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Received in the revised form: results obtained with Proctor's method. Measurements of penetration
October 2016 resistance and shear vane, dry density of soil particles (ps) and their
Accepted: November 2016 moisture were made in layers in the following depths: 25-30, 35-40,
Key words: 45-50 and 55-60 cm. Moreover, the maximum volumetric density of
soil, soil particles, particles size distribution, content of calcium carbonate
density, and humus, density of solid particles, reaction, plastic and liquid limit
evaluation, . . . . .
dry density, were determmed_ with Proctor's method (pgs). Also, packing _den3|t_y
Proctor's method and natural density were measured. It was found out that the investi-

gated soils may be generally included to excessively compacted and
susceptible to compaction to an average and small degree. It was
shown that soil may be recognized as excessively compacted when the
quotient pa/pgs exceeds the value of 0.87.

Introduction

Excessive soil density, which results from mechanization of works, is one of the most
serious problems of modern agriculture (van den Akker et al., 2003). Heavy clays, clays,
and sandy loams are soils, which are particularly susceptible to compaction (Krasowicz et
al., 2011). Excessive compaction of subsoil is mainly dangerous because the effects of
compaction of this layer are long-lasting and its eradication through deep scarification is
energy consuming and often ineffective (Szeptycki, 2003). A rational approach to counter-
acting this phenomenon requires evaluation of the present soil density and identification of
conditions in which it takes place.

Dry density of solid particles is popular in the density tests. Direct application of results
of measurements of dry density of solid particles for evaluation of its compaction condition
in the context of its influence on the plants growth conditions causes many problems
(Btazejczak and Dawidowski, 2013). These difficulties cause that scientists try to apply
relevant measures of soil compaction as an indicator of evaluation of plant growth condi-
tions (Hakansson and Lipiec, 2000).

1 This publication was written as a part of the project financed from the means of the National
Scientific Centre (Contract no. 7808/B/P01/2011/40)

85



Kinga Snieg, Dariusz Blazejczak

Research results obtained with Proctor's method in the form of the maximum density
and optimal moisture are parameters which are commonly used in geo-technology, which
on one hand constitute a reference point in the evaluation of the soil density condition and
on the other hand characterize the conditions of the maximum susceptibility. In the past,
Proctor's method was used for description of susceptibility to compaction of agricultural
soils (Wagner et al., 1994; Aragon et al., 2000). According to Soanne et al., (1980/1981)
the use of Proctor's method for evaluation of the density of agricultural soils may be recog-
nized as reasonable. The maximum value of dry density (pgs), obtained in the standard
Proctor's method, is considered as the maximum value possible to be obtained for a given
soil (Kumar et al., 2009). It results from the fact that in this method homogeneous soil mass
is compacted. The mass is susceptible to compaction more than soil with a natural structure
and compaction energy is higher than the energy of the wheel impact on soil even in case of
vehicles with considerably big weight (Barzegar et al., 2000).

Objective, scope and methods of research

The objective of the research was to evaluate the soil compaction in its subsoil with the
selected indicators and to determine the relation between them including the results ob-
tained with Proctor's method.

Plastic soils, located within the following towns constituted the research object: Nowy
Przylep (NP), Obojno (Ob), Ostoja (Os), Kurcewo (Ku), Refisko (Re) and Skarbimierzyce
(Sk). These soils possibly enable obtaining high crops and are threatened by excessive
compaction as a result of intense use. Research was carried out in 2012-2016 in layers at
the following depths: 25-30, 35-40, 45-50 and 55-60 cm, in periods when spring (W) and
winter (J) cultivation treatments are performed.

Penetration resistance (Z,,) and shear vane were tested (S.) and actual moisture (w,) and
dry density of solid particles were determined (pg). A penetrometer (Eijkelkamp, Pene-
trologger), equipped with a cone with a vertical angle of 30° and the area of its base of
1 cm?, at the feed speed of 2 cm-s™ were applied. To measure S, Geonor, Vane Tester H-60
equipped with the tip with dimensions of 16 x 32 mm, with the measurement scope from
0 to 260 kPa was used. To measure w, and pq samples collected with the use of Kopecky's
cylinders were used. When, during collection of samples, soil cracking was reported in
cylinders as a result of moisture deficiency in a given layer, the field research was repeated
in another period (W or J), along with measurements of Z,, and S.. Measurements were
carried out in two iterations, in points distanced from each other by 2-3 m, except for
handlands and technological roads.

Moreover, soil material in the form of loose mass was collected from layers and it was
later used to determine the selected properties with the methods provided in brackets, i.e.:
textural group (Bouyoucosa-Casagrande's after Proszynski's modification), density of solid
particles (a pycnometer method), humus content (Tiurin's method), calcium carbonate con-
tent (Scheibler's method), soil reaction (an electrometric method), maximum density and
optimal moisture (Proctor's method), plastic limit (a surface rolling method), liquid limit,
(Casagrande's method). Testing the maximum density (pgs) and optimal moisture (W) of
soils was carried out according to PN-88/B-04481, using a cylinder with the volume of
1000 cm?® and compacting energy of 0.59 J per 1 cm? of soil. Values pgs and Wopt Were cal-
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culated in the spot (point), where polynomials describing a particular experiment assumed
the maximum value (Btazejczak et al., 2013). With the use of polynomials also dry density
of solid particles was forecasted (pgm) calculated for the present moisture (w,). However,
the scope of use of the forecasting model pgyr, differed from the scope of moisture values
obtained during determination of pg4s. The bottom limit corresponded to the minimum mois-
ture measured in the field and the top of its maximum value obtained in the Proctor's meth-
od. The results of field research and soil properties allowed calculation of packing density
(Py) after Jones et al., (2003) and natural dry density (p,) acc. to Wojtasik (1995).

Results and their analysis

Table 1 presents results of determination of own properties of the investigated soils. It
may be noted that the research material which came from soils which were compacted in
the state of high moisture face permanent and strong deformation. Soils measurements were
carried mainly on account of their textural group, humus and calcium carbonate content,
which was most probably reflected in the range of plastic and liquid limits which were
respectively 14.1-31.4% of moisture content and 15.4-73.0% of moisture content. Specific
density and soil reaction were less varied and they were respectively within 2.39-2.67
g-cm™ and pH 5.08-6.86.

Table 2 presents results of measurement of actual properties of the investigated soils
(dry density of solid particles — pgy, present moisture — W,, permission resistance — Z,, shear
vane — S; and results of natural density calculations py). In soils of objects NP and Os (lay-
er: 25-30 cm) and Sk (layer: 25-30 and 35-40 cm), due to annually reoccurring draught,
which lasts several weeks there was no possibility to carry out measurements in the W peri-
od. In the above mentioned cases measurements were carried out in various years for the J
period, and the obtained differences pq, €xcept for object Os, did not exceed the value of
0.1 g-cm®, namely the one which Komornicki and Zasonski (1965) claim to be a border one
for the purposes of practical; interpretation of the difference of packing density. In the peri-
od W often higher value pgq was reported at lower moisture. Measured higher values pq for
the period W may be justified with shrinking of soil as a result of decrease in its moisture.
According to Dobrzanski and Zawadzki (1993) fluctuations of soil moisture may result in
the changes of its volume to 32% in relation to the type of soil opening. Based on the re-
sults Z,, it may be assumed that conditions of plant growth were impeded in 17 cases be-
cause the average permission resistance exceeded the value of 2000 kPa i.e. recognized as
a border one for correct growth of roots (Gregorich and Carter, 1997). On the other hand
high values of soil shear in rotational movement which were obtained (S;), that often ex-
ceeded 100 kPa, indicate that the investigated soils in the periods W or J had low suscepti-
bility to compaction. It results from the fact that along with the increase of S values of pre-
compaction stress of soil, which are the measure of soil susceptibility to compaction, grow
(Btazejczak, 2010). Low susceptibility to compaction of the investigated soils may be justi-
fied with their present moisture, whose average value was 0.84% of the value P, .
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Table 1.
Average values of own properties of soils for the selected objects and measured layers
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(cm) (%) (%) (gcm®) (pH) (%) % wiw) (% wiw)
25-30 SiL 11.0 129 245 6.32 3.10 22.0 29.5
NP 35-40 SiL 11.0 253 246 6.34 2.02 21.3 31.2
45-50 SiL 9.0 2.76 245 6.29 2.30 23.7 32.0
55-60 L 150 0,68 247 6.21 1.09 20.3 31.3
25-30 L 270 010 245 6.86 417 25.9 44.2
Ob 35-40 L 27.0 0,07 249 6.84 3.77 28.0 479
45-50 SiCL 25.0 - 252 6.78 2.34 30.4 58.7
55-60 SiC 17.0 - 240 6.52 1.70 31.4 73.0
25-30 SL 9.0 - 252 5.08 1.03 14.1 17.0
Os 35-40 L 15.0 - 266 5.13 0.61 18.4 27.6
45-50 L 21.0 - 2.67 5.23 0.69 19.8 30.3
55-60 L 20.0 - 255 5.63 0.57 18.0 28.8
25-30 SiL 13.7 5.02 243 6.21 3.32 23.5 32.2
Re 35-40 L 14.0 4.82 241 6.45 3.17 22.4 31.9
45-50 L 120 5.13 239 6.50 4.00 25.9 37.0
55-60 L 14.0 0.52 244 6.43 291 22.0 31.8
25-30 SCL 22.0 - 250 6.23 1.78 21.8 39.2
sk 35-40 SCL 25.0 - 264 6.25 1.05 17.9 275
45-50 CL 29.0 - 260 6.21 0.75 24.9 61.0
55-60 SiL 20.0 - 253 6.22 0.68 27.4 52.5
25-30 L 115 - 2.66 6.82 0.54 14.2 15.4
Ku 35-40 L 20.4 - 2.63 6.36 0.42 19.0 39.2
45-50 L 23.3 - 260 6.16 0.31 20.8 38.3
55-60 L 24.3 - 259 6.69 0.34 26.7 46.2

Symbols of textural groups (acc. to USDA — PTG 2009): SiL — silt loam, L — loam, SiCL - silty clay loam,
SiC - silty clay, SL — sandy loam, SCL — sandy clay loam, SL — clay loam, CL — clay loam

In order to carry out an assessment of the present compaction state, the obtained results
(Table 2) were compared with threshold values pq or Z,,, suggested for the cultivated layer
of various types of soils with specific parameters (lancu, 2001). But the threshold value Z,,
was determined according to the suggested methodology adding or deducting a specific
value of adjustment (250 kPa) in relation to the difference of moisture measured and
provided in tables. Moreover, content of silt and clay fraction (<0.002 mm) and plasticity
index, namely a difference between the liquid and plastic limit were also taken into
consideration (Table 1). Exceeding the threshold values py was reported in case of 29
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instances of measurements. But this case of exceeding W or J in a particular layer was
reported in 9 cases. It may be noted that the number of cases when the threshold value was
exceeded py is the lowest for objects NP and Re ( 2 for each), i.e. soils with granulation of
silt loam and loam with the content of particles of <0.002 mm which are within 9 to 15%
(Tablel). The highest number of instances where the threshold value was exceeded py was
reported for the object Sk, i.e. soils with granulation of sandy clay loam, silt loam with the
content of particles of <0.002 mm which are within 22 to 29%. Contrary, the threshold
value Z,, which proves excessive compaction of soil, was exceeded. It was reported only in
4 cases. It might have resulted from the fact that the suggested threshold values are related
to the cultivation layer. On the other hand, this paper analyses the compaction state for the
subsoil, where cultivation treatments are carried out from time to time (e.g. subsoiling) and
properties of this layer diverge often from the arable layer. Also, the fact that distribution of
the investigated soils to groups of soil forms suggested by lancu (2001) may be treated
approximately — differences in soil classification between the countries, is not without
significance. Due to drawbacks of the above procedure for assessment of present
permission resistance of subsoil the calculated values of natural volumetric density were
used (pn) acc. to Wojtasik (1995) based on which soil may be included to the category of
natural density if the value pq is within p, 0.05 g-cm™. Soil may be also included to
slightly, medium or strongly compacted if the difference pq and p, has a positive value and
is respectively within: (0.05-0.15>, (0.15-0.25> and >0.25 g-cm™. In a reverse situation,
when the difference py and p, has a negative value, soil may be included to slightly,
medium or considerably scarified. The investigated objects (Table 2) were included to soils
from slightly to strongly compacted in 25 cases. But, similarity to lancu's procedure (2001)
was obtained in 20 cases. Thus, it may be assumed that both procedures of assessment of
soil compaction are comparable.

Table 2.

Average values of dry density of solid particles (o4), present moisture (w,), penetration
resistance (Z,), shear resistance (S;) of soils of investigated objects in layers for spring (W)
and fall (J) periods of field measurements and assessment of soil density assessment acc. to
lancu (2001) and Woijtasik (1995)

Period Assessment
Facility of Asse_s sment of of density
Layer measure Pd Wa Zu S density acc. to acc. to
lancu (2001) o
ments based on py/Z Wojtasik
(cm) (@emd  (%ww)  (kPa) (kPa) dW(1995)
ssgo 3 151(0.01) 17.4(02) 2349 (637) 126 (12) -I- 1c
J 146 (0.09) 21.4(1.1) 1010 (360) 83 (28) -I- n
gsq0 W 155(0.04) 195(03) 1417 (486) 98 (17) - 1c
NP J  1.56(0.06) 22.0(1.3) 1020 (660) 88 (36) +- 1c
4550 W 154(006) 195(0.1) 1274 (658) 140 (13) -I-
J 146 (0.04) 20.2 (1.0) 1720 (280) 154 (37) -I-
55.60 W  1.60 (0.03) 18.9 (0.6) 1440 (338) 140 (19) +- 1c
J  1.44(0.05) 17.3(0.8) 1240 (470) 206 (21) -/- n
Ob 2530 W 1.56(0.06) 18.5(0.8) 3650 (320) 234 (35) ++ 3c
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ity ot Assessment of (Y
Layer measure Pd W, Zy Se density acc. to ace. to
lancu (2001) o
ments based on py/Z Wojtasik
(cm) (gcm?®  (%ww)  (kPa) (kPa) ¢ (1995)
J  1.40(0.07) 23.8(2.7) 1230 (490) 102 (32) -/- 1c
3540 W 156 (0.04) 15.3(0.4) 4350 (560) 184 (52) ++ 2c
J  1.44(0.11) 24.4 (1.6) 1560 (540) 107 (22) -/- 1c
45-50 W 1.59(0.03) 16.6 (1.3) 3900 (440) 156 (37) +- 3c
J  1.49(0.02) 24.6 (0.8) 1840 (310) 154 (33) +- 3c
55-60 W 1.65(0.03) 16.2(2.2) 2700 (380) 154 (29) +- 3c
J  1.47(0.02) 26.0(0.5) 1740 (270) 136 (16) +/- 1c
25.30 J  1.66(0.04) 14.9 (0.6) 1620 (840) 99 (19) +- n
J  1.53(0.08) 15.9 (0.4) 2000 (980) 99 (32) -/- la
35-40 W 1.67(0.03) 12.3(0.7) 3310(1130) 68 (13) +-
Os J 166 (0.06) 16.0 (0.5) 1362 (587) 89 (14) +-
4550 W 1.64(0.03) 13.9 (2.4) 3430 (560) 53 (16) +-
J  156(0.04) 21.5(1.3) 1693 (360) 112 (18) -/- la
55-60 W  1.62(0.05) 15.5(0.4) 4060 (1010) 39 (10) +- n
J 1.60(0.03) 19.6 (0.6) 1682 (255) 107 (20) +- n
25-30 W 1.55(0.03) 21.7 (0.5) 1160 (440) 126 (21) -I- 1c
J  1.41(0.07) 26.1(0.5) 910(310) 60 (66) -/- n
3540 J 146 (0.09) 19.3 (0.6) 2449 (520) 166 (15) -/-
Re W 1.61(0.09) 19.0 (1.9) 1560 (940) 124 (20) +/- 1c
45-50 J  1.32(0.03) 24.9 (0.2) 1982 (410) 132 (25) -/- la
W 1.48(0.02) 22.2 (1.6) 1000 (450) 87 (23) -/- n
55.60 J  1.45(0.03) 21.3(1.0) 1693 (313) 113(19) -/-
W 1.56(0.04) 21.6 (1.5) 1160 (390) 140 (21) +/- 1c
25-30 J  1.71(0.02) 14.4(0.4) 1280 (380) 96 (22) +- 1c
J  1.73(0.04) 16.2 (0.9) 1210 (500) 130 (34) +- lc
3540 J  1.67(0.07) 16.8(0.6) 1748 (471) 178 (36) +- 1c
Sk J  1.64(0.04) 16.7 (0.6) 2313 (1053) 125 (30) +- 1c
45-50 W 1.62(0.01) 21.3(0.3) 1430 (475) 124 (19) +- 1c
J  1.58(0.06) 17.7 (1.4) 1986 (475) 89 (17) +-
55-60 W 1.54(0.01) 25.0(0.4) 1508 (477) 106 (12) +-
J 166 (0.06) 15.5(1.2) 2046 (499) 177 (36) +/- 1c
25.30 W 1.63(0.11) 13.5(0.6) 2853 (766) 226 (27) +-
J  1.50(0.06) 12.6 (0.6) 760 (840) 89 (57) -/-
35-40 J  1.62(0.06) 16.0 (0.7) 2211 (212) 204 (24) +- 1c
Ku W  1.61(0.06) 16.9 (0.7) 4220 (1492) 221 (19) -1+ n
4550 J  1.63(0.04) 15.9 (0.2) 2216 (283) 243 (18) +- 1c
W 157 (0.04) 18.5(1.1) 3400 (1660) 218 (25) -I- n
55-60 J  1.62(0.04) 13.6 (1.2) 2729 (515) 256 (6) +- 1c
W 1.60(0.06) 12.4 (0.8) 5410 (1891) 205 (35) ++ 1c

Notice: brackets include values of standard deviations; "+" or "-" exceeding or lack of exceeding of the critical
value; la — slightly scarified soil, n — soil with natural density, 1c¢ — slightly compacted soil, 2¢ — averagely com-
pacted soil, 3¢ — strongly compacted soil
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Results of determination of the optimal moisture content (wqy), ratio of present dry den-
sity of solid particles (pg) and maximum density (pgs) were presented in table 3. Values
pd/pgs Were within 0.74 to 0.98 and their median was equal to 0.87. Those results were
similar to the ones obtained by other authors for the arable layer (Carter, 1990). In the field
conditions pq in any of the investigated objects did not exceed the value of pgs. Therefore, it
was confirmed that assuming in the discussion on the level of soil density that pg<pgs
should be recognized as justified. When comparing the value of the ratio with the results of
assessment of soil density (Table 2) it was obtained that soil may be recognized as exces-
sively compacted, meeting jointly requirements of lancu's (2001) and Wojtasik (1995)
procedures if the value of pg/pgs exceeds 0.87. On the other hand, soil is not excessively
compacted when pg/pgs does not exceed 0.77. Values py/pgs between 0.77 and 0.87 allow, in
relation to the granulometric composition of soils, recognition of its density degree as
raised. Table 3 presents also results of calculations of the packing density value (Pg).

Table 3.

Values of optimal moisture content (W), ratio of dry density of solid particles and
maximum density (o4 pgs) SOils, packing density (Pg), difference of the volumetric density of
solid particles and forecast volumetric density of solid particles of soil (o4 -2dm)

Facility Layer  Period of mea- Wopt Pa /pas Pq Pd ~Pdm
(cm) surements (% wiw) (g-cm™®) (g-cm®) (g-cm™®)
J 17.0 0.88 1.61 -0.19
25-30 J 17.0 0.85 1.56 -0.08
W 15.7 0.89 1.65 -0.06
NP 35-40 J 15.7 0.90 1.66 0.00
45-50 w 14.5 0.88 1.62 -0.10
J 14.5 0.77 1.44 -0.26
W 13.2 0.89 1.74 -0.07
55-60 J 13.2 0.80 1.58 -0.29
W 19.0 0.98 1.80 -0.05
25-30 J 19.0 0.88 1.64 pz
W 13.2 0.82 1.80 -0.27
ob 35-40 J 13.2 0.75 1.68 -0.21
4550 W 11.5 0.82 1.82 -0.28
J 11.5 0.77 1.72 -0.12
w 10.5 0.86 1.80 -0.24
55-60 J 10.5 0.77 1.62 pz
J 11.7 0.86 1.74 -0.18
25-30 J 11.7 0.79 1.61 -0.29
w 10.1 0.87 1.81 -0.19
Os 35-40 J 10.1 0.86 1.80 -0.19
45.50 W 11.7 0.85 1.83 -0.19
J 11.7 0.81 1.75 -0.12
W 10.6 0.85 1.80 -0.17
55-60 J 10.6 0.84 1.78 -0.05
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Facility Layer  Period of mea- Wopt Pd /Pas Pd Pd ~Pdm
(cm) surements (% wiw) (g-cm™) (g-cm™) (g-cm™)
W 16.9 0.92 1.70 -0.02
25-30 J 16.9 0.84 1.52 pz
J 15.6 0.86 1.59 -0.17
R 35-40 W 15.6 0.95 1.54 -0.03
45-50 J 15.2 0.75 1.43 -0.12
w 15.2 0.85 1.59 -0.05
J 14.4 0.82 1.58 0.02
55-60 W 14.4 0.89 1.69 0.05
J 13.0 0.96 1.91 0.00
25-30 J 13.0 0.97 1.93 -0.05
J 18.0 0.98 1.90 -0.11
sk 35-40 J 18.0 0.96 1.87 -0.14
45.50 W 15.9 0.91 1.88 pz
J 15.9 0.89 1.84 -0.08
W 16.8 0.86 1.72 pz
55-60 J 16.8 0.92 1.84 -0.13
W 11.2 0.83 1.73 -0.29
25-30 J 11.2 0.74 1.55 -0.33
J 13.9 0.87 1.80 -0.13
" 35-40 W 13.9 0.87 1.79 0.00
45-50 J 15.4 0.92 1.84 -0.15
w 15.4 0.88 1.78 -0.15
J 16.8 0.93 1.84 -0.04
55-60 w 16.8 0.92 1.82 -0.01

Notice: ,,pz” — means that it was impossible to determine pam, because the scope of the model use was exceeded

Values Pg, (Jones et al., 2003) allow assessment of susceptibility of subsoil to density.
In 22 instances it was found out that the investigated soils are susceptible to compaction to
a small degree because Pg>1.75 g'cm™. Average susceptibility (1.40 < Py < 1.75 g-em™)
was obtained in 26 cases. Soils with high susceptibility to compaction were not reported
(P4 <1.40). Comparing values of P4 with the results of Proctor's method of determination it
may be proved (for P4 >1.75), that soil is low susceptible to compaction if the average val-
ue pg/pes>0.89. It may be also noticed that the values pg/pgs increase with the growth of Py.
The research on the coefficient of correlation on (r) between the values pq4/pgs @ Py proved
that in general, the force of this relation was average (r=0.56). However, the lowest statisti-
cally insignificant value r was obtained for the object Ob (r=0.41) and the highest Ku
(r=0.97), namely respectively for soils with considerably the lowest and the highest content
of sand fraction content. Table 3 also presents results of comparison of density pq and pgm.
It may be noticed that in the decisive majority of cases the value py was lower than pgm.
Several instances pan=pq Should be recognized as random and practically insignificant be-
cause the difference pgy -pgm Was within £0.1 g-em™. It may prove that also at the moisture
level of soil which differs from the optimal moisture content of its density in field condi-
tions the value pgs was not exceeded.
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Conclusions

1. The investigated soils in relation to the period and depth of measurement and their
granulation group may be included to excessively compacted. But the lowest number of
cases of excessive compaction was reported for soils with granulation of silt loam and
loam with the content of particles <0.002 mm which are within 9 to 15%.

2. Soil may be considered as excessively compacted when the ratio of present dry density
of solid particles (pg) and the maximum density (pgs), determined with Proctor's stand-
ard method, exceeds the value of 0.87. Soil is not excessively densified when the ratio
palpas does not exceed 0.77. Values pg/pgs between 0.77 and 0.87 allow, in relation to
the granulometric composition of soils, recognize its density degree as raised.

3. The investigated soils, based on the analysis of the soil compaction values and its shear
vane test and volumetric density of its mineral particles, may be included to susceptible
to compaction in the average or small degree.

4. Present volumetric density of the solid particles of the investigated soils did not achieve
the maximum values of volumetric densities, determined with the Proctor's method,
which proves that these soils may be subjected to the process of further compaction.

5. Density of the investigated soils did not considerably exceed the values of volumetric
densities read out from Proctor's curve for the moisture determined in the field condi-
tions.
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OCENA ZAGESZCZENIA WARSTWY PODORNEJ GLEB
PLASTYCZNYCH

Streszczenie. Celem badan byta ocena zageszczenia gleby za pomoca wybranych wskaznikow oraz
wyznaczenie relacji pomi¢dzy nimi, ze szczeg6lnym uwzglednieniem wynikdéw uzyskanych metoda
Proctora. Pomiary zwig¢zlosci i oporéw $cinania w ruchu obrotowym, gestosci objetosciowej szkieletu
gleby (pg) oraz jej wilgotnosci wykonano w warstwach na glgboko$ciach: 25-30, 35-40, 45-50 i 55-60
cm. Oznaczono takze: maksymalng gestos¢ objetosciowa szkieletu metoda Proctora (pys), sktad gra-
nulometryczny, zawarto$ci weglanu wapnia i prochnicy, gestos¢ fazy stalej, odczyn oraz granice
plastycznosci i ptynnosci. Obliczano takze ggstos¢ objetosciowa czeSci mineralnych oraz gestosé
naturalng. Stwierdzono, ze zbadane gleby mozna ogdlnie zaliczy¢ do nadmiernie zaggszczonych
i podatnych na zagegszczanie w stopniu $rednim lub malym. Wykazano, ze gleb¢ mozna uwazac za
nadmiernie zaggszczona, gdy iloraz py/pgs przekracza wartosé 0,87.

Slowa kluczowe: gleba, zageszczenie, ocena, gestos¢ objetosciowa, metoda Proctora
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