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DS/EN 1997-1 DK NA:2021

National Annex to

Eurocode 7: Geotechnical design — Part 1: General rules

Foreword

This National Annex is a revision of DS/EN 1997-1 DK NA:2020 and supersedes the 2020 version
as from 1 January 2021.

The reason for the changes is that, according to DS/EN 1990 DK NA, all foundations have until
now been assigned to CC2, regardless of whether the construction work on the foundation was as-
signed to CC1.

Consequently, modifications to this National Annex include Annex A.1, where the text:

o The low consequence class, CC1, is not applied for geotechnical structures has been deleted.
¢ Instead, the following text has been added: Low consequence class, CC1: Kr1 = 1,0.

Notes for tables are normative, while other notes are informative.

This NA specifies the conditions for the implementation in Denmark of DS/EN 1997-1 for construction
works in conformity with the Danish Building Regulations. Other parties, for whom the Danish Build-
ing Regulations are not applicable, can put this NA into effect by referring hereto.

This NA includes:

National choices and an overview of all clauses where national choices are allowed;
Descriptions of the national choices;

Complementary (non-contradictory) information which may assist the user of DS/EN 1997-1;
Informative Annexes which replace the corresponding informative Annexes of DS/EN1997-1, or
which have been made normative in Denmark.
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National choices and an overview of all clauses where national choices

are allowed;

The values of the partial factors may be
set by the National Annex.

Clause Subject Choice

2.1(8)P Design requirements The national minimum requirements
The manner in which these minimum re- | are given in Annex C, D, K and L of
quirements are complied with may be this National Annex.
given in the National Annex.

2.4.6.1(4)P Design values of actions Values of the partial factors are given
The values of the partial factors may be in clauses A.2, A.3, A.4 and A.6 of
set by the National Annex. this National Annex.

2.4.6.2(2)P Design values of geotechnical parame- | Values of the partial factors are given
ters in clauses A.2, A.3, A.4 and A.6 of
The values of the partial factors may be this National Annex.
set by the National Annex.

2.4.7.12)P Ultimate limit states — General Values of the partial factors are given
The values of the partial factors may be in clauses A.2, A.3.1, A.4 and A.6 of
set by the National Annex. this National Annex.

24.7.1(3) Ultimate limit states — General Values of the partial factors are given
The values of the partial factors may be in clause A.7 of this National Annex.
set by the National Annex.

2.4.7.1(4) Ultimate limit states — General Values of the partial factors are given
The values of the partial factors may be iﬁ.d;us:s Angs' I, A4and A6 of
set by the National Annex. 15 National ANnex.

2.4.7.1(5) Ultimate limit states — General Values of the partial factors are given
The values of the partial factors may be in clause A.3.1 of this National An-
set by the National Annex. nex.

2.4.7.1(6) Ultimate limit states — General Values of the partial factors are given

in clause A.3.1 of this National An-
nex.
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Clause Subject Choice

2.4.7.2(2)P Verification of static equilibrium Values of the partial factors are given
(EQU) in clause A.2 of this National Annex.
The values of the partial factors may be
set by the National Annex.

2.47.3.2(3)P | Design effects of actions Values of the partial factors are given
The values of the partial factors may be in clause A.3.1 of this National An-
set by the National Annex. nex.

2.4.7.33(2)P | Design resistances Values of the partial factors are given
The values of the partial factors may be in clause A.3.1 of this National An-
set by the National Annex. nex.

2.4.7.3.4.1(P) | Design approaches — General NOTE 1 — Application of equations
NOTE 1 — Application of equations (2.6) | (2.6) and (2.7) refers in DK to design
and (2.7) and the particular design ap- approach 3.
proach to be used may be given in the Na-
tional Annex.

2.4.7.4(2) Verification procedure and partial fac- | Treating resistance to uplift by fric-
tors for uplift tion or anchor forces as a stabilising
(2) Additional resistance to uplift may permanent vertical action (Gi.a) is

o not allowed.

also be treated as a stabilising permanent
vertical action (Gistb:a)
The paragraph corresponds to the content
of 10.2(2)P as amended by corrigendum
DS/EN 1997-1/AC:2010 and should be as
follows:
(2) If allowed by the National Annex, re-
sistance to uplift by friction or anchor
forces may also be treated as a stabilising
permanent vertical action (Gistb;d)

2.4.7.43)P Verification procedure and partial fac- | Values of the partial factors are given
tors for uplift in clause A.4 of this National Annex.
The values of the partial factors may be
set by the National Annex.

2.4.7.5(2)P Verification of resistance to failure by | Values of the partial factors are given

heave due to seepage of water in the
ground (HYD)

The values of the partial factors may be
set by the National Annex.

in clause A.5 of this National Annex.
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Clause Subject Choice

2.4.8(2) Serviceability limit states Values of the partial factors are given
The values of the partial factors may be in clause A.7 of this National Annex.
set by the National Annex.

2.49(1)P Limiting values for foundation dis- Permitted foundation displacements
placements are given in Annex H and the Na-
The permitted foundation displacements | tional Appendix to Annex H.
may be set by the National Annex.

2.5(1) Design by prescriptive measures Conventional and generally conserva-
Reference to such conventional and gen- | tive rules are given in Annexes C, D,
erally conservative rules may be set by K and L of this National Annex.
the National Annex.

7.6.2.2(8)P Ultimate compressive resistance from Values of the correlation factors are
static load tests given in clause A.3.2 of this National
The values of the correlation factors may | Annex.
be set by the National Annex.

7.6.2.2(14)P Ultimate compressive resistance from Values of the partial factors are given
static load tests in clause A.3.1 of this National An-
The values of the partial factors may be nex.
set by the National Annex.

7.6.2.3(4)P Ultimate compressive resistance from Values of the partial factors are given
ground test results in clause A.3.1 of this National An-
The values of the partial factors may be nex.
set by the National Annex.

7.6.2.3(5)P Ultimate compressive resistance from Values of the correlation factors are
ground test results given in clause A.3.2 of this National
The values of the correlation factors may | Annex.
be set by the National Annex.

7.6.2.3(8) Ultimate compressive resistance from | A model factor is not applied in DK.

ground test results

If this alternative procedure is applied, the
values of the partial factors y, and % rec-
ommended in Annex A may need to be
corrected by a model factor larger than
1,0. The value of the model factor may be
set by the National Annex.
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Clause Subject Choice

7.6.2.4(4)P Ultimate compressive resistance from Values of the partial factors are given
dynamic impact tests in clauses A.3.1 and A.3.2 of this Na-
The values of the partial factors and cor- | tional Annex.
relation factors may be set by the Na-
tional Annex.

7.6.3.2(2)P Ultimate tensile resistance from pile Values of the partial factors are given
load tests in clause A.3.1 of this National An-
The values of the partial factors may be nex.
set by the National Annex.

7.6.3.2(5)P Ultimate tensile resistance from pile Values of the correlation factors are
load tests given in clause A.3.2 of this National
The values of the correlation factors may | Annex.
be set by the National Annex.

7.6.3.3(3)P Ultimate tensile resistance from ground | Values of the partial factors are given
test results in clause A.3.1 of this National An-
The values of the partial factors may be nex.
set by the National Annex.

7.6.3.3(4)P Ultimate tensile resistance from ground | Values of the correlation factors are
test results given in clause A.3.2 of this National
The values of the correlation factors may | Annex.
be set by the National Annex.

7.6.3.3(6) Ultimate tensile resistance from ground | The model factor applied in DK is
test results taken as 1,0 where design is based on
If this alternative procedure is applied, the | the analytical method for determining
values of the partial factor y« recom- the bearing resistance specified in An-
mended in Annex A may need to be cor- | nex L of this National Annex.
rected by a model factor larger than 1,0.
The value of the model factor may be set
by the National Annex.

8.4(6)P Design and construction considerations | For UPL, requirements and guidelines

The method of determining the necessary
free length may be set by the National
Annex.

for determining the free length are

given in Annex A, clause A.4 8(P)

and the related NOTE 1 of this Na-
tional Annex.
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Clause Subject Choice
8.4(7)P Design and construction considerations | The criteria for checking the group ef-
The criteria for when it is necessary to fect are given in clause A.4, (7)P and
check the group effect may be set by the | (8)P, of this National Annex. The re-
National Annex. quirements for group testing are spec-
ified in DS/EN ISO 22477-5:2018,
clause 6.7.
8.5.1(1)P Limit state design of anchors — General | The value of yserv is given in clause
NOTE 1 The value of yserv may be set by the Na- | A.6, Table A.6-1, of this National An-
tional Annex. nex.
8.5.1(1)P Limit state design of anchors — General | The values of partial factors and cor-
NOTE 3 In Section 8 it is assumed that all partial | relation factors for serviceability and
factors and correlation factors for service- | accidental limit states verification are
ability limit states are 1 unless symbols given in clause A.7 of this National
are specifically included. The values for | Annex.
additional partial factors and correlation
factors for serviceability limit states may
be set by the National Annex.
8.5.12)P Limit state design of anchors — General | A separate evaluation of the servicea-
NOTE 1 The National Annex may state whether a | bility limit state of the anchor is not
separate evaluation of the serviceability required as the acceptance test is re-
limit state of the anchor is required. lated to Euts.q cf (8.13); the effect of
the prestress force under serviceabil-
ity limit state conditions is therefore
taken into account.
8.5.1(2)P Limit state design of anchors — General | The acceptance test is related to EuLs:a
NOTE 2 The National Annex may state whether , cf (8.13); the effect of the prestress
the ultimate limit state and the servicea- force under serviceability limit state
bility limit state are to be verified sepa- conditions is therefore taken into ac-
rately or by a combined procedure. count.
8.5.2(1)P Geotechnical ultimate limit state re- The test method applied and the num-

sistance

The test method to be used to determine
the measured resistance and the number
of tests » may be set by the National An-
nex.

ber of tests n are given in clause A.6,
Table A.6-2 NA, of this National An-
nex.
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Clause Subject Choice
8.5.2(2)P Geotechnical ultimate limit state re- The definition of failure and limiting
sistance values of creep rates are given in
The limiting value of the creep rate (aurs) | clause A.6, Table A.6-3 NA, of this
or load loss (k.uLs) may be set by the Na- | National Annex.
tional Annex, which may specify the use
of an asymptote to the creep rate versus
load curve instead of a specified value for
auLs. Recommended values for persistent
and transient situations are given in Ta-
ble A.21.
8.5.2(3)P Geotechnical ultimate limit state re- The value of the correlation factor
NOTE 1 sistance SuLs 1s given in clause A.6, Table
The value of the correlation factor &urs A.6-2 NA, of this National Annex.
may be set by the National Annex. Rec-
ommended values for persistent and tran-
sient situations are given in Table A.20.
8.5.2(3)P Geotechnical ultimate limit state re- The minimum number of investiga-
NOTE 2 sistance tion or suitability tests to be carried
The minimum number of investigation or | out to determine (RuLs;m)min are given
suitability tests n to be carried out to de- in clause A.6, Table A.6-2 NA, of this
termine (RuLs;m)min may be set by the Na- | National Annex.
tional Annex. Recommended values for
persistent and transient situations are
given in Table A.20.
8.5.2(5)P Geotechnical ultimate limit state re- The value of the partial factor ya,uLs
sistance for persistent and transient situations
The value of the partial factor y,;uLs may | are given in clause A.3, Table A.3-2
be set by the National Annex. Recom- NA, for GEO and clause A.4, Table
mended values for persistent and transient | A.4-1 NA for UPL in this National
situations are given in Table A.19. Annex.
8.5.3(1)P Geotechnical serviceability limit state The method to determine P is given

resistance

The test method to be used to determine
the measured resistance and the number
of tests n may be set in the National An-
nex.

in DS/EN ISO 22477-5:2018, Annex
C. There is, however, no requirement
to determine P-.
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Clause Subject Choice
8.5.3(2)P Geotechnical serviceability limit state No value is given for the creep rate
resistance (arsLs), the load loss (kisLs), or Pe in
The value of the creep rate (asis), the the National Annex as test method 1
load loss (ki;sLs) or Pc may be set by the shall be used, cf DS/EN ISO 22477-
National Annex. Recommended values 5:2018.
are given in Table A.21.
8.5.3(3)P Geotechnical serviceability limit state There is no requirement to determine
resistance (RSLS;m)min.
The minimum number of investigation or
suitability tests n to be carried out to de-
termine (RsLs;m)min may be set by the Na-
tional Annex. Recommended values are
given in Table A.20.
8.5.3(4)P Geotechnical serviceability limit state Ja:sLs 1 not relevant, as test method 1
resistance shall be applied.
The value of the partial factor ya;sLs may
be set by the National Annex. The recom-
mended values are given in Table A.20.
8.6.2(2)P Testing of anchors - Acceptance tests The value of the partial factor yaacc;uLs
NOTE 1 The value of the partial factors ya.acc;urs is given in clause A.3.1, Table A.3-2
and Yasacc;sLs may be set by the National NA, clause A.4, Table A.4-1 NA and
Annex. Recommended values of yaacc;urs | in clause A.6, Table A.6-2 NA of this
for persistent and transient situations and | National Annex. ya:acc;sLs 18 not rele-
for ya.ace;sLs are given in Table A.20. vant, as test method 1 shall be ap-
plied.
8.6.2(2)P Testing of anchors - Acceptance tests The acceptance test is to be related to
NOTE 2 The National Annex may state whether the ultimate limit state design force
the proof load in an acceptance test is to (8.13).
be related to the ultimate limit state de-
sign force (8.13) or to Fservik (8.14).
8.6.2(3)P Testing of anchors - Acceptance tests The limiting values of creep rates at
NOTE 1 The limiting values of creep rate/load loss | proof load are given in clause A.6,

at proof load may be set by the National

Annex. Recommended values for persis-
tent and transient situations are given in

Table A.21.

Table A.6-3 NA, of this National An-
nex. These values are differentiated
according to the observation time de-
pending on the type of soil, see
DS/EN ISO 22477-5:2018, 8.4.3.
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Clause Subject Choice

8.6.2(3)P Testing of anchors - Acceptance tests There is no requirement to check the

NOTE 2 The requirement to check the creep creep rate/load loss at other specified
rate/load loss at other specified loads that | loads that are less than the proof load.
are less than the proofload is optional
and may be set by the National Annex.

No recommended values are given.

10.2(2)P Failure by uplift Treating resistance to uplift by fric-

The third sentence: tion or anchor forces as a stab111s1pg
permanent vertical action (Gisb:d) 18

"Resistance to uplift by friction or anchor | not allowed.

forces may also be treated as a stabilising

permanent vertical action (Gst:d)"

is replaced by

"If allowed by the National Annex, re-

sistance to uplift by friction or anchor

forces may also be treated as a stabilising

permanent vertical action (Gisip;q)."

The correction appears from corrigendum

DS/EN 1997-1/AC:2010, but is incor-

rectly stated for 10.2(3)

10.2(3) Failure by uplift The modification (entered by CEN)
Clause 23 in Corrigendum DS/EN 1997- rc;:lferls dl nc;)rrecﬂ}l/ to clelu(;sze ;01'32(3) but
1/AC:2010 states the modifications to should refer to clause 10.2(2)P.
subclause 10.2 as follows (quotation) The original text:
Part (3): "(3) In simple cases, the check of
Replace the entire Ist paragraph with the cquation (2.8) in terms 9f forces may

. be replaced by a check in terms of to-
following: "
tal stresses and pore-water pressures.

"If allowed by the National Annex, re- . tained
sistance to uplift by friction or anchor 1s maintatned.
forces may also be treated as a stabilising
permanent vertical action (Gib;d).
NOTE — The values of the partial factors
may be set by the National Annex."

11.5.1(1)P Stability analysis for slopes Values of the partial factors are given

The values of the partial factors may be
set by the National Annex.

in clause A.3.1 of this National An-
nex.
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Clause Subject Choice
A2 Partial factors for equilibrium limit Partial factors and consequence fac-
state (EQU) verification tors are given in clause A.2 of this
National Annex.
A3.1 Partial factors for actions () or the ef- | Partial factors and consequence fac-
fects of actions () tors are given in clause A.3.1 of this
National Annex.
A.3.2 Partial factors for soil parameters (ym) Partial factors are given in clause
A.3.1 of this National Annex.
A33.1 Partial resistance factors for spread Partial resistance factors (yr) for
foundations spread foundations are not used in
DK, cf clause A.3.1 of this National
Annex.
A332 Partial resistance factors for pile foun- | Partial resistance factors for pile foun-
dations dations are given in clause A.3.1 of
this National Annex.
A333 Correlation factors for pile foundations | Correlation factors for pile founda-
tions are given in clause A.3.2 of this
National Annex.
A3.3.5 Partial resistance factors (yr) for re- Partial resistance factors (yr) for re-
taining structures taining structures are not used in DK,
cf clause A.3.1 of this National An-
nex.
A3.3.6 Partial resistance factors (yr) for slopes | Partial resistance factors (yr) for
and overall stability slopes and overall stability are not
used in DK, cf clause A.3.1 of this
National Annex.
A4 Partial factors for uplift limit state Partial factors and consequence fac-
(UPL) verification tors for uplift limit state (UPL) verifi-
cation are given in clause A.4 of this
National Annex.
AS Partial factors for hydraulic heave Partial factors for hydraulic heave

limit state (HYD) verification

limit state (HYD) verification in DK
are those applied for uplift limit state
(UPL) verification, cf clause A.5 of
this National Annex.
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Clause

Subject

Choice

A.6

Partial factors, correlation factors, lim-
iting criteria for ultimate and servicea-
bility limit states as well as number of
investigation or suitability tests for an-
chors

Partial factors, correlation factors,
limiting criteria for ultimate and ser-
viceability limit states as well as num-
ber of investigation or suitability tests
for anchors are given in clause A.6 of
this National Annex.
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Complementary (non-contradictory) information

Clause Subject Choice

2.4.734.4 Design approach 3 NOTE 2 applies in DK also for the deter-

mination of earth pressure.

7.6.2.2(4)P Ultimate compressive resistance The specifications are not applicable in
from static load tests DK.

7.6.2.3(4)P Ultimate compressive resistance The specifications are not applicable in
from ground test results DK.

A7 Partial factors, correlation factors Partial factors, correlation factors and
and model factors for serviceability | model factors for serviceability and acci-
and accidental limit states verifica- dental limit states verification are given in
tion. clause A.7 of this National Annex.

Annex Subject Choice

C Earth pressure A new National Annex addressing some

principal Danish conditions concerning
earth and water pressure on walls.

D Spread foundations. Analytical Bearing resistance equations in combina-
method for bearing resistance calcu- | tion with the partial factors for spread
lation foundations securing the safety required in

Denmark are given in Annex D of this
National Annex.

H Limiting values of structural defor- Complementary information regarding

mation and foundation displacement | conventional building structures is given
in the Appendix to Annex H.

K Special conditions for geotechnical | Particular Danish conditions for geotech-
investigations and parameters nical investigations are given in Annex K

of this National Annex.

L Pile foundations. Analytical method | An analytical method for determining the

for bearing resistance calculation

bearing resistance of piles is given in An-
nex L of this National Annex.

Annexes A, C, D, K and L are normative. Annex H is informative.
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National choices

Annex A — normative

Partial and correlation factors for ultimate limit states and serviceability limit
states

Al Partial factors and correlation factors

(1)P The partial factors () for ultimate limit states and serviceability limit states in persistent and
transient situations and the correlation factors (&) for pile foundations and anchorages in all design
situations, are given in this Annex.

(2)P The partial factors for soil parameters (»m) and resistance (yr) as well as the correlation factors
(&) for pile foundations and anchorages are stated for design situations, where the safety evaluation
shall be performed using the lower design values. Where the safety evaluation is to be performed
using the upper design values, reciprocal values of the partial factors and correlation factors given
shall be applied.

NOTE — The partial factors apply to soil parameters determined taking account of the considerations specified in
DS/EN 1997-1, clause 3.3.6(1)P.

The consequence factor, Kr1, depends on the consequence class:
High consequence class CC3: Km=1,1
Medium consequence class CC2: Kr=1,0

Low consequence class CCl: K =1,0.

Regarding the load combination factor, yo, see DS/EN 1990 DK NA.
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Partial factors for equilibrium limit state (EQU) verification

(1)P Partial factors () and consequence factors (K1) are given in Table A.2-1 NA.

(2)P For equilibrium limit state (EQU) verification, the partial factors for actions (yr) and for
soil parameters (M) stated in Table A.2-1 shall be used.

Table A.2-1 NA Partial factors for EQU design

Partial factors for actions Y
. . Unf: bl ds L,I-K
a Self-weight, in general fravourable Yot "
-2 D)
g Favourable YGistb 0,9
=
[} .
g Self-weight of the Unfavourable Yeudst 1,1 Kp
g ground and (ground)
] .
o water, geotechnical
structures 2 Favourable YGistb 0,9
—Lé = Leading Unfavourable 7.1 1,5-Kpi
> Accompanying Unfavourable i 1,5 wo' Kr
a:g 2 g R Leading Unfavourable 7.1 1,4 Ke
ESE"
=™ Mm | Notleading Unfavourable Wi 1,4 o Krr
Partial factors for soil parameters ™
Angle of shearing resistance ” Yo 1,2
Effective cohesion Ve’ 1,2
Undrained shear strength Yeu 1,8
Unconfined strength Vq 1,8
Weight density Py 1,0
1)  Structural actions, which include all types of permanent self-weight: cf. clause 2.1 in DS/EN 1991-1-1.
2) Actions from self-weight of the ground and (ground) water interacting with the geotechnical structure as geotech-
nical actions, cf clause 1.5.2.1 in DS/EN 1997-1, and clause A.3.1(2)P, NOTE, in this National Annex
3) For traffic loads on civil engineering structures (e.g. railway and road dams, quays etc.), the partial factors for bridges
apply
5) For heavy carriages on rails (SW/2): 1,2-Krrand 1,2 respectively
7)  The partial factor shall be applied to tan ¢
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A.3  Partial factors for structural (STR) and geotechnical (GEQO) limit states
verification

A.3.1 Partial factors for actions (F) or the effects of actions (E), for soil parameters (M) and
for resistance (R)

(1)P Partial factors () and consequence factors (K¥r) are given in Table A.3-1 NA for spread
foundations, earth pressures and stability, and in Table A.3-2 NA for piles and anchors.

(2)P For structural (STR) and geotechnical (GEO) limit states verification, design approach 3 shall
be used with:

Combination: (A1* or A2") "+" M2 "+" R3

and the partial factors for actions (j), for soil parameters (ym) and for resistance (yr) according to
Tables A.3-1 NA and A.3-2 NA, as well as a factor (y0) to the partial factor for strength parameters
and resistances of structural materials, cf DS/EN 1992 — DS/EN 1996 and DS/EN 1999.

NOTE - Partial factors as stated for "Self-weight, in general" are to be assigned to structural actions referred to geotech-
nical actions.

(3) The load combinations 1-5 in Tables A.3-1 NA and A.3-2 NA refer to all types of geotechnical
structures where the load constitutes combinations of structural actions, earth pressures and/or water
pressures. The investigations refer to the equations:

e (2.6a) with the design value of the load effect Eq= E{yr Frep; Xidyums; aa}
e (2.7a) with the design value of the resistance to an action Ra = R{yr Frep; X/ yus; aa}
e (2.7b) with the design value of the resistance to an action Ra=R{yr Frep; Xi; aa}/m

NOTE 1 —In all 5 load combinations the partial factors for the strength parameters and for the resistances of the struc-
tural materials related to DS/EN 1992 — DS/EN 1996 and DS/EN 1999, are to be factored by ». For the soil parameters
and resistances, j is incorporated in the partial factors yv and .

NOTE 2 — Load combination 5 is to be used for verification of STR for structural materials in geotechnical structures.
In this verification the partial factors for the structural materials as stated in the respective structural Eurocodes are to be
factored by . The partial factors for soil parameters and resistances are to be 1,0 in load combination 5. This load com-
bination will typically be critical for geotechnical structures, where water pressures constitute the essential part of the
actions.

(4)P The partial factors for spread foundations and pile foundations ensure that the required Danish
safety is attained when the equations for resistance given in Annex D and Annex L are applied.

(5)P Partial factors for piles and anchors shall be used in combination with the correlation factors
specified in clause A.3.2.

(6)P For Geotechnical Category 1, the partial factors given for soil parameters and resistances shall
be multiplied by a model factor ys = 1,25.
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(7)P For excavation supports, temporary excavations and other geotechnical structures under con-
struction, partial factors shall be used with values taken as (ym)* and (yr)*, where a is a number for
which the following applies: 0 <a < 1.

(8)P Where failure involves the risk of serious consequences or damage to third party property, or
will have considerable social consequences, partial factors corresponding to oo = 1,0 are to be used.
Structures in CC3 shall be designed with a = 1,0.

NOTE — Third party property includes surrounding land, buildings and any kind of utility lines as well as areas with
road and rail traffic.

(9) Where failure of geotechnical structures during construction is not covered by 8(P), partial fac-
tors corresponding to o = 0,5, or - if the circumstances permit it, corresponding to a values closer to
o = 0 (partial factor 1,0) may be used.
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Table A. 3-1 NA Partial factors for STR/GEO design: Spread foundations, earth pressure and stability

Design approach 3
Limit state STR/GEO STR
Combination of actions 1 2 3 4 5
Partial factors for actions « +
see equation (2.6a) ¥ 4 Al*or A2
Unf: bl ; 1,2 Ke¥ 1,0-K; 1,29 1,0 1,0

R Self-weight, in | o OUrAbIe | Gisup rl fl

\c: l 1

g genera Favourable Yoint 1,0 0,9 1,0 0,9 1,0

Q

<

% Self-weight of Unfavourable JGisup 1,0 1,0 1,0 1,0 1,0

§ the ground and

= (ground) yvater,

A~ geotechnical Favourable YGiint 1,0 1,0 1,0 1,0 1,0

structures ?

_%; g Leading Unfavourable 1,1 0 1,5-Kr1 0 1,5 0
> © Accompanying | Unfavourable i 0 1,5 wo' Krt 0 1,5 wo 0
é 2 g‘ﬁn Leading Unfavourable 7,1 0 1,4 K 0 1,4 0
FE

B ™ M| Not leading Unfavourable i 0 1,4-wo Krr 0 1,4 w0 0
Partial factors for soil parameters 9)
see equation (2.7a) m M2
Angle of shearing resistance 7 Yo 1,2 1,2-Kp 1,0
Effective cohesion % 1,2 1,2-Krr 1,0
Undrained shear strength eu 1,8 1,8-Kg 1,0
Unconfined strength 7% 1,8 1,8-Kpr 1,0
Weight density % 1,0 1,0 1,0
Partial fa.ctors for ground resistances ) R3
see equation (2.7b)
Spread foundations 74, - — —
Earth pressure and stability YRie - — —
Coefficient applied to partial factors for
strength parameters and bearing re-
sistances of structural materials, cf 7 1,0 1,0 Krr K 1,2:Kp¥
DS/EN 1992 — DS/EN 1996 and DS/EN
1999

1)  Structural actions, which include all types of permanent self-weight: cf. clause 2.1 in DS/EN 1991-1-1.

2)  Actions from self-weight of the ground and (ground) water interacting with the geotechnical structure as geotech-

nical actions, cf clause 1.5.2.1 in DS/EN 1997-1, and clause A.3.1(2)P, NOTE, in this National Annex

3) For traffic loads on civil engineering structures (e.g. railway and road dams, quays etc.), the partial factors for bridges

apply
4)  For bridges: 1,25-Krrand 1,25 respectively
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For heavy carriages on rails (SW/2): 1,2-Krrand 1,2 respectively

The characteristic values of all permanent actions from one single source are to be multiplied by yg;sup if the total
resulting action effect is unfavourable, and by yy:;int, if the total resulting action effect is favourable. As an example
all actions originating from the self-weight of the structure may be considered as coming from one source.

The partial factor shall be applied to tan .

Reference is also made to DS/EN 1990, equations (6.10a) and (6.10b).

For the soil parameters and resistances, j is incorporated in the partial factors yu and .
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Table A.3-2 NA Partial factors for STR/GEQ design: Piles and anchors

Design approach 3
Limit state STR/GEO STR
Combination of actions 1 2 3 4 5
Partial factors for actions see (2.6a) ¥ ” Al1* or A2F
. . Unf: bl . 1,2:Ke ¥ 1,0-K; 1,29 1,0 1,0
_ Self-weight, in fravoutabie JGisup " "
\c: l h
S gefiera Favourable Y 1,0 0.9 1,0 0,9 1,0
Q
<
§ Self-weight of | Unfavourable ¥G;sup 1,0 1,0 1,0 1,0 1,0
g the ground and
= (ground) water,
=~ geotechnical Favourable Y 1,0 1,0 1,0 1,0 1,0
structures ?
;;'g g Leading Unfavourable 10,1 0 1,5 Kp1 0 1,5 0
§ ® Accompanying | Unfavourable i 0 1,5 wo Krt 0 1,5 wo 0
é) 2 "% Leading Unfavourable 1,1 0 1,4 K 0 1,4 0
£33
= ™ &A| Not leadin Unfavourable i 0 1,4-wo Kri 0 1,4 wo 0
Mm g n

Partial factors for soil parameters

9)
see equation (2.7a) m M2
Angle of shearing resistance 7 % - - -
Effective cohesion % -
Undrained shear strength Jeu -
Unconfined strength 7% - - —
Weight density % 1,0 1,0 1,0
Partial factors for ground resistances 9 R3
see equation (2.7b) w
Base resistance of compression piles 7 1,3 1,3-Kpr —
Shaft resistance of compression piles 7% 1,3 1,3-Kr —
Total/combmegl resistance of " 13 1.3-Knn B
compression piles
Shaft resistance for piles in tension. it 1,3 1,3-Kpr —
Anchors, ultimate resistance ya;,uLS 1,3 1,3-Kpr —
Anchors, acceptance testing Yasacc,ULS 1,3 1,3-Krr -
Coefficient applied to partial factors for
strength parameters and bearing re-
sistances of structural materials, cf 7 1,0 1,0 K K 1.2-Kpr
DS/EN 1992 — DS/EN 1996 and DS/EN
1999
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1)-9)  See Table A.3-1 NA.
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A.3.2 Correlation factors for pile foundations

A.3.2.1 Correlation factors £ applied to derive characteristic values from static pile load tests

(1)P When determining the characteristic ultimate resistance, Rc.k, from values of R¢.m, measured in
one or several pile load tests, allowance shall be made for the variability of the ground conditions
and the effect of pile installation. The characteristic ultimate resistance should be determined as:

Rc;m
Rc;k = é:

where

&= 1,1 for the actual test loaded piles

&= 1,25 for other piles where the pile loading tests are representative
cf. DS/EN 1997-1, 7.5.2 and 7.6.2.2.

A.3.2.2 Correlation factors £ applied to derive characteristic values from soil parameters de-
termined by geotechnical investigations

(1)P The characteristic ultimate resistance:

Rc;cal
¢
shall be derived from design rules based on verified correlations between the results of static load

tests and the results of field or laboratory tests. These design rules shall be such that the ultimate re-
sistance when applying the characteristic value Rc;x does not exceed the calculated or measured ulti-
mate resistance divided by

Rc;k =

¢ = 1,5, where the resistance is based on a geostatic calculation

¢ = 1,25 where the resistance of the pile considered has been assessed by dynamic impact test,
supporting the geostatic calculation

¢ = 1,4 for the piles where the dynamic impact test is representative in relation to e.g. pile di-
mension, installation method and soil conditions.

(2)P The design rules shall be based on comparable, well-documented experience. An analytical
method for determining the bearing resistance is given in Annex L of this National Annex.

(3)P The bearing resistance for bored piles shall be determined according to the limitations speci-
fied in Annex L of this National Annex.

NOTE — The resistance of CFA piles shall be determined as for bored piles.
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A.3.2.3 Correlation factors £ applied to derive characteristic values from driving resistances

(1)P The characteristic ultimate resistance:

Rc‘m
R, =—%

c;k §

shall be derived from design rules based on verified correlations between the results of static load
tests and results from pile driving. These design rules shall be such that the average ultimate re-
sistance when applying the characteristic value Rc;x does not exceed the measured ultimate re-
sistance divided by

&= 1,5 where the resistance is based on a pile driving formula

&=1,25 where the resistance of the pile considered has been assessed by dynamic impact test

&= 1,4 for the piles where the dynamic impact test is representative in relation to e.g. pile di-
mension, installation method and soil conditions.

(2) For end-bearing piles driven into non-cohesive soil, the characteristic ultimate resistance can be
determined using the "Danish Pile Driving Formula", see Annex L of this National Annex and the &
values given.

A.3.2.4 Time effects

(1) Time effects may only be considered in the design when these have been documented on the
particular construction site. The extrapolation shall be carried out by logarithmic extrapolation
based on at least two measurements taken at least 7 days apart, where the first measurement shall be
done at the earliest 1 day after the piling. The extrapolation may be carried no further than to 4
weeks after the initial end-of-driving, unless relevant documentation of continued resistance incre-
ment is available.
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(1)P Partial factors () and consequence factors (K1) are given in Tables A.4-1 NA and A.4-2 NA.

(2)P The partial factors for actions (yr), for soil parameters (»m) and for resistances (yr) given in
Table A.4-1 NA shall be used to verify the uplift limit state (UPL), where tension elements are
taken into account, or where stabilising shear stresses on the side of the structure or in vertical sec-

tions in the ground are taken into account.

Table A.4-1 NA Partial factors for UPL verification

Partial factors for actions % Value
. . Unf: bl ds L1-K
Self-weight, in gen- fravourable Yot "
I
g era Favourable Ystb 0,9
I3
<
= Self-weight of the Unfavourable YGidst 1,1'Kp
[}
= ground and (ground)
water, geotechnical
E, structu?es 2) Favourable YGistb 0,9
_ié £ Leading Unfavourable 7.1 1,5 Kpi
S Accompanying Unfavourable Wi L5 -wo Ket
a:g 2 g R Leading Unfavourable 7.1 1,4 Ke
ESE"
=™ m | Notleading Unfavourable 1 1,4 yo Kri
Partial factors for soil parameters T Value
Angle of shearing re-
sistance 7 e 1.2
Effective cohesion ¥ 1,2
Undrained shear strength Jeu 1,8
Partial factors for ground resistances R Value
Shaft resistance, piles in tension it 1,3
Anchors, ultimate re- 13
sistance rauLs ’
Anchors, acceptance testing Jaacc,ULS 1,3

1)  Structural actions, which include all types of permanent self-weight: cf. clause 2.1 in DS/EN 1991-1-1.

2)  Actions from self-weight of the ground and (ground) water interacting with the geotechnical structure as geotech-
nical actions, cf clause 1.5.2.1 in DS/EN 1997-1, and clause A.3.1(2)P, NOTE, in this National Annex

3) For traffic loads on civil engineering structures (e.g. railway and road dams, quays etc.), the partial factors for bridges

apply

5) For heavy carriages on rails (SW/2): 1,2:Krrand 1,2 respectively

7)  The partial factor shall be applied to tan o.
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(3) For pure buoyancy problems, i.e. structures not covered by A.4(2)P, the partial factors for ac-
tions (yr) given in Table A.4-2 NA can be used provided that destabilising water pressures are lim-
ited by overflow arrangements.

NOTE 1- For geotechnical structures where the self weight of structural members and water are the predominant
forces, structural solutions (e.g. overflow arrangements) that will provide well-defined design assumptions associated
with a relatively low design safety level should be used rather than achieving a higher design safety level together with
design assumptions which are less safe. For example, to secure a structure against erosion and uplift, it will usually not
be sufficient solely to apply a partial factor for the water pressure. Instead, it will be necessary to protect the structure
by structural measures.

NOTE 2 - Overflow arrangements may be a combination of overflow via the top edge of or openings in walls and/or
overflow via goosenecks through the floor structure. Requisite capacity with respect to quantity and distribution
throughout the structure is to be ensured by the arrangement of drains and discharge elements. Overflow of water con-
stitutes a stabilising element, and water is not to be pumped away, until the water pressures have been returned to an
acceptable level.

Table A.4-2 NA Partial factors for UPL verification
— Valid solely for structures where water pressures have been limited by overflow arrangements;
— Tension elements and stabilising shear stresses shall be disregarded

Partial factors for actions % Value
Unf: bl ds 1,0-K
Self-weight, in general fravourabie St "
b}
£ Favourable Yistb 1,0
I3
<
=] Self-weight of the Unfavourable Yeisdst 1,05 Kg
[
= ground and (ground)
g water, geotechnical
5 structures 2 Favourable Yaistb 1,0
j: g Leading Unfavourable 7.1 1,5 Krt
g2
S & Accompanying Unfavourable i L5 -wo Ket
8:2 2 qu)l) Leading Unfavourable 7.1 1,4-KeY
ESE
B ™ M| Not leading Unfavourable 1. 1,4 wo Kt

1)  Structural actions, which include all types of permanent self-weight: cf. clause 2.1 in DS/EN 1991-1-1.

2) Actions from self-weight of the ground and (ground) water interacting with the geotechnical structure as geotech-
nical actions, cf clause 1.5.2.1 in DS/EN 1997-1, and clause A.3.1(2)P, NOTE, in this National Annex

3) For traffic loads on civil engineering structures (e.g. railway and road dams, quays etc.), the partial factors for bridges
apply

5)  For heavy carriages on rails (SW/2): 1,2:K¢1, 1,2 respectively.

(4)P For pure buoyancy problems, the most adverse, realistic water levels as well as carefully as-
sessed permanent self-weight are to be considered.

NOTE — The contrast to the pure buoyancy problem comprises other uplift problems such as stability analyses and de-
sign of spread foundations, where the uplift on the ground and structural elements shall be assigned to structural (STR)
and geotechnical (GEO) limit states.
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(5)P If a tension element has been incorporated in order to obtain static equilibrium, this tension el-
ement shall be designed to accommodate the design force needed to obtain static equilibrium.

(6)P When determining the volume of ground bonded by the tension elements (group effect), the
possible distribution of available shaft resistance along the tension elements shall be taken into ac-
count, and it shall be established that the weight of the stabilising ground volume can be distributed
to the group of tension elements by the required resistance of the body of soil.
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(7)P The toe level of tension elements in UPL shall be determined on the basis of the critical failure
mechanism.

NOTE 1 - For ground anchors, it is good engineering practice to calculate the ground volume as a truncated cone, in-
clined 1:2 (horizontal:vertical); for conventional bond type anchors, the truncated cone has its lower bound point at the
centre of the bonded zone, as the free length only allows transfer of forces along the bond length. For the tensile test of
bond type anchors, the upper limit of the apparent tendon free length Ly, corresponds exactly to the centre of the
bonded zone. Due to the recognised non-linear distribution of stabilising shear stresses along the bond length, it may be
assumed on the safe side, when taking into account the group effect, that the bonding force is transmitted to the ground
at the midpoint of the bonded zone. For compression type anchors, the nadir top point may refer to the distal end of the
anchor, as the anchor force is shown to be transmitted to the distal end of the anchor, before it is transmitted to the
ground. For a definition of bond type anchors and compression type anchors, see DS/EN 1537 and/or DS/EN ISO
22477-5.

Sand

Clay

Sand

Bond type anchors Compression type anchors

NOTE 2 - For tension piles in layered soil, a combined failure mode with lifting of the clay plug and sand layers above
as a block (presuming an adequate shaft resistance in the clay layer) at the same time of extracting the piles from the
underlying layer of sand will often be critical. Attention is drawn to the fact that the shaft resistance on the piles in the
underlying layer of sand is reduced as a consequence of the overburden pressure relief when the block is lifted off.

Extraction from the soil Block failure Combined failure

(8) Calculation of stabilising shear stresses on the sides of the structure and on vertical sections in
the ground may be based on the principles of DK NA, Annex L.
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A.5  Partial factors for hydraulic heave limit state (HYD) verification

(1)P For hydraulic heave limit state (HYD) verification, the partial factors for uplift (UPL) shall be
applied, see A.4 of this DK NA.

(2)P According to DS/EN 1997-1, 10.4 and 10.5, safeguarding against piping and erosion requires
special considerations.

A.6  Partial factors, correlation factors, limiting criteria for ultimate and ser-
viceability limit states as well as number of investigation or suitability
tests for anchors

(1)P For the verification of safety required for ground anchors, cf. equation (8.1) in persistent and
transient design situations where the effect of the prestress force is investigated for the serviceability
limit state, an load effect factor jserv s applied to the maximum anchor force found, Fservik :

FServ;d = YServ - FServ;k

Table A.6-1 NA Partial factor for the load effect of the prestress force in persistent and transient design
situations

Partial factor for Equation Symbol Value

Load effect of the prestress force (8.3) VServ 1,0

(2) The effect of the prestress force should be determined on the basis of an interaction analysis using
the stiffness of the ground, the anchors and the structure, respectively.

(3)P For the verification of anchors in ultimate limit states STR, GEO, and UPL in persistent and
transient design situations, the following partial factor shall be applied:

— Ya;ULS for Rursxk

NOTE — The values to be used for y..uLs are given in A.3, Table A.3-2 NA, for STR/GEO and in A.4, Tables A.4-1 NA
and A.4-2 NA, for UPL, in this National Annex.

(4)P For the testing of anchors for persistent and transient design situations at the ultimate limit state
and for serviceability limit states, the following correlation and partial factors shall be applied:

- é:ULS for (RULS;m)min

—  Yajacc;ULS for EULS;d
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Table A.6-2 — Values depending on the test method on anchors for persistent and transient design situations at
the ultimate limit state and the serviceability limit state

Symbol Equation Test method *

1 2 3
Sus 8.6 1,1 — -
Ya;SLS 8.10 N.A. — -
n® 3 anchors /2 % - -
Yasace;ULS 8.13 1,3-Kg - -
Yasace;SLS 8.14 N.A. - -

NOTE - N.A. =not applicable.

2 For a description of the test methods, see DS/EN ISO 22477-5:2018. Test method 1 is mandatory.
b

Suitability tests shall be carried out corresponding to at least 2 % of the expected number of anchors, with a
minimum of 3 anchors.
Suitability tests may be upgraded to investigation tests if they are continued until failure.

¢ The factor Ky is applied to the partial factor Ya.ac;urs for load combinations 3 and 4 in STR/GEO.

(5)P When carrying out investigation, suitability and acceptance tests for persistent and transient de-
sign situations at the ultimate limit state and for serviceability limit states, the anchors shall satisfy
the limiting criteria given in Table A.6-3 NA.

Table A.6-3 — Limiting criteria for investigation, suitability and acceptance tests for persistent and transient
design situations at the ultimate and serviceability limit states

Test method * Limiting Investigation/suitability tests Acceptance tests
criterion ULS® SLS ULS"® SLS
(Equation 8.5) (Equation 8.8) (Equation 8.13) (Equation 8.14)
1 a S mm/2 mm N.A. 2 mm N.A.
2 ki - - - -
3 a3 - - - -

NOTE — N.A. =not applicable.

2 For a description of the test methods, see DS/EN ISO 22477-5:2018. Test method 1 is mandatory.

b Failure (in the case of investigation tests) is defined by a vertical asymptote of a creep rate versus proof load

diagram or, where such is difficult to determine, by a creep rate of 5 mm. For suitability tests where, by defini-
tion, failure is not aimed at, the criterion is a creep rate not exceeding 2 mm at extended observation time.

(6) By long term tests (over several days), load loss measurements, AN, (by locked anchor), may be
used as an alternative to measurements of creep by retained load, converted to equivalent creep, As,
based on a free length corresponding to the apparent free length, Layp, determined from the unloading
of the last load cycle before locking-off of the anchor.

NOTE 1 — Equivalent creep As = AN - Lg; / (E; - Ay), where Lg; = Lapp and AN is the load loss.

NOTE 2 — For ground anchors with different free lengths, load loss measurements cannot be compared, since the load
loss is dependent on the free length.
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A.7  Partial factors, correlation factors and model factors for serviceability
and accidental limit states verification

(1) P For the investigation of serviceability limit states and accidental limit states, partial factors ym
=1,0 for the strength and deformation parameters of ground and structural materials shall be used.

(2) P For piles and anchors, partial factors yr = 1,0 and correlation factors &£=1,0 are applied. For
the effect of prestress of anchors at the serviceability limit state, however, A.6 of this National
Annex applies.

(3)P Design values of actions are determined according to DS/EN 1990 DK NA (Table A1.3 DK
NA).

(4)P The load combination factors, wo, i1 and y»2 in DS/EN 1990 DK NA shall be applied, taking
into account the duration of the action and the soil consolidation properties.
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Annex C — Normative

C.1 Earth pressure

(1) Earth pressure on structures may be determined according to the theory of plasticity, provided
that the displacements are sufficient to develop the limit state earth pressures.

NOTE - Important examples of structural types, where the displacement during failure is not necessarily sufficient to
mobilise limiting values for earth pressure, are:

- Walls with internal struts (if modelled as yielding);

- Walls with large axial forces which may fail by instability or buckling;

- Unreinforced walls;

- Walls with heavily prestressed ground anchors (if modelled as yielding), particularly when there are multiple
anchor levels;

(2) The partial factors of Table A.1-1 NA provide the required Danish safety for structures subject
to earth pressure, when the associated analyses are based on the following:

o At the toe of the wall - where the failure surfaces from the front and back meet - a discontinuity
in the failure line can occur. This corresponds to the fact that the two failure surfaces do not
necessarily have coinciding rotation centres.

e The failure surface can consist of a line failure, zone failure, or a combination hereof.

(3) The roughness between the structure and the surrounding soil (the angle of shearing resistance
of the wall 6 and adhesion a) may normally be taken as equal to the corresponding effective
strength parameters of the ground (¢° and c¢”) unless the surface is treated with bitumen or similar
products. It shall, however, be verified that the degree of roughness used in the earth pressure
calculation is in accordance with the vertical equilibrium condition of the structure.

(4) When investigating the ultimate limit states, STR/GEO, the most unfavourable, realistic
combination of water tables - including differential water pressure - which may occur, shall be used
for the structure.

NOTE 1 — In this connection, attention is drawn to the fact that it is the water pressures on the failure surface which are
governing.

NOTE 2 — Holes in the structure are usually not sufficient to prevent the build-up of a water pressure on the failure
surface behind the structure.

NOTE 3 — It should be considered whether an impermeable wall may change the water table conditions, e.g. by cutting
off the natural runoff, whereby a high water table behind the wall may build up.

NOTE 4 — Water pressure in cohesive soil cannot be fully documented from water table observations in stand pipes. For
structures retaining cohesive soil, a water table at the top of the cohesive soil should normally be assumed, see 9.6 (3) of
DS/EN 1997-1.
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Annex D — Normative

Spread foundations - Analytical method for bearing resistance calculation
D.1 General

(1) The design vertical bearing resistance, Rq, of a foundation shall be assessed both for undrained and
drained ultimate conditions.

(2) The effects of the following should be considered:

o the strength of the soil, generally represented by the design values of cu, ¢' og ¢';
¢ the eccentricity and inclination of design actions;

e the shape and depth of the foundation;

the slope of the ground surface;

ground water pressures and hydraulic gradients;

the variability of the soil, especially layering.

(3) It is not possible to provide a general definition of deposits able to resist actions. Examples of
deposits that may not be considered to be resisting without special measures include gyttja, peat,
post-glacial clay, topsoil, uncontrolled fill, and re-excavated or frozen soil.

(4) Frost-safe depth for foundations may in DK normally be taken as 0,9 m for conventional
buildings and 1,2 m for detached structures. The depth may be reduced by heating or insulation.

(5) For foundations on clay with Ip >15 %, desiccation and welling may cause considerable vertical
and horizontal displacements which may be counteracted by strengthening the foundation (extra
foundation depth, reinforcement) and by specifying restrictions on vegetation close to the
foundation.

D.2 Analytical method

D.2.1 General information regarding the analytical method

(1) The following symbols are used in Annex D.

A'= B'-L' the effective foundation area

the foundation width

the effective foundation width

the eccentricity of the resultant action, with subscripts B and L

the horizontal load component, parallel to the side of width B

the inclination factors of the load, with subscripts cohesion ¢, surcharge g and weight density y
the foundation length

the effective foundation length (L’ > B’)

the bearing resistance factors, with subscripts ¢, ¢ and ¥

overburden or surcharge pressure at the level of the foundation base (total stresses)
overburden or surcharge pressure at the level of the foundation base (effective stresses)
the shape factors of the foundation base, with subscripts ¢, ¢ and y

the vertical load

NN TS W W

QR

‘h
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structure-ground interface angle of shearing resistance
effective angle of shearing resistance of the soil

effective cohesion of the soil

cu undrained shear strength of the soil

y' effective weight density of the soil below the foundation level.

(2) The equations for the design vertical bearing resistance specified in clauses D.2.2 and D.2.3 ap-
ply to the horizontal foundation base and ground surface, the same surface load on each side of the
foundation, leading H parallel to the short side of the footing with the soil strength represented by
the design values of ¢, ¢’, @’ and y’, assumed constant for the ground volume governing the limit
state.

(3) For non-cohesive soil the characteristic angle of shearing resistance is @’k = @1 (plane angle
strain of shearing resistance), where the relationship between ¢’y and ¢’y appears from clause
K.4(1) of this National Annex. For cohesive soil, @’kis ~ @’

(4) The equations given for calculation of the bearing resistance apply to loads acting eccentrically
with an eccentricity, e, not exceeding 0,30 B.

(5) The sliding resistance of a foundation shall be investigated according to 6.5.3 in DS/EN 1997-1.
If the sliding resistance is combined with other stabilising forces, e.g. from passive earth pressure,
all stabilising effects shall be assessed, taking strain compatibility into account.

(6) Where sliding resistance is accounted for as the only stabilising force to the horizontal compo-
nent of the design action on a foundation, and the foundation is not subjected to imposed strain from
other sources, the effective angle of shearing resistance of the soil, @', can be taken into account in-
stead of the critical angle of shearing resistance, cf. DS/EN 1997-1, 6.5.3 (10).

D.2.2 Undrained conditions
(1) The design resistance is calculated from:

Rd/A':(ﬂ+2)cu;dscic+q (D.1)
with the dimensionless factors for:

e the shape of foundation:
s, =1+0,2(B'/ L")

¢ the inclination of the load, caused by a horizontal load, H:

ic=l 1+ [1- H,
2 A'c,.,

where H, <A'c,,
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D.2.3 Drained conditions
(1) The design resistance is calculated from:
R,/ A=05y'B'N,s i +q'N,s,i, +¢,'N.s,i,  (D2)
with the design values of dimensionless factors for:
¢ the bearing resistance:

1
N, = 4 ((Nq - 1)C0$¢'d )3/2 provided thatd > ¢', /2 (rough base)
N, =" tan*(45+¢',/ 2)
N, = (Nq —l)cotgo'd
¢ the shape of foundation:
s, =1-04(B'/L)
s, =5, =1+02(B'/L)

¢ the inclination of the action caused by a horizontal action, Hg, parallel to the side of width B

2
i, =1, =|1- H,
V,+A'c',coty',
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Appendix to Annex H - Informative

As a supplement to the provisions given in Annex H, it may be specified as guidance for conven-
tional building structures that settlements for floors on the ground should not deviate from the set-
tlements of the adjoining walls by more than 5 mm.
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Annex K - Normative
Special conditions for geotechnical investigations and parameters

K.1 General

(1)Deposits lying below stiff, late glacial deposits, or older strata are generally characterised by good
strength and deformation properties. Important exceptions are:

e late-glacial Allered deposits;

¢ inter-glacial marine and marsh deposits;

e clay with slickensided fissures

e clays characterised by Ip >15 %, where the exception relates to seasonal variations of water con-
tent (vegetation),

e calcareous deposits with "sinkholes" (disintegrated/dissolved by percolation of surface water).

(2)By geological evaluation of recovered soil samples, or on-site evaluation of soil deposits it shall be
ensured that the ground investigation covers all significant soil layers, including in particular:

¢ deposits with high settlement potential, e.g. gyttja, peat, postglacial clay, topsoil or uncontrolled
fill;

e clays with high swelling potential

¢ deposits susceptible to sliding failure.

Normally, the investigation shall be performed down to stiff late glacial deposits or older strata. If this
is not possible, the investigation shall be carried out to a depth beyond which the strata have no sub-
stantial influence on the resistance to failure of the structure, or on its displacements and deformations.

K.2  Design investigations

(1) Design investigations comprise various types of geophysical surveys, mechanical explorations, test
drillings or test pits with sampling, vane tests and registration of water tables, measurement of pore
water pressures, pumping tests and laboratory analyses. The laboratory analyses comprise geological
evaluation and soil description, classification tests and more specialised tests to determine strength and
deformation properties, permeability, and geochemical properties etc. It is practical to divide design
investigations into three phases:

¢ Site investigations, which will typically include a few separate investigation points (boreholes,
CPT etc.) to give a rough estimate of the foundation conditions of a given site. At the same time,
it could be investigated whether the site is contaminated. The purpose of such investigation will
e.g. be to point out the most appropriate areas for placing the structure.

e Parameter investigations, which will typically be investigations to determine which kind of foun-
dation will be appropriate for a given project. Such investigations will normally be performed to
such an extent that they can form the basis for a foundation project. In case of contamination,
tests from the drillings will often be analysed to estimate the environmental conditions.

¢ Optimisation investigations, which are usually performed to obtain an economic optimisation
of a foundation project.

(2) For the extent of design investigations, reference is made to DS/EN 1997-2.
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K.3  Geotechnical categories

(1) Structures of Geotechnical Category 1 shall not involve the risk of damaging neighbouring struc-
tures, sewage and supply pipes, public traffic areas etc.

(2) Spread foundations, fills and floors supported directly on the soil should only be assigned to Ge-
otechnical Category 1 when the foundation bed consists of stiff, late glacial deposits or older deposits,
which are not included in the exceptions specified in K.1.

(3) The following are examples of structures or parts of structures which may be assigned to Geotech-
nical Category 1:

e light buildings with a maximum design foundation load of 250 kN for spread footings and 100
kN per m for strip foundations, for which no special requirements regarding settlement conditions
etc. are made;

¢ 0,30 m and 0,40 m thick in situ cast concrete basement walls subject to earth pressure; wall sec-
tions up to 10 m? and 15 m?, when the walls are supported only by transverse walls and basement
floor, respectively, and 15 m? and 20 m?, respectively, when the basement wall is also restrained
on top by e.g. a deck. It is assumed that the walls do not contain openings for windows or doors;

e gravity walls and retaining walls for excavations, where the retained height does not exceed 2 m;

e surcharge fills with a maximum height of 3 m;

e pipes and drainage which can be laid in accordance with standard procedures as specified in the
relevant standards;

o thickness of compacted sand fills below floors not exceeding 0,6 m;

¢ floor slabs and pavements with layout and dimensions according to common practice without
detailed design analyses;

e cuttings with inclinations not exceeding 1 vertical to 1,5 horizontal and a maximum difference in
level of 4 m.

(4) The design foundation action of Geotechnical Category 2 shall not exceed 5 000 kN for spread
foundations, or 1 000 kN per m strip foundation. For structures with such foundations, the design bear-
ing pressure of the effective area is not to exceed 1 000 kN/m? in Geotechnical Category 2.

(5) Where a project, e.g. excavation, pile driving or ground water lowering, involves a risk of damaging
neighbouring structures, sewage and supply lines, public traffic areas, or similar, the geotechnical in-
vestigations and calculations with regard to these neighbouring structures should at least correspond to
Geotechnical Category 2, adapted to the nature, size and foundation of these structures.

(6) Where permanent damage to structures or bearing ground layers can occur without prior warning
due to the absence or failure of ground water lowering or drainage systems, the structure shall be as-

signed to Geotechnical Category 3.

(7) Foundation on chalk with cavities and on palacogene high plasticity clay as well as other high plas-
ticity clays with slickensided fissures shall be analysed and assigned to Geotechnical Category 3.

NOTE - It is not uncommon that high plasticity Miocene clays contain slickensided fissures. As an exception, quaternary
clays may also contain slickensided fissures.
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(8) In deposits where the permeability increases with depth, excavations extending more than 3 m below
the non-lowered water table shall be assigned to Geotechnical Category 3.

K.4 Geotechnical parameters

(1) For plane strain conditions, the angle of shearing resistance, ¢, for sand and gravel should be
determined by increasing the angle of shearing resistance determined by triaxial measurement, cor-
responding to @1 = (1 + 0,1 Ip) @.

NOTE — When the analytical methods are applied to determine bearing resistances of foundations according to DS/EN
1997-1 DK NA, Annex D.2, the plane strain angle of shearing resistance may be used.

(2) For unloading (e.g. excavation slopes and active earth pressure), the effective cohesion, ¢’, in
palaeogene clays and other high to very high plasticity clays with slickensided fissures shall be
taken as ¢’ = 0.

NOTE 1 — Apart from the above clays and other high to very high plasticity clays with slickensided fissures, effective
cohesion may be taken into account when the effective normal stress on the failure surface is positive (i.e., no tensile
stresses shall be taken into account for drained conditions), as well as when assessing the effect of the unloading on the
effective cohesion. Note that cracks caused by drying out cannot be handled according to above-mentioned, as the depth
of the crack in this case is not controlled by the stress conditions in the soil.

NOTE 2 — The strength derived from geotechnical laboratory tests should be determined taking into account the level of

strain. For triaxial tests, a level of strain from 0 to 10 % axial strain is normally applicable, while a level of strain of 0 to
15 % shear strain should be applied to shear tests (Direct Simple Shear).
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Annex L — Normative
Pile foundation

L.1  Geostatic analysis

(1) For piles with the base driven into cohesive soil, the characteristic ultimate resistance can be de-
termined based on:

Rpcai+Rs; .
Rey = w for compression piles
R, .
Rex = %‘” for tension piles
where
Rp.car = 9c, Ay in cohesive soil
Rs.ca1 = Xiuymrey; Ag in cohesive soil

Rs.cat = Xio1 N @miAs;  innon-cohesive soil

A4, effective base area

A;  surface area in soil layer "i"

S1

N,, = 0,6 for compression piles with soil displacement

(piles of concrete, timber, closed-end steel pipes and steel sections with plugging)
N,, = 0,3 for compression piles with open profiles

(steel sheet piling and steel sections without plugging)
N, = 0,2 for tension piles

1,0 for timber
m =141,0 for concrete

0,7 for steel
Cui undrained shear strength in soil layer "i"”
q’'mi  vertical effective stress at the centre of the soil layer "i"
(2) If the analyses of base resistance in cohesive soil utilise an area of the pile base which is larger
than the associated contact area between the soil and structural material, the applied effective base
area of the pile shall be documented.

(3) For the determination of the pile base resistance, the strength in the layers above as well as be-
low the pile base level shall be taken into account.

(4) For driven piles with the base in hard clay till, defined by ¢, > 300 kN/m?, the following empiri-
cal expression can be used:

Rb;cal =18 cy Ap

For c, between 150 kN/m? and 300 kN/m? linear interpolation between a factor 9 and 18 can be
used.
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(5) The regeneration factor, r, depends on the strength of the clay to the effect that » decreases with
increasing strength. Where a direct determination is not carried out, the regeneration factor for co-

hesive soil may be taken as r = 0,4, when the strengths used in the calculations do not exceed ¢, =
500 kN/m?. For geostatic calculation of the downdrag, » = 1,0 shall be assumed.

(6) In the event that the piles are subjected to downdrag in a serviceability limit state, resistance
contributions from the layers with downdrag shall only be taken into account in the ultimate limit
state to the extent that it can be verified that the shaft resistance in these layers is mobilised in the
ultimate situation.

(7) Bearing resistance contributions shall be determined taking into account the effect of any pre-
drilling for driven piles, bitumen cover as well as uplift of adjacent piles during installation of
driven piles.

(8) For pile groups, where pile uplift is a possibility, it shall be checked by levelling of the pile top,
whether pile rebound occurs. If the rebound exceeds a limit value determined based on the settle-
ment conditions, re-driving shall be carried out, or the base resistance shall be ignored.

(9) For piles with the base in non-cohesive soil, the geostatic calculation of the base resistance is so
unreliable that it shall not be used for the final determination of the compressive resistance.

(10) For bored, in situ cast piles in soils, the bearing resistance may be considerably lower than for
corresponding driven piles. A positive shaft resistance greater than 30 % of the shaft resistance of
the corresponding driven pile or a design base resistance greater than 1000 kN/m? shall not be as-
sumed, unless recognised documentation allowing a larger bearing resistance is available.

(11) Piles in limestone and chalk require special measures when assessing the bearing resistance.

NOTE — When piles are driven into limestone or chalk, the structure of these deposits may change significantly, and
any potential strength recovery in the limestone/chalk may be uncertain. Consequently, the shaft resistance may be in-
dependent of previously measured in situ strengths. It may be necessary to use a combination of geostatic calculation,
bearing resistance determined on the basis of driving resistance, and/or dynamic load tests correlated with static load
tests.

L.2  The Danish Driving Formula

(1) For piles driven into non-cohesive soil, the characteristic ultimate compressive resistance, Rc;x,
can be determined using the "Danish Pile Driving Formula".
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_ _ Tldymm
Rc;k - Rdyn;k - 5
where
__1hG
dymm
T 540,5s,

2nhGL,
TN AE

1 =1,(1-u-tan0)

n efficiency factor
o efficiency factor for vertical leader
u friction coefficient between hammer and leader

(v ~0,1 — 0,4depending on winch, leader, hammer etc.)

0 inclination of the leader

G weight of the drop hammer

h vertical component of the drop height
s the permanent set of pile per blow

Lp pile length
A cross-sectional area of the pile

E modulus of elasticity of the pile.

The formula assumes the use of the following values of the moduli of elasticity:
Concrete piles E =20 - 10°® kN/m?
Timber piles E =10 - 10% kN/m?
Steel piles ~ E =210 - 10° kN/m?
For piles shorter than 20 times the pile width, the mean value of the actual pile length and 20 times

the pile width should be inserted in the pile driving formula. For timber piles, the mean diameter is
used for calculating the area A. For steel piles, 4 is the cross-sectional area of the steel.

(2) Driving resistances are determined based on the driving result at the end of driving, or after a
short driving break.

(3) In Geotechnical Category 1, the "Danish Pile Driving Formula" is allowed to be used when the
pile toe is driven into competent layers.
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(4) If another formula than the Danish Pile Driving Formula is applied to determine the bearing re-
sistance of compression piles, the validity of the formula is to be based either on recognised docu-
mentation or static load tests on the same pile type, of similar length and cross-section, and in simi-
lar soil conditions.

L.3  Serviceability limit state

(1) An evaluation of the serviceability limit state for all pile foundations shall be carried out, see
DS/EN 1997-1, clause 7.6.4, taking into account any downdrag and surcharge load.

NOTE — The downdrag is defined as the negative skin friction on piles and foundation sides above the level, where
piles and the surrounding soil settle equally. On the safe side, this level can be chosen, corresponding to the top of the
competent layers.

(2) For piles in Geotechnical Categories 1 and 2 as well as for end bearing piles transmitting the
load to the ground, which can be characterised as competent in consideration of pile load and possi-
ble load from fills, the analysis of the serviceability limit state can normally be reduced to an equiv-
alent failure calculation as follows:

Rb;cal + Rs;cal

Fog + Feg <
V§ Yr
Fe.a design axial compression load in the ultimate limit state with the square-root of
partial factors for load combination STR/GEO without contributions from
downdrag
Freg design downdrag of the pile using partial factor )z = 1,0 and correlation factor & =

1,0, determined as the lower value of the shaft resistance above the competent
strata or the settlement-generating load

Rp;cal, Rs;car part of the calculated bearing resistance of the pile, originating from the compe-
tent strata below the settling strata. For piles in Geotechnical Category 1 as well

as for end bearing piles, Rp,cai + Rs;car shall be replaced by Raynm minus any shaft
resistance from the settling strata during driving.

& correlation factor according to clause A.3.2 of this National Annex

R partial factor in accordance with Tables A.3-2 NA, A.4-1 NA and A.4-2 NA.

NOTE - Late glacial and older deposits are usually considered to be competent in this context. There are, however, sev-
eral important exceptions — e.g. late glacial soft soil deposits, inter-glacial marine and marsh deposits as well as high
and very high plasticity clays and chalk.
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(3) For geostatic calculation of downdrag, the upper characteristic values of the soil strength should
be applied.

NOTE — The maximum downdrag can be determined as the smaller of the two following values:

- the geostatically calculated skin friction in the deposits above the competent strata

- the settlement-generating actions within the volume, which is limited downwards by surfaces inclined 1H:2V
intersecting the pile cross-section at the base of the non-settling strata. Only the part of the settlement-generating
action which corresponds to the settlements that will occur in the settling strata after driving of the pile shall be
taken into consideration.

RS F NI
f{-; 2 oA
o

settling strata (T~ Y PN UK

competent strata |

(4) By experience, downdrag may be reduced by coating the pile in and above the settling strata
with bitumen. For concrete piles cast in smooth formwork and coated with 1 mm bitumen with pen-
etration 70-100 under controlled (dry) conditions, the geostatically calculated downdrag (see above)
in a serviceability limit state is assumed to be reduced to less than 10 kN per m? concrete surface.
Not less than 25 % of the full value should, however, be taken into account without closer investi-
gation due to the risk of damaging the bitumen layer during driving.

NOTE — The effect of the bitumen depends on how fast the shear stresses along the bitumen layer build up. The speci-
fied guidelines for its effect are only applicable when the stresses build up slowly in connection with the settling (or
heave) of the surrounding soil, and not for shear stresses from dynamic actions (including dynamic impact pile tests).

(5) Specification of bitumen shall be according to DS/EN 12591.

L.4  Driving

(1) For all driven piles, the driving shall be recorded in a driving record containing all the relevant
information about the driving (number, type, and dimension of the pile, pile rig type, hammer type,
hammer weight and drop height, use of follower, ground level, toe level at the end of driving as
well as notes on special conditions such as driving breaks, suspicion of a broken pile, pile head
crushing etc.).

(2) Pile driving should normally be initiated by pile driving tests of approximately 5-10 % of the
number of piles (but not less than 2-3 piles), recording the entire driving sequence. Test piles should
be placed near the geotechnical investigation points. For the remaining piles, it is usually sufficient
to record the driving sequence on the final part of the driving - typically over the last 1-2 m. When a
follower is used, the driving sequence shall be recorded both before and after the follower has been
mounted.
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(3) The pile shall be driven in such a way that damage is avoided.
NOTE - The risk of damaging the pile during the driving may be reduced significantly by not using a greater effective

drop height 7k, or by using a smaller ratio of the hammer weight (G) to the weight of the pile (Gp) than the values given
below:

max 7h min G/G,
- reinforced concrete piles approx. 1 m approx. 0,8
- steel piles approx. 2 m approx. 1,5
- timber piles approx. 4 m approx. 1,0

(4) By »hard« driving (corresponding to s < 0,1 s¢) the driving shall be adjusted to avoid damaging
the piling material.

(5) »Soft« driving of concrete piles, corresponding to a set s > 0,02 m (less than 10 blows per 0,2 m

pile settlement), shall be avoided, if necessary by reducing the drop height. The requirement does
not apply, if the pile penetrates partly or fully by its own weight and the weight of the hammer.
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