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Durability Characteristics of Controlled Low Strength Material
(Flowable Fill) with High Volume Fly Ash Content
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ABSTRACT

The purpose of this study was to examine the durability characteristics of controlled low strength
material(flowable fill) with high volume fly ash content. Flowable fill refer to self-compacted,
cementitious material used primarily as a backfill in lien of compacted fill. The two primary
advantages of flowable fill over traditional methods are its ease of placement and the elimination of
settlement. Therefore, in difficult compaction areas or areas where settlement is a concern, flowable
fill should be considered. The fly ash used in this study met the requirements of KS L 5405 and
ASTM C 618 for Class F material. The mix proportions used for flowable fill are selected to obtain
low-strength materials in the 10 to 15kef/crf range. The optimized flowable fill was consisted of 60kg
f/m’ cement content, 280kgf/m’ fly ash content, 1400kgf/m’ sand content, and 320kgf/m’ water content.
Subsequently, durability tests including permeability, warm water immersion, repeated wetting &
drying, freezing & thawing for high volume fly ash-flowable fill are conducted. The results indicated
that flowable fill has acceptable durability characteristics.

Keywords ' durability, flowability, flowable fill, fly ash, strength

* A3, d3dgn Y zug -2 =20 cHEt £9/F 20004 6% 30YUNX| 3=
™ AN, d3uigte FEEE YAy U FAIH 2000 8HE0l Eo3Elg AXSIASUCT

32| E5S=RE H 12412 2000.2. 113



1.M 2

AdA89 WrAold A7l A3 R
ZozRE &3 -3y FLo AYie AR
9] A% T, A& HdAzAN 2] A%
o] AdHA ¥u fH AMBEHAA(FF)l FAH
e ARe Fad. Y 34E2AAHE AHME, &
glo] o4, 2, 2 7Y A 2 /F
A& 7K e 284 ABolth nxIAEHY
2299 29192 (ACI Committee 229)° <3
&&=t 8.3 Wa(85kef/cr) Tt WA ¥oRA 1
FEFAAZ EREHAT, dHoz Feo] 2
3¢ a3de A% Al oA AL 3 kef/
aroldt, M3 ZE o] F A4 T~14 ks
f/or A2 F2A=7l aFE} ofgy "=z
AN AZAG Edo] fHE AMET A/RFFHA
£ 20 kef/are] ZAEoME W32 23| 7be
#h.“? n452AA) WTHSL ARE B
B} FHAGHY A WiAA WA o3
A e, fAeegr B33, 3N T
ZIAR] A F, 73RS, 229 9, uiE,
AfRE 2 A E FAAY AAG bz
Ao o A Fo] Ut} EF HIHA @GS
LREFAAE HEF BFXUSAAN ATl
AstEn o]HF Rl & dAEEe &4
A=E LRFFHEA AA] FH A ZA
22 S gt U Qe 2N &g E
Aurg, A AME Hoj2ES ] A A9
A9 A% AHAZL, EL R{FFAAY FF
A Fol sith. 8, 2/HEFAAL AT A3}
e 4ed 89 F @59 4 o3 HAHEe
de A glen e A R sie 8219
Bidoz Jd¥& v oHT &49 YA
< EAE <A 9§ Aoz @Il o8
© Her} gy (11219

£ d7dAN OE ZREFFAAE AR
Q) Eglo] ol FE HU=E Em, FAAY
olfE AWMES FE HAE F AAEY 1H
F4€ 7H A8oln 71E9 JAFHAE A
o] 53 AFAAE SN FAE /HAAE,
B3 - 39 A4olv A8 Tl Ay
=5 AAEX e gt oy °Jf=E 1HEF
AMe 1FEAL 873 F2HQ BAd A&
Hrl g F2 EFY AHsle A9 IS5 ¥
= AZEY ¥FZAQ Eopd H8dE & U
t} 47919 3 ez2Adqsl AeHE Bobg AN
HY 2 §84 € ¥ 434=8 7/INn o
o] ttgo] o2 Aol A|Fo] o A9,
Fe Feol 23] ddsle AGed AjFe] 7t
53t} ol o AP FHAMEY HAE
223 AFAEAES] -, mo|ze] JEFAH,
A edE WA} A4 #HIF FH, 2
i A 9 $HFed9d JF T A
o asAog ALE F gl

£ AFelA tEFe] Egfo] oi4lE AHEE A
2 DHFFAAY WFEY YL 71EHY
EAANEE AX FAwG(AHE: 60 kef/m',
Zglo] o :280kef/m', Ra: 1400 kef/m’,
B: 320kef/m)el ts] FARY € AF¥E F
o] 38L& sl 4, HEEYA, A2-F
Y FEEHAY 59 WFEEE Bk
A% 23 YA EE AAsA.

2. 48
2.1 AIRE Yuixizel &4
B Ao A8 AHEE SAle 1% BE ¥E

A=AHEE AHElen, AF3Ae ARAE ALE
3ot} FAAIE d¥R= Table 1 € Table 29} 2},

Table 1 Properties of cement

Fineness . . Stability Compressive strength (kef/cr)
Specific gravity (%)

(ar/g) . 4 3 days 7 days 28 days
3,488 3.15 0.08 224 308 404
Initial setting time 231min.

Final setting time 6h. 47min.
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Table 2 Properties of fine aggregate

Specific gravity Fineness Absorption Unit weight
Bulk - Bulk(SSD) Apparent Modulus (%) (kef/m')
2.587 2.604 2.63 2.99 0.67 1.624
Table 3 Physical and chemical propenies of fly ash
Specific gravity Fineness(cn/g) Water content(%) L.0.1(%)
2.34 3.700 0.13 3.07
Si02(%) Alz03(%) Fe203(%) Ca0(%) MgO(%) Na20(%) K20(%) S03(%)
52.0 27.01 3.93 7.85 1.92 0.58 0.73 0.13

Table 4 Properties of flowable fill

. . Air content Unit weight Slump flow 28 days compressive strength
Setting time(hr) (%) (ke/m) (cm) (kef/cn)
Initial Final
13 45 1 2,100 55 11.36
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Table 5 Permeability of flowable fill (unit = cm/sec)
No. 28 days 56 days 91 days 180 days
1 1.33%x10™° 1.14x10™" 5.75%x10™ 4.97x107
2 9.95%x10™ 8.17x107 5.98x10™ 5.26x10™"
3 9.75%x10™ 8.93x10™ 5.35x10™ 5.29x10™"
Ave. 1.1x107 9.5%10” 5.69x10™ 5.17x10™
(std. dev.) (1.15x107) (0.98x10%) (0.2x10°) (0.1%10™%)
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Table 6 Warm water immersion _ (unit : kgffomd
Soeci 28 days 56 days 91 days
pecimen Strength Average Strength Average Strength | Average
56.96 57.27 37.44 37.68 4132 | 077
Warm water 56.60 ) 38.00 41.20 )
1o s 501 | (050 5160 | 017 Toogo ] (0.49
er ays
20.00 19.80 20.48 20 83 19.72 21 44
Control 19.60 20.80 . ) 22.01 )
19.80 0.12) 21.20 (0.21 2259 | (088
w . Zg'éi 84.59 22;2 67.85 Zggi 69.11
arm water - . . .
Attor 60 dave 34,00 (0.78) 67 85 (0.52) 67.73 (0.96)
25.92 25.83 27.96 26.52 28.54 | 9703
Control 26.00 26.00 26.02 )
25 56 (0.14) 25 60 (0.73) 26.53 (0.77

() standard deviation
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Fig. 2 Comp. strength after warm water immersion
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(a) 28 days specimen, (b) 56 days specimen,
(c) 91 days specimen(Q: Quartz, P: Portlandite,
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Fig. 3 XRD analysis for warm water immersion;(cont.)
a) 28 days specimen, b) 56 days specimen, ¢) 91 days
specimen(Q: Quartz, P: Porllandite, C: Calcite, H: Hematite)
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Fig. 4 Repeated wetting and drying
Table 7 Test results of repeated wetting and drying cycles (unit : kgfforn?)
Specimen 28 days 56 days 91 days
pecl Strength Average Strength Average Strength Average
Wetting and [ —90:12 49.45 54.00 52.19 39.16 42.36
) 48.80 51.84 41.40
drylng 49 44 (038) 50.72 (096) 46.36 (213)
After 8 cycles - - -
20.00 19.80 20.48 20.83 22.02 21.44
Control 19.60 20.80 20.15
Wetting and 63.68 63.72 67.56 66.32 54.76 56.87
. 64.68 63.92 57.63
drying 62.80 (0.54) 67.48 (120) 58.22 (107)
After 34 cycles - - -
26.60 26.69 28.82 27 00 26.26 27.12
Control 27.20 25.86 26.87
26.28 (0.27) 96.32 (0.92) 28 23 (0.58)

(') standard deviation
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Fig. 5 Comp. strength after repeated wetting and drying: a) 8 cycles, b) 34 cycles
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Fig. 6 Weight after repeated wetting and drying
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Table 8 Weight of after repeated W&D (unit : gf)
. 28 days 56 days 91 days
Specimen ) ; X
Weight(4)| Average |Weight(4)| Average |Weight(4)| Average
0.845 0.778 0.78
0.837 0.821 0.736 0.752 0.68 0-7
After 8 cycles : (0.014) : (0.013) : (0.04)
0.799 0.742 0.64
1.325 2.18 2.37
1.247 1283 1.82 191 2.22 2.25
After 34 days : (0.023) ' (0.14) : (0.06)
1.277 1.73 2.16

() standard deviation
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(Q: Quartz, P: Portlandite, C: Calcite, H: Hematite)
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Table 9 Transverse frequency after freezing and thawing
Cycle 0 2 4
Average 2.008 | 2.238 | 2.183
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BE FAAE 28| ZMFE HAF Tl
s on], edelFedMe HAE doA H
ol ol9] ZAe] T AhTREAFY
A% 2¥o]Zoll A opzte] FUkE HgeH. ole
F3ubgel APoz zefd AF{E Holw 4%
o]Z ol¥ zta=lo eXolZdMe M8 I

Zaz2|=8s=28 A1231% 2000.2.



5

8

3

Relative dynamic modulus
of elasticity{%)

4 8 3 8 8

. . _—

2 4 6

o

Fig. 8 Relative dynamic modulus of elasticity

o] B7Hs3dtt. 35 Aol 2
Mlo —‘?~El A BAYS ey, 44

o]Z2HEHE Z3o] 2Y Fx= FFHAU} o
*Joﬂfﬁ 48380 A aREEHA] MNP
€ ARo] BAA w2 Aoz AdHY, A
3 A3 BHE WX FEE 583 {93
ool & Row Alg®T}

8, Fig. 9 A EAHE T2 FA A
g XA AN og FiE 947 AFe] U
AERSLE el Bloju. R 8AE] AL,
FAAY Bae YReEe BHE AF WY
2 HAEARE Fig. 994 EE n{EFHA HE
e F8kkgo 2 Q15 P(Portlandite, Ca(OH)2)
deo] AHHUSES ¢ & U ol 2 € a4
o] oA FTEAHATTL FvHE EFAne A
Lid=y

Q
pC H

[P S

P S

i ratv)

VA RBUSBITDBIDNXBMUD DA RDUBBXBDN1R1BHUB

26 20

a) b)
Fig. 9 XRD analysis after freezing and thawing;
a) 0 cycle, b) 6 cycle
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