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ANOTEONTHE VIBRKTIONS OFAWCIRGULAR CANAL EXC’ITED
BY PLANE SH-WAV.E
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Introduction

In this paper, the problcm of scattering and diffraction of plane SH - mm by a semi-
cylindrical canal has been investigated. This type of problem is of practical interest, for
example, in the analysis and design of reinforced concrete .canaly. - Related to this problem,
there have been studies previously on: (1) the displacement around a semi-cylindrical canyon
in an elastic half-space (Trifunac, 1973); (2) the interaction of a shear wall with the soil for
incident plane SH waves (Trifunac, 1972)? and (3) surface mation of a semi-cylindrical alluvial
valley for incident plane SH waves (Trifunac, 1971) _ ‘

The geometrical simplicity. of the model studied here limits the practical appllonbllity of
the results presented here for engineering design of actual canals. However, the exact nature
of the present solution offers the possibility for festing “other agptommm methods. It ‘also
enables one to investigate the significance of vanous*phydcd paraniétbrs govéﬂﬁngthis problem
in a continuous and explicit manner. '

The Model

The cross-section of the two-dimensional model studied in this paper is shown in Figura 1.
It represents a half-space (y>>0) in which a semi-cylindrical canal with i inner radiua b and outer
radius a is situated. The material propertlea of the elastic, isotropic and- homogeneous half-
space are charactenzed by the rigidity, u,, and velocity of shear waves, §;, while those of the

canal wall u‘and By
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Figure 1T Semi-Cylindrical Canal and the Surrounding Half-Space
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where - uu,nu;. By in the'elastio haffiepace; amdo o = oo snheal -
u.——u,f.ﬁ Bai p the elastic limng of Wwau o

: '!‘he boundary conditions are (assummg welded contact betwecn the half-spaoc and the cannl)
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m wave uR repms m outgmnx mos sinoa it consists of waves ;canea:ed ﬁom ‘and.
dzﬁ‘rag;c.d md the lcm;-cyllndrlcal cap:m;t It must satlsfy thq ‘differential equation (8) and

Bounaary condition equation (9). The sum u'<q o+ must also aatufy
thﬂ boundary condition equations (1 l) and (12) Thq wave u‘, sausfymg equn.tiom (8) and (9)
can be wxitten as

- . 3_ z %Hmft;r)cosnﬂ k,r:E- o ‘1(-14): |
' wh.-re H"’(X)nﬂw : functhn Ofthcmondmd vuth;r i ixi@# nr;_fpff**"rhe

wave u/ reprosents an odt going and incoming wave, siace it congisté of waves fefracted fnts’
the lining of the canal wall. * It must satisfy. the differential . -equation (8) and the ‘strens-froo
. boundary condition equations (10) and (13). It must also satisfy the boundsry eondition
= equaﬁons (11) and (12). The wave" n.!can be Wﬂtﬁen as - o :
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Once a,, b, and ¢, are determmed thg total solution u, +u,’+i1," is defined eﬁiyﬁh&é;"fﬁr
r>a and 0<egu -and also the refracted waves u,f are defined in thn ‘canal wall, :

| Gilkyb)=

~ For the case p14=0, the casa ofa senu-cylmdmal canyon of ra.dxus & in an elastic hnlf-npace
‘equation (16) redubel to the equation for thc caué ofa senti-cyllndrieal canyo:i deriVed i 1],

For the case u;~>60, the case of a senthcylindrical- casal with rigid wsll; equation (1@ in

limit reduces to the equation for a rigid semi-cylindrical foundation without any elastic shear

el erected on the foundation as derived in [2] with My=0 (where M, represents ‘l:hem ‘per
“unit length of the building erected on rigid founda.tlon .

For the case 'b-+0, the case of a semi- oyhndmal*a!luvml valley,: equmnn (16), nduoes to '
the equatlon for the cuc of semx-cylmdncal ailuvlal val!oy as derivut in 13}".
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-For the seismo,lom.l and cmhquake msmem applmuom, a uuful&Woflho'
above ang|ysis is-the-deseription of the displacement and stress amplitudes along su:fm
wmwwnw&emumdmthmﬁmofmmnw NS . '

“lage’ sH ﬁ'ave cxcxmmn w:th a.mphtudo l ﬂ\e ruulﬁng mo Ibn m bn chme-
terized by ths “mo&ﬁfus, ofdisplwemcnt amphtude :

S dmpl amphtudc—l u,1={tn.(u.)p+{t,..(u.n';m o (18)
In thc absenoeofthe canal themodulmof grﬂund disphnoment inumfmm hﬂ-ﬁpaoe k
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dotmalinsd stress dmphtade, o ‘ghvencby: .~ < . .

. Both quantities in equations (18) and (19} depend on the angle of incidence of SH waves
- and their.friquoncy ., ‘on. the -shear wave velocity in the bitf-epace and canal wall, on the
. inner radius and outer radids of the canal 'and the rigfdity of the half-space and canal wall.

~ . Three of these parameters can be combined ili one parameter k,a given by
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whioh is aso dqual s - L 29. B .
- ahd A,=B,T is the wavelength of incident wa_vd.,:iu"itfh' Te=2r/ui. ‘Definiag anothier dimension-
| lmpsmmger | . | -

. ) - . ’l_";gl‘ - - . . E - ‘ . m)
k8 bacomes . As.secn from eqiation (23), W iy fhe ratio o the tfersadius of the " cazal
and the half-wavelength of incident waves, but it can ako be thought of as the dimensionieks
-frequency, -‘Si.mw?'ﬁiﬁfﬂﬁn it represents & dimensionloss wave aymber, since n=k,ajm,

. Discumion of Resvits :
 Figures 2 and 3 present examples.of displacement amplitudes plotted versus ;tfn on the
outer sirface of the cangl (r=a).and for. varying fram 0.25 t0.2.0, b/a=.9, wuyfisy=1/3 and
. 3.0, and k/k=1.5and 0.8 Thess.exsmmploe corosspond t0.a canal of rigidity.wihich s 1,3
' -and 3 times the rigidity of the surrounding elastic half-space. For vertical incidence of SH
waves (y=950%) surface displacement amplitudes mﬁthrhwﬁBWteh x[ax:0. Asy
decreases towards 0°: the complexity of motion increages more for x/a < 0 than forxja >0

begmuss of e Ingerfbretics Of facident and the wives scattsred Fom the odaal: The displace.
ment “suiplitddey " in thesy fipures osclliate aboiit the mean Kvel equal'to 2.7 The shadow zome
. behind the canal iv ohserved, o.g;, For y=60% nie1.0 antt fui= . “For pju,—3.0; the
g, caap’ is moss efigjent in tranamiting the incident wave spergy to medium bebind the
canal. - Consequantly, this shadow zoio alrapst disapponss foruin=3.0 in Figura 3,

. Figures 4 and § present the oarrespondipg exsmples but for b/amb., ic,, & canal with
8 thicker wall. The shadow zone for 1=1.0 and y=60° now becomes more. prominent for

=3/3, Hawarer; for. uyfui=3.0 a8 dn: the shows: exgntple, . the stiff sakal; Figure 5, -
almost eliminates this shadow zone.. For larger values of » (shorter incident. waves) and for
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Figure 2 Surface Displacesient Amplitudes for Incident SH Waves

(rem90°, 60°, 30°, 0P annd pyfsy==1/3, Kyikym1.5, bfa=m0.9)
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Figure 3 - Susface Displacemeat Amplitudes for Incident $h Waves

0% and p.l Wi 3, kelky w08, bia=0.9)

" {y==90°, 608, 307,
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A note on the Vibrations of & SemiCircilar. Canial Bxchied:by-Plonk SH-Wave
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Figure 4 Surface Displacement Amplitudes for Incident SH Waves

(T-wl.m‘f 30°, O'I.n‘ “Ih"l-llalklmlFl -5 bla-o"')



 Bullotin if che it Soery of Earihquakce Torhmology

96

paceva

.

N ST

wme--

Figure 5- Surface Displacelﬁ;nt Amplitudes for Incident SH Wavés
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(y=90°, 60°, 30°, 0° and py/py=3, Ky/kym=1.5, blam0.7)
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‘ smauery(marw)nhecomplemyofmmfemmp;Wqum4udsincmws relatwe'__
to the oomspondmg mﬁu in Figures 2-afid*3.

_ Fxgum (iand‘i mentthe changes ofnormaimed strm amphtudel thh mpeot to 9, -
for b/a=.9, py/u,=1/3; and 3,form=0.5,1,1.5and 2.0. JItisseen that the more ﬂexible
cana] is subjected to smaller s;reases than the mote rlsld cmal (F:gure 7 for pJp.;
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Nomenclatore

ab " Outer and inner radii of the casal
“8pbpycy - Complex constants ) B

H,® (-), H;"(-) Hankel functions of the of the first; and second kind and' of order p
i - - 4/, imaginary unit

3, () - Bessel functions of the first kind and of order P
k, Wave number in soif, k=aff, :
k, ' Wave number in canal, k,=«w/B,
T Radial distance in polar cordinates
o, u’ Dmplaeemants due to incident and reflected SH waires
2 ‘ Displacement due to- scattered SH waves -
v ‘ Resyltant total. dlsplmement in the sail
u/ ' Dlsplaoemcnt in the canal’s lining
"(%Y¥) - Cartesian coordinate system -
B . Shear wave velocity in the soil
B, " Shear wave velocity in the canal

. v JAngle of incidence of SH waves _'
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