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Supplementary

Table S1. Details on an example of the particle size fractions modeled for crushing process.

Crushing Crushed fragment

Sieve Initial PSF Rated Point Total Modeled Ob;;rl:ed Diffx
Size Q% Rate® Point Crushing Particle Size Diameter/Sieve Size (mm) Changes PSF (U-I-HY)
19.0 12.7 4.76 19.0 12.7 4.76 Total

(mm) (%) (%l%) (%) (%o/%)  (%/%)  (%/%) (%) () () (%) (%) (%) (%) (%?)
38.1 0 0 0 0 0
19.0 10.89 -0.80 -8.71¢ -8.71 2.18 2.80 0.39
12.7 11.58 -040 -4.63 0.14¢ 1.21f 1.21 -3.42 8.16 8.36 0.04
476 40.86 -0.20 -8.17 0.31 0.33 273 153 4.26 -3.91 36.94 39.08 4.57
2.38 11.24 0.18 0.20 0.24 157 094 193 445 4.45 15.69 14.93 0.58
0.595 10.20 0.23 0.28 0.40 204 131 324 6.60 6.60 16.80 14.44 5.55
0.074 6.01 0.12 0.16 0.30 1.02 073 242 417 4.17 10.17 8.40 3.13

<0.074 9.23 0.02 0.03 0.07 014 012 058 0.83 0.83 10.07 11.99 3.68
Sum 100.00 -21.51 1.00 1.00 1.00 871 463 817 2151 0 100.00 100.00 17.95

2 The PSFs from the quarry were used for the model. ® Rock strength increases with decreasing particle size [28-30,34]. Therefore, we assumed that large-size
particles were more likely crushed and small-size particles (<2.38 mm) were not. We used arbitrary crushing rates, -0.80, —0.40, and -0.20, for the large-size particles,
19.0, 12.7, and 4.76 mm diameters, for the model, resulting in a total of -21.51 percentage points change. ¢ Initial PSF for 19.0 mm (10.89%) x crushing rate for 19.0
mm (-0.80) = crushing point for 19.0 mm (-8.71%). ¢ Crushed fragment size distribution could be described using a truncated logarithmic normal distribution by
mass [33]. For the crushed fragment size distribution, we used a half-logarithmic normal distribution with a mean of the crushed particle diameter (sieve size) and
a standard deviation of 10.0 mm. ¢ The rate of the crushed fragments in mass, of which particle size was between 19.0 and 12.7 mm, from crushing 19.0 mm particles

(Ref(19.0, 10.0, 19.0, 19.0, 12.7)) = the probability between 19.0 and 12.7 mm in the logarithmic normal distribution with a mean of 19.0 mm and a standard deviation

log19.0 1 _@-logio.0? . ) ) )
0g12.7 Var 2z dx/0.5.f Crushing point for 19.0 mm (8.71%) x crushed fragment rate

for 12.7 mm from crushing 19.0 mm particles (0.14) = crushed fragment point for 12.7 mm from crushing 19.0 mm particles (1.21%). & Total change = crushing point

of 10.0 mm divided by 0.5 (probability of a half normal distribution) = fl

+ total point from crushed fragment. » The observed PSF was based on the PSFs at U-I-H [11], where the crushing process occurred. i Difference? = (Observed PSF
— Modeled PSF)2.
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Table S2. Details on an example of the particle size fractions modeled for subgrade mixing process.

Sieve Size  Initial PSF (Q®) Change®  Modeled PSF Ob(;e";’eﬁj)’ SE pitpee
(mm) (%) (%) (%) (%) (%) (%?)
38.1 0 0 0 0 0
19.0 10.89 1089 838 3.26 26.13
127 11.58 1158 890 6.38 6.36
476 40.86 4086 3143 34.05 6.89
238 11.24 11.24 865 14.57 35.11
0.595 10.20 1000 2020 1554 15.37 0.03
0.074 6.01 1000 1601 1231 9.85 6.08
<0.074 9.23 1000 1923 1480 16.51 293
Sum 100.00 3000 130.00 100.00 100.00 83.52

2 The PSFs from the quarry were used for the model. » We assumed that the subgrade mixing process
added 10 percentage points to each of 0.595, 0.074, and less than 0.074 mm sieve sizes, resulting in a
total of 30 percentage points change. <10.89/130.00 = 8.38%. 9 The observed PSF was based on the PSFs
at B-S-H [11], where the subgrade mixing process occurred. ¢ Difference? = (Observed PSF - Modeled

PSF)2.

Table S3. Details on an example of the particle size fractions modeled for sweeping process.

Sweeping-Out

Sweeping-In

Sieve Initial

Size  PSF(Q" Change® Modeled PSF  Change! Modeled PSF Ob(séivse_ifl)’SF Diffz
(mm) (%) (%) (%) (%) (%) (%) (%) (%) (%)
38.1 0 0 0 0 0 0 0
19.0 10.89 -1000 089  127¢ 2000 3089 19.31 10.20 82.97
12.7 11.58 -1000 158 225 2000 3158 1973 15.76 15.82
476 40.86 ~10.00  30.86 44.08 2000  60.86 38.04 47.09 81.98
2.38 11.24 1124  16.06 1124 7.03 10.30 10.70
0.595 10.20 1020 1457 1020 637 6.70 0.11
0.074 6.01 601 858 601 375 410 0.12
<0.074 9.23 923 1319 923 577 5.87 0.01
Sum 100.00 70.00 100.00 0 160.00 10000 100.00 191.70

2 The PSFs from the quarry were used for the model. ® We assumed that the sweeping-out process
subtracted 10 percentage points to each of 19.0, 12.7, and 4.76 mm sieve sizes, resulting in a total of
-30 percentage points change. < 0.89/70.00 = 1.27%. ¢ We assumed that the sweeping-in process added
20 percentage points to each of 19.0, 12.7, and 4.76 mm sieve sizes, resulting in a total of 60 percentage
points change. ¢ 30.89/160.00 = 19.31%. f The observed PSF was based on the PSFs at U-S-L (Rhee et
al., in review), where the sweeping-in process occurred. 8 Difference? = (Observed PSF — Modeled

PSF)2.
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Table S4. Details on the particle-size fractions that are fitted to the particle size distribution result for crushing process.
Crushing Crushed fragment
Rated Point Observed PSF
Si Si Initial PSF (Q? Total ch 8  Modeled PSF Diff2
tevesize  fmHa @) Rate® Point Crushing Particle Size Diameter/Sieve Size (mm) ol change odele (U-I-HY) !
19.0 12.7 4.76 19.0 12.7 4.76 Total
(mm) (%) (%/%) (%) (%/%)  (%l%)  (9/%) (%) (%) (W) (%) (%) (%) (%) (%)
38.1 0 0 0 0 0
19.0 10.89 -0.73 =7.97¢ -7.97 291 2.80 0.01
12.7 11.58 -0.33 -3.88 0.10e 0.79¢ 0.79 -3.09 8.49 8.36 0.02
4.76 40.86 -0.11 -4.40 0.23 0.24 1.85 0.92 2.77 -1.63 39.23 39.08 0.02
2.38 11.24 0.15 0.16 0.17 1.18 0.61 0.74 2.53 2.53 13.77 14.93 1.33
0.595 10.20 0.24 0.26 0.31 1.88 1.01 1.36 4.26 4.26 14.45 14.44 <0.01
0.074 6.01 0.20 0.23 0.32 158 090 142 3.90 3.90 9.91 8.40 2.27
<0.074 9.23 0.09 0.11 0.20 0.69 044 0.88 2.01 2.01 11.24 11.99 0.56
Sum 100.00 -16.25 1.00 1.00 1.00 797 3.88 440 16.25 0 100.00 100.00 4.20

2 The PSFs from the quarry were used for the model. » Rock strength increases with decreasing particle size [28-30,34]. Therefore, we assumed that large-size particles
were more likely crushed and small-size particles (< 2.38 mm) were not. We found that the crushing rates, -0.73, -0.33, and —0.11, for the large-size particles, 19.0,
12.7, and 4.76 mm diameters, resulted in a total of —16.25 percentage points and a close match to the PSFs at U-I-H, where the crushing process occurred [11]. ¢
Initial PSF for 19.0 mm (10.89%) x crushing rate for 19.0 mm (-0.73) = crushing point for 19.0 mm (-7.97%). ¢ Crushed fragment size distribution could be described
using a truncated logarithmic normal distribution by mass [33]. For the crushed fragment size distribution, we found that a half-logarithmic normal distribution
with a mean of the crushed particle diameter (sieve size) and a standard deviation of 25.6 mm resulted in a close match to the PSFs at U-I-H, where the crushing
process occurred [11]. ¢ The rate of the crushed fragments in mass, of which particle size is between 19.0 and 12.7 mm, from crushing 19.0 mm particles (Ret(19.0,
25.6, 19.0, 19.0, 12.7)) = the probability between 19.0 and 12.7 mm in the logarithmic normal distribution with a mean of 19.0 mm and a standard deviation of 25.6

_(xflagl'a.o)z

log 19.0 ! e 2(og25? dx /0.5. f Crushing point for 19.0 mm (7.97%) x crushed fragment rate

0g12.7 m
for 12.7 mm from crushing 19.0 mm particles (0.10) = crushed fragment point for 12.7 mm from crushing 19.0 mm particles (0.79%). & Total change = crushing point

mm divided by 0.5 (probability of a half normal distribution) = fl

+ total point from crushed fragment. » The observed PSF was based on the PSFs at U-I-H [11], where the crushing process occurred. ! Difference? = (Observed PSF
—Modeled PSF)
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Table S5. Details on the particle-size fractions that are fitted to the particle size distribution results for subgrade mixing process.

. . 8 Using PSD from the Quarry Using PSD After Crushing
Sieve Size Observed PSF (B-S-H") — 1 50r (@) Change:  Modeled PSE Diff  Initial PSF (U_I-H) Changes Modeled PSF _ Diff’
(mm) (%) (%) (%) (%) (%) (%) (%) (%) (%) (%) (%)
38.1 0 0 0 0 0 0 0 0 0
19.0 3.26 10.89 1089  816¢  24.01 2.80 280 243 0.69
12.7 6.38 11.58 1158 868 527 8.36 836 726 078
476 34.05 40.86 4086 3063 1170 39.08 3908 3394 001
2.38 14,57 11.24 694 1818 1363  0.89 14.93 187 1680 1459 <0.01
0.595 1537 10.20 905 1924 1443  0.89 14.44 328 1772 1539 <001
0.074 9.85 6.01 587 1187 890  0.89 8.40 295 1135 986 <001
<0.074 16.51 9.23 1152 2075 1556  0.89 11.99 704 1902 1652 <001
Sum 100.00 100.00 3337 13337 10000 4455 100.00 1513 11513 10000 148

4 of 5

2 The observed PSF was based on the PSFs at B-5-H [11], where the subgrade mixing process occurred. ® The PSFs from the quarry were used for the model. < We
found that adding 6.94, 9.05, 5.87, and 11.52 percentage points (a total of 33.37 percentage points) to 2.38, 0.595, 0.074, and less than 0.074 mm sieve sizes resulted in
the PSFs that minimize the differences from the PSFs at B-S-H. 4 10.89/133.37 = 8.16%. © Difference? = (Observed PSF — Modeled PSF)2 f The PSFs at U-I-H, where

the crushing process occurred [11] were used for the model. The PSFs for 2.38 and 0.595 mm were linearly interpolated using the PSFs at U-I-H for 3.36, 2.00, 1.00,
and 0.420 mm. & We found that adding 1.87, 3.28, 2.95, and 7.04 percentage points (a total of 15.13 percentage points) to 2.38, 0.595, 0.074, and less than 0.074 mm

sieve sizes resulted in a close match to the PSFs at B-S-H.
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Table Sé6. Details on the particle size fractions that are fitted to the particle size distribution results for

sweeping-in process.

Observed PSF

Sieve Size Initial PSF (Q?) Change® Modeled PSF (U-S—L4) Diffze
(mm) (%) (%) (%) (%) (%) (%?)
38.1 0 0 0 0 0

19.0 10.89 4.72 15.61 10.21¢ 10.20 <0.01
12.7 11.58 12.54 2412 15.77 15.76 <0.01
4.76 40.86 31.20 72.06  47.10 47.09 <0.01
2.38 11.24 4.53 15.77  10.31 10.30 <0.01
0.595 10.20 10.20 6.67 6.70 <0.01
0.074 6.01 6.01 3.93 4.10 0.03
<0.074 9.23 9.23 6.04 5.87 0.03
Sum 100.00 53.00 153.00  100.00 100.00 0.06

2 The PSFs from the quarry were used for the model. ® We found that adding 4.72, 12.54, 31.20, and 4.53
percentage points (a total of 53.00 percentage points) to 19.0, 12.7, 4.76, and 2.38 mm sieve sizes resulted in
a close match to the PSFs at U-S-L, where the sweeping-in process occurred [11]. < 15.61/153.00 = 10.21%. ¢
The observed PSF was based on the PSFs at U-S-L [11], where the sweeping-in process occurred. ©
Difference? = (Observed PSF — Modeled PSF)>2.

Table S7. Comparison of the modified model parameter values and the logarithmic normal

distribution for sweeping-in process.

Sieve Size Change * F()-F(k) < Diff
(mm) (%) (%) (%) (%2)
38.1 0.58 0.33
19.0 472  891° 10.70 3.18
12.7 1254  23.67 21.31 5.57
4.76 31.20 58.87 59.36 0.24
2.38 4.53 8.54 7.71 0.68
0.595 0.34 0.11
0.074 <0.01 <0.01
<0.074 <0.01 <0.01
Sum 53.00 100.00 100.00 10.11

2 We found that adding 4.72, 12.54, 31.20, and 4.53 percentage points (a total of 53.00 percentage
points) to 19.0, 12.7, 4.76, and 2.38 mm sieve sizes resulted in a close match to the PSFs at U-S-L,
where the sweeping-in process occurred [11]. ® 4.72/53.00 = 8.91%. < F is the cumulative distribution
function of the logarithmic normal distribution with a mean of 10.0 mm and a standard deviation of

1.70 mm. F(j)-F(k) is the probability between the sieve sizes of j and k mm in the logarithmic normal
distribution. 4 Difference? = (Observed PSF — Modeled PSF)2.



