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Polygon Frames.

Concept of Polygon Frames.
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Trapizoidal Polygon Frame

One Way H.B. slab.
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Reinforcement of Trapezoidal Polygon Frame.
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Triangular Polygon Frame

One Way H.B. slab.
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Reinforcement of Triangular Polygon Frame.
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Using Solid Slabs.
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Two Hnged Polygon Frames.
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Concrete Diymensions
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Loads on Arch Guirder.
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Reinforcement of Arch Girder Frame.
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* Loads on Arch girder.
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Radral Frames.
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Steps of Design.
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Load Distribution.
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Loads on B2

F N 04
A 1% Cam g B =~ TN
I‘_Li_’l ¢ j | N 83 \\__ 2N
C =2 I \
e 3 i \\ ) {)\{9
Wi "\
W2 = 0.W. (beam) + CqWsg % 3 22
v, VA
Ro_ We2*2 T 7y LL.j ]2\’
4 7
Loads on Bg - 2
L> ) 3 \>{
— N ] "y c'ke‘

( L — 8 IANEAN
M, 14 P
W W L2 L 2N

| H /s
I b RISY/46
v & 74,
LE P
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For Triangle Ca=21 y Ce=

N\

For Trapezium C, = 1—21 (

)

1 7 Ls 2
Ce - 1_§ (Lajz)

L avl

O ALY
wsag = 0.W.(beam) + CuWs g + Cy Wg Q\
2

Rs_ Wa*2 T 72
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Loads on By

LiLa'vZ S—

For Trapezium

@ 2 Lavz
c —7-1(Le
€ 3 (La'uz

Wy = 0.W.(bean) + Cy Ws Q\

N

2

R4= Wqax2 TC T3

mn

Loads on Frame.

2 Area .

W1 = 0.W. (Frame) +

Span
2 Area = L’; Le
Span = L

*wa—— Ly Lr Aa—1 Lz?o) + 2[2 LE
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RFT. of Frame.
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7V
S R S @ at every \
30 em A.

o e =t
2#12 _ | |
g;“m -i:\\\ 2410 k

em at 30 em
2#10 P

‘5——

§ §F B

v Vv v o

T & 8=
s & & T3
N 38 %

Sec. (2-2)

N2 Ag,
N2 Ag,

at 30 em

Stirrup Hangers == 0.4 Ag,

S o R
atoom [ 1
atooom [ ]
keod| Ass
Sec. (3-3) e

(D



Straining Actions on Ring Beams.

= Total load on the beam. (kN)

P-—wW*«2TMT

W = Load per meter. (kN/m)

T° = Radius of the beam. (m)

M, = Number of supports.

Bending Moment & Shear Force & Torsional Moment J olusd
0ld Tables Page 1 20| W Jssd) plasinl Ses o8l o (2530}

No. | Load Maz. Max. Bending Moment Mozx. Centeral
of |on each |Shearing| at C.L. Over C.L. Torsional | angel
supports| support |  Force of Span of Column Moment

n | R |Qmaxl| M+ve M -ve Mtmes. || O

4 |P/4 | P/8 |0.0176 Pr|-0.0322 Pr| 0.0053 Pr|19 21
6 |P/6 | P/12 ||0.0075 Pr |- 0.0148 P1| 0.0015 P71 ||12 44
8 |P/8 | P/16 |0.0042 Pr |- 0.0083 Pr| 0.0006 Pr| 9 388
10 |P/10| P/20 ||0.0032 Pr |- 0.0052 Pr| 0.0004 P71 | 7" 36
12 |P/12| P/24 ||0.0019 P71 |- 0.0037 Pr|| 0.0002 Pr| 6 21

G abd) g Support JI e awlidl Lylyl 42 Centeral angel (e) Ji

moax. Torsional moment ladic ao g

D
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Gl aail) g Support JI e awlisl )yl 4o Centeral angel (8)J) =)
max. Torsional moment laaic a> g
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mox. Shear Force sxic ux>g 3| Section JI
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5w wL®
max. M —Ve = ULL 12 1=
12 § ™,
NN
wWIF | Wi
maox. M +Ve = ﬁ ’w_L A ’LLLZ
2 24
I
WL L
maox. 2
where L er
mn
N
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Developed FElevation of Beams.
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B2 only Get Normal Force

Frame

e

PLAN

distributed o)) X o355l o8 Js 923 3
Frame 1l 433 reaction J| 40 X Cuo
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— 27—

N o3l g 58l S Jaloss

2N=H=*»27T
N=Hx*7T |kN

Compression

N=H+7r

Comp. Force

/ N=H+r
% Comp. Force

0,<8)) odn) Torsional Moment Jl s Bending Moment J) Jlawal Sedl (o
odec ¥l Jio Jads Normal e PRV

N=P, = 035 A; F,,+0.67 Ag F,
Get t 3
S | I— |
0.60
Check A =00 *A
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Radial Frames
with H.B. Slab.
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Elevation
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Loads on the Frame.

C.l\;. C/.L.
S

vl 77 \X
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Arch Slab

Parabolic Slab

Distributed Loads lede Jla¥) (S5 Ol ssle ¥

Jiw¥ Parabola IS5 lade &asw of yosridl moment J) ) sSaus

moment J) ,uSe bl S5 HeSaw ole¥ Parabola ab)dl JS5 Bis) 13) 14
Arch o) s Parabola 055 o) e 4bdall (&isJl JS2) of o

Y=ﬂ*X2 aoles

L ;




Concrete Dimensions.

Tie > 9 KY)
Aclyd Jas 5 an g o

= an

| L-(8—18)m |

+ Span (L) = (8—18) m

+ Hieght (h) = _L

6-8
+ lg= (8—14) cm.

*+ b= width of HL. Bearn Statical System
= (0.250r 0.30) m

* Tie (bxb)

* Hanger (250x250)

t ._H
col. 1012



Steps of Design.

— Take ts- 120mm
F.C. = 0.50 kN\m" L.L. = 0.50 kN\m?

Get Wg = 5.0 kN\nt (Horizontal Projection)

— Take a strip 1.0 m in the slab.

///////////I//////////////////
"W////ﬁ
)

— 1000 —

Py, = 0.356A, F,, + 0.67A5 F, 1zo¢_i

Y A |

f N/ 1
PU.L.= N ) AC=t8*1000 —_—> Get AS= \/mmz
ASm'o',n o cJ-ﬂ AS 0855 osle

~ Take Ag=Ag,,, _ 0.6 _ 0.6
S S 700 *bxt 00 *120 %1000

= 720 mm® = 10410\m <) s plisd) naadl e

~——1000—
° ° ° ° ° :52310\'m?

° ° ® ° [ i5¢10\,’n\, @

Ag=Ag=5¢10\m




Drawing Arch Slab.
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* Design of End Beam. -

D
2L

ﬂ\%

851 043 Lasle angy Emd beam 4sdshll oyaS)) -
O5S e 555 1Y
sl ) Jln ¥l Jast) sl 0,8
el 08 c iVl Jlen ¥ Jeot) auidl oS
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O.W. (VL+HL) =~ 7.0 kN/m

(beam)
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o e ’
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HL. Beam.
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* Design the Tie. (bxb)

Neglect 0.W. .. B.M.= Zero
T(Tie) =Ry =Xx=*S

T
As - (re) _ (Total area of steel)

 F\3s

* Design the column.

N = Reaction of VL. Beam.
Check Buckling.

Ac — (bxb)

@In plane. @ Out of plane.
Case Q 7L l{—
'// / h2
| L \
‘\ %» h Ca,se@f ¢
N\ B hq
Case @ | | Case @ | |
Ho= h Ho= The bigger of h,, hg
7\'(): 1.3t* H, 7\'b= 1.2b* H,

RFT. of the Arch Slab




Connection between Arch slab & Frame.
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2 —Continous Arch S'lab.

Sleodl (b Gl yliie 5 HB,9lade Arch Slab bbb Saxy 13
oyl gle X a5 ¥ ¥ Horizontal oxS a2 3 5 Vertical oyS pain oSl S5

tY—beam = % + 150 mm

Lsbs bl , Y=Beam JI Jio 0,8 0dn 5555 4

’LUVL.= o.WwW. +2Y

slep ¥l (B Glgluie a2 (S 5 GB,slade Arch Slab olible Saxy 1)
Horizontal oyS 3255 3y Vertical oysS maisn 0y8)) (585
QY ol 58 JaoB (b M & U3V e ol Vertical JI oyl yoye Jeow 550

Bi—Axial moment @le 0yS)) pads

’LUVL.= O.’LU.+Y1 +Y:2

Wyp= AX =Xz-X;




3—_Continous Arch

Slab with Tue.

moment laale as g ¥ 4ol snac )

J_ Ry, = (ow.+2Y)%S

Jv RVL.= (o.w.+Y)*,S‘

aclyill fio 3 an g ¥

moment laale x4 ¥ aax,J) snac ¥l

Selyill Jon 5 gy ¥

4_Continous Arch Slab without Taie.

1012 10—~12
— — L
lfVL.
moment laude ax g ¥ auls |l snec Yl
RVL.=(0.w.+2Y)*S e A9y 3 A 0
J_ el yill fio )5 amyn ¥
Ryi

| Rur Ry, = (O w.+Y) xS moment lade ax g aso yBJl onec V)

Jl Ruyr=Xx*S

moment JI Se oyl wol il Jo 53



S5—IF the Arch Slabs are not equal.

Arch Slab Sz Arch Slab Si

Ws Ws

Y, =WsLi| |x, - WsLi
2 8 hq

By

,wVL.= Oo wo + Y1

Wy = X

Ry = (ow.+Y1) %S |
Rigr=X;+S l
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w.+Y; + Yo
=0.
Wy,

_X,
AX=Xs
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S
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Ray,
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7—HL. Slab connected to Arch S'lab.

| &
3
13
&

Jass 48591 abMl Y 4,850 0pa8 oy o1 ¥
. aais V) oS Jao

HL. Slabs.

buckling J asslia m 0. o> Lalos eslsy Joads
Ot gludie iSed Lol 9% y LD, Jb Leess o

Strip 1.0 m
S'1 X X Sz X
%////////////////////////////////////// % 7 €— —>» % LLLLLLLU L % ) €—
MMHUM W B.N.D. MMUM W B.N.D.
M M
NX x XA X

A‘,mmmmmm“’m (2
' — N.F.D. N.F.D.

Normal U Damping Sasy

Design the slab on M,N Design the slab on M,N
using I.D. using I.D. p—
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8— Inclined End Beam.

Inclined End Beam.

Inclined Beam B

N=\x*+ Y

Wi=N+o0.w.« Cose

R’i=w'i *S
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Example.

12.0 12.0 | 12.0 | 12.0

Choose a convenient Statical System and drow o sketch

For an elevation Showing Concrete Dimensions.

: 12.0 : 12.0 : 12.0 : 12.0 !

-dads dianial) @5 LI oSWI @3 Tie J) i3l 5 13
X ol b Llals ayie yut Sl,bYI o8 Tie JS () sShu
- gy odac Yl gle £y 45 pre (S U

M= (X»S)+H

XS XxS

< >
i 2 2 R R




Exaoamople.

' 10.0 : 14.0 '
Requared.

1— Drow concrete dimensions For the given system.

2_ Remove the ties then draw concrete dimensions.

3_ Remove column b then choose a convient system.

NN AN XN

ATCh Slab' S’ I — — |/u|)5|‘ [T 11
Y; = Ws L1 L
2 Xy M
X7 = Ws L
8 hy Y1T7 L 1
Arch Slab. Sz Ws
Yo = Ws Le —
2 = 2522 2 Xz _'hz
Xo = Ws Lz
2= = Yz] Lo— |




Beam B

Take b=400mm
Wy =0.W.+ Y7+ Y2

’LUHL.= AX=X1 _X2

Reactions of beam B

Ry =wy + S
R g =Wg+ S

Twe 1 T, ) T,
T1 — Xf *S <O oO—>»
The 2 Ty ) To
TZ _ XZ *S <O OoO—>»
Column a b | Ry,
Normal = R ,, = Wy +S a

b —




2_ Remove the ties.

Beam B
Take b=400 mm

’LUVL.-_— O.W. + Y1 + YZ

Reactions of beam B 400mm
R VL.~ wVL. * S
R =Wy S =2X+S
Ry
Column a b v. R,
5(-)E
B.M.D. N.F.D.



2_ Remove the column O b

Ry
2L 2

AN AN 2N
NN AN 2N

' 10.0 ! 14.0 !
| 24.0 |
Faxed Frame
RVL.
Xz*;gv o.w éX*S o.w V;XJ*S
X X
—> oty €
10.0 ' 24.0
24.0

%X_A;ﬁ.:s X—X,;+S ‘—émm

(_)| IR RO

(=) =(2)E

N.F.D.
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Supper Position.

! — Get B.M. & Reactions due to VL. Load only.

using Moment Distribution
or Approximate Method (IF No Time)

w
TN el
X, B.M.D.1 X,
A A
Yq Yq

2— Get B.M. & Reactions due to HL. Load only.

=
B.M.D.2
Yoy 2 Y 2

3-Make Super Position.
B.M.D. & N.F.D. J| aws, o5 ReactionsJl gas Jads

X w
> | | | | | | | | |
x Final Reactions
X 1= 2 X 1+ %
A A

Y;-Yp Y;+Yo @
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» ol (e AJs Super Position JI (e v
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Final Moment
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Summary 3

Surfaces 0f Revolution (S.0.R.)

(Path Curve)uisie olyss oo Lo (JLA2) Lod) pdansl (o o)l (0
Azis 0f Revolution (4.0.R.) o)y08) Hsme gamss gl H9ome Jom
alolS 699 Lﬁ.‘:t 29 6'3'“ d.‘\:.:u.\” Y o_,L.u: (Pa,th C'uwe)J| K}
(Parabola) va3U glad of (Arch) epls o el of pallise b S5 o oS
NECS IRV BN

A.O.R. A.O.R. A.O.R.
Path Curve

Bell shape
+ Internal Forces (Ty) & (T2).

o3 ¥ (o8 o) e ab 1.0 m oo o854l b of b2l (43 o
Ring direction L3l 3 Meridian direction L-3)

T1 is Meridian Force. (kN\m)

Tz 18 Ring Force.(kN\m) A.O.R.

T1 (x3\m)

+Ve — Comparison

—Ve —» Tension @

Signs of Ti1&T>




* Shell Surface.

path curve J) Ws,Sy I asly sl pdawd) ga
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* R’ (Path Curve) el Hhad gy g R,

Ry (+Ve) Sign
(4.0.R) I e lascy 4o, 5555 Loaue

R; (-Ve) Sign
(4.0.R.) J1 ool (g3 alsls 5555 Loaic

iz
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thaul support )i

=g =tg8c+F.C.= v~ (kN\n?)
LL=P-= \/(lcN\mz) H.P. (Horizontal Projection)

Water Weight = (,,* Volume

O =10.0 (kM\n’)

In Case of No Water —» W¢= W¢D.L.+ W¢L.L.
In Case of Water —» W¢-_— W¢ ot W¢ Noter



Woos.

D.L.:g =tS 6@ +F.C. = \/ (lcN\mz)

9 kN\nt

s T

support JI e ossell aasdl o 554)) s 0 Wepp o

W¢D.L. = 0+S.A.= v (kN) |S.A.= Surface Area

W¢ p.L. = 9x*Surface Area
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_______ s mum ﬂll




Wori
L.L.= P = \/(kN\mz) H.P. (Horizontal Projection) %J Y

2
W¢L,L, = P+« Projected Area = P, LT =V (kN)

W¢L L = Px P'rojected Area

.z

ol supportJi
dugydall abaidl & (I

W¢ Water

W¢ Water — ZSw*VOlu’me O =10.0 (kM\m %)

C..la...uJJ ‘L..u‘,_,d.d' alaisl) G437 gj.i.u.dl AL Ll P2 F oA 9B Volume
o)l Joog U support U sssedd) daadl (e

rdawll support Jl
A gydall adail & (I
V2 7222
N
Vi
§\\\\\\\\\\\\\\\\\\\\
Vo LU

D NN\

W¢ Water = 6 w¥ ( V1 + VZ ) —



Signs of W¢

Support Ji JI Jxls W Jl o3l S Lase (+Ve) Sign

Support J) e ) W Jl ola3l 35S Le (—Ve) Sign

rhall support Ji u W¢ (+ Ve)

tgpiall bl 4 Ay yaal alail

7,

— — — — — — —
/’—_ -\\

/
CJ““"U support J| /

dus g ydadl adalll 4 @JlJ/

(et /) Wiy 5 gl o Slolusal oiny (gle 43 saedl 43 )l (g5l Alaos 2 (7))

Dead Load Liwe Load Water Load
2
Z=0gxCos ¢ Z =PxCos ¢ Zzzjw*h

Sign of /,
A.O.R.
|
i:j
|
Z (+Ve) Sign Z (-Ve) Sign
alsls Z 5SS Lonae a7 5085 Lovae
(4.0.R) J) ola3l (43 (4.0.R) I e Jaaes =

s



Calculation of Internal Forces (T1)& (T2).

T1 18 Meridian Force. (kN\m)
T2 is Ring Force.(kN\m)

cdaola ‘\.l’o‘,:.].o

Lags (W;b)o,u,l wle waiiey (T7) o)Ll apans %

T, _ +Wo
2T Sing

(Z) o8 5 (Ry) oy 5 (T7) eylsl le asicy (Tp) orls) apa05

tT1+& =-/——Z
+R; R»

oao glo prlans JS poo Joletll s Guondas s o 0355 Spmy o b
3 o Ly wa g ¥

2 &
W7
< \ SGC.@J T,:Tz.gLnJ‘\j)Lb ySQC.@J Tj:Tz @



Theory of Swurface Areas of S.O0.R.

2900 Joo pode gl das 51599 o 423W)) placd) 4o liss
o 423ll o la)l dasos (g3 Lgpae grosall of sl Jobo (o9luss
cosoad] s Joo ionall of Lasdl Jaa (C.6.) UB 5550 adads )40

A.O.R.

S.A. =L0uwe * 2T+ T S.A. =L *2 T+ V¢

Theory of Volumes of S.0.R.

dolaad! oda 4\.4..33 d‘,w Y L") J‘,a L P A ,:,b_,d O® GSL’\.“ r?.a”
(C.G.) JB 55,0 alads Hlye0 He 423Ll 0 Sl dasse (o5 L g a0
. J_,a.q.” U""'b J.,a P WY ] IPRYY

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

PR—— —_—

- — — —_——

Ap——— S . S

Volume = Area « 2 TUx 1.




Volume and Surface Areas For some shapes.

Old tables Page 121

o

Name| Shape Surface Area Volume
. 2
Cylinder h SA=2Tr*h|| V=TUT *h
C | i\v / 2
one| h SA =TCxLsr | V=5+Tsr"
[ Ll N 3
Part Of |[ T ziﬂ
Cone ”l / ____\"B S.A. =T %L (a+b) V=% (a b ab
—
Dome " ”T’—"% SA.=2T+Rs+h | V=Tt+R’ (R—%)
-
Part Of ||
Dome || 1 ,_a___yﬁj_\ S.A.=2T*R* h V=% (8d+36%K)
2 4 3
Sphere SA.=4*xT«7T | V= §*TC *7

@@




Watler pressure effect.

Jiwl @ ) gle Jadiiteo prhasl) glel 03 go g0 oliall oIS 1)

= Ow s Vertiual Volume of water above the surface.T

ol i o gusie (i 0pSlae prdanad) 33 Slal) gan gl paal (s9lusy

@



i
S
R

Examople.

Calculate (g ) For sections

above & under the supports

due to water pressure only.

1—For section under the support.

L2

o
S
s

Ll bis 545 See. @ we
- Hw¥ S support J) e Jaaes

\
L —_— *
- —

[ 77 el
. W¢ = ZSw* I:Volume of h,'j l -+ h{z@ l:l

Baw=10kN/m| | Support JI 5u gy alesl ¥ (-Ve) Wy oslsl

(-Ve) Z o)\ Z =0w*hi1| Sec. ® e
sl oo ol Laalost ¥ ' @




2— For section above the support.

B
S
s

@ hff@

Ll bazo GsSuws Sec. @ e
. e ¥ S support J) e Jacs h4

osdlie pladd) 353 sl gyl wondl | L oo
"LA-” C..Ia.w g.s’....\:u dﬁ_—,.

JIIIIIII 577214 ,,,
o V%7
/////,IIIIIIIIIIIIIIIII,/////

W¢ = Ow* Volume of

L_r_d

Support I ye 7y Laalasl 5¥ (~Ve) W os\%)

g —"
p eyl aa g P3| s
—7r
_ ~Tece
Volume = Areas 2Mx7ee] hslf/ | e Ul
Y

71—

IE'““W of hal[Z2227 h3[:| 0Bl Ly —bslshaut pon 5l
—r—!

Z Z =0w*hit| Sec. @ wic

(=Ve) Z o)
s90adl o s Laalasl oY | @



Properties of Important Surfaces.

Cone.

C B oo 0y pansd) Juo 4ssly o0 D

R1=C>O

", Ze'ro+& =/
2

T,g:RgZ _Ia.9.>

At Cone Vertex Point@®

T, =Ty =Zero| ad




Ri=Rz; =R

. Iy T :
. — 4+ = =Z .
Ry Ry

T, + T, =RZ| las~

At Dome Vertex Point@®D




Calculations of Dome Radius.

claelis,) § saclE oy Dome U e 5555 o) Sead) e
bl Slles LS Lophad e sass o) glisaw galally

R™ (§)2+ (R-h )2

2
2

124+ K
2h

R =

Example.

I
Fined the radius 3fm
For the given Dome. )
2
RE 4.0°+(R-3.5) f
, , 3.fm
R=16+R=7.0R+12.25 ] ,
R-3.5

R
70R=28.25 —» |[R=4.03m ~J




Vertex asg5 3 3 Dome JI o o3> glacs S 13)
~)3.‘=~o.” "_,.D d_a.“)j' o..\.c.,s K} ‘L;O.)-“— k) o}-‘f&” ‘»:\.b &USJU::."ES L;..la.c..o K)
Al OLlie ALS Lophd e sass o) glisie palall

A.0.R.
p A

| L

’y 18 unknown

For Triongle od e

2
rRZ I + Y~ __5_’_3/_@

For Triongle ec b

RP=Xx% (y+h)2=X2+yi,2 Yh+ h°



Example.

A.0.R.
Fined the radius For the p S 0*I
Dome Contains the Arch ab 4.0
a I
| 8.
For Triangle ade ~3.0—
2 2 2
R=8.0+Y
2
R=64+7Y

For Triangle ec b

2 2 2
R- 3.0+ (Y+4.0)
2 2
R=9.0+Y +8.0Y+16.0
2
R=250+y% 80y - F:Y 5
AWl ddoledd) o8 (Je¥l Joleddl U.osz,g-w

2
f 64+ Y =250+ M 8.0Y —» Y=4875m

4 2
SR —=-64+4875 = 87.76 m2 —» |R=9.837m

@



Steps of Design.

6> gl U Bie ¥y s le phaw JSI Check Jas s paend o3
(Supports) 5, pasw aa g plobe

1- Choose (ts).

(Lsmin) 0 JB ¥ Susy () U aad 5L o3

— For ordinary sections t S min =80 mm
Choose Ts =100 mm —» 140 mm (ts) s f)t Jads
— For water sections L) 0550l 4o yonll o dU

Choose ts= 160 mm — 240 mm tSm'in= 160 mm

2 - Check Compression Stresses.

T (cm) ~ 1000mm —,
2 tst o

e
Ts! Ty o) Tz J goread) gUatll J<o

Ac=1000+Ts mmi

T1 o T2 oo ) gle Compression Fo'rce_,..\ﬂ ) J(Tmax) EEWER

« oda o prdaws JSI (Trnaa) 9325 of olelye g s woking Forces gsil oda (55

T 2
Actual working Comression Stress = Tmaz _ Tmaz (W/mm)
Ac 1000+1s

Feo

2
IF Actual working Stress Allawable working Stress —» (ts) is 0.k.

Allawable working Comression Stress =

IF Actual working Stress > Allawable working Stress —p» increase (tS)

@



Egyptian Code Page (5-2)

Lo sbia s Al i) o Ui g i) g

(oafc) Lass YA S0y (o) msall s jpau | 20024 cldgad) glsd
30 25 20 18 fig (4. 51) % Sl Ailaa 80 L lie
7 6 5 4.5 e () s 3 pacal) daal
10.5 D3 8.0 7.0 I 455 el el Ll ol
il
i e
0.9 0.9 0.8 0.7 e ac) sl § Sl A mald g
0.7 0.7 0.6 0.5 Ge $oad) elamel 8 plud 050
%l 1.9 1.7 1% Q2 gan b ocda il agn g
(Lo Ay (aill) olizac)
1.0 0.9 0.8 0.7 Aep L P
Nl bl
140 140 140 140 £, 240/350 5k a1
160 160 160 160 280/450 bs 2
200 200 200 200 360/520 i3
220 220 220 220 400/600 cilad
160 160 160 160 ol 450/520 psalall Suli-5
220 220 220 220 Gl i3 o elegll B




Reinforcement of Surface of Revolution.

P oaela3 ¥l (¢ il 4 wasS a0y

Meridian Direction T ssil ola3l (o8 puls -
Ring Direction To gsil ola3l (o3 pulus -

N —

Ty RFT. T2 RFT.
Meridian RFT. Ring RFT.
TS Total RFT.
' L7 A\ XN\ ‘
St RSN\ Tt & T2 RFT.
LT 7 OO
LA T T RSO0
A e




O — IF all values of T1 &T2 are compression.

We usually use min. RFT.

— IF ts>100mm use Double mesh of RFT.

As ForTy
min. §# 10\m

AS<]f5¢ 10\m each Side

As ForTe

b —IF Tyor T2 is Tension.

IF Ti Tension %"y Tiy,y=1.5+T

AS(T,) = ;’\(%L') As 457 10\ each Side
v S

IF T2 Tension ﬂ) Tz(U.L.)=1.5*T2

TF)\S,| AsLEB10\m cach side

0ya8J) fo b wie mhaudl WS e W osle

(-Ve) moment Jl 3 Shear JI «.,idJ
o3 g gl o8 wie (@3Lo) gale pralss pui> oale
57 10\m «ad (T7) ol3)

@




Rewnforcement of S.O.R.

Reinforcement of Meridian Direction (T1)

ZHIN

4

Elevation L \ (Tj) GJJ-‘J‘ = i @
Plan . — Jhw¥ aa
Elevation \ ,
Y00 ) Pt Wl |
ol pl pliss wio HIS 11 L 3053 3 plale olodl ) (g i) asy oS0

8410\m

at R=6.0m Plan. J) d—é (Ti) C»l - @
8410\m . .
at R=3.0m Bl T T 8g10Am JL

A Y500 = GadUiie adves JS

o
S

I
~
~
~
~
~
~
~
~

Dome Jldawy o3 §#10\m Sul a5 (©)
(3.0mx 3.0m) laslesl d5 %5 cale

L NN NNNNVNN
% ConeJlG_é-\S,;..t.Jl odn pusy aly ¥
I
i =X 03 9> g0 sab ol lax oyutuo Lol a3 ¥
(10—20)em

NO mesh mesh 5#10\m @

v}

S
NNMNNMNMNNNN
yvvvvvyvvy




Reinforcement of Ring Direction (Tg)

@5%

B e (Tz) C-‘J-'*‘-’
JJLuJL»uﬁﬁul \_\N‘\.d u)L.p_,J.o.bd.:.b_,

staggered splices

/N
7110\
78100
YTTTITINNN
777D
7 A E N /I’l // i ‘\\\ \t\\
7 SO
ST TR SSN AL TR
47547 7T TIAS SN LTI
(77 e L T TR
07747 OO A2 T RS
LRSS S
..... I // IIII \1 \\\\ ) “‘" '... [ 11 AW ““

Reinforcement of (Ty) & (T3)



Reinforcement in Plan.

s udgs (i 0 pll 3550 ) dmadie bshin 0y e b plan JI ¢S el (T7) wes
i e LSl 408 s i 3 35a)) (I Blusdl s wie (Jollly) apasd) 4gaS
@ Ly B Glaadl oY 23 5 (B8 B e (135 5 Giisd) Gl
(Ty) wa> Ll Dome J) Al (b 4Suld) ) Joas (g (T7) o> ey g 0510l 55 50
Dome J) b aS) wie S 5 pdansdl Gk e Tus 159 JSO ole plan J) (@b jaly

Dome with Double layer mesh.

(Top & Bottom) oaxly oy coledl o fliwdl Wasdl aule v (71 plan) gy

I\i_d’—\ Top mesh

5#10\m

Bottom mesh
5¢10\m

X

—_———
p—

- | at r=8.0m
B !
!
|
ogionm S S | 5810\m (14B)
From =8.0m to r=1.5m - I at r=4.0m
!
|
Top & Bottom @ | 5#10\m (T&B)
RFT. T atr=zom
mesh = o \_I ]
5#10\m (T&B) < "-'5




Cone with Double layer mesh.

[
(10-+20)em

mesh 5 #10\m

X

p—

5#10\m (T&B)




Examople.

5¢10\m (T&B)

atr=11.0m

L1 __ZA._ 11
—a & |
|<—3.0m ‘l‘ 8.0m 1.5 —




Examople.

'--3.0—'—4.0— 5.0 !

Plan of the Dome. _5#10\m (128)
I
o |
\? |
<7 I
x® :

S/ sp10\m ren) |
SAS |
i i
§/¢ DN

sl g — !
s/ & @ _ | mesh
3 P | 5¢10\m




'--3.0—+~-—4.0— 5.0 '

Plan of the Cones

5#10\m (T&B)




Examople.

1.50 1.50

Plan of upper Cone

o® //,/—-—‘.

i

% J

@8, 5#10\m (128) |

5 #10\m (T&B) @, atr=15m |
Tat r=3.0m i
!

|

____________________ |
le—vq. 00— 2.0 -



1.50 1.50 ‘
Plan of j | i

Dome & Lower Cone

!
|
|
1 5¢10\m (12B)




Calculating Bending , Shear & Torsion on Ring Beams.

P = Total load on the beam. (KN)

P-w*=2T7T

W = Load per meter. (kN/m)

T" = Radius of the beam. (M)

T = Number of supports.

Bending Moment & Shear Force & Torsional Moment J| o lusJ
0ld Tables Page 1 20| &Y Jsszd) plasiul Ses 0 )8l gl 25354

No. | 1oad Maz. Max. Bending Moment Max. Centeral
of |on each |Shearing| at C.L. Over C.L. || Torsional | angel
supports| support [  Force of Span of Column Moment

n | R |Qmaxl M+ve M-ve Mtmes | S

4 |P/4 | P/8 |0.0176 Pr|-0.0322 Pr| 0.0058 Pr|19 21
6 |P/6 |P/12 ||0.0075 P |- 0.0148 P1| 0.0015 P ||12 44
8 |P/8 | P/16 ||0.0042 Pr |- 0.0083 P1| 0.0006 Pr| 9 33
10 |P/10| P/20 |0.0082 Pr |- 0.0052 Pr| 0.0004 P | 7° 36
12 |P/12| P/24 |0.0019 Pr |- 0.0037 Pr| 0.0002 P71 | 6 21

G ki)l g Support JI e awlidl 44l3)l g2 Centeral angel (6) JI

mox. Torsional moment lanic o g

&



cdole OSlha e

Gl aail) g Support JI e awlisl )yl 4o Centeral angel (8)J) =)
max. Torsional moment laaic a> g

i 0 mazx. Torsional moment odic as g Ul Section JI o

mox. Shear Force sxic ux>g 3| Section JI

Q corresponding LS Ju Shear + Torsion Jes3i RN LILY]] pasdll Jie KY,

max. Torsion cdic A4 Il Section JI vue Shear Force J| 4ad o

Radian

PO 2T 0 T
X * O *9*180

=T T
X =T+

Q cor.— Qmax_ WX

(Mt maz. s Qmaz ) ele gUaill pass Jaanill (Sae

@D



D OS] (pad (n;jg) VY colaws ol (po 5381 Supports J sae IS 131 =Y

Nz oyt osSie s oY (M) W3 pye Joms -

: $¥8 max. Bending Moment & max. Shear Force JI olus (Sas -

5w wL®
max. M —Ve = ULL 12 1=
12 § ™,
NN T
Zl | W
maox. M +Ve = % ’w_L A ’LLLZ
2 24
WL B L -
where L er
mn
N



codel W) B35 sl oSl wle o35 dnwl ) sl alase WS 131 =Y
B o5 s

. po LS max. Shear Force & moax. Torsional Moment JJa.w
wlasl juSesw (max. M+ve) s (max. M—ve) oo S 4w 5 o3l S
533 pyedl aad oa e Jeand) (o8 S S

Example.

From Table

For =8 > max. M —ve

—0.0042 P7r

max. M +ve = 0.0083 Pr

@D



Calculating Loads on Ring Beams.

. Liis Meridian Force (T7) g &1,uS)) I @550 prland) o adyisad) 53l
Llsls 4350 Ring Force (To) % <Us 4

2.
7

\
O
$

\\\\\\\\\\\\\\‘{/

YYYYY

.
0yaS1 0y ol ) 0yaS) el daiy oLl o5 (o8 U8 131 (T7) olas) st

rdadd) oo Laalos) suss y (=Ve) pf (+Ve) <sl8 131 (T7) o)l Ho ass
~oﬂﬂ|@o@¥|wﬁ3m‘,




Case () IF supporting beam consist of (VL.& HL. Beams).

Supporting

iy B

O

2

(VL. Bearn ) olas) 3 aswly 4S50 -V 1 5S50 ) (Ty) Jalots p oS5
(HL.Beam) ool 43 aqisl 45,0 -

¢ T1 (+Ve)

4

T1 (-Ve) (kN/m)

L
H wn/m) H (kn/m)
Compression J>lul laals) Tension g,U Laalss




Design of HL. Beam.

HL. Beam JI ) Jus (H) (kN/m) o 5 (Ty) osill 428591 45,00
coyaS) plad (gl S5 a f > Normal Force JS5 e

1— IF (H) is Tension Force.

T=H*’r‘ T=H*’r‘

Ten. Force Ten. Force

adilas :’m

- 2r— - 2r—
T o3l 8 sl JS Juloss

2T=H=+27T
= [zr\ =

O O T=Hs7 |kN
lT Tl H xN\m Tension
—2r— Tl lT
Design the HL.Beam as o Tie. A8= ;1*1°5

y/ZSs @



2— IF (H) is Compression Force.

+
S

N=Her N=Her

Comp. Force Comp. Force

>ty NT

— 27—

N o3l b 481 JS Jobos

2N=H=*»27T
N=Hx*7T |kN

Compression

Design the HL.Beam as a short Column

P, =Ns1.5=035 A, F,, + 067A  F, —» Cet

U.L. C “cu

Check As . = 9.80 «Ae @



Case (b) IF supporting beam consist of (VL. Beam only).

(VL. Bearn) JI gle )55 (S pal!
(V) agusl )l aS,0

Bending Moment , Shear Force & Torsional Moment aswly) o ,uS)l ol dsse

(H) 453391 45,0

. Compression sl Tension Ll Normal Force 4l 0,08 gle dasse

Get M-ve) s M+ve) » Q,Mt Get M-ve) s M+ve) » Q, Mt
From old Tables Page 120 From old Tables Page 120
Design the VL. Beam on Design the VL. Beam on

(M:N) & (Q:Mt) (M:T) & (Q:Mt) @



Case (C) IF supporting beam consist of (Inclined Beam only).

LB g (OL) aslie 4L 0Tl 01 13 L a8

(H) 8T 4S50 5 (V) 05a8) 0lo3) 46 4S50 2 53550 I (T) 058 Jalos s 0L
oyl ol (BM. & Q &My ) coiins (V) )uSI olas) (45 43Sl

- Compression 4| Tension LI ( Normal) wiw (H) a3y Syl

T1 (+Ve) T1 (+Ve)

B BN o 030801 oo 42yl o2 QL (BN

Tension gyl laalss) Tension g,BU Laalssl

Sin Rule pasis H&V 5o IS 4wl wusdl

Swn Rule
B Sina Sinb Sinc
C b o
A a+b+c=180




Vi H L 5 (Ty) LS50 olo3l 5 dasd waos sy

Vis Hy Loy (0.w.) oxsSIl 555 LS po olai) 5 dasd wand cany
(Viotar) exsSl olad) o8 sl SUS p0 olad) 5 dasd aos 3
(Htotal)kfjjw oL ¥l (g8 solll LS 0 ool o daad

Ty (+ve)
(B

T1 ve)

Tension gzl a3l

\
0.W. \ V1.L:3.9 oLl
olosl 5 ke
\
Lis oLl Hy

Compression J>U laalssl

Vietar=V+V1 &n/m)
Hiptar=H-Hy &N/m)

Tension gyl laalsl

dads o) I/’ //
4 0.W.
{2 az* o@l ‘,J‘JSA
Lis olsl Hy

Tension gyl laslos)

Viotaa=V+Vs &n/m)
Higtor=H+Hy1 &N/m)

W3



Intersection between two surfaces.

When two surfaces intersect ,there will be one of two cases.
b Bl e s e 4S5 Gasdans g bS5 wie

1-Case of two surfaces on the same supporting beam.
- paebol® abaly wie Gualadl JooB 0peS ax g3

oyl o pha JSI (T7) olos) s

(=Ve) ol (+Ve) col8 131 (T7) sl 0uSUl le Jsame gdans JSU S

c oSl gle 03 Y uSes ae y phawdl gle Lanlos) sass
Example.

Get (T7)y & (T7)2 Directions to the beam.




IF (T7)1 (+ve) — Comp. & (T})2 (-ve) — Ten.




Example.

Get (T1)7 & (Ty)2 Directions to the beam.




IF (T7)1 (-ve) — Ten. & (T7)2 (+ve) — Comp.




1-Case of two surfaces on the same supporting beam.

r.n.n]o@d.la.b..\.\.cuaahuﬂdmoqu.\ay“

Jaad) s pad el 58 130 vy oo nle aad Gadadl G 1)

VL. Load on beam = VL. Load on beam =

W=V+o.W. 40y (oh/m) | W=Vi+V2 +0.w. 0y (kN/m)

HL. Load on beam = HL. Load on beam =

= H @n/m) - H/— Hs @nm)

W3



Example.

Hz(Compress'i,on) H 1 (Tension)
dadsd oLl dadsd oLl

V=V1+Vo +o0.w. (veam) *N/m)

H=Hy- H2 &N/m)

Normal Force = H=7

x IF H1 >H2 (Tension) —» Design the Beam on M,T
« IF H1 <H2 (Compression) —» Design the Beam on M,N

x IF H1= Hz (No Axial Force) —» Design the Beam on M only

/Y /™
SN DN
! )
‘T’“ 3_&

Sec. at mid Span Sec. at Support @



Example.

Hy (Comp.) H (Compression )
Lais olos L5 olos

Vrotar kN/m

Viotaw =V +V1
Get M+Ve M—Ve
Mt Qcor.

H 1otal kN/m

H =H+H1

Total %
N=Hrpyiq *T

Design the Beam on M,N and Mt , Qcor.

A

m




Example.

H1 ( Tension)
dads ool
Post.
_ W2TT
R_ mn

TV = No. of Posts
P= R +o.w.(Post)

W =V1 +0.W. 400

H=Hy| (&N/m)




B>

_ 2weight 2P
W= Span _211;7-

VZ = T —0.W.(Beam) l

dads ool
H 2 ( Comp'ress'io'n)

R LS max. Shear Force & max. Torsional Moment JJa.u
u.aif..u.-o (max, M+Ve),9 (max. M—Ve) o S dard g ol USJ
o3 el Al g o Jgand) (8 ed §eShe
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