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Field Applicability Assessment of Controlled Low Strength Material
for Sewer Pipe using Excavated Soil

1* =2 =13
Uge" - ol2E’ - Wyt

Young-Wook Kim' - Bong-Chun Lee? + Sang-Hwa Jung®

(Received October 15, 2019 | Revised October 21, 2019 | Accepted October 21, 2019)

Controlled low strength material(CLSM) has been developed using variety of material such as excavated soil, industrial by-product and
industrial waste. But theses research limited at laboratory test and failed at commercialization. So in this paper evaluates CLSM used
excavated soil characteristics such as flowability, bleeding rate, early strength for following process and 28day strength for
re-excavatability. Also, various mix proportion of CLSM by water-binder ratio and soil-binder ratio were evaluated in laboratory. And
derive the optimized CLSM mix proportion for using at field application test by movable batch plant. After applying CLSM at trench,
evaluate core sample strength and excavatability by shovel, pickax and excavator for verify re-excavation. Furthermore, measure the
level change after casting CLSM to inspect subsidence stability. As results of these assessments, not only confirmed the characteristics
of CLSM at field but the fillability around pipe and subsidence stability.
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Keywords : Excavated soil, Controlled low strength material, Flowability, Bleeding rate, Re-excavation
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CLSMOf| CHst 22171 2 710|=21212 MIAIGHT Q/CHLea and Table 2. Mix proportions of CLSM(Lab. Test)
Nguyenb 2016). =S| 2= ZZ S20/0fA| SHYEEE A D wB | o Mix proportions(%)
LI e (%) Binder | Water | Soil | Sum.

=2} S HAES 288 37t
x 5000 | 113 | 32 | 500 | 468 | 100.0

Sample-1 5125 11.0 32 525 443 100.0

o
UM FItElE 20|10, oig MEQol| thet E7H2uke 0|
PN

15t Al™QO|C

CIgh 2ol 550 | 107 | 32 513 | 455 | 1000
MetN 2 AR ME SAH A Y6k o ZRES 286t 5000 | 113 | 32 500 | 468 | 100.0

oleEtE Fast FAMSM AEst el Usioz A Sample-2 | 512.5 | 110 | 32 525 | 443 | 1000

CLSMQ] Batch Plant 2 315 XA Ty} CLSMO| Z& X|AA 5250 | 107 | 32 | 513 | 455 | 1000

500.0 11.3 32 50.0 46.8 100.0

2 HeEglaXAF sHeC
= dESIA SIE. Sample-3 | 5125 | 110 | 32 525 | 443 | 1000

525.0 10.7 32 51.3 455 100.0

2 AlS 71' S| al I:Il-tél-l W/B=Water/Binder ratio, S/B=Soil/Binder ratio
Soil=Natural condition(19mm under)

2.3 AI2r{E Y Batch Plant

o -
- _ - _ Si{Xxt =2 Xt
1= Ql5f| Table 10 LIELH HIQF 240| ALY AIS0lIA £[XHHE! 231 &% =23E
~ ~ _ AE EM HEMES O 50| O&bd B2 ditH
HIZ =£5l0x} 51900, E2H HiSHH|Z 2 B/PHEY =AE £ BMS floll KS F 2324 "5 ZSoMH 27 W
_ . ) =5l] ek 222 A)|5lect 22 e
HE 5 % NS WIS AAFHAC Ol 5101 SE% S5 AN, 25 BN Teble 30f L=
W Aot 20| sample 35 25 MEZA D2|(SC)2 22 L(/ICH
Table 1. Test plan 2T UHE Fig. 101 LIEHLHRICE £ Table 3 3 Fig. 201 A
S0l 3 4 QIS0| UTRT S E5t SUT S L=
Test step Test item _
Aoz SRIE|Ct

Flowability, Bleeding rate,

I Lab. Test Compressive strength(7day, 28day) B
2. B/P Flowability, Bleeding rate,
Application Compressive strength(7day, 28day)
Flowability, Bleeding rate,
3. Field Compressive strength(7day, 28day)

Soil penetrometer, Kelly ball, Re-excavation,
Core compressive strength,
Level measurement

application

5P| Qo] 2E EMEM S-ASH|(W/B), ZEX] o] 2 Fig. 1. Excavated soil evaluation
ME(S/BIE 2 HAQIAZ MK MRS =&o6taxt )
B - Table 3. Test results of excavated soil
oiRiC) Z2EL| 29 A My EIt iy RXl0jM 3 ZRIE
PN, - = - = ILIL, PL Density | Passing ratio

= Mx |5l 0 XEZ2 [HALO o= =)

HE 72l2 Table 20f LtEHH Zinp ZTf, Sample-1 | 309 | 220 | 89 | 2407 29.7 sC
Sample-2 | 29.2 | 20.8 | 84 2.431 27.8 SC
Sample-3 | 29.6 | 21.6 | 8.0 2417 34.0 SC

LL=Liquid Limit, PL=Plastic Limit, PI=Plasticity index
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Grain Size Accumulation Curve
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Fig. 2. Excavated soil particle distribution
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Table 4. Properties of binder

Density | Blaine Chemical compositions(%o)
(g/em’) | (em’g) | Si0, | ALO; | Fe0s | CaO | SOs

3.02 5,503 11.52 | 35.04 0.38 50.1 1.02

2.3.3 Batch Plant

2Es10f i HEY E/IE HAls
8l B/P= Fig, 31t 20| 0|34 EtYje=, MAEE2 Fig. 40f
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Fig. 3. Movable batch plant
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[Unconfined compressive strength test]

Fig. 5. Evaluation of CLSM characteristics

2.4.4 Batch Plant M4 M7}
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@ concrete pipe
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Fig. 6. Scheme of field application

o et MBMe RS0l tiet FH 7|1&2 0l=, €2
o 25 BE U Ago| FHE Yo B AolAE AC
Committee Report 2290 A HIAIGE QL= 200mm O|MS SHZ

RS (S

= S0 ME o 2AES 280t CLSM 83t 7|avigs
flall UM =2 25 HiEHIE EU2 0154 B/PE
2Eot0 Y HEYS dSolLAl sIAen, OIS floted HA]
A0 2 BIEHIE =EotnAt of Lt

FSat A SEY LS floh 7+ T Higkeelof o
£ ReEds ZHoIeH 24 Zuts tsa 2.

Y HEY Gt X0 1HFE HZ 37HKI0f tHeiM=
SY HiEg=UM TE REEdE HEIHUAXIZ 2 Xf0l= 5%
OltHz ojojet +&0|%en, Olz SIEEAC| D|EE e & &
= XfoloflM 7|Qlet Aoz THEHELD)



CHaiA W/B 2t0] S7Heof 2t RS0
| O

o
SQI5t ZEk2 LIEHAICH, S/B gt
2

S7tot= 0| B7tetol| 2t
rEd2 i UEHAUCE

BE Qaff 2 A0 SHE of= REEY HE= W/B 5125~
525%0IM BHEEH 4 Ql= o2 EMEIC)
350 msample-1
M sample-2
300
sample-3
250
Flow Criteria : 200mm
E 200 ====eeellll - - e —
E
2
S 150
7
100
50
0
500 512.5 525

W/B(%)

Fig. 7. Test results of flow
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Table 5. Test results of bleeding rate(%)

W/B 512.5 525
Sample-1 0.27 0.40
Sample-2 0.24 0.38
Sample-3 0.20 0.37
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Fig. 8. Test results of compressive strength(7day)
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Fig. 9. Test results of compressive strength(28day)

3.2 Batch Plant &M =7}

Table 6. Test results of B/P application

i Compressive stren; a)
W/B | Flow(mm) Bleettmg P ghMPe)
rate(%) 7 day 28 day
512.5 295 0.5 0.72 1.07
525.0 345 0.8 0.69 1.02
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Table 7. Mix proportion for field application

W/B - Mix proportions(%o)
(%) Binder | Water Soil Sum.
512.5 11.0 32 52.5 443 100.0

W/B=Water/Binder ratio, S/B=Soil/Binder ratio
Soil=Natural condition(19mm under)

Table 8. Test results of field application

Flow Bleeding Compressive strength(MPa)

(mm) (%) 7 day 28 day | Core Sample

300 04 0.75 1.15 1.22
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After 5 hours, satisfied with criteria 12.0

14.0
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Fig. 12. Results of penetration and kelly ball test
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Fig. 11. Kelly ball drop test and soil penetrometer
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Fig. 15. Level measurement
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