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1. Introduction and background

The degree of compaction has for many years begredms a measure for, whether
a required bearing capacity has been achieved.

The sand refill method as well as isotope equiprhame been applied for the
determination of compaction degrees.

Compaction control in connection with backfillingdifficult and must be done with
great care.

Compaction control with isotope equipment requaepecial education due to the
radioactive source in the equipment.

A third method is the use of a portable falling gteideflectometer (FWD), a so-
called mini FWD. Carl Bro Pavement Consultants (CBRas developed the PRIMA
portable FWD in cooperation with the company KEROIge development work was
based on CBPC's ideas and experience within teid.fi

The above methods have the purpose of determihandegree of compaction, which
gives an indirect expression of the achieved bgarapacity, as differences in the
material used in the structure may, in comparisaié reference material, have a
negative influence on the bearing capacity althahghcompactness of the material
complies with the requirements.

The present report is an investigation of thetytiif the PRIMA equipment.
Background:

In the spring of 1998 CBPC needed a mini FWD farbey capacity measurements/
compaction control on unbound materials. The dgraknt of the PRIMA FWD was
based on our many years of experience with theyatazh of traditional falling
weight deflectometers.

The first prototype of the PRIMA portable FWD wasdy in June 1998 and was
presented at the BCRA conference in Trondheim.ehepment was met with great
interest.

A project to compare the PRIMA equipment to otHezaly accepted measuring
methods was started. The methods chosen were siatcbearing testing and
dynamic plate bearing testing using falling weidétlectometer (FWD).
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1.1 Measuring equipment:

In order to be able to evaluate the measuring teanld to understand the conclusions
made on the basis of these results, it is necess&rnpow, how the various kinds of
equipment work and what they measure. The measaguogment is thus introduced
below:

1.2 Static plate bearing testing equipment:

Equipment for static plate bearing testing consi$the following parts:

1. A moss rubber plate with a diameter determinedHertest placed on top of the
material/structure to be tested.

2. An aluminium plate with the same diameter put gnabthe moss rubber plate in
order to subject the structure to the requiredaxirressure.

3. Arectangular frame with a dial gauge. The framglaged in the centre of the
aluminium plate.

4. A reference beam of a length of approx. 4 m to laottial gauge

5. A dial gauge with a resolution of 2/1000 mm.

6. A measuring rod, which penetrates the holes drfttedhe purpose in the moss
rubber plate (1), the aluminium plate (2) and ia tactangular frame (3). This rod
has a circular plate on the top where a dial gangasures the up- and downward

movement.

7. A plate with a diameter of 4 cm placed on the stmecunder the moss rubber
plate. The measuring rod (5) rests on the topisfglate during the measurement.

8. On the surface of the rectangular frame (3) a hyldraylinder is placed and
connected to a hydraulic pump. The pump is equippdda manometer allowing
the pressure to be read.

9. Alorry or a ditch digger acts as support loadwma hydraulic cylinder.

1.2.1 Static plate bearing testing isdone in the following ways:

1.2.2 The general method:

a. The measuring plate (7) is placed on the surfatckeofaterial to be measured.

b. The moss rubber plate and the aluminium plate ka@ed on top of the measuring
plate (a).
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c. The loading frame (3) with measuring rod (6) isceld on top of the measuring
plate (a) and the moss rubber plate (b).

d. The hydraulic cylinder (8) is placed on top of freme.

e. The lorry/ditch digger is placed so that the cyéindan press against a horizontal
surface of the lorry/ditch digger.

f. The reference beam (4) is set up with the dial gg6yplaced so that there is
contact to the measuring rod (6) and the dial gasigethe centre of its
measuring range.

g. The hydraulic pump is pumping until there is cohtadhe support load.

1.2.3 The Danish method:

h. The dial gauge is read and noted. D

i. The pumping continues until the required pressaeldieen obtained, then a one-
minute pause until the dial gauge is steady. ljptessure falls then the pumping
is continued to maintain the pressure.

J. The dial gauge is read and the result notedl (D

k. The pressure is released and then a one-minute paus

I. The dial gauge is read and the result noted. (D

m. Stepi tol is repeated twice.

n. The difference between the readingsadd D is calculated for the three loading
sequences and the averagadcalculated.

0. The surface E modulus is determined by means di¢lmv equation:

Eo = 1.5 x contact pressure x plate radius/ D
1.2.4 The Swedish/German method:
h. The dial gauge is read and the result notgd. D
i. The pumping continues until 1/5 of the requipedssure is obtained, then a one-
minute pause until the dial gauge is steady. Ifpitessure falls, the pumping is
continued to maintain the pressure.

J. The dial gauge is read and noted,D

k. The pumping continues until 2/5 of the requipeelssure is obtained, then a one-
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minute pause until the dial gauge is steady. Ifptessure falls, the pumping is
continued to maintain the pressure.

|. The gauge is read and the result noteg. D

m. The process is continued by increasing the predsy 1/5 until the maximum
pressure has been obtained and the valygsl 4, and D 5 are noted.

>

. The pressure is released, then a one-minutepaus
p. The dial gauge is read and the result noted. D

g. The difference betweengand O s (Dy1) is calculated and Evs calculated by
means of below equation:

Evi = 1.5 x contact pressure x plate radiusy D

r. The difference betweenand D 4 (Dx2) is calculated and Evs calculated by
means of below equation:

Ev,=1.5 x contact pressure x plate radiusd. D

s. The ratio Ey/ Ew is determined and should be below 2.

1.3 Bearing capacity measurements with heavy FWD:

1. Acircular loading plate with a hole in the centkarmally the radius of the plate

is 30 cm and four-split.

2. On top of the plate a hollow cylinder is mountedhjai transfers the impact load

to the plate.

3. Inside the cylinder a seismic sensor is mounteatithrough a hole in the
loading plate can measure the up and downward mewenn the pavement.

4. At the top of the cylinder a load cell is mountedhjch records the pressure on
pavement surface.

5. The load cell and the seismic sensor are connéatagortable computer, which
records the force and the deflection.

6. On top of the load cell the loading platform isqad.

7. On top of the loading platform a set of spring etets is mounted. Normally the
spring elements are made of rubber.
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On the loading platform a lifting system is mountethich is used for hoisting the
weights to a determined falling height from whenseght is dropped.

The loading platform with all other elements is mtmd on a trailer, or built into a
van allowing it to be lowered on to the pavemerttéaneasured.

10.More seismic sensors can be mounted on the fallgight deflectometer

allowing recording of the deflection of the pavemienvarious distances from the
loading centre.

1.3.1 Measuringwith FWD isdone asfollows:

a.

The loading platform with all elements is lowerealn the trailer/van until the
loading plate with seismic sensor rests on theasarbf the material to be
measured.

The weight is hoisted to the wished falling heightl dropped on to the spring
elements.

The spring elements stop the fall whereby a fosdeainsferred to the platform
and down through the load cell to the loading plelbere the material underneath
the plate is impacted.

The impaction is recorded via the seismic sensditla@ electronics p

The load cell records the actual impact on theaserflg

The stepd —e are repeated 3 times.

The values from pand kK are stored in a data file for later analysis/clalton.

The value kis determined by means of the below equation:

Eo= 2 x (1-0,5"2) x plate radius x contact pressunggaction

1.4 Bearing capacity measuring with PRIM A 100 (portable FWD):

PRIMA 100 is constructed in the following way:

1.

A circular loading plate with a hole in the centkarmally the diameter of the
plate is 30 cm.

On top of the plate a hollow cylinder is mountedashhtransfers the load to the
plate

Inside the cylinder a seismic measuring sensorghwtiirough a hole in the
loading plate is capable of measuring the up- awihavard movements in the
pavement.
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3a. PRIMA 100 is available with 2 extra geophorasdieflection measuring next
to the loading plate. For the test dealt with iis freper, only one geophone was
applied.

. On top of the cylinder a load cell is mounted, whiecords the pressure from the
pavement surface.

. On top of the load cell is a loading platform.

. On top of the loading platform a set of spring edats is mounted. Normally
these elements are made of rubber.

. On the loading platform a slide rod is mounted,alilguides the weight, which is
hoisted manually to a preset falling height fromewéit is dropped.

. On the slide rod is a catch, which holds the weighil a measuring is to be
performed.

. The load cell and the seismic sensor are connéatagbortable computer, which
records impact and deflection.

1.4.1 Measuring with PRIMA 100 is done as follows:

. The equipment with all elements is placed on thiéasa to be measured.

. The weight is hoisted to the required height andtégoped down onto the spring
elements.

. The spring elements stop the fall and an impairarssferred to the platform and
down to the load cell and further on to the loadiage. The material underneath
the plate is impacted.

. The impaction is recorded by the seismic sensottlamelectronics P

. The load cell records the actual impact on theasearks.

The stepd —eis normally repeated 3 times.

. The values from pand kK are stored in a data file for later analysis ¢akition.

. The value kis determined by the following equation:

Eo= 2 x (1-0,572) plate radius x contact pressure / impaction.
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2. Testing in thefield:

In order to compare PRIMA 100 portable FWD (PRIM#}h other measuring
methods comparative measurements were made odifigeent locations. All
measurements were made on unbound base layerabdsh layers differed from
each other in strength and sub-structure. The idhdal locations are described below:
2.1 Location 1:

A part section of the motorway to the @resund geidear Lernakken south of
Malmg, Sweden.

The measurements were made on top of a crusheel Isése layer in accordance with
a Swedish recipe.

Measurements were performed with FWD, static dhat@ring testing equipment in
accordance with the Swedish standard, and with PRIM

2.2 Location 2:
A newly constructed road network near @sbhy eastanferslev, Denmark.

The pavement is base gravel Il as per the starsddria the Danish Road Rules but
only pre-compacted and therefore rather weak.

Static plate bearing testing and PRIMA were appitedhe measurements.
2.3 Location 3:
A newly constructed road network in Ribe, Denmark.

The pavement is base gravel Il as per the starsddrid the Danish Road Rules. This
was fully compacted and had just been handed ovéetclient without remarks.

Static plate bearing testing equipment and PRIMAevapplied for the
measurements.

2.4 Location 4:
A parking area for trucks in Vejen, Denmark.

The pavement consists of a gravel base layer ah@eatandard set in the Danish
Road Rules. The pavement was rather compacteddbe traffic driving on it.

FWD and PRIMA were used for the measurements.
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2.5 Location 5;

A side extension of the main road Varde-Holstel@arrthe town of Kvong,
Denmark.

The pavement consists of a newly laid gravel bagerlas per the standard set in the
Danish Road Rules with more stringent requiremast® content of crushed
aggregate.

FWD and PRIMA were applied for the measurements.

3. Measuring results:
3.1 Location 1:

The tested area consists of crushed base layateyeaygregate on a pressure
distributing layer of granite crushed stone ondbp stabilised subgrade of clay.

The structure is designed for motorway traffic ahduld thus be considered
extremely stable. High E moduli should thereforeekpected. The measuring results
should be evaluated separately as mechanic chamegesnade on the equipment
after these measurements and before the other reeaeuis.

Measuring site: Motorway near Malmg, Sweden

Surface: Crushed granite

M easuring point Static Ev, PRIMA E,

6 153 66.8

9 165 62.6

10 180 66.4

1 210 61.8

4 217 64.9

7 223 68.2

5 235 70.0

3 239 59.2

2 250 68.0

8 251 56.7
Measuring site: Motorway near Malmg, Sweden
Surface: Crushed granite

M easuring point FWD Eg PRIMA Eq

8 180 56.7

12 183 61.1

1 194 61.8

9 204 62.6
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4 201 64.9
2 218 68.0
7 216 68.2
5 224 70.0

3.2 Location 2

The tested area had a pavement consisting of @lgvase layer on top of a subbase
layer. The subgrade is clay.

The gravel base layer has only been pre-compacogttiad thus only obtained low
values both with the method static plate bearisgrng and with PRIMA. The two
measuring points represented the extreme poiriteimeasuring series.

Measuring site: Developed area in @sby, Denmark

Surface: Base gravel

M easuring point Eo static Eo PRIMA
Mpa M Pa
70R 69 48.0
80L 91 54.5

Furthermore it should be mentioned that the measemés with static plate bearing
testing were difficult to perform due to the lowgdee of compaction.

3.3 Location 3:

The pavement of the tested area consists of algvase layer on top of a subbase
layer. The subgrade is sand. The gravel layerllg dompacted and thus it could be
expected that the values obtained would be guidahges for what could be obtained
provided that the compaction has been satisfachage.

The nine measuring points represent a wide speatfuhe measuring values.
However, the highest value should not be considase@presentative for the relation
between static plate bearing testing values and/iPRialues.

Measuring site: Newly laid road network in Ribe,nDeark

Surface: Base gravel

M easuring point Eo static Eo PRIMA
Mpa M Pa
2 120 75.0
6 129 70.5
8 133 102.0
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3 136 96.0
1 140 115.0
7 150 132.5
5 156 109.0
9 169 153.0
4 274 159.0

3.4 Location 4:

The pavement of the tested area consists of algrsage layer on top of a subbase
layer. The subgrade is sand. The gravel base iayelly compacted. It should then
be expected that the obtained values would be mgial$ to what could be obtained
provided that the compaction has been satisfagtordde. Furthermore the pavement
had not been subjected to traffic over a long pkaiod the measurements are thus
representative for the upper end of the measurahgeg.

Measuring site: Parking area for PLUS, Vejen, Detkma

Surface: Base gravel

M easuring point Eo FWD Eo PRIMA
M Pa Mpa
1 293.5 132.3
2 288.4 139.2
3 276.1 131.9

3.5 Location 5:

The pavement of the tested area consists of algvase layer on top of the subbase
layer. The subgrade is sand. The gravel base iayelty compacted and thus it
should be expected that the obtained values adenguior what could be obtained
provided that the compaction is satisfactorily makdee six measuring points
represent a wide spectrum of measuring values.

Measuring site: Main road north of Varde, Denmark

Surface: Base gravel

M easuring point Eo FWD Eo PRIMA

M Pa Mpa
3 205 75.0
5 212 79.9
6 216 79.0
4 219 78.6
2 223 92.4
1 236 89.6
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Below a graphic presentation of the locations 3 sthhows the static plate bearing
testing and PRIMA measurements.

Prima - Static

3 200
=) —e— Developed
o —i .
o _ 150 N area in @sby
e I "Yl
w o 100 - AA —=— Developed
Q E A area in Ribe
% 50 4 Ak Combined
g\ O I I M I

0 100 200 300 aima

Static E modulus [ MPa ]

The curve indicates that there is a trend betweestatic plate loading value and the
PRIMA value for the two Danish locations measured999, whereas no trend can
be found from the measurements performed in Mahr9b8.

Below the relation between measurements with FWMDRIRIMA are shown for the
location in Malmg and the two Danish locations, vehhis kind of comparison was
made.

Prima - FWD
%] —e— Parking place
E 150 . PLUS
'8 100 B —— Main road north
= -E- of Varde
w o B ;. Malmg
22 501
IS
(6 L
g C
A 0
0 100 200 300 400
FWD E modulus [ MPa ]

The curves demonstrate that there is a trend &imithividual locations as well as for
the entire set of measurements. It should howewambed that a mechanic
modification has been made to the PRIMA equipmentivben the measurements in
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Malmg and the measurements on the two other lowatithe result of this seems to
be positive as a trend can be seen from the lagsunements.

The modification to the PRIMA equipment is a haldhe loading plate allowing the
equipment to measure the pavement surface defhediiectly on top of the surface,
where as the first versions of the equipment meakon top of the loading plate.

Apart from this modification, the cable connecti@mal the filtering of signals have
been modified.

4 Conclusion:

In spite of the very low amount of measuring datawa disposal, a clear relation
seems to exist between E moduli measured by mdanatc plate loading and by
means of PRIMA FWD within the range of ERIMA = 1.3 x g static — 70.

The measuring results also show a relation betweewduli measured by FWD and
PRIMA FWD.

The material present is however not sufficientdoide, whether the relations vary in
accordance with the subsoil conditions and typmaterial in the pavement structure.

The differences between the ¥alues measured by the various equipment types can
be taken to be due to the difference in loading aizd type. PRIMA works with a far
lower contact pressure compared to the two othéinods, whereas the static plate
bearing testing subjects the pavement to load sleryly and thus obtains a larger
depth impact than the two dynamic equipment types.

In order to find out, a far larger amount of measuents should be made with all
three types of equipment.

5 Supplementary remarks:

As regards further measurements for comparisonpregcts are planned for year
2001, where static plate bearing testing is todréopmed. This data should be used
in order to have a larger static basis for evatumati
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