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Figure 1. Boundary conditions of the intake tower, surrending reservoir, and internal water
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Figure 2. Sinusoidal pulse with an amplitude of a and period of T
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Table 2. Geometric characteristics of the intake tower
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Table 3. Loading conditions with varying peak acceleration and frequency
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Figure@. Schematic representations of the intake tower models under different surrounding reservoir and
internal water conditions.
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Figure 4. Finite element model of the intake tower, surrounding reservoir, and internal water
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Table 4. Percentage error between the results of the present study and those reported by Alembagheri [19].
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Figure 5a. Displacement at the top of the intake tower with a surrounding reservoir and internal water:
comparison between the present study and reference [19].
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Figure 5b. Maximum first principal stress in the intake tower with a surrounding reservoir and internal water:
comparison between the present study and reference [19].
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Table 5. Frequency analysis results for the dominant modes
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Figure 6. Time history of the horizontal displacement at the top of the intake tower under varying peak
acceleration and loading frequency (without the surrounding reservoir).
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Figure 7. Time history of the horizontal displacement at the top of the intake tower under varying peak
acceleration and loading frequency (surrounding reservoir filled to half the tower height, with no internal

water).
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Figure 8. Time history of the horizontal displacement at the top of the intake tower under varying peak
acceleration and loading frequency (surrounding reservoir and internal water filled to half the tower height).

2o 06
— ox — 029
- ——— 049
15 0.4
ﬁﬁﬁﬁﬁ g 04 ————- 0.6g
. . 0.69 = ; 0.8
= 10 P ; 0.8g £ i i
=) fp\{ A n g — 02 ¥y "
£0.05 AT A S ARNAINA /
. AR N o . S NOROA =
: NAAAAAA x AVAYAY A
0.0 Y 8 - 3 ivY
3 VUMMV YYYYVY 8 VARV
S 3 \r{ Vi M oM N o A :
= 08 o ool M 2 02
[ A v I vi B 2
— K] & Y v : o
> A 1o o 04
2 0.
= -15
L -0.6 : :
; 2.0 " 0 10 15 20
£ 5 10 15 20
3 . Time(s)-F=2
° Time(s)-F=1 ©
> 03 0.15
L 029 — 029
+ 0 » ——— o4g 0.10 ,, T 0%
g 27 1Y 4 G 09| N T T 056
g E g 0.89 E o005 A 05
g E, 4oa Eo A
© 2 - ML : : 1= Vo RN A A A A
g E ARF . AN S 0.00 ava AYAYE
: 2 N AA AAAAL & MY YYYYVYEE
c g 00 U MU X S F D ]\ oMo ow oy e
c o J IV VRV Y. Y7 7 ™ Q 005 { W) \E ¥
g MM MY Y g by
S 1 7 T VR ¥ : 2 oy
L ’ ‘% 1\// - » 2 -0.10 ‘; »
o ? [a)] !
-02 -0.15
-03 ‘ ‘ ‘ -0.20 ‘ ‘
5 10 15 20 0 10 15 20
Time(s)-F=3 Time(s)-F=4

O30 ygas Sl 30) (5,105 3k wilS 5 g e oy 35 Lo/l ks (558 15 515 10 b ST 0 YL (K0 i (Sloj sz ;U A S
(6 &2 310 9 58T 22 5LEEEYL b (Geolpmy
Figure 9. Time history of the horizontal displacement at the top/f the intake tower under varying peak

acceleration and loading frequency (surrounding reservoir filled to the full height of the intake tower, with no
internal water).
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Figure 10. Time history of the horizontal displacement at the top of the intake tower under varying peak

acceleration and loading frequency (surrounding reservoir and internal water filled to the full height of the
intake tower).
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Table 6. Maximum displacement and first principal stress at each frequency under varying acceleration levels.

0.2g i 4y s ol oS a5l il 0o 0.2g bt & S gl Shol Sas SR oo
0.2g9 0.4g 0.69 0.8g 0.29 0.4g 069 0.8g
Intake tower only
F=1 0 100 200 300 0 112 231 347
F=2 0 100 200 300 0 169 337 506
F=3 0 100 200 300 0 285 546 863
F=4 0 100 200 300 0 229 461 712
Intake tower+ Half out+ Empty in
F=1 0 100 200 300 0 114 228 342
F=2 0 100 200 300 0 152 305 459
F=3 0 100 200 300 0 192 388 675
F=4 0 100 200 300 0 174 349 525




Intake tower+ Half out+ Half in

F=1 0 100 200 300 0 112 224 337
F=2 0 100 200 300 0 142 284 427
F=3 0 100 200 300 0 153 315 477
F=4 0 100 200 300 0 161 321 481
Intake tower+ Full out+ Empty in
F=1 0 100 200 300 0 112 225 337
F=2 0 100 200 300 0 142 285 428
F=3 0 100 200 300 0 140 294 451
F=4 0 100 200 300 0 155 310 466
Intake tower+ Full out+ Full in
F=1 0 100 200 300 0 110 220 331
F=2 0 100 200 300 0 133 266 400
F=3 0 100 200 300 0 130 262 395
F=4 0 100 200 300 0 144 289 434
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Table 7. Maximum displacement and first principal stress at each acceleration level under varying frequencies.
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0.8g 0 67 82 88 0 66 78 85
Intake tower+ Half out+ Half in
0.2g9 0 66 82 88 0 71 83 88
0.4g 0 66 82 88 0 67 79 86
0.6g 0 66 82 88 0 66 78 85
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Intake tower+ Full out+ Empty in
0.2g 0 70 84 90 0 73 85 90
0.4g 0 70 84 90 0 68 83 88
0.6g 0 70 84 90 0 67 81 87
0.8g 0 70 84 90 0 67 80 87
Intake tower+ Full out+ Full in
0.2g 0 70 84 90 0 69 82 89
0.4g 0 70 84 90 0 66 80 87
0.6g 0 70 84 90 0 65 80 87
0.8g 0 70 84 90 0 64 80 87
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Figure 11. Variations inthe. maximum displacement and first principal stress of the intake tower with peak
ground acceleration and loading frequency (without the surrounding reservoir).
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Figure 12. Variations in the maximum displacement and first principal stress of the intake tower with peak

ground acceleration and loading frequency (surrounding reservoir filled to half the tower height,with no
internal water).
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Figure 13. Variations in the maximum displacement and first principal stress of the intake tower with peak
ground acceleration and loading frequency (surrounding reservoir and internal water filled to half the tower
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Figure 14. Variations inthe. maximum displacement and first principal stress of the intake tower with peak

ground acceleration and loading frequency (surrounding reservoir filled to the full height of the intake tower,
with no internal water).
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Figure 15. Variations in the maximum displacement and first principal stress of the intake tower with peak

ground acceleration and loading frequency (surrounding reservoir and internal water filled to the full height'of
the intake tower).
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Figure 16. Variations in the maximum displacement of the intake tower and the maximum hydrodynamic

pressure in the model with successive increases in the surrounding reservoir and internal'water levels, under
varying loading frequencies and acceleration amplitudes.
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Figure 17. Variation in the maximum first and third principal stresses of the intake tower with the progressive
increase in the surrounding reservoir and internal water levels, under different loading frequencies and
accelerations.
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Figure 18. Examples of the First Principal Stress Contours in the Intake Tower for the Five Models Considered
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ABSTRACT
The main purpose of this study was to examine how frequency and loading intensity affect the behavior of the

intake tower, the peripheral reserveir, and the water inside the tower, and consequently their combined influence
on the tower’s overall response. To_evaluate the tower’s behavior more comprehensively, five different models
were developed and analyzed, representing various conditions of the presence or absence of the peripheral
reservoir and internal water. All 80'ABAQUS simulations were performed as linear simulations under different
pulse-loading conditions with variable acceleration and frequency. The analyses consisted of two steps static and
dynamic and the time-history method was applied. Modeling of the intake tower and its interaction with the
surrounding reservoir and internal water was carried out using an Eulerian—Lagrangian approach. The results
show that, for each model, increasing loading acceleration causes the structural responses to increase, while
increasing loading frequency tends to decrease.them. Adding the peripheral reservoir and internal water at all
accelerations and loading frequencies increases the structural response and also lengthens the damping time of
the intake tower. The influence of internal water and_its height on the tower’s response is strongly dependent on
loading frequency. At some frequencies, a tower with semi=full internal water experiences more critical conditions
than a tower that is fully filled. For a frequency of 1 Hz, adding water-both inside the tower and in the surrounding
reservoir at each stage increases the first and third principal stresses and the maximum displacement. For other
loading frequencies, the effect of internal water differs from the 1 Hz case. When internal water is absent,
increasing the surrounding-reservoir height produces response trends similar to those at 1 Hz. When internal
water is added and the loading frequency exceeds 1 Hz, the influence of internal water on a tower with a half-full
reservoir becomes greater than that on a tower with a full reservoir but.eitherempty or fully filled internal water.
Overall, the analyses show that adding the surrounding reservoir and internal water, and increasing their heights,
always raises the maximum structural responses compared with a tower without surrounding or internal water,
regardless of loading frequency. However, the effects of internal water and its:elevation are strongly frequency-
dependent and at higher frequencies further intensify the structural response. Therefore, to accurately evaluate
intake towers, their behavior should be assessed across a range of internal-water levels and both low- and high-
frequency excitations.

KEYWORDS
Intake tower, Seismic pulse, Water-Structure interaction, Frequency effects, Effects of water
height.
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