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reword

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies
(ISO member bodies). The work of preparing International Standards is normally carried out through ISO
technical committees. Each member body interested in a subject for which a technical committee has been
established has the right to be represented on that committee. International organizations, governmental and
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Fgovernmentar, 1 ifason with IS0, aiso take part I the work. SO coifaborates close
rnational Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

main task of technical committees is to prepare International Standards. Draft Internationa
pted by the technical committees are circulated to the member bodies for'Woting. Public
rnational Standard requires approval by at least 75 % of the member bodies' ¢asting a vote.

ntion is drawn to the possibility that some of the elements of this document may be the subje
s. ISO shall not be held responsible for identifying any or all such patent rights.

22476-2 was prepared by the European Committee for Standardization (CEN) in collab
hnical Committee ISO/TC 182, Geotechnics, Subcommittee"SC 1, Geotechnical investigation

22476 consists of the following parts, under the general title Geotechnical investigation an
0 testing:

Part 1: Electrical cone and piezocone penetration tests
Part 2: Dynamic probing

Part 3: Standard penetration test

Part 4: Menard pressuremetertest

Part 5: Flexible dilatometer.test

Part 6: Self-boring préssuremeter test

Part 7: Borehole(ack test

Part 8: Full displacement pressuremeter test

Part 9: Field vane test

Part 10: Weight sounding test

y with the

Fnational Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2.

Standards
ation as an

ct of patent

bration with
and testing,

ccordance with the Agreement on technical cooperation between ISO and CEN (Vienna Agreement).

d testing —

Part 11: Elat dilatometer test

Part 12: Lefranc permeability test
Part 13: Water pressure test in rock

Part 14: Pumping tests
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Foreword

ISO 22476-2:2005(E)

This document (EN ISO 22476-2:2005) has been prepared by Technical Committee CEN/TC 341 “Geotechnical
investigation and testing”, the secretariat of which is held by DIN, in collaboration with Technical Committee
ISO/TC 182 “Geotechnics”.

This Eur
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countries
Estonia,

2: Dynamic probing

3: Standard penetration test

4: Ménard pressuremeter test

5: Flexible dilatometer test

6: Self-boring pressuremeter test

7: Borehole jack test

8: Full displacement pressuremeter test
9: Field vane test

10: Weight sounding test

11: Flat dilatometer tesSt

12: Mechanical cone penetration test

13: Plate loading test

2476 Geotechnical investigation and testing - Field testing has the following parts;

1: Electrical cone and piezocone penetration tests

ppean Standard shall be given the status of a national standard, either by publication of an idemtical text or
sement, at the latest by July 2005, and conflicting national standards shall be withdrawncat-the latest by

j to the "CEN/CENELEC Internal Regulations, the national standards organizations of the following
aré.bound to implement this European Standard : Austria, Belgium, Cyprus, Czech Republi¢, Denmark,
Finland, France, Germany, Greece, Hungary, Iceland, Ireland, ltaly, Latvia, Lithuania, Luxembpurg, Malta,

Netherlands, Norway, Poland, Portugal, Slovakia, Slovenia, Spain, Sweden, Switzerland and United Kingdom.
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1

ISO 22476

Scope

-2:2005(E)

This document specifies requirements for indirect investigations of soil by dynamic probing as part of geotechnical
investigation and testing according to EN 1997-1 and EN 1997-2.

This document covers the determination of the resistance of soils and soft rocks in situ to the dynamic penetration
of a cone. A hammer of a given mass and given height of fall is used to drive the cone. The penetration resistance
is defined as the number of blows required to drive the cone over a defined distance. A continuous record is
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hamic probing medium (DPM): test representing the medium mass range of dynamic equipmer
hamic probing heavy (DPH): test representing the medium to very heavy mass range of dynam

hamic probing super heavy (DPSH): test representing the upper~end of the mass rangg
Lipment.

t results of this document are specially suited for the qualitative determination of a soil profile
vestigations (e.g. sampling according to prEN ISO 22475-1) or as a relative comparison of othg
ay also be used for the determination of the strength,and deformation properties of soils, g
nless type but also possibly in fine-grained soils, through appropriate correlations. The result
determine the depth to very dense ground layers e.g. to determine the length of end bearing
ery loose, voided, back-filled or infilled ground.

prmative references

owing referenced documents are indispensable for the application of this document. For date
b edition cited applies. For undated references, the latest edition of the referenced document
ments) applies.

04, Metallic products.~=)Types of inspection documents

BO 22475-1, Geeotechnical investigation and testing — Sampling by drilling and excavation
water measuremeénts — Part 1: Technical principles for execution (ISO/DIS 22475-1:2004)

‘rms'\and definitions
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hamic probing light (DPL): test representing the lower end of the mass range of dynamit equipinent;
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ic penetrometer

cone and drive rods

3.2
dynam

ic probing equipment

penetrometer and all equipment necessary to drive the penetrometer
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3.3

anvil or drive head

portion of the drive-weight assembly that the hammer strikes and through which the hammer energy passes into the
drive rods

3.4
cushion; damper
placed upon the anvil to minimise damage to the equipment

3.5

hammer
portion of the drive-weight assembly which is successively lifted and dropped to provide the energy that accomplishes
the penetrafion of the cone

3.6
height of fall
free fall of the hammer after being released

3.7
drive-weight assembly
device congisting of the hammer, the hammer fall guide, the anvil and the drop system

3.8
drive rods
rods that cqgnnect the drive-weight assembly to the cone

3.9
cone
pointed prope of standard dimensions used to measure the resistance to penetration (see Figure 1)

3.10
actual enefgy; driving energy

Emeas
energy deliyered by the drive-weight assembly into the drive rod immediately below the anvil, as measured

3.1
theoreticall energy

Etheor
energy as dalculated for the drivelweight assembly,
Etheor:ngXh

where

m is fhe mass of the hammer;

g is the.acceleration due to gravity;

h is the falling height of the hammer.

3.12

energy ratio
E,
ratio of the actual energy E.os and the theoretical energy Eyeor Of the hammer expressed in percentage

3.13

Ny-value

number of blows required to drive the penetrometer over a defined distance x (expressed in centimetres) by the
penetrometer y

2 © 1SO 2005 - All rights reserved
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3.14

specific work per blow

E,

value calculated by
E.=mXgXhlA = Eyeol/A

where

m is the mass of the hammer;

g | is the acceleration due to gravity;
h | is the falling height of the hammer;
A | is the nominal base area (calculated using the base diameter D);

Eyleor is the theoretical energy.

4 Equipment

4.1 Driving device

Dimensgions and masses of the components of the driving devicgare given in Table 1. The following requirements
shall bg fulfilled:

a) hgmmer shall be conveniently guided to ensure minimal resistance during the fall;

b) aytomatic release mechanism shall ensure a_constant free fall, with a negligible speed of the hammer when
released and no induced parasitic movements’in the drive rods;

c) steel drive head or anvil should be rigidly connected to the top of the drive rods. A loose connection can be
chosen;

d) gdide to provide verticality and)lateral support for that part of the string of rods protruding aboye the ground
shiould be part of the driving.device.

If a pneumatic system forlifting a hammer is used, it shall be supplied with inspection documents ag stipulated by
EN 10204 because the-dfiving energy is not always ensured.

4.2 nvil

The anyil shallbe made of high strength steel. A damper or cushion may be fitted between the hammer gnd anvil.

4.3 Cone

The cone of steel shall have an apex angle of 90° and an upper cylindrical extension mantle and transition to the
extension rods as shown in Figure 1 and with the dimensions and tolerances given in Table 1. The cone may be
either retained (fixed) for recovery or disposable (lost). When using a disposable cone the end of the drive rod shall
fit tightly into the cone. Alternative specifications for the cones are given in Figure 1.

© ISO 2005 — All rights reserved 3
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Figure 1 — Alternative forms of cones for dynamic probing (for L, D and d, see Table 1)
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b) Cone Type 2 shown as disposable
(lost)

erial shall be of a high-strength steel with the appropriate characteristics for the work to be pgrformed
ssive deformations and wear. The rods shall be flush jointed, shall be straight and may have|spanner
ations shall be capable_of being corrected. The deflection at the mid point of an extension rod measured

from a straight line through the‘ends shall not exceed 1 in 1 000, i.e. 1 mm in 1 m. Dimensions and massegs of the

drive rods ar

Hollow rods

4.5 Torquie measuring device

e given in Table,

should be used.

The torque

4 4 4o olaaia s | H oo £ 4 I HO | H
IcLTosdry U Ul utc urvirty TUUS 15 TTTCasUTTU Uy TTTcaris Ul a TUTr'gqutT WitTTICIT UT - SitTiinal |||.,aSUFII’lg

device. The apparatus shall be able to measure a torque of at least 200 Nm and be graduated to read at least in
5 Nm increments.

A sensor for recording the torque may be used.

The spanner flat in the drive rods can be used to fix the torque wrench or measuring device.
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4.6 Optional equipment

461 B

low counter

A device to count the number of blows of the hammer by measuring mechanical or electric impulses can be placed
on the system.

4.6.2 Penetration length measuring device

The penetration length is measured either by counting on a scale on the rods or by recording sensors. In this latter

case, res

4.6.3 In
The injec
— hollo
— solid

— pum
spad

The flow
rods is fil

NOTE 1
10 %.

NOTE 2
deduction

A manua

464 A

The mea

by an equiivalent system.

4.6.5 Device to contral rod string deviation from the vertical

A systen
drive rod

IUton snall De Detler than 1/ TUU Ol he measure iengtn.

jection system

fion system includes:

W rods;

end of the lowest when using disposable (lost) cone;

b with mud connected to a device fixed under the anvil and intended to ensure the filling of
e between the ground and the drive rods created by the enlargedicone.

of the pump is such that it will always ensure that the annular space between the ground ar
ed.

Mud, for example, can be a mixture of bentonite and ‘water with a mass ratio of dry particles and wa

The mud circulation towards the surface is not obligatory. The pressure of injection is that corresp
of the head losses, to the hydrostatic pressure.due to mud on the level of the cone.

pump may be used.

pparatus for measuring thesdimensions of the cone

surement of the diameter and length of the cone is made by means of a slide calliper to the 1/1

or guide~for supporting the protruding part of the rods should be in place to ensure and chq
5 are maintained in a vertical alignment.

the annular

d the drive

er of 5 % to

pnding, after

0 of mm or

eck that the
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Table 1 — Dimensions and masses for the four types of dynamic probing apparatus

Dynamic Probing |Sym-| Unit DPL DPM DPH DPSH
Apparatus bol (light) (medium) (heavy) (super heavy)

DPSH-A DPSH-B

Driving device

hammer mass, new m kg 10+0,1 30+0,3 50+0,5 63,5+0,5 63,5+0,5

height of fall h mm 500 + 10 500 £ 10 500 £ 10 500+ 10 750 + 20

Anvil

diameter d mm 50<d<Dp*? 50<d<Dp*® 50<d<0,5 Dn® | 50<d<0,5 D (“50<¢<0,5 Dy?®

mass (max.) m kg 6 18 18 18 30

(guide rod in¢luded)

90° Cone

nominal basg area 4 | om? 10 15 15 16 20

base diameté¢r, new mm 35,7+0,3 43,7 £0,3 43,7 £0,3 45,0+ 0,3 50,5+0,5

base diametIr, mm 34 42 42 43 49

worn (min.)

mantle length (mm) L mm 357+1 43,7 £1 A377 +1 90,0+2° b1 +2

length of cong tip mm 17,9+ 0,1 21,9+0,1 21,9+0,1 22,5+0,1 28,3+0,4

tip max. permissible mm 3 4 4 5 5

wear

Drive rods °

mass (max) m kg/m 3 6 6 6 8

diameter OD|(max) ar mm 22 32 32 32 35

rod deviation *:

lowermost 5 m % 01 0,1 0,1 0,1 0,1

remainder % 0,2 0,2 0,2 0,2 0,2

Specific wor per blow mngh/A kJ/m? 50 100 167 194 238

n

@ Dy, diamefer of the hammer, in ¢asge*of rectangular shape, the smaller dimension is assumed to be equivalent to the diameter.

b disposable cone only

°  maximurr{rod length&hall not exceed 2 m

4 rod deviafion fromythe vertical

NOTE Tolerances given are manufacturing tolerances.

5 Test procedure

5.1 Equipment checks and calibrations

Prior to each test, a check of dimensions shall be made to ensure that they are within the values given in Table 1.
The straightness of the rods shall be checked once on each new site and at least every 20 penetration tests at that
site. After each test, a visual check of the straightness of the rods shall be made.

© 1SO 2005 - All rights reserved
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At the test site, the rate of blows, the height of fall, the friction free fall of the hammer, the proper condition of the
anvil and the mechanical release devices shall be checked for satisfactory operation which is to be ensured for the
whole test series. In addition, the proper functioning of the recording device has to be checked in case automatic
recording equipment is used.

The precision of the measuring instruments — if applicable — shall be checked after any damage, overloading or
repair and at least once every six months, unless the manufacturer's manual requires shorter inspection intervals.
Faulty parts shall be replaced. Calibration records shall be kept together with the equipment.

To check pneumatic dynamic penetrometers, the driving energy per impact (actual energy E.as) shall be measured
directly. When divided by the area of the cone then this shall not deviate from the theoretical value of specific work
per blow as specified in Table 1 by more than 3 %. The driving energy per impact shall be checked every six
months.

Energy lpsses occur e.g. due to friction at the hammer (velocity loss compared to the free fall)‘or du
losses diiring the hammer impact on the anvil. Therefore, for each new driving device the actual energy
to the driyve rods should be determined.

e to energy
transmitted

NOTE A recommended method to determine the actual energy is given in Annex C.

5.2 Test preparation

In general, dynamic probing is performed from the ground surface.

Dynamic| probing test equipment shall be set up with the penetrometep vertical, and in such a way that there will be
no displgcement during testing. The inclination of the driving meehanism and the driving rod projecting from the
ground shall not deviate by more than 2 % from the vertical. If this\is not the case, the dynamic probing {est shall be
stopped.|In difficult ground conditions deviations up to 5 % may’be allowed and shall be reported.

Trailer-mounted dynamic probing test equipment shall be-supported in such a way that the suspension fravel of the
support trailer cannot influence the test.

The equ|pment shall be set up with appropriate clearance from structures, piles, boreholes etc., in |order to be
certain that they will not influence the result of the dynamic probing test.

When carrying out dynamic probing in situations where the rods are free to move laterally, for instancg over water
or in bor¢holes, the rods shall be restrained by low-friction supports spaced not greater than 2,0 m apatt in order to
prevent hending during driving.

5.3 Test execution

The drivé rods and thet.cone shall be driven vertically and without undue bending of the protruding| part of the
extension rods above.the ground.

No load shall besapplied to anvil and rods during lifting of the hammer.

The pengtfometer shall be continuously driven into the ground. The driving rate shall be kept betwgen 15 and
30 bIOWS PCl |||i||ui.c. A“ illi.ClIupi.iUllb iUIIgUI “Idll 5 lllillule bi Id“ IUU IUL;UIUIUL;.

The rods shall be rotated 1% turns or until maximum torque is reached at least every 1,0 m penetration. The
maximum torque required to turn the rods shall be measured using a torque measuring wrench or an equivalent
device and shall be recorded.

During heavy driving, the rods shall be rotated 1%z turns after every 50 blows to tighten the rod connections.

To decrease skin friction, drilling mud or water may be injected through horizontal or upwards holes in the hollow rods
near the cone. A casing may be sometimes used with the same purpose.

The number of blows shall be recorded every 100 mm penetration for the DPL, DPM and DPH and every 100 mm or
200 mm penetration for the DPSH-A and DPSH-B.

© ISO 2005 — All rights reserved
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The normal operating range of blows should be between N,y = 3 and 50 for DPL, DPM and DPH and between
Ny =5 and 100 for DPSH-A and DPSH-B. For specific purposes, these ranges may be exceeded. In cases beyond
these ranges, when the penetration resistance is low, e.g. in soft clays, the penetration depth per blow may be
recorded. In hard soils or soft rocks, where the penetration resistance is very high or exceeding the normal range of
blows, the penetration for a certain number of blows may be recorded as an alternative to the N -values.

In general, the test should be stopped, if either the number of blows exceeds twice the maximum values given above
or the maximum value is exceeded continuously for 1 m penetration.

5.4 Influencing factors

Geotechnical or equipment related factors can influence the selection and operation of the equipment and the
results of the tests.

NOTE Hxamples are given in Annex D.

5.5 Safely requirements

National safety regulations shall be followed; e.g. regulations for:

personal health- and safety equipment;

clean a

r, if working in confined spaces;

ensuring the safety of the equipment.

6 Testresults

The test res
DPSH-A an

Another pog

Consideratidg
bending (se

Because of

to the drive fods when this test is used for quantitative evaluation purposes.

ults shall be reported and interpreted based :on’values of N4y for DPL, DPM, DPH and Ny, d
i DPSH-B.

sibility for the interpretation of test resulfs is the use of the dynamic point resistance (see Anne

n shall be given to the influence on recorded N,-values such as rod friction due to soil adk
b e.9. Annex D).

hammer fall energy losses, it is recommended to know by calibration the actual energy Eeas trd

7 Reporting
7.1 Field|report
711 Gengral

r Ny for

K E).

esion or

nsmitted

At the project site, a field report shall be completed. This field report shall consist of the following, if applicable:

a) summa

b)

ry log, e.g. according to Annex A;

record of measured values and test results.

All field investigations shall be reported such that third persons are able to check and understand the results.

7.1.2 Record of measured values and test results

At the project site, the following information shall be recorded for each test:
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a) general information:

1) name of the client;

2) name of the contractor;

3) job or project number;

4) name and location of the project;

5) name and signature of the test equipment operator in charge;

b) infgrmation on the location of the test:
1) | date and number of test;
2) | field sketch (to scale or not to scale) including direct investigations (e.g. boreholes);
3) | place within or which is nearest to the location of the penetration test;
4) | ground elevation referred to a fixed point;
5) | x, y, z co-ordinates of the location of the penetration test;
6) | operation on land or water;
c) infgrmation on the used test equipment:
1) | type of dynamic probing (DPL, DPM, DPH, DPSH-A or DPSH-B);
2) | manufacturer, model and number of the testiequipment;
3) | type of cone (disposable or fixed);
4) | type of anvil (fixed or loose);
5) | use of dampers or cushions;

d) infgrmation on the test procedure:

1) weather condition;
2) documentation of the equipment check and calibration conducted in accordance with 5.1;
3) testrecord with:

) Njo/Nyg-values at each measured depth of the tip of the cone;

— maximum torque at each measured depth;
4) separate precautions against rod friction (e.g. use of casing, drilling mud or water);

5) pre-drilling, if used;

6) blow count frequency when operating the equipment;
7) groundwater level, artesian conditions, if known;
8) all unusual events or observations during the operation (e.g. low blow count, penetration without blows,

temporary obstructions, malfunction of the equipment);

© ISO 2005 — All rights reserved 9
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9) observations on the recovered cone and/or rods;
10) all interruptions during the work, with time duration and change of rod;
11) reasons for early end of the test;
12) back-filling of penetration hole, if required.
NOTE Annexes A and B give examples of field report documents.
7.2 Test report
_Fo; (1:hecking the quality of the data, the test report shall include the following in addition to the inforimat
in7.1:

a) field report (in original and/or computerised form);

b) graphic
—  reg

20

an

— M43

— all
c) any corn
d) anylim

e) name 3

The test res
results.

al representation with respect to depth of the following data:

| the depth on the vertical axis;

ximum torque required to rotate the penetrometer at each test level (in Nm);
nterruptions during the work, longer than 5 minutes;

Fections in the presented data;

tations of the data (e.g. irrelevant, insufficientpinaccurate or adverse test results);
nd signature of the field manager.

ults shall be reported about in such’a fashion that third persons are able to check and underg

orded number of blows to drive the cone 100 mm for the DPL,.BPM and DPH or 10(
D mm for the DPSH-A and DPSH-B, as step diagram with the number of blows on the horizg

on given

mm or
ntal axis

tand the

10
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Place within which or which is nearest to*) location of penetration test:

Annex A
(informative)

Summary log for dynamic probing

ISO 22476-2:2005(E)

X, ¥, Z-coorgitates:

Client/job n
Name and |
Contractor:
Date of test
Type of dyn

Equipment

Limber:

pcation of project:

Equipment operator:

Field sk

amic probing *): DPL, DPM, DPH, DPSH-A, DPSH-B:
checked and in accordance with EN ISO 22476-2, 5.1; Yes/Ng¥)on:
etch (scale 1: Inot to scale) *)

with difect geotechnical investigations (e.g. boreholes).entered:

Other relev

hnt-data:

Signature:

Name of the operator in charge:

*) Delete as applicable.

© ISO 2005 — All rights reserved
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Annex B

(informative)

Record of measured values and test results for dynamic probing

Contractor: Job number: Enclosure:
Client/nameg-ofproject:

Dynamic prgbing test No: Date:

Type of dynamic probing test*): DPL, DPM, DPH, DPSH-A, DPSH-B or:

Lost/fixed cqne *) Fixed/loose anvil *)

X, Y, Z-coordjnates

Depth; add 10, 20 or 30 m (as depth > 10 m): + m

Depth | N{/Nx*) | Depth Nio/Nog*) Depth Nio/Nog*) Depth Nio/Nog*) Depth NiofNog®)
0,10 2,10 4,10 6,10 8,10
0,20 2,20 4,20 6,20 8,20
0,30 2,30 4,30 6,30 8,30
0,40 2,40 4,40 6,40 8,40
0,50 2,50 4,50 6,50 8,50
0,60 2,60 4,60 6,60 8,60
0,70 2,70 4,70 6,70 8,70
0,80 2,80 4,80 6,80 8,80
0,90 2,90 4,90 6,90 8,90
1,00 3,00 5,00 7,00 9,00
**) Nm Nm **) Nm **) Nm **) Nm
1,10 3,10 5,10 7,10 9,10
1,20 3,20 5,20 7,20 9,20
1,30 3,30 5,30 7,30 9,30
1,40 3,40 5,40 7,40 9,40
1,50 3,50 5,50 7,50 9,50
1,60 3,60 5,60 7,60 9,60
1,70 3,70 5,70 7,70 9,70
1,80 3,80 5,80 7,80 9,80
1,90 3,90 5,90 7,90 9,90
2,00 4,00 6,00 8,00 10,00
**) **) **) **) **)
*)  delete @s applicable.

**)  measuted torque

Other data

Groundwatef:~..>... m below starting point

Name and signature of the operator in charge:

12
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Annex C
(informative)

ISO 22476-2:2005(E)

Recommended method to measure the actual energy

C.1 Principle

The mes

surement of the energy transmitted to the drive rods can be made by means of an instrumented section of

rod posifioned at a distance greater than 10 times the rod diameter below the point of hammercimpact|on the anvil

(see Fig

For addi

ire C.1).

ional information see [1] to [6] of the bibliography.

N

_4|°/

Key

1 Anvil

2  Part ¢f instrumented rod

3 DrivelRod

4  Straip gauge (measuring transducer)
5 Accelerometer

6 Groupd

F Forcqg

dr Diamgeter of the rod

C.2 Eq

The meas

includes

— system for measurement of vertical acceleration having a linear response up to 5 000 g;

uipment

Figure C.1 — Instrumented rod (example)

— systFm for measurement giving the axial deformation induced in the rod;

suring device eonsists of a removable instrumented rod fixed between the anvil and the hedd of rods. It

— apparatus, with a resolution better than 1 x 10°s, for viewing, recording and pre-treatment of the signals;

— data processing system (data logger and computer).

When strain gauges are used for the measurement of the axial deformation, they should be uniformly distributed
around the instrumented rod, preferably in two orthogonal pairs.

© ISO 2005 — All rights reserved
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C.3 Measurements

At each impact, check the correct operation of the measuring equipment and the sensors by displaying the results
of measurements.

It should be verified that the signals from the accelerometers and of the gauges are null before and after the

impact.

For the measurement of the acceleration and deformation, the precision should be better than 2 % of the measured

value.
c.4 Calci.llation
C.4.1 The force F transmitted to the rods is calculated as follow:
Ft) =4y x E5 x & (2) (C.1)
where
em(?) |s the measured axial deformations of the instrumented rod at time z;
A, s the cross-sectional area of the instrumented rod;
E; s the Young’s modulus of the instrumented rod.
C.4.2 The particle velocity v(z) of the measurement section is calculated by integration of the acceleratiof a(¢) with
time z.
C.4.3 The basic equation for the energy E which passes into the drive rods is:
p
E() A IF(I)V (1)t (C.2)
0
where
E(t’) |s the driving energy which passes into the drive rod up to time ¢’ after the impact.
NOTE arious methods for developing the above equation and additional information can be found in the Bibliogfaphy.
C.4.4 The hammer energy to take into account is the mean value obtained from at least five measures:
1 n
Ermeas ZZZE (C.3)
1
C.4.5 Thb : At ©riciyy IatiU VV; I;L’i I b; Ial dbtUl iDUD Udb;l Ulyl Idlll;b MTI IGtI Ul IUtUI ia UiVGI I IUy
E
E, = —meas < (C.4)
Etheor
where

Eineor = m X gX hy

h

m
g

14

is the falling height of the hammer;
is the mass of the hammer;
is the acceleration due to gravity.
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Hammer Energy Measurement Report

1
o« y) Type of dynamic probing
g L:I? 5 Job number
[ Date of the test
T —— L
Mass of the hammer m
@d.
Falling height 2
=== H=I=N1= Eineor = m X g X h
g Characteristics of the instrumented rod

Diameter d;

Length of the instrumented rod I,

Area A,
(Key see Figure C.1) Modulus Ea
Force Particle velocity
F (N) vim/s)
| M I\ -
—— S N
| | ] ] ] | | | | | |
t {us) t{us)
Acceleration Axial deformation
& s{mm)
N L
E
~
v'
] | I\L_/l"/l ] |
t(us) t (us)
Observations: Date

Emeas= Etheor=

Name and signature of the operator in charge

Figure C.2 — Example of a hammer energy measurement report
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Annex D
(informative)

Geotechnical and equipment influences on the dynamic probing results

D.1 Introduction

D.1.1 General

The followipg factors can affect the results:

— geotedhnical influences due to the dependence of the penetration resistance on the shear strength
and thg stress level at the depth of penetration;

— equipment influences.

In selecting and operating the equipment and in order to avoid misinterpretation of the dynamic probin

these factors should be considered; also findings from direct investigations (e.g. sampling

prEN ISO 22475-1) should be available.

D.1.2 Ge¢technical influences

D.1.2.1 Ipfluence of soil type, soil group and soil charagteristics

For coarsergrained soils, apart from density, the grain-structure, the grain size distribution, the grain s

grain roughness, the mineral type, the degree of cementation and the strain condition in the soil can

results.

Examples ¢f the influences of soil type, soil group and soil characteristics are given in D.2 to D.4.

An example of the influence of the boundary depth is given in D.5.

For fine grained soils, rod friction can have a significant influence on the recorded blow count. The use

mud and water can reduce this'effect (see D.3).

D.1.2.2 Ipfluence of the.groundwater

Under othgrwise equal soil conditions in coarse grained soils, the number of blows is lower below the grg

level; this is particularly marked for low penetration resistances. Examples of the influence of the ground

given in D.6.

bf the soil

g results,
according

hape and
affect the

of drilling

undwater
\water are

Under otherwise equal soil conditions, the number of blows in silty soils may be equal or higher below the
groundwater level.

D.1.3 Equipment influences

The following are to be considered as equipment influences on the penetration resistance:

cone d

16

iameter;

rod length;

rod deviation;
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— energy losses within the drive systems.

Examples of some of the equipment influences are given in D.7.

D.2 Examples for results of dynamic probing in coarse-grained soils
Other conditions remaining the same, the following applies:

a) the penetration resistance increases more than linearly with increasing density index of the soil; thus a change

1 naibviades—far-axann AR £ ol B meackan S5 dat tad by dvinanaia o HAEH
N geft TISTCY TMU AT TOT CATTTTPITC S a ToSUTT UT U T PoCUmTpac o, oAl DT U CITCUIC U Oy UyTmarmmcproon Ty

b) soils with sharp-edged or rough particles possess a higher penetration resistance than seils-with round and
smpoth particles;

c) cohbles and boulders can significantly increase the penetration resistance;
d) particle size distribution (uniformity coefficient and grading curve) influence the {penetration resistapce;
e) penetration resistance is considerably increased by cementation.

Figure ID.1 shows the results of a light dynamic probing test (DPL) in baekfilled soil.

DeL Naod
Q

1p=0,70 to 0,76

Key
1 Medium and coarse sand
Ip Denpity index

d Depth d{m)

BNy

Ip=0,49 to 0,54

3\ /520,27 to 0,34
/520,02 to 0,16

Figure D.1 — Change in penetration resistance with density index I, in a homogeneous backfilled soil

The tests were made in a test pit in which medium and coarse sand had been placed in layers of different relative
densitigs. The penetration resistance increases sharply with increasing density index of the soil; the irldication thus
becomgs more sensitive.

Figure ID.2 shows thelincrease in penetration resistance when there are thin layers with embedded colbbles. Locally
occurrirjg peaks 6f penetration resistance do not represent a measure of the bearing capacity of the whole layer.
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DPL Ny
=TS 0
2
IA
6 —
Key 8
1 Coarse glt, fine-sandy with layers of stones 4 (m)
d Depth
Figure D.2 — Increase in penetration resistance due to embedded cobbles
Figure D.3 $hows that penetration resistance fluctuates more sharply in coarse-grained soils than in fing
soils. The rgnge of variation is more pronounced in gravels than in sands.
The absolufe variations in penetration resistance obtained with a light dynamicipenetrometer (DPL) do f
only from differing relative densities but also from the larger penetration resistance due to displacing or brg
of embedded larger particles.
DPL NioL
=T 0
. 2
L
Key H
1 Silt, sandy L
. = 8 -
2 Silt
3 Gravel d(m)
d Depth
Figure D.3 — Variations in penetration resistance in fine-grained and coarse-grained soils
Figure D.4 $hows the éffect of cementing of the particles of a sand layer on the penetration resistance
dynamic pephetrometer (DPL). This type of cementing may remain undetected with borings. The cemen
observed inftrial pits.

grained

ot result
aking up

o a light
ting was
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DPL NioL
=11 =111 0
Y 1
- 1F
—{ 2
B 3 2
Ke _
y 3L
1 Loam
2 Clay [ L
3 Mediym sand, cemented o *
4  Mediym sand d(m)
d Depth
Figure D.4 — Increase in penetration resistance in a cemented medium-sand
D.3 Expmples for results from dynamic probing in fine-grained soils
In soft sdil types the skin friction along the rod has considerable influence on the penetration resistancg. This may
mean, for example, that cavities in the subsoil are not recognised as such
Figure D|5 shows that the standard penetration test (SPT), unlike*the result produced by the heayy dynamic
penetrometer (DPH), shows virtually the same penetration resistances in clay because here the skin frjction along
the rod has been eliminated by performing the SPT in a borehole.
DPH NaoL
SPT N3g
=N A = 0
2
= .
Key -]
1 Fill -] b 6
2 Silt, sandy, gravely [
3 Gravdl, sandy T 8
4 Clay d(m)
d Depth
Figure D.5 «—=Increase in penetration resistance as a result of skin friction along the rod using|a heavy
dynamic penetrometer (DPH) compared with the standard penetration test (SPT)

Figure D.6 shows DPM profiles driven with and without the aid of drilling mud. The drilling mud reduces the friction
on the drive rods allowing penetration to greater depth. This data has not been corrected for friction using the
torque measurements.

© ISO 2005 — All rights reserved

19


https://standardsiso.com/api/?name=8aa497e8f30cde9f12631e71b7bb14db

ISO 22476-2:2005(E)

Key

DPM Dy
DPM? Dy
I Crust

Il Gravel
Il Reworksg
IV Weather
V  Unweath
d Depth
Figure D.7

hamic probing medium without drilling mud
hamic probing medium with drilling mud

d weathered clay
ed clay
ered clay

d (m)

14

16

18

DPM?

Figure D.6 — Reduction of skin friction due‘to drilling mud

shows the DPM data from Figure D.6 corrected using the torque readings to correct for the

friction on the rods. The correction reduces the Ny values at the-deeper depths and presents a reproduci

profile both

Key
DPM Dy

hamic.probing medium without drilling mud

DPM? Dy

hamicbrobina-medium-with-drillina-mud
g ) )

with and without the drilling mud. All data fall into,ene band.

N

5 10 15 20 25 30

effect of
ble depth

oM

— )

| Crust
Il Gravel

Il Reworked weathered clay
IV Weathered clay
V  Unweathered clay

d Depth

d (m)

18

Figure D.7 — Example for the effect of torque measurement correction in a fine-grained soil
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Figure D.8 shows the result of a dynamic probing using the light dynamic penetrometer (DPL) in relation to
structural changes in a soil in:

a) natural silt and

b) filled,

only slightly compacted silt.

=10 0 —

Key
a Naturg
b Filled,

1 Medium silt, slightly clayey (loess loam)

d Depth

only slightly compacted silt

7
I silt / 1 2 _SH_
/

d(m)

Figure D.8 — Penetration resistance in natural silt and in filled, only slightly compacted silt of nearly the

Figure D.p shows that a decomposed peat has a very low penetration reSistance.

same density

b, including

DPL NioL
=T 0 I_II
:::: 1H
— 2
:::: 21T
Key i
1 Silty clay 0 3 3E
2 Peat, flecomposed ;_\
3 Clay, $andy, very silty d (m)
d Depth
Eigure D.9 — Dynamic probing in decomposed peat
Figure DJ10 shows that)a.fibrous, barely decomposed peat shows high levels of penetration resistanc
skin frictign. Similiar &ffects can be observed in highly organic clays and silts.
DPL NaoL
M= =M 0 L'-L
e
]
2 L
Key [—1{ 3
1 Gravel and sand - —
2  Peat, fibrous Bk d(m)
3 Fine sand and silt, slightly clayey 52 3
d Depth ::;

Figure D.10 — Dynamic probing in fibrous, barely decomposed peat
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D.4 Example for results of dynamic probing in mixed-grained soils

Since the above influences can overlap in mixed-grained soils, the possibility of an incorrect interpretation is
relatively great.

Figure D.11 shows the fluctuations in penetration resistance using a medium dynamic penetrometer (DPM) in
various types of soil. The fluctuations are greater in soils with mixed grain sizes (e.g. silty coarse sand) owing to the
higher proportion of coarse grains, than in fine-grained soils with organic admixtures (e.g. lake marl).

N1OM

Key

1 Fil

2 Clayey
3 Peat

4

5 Clayey |
6

d Depth

Lake marl with remnants of plants

Silty cogrse sand with fine gravel

|
IA\

4

and, gravel, silty

10
ake marl

d (m)

Figure D.11 — Variations in penetration resistance in various soils

D.5 Example for penetration resistance results in shallow depths

In coarse-g
index and
reached. B
conditions.

The overbu
loads) may

Figure D.1!
to medium
the back-fi
After remo
initially a Id
increase in

rained soils, the boundary or critical depth (1 m to 2 m below the ground surface) increases wi
cone diameter. In addition, the-penetration resistance increases sharply until the boundary
elow the boundary depth, the\penetration resistance remains nearly constant under otherw

rden of the layer inyestigated (e.g. by back-fill) or any additional loading of the subsoil (e.g. f
increase the penetration resistance.

P shows two résults of dynamic probing with a light dynamic penetrometer in a test pit in which
sand of the 'same density throughout the depth has been laid. The test carried out from the

| showed\initially an increase in penetration resistance with depth and then a virtually const
ving a-1,30 m thick layer, a second test was carried out. This showed, starting from the ney
wef\penetration resistance in the zones near the surface compared with the first test, but afte

th density
depth is
ise equal

bundation

a coarse
surface of
hnt value.
v surface,
r a sharp
surface of

pénetration resistance it gave the same values at greater depths as the first test, i.e. from the

the back-fill.
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1 DPL NioL
m=mfJm=mn 0
- a
2 ] 3 s
Key Sl in=m
a Test from the surface of the back-fill e 9 L
b  Test from the bottom of the pit .
1 Surface of back-fill 3 3L
2 Bottom of pit
3 Coarse medium sand, dense [ 4 (m)
d Depth
Figure D.12 — Low penetration resistance in the zone near the surface of a dense medium sand
D.6 Expmple for the influence of groundwater
In coarsg-grained soils, other conditions being the same, the penetration resistance in groundwater ig lower than

above th¢ groundwater due to the lower effective vertical stress.

In fine-g
penetrati

The resu

bn test results may be also influenced by pore water pressures(and groundwater flow.

Its shown in Figure D.13 show the influence of groundwater in coarse-grained soils. Whg

groundwater, lower penetration resistances are measured even if the density index is the same.

Key

a Nogr

b  Groun
the su

1 Fined

d Depth

DPL Niow
W M=M= 0
=== . E== 0,2

::: 1 a

Sl . L
bundwater .
dwater at 0,2 m below R 3 L b
rface of the terrain [
nd medium sand d(m)

Figure [D.13 — Changeé.in the penetration resistance of a fine and medium sand as a result of grd

The follo
cohesion
DPH in g
Figure D

wing is an,Yexample of quantifying the influence of groundwater on dynamic probing tes|
ess soilss'Comparative tests were conducted with DPL and DPH in a poorly graded sand (S
well ‘graded sand-gravel mixture (GW) under controlled conditions above and below ground
14_shows the corresponding relationship of the number of blows N;o. and Ny above to numk

N10L and Az

ained soils, owing to the capillary effect, the penetration resistance may be equal or higher. The

bre there is

bundwater

t results in
P) and with
water level.
er of blows

raraorndwatar Tha ralationchine havun tha annaral fara -

bhaloy
TV TOH P CToOvW-grourovwwotc— e Trorotor o P ooy ot gorcrarTor

Niyo = ay N'yg + az; they are of deterministic nature and conservative estimates.
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Q\
110 NS
1 §
100
90 /
80 N
?\\C)Q\
70 RS
60 // / QQ
50 /
40 /'
30 7
20 ’é/
10 7%
0
3 10 20 30 40 50
X — -
Soil Uniformity Coefficients
classification coefficient
DPL DPH
Uc = deo/d10 ay az ai az
SP <3 2,0 2,0 1,3 2,0
GW =6 - - 1,2 45

Key

X Numbef of blows N'1o. and N'1on below groundwater
Y Numbef of blows N1o. and N1on above groundwater

SP Poorly 1raded sand
GW Well graded sand-gravel mixture

D.7 Examples foriequipment influences

Figure D.14 — Examples of the influence of groundwater on dynamic probing results

In dynami¢ probing, penetration resistance increases with increasing cross-section of the penetromgter cone.

Penetration résistance is influenced to an extent that depends on how the ratio of cone diameter to rog

affects skin ;
depth of penetration.

diameter
s and the

In fine-grained soils, when the ratio of cone cross-section to rod diameter is small the skin friction along the rod can

increase rapidly.

Figure D.15 shows, that in layers near the surface the penetration resistance is generally greater with a larger
penetrometer cone diameter than with the smaller cone diameter at constant rod diameter. In deeper layers, the
change in penetration resistance depends on the type and condition of the soil. Thus with dynamic probing in silt
layers, the penetration resistance of a smaller cone diameter is greater compared with a larger cone diameter due

to skin friction.
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