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@ Under Ground Tanks

For Under Ground Tanks , There are three cases of loading

1) Just after construction

(The Tank Filled with water and No Earth Pressure)

7AH.

%

Full

s

2) During Operation ( Not Critical)

Yy e Y
Full
/ Z
0 .
3) During Repair
Vo4 Vo4
% y
1 7
Y Y
Walls
C.

P.C.




Steps of design:

1- Dimensioning

(AN g Lilall) daliadl Al 3l jealiall dayY) (m b dlee o

walls || Cantilever || Two way One way
H LorH L H | Slabs ts =7%
Ly 10 || @20 B 0ris S
tws 300 mm & t < 400 mm
tw=300 mm & tr=400 mm o Laily Sy gl

2- Checks

a- Check for bearing capacity
S 5 Allaal) 8 alla 130 V) paiaY) 3 Check 13 Jee 24 Y
Frross Sles & Jla¥) en 3 SV 5 gl b ollaes Bearing capacity

Stress under the base of the tank must be less than the
allowable bearing Stresses (Bearing Capacity) of The Soil

DN 4 F

gross— A gross

< Bearing Capacity

(E. ) The uniform stress on the soil

W) Weight of ( Beams+ walls + Roof + Water + Floor slab )
(A) Area of the base of The Tank
Bearing Capacity ~ 150 kN/mZ

If k.., < Bearing capacity of soil —~ Safe
If k.., > Bearing capaci{y of soil —~ Unsafe
Increase floor dimensions
4 T é -7
2 7777777777 27 @



b- Check for safety against uplift

To avoid floating of under ground tanks due to up lift ,

factor of safety against Up Lift must be greater than this value
| L5

Factor of Safety=
Up Lift Force= A x8,h,,

(A) Area of The base of The Tank

(h, )Height of G.W.T. from the base ofthe tank

Minimum weight of the tank >
Up Lift Force

1.2

F.O.8> 1.5 S F.O.S> 1.2
| b
G.W.T. Empty G.W.T. Empty
7/ )w Z
GW.T. JV 5oLy Jlais as o GW.T. J) 5oLy S ¥

Factors to increase F.O.S. against uplift

(@) Increase the thickness of the slabs or walls

(2) Use double floor with filling (3) Use over weight around |
in between the tank

/wall V22 AR 224 Vo2

=

L/ /7 L -
A T |

Empty P.C:

-5
a

Lz A4
P.C

(4 Anchors Between R.C. & P.C. (3 Use tension piles
VOGS 40 S

Empty

1YY RO YYNY @
CLLL pec LLLL | _




3- Loads and straining actions

Jlaa¥l oda S8 5 Tanks U datiaa #5080 e Jlaal) Clus ddee o
Moment distribution 22334 ) )30 o3 ds 25 5 Working loads
2 a3 8 BRI (5 gl o o

—> Forpss = 1 > B or= Foross - Direct Load

4

net

- Relative inertia between walls and floor must be taken into

consideration while getting straining actions on the tank using
Moment Distribution Method  1,,,=(4— 8)I,,,, 3G 4

saclall 3K e ae Jlaa) S50 Blkail aae Ala L o)Al 30l e ag e algli-

Loads on Under Ground Tanks
During Operation without Ground Water

e, [ Lol%j!P!mmmll
2
&=e,t08,,, K, hy =K, P+, K, h, N -
e =¢ +0,, K, h,= K, P+ Oyois Ko 1y +h,) E E Full b,
K _1-sin® n |
a~ 1+sin ]
P oL \ouh,
3 e, ' o
(\
FO"Wall_’Bw&O(W llxllﬁ(fmnﬁlmlluu
For Slab — Bs4& % |
W= t(i'ovegc T 65017 h1+P Full h
F =F - (directload) —\
net gross [
-w; TTTTIII
S net

o>



During Repair without Ground Water e, L.L=P
e =K, P e, /! b
e, = ZSm,Kh K,P+5, . K, h,
a 2 E E Empty i
B
[
! |
F (direct load) & @ B
= - (direct loa -
net ; ‘__ Bw%o(e lllllﬁl(‘lvmlllllllllllllu
W= Oc + h] + P h/d ;
cover S0 L_.
; h
i |2 |
e3Bwe3 O(we3 HIIIIIIIII;(;E;;IIIHII
During Operation with Ground Water
_ e LE P
L 113 11311 JIIVITITTT
e, = K,P e [ 7777
e2=e1+z5 K, h,= K,P+5_.K, h, B
[
€s= € +8,, K, h, U\ Full || 8
= K,, P+5,, K, (+h)) e/ 1 f
' 3 | G WIT.
e4 =e4 +e4w : : #
e4s * ’ w : ! 1) h {rw .
= e3 Z'SsubI( h €iw 4s — *
_ w
KP 6S011K (h +h2) + subK (hw) r B@O(QIlIII?(I}HTHHIHIIHIIH_
=0 h / \
wor na )/ \ |
6sub = 6soil - 6w L _/// \\\
\ Full )
= - (direct load) / \
net g"OSS /ne 3;% h'
W= tco egc 0il h] +P f e3//‘§ > N =
A hows | A \
e UL =05, h \ B0,/
4w6wh [ BCs o lmlllmgmmumm

aD



Another ( Easier ) method Very Important

e4 =e4s + e4w =% +6subKa hw+ Bw hw
=€; +6subKa hw+ ZSwhw_i_( BSO,-IKahw- BsoilKa hw) | oW X
BE; €
=@+, K,h,)+(8,h,+08,,Kh;5,,Kh,) /E / \
/ \ |
= (e3 + BsoilKahw )+(6w hw+ Kahw (6sub-6soil)) |7// \\
‘ \
=@+8 Kh, )+@, h,+Kh,(-0,)) / \ ik
\
/
= (e3 + BsoilKahw)-l_(Bwhw- BwKa hw) r e#f_@e %B\cwhl
/ \
- (e3+6soilKahw)+(1' Ka)cwhw }é hﬁ l///f ,11 [0, \ bgiwh
| e e €
K)s,h, €+ BEs
ue4 = Bsoil Ka hT+ (I-Ka)Bwhw (I a)aw Y X Eet
During Repair with Ground Water »
LL=
— e T ARNNENEERE]
€= KP o TP
e;=e+o,,K, hy= K, P+3 , K, h; Y& i 1
]
e3= 82 +650il Ka h2 i i J l’
P! 7
= K, P+8, K, (h,+h,) i E Emptfy h r
€,=€,16, €; i E T,
|
e4s = e3+65ub Ka hw e4w %‘Weﬁ { :
= Ka P+ Bsoil Ka (h] +h2) +65ub Ka (hw)
e4w = 6w hw
Sl Joo uid Moment distribution J} pladawly JoJb Jans
5 Shall latoo (e el uls g5l 9 8 30 daz (e
8,K.h,
€ QDA
ez/jl_i— )%
I
I
B Empty
/i e | Y
y )yl “
Ny Igross - (direct load) (KB,

W=1,3:+8,h+P @



* Nofte

ol 1 el 3 IS Candy UL Lilall i) e el il 8 sale
ey i YIS 4y 85 288 f/f ol ) e pad eldl Calie o Al 3 L

Ifh,< h/2

h{% —
(I-Kz)xB,x h,

Ifhy,> h/2

h,) —>

(I-Kz)x8, % h,

4- Design of sections

dae Jalatl)
Il olady) 8 4lK Cady

h/4 x\{/
>

(I-K4)x8, xh,x h,
h/4

Bl Lo o & B And 4y 5 0 8

| ae | Be |
I e

(I1-K,)x0, xh,x h,
h/4

et Alaall o5l b o5 Al e Uadl) apanal Ala ja 08
Water sections (Cat. Ill) — Stage (1) & Stage (1)

Air sections (Cat. 1)

—  Stage (1)

—> All loads are working loads at Stage (I) & ultimate

loads at Stage (1)

—>\If The Tension Side At The Soil Side Or Water Side
The Section Will be Designed as a Water Sections

5- Details of RFT

Same as Rested Tanks .13 Jpsls s
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Example (D

D22 22AR204

(D Draw the load diagram for 0,5
VI. and Hz. sections 77
Case of During Repair is only Required 2
]
) Empty 45
B
5., =18 kN/m” |
20° 77777777
P = Sec A-A
9
%
1 5.0
]
4] /
5.0
Concrete Dimension Sec B - B
_h _4500_
Ly =46~ 1¢ —2813= 300 mm
L _5000_ _
ls = =15=75 =417 = 500 mm
tC = 250 mm
over oil Cover
(W ) =Us )(5><5 x0.5) +(0.25%x25) (5 x5)
Walls Floor
+ (0.3x29(5%4.5x4)+(0.50%25)x(5 x5) = 1368.8 kN

Weoa
B o= §3X6;9 8 = 54.75 kN/m?

Direct Stress = (¢.5,, ) = (0.5%25) = 12.5kN/m’

E,e, Total Stress —Direct Stress

= 54.75 - 12.5=42.25 kN/m’ @



The Cover

(50850 ) > =B =05
W= (£ 8408 B) =0.25%25+ 18x0.5 =15.25 kN/m’

cover

(BW) = (XW) =0.5x15.25 = 7.6 kN/m’

The Floor (5.0& 5.0 ) O‘=ﬁ=0-5
(BE,,)=*F,,)=0.5% 42.25 = 21.1 kN/m"

nret net
The Walls (5.0 & 4.5) Twoway ~— m =076 m =0.76
0.76x 5.0 RPN y=L
F=exas= 11 o= 0.6031_ B = 0397

_ I-sin®_1-05 _1

a I+sing 1+0.5 3
P- =L . ?
1=K <3 _xh,= 318 x0.5=3.0 kN/m

soil
P =K, x5, b,=4*18 x(0.5+4.5)=30 kN/m?

23.25

30

(x P)=0.603x3.0=1.8 kN/m’ BP)=0.397x3.0 = 12 kN/m’

2

(xPB)=0.603x30 =18.1 kNm’ | B P)=0397x30 = 11.9 kN/m

at point ¢
T P=K,x0,xh.=2-x18 x(5.0- 1.125)=23.25 kN/m’

soil

(B p)=0.397%x23.25= 9.2 kN/m?*

7.6 kN/m
1.2 1.8 oo rd.8 1.2
a - a
9.2—f C o
I/
1125/ ~—1 N
// /I b b
‘ R I A Y T O O O O B |
_1109 18.1 21.1 kN/m\

Sec A-A




FEM __wL 7.6 x6.0)° _ 1.8
a-a\— 12 = 12 =-15.8 kN.m 1.2 % ; (“ a
F.EM __ 18 x4.5°, 16.3x4.5)] 1.2 x4.5)’ =
a-b 12 30 124 =
11.9x¢4.5)° =
+ HIxD) 4 145 kN, =
904 1 " —
2 2 2 [
FEM _ .18 xW4.5)° 16.3xW4.5)” 1.2 x(.5) é =
E. = | 0 b
b-a 12( ’ 20 204 1.9 163 1.8
11.9xW.5
- e =—2 o N
T4 1.5 kN.m
FEM _ wL’ +21.]x(5.0)2 B . I 2
b-b\_+12 = 17 =+43.9 kN.m
(oy=(3Ly= 173 |hes=17hea| 173 1731
C
Ly_(50V_ 8 L 81 .
= = b-b= a-
Distribution Factor For joint (a)
D.F TR
IR Al v e o el D.F. . _ 1-0.794 = 0.206
45 T 27750
Distribution Factor For joint (b)
D.F. 5 | '
b= 173, I..8 |Joint a b
45 T 2730 =
member|a -a | a - b b.a|b.b
= 0.325

D.F. 0.206 | 0.794 0.325 0.675|

DE - 1-0325= 0675 |F.EM.|-158| 145 || -21.5 | 43.9
BM. || 027 | 1.03 || -7.28 | -15.12

C.O.M. 0 |-3.64 || 0.52 0
B.M. 0.75 | 2.89 |- 017 |-0.35
FM. ||-14.78| 14.78|| ~28.43 | 28.43




M =18 x45 (%) +0.5 xX16.3 x4.5 (—45—5)-

+0.5 X1.2 x1.125 (4.5 -1.1325 )

+0.5 x11.9 x1.125 (LL2)
+ 14.78 -Rax(4.5) — 28.43

I%: 14.4 kKN Rb= 37.75 kN

Get Point of Zero Shear

R,-1.8 (x)=Lx(x)x(

-dLy12 x1.125 =

2

16.3
4.5

0

1.81 x°+1.8x - 13.725= 0

x= 230 m

X)

1

2
%{.}125

M= 14.4x 2.3— (0.5x1.2x 1.125) x (2.3~ 1-1—3-2i) - 1.8 x(2.30)x (2-23—0_)

+ve

~0.5x(2.30 ) L83 x2.30)x(%30) - 14.78 = 4.9 kN.m

A
|~ 14.78)

/\\

Wi Le Moment J} a3 N 14.4
Cover Jlen) (S ¥ N~ w]\ (0 ISH
Lle B35 Cover JI oY U3 , < ~ 19.0
e Jlaat 9.0
BOM;D. 4.9 | (—) NF.D.

!

37.5
v //r 52.75
28.43 e
37.75




Hz strip at é’—

B=Kax6

soil

x h=-1-x18 x(5.0- 1.125)=23.25 kN/m®
(B P)=0.397%23.25= 9.2 kN/m ?

X

. X 23.0
EENRANNENNRARURAR AR NNE RN c 19.2 “ (=) ” 23.0
: - N I '
: | - 9.6
u - |
’5 u u /E
s if 2
v :E | ag 9.6 | (=)
L g | - 9.6 !
b |IIIIIIJUVLI_HHHIIIIIIILH / ﬂ 230
9.2 KN/m: 192JJ/ L& .
| 5.0 | . 23.0
B.M.D. N.F.D.
Note

If The Tension Side At The Soil Side Or Water Side
The Section Will be Designed as a Water Sections




X L
ff'ﬁ"\;:::::' — )
L /
Vi StripA - A
K U
| J/
— J]
Hz StripB - B @1353



Example 2

(D Draw the load diagram for

VI and Hz. sections B - 7 / B!
i Empty Full i s
8,0 =18 kN/m’
K=+ 2 2 et
4.0 | 4,0
Sec A-A
4 4
A' Empty Full /'1 40
Sec B-B N
I 4.0 ' 4.0 I
Concrete Dimension B
_h _4500_ 50, o i e |
| ty —1L6 —4%0—281.3— 300 mm lt
15 =43=" ) =333.3= 400 mm oL
H7z Beam 6] Q @
(% L ) =(0.25%0.70x25 )(4x7) -
Walls f\el
+(0.3%x25 )4 x4.5%7) at “Bleamd @
Lower Floor
+(0.4x25 )X(4%x8)=1317.5 kN
W, 13175 : [T
grosi).L.:- 1 = %8 = 41.2 kN/m 41.2 kN/m

Gross Stress due to D. L.

_ W{vateriﬂy

87058 yater A 1

(W ) =(4x4x4.5)x10 =720 kN
water
M=(720)x2.0 = 1440 kN.m

3
1 =48 170.7 m*

12 l w




11.3
Fimr B 58 ()= 563 kvm? Py,
b=+ 720 + 1440 (g)_ 1225 kN’ 225
32 170.7 6.3
F __. 720 _ _1440 Gross Stress due to water .
3=+ 55" 170.7 (4)_ 11.3 kN/m?
Total Gross Stress = Gross Stress due to D.L. 412|TTTT (o i 41.2
+ 11.3 +
I
Gross Stress due to water
22.5
Total Gross Stress
29.9
63.7
Direct Stress Empty™ (0.4%x25 ) =10 kN/m? : 97.5
Direct Stress, , =(0.4x25+10 % 4.5)=55 kN/m® 53 55
10 10
FYYY VY YV VY r
Direct Stress
Net Stress = Total Gross Stress = Direct Stress 55 55
10 10
19.9 L]
36.8 57 256425 29.9 ]|
53.7 63.7 LU
Net Stress 97.5
NOteThe net stresses must be distributed according to(Cx & B)
Note You can get total gross stress using ( Wiotal )
F __ U317.5+720
1= : 73g+ ) ]17;470 (4)=+97.5 kN/m‘?' 29.9
( 63.7
F_ 31725 720) + 220 (9)= 436.7 kN/m2 97.5

Total Gross Stre
F_ +(1£7§52;72_Q> 1175470 (4)=-29.9 kN/m’



N
N
N
N
N
N

Vi strip 3
Vi strip 2

/ 1 Vistrip 1 7 4%
7
Sec plan
Walls (4.0 & 4.5) Two way
_0.87x4.5_
r =02 = 1.288 X =073 < PB=027 ]

(XW)=0.73 x45 = 32.8 kN/m <
(BW)=0.27 x45 = 12.2kN/mI

For soil = P= —;—XIS x4.5=27 kN/m

(xP)=0.73 x27 = 19.7 kN/m (B P)=0.27 x27
Slab_ (4.0 & 4.0) Two way_ -B
VI Strip @D

7.3 kN/m

= 0.5

>

26.9 kN/m> 21.2 kN/m>
' 4.0 | 40 ——

oD



VI Strip @

Net Stress
19.9 87
25.6 " 42.5
(W) =0.5x25.6= 12.8 kN/m 5.37
4.5
» F12.270\32.8 32.8/=12.2]
19.7 7.3 TP Irrryrrray »3 97
| 12.81;*.)N/m\
. 4,
VI Strip 3
Net Stress
19.9 87
| 36.8 - 42.5
(XW)=0.5%36.8= 18.4 kN/m 53.7
_ D
4.5
T 197 73 I T T TL] 73 197
18.4 kN/m~
' 4.0
Hz Strip at H/4 14.8 kN/m I
| - 0 24.6kN/m [ &
Sow)y=3 x32.8= 246kNm S ERS =HS
4 4 E n = 2 2 H X
3(xP)=23 _ <H 1S SH S
T(xB)==x719.7= 14.8 kN/m 3 [ H o SH X
4 4 ~ H & S
g H 24.6 kN/m [H
| 14.8 kN/m

%



Example 3)

(D) Check uplift for the shown tank =] = /-

Q) Draw the load diagram for CL - ’

VI and Hz. sections Full | 4

@) Draw B.M.D. & N.F.D. for all 2l S— ’f..k’,‘,f;”;;u
concrete elements 4 ’

@ Draw Details of RFTin %7 4] Pump ; Pump /s
plan & cross sections G____:_Z | Room —j Room ___
5. =18 kN/m’ i — A
E=25 Nmm®> @ =30° | ‘5 | s

St. 360/520 SoeD-D
. . g — e _
/ / , ﬂ
/ Empty Empty 45
Full R

NARRANAN
=
o
S
N
N
N
N
N
N
X

Empty Empty 9 45

ALLARRULLLRRRRRRARARY

Sec B-B Sec A -A

Tie

/
\

SecC-C h ’



Concrete Dimension - —

ty = =B 281.3= 300 mm oW g
1
ty =L =L00=275 = 300 mm "
2
t =L =80"375 = 400 mm 5, S,
Hz Beam Tie
(W ) =(0.25%0.70%25 )(9x4) +(0.25%0.25%25 )(3{2 x4)
Upper Walls Lower Walls . water
+ (0.3%25)(9%4.4%x4)+(0.3%x25)(9%4.4 X6)+4.4x(9x9) x 10
Upper Floor Lower Floor

+ (0.3%x25 )x(9%9)+ (0.4 ><25)><(9 x9)=8135.5 kN

Wow_8135.5
gross— jtl 9x9 _1004kN/m
Direct Stress = (t 8, )= (0.4%25) = 10 KkN/m?

If,e, Total Stress —Direct Stress

=100.4 - 10=90.4 kN/m*
Check uplift

(’gmpty)=8l35-5- 4.4x(9x9)x10 =4571.5 kN

(Uplift )=1.1x(9x9) x10 = 890 kN
Minimum weight of the tank  4571.5

F, — = =
actor of Safety Up Lift Force 891.0 5.13 >1.5
81 (45&45) s =B=05 _ i
w=(¢,0,+08,,h) =0.3x25 +10x4.4= 51'5kN/mZPV1 .
(BW)= (XW)=0.5%51.5 = 25.75 kN/m? "
2
S, S
S; 45&45) x=B=05 : 2

(BF )—(c><F ) =0.5%90.4 = 45.2 kN/m 2



_[/_Vl_ (4.4 & 9.0)  Oneway

w=08,, h=10 x4.4 = 44.0 kN/m

W
(44 &4.5) Twoway m =076 m =076
_0.76x4.5_ _ _
= 7end a— 1023 x = 0.52 /5_0.48
K _1-sin®_ 1- 0.5 1
a : . =
I1+sin® 1+0.5 3
P=K ><LL=—;—><50 =17 kN/m
(& P)=0.52x1.70= 0.90 kN/m (BP)=0.48x1.70= 0.80 kN/m
P=K.xLL+K x5 xh,
P- —x50 +§x18 x4.4=28.1 kN/m

(c B) 0 52%x28.1=14.6 kN/m (B B )_= 0.48 x28.1 =13.5 kN/m

P —(i-K,) &5 h, =(1-—31-) x10 ><1.1=% x10 x1.1=7.33 kN/m

>\ <
I I
% o 5.75 kN/m’ -
QQIIIIIP\IIIHIIIIIIIIIIIIIIHIIIIIAIIII[Q'Q\

e M0 1 4 1 44.0
a

/// I 1 I \\
é / / c 2371 e| 2371 : \ é
7.33 13'5 14.6 ULIIIITHHHI4H512|TII{]IVIV/";;ZHIHIJ[HU 14.6 13.5 7.33



_wl_ | 44 x4.49)’

F.EM _
I —+4s = —+56.8 kN.m
FEM _ 09 x4.9)° | 13.7<4.4°, 20.8x4.0; 0.8 <4D_ . 109 tN.m
b-c 12 30 904 124
FEM __09 x4.4)° 13.7x4.4)° 20.8x4.4)° 0.8 x4.4)° __18.0 kN.m
c-b 12 20 124 904
FEM _. lV_L2=_25.75x(4.5)2 —-43.5 kN.m
b-d 12 12 ) )
0.8 0.9
FEM _+wL_ 1452 49" _ 763 iNm Ek
c-e 1 12 —
(== S) =(40 )- 2.37 =
Dzstrlbutlon Factor For joint (b) A =
3.1 éz__g_— =
D.F. _ 4744 _ , C
b-a= 34 I 1 .1 =0.275 7.33 3.5 1 0.9
4744 44 T45
I
D.F'-v — 4'4 — oM. _ — — =
e Y S ey e 1 D.E._ - 1-0.275-0.367=0.358
4744 44 745
Distribution Factor For joint (C)
1
D.F. _ 4 F. _7_ =
b= gy =030 D.F. - 1-030 =070
i4 745
Joint e C b d
| member| e ¢ ||c.e|c.b| beclb.a|b.d| d-b
D.F. —— || 070 | 0.30 || 0.367| 0.275 | 0.358 —
F.EM. | -76.3 76.3 | -18.0 || 10.9 | 56.8 |-43.5 43.5
| B.M. | —— ||-40.81)-17.5 ||- 8.88 |-6.66 |-8.66 —
COM. | -204 || — |-444 || -875 | — | ——||- 433
BM. || —— || 311 | 133 || 321 | 241 | 313 —
FM |- 9.7 386 [-386]|[-352 | 5255]- 49.03]] 39.2




96.8x (%4) - Rx(4.4) =52.55 r "
R,=20.3kN]  [R,=76.5kN 1
Get Point of Zero Shear (a-b ) §><4.4 X44=96.8
R,-Lxtox) = 0 4 L« R
20.3=_}x(10xx2) x=2.0 m ' 52.55
My =R x(X)-—X(onx )x('XL)
=203 x2.0 -%xzoxzo x230 =26.7 kN.m
20.3 —>[a
| 49.03 39.2
b EN/i 25.75 kN/
76.5 —> | 44 72.7 nblzluffi?jiilﬂlﬁzll) (IIIIIIJ_HJ_LIUJUTII
52.55 T
55 75 60.1
55 75
3.52 60.1
0.8 v N09
%l bp pH <38
E
—
é /é C _:‘ (___42.2

733 135 137 09
38.6
3.96x 2.2 +30.14x(4-§4)+7.4 x(%l_)+4.03 x(l-}l)

+0.44 x (4.4-1-3_1 ) - 3.52-Rx(4.4) =38.6

R, —3.8 R.—42.2 @




XK

4.7 =o.w. of Hz Beam
B.M.D. ' N.F.D.
26.7 | 21.8
49.03 .
39.2 727 ©
52.55 @) 37.7=4.7+0.3x25 x4.4
P ,.\1”.5=2x55.75 \97.8 =37.7+60.1
32 211 | \
46.8 ‘
A o s \
386 \L © 130.8=94.7+ 0.3%25 x4.4
42,2
96.7
. X
Sec  Type B.M. N.F. ,
I AirSec 26.7 - 218 @
2 Water Sec 5255 -37.7 | ©of® | ©
1® |
3 Water Sec 49.903 + 72.7 é
4 AirSec 21.1 + 72.7
oy P go
5 Water Sec 39.2 + 72.7 ‘ é@
6 AirSec 3.52 - 97.8 @
7 Water Sec 38.6 -130.8
8 Water Sec 38.6 - 42.2
9 AirSec 46.8 - 42,2
10 Water Sec 96.7 -42.2
11 AirSec 0 - 144.5



Design of Sections
SecQ  M=5255kN.m  N=37.7 kN Water Section

Stage(D
fe | MXI0_ 20 sy — \/52 5510° 29 = 420 mm
Factor 0.28

3 —
F __ N _]_W=_37.7><10+ 6><52.55><10 Take t= 450 mm
i daet == 0 % 7 “1000%430 1000%(450)°

=_0.0838 +1.557 = 1.473 N/mm*

(F.,)w 0.0838 \ _
t=t(- (Fa)M)—450(1- 7 557 ) = 425.8 mm
(E, )all = 1.85 N/mm” | (E,).<(E,),
Stage(2)
M =52.55 xI.5 =78.8 kN.m N, =37.7x1.5 =56.6 kN

_ My _ 788 _

€= e+_5_ -c =139+ ”_-;_i - 0.04 =1.575m

M; =N, x e = 56.6x 1.575 =89.1 kN.m

6
d =110 = 8.0, C;,=687 —> J=10.826

25%1000
Use ¢§ 12 —PB,, =0.83
q 1] M5 N, 89.1x10°  56.6 x10° |_ 647 mni
s B, LJEd Epy 083 0.826x360 x410 360 /1.15
cr

6 P12 /m




Sec®  M=49.03kN.m T=72.7 kN Water Section

Stage(D -
t= [2AXL0" 20 m
Factor

fe \/‘;9 03x10, 29 — 438.5mm  [7are 1= 450mm

0.3

T M
(Iit)act =+;1_ + 7

_ 72.7%10°, 6x49.03x10°
1000450 " 1000x (450

=0.162 + 1.453 = 1.615 N/mm*

F, |
tv=t(1+( C)N)=450(1+——-———0'162 )= 500 mm

(F.)u 1.453
() = 1.81 1.615 N/mm?® (F).<(F),,
Stage(2)
M, =49.03x1.5 =73.5 kN.m T =72.7x15 =109.1 kN
e= ];[ ;"295 7= 0.67 > -21- .". Big Eccentricity

{ Lo 045 _ |
g=e-—+C= 0.67 5 + 0.04 0.485 m

M; =1, x es= 109.1 x 0.485 =529 kN.m

6
d-c M- _, s0-c 32240 _, ¢ -891 —» j=0826
E, b 25 x1000

Usegz 16 ——Bcr=075
A = 1 M s 529%x10° 1091x103 _ 1043mnt
s B JFE d F/g 075 0826><360><410 360 /1.15
cr

6 PP16/m>

oD




Secl0)  M=96.7 kNom  N=42.2 kN Water Section
Stage(D)

M <10’

Factor 20 mm
3
{= ,/96-g§§0 _ 20 = 567 mm Take t= 600 mm
N M

(Iit)act == Z + 7

__42.2x10°_ 6x96.7x10°
1000%600 " 1000%(600)°

=_0.0703 +1.611 = 1.541 N/mm’

_ (F.)w 00703 | _
=¢(l - (Et)M)_600(1- 7611 ) =574mm
(Et )all = 1.79 N/mm* (F, )act< (Ez )all
Stage(2) |
M,=96.7x1.5 =145.1kN.m N,=4.22x1.5 =63.3 kN
e= %“ = 2‘3’.53'1 =229 > 21 .*. Big Eccentricity

es=e+71-c—229+0§0 -0.04 = 255 m

My =N, x es=63.3 x 255 =1614m.t

6
d-c\yMs_ __, se-c JILLIY o 697 —> J= 0826
E, b 25 <1000

Use f 16 ——PB,, =0.75

1 MS Nu 161.4><106 _ 63.3)(103 — 1020 mni’
S Bc JF d 075 0.826x360x560 360/1.15

6 P16/m

GYL



Secd  M=21.1 kN.m T= 72.7 kN Air Section

Stage@ | Take t = 300mm
Mu=21.1xl.5 =31.65 kN.m Nu= 72.7x1.5 =109.05 kN
M, _ 31.65

e= N, 109, 05 0.29 > — .. Big Eccentricity

_ t _ 0.30 _
es_e+—2—-¢—0.29- P +0.04 = 018 m

Ms=T.xe = 109.05x 0.18 =19.63 kN.m

6
d=c \|Ms_ _, 260-c 2SO __, ¢ -927 —> j=082

E, b " Y25x1000
Use ¢p12 ——PB, =093 Cat II
3
41 My T, |_ 1] 196x10° 1090510 |_648 mnt
S B,LJEd Ef 0.93| 0.826x360x260 "~ 360/1.15
cr y y/Os

6 gz 12/m>

Sec(9  M=46.8 kN.m N=42.2 kN Air Section

Stage@ Take t=400mm
Mu=46.8x1.5 =70.2 kN.m Nu=42.2x1.5 =63.3 kN

M, _ 70.2 t R .

e= N, 633 =111 > 5 .*. Big Eccentricity

e=ert _c=111+2%_ 004 = 127 m
S 2 2
M,=N.xes= 633 x127 =804 kN.m

6
d=c \Ms— _, 360 |00 _, c,—635 —> J=0826
E, b 25%x1000

Use gp12 ——P, =093 Cat II
3
4.1 M, T, 80.4x10°  63.3 x10 | _590 mm’
s B, JEd ~ Efs 093 0.826x360x360 ~ 360/1.15
cr y y/Cs

6 ¢ 12/m" @




Hz Strip at h/2 in Upper Tank

w =0l _10X4.4_ 17 kN/m:

9.0 4

~h/2— 2.2 >< 24.2
EJ_LLLI_EH IIIIIIHZ 26.6 (+) 2
H 11kN/m> : . 4.2
| | 26.6 %//

[

2 B.M. N.F.D}&
!
26.6 N

; E EE\\ I
:|||||||| J - 26.6 ) 24.2

24.2

3
Mzéﬁ _ 10X3424 —=26.6 kN.m T =Qw_l_l3=]0x4,42= 24.2 kN
32 8 8

Sec 1 M=26.6 kN.m T=24.2 kN Water Section

StageD ;300 mm

T . M_ 24.2x10°, 6x26. 6><10
= = = +
Bt =+ 7 = 1000%300 "+ 1000% Gooy? 0.081+ 1.773=1.854

f=t+ S ) 30001+ L08L) 314 mm  (E, ), =2.0 Nimnd

4 (F,)u 1.773
Stage(2)
M ,=26.6x1.5 =40 kN.m T, =24.2x1.5 =363 kN
_ M, _ 40 t . s .,
e= T~ 363 - 1.1 > 5 .. Big Eccentricity

es= e-_t+c = 1.1- 0230 +0.04 =0.99 m

=Tux es= 36.3x 0.99=35.9 kN.m

Ms | 260 -c \P22X0 _, ¢ -686 —> J=0.826
25%1000

cu

Use gZ 12 —B, =0.83

_ Ms _ 35.9x10° | 363x10°|_ 700 mm
s FE d FE/s 0.83| 0.826x360%260 = 360/1.15
Bcr y y/ Vs

7 12 /m @




Hz Strip at h/4 in Lower Tank

P= 17 +21xi18x33=215 kim
(BP)=0.48 x21.5= 10.3 kN/m
10.3 kN‘'m®
: ]
= g 13.5 14.6
o Y
/g g H &
2> H H > 23.2
S F - 1N A= 23.2
~E H = ~ \“TFU/ 46.4
; ; 4.5 N ) O
s s >
5IIIIIIIIIIIIII]IIIIIIII IIIIIIIIIHIIIIIIIIIITI— ——_117'% :‘
10.3 kN/m> ’ I . © [T l444
B.M.D. N.F.D.
HL Beam N
6 ;91.4 5
'I HfilaflH‘FIHIfi(I}IHIYIHIi.loII Il hv < ! %—fll
B 20.3 kN/m® = 4 v | —30.5
= 3.0 7.6 (é 15.2 )
DE % Eq-— ,>> 15.2 :
EES & H
=i %gﬂo 76§ ' BMD, N.F.D. @) L4
DE ~ §<1 - l>>
= - 5.0 é ®(30.5
- 20.3 kN/'m® ] —
IIIIIHIIIIIIHIIIJnIzIIIIIIIILfIH a g\ A\ !
JAY JAY AT I
wI’ 20.3x3.0° L wL _20.3%3.0 _ 54 s
73 = 13 = 15.2kN.m 3 ="=3 = 30.5 kKN
wl’ 20.3x3.0° 3wl _3%203%3.0_ 971 4 1N
24 = 24 =0 kNm 5= 2 -

G
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B

- 6gp12/m>

N A
1 A
A
g L 1N

7 )

: v/ :
| "
6 gp12/m 6gp12/m> | |
sgrzm il Ho
¢ <:n1\ /:>5¢12/m\ -
to s@1o/mlt | H-
. <" >~ 5¢810/nid
6P12/m___ |t H - 6gh12/m ~Ntn prom
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6@B12/n
6gp12/mc

%
ol \‘ srom

6 gZJ 6/m>

[ U

"_\ —_—— ?
/ ' ogp12/m>
6gp12/m> N ™ - '
# BN |
K2
/s /s /s /s
§ § g g
SN SN N N
~ ~ ~ ~
S S ® S
o o o o
4 4 4 w
[~
N\ %
2 N 12/m> ]
’\e 6gp12/m ~M o !
\
[ (g~ _ — %
1 2/m 67H16/m> 12/mi
6g16/m . 6gpia/m g \ Gz
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Example (4)

@ Draw the load diagram for l

L

V1 sections | )
0 kN/n? Full 1 5.0 kN/ni’
5., =18 kN/m’ } s
E=25 Nmm® @ = 30° ] 2z z .
St 36/52
33 4 l ’
Empty Empty 1 44
G.W.T. | -
1 _ ’ i
jl 777 7277277, 1
4.5 4.5
SecD-D
4 Empty Empty 4.5
p}
Full '
9.0 —
"Empty Empty 45
Sec B-B SecA-A4
Concrete Dimension B
ty = 7”5 415g” 281.3= 300 mm
W, S
_L _4500_ _ I 1
[, = 26 ="7¢ =275 = 300 mm
_L_4500_,,. _ W)
ts2—12— 2 =375 = 400 mm 1 s, g
Hz Beam Tie
(W;om,) =(0.25%0.70%25 )(9%4) +(0.25%0.25%25 )(3{2 x4)

Upper Walls

Upper Floor

Lower Walls
+ (0.3%25)(9x4.4 x4)+(0.3%25)(9 % 4.4 X 6)+ 4.4x(9 x9) x 10
Lower Floor

+(0.3%x25)%(9%9)+ (0.4 x25)x(9%9) =8135.5 kN

water

Gy



W 8135.5
gross 1;” 9%x9 _1004kN/m

Direct Stress = (¢85, ) = (0.4%25) =10 kN/m?

lf,e, Total Stress —Direct Stress

=100.4 - 10 =90.4 kN/m’
S1 45&45) =B =05

w=(¢,8,+8,,h) =0.3x25+10x4.4= 51.5 kN/m’
W, A
(BW) = (XW)=0.5%51.5 = 25.75 kN/m ! :
W
S; (45&45) x=p=05 % S

— — _ 2
(Bf =(f, )=0.5%90.4 =452 kN/m

_[/IZ/_ (4.4 & 9.0) Oneway
w=0,, h=10 x4.4 = 44.0 kN/m
W
(44&4.5) Twoway m =076 m =076
P=KoxLL=1x50 =170 kV/m
P= 1.70 +-L-x18 x1.1=8.30 k/m

(& P)=0.52 x8.30=4.30 kN/m (B R)=0.48x8.30= 4.0 kN/m

P= 1.70 +4-x18 x5.5=34.7 kiN/m

(x P)=0.52 x34.7= 18 kN/m (B P)= 0.48 x34.7=16.6 kN/m
P -(1-K,) 65 h, =(1- %) x10 x1.1 =_§_ x10 x1.1=7.33 kN/m

oY



¢ <
I I
1.7 1.7
== 25.75 kN/m’ N\
8.3 :WJIHHHILHLﬁ IHEEEEENREEERYEEREN \
b 4T I 44 A
| . < A\
| \
| \\
! \
T I 1 \
| \
\
= e 2371 | 2371 ==
7.3 34.7 AEEEEEENEENE NN ANERENEENEEEENEE : .
3 45 2kN/nE 18 16.6 7.33
a a
FEM _._44x4.4)’ > »
b-a 15
_6.6 x4.4)°_ 3.4 x4.9)’ =
117 117
=+55.13 kN.m é é é %
6.6 3.4 44 6.6 1.7 p 44
3
1.7 x 1. 1———x x 1.1
X E _ﬁl
X= 3 4 1.7 3.4
F.EM _. 43 x4.4)’ | 13.7:4.4)°
b-c 12 30
+ 23.954.4° 4.0 x4.D” . 169 kN.m
904 124 |
FEM _ _ 43 <44’ 13.7x4.4)° 23.9x4.4)° 40 {;_31)
c-b 12 20 124 § -
4.0 x4 D’ __240 KN.m =
904 E
FEM __ wL__257545)° =
g~ 12 = —-43.5 kN.m H
FEM _ wL_ 452 243’ éz & =
M = —+76.3 kN.m

733 16.6 13.7 4



