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Report of Committee on Load-Carrying 
Capacity of Roads as Affected by 
Frost Action 

C. L . M O T L , Chairman 
Maintenance Engineer, 
Minnesota Department of Highways 

T H I S report includes final information by Oregon, and extensive information submitted 
by Indiana, which has started work on a project of considerable magnitude and has 
now completed the first cycle of tests. 

The six reports previously issued cover the activities of the committee during the 
years 1948 to 1953 inclusive and comprise information furnished by Indiana, Iowa, 
Michigan, Alinnesota, Nebraska, New Hampshire, New York, North Dakota, Ohio, 
and Oregon. 

The work being done by Indiana is a substantial addition to previous contributions, 
and i t is believed that after the Indiana project has been completed, the committee 
activity can be terminated, with a final report. 

A l l of the reports submitted to date contain information that discloses loss of car­
rying capacity by highways when subjected to substantial freezing and thawing action. 
The infoimation submitted by Oregon and Indiana discloses the diminishing effect of 
frost action during mild winters when there is little frost penetration. Influence of 
frost action on carrying capacity of roads is not to be confused with surface disinte­
gration caused sometimes by shallow freezing and thawing. 

To those who may be interested in I'eports submitted by this committee during 
previous years, attention is called to the following publications of the Highway Re­
search Board: P R O C E E D I N G S , V O L . 28; Research Report W-D. Bulletin 40; Bulletin S4; 
and Bulletin 96. 

O R E G O N l ively mild in the area of the tests. The maxi­
mum frost penetration observed in the Madras 

# THI ' ] following report was submitted by vicinity (Groups A, B, C and D) was 5 inches, 
the State of Oregon covering work performed The maximum frost penetration in the C^hemult 
dm.ng and following the ^vinter of 19o3-l!>54 ^'^^S^Jt^^ not 

Oregon reports that i t has now completed .jf. great as for some previous years, but the re-
its work on the project, with the submittal of ductions were of a longer duration. Group B did 
this report. " ' ' t show any reduction below the previous fa l l 

WhWe the several reports sul^mitted by ^^'^^^^^^ 1 ,hows the locations of the test points 
Oregon show a wide variation in the compara- ^nd groups. Figures 2 to 7 show the curves for 
five results secured at the several points the four annual cycles. 
tested, it is nevertheless true that there is a The etiuipment was dismantled after com-
clear indication that the roads tested had a plotion of the 1953-54 cycle. 
, . -J. 1 • i i • r . W. h T I F F L E E 
lowei' carrvmg capacitv during the spring f)i A • ^ , ai i n • i n • r i u 1 1 f l 4-u I Assistant State HiQhway Engineer year after the frost had left the ground. " 

The fourth and final annual cvcle of plate INDIANA 
bearing tests has been completed in Oregon. Indiana began its series of test for this 
Tests have been continued on the same 18 committee work in September 1953. The 31 
points covered by Progress Reports 1, 2 and 3 . j^^g^ selected for testing, 8 in the southern 
The same equipment and test methods were > if r ^.r, ^ i • +u „ b ,!<• 
employed state and 23 in the northern hall 

The winter of 1953-54 was again compara- were described in detail in our original re-
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Figure 3 

port. During the initial phase plate bearing 
tests were run only on the surface at each 
site. The results obtained represented the 
pavement's maximum strength. This informa-
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tion was reported to the Committee in Jan­
uary 1954. 

This report describes the work done during 
the 1954 Spring season and compares the 
results obtained with the 1953 Fall series. 
The equipment used in both series of tests 
was the same. 

General 

Indiana has now completed its first cycle of 
bearing tests. The 1954 Spring series started 
on the southern circuit during the last week of 
February. These loadings were completed and 
tests on the northern circuit begun during 
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the second week of March. During the first 
part of the Spring series bearing tests were 
run only on the surface. At the same time 
test holes were dug at each site to more ac­
curately check the pavement depths and to 
obtain subgrade samples for moisture con­
tent determination and laboratory analysis. 
The northern circuit was completed in the 
first week of April. 

The wide differential in the loss of bearings 
during these early Spring series confirmed our 
original belief that more detailed information 
w-as needed. Accordingly six sites were selected 
for complete testing of the surface, base, and 
subgrade. The sites selected were 4-S, 6-S, 
and 7-S in the southern circuit, and 2-N, 3-X, 
and 4-N in the northern circuit. This phase of 
testing, listed in the table as "later in the 
Spring", was begun during the third week of 
April and completed in May. Bearing tests 
were run on the surface, base, and subgrade 
at each of the above mentioned sites. Den­
sities and moisture contents for base and sub-
grade were also determined. Sam])les of base 
and subgrade were obtained for laboratory 
analysis. 

All loadings for the Fall seiies and the early 
Spring series were run in the center of the 
traffic lane. I t seemed desirable at this stage 
to determine how bearing values would vary 
when run near the pavement edge. Therefore, 
at sites 2-N, 3-N, and 4-N, tests were also 
run on the surface, base, and subgrade approx­
imately 1.5 feet from the edge, which approx­
imates the outer edge of the outside wheel 
track. Density and moisture tests were also 
run at these same locations. 
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Test Results 

The results obtained during the "first 
Spring" series of tests are shown in Table I , 
Table I I combines last Fall's results with the 
Spring results. 

Table I I I shows the variations in loss of 
bearing value for the vai'ious subgrade soil 
types. Investigation has shown that at many 
of the sites the thickness of pavement is not 
uniform throughout the site and it may vary 
considerably from the design thickness. No 
attempt was made to correct for these \ aria-
tions in Table I I I . Hence, the column headed 
"% of Fall value" does not consider the vari­
able introduced by the difference in pavement 
thickness at each site. The column headed 
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"Thickness Ratio" is the ratio of the total 
pavement thiclcness at each test site in the 
Spring 1954 to the design thickness plus re­
surfacing. A "Thickness Ratio" greater than 
1.0 indicates that the thickness at the loca­
tion tested in the Spring was greater than the 
combined design and resurface thickness, 
therefore, the " % of Fall Value" is probably 
high. A "Thickness Ratio" less than 1.0 indi­
cates the opposite. 

The Spring 1954 bearing values as listed 
in Table I I ranged from 52% to 95% of the 
1953 Fall values, or a loss of 5% to 48%. In 
general the sites having the least amount of 
loss have sand or sandy loam subgrades, with 
bearing values ranging from 67% to 95% of 
the Fall values as shown in Table I I I . The 
33 % loss at sites 17-N and 25-N, each having 
a sandy loam subgrade, appear quite high for 
that type of subgrade. I t should also be noted 
that the moisture content at these two sites 
appeai-s to be less in the Spring than in the 
previous Fall. However, Tables I I and V I I 
show that at these two sites the lower soil 
layers are diffei'ent and have higher moisture 
contents in the Spring. This probably ac­
counts for the low Spring bearing values. 

The sites having clay and claj^ loam sub-
grades had Spring bearing values ranging from 
52% to 77% of the Fall values. I t will be 
noted in Table I I I that the Spring moisture 
contents for sites 8-S, 16-X and 24-N are 
equal to or less than the Fall moisture con­
tent. Hei'e again it is pointed out that the 
underlying soils have higher moisture con­
tents than the upper part of the subgrade as 
shown in Table I I I . 

For the other subgrade soil types the loss 
of bearing values at sites 3-S and 4-S, with 
losses of 9% and 6% respectively, appears 
too low. I t will be noted that the Spring mois­
ture content at those two sites is lower than 
for the Fall, thus explaining their slight loss. 

Figure 8 shows the relationship of surface 
bearing values to total thickness of pavement 
for various subgrade soil types. Onlj^ the clay, 
clay loam, sandy loam, and sand soil types 
are shown. There was not enough tests on 
other soil types to establish definite trends. 
These results show that increasing pavement 
thicknesses on clay, clay loam, and sandy 
loam subgrade increases the surface bearing 
values for the type of pavements and the 

range of thicknesses tested. However, at the 
sites having sand subgrades this relationship 
was not apparent. 

Results for the detailed bearing tests on 
the surface, base, and subgrade are given in 
Table IV. I t should be noted again from this 
Table that the lower bearing values occur at 
sites having the moi-e plastic subgrades while 
the more granular subgrades yield higher val­
ues. This table also shows the values for the 
outside wheel tracks as compared with those 
in the center of the lane at sites 2-N, 3-X, 
and 4-N. At these three sites the shoulder 
was approximately 2 inches lower than the 
surface of the pavement. At sites 2-X and 
4-N the bearing values in the outside track 
are less than those in the center of the traffic 
lane. This could be due to the combination of 
two factors, namely, the low shoulder and 
nearness to the edge of pavement. Pavement 
width at these sites was 21 feet. On wider 
roads the wheel track will be farther from the 
edge and the bearing value, or sti'ength, in 
the wheel track should be greater. At site 
3-N the subgrade in both the inside and out­
side wheel ti'acks was I'utted, the base being 
11 to 16 inches in depth in the ruts. This 
increased base thickness caused higher bear­
ing values than in the center of the lane. How­
ever, the bearing -̂alues obtained in the out­
side track are less than those in the inside 
track. 

Table V was prepared to show the thickness 
of both the base and surface at the locations 
where tests were made. 

Laboratoi-y analysis of the subgrade soils 
at each site are given in Tables V I and V I I 
for the south and north circuits, respectively. 

Analysis of the base materials at the sites 
where detailed tests were run are shown in 
Table V I I I . 

The winter of 1953-1954 was a compara­
tively mild one. No frost penetration data is 
available. However, Table I X shows the tem­
perature and precipitation data for the state 
from the time the first tests were run last 
Fall till the completion of the series of tests 
this Spring. This Table was prepared from 
the monthly reports "Climatological Data for 
Indiana" by the U. S. Department of Com­
merce, Weather Bureau. The test sites of the 
southern circuit are in the southern division 
of the state. Sites 24-N and 25-N are in the 
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T A B L E I 
S U M M A R Y OF B E A R I N G V A L U E S 

Spring of 1954; Tests Run on Surface 

Site 
No. 

1- S 
2- S 
3- S 
4- S 
5- S 
6- S 

8-S 
1- N 
2- N 
3- N 
4- N 
5- N 
6- N 
7- N 
8- N 
9- N 

10-N 
U - N 
13-N 
15- N 
16- N 
17- N 
18- N 
19- N 
20- N 
21- N 
22- N 

5;23-N 
24- N 
25- N 

Bearing Value 
PSI 

Present Thickness At 
Test Site Inches 

128, 125 
157, 149 
131, 141 
133, 127 
70, 70 
68, 68 
121, 100, 95 
84, 79 
125, 119 
222, 260 
100, 114 
185, 174 
238, 242 
343, 339 
361, 350 
340, 363 
260, 255 
301, 308 

t 
t 

213, 218 
126, 112 
160, 153 
238, 227 
156, 157 
95, 112 
345, 326 
317, 317 
172, 170 
n o , 105 
130, 126 

126 
153 
136 
131 
70 
63 

106 
82 

122 
241 
107 
180 
240 
341 
356 
352 
258 
304 

216 
119 
156 
232 
156 
104 
336 
317 
171 
108 
128 

5 
6'/-

5).L> 
9 
8 
bh 
7M 
7i/'' 
5 " 
6 
6^2 
5 
5 
6 
6 
8 
9 
8>/" 

6h 

10 
5 
5!.2 

Surfac 

2 
1 

1 
2 
m 
2 
1 
Mi 
••m 
n2 
4 
3^2 
4 
4 
5 
2 
6»4 
1 
I H 
l'/2 
11., 
1 
U.2 
2 
2 
2 
2 

Total 

8!,2 
lOk' 

11 
9 

9 
9 
9>/2 
91,2 
9 

10 
8 
8 

13-n 
10 
10 
101,2 
lOk' 
8 h 
8 
9 

12 

* Bituminous stabilized stone in upper course, 
t lOxceeded capacity of equipment. 

central division while the remainder of the 
sites are in the northern division. Averages 
for each division and the state are shown in 
Table I X . I t is seen that the Fall 1953 phase 
of testing was begun under quite dry condi­
tions. At the Ijeginning of September 1953 the 
.state had a deficiency of 2.22 inches of pre­
cipitation. During the next 8 months, which 
covers the period to the completion of the 
Spring 1954 tests, there was a deficiencj- of 
6.88 inches of precipitation for tlie entire 
state. Study of the temperatures shows De­
cember 1953 and January 1954 to be the 
coldest months, yet, the state average tem­
peratures were above normal in each month. 

Temperature of the surface was taken at 
each site at time of test for both the Spring 
and Fall series. At no time did the surface 
temperature get high enough to materially 
affect the results. 

The initial phase of testing was begun un­
der dry conditions. The winter of 1953-1954 

Moist. 
Content of 
Subgrade "/, 

17.7 
18.4 
12.6 
13.6 
24.1 
22.6 
14.0 
16.3 
12.5 
9.1 

14.3 
12.2 
12.4 
5.8 
3.R 
4.8 
7.2 
8.5 
4.4 
3.7 

10.5 
12.1 
6,5 
7.9 

10.0 
13.1 
4.1 
6.6 

18.6 
12.4 
6.8 

Subgrade Soil Type 

A-6(I0) SiCIL 
A-6(9) SiL 
A-4(8) SiL 
A-6(9) S iCl I . 
.\-6(9) SiCI 
A-7-6(13) CI 
A-6(8) CIL 
A-6(10) CI 
.\-4(6) CIL 
.\-4(2) SL 
.4-6(6) CIL 
A-4(l) SL 
.\-3(0) S 
A-2-4(0) S 
.\-3(0) S 
A-3(0) S 
A-3(0) S 
.4-2-4(0) S o 
.4-3(0) S 
A-3(0) S 
,4-3(0) S 
4-4(7) CIL 
.4-2-4(0) SL 
.4-2-4(0) SL 
,4-4(4) L 
4-4(6) CI 
.4-3(0) S 
.4-1-b S 
A-4(2) SL 
.4-4(1) SL 
A-2-4(C) SL 

Type of Base 

SL 

Traffic bound stone 
Waterbound macadam 
Traffic bound stone* 
Traffic bound stone 
Traffic bound stone 
Traffic bound stone 
Traffic bound stone* 
Traffic bound stone* 
Traffic bound gravel 
Traffic bound gravel 
Traffic bound gravel 
Traffic bound stone 
Traffic bound stone 
Traffic bound stone 
Traffic bound stone 
Traffic bound stone 
Traffic bound stone 
Traffic bound stone 
Soil cement 
Soil-cement 
Traffic bound stone 
Traffic bound gravel 
Traffic bound gravel 
Traffic bound gravel 
Traffic bound gravel 
Traffic bound gravel 
Traffic bound gravel 
Traffic bound stone 
Traffic bound gravel 
Traffic bound stone* 
Traffic bound stone* 

was quite dry and mild, there being a defi­
ciency of 6.88 inches precipitation for the state 
and above normal temperatures for the 8 
month period from September 1953 to April 
1954. Indiana did not experience a Spring 
"break-up" in 1954. 

At a number of sites the total pavement 
thickness was not uniform throughout and 
varied from the design thicknesses. Bearing 
values are clearly dependent on total pave­
ment thicknesses for various subgrade soil 
types. 

The Spring 1954 bearing values appear to 
range from 52% to 95% of the Fall 1953 
values. 

In general the moisture content of the sub-
grade was higher in the Spring than it was 
last Fall. 

At sites where tests were run at the outer 
edge of the outside wheel track, approxi­
mately 1.5 feet from edge of pavement, the 
bearing values were less than in the center of 
the lane. Thus, the portion of the pavement 
which quite frequently carries the load, par-
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Site 
No. 

6-S 
6-S 
8-S 

4-S 
24-N 

3-S 

1- S 
2- S 

20- N 
23-N 

1- N 
25-N 

16- N 
3- N 
4- N 

17- N 
2- N 

15-N 
18- N 
5- N 
9-N 

19- N 
10- N 
22-N 
6- N 
7- N 
8- N 

21- N 
11- N 
13-N 

T A B 
S U M M A R Y OF 

Fall of 1953 and Spring of 

Type of Base 

Traff ic bound stone 
Traffic bound stone 
Traffic bound stone, 

bi t . stab, stone 
Traffic bound stone 
Traffic bound stone, 

b i t . atab. stone 
Traffic bound stone, 

bi t . stab, stone 
Traffic bound stone, 

b i t . stab, stone 
Traff ic bound stone 

Waterbound 
macadam 

Traffic bound gravel 
Traffic bound gravel 
Traffic bound gravel 
Traff ic bound stone, 

bi t . stab, stone 
Traffic bound gravel 
Traffic bound gravel 
Traffic bound stone 
Traff ic bound gravel 
Traffic bound gravel 
Traffic bound stone 
Traffic bound gravel 
Traffic bound stone 
Traffic bound stone 
Traff ic bound gravel 
Traffic bound stone 
Traffic bound stone 
Traff ic bound stone 
Traffic bound stone 
Traffic bound stone 
Traffic bound gravel 
Soil cement 
Soil cement 

Subgrade Soil Type 

A-6(9) SiC 
A-7-6(13) CI 
A-6(10) CI 

A-6(9) SiClL 
. \ -4( l ) SL 

A-4(8) SiL 

A-6(8) CIL 

A-6(10) SiClL 
A-6(9) SiL 

A-4(5) 01 
A-4(2) SL 
A-4(5) C IL 
A-2-4(0) SL 

A-4(7) C IL 
A-6(6) C IL 
A-4(l) SL 
A-2-4(0) SL 
A-4(2) SL 
A-3(0) S 
A-2-4(0) SL 
A-3(0) S 
A-3(0) S 
A-4(4) L 
A-2-4(0) S or SL 
A - l - B S 
A-2-4(0) S 
A-3(0) S 
A-3(0) S 
A-3(0) S 
A-3(0) S 
A-3(0) S 

Bearing Value at 0.2' Deflection-Psi 

FalI-1953 

79, 97 
103, 108 

134, 146 
147, 141 

158, 141 

154, 161 

158, 162 
174, 180 

167, 187 
176, 185 
180, 191 
189, 191 

175, 200, 
216, 197 
215, 210 
237, 231 
260, 277 
270, 273 
273, 276 
268, 282 
288, 277 
266, 299, 
344 
361, 

202 

312 

348 
328, 387, 
387 
396 
420,396 
Exceeded 
Exceeded 

363 

Ave 

86 
88 

106 

140 
144 

149 

157 

160 
177 

177 
180 
185 
190 

192 
206 
212 
234 
268 
272 
274 
276 
282 
292 
344 
354 
359 
387 
396 
408 

capacity 
capacity 

Spring-1954 

133, 127 
110, 105 

13), 141 

121, 100, 95 

128, 125 
167, 149 

95, 112 
172, 170 
125, 119 
130, 126 

126, 112 
100, 114 
186, 174 
160, 163 
222, 260 
213, 218 
238, 227 
238, 242 
260, 255 
156, 157 
301, 308 
317, 317 
343, 339 
361, 360 
340, 363 
345, 326 

of equipment 
of equipment 

% o f 
Fall 

Value 

70 
63 
82 

131 
108 

136 

105 

126 
153 

104 
171 
122 
128 

119 
107 
180 
156 
241 
216 
232 
240 
258 
166 
304 
317 
341 
356 
352 
336 

for both fa l l 
for both fa l l 

Later in Spring-1954 

70 

119 

85 

Ave. 

70 

119 

130, 136 

168, 145, 182 
209, 208 

269, 255, 227 

and spring 
and spring 

133 

165 
208 

% of 
Fall 

Value 

80 

85 

98 

92 
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L E I I 
B E A R I N G V A L U E S 
1954; Teeta Run on Surface 

Total Pavement Thickness Inches 

Design 

m 
6H 
6?4 

m 
m m 
6 
8?4 

9 

6H 

8?4 
654 

6?4 
6 m 
654 

Fall 
1953 

m m 
7H 
6?4 

m 

7 
10^4 

11 
7M 

1054 
10 
9 

10 

10 
1354 
lOM 
9 9>,i 

10 
91,4 

9^4 

Spring 
1954 

7 

m 
7 

m mi 
12 

11 
7H 

10 
7 

lOH 
10 

1354 

mi 
10 

m 

Later in 
Spring 

1954 

7 

7M 

5-854 

Moisture Content of 
Subgrade, % 

Fall 
1953 

20.2 
24.9 
17.3 
17.1 
22.8 

18.7 
10.4 
12.7 
18.3 
10.7 
14.4 

8.0 
21.0 

12.1 
10.1 
7.2 

10.4 

5.9 
8.7 
8.0 

10,0 
12.1 

7.6 
4.5 
5.3 
7.9 
6.1 
5. 
5.1 

Spring 
1954 

24.1 
22.6 
15.3* 
13.6 
12.4* 

12.6 
14.0 
17.7 
18.4 
13.1 
18.5* 

12.5* 

12.1 ' 
14.3 
12.2* 
6.5* 

9.1* 
10.5 
7.9* 

12.4* 
7.2' 

10.0 
8.6' 
6.6 
5.8 
3.8 
4.8 
4.1 
4.4 
3.7 

Later in 
Spring 

1954 

26.6 

17.2 

14.8 
12.3 

6.2 

Opt. 
Moisture 

Content of 
Subgrade, 

% 

21.5 

15.4 

17.0 
12.5 

'15.3 to -2 .0 ' , 23.8 at 2.0' 

•12.4 to -0 .5 ' , 16.4% at -0 .6 to -1 .5 ' ; 24.3% f r o m 
- 1 . 6 ' to 2.5' 

•18.6% to -0 .5 ' ; 15.9% f r o m - 0 . 5 ' to -1 .5 ' ; 16.2% 
to 2.0' 

•12.5% to -0 .8 ' ; 5.1% at 0.8' 
•6.8% to -0 .4 ' ; 15.0% at -0 .4 ' to -1 .0 ' ; 23.4% at 

- 1 . 0 ' t o -1 .6 ' ; 25.8% to - 2 . 5 ' 
•12.1% to -1 .0 ' ; 16.7% at - 1 . 0 ' to - 2 . 0 ' 

•12.2% to -0.75'; 25.6% to -2.26 ' 
•6.5% to -0 .5 ' ; 11.0% at - 0 . 5 ' to -1 .5 ' ; 16.7% at 

- 1 . 6 ' to - 3 . 0 ' 
•9 .1% to -0 .4%; 7.3% at - 0 . 4 ' to - 1 . 0 ' 

•7.9% to -0.66'; 11.8% at -0.65 ' to -1.25 ' 
•12.4% to -0.75'; 11.6% at -0.75' to -2.25 ' 
•7.2% to -0.25'; 9.7% at -0.25 ' to -0 .8 ' ; 12.7% to 

- 0 . 8 ' t o -1 .5 ' ; 14.6% to - 2 . 6 ' 

•8.5% to -1 .5 ' ; 5.2% at - 1 . 5 ' to - 3 . 0 ' 
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TABLE m 
LOSS OF B E A R I N G V A L U E S A C C O R D I N G TO 

S U B G R A D E SOIL T Y P E S 

Subgrade 
Soil 

Type 
Site 
No. 

Spring 
Bearing 

Value 
as % of 

Kali 
Value 

Ave. 
Thick­
ness 

Rat io ' 

Moist. 
Content 

Fall 
19.1,1, 

cr 

Moist. 
Content 
Spring 
1954, 

% 

Clay 20-N 59 0.87 10.7 13.1 
6-S 72 1.04 24.9 22.6 
8-S 77 69 0.93 17.3 15.3 

Silty 1-S 79 1.21 12.7 17.7 
clay 4-S 94 86 1.15 17.1 13.6 
loam 

Silty 5-S 81 1.18 20.2 24.1 
clay 

Loam 19-N 53 1.05 7.7 10.0 

Sil ty 2-S 86 1.0 18.3 18.4 
loam 3-S 91 88 1.0 16.7 12.6 

Clay .3-N 62 0.70 10. 1 14.3 
loam 16-N 62 1.08 12. 1 12.1 

1-N 66 1.0 8.0 12.5 
7-S 67 62 1.0 10.4 14.0 

Sandy 17-N 67 1.0 10.4 6.5 
loam 25-N 67 1.03 21.0 6.8 

24-N 75 0.97 22.8 12.4 
4-N 85 0.97 7.2 12.2 

18-N 85 1.02 8.0 7.9 
10-N 88 1.05 6.6 8.5 
2-N 90 0.90 5.9 9. 1 

23-N 95 82 1.33 14.4 18.5 

Sand 15-N 79 1.0 8.7 10.5 
21-N 82 0.89 5.1 4.1 

5-N 87 1.0 10.0 12.4 
8-N 89 1.0 7.9 4.8 

22-N 90 1.0 7.6 6.6 
9-N 91 0.95 12.1 7.2 
7-N 92 1.05 5.3 3.8 
6-N 95 88 1.0 4.5 5.8 

• Ratio ot total pavement tliickness at test sites in Spring 
1954 to the design thickness plus resurfacing. 

a S o n d . CNo Curve drawn for Sowd.) 

« 4 » f 

S o M y Uoain 

"6 7 8 9 I 0 " 7 8 9 10 n 7 8 9 10 II 12 13 
njvemwit ThicXwess - Irrthes 

Figure 8. Relat ionship of surface bearint^ values to 
total thielcness for various subgrade soil types. 

ticularly on a narrower road, was the weakest. 
This condition might have been further ag­
gravated by low shoulders at the sites tested 
in the outside wheel track. 

Since Indiana did not experience a Spring 
"break-up" in 1954, another complete cycle 
of tests will be run. The Fall series were 
started in September 1954. The Spring series 
will be run in 1955. A complete report for 
both cycles will be available in 1955. 

—C. E. V O G E L G E S A N G 

Chief Engineer 
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Site 
No. 

4-S 

2-N 

T A B L E I V 
S U M M A R Y OF D E T A I L E D P L A T E B E A R I N G TESTS 

Testa Run on Surface, Base, and Subgrade 

Location Plate on 

I 
Later 
Sprin;,' 

Bearing 
Value 
at 0.2" 

Defl. 

Center W. 1* surfj ice 012' base U!) i 
hound lano 6!.2' base S5 j 

Subgrade 43 ' 

Center W. 1" surface ti" base 70 ! 
h()un<l lane 0" base 60 : 

j Subgrade 24 

Center S. 21/2* surface 85 
))()un(l lane 1 ii" stone base 59 

21-2" bi t . stab, base 44 
Subsrade 62 

Center N . 212" surface !!" base 247 : 
hound lane «" base 2:n 

Subgrade 111 
Subgrade io;i 

Outside track 2" surface 9" base 149 
N.b . lane ii" base 122 

Subgrade 8S 

Center N . 2* surface K" base 165 
hound lane 8" base 110 

Siibj^rade 48 

Inside track 2" surface !)" base 2m 
N.b . lane <)* base 143 

Subgrade 53 

Outside tniek 2" surface 9\base 178 
N.b . lane 9* base 124 N.b . lane 

S* base 99 

Center 1 .̂ 4* surface 7" base 208 
hound lane 7" base 140 

S\ibgrade 70 

Outside track Al-'" surface 7* base 144 
E.b. lane 1 7" base 1 109 

1 Subgrade 

Previous Bearing 
Value Center 

of Lane 

Fall 
11)53 

140 

Early 
Spring 

1954 

Later 
Spring 

Dry 
Dens. 

119.3 
115.9 

126.5 
90.2 

102.2 
113.1 

139.4 
118.0 

130.7 
124.6 

Max. 
Dry 

Dens. 

136.6 
110.0 

135.2 
98.5 

Later 
Spring 
Moist. 
Cent., 

3.7 
17.2 

3.0 
26.6 

5.0 
13.3 

136.S I 2.8 
132.5 5.2 

133.5 
115.2 

132.4 
111.9 

133.9 
133.9 

136.8 
131.9 

133.3 
110. 1 

133.3 
110.1 

132.8 
132.8 

132.9 I 136. 
114.9 I 117 

135.5 
124.7 

5.0 
5.3 

Opt. 
Moist. 

7.2 
21.5 

136. 
117. 

4.0 
14.8 

5.5 
16.0 

5.1 
5.1 

4.3 
12.3 

3.8 
7.5 

7.6 
8.4 

7.6 

8.2 
17.0 

8.2 
17.C 

9.4 
9.4 

7.3 
15.4 A-6(9) SiCIL 

A-7-6(13)'C 

Base is ([iiite 
\ariahle at 
tliis site 

A-6(8) C I I . 

A-4(2) SI. 

8.0 A-4(0) SI. 

.Suligrade rut­
ted here, tiie 
base i)eing 
11" in ruts 

Subgrade rut-
teil iiere, the 
base lieing 
11" to Hi ' in 
ruts, other­
wise 7" to 9" 

12.5 ; A-4(l) SL 

12.5 A-4(l) SL 
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1- S 
2- S 
3- S 
4- S 
5- S 
6- S* 
7- St 
8- S 
1- N 
2- N 
3- N t 
4- N 
5- N 
6- N 
7- N 
8- N 
9- N 

10-N 
U - N 
13-N 
15- N 
16- N 
17- N 
18- N 
19- N 
20- N 
21- N 
22- N 
23- N 
24- N 
25- N 

T A B L E V 
P A V E M E N T T H I C K N E S S E S A T L O C A T I O N T E S T E D 

Base 

71.2 
6 

Pavement Thicknesses-Inches 

Design 

Surface 

I k ' 
H 

Fall 
1953 

Early in Spring 
1954 

Total Base Surface Total Base Surface Total 

6 6 1 7 5 H 
8 

3 8)4 6 
8 2i.'i mi 

5 H 
8 2 k 10k 

6 1 7 5 2 7 
m 6 H 1 7 k 
6J4 6 H 7)4 ¥i 8 
654 6 H m 61.4 H 7 
6% 6 2 8 6 2 8 
m 6 1̂ 2 7^2 5)4 I k 7 
9 9 2 11 9 2 11 
9 9 1 10 8 1 9 
9 9 

6 
1 10 5)4 I k 7 

6 
9 
6 3 9 7)4 3)4 lOk 
8 1 9 I k 9 

6?i 6 3 9 5 4 9 
6H 
6?4 

6 3 9 6 3 k 9 k 
9 k 

6H 
6?4 6 3k' 9H 5)2 4 

9 k 
9 k 

m 6 31.2 9H 5 4 9 
6 3 « 9)4 5 5 10 

7 6 2 8 6 2 8 
7 6 2 8 6 2 8 
8 8 

9 
5-)i im 8 5?4 

1 
13?4 

9 
8 
9 toy. 9 

5?4 
1 10 

9 9 1 10 8 k 
9 

I k 10 
9 9 I'A 10)4 

8 k 
9 I k 10k 

9 
9 

9 1 10 9 I k lOk 9 
9 9 « m m 1 8 k 

8 9 8 1 9 6 k 1)2 
8 k 
8 

6 6 3 9 7 2 9 
9 7^4 m 9 10 2 12 m m 

6 I H ^y^ 5 2 7 m m 6 1)4 7H 6 k 2 7)4 

Later in Spring 
1954 

Base 

6 k 

6 
2 ) i -6H 

Surface Total 

1 
2 k 

* 3* of stone worked down into subgrade. 
t Base thickness is extremely variable at this particular spot. 
J Subgrade is rut ted in wheel tracks, the base being 11» to 16' thick i n tracks. 

5-8-)4 

12 
11 
11 



M O T L : L O A D - C A R R Y I N G C A P A C I T Y A N D F R O S T 449 

T A B L E V I 
S U M M A R Y OF SOIL TESTS; S U B G R A D E S O I L S - S O U T H E R N C I R C U I T 

Site 
No. 

1- S 

2- S 

3- S 

4- S 

5- S 

7- S 

8- S 

Depth of 
Sample 

0 to - 0 . 5 ' 
0 to - 1 . 5 ' 

0 to 
0 to 

-0.5' 
-1.5' 

0 to - 0 . 5 ' 

0 to - 1 . 5 ' 

0 to - 0 . 5 ' 

0 to - 1 . 0 ' 

0 to - 0 . 5 ' 

0 to 
0 to 

-0 .5 ' 
-1 .6 ' 

0 to - 0 . 5 ' 
0 to - 0 . 5 ' 
0 to - 1 . 5 ' 

0 to 
0 to 

0 to 
0 to 

-0 .5 ' 
-2 .0 ' 

-0 .5 ' 
-2 .0 ' 

1 ^ 

35.0 
34.6 

34.8 
33.8 

24.2 

28.3 

32.6 

28.5 

44.2 

42.8 
36.8 

52.8 
50.7 
43.6 

31.4 
29.7 

37.3 
32.4 

15.2 
16.3 

13.2 
13.0 

3.6 

9.6 

14.8 

11.5 

22.0 

21.1 
12.7 

26.6 
26.0 
20.1 

14.1 
14.9 

18.6 
14.6 

15.3 
16.4 

17.5 
19.2 

20.6 

18.0 

15.1 

14.8 

20.7 

18.1 
15.6 

22.2 
21.3 
17.7 

14.8 
11.1 

14.6 
14.3 

22.0 
19.6 

21.0 
12.2 

1.2 

12.0 

20.1 

1.8 

17.7 

23.8 
20.6 

20.1 
23.2 
22.9 

16.1 
25.3 

26.2 
19.6 

6.4 
2.2 

1.7 

0.3 

1.6 

6.0 

0.9 

6.7 
6.1 

6.0 

4.5 
7.4 

7.3 
6.0 

110.0 

98.5 

116.7 

21.5 

12.9 

A-6(I0) C I L t 
A-6(10) , 

S i C I L ' 

A-6(9) S iLt 
A-6(9) S iLt 

A-4(8) SiL 
.-^or S i C I L t 
A-4{8) SiL* 

A-6(10) 
S i C I L t 

A-6(9) 
S iCIL* 

A-7-6(14) 
C l t 

.\-7-6(13) C I 
A-6(9) SiCl* 

A-7-6(18) C l t 
A-7-6(16) CI 
A-7-6(13) CI* 

A-6(10) C I L t 
A-6(8) C I L * 

A-6(12) i C l t 
A-6(10) CI* 

* Siimoles taken in Spring of 1954. A l l otliers taken in Fall of 1953. • ^ , , 
tLsamples taken from subgrade at edge of pavement. A l l others taken f rom beneath pavement m center of 1 
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T A B L E V I I I 
S U M M A R Y OF TESTS OF BASE .MATERIALS 

Northern and Southern Circuits 

Site 
No. 

Thick­
ness of 
Base 

Location of Sample 

1 
R

et
. 

1' 
P

as
s.

 
1' 

R
et

. 
J4

' 

PL. 

d 

PL. P
as

s.
 N

o.
 4

 
R

et
. 

N
o.

 1
0 

1 
P

as
s.

 N
o.

 1
0 

1 
R

et
. 

N
o.

 4
0 

1 
P

as
s.

 N
o.

 4
0 

R
et

. 
N

o.
 2

00
 

P
as

s.
 N

o.
 2

00
 

L
iq

ui
d 

L
im

it
 

Pl
as

ti
ci

ty
 

In
de

x 

M
ax

. 
W

et
 

D
en

si
ty

 

M
ax

. 
D

ry
 

D
en

si
ty

 

O
pt

im
um

 
M

oi
st

ur
e 

4-S 4 k ' Center W. bound lane 2 6 13 28 15 15 7 14 15.1 0.4 146.7 136.6 7.3 

6-S 3 ' Center W. bound lane 4 8 17 29 13 10 - 12 145.1 135.2 7.2 

2-N 4 ' Center N . bound lane 3 6 6 22 20 25 7 12 17.1 1.4 147.3 136.8 7.6 

3-N 8' Center N . bound lane 1 5 7 23 20 27 7 10 19.5 4.2 144.6 1,33.3 8.2 
8' Outside track N.b . 3 8 8 24 20 23 6 9 17.2 0.8 145.3 132.8 9.4 

lane 

4-N 2» Outside track I'^.b. 12 16 13 17 10 9 13 10 13.5 N P 148 137 7.9 Base 
lane 

3 ' Outside track E.b. 5 2 4 13 14 29 19 14 10.8 N P 146 136 7.8 Subbase 

T A B L E I X 
C L I M A T O L O G I C A L D A T A 

From Report of U.S. Dept. of Commerce 

Month Division 
of state 

Temperature Precipitation 

Month Division 
of state 

Ave. 
Dep. 
from 

normal 

N 

Max. 

0. of Days 

M i n . 
,4ve. 

Dep. 
from 

normal 

Accum. 
2.?.61* 
27.42* 
24.74* 
25.22* 

Accum. 
dep. 

—1.28* 
—0.01* 
—5.57* 
-2.22* 

Month Division 
of state 

Ave. 
Dep. 
from 

normal 
,12° or 
be low 

,12° or 
be low 

0° or 
be low 

,4ve. 
Dep. 
from 

normal 

Accum. 
2.?.61* 
27.42* 
24.74* 
25.22* 

Accum. 
dep. 

—1.28* 
—0.01* 
—5.57* 
-2.22* 

Sept. 1953 Nor th 65.7 0.0 0 0 0 1.74 -1.48 26.35 -2 .76 Sept. 1953 
C/Ontral 67.1 0.1 0 1 0 1.11 -2 .30 28.53 -2 .31 
South 69.8 0.3 0 2 0 0.67 -2.55 26.41 -8.12 
State 67.4 0.1 1.20 -2.08 26.42 -4 .30 

Oct. 1963 North 67.3 3.8 0 0-7 0 1.31 -1..39 26.66 -4.15 Oct. 1963 
Central 67.8 2.7 0 0-9 0 1.21 -1.53 29.74 -3.84 
South 69.7 2.6 0 0-7 0 1.42 -1 .46 26. 83 -9.58 
State 58.2 3.0 1.31 -1 .46 27.73 -5.76 

N o v . 1953 North 43.2 3.0 0-4 7-20 0 1.34 -1 .44 28.00 -5 .59 
Central 43.6 1.6 0-4 10-26 0 1.53 -1.47 31.27 -5 .31 
South 44.9 0.2 0 7-24 0 1.48 -1.83 28.31 -11.41 
State 43.9 1.7 1.45 -1.57 29.18 -7.33 

Dec. 1963 Nor th 32.2 3.0 3-9 21-28 0-6 1.44 -0.88 29.44 -6 .47 
Central 33.1 1.7 3-7 21-28 0-3 2.23 -0 .41 33.50 -6.72 
South 34.9 - 0 . 1 2-6 19-29 0-3 2.36 -0 .91 30.67 -12.32 
State 33.3 1.6 1.99 -0.73 31.17 -8 .06 

Jan. 1954 North 28.1 2.3 6-18 26-31 0-4 1.98 -0 .37 1.98 -0 .37 
Central 31.0 2.6 5-10 23-29 0-4 3.15 0.24 3.15 0.24 
South 34.0 1.7 3-8 20-29 0-1 3.38 -0 .47 3.38 -0 .47 
State 30.9 2.2 2.80 -0 .20 2.80 -0 .20 

Feb.1954 Nor th 37.0 9.4 1-6 16-25 O-l 2.69 0.70 4.67 0.33 
Central 39.8 9.4 0-3 14-23 0 2.32 0.03 6.47 0.27 
South 43.1 8.9 0-2 7-23 0 2.34 -0 .66 5.72 -1.12 
State 39.8 9.2 2.46 0.06 6.26 - 0.14 

Mar. 1954 North 36.2 - 2 . 2 2-7 16-28 0 3.42 0.40 8.09 0.73 
Central 37.9 - 2 . 6 1-4 18-26 0 2.59 -1 .20 8.06 -0.93 
South 41.7 - 2 . 4 0-3 12-24 0 1.90 -2 .56 7.62 -3.68 
State 38.1 - 2 . 4 2.67 -1.05 7.93 -1.19 

Apr . 1954 Nor th 63.8 5.2 0-1 3-10 0 4.60 1.23 12.,59 1.96 Apr . 1954 
Central 67.2 6.1 0 3-7 0 3.38 -0 .25 11.44 -1.18 
South 60.0 5.7 0 1-9 0 3.25 -0.68 10.87 -4 .36 
State 56.9 5.7 3.74 0.15 11.67 -1.C4 

Ave. for 8 mo. period North 18.42 -3.23 Ave. for 8 mo. period 
Central 17.62 -6.89 
South 16.80 -11.11 
State 17.62 -6.88 

•As of Aug. 31, 1953. 

4.52 




