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Abstract. The employment of non traditional materials, sashsoil-rock mixtures, in the
construction of earthworks, for economical and emwimental reasons, poses some new
challenges to compaction techniques and their aintdsually, this kind of material
results from the bulky rock extraction without eogiVes, and it can include some large
size particles (greater than 0.5 m). Constructiamtcol of embankments built with soil-
rock mixtures is still a subject that needs invgestion, considering that it is necessary to
extrapolate current test results, which have beeached by means of the truncation of
the grain-size distribution curve, to the actuahstruction conditions. The behaviour of
these materials depends of the relative fractiohtheirs constituents, becoming closer to
a soil, if the fine fraction is large with the ca®r material scattered in it, or closer to a
rockfill if the coarser particles are in contacttiwieach other with the fines occupying the
spaces between them. One of the control method®lywidsed in Portugal for
embankments is the Hilf's method, developed foe fnoils, since it does not need a
previous knowledge of the materials’ characteristicSo, taking into account the
materials used in the Odelouca Dam'’s shells (weathachist with a significant fraction
of large size particles), constructed in the SoathPortugal, this paper presents the
results from a laboratory study related to the ciioths of application and the
applicability of Hilf's method to coarser soils ansbil-rock mixtures. A series of
laboratory tests were performed in a large-scalenpactor (Toni-tecnik, with a mould
diameter of 300 mm). The obtained results of th&&repm shell during the construction
of Odelouca Dam are presented, seeking his compangith the Hilf's method, which
avoids the truncation of the material grain-sizestdbution curve and the subsequent
correction of the results. Some conclusions arewtsiraabout the applicability of this
method.

1 INTRODUCTION

In the embankment construction, the materials tegulfrom the compaction must
comply with certain requirements included in theida specifications. Depending on the
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material type, it is opportune to ensure certailuea of various parameters, such as unit
weight, deformability, permeability and shear sg#m in order to verify the assumptions

established in the design. Generally, the requirdméor road and railway embankments
are less restrictive than the requirements for erkiveent dams and are specified only in

terms of deformability and strength.

However, the direct and individualized determinatiof each of these parameters
involves a workload and carrying out times inconigas with the current construction
rhythms, so the option is to make direct or indir@esessment of relevant properties from
which to consider the remaining guaranteed.

An indirect way to control the characteristics of @nbankment of compacted soil is
the determination of dry density and water contditese two parameters thus become
gauges of the embankment quality. Nevertheless, ptieeise determination of water
content takes overnight oven drying. Because df, thal959, Dr. Jack Hilf (1) proposed
a fast method of construction control, which alkged the need to determine water
content.

However, this method was developed for fine sdfls, this paper presents a testing
program performed in a soil-rock mixture that alkwestablishing the applications
conditions and the applicability of Hilf’s method this kind of material. The material
used in this study comes from the Odelouca Damisslald it is composed by weathered
schist and greywacke with a significant fractiorowérsized particles.

2 HILF'S METHOD DESCRIPTION

In 1959, Hilf (1) proposed a method of constructemmntrol using wet densities only.
According to (2), Hilf's method is a compaction ¢an method that allows the
determination of the degree of compaction and tpgnmum water content deviation
without the previous knowledge of the correspondmgter content, as well as the
ignorance of the Proctor reference curve.

This method allows, with certain closeness, toifjughe decision of acceptance or
rejection of layers within a sufficiently short ter without causing significant disruptions
or interruptions to the construction work.

Basically, the proceeding consists in performingiansitu sand cone test (ASTM
D1556 (3)) for the density determination of thedayn analysis. Then, the material
collected in the embankment is taken to the lalmoyatThe sample is divided in, at least,
three specimens. One specimen, with the in workiptahumidity, is compacted, in the
Proctor mould, with a standard effort and the resipe density is determined. In a proper
graphic (for this kind of tests, see Figure 1), tieained density value is plotted in the
0% of water variation vertical line point A

Next step consists in adding to the second specabeut 2% of weight of water and
to perform a new compaction, in aim of the new dgndetermination. The new density
value, referred ton situ water contentt(ansformed densi)y is plotted in the +2% of
water addition vertical line in the graphigoint B).

The determination of a third poinpgint C) depends on the relative position of points
A andB. If point B has a transformed density higher than pdina 4% of material weight
of water is added to the third specimen. A new cactipn is performed and the
corresponding density is determined. Dividing thaue for 1.04, one finds out the dry
density referred to the natural water contgiiit C). The correspondent value is plotted
in 4% water addition vertical line, in the samepiriz.

On the other hand, if poinB was a transformed density inferior to poiAt the
specimen should be dried (in about 2% of its weigbtperform a new compaction. The
three obtained points are sufficient to define aapalic curve with a vertical axe,
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corresponding to the transformed density relatethéoin work placing water content, if
the endpoints have ordinates below the midpoinhe@tise, it's necessary to perform
another compaction, with a different quantity ofterato determine a fourth point.
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Figure 1: Hilf's method graphic.

After that, the three points closer to the maximuwansform density must be chosen.
Through these points a vertical axis parable (nammediransform wet density curye
should be drawn and its peak coordinates are cakdl (point with the maximum
density).

The degree of compactioD] is then evaluated by the expression:

In situ density
= 1)

Density corresponding to the parable peak

The compaction efficiencyd) can be express by:

_ In situ density (2)
Density at 0% deviation of water

The difference between the optimum water conterd #re in situ water content
(Wopt —W) can be related with the abscissa of the parabék gpercentage of water
added correspondent to the maximum transformedityg¢n$he water content deviation
is calculated by adding to the peak abscissa theevimdicated in the printed (black)
curve closest to the peak. This correction is negsto convert the percentage of water
added or extracted in relation to timesitu conditions into the water content deviation.

The ASTM D5080(2000) (4) recommends that the soil being testexdisl be checked
with Figure 2 to confirm if the soil values plot twin the limits of +2 standard
deviations. If the data are within these limitst{been the red and the green lines), the
value of (w,,, —w) determined by the Hilfs method will be withiF0.1 to 0.2
percentage point of the difference between thelawg@moisture content and the optimum
moisture content when these two values are deteunity oven drying. Special moisture
adjustments values must be developed for soilsféllabutside the acceptable limits.
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A negative value of(wopt—w) indicates that the in-place soil is drier than the
optimum moisture point, while a positive value ioalies the opposite.
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Figure 2: Wet density at the optimum water contersus optimum water content.

As one can realize by the brief description, thistmod is relatively quick and easy to
use, giving results with a high degree of approxiorg and is therefore widespread in
the compaction control of embankments. Nevertheldsgs method only provides relative
magnitudes (of compaction degree and water cordenmtation). So, it is common to
complement with the overnight oven determinationthaf in situ water content and the
specimens water content after compaction, whiabmadlthe assessment of the dry density
and establishment of the compaction curve basdtiree points.

3 GENERAL CHARACTERISTICS OF ODELOUCA DAM

Odelouca dam is a zoned embankment dam, with 76 neight, located in Algarve, in
south of Portugal. The crest of dam, with 11 m aithy is about 415 m long (Figure 3a)).

The reservoir created by Odelouca dam as 73durface and 157 hhtapacity to the
maximum water level. Most part of this regularizBume is intended for water supply and a
small part will be use to irrigate the downstreaafoit

The embankment materials are clayey soil, at thee,cand weathered schist and
greywacke, with a significant fraction of oversizealticles, at the shells (Figure 3b)). The
use of materials essentially coming from the resierin the cross-section selected, minimize
the environmental negative impacts of the borrogaarexploration. The upstream slope
incorporates the cofferdam creating a 14 m widenber

Regarding the outside geometry of the earthworg, upstream slope is inclined 1:2.25
(V:H), beneath the berm, and 1:2 (V:H), above heTdownstream slope is inclined 1:2.25
(V:H), above the crest of the rockfill toe and 5:{V:H) beneath it.

4 TESTING PROGRAM

4.1 Applications conditions and applicability of Hif's method to coarser soils

As mentioned above, this method was developed fonlfine soils. So, in order to set the
applications conditions and the applicability oflfldi method to coarser soils, a testing
program was implemented.
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Figure 3: a) Odelouca dam plant. b) Odelouca dams:section.

First step consisted in performing Proctor testsestablish the reference compaction
curves for the material passing the 3" sieve, friin ASTM seriesand for the material
passing the #4 sieve. In Figure 4 it's possiblede the grain size distribution curves of the
material used in these tests that came from thdoOcd® dam shells (weathered schist and

greywacke).
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Figure 4: Grain size distribution curves.
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As one can realize by regarding the sample withigh@s with dimensions less than 34,
before and after compaction, there are no evolutibrihe grain size distribution with
compaction.

Figure 5 shows the reference compaction curvesrmatdor the two samples analyzed.

The optimum water content is equal to 14.5% an8%2 respectively, for the minus # 4
sieve material and for the minus %" sieve mateealj the maximum dry density is, in that
order, equal to 18.56 and 19.22 kN/m
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Figure 5: Proctor reference compaction curvesdpithe minus #4 sieve material and b) the minus %"
sieve material.

After the determination of the Proctor referenceveu Hilf's method was applied, in
laboratory, simulating threm situ water contents, differing approximately 1% fronckea
other, for the two material gradations. The resalts presented in Table 1. As an example,
Figure 6 represents the results obtained for thet pacated in the dry side of the compaction
curve, respectively, for the minus # 4 sieve matend for the minus 34" sieve material.

Material Point Aw Yeransf Yeransfp Wopt — W
(%) (kN/m®) (KN/m®) (%)
. 0 21.88
3 n
M';‘i‘éf/e/“ 2 21.60 21.70 0.60
. Optimum -2 21.00
Minus 0 21.31
number 4 2 20.91 21.10 -0.38
sieve -2 21.11
. 0 21.29
3 ”
M';‘i‘éf/e/“ -2 21.39 21.46 -1.10
b -4 20.50
- ry
Minus 0 20.91
number 4 2 21.08 21.12 -1.57
sieve -2 20.41
. 0 21.27
-
M'Qi‘éfle/“ 2 21.88 21.89 2.64
. Wet 4 21.54
Minus 0 21.19
number 4 2 21.19 21.24 1.18
sieve 4 20.80

Table 1: Results of the application of Hilf's methto soils.



Andrea Brito, Laura Caldeira and Jodo Maranha.

250 ~

20 081

240 [Ty

2,00 |

Adjusted wet density (g/cm?)

190

1.80

il

170 DL A T
-1

] 4 3 2 1 Q
WATER RETREAT W, (%)

2 3 -4
WATER ADDITION

5 -6

a)

Adjusted wet density (g/cm?®)

2,50

i ik ‘ 1B
ot 3 o \ h HEE
’\y=Tszx-‘+o il
R= [
NN P :.\A.\{
o f SENEN
N RN
MK IR ESHEI ) LN
N o5 NS
210 [\ AL I
A (]
HEBE 1TINE
2,00 \ B4
i " t
Il
ik H
1,90 . ; b
AT li f LL -06
Vi i f T
1,80 + i T
170 O O P P T O
5 4 3 2 1 0 -1 -2 -3 -4 -5 -6
WATERRETREAT _ \y (o;) WATER ADDITION
1

Figure 6: Application of Hilf's method for a poitdcated in the dry side of the compaction curve: a)
the minus # 4 sieve material and b) the minus ®Veimaterial.

Subsequent to the application of the Hilf's methibd, material was set overnight in the
oven for drying and the water content was foumg,.,). The comparison between the
results obtained with Hilf's method and with theeavdrying for the threen situ water
contents tested is presented in Table 2.

The water content deviation erroAw.,..,), express in Table 2, is defined by the

expression

content and the Proctor water content.

AWerror = AWHL'lf — AWproctor
where,Awy;; is the water content deviation obtained with thi'ddmethod appliance and
Awp,octor 1S the water content deviation obtained with tifeecence between the oven water

®3)

The degree of compaction errdr.(,,,), also presented in Table 2, can be express by:
Ytrasnf,p

DETTOT -

(1+wWoven) XY d max

(4)

Wherey,rqnsrp IS the parable peak obtained in Hilf's method &pple, w,,., is the oven
water content angd, ,,.;, IS the Proctor dry density.

Hilf's method Proctor reference test A D
Material Point AWHL'lf Ytransfp  Woven AWproctor Yd max (1 + Wopen)¥d max M(’(;;sor error
(%) (KN/m°) (%) (%) (kN/m®) (kN/m°)

. Optimum 0.599 21.70 13.3 0.835 21.78 -0.237 0.997
%'\f“;‘i‘éf/e Dry -1.100 2146 115  -0.963  19.22 21.43 -0.137  1.001
Wet 2.642 21.89 14.5 1.981 22.00 0.661 0.995

Minus Optimum -0.383 21.10 14.8 0.319 21.31 -0.702 0.990
number 4 Dry -1.569 21.12 13.7 -0.838 18.56 21.10 -0.731 1.001
sieve Wet 1.180 21.24 15.9 1.449 21.51 -0.269 0.987

Table 2: Comparison between the results obtaineld Milf's method and with the oven drying.

As one can realize by regarding Table 2, the watartent deviation error varied
between -0.7 and 0.7 and the degree of compactiar & very close to 1 (the exact
value) for all the points and for the two mategehdations analyzed.

This first set of tests performed in laboratorpa concluding that:
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1. Hilf's method is applicable indifferently foréhmaterial passing the %" sieve and for
the material passing the #4 sieve.

2. Hilf's method is capable of identify correctlyet samples on the wet and on the dry
side of the compaction curve for all samples tested

3. The water content deviations obtained are iofeto 0.8%, even when the water
content deviation exceeds 2%.

4. The compaction degree is correctly determine#iitis method with an error inferior
to 0.01.

4.2 Application of Hilf's method to soil-rock mixtures

After establishing the conditions for applying tHéf's method to coarser soils, next
step of the testing program consisted in performiregv tests in order to set up the
application conditions of Hilf's method, with largeale compactors, to soil-rock
mixtures.

The use of a large compactor allows the executiotests with a more representative
material, truncated at 2” sieve, precluding, insthwvay, the application of corrective
equations to take into account the presence ofatige particles in the mixture.

In the tests performed IbNEC, a Toni-tecnik compactor, with a mould of 300 nmn i
diameter (see Figure 7), was used. This equipmiénwed the execution of tests with a
particle maximum dimension of AW = 6D,,4,). The tests were performed with several
coarser fractions (the minus %" (19.1 mm) fractiprgsent in the mixture.

-
o

a)

Figure 7: Test’'s equipment: a) Toni-tecnik compaetod b) large mould use in the tests (with 300 mm
diameter).

Due to the equipment and the samples range, itneagssary to adapt the standard
procedures ((5),(6) and (7)). This adaptation hlasady been made in some Standard
Proctor compaction tests performed for a mastesishearried out iLNEC (8).

The Hilf's method was applied on three differentarser fractions — &=30%,
Pc=40% and R=50%, for twoin situ water contents — one on the dry side of the cotigrac
curve and the other on the wet side of this cufe results are presented in Table 3. In soil-
rock mixtures, the compaction on the wet side iy \dfficult due to the back flow of the
very plastic fine fraction, so, instead of 2% vaaa of water between de samples, a variation
of 1.5% was adopted.

The material was set overnight in the oven for yyand the water content was found
(Wyopen)- The comparison between the results obtained Miifts method and with the oven
drying for the twoin situ water contents tested is presented in Table Ayels as the

8 Pc — it's the coarser fraction present in the satkrmixture

8
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correspondent water content deviation errdw {,,..,,,) and degree of compaction error

(Derror)-
Material Point Aw Yeransf Yeransfp Wopt — W
(%) (KN/m?) (KN/m°) (%)
-1.5 21.39
Pc=30% -3 21.77 21.78 -2.97
-4.5 21.07
0 21.43
Pc=40% Dry -15 21.98 21.98 -1.95
-3 21.81
0 21.21
Pc=50% -1.5 22.06 22.08 -1.82
-3 21.70
0 22.14
Pc=30% 15 22.60 22.61 1.71
3 22.24
0 21.59
Pc=40% Wet 1.5 22.68 22.81 1.64
3 21.59
0 22.35
Pc=50% 15 22.49 22.56 1.05
3 21.65
Table 3: Results of the application of Hilf's methto soil-rock mixtures.
Hilf's method Proctor reference test Aw D
Material Point AWHilf Yadjp Woven AWProctor Yd max (1 + Woven)}/d max ((é)z/:’)‘sor error
(%) (KN/m®) (%) (%) (kN/m®) (kN/m°)
R
P40%  wid  1ea  2ie1  1ios 15 205 P21 oos ooz
PeS0%  wd Tos  22se 1100 100 208 “re o005 098

Table 4: Comparison between the results obtaingl Milf's method and with the oven drying for soil-
rock mixture for the three coarser fractions tested

For the different coarser fractions tested, theewatontent deviation error varied
between -0.7 and 0.3 and the degree of compactiar & very close to 1 (the exact

value).

This set of tests allows concluding that Hilf's imed is applicable to soil-rock mixtures,
identifying correctly the samples on the wet andtmndry side of the compaction curve for
all samples tested. The water content deviatiotsirdd are inferior to 0.7%, even when the
water content deviation exceeds 3%, and the congpadegree is correctly determined by
Hilf's method with an error inferior to 0.02.

5 ODELOUCA DAM COMPACTION CONTROL

For the shells quality compaction control of theeddica Dam, composed by weathered
schist and greywacke with a significant fractiorowérsized particles, an approach proposed
by Torrey and Donaghe in 1994 (9) has been usedinSa004, a testing program was
implemented iNLNEC and a set of vibratory and standard compactiois ieslarge moulds
were made in order to obtain some corrective egnatio have into account the presence of

9
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the large particles in the mixture The material used in the tests performed in 2€#e
from the borrow areas used in the constructiomefcofferdam.

During the construction of the main dam, betweer®d8G@nd 2009, the material
characteristics had slightly changed and the déraguations in 2004 seemed not reflect the
current conditions of the embankment. Thereforejtemhal material was collected from the
borrow areas and further tests were carried oudriBg in mind the use of vibratory rollers at
the site, to better reproduce the construction t@md, vibratory compaction tests were
used. So, in 2008, some vibratory compaction testse repeated and new corrective
equations were determined.

In the shells compaction control, the original Hilfmethod (applied to the material
passing the #4 sieve) was used together with thé-sane method with the larger apparatus
and with the determination of coarser fraction {jpkas retained in #4 sieve). So, corrective
equations were needed in order to have into acdbemresence of the large particles. Based
on the Hilf's results in terms of converted valuetioe parable peakw(,, ¥ max). the
optimum water content and the maximum dry denditthe integral material were obtained
(wgpt,yg max ) through the application of those corrective folasu

In 1994, Torrey and Donaghe defined two additioqadntities: the density interference

coefficient, I, and the optimum water content factgy, , expressed as:
__ 100Ff

e = o ©)
100wk,
Fopt = PCngI:' (6)

whereF; is the fraction density factor, given By = 5 /y5 .. » v the dry unit weight of
the finer fraction and;,, the soil particles density of the coarser fraction
To calculateFy, the authors appealed to the following equation:

T
— Yd maxGMYwPF
B 100y5maxGMyW_y£maxygmax Pc (7)

Table 5 presents the original and deduced equatio2904 and 2008. This corrective

equations were used to compared the results abtéire construction control.

Fr

Test Ic Fopt
Torrey and Donaghe (1994) logl, = 1.614 — 1.025log P, log Fope = 1.812 — 0.730 log P,
R% =0.99 R? =0.98
Vibratory Compactions Tests  logl. = 1.7398 — 1.0935 log P, log Fop,e = 1.8343 — 0.8281og P
(2004) R? = 0.9912 R? = 0.9685
Vibratory Compactions Tests  logl; = 1.7371 — 1.0693logP;  log Fyp,, = 2.3848 — 1.5805log P¢
(2008) R? = 0.9996 R*=1

I —is the interference coefficient;
Fop — is the corrective factor of the optimum watentent;
P, —is the percentage of the coarser material pteden the mixture.

Table 5: Original and deduced corrective equations.

Figure 8 presents the grading size distributiorvesirof some of the samples collected in
the upstream shell. In the analysed tests, the #lusieve (4.75 mm) fraction materidt.)
ranged between about 17 and 68%, with the averaige wof 49%.

Figure 9 and Table 6 contain the results achievied thie application of the corrective
equations to the values obtained with Hilf's method its comparison with the field in the
upstream shell of Odelouca dam compaction contrderms of water content deviation and
compaction degree.

" More information about the conditions of the tgmsformed can be found in (9).
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24 140 n
aA N Donaghe and Torrey Donaghe and Torrey:equations
23 equation: M Vibratory compaction tests 2004 (sieve 3/4")
130
M Vibratory compaction tests A Vibratory compaction tests 2008 (sieve 3/4")
22 2004 (sieve 3/4" L]
120 u u

A Vibratory. compaction. test:
2008 (sieve 3/4""

21

20 110

19

Compaction degree (%)

100

Maximum dry density (kN/m?)

18

920

17

16

80

Optimum water content (%) Water content deviation (%)

a) b)

Figure 9: a) Maximum dry densitys optimum water content and b) compaction degre@ater
content deviation by the application of Hilf's methto the fine fraction in the upstream shell ofe@dica
dam compaction control.

The obtained results show the strong dependenteaforrective expressions used. This
equations in turn depends on the excavated mateharacteristics, which are very
influenced by the borrow area and the excavatiguihgdeing more fractured and weathered
at the surface and of better quality in deep.

So, according to the Donaghe and Torrey equatibesiypstream shell was compacted in
the wet side, with a minimum water content of 0.&% a maximum of 7.2%, with an
average of 3.2%. However, if one considers the tmpgmobtained in the vibration tests, the
embankment was compacted to values closer to thiimamp point, for the vibratory tests
performed in 2004, and about 1.5% in relation ®dptimum water content, on the wet side,
based on the tests performed in 2008, in termh@faiverage values. On other hand, the
variance was minimized considering the most relzdgratory tests.

The observation of the compacted material in tblel fdenoted that the material was being
compacted on the wet side, but near the optimunteatnTherefore, the equations that best
reproduce the data obsenvadsitu are those obtained in the tests performed in 2008.

Regarding the results obtained with the tests paedd in 2004 and in 2008, one can
conclude that the use of corrective formulas in-smk mixtures, to take into account the
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oversized particles, demands the execution of &boy compaction tests all along the
construction and the deduction of the correspond=ntations, in order to reflect the
differences between the materials collected inbibi@ow areas over time. Alternatively, this

paper shows that the Hilf's method can be appliegtty if a large compactor is available.

Test VY e wgpt Aw GC
(kN/m®) (%) (%) (%)
Maximum 24.8 15.3 7.2 131.0
Minimum Donaghe and 14.0 4.6 0.6 86.5
Average Torrey (1994) 19.2 8.3 3.2 105.0
Stand. deviation 1.3 1.7 1.1 4.8
Variance 1.8 2.8 1.2 23.3
Maximum 25.0 19.2 3.0 124.1
Minimum Vibratory 14.8 6.4 -3.0 85.8
Average compactions 19.5 11.6 0.0 103.4
Stand. deviation tests (2004) 1.2 2.1 1.0 4.0
Variance 1.5 4.5 1.0 16.1
Maximum 23.6 23.6 3.4 103.1
Minimum Vibratory 17.8 54 -3.0 93.4
Average compactions 20.3 10.1 1.5 99.5
Stand. deviation tests (2008) 0.9 25 0.9 1.5
Variance 0.9 6.5 0.8 2.3

Table 6: Representative values of the quality adrapplied to Odelouca upstream shell, accordinthéo
different corrective equations.

6 CONCLUSIONS

This paper presents the results from an investigat@boratory study relatively to the
applications conditions and the applicability ofifldimethod to coarser soils and soil-rock
mixtures.

Construction control of embankments built with goikk mixtures is still a subject that
needs investigation, considering the need to ealad current test results, which have been
reached by means of the truncation of the graie-gistribution curve, to the actual
construction conditions.

One of the control methods widely used in Portdigaémbankments is the Hilf's method,
developed for fine soils, since it does not needrevious knowledge of the materials’
characteristics. So, using the materials of Odelobam’s shells (weathered schist with a
significant fraction of large size particles), tlesults from an laboratory study related to the
conditions of application and the applicabilitytsilf’'s method to coarser soils and soil-rock
mixtures were presented.

Series of laboratory tests were performed with iti@ehl and large-scale compactors
(Toni-tecnik, with a mould diameter of 300 mm) addferent percentages of coarser
fraction. The use of this large-scale compactoidss/the truncation of the material grain-size
distribution curve and the subsequent correctiahefresults.

Some conclusions are drawn about the applicalaifithis method:

1. Hilf's method is applicable indifferently for theaterial passing #4, 3" and 2” sieves.

2. Hilf's method is capable of identify correctly tsamples on the wet and on the dry

side of the compaction curve for all samples tested

3. The water content deviations obtained are infet10.9%, even when the water

content deviation goes beyond 2%.
4. The compaction degree is correctly determined bfysHnethod with an error inferior
to 0.01.
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The compaction control of Odelouca shell materiai®lved the application of Hilf's
methods to the fraction passing the #4 sieve,Herelvaluation of the maximum dry density
and optimum water content of the finer fraction.r Faking into account the oversized
particles, corrective formulas were applied to ¢hessults, in order to calculate the maximum
dry density and the optimum water content of thereak mixture.

Based on the work of Torrey and Donaghe (9), saaberhtory tests were executed, in
2004, during the execution of the cofferdam, an@008, during the execution of the main
dam, for the calibration of those corrective foramul These expressions, together with the
original expression, were applied to the compactesults of upstream shell. These results
were compared with those from the construction @&lGuca Dam.

Regarding the results obtained, one can concludetlie use of corrective formulas in
soil-rock mixtures, to take into account the ovasdi particles, demands the execution of
laboratory compaction tests all along the consioacand the deduction of the correspondent
equations, in order to reflect the differences leetwwthe materials collected in the borrow
areas over time.

Alternatively, this paper shows that the Hilf's imetl can be applied directly if a large
compactor (like Toni-tecnik with mould diameter 803mm) is available, with no truncation
of the material gradation curve, rendering the ifpaabntrol more accurate and easily to do.
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