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AT 70X, SAFLA N OHE BT BRI AET DR
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M, r—=y ORFEMEICRAENLTWD, £, iR
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HIBHICIX, AT (RWHEIEL: 3.45g/cm®, WKE:

0.63%) , ZZ LI RERD (WA : 2.58g/em®, WhK2R: 2.04%),

Ry (R 2.62g/em’, WK 2.30%), Fhibis
Wil (FRCHTE: 2.65g/em’, WKH: 2.01%) L OAIK
SR (R 2.60g/em’, KR 2.61%) & V-,
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Type of crushed Mixed sand with crushed sand
sand Only crushed sand | Only copper slag Dust: 0% Dust: 7% Dust: 15%
p:2.53g/cm? p:2.97g/cm? p: 3.05g/cm? p: 3.03g/cm?
Andesite w: 2.04% w: 1.26% w: 1.20% w: 0.78%
F.M.: 3.00 F.M.:2.55 FM.:2.48 F.M.: 2.49
p: 2.56g/cm’ p: 3.13g/cm’ p:2.97g/cm? p: 3.10g/cm?
Sandstone w: 2.30% w: 0.72% w: 1.56% w: 1.02%
F.M.: 2.59 p: 3.43g/cm’ F.M.: 2.64 F.M.: 2.41 F.M.: 2.63
w: 0.63%
p: 2.60g/cm? F.M.: 3.23 p: 3.13g/cm? p:3.11g/cm? p: 3.07g/cm?
Slate w: 2.01% w: 0.93% w: 0.99% w: 1.21%
F.M.:3.36 F.M.: 2.68 F.M.: 2.66 FM.:2.44
p:2.53g/cm? p: 3.12g/cm? p: 3.14g/cm? p: 3.15g/cm?
Limestone w: 2.61% w: 0.76% w: 0.70% w: 0.11%
F.M.: 2.58 FM.:2.71 FM.: 2.61 FM.:2.54
p: Density under oven-dry, w: Water absorption, F.M.: Fineness modulus
K—2 HRSTHBMBLUEADEEORBZRAN-0VY ) —OES
Giax Ww/C Air s/a Unit content (kg/m?) Admixture (%xC)
Type of sand * *
(mm) (%) (%) (%) W C S G HRWRA' | AE™
Only copper slag 474 1,124 992
Only andesite sand 46.0 816 1,018
Only sandstone sand 20 60.0 4.5 44.0 175 292 792 1,056 0.4 0.006
Only slate sand 47.8 871 984
Only limestone sand 43.9 785 1,058
*1 HRWRA: High-range water reducing admixture, *2 AE: Air entraining admixture
£—3 MASTEAMZRAWVWZaVIY—OEE (BMERBZRAVES)
Crushed stone dust Gy w/C Air sa Unit content (kg/m?) Admixture (%xC)
under 0.15mm . . .
%) (mm) (%) (%) (%) w C S G | HRWRA™| AE™
0 44.8 973 1,042
7 20 60.0 4.5 44.6 175 292 926 1,046 0.4 0.006
15 44.2 952 1,052

*1 Mixed sand with sandstone sand *2 HRWRA: High-range water reducing admixture, *3 AE: Air entraining admixture

+ 5% DOEREBERNTa X7 MF—IEICX v
ExRITo T, PHEALRERIT, EEEAS 20.0+ 1.0°CC, X
TREE 602 5% T, MREEAT AYREEN 20.05 1.0% DM T
1To7z, P ERBICHW MR, Ml 14 BET
KPEAEEIT -T2,

3. ERHERBLUBR
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I PEREIRK A DRI B DI & b2y, AT 73
MLTNL DIZKRIL, SR T T OIEMEMIZH N2
Y7V — R, SPEREBOKAIORMEEZ NI ETYH,
MEMYEEZ AT, 2T ALy, B—110RE

o5 EH1z, HAT TITIFMRL 3D 722 & R &
Exohbd, B—21%, A7 7MEMERG =2
U—FDRAT T LA T TN & lRA UKL R
AT TR 7 JIREWEHW a7 ) —FDRXT
CTEH LI DOTHD, ZhbDar 7Y — FOH
MK B LOEMERERUKA], AE AlOWMEIT—ETH
b, ZORIITREINDIEAT TIREW & TR,
ERBIEMZTRIML TOW RN DR THD, #RT
T ERE L, AT 7IRAEW E L THWS Z & T,
[ CHAIKE, SMERBUKFIERS L AEAIETH- T
Y, ATZUTRENT DI END0D, £ LI, KO
b 36 K OVH IR T % VT2 b D132 O 17 A3 BE 2%
Thd, B—381F, AT 7 REW~DERRIFED DR
MERTL T V= FDORATZ VI RIETHEEL R LT
HLOThHD, KHoo, m, ABLDo %, ThvEh,
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100 _ -
2 [ AR A
cln 80 - ,/ R/ -
£ [ S
] S/,
® 60 ‘ .
3 . / ’
o [ Mixed sand with #
e L crushed sand  »*
8 4r P Range of standard
s L, #* 4/ grading for aggregate
o - 4 .
S 20F v, -
o [ .7
Lo” Only copper slag
0 1 L Ll 1 1.1 L 1
0.1 1 10
Size of sieve - mm
H—1 $HARSITHELVRRSTEEWDORELT
20.0
F Dust under
[ 0.15mm: 0%
150 [
£
(3] 5
o 100[
£ [
3
»n [
50 |
00 L .
Only  Andesite Sand  Slate Lime
copper \ stone stone ,
slag %
Mixed sand
Type of sand
K—2 MEHOBENLARSVTIRIZTEE

LIS, Wi, KR X O IKE OB A RIFED & %
TR T TIREWERWTERREER LTS, AT
RER~OEARIED OWRMEL, 0%, 7% LT 15%
Thd, SARIEMOTRMENEMT S L, AT TR
INEL T2 BT D, LI, KBCERHD & V2
LD, ZOMHMNBEETH D,

B— 4%, A7 7B O~ OBEREOR O
a7 ) =0T ) —F 4 T BORIERR
RERLIEDOTHD, RFDe (X, $IRT 7MEME
AWfERE2 R LI O THD, F2, O, m, ABX
Vo 1L, EhEh, ©RIE, WE, el L0 RE
D Z MBI AW c@mED=a 7 ) — FoOfER%E
RLTWD, $IAT ZTHEM 2 AWicbolk, iz
BMIZAWEZLDICHRT, 7TV —F 4 7B RFELL
BN EBND, AT TORE ERERC, AT S
DMRLGI WD 72N ERFERTH D EEZEZbND, B—
5%, AT 7REWEMEMICHWZa 27— D
TV =T 4 T ROWPWEBRE R LD TH D, 2
L, ZOKIZREINDFERIT, AT FIREW~EHHE
PEMNIEIN L TR WERTH B, AIKERD & V72

Crushed ¢
sand i

Copper
slag
& il
HRWRA: 0.0%xC HRWRA: 0.6%xC
BEE-1 RS0k
250
Mixed sand with limestone sand
20.0 Jra ©)
£ e O
\_~. A
? 150 Mixed sand with slate sand
Q. T .
g 10.0 | Mixed sand vyiyls_a_ndstone sand_ .
o L Wt e,
5.0 | Mixed sand with andesite sand ===~ = =%
00 Livw s | PR R A A A A 1 | PR R A A A A ]
0.0 5.0 10.0 15.0

Crushed stone dust under 0.15mm - %

M—3 SREIEYENRATIVIIRIEFTHE

HLOERNT, IR J7IRAME L THWSZ LT,
AT THEM WA T, TV —F o v IR’
BESFLUTICMZOENTNWD Z ENahd, £z, K-
61, $RT JIREW~DEGRIEMORIMEDR, =
V= DT V=T 4 VT RBICKIETHEELRLIZD
DOTHDH, Mhoo, m, ABXOo 1L, ThEFh, &
A, B, Htkoas X R KE DA T 7 IRAEW O
RAERLTWD, SR T TIREW~OEARIEDOUIN
BIL, 0%, 7%BLC 15%TH5, ZOKLY, Ham
PEMENINT 2L, a7 )= DTV —F 4 TR
DIl I T ENF D, B— BRI D AIKER D
WA Z 7IRATD S, AARIEDENENTS Z
LT, TV—FT 4 T RIS 2o TIND,

AT T B XA RRIEMEZIREG LA T 7
BAWELTHWSZ LT, XT3Nt 5, £7-
TV =T 4 IRz b, RERV—IEV T4 —%
bolcary s ) — heRUET L2 LRAREE 8D,

32 ELEOMHE

B— 7%, $iAZ ZHEME L O A OERROMR O

HERWZar s U — N OEMGEREDORKRELERL
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250.0

Only copper slag

2000 F

150.0 |
- Only limestone sand
ro-oO
T On%ayﬁdes&e sand
’ —k - - -
Il ,A R_n_hslate sand
I|:r fAg .G' a1 -
ﬂ:. - Only sandstone sand

100.0 f

Total of bleeding - mL

50.0 |

0.0
0.0 1.0 2.0 3.0 4.0 5.0 6.0

Time after mixing - hours

M—4 HMEMOBENIV—T41VJICRIFIEHE

250.0
< 200
g " F Mixed sand with limestone sand
o
S 1500
) Mixed sand with slate sand
° =: Mixed sand with
2 q000F T
o L N B..._ 7T
s W ____ . _
8 ———
500 FMixed sand with
sandstone sand
ool s | I T T T A T S T T TN TN T A T O
0.0 5.0 10.0 15.0

Crushed stone dust under 0.15mm - %

M—6 SREIEYENT)—T1UJEICRETEE

b0 ThD, Mhde 1%, $iAT ZHIEMZ -
RERLELOTHA, £72, O, m, ABLWo i3,
FENEN, KA, WA, MRE B L OIS O %
HAwizdEoar 7 ) — boOfBRERL TS, AR T
TORERNWNZa Y ) — NOEMFREL, T ORE
W= H DIZHART, 10N/mm* FRENS < 2o TV D 2
LMD, —F, B—8i%, $RT JIRAEMEH
WCHWz a7 U — hOEMEREOREEE R LT
LOTHD, 12720, ZORIIREND/ERIZ, ART
TIREWICEARIENZTRML T2 NWE DO TH S,
AT THVEH & T2 b OIZHA_T, EfERENRKE <
o TWNWDI ENGND, -, B—91%, AT ViR
EHA~OEARIFEMOWRMEN 27 ) — b OMG 28
HIBT2EMBEICRIETHEEZ R LD THD,
AT TREW~OEARIFED OTINEIL, 0%, %3 X
W 15%TH D, HARIEYOTMENENT S L, v
7V — NOJEMERE R, BT a2Emich s, <1,
MEHCERD 2 AW A 7 ZIRAW OBE T, JERER
FEDS 10N/mm? BRI L T\ 5, EARIEYE 15%%

250.0
[ Only copper slag
4 [
£ 200.0 N
tlm r Mixed sand with limestone sand
S 1500 F
o [ Mixed sand with slate sand
2 C SAN A oA\ T AN
2 1000 F A Mixed sand with
° Fay andesite sand
I C g-E-E-E
o 500 [ N | Mixed sand with
= E | sandstone sand
Dust undqr 0.15mm: 0%
00 'l B AN A A IR P B

0.0 1.0 20 3.0 4.0 5.0 6.0

Time after mixing - hours

O: Only limestone sand
O: Only andesite sand
A: Only slate sand

10.0

-5 HWASTREWZERAV:aVIU—FDTY
—T 4 VTHBER
“g 500
£ X Only sandstone sand
Z W00 F L memmmmmmmmmT
e r -
= b
g’ [
o 300 [
=]
7]
2 200 F Only copper slag
= [
n
o
o
£
[*]
(8]

0 14 28 42 56 70 84 98
Age - days

M—7 WEMOBEHNIEMAEICRITTIHE

MUTe b OOIERRE X, SO Z V@i o=
> 7 U — N OEMEREE &[RRI /> T D,

B —10 %, $AA 7 7 HEH 5 L OF &« O FE O RERD o
HERNTZ@BEDO a7 U — N OFSRIHEO T A OH|
EMRERLIEbDOTHD, AT 7HEMZH -2
Y7 U — N OB OT Y, i, W L O%
Wos O 2 W22 > 7 U — b ORI O A X
D/INEL, ARERDEANZLOLRBETHDL Z L
WD, AT THEMER W27V — ML, 7
U—F 4 IWENL DD, TV —F 4 2k bar
7V — hROKOBDEL, B—4ITRINDFERND
BT 5 & 3kgm® BRETH B, 2007 ERlE=a 27 U —
MMEAER T E[RRFHRIICOREND 27 U — N ORI
WOTFHROTPHX V2HNT, 7V —F 7tk
VI — NHROKDOBDOFEBEE G D &, RIE
OFTHORKMET 10x 10°BE L/ NENHLOTHD,
AT THIEMIZ, BENKEIBETHY, £z, WK
H8 0.63% THEA OFRPIZHART 35D 1 LLT E/hE W
720, $AAT THEME AWz a7 Y — b OmRERIE
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50.0
[ Dust under 0.15mm: 0%
Mixed sand with sandstone sand
400 | |
F L eeemmmT [
00 - .-B S

Only copper slag

200 F,

O: Mixed sand with limestone sand
[O: Mixed sand with andesite sand

A: Mixed sand with slate sand
Ml EPEPEPE EPEEPE EFETEEN BPEET RPN AP

0 14 28 42 56 70 84 98

Compressive strength - N/'mm?
NS

Age - days
H—-8 MRIZITREWEAWVIVI)—FDOEHE
SREAERAER
700

A: Only slate sand
H: Only sandstone sand
O: Only andesite sand
O: Only limestone sand
@: Only copper slag

600

500

400

300

200

100

Drying shrinkage strain x10°®

0.1 1 10 100
Drying time -days

E-10 @EHOEESERBVTHICRETHE

OT AT, B EHWN-H0IZtXT/hanbo Lt Bb
na, B—111c, iR 7 ViREWEH Wz 27V —Fk
DRI E O T B DR F%%TT =L, ZoMi
IRENDRERIL, AT TIRE E@F%%ﬁ%b
Tw&w%®f%50ﬁX77ﬁa/%ﬂ%H:%wt
a7 Y — NOFBIHEOT 2L, AT 7 OHE N
T2bDITHN, HFRESRSoTWD, LhL, T0HE
I, 100x 108 E L /hENWLDOTh D, £z, ATV
BA @mﬁafﬁ?%@ﬁmimz/yj—b®%&
WHEOT B DI RE T EE R —12 [IR T, 272
L,%ﬁﬂ%ofﬁ®m%mi,%@W%ofﬁ®£ﬁ
T—2EHXICLVERFLRDIZHLDTH S,

Egeor L
gs t — Zdse © (1)
)=
T2, e, HUBIM ¢ (IS8T DRI O 2
T, &nold, FBRIUROT ZORAMET, AL, HBILGHE
OFTHORENERTHTH D, AT TRAH~O

36.0

L Mixed sand with
- sandstone sand

32,0 --.---.--.--.!! ..... [P
g Mixed sand with O '.’

n
>
©
e}
©
N
k-
©
<
@ desite sand
c [ an . K
o 28.0 |- -
k3 L Mixed sand with limestone sand
e
2 g
3 240 kor"
o NE I Mixed sand with slate sand
s |
e £ i
8 b4 20.0 1 1 1 P | 1 1 L 1 1
' 0.0 5.0 10.0 15.0
Crushed stone dust under 0.15mm - %
H—-9 ERAIEMENEMAEICRITTZE
600

F A: Mixed sand with slate sand

500 [ Mixed sand with sandstone sand
I O: Mixed sand with andesite sand

[ O: Mixed sand with limestone sand
400 F@: Only copper slag

Dust under 0.15mm: 0%
300 |

200 F

100 F

Drying shrinkage strain x1 0

0.1 1 10 100
Drying time - days

M—11 XSV EEHERAV:IVI)— D

IO I HOBIEFERE

LRI OERME, 0%, 7%BIN 15%TH D, =
DLV, ZiER L USHCE DR & VT2 2 Z 7
BEWERWZa > 7 U — N OFEEIHEO T A0 5K
ﬁu EABIEMENEMLTYH, BRI LR

—77, AIREWOBEIIE, BEAREDREORE

_ﬁw,&@W%U##@mﬁmimé<@ofméo

B—13 1%, $iR 7 7 HIE# I L O A OEREDORD D
HaRnlcar 7 ) — hOPHERBRORM R E R Lz
HbOTHD, ZORIY, $HAT THEMERz=

7 U — b OHPE(RIE, flx OEMORZ A28 5 o
a7V —FrOLDLERBRETHD Z ENDh D, B—
14 1%, AR 7 JIREWZRAW=a 7 V) — ~odPE{kik
BERERLIZLDTHD, 72720, TORITREND
FERE, AT JIRAWICEARBIED ZRML Ty
LOTHD, AT T\ HIRE L, AT 7IRER
ELTHWTY, a7 ) —hofikik &iﬁ%@
INSWZ ERS D, T, B—151F, 12T 7RE
~DOEARIEREN a7 U — bR f“1+§5t
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750 L
Mixed sand with sandstone sand
700

650 Mixed sand with andesite sand

600

Mixed sand
550 with limestone sand

Ultimate drying shrinkage

strain x10°®

sopo Lo v 1) A
0.0 5.0 10.0 15.0

Crushed stone dust under 0.15mm - %

SRBIENENLBRIEO T ADRRMBEICRIF
ER A

Foa

X—12

25.0

[ Dust under 0.15mm: 0% 8
[ @: Only copper slag p
20.0 [-m: Mixed sand with
[ andesite sand

I O: Mixed sand with
150 I sandstone sand

[ 24
10.0 |
A: Mixed sand with
slate sand
O: Mixed sand with

limestone sand
IR R

50 F

Carbonated depth - mm

0.0-||| | I

0.0 2.0 4.0 6.0 8.0 10.0

Carbonation time - y days

RS VREWETAW OV ) — O
HEBROWER

X—14

RIFTHBEZRLIZLOTH S, 221, THELHER
¥k, B—13 PB LUK —14 FIREN D EMROME X
Th D, AT TIREW~DEARIEYD DIRINEIL, 0%,
7% L O 15%TH D, FAR T TIRAEW~DEARIED D
WNENHINT 2 &, AIKEEZHWESEA T, FiElk
HWERKIIZED LRV, LvL, TO/MOEFEOBEEIC
I, P EEERBUI NS RAEEICH D, AT S
(R OFBRL B L OVERRIEEM Z RN L, AT 7R
AWELTHWTY, a7 U —hofbic kET®
I/ NENWEWR B,

4. £LO
AT TIRRS ORRL Sy % N2 CTEIA Z T REH &
LTHWAZ LT, AT 7 OATHWELGAELD L,
METHER I DN RIFR AT T3 G5, £z,
JEMETREE XG5, S HIZ, AT ZIRAWITE A
FEEMATRINT AL T, 7V —F 4 ZI2EBITHD L
FHE(LOEITIXEL 725, —F, AT Z7IREBZ AV

30.0

@: Only copper slag

H: Only andesite sand
O: Only sandstone sand
A: Only slate sand

O: Only limestone sand ,

25.0

20.0

15.0

10.0

Carbonated depth - mm

5.0

0.0

0.0 2.0 4.0 6.0 8.0 10.0

Carbonated time - 4" days

M—13 MEMOEENPELICRIETEZE

2.80

2.60 Mixed sand with slate sand

E~.
M|xed sand with andesite sand
2.40 =~ e Mixed sand with
limestone sand

2.20

Carbonation speed modulus

- mm/{ day

------ 2.,
g Rt P
Mixed sand with sandstone sand

2.00
0.0 5.0 10.0 15.0

Crushed stone dust under 0.15mm - %

®M—15 EREIEVENPHERERBICRETHE

Teary 7 U—brOMREREBEOHRDEH a7
— h W LSS, TOEITNIND, §HRT TIRE
WERW-a 7 ) — NOEMBER NS, 7TV —F
S U FEINT 5, LEOZ E0n, AT IO
RISy, S OITIE, BHABIEMEIRAG L, RELTEL
TR T JIRAEWERETHZ LT, a7 U — MM
BHE LTRIHOD WA T 78 L OEARIEM OF
AN AIRRICZR 2 b0 L b s,

SE

) ERFS AT 7MEMERAWZa 2 ) — O
M THE, =227V =747 70—, 92, 1998.2

2) foAREAn, RWEE, QREM, RREE MR T
ITWERGEA L2 7 U — NOREEER, 27
U— F LR ERRIIHESE, Vol 17, No. 1,
pp.399-404, 1995. 6

3) TARFEaLI Y —NEER 2007 FHIE2 Y
— MEAER G EEREHR], TARTE, pp. 45, 2008.3
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