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Experimental Study on the Effects of Water Depth in
Frequency Reduction of Slender Bodies

M.A. Shahrabadi H. Salarieh R. Dehghani Firouzabadi
Eng. Dept. Mech. Eng. Dep't. Aerospace. Eng. Dep't.
Imam Hossein Univ. Sharif Univ. of Tech Sharif Univ. of Tech

(Received: 11 November, 2011; Accepted: 12 December, 2012)

ABSTRACT

Moda Analysis for obtaining the shape modes and frequencies of a structure is a mgjor step in design and anaysis of
marine structures. It is known that the natural frequency is reduced due to added mass effects under the water, and
excitation near the natural frequencies may result in dangerous vibrations in the system. So understanding how the
vibration property of a structure is changed under water is an important problem. In this paper modal analysis of a
cylindrical structure under water and also in the ar is investigated. The effects of water depth and water surface on the
mode shapes and natural frequencies of the structure are studied via experimental and numerical methods. To this end
three Aluminum cylindrical structures consist of 7 cabins with different diameters are constructed. Then modal
experiments are performed in the air and also under water with 15 different depths from surface to 3- meter depth.
Different test results are compared with the numerical/analytica results obtained from the ANSY S software and a semi-
andyticad method. The results show that there is a nearly good agreement between the numerical/analyticad and
experimental results; however some differences between the results are considered which should be studied further in
future works.
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1- Shaker

2- Modal Hamer

3- Analyzer

4- Frequence Response Function
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1- Mode Shape

B skl cwlsad ools HLas B USG jo g 0a las Koo
dboe ) Joor b Bl 3 laplS

@l 5 oges] sladised avaia by JS5 Syl 4z g b
e 5] alesT gl aw ity f3e el (Sas alol>
51 S casiloacd 48,8 L s cgline Jab sl 4o s
g abis Mo uilS 3 50ss 0 avdis s Jles!

aS o1 g5 sl Jleel b cslo 5w aJow oy
Sl e85 8 ialayl 090 oo eols lis & Ko o
Lt 53,50 05l 5358 olinsl b ST (530 Ll Jlae
5 2 5 8 gl o IS B S 25 slolib
ol LSl ol S o Sl (a3 s 5o
ol 00

il ez 45 sl L ylS o Jlail Sy S
0935 3 AU ol (85 055 0n s B3z JL
Ak Al gl Slilog (uilS 3 malS [0 (6,50 i g
)l adlie (ol o a8 dsn o 503l @l 4 4z b B,k
ot s U aegarme (uilS 3 55 o dlamde cansl 00
a4 S L 50 4z LSs degezme J5 ] 50 45 soue
9 3l mlis Lotsr oS ami )3 5 009 LSy
D9 od Wl8 B 8l s

o 03,51 B JS 50 45 lagiwclids (555,18 oo
amio ol o oy Olily,l as cul laigS e (ol
Ailed 6, 0slail sassly J S o



o

235 pluzl (fos T8 22l p0 T Bos Sl (028 (o

aiged g9 1 oo plxil gbocyge)l - F
O b & o5 el (ilisee (laygesl diged aw y2 (55,
YSSLTN

a diged ‘Sl.b‘;,,.aﬂ -\-¥

Slagos 5o Lume 1 il slagygesl @ aiged 5,
2ol glea o laysol mls aS we S slxil Ol calise
el 00 00)5] I 9 Y LgLﬁLb»

s 00 00)5] 14 J;i.w L Uj"')" Lf" L;Lb FRF

J32 508 diges Jloge sl il b (V) Jgu

[hz] uits S0 3
1OY/2) Js! \
Fro/-f . Y

Y5 o Y

ol 508 Aiges (mslS )3 el H(A) S

Joa 10 b aiges Jloge sla yial,b :(Y) Jouo

[h7] .55 Sge @9,
YYVIA Jsl \
Yrv/e oy Y
YV oy ¥

&

§i ‘4\\@ ﬁwﬁz \E\;:;Hw‘ IRALLL L

. “\/@
\x.___v,_..

o [ b b b b b b by s
m ey

lo 108 diges (omilS )8 uly () S

oaal ¥ S o YLy (gl poms U Jsl slaoge S5
s 50 5 0l 5 50 ol Calds 5 Lasgs S (lei .ol
s slapygesl 5o 5 3,1 oud plowil gajl (o 51 L
el pg o
2ol sloge IS5 5 0l 5 (93] o 8 aigel SLFRF
Lasge JS& .ol ool Caws a0 A IS b gsllae £ €M Goe
A Gy gl plpls g siws wlie I 5 O o

D s

b g0l ‘SLQQ,.U‘T -Y-¥
5V ladgz ;o Ol glsm 0 b dgei (903l & by o ol
Lol 0o 3,1 £

sl s jo g J 3 fyge3l ;o b diges FRF

] 00



VAT s ¥ ojled A iy (555 5 liilas | o Sennliys) Ladlgn Sl aalibad 2

B3y e o o aSyl e 4y ool ot plowl s
Lnio b (g0ae Julos 5358 Jde 5 gelaw @l 51 0,

IMRARVA PP

el 3l Joe -0

ol oo plosl O g lsn 0 ldiges sl (Ldo (55le Joe

92 30 (halexi (55l Jo —1-0

.Ia_..oy Lg‘:\;‘j,_w‘ LgL.ﬁme ‘o)‘L..a ‘_A..L?u 6)L0JM (g
2 S e e, bawgs b hsy )0 5 (Joiy 5kl 25 595
P WL P N S SR ecy S
R IPRWIPIRY uLw.: o)‘LM» /5)‘"“" 3te

a1 B Wl %k ik a1 =L
o3l 35 ot 8 Jao 0 JSB

109l oo dwlze (V) A.Ia.gb )I m, 0= Ve A Lbufb%)g .
Vs
4
Lo g0 cwbrah=Yemm g >, s D .ol a8

m, = p 5 %h, )

() alasly 5l 58 Lobsn o (ooy (ol low 02l oo

J; :imi Ijiz"'imihz- ™)
16 12
Higad o0
I, =%(D;‘—d(‘) i=1..7,
D)

m .
== (D2?-d? =1..,7.
A =5 (DP-df) i
Loy gy ojle Jao 5 slacend ol ol )| LS,
Lol ols olas (F) alal,

a'w, (x,t) W (x,t)
El. . A i =0. ¥
! ox 4 +PA ot 2 M
B> pyab Wl 3 @t 3w Bl o a8
.).M:L)‘soo)Lw

L ol e Sesgele 5 ,l3, o1 il s as LT )
Al cosls aualys o st ojlulas by, 5l eolizul
w, (x,t) = ¢ (x)sin(at), )

H

Joo 0 b diged cwilS )8 Auly 1(R) S

(o} 439.».5 ‘SLQ‘;,,A)‘T -Y-¥
5 ¥ sladsaz ;0 Ol gl 13 C gal (yge3l 4 by po s

ROM PR PCRLY

Jg 53 € aiged Jloge slo el )y (F) Jgar

[hz] .53 s9e | s,
VE Js! \
YFEY P Y
ats pgs ¥

GialS e 1y Slroges] @b 5l a5 jsboles

YU ) eyl o B Yo Gas b o] o 51 LuilS 8
A o e ile Yo Bes gu jl g 0,5 oo D90 (I
dzgi alg o job cpl oy ol il o col b uils 3
LS 5 o Jole S 4 Jlws 005331 oy 45 55
PRV IV Y- YV SRR VNG OV W PN e L gt
B3k LS oz 30 85 S 6 e Gl b ras
é_AC as @L} [y ;)._35) u_)‘s b)L) ‘5‘5).) &5) Sl 00s
ax 0yl dalol i 5 IS 90 U SG 0g0 4y > (59,9,8
Sl 53 e 59558 Gos 5 05 B9 yke ez S5 Sl
Seds 4 S \oos}_él Pz oy (pl g gl aile oo (B
ly Lop )5 5 o0 (30 (srerb (iS58 (2015 )0 (ot
L oelpls sl pmwr v oads asl> Jbow ol 4
3 elS o &5 2> B o 08 358 Oliae (Rl
LS 8 g0 4 g ablol Sl Lo Lawgs 5 098
50 0y slaGes ;0 08 e lay (gt LialS b
s il 8l L e0g38l oy 31 (udlS S vgas o x|
She o slaghle] @l S ool Gz S Ges
ol o obdow Uy gone LS s ol b ool llas o]
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