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ABSTRACT
High tower elevated water storage tank of Provincial Waterworks Authority in Thailand

is one of the regional infrastructure of the community that has been designed and
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constructed for long time before the Design standard for earthquake resistance of buildings
has been established in the country since there is limited information of earthquake in the
past. The objective of this research is to study the behavior and strength of a high elevated
tower storage tank under earthquake in Thailand. Type of 8 support columns storage tank
from Phanomthuan district, Kanchanaburi province, is selected for this study due to
applicability of structure information. In structural modeling and analysis, Finite Element
Method using commercial software is applied and then analyzed by Equivalent static
method comparing with Linear dynamics method of Modal Response Spectrum Analysis.
Design response spectrum at Phanomthuan and Danmakhamtia district, Kanchanaburi
province, are used this study.

The storage tank is reinforced concrete and has the capacity of 250 cubic meters. The
tank is modeled for the cases with and without vessel scope shaft inside the tank and be
analyzed under the water level conditions of full tank and half tank. The results show that the
displacement of structure, the overturning moment and the forces in columns, beams and
foundation of the storage tank do not exceed the allowable level. However, for tank wall, the
case of design response spectrum at Danmakhamtia district causes the stresses in tank
wall slightly over the allowable level, while the case of Phanomthuan district is still safe.
Moreover, the slab structures under full water condition for both design response spectrums
at Phanomthuan and Danmakhamtia district are found to be not secure. It is recommended
to reinforce the tank slab or decrease the water storage level. This means that increasing of
structural performance especially for slab base, such as by resizing of reinforcement,
should be reconsidered for the areas those are supposed to be severely affected by
earthquake in Thailand.

Finally, the results show that the analysis by Equivalent static method gives larger
structural responses and internal stresses than the Linear dynamics method for about 30 to
50%, and the model with vessel scope shaft inside the tank results in larger structural
responses and internal stresses than the model without vessel scope shaft for about 5 to

10%.

Key words : earthquake, water tank, sloshing
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A9 2.2 Typical Recommended Modal Damping Ratios (a)

Structure Type Stress Level 1(b) Stress Level 2(b)
Welded and friction-bolted steel structures 0.02 0.04
Bearing-bolted steel structures 0.04 0.07
Pre-stressed concrete structures 0.02 0.05
Reinforced concrete structures 0.04 0.07

(a) Fraction of critical damping

(b) At stress level 1, member forces are generally less than about one half ultimate strength for
concrete and less than about one half yield capacity for steel. At stress level 2 , a majority of the
primary load-resisting member force are more than about half ultimate strength for concrete and
more than half yield capacity for steel. Damping values higher than stress level 2 values are
generally appropriate for structure responding well into their nonlinear range.

e Chen, W.F. and Scawthorn .Earthquake Engineering Handbook. CRC Press LLC ,USA (2003)
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K

c
Y
. Ao A1 Stiffness Y94 1ATIA51INOAIZININUA
T APMUBTTNIA 11 Inua Impulsive Mode
TC AoMUTITUIA 11 THuA Convective Mode

9
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o 1A = a 4 an a a 1 . .
msaamsaruan It lFlumsimaziuuuisussanaioum (Equivalent statics)

(J Y o dy
mmmmmm"lﬂ ANU

) mduilszansuswnuaulvg (A); waz (A),
1 S,
. ey,
Impulsive Mode (Ah)l (Zz )(R)( g )i

7 S
Convective Mode (Ah )C = (Zc )(E)(?a)c

a _ 119} [ =N hl d‘ 9 [
(%) =%11A910 response spectrum VYOILIILWNUAY IHINTDAANDINY

v Y
maumsdu lvisssumnaves Inuail
7 = zone factor
I =importance factor

R =response reduction factor

S Sa d' ulgj 1 a lll d‘ 9 [ 1 @
NI (—) N1 AN response spectrum UVBDNUIUUNUAU LHINTDAAADINUAIAIUNITAU
g
2 . Y1 . . T o v . =
1119555091811 Convective Mode 19 Damping ratio lsiwinduny Impulsive Mode 933¢193UNTT

S
YSum (&) MWimungaunua Damping ratio
g

A51ai 2.3 Multiplying Factors for Obtaining Values for Other Damping

Damping Ratio (%) 0 2 5 7 10 15 20 25 30

Factor 320 | 1.40 | 1.00 | 090 | 0.80 | 0.70 | 0.60 | 0.55 | 0.50

117 : IS 1893 Criteria for earthquake Resistant Design of Structures PART 1: Indian Standard (2002)

- ACI 3503 Factor dviiuttlasunt (—2) 91 Damping ratio 5% B Damping ratio 0.5%
g
9 Y
R Factor 1.50
) o A ' S I
- Eurocode 8 Factor @5 ui/asuar (—2) 91n Damping ratio 5% 11114 Damping ratio 0.5%
g
Y Y
ABdMAIY Factor 1.673
) [ A 1 S I
- IS 1893(Part 1):2002 [27] Factor @5 ulaguai (—a) 910 Damping ratio 5% 111
g

Damping ratio 0.5% ﬁlﬂﬂﬂmﬁ)ﬂﬂ Factor 1.75
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5197 2.4 Zone factor (Z)

Seismic Zone II III v v
Seismic Intensity Low Moderate Severe Very Severe
Z 0.1 0.16 0.24 0.36

1 : IS 1893 Criteria for earthquake Resistant Design of Structures PART 1: General provisions and

buildings (2002)

M1519N 2.5 Response Reduction Factor for Elevated tank (R)

Type of Tank (Elevated tank) R
Tank supported on masonry shaft

a) Masonry shaft reinforced with horizontal bands * 1.3
b) Masonry shaft reinforced with horizontal bands and vertical bars at corners and jambs of

openings 1.5
Tank supported on RC shaft

RC shaft with two curtains of reinforcement, each having horizontal and vertical
reinforcement 1.8
Tank supported on RC framett

a) Frame not conforming to ductile detailing, i.e., ordinary moment resisting frame (OMRF) 1.8
b) Frame conforming to ductile detailing i.e. special moment resisting frame (SMRF) 2.5
Tank supported on steel frame# 2.5

# These R values are meant for liquid retaining tanks on frame type staging which are inverted

pendulum type structures. These R values shall not be misunderstood for those given in other
parts of IS 1893 for building and industrial frames.

* These tanks are not allowed in seismic zones IV and V

111 : IS 1893 Criteria for earthquake Resistant Design of Structures PART 2: Liquid retaining tanks

(2006) [28]
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2) M1ANUAU Hydrodynamics Pressure ‘VlﬂﬁZ‘VIWI’E)Nu\illa$W°L!mﬂﬁﬂﬂ%ﬁﬂTl!iﬂu%gLﬂumﬂya

o [ (L] Y o [ 4 a 4 1 ] 1
i,‘TTVi3U1ﬁﬂ1ﬂ31uﬂu1utmﬂfﬂ1aE’JQ"’U’l’)QIﬂiQﬁ'%ﬁQf]Q!fﬁ’f)’Jlﬂﬁ%ﬂ?ﬂﬂﬁdu?ﬂlliwnﬁﬂ ﬁ’f]

2.1) AAMNAY Hydrodynamics Pressure 105241100R119811H0921910V0HA?

Resultant of impulsive Resultant of convective

pressure on wall pressure on wall

F. D .

¥ i

-~

Direction of seismic force .
maximum pressure at ¢ = 0°

d‘ U o \ v d' 1 v
31.]"{] 2.11 mmmﬂizmﬁewuﬂmgwmqnu

Impulsive Mode Piw = in (y)(4 " )i pghcosp

L)
Convective Mode Pcw = ch (y)(Ah )c pgD|:1-§cos ¢:|cos¢
Taof =0.866| 1 (Z 2 |tanh(0 8662)
QlW(Y)_ . - h) tan ( . h
y
cosh(3.674 D)

0, (y)=0.5625 p
cosh(3.674 B)

= ANMYHUIUUVRIVDIY AN 1A

©

AYUUAAIA A UINUIAUTOUINVOIN
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ANFININAUDA

<
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1 @ . A A o ' Y o o y
2.2) MANNAU Hydrodynamics Pressure Gluumm‘ﬁﬂizmﬂaﬂumamﬁmmmnmmmm

-
L A
.
-

 —

Base motion

£
A [

3UN 2.12 anwdunIzde NN Iz B A1)

Impulsive Mode Pz'b = Qib (x)(Ah )i pgh

Convective Mode Pc b= Qc b (x)(4 A )c pgD

X
p sinh(0.866 ;)
Tagn 0, (x) = 0.866

cosh(0.866 ;)

x 4 x 3 h
ch x)= 1.125|:B-§(B) :|sech(3.6745)

[

I = M5TeTanee) Ueenuaa

X = MANNEMYRUAUAUSINHITAIAANNAU I UIUIAY

2.3) MANNAY Hydrodynamics Pressure 119910 Vertical acceleration

A A

311 2.13 Anwaunszeemiuiioann Vertical acceleration

r|
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B~ (4,)pgh(1-)

, 2 I S
= _- o a
Taeh Av—3(ZxRx—g )

2.4) MANUAY Hydrodynamics Pressure 1199910 Wall inertia

p W

51N 2.14 ANUAUNTLIADHITAUTI09910 Wall inertia

U

PWW=(Ah)l.tpmg , = ANUUUIVOINUN

AAUAY Hydrodynamics Pressure ¥1NAgAINNTIINUTINTZINAONIIT AD

— 2 2 2
I:’_\/(PiWJrPWW) P R

3) 133 Base shear NAIUANGAVDIN

i . = . .
Impulsive Mode Vl (Ah )z (ml tm g

Convective Mode Vc = (4 i )c m.g
Total Base shear V=4 /VZZ + ch

1 v Y o

4) A1 Overturning moment YD INNUDY

i . *= . . . *
Impulsive Mode M ; (Ah )z |:mz (hz +hS )+mshcg :|g

Convective Mode M c *= (A4 h )c (hc *+hS g

Total Moment M*= “\/li"‘2 + MC *2

S.F.= —M'F\*/elaj“’” > 1.50
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Tash hy = ANUGIVOITIUTOTUHONIG

d [
hcg = ﬂ’ﬂﬁJ’gQﬁﬂﬂﬁWUﬁﬁﬂqﬂﬁuﬂﬂ?ﬂﬂl@\?ﬂﬁ]ﬂ\?q\‘]

(Ah)| mig (Ah)c m.g ’I

h* h *
i
(Ah)i m A ¢
4 Ny
—>
h,
v Top of footing ;
YV AV A ? A 5T T A A EF 4
(a) Impulsive mode (b) Convective mode

gﬂﬁ 2.15 M3 Overturning moment U84 Elevated tank

a J o a
3. nnztinsaneg uazlsziiiuwamsaevauesmeldusansziurudulng

1) auuiassrenigavesmsilszahdiuginin Taeldlalsunsy Sap2000 v.14 $1a09

4
o

Tnseadulaeld Inssadusaduihdumiaaztunoumaasumdnsiu shell element (shell
thick) 1 1-MUABU NI A3 MIHAMY Y beam-column  element mﬂi‘?u?iqﬁwmﬂﬁmqﬂizﬁwhm‘v'?”a
Mg tsannanudhluga a2 Tnua nazusaninuduanvg Tasfmualiy
Tassahaflunuudanguidadu (Linear  elastic) g1usInAAUUDEAILIY (Fix  Support) uazlaj
o =

=2 Aa A a d a A axn a A ' . . as Jd a
ATHINGUNYN UNITAUATIEW 2 I A ITUTIADAUNYUINN (Equivalent statics) (8 ITNAFTATIH

1&U (Linear Dynamics) etinasumsnoue oy Tvua (Modal Response Spectrum Analysis)

K 1A ¥ @ 2
2.) ﬂﬁi’)llu'l‘ﬁuﬂUiinﬂ‘ﬂWﬂlLﬁﬂLlNu@ullﬁ'JLLZW“L!'Wil!ﬂ‘]_lﬁﬁ‘l{]ﬂﬂ'lﬂllixﬂulm'm\‘] 1%’3‘%3m
9

Ao ® R o w 9 1 a ax o I v A
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~ %} @ g % ~ so’ Y] 9 g’/ 1 A g
Taen D = iiinussnnamihinussnnasi iminves Iassasensdiuiniu
9 = a <3 %’ ] gol A [
Tassadneunsam@suman tag minveuinegniglu
Y
L = 1hminussnneg
E = usaupuau v

Q, = dnlsznpumasaiunu

a 9 9 =\ a A A ~
3.) WA INAND LA UDIVDI IATIa519a09N Tnualumsnorsanitieans Tasinasiuves

W1a1lseanswa (Bffecive Modal Mass) 910 1vuaniinifade lufesnindesas 90 vesuda
9 Y
Nanuaveelasaaiig HamIneUaUe I MR35 8RN 1ABAT Square Root of Sum of Squares

z’;}; = a a [ 9 [ dy
(SRSS) UM UNamIaeUaUed tazlsulunsunsaweelnsaasie aall

® Base Shear Force 11590329111 Joint 1A% §1UTIN

® Overturning Moment ( Aauilasany > 1.5)

® (Container Displacements

1] 9 ~ a <3
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Parameter Quantity Unit
Gy Young Modulus ﬂlﬂﬁﬁjﬁﬂ 24.856 MPa
oa51aUM U049 (Poisson' ratio) 0.200
ANUANUUUYDITAYN 2.400 T/m3
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MI9N 3.1-3 Gllu'lﬂLla$u1ﬂuﬂ%ﬂ\1ﬁ’JUﬂ§$ﬂﬁlU¢]NC] VDINDIIEN

Component Size (mm.) Weight (kg.)
Emply Tank
Top Dome , S3 6 mm. 254.47
Top Conical Dome , S3 6 mm. 9,666.43
External wall , W1 125 mm. 34,353.32
Internal wall , W2 100 mm. 5,594.16
Bottom Conical Dome , S2 200 mm. 24,817.33
Bottom Conical Dome , S1 200 mm. 11,083.54
Beam , Bl 150x100 mm. 1,130.97
Beam , B2 200x250 mm. 3,392.92
Beam , B3 500x450 mm. 15,268.14
Total Weight of Emply Tank 105,561.28
Stage
Beam , B4 900x500 mm. 18,271.78
Beam , B5 450x200 mm. 20,986.06
Beam , B6 450x200 mm. 24,235.74
Column , Cl1 Dia. 500 mm. 46,450.43
Column , C2 Dia. 500 mm. 44,184.69
Total Weight of Stage 154,128.70

o o J . o w J 4
f‘lﬁﬁ'%)NLL‘]JUi]Td’ENIﬂi\iﬁ%}Nﬁ@QﬁﬂﬁfﬂWaﬂﬂﬂW Stiffness LLazmawmammﬂmﬁa

° =Y v J 4 .
’aammuéfmmmmﬂizmmmmucﬂuhlm Iﬂﬂﬂ?iﬁﬂﬂWINLNHﬁﬂ?Wﬂlﬁﬂﬂ |g (Moment of Inertia)

Twaazau Ao

U = 0.351
g

eff

1 = 0.701
g

eff
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M13199 3.2.1-1 UAAWIINTEMNAAL Joint Y89 Top Dome VOIHOAIGY

Force (X) Force (Y) Force (Z)
Joint

(Kg) (Kg) (Kg.)
106 -761.90 -315.59 608.48
107 -824.67 0.00 608.48
108 -583.13 -583.13 608.48
109 -315.59 -761.90 608.48
110 0.00 -824.67 608.48
111 315.59 -761.90 608.48
112 583.13 -583.13 608.48
113 761.90 -315.59 608.48
114 824.67 0.00 608.48
115 761.90 315.59 608.48
116 583.13 583.13 608.48
117 315.59 761.90 608.48
118 0.00 824.67 608.48
119 -315.59 761.90 608.48
120 -583.13 583.13 608.48
121 -761.90 315.59 608.48
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findl Dia. 3.75 m.
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Impulsive mode Convective mode

AAi Dia. 3.75 m. AiA7 Dia. 3.75 m.

finfl Dia. 3.75 m. #AN Dia. 3.75 m.
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e ] ST S

fa Dia. 3.75 m. A1 Dia. 3.75 m.
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11341191 Lateral Stiffness of Staging ( K
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3 Force
S Displacement
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h =24.00+2.611 = 26.611 m.
cg

Yy = ' a 9 A < Y1 .
nntudelduss 10 KN fisgmg uuauny X nliige hCg nvz 141 Displacement ¥4

Tassadrailu 0.00246 m.

:R: Joint Displacements

Joint Object 2 Jaint Elerment 2
AT N 2

Tranz / l].l]l]Z-llBl 0.00000

Rotn B-000849 -1.130E-05

3
-5.200E-D4
0.00000

311 3.2.1-8 111UT101 Finite element Y94 Staging
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sofu ko= 9 - 4065041 KN
s~ 0.00246

uzai 15dmsumsins1eiusanse A lnivesrenigy

1. Hydrostatic pressure

PSb = Hydrostatic pressure on base

PSW: Hydrostatic pressure on wall

2. Hydrodynamic pressure

PiW = Impulsive pressure on wall

P_ = Convective pressure on wall
Ccw

Pib = Impulsive pressure on base

PCb = Convective pressure on base

PV = Pressure due to vertical acceleration

P = Pressure due to wall inertia
WwW
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d' (% v A a J @ dy A
f13149N0 3.2.1.1-1 LLﬁﬂx‘]ﬂﬂL!ﬁ]JﬁﬁNG] ﬂ“l%’“lumﬁamﬁwwmmw WUN . WHHUNIU 3.019YIU

A
NANHN

=\

13
Dia. 3.75 m. Dia. 9.00 m.
Parameter Unit
Full tank Half tank Full tank Half tank
m 63.00 31.50 360.00 180.00 T
h 5.65 2.825 5.65 2.825 m.
3.75 3.75 9.00 9.00 m.

i 53,383.04 21,957.63 230,678.75 71,920.91 ke.
m. 9,616.96 9,542.37 129,321.25 108,079.09 | kg
mg 156,937.51 | 156,937.51 156,937.51 156,937.51 | kg
h 2.473 1.061 1.981 0.569 m.
h.* 2.423 1.633 3718 3.575 m.
h. 4.639 1.926 3.646 1.551 m.
h.* 4.647 2.055 4.141 3.279 m.
K 4,065.04 4,065.04 4,065.04 4,065.04 | KN/m.
Ke 502.37 350.88 | KN/m.
Z (Zone IV) 0.240 0.240 0.240 0.240
I 1.500 1.500 1.500 1.500
R 1.800 1.800 1.800 1.800
Soil Soft soil Soft soil Soft soil Soft soil
Damping ratio Imp. 5% 5% 5% 5%

Damping ratio Conv. 0.50% 0.50% 0.50% 0.50%
T 1.940 1.491 1.940 1.491 s
T 3.188 3.487 3.188 3.487 s
(S/9); 0.108 0.140 0.108 0.140
(S79), 0.099 0.090 0.099 0.090
(Ah), 0.022 0.028 0.022 0.028
(Ah), 0.020 0.018 0.020 0.018
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M1519N 3.2.1.1-2 LLAAIANUAY Impulsive mode {1 Convective mode Tunsaifiawl S1 (B.NUUNIU)

Parameter Impulsive mode | Convective mode | Unit

Horizontal Hydrodynamic pressure on

Wall (¢ =0°)

h = 5.65 m. 0.000 0.656 KN/m2

h = 440 m. 0.359 0.400 KN/m2

h = 3.30 m. 0.602 0.266 KN/m2

h = 2.20 m. 0.775 0.185 KN/m2

h = 0.00 m. 0.913 0.129 KN/m2
Parameter Impulsive mode | Convective mode | Unit

Vertical Hydrodynamic pressure on Base

(for Tank center line)

x =4.50 m. (Atleft end) -0.366 -0.158 KN/m2
x =3.60 m. -0.285 -0.137 KN/m2
x =2.76 m. -0.214 -0.111 KN/m2
x =1.80 m. -0.137 -0.075 KN/m2
x =0.75 m. -0.057 -0.032 KN/m2
x =-0.75 m. 0.057 0.032 KN/m2
x =-1.80 m. 0.137 0.075 KN/m2
x =-2.76 m. 0.214 0.111 KN/m2
x =-3.60 m. 0.285 0.137 KN/m2
x =-4.50 m. 0.366 0.158 KN/m2
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M1519N 3.2.1.1-3 LAAIANUAY Impulsive mode {1 Convective mode Tunsaifiampl S2 (B.NUUNIU)

Parameter Impulsive mode | Convective mode | Unit

Horizontal Hydrodynamic pressure on

Wall (¢ =0°)

h = 5.65 m. 0.000 0.273 KN/m2

h = 440 m. 0.212 0.080 KN/m2

h = 3.30 m. 0.354 0.027 KN/m2

h = 2.20 m. 0.456 0.009 KN/m2

h = 0.00 m. 0.538 0.002 KN/m2
Parameter Impulsive mode | Convective mode | Unit

Vertical Hydrodynamic pressure on Base

(for Tank center line)

x =4.50 m. (Atleft end) -0.366 -0.158 KN/m2
x =3.60 m. -0.285 -0.137 KN/m2
x =2.76 m. -0.214 -0.111 KN/m2
x =1.80 m. -0.137 -0.075 KN/m2
x =0.75 m. -0.057 -0.032 KN/m2
x =0.75 m. 0.000 0.000 KN/m2
x =-0.75 m. 0.000 0.000 KN/m2
x =-0.75 m. 0.057 0.032 KN/m2
x =-1.80 m. 0.137 0.075 KN/m2
x =-2.76 m. 0.214 0.111 KN/m2
x =-3.60 m. 0.285 0.137 KN/m2
x =-4.50 m. 0.366 0.158 KN/m2
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Impulsive mode
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M1519N 3.2.1.1-4 LLAAIANUAY Impulsive mode {1 Convective mode Tunsaifinul 3 (D.NUUNIU)

Parameter Impulsive mode | Convective mode | Unit

Horizontal Hydrodynamic pressure on

Wall (¢ =0°)

h = 5.65 m. 0.000 0.273 KN/m2

h = 440 m. 0.212 0.080 KN/m2

h = 3.30 m. 0.354 0.027 KN/m2

h = 2.20 m. 0.456 0.009 KN/m2

h = 0.00 m. 0.538 0.002 KN/m2
Parameter Impulsive mode | Convective mode | Unit

Vertical Hydrodynamic pressure on Base

(for Tank center line)

x =4.50 m. (Atleft end) -0.259 -0.003 KN/m2
x =3.60 m. -0.134 -0.002 KN/m2
x =2.76 m. -0.019 0.000 KN/m2
x =1.80 m. 0.113 0.001 KN/m2
x =0.75 m. 0.259 0.003 KN/m2
x =0.75 m. 0.000 0.000 KN/m2
x =-0.75 m. 0.000 0.000 KN/m2
x =-0.75 m. -0.259 -0.003 KN/m2
x =-1.80 m. -0.113 -0.001 KN/m2
x =-2.76 m. 0.019 0.000 KN/m2
x =-3.60 m. 0.134 0.002 KN/m2
x =-4.50 m. 0.259 0.003 KN/m2
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M3197 3.2.1.1-5 LEAAIANNAY Impulsive mode {taZ Convective mode Tunsaidnm S4 (8. NUUNIU)

Parameter Impulsive mode | Convective mode | Unit

Horizontal Hydrodynamic pressure on

Wall (¢ =0°)

h = 2.825 m. 0.000 0.596 KN/m2

h = 2.20 m. 0.262 0.490 KN/m2

h = 0.00 m. 0.667 0.342 KN/m2
Parameter Impulsive mode | Convective mode | Unit

Vertical Hydrodynamic pressure on Base

(for Tank center line)

X =4.50 m. (Atleft end) -0.158 -0.417 KN/m2
x =3.60 m. -0.114 -0.361 KN/m2
x =2.76 m. -0.081 -0.293 KN/m2
x =1.80 m. -0.049 -0.199 KN/m2
x =0.75 m. -0.020 -0.085 KN/m2
x =-0.75 m. 0.020 0.085 KN/m2
x =-1.80 m. 0.049 0.199 KN/m2
x =-2.76 m. 0.081 0.293 KN/m2
x =-3.60 m. 0.114 0.361 KN/m2
x =-4.50 m. 0.158 0.417 KN/m2
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M1519N 3.2.1.1-6 LLAAIANUAY Impulsive mode {1 Convective mode Tunsaifinwl S5 (B.NUUNIU)

Parameter Impulsive mode | Convective mode | Unit

Horizontal Hydrodynamic pressure on

Wall (¢ =0°)

h = 2.825 m. 0.000 0.248 KN/m2

h = 2.20 m. 0.216 0.136 KN/m2

h = 0.00 m. 0.549 0.031 KN/m2
Parameter Impulsive mode | Convective mode | Unit

Vertical Hydrodynamic pressure on Base

(for Tank center line)

x =4.50 m. (Atleft end) -0.158 -0.417 KN/m2
x =3.60 m. -0.114 -0.361 KN/m2
x =2.76 m. -0.081 -0.293 KN/m2
x =1.80 m. -0.049 -0.199 KN/m2
x =0.75 m. -0.020 -0.085 KN/m2
x =0.75 m. 0.000 0.000 KN/m2
x =-0.75 m. 0.000 0.000 KN/m2
x =-0.75 m. 0.020 0.085 KN/m2
x =-1.80 m. 0.049 0.199 KN/m2
x =-2.76 m. 0.081 0.293 KN/m2
x =-3.60 m. 0.114 0.361 KN/m2
x =-4.50 m. 0.158 0.417 KN/m2

51




1 1% a = 1 %’ A o I 9 @ o =S Sdey
mmwmuﬁnmmumwmumﬂsxmmﬂumuazwmmmmm&ugﬂ"lﬂ N

Pressure ( KN/m2)

Impulsive mode

Convective mode

S 3
*T 2.825 = ® 0.248,2.825
25 2.5 /
Aﬂ.ns,z_z 4—46,2.2
2 2
Z \ B /
o 15 14 g 15 e
o =
T g
= . ~
1 4% /
\ 0.5
05 -
\ .
0 T T *¥—6.549 00 ~ 0.100 0.200 0.300
0.000 0.200 0400 0.600 : ' "
Pressure (KN/m2) Pressure (KN/m2)
a
‘lJ‘VI 3.2.1.1-9 ﬂﬁ'W\Iﬂ'J']llﬂuﬂﬁu‘Wlﬁ@WH\iﬂ\i Gluﬂiﬂ!ﬁﬂ‘lsl'] S5 (W‘LWI 0. WUIJVI'JL!)
Impulsive mode
-45 0158 415
ps36,0.114
& ~$e2.75,0081 o
.,E_ .‘2\‘ 0049 05
; | v v Iﬂ-‘h\l -0.75,0.020
i 1 : AR 2 1 T I L
E ‘Na\i%-o_oail
~f WM
15 b 45,0158
X (m)
Convective mode
S 0.41 a4
6,0.361
F‘L‘"'" 76,0203 &3
o EoEs
L v v 4 11 . -
: : ¥ 7sin000 0750000 4 i :
-5 -4 3 2 -1 o1 L-n—,q‘mm T2 1s 4 1 5
= . -0.361
04 ha'ﬁ"“"-i—:;_s,-o_xu?

ﬂﬁ 3.2.1.1-10 ﬂiW\lﬂ’ﬂilﬂuﬂiuVHWOWHOQ Tunsaifny S5 (WL!‘I/I D.WUUNIU)

52



AR %,' é [ ] a a 1Y d‘ dy é Yy 9 1 4 [ [
NIAUANHI S6 11AII04 AnFaula TasAaanuaunug lsdurmuguanalsvenslng 3.75 mas

nazanuauimislfduiugudnaeszrageutlanumis 3.75 was
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Parameter Impulsive mode | Convective mode | Unit

Horizontal Hydrodynamic pressure on

Wall (¢ =0°)

h = 2.825 m. 0.000 0.248 KN/m2

h = 2.20 m. 0.216 0.136 KN/m2

h = 0.00 m. 0.549 0.031 KN/m2
Parameter Impulsive mode | Convective mode | Unit

Vertical Hydrodynamic pressure on Base

(for Tank center line)

x =4.50 m. (At left end) -0.236 -0.038 KN/m2
x =3.60 m. -0.118 -0.023 KN/m2
x =2.76 m. -0.017 -0.003 KN/m2
x =1.80 m. 0.100 0.020 KN/m2
x =0.75 m. 0.236 0.038 KN/m2
x =0.75 m. 0.000 0.000 KN/m2
x =-0.75 m. 0.000 0.000 KN/m2
x =-0.75 m. -0.236 -0.038 KN/m2
x =-1.80 m. -0.100 -0.020 KN/m2
X =-2.76 m. 0.017 0.003 KN/m2
x =-3.60 m. 0.118 0.023 KN/m2
X =-4.50 m. 0.236 0.038 KN/m2
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Dia. 3.75 m. Dia. 9.00 m.
Parameter Unit
Full tank Half tank Full tank Half tank
m 63.00 31.50 360.00 180.00 T
h 5.65 2.825 5.65 2.825 m.
3.75 3.75 9.00 9.00 m.

i 53,383.04 21,957.63 230,678.75 71,920.91 ke.
m. 9,616.96 9,542.37 129,321.25 108,079.09 | ke
mg 156,937.51 | 156,937.51 156,937.51 156,937.51 | ke
h 2.473 1.061 1.981 0.569 m.
h.* 2.423 1.633 3718 3.575 m.
h. 4.639 1.926 3.646 1551 m.
h.” 4.647 2.055 4.141 3.279 m.
K, 4,065.04 4,065.04 4,065.04 4,065.04 | KN/m.
Ke 502.37 350.88 | KN/m.
Z (Zone IV) 0.240 0.240 0.240 0.240
I 1.500 1500 1.500 1.500
R 1.800 1.800 1.800 1.800
Soil Soft soil Soft soil Soft soil Soft soil
Damping ratio Imp. 5% 5% 5% 5%

Damping ratio Conv. 0.50% 0.50% 0.50% 0.50%
T 1.940 1.491 1.940 1.491 s
T 3.188 3.487 3.188 3.487 s
(S/9); 0.194 0.252 0.194 0.252
(S79), 0.177 0.162 0.177 0.162
(Ah), 0.039 0.050 0.039 0.050
(Ah), 0.035 0.032 0.035 0.032
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A15199 3.2.1.2-2 11@AIANNAY Impulsive mode 18 Convective mode 1NFAANEI S (9.A11

NZ"’U'DJL?S]’EJ)
Parameter Impulsive mode | Convective mode | Unit

Horizontal Hydrodynamic pressure on

Wall (¢ =0°)

h = 5.65 m. 0.000 1.172 KN/m2
h = 4.40 m. 0.646 0.716 KN/m2
h = 3.30 m. 1.081 0.475 KN/m2
h = 2.20 m. 1.392 0.331 KN/m2
h = 0.00 m. 1.640 0.231 KN/m2

Parameter Impulsive mode | Convective mode | Unit

Vertical Hydrodynamic pressure on Base

(for Tank center line)

x =4.50 m. (Atleft end) -0.658 -0.282 KN/m2
x =3.60 m. -0.512 -0.244 KN/m2
x =2.76 m. -0.384 -0.198 KN/m2
x =1.80 m. -0.246 -0.135 KN/m2
x =0.75 m. -0.102 -0.058 KN/m2
x =-0.75 m. 0.102 0.058 KN/m2
x =-1.80 m. 0.246 0.135 KN/m2
X =-2.76 m. 0.384 0.198 KN/m2
x =-3.60 m. 0.512 0.244 KN/m2
x =-4.50 m. 0.658 0.282 KN/m2
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A15199 3.2.1.2-3 1L@AIANUAY Impulsive mode 18 Convective mode JNFAANEI S2 (9.A11

NZ"’U'IEJL?S]’EJ)
Parameter Impulsive mode | Convective mode | Unit

Horizontal Hydrodynamic pressure on

Wall (¢ =0°)

h = 5.65 m. 0.000 0.488 KN/m2
h = 4.40 m. 0.380 0.144 KN/m2
h = 3.30 m. 0.637 0.049 KN/m2
h =220 m. 0.820 0.017 KN/m2
h = 0.00 m. 0.966 0.004 KN/m2

Parameter Impulsive mode | Convective mode | Unit

Vertical Hydrodynamic pressure on Base

(for Tank center line)

x =4.50 m. (Atleft end) -0.658 -0.282 KN/m2
x =3.60 m. -0.512 -0.244 KN/m2
x =2.76 m. -0.384 -0.198 KN/m2
x =1.80 m. -0.246 -0.135 KN/m2
x =0.75 m. -0.102 -0.058 KN/m2
x =0.75 m. 0.000 0.000 KN/m2
x =-0.75 m. 0.000 0.000 KN/m2
x =-0.75 m. 0.102 0.058 KN/m2
x =-1.80 m. 0.246 0.135 KN/m2
x =-2.76 m. 0.384 0.198 KN/m2
x =-3.60 m. 0.512 0.244 KN/m2
x =-4.50 m. 0.658 0.282 KN/m2
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A15199 3.2.1.2-4 1L@AIANUAY Impulsive mode 118 Convective mode JNFAANEI S3 (9.A11
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Parameter Impulsive mode | Convective mode | Unit

Horizontal Hydrodynamic pressure on

Wall (¢ =0°)

h = 5.65 m. 0.000 0.488 KN/m2
h = 4.40 m. 0.380 0.144 KN/m2
h = 3.30 m. 0.637 0.049 KN/m2
h =220 m. 0.820 0.017 KN/m2
h = 0.00 m. 0.966 0.004 KN/m2

Parameter Impulsive mode | Convective mode | Unit

Vertical Hydrodynamic pressure on Base

(for Tank center line)

x =4.50 m. (Atleft end) -0.465 -0.005 KN/m2
x =3.60 m. -0.240 -0.003 KN/m2
x =2.76 m. -0.034 0.000 KN/m2
x =1.80 m. 0.203 0.002 KN/m2
x =0.75 m. 0.465 0.005 KN/m2
x =0.75 m. 0.000 0.000 KN/m2
x =-0.75 m. 0.000 0.000 KN/m2
x =-0.75 m. -0.465 -0.005 KN/m2
x =-1.80 m. -0.203 -0.002 KN/m2
x =-2.76 m. 0.034 0.000 KN/m2
x =-3.60 m. 0.240 0.003 KN/m2
x =-4.50 m. 0.465 0.005 KN/m2
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A15199 3.2.1.2-5 LL@AIANUAY Impulsive mode 118 Convective mode 1UNFAANYI S4 (9.A11

NZ"’U'DJL?S]’EJ)
Parameter Impulsive mode | Convective mode | Unit

Horizontal Hydrodynamic pressure on

Wall (¢ =0°)

h = 2.825 m. 0.000 1.073 KN/m2
h =220 m. 0.472 0.881 KN/m2
h = 0.00 m. 1.200 0.616 KN/m2

Parameter Impulsive mode | Convective mode | Unit

Vertical Hydrodynamic pressure on Base

(for Tank center line)

x =4.50 m. (Atleft end) -0.284 -0.751 KN/m2
x =3.60 m. -0.205 -0.650 KN/m2
x =2.76 m. -0.145 -0.527 KN/m2
x =1.80 m. -0.089 -0.358 KN/m2
x =0.75 m. -0.035 -0.153 KN/m2
x =-0.75 m. 0.035 0.153 KN/m2
x =-1.80 m. 0.089 0.358 KN/m2
X =-2.76 m. 0.145 0.527 KN/m2
x =-3.60 m. 0.205 0.650 KN/m2
x =-4.50 m. 0.284 0.751 KN/m2
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A15137 3.2.1.2-6 LL@AIAINAY Impulsive mode L1a2 Convective mode IUNFAANY S5 (8.A11
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Parameter Impulsive mode | Convective mode | Unit

Horizontal Hydrodynamic pressure on

Wall (¢ =0°)

h = 2.825 m. 0.000 0.447 KN/m2
h = 220 m. 0.389 0.245 KN/m2
h = 0.00 m. 0.989 0.056 KN/m2

Parameter Impulsive mode | Convective mode | Unit

Vertical Hydrodynamic pressure on Base

(for Tank center line)

x =4.50 m. (At left end) -0.284 -0.751 KN/m2
x =3.60 m. -0.205 -0.650 KN/m2
x =2.76 m. -0.145 -0.527 KN/m2
x =1.80 m. -0.089 -0.358 KN/m2
x =0.75 m. -0.035 -0.153 KN/m2
x =0.75 m. 0.000 0.000 KN/m2
x =-0.75 m. 0.000 0.000 KN/m2
x =-0.75 m. 0.035 0.153 KN/m2
x =-1.80 m. 0.089 0.358 KN/m2
X =-2.76 m. 0.145 0.527 KN/m2
x =-3.60 m. 0.205 0.650 KN/m2
x =-4.50 m. 0.284 0.751 KN/m2
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A15199 3.2.1.2-7 LL@AIANNAY Impulsive mode 18 Convective mode JNFAANHI S6 (9.A1U

NZ"IJ'IEJL?S]’EJ)
Parameter Impulsive mode | Convective mode | Unit

Horizontal Hydrodynamic pressure on

Wall (¢ =0°)

h = 2.825 m. 0.000 0.447 KN/m2
h =220 m. 0.389 0.245 KN/m2
h = 0.00 m. 0.989 0.056 KN/m2
Vertical Hydrodynamic pressure on Base

(for Tank center line)

x =4.50 m. (Atleft end) -0.424 -0.068 KN/m2
x =3.60 m. -0.212 -0.042 KN/m2
x =2.76 m. -0.030 -0.006 KN/m2
x =1.80 m. 0.179 0.036 KN/m2
x =0.75 m. 0.424 0.068 KN/m2
x =0.75 m. 0.000 0.000 KN/m2
x =-0.75 m. 0.000 0.000 KN/m2
x =-0.75 m. -0.424 -0.068 KN/m2
x =-1.80 m. -0.179 -0.036 KN/m2
X =-2.76 m. 0.030 0.006 KN/m2
x =-3.60 m. 0.212 0.042 KN/m2
x =-4.50 m. 0.424 0.068 KN/m2
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1 1% a = 1 %’ A o I 9 @ o =S Sdey
mmwmuanmmumwmumﬂixmmﬂumuazwmmmmmaugﬂ"lﬂ N

Pressure (KN/m2)

Pressure (KN/m2)

Impulsive mode

Convective mode

3 3
‘%0012-325 % ® 0.447,2.825
25 2.5 /
O—Ao.eaa,z_z 0.245,2.2
2 2
w 15 1 = 15 =
= o
1 g 1 % /
\ 0.5 e
05 g i
0 4 0560
0 ¢ - R R=1- Y= I ’
0.000 0.500 1.000 1.500 0.100 0.200 0.300 0.400 0.500
Pressure (KN/m2) Pressure (KN/m2)
A
1]7] 3.2.1.2-11 ﬂiﬁ/\lmmﬂuﬂ’i 'Vn@]i’]NLNﬂQ ﬁlummmm S6 (Wuﬂ RR muu‘”ﬂnmm)
Impulsive mode
b -4.5,0.424 -y $.0.75.0.424
Riesnaad b2 \1 18,0179
v 1 \-2.?5,0_030 L \
r T T & T =P e 00D 7507000 T T 1
5 4 -3 \ -2 -1 o 1 2 ‘kz(}s,-o.oﬁ 4 1 5
180178 5 \
\ 52 36,0217
N 075048 % 15,0424
X (m.)
Convective mode
45250068 h.0.75,0.068
3.6.0.042 - \\ﬁla.oss
v X \-2 76,0.006 - L 4 \ N
; ; ; o 07500000 875,8800 T ; .
5 -4 3 2 1 1 : wﬁ.{lﬂ’ﬁ % £ =
\L—l_B -0.036 3
\ -0 376,-0.032
N 07s.-0pes "~ 45,0068
X (m.)

ﬂﬁ 3.2.1.2-12 ﬂi"l‘l/\lﬂ’ﬂiJﬂUﬂiﬂmﬂﬂwuﬂ\i lunsalfiny S6 (‘wuw 0. ﬂTIJistlﬂllmEJ)
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A ’A d A A, o
2.2 MIUATILHIBNAMANSITUAY (Linear Dynamics) lag 5anlnasunisaeuaueduyy lvua

(Modal Response Spectrum Analysis)

a 4 ) T A dy AR a 4 o T A =\
fﬂﬁ'JLﬂﬁ131{?1!3\1?13$1/]'1L!Nuﬂu‘lﬁﬂﬁluWUﬂﬁﬂyﬁ)g’JlﬂSWgﬂLliﬂﬂigﬂﬂml‘!ﬂuqﬂ’uw&ﬂ
Py 9
a [ Y @ [ a d 1a
NANNUNU X INUU L“INi18TﬂiQﬁ%ﬂﬁﬂﬂ\i@'ﬁﬁﬁﬂ??ﬂﬁﬂhWﬂiﬂu %Qﬂlﬂi?%ﬁllﬂﬂﬁﬂ?ﬁlﬁﬂ?
(3 ! Qg Y 3 z%l o 4 @
G]'JLL‘]J?GING] %1%1uﬂ13ﬂ1uam uag EUHLL‘]J‘]JQ"Iai’NVINWﬁﬁ"Iﬁ@ﬁﬂlﬂﬂﬁﬂﬂ\iq\ﬁli’)\iﬂ"liﬂigﬂ"l

v v E4
duginang 2 uneNfny uaaaluas Al

d' o v Aq 9 a I a 4
71131910 3.2.2-1 @l’JLL”]JiGIN”]‘V]Gl“]iﬁl'tt!ﬂﬁ"llﬂiwwL“]S\?W’ﬁ‘ﬁWﬁG]i

Description Impulsive mode | Convective mode | Unit

9
o

11210911 (lunamauny X)

_ns@AnEA DI tududa 230.679 129.321 T
_ns@iAnnd D2 tidude Aaveaia 230.679 129.321 T
_ns@ANET D3 A3 71.921 108.079 T
_ns@iAnEd D4 1hAsase Angeauila 71.921 108.079 T

mmqwmﬁumﬂamammmm, hi ,hC

= = g %
- nSAANEIN D1 HUSNS 1.981 3.646 m.
- AIAANYIN D2 HuANGI Aageuila 1.981 3.646 m.
A R d' %,‘ té %
- NIAANYIN D3 11ATIDI 0,569 1,551 m.
~ =R d' %,‘ té v A 1 a
- NIAANYIN D4 1173994 AnsouLla 0,569 1.551 m.
f KC,stiffness Yoauaalsa m,
A R ~ g < [ ..
- NIAUANIN DI W UAUDI Rigid 502 KN/m.
- AIAANYIN D2 HUANGI Angeuila Rigid 502 KN/m.
A R d' g é [ .« .
- NIAANIN D3 11ATIDI Rigid 351 KN/m.
= d' %}‘ % v A 1 a
- n3AANYIN D4 11A3999 Anveudla Rigid 351 KN/m.
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o Y [ dy A ° e A o
ﬂ"l'ii]1@6\‘]LL‘U‘UTﬂ’Nﬁ’iNﬂ@ﬂQQ’\ﬂuWNVI 29UND NN 4 NI ﬂﬂgﬂ

4 %l < I 1a 1 a
AsAlANEIN DI W AN hidayeala
9.00 m.

Ke =502 KN/m.

0.5Ke =251 KN/m. 0.5Ke =251 KN/m.

- CP 7

Convective mass

5.65 m.

Me=1,269 KN

Impulsive mass

Mi=2,263 KN

‘ljﬁ 3.2.2-1 Llﬁﬂﬁlm1Jfl)’lﬁf]ﬂ!“]f\iWﬁﬂ’lﬁGﬁsUENﬂ@ﬂﬁﬁﬂ ﬂimﬁﬂBTﬂ D1

H %’ I v A 1 a
nIAANEIN D2 1 AN Aarouila

3.75m.

Ke=502 KN/m.
0.25Ke =126 KN/m.

0.25Ke

|

ik

5.65 m. Convective mass Convective mass

Me =634 KN : * Me =634 KN

TImpulsive mass 3 1 Impulsive mass

Mi=1131 KN Mi=1131 KN

ilﬁ 3.2.2-2 LLﬁﬂ\iLL‘U‘U%"Iﬁ’ENL%’QWﬁﬁWﬁﬂiﬂl’ﬂ\‘]ﬁﬂﬂQﬁ\‘] ﬂimﬁﬂB1ﬂ D2
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] 9] X 1 1 =Y
AIAUANEINA D3 1175909 lufarouila
9.00 m.

Ke=351 KN/m.

0.5Ke =176 KN/m.

Convective mass

0.5Ke Me =1,060 KN
. le
Impulsive mass

Mi=T706 KN ™~

(L

ﬂﬁ 3.2.2- 3!Lﬁﬂ\1ll‘lj‘ljfﬂ']a’éNW\‘lWﬁﬁ']ﬁﬂ‘i"llfNﬁf]ﬂ\iﬁﬂ ﬂ‘iﬂ‘lﬁﬂ‘hﬂ‘lﬂ D3

IS = t:' gol X o a ] a
NSUANEIN D4 11175909 AAToLa

Ke=351 KN/m.

0.25Ke =88 KN/m.

Convective mass Convective mass

Me=3530 KN Me =530 KN

2.825 m. l
S S MY
Impulsive mass @ ] . @ Impulsive mass
Mi=353 KN N\ / Mi=33 KN
D

ﬂﬁ 3.2.2- 4!!,?!'@\HL‘U‘IJfl]'lﬁ’é]\il“]f\‘lWﬁﬁ']ﬁﬂ‘i"ll@Qﬁ@ﬂ\iﬁﬂ ﬂ‘iﬂ‘lﬁﬂ‘hﬂ‘lﬂ D4
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=

a 4 o 1T A dy A
ﬂ"l'i’JLﬂ’iW‘ViLLNﬂi%ﬂ?LlWUﬂuUlﬁlﬁluwuﬂﬁﬂBT

A o =
2.2.1 WHUN 8. NHNNIN D.NIYIUYT

=}

d’ (J ' A 9 dy A
99N 3.2.2.1-1 G]’JLHJiGING] Al lumsais Response spectrum WUN D.WHUUNIU 3.NMYIULT

Q

A sneuaueaFeelnaduiimudy S, 0.450
s IneuaueuIanasufiAI 1sec S, 0.140
Ysztananudiayvesnins v
Yszianmaoeniuy 3
flsznouanudingy 1.5
onilszinnan D (Aunanse luszyvoya)
Fl 1.440
iy 2.240
Sms 0.648
S 0.314
Sps 0.432
S, 0.209

0.50

0.45

[\
0.40 I \ Damping ratio = 5%

os0 | AN

0.25 I \

0.20 / \

0.15 / \

0:10 T

0.05
0.00

Accel. (g)

o0 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 1.7 18 19 20

Period (sec.)

=

v Y ]
51J#1 3.2.2.1-1 Response spectrum NUH 0. WUNNIU 2.NMQYIULS

U q
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4’, Ad’ 4 dw =
2.2.2 WHUN 8.ATUNSVINIAEY D.NIYIUDT

a8 o ' = D, - 2
719197 3.2.2.2-1 Gl’JLL‘]JiGIN“]Vlﬁl%’ﬁluﬂﬁﬁﬁ"lﬁﬂi'ml Response spectrum WHN 8.ATUNSVINIAY .

MYIULYI
A anouausuFeenlnaduiinudy S, 1.060
AnuisneaueuTIanAsuRAI 1sec S, 0.320
UsziananudiAyuet01s v
Uszianmseeniuy 3
flsznouanudingy 1.5
wenlsznnau D (Aunanse luszydoya)
Fy 1.076
R 1760
Sms 1.141
Sy 0.563
Sps 0.760
S, 0.375
0.80

iy \

Damping ratio = 5%

N
\
\

& 3
[ —

Accel. (g)
o
2
=
‘Ill..._.

&
i
o

2
A
o

0.10

0.00

00 01 02 03 04 05 06 OV 08 09 10 11 12 13 14 15 16 1.7 18 19 20

Period (sec.)

=)

v Y v
51J#1 3.2.2.2-1 Response spectrum WU 0. WUUUNIU 2.NIYIULS

Y q
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a d
3. NaN3IANT1ZH Mode shape HAZAIUEIINIIAVBIIATIAI1
o an A A 1 9 Aa I A
NAMIMUIUNNIBUTIFDARIVINT 92 JAAAIUEITUTIAYDI IATIa3 19 Ao

159! Full Tank 1 T:= 1.940 BITRET
M T =3.188 BITRE]
50! Half Tank T.= 1491 0
f T = 3487 20

A o ° a o an YA ) '
LWONILLUUDIAONUATIEN LLUUID FEM Ul@ﬂ'] Tl la TCGmJGlTiNmuaN

M3197 3.3-1 uaasmamunaIMsnaaun luuaag Mode

Full Tank (Ti=1.940 s , Tc=3.188 s) Half Tank (Ti=1.491 s , Tc=3.487 s)

Case D1 Case D2 (Hollow) Case D3 Case D4 (Hollow)
Mode

Period MPMR | Period | MPMR | Period | MPMR | Period | MPMR

(s (%) (s) (%) (s (%) (s) (%)
| 3.483 45.50% 3479 | 45.40% | 3.672 37.50% | 3.668 | 37.60%
2 1.846 48.60% 3.189 0.00% 1.492 54.70% | 3.485 0.00%
3 0.369 0.00% 1.852 | 48.90% | 0.369 0.00% 1.478 | 54.50%
4 0.356 3.90% 0.368 0.00% 0.347 5.10% 0.370 0.00%
5 0.280 0.00% 0.355 3.90% 0.280 0.00% 0.347 5.20%
6 0.208 0.00% 0.280 0.00% 0.208 0.00% 0.280 0.00%

MPMR = Modal Participating Mass Ratio

[ v

MAUTITHIAN [A1ALUUT 100911 A0ANRDIATINUALMITMUINAIEITUT
a a ' 2 g PR ° Aq a S 9 o =
adaiioun utlumsasavaenlarimuuiiaesnldlumsinngilinnugndes msdunall
11014 Impulsive Mode Taglu Convective Mode tiamsau Iyitieeunn waneanuinsansesinm
a &£ o 9 A 4 . 2 ' Y, 9 Aa
MavuADTAsaa 199NN TUMS AUV Impulsive Mode HBNINUNLINIATIAT 1HBOIGINY

] a < I o
¥oularinUMTTU Convective Mode 114 2 Mode 1450 Mode 3 3T umsauuu Impulsive Mode

v v
uanyusiaeyy lutiveutla 3nAAIUATEY Convective Mode IRW12 Mode 150 11111 Mode 2
I ) a <
udumsduuuy Impulsive Mode ¥#1NW313UT Mode NITAUIRNIZ Convective Mode Uag Impulsive
Y v

Mode Huiimuiasnlseaninasiununudosas 90 vosulasaunanuavedlnseaie  milv

~ Y
WAITUURNWIY 2 Mode U h],ﬂ
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Mode 1 Mode 2

Mode 1

Mode 1

i

7
i "Y

iR
XS

&

T2

-

=

A

S

A4
e

2
&SR
4
=S

5

Mode 3

3.3-1 Mode M3TUYDNOHIGA N3AANYIN DI
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Mode 6



Mode 1 Mode 2 Mode 3 Mode 4 Mode 5 Mode 6

317 3.3-4 Mode MIAUUBINBAIGI NIAANYIN D4

U

d
4. #ANMIAATIZHA Base shear Haz Overturning moment

o a J F2 . g’;
NMIMUINVINITUTITDANIVIN %z"lﬂm Base shear 111i¢ Overturning moment NN
a v o 9 ] v o
Full Tank tiag Half Tank Iﬂﬁl%ﬂmﬁEJ“UR‘H’JNmimuﬁmﬂﬁﬂqsﬁl‘i@ﬁﬂﬁ\‘ﬂﬂ, EQS (MImMadIuuy
. . q ¥ o 9y o . . Y
Equivalent Static uuu"lu“lmmmnam) uazms 1¥uuus1a09 FEM uUUStatic 1ag Dynamic llﬂwa

ATHATT NN

v Y
A15199 3.4-1 LEAIAT Base shear LA Overturning moment ﬂlﬂﬂiﬂiﬂﬁ%’lﬂﬂﬂﬂ\ig’ﬂ 0.A1UUZVINIAY

Base shear Overturning
Case study Case Type S.F.
(KN) Moment (KN-m.)
a.A Nz VINAY (M _=9726.811 KN-m.)
reaction

Full Tank
- Case EQS Static 154.803 4,232.698 2.298
- Case S1 (Full) Static 186.681 4,590.405 2.119
- Case S2 (Full-hollow) Static 195.172 4,590.405 2.119
- Case S3 (Full-hollow) Static 195.171 4,572.171 2.127
- Case D1 (Full) Dynamic 103.461 2,250.854 4321
- Case D2 (Full-hollow) Dynamic 104.041 2,319.504 4.193
Half Tank
- Case EQS Static 117.270 3,159.820 2.184
- Case S4 (Half) Static 91.632 2,098.389 3.289
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- Case S5 (Half-hollow) Static 96.931 2,212.750 3.119

- Case S6 (Half-hollow) Static 96.951 2,192.123 3.148

- Case D3 (Half) Dynamic 78.366 1,660.836 4.155

- Case D4 (Half-hollow) Dynamic 77.974 1,671.444 4.129
71 Base shear (Full Tank) i1 Base shear (Half Tank)

117.27
186.68 19517 195.17

aies 96.93 96.95
78.37 7797

Case Case Case Case Case Case Case Case Case Case Case Case

EQS S1 S2 S3 D1 D2 EQS S4 S5 S6 D3 D4

f1 Overturning moment (Full Tank) CH Overturning moment (Half Tank)

4598040 450040 457217
423270 3,159.82

2,212.75 :
SRR 2,182.12

2,25085 2,319.50 165084 167144

I

Case Case Case Case Case Case Case Case Case Case Case Case
EQS S1 S2 S3 D1 D2 EQS S4 S5 S6 D3 D4

! ' . Y ' 2
311 3.4-1 A1 Base shear 1182 Overturning moment Y94 1A3IA3 1 0.ATUNZUINIAY

a 4 Y1
%']ﬂNﬁﬂﬁ’Jlﬂi']%W%%hlﬂ’ﬂ
1 S = ) g’/ S KR d' =)
11 Base shear umqqqa“luﬂim Full Tank clfL!l,l,‘]J‘]JEﬂTd’E]\‘] FEM MINTUANHYIN S2 1ag S3 A
= ' o Y a1 ' Ay 19 ¥ o an S Y1 A
195.172 KN G]Nlﬂﬂﬂ’Nfﬂiﬂ11!’Jmﬂ’)ﬂ’)‘ﬁflEﬂ\iﬂﬂﬂ”lifl%u‘ljﬂiﬂﬁ’é)ﬂ FEM tagiswafians ulﬂﬂﬂ’l
Y A U = 1 I o Y ax ] v a0
UDINFA TIUNTA Half Tank f1 Base shear qaqmﬂumimmmmmmfmqw UA1117.270 KN
A ax a = " Aq ¥ as 4 Y1 Ay A
'i’f)\‘l’ﬁ\‘]MWﬂ@ﬁﬁl!i\‘lﬁﬂ@]m‘c’JULﬂWﬂi‘]ﬂ FEM UagIsNamIaag "lﬂﬂWVIU’E]fJVIZ:fﬂ
f Overturning moment Alaianuaeandoan a1 Base shear A9A5H Full Tank 1w
o g’/ A R A =l A Y A v A A
HUV1893 FEM MNTUANEIN S2 1ay S3 MﬂTgQQﬂﬂ1ﬂalﬂﬂﬂﬂuﬂﬂ 4,590.405 KN-m. 5930341919

ad ax a = 1\ Aq Y ax J Y1 Ay A 1 = '
ammﬂanmmummh FEM Qg s Nafa1eaaq ulﬂﬂﬂ’luf]ﬂ‘l’lq’ﬂ a3UNI Half Tank 1
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< o A ] 1 ' ey
Overturning moment gagAtIluMsAUIAAI8IT0619918 TiA1 3,159.820 KN-m 5090901707515

1 =

a o VA Y an 4 FY Ay Sq Y '
anafiounn 1y FEM waziiwamans lanintlos qa Iﬂﬂnﬂﬂimiﬁﬂ”l Safety Factor 410111 1.5
é A 1 [Y] 1 a 'o
309 1avansaonanana

. U VA 9 a d a 2= ]
910 Base shear (121 Overturning moment NUNAN IRINMTAATIZHITINamaas A1 oo

1 an a A R o A 1o o o ¥ 1 Y1 ° 9
N ammﬁammﬂmmmmsmma‘lwnmumam FEM muum%ﬂan"l,mﬂumimmmmﬁ]“l%

3

a

1 [ { { < [ { o [ 1 1 1%
bussadaiisumudimmnuniganae lamnih i Inssadanenigeed lavdsasans

)

a LA A Y b4
5. Nﬁﬂ1§3!ﬂ’i1$?‘iﬂ1ﬂ1§!ﬂﬁi’)1!ﬂ'3ﬂli’)\‘iiﬂ'i\‘lﬁin

a s A o Y Ao ~Aq ya s an S A
ﬂ153!ﬂ51$1’iﬂ15!ﬂ€16u§]36\]@\1Iﬂ5\1?{51\13JGDLL°1J51/]Gl%HLﬂinWGIJE]\‘]’J‘ﬁWQﬁmei 9 R LAY

4= O7R Tuntld r=1.8 2214 Cd =126 SUUMNT

! C 1 26 '
@ a d a J . o
IAAOUAIINNTAATIZHTINAMAATADINUAY ?d= 180 0.70 Ta® Load Combination N1

Immanaoudgegaueslnsaadfio 1.2DL + 1.2Hydrostatic + 1.0EQK A10A1514

Cd FaA1 Cd MUUINTIIU UBC 97 willu C

3 4 o 9 v ! 1
ﬂ1§1\1ﬁ 3.5-1 L!ﬁﬂ\iﬂ'lﬁ!ﬂa@u@n"llﬂﬂIﬂﬁ\?ﬁﬁ'l\?ﬂf]ﬂ\?’qx? a.mummmaﬂ tae 9. W UHUNIU

Case study Case Type | Max. Displ. (mm.) | H/500 (mm.)

o.M VI (H=29.65m.)

- Case S1 (Full) Static 47.12 59.30
- Case S2 (Full-hollow) Static 49.22 59.30
- Case S3 (Full-hollow) Static 49.19 59.30
- Case S4 (Half) Static 23.33 59.30
- Case S5 (Half-hollow) Static 24.67 59.30
- Case S6 (Half-hollow) Static 26.58 59.30
- Case D1 (Full) Dynamic 18.61 59.30
- Case D2 (Full-hollow) Dynamic 17.41 59.30
- Case D3 (Half) Dynamic 13.76 59.30
- Case D4 (Half-hollow) Dynamic 13.76 59.30
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Case study Case Type | Max. Displ. (mm.) | H/500 (mm.)

0. WUNNIU (H=29.65 m.)

- Case S1 (Full) Static 26.64 59.30
- Case S2 (Full-hollow) Static 27.82 59.30
- Case S3 (Full-hollow) Static 27.80 59.30
- Case S4 (Half) Static 13.09 59.30
- Case S5 (Half-hollow) Static 13.83 59.30
- Case S6 (Half-hollow) Static 13.82 59.30
- Case D1 (Full) Dynamic 10.91 59.30
- Case D2 (Full-hollow) Dynamic 10.91 59.30
- Case D3 (Half) Dynamic 8.93 59.30
- Case D4 (Half-hollow) Dynamic 8.93 59.30

=

1 A v A Y 9 = ~ R
"lHﬂ@lTiNﬂWﬂWiLﬂﬂ@u%’)ﬂﬂﬂuﬁlﬂ"llﬂﬂjﬂiﬁﬁi%‘]ﬂ@ 59.30 mm. Gﬁﬁﬂﬂﬂiﬂlﬁﬂy11uﬂ1i
a o 9 g’z as a =\ 1 as 9 Y1 A v A Y v A Y
'Jlﬂ3131’7Iﬂ‘i\iﬁ‘ﬂ\‘lﬂ\i’)‘ﬁlliQﬁﬂﬁmEJTJL“I/]%LQ%’J‘ﬁwaFﬂﬁﬂiﬁlﬁﬂ']ﬂﬁlﬂa@uﬁ’)‘ﬂu%)ﬂﬂ’ﬂﬂﬁlﬂﬁﬂuﬁ’)
A Y 9 ' A o A A ) o ax
ﬂﬂﬂuiﬂﬂl@ﬂiﬂiﬂﬁﬂﬂ IﬂﬂﬂWﬂTﬁLﬂﬁ@uﬁ’)‘ﬂMWﬂﬁjﬂ A9 NI Full Tank Muuumam FEM 54353

a = ! A R dl IS
AOANYVNINTUANEIN S2 WA 49.22 mm.

4w v
msndeusiveslasiaig

60.00 ! "
50,00 3

40.00

30,00 \

20,00 \f-‘k’-\
‘._——'\0—-

10,00 =

0.00

-Case 1 (Full) -Case 2 -Case 3 -Case 4 (Half) -Case 5 -Case 6 -Case 1 (Full) -Case 2 -Case 3 (Half) - Case 4 (Half-
[Full-hallow)  (Full-hallow) (Half-hollow)  {Half-hollow) {Full-hollow) hollow)

4 wal - . o
—B-nseRaudinoanld ——a.duzanu e 2. AUNNIY

517 3.5-1 nsluaaemsindeuAIvee InTIas 19Henage

U
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a d a o o 14
6. Naﬂ1§3!ﬂ§1$‘ﬂ!!ﬂ$ﬂ§$!3~luﬂ"lﬁﬁ!ﬁ"l‘llf’)x‘iiﬂix‘lﬁ‘ﬂﬂ
A o v o Y 9 a o axl o w . =
MsUseiumacsvusaavoudl 92 1ms a1z lag I5mMaq (strength design method) %4
] S A 9 a 4 T A I~ v A
ANTINULUILAULEE THUA ﬂ“l/lhlﬂ%1ﬂﬂ1§"3lﬂ31$ﬁu3\1lmuﬂuhlﬁ?tﬂﬂﬂiﬂﬁ?ﬂul'ﬂuﬁWiNIﬂﬂ

1% Load Combination = 1.2DL+1.2Hydrostatic+1.0EQK

D50 0.50
Ry 1
.20 0.e9
WMAAY 16 - & 28 mm. (Gudaiauus) WANLEY 8 - & 25 mm. rudaniame)
2-1U RESmm.@0.20m. 21, RE 9 mm.@ 0.20m.
LUAWALINEL AT C| LUAYALNEILAY C2
HIRFIEIU 1 ! z0 BRI (TS

31 3.6-1 wihdaveve e C1 naz €2

v F4
A15197 3.6-1 LAAIMIAIT VLT IATNLU AUV UE ( 2.ATUNZVINAY )

Actual Capacity Demand-
Case study Case Type
Pu (T) (I)Pn (T) Capacity Ratio
Column C1
- Case S1 (Full) Static 118.51 152.78 0.78
- Case S2 (Full-hollow) Static 121.09 152.78 0.79
- Case S3 (Full-hollow) Static 120.82 152.78 0.79
- Case D1 (Full) Dynamic 40.05 152.78 0.26
- Case D2 (Full-hollow) Dynamic 38.30 152.78 0.25
Column C2
- Case S1 (Full) Static 99.26 113.88 0.87
- Case S2 (Full-hollow) Static 101.58 113.88 0.89
- Case S3 (Full-hollow) Static 101.28 113.88 0.89
- Case D1 (Full) Dynamic 22.73 113.88 0.20
- Case D2 (Full-hollow) Dynamic 21.11 113.88 0.19
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M3199 3.6-2 LAAIMAIATUNUUTURNDUVDUAT ( 0.ATUNLVINAY )

Actual Capacity Demand-
Case study Case Type
Vu (T) (I)Vn (T) Capacity Ratio
Column C1
- Case S1 (Full) Static 2.59 18.82 0.14
- Case S2 (Full-hollow) Static 2.70 18.82 0.14
- Case S3 (Full-hollow) Static 2.69 18.82 0.14
- Case D1 (Full) Dynamic 1.48 18.82 0.08
- Case D2 (Full-hollow) Dynamic 1.48 18.82 0.08
Column C2
- Case S1 (Full) Static 3.93 22.63 0.17
- Case S2 (Full-hollow) Static 4.06 22.63 0.18
- Case S3 (Full-hollow) Static 4.06 22.63 0.18
- Case D1 (Full) Dynamic 1.55 22.63 0.07
- Case D2 (Full-hollow) Dynamic 1.51 22.63 0.07

d‘ o o 9 ' o o 9 J v 1 2
M19194N 3.6-3 !,!,ﬁﬂQmmmumummmmumuTmmu@ﬂmlmtm (9.MUNZVINNY )

Actual Capacity Demand-
Case study Case Type
Mu (T-m.) (I)M“ (T-m.) Capacity Ratio

Column C1

- Case S1 (Full) Static 6.41 26.24 0.24
- Case S2 (Full-hollow) Static 6.70 26.24 0.26
- Case S3 (Full-hollow) Static 6.68 26.24 0.25
- Case D1 (Full) Dynamic 3.65 26.24 0.14
- Case D2 (Full-hollow) Dynamic 3.64 26.24 0.14
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Actual Capacity Demand-
Case study Case Type
Mu (T-m.) | (Mn (T-m.) | Capacity Ratio

Column C2

- Case S1 (Full) Static 10.71 18.42 0.58
- Case S2 (Full-hollow) Static 11.02 18.42 0.60
- Case S3 (Full-hollow) Static 11.05 18.42 0.60
- Case D1 (Full) Dynamic 3.95 18.42 0.21
- Case D2 (Full-hollow) Dynamic 3.67 18.42 0.20
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mavulinaatanilunisalaeld Load Combination = 1.2DL+1.2Hydrostatic+1.0EQK

&8 DB 20 mm

TDBamm

U-RBEMM. @0.20m.

1U-RBE6EMM. @0.15m.

8§ DB 20 mm.

1U-RBOmMmM. @0.20m.

2DB20mm. 3 DB 20 mm.

10 DB 20 mm

0.45

1-RBEmMmM. @0.20m. 1-RE6MmM.@0.20m.

0.45

3DB20mm. 4 DB 20 mm.

31 3.7-1 mihdavesn1u B2,B3,B4,B5 11az B6

' Y
A19197 3.7-1 LmﬂQf‘hmﬁ’mmuumﬁaummmu B2 ( 0.ATUNZVIAY )

Actual Capacity Demand-
Case study Case Type
Vu (kg) (i)Vn (kg) Capacity Ratio
Beam B2
- Case S1 (Full) Static 127.18 4,438.25 0.03
- Case S2 (Full-hollow) Static 345.40 4,438.25 0.08
- Case S3 (Full-hollow) Static 340.68 4,438.25 0.08
- Case D1 (Full) Dynamic 216.27 4,438.25 0.05
- Case D2 (Full-hollow) Dynamic 211.51 4,438.25 0.05
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v Y
o v 9 1
M3199 3.7-2 LAAIMAIATUNIULTUNOUVBIATY B3 (9.0 1UNSVINIAY )

Actual Capacity Demand-
Case study Case Type
Vu (kg) (i)Vn (kg) Capacity Ratio
Beam B3
- Case S1 (Full) Static 865.81 15,709.60 0.06
- Case S2 (Full-hollow) Static 3,864.60 15,709.60 0.25
- Case S3 (Full-hollow) Static 3,838.94 15,709.60 0.44
- Case D1 (Full) Dynamic 830.98 15,709.60 0.05
- Case D2 (Full-hollow) Dynamic 853.70 15,709.60 0.05
ﬁnﬁﬁ‘ﬁ 3.7-3 L!ﬁ'ﬂ\iﬁWﬁQﬁWHVﬂﬂLLiQLﬁﬂU‘U@QﬂTU B4 ( f].f?hl!‘llﬁ‘lﬂilléljt’l )
Actual Capacity Demand-
Case study Case Type
Vu (kg) (I)Vn (kg) Capacity Ratio
Beam B4
- Case S1 (Full) Static 18,627.31 47,299.72 0.39
- Case S2 (Full-hollow) Static 30,934.60 47,299.72 0.65
- Case S3 (Full-hollow) Static 30,083.03 47,299.72 0.64
- Case D1 (Full) Dynamic 4,510.38 47,299.72 0.10
- Case D2 (Full-hollow) Dynamic 4,124.56 47,299.72 0.09
ﬁnﬁﬁ‘ﬁ 3.7-4 L!ﬁﬂ\iﬁWﬁQﬁWUﬂTHLLiQLﬁﬂUﬂI@QﬂTU B5 ( a.@hummméﬂ )
Actual Capacity Demand-
Case study Case Type
Vu (kg) (I)Vn (kg) Capacity Ratio
Beam B5
- Case S1 (Full) Static 5,030.93 7,699.30 0.65
- Case S2 (Full-hollow) Static 5,279.43 7,699.30 0.69
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- Case S3 (Full-hollow) Static 5,272.73 7,699.30 0.68
- Case D1 (Full) Dynamic 2,765.22 7,699.30 0.36
- Case D2 (Full-hollow) Dynamic 2,753.38 7,699.30 0.36
M7 3.7-5 LA AU U DU YRIATY B6 ( 0. AUNZIIRY )
Actual Capacity Demand-
Case study Case Type
Vu (kg) (i)Vn (kg) Capacity Ratio

Beam B6

- Case S1 (Full) Static 2,652.35 9,034.35 0.29
- Case S2 (Full-hollow) Static 2,742.24 9,034.35 0.30
- Case S3 (Full-hollow) Static 2,739.58 9,034.35 0.30
- Case D1 (Full) Dynamic 1,717.41 9,034.35 0.19
- Case D2 (Full-hollow) Dynamic 1,713.41 9,034.35 0.19

3197 3.7-6 uaasaad i T uAgATean 1Y B2 ( a.ﬂ'mmmmé{ﬂ )
Actual Capacity Demand-
Case study Case Type
Mu (kg) (i)Mn (kg) Capacity Ratio

Beam B2

- Case S1 (Full) Static 36.96 1,304.10 0.03
- Case S2 (Full-hollow) Static 270.73 1,304.10 0.21
- Case S3 (Full-hollow) Static 279.18 1,304.10 0.21
- Case D1 (Full) Dynamic 315.67 1,304.10 0.24
- Case D2 (Full-hollow) Dynamic 296.49 1,304.10 0.23
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4 o w 9 v 1 L
M3197 3.7-7 LA UNIU TN UAAAYDIATY B3 (0.A01UNSVIURAE )

Actual Capacity Demand-
Case study Case Type
Mu (kg) (i)Mn (kg) Capacity Ratio
Beam B3
- Case S1 (Full) Static 3,079.68 15,778.02 0.20
- Case S2 (Full-hollow) Static 4,079.19 15,778.02 0.26
- Case S3 (Full-hollow) Static 4,286.28 15,778.02 0.27
- Case D1 (Full) Dynamic 565.72 15,778.02 0.04
- Case D2 (Full-hollow) Dynamic 434.32 15,778.02 0.03
3197 3.7-8 uaaeaad I T UAGAve IR B4 ( e.@hummm‘éﬂ )
Actual Capacity Demand-
Case study Case Type
Mu (kg) (i)Mn (kg) Capacity Ratio
Beam B4
- Case S1 (Full) Static 26,106.40 67,351.10 0.39
- Case S2 (Full-hollow) Static 28,882.19 67,351.10 0.43
- Case S3 (Full-hollow) Static 28,411.12 67,351.10 0.42
- Case D1 (Full) Dynamic 3,846.12 67,351.10 0.06
- Case D2 (Full-hollow) Dynamic 4,021.97 67,351.10 0.06
m'zm‘ﬁ 3.7-9 Llﬁ'ﬂﬂﬁWﬁQﬁWUﬂTHIMLNU&ﬁJﬂﬂJ’OQﬂTu B5 ( ’e‘).ﬂ'mmmméﬂ )
Actual Capacity Demand-
Case study Case Type
Mu (kg) ¢Mn (kg) Capacity Ratio
Beam B5
- Case S1 (Full) Static 5,659.38 9,113.42 0.62
- Case S2 (Full-hollow) Static 5,952.81 9,113.42 0.65
- Case S3 (Full-hollow) Static 5,944.92 9,113.42 0.65
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- Case D1 (Full) Dynamic 3,029.15 9,113.42 0.33

- Case D2 (Full-hollow) Dynamic 3,015.99 9,113.42 0.33

3 o v 9 d v 1 4
M3197 3.7-10 LAAIMAIATUNU TUINUAAAVDIATIY B6 ( 9.ATUNLVINRY )

Actual Capacity Demand-
Case study Case Type
Mu (kg) (i)Mn (kg) Capacity Ratio
Beam B6
- Case S1 (Full) Static 4,702.90 12,056.99 0.39
- Case S2 (Full-hollow) Static 4,897.58 12,056.99 0.41
- Case S3 (Full-hollow) Static 4,891.98 12,056.99 0.41
- Case D1 (Full) Dynamic 2,710.13 12,056.99 0.22
- Case D2 (Full-hollow) Dynamic 2,701.51 12,056.99 0.22
MdFunsuionvoInu Case S3 MU TR Case S3
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114 Load Combination = 1.2DL+1.2Hydrostatic+1.0EQK lamiaatanslumsig
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4 a d Y] v 1 g
ﬂ1§1\‘1ﬁ 3.8-1 LAAINANITAUATIEH A1 Stress VBINUIN DG ( amummmﬁﬂ )

Actual Capacity Demand-
Case study S11 S22 S11 S22 Capacity
(ksc.) (ksc.) (ksc.) (ksc.) Ratio

Wall - W1 (0.15 m. thk.)

- Case S1 (Full) 41.11 9.89 116.98 22.71 035 | 0.44
- Case S2 (Full-hollow) 60.46 15.32 116.98 22.71 0.52 | 0.67
- Case S3 (Full-hollow) 63.71 23.40 116.98 22.71 0.54 | 1.03
Wall - W2 (0.135 m. thk.)

- Case S1 (Full) 13.64 10.09 102.48 24.62 0.13 | 0.41
- Case S2 (Full-hollow) 33.99 11.62 102.48 24.62 033 | 047
- Case S3 (Full-hollow) 36.32 11.47 102.48 24.62 035 | 047
Wall - W3 (0.125 m. thk.)

- Case S1 (Full) 8.84 3.53 63.36 26.06 0.14 | 0.14
- Case S2 (Full-hollow) 21.05 7.65 63.36 26.06 033 | 0.29
- Case S3 (Full-hollow) 22.73 7.16 63.36 26.06 036 | 0.27
Wall - W4 (0.10 m. thk.)

- Case S1 (Full) 8.12 1.63 40.14 30.35 0.20 | 0.05
- Case S2 (Full-hollow) 18.17 7.00 40.14 30.35 045 | 0.23
- Case S3 (Full-hollow) 18.46 6.31 40.14 30.35 0.46 | 0.21
Wall - W5 (0.10 m. thk.)

- Case S2 (Full-hollow) 18.39 32.87 30.35 30.35 0.61 | 1.08
- Case S3 (Full-hollow) 18.08 30.34 30.35 30.35 0.60 | 1.00
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Case S3-S11 Case S3 - S22
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4 a d Jd o o [ 1 1
ﬂ1§1\‘1ﬁ 3.9-1 LAAINANITUATIEN ﬂﬂmuummmwuwamgq ( amuuzmm?m )

Actual Capacity
Demand-
Case study M11 M22 M11 M22
Capacity Ratio
(kg-m) | (kg-m) | (kg-m) | (kg-m)

Slab - S1
- Case S1 (Full) 4,899.25 | 4,817.78 | 2,842.90 | 2,842.90 1.72 1.69
- Case S2 (Full-hollow) 4,720.88 | 5,085.22 | 2,842.90 | 2,842.90 1.66 1.79
- Case S3 (Full-hollow) 4,137.82 | 4,597.62 | 2,842.90 | 2,842.90 1.46 1.62
Slab - S2
- Case S1 (Full) 6,872.81 | 6,026.88 | 8,297.73 | 8,297.73 0.83 0.73
- Case S2 (Full-hollow) 6,306.92 | 5,967.04 | 8,297.73 | 8,297.73 0.76 0.72
- Case S3 (Full-hollow) 6,372.41 | 5,896.15 | 8,297.73 | 8,297.73 0.77 0.71
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