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%352 72.1 19.4 2.0 3.9 18 3.3 2.44
ERVIX 79.7 12.6 2.1 25 25 4.2 2.49
B3R 80.4 12.5 2.0 2.3 3.7 6.5 2.48
EEYSR 81.6 10.9 1.7 2.0 3.0 5.2 2.37
IS4 F7valliE 65.8 18.5 5.2 5.8 16 0.4 2.29
H : Halloysite Q
Q : Quartz P
100 * = = = = A : Albite
P : Plagio clases
gso
i
4R 60
]
a 40
Ezol MZLS5R —a—1&IIL TR M% 52
" ——FBRYSR —w-FHISR |
0 1 1 1 1 1 1
0075 015 03 06 12 25 5 10 11131517 19 21 23 25 27 29 31 33
5% LNOFEUST & (mm) 26/degree
E-2 55L5HHBREER B-3 &#X5RAOXRD/AZ—

B—2 2K T ADSD WSRO RE RS, R
WCEBY T A, JIRHICHER S LD BBICA RS’ E
TEY, BT 75um LT ORI DL 72> TWND, £
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PINCIERE DN T ATHDH I L NHERTE D, T,
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2mEh, SEMICERE L ol L HEIND,
HRY T AUND YT AL, [, EEL(Albite, R
ANBLOEHEASIKEA ( Anorthite ) 23R LTV D
#HEAJH( Plagio clases, BIH P ) 2FATND Z & & ffe
LT, BT ALBRYT AL, SHARNIZIER
UCThd, T, BKERDKBHER DD, [[
CEWIRRIZ 72 o 1o EHEZR S B, — % T R,



BN TALHBBY I ALEE LT, WERZ2ZEH
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CENHERTEDL, IhLY, BEYVIABILURYIY
T AL, RIS OEIEMEN -, IEREOEIE RN
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BOWREIT ) 720, IR TIE OPC LIS LanEEx
HNDHER 9 5 b O TR DR S LA Lz,
BRI DJFEE T 5 3 5 AZOWTIE, Al L7z 4 ffE
DT AT UCHRE) I VA VTR A ATV, kL
EZE LR 2 Lz, ok, By 58, Rk
DT 4 — FiZ 1 B2 45kg & Lz, BME ok
FKEFEIL, HHY T AZFRWVT 4500 cm¥g 235 5500
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P : Plagioclases g
A : a-AlLO,

150~300um
75~150um
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cm¥/g DM E72-7-, HEHYZ A LT, RELZ
RERU TR N> 712, 7 Lb— DS 6000 cm?/g
LD T AE D b RELS ooz, £, EAX AR
RIZIL, B L LTE LJINEDONWEZ W, 7k,
FIREKICE LTIE, ~2—x MEREICIZEEKE, £
A AR IdKE K 28 L=,
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7o BHEMEOR S EZR—4, 5T, AL LTIT
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PR Lz, =R FBIOENZERIE D KA
xRk #EL 2B X5 05 & Lz, 21— MEREKIE,
—ERMTTHIEE T, BUREH®, TV —T 4 WL
725 FCEMPICHOE LEITV, 70 —F 4 v 7 D3R
TERL ol %, X—AM%Z $50X100mm DOE—/L
RIZHRR L, EmicEzhE Lz, 2 L HE ko
B - AEAM L, 03 &L, ~S—2 MIERA L RIER ISR
JBA, 40X40X 160mm OFIFEZFTRR L, PTEDHE D %
1Tolz, FTE%t, ~— A MEEEIE, #l 28 B £ CTH
FALN LTz, B/Z AEIRIL, FIR% 24 Rl B2 12 i
ATV, M 28 B CARFEAEITS T,

x—3 ARERICHERALE=MH

fERME 258 =5l B HRER =25
(g/cmd) | (cm?/g)
A ET@ERILESUR 3.15 3370
(SESS Y 2.44 5344 RE I LB TEREEMDRE
. ERVSR 2.49 5171 ETORBOT«+— FREIL 45
WwEM 77 B3R 2.48 4486 kg/h IZEIE
HFHYSR 2.37 5984
75347 va JISI & 2.29 3990
b= KNS 2.66 - HEDOEFEH 0.01~0.04mm DL D
HEHM nwd ELE 2.64 — WIKEE : 1.76 %
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£—4 R— MMEEKOES

B{TE(kg/ md)
tEEM
NO. | W/B
W OPC 5 R
R
OES ER B =H
1 612 1223 - — — - —
2 598 957 239 - - — -
3 05 599 959 — 240 — — —
4 ' 599 959 — — 240 — -
5 596 951 — - — 239 —
6 603 964 - — — - 241
£—5 FILZIIMRKDERE
HAr8 (kg / md)
fEEM
NO. | W/B | B#= | s/B —
W VIR S
OPC FA
(ZTE2 2R | B =H
1 256 | 512 - — - - - 1535
2 254 | 406 101 — — — — 1521
3 254 | 406 — 101 — — — 1522
0.5 0.2 3
4 254 | 406 — - 101 — — 1522
5 253 | 405 - — — 101 - 1519
6 253 | 405 — — - - 101 1517
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Lz, 22T, #GRIR~oHt 1 4 i@dE w2t L,
BERNALCo B BEEA AV IREEZ —EIZT 57290,
RIEVE (NaCl B 3mass%) 4 V> CE 22 ffn L &
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WIZ, BHfaEA 28 A #%ICHIKIC X 2 Bl 21T
P, F O E FARPIEAEZAT o f2 i AE A b B L7z,

—J7, S OVEERIIM G 28 BICE L%, BB
DS D 5 AT ARFURBIETHAE L, KR 20°C, NaCl
PR 10mass% DOHE/KIC | FNRIE LTz, £ 0k, Bifim
5 25mm F TiE Smm fEE T, 25mm 7> 5 55mm F TliE
10mm [HECEIBL, WS FmI & o1 4=
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L2 ¥R X BREFHECLT, XRDIC L VRE L=, AlE
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F MU U LK E 30ml Nz, 80°CDY 4 —H —/RZ
T 20 SRR EF L7z, Z0%IL, 03 & & RRRICE LY
BRI, IRKBESRE1T o 72, RIEFESIE, 105°CC—H
Wk, RERSEZIE LUL T ORI X Y BISHEEZ KR
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AWi-fid s ot 1 481, AT TR bRy
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—6 Lv, REMNHIICRWT, RS A BIC
RERENRNT LEBHERTE S, B 56 RICBWT,
HWEZHWEZEAEN R REL D ETHRLEZD, OPC
LIZIFFBRETH Y, OPC D AIRMEEA A 4 BD ik
bEVMEE oo T, T AR HWZEAE, =218 28 AH
HIRIE 56 BT T, AEESELY A A OELR 72 <,
BERIIERWEN 21572, 2L, 7 ARIMICE S
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K—7 5 LOR—8 I[caE b1 A & & Al b
WA A BN REM LI EEE A A BB L OYE R
WA A EECEE T, B—TBIOE-8 LV, %
VI AEAWIEEAY, BE 14 B E T, kg A
BEEEREL, TOBR—EL BT, HEHY T A%
WELAE, REIENC BT 28 b1 4 B E R R T
WA, RIEBEORBICHE, BEEEREINL, =
i 56 HIZHWTIE, b A A v OEELER EW
FEREST, ZNDORENL, MZTRE, BEAV
b & DEIGIZ K o TEEVIINE A A 2 [EETE
LR E LR T D AREEATE N EE X DND, —F,
BIZ LIS DT AVL, B2 T A0 L 5 PN AR
FENT D2 EITRVN, BAL M EDRIGICL-T,
e A A A v EEL S, B P E 56 ARER T
b [ EAL A A BSEINT 2l H o7, VT
WCLThH, YT AEHAWEZETORESDOEWA 4 E
EERIE, EREHWERG LD b RENT &6, v
FTAERFMELTHWSZ 2Ly, B+ o
BEMEEN DB LT 2 L3R TE D, ZOMETE(LRE
L, BEEEORENS, W%, BR, BT A
OPC L RIFEEE, HHIY T AlX OPC LA EOEE(LRES %
AT EHREIND,

52 R—Z MERAEDZFEROKIERY

B —9 7 6 B-14 I[THKIRIERT# 0O XRD /X% — U &7
T &Y, RiERERb T (M 28 BH) 2BV T, &
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X —17 \oEHaed: 28 BRICKFHRA %2 Fh L7z S—
A MEBRERFDOE > T ADRKILEOHRE 4, B—1812F
W, HKRIE L= MEREKFOKT T 2D
ISR EmRT, 22T, B—17, B—18 L &2, BIEH
o HiE, Mih28 BOKGHEEZRL TS, B—17 &
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Study on Chloride Penetration Resistance of Mortar Using Shirasu as Cement Replacement Material
By Takayuki Fukunaga, Koji Takewaka, Toshinobu Yamaguchi and Yoshikazu Akira

Concrete Research and Technology, Vol.29, 2018

Synopsis: This study aims to evaluate the effect of Shirasu substitution on the chloride penetration resistance in OPC paste and
mortar. To evaluate said effect, a salt water immersion test was carried out. The results showed that use of Shirasu promotes high
chloride resistance. This was considered to be due to the pozzolanic reaction leading to the formation of new hydrates and hence
densification of the matrix and fixation of chloride ion. The pozzolanic reaction rate increased under saline condition. Further,
higher content of fine particles in Shirasu was found to result in higher pozzolanic reaction rate and chloride resistance.

Keywords: Shirasu, admixture, Pozzolanic reaction, Chloride penetration resistance
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