XGS Spning '99 Natisnal Benfenence / Manch 27, 1999 / Sesul / Kerea

HEH SHAZSAE A28 s FRoldH-MEEA Efiqac By AF
Engineering Properties of Fly Ash-WFS Mixed Materials as a Flowable Backfill
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SYNOPSIS : The objective of this study is to present engineering properties required in use of
co-mixtures of fly ash and WFS(Waste Foundry Sand)'s, which are presently used as fill or
flowable backfill. The fly ash, generated at the Tae-An thermoelectric power plant, was used in this
research and was classified as Class F. Green Sand, Furane Sand, and Coated Sand, which had
been used at a foundry located in Pusan, were used. Laboratory experiments were performed to
obtain the physical properties of the co-mixture of fly ash and WFS. The range of permeability for
all the co-mixtures was from 3.0x10° cm/s to 6.0X10®° cm/s. The unconfined strength of the
7-day cured specimens composed of Green Sand reached 94% of that of 28-day cured specimens
but for the 7-day cured specimens composed of, respectively, Furane Sand and Coated Sand, only
64% and 66% of the strength of the 28-day cured specimens were reached. Results of the
consolidated-undrained triaxial test showed that the specimens composed of Furane Sand showed a
distinct increase of the internal friction angle, while the other specimens showed negligible increase.
In the case of 28-day cured specimens, specimens composed of Furane Sand showed an internal
friction angle of 41.8°, while specimens of Green and Coated Sand showed those of 33.5° and 35.0°,
respectively. From the shrinkage test, the shrinkage ratios of all specimens did not exceed 0.25%.

Key words : controlled low-strength material(CLSM), fly-ash, flowable backfill, waste foundry sand
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AHAHNE F EFFoldldE HEE 982 23 JE FHYHALEEZRE A0 2000 E o)A 2
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At A & AZE F Urt od B AFAE EFgoldH 2 HFEAE &9 2 A E
YAz 28317 AT HAG wigy 2 ole] tid JREAANE AXNA S} =23 w3y B
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2, AJHAIZ % AZ2HiSHH| HH
2.1 AlHAlR
2.1.1 #&2jojofH

2 dpoa A8 Eetoloid e HIGsELALANA BAF Aojny, AHE EFE7 8] A
&7 vtz W gAY Rez 1 3eF AL [F 1134 2o B ZPoloHE Class Foll sig sy, )
ZF& 2179

2.1.2 HIFESA

2 A7 ALgd HFEAS FHE AYAHGreen Sand), FAHFurane Sand), =”5]‘="]'(Coated
Sand)Z 7% % A§€ FZA " BERA APAe dEYC|ES Eo] AAAMEA A14E F
Aboln, FPAE #7183, Coated Sande F71E8F ] FAAZA ALLE FEAoIY. 7 HFEA %
Fol 8 A= EE [2¥ 1 Jdehideh 8FAEZ2G 7 sFEALY wF e AYAE 23772, ¥
AbE 24587, 283 IEYEALE 242398 vERY. HF &AL XRF(X-ray Refraction) 23+ [E 1]
2 2o [B 11& 24, 4AE7 2 ©F Si0;, ALO; FeOs7b 90%0l4 Age £ & glon,
53] IZE=AY] S HE A T2 mYH Jemg, AY FHFA SHHE %ol ddFes
25 ¢ Ik

(¥ 1] EoldH 2 7 AFEA9 333 =4

Si0Oz | Al203 | FexOs3 | TiO2 | MnO | CaO | MgO | K20 | NagO [ P2Os | L.O.L
Zg}oloR+] [60.33]24.78 | 3.82 | 1.06 | 0.00 (2.39 [ 0.84 [0.86 | 0.59 | 0.50 | 4.84
YA 18074 7.92 | 275 1022 | 0.00 {0.71 | 048 | 2.27 | 1.43 | 0.02 | 3.46
FYAL 187.04| 545 | 091 10.19]0.00 | 0.19]0.04 {267 | 066 | 0.01 | 2.85
FE]=AL [81.50] 531 | 141 [0.08. 0.00 | 0.16 ] 0.00 {291 | 059 |0.01 | 8.01

¥ L.OI : Loss On Ignition

[£ 2] Z AFEALY Y=R-E GE ¥ F

00— T T BBA | FBA |FE|=AL
L N G e band Dio 0.14 0.20 0.14
0 1 T\.": \\ AL contad and Dao 021 | 034 | 020

SNt |@sAR)

1.79 2.85 1.57

Percentage Passing (%)
s

0
10.00 1.00 0.10 0.01 Cc
Particle Size (mm) (FEAF) 1.26 1.01 1.30
(2 1] 2 AFEAS YEBE Bs Poorly Gap Poorly

graded | graded | graded

2.1.3 AlBIE
2 dFolA Alg® AMEE KSL 5201014 #4% 1% BF LEUA= AWNEE AHgsso
2.2 A29| HyEieY
2 A7e AYE A% AR guE O 2L AL 3o 2AHN, AY AA DA A
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Z22AEs 19 =ARE F AFEse HFEALY F5HlY Xol2 AY ANFLAE Fol=F WG &
B4 9 IANSAE & A$ 500~700 kPas IFUFAE=E ZIAESF e Rol Lty
Janardhanam(1992), Naik(1997)¢] 72 690 kPa (100 psi), €& Hakucho Ohashi (Muroran Bay
Bridge) Project] A8 o] $¥¥ Horiuchi(1992), Kawasaki(1992)8] @M £ 200 kPaZ A &9
BE4EE BT B AFoME AR ZEFEE 550kPac 2 Hatel, AMEFe] S A EY
S22 3le, u]go] HA EXF AT

2.2.1 Flow Test

B AP NE Nantung(1993)c] #td A @wde ol &3tAdh [2¥ 2]dM He wisp Zo| 4
76cm X 152cm3BinX6in)e] §Zo] /ity AAUvid AEE 1 FWo] UYIEF ¢4 AL F B
o] BT Y Sl Yol Ho, ¥R Y AFo] 20~30cmE UF3}E wiFHE FHHAS. ¥
e AzY WA FATE AF x7|d A&7 A7$H%5 Y(Self-Leveling) R HAE #FHE 24 st
298 EAKo & ATFAM AAG WY 27 AARES AFEAY] & 2PN, 2F Fly
Ashe] g wzte} HeldA #A EAo] 20~23cmE UHae FEL T4, [2¥ 37 2& 42
Agih, 53], AFx7) MR 3EE4HS AT AA277t Wl¢ AL T2 Fly Ashe) 9%
& mestooput ol

bl MR T I EA S SLES I B B
sfrimman— Ve

» T 7 »oaieht of Qy ash
B S mien ot emd s -

’ F
1.5 a5 o £ e I
X . 8- -
‘§‘ QL_ R -
§ (] L L o
I,’ apen endad, svincer ‘5 . ._ v 1
f 2 ik i —1
/ . F B 1
r/ f olit.i 1.1l}2 T T D
23 o (9 in)- . ¥ 12U U U PR NI RRDN
Matar Solid Ratio, W/ {(C+F+8) §

[29 2] Flow Test$ &= [2¥d 3] PMWDS A3

2.2.2 Higtdle| HY

(2 3]e] E2eTNe EEAYA o 20~ 28cm AEY YUY ZEEAHE RAFI, DI Hi
zagAe TR Foz v$ F8E v E A €t oy FE& PMWD(Point of Minimum
Water Demand)@t 8% ol #HEEAIe Zelolod el =gol el Hxge 2§ 54& UHA
e HA 2F(KkE)S Yl oldd PMWDE Aa9 F3Fo] Hart HEE Hio E-A8H
(Water-Solid Ratio)® YeMWH, A&7t 5724 (Homogeneity) & WetHBME £ (Segregation)Zt o
oJUx LT E s Holth ZEEAE Eold4e Yoz 2HY FE Jdou, Edolde Fol
AU A RolxA =7, AR Aol v)$ AA wgssd Ago] oW £285HE dHol AT
Flow Teste] 232 A ki, ko, ks& [ 1], [4 2], [4 3]e2%E IA o

F
(F+S)

- W
(C+F+S)

k1 = (D kg (2) k3 = —= (3)

o714, F = 29593 Ztoldse FA (kg/m)
S = @92 2ejo] A (kg/m’)
W = @923 29 24 (kg/m’)
C=u9%8ng AdEY 2 (kg/md)
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Ge = Eetolojie %
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Ge = AdEs MF

(4 1), [4 2], [4 3]e24E Sek Woll &% [4 5), [4 618 7€ = U

_ F(-ky)
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Flow Testst d5U4SAFERE EAMEY 9 AFAZZEDS BASE AL F UG o]22y =
A dEAFZEA AP BAWENE A2 £ Yon, [4 5], [4 6], (4 718 ol&5d ki, ke,
kg 42 & Atk [2¥ 4] % [E 3]& ZA2(1999)9] AYFAEZRH L& TYT 7 AL f(x)=
a-x" o gule] oz Yed goz oylM BAWEN 4. e AR B} &2 550kPa,

o 1035kPag ZEE 3t A Aol

Strength, kg/am’

29-day Unconfined Comprassive

W/C Ratio

(19 4] EXNAEN G} AZAZFE(28Y)9] B4
3. Ay

3.1 M8 A=l HZ

[E 3] & AFEALY @& saivg

AP A FEAL | ZHEA
ki 0.111 0.216 0.209
ke 0.319 0.240 0.281
k3 5.11 7.44 4.91
Gr 2.17 2.17 2.17
Ge 3.15 3.15 3.15
Gs 2.3772 2.4587 2.4239

FrAY, UMY, AELFIAYE A&7 Hse E AP E R Eo] Secmol:, Holst

15cm7t 958 B=E Azstgo. agy, Agg 2o
ARA HE2, oo i FFo] oty webd HdAldolE 125cm Y7t HE2 sy
i wtz wWEHE HFEANE FRY FEZZGE] 4
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of o, AP Al A29 AL FASI] A3td Nol02mm)Ao] B2l 3£ E AR A A=A
Fol Migstgeh. 283, EE0 22§ 23 1~290] AUE AP 4 UL A2 Fsoz
EEE Hod F FAAA.

[ 4] Z AFEXY & FF AL (¢#5cm X 15cm mold)

A 3 AL F3AL STE|EAL
Weight | Percentage | Weight | Percentage | Weight | Percentage

(g) (%) (g) (%) (g) (%)

Fly ash 42.43 8.1 94.95 17.1 84.70 15.7
WFS 339.84 64.7 344.63 619 320.55 59.5
Water 126.99 24.2 107.69 194 118.27 219
Cement 15.81 3.0 ' 9.15 1.6 15.65 2.9
Total 525.07 100.0 556.42 100.0 530.17 100.0

3.2 B4AH 9y

ALg&# FHlE Trautwein Soil Testing EquipmentAl®] Ao} 3)'d(Control Panel)® Flexible-Wall
Permeameter& AM8-3tAth & F5A8L W45 AY(Falling Head Test) 22 AA3YY. AN8E ¥
FA7IE WS HA ABd WFAE M8t AR2RE A FTUIE AAT F AW 2L F9
o E AT A E AHEE AT SR FEY HE 439 It 3 u)&$ (1.092~2.192) x107°
cm/sec®] FFATE THAE ARE o] &£% FFAS AFPA MY £ A S4AAE ASTM1993) Al

A 7120 wet Aof 58 ol AL, olo] U@ 7 £F24 US S0l kPasl YL st
3.3 YAAFAY Wy

AF8-Z8lE 4 Maruirlel A A4k Unconfined Compression ApparatusE& Al-43}9t}. Head(1982)
7b Ag®, AF 5cm Azl tidtd A ¢E2ETE 2mm/min, E 2 16%FEo wagT
HEANYE YA,

3.4 MSYUSAH YWY

2 Algd ARE® AHle C. K. Chan $(1981, 1990)o] <9l3] sidd A5 424287 (The
Automated Triaxial Testing System; C.K.C Type)E Al&3t . Taylor(1941)7F #<¢td Wy (A g9
Zol7t A9 2 o]/h)& Wl 45X125cmE AEE AY}Pen, B AYoME A8 T A7)
7l 918 M A F ¥ (Vacuum supply) @ vl % (Back pressure)E W83l Al&314ch dubxo s Az x)
PollA o AE&EL A HY &P ol E JxE TEHA Hol oy, B AlE: ¢guo] waAlaix
pooz Ao FIUJNHENA Alfsts A}EYU 02%/mineE ¢S AAsY, UuuS
A F(CU test)S AAIstR o, AlEX3 F AG 2 Ay

3.5 $E0Me] WA SX Wy

NYANRE ZEAYANN AHE T Agste] AzSRAL, 289 FAY FAAE DRI 3
25¢ Hs AR F, oAl B F4AA ARANYL +989ch

o2
| —a

3.6 24 Fo| £5Y &Y Wy

g AYe 23s $4A098 415emx30cm Agstel A 712 3 AmY +E3E
zAggon, RN F2 2ol MAUL F 2o) sz, 29 F2H 2HsY

2c =2
2 —=
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4. M8id=

a1 24&NY
(E 5l¢ 2®, 4gAs} ZESAe] dla FAs 248 Aol FLAS 22 & 4 s,
e A7 T AFEA) e 23 FAA o) MY A FIO) ol TS HEY oz
B
s47A48 dehde & A
[E 5] $5492%

TS
ELA4 (X10° cm/s)| 3.06 ~ 415|410 ~5.99 (3.71 ~ 4.89

4.2 YHURAE

2 AP T 2 g A 70 e AYe-3Y #AE (29 6], (28 7], [2¥ 8Jd U
gt o W, B} E AE7 HUYEAEE YvEbd g2 Fosgen, & AN 7§ Bluise
A A% Evgte 2z ZAMolA9 Tangent Modulus7b ©bd Secant Modulus2 A &j3tdtt. HAAZA Wl
EvolE7t 49 AYA Az7t 7t GAt el zYo] st en, AWES] wigtge] Y Hxn
A7t 2 FFAL Alg7E 27 BEIL M =A EEHUC

L R T—&—
. o ! —C— 2 daye
r m}r_/‘f’; - —_.. o —‘—:q-—-
P oo I E T e 1T, Sl
. }_/-7!,- | Tawe | ™ —— 7 e 15
300 g e e | 300 -1 —5— e 13
4 P e s ’ P b-_.’! I . . u-,-“:]
S o 1 . 1
. = ﬁw
os U il 3 1 E “,') " .
[29 5] 9Y&-$) W (29 6 WYL-39 W% (29 7] WYL A
(234 Fa4h (ZE =AY

[2¥ 5], [29 6], [2¥ 718 B9, A8y ¢F40] &L 4P F3A1e] B35 AP & 3%l
A Tz BAse, ZElEALY A e 6%olUldA Bt #AYE B F doy, U A= g
SadgE 2 HAFEAZL FAVR 297N E A HAH (Ductile failure)E, I °lFFEHE HA
(Brittle Failure)® B3tk Ao o] &% Alg59] 28U 4EUYFZEE 550 kPag 7HA=F uigts}
g3, oF 9% ALY 2 HWUAA dEYEAEE RAFUAY. FA7IT ©E BEFVe [2H
glel gow, nulsadAS4e Wate (29 9)9 2. [2¥ 9] & HFEA T 7 WE Ecte B
e Adza FANE ofsted AN T, old i A& [E 9ld UYehAA

1.28+8

i
K] 3 1omes - —4!
: j oo | I [E 6] $AVIR nE
el D EuR€ uEd 334
i F : ) - -
; g : 234 (kPa) | R’
i 3o T | 34 | 140041nx+3830.1 |0.86
o " e T w » | 34} | 225621nx-43155 [0.88
(29 8] AudE sy Mg [29 9] MM ASY wa [ZE =AY 36886Inx-7984 |0.95
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4.3 AEHUKAH

CAEAYE Yot #I e AT FoASHEH, & A8 §4F & AFEAY A dutxe=z
FA 397tAE By o] AR w ¢F LYo AANE FFE HEHUU, I oEREHE ¢E x|
HoidE¢HE Yetd F AAHoz FAde FFE YA B3 A, g/0:2 FAE HAY A
£, &9 Il LA FodA AFEHo FrhEte dFxVIZ AAE FYA HE2 AN&
o #=E A HrtE fi7t o, & AdME HUAS3Ye] AT WE A2 Hoidct &
A1l M AN §F-UIFE AFTE B7) A, FESHES Mohr#H 7| & wat F3Hch
GA7IZe) @ FEAFSF W [(2¥ 10], [Z9 11]d Jeulen, ol§ BE FA7|0d wet
g ol@zte] F7le FAL Algte] F8lo] Frhdte A¥E Rolu AYPAY IE =AM dEAE
ag 2 Z7HE RolAE 4RSE B4 F1 e, AT A ANEJt #IA WA Dilation®] FFol A
g o)A ¢S RAFI vt E£F, EE A&7 1569 olFd dAY goz FHFmE +3
4 A Bag ZEAFE o] #EL AHET] §& Aoz wudn.

GA717t 159 olde] Mgy A FEG TF & H#A A -95 kPa =Y 9 AFFtol
wygE ol ole A& %37 Al Dilationol] o1& H3 e o TAYGE ofFEUE & A
271 38 Addo] BA& T, ARIF JEAAE oA AE W ¥Ho] FAdd o 17
Fto]l 24T WY vtz E g8 FFHES HL YA FHEE Bolxn glon, 4YA A&
o] A% AFYE 2Y olFFH IA Friste] 8Y FE9 T0%013& Eold, 54 olFee A F7t
& gech FEAL A8} FEEA AR Fele 109 ol ¥ 346%, 275%H =] HAHo| F
7beE Bolm U

» LI . - 0.25 . ,
; =@ e faaa L ] ‘ ‘ '
L e i Turane Sand | ° 2 N k ‘I
g : r_ i m'-‘i \ L . ] z 0.20 [ A/_——.j
3 E . _ g ; o [ :
. :E: 3 ; » ‘s, - : 'g 0.18 4
Pk S | ral ]
§ 1t T 7 3 f
% IL— —3 U 9 ] a
Eow ] . —O— et 0.8 - e ———
7 —1 ke Purmme fand”] F Pk P
" ) I ° 1 - Coted e 0.00 1 ) L T costad fe
° » 2 » ) » » » ° s T} » = »
Curing time (day) Curing time (day) Curing Time (day)
(2% 10] W ¥-u&2te] W3} (29 111 AZHo a3 (29 11] &5 &9 W3

5.4 £S01Mel Wate

289 ¥4 A2 WM AR X AY ABE A F7] FAM AN ARE ARV A=
AR Esk o]& F3ol AN AL We AL 2HA vTaRoU Aol B £30] LA
2 Skeh.

5.5 YA =5

O

%o ZAAe [2¥ 1113 Zoh o] Ao B2d A 5¢ F¢e F5Fcl 28U I Fol

b 239 0% 4YE T 4 Utk B3, TIAY F3 59 o Fol £Fo] A ouA F&
& dom, RE NEd £33 And HzUole 05%0IH2 TAHE ¥ £ AUk

T
tlo (}1.;:‘_, N

e
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6. &

2 Q7c 44 drled Edoleld] R AFEAE uidste] 39 2 Ao B RSN Al g
371 A% Z=ASF £ BYH E4E T RE 3oz sgon, AA PN AgsE AL
FHoz 3o GV WE A5 AEFEAL AP ¥ L FU.

FEAY 2H, 4x10° em/s BEZ UEIROH, ol 10~1x10° cm/s BEY £4A44E 2= »
ok 1x10° cnv/s Y FFASLE e FEY FT Aol ASFEANY AR, WAl AL
79 ¥4 A HUASZE7E 289 S A A2 U%ATolnE YA 7Uold EEE = BEs} A
o] 2EES & & Uch WA, FEAG ZE =AY H S D 64%, 6% HEE VeI oH, ol
Aol & HElE AL AFAY HEARZ AL HE WEYES 93o] & Aoz wud CIU 4=
AlE 23, FAe FSode dASA dRuta ol Frbste 4 YeEY UnR] Al2d] A
T 3A Frhste F2E UEAE Sttt 28U GAA R thEM Ay AS 335 | @AY
e 418, 233 IEHEASY F £ B0 ATE JYEUAY. HAAEL 39 o)Fo 2 ZsE B
ol Aoz Uewt T &5 A B2 A9 dojux ¥ Aoz UYEYL, FA F A £2
< 0.25% o2 oi¢ HE Fo] WA, WA ¥ QAMSAZM NFTFE RANSA 20z

A BAE 22 Ao WU ow, PEYYS AANA R ¢4 drY ARE B gAs] @
& A% NES H3y7t doldnre Holth ok F 7N olg2 Az ¥ 4 U A WA ojfi B
3 4% A NE A BI7F IS #AUARA NES TEE HNY & Uok: Folw, £ W
A olfe NE U RAZ Y ¢ B FE5¢ T2 Ao AR Alolo] B9 580 LAH
A eddos HARol AA F2¥ 4 Uvks Foldh B, o WAL Aol THAYL Sax
Ue W LAY & U2, o= Y= & P UM B2 ERAIE AY, F 45EEAY 2

FARY e ol ol TASA gt HolM ¥ T ASjHET Zo] T&¢Ho)
EAqsE FREAAM ol8F FAE 18 ¥ do] EEdn @dug)

o2, CLSM S4& o83 HFEA-Eolfd EFEZ9 #F54 HALA o] &L WAAE =Y
o AEFEL ohe}, AHFF} FREAM FHEY dFoE Ad TY}E BAE HAE 5 Y=
T8 A8 R AT € F UL AHolth
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