i XX
DEIZKRIFTEE

vV — b LRSS, Vol40, No.l, 2018

REBNENEES XS CHEOAIRICE TS50 - FDERE

IREFEE M KA AR T R

BT : 77 V=) VRBIEROMMA P ERIECH D [HZEMNER) 21RNT528TC, 227 U—F
OWFFERMAARTEZM 925 Z LWL EN TV D, KRETTIE, T2 NRNESE, FiARB L O
BORIZICE TS a7 U — NOEKEOEIZKIETHEEFMLL, TOMRE, BLEOKIARNM6 L
D, EDE, FTALR X OREEDRTE ISV T, AE FNC X 0BT & 72 225K081% 0.15 mm R o il 0 o e
PRICHER R ZERENED Ule, —77, HZEHUNRZ RN L 725 E81E, B2 0.075 mm LD =R &Il R v
— 7 BRH B, 0.15 mm KO R ENMERF SN REREN G SN,

F—T— K REMUNER, SRR, RIafoofn, RIaMERLk, JERE, KEED

1. FL&HIC

/O 7 Y — MEEWTIE, 27U —MNZE
FENDKTDERE L AREE RV IR Z LIk 5T, OO
N, BMORy 7T U he o mENMEL
ROLGEND D, £, WALWA &2 & E Lo b LA
DM ESNDBRETIE, 207 ) — MREICHMLWNAS
— U U TR R 2O HE LB OE S SO
ERTIEbHD Y, 3 s U — MEEY O RSB
PiEE R T 27012, WRERIC L o TRET S 2
Y7 U— NNESDIEA ZRIT D ZENEHTHY, —
ML, AE AISe AE BUKANC X 0 BT D22 &% Tk
T DRI STV D, Bl 2 E, BALH T 2BV Tt
TS DALEIRFIF OFEEI Lo THE L0 K& E

6.0% & 95 Z & RIEHER R & TV A Y, LaL,

Tlyvaaryl)— NOESEEFHRELTYH, 227
V— MR FIZLBIER, i LRFOBRK AL 7L —212
L AKGEE DR LIC Lo TREKIAPHERTHZEHEZ DL
U, BASRRIREUE IS 2 e RIAP R S WA R
b5 D, Flm, arr ) — FIEICES ETOMIC,
7Ly v a RGBT SN BRIl N TV —T o 7K
REOEBEZY, GIOMIE LTk T S INH
HINEINTND, ZDOd, WELLIE UEEY
ICBWT, LB OZEKEN 1% HICE THY LZ54)
Lo Y b, HEICary s ) — MICERKAEERTES
2 RIAHEEA AR ENL TV D,
FRROMEEERIZ, FTEOERIAE MHERT 2 Hl
U TR R O 2Nk E VD T IEMER SN TV D
1 zEMORNERIZT 2 U n= kU L ROBIEN S 72
% 725 e WL LT h 22 BR IR D IRFI B ©, FEHJIE £ 0.08

mm (80 um), % 0.13 glem® & FEH I TH
% (Photo 1), AE ANZ L » CEITS N D ZERIE & 1T R
D, HKTDHZ LWy Rme LT sy
— FRIIRFIT2 2 &N TE D, FLERU/NERD SEM [
# % Photo 2 |27,

TNETICES BIE, H2MUNERIC X 2 R
YD EZVRIZONT, bk ORIEESICE R L,
WU BRSBTS 4 AT 0.15 mm AR D2k 1m Y
DR IND Z LI Lo T, WREEAEETIER W E9 5
TEEHLMILTER Y, £, RyFy—TFTF b
DIFYPRT VT —FHIEF LTz Y — MIHhZE
UINER 2 RN LIRS0/ 21T 5 2 & T, HZEiviek
EFMUNCa 7 ) — MRS L, IS HRSE R
PERE BT A2 L AR LTERE D, UL, Eils
FE LTGAIT, JERE, fTIALE L UWERE © Otk T,
chZS O INER LR DB B SN T b, TS U INER DS A L
Tarv 7 V= EHIZFENTLE D 2R EOBREFIE
NEZLND,

T, AREICHE, EE, AAB LOREBE OIS
HL, FZEM/NRNZEORIRICEIT DEREOEICK
FT BT SOV TEHE L 7=,

Photo 2 Picture by SEM

Photo1 Micro sphere

*1

BR) BASERT  EAMB V=7 #i5EE T

7% (
*2 B SRR (BR) A geAT  EARRSE v —7"  bBRHFER 1 (T%)
*3 SRR (BR) Bt geer EAMEIZ Vv —7  BEAFEE TE
*MFUT (MR AT = VY a— g VY BB T

-1935 -



Table 1 Properties of material

Materials  [Symbol Remarks
Water W  |Groundwater
Cement C  [Blast-furnace slag blended cement ,Density:3.04 g/cm®

Fine aggregate S

(DSand, Density in saturated surface-dry condition:2.59 g/cm?®,F.M.:2.80
(@Crushed sand, Density in saturated surface-dry condition:2.72 g/cm®,F.M.:2.80  (Blend,(D:(2=60:40)

Coarse aggregate| G

(D2005Crushed stone, Density in saturated surface-dry condition:2.80 g/cm? Solid volume:58.0%
(22005Crushed stone, Density in saturated surface-dry condition:2.90 g/cm®, Solid volume:58.0% (Blend,(:@=50:50)

Admixture

Ad |Air-entraining and water-reducing agent , Modified lignosulfonate compound

AE |Air-entraining agent ,Modified rosin base anionic surface active agent

Micro Sphere | MS |Density:0.13 g/cm? Particle size:80 um, Acrylonitrile resin

Table 2 Mix proportion of concrete

Svmbol W/C sla SL Air Unit content (kg/m®) Ad AE MS
y! (%) (%) (cm) (%) W C S G (Cx%) (Cx%) (vol%)
Base 55.0 475 12.0 55 166 302 853 1017 1.0 0.0020 —
MS 55.0 475 12.0 4.0(5.5%) | 166 302 853 1017 1.0 0.0010 15

Air content included Micro sphere
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Table 3 Test item

Item Test method Remarks
Concrete temperature Thermometer Target:20°C
Slump JIS A 1101 Target: 12.0+2.5 cm
Fresh concrete air JIS A 1128 Target: 5.5+1.5%
Unit volume mass JIS A 1116 —
Air void diameter ASTM C 457 —
Freezing and thawing JIS A 1148 —

Table 4 Procedure of test and sampling
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Diameter MS 0O 0 O O o)
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thawing MS O — — — _
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Fig. 2 Air content in before and after addition of MS
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Fig.3 Air content in before and after pumping (Base)
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Fig.4 Air void distribution in before and after pumping
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Fig.5 Air content in before and after pumping (MS)
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Fig.6 Air void distribution in before and after pumping
(MS)
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Fig.7 Air content in before and after placing and
compaction (Base)
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Fig.8 Air void distribution in before and after
placing and compaction (Base)
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Fig.10 Air void distribution in before and after
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Fig. 11  Test result of freezing and thawing
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