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Because of the very small thickness of the shell, it works as a membrane,

Which has No Bending Rigidity. Means NO Bending Moment acting
on the shell. Only Axial Forces [Me’r’idian Force (Ti) & Ring Fo'rce(Tz)]
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Definitions & Signs.
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* Shell Surface.
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* Ring Beams.
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Signs of W¢
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Special Cases of Calculating W¢
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Parameter Signs.

Parameter
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Calculation of Internal Forces (Ty) & (T2).
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Theory of Surface Areas of S.O.R.
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Theory of Volumes of S.0.R.
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Volume and Surface Areas For some shapes.
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Special C’ases.
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of the Arc
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Water pressure effect.
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Calculate (W¢ &7 ) For section @) due to water pressure only.
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Example.

Calculate (Wg &Z ) For sections

above & under the supports

due to water pressure only.
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~ 2— For section above the support.
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Example.

Caleulate (W &7) For sections D, @ &®

due to water pressure only.
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Properties of I'mportant Surfaces.

Cone.
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Dome.
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Calculations of Dome Radius.
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Vertex A3 ¥ g Dome JI (o s3> sacwe HIS 1)
~)3NJ' O.D ‘_;_'a’_é'Xl oLy o ‘L;o‘)& k) o:)-‘.\” RV t‘.&.b‘.]as.“) L;Ja.c..o K
il Sl LS Layhd i sass ol Zlisaw palall o

A.O.R.
p X

| L

y 8 unknown

For Triangle ad e

For Triangle ec b

R=x% (y+h)2=X2+ Y3i2Yh+ n*

Solve the Two equations and Get y,R



Example.

A.O.R.
Fined the radius For the - b '*3'07
Dome Contains the Arch ab 4.0
a |
| 8.
For Triangle o.de ~38.0
2 2 2
R=8.0+Y
2
R=64+7Y

For Triangle ec b

2 2 2

2 2
R=9.0+Y+80Y+16.0

2
R=25.0+v% 8.0y BY 5
AWl doled) @3 Jo¥) Joled) ;,‘Rzuz.i,;:e

2
64+ Y =250+ 94 80Y —» Y-4.875m

2 2
~“R—64+4875- 87.76 m* —» |R=9.37m




Special Case.

TV % R PRV | IR X 3-'] IO PSP | [P PRPY % 0 19, L JEX 9%
Ry # Ra| 555 (Jaud¥l (o8 JSUL WLS) 5l o) 518 13
Al Sblan LS paliins S ghasa (Ry) goiall ks s 55 o) e
SCPCHTE LN P PRV CSRPRTPSRVGUIAT I § @) RYVON AL ARTVCT I L KW

(X)) 0hsd same s (T) somadl i 408391 BLadl a3 (3

Example.

Fined The surface Area
For the Giwen Dome.

I\
A.0.R.
X Y VL. Axis of center
8.5 X -1 of the Arc




VL. Axis of center

A.O0.R. of the Arc

For Triangle be d

8.0~ Y% (x+5.0)
64 = Y% (x+5.0)2

nYZ= 64 - (x+5.0)2
For Triangle aC e

2

8.02 x% (Y+4)
2

2 64=x% (Yrd) -Z2

Subtitution From @ in @

2

w 64=x% (Y+4) —x2?% v*. 8Y+ 16

. 6¥ ___x2+6\<_(.’1,‘+5)2+ 8* \/64—(-’1:-/-5)2 +16

0.0=x*- (x%10x +25) + 8+ \64-(x+5) 4 16

0.0= %% %10z~ 25+ 8+ \|64—(x+5) ; 16

0.0= —10x -9.0 +8+\64-(x+5° — »[X=2.08m

2 2
v Yy2= 64-(x+5) = 64-(2.08+5)
~Y?

= 13.873 — »|Y=8.724m =




VL. Axis of center

A.0.R. of the Arc
X Y
3.5
|
|
1
L Tce
Sin Py = i%‘g > |Po=15.07
Cos Pp = 3“9754 > (Pp=62.257"
-— O
Centeral Angle © = Po-Pa = 6%.257-15.07 _ 23 59
2 2
— . . O
Y- R+«Sin © _ 8.0+ Sin 23.59 e
o 23.59 + TT\180
‘v Sq - . __x T =4.857
Sin (¢a+6) T Sin (15.07+23.59) = T m

TC.G. = Distance between the Two axes —
Yce = 10.58 - 4.857 =5.723 m

Arc Length = 2+R+0 = 2+8.0+23.59 *%% =6.587m

S.A. =4rc Length +*2 T+ Vec. = 6.587+2T+5.723 —2836.86

S

(3



Special Case.

V7% (I PAPRVRPRRVIRY RPN =2 | P PO Y PN PR NP Pt Y FPA L X o0t
A.0.R.
| Lz A.O.R. ) gle yud) 03550 550 Jalall osall oIS 131

al 3\
LE .,/“ Ry # Rg| 055

R

N

Al Sl e i (S ghane (Rp) gioiall phd i 95 o woov
SR ELNREICATPRTRV L SPRRTSRVUIIATI I § ) FPPON JEA T ATVET P LIRW
(X)) olssdt sams s () somadl o 405591 Uil sams 3

VL. Axis of center VL. Axis of center
of the Arc : of the Arc

A.0.R. A.O0.R.

S.A. =Arc Length *2 TC*71¢g.

Arc Length = 2+R+ 0O




Training To CalculateTi& T2

Example.

Draw Ty& T2 distribution

on the vertical projection of
the Cone due to dead load only.

g: 3.0 kN/mz

tan @ = 7—00— —» |¢p=56.31

L?=6.0%4.0° — |L=7.21m
R1=OO
Sec. @ T,=T,=Zero

Sec.@  r_40m
SA=TexT+L = Tx 4.0 %7.21 = 90.60 w2 L

We=9xS.A.=3.0%90.60 =+ 271.8 kN

T, ¢ +271.8 — +18.0 kN/m ¢
2T Sing 21!: *x4.0%Sin 56.31 /m Comp.

7 =9 Cos®=3.0+Cos 56.31°= + 1.664 kN/m"

T 4.0
= = s = 4.80m
2 = Sin® = Sin56.31

Ts=Z+Rs = 1.664%4.80= + 7.98 kN/m Comp.

zeroy @ €)

2.98 ,@ 13.0

@ /n
T, Diagram (kn/m) T; Diagram (kn/m) @



Example. S P=2.0 knjnd

Draw T'1& T2 distribution

on the wvertical projection of

the Cone due to live load only.

p: 2.0 kN/mz L 6.0 |

tan @ = g—o —> |p=63.43
3

0° — |L=6.70m/| 6,0

Sec. @ T,=T,=Zero
Sec.@ 1r_3om

Projected area =T x7" m T+ 3.0° = 28. 27m
W¢=p*P'rojected area = 2.0%x28.27 = +56.54 kN

T,' We +56.54

= + 8.35 kN/m Comwm.
2T Sing 21!: *3.0% Sin 63.43 P

Z =P CosP=2.0%C0s°63.45°= + 0.40 kN/m”

T 3.0 _
ke - Sin® ~ Sin63.48 3.36m

Te =Z+Ry=0.40+3.35 = + 1.34 kN/m Comp.

10 . zero, @

1.34 169) 3.35 1))

Tz Diagram (kN/m) T, 1 Diagram (kN/m)



Examople. L

Drow Ty & T2 distribution |
5.5

on the wvertical projection of
The Cone due to water pressure. L

5. o
= — =583.97
tanp =25 —>1¢
L? = 6.0%4.0° — |L=6.80m| 55
R1= (&> @) 3

M T,-—-Tz-:Ze'ro

M T=4.0m

2 5.5

| \
/ \

2
Volume of Cylinder = Tx7T «h ! % \|
| 2 3
=T*x4.0+7.0 =351.856m —8.0——

Volume of Cone =

1

3

/ 2 3
= E*TC* 4.0 x5.56 =92.15 m

R
(L2 ! @

A

Volume of Water |/ \| = 851.85 — 92.15 = 259.7 m

Wg= 0w sVolume = 10.0 x259.7 = +2597.0 kN l

-

@D



T, We +2597.0

= = = + 127.77 kN C .
2T Sing 2T +4.0%Sin 53.97 /m Comp

Z =Bwsh = 10.0%7.0 = + 70 kN/m”

VA
sl G Jals aaledl 53 (+Ve) Z osls) >4\

4.0
R = T = . = o m
2= Sind ~ Sins3.97 4.94

To =2Zx Rs=70.0%4.94 = + 345.8 kN/m Comp.

zero | @ -

127.77

Tz Driagram (kN/m) T, Diagram (kN/m)



Example. | l 14.0

Draw T1& T2 distribution n

on the wvertical projection.

due to dead load only. 8%
2
g.-_- 3.0 lcN/m L
1 [°) [ 7.0 1
tan =>0 —* =57.53
P 7.0 ? 29 41— )
R,:: oo

Sec.® r.7om

We¢-Zero —» Ty= Zero

Z=9Cos®=3.0+Cos 57.58°=—1.61 kN/m”

|
s30all o gl Laalesl o3 (=Ve) £ ool ZX/

7.0
Ry-_T _ .= 8.297 m
2 Sin®  Sin57.53

Tg =2 Rs = —1.61+ 8.297=-13.35 kN/m Ten.
Sec. @ T=-5.41m S AL
RC.G.
S.A.= L«2T xR ~6.205—]
2 L < ///%///
—2.96+2TC%6.205=115.4m - 2:96%C:E. /%?

Wo-0xS.A.=3.0%115.4 =+ 346.2 kN

T, __We + 346.2 = + 12.07 kN/m Comp.
2T Sing 21!:*5 41%Sin §7.58 P

-

@D



Z=9Cos®P= —1.61kN/m*
T 5.41

Fe - Sin® ~ Sinsrsg - O™
TZ =Z*R2 = - 1.61* 6.41 = — 10.32 kN/m Ten.
S.A.
Sec.
9 r-5.41m ~5. 41

————

SA =T s«L+r =-TCx10.07x5.41= 171.15m oz
A%

Wo-9xS.A.=3.0%171.15=-518.45 kN 4

N

%

Support J| 4o gy Lalasl ¥ (-Ve) W¢ o,yLs)

T, W . ~513.45  _ _ 15 90 kN/m Ten.
2TT Sing 2T *5.41%Sin 57.53
5.41
Ro-_TY __ 9 - 6.41'm
2= Sind ~ Sins7.53

T's =Z+Ry=-1.61x6.41 = — 10.32 kN/m Ten.

_SL'@_ Vertex of the Cone.
T,=T; =Zero
13.35 i )
17.90= T ) 2
8,5
. |
- @

Diagram (kN/m) Diagram (kN/m) =
G0



Example.

N
o
=

Draw T1& T2 distribution

on the vertical projection.

due to water pressure. -

tan® =29 5 |¢=53.97
4.0
R’: oo

Sec. ® r_51m

W¢ =2Zero —» T1= Zero

.0
Z =Bwsxh = Owx Zero = Zero
1.81
Tz A Rz = Zero —4.603— 1.81
0.603 =

Sec.@Q  7r_40m 2-50 <

”IIIIIIIIIII’,"/

Y — 1/

G
&

Volume of water =

Y,

""{!"' i
= Area * 2 TU+Rcc Y 2222

l—q.0--
Volurmne of water =(?7 x1.81 *2.5) + 2TCx 4.603 =65.43 M°

Wg= OwsVolume = 10.0 x65.43 = +654.3 kN

T, We __ +6543
RTY Sing 27T x4.0%Sin 53.97

Z =Bwsh = 10.0%2.5 = - 25kN/m° A |
semll 0 gl ket ¥ (~Ve) Z oo W @

=+ 32.19 kN/m Comp.




. 4.0
R, = o _ = 4.94m
27 Sin® - Sin53.97

't Te=Z+Ry=-25%x4.94 = — 123.5 kN/m Ten.

—A.
See® rosom N
2.50
Volume of water = B | | lL
4.0 @
I [ 5.90 &6 o \|/
sl L+ g °&¢
4.0

IS LSS IS AL 7+

I
Volume of water = TC’)"*h + 1 *TC*’)‘ “h

= TC*40*25+ *75*40*55 21782m

Wp= O sVolume = 10.0+217.8 = —2178.2 kN

Support J) jo 75 laslas) (¥ (-Ve) W¢ o,y Ls)

T, __We —2178.2 — — 10717 kN/m ¢
2T S'm¢ 21!! *4.0% Sin 53.97 /! omp:

Z =Bwsh = 10.0*%2.5 = — 25 kN /m”
2904 o 2o Laalasl oY (—Ve) £ oyl

4.0
Ro = =4.94m
2 S"m,¢ Sin 53.97

cTo=Z+Ry=-25%4.94 = — 123.5 kN/m Ten.



Sec. @ Vertex of the Cone.

T, =T, =Zero

107.175

(_)E

T

Diagram (kN/m)  Diagram (kN/m)




Example. 9=3.0 kn/m’

Draw T1& T2 distribution 2.(0
(at least 3 points) on the vertical f

projection of the Dome due to ' 8.0

Dead load only. g=238.0 lcN/mz'

2 2 2
R=4.0+(R-2.5) [
5 B z.fo 2.5
R-16+R-5R+6.25 4.0
R R-2.5
5R=22.25 _ 3 |R=4.45m Y
Sec. @ ¢-_— Zero @
- 1.25 @
Z:QCOS¢=3,0*COS0.0 1%@/\
=+ 3.0 kN/m" | Y ,
T,=T> = RZZ = 4'452* 3.0 _ 1 6.675 kN/m Comp.
Sec. @ 1.%5 @, . 12
5 1.25
Cos® = 43;'425 > |Pp=44.02 4.45 3%
Y'=R Sin® = 4.45+Sin 44.02 = 3.09 ™.

2
S.A.=2TNsRuvh L2 = 2Ts4.45% 1.25 = 34.95 m

W¢=9*S.A. =383.0%34.95 = +104.85 kN

_ We _ +104.85
2T Sing  2Tx3.09xSin 44.02°

T = 4+ 7.77 kN/m Comp.

"y

Q3



R,_ Ry=R=445m
Z=9CosP=238.0+Co0s44.02° = + 2. 15’7__IcN/m2

T4+ T =Z+«R . +7.77+ T2 - 2.157+4.45

“ T2 = + 1.83kN/m Comp.

Sec. @ f

Cos® = ; 0 > |p=64.01 —

T=4.0m |
S.A.= 2 T+ Rsh L = 2T 4.45% 2.50 = 69.90 ™+

W¢=9*S,A, =3.0« 69.90 = +209.7 kN

We +209.7
'“3R7 Sinpg = ZTMad.0ssmesor ~ 1T 9-28kN/m Comp.

R;=Ry=R=4.45m
Z=9Cos®=3.0%Cos64.01°= + 1.31 kN/mz

.50

2
o
]
&
[\\)

~-a\
=

5

T+ T =Z+«R .. +9.28+T2—1.831+4.45
"“To = — 3.45kN/m Ten.

6.675 6.675

SE2E % 1.25 @
[ 83 7.77 ®

@ (i')i 1.25
3.45 9.28 &

T, T, S 8.0 s

Diagram (kN/m)  Diagram (kN/m)




Fxampole.
p p=2.0kN/m2
Y VY VYV VY VY VY VY Y

Draw T ;& T2 distribution r
(at least 3 points) on the vertical 3LO
projection of the Dome due to

Live load only. P=2.0 kN/mz ! 10.0

2 2
R2= 5.0 +(R-3.0)
R% 25+ R%“6R+9.0

6R =340 —» |[R=5.66m R\}F—&o
Sec. @ b= Zero ®

2 2 .25 @
Z=PCosP=2.0+Cos0.0 2T

= -4 2.0 kN/mZ I 2.0
Ti=T,- ZZ = 5’662.* 20 _ 1+ 5.66 kN/m Comp.

i

Sec. @ :E @ . 15
Cos® = ;ég > |p=42.69 = 5.66 416

=R Sin®="5.66+Sin 42.69 = 3.83 ™M
2 2
Projected area =T+ 7 T2 = T+ 3.83 = 46.08m

Wy =D+Projected area = 2.0+ 46.08 = +92.16 kN

T, _We¢ _ +92.16 _
' 2T Sing =~ 2TMx3.83+Sin4z.69 T 0-66kN/m Comp.

-

@



R1—R2 R 5.66m

Z PCoSP=2.0%Cos42.69°= + 1.08 kN /m
v T1+ T2 =Z«R

+5.65+T2—1.08+5.66
Ty = + 0.46 kN/m Comp

Sec. @

CosP = ggg > |}=61.96

3.0
3 r—
5.66 =56
r=50m
Projected area =T+ 1" GTZP = Tox 5.0 L 78.54m
W¢ PsProjected area = 2.0%78.54 = +157.08 kN
T We +157.08 _
= 2TT Sind  2T+5.0%Sin 61.96° + 5.66 kN/m Comp
R,— Rz R =5.66m

Z=PCosP=2.0%C0s61.96 = + 0.442 kN/m.
T+ T2 =Z«R

+5.66 +T2= 0.442 +5.66
Ty = — 8.16 kN/m Ten
5.66 5.66
<(+)5 1 50 @
0.46 5.66 =
=(HF 1.50 S
3.16 5.66 S
T, T, B 10.0 =
Diagram (kN/m) Diagram (kN/m)




Example.

Draw T ;& T2 distribution

(at least 3 points) on the vertical

/. 610

co
Mo |

projection of the Dome due to

watler pressure only. ZP 8.0 3
2 2
RZ:: 4.0 +(R—3'0) 3|; 3.0
R-16+R%6R+9.0 L 4'0_113 3.0
)

Sec. ® ¢=_Zero 3(0
Le
| 8.0 |

7 = Bwsh = 10.0%3.0 = + 30 kN/m"

T,=T,- RZZ _ 4.172*30

Sec. @ 3]{:0 @m
Cosp =117 _,|¢-7370 40,

4.17 4. 7

=+ 62.55 kN/m Comp.

~\

T=4.0mMm

@



(2

Volume of Cylinder = TC*?" *h
= x4.0 %6.0 =3o1 6m - 6,0

Volume of Dome = n;h (37%+K) > a . a
_ 3.0 (344.0+3.0) —=89.53 m
Viiiihli 3
Volume of Water = 301.6 — 89.53 =212.07 m
Wg= O »Volume =10.0 +212.07 = +2120.7 kN
T We +2120.7 _
r= 2T Sind ~ 2T44.0+5n 73.70° +87.89 kN/m Comp.
R,— Rz R=417m
Z = Bwsh = 10.0%6.0 = + 60 kN/m’
T1+To =Z+R ..+87.89+12=60+4.17
o To = + 162.31 kN/m Comp.
62.55 @
OF
)
87.89 AN
8.0

162.31

Tz Diagram (kN/m) T, Diagram (kN/m)



Exwrrip le. -

Draw Ty & T2 distribution 75
on the wvertical projection. fsb
due to dead load & water pressure. e
tS=0.16m L"4.0'>L‘_6.0‘_>|"4.0'>,

Deal Load = § =ts8c=0.16%25=4.0 kN/m°

For Cone

tan® = Zgg —» |@$=66.03

Sec. D Y—70m

—

W¢ - Zero —y Ty= Zero 4.0~ 3.0 —

Z=0CosP+ Bweh =4.04+C0s 66.03+BwsZero=—1.62 kN/n

sl 5o ol Laalas) (Y (—Ve) £ o\l

_.r 70 _ _
Re - Sind ~ Sinesos 00 ™

Te=Z+Ry=-1.62%x7.66=— 12.41 kN/m Ten.

M T=3.0m

S.A. = L *27t *RC.G.
—9.85%2TC+5.0=309.44m

Volume of water = Area x 2 T«Rce¢.

=(§’*4.0*9.0) + 2 TCx4.33

=489.71 m°



We =QxS.A.+ O + Volume
=4.0% 309.44 + 10.0 x 489.71 = 6134.86 kN

T,___Wo¢ __ +6134.86
RMT Sing 2T *3.0%Sin 66.03

= 4+ 856.18 kN/m Comp.

Z=9Cosp+ Bwsh=4.0+C0566.03+10 +9.0 = —91.62 kN/ni’

sl 5o s Laalesl oY (—Ve) Z oo\

=3.28m

R _ T _ 3.0 ]
2= Sind = Sin 66.03

I's =Z+Ry = —91.62+ 3.28 = — 8300.51 kN/m Comp.

Ti& T2 distribution For the Cone.

12.41 Zero

Diagram (kN/m) - Diagram (kN/m)

Dome. @

2 2 € 1[5 1.5
R=30+(R-1.5) KE :

2 2 3.0
R=9.0+R-3R+2.25 RNR_M

3R=11.25—» |R=3.76m




Sec. @

ol 71.50

1.50
3.75 .

2.25
T=3.0m 3 75

2
SA.=27+R+h A, _ 2743754+ 1.50 = 35.34m

2
2
Volume of Cylinder = TUx7T * h 7,

2 3 u
=Tx3.0 x9.0 =254.47m 1.5,

Volume of Dome = ﬂgh (37°+K) iiliihili

2 2 3
= 1‘*6_7-5 (8%3.0+1.5) =22.97 m

(L L2

L =

3
= R264.47 — 22.97 = 231.6 m

Volume of Waler

Wo =9 xS.A.+ D + Volume
=4.0% 35.34 + 10.0x 231.5 = 2456.36 kN

T We +2456.36 _
I= 2T Sing ~ 2TM+3.0+5in53.13° +162.90 kN/m Comp.

R,—Rg R=375m

Z=9Cos®+ Owsh =4.0+C0553.13+10 x9.0 =+ 92.40 kN/ni

T+ Te =Z+R .. +162.90 + T2 = 92.40+ 3.75

"“To =+ 183.6 KkN/m Comp.

-

@



Sec. @  ¢=_Zero

Z=9Cosp+ Owsh

7.
=4.0+C080.0 +10 +7.5 =+79.0 kN/ni

1.5

T,=T,- RZZ -3-75+79.0_ 4 148.18 kN/m Comp.

6.0~
2

T1& T2 distribution For the Dome.

148.13 148.13
E®HE 1.5
183.6 162.90 ~AD
T, T,
Diagram (kN/m)  Diagram (kN/m)



Examople. r8.0-7-8.04

1.5F / \
Draw Ty& T2 distribution 31_
on the wvertical projection.
due to dead load & waler pressure. 6,0
ts=0.20m L

'—6.0—-—6.0—

Deal Load = g = t38c=0.20+25=5.0 kN/m”

First Cone. A i
ﬁo

Leeg—p

3.0

tan @ = % —» |@=59.04

Second Cone.

r-—'—>|

'*—GO—’J

tan @ = —6—3— —» |p=45.0

SQC.@ T=3.0m

W¢=Zero —» Ti= Zero

Z=9Cos® =5.0+Cos 59.04 =+2.572 kN/n

r 3.0

-r _ = 3.50m
2 Sin® ~ Sin 59.04

To=Z+Ry=+2.572+3.50 = + 9.0 kN/m Comp.

-

D



Sec. @

15 _ X
50 30 *X=09m

T=3.0+0.9=3.90m

S.A.: L*ZR*RC’.G.
— 1.749% 2 TC+8.45 = 37.91 m LZ /

We-=0xS.A.=5.0%37.91 =+ 189.55 kN

T,- We _ = * 189.55 - = + 9.02 kN/m Comp.
2T Sing 2T *3.90% Sin 59.04

7 =9CosP=>5.0%Cos 59.04° = + 2.572 kN/m’

Ry-_T 3.90 __ 4548 m

T Sin®  Sin59.04
To=Z+Rs=2572%4.548 = + 11.70 kN/m Comp.
~3.0-1-3.0—

Sec. @

T=6.0m

3%

~3.0+




r—4.50—'-|

S A.= L2 T *Rece. - ~3.0-
SN

= 5.831% 2T +4.50 = 164.86m 5 3, 7
y

—6.0—
'g._ql) —~3.0-13.0-

Volume

QLD

39
[N

~—6.0—

l’ (7257777222
Volume of [31

Volume = 1t’)"2*h —_ %(aﬁbﬁab):l

_| m«6.0%35_ T®*3.5 (3.92+ 6.0°+ 3.9*6.0):]

3
-122.38 m
Or we can get the volume From. —5.30—
2.10
B

Volume = Area « 2 TU+Rcg. Wi
3.ﬁ _____ \\
S

VOlume = (%*2.10*3.5) *« 2“*5.30:65.43 m3

- 122.38 m



W¢=9*S.A.l — Ow» VolumeT :
=5.0%164.86 —10.0% 122.38= —399.5 kN T
Jiwd Loy 35 (F#S.A.) ol 535 0¥ Laniaey oo el ok (3
NP PS8 VO . T (Bw* Volu,me) Lol Lo Lo

T, _ We _ —-399.5 _ .
I = SR Sing ~ 2T6.025m09.0F 12.36 kN/m Comp
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