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APPE�DIX A 

DESIG� A�D CALCULATIO� EXAMPLES 

 

APPE�DIX A1  STEEL WATER TOWER TA�KS 

 

 

A1.1 Description of water tower tank 

A1.1.1 Outline 

The structural outline and design conditions are shown in Table A1.1. 

 

Table A1.1 Design Conditions 

Description 

Usage 

Structural type 

Shape 

 

Tower for water supply 

Steel plate tower 

Vessel – Cylindrical shell 

Tower – Cylindrical column 

Outline of structure 

Height 

Vessel diameter 

Diameter of tower 

GL + 35.35m 

6.8m 

1.6~3.4m 

Outline of vessel 

H.W.L 

L.W.L 

Water capacity 

Total volume 

GL + 34.35m 

GL + 32.0m 

80m
3
 

93.4m
3
 

Design Conditions  Standards and codes 

a. Building Standard Law 

b. Design Recommendation for Storage 

Tanks and Their Supports (AIJ) 

c. Design Standard for Steel Structures 

(AIJ) 

d. Standard for Structural 

  Calculation of RC Structures (AIJ) 

e. Japanese Industrial Standards (JIS) 

  

Steel – JIS G 3136 SN400B 

Concrete – Fc = 21N/mm
2
 

Reinforced bars – SD295 

 Allowable stress Refer to b. and c. 

 

A1.2 Calculation of Tube Tower 

A1.2.1 Assumed section of tube tower 

The natural period of the tower is calculated with the thickness without reducing the 

1 mm of corrosion allowance. The outline of the water tower tanks is shown in 

Figure A1.1.   
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                   Fig. A1.1  Outline of Water Tower Tank 

 

A1.2.2 Assumed loads 

(1) Vertical Load 

The total vertical load upon its base plate:     mass 

Water 915.32k N (93,400 kg) 

Vessel 107.80 kN (11,000 kg) 

Pipe (1.47kN/m) 47.04 kN (4,800 kg) 

Deck (26.46kN for each) 105.84 kN (10,800 kg) 

Tube weight 107.80 kN (11,000 kg) 

 1,283.80 kN (131,000 kg) 
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The sectional dimensions and modeling of the tower are shown in Table A1.2 and 

Figrure A1.2, respectively. 

Table A1.2  Sections of Tower 

 

 

 

 

 

 

 

 

 

A1.2.3 Stress Calculation 

(1) Modified Seismic Coefficient Method 

The flexibility matrix and the mass matrix are obtained from the following equation: 

Flexibility matrix, 
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Fig.A1.2  Modeling of Tower 
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 Fig.A1.3  Lumped Mass Model 

56,121 kg 

13,626 kg 

34,673 kg 
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(2) Modal Analysis 

The flexibility matrix and the mass matrix are obtained from the model shown in Fig. 

A1.3(b) as follows: 
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’33=1/K2 is added to 33 from stiffness coefficient, where K2 is the spring 

constant for the convective mass. 
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Stresses in modal analysis are obtained by multiplying with 
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Table.A1.3  Qei Obtained by Calculations 

Table.A1.4  Natural Periods, u, β and C 

47 

th 
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Table A1.6  Calculation of Qei and Mei 

 

 

 

 

 

 

 

 

 

 

 

 

 

modified lateral force  

mode method 

story shear Overturning   

 

 

 

 

 

 

A1.3 Water Pressure Imposed on the Tank 

 

Impulsive mass (water), 

39.69
21.56

)( 12 =−= d
ee

W
QQQ kN dyRdP ⋅⋅= ∫∫ ϕ  

Table.A1.5  Qei Obtained by calculation 

Table.A1.6  Calculation of Qei and Mei 

Fig.A1.4  Comparision of Stresses obtained using the Modified 

Seismic Coefficient Method and the Modal Analysis 

modified seismic coefficient method 

modal analysis method 

shear force bending moment 

 

mass 
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Convective mass (water), 

 77.89'=Q kN dyRdP ⋅= ∫∫ ϕ  

Height of wave due to sloshing; from (7.9), 
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A1.4 Wind Loads 

(1) Wind loads  

Wind loads are obtained from chapter 6 “Wind Loads” of Recommendations for 

Loads on Buildings (2004), AIJ. 

a) Design wind speed 

 Basic wind speed  360 =U (m/s) 

Height Coefficient  

205.10.1205.1 =×=⋅= grH EEE  

From exposure II,   

5=bZ m, 350=GZ m, 15.0=α   

Fig.A1.5  Water Pressure due to Sloshing 
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205.1
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Return period conversion coefficient  

952.09.39.2)1(63.0 =+−−= unrurw Ik λλ  

Return period  50=r  years, 111.1/ 0500 == UUuλ  

Design wind speed at standard height 

29.41952.0205.100.1360 =×××=⋅⋅⋅= rwHDH kEkUU (m/s) 

b)  Design velocity pressure 

040,129.4122.1
2

1

2

1 22 =××=××= HH Uq ρ (N/m
2
) 

Air Density 22.1=ρ (kg/m
3
) 

c) Pressure coefficient 

From 68.76.4/35.35/ ==DH  
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28.28m > Z > 5m, 

3.0

3.0

14.0
21 247.0

35.35
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Z
kkkC ZD ×=⎟
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672.08.075.07.76.02.12.1 3.014.0
21 =××××=⋅⋅×= ZD kkkC  

d)  Gust effect factor 

 

exponent for mode shape β  2.500 

total building mass  M 104420kg 

generalized building mass  MD 84644kg 

λ  0.633 

mode correction factor Dφ  0.174 

turbulence scale at reference height  LH 108.6m 

turbulence intensity at reference height  IrH 0.158 
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topography factor for the standard deviation  

of fluctuating wind speed  EI 1.000 

topography factor for turbulence intensity  EgI 1.000 

gIHH EIrI ⋅=  0.158 

gust effect factor 

natural frequency for the first mode in  

along-wind direction  fD 0.713Hz 

damping ratio for the first mode in 

along-wind direction Dζ  0.010 

Cg 0.457 

k 0.070 

C’g 0.127 

R 0.386 

F 0.075 

SD 0.404 

FD 0.033 

RD 2.593 

vD 0.606 

gD 3.604 

gust effect factor  GD 2.044 

e)  Wind load 

AGCqW DDHD ⋅⋅⋅=  

Z 5m   

AAWD ×=×××= 850044.2400.0040,1  

28.28 Z 5m   

AZAZWD ××=××××= 3.03.0 525.0044.2247.0040,1  

Z 28.28m 

  AAWD ×=×××= 429,1044.2672.0040,1  

(2) Wind load for vortex oscillation 

a) Calculation model 

In this example, the calculation model is assumed to have the shape shown in 

Fig. A1.6, and the water content is assumed to be empty. 
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b) Calculation of wind load for vortex oscillation 

The possibility of vortex oscillation is checked  according to Chapter 6 “Wind 

Load” of the “Recommendations for Loads on Buildings (2004)”, AIJ as follows. 

Fig.A1.6  Calculation Model 

16,156 kg 

13,626 kg 

Table.A1.7  Sectional Forces by Wind Load in the Along Direction 

DDH GCq ⋅⋅
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A
H

Z
CUW rrr

28.0 ρ⋅=  

in which, 

 18.152.238.155 =××=⋅⋅= mLr DfU (m/s) : resonance wind speed 

where, 

 38.1=Lf  : natural frequency of water tower tank (Hz) 

 22.1=ρ (kg/m
3
) : air density 

 3.35=H (m) : tower height 

 20.2=mD (m) : diameter at the level 2/3 H 

 03.4=rC  : pressure coefficient in resonance 

 
⎭
⎬
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>=×=

>=×=⋅

0.51.2002.0142

0.64.332.218.15

Ls

mr DU

ζρ
 then, 03.4
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==

L
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 02.0=Lζ  : damping ratio of water tower tank 

 142
4.32.23.35

600,37
=

××
=

⋅⋅
=

Bm

s
DDH

M
ρ (kg/m

3
) 

 600,37=M (kg) 

Then, 

 AZA
Z

A
H

Z
CUW rrr ××=×××××== 7.25

3.35
03.418.1522.18.08.0 22ρ (N) 

The cross section of the tower should be designed with the composite force of 

obtained from the wind load itself and the wind load for vortex oscillation 
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Table.A1.8  Forces Caused by Wind Load Vortex Oscillation 

Section forces in wind 

along direction 
Composite forces 

Table.A1.9  Forces List 

Axial 

force 

Seismic 

(modified seismic 

coefficient)

Seismic 

(modal analysis) 

Wind in 

 along dir. 
Wind for vortex 

oscillation 

Full Empty 

H

C
U r

r
28.0 ρ
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Table.A1.11  Design of Section 

Table.A1.10  Section Properties and Allowable Stresses 

Long term Seismic 

Full water tank (modified seismic coefficient method) 

Full water tank (modal analysis) 
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 Wind with full water tank (in along direction) 

Wind with empty water tank (for vortex osc.) 

OK
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