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Abstract

In Taiwan, a rapid increase in the sewer construction causes the large volume of
sewage sludge generated. Treated sewage sludge will be very significantly in the
future. Although, there are many studies concerning to this issue, the sewage sludge
tentatively can be reused as a construction soil which is studied scarcely. That is, first
the gradation of sewage sludge is improved by mixing up with sand or the sewage
sludge is stabilized by lime, then the mixture is compacted in the fertile zone of slope
of embankment. The sewage sludge can be reused by this way in large quantities.
Moreover, this kind of reuse way can be carried out under low energy condition and
with ecological engineering method. However, the various properties of the mixtures
are still unknown. Therefore, the writer uses fresh dried sewage sludge produced at
Dihua Sewage Treatment Plant, Taipei City Government as original testing materials.
One fresh sewage sludge (M10S0) and three sludge-sand mixtures that is M7S3
(sludge 70%, sand 30%), M5S5 (sludge 50%, sand 50%) and M3S7 (sludge 30, sand
70%) are prepared and compacted as test specimens. The phase of physical factors
and vegetation conditions of mixtures, and the compaction characteristics and strength
parameters of specimens are tested. Moreover, the mechanism of sludge-lime

reaction for stabilizing sludge also is studied in this project.

It is found that four mixtures are non-plastic and fertile. Its pH values range from

6.8 to 7.7 and the diameters of particles range from 0.074 mm to 6.3 mm. The maximum

compaction dry unit weight y, - of mixture of M10S0 is 3.34kN/ m’, which is

lower than 14.7 kN /m’, so it can not be reuse directly as construction soils unless its

gradation is improved by mixing up with sand or stabilized by lime. The values of

three sludge-sand mixtures are close to 14.7kN/m’, so they can be reused as
construction soils. However, it is helpless for increasing the strength of sludge by
mixing it with the sand because of the sand is non cohesive. On the other hand, the
hydrated lime (Ca(OH),) reacts to irons contained in sewage sludge and yields the
residues of hydroxides. Hydrated lime plays the role of catalyzer in the sludge-lime
reaction. Hence, by mixing sewage sludge with hydrated lime could stabilize it and
increasing its engineering properties.

Key words: Sewage sludge, recycling, fertile zone of slope, properties investigation.
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A3 2o PR R AR o
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2249 pAFESRE YL GHE 14 % FEE R F30~45%
PRI CARFGPASIFECEERAFOHEFERF R R
BiRE o p Ay hs TR SR €A HBFIE: (1)
FREFAAZRIEFARRENF NS > (2) FIZREF 2
i%ﬁ%¥ﬁﬁ’@)13%%ﬁ*i%’Mdﬁ“iﬁﬁwﬁﬁ
$ o LR R PAEREOL T RER AT LEESE
AR RARE R R DT T OREF R R R
BORRAES L IE R R TR o

FRETSNE [ g | EEETE

— RN — W ——
—— g —— fpwEn ——
, — — #
e
a L oy
A g [ —— B ]
. EE 7
El J
i —— — m —

Bl 23 FRkFAEAWERB2ZFTRICE R

26 Fi 1Y

EAI* 5885 %23 RARHFH Frmar1ifizL |
g2l oR 1B I HERF  RTF P2 F R H L
W O14TkN/m’ o F FF G I EY 25 B85 2 §*2%4%3¢’#4
EREA 1 B[P A2 F1 ¥ ¢, 1985] o Franklin, Orozco and
Semrau (1973)BL.% 2 HE? 5 K3 E 3 EHE T F 75 ~ %8R P

CEE T SRR R RN S SN T SR



FUR SFa0 AR S BRI ABEOT R R ST 8% L S MF
Lancaster, ef al. (1996)& %% 2 2 5 4 7 £ < >0 10%PF » % i *

SET R A

27 PR BF

B FARTIEIUBRB L Ik e o H A o8 Al
z _#n«eu];]}i)j;el -—Iy %Jk%%fii%&'ﬂi_ﬁj}ﬁﬁﬁéoﬁ‘f’iﬁ]é_

1904 # F L7 AfE T 4 2 37% 0 1924 = PP S A B o
el 221 b 5 o AR > P HGE AR LT TR
Hpaip 2t ket o 30 W R A e RIAR Y LAFET
(fine-grained soil)z_ Fjiv > 3 E H 1 A2 (5 b %ﬂ‘iﬁ BB RTET
SR AR WH 2 A AR BH 2 2R B o FLIE B2
Mk 2 w2 BB KB R ] % 38 % [Anon, 1985, 1990] -

2701 - A2 L AHEE

-T2 oNE ’i?}%imn‘f’i VERHUPHSFZBEILE FR
Bk~ %7 (k? ¥
F5) 2@ AMERE > WL A-2 3R S (Soil-lime ,mixture)2 %

W DI~ PARE - AT REAEEL(BF CER ~KkA)

%2 P8 3 % # R & $ (Uncured mixture)z b‘_?‘rﬁ’?‘%‘*ﬁ_ A
WAIMEIEMBR L IR LBEEE A REREP

(Cured mixture) 2. M FRHZF L% AR ~ R % @ A 12 Hpg & &

7 5 2. 5 % [Ronald et al. , 1979] °
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- N AEEREPBF

SHA T oMM BRI B SRR ER S PR

S-SR FENC RN JERCE 3 J AN PEE- VIR F S R AN

kB om arF uamELR K T&ﬁt%éﬁi?’i’—ifg?ﬂ@%’gii@
HiEg2 @b EFzz kE o

GUBSRIEBRE -2 R G2 MR LT L AR
B ¢ TR A5 @ ' 0 e CBR #5 2  %E (swell) ) ' 1€ 1% o
RS A

N2 B WE T LE AR EFLBRE VLT -
i s R~ CBR O~ 487 ~dpdc® # i & IR 558 2 e ¥ e
£2 o2 E A% 3z £ L (limecontent; £ & '*, by weight of soil basis )
5%2. M EEARS 5 b 0 B Sk AASHTO T99 45 % ¥ #4882 CBR
WE 5 kB e 4 @ BEF et K dofi 3 kB 8%2. CBR=31%"
5 -k B 24%2. CBR=4% -
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~EREREFEE

SEPFEDEA-IERES > §FIHPLIE B FHH A
SR Z M E A S BIRA L L E S TH- R (kR
B AR E FAGER) REFEIREEE(FE CBR S ka)F
Z_ixgm gt o
A R SE % R

GAEZFA-ZERES EFIRGE G B FH L B RRS

5 B g, 0 ¥t Illinois soil m 3 » H & E 28 X 2.4 B X 2R3 5 0

1,724kPa 5 @ - &l 2 @ 3 0 X 690kPa 2 rx sk T H & o

5k % A

SRE2Z T - EREFEHKEF A c(Cohesion)z 3 4v s % + 3
i B¥e 4 g (Internal friction angle)> 78 @ 3035 & MEIR 2 3 44 & 4
i 47 (Flexible pavement structure)® % > #f v 4L ¥ 4 £ & 5 B ¥ 1 42
248K EUEAFETE A E2 llinois soil © H g B 4 3
25°~35° AN -RE(FREHEEE )2 X RE o5 -5
BEA g BE N2 M %

c(psi)=9+0.29 - g, (psi) (2.1)

TREATEEA-IREREFERARGE s B F L2 AFLA
% 4 &% 1L (Stress-strain properties) ; £7 % FR 2 3EApit o T %
AR ES g BERF A HAERIORRR] > L BAERERE
B 4o m ABBE o 3047 » EREA-IMA LS 2 gt
v(Poisson’s ratio) /i 3t 0.15~0.20 & = ¥ - = & > 1395 = PR GFRER 5
5o HAMmEMHHCE g B ENQ2)2HM R
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E,(ksi)=9.98+0.124 - g, (psi) (2.2)

272 A3 2P

Bell (1996) B i B 1 422 $033 4 K ee 2 i > $5 ¥ @87 =
AL A2 (M EG=257) $m 3 (G=263) % 7 # 3
(G=2.65)]2 F A AE I ek TH%K MR EIZLFRXTEL S 0%
2% ~ 4% ~ 6% ~ 8%% 10% > HF 7 = % 4™ 5757 o
-~ EF R
® A 3 P 3+ 2 a4 (Cation ion exchange capacity) *t
L.=0%P* 5 4meq/100g » § L =2%P%3 3 B+ £ 12meq/100g » 2 {54
FLAOHAm F ARl AR TR AT ka4 L =0%PF
% 88meq/100g B~ B > § L =2%PF "8 X 56meq/100g » 2_ {8 F L, D
Hiem AR < AR g o AR A IEY G o A2 R F
(Fixation) » @ § 4* (e % ABSE P& 7 2P P 5 - Ra > HF 42 -
TS LN HEARTL RARSRENE (

Foldm ; S o
L FE )
=~ e

WARB A S FMIEE I RERE (B A2 295% Fm
20.0%) TAEL=2% 4% ~ 6% ~ 8%% 10%z2. T A o 1R 5 F R

P AEEAGFE - F 2 B (%Eﬁi 1373 kN/m* ~ % % 3
1265kN/m* ) 16 > B4t 20 BT HE - E o T F HKET

(Electron microscope) » % % % 4 2 4% § >+ 4} ¥ 48 (Flocculent) 2 %% % 4+
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(Gel-like material)*74% > @ F% 2 Pl P kP E% 2 4
(Hazy patch) o

o pEPF
5 G > 5 HE A (Ca(OH))#r A faeh Ca'™ ¢ % M {4 > & Zh2 B b
B BB T TEM 0 TR RARD BRSSOk SR

FAREPH T L T A AR Y T E M

-~

AR

2_%e% (L,=1%~3%) -
TR (L=0%) B A3 2R VR LL=T5% > § L =2%P*% LL 3 =

—\

T 94% > 2 SMEFL ZH AP LL ®

B E B 94% - X RFM I 2
LL=114% > % L=2%FPF LL"% & 86% ; 2. 15 » "L F L 2. # ~ H
FrE o FL=10%FFH LLE T 80%-° X ARE® I 2 LL=52% " %
L=2%FFH LLY¥ ~ 3 T3%: 2 1858 % L 23~ 2 LL B % &3 73%¢
XRB AL 2 WU R PL=42% > § L =2%PF PL3§ < 1 44% > 2
(SMEFL 23X H PLESFFE KT L =10%PF2 32%-° X AR5 M3 2
PL=67% > % L=4%PFPL¥ 3 72% ; 2.1 > L F L 2.3 ~ H PL B 3F
Bk 13 L=10%2 62%-° X AR EE 2 2. PL=38%" § L =2%PFH PL3
3249% ; 2 ("EF L2 A B PLESFFEMI L=10%2 31% -
mit DL 22 LLR S ) MR RIS F R (Action of
hydroxyl ions)# & 7 AL 3 Fht= &2 k2 3 & 4 “73R[Croft, 1964]- %8 @
TOMEFL 2 0 AR 2 WA dPl (=LL-PL) F H < 2 AB% o
LR 2 3E 2 R (ot ) g Flic  RIRBLE T A i R
Fd BB ATVEFORLSMEL o R RFRL 2 ML
(Linear shrinkage) 5 14% > % L =2%PF"4 % 6% > 2. {$"§F [ 2. 3~ 2

TCipiids 0 1T L =10%P% 2 3% i 4c & A '8 P32 i de Juigii s
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B FlA & RS AT BN TR 0 T A48 2 4 (Lime-stabilized

soil)Z_ v -k 1+ 1+ X #8 4 [Bhasin ef al, 1978] °

PREFT
BHA 2B Gk, F R E AL =0%PF A %) 5

— }/d,max

|

29%% 13.73kN/m’ > @ 3% L =6%P% & % & 31%% 13.05kN/m’ ; % % 2
2o W % Ve 2T L=0%PF 2 B 5 20%% 12.65kN/m’ > @ 3T L =A4%PE A
W oa 25%% 1128kN/m’ 3 B 2 2w, % y, 0 % L=0%FF & %] 5 28%
2 13.83kN/m’ 2 @ 3T L =6%FF & %] G 32%% 13.73kN/m’ o — #m 3 o
Bt rFpI o Bh G g kER e m B gHE LR 0 H
FEER)DGFEZSDF RO LR BHEITY & 5 F 2%
AT
I ~ A ’11?? tt (California bearing ratio CBR)

FAFET L2 CBR*» 38 F BEETERIK A P 4ok 247
¥ T8 CBR ¢ #4# ~ - 3424 2 CBR* L =0%F 5 1% @3
L=6%PF 5 14% > 5 % 2 2. CBR * L =0%FF 5 9% » @ % [ =4%p% 4

18% > £ ® 3 2. CBR*" L =0%PF 5 1% > @ > L =6%PF 5 22% o

2N HB

RS (ArF %t ) 2 5 R Aok o WA R E S PR A
Er R PR ZEZ I EFAE (12232 ~T7X 143 % 28

) B A FARRGRR AR R, c FRE g kB AR
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L =A%NiT R E A A L BAR R R F A [ § 8 B

BEE A AL B RS BAEF R B E ] o 0 B
Bt i KRBT AT B o a2 R M AL B
AR a BB PR R NARR o R EPFT R g, R
B G EH L =A% BB

r—gﬁﬁli Z2.q,* 1 % 710kPa ~3 * 802kPa ~7 * 817kPa ~ 14 %

909kPa ~28 % 1,018kPa > 4raEH g EE % X B W 4em H ~ > ¥
HAMRRE 2 355kPa o @iz ENGFWRI g BB XX B2 K

FM A RBEAREYRTEE AT 14 % 2 g =745kPa » %[ 35 28

% 2_q =802kPa (% #8232 2_q =405kPa ) -
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3.1 Bz 5 RER

310 B

ki d AT 2 RS R S Rk R
® 3.1
reduction facilities) > B 3.2 7 I i % P~
FkER
vERF&EE

CE |

B FR A A AR BB 2

FoIE #FERE

R g e

(it i K AR
3R & K eI (Water
R F R r A LA
i FR o B-pt

/4

5 AR A S ITF 5

3k ;‘&jr 7.42,‘;% {s 18

_Tl‘- ,\Féf\‘/ﬁq‘_'ﬂ&l'zﬁryu—,‘ g }\;P\‘EE&E/I% °

Aerated grit Sand Sludge Sludge
chamber Sand < — remover i dewatering
™ facility ™ machine
i sludge .
Intake pipe Anaerobic
and flow sludge
meter scum Scum decomposition
™ thickenin
l . & scum sludge l
] machine
Fine bar Water
screen reduction
facilities
v l
Primary Deep tank Secondary ]
. . feed ) ) Use of multi-target
sedimentation 5 . ,| sedimentation . .
, > aeration g ) 1. Incineration
ools ools
P tanks P 2. Brickmaking
3. Cement additives
4. Lime additives
B 3.1 "WM-KiFEk2 A2 AR
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B 3.2 >E A5 R EJERBE R 2T

%2 31 i@R&%* AL PR 2E 2K E o
pH=6.8~7.1 ficss petd » 7 kF (CkEE+7 ks ik £) =70.0%~70.4%
Z2 C/N =106 4% 7 &> 5 » 4(Zn)=1,080~1,630 mg/l ~ 4
(Cu)=325~356 mg/l ~ 44(Cr)=218~235 mg/l ~ 4:(Pb)=81.6~112.0 mg/1 ~
44 (Ni)=69.2~85.2 mg/l ~ # (As)=2.95~9.29 mg/l + & (Hg)=2.37~3.35
mg/l ~ 45(Cd)=1.25~2.65 mg/l ; Zrasd & 7 g 2 f ~ X % 45 - ¥ -
c 0 B33 5HEFE N 600°CHESE T HEMBEARITY)

5 mmz A R ER R o
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%31 #EH*FREZPEPEE R A £ 7 £ [Taipei City Government,

2007]
Ag-Bag = & [ B o oA
M — B2 N 5 5 R | R | R
HE ]| 2%2| ®%3 BRI BE2| 2%3
pH 6.8 6.5 6.3 6.3 7.1 7.0 7.1 7.0
7k 70.0 51.2 62.9 63.2 70.4 40.7 44.5 50.9
% (%)
C/N ' | 10.6 37.59 | 1642 |47.14 |10.6 17.43 | 17.54 |20.56
# 7Zn | 1,080 |573 465 458 1,630 | 783 762 752
(mg/l)
4 Cu | 356 299 258 253 325 312 348 342
(mg/l)
£ Cr | 218 141 140 134 235 226 235 240
(mg/l)
4-Pb | 81.6 95.0 74.5 70.8 112.0 ]90.5 94.1 96.0
(mg/l)
4 Ni | 852 92.3 73.4 74.3 97.7 69.2 74.7 72.9
(mg/l)
A As | 2.95 4.49 5.57 4.29 6.43 9.29 10.5 8.81
(mg/l)
A& Hg |3.35 3.31 3.25 3.09 4.30 2.37 2.27 241
(mg/l)
48 Cd | 2.65 291 2.31 2.20 3.23 1.25 1.47 1.43
(mg/l)
LRCS 12 <10 10 10 <10 <10
LS

*E e RERRE
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B 3.3 1 600°C &S 2770k

312 FiRdEpiEpgir

ik 2 F w0 (1) NRF R 0 L MI0SO & 7 2 5 (2)
£ F L5 R T0%F) 30%2 3411 MT7S3 47 2.:(3) £ 875k 50%
F) 50%2Z_ 3L > 11 M5SS £ 7t 2 s (4)E & v 5 R 30%F) 70%2 3 o
M3ST &2 e it 2 R ABp TR e ks A2 Fr (LB 34);
Hat £=2.67~ 7 -k 43 0.17%~0.24%2_ B ~ pH=6.85~7.71 ; %)} is
A0 0.1 mm~0.9 mmz FF > kg i 2 AR K ALH S EE R ELE SP T

BfeH A2 R o
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B34 77 aks ﬁl-’ ) A

32 BELFEEFE L HER

321 HEP TS 2

Mg kR M IBSER TR o AR B R

A

~ 7T

7
~

O REKROPBFICEFRFE I RE LM G T RS AT kT
=% > 7 -k & (Water content rate)=(CK &€ £+2 K5k £)~ 2 -k
(Moisture content)=(-k & £ +§zi5 ik £ ) B I fAEBE Y T 2k
Fooomatd A fRAEEB R Tk o

BRI TR o BHRGFAE N EDTE ~EE 100 2
Ao &g lhr BB- = z2KE SB35 5055k B 3.6 %%
Wie2 Bk o ¥ - 2 o NF R o FRE S LA Z B EERG

AR ARk R R REL ARG T BR

bf o BRI RO A BRI PR E P AR X R A

FAIREGCREZ €T AN E KD H e 7K E o 38% 41 2008



£ 47 9 p %I 208 £ 57 13 P PEZERE=2436 ~ER
=50~94% ; RELMAPER? TR 7 [ PFER- X7 -kE - B 3.7~
BI382 B394 %53 PREP H2 2 RPEHRGE -

Bl 3.6 = >%icfez 5k

27
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=~ bl i%#"%% ié
o & (Specific Gravity) & % 32 H A2 H & &L H =& 2 1t

i ; FHERMELI2 LG - R 2 E = L £ R AN
BB Batp (e=[(G, -7 )/ r,]-1) &R S (S-e=G -w);
sokEE vy, R 2 EGEEE (y,=y/(+w)) >y s 2 EE

Y
T owidEZRE o Wikdp ASTM-D854 > B~id i 10 5L éF chig 52
B OSNEIER Figts » e AZFEABX 015N hd #0035y
B TR o LB 3.100 PRk 3 R IBIE Lo

1 ek 3lac i £4R2 25 R -

2. BRI F R BT A T o AR f e o

3.4 g R LR LR AER 2 A TN s O

B2 BianggEk S o Y 7 g o pd o
4. FREALT  FEAFIERE O MLFLES o
5. W3 R BRIRITen2 BlkdR T0E L GRE L o

B 3.10 W F R
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ZoMARER
Flz ket HRE i 2 2 FHE - A) 2
W FLAR B - B A & Wik ASTM D-4318 2 ASTM-D427 44 it
2% gLl (AR 3.11) 2 B URPL o LL 5+ % - HFa 2
BERETAF A2 b kR d 2 FRBEETLLEE >
Hithie = 20k @ Skt @ 7 g
BA BN B Rt M 2R AR - AT 0 LLARR 2

i
N
|k
B3
T
w
&
pd

M AT R RS o ¥ - 35 0 PLASEET 2 hoi
FokE o PLEARD B BIA R L 0 24 DR

Phod gkkd FRFZLL~ PLATHwH 3 kehl o S P4 ik

(PI=LL—PL) ~ & tdadic (LI =(w—PL)/PI )~ &1 (A=PI/F)
FoXd B22F Il ERICH2ZEH L G IEEGELTE PIE
M B o

TRV RE KL ARLER L
1 BRIy 2B R VACE 607 L 3 R RS R
B gs R A e S BIBLE S AT e
ookl B33 o
PRERSARE LR NARETLRL -
Betd - ARimifdc: g 2 BEELTET 12.5mm o
e CHcE 4 s ZokEd I o

sn.#.w.w

TR ERZ AL ER S
I Ao R £393 o dode g KB F 0 R MEIR -
2. X HEPEERY ORI B- Ko
3. d N BRAEDE T 3mmnd iES P BT S RH TR TRk A
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H%'J-ﬁ. g:-% 4 __—":' )’@rﬁfj’l\'& ) tfml\'.i é‘f’lféio

B 311 BB RN

T~ RS %D R

WA RBR RS s W R HG* s D
>0.075mm 2. * & » ASTM D-452 5 H ;é,‘ﬁé}*hpa o A ik w A jx Bif R
BErGRpe VHEHFBERFY ISmin. (60 A BT EEFRE2 IR

S NE UEE LS P T E

I ~ pH E#&> 2

k® 2 PHE -~ B R - RERE 35 5 FF o BRFRER
2 BF g E pHEN » pHEF B 7 TIT4F LI iTr 2
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REFR R G4 F 2 0 dopH BRCPRIFM TR L S AR kg
MAEaRRE F e e i o - R RH pHE X121 2R FI

22 pHEF <121 R E2 G5 PP 7 L7 g 0mE A DF
# i (PCA, 1970)

e pH EETF 2 RE L pH BRI TR X B E F ST
YEir £ SR B 3.120 H 25% % Br4c T (NIEA S-410.61C 44+ & ASTM
D-2976 4£.4)

L 1 ZAf K pH BRI TR 1S > Fefgie 2 I 2 o

2. Bl i 40 BLEF 2 F FiEAL 25g % ~ B B 150ml AR ELN o 4o » i
L R L Y

3. 15 A amis Mk R R A ~ M 0 Bl R EH pH

L
B o

\-\

B 3.12 k2 pH EE R
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322 e %3
P oBE TR BRI B e

2
IL S 2GR AE ARG BRI S LB 3130 A5

TR
SRRMEL A Y EARREIN B R B R
fazEAL (MI10SO ~ M7S3 ~ MSS5 ~ M3S7) &> #% P 9 30cm5 >

E, :%’—213 o

AR BE > SRR 2 K

5 i

Bl 3.13  F4E 4 25 (2008,04,19)

33 W#HL 1A 2

I
IR S AL )
R 4R *ﬁ#éﬁ@iﬁmmﬁiwwiﬁ4wﬁ%§ﬂiﬁ%
T o TR R A S o RS
P SRR L E NES 4 .3 ‘

MESFE BEPL Sk, o T - 5
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K
SR L BHA RO R AFEAAR AR TAREAES

AL BT R E w, B R RTR R e R R ST -
BREEY ZEETFEFEZ W, Ve > B FE 5 Proctor & 7 3
o

39 2 - PG

L Vo ™ % P B ow,, K

2. BB E  pRt ~F R REsT -
3. BfeR 2B HE R mATET L KDy, o
4. Bz 2oy, el > 3 F

5' ifJ—H‘:’— gé;fi" B i%%t R };E EE_'? T% ;/H‘ yd(max)i%’ = M}UMK§ Tl{—{‘— °

WIATIN/m* 53 2 2 i g

AR R 3 F #E5% (ASTM D-698 Method A)z. 44 ( #
F R 9433em’ ~ P F4RE 445N - FFERTEEE 45 Tem ~ B F
B E=600kN —m/m’) & W¥te fdil w75 % (LR 3.14) ¥
@ﬂiﬁﬁ@@°P$$1ﬁE%T:
1o#4 W A m ke A2HE 5-6 ) BRI HEE /Y

34



35N o

2. M-E ) BRI A AR o Nk o 2R L2 o el
BNETLEARZRBEEE Ew | Bl 24 &K% » B3R
A2 o

3 EFA AL EFHEN G E RIN %@’TSJ TRk o

4,%—%‘:3&,&3@%:’(&1)\@_6 ,4@] *TSST’ét)‘T—@igﬁffi'ﬁ’/‘E
Plew - k2w oo

5. % 7R RFTR T 435/‘5 BB p 1@ ﬁﬁfﬂ.#&_ﬁ—@f /}E\‘:J}Fsb ¥ & =X

&
pEvS
._\

\
>
;2“\
&k
f%
ax}
K3
s
=t
Nud
\+-
5 \
-l-.
-
e
=N

6. F4vm F 0 )7 RTEMB L > SRR kB w2 G H 2 F
oS RAIE 0 FEIT B RET E (w,y,) Bedp
TR SR B o, WERERE ARG L2

-'? ?’ 7',3' }%Z‘d— 4 *T:):—‘ I]} pé“g&'} ﬁlplupé‘% .L% °

B 3.14 k2 % 2% (M10S0)

=~ BokER
Wik S-REE2 (ASTM D-2434 345 ) > $/s F 3 i1k 2 324

35



5 T
Pl

FHE

ok > KRB 28 GlckE (LB 3.15)0 218 Az 3t 8 2

k=4aL/n(ti-t)D’x In (hy/hy) »as 5 B ¥ %7 a # ~L: ML B

\D:

Eoh PR G PEE R EB R h BR LOEE R EE R

LLFé'%E\‘/—;E,iIE;‘%' :

1. ZAidms B mFMﬂT S ESER el

2. RAREREFMA L o Uk d S RGES D o

30 FARRKFT R EEIRIGF G EIEE

4, BrHEEARFERSER > BE M CLHRELRIEEFR -

5. B hHCl F AR LR P

3.3

— ~

pt

Eg »

RIS 0 & FF R RICOBHER -

B 315 Fp&-keEsk (ki)

WL Bk

- R EFRAERER? PN A AL 2R R R PR
R At N H s DR R EEE FIRRSER K g, 2 R

N

2
E50 ]/

<
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% FPRASTM D-21664. 4 % e 3 F B 4% i 2 3805 (7 04 5 385k 0 12
AR 4 3 E/5100m ~ F200m ¥ (GRGERD FEHD) » @ 20 87
TP 4T3.5em > BT.0em 2 FH o o AT Y REL B
TRz BT E LR EEESRE (475mm ) RE X F 0 &

i 7 7% X_ASTM D-698 Method A2 #r2 2. E & - ; B|3.16% B3.17 >

PR F ) e

B 3.16 b F % 7 % 15 2 R (M3S7)

B13.17 %0 & BRS % 2 #48(MI10S0)
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CERT 4 B

2 et 38 B (shear strength) 7 8 2 fgph - T 5 HH + 5
fhora R I IPUR 2 d 2 B o BB ALK S B
§g\$ T TR I Mg S ‘—L%‘L 2_le 3 R4 GE ot X R
BRYpRIUT TR B LR Sl JHM 2 RR A o2 BEd g LH 318
2B 319 2 AR ERTS AR FBRKRKRE R - 58 (ASTM
D-3080 )

PR AR R LR E AT
- VR SRR S R 0 GRS B2 BT BT R
et 2R (B 62em~ 8 2.54cem )

[

2 MBIt BB AR S A RFENE 4 LR
Mok s g ind o

3. KREHME 2T A g Bk 24t > FHESFIRT S R -

4 BFHBAITEFTAAGOLL G EHFRLE o

5. 2 Bz B4 iEEL NG o=50kPa ~ 100kPa ~ 150kPa °

6. " 0.5mm/min. 2 FHFWE T 4 > T RWL T HFE
F 8mm 5w R P AT FGFEMAN)S L -

7. BREMN LT ERY DT R D2 T4 DRI
E=rT Ao

8. g M (o Rr~TR) d M (PRE~T RS ) & §d
(PR~T R )Y &P NHRE> 0=50kPa ~100kPa 2 150kPa 2

ZBAET RS 7,0 Al =ctotang T REFEMWL R g o
0. ¥WE hifB P > AT HKRE

38



39



Fr i #EkREE

4.1 FH2LFEPF2 S KR

2 f 2 v E A M10SO 5 1.24 ~ 32 M7S3 & 2.26 ~ ** M5S5
% 245~ M3S7 5 253 Fla e RiZ WV E L2067 &R T R G2
SR E G H e ABR o AR S B 0 @ MI0SO T KA LB
=522% (LB 41)> a2 a2z it e B2 PLE > &7 $x
LEHFEFTEM o pHES % 0 FE RS E 2. pH=6.8~T7.1~ )
B R 2. pH=69~77 > &1 &Rl M e fEk 2 pH @7 /1 6.8~7.7 2
BB RRELMHREFFAMN T RZBRZ e P2 pHEZ R
Moo T H R B IR F P 2 .

700% —
M10S0

S 600% |

=

~—e

5]—'; LL R e

S 500% | ~e

o

=

S 400%

=

10 25 100

Number of blows (log scale)

g] 41 MIOSO Fé“}' /]Q IVJ' Fé‘%} =

411 pEAE

wAEEREL Y o RS A (MI0SO)FIH S ALK T o AR 2 3
AT LTSRS A T R R Y 2 E L 100 iz 24hr
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Foor g A A SRR AR A G A TR A LA B
42 5 MR R 2R e o AR oagE B2 5 i 200 BLE (e
j£<0.074 mm)iﬁ S VORI R A2 0.074 mn~6.3 mm2- 5 m M7S3-
MS5S5 2 M3S7 = 4873 iF #F) 38 2 BT A o SUa BT 3R] 4.3 R
44 % Bl 450 B 4.6 P50 e fEiRkz p A d RELSVRE B
RATH 3 B m BRE 20805430 0.1 mm~0.9 mm2. B > & 5 0k 3R R
ALz B A 0.074 mm~6.3 mnfF > & T GUEFT ISR 25k €A
(RN IS g S IR - ik [

100 M10S0
80

60 I \

40

20 \

10 . 0.1 0.01
Particle diameter (mm)

Percent finer (%)

B 4.2 MI10SO FFL2_ s js o # & 41

100 M7S3
80

[2um)

E 40 | ™

(o]

(]
0 —f

10 1 ) 0.1 0.01
Particle diameter (mm)

Bl 43 [ EERFERIEA T F RMTSI)
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100 =

\\ MS5S5
80 [ N
S N
5 60 \\\
=
=
% 40
3]
5
~ 20 H

0

10 1 0.1 0.01

Particle diameter (mﬁl)

Bl 4.4 75 FERFH 2 RIS, F A R(MSSS)

100 y S

60 \
40 \
20 \

10 o 0.1 0.01
Particle diameter (mm)

Percent finer (%)

B 4.5 FFERFR2RIL S F A RIMM3ST)

100
§ 3 | - M10S0
20 n ——MT7S3
Xi \ \\\ > M5S85
N
40 \ \
20 \x
0 A

10 1 0.1 0.01
Particle diameter (mm)

P

/]

//

Percent finer (%)

Bl 4.6 w fAaplkiis®d M2 FE R
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412 sHPERE*

¥of s o MI10S0 3842 7 /R & 5 83.6%~ 7 -kt 5 485.5%
M7S3 iz 2 k& 4 59.1% ~ 7 -k & 103.6% » MSSS 4Lz 7 -k
F 5 40.1% ~ 5K 5 66.7% 0 M3ST itz 5ok K L 254% ~ 50K
WS 34.0% ; eREs R E F kBB FOKER AR
REiEFREF

4 M10SO 38k i 7 R G2 2 5o 3% B 4.7 5 (5 k- /)
WA W B 48 A(Z kY -ER)Y R o E B 48 o2 (7 k-
B SUBL2 0 538 47hr 22 BPERER 18 > B 5 -kt 5 B PF 51 485.5%
3 74% > Fok 25 w2 102%/Mhre 2 S g

Iﬁf,ﬁ—ﬁ"% °

100
S 5 ¢ ——M10S0
L
s
z 60
g 40
g 5 \
<
= \(9
0
0 10 20 30 40 50

Time (hr)

B 4.7 MIOSO:FHz RFEzcHEES (k)
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500

—6—M10S0
400 T

300

200
100

Moisture content (%)

0 10 20 30 40 50
Time (hr)

F4.8 MI0SO itz REiHEE (5 ko)

o R A

TERICEER S G 0 B 49 S (FORF-ERE)Y R a B 410 5
(7 kv -PFER )W & o 2 0B 4.10 977 2. (7 kv -FFE )Y sz o
M10SO0 itz 7 AR R 7 A 5 d FEE > 20 7 R >50%E 0 #

N

Rl iR F G 5 46.2%/hr; 3t 5 Ry <50%E 0 Bl ik F G 5 4.7%/Mhre
B2 R AR A2 (5RO B )Y D BT A P T
AT AT BE S B T AL A 7 H 5 oRL R iE 5o @4 MT7S3

LA 14.2%/hr ~ M5S5 3#4L 5 8.6%/hr ~ M3S7 #5545 8.4%/hr o 14
WHITEFREZ ] 0 W R AR 5o E

100
S ——M10S0
= 80 o —A—M7S3
= \ == M5S5
= 60 ——M3S7
o
5 40
(&)
= q
£ 20 F
=

0
0 5 10 15 20

Time (hr)

B 49 wfFfz BhigEss: (7k3F)
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600

—6—M10S0
—A—M7S3
300 =6 M585
—— 357
400
300

Moisture content (%)

200

100

0 5 10 15 20
Time (hr)

Fl4.10 il S i ke (7k0)

413 2 KR

Bl 4.11 5w A+ 2 B ¥ A~ 4048 48 15-25(2008,04,19) » ot pF
BEE X Bl 412 5 50 % 152 454 575(2008,06,08) > P pFEE EAE o
ek e AT EFSAEY B 413 5176 X (s fm 2§
(2008,10,07) » phpFER E & A 0 SR TH REF R EEET 2K {
ABFE o FET 2 Z_ o4 B EF (2008 #2477 19 p~10
PTP)RER 2% o2 E- B e AR 2ZEE S H Sk
AR R FERRR N ER T LT A TR R P
MR H 2 E P RA YA AL A FlE A R oo
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B 4.12 {54 3F5% T75(2008/06/08)
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Bl 4.13 484 5% 135(2008,10,07)

42 BHELTFE G RBF

421 FRHF

Bl 4.14 5 5 R MI0SO 82 5 F o 4> A 322k AT sl 2
Fokovt R AT 224.3%~375.6%2 FF 0 TG B REEAL R R R

G R m AR R AR 0 B EE S AR R AR

Z o AP R YR B EINIR s frH R EEF F R e e a

Hix& 5 334kN/m® 33 5 kb= 2243% e 0 2 B

Hopw TaR 1851 H&RAHF  TRIE A TER

Bl 4.15 5 = A5 FEp@FN 2 270 &5 NP a4 g
H Wy > Viay)¥T MTS3 3858 5 (25.7, 12.78 ) ~ »% M5S5 38542 5 (23.2,
13.98 ) ~ M3S7 3## 5 (16.3, 13.85) ; 4vae= fEplz p, J2iTH
I4TkN /m’ > &35 7 35d 5 F B Fee g idp 2 *jé BAER > Fla TR
FI* SaREA XL o Z PR Y B3 MTS3 388 B » M5S5
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B a g w2 2 BPE(M3ST) 0 R € FIRERR AR § B S R

BMEATRE p, F P EH
4
= M10S0
£ 3 "~
é \S\G\
5 2 ==
‘o
=
g1
&
A
0
200 250 300 350 400

Moisure content (%)

Bl 4.14 MI0SO 242 % F

15

——M7S3

14 =< MS5S5
——M3S7
12 \

N
11 AW
10

Dry unit weight (kN/m3)

0 5 10 15 20 25 30 35 40 45

Moisure content (%)

Bl 415 @5 rEBRZ FF6 R

422 HkBF

MI10S0 3413t 5 -k 1t =2243% ¥ = F =334kN/m’ % f& 2_ 3ERY 3
Bk WEESR T2 ST EZERNEMZB0K o Z /A5
AR R ST B 3 R R 2 B R Y MTS3 a4 0.0063
em/sec ~ M5S5 #4285 0.025cm/sec ~ *+ M3S7 242 % 0.083 cm/sec »
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$3 K iR 4P § 20 2 &4 2 w)(Fine sand) -
43 FH2L R RREE BT

43.1 & BRHFLF

Bl4.16 = M10SOzEAL>T 7 -k ve=2243% ~ H =& =3.34kN/m’ % 1%
T2 EBURGET > R phe R E £, =6.3%  BIRR SRR
g, =39.3kPa ~ L S B B, =771 kPa » 3* 1 F 545 #1402 (Soft clay) »

m Bl4.17 ~ Bl4.18% B|4.194 %B] 52 M7S3 ~ M5S5% M3S7:84L 3 5
BAR ARG EBRGILT 2 s, tMTS33 5 32% - T M5S53
AL 5 3.7% ~ 3 M3STEHL 5 1.1% 0 B g, >t M7S3:84L 5 8.3 kPa ~ >t M5S5
AL % 132 kPa Y% ~ 3 M3ST2E 4L 5 2.5kPa » B E, 3t M7S33 4 4
334kPa ~ **M5S5:84 & 331kPa ~ **M3ST38HL & 840kPa 5 ¥+ F f2 8
FiT R gcAE 4 (Very soft clay) ©

e B2 & BRI T L b FA.200 10 0 5 RIS
FHER 6 H g BEHTE o B MI0S0:E KL 2_39.3kPa '8 T M7S32.

8.3kPa » ¥R AR X &2 FE N E FIRGFHET LA o

45
40 M10S0 |

35 | 0. =39.33kPa
30

25 -
o | - € ¢ =6.3%
P

15
ol / Esy=7712 kPa
5

0 2 4 6 8
Axial strain (%)

Bl 4.16  MI0SO 342 & BRI

Axial stress (kPa)

49



Axial stress (kPa)

Axial stress (kPa)

Axial stress (kPa)

45
40
35
30
25
20
15
10

)

45
40
35
30
25
20
15
10

M7S3

Es) =333.6 kPa

qu =8.34kPa

£ =32%

2 4
Axial strain (%)

417 WH 2 E FUR ST (MTS3)

M5S5

qu=13.22kPa

e

- £ 4=37%

|Es =330.5kPa

2 4
Axial strain (%)

B 4.18 sz & FUR S F(MSSS)

45
40
35

30 1
251

20
15
10

& 4.19

M3S7

Eso=840kPa

| qu=2.52kPa

equ=1.1%

2 4
Axial strain (%)

2 FUR ST (M3ST)
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M10S0

20
e
10
/ M7S3

M3§7

Axial stress o a (kPa)

MS5S5

0 2 4 6 8
Axial strain € a (%)

420w B A BURSFIL 2 0 9

432 T

B 4.21 B 422~ B 4.23 2 B 424 A 4] 5 M10S0~ M7S3 ~ M5S5
2 M3ST @2 1B I ARk P & FIRERFRY - R aX
TR e R RNFURGL 5 EREEEE v
cZ B m e AT PRFHBEFLINFAL ELPPREY
2 2RpB o SR 4 03t M10SO 3 % 46.0kPa ~> M7S3 34 4 30.8kPa
> MSSS 34 5 17.6kPa% ~ %> M3S7 341 5 3.4kPa > TS H) B 2
BiAvm ] o ¥ - 3G > L3Rz BEd ¢ MI0SO # 5 17.1°
3 M7S3 R 4 21.0° ~ 3% MSSS L 5 28.7%° ~ 3 M3S7 i 4
3087 WEEZ AR 2 M e d Bk oo mit LF M2 RES Bt S
FHIHE IR 2R AR BE - BB LA

RIS E R BN AT R RRERTRR . E e
4o b Tk e g T R 4.25 1, B ol &, =c+o-tang 2 B % ¥ -
WA o Flic iV E K, BEo 2 A %L o d B 4.24
Bt 0 =50kPa 11T M10SO 4L 2 ¢, @ d % 230 0 =100kPa "fiT 2 f&
B2 o BA R o @ o=150kPa T MT7S3 L2 ¢, B < o F
MARREI AR AR O FIVARTFNERAE CEERD
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% 3.0m>

7 il—_ ré-,}f%z! ES
fFEF) T BA

gk

v

KA R2HE-F G

"

14kN/m® » B ¥ 3-8 2 ¥R

42kPa (0=3.0%x14); #32 5 o<50kPa 2 5T » 3
SEMFRT AR/ o
80
6 = 50kPa M10S0
= 60 /
E
= 40
St
S0
2 2 4 6 gl100 1
<0 ‘/4__,_,_’
150
40
Shear disacement (mm)
(a) phro 5 227§ 5 - B 1%
150 M10S0
— = 150kP:
§ 100 g a
g W 100
g 50
&
0
0 2 4 6 8 10 12
Shear displacement (mm)
(b) TP R4 MG
150
M10S0 C =46 kPa
y=0.31x+45.99 ¢ =17.1"
55100 f
<=
%ll /
Z 50
g
0
0 50 100 150 200
Normal stress (kPa)
) T BREDT » 4 MG

Rl 4.21
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Shear stress (kPa)

80
M7S3
60
g
g
A0 f
Y
g 20
2 0 =50kPa
= O | | | Il
= 100
DA T v
R —
150
-40
Shear disacement (mm)
(a) B 5 (2 5 B 1
150
M7S3
100
o = 150kPa
50
0
0 1 2 3 4 5 6
Shear displacement (mm)
(b) T ¥ 4 B %
10 M7S3
y=0.38 x+30.83 € =308kpa
. =21°
2100 | .
k=] /
=1}
S
= .
250 f *
&
0
0 50 100 150 200

Normal stress (kPa)

(c) ¥ R v it B %

B 422 M7S3 @42 it B
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Normal stress (kPa)

(b) 35 R0 % s+ B %

Bl 423 MS5S5 @42 it B

54

80
MS5S5
60
£
— 40
=
QE) o = 50kPa 150
5 20
% O L L 1\00
2 V3 4
= 20
40
Shear disacement (mm)
(a) $he 3 229 R TR
150
M5S5
& 100 o = 150kPa
2 /—\ 100
Z 50
= 50
0
0 2 4 6 8 10 12
Shear displacement (mm)
(b) T % g T 4 B
150
M5S5 Cossxsi7e G 176kpa
_ y=EoxT =287°
&
<~ 100 | *
=
o0 *
g
5 050 |
j:) *
w2
0
0 50 100 150 200



Shear stress (kPa)

80

M3S7
60}
5
=]
g 2
._g
= 0
>
< 2 4 6 8 10 1
20 1 o = 50kPa 150
100
40
Shear disacement (mm)
(a) e 8 122 T 5 (B8 O
150 M3S7
6 = 150kPa
100
—
50
0
0 2 4 6 8 10 12
Shear displacement (mm)
= = /f" " g 2y
(b) T % gt P k4 B 4
150
s —060x+341 O ikPa
E y=0.60 x + 3. ~308°
4
~ 100
=
1]
§ /
250
z —
0
0 50 100 150 200

Normal stress (kPa)

) T BRETw R4 MK

Bl 424 MB3ST @42 Fit B
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150
M7S3

< 100 |
=
g
7 MI0S0 \BST
3 50 |
z MS5S5

0

0 50 100 150 200

Normal stress (kPa)

B14.25 w2 T BRe D o k4 B

56



1
=4
el

RS XS R IE-e
51 &

L59(5.1) > #-9 F(Chalk)# 7 ik 4 (Calcium Carbonate, CaCOs)
Z2_ % % % (limestone) B # %4 (% 900°C ) ¥ @3 11 4 % A (Quicklime,
CaO) 2 Az &5 230-

CaCOs+Heat—CaO+CO, (5.1)

238(5.2) 0 A F 4@k 4 kit e (Hydration)# » 24 R 7 &
& ) F A (Hydrated lime, & % Calcium hydroxide, Ca(OH),) » ¥ 2z

Mo B A E=D.08 R B Ak pH=124 E B ak L o

CaO+H,0—Ca(OH) ,+Heat (5.2)

LGl &z 5 ¢ chz § it g (Carbon dioxide)#ff - #
He & A FRR R AL AT 0 Tk o

Ca(OH) ,+CO ,—CaCOs+H,0 (5.3)
WHEEIRREAZLS AR L G K 4T (Finishing) 2 35 1
(2 frd 7 iz, Masonry) 5 & A4+ * 2 3 73 Type N (Normal
hydrated lime) %2 Type S(Special hydrated lime)= 7& > 2 ¢ Type N /X 3
L4 2ok iv ¥ it $» (Unhydrated oxides)z. 7 & ° @ Type S #77 2. 24k

tF b2 8% ¥ -2 m o351 * k2 $F A3 Type N (Normal
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hydrated lime for masonry purposes) ~ Type S (Special hydrated lime for
masonry purposes) » Type NA (Normal air-entraining hydrated lime)%
Type SA (Special air-entraining hydrated lime)w f& - % ﬁ-%l FIEE Jﬂz
(Air-entraining) ¥ *t 4~ # # £ § ¥ ¥ {2 F F -k £ (Water
retentivity)

P2 A 1Y F R & kA (4 (Hydraulic) 2 25-K A 4 (Nonhydraulic)
% f8 ; -KA 2% A (Hydraulic lime) % /&% % % % (Siliceous limestone)
fetk 2 B F A 7 (Argillaceous limestone) # i & 2 iﬁ oy HE KR EPF
“r 7 2 # e (Silica)t? 2% 1 (Alumina) ¢ % & m A= & 3 IR (E% 7
BRREF o kA E A2 A R (Mortar) § & 2 8 R 2 T OB YK
Pot R BT A F R R A (8 s F 4 £ (Carboniferous limestone)
IR T EYEE RIS T LET R L R TR 2 ST
RFLAT e A A R E FHEH TH - EPTA S 2 REERA G
0%Q8Mm~5g4ﬁ§ﬂ~0310Mﬂw>5m%\ﬁlrﬁﬁﬂf‘gt
FiE T AR R B G- Y R A M 1 i
[Kenneth and George, 1988; Shan, 1995] -

)

52 7#Hh-3E2FR

FrawdAERY 22 T AGE TREA 0 MR F T
P F A AT E 2~ o 3 3E-F A & &(Soil- lime- reaction)

v

¥ A s TS B iT* 8 {7[Ronald et al. , 1979] -

- ~ S 4% B4 T * (Cation exchange and flocculation)
P REEFFRAZ T o F P AT R 3 2 A
F(Ca) gk g x‘ﬂl%xl‘%é}ﬁnL(Na Ky d 203k ¥ 3§
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T PSS T U AR A G Bk R R
ﬁﬁﬁ@iﬁ%*’@4%WLW¢TW~%%ﬁ%@ﬂ%%ﬁE
Boooigm TpEied 22 P O T

Iy
N

~ B2 1T * (Pozzolanic reaction)

PH

T 2 AT B IR P RBAEERBA YRR
& > A = " %8 (Cementitious material)2. 4F # -k it 4= (Hydrated calcium
silicate) % 47 4g-k it 4 (Hydrated calcium aluminate) }* 48 ¥} 48 2_ %} & %

RN CEEE Sl R SRR €18 N ER T RN - £

{/ﬁp%é}i T/EJ. Frﬁ—( #B”&%“{:Iﬁ,:ﬂ -m?i _p'E Z oLLL’r} y %Jj\,
BAREFBFEL R F RS AL 2GRS G NIRRT 2 g

AL RPN A S Ay, R SR i K AR B B G A 2
HEC A AR R 2 e R AR A F M FEE AR R
s BT -

\\\

BEIE-TAF B2 %% 5 23 pH &~ 3 $#38¢ (Organic carbon)
ZzE ~ 7°k& ~ ¥ 2 # 40 (Exchangeable sodium) 7 & ~ 44 # 4~ (Clay
mineralogy) ~ k * 2 & ~ #% fk B (Carbonate) 7 £ - Extractable iron -
Silica-sesquioxide % # 45\t o 2Rdm > I E-F A F B2 521 & F| 3
R ﬂ\%‘rl«#r]“’r dek AT A LR Rt R W T A AR
*

=

FRBERRED P EEFL AR

53 FAAEEITKFRLCERT

R R o MgF ToREZEEE L E 0L 505k (Sewage
sludge)2. 3 4 &2 p (B3 o« BALenF L5 L a2 > NS4 A 2
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H5 % > @ #-H e it (Composting) ~ £ 1% B 5 A5 ¥ 2 Bg-

E o BoRF R L E g sk Y 125 % 4 (Putrescible organic

matter) & fF = ETNEHAE S T JIF SR A e AR o B

BORDFRF AT ERT > RTRAFENT G *J:mlf*}i?ﬁ ]

a3 ¥ & et ) 3t < e ¢ [Epstin, 1997] ° 2@ 0 F] 55 0K03

FAELRDTF EED (FHARPIERFY ) §RRAE BRI
7

SN g ER

FE &2 & 7 [Jacobs, 1981] - £ i pH B2

ﬁ

P ENEL DG B A Ep e 2ok T RAAIL pH
& K917 2. 4 v < & (Bioavaiablity)[ Alloway, 1995] -

Qiao and Ho (1997)% § &3 % it i35 -K 5 ik % 7 bodg e B
(Alkaline material) » 4 4% % (Fly ash) % 4# 48 & i* 3 /& & (Alkaline
bauxite residue)™ " M€ £ B2 VIAME VI FEE S L > Fl i AR
oA (1) BA9TA4 2 RE) 2 5 ek 12E8 > (2) 3B %k
T A58 en% V3 M 4 @ (Insoluble carbonate) & 3 'EF ¢ R E £ B2
% o2Rm > L E A3 pHERBR T g A cnie® £ a € WM Aakd o
Nakasaki et al. (1985)# ILE M F A F8 25 & » B & pH E>11 2 % i

TP A A B s B A - ARG R LB AR
FOEADSOR > Bk R R R Rcd 2 ¥ e AR AR

Wong and Fang (2000) %% k& 2y F '8 K€ £ 7 3112 7 R
B R o T 2 FEBRANALFEZRIERE HAETE- BB
AR R T AR Y e A P A fReniT B R R A
g L=0%~0.63% >~ 1.0%% 1.63%z ' B3> 5EAFREF
(Sludge-sawdust mixture)42 » >+ &\ 3a 8 100 % 138 > $FH &7 % 7
M iA sk 2 2% (Enzyme) > 47 - 3 w0 (1) %7 ’iﬂ]‘ 4 xR
v RAApHE » ERFAFHTHEL 1(2) PRz EH Y

60



ol

W2 oo Pl g s > LegX 3P FERRETU(3)
L=0.63%=2 754 £B2IX ¢ F1F @ 2 = § 1 senffiea f feiice i s
Peid s o A AP RIE A HHEOER S (4) SR 1.0%2L F

FERAILS R ATPE T o

54 2 HA1EBYRIEBTALFTEZBREHRER

WENEAFETZ IEPEFTLIAL 72 10%2 w2
(Fine-grained soil) ~ PI>10%F » § »cf§ Llwil 2 G2 ik 2 4 2 £ 5
3%<L<10%: ¥ 2 a3 > - WERDEA 7 BV i &2 E 7
FHARTTE o U F AT R F L LA 1 (Carbonation) ¥ 4L - T A
FIE-F AR RIEALY B AG D F YR € S T AR o K
THEBWAFPEA O BIEE EIOET T EE o

B L -2 R LY AFRRARAR AR P DG AT

z £(Limecontent)> m B 3 £ EFF A5 F it chd EPF2 147

N

® 5z

Hipo AHFTFRIAEY RHB AR L EFLR(HEE - §
MBS HREE ) B RETE RLTEETZF NG e
FHH R ARR S 245 [Ronald et al. , 1979] ©

S ER-IEA LB

— AR S R 4o

“N>

]

. #% PR EA o
2. REFHRGTEL AL (%)=(F A Ei52 ) x100)& [L, (%)=(F

AR FEIC 3 RAE) x100)% o

3. j%l:r‘#z,._ °
4, R AR -
5.t Bk rdpd (et R Ak, 2 kB )
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S EMER

¥ 2 M5 FL3 (22 35.6mn % & 71.2mm~E 45 152.0 mm
& 203.0mm) > iR FRERAFMLFRT AL ENE T2
Beod Nt PRk B HigE e E g iy FLEET -

HrE (280 d)

7

FIER L P2 s R BT T?ﬁfi’é&%’ii
in’x;’Ele——y{’%ﬁ,é4$zmﬁ%}~xgﬁ

I
S
-;igi

& Fﬁﬂpm%“‘%ﬁ‘lﬁ*’”éyﬂp’ PARARBIEAIREZTZER
2RRE (Irzp ¥ ki) RAadedk S ormdn o HEHER
FFs R A B E Sk o

%51 £ Aladt & £ % R £ £ [Ronald ef al. , 1979]

Minimum strength requirements
Agency Specimen curing
Base course Subbase
(kPa) (kPa)
California DOT Mixture is “loose cured”24 hours prior
to compaction
Ilinois DOT 48 hours (49 ) 1034 689
Louisiana DOT 7 days moist room, 8 hours air drying 689 350
(60 ), 8 hours cooling, and 10 day
capillary soaking at a confining
pressure of a 6.89 kPa (AASHTO
T-212)
Texas State AASHTO T-202 689 350
Department of
Highways and Public
Transportation
Virginia Department of | 72 hours (49 ) Not used 1034
Highways and
Transportation
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TR EERLTATE

WA AIARE L 0 FAET L 2L A4 B 75 3% S CBR
RFIRGEE EHT S F0 71 47?*?15#’”75@ SRR SR Y SRilk
FEEYERIGEE DA

\“‘\ﬂ

¢
5.5 Z’*k -5 J\/"ilﬁ };}%

B & 31 AP FlrR 25k A BEHR S TE
(Zn)=1,080~1,630 mg/l ~ 4 (Cu)=325~356 mg/l ~ 4(Cr)=218~235 mg/] -
45 (Pb)=81.6~112.0 mg/l ~ 4% (Ni)=69.2~85.2 mg/l ~ F# (As)=2.95~9.29
mg/l ~ & (Hg)=2.37~3.35 mg/l ~ 45(Cd)=1.25~2.65 mg/l ; +“ &+ » 21U
By B B2 TR MR S R E 4R 5N (54~
FGINFRAE;M ABEBZCEE BN ¢~ 5 A4 Zn(OH),
Cu(OH);,~Pb(OH),~ Cr(OH); ~Ni(OH); ~Cd(OH),~ Hg(OH),~ 2 As(OH);
AEE g ity HREURY -

TEE LR A E L N2 F RiEAL? > Ca(OH), a4

v

2 e Y
£ r(\‘:z;m

Az fwr S F T AL 2 G F P RISk O

FPAREGFEEG A%k a BEF RZFF SRR k2T R o
Ca(OH), + ZnO + H,0O — Zn(OH), + Ca(OH), + heat (5.4)
Ca(OH), + CuO + H,0 — Cu(OH), + Ca(OH), + heat (5.5
2Ca(OH), + PbO, + 2 H,O — Pb(OH), + 2 Ca(OH), + heat (5.6)

3Ca(OH), + Cr,0; + 3 H,O — 2 Cr(OH); + 3 Ca(OH), + heat (5.7)
3Ca(OH), + Ni,O; + 3 H,O — 2 Ni(OH); + 3 Ca(OH), + heat (5.8)
Ca(OH), + CdO + H,0 — Cd(OH), + Ca(OH), + heat (5.9
Ca(OH), + HgO + H,O — Hg(OH), + Ca(OH), + heat (5.10)
3 Ca(OH), + As,03 + 3 H,O — 2 As(OH); + 3 Ca(OH), + heat (5.11)
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70%#) 30%23F4L > 2 MT7S3 &7 2. 5 (3) £ &3k 50%F) 50%2.

FAL > 2 MS5S5 &7 2 5 (A)E W IF IR 30%F) 70%2 3Fk > 1 M3S7
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1. 32 b &3> M10SO 5 1.24~% M7S3 % 2.26~%" M5S5 % 2.45~
A M3S7 5 253 H¥ 2 BV pH B A 6.8~7.7 2. [F 1 ‘g
Fofewdit? 23R g A X THAR K v AR AT A
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