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Bl Seismic loads, rectangular tank

Seismic design forces and overturning moments for a rectangular liquid-containing tank.

Inputs
Symbol Value Unit Description
L 18 m Tank length in the direction of shaking
Pewall 10.35 m Wall height
hfuid 9.15 m Fluid depth
heg 0 m Height to earth pressure resultant
twall 650 mm Wall thickness
troof 0 mm Roof thickness
tbottom O mm Base slab thickness

Yawia 981 kN/m®  Fluid unit weight
Yeonc 23.56 kN/m3 Concrete unit weight

g 9.78 m-s—2 Gravitational acceleration

1 1.5 Importance factor

S 1.06 Short-period spectral response
S1 0.5 One-second spectral response
F, 1 Short-period site coefficient

F, 1 Long-period site coefficient

Ryi 2 Impulsive response modification
Py 0 kN Earth pressure force

W, 5 kN Roof weight
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Figures
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Direction of shaking

The tank in section, with the geometry the inputs name.

Dtreeboara = 1.2 m
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Section 9.5 wall pressures, each drawn straight between its traced endpoints.

Checks

Name Check Result
Freeboard adequate Ageeboard > 0m = 1.2m>0m PASS

Results
Quantity Description Value Unit
\% Total design base shear 894.9 kN
Vi Fluid design shear at the top of the foundation 715.5 kN
My Overturning moment at the base of the shell 3.44 MN - m
M Overturning moment including base pressure 6.099 MN-m
T Convective (sloshing) period 4992 s
Rirecboard ~ Freeboard above the fluid surface 1.2 m
Derivation
“Yconc
Pc =
g

~23.56 kN/m”’

- 9.78m-s2

= 2409 kg - m 3

prL = Yfuid
g

_9.81 kN/m®

© 9.78 m - s2

=1003 kg - m~®

B=1m

Whuid = L - B - hfiuid * Vfiuid
=18m-1m-9.15 m-9.81 kN/m?
= 1.616 MN

hfreeboard = hwall - hﬁuid
=10.35m—9.15m
=12m
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tanh (0.866 - -£-)
W‘ — fluid . W .
' 0.866 - L fluid
Auid
tanh (0.866 - 3
_ tan ( 189.15 m) .1.616 MN
0.866 - L5m

9.15 m
= 887.6 kN

3.16 - hay;
W, = 0.264 - -tanh <ﬂ“d> Wi
Auid L
18 m 3.16-9.15 m
= 0.264- ;= - tanh <18 = > .1.616 MN
— 774.2 kKN

Wwalls = Yconc * 2 tyall - hwall -B

= 23.56 kN/m3 +2-650 mm - 10.35 m-1m
=317 kN

Wbottom =L-B- Yeonc * thottom

=18 m-1m-23.56 kN/m* - 0 mm
=0N

Sds :Ss ‘Fa
=1.06-1
= 1.06

Sa1 = 51 F,
=05-1
=0.5

_ Sa1
B Sds
05
~ 1.06
= 0.4717

T
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Cy=0.4-Sgs
=0.4-1.06
=0.424

My = Ryall * twall - Pc

=10.35 m - 650 mm - 2409 kg - m 3

= 16206 kg - m™?
Wi .
Wi ui
m; = B 5 “ Prgal - PL
887.6 kN
L0600 XL L8
— Lole MY = 10.35 m - 1003 kg - m 3
= 51326 kg - m™*
L
T.=2 -7

3.16 - g - tanh (73'16'23““)

) \/ 18 m

= < T . m
3.16-9.78 m - s~2 - tanh (316215 m)

—4.992 s

Branch: T, < 1'7(385 did not hold

c - 2.4-5%1;-132
¢
_24-1.06-1 s?
T (4.992 5)
= 0.1021

L \? L
e = min | 0.0151 - < ) —0.1908 - +1.021,1
huid Piuia

, 18m \? 18 m
— min [ 0.0151 - —0.1908 - +1.021,1
9.15 m

9.15m
=0.7041

Branch: hﬂLuid < 0.75 did not hold
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0.866-L
h/' — hﬂuid _ 1 . hﬂ id
! 9 . tanh (0.866-L) 8 o
hfuid
( 0.8961618 m 1>
.15 m
= ——=1-915m
0.866-18
2 - tanh (79.15 mm) 8
=7.184 m

cosh (%) —2.01
h,c = 1- : hﬂuid
3.16-hauia |, o 3.16-hauia
T sinh ( T )

3.16-9.15 m
- 3.16-9.15 m | sinh (3.16~9.15 m) :

18 m 18 m
=7.763 m

h

Hw _ v;all
~10.35m

2
=5.175m

t
hroof = hwall + r;of
0

—10.35 m + %

=10.35 m

Branch: 5 L'd < 1.333 did not hold

fl
h; = 0.375 - hguia
=0.375-9.15m
=3.431 m

cosh <73'16'£ﬂ“id) -1
hc = 1-—- : hﬂuid
3-16£ﬂuid . sinh <3~16‘I}}ﬂuid>

cosh (3.16~9.15 my _ 1
=1~ 316915 S 3.16.9.15 -9.15m
. A5 m | nh ( . . m)

18 m 18 m
= 5.357 m
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- I- Sds c€- Wwalls
Rwi
1.5-1.06 - 0.7041 - 317 kN
2

= 1774 kN

_ ISy W,
Rwi
1.5-1.06 - 5 kN
2
=3.975 kN

P = I-Sas - Wi
Rwi
1.5-1.06 - 887.6 kN
2
= 705.6 kN

P.=C.-1-W,
=0.1021-1.5-774.2 kN
= 118.5 kN

V; =/ P?+ P?

= \/(118.5 kN)? + (705.6 kN)?
= 715.5 kN

V = /(P + Py + P + P2+ P2,

= \/(705.6 kN 4 177.4 kN + 3.975 kN)? + (118.5 kN)? + (0 kN)?
= 894.9 kN

My, =Py, - Hy
= 1774 kN -5.175 m
=918.3 kN -m
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Mr = Pr : hroof
=3.975 kN - 10.35 m
=41.14 kN - m

M; = P; - h;
= 705.6 kN - 3.431 m
=2.421 MN -m

M. =P, h.
= 118.5 kN - 5.357 m
= 635.1 kN - m

Meg = Pog - heg
=0kN-0m
=0N-m

MS:\/(Mi+Mw+MT)2+M3+M3g

= \/(2.421 MN -m + 918.3 kN - m + 41.14 kN - m)? + (635.1 kN - m)® + (0 N - m)?
—3.44 MN - m

M'i = P;-I;
=705.6 kN - 7.184 m
=5.069 MN - m

M,c =P h,c
=118.5 kN - 7.763 m
=920.2 kN -m

M, = \/(M'i + My + M,)* + M"?

= \/(5.069 MN - -m+ 918.3 kN -m + 41.14 kN - m)2 + (920.2 kN - m)2
= 6.099 MN - m
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Ghy,base = VYfluid * hﬂuid
—=9.81 kN/m®-9.15 m
= 89.76 kPa

. Sds * 1 € Yeonc * twall
Pwy = R
_1.06-1.5- 0.7041 - 23.56 kN/m3 - 650 mm
B 2
= 8.572 kPa

) (4 hguia — 6 hy) -

iy,base =

Y h%uid B

(4-9.15m — 6-3.431 m) -
(9.15m)? -1 m

705.6 kN
2

= 67.48 kPa

» (6 hi — 2 hayia) - 5
iy,top =
hﬁuid B
(6-3.431 m —2-9.15 m) -
(9.15m)? -1 m

705.6 kN
2

= 9.64 kPa

(4 hguia — 6+ he) - ¢
Pcy,base hﬁuid ‘B
(4-9.15m —6-5.357 m) -

(9.15m)* -1 m

118.5 kN
2

= 3.154 kPa

(6-he — 2 hauia) - £
Pcy,top =
e hlgluid.B
(6-5.357m —2-9.15 m) -
(9.15m)*- 1 m

118.5 kN
2

= 9.801 kPa
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