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I I

LABORATORY COMPACTION USING AN ENLARGED FALL-WEIGHT APPARATUS 

COMPACTAGE D’ECHANTILLONS UTILISANT UN DISPOSITIF ELARGI DE POIDS 

DE CHUTE

P. Viklander S. Knutsson O. Magnusson

LuleS University of Technology, 

Department of Civil Engineering, LuleS, Sweden

SYNOPSIS: A new enlarged fall-weight compaction apparatus was constructed in order to make it possible to quantify the impact o f the size o f  the 

compaction cylinder and to quantify the influence on the laboratory compaction results. Two types o f  soil were compacted by using the 

conventional heavy Proctor method and by using the new enlarged apparatus. The new compaction apparatus has a cylinder volume o f  24 litres. 

The apparatus is designed in order to have the compaction energy constant between the two methods. A sand was compacted by using the two 

apparatus, and the results show that the obtained dry densities were consistently higher from the enlarged cylinder compared to those from the 

ordinary cylinder. In addition, a fine-grained till was compacted under two conditions i.e. the maximum stone size being 20 mm and 63 mm 

respectively. The results indicate that higher dry densities are obtained when compacting was performed in the enlarged cylinder.
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1 IN TR O D U C TIO N

Compaction results in the field are commonly related to the maximum 

dry density obtained in a laboratory test, in order to  get the actual 

degree o f  compaction. The laboratory tests are often performed as 

standard (or heavy) compaction tests with the use o f  a Proctor 

equipment. The cylinder used has normally a volume o f 1 litre and 

therefore, coarser particles than 20 mm have to be taken away from the 

sample before testing. I f  not, they might influence on the results due to 

their size in relation to the size o f  the cylinder, as pointed out by 

Forssblad (1965), (1981) and others. However, the soil compacted in 

the field very seldom is free o f  stones and therefore corrections have to 

be made in order to  get the degree o f compaction. Several functions 

have been suggested, e.g. by FagerstrcJm (1973), Forssblad (1965) and 

by Okkels (1992). They are normally all well adapted to correct the 

obtained maximum dry densities and optimum water contents from the 

laboratory tests on material less than 20 mm, to that o f  the soil 

including stones. However, no studies have been found in the literature 

investigating whether the commonly used cylinder o f  1 dm3 is big 

enough to give realistic values o f  the laboratory determined maximum 

dry densities, in comparison to what can be achieved under field 

conditions. The scope o f this study is to investigate the importance o f 

the compaction cylinder volume to the evaluated dry densities and 

water contents from a compaction test. A specially designed and 

constructed enlarged fall-weight apparatus has therefore been used 

together with an ordinary compaction equipment when compacting 

two different types o f  soils. Some efforts have also been made in order 

to  describe the impact o f  the stone content in a typical moraine from 

northen Sweden. All the compaction tests were carried out using a 

conventional Proctor apparatus and an enlarged apparatus placed in 

room temperatures (+20°C).

2 E Q U IPM E N T , M A TER IA LS AND M ETH O D

2.1 C om paction  a p p ara tu s

In a conventional laboratory compaction test all fractions larger than 

20 mm are usually sieved off. In order to compact soils containing 

larger particles than 20 mm as well as larger quantities o f soil, a 

laboratory fall-weight apparatus was rebuilt. A couple o f  criterias were 

set up when the new apparatus was designed. The relationship between 

the height and diameter o f  the compaction cylinder, as well as the 

relation between the tamper diameter and the compaction cylinder 

were both kept the same as in the conventional method. Further, the 

compaction energy per unit volume o f soil, should be kept constant 

between the conventional and the new apparatus. These criterias, 

together with mechanical considerations resulted in an enlarged 

apparatus having a compaction cylinder o f 24.3 litres in volume, with 

a diameter o f 313 mm and height 316 mm, see figure 1.

F igu re  1. The conventional, 1 litres compaction cylinder (left) and the 

enlarged cylinder (right).
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In the new apparatus, the soil was compacted in five layers by 134 

drops per layer. The mass o f  the fall-weight was 21.6 leg and its 

diameter was o f  ISO mm. The drop height was 450 mm.

All the laboratory work was performed in accordance with common 

laboratory standards. Because o f  the large quantities o f  soil an 

electrical mixer was used when water was mixed into the soil to  obtain 

different water contents. When the upper surface o f  the compacted soil 

was adjusted, stones and larger fractions tended to loosen. This was 

compensated by filling the created voids with moist sand. The mass o f 

the fully compacted cylinder was in the enlarged case measured by a 

specially designed balance equipment having an accuracy o f  +/-50 g. 

The compaction tests on the till, were carried out by using two 

materials having different maximum stone sizes (20 and 63 mm).

2.2 M aterials

In this study two typical soils were used, a sand and a fine-grained till. 

Both are frequently used for construction work in Sweden. Results 

from the granulometric tests are shown in figure 2 .

0.002 0.02 0.2 2.0 20 
P artic le  size  (m m )

The water contents presented are, when using the enlarged cylinder, 

the averages from four samples in each test taken at the depths 0, 100, 

200 and 300 mm below the upper surface o f  the compacted soil.

3 RESULTS

3.1 Sand

The results from the compaction o f the sand are shown in figure 3.

F igure  2. Grain size distribution curves for the two soils used.

Water c o n te n t  (%)

Figure 3. Results from the compaction o f  the sand, using the conven

tional Proctor method and the enlarged cylinder. Tests were 

carried out at room temperature (+20° C).

The areas between the upper and lower curves in figure 3 indicate the 

variation o f  the dry densities during the test. The curves obtained from 

the enlarged apparatus are almost parallel with the curves obtained 

from the conventional apparatus. The difference in diy density is as 

most 0.15 ton/m3 or 8%. The internal variation o f  the dry densities 

became as most 0.06 ton/m3. The water contents never exceeded 19%.

In figure 2 each material is represented by a band. All grain size curves 

for each material are located within these bands. The soils were 

analysed using common laboratory practice, and their characteristic 

properties are shown in table 1.

Table 1. Characteristics for the soils used in the test.

Parameter Sand Till

P. 2.66 2.66

* 32.0 —

<Wdio 1.9 46/77*

d<0.063 2.5 22.3/32.1*

The sand was used in its natural condition in all the compaction tests. 

In the case o f  the till, the compaction was performed under two 

conditions. Firstly by compacting soil passing the 20 mm sieve by using 

two types o f  test equipment. Secondly by compacting soil passing 63 

mm sieve, which for obvious reasons only was carried out in the 

enlarged apparatus.

3.2 Till

The results from the compaction o f  the till gave the same pattern as in 

the sand case. However, the variations within each band are slightly 

higher, see figure 4.

In the figure, the obtained dry densities are plotted versus the water 

contents, and results from the two methods o f  testing are presented. 

Each band was obtained from 24 to 28 compaction points. The 

variation in the bands was as most 0.08 ton/m3. Compaction in the 

enlarged cylinder gave a more distinct maximum in the plot o f  the dry 

density versus water content than was the case for the smaller cylinder. 

When the water contents are below 8%, the difference is fairly big 

between the results obtained from the two types o f  cylinders used. For 

higher water contents the curves almost converges. However, the 

evaluated optimum water content for soils passing 20 mm is o f  the 

same magnitude in both cases i.e. about 6%. The maximum dry density 

varied between 2.12-2.17 and 2.04- 2.10 ton/m3 for the enlarged and 

conventional cylinder respectively. In the interval 0-2% water content 

the compaction showed increasing densities for decreasing water
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contents. Maximum dry densities for soil passing 63 mm when using 

the enlarged cylinder varied between 2.18 and 2.22 ton/m3 at optimum 

water content 4.5%. The maximum water content reached in the tests 

was 13%. At water contents above 10% the soil was very soft and the 

tamper sank to a great depth after each blow. Just a few tests were 

done at these high water contents.

1.B0 -----.-----.---- .---- .---- 1-----.---- .-----.---- .---- 1---- .---- .---- .-----.---- 1
0 5 10 15

Water c o n te n t  (°/0)

Figure 4. Results from the compaction o f the till by the two types o f 

cylinders for material smaller than 20 mm and 63 mm 

respectively. Tests performed at room temperature.

4 DISCUSSION

compaction values obtained in field. However, if  we by rescaling the 

compaction cylinders in laboratory can identify a different dry density 

maximum, the evaluated degree o f  compaction in-situ will be wrong. 

This can result in a situation where we believe we have a better 

compacted fill than we in fact have, simply because we have used a too 

small compaction cylinder during the laboratory compaction.

I f  the normalized (ratio between the maximum densities for the two 

cylinders used) maximum dry densities are plotted versus the volume o f 

cylinder used in this laboratory study, we get two points in the 

diagram, shown in figure 5.

V olum e (dm 3 )

F igure  S. Three possible relationships between the dimensionless ratio 

o f  maximum dry density and cylinder volume in the invest

igation.

Soil compaction in different sized compaction cylinders, show a 

difference in the dry densities obtained. Thus, greater densities were 

reached when a big compaction cylinder was used compared to a 

smaller one. This result is very interesting since the compaction energy 

per compacted soil layer was kept constant in all the tests. This results 

could be explained by boundary effects, i.e. the contact surface 

soil/steel at the inside o f  the cylinder. When the tamper was falling on 

the soil surface during compaction, some resistance due to friction 

between the steel cylinder and the soil was developed. In the small 

cylinder the steel surface per volume o f soil is approximately 4 times 

larger than in the large cylinder. In the conventional cylinder the steel 

surface was 0.04 mJ/m3 while it was 0.01 mJ/m3 in the enlarged 

cylinder.

W hen comparing the variation o f the dry densities for the two types o f 

soils, using the same type o f  cylinder, a wider band was obtained in the 

diagram showing the dry density versus the water content, in the case 

o f  the till compared to the sand. This can, to some extent, be explained 

by the fact that stones had a tendency to loose when the upper surface, 

after completion o f  compaction, was adjusted. The variation in the 

compaction results, o f  the soil with grains smaller than 20 mm in the 

small cylinder, gave a relatively greater band than the results from the 

larger cylinder did. This is explained by the loosening stones, which 

had much less effect in the large cylinder than in the small, due to the 

larger quantities o f  material used in big cylinder.

One o f  the main results from this study is, the appearance o f  the 

differences in dry densities when compacted soils in the conventional 

cylinder o f  1 litre is compared to  what was got from the enlarged 

cylinder. One consequence o f this is, that we may have to use other 

compaction cylinders than the conventional ones, in order to get the 

true densities in the laboratory. The compaction values obtained from 

the laboratory, give by experience, good agreement with the

In this figure, results obtained from the compaction o f  the till using 

fractions passing 20 mm are presented. The maximum dry densities are 

taken from the upper curves in figure 4. This could also be done for the 

sand, having a normalized ratio o f dry densities o f  1.07. However, this 

is not presented in this paper. The true curve, between point A and B 

in figure 5, can not be drawn, since we have to few determinations 

done. However, the function between the two points can be drawn in a 

number o f  hypothetical ways, o f  which we will discuss three main 

relations. Firstly, a stright line can be drawn between A and B. Such a 

linear relationship gives higher dry density ratios as the volume o f  the 

cylinder increases. If  this relation is present we can compact the soil in 

a conventional cylinder and multiply the results with a known factor in 

order to get the maximum dry density for a given volume.

Secondly, the relation can be represented by a function closing up to 

some limiting value o f  a larger size o f the cylinder than the used 24.3 

litres. Such a relationship indicates, that even larger quantities o f  soils 

.have to be compacted in the laboratory in order to get the ultimate 

maximum dry densities. To confirm this statement, compaction tests 

must be carried out at a larger scale than in this investigation.

Thirdly, the relation is represented by a curve reaching a limiting value 

for a cylinder volume between 1 and 24.3 litres. This type o f  relation 

indicates that we can use compaction cylinders with volumes just 

slightly larger than in the conventional tests to reach the ultimate levels 

o f  dry densities. As been mentioned above, this discussion is 

hypothetical, but can easily be confirmed by compacting soils for at 

least one volume between the two points in figure 5. However, 

compacting soil o f  large quantities in the laboratory, is time consuming 

and expensive. Therefore more work has to be done in order to  decide 

the exact relation between compaction results and the volumes o f  the 

compaction cylinders.

2. 30

a  2.20
o

Saturation
curve

2 .1 0

Enlarged cylinder soil<63mm

------- Enlarged cylinder soil<20mm

------- Conventional cylinder soil<20mm
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Normally, a correction for stones in the soil used in the laboratory test, 

is needed when a conventional compaction method is used for soil 

fractions smaller than 20 mm. Such corrections are suggested by many 

authors, Head (1982) and Bames (1987). Recently a new modified 

correction equation was presented, Okkels (1992). In this paper the 

Swedish practice is used, FagerstrcJm (1973). By using equations (1)-

(3) the laboratory compaction results obtained in laboratory, can be 

transformed to the complete soil, used in field, and containing all 

fractions.

where

Pd2=
P>Pn

P,(1"B)+P,)|B

w3= W| (1-B)+ 2B

( 1)

(2)

pd2= Corrected dry density

pd,= Dry density from laboratory tests, fractions < 20 mm 

p ,=  Compact density 

B = Stone content not passing 20 mm 

Wj= Corrected water content 

w ,=  W ater content from laboratory tests, fractions 

passing 20 mm

From figure 6 it is found, that the correction formulas equations (l)-(3) 

seem to give dry densities in reasonable agreement with those obtained 

from compaction o f  the true soil. When the stone content, B was 

determined in this investigation, several samples were taken. The 

results presented in figure 6 are calculated from an average o f  the 

factor B, being 13.5%. The standard deviation o f  B was +/-3.8%.

5 CO N C LU SIO N S

By compacting two types o f  soil in the laboratory, using an enlarged 

fall-weight apparatus, higher dry densities were, obtained compared to 

results from the commonly used Proctor apparatus. These differences 

were as most 0.15 ton/m3 for the sand and 0.10 ton/m3 for the fine

grained till. When compacting the till, which contained fractions up to 

63 mm, the dry densities increased compared to compaction o f soil 

passing 20 mm, especially for water contents less than 7%. By applying 

the correction procedure, commonly used in Sweden, on compaction 

values obtained from the compaction o f  fractions passing 20 mm sieve, 

a relatively good agreement was established compared to the 

laboratory compaction result for the stony soil.

R E FE R EN C ES

and (3)
m1O|-m 20

m,^ = Dry mass o f  total soil

mjo = Dry mass o f  soil passing 20 mm

In this study the till which contained stones was compacted under two 

conditions i.e. by using two maximum stone sizes. The idea was to  find 

out the effect on the dry density when stones were included in the soil, 

compared to when they were not. By using equation (1), the results 

from compaction tests carried out on material smaller than 20 mm can 

be adjusted to  give a dry density for the real material having a stone 

content o f  B. This value is then compared to the value obtained from 

compaction o f  soil passing 63 mm in the enlarged cylinder. The result 

is presented in figure 6.
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Figure  6. Dry densities obtained from compaction o f  soil passing 20 

mm adjusted for the stone content, compared to densities 

obtained from compaction o f  the same soil passing 63 mm.
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