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3. Chi-square tests
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1. Second Order Reliability Method
2. Monte Carlo simulation
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Asphalt Base
Route route length (km) number of points testing intervals (m) thickness thickness
(cm) (cm)
Qom-Salafchegan 35.8 200 25 29

Table 1. Characteristics of route

Vi paze 5l Sl 0 gyl 03031 s ¥ J g

P.r Ob.abﬂ.lty Normal Lognormal  Gumbel Logistic Weibull Gama
distribution
Anderson Darling 0.66 2.79 7.24 0.29 125 1.79
test Statistics
p-value 0.08 <0.005 <0.005 0.51 <0.01 <0.005

Table 2. Anderson-Darling test result for the vs variable
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Type of Standard ~ Anderson-Darling
Parameter distribution Mean value deviation test Statistic p-value
Average Daily Traffic (ADT)
Passenger car and Gumbel 14248 4537 0.64 0.07
Pickup (v))
Minibus and Mini Gumbel 1649 569 0.6 0.1
truck (v2)
Truck (v3) Gamma 500 137 0.31 0.47
Bus (v4) Logistic 1619 271.1 0.29 0.51
Trailer truck (vs) Logistic 950 243.7 0.466 0.206
Annual Growth Rate (1)
Passenger car and -
Pickup (v1) Logistic 0.3 0.325 0.66 0.05
Minibus and Mini Gumbel -0.3552 0323 0.38 0.32
truck (v2)
Truck (v3) Gumbel 0.05278 0.3693 0.3 0.5
Bus (va4) Gumbel -0.3887 0.192 0.56 0.14
Trailer truck (vs) Gumbel 0.6578 0.7536 0.144 0.96

Table 3. Characteristics of ADT and r variables
5 K30l 0031 s Glime Sl (Sl u3lie s FWD Glatlesl 5l eas (gslaar slaosls & ax 5 L

axkd & SNefr s MR (gl e (gl clis Jloz| &5 ELMOD Il s Gb ol aY s ez Jsae GPR
it w55 o il (F) st s Gillas ool szl oo s S Rohde iy, SaS 4 SNefr [lis i arsloes
Jexie (8l 035 Jle SN ilalad slad ;s MR uize (6l 5 s CDAY gy by 40 .0 annlous A o3l o U3

1. Cumulative Difference Approach
V40
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Type of Standard Anderson-
Parameter _ypeo Mean value naar Darling test p-value
distribution deviation 2
Statistic
Effective roadbed soil resilient modulus (M;)
section 1 Lognormal 2307 1360 0.6 0.11
section 2 Lognormal 1240.7 463.3 0.58 0.12
section 3 Lognormal 1765 698.28 0.44 0.257
section 4 Lognormal 1652 1001 0.415 0.29
Effective structural number (SNegr)
section 1 Gumbel 6.169 1.103 0.21 0.75
section 2 Gumbel 3.797 0.894 0.5 0.18
section 3 Lognormal 4.303 0.816 0.3 0.53
section 4 Gumbel 3.165 0.6194 0.42 0.28
Table 4. Characteristics of M; and SN variables
RGN L PV IR I PRES
Parameter value Description
year 10 -
Directional distribution factor (D) 1 Each direction was designed
separately
Lane Distribution Factor (L) 0.9 Two lanes in each direction
Layer coefficients of overlay 0.44 -
Standard Normal deviation (Z;) -0.841 Freeways
Standard deviation (S,) 0.35 -
Initial serviceability index (PSI;) 4.2 Flexible pavements
Terminal serviceability index 3 Freeways

(PSL)

Table 5. Deterministic variables

Va5
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section Mg (kg/cm?) SNesr D (cm)
0.6.2 2307 6.169 0
6.4 19.8 7/1240 3.797 13.08
20 23.8 1765 4.3 6.28
24-35.8 1652 3.165 13.6

Table 6. AASHTO Design Procedure results in Qom-Salafchegan route
ST olgty s Olabl mlaw aylis .V g

section D (cm) AASTHO method FORM Sampling
Rix R
0.6.2 0 80% 59.10% 56% 55%
6.4 19.8 13.08 80% 62.40% 60% 58.40%
20 23.8 6.28 80% 63.10% 60% 58.50%
24-35.8 13.6 80% 60.50% 57.10%  55.80%

Table 7. Comparing reliability level AASTHO design Procedure with the proposed method
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section Arﬁ(iggio FORM Sumpling Unit
Rtx R

062 0 3.5 3.5 3.9 cm

6.4 19.8 13.08 22.4 22.1 22.7 cm

20 23.8 6.28 15 15 15.7 cm

24-35.8 13.6 23.7 23.6 243 cm

Table 8. Comparing require overlay thickness AASTHO design Procedure with proposed method in 80 percent
reliability level

Wip sWing b5 Jleat w55 53 Sdylam0 gm0l Ogeil s . & Jgar

Anderson- .
. Accept or reject the normal
Parameter Darling test p-value o
Statistic probability distribution

Wis 123 <0.005 Rejected

Was section 1 (0-6.2km) 71 <0.005 Rejected
Wi section 2 (6.4-19.8km) 156 <0.005 Rejected
Wi section 3 (20-23.8km) 23 <0.005 Rejected
Wi section 4 (24-35.8km) 18 <0.005 Rejected

Table 9. Investigation normality of the wus and wis probability distribution
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Abstract

In this research, adequacy of the method recommended by the Iran highway asphalt pavement code (Code
234) for pavement design is investigated. Pavement design in Iran highway asphalt pavement code is in
accordance with the ASHTO method. Design variables in this Code are considered as deterministic and
without probability distribution; while the Average Daily Traffic (ADT), the annual growth rate (r) and the
variables related to resistance such as modulus of elasticity and thickness of each layer have many changes
along a route despite the segmentation. As a result, pavements designed on this basis may have a shorter useful
life than expected and be destroyed in less traffic or age than initial design. Iran highway asphalt pavement
code uses a method similar to First Order Second Moment (FOSM) to consider the reliability in pavement
design. FOSM is an old and simple method. This method has low accuracy in calculating confidence level,
especially for nonlinear functions. There are more accurate methods such as First Order Reliability Method
(FORM) and Sampling for reliability analysis that eliminate the disadvantages of FOSM method and perform
reliability analysis more accurately for nonlinear functions. Therefore, it is better to consider the uncertainty
of the variables and use accurate reliability methods to calculate the level of pavement reliability. A reliability-
based method is proposed to improve the pavement design based on the Iran highway asphalt pavement code.
To compare the two methods, traffic data and pavement condition of the Qom-Salafchegan route were
collected. At first, the variables were considered deterministic and without probability distribution, and the
overlay thickness was calculated at a confidence level of 80% based on code 234. Then the most appropriate
probability distribution of variables was determined by the Anderson-Darling test. According to the thickness
of the overlay obtained from the Iran highway asphalt pavement code, the confidence probability of each
section was determined by the FORM and Sampling methods in the Rtx software and Monte Carlo simulation
in the R programming language. Based on Code 234, the pavement reliability was approximately 20% higher
than that of the proposed method. Furthermore, the required overlay thickness based on this code was about
half of that determined according to the proposed method with an equal reliability level, which leads to
destruction in less traffic and lifetime than the design value and needs to repair again. In the following different
reliability methods are compared with each other. According to the result, the sampling method has a higher
probability of failure and needs more required overlay thickness than the FORM method, therefore, leading to
a more conservative overlay thickness design. To evaluate the accuracy of Rtx software, a Monte Carlo
simulation is performed in the R programming language. It was concluded that Rtx results in the overlay design
have a more reliability level than the R programming language. In the ASHTO method, the logarithm
probability distribution of wys and wig variables is considered normal. This hypothesis was rejected by
performing the Anderson-Darling test on the collected data and these variables do not have a normal
distribution.

Keywords: Flexible pavement, Pavement maintenance and repair, Reliability method, Uncertainty, the
Probability distribution.



