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As Affected by Frost Action 
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THIS I S the fourth report covering work being done by various states on this research 
project. Previous reports were submitted to cover testing work performed in the years 
1948, 1949, and 1950. 

The objective of the project is to determine the percentage loss of strength that 
may occur in highways subjected to freezing and thawing action. Determining desipt 
bearing values is not a part of, or objective of, the project. 

The states of Iowa, North Dakota, Ohio, and Oregon have submitted new material for 
this report. Minnesota completed i ts work last year, and Michigan, New Hampshire, and 
New York have discontinued their testing, Indiana and Virginia s t i l l expect to do some 
testing. 

The North Dakota report continues to show strength loss. The Oregon work hasjust 
started, and a complete cycle of one year of tests has not been accomplished. The Ohio 
test was made on a road of sufficient design strength to support the test load thruout 
the year, without excessive deflection. The Iowa report is a continuation of and sup­
plement to the report made on work carried on last year. The overall result continues 
to disclose a loss in strength due to frost action. 

• THIS REPORT includes new material sub­
mitted by some of the states covering ac­
t i v i t i e s of the committee during 1951. For 
those interested in the previous work of 
the committee, attention i s called to the 
three previous reports published by the 
Highway fieseardi Hoard. The f i r s t , or 1948, 
report i s contained in the Highway Research 
Board Proceedings, Vol. 28; while the 1949 
work I S published under hesearch Report 
10-D, and the 1950 work i s published in 
ll i^way Research Board Bulletin W. 

The states making s i g i i f i c a n t contribu­
t ions t h i s year are Iowa, North Dakota, 
Ohio, and Oregon. Tlie reports submitted 
by these states are included in and made a 
part of th i s report i n their a i t i r e t y . 

Iowa - The average strength loss due to 
f ros t action i s reported to be 58 percent, 
with variations between 84 percent and 38 
percent. Correlauon o f plate-bearing re­
sults with instrument-testing results, one 
of the objectives of the comnittee, has so 
far been inconclusive. One of the in ter ­
esting observations made i n the Iowa report 
i s as follows: 

'Moisture and density determinations cn 
undisturbed soil samples taken at depths of 
1 - f t . and 2 - f t . below the surface o f the 
subgrade f a i l e d to give accurate indica­

tions for predictionof plate bearing values 
to be expected." 

North Dakota - The testing of subgrades 
with the cone-bearing device has been con­
tinued during 1951 by North Dakota. An 
extensive report has been submitted b/ this 
state, summarizing test results accumulated 
over a period o f three years o f tes t ing . 
M i i l e individual tests show considerable 
variation in loss o f bearing capacity dur­
ing the spring o f the year, the overall or 
average values secured over a period o f 
three years show consis tent ly a loss o f 
carrying capacity during the spring o f the 
year a f te r the f ro s t has l e f t the ground, 
and a gradual recovery during succeeding 
months. 

The North Dakota tests also disclose 
that for the past three years the highway 
subgrades have been s u f f e r i n g a general 
loss of carrying capacity, presumed to be 
due to the unusually wet seasons occurring 
i n that state during the past three years. 
Tests during each succeeding year disclose 
that the subgrade carrying capacity in the 
f a l l i s somewhat less than i t was i n the 
previous year. For instance, the grand 
average o f a l l bearings secured i n the f a l l 
of 1948 was 688 (cone-bearing ps i . ) ; i n the 
f a l l of 1949 i t was 585, and in the f a l l of 



1950 i t was 476. In addition to this gen­
eral loss o f carrying capacity, the sub-
grades suffered a s t i l l fu r ther loss o f 
carrying capacity during the succeeding 
spring season. 

Oregon - Ih i s state has started testing 
at 18 selected points with portable equip­
ment patterned a f t e r types developed i n 
other states under the guidance o f th i s 
cumnn ttee. 

Ihe results secured so far disclose i n ­
creased bearing capacity f o l l o w i n g the 
spring thaw at one point and no change in 
bearing capacity at another point . Com­
ments on th is d i f fe rence in behavior are 
offered in the body of the Oregon report, 
which l i k e reports of other states i s i n ­
cluded i n i t s entirety. 

The committee i s carrying on i t s work 
with increasing d i f f i c u l t y with each pass­
ing year. A s i ^ i f i c a n t development taking 
place as a result o f the work of this com­
mittee, i s the growing use o f f u l l - s c a l e 
f i e l d bearing tests by the oigineering de­
partments of those states now having been 
provided with such test equipment under the 
direction of this committee. I t i s , there­
fore , becoming increasingly d i f f i c u l t to 
hold the bearing equipment for use on the 
t e s t ing pro jec t because o f t h i s growing 
demand. 

With the special equipment supplied by 
this committee, loads are usually applied 
on a 12-inch diameter bearing plate . An 
i n d i c a t i v e r e s u l t can be secured i n 20 
minutes from stop to move. Such tests are 
known as "quickie tes ts" and provide re­
vealing and relat ive information of s i g n i f i ­
cant value. 

This committee has not attempted to 
evaluate or interpret the bearing strengths 
accumulated and recorded, into factors for 
road design. The information, however, i s 
available to design engineers for whatever 
I t may be worth to them. I t i s desired 
to again point out the object ive o f th is 
comnittee, which i s to investigate the per­
centage loss of strength of roads due to 
f r o s t ac t ion . I t i s not the purpose o f 
th is connittee to make determinations re­
l a t i n g to bearing values that should be 
used i n road design. 

I t m i ^ t be well to point out again that 
very extensive work has been completed and 

reported on by Minnesota, Michigan, New 
York, and New Hampshire. This information 
I S contained in previous reports published 
by the Highway Research Ebard. 

IOWA 

Iowa Route 144, i n Greene County, was 
chosen as the location for the f i e l d «ork 
on t^iis project. One section of this road 
extends southward from Grand Junction to 
Rippey and consists of a 6- in. gravel-clay 
stabi l ized base with an inverted-penetra­
t ion wearing surface. The other section 
of th is road extends northward from Crand 
Junction to Dana, and consists of a 5-in. 
asphalt-emulsion-treated base o f gravel 
aggregate, surfaced with an inverted pene­
t ra t ion of wearing course. One test s i te 
on each o f these roads was chosen for de­
t a i l e d plate-bearing tests at locations 
where the roadway showed evidence of good 
year-round s e r v i c e a b i l i t y . At each o f 
these locations, test sites in the opposite 
t r a f f i c lane were la te r selected for thie 
performance of quickie plate-bearing tests 
and these tests are noted as being i n "good 
areas." One additional s i te on each of the 
two types o f roadway was selected for the 
qu ick ie tes ts in areas where i n c i p i e n t 
f a i l u r e was i n evidence, and these tests 
are noted as being in '^xwr areas." 

Topographically speaking, the detailed 
tests were performed at the approximate 
center of level stretches of road at least 
1/4 mi. long, vi^ere the centerline of the 
roadway i s raised 4 to 5 f t . above the 
or ig inal ground l i n e . This condition ap­
p l i e s , o f course, to the quickie tests 
performed in the good areas. The quickie 
tests i n the poor areas were performed near 
the top o f gentle grades, the test s i t e 
being located near the end o f the cut sec­
tion through the low h i l l s . 

Since this entire area i s located within 
the Mankato lobe of the Wisconsin glacial 
period, uniformity of material between the 
two sections of roadway and, as a matter of 
f a c t , w i t h i n a given sect ion o f e i ther 
road, i s poor. Generally speaking, the f i l l 
materials might be called a clay-loam (P.R, 
A. Classification A-2 to A-4-2) which varies 
local ly to sandy loam or to gravelly clay-
loam. 



Tests Performed - Approximately 90 detailed 
bearing tests have been completed on the 
two test s i tes . Each o f these tests i n ­
cludes plate-bearing tests on the mat, on 
top of the base, and on the surface of the 
subgrade, together with North Dakota cone-
bearing tests and tests by means o f the 
Iowa Highway Commission subgrade-resistance 
machine. Soil samples for laboratory tests 
and undisturbed soi l specimens for density 
and moisture determinations were also ob­
tained at various depths. Approximately 80 
quickie bearing tests have been performed 
at the above described s i t es , inc lud ing 
some parallel instrument tests. 

100 

Results of Tests - Results o f de ta i l ed 
plate-bearing tests on the soil-aggregate 
base south of Grand Junction have been 
summarized graphically i n Figure 1. The 
quickie tests on th is section of road are 
shown in Figure 2. Results o f the detailed 
plate-bearing tests on the asphal t ic-enul-
sion base north of Grand Junction are shown 
in Figure 3, with the corresponding quidiie 
tests shown i n Figure 4. 

Although the results o f each individual 
test are plotted on these graphs, the curves 
shown are those which were drawn at the 
conclusion o f test ing operations i n 1950. 
No attempt has been made to revise those 
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Figure 1. Soil - Aggregate Base: Iowa 144, South of Grand Junction, Plate Ebaring 
Test, 12-in. Diam. Plate. 
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Soil - Aggregate Base: Iowa 144, South of Grand Junction, Quickie Bearing 
Test, 0.1-in. Penetration, 12-in. Diam. Plate. 

curves, since the test results as plotted 
for 1951 show the marked influence of the 
unusually wet spring and summer months in 
re ta rd ing the recovery o f bearing value 
lost i n the most severe spring breakup i n 
recent years. I t would appear that the 
tests during 1952 would best serve as ev i ­
dence f o r the establishment o f the low 
points o f the various curves rather than 
for the d e f i n i u o n o f the curves themselves. 

The lowest bearing value for each l o ­
cation varied from 16 to 62 percent of the 
corresponding f a l l h i ^ value. The average 
o f these low spring values for a l l test 
locations was 42 percent of the high f a l l 

value. These low values occurred during 
the la te r part of March or early A p r i l , 
and in every case the lowest value was ob­
tained in the 1951 tests. 

I n examining the accompanying f igures 
I t w i l l be noted that the curves shown for 
the tests on top o f the base, inc lud ing 
those for the quickie tests, are based on 
a deflectionof 0 .1- in . , since the equipment 
avai lable lacked capacity for obtaining 
0. 2-in. deflection i n every test attempted. 

I n computing the data for p l o t t i n g the 
test values on the f igures the high f a l l 
value used for a l l test locations was that 
obtained i n the f a l l o f 1949. For the 



tests at 0 .1- in . deflect ion of the plate, 
as mentioned above, the 1949 and the 1950 
f a l l values are in general agreement. How­
ever, for the tests on the subgrade at 0.2-
i n , deflection there i s some v a r i a t i o n . 
Due to the necessity for using the equip­
ment on other work in distant parts o f the 
state i t was impossible to get back to this 
project to obtain 1951 f a l l values before 
freezing temperatures occurred. Ihe l a ­
test test series i n mid-August, however, 
ind ica ted that the recovery o f bearing 
value had beoi retarded considerably by the 
wet weather during the spring and summer. 

Ihe plate-bearing equipment was taken to 
Dubuque County in November 1950, and again 

i n A p r i l 1951, where tes ts were made at 
seven locations on the subgrade of an ex­
perimental gravel-surfaced road. At these 
seven test s i tes the A p r i l values varied 
from 16 to 67 percent of the corresponding 
values obtained the previous November, 
with the bearing value in Apr i l averaging 
38 percent of the November value for a l l 
seven sites. 

A thermocouple system for the measure­
ment of sub-surface soi l temperatures was 
i n s t a l l e d below the center o f the south­
bound t r a f f i c lane near the detailed bear­
i n g tes t s i t e south of Grand Junc t ion . 
Tills equipment was operated at short inter­
vals through the f a l l , winter and spring of 
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Figure 3. Ejnulsion Treated Base. Iowa 144, North of Grand Junction, Plate Bearing 
Test, 12-in. Diam. Plate. 
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1950-1951. The dates and the depths below 
the surface of the roadway at which freez­
ing temperatures occurred during this period 
are shown graphically in Figure 5. 

Attempts to cor re la te the p a r a l l e l -
instruipent tests with plate-bearing values 
obtained on this project have encountered 
considerable d i f f i c u l t y . Early in the 
t e s t ing program i t became apparent that 
the North Eakota cone test was not suited 
to th i s par t icular project since the sub-
grade on both sections o f road contained 
considerable quant i t ies o f pebbles which 
made i t d i f f i c u l t and often impossible to 
select a test s i t e at which the influence 

of these pebbles was not di rect ly reflected 
i n the results obtained. Attempts to ob­
ta in test values conforming to the theo­
re t ica l procedure became so ume consuming 
that this portion of the program was aban­
doned i n 1950. 

A tota l of 44 tests were made with the 
Iowa Midway Commission subgrade-resistance 
machine. A series of 15 tests were made at 
each o f the two de t a i l ed p la te-bear ing 
locations and a series of 7 tests was made 
at each o f the two quickie-bear ing- tes t 
locat ions i n the poor areas. No d i r ec t 
cor re la t ion between plate-bearing values 
and the r e su l t s o f subgrade-resistance 
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Figure S. Temperature record (frost) as obtained by copper-constantan thermocouples 
and Brown Potentionineter on Iowa, No. 144 2)4 mi. south of Grand Junction, 1950-1951. 

tests has as yet been def in i te ly established. 
This i s not too su rpr i s ing since i n the 
plate-bearing test the loading i s applied 
at the surface and normal to the plane of 
that surface, while the subgrade-resistance 
machine applies the load below the surface 
a t depths o f 1 to 4 f t . or more with the 
force i n a direction parallel to the plane 
of the surface. Since both tests involve 
the direct application of load upon a known 
area of s o i l , i t i s f e l t that further analy­
sis o f the data w i l l provide' some measure 
of the characteristics o f the so i l as i n ­
dicated by these test procedures. At the 
present wr i t ing no time has been available 
for a detailed analysis o f the data, but 
i t i s hoped that study can be undertaken 
during the next few months. 

Moisture and density determinations on 
undisturbed soil samples taken at depths of 
1 and 2 f t . below the surface o f the sub-
grade f a i l ed to give accurate indications 
for prediction of plate-bearing values to 
be expected. 

NORTH DAKOTA 

The current report covers the period 
from January 1 to July 31, 1951. I t also 
includes comparisons of the average results 
obtained in 1949, 1950, and 1951. Results 
i n 1951 are based upon f a l l values estab­
l ished i n the f a l l o f 1950. The report 
shows the loss i n subgrade bearing power 
during the 1951 spring thawing period and 
the recovery thereafter up to the report 
date of July 31. 

During 1951 tests were continued on the 
permanent test points selected i n 1948: (1) 
one test point for a gravel-surface section; 
(2) one fo r bituminous armor coat; (3) 
three for cold- la id o i l -mix mats; (4) one 
for hot-mix asphaltic-concrete resurface; 
and (5) four for asphal tic-concrete pave­
ments. 

Subgrade bearing tests were made with 
the North Dakota cone device at depths of 
3, 9, 15, and 24 i n . below the subgrade 
surface at each test point. From the data 
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obtained i n 1950, the f a l l bearing value 
was established for each test point. These 
values are p lo t ted as 100 percent on the 
1951 graphs in this report. A l l other 1951 
test results for subgrade bearing power are 
p lo t t ed as percentages o f the 1950 f a l l 
values. 

Last year the f i e l d tests were suspended 
November 22, 1950, due to frozen subgrade 
conditions. Field tests were resumed Apri l 
3, 1951, at the beginning o f the spring 
thawing period. Cue to the manpower short­
age, only one f i e l d party was engaged i n 
the test ing work th i s season. This party 
devoted i t s f u l l time to the project during 
the c r i t i c a l spring thawing period. Then 
as the summer season developed and subgrade 
recoveries occurred, the test ing w>rk was 
gradually reduced, due to other necessary 
work commitments. However, s u f f i c i e n t 
t e s t i ng was done to obtain the required 
data. 

For the most part, North Dakota experi­
enced another coo] spring and suirmer season 
i n 1951. I t was somewhat s imilar to the 
abnormal weather i n 1950, although gen­
e r a l l y not qui te as abnormal. A l l the 
f r o s t t h i s season was not reported to be 
completely out of the ground un t i l the la t ­
ter part of May. < 

A study of the graphs i n the current 
report indicates some erratic subgrade per­
formances as reflected by the test results. 
I n general, however, the performance was 
more uniform than i n 1950. The data shown 
on the individual graphs w i l l be found self 
explanatory. Therefore, discussion w i l l be 
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confined la rge ly to the average resul ts 
shown. 

As the subject implies, the purpose of 
th i s project i s to determine the loss in 
subgrade bearing power as affected by f ros t 
action. I t i s d i f f i c u l t , however, to com­
p i l e and subnit such a report without i n ­
cluding some addi t ional closely re la ted 
facts regarding flexible-pavement desigp 
and performance. 

The curve i n Figure 6 represents a sum­
mary of a l l bearing tests made i n 1951 up 
to July 31. I t shows the average results 
obtained for a l l ten tes t poin ts . This 
curve c lea r ly depicts the annual spring 
loss in subgrade bearing power and the sub­
sequent recovery. The greatest average 
loss occurred around May 3, which i s about 
three weeks ahead of the f i n a l date when 
a l l the f r o s t was reported to be out o f 
a l l the subgrades. 

I t will be noted the minimum average 
subgrade strength for a l l test points i n 
1951 i s 76 percent of the 1950 f a l l value. 
For the years of 1949 and 1950 this figure 
was 59 percent and 47 percent respectively 
of the previous f a l l value. I t might be 
assumed from th i s data that the loss i n 
subgrade strength during the spring of 1951 
was less than that for the two previous 
test years. However, a fur ther analysis 
of the actual bearings obtained indicates 
this assumption i s false. 

Due to the wet, abnormally cool season 
in 1950, the recovery of subgrade strengths 
was retarded which caused the 1950 f a l l 
values to be established at lower figures 
than i n former years. For this reason the 
percentage o f loss i n subgrade strength 
during the spring o f 1951 would be cor­
respondingly less than m former years. 

>• 60 

Figure 6. Average bearing for all tests at the 
10 test points; bearing tests with North Dakots 

cone device. 

Figure 7. Test Point 1 bearing tests with North 
Dakota cone device; 1939 construction. Single 
bituminous armor coat, 4-in, stabilized gravel 

roadbed. 



Figure 8. Test Point 2, original construcUon 
19 30; latest n gravel 1947. Gravel surface 
bearing tests with North Dakota cone device. 

^gure 9. Test Point 3, 1948 construction; 
2i - in . asphaltic concrete surface; 2-in. sta­
bilized base; S in. pit-run base. Bearing tests 

with North Dakota cone device. 

Figure 10. Test Point 4, 1948 construction; 
27i-in. asphal tic-con C r e t e surface, 2-in. sta­
bil ized base; 5 in. pit-run base. Bearing tests 

with North Dakota cone device. 
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Figure 12. Test Point 6, 1947 construction: 
2K in. bituminous mat (cold laid) , 5-in. sta­
bilized base not closed to traff ic during con­

struction . 
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Figure 13. Test Point 7, 1947 construction-
2H in. bituminous mat (cold la id) , 5-in. sta­
bilized base closed to t r a f f i c during construc­

tion. 

Figure 14. Test Point 8, 1947 construction: 
2K-in. asphaltic concrete surface, 2-in. sta­
bilized base, S-in. pit-run base. Base and mat 
of original project about 1. 3 ft. below current 

subgrade surface. 
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Figure 11. Test Point 5, 1948 resurface with 
2K in. of asphaltic concrete on 4-in. stabilized-

gravel base with bituminous armor coat. 
Figure IS. Test Point 9, 1942 to 194S construc­
tion: 2K-in. bituminous mat (cold laid), 6-in. 

stabilized base (trench section). 
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Figure 16. Test Point 10, 1948 construction: 
S<-in. asphaltic-concrete surface, 2-in. sta­

bilized base, 5-in. pit-run base. 
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Figure 19. Average bearing for the 10 test 
points at the 15-in. depth below subgrade sur­

face. 
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Figure 17. Average bearing for the 10 test 
points at the 3-in. depth below subgrade surface. 

April May 

Figure 18. Average bearing for the 10 test 
points at the 9-in. depth below subgrade surface. 

Therefore, comparisons of numerical results 
of the bearing tests rather than by per­
centage methods are considered to be more 
rel iable for establishing an accurate basis 
of comparison between the results obtained 
during the three test years. Table 1 shows 
the tabulation of the nunerical f a l l values 
for a l l test depths for a l l test points for 
the years o f 1948, 1949, and 1950. 

For a graphic comparison of average test 
results obtained i n 1949, 1950. and 1951, 
three curves are superimposed i n Figure 21. 
I t w i l l be noted that higher average sub-
grade bearings were obtained i n 1949, with 
the lowest average spring value being 59 
percent o f the previous average f a l l value 
of 688 ps i . Ihe year of 1949 had a normal, 
dry, warm summer season. For some unex­
plained reason the average subgrade strength 
i n the f a l l o f 1949 was 585 p s i . or only 
85 percent o f the 1948 f a l l value. 

April May July 

F i ^ r e 20. Average bearing for the 10 test 
points at the 24-in. depth below subgrade sur­

face. 

The year 1951 was abnormally wet and 
cool. Lower subgrade bearings were obtained 
than i n 1949. Test resul ts were e r ra t i c 
as indicated by the 1950 average curve i n 
Figure 21. I t w i l l be noted also that the 
average f a l l value for 1950 did not recover 
to the 1949 average f a l l value. The 1950 
f a l l value was 476 p s i . This r e s u l t i s 
81 percent o f the 1949 f a l l value o f 585 
ps i . instead of approximately 100 percent 
o f i t which resu l t could normally be ex­
pected. Because o f th i s lack o f recovery 
in subgrade strength which occurred for the 
second year i n succession, the subgrades 
entered the 1951 season with lower strengths 
than i n former years. 

In 1951, subgrade performance was some­
what more uniform than i n 1950. In gen­
e r a l , higher subgrade bearings were ob­
tained than i n 1950. Although r e su l t s 
vary considerably at individual test points, 
i t can be stated that by the progress re­
por t date o f July 31, 1951, ind ica t ions 
were that the 1951 average f a l l value would 
exceed that o f 1950. As previously stated, 
a consistent drop i n subgrade bearing va l ­
ues had occurred i n both the f a l l s of 1949 
and 1950. Had not th i s two year trend be­
gun to reverse i t s e l f th is season, as now 
appears to be the case pending completion 
o f subgrade tests th i s f a l l , the average 
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TABLE 1 

Tabulation of F a l l Values for 1949, 1950, 1951 

Test 
point Location 

1948 Fall Values 
For 1949 

3" 9" IS" 9i" 

1949 Fall Val 
For 1950 

3" 9" 15" 

ues 

24" 

1950 Fall Val 
For 1951 

3" 9" I V 

ues 

24" 
No. 

1 US 83 Sterling South 827 398 282 239 788 378 209 224 495 375 405 445 
2 ND 3 North of Steele 1087 309 1077 307 718 537 341 289 735 400 335 225 
3 ND 13 East of Edgeley 1332 465 596 1352 1272 455 764 1162 770 500 575 895 
4 US 52 Southeast of Sawyer 391 327 298 381 553 240 250 255 400 255 206 212 
5 IB 52 Southeast of Anamoose 613 417 296 266 680 340 290 266 550 334 237 208 
6 US 10 West of Sterling 1880 1183 852 706 1047 536 478 542 915 430 365 455 
7 US 10 East of Sterling 795 895 419 515 900 400 588 714 815 490 300 625 
8 US 10 East of Menoken 807 288 1040 850 754 366 1015 357 775 435 480 360 
9 US 10 West of Jamestown 1154 803 758 667 1214 856 814 660 1275 800 550 410 

10 US 52 Southeast of DonnybrooklOJ? 779 473 361 874 450 462 348 475 200 190 165 
Average Fall Value for the 
4 depths at the ten test 688.05 584.7 476.7 
points. 

800 

700 1948 Foil Voluefor 1949 

a 
to 
£ 600 1949 Fan^iue_for 1950 

T " " \ 

o 500 1950 Fall Voluefor 1951 

ui 400 

Figure 21. Average bearing for a l l tests at 10 test points for 1949, 1950, and 1951. 
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bearing strength of the subgrades under­
going test observations would have reached 
a minimuTn value incompatible with the 
flexible-pavement design practice utilized 
in this state. 

Load limits are used during the annual 
spring thawing period to protect and pre­
serve the highway system until the sub-
grades have recovered sufficiently to again 
carry the legal loads satisfactorily. Due 
to the low bearings and slow subgrade re­
coveries that occurred the past two years, 
some individual test results have been so 
near the cr i t ica l North Dakota flexible-
pavement design l imit that no factor of 
safety existed. Ihe continuation of such 
a condition for any length of time obviously 
would result in an accelerated rate of 
deterioration of the hi^way system. 

SUMMARY 

The 1951 results clearly reconfirm the 
large loss in subgrade bearing power which 
occurs during the spring thawing period. 

A three-year accumulation of subgrade 
tests i s now available for analysis. I t 
i s being studied to determine i f any useful 
hidden information i s present. Wiile this 
data i s incomplete and test work i s s t i l l 
in progress, the available information i s 
proving valuable to our department. 

On the basis of the three-year study, 
i t i s apparent that atmospheric weather 
conditions greatly affect subgrade strengths 
in the northern climates where severe 
freezing-and-thawing cycles occur. Sub-
grade moisture content i s also closely re­
lated to subgrade strength and performance, 
however, the extent of this relationship 
has not been able to be scientifically de­
termined or correlated. 

For accurate comparisons betweai bearing 
strengths in different years, i t i s recom­
mended the comparisons be made on the basis 
of actual cone bearing values in pounds per 
square inch, rather than by the percentage 
method of fal l values. 

I t i s hoped that future tests and sub-
grade performance wil l continue to become 
more uniform, so definite des i^ and per­
formance information can be obtained from 
the results. 

I t i s also hoped that a practical method 
can be established for determining the 
calendar dates for the start and end of 
the cr i t ica l spring thawing period during 
which time load l imits must be applied. 

OHIO 

Supplementing the report of November 
15, 1950, the chart (F ig . 22) has been 
brought up-to-date by including the plate 
bearing-test results obtained in February 
and September 1951 on the surface at the 
Delaware County test site. As previously 
reported, the pavement section at this test 
site i s : 4-in. hot-mixed bituminous con­
crete, 8-in. waterbound macadam, and lOK 
in. of classified embankment material. 

I t may be noted from the chart that the 
test results v^ich were obtained in Feb­
ruary 1951 are average by comparison to 
previous tests and consequently do not 
show a loss in strength even though these 
tests were made at a time when some other 
pavements (of less thickness) were showing 
considerable breakup from thaw and load. 

Ihe tests in September 1951 are lower 
than any of the previous tests on the sur­
face of this pavement. I t i s fe l t that, 
in this series of surface tests, the vari­
ation in temperature of the 4-in. asphaltic-
concrete surface course could be more re­
sponsible for the variation in results than 
any action due to frost. 

OREGON 

The Oregon test apparatus, was completed 
in January 1951. Tests were started on 18 
test points in central Oregon early in 
February, following the only severe weather 
of a generally mild winter. Tests were 
continued at intervals of about two weeks 
throu^ the spring, and a set of midsummer 
readings were taken in July. All tests to 
date have been by the quickie method as 
recommended in Highway Research Board ite-
seorch Report 10-D. Results vary from no 
apparent reduction in load-carrying capa­
city to readings as low as 20 percent of 
hi^est readings thus far observed. Tests 
on these points, with moisture determination 
added, will be continued. 
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Figure 22. Average tests on surface, 12-in.-diameter plate . 
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Figure 23. Truck in testing posit ion. 
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Figure 24. Close-up of loading apparatus. 

The test apparatus (Figs. 23, 24) was 
b u i l t up on a 2!^-ton 6-by-6 truck and log­
ging t r a i l e r following the Minnesota plans 
with minor exceptions. Roth the truck and 
t r a i l e r have steel beds loaded with punch-
ings. To prevent overloading the pin con­
nection of the f i f t h wheel, outriggers were 
arranged to transfer the truck load directly 
from the truck bed to the beair while test­
ing. Several 14-in. , 7,500-psi. gages were 
on hand from a previous pro jec t . One of 
these was used instead o f the two gages 
and valve employed by Minnesota. The long 
sweep of the gage hand gives suitable ac­
curacy at a l l ranges. After considerable 
operation of the apparatus, i t was decided 
to mount the gage and pump on the front of 
the t r a i l e r . This allows the ram and pump 
to remain connected while making short 
moves between tes t po in t s . For longer 
t r ips over the Cascades, etc., the hose is 
disconnected, the pump and ram are covered 
and the ram i s removed from the ram post. 
Tliis system saves time and has proved gen­
erally satisfactory. The quickie tests are 
conducted by a test operator and a truck 
d r i v e r . A flagman i s employed when ne­

cessitated by t r a f f i c conditions. Addi­
tional personnel w i l l be required for soil 
moisture measurement. To minimize the 
effect of heat-softened asphaltic surfaces, 
summer readings are taken betveen 4:30 and 
10:30 a.m. 

Tests in the v i c i n i t y of Salem, while 
interest ing from other standpoints, would 
not come within the scope of the committee 
project since severe freezing i s the ex­
ception rather than the rule. Test points 
were selected i n central Oregon because i t 
i s the most convenient to Salem o f the 
areas subject to severe winters and because 
i t a f f o r d s a v a r i e t y of s o i l , base and 
s u r f a c e t y p e s . 

A to ta l of 18 points were selected to 
cover a l l normal types of construct ion 
usually employed in th i s state and a wide 
variety of soil types (Fig. 25). Highways 
with lava-cinder base both with rock and 
c inde r -o i l treatment were included. Tlie 
tests were started early in February after 
the only severe freezing of the year, dur­
ing the las t week i n January. Tlie tests 
to date may thus be assumed to fol low the 
recovery phase of the annual cycle. Since 
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i t i s impossible to determine whether or 
not maximums have been reached, curves and 
calculations based on perceitage of maxi­
mum bearing value cannot be submitted. 
However, two curves based on pounds per 
square inch for 0.2 in . of deflection are 
included (Figs. 26, 27). Hie highway at 
Point 3 consists of a 6-in. keyed-rock base 
and 3 m. bituminous macadam with crushed-
rock aggregate on Type A4 soil . Ihis point 
shows practically no variation since com­
mencement of the tests. Ibere i s a possi­
b i l i ty that the lower July reading might 
be related to irrigation in the iitnediate 
vicinity. Point 15 has 7 in . of cinders 
for a base and iH in. of oil-mat treatment 
with cinder aggregate on Type A-4 s o i l . 
Here, the low during the thaw was only 20 
percent of the July reading. Both sections 
have served satisfactorily on a main truck 
route without load restriction. 

Tests will be continued through the re­
mainder of the year and thereafter i f re­
sults warrant further expenditure. The 
original plans called for converting 6 of 
the 18 points to detailed study points by 
installing thermocouples and moisture cells. 
Reports from other organizations using 
various moisture ce l l s have been so un­
favorable that the cells have not been 
purchased. A drive tube sampler wil l be 
used to obtain soi l samples for moisture 
determination. I f this does not prove 
satisfactory, samples wil l be obtained by 
digging under the edge of the surfacing. 

Plans are being made for the use of the 
equipment for taking bearing tests on sub-
grades during construction. The State 
Board of Aeronautics i s considering the use 
of our equipment for evaluation of airport 
bases and subgra-des. 




