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F O R E W O R D 

The Committee on "Load C a r r y i n g Capacity of Roads as Affected by F r o s t Action" 
was organized to study and determine the weakenmg effect of f reezmg and thawing on 
the normal c a r r y i n g capacity of highways. The f i r s t report was made at the annual 
meeting of the Highway R e s e a r c h B oar d in 1948 and indicated that the loss m c a r r y ­
ing capacity might be as much as 60 percent. The following report covers the work 
of the Committee for 1949 and reviews the activit ies of the var ious states participating 
in the project and contributing r e s e a r c h data. 

In order that the f ie ld plate bearing tests conducted by the various states can be 
correlated and evaluated properly it i s essential that a l l tests be performed in a uni­
f o r m manner. It i s for this purpose that the Committee has prepared a manual of 
procedure for conducting the f ie ld plate bearing tests. The manual i s made a part of 
this publication. 



REPORT OF COMMITTEE ON "LOAD CARRYING CAPACITY OF ROADS 

AS AFFECTED BY FROST ACTION" 

C . L . Motl, Chairman 
Maintenance Engineer Minnesota Department of Highways 

SYNOPSIS 

This report may be considered as a s\q)plement to or a continuation of the report made in 1948' 
on research project No 7. 

The project was established to determme the weakenmg effect of freezmg and thawing on the 
normal carrying capacity of highways, and the first report made to the Highway Research Board 
indicated that the loss m carrymg capacity might be as much as 60 percent. 

This report covers the work of the Committee, and particularly the meeting held last June, 
at which time the activities of the various States taking part m the project and contnbutmg re ­
search data were reviewed and discussed. The reports submitted by the various active States 
last June, are briefly summarized insofar as they have a bearing on the objective of the project. 
Changes in research procedure, as agreed upon by the Committee, are also briefly discussed 

Research data gathered during the past year appears to point toward agreement with tenta­
tive conclusions reached in previous years, and continued full-scale plate bearing tests, as well 
as mstrument tests, confirm the loss of normal road strength, with subsequent recovery foUow-
mg the thawing out of frost Some progress has been made in correlating instrument testing with 
plate bearing testing, which is also one of the objectives of the project. 

The report contams a number of graphs which summarize and compare test results. It also 
contains a number of pictures illustrating the equipment being utilized. 

In recent y e a r s there has been grow­
ing concern over the rapid deterioration 
of some of the nation's highways. This 
deterioration has been attributed to v a r i ­
ous causes , over which there i s con­
siderable disagreement and growing 
controversy. Among the severa l causes 
cited, frost action i s suggested as be-
mg serious and damaging. In regions 
subjected to freezing and thawing, it 
has been a generally accepted fact that 
during the springtime when the ground 
IS thawing out, roadways cannot c a r r y 
normal loads, and for many y e a r s a 
number of States have imposed load 
res tr ic t ions , by law, during such p e r i ­
ods. With the advent of rigid or slab 
type pavements and with improved de­
sign m flexible base type pavements, it 
was hoped and expected that the weaken­
ing effect of frost action could largely 
be controlled within l imits of reason­
able highway costs. T h i s hope has not 
material ized so far and, therefore, 
studies of frost effect on roads i s now a 
subject of wide interst . 

F o r severa l y e a r s scattered r e s e a r c h 
has been directed toward the problem, 
but within the past two y e a r s an organ-

'PROCEEDINGS, Vol. 28, pp. 273-280(1948), 
Highway Research Board. 

ized project has been under way under 
the general guidance of the Highway R e ­
search Board, and this i s the second 
annual report on the project , now iden­
tified a s Maintenance Department P r o ­
ject No. 7. 

The objective of this r e s e a r c h p r o ­
ject i s to determine the loss in c a r r y ­
ing capacity of completed roads, road 
bases , sub-bases and subgrades during 
the spring of the year because of frost 
action. I t i s not the purpose of this 
project to investigate the design strength 
of roadway s tructures , but rather to 
explore their comparative strengths 
under springtime and normal conditions, 
and report on the percentage loss of 
c a r r y m g capacity. 

The Committee has devoted cons ider­
able time to developing uniform testing 
procedures and methods for the guid­
ance of the severa l States joining in the 
project. T e s t s a r e being made by means 
of fu l l - sca le bearing loads and by i n ­
strumentation, and correlat ion of the 
two methods i s a lso being studied. 

F r o m the very beginning, fu l l - s ca l e 
bearing loads made with 6- and 12-m. 
diameter bearing plates soon confirmed 
the e3q)erience of previous r e s e a r c h e r s , 
that the c a r r y i n g capacity of a road i s 
not proportional to the loaded a r e a , but 



rather to the per imeter of the loaded 
area . T h i s i s i l lustrated in F i g u r e s 1 
and 2. Other interesting data was a s ­
sembled and submitted in the f i r s t r e ­
port. 
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Figure 1. 

Several States have now joined in the 
program of c a r r y i n g on tests a s a part 
of the project. Some States are carry ing 
on f u l l - s c a l e plate bearing tests, some 
a r e carry ing on instrumental tests only, 
while others a r e carry ing on tests i n ­
volving both f ie ld plate bearing and i n ­
strumental tests. The Highway Depart­
ments of the following States have joined 
m the r e s e a r c h project up to the present 
time. 

INDIANA 

Indiana i s taking an active interest in 
the project and has provided itself with 
good equipment for that purpose ( F i g ­
ure 3). While no data has been supplied 
by this State so f a r , it i s expected that 
dur ingthepresentcyc leyearof the com­
ing winter and subsequent spring and 
summer season, Indiana w i l l accumu­
late data that w i l l be a valuable addi­
tion to the information being gathered 
by other States. 

IOWA 

Iowa has been conducting plate bear­
ing tests during the past year , and the 
data being accumulated w i l l be a v a i l ­
able as soon as a complete cycle of tests 
has been completed. In addition to plate 
bearing tests, correlat ing tests are be­
ing made with the North Dakota Cone 
instrument, and also with an mstrument 
devised in Iowa, which i s identified as 
a Subgrade Resis tance Meter. The tests 
being made should be helpful m d i sc los ­
ing any correlat ions that may be pos­
sible between plate bearing tests and 
instrument tests. Iowa has also been 
very helpful in developmg and suggest-
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Figure 2. Load-Deflection Curves for Tests with 6 and 12 i n . Plates - Tests on 
Top of Bituminous Surfaced Road - Test Points 3 f t . apart - State of Minnesota 
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Figure 3. Testing Equipment 
Indiana 

State of 

ing procedures. F igure 4 shows the 
Iowa Subgrade Res is tance Meter, which 
is inserted in a hole made in the sub-
grade and pressed against the walls of 
the surrounding so i l by hydraulic force. 
The penetration of the plunger i s r e ­
corded against the pres sure reading on 
the dial and a time factor. 

Figure 4. Subgrade Resistance Meter -
State of Iowa 

M I C H I G A N 

Michigan is confining its project con­
tribution to the use of instrument tests, 
involving both the Housel Penetrometer 
instrument and the North Dakota Cone 
instrument. The studies are being con­
ducted on bituminous surfaced roads in ­
volving tests as follows: 

1. Housel Penetrometer test of 
the subgrade 

2. North Dakota Cone test of the 
subgrade 

3. Housel shear test on samples 
f rom the subgrade 

4. Mechanical analys is of the 
gravel base course and of the sub-
grade 

5. Moisture tests to 5-ft. depth 
6. Descript ive log of soi l texture 

to 5- or 6-ft. depth. 
A group of five projects has been se ­
lected on which a s e r i e s of tests and in ­
vestigations are being conducted over a 

12-month period. A considerable v o l ­
ume of technical data has already been 
accumulated and tabulated for the f i r s t 
half of the annual cycle . After the cycle 
has been completed, a report w i l l be 
preparedfor submittal to the Committee. 
F igure 5 shows the Housel Penetrometer 
instrument which was devised in M i c h i ­
gan. It tests the comparative support­
ing strength of soi ls by recording the 
success ive penetrations into the soi l of 
a s m a l l cy l indr ica l cutting tool, being 
subjected to success ive blows of un i ­
f o r m intensity. 

Figure 5. Housel Penetrometer Instrument 
- State of Michigan 

N E W H A M P S H I R E 

New Hampshire furnished some i n ­
teresting data on the results of its f ie ld 
plate bearing tests in last year ' s report, 
but during the past year this State exper i ­
enced such a mild winter that it could 
not c a r r y on its tests effectively. T h e r e ­
fore, no additional information i s r e ­
ported f rom that State at this time. The 
data submitted last year confirmed tests 
being made by other States, in that New 
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Hampshire a lso experienced a loss in 
road strength during the spring of the 
year after the frost left the ground. 
F i g u r e s 6 and 7 a r e representative of 
resul ts obtained in New Hampshire last 
year . 

N E W Y O R K 

New York i s conducting a ser i e s of 

f ie ld plate bearing tests at various points 
on Its highways, a s outlined in the fo l ­
lowing report submitted by that State: 

"Since last f a l l , New York State 
has been attempting to measure the ef­
fects of fros t action on the load c a r r y ­
ing capacity of f lexible pavements. T h i s 
work was started on a moderate scale , 
usmg trucks and equipment borrowed 
from the maintenance forces . Three 



groups of tests have been made to date. 
The f i r s t two groups were made during 
the fa l l of 1948 and the spring of 1949 at 
the same locations, to measure the load 
c a r r y i n g capacity for these periods in 
the year. The third group was made 
late in 1949 at new locations, and wi l l 
be repeated during the spring of 1950. 

"One of the difficulties in the p e r ­
formance of this work has been the a s ­
sembling of the necessary testing equip­
ment which would cover the required 
loads, be maneuverable, and yet not 
too expensive to use. During the fa l l of 
1948, the loading equipment consisted 
of a 30-ton goose-neck t r a i l e r , shown 
in Figure 8. T h i s , however, proved to 

Figure 9. View of Loading Equipment Used 
During 1949 - Showing I-Beam Supported 
Beneath the Two Trucks - State of New York 

Figure 8. View of Loading Equipment Used 
in F a l l of 1948 - Showing Loaded 30-Ton 
T r a i l e r - Jacking equipment set in rear 
of goose-neck behind wheels. State of 

New York 

be cumbersome, both in moving and in 
using. The loading arrangement for the 
tests made during the spring and fa l l of 
1949 consisted of an I-beam supported 
beneath two 5-1/2 ton trucks , shown in 
Figure 9. These trucks , although load­
ed to capacity, did not have sufficient 
capacity to cover a l l tests. Figure 10 
shows a close-up of the jack and plate 
arrangement. 

"The fa l l and spring tests of 1948-
1949 were performed at s ix locations. 
At each of these locations, the tests 
were made on the surface , on the base, 
and on the subgrade, using both 6-in. 
and 12-in. diameter plates. In order to 
permit the testing of a wider range of 
soi l and pavement conditions, the tests 
this fa l l were made on the surface only, 
using both the 6-in. and the 12-in. d ia -

Figure 10. Close-up of Loading Equipment 
Used During 1949 - Showing Jack, P la te 
and Pump Arrangement - State of New York 

meter plates. T h i s s implif ication p e r ­
mitted tests at 30 locations. These 
tests have been supplemented by the 
North Dakota Cone Tes t on the f ine­
grained soi l subgrades. The locations 
of these tests were picked to represent 
different subgrade soi l types. 

"Typica l resul ts of plots of the 
load-deflection relationship obtained 
during the 1948-1949 ser i e s are shown 
in F igures 11, 12 and 13. The pavement 
section covered by these tests consisted 
of a 3-in. bituminous surface on an 8-in. 
granular base. The subgrade soi l was 
a glacial outwash fine sand with some 
si lt . 

F igure 11 shows the relative values 
obtained on the surface , base, and sub-
grade, using the 6-in. diameter plate at 
one location in the spring. 

Figure 12 shows the relative values 
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Figure 12. Load-Deflection Relationship 
of Curves for 6 - i n . and 12- in. Diameter 
P l a t e s on Subgrade - State of New York 

obtained usmg the 6- in. and 12-in. d ia ­
meter plates on the subgrade. 

F igure 13 shows a reduction in the 
load bearing capacity f rom f a l l to spring 
on the subgrade, using a 6-in. diameter 
plate. 

"A comparison of the test resul ts 
obtaineddunngthe 1948-1949 s e r i e s has 
shown that the values representing the 
load c a r r y m g capacity in the spring 
averaged approximately 60 percent of 
the values in the fa l l . The individual 
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Figure 13. Load-Deflection Relationship 
of Curves for F a l l and Spring, using 6- in. 
Diameter P l a t e on Subgrade - S t a t e of 

New York 

"An attempt was made to c o r r e ­
late the reduction in bearing value f r o m 
fa l l to spring with the respective changes 
in moisture content in the base and sub-
grade The values , however, were i r ­
regular , and no direct relationship was 
evident." 

N O R T H D A K O T A 

North Dakota has made an excellent 
contribution toward the project , in con-
ductmg an extensive s e r i e s of Cone 
Bear ing tests. T h i s State i s not using 
plate bearing tests , but i s confining its 
work entirely to the Cone Bear ing meth­
od, which was originated in this State 
and with which the Highway Department 
i s very fami l i ar . The Cone Bearing 
tests were made at frequent intervals at 
ten selected test points and were taken, 
a s recommended by the Committee, at 
levels of 3, 9, 15 and 24 inches below 
the surface of the subgrade. The sub-
grades selected for testing a r e surfaced 
as follows: 

One po in t - -Grave l surfacing 
One point--Lightbituminous s u r ­

facing on stabilized gravel base 
One p o m t - - A s p h a l t i c concrete 

surfacing on stabil ized gravel base 
T h r e e points - - H e a v y bituminous 



road mix surface on stabil ized grav­
el base 

F o u r points--Asphalt ic concrete 
surfacing on stabil ized gravel base 
over p i t -run gravel l ift base. 

The Cone Bearing tests (averaged over 
the ten points tested) for the various 
depths below the subgrade, show s u r ­
pr is ing s imi lar i ty in loss of base strength 
which seems to be about 45 percent as 
an overal l average. 

F igure 14 i l lustrates the average 
strength loss for the ten test points at 
the four levels selected. 

LCOtND 
3 DEPTH 

APRIL 1 *4 ) I MAY 1449 I JUNE 1949 

Figure 16. Cone Bear ing Instrument 
State of North Dakota 

Figure 14. Loss of Strength at Depths of 
3, 9, 15 and 24 i n . below surface of Sub-
grade - Average of Ten Tes t P o i n t s -

State of North Dakota 

F i g u r e 15 shows the grand average 
of a l l points and a l l levels . P l ease note 
the sharp drop during the thawing period 
and subsequent recovery period. 

F i g u r e s 16 and 17 show the Cone 
Bearing instrument, a pointed tool which , 
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Figure 15. Average of A l l Tests at the 
Ten Test Points - State of North Dakota 

Figure 17. Cone Bear ing Instrument 
State of North Dakota 
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i s forced into the so i l by applying loads 
of 10, 20, 40 and 80 lb. , and respective 
penetrations recorded. The applied 
loaddividedby a r e a of penetration open­
ing,' i s the bearing value. 

OHIO 

Ohio has provided itself with exce l ­
lent equipment for taking f ie ld plate 
bearing tests. T h i s State i s taking a 
very active interest in the project, and 
it is expected that very helpful resul ts 
w i l l be secured f rom the work done by 
Ohio within the next year . F igures 18, 
19 and 20 i l lustrate Ohio equipment. 

Figure 18. Testing Equipment 
Cftiio 

State of 

Figure 19. Testing Equipment - State of 
Ohio 

r 
" • . • 

MINNESOTA 

Minnesota has c a r r i e d on f ie ld plate 
bearing tests through three consecutive 
cycle y e a r s , and the data being secured 
show approximately the same results for 
each year . 

In addition to plate bearing tests, 
some work has been done with the North 
Dakota Cone Bearing instrument, and 
the modified Cal i fornia Laboratory 
bearing test, with the view of corre la t ­
ing instrument test resul ts with the plate 

Figure 20. Testing Equipment 
Olio 

State of 

bearing results . The Housel Penetro­
meter instrument has also been used 
lately in the correlat ion program. 

The f ie ld bearing test equipment be­
ing used in Minnesota i s s i m i l a r to that 
being used in other States and, there­
fore , no pictures are shown of Minne­
sota equipment. 

During the past cycle year the l o s s -
of-strength data secured f rom field plate 
bearing tests followed the same pattern 
as that of the previous two y e a r s , and 
F igure 21 i l lustrates the average r e ­
sults f r o m eight test locations. Note 
that maximum soi l strength does not 
occur until late f a l l , after suffering a 
55 percent loss in ear ly A p r i l . 
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Figure 21. 
It wi l l be interesting to note the s i m i ­

larity of the resul ts secured over three 
success ive years of f ie ld testing. F i g ­
ure 22 i l lustrates the grand average of 
a l l bearings taken during each of three 
y e a r s at many test locations. 

In each year abrupt springtime 
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strength loss of about 50 percent is 
followed by gradual recovery In the 
tests it has also been observed that there 
i s c lose s imi lar i ty of loss of strength 
values secured when loading (a) the top 
of the roadway, (b) the top of the s tabi l ­
ized gravel base, and (c) the top of the 
subgrade. F igure 23 i l lustrates a v e r ­
age resul ts at each level of a l l points 
tested. 

S T A T E OF M I N N E S O T A - O C P T OF HIGHWAYS 
L O S S or LOAD CARRYING C A P A C I T Y - 1 9 4 9 
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GRAVEL BASE _ 
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Surface Heavmg - Care fu l levels were 
taken over certain sections of roads 
before freezmg started, and levels were 
repeated over these same roads during 
the winter and the following spring. The 
levels disclosed that there i s some up­
lift of roads during a time when they are 
frozen, and that they resume their nor­
mal level agam after the fros t has left 
the ground. These a r e not so-cal led 
"frost heave" locations. Figure 24 i l ­
lustrates these observations. 

TYPICAL PHOFILC ALONG CCNTCH LINE 
ROAD SURFACE UPLIFT 0URIN6 WINTCt. 

DAT! or 
t i n t s 

••17-49 
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i)0—HI . ~~,"a»iaiiiAi, Vfit LtyiL . <"'i;*' 

a T s I 9 10 ••4-2D-49 
0 IS 50 75 100 Its ISO 

,j TYPICAL Ce05S SttTlOW ^ 

I lt-l7.4S 

0 0 — . ~~MTc5n.Tb->-Btr.rL"7~~ ^ " j - ^ 
tJlo 4 Ea9e4-I0-41 

Figure 24. 

Moisture T e s t s - Along with the f ield 
plate-bearing tests, extensive moisture 
tests were made. The purpose of these 
tests was to determine if moisture v a r i ­
ations might be the cause of bearing v a r ­
iations So far no conclusive resul ts 
can be reported, but some mteresting 
observations can be made. F i r s t o f a l l , 
there seemed to be no startling changes 
in moisture content, although there were 
minor variations. F i g u r e s 25 and 26 
show a comparison of moisture content 
at various t imes of the year , with that 
in the late f a l l when soi l had highest 
bearing strength. 

MiNMeWTA MOItTURt T M T 

CHANGMN MOI»TURtCONrtNT IN 
CLAY LOAM ^UBGRADt ^ I L 

COMPARED WITH 
NOV. MOI^TURt CONTENT 
AT VARIOUS Otmn. 

Nore- tACHOiRvt 15 n e 
'AVeRAGfr OP 8 POINTS 

Mia '/Mk'nuir' Jim.'Jin.' Au(i.')»i. 'OCT ' NOV' DK 
1949 

Figure 25. 

While it i s noted that the moisture 
content is highest just after the frost 
has left the ground, it does not appear 
that the s m a l l variations f rom the fa l l 
values are sufficient to account for a l l 
the loss of so i l stability (an exception, 
however, should be recognized m those 
cases where the moisture content in 
clay loam soi ls may be close to the 
maximum). It i s suspected that frost 
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action attacks the stability of a s o i l -
mass by a l termg its structure without 
necessar i ly changing the moisture con­
tent. 

So f a r no extensive nor conclusive 
resul ts have been secured in trying to 
corre late f ie ld plate bearing tests with 
instrument testing. It has been observ­
ed, however, that f ie ld plate bearing 
tests a r e not a s sensitive to minor so i l 
and other variat ions a s are the ins t ru ­
ment tests. It appears , therefore, that 
instrument testing w i l l require a great­

er degree of prec i s ion and experience 
for consistent resul ts . 

Durmg the committee meeting held in 
St. P a u l , Minnesota on June 27, 1949, 
it was decided that m addition to the 
complete and detailed tests that are ex­
pected to be made by the var ious States, 
a s e r i e s of tests known as "quickie 
tests"^ w i l l also be c a r r i e d on so that a 
greater number of loads can be tested 
at a greater number of locations, with­
out requiring too much time for each 
test. 

T h i s type of test w i l l involve p r i n c i ­
pally the application of !a load to the road 
surface only (and to| the road base, 
optional) and the recording of pertinent 
data during the application of the load. 
Other pertinent information that States 
may des ire can be accumulated at the 
same time, provided the load appl ica­
tion procedure i s not unduly delayed. 

i 

'For a description of the test procedure for 
the "quickie test" see i>age 11 of this pub­
lication. 
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MANUAL ON RECOMMENDED T E S T I N G P R O C E D U R E S 

by the 
Committee on Load Carrying Capacity of Roads as affected by Frost Action, 

C. L . MoU, Chairman 

History of the Project - The Committee 
on "Load Carrying Capacity of Roads 
as Affected by Frost Action", Project 
Committee No. 7 of the Department of 
Maintenance, was established by the 
Highway Research Board in compliance 
with a request embodied in a resolution 
passed by the general assembly of the 
AASHO at its annual meeting in Sep­
tember 1947. The resolution was 
prompted by a committee report to the 
Maintenance Department which pointed 
out that frost damage to roads during the 
spring months of the year could be 
measured and that limited data showed 
this damage to be substantial. This 
fact has, of course, been known for 
years, but it appeared extremely desir­
able to determine the actual loss in 
carrying capacity by full scale field 
bearing tests. Since the authorization 
of this committee, a number of States 
have built full-scale equipment for field 
plate bearing tests and others are using 
or proposing to use other field tests 
which may yield valuable information of 
a complementary nature. Representa­
tives of the Bureau of Public Roads, the 
Highway Research Board and a number 
of State Highway Departments are ac­
tive on the Committee. 

In view of the importance and magni­
tude of the problem, it was felt by the 
Committee that the testing procedures 
and equipment being used may be of in­
terest to others concerned with the con­
struction and maintenance of highways 
in the United States. This Manual cov­
ers therefore, a description of the 
procedures and equipment now being 
employed in a study of the problem, 
with the hope that others may desire to 
participate in the work. Additional par-
ticipatmg agencies will be most wel­
come, and any desired information con­
cerning the work of the Committee will 
be gladly furnished upon request. 

Objectives - The objective of the Com­
mittee is the determination of the loss 

in load carrying capacity of completed 
roads, road bases, sub-bases and sub-
grades during the spring of the year be­
cause of frost action. In other words, 
it is the aim to discover, as far as pos­
sible, the percentage-loss in road 
strength of various types of completed 
roads, and not necessarily to determine 
proper unit strengths of soils, base 
materials, e tc to be used in road de­
sign. It is quite likely, however, that 
some data obtained by this study may be 
valuable to those engaged in research 
related to soils and materials used in 
road design. Some States will un­
doubtedly wish to carry the testing be­
yond the scope of this committee to 
obtain data useful to them in other 
fields. 

Testing Procedures - The f irst work 
done under the cognizance of this com­
mittee involved detailed tests at a limit­
ed number of locations. The tests made 
at each location were rather extensive 
in nature and took mto consideration all 
three elements of the road, the surface, 
the base (and sub-base), and the sub-
grade. The Committee is now concern­
ed with the accumulation of a substantial 
amount of test data to confirm the pre­
mise that an appreciable loss in load 
carrying capacity occurs generally dur­
ing the spring thawing period, which is 
not limited to any one particular type of 
pavement or type of subgrade. The 
Committee has devised a "Quickie" test, 
the recommended use of which will re­
sult in broader coverage of soil and 
pavement types. The procedures for 
conducting the "Quickie" test and the 
complete detailed test are described 
below. 

THE "QUICKIE" T E S T 

1. Selection of Test Sites. 

The sections to be tested shall be 
selected to cover the desired area ade-
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quately and to include the major sub-
grade soil types and designs of flexible 
pavements. The number of test loca­
tions will, of necessity, be limited by 
the equipment and personnel available 
to make the tests within the time during 
which the loss of load carrying capacity 
is the greatest. 

On each section, a minimum of 
three test points shall be selected where 
the performance of the road has been 
satisfactory under the loads to which it 
has been subjected during the spring 
thawing period. Care should be taken 
to avoid any areas where differential 
frost heaving, high ground water or poor 
drainage conditions exist. 

2. Periods of Testing. 

As a basis of comparison in deter­
mining the loss of load-carrying capa­
city, it is necessary that late summer 
or fall field bearing values be obtained. 
Existing conditions will determine the 
exactperiodof the year when load carry­
ing capacity is at the highest level. Re­
sults of tests obtained during the critical 
thawing period occurring the following 
spring and during the recovery period 
can then be compared with the fall val­
ues to determine the percentage loss in 
load-carrying capacity. 

3. Field Plate Bearing Test Equip­
ment. 

(a) A truck or trailer or a com­
bination of both, loaded to produce the 
desired reaction of the pavement sur­
face under test (See Figure 1). 

(b) Hydraulic jack equipment to 
transfer the load from the truck to the 
bearing plate, and gauges for indicating 
the load increments and deflections of 
the pavement. (See Figure 2) 

Figure 1. Truck-Trailer Unit Used for 
Plate Bearing Test Reaction - Ohio 

Figure 2. Plate Bearing Test Jack and 
Incidental Equipment - Cfcio 

(c) Circular steel bearing plates 
(6 in. or 12 in. in diameter) (See Fig­
ure 2). 

A description of the equipment used 
by the Minnesota Department of High­
ways is included as an example. Several 
States used similar equipment. 

' The equipment was designed to provide 
a mobile, self-contained unit for making 
field plate bearing tests. The primary 
requisite for this equipment was that it 
should provide a minimum total reaction 
load of 28,0001b. and, at the same time, 
not exceed an axle loading of 4 tons. 

It was decided to design this equip­
ment on a truck and trailer combination 
for two reasons. First to make use of 
the present truck mounted equipment 
and second, it was planned to make field 
plate bearing tests on subgrade where 
a total reaction load of 10,000 lb. would 
be sufficient to obtain the desired 0. 2-
in. deflection and where soft subgrade 
conditions would cause difficulty in mov­
ing equipment heavy enough to provide 
the larger reaction load. 

Equipment for Total Reaction Load of 
10,000 Pounds - A 6 x 4 Studebaker 
truck chassis was reinforced to carry 
the additional load required to produce 
the desired reaction. (Figure 3) In order 
to eliminate any effect of the rear truck 
tires on the area under stress, the frame 
of the truck was extended to the rear 
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so that the bearing plate would be at 
least 4-1/2 feet from the centers of the 
reartires. (Figure 4) With this arrange­
ment, it was necessary to mount 5 one • 
ton concrete blocks on the truck bed in 

.4. -iM-H 

Figure 3. Truck Used Singly for 10,000-
Ib. Test ReacticHi - Minjiesota 

order to attain a total maximum load of 
10,000 lb. Due to the low clearance 
under the truck, it was not feasible to 
place the bearing plate and jack under 
the truck although such an arrangement 
would have made it possible to reduce 
the required load. When loaded as 
described, the truck weighs a total of 
19,200 1b., with 15,600 lb. distributed 
between the two rear axles and the re­
mainder on the front axle. This is with­
in the four ton maximum axle load per­
mitted on certain roads during the spring 
months. 

A hydraulic pump is used to apply 
the pressure to an 8-ton jack. A 10,000-
Ib. pressure gauge, with dial divisions 
of 100 lb. , is used to measure this 
pressure. The jack and hydraulic pump 
were calibrated in a compression ma­
chine in the laboratory. (Figure 4) 

The plunger on the 8-ton jack can be 
extended with interchangeable threaded 
sections of various lengths for taking 
bearings at various depths below the 
surface of the road. The base of the jack 
is connected through a ball joint to a 4-
by 6-in. rectangular plate which fits into 
a slot under the extended truck frame. 
The jack assembly is thus suspended in 

Figure 4. Plate Bearing Test Set-Up 
Minnesota 

an inverted position from the truck 
frame. Two springs retract the plunger 
as the load is released. 

A steel block of hollow rectangular 
shape is used as one section of the 
plunger. This permits measurement of 
deflection with a single Ames dial set 
within the hollow and on the axis of the 
plunger and center of the bearing plate. 
The Ames dial is supported from a 
cantilever beam mounted on legs, the 
nearest of which are 4 ft. distant from 
the center of the bearing plate. 

Equipment for Total Reaction Load of 
28,000 Pounds - A Trailmobile Dual 
Tandem Trailer Model 662 similar to 
that shown in Figure 1 was employed to 
produce a combined total reaction load 
of 28, 000 lb. when jacking against an I -
beam connecting the truck and trailer. 
As loaded, the trailer and beam assem­
bly weighs about 16,000 lb. For ease 
of connection, a standard fifth wheel 
assembly was secured to the truck frame 
and the beam connected to this through 
a steel pin. The manufacturer's speci­
fications and actual load tests show that 
this type of connection will withstand 
the jacking load without failure. 

In this assembly, a hydraulic pump 
is used to apply the pressure to a 20-
ton jack. The jack assembly is mounted 
on the lower flange of the I-beam on 
rollers so that it can be moved freely. 
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The jack and hydraulic pump were cal i­
brated in a compression machme in the 
laboratory. 

As in the case of the 8-ton jack, the 
plunger on the 20-ton jack can be ex­
tended with interchangeable threaded 
sections of various lengths for takmg 
bearings at various depths below the 
surface of the road. 

A steel block of hollow rectangular 
shape IS used as one section of the 
plunger. This permits measurement of 
deflection with a smgle Ames dial set 
within the hollow and on the axis of the 
plunger and center of the bearing plate. 
The Ames dial is supported from a beam 
mounted on legs, the nearest of which 
are 4 ft. distant from the center of the 
bearing plate. 

4. Procedure for Making Field Plate 
Bearing Test. 

(a) The bearmg test shall be made 
on the surface of the pavement and in 
addition if desired it may be made on 
top of the base course. 

(b) The bearing plate shall be 
centered under the jack assembly. Fine 
sand passmg the No. 40 sieve and re­
tained on the No. 200 sieve shall be used 
in the least amount necessary to pro­
vide uniform bearing imder the plate. 

(c) An initial load of about 2 psi. 
shall be applied to firmly seat the 12-
in. diameter plate after which the initial 
or zero readmg on the deflection gauge 
shall be recorded. Loads shall then be 
applied as rapidly and as uniformly as 
possible according to the following pro­
cedure. The first load increment shall 
be of such a magnitude as to produce a 
total deflection of approximately . 05 in. 
after the rate of movement tmder the 
maintained load has slowed to less than 
. 004 in. per min. * The load and deflec­
tion shall then be recorded. The second 
increment of load shall be sufficient to 
produce a total deflection of approxi-

'it will be necessary to discontinue increasing 
the load increment before the deflection 
reaches 05 in. so as to allow for the addi­
tional deflecUon that will occur before de­
sired rate of movement is attained. The 
same will apply to all subsequent load in­
crements 

mately 0.1 in. after the rate of move­
ment has slowed to less than . 004 in. 
per min. The same procedure shall be 
followed for deflections of . 15, .20 and 
. 25 m. The load and deflection shall be 
recorded in the case of each of the applied 
load increments. The deflection read­
ings shall be plotted against load in 
pounds per square inch and a curve 
drawn through the plotted points. From 
the curve, the load required to produce 
a deflection of 0. 2 in. shall be recorded 
as an indication or measure of the load-
carrying capacity of the road (See Fig­
ure 5 for method of plotting data). 

(d) The loss in load-carrying 
capacity shall be the difference between 
the bearing value obtained in the fall and 
that recorded in the spring e^qpressed as 
a percentage of the fall bearing value. 

(e) The depth of thawing at time 
of test should be determined by the use 
of a soundmg rod or soil auger. 

(f) Other data such as weather, 
temperatures, etc. may be recorded, 
if available. 

(g) If field plate bearing test 
equipment is not available, other tests 
such as the North Dakota Cone, the 
Housel Penetrometer Test, or the Iowa 
Subgrade Resistance Test may be used 
at the same periods as outlined for the 

•plate bearing test (See Figures 6, 7, 8 
and 9). These test methods however are 
such that the tests have to be made on the 
subgrade. This would require more 
time to actually complete the tests and 
consequently would remove them from 
the "Quickie Test" category. 

THE D E T A I L E D T E S T 

As stated previously, the initial work 
sponsored by the Committee was for 
the purpose of determining the loss 
in load-carrying capacity and the sub­
sequent recovery of all elements of the 
road: the surface, the base (and sub-
base) and the subgrade. It is believed 
that studies of this nature will yield a 
more accurate and comprehensive pic­
ture of what IS happening at a specific 
test location than the "quickie" tests, 
although of necessity fewer test sites 
can be covered. 
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1. Selection of Test Sites. 

Sections of highway constructed in 
accordance with current design and 
specifications shall be selected. These 
sections should represent average good 
conditions where performance has been 
satisfactory under the load restrictions 
applied if any during the spring thawing 
period. The selection should avoid any 
areas affected by abnormal conditions 
such as differential frost heaving, high 

Figure 8. Housel Penetrometer Equipment 

ground water or poor drainage. 
The general record of performance, 

traffic flow and load restrictions should 
be considered. 

The number of test locations shall 
be such as to permit at least one repe­
tition of the test at each point during the 
critical thawing period. 

2. Periods of Testing. 

These should be the same as 
described in Section 2 under The Quick­
ie Surveys. In order to determine ade­
quately the rate of recovery of bearing 
capacity, it is recommended that an 
additional series of tests be made be­
tween the critical spring and fall peri­
ods. 

Figure 9. Iowa Subgrade Resistance Test­
ing Equipment 

3. Field Plate Bearing Test Equip­
ment. 

The equipment shall be the same 
as described under the Quickie Survey 
(See Figure 1). 

4. Procedurefor Making Field Plate 
Bearing Test. 

(a) Tests shall be made on the 
surface of the bituminous mat, on the 
top of the base, and on the top of the 
subgrade. For tests on the base or sub-
grade, the material overlying the sur­
face to be tested shall be carefully re­
moved from an area approximately the 
size and shape of the bearing plate. 
The test on the base course shall be 
made at a point 3 ft. distant from that 
on the surface and the test on the sub-
grade 3 ft. distant from either of the 
previous tests. The test points shall 
be located transversely in the wheel 
tracks. 

(b) The bearing plate shall be 
centeredunder the jack assembly. Fine 
sand passing the No. 40 sieve and re­
tained on the No. 200 sieve shall be 
used in the least amount necessary to 
provide uniform bearing under the 
plate. 

(c) An intital load of about 2 psi. 
shall be used to firmly seat the 12-in. 
diameter plate and the corresponding 
initial or zero reading on the deflection 
gauge recorded. Loads shall then be 
applied as rapidly and as uniformly as 



17 

possible. The first load increment shall 
be of such a magnitude as to produce a 
total deflection of approximately .05 m. 
after the rate of movement under the 
maintained load has slowed to less than 
. 004 in. per mm. * The load and de­
flection shall then be recorded. The 
time required for the rate of movement 
to slow to less than . 004 in. per mm. 
shall also be recorded. The load shall 
then be released and the surface under 
test allowed to rebound for an interval 
of time equal to that previously re­
corded. The seating load of 2 psi. shall 
then be reapplied and the deflection read­
ing recorded. 

(d) The second increment of load 
shall be sufficient to produce a total de­
flection of 0.1 m. after the rate of 
movement has slowed to less than . 004 
in per min. The same procedure for 
release of load and recording of data 
shall be followed as in the case of the 
first load increment. 

(e) The procedure as outlined in 
Paragraph (d) shall be followed for de­
flections of . 15, . 20 and . 25 m. 

5. Use of Load-Deflection Data. 

Load deflection curves shall be 
plotted for each bearing test. The data 
shall be plotted on the Data Sheet (Fig­
ure 5) in the manner shown in Figure 
10. From the curve bearing value in 
pounds per square inch at 0. 2-in. , de­
flection shall be determined as an indi­
cation of the load-carrymg capacity of 
the surface under investigation. 

Where the capacity of the equip­
ment is not adequate to produce a de­
flection of 0. 2 in . , an approximation of 
the bearing value can be obtained by 
extrapolation of the stress-stram curve. 

6. General Soils Data. 

The following soil data is essen­
tial: 

(a) Soils profile and pedological 
classification of the soil at each test 
point. 

(b) Samples of the base material 
and subgrade soil for laboratory analysis 
and complementary laboratory tests 

*See Footnote 3. 
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Figure 10. Detailed Procedure for Plat­
ing Field Plate Bearing Data 

such as the CBR, triaxial or others. 

7. Climatological Data. 

A continuous record of air tem­
perature and precipitation for the areas 
shall be obtained during the period of 
study. 

8. Moisture and Density Tests. 

Moisture and density tests of the 
base and subgrade shall be made fre­
quently throughout the thawmg period 
and thereafter until the maximum bearmg 
value has been reestablished. Fluctu­
ation of moisture content in the sub-
grade soils should be observed to a 
depth of at least 36 in. 

9. Road Temperature Data. 

The depth of frost thawmg shall 
be determined by means of auger bor­
ings or other means at the time of mak­
ing bearing tests. 

Recording of temperatures at 
depth intervals sufficient to indicate 
fluctuations caused by sun and air tem­
peratures shall be made If possible at 
several points. The use of thermocouple 
installations or other equipment to re­
cord temperatures, moisture conditions 
and freezing is highly desirable. Re­
cords should also be made of the degree 
of sunshine during the conduct of the 
tests. 

Where possible precise levels 
should be taken at the selected sites to 
determine frost heaving. 
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10. Other Field Tests. 

Complementary to the plate bear­
ing test, other methods of field testing 
may be employed. The conduct of such 
tests might develop a correlation with 
the field plate bearing test and may 
ultimately serve as a means of measur­
ing the load carrymg capacity. The 
following are suggested: 

(a) North Dakota Cone Bear­

ing Test (Figure 6 and 7). 
(b) Housel Penetrometer Test 

(Figure 8). 
(c) Subgrade Resistance Test 

(Iowa State Highway Department) (Fig­
ure 9). 

(d) Double Ring Cone Pene­
trometer Test (Waterways Experiment 
Station, U. S. Engmeers, Vicksburg, 
Mississippi) (not illustrated). 
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tional, industrial, and governmental organizations of national scope. As­
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