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Engineering Properties of Controlled Low Strength Material for
Sewer Pipe by Standard Soil Classification
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Controlled low strength material(CLSM), known as flowable fill is used sewer. This paper evaluates flowability, segregation, early
strength and excavatability of CLSM made using standard soils such as SM, ML, CL, CH. Also, various mix proportions of CLSM
containing kaolinite, red soil, Joomun Jin standard soil were developed and the mixing ratio optimized. It was considered as the
flowability and early strength were severly affected by W/B, S/B, and early strength and flowability depend on standard soils which
means the satisfaction conditions of CLSM were variety of standard soil conditions. Finally, not only optimal mixing proportions were
deducted according to standard soil condition but confirmed effectiveness of bleeding and excavatability.
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2371 U Jol=2ielS HIAISH = AEOICHGreen e al, i . ™
2004; Lea et al. 2016; Kiyomasa et, al, 2013), ZLHC| A= 5 ol . i -t
ZlZ S20[0HA| SHYEAE 2 ST & HIXtHS 280 o7 voomow [Churgra] Bl |
7} FISE A7} QIOLf sHel IO Bl £E5 Aol | h.
213 EAE S5 AKO|CHKIm et al. 2013; Cho 2007). = :

2t 2 GT0IMs DA A SAsH BiRt 2AtES B8
SHBR SE5 HMSHO| A8t 7Sl YoM B S I . .0 I
FAES DAR BEE S0 02 CLSMO BRI S R R BT
N MIZEL| HEHE, R7|4E 2 WAL E 59 85t EA Fig. 1. Soil distribution in Korea by USCS
HEZS S5 SIRIE0| TS5 A Ol CLSMO| 7|2l EHH ol (Unified soil classification system)

Table 2. Mix proportions of CLSM(1)

2 AlS7|=l 4l ditH . W/B Mix proportions(%)
. 2edE H 2 Soil type | o5y | 5B ["Binder | Water | Soil | Sum
21 MsiQol ol pjst 250 53 114 28.6 60.0 | 100.0
350 53 103 35.9 53.9 | 100.0
HEE X7HYH =5} Lol Lot EME HESH| 25
HEE 208 F38t Mz S Sd= &l #lot SM 300 | 79 84 | 252 | 663 | 1000
o EZ=E &5, S-Z8Mu|(W/B), ZE i OiH] B E2HH)| 300 53 10.8 324 56.8 100.0
(S/B)12 =9 AlSloIxRiz AN 300 3.9 12.6 37.8 49.6 | 100.0
B _ . 250 53 114 28.6 60.0 | 100.0
HEE SF= 09| Table 1 & Fig. 101 LIEFH Zdat 20| 350 | 53 | 103 | 359 | 539 | 1000
U ERIERAL XI2(Kim 2012) EME S5 A ERIQ| 2F 80% ML 300 7.9 8.4 252 66.3 100.0
N 300 53 10.8 324 56.8 | 100.0
ML Z xIX|gta 9l= SM AEX! o7 ML JHEXI = CL(K
B8 ARlokil A= SMILEE 2el), MLEEE 23, (71 300 | 39 | 126 | 378 | 49.6 | 1000
24 2718 EE) CHZAY 2712 HE)E MYotCt Lot W/B=Water/Binder ratio, S/B=Soil/Binder ratio
W/B 3 S/BO| &2 HZEE ST [zt 3202 5t04 HY
Table 3. Mix proportions of CLSM(2)
Table 1. Soil distribution in Korea e W/B o Mix proportions(%)
PR " oil type (%) Binder | Water Soil Sum.
Sl el ritan we) 400 | 53 9.8 390 | 512 | 1000
Coarse-grained soils
Sl Gy £F 500 | 53 8.9 444 46.7 100.0
Gravels Sands CL 450 | 7.9 75 33.6 58.9 100.0
Classification | GW | GP | GM | GC | SW | SP | SM | SC 450 | 53 93 41.8 489 100.0
Distribution ratio| 0.83 | 0.83 | 2.32 | 0.89 | 4.37 | 5.23 {39.02| 4.20 450 | 39 10.6 47.7 41.7 100.0
Sum. 487 5282 600 | 53 82 49.0 29 100.0
R 700 | 5.3 75 52.8 39.6 100.0
Soil type - £ : CH 650 | 79 6.5 03 51.2 100.0
Silts and clays(LL<50%) |Silts and clays(LL=50%) 650 53 73 510 412 1000
Classificaion | ML | CL | OL | MH | CH | OH 650 3'9 8'7 56'8 3 4'5 100.0
Distribution ratio| 18.29 | 19.66 | 0.05 1.70 2.26 0.35 W/B=Water/Binder ratio, S/B=Soil/Binder ratio
Sum. 38.00 4.31 Soil=Absolute dry condition
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Table 4. Properties of standard soil composition materials

LL PL Density | Passing ratio
em oy | o | M| o) | o200, %) |5
Kaolinite | 67.0 | 369 | 30.1 | 2.612 100 CH
Red soil | 273 | 200 | 73 | 2.593 476 sC
: Particle size(mm)
Item cu | cc |Demsity USCS
(&em) | plo | D30 | D60
Jumoonjin |y 51y F o6as | 036 | 048 | 059 | sp
sand

LL=Liquid Limit, PL=Plastic Limit, PI=Plasticity index
Cu=Uniformity Coefficient, Cc=Coefficient of Curvature

[Kaolinite] [Jumoonjin sand]

[Red soil]

Fig. 2. Standard soil composition materials

Table 5. Properties of binder

Density | Blaine Chemical compositions(%o)

(¢fem) | (em/g) | Si0, | ALO; | Fe0; | CaO | SOs

3.02 5,603 11.52 | 35.04 0.38 50.1 1.02
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[Process of test specimens manufacture]

[Flow test]

Fig. 4. Standard soil by composition ratio
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Fig. 10. Excavation of CLSM

Table 7. Optimal mixing ratio of CLSM by standard soil type

CLSM composition(%o)
It /B(% S/B
em WIB(%) Binder Water Soil
SM 300 5.3 10.8 324 56.8
ML 250 5.3 11.4 28.6 60.0
CL 400 5.3 9.8 39.0 51.2
CH 488 3.9 10.2 49.7 40.1
0| Jh5 LEHIS B2 4 U= 2OR HAUCH
0oz HEE A 3 HIRfeQIH| & CLSMY| SaH
S 252 S8 71F 27N5S EEAVIS HEENZ £33
FHE EESICM O ZtE Table 70f LIEFLARACT
E50/9 22 EUFRE J|2HiE XA SEFNE S Of
Ofpt S5 EUAZ U SHO| hSE 4 U= CLSMO| BB
of 7IERIRRN BRY 4 S O WEEC
4., 4 B
Y BAEZS DAS EEE £3 o YRS S4BS 9
o

1) ZU EERARE 2MZ0 SM, ML, CL, CHZF | E&
O] 80% MEZ XfK|ot= O LIEILL CHE EXZ MAG)
ULt Eot HEE MEE 9610 722|L0|E, HE, F2
TIAE 0180t 7| e EES 7o1g & U= M=t
=2gHlgS &I

2) CLSMQ| R3HE ZE ERXANM U+ S7tF &
ZE0| ZAg0l w2t F540| B7tlE S LIEH
L}, 5| EZSFE et CLoMeY B R4 SHE
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