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Frost action parameters (cooling rate, freezing temperature, duration 
of freezing, warming rate, thawing temperature, and duration of thaw
ing) for a typical pavement section with a stabilized base course were 
developed for 30 years of climatic data for five separate locations in 
lilinois. AU calculations were accomplished with the multilayered 
pavement heat-transfer model developed at the University of Illinois. 
An ideali zed freeze- thaw cycle was established for analysis purposes. 
The frost action parameter data showed substantial variability as re
lated to the effects of geographical location, year, and month. Com
parisons of the data with the standard ASTM and AASHO freeze-thaw 
testing procedures indicated that the standard procedures did not ade
quately simulate field service conditions in Illinois. The substantial 
discrepancies between test and field conditions present just cause for 
careful scrutiny of the standard test procedures and the interpretation 
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more realistic and rational freeze-thaw durability testing procedures 
should be developed for stabilized materials. Appropriate frost action 
parameter data, similar to those generated in this study, should be con
sidered in the development of such improved testing procedures. 

•STABILIZED MATERIALS such as soil-cement, lime-fly ash aggregate mixtures, 
and lime-soil mixtures are used extensively as base and subbase layers in pavement 
construction. In the areas where frost action occurs, these materials must retain 
their integrity and maintain adequate r esidual strength at all times in order to provide 
adequate structural performance. Repetitive cycles of freezing and thawing are de
trimental , particularly as related to volume change and strength loss. 

To achieve maximum efficiency in mixture design and pavement analysis, it is es
sential to properly assess the freeze-thaw action that the pavement system and s tabilized 
materials will experience during the service life of the pavement. The ASCE Com
mittee on Structural Design of Roadways (1) has recently emphasized the inadequate 
attention generally given to environmental-variables during the pavement design process. 
The extreme variability of climatic factors as related to geographical location and time 
(year to year and within year ) must be taken into account. It is also desirable to have 
the capability of evaluating the effect of other important factors such as thickness of 
various pavement l ayers and thermal and physical properties of constituent materials. 

CURRENT PRACTICE 

Freeze-thaw testing is currently considered in the design of soil-cement and lime
fly ash aggregate mixtures. The suggested test procedures, as outlined in ASTM D 500-
57 (AASHO T 136-57) and ASTM C 593-66T, are quite similar. Twelve freeze-thaw 
cycles are required. Freezing is at < -10 F for 24 hours and thawing at 70 F for 23 
hours in both procedures. 
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Packard and Chapman (2) indicate that in the standard tests "8 hours at most are 
required to bring the specimen's temperature (interior) to -lOF." This corresponds 
to a rate of cooling of 10 F per hour. According to Norling (3), "The number of cycles 
of testing and their duration was evolved by exploratory tests-on freezing temperatures, 
freezing time, drying time, and soaking time. Twelve cycles for each test produced 
interpretable data and also met the requirements of a practical time limit." 

Thompson (4) has proposed a mixture design procedure for lime-soil mixtures that 
considers freeze-thaw action. However, no standard freeze-thaw test procedure has 
yet been developed by ASTM or AASHO for lime-soil mixtures. 

There is a dearth of factual information concerning the nature of the freeze-thaw 
action that occurs in field pavement systems. It is not surprising that current labora
tory testing procedures and techniques are quite empirical in nature and are not as
sumed to be truly representative of field service conditions. Mielenz (5, p. 32), in a 
paper concerning the accelerated durability testing of concrete, stated:-

The value of any accelerated test lies in the degree to which the service condition is simulated 
and the extent to which the physical, chemical, and mechanical responses of the concrete in the 
service condition are reproduced in the method of test. Any substantial departure from reality 
in these respects is likely to produce erroneous decisions in the approval or rejection of the pro
posed concrete mixture or the treatment that is under investigation. 

Cordon (6), in his ACI Monograph on freezing and thawing of concrete, suggested, 
"Where specific materials are being considered for a particular structure ... it may 
be desirable that freezing and thawing tests simulate actual field exposure." 

It is apparent that the freeze-thaw environment must be quantitatively characterized 
if pavement service life and performance are to be adequately predicted. This paper 
describes the use of a theoretical heat-transfer model for developing such quantitative 
data. 

HEAT-TRANSFER MODEL 

There are a large number of variables that influence freeze-thaw action in a pave
ment system. It is prohibitive and impractical to gather field data in the hope of quan
titatively characterizing freeze-thaw action (7). The only realistic procedure that can 
be used to develop sufficient data for characterizing frost action is the development of 
a model that accurately simulates the temperature regime in a pavement system. In
put data for the model should consist of pertinent past climatic data (maximum and 
minimum daily air temperature, percentage of possible sunshine, and average daily 
wind velocity) and appropriate parameters for describing the pavement section and its 
constituent materials. utilization of the model to analyze several years of past cli
matic data would provide a sufficient quantity of information for adequately characteriz
ing the frost action in a pavement system. 

A heat- transfer model with the capabilities described has been developed and veri
fied at the University of Illinois. Model development and details have been presented 
elsewhere (2). 

CYCLIC FREEZE-THAW 

Considerable study has been devoted to the mechanism of frost action in concrete. 
These studies, recently summarized by Kennedy (8), have resulted in the development 
of theoretical models for explaining the behavior Of freezing cement paste. 

The theoretical models, as well as experimental data, suggest that the rate of 
freezing is a significant factor affecting deterioration due to hydraulic pressure. The 
length of time the concrete remains frozen and the temperature to which it is frozen 
relate to the extent of deterioration associated with development and growth of ice 
bodies within the cement paste. 

Because of the similarity in the nature of the cementing products (primarily hy
drated calcium silicates and calcium aluminates) in concrete, soil-cement, lime-fly 
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Figure 1. Idealized freeze-thaw cycle. 

ash aggregate, and lime-soil mixtures, it is probable that the theories relating to 
cement paste would also be qualitatively applicable for other materials. 

Based on the available theories for explaining frost action in concrete, the idealized 
freeze-thaw cycle shown in Figure 1 appears to include all the pertinent features of 
importance as follows: 

1. Cooling rate, 
2. Freezing temperature, 
3. Duration of freezing temperature, 
4. Warming rate, 
5. Thawing temperature, and 
6. Duration of thawing temperature. 

Items 1, 2, and 3 are the most significant features relative to cyclic freeze-thaw 
damage. 

2 in. 

8 In. 

Asphaltic Concrete 

r • 148 er 

Stabilized (cement or llme-flyosh) Base 
Material Stabilized: A-1-b (o) 

YD: 133 pcf 

A-6 SubQrade Soil 
YD: 110 pcf 

Figure 2. Pavement section analyzed. 

The quantitative parameters 
for the idealized cycle, for a 
given point in the pavement sys
tem, would vary depending on 
geographical location, month of 
the year during the freezing period, 
and the year. 

A freeze-thaw history for a 
given point in a pavement could 
be simulated by (a) developing an 
idealized freeze-thaw cycle for 
each freezing month for each year 
of available climatic record, and 
(b) determining how many freeze
thaw cycles occurred during the 
month . Statistical analyses of the 
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data would provide satisfactory information for quantitative characterization of the 
freeze-thaw environment. The data would be invaluable as input for laboratory testing 
procedures where it is desirable to simulate field conditions. 

DATA DEVELOPMENT 

The typical pavement cross section shown in Figure 2 was analyzed using the heat
transfer model. The typical section is characteristic of the type used for local and 
secondary roads in Illinois. 

Only the data for the freezing months (October to March) were used. Thirty years 
of climatic data (1918-1947) were analyzed for five locations in Illinois (Chicago, 
Moline, Springfield, East St. Louis, and Cairo). These stations provide excellent 
north-south coverage of the state. The basic temperature trends in Illinois are from 
nort.h t.o south. 

Statistics, based on 30 observations , for the mean values of the various segments 
of the idealized freeze-thaw cycle (Fig. 1) are presented in Table 1. The statistics 
are for node 3, which is located 4 in. beneath the surface of the pavement and 2 in. 
below the surface-stabilized base course interface. Node 3 conditions are considered 
to be representative of the more intensive frost action occurring near the upper surface 
of the stabilized base course. 

DATA ANALYSIS 

Table 2 gives mean values based on 30 years of data for all months (October to 
March) by station and by month. Grand mean values, based an all the data, are also 
given in Table 2. 

The frost action parameters for the five stations were compared statistically to 
determine if there were significant differences. HeFmlts of the analysis indicated the 
following: 

1. There was a statistically significant (a = .01) difference for all of the frost 
action parameters relative to the influence of months. Thus, the parameters are not 
the same for all of the months (October to March). 

2. There was a statistically significant (a = .01) difference for all of the frost 
action parameters relative to the influence of station (location in Illinois). Thus, the 
frost action parameters are not the same for the various Illinois locations. 

TABLE ' 
He•n V•lu1H for Fr o!o l Ai;.ti0f1 P• r•mrteri.-Ste1i on and l'lonfh Erfecl!o 

'"'"•' Act l (.'ll"I '•'41'11f' t<"r 

Effec t'!> oal lt\g Rah'. tel°" Fcu1rrig T. Dur•tion of Warming !late , Aboo Fun Ing T • Di.trailon ol No. of F-T ., ,, o, Fr~eiino . 4-"I OF'/hr ., Th.-.iina d•v1 r .... 1 ... 1--1h 

~ 

Chiu1go 0,326 28,20 1. 12 0.534 41.74 19 . 42 1.85 

110\ ine 0.338 27,79 1. 39 O.SSJ -41,63 18, 79 1.99 

Springfield O,J8J 28, 79 0 , 59 o.632 44,54 22.45 I .JO 

E. "· Loui 0,415 29 40 0 " 0,695 41,59 25.75 0.57 

C• lro 0 . -481 29 . 82 0.01 0.8oJ 50,59 28.48 O.JO 

~ 

October 0.583 30 , 00 o.o o.96s 62,62 JO.JI o.o 

No1t1..-nber 0.40 1 29,63 0 .04 0,625 47 ,68 29.21 o.06 

DPcelhber 0.244 28,07 '·""' 0.391 38,04 17 . 66 2.29 

J•n1.1•ry 0.254 26,89 1.84 o.408 JS, 71 IJ,Jl J, 19 

Febru41r-y O,J21 28,22 1, 18 0.538 JS ,59 18,08 1,45 

fYrcn 0.528 HI, 78 0.07 0.931 48,,l 29,22 0.2J 

~ 0.389 28,80 0, 70 o.64.1 45,22 22 .98 1,20 



Although significant statistical differences were detected, a careful study of the 
data in Table 2 indicates that the mean values for many of the various frost action 
parameters fall within a rather limited range. 

DISCUSSION OF FINDINGS 
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Frost action parameters are quite variable as indicated by the data presented. It 
is apparent that adequate simulation of frost action in a pavement system requires 
careful consideration of many factors. Such factors should include geographical loca
tion, time (month and year), and the nature of the pavement system (material properties 
and layer thicknesses). 

Comparisons of typical data in this paper with the cooling rate, below freezing tem
perature, duration of freezing, and number of freeze-thaw cycles used in the standard 
ASTM and AASHO freeze-thaw durability test procedures show that the procedures are 
not reasonable simulations of the frost action that occurs under field conditions. For 
example, the following differences were noted: 

1. The cooling rates are an order of magnitude higher than field cooling rates. 
2. The 12 freeze-thaw cycles prescribed in the standard test may be exceeded 

quite frequently in many locations. At Moline and Chicago, for example, more than 
12 freeze-thaw cycles will occur annually 50 percent of the time. 

3. The data for the northern stations (Chicago, Moline, and Springfield), where 
freeze-thaw durability is of prime concern, indicate that the average duration of freez
ing is substantially longer than the 24 hours used in the standard tests. 

4. Average freezing temperatures for the state (range of 24.5 to 27.4 F) are sub
stantially higher than the < -10 F required by the standard ASTM or AASHO procedure. 

Although no one has claimed that the standard AASHO and ASTM tests truly simulate 
field conditions, the substantial discrepancies between test and field conditions are just 
cause for careful scrutiny of the procedures and the interpretation of the test results. 
The major advantage generally cited for using the standard test is that a substantial 
body of field experience and performance data has been gathered and correlated with 
results obtained for the standard testing procedures. Although soil-cement has a long 
service record, some of the newer materials (lime-fly ash aggregate and lime-soil 
mixtures) have service records of limited length, especially in the northern area of 
the United States where freeze-thaw durability is a major consideration. The empirical 
nature of the standard test is obvious. 

With the increasing interest displayed in stabilized materials and their effective and 
economical use in pavement construction, it would seem appropriate to pursue the de
velopment of more realistic and rational freeze-thaw durability testing procedures and 
criteria. The data presented in this paper and similar data that can be generated by 
the heat-transfer model provide the basic information required to develop improved 
durability testing procedures; such data were not previously available. 

It should be emphasized that, even though all of the frost action parameters were 
statistically different for the various months and locations studied, practically speaking 
the ranges of the average values were quite small for some of the parameters. An ex
tensive laboratory testing program is currently being conducted at the University of 
Illinois to determine if, for the range of values observed, the freeze-thaw durability 
of typical stabilized materials (lime-fly ash aggregate, soil-cement, and lime-soil 
mixture) is significantly influenced by the magnitude of the various frost action param
eters. A sophisticated automatic freeze-thaw cabinet has been developed for use in the 
study. The cabinet can be programmed to accurately control both the top and bottom 
temperatures on a specimen, and either a closed or open system moisture condition 
can be provided. Results from the testing program will be used to determine whether 
constant or variable frost action parameters should be used in freeze-thaw durability 
testing. 

Ultimately, a detailed testing procedure, based on heat-transfer model data and 
laboratory test results, will be proposed. The procedure should much more accurately 
simulate field conditions than any present procedure. 
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