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Abstract 
 The purpose of this study is to investigate long-term properties of PC members affected by 
ASR and to find effective countermeasures. We produced large-scale PC beam specimens modeling an 
existing structure for the extended monitoring. The specimens have been under outdoor exposure and 
continuous measurement since its completion in February 2005. The specific focuses of this 
experiment are residual prestress, long-term deterioration behavior, volume effect of the member and 
influence of the stirrup rupture. 
 This paper provides a general plan of the long-term experimental study, an interim report of 
the outdoor exposure over the past two years and results of a loading test using cracking load. 
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1 INTRODUCTION 

 Although there had already been several reports of deterioration due to ASR from the Sea of 
Japan side of the Tohoku and Chugoku regions in Japan before 1970s, this issue had not been 
recognized as a nationwide problem. Around 1980, some piers were found affected by ASR in the 
Kinki region, and ASR deterioration was also revealed in structures using concrete containing crushed 
andesite in the Hokuriku, Chugoku, Shikoku and Kyushu regions. Various standards were established 
for coping with this issue after that, and four preventive measures were instituted in 1986: proper 
selection of aggregates; use of low-alkali cements; use of blended cements with preventive effect on 
ASR; and control over the total alkali content in concrete. This seemed to work successfully for a 
while. However, the industry was shocked by a case in the Kinki region where stirrups in PC beams 
were found ruptured in 2003 [1]. 
 Many problems remain to be solved in order to promote control and prevention of ASR 
deterioration in PC members. Japan Prestressed Concrete Contractors Association established an ASR 
countermeasure study committee [2] [3] and has been carrying out a long-term exposure test to 
determine basic performance under ASR deterioration conditions in terms of residual prestress, long-
term deterioration behavior, volume effect and shear capacity. The experimental study consists of two 
series as shown in Figure 1. Experiment series I is designed to determine the basic performance of 
large-scale PC beams under ASR deterioration conditions, with special focus placed on residual 
prestress, long-term deterioration behavior and volume effect. Experiment series II is focused on 
shear capacity to investigate the reduction in shear capacity due to ASR and effect of shear 
reinforcement. This experimental study has two features: (1) the large-scale specimens modeling an 
actual structure which were hardly used in previous ASR experiments; and (2) the use of reactive 
aggregates in the test specimens for comparative examination with control specimens containing 
normal aggregates. 
 This paper provides a general plan of experiment series I, an interim report of outdoor 
exposure over the past two years and results of a loading test at cracking load which was carried out in 
December 2006. 
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2 GENERAL PLAN OF THE EXPERIMENTAL STUDY 

2.1 Dimensions of  the specimens 

 The following specimens (Table 1) were prepared for experiment series I to determine the 
deterioration behavior of PC members in actual bridges. This study was also designed to include 
comparative examination with control specimens containing non-reactive aggregates or with small-
scale specimens for assessment. Figure 2 shows the dimensions of the specimens, and Figure 3 shows 
the concept of evaluations of the specimens. 
 
2.2 Mix proportion of  the specimens 

 The mix proportion for the ASR reactive specimens (containing reactive aggregates) was 
determined based on mix proportions of  the actual structure which exhibited ASR deterioration in a 
PC beam of  a pier. In terms of  reactivity, ratios of  reactive and non-reactive aggregates were 
determined by a preparatory test for pessimum proportions (Figure 4). Table 2 shows planned mix 
proportions for the ASR reactive specimens. 
 
3 MEASUREMENT RESULTS 
3.1 Cracking observation 

 Cracking was observed visually, and image data was recorded using digital cameras. Figure 5 
shows cracking observations on the large-scale ASR reactive specimen at the ages of 150 days and 774 
days. No remarkable cracks were found on the control specimen (containing non-reactive aggregates), 
and the ASR reactive specimen exhibited cracks (width: 0.05 to 1.2 mm) along the direction of the 
prestress or the axis of the member. It is already known that ASR cracking in PC members occurs in 
the direction of the prestress. Such ASR cracking characteristic to PC members was confirmed in the 
current experiment. 
 Figure 6 shows changes in crack density in the large-scale ASR reactive specimen against 
temperature and precipitation. In general ASR is said to progress more significantly during 
summertime when temperatures and precipitation are high. This trend was obvious in the current 
study, with the crack density rapidly increasing during the period from 150 days (July, 2005) to 240 
days (October 2005). The increase in crack density then slowed down until 365 days. As the gradients 
of the curves indicate, the rate of increase again picked up at 614 days with the increases in 
temperature and precipitation. Density of cracks wider than 0.2 mm was larger in the large-scale 
specimen than in the small-scale specimen. 
 Consequently, it was confirmed that the rate of ASR deterioration depended on temperature, 
precipitation and other ambient conditions, and it also varied depending on the volume of the 
member. 
 
3.2 Compressive strength and modulus of elasticity 

 Figures 7 and 8 show compressive strength and modulus of elasticity measured on the 
cylindrical test pieces which were taken during concrete placement of the specimens. Values of the 
ASR reactive specimen started to drop clearly at 150 days when cracking became remarkable and 
showed a drastic drop in modulus of elasticity at 240 days after the first summer. At 774 days, values 
of the ASR reactive specimen were significantly lower than those of the control specimen: 70% for 
compressive strength and 20% for modulus of elasticity. However, these values were from the test 
pieces in which expansion by ASR was not restrained. Expansion in actual structures is restrained by 
reinforcing bars and others. Therefore, these measurement values may be used as indices only for 
deterioration in simple concrete but not for deterioration in an actual structure containing reinforcing 
bars. 
 
3.3 Ultrasonic propagation velocity properties 

 Figure 9 shows changes in ultrasonic propagation velocity. No remarkable change was found 
until 90 days in the large- and small-scale specimens. Propagation velocity in the large-scale ASR 
reactive specimen started to significantly decrease at 150 days, down to about 80% of that of  control 
specimen at 240 days, and continued to decrease then slowly until 774 days. In the small-scale 
specimen, propagation velocity significantly decreased after 240 days, slowed down as seen in the 
large-scale specimen, and then reached the same level as the large-scale specimen at 774 days. The 
difference in how propagation velocity decreased in the large- and small-scale specimens was 
considered to be due to the volume effect on the rate of ASR deterioration. 
 
 



3.4 Strain properties 

 Measurement gauges were installed on the specimens in order to determine long-term strain 
properties during ASR deterioration (Figure 10). In addition, contact strain gauges were placed at 
mark intervals of  300 mm on concrete surfaces. 
 
Internal strain in concrete 

 Figure 11 shows changes in internal strain in concrete at the midsupport of each specimen. 
Neither specimen showed significant change until measurement on 90 days, suggesting drying 
shrinkage. In the ASR reactive specimens, a sign of  expansion strain was found at 150 days in the 
large-scale specimen and at 240 days in the small-scale specimen, in the vertical direction and in the 
direction perpendicular to the bridge axis but not in the prestress direction. The slow expansion 
continued until 774 days in both specimens. The discrepancy between the large- and small-scale 
specimens got smaller with age. This tendency is very close to the one seen in the ultrasonic 
propagation velocity mentioned above. 
 
Prestressing steel strain and tension force 
 Figure 12 shows changes in prestressing steel strain measured at the midsupport of  the large-
scale specimen using weld gauges. Figure 13 shows changes in tension force measured using load cells. 
Although both strain and tension force showed decreases presumably attributable to drying shrinkage 
and creep, no significant differences were found until 774 days between the ASR and control 
specimens or between the large- and small-scale specimens. Changes in length in the axial direction of 
the member measured on concrete surfaces using contact strain gauges were only slight. These 
measurement results suggest that residual prestress in the ASR reactive specimens is at a similar level 
to the control specimens at the present time. 
 
Stirrup strain 

 Figure 14 shows locations of stirrup strain measurement at the midsupport on the large- and 
small-scale specimens, and Figure 15 shows the measurement results. Stirrup strain showed a sign of 
expansion after 90 days, and its tendency continued until 774 days. Across the cross section, 
expansion increase at the top fiber was more significant than at the bottom fiber, suggesting more 
advanced ASR deterioration on the top side which has been directly exposed to sunlight and rainfall 
for months. 
 
4 INTERIM LOADING TEST 

4.1 Objectives of the test 

 In anticipation of development of ASR deterioration in the superstructure, loading test was 
performed on the large-scale specimens in order to examine mechanical behavior during the 
deterioration. Serviceability limit state load was applied to the specimens, and their properties were 
determined and verified. 
 Significant horizontal cracking due to ASR deterioration was found in the specimens after 22 
months. Remarkable decrease in modulus of elasticity was observed in the property test using the 
cylindrical test pieces and also in the ultrasonic measurement. This loading test was designed to check 
the following points. 
- Whether plane sections remain plane properly after horizontal cracking 
- Behavior of the actual structure under the decrease in modulus of elasticity 
- Restoration performance of the ASR-deteriorated structure 
 
4.2 Experiment plan 
 The loading experiment used the large-scale ASR and control specimens (I-1-a and I-1-b) for 
measurement. The test load of 1500 kN was determined to achieve a target stress level in concrete at 
the midsupport equivalent to bending tensile stress in concrete (-1.99 N/mm2), without affecting the 
continued long-term measurement. A hydraulic jack was used for applying the load. Figure 16 shows a 
view of the loading test. 
 
4.3 Test results 

Vertical displacement 
 As a means to evaluate rigidity of the specimens, vertical displacement was measured using 
high sensitivity displacement sensors installed at the midsupport and supports. Figure 17 shows the 
measurement results. 



 The load-displacement curves suggested that the control and ASR reactive specimens almost 
retained the linearity. In contrast to the design displacement of 1.42 mm, vertical displacement at the 
maximum load applied reached 1.53 mm in the control specimens and 1.99 mm in the ASR reactive 
specimens at maximum, exhibiting a rigidity decrease of about 23% in the ASR reactive specimens. 
The design values in Figure 17 were calculated from modulus of elasticity of the test pieces containing 
normal aggregates. 
 
Strain in concrete and reinforcing bars in the direction of the bridge axis 
 Horizontal cracking which was characteristic to PC structures occurred in the ASR reactive 
specimens (Figure 5), generating a concern whether originally plane sections in the structure properly 
remained plane in the vertical direction. For verification of this issue, strain was measured using strain 
gauges installed on the concrete surface and on the reinforcing bars in concrete placed in the direction 
of the bridge axis. Figures 18 and 19 show the results at the maximum load applied. As seen in the 
vertical displacement measurements, the ASR reactive specimen, as compared to the control 
specimen, exhibited a significant decrease of about 20% in its rigidity. However, no major differences 
were found in general performance, with no behavior like a "built-up beam" with multiple neutral 
axes. This proved that plane sections behaved as a whole and remained plane properly in either 
specimen. 
 Strain on the concrete surface and that in reinforcing bars in concrete showed similar 
tendencies, suggesting that the plane sections in the ASR reactive specimen remain plane properly. 
 
5 CONCLUSION 

 Results of long-term measurement and interim loading test on ASR-affected PC members were 
reported in this paper. Findings from this study are summarized below. 
(1) Residual prestress in the ASR reactive specimens were equivalent to that in the control 
specimens after ASR deterioration (degree of deterioration: crack density of 4.8 or above; ultrasonic 
propagation velocity: about 20% decrease). 
(2) The speed and degree of ASR deterioration varied depending on the volume of a structure. 
(3) Under serviceability limit state loads, ASR-affected specimens were found to maintain plane 
sections plane properly and retain bond performance of reinforcing bars at levels equivalent to the 
sound state. 
 This study shall continue, with a hope that it would help further research into the problem of 
ASR in PC members. 
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TABLE 1: Specimen types 

Specimen No. Specimen size (mm) Aggregate type Specimen name 

I-1-a Reactive 
Large-scale ASR reactive 
specimen 

I-1-b 

Large-scale  
(1200 x 1250 x 7500) 

Non-reactive Large-scale control specimen 

I-2-a Reactive 
Small-scale ASR reactive 
specimen 

I-2-b 

Small-scale  
(535 x 560 x 4000) 

Non-reactive Small-scale control specimen 

 
 
 



 
TABLE 2: Mix proportions for the ASR reactive specimens 

Unit contents (kg/cm3) 
Fine aggregate Coarse aggregate 

Max. 
coarse 
aggregate 
size 
(mm) 

Slump 
(cm) 

W/C 
(%) 

Air 
(%) 

s/a 
(%) W C 

Reactive 
Sr 

Non- 
reactive 
Sn 

Reactive 
Gr 

Non- 
reactive 
Gn 

A Added 
alkali 
NaCl 

768 (Sn+Sr) 1039 (Gn+Gr) 20 8 45.1 3.0 43.1 172 381 

* 514 525 

3.81 11.94 

Air: Air content (%); W/C: Water/cement ratio (%); W: Water; C: Cement; A: Admixture 
* Ratios are to be determined by the test for pessimum proportions. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1: Schematic view of the experiment 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2: Large- and small-scale specimen dimensions 
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A = (I-1-b)/(I-1-a): Degree of  ASR deterioration 
B = (I-2-b)/(I-2-a): Degree of ASR deterioration 
C = A/B: Volume effect on ASR deterioration 

Figure 3: Conceptual view of specimen evaluation 
 

Fine aggregate Coarse aggregate 
Mix 
No. Reactive 

Non-
reactive 

Reactive 
Non-

reactive 
I 50 50 50 50 
II 60 40 50 50 
III 40 60 50 50 

 
 
 
 
 
 
 

Figure 4: Test results for pessimum proportions 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 5: Cracking on the large-scale ASR reactive specimen 
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Figure 6: Crack density against temperature and precipitation 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 7: Changes in compressive strength 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 8: Changes in modulus of  elasticity 
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Figure 9: Changes in ultrasonic propagation velocity -- large- and small-scale specimens 
 
 
 
 
 
 
 
 
 
 
 

Figure 10: Locations of  the measurement devices 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 11: Changes in internal strain in concrete 
 
 
 
 

 

 
 
 
 
 
 
 
 
 
 

Figure 12: Changes in prestressing steel strain 
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Figure 13: Changes in prestressing steel tension force 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 14: Stirrup measurement locations 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 15: Changes in stirrup strain 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 16: Loading test 
 

Large-scale specimen Small-scale specimen

prestressing steel tension force by load cell

(Large-scale specimen)

450

500

550

600

650

0 60 120 180 240 300 360 420 480 540 600 660 720 780
Age (days)

T
en

si
o

n
 f

o
rc

e 
(k

N
)

ASR reactive, large-scale

Control, large-scale

Large-scale ASR reactive specimen

-1000

0

1000

2000

3000

4000

5000

0 60 120 180 240 300 360 420 480 540 600 660 720 780
Age (days)

S
tr

ai
n

 (
_

)

Range a

Range b

Range c

Range d

Small-scale ASR reactive specimen

-1000

0

1000

2000

3000

4000

5000

0 60 120 180 240 300 360 420 480 540 600 660 720 780
Age (days)

S
tr

ai
n

 (
_

)

Range a

Range b

Range c

Range d



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 17: Load-displacement relationship 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 18: Concrete surface strain 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 19: Approximate equation of  internal strain 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 20: Strain measurement at every loading step 

0

200

400

600

800

1000

1200

1400

1600

0.00 0.50 1.00 1.50 2.00

Vertical displacement (mm)

A
p

p
li
ed

 l
o

ad
 (

k
N

)

Design value
ASR specimens
Control specimens

_max=1.53

_max=1.99

0

250

500

750

1000

1250

-300 -250 -200 -150 -100 -50 0 50 100 150 200 250 300

Strain (_)

G
au

ge
 l
o

ca
ti

o
n

 (
m

m
)

<
d

is
ta

n
ce

 f
ro

m
 t

h
e 

to
p

 f
ib

er
>

ASR reactive specimen

Control specimen

Approximated line (ASR reactive

specimen)

Approximated line (Control

specimen)

y = 3.0188x + 617.05
y = 2.264x + 635.85

0

250

500

750

1000

1250

-300 -250 -200 -150 -100 -50 0 50 100 150 200 250 300

Strain (_)

G
au

ge
 l

o
ca

ti
o

n
 (

m
m

)

<
d

is
ta

n
ce

 f
ro

m
 t

h
e 

to
p

 f
ib

er
>

ASR reactive specimen

Control specimen

-214_

231_

-172_

188_

0

200

400

600

800

1000

1200

1400

1600

-300 -250 -200 -150 -100 -50 0 50 100 150 200 250 300

Strain on concrete surface (_)

A
p

p
li
ed

 l
o

ad
 (

k
N

)

0

200

400

600

800

1000

1200

1400

1600

-300 -250 -200 -150 -100 -50 0 50 100 150 200 250 300

Strain in main reinforcing bars (_)

A
p

p
li
ed

 l
o

ad
 (

k
N

)



<<
  /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
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /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
    /AllegroBT-Regular
    /Amandine
    /AmazoneBT-Regular
    /AmerTypewriterITCbyBT-Medium
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /AvantGardeITCbyBT-Book
    /AvantGardeITCbyBT-BookOblique
    /AvantGardeITCbyBT-Demi
    /AvantGardeITCbyBT-DemiOblique
    /AvantGardeITCbyBT-Medium
    /AvantGardeITCbyBT-MediumOblique
    /BankGothicBT-Medium
    /Batang
    /BatangChe
    /BenguiatITCbyBT-Bold
    /BERNARD
    /BernhardFashionBT-Regular
    /BernhardModernBT-Bold
    /BernhardModernBT-BoldItalic
    /BernhardTangoBT-Regular
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /BremenBT-Bold
    /Brigitte
    /CataneoBT-Bold
    /CataneoBT-Light
    /CataneoBT-Regular
    /CataneoBT-RegularSwash
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CharlesworthBold
    /ComicSansMS
    /ComicSansMS-Bold
    /CommercialScriptBT-Regular
    /CopperplateGothicBT-Bold
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /DauphinPlain
    /Dotum
    /DotumChe
    /EmbassyBT-Regular
    /EnglischeSchT-Bold
    /EnglischeSchT-DemiBold
    /EnglischeSchT-Regu
    /English111AdagioBT-Regular
    /English111PrestoBT-Regular
    /English111VivaceBT-Regular
    /English157BT-Regular
    /EstrangeloEdessa
    /FlemishScriptBT-Regular
    /FranklinGothic-Medium
    /FranklinGothic-MediumItalic
    /FuturaBlackBT-Regular
    /FuturaBT-Bold
    /FuturaBT-BoldCondensed
    /FuturaBT-BoldCondensedItalic
    /FuturaBT-BoldItalic
    /FuturaBT-Book
    /FuturaBT-BookItalic
    /FuturaBT-ExtraBlack
    /FuturaBT-ExtraBlackCondensed
    /FuturaBT-ExtraBlackCondItalic
    /FuturaBT-ExtraBlackItalic
    /FuturaBT-Heavy
    /FuturaBT-HeavyItalic
    /FuturaBT-Light
    /FuturaBT-LightCondensed
    /FuturaBT-LightItalic
    /FuturaBT-Medium
    /FuturaBT-MediumCondensed
    /FuturaBT-MediumItalic
    /FuturaLtCnBTItalic
    /FuturaMdCnBTItalic
    /GandoBT-Regular
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /GaramondITCbyBT-Bold
    /GaramondITCbyBT-BoldCondensed
    /GaramondITCbyBT-BoldCondItalic
    /GaramondITCbyBT-BoldItalic
    /GaramondITCbyBT-Book
    /GaramondITCbyBT-BookCondensed
    /GaramondITCbyBT-BookCondItalic
    /GaramondITCbyBT-BookItalic
    /GaramondNo4CyrTCY-Ligh
    /GaramondNo4CyrTCY-LighItal
    /GaramondNo4CyrTCY-Medi
    /Gautami
    /GeometricSlab703BT-Bold
    /GeometricSlab703BT-BoldCond
    /GeometricSlab703BT-BoldItalic
    /GeometricSlab703BT-Light
    /GeometricSlab703BT-LightItalic
    /GeometricSlab703BT-Medium
    /GeometricSlab703BT-MediumCond
    /GeometricSlab703BT-MediumItalic
    /GeometricSlab703BT-XtraBold
    /GeometricSlab703BT-XtraBoldCond
    /GeometricSlab703BT-XtraBoldItal
    /Georges
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /GoudyHandtooledBT-Regular
    /GoudyOldStyleBT-Bold
    /GoudyOldStyleBT-BoldItalic
    /GoudyOldStyleBT-Italic
    /GoudyOldStyleBT-Roman
    /GoudySansITCbyBT-Black
    /GoudySansITCbyBT-BlackItalic
    /GoudySansITCbyBT-Bold
    /GoudySansITCbyBT-BoldItalic
    /GoudySansITCbyBT-Light
    /GoudySansITCbyBT-LightItalic
    /GoudySansITCbyBT-Medium
    /GoudySansITCbyBT-MediumItalic
    /Gulim
    /GulimChe
    /Gungsuh
    /GungsuhChe
    /Humanist521BT-Bold
    /Humanist521BT-BoldItalic
    /Humanist521BT-Italic
    /Humanist521BT-Roman
    /Impact
    /JAMI
    /JIMMY1
    /KabelITCbyBT-Book
    /KabelITCbyBT-Ultra
    /KARINE
    /KunstlerschreibschD-Bold
    /KunstlerschreibschD-Medi
    /LalexBigBadaboum
    /Latha
    /LibertyBT-Regular
    /Lithograph-Bold
    /LithographLight
    /LubalinGraphITCbyBT-Bold
    /LubalinGraphITCbyBT-Book
    /LubalinGraphITCbyBT-Medium
    /LubalinGraphITCbyBT-XtraLight
    /LuciaBT-Regular
    /LucidaConsole
    /LucidaSansUnicode
    /Mangal-Regular
    /MicrosoftSansSerif
    /MingLiU
    /Miss_Clo
    /MonotypeCorsiva
    /MS-Gothic
    /MS-Mincho
    /MSOutlook
    /MS-PGothic
    /MS-PMincho
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MS-UIGothic
    /MT-Extra
    /MVBoli
    /Myriad-BdWeb
    /Myriad-CnItWeb
    /Myriad-CnWeb
    /Myriad-ItWeb
    /Myriad-Web
    /NSimSun
    /OzHandicraftBT-Roman
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /PMingLiU
    /PosterBodoniBT-Roman
    /Ribbon131BT-Bold
    /Ribbon131BT-Regular
    /Raavi
    /SerifaBT-Bold
    /SerifaBT-Italic
    /SerifaBT-Roman
    /SerifaBT-Thin
    /Shruti
    /SimHei
    /SimSun
    /SnellBT-Black
    /SnellBT-Bold
    /SnellBT-Regular
    /SouvenirITCbyBT-Demi
    /SouvenirITCbyBT-DemiItalic
    /SouvenirITCbyBT-Light
    /SouvenirITCbyBT-LightItalic
    /SquareSlabserif711BT-Bold
    /SquareSlabserif711BT-Light
    /SquareSlabserif711BT-Medium
    /Staccato222BT-Regular
    /StymieBT-Bold
    /StymieBT-BoldItalic
    /StymieBT-ExtraBold
    /StymieBT-ExtraBoldCondensed
    /StymieBT-Light
    /StymieBT-LightItalic
    /StymieBT-Medium
    /StymieBT-MediumItalic
    /Swiss911BT-ExtraCompressed
    /Sylfaen
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /TypoUprightBT-Regular
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VivaldiD
    /WarnockPro-Bold
    /WarnockPro-BoldCapt
    /WarnockPro-BoldDisp
    /WarnockPro-BoldIt
    /WarnockPro-BoldItCapt
    /WarnockPro-BoldItDisp
    /WarnockPro-BoldItSubh
    /WarnockPro-BoldSubh
    /WarnockPro-Capt
    /WarnockPro-Disp
    /WarnockPro-It
    /WarnockPro-ItCapt
    /WarnockPro-ItDisp
    /WarnockPro-ItSubh
    /WarnockPro-Light
    /WarnockPro-LightCapt
    /WarnockPro-LightDisp
    /WarnockPro-LightIt
    /WarnockPro-LightItCapt
    /WarnockPro-LightItDisp
    /WarnockPro-LightItSubh
    /WarnockPro-LightSubh
    /WarnockPro-Regular
    /WarnockPro-Semibold
    /WarnockPro-SemiboldCapt
    /WarnockPro-SemiboldDisp
    /WarnockPro-SemiboldIt
    /WarnockPro-SemiboldItCapt
    /WarnockPro-SemiboldItDisp
    /WarnockPro-SemiboldItSubh
    /WarnockPro-SemiboldSubh
    /WarnockPro-Subh
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /WP-ArabicScriptSihafa
    /WP-ArabicSihafa
    /WP-BoxDrawing
    /WP-CyrillicA
    /WP-CyrillicB
    /WP-GreekCentury
    /WP-GreekCourier
    /WP-GreekHelve
    /WP-HebrewDavid
    /WP-IconicSymbolsA
    /WP-IconicSymbolsB
    /WP-Japanese
    /WP-MathA
    /WP-MathB
    /WP-MathExtendedA
    /WP-MathExtendedB
    /WP-MultinationalAHelve
    /WP-MultinationalARoman
    /WP-MultinationalBCourier
    /WP-MultinationalBHelve
    /WP-MultinationalBRoman
    /WP-MultinationalCourier
    /WP-Phonetic
    /WPTypographicSymbols
    /ZapfCalligraphic801BT-Bold
    /ZapfCalligraphic801BT-BoldItal
    /ZapfCalligraphic801BT-Italic
    /ZapfCalligraphic801BT-Roman
    /ZapfChanceryITCbyBT-Bold
    /ZapfChanceryITCbyBT-Demi
    /ZapfChanceryITCbyBT-Medium
    /ZapfChanceryITCbyBT-MediumItal
    /ZapfDingbatsITCbyBT-Regular
    /ZapfElliptical711BT-Bold
    /ZapfElliptical711BT-BoldItalic
    /ZapfElliptical711BT-Italic
    /ZapfElliptical711BT-Roman
    /ZapfHumanist601BT-Bold
    /ZapfHumanist601BT-BoldItalic
    /ZapfHumanist601BT-Demi
    /ZapfHumanist601BT-DemiItalic
    /ZapfHumanist601BT-Italic
    /ZapfHumanist601BT-Roman
    /ZapfHumanist601BT-Ultra
    /ZapfHumanist601BT-UltraItalic
    /ZinjaroLetPlain
    /ZurichBT-Black
    /ZurichBT-BlackExtended
    /ZurichBT-BlackItalic
    /ZurichBT-Bold
    /ZurichBT-BoldCondensed
    /ZurichBT-BoldCondensedItalic
    /ZurichBT-BoldExtended
    /ZurichBT-BoldExtraCondensed
    /ZurichBT-BoldItalic
    /ZurichBT-ExtraBlack
    /ZurichBT-ExtraCondensed
    /ZurichBT-Italic
    /ZurichBT-ItalicCondensed
    /ZurichBT-Light
    /ZurichBT-LightCondensed
    /ZurichBT-LightCondensedItalic
    /ZurichBT-LightExtraCondensed
    /ZurichBT-LightItalic
    /ZurichBT-Roman
    /ZurichBT-RomanCondensed
    /ZurichBT-RomanExtended
    /ZurichBT-UltraBlackExtended
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /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 150
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /CreateJDFFile false
  /Description <<
    /FRA <>
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <FEFF00530065007400740069006e0067007300200061007300200066006f00720020005000680044002d005400680065007300690073002000420072006f0065006b006d0061006e007300200028003200300030003200290020007000720069006e007400650064002000760065007200730069006f006e>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


