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ABSTRACT

The dynamic response of pipe systems buried in soil is studied.
The degree of interaction between the plpe and surrounding soil aé well
as the amount of damping is established for pipes subjected to incoherent
motion, The model considered is represented by a pipe of diameter D sub-
jected to time-harmonic longitudinal forces acting periodically at
intervals L in alternating directions. Such a loading pattern corresponds

to the incoherent component of earthquake excitation.

The pipe and the scil are assumed to behave as linear isotropic
elastic materials and the interaction between the surrounding soil and
pipe is assumed to occur through a shear force mechanism acting at the
pipe~soil interface. The response 1s found to be expressible in terms of
non-dimensional ratios of density, wvelocity of wave propagation and the

aspect ratio D/L of the pipe.

Results are presented in terms of dynamic amplification factors for
various applied frequencies of the applied forces. Peak response and
resonant frequencies are determined and regions where radiation damping

occurs are established.

By choosing the suitable values of the governing parameters judiciously,
the response can be obtained for either a continuous pipe or for an infinite

train of pipe segments, interconnected by elastic joints at intervals L.






INTRODUCTION

The effect of earthquakes on lifeline systems has received considerable
attention in recent years [ 1-3]. One question of concern is the dynamic
response of pipe systems bﬁried in soil and subjected to earthquakes.

Among the most important facts to be established are the degree of inter-
action between the pipe and surrounding soil and the zamount of damping,

if any, which takes place in the system. Inertial effects are generally
considered to be neglible [4-5], leading to the conclusion that the pipes
foilow the free-field motion. In the present report, it is shown that the
dynamic interactive effect can be considerable, resulting in large dynamic
amplification particularly for pipes whose diameters are not small compared

to the predominant wave lengths in earthquakes.

The axial displacement response of buried pipes to earthquake
excitation can be conveniently studied by response spectral techniques
[6], provided that the dynamic response parameters of the pipe-soil

medium system are available.

In this study, the response of an infinite train of pipe segments
of diameter D, interconnected by elastic joints at intervals L, is
considered, (Fig. 1). The periodic, longitudinal axial forces act at
the joints at intervals L. Since the relevant seismic input on the pipe
is the incoherent compouent of the excitation [6_], these forces are

taken in alternating directions. The model, therefore, is assumed



to be an infinite pipe subjected to periodically spaced forces as shown in
Fig. (2). The pipe as well as the soil are assumed to behave as linear
isotropic elastic materials and the interaction between the surrounding
soil and pipe is assumed to occur through a shear force mechanism acting

at the soil-pipe interface which prevents slip at the pipe-soil interface.

To simulate the realistic condition of a jointed pipe, the effect of
the joints (which are much more flexible than the pipe material itself)
is. taken into account in determining the average overall longitudinal
stiffness of the pipe. 8Since the radial displacements of the pipe are
known.to be small, for mathematical simplicity, the pipe is assumed to be

radially rigid. Such an assumption has been used previously [77].

Numerical results of the analysis are presented for a pipe buried
in a typical soil where Cos the propagation velocity of S-waves, is 400 ft/sec
and for which Poisson's ratio v = 0.3. It is seen that the response can
be expressed in terms of several non-dimensional ratios of density and
velocity of wave propagation. The response is also seen to depend strongly
on the aspect ratio D/L of the pipe. Responses to several such pipes are

obtained as a function of the forcing frequency of the applied force.

In order to demonstrate the dynamic effect of the earthquake, results
are presented in terms of & dynamic amplification factor (DAF) defined as

the ratio of dynamic to corresponding static response.

A subject of major interest is the determination of peak responses
which occur at resonant frequencies. Resonance occurs when the forcing

frequency coincides with the frequency of an excited wave of specific wave



length in the system. (It is noted that corresponding Lo any given wave
length, propagation can ecccur only at certain discrete frequencies. Such
frequency-wave length relations are a result of the dispersive character

of the system.) Frequency ranges are established where no radiation
damping occurs and it is observed that in this range, the response contains

infinite DAF.

From the study of the analytic sclution and observation of the
numerical vesults obtained, several general conclusions are established

which govern the response of the pipe-soil system. -

GENERAL FORMULATION AND SOLUTION

The model considered represents an infinite cylindrical pipe of
radius a, embedded in soil and which is subjected to dynamic concentrated
forces F(t), acting in the longitudinal z-direction at periodic intervals L
as shown in Fig. (2). The forces are assumed to act harmonically in time

with frequency f£.

The pipe is represented by means of an equivalent solid cylindrical
bar of cross-sectional area A with modulus of elasticity E, and density p,
whose motion in the longitudinal z-direction is denoted by Up(z,t). Following
the assumption of radial rigidity [ 7], the fadial displacements are taken as

zero throughout the pipe.

The surrounding medium is assumed to behave as a linear elastic material
having density p and defined by a shear modulus ¢ and Poisson ratio v.
For the axi-symmetric case considered here, the scoil medium can undergoe
time-dependent radial and axial displacements denoted by Ur(r,z,t) and

Uz(r,z,t) respectively.



The interaction between the pipe and surrounding medium is then due
to an interactive shear force mechanism, acting along the pipe-soil cylindrical

interface, which prevents slip between pipe and soil.

Denoting the harmonically applied periodic concentrated forces by
means of periodically spaced Dirac-—delta functions 6p(z), the force F(t)

is represented by

F(t) = Foép(z)eﬁiwt (1)

where w = 27f.

The governing equation of the pipe is then written as:

2 2
_ 9 Up(z,t) 2Trz(a,z,t) _ 3 Up(z,t) ¥ (2)

- 1 ~iwt
3z + a o ot2 A ﬁp(z)e

where'%z(a,z,t) represents the interactive shear stress at the interface.

With the assumptions stated above, together with the requirements on
continuity of displacements at the pipe-medium interface, the boundary

conditions on the medium displacements become

Ur(a,z,t) =0, Uz(a,z,t) = Up(z,t) {3a,b)

The dynamic displacements of the surrounding medium, v > a may be expressed

in terms of outgoing wave expressions (which decay as r » =) as follows

[77:

%

o0 L3 (x \7 .
- Jm (1) m o (1) . =it
Ur(r,z,t) mzl[Am v H1 (hmr) + By E?‘Hl (kmr)351n @z e (4)

b3

@ o
* * -
Uz(r,z,t) :mZIEAm‘E% Hg})(hmr) - Bm E% Hgl)(kmr)]cosumz o H0t (5)



where H(l) and H(l) are Hankel functions of the first kind of order =zero
0 1

and one respectively,

o = (2m-1)w/1., (6)
h-= w/cp , k = Uu/cs N (7a,b)
and
#0 %D
h =h* -0? , k =k%-qg? (8a,b)
m m ™ m

In the above,

- b o 2(=v) , u ,
c, = [u/e]?  and ¢, = r p]z (9a,b)

are the propagation speeds in an elastic medium of outgoing S5- and P-waves
respectively. Thus, the terms asscciated with the constants A, represent
the P-waves, while the Bm terms represent the propagation of the S-waves.

The constants A and B must then satisfy the boundary conditions of Eq. (3).

From the first of these

* d *
{hm k2 H(I)(hma)1
B =-|-—% =~ -l . (10)
m Lh % Hgl)(k:z:t)’i Am

Furthermore, since Ur(a,z) = 0, the shear stress at the interface is

given by

BUZ(a,z,t)
Trz(a,z,t) i a— , (11)



Using the remaining boundary condition, and substituting Eq. (11)

in Eq. (2),
L3 (ayz,t) o, AU (a,z,t) 97U (a,z,0) Fo Ciut
B+, T o 512 = Splede

The periodic Dirac—delta function may now be represented in the

region 0 < z < L by the infinite series

(13)

It is noted here in passing that the interval 0 < z < L represents

(12)

a half-Fourier interval and hence the analysis of the infinite pipe is given

by the solution in a periodic interval 0 < z < X with X = 2L being the

total Fourier interval [See Fig. (3)].

Noting that

arg (1) (%)
g =W (14)

substituting the expression for UZ and its appropriate derivatives from
Eq. (5) and using the representation of Eq. (13) in Eq. (12), we obtain,
assuming a steady-state solution, the following equation:

oo 2'[:“ oo
- - 2 G
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and

%
aD__(x) h
- - _._n 2 *p0 (1) 1 %
8 5t E?E; (am + km )H1 (hma) (16b)

By satisfying Eq. (15) term by term, the constants A,m are found, after

some algebraic manipulation, to be

A 1 2F0h2
B Gy Baedu(D) (n*a) (17a)
m 1 ™
where
*
2 2 ) *
Gp = (1 - =m)n + E‘i =5 (o2 + k 2) (17b)
™ m
and
* % %
B "y kT 51 (a)
Q m m m m
T Dty T aD R (e
H'l (h a) m  H'1/(k a)
1 m 1 m
In Eq. (17),
- R |
c=[E/pT? (18)

represents the familiar propagation velocity of longitudinal waves in a free

elastic rod.

Substituting finally Eqs. (17) in Eq. (5) and using Eq. (3b), the

displacement Up(z,t) is obtained; viz

. -ipt
A cos amze

U - w
LRy (EA Y 4 m
G2 - mzl (=17 _ (19)




At this point it is advantageous to express the solution in terms of
non~dimensional quantities and more specifically in terms of non-dimensional
ratios relating the propagation velocities of the P- and S-waves in the
medium and the propagation velocity ¢ of waves in the free bar. To this

end, we define the following new non-dimensional variables:

n = a/A where A = 2L : ' (20)

r = fi/e | (21)
and

R, = cpfeg 5 Ry =cple (22a,b)

Also, let the ratic of the densities of medium to pipe be

Ry = e/o (23)

Using these new parameters, the expression for the longitudinal 'displace-

ment Up of the bar becomes

—-iwt
(}{E) _-'_Eﬁé:—)-— 4 [ade} C(,mz e . (24)
L Fo/2/  mZ 2R,Y
BEL (2m-1)2-72] 1 @ ey 1
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m 1 (2mm)“(2m-1) (1) (23)
Hg )(vpm) LN (em)
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r2 Y
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and
RZT2 .
= ~ S 112
Vo = 2mn(2m l)[(Zm—lfyﬁga 1] (27)
It is noted that the non-dimensional displacement given by Eq. (24)

is uniquely determined by five quantities: T, RD’ Rv’ and Rc’ and n.

In the above, terms containing p and s subscripts correspond to con-
tributions from the P~ and S-waves respectively. Thus, it is observed that

coupling of the two wave types occurs through Am given in Eq. (25).

Certain limiting cases of the solution represented by Eq. (24) are of

particular interest.

For example, noting that

Lim pm

R~0 & -0 (28)
v m

the solution degenerates to

A AR e
&9 &) ??ﬁzl (Zm-1)2-12 (29)

Similarly if R, = 0 or if Rc+m while both RD and Rv remain finite,

D
Eq. (29) is recovered from Eq. (24). The solution given by Eq. (29) is
recognized as the sclution for a free infinite bar with no interaction,
i.e. as the uncoupled solution, In all three cases such a solution is
expected since (a) RD = 0 implies a massless soil, (b) Rv = (Q implies a soil

of no rigidity and (é) Rc+w {with Rv’ RD finite) alsc implies a soil of no shear

rigidity since,

R2
_%2_ = u/E (30)

o}



It is noted that for the response of the free bar, resonance cccurs

when
' =2m-1 ,m=1, 2, 3... (31a)

i.e. when the forcing frequency £ is given by

£ = c/x, 3¢/X, 5¢/X, 7c/h... (31b)
It is thus convenient to define

= ¢/ (32)

which is the fundamental frequency of vibrations of the uncoupled bar, or
in terms of wave propagation, the wave frequency for a longitudinal wave of

wave length X propagating in the z-direction.
The wvariable I' can then be rewritten as
' = f£/f (33)

and thus represents the ratio of forcing frequency to natural frequency of
the uncoupled free bar. This interpretation will subsequently prove signi-

ficant in understanding the results presented in the next section.

The static solution for the interaction problem may also be recovered

by letting £, or I', tend to zero. Noting that

Lim v = 2m(2m-1)i{1-€/2) (34a)
rsg PM
Lim v = 2m(2m-1)i(1-R ¢/2) (34b)
I""'O S C
where
r z 35
g = [m] < < 1 (35)

=10~



I1I.

and using the property [ 8]

Hr(l:[)(ix) = 121 i~ (DX G, (36)

upon taking the proper limits as T'»0, the following expression is obtained

Cos o =z
m

- 2R R’ K2 (V)
m=1 (Zm-l)z[l + RD v{ 1 r “}}
VOVRZ-DCRA () K2 (OBRE (0K )
0 1 € 1
where
v = 21(2m~1)n (38)

The functions Kn(v) above are the modified Bessel function of order n.

This static solution, expressed in terms of the non-dimensional para-

meters, R RV, RC is seen to be identical to that cobtained directly using

D)
Love strain functions and given by eq. (18) of [97].

NUMERICAL RESULTS AND CONCLUSIONS — RADIATION DAMPING

Numerical results and conclusions are presented below for the dis-
placements of a pipe, embedded in a typical soll, for a range of the

various governing parameters.

All results were calculated for a soil having a Poisson ratio

v = 0.30 and in which the propagation speed of shear waves c, = 400 ft/sec.

The ratio of the mass densities of soil to pipe was taken as RD = 0.20

for all cases. The remaining parameters were chosen to simulate the

~11-

(37)



realistic condition of an infinite pipe of diameter D with flexible
joints at regular intervals L. Thus, in considering the overall longi-
tudinal stiffness of the jointed pipe, the global average modulus E is
so assumed that the wave frequency of longitudinal waves in a free pipe,
f = ¢/A, falls in the range from 1 Hz to 10 Hz, for the typical series

of results with joints at periodic intervals L = 20 ft (A = 40 fr).

From a study of seismographic readings, spectral analy;es show fhat
the significant components of major earth tremors fall within the range
of frequencies 0.1 Hz < f < 20 Hz. In order to study the dynamic
effect of earthquakes on the pipe-soil system, the response to forces
with given frequencies f 18 determined for a group of pipes having

aspeét ratios D/L in the realistic range 0:l < D/L < 1.0.

Significant results which demonstrate the dynamic effects on the
displacements are best presented in terms of the ratio of the dynamic

response UD to the equivalent static response Us’ as obtained in

[9].

The responses are therefore given in terms of the dynamic amplification
factor

UD(z=0)

= '«—-—-———————-US(Z:O) (39)

DAF

where the displacements UD(Z=O) are evaluated from Eq. (24). Calculations
of this quantity, using M=15 terms were found to insure sufficient accuracy

in all cases.

In summary, the set of results presented are calculated with the

following parameters held constant:

cy = 400 ft/sec., v = 0.3, Ry = 0.2

-12-



and for aspect ratios D/L = 0.1, 0.2, 0.4, 1.0 (which correspond to
values n = 0.025, 0.05, 0.1, and 0.25 respectively). Three sub-series

of results are presented, each sub-series representing a pipe with f = c/\

as follows: (*)

(1) f = 1 Hz for which R, = 18.71
(2) f = 2 Hz for which R, = 9.357
(3) f =10 Hz for which R, = 1.871

The response in each case is presented as a function of T = f/f,
with the other above parameters held fixed. Analogously to the definition
of f [as given in Eq. (32)], it is appropriate to define the equivalent

wave frequency of the S~ and P-waves propagating in the medium by
fs = cS/A s fp =-cp/k (40a,b)

respectively. These frequencies are indicated in all figures presented

below. It should be noted that from their definitions, fp = fRV,

In Fig. (4) to Fig. (7), the DAF for the axial displacements are
presented for f = 1 Hz and for the various aspect ratios D/L = 0.1, 0.2,
0.4, 1.0 respectively. From these figures, it is seen that, aside from
abrupt changes in behavior reflected, for example, by cusps at £ = fp,
the behavier for small aspect ratios, say D/L < 0.2, is relatively smooth

and the DAF are of the order of magnitude of unity. However, for larger

"aspect ratios D/L, the DAF occurring in the range fF<f< fp show sharp

- _ L c
(*) Note that Rv = cp/c = E&%%?gljzﬂ_ég %?

-13-



peaks indicating an infinite response. (*) 1In the range fp < f, however,

the system will experience damping.

Before examining the next series of results, it is worthwhile to
examine the damping mechanism and establish ranges of frequencies where
such a damping mechanism exists. An understanding of the basic damping
mechanism and resonant response is best obtained by examining Egs. (4) and
(5) which define the displacements of points in the surrounding soil. ¥rom
these equations, it is observed that the displacement expressions contain

t

P
wt and Hgl)(kmr)e e , =0 and 1, where

£ s
terms of the nature Hél)(hmr)e *
% * ‘
hm and km are originally defined by Egs. (8). In terms of the new para-
% %
meters given by Eqs. (20)-(22), (32) and (40), hm and km are expressed

respectively by

* o re 2 (41a)
LY Efp/’f)2 (2m-1) ]

and
* 2m r? 2.1

- % - %
Thus, if I > (Zm—l)fp/f, hm is real, while if T < (Zm-l)fp/f, hm is

*
imaginary. (Similar conclusions exist for km upon replacing fp by fs.)

(*) Resonance occurs, or there exist large DAF, when the frequency
ratio ' causes a denominator appearing in Eq. (24) to vanish or
approach zero. The vanishing of such a denominator establishes the
dispersion relation. From the dispersion relation it is thus
possible to immediately determine frequencies at which resonance
will take place.

-14-



In the case where h; and k; are real, the response is expressed in
terms of Hankel functions of real arguments. Such terms then represent
outward propagating waves in which energy is continuously propagated
outwardly by the respective P- and S-waves. Thus, there exists, due to
the outward radiation, a damping mechanism, and the system experiences

radiation damping.

On the other hand, if the arguments of the Hankel functions are
imaginary, the Hankel functions, in effect, are transformed into Kﬁ
functions, as seen in Eq. (36). The response, expressed then in terms of
K, functions, no longer is represented by radiating waves. Hence, no
radiation of energy can take place and the system can experience no

radiation damping.

% *
Since the above discussion is applicable to both the hm and km terms
which correspond respectively to P~ and S-waves, the following may be

concluded:

(a) 1If (2m—l)fp/f < I', radiation damping will take place
through both the P- and S-wave mechanisu.

(b) TIf (Zm—l)fS/f < T < (Zm—l)fp/f, radiation damping will
take place only through the S-wave mechanism.

(¢) IEfT <'(2m—1)fs/f, no radiation damping can take place.

In Fig. (8) to Fig. (11), the response for identical parameters as
in the first cases (RD, v, ¢ L, D/L) is presented with a frequency

f = 2 Hz. The behavior is observed to be similar to the case f = 1 Hz.

-15-



In Fig. (12) to Fig. (15) the corresponding response for f = 10 Hz
is given. It is noted that as f increases, with other parameters held
constant, the response becomes smoother and fewer cases of undamped

resonant behavior take place.

In conclusion, the results presented show several trends in the
frequency ranges encountered in earthquakes, which may be summarized as

follows:

(a) The DAF for pipes having relatively low aspect ratios,
P
(e.g. D/L < 0.2) will not contain sharp peaks in response

to earthquakes where low frequencies predominate,

(b) As D/L increases, the resonant response becomes more signi-
ficant, and relatively large DAF are encountered.

(¢) High resonant responses will occur at low frequencies due
to an absence of radiation damping. Such responses will

tend to occur for pipe-soil systems where fs = cS/A is

relatively large; i.e. in relatively stiff soils tontaining

pipes with joints spaced relatively closely.

-16=-



REFERENCES

"Proceedings of U.S.-Japan Seminar on Earthquake Engineering Research With

Emphasis on Lifeline Systems," Tokyo, 1976.

"The Current State of Knowledge of Lifeline Earthquake Engineering,"” Proceedings,
Technical Council on Lifeline Earthgquake Engineering Specialty Conference,

University of California at Los Angeles, ASCE, 1977.

"Lifeline Earthquake Engineering - Buried Pipelines, Seismic Risk, and Instru-
mentation,' Third National Congress on Pressure Vessels and Piping,

San Francisco, ASME, 1979.

Shinozuka, M. and Koike, T., "Estimation of Structural Strains in Underground
Lifeline Pipes," Columbia University Technical Report No. NSF-PRF-78-15049-CU-4,

NSF Grant No. NSF-PFR-78-15049, March 1979. (See also [ 3], pp. 31-48.)

0'Rourke, M.J. and Wang, L. R-L, "Earthquake Response of Buried Pipelines,”

R.P.I. Technical Report No. 4, NSF Grant No, ENV 76-14884, March 1978.

Weidlinger, P. and Nelson, I., '"Seismic Analysis of Pipelines with Interference

Response Spectra,'" NSF Grant Report GR-7, Weidlinger Associates, June 1978.

Toki, K. and Takada, S., "Earthquake Response Analysis of Underground Tubular
Structures," Bull. Disas. Prev. Res. Inst., Kyoto University, Vol. 24, No. 221,

June 1964%.
McLachlan, N.W., "Bessel Functions for Engineers," Oxford, 1955.

Parnes, R., "Static Analysis of an Ewbedded Pipe Subjected to Periodically
Spaced Longitudinal Forces,'" NSF Grant Report GR-12, Weidlinger Associates,

August 1979,

-17-






L L L L L
Fig (1)

ur Soil : u,v; p; Cs,Cp
o Luz
é +Eo o|Fo - +_l-:o _+fo +_F_o Fo
up 4
T \9 g
L . .

N \pipe.E,5,8

"
o

24q

L L L L L
Fig (2)

[ 4
|
Fo, Fo
ST L e

A
Fig (3)

-18-






0°0¢2

SLI

o'sl

§°2l

t "bidg
&\WN_H
ool

00°0

H | =}
Oro=1/a@ ‘wo02=7
993/ 00p =20
ogo=n 20=%

ol

TEl

t¥l

+9°1

1

4va

Sn/9n

-19-






0°0¢

*WA

o'sl

G b4
IN-=1

Ssel o'ol

-

Sl o's 52 000

d4

s}

1L o

| =4 1
02'0=1/Q@ ‘H02=1
938/L1 OOp = %0
0og'0=n g0 =%

0g0

1 090

- 06°0

02’1

0os’l

1081

Sn/san =4va

~20—






0°02

gLl

oGl

S 2l

oar_

ul |

y=1a
00l m.N o.,.m mum 0 o
IR e B
s} )
T Ob
-+ ow
Iy =4 - 021
£'0=1/a4 'H02=1
228/ 00b =59 T 09I
0g0=a 20 =9

002

4vda

Sn/san

-21-






2 b1d

298/ O0b =30

0g0=n

20 =0y

WA oGl g2l ool §°L 0's s'e 00

SR 'a N ]
4 ON
& 10+
nvow
108
G0l

T
O'1=1/a “802=1

*n/9n = 4vQ

-22_






021

s'ol

o)

¥

g bidg

b =

0’9

J

v oe gl

g =}
OI'0=1/@ *¥02=1
298/ 00 =39
og'a=a 20 =%

1 &'l

4va

$n/9n

—93-






ZER
o2l S0l 06 SL 09 S o'e Sl 0
ﬂ T _ . 0s'0
T6L°0
F00°!
g2l
T0S°I
H2 =}

02'0=1/Q4 ‘H02=1

IR XN
93871100t = %0

0g€0=n 20-=9

00e

4va

Sn/san

-2






o¢l

ol '614

th=a
g'ol 0’6 -] 0’9 SP () Sl 00
1 t —t t t t t 00
d4 sy I}
10°'8
1091
24 2 ulw 102
ov0=1/a "H02=1
298/ O0b =99 T+ 0°2¢
og'0= 20 =%

o'ov

4va

Sn/an

~25-






ozl

1614

}
=1
S0l 06 (*) Q9 G'Y oe G'l o0
—+ " : t _ ' * 0’0
dy $3
1+Q'P
108
T+0°2l
+09l
002
4 2 =}
Ol=1/Q  ''H02:="
298/1} QO = %D
0c0=n 20 =%

Sn/9% =4va@

-26-






00’2

:FA

os’l

A

21614

00°|

SL0 06’0

&
v

4Ol
Ol1'0=11/a

298/1 0P
00 =0

=4
"H02=1
=%

20 =0y

i

- 02

R Ad

- 09°1

002

4va

A

C

S

_27_






002

sLl

oSl

sel

¢1b14

00’1

SL0 060 $20

00’

o

ZH Ol =}
20=1/Q@ ‘H02=1

938/ Q0b =30
ogo=n 20:=%

4.

060

0271

r 0G°1

1 08’1

o
t\i

1 O0ve

ol'e

4vda

Sn/on

-28-






1614

l%\% = rH
00¢ QL' os’l cel 001 SL 0 060 Gge'o 000
00°0
1080
1091

b

4vd

Sr]/(Jn

-29~

ZHO| =} 102°¢
p'0=1/Q ‘H02=1
298/ 00b =89 +00°b

ogo=n 20-=%

o8’y







0072

GlD14

=1
gl 0S'l g2l 00l SL'0 0S50 G20 000
t t + ' t 4 (o]
dj muu.w
162
10°S
o
>
M
r6', C
o
~
C
[/,
IHOI =} 1001
O'1=71/4a ‘“402:="
: , 298/1 Q0P =39 t8el
oco=n 20 =9y
0°Sl

-30-






