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ABSTRACT

An inventory is presented of the damage to marine structures caused by
liquefaction in the 17.August, 1999 Kocaeli, Turkey earthquake. The
inventory includes twenty-four coastal structures. The observations
show that backfills behind quay walls and sheet-piled structures were
almost invariably liquefied; quay walls and sheet-piled structures were
displaced seaward; storage tanks near the shoreline were tilted; there
were cases where the seabed settled, and structures settled and
collapsed; the observations also show that the rubble-mound
breakwaters survived the earthquake with very little or no damage.

KEY WORDS: Coastal structures; earthquake; Kocaeli (Turkey)
earthquake liquefaction; pore pressure; quay walls; tsunami;
waves.

INTRODUCTION

Liquefaction is a process in which shear strength of soil goes to
zero due to developed excessive large pore pressures, and the
soil behaves like viscous liquid producing excessive
deformations or movements as a result of transit or repeated
loads (NRC, 1985; Youd and Idriss, 2001).

The transit/repeated loads may be induced by effects such as
earthquakes; shocks (the shock effects may be caused by a
sudden failure of a slope, or blasting effects); surface waves;
rocking motions that structures may execute under cyclic
loadings (rocking motion of vertical-wall breakwaters under
waves, for example) and so on.

Strength loss and large deformations of such soils can result in
failures such as flow slides, slope instabilities, and increased
bending forces on piles and other embedded structures (Chaney
and Pamukcu, 1991, Hyodo, et al. 1999). With the soil liquefied,
buried structures (such as pipelines) may float to the surface;
large individual blocks (like those used for scour protection at
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Fig. 2. Map of the area stricken by the 17. August, 1999 Kocaeli,
Turkey earthquake.



marine structures) may sink in the seabed; sea mines may sink
in the seabed and eventually disappear. Sand boils, ground
fissures and/or lateral spreads are the field evidence of marine
liquefaction (Youd and Idriss, 2001).

In 1999, Turkey experienced two earthquakes: (1) The
17.August, 1999 Kocaeli Earthquake, and (2) The 12.November,
1999 Duzce Earthquake. Both occurred on the North Anatolian
Fault in the North Western Turkey (Fig. 1). The Kocaeli
earthquake, which had a magnitude of M, = 7.4 with its
epicentre located rather close to the south east corner of the
Izmit Bay (Figs. 2 and 3) and lasted 42 s with the largest
horizontal acceleration of 0.407g (Safak et al., 2000), caused
extensive damage to marine structures along the coast of the
[zmit Bay.

Boulanger et al. (2000) discuss the damage to and the
performance of the marine structures in the Kocaeli Earthquake
in the special volume of the journal Earthquake Spectra (2000)
dedicated to the this earthquake. Gunbak, Muyesser and Yuksel
(2000) give an “inventory” of the damage inflicted over more
than 20 marine structures while Yuksel et al. (2000, 2001)
further elaborate on the effects of the Kocaeli Earthquake on the
majority of the marine structures and coastal areas in the region.

TUZLA SHIPYARD

Epicenter

Fig. 3. Partial layout of coastal structures along the coastline of the
Izmit Bay. Site of seabed settlements extend on the Northern coast from
Rota Nav. to Izmit. Adapted from Gunbak et al. (2000), Yuksel et al.
(2000, 2001).

The purpose of the present paper is to summarize the early
results of a study where the focus is the impact of liquefaction
on coastal structures in the 17.August, 1999 Kocaeli earthquake.
The data compiled is mainly from Boulanger et al. (2000),
Gunbak et al. (2000), Yuksel et al. (2000, 2001) and from a field
visit of the authors, which took place 1-9.July, 2001.
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INVENTORY OF THE DAMAGE CAUSED BY SEISMIC-
INDUCED LIQUEFACTION, AND ANALYSIS

Table 1 lists an “inventory” of the damage to coastal structures
along the coastline of the Izmit Bay (Table 1 is given at the end
of the paper). The data has been compiled mainly from
Boulanger et al. (2000), Gunbak et al. (2000), Yuksel et al.
(2000, 2001) and during a visit by the present authors made on 1
thru 9.July, 2001, as mentioned previously. The names of the
coastal facilities given in Column 2 in Table 1 are indicated in
Fig. 3.

The following observations can be made from Table 1.

1. Almost invariably, backfill areas behind quay walls and
sheet-piled structures failed due to liquefaction, as in Tuzla
Port (Row 1, Table 1), Tuzla Shipyard (Row 2 C), Eskihisar
Ferry Terminal (Row 3 A and B), Derince Port (Row 8 A
and B), Shell Oil Facility (Row 11), Izmit Yacht Harbour
(Row 14), UM Shipyard (Row 15), Golcuk Naval Base
(Row 16 B), Karamursel Eregli Fishing Harbour (Row 17
B), Topcular Ferry Pier (Row 18), Cinarcik Fishing
Harbour (Row 20) and Esenkoy Fishing Harbour (Row 24
B) although, in some cases, the failure in the backfill areas
may have been influenced by other factors as well. From
the table, the settlement in the backfill areas varies from
O(10 cm) to O(1 m) in which the symbol O indicates the
order of magnitude. The magnitude of the settlement
generally decreases with the distance from the epicenter of
the earthquake (Table 1 and Fig. 3), as anticipated. One of
the implications of this kind of failure is that rail
foundations for cranes present in the area settle unevenly,
leading to tilting of (and eventually damage to) cranes, as
revealed clearly in the case of Derince Port (see
photographs in Boulanger et al., 2000, Yuksel et al., 2000).

Quay walls and sheet-piled structures were displaced
seaward, as in Tuzla Port (Row 1 in Table 1), Tuzla
Shipyard (Row 2 C), Derince Port (Row 8 A), Izmit Yacht
Harbour (Row 14), Golcuk Naval base (Row 16 B), the
displacements being in the range from O(10 cm) to O(1 m).

Storage tanks near the shoreline tilted due to liquefaction,
as in Petrol Ofisi facilities (Row 10 C in Table 1), Klor
Alkali facilities (Row 12) and Transturk facilities (Row 13).

There are cases where the seabed settled, as in Rota
Navigation Trade Pier (Row 5 in Table 1), Tupras Refinery
(Row 7), Petrol Ofisi facilities (Row 10 A) and Shell Oil
Piers (Row 11), the settlement being in the range O(10 cm)-
O(1 m). However, it is not clear if these settlements are
caused by liquefaction (and therefore by the resulting
consolidation) or by other processes such as slope
instability, surface rupture, etc, or a combination of those
processes.

There are also cases where structures settled, as in Petkim
facilities (Row 6 in Table 1) and Petrol Ofisi facilities (Row



10 A), or they settled and eventually collapsed below water
as in Shell Oil Piers (Row 11), Transturk facilities (Row
13), UM Shipyard (Row 15) and Aksa facilities (Row 19).
Again, it is not quite clear if these settlements (and
collapses) are caused by liquefaction or by other processes
such as slope instability, surface rupture, etc, or a
combination of those processes.

6. It is interesting to notice that although a large reclamation
area settled in front of the 95.000-ton capacity silos in
Derince Port TMO facilities (Row 9, Table 1), these silos
survived the earthquake. Likewise, the 510-ton shipyard
crane also survived the earthquake despite the large
settlement of the area adjacent to this structure in UM
Shipyard (Row 15). These structures survived the
earthquake largely because of their foundations; both the
TMO silos and the UM crane are supported on piles
penetrating into the stiff soil, and therefore avoided any
problem caused by liquefaction/weakening of the soil in the
top layers due to pressure buildup. It is also interesting to
note that the new pier in Petrol Ofisi facilities (Row 10 B in
Table 1) has also survived the earthquake while the
neighbouring old pier has not. This may also be attributed
to the fact that the piles in this case, too, penetrated into the
stiff soil.

7. The rubble-mound breakwaters survived the earthquake
with practically no damage or very little damage, as in
Tuzla Shipyard (Row 2 A in Table 1), Eskihisar Fishing
Harbour (Row 4 A), Karamursel Eregli Fishing Harbour
(Row 17 A), Cinarcik Fishing Harbour (Row 20) and
Esenkoy Fishing Harbour (Row 24). However, it is not
known if the seabed at these locations experienced
liquefaction/weakening due to buildup of pore pressure.

DISCUSSION
Liquefaction of seabed

As mentioned previously, although the settlement of the seabed
has been observed along the North coast of [zmit Bay at Rota
Navigation Trade Pier, Tupras Refinery, Petrol Ofisi facilities
and Shell Oil Piers (Fig. 3 and Rows 5, 7, 10 A, 11 in Table 1),
it is not clear if these settlements are caused by liquefaction (and
therefore by the resulting consolidation) or by other processes
such as slope instability, surface rupture, etc., or a combination
of those processes. This subsection discusses the possibility of
liquefaction/weakening of the seabed by the shaking caused by
the 17.August, 1999 earthquake.

Table 2 depicts a partial list of the earthquakes experienced in
the vicinity of Sea of Marmara and North Anatolian Fault. Note
the magnitudes of these past earthquakes (namely up to M,, =
7.1) before the 17.August, 1999 Kocaeli Earthquake occurred.

Now, given that the soil had been heavily shaken by the
previous earthquakes (Table 2), we expect that there was not
much “room” for the rearrangement of soil grains and therefore
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for buildup of pore pressure and hence for the resulting
liquefaction/weakening of the seabed when the 17.August, 1999
earthquake occurred.

However, there is clear evidence that the soil has been liquefied

in areas such as that marked “Liquefaction Zone” in the map in

Fig. 2.6b of the paper by Lettis et al. (2000 b), the area to the

East of Naval Base in Golcuk (see Fig. 3 for the location).

Although

1. the locations where the seabed settlements were observed
are not as close to the earthquake epicentre as the
previously mentioned “Liquefaction Zone”, and also

2. the soil in these locations is essentially different from that
in this “Liquefaction Zone” area,

Table 2. A partial list of earthquakes that occurred in the vicinity of Sea
of Marmara and North Anatolian Fault' (Taymaz, 1999).

Date Latitude Longtitude | Magnit.

20.06.1943 | 40.70 30.38 M=63

13.08.1951 | 40.95 32.57 M, =6.7
26.05.1957 | 40.66 30.89 M, =7.0
18.09.1963 | 40.90 29.20 M, =64
09.10.1964 | 40.30 28.23 M; =6.9
22.07 1967 | 40.67 30.69 M, =17.1
30.07.1967 | 40.72 30.52 M; =5.6
03.09.1968 | 41.81 32.39 M; =6.6
05.10.1977 | 41.02 33.57 M, =538
05.07.1983 | 40.33 27.23 my =5.5
21.10.1983 | 40.54 30.05 m, =5.1
24.04.1988 | 40.77 28.73 m, =5.0
17.08.1999 | 40.709 (Kocaeli) 29.998 M, =74
13.09.1999 | 40.765 (Marmara) | 30.072 M, =5.9
11.11.1999 | 40.804 (Duzce) 30.260 M, =5.7
12.11.1999 | 40.790 (Duzce) 31.070 M, =71

! Note that M, is the surface wave magnitude, M,, the moment
magnitude and my, the body wave magnitude. The relationships between
these magnitudes are that M,, and M are rather close to each other for
M,, smaller than about 8, while my, becomes increasingly smaller than
M,, when M, becomes larger than about 6, Kramer (1996, p. 49).

the possibility of the seabed liquefaction (or weakening) may
not be entirely ruled out. One reason why the seabed may be
liquefied (or weakened) by the shaking of the 17.August, 1999
earthquake may be that this latest earthquake had a magnitude,
which is significantly larger than the previous ones (the
amplitude of the ground motion being at least a factor of 2 larger
in the M,, = 7.4 earthquake than, for example, the M, = 7.1
earthquake). It may also be noted that the duration of the
earthquake is also an influencing factor. Unlike the liquefaction
in on-land areas, the seabed is also subject to waves, another
effect to cause liquefaction. (The seabed liquefaction under
waves may occur in two forms, the residual liquefaction and the
momentary liquefaction, see for example, Sumer and Fredsge,
2002, Chapter 10). Since the seabed has a long history of wave
exposure, it may be expected that the soil is well consolidated
under the action of waves, and hence, again there was not much



room for the accumulation of the pore pressure with the shaking
of the 17.August, 1999 earthquake, similar to the effect of the
long history of shaking due to the previous earthquakes.
However, the wave statistics predicted from the wind data (with
a 50-year significant wave height of O(1-2 m) and with a 50-
year significant wave period of O(5 s) at Karamursel (Fig. 2) for
water depths of OR0 m), Y. Yuksel, 2001, personal
communication) implies that the waves will not induce any
significant buildup of pore pressure or any significant effect of
momentary liquefaction, and therefore the seabed may still have
experienced liquefaction (or weakening) due to the shaking of
the 17.August, 1999 earthquake.

Liquefaction of backfills

This subsection discusses two aspects of the backfill failure

described in the preceding paragraphs:

1. the backfill material, and

2. the additional force exerted on the quay wall/sheet-piled
structure.

As mentioned in the previous section, the backfills behind the
quay walls and sheet-piled structures were almost invariably
liquefied in the 17.August, 1999 earthquake. Although the
backfill material varied from one case to another, it was
typically hydraulically-placed sand from the seabed, as in the
case of Derince Port.

A relevant question here is: Could the liquefaction failure have
been avoided had the backfill material been replaced with a
coarser material, a material which is sufficiently permeable so
that all pore pressures developed in the backfill would dissipate
as rapidly as they develop? Unfortunately, no data exists in
conjunction with the 17.August, 1999 earthquake to reveal as to
whether this is the case, and, if so, how coarse this material
should be.

One of the implications of liquefaction (or a significant buildup
of pore pressure) in the backfill is that the quay wall/sheet-piled
structure undergoes an additional, seaward-directed horizontal
(or almost horizontal) force caused by the accumulated pore
pressure in the backfill behind the structure. This latter force
contributes to the total horizontal force on the structure in the
outward direction. In the liquefied state, the pressure acting on
the wall is the hydrostatic pore pressure, 7V.z, plus the
accumulated pore pressure, which is equal to the initial effective
stress, the overburden-pressure value, 6y = Y’z (1+2ky)/3 in
which v, is the specific weight of water, z the depth measured
downwards from the surface of the backfill, &, the coefficient of
lateral earth pressure and 7y’ the submerged specific weight of
the backfill material. (It may be noted that (1) the pressure on
the wall in the “undisturbed” case is Y,z plus kyY’z; and (2) the
initial effective stress has been taken as G,° = Y’z (1+2ky)/3
rather than y’z in the above analysis on grounds that, this, when
taken as 6y° = Y’z (1+2ky)/3, gives more realistic results for the
liquefaction criterion, as observed in the works of McDougal et
al., 1989, Jeng, 1997 and Sumer et al., 1999 in conjunction with
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liquefaction of soils under waves). From the preceding analysis,
there is an additional force on the wall in the outward direction
in the case of the liquefied backfill equal to (1/2) y’h2 (1-ko)/3 in
which 4 is the height of the wall. This additional force obviously
helps displace the structure seaward. As mentioned earlier, this
kind of outward displacements of quay walls and sheet-piled
structures have indeed been observed in the 17.August, 1999
earthquake, in Tuzla Port, Tuzla Shipyard, Derince Port, Izmit
Yacht Harbour and Golcuk Naval Base (Rows 1, 2 C, 8 A, 14,
16 B in Table 1).

Remarks on the implication of tsunami for soil liquefaction

The 17.August, 1999 earthquake generated tsunami waves in the
Izmit Bay. Yalciner et al. (2000), from their field surveys,
concluded that a major tsunami was generated due to a large
tectonic subsidence near and/or at the shoreline. This tsunami
had a period shorter than 1 minute. It arrived at the Southern
coasts one minute after the earthquake, and it arrived at the
Northern coasts a few minutes after the earthquake. The sea
receded first and subsequently rose and flooded the in-land areas
with values of run-up heights of up to 2.5 m. Yalciner et al. also
concluded that tsunami waves may have also been generated by
sediment slumping in addition to tectonic subsidence.

Although no study is yet available, investigating the liquefaction
of soil under tsunami waves near the shoreline, it may be
expected that strong vertical (upward directed) pore-pressure
gradients may be generated during a tsunami, particularly during
the drawdown stage. This latter effect may help reduce the
stiffness of the soil, eventually leading to liquefaction. However,
how much this process has contributed to the observed
settlements of the seabed and the observed settlements (and
collapses) of the structures referred to in the preceding
paragraphs (items 4 and 5 under Inventory of the Damage
Caused by Seismic-Induced Liquefaction and Analysis) is
unknown. Likewise, the contribution of the tsunamis to massive
coast subsidences particularly at Kavakli and Degirmendere
areas (reported in Bardet et al., 2000, see the map in Fig. 2 for
these locations) is also unknown.

In the previous subsection, we have discussed the forces exerted
on quay walls and sheet-piled structures by pore pressure, which
tend to displace the structure in the seaward direction. Now,
immediately after the earthquake, this force is equal to the
undisturbed pore pressure force plus the accumulated pore
pressure force, as described in the preceding subsection. With
the water receded during the tsunami a few minutes after the
earthquake, the hydrostatic pressure force on the wall at the sea
side will decrease or completely vanish, and therefore the wall
will undergo a relatively larger, seaward resultant pressure
force. This effect may have played a significant role in the
observed seaward displacements of quay walls and sheet-piled
structures mentioned earlier.

CONCLUSIONS

1. Backfill areas behind quay walls and sheet-piled structures



failed due to liquefaction.

2. Quay walls and sheet-piled structures were displaced
seaward. Liquefaction in backfill areas may have
contributed to the seaward displacements of these
structures.

3. Storage tanks near the shoreline were tilted due to
liquefaction.

4. There are cases where the seabed settled, and there are also
cases where structures settled and collapsed below water. It
is not clear, however, whether these incidents are due to
liquefaction, or due to other processes such as slope
instability, surface rupture, etc, or due to a combination of
these processes.

5. Two large structures (95.000-ton capacity silos and a 510-
ton shipyard crane) and one newly constructed pier
survived the earthquake despite the large settlement of the
areas adjacent to these structures largely because of their
foundations; namely these structures are supported on piles
penetrating into the stiff soil.

6. The rubble-mound breakwaters survived the earthquake
with practically no or very little damage.

ACKNOWLEDGEMENTS

This study has been partially funded by the European
Commission Research Directorates' FP5 specific program
"Energy, Environment and Sustainable Development" Contract
No. EVK3-CT-2000-00038, Liquefaction Around Marine
Structures (http://www.isva.dtu.dk/limas/public/limas2.html),
LIMAS. We would like to thank Professors I. Avci, T.
Durgunoglu, A.R. Gunbak, A. Onalp, A. Saglamer, A.C.
Yalciner and Y. Yuksel for their advice and generous help.

REFERENCES

Bardet J.-P. et al. (2000). “Soil Liquefaction, Landslides, and
Subsidences”. Chapter 7, in 1999 Kocaeli, Turkey,
Earthquake Reconnaissance Report, Supplement A to
Earthquake Spectra, Volume 16, T.L. Youd, J.-P. Bardet, J.D.
Bray, Eds., pp. 141-162.

Boulanger, R., Iai, S., Ansal, A., Cetin, K.O., Idriss, .M.,
Sunman, B., Sunman, K. (2000). “Performance of Waterfront
Structures”. Chapter 13, in 1999 Kocaeli, Turkey, Earthquake
Reconnaissance Report, Supplement A to Earthquake Spectra,
Volume 16, T.L. Youd, J.-P. Bardet, J.D. Bray, Eds., pp. 295-
310.

Chaney, R. C., and Pamukcu, S. (1991). “Earthquake Effects on
Soil-Foundation Systems, Part I1,” in Foundation Engineering
Handbook, H.-Y. Fang, Ed. pp. 623-672.

Earthquake  Spectra  (2000).  Earthquake of  August
Reconnaissance Report, Earthquake Spectra, Supplement
Volume 16.

Gunbak, A.R., Muyesser, O. and Yuksel, Y. (2000). "Damages
Recorded at the Coastal and Port Structures around Izmit Bay
under the 17th August, 1999 Earthquake", PIANC Buenos
Aires Conference, 29.November, 2000, pp. 1-19.

Hyodo, M., Hyde, A. F.L., Yamamoto, Y., and Fujii, T. (1999)
“Cyclic Shear Strength of Undisturbed and Remolded Marine

Clays” Soils and Foundation, Vol. 39, 45-58.

Jeng, D.S. (1997): Wave-induced seabed instability in front of a
breakwater. Ocean Engng., Vol. 24, No. 10, 887-917.

Kaya, A. (2001). Impact of Liquefaction on Marine Structures in
the 1999 Kocaeli, Turkey Earthquake. Internal Report, Dec.
2001, Tech. Univ. of Denmark, Coastal and River Eng.
Section, Building 115, 2800 Lyngby.

Kramer, S.L. (1996). Geotechnical Earthquake Engineering.
Prentice Hall, Upper Saddle River, New Jersey, xvii + 653.

Lettis W. et al. (2000 a). “Geology and seismicity”. Earth
Spectra, Chapter 1, in 1999 Kocaeli, Turkey, Earthquake
Reconnaissance Report, Supplement A to Earthquake Spectra,
Volume 16, T.L. Youd, J.-P. Bardet, J.D. Bray, Eds., pp.1-9.

Lettis W. et al. (2000 b). “Surface Fault Rupture”. Earth
Spectra, Chapter 2, in 1999 Kocaeli, Turkey, Earthquake
Reconnaissance Report, Supplement A to Earthquake Spectra,
Volume 16, T.L. Youd, J.-P. Bardet, J.D. Bray, Eds., pp.11-
53.

McDougal, W.G., Tsai, Y.T., Liu, P.L-F. and Clukey, E.C.
(1989). “Wave-induced pore water pressure accumulation in
marine soils”. J. Offshore Mechanics and Arctic Engineering,
ASME, Vol. 111, 1-11.

NRC (1985). Liquefaction of Soils during Earthquakes, National
Research Council Report CETS-EE-001, National Academic
Press, Washington, D.C.

Safak E. et al. (2000). “Recorded Main Shock and Aftershock
Motions”. Chapter 5, in 1999 Kocaeli, Turkey, Earthquake
Reconnaissance Report, Supplement A to Earthquake Spectra,
Volume 16, T.L. Youd, J.-P. Bardet, J.D, pp. 97-112.

Sumer, B.M. and Fredsee, J. (2002). Mechanics of Scour in the
Marine Environment. World Scientific, ix + 536 p. In print.
Sumer, B.M., Fredsege, J., Christensen, S. and Lind, M. T.
(1999). “Sinking/Floatation of pipelines and other objects in
liquefied soil under waves”. Coastal Engineering, Vol. 38,

53-90.

Taymaz, T. (1999). “On the Seismotectonics of the Marmara
Region: Source Charecteristics of 1999 Golcuk, Sapanca,
Duzce Earthquakes,” Proc. of Int. Conf. On Earthquake and
Risk in The Mediterranean Region, Vol. 1, pp. 55-76.

Yalciner, A.C. et al. (2000). “Tsunami Waves in [zmit Bay”,
Chapter 3, in 1999 Kocaeli, Turkey, Earthquake
Reconnaissance Report, Supplement A to Earthquake Spectra,
Volume 16, T.L. Youd, J.-P. Bardet, J.D. Bray, Eds., pp. 55-
62.

Youd, T. L., and Idriss, .M. (2001). “Liquefaction Resistance of
soils: Summary report from the 1999 NCEER and 1998
NCEER/NSF Workshops on Evaluation of Liquefaction
Resistance Soils” J. Geotech. And Geoenvir., ASCE, Vol. 127,
pp- 297-313.

Yuksel Y. et al. (2000). Effects of the Eastern Marmara
Earthquake on Marine Structures and Coastal Areas. Report I,
February 2000, Yildiz Technical University, Civil
Engineering Faculty, Yildiz, Istanbul. In Turkish.

Yuksel, Y., Alpar, B., Yalciner, A., Cevik, E., Ozguven, O., and
Celikoglu, Y. (2001). “Effects of the Eastern Marmara
Earthquake on the Marine Structures and Coastal Areas”. To
appear in the Proceedings of the Institution of Civil Eng.
(ICE), Water and Marine Eng. Div., UK.



100¢
‘AInf “6-1 ‘sioyne

“OPISEas dY} Je MOoI s oy ur J1d 1ou109 oy

juesard ayy £q | Jo doy oy je dFewep 1our A19A © SI 319Y) 1daoXd SO[IS dy)
JSIA pue (0002) 0} pa1moo0 d3ewep ou Ajeonoeld ‘JoromoH ‘(W ¢€-6°1)O su1paIoys a1 Jeau sofis Aoeded SO[IS OINL
‘[e 12 193ue[nog £Qq) Pa1as SO[IS 3} JO JUOL UI BIIR UONBWE[AI d3Ie] (SOA Joutw AI9 A uo} 000°S6 ‘031e] ‘paytoddns-oig ‘104 90Ul 6
Joadmoy (S y3noy ¢ syuog)
‘POAIDSQO 2IIM S[I0q PUES ON "PI[N3S BAIR [[J3OBq Y], [1eMm 971d-199Yys pue yoap partoddns
'so[1d Jo soquunu [[ews dwos ut sdeo o1d je a8ewep JouIN (SOA SOK -or1d-1091s M Jem Aenl) g
"K1189]0 AIOA PAAISQO 219M (WD ()€)O IZIS Y} SQOUBI[OA
1002 pues s[10q pues Jo uLoj ay} ur ‘(eare SIy} ul pajeoo|
“A[n[ -1 ‘soyine SOSNOYaIEM OM]) PUNOIE PUE UI OS[e PUER) BAIE [[IP[orq
uesaxd o £q Jy3 Jo uonoejonbi| Jo SUOTIBIIPUI JBI[O ATOA dIOM Y],
WSIA pue (0007) ‘T8 (W 1-6°0)0 4q paynes eale [[3oeq Y,
12 Yeqund (0007) (wgo (8 ySnoxyp
‘e 10 103urmog -1°0)O Aq ©as Y} spremoy paoe[dsip arom sjjem Aenb oy, SOA SO 9 syuag) [rem Aenb odK1-oorg v 1104 90ULId(] 9
AOOONV RE .HomQ Y} JBAU PIAIISO 1M
yequno pue (0007) aurpaIoys Y} Suofe Sun[oRID pUL SUOTIBULIOJIP PUNOID) 23015U00 M paf[y safid oy L
‘[e 12 193uenog "90BJINS I31BM YY) 9A0GR/JR PI[3ong d1om said [931S ON SOX 'so11d odid 19935 uo peyroddns 1o1g K1ounyoy seidn], L
1002 "paoudLIadxd os[e o1om (Wd sond
‘AN "6-1 ‘stopne | O)O JO SUSUIDAOUI [BIOFE] ‘QIOWLIAYLIN,] B[}S1) SSA00L AU} odid-1093s 1o om) pue soqid 93010U09
juasaxd ay) Aq 03 dATE[21 Furyuls (W ([-§)Q PadusLddxa peay to1d oy padiojurar uo pajroddns surydjop (xordwo)
JISIA pue (00027) "9oeyINS Surpeo] om) pue ‘sa[1d 0j210U00 [eoruayo0nJ
‘[ 10 108urmoyg 19)eM ) 9A0qE paSewep a1om s1d 9J2I0U00 PISIOFUINY ({ON SO -padiojural uo pajroddns 191 BOWLIR X ) W)} 9
‘sa11d ay) 03 oFewep / JO JUSW[IIOS ON 'PAqeas 1914 opel],
o A3 JO JUdWANIS (WO ()£)O pamoys uonoadsur 1a1q ON sorid adid 1293s uo payroddns 1o14 uornesIAeN 10y S
« « Irem Aenb ad&)-yo01g g
J3ewep Inoqiey
« ON y3ys K10 I9)eMYBAIq pUNOW-2[qqny 'V Surysi Jeswynysg ¥
ainjonys paqid
« 1997s 9} PUIYRq PIAISSGO Sem (U 0Z)O JO d[0Y JUIS (SOR SOA aimonys paqid-109ys g [eUUIS |,
« (wod Z-1)O Aq panas eale [[oeq oy, (SOA SOA Irem Aenb ad&y-3poorg v K112 Testyrysg I
“(ud
02)0 Aq s300]q Sur10qu3Iou 0} ANR[AI PIEMEIS ﬁo\,ﬁoE
ypdop W 9— pue W /' [— UI9M)2Qq SYI0[q JO SMOI OM],
‘(wo 07)O £q paes Bate [[15[oBq YL (SR SOA [1em Kenb adA3-xoorg D
(0002) ON 191emyea1q 9dA)1-yo0lg g
‘Te 30 Jyequno ON I0)eMYBAIq pUNOW-A[qqNy preAdiyg ejzny z
(sp1oq pues ou “9°1) uondejanbiy
(0007) JO 90UBPIAS 10211p ON (o 0 1)O Aq paes [[yoeg [143[orq auosaw|
‘[e 12 193uenog “(Wd )0 Aq premeas paoe[dsip sem [[em Aend) ON SO 981800 Y3im [[em Aenb odK)-yo01g 1104 ezny, I
(0 ©) () () (€ @ (n
Juonoeyonbiy
Kq pasneo
20UQIJY SIUSWIO)) o3ewreq (Sewreq ajonng JweN ON

‘oyenbyres LosIn] 110800 6661 sndny /L oys ur uonoejonbi] Aq pesned saInjonys [e1seod o) 9fewep oY) Jo , AI0JUSAU],, ‘[ 9[qeL

509



(0007) Te R
seqund pue (0007)

€31

90s ‘aseq [eAeN nojon oy ysnoayy uer (g 11dey)d ‘000¢
‘enoadg ayenbylrey) syuowooedsIp [€O11IOA [BOO] W G
pue difs [e1d1e[-y3LI w g se yonw se SurAjoAur ‘ormdnr
J[nej 9y} Jey) 910N ‘10q JO UOIBUIQUIOD B IO QInjIe]

sof1d 93210U05 PadIOJUIAI

‘[e 10 128uenog punoi3 pue armydni 90gJINS 0) AN IFLWEP JAISUAIXT e A SOA uo paytoddns s1oid uoAdS "y | 9sed [BABN JYNO[0D 91
-oewep Jourw
ym oxenbylied oy poAlAIns oueld preAdiys uol-Q[G oYl e
“QUITRIOYS A} Jedu (W ) SuIdq JUAW[IIIS dY) ‘BIS
1002 oy} ojur pareaddesip pue (W (G)Q JO BIR UR IOAO PI[IIOS
‘AIn[ "6-1 ‘sioypne a10ys ay) uo prek diys oy jo 1red Sururejuod eore [[IF YL, e
juasaxd ay) Aq ‘qp0q 10 Aiqessur odogs ‘uorjoeyonbiy
JISIA pue (0007) ‘T® 03 onp AJoy1] sem amyrey ay3 ey Suikjdun ‘renpeid
12 yequno ‘(0007) sem 9sde[[09 9} ‘SOSSIWIMIAD 0} SUTPIOIIY “Idjem
‘e 10 1o8uRMog M0[aq pasde[[od pue paFewep A[Pio[dwiod sem wId oYy, e USOA SOA said adid 19938 uo payoddns 1o1g preAdiys NN S1
‘Spud [[em a3 Je (Wwod ¢)O Jo uoneledas e
paduaLIadxa [em Aenb oty 03 Jenorpuadiod Jurpuoixd s1Iy e sopid
100T "PIAISSQO SBM adid 10038 poy[yuI-03010u00 paoeds
‘A -1 ‘soyyne | (WO 8 01 €)O Jo syuowiSos SuioquSiou ueomaq uoneredog e K[9s0[0 JO SUnSISUOO MOI ISINO oY)
uasaxd oy £q (o 0g 01 01)0 pUR 91910000 pIdIoJuIdI Furaq safid
NSIA pue (000z) [e | A9 €3S 3y} SpIemo) paoe[dsip sem [[ea U} JO JUSWSS SUQ e JO smou1 9313 1ouur oy ‘safid Jo molx (eurrey
19 yequnod ‘(0007) “uonoegenbi| 03 anp (W (8)( se yonw se £q 1moj uo pajproddns syuow3as 93010U09 o1qng) Inoqieyq
‘[e 30 Io3uenog PI119S UOII3S SUI[RIOYS dY) O JUdOR[PE BIIR [[YYORQ YL, e (SOR SOX 3uo] w {7 Jo dn opew sjjem Kend) OB A NWZ] al
"PA1 AJQISIA SeM QUI[OIOUS O} O3 }SISO[O SUE) Y} JO JUD e
(0002) "10BJUI paurewal 191d 1010 Y], e sonid
‘e 10 103urmog “Io1eM MO[dq pasdey[od Aol siotd ayy JoauQ e i SOA adid-o91s uo pauroddns siord om], SHmSuRIL €1
(1007) 'Te 10 ehey
pue (0007) *PA}[1} QUI[IOYS I} JeAU sue) 256I0)S e saqid 91010U00
‘[8 39 [9SnA “101eM MO[oq pasde[od AjoSrer ord oy ], e (SOA SO paoIojuIdl uo payroddns 1o1g e[V 1073 71
'$9ss900.1d [einjeu
1002 0} 9Np JUSWIPIS YIM P[] Ioje] sem 9oy siy) 1o1d oy Jo
‘AInf "6-1 ‘s1oyine dn a1y} je paqeas oy} ur paAIdSqo sem djoy armdni o[y e soqid j00ys
juasoxd oy £q “107eMm MO[oq pasdeyjoo os[e urydjop oyy, e 9)2I0U0J PIIIOJUISI AQ PI[OIIOUD
WSIA pue (0007) ‘T8 Iojem mojeq posde[[oo eare [ oYL e ‘w /G Aq w G Jo eare [[1 ‘soqid
12 3{eqund “(0007) IojeM MO[Oq 10915 uo urydjop w g £q w [ sojid
‘Te 10 108uemog | Pasde[[od A[a31e] pue paSewep A[PAISUNXD d1om SIOId oy, e A SOX odid-[091s uo payroddns siord om ], s1v1d 110 [[2YS 11
‘[Tem QUITQIOYS Y} PUB S)UE) QYY) USIMIOq
111 943 UI J[QISIA 2I9M SUONBWLIOJOP PUB SUORIO PUNOID) e
(%€-0)0 P
‘osyenbuyaes oy) Jo own oy Je [[NJ ‘S UB) OM} Y JOUQ e (SO SO QUIJQIOYS Y} JeU SYURL, *D)
[10s JJ1Is 9y} ojur Junenouad
sorid a3 41 03 [9[[ered pue 191d pjo
Q) JBSU PAIONISUOD ‘W )] JOINO
oy 10§ soqid adid-1993s uo pue ‘w ()9
ouou | 3s11J 9y} 1o} so[1d 91910U00 POOIOJUISI
A[remar A uo payoddns 1214 :101d MON g
-91qeisun paredadde Juowpas oy} asnesdq
(0007 103304 8IS ) 12U 9JES [29] Jou PIP A[papiodor s1oAlq e
‘Te 39 Jequno ‘PI[NAS WONOq BIS Y, @ [10S 3JOS Y} Ul AJoINUd Jsowe uraq
pue (00027) (wod £)O Aq panes 121d o) Jo JuowIFas QU0 pue (U0 Mou sorid oy ‘soqid 91910U00 PaOIOJUIAI
‘[e 10 103urmog oy} woyy Aeme) A[[e1aje] paoeldsip pue poy[n sem I oYL e (ON SOX uo pauoddns 114 :101d P[0 YV IS [019d 01

510



(wo €)O Aq pa[nds [[Y3deq YL, (SOA SOA s|rem Aenb ad&1-porg g
J3ewep Inoqiey
“ [Tem UmoId JY) Fuofe syoeI1) A IOUTIN I9)emYBAIq pUNOW-2[qqny 'V Surystj Aoyuasy $T
1o
« ON A I0JOJA] 219PEOO] €T
soid 93010U09
« ON pad1ojural uo payoddns 1o1g 1014 Aoy nIo3y] w2
1ot
« ON soq1d 1293s uo poayroddns 1914 | IoSuosseq yroreur) 12
‘Sunyurs pue Jurfjoms £q ((wo g
01 G1)Q) poreredos o1om BaIe [[J3OBQ S} UI SE[S 9J2I0U0))
"BOIE [[I5[ORq Y} TedU Inoqiey
“ | Jrem umoldo 121emealq oy} Suofe (wo 0¢)O YIPIM JO Jor1) A I0JeMYBAIq PUNOW-O[qqIy] Surysi yroreur) 0T
“10Jem Mmo[aq pasdejod surydjop mo, soqid odid [993s uo payroddns
“Iorem MO[dq pasde([0d A[oS1e] 3sa1) 1910 A, surydjop x1s pue saqid 91910U00 surydjo(q
« ‘(wo 67)O Aq A[re1ore] padedsip sem o[3san} duQ A SOA | podiojurar uo payoddns saisony om, pue s1d1d esyy 61
sopid 114
« ‘(wo G1)O Aq po[nes BaIe (1 oYL (SO SOA odid 19935 uo peyroddns siord o\,w L K119, remnodog, 81
“(Wd 67)0 £q panas ek [[3jorq AL
‘(Wo (0€)O JO [[I°[oBq PUE [[BM UMOID dU} UdIMIdq JIBI)) (SR SO [1em Kenb od&3-3po1g g
(0002) (o 01O JO SUdAIOS dFeurep moqiey Surysrj
‘Te 30 Yequno) oABM SULIOQUSISU 9Y} USIMID] JUSWSAOW [BHUIISIIP Y A 31s AIOA I9JeMY[BAIq punow-o[qqny 'y | 13914 [osinwerey| L1
‘)0q JO UOTJBUIQUUOD € IO “QINJIey
punoi3 pue armdni 99ejIns 0 dnp oFewWep SAISU)XY b SOA spreAyooq D
(W 1)O Aq paes [[3jorq oYL
-a1njrej punoi3 pue arnydnr aoejIns
03 onp Surid 199S 93} JO UOIIBUWLIOJIP PIBMEBIS JAISUIXH i SOA I1em Kenb paid-109yS g

511


https://www.researchgate.net/publication/266096008

	MAIN MENU
	PREVIOUS MENU
	----------------------------
	Search CD-ROM
	Search Results
	Print

