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bridge structure constructed in hot spring environment.

design, Durability

State-of-the-Art-Report on Characteristics of SHIRASU Concrete and its Practical Use
By K. Takewaka
Concrete Journal, Vol.42, No.3, pp.38~47, Mar. 2004

Synopsis Shirasu concrete is defined as a concrete using Shirasu as fine aggregate. Shirasu is a kind of pyroclastic flow
deposits and the huge volume of it accumulates in the southern part of Kyushu lsland, Japan. Its particles can effectively
react as Pozzolan in concrete to produce durable one, although Shirasu is classified into the nonstandard aggregate because
of its lower specific gravity, higher water absorption ratio and large content of the fine powder. In this report, characteristics
of Shirasu concrete and its mixture design method are briefly mentioned and they are followed by an explanation of newly
developed self-compacted concrete with Shirasu. Furthermore, the author introduces some activities for practical use of
Shirasu concrete in Kagoshima prefecture, including the first trial of a real construction of the concrete in the foundation of

Keywords : Unused natural resource, Pyroclastic flow deposit, Shirasu, Shirasu concrete, Pozzolan, Materials for mixture
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Crystallized Glasses Produced by the Use of a Volcanic
Ash “Shirasu”

By
Shuji TSUNEMATSU, Kozo INOUE and Osaku MATSUDA
(National Industrial Research Institute of Kyushu)

“Shirasu” is a sort of volcanic ash broadly deposited in scuthern Kyushu and consists
mostly of glassy alumino-silicate.

In this paper, the authors describe the crystallizing behavior of some glasses produced by
using “Shirasu” as a raw material without addition of any crystal nucleus and discuss the
correlations between the structures of crystallized glasses and their strengths.

The results obtained are summarized as follows:

1. Heat treatments of the glasses in the systems “Shirasu-CaO-MgO”, Shirasu-CaO-ZnO” and
“Shirasu-CaO-MgO-Zn0O” caused the formation of the crystals of diopside, hardystonite-5~
wollastonite and diopside-hardystonite-#-wollastonite respectively. An unknown crystal was
detected in each of almost all of the specimens. All the crystals grew from the surface to the
inside of the glass specimens.
2. By the crystallization, the softening temperature of all of the glasses examined rose from
about 870°C to about 1200°C and their hardness in Mohrs increased from 5 to 8,
3. The glasses in the systems “Shirasu-CaO-MgO” and “Shirasu-CaO-MgO-Zn0”, in which
diopside precipitated on heating, did not show an increase in strength by any crystallization
procedure, whereas the strength of the glasses in the system “Shirasu-CaO-ZnO” heat-treated
for 2 hours were 2 to 3 times as high as those of the original glasses respectively. As the
heating time was further increased, however, their once increased strengths dropped rapidly,
regaining their original values.
4. The high strengths achieved by crystallization were discussed in terms of the shape of the
formed crystals, the processes of the crystal growth, the appearance of crystal grain boundary,
etc,

[Received September 29, 1975]
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Table 2. Chemical compsitions of Shirasu glasses

(wt%s).

No. Shirasu CaO MgO ZnO
1 70 20 10 0
2 70 20 0 10
3 70 25 0
4 70 20 5 5

Table 3. Heat treatment conditions for glass

samples,
No. Holding Heating rate Holding
1 700C 0.5h 5°C/min 1000C 2, 6, 24, 48h
2 » 2 » » »
3 » 0.5~ » 1100C
4 » 2 » » » »
5 900C 0.5~ ”» 1000°C
6 » 2 » ”» » »
7 » 0.57» ” 1100°C »
8 » 2 » » » »
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Table 1. Chemical composition and mineral component of the Shirasu.

Chemical composition (wt%)

Mineral component (wt%)

Si0, ALO; CaO MgO FeOy TiO; NaO

K0

P.Os MnO  ig.loss Total  Volcanic glass  Crystals

72.73 13.69 1.44 0.23 1.82 0.18 3.46

0.01 0.06 3.16 100.2 78.55 21.45
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Fig. 1. Differential thermal analysis of the
“Shirasu” glass.
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TR RTINS 2\ C D BMESHERESHS RO H o DA RIAY 7
LOERLELDTHS. M 3~5 0T, =& 238
# No. 1 & & 3 IR L8RS 4 T L b
DiE, DLF [1-4] © X 5izsed.

ezl | 3 ket [1-4] Tk, 02 2 B R
BeRAER I IARIE £ CER L TR Y, ZDBOREFRH

Sample No.4 Heating

0 15

Heating time (min)

Fig. 2. Crystallization process from outside to inside of “Shirasu”

glass.
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DB EE S TRBBIR SR 85. [4-7] &2 T
HIEERBEOBEZ R TR, SPREMRPOCKREL, #
HREETS. —F, K 4 [2-5] BX U [3-5] D
X, K2R L-ERABe T ARBL VREL,
B 2 R CIERBIC Y - Ta—T 1 v S iR
LBz L RARICE Y EES . [2-5] LT [8-
5] 1345 AREmH» HIICHE » THBARIZHE Lz
dEERT. B 5 [2-7] CikeRMU LRSS & %
NE TOENRRER BRI R B L, [3-7]
TR T 2 RTINS &R IR ANEAE LR
BLixs.

BB, FEWEHSIC X 5 L ENEWIO VN Z AREIC T
WFEEIC & AEGHROSI 3 XL bhi=23, B
MUREHZIE R D I o T2 E D) THED 3 X8
BHEL T .

3.3 XigEdR

&4 5 23 EE 900°C A5 5°C/min T 1100°C % T
R L, 1100°C T 48 WRfRE L, B ohicildby
52O XMEHTFRE E® 6 17T, 3 No. 1 i dio-
pside (CaO-MgQ-25i0,) & 20 2% 27.8° D3k & ks
(Z DEEFIFIRFE A ), 3 No. 2 1% hardystonite
(2 Ca0+-Zn0-2 Si0,), 2kt No. 3 i3 f-wollastonite(s-
Ca0-:8Si0,), hardystonite 38X OFanktdh, 3k No. 4
ix diopside, hardystonite 33X USREnEEMASZ N ZF IR
BTz,

OER, BRI VEBEERTZ L O b 5K
No. 2 83X U No. 3 OfEfbA 7 R iT2W T XHRET
TV, BUERAM: L ATHIR R OREEE & 0BRIc v T
PNz, ZOHEY BT BXO8icRT. X7 [2-2]
2 i, 24 oz X » T hardystonite D%
BRRIFEER T2 DL RS, 7z, 6REREE
C IR o0 R I P BT SR S R AR L7 [2-8]
DFERALT 5 2%, 2B TY ¥ 4 — 77 hardystonite
DE—7 BEBN, 2B 6 48 W £ ToEY v —
JEEDOETZEALE L. ZOERILY T AT idFm
RS bR o . K8 [3-5] Tk, B 2 5%
B2 5 6 B [Elic A-wollastonite, hardystonite 33k
USRAFEGEPREL T 5. [3-7] TR 2Bty v —
7°7r. B-wollastonite 23R, 545 23,
PO & TR — 7 13/ &
7Y, iz hardystonite 25p% &
LT3, E7z, 24l coin
o TeRAEER S 48 BRI Gk
‘ : BYFERELTCS.

90 3.4 BRILCEZHBEEDEL

BHERALT 7 20BN & 4
Ry, 3k Noo 1 okt
DEEZIHBFHELIKREL, 20
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[1-4]

[1-4] : sample 1,heat-treatment condition 4

Fig. 3.
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2h

6h

24h

48h

[4-7] : sample 4,heat-treatment condition 7

Photo-micrographs of “crystallized glasses.
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[2-5] [3-5]

2h

6h

24h

48h

[2-5] : sample 2, heat-treatment condition 5 : [3-5] : sample 3, heat-treatment condition 5

Fig. 4. Photo-micrographs of crystallized glasses

36
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[2-7]

[2-7] : sample 2,heat-treatment condition 7

Fig. 5.
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2h

6h

2¢h

[3-7] : sample 3.heat-treatment condition 7

Photo-micrographs of crystallized glassss.

17



284 Yogyo-Kyokai-Shi 84 [ 6] 1976

D

Fig. 6.

2 30 35 40 45
29

Heat treatment condition No. 8
Crystalline phases
D : diopside, CaO - MgO+ 2Si0,
W: A-wollastonite, §-CaO - SiO,
H: hardystonite, 2 CaO « ZnO - 2810,
X-ray diffraction patterns of the heat-
treated glasses.

(2-2)
H
H 2hr
“6hr
26hr
48h
25 30 35 40 45
20

[2-2] Heat treatment condition No, 2
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AR E S ERIRIC BV T 873°C 225 1200°C DL E
GEIFEBSIRAL 1200°C) &7z o7z MO REOELIEED
D, ESEELELDTh o7, T—AMERVT
hoRES, Bzl -To»b 8icmkEL.

3.5 gylJeReE

WERLT I ROmIREEZ B9 ZRT. #/ No.1
B No. 4 F&ftc i, BuEcis
mmpen iz &, 3B No. 2 8L U No. 3 T
HERLD D OBMRAETHEVEE (F9 © Time 0
ZARY) O ITRREE LY 700~800 kg/em?® Th » 7285, 7],
NOBMPRLLRIZ BT, B 2 B TS IREE
1800~2700 kgfem? i+ 2 ¥ —2 BR L. Thi,
RO D OEME T \VH S 2D 2~3 FOE
Thb. TOHROBEEIORBIE:, HITRER
SRR TOERE RT3 No. 2 ltBE_'D =M
WAL S, 4, 7 BLUBILARERILYT 21k, —B
1000 kg/em? FREEIZIRESAMET L 2B FEY 2000 kg/em?,
FaEE ETHIR LT,

4 = -
PIF, LY 5 20 @iimEiR 2w TESRETS.
=kl No.o 1 oS TI 2T, K3 [1-4] 2R
5 X O ICHERG diopside DFESRIFBHEL 722
L, 2Rz B4ICRLEESE, BRLIBROLESE
BAE VDA SRR XOEREEORENE

(2-8]
H
|
H ‘ ,I 2hr
-
y ‘ ‘il, ) H Hy H
}'i 6hr

3 | SR R -

25 30 35 40 45
20

2-8] Heat treatment condition No. 8

Crystalline phases
H: hardystonite, 2 CaO + ZnO + 25i0,

Fig. 1. X-ray diffraction patterns of the heat-treated glass sample No. 2.
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(3-5)

24hr

48hr

] 2 L 'S

25 30 35 40 45
29

[3-5] Heat treament condition No, §

(3-7)
w

[3-7] Heat treatment. condition No. 7

Crystalline phases
W: f-wollastonite, #-CaQ.- SiO,
H: hardystonite, 2 CaO - ZnO - 2 Si0O,

Fig. 8. X-ray diffraction patterns of the heat-

treated glass sample No. 3.

Table 4. Properties of crystallized glass and Shirasu

glass.

Shirasu glass Crystallized glass*

No. 1 No. 2 No. 38 No. 4 No.1 No. 2 No. 3 No. 4

Specific
gravity
Hardness
(mohrs)
Softening
point('C)

2.7 2,77 2.5 2.7 2.95 2.78 2.7 2.78

5 5 5 5 8 8 8 8

over over
878 868 875 870 1200 1170 1180 1200

+Heat treatment condition No. 8

ZEash 84 [61 1976 285

Bending’ strength ( Kgrem® )

4
1000 0¥

480
Time ( hr)

+Heat treatment condition for glass samples (Table 3)

Fig. 9. Bending strength of the heat-treated
glasses.
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FOBRKRLRZ D NN ST,

stk No. 3 #BULESM: 7 THE LB EIRE,
BEESEHE 1, 2,5 BLU6 DEEIRE 2ERENG 6 8%
Rl COMBSRBERT AP o2, 2O LEH
5 [3-7] lZmET X 5ic, T T2 2 BT b TIRES
ERERLTCRZ L EEFREDS Y. ZORE, K8[3
-7] X BEHKE R L, 8-wollastonite D E'— 7 i
BEFEORIE L oo/ E { 2 D, WiT hardystonite,
FEMER DO E— 7 TV 5. Zhds, FOHOHE
EFoEELEZz 5. BE No. 3 i22o0wT, Hul
BRAAED & 7T 24 BRRNCIT S e HREE & el LT
3 &, FhFNH 1000 kg/em? 33 X U 2000 kg/em® T
BEOBEINEOEND 2/ ThH o 7o, TORE 26
27.8° OFREFEHOE—IBHIRIHBITREIB LK
HEPBEOR2ETHY, ROBHOBECELET
EERIRENEELIOND.
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5. ¥ & &

1) AfgeiciER LA 5 A8EhE, Bzl T
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B-wollastonite 23FFHIL, & &icstkl No. 2 0B
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