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Rut Depth Prediction 

C. L. Saraf, W. S. Smith, and F. N. Finn, Woodward-Clyde Consultants, 
San Francisco 

This paper describes a method for the prediction of rut depth in asphalt 
pavernents that is based on a combined mechanistic-empirical approach. 
Three methods, viscoe1astfo, elastoplastic and linear-elastic, were originally 
evaluated. The viscoelastic methods are under study by the Federal High· 
way Administration. The elastoplastic procedures offer the best long· 
range solution, but cannot yet be implemented for a multilayered struc· 
ture such as an asphalt pavement. Therefore, this paper concentrates on 
linear-91astic procedures to relate the various mechanistic responses, stress, 
strain, and deformation to the rate of rutting observed on 32 sections at 
the AASHO Road Test. The rate of rutting was influenced by the season 
of the year and the number of years for which traffic is applied. Correla· 
tions with the surface deflection, the vertical compressive stress in the 
asphalt concrete, the vert,ical strain in the subgrade, and the traffic pre. 
viously applied to the section were obtained. Correlations could be ob
tained by converting heavy axle loads to equivalent 80-kN (18 OOO·lbf) 
single-axle loads using AASHO load equivalency values. The prediction 
model includes calculations for estimating rut depth in terms ofreliabllity. 

The development of a methodology for the prediction of 
rut depth has lagged behind that for fatigue crackh1g. 
The only procedure currently in use is that of Dorman 
and Metcalf (!), who have developed limiting criteria 
for the vertical strain in the subg1·ade that would ade
quately minimize the amount of rutting in the pavement. 
The results of this methodology are summarized by Fig
ure 1, which i llustrates the general relationships re
ported by various investigators (_!_, ~ _!!}. The differ
ences in c1·itel'ia are attributed to th.e amount of rutting 
allowed and to the selection of the elastic modulus as
signed to the asphalt concrete layer. This modulus is 
assumed to be representative of those time periods in 
which rutting is most apt to occur, namely, during pe
ricxls of higher temperatures. 

Three methods (viscoelastic, elastoplastic, and linear 
elastic) are considered to have some potential for i·ut 
depth prediction. The viscoelastic procedure is under 
study by the Federal Highway Administration. The elas
toplastic and linear elastic methods have been studied in 
prnject 1-10 B of the National Cooperative Highway Re-
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search Program. The former of these was proposed by 
Romain and investigated by Barksdale (3, 4) and Monismith 
and others (§.} but discuded in this prO}ect as not being 
capable or implementation within the resources available. 

The working hypothesis used to develop the rut p1·edic
tion model discussed in this paper was based on the ap
proach of Dorman and Metcalf, i.e., to find some combi
nation of elastic stress, strain, or deformation that can 
be correlated with the amount of rutting that will occur. 
In this approach it is assumed tbat mixed traffic can be 
combined into equivalent 80-kN (18 000-lbf) single-axle 
loads. This assumption is then built into the develop
ment of the model through the regression technique. Rut 
depth data from loops 4 and 6 for the AASHO Road Test 
were used as a data base for the i·egression equations. 
The traffic from loop 6 was converted to 80-kN (18 000-
lbf) single-axle loads by using the AASHO load equiva
lency factors (6). 

Plots of load repetitions versus rut depth for both 
loops showed that the rate at which rutting occurs is de
pendent on the seasons of the year, being highest dw·ing 
the spring and negligible during the frozen part of the 
winte1·. Figure 2 illustrates a typical relation between 
rut depth, load cycles, and season. These plots showed 
that, for the second year of traffic on the road, there is 
a reduction in the rate of rutting per load application. 

A regression model of the following form was used 
to obtain a correlation between the seasonal rate of rut
ting and the primary responses calculated for an 80-kN 
(18 000-lbf) single-axle load [40-kN (9000-lbf) wheel 
load]. 

RR= f(a,e,Li and N 18 ) (I) 

where 

RR = seasonal rate of rutting or permanent deforma-
tion per equivalent load application, 

cr = stress in component layers, 
f = strain in component layers, 

!::. = surface deflection, and 
N1s =total equivalent number of 80-kN (18 000-lbf) 

single-axle loads up to and including the season 
for which the rate of rutting is to be calculated. 
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The rut depth prediction model was developed from 
information obtained from reports on the AASHO Road 
Test. The stepwise procedure was as follows: 

3. Relate the rate of rutting to various primary re
sponse factors, and 

4. Select mechanistic models for conventional con
struction. 

1. Determine the material properties for each layer 
and for the subgrade , 

2. Determine the rate of rutting from observed data, 

Figure 1. Rut depth prediction from vertical 10.000..-------------------------------------, 
compressive strain on subgrade and 
equivalent 80-kN single-axle loads. 

Figure 2. Typical pattern of rutting on 
AASHO Road Test. 

Table 1. Strength characteristics of AASHO 
Road Test materials. 

w 
0 

"' a: 
~ 1,000 
:::> 
"' z 
0 
z 
;j' 
0: 
>
Vl 
w 
> 

~ 
::: 
::;; 
0 
u 
-' 

"' u 
;::: 
0: 
w 
> 

E 
s 
I 

l;: 
w 
0 

>-
:::> 
0: 

100 

150 

140 

130 

120 

110 

100 

90 

80 

70 

tlO 

50 

•O 

30 

20 

10 

Season 

10' 

November-February 
March-April 
May-July 
August-October 

Note: 1 MPa = 145 lb/ h 2, 

lllustrat1v111 Only, Actucil Values Otpcnd 
on Selec1ect Value ol Stiffness Modulut. 
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NUMBER OF 8,0·kN LOAD APPLICATIONS 

Second fall 

Second Win rer 

F1ru Fall 

04 05 08 1 0 I 2 x 10 6 

NUMBER OF 8.0·kN SINGLE ·AXLE LOAD APPLICATIONS 

Complex 
Modulus 
o[ Asph alt 
Concrete 
(MPa) 

11 730.0 
4 900.0 
1 590.0 
3 110.0 

Base 

Re silent 
Modulus 
(MPa) 

3450.0 
6.9 
7.8 
8. 7 

Bulk 
Stress· 

0.6 
0.6 
0.6 

Sub base 

Resilent 
Modulus 
(MP a) 

3450.0 
10.0 
10.8 
11. 7 

Bulk 
Stres s 

0.6 
0.6 
0. 0 

10 ' 

Subgrade 

Resilent 
Modulus Deviator 
(MPa) Stress b 

3450.0 
428.0 - 1.06 
962.0 -1 .06 
144.0 -t.06 



MATERIAL PROPERTIES 

The properties of the asphalt concrete aggregate base, 
and subbase and the clay-silt subgrade were measured 
at the Asphalt Institute (7) and are described by the re
lationships given in Table 1. 

RATE OF RUTTING 

Thirty-two sections from lane 1 of loops 4 and 6 were 
used to obtain the seasonal rate of rutting. [Since the 
traffic on the loop 6 sections had been applied with a 
134-kN (30 000-lbf) single-axle load, the number of 
load applications usecl to dete:i:mine the rate of rutting 
on this loop was converted into 134-kN (30 000-lbf) 
single-axle loads by multiplying by 7.94, the AASHO 
load equivalency factor.] 

Table 2 illustrates typical values of the rate of rut
ting obtained from measurements at the AASHO Road 
Test. The observed inconsistencies in the rate of rut
ting may be due to field measurements, data analysis, 
or the use of load equivalency on loop 6, or may be true 
variations that must be expected in this type of data. 
Whatever the causes, such inconsistencies will influence 
the reliability of the prediction model. 

INFLUENCE OF PRIMARY RESPONSE 
ON RATE OF RUTTING 

A major requirement for the prediction model is the 
ability to relate the rate of rutting to the primary re
sponse (mechanistic) factors. 

In order to reduce the number of sections required 
for the structural analysis with a layered program, a 
regression model with which to predict various primary 
response factors in terms of layer thickness, elastic 
moduli, and single-axle load was developed. 

Primary responses for various sections from loops 
4 and 6 were obtained from a selection of the 32 sections 
used in this part of the investigation by the use of a com
puter program that is capable of accommodating a five
layer system for analysis. Since the properties of the 
base, the subbase, and the subgrade are stress-sensitive, 
a regression model must fi1·st be developed for estimat
ing moduli as a function of layer thickness, dynamic 
modulus of the asphalt concrete, and wheel load. 

Four models were fitted to the data, and a linear
linear model that produced a multiple correlation value 
(r-value) of 0.96 to 0.99 depending on the season of the 
year was selected for use . The ability to predict the 
elastic moduli allowed a simple regression estimate for 
approximately 200 cases in lieu of a structural analysis. 

A stepwise regression analysis procedure was used 
to correlate the rate of rutting with various combinations 
of primary response factors. The following independent 
variables were selected for this purpose: 

1. Vertical surface deflection between dual tires, 
2. Vertical subgrade strain under the centerline of 

one wheel, 
3. Vertical compressive stress at the bottom of the 

asphalt concrete layer under one wheel, 
4. Horizontal tensile stress at the bottom of asphalt 

concrete under one wheel, 
5. Ratio of vertical and horizontal stresses from 

items 3 and 4 above, and 
6. Cumulative traffic expressed as equivalent 80-

kN (18 000-lbf) single-axle loads. 

The analysis indicated that the most significant cor
relations were those with the vertical deflection at the 
surface of the pavement, followed by those with the ver-
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tical compressive stress in the asphalt concrete, the 
cumulative traffic, and the vertical strain in the subgrade. 
The stress ratio factor was not sufficiently significant to 
be included in the final prediction model. Since the ver
tical strain in the subgrade was highly correlated with 
the surface deflection and was the least significant to the 
correlation, it also was not included in the final models. 

Two prediction equations were obtained. For pave
ments with 152 mm (6 in) or less of asphalt concrete, 

log RR= - 5.617 + 4.343 log d - 0.167 log(N18 ) 

- 1.118 log ac (r-value = 0.980; SE= 0.316) (2) 

For pavements with more than 152 mm (6 in) of asphalt 
concrete, 

log RR= -1.173 + 0.717 log d - 0.658 log(N 18 ) 

+ 0.666 log Uc (r-value = 0.957 ; SE= 0.174) (3) 

where 

RR= rate of rutting = 25.4 nm (1 x 10-6 in) / repetition, 
d = surface deflection= 25.4 µm (1 x 10-3 in), and 

CJo = vertical compressive st.ress in asphalt con
crete = 6. 9 kPa ( 1 lb/ft2). 

OPERA TING PROCEDURE 

Figure 3 shows a flow diagram for the rut depth predic
tion model. (In the following sections of this report the 
operations will be described in the numerical sequence 
shown in the figure.) The rut depth predictions are di
vided into incremental groupings as follows: 

1. Within the year-the rutting that occurs month by 
month or seasonally within the year, and accumulated 
for the year, and 

2. Across the years-the rutting that can be accumu
lated for a group of years without recalculating the pri
mary response factors (assuming no change in the rate 
of traffic growth or material properties). 

Designed structural Section 

The prediction model has been developed to work with 
conventional asphalt pavements that include unbound ag
gregates. It does not predict rut depth in cement-treated 
constructions or full-depth asphalt concrete pavements. 

The designed structural section can be obtained by 
any conventional design procedure that includes asphalt 
concrete and aggregate. 

Climatological Information 

The major climatological information required for the 
rut depth model is the temperature and rainfall. This 
information is used in selecting analysis periods, estab
lishing conditions for sample preparation to obtain rep
resentative physical states, and operating the tempera
ture prediction model. 

Traffic Information 

The program input requires traffic loads for the first 
year and growth factors for each subsequent year. The 
growth factors can be changed from year to year depend
ing on the available estimates. 

Selection of Annual Distress 
Analysis Periods 

The rate of rutting is a function of the surface deflection, 
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the vertical compressive stress in asphalt concrete, and 
previous traffic. The cumulative rutting is obtained by 
multiplying the rate of rutting by the number of equiva
lent 80-kN (18 000-lbf) loads during a specified time pe
riod. The year must be divided into distress analysis 
periods that recognize changes in both the primary re
sponse values and traffic. For most situations, the year 
can be divided into a maximum of four analysis periods 
somewhat comparable to the seasons of the year. The 
general criteria for such within-year subdivisions are 

1. Changes in temperature-the initial selection of 
analysis periods can be based on differences in temper
ature, e.g-., summer versus winter; 

2. Cl1anges in material properties-the effects pro
duced by primarily rainy periods, frozen periods, thaw 
periods, or hot-dry periods; and 

3. Changes in traffic during the year, e.g., heavy 
traffic in summer, light traffic in the winter. 

After the annual analysis periods are selected, it is 
necessary to decide how many years to assign to this 
group, i.e., the yeaJ:s having similar tempe1·atures, ma
terial properties, and traffic. Information that shows 
changes that will occur with time (e.g . , asphalt aging, 
poor durability in untreated aggregates, or systematic 
changes in subgrade properties) can be treated in a sec
ond or third grouping of years that are designated for 
the purpose. 

Table 2. Seasonal rate of rutting for selected sections on the AASHO 
Road Test. 

Rate o[ Rutling (mm/million repetitions) 

March-May May-August August-October 

Loop Thickncao l3t 2nd i.t 2nd lsl 
No . (mm) Year Year Year Year Year 

76-152-305 86 23 15 10 16 
102-152-203 112 14 21 10 8 
127-152-203 86 11 16 2 5 
127-152-305 76 11 19 2 8 

6 102-229-406 18 l 3 
127-229-305 36 6 4 
152-229-305 22 5 5 NC' 
152-229-406 18 2 4 0.5 

Note: 1 m = 39,4 in 

•Asphal l concrete granular ba!>e granular subbase "NC "" no measurable change 

figure 3. Flow diagram for the rut depth prediction model. 

Designed S1ruc1ural 
Section & Selection 
ot Materials 

C!imatological 
Infor mation 

Traffic lnforma1ion 

Selection 
ot 
Distress 
Analysis 
Periods 

Characterize 
Material5 

Compute 
Pavement 
Temperature 

Summarize 
Mixed Traffic 

21111 
Year 

6 
6 
8 
0.02 

NC' 
NC" 

Perform 
Structural 
Analysis 

Material Characterization 

Materials are characterized by procedures that are ap
plicable to the study of linear elasticity and designed to 
account for the temperature and the time and stress 
susceptibility of asphalt concrete and unbound granular 
materials. Each of the materials in the structural sec
tion and the subgrade must be tested to develop descrip
tive input appropriate to the distress analysis periods. 
Efforts must be made to duplicate the field conditions as 
they are affected by climate or aging or both. For ex
ample, subgrade material properties vary from winter 
to spring to summer to faH in areas that experience sub
grade freezing. The spring moduli of subgrade materials 
may be only 40 to 50 percent of the optimum (summer and 
fall) values. 

To develop the probabilities into the prediction model, 
the material properties are input as average or expected 
values together with their coefficients of variation which 
should be based on the variations expected in the field and 
not the laboratory. Hence, a rather large coefficient of 
variation can be expected : Fifty percent is not unrealistic. 

Asphalt concrete or asphalt emulsion mixtures are 
characterized by procedures that are applicable to the 
study of the dynamic modulus as described by the Asphalt 
Institute (8). The testing should be performed at 10 Hz 
over a r ange of 37.8 to 4.4° C (100 to 40° F) . Diametral 
testing is appropriate, although damage criteria have 
also been developed by the use of the dynamic modulus 
from triaxial testing. 

Untreated aggregates are tested in triaxial configura
tion (9). The stress-sensitive expression to be used to 
descrTbe the elastic constant is 

(4) 

where 

MR = resilient modulus in kPa, 
fl = first stress invariant (cr1 + 20'3), and 

K1,& = fitting coefficients with K1 generally between 
2000 and 7000 and K2 equal to approximately 
0.6. 

Subgrade materials are tested by procedures similar to 
untreated granular materials and described by an equa
tion of the same form. The sign of K2 may be plus or 

Calculate 
Rate of 
Rutting 
for Each 
Analysis 
Period 

Change 'Material 
Properties Annually 
(Oplionall 

C<1lculate 
Cumulative 
Rutting 
per Year 

10 

Change Traffic 
Annually (Optional) 

11 

Sum 
Cumula1ive 
Annual 
Rutting 

ll 



Table 3. Summary of rut depth data and estimates. 

Section July Oct. April May Aug. Nov. April May May 
No. 1967 1967 1968 1968 1968 1968 1969 1970 1971 

9 6.1 6.6 7 .9 7.4 6.9 8.4 9 . 1 11.7 13. 7 
10 5.3 5.3 5.8 5.8 6.1 6.6 7 . 1 9,4 6.6 
22 5.8 6. 1 6.6 6.9 6.9 7.4 8.4 10.9 9.9 
16 4.8 5.1 5.6 5.8 5.6 5.8 6.6 8.9 10.2 
18 5.8 6.1 6.6 6.9 7.1 7 .9 7 .4 9,4 7.4 
12 5.6 6.1 7.1 8.1 7.9 8,4 12 .7 
19 6 .1 6.1 6.1 7.1 7. 9 8. 1 7.1 13.0 
20 6.4 6.1 7.4 7.6 7. 6 8. 1 11.2 9.7 

Equivalent 
loads 121 137 142 150 182 193 228 291 357 

Note: 1 m = 39 4 in 

minus depending on whether the materials are granular 
(+) or fine grained (-). 

Computed Pavement Temperature 

The relations developed by Ba1·ber (10) are used to ca l 
culate the temperature in the asphalITayers. The pro 
gram is designed to calculate these temperatures for a 
typica l day in each analysis per iod. The specific tem
perature used to obtain a dynamic modulus fo r the as
phalt concr ete is the aver age temperature for the typica l 
day . The progr am will automatically interpolate the 
dynamic modulus to temperatur e r elation based on input 
data from the material information. 

Seasonal Traffic 

To accommodate the possible variations in traffic during 
the year, the program accepts traffic according to analy
sis periods. The average traffic for each first-year 
analysis period, based on the traffic information pre
viously summarized into equiva lent 80-kN (18 000-lbf) 
single-axle loads, is input, and the program automati
cally expands according to any growth rate specified for 
a designated group of years. A seasonal grouping, by 
years, can also be incorporated into the program. 

Structural Analysis 

The primary response factors are obtained for each 
structur al section through the use of elas tic layered 
solutions to a boundary value problem (11). The pro
gram used i s capable of including five layers of differ
ent materia ls and provides for superposition for dual 
tires and the stress sensitivity of unbound materials. 
Probabilistic subroutines have been added to the basic 
structural analysis programs to provide rut depth pre
dictions at various levels of reliability. The main pro
gram is designed to calculate primary response factors 
for each analysis period. 

Calculate Rate of Rutting 

The basic distress model is designed to predict the rate 
of rutting [the rutting per application of 80-kN (18 000-
lbf) single-axle loads]. This part of the prediction 
model computes the expected rate of rutting as a func
tion of the appropriate primary response factors from 
the structural analysis. 

Calculate Cumulative Amount of Rutting 

The cumulative rutting is calculated by multiplying the 
rate of rutting for each analysis period by the number 
of equivalent load applications during that period. 

Estimated Rut 
Depth (mm) 

Aug. June June AASHO Adjusted 
1971 1972 1973 Model Model 

14 .2 17 .5 11.8 
7.'I 8.9 19. 1 12.2 

17.0 11.4 
11.2 11.9 10.9 10.2 7.5 

8.6 9. 7 12.4 9.1 
12.2 8.9 
16.8 11.4 
17.0 11. 7 

370 424 487 487 487 

APPLICATION OF MODEL TO 
OTHER CONDITIONS 
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Although this model was developed for the AASHO road 
tests, it could be used for other conditions either as is 
or after the introduction of appropriate changes in the 
fitting coefficients. In an application to the Brampton 
Test Road, eight sections were selected from the avail
able data to estimate rut depths. The structure of these 
sections is shown below, and a summary of the analysis 
is shown in Table 3. 

Section Thickness (mm) 

Asphalt 
Section Concrete Granular Granular 
No. Surface Base Subbase 

9 89 152 152 
10 89 152 152 
22 89 152 152 
16 140 51 457 
18 140 51 152 
12 89 102 152 
19 89 102 152 
20 89 102 152 

The estimated values of rut depth were about two times 
higher than the observed values. Therefore, the model 
was adjusted so that the average estimates of the rut 
depth were similar to the observed values. These es
timates are shown in the last two columns of Table 3. 

SUMMARY 

The rate of rut depth model presented in this paper was 
derived from the AASHO Road Test data, but was found 
capable of predicting rut depths in Brampton Test Road 
sections within reasonable limits. Therefore, it can be 
assumed that the model is capable of predicting rut depths 
in conditions that may be different from those at the 
AASHO Road Test site. Slight adjustments may be nec
essary to accommodate local conditions. 
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