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During the winter of 1954-5 a study was made of the effects of frost 
action resulting from e}q)osure to natural freeze-thaw conditions of 
prepared specimens of 30 New Jersey soil and subbase materials. 
This research was conducted by the Joint Highway Research Project, 
under the co-sponsorship of Rutgers University and the New Jersey 
State Highway Department. 

One phase of this study was the determination of the loss of bear­
ing capacity of each soil during the winter and its subsequent recovery 
durii^ the followii^ spring and summer. 

The materials studied consisted of 22 soils, representing approxi­
mately 75 percent of the soil areas of New Jersey, and 8 subbase ma­
terials in use in highway construction. These materials had been com­
pacted in 9-ft square pits, the soils to a depth of 2 ft and the subbase 
materials to a depth of 1 ft. 

Because of the limited size of the soil specimens, the field CBR 
test was selected for the purpose of the bearing capacity study. The 
initial bearing ratio of each material was the averse of three tests 
performed on each material after compaction in October. Mter the 
completion of these tests a 4-ft by 4-ft by 6-in. concrete slab was 
poured on each material for the frost-heave study and six 1-ft by 
1-ft by 6-in. slabs for bearing test purposes. The smaU slabs were 
intended for removal at proper intervals to allow the performance of 
the field CBR tests on the soil beneath. Sufficient material was added 
to produce shoulders flush with the slab surfaces. 

The program of field CBR testing was started in March. One small 
slab was removed from each material and three bearing tests performed 
on the soil beneath. Soil moisture contents were also determined. Two 
weeks were required to perform three tests on each of the 30 materials. 
At approximately one-month intervals additional sets of slabs were re­
moved and tests performed. The last group of tests was completed in 
August. 

Results showed little correlation between HRB classification and loss 
of bearii^ capacity e:q?ressed as percent of initial bearing capacity. A 
better correlation existed between HRB classification and the actual 
spring bearing capacity. Little correlation was noted between HRB 
classification and percent recovery of bearir^ capacity. 

Variable climatic conditions during the two-week period required for 
each group of tests may make comparison among all of the materials 
unreliable. 

During the recovery period the relationship between decreasit^ mois­
ture content and increasing bearing capacity was apparent; the bearing 
ratios of many of the materials increased to a point considerably higher 
than their initial values. 

The lack of control over natural climatic conditions evidenced in this 
study shows the desirability of conducting further bearing tests on soil 
specimens frozen and thawed under controlled laboratory conditions. 

•DURING the winter of 1954-5 a study was made of the effects of frost action resulting 
from ê qposure to natural freeze-thaw conditions of 30 New Jersey soil and subbase 
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Figure 1. Map of Mew Jersey shewing sam­
ple locations of s o i l and subliase materi­
als used for frost action investigation. 

Figure 2. So i l installation. 
materials. To simulate pavement condi­
tions, concrete slabs were poured on pre­
pared specimens of the materials under 
investigation. Daily vertical movement 
of the slabs during the winter was a meas­
ure of frost heave. Daily penetration of 
statically weighted plungers indicated loss 
of bearing capacity. Subsurface tempera­
tures and moisture contents were meas­
ured in several of the soil materials. 

To determine by an accepted method the total loss of bearing capacity of each ma­
terial during the winter and the recovery of bearing capacity during the ensuing spring 
and summer, provision was made for the performance of field bearing tests. Because 
of the relatively limited size of the soil specimens and because of the availability of the 
required equipment, the field CBR test was selected for this purpose. An analysis of 
the data obtained from the performance of these tests is presented in this report. 

DESCRIPTION OF FIELD INSTALLATION 
Twenty-six soil materials, representing approximately 75 percent of the soil areas 

of New Jersey, were selected from various sites throughout the state. In addition, 
eight subbase materials in use in highway construction were suggested by the New 
Jersey State Highway Department (see Fig. 1 and Table 1). In order that all of the 
materials could be studied under similar environmental conditions a sample of each 
was brought to the field installation at Rutgers University. 

A representative fraction of each sample was tested in the soil mechanics labora­
tory to determine its physical properties (Table 2). Grain size distribution curves of 
the materials have been given in HRB Bulletin 135 (1956) , paper by K. A. Turner, J r . , 
and A. R. Jumikis, Appendix A to "Loss of Bearing Capacity and Vertical Displacements 
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TABLE 1 

DESCRIPTK)N OF SOILS TESTED 

F-1 A well-graded mixture of triable shale fragments f r o m gravel to clay sizes Derived f r o m Triassic shales The angular 
fragments might easily have been broken up by compacting them in the pits during placement of the sample 

F-2 A sandy s i l t -c lay mixture with considerable gravel Derived f r o m glacial material of Triassic shale and sandstone or igin 

F-3 A si l ty sand with traces of gravel Derived f r o m strat if ied glacial outwash, mostly Triassic rock fragments 

F-4 A clay-silt-sand mixture with considerable gravel Derived f r o m glacial d r i f t , p r imar i ly gneiss and traprock 

F-S A sandy s i l t -c lay mixture Derived f r o m old glacial lake bed sediments 

F-6 A si l ty , clayey sand with some gravel Derived f r o m Coastal Plam sands and gravels 

F-7 A gravelly sand with small amounts of s i l t and clay Derived f r o m Coastal Plam sands and gravels 

F-8 A fine sand with traces of s i l t and clay Derived f r o m Coastal Plain sands and gravels 

F-9 A clayey s i l t containing much sand Derived mostly f r o m Kittatinny limestone 

F-10 A mixture of coarse medium and fme sands, containing considerable gravel and some s i l t and clay Derived f r o m gneissic 
glacial materials which have been reworked by water 

F-11 A well-graded mixture of gravel, sand, s i l t and clay Derived f r o m granitoid gneiss 

F-12 A s i l t and clay mixture containing considerable sand with traces of gravel Derived f r o m marine clays 

F-13 A sandy gravel with considerable s i l t and clay Derived f r o m basalt and diabase (Gravel is large angular f ragments . ) 

F-14 A well-graded mixture of gravel, sand, s i l t and clay Derived f r o m Triassic shale, sandstone and arg i l l i te 

F-15 A well-graded sand-silt-clay mixture containmg considerable gravel Derived f r o m underlymg Tnass ic shale, sandstone 
and argiUite 

F-16 A mixture of sands Derived f r o m Coastal Plam sediments 

F-17 A mixture of coarse, medium and fme sands with traces of gravel, s i l t and clay Derived f r o m Coastal Plain sediments, 

F-18 Medium fme sand contaming considerable clay and s i l t Derived f r o m the glauconitic formations of the upper Coastal Plam 

F-19 A gravelly, s i l ty , clayey sand Derived f r o m the glauconitic upper Coastal Plain deposits 

F-20 Sand contaming considerable gravel and some s i l t and clay Derived f r o m poorly dramed Coastal Plain sediments (This 
material had a very high organic content ) 

F-21 A sand, s i l t and clay mixture with traces of gravel Derived f r o m glacial deposits of basalt and diabase 

F-22 A sandy s i l t -c lay mixture containing considerable gravel Derived f r o m early glacial d r i f t 

F-23 A well-graded gravel-sand-silt-clay mixture Derived f r o m glaciated Bfartinsburg shale (Gravel consists of large, f l a t 
shale fragments ) 

F-24 A well-graded mixture of gravel, sands, s i l t and clay Derived f r o m t i l l containing much limestone 

F-25 Coarse and medium sands containing considerable f ine gravel and some s i l t and clay Subbase material 

F-26 A medium sand with considerable gravel and some s i l t and clay Subbase material 

F-27 Gravel contammg considerable sand and some s i l t and clay Subbase material 

F-2B A gravelly sand Subbase material 

F-29 A sandy gravel Subbase material 

F-30 A gravel and sand mixture containing numerous rounded shale particles Subbase material 

F-31 A sandy gravel, essentially shale and sandstone Subbase material 

F-32 Traprock screenings 

F-33 A sandy gravel Subbase material 

F-34 A sandy gravel Subbase material 

of New Jersey Soils." Existing soil at the field installation was Penn soil, a predomi­
nantly silty soil classed as A-2-4 in the Highway Research Board classification because 
of a considerable percentage of soft shale fragments. Depth of soil to the parent ma­
terial, Brunswick shale, was approximately 20 in. 

The 26 soil materials were compacted in 6-in. layers in separate pits 9 ft square 
by 24 in. deep, the estimated maximum depth of frost penetration. The 8 subbase ma­
terials were compacted in similar pits 12 in. deep, as suggested by current construc­
tion practice. During the winter of 1954-5 only 22 of the soil materials and the 8 sub-
base materials were tested. 

Three field CBR tests were performed on the surface of each of the materials. The 
initial bearing ratio of each material was the average value determined by the three 
tests. On each soil specimen was then poured a 4 ft by 4 ft by 6 in. thick concrete slab 
for the frost heave study and six 1 ft by 1 ft by 6 in. thick concrete slabs for bearing 
test purposes. The small slabs were intended for removal at proper intervals to al­
low the performance of the field CBR tests on the soil beneath. Sufficient material was 
added and compacted to produce shoulders flush with the concrete slabs. A completed 
soil installation is shown in Figure 2. 
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CUMATIC CONDITIONS 
A general evaluation, based on tem­

perature, of the severity of the winter of 
1954-5 was made by means of cold quan­
tity determined by a degree-day method. 
U. S. Weather Bureau climatological data 
for the New Brunswick, N. J . , weather 
station were used. The differences be­
tween the daily mean temperature and 
32 F for the days that the mean was lower 
than 32 F were totaled for the period from 
September 1954 to April 1955. A cold 
quantity of 285 degree-days resulted. By 
comparison, the winter of 1947-8, a re­
cent outstanding example of severity from 
the viewpoint of resulting extensive frost 
damage to pavements, had a cold quantity 
of 528 degree-days (Fig. 3). The winter 
of 1954-5 may be considered medium severe. 

January and early February were characterized by an extended cold period having 
abnormally low precipitation. Subsurface temperature studies indicated the presence 
of frozen soil during this entire period. Rains and general thawing occurred in mid-
February. 

Degree - Days 

1946 
-47 
236 

1947 
-48 

szs 

1946 1949 1950 1951 I9S2 
- 4 9 - 50 - 5i -52 -53 
167 200 229 140 100 

1953 1954 

-54 -55 

22S 28S 

Figure 3- Cold quantities - New Brunswick 
weather station. 

BEARING TESTS 
The program of field CBR testing was started March 2. One small slab was re­

moved from each material and three bearing tests were performed on the soil area be­
neath, the bearing ratio being the average of the three tests. The soil moisture con­
tent was taken as the average of three determinations. 

Approximately two weeks were required to perform the three tests on each of the 
30 materials. The cavities formed by the removal of the small slabs were filled with 
the respective materials after completion of the tests. 

At approximately one-month intervals, weather permitting, additional small slabs 
were removed and bearing tests were per­
formed on each material. The last group 
of tests was completed in August 1955. 

TEST PROCEDURE 
Figure 4 shows a field CBR test in prog­

ress. Following is a description of the re­
quired equipment and the test procedure. 

List of Equipment 
1. CBR truck: A loaded vehicle equipped, 

with spring locking clamps, stabilizers, and 
a jack mounting plate on the tailbeam. 

2. Penetration jack: A screw-type jack 
equipped with a ball adjustment joint to pro­
vide for leveling and a handwheel for oper­
ation. 

3. 5, 000-lb test ring with 0. 0001-in. 
dial indicator. 

4. Penetration piston having a 3-sq in. 
circular face. 

5. Assorted threaded extensions for the 
penetration piston. Figure h. F i e l d CBR test. 
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6. 10-lb annular surcharge weight. 
7. 0.001-in. penetration dial indicator equipped with clamp and timing device con­

sisting of a clockwork-actuated pointer turning at a rate of rpm which is superim­
posed over thfe face of the dial indicator. 

8. Steel angle for reference point. 
9. Wrenches for assembly of equipment. 

10. Shovel and trowel for preparation of test area. 
11. Data sheets. 
12. Moisture content equipment. 

TABLE 2 

ENGINEERING SOIL PROPERTIES 

S^nple A S ™ 

( u mapped 
1917-27) 

Sou Test Results 
Sieve Analysis 

Percent 
Passing 

I T 
Sizes 

Anal Atterberg 
Test 

Sizes rrc—PTT 

Proclor 
Max Opt 
Dens M C 

10 40 200 

Uniform. 
Coef. 
D60 
DlO 

Eff. ClassUication 
Grain g„i,. 

grade 
Group 

Group 
Index 

} 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 
*̂  % % % pcf % 

F - l Penn 94 78 63 46 35 16 19 31 7 106 17 850.0 .002 A-2-4 0 
' F-2 Wethersfield 94 86 82 64 43 19 23 32 16 119 13 360.0 .001 A-6 3 

F-3 Dimellen 100 98 95 78 27 — — 16 0 120 12 33.3 A-2-4 0 
F-4 Gloucester 100 90 86 79 56 31 21 25 6 109 16 73 3 .0015 A-4 4 
F-5 Whippany 100 100 100 98 83 43 37 41 7 100 22 50 0 A-5 8 
F-6 Sassafras 99 95 93 79 42 20 21 28 12 117 14 16.7 0015 A-6 2 
F-7 Sassafras 88 67 61 28 7 — — NL NP 120 12 12.0 .15 A- l -b 0 
F-8 Sassafras 100 100 98 78 4 — — NL NP 106 15 1 9 .16 A-3 0 
F-9 Hagerstown 100 99 98 92 83 40 34 43 20 101 20 51.1 A-7-6 13 
F-10 Merrimac 100 90 77 41 11 — ~ NL NP 125 9 11 4 .07 A- l -b 0 
F - U Chester 89 74 70 55 46 26 16 33 11 109 18 30.4 023 A-6 2 
F-12 Elkton 99 97 95 89 79 45 31 28 10 108 16 113.3 A-4 8 
F-13 Hontalto 91 80 58 46 28 9 19 32 9 114 17 360.0 .03 A-2-4 0 
F-14 Croton 97 80 73 68 64 23 27 41 21 100 21 233.3 A-7-6 15 
F-IS l^msdale 99 87 85 69 55 21 32 41 15 95 26 283.3 — A-7-6 6 

1 F-16 Lakewood 100 100 100 73 1 NL NP 102 15 2.2 .16 A-3 0 
F-17 Lakewood 100 99 98 64 3 — NL NP 106 14 2.8 15 A-3 0 

" F-18 CoUington 100 100 100 80 26 10 IS 32 8 105 23 166.7 .0018 A-2-4 0 
F-19 Colllngton 96 91 87 69 39 12 18 48 14 97 27 113 7 A-7-5 2 
F-20 Portsmouth 99 87 84 56 7 ~ ~ NL NP 118 10 3.7 .13 A-3 0 
F-21 Holyoke 99 98 96 89 60 32 20 27 12 116 14 40 0 .002 A-6 6 
F-22 Washington 93 88 85 76 64 25 36 31 10 104 18 130.0 A-4 6 
F-23 Dutchess 93 84 72 61 52 26 18 31 9 110 15 22.5 .0016 A-4 3 
F.24 Dover 82 72 66 54 37 20 14 31 9 112 16 400 0 .0025 A-4 0 
F-25 Subbase 97 96 93 54 6 — — NL NP 106 15 2 7 .17 A-3 0 

SandHlUs 
A-3 

F-26 Subbase 93 , 86 78 36 10 NL NP 120 12 8.8 .08 A- l -b 0 
Farrington 

F-27 Subbase 85 48 40 24 10 3 6 NL NP 122 12 58.3 .12 A- l -a 0 
Perrbmlle 

F-28 Subbase Bot. 94 78 71 41 2 NL NP 108 16 2 7 .26 A- l -b 0 
James burg 

, F-29 Subbase Top 87 35 26 12 3 — — NL NP 123 10 26.5 .4 A- l -a 0 
Jamesburg 

F-30 Subbase 89 66 48 17 4 — — NL NP 119 13 17.5 .2 A- l -a 0 
Nunm 

F-31 Zimmerman 74.5 53.6 46.4 9.3 2 NL NP 112 3 13 26.5 .4 A- l -a 0 
Pit Westfleld 

F-32 Bngston 100 97.5 84.4 40 7 15 NL NP 131.3 10 19 A- l -b 0 
1 Traprock 

A- l -b 

Screening 
F-33 Franklin Pit 83.9 52.3 44 4 22 3 — NL NP 122.4 12 41.7 .24 A- l -a 0 

North Branch 
F-34 WtattPit 97.4 55.6 39.4 8.7 1 NL NP 115 13 14.4 .45 A- l -a 0 

Toms River 

Preparation of Test Area 
The test area was prepared by carefully smoothii^ and leveling an area at least 12 

in. in diameter at the required depth in the soil to be tested. Soil might be removed 
to accomplish this, but none was added. 
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SUBBASE MATERIALS IN 12" DEEP PITS 

10 
PERCENT LOSS 
20 30 40 

OF BEARING 
50 60 

CAPACITY 
70 80 90 100 

Soil No HRB Closs 
F-30 
F-28 
F-29 
F -34 
F-32 
F-31 
F-27 
F-33 

A - l -
A - l -
A - l -
A - l -
A - l -
A - l -
A - l -
A - l -

SOIL MATERIALS IN 24" DEEP PITS 

F-25 A-3 
F-23 A-4 
F-17 A-3 
F-22 A-4 
F-26 A - l - b 
F-14 A-7-6 
F-20 A-3 
F - 6 A-6 
F - l A - 2 - 4 
F - 9 A - 7 - 6 
F - l l A - 6 
F - 2 A-6 
F - 4 A - 4 
F-IO A - l - b 
F-21 A-6 
F-13 A - 2 - 4 
F-12 A - 4 
F-19 A - 7 - 6 
F - 3 A - 2 - 4 
F-15 A - 7 - 6 
F - 5 A-5 
F -24 A - 4 

Figure 5. 

March Bearing Cjipocity 4 5 2 % Hidher tllan ottober 

10 20 30 40 50 60 70 80 
PERCENT LOSS OF BEARING CAPACITY 

90 100 

Percent loss of bearing capacity of subbase and s o i l materials during the 
winter of ±93^-5• 

Positioning of Vehicle 
The CBR truck was backed into position so that the center of the jack mounting plate 

was over the center of the test area. The spring locking clamps were assembled and 
tightened with just enough tension to prevent expansion of the springs. The stabilizers 
were mounted and adjusted to prevent sideward movement of the truck. 

Assembly of Test Equipment 
The penetration jack was bolted to its mounting plate and the test ring screwed onto 

the jack spindle. The locking ring of the ball adjustment joint was loosened and the jack 
leveled so that the axis of its spindle was vertical. The locking ring was then tightened. 
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TABLE 3 
PERCENT LOSS AND RECOVERY OF BEARING CAPACITY 

Order October Percent 
No. 1954 Marci. Loss of 

Order Soil HUB CBR 1955 Bearing 
No. No. Class. (Initial) CBR Capacity 

(a) Subbase Materials in 12-in. Deep pits 
1 F-30 A - l - a 6.0 4.4 26.7 
2 F-28 A - l - b 5.4 3. 5 35.2 
3 F-29 A - l - a 7.9 3.9 50.6 
4 F-34 A - l - a 15. 5 4.1 73. 5 
5 F-32 A - l - b 29.9 7.8 73.9 
6 F-31 A- l - a 17.1 3.4 80.1 
7 F-27 A - l - a 41.8 8.0 80.9 
8 F-33 A - l - a 37.6 3.9 89.6 

(b) Soil Materials in 24--in. Deep Pits 
1 F-25 A-3 3 1 4. 5 -1-45.2 
2 F-23 A-4 6. 5 4.4 32.3 
3 F-17 A-3 6.2 3.5 43.6 
4 F-22 A-4 5. 5 3.1 43.6 
5 F-26 A - l - b 12.7 7.1 44.1 
6 F-14 A-7-6 3.6 1.9 47.2 
7 F-20 A-3 9.3 4.7 49.8 
8 F-6 A-6 5. 5 2.4 56.3 
9 F-1 A-2-4 6.2 2.7 56.4 

10 F-9 A-7-6 4.2 1.8 57.2 
11 F-11 A-6 7.7 3.1 59.7 
12 F-2 A-6 4.1 1.6 61.0 
13 F-4 A-4 6.2 2.4 61.3 
14 F-10 A - l - b 10.7 3.9 63. 5 
15 F-21 A-6 6.9 2.5 63.8 
16 F-13 A-2-4 14.3 5.0 65.1 
17 F-12 A-4 5.6 1.8 67.8 
18 F-19 A-7-6 8,1 2.3 71.6 
19 F-3 A-2-4 11.0 3.1 71.8 
20 F-15 A-7-6 8.2 2.3 71.9 
21 F-5 A-5 4.8 3.1 72.9 
22 F-24 A-4 8.4 1.4 83.3 

The jack was retracted as far as possible. The proper combination of threaded exten­
sions was selected and mounted on the test ring, leaving sufficient space for the pene­
tration piston. 

The penetration piston was inserted in the hole in the annular surcharge weight and 
the two placed carefully on the prepared soil area. The piston was then screwed up 
into the extension. 

The test ring dial indicator was zeroed and the penetration piston lowered nearly in­
to contact with the soil. Rapid movement of the jack was accomplished by releasing the 
spindle lock and rotating the spindle. 

The timer was wound if necessary. The penetration dial indicator and timer were 
then clamped to the piston and the reference angle positioned so that the stem of the 
indicator was in proper contact. 

The penetration piston was then seated on the soil with a 10-lb load (1.8 divisions of 
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the ring dial). Downward movement of T A B L E 4 
the piston was produced by clockwise ro­
tation of the jack handwheel. The pene­
tration and ring dials were then zeroed. 

Performance of Penetration Test 
The penetration test was started when 

the red timer pointer reached the black 
penetration dial pointer. The jack hand-
wheel was turned at such a rate as to keep 
the two pointers synchronized. This pro­
duced a penetration rate of 0.05 in. per 
minute. 

The ring dial was read at penetrations 
of 0. 025, 0.050, 0. 075, 0.10, 0. 20, 0.30, 
0. 40 and 0. 50 inches. After a penetration 
of 0. 50 in. had been reached, the piston 
was backed off by releasing the spindle 
lock. The moisture content of the soil at 
the test area was then determined. 

Bearing Ratio Determination 
The results of the penetration test were 

plotted as a curve with the piston load as 
ordinate and penetration as abscissa. A 
correction was made to the point of zero 
penetration if, as a result of surface i r ­
regularities of the soil, the initial iwrtion 
of the curve was concave upward. The 
straight portion of the curve was extended 
downward, its intersection with the zero 
load line defining the corrected point of 
zero penetration. 

The bearing ratio was then determined at penetrations of 0.10 and 0.20 i n . , meas­
ured from the corrected zero point. The piston loads were divided by 1,000 and 1, 500 
psi, respectively, the accepted bearing values of crushed rock, and multiplied by 100 
to give the bearing ratio in percent. The larger value was selected as the bearing ratio. 

EVALUATION OF DATA 
After completion of all bearing ratios and moisture content determinations, a chart 

was prepared for each soil (see Appendix) showing the relationship between time and 
the following: 

1. Precipitation, presented as a bar graph. Data were obtained from the U. S. 
Weather Bureau climatological data for the New Brunswick, N. J. , weather station. 

2. Soil moisture content, the average of three determinations at the time of each 
bearing test. 

3. CBR, the bearing ratio determined at approximately one-month intervals. 
4. Percent of October (1954) bearing capacity. The initial bearing ratio determined 

in October was regarded as 100 percent bearing capacity, and the percentage bearing 
capacities from subsequent tests determined accordingly. 

It should be noted that for convenience the period from December 1954 to February 
1955, during which no tests were performed, has been condensed on the charts. 

OBSERVATIONS 
Comparison of the three tests used for each bearing capacity determination revealed 

that any error introduced by performing three tests within a 1-ft square area was ap-

' I 

March 
Order Soil HRB 1955 
No. No. Class. CBR 
(a) Subbase Materials in 12 -m. Deep Pits 

1 F-27 A-l-a 8.0 
2 F-32 A-l-b 7.8 
3 F-30 A-l-a 4.4 
4 F-34 A-l-a 4.1 
5 F-29 A-l-a 3.9 
6 F-33 A-l-a 3.9 
7 F-28 A-l-b 3. 5 
8 F-31 A-l-a 3.4 

(b) Soil Materials in 24-in Deep Pits 
1 F-26 A-l-b 7.1 
2 F-13 A-2-4 5.0 
3 F-20 A-3 4.7 
4 F-25 A-3 4 5 
5 F-23 A-4 4.4 
6 F-10 A-l-b 3.9 
7 F-17 A-3 3. 5 
8 F-3 A-2-4 3.1 
9 F-22 A-4 3.1 

10 F-5 A-5 3 1 
11 F-li A-6 3.1 
12 F-l A-2-4 2.7 
13 F-21 A-6 2.5 
14 F-4 A-4 2.4 
15 F-6 A-6 2.4 
16 F-15 A-7-6 2 3 
17 F-19 A-7-6 2.3 
18 F-14 A-7-6 1.9 
19 F-12 A-4 1.8 
20 F-9 A-7-6 1.8 
21 F-2 A-6 1.6 
22 F-24 A-4 1.4 
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TABLE 5 
RECOVERY OF BEARING CAPACITY 

October July 
1954 July Percent­

Order Soil HRB CBR 1955 age of 
No. No. Class. (Initial) CBR Initial 

(a) Subbase Materials in 12-in. Deep Pits 

1 F-29 A - l - a 7.9 9.5 120.2 
2 F-33 A - l - a 37.6 26.3 69.9 
3 F-28 A - l - b 5.4 3.6 66.7 
4 F-31 A- l - a 17.1 9.8 57.3 
5 F-32 A - l - b 29.9 16.8 56.2 
6 F-30 A - l - a 6.0 3.3 55.0 
7 F-34 A - l - a 15. 5 5.3 34.2 
8 F-27 A - l - a 41.8 11.2 26.8 

(b) Soil Materials in 24-in. Deep Pits 

1 F-2 A-6 4.1 7.7 187.8 
2 F-1 A-2-4 6.2 11.1 179.0 
3 F-9 A-7-6 4.2 6.6 157.2 
4 F-5 A-5 4.8 7.4 154.1 
5 F-14 A-7-6 3.6 5.4 150.0 
6 F-12 A-4 5.6 8.1 144.7 
7 F-26 A - l - b 12.7 15.3 120. 5 
8 F-21 A-6 6.9 8.1 117.4 
9 F-13 A-2-4 14.3 16.3 114.0 

10 F-25 A-3 3.1 3.4 109.7 
11 F-4 A-4 6.2 6. 5 104.9 
12 F-6 A-6 5. 5 5.7 103.6 
13 F-23 A-4 6. 5 6.7 103.1 
14 F-10 A - l - b 10.7 9.4 87.8 
15 F-22 A-4 5. 5 4.4 80.0 
16 F-15 A-7-6 8.2 6.5 79.3 
17 F-19 A-7-6 8.1 5.4 66.7 
18 F-20 A-3 9.3 5.9 63.4 
19 F-17 A-3 6.2 3.9 62.8 
20 F-11 A-6 7.7 3.8 49.4 
21 F-3 A-2-4 11.0 4.8 43.7 
22 F-24 A-4 8.4 3.4 40. 5 

parently less than that inherent in the soil itself as a result of existing non-homogeneity. 
Compaction of the surrounding soil, if caused by one test, should result in a higher 
bearing ratio of a subsequent test. As no such relation was found, it is felt that the 
procedure of performing three tests within such a small area is justified. 

In Table 3 the materials are listed in order from the least to the greatest percentage 
loss of bearing capacity. The subbase materials and soil materials are grouped separ­
ately because of the environmental differences induced by the 12-in. and 24-in. deep 
pits. The percentage loss of bearii^ capacity of each material is shown in Figure 5. 
It is apparent that there is not much correlation between HRB classification and per­
centage loss of bearing capacity. The granular A-1-6 and A-3 materials in 24-in. deep 
pits show in general less loss than most of the other materials. F-25, HRB A-3, was 
the only material showing an increase in bearing ratio. This material had the lowest 
bearing ratio of all the materials in October as a result of its dry condition. 
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It should be noted, however, that the percentage losses of bearing capacity of the 
granular A - l - a and A - l - b subbase materials in 12-in. deep pits are greater than the 
losses of most of the materials in 24-in. deep pits. This is probably a result of the 
detrimental effect of poorer drainage conditions in the shallow pits. 

In Table 4 the materials are presented in order from the greatest to the least bear­
ing capacity as determined by their March 1955 bearing ratios. It is noted here that a 
better correlation exists between HRB classification and spring bearing capacity than 
between HRB classification and percent loss of bearing capacity. 

Recovery of bearing capacity is indicated in Table 5. The materials are listed in 
order according to the July 1955 bearing ratio percentages of the initial October 1954 
bearing ratios. Again, there is little apparent relationship between HRB classification 
and percent recovery of bearing capacity. Of interest is the fact that during the sum­
mer the bearing ratios of many of the materials increased to a point considerably higher 
than their initial values. It should be noted, however, that as a result of variable c l i ­
matic conditions during the two-week period required for each group of field CBR tests 
a direct comparison among al l of the materials may be unreliable. 

The curves in the Appendix show the effect of moisture content upon bearing ratio, 
particularly during the recovery period. As moisture content decreased bearing ratio 
increased. 

The effect of the heavy rains in early August is of particular note. Recorded pre­
cipitation during a six-day period was 10. 95 in. Some of the August tests were per­
formed prior to this period. As a result of a July drought, moisture contents were low 
and many bearing ratios showed great increases. Soil F-6, HRB A-6, showed the max­
imum increase, its August 1955 bearing ratio being 516 percent of its October 1954 
bearing ratio. The soils tested after the rains showed increased moisture contents 
and bearing ratios reduced, in some cases considerably below their July values. 

CONCLUSIONS 
1. A considerable reduction in soil bearing capacity may occur during the winter as 

a result of the combined effects of freeze-thaw conditions and precipitation. 
2. There is little correlation between HRB classification and percentage reduction 

in bearing capacity, but in general under equivalent conditions granular soils retain 
the highest bearing capacities. 

3. The greater percentage reduction of bearing capacity in the shallow pits shows 
the importance of sufficient thickness of subbase material and of adequate facilities 
for drainage. 

4. The recovery of bearing capacity is variable, showing little relation to HRB 
classifications. Many materials show a recovery of bearing capacity considerably 
greater than their initial values. 

5. For any soil there is a definite relationship between moisture content andbear-
ing capacity, the higher bearing capacities being associated with low moisture contents. 

6. Considerable reduction of soil bearing capacity may result from excessive pre­
cipitation, even in summer. 

7. Because of the lack of control of natural climatic conditions i t would be desirable 
also to conduct bearing capacity tests on soil specimens frozen and thawed under con­
trolled conditions in the laboratory. 
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Appendix 

Curves showing precipitation, soil mois­
ture content, and loss and recovery of 
bearing capacity of 39 New Jersey soil 

and subbase materials, 1954-5. 
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