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Abstract 

Attempts at modeling ASR expansion are usually limited by the difficulty of taking into 
account the heterogeneous nature and size range of reactive aggregates. This work is a part of an 
overall project aimed at developing models to predict the potential expansion of concrete containing 
alkali-reactive aggregates. The paper gives measurements in order to provide experimental data 
concerning the effect of particle size of an alkali-reactive siliceous limestone on mortar expansion. 
Results shows that no expansion has been measured on the mortars using small particles (under 
80 m) while the coarse particles (0.63-1.25 mm) gave the largest expansions (0.32%). When two sizes 
of aggregate were used, ASR-expansions decreased with the amount of small particles. A model is 
proposed to study correlations between the measured expansions and parameters such as the size of 
aggregates and the alkali and reactive silica contents. 
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1 INTRODUCTION 
Reassessment of Alkali-Silica-Reaction-damaged structures (bridges and dams) is of first 

importance for engineering structures owners. The gel volume formed by the chemical reaction can be 
used as input data of structural models [1]. One of the main difficulties is to assess this gel volume [2]. 
Microscopic models [3-6] could be one method of assessing it. Such models should be able to predict 
the differences of expansions with the evolution of all influencing parameters (size of aggregate, silica 
content, alkali content…) and have to be compared with experimental results. 

Numerous papers deal with the effect of particle size of reactive aggregates on the expansion 
due to ASR. Experimentations have been performed on several types of aggregates. It seems that the 
aggregate size causing the highest ASR expansion depends on the nature and composition of the 
aggregate. Significant differences have been observed between rapid and slow alkali-reactive 
aggregates. Opal was one of the earliest and most widely used aggregates in laboratory studies of the 
size effect [7-11]. Investigations on the size effect have also been performed with different kinds of 
silica glass, fused silica, waste silica glass, andesite, siliceous limestone, quartzite, greywacke, chert, 
mylonite, flint and sandstone [12-17]. In spite of all these studies, it is difficult to generalize about the 
effect of the particle size of reactive aggregates, since conflicting results exist concerning the most 
damaging size which leads to the highest ASR expansion. All the results available in the literature were 
obtained using different experimental conditions and the coupled effects with other important 
parameters, such as Na/Si ratio, have been often neglected. 

A few papers deal with the effect of size for reactive siliceous limestone [6-8, 18]. This type of 
aggregates has been used in many damaged structures in France. Therefore, in order to test models to 
predict the potential expansion of concrete containing such alkali-reactive aggregates, tests have been 
performed to provide experimental data concerning the effect of particle size of an alkali-reactive 
siliceous limestone on mortar expansion. The paper presents the experimental results (expansion 
measurements performed during more than 500 days) and gives data necessary for model 
development. 

16 mix-designs have been studied and a special attention has been paid to the proportions of 
alkalis (Na2Oeq) in the mixtures and reactive silica in the aggregate. First, the paper presents the 
experimental conditions of the tests. Then, the measurements of ASR-expansions are presented in two 
parts: experiment on mortars containing one reactive size (0-80 m, 80-160 m, 160-315 m, 315-
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630 m; 630-1250 m, 1250-2500 m) and experiment on mortars containing mixes of two size of 
aggregate (0-80 m and 1250-3150 m) with increasing 0-80 m reactive aggregate content. At last, a 
model is presented to analyze the experimental results. 
 

2 EXPERIMENTAL CONDITIONS 
2.1 Materials 

The cement used was a standard CEM I 52,5R with a specific gravity of 3.1 and a specific 
surface area (Blaine) of 400 m2/kg. Its chemical composition is given in Table 1. The aggregates were 
crushed sands (jaws crusher): a non-reactive marble (NR) and a reactive siliceous limestone (R). The 
chemical composition of aggregates NR and R are given in Table 1. The non-reactive marble was 
mainly composed of calcite. The reactive siliceous limestone contained mostly calcite and quartz, with 
traces of dolomite, feldspars and phyllosilicates. In order to control the particle size distribution of 
aggregates in the mortars, the aggregate samples were divided into several particle size fractions: 0-80, 
80-160, 160-315, 315-630, 630-1250, 1250-2500 and 1250-3150 m). Details of the aggregate 
combinations are given in 2.3. 
 

2.2 Methods 
Expansion was measured on mortar prisms (2x2x16cm) with a sand (1613 kg/m3) to cement 

(538 kg/m3) ratio of 3. The mortar prisms were kept in sealed bags at 20°C for 27 days after 
demoulding (24 hours after casting). The prisms were stored at 60°C, placed on grids in watertight 
containers containing 20 mm of water (mortar bars were not in contact with water) 28 days after 
mixing. Salt (K2SO4) was added to the water (above saturation) in order to maintain a relative 
humidity above 95% in the containers and to try to avoid condensation on specimens. Expansion was 
measured using the scale micrometer method (specimens had shrinkage bolts in the two extremities). 
Each measurement was the mean of three values from three replicate specimens. Expansion 
measurements were performed after the containers and the prisms had been cooled for 24 hours at 
20ºC. 

In order to reach distinct Na/Si ratios, mixtures were adjusted to alkali contents (Na2Oeq) of 
6.2, 8.1 and 9.9 kg of alkali per m3 of mortar by adding NaOH in the mixing water. An alkali-free 
superplasticizer was used (0.5% dry matter of cement mass) in mortars to achieve a proper set in the 
molds. 

For the first part, the water-cement ratio was 0.5. For the second part, the largest content 
(40%) of fine reactive particles (0-80 m) absorbed too much water during the casting, the mortar was 
too dry to be cast with a ratio of 0.5 (even with a superplasticizer). Therefore, the water-cement ratio 
has been increased to 0.6.  
 

2.3 Experimental program 
Size effect 

The first experimentation presented in this paper concerns the study of size effects of the 
reactive siliceous limestone on ASR expansions. In this part, six particle size fractions were studied: 0-
80, 80-160, 160-315, 315-630, 630-1250 and 1250-2500 m in mortars M1, M2, M3, M4, M5, M6, 
respectively. These mortars contained 8.1 kg of alkali per m3 of mortar. In order to obtain significant 
expansions with the aggregate studied in this paper, the content of reactive aggregate had to be at least 
30%. The particle size distributions were obtained by adding 30% of reactive aggregate of the six 
different fractions to 70% of a continuous size distribution (0-2500 mm) of non reactive aggregate. 
Therefore, the particle size distributions are different for the six mortars. The effect of such 
differences in particle size distribution on the porosity of mortars has been studied on mortars 
containing only non reactive particles. Measured porosities, using AFPC-FREM method [19], lied 
between 17.3 and 18.2%. The differences did not appear to be significant compared to difference of 
1% which can be obtained during measurements made on three specimens of a same mortar. Porosity 
will be measured on the reactive mortars at the end of the measurements of expansions and can be 
considered as input data for model analysis. 
 
Effect of fine reactive aggregate 

For the second part of the experimentation, reactive particles of two sizes were used: 0-80 m 
and 1250-3150 m, on mortars containing 6.2 and 9.9 kg of alkalis per m3 of mortar. Aggregates in all 
mortars had an equivalent particle size distribution and were composed of 40% of 0-80 m particles, 
30% of 315-630 m particles and 30% of 1250-3150 m particles. For the five reactive mortar 
mixtures studied, all the 315-630 m particles were non reactive and all the 1250-3150 m particles 



 

were reactive. Only the nature of 0-80 m particles changed: mortars M7, M8, M9, M10 and M11 
contained 0%, 10%, 20%, 30% and 40% of 0-80 m reactive aggregate and 40%, 30%, 20%, 10% and 
0% of 0-80 m non reactive aggregate, respectively. Therefore, mortars M7, M8, M9, M10 and M11 
contained a total of 30%, 40%, 50%, 60% and 70% of reactive particles, respectively. Moreover, 
measurements on two reference mortars with only non reactive aggregates were performed (one for 
each alkali contents). It should be noted that the difference of sizes used in the two parts is due to the 
fact that the results come from two studies carried out simultaneously. 
 

3 EXPERIMENTAL RESULTS 
3.1 Size effect 

The experimental results are presented in Figures 1 and 2. The ASR-expansions presented in 
these figures were obtained by subtracting the expansion of the reference mortar (without reactive 
aggregate) from the total expansion, as already proposed by some authors [20-22]. The long-term 
expansion of the reference mortars was 0.03%. Kinetics of the ASR-expansions measured during 500 
days are given in Figure 1. After 500 days of exposure in 60°C and 95% R.H., mortars containing 
small reactive particles (0-80 and 80-160 m) show ASR-expansions lower than about 0.01% (Figure 
2). ASR-expansions have been measured for all the other mortar using particles larger than 160 m: 
0.057% for 160-315 m reactive particles, 0.315% for 315-630 m particles, 0.328% for 630-1250 m 
particles and 0.267% for 1250-2500 m particles.  
 

3.2 Effect of fine reactive aggregate 
Measurements of the ASR-expansions have been performed for more than 500 days for the 

two alkali contents (Figures 3 and 4). The ASR-expansions presented were obtained by subtracting the 
expansion of the reference mortar from the total expansion. The long-term expansions of the 
reference mortars were 0.02% and 0.03% for the low and the high alkali contents, respectively. For 
the two alkali contents, the mortars containing only the large reactive particles (M7) show the largest 
ASR-expansions. Figure 5 shows the last ASR-expansion measured, related to the amount of fine 
reactive particles in mortar mixtures. ASR-expansion decreased with the amount of fine reactive 
particles in the mortars: the more the mortar contains fine reactive particles, the smaller the ASR-
expansions. 
 

4 MODEL AND DISCUSSION 
4.1 Size effect 

For this reactive limestone, no ASR expansion was measured for small reactive particles (under 
160 m). ASR-expansion appeared for particles whose diameter is higher than 160 m (Figure 2). 
However, for the same content of reactive particles, the expansion is smaller for the 160-315 m 
reactive particles than for the 315-630 m reactive ones. The critical particle size which causes ASR-
expansions is around 200 and 300 m. ASR-expansions increased with the size of reactive particles 
between 0 and 630 m. The ASR-expansion is quite the same for the 315-630 m particles and for the 
630-1250 m ones. At last, the larger reactive particles show lower expansions (Figure 2). This 
pessimum effect has already been observed for other reactive aggregates [9, 12]. During the 
experiment, the authors observed that cracks were wider for the specimens containing the larger 
reactive particles. If the cracks are wider, the ASR gel could more easily migrate in them, thus 
explaining the lower expansions. This pessimum effect could be then a scale effect between the size of 
the reactive particles and the size of the specimens. More experiments with larger particles of reactive 
aggregate, over 2500 μm, are necessary to verify this assumption.  

The increase of ASR-expansion with the size of the reactive particles can be explained by the 
effect of the porosity connected to the reactive aggregate. The expansion of the mortar is caused by 
the expansions of the ASR-gels. It can be assumed that this expansion is caused by the volume 
variation of the aggregate (in presence of gel). By sake of simplicity, the authors assume in this paper 
that the mortar expansion is proportional to the aggregate expansion: 

aggmor k=  

If k=1, the mortar expansion is equal to the aggregate expansion. In the reality, k has to be 
lower than 1, since the mortar expands less than the aggregate due to mechanical effect of cement 
paste. The decrease of the value of the parameter k corresponds to the increase of the restraint of the 
cement paste on the aggregate. During ASR, when the aggregate swells, the cement paste is submitted 
to tensile stresses. Therefore, the effect of restraint is limited and thus the parameter k should not be 
too small. During the formation of the ASR-gel, a part of the gel can migrate through the porosity 



 

close to the aggregate without causing expansions. Therefore, the aggregate expansion can be written 
for one aggregate ‘i’: 
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- Vgel_i: the volume of ASR gel formed in only one reactive particle, thus: 
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 With: vgel: the volume of gel per m3 of reactive aggregate 

- Vagg_i: the volume of one reactive particle: 
3
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particle. 
- Vporo_i: the volume of the porosity close to the reactive aggregate in which the ASR gel can 

migrate without causing expansion. Assuming that the gel can migrate along a same distance of the 
aggregate lc whatever the size of the aggregate, the volume of the porosity is: 
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_ +=  with pmor: the porosity of the mortar. 

In order to carry out this calculation, three parameters must be determined: lc - vgel – k. In this 
paper, the authors considered several values for k between 0.1 and 1 (for k = 0.1, the aggregate swells 
10 times more than the mortars), and lc and vgel have been calculated to minimize the deviation between 
the calculated value emor and the measured one. The results of the calculations of the parameters are 
given in Table 2 and the calculated expansions are plotted in Figure 6. Whatever the values of k, all the 
curves are quite similar and only one curve has been plotted (named ‘model1’). For the lower values of 
k, the values of lc and vg are maximal (Table 2). Indeed, the larger is the cement paste restraint, the 
larger must be the volume of ASR-gel to obtain significant expansion; and if there is a lot of gel, lc has 
to be large to prevent expansion for the small reactive particles. Whatever the value of the parameter k 
(higher than 0.1), the value of the parameter lc is quite small (less than 10 m) and can be reached by 
the ASR-gel. Even if the cement paste largely restraints the aggregate, this calculation can explain the 
increase of expansion with the size of the reactive particles.  
 

4.2 Effect of fine reactive aggregate 
For mortars containing two sizes of reactive particles, the larger was the content of reactive 

aggregate, the smaller were the ASR-expansions (Figure 5). In fact, the increase of the content of 
reactive aggregate was due to the increase of the smallest reactive particles (0-80 m), while the 
content of the largest reactive particles (1250-3150 m) was the same. The previous part showed that 
the smallest reactive particles did not cause expansions, however the largest ones largely expanded. As 
the content of large particles was the same for all the five mortars (for one alkali content), expansions 
could be similar. However the experimentation showed that the expansions decreased with the 
increase of the content of the small reactive particles. This effect had already been shown on concrete 
[23] and can be explained by the consumption of the alkalis by the small reactive particles. When 
aggregate powders are dispersed in a cement paste they release silica, resulting in a lowering of the 
Ca/Si ratio in C-S-H. It has been established that the ability of these low Ca/Si C-S-H to fix alkalis is 
enhanced. The depletion of free alkalis lowers the pH of the pore solution and, consequently, reduces 
the attack of reactive aggregates. Finally the expansion is reduced or suppressed.  

High alkali content implied deeper aggregate attack, and thus a larger volume of gel per m3 of 
reactive aggregate. However, a lot of papers showed that for low alkali contents (under a threshold of 
3 or 4 kg/m3), no expansion occurred. The volume of gel per m3 of reactive aggregate can be 
considered as proportional to alkali content of the mortar minus by a threshold taken equal to a mean 
value of ACth = 3.5 kg/m3: 
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with:  vgel_0: the volume of gel per m3 of reactive aggregate determined in the previous part, 
AC: the alkali content of the mortar,  



 

ACth: the value of the threshold in alkali (taken equal to 3.5 kg/m3), 
AC0: the alkali content of the mortar of the previous part (8.1 kg/m3),  

The volume of gel created by the reactive particle of one size depends on the content of the 
reactive aggregates of this size compared to the content of all the reactive aggregates of the mortar. 
Indeed, if there are only large particles, all alkalis can react with these particles; but when small 
particles are added, the alkali content which reacts with the large particles has to decrease. It can be 
assessed by: 
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with:  CRAi: the content of the reactive particles of size ‘i’ (kg/m3) 
CRAtot: the content of reactive aggregate in the mortar (kg/m3). 

For several reactive particles, the aggregate expansion is the sum of the expansions of all the reactive 
aggregates: 

=
i

iagg
 

Calculations were performed for the two alkali contents: Figure 7 gives the measured 
expansions versus the expansions assessed with the model with the parameters determined for k=1 in 
the previous part (black points). As shown in Figure 7, the model gives values not too far from the 
measured expansions. The mean deviation between calculated and measured expansions is about 30%. 
It can be partly explained by the deviation between the model and the measurement for the largest 
particle for the parameter determined in the previous part. The value calculated for the largest particle 
was about 30% higher than the measurement (Figure 6). The aggregate can be better represented by 
the parameters of the curve ‘model 2’ in Figure 6 (k=1, lc = 0.65 m and vg= 3.03.10-3 m3). Figure 7 
shows that the assessment is better with these parameters (gray points in Figure 7) with a mean 
deviation of about 15%. 

The model uses only proportionality between the parameters of volume of gel, alkali content 
and content of reactive aggregate. It appears to be efficient to assess ASR-expansions in this case for 
which mix designs and environmental conditions are perfectly known.  
 

5 CONCLUSION 
This paper presented the experimental measurements performed on 16 different mix-designs 

containing reactive siliceous limestone with a special attention to the proportions of alkalis (Na2Oeq) 
and reactive silica in the mixtures. Small reactive particles (under about 160 m) do not cause 
expansions while coarse particles (0.63-1.25 mm) show the largest expansions (0.32%). The model 
presented shows that it can be explained by the migration of ASR-gel in the porosity very close the 
reactive aggregate (less than 10 m). The experimental results on mortars containing two sizes of 
aggregates with increasing silica content show that ASR-expansions decreased with the amount of 
small particles. The volume of gel per m3 of reactive aggregate used in the calculations have been 
considered as proportional to alkali content of the mortar minus by a threshold in alkali content and 
to the content of the reactive aggregates of each size compared to the content of all the reactive 
aggregates of the mortar. With these assumptions, the model predicts the expansions of the mortars 
containing two sizes of reactive aggregates. This approach will be used as a basis for the development 
of future models to assess the potential expansion of concrete containing alkali-reactive aggregates. 
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TABLE 1: Chemical composition of cement and aggregates (% by mass). 

 Fraction* SiO2 Al2O3 Fe2O3 CaO MgO Na2O K2O Na2Oeq SO3 LOI 

Cement - 20.1 5.6 2.0 62.5 3.1 0.2 0.9 0.8 3.2 1.7 

Non-reactive marble - - - - 54.4 0.49 0.001 - - 0.01 43.0 

Reactive siliceous 
limestone 

1250-3150 m 20.0 1.3 0.6 40.6 1.2 0.4 0.4 0.7 0.3 34.7 

 
 
 
 
 

TABLE 2: Model parameters. 

k 0.1 0.25 0.5 0.75 1. 

lc ( m) 6.1 2.5 1.3 0.85 0.65 

vgel (m3/m3) 37.10-3 14.8.10-3 7.4.10-3 4.95.10-3 3.74.10-3 
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Figure 1: ASR-expansions of mortars containing 30% of reactive particles of size 0-80, 80-160, 160-
315, 315-630, 630-1250, 1250-2500 m and 70% of continuous 0-2500 m non reactive sand. 
 
 
 



 

0.014

0.057

0.316
0.328

0.267

-0.003

-0.05

0.00

0.05

0.10

0.15

0.20

0.25

0.30

0.35

0.40

0-80 80-160 160-315 315-630 630-1250 1250-2500

%
 A

S
R

-e
x

p
a
n

si
o

n
 a

ft
e
r 

5
0
0
 d

a
y
s

Reactive particles size (_m) 

W/C = 0.5 8.1 kg/m3 Na2Oeq

 
Figure 2: ASR-expansions of mortars containing 30% of reactive particles of size 0-80, 80-160, 160-
315, 315-630, 630-1250, 1250-2500 m and 70% of continuous 0-2500 m non reactive sand after 500 
days at 60°C and 95% RH. 
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Figure 3: ASR-expansions of mortars containing variable reactive aggregates content (mix of reactive 
particles of two sizes: 0-80 m and 1250-3150 m) for 6.2 kg of alkalis per kg of mortar. 
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Figure 4: ASR-expansions of mortars containing variable reactive aggregates content (mix of reactive 
particles of two sizes: 0-80 m and 1250-3150 m) for 9.9 kg of alkalis per kg of mortar. 
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Figure 5: Last ASR-expansions measured versus the percent of 0-80 m reactive particles. 
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Figure 6: ASR-expansion versus mean reactive particle size: comparison between model and 
experiment. 
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Figure 7: Comparison between model and experiment for mortars containing two sizes of reactive 
particles for two alkali contents. 



<<
  /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


