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Abstract 

In the present, roads in Thailand are mainly asphalt 

pavements. While traffic is applying on the road, it is also 

damaging the pavement structure. Currently the remaining 

pavement strength can be assessed by pavement surface 

deflection measurement by using the Falling Weight 

Deflectometer test. However, knowing the changes of pavement 

strength over future time is also needed to plan for the 

pavement rehabilitation works. This research presents the 

development of pavement strength over time. The objectives 

are to develop a statistical model between pavement strength 

and factors affecting asphalt pavement. Then the pavement 

strength model is compared with the test data of actual asphalt 

pavement. The factors that affect pavement strength are type 

of base material, number of standard axle repetition applying 

on the pavement, temperature, and season. 

Keywords: Asphalt pavement, pavement strength, deflection, 

structural number, prediction model 

1. Introduction 

In the present, roads in Thailand are mainly asphalt concrete 

(AC) pavement. While traffic is applying on the road, it is also 

damaging the pavement structure. Estimation of remaining 

pavement strength can be assessed by using the Falling Weight 

Deflectometer (FWD) test. This machine test can get output data 

such as surface deflection which is indicator for pavement 

damage to evaluate pavement strength. The output data has 

used to assign maintenance for pavement for the purpose of 

increasing pavement life. The deflection from FWD test depends 

on load, temperature, season, and pavement structure [1,2]. 

However, knowing the changes of pavement strength over 

future time is also needed to plan for the pavement 

rehabilitation works. The design life for AC pavement of 

Department of Rural Roads (DRR) is 7 years or 10 years [3] and 

Department of Highways (DOH) which survey pavement damage 

across the country in the past is 15 years [4]. Thus, this research 

will simulate pavement strength model from the factors which 

affect pavement damage for AC pavement. The research 

objectives are to develop a statistical model between pavement 

strength and factors affecting asphalt concrete pavement. Then 

the pavement strength model is compared with the test data of 

actual asphalt pavement. Research scope selects only AC 

pavements to use factors which affecting asphalt concrete 

pavement and use AC pavement design from DOH. Then 

compares with scatter plot with deflection or structural number 

from simulation model and deflection or structural number 

from FWD test that data has sourced from DOH. 

2. Theory and research methodology 

2.1 Deflection and pavement strength 

Deflection is variable which estimates pavement strength. 

The deflection test can use nondestructive testing (NDT) which 

set load into the pavement. The output for NDT test is 

pavement deflection at testing location or at the center of load. 

The distance which far away from test location cause a smaller 

deflection than the deflection at the center of load. When 

combine these two deflections together, the output for FWD 

test is deflection basin. the deflection evaluation has advantage 

such as evaluate remaining pavement strength for all structure, 

increase efficiency of pavement to support traffic in the future 

[5], find cause that pavement structure has damaged, and 

prioritize maintenance for rehabilitation [1]. The factors which 

affect pavement deflection are type of pavement structure, 

load, temperature, and season [1,2]. NDT of FWD test use impact 

loading. DOH test and evaluate with FWD load at 754 kPa which 

is similar as 2 5  tons truck and load location test at rutted by 

wheel of vehicle [6]. 
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Modulus is a variable which relate to pavement strength. 

This research set modulus to resilient modulus. When pavement 

has been received load repetitions, it will cause permanent 

deformation [7]. 

2.2 Traffic prediction 

Traffic is the important factor for affecting road damaged and 

increase deflection. the main factors for traffic are truck traffic 

and type of truck [7,8]. The equation for calculating total 

equivalent single axle load (ESAL) shown in Eq. (1). The ESAL 

prediction relates with growth factor as shown in Eq. (2). The 

equation for evaluating growth factor is shown in Eq. (3). 

 (1) 

 (2) 

 (3) 

ESALi = Equivalent single axle load of type i truck 

ADT0 = Average daily traffic (Vehicles/day) 

Ti = Percentage of type i truck in decimal 

Tf,i = Truck factor of type i truck 

L = Percentage of lane distribution in decimal 

D = Percentage of directional distribution in decimal 

G = Growth factor 

g = Percentage of growth rate in decimal 

n = Total year for design 

Lane distribution from each road depend on traffic and total 

lane as shown in Table 1. Truck factors for each vehicle are from 

weigh station in Thailand as shown in Table 2. 

Table 1 Truck distribution for multiple-lane-controlled access highways [9]. 

One-way 

ADT 

Outer lane distribution 
One-way 

ADT 

Outer lane distribution 

2 lanes 
3 or more 

lanes 
2 lanes 

3 or more 

lanes 

2000 94 82 30000 72 59 

4000 88 76 35000 70 58 

6000 85 72 40000 69 57 

8000 82 70 50000 67 55 

10000 81 68 60000 66 53 

15000 77 65 70000 - 52 

20000 75 63 80000 - 51 

25000 73 61 100000 - 49 

 

 

Table 2 Truck factor for each truck [10]. 

One-way ADT Truck factor (DOH year 2009) 

2 Axles Truck 1.03 

3-4 Axles Truck 1.57 

Semi-Trailer 2.93 

Trailer 5.90 

2.3 Structural number 

Structural number (SN) is variable relevant for pavement 

strength. It depends on thickness, type of material, and drainage 

coefficient for each layer in pavement structures [8]. The 

equation for evaluating total SN is shown in Eq. (4). 

 (4) 

ai = Layer coefficient in ith layer 

Di = Thickness in ith Layer (in) 

mi = Drainage coefficient in ith layer 

Pavement layer coefficient depend on type of material by 

evaluating from layer modulus which developed from AASHTO 

1986 design guide [11] as shown in Eq. (5). 

 (5) 

ag = Layer coefficient of standard material as listed in 

Ei = Layer resilient modulus 

Eg = Resilient modulus of standard material as listed in 

Table 3 

Table 3 Layer coefficient and resilient modulus of standard material in 

AASHO road test [11]. 

Layer type 
Layer 

coefficient (ag) 

Resilient modulus 

(Eg) (MPa) 

Asphalt concrete surface coarse 0.44 3100 

Untreated and stabilized base 

coarse 
0.14 207 

Granular subbase coarse 0.11 104 

2.4 Backcalculation 

Backcalculation is pavement strength evaluation by using a 

deflection from FWD test. The factors which affect SN from 

backcalculation are deflection, load, and pavement structure 

[8]. Backcalculation evaluates from Eq. (6), Eq. (7), and Eq. (8). 

 (6) 
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 (7) 

 (8) 

Design MR = Design subgrade resilient modulus (psi) 

MR = Backcalculated subgrade resilient modulus (psi) 

P = FWD applied load (lb) 

C = Adjustment factor = 0.33 

dr = Deflection at r distance from the center of load (in) 

r = Distance from center of load (in) 

d0 = FWD deflection at the center of the load plate (in) 

p = FWD applied pressure (psi) 

a = Plate radius (in) 

D = Total thickness of all pavement layer above the 

subgrade (in) 

Ep = Effective Modulus of pavement layer above the 

subgrade (psi) 

Distance from center of load (r) can use deflection at 36 in 

from center of load. The comparison with backcalculation from 

FWD test and laboratory resilient modulus test are reasonably 

well [12]. 

2.5 Remaining life 

The main factors for affecting pavement in Thailand are 2 

types such as fatigue damage and rutting damage [4]. The 

damage for AC pavement and cement-treated base (CTB) is 

fatigue damage. The CTB is bound material and base material 

mix with cement material. The damage for unbound materials is 

rutting damage. Remaining life for each layer can be evaluated 

by mechanistic empirical design guide (MEPDG). Fatigue life for 

AC depends on asphalt mixture, AC thickness, and strain from 

pavement response and fatigue life for CTB depends on 

pavement response and type of CTB which depend on modulus 

of rupture (MR) [13,14]. Evaluation of AC life is shown in Eq. (9). 

This equation depends on AC mix as shown in Eq. (10) and type 

of cracking as shown in Eq. (11) and Eq. (12). Evaluation of CTB 

life is shown in Eq. (13). 

 (9) 

 (10) 

 

For bottom-up or alligator cracking 

 (11) 

For top-down or longitudinal cracking 

 (12) 

 (13) 

Nf = Number of repetitions to fatigue cracking (ESAL) 

ɛt = Tensile strain at critical locations and calculated by 

the structural response model 

EHMA = Dynamic modulus of the asphalt concrete measured 

in compression (psi) 

kf1, kf2, kf3= Global field calibration parameters (kf1=0.007566, 

kf2= -3.9492, kf3= -1.281) 

βf1, βf2, βf3= Local or mixture specific field calibration 

constants (Global calibration were set to 1.0) 

Vbe = Effective asphalt content by volume (%) 

Va = Air void in asphalt concrete mixture (%) 

CH = Thickness correction term, dependent on type of 

cracking 

H = Total asphalt concrete thickness (in) 

σt = Tensile stress at the bottom of the CTB layer (psi) 

MR = 28-day modulus of rupture for the CTB layer (psi) 

βc1, βc2= Local calibration constants (Global were set to 1.0) 

The rutting life of unbound material has general equation 

which depend on developer as shown in Eq. (14). 

 (14) 

Nr = Number of repetitions to rutting (ESAL) 

ɛv  = Compression strain at critical locations and 

calculated by the structural response model 

a, b = Material constants shown as Table 4 

Table 4 Rutting criteria and material constants by various developer [7]. 

Developer 
Maximum 

rutting (in) 
a b 

Asphalt Institute 0.5 1.365 x 10-9 -4.477 

Shell 0.5 1.94 x 10-7 -4 

Transport Research Laboratory 0.4 6.18 x 10-8 -3.95 
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2.6 Mechanistic empirical pavement design guide 

Simulation with MEPDG is developed from AASHTO 

pavement design guide. This section is divided to AC material, 

unbound material and CTB material. 

2.2.1 AC material 

Factors for AC Material design are pavement temperature, 

asphalt mixture, gradation of rock, time of loading, and air voids. 

The equation for evaluation is Dynamic Modulus (E*) which 

depend on temperature and binder viscosity. Evaluation for AC 

Material is level 2 [14] as shown in Eq. (15), Eq. (16), and Eq. (17). 

 (15) 

 (16) 

 (17) 

E* = Dynamic modulus (psi) 

t = Time of loading (s) 

tr = Time of loading at the reference temperature (s) 

𝛿 = Minimum Value of E* 

𝛿+⍺ = Maximum Value of E* 

β,𝛾 = Parameter describing shape of sigmoidal function 

𝛾 = 0.313351 

c = 1.255882 

η = Binder viscosity (cP) 

TR = Temperature (Rankine) 

A = Regression Intercept 

VTS = Regression slope of viscosity temperature 

susceptibility 

Asphalt aging is the main factor for affecting AC Modulus. It 

depends on asphalt material by used original binder viscosity 

and AC hardness. Evaluation for binder viscosity at mix-lay down 

as shown in Eq. (18) which depends on AC hardness as shown 

in Eq. (19) and Eq. (20). 

 (18) 

 (19)

 (20) 

ηt=0 = Mix/lay down viscosity (cP) 

ηorig = Original viscosity (cP) 

code = hardening ratio (0 for average) 

The next step is aging viscosity evaluation by using mix-lay 

down viscosity and time after mix-lay down as shown in Eq. (21). 

Each parameter relates with using mix-lay down viscosity, 

asphalt temperature, air temperature, binder viscosity at 

reference temperature as shown in Eq. (22), Eq. (23), Eq. (24), 

and Eq. (25). The adjustment for aging viscosity is shown in  

Eq. (26). This equation depends on air voids, time, air 

temperature and AC viscosity as shown in Eq. (27) and Eq. (28).  

 (21) 

 (22) 

 (23) 

 (24) 

 (25) 

 (26) 

 (27) 

 (28) 

ηaged = Aged viscosity (cP) 

t = Time of aging asphalt (month) 

MAAT = Mean annual air temperature (oF) 

TR = Asphalt temperature (Rankine) 

ηaged
’ = Aged viscosity at time t (cP) 

VA = Air voids 

VAorig = initial air voids 

ηorig,77= Original binder vicosity at 77 oF (MPoise) 

The next step is aging viscosity at mid-depth evaluation by 

used mix-lay down viscosity, and depth as shown in Eq. (29). 

This equation relates with air temperature as shown in Eq. (30). 

 (29) 

 (30) 

ηt,z = Aged viscosity at time t, and depth z (MPoise) 

ηt = Aged surface viscosity (MPoise) 

z = Depth (in) 

The last step is modulus evaluation by time from ESAL and 

design modulus [5]. The equation is shown in Eq. (31) which 

relates to AC damage as shown in Eq. (32). 

 (31) 

 (32) 
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E*
dam = Asphalt concrete modulus at damage level of D (psi) 

E* = Undamaged asphalt concrete modulus (psi) 

𝛿 = Minimum Value of E* from master curve  

Nf = Number of repetitions to fatigue cracking (ESAL) 

D = Damage level in decimal 

n = Number of axle-load application at t time (ESAL) 

2.2.2 Unbound material 

The unbound material resilient modulus depends on stress 

in each layer from pavement response and moisture content 

[14]. The equation for determining resilient modulus by time and 

moisture content is shown in Eq. (33) and Eq. (34). The equation 

depends on stress as shown in Eq. (35) and Eq. (36). 

 (33) 

 (34) 

 (35)  

 (36) 

MR = Unbound material resilient modulus 

MRopt = Unbound material resilient modulus at optimum 

moisture content 

a = Minimum of log(MR/MRopt) 

b = Maximum of log(MR/MRopt) 

ks = Regression parameter 

S-Sopt = Variation in degree of saturation in decimal 

σ1 = Major stress 

σ2 = Intermediate stress 

σ3 = Minor stress 

Moisture content is the main factor for affecting resilient 

modulus. If unbound material moisture increase, resilient 

modulus will decrease. The equation has been developed by 

adding moisture variable and suitable in Thailand [15] as shown 

in Eq. (37) for fine material and Eq. (38) for coarse material. 

 (37) 

 (38) 

Pa = Atmospheric pressure = 101.3 kPa 

%w = Unbound material moisture content 

ks parameter is relevant with plasticity index (PI) of unbound 

material. The equation develop from MEPDG and suitable for 

fine-grained soil and non-plastic soil [16] as shown in Eq. (39). 

 (39) 

km = Regression Parameter = ks 

PI = Plasticity index (%) 

2.2.3 CTB material 

The CTB Material damage is fatigue. CTB modulus depends 

on stress at bottom of layer from pavement response, MR and 

traffic [13,14] as shown in Eq. (40) and Eq. (41). 

 (40) 

 (41) 

ECSM (t)= CTB Modulus at damage level of D (psi) 

ECSM (min)= Minimum CTB modulus (psi) 

ECSM (max)= Maximum CTB modulus (psi) 

Nf = Number of repetitions to fatigue cracking (ESAL) 

D = Damage level in decimal 

n = Number of axle-load application at t time (ESAL) 

2.7 Change of modulus by shakedown 

Change of modulus in each layer depends on load. If layer 

has taken load continuously, it would have caused shakedown 

which depends on load state as shown in Fig. 1. 

 

Fig. 1 Behavior of shakedown under repeated cyclic load in 

unbound materials [17]  

Range A – plastic shakedown: applied load is smaller than 

plastic shakedown limit and the response is plastic only for a 

finite number of load repetitions but after completion of the 

post-compaction period, the response becomes entirely 

resilient, and no further permanent strain occurs. 
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Range B – plastic creep: applied load is greater than plastic 

shakedown limit. During the first load cycles, the high level of 

plastic strain rate decreases for the time being to a low, nearly 

constant level. The number of load cycles for reaching this 

constant level of strain rate depends on the material and the 

load level. 

Range C – incremental collapse: applied load is greater than 

plastic creep limit. The response is always plastic. The 

permanent strain rate depends on load level and decreases very 

slowly compared with Range A and B or not at all. 

Change of modulus depends on range of shakedown. The 

unbound modulus in range A and B will not change by traffic 

and will slightly increase in range C. A moisture at 2% in range C 

will increase modulus 11% from traffic 2 ,000 to 10 ,000 load 

cycles [18] as shown in Fig. 2. 

 

Fig. 2 Evolution of resilient modulus with number of load 

repetitions for different shakedown range [18] 

The shakedown for bitumen-stabilized material with 700 kPa 

load. Permanent strain will not change from 1 million times 

traffic [19]. A para rubber AC material by using 200 kPa deviator 

stress, it found that permanent strain at 0-2000 load cycles [20]. 

2.8 Change of deflection 

Change of deflection by using canterbury accelerated 

pavement testing indoor facility (CAPTIF) and simulating 

pavement structure found that deflection at post compaction 

slightly increase when compare with deflection at 112,000 load 

cycles and load increment increase deflection and decrease 

pavement life [21]. The prediction model for change of 

deflection is shown in Eq. (42). 

 (42) 

N = Average pavement life for 15 mm rutting (ESAs) 

Δd0 = Percentage of change in central deflections during 

the post-compaction period 

When pavement life at 1 0  percentiles from field compare 

with pavement life at 5 0  percentiles from CAPTIF, this 

comparative is similar. Pavement life from CAPTIF test use for 

change of deflection prediction model. The model is relevant 

for change of deflection in range -0.2 to 0.2 mm for CAPTIF test 

[22]. The equation for change of deflection is shown in Eq. (43), 

Eq. (44) and Eq. (45). 

 (43) 

 (44) 

 (45) 

Nd = Design traffic life (ESAs) 

d0yr1 = Central deflection at year 1 

d0yr0 = Central deflection at year 0 

3. Process 

3.1 Route selection for comparing with simulation model 

Route selection selects only FWD test with same section and 

various time to simulate. Pavement structure at surface layer is 

AC pavement, subgrade layer is unbound material, base and 

sublease layer is unbound material or CTB material. The AC 

pavement with unbound material selects road No. 2 at chainage 

268 to 268.5. AC pavement that base is CTB material selects 

road No. 344 at chainage 25.8 to 62.6. 

3.2 BISAR pavement response simulation program 

Shell Research developed BISAR in the early 1970s, which 

was used in drawing the design charts of Shell Pavement Design 

Manual issued in 1978. The version Release R 1.0 of BISAR 

program was issued in 1987 as BISAR-PC. Later, Shell develops 

BISAR 1.0 to DOS program as BISAR-PC 2.0 in 1995 and BISAR 3.0 

for Windows 3.1, Windows 95, and Windows NT [23]. BISAR can 

simulate pavement response with pavement structure, type of 

material and thickness. The output data show deflection, stress 

and strain in specific point in pavement structure. 

3.3 Pavement structure simulation and comparison 

Simulation starts with modulus design, then simulates 

pavement response with BISAR program to obtain stress, strain, 

and deflection in each layer. The AC layer selects critical point 

at top and bottom of layer. The CTB layer selects critical point 
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at bottom of layer. The unbound layer except subgrade layer 

selects critical point at mid-depth layer. The subgrade layer 

selects critical point at top of layer. Design parameters for AC 

and unbound material use modulus and Poisson ratio as shown 

in Table 5. 

Table 5 Design parameter for simulation in each material [24,25]. 

Material Design Modulus (MPa) Poisson ratio 

PMA or AC 40-50 4,500  0.35 

AC 60-70 2,500 0.35 

Crushed Rock 350 0.35 

Subbase 150 0.35 

Selected Material 100 0.35 

Subgrade 10 x CBR (%) 0.35 

Note: CBR = California Bearing Ratio (%) 

Design parameters for simulation in CTB material use MR, 

Modulus, Poisson ratio as shown in Table 6. 

Table 6 Design parameter for simulation in CTB material [14]. 

Material Design Modulus (psi) 
Modulus of 

rupture (psi) 
Poisson ratio 

CTB 1,000,000 200 0.20 

Note: 145.038 psi = 1 MPa 

The next step is simulation for AC pavement. This procedure 

accumulates with damaged modulus and aging modulus as 

shown in Eq. (46) and Eq. (47). Aging AC for simulation uses 

medium mix design which each parameter data refers from 

NCHRP as shown in Table 7. 

 (46) 

 (47) 

EAC,t = Total modulus at time t 

ED,t = AC damaged modulus at time t 

EAG,0 = AC aging modulus after construct at mid-depth 

EAG,t = AC aging modulus at time t and mid-depth 

Table 7 Design parameter for simulation in aging AC [14]. 

Parameter Medium mix Value 

Air voids (%) 7 

Effective Binder Content (%) 11 

A 11.01 

VTS -3.701 

𝛿 2.8234 

⍺ 3.9435 

β -0.7920 

Aging AC use mean annual air temperature in 2021, mean 

annual air temperature is 27.5 oC [26], then evaluates mean 

annual air temperature from 2012 to 2022 in Thailand by using 

Weather Underground database as shown in Table 8. 

Table 8 Design mean annual air temperature for aging AC in Thailand. 

Year 
Mean annual air 

temperature (oC) 
Year 

Mean annual air 

temperature (oC) 

2012 28.19 2017 27.37 

2013 27.92 2018 27.00 

2014 27.12 2019 27.78 

2015 27.71 2020 27.72 

2016 27.73 2021 27.50 [26] 

2017 27.37 2022 27.24 

The next step is simulation for unbound materials. This 

procedure evaluates by using stress in each layer, optimum 

water content, specific gravity, unit weight and PI from 

laboratory. Design parameter is shown in Table 9 and saturation 

evaluation is shown in Eq. (48). 

Table 9 Design parameter for simulation in unbound materials. 

Material 
Specific 

gravity 

Optimum moisture 

content (%) 

Unit weight 

(t/m3) 
PI (%) 

Crushed Rock 2.65 [27] 5.54 2.289 0 

Subbase 

Material 
2.85 [28] 7.30 2.084 6.48 

Selected 

Material A 
2.85 [28] 9.52 1.918 6.29 

Selected 

Material B 
2.66 [28] 4.92 1.966 4.45 

Subgrade 2.75 [29] 11.04 2.001 23.78 

 (48) 

S = Degree of saturation (%) 

Gs = Material specific gravity 

w = Material water content (%) 

e = Void ratio 

𝛾w = Water density (20 oC : 𝛾w = 0.9982) 

𝛾d = Material dry density 

The next step is pavement modulus simulation by time. The 

pavement life selects the minimum pavement life between AC 

and CTB to simulate traffic in each time. The design life for 

simulation is 10 years. Then evaluates modulus by time with 

fatigue damage in MEPDG. The unbound material layers simulate 
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with moisture content which depends on month and 

environment.  

Final step is SN and deflection evaluation by time to 

compare change of SN and change of deflection with BISAR 

Program. The field test of FWD load set at the reference load is 

difficult, so deflection may be error. The deflection can adjust 

from actual load to reference load [30] as shown in Eq. (49). 

 (49) 

4. Result 

4.1 Deflection simulation result and comparison 

The simulation set change of unbound modulus by 

shakedown to unchanged. Simulation for unbound base found 

that trend line for change of deflection decreases at post-

compaction and increases at approximate 40% of pavement life. 

Change of aging modulus in AC smaller than change of damage 

modulus at post-compaction. Afterwards, change of aging 

modulus larger than change of damage modulus. The deflection 

simulation for unbound base material is shown in Fig. 3. 

  
Fig. 3 Deflection pattern for unbound material 

The simulation that base is CTB material found that change 

of deflection slightly decreases trend line at post-compaction. 

Then, it significantly increases at approximate 20% of pavement 

life. Finally, it slightly increases or remains unchanged at 

approximate 70% of pavement life that stage is destroyed. This 

deflection simulation is shown in Fig. 4. 

 
Fig. 4 Deflection pattern for CTB material 

Comparison for change of deflection which obtain from FWD 

test and simulation from BISAR program found that there is good 

correlation in range -30% to 45%. This range is similar as change 

of deflection range from Arnold [22] as shown in Fig. 5. 

 
Fig. 5 Change of deflection compare between BISAR  

and FWD test 

4.2 SN simulation result and comparison 

The simulation set change of unbound modulus by 

shakedown to unchanged. Simulation for unbound base found 

that trend line for change of SN increases at post-compaction 

and decreases at approximate 30% of pavement life. Change of 

aging modulus in AC smaller than change of damage modulus 

at post-compaction. After that, change of aging modulus larger 

than change of damage modulus. Change of SN is opposite 

result with change of deflection for unbound base. The SN 

simulation for unbound base material is shown in Fig. 6. 

 
Fig. 6 SN pattern for unbound material 

The simulation that base is CTB material found that change 

of deflection slightly increases trend line. After that, it decreases 

significantly at approximate 20% of pavement life. Finally, it 

slightly decreases or remains unchanged at approximate 70% of 

pavement life that stage is destroyed. Change of SN is opposite 

result in change of deflection for CTB material. The SN 

simulation for CTB material is shown in Fig. 7. 
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Fig. 7 SN pattern for CTB material 

Comparison for change of SN with backcalculation from FWD 

deflection and SN from simulation model found that there is 

good correlation in range -15% to 10% as shown in Fig. 8. 

 
Fig. 8 Change of SN compare between BISAR and 

backcalculation from FWD test 

5. Conclusion 

AC Pavement strength depends on ESAL, thickness, layer 

material, temperature, and season. Pavement damage can 

evaluate by using FWD to determine damage and remaining 

pavement strength. 

Change of deflection for AC and unbound base slightly 

decreases trend line at post-compaction. After that, it slightly 

increases at approximate 30% of pavement life. Change of SN 

for AC and unbound base slightly increases trend line at post-

compaction. Then, it slightly decreases at approximate 30% of 

pavement life. 

Change of deflection for AC and CTB slightly decreases trend 

line at post-compaction. Then, it significantly increases when 

traffics apply from approximate 20% to 70% of pavement life. 

Finally, it slightly decreases or remains unchanged. Change of SN 

for AC with CTB increases trend line at post-compaction. Then, 

it significantly decreases when traffics apply from approximate 

20% to 70% of pavement life. After that, it slightly decreases or 

remains unchanged. 

 Comparison with FWD test and simulation model has good 

correlation range at -30% to 45% for change of deflection and  

-15% to 10% for change of SN. 

Change of deflection and change of SN can use for predicting 

pavement strength in each period. DOH and DRR can evaluate 

pavement strength, predict SN or deflection, and plan for 

rehabilitation before AC pavement is completely damaged.  
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