ 03 * T* 7.8 * 7.0
+02*2*T*5 + 02 * 02" 05 * 26 * 14
4027406 * 25 %2+ 4+ 0057 (11 - 4) '

403 *2* *136*5 = 21835 ¢

Wo

- i
TG = .
27 r sino
r = 1d o = 54
T, = 218,39 = 3.90 t/m comp.
2x * 11 * sin 54
= "

PAGE : (30)




DR. AMR ZAHER

SURFACE OF REVOLUTION

7 = g cos © + p cos’o
= 0.05 cos 54 + 0.3 cos 54 = 0.19 t/m?
T1+ Tg-—— R 72

T,= 13.6 * 019 — 3.9

N

= -1.32 t/m - ten.

Design of B3

min RET ¢ so/m

assume no. of column

assume sec. 35 * 80

10

= 3.16 + 2.45 + component of ow

v
= 316 * 245 + 0.35 * 0.85 * 2.5
=oAL t/m
P=w**2T *r
TR RS
- 13812 t |
-Load / col. = -—i%.: 43.__61 tom
o a8
Q__ = Zuqg = 78 ten
N = (4.08 — 23) * 11 = 1958 t comp.
M, _ = 00032 * 43612 * 11 = 15.35 ik
Mﬁve = 0.0052 * 436.12 * 11 = 24.95 m.t
! bt_ "7 = 0.0004 * 436.12 * 11 = 1.92 m.t

PAGE : (31)




DR. AMR ZAHER SURFACE OF REVOLUTION

21.8
Qat M, .. = 1273t
| 144l 202
: 3.46

PAGE : (32)
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DR. AMR ZAHER e S ' SURFACE OF REYOLUTION

- 8010/m

PAGE : ( 34 )




DR. AMR ZAHER SURFACE OF REVOLUTION

For Dome

or 1R0¢
|
|

D
4

PAGE : (35)



Fbr Dome

iz

L
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DR. AMR ZAHER

Example (8)

3.00

3.00

4.00

¢ — Design the different elment

of the given hall

~ Draw details of RFT in-plan

and cross section
]

assume

T.L = 500 Kg/m HL projection

no. of columns = 18

PAGE : (36)




\

Design of By~

=
.
§A
i
,P_:

SURFACE OF REVOLLTTION

5 ) _“— a i '_ 7 % 3 %
* ¥ e (0.5 *fLe (7.6) + 0.2 * 0.4 * 26 *TT* 15 + 0.2 * 0.4 * 25 *T* 15 +
+02°02°26+2-¢ 13)/ 16 = 6.9 t
I \\_ . 7
: w=0:375+-9:9-—=272t/m
i i 2,85 -
| 2.72 t/m
292
! i
et R
- T; Cone
NFE = H * r
= 33 %708 = 2475 L ten.
i T 2 — K ] 2
s Tgﬁft(u) _ (2w - ouys) ¢ (2igs) e
12 12 :
PAGE : (37 )
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DR.-AMR ZAHER

-——

- SURFACE OF REVOLUTION

Sec. of Beam B,

M =17 mt

Feell= 17 Kg/em® = 1.7 N/mm®
N M
Pl motl . g 00
B s & 7
N BM
bt bttt .
or neglect M
N N
Epall = . o B
ct A b-t
17 24760
25 ¢ {,
neglect N
M 8 M
sl = 7 =
(1
- 8 * L7 "‘EIO
25 * (tg)

take t,.y = 08 (t 4t )y= 00 em.

. 24760 8 *17 ¢ 10°
et AGk = ]
: 25 * B0 25 * g0
= 16.04 Kg/em® < Fyall ‘safe
_ = I.B;jN/nmlz
Cal. of As
Sec. B5 * g0
Nu = 2475 ¢ 15 = 37125 1t ten.
Mu = 1.7 * 1.6 = 265 m.t
M 2.65 : t
"W TEam M € 5 - soue

N=+2475¢

Fou

250 Kg/cof

= 25 N/mm®.

& ty= 58 em

Small ece. Ten.

PAGE : (38 )
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16.325 __Tu
Asl ‘J
o
O
{
37.125 . = l
21.8 Tu As, %
B=07 _ -HTS (13,16)
o, _Tu ' 21.8 e . .
76 075(3.6/118) ~ PO em = 5916
Th . 15.326 .
_A = - - a -
2 TFy/Ta T 0.75(3.6/115) ~ o5 om 4016
Cone

assume ts = 20 cm
g = 0.6 t/m"
Sec. (1)

Yo =05 * T * (7.5)

+ 0.2 *04°*252 +Te 15

+02%02%26°2¢°168 "

+ 025°08*26 % 15

: I
+ 0.5 *T* 8.4.% (7.5 + 2.5)
"]"1/2'4—’5‘24‘1{04.77

= 480.2 ton

PAGE : ( 39 )



b

r = g5 @ = 38.8°

480.2 B b

TI = = B0.97
Zm* 26 * 5in 388 :

comp.

Tg = R’3 Z

- _r 25
R? C ming - sin 38.6

=40 m
Z=g cbs'é'f Th
=.0.6 cos 38.:8 + 1 * 4 = 4.39 t/m?®

T2 = 4 ° 439 = 1758 t/m® ten.

** Design of See.

Due to T = 17.g ¢

Sec, = { o 100

t=Ker7

I8

0.59 17.6 =.10.384 cem < 20 em safe

= M. y9g.e g5 g——
B, (Fy/Ys) a 75,(3-6
f 1.15

5#12 each side

PAGE : (Lo )7
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PR. AMR ZAHER

SURFACE OF REVOLUTION

Details of R.F.T

Dome (1)

PAGE : (LI )
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