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ABSTRACT 
 
Case study was carried out on the interpretation of the mechanical behavior of a severely damaged reinforced earth 
wall comprising geotextile with the concrete panel facing. In this part I, the outline of the damaged reinforced earth 
wall is in detail described. The background and cause of the damage are discussed based on the results of site 
investigation. The engineering properties of the fill were examined by performing various in-situ and laboratory tests, 
including the surface wave survey (SWS), PS-logging, RI-logging, soaking test, the direct shear box (DSB) test, 
bender element (BE) test, etc. The background as well as the cause for the damage of the wall may be described such 
that i) a considerable amount of settlement took place over a 3m thick weak soil layer in the lower part of the 
reinforced earth due to seepage of rainfall water, ii) the weight of the upper fill was partially supported by the 
geo-textile hooked on the concrete panels (n.b., named conveniently “hammock state” in this paper), and iii) the 
concrete panels to form the hammock were severely damaged by the unexpectedly large downwards compression 
force triggered by the tension force of the geotextile. The numerical simulation for the hammock state of the wall, 
together with counter-measures to re- stabilize the wall is subsequently described in Part II. 
 
Key Words : Reinforced earth, In-situ survey, laboratory test, geo-synthetics, Hammock state 

 

1 INTRODUCTION 

In Japan, reinforced earth wall is popular for the 
construction of roads in mountain area. The use of 
reinforced earth comprising the vertical wall is 
advantageous in saving the construction cost when 
compared to bridges, for example. In the case of 
reinforced earth wall comprising geotextile with the 
concrete panel facing, however, it involves a great 
difficulty in compacting properly the portion of the fill 
adjacent to the wall facing. As a result of loose 
compaction near the wall, the wall facing may be 
damaged by compressive force and/or could be 
completely destroyed due to the active failure of the fill 
(for example, refer to Tatsuoka,F., Tateyama, M., 
Uchimura, T. and Koseki, J., 1997).  

Figure 1 shows typical of damages for reinforced 
earth in general. In case of flexible reinforced earth 
without any concrete facing, a local failure involving 
with excessive compressive deformation would take 
place at the bottom portion, which in turn may trigger 
the overall active slip failure in a progressive manner 
(refer to Tatsuoka,F., Tateyama, M., Tamura, Y. and 
Yamauchi. H., 2000). Conversely, when the reinforced 
earth with concrete panels comprises a poorly 
compacted (or soft soil) layer at the time of 
construction, a connection between the concrete panel 

and reinforcement member (i.e., the metal strip or 
geotextile) would be destroyed owing to the downward 
tension force at the connection, which eventually may 
bring about complete failure of the wall. Furthermore, 
when the wall is located in a valley, the reinforced earth 
is likely to suffer from the attack of the seepage flow in 
the event of heavy rainfall, resulting in a catastrophic 
failure in the worst case (refer to Shibuya, Chae and 
Kawaguchi, 2007). 

In this paper, case study into the interpretation of the 
mechanical behavior of a severely damaged reinforced 
earth wall near Kobe is in detail described. In this part I, 
the background of the damaged reinforced earth wall, 
together with the possible cause of damage is discussed 
based on the results of site investigation. In the 
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Figure 1. Typical damages of reinforced earth walls. 
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subsequent Part II, the numerical simulations to clarify 
the scenario of the wall damage postulated in Part I, and 
also to examine efficient counter-measures against the 
damage are described. 

2 OUTLINE OF CASE STUDY 

As seen in Figure 2, the severely-damaged 
reinforced earth wall is situated at the end of the main 
line of the Tottori expressway. It is bounded by valleys 
in the mountain area in Hyogo Prefecture, Japan. The 
wall is a reinforced earth wall with geo-textile 
constructed using the local soils. The wall was 
originally designed using a method to install a series of 
anchors, but later the method of construction was 
re-examined according to the change of the design 
aspect for the horizontal seismic intensity from 0.12g to 
0.16g. As a consequence, the method to use geotextile 
with concrete facing was employed. Table 1 shows 
some aspects of the wall. 

In November of 2006, irregular deformation of the 
wall was observed at the sixth stage of the construction. 
Accordingly, a partial reconstruction involved with 
cement stabilization of the fill was carried out after 
removing some parts of the reinforced earth wall, which 
is called “the first remedy” in this paper. In April of 
2007, unexpected deformation of the wall was again 
observed at the eleventh stage of the construction being 
close to the final construction stage. Therefore, after 

demolishing some parts of the wall, the wall was 
reconstructed with cement stabilization of the upper 
part of the fill. Furthermore, a horizontal drainage layer 
was installed in the middle part of the wall. In this 
paper, this reconstruction of the wall is called “the 
second remedy”. 

The construction of the wall was finally completed 
in November, 2007. However, the filed observation 

Figure 3. Front and plan views of the site. 

 

Figure 2. Location of the site. 
 
Table 1. Description of the reinforced earth wall cited. 
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clearly indicated that the deformation of the wall 
showed no tendency to stabilize with time. Case study 
was hence commissioned in order to manifest the 
cause(s) of the wall damage, and also to examine 
effective counter-measures to re-stabilize the wall. 

Table 2 shows the sequence of major events 
associated with this case study. In an attempt to 
properly understand the current conditions of the 
damaged wall, the engineering properties of fill 
material such as the profile of shear wave velocity, Vs, 
natural water content wn, the wet density ρt and the SPT 
N-value were examined by performing surface wave 
survey (SWS), PS-logging, RI-logging, and the 
standard penetration test (SPT), respectively. The 
physical properties as well as the compaction 
characteristics were manifested in the laboratory by 
using disturbed samples. Bender element (BE) test, 
direct shear box (DSB) test and the soaking test were 
carried out by using samples prepared close to in-situ 
conditions in terms of the density and the water content. 
The in-situ stress conditions were estimated by 
comparing the shear wave velocity, Vs, between in-situ 
Vs,f from PS-logging and Vs,lab from BE test using the 
sample having the same density and water content in 
the field. The soaking test was performed in order to 
manifest the settlement characteristics of the fill 
material when wetting.  

Views of the site are shown in Figure 3, in which 
the locations for the SWS, PS-logging, RI-logging, 
boring and the SPT are indicated. The wall height at the 
severely damaged portion was approximately 15m. As 
described earlier, the parts of the fill for the first and 
second remedies had been improved by cement 

Table 2.Major events in the case study. 

 

 
Figure 4. Severely damaged portion. 

 
Figure 5. Results of the surface wave survey. 
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injection using the dry weight of Portland cement of 
50kg/m3. The drainage layer was sandwiched between 
these two cement-mixed layers. Note that the severely 
damaged portion of the wall is surrounded by the 
improved soil with a low-permeability and the bedrock. 
In addition, there is a small valley behind it.  

Figure 4 shows some pictures of the reinforced earth 
wall cited, including the severely damaged portion. The 
outwards deformation at the damaged portion on the 
wall was on-going by showing the horizontal 
displacement to reach the value as large as 166mm. 
Local protrusion on the wall face, together with the 
compressive failure was also observed. The concrete 
panel wall had been constructed by using a high-density 
polythene geo-textile sheet. At this stage, a type of wall 
damage due to the existence of a poorly compacted soil 
layer was strongly suspected (refer to Figure 1). 

3 IN-SITU TEST 

3.1 Surface wave survey (SWS) 

Prior to PS-logging, boring and the SPT, the surface 
wave survey (SWS) was carried out to Figure out the 
two-dimensional (2D) profile of the elastic wave 
velocities, i.e., S-wave and P-wave velocities (Vs and 
Vp) of the fill and the foundation. In the SES, waves 
were generated using a hammer. Three survey lines, L1, 
L2 and L3, are shown in Figure 5. In this paper, the 
results of the line L1 with 160m long are shown in 
Figure 5, in which the 2D variations of the Vs and Vp 
with depth are plotted. In general, the Vs increases with 
depth involved with increase in in-situ stresses. 
However, a low-velocity layer was observed for Vs near 
the severely damaged section at BV21-1 (n.b., 
elevation: approximately 240m, distance: 110~115m). 
The decrease in Vs strongly suggests some reduction of 
the magnitude of stresses at the deformed section. On 
the other hand, the dashed curve in the profile of Vp 
represents the boundary associated with Vp = 1500m/s, 
noting that the specific condition of Vp = 1500m/s is 
applicable to saturated soil. It may be surmised that the 
state of soil behind the damaged panels is close to 
saturation. 

3.2 Results of PS-logging, RI-logging and SPT 

The decrease in Vs near the deformed section was 
strongly suggested by the SWS. Therefore, a down-hole 
PS-logging was carried out to directly measure the 
profile of Vs with depth. Similarly, RI-logging using the 
Gamma Ray attenuation technique was performed for 
profiling the variations of wet density, ρt, and the 
natural water content, wn, with depth. Figure 6 shows 
the profiles of Vs, N-value, ρt, ρd and wn. at three 
locations of BV21-1, BV21-2 and BV21-3, respectively 
(see Figure 3). As seen in Figure 6, the horizontal layer 
over the depths roughly from 10m to 13m for the length 
between BV21-1 and BV21-2 is seemingly soft by 

showing higher water content with the relatively low 
values of Vs, N-value, and ρd. The supposed soft soil 
layer corresponds to the portion characterized by the 
low-velocity from surface wave survey. Meanwhile, 
both of Vs and N-value appear large for the soil layer 
improved by cement-mixing (i.e., the portions for the 
first and second remedies, see Figure 3).  

3.3 Results of laboratory tests 

3.3.1 Grain size distribution and compaction 
characteristics 

The physical properties, together with the 
compaction characteristics were measured using 
disturbed soil samples retrieved at three locations; i.e., 
the two samples at BH1, BH2 and the other sample at 
point A on the slope (see Figure 3). It should be 
mentioned that the soil at BH1 corresponds to the 
severely damage portion. Similarly, the soil at BH2 
represents the fill material on the same level as the soil 
at BH1. On the other hand, the soil at point A on the 
slope may be regarded as sourcing for the filling.  

Figure 6. Distribution of physical properties of the fill. 
 



 CASE STUDY ON SEVERELY-DAMAGED REINFORCED EARTH WALL WITH GEO-TEXTILE IN HYOGO, JAPAN  
Part I: Site Investigation into the cause of damage 

 7

Figure 7 shows the grain size distribution of these 
three samples. It is obvious in this Figure that the soils 
from BH1 and BH2 are much finer in grain size by 
showing the fines content, Fc = 49.0% and 40.2% for 
BH1 and BH2, respectively, whereas Fc = 25.2% at 
point A.  

Figure 8 shows the compaction curves of two 
samples at point A and BH2. The maximum dry density, 
ρd max, of the BH2 sample was far smaller than the other 
sample (n.b., ρd max=1.572 g/cm3 for the BH2 sample 
and ρd max=1.832 g/cm3 for the other), whereas the 
optimum water content was higher (n.b., wopt=23.6 % 
for the BH2 sample and wopt=15.6 % for the other. It 
should be mentioned that the entire fill was constructed 
by using the same method. In addition, the controlled 
value for the density was set to 0.9ρd max based on the 
compaction curve similar to that of the sample at point 
A. It is now almost certain that the soft soil layer with 
larger amount of fines, and having lower values of Vs, 
N-value and ρd is responsible for the damage of the 
wall as shown in Figure 1. 
 
3.3.2 Shear wave velocity and shear strength 

In general, the Vs is governed by ρt, wn and the 
vertical stress, σv, for the soft soil sample subjected to 
1D compression. In an attempt to estimate the in-situ 
stress conditions at the severely damaged portion, 1D 
consolidation test with the measurement of Vs was 
carried out on the sample retrieved at BH1 (n.b., for he 
details of the consolidometer test, refer to Shibuya, 
Koseki and Kawaguchi, 2005). In this test, the sample 
was prepared to have the values of ρd and wn similar to 
those in-situ, respectively. It was then subjected to 
incremental loading of the vertical stress, σv, whilst the 
Vs was continuously measured by a pair of BEs.  

The profile of Vs,f with depth is shown in Figure 9, 

Figure 7. Grain-size distribution. 

Figure 8. Compaction curves. 
 

Figure 9. Results of PS-logging and BE test. 
 

Figure 10. τ-Δh relationships in constant pressure DSB 
test.
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in which the result of the BE test is also shown for 
comparison. The Vs,lab from the BE test almost 
coincided with Vs,f at the relevant depth when the 
sustained σv of the laboratory sample was 22.5 kPa 
Note that the σv of 22.5 kPa accounts for approximately 
one-tenth of in-situ overburden pressure at the 
prescribed depth. 

In an attempt to obtain the shear strength at the 
damaged section, the constant-pressure DSB test (for 
the details, see Shibuya, Koseki and Kawaguchi, 2005) 
was performed. The specimen was initially prepared 
with w = 25%, and ρt=1.50 g/cm3 after the observed 
values from RI-logging at the damaged portion. It was 
saturated by soaking the box, and it was compressed to 
the vertical stress of 22.5 kPa in match with in-situ σv. 
The sample was subjected to shear by using the rate of 
horizontal displacement of 0.05mm/min while keeping 
an fixed opening of 0.2mm between the upper and 
lower shear boxes.  

The relationship between the shear stress and the 
horizontal displacement is shown in Figure 10, in which 
similar result of the sample from point A is also shown 
for comparison. The maximum shear stress, τmax, of 17 
kPa was very small for the sample at the damaged 
section, bearing the overburden height of the 
embankment of about 10m in mind. The 
stress-displacement curve exhibited no peak for the 
sample, whereas it showed a higher strength involved 
with a distinct peak for the other sample comprising 
less fines. 

 
 
3.3.3 Deformation behavior at soaking 

According to the results of site investigations 
performed, the soil at the damaged section is currently 
saturated (see Figs.5 and 6). This means that the 
initially unsaturated soil at compaction is soaked 
gradually possibly due to seepage flow into the fill. 
Soaking test was, therefore, carried out in an attempt to 
examine the deformation behavior during the process of 
soaking.  

Figure 11 shows the setup for the soaking test. The 
test was performed in a manner that the specimen 
having the dimension of 60mm in diameter and 20mm 
in height was allowed to absorb water under the 
condition of constant σv. Two samples, one from the 
damaged section (i.e., BV21-1 sample) and the other 
from point A, were each prepared with the initial water 
content equal to wopt (see Figure 8). The initial dry 
density was 1.50g/cm3, which was equal to the current 
dry density of soil at the damaged section (see Figure 6). 
The σv. was increased in steps. On reaching the 
prescribed vertical stress of 200 kPa equal to the σv at 
the damaged section, the distilled water was supplied 
with the differential head of 1m, and the change of 
vertical displacement with time was observed. 

The results of soaking test are shown in Figure 12. 

As seen in Figure 12, the amount of accumulated 
compressive strain during the incremental loading to 
200 kPa was significantly larger for the sample from 
point A having less fines. This may be attributed to the 
fact that the degree of compaction against the initial ρd 
of 1.50g/cm3 was much lower for the sample (see 
Figure 8). In the event of soaking, however, the sample 
at the deformed section exhibited a considerable 
amount of settlement with time to reach the 
compressive strain of 1.1 % over a period of one day 
(see Figure 12b). Conversely, no volume change was 
observed for the other sample (see Figure 12a).  

Figure 11. Soaking test apparatus employed. 
 
 

Figure 12. Results of Soaking test at σv =200kPa. 
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4 ESTIMATING DEFORMATION 
MECHANISM OF THE REINFORCED EARTH 
WALL 

The results of in-situ and laboratory tests have 
revealed the fact that a 3m-thick weak soil layer 
extends behind the damaged section of the wall. The 
in-situ state for the weak soil layer may be 
characterized with unrealistically low values of Vs, ρd 
and the SPT N-value. In addition, the soil properties 
can be characterized by the occurrence of a 
considerable amount of settlement on soaking. On the 
other hand, the soil at this section was almost saturated. 

Figure 13 shows the picture inside the wall at the 
deformed section. A space was found underneath the 
geotextile, suggesting that the weight of the fill above 
the geotextile was partially supported by the geotextile. 
In this paper, the new wording of “hammock state” is 
conveniently used for describing it. 

Based on this observation, the background as well 
as the mechanical interpretation for the damage of the 
wall can be postulated as an image shown in Figure14. 
it may be described such that i) a considerable amount 
of subsidence took place over the 3m-thick weak soil 
layer in the lower part of the reinforced earth due to 
seepage of rainfall water, ii) the weight of the upper fill 
was partially supported by the geo-textile hooked on 
the concrete panels, and iii) the concrete panels 
associated with the hammock state were severely 
damaged by the unexpectedly large downwards 
compression force triggered by the tension force of the 
geotextile. 

Once the hammock state was reached inside the wall, 
the overburden stress corresponding to the hammock 
state in the fill will be dramatically reduced, which in 
turn would bring about decrease of the shear resistance 
between the geo-textile and the surrounding soil. The 
notion is strongly supported by the results of laboratory 
tests that the estimated σv at the deformed section was 
as small as one-tenth of the supposed σv (see Figure 9) 
and that the shear strength was far smaller than the 
supposed value (see Figure 10).  

On the basis of the interpretation described in this 
part I, a remedial measure was urgently installed in 
August 2009 to prevent the valley water from 
infiltrating into the fill. In April 2010, the wall was 
successfully open to the public service after the major 
remedial work by the cement grouting into the weak 
layer, together with a series of anchoring. 

5 CONCLUSIONS 

In this paper, case study was carried out into the 
background and causes for a severely damaged 
reinforced earth wall in Hyogo Prefecture, Japan.  In 
this part I, these aspects were carefully examined based 
on various in-situ and laboratory tests. The conclusions 
are described in the following. 

Figure 13. Pictures inside reinforced earth wall. 
 

Figure 14. Mechanical behaviour of a largely-deformed 
reinforced earth wall with geo-textile. 
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(1) The results of in-situ and laboratory tests have 
revealed the fact that a 3m-thick weak soil layer 
extends behind the damaged section of the wall. 
The in-situ state for the weak soil layer may be 
characterized with unrealistically low values of Vs, 
ρd and the SPT N-value. The soil in this layer was 
near saturation. The soil exhibited a considerable 
amount of settlement on soaking.   

(2) The soil in the damaged portion comprises a great 
amount of fines, and hence it was hard to compact 
by showing a lower value of the maximum dry 
density as compared to the rest.  

(3) The mechanical interpretation for the damage of 
the wall can be described such that i) a 
considerable amount of subsidence took place over 
the weak soil layer due to seepage of rainfall water, 
ii) the weight of the upper fill was partially 
supported by the geo-textile hooked on the concrete 
panels, and iii) the concrete panels associated with 
the hammock state were severely damaged by the 
unexpectedly large downwards compression force 
triggered by the tension force of the geotextile. The 
hammock state was seemingly enhanced by a loss 
of the shear resistance between the geo-textile and 
the surrounding soil involved with the decrease of 

the overburden stress . 
 

REFERENCES 
 

1) Design Codes for Concrete Structures of Japan Railway, 
(1992): Japan Ministry of Transportation, ISBN 
4-621-03760-9 C3051, Maruzen Print Co. Ltd.,.79-107 (in 
Japanese). 

2) Shibuya, S., Koseki, J. and Kawaguchi, T. (2005): “Recent 
developments in deformation and strength testing of 
geomaterials”, Keynote Lecture, Deformation Characteristics 
of Geomaterials -Recent Investigations and Prospects (Di 
Benedetto H. et al edns), Taylor Francis Group London, 
pp.3-28. 

3) Shibuya, S. , Kawaguchi, T. and Chae, J-G. (2007): “Failure 
of Reinforced Earth wall as attacked by Typhoon No. 23 in 
2004”, Soils and Foundations, Vol.46, No.2, pp.153-160. 

4) Tatsuoka,F., Tateyama, M., Tamura, Y. and Yamauchi. H. 
(1997): “Geosynthetic-reinforced soil retaining walls as 
important permanent structures”, 1996-1997 Mercer Lecture, 
Geosynthetic International, Vol.4, No.2, pp.21-136. 

5) Tatsuoka,F., Tateyama, M., Tamura, Y. and Yamauchi. H. 
(2000): “Lessons from the failure of full-scale models and 
recent geosynthetic-reinforced soil retaining wall”, Proc. the 
second Asian Geosynthetics Conference, GeoAsia 2000, 
Kuala Lumpur, Vol.1, pp.23-53. 

 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


