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Fig. 1. Water-structure interaction coupling system and
surrounding boundaries
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Ground motion characteristics

Ground motion

Low limit Amplitude Frequency content Continuity Energy parameters
0.2 (2) * PGA

0.3(g sec) i i CAV

20(cm/sec) * * PGV

0.4 (m/sec) * * * Ia

30 (cm sec7%) * * 1

0.5 (m/sec) i o * arms

0.1 (sec) PGV/PGA

Table.1. Minimum amount of required parameters to determine near field earthquakes
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Name  Region Latitude Longitude Depth  Mechanism  Strike Dip Rake Mw
Kobe Japan  34.5948 135.0121 17.9 Strike-slip 230 85 180 6.9
Table.2. Characteristics of Kobe earthquake
Vdsdr sla bl Sl eslinal b edd Ol Sus 5 5 555 Oldee 315 ¥ g
Earthquake classification criteria based on Table 1 Station Earthquake
PGV/PGA Qrms 1 1A PGV CAV PGA distance Type %
0.1 0.5 30 0.4 20 0.3 0.2 (km) Name &
(sec) (m/s?) (cm.s 07 (m/s) (cm/s) (g sec) (2)
0.1114 1.299 153.9852 8.377 91.108 2.0985 0.834 1 Near KOBE 1
0.06656 0.22167 9.488 0.09096 5.157 0.2743  0.079 86.94 Far KOBE 2

Table.3. The near and far-field earthquakes which selected using the parameters of Table 1
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Concrete
](?(egr}f;lg})/ Modulus of Elasticity(Gpa) Poisson ratio
2480 34.5 0.17
Water
(kg/m’ ) Density Bulk Modulus(kg/m? )

1000

2068.5

Table.4. Material properties of the intake tower and Fluid
| T Sladds s Slasiis 0 Jgur

Ring Radius of ring Radius of the intake Heicht
Thickness (m) tower (m) (e:n% Material
(m) External Internal External Internal
= = - 6.80 5.44 100 Concrete Without the ing Model A
0.6 7.80 6.80 6.80 5.44 100 Concrete With the rings Other Models

Table.5. Geometric characteristics of the intake tower models
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Fig. 2. Finite element model of the intake towers, the peripheral reservoir, and internal water as well as interaction boundaries of the

intake tower and water
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Percentage error Ref [6] Present Study Model

2.05 0.90718 0.88864 Intake Tower without the reservoir

2.70 0.67641 0.65817 Intake Tower with the Surroundig reservoir

Table.6. Results of the Frequency analysis and comparison with the original model (HZ)
T ol SOl Jolss 5 ol ea 553l (sla 435k L ST (slaz sl Joe Y J g
Name of the models
A B C D E F G H 1 J K
PM model v

g 025H v v v v

5<% 05H v v v v

E, bl 0.75H v v v v

m H v v v v

Table.7. Models of the intake tower with the added rings and their distances from the bottom of the tower
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) Far-field Near-field

Ux(cm) Uy(cm) Uz(cm) Ux(cm) Uy(cm) Uz(cm)

Al 12.2574 4.9208 1.4742 33.1346 24.1262 3.9543

Bl 12.2728 4.9290 1.4479 33.1903 24.1687 3.9601

Cl1 12.2650 4.9310 1.4852 33.1578 24.1650 3.9551

D1 12.2224 4.9128 1.5848 33.9821 24.0727 4.3673

>3 El 12.0255 4.8848 1.6743 33.5820 247632 4.4319
'g F1 12.2826 4.9383 1.4893 33.2097 24.2084 3.9610
= Gl 12.2406 4.9207 1.5874 33.0355 24.0716 4.3741
H1 12.0529 4.8915 1.6799 33.6360 24.8104 4.4384

11 12.2303 4.9229 1.5880 33.0092 24.0608 4.3682

J1 12.0115 4.8976 1.6871 33.6028 23.7928 4.4338

K1 11.8807 4.8853 1.6829 33.4081 23.6268 4.4140

Table.11.Maximum displacement values on top of the intake tower without the reservoir due to the near and far-field earthquakes

S35 5 553 Oldes A5 A s JU g s 5 el O35 b ST 2 VL OSG is sl it Y Jputr

Far-field Near-field

Ux(cm) Uy(cm) Uz(cm) Ux(cm) Uy(cm) Relative displacement for Uy Uz(cm)

A2 13.1118 5.8748 1.7509 52.0593 16.9271 30.8141 5.2907

B2 13.1317 5.8621 1.7571 52.0829 16.9391 29.6995 5.2889

C2 13.1211 5.9009 1.7557 52.0786 16.9427 32.0228 5.2906

D2 13.0373 5.9609 1.8422 51.9779 17.1755 23.2617 5.9001

i) E2 12.7060 6.0683 1.9691 51.5329 18.1531 22.9859 6.0048
'8 F2 13.1638 5.7880 1.7620 52.0830 16.8584 25.6731 5.3027
= G2 13.0956 5.8536 1.8486 52.0357 16.9344 29.0688 5.9118
H2 12.8786 5.9799 1.9733 51.5760 16.4986 23.0840 6.0390

12 13.0741 5.8865 1.8466 52.0352 16.9376 30.8383 5.9147

12 12.8337 6.0113 1.9718 51.5809 17.7022 22.8955 6.0360

K2 12.6956 6.0648 1.9627 51.4920 18.0176 22.8080 6.0376

Table 12. Maximum displacement values on top of the intake tower with the surrounding reservoir and intra-empty due to the near

and far-field earthquake
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Far-field Near-field
Relative Relative

Ux(cm)  displacement for Ux  Uy(cm) displacement for Uy Uz(cm) Ux(cm) Uy(cm) Uz(cm)

A3 13.0475 19.5727 7.2605 12.3395 23698  47.0024 29.0725  5.2023

B3 12.9569 19.5935 7.5170 0 2.3440  46.9470 29.0705  5.1833

C3 13.1543 19.6772 7.1889 12.5607 2.3800  46.9938 29.0644 5.1972

D3 12.9982 19.4875 7.0955 12.7309 24267 469196 29.0009  5.7162

- _E3 13.2181 19.6183 6.8912 12.1505 2.6975 46.6336 28.7878 59173
"8 F3 13.2011 19.7418 7.2549 12.3487 23901  47.0968 29.1124  5.2096
= TG3  13.0487 19.5562 7.1673 12.5299 24351  46.9984 29.0531 5.7262
H3 13.2597 19.6774 6.9088 12.1928 2.7089  46.7203 28.8511 5.9321

13 13.0473 19.5434 7.0998 12.7470 2.4345 47.0011 29.0479  5.7269

J3  13.2707 19.6793 6.9039 12.1728 2.7049  46.7183 28.8369  5.9318

K3 13.1088 19.4905 6.8893 11.8376 2.6987  46.6375 28.7522  5.9291

Table 13. Maximum displacement values on top of the intake tower with the surrounding reservoir and intra-full due to the near and

far-field earthquake
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Fig. 3. Time history of displacement on top of the intake tower
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Far-field Near-field
S1(MPa)  S3(MPa) Max S1(MPa)  S3(MPa) Max Horizontal
Horizontal Reaction(KN)
Reaction(KN)
Al 9.121 -15.3 37.770 35.972 -40.9 57.728
B1 9.142 -15.4 38.309 35.959 -41.1 57.842
Cl 9.174 -15.4 37.860 35.894 -41 57.630
D1 9.142 -15.5 37.237 35.500 -40.6 57.800
—_ El 8.991 -15.5 36.785 34.840 -39.8 56.510
"QO) F1 9.114 -15.4 38.350 34.043 -41.1 57.725
§ Gl 9.168 -15.5 37.770 35.655 -40.8 57.920
HI 9.030 -15.5 37.250 34.986 40 56.590
Il 9.172 -15.5 37318 35.584 -40.7 57.680
J1 9.00 -15.5 37.011 34.909 -40 56.310
K1 8.901 -15.6 36.194 34.508 -39.6 56.450

Table 14. Maximum values of the principal stresses and base reaction for the intake tower without the reservoir

S 51 5 Sl O D ST Sl (AEASS Jodll S0 5 ol Sl palis ey 5L N0 g

Far-field Near-field

h S1(MPa) S3(MPa) Max Horizontal S1(MPa) S3(MPa) Max Horizontal
Reaction(KN) Reaction(KN)

A2 17.1 -13.9 70.62 59 -53.2 122.25

B2 17.2 -14 71.17 59.2 -53.4 123.10

C2 17.1 -14 70.75 58.9 -53.2 122.81

D2 17 -13.9 70.60 58.4 -533 122.77

= E2 17.2 -13.8 17.18 56.9 -50.2 122.11

"8 F2 15.6 -13.4 72.23 57 -53 125.20

S G2 15.6 -13.3 72.13 56.6 -52.6 125.16

H2 15.7 -13.3 72.53 54.9 -51.5 124.73

12 15.5 -13.3 71.68 56.3 -52.5 124.90

12 15.7 -13.2 72.14 54.7 -51.2 124.40

K2 15.6 -13.2 71.91 54.2 -50.8 124.36

Table 15. Maximum values of the principal stresses and base reaction for the intake tower without the reservoir and intra- empty
2 5 Sl 0 b ST 2 6l A el e 5 ol gla i slie ey Sl AN J g

Far-field Near-field
- S1(MPa)  S3(MPa) Max S1(MPa) S3(MPa) Max Horizontal
Horizontal Reaction(KN)
Reaction(KN)
A3 29.0790 -32.9 165.870 52.897 -58.2 149.72
B3 28.4692 -32.3 162.460 53.115 -58.4 150.29
C3 30.5986 -34 164.300 55.175 -60.1 147.64
D3 30.4125 -33.8 162.806 54.917 -59.8 146.07
oy E3 308604 -34.3 165.980 54.3454 -59.3 147.11
"8 F3 29.4463 -33.3 168.630 53.1520 -58.5 151.72
= G3 29.2713 -33.1 167.140 52.8946 -58.3 150.16
H3 29.7197 -33.1 170.480 52.7863 -58 151.26
13 29.2109 -33.1 166.710 52.7474 -58.1 149.59
J3 29.5924 -33.1 169.620 52.7111 -57.9 150.61
K3 29.5714 -32.9 169.130 52.2835 -57.5 149.16

Table 16. Maximum values of the principal stresses and base reaction for the intake tower with the reservoir and intra- full

14
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Fig. 4. Push of the first principle stress for the far-field earthquake
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Fig. 5. Push of the first principle stress for the near-field earthquake
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Abstarct

In this study, the effects of the concrete rings as well as the far and near field earthquake on the frequency and
seismic behavior of the intake tower have been investigated. For modeling and analysis with considering the
interaction of water and structure, ANSYS software which is based on the finite element method is used. For
a better analysis of these models, two far and near field earthquakes have been selected and scaled to the same
maximum value acceleration. To evaluate the effects of concrete rings on the behavior of the intake tower, 33
intake tower models have been modeled by considering concrete rings in different number and height levels.

In the following, 77 analyzes have been performed for three modes of the tower, including only the structure
of the intake tower without a reservoir, the intake tower with the surrounding reservoir and without inside
water and the intake tower with the surrounding reservoir and inside of the tower is full. The results of
displacement, stress, and base reactions of the intake tower under the relevant analyzes have been compared
with each other. Based on the results, it was found that the effects of a near-field earthquake at maximum
displacements and stresses are far greater than a far-field earthquake. However, the values of the responses
depend on the frequency of the earthquake in addition to its proximity to the field. The results also showed
that surrounding water and internal water have different effects on the seismic response of intake towers
affected by near and far field earthquakes. The presence of water increases the effective duration of the
earthquake on the response of the intake tower, especially in the near field earthquake. The results showed that
by adding circular rings, the frequencies of the intake towers undergo significant changes, which require
seismic analysis to evaluate its effects. In the case of a intake tower without a surrounding reservoir and a
intake tower with a surrounding reservoir and without inside water, the maximum values of displacement
decrease with increasing the height of the concrete rings and decreasing the distance between them. For a
intake tower with a surrounding reservoir and full inside, in the case of far field earthquake analysis, the
greatest reduction in displacement occurs for a intake tower with a ring at 25 meters, while for a near field
earthquake in this case the amount of displacement is further reduced with increasing height level of concrete
rings. The pattern of changes in the first principal stresses for all the studied models is also in accordance with
the changes in the values of the maximum displacement. The maximum values of the base reaction for the
intake tower without surrounding reservoir and the intake tower with the surrounding reservoir and without
inside water for near field earthquake are greater than for the far field earthquake while for the intake tower
with surrounding reservoir and full inside for far field earthquake it is more than a near field earthquake which
is due to the frequency content of the desired earthquakes. Eventually, the results showed that adding concrete
platforms at high and close to each other has very good and positive effects also reduces the maximum values
of stress, base reaction, displacement, and relative displacement.

Keywords: Intake tower, Concrete ring, Finite Element Method, Water-Structure interaction, Far-Field and
Near-Field Earthquake
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