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ABSTRACT

Mt. Shinmoedake erupted on January 26th, 2011lillsastive, so establishing effective

utilization of volcanic ash (VA) is required. VA piele size distribution was wide from fine

to coarse in the sampling site, and blending fim& @oarse VA can make better distribution.
VA pH-value ranged from 4.9 (acidity) to 6.0-6.7eém neutrality). Comparing with the

standard sand (SS), the ratio of flexural stremgbampressive strength of VA mortar, was
1/4.8~1/6.0 and a little larger than that of coter&he strengths of VA mortar were larger
or smaller than SS mortar, depend on the differeicéA-absorption and the flow-value

and unit-weight of mortar. The difference in strdngalues between SS mortar using
saturated surface dry sand and oven-dry sand reeansnthe use of the former. The
basicity of tephra of Mt. Shinmoedake was 0.49-CaSlcompared to basicity values of
0.41-0.44 usually found in volcanic areas from ottewuntries.
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INTRODUCTION
L ocation of Volcanosin the Southern Kyusyu Island of Japan.

The country of Japan is usually called “Volcanitamsl”, and many volcanos are located
widely in Japan. For example, Mt. Fuji, famous ebitihful figure with a highest altitude of
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Figure 1. L ocation of two active volcanos in the southern
Kyusyu Island of Japan
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3,776 m in Japan, is one of the dormant volcanBigme there are many active and rested
volcanos, we Japanese and many foreign visitorspgant pleasure time in many hot springs.
However, the sudden volcano eruption led a largeadge to the nature, industry, civic life
and so on.

There are two active volcanos in the southern Kyulsjand, as shown in Figure 1. Mt.
Sakurajima (Altitude: 1,117 m) in Kagoshima Prefieethas been erupted sometimes. On
the other hand, Mt. Shinmoedake (Altitude: 1,421 im)the border of Miyazaki and
Kagoshima Prefectures erupted largely in the enthonfiary, 2011, after a half century from
a former eruption. These two volcanos belong teedkht volcanic belts. Mt. Sakurajima is
still active and sometimes smoking with tephra, nehe Mt. Shinmoedake, albeit its
currently small volcanic activity, still needs te honitored.

Distribution of Volcanic Ash (VA) of Mt. Shinmoedake and Crop Damage

Mt. Shinmoedake erupted largely on January 26th]12The amount of the ejection during
first 2 days of eruption was estimated at aboutmiffion tons (National Institute of
Advanced Industrial Science and Technology (NIZ)11), and the falling ash (tephra, or
volcanic ash: VA) caused destruction to the wild,lcrops and disrupted daily life activities
in all neighboring areas. Almost VA was spreaddatkeast depend on the wind direction
when volcano's smoking on Jan. 27, 2011, as showiglre 2.

VA-weight per square meter were also indicatediguie 2. VA-weight became light as the
distance from the crater of Mt. Shinmoedake bectaneBigger-size volcanic rocks were
found near the crater, and the damage of uplariorMiyakonojo area located 10~30 km
far from the crater was very serious because ooy by about 5 cm thickness of VA in
wide agricultural area. There was no countermeaagaenst the VA's acidity during the first
stage of growing crop. The safety of civilians’ds/was also seriously threatened by VA
fallout, so an immediate treatment of VA was regdir
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Figure 2. Distribution of tephra (VA) during Jan. 26-27, 2011
(National Institute of Advanced Industi&dience and Technology, 2011)



VA-Treatment in Miyakonojo City

Miyakonojo City as one of VA-falling areas decidedmediately to accumulate VA by
citizen and then to carry them to the specifieghassl sites by trucks, and also other work
was to cram VA into many 1 hplastick bags to fix to places to prevent disasile
VA-debris-flood, as shown in Figure 3. To reduce tfuantity of VA, some factories tried to
make roofing tiles and bricks as one of effectitiézasion but without a scientific analysis
on VA property. The volcano become small but if§ atitive, so establishing the effective
utilization of VA is required for the recovery otmaining landfill capacity and the
mitigation against sediment disaster.
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Figure 3. Disposal site carrying accumulated VA (left), work of craming VA into 1 m*-
plastick bags (middile), and fixing the bags on sitesto prevent VA-debris-flood (right)

MATERIAL AND METHOD
Sampling and Microscope Observation of VA

VA for some tests were sampled in several VA-acdated sites of Miyakonojo area while
driving a car. The distance from the volcano todampling site was measured using the map of
Geographical Survey Institute with 1/50,000 sc8eme information of tephra like volcanic rock
and ash were gotten from the website of volcan@rszbyNational Institute of Advanced
Industrial Science and Technology (NIAI) of Jap@he shape and grade of VA were observed
by an extended substance microscope and then phkeographs with a scale.

Tests of Physical Properties and pH-value of VA

There is no test method for VA, and therefore thesyal properties of VA were tested by the

aggregate test method (Japanese Industrial Standl&das shown in Table 1. Furthermore,

pH-value of VA as one chemical propertyas measured by the test method for pH of
suspended soils (JGS 0211-200), using a glassadecpH meter put into the water mixed

VA and a clean water by the weight ratio of onéve.

Table 1. Test methodsfor fine aggregates

Method of test for sieve analysis of aggregates S AIL102
Methods of test for density and water absorptidine aggregates JIS A 1109
Methods of test for bulk density of aggregatessuoiid content in aggregates JIS A 1104
Method of test for amount of material passing $éste 751 m in aggregates JIS A 1108




Strength Test of Mortar mixed with some VA to compare with Standard Sand
(SS)

It is necessary to grasp the property of sand (§iggregate) to use as a concrete material. To
compare with the standard sand (SS),ftegural and compressive strength of mortar mixed
with some VA was designed to test by the methotestf for cement strengtlllS R 5201
The test piece of 40x40x160 mm size to compare -effadts to the strength were
manufactured by the old JIS without vibrating, hessaof no special table vibrator when
testing.

The mortar mix proportion is shown in Table 2. Bgpdnding on the old JIS, the
water-cement ratio was 65%, and the ratio of cen®isand was one to two in a weight.
Cement with an environmental consideration was asBdrtland blast-furnace cement class
B with 3.04 specific gravity and 3,790 & specific surface area by Taiheiyo Cement
Corporation.

Before mixing mortar, sand of VA and SS were tréatetwo dry conditions, i.e. oven-dry
condition and saturated surface-dry condition. S& va supply from Japan Cement
Association. Mortar for test pieces was mixed Brlater mortar mixer (Hobart type) with a
paddle. Concerning the mortar flow value, maximuamgter of flowed mortar and then its
rectangular diameter were measured by using 30emmer caliper after 15-times dropping
mortar on the table, and then calculated their ageer The mortar was fixed into the
three-test piece-mold. After 24 hours under a veetdiion, test pieces were removed and
the unit weight were calculated by measuring eaelglt and three dimension size of test
pieces in surface-dry condition after removing. Tést pieces were cured for 27 days in a
water of 20 centigrade degree temperature untibomaag their strength.

At 28-day age, the flexual and compressive strenftihortar was measured by a universal
tester (Shimadzu, Autograph-5000A, 500 kN) andragressive tester (Enami, Amsler type,
1,000 kN), respectively.

Pozzolanic property of VA

The pozzolanic property of VA is interesting whesing VA into concrete. Some papers and
website reporting about the chemical analysis d€ardc ash are studied to gather the
information.

Table 2. Mix proportion of mortar*, and their flow value and unit weight

Sand dry Kind of sand | W/C c : S | Water) PBF (B), Sand Flow value | Unit weight

condition (Mark) (o) | (weignt | W cement: | S T E K/
ratio) | (@ | C@ | (@ (kg/m
Standard sand (S$) 227 20563
Oven_-_dry Mawatari (M) 65 1:2 455 700 1400 182 1782-11
condition Yamada (Y) 145 1895t5
Kosen (K) 158 1895-4
Saturated Standard sand (S$) 231 20726
aturate -

surface-dryl—vawaanM | ool g5 | gss 700 | 1400 —22% 1864°5
condition Yamada (Y) 182 19107
Kosen (K) 172 1910-6

* Mortar mix proportion was by the old JIS R032 ** Just after removing mold.



RESULTS AND DISCUSSION

Microscope Observation of VA

Sampled VA indicates in Table 3, showing the distaftom the crater o Mt. Shinmoedake
to each sampling site and conditions of VA when @arg. There was in the condition’s
difference, as some of VA were flushed by rain ypbessure-hose water like No.1 and No6,
or were cramed into plastic bag like No.5, anddtiers were set as sediment. It is, however,
possible to contain organic matter, small stonesandn in VA-sediment.

While observing VA of No.1~No.6 by an expandingretemicroscope, some photographs
were taken. The sampling sites and photographsteven in Figure 4. Falling ash during
March 3-10, 2011, was distributed from northweststutheast depending on the wind
direction. Bigger size of tephra (VA) was found ntee crater.

Table 3. Distance from the crater to sampling site and condition of VA

No. Dl(sktre;r;ce Sampling site Condition when sampling VA
1 5.8 Miike VA sediment on road side after floshby rain
2 10.9 Mawatari VA sediment gathered by peoplecanl side
3 16.3 Yamada VA sediment carried in the site fieddy City
4 23.1 Kosen VA sediment gathered in ground ofelRos
5 24.5 Takaki VA bag sampled in a car park negaktinojo I. C.
6 25.2 Tokita VA gathered from roof of Sumitomo Rubber t6ag

No.6 was sampled on March 3, 2011, and othee we April 16, 2011.

VA distribution (kg/m?) .
during March 3-10, 2011

Figure 4. Sampling sites (above) and
photographs (right) of tephra (VA)



Physical Propertiesof VA

The physical properties of VA are shown in Tabld-heness modulus of VA was ranged
from 2.03 to 3.17. Figure 5 shows the relationdieépween the distance from the crater and
fineness modulus, and this relationship is in & miggative correlatiorP&0.01). The size of
VA became coarse as the distance from the crateecin Figure 6, VA of No.1 and No.2
distributed outside of the standard grade rangH®fA 5005, as being large grade (coarse),
and VA of No.4~No.6 distributed almost in the stamtigrade range but the quantity of 0.3
and 0.6 mm grade of them was short. Thus the gohdéA ranged widely from fine to
coarse

Table 4. Physical propertiesand pH of VA

No.| S&mping | Fineness Density (g/cr) Absorption| Unit weightl Solid volume| Materials finer thaf oH
. site modulus | saturated surface-d@ven-dry (%) (kg/2) (%) 75 um sieve (%)
1 Mike 3.17 2.16 2.08 3.78 1.36 65.7 11.F 6.0
2 | Mawatari| 290 2.08 1.95 6.97 132 68.2 17 66
3 Yamada 2.91 2.15 2.01 6.75 115 57.4 1.C 4.9
4 Kosen 2.03 2.27 2.19 3.84 1.23 56.1 3.C 4.9
5 Takaki 2.10 2.32 2.21 5.07 1.27 57.6 8.1 6.7
6 | Tokita 2.03 2.29 2.20 3.97 133 60.3 6.7 56

No.6 was sampled on March 3, 2011, and othee we April 16, 2011.

40 100

Standard range -4

. < N AW
g 35 2 g .. of JIS A 5005 A No.4
= B ' ' 4 f o
é 30 & i ; No.6 _|
o
w 25 = No.3
o 7 40 No.5 7
§ 2.0 8 '
= No.2
= 15 52
D 5 - No.1
10 § 0 o pTeentt s ! ! H } H :
0 5 10 15 20 25 30 0.075 015 03 06 1.2 2.5 5 10 15

Distance from Mt. Shinmoedake crater (km) Size of sieve (mm)

Figure 5. Relationship between distance Figure6. Sieving distributions from
and fineness modulus of VA No.1to No.6 of VA

Furthermore, the sieving test was carried on VAathin Miyakonojo neiborhood on Feb.
2011 and the test result indicates in Figure 7 (@n@011). As same above, the distribution
is ranged from fine to coarse, indicating outsidaT the JIS standard grade range. If VA is
used into concrete, it is necessary to controhefdrade. In one trial, as shown in Figure 8
(Onoue, 2011), the blending with fine VA and coamse was done in case of 2:1, 3:1, and
standard range. Although this trial was to blenthviine and coarse VA, it is required not
only the sand grade distribution but the qualityioé aggregate in case of using into mortar
and concrete. Consequently, better quality sarrégaired when mixing with VA and the
strength properties of the obtained mortar nedsktoonfirmed.

pH-Value (One Chemical Property) of VA

As soon as eruption, sulfur dioxide (S§as) contains inside and in surface of tephra is
rapidly changed to S{Ogas because of reacting with oxygen ¢@s)in the air. So tephra
including SQand SQ gas falls on ground. On the other hand, pH-tegtmgiclean water is
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carried out on a VA to water ratio of 1:5 and pHueais measured in that mixing water.
There is a simple chemical reaction: :3CH,0 — H,SQ, and S@+ H,O — H,SG,, i.e.
sulfuric acid. This acid indicates acidity but iasg to flush away by water like rain.
Consequently damages to upland crops by VA areowsgriespecially in first stage of
glowing when planting outside.

In the right side of Table 4, pH-value of severd I indicated. In spite of sampling a few
months later from the eruption, pH-value of twaesitvas both 4.9, showing high acidity,
and of No.1-2 and No.5 were 6.0-6.7, close to 7@ chemical neutrality. It was estimated
the cause of different pH-value from the conditidn/A sediment in Table 3. For example,
some of VA sediment have been changed to the rigptnanile flushing away by rain, or
organic matter was contained in some of VA onepdgsent, we do not test the organic
impurities in VA yet. If containing organic impusgs in VA, VA should not be use into
concrete depend on the quality. It is necessanmywistigate the change of pH-value of VA.

Flexural and Compressive Strength of Mortar Mixed with VA and SS

Figure 9 shows the flexural and compressive sthengf mortar with SS and three VA
according to the mix proportions shown in TableTRe strength change by the mortar
proportion between flexural and compressive stiegivas similarly, and the flexural
strength was about one fifth of the compressive. diee ratio of flexural strenghth to
compressive one is generally 1/5~1/8, and in thistam, the ratio was 1/4.8~1/6.0 and a
little larger than a concrete. To compare with 88th strengths of VA of Yamada and
Kosen were strong, but VA of Mawatari was not sgran case of sand under oven-dry
condition P<0.05). However, in case of sand under saturatddcgsdry condition, only the
mortar with VA of Mawatari became smaller than tteer £<0.05). To compare with the
sand condition of dry or wetting, the mortar usovgn-dry sand was slightly stronger than
using saturated surface-dry sand. In case of usamgl of dry condition, during mixing
cement paste with dry sand, the sand could absatérwn the paste and then W/C become
smaller.

Although the absorption of Mawatari VA is 6.97% aslightly larger than Yamada VA
(6.75%), the flow value and unit weight in VA marten Mawatari and Yamada was
different, and Yamada VA mortar was smaller in flealue but heavy in unit weight. Thus
larger absorption sand does not necessarily makeggr mortar. Consequently, the mortar
had better mix with sand (VA) under saturated sigfdry condition when using VA.
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Pozzolanic property of VA

In Ancient Roman agevolcanic ash with Pozzolanic effects was used toaireold
monuments and to construct new ones. Wayman (2@hbrted “The Secrets of Ancient
Rome’s Buildings” in the website, as volcanic askswised to construct various buildings
like the Colosseum.

Table 5 shows the chemical analysis results ofreefiom the website information (NIAL,
2011) and some papers (Onaateal (2012), Ashrakt al (2005), and Hossain (2003)). The
chemical elements with Pozzolanic reactivity antkas are mainly Si¢) Al,O; FeOs,
CaO, and MgOThese elements are contained in all tephra in Tabédthough some of the
components are missing depending on the sourcéa.of

Iron-blast-furnace slag is generally used to cenadtetr milling process, and its basicity is
over 1.4, being the value with better Pozzolanactigity. This basicity is calculated by next
equation, using the content (%) of $i@l,0;, CaO and MgO.

Basicity = (CaO + AlO;+ MgO) / (SiQ)

In this connection, the tephra of No.1 and No.2 same from Mt. Shinmoedake, and its
basicity was 0.51 and 0.49 in order. The value of3Nrom Pakistan and No.4 from Papua
New Guinea was 0.41 and 0.44 in order. These valubasicity are less than 1.4, being the
value with better Pozzolanic reactivity. From thessults, it is necessary to confirm the
Pozzolanic effects of VA from the strength progrebsnortar mixing with VA, comparing
with SS.

Table5. Chemical analysis results of the varioustephra (%)

No.| SiC | Al20s | FeOs| CaO| MgO| TiQ | K20 | tFeO| Othell Total Note

1| 57.3| 174 — 7.9 41 — — 7.3 5.4 | 99.4| NIAlTephra on Jan. 27. (2011)
2| 58.9| 19.4| 85 7.7 1.7 0.9 2.3 — 0.7 | 100.0f Onouet al. (2012)

31603| 23.4| 0.3|11(CaO+MgQ) 6.6] 50(KO+NaO)] — | 96.6 | Ashrafet al. (2005)

4 (59.3| 175| 7.1 6.1| 26| — | 2.0 | — | 4.4 | 99.0| Hossain K.(2003)




CONCLUSION

Mt. Shinmoedake erupted the end of January, 20id spreaded many tephra like volcanic
ash (VA) to wide area, especially Miyakonojo Citwy. this paper, the characterisitic of
distribution of VA around the volcano, and the pghgband chemical properties of VA to
use into concrete as fine aggregate were testesl.sfrbngth of mortars mixing with VA
from three-sampling-sites was compared with thedsted sand (SS), and the pozzolanic
reactivity of VA was discussed by using a websifeiimation and some papers.

In a future, we will plan some experiments on ceteblock mixed with VA for effective
utilization while thinking about the volume redwstiof VA sediment.

The results are summarized below;

1) Particle size distribution of VA was very wide, esjally Miyakonojo area got much
tephra (VA) depending on wind direction. Coarse Wah bigger size was found near
the crater, but in the site far from the volcanogfVA was found by a microscop
observation.

2) The relationship between the distance from theecrahd fineness modulus from a
sieving test for VA is obviously in a high negativ@relation P<0.01). The grade of VA
ranged widely from fine to coarse. Better gradérithstion for fine aggregate can make
to blend with fine VA and coarse VA in some ratés blended VA can range in the
standard garde range of JIS.

3) The pH-value, one of the chemical properties of Was measured for several VA
sampling sites. VA idicated acidity by influencesafifur dioxide contained in or being
on the surface of tephra in first stage. In spftsampling a few months later from the
eruption, one of pH-value of VA indicated 4.9 beisigong acid and the other were
6.0-6.7 closing to 7.0 of the chemical neutrality.

4) Although the ratio of flexural strenghth to qumassive one is generally 1/5 to 1/8 in a
concrete, the ratio of the mortar mixed with VA a88 was 1/4.8~1/6.0, and a little
larger than a concrete. To compare with SS, bodngths of Yamada and Kosen VA
were strong, but Mawatari VA was not strong in cassand under oven-dry condition
(P<0.05). However, in case of sand under saturatethcaidry condition, only
Mawatari-VA mortar became smaller than the otl0(05).

5) The basicity of tephra from Mt. Shinmoedake Wasl and 0.49. Also, tephra from
Pakistan and Papua New Guinea was 0.41 and 0O.dgeatively. These values of
basicity are less than 1.4, being the value witteb&ozzolanic reactivity.
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