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01| INTRODUCTION

» Controlled Low-Strength Materials(CLSM): Self-consolidating material for backfill.

» The vast global concrete production is estimated at 25 billion tons annually.

» The economic and environmental benefits and impact are insufficiently quantified.

» It is estimated over 125 million tons of returned concrete (RC) are generated annually.
» Disposal of RC has a heavy impact on the environment (267 kg of CO, eq./m?).
» The cost of disposal of RC in urban areas can range from 3500-4500 yen/m? [1]

» Recycling RC conserves aggregates and cuts disposal costs, offering economic benefits.
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To develop an optimized, excavatable, and eco-friendly Controlled
Low-Strength Material (CLSM) for backfilling buried pipes, utilizing
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fresh concrete waste along with industrial by-product materials.

[1] Ferrari, G., M. Miyamoto, and A. Ferrari, New sustainable technology for recycling returned concrete. Construction and Building Materials, 2014. 67: p. 353-359.
[2] Xuan, D., Poon, C. S., & Zheng, W. (2018). Management and sustainable utilization of processing wastes from ready-mixed concrete plants in construction: A review. Resources, Conservation and Recycling, 136, 238-247.



MATERIALS AND TEST METHODS 4

Table 1: Test methods for Fresh, Hardened and
ECO-FRIENDLY CLSM Durability of eco-friendly CLSM

Categories Property Test Methods
INDUSTRIAL FRESH CONCRETE ADMIXTURE AND -
I l Flowability JHS A 313-1992
Ground Granulated Blast Improved Water Concrete Sludge Concrete Washing Admixture C l; .
Furnace Slag Absorption (IWA) Powder (CSP) Wastewater for Soil and Pi olor Bleedmg JSCE F 522
(GGBFS 4000) Fine Aggregate (Supernatant Water) Ground igments
] ] I T Fresh CLSM
(Fine Aggrega@ Filler (Mixing Water) [Geoliter—lﬂ) Test Methods Wet Density Constant Volume
— Method
Air Content JISA 1128
Hardening time JIS A 1147
UCS JISA 1216
Hardened ;
CLSM Test B tabilit Technical Manual
es xcavatabili
¥ and ACI-229R-13
Methods

Permeability JISA 1218

Durability Test er-dry cycles ASTM D559

=8 : =K K PO T e
Returned Fresh Addition of Special Mixing Using Collecting After Sieving Packing MethOdS

Concrete Pit Admixture Excavator Bucket Early Drying LeaChlng test JIS K O 1 02 65 2

Fig. 4 IWA fine aggregate production [1]

[1] Ferrari, G., M. Miyamoto, and A. Ferrari, New sustainable technology for recycling returned concrete. Construction and Building Materials, 2014. 67: p. 353-359.



EXPERIMENTAL PROGRAM

General criteria and requirements [1-2]

Application: Eco-Friendly Excavatable CLSM for
backfilling buried pipes

Target Performance as per PWRI’s Technical
Manual For Fluidized Soil and ACI Guidelines:

» Flowability: 140 mm or more

» Bleeding: less than 3%

» Wet density: 1.40 g/cm?® or more

» 28-day Unconfined Compressive Strength (UCS) :
[200-600 kN/m?|

» Backhoe excavatability UCS: [500-1000 kN/m?]

» Hardening: at least 130 kN/m? under roads and 50
kN/m? under sidewalks when open to traffic

» Maximum particle size: 13mm

» Easy to re-excavate—manually or mechanically

» Removability Modulus (RE): 1 or less

» Hexavalent Chromium content: 0.05mg/L or less

METHODOLOGY | 5

GENERAL METHODOLOGY FOR THE MIX DESIGN AND MIXTURE

PROPORTIONS

( START )
!

STAGE-I: Optimization

of Aggregate Content

STAGE-II: Partial

Replacement by Sludge Powder

STAGE-III: Optimization

|

Select ideal filler-to-

Select ideal water-to-
solid (w/s) ratio

|

Conduct fresh
CLSM tests

i) Flow:

> 140 mm
ii) Wet Density:
>1.40 g/cm?
iii) Bleeding:
<3%

Yes

)

Verify the fresh
properties as per the
requirements

Optimal w/s ratio

aggregate (f/a) ratio

Conduct fresh and
hardened CLSM tests

i) Flow:
> 140 mm
ii) Wet Density:
> 1.40 g/em?
iii) Bleeding:< 3 %
iv) Strength:
[200-1000] kN/m?

Yes

|

Verity the fresh and
hardened properties as
per the requirements

Optimal t/a ratio

of the binder content

Select ideal binder

content

l

Conduct fresh and
hardened CLSM tests

i) Flow: > 140 mm
i1) Wet Density: > 1.40 g/em
iii) Bleeding:< 3 %

iv) Strength: [200-1000] kN/m?
iv) Hardening: at least 130 kN/m? under
roads and 50 kN/m? under sidewalks
when open to traffic
v) Removability Modulus: RE<I
vi) Hexavalent
Chromium Content:
0.05mg/L or less

Yes

)
Verify the fresh and hardened
properties as per the requirements

STAGE-IV: Optimization of

Optimal mix design

admixtures and additions

I

Retardent Admixture
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|
’Conduct fresh CLSM tests|

i) Flow: > 140 mm
1i) Wet Density: > 1.40 g/cm
iii) Bleeding:< 3 %

iv) Hardening: at least 130 kN/m?
under roads and 50 kN/m? under
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f
Verify the properties as
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END

Fig. 5 General methodology for the mix design

[1] ACI 229R-13; Report on Controlled Low-Strength Materials, ACI Committee 229. American Concrete Institute (ACI): Farmington Hills, MI, USA, 2013.
[2] Public Works Research Institute; Technical Manual for Liquefied Stabilized Soil (in Japanese), 2nd ed.; Gihodo Publishing Co., Ltd.: Tokyo, Japan, 2007



EXPERIMENTAL RESULTS AND DISCUSSION
STAGE-I OPTIMIZATION OF AGGREGATE STAGE-II PARTIAL REPLACEMENT BY CSP

» Maximized flow targeted to ensure adequate water content.

» Targeted to maximize CSP utilization for improved stability.

» Higher w/s ratios increase the average flowability. » Stage-II focused on the fresh and hardened properties.

» As the w/s ratio increased, the wet density decreased. » Higher f/a reduced flowability, requiring additional water.

» Higher w/s ratios resulted in an increased bleeding rate.

» As the f/a increased, wet density decreased.

» The bleeding rate surpassed the target of 3% at a w/s of 24 %. > Bleeding rate decreased with higher f/a, fall below the target.

» Stage-II showed that up to 20% CSP filler was utilized.
Table 3:Effects of f/a on fresh

> A w/s ratio of 22% was determined to be the optimal w/s ratio.

Table 2:Effects of w/s on fresh properties

S I E F dl CLSM pI‘Op@I’thS B 7days-Compressive strength B28days-Compressive strength
tage-1 Eco-Frien - ~ 1200
5 ) y Fresh Properties Fresh Properties &
Mixtures I % 1000 |
. 7a  Wet : !
wis IWA fine Supernatant Alf Wet o I % ' Flow Bleeding £ w0
. GGBFS Flow Bleeding (%) (%) Density (%) %
(%) aggregate Water (%) Density ° (mm) % 600 |
3 5
(mm) (g/em’) = o |
(ke/m?) (g/cm?) s 2dhrs I 3hrs 24hrs £ 400 |3
0 1.83 2235 245 196 £ ,, L
18 30 1378 6t 39 17 w25 187 047 b 1o s 1ses 192 096
=} i % ] ] % 7
21 50 1345 286 34 1.84 21 241 1.92 |15 178 174 155 oS R o 15 20 2
Filler-aggregate ratios (%)
22 30 1315 307 28 1.83 223.5 245 196 20 1.75 169 091  0.46 Fig. 6 Effects of //a on unconfined
24 50 1282 326 2.5 1.81 232.5 3.83 3.35 I 25 1.73 109 048 0.00 compressive strength (UCS)

[1] Blanco, A., Pujadas, P., Cavalaro, S. H. P., & Aguado, A. (2014). Methodology for the design of controlled low-strength materials. Application to the backfill of narrow trenches. Construction and Building Materials, 72, 23-30
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» The eco-friendly CLSM is deemed excavable either manually or mechanically. 8 30kg/m binder content B40k/m’ binder content @50kg/m” binder content @ 60kg/m binder

1140.3
» Optimal binder content must meet all three key requirements below: £ 100 ,,
1) A 28-day strength of 200-1000 kN/m? was targeted to ensure re-excavation. Ev‘ 800
Removability modulus (RE) <1 was used to assess future excavatability (1) £ o
Long-term strength at 56 and 91 days targeted to confirm excavatability. § 400
g
30 kg/m? binder meets the RE (0.46) but fails 28-day and long-term strength. o
40 kg/m? binder meets RE (0.67), 28-day (281.9), and long-term strength. . B e v 91
uring age (days
50 kg/m? binder meets 28-day (835.8) and long-term strength, but fails RE. Fig. 10 Binder content effects on the UCS
‘:0 60 kg/m3 bindel‘ fails tO meet RE(1.30), 28-day, and long-term Strength. 301{1%/61113 binder content @40kg/m? binder content B50kg/m® binder content B60kg/m* binder content
»The study determined that 40 kg/m? of GGBFS was the optimal binder content. M 1.30 128 e
— \ I =121 % 1.14
E 117U %%
%‘ 0.8 - / | %%
0.6
a = F
S04 % %
0.2 _ %%
s g8 Y S Sl AR, 7 28 91
Source: https://shorturl.at/mV6ED Fig. 8 Manual Excavation ~ Fig. 9 Mechanical Excavation - . Curing age (das3)
Fig, 7 Urli derground I eak (Nagaoka RMC) (NRMCA) Fig. 11 Binder content effects on the RE
Ww15x0.619xC%°

[1] ACI 229R-13; Report on Controlled Low-Strength Materials, ACI Committee 229. American Concrete Institute (ACI): Farmington Hills, MI, USA, 2013. RE = 6 Eq (1)
[2] Public Works Research Institute; Technical Manual for Liquefied Stabilized Soil (in Japanese), 2nd ed.; Gihodo Publishing Co., Ltd.: Tokyo, Japan, 2007 10



» To determine the effects of super-retardant admixture on the workability.

» Geoliter-10 (0%, 2.5%, 5%, 7.5%, and 10%) of optimal binder at 1.5 hours.
» As the Geoliter-10 admixture dosage increased, the hardening was delayed.
» Its dispersing effect enhances the workability by reducing the viscosity.
» Improving flow and wet density without significantly increasing bleeding.

» Geoliter-10 can effectively control hardening delay by adjusting the dosage.

Table 4: Mixture proportions of Stage-IV

04[EXPERIMENTAL RESULTS AND DISCUSSION

Eco-Friendly CLSM Mixtures

206 206.5 207

208

Flowability (mm)

N\

Imaan

L

d\\\\\\E

10

Geoliter-10 content (%)

Geoliter-10 content (%)

el

2.5 5 7.5
Geoliter-10 content (%)

10

Geoliter-10 IWA Fine Supernatant ~ Geoliter-10
GGBES ~ CSP Aggregate Water . %0
content (%) (Binder*%)
(kg/m?)
0 40 246 984 347 -
2.5 40 246 984 346 1
5 40 246 984 345 2
75 40 246 984 344 3
10 40 246 984 343 4
21 5 1 177 177 || byt blesding (%) 8 24hours bleeding (4] [ 364
& =
o 1.4 - : < 2o :
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0.0 0.0 LR RS 0

2.5

7.5

Geoliter-10 content (%)

Fig. 12 Effects of geoliter-10 content
on flowability

Fig. 13 Effects of geoliter-10 content
on wet density

Fig. 14 Effects of geoliter-10 content

on bleeding

Fig. 15 Eftects of geoliter-10 content on
hardening time

[1] Blanco, A., Pujadas, P., Cavalaro, S. H. P., & Aguado, A. (2014). Methodology for the design of controlled low-
strength materials. Application to the backfill of narrow trenches. Construction and Building Materials, 72, 23-30




EXPERIMENTAL RESULTS AND DISCUSSION 9

WET-DRY CYCLES

» Effect of wetting and drying cycles on mass and strength loss.

HEXAVALENT CHROMIUM

» A key environmental concern in concrete recycling is Cr(VI)

»The 28-day mass loss at each cycle ranged from 0.65%-11.77%. > A leaching test was conducted on an optimal binder.

» Compared to the initial, the residual UCS is reduced by 26.75%. » Leaching of Cr(VI) minimization is needed for on-site.

» After 12 wet-dry cycles, the eco-friendly CLSM still meets the > Utilization of GGBFS minimizes the leaching of Cr(VI).

minimum strength for buried pipe backfilling (206.49 kN/m?). Table 5: Leaching of hexavalent chromium detection

Detected value with different binders (mg/ L)

CLSM CLSM  Environment

Heavy  CLSM with |
v " CLSM with BFS  with BFS  al quality

metal GGBFS .
with OPC  cement cement  standards for
element _
(This study) [2] Type B Type B soil (mg/L)
is stu
Y 2] 3]
Cr(VI) 0.007 0.13 0.02 0.05 <0.05

% The study found that leaching of hexavalent chromium

(Cr(VI)) can be controlled to less than the environmental

Fig. 16 Wetting-drying cycles [Specimens-wetting in water tank-drying in oven] quality standards for soil when GGBFS binder is used.

[1] Achtemichuk, S., et al., The utilization of recycled concrete aggregate to produce controlled low-strength materials without using Portland cement. Cement and Concrete Composites, 2009. 31(8): p. 564-569.
[1] Horiguchi, T., Fujita, R., & Shimura, K. (2011). Applicability of controlled low-strength materials with incinerated sewage sludge ash and crushed-stone powder. Journal of Materials in Civil Engineering, 23(6), 767-771.
[2] Funayama, M., et al.,. Investigation on Physical Properties of Liquefied Stabilized Soil Using Aggregate Made from Returned Concrete, in The 45th JCI Technical Conference. 2023, Japan Concrete Institute, Kyushu, Japan



LIFE CYCLE ASSESSMENT AND LIFE CYCLE COST

METHODOLOGY |10

Purpose of the study:

GOALAND @ To assess and compare the potential environmental impacts of three backfill materials.

SCOPE
DEFINITION

(ISO 14041)

System boundaries: «
Functional Unit (FU):

Q, To identify key phases and processes contributing the most.

Extraction, transportation, production, and installation

FU in this study 1s 1 linear meter of trench

N

J

LIFE CYCLE

INVENTORY
(LCI) 1l Realta Mapei International and Taiheiyo Cement Corporation

(ISO 14041) _al The Construction Technology Institute of Catalonia (ITeC) database

4l Preparation of Inventory Data for Environmental Performance Evaluation of Concrete and )
Concrete Structures (Kawai et al., 2005) and (Kawai et al., 2010)

LIFE CYCLE
IMPACT ( LCA Software ):>

ASSESSMENT

(150 14042) C LCIA Methods):>

= openLCA 2.4.1 - Free and open-source

© ReCiPe 2016 Midpoint (H) - Widely used

7\
OP€ENLCA

.

~~

RATE ANALYSIS
N

|[Fixing cost per unit
of measurement]

UNIT
PRICE

TOTAL COST » | DIRECT )| Material Cost (MC) |2 Corront Drice
(Tg) [ COST E> Labor COSt (LC) { . Assessment
{ % [List of Cost Break
Y (DC) F> Equipment Cost (EC) Down]
INDIRECT COST (IC)




except for mineral resources scarcity.

efficiency, minimizes waste, and aligns with circular economy principles.

» Eco-friendly CLSM is the most sustainable alternative across all six impact

categories, whereas granular compacted fill is the least efficient option.

Table 6: Contribution of each stage in the environmental impact category

11D O W-N1 ) B 0 el0B 21 011 0) 5 KN D B 0) YO BT [0\ LCA ACROSS SIX IMPACT CATEGORIES | 11

»The installation phase significantly contributes to the overall impact categories,

» Life cycle assessment (LCA) confirms that eco-friendly CLSM improves resource

Fossil Mineral
Global Ozone Fine particulate = Terrestrial
Type of resource resource
Stages warming formation matter formation acidification
Material scarcity scarcity
(kg CO:z¢eq) (kg NO_ eq) (kg PM2.5eq) (kg SO: eq)
(kg oil eq) (kg Cu eq)
Extraction 42.32% 19.46% 9.60% 16.68% 20.10% 100%
Conventional Transportation 13.87% 20.44% 15.49% 15.97% 14.41% -
CLSM Production 1.11% - 0.07% 0.15% 0.15% -
Installation 42.69% 60.10% 74.84% 67.20% 65.33% -
Extraction -226.48% 9.32% 6.79% 7.54% 7.17% -
Eco-Friendly Transportation 5.63% 1.66% 1.06% 1.20% 1.13% -
CLSM Production 8.14% - 0.09% 0.21% 0.22% -
Installation 312.72% 89.02% 92.06% 91.05% 91.48% -
Extraction 20.67% 7.51% 4.22% 52.96% 9.82% 100%
Granular
Transportation 21.18% 23.90% 16.35% 9.22% 16.45% -
Compacted .

Production - - - - - -
Fll postallation 58.15% 68.59% 79.43% 37.81% 73.73% !

1.80E+02

1.60E+02 1 BGlobal warming (kg CO: eq)

1.46E+02 mMineral resource scarcity (kg Cu eq)

1.57E+02

'E 1.40E+02 + % Z B Fossil resource scarcity (kg oil eq) /
Z 1.20E+02 | % ///
W
£ 1.00E+02 | /
g 8.00E+01 A 7
S 6.00E+01 + |
2 4.00E+01 | % 3":‘_5;"‘ .
Z 1.99E+01
E 2.00E+01 - 1.60E+01 LOSE+01 |
0.00E+00 s OOEHOG i :
Conventional CLSM  Eco-Friendly CLSM  Granular Compacted
Types of backfilling materials Fill
Fig. 17 Global warming, mineral, and fossil
resource scarcity
1.80E+00
B0zone formation (kg NOy eq)
= . . . 1.52E+00
‘= 1.50E+00 | BFine particulate matter formation (kg PM2.5 eq)
% O Terrestrial acidification (kg SO eq)
2 1.20E+00
= 9.77E-01
< 9.00E-01 7.94E-01
e 7.00E-01
5 6.02E-01 [T
g 6.00E-01 4.86E-01 IO et tete
E 3.47E-01 XXXXX g o a
= 3.00E-01 212E-01 LSTEO1
[S¥se,| mudmtied (LGS
S A
0.00E-+00 ey %Jﬁ%\% S

Eco-Friendly CLSM  Granular Compacted Fill
Types of backfilling materials

Fig. 18 Ozone formation, fine PM2.5, and

terrestrial acidification

.
[1] Josa, I., Petit-Boix, A., Casanovas-Rubio, M. M., Pujadas, P., & de la Fuente, A.
(2023). Environmental and economic impacts of combining backfill materials for novel
circular narrow trenches. J Environ Manage, 341, 118020.

Conventional CLSM
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20000

. . . B Excavati @ Cart A @Filli ac ti 18414.27
» The LCC analysis reveals that the filling stage dominates total costs. soo | 313887_40” v R O
. . .. . . ~ 15000 -
» Compaction cost is negligible for eco-friendly and conventional CLSM. E e
s ]
» Eco-friendly CLSM cuts LCC per meter by 53% and 22.6% compared to i 10000 1
= 7500 A
granular fill and conventional CLSM, respectively B <
> Eco-friendly CLSM achieves a 36.5 % reduction in the filling stage cost 2001
0 .
. . Conventional CLSM Eco-Friendly CLSM Granular Compacted Fill
relative to the conventional CLSM. Types of backfilling materials
» Eco-friendly CLSM is the most cost-effective backfill solution. Fig. 19 Unit price comparison for each stage of the LCC
oL : : : = 35000 : — ,
Table 7: Contribution of each LCC phase to the unit and total price per linear trench £ BExcavation ECart Away @Filling O Compaction 30563.21
£ 30000 -
Contribution of each LCC phases to the total price per cubic meter (%) “f 25000
) Types of backfilling materials E‘
List of stages ] . = 20000 1 17551.71
Conventional CLSM Eco-Friendly CLSM Granular compacted fill g 5
= 15000 A
Excavation 6.68% 9.02% 5.87% 2 11138.82 12
g ] 8745.63 8745.63 KRS
Cart away 22.48% 30.33% 19.74% g 100 o s 55
= S
Filling 70.83% 60.65% 72.08% 2 79 Taoso.08: 2080.08[ 5% 07977
0.00 [T 0.00 P Ok
Compaction 0.00% 0.00% 2.31% L —— ;‘ e G e
onventiona co-rriendly ranular Compacte 1
Contribution of each LCC phases to the total price per linear trench (%) Types of backfilling materials
E ti 7.33% 9.47% 6.24% . . .
reavation ° ° ’ Fig. 20 Total price comparison for each stage of the LCC
Cart away 30.82% 39.82% 26.22% - -
Filling 61.85% 50.71% 65.45% [1]Josa, 1., Petit-Boix, A., Casanovas-Rubio, M. M., Pujadas, P., & de la Fuente, A.

(2023). Environmental and economic impacts of combining backfill materials for
Compaction 0.00% 0.00% 2.10% novel circular narrow trenches. J Environ Manage, 341, 118020.
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{ » Utilization of returned concrete waste and by-products promotes resource efficiency and the circular economy.
3 » An optimal binder content of 40 kg/m?* was selected based on re-excavation criteria for eco-friendly CLSM.
3 » Hexavalent Chromium leaching value of 0.007 mg/L confirms GGBFS's effectiveness in minimizing leaching.
Y » Eco-friendly CLSM subjected to twelve wet-dry cycles demonstrated resistance to degradation.
: » Eco-friendly CLSM represents a promising alternative for achieving sustainability and offers a cost-effective solution.
RECOMMENDATIONS

1 » Future research should conduct comprehensive on-site field studies to evaluate the long-term excavatability.

5 » Future research should utilize commercial databases such as ecoinvent or IDEA, employing various LCIA methods.
- » A more thorough study is needed to establish industry standards for the broader adoption of CLSM in construction.

> » Future research should use advanced techniques to better understand the mechanisms of eco-friendly CLSM.
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A-1|APPENDIX-A

RMC WASTE MANAGEMENT STRATEGIES

Current management of processing wastes in RMC plants [1]

I-Waste Sources

!

1I-Waste
Materials

I1I-Management
Strategies

IV-Reuseable
Materials

Returned Concrete

Residual Concrete From |
Manufacturing Trial

|

Residual Fresh Concrete]
After Sampling and
Testing

Fresh Concrete
Waste

Waste Concrete From
Tuck and Equipment
Washing

Waste Concrete From

Waste Concrete
Sediments

Wastewater

Hardened
Concrete Waste

Facility and Road
Surface Cleaning

Residues From Quality

Testing on Hardened
Concrete

[1] Xuan, D., Poon, C. S., & Zheng, W. (2018). Management and sustainable utilization of processing wastes from ready-mixed concrete plants in construction: A review. Resources, Conservation and Recycling, 136, 238-247.

Recycling

@
<esamin>
@

Recycled Concrete
Aggregate

V-End Products

VI-Applications

Non-Structural
Concrete
Construction/Paving

Recovered/Reclaimed
Aggregate

Downgraded Fresh
Concrete

Block Production

Concrete Sludge
Powder (CSP)

CLSM

Backfilling

Dust Control

IWA Aggregate

Granulated Porous Concrete

(GPOC)

Weed Control and
Drainage

Sludge Cake

Sludge Water

2x3 Concrete

Parking Lots

Negative Concrete

Supernatant Water

CCU (Carbon
Capture Utilization)

Alkaline Stimulating
Effect

Landfilling
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Report on Controlled Low-Strength
Materials

Reported by ACI Committee 229

@ American Concrete Institute®

BEREHAR

American Concrete Institute (ACI) 229R-13 Technical Manual for Fluidized Soils
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o sl
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Aggregate
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(]
=
1
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I
=
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Seive size (mm)

Fig. 1 Particle size distribution of materials

Table 1: Chemical Properties of Materials

Chemical Composition (%)

Materials Si0, ALO; Fe0, Ca0  MgO SO, Ti0, MnO  7Zn0 KO

GGBFS 4000 33.02 1444 079 42.03 580 2.00 041 - - 0.65

CSP 16.61 2.89 873  67.99 - 147 074 018 012  0.88 : : - :

IWA Flne 1 847 3 . 58 98 1 64 52 i 2 1 3 0 84 022 O 14 i Supernatant water collection tank Sand pump filtration of settled sludge water Storage in sludge water tank
Aggregate

Fig. 3 Treatment stages of supernatant water

[1] Ferrari, G., M. Miyamoto, and A. Ferrari, New sustainable technology for recycling returned concrete. Construction and Building Materials, 2014. 67: p. 353-359.
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Table 2: Test methods for fresh, hardened, and Durability CLSM properties

Categories Property Test Methods Description

Sampling ASTM D 5971 Standard Practice for Sampling Freshly Mixed CLSM
Flowability JHS A 313-1992  Test Methods for Air Mortar and Air Milk
Test Method for Bleeding Rate and Expansion Rate of Injection Mortar of Prepacked

Bleeding JSCE F 522
Fresh CLSM Concrete (Polyethylene Bag Method)
Test Methods . Constant Volume  Measure the mass of the CLSM sample filled in a container of known volume and
Wet Density C .
Method divide it by the volume of the container
Air Content JISA 1128 Method of test for air content of fresh concrete by the pressure method
Hardening time JIS A 1147 Method of test for the time of setting of concrete mixtures by penetration resistance
UCS JISA 1216 Unconfined Compression Test Method for Soil
Hardened Tochnical M |
echnical Manua
CLSM Test  Excavatability 28-day UCS, Removability Modulus, and Long-term UCS (91-day)
Methods and ACI-229R-13

Permeability JISA 1218 Soil Permeability Test Method

Durability Test Wet-dry cycles ASTM D559 Standard Test Methods for Wetting and Drying Compacted Soil-Cement Mixtures

Methods

Leaching Test JISK 0102 65.2  Inductively coupled plasma (ICP) mass spectrophotometry

[1] ACI 229R-13; Report on Controlled Low-Strength Materials, ACI Committee 229. American Concrete Institute (ACI): Farmington Hills, MI, USA, 2013.
[2] Public Works Research Institute; Technical Manual for Liquefied Stabilized Soil (in Japanese), 2nd ed.; Gihodo Publishing Co., Ltd.: Tokyo, Japan, 2007

[3] Folliard, K. J. (2008). Development of a recommended practice for use of controlled low-strength material in highway construction (Vol. 597). Transportation Research Board.
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General criteria and requirements for Buried Pipe Backfilling 2]

HAE, - E Rk
HE b

I NRLAE

EF0 13 mm LLF

7 v — {8 (BN )

140 mm L b (FT%EF)

T = T

(B3 B 1)

3 % 1t

WL+ O RERE

1.40 g/cm® L E

(%% H1EIR)
— B A 5 S

(BEET)
A3 B HrEE 130 kN/m” LA E
o8 H1% 200~600 kN/m”
(FET)

@B 50 kN/m” LA E
o8 B 200~600 kN/m’

[1] ACI 229R-13; Report on Controlled Low-Strength Materials, ACI Committee 229. American Concrete Institute (ACI): Farmington Hills, MI, USA, 2013.
[2] Public Works Research Institute; Technical Manual for Liquefied Stabilized Soil (in Japanese), 2nd ed.; Gihodo Publishing Co., Ltd.: Tokyo, Japan, 2007
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LIST OF EXPERIMENTS IN STAGE-I & 11 m

Fig. 5 Flowablhty, wet density, bleedlng, air content, and UCS tests in Stage-II
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Table 3: Mixture proportions of Stage-I

» Maximized flow was a primary focus to ensure adequate water content in Stage-I1I. Eco-Friendly CLSM Mixtures
» Higher w/s ratios increase the average flowability, due to higher water content. w/s GGRES IWA Fine  Supernatant Al
1r
> As the w/s ratio increased, the wet density decreased, due to higher water content. (Vo) Aggregate Water %)
3
» Higher w/s ratios resulted in an increased bleeding rate. (kg/m’)
18 50 1378 264 3.9
» The bleeding rate surpassed the target of 3% at a w/s ratio of 24 %.
21 50 1345 286 3.4
» A w/s ratio of 22% was determined to be the optimal w/s ratio for Stage-II. 2 50 1315 307 28
280 24 50 1282 326 2.5
232.5 2.1
)11 2235 : 1.87 1.84 1.83 1.81 | _
210 419255 7 7 o SEEOS! N SESSSSS I FSRRS! I EERR B 3hours bleeding (%) B24hours bleeding (%)
£ % . /// // 5 el b ] e 4.5
g // / / / al4d =M= TrrA T —_ 3.83
2140 __%_/_%_% < SESESE! I SESOS I tsd I IR S b 35
5 G P T S
> % / % / g E 24] 245
é”%%/% 5] R L L
= 815 A
LA A :
18 21 22 24 0 Her 0.47
Water—solid ratio (%) 18 21 22 24 0 .
° Water—solid ratio (%) 18 ) ) 24
Fig. 6 Effects of w/s on flowability Fig. 7 Effects of w/s on wet density Water—solid ratio (%)
1. Applicability of Controlled Low-Strength Materials with Incinerated Sewage Sludge Ash and Crushed-Stone Powder Fig-8 Effects of w/s on bleeding

2. Investigation on Physical Properties of Liquefied Stabilized Soil Using Aggregate Made from Returned Concrete
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»The optimal w/s ratio of 22% from Stage-I was used as a control mix.

» Targeted to maximize CSP utilization for improved stability and strength.

» Stage-II focused on the plastic and hardened properties of CLSM.

»Higher f/a ratios reduced flowability, requiring additional water for workability.
» As the f/a ratio increased, fresh density decreased, from 1.83 to 1.73 g/cm?®.

» Bleeding rate decreased with higher f/a ratios, remaining below the target.

» Strength falls within the 200-1000 kN/m? excavatability range across all f/a ratios.

» Stage-II showed that up to 20% CSP filler effectively produced eco-friendly CLSM.

STAGE-II PARTIAL REPLACEMENT BY CSP

Table 4: Mixture proportions of Stage-II

Eco-Friendly CLSM Mixtures

Flowability (mm)

210'% 18//65 ;4 //1/69
140 /—%-/ /—ﬁ)g-
HERAE

0 10 15

20

25

Filler-to—aggregate ratio (%)

N}
—

Wet density (g/cm?)
<
0

B
1

0

10

15

20

25

Filler-to—aggregate ratio (%)

fla IWA Fine Supernatant .
GGBFS CSP Air
% Aggoregate Water
(%) %)
(kg/m’)
0 50 - 1315 307 2.8
10 50 131 1175 307 2.6
15 50 195 1105 307 2.5
20 50 259 1036 307 24
25 50 323 968 307 1.9
3h§)u8rs bleeding (%) A 24hours bleeding (%) 1200 B 7days-Compressive strength B 28days-Compressive strength
§30f=--mmmm - - el Ity W
2 53 I o 2 800 7482 737.4 7 %‘
2 e 2 = £ 600 - % i Z
215 ks X 402 | 423
-— 1. o R [ '
3 SES T 400 {3821 380.8 407.6
= 08 RS /
SR | 5 200 _ %_ 1
0.0 ". ) et a%!| 5 | N Em
0 10 15 20 25 O 0 5 0 )

Filler-to—aggregate ratio (%)

Filler-aggregate ratios (%)

Fig. 9 Effects of //a on flowability

1.
2.

Applicability of Contro

1

Fig. 10 Effects of f/a on wet density

Fig. 11 Effects of f/a on bleeding

led Low-Strength Materials with Incinerated Sewage Sludge Ash and Crushed-Stone Powder
Investigation on Physical Properties of Liquefied Stabilized Soil Using Aggregate Made from Returned Concrete

Fig. 12 Eftects of f/a on strength (UCS)
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Fig. 10 Flowability, wet density, bleeding, air content, penetration, tests in Stage-1V
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. . , Table 5: Mixture proportions of Stage-I11
» The water demand of the control mix was adjusted based on findings from Stage-II

Eco-Friendly CLSM Mixtures

» GGBEFS’s water affinity and flow-reducing effect require water adjustment. Binder
IWA Fine Supernatant  Extra

> The optimal f/a ratio of 20% from Stage-II was used in the mix proportions. content  GGBFS ~ CSP pooreoate  Water ~ Water  Air
> This stage determines the minimum binder for strength and easy excavation. g (%)
g/m
» As binder content increased, a consistent decrease in flowability was observed.
’ y 30 30 247 990 307 40 2.9
»The wet density slightly increased with the increment of binder content. 40 40 246 984 307 40 25
» Higher binder content resulted in a decrease in bleeding rate. 50 50 245 979 307 40 24
» CLSM with optimum binder content 40 kg/m?* had a hardening time of 2 hours. 60 60 243 973 307 40 721
280 2.1 (0 e ~ 1
s _ 70 L0 1 7 2] 3h§>.1§rs bleeding (%) B 24hours bleeding (%) §7 N
€210 4 194 E: AR ~ Z !
g210 7 71 ers | | 54 e | I ISR ettt &
2wl - / - |z Sl 1EBEY 1 g4
5 / / / / S 07 | Sl 1205 BBy 14 B e
3 70-/ / / / v S 3 0.93 091 5
= / = Sl m 0.8 0.47 46 'F:
AAAAA o S1.82
0 . : : - 0 . — 0.0 . 5
30 ) 40 50 ; 60 30 40 50 60 30 40 50 60 A 0 HiE AEE I EHIEH B SEHHE ]
Binder contents (kg/m-) Binder contents (kg/m?) Binder contents (kg/m?) 1 2 3 4 5
. . . Elapsed time (hrs)
Fig. 11 Effects on the flowability Fig. 12 Effects on wet density Fig. 13 Effects on bleeding

Fig. 14 Effects of w/s on hardening

[1] ACI 229R-13; Report on Controlled Low-Strength Materials, ACI Committee 229. American Concrete Institute (ACI): Farmington Hills, MI, USA, 2013.

[21 Folliard. K. J. (2008). Development of a recommended practice for use of controlled low-strength material in hichway construction (Vol. 597). Transportation Research Board.
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The American Public Works Association (APWA) utility color code is a
standardized system of colors used to mark underground utilities.

Table 6: The American Public Works Association utility color code

Color Type Underground Utilities Line

White Proposed excavation
Pink Temporary survey markings
Electric power lines, cables, conduit, and
Red lighting cables
Gas, oil, steam, petroleum, or gaseous materials
Communication, alarm, or signal lines, cables,
or conduit
Blue Potable water
Purple Reclaimed water, irrigation, and slurry lines
Green Sewers and drain lines

ASTM C 979 Standard Specification for Pigments for Integrally Colored Concrete Fig. 15 Utility Color Intensity
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Fig. 16 Water Permeability
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400

B 7-day Unconfined Compressive Strength
350 - 334.88 B 28-day Unconfined Compressive Strength

»To investigate the effects of gradation on eco-friendly CLSM properties.

300 { 29127 30239 295.25 293 .82

250 1

» Eight gradation zones encompass the range from JIS A 5308 UL to the LL.
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> Funayama et al. [2] recommended ranges of (4) and (5) to produce fluidized soil. ) radafion Zones
Fig. 17 Effects of gradation zone on UCS
100
Table 7: Gradation zone Table 8: Effects of gradation zone
Target il}e gradatign curvizeiles _ _ Target Properties | Finencss g 80
Nominal JISA JISA JIS A @) ® @D @ LL 5 eradation We-t Average Bleeding(%) modulus Freshn(?ss é‘n
Opening 5308 5308 5308 UL Average Averag and 1/2 and 1/3 Center _ density flow Properties 7
. limit X 3 hours 24 hours (FM) @
of Sieve Cent LL of LL e of of of ) and 1/3 (g/em’) (mm) = 40 |
(mm) er and Center  Center of @ Material E
Lower Limit 1.63 266.00 3.57 3.20 343 @
Center and UL Separation ]
o
1000 100 100 100 100 100 100 100 100 No.(® 162 24600 245 1.96 331 Good @ 1IS A 3308 Center I
500 95 90 100 9250 97.50 9375  90.83  95.83 No.(D 1.62 22350 192 0.96 307 Good k- _HS ©oags per e (00
- ' ' = — ' No @ 1.59 218.00 1.55 0.52 2.89 Good 2 JIS A 5308 Lower Limit (LL)
2.50 90 80 100 85 95. 87.50  81.67 91.67 c ’ 1-58 202>50 1'40 0'47 2'72 Good E """ (D) Average of LL and Center
enter B . K R B (8]8]
120 70 50 90 60 80 65.00 5333 7333 S (2) Average of Center and UL |
No.(8) 1.58 192.00 137 0.46 2.60 Good (3 (D) and 1/2 of Center
0.60 45 25 65 35 55 40.00 28.33  48.33 No.(2) 1.55 181.00 1.44 0.48 236 Good (#) LL and 1/3 of (1)
030 2250 10 35 1625 2875 1938 12.08  24.58 Excessive s (5) Center and 1/3 of (2)
015 6 ) 10 4 3 5 267 6.67 Upper Limit 1.52 138.00 0.89 0.45 2.00 . . T T T T
- : : Viscosity 0.15 0.3 0.6 12 2.5 5 10

Nominal Opening of Sieve (mm)

Fig. 18 Recommended gradation zone

[1] Crouch, L. K., Dotson Jr, V. J., Clouse, L., & Hall, S. M. (2003). Effect of Fine Aggregate Type on CLSM Properties. In the International Center for Aggregates Research 11th Annual Symposium: University of Texas at Austin
[2] Funayama, M., et al.,. Investigation on Physical Properties of Liquefied Stabilized Soil Using Aggregate Made from Returned Concrete, in The 45th JCI Technical Conference. 2023, Japan Concrete Institute Kyushu, Japan
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360 TEBefore wet-dry cycles
Table 9: Mass losses in wet-dry cycles % ZE [ RAfer 12 wetdry ;’;“;SO
Measurement at Average mass loss at each curing days ? 240
each cycle 7 days 28 days 56 days 91 days “2;% ?23
Original mass (g) 317.33 312.20 303.03 296.40 % - 120
Ist cycle (g) 315.57 310.17 300.40 294.77 S gl
2nd cycle (g) 312.17 309.33 298.13 293.40 R iy . i L
3rd cycle (g) 309.23 308.37 297.30 293.03 e mae s oL
4th cycle (g) 307.27 306.60 295.77 290.87 curing ages (days)
5th cycle (g) 304.13 302.83 293.83 288.50
6th cycle (2) 302.00 299.50 290.87 285.47
7th cycle (g) 29543 295.56 287.80 280.40
8th cycle (g) 291.30 290.13 283.73 276.63
Oth cycle (g) 278.37 283.30 278.87 272.23
10th cycle (g) 266.93 279.87 274.03 269.43
11th cycle (g) 256.77 277.27 271.23 266.43
12th cycle (2) 247.40 275.47 269.07 263.90 L 8 ,
Dry mass loss (%) 22.04% 11.77% 11.21% 10.96% Fig. 20 Mass losses in wet-dry cycles

[1] Achtemichuk, S., et al., The utilization of recycled concrete aggregate to produce controlled low-strength materials without using Portland cement. Cement and Concrete Composites, 2009. 31(8): p. 564-569.
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Table 10: Limit of heavy metals

Designated hazardous substances

Heavy metals

Soil Leachate Standard

" OB & | 1EL

BB FT | mEEEo)— ReE

Cadmium

<0.0lmg /L

SRE | M |RBRAF| BHER

S
95 5 BIABIFOMEICESFE)

VT,
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s OB HICIDRABLEL. )
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<0.05mg / L
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Fig. 21 Hexavalent Chromium leaching result

Mercury

<0.0005mg /L

Selenium

<0.0lmg /L

Lead

<0.0lmg /L

Arsenic

<0.0lmg /L

Fluorine

<0.8mg /L

Boron

<lmg/L
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a) 7-day eco-friendly SEM b) 28-day eco-friendly SEM

Fig. 22 SEM of eco-friendly CLSM
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=

Fig. 23 Practical Application and Trials
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Eco-friendly CLSM System Boundaries Considered in this Study:

Slag collection | |Returned Concrete

| Truck washing |
I

IConcretie Slurry |

| Truck washing |

| Sedimentation pit |

! I
|Rapid Cooling | |Special Admixture |
i

I
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|
|
|
I |
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‘Drying and Grind| |Mixing and Drying‘ [Imp I | ’ Sand pumping ‘ and Production| | Maintenance and Operation| | Replacements | | |
| Air separator | I of Raw : | |
| Packging | | Sieving andlstockpiling \| Pacl;ging | |Su'pernafant tank | Materials | R e L_l
- ; I |i.energy L. nissons
GGBFS IWA Fine Aggregate| |Sludge Powder| |Supernatant Water ¥ |
|
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¥ I |
|

Transportation of
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Transportation of
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Mixing of Extracted Raw Materials
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I1I-Production of Eco- |
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- Disposal to Landfill

. Energy
| N X ] - .
Excavation Transport Eco-Friendly| | Placing of Eco-Friendly : t
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Inmput  —F———————————— .
T T T T T T T T~ ’ ------------------- O uput
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| DveemBemdny
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r ' H [ . H . ep 1. 3. | 00| jeeeeeccecccccce @ memescsscsscsssca===
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Granular Compacted Fill System Boundaries Considered in this Study:

Granular Compacted Backfill Life Cycle

~—_Energy o= Materials |
| [ Quarrying |

| Screening and Sorting

Il _| | Washing ami:l Processing |

Stockpiling and Storage
¥

Quarry Gravel

Quarrying
I

Screening and Sorting
¥

Washing and Processing

1

Stockpiling and Storage
T

Quarry Sand

I-Extraction and
Production of Raw | -
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-----------------

r=. Knergy ‘ i Emissions i~
|
L Transportation of Transportation of II-Transportation of :
Quarry Gravel Quarry Sand Materials to the Site || ||
|

.....................

| Excavation and
Cart Away

Backfilling of
Granular Materials

Compaction of Granular
Materials in layers

| I'V-Service Life

Maintenance and Operation| | Replacements | | |

....................
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Fig. 24 Utility Trench Cross Section Details: ASTM D2321-20 Standard Practice for
Underground Installation of Thermoplastic Pipe for Sewers and Other Gravity-Flow Applications
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Eco-Friendly / Pipe 0600 mm O+150 mm Conventional / Pipe 0600 mm 0+150 mm Pipe 0600} 0+150 mm

100 i {00 i AASHTO95% - _ e —
Undisturbed ! M ! Undisturbed !

soil oy soil P~ soil .

~ Excavated Trench Width ~| ~ Excavated Trench Width - ~Excavated Trench Width -
N 1.250 - - 1.250 - - 1.250+30 cm -
a) Eco-friendly CLSM b) Conventional CLSM ¢) Granular Compacted fill

_ , Fig. 25 Utility trench cross-section details
Table 11:Mixture proportions

GRANULAR COMPACTED FILL
# Minimum Trench Width: 1.2563+300 mm
# Minimum Bedding: 100 mm

Mix ID Mix proportion by weight
GGBFS IWA Fine Aggregate CSP Supernatant Water
Im? of Eco-friendly CLSM (kg/m?)

Eco-Friendly

CLSM 10 984 246 347 » Minimum Initial Backfill:150 mm
Conventional OPC Fine Aggregate Tap Water * Final Backfill: 1000 mm
CLSM (ACI) 1m? of Conventional CLSM (kg/m?) CONVENTIONAL/ECO-FRIENDLY CLSM
40 1604 347 & Minimum Trench Width: 1.250
Granular Quarry Sand Quarry Gravel A Minimum Bedding: 100 mm
Compacted Im? of Granular Compacted Backfill (kg/m?) s Minimum Initial Backfill:150 mm

Backfill 2577 95 o Final Backfill: 1000 mm
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Items Entity Origin Destination Distance (km)
Ordinary Portland
Taiheiyo Cement Fujiwara Plant Inabe City, Mie [zunokuni City, Shizuoka 284
Cement
GGBFS Nippon Steel Kimitsu Area Kimitsu City, Chiba [zunokuni City, Shizuoka 178
Fine Aggregate Ishimori Industry Co., Ltd. Nanbu Town, Yamanashi [zunokuni City, Shizuoka 73

IWA Fine Aggregate Nagaoka Ready-Mixed Concrete

CSP Nagaoka Ready-Mixed Concrete

Quarry Gravel Ishimori Industry Co., Ltd.

Quarry Sand Ishimori Industry Co., Ltd.

Landfill site Kimura Doboku Co., Ltd.

Project site Nagaoka Ready-Mixed Concrete

Izunokuni City, Shizuoka

[zunokuni City, Shizuoka

Nanbu Town, Yamanashi

Nanbu Town, Yamanashi
[zunokuni City, Shizuoka

Numazu City, Shizuoka

Izunokuni City, Shizuoka

[zunokuni City, Shizuoka

Numazu City, Shizuoka

Numazu City, Shizuoka
[zunokuni City, Shizuoka

Numazu City, Shizuoka

Recycled in situ”

Recycled in situ”

51

51
54

9.7

*Material recycled at the concrete plant is considered 0 km.
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4 p
Inventory Data and Case Studies for Environmental Performance Preparation of Inventory Data for Environmental Performance

\Evaluation of Concrete Structure Construction (Kawai et al., 2005) ) Evaluation of Concrete and Concrete Structures (Kawai et al., 2010)

W Petroleum Energy Center, Japan [PEC 2002] ¢ Emission Inventory Data for Energy Used for Operation

Light o1l , Gasoline, Coal, Oil Coke, Heavy oil (Type A and C)

[ Plastic Waste Management Institute, Japan [PWMI 2001] and Electricity

Il Federation of Electric Power Companies of Japan [FEPC 2004a]
¢ Emission Inventory Data for Transportation

[ Japan Construction Mechanization Association [JCMA 2001, 2008] Truck, Dump truck, and Agitator Truck
[ Japan Cement Association (JCA) ¢ Emission Inventory Data for Constituent Materials
OPC, Sand, Crushed Gravel, and GGBFS

I Assessment for Environmental Impact of Concrete [JSCE 2002, 2004]

¢ Emission Inventory Data for Construction

I Calculation Methodology of the Emissions of GHG [MOE 2000, 2003] Concrete mixer, Agitator truck, Tamper and Excavator

% 3EID for Japan Using Input-Output Tables (3EID) ¢ Emission Inventory Data for Demolition

Hokkaido University report [HOK 1998
. y report | ! @ Emission Inventory Data for Disposal and Recycling

I Construction Research Institute. [CRI,1998] Landfill site for wastes: Leachate-controlled type




ITeC database of construction elements

Scope and contents

The ITeC database supplies technical, environmental and economic information regarding all kind of elements
used in every situation in the construction market.

Materials Cost
Building
Tools and machinery Specifications

Civil engineering
Health and safety

elements Environmental impact

Renovation

Quality control and restoration

elements Waste generation
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G22BAHOF P A

P2255-DPIC 51,39 €/ m3

Filling and compaction of trenches with a width of more than 0.6 and up to 1.5 m, with gravels for drainage from 5 to 12 mm, in thicknesses of up to 25 em, using a vibrating fuel tamper, with compaction of 95% PM

v PRICE JUSTIFICATION

P _‘: AD150000 Specialist Laborer 2034€/h x 008h = £1.62720
B ADE-000A

P _-:-_ B0330A00 CQuarried gravel, 5to 12 mm 2445€ 1t x 17t = £€41.56500
HAT BO3J-0KSBT

P s\_ga C1313330 Backhoe loader on tires from 8to 10t €434 /h x 01389 h = £7.54783
Ha C13C-00LP
] C133A030 700 kg manual duplex fuel compactor €777 Ih x 008h = €0.62160

P b g p p
e C13A-00FR
{3;. A%BAUX00M Awxiliary labour costs €1.62720 x 0,015 = £€0.02411
Al ASRAUX001

Total Z€163€ &41.57 €M817T€ S0.02 Direct cost 51,38603€ / m3

~ ENVIRONMENTAL INFORMATION
-



ORIV 200N 0] 0. ol THE CATALONIA INSTITUTE OF CONSTRUCTION TECHNOLOGY DATABASE

F228AMO0 P 2

P2255-DPIO 42,56 € / m3

Filling and compaction of trenches with a width of more than 0.6 and up to 1.5 m, with sand, in layers of thickness of more than 25 and up to 50 cm, using a vibrating fuel tamper

~ PRICE JUSTIFICATION

P _‘: AD150000 Specialist Laborer 2034€/h x 008h = €1.62720
M ADE-000A

P _-:-_ B0310500 Quarry sand from 0 to 3.5 mm 2057T€0t x 18t = €37.02600
“sT BO3L-05NS

P _-v.\_;.j_ C1313330 Backhoe loader on tires from 8 to 10t €54347h x 006h = £3.26040
"2 C13C-00LP
e C133A030 700 kg manual duplex fuel compactor €777 h x 008h = €0.62160

P
"3 C13A-00FR
{:} A%AUX001 Auxiliary labour costs £162720 x 0,015 = £0.02441
A ATRAUX00M

Total X €163€ &37.03 +€h388€ <S0.02 Direct cost 42,55961€ / m3

~ ENVIRONMENTAL INFORMATION
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*ReCiPe 2016
¢ ReCiPe 2016 offers both midpoint and endpoint indicators.
¢ This dual-level approach allows users to choose between a detailed
analysis (midpoints) or a more simplified, overarching view of
environmental impacts (endpoints).
s It targets LCA practitioners, researchers, policymakers, industry
professionals, and consultants who need a versatile and reliable tool for
environmental impact assessment.
% The ReCiPe 2016 midpoint method, Hierarchist version, is the default
ReCiPe midpoint method.
“* Region: Global

¢ Source or author: Created by RIVM, Radboud University, Norwegian

University of Science and Technology, and PR¢ Consultants.

% Standard: ReCiPe 2016 follows Recipe 2008.

Y/ ReCiPe

S -

S

LIFE CYCLE ASSESSMENT METHODS (LCI

Ecologica)
Scarcity

o
@D

O Damage Endpoint area
Midpoint impact category pathways of piotection

| Particulate matter

Increase in ‘
I Trop. ozone formation (hum) ‘ respiratory |

lonizing radiation

‘ disease

Damage to

Stratos. ozone depletion

Increase in
various types of

human

Human toxicity (cancer)

cancer ‘ —

Human toxicity (non-cancer)

Increase in other

| diseases/causes |

Global warming

W | Increase in
Ster.use malnutrition
Freshwater ecotoxicity
- Damage to
Freshwater eutrophication freshwater
species
Trop. ozone (eco) . g . Damage to
Damage to ecosystems
Terrestrial ecotoxicity ‘ terr"e'stgr?al __y—.-w
Terrestrial acidification i species
Land usel/transformation Damage to
= | marine species
| Marine ecotoxicity J/vx e "
| Mineral resources |\> Increased | 2‘::?::0
.-7 extraction costs \
[Fossll resources I-’ ‘ | availability
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Particulate matter

emission (kg-PM/¥)

NO, emission

(kg-NO,/*)

CO, emission

(kg-CO,/*)

SO, emission

Items Unit (¥)
(kg-SO,/*)

i. Emission Inventory Data for Energy Used for Operation

Electricity kWh 0.407 0.00013 0.00016 0.00003
Light oil for truck L 2.64 0.00204 0.01977 0.00166
Light oil for equipment L 2.64 0.00204 0.03961 0.00201
Coal (imported) kg 2.36 - - -
Heavy oil (Type A) 2.77 0.013 0.00238 0.003
Heavy oil (Type C) 2.97 0.0564 - -
Petroleum coke kg 3.31 - - -
Gasoline L 2.31 0.00059 - -

ii. Emission Inventory Data for Transportation
Truck Diesel (20t) km.t 0.0714 0.0000549 0.000534 0.0000448
Dump truck Diesel (10t) km.t 0.106 0.0000836 0.000811 0.0000681
Agitator truck (0.8-0.9m?) km.t 0.378 0.000297 0.00288 0.000242
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CO, emission SO, emission NO, emission Particulate matter
Items Unit (%)
(kg-CO,/*) (kg-SO./%) (kg-NO, /%) emission (kg-PM/*)
ili. Emission Inventory Data for Constituent Materials
Ordinary Portland Cement t 766.6 0.122 1.55 0.0358
Fine aggregate 3.7 0.00860 0.00586 0.00199
Tap water 0.59 - - -
Blast furnace slag 26.5 0.00836 0.0102 0.00169
IWA fine aggregate 2.81 0.00120 0.0164 0.00119
Concrete sludge powder -208 - - -
Supernatant water 0.0576 - - -
Crushed gravel 2.9 0.00607 0.00415 0.00141
Manufactured sand 3.7 0.00860 0.00586 0.00199
iv. Emission Inventory Data for Construction

Backhoe Excavator (0.6m?) 51.7 0.0398 0.774 0.0393
Concrete mixer (1.5m?) 0.73 0.000235 0.000289 0.0000542
Agitator truck (0.8-0.9m?) 10.0 0.00769 0.0747 0.00628
Vibrating tamper 2.1 0.000000451 0.0000132 0.000000489

v. Emission Inventory Data for Disposal and Recycling

Leachate-controlled type landfill

3.3

0.00447

0.0255

0.00198
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GGBFS EMISSION INVENTORY DATA CALCULATION
CLSM per linear trench=0.75mx1.8Smx1m-(tx0.3*)m*x1 m=1.10m?*/m

GGBFS=40kg/m’=0.04t/m’ E=0>

GGBFS=0.04t/m’x1.10m*/m=0.044t/m

CO: emission (kg-CO=/m) =P=(26.5kg-CO./t)*0.044t/m= 1.166

SOx emission (kg-SOx/m) EP=(0.00836kg-SOx/t)*0.044t/m= 0.000368

NOx emission (kg-NOx/m) EP=(0.0102kg-NOx/1)*0.044t/m= 0.000449

Particulate matter emission _)
(kg-PM/m)

=(0.00169kg-PM/t)*0.044t/m= 7.44E-05
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FLOWS

L3 openlCA 2.4.1 - ecoinvent_35_lcia_method_20190514

File Database Tools Help
# 08 Q

Navigation

a9

> M Elementary flows

~ (M Trench Backfilling Comparison‘

@& Compaction of Granular Fill

% Concrete sludge powder (CSP)

# Conventioan| CLSM placing

% Conventional CLSM

% Eco-Friendly CLSM

% Eco-Friendly CLSM Placing

@ Energy, from diesel

% Filling of Granular Fill

& Fine Aggregate

& FU (1 linear meter of trench)

& GGBFS

@ IWA Fine Aggregate

# Loading of Excavated Soil (Granular)

% Loading of Excavated Soil-Conventional CLS
% Loading of Excavated Soil-Eco-Friendly CLSM
% Portland Cement

@ Quarry Gravel

% Quarry Sand

& Supernatant water

# Surplus excavated soil-Conventional CLSM
% Surplus excavated soil-Eco-Friendly CLSM
%@ Surplus excavated soil-Granular Fill

@ Tap water

@ Transportation of Conventional CLSM

% Transportation of Eco-Friendly CLSM

# Transportation of GGBFS

@ Transportation of Portland Cement

% Transportation of quarry gravel

% Transportation of auarrv sand
™ Trench Backfilling Comparison

PRODUCT
SYSTEMS

« Product systems

PROCESSES

« Processes

~ M8 Trench Backfilling Comparison
~ M Conventional CLSM

B 1-Extraction Stage
] |-Portland Cement

~ @ Trench Backfilling Comparison
~ B Conventional CLSM

@ 1-Extraction Stage
& |-Portland Cement

<

<

&) “'Sand & 1I-Sand
3l lll-Tap Water % |ll-Tap Water
v 8 2-Transportation Stage ~ M 2-Transportation Stage

] |-Transportion of Portland Cement

&) |I-Transportion of sand
~ B 3-Production Stage ~ @ 3-Production Stage

3] Conventional CLSM # Conventional CLSM
v B8 4-Installation Stage ™ 4-Installation Stage

& |l-Transportion of sand

<

&] |-Trench excavation for Conventional CLSM ) .
] ) 4 |lI-Loading of excavated soil

3] lI-Loading of excavated soil

3] lll-Transportion of excavated soil to landfill

] IV-Excavated soil disposal at landfill site

] V-Transportation of Conventional CLSM

&) VI-Conventional CLSM Placing

= VI-Conventional CLSM Placing

& |-Transportion of Portland Cement

4 |-Trench excavation for Conventional CLSM

4 |ll-Transportion of excavated soil to landfill
i |V-Excavated soil disposal at landfill site
= V-Transportation of Conventional CLSM

PROJECTS

& Projects
= Trench Backfilling Comparison
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p - . 7 - i - © @] IV-Excavated soil disposal at landfill site
( &) |-Trench excavation for Eco-Friendly CL... Gﬂ (@ &) lI-Loading of excavated Soil Eﬂ (@ &) [ll-Transportion of excavated soil to land... ﬂ
) ) . . ) ‘ & Transportation of surplus soil-E...  1.50E1 t*km
@ Oil, crude, in ground 3.51 kg # Surplus excavated soil-Eco-Friendly CLSM 278 t % Loading of Excavated Soil-Eco-Fri... 1.00E-2 h
! ! ' . . . . @ Energy, from hydro power 7.55 kWh
@ Qil, crude, in ground 0.20 kg @ Qil, crude, in ground 0.57 kg
@ Qil, crude, 42 MJ per kg 2.00 kg
@ FU (1 linear meter of trench) 1.00 m @ Qil, crude, in ground 2.00 kg
@ Surplus excavated soil-Eco-Frie... 278 t 2 FU (1 linear meter of trench) 1.00 m 2 FU (1 linear meter of trench) 1.00 m
O Carbon dioxide. fossil 1.85E1 k % Loading of Excavated Soil-Eco-Friendly... 1.00E-2 h % Transportation of surplus soil-E...  1.50E1 t*km
! ' 9 @ Carbon dioxide. fossil 106 Kk @ Carbon dioxide. fossil 334 K 2 FU (1 linear meter of trench) 1.00 m
aN; : arbon dioxide, fossi . g arbon dioxide, fossi . g
Nitrogen oxides 0.32 kg ) . . . @ Carbon dioxide, fossil 2.73E1 kg
@ Particulates, < 2.5 um 1.656-2 kg @ Nitrogen oxides 1.85E-2 kg @ Nitrogen oxides 2.53E-2 kg O Nitrogen oxides 024 kg
O Sulfur oxides 1.67E-2 kg @ Particulates, < 2.5 um 9.00E-4 kg @ Particulates, < 2.5 um 2.10E-3 kg '
. ) ) . @ Particulates, < 2.5 um 1.85E-2 kg
@ Sulfur oxides 1.00E-3 kg @ Sulfur oxides 2.60E-3 kg
- @ Sulfur oxides 4.14E-2 kg
_ J
© 51 Eco-Friendly CLSM 9|
-
@ Concrete sludge powder (CSP) 027 t @ &l V-Transportation of Eco-Friendly CLSM EW [{—) 3] VI-Eco-Friendly CLSM Placing ]
£ WA Fine Aggregate 2.00 t
& Supernatant water 0.38 m3 & Eco-Friendly CLSM 1.10 m3 & Transportation of Eco-Friendly ...  1.07E1 m3*km
[ &l ll-Concrete Sludge P... © & Transportation of GGBFS 7.87 t*km @ Qil, crude, in ground 1.360 kg @ Qil, crude, in ground 6.00E-2 kg
[ &1 11I-IWA Fine Aggregate © @ Energy, from hydro power 2.00 kWh
% FU (1 linear meter of trench 1.00 m | @ -Fri i
[ 5] IV-Supernatant Water | ( ) | Eco-Friendly CLSM Placing 040 h
& Eco-Friendly CLSM 1.10 m3 % Transportation of Eco-Friendl...  1.07E1T m3*km @ FU (1 linear meter of trench) 1.00 m
© 2] Transportion of GGBFS @ FU (1 linear meter of trench) 1.00 m @ Carbon dioxide, fossil 7.64 kg @ Carbon dioxide, fossil 4.43 kg
@ Carbon dioxide, fossil 1.62 kg @ Nitrogen oxides 5.78E-2 kg @ Nitrogen oxides 6.63E-2 kg
@ Chromium VI 7.00E-3 mg @ Particulates, < 2.5 um 4.90E-3 kg @ Particulates, < 2.5 um 3.40E-3 kg
@ Nitrogen oxides 7.00E-4 kg @ Sulfur oxides 6.00E-3 kg @ Sulfur oxides 3.50E-3 kg
@ Particulates, < 2.5 um 1.00E-4 kg b g
@ Sulfur oxides 5.00E-4 kg
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(= - I \)
p N p [@ ] |V-Excavated soil disposal at landfill site ]
: : = (9 3] IlI-Loading of excavated soil ’(ﬂ @ &l lll-Transportion of excavated soil to landfill -W
( z] |-Trench excavation for Conventional CLSM 'UW
% Transportation of surplus soil-...  1.50E1 t*km
) ) @ Surplus excavated soil-Convention... 2.78 t % Loading of Excavated Soil-Conventio... 1.00E-2 h
@ Qil, crude, in ground 3.51 kg @ Energy, from hydro power 7.55 kWh
@ Qil, crude, in ground 0.20 kg @ Qil, crude, in ground 0.57 kg )
@ Qil, crude, 42 MJ per kg 2.00 kg
N . @ Qil, crude, i d 2.00 ki
£ FU (1 linear meter of trench) 1.00 m 'l crucde, in groun 9
. ) £ FU (1 linear meter of trench) 1.00 m 2 FU (1 linear meter of trench) 1.00 m
© Surplus excavated soil-Conventional... 278 t . ) ) )
o ) % Loading of Excavated Soil-Con...  1.00E-2 h £ Transportation of surplus soil-Conv...  1.50E1 t*km i
@ Carbon dioxide, fossil 1.85E1 kg £ FU (1 linear meter of trench) 1.00 m
@ Carbon dioxide, fossil 1.06 kg @ Carbon dioxide, fossil 3.34 kg L .
@ Nitrogen oxides 0.32 kg @ Carbon dioxide, fossil 2.73E1 kg
] @ Nitrogen oxides 1.85E-2 kg @ Nitrogen oxides 2.53E-2 kg . )
@ Particulates, < 2.5 um 1.65E-2 kg @ Nitrogen oxides 0.24 kg
] @ Particulates, < 2.5 um 9.00E-4 kg @ Particulates, < 2.5 um 2.10E-3 kg .
@ Sulfur oxides 1.67E-2 kg @ Particulates, < 2.5 um 1.85E-2 kg
/ @ Sulfur oxides 1.00E-3 kg @ Sulfur oxides 2.60E-3 kg )
\ @ Sulfur oxides 4.14E-2 kg
S J
'© 8] Conventional CLSM ilﬂ
- N @5 - i i
) [@ 3] V-Transportation of Conventional CLSM ‘f:‘-] [ 81 VI-Conventional CLSM Placing ]
% Tap water 0.38 m3
@ Transportation of Portland Ce.. 1.26E1 t*km & ot fe " 107E1 m3*k
- . * Transportation of Conventi.. 1. m3*km
& Transportation of sand 1.29E2 t*km # Conventional CLSM 1.10 m3 2 oil de i q 6.00E-2 k
i . . il, crude, in groun .00E-2 kg
81 lll-Tap Water @ Energy, from hydro power 2.00 kWh 9 Oil, crude, in ground 136 kg
[ &) |-Portland Cement EH@ ] |-Transportion of Portland Cement
% Conventional CLSM 110 m3 13‘ FU (1 linear meter of trench) 1.00 m \ % Conventioan| CLSM placing 044 h
[ &) |I-Sand ]—{@ @] |I-Transportion of sand % FU (1 linear meter of trench) 100 m @ Transportation of Conventiona..  1.07E1 m3*km B Lt
’ O Carbon dioxide. fossil K @ Carbon dioxide, fossil 4.43 kg
@ Carbon dioxide, fossil 1.62 kg Carbon dioxide, fossi 1.64 kg O Ni d K
@ Chromium VI 0.13 mg @ Nitrogen oxides 5.78E-2 kg IO T e SHeels |4
O Nitrogen oxides 70064 kg O Particulates, < 2.5 um 4.90E-3 kg @ Particulates, < 2.5um 3.40E-3 kg
' O sulf ” 6.00E-3 Kk @ Sulfur oxides 3.50E-3 kg
@ Particulates, < 2.5 um 1.00E-4 kg ultur oxides LUE=S kg \ /
@ Sulfur oxides 5.00E-4 kg
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P

N
7 ) : [G} %] IV-Excavated soil disposal at landfill site ]
(@ 4] |I-Loading of excavated Soil Cﬂ (@ &) lll-Transportion of excavated soil to landfill *]
5] |-Trench excavation for Granular fill "7’1
R ) ) % Transportation of surplus soil-Gran... 2.10E1 t*km
. ‘ % Surplus excavated soil-Granular Fill ~ 3.89 t © Loading of Excavated Soil (Granular) ~ 2.00E-2 h
@ Oil, crude, in ground 491 kg @ Oil. crude. in around 038 k O Oil, crude, in ground 0.80 kg @ Energy, from hydro power 1.06E1 kWh
' 9 ' 9 f ' ' @ Qil, crude, 42 MJ per kg 2.80 kg
@ 0i i .
% FU (1 linear meter of trench) 1.00 m ) . N . Oil, crude, in ground 280 kg
8 Surpl 4 soil-Grandl 289 % FU (1 linear meter of trench) 1.00 m # FU (1 linear meter of trench) 1.00 m
% Surplus excavated soil-Granul... 89 t
P o . © Loading of Excavated Soil (Gran... 2.00E-2 h £ Transportation of surplus soil-Gra... 2.10E1 t*km N .
@ Carbon dioxide, fossil 2.59E1 kg D Carben dionide foeet 148« 0 Carbon dioxide. fossil 167 % FU (1 linear meter of trench) 1.00 m
, . arbon dioxide, fossi .
@ Nitrogen oxides 0.45 kg aron cioxice, 1o 9 J @ Carbon dioxide, fossil 3.82E1 kg
@ Nitrogen oxides 2.59E-2 kg @ Nitrogen oxides 3.54E-2 kg ) ]
@ Particulates, < 2.5 um 2.31E-2 kg ) a ) @ Nitrogen oxides 0.33 kg
9 Sulfur oxides 2 34ED K @ Particulates, < 2.5 um 1.30E-3 kg Particulates, < 2.5 um 3.00E-3 kg - 25962 kg
: J @ Sulfur oxides 1.30E-3 kg| @ Sulfur oxides 3.60E-3 kg T '
'/ \ J @ Sulfur oxides 5.79E-2 kg
. J
(@ 2] V-Filling of Granular Fill GW @ &] VI-Compaction of Granular Fill ]
@ Transportation of quarry gra... 1.48E1 t*km @ Filling of Granular Fill 0.23 h
£ Transportation of quarry sand 2.18E2 t*km @ Qil, crude, in ground 7.00E-2 kg
[ 2] |-Quarry Gravel @]—’[@ 2] |-Transportion of quarry gravel © @ Qil, crude, in ground 3.86 kg
£ Compaction of Granular Fill 0.10 h
- — _ | )
[ ] 1I-Quarry Sand O|—>|® &l |I-Transportion of quarry sand  © @ Filling of Granular Fill 0.23 h & FU (1 linear meter of tren.. 100 m
£ FU (1 linear meter of trench) 1.00 m @ Carbon dioxide, fossil 0.671 kg
@ Carbon dioxide, fossil 2.04E1 kg @ Nitrogen oxides 1.30E-6 kg
@ Nitrogen oxides 0.36 kg @ Particulates, < 2.5 um 4.87E-8 kg
@ Particulates, < 2.5 um 1.81E-2 kg @ Sulfur oxides 4.23E-5 kg
\ J
@ Sulfur oxides 1.84E-2 kg
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TOTAL COST PER UNIT OF WORK (TC)

DIRECT COST (DC) INDIRECT COST (IC)
! |

Material Labor Equipment Overhead Profit (P)
Cost (MC) | [Cost (LC)| |Cost (EC) Costs (OH)

Material, Labor and Equipment RATE ANALYSIS UNIT
Current Price Assessment | Fixing cost per unit
| List of Cost Break Down | of measurement] PRICE
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ANALYSIS SHEET FOR DIRECT & INDIRECT COSTS
Project: Trench Backfilling Materials Life Cycle Cost (LCC)
Work Item: ( 1.1) Trench excavation up to 2 m deep, in soft soil, with a backhoe loader and mechanical loading of the excavated material.
Targeted Output Quantity: 1 m? Result: 1499.16 | ¥/m?
Material Cost (1:01) Labor Cost (1:02) Equipment Cost (1:03)
Cost Labour Indexed Equipment Hour
Hourly Hourly
Type of Material Unit  Qty* Rate per Labor by Trade No. UF Output hourly Type of Equipment No. Output 1 ly
cost Renta
Unit (hr/m3)  cost** (hr/m?3) Cost
Equipment Operator 1 1 0.08 3638 291.04  Backhoe Excavator with fuel 1 0.1208 7000 845.6
Site Supervisor 1 0.5 0.08 5813 232.52
Daily Laborer 1 1 0.04 3250 130
Total (1:01) Total (1:02) 653.56 Total (1:03) 845.6
A= Materials Unit Cost 0 ¥/m3> B= Manpower Unit Cost 654 ¥/m?> C= Equipment Unit Cost 845.60 ¥/m?
Direct Cost of Work Item = A+B+C = 1499.16  ¥/m?
Overhead Cost: 0% 0.00 ¥/m?
Notes: Profit Cost: 0% 0.00 ¥/m?
UF: Utilization Factor (UF) = 1/ the # of crew or people under supervision Total : 1499.16 ¥/m?
* Inclusive of transporting, loading and unloading, handling, etc. VAT 0% 0 ¥/m?

** Inclusive of benefits, travel subsides, and cost of overtime related to targeted output. Total unit cost: 1499.16 ¥/m3
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2.0 CART AWAY

ANALYSIS SHEET FOR DIRECT & INDIRECT COSTS

Project: Trench Backfilling Materials Life Cycle Cost (LCC)
Work Item: ( 2.1) Hauling surplus excavated material 5.4 km away
Targeted Output Quantity: 1 m? Result: 5042.53 ¥/m?
Material Cost (1:01) Labor Cost (1:02) Equipment Cost (1:03)
Cost Labour Indexed Equipment
Hourly Hourly Hourly
Type of Material Unit Qty* Rate per Labor by Trade No. UF Output hourly Type of Equipment No. Output
cost Rental Cost
Unit (hr/m3)  cost** (hr/m3)
Surplus Soil Disposal m? 1 4500 4500 Equipment Operator 1 1 0.0069 3638 25.10  Backhoe Loader with fuel 1 0.0069 7000 48.3
Truck Driver 1 1 0.015 3275 49.13  Dump truck (10t) with fuel 1 0.056 7500 420
4500
Total (1:01) Total (1:02) 74.23 Total (1:03) 468.3
A= Materials Unit Cost 4500 ¥/m3 B= Manpower Unit Cost 74.23 ¥/m3> C= Equipment Unit Cost 468.3 ¥/m3
Direct Cost of Work Item = A+B+C = 5042.53 ¥/m?
Overhead Cost: 0% 0.00 ¥/m?
Notes: Profit Cost: 0% 0.00 ¥/m?
UF: Utilization Factor (UF) = 1/ the # of crew or people under supervision Total : 5042.53 ¥/m?
* Inclusive of transporting, loading and unloading, handling, etc. VAT 0% 0 ¥/m?

** Inclusive of benefits, travel subsides, and cost of overtime related to targeted output. Total unit cost: 5042.53 ¥/m3
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3.0 FILLING

ANALYSIS SHEET FOR DIRECT & INDIRECT COSTS
Project: Trench Backfilling Materials Life Cycle Cost (LCC)
Work Item: (3.1) Conventional CLSM
Targeted Output Quantity: 1 m3 Result: 15887.40 ¥/m3
Material Cost (1:01) Labor Cost (1:02) Equipment Cost (1:03)
Labour  Indexed Equipment
Cost per Hourly Hourly
Type of Material Unit  Qty* Rate Labor by Trade No. UF  Output hourly  Hourly cost Type of Equipment No. Output
Unit Rental Cost
(hr/m?)  cost** (hr/m?)
OPC Cement kg 40 19 740 Site Supervisor 1 0.5 0.0672 5813 195.3168  Concrete mixer (1.5m3) 1 0.336 4688.00  1575.17
Sand kg 1604  6.50 10426 Daily Laborer 1 1 0.025 3250 81.25 Agitator truck (0.8-0.9m?) with fuel 1 0.14 7500.00 1050
Tap Water m?* 0347 400 139 Mixer Operator 1 1 0.336 3638 1222.368
Agitator truck driver 1 1 0.14 3275 458.5
11304.80
Total (1:01) Total (1:02) 1957.43 Total (1:03) 2625.17
A= Materials Unit Cost 11304.80 ¥/m3 B= Manpower Unit Cost 1957.43 ¥/m3 C=_Equipment Unit Cost 2625.17 ¥/m3
Direct Cost of Work Item = A+B+C = 15887.40 ¥/m3
Overhead Cost: 0% 0.00 ¥/m?
Notes: Profit Cost: 0% 0.00 ¥/m3
UF: Utilization Factor (UF) = 1/ the # of crew or people under supervision Total : 15887.40 ¥/m?
* Inclusive of transporting, loading and unloading, handling, etc. VAT 0% 0 ¥/m?

** Inclusive of benefits, travel subsides, and cost of overtime related to targeted output. Total unit cost: 15887.40 ¥/m?
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3.0 FILLING
ANALYSIS SHEET FOR DIRECT & INDIRECT COSTS
Project: Trench Backfilling Materials Life Cycle Cost (LCC)
Work Item: (3.2) Eco-Friendly CLSM
Targeted Output Quantity: 1 m3 Result: 10082.60 ¥/m3
Material Cost (1:01) Labor Cost (1:02) Equipment Cost (1:03)
Labour  Indexed Equipment
Cost per Hourly Hourly
Type of Material Unit  Qty* Rate Labor by Trade No. UF  Output hourly  Hourly cost Type of Equipment No. Output
Unit Rental Cost
(hr/m®)  cost** (hr/m?)
GGBFS kg 40 15 580  Site Supervisor 1 05 0.0672 5813 195.3168 Concrete mixer (1.5m?) 1 0.336 4688.00 1575.17
IWA Fine Aggregate kg 984 4 3936  Daily Laborer 1 1 0.025 3250 81.25 Agitator truck (0.8-0.9m?) with fuel 1 0.14 7500.00 1050
Sludge Powder kg 246 4 984  Mixer Operator 1 1 0.336 3638 1222.368
Supernatant Water m?  0.347 0 0 Agitator truck driver 1 1 0.14 3275 458.5
5500
Total (1:01) Total (1:02) 1957.43 Total (1:03) 2625.17
A= Materials Unit Cost 5500 ¥/m3 B= Manpower Unit Cost 1957.43 ¥/m3 C= Equipment Unit Cost 2625.17 ¥/m?
Direct Cost of Work Item = A+B+C = 10082.60 ¥/m?
Overhead Cost: 0% 0.00 ¥/m?
Notes: Profit Cost: 0% 0.00 ¥/m?
UF: Utilization Factor (UF) = 1/ the # of crew or people under supervision Total : 10082.60 ¥/m?
*  Inclusive of transporting, loading and unloading, handling, etc. VAT 0% 0 ¥/m?

** Inclusive of benefits, travel subsides, and cost of overtime related to targeted output. Total unit cost: 10082.60 ¥/m?
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3.0 FILLING

ANALYSIS SHEET FOR DIRECT & INDIRECT COSTS

Project: Trench Backfilling Materials Life Cycle Cost (LCC)
Work Item: (3.3) Granular Compacted fill
Targeted Output Quantity: 1 m? Result: 18414.27 ¥/m?
Material Cost (1:01) Labor Cost (1:02) Equipment Cost (1:03)
Labour Indexed
Cost per Hourly Equipment Hourly Hourly
Type of Material Unit Qty* Rate Labor by Trade No. UF Output hourly Type of Equipment No.
Unit cost Output (hr/m?) Rental Cost
(hr/m?) cost™**
Quarry gravel kg 175 5.50 962.50 Site Supervisor 1 0.5 0.08 5813 232.52 Backhoe Loader with fuel 1 0.06 7000 420
Quarry sand kg 2577  6.50 16750.50 Daily Laborer 1 1 0.015 3250 48.75
5500
Total (1:01) Total (1:02) 1957.43 Total (1:03) 2625.17
A= Materials Unit Cost 17713.00 ¥/m? B= Manpower Unit Cost 281.27 ¥/m? C= Equipment Unit Cost 420 ¥/m?
Direct Cost of Work Item = A+B+C = 18414.27 ¥/m3
Overhead Cost: 0% 0.00 ¥/m?
Notes: Profit Cost: 0% 0.00 ¥/m3
UF: Utilization Factor (UF) = 1/ the # of crew or people under supervision Total : 18414.27 ¥/m?
* Inclusive of transporting, loading and unloading, handling, etc. VAT 0% 0 ¥/m?

** Inclusive of benefits, travel subsides, and cost of overtime related to targeted output. Total unit cost: 18414.27 ¥/m?
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4.0 COMPACTION

ANALYSIS SHEET FOR DIRECT & INDIRECT COSTS

Project: Trench Backfilling Materials Life Cycle Cost (LCC)
Work Item: (4.1) Granular Compacted fill
Targeted Output Quantity: 1 m? Result: 590.31 ¥/m?
Material Cost (1:01) Labor Cost (1:02) Equipment Cost (1:03)
Labour Indexed
Cost per Hourly Equipment Hourly Hourly
Type of Material Unit Qty* Rate Labor by Trade No. UF Output hourly Type of Equipment No.
Unit cost Output (hr/m?) Rental Cost
(hr/m3) cost**
Site Supervisor | 0.5 0.08 5813 232.52  Vibrating Tamper with fuel | 0.08 400 32
Daily Laborer 1 1 0.015 3250 48.75
Compactor Operator 1 1 0.08 3463 277.04
Total (1:01) 0.00 Total (1:02) 558.31 Total (1:03) 32
A= Materials Unit Cost 0.00 ¥/m? B= Manpower Unit Cost 558.31 ¥/m3 C= Equipment Unit Cost 32 ¥/m?
Direct Cost of Work Item = A+B+C = 590.31 ¥/m?
Overhead Cost: 0% 0.00 ¥/m?
Notes: Profit Cost: 0% 0.00 ¥/m?
UF: Utilization Factor (UF) = 1/ the # of crew or people under supervision Total : 590.31 ¥/m?
* Inclusive of transporting, loading and unloading, handling, etc. VAT 0% 0 ¥/m?

** Inclusive of benefits, travel subsides, and cost of overtime related to targeted output. Total unit cost: 590.31 ¥/m?




	Slide 1
	Slide 2: CONTENTS OF PRESENTATION
	Slide 3: 01  INTRODUCTION
	Slide 4: 02  MATERIALS AND TEST METHODS
	Slide 5: 03  EXPERIMENTAL PROGRAM
	Slide 6: 04  EXPERIMENTAL RESULTS AND DISCUSSION 
	Slide 7: 04  EXPERIMENTAL RESULTS AND DISCUSSION 
	Slide 8: 04 EXPERIMENTAL RESULTS AND DISCUSSION 
	Slide 9: 04  EXPERIMENTAL RESULTS AND DISCUSSION 
	Slide 10: 05  LIFE CYCLE ASSESSMENT AND LIFE CYCLE COST 
	Slide 11: 06  LCA AND LCC RESULTS AND DISCUSSION 
	Slide 12: 06  LCA AND LCC RESULTS AND DISCUSSION 
	Slide 13: 07  CONCLUSION AND RECOMMENDATIONS
	Slide 14
	Slide 15: 08  REFERENCES 
	Slide 16: A-1  APPENDIX-A
	Slide 17: A-2  APPENDIX-A
	Slide 18: B-1  APPENDIX-B
	Slide 19: B-2  APPENDIX-B
	Slide 20: C-1  APPENDIX-C
	Slide 21: D-1  APPENDIX-D
	Slide 22: D-2  APPENDIX-D
	Slide 23: D-3  APPENDIX-D
	Slide 24: D-4  APPENDIX-D
	Slide 25: D-5  APPENDIX-D
	Slide 26: D-6  APPENDIX-D
	Slide 27: D-7  APPENDIX-D
	Slide 28: D-8  APPENDIX-D
	Slide 29: D-9  APPENDIX-D
	Slide 30: D-10  APPENDIX-D
	Slide 31: D-11  APPENDIX-D
	Slide 32: D-12  APPENDIX-D
	Slide 33: E-1  APPENDIX-E
	Slide 34: E-2  APPENDIX-E 
	Slide 35: E-3  APPENDIX-E
	Slide 36: E-4  APPENDIX-E
	Slide 37: E-5  APPENDIX-E
	Slide 38: E-6  APPENDIX-E 
	Slide 39: E-7  APPENDIX-E 
	Slide 40: E-8  APPENDIX-E 
	Slide 41: E-9  APPENDIX-E 
	Slide 42: E-10  APPENDIX-E 
	Slide 43: E-11  APPENDIX-E 
	Slide 44: E-12  APPENDIX-E
	Slide 45: E-13  APPENDIX-E 
	Slide 46: E-14  APPENDIX-E 
	Slide 47: E-15  APPENDIX-E 
	Slide 48: E-16  APPENDIX-E 
	Slide 49: E-17  APPENDIX-E 
	Slide 50: E-18  APPENDIX-E
	Slide 51: E-19  APPENDIX-E
	Slide 52: E-20  APPENDIX-E
	Slide 53: E-21  APPENDIX-E
	Slide 54: E-22  APPENDIX-E
	Slide 55: E-23  APPENDIX-E
	Slide 56: E-24  APPENDIX-E
	Slide 57: E-25  APPENDIX-E

