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Mg (psi) = 2,555 x (CBR)%¢4
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Design Equation

APSI
logio75—135

1094
0.40 + W

10g10 W18 = ZR X SO + 9.36 X loglo(SN + 1) —0.20+

where,

W g = predicted number of 18-kip equivalent single axle load application
Zg = standard normal deviate

So = combined standard error of the traffic prediction and performance prediction

APSI = difference between the initial design serviceability index, p,, and
the design terminal serviceability index, p;

Mg  =resilient modulus (psi)

SN is equal to the structural number indicative of the total pavement thickness required:

SN=a1 D1+a2 DZ m,tas D3 mj

where,
a; =i" layer coefficient
D; =" layer thickness (inches),and
m; =" layer drainage coefficient

Analysis of 18-kips Equivalent Single Axle Load Application (ESAL)

B Terminal Serviceability Index (Py)

3.0 12 Major Highway

2.5 55 Highway
Highway

20 8 with less traffic volume

B Equivalent Axle Load Factors (Pt 2.0)

EALF ‘ 0.0002 0.004 ‘ ‘ 2.359 ‘ 2.695
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B Equation for 18-kips Equivalent Single Axle Load (was)

where,

Wig= Dpx D x W'ig

Dp : adirection distribution factor (0.5)

D, : alane distribution factor ( One lane: 1.0, Two lanes : 0.9, Three lanes : 0.7)

w'yg : the accumulated two directional 18-kip ESALSs until during the analysis period

B Equation for 18-kips Equivalent Single Axle Load

Year Do DL W'1g ESAL (w1s)
2019 0.5 1.0 15,596.89 1,798.4
2029 0.5 1.0 106,613.36 53,306.7
2034 0.5 1.0 165,590.43 82,795.2
2037 0.5 1.0 204,622.43 102,311.2
B Annual Average Daily Traffic and Cumulated Two Directional 18-kips
Bus Truck
Year Car AADT Remark
Mini-bus Bus Truck Super Heavy

2017 277 5 0 5 0 287

2018 298 5 0 0 308

2019 431 7 0 8 0 446

2020 463 8 0 8 0 479

2021 498 8 0 9 0 515

2022 532 9 0 9 0 550

2023 568 10 0 10 0 588

2024 604 10 0 10 0 624

2025 640 11 0 11 0 662

2026 678 11 0 11 0 700

2027 713 12 0 12 0 737

2028 747 13 0 12 0 772

2029 783 13 0 13 0 809

2030 819 14 0 13 0 846

2031 849 14 0 13 0 876

2032 874 15 0 14 0 903

2033 899 15 0 14 0 928

2034 924 16 0 14 0 954

2035 950 16 0 15 0 981

2036 976 16 0 15 0 1,007

2037 1,004 17 0 15 0 1,036
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B Calculation of Cumulated Two Directional 18-kip

Bus
vear cer Mini-bus Bus | Truck | Super Heavy Total ple?-\ll((ier;r Acc1u8r11li1i|§1ted Remark
EALF 0.0002 0.004 0.4 2.359 2.695
2017 0.055 0.020 0.000 | 11.795 0.000 11.870 4,332.70 4,332.70
2018 0.060 0.020 0.000 | 11.795 0.000 11.875 4,334.23 8,666.93
2019 0.086 0.028 0.000 | 18.872 0.000 18.986 6,929.96 15,596.89
2020 0.093 0.032 0.000 | 18.872 0.000 18.997 6,933.76 22,530.65
2021 0.100 0.032 0.000 | 21.231 0.000 21.363 7,797.35 30,328.00
2022 0.106 0.036 0.000 | 21.231 0.000 21.373 7,801.29 38,129.29
2023 0.114 0.040 0.000 | 23.590 0.000 23.744 8,666.41 46,795.70
2024 0.121 0.040 0.000 | 23.590 0.000 23.751 8,669.04 55,464.74
2025 0.128 0.044 0.000 | 25.949 0.000 26.121 9,534.17 64,998.91
2026 0.136 0.044 0.000 | 25.949 0.000 26.129 9,536.94 74,535.85
2027 0.143 0.048 0.000 | 28.308 0.000 28.499 10,401.99 84,937.84
2028 0.149 0.052 0.000 | 28.308 0.000 28.509 10,405.93 95,343.77
2029 0.157 0.052 0.000 | 30.667 0.000 30.876 11,269.59 106,613.36
2030 0.164 0.056 0.000 | 30.667 0.000 30.887 11,273.68 117,887.04
2031 0.170 0.056 0.000 | 30.667 0.000 30.893 11,275.87 129,162.92
2032 0.175 0.060 0.000 | 33.026 0.000 33.261 12,140.19 141,303.11
2033 0.180 0.060 0.000 | 33.026 0.000 33.266 12,142.02 153,445.12
2034 0.185 0.064 0.000 | 33.026 0.000 33.275 12,145.30 165,590.43
2035 0.190 0.064 0.000 | 35.385 0.000 35.639 13,008.24 178,598.66
2036 0.195 0.064 0.000 | 35.385 0.000 35.644 13,010.13 191,608.79
2037 0.201 0.068 0.000 | 35.385 0.000 35.654 13,013.64 204,622.43
Analysis of Resilient Modulus (Mg)
B Elastic Modulus € of Existing Ground
Result of Ground Investigations: 44.1 MPa
B Analysis of California Bearing Ratio (CBR)
— Co-relationship between Elastic Modulus (E) and California Bearing Ratio (CBR)
E (MPa) CBR
100 35.0
50 17.0
33 10.0
24 6.0
20 4.0
13 2.0
* Reference: Industrial Traffic Guidance Document (Ministry of Transport of Russian Federation State Service of Road Facilities)
AsmabreiemfCalbifammiaRaatiamtRatiat e Rm
Anarysts-of-CattrorntaBearingRatto{CBR)
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44.1 ‘ 14.6

B Analysis of California Bearing Ratio (CBR)
- Co-relationship between California Bearing Ratio (CBR) and Resilient Modulus (Mg)

Mg = 2,555 X CBR®* psi

*Reference: Transport and Road Research Laboratory

- Analysis of Resilient Modulus (MRg)

146 | 14.200.4
Analysis of Pavement Thickness
APSI
logozz 15
logio Wig = Zg X Sp +9.36 X log;o(SN +1) —0.20 + 554
0.40 + o 3519

B Design Factors
— Standard Normal Deviate (Zr)

Standard Normal Deviate (Z7) ‘ -0.674 ‘ 0.841 ‘ -1.037 ‘ 1282 ‘ -1.645 ‘ 2327

— Combined Standard Error of the Traffic Prediction and Performance Prediction (So)

Flexible Pavement 0.40t0 0.50 0.45
Rigid Pavement 0.30t0 0.40 0.35

- APSI (Difference between P; and Py)
: Present Serviceability Index (PSI) ranges from 0 (impossible road) to 5 (perfect road)

1) Initial Serviceability (P;)

D | 42 | 45

2) Terminal Serviceability (Py)

D ‘ 3.0 ] 25 ‘ 20

- Results of Resilient Modulus (Mg)
Mg = 14,209
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W Selection of Layer Thickness

— Selection of Appropriate Structural Number (SN)

1) Strength of Ground Foundation

Classification Sub-Base Course Roadbed Remark
CBR 200 14.6
Strength (Mr) 75,867 14,209 2,555 X CBR*® psi
2) Required Structural Number (SN")

Year Logio (Wis) SN'1 SN*2
2019 3.892 0.372 1.080
2029 4727 0.681 1.551
2034 4918 0.762 1.677
2037 5.010 0.803 1.740

= Minimum Layer Thickness and Layer Coefficient

(Unit: inch)
Design Thickness
Classification Layer Coefficients
TYPE 1
Wearing Course: Fine Grained Asphalt 1.6 0.420
Bituminous Binder Course 24 0.388
Crushed Stone Base Course 0.260
Stabilized with Cement & Bitumen '
Crushed Stone Base Course 3.9 0.140
Sub-base Course 0.110
— Layered Design Analysis
SN';
D, =
\ ! a;
A A A i ! (SN; = a;D; = SN';)
SN, % Surface Course % D
| I |
! T :
! SN', — SN,
SN’ Base Course | D, D, >——
2l ! am,
| ' % (SN;+SN, =SN';)
SN's ? Subbase Course )/( Ds
f ! ,
Roadbed | SN'3 — (SN +5N;)
D; >
asms
TYPE 1
4.0 cm Wearing Course: Fine Grained Asphalt
6.0 cm Bituminous Binder Course
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10.0 cm

Crushed Stone Base Course

Road Bed

Existing Ground

1) Year of 2028 (10 years from the Operation)

TYPE 1
Classification
SN SN’ SN > SN'
Wearing Course: Fine Grained Asphalt 0.672
Bituminous Binder Course 0.931
Crushed Stone Base Course
Stabilized with Cement & Bitumen
Crushed Stone Base Course 0.546
Sub-total 2.149 0.681 0.K
Sub-base Course
Total 2.149 1.551 0.K
85. Logbsm Lsdmbol 36mgd@ol 3sbbsbpgms
bodm@mmp,  gmblygm@eb@dds  osaobs  Logomols  30mgddo, Gmam®E  dmEgdgemos
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30b6L g @ob@ds, sds@gool Labom, [o®dmawyobs AASHTO domgdyemo Logs®ol sbognobols

d9093900.

slgom@ol Logsdols bgws ¢gbs

sbgoem@ols 3bgaro bodggo

1
5 slgom@ol Logsmol Jggos 939bs 6 19 sbgoem@ols 3bgaro bodggo
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Lod®m ® SN (2.149) > dmmbmagbogno SN (1.551),
2) 992930 AASHTO-0l dobgogom Qéaodaiiij(?’)‘ao@{]%{]@()) grom ( )

bdmenmem
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92 48+95 39 4.1
93 49+24 45 4.0
94 49+37 49 4.0
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96 50+02 2.6 45
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98 50+38 4.1 4.1
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100 50+70 32 4.0
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102 51+08 2.8 4.0
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104 51+88 55 4.0
105 52+57 52 34
106 53+10 29 4.0
107 53+64 36 42
108 53+90 30 4.0
109 54+30 30 4.0
110 55+66 45 4.0
111 57+87 54 4.0
112 58+12 50 4.0
113 59+41 34 4.0
114 59+44 30 4.0
115 59+76 31 4.0
116 59+84 29 4.0
117 61+97 7.6 4.0
118 62+12 38 4.0
119 62+85 4.1 4.0
120 62+96 43 4.0
121 63+03 32 4.0
122 63+32 2.7 4.0
123 63+43 35 4.0
124 64+15 34 4.0
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134 67+11 34 4.0
135 67+35 29 2.8
136 67+53 43 40
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139 68+38 37 40
140 68+77 31 4.0
141 69+02 25 40
142 69+41 2.6 40
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1 2+00 10.0

2 3+76 10.0 54
3 4+79 10.0 54
4 5+87 10.0 54
5 6+71 10.0 44
6 9+75 10.0 54
7 13+27 10.0 7.1
8 14+4 10.0 72
9 14+91 10.0 54
10 20+91 10.0 6.0
11 25+85 100 6.6
12 32+37 100 44
13 40+36 100 54
14 45+33 100 53
15 46+25 100 7.0
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22 64+48 10.0 54
23 66+58 10.0 54
24 69+48 10.0 72
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