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ABSTRACT: In this paper, dynamic response of free-standing intake tower is investigated by using the
Abaqus software. Briones intake tower is selected and it is modeled in two free-standing and anchored
conditions that in the former state, three different frictional conditions are considered between the tower
and its foundation. The friction coefficients include: 1)u=0.58; 2)u=1.73; 3)u=c. The intake towers
are modeled 3D in three dry, submerged and semi-submerged states and water-structure interaction is
considered by Eulerian-Lagrangian approach. In order to validate the models, the numerical responses of
rigid and flexible blocks under seismic load are compared with the obtained results by other researchers.
The tower overturning responses include: tower’s top relative displacement, sliding, tower’s base
opening, which are extracted and analyzed under seismic pulses of sinus type, with three time periods of
0.5, 1 and 1.5 seconds, and intensities of 0.2g to 1.0g. It is shown that the presence of water around the
intake tower has a significant effect on overturning responses. Also, the tensile stress in the free-standing
state decreased by more than 70% compared to the anchored one.
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1. INTRODUCTION

Recent studies on the ancient free-standing columns that
have remained stable for thousands of years, have shown that
the main reason of this sustainability is the use of a special
potential called rocking motion. The research by Housner
[1] in 1963 was the beginning of an extensive research on
the problem of the overturning of free-standing blocks.
Konstantinidis and Makris [2], in2010 , studied the free-
standing blocks experimentally, using shaking table, as well
as numerically, and extracted the overturning spectrum of
the block under pure rocking and sliding motion. In 2014,
Vassiliou and Mackie [3] examined the flexibility of free-
standing blocks. They found that the intensity and period of
the seismic pulse as well as the flexural vibration of the blocks
play an important role in their overturning or stability. Intake
towers are flexible structures those interaction with reservoir
was initially investigated by Liaw and Chopra [4] 1973 as
the beginnings of extensive research on this issue. In 1988,
Chopra and Goyal [5] presented a method for analyzing the
seismic response of intake towers with optional geometry,
but with two axes of symmetry in plan, and considering the
effects of water-tower and foundation-tower interaction.

In this study, intake tower is modeled by Abaqus in
submerged, semi-submerged and solo states with friction
coeflicient of 0.58, 1.73 and oo and overturning responses
have been investigated. For solving governing equations on
water and structure, Lagrangian and Eulerian approaches are
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used. The friction coefficient is modeled by Coulomb friction
method.

2. BOUNDARY CONDITION FORMULATION

The boundary conditions are shown in “Fig.1”, each of
which is described below.

There is no water flow at the interface of the water and
tower. This assumption is based on the fact that the surface
of the tower is impermeable and leads to a condition that
there is no relative velocity in the direction perpendicular to
a common boundary between the tower and the water, or in
mathematical language:

o =-—VPn (1)
p

At the free surface of the reservoir, the hydrodynamic
pressure value is zero, based on which surface waves are
neglected in modeling. The Sommerfeld boundary condition
is one of the most common ones, which is used at the end of
the reservoir to absorb pressure waves going away from the
system.

op_ _1op
on  Cot @)

Where n is the normal vector on the end boundaries of
the reservoir [6]. The interaction between contact surfaces
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Fig. 1. Boundary conditions of the tower and reservoir

1 Seismic Pulse
Uplift force

Fig. 2. Loading on the submerged intake tower

consists of two components: a normal interaction that acts
perpendicularly to the surfaces in contact and a tangential
interaction that can lead to a relative sliding motion between
two adjacent surfaces. The interface between the bottom of
the tower and its foundation is modeled by Coulomb friction
method, based on which two contact surfaces can transmit
certain values of shear stresses before sliding motion begins
[7]. In this model, when the sliding motion starts the final
shear stress as part of the pressure contact between the two
surfaces is described as follows:

Tu = U.O. (3)

3. MODELING: GEOMETRY AND LOADING

Briones tower is selected to examine and analyze
overturning responses to seismic pulse. In order to simplify
the problem, the reinforcement and its structural fittings are
neglected in the modeling. In addition, to model the frictional
interaction of concrete with soil and rock below it, effective
frictional angles of 30 and 60 degrees respectively, which is
equivalent to friction coeflicient of 0.58 and 1.73, respectively
are used. An infinite friction coefficient is also considered to
investigate the effect of micro piles.

The tower is made of concrete with material properties
according to “Table 1”. the loading consists of two static and
dynamic steps. The static loading includes the weight of the
tower, uplift and hydrostatic load due to the water and the
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Tablel.The elastic properties of concrete

unit value property
GPa 31 Young'modulus
- 0.17 Poisson ratio
Kg/m3 2430 Mass density

Table2.The properties of water

unit value property
GPa 2.07 Bulk modulus
Kg/m3 1000 Mass density

Fig. 3. Finite element model of submerged intake tower

dynamic loading includes seismic pulses. “Fig.2” shows the
loading diagram of the intake tower schematically.

The fluid properties are stated in “Table 2

The finite element models of the tower in the submerged
state is shown in “Fig. 3”. The number of acoustic elements of
the surrounding water in the submerged state is 51981.

4. CONCLUSIONS

1- maximum values of the relative displacements of the
submerged and anchored intake tower are increased by 38%,
80% and 230% for the period of 0.5s, 1s and 1.5 s, respectively
in comparison with the solitary and anchored tower.

2-Increasing the friction coefficient between the bottom
of the tower and the underlying foundation, the top relative
displacement and the base joint opening displacement are
increased; however, the base joint sliding displacements are
decreased

3- Overturning responses are increased by increasing the
intensity and period of pulses.

4- When the tower is anchored, the contours of the
maximum tensile stress are mostly located in the lower half
of the tower’s height but, for the solitary and semi-submerged
free-standing towers, they extend from the lower half of the
tower’s height to the middle of its height; furthermore, the
mentioned contours are advanced to the upper half of the
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submerged free-standing tower.

5. REFERENCES

[1] Housner, George W. “The behavior of inverted pendulum
structures during earthquakes.” Bulletin of the seismological
society of America 53.2 (1963): 403-417.

Konstantinidis, Dimitrios, and Nicos Makris. “Experimental
and analytical studies on the response of 1/4-scale models
of freestanding laboratory equipment subjected to strong
earthquake shaking” Bulletin of earthquake engineering 8.6
(2010): 1457-1477.

Vassiliou, Michalis F, Kevin R. Mackie, and Bozidar
Stojadinovi¢. “Dynamic response analysis of solitary flexible
rocking bodies: modeling and behavior under pulse-like

~
D

'«

ground excitation” Earthquake engineering & structural
dynamics 43.10 (2014): 1463-1481.

Liaw, C. Y., and Anil K. Chopra. Earthquake Response of
Axisymmetric Tower Structures Surrounded by Water.
No. EERC-73-25. california univ berkeley earthquake
engineering research center, 1973.

Goyal, Alok, and Anil K. Chopra. “Hydrodynamic and
foundation interaction effects in dynamics of intake towers:
earthquake responses” Journal of Structural Engineering
115.6 (1989): 1386-1395.

[6] M. Alembagheri, M.Seyedkazemi.,2013. Numerical Modeling

of Concrete Gravity Dams by ABAQUS.(in Persian)

[7] Abaqus version 6.14-4. Abaqus user’s manual, dassault

systemes, simulia, 2014.

HOW TO CITE THIS ARTICLE

DOI: 10.22060/cee}.2019.15670.5992

R. Hajirezaei, M. Alembagheri, Overturning response analysis of free-standing intake tower
subjected to seismic pulses, Amirkabir J. Civil Eng., 52(7) (2020) 443-446.







75 g0l (1308 (wikigen g uli

VAYS B VALY Slxias AYAQ L Y o)l OY 693 ¢S ol (5l poc suodito 4 piis
DOI: 10.22060/ceej.2019.15670.5992

Gloiy) b udly cond Lows-0131 80T sz 1 (5957519 Fowly Judos

”15)% WJLC oo \(511..43) @b L').:.l.ol)

¥y w.a).) olKisls S )y .]a.ov.aju‘).o.c o uSisls aM)‘ GALH»)IS J.Ma;b.” &)L‘B‘

o yde Sy o83l Wy daimme g oyl pee pwdige 0aSidls Lobil |

TR 2B
VFAYS) YAl
VWA=V Acg S50
VWAA- VYV 1 bl

VA« Yo QST il

oS Slols

):-i!] cr
Leagol3] >

057 sl Gl o Lab-oliT 1iST slag (sl )55 =S > 5 (G53ly sl ouy 4 Alie (] 50 1aDS
5 gl o151 o 58 55 Sl g il o0 Ul andllas il (8l g s 5] g2 ] 0 4, gl
POl w9 2Nl g S Gle calitee Saol oyl dw Lighol;T Gl jo 4 suds (65l 0ajlpe
ay ¥y VY SISl gy Y et IOASIS ol s ) ol SUSaol Lyl ol el o 4355 L
o (53l (§ s Ao g (B phinne (St Sl d 50 Gamdn Dy 1Sl 2y el ol o Sl
3 sildae (miw oo jslite 4 Cunl oad a3 51550 631 Y- (6 5bgl 1) Alngy o3l DT S 5l il
58l o Lags o ol gulis g cyeione s Lags o] ey iy illan] 5 o (gla Soly gl dany i

s O i ol a5 LTz 5555ly sla gl sl oo eolail weSLT im solitul 0550 (5l
VoD ols Bloy dw b e pwginw 65 5 slos ) sl (b cos il oz S Saiih g i)z S

slop) b
&l o)lseS oS >
o)'L..: 9 u—l uﬁMS)\AJ‘

J‘;jo‘ A.J" OPSJW‘ o oolo UL"‘"’ R ow&hjt‘ﬂm‘ o) utwj;‘).v\ G-Iy ;_J;Lusd.ub \/65

3 ot Bmbolil el o auiS gla s i Gudzmed 3500 (S53ly sla by 0 (6Kt 3L Sl

ol 48l S 00l lge Sl A G 200 B¢

el s ol & slo)lotS S5 055 53l Ll IS
o ol & (Sl S8 lgi e e 5 Y (slaojle s o3
S L ol
S5l (F555ls alias 59, 2 03,F slaiaghy 5l
Ceadls VAPY e o V[ Pl Gieeh oles e ) Lewsb-ol]
s Laags o Jlossl o Sol (sl 45 il ol sl
a5 amd o 7y oloj sloylped oS > () JSE) sl ax e ST
(V) abal; 098 i 0l (5 51 (2L polie los 51 S 20 (Jlos
1 osd ol s o o Jan o 5 ol slol elul

sl 0 ools lad JSE o (V) abayly gba el )y sl VIS5

MS , (H/2)>Mg(B/2) M

doddo —)

sl sl 33T slo g (59,0 ez 23l sl tgl
oy 45 sl ool i wloaile 3L Syl Lo olle b &S
Slo)lS <S> b & lofg il Sloslanal yo gl ol
2 o) vl a5 gy o] dune & Blos oo e ol o dlos
039 Sexe Ol Sledgiw 13,5 o) LAl 035 o 5L 3Dl 51 5 OF - JLo
il a8 3 1 8YL 3z 03, b gladlaio o g atils ol

sl Jig Sl Gl oo il (Slg e slaojl
4 a5 Wgyn sled 4 ohy 5 Sl sleosle abex Sl O
0952 @b (el Sl il 0 g ool Llyd po oS
=29 plagdl 5l al s Wl aslen Glimw Lalpd o a4 anily

alembagheri@modares.ac.ir :olsle jlsonge osiwags ™

(Creative Commons License) oo e Fouis 81 uilucd cow dllie o) .ol oads 00ls 1S yual olSitils oLl ay 120 35a> g E ot s 4 (uilpo Goa>
BY NC

le b oo https://www.creativecommons.org/licenses/by-nc/4.0/legalcode ol 5l « wilacd ol Slszz (lp canl 43,5 1,38 Loy o yiwd 5o

YAVY


https://www.creativecommons.org/licenses/by-nc/4.0/legalcode

VAYE 1 VAYY doxius VYRR Lo &Y 0yl Y 093 «pusS pual 3 yas (wsbites &yl

Mg

ok

a. RIGID

5 O 5o B Heme 990 b bl )l anaia b 1Sl by
WS @l gy @l S Sl 6T (rimen
03538 oy @y b gy @l 5 b ol (Sealsgyuen Syl
2aale;l Jow [V] )5 5 gisblo Yo oA o .0 003w,
B Sk 0550 5 aitle | e i iz 5l Sl 20 S
DIANA sg0me ldl J5381 a5y o501 25 delol o adsls
5 oad gl g e st oad ildae am dn &g
aS ol ool plas cd S 1E aslie 8)9 pKiole;l Az L
il Cd )b (g5l and jo (cmlie (QUly5 3game Ol )
53 b Sl n ssn A LS ol ol (So,05 S5
I8 Ay ol cos 1)z Jow g .23, SAP2000 )53
J3s 5 ) 0 Ol jeas a5 il Cass amS opl 4 g o0l
Laws oo a3l 03938l oy J1 s ar f osle ool ey 22
el s ol o iyl 58 L & ol 52 el
Lol oles g 25 S ildoe S oo oy 3l &b @
Tr SS9 OB sk Geizmen 08300 Gl (pugue Ojga
TV oo i e oy il S g LSl 36 o
o b o w5l @ S, (4] gl e 5 e
Julos g g5ledae (sl ANSYS 1581 0 5l jshaie cppay .aio,S
as wols plas Ll .o eolitul stwgs o Sl Tr el
@ ojle KO esd g (Seeludg,iee jlid Slas (IS )sb 4
Comign 35 o oS5 Sline 3 A5 35 g il a5ly S5,
el ge ol oy 655 5 (Senliyogyaemlad iSlas S

Py 3o dn G35 Sl Joe wond el Clilllas 4y 4z b

b. FLEXIBLE
] Lo lial3T JT ol cdio Saly Juoo N JSCis
Fig. 1. Ideal model of free-standing block

oSl b e b Y] s 5 o5t VIA- JLo s
5535 geoly 4wl o o (ygmslaisd (5, 2 Labolil Lo
Floel 050wy SlLdiz (izmen 5 Seb 658Y 5 ojluil 4 Sl
Yeore o [¥] Lo Sb g pmopnsbiss casb s olas low
o5 oo 5l ooliiwl b alBisle;] & g 1) LuwslolsT slacSsl
S Soly (G555ly heb 9 00,5 (o) $30e Djg (izeen
YOF om0, gl |, Lalls glo g o8 > o alls ojal
S99 1y Lyl olyT slacS'sl (s pdy Gllassl 51 [F] S g sl
Sloj lly sl lej 5 s a5 wdly o LT il 13 (g
LS55l 0 oS i laSol (pies A eizeen
Vb Cand S0 i 0,55 5y 0 S e 63l Wl )k
&S WS (oo roSae |) Sy 39 oo Sbml e ST 0 45T Sl
1S o0 Soh jo (phed 3l olml carge ot egSae
Al 5l 4 pd sl Soby crx 6550 (25 ) o
s Soh 59,5 955l 4 0B K0 a5 d9d o0 hia (SHe>
2 pdSlasl Soly il Jlgw @ (Feol 6551 b ol
sl o by e
T oSl alts 950 50 008 (laiagly Sl
VAVY Jlo o [8] 192 5 W slaiagsy dlsise |y 5em
o 5 Sz oSl Sl e et b Ll el
O oSl Slazy loge )8, «Ssliyogame sloglas ol
S 45 053,S asy 1 elons ablorl T Lawsgs 45 1, (g5
Sz slr (Sealusgyien 03938 oy psgie @)l & e Ll
Sloj ) gl Jelos sl ) b9y 5 [P] LS 5 Lagz s 1500

YAMA



VAYS 5 AAYY doxio AYAR Jlo &Y 0yl Y 095 ¢3S ol (o suobio 4y pui

Qj)o L;;.ol.».:éj)..\.db )Lm.‘) )‘é).g u.:.b ‘Lvlaa)‘ w‘ R oél&b.w‘
S e b (55, p o Jlael slogy Jlop b {P) o3
38 o )3 [O] alisS sl |y {T} mirie 5 o35

[Ql-P} =11 .
b g e dgaome Glodl (gile a5l eolazul b
—zr oS il iolasls> WSl sgase Ll SYsles (6,5 A
ks Sy Jols SpudS 555 alins Ky pmiy350 3 o550
@ 5w g ojle sl DY ol (pl ol g0 a0 sl e dloles
DYl st o () 5 ) Lilg, IS

[M){U} +[C){U} +[K]{U} = ®)

O R e

S iz $agm Sl i a4 [K] 5 [Cl[M] o1 5 a5
Sl cuis o [K']5 [C'][G]s @r ojle (5w 5
Sl lagys Hlop aiblige (y3%e (Fom g (Slme p 2 Jolae
slalid 5 bl o p e a (P 5 (U 5 i Ssbilg o
B2y ey S oy {Ug} bl (Saelinogyuee
e oy st Sibles By {f f 2 VL abai b o Jlow
O3e¥5058 5| seliid 5 5Sl oS SYolee il e
2 Sl T e 2 S ¥l S e eolil (g3l,SY
Sbid el ca  Jlow )13, &5 Zel (6 5hogl gan¥g0 8 b
A0 oo Joe Jlew ledl 25 blas (o
S8 ey 5o ol g Sl (e G258l 50,57 o pskaie @
B3 o ASST o dy b gy sl 00 oolal o g,
wad bl po 4 iz slagais Gio b1y Jlow g o5le zglaw
Sablige Jloyesp Ko ledy) 4 e e LB
o 4 9 w3 o0 S 1) Slowlone et 38 (b9, (nl 5505 S
5 Jbw ol (B cnl 5o Sl oad eslinal (g cnl ) ez
gl (B shol mha 5 gy mhe Olyie @ i @ ojle
bodites Jlow 28 o Sl ol o5l 5 Sl o ol el

M4

09,5 & Gl )b sl Wi o L (Sonlinsg i 03533
Ol digd )0 0ud e Ojsar g p s 1l 2 alie ol o
doss o3y O jpmy chliie SShasl o pd des b Lol
Jae ABAQUS 1381 65 5l solawl b (Sas) bS5 5 5 aue
2 ksl Sypars nd 0515 2r Ol Jlw Sl 0l (5L
Fol 25 @5 ar S he oled gl o el oad a8 5 L
2l dlie ol Gas ol ot ooliias] caalsS SWSlas! Jos
TSP e O yeni 1ol g (G555l lagly el
Ak (oo W (SRS G AT g g S (Sadilog

oSl Yol -Y
ARSYS X JERCAVN IR ¢
s 3z (A58 a5 Wil I (5,08 4 Skl oo S
5 R:WL Lagh ol cdo Soby (Seslins &8 1> alolas
olas 31 38,515 81 ol o oS mtan” () s 2
VgV ] T oo sy (V)
I,8(t)+mgRsin[asgn6(t)-0(t)]=
-mii g (t)Rcos[asgnb(t)-0(t)]
Ll boholl Sol S GloleeS S el sl
@ Sob ol ey les U, ol o a8 mpﬁg(t) > gtana
S )5 ey Slid o a5 & Y s hY gl I bY oy
Gilhe 1) slo)l5eS oS> 075 0 (w055 slaarily Jo ool
I 50 azl Gllae (Lbate Ssly (6l am0 g0 plowl ) S
13,5 ol py S A olgr ge 1y (V) dolas el ools las

6(ty—p? {sin[asgn(6(1))-B(1)]+ Lf cos[asgn(6(1)-6(H)]} (V)

el Ssl i &l 5 wil e | oS3 b P T s a5
el Sl o)z 55 50 b Saly anily alols I'opizan

Oy~ 99 (el (ygY 50,8 V-
S W IR W RS IR L R IR |
o iy, g 48,518 ey O yge Al ladse g o)) )

Sgdore ul.o.” U’“"B) )‘ 5)...»...' d,..a.?u o ol o..\.lo)f <\S|)‘ AR v

1 Frequency parameter



ol elas

29° sl

9° et

TRoFe Joo 50 bl ¥ S
Fig.2. Boundary conditions of tower-water system

OP 1 oP
— == 5]
on C ot

ol bl 0l o 00 0 500 2 390 S, 11 T J0 a8
slogse (Jloel Su,o5 Cuz 5o (55 e Sl oo by
DY S o Gis 1) Sgb oo ) pimms 5 a5 (5 Lasd

SIS g sz oobed doe 5o sl osle gl o S,
() 9 zskaw 2 dg0s Sl 5o Jloy (S ol (AN scesl 552 9o
99 Omt e 23 ES 4 e Wl e aS (clae 25 )]
25 Ogamaligh g 1Sl g S e wled gl 00,5 5lome
o1 ool 45 0ids (g5ladie caalsS STShanl g, Leluly o]
€95 3l B 1) (ohp slagis | pasiv polie eled maw 9o
(Rl By RS Joe (nl 50 S Jiie silyge (SB5H 28 >
3 sy wpion ST plaw 53 (L3530 05 > o5 oS
Ol 2y S50 4 mhaw 90 o (Jloy o i) s led wles
DAL sg oo
T, = M1.O. QY

asly il a8 Wil e SWaol cyys g s akl, o
Sl oo o Sargyignl SEhaol ol ghaws 53 Cypr Sllas!
S s dlie ol 55 stz 5 Sl Saol el 55 52 gy
bl 5l Jloy )8, giladase jolaie 4y pioren Lol ould 43S
5o S s JEl ojlal el oas oolazw! T JSlai- las

> 99 e, b 500 Olie 45 0080 cod 00l S i olan

g Olgiedr Jlw o a5 Lxil b o bl )l ol IS 1> 4
bl o l 59y p JLad polie ol oo 43,5 L5 3 gy
N g0 e 03l el (55 O Jolee o0d (29,0 ol

Iyoy]

Sy lpl Y=Y

a dalol jo aS oad ools lid (V) JSC [0 Jow (g5 sl s
aslonds 4313 BT 8 Ciarogs

35 S92y S e mhan G 50 Sbr OFeg e gl o
b 355 15T s e a5 el Camly ol by (258 o
330 R Sgee S ;0 45 3ed e by e (558 (nl s
DVPL 05005 0925 (s ey oS e

aiz-l?P.ﬁ V)
p

Ol s o il o 11 slily yo ojle Sl o ol o as

Sl SRosobed Al oo jho (Salindg o Ld jlade o35
Sire byd Olpea fho JLad (e mha s slao S alls
Tr ° b glel 092y pae (28 (nl ized S9d (oo a5
Oldl Jae 5 350 (sl o edbony 50 lein ol |y 5]
ol gy e (liioe Lawgi Colede Job b ()i dgace
e 45 33l oo gyl 0 S gene 5| (S ald jeg5 550 by e
o3l azg 3l 450 Alols 3 Jlw ;o lamiw glsel jlisil (558 5

W] 0gs 0 oo ) g0t Slosl) JSo @ (253 cpl il oo

2 Hard contact

1 Sommerfeld

YAY~



VAYS 5 AAYY doxio AYAR Jlo &Y 0yl Y 095 ¢3S ol (o suobio 4y pui

o sl Sgame ybodl Jure Y JSCi
Fig. 3. Finite element model of rigid block

ift) o —L

time (s)

'réﬁ)isaihblgsmiaﬂ,udg.f,sﬁ
Fig. 4. Sine pulse with intensity of a and period of T

G 5 Gy ailie bgbolil Sely (55 ol Sl
ST ol 35 on 6T S glos ) (Sanliys (658 o St
L (F U5 b gillae) (gugims los ) slolly (881 adlge 5l 20
S b acals (8 e 058 gm0 ol Calizeo gl (gl 0,90 g aials
el oy B yme (B jeome g wll g (pmgie loj ) b SlLs
o3l ks Sl (g oo sloj ) slo el cnl 51 S i L

ged Jedod g oy b el 5 SG e 4 o) Sl 5590

50 lag Y=Y
S5l ol g en Gl Pn e 1S 2
Slimde g 6,135, 65k6,1 51 g5lw ool jglaie 4 el sads L]
Sl jshate 4 .ol ool Hla5 Bro (sildan jo ol (slejle

sblss 5l ey 4 ol ) S s S L o SEasl sl

YAYY

o oladad i S5 b g onds slmy) me 99 G (5,158 K0S
e 5l o b el gaos -l swlys il 0 Las K0S,

.[Y'j\‘i] Sgu g0 03ls adeii molaw o Gllas lad

szLMJJﬂ'_Y
LeasholyT slo STl -V -Y

90 Oy Lwobolil slaSsh (g5ladaw as ol ise opl jo
ul«as_{yu;_i)\ o)wJMéjwsow‘Qngdx)MjéM
Sl SOV olads Joo el yio UV gl g 20 VT oy b
Fe Sl Jpa b e B0 gl 5 e B pye @ iyl
S yie p oSS VO 0 (JBa g IV plyr o po (JEWLES
el 00 oolo HLad ¥ S )0 Cdio STl sguzme yladl Joe ol

Gl (Sl 5 Sl el o g0 Jols (535



VAYE 1 VAYY doxius VYRR Lo &Y 0yl Y 093 «pusS pual 3 yas (wsbites &yl

2T g lisee oo N Jgus
Table 1. Different models of intake tower

JoiS SKhaol o o j
Jowe o)leds s T2 o9l O35
o)

\ o o s

v o lee »

v IO s

f \VY s

5 ol o s

N V/IVY »

A ol (o B

1 < [OA 3 4o

\e VIYY 2 4o

W <l 2 FIREY

% gl St Sladin ¥ Jya

Table 2. Elastic properties of concrete material

=l e watein
Jsl K8 AR A Jgde
- Y Oglyy S
oS fe g p S5l AN S5

Slos) sl ol o5 sy3sn JET Jan (Sdlins (5351
el §SE o ol ols lis

sl ¥ ooz Bllae 0 gl Jlw Slaseie

25T g dgaome SWl Joe wsun oLl 5 s5bdos 5l
odls (LS Y 5 7 S St 50 B s dod g ke Sl o
DYAAY 5 i <l o Sgslym ] glaplall sl sl o
b shs lS A SiwsST gam 4w gl laglall il
SawgST slagldl golil a0 .l asl ialS 6 W8 LSl
Grts doid ol @y ildae alipe (Sielns jlad s
i 2 ol £l 45 gl ol b adlse §piine o aline
45 S s ke i e il ials S o
o sl G pie o sy B0 el 0 el gy S

oo Jolre a5 Canl oo oolaiul a0 £ g Ve e SKlasl
syam Sl cwyp yekite 4 e (ol VIVY 5 < /OA Sl
b sl 5 15 5 1 i Sl 5 o s S
el ool ooy Hlis Y Jgaz 4o ldae ples aods & jguay

ouds yhare giludas ;5 (T Gsslimy o 5 @ ol (2,
Sy ead Jao o ©jgo @ zp ) Ko o Wz Sl
L o i 5l ool 2 el 00, 8o 03l 9 S Sl
il o ¥ Jgor ille pllas clasin

Sk el (Seals g (Sbial al> o 5o Jols 5554
Sslilgyann b g 'GS Jb ST e 0y Jeld (Sl
E S Sl 5k Ablsm 5T 0 Bl Sl
e Sliwl (6,138,151 e sl 00 ools Hlas B S Ho WKl

1 Uplift

VAYY



VAYS 15 VAV doxius AYAA Lo oY o)l DY 093 S yual () yas (owokides & il

1 o o ) slesd

S b

Gt oSl @5 6HIS)L 0 S
Fig. 5. Loading of submerged tower

o las Sl Slasin ¥ Jsos
Table 3. Properties of water material

azlg Slade dascie
JKul K5 Y/eY S Jge
S iy S5k Voo >

o Sl )3 s 1 s (3350 9 Sl & Oguzme yledl Jure Y S > 53 Fg p w (3350 g Sl 2 Sgammo plall oo F Y5
Fig. 7. Finite element mode of Brions intake tower in Fig. 6. Finite element mode of Brions intake tower in fully
semi-submerged condition submerged condition

AYY



10000

—Konstantinidis & Makris [3]

1000 W Abaqus

100

0.001

0.1 0.2 03 04

0.5 0.6 0.7 0.8 0.9 1

1'12=|,Lg,’aFj

g S b o) o)lad Sob o lule dlin A JSS
Fig. 8. Maximum deflection of Block 1 under sine pulses

6
Vassiliou & Mackie [4]
4 {—-— Abaqus
2 ]
~ 0]
s
2
4
-6 ‘ : : : : : :
0 5 10 15 20 25 30 35 40
time [sec|
Y oylods pdy Bllaxil Soly Sei (K0 s 4 Ko
Fig. 9. Top deflection of flexible Block 2
0.15
Vassiliou & Mackie[4]
01 4 ---- Abaqus
)
.
QAN ey
0o | )
= ¥
= !
= 01 |
" Lo0s ‘{.‘fi‘?"f!'v‘tw‘fﬁ‘ff.“‘b’!"’ﬂ I SR ! i
i i i e it
" %Ei‘ 'iv i;'
-0.1 ‘
0.15
0 5 10 15 20 25 30 35 40

time [sec]

Y olos iy llanil Soly ios 3 S0 oo i Ve JSCE
Fig. 10. Deflection induced by bending in Block 2

St A S8 Bl ilie ( Shol ol yd 5 ol oS 5
el 00 aslie [Y] o Sle 5 GeouiislinsS mls b g ool
owwomow&mﬁoﬂ@bwwu&b
Ssb et 3 B S s 5 (g Ol ]
j9dzme p e OIVF s b ,S6 ;) udb 2w ¥ oogleds iy Blas]

eyl - F
FB Cond 0 a5 Y o)leds o Sol (i S jslaie 4
sl sl log g aslo b cwginew slopudl cow ol g5ldas
23S oh Sl alie SKaol (ol ps 0,5 0,8 alise

Soload Jloji bl ity 5 ol o 4185 15 5 ol 5

YAYE



VAYS 5 AAYY doxio AYAR Jlo &Y 0yl Y 095 ¢3S ol (o suobio 4y pui

—— Goyal&Chopral6]

top disp [m]

10 12 14 16 18 20

time [sec]

P xS T Sy o 0 i NN SIS
Fig. 11. Relative displacement of Brions intake tower

Ol B Lz Sei cmd G0 5 VY JSS 4 a9 b ol 00l
b bl ilisl clas 60,8 o ialisl glog ) udb us
Gyews zp &S Y ojlads Jow 50 Gaizres ojle b ol b
c)Lo.a.i: JAA A G zr g55.: ‘ss.».».) ‘S:L?ula- g_;ﬁl..u UL") Cnst]
5P pled VY 4l B oz cdls M55y g atils aol38l )
N[ o o o..\......)f OP )L.bl.u N[ L Tr s R &LQ..»..A
b gy Con Jlow 5l (GBU (il g5 S92y Sday 3 e
et > 4 o £ S (o o Be i o Ssliz g oen

el aBls o8l
JUUESEARV-INERICS. UR S FYON J51 I PP SO W KV Cowe S |
oSy Gloy S 5o alize slo ol Gl 4 s sla S
Sads Gl L KoS 5l Olex sladld alols g cowl 428,55 & g0
Glojlees o8 > S plail oo oyl b sl azly aolial L
Gilil 955 o0 wily 955 aziy 5 4ty 55, O b an & S
e s oS cdl M Leskolyl cdls s el asl
» @S98 el iy Jlews (Sabady sl o o
ol ol cde ol oo saalins Liwsl-ol3T (sla Joe Slg> slaald
Sl R0 s gz 50 Sl 0 S5 gl Qe oy
Gl e s ol wgSire el oolidl 3lasl 4,5 o 5l aws aS
30 e CleES 5l mjei cCewlools F ) Al s wim jo calol
@3 JUl g ) o (phad (e Dl Sl gy el
sl oozl bYs 5l asles o iy Bllasil - iy 4y oo
CdS L Lol ol o dgpeinn Hls adgl llasd o ba S3,9,8 oyl

S sla i ol a8 atie Sl 50 1095 00 (o 5l Ole

YAYo

Sl 5l Veg @ IS gillae sl VAY oo ley 9 adl
azte .l 00 dlia [F] (o g gulwsly 2ol b g o0 2l 5]
D5 (o0 0038 adlllas 98 2 bl o owlie Gl
Oldllas s wjle 5 ol GiaS uil olojl o)y jelaie &
oo dulie wgSLT 138l 05 5l Jol> s L [#] 1pea g JUsS
Mwoa\ocpﬁm)eJI&Tcﬁ\’o)Lo.:)J.\,a.wl
FUUES IR N E S RGO [P'VE JC g\ P RUF P VY SRR UL St [P V-1 P
ol s S Sl s Ll 51 o S S e
9% Bl 35800 odalie a5 jshailen 358 oo duslie 1n92

25183529 Loz g JusS gove mli b

o g oo b Juloi s -0
D9l go gy oddlge Sl o f STy lal s ol
a o5 ols 5 a0 50 97y 2 L kSl @ gl e
Sezy pae) LS (3 rine ilize sladle o (slojlgeS S >
5 sl 0y90 b st Sl St §yies 4o g (2]
@l bowyn (pl o b valsd ) Gl slacas
G5 g gl (Sabil s G @ n S (o Ol i LS
I3 lyme b Ll Bl g ouds gl el anpiy (o285 slo
slass 39 b5 Judo a4 sl oals (qwy o Jlosl a5 ol s g
Sl En Sloy el gl (i o eud el gl o
Vol ooy b ol o it sl Joo 4 b ye gl e
Sl oals &l ey Ja&8 Ol ple VB )Y laad g 4l
duolie ;00 L b Jas adS’ 4y b o alies slagwly aslol jo



VAYE 1 VAYY doxius VYRR Lo &Y 0yl Y 093 «pusS pual 3 yas (wsbites &yl

S
e)l.o...: -
(30) 35 Ol Z 90 Sg (oo 0 gt
J..Le
15
Y, E =
b = é
= g
s
1
( 6 8 I 1 12 9
time [sec] time [sec]
----04g
—0.2¢g
0.5
- —
E ' £ 0
0.5
8 8 g,
1
B
15
T T T T T T -5 T T
0 5 3 4 5 6 7 3 9 10 1 0 1 4 6 8 9 10 11
time [sec] time [sec]
0.6 1
0.4 05
T 02 |
E f _ 0
o ;
_g 0 /) %
; &,
V5 4 i B
> g, i fl o
1 |k T
i VI —---04g
0.4 %{,L Y ”(» / o
Ui === 0.6g b .
v . \ 0.6
0.6 4 ——-038g e H ——-0.
1 1
0.8 2
0 2 3 4 5 6 7 9 10 11 12 0 1 2 4 6 8 1 11 12
time [sec] time [sec]

V8L /Y gold ol g 4l ©gls Loy b by Cxi 7 99 S'g (o (380 i’ Slo ) azesy ;B Y ST

Fig.

Croms 4Bl )3 (SaBl &5 Jloj § e Joo ;0 a5 50k @
R RN RO I SO eE T E TR S
5 00,5 bl polie S > pl jo oYL Cad (59 Al yo
Eaoge (pl S G o Ll oS 0 S 0 o as &
Al o b logad cand Judo red 4 ol (5 pitie > WSe
o0 Byl gl ) asl Gl Sis cdls a4 Cand G prie
Fbn S Al 4 Cald s b sl Salsl slass
Ll 00
Sl Sl @ S g G253 Gloj az 6 VE S
a oy polde ¥ Jow o sl sal &l sods asrin sloJuw
omlBl L S ek el jro ply o/ gL /Y golbals ()

12. Time history of relative displacement under pulse with period of 1 sec and intensity of 0.2t0 1.0 g

00l (23U (Seeladgyied (55, 5l &S T S5 (Sedp o s led s
RLIU PRI VRV I ER VRN PR

Rl 7 S Co Coms (Sabil oy azmsu 5T S o
GbCus L azg bl ouls &l onls esie o Joe lp
LS Sl B JSE Gl gz O & esd Jlee! sl
s e @)l 4 b adloe jho ) 3900 b bz p o oo
Slp )l J13 093 Cusly Ceons il (59, gn &5 Sllaxd o
solae udb ol J1ol58I L o yls se gy (Sl G G 4l
ety Sl Gl sl s Sasil

3,55 0 2 3l g r @b e )0 0ol obml o ISl s

wlo..\ufiicfufumwa)bwﬂ)a)musb

AT



VAYS 5 AAYY doxio AYAR Jlo &Y 0yl Y 095 ¢3S ol (o suobio 4y pui

O)LO.A:J - . _
Joo (20) ol T &S (oo (Sl
0.14 0.14
o 0.2g 0.2g
0.12 -=—=-04g 0.12 ===04g
--=0.6g --= 0.6g
0.1 TURE 0.1 4 — —o0.8g
= N OU : - £ e lg
v 'Ei» 0.08 4 lg & 0.08 4
g g
’ 2 0.06 4 § 0.06
o 5
g
0.04 4 0.04 4
0.02 4 0.02 1
0 " 0 - T
0 67 8 9 10 112 b 6 7 8 9 10 11 12
time [sec] time [sec]
0.05 0.14
0.04 0.12
0.04 1
0.l
0.03 1 g
= .08
£ 0.03 - i .5
v,# % i g
£ 0.02 1 2. 0.06
2 0021 °
2 00 0.04
0.01 1
R
0.01 A 0.02
0.00 e 0 H- ‘ e ———
0 6 7 8 9 10 1 12 0 : 5 6 7 8 9 10 11 12
time [sec] time [sec]
VgL /Y gule wuls g 4l Y gld (3o b Wb il g p &S (S jb Sl agsu ;6 AT JSCh
Fig. 13. Time history of tower base opening under pulse with period of 1 sec and intensity 0of 0.2t0 1.0 g
O)Lm:') _ o~
oo (50) jo531 32 oo 5%
0.16
Y, s Z
0
0 2 4 6 8 10 12
time [sec]

VU oY Bsls i 9 4l ) glis slo by (plly i g S o 53 (silo a5 I F S
Fig. 14. Time history of tower base sliding under pulse with period of 1 sec and intensity 0of 0.2t0 1.0 g

ke AT 0 s 45 ey e 055 L3 e S gy el Sas Sl sl 4zl Jnldl 550 i (ully i

)l I8 0g5 S adgl (Sadil 00 e el g S (Sabil e 9995 o0 G553 050 3l 2
Lalys 0 55l g o GlopSe i (B VO S o 5l (2alS o 5 o ban S oled s (Sl sbml b
bk sl oot 5 ool olog aw b Gl cow Gl 4y Gt <l o bl cosl ond 33 Gl cge ol ran
J..S.J T o e s polie ol ould anglae [0S0 Sadilg o (S jlad ale Jlew 5l 3L slalas Lo

ol Loy sl s ool )lon 7y 0 Cod (5 y30un 00l lge Sy ylpe ooled 10 pizmen awloads LT loy o &g

YAYY



VAYE 1 VAYY doxius VYRR Lo &Y 0yl Y 093 «pusS pual 3 yas (wsbites &yl

. e.1 . . -
T () ol g0 S (oo 1 lmlr gy
0.7 0.7
0.6 4
— 05 I T
E E E
( -2
z 0 4 ) @
T 03 8 -]
«Ib g ] 8
E E £
0.1 = T
0 T T T 0 T T T
0.2 0.4 0.6 0.8 1 0.2 0.4 0.6 0.8 1
a[[m"s;] ar[m's;]
E E E
o
& @ g
] = -
x
x -] %
[} [}
\ £ E £
5
) T T T 0 T T T
0.2 04 0.6 0.8 1 0.2 0.4 0.6 0.8 1
d r[m-‘:sz] ar[m‘s:']
6
E E 4
o o
@ @
] ]
3 ]
Vo £ E 2
0 T T T
0.2 0.4 0.6 0.8
alfm-‘sz] a [ms’]

asb V0 9) /b ol loy b db aw cow calizko WY o )..\i.ai TR Sg o s oluls e VO JSS

Fig. 15.

Sl yass Kgy g polae a4l /0 Ll o ol oals a5l VO )
Slasl o po L Lw‘—é‘)T TR oA&)Le,o GLQ*-‘ TR ul.i.c peeey;
il N b Cov iz i SO0 K00S0 @ by < /0A
Lsbolil 2 5 00yl 3 yiims @ QS0 i Sy 5 ool
b i 535 e et Sl 5 VWY STl gy L
Lol cod ks 5 ol jlen g @bmly (ig Lo )loges 4 4y
5 &r ol g o SBhasl cops lEIL S sk ol

sec

Envelope of tower’s top relative displacement in different conditions under pulses with periods of 0.5, 1.0 and 1.5

Al yioldl as o YYe g Ar YA o5 a0 asl VO g ) 0 /0
Qg it ) gl 1l Ll 0929 pae Cle 4y yioren (ol
O ygar 3y § S 00l loe 70 (o Sl ptd Oy
olis oYl olad jo IS sk ol 0uls a8 Ol poss ol
Slojy sl a5 ool ley Siali8l b S jo sal ools
009 Sy iy Lol ccnl adly ioli8l s 6 s polie
Cod @il )V gl ploy a4 kS eal loe z e b gl e
Omed 4 Sl 00l Fy by jo wald gl oy90 pl b Wb

it 4B ) ol Loy b by S 55500 7 0 LS i s

YAYA




VAYS 5 AAYY doxio AYAR Jlo &Y 0yl Y 095 ¢3S ol (o suobio 4y pui

T (o) &l g 5 b (Sl gy
0.06 0.06 0.14
- pe058- s S psL7E pseo- 5
i - ] 12
0.05 { === jiz058:5,0 - 0.05 === p=1.73- i P 012 = HEe s 7
- -
[ E 11=0.58-, s e — 0.1 4 . e
E 0.04 4 i E 004 E HTe e //’.: .............
= = = 0.08 s
£ 2 . 0084 -
s 00 ‘£ 0.03 =
g ) c
s S g g
N
. x 0.02 % 0.0 x
£ £ £
,,,,,,,,,,,,, — 0.01
T T 0 - T T
0.6 0.8 1 0.2 0.4 0.6 0.8 1 0.8 1
a [ms’] a [ms’]
0.2 0
o1 ] weosee —eie pELT3- L
0.16 4= = w0585, 025 - — -t 7305 -
— 014 e U=0.58- 5 yiiuns dai o -
0.2 —
£ 0.12 £ £
‘e 0.1 4 e 0.1 =
2 ) 0s S g
o 0.08 4 ) 5
x x 0.1 =
e 5 g O 5
\ & 0.0 & g
0.04 4 0.05
0.02
0 T T T 0
0.2 0.4 0.6 0.8 1 0.2 0.4 0.6 0.8
a [ms’] a [ms’]
0.5 0.8 0.9
- 4=0.58- ) S LT3 peoe- s
0.45 07 1 < 0.8 -
0.4 =TT 058G = = HELT3 e .
0.6 4 0
— 035 HE0.58- s e U A
E 03 E o5 — E 06
I B 2 05
£ 025 £ 04 =
a g 2 04
V0 i i 03 2 0.3
@ g g U
E E 02 E 0
- 0.2 4
0.1 0.1
0 T T T 0 T T T
0.2 0.4 0.6 0.8 1 0.2 0.4 0.6 0.8 1
a [mis’] a,[ms’]

A 1/B 9 ) /B wobs oloj b ully dw i ilizio Y 4o ST g S gl Sl Shgs VPSS
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Fig. 18. Envelope of tower’s maximum tensile stress in different conditions under pulses with periods of 0.5, 1.0 and 1.5 sec
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