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APPENDICES
Appendix A — Basic Characteristics data
Particle size distribution for Bottom Ash sample S1
Sieve Size Mass of Cumulative Percent Percent
(mm) Bottom ash (g) mass (g) Retained (%) Passing (%)
10 91.0 91.0 8.99 91.01
5 84.5 175.5 8.35 82.66
2.36 237.7 413.2 23.49 59.17
1.18 257.5 670.7 25.44 33.73
0.6 159.3 830.0 15.74 17.98
0.425 86.0 916.0 8.50 9.49
0.3 47.7 963.7 4.71 4.77
0.15 34.4 998.1 3.40 1.37
0.075 9.1 1007.2 0.91 0.47
Particle size distribution of sample S2
Sieve Size Mass of Cumulative mass Percent Percent
(mm) Bottom ash (g) (9) Retained(%) Passing (%)
10 14.3 14.3 1.43 98.57
5 55.1 69.4 5.51 93.06
2.36 656.5 725.9 65.69 27.37
1.18 161.6 887.5 16.17 11.20
0.6 60.6 948.1 6.06 5.13
0.425 25.8 973.9 2.58 2.55
0.3 15.6 989.5 1.56 0.99
0.15 6.8 996.3 0.68 0.31
0.075 2.4 998.7 0.24 0.07
Particle size distribution of S3
Sieve Size Mass of Cumulative Percent Percent
(mm) Bottom ash (g) mass (g) Retained (%) Passing (%)
10 21.7 21.7 2.17 97.83
5 87.7 109.4 8.77 89.06
2.36 584.0 693.4 58.41 30.65
1.18 63.9 757.3 6.39 24.26
0.6 102.4 859.7 10.24 14.02
0.425 715 931.2 7.15 6.87
0.3 43.8 975.0 4.38 2.49
0.15 16.9 991.9 1.69 0.80
0.075 6.2 998.1 0.62 0.18
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Liquid Limit by cone Penetration method for sample S3

Mass of | Mass of mc .
Sample Can No Mass of Wet soil+ | Dry soil+ % Penetration
No Can mm
Can Can
1 5A 16.82 39.62 32.23 47.96 25
2 GPI 19.27 40.95 33.87 48.49 32.5
3 500 19.46 44.66 36.24 50.18 36.5
4 B6 16.88 37.69 30.52 52.57 42

Table for Specific Gravity of types of bottom ash

Sample Name Specific Gravity
Bottom Ash Sample S1 2.19
Bottom Ash Sample S2 1.8
Bottom Ash Sample S3 191
Fly Ash Sample ( FA) 2.18
75% FA+25% BA 2.0
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Tables of Dry Density and Moisture content relations

Bottom Ash Sample S1 (Gs = 2.19)
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Dry Density and Moisture content relations BA Sample S2 (Gs = 1.8)
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Dry Density and Moisture content relations BA Sample S3 (Gs = 1.91)
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Comparison of Dry Density and optimum Moisture content

sample S2, sample S3

Bottom Ash sample S1,

Sample S2 - 100% BA
Maximum
Dry 1060] kg/m3
Density
Sample S1 - 100% BA Optimum Sample S3 - 100% BA
- Moisture 39.5]% -
Maximum content Maximum
Dry 1177] kg/m3 o 1000 Dry 1177] kg/m3
Density Gs 18 Density
Opt_imum Dry Density Optimum
Moisture 32|% m/c (kg/m3) Moisture 32|%
content % Pd = 100p/(100+w) content
Yw 1000 Yw 1000
Gs 2.19 3.0 907.8 Gs 2.19
Dry Density 4.3 904.3 Dry Densit
e _ (kgm3) 5.9 914.0 m/c ?/kg/m3) ’
Pd = 100p/(100+w) 75 926.7 % | Pd = 100p/(100+w)
1.78 1164.16 9.3 919.6
8.74 1137.62 10.5 923.7 1.8 1138.6
15.03 1126.00 12.2 944.3 8.7 1136.3
22.16 1149.18 21.1 993.3 14.4 1140.5
29.53 1170.35 26.6 1009.7 21.2 1179.7
33.08 1176.32 39.5 1061.0 28.0 1200.8
40.25 1135.41 47.0 1008.9 34.5 1163.7
48.22 1066.95 51.7 988.7 39.5 1134.8
50.91 1065.23 67.4 886.7 47.6 1075.7
Permeability Test
Rate of flow from 8 number of trial sets of constant head perimeter for Sample S3
Time to
Set No collect 1000 hy em) | o ©m) | hatem) h,-hy h,-hg h,-h; | Rate 03f Flow
ml water (cm) (cm) (cm) (m’fs)
(Sec)
1 218.0 97.8 82.3 62.5 15.5 35.3 19.8 | 4.5872E-06
2 235.0 96.1 81.6 62.8 14.5 33.3 18.8 | 4.2553E-06
3 243.0 91.5 77.5 59.0 14.0 32.5 18.5 | 4.1152E-06
4 245.0 88.6 74.7 56.3 13.9 32.3 18.4 | 4.0816E-06
5 250.5 86.8 73.2 55.1 13.6 31.7 18.1 | 3.9920E-06
6 253.0 84.8 71.3 53.4 13.5 31.4 17.9 | 3.9526E-06
7 261.0 82.3 69.2 51.7 13.1 30.6 175 | 3.8314E-06
8 269.0 79.9 67.2 50 12.7 29.9 17.2 | 3.7175E-06
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Unsoaked CBR Value for the bottom ash Sample S3

m National Building Research Organisati
California Bearing Ratio Test @ Geotechnical Engineering Division
Project: Testing of Bottom Ash for Research at University of moratuwa
Client: i i ing and Devel Centre of Sri Lanka (NERD)
Project No: 30-25662 Location -
Test Method : BS 1377 : 1990 (Part 4)
Sample No. 00165 Specimen No. -
Test on top face Unsoaked Test Condition
Test on bottom face Unsoaked Sample Type Bottam Ash
Load Vs Penetration
35
30 -
.
.
25 T
s
A * ; ®
- L]
£ o -
3 e o @ Top face
S .
15 - -
| L | -
. ‘ Bottom face
10 - -
s S
51+ g
Ll
L]
2 |
0 :
0 1 2 3 4 5 6 7
Penetration (mm)
Top face Bottom face Accepted CBR %
2.5mm 64.39 128.79
CBR % at penetraion of 129
5.0mm 92.50 126.50
DATE TESTED BY CHECKED BY CERTIFIED REMARKS
23/05/2015 TAC PA CB
:\Users\user\D _NERD _.xis]Load Vs Penetration
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Soaked CBR Value for the bottom ash Sample S3

Annexure |

Project: TESTING OF BOTTOM ASH SAMPLE
Client: NERD Center
Project No: 30-25874 Laboratory Sample No GEL/2017/00785
Test Method : BS 1377
Sample No. Sample 01 Specimen No. GEL/2017/00785
Test on top face Soaked Test Condition Soaked
Test on bottom face Soaked Sample Type Bottom Ash Bulk Sample

Load Vs Penetration

18
; 16 —— s
i o
14
b 12 i
1 z .
i X 10 T -
| '§ . & . o Top face
1 a 8 - » — °
2 o o » Bottom face
6 g a &% Y L ] L
4 4 o
A 5 L] (4 2
2 =R — L
A L]
s Y * °
0 oo
0 2 4 6 8 10 12
Penetration (mm)
Top face Bottom face Accepted CBR %
2.5mm 25.57 58.71
| CBR % at penetration of 74
5.0mm 33.75 73.75
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Appendix B — Compressibility characteristics data of bottom ash
Consolidation settlement for Bottom Ash sample S1

for loading 25kN/m?, 50kN/m?, 100kN/m? and 200kN/m?

Time | oot time 25kN/m2 50kN/m2 100kN/m2 200kN/m2
Elapsed 1 Dial Dial |Settlement| Dial |[Settlement| Dial | Settlement
(min) min Reading Settiement (mm) Reading | (mm) Reading (mm) Reading (mm)

0 0.00 12.000 0.000 11.900( 0.000 11.693( 0.000 11.430( 0.000
0.1 0.32 11.824 -0.176 11.697( -0.204 11.542( -0.151 11.418| -0.012
0.17 0.41 11.804 -0.196 11.696( -0.204 11.534( -0.159 11.412 -0.018
0.25 0.50 11.790 -0.210 11.696( -0.204 11.530( -0.163 11.406 -0.024
0.5 0.71 11.778 -0.222 11.696( -0.204 11.522( -0.171 11.398( -0.032

1 1.00 11.770 -0.230 11.695( -0.205 11.514( -0.179 11.390( -0.040

2 1.41 11.762 -0.238 11.694( -0.206 11.504( -0.189 11.382 -0.048

4 2.00 11.756 -0.244 11.694( -0.206 11.494( -0.199 11.374| -0.056

8 2.83 11.746 -0.254 11.694( -0.206 11.486( -0.207 11.368| -0.062
15 3.87 11.740 -0.260 11.694( -0.207 11.478 -0.215 11.360{ -0.070
30 5.48 11.734 -0.266 11.693( -0.207 11.470( -0.223 11.352 -0.078
60 7.75 11.726 -0.274 11.693( -0.207 11.462( -0.231 11.348| -0.082
120 10.95 11.720 -0.280 11.693( -0.207 11.454( -0.239 11.340{ -0.090
240 15.49 11.712 -0.288 11.693( -0.207 11.445( -0.248 11.334| -0.096
480 21.91 11.700 -0.300 11.693( -0.207 11.435( -0.258 11.328 -0.102
1440 37.95 11.900 -0.100 11.693( -0.208 11.430( -0.263 11.314 -0.116

Calculated value for coefficient of consolidation and volume compressibility

for sample S1

L 0 kN/m’” | 25kN/n | S0KN/m? | 100kN/m?

Current load incriment 5 5 5 5

25kN/m” | 50KN/m” | 100kN/m” | 200kN/m

At the Beginning Sample Thickness (H) mm 20.000 | 19.900 19.693 19.430
Sample settlement from each load (Ah) mm 0.300 0.208 0.263 0.116
Coefficient of Volume Compressibility (m, ) (10 mZ/kN) 6.00 2.09 1.30 0.30
Vg (min'?) 1.80 1.60 1.40 1.15
tyo (Min) 3.24 2.56 1.96 1.32
d=H/2 (mm) 10.00 9.95 9.85 9.72
Too 0.848 | 0.848 0.848 0.848
Coefficient of Consolidation ( C, ) (mm’/min) 26.17 | 32.79 41.95 60.52
Coefficient of Consolidation (C, ) (mZ/year) 13.8 17.2 22.0 31.8
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Void ratios with relevant applied pressure for sample S1

Applied Pressure Void Ratio
(o) kN/m2 e
0.86
25 0.85
50 0.83
100 0.81
200 0.79

Consolidation settlement for Bottom Ash sample S2

for time elapsed data for loading 25kN/m?, 50kN/m?, 100kN/m? and 200kN/m?.

Time Root : 25kN/m2 -50kN/m2 -100kN/m2 -ZOOkN/mZ
Elapsed | time Dial 1 oo ttement | P |settieme| PR | settleme | P Isettteme
min) | min2 Reading (mm) Rea_dlng nt (mm) Rea«_:jlng nt (mm) Reagmg nt (mm)
(mm) (min) (min) (min)
0 0.00 12.000 0.000 11.890| 0.000 11.778| 0.000 11.586| 0.000
0.1 0.32 11.921| -0.079 11.822| -0.068 11.682| -0.096 11.538| -0.048
0.17 0.41 11.919 -0.081 11.820| -0.070 11.676| -0.102 11.526| -0.060
0.25 0.50 11.918| -0.082 11.818| -0.072 11.668| -0.110 11.522| -0.064
0.5 0.71 11.916 -0.084 11.816| -0.074 11.661| -0.117 11.512| -0.074
1 1.00 11.914| -0.086 11.813| -0.077 11.656| -0.122 11.502| -0.084
2 141 11.912| -0.088 11.810| -0.080 11.648| -0.130 11.491| -0.095
4 2.00 11.910| -0.090 11.807| -0.083 11.640| -0.138 11.479| -0.107
8 2.83 11.908| -0.092 11.804| -0.086 11.634| -0.144 11.472| -0.114
15 3.87 11.906 -0.094 11.802| -0.088 11.628| -0.150 11.464| -0.122
30 5.48 11.904| -0.096 11.799( -0.091 11.622| -0.156 11.456| -0.130
60 7.75 11.902 -0.098 11.796| -0.094 11.617| -0.161 11.444) -0.142
120 10.95 11.900 -0.100 11.792| -0.098 11.610| -0.168 11.436| -0.150
240 15.49 11.898 -0.102 11.789| -0.101 11.603| -0.175 11.428| -0.158
480 21.91 11.896 -0.104 11.785| -0.105 11.595| -0.183 11.415| -0.171
1440 | 37.95 11.890| -0.110 11.778| -0.112 11.586| -0.192 11.398| -0.188
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Calculated values for coefficient of consolidation and volume

compressibility for sample S2

o 0 kN/m? | 25kN/m” | 50kN/m’® |100kN/m’

Current load incriment 5 ) 5 )

25KN/m” [ 50kN/m” | 100kN/m"” [200kN/m
At the Beginning Sample Thickness (H) mm 8.000 8.000 8.000 8.000
Sample settlement from each load (Ah) mm 0.110 0.112 0.192 0.188
Coefficient of Volume Compressibility (m, ) (10 m*kN) | 2.20 1.13 0.97 0.48
Vg (min*?) 2.50 2.40 2.30 2.20
too  (min) 6.25 5.76 5.29 4.84
d=H/2 (mm) 10.00 9.95 9.89 9.79
Too 0.848 0.848 0.848 0.848
Coefficient of Consolidation (C, ) (mm’/min) 13.57 14.56 15.68 16.80
Coefficient of Consolidation (C, ) (mP/year) 7.1 7.7 8.2 8.8

Void ratios with relevant applied pressure

for sample S2

Applied Pressure Void Ratio
KN/m2 e
0.696
25 0.687
50 0.678
100 0.661
200 0.645

Calculated value for coefficient of consolidation and volume compressibility for higher

load case for sample S2

2 7 2 Vi
Current load incriment OKN/m ) 250kN/m2 500kN/m 1000kN/m2
250kN/m” | 500kN/m” | 1000KN/m | 2000kN/m
At the Beginning Sample Thickness (H) mm 20.00 19.732 19.502 19.170
Sample settlement from each load (Ah) mm 0.268 0.230 0.332 0.480
Coefficient of VVolume Compressibility (m, ) (10° m’/kN) | 5.4 23 17 13
Vigg (min'?) 1.40 1.30 1.20 1.00
tog (min) 1.96 1.69 1.44 1.00
d=H/2 (mm) 10.00 9.87 9.75 9.59
Too 0.848 0.848 0.848 0.848
Coefficient of Consolidation (C, ) (mmé/min) 43.27 48.84 55.99 77.91
Coefficient of Consolidation (C, ) (mzlyear) 22.7 25.7 29.4 40.9
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Consolidation settlement for Bottom Ash sample S2 for Higher loads

for loading, Unloading and Reloading and relevant void ratios for the applied pressure.

.50 88/'9 079'8T 1ZA%Y 07907 00002 0’0y
685°0 7969 ¥81'81 8TT°0 ¥8L°0T 00007 00¢
6650 080°L ¢06'8T ¢IT0 ¢06'0T 0005 00T Bupeojay
809°0 ¢6L'L v10'6T 9520 Y10'TT 0052 0'S
0€9°0 8L 0,¢°6T 0€.°0 0LC'TT 0007 0¢
0€9'0 8L 0L2'6T ¢55°0- 0LC'TT 000T 0¢C
€850 9689 8T/.°8T 8¢0°0- 8T.°0T 00007 00¢ Buipeojun
1850 8989 069'8T 0TET 06907 00002 0’0y
1850 8989 069'8T 0870 069°0T 0'000¢ 00y
2290 8VE'L 0.T'6T C€E0 0LT'TT 0°000T 002
059'0 089'L 20567 0€2'0 C0S'TT 0009 00T Buipeo]
699°0 0T6'L CEL'6T 89¢2°0 CELTT 005¢ 0'S
2690 8.1'8 000'0C 0000 000CT 00
SH/(SH-TH)=3 | WWy/(SH-TH) SPIOA | ww / TH d|duies Buipeal Buipeay QW/NY o] uiened
oney pio, 0 By usjaANb: 10S JO SSBUXI abines [erg ur abure abneo [aiq feur Buipeo
ey PIoA 40 YDIay JusBAIND3 J10s J Iy L O eigul 4o O [elq [eud Snssalg pajddy IpeoT]
vIT0-_[OT90T | 8TT0- [v8L 0T ZIT0-_ [206°0T 9620-_[¥10TT 2550 0271 | 8200 [8T20T | 080~ [069°0T | zee0- [0TTT 0£20-_[c0STT 8920~ [e6LTT S6'LE orve
vLT0-[0190T | 8TT0- |v8L0T TIT0- {20601 9520-_[y10'TT 7850 25Tt | 8200 [8TzOT | 08v0- [069°0T | €2€0- |6LTTI vez0- |80STT v920- |98/ TT 1672 08y
2910~ |z290T | 9TT0- |98L0T 0TT0-__ [106°0T G20~ |9T0TT 2650 0S52TT | 8200 [8140T | 9/v0- [v69'0T | 9T€0- [98TTT 0220~ [e1sTT 2920~ [8ELTT 67'ST orZ
09T°0- |r290T | ¥IT0- [88L0T 8010~ [906°0T G20~ [9T0TT 2850 0SzTT | 8200 [8T20T | 0zy0- [0020T | ZI€0- [06TTT 91z0- [915TT 0920~ |ov2TT 60T et
9ST'0- [829°0T ¥1T°0- [88L°0T 80T°0- 906'0T ¥5¢0- |9T0°TT 050 8vC 1T 8200 |[8TL0T 097°0- |0TZ°0T 90€'0- [96T'TT 2120~ |02STT 8520~ CvLTT SL'L 09
2ST0- [2€9°0T ZIT0- |062°0T 90T°0- 806°'0T ¢SC0-  [8TOTT 9250 wan 8200 [8TL'0T 2G7°0- [8TL°0T 862°0- [V0Z'TT 8020~ [VeSTT ¥5¢0- 9vL'TT 8v'S 0€
0ST'0- [vE9°0T ZIT°0- |06°0T 90T°0- 806°0T 0520~ |020°TT 250 v Tl 9200 [9TL°0T Zyy'0- |82L°0T 262°0- |0TCTT 020~ [82S°TT 252°0- 8. TT /8¢ ST
8¥T'0- [9€9°0T 0TT'0- [26L°0T 90T°0- 806°0T 05¢'0- |020'TT 0250 8ECTT 9200 [9TL°0T VEV'0- [9EL°0T 982°0- [9TZ'TT 0020~ [2ESTT 0520~ 0SL'TT €8T 8
v1°0- |0¥9°0T 0TT'0- [262°0T ¥0T°0- 0T6°0T 0G¢'0-  |020°TT 9150 L 9200 [9TL°0T ey'0- |97L°0T ¢820- |0eZTT V61°0-  [8ESTT e 0- VSL'TT 00T 14
0vT'0- [v¥9°0T 90T'0- [96L°0T 20T°0- 216°0T 87¢'0- |¢20'TT 2150 062 TT 9200 [9TL°0T 9Ty'0- [VSL'0T V.20~ [822'TT 06T0- [2VS'TT 0v¢0- 09L'TT wT 14
8ET'0- [979°0T 90T°0- [96L°0T 20T°0- 216'0T 9ve0-  |F20'TT 8050 92C'TT 9200 [9TL°0T 907°0-  [V9L°0T 8920- |VETTT 810~ [8VS'TT 9€C0- V9L TT 00T T
9ET'0- [8¥9'0T ¥0T°0- [86L0T 20T°0-  [2T6°0T 92’0~ [20'TT 050 4441 9200 [9TL'0T 20v'0- [89L°0T 092°0- [2vC'TT 08T°0-  [2SS'TT 0820~ [0L2TT 1.0 S0
VET'0- |059°0T ¥0T'0- [86L°0T 00T°0- ¥16°0T 0€¢0- |0W0'TT 2050 022'TT 9200 [9TL°0T 96€°0- |VLL°0T 25C0- |0SZTT 9.T0-  [9SS'TT 9220~ VLLTT 050 ST0
CET'0- [2S9°0T ¥0T°0- [86L0T 00T°0-  [vT60T 06T°0-  [080°'TT 0050 8TC'TT 9200 [9TL°0T 98€°0-_ [¥8L0T 2vg0- 092 TT CLT'0- [09S°TT 200~ [8LLTT 0 LT0
82T°0- [959'0T ¢0T°0- (008°0T 00T°0- 716°0T 0ST0- |02T'TT 260 0TC'TT 9200 [9TL°0T 08€°0- |06L°0T V€C'0- [89C'TT ¢ST0-  [08S'TT 0220~ 08L'TT €0 10
0000 |#8L°0T 0000 [206°0T 0000 yT0'TT 0000 |0/2TT 0000 8TL°0T 0000 [069°0T 0000 [0LT'TT 0000 |C0S'TT 0000 CcELTT 0000 000°CT 000 0
(uw) (uw) (zw/ndosz|  (ww) (uw) (unw) (uw) (unw) (uw) (Zw/NM0ST
(ww)y Bupeay (wu) Bupeay (ww) () J0y) (ww) Bupeay (ww) Juswamas Buipeay () Buipeay () Buipeay () Buipeay () Bupeay J10J) (W) () (un)
wawamas | bupeay feiq Bupeay [e1q uw
2] Ela wawsmes | feid Fe1a Fe1a [&le] [Ele] el awemas ! pasdeg
awn 00y
CW/NX0002 CW/NM000T CW/UX 005 CW/NX 052 CW/NX 00T - 000T CW/NX 000T-0002 CW/NX0002 CW/NM000T CW/uX 005 CW/NX 052 awlL
Bupeoay Bupeojun Buipeo]

88



Possible use of bottom ash in
embankment Construction

Appendices

Calculated value for void ratios for sample S3-1

Consolidation settlement for Bottom Ash sample S3-1 for loading, Unloading and

for the applied pressure.

ratios

Reloading and the table of relevant voi
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Possible use of bottom ash in
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Appendices

Consolidation settlement for Bottom Ash sample S3-2for loading, Unloading and

Reloading and the table of relevant void ratios for the applied pressure.
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Consolidation settlement for Bottom Ash sample S3-3 for loading, Unloading and

Reloading and the table of relevant void ratios for the applied pressure.
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Calculated value for coefficient of consolidation and volume compressibility for load
cases for sample S3-1

Current load incriment OKN/m’ 2 12.5kN/n212 25kN/mz 50|<N/m22 100kN/m§ 100kN/mz
12.5kN/m’” | 25kN/m? | S0kN/m’ | 100kN/m? | 200kN/m” | 400kN/m
At the Beginning Sample Thickness  (H) mm 20.00 19.970 | 19.928 | 19.858 | 19.746 | 19.572
Sample settlement from each load (Ah) mm 0.030 0.042 0.070 0.112 0.174 0.226
Coefficient of Volume Compressibility( m, )(10'5m2/kN) 12.0 8.5 7.0 5.6 4.4 2.9
Vi (min*?) 2.80 2.20 2.00 1.80 1.50 1.10
too (min) 7.84 4.84 4.00 3.24 2.25 1.21
d=H/2 (mm) 10.00 9,99 9.96 9.93 9.87 9.79
Too 0.848 0.848 0.848 0.848 0.848 0.848
Coefficient of Consolidation (C, ) (mm’/min) 10.82 17.47 21.05 25.80 36.74 67.12
Coefficient of Consolidation ( C, ) (mzlyear) 5.7 9.2 11.1 13.6 19.3 35.3

Calculated values for coefficient of consolidation and volume compressibility for load

case for sample S3-2

o OkN/m2 | 12.5kN/m? | 25kN/m? | 50kN/m’® | 100kN/m? | 100kN/m?
Current load incriment
12.5kN/m2| 25KkN/m? | 50kN/m? | 100kN/m’ | 200kN/m? | 400kN/m’
At the Beginning Sample Thickness (H) mm 20.00 19.990 19.972 19.938 19.877 19.772
Sample settlement from each load (Ah) mm 0.010 0.018 0.034 0.061 0.105 0.159
Coefficient of Volume Compressibility( m, (10 m?/kN) 4.0 3.6 3.4 3.1 2.6 2.0
Vigg (mint?) 3.20 2.50 2.00 1.50 1.20 0.90
too (min) 10.24 6.25 4.00 2.25 1.44 0.81
d=H2 (mm) 10.00 10.00 9.99 9.97 9.94 9.89
Too 0.848 0.848 0.848 0.848 0.848 0.848
Coefficient of Consolidation (C, ) (mm?/min) 8.28 13.55 21.14 37.46 58.17 102.32
Coefficient of Consolidation (C, ) (m’/year) 4.4 7.1 11.1 19.7 30.6 53.8

Calculated value for coefficient of consolidation and volume compressibility for load
case for sample S3-3

. OKN/m® | 12.5kN/m? | 25kN/m’® | 50kN/m® | L0OKN/m? | 100kN/m’
Current load incriment ) 5 ) ) ) )
12.5kN/m” [ 25kN/m 50kN/m” | 100kN/m" | 200kN/m" | 400kN/m
At the Beginning Sample Thickness  (H) mm 20.00 19.975 19.943 19.888 19.798 19.654
Sample settlement from each load (Ah) mm 0.025 0.032 0.055 0.090 0.144 0.197
Coefficient of Volume Compressibility( m, )(10 > m?/kN) 10.0 6.4 55 45 3.6 2.5
Vigy (min'?) 2.80 2.30 1.90 1.40 110 0.90
ty (min) 7.84 5.29 3.61 1.96 121 0.81
d=H/2 (mm) 10.00 9.99 9.97 9.94 9.90 9.83
Too 0.848 0.848 0.848 0.848 0.848 0.848
Coefficient of Consolidation (C, ) (mm’/min) 10.82 15.99 23.36 42.78 68.67 101.10
Coefficient of Consolidation (C, ) (mZ/year) 5.7 8.4 12.3 225 36.1 53.1
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Appendix C - Shear strength parameters of the Bottom Ash

Tabulation of direct shear test data for the bottom ash sample S2

Normal load 50 kN/m?

Shear | Proving Ring |Vertical Gauge| Vertical Dis. |Change in Void| Void ratio | Shear force | Shear Displac. | Shear Area Shear stress
Disp. Div| reading reading (mm) AH ratio Ae e=eg-Ae (ka) (mm) (mm2) (kN/m2)
0 0.0 0.0 0.0000 0.0000 0.6981 0 0.00 3600 0.00
10 1.0 0.0 0.0000 0.0000 0.6981 0.174 0.10 3594 047
20 6.0 1.0 0.0254 0.0014 0.6968 1.044 0.20 3588 2.85
30 12.0 1.0 0.0254 0.0014 0.6968 2.088 0.30 3582 5.72
40 15.0 2.0 0.0508 0.0027 0.6954 2.610 0.40 3576 7.16
50 16.0 2.0 0.0508 0.0027 0.6954 2.784 0.50 3570 7.65
75 22.0 4.0 0.1016 0.0054 0.6927 3.828 0.75 3555 10.56
100 26.0 5.0 0.1270 0.0068 0.6913 4.524 1.00 3540 12.54
125 27.0 6.0 0.1524 0.0082 0.6900 4.698 1.25 3525 13.07
150 32.0 8.0 0.2032 0.0109 0.6872 5.568 150 3510 15.56
175 38.0 9.0 0.2286 0.0122 0.6859 6.612 175 3495 18.56
200 43.0 11.0 0.2794 0.0149 0.6832 7.482 2.00 3480 21.09
225 46.0 12.0 0.3048 0.0163 0.6818 8.004 2.25 3465 22.66
250 52.0 12.0 0.3048 0.0163 0.6818 9.048 2.50 3450 25.73
275 55.0 12.0 0.3048 0.0163 0.6818 9.570 2.75 3435 27.33
300 60.0 12.0 0.3048 0.0163 0.6818 10.440 3.00 3420 29.95
325 61.0 12.0 0.3048 0.0163 0.6818 10.614 3.25 3405 30.58
350 62.0 12.0 0.3048 0.0163 0.6818 10.788 3.50 3390 31.22
375 64.0 12.5 0.3175 0.0170 0.6811 11.136 3.75 3375 32.37
400 64.5 12.5 0.3175 0.0170 0.6811 11.223 4.00 3360 32.77
425 65.0 12.5 0.3175 0.0170 0.6811 11.310 4.25 3345 33.17
450 66.0 13.0 0.3302 0.0177 0.6805 11.484 4.50 3330 33.83
475 67.0 13.0 0.3302 0.0177 0.6805 11.658 4.75 3315 34.50
500 68.0 13.0 0.3302 0.0177 0.6805 11.832 5.00 3300 35.17
550 68.0 13.0 0.3302 0.0177 0.6805 11.832 5.50 3270 35.50
600 68.0 13.0 0.3302 0.0177 0.6805 11.832 6.00 3240 35.82
625 68.0 13.0 0.3302 0.0177 0.6805 11.832 6.25 3225 35.99
675 68.0 13.0 0.3302 0.0177 0.6805 11.832 6.75 3195 36.33
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Normal load 100 KN/m?

Shear | Proving Ring |Vertical Gauge| Vertical Dis. [Change in Void| Void ratio | Shear force | Shear Displac. | Shear Area | Shear stress
Disp. Div| reading reading (mm) AH ratio Ae e=eg-Ae (ka) (mm) (mm2) (kN/m2)
0 0 0 0 0.00000 0.6981 0 0.0000 3600 0.00
10 11 1 0.0254 0.00136 0.6968 1.91400 0.1000 3594 5.22
20 25 2 0.0508 0.00272 0.6954 4.35000 0.2000 3588 11.89
30 34 3 0.0762 0.00408 0.6940 5.91600 0.3000 3582 16.20
40 41 3 0.0762 0.00408 0.6940 7.13400 0.4000 3576 19.57
50 47 4 0.1016 0.00543 0.6927 8.17800 0.5000 3570 22.47
75 64 5 0.127 0.00679 0.6913 11.13600 0.7500 3555 30.73
100 76 6 0.1524 0.00815 0.6900 13.22400 1.0000 3540 36.65
125 87 8 0.2032 0.01087 0.6872 15.13800 1.2500 3525 42.13
150 97 9 0.2286 0.01223 0.6859 16.87800 1.5000 3510 47.17
175 109 11 0.2794 0.01494 0.6832 18.96600 1.7500 3495 53.24
200 118 12 0.3048 0.01630 0.6818 20.53200 2.0000 3480 57.88
225 122 13 0.3302 0.01766 0.6805 21.22800 2.2500 3465 60.10
250 129 14 0.3556 0.01902 0.6791 22.44600 2.5000 3450 63.82
275 135 15 0.381 0.02038 0.6777 23.49000 2.7500 3435 67.08
300 140 16 0.4064 0.02174 0.6764 24.36000 3.0000 3420 69.87
325 140 16 0.4064 0.02174 0.6764 24.36000 3.2500 3405 70.18
350 141 16 0.4064 0.02174 0.6764 24.53400 3.5000 3390 71.00
375 141 17 0.4318 0.02309 0.6750 24.53400 3.7500 3375 71.31
400 142 18 0.4572 0.02445 0.6737 24.70800 4.0000 3360 72.14
425 144 18 0.4572 0.02445 0.6737 25.05600 4.2500 3345 73.48
450 144 18 0.4572 0.02445 0.6737 25.05600 4.5000 3330 73.81
475 144 18 0.4572 0.02445 0.6737 25.05600 4.7500 3315 74.15
500 144 19 0.4826 0.02581 0.6723 25.05600 5.0000 3300 74.48
550 141 20 0.508 0.02717 0.6709 24.53400 5.5000 3270 73.60
600 140 20 0.508 0.02717 0.6709 24.36000 6.0000 3240 73.76
625 143 19 0.4826 0.02581 0.6723 24.88200 6.2500 3225 75.69
675 141 20 0.508 0.02717 0.6709 24.53400 6.7500 3195 75.33

Normal load 300kN/m?

Shear | Proving Ring |Vertical Gauge| Vertical Dis. |Change in Void| Void ratio Shear force | Shear Displac. | Shear Area Shear stress
Disp. Div| reading reading (mm) AH ratio Ae e=eg-Ae (ka) (mm) (mm2) (kN/m2)
0 0 0 0 0.00000 0.6981 0.00 0.000 3600 0.00
10 30 0 0 0.00000 0.6981 5.22 0.100 3594 14.25
20 51 1 0.0254 0.00136 0.6968 8.87 0.200 3588 24.26
30 63 2 0.0508 0.00272 0.6954 10.96 0.300 3582 30.02
40 80 3 0.0762 0.00408 0.6940 13.92 0.400 3576 38.19
50 90 4 0.1016 0.00543 0.6927 15.66 0.500 3570 43.03
75 115 6 0.1524 0.00815 0.6900 20.01 0.750 3555 55.22
100 150 7 0.1778 0.00951 0.6886 26.10 1.000 3540 72.33
125 170 9 0.2286 0.01223 0.6859 29.58 1.250 3525 82.32
150 185 10 0.254 0.01358 0.6845 32.19 1.500 3510 89.97
175 202 12 0.3048 0.01630 0.6818 35.15 1.750 3495 98.66
200 212 13 0.3302 0.01766 0.6805 36.89 2.000 3480 103.99
225 235 14 0.3556 0.01902 0.6791 40.89 2.250 3465 115.77
250 249 15 0.381 0.02038 0.6777 43.33 2.500 3450 123.20
275 262 16 0.4064 0.02174 0.6764 45.59 2.750 3435 130.19
300 273 16 0.4064 0.02174 0.6764 47.50 3.000 3420 136.26
325 285 17 0.4318 0.02309 0.6750 49.59 3.250 3405 142.87
350 297 18 0.4572 0.02445 0.6737 51.68 3.500 3390 149.55
375 293 19 0.4826 0.02581 0.6723 50.98 3.750 3375 148.19
400 293 19 0.4826 0.02581 0.6723 50.98 4.000 3360 148.85
425 293 19 0.4826 0.02581 0.6723 50.98 4.250 3345 149.52
450 294 19 0.4826 0.02581 0.6723 51.16 4.500 3330 150.70
475 294 19 0.4826 0.02581 0.6723 51.16 4.750 3315 151.38
500 294 20 0.5080 0.02717 0.6709 51.16 5.000 3300 152.07
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Tabulation of direct shear test data for the bottom ash sample S3

Normal load 50kN/m?

Shear | Proving Ring |Vertical Gauge| Vertical Dis. |Change inVoid| Void ratio | Shear force | Shear Displac. | Shear Area Shear stress
Disp. Div| reading reading (mm) AH ratio Ae e=gp-Ae (kg) (mm) (mm2) (kN/m2)

0 0 0.0 0.0000 0.00000 0.5903 0 0.0 3600 0.0
10 11 0.0 0.0000 0.00000 0.5903 1.914 0.1 3594 5.2
20 17 0.0 0.0000 0.00000 0.5903 2.958 0.2 3588 8.1
30 20 1.0 0.0254 0.00141 0.5889 3.480 0.3 3582 9.5
40 23 1.0 0.0254 0.00141 0.5889 4.002 0.4 3576 11.0
50 27 1.0 0.0254 0.00141 0.5889 4.698 0.5 3570 12.9
75 35 2.0 0.0508 0.00282 0.5875 6.090 0.8 3555 16.8
100 46 3.0 0.0762 0.00424 0.5861 8.004 1.0 3540 222
125 56 4.0 0.1016 0.00565 0.5847 9.744 13 3525 271
150 65 5.0 0.1270 0.00706 0.5833 11.310 15 3510 31.6
175 73 6.0 0.1524 0.00847 0.5819 12.702 1.8 3495 357
200 79 6.0 0.1524 0.00847 0.5819 13.746 2.0 3480 38.7
225 86 7.0 0.1778 0.00988 0.5805 14.964 2.3 3465 42.4
250 90 8.0 0.2032 0.01130 0.5790 15.660 25 3450 44.5
275 95 8.0 0.2032 0.01130 0.5790 16.530 2.8 3435 47.2
300 98 9.0 0.2286 0.01271 0.5776 17.052 3.0 3420 48.9
325 99 9.0 0.2286 0.01271 0.5776 17.226 3.3 3405 49.6
350 100 10.0 0.2540 0.01412 0.5762 17.400 35 3390 504
375 100 10.0 0.2540 0.01412 0.5762 17.400 3.8 3375 50.6
400 100 10.0 0.2540 0.01412 0.5762 17.400 4.0 3360 50.8
425 100 10.0 0.2540 0.01412 0.5762 17.400 4.3 3345 51.0

Normal load 100kN/m?

Shear | Proving Ring |Vertical Gauge| Vertical Dis. |Change inVoid| Void ratio | Shear force | Shear Displac. | Shear Area Shear stress
Disp. Div| reading reading (mm) AH ratio Ae e=eg-Ae (kg) (mm) (mm2) (kN/m2)
0 0 0.0 0.0000 0.00000 0.5903 0 0.0 3600 0.0
10 21 0.0 0.0000 0.00000 0.5903 3.65400 0.1 3594 10.0
20 30 0.0 0.0000 0.00000 0.5903 5.22000 0.2 3588 14.3
30 40 1.0 0.0254 0.00141 0.5889 6.96000 0.3 3582 19.1
40 46 1.0 0.0254 0.00141 0.5889 8.00400 0.4 3576 22.0
50 51 2.0 0.0508 0.00282 0.5875 8.87400 0.5 3570 24.4
75 61 4.0 0.1016 0.00565 0.5847 10.61400 0.8 3555 29.3
100 69 5.0 0.1270 0.00706 0.5833 12.00600 1.0 3540 333
125 78 7.0 0.1778 0.00988 0.5805 13.57200 1.3 3525 37.8
150 82 8.0 0.2032 0.01130 0.5790 14.26800 15 3510 39.9
175 90 9.0 0.2286 0.01271 0.5776 15.66000 1.8 3495 44.0
200 92 10.0 0.2540 0.01412 0.5762 16.00800 2.0 3480 45.1
225 98 11.0 0.2794 0.01553 0.5748 17.05200 2.3 3465 48.3
250 101 12.0 0.3048 0.01694 0.5734 17.57400 2.5 3450 50.0
275 102 12.0 0.3048 0.01694 0.5734 17.74800 2.8 3435 50.7
300 104 13.0 0.3302 0.01835 0.5720 18.09600 3.0 3420 51.9
325 105 13.0 0.3302 0.01835 0.5720 18.27000 3.3 3405 52.6
350 106 13.0 0.3302 0.01835 0.5720 18.44400 35 3390 53.4
375 106 14.0 0.3556 0.01977 0.5706 18.44400 3.8 3375 53.6
400 106 14.0 0.3556 0.01977 0.5706 18.44400 4.0 3360 53.8
425 106 14.0 0.3556 0.01977 0.5706 18.44400 4.3 3345 54.1
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Normal load 150kN/m?

Shear | Proving Ring |Vertical Gauge| Vertical Dis. |Change inVoid| Void ratio | Shear force | Shear Displac. | Shear Area Shear stress
Disp. Div| reading reading (mm) AH ratio Ae e=ep-Ae (kg) (mm) (mm2) (kN/m2)
0 0 0.0 0.0000 0.00000 0.5903 0.00000 0.0 3600 0.0
10 25 0.0 0.0000 0.00000 0.5903 4.35000 0.1 3594 11.9
20 39 0.0 0.0000 0.00000 0.5903 6.78600 0.2 3588 18.6
30 49 0.0 0.0000 0.00000 0.5903 8.52600 0.3 3582 234
40 60 2.0 0.0508 0.00282 0.5875 10.44000 04 3576 28.6
50 69 3.0 0.0762 0.00424 0.5861 12.00600 0.5 3570 33.0
75 89 5.0 0.1270 0.00706 0.5833 15.48600 0.8 3555 427
100 107 7.0 0.1778 0.00988 0.5805 18.61800 1.0 3540 51.6
125 122 9.0 0.2286 0.01271 0.5776 21.22800 1.3 3525 59.1
150 132 10.0 0.2540 0.01412 0.5762 22.96800 15 3510 64.2
175 144 12.0 0.3048 0.01694 0.5734 25.05600 1.8 3495 70.3
200 154 13.0 0.3302 0.01835 0.5720 26.79600 2.0 3480 75.5
225 163 14.0 0.3556 0.01977 0.5706 28.36200 2.3 3465 80.3
250 168 15.0 0.3810 0.02118 0.5692 29.23200 25 3450 83.1
275 176 16.0 0.4064 0.02259 0.5678 30.62400 2.8 3435 875
300 182 16.0 0.4064 0.02259 0.5678 31.66800 3.0 3420 90.8
325 189 17.0 0.4318 0.02400 0.5663 32.88600 3.3 3405 94.7
350 195 17.0 0.4318 0.02400 0.5663 33.93000 35 3390 98.2
375 200 17.0 0.4318 0.02400 0.5663 34.80000 3.8 3375 101.2
400 204 17.0 0.4318 0.02400 0.5663 35.49600 4.0 3360 103.6
425 206 17.0 0.4318 0.02400 0.5663 35.84400 4.3 3345 105.1
450 207 16.0 0.4064 0.02259 0.5678 36.01800 4.5 3330 106.1
475 207 16.0 0.4064 0.02259 0.5678 36.01800 4.8 3315 106.6
500 208 15.0 0.3810 0.02118 0.5692 36.19200 5.0 3300 107.6
550 206 14.0 0.3556 0.01977 0.5706 35.84400 5.5 3270 107.5
600 206 14.0 0.3556 0.01977 0.5706 35.84400 6.0 3240 108.5
525 206 14.0 0.3556 0.01977 0.57057 35.84400 5.3 3285 107.0
575 206 14.0 0.3556 0.01977 0.57057 35.84400 5.8 3255 108.0

Normal load 200kN/m?

Shear | Proving Ring |Vertical Gauge| Vertical Dis. |Change in Void| Void ratio | Shear force | Shear Displac. | Shear Area Shear stress
Disp. Div| reading reading (mm) AH ratio Ae e=eg-Ae (kg) (mm) (mm2) (kN/m2)
0 0 0.0 0.00 0.00000 0.5903 0.0000 0.0 3600 0.0
10 26 1.0 0.03 0.00141 0.5889 4.5240 0.1 3594 12.3
20 43 2.0 0.05 0.00282 0.5875 7.4820 0.2 3588 20.5
30 57 3.0 0.08 0.00424 0.5861 9.9180 0.3 3582 27.2
40 69 4.0 0.10 0.00565 0.5847 12.0060 0.4 3576 329
50 80 5.0 0.13 0.00706 0.5833 13.9200 0.5 3570 38.3
75 103 6.0 0.15 0.00847 0.5819 17.9220 0.8 3555 49.5
100 130 8.0 0.20 0.01130 0.5790 22.6200 1.0 3540 62.7
125 150 10.0 0.25 0.01412 0.5762 26.1000 13 3525 72.6
150 171 11.0 0.28 0.01553 0.5748 29.7540 15 3510 83.2
175 185 13.0 0.33 0.01835 0.5720 32.1900 1.8 3495 904
200 201 15.0 0.38 0.02118 0.5692 34.9740 2.0 3480 98.6
225 216 16.0 041 0.02259 0.5678 37.5840 2.3 3465 106.4
250 229 17.0 0.43 0.02400 0.5663 39.8460 2.5 3450 113.3
275 245 18.0 0.46 0.02541 0.5649 42.6300 2.8 3435 121.7
300 259 19.0 0.48 0.02683 0.5635 45.0660 3.0 3420 129.3
325 269 20.0 0.51 0.02824 0.5621 46.8060 33 3405 134.9
350 269 20.0 0.51 0.02824 0.5621 46.8060 35 3390 135.4
375 266 20.0 0.51 0.02824 0.5621 46.2840 3.8 3375 134.5
400 266 20.0 0.51 0.02824 0.5621 46.2840 4.0 3360 135.1
425 266 20.0 0.51 0.02824 0.5621 46.2840 4.3 3345 135.7
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Normal load 300kN/m?

Shear | Proving Ring |Vertical Gauge| Vertical Dis. |Change inVoid| Void ratio | Shear force | Shear Displac. | Shear Area Shear stress
Disp. Div| reading reading (mm) AH ratio Ae e=gep-Ae (kg) (mm) (mm2) (kN/m2)
0 0 0.0 0.0000 0.00000 0.5903 0.00000 0.0 3600 0.0
10 29 0.0 0.0000 0.00000 0.5903 5.04600 0.1 3594 13.8
20 46 0.0 0.0000 0.00000 0.5903 8.00400 0.2 3588 219
30 64 1.0 0.0254 0.00141 0.5889 11.13600 0.3 3582 305
40 81 3.0 0.0762 0.00424 0.5861 14.09400 0.4 3576 38.7
50 96 4.0 0.1016 0.00565 0.5847 16.70400 0.5 3570 45.9
75 129 7.0 0.1778 0.00988 0.5805 22.44600 0.8 3555 61.9
100 151 10.0 0.2540 0.01412 0.5762 26.27400 1.0 3540 72.8
125 174 11.0 0.2794 0.01553 0.5748 30.27600 13 3525 84.3
150 191 13.0 0.3302 0.01835 0.5720 33.23400 15 3510 92.9
175 202 15.0 0.3810 0.02118 0.5692 35.14800 1.8 3495 98.7
200 222 16.0 0.4064 0.02259 0.5678 38.62800 2.0 3480 108.9
225 240 18.0 0.4572 0.02541 0.5649 41.76000 2.3 3465 118.2
250 250 19.0 0.4826 0.02683 0.5635 43.50000 25 3450 123.7
275 266 20.0 0.5080 0.02824 0.5621 46.28400 2.8 3435 132.2
300 282 23.0 0.5842 0.03247 0.5579 49.06800 3.0 3420 140.7
325 296 23.0 0.5842 0.03247 0.5579 51.50400 33 3405 148.4
350 307 24.0 0.6096 0.03389 0.5565 53.41800 35 3390 154.6
375 320 25.0 0.6350 0.03530 0.5550 55.68000 3.8 3375 161.8
400 330 26.0 0.6604 0.03671 0.5536 57.42000 4.0 3360 167.6
425 340 27.0 0.6858 0.03812 0.5522 59.16000 4.3 3345 1735
450 350 27.0 0.6858 0.03812 0.5522 60.90000 4.5 3330 179.4
475 351 27.0 0.6858 0.03812 0.5522 61.07400 4.8 3315 180.7
500 358 28.0 0.7112 0.03953 0.5508 62.29200 5.0 3300 185.2
550 362 28.0 0.7112 0.03953 0.5508 62.98800 5.5 3270 189.0
600 365 28.0 0.7112 0.03953 0.5508 63.51000 6.0 3240 192.3
650 365 28.0 0.7112 0.03953 0.5508 63.51000 6.5 3210 194.1
700 158 26.0 0.6604 0.03671 0.5536 27.49200 7.0 3180 84.8
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Appendix D - Toxicity Characteristics leaching Procedure (TCLP) for Bottom Ash

Sample S3

TEST REPORT

ND - Not Detected

mg/L — milligrams per Litter

TCLP-Toxicity Characteristics Leaching Procedure
ICP-MS - Inductively Coupled Plasma - Mass Spectrometry
USEPA- United States Environmental Protection Agency

LOQ- Limit of Quantification

Remark:

(7417)202-0317(R)(SL) Sep 06, 2017
Report No:
Page2 of 4
TEST RESULTS

Parameters “Tes' LOQ Requirement Unit Method
TCLP Heavy metal
Analysis
Arsenic (As) ND 0.04 5
Chromium (Cr) 0.08 - 5
Cadmium (Cd) ND 0.04 1
Copper (Cu) ND 0.06 Not Given
Lead (Pb) 0.04 - 5
Manganese (Mn) 1.01 - Not Given
Zinc (Zn) 0.04 : Not Given U??ff‘ Lo
Thallium (T1) ND 0.04 Not Given with I;:P-MS
Selenium (Se) ND 0.04 1 mg/L
Nickel (Ni) ND 0.04 Not Given
Mercury (Hg) ND 0.007 0.2
Barium(Ba) 3.26 - 100
Iron(Fe) 0.04 - Not Given
Silver(Ag) ND 0.04 5
Sulphur ND 0.01 Not Given
Sulfite (S0™3) ND 1.0 Not Given | mg/kg
Sulfate (0% | ND 10| NotGiven [mgkg | ~OAC98002
Note:

Test report (7417)202-0317(SL) has been replaced with (7417)202-0317(R)(SL) to add test as per the

vendors request.

‘The content of this PDF file Is in accordance with the orlginal issued reports for reference only.
This Test Report cannot be reproduced, except in full, without prior written permission of the company.
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