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ABSTRACT : 
In this study, the mechanisms associated with the seismic response of a long-period bridge when subjected to a 
long-period ground motion are clarified. First, a typical cable-stayed bridge with prestressed concrete girders 
(PC cable-stayed bridge) was selected for analysis and modeled for shaking table tests in consideration of the 
similarity law. Second, shaking table tests of the PC cable-stayed bridge model were carried out to clarify the 
mechanisms involved, focusing on the linear and nonlinear seismic behaviors of the tower and cables by using 
the long-period components of the simulated ground motions in the 1999 Chi-Chi, Taiwan earthquake and the 
simulated long-period ground motions in the anticipated Nankai earthquake as the input ground motions. 
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1. INTRODUCTION  
 
In recent years, the damage to infrastructure caused by a long-period and long-duration ground motion induced 
by a far-field earthquake has been concerned more extensively. One of the reason for this is that large far-field 
earthquakes have occurred such as the 2003 Tokachi-oki earthquake and the 2004 Sumatra-Andaman earthquake. 
In addition to these earthquakes, the seismic risks induced by a Tokai, Toh-Nankai, and Nankai earthquakes in 
the next 30 years, which are typical far-field earthquakes, are considered to be very high in Japan. Many 
researchers are involved in computer-based simulations to predict long-period ground motions due to a large 
far-field earthquake. Kamae et al.(2004) carried out a simulation of the ground motions that would be excited in 
the Osaka Plains due to the anticipated Nankai earthquake using the finite differential method. Otsuka et 
al.(1998) evaluated long-period ground motions at the site of a planned long-span bridge structure in Tokyo Bay. 
Komori et al.(2005) clarified the effectiveness of strengthening the structural components of large bridges in the 
Metropolitan Expressway by using the simulated long-period ground motions. In addition, Abdel-Ghaffar and 
Nazmy (1991) revealed the three-dimensional seismic behavior of long-span cable-stayed bridges by numerical 
analyses. In contrast to these theoretical and numerical studies, Vilaverde and Martin (1995) carried out seismic 
shaking table tests on models to evaluate the effectiveness of seismic control devices for cable-stayed bridges. 
Kawashima et al.(1993) clarified the damping mechanism of cable-stayed bridges by experimental studies using 
1/150-scale models. Kitazawa et al.(1990) clarified the effectiveness of dampers installed on the Higashi-Kobe 
Bridge by shaking table tests. Despite the abundance of data from these studies, the mechanisms involved in the 
seismic response of cable-stayed long-period bridges when subjected to a long-period component of a ground 
motion have not yet been sufficiently clarified from theoretical and experimental points of view. Especially, no 
experimental studies dealing with a long-period ground motion by considering the similarity ratios of a bridge 
model with a prototype cable-stayed bridge, have ever tried.  
 
In view of the above, in this study the mechanisms associated with the seismic response of a PC cable-stayed 
bridge when subjected to a long-period ground motion are clarified by carrying out shaking table tests 
considering the similarity law. This study defines the ‘long-period’ of a ground motion as the period of more 
than 2.0 sec or 2.5 sec referring the definition from the field of strong motion seismology (Irikura, 2006). The 
natural period of the subject bridge is from 2.0 sec to 3.0 sec.  
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2. SHAKING TABLE TESTS  
 
2.1. Bridge Model and Experimental Setup  
 
The subject bridge is the Ji-Lu Bridge, which is a two-span PC cable-stayed bridge and damaged in the 1999 
Chi-Chi, Taiwan earthquake (Tai and Liou, 2000). Figure 1 shows the damage to the Ji-Lu Bridge (Tasaki et al., 
2004). Based on the configuration of the Ji-Lu Bridge considering the necessity of the bridge model to be 
simplified in terms of its fabrication and construction for the tests, the similarity ratios of the model with respect 
to the Ji-Lu Bridge (prototype bridge) were determined as shown in Table 1 and the bridge model was designed 
as shown in Figure 2. The Poly-vinyl-alcohol (PVA) concrete was used as the concrete for the tower model to 
effectively constrain the core concrete due to the tension stress provided by fibers in the PVA concrete. The 
content of the PVA fibers in the concrete was 0.02 (2%) by volume. The height and the sectional area of the 
tower, and the sizes of the longitudinal reinforcements were determined to satisfy the similarity ratios with 
respect to length and flexural rigidity. The resulting sectional area of the tower was 30 mm× 30 mm, and four 
longitudinal reinforcements 0.9 mm in diameter with tension strengths of 336 MPa were used. Brass weights of 
9.96 kg were attached at the top of the tower, as shown in Figure 2, to satisfy the similarity ratio with respect to 
the mass of the tower. Although the girders of the prototype bridge are formed of prestressed concrete, for the 
sake of ease of manufacturing, the girder of the model was steel plate of 50 mm in width and 6 mm in height to 
satisfy the similarity ratio with respect to the flexural rigidity. Eight brass weights of each 3.0 kg were attached 
to the girder to satisfy the similarity ratio with respect to the mass of the girders.  
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Buckling of the longitudinal reinforcements

Pullout of the cable at the anchorage

Spalling-off of the cover concrete at the rigid 
connection between the tower and the girder

Spalling-off of the cover concrete at the rigid 
connection between the tower and the girder

Cracks at the bottom of the pier on its east 
and west side faces

Damage of the end of the main girder
Damage of the pier beam

Pullout of many sockets

NorthboundSouthbound

NS

Cable No; No.1 to No.17

 
Figure 1 Damage to the Ji-Lu Bridge (Tasaki et al., 2004) 

 
Table 1 Similarity ratios 

  Dimension Similarity ratio 
Acceleration 2−lt 1 
Length l 100 
Time t 10 
Density of mass ρ 1 
Frequency 1−t 0.1 
Velocity 1−lt 10 
Mass 3lρ 1000000 
Force 24 −tlρ 1000000 
Weight 24 −tlρ 1000000 
Weight per unit length 23 −tlρ 10000 
Area 2l 10000 
Moment of inertia 4l 100000000 
Modulus of elasticity 22 −tlρ 100 
Flexural rigidity 26 −tlρ 10000000000 
Tensile rigidity 24 −tlρ 1000000 
Spring coefficient in sway 23 −tlρ 10000 
Spring coefficient in rocking 25 −tlρ 100000000 
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Figure 2 Bridge model 

 
Idealized cables were designed based on the similarity ratio with respect to the force by referring to the tension 
strength at a permanent strain of 2%; twisted steel wires 1.5 mm in diameter with tension strength of 269.5 N at 
a permanent strain of 2% were used. In the prototype bridge, the 68 cables are tensioned in parallel at the center 
line of the girders in the longitudinal direction, thus the 34 cables should be idealized in the tests. However the 
number of cables was reduced from the 34 cables to the 8 ones. The reason for this is that perfectly satisfying 
the similarity ratios for all 34 cables is quite difficult from the viewpoint of the construction of the cable models 
and the stressing of their tension strength. In reducing the number of the cables, to satisfy the similarity 
associated with the prestressed strength of the cables between the prototype bridge and the model, and 
associated with the moment acting on the section of the girder with respect to the transverse axis due to the 
cable tension, the prestressed tension strength of each cable and its attachment positions to the girder and the 
tower were determined.  
 
The pier was idealized by a rigid body made of a circular steel bar 30 mm in diameter. The free and the fixed 
support conditions of the longitudinal, the transverse, and the rotational movements at both ends of the girder 
were idealized by combining a slider and a bearing. Acceleration in the tower top and at the tower bottom in the 
transverse and longitudinal directions is recorded by accelerometers and displacement in the same positions as 
acceleration is recorded by laser displacement sensors. Tension strength of cables is measured by the strain gage 
attached on the edge of each cable, whose value is related with tension strength before the tests. Sampling 
frequency at which all data above are recorded is 1000 Hz. The average values of the dominant natural period 
and the damping ratio with respect to the transverse direction of the bridge model were computed based on the 
displacement waveforms at the top of the tower obtained from the free vibration tests. Three free vibration tests 
were conducted before and after each test. The computed natural periods before the tests varied from 0.311 sec 
to 0.325 sec and those after the tests from 0.312 sec to 0.355 sec, depending on experimental setups of the test 
cases. The computed damping ratios before the tests varied from 0.00594 to 0.00992. These natural periods for 
the bridge model correspond to a natural period of more than 3.0 sec for the prototype bridge based on the 
similarity ratio with respect to time. The other hand, the natural period with respect to the longitudinal direction 
of the bridge model was evaluated by the Fourier transforms of the acceleration waveforms obtained from the 
free vibration tests. The results indicate that there were several predominant coupled modes in the period 
ranging from 0.10 sec to 0.31 sec. 
 
2.2. Input Ground Motions for the Shaking Table Test 
 
Table 2 shows the test cases for the shaking table test. Uni-lateral and bi-lateral shaking table tests were 
conducted using the simulated ground motions at the site of the Ji-Lu Bridge simulated by Ido and Shoji (2005), 
and those of the anticipated Nankai earthquake at stations OSK003, OSK005, and OSK008 simulated by Kamae 
et al.(2004) The uni-lateral shaking was in the transverse direction of the bridge model, which was subjected to 
the EW component or the NS component of those excitations. The bi-lateral shaking was simultaneously in the 
transverse and longitudinal directions of the bridge model; the transverse direction was subjected to the EW 
component of the above excitations and the longitudinal direction was subjected to the NS component. The 
seismic excitations were modified based on the similarity ratios with respect to length and time. Figure 3 shows 
their response spectra.  
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Table 2 Test cases 
Test 
No. 

Direction of 
shaking Input excitation Comp. Amplification 

factor of amplitude
1 Simulated waveform at Ji-Lu Bridge in the 1999 Chi-Chi, Taiwan EQ. EW 1 
2 Simulated waveform at Ji-Lu Bridge in the 1999 Chi-Chi, Taiwan EQ. EW 2 
3 Simulated waveform at Ji-Lu Bridge in the 1999 Chi-Chi, Taiwan EQ. EW 3 
4 Simulated waveform at OSK008 in the anticipated Nankai EQ. EW 1 
5 Simulated waveform at OSK008 in the anticipated Nankai EQ. EW 2 
6 Simulated waveform at OSK008 in the anticipated Nankai EQ. NS 1 
7 Simulated waveform at OSK008 in the anticipated Nankai EQ. NS 2 
8 Simulated waveform at OSK008 in the anticipated Nankai EQ. NS 3 
9 Simulated waveform at OSK003 in the anticipated Nankai EQ. EW 1 

10 Simulated waveform at OSK003 in the anticipated Nankai EQ. NS 1 
11 Simulated waveform at OSK005 in the anticipated Nankai EQ. EW 1 
12 

TR 

Simulated waveform at OSK005 in the anticipated Nankai EQ. NS 1 
13 Simulated waveform at Ji-Lu Bridge in the 1999 Chi-Chi, Taiwan EQ. NS+EW 1 
14 Simulated waveform at Ji-Lu Bridge in the 1999 Chi-Chi, Taiwan EQ. NS+EW 2 
15 Simulated waveform at OSK008 in the anticipated Nankai EQ. NS+EW 1 
16 Simulated waveform at OSK003 in the anticipated Nankai EQ. NS+EW 1 
17 

TR+LG 

Simulated waveform at OSK005 in the anticipated Nankai EQ. NS+EW 1 
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Figure 3 Response spectra for the bridge model when subjected to input ground motion 

 
 
3. SEISMIC RESPONSE SUBJECTED TO A LONG-PERIOND GROUND MOTION  
 
3.1. Linear Seismic Response of the Bridge Model when Subjected to the Uni-Lateral Shaking  
 
Figure 4 shows the maximum acceleration and displacement responses in the transverse direction at the top of 
the prototype bridge, when subjected to the simulated ground motions at the site of the Ji-Lu Bridge (Test 
No.1:Ji-Lu Br.EW) and those of the anticipated Nankai earthquake at stations OSK008EW, OSK003EW, and 
OSK005EW (Test No.4:OSK008EW, No.9:OSK003EW, and No.11:OSK005EW). Associated with all cases 
above, the seismic responses of the bridge model were in the linear range, where no cracks occurred in the tower. 
Thus, Figure 4 shows the cases where the experimental results are scaled up to those for the prototype bridge 
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based on the similarity ratios with respect to length and time. In addition, to compare the seismic responses of 
the cases subjected to the long-period excitations with those subjected to the near-field excitation (Kobe NS), 
Figure 4 shows the same results when subjected to the Kobe NS excitation from nonlinear seismic analysis, in 
which the structural modeling of the bridge model is the same as that adopted by Shoji and Kitahara (2007). In 
the Kobe NS case, the seismic responses of the bridge model are also in the liner range. From Figure 4, it 
indicates that the maximum accelerations in the cases of the Ji-Lu Br.EW, OSK003EW, OSK005EW, and 
OSK008EW are less than that in the Kobe NS case. In contrast, the maximum displacements in the cases of the 
Ji-Lu Br.EW, OSK003EW, OSK005EW, and OSK008EW are larger than that in the Kobe NS case, especially in 
the case of OSK008EW, where a maximum displacement of 1.35 m occurs at the top of the tower. This value 
corresponds to a maximum drift ratio of 1.35%, which is a large value corresponding with the response level of 
which seismic behavior of the tower becomes nearly equal to be nonlinear. 
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Figure 4 Maximum acceleration and maximum displacement responses in the transverse direction at the top of 
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Figure 5 Lateral force versus lateral displacement relationship at the top of the tower, depending on the 

amplitudes of excitations 
 
Figure 5 shows the relationship between the lateral force and the lateral displacement at the top of the tower for 
uni-lateral transverse shaking in the case of the OSK008EW (Test No.4) and two times the excitation of the 
OSK008 EW component (Test No.5:2 times-OSK008EW). The former case shows a linear response of the tower, 
previously shown in Figure 4, whereas the latter one shows a nonlinear response that causes cracks in the tower. 
Thus, although the relationship between the lateral force and the lateral displacement in the case of OSK008EW 
is limited in the linear range (Figure 5(a)), its response level reaches almost same one to be nonlinear hysteretic 
behavior that the case of 2 times-OSK008EW shows (Figure 5(b)). The occurrence of larger displacement at the 
tower top in the case of the long-period excitations than that in the case of the Kobe NS excitation, results from 
the larger displacement response at the tower top in the transverse direction on the 1st mode of the bridge model, 
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due to the matching of the dominant natural period of the bridge model and that of the long-period excitations, 
shown in Figure 3. Therefore, even though the acceleration response of the long-period bridge does not become 
larger, the displacement response could become larger when subjected to the long-period ground motions, and it 
is likely that this mechanism causes the nonlinear hysteretic behavior of the tower shown in Figure 5(b). 
 
3.2. Residual Displacement at the Top of the Tower  
 
Figure 6 shows the displacement responses at the top of the tower for uni-lateral transverse shaking equal to 
three times the excitation of the simulated ground motion at the Ji-Lu Bridge (Test No.3:3 times-Ji-Lu Br.EW), 
2 times-OSK008EW (Test No.5), and two times the excitation of the OSK008 NS component (Test No.7:2 
times-OSK008NS). In all cases, a crack occurred in the tower model; the values of the responses resulting from 
the tests are not scaled up to in Figure 6. From Figure 6, although the maximum displacements at the top of the 
tower for different ground motions were nearly the same, namely, about 20 mm, the maximum residual 
displacements at the top of the tower were quite different depending on the excitations applied. Whereas a slight 
residual displacement of 0.014% per unit of drift occurred in the case of 3 times-Ji-Lu Br.EW (Test No.3), larger 
residual displacements of 0.29% and 0.12% per unit of drift occurred for the cases of 2 times-OSK008EW (Test 
No.5) and 2 times-OSK008NS (Test No.7), respectively.  
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Figure 6 Residual displacement, depending on the duration of the excitations 
 
For the three cases, the relationship between the lateral force and the lateral displacement was computed for four 
different stages in the response time series, as shown in Figure 7: when the maximum displacement occurred 
when the main large excitation subjected (stage 1), immediately after stage 1 (stage 2), when the displacement 
response decreased after stage 2 (stage 3), and when the displacement response increased after stage 3 due to the 
subsequent large excitation (stage 4). The residual displacement at the top of the tower did not occur in stage 1 
or stage 2 for the case of 3 times-Ji-Lu Br.EW (Test No.3), whereas those occurred in stage 2 for the cases of 2 
times-OSK008EW (Test No.5) and 2 times-OSK008NS (Test No.7), and these residual displacements became 
continuous with those at the end of the displacement waveforms. Focusing on the increase of the residual 
displacement after stage 2, in both cases of 2 times-OSK008EW (Test No.5) and 2 times-OSK008NS (Test No.7) 
the large displacement response in stage 4 after 15 sec caused a slight increase in the residual displacement at 
the top of the tower. The results indicate that the subsequent large excitation after the maximum displacement 
had no effect on whether the residual displacement at the tower top occurred or not, whereas it had a slight 
effect on the degree of increasing the residual displacement at the tower top.  
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 (a) Uni-lateral transverse shaking equal to three times the excitation of the simulated ground motion at the Ji-Lu Bridge (Test No.3) 
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(b) Uni-lateral transverse shaking equal to two times the excitation of the OSK008 EW component (Test No.5) 
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(c) Uni-lateral transverse shaking equal to two times the excitation of the OSK008 NS component (Test No.7) 

Figure 7 Lateral force versus lateral displacement relationship for four different stages in the time series 
 
 
4. CONCLUSIONS  
 
In this study the mechanisms associated with the seismic response of a PC cable-stayed bridge when subjected 
to a long-period ground motion were clarified based on shaking table tests considering the similarity law. The 
simulated long-period ground motions in the 1999 Chi-Chi, Taiwan earthquake and the anticipated Nankai 
earthquake were used as the input ground motions in the shaking table tests. The following conclusions were 
obtained from the study:  
 
1) Larger maximum displacements were found at the tower top for the long-period excitations compared with 
that obtained from the seismic response analysis using the JMA Kobe record (near-field excitation). This 
resulted from larger displacement response at the tower top in the transverse direction depending on the 1st 
mode of the bridge model, due to the matching of the dominant natural period of the bridge model and that of 
the long-period ground motions. Thus, even though the acceleration response of the long-period bridge is not 
amplified, the displacement response could become larger when subjected to the long-period ground motions, 
and it is likely that this mechanism may cause the nonlinear hysteretic behavior of the tower. 
 
2) The subsequent large excitation after the maximum displacement at the tower top did not affect the 
occurrence of the residual displacement of the tower, whereas it slightly affected the degree of increasing the 
residual displacement. The occurrence of the residual displacement on structural components for the long-period 
bridge causes the difficulty in the repair process once the bridge is damaged, therefore we must pay more 
attention to the increasing of the residual displacement at the tower subjected to the subsequent large excitation 
that a long-period ground motion contains. 
 



The 14
th  

World Conference on Earthquake Engineering    
October 12-17, 2008, Beijing, China  
 
 
ACKNOWLEDGEMENTS 
 
This research was sponsored by the National Research Institute for Earth Science and Disaster Prevention 
(NIED) under the 2005 grant provided for seismic experimental research on bridges titled ‘International Joint 
Model Research for the Application of the Full-Size Three-Dimensional Vibration Destruction Facility 
(E-Defense)’. The authors specially thank Professor K. Kamae and Dr. H. Kawabe at Research Reactor Institute, 
Kyoto University, for providing the simulated waveforms of the anticipated Nankai earthquake. Moreover the 
authors deeply appreciate the valuable assistance and support from Professor T. Kanakubo, Dr. K. Shimizu, 
Professor Y. Sakai and Mr. A. Kojima at Graduate School of Systems and Information Engineering, University 
of Tsukuba, regarding the design and the manufacturing for tower models used for the tests, and carrying out a 
series of the shaking table tests. We are much grateful to Dr. A. Numata, Mr. T. Ikeda, Mr. K. Taguchi and the 
other members of Disaster Prevention R&D Research Institute, Tobishima Corporation, for the use of the 
experimental facility, the valuable assistance and support of our study.  
 
 
REFERENCES  
 
Abdel-Ghaffar, A. M. and Nazmy, A. S. (1991). 3-D nonlinear seismic behavior of cable-stayed bridges. 
Journal of Structural Engineering 117:11, ASCE, 3456-3476. 
Ido, Y. and Shoji, G. (2005). Evaluation of input ground motions at the site of the Ji-Lu Bridge in the 1999 
Chi-Chi, Taiwan earthquake. Proceedings of the 8th Symposium on Ductility Design Method for Bridges, JSCE, 
441-446 (in Japanese). 
Irikura, K. (2006). Long-period ground motions from devastating great earthquakes and action plans for 
earthquake disaster mitigation. Chikyu Monthly 55, 6-16 (in Japanese). 
Kamae, K., Kawabe, H. and Irikura, K. (2004). Strong ground motion prediction for huge subduction 
earthquakes using a characterized source model and several simulation techniques. 13th World Conference on 
Earthquake Engineering, Vancouver, B.C., Canada, Paper No. 655 (CD-ROM).  
Kawashima, K., Unjoh, S., and Tunomoto, M. (1993). Estimation of damping ratio of cable-stayed bridges for 
seismic design. Journal of Structural Engineering 119:4, ASCE, 1015-1031.  
Kitazawa, M., Ishizaki, H., Emi, S. and Nishimori, K. (1990). Characteristics of earthquake responses and 
aseismic design on the long-period cable-stayed bridge (Higashi-Kobe Bridge) with all free movable shoes in 
longitudinal direction. Journal of Structural and Earthquake Engineering 422:I-14, JSCE, 343-352 (in 
Japanese).   
Komori, K., Kikkawa, H., Odagiri, N., Kinoshita, T., Mizoguchi, T., Fujino, Y. and Yabe, M. (2005). Basic 
principles and design ground motions in seismic retrofit design of large cable-supported bridges on the Tokyo 
Metropolitan Expressway. Journal of Structural and Earthquake Engineering 794:I-72, JSCE, 1-19 (in 
Japanese). 
Otsuka, H., Somerville, P.G. and Sato, T. (1998). Estimation of broadband strong ground motions considering 
uncertainty of fault parameters. Journal of Structural and Earthquake Engineering 584:I-42, JSCE, 185-200 (in 
Japanese). 
Shoji, G. and Kitahara, J. (2007). Seismic response of a PC cable-stayed bridge subjected to a long-period 
seismic excitation. Proceedings of the 4th Korea-Japan Workshop on New Direction for Enhancement of 
Structural Performance, Hamamatsu, Japan, 37-44. 
Tai, J.C., and Liou, Y.Y. (2000). Retrofit on Ji-Lu Cable Stayed Bridge after 921 Chi-Chi earthquake. 
Proceedings of the 2nd International Workshop on Mitigation of Seismic Effects on Transportation Structures, 
National Center for Research on Earthquake Engineering, Taipei, Taiwan, R.O.C., 65-79. 
Tasaki, K., Kosa, K., Ikeda, T. and Ogo, M. (2004). Detailed investigation of PC cable-stayed bridge (Ji-Ji-Da 
Bridge) damaged to the Taiwan Chi-Chi earthquake. Journal of Structural Engineering 50A, JSCE, 487-494 (in 
Japanese). 
Vilaverde, R. and Martin, S. C. (1995). Passive seismic control of cable-stayed bridges with damped resonant 
appendages. Earthquake Engineering and Structural Dynamics 24, 233-246. 
 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /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 /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /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 true
  /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 <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. 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 best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
  >>
  /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 /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [1200 1200]
  /PageSize [612.000 792.000]
>> setpagedevice


