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Rational Method of CLSM Mixture with Sewage Sludge Cinder

Dong-Hun Kim,"” Horiguchi Takashi,” and Nam-Gi Lim"*
"Dept. of Architectural Engineering, Tongmyong University, Busan 608-711, Korea
*Division of Built Environmental, Graduate School of Engineering Hokkaido University, Sapporo 060-8628, Japan

ABSTRACT This research aims to find an effective mixing method for controlled low strength material (CLSM) using diverse
recycled industrial byproducts. This study is a fundamental research to develop and commercialize a resource-recycling CLMS
that can greatly contribute to cost reduction and environmental stress relief. In the past, few studies have been performed on
CLSM in Korea. This research is expected to provide fundamental data not only for development and commercialization of the
resource-recycling CLSM satisfying required material performances but also serve as a ground breaking study on utilization of
recycled material in construction industry and ultimately leading to advanced resource-recycling practices at national level. From
the comprehensive analysis of minimum unit quantity for maximum strength and material segregation prevention, it was found
that the optimal mixing condition for mixing FSD, RSID and SD material to filler-aggregate ratio (f/a) was approximately 50.
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Fig. 1 Application uses of CLSM
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Table 1 Physical properties of use materials

Density Specific Absorbing
(@ /cm3) surfacez area ratio (%)
(em7/g)

Cement 3.16 3,150 -

Fly ash 2.18 3,370 -
Sand 2.70 - 1.40
FSD" 2.72 - 1.12

Admixture AE agent for concrete and fly ash

Water Waterworks

WESD: crushed stone powder
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Table 2 Physical properties of sewage sludge cinder

Soil particle density (g/cm”) 3.044

Self-water content (%) 60.9

Aggregate powder (2-75 mm) 18

Density Sand powder (0.075-2 mm) 60
(%) Silt powder (0.005-0.075 mm) 18
Soil powder (0.005 under) 4

Specific gravity 2.071

Aggregate Absorbing ratio (%) 26.7
Decantation test (%) 15.2

PH 10.8

Table 3 Base value of toxic substance

Item Base value'” Item Base value'”| Unit
Lead 0.1 Cyan 0.2 mg/L
Selenium 0.01 PCB 0 mg/L
I:E:j;?ﬁt 0.1 Copper 1.0 mg/L
Arsenic 0.1 Zinc 1.0 mg/L
Mercury 0.001 Manganese 2.0 mg/L
Cadmium 0.02 - - mg/L

Effluent quality standard of water pollutants (Environment 2007)
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Table 4 Mix

ratio by volume of use materials

Unit quantity of cement (kg/m’)

Test item f/a Pulverulent body | Fine aggregate
PO 15-30 FA S
P1 40-90 FA RSIA
P2 20-60 FSD S
P3 30-90 FSD RSIA
P4 20-40 FSD SD
P5 40-90 FSD RSIA+SD

Table 5 Mixture proportion of FA and FSD

o Unit weight (kg/m’)

C | W | FA |[FSD| S | SD |RSIA
PO | 15| 20 | 280 | 233 | - |1638| - -
PO [ 20| 20 | 276 | 313 | - |1551| - -
PO | 25| 20 | 278 | 390 | - | 1450 | - -
PO [ 30| 20 | 287 | 462 | - |[1335| - -
Pl |40 | 20 | 520 | 413 | - - - | 589
Pl [50| 20 | 513 | 524 | - - - | 498
Pl |60 | 20 | 504 | 640 | - - - | 406
PL[70| 20 | 49 | 759 | - - - | 309
Pl |80 | 20 | 485 | 887 | - - - |21
P1 |90 | 20 | 479 [ 1010 | - - - | 107
P2 20| 20 | 309 | - |39 |1376| - -
P2 30| 20 | 305 | - | 583 [1195| - -
P2 |40 | 20 | 311 | - | 760 | 1001 | - -
P2 50| 20 | 348 | - | 889 | 780 | - -
P340 20 | 612 | - | 312 - - | 533
P3[50| 20 | 576 | - | 454 | - - | 519
P3 /60| 20 | 547 | - | 607 | - - | 462
P3[70| 20 | 514 | - | 893 | - - | 314
P3 80| 20 | 507 | - |1044| - 214
P3[90 | 20 | 507 | - | 1181 - 108
P4 20| 20 | 407 | - |319| - |1278]| -
P4 30| 20 | 385 | - | 497 | - |1159]| -
P4 40| 20 | 393 | - | 653 | - |98 | -
P5 |40 | 20 | 496 | - | 541 | - | 406 | 309
P5 50| 20 | 475 | - | 706 | - | 353 | 269
P5|60 | 20 | 482 | - | 834 | - | 278 212
P5 |70 | 20 | 526 | - |81 | - | 199 | 161
P58 | 20 | 530 | - | 986 | - | 133 | 107
P5190| 20 | 537 | - |1106| - 66 | 54
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Fig. 2 Flow, bleeding and strength test method
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Fig. 3 Flow test result of CLSM
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Fig. 6 Bleeding test result (FSD + S, FSD + RSIA, FSD + SD,
FSD + SD + RSIA)
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Fig. 9 Test method of gush test

Table 6 Result of gush test

Metal concentration (mg/L)

As cd | o™ | Pb Se

P3 40 0.001 | 0.001 | 0.062 | 0.004 | 0.001
P3 50 0.003 | 0.002 | 0.091 | 0.001 | 0.024
P3 60 0.001 | 0.001 | 0.060 | 0.001 | 0.001
P3 70 0.001 | 0.001 | 0.068 | 0.001 | 0.001
P3 30 0.001 | 0.001 | 0.083 | 0.001 | 0.001
P3 90 0.001 | 0.00 | 0.100 | 0.004 | 0.001

Environmental
standard®

P5 30 0.001 | 0.003 0.21 0.001 | 0.019
P5 40 0.001 | 0.001 0.12 | 0.001 | 0.021
P5 50 0.001 | 0.001 | 0.087 | 0.001 | 0.001
P5 60 0.001 | 0.001 0.12 | 0.001 | 0.005
P5 70 0.002 | 0.001 0.12 | 0.001 | 0.001
P5 80 0.001 | 0.001 | 0.075 | 0.001 | 0.001
P5 90 0.001 | 0.001 | 0.068 | 0.001 | 0.005

Environmental
standard®
WConcentration of total Cr value (hexavalent chromium mea-

surement)
@Effluent quality standard of water polltants (Environment, 2007)

f/a

0.1 0.02 0.1 0.1 0.01
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