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SADRZAJ EC7

* EC7 — Geotehnicko projektovanje — Deo 1: Opsta pravila

 EC7 — GeotehniCko projektovanje — Deo 2: Istrazivanje 1 1spitivanje tla

« Zahteva se izrada dva dokumenta
 Geotehnicki elaborat — na osnovu EC7-2

 SadrZi nalaze 1z terenskih radova 1 laboratorijskih ispitivanja

 Faktografske prirode — ne treba da daje preporuke o usvojenim parametrima tla i njihovoj daljoj
primeni

* Geotehnicki projekat — na osnovu EC7-1




SADRZAJ EC7-2

« EC7 — Geotehnicko projektovanje — Deo 2: Istrazivanje 1 ispitivanje tla (23
Informativna Aneksa/Priloga)

 Opste; Planiranje istrazivanja tla; Uzimanje uzoraka tla i stena i merenje podzemnih

voda; Terenska ispitivanja tla i stena; Laboratorijska ispitivanja tla i stena; Izvestaj iz
1straZivanja tla

* Prilozi: A— Lista rezultata iz ispitivanja sa GT standardnim testovima; B — Planiranje
GT istrazivanja; C — Primer odredivanja pritisaka podzemne vode zasnovanih na
modelskim I dugotrajnim ispitivanjima; D — Testovi penetracije sa konusom CPT |
pijezokonusom CPTu; E — Presiometarski test; F — Test standardne penetracije SPT; G
— Test dinamickog pobijanja DP; H — Test sa tegom; | — Terenski test krilne sonde

FVT; J— Test sa ravnim dilatometrom FD; K — Test sa optere¢enjem sa ravnom
ploCom;




SADRZAJ EC7-2

» EC7 — GeotehniCko projektovanje — Deo 2: Istrazivanje 1 ispitivanje tla (23
Informativna Aneksa/Priloga)

* Prilozi: L — Priprema uzoraka tla za ispitivanje; M — Informacije o ispitivanjima za
klasifikaciju, identifikaciju i opis tla; N — Hemijsko ispitivanje tla; O — Ispitivanje
indeksa ¢vrstoce tla; P — Ispitivanje otpornosti tla; Q — Ispitivanje stisSljivosti tla; R —
Ispitivanje zbijenosti tla; S — Ispitivanje propustljivosti tla; T — Priprema uzoraka
stenskog materijala za ispitivanje; U — Ispitivanje klasifikacije stenskih materijala; V —
Ispitivanje bubrenja stenskog materijala; W — Ispitivanje otpornosti stenskog materijala




SADRZAJ EC7-2

* Svaka drzava priprema tzv. Nacionalni Aneks

* Sadrzi Nacionalno opredeljene parametre:
* lzjasnjavanje po:
« PP (DA)
* PK (PF)
* Primenljivosti postojecih informativnih aneksa,
* Dopunjavanje sa lokalnim iskustvima (odredene preporuke, uvodenje postojecih ,,standarda‘*)




SADRZAJ EC7-2

* EC7 — GeotehniCko projektovanje — Deo 2: Istrazivanje 1 ispitivanje tla
* Ispitivanjima posvecéeno po 2-3 stranice
* Opste, elementarne informacije
* Poglavlje 4 — Terenska ispitivanja tla i stena
4.3 Testovi konusne i pijezokonusne penetracije (CPT, CPTu)
4.6 Test standardne penetracije (SPT)
* Nacin provodenja ispitivanja obuhvacen 1 pokriven ISO
« CPT/CPTu: EN ISO 22476-1, EN 1SO 22476-12

 BAS EN ISO 22476-1:2014, Geotehnicko istrazivanje i ispitivanje - Terensko ispitivanje - Dio 1:
Ispitivanje elektricnim statickim konusom i ispitivanje konusnim penetrometrom (CPT i CPTU)

« SPT: EN ISO 22476-3

 BAS EN ISO 22476-3:2009, Geotehnicko istrazivanje i ispitivanje -Terensko ispitivanje - Dio 3:
Standardno penetracijsko ispitivanje i BAS EN ISO 22476-3/A1:2012, Geotehnicko istrazivanje i
Ispitivanje -Terensko ispitivanje - Dio 3: Standardno penetracijsko ispitivanje- Amandman Al
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SADRZAJ EC7-2

Cadle to Computer

Electric Cone
Penefmometer 1. Saturation of Cone Tip Cavities
with 80* Apex: and Placement of Pre Saturated

d = 38 mm (10 em®)
of
4 =44 mm (15 cm®)

Porous Filter Element,

2. Obtain Baseline Readings for
Tip. Sleave, Porewater Trans ducer,
& Inclinometer Channels

* EC7 — Geotehnicko projektovanje — Deo 2: I

4.3 Testovi konusne i pijezokonusne penetracije (CPT,

Cone Penetration Test (CPT)

per ASTIID 5778 procedures

faclinon eter

f, = sleeve friction

U, = porewater pressure
& = net aea tatio (from triaxial calibration)

. = measured tip stress or coneresistance

AAA

4, = comected tip stress =q. + (1-a)u,

/

Continuous
Hydraulic Push
% 20 mm/s, Add
rodevery 1. m

Cone Rod
(36 nun Ham.)

411 Ohjectives

(17 The chjective of the cons penetration test (CFT) is o determine the resistanoes of soil and =aft
Tack to the penetration of 2 cone and the local friction on a skeeve.

[21P The CFT consists of pushing 2 cone penetrometer vertically inte the soil using a smies of
push rods. The cone penetrome e shall be pushed into the =ail at a constant rabes of penstratian
The cone penetrometeT compriz s the cone and iff 2ppropriabe 2 cylindrical shafi or friction
slezve. The penetration resistance of the cone () as well ax, if appropriake, the kocal friction on
thes friction skeeve shall be me assred.

(3P For electrical CFTs, all measurements shall be made by sersors contained in the cone
[Pz e Lroeme ke T

(4} Far mechamica]l CPTs, the measurements ans gemerally made mmaoikely.

[3) The piezocons penetration est, CFTL, i anelectncal CPT, which includes additional
instrumentation io measuns the pors walker pressure during penetration at the kevel of the base of
thee come.

(6) The CFTL) pzsults should be used mainly for the determination of a sofl profile (ogether with
mesults from sampling by drilling and excavations according to Section 1 ar in comparison with
other field texts.

[T) The mesults may also be usd for the determination of geotechnical paremeiers such as the
siength and deformation properties of soil and soft rock provided penetration is possible, and for
dizsct input to design methods, penemily in coarss and fine soil but also possibly in other

e poesi 5.

(B) The mesults may also be usesd to determine the length of piles and their compressive or tensils
mexistanoe ar e dimensions of shallow foundaticns.

4.1.1 Specific requiremenits

[13P The tests shall be camed out and rs poried in accordance with a method that conforms to the
meguirements given in EN 120 22476 | for the electmical CPT and CFTU, or EN 150 Z2476-12
fior the mexchanical CFT.

[ZiP When planning the st programme for 2 praject, the following items shall be decided in
addition to the mequinsments given in 4.2.1:

— type of reguired cone penetration test according to EN IS0 22476- 1 or EN 150 2476-12;
— depth and durtion of pone pressur: dissipation fests, if applicable.

[F)P Amy devialion from the requizmments given in EM 150 Z2476-1 or
EM 150 2247 6- 12 shall be justified and reporied. In particular, 2oy nfluence on the msulis shall
be commented upan
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* EC7 — GeotehniCko t

e 4.3 Testovi konusne

[13F In addition to the mguinzments given in 4.2, the field and test noports acconding to
EN 150 Z2476-1 or EN IS0 2247612 shall be used for evaluation purposss.

[2)P Possible geotechnical influenoes on the penetration resistance shall be considered in
evaluating the test nesults, e g. in clays, the cone pememticn resistanoe comecied for pore waker
pressum & ffects, (g, should be ned in evaluation.

434 Use of test resubis and derived values

4.3.4.]1 Hearing ressstance and setileme nt of spread foumdations

[13P If the bearing resistance or the settlement of a spread foundation is derived from CFT
results, sither a s mi-empirical or an analytical design method shall be used.

HOTH Ben for example, HH 1957 E3004, Anmes I or

[23P If a wemiie mpizical method ix used, all the features of the method shall be taken into
BocoumL

HOTH  IE, for instmce, the wemi-empinice] method o Seemine: te = memenl of spesd (omdasons from CFT
msuls is wed (s [ 7, only Young's modules of elesticity devived from g is applied i fis pertioolar methnd =
s in e example.

[3) If the sample analytical methed for bearing rexistance of Annex [V in EN 1997-1:3HM is
ussd, the undmined shear strength of fins soil, (o) may be determimed fior a CFT from:

-4
. e

(4.1
N e

Or, in the case of & CPTU, from:

i

o= (42
where
g is the come penetration nesistance
a is the coms penetration resistance cormected for pore water pressuns ffects;
N and Ny ame cosfAcients estimated from local experience or elizble comelations
Fea is the imitial total vertical overburden stress at the depth under consideration;

(£) If the sample analytical method for bearing resistance caloulation of Anmex [ of EN 1597
1200 is mssd, the angle of shearing resistance (@) may be dotermined from the cone pzsistanoe
(g} an the basis of kocal ex perience, taking inio account depth effects, when nelevant.

NOTH I  Anexampie of reages of »alue o esimaie ' from g, for quarte znd feldspar sands is given in D01, for
estmating the bearing e sistane of spread (nmdations when & pthefiects do not need o be ken inlo sooount

NOTH?Z  In addition, m example for acomelation befweeng? and g for poorty- graded sands is given in D02 The
oore lation gven in 0.2 shoald e mrsiderd 5 giving a comervalie extimalke

[5) Mare elzborate methods may alzo be wsed for determining@ from g, aking nlo account the
effioctive vertical stness, the compee ssibility, and the over-consolidation miia.

\

6] i an adjusied elasticity method is wsed for calculating sebile ments of spread foundatives from
CPT results, the comelation be tween cone nesistance () and the drained (long erm) Young's
madulus of elasticity (') depends on the matune of the methot the semiempirical elasticity
method, ar the theorstical elastic method.

NOTH  Anadjused elsticity method i green in EN 1997- 122004, Aanes

T (7 Semni-empirical methods may be used for caloulating settlements in coars sail.

ROTH  Anexample is gisenin 23

|- [8) When a theometical elastic method is wsed, the drained (long erm) Young's moduolus of

elasticity (') may be delermined from cone rexistance (gc), on the basis of local experisnce.

HOTH
=

Anexample of sample valees for querte and Eldsper sads is gieen @0 0 esimaie 2 vale of E' from

9} Comelations between the cedometer modulus {Eow) and the cone mesisiance (g:) may also bes
usm d when calculating s tlements of speead foundations. The following relationship betwesn
o and g is afien adopled:

Emi= asge (4.3)
wheme
i is a comelation factor depending on local experience.
HOTH  Anexample of a cormelalion is given in Dd.

(109 W ke 2 thecnstical elastic method is used to calculate the settlements of spread foundations,
a stmess dependant op dometer modulus (K ), based on g, may be used.

ROTH I For examples of teoretical elasiic metusds, e BN 1990 E2004, Aonnex

NOTH2 Examples of comelalions between g, and F g ame given in D5 The comelalions gieen in 005 shookd be
considemd & coneereate eslimates.

4.1.4.2 Pile bearing resistance

(T3P If the ultimale compnessive or tensils resistance of piles acoording to EN 1997 1: 3004,
T.623 ar 7.4.3.3 is derived from CPT resulis, calculation rules bassd on kocally extablished
oamelations between the msults of static load tests and CFT resulis shall be used.

KOTHI  Anexample fior such comelatons for coarse sodl is shown m D06

NOTH2 Anexample is giren for te assesonenl of te compessie resisence of 2 single pile on the besis of g
wales from & CPT in L7
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4.6 Test standardne penetracije

4.6 Standard penetration test (SPT)

A6 1 Objectives
{17 The ohjpctives of the stamdard peretration st ane the determinstion of the resistance of soil

ot the base of a borebaole to the dynamic penetration of a split barme] sampler {or solid cone)) and

the ohiniming of disterbed samples for identification purposes.

[2)P The sampler shall be driven inio the soil by dropping a bammer of §3,5 kg mass onbo an

anvil or drive head from a height of 760 mm. The number of blows (V) necessary to achieve a
peetration of the sampler of 300 mm (afier its penetration under gravity and below a seating

drive) is the penetration mesistane.

(3) The test showld be used mainly for the determination of the strength and deformation
properties of coarse soil.

(4) Valuable sdditiomal data may alse be obtained in other types of seil.

4.6.2 Specific requiremenis

(3P The tests shall be camied out and peporied in accordance with EN 130 22476-3.

(2P Any deviation from the requissments given im EN 150 224763 shall be justified and in
particular its influesnce on the msulis of the test shall be commenied wpon

463 Evahmtion of test resalis

(1P In sddition ta the souirments given in 4.2, the field and test neports accanding to
EN 150 22476-3 shall bes weed for evaluation purposes.

[2)P Existing design methods of foundations based on the SPT ax of empirical natare.
Equipment-nzlaied opemating methods hove been adapted i obtain mone neliable el
Therefane, the application of approprisis comection Factors for inberpreting the resolis shall e
cansidered (see EN IS0 Z2476.3).

EN 1997-2:2007 (E)

(3P The eneTgy mtio (E;) has to be known for the equipment if the nsults ame i be ned for te
quantitative evalustion of foundabioes or for the comparison of the resulis. E; is defimed ax the
matio of the achzal eneTgy Epa {measunsd energy dusing calibration) delivened by the drive-

wei ght assembly into the drive rod below the anvil, to the theonetical energy (£, ) 2s caloolaed
fiar the drive-weight assembly. The measured number of hlow s (W) shall be comected accondingly
[se= EM 190 12476-3).

[4) In sands, the energy losses due to rod kngth and the effiect of effective overburden pressure
shomld be tnken into aocount accordingly (ees EN 50 22476-3: 2005, A2 and Ad).

(5} Other comections should be considemed, such as taking inte sooount the wes of liners (see
ENM 150 I2476-3: 1005, A_3) or the use of a solid cone.

464 Use of best resulis and derived vahes

4641 General criterin

(1) When dealing with sands, awide empirical ex perienoe in the use of this kst is available, such
ms For the quantitafive evaloation of the density index, the bearing nesistance and the ssttlement

of foundstions, esven though the menlts should be considessd ax anly a rough approxi mation.
Mot of theexisting methods e still based oo uncomecied or partly comected values.

[2) Theme is no peneral agreement on the uss of the SFT mesulis in clayey soil. In principle, it
shomld be restricted to a qualitative evalmtion of the soil profile or to 2 qgualibtive extimae of
the strength properties of the soil.

[3) The SPT mosults may sometimes be usd in o guantitative way in cloyey soil under well
Inorwn bocal conditions, when dinsctly comelsted to other spproprise et
4.6.4.2 Bearing ress of spread foandats

(1) If an mnalytical method for the caloulation of bearing resistanoe is med, the effective angle of
sheaning resistanoe {§f) may be derived from SPT nesubis

in sands

HOTH
1l

of amatytical methods for e caloulation of bearing resistanoe, see HN 1997 £ 2004, Anmex
[2) The value of @' may be derived empirically from:

—  dimsct cormelatons with SPT nesulis;

—  comelations with density index, whers thy density index is derived from SFT nesults

HOTH 1 See (orexample 1 snd F2

NOTH2 The elaSonships giwen oL can ke wesd fo deiermine e density indes Iy from eser S or (3 ha
[ FN IB0 22476-3)

[3) The mesistanas of sand to deformation is often incrsased the longer the peolegical period of
oonsalidation. This "apeing " effect is reflected in higher biow counts and showld be tsben into
mooount

(&) Over-oonsalidation should be t2ken intn account because it increases the blow counts, for the
same values aof fn and o'y

{6l

EN 1807-2:2007 (E)

NOTHI  InF., some sampie comelations ax shown By S means of which the effiect of both ageing and over-
consolidation can be teken inko sccomt.

HOTH2  When coreciiag for over-consclidation and ageing effects, the msuliant derived ¢ vales, using e
drnsity index, from the conelaions in .2 can be conserealive.

}

"

46435 of spread foundations in sand
(13 i 2 punzly elastic design method is used, the drained Young's modulos of elasticity {£) may
be derived from the N-values through empirical comelations.

(2) Altermatively, the density index may be derived bassd an the Ng-valve. Then an approprize
carmelation may be used to obtain E' through the density index.

(3) The direct design methods ane based on comparisons of the N-values and results of plate
lnading iesis or moords of measwed settlements of foundations. A llowable bearing nesistance for
amaximum settement of I5 mm or the settlement cormsponding to a given applied pressure can
be obizined throegh the cormesponding procedures with refersnce to the width of the footing, its
embedment in the ground and groundwater table position.

NOTH  The sample methed for he caloulation of the seifiemenls cawssd by spread foundations in sand, as given
nF3 can be wed

4.6.4.4 Pile bearing resistance in sund
(1P 1f the ultimae compressive or tensile resistance of piles is derived from SPT results

according io EN 1997, 1: 2004, 7.6.23 ar 7.6.3.3, caboulation neles based on locally established
comelations between the vz sults of static load test and SPT results shall be used.

4
¥

Standard Penetration Test (SPT)
Per ASTM D 1586

Need to Correct to a Reforonce
Energy Efficiency of 60%
(ASTMD 4633)

First Increment

Hallo w Sampler Deivenin

k'émlo.smloqsnl
3 Successive

SPT Resistance N -weluc)
of “Blow Courts” is total
nurmber of blows to drive
sarrpler last 300 o (or
Dloves per foot),
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* EC7 — GeotehniCko projektovanje — Deo 2: Istrazivanje 1 ispitivanje tla
 Poglavlje 4 — Terenska ispitivanja tla i stena
4.3 Testovi konusne i pijezokonusne penetracije (CPT, CPTu)
4.6 Test standardne penetracije (SPT)
* Informativni prilozi sa primerima:

« D-CPTIiCPTu; (BAS EN 1997-2-NA: D — ostaje informativan)
« F—SPT; (BAS EN 1997-2-NA: F — ostaje informativan)
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Annex I
(Informative)

Cone and piezocone pene tration tests

L1 Example for deriving vabues of the effective nngle of chearing resistance and drsined
Young's modulus

(1) Table .1 is anexample that can be usd io derive values, from the value of g, of the effective
angle of shearing resistance (') and draimed {(long erm) Young's modulus of elasticity (57 ) for
quarts and feldspar sands, for caloulations of the bearing resistanos and setilement of sporsad
foursdations.

(2) This example was chtxined by cormelating the mean value of g in a layer o the mean values of
Fand E.

Takk L1 — An example for deriving valuses of the cffective angle of shearing resistance (@)
wnd drained Young's modulus of elusticity (E7) for quarts and feldspor sunds from cone
penetration resistance (g}

Cone resistance {gc) Effective angle of | Drained Yeoung's

Density index {from CPT) shearing medubus®, (£}
resistance", (@)
MPa = MPa

Very looss 00- 23 531 < 10
Loom I5-50 3135 10 -2
Medium dense 50— 10,0 3537 030
Denss 10,0~ 20,0 3T-40 30 - 60
Very demse = 0.0 40— 42 0 - 5
]

Walues given am valid for sands. For silty soil a reduction of 3° should be made. For
gravels 27 should bo added.

' is an approsimation to the stress and time dependent secant modulus. Values given
fr the drmimed modilus comespond (o ssitlements for 10 years. They ans cbitxined
assuming that the vertical stness distribution follows the 21 appros imation.
Furthermore, some invest gations indicate that thess values can be 50 % lower in sty
soil and 50 % higher in gravelly soil. In over-consolidated coarse soils, the modulus can
e considerably higher. When calculating settlements for ground pressunzs greater than
273 of the design boaring pressure in wltmate limit state, the modulus should be set o
hhalf of the values given in this isble.

L]

HOTE  Thisexample was published by Berpdablelal (1993 Por addisonal information and domuneals
Eiving cxamples, we X3 L

.2 Example of o corre lation between the come penetration resistance and the efective angle
of shenring resistance

(1) The following is 2n example for doriving the effective angle of shearing resistance { @) from
CPT come penetration resistance {gc) in sands.

111
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(2) The determimistic cormlation rads as follows:

@=13321gg+23
whene
@ is the effective angle of shearing rexistance, in ®;
g- s the cone penetration msistance, in MPa.

Thiz malationship is valid for poorly- graded sands (O, < 3) sbove ground =t end meee

penetration nasistancss in the ranpe 5 MPa< g.< 28 MPo

HOTH 1 The example was esiablished from elecirical cone peneiromeier fesds and 12

NOTH?  Thisexampl was poblished by Sienealet sl (1978) and in DIN 4094 1 (X
and docunenls giving examples, e X300

.3 Example of o methed to defermine the setibement for spread fou

(1) The following is 2n example of a semi-empirical methoed for caloulal
foundations in coarss soil. The valee for ¥oung' s modulus of elasticity |
penetration nesistanae (g:), bo be used in this method i

— E = 2.5 g, for sisymmetric (circular and sguare) foundations; and
— E' =133 gy, for plane strain (strip) foundations.

[2) The settement () of a foundation under load pressore (g) is o presa

ET L] B g T ILd:
O E
whene
Oy i 1— 05 % [dhally — Pl
C; B LZ+0Z2x0gs;
3 s the comection factor for the shape of the spread foundation:
— 1,25 for squane foundstions; and
— 1,75 for strip foundstions with I 5 108,
Oy % the initial effective ventical stness a1 the level of the foundation;
i i the time, in yours
I; = 2 strain influence Factor (s below).

(3) Fagure [.1 gives for axisymmetric (circular and sguare) spread foun
[strip spread foundations) the distibution of the vertical stmin influence

HOTH 1 The cone pemeialion esisiince {g) in this exampl siems from measoem
TOIe PeTe Pome er

NOTHZ Thisexamgl was poblished by Schmermam (1970} and Schrerimaan =
information md e amples, e X3 1

EN 1887-2-2007 (E)
A
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riggd footiag eriical sin nfluence facior I,
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K-Sy T (L =1

plame sirin L8> 10)

B2 jm - symmetricy, B dplane siring

depth oy
Figure .1 — Strain infloence facior diagrams

]

D.4 Example of o correlation between the oedometer moduhes and the cone penetration
resisiance

(1) Table .2 gives example of valwes of a (see 4.3.4.] (5 Equation 4.3} for various types of sail
s function of the cone penetration m sistance.

HOTH This exampie was pablished by Saaglerad {19724 For additional mformation and e xampies, see X231

113
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Takble [L1 — Expmples of valoes of af

Sail g [
Low -plasticity clay 2% 07 MPa Ia<i
07 < g <2 MPa s £
ge= 2 MPa I<acls
Low -plasticity silt goc 2 MPa Izaet
g.= 2 MFPa lea<l
Wery plastic clay
Very plastic silt g 1MPa L
gc> 1 MPa I
Wery organic silt g 1,2 MPa e 3 1
Peat and very arganic clay g < 0.7 MPa
50< ws 100 1L5<a<d
100 < w= 300 I<a< 5
w o WM a4
Chalks: Iag =3MPa Qea=d
ge=3 MPa 1.5« a3
Chalks: Iog.=3MPa e awd
ge> 3 MPa 15« ae3
D5 Examples of the: st ress-db L = From CPT results

(1) This is an example of the derivation of the vertical stss

I cedomeieT sttlement

dependenl
modulus (Eay), fequently rmoommended for sstilement calculation of spread foundations, defined as

Fallows:

Epg=™ v.l

whene

wy isthe stiffness cosfficiont;
wy isthe stiffness exponent;

# g+ 0540, |2
]

for sands with a uniformity coefficient Cy £ 3, wo= 05;
for clays of low plasticity (7, < 10 wy S 35) wa= 0
oy is the effective vertical sizess at the base of the foundation or at any depth below it doe o

everburden of the soil;

A, is the effective vertical sizss caused by the structure i the base of the foundation or at amy

depth below it;

P isithe stmospheric pressme;

I, s the plasticity index
vy i the liquid Timit.

114
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(Z) Valiwes for the stiffness cosfficient w) can be derived from CPT ssults using for example the
fallowing equations, depending on the soil type

Poarly- graded sands (), < 3) above groundwateT,

wi= 167 lgge+ 113 {range of validity: 5 £ < 30)

‘well-graded sands (i), 5> &) above groundwater;

wy= 463 1g go— 13 (range of validity: 5§ € < 30)
low plasticity clays of ak least siiff consistency (0,75 =1 < 1,30) and above groundwater (1; is the
oamsisency inde )

wi= 152g +50 {range of validity: L& = .= 3,5)

HOTH I The example was esiablished from de reslis of £sis @ried ol with ane lectrical cone penetrometer and
from laboraiony oedomeier e sts

NOTH2  These exampies wese published by Siewelei 21 (1578) and Eiedermann (1984) and i DIN $094-1-2002.
Por additional imformation mmd exampes, s X310

D& Example of o correlation between compressive resistance of n single pile and cone
penetration resistance

(17 In Tables .3 and [}4 examples ane given of established comel ations between the wsalis of
siatic load ests and CPT msults for coarse sail with Eitle or po fines. Unit base msistance py and
unit shafit resistance p, of cast in-sity piles 2 given ax a function of cone penetration resistance
lig=) (CPT) amd normaliss d pile head stflement.

Table 0.3 — Unit baze registunce py, of cast in-situ pikes in conrse: soil with litthe or no fines

Sormalised Unit base resistance py, in MPa,
settlement 0 | &t pvernge cone penetration resistnnes
sy i (CPT) im MPa
g =10 g-= 15 g =20 g =25
002 o7 L05 L4 L75
0a3 090 135 1,50 225
0,10 (= 55) 200 3,00 35n 4,00

WOTH mEemediae sahes may he SErpoled meaty

In the case of caslin-situ pilkes with pile bee enlargement, the vaiues sl be
multiplicd by 275

»  iste normalised pile head wltement

0, isthe dameter of te pile shaf

1, isthe dameer of te pike bee

5y st ulimaie it ment of pik bead

Table D4 — Unit shaft resistance p, of cost in-sito piles in coarse soil with litik or no fines
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HOTH I The example was esiablished from mesulis of iesis carmied st with 2 elecrical oooe ¢

NOTHZ  Thisexample was pohlished in DO 1054 (200200, Foradditional information ande

.7 Example of o methed to determine the compressive resistunce of o singh

(1) The following is an example of the delermination of te maximem bearing re
single pike cn the heasis of the g- valwes from an electrical CPT. In case of aver oo
came of an excavation aferexecution of a CPT, the g values should be reduced.

Average cone penetration

Unit shaft resistnnee p,

resstance g, (CPT)
MFPa MPa.
0 0
5 0040
1] 0,080
=15 0,130
NOTE  Inemmediste vabues may be ink ied Enearky

(2) The mazimum compressive mesistance of a pile follows from:

Fan™

where

F oy F o vt

Fomotmn™ A P o e

and

a

—— pj’-ﬂ.dﬂ
]

where
Ane

G

Fra
Ji———
ra——
Frasnks
Froa tax
Al

118

s the oress sectional anes of the base, ium-‘:

is the circumferznce of the pant of the pile shaft in the layer in which |

is placed, inm;

s the maximum compressive resistance of the pile, in MN;

is the manimum bas resistance, in MN;
s e momimom shaft ssistsmoe in MMN;

is the maximum urit shaft mesistance, at depth 7 in MP2
is the manimum unit base msistance, in MPa;

is the distance from the base of the pile i the bottom of the first sail |
base with g, < 2 MPx; momeover AlL £ the length of the enlarged part

applied, inm;

is the depth or vertical direction {positive dowmwands).
is the equivalent diameter of the base, in m;

EN 1887-2-2007 (E)

D= LllanE
a

where
a i the kength of the smaller side of the base ama, inm;
-] is the larger side, inm, withb< 1.5 i

(3) The maximuem base nesistance Pem-tee can be derived from the following equations

P—:-l-='1-5ﬂ,.lg-7

{9’:;--"’2‘1':&— i

and
Fesme 15 MPa

where
is the pille class factor given in Table [L5,

I
F:] is the Factor which takes account of the shape of the pile point as shawn in Figure DU3;

A i found by iI:!tﬂ])ﬂhﬁDﬂbﬁmn the bonders g'i_wn in Figuse [

3
5 is the Factor which accounts for the shape of the pile basesind is sstablished as follows

x =[-J +%1:pil +sing)

whem

ris 7R

I is the larger side of the nectangular pile point;

B is the smaller side of the metangular pik paint;

@ is the effective angle of shearing resistanoes.

is the mean of the g valwes over the depth runming from the pile base level to alevel
which is at least 0,7 Smes and at most 4 times the equivalent pike base diameter Dy
diew per (e Figune 0.2);

P Lowan

1
< bom = ;Iq:lrlz
with
0By < dow < Al

At the critical depth the calculaled value of P ey becomes 2 minimum;

is the mean of the bowest goyy values over the depth going upwards from the critical
depth i the pile bam (e Figun: 0.1}

Jmwan

I. o
Imn=—— | Ten 2
LEN

EN 1887-2:2007 (E)

ot

ix the mean value of the g values over 2 depth interval runming from pile base kevel o
a bevel of & times the pile base diameter abave the pils has, or, incas b > 1,5 xa upto
& aabove the pike base This proosdurne stars with the lowest go g value used for the
computation of g e (%ee Figue [L2);

|
q:n--—a _[qlc mdz

For continuouws flight suger piles, g ipmes canmot avooed 2 MPa, unless the results of
CPTs, which were performed at 2 distanos from the pike = | m afier pile fabrication are
used for the caloulation of the compee sive msistanos

(4) The maximum shaft resistanoe e it shoulbd be determimed = follows:

Pk, = CH e

where

iy

is the factor scconding to Tables 005 and Dug

Gexa is the cut-off valoe of g at depth z, in MPa

If gz = 12 MPa aver a continuous depth inderval of | m or man, then g = 15 MPa over this
interval
If the depth inerval with gega> 12 MPais less than | m thick, then g = 12 MPa over this imierval

Tablke D5 — Maximum vabues of & and & for sands and grov ey sands

Pile class or type [} a”
Soil displacement type piles, dizmeter = 150 mm
- driven prefabuicated piles, 1.0 Lo
— castin place piles made by driving a seel tube with Lo ooz
closed end. The sieel pipe is reclaimed during
comCTeting.
Spil myplacement Lype piles, diameter > 150 mm
- i i LE 0,006 *
- flight auger piles, e w3

bomed piles fwith drilling mud).

118

Wl valid for fae 10 coarse snds For wery mane sands 2 educkon oor of 075 is eeesary; for
graree] this reduction: facior 0.5

This vale is wed i the case of sppiying the mesois of OFTs which wer carried oal befooe pie
installation. When CPTs ax med i hawe been camied ot in te ity of e Qight 2uper pies, o may
B raimsd b 0,001
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Tablke D6 — Muximom & vabhes for clay, silt and peat

Soil type o L]
MPa
clay =3 = [ 00
alay =3 = 0,020
silk = 025
poat ]
g —a - oy - o

- T 2,
1 |
W A ¥ L]
ED Ny iy
s - s - I-dl -
= T
| |
' [! [ | [
180 [ [ |
| BE ‘ .
| =y
| : - 1 ! = 1 i

Figare [.2 — Explanation of g5, §on and gom

EN 1887-2:2007 (E)

Eay

1 bonderlie 1; fe 1.0
T bonderlioe 2 - 00
1 bonderlioe X - 0%
4 torderline &; f= 0.7
3 bonderline 5 = 00

Far H, g md diy sev Figome 02
Figure L3 — Pike fool shape Factor ()

HOTH  This example was published in MEN 143 L For additional nformation andexamples, s X310
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Annex F
(Informative)

Standard penetration test (SPT)
F.1 Examples of correlations between blow counts and density indices
(1 Examples of cormelations of blow counts and density indices am given beliow.
(2) The melatiorship hetweer the blow count (N, dersity inden By = (e, — )/ [fag —fug | and

theefective total (initial) stess of o (KPax 107 in 2 given sand can be represenisd by the
ErpEsKinm

1‘;— —a+hba’,

Iy

The parameters a and E in normally comsalidaied sands o nearly constant for 0,35 < fp < 0,85 and
05 < oo < 15, inlﬁx][?“.{m&k.mpmn 1986, Tabls )

(3} Far normally consolidaied natursl sand depasits, the comelation shown in Table F | has ben
estahlished hetween the mormalissd blow count () and iy

Table F.] — Correlntion between the normalised blow count (Ve and the density inde I

Very looss Lonse Ml edinem D nme: Very dense
Wil 0-3 3-8 E_25 542 41 58
Ia 0&-15% I5%-353% BH-65% G5®%-B5% E5%-100%

Far I > 0,35 it cormesponds 1o (N Jaffn” = 60

14} Far fine sands, the N.valwex should he reduced in the ratio 55:60 and for coarse sands increased
in the matio G560,

(5) The mesistanas of sand o deformnation is greater the longer the period of consolidation. This

"apoing" effect is mflecied in kighor blow counts, and appearns (o cawse an inceam in the
parameier o

Typical results for normally consolidaed fire sands are given in Table F.2

Tahle F.2 — Effect of ageing in normally consolidnted fine sunds

Age Wil
YEArs
Lahoratary tests 1o 35
Recert fills 10 40
Matural deposits =0 55
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1) Over-consalidation noeams the coofficient & by the factor:

13+2x Ky
1220 Ky

whene

Ky and Kpy: 2o the in-situ stress rafios between horizontsl and vertical effective stresses for §

over-consalidated and normally-consolidated sand respectively.

(T3 All the above mentioned comelations have been established for predomin
Their we in mare crushable and compressible sands, such as calcamsous cand
contaiming a non-negligible amount of fines, may lead i an undenestimation

NOTH  Thes examples wer pehlished by Siempion (1985). For addilional information 3

F.2 Examples of deriving valoes for the effective angle of shewring resists

(1) Table F.3 iz 2n example that can be wsed to derive values of the effective |
resistance of silica sands, (@ 7)., from the density index (). The values of @/
the angularity of the particlkes and the stress kevel (s Table F3).

Table F.3 — Correlation between the density index ('d) and the eMecth
resistnnce of silica sands, (@), in degrees

Density Fine Mlediem
index Iy
& Uniform | Well graded | Uniform | Well gmded | Uniforn
&0 M 35 34 i 3B
Gl k. 38 k-] 4l 41
B0 34 4l 4l 43 43
100 42 43 43 a4 4

NOTH  Thisexampie was published by the US Asmvy Corps of Engineers (1993). For addd
ETampes, w33 3

F.3 Example of o methed io caleulnie the settlement of spread foundation

(1)) This ix anexample of an empirical dinsct method for the caloulation aof i
soil of spread foundations.

(2) The setiement for stresses below the over consolidation pressuse s assun
comesponding 1o the mormally consolidabed sand. The immediate settlement,
footing of width B, in m, for an over consolidated sand, if §° = o, is then giv

I
L L :-cTc;(o'—u', per B
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whene

o s maximum previous overhurden pressume, in kP

§ & mmlggsﬁcuw foundation pressure, in kPa;

Iz mapfls;

ay s the foundation subgrade compressibility, AsfAy’, in mm&Pa

If g = of, them the eguation becomes

P xl?‘

And for pormally consefidaied sinds:
8y gy bt B 0

(3) Through 2 w gression analysis of stk ment reoonds, the value of I is obiained through the
exprEssion:

—u
Ie = LTVN

whene
N is the averzge SPT blow count over the depth of influence.

The stamdard error of oy vares from abeat 1,5 for & greater than 25 o LE for B less than shout
n

(4) The N-values for this particular emnpirical method should not be cormscied for the overbunden
pressure. Mo mention is made of the energy ratio (E,) comesponding bo the N.valees. The effect of
the water tahle is supposed to be already reflected in the measured blow count, but the comecton N
"= 15 + 5% (N — | 5) for submerped fine or silty sands should be applied for ¥ > 15,

In cases invelving gravels or sandy gravels, the SPT blow count should be incneased by & factar of
shout 1,25,

(51 The value of '? is given by the arithmetic mean of the measuned N-values over the depth of
influsnce, = 8", within which 75 % of the sitlement tkes place for cass whens N increases
or is constant with depth. Whes & shows  consistent decnease with depth, the depth of influsnce
is token as 20 or the bottom of the soft layer whichever is the lesser.

() A comection factor f; for the length-toowideh ratio (1JF) of the foendation

- 2
Lol
1 &

fs=

[
LEuﬁﬂ

should be applied. The valoe of f; ends o 1,56 & LB fends o infinity. No depth (£ cormection
Factor has io be applied for IVE < 3.

EN 1997-2:2007 (E)

(71 Founsdations in sands and gravels exhibit time-dependent bl ments. A cormection facior,
showld be applied to the immedize stilement given by:

=l + B+ B lgu)

where

£ is the cormection factor for time § 2 3 years,

B is the time-de pe ndent factor for the setilement that takes place doring the first 3 yoars afer
comstruction; and

K is the time-de pendent factor for the settlement that tskes place each bog oycle of time afer
3 years.

(8} Faor static loads, conservative valwes of Ky and & are 0,3 and 0.2 respectively. Thus atd = 30

years, f;= 1.5, For fluctuating leads {tall chimneys, bridges, silos, mrbines eic.), values of B> and K,

mx 0.7 and (.8 mspectively so that st f = 30 years, = 15.

HOTH  This example was poblished by Hurlznd and Aurbridge (1965). For additional infoemation and examples.
AT
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* Na osnovu rezultata i1z ispitivanja konusnom
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penetracijom (CPT), I uz koriS¢enje Priloga C
Evrokoda 7-2, proceniti fizicko-mehanicke

parametre slojeva istrazenog tla (bez podzemne ™ <
vode) 1 primeniti th u projektovanju plitkih
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per ASTMID 5778 procedures )
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' 700 \
¢ sleeve friction N
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u, = porewater pressure every 10 to 50 mat
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: a8 tip stres: resistance Vb
AAA 800
4, = comected tip stress = g, + (1-aJu,




CPT

 Procena broja i debljine slojeva tla
* Slojevi =tri
« Dubine: 5,20 m; 6,50 m; 7,20 m
 Debljine: 5,20 m; 1,30 m; 0,60 m

[em]

100

200

300

400

500

600

700

800

<UU oUU 40U U
I I
[TTTTTTT

gc x 100 [kPa]

FR [%]

g

\_/

\/
Vv

I~
1




C PT O \: qcxlOO[k%a] \\: : F‘R [‘%]‘
I | N
| I\
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 Utvrdivanje merodavnih parametara %I : '
° qC [MPa] 200 1\ : : :
° qC,1:3’O MPa | 1] : |
* (.,=12,0 MPa 3°°i | | vl
° qC,3:31’O MPa i i : ?\\>
* FR [%] g w ! 83
+ FR;=2,2 % | | | .‘§
° FR2:1,3% 500 7| . : _ .| .:--
+ FR,=0,8 % \ !
I |
N

800




CPT

100

* Procena odéekivanog ponasanja tla ?" !
* CIc [MPa] % m :5'
. qc,1:3,0 MPa .é i
+ 0,,=12,0 MPa 3 !
* .3=31,0 MPa . o
. FR [%] ?
° FR1:2,2% 2 :
+ FR,=1,3%

° FR3:O’8 % 0 1 2 3 4 5 6 7 8

Friction ratio Rf = fs/qc (%)

Zone: Soil Behaviour Type:

1. Sensitive fine grained 5. Clayey silt to silty clay 9. Sand

2. Organic material 6.  Sandy silt to clayey silt 10. Gravelly sand to sand
3. Clay 7.  Silty sand to sandy silt 11.  Very stiff fine grained”
4, Silty clay to clay 8. Sand to silty sand 12. Sand to clayey sand’

* Overconsolidated or cemented.




CPT

* Procena ocekivanog ponasanja tla
* 6 = sandy silt to clayey silt = prasina
« 8 = sand to silty sand - pesak
 9/10 = sand / gravelly sand to sand - pesak

Cone resistance q_ (MPa)

Zone:

BN

100

M B R RAL

10

| B W)

1

L ljhllll

1Yod

e
-

-
N
-

1

Soil Behaviour Type:

Sensitive fine grained
Organic material
Clay

Silty clay to clay

0~ N

3 4 5 6 7 8
Friction ratio Rf = fs/qc (%)
Clayey silt to silty clay 9. Sand
Sandy silt to clayey silt 10. Gravelly sand to sand
Silty sand to sandy silt 11.  Very stiff fine grained”
Sand to silty sand 12. Sand to clayey sand’

* Overconsolidated or cemented.




CPT

* Procena oc¢ekivanog ponasanja tla
« clayey sand and clayey silt
* sand
* dense sand

=
E=1

Cane Tip Resistan o q. (TSF)
z
N
|
|
| 1k
B
ﬁ*.ﬁ“-._‘ Savy fada
hs?l
1 ™ TTHHE
! BEEE
o 3 o 4 TH
e
1 | - r T+

Friction Ratio (%)




CPT

* Procena oc¢ekivanog ponasanja tla

Modifikovana
Smertmanova Usvojeno
klasifikacija

Robertsonova
klasfikacija

Debljina

4o}
(%2)
-}
c
o
v
S
o
o
)
@)

Odnos otpora
konusa i trenja
koSuljice

Az de FR
[m] [MPa]  [%]

520 3 2,20 Sandy siltto clayey silt  Clayey sands and clayey Clayey silt
silts
1,30 12 1,30 Sand to silty sand Sand Sand

0,65 31 0,80 Sand/ gravelly sand to sand Dense sand Dense sand
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* Procena parametara
 Raspoloziva uputstva u okviru EC 7-2

Table D.1 — An example for deriving values of the effective angle of shearing resistance (")
and drained Young’s modulus of elasticity (E*) for quartz and feldspar sands from cone

penetration resistance (g.)

b)

Cone resistance (g,) Effective angle of | Drained Young's
Density index (from CPT) shearing modulus®, (E?)
resistance?, (¢')

MPa ° MPa
Very loose 0,0-2,5 20-32 <10
Loose 25-50 32-35 10-20
Medium dense 5,0-10,0 35-37 20-30
Dense 10,0-20,0 37-40 30-60
Very dense > 20,0 40— 42 60— 90
¥ Values given are valid for sands. For silty soil a reduction of 3° should be made. For

gravels 2° should be added.

E' is an approximation to the stress and time dependent secant modulus, Values given
for the drained modulus correspond to settlements for 10 years. They are obtained
assuming that the vertical stress distribution follows the 2:1 approximation.
Furthermore, some investigations indicate that these values can be 50 % lower in silty
soil and 50 % higher in gravelly soil. In over-consolidated coarse soils, the modulus can
be considerably higher. When calculating settlements for ground pressures greater than
2/3 of the design bearing pressure in ultimate limit state, the modulus should be set to
half of the values given in this table.

NOTE This example was published by -Bergdahl et al. (1993). For additional information and documents
iving examples, see X.3.1.

D.2 Example of a correlation between the cone penetration resistance and the effective angle
of shearing resistance

(1) The following is an example for deriving the effective angle of shearing resistance (@) from
CPT cone penetration resistance (g;) in sands.

J 1997-2:2007 (E)

(2) The deterministic correlation reads as follows:

= LA &dc T &
@=135x1gg,+23

where
@ is the effective angle of shearing resistance, in %
g, is the cone penetration resistance, in MPa.

This relationship is valid for poorly-graded sands (Cy < 3) above groundwater and cone
penetration resistances in the range 5 MPa < g, < 28 MPa.

MNOTE 1 Theexample was established from electrical cone penetrometer tests and laboratory triaxial ests.

NOTE 2  This example was published by Stenzel et al. (1978) and in DIN 4094-1 {2002). For additional information
and documents giving examples, see X.3.1.
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* Procena parametara

 Raspoloziva uputstva u okviru EC 7-2

D.4 Example of a correlation between the oedometer modulus and the cone penetration

resistance

(1) Table I).2 gives example of values of ar{see 4.3.4.1 (9) Equation 4.3) for various types of sc

as function of the cone penetration resistance.

MOTE This example was published by Sanglerat (1972). For additional information and examples, see X.3.1.

Table D.2 — Examples of values of o

Soil e o
Low-plasticity clay ge = 0,7 MPa Jem<?
0,7<g.<2MPa 2em<s
ge =2 MPa l<a<2s
Low-plasticity silt gz = 2 MPa Je =6
ge =2 MPa lca<?
Very plastic clay
Very plastic silt g. <2 MPa Jea<h
ge>2 MPa <=2
WVery organic silt ge< 1,2 MPa l2ea<8
Peat and very organic clay ge=< 0.7 MPa
S0 < w= 100 l3<a<d
100 = we= 200 l<ax< 1.5
w = 300 o< 04
Chalks: 2<g.<3MPa 2wa<4d
ge >3 MPa 1L5<a<3

D.5 Examples of establishing the stress-dependent cedometer modulus from CPT results

(1) This is an example of the derivation of the vertical stress dependent oedometer settlement
modulus (Exq), frequently recommended for settlement calculation of spread foundations, defined as
follows:

{o'q+05Aa, "2
Eggq =i pu[ T2 2038
\ [N

where

wy 15 the stiffness coefficient;

wy is the stiffness exponent;
for sands with a uniformity coefficient Cy < 3, wy=0,3;
for clays of low plasticity (fp < 10; wi < 33), wy = 0,6;

a'y is the effective vertical stress at the base of the foundation or at any depth below it due to
overburden of the soil;

Ao’y is the effective vertical stress caused by the structure at the base of the foundation or at any
depth below it;

pa  is the atmospheric pressure;

Iy isthe plasticity index

w is the liquid limit.

(2) Values for the stiffness coefficient wy can be derived from CPT results using for example the
following equations, depending on the soil type:

Poorly-graded sands (Cy < 3) above groundwater;
wi=167 g g+ 113 {range of validity: 3 < g = 30)
well-graded sands (Cy > 6) above groundwater;
wi=4631gg.— 13 (range of validity: 5 < g.< 30)

low plasticity clays of at least stiff consistency (0,73 < [: < 1,30) and above groundwater (/- is the
consistency index);

wi=152g,+50  (range of validity: 0,6 < g, < 3,5)

NOTE 1 Theexample was established from the results of tests carried out with an electrical cone penetrometer and
from laboraiory oedometer tests,

NOTE 2 These examples were published by Serzel et al, (1978) and Biedermann (1984) and in DIN 4004 1:2002,

For additional information and examples, see X.3,1,

D.6 Example of a correlation between compressive resistance of a single pile and cone
penetration resistance
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* Procena parametara

« Raspoloziva uputstva u okviru EC 7-2
) qC
* 0.,=3,0 MPa, clayey silt
* 2,5-5 MPa: phi=32-35 deg = 32 deg; za prasine: -3! = 29 A€,y 1.1 — an example for deriving values of the effetive angle of shearing resistanee (g#)
* .,=12,0 MPa, sand B eteation tosltomen (g P sanls from cone
» 10-20 MPa: phi=37-40 deg = 37.5 deg Cone tesistanee (g | BHcetive angleof | Drained Youngs
« phi=13.5*logq,+23=13.5*l0og12+23=37.6 deg it e rom €40 e el

resistance®, (')

MPa : MPa
* 0.3=31,0 MPa, dense sand

Very loose 0.0-2.5 20-32 <10
. . . . Loose 25-50 32-35 [0 20
* 0.>20 MPa: phi=40-42 deg = 40 deg (ukoliko je sljunak: +‘2;}*ﬂmm dense S0 100 S 2030
ense 0 - 20, 37—« 30—
° qc>28 MPa ?L]\ dense > 20.0 40— 42 a0 — 90

Values given are valid for sands. For silty soil a reduction of 3% should be made. For

° P 1 I g - f I . 4 kl' X141 1 d g b l aravels 29 should be added.
rl O In Ormatlvan y moguce u JuCltl I ru e ta E e ¥'is an approximation to the stress and time dependent secant modulus, Values given
: ~ - 1 p  forthe drained modulus correspond to settlements for 10 vears, They are obtained
JednaC1ne' ne N a pr' ] pOStu pak Nonvaj Iera Za procenu ph“ assuming that the vertical stress distribution follows the 2:1 approximation.
Furthermore, some investigations indicate that these values can be 50 % lower in silty
soil and 50 % higher in gravelly soil. In over-consolidated coarse soils, the modulus can

be considerably higher. When calculating settlements for ground pressures greater than

2/3 of the design bearing pressure in ultimate limit state, the modulus should be set to
half of the values given in this table.

L =
NOTE  This example was published by Bergdahl et al. (199231, For addinonal information and documents
giving examples, see X 3.1,
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* Procena parametara
 Raspoloziva uputstva u okviru EC 7-2

.qC

0.1=3,0 MPa, clayey silt

» 2,5-5 MPa: E’=10-20 MPa - 12 MPa; za prasine:
0.,=12,0 MPa, sand

« 10-20 MPa: E’=30-60 MPa - 36 MPa
0.3=31,0 MPa, dense sand

-50%!

DIPMPa
and drained

penctration resistanee (g,

cexample for deriving values of the effective angle of shearing resistancee (@'
onng’s modulus of clasticity (777 for quartz and feldspar sands from cone

Density index

Cone resistance (¢,)

{from CI'T)

Effective angle of

shearing
uml‘mu (¢h

Drained Young's
I -
madulus”, (777

q.>20 MPa: E’=60-90 MPa - 70 MPa (ukoliko je sljungk

MPa MPa

Very loose 0.0-2.5 2032 < [0
oo QO/ ) 25-50 3235 10— 20
Medium dense 5,0-10.0 3537 2030
Dense 10.0 = 20,0 3740 30— 60
Very dense = 200 40-42 G0 — 00

il

aravels 2% should be added.

Values given are valid for sands. For silty soil a reduction of 3% should be made. For

E' 15 an approximation to the stress and time dependent secant modulus, Values given

for the drained modulus correspond to settlements for 10 vears. They are obtained
assuming that the vertical stress distribution follows the 2:1 approximation.
Furthermore, some investigations indicate that these values can be 50 % lower in silty
soil and 50 % higher in gravelly soil. In over-consolidated coarse soils, the modulus can
be considerably higher. When calculating settlements for ground pressures greater than
2/3 of the design bearing pressure in ultimate limit state, the modulus should be set to
half of the values given in this table.

L =
NOTE  This example was published by Bergdahl et al. (199231, For addinonal information and documents
giving examples, see X 3.1,
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* Procena parametara
 Raspoloziva uputstva u okviru EC 7-2
° qC
* (.1=3,0 MPa, clayey silt = very plastic silt
» l<alpha<2 < 1,2 - Eo0ed=3.6 MPa
* (.,=12,0 MPa, sand
» 1,5<alpha<3 (De Boer) - 2 - Eoed=24 MPa

Table D.2 — Examples of values of o

Soil e @

* 0.3=31,0 MPa, dense sand sy 0T <2 MPa acs
» 1,5<alpha<3 - 3 - Eoed=90 MPa VTR T Lt

: 22 MPa < o

o _ Very p]zuslj:c clay : : :
 Predlog-vrednosti iz izlaza iz softvera (prilikom ["*™*™ 52 b Sass

- - - Very organic si =< 1,2 MPa leas
automatske obrade podataka iz terenskih merenja) | ™™™ ! 3
Peat and very organic clay ge< 0,7 MPa

S0 < w= 100 l5<a<d
100 < w= 200 l<a< 153

w = 300 o< 0.4

Chalks: 2<g,=3MPa 2ea<d
gc >3 MPa L5<ae3
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* ProraCun sleganja

 Raspoloziva uputstva u okviru EC 7-2

* za krupnozrni materijal

« ukoliko je slabonosivo i/ili deformabilno tlo = zamena sa

e |’

S:C1C2(q_o-v0)zl

0

E’=3,5q, — trakasti temelj
« E’=2,5q, — kvadratni temelj

E’,=2,5*3=7,5 MPa
E’,=2,5%12=30 MPa
E’,=2,5*31=77 MPa

3

z

AZ
C.E'

D.3 Example of a method to determine the settlement for spread foundations

(1) The following is an example of a semi-empirical method for calculating settlements of spread
foundations in coarse soil. The value for Young's modulus of elasticity (E”) derived from the cone
penetration resistance (g.), to be used in this method is:

— E'=15 ge, for axisymmetric (circular and square ) foundations; and
— E=35 k for plane strain (strip) foundations.

rupnozrnim..

(2) The settlement f:} of a foundation I.Il]df.‘;I load pressure {(g) is expressed as:

s=0pxly qu— CI",,D))C I;—rd:
o Cyx E
where
Cy s 1-05% [dwllg— &l
O is12+02x1gr;
s is the correction factor for the shape of the spread foundation:
— 1,25 for square foundations; and
— 1,75 for strip foundations with L > 108,
¥'yq 15 the initial effective vertical stress at the level of the foundation;
t  is the time, in years
I is a strain influence factor (see below),

(3) Figure D.1 gives for axisymmetric (circular and square) spread foundations and for plane strain
(strip spread foundations) the distribution of the vertical strain influence factor (I;).

NOTE 1 The cone penetration resistance {g.) in this example stiems from measurements carmied out with an electrical
CONE Pe Nerometer.

MOTE2 This example was published by Schmerimann {1970) and Schmertmann et al (1978). For additional
information and examples, sea X.3.1.



CPT

PY P rora éun Sl e g anj a D.3 Example of 2 method to determine the settlement for spread foundations

(1) The following is an example of a semi-empirical method for calculating settlements of spread
> 1 - foundations in coarse soil. The value for Young's modulus of elasticity (E") derived from the cone
* RaSPOIOZlva uputStva u OkVI ru EC 7 2 penetration resistance {g.), to be used in this method is:
* P:400 kN y B:L:1,7O m, 'Y:19,80 kN/m3, Df:O,8O mT Fﬁ,g@dﬂxismmcmc (circular and square) foundations; and

— E =35 g, for plane strain (strip) foundations.

(2) The settlement (s) of a foundation under load pressure (g) is expressed as:

. . . F=0) X 23:(': - vn])-( ;—rd.:
c,-1-05 — 12:8:08 _1-05{ — 28 |_09s5 axealaaak
W0 a0 08 138,4 15.84 where
— . _— —4iJ. * U, Cy is1-05=[a(g— &wll;
1717 G is12+02x 10t

(5 is the correction factor for the shape of the spread foundation:
3 — 1,25 for square foundations; and
C2 =1.2+0.2 |og — |=1.2+0.2-1,47 =1,495 — 1,75 for strip foundations with L = 108;
01 yq 15 the initial effective vertical stress at the level of the foundation;
t  isthe time, in years
I, is a sirain influence factor (see below).
C, =125

(3) Figure D.1 gives for axisymmetric (circular and square) spread foundations and for plane strain
(strip spread foundations) the distribution of the vertical strain influence factor (I7).

NOTE 1 The cone penetration resistance {g.) in this example stems from measurements carried out with an electrical
CONE penetrometar,

MOTE 2 This example was published by Schmertmann (1970) and Schmertmann et al {1978). For additional

information and examples, sea X.3.1.
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* ProraCun sleganja

 Raspoloziva uputstva u okviru EC 7-2
« P=400 kN, B=L=1,70 m, y=19,80 kN/m3, D;=0,80 m, t=3 god.
« 2,=0->1,=0.1; z,=0,5B - 1,=0.5; z,;=B - 1,=0.3; z,=2B - |,=0
* Ale(ZZ-Zl)/22(0,5B-O)/220,25820,425 m 0010103405 0
* Az,=(2,-2,)/2+(z5-2,)/2=(0,5B-0)/2+(B- '
0,5B)/2=0,25B+0,25B=0,5B=0,85 m
* Az,=(25-2,)/2+(z,-2,)/2=(B-0,5B)/2+(2B-

B)/2=0,25B+0,5B=0,75B=1,275 m il -
* Az,=(24-25)/2=(2B-B)/2=0,5B=0,85 m vl | t..fr_:-‘r' _

Figure [}.1 — Strain influence fncdor diagrams
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* ProraCun sleganja

 Raspoloziva uputstva u okviru EC 7-2
« P=400 kN, B=L=1,70 m, y=19,80 kN/m3, D;=0,80 m, t=3 god.

21

I
S= CJ.CZ (q T O-'VO )Z C ZElAZ
0 3

s=0935.1495.| 220 _1980.08]|. 01 gaz5+— 0% g5 03 1975, 00 g5
1,7-17 1,25-30000 1,25-30000 1,25-4500 1,25-4500
s =1,398-122,57-(0,0000125+ 0,000068) = 0,0138 m =1,38 cm




TUMACENJE I PRIMENA SPT U
PROJEKTOVANJU TEMELJA



SPT

* Na osnovu rezultata iz ispitivanja standardnom penetracijom (SPT), 1 uz
koris¢enje Priloga F Evrokoda 7-2, proceniti fizicko-mehanicke parametre
istrazenog tla I potencijal za likvefakciju:

e Precnik buSotine: 150 mm
* Precnik I duzina cilindra: 35/450 mm

* Nivo podzemne vode: -2,90 m
* Test 1: dubina = 2,10 m, 12 udara, prodiranje 34 cm, masa u cilindru = 878 g;

» Test 2: dubina = 4,40 m, 39 udara, prodiranje 32 cm, masa u cilifdri-=¢936 §; N J——

(ASTMD 9633)

——

Setrg

5 Oﬁml 015 m
o w San Orivanin
ements

ov
_pwO3mmus FETO
< = » <

i i



SPT

 Proracun zapreminske tezine
e Cilindar: 35/450 mm - V=433 cm?3
« Test 1: y,=m,/\V*g=878/433*9.81 = 19.9 kN/m?;
.+ Test 2: 1,77, =M,/V*g=936/433*9.81 = 21.2 KN/m?,

 Odredivanje proporcionalnog broja udara
 Test 1: N=12 udara, e=34 cm > N/e=N;,/30.5 = N3,:=12*30.5/34, N4,:=10.76
* Test 2: N=39 udara, e=32 cm = N4,:=39*30.5/32=37.2




SPT

 Odredivanje standardnog penetracijskog broja

* Ngo=EAC5C3N3, /0,60
 Redukcioni koeficijenti
« E —energija zbijanja (0.45+0.85)
« ) —duzina cevi za nabijanje
* Cg — precnik buSotine
» Cg — uredaj za uzorkivanje
- L,.~>10m-> =1, L_,~6-10 m - A=0.95; L ,,=4-6 m - A=0.85; L ,,=0-4 m = A=0.75;
* d=60+120 mm = Cz=1; d=150 mm -> Cz=1.05; d=200 mm -> C;=1.15;
» standardni = C¢=1; bez obloge = C;=1.20; za zbijeni pesak i glinu = C4=0.8; za rastresit
pesak 2> C¢=0.9.




SPT

 Odredivanje standardnog penetracijskog broja
* Ngy=EACgCsN3, /0,60
e Test 1, dubina=2,10 m:
. N60:O.45*0.75*1.05*1.0*10.76/0.60:6.4

e Test 2, dubina=4,40 m:
e Ng,;=0.45*0.85*1.05*1.0*37.2/0.60=24.9

 Odredivanje normalizovanog penetracijskog broja
* N3 60=CnNeo
. C\=2/(1+c,’/100) za 1D=40-60%
. C\=3/(2+0,’/100) za ID=60-80%
« C\=sQqrt(100/c,”)




SPT

 Odredivanje normalizovanog penetracijskog broja
* N1 60=CnNego
* Iznad NPV: 6, =06,=7vh
* ISpOd NPV Gv,: Oy - Oy = thnsat + ysathsat “Ywhlw = YZnpy T Vsat(zi'ZNPV) - 'Yw(zi'

ZNPV)ZZhunsat'l_(Ysat'Vw)hsat* = Yhunsat t Y\hsat Povriina terena g
sat = 'w R
e Testl !
- iznad NPV: 6, = 6, = 19.9%2.1=41.8 kPa - <] o
e Test 2 = : =4
¢ ISpOd NPV: GV,Z Gv - GW = yhunsat + y‘hsat l%__ ;E L ] EEL"

o 6,= YN + Voo = 19.9%2.9 + 21.2%1.5 = 89.5 kPa
o 6,°=0,-0, YN ety Ny =19.9%2.9+(21.2-10)*(4.4-2.9)=74.5 kPa




SPT

 Odredivanje normalizovanog penetracijskog broja
* N1 60=CnNego

e Testl
. Cy=2/(1+c,’/100)=2/(1+0.418)=1.41 > N, ;,=8.97
« C\=sqrt(100/c,’)=sqrt(100/41.8)=1.55 > N, 4,=9.83

* Test2
- C\=3/(2+0,’/100)=3/(2+0.745)=1.09 > N, ,=27.2
« C\=sqrt(100/c,’)=sqrt(100/74.5)=1.16 - N, =28.8




SPT

 Odredivanje zbijenosti tla
* Test 1: N, ,=8.97 (9.83)
* Test 2: N, 4,=27.2 (28.8)

rastresit zbijen

I 0-3 825 25 42 (4258 |

_ % — 15 % 15% 35% [359% —659% (65% —-85% |85 % — 100 %

* Za15,>0.35 > Ny go/lp?
« Korekcije za fine peskove [ krupne peskove...

* Test 1: N, 4,=9-10 - srednje zbijen = 1,=40% > C,!
* Test 2: N, ,=27-29 - zbijen - 1,=70% —> validna jednacina za Cy




SPT

* Procena efektivnog ugla smic¢uce otpornosti tla
» Test 1: N, 4,=8.97 (9.83) > 1,=40%
» Test 2: N; 4,=27.2 (28.8) > 1,=70%

Table F.3 — Correlation between the density index (Id) and the effective angle of shearing
resistance of silica sands, (@), in degrees

Density Fine Medium Coarse
index I'p
Yo Uniform | Well-graded | Uniform | Well-graded | Uniform | Well-graded
40 34 36 36 38 38 4]
60 36 38 38 41 41 43
80 39 41 41 43 43 44
100 42 43 43 44 44 46
NOTE This example was published by the US Army Corps of Engineers (1993). For additional information and

examples, see X.3.3. 3.
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* Procena efektivnog ugla smic¢uce otpornosti tla
» Test 1: N, 4,=8.97 (9.83) > 1,=40% > ¢=34°
» Test 2: N, 4,=27.2 (28.8) > 1,=70% > ¢>40°?

Table F.3 — Correlation between the density index (Id) and the effective angle of shearing
resistance of silica sands, (@), in degrees

Density Fine Medium Coarse
index I'p
Yo Uniform | Well-graded | Uniform | Well-graded | Uniform | Well-graded
40 34 36 36 38 38 4]
60 36 38 38 41 41 43
80 39 41 41 43 43 44
100 42 43 43 44 44 46
NOTE This example was published by the US Army Corps of Engineers (1993). For additional information and

examples, see X.3.3. 3.




SPT

* Procena efektivnog ugla smic¢uce otpornosti tla
 Test 1: Ng,=6.4; N, 0=8.97 (9.83)
» Test 2: Ng,=24.9; N, 6=27.2 (28.8)

 Raspolozive jednacine za procenu karakteristi¢nog ugla:
» Kulhavi-Mejn / Smertman: tane={Ng,/[12.2+20.3*(c°/100)]} 34
* Volf / Pek-Hanson-Tornburn:  ¢=27.1+0.3*Ny45,-0.00054* N 4)*

* Procena modula stiSljivosti tla
« Sulce-Mencenbah, Sokoli¢-Nossan...
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* Procena sleganja tla

I
5; = cr'p::u:BD'T b f: +(g-o', )% B x1_

o'p is maximum previous overburden pressure, in kPa;
i

g is average effective foundation pressure, in kPa;
I. isas/B"7;
ar 1s the foundation subgrade compressibility, Asi/Ag', in mm/kPa.

If ¢' = o', then the equation becomes:
IGC
.'fi = JIPXBD'T XT
And for normally consolidated sands:
5i = (@—0', )x BY %1,

(3) Through a regression analysis of settlement records, the value of /.. is obtained through the
expression:

I, =17UN"

where
N is the average SPT blow count over the depth of influence.

The standard error of a; varies from about 1,5 for N greater than 25 to 1,8 for N less than about
10.




Ground |Description of stratigraphic profile Parameters

type

ve30 (m's) | Nspr cu (kPa)
{olooys 3 0o’

A Fock or other rock-like geological = 800 _ _
formation, incleding at most 5 m of

* Procena potencijala za likvefakciju (EC 8) s el e e

) 0.6 o5

» Ulazni parametri A v eoms

Percent Fines = 3

5
* Nieo ¥ ’

@
n

wn
]
W

( 0.5
> t/6,,’

* o,, — efektivno opterecenje }
« 1=0.66*a,,, *c*S /g
* &, — Seizmicko ubrzanje
» o —totalno optereéenje I
» S — parametar tla

200000
DWW mWwowm
B V. ® & b 858 %
ONOONEWN -

I

!

i

I

! Ao
I
1
I

=)
S
2
(=2

7*+CRR curves for 5,15, and
/ 35 percent fines, respectively

Cyclic Stress Ratio, 7av/Ovo'
o
w

Tip tla S (Ms<5,5) |[S (Ms>5,5) -
: 0.2
A 1,0 1,0
B 1,35 1.2 B FINES CONTENT > 5%
C 1,5 1,15 : 0.1 Modified Cb'gi.gsc Code Proposal (clay content = 5%) @
D 1,8 1,35 ' . Maginal Mo
{ o L Liquefaction Liquefaction Liquefaction
e E 1,6 1,4 L~ < || Adjustment Pan - Americandata = o
) / R—{| Recommended Japanese data e o o
: \ / " By Workshop Chinlesc data A X A
f ' K Sl il - onk 0 10 20 30 40 50

/v ‘1 LT | z2 pasq) Z:5 (0.309)
Corrected Blow Count, (N;)go

| z3 (p209)



4.1.4 Potentially liquefiable soils

(1)P A decrease in the shear strength and/or stiffness caused by the increase in porn
water pressures in saturated cohesionless materials during earthquake ground motion
such as to give rise to significant permanent deformations or even to a condition o
near-zero effective stress in the soil, shall be hereinafter referred to as liquefaction.

()P An evaluation of the liquefaction susceptibility shall be made when th
foundation soils include extended lavers or thick lenses of loose sand, with or withou
silt/clay fines, beneath the water fable level, and when the water table level is close t
the ground surface. This evaluation shall be performed for the free-field site condition
{ground surface elevation, water table elevation) prevailing during the lifetime of th
structure.

(3)P Investigations required for this purpose shall as a mininmm include the
execution of either in situ Standard Penetration Tests (SPT) or Cone Penetration Tests
(CPT), as well as the determunation of grain size distribution curves in the laboratory.

(4P For the SPT, the measured values of the blowcount Nepr, expressed in
blows/30 cm, shall be normalised to a reference effective overburden pressure of 100
kPa and to a ratio of impact energy to theoretical free-fall energy of 0.6. For depths of
less than 3 m, the measured MNspr values should be reduced by 25%.

(5)  Nommalisation with respect to overburden effects may be performed by
multiplying the measured Nepr value by the factor (100/G",) %, where o'y, (kPa) is the
effective overburden pressure acting at the depth where the SPT measurement has been
made, and at the time of its execution The normalisation factor flﬂ(].-'c:'m)": should be
taken as being not smaller than 0.5 and not greater than 2.

(6) Energy normalisation requires nmltiplying the blowcount value obtained in (5)
of this subclause by the factor ER/60, where ER 15 one hundred tumes the energy ratio
specific to the testing equipment.

(7 For buildings on shallow foundations, evaluation of the lguefaction
susceptibility mayv be onutted when the saturated sandy soils are found at depths greater
than 15 m from ground surface.

(8) The hguefaction hazard may be neglected when «-5 < 015 and at least one of
the following conditions is fulfilled:

- the sands have a clay content greater than 20% with plasticity index P/ = 10;

- the sands have a silt confent greater than 35% and, at the same time, the SPT
blowcount value normalised for overburden effects and for the energy ratio
Ni(60) = 20,

- the sands are clean with the SPT blowcount value normalised for overburden
effects and for the energy ratio Ny(60) = 30.

(NP If the liquefaction hazard mav not be neglected, it shall as a mininmm be
evaluated by well-established methods of geotechnical engineering, based on field
correlations befween in situ measurements and the critical cyclic shear stresses known
to have caused liquefaction during past earthquakes.

(10) Empirical liquefaction charfs illustrating the field correlation approach under
level ground conditions applied fo different types of in situ measurements are given in
Annex B. In this approach, the seismic shear sfress T.. may be estimated from the

simplified expression
To=0.65 &t -5-Gyg 44

where Gy, 1s the total overburden pressure and the other variables are as in expressions ¥

(4.1) to (4.3). This expression mayv not be applied for depths larger than 20 m

(11)P If the field correlation approach is used, a soil shall be considered susceptible to
liquefaction under level ground conditions whenever the earthquake-induced shear

stress exceeds a certain fraction A of the critical stress known to have caused
liquefaction in previous earthquakes.

NOTE The value ascribed to A for use in a Country may be found m its National Aonex. The
recommended value 15 A = 0.8, which mmplies a safety factor of 1,25.

(12)P If soils are found to be susceptible to liquefaction and the ensuing effects are
deemed capable of affecting the load beanng capacity or the stability of the foundations.
measures, such as ground improvement and piling (to transfer loads to lavers not
susceptible to liguefaction), shall be taken to ensure foundation stability.

(13) Ground improvement against liquefaction should either compact the soil fo
increase its penetration resistance beyond the dangerous range. or use drainage fo
reduce the excess pore-water pressure generated by ground shaking.

HNOTE The feasibility of compachon 15 mainly governed by the fines content and depth of the
soal.

(14) The use of pile foundations alone should be considered with caution due to the

such a layer or lavers.

0.6

—

0.6

04

03}

10 20 30

Kev

Te/G wo— cyclic stress rafio

A—

clean sands:

Mi(60)

0 10 20 30 41
M (60

B — silty sands
curve 1: 35 % fines
curve 2: 15% fines

curve 3: < 5% fines

Figure B.1 — Relationship berween stress ratios causing liquefaction and Ny (60)
values for clean and siltv sands for Ms=7,5 earthquakes.

. . . - " . Charts based on the SPT blowecount. Among the most widely used are the charts
large forces mduced m the piles by the 10_55 of SOII_SPPPCM mn l]1e_ hqueﬁabl_t layer of rateq in Figure Bl for clean sands and silty sands. The SPT blowcount value
layers. and to the inevitable uncertainties in determining the location and thickness of pajised for overburden effects and for energy ratio N, (60) is obtained as described

d14

Liquefaction 1s not likely to occur below a certain threshold of 1., because the soil
behaves elastically and no pore-pressure accumulation takes place. Therefore, the
limiting curve is not extrapolated back to the origin. To apply the present criterion to
earthquake magnitudes different from Mz = 7.5, where Mt is the surface-wave
magnitude, the ordinates of the curves in Figure B 1 should be multiplied by a factor CM
indicated in Table B.1.

Table B.1 — Values of factor CM

Mg M
3.5 2,86
6.0 2,20
6.5 169
7.0 130
8.0 0.67




SPT

* Procena potencijala za likvefakciju (EC 8)
* Ulazni parametri [a,,,,=0.159, S;;,5=1.35 (15=40-70%)]
o Test 1 (Ny=9; sitnozrni mat.=18%):
* o0,/=0,~41.8 kPa i [ ﬁ” <

% a,,,=020g

» 1=0.66*0.15¢*41.8*1.35/g=5.58 s A $5l
« 1/5,,°=0.13 > marginalna (Sisak?) & | % —
« na liniji (ili levo od) % sitnozrnih frakcija _ | / Bls
« Test 2 (N, ,=27; sitnozrni mat.=7%): < 7
* 6,=89.5 kPa f g 7[ et
« 5,'=74.5 kPa NNV /4
« 1=0.66*0.15¢*89.5*1.35/g=11.9 E o ‘

. /0, °=0.16 > ne 0.16 4 85 &
» desno od linije % sitnozrnih frakcija FINES CONTENT > 5%

Modified Ch'glgseICode Proposal (clay content = 5%) ©
®

Martginal No
I Liquefaction Liquefaction Liquefaction
!|| Adjustment Pan - Americandata = o

- Recommended || Japanese data I . Qo
ByIWorkshop Chinlese data

o}
A

1 - 1
0 10 20 0 40 50
9 Corrected Blo Zunt, (NDeo




NAUKA JE LAKO KVARLJIVA ROBA...

“Hazarski recnik’”
Milorad Pavic
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SADRZAJ EC7

* EC7 — Geotehnicko projektovanje — Deo 1: Opsta pravila
 Tekstualni deo: Opste; Osnove geotehnickog projektovanja; ... Potporne konstrukcije;
... Globalna stabilnost (stabilnost kosina); Nasipi

 Aneksi/Prilozi: ukupno 9; A — obavezan (Parcijalni i korelacioni koeficijenti grani¢nog
stanja loma)

* EC7 — Geotehnicko projektovanje — Deo 2: IstraZivanje 1 ispitivanje tla




SADRZAJ EC7

* Specificnosti sadrzaja
* Uopstenost — usled razlicitih geoloskih uslova 1 projektnih tradicija Sirom Evrope
 Generalnost u zahtevima, odsustvo konkretnih usmerenja i pojasnjenja
* E<R,, Ry/E;>1,0 (projektne vrednosti akcija/efekata i reakcija!)

e Zahteva 1zradu dva dokumenta

e Geotehnicki elaborat — na osnovu EC7-2
 Faktografske prirode — rezultati iz terenskih radova i laboratorijskih ispitivanja

* GeotehniCki projekat — na osnovu EC7-1
« Usvajanje parametara za proracun konstrukcije — preko analize iznetog u Geotehnickom elaboratu

* lzvestaj 1 prilozi 1z proracuna konstrukcije
 GEO, STR, EQU, UPL, HYD




NACIONALNI ANEKSI ECY

* Svaka drzava priprema tzv. Nacionalni Aneks

* Sadrzi Nacionalno opredeljene parametre, tj. odluke o onim stavkama gde je to
omoguceno (ne o principima! Na pr., ULS i SLS su obavezni, ali ne i jedna¢ine po kojima se
proveravaju): Sta je odredeno kao prihvatljivo, Sta se koriguje, Sta se 1zjasni da nije
obavezno 1 Sta se ne prihvati:

 Projektni postupak (PP / DA) — nacin proracuna geotehnicke konstrukcije; razlikuju se po
mestu aplikacije parcijalnih koeficijenata (PK / PF), tj. od ¢ega se ,,branimo*;

« Parcijalni koeficijenti (PK / PF) — iznosi za dejstva (stalna | promenljiva, povoljna i
nepovoljna; efekte = yg,q ve), Materijale (yy) I otpore (yg) koji se unose u proracune
(njima se karakteristi¢ne vrednosti ,,K* pretvaraju u proracunske ,,d*)

 Proiznosenje po postoje¢im informativnim ancksima itd.
« Dopunjavanje sa lokalnim iskustvima (preporuke, standardi i sl.)




NACIONALNI ANEKSI ECY

* Svaka drzava priprema tzv. Nacionalni Aneks

* Sadrzi Nacionalno opredeljene parametre:
* Projektni postupak (PP / DA)

 DA1
« Cl: sile (dejstva, akcije) — povecati; parametri smicuce otpornosti (PSO) — nepromenjeni; otpor —
nepromenjeni
» (C2:trajne sile — nepromenjene, promenljive sile — povecati; PSO — redukovati; otpor — nepromenjen
« DA2
 Sile — povecati; PSO — nepromenjeni; otpor — redukovati
 DA3

 Sile — povecati; PSO — redukovati; otpor — nepromenjen




NACIONALNI ANEKSI ECY

* Svaka drzava priprema tzv. Nacionalni Aneks

* Sadrzi Nacionalno opredeljene parametre:

» Parcijalne koeficijente (PK / PF: vg0 g5 YM=Yo, Ye, Yeus YR)> C1ji su iznosi diktirani od:
» Pouzdanosti podataka
» Vrsta i efekta opterecenja (trajno, privremeno)
« Cvrstoce tla (vrste ispitivanja, parametre smicanja, porne pritiske, progresivni lom itd.)

* Analize (metode, tacnosti, mehanizma loma, pojednostavljenosti geotehnickog profila)

» Izvodenja (geometrija, kvalitet, kontrola) Grupa
Akcija/ dejstvo| Oznaka
* Ekonomi¢nosti AL A2
Stal Nepovoljna 1,35 1,00
~ 1 talna
* Odrzavanja Povoljna 76 1,00 |1,00
* Verovatnoce 1 posledice loma promentiiva |00 | 150 |[130
Povoljna 0 0,00 |000




NACIONALNI ANEKSI EC7

[1 Polazne hipoteze 1 uslovi za izbor DA 1 odredivanje PF
O primena metoda granicne ravnoteze
O moguénost primene savremenih numeri¢kih metoda
O slicnost postupaka: reprodukcija postojeéeg projektovanja i sigurnosti (DA)
O izbor PP/DA koji ne zahteva intervencije u srednjim delovima proracuna
O primenljivost za sve projektantske situacije 1 razliite objekte
O kompatibilnost sa dimenzioniranjem gornje konstrukcije
O unosenje PF na mesta gde se javlja nesigurnost 1 na merljive parametre
O teznja ka usvajanju preporucenih PF za materijal 1 otpor
O usvajanje preporucenih PF za akcije
O proizvod PF moze biti jedan globalnom faktoru sigurnosti
O postizanje istih ili bliskih dimenzija prema dosadas$njim i prema budué¢im DA (PF)

O bez potrebe od proracuna pouzdanosti: prakticno prikazana sigurnost




STABILNOST KOSINA

Izbor odgovarajuceg DA
* Preporuka EC7 o poStovanju ,,lokalnih projektantskih obicaja*

* Proracun stabilnosti kosina — BiSopov metod
> [cb+W —u-b)-tang]-m,
i1 1/cosa

FSZ n ma = '
SW -sin 1+tana -tang'/Fs

o FS u desnom delu jedﬁgéine nalazi se ispod ¢ - redukcija PSO - DA3!




* DA3

STABILNOST KOSINA

e A2+M2+R3

« Parcijalni koeficijenti se

Izbor odgovarajuceg DA

* Parametre smicuce otpornosti

U seizmic¢kim
uslovima i taj
iznosi 1,0

* Trazen FS u proracunu stabilnosti kosine: 1,0!

Grupa
.. . Parametar tla Oznaka
Akcija/ dejstvo| Oznaka i;upa o M1 M2
- Efektivni ugao otpornosti prema trenju? Yo 1,0 1,25
Nepovoljna, unfav 135 100 Efektivna kohezija v, 1,0 1,25
Stalna . Yo J _ c ; :
Povoljna, fav 100 1100 Nedrenirana otpornost prema smicanju Ve 1,0 1,4
Promen- Nepovoljna, unfav 1,50 1,30 Jednoaksijalna ¢vrstoca pri pritisku You 1,0 14
ljiva Povoljna, fav 7o 0,00 |0,00 Jedini¢na tezina Y, 1,0 1,0
P Ovaj koeficijent se primenjuje na tan ¢'.
Parcijalni koeficijenti otpora
Otpor Oznaka R1 R R3
Otpor tla Ve o A —a 1,0

2 R1.i R2 se ne primenjuju u BiH jer se za kosine i opstu stabilnost koristi projektni pristup 3
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STABILNOST KOSINA

Izbor odgovarajuceg DA

* DA3

* Prilikom analize stabilnosti
seizmiCkim uslovima (ECS)
k,=0,5%a,*S/g; k,=+0,5*k,

S — parametar tla

npe

Description of stratizraphic profile

Vg

Fock or other rock-like geological
formation, incleding at most 5 m of
wealker material at the surface.

E

Deposits of very dense sand, gravel, or
very stiff clay, at least several tens of
metres in thickness characterised by a
gradual increase of mechanical

properties with depth.

3

Deep deposits of dense or medinm-
dense sand. gravel or stiff clay with
thickness from several tens to many
hundreds of metres.

Deposits of loose-to-medinm
cohesionless soil (with or without some
soft cohesive layers), or of
predominantly sofi-to-firm cohesive
soil.

Tip tla

S
(Ms<5,5)

S
(Ms>5,5)

A so1l profile consisting of a surface
alluvinm layer with v; values of type C
or D and thickmess varying between
about 5 m and 20 m underlain by
stiffer material with v, = 800 m/s.

1,0

1,0

1,35

1,2

1,5

1,15

&1

Deposits consisting, or containing a
layer at least 10 m thick of soft
clays/silts with a high plasticity index
(PI = 40) and hish water content

1,8

1,35

m|O|O|(m@(>

1,6

1,4

Deposits of liquefiable sodls, of
sensitive clays, or any other soil profile
not included in types A—E or 5

01

T
.

oie _
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-
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\

g LEGEND fay1)

/ "] Z-1 (0.05g)
z-2 (0.10¢g)

LEGEND (age)

Y { ZT [oa0g)

A

GE

Z& [025g)

| Ty | z2 (0.15¢)
Z-3 (0.20 )

Bl z5 (0309



STABILNOST KOSINA

Odredivanje iznosa PF

« Parcijalni koeficijent za trenje YM=Yo
2[cb+ W -u-b)-tang]-m,

e o eosa
SW -sin 1+tana -tang'/Fs
¢ =0kPa u=0kPa =
W -tang' e J/cotsa '/F
-tang'm ana -tang'/Fs '
Fs= ¢ < Fs= * .a ¢ Fs=— tar-]¢2
W -sin a sina sina-cosa +sin“ o -tang'/Fs
tan ¢'= Fs-sina -cosa +sin? ¢ - tan ¢ tang'= FS'SmO;'Cosa tan ¢'= Fs - tan o
cos’ a
ECT:
ng' —
tang, — N9 Fs=1,0
Vo tang '
Fs= g tang; =sina-cosa+sina-tang, tang, =tane ANP'=y, AN«

sina -cosa +sin’ « - tang, /Fs

Fs-tana=7¢-tana 7/¢=FS




STABILNOST KOXINA

abela 1 - Plf'iﬂktl'll vrednosti minimalnih dopt Tabela. 10.1 Uchi¢ajene projektne vrednosti minimalnih faktora sigurnosti pri

{bez inarcijalnih sila zemijotresa) i v visokoj pouzdanosti parametara.
Sluca Parametri Fs(min)
Odre divanj e iznosa PF Sluéaj Nasip na évrstoj i malo deformabinej ¢, ¢'ili ¢, ,Ad' p, 14
podlozi

Masip ne malo defarmabiinegj podiozl

== —_ Nasip na slabo-nosivom ¢ c’ il ¢, A, p, 14
L P F Za ko h ez IJ u PYM _,YC Maslp na slabonoslvomn zesiéenom tiy zasicenom tlu c 1420+

Usek u zasiéenlm gllnarna Usek u zasi¢enim glinama @, ili g, ,Ad', p, 14
o 1420
— Usek u krupnozrnom tiy
7/0 FS P Usek u krupnozmom tlu ¢ ili g, AF, p, 12

Priraddne nastabilna padinn Prirodno nestabilna padina-kliziste ¢,c =01l ¢ Ad,p,, 11%

» PF za nedreniranu Koheziju Yy =y, o e T,

Napomena: U slu@aju niske pouzdanost! pare Uzvodna kosina nasute brane ¢, c ili g, AF, py 13-14
brzo spustanje nivoa vode

n
Fs->W -sina-cosa/b=c,

Napomene:
i=1 o U sluéaju niske pouzdanosti parametara, minimalni Fs treba uvedati za 0.25, aza
n proseénu pouzdanost za 0.1,
7CU . ZW -SINx - COSx / b = CU 0 *Samo ukoliko su parametri odredeni metodama povratne analize i ukoliko se na
i1 padini ne nalazi objekat osetljiv na moguce deformacije puzanja kosine.

o Umesto ¢'.c,¢ preporuéuje se ¢, ,Ad’, p, i nelinearni kriterij loma tla pri
visokoj pouzdanosti parametara.

* PF kod nelinearne anvelope loma 7y, (nije prisutno u aktuelnom EC7, ali jeste u EC7 202x)

[lang tang = tan| @'z + A

Ty =0 o
‘ 7/¢ 1+O_n/pN

Yo~ Ye = Yeu = Yo, nelin. o) = FO # 1,23!




STABILNOST KOSINA

Odredivanje iznosa PF

L1 1znos PF
O Isti i za tangens ugla trenja i za koheziju
O Jednak FS!
O Intenzitet FS zavisi od viSe faktora
O EC7 nije eksplicitno ponudio podelu iznosa PF
O ECO: variranje PF u zavisnosti od stepena posledica, pouzdanosti i projektne situacije: trajna ili privremena

[ PredloZenim PF zadrzava se nagib kosine
O Znacajno za inzenjere u teku¢im uslovima sticanja iskustava sa primenom EC7-1 1 EC7-2 (MKD)
O Vazno prilikom eventualnih sanacija ili dogradnje (BiH)
O Izbegava buduce ugrozavanje upotrebljivosti kosina

O Omogucava lakse prilagodavanje inZenjera novim proracunima — saglasno sledec¢oj generaciji EC7 (EC7 202x)!




STABILNOST KOSINA

Komentari

* DA3

* PF:
* Yeio, g; YR — 1ZVOrni iznosi
* VM:V@, Vc, ch:FS

» FS =1 (projektne situacije, vrste objekta — brana, saobracajnica, rudnik, prirodna kosina; materijal;
pouzdanost podataka)

* FS # f (geometrijskih karakteristika)

» FSstalni uslovi = 1,50 (za prose¢nu pouzdanost parametara; za visoku pouzdanost — 1,40; za nisku —
1,65/1,75)

» FSprivremeni uslovi = 1,30 (ali se i eventualno povremeno nepovoljno opterecenje treba uvecati za 1,30
put; povremeno povoljno opterecenje se anulira!)

* FSpseudostaticka analiza = 1,10
» FSpovratna analiza = 1,0, itd.

» Kod rudnika — mnogo stroziji kriterijumi (parcijalni + globalni!) (JUS 1986)




STABILNOST KOSINA

Verifikacija iznosa PF
[1 Razmatrane homogene kosine visina 5-15-25 m

[1PSO varirani: ¢$=15-25-35°, c=0-10-20-30 kPa

[1 Algoritam (SLIDE)

O Verifikacija za y,

O Ils%r(;[?vanje kosine pod takvim nagibom da ista, pri zadatim karakteristikama, a bez kohezije, ima opredeljeni FS (na pr.,

O ¢ se smanjuje sve dok se ne postigne FS=1,0
O Odnos izmedu tangensa poCetnog ugla trenja i tangensa smanjenog ugla trenja daje y,
O Proracuni su pokazali da je y,=tan,,cemo/taNPregukovan=FS
O Verifikacija za y,
O Ilsgid:sjje se kosina koj se zadaje prvobitni ugao trenja i kohezija, a pod nagibom kojim se ispunjava uslov o FS (na pr.,

O Dodeljuje se I_JLrethodno proracunati smanjeni ugao trenja i nastavlja se smanjivanjem kohezije do trenutka kada se
dostigne FS=1,0

O Odnos izmedu pocetne i smanjene kohezije opredeljuje y,
O Proracuni su pokazali da je 7:=C o zetnof Credukovano=F

O Verifikacija u uslovima: bez opterecenja, sa stalnim optere¢enjem, sa privremenim opterecenjem, radna
kosina, zemljotresa... (eventualno prisutno optere¢enje se u analizama mnozi sa PF)




STABILNOST KOSINA

Numericki primer

[J1 Analiza sa parametrima smicuce ¢vrsto¢e odredenih iz Mor-Kulonove (linearne) anvelope loma: ¢ i c
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1) v=19kN/m® @=21" ¢=12,5kPa r,=0.2
2)7=21kN/m’ =28" c=0kPa ry=0.0
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STABILNOST KOSINA ] o=
Numericki primer AZTT/[J)/@ -

[1 Analiza stabilnosti kosine u uslovima stalnog opterec¢enja e A2 T
[1 Karakteristi¢ne parametre smi¢uce otpornosti (preuzete iz elaborata) ¢’ i ¢, treba redukovati sa PI%TI?E)TI 'Tes [Szaﬂiznxgoéou NS
jednak dosadasnjem globalnom faktoru sigurnosti FS u doti¢nim (stalnim) uslovima opterecenja — 1,50:
[ tangg=tandly,, ¥,=1.50;
O cg=cly,, v.=1.50;

U takvim uslovima, kriticna povrSina klizanja treba imati koeficijenat sigurnosti ve¢i od 1,0

Na kosini deluje opterecenije:
* Stalno opterecenje =2 y4
* Na vrhu kosine - nepovoljna dispozicija = vg ynfav
« A2+M2+R3

* Prilikom proracuna stabilnosti kosina saglasno EC7 — ne doZzivljava promenu iznosa!

* Ukoliko na vrhu kosine deluje privremeno opterecenje =2 vq ynray=1,30, ali i PF za ugao trenja i koheziju iznosi 1,30
: : Nl .. . Grupa
(privremeni uslovi!)! Akcija/ dejstvo| Oznaka [~ -
* Ukoliko u nozici kosine deluje privremeno opterecenje = g 1,,=0,0! Stalna Nepovoljna, unfav_{ 135 11,00
’ Povoljna, fav G 1,00 | 1,00
Promen- Nepovoljna, unfav 1,50 1,30
ljiva Povoljna, fav ' 0,00 |[0,00
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STABILNOST KOSINA g

Numeri¢ki primer — EC7

1) =10kN/m® @=21° c=12,5kPa r=0.2

2)y=21kN/m’ ¢=28° c=0kPa r;=0.0
- G*(1-
s h1 2 n " cd x . ru)* l/ma ) l/ma )

E: Pl ) | ] | N | 7| pepa |94 [| gy [ ® [1) G ] Gsina TET:: Fsmn=1.0) | © VBa| gy | Nl/ma

B ™
1.1 0.7 0 19 21 |02]833| 144 | 17| 9788 |1463| 249 | 1216 | 106162 | 1291 | 10614 | 1291
2 1.1 15 0 19 21 |02]833| 144 | 06| -344 |3135| 188 | 1558 | 101218 | 1577 | 101738 | 1585
3 1.1 23 0 19 21 |02]833| 144 | 05| 2866 |4807| 240 | 1900 | o0ossso | 1879 | 008865 | 18.79
2 3.1 0 19 21 | 02833 | 144 |205| 1183 |117.8| 2415 | 4078 | 096974 | 3054 | 096997 | 3955
5 2 28 | 06 19 21 | 02833 | 144 |405| 2389 | 1316 5330 | 4360 | 098239 | 4283 | 098285 | 42.85
6 13 14 | 15 19 21 | 02833 | 144 | 57| 3475 |7553| 4305 | 2629 | 103363 | 2708 | 1.03435 | 2719
7 0.9 05 | 2.852 19 21 | 02]833| 144 | 68 | 4284 |6246| 4247 | 2028 | 110232 | 2236 | 1.1033 | 2238
8 1.1 0 | 1952 19 21 | o] o | 195 | 78| 5126 | 451 | 3518 | 1599 | 110828 | 1772 | 110886 | 17.74
196,19 197,10 19727

I

/ Fsi= || 1,005 Fs:=| 1,006

—4/ F$> FSmuEc) =10
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STABILNOST KOSINA

Numeri¢ki primer — FS

1,508/1,5=1.005

1) F=19kN/m? @=21° ¢=12,5kPa  r,=0.2
2) y=21kN/m® @=28" c=0kPa ry=0.0
2 G*(1-ru)*
s b | h: n n c x oot *tget limg . l/ma -
E' [m] | [m] [m] ENw] | [KNm] fu [Pa] ? [] [m] a [ G G*sina +h*e (Fsmin=1.5) N*l/ma (Fs1) N*llmga
= ™)
1 1.1 | 0.7 0 19 21 021|125 21 1.7 | 9. 78R [ 1463 249 18,24 106164 1937 1.06139 19236
2 1.1 1.3 0 19 21 02| 125 21 0.6 -3.44 31,35 -1.88 2338 101746 23,79 1.01737 23,78
3 1.1 23 0 19 21 02| 125 21 0.5 2.266 4807 240 28351 002850 28.19 092863 28,19
4 2 3.1 0 19 21 021|125 21 2.05 11.83 1178 24,15 61,18 096972 59,32 0.96908 5034
5 2 28 0.6 19 21 021|125 21 405 | 2389 1316 5330 6341 098236 64,26 008288 64,29
] 13 (14 1.5 19 21 021|125 21 5.7 3475 753,53 43,05 3044 1.03338 40,77 1.034309 40,80
7 09 | 03 2852 19 21 021|125 21 6.8 4284 6246 4247 3043 1,10226 3354 110333 33,58
8 1.1 0 1952 19 21 0 0 28 7.8 31.26 431 31518 2308 1,10832 26,58 1,11008 26,602
196,19 29581 295,96
I
/ Fsi=| 1,508 Fs=| 1500
/_/ AF= Fsi-Fsia =10.02




STABILNOST KOSINA

Numericki primer — softver sa metodom grani¢ne ravnoteze (SLIDE, GEOS)

Analiza stabilnosti kosine sa globalnim faktorom sigurnosti FS (slika levo)
* PSO ¢ i c uneti u softveru u izvornom iznosu (prema geotehni¢kom elaboratu)

Analiza stabilnosti kosine sa parcijalnim faktorima sigurnosti EC7 (slika desno)

* PSO o i c uneti u softveru u redukovanom iznosu, tj. podeljeni sa 1,50

Kosina koja je do sada imala FS=1,50, ostaje u stabilnom stanju: u analizi grani¢nih stanja (ULS, GEO,

EC7) imace koeficijenat sigurnosti 1,0

Kriti¢na klizna povrsina ostaje ista!
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STABILNOST KOSINA

Numeri¢ki primer

[1 Analiza sa parametrima smicuce ¢vrstoée odredenih iz nelinearne anvelope loma hiperbolickog tipa
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STABILNOST KOSINA

Numeri¢ki primer

[J Analiza sa parametrima smicuce ¢vrstoce odredenih iz
nelinearne anvelope loma hiperboli¢kog tipa

7, =0,'tanp'(c,")

v
7. =0, 'tan[pg"+Ael(l+o,'l py)] 0 P, o,
P . On
) . - e — w2 = — > 2 =
g’ — bazni ugao trenja LA DR Y
s . . > s »~ + Znatna : 'i.".'"-"'}}a
A maksm_lalna uglova r_azllka 0o -0g 5 , | zakrivierbst eno pfag;a:ﬁ;
py — Normalni napon srednjeg sekantnog ugla g LN Prguones
= -
< 11 g _—
i 3.
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STABILNOST KOSINA

[] Analiza sa parametrima smicuée ¢vrsto¢e odredenih iz nelinearne anvelope loma hiperbolickog tipa

PORRAAL STRESS [kPa)
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STABILNOST KOSINA

Numericki primer — softver sa metodom granicne ravnoteze (SLIDE, GEO5)

[J Analiza sa parametrima smicuce ¢vrsto¢e odredenih iz nelinearne anvelope loma hiperboli¢kog tipa
[J Prilikom analize sa EC7, u softveru se koristi tzv. User-defined model (unose se iznosi za ¢ i 1)
[ Napon smicanja se unosi sa reduciranim iznosem: 1,=t/FS (projektantska vrednost)
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STABILNOST KOSINA

Numericki primer — softver sa metodom granicne ravnoteze (SLIDE, GEO5)

[J1 Analiza sa parametrima smicuce ¢vrsto¢e odredenih iz nelinearne anvelope loma hiperboli¢kog tipa
[ Prilikom analize sa EC7, u softveru se koristi tzv. User-defined model (unose se iznosi zac i 1)
[0 Napon smicanja se unosi sa reduciranim iznosem: t,=t/FS (projektantska vrednost)

[ Realna klizna povrsSina i koeficijent sigurnosti

[1 Ukoliko se za krupnozrne materijale (kameni nabacaj, Sljunak, pesak) ,,oduzme* kohezija i koristi samo ¢ iz Mor-
Kulonovog modela, softver ¢e dati povrSinske klizne ravni

[1 Tla nemaju ,,konstantan“ ugao trenja...
[ Netretiranjem zakrivljenoS¢u anvelope loma

[0 Krupnozrnim materijalipa.sg.0duzima ¢vrsteé

0.

[0 Sitnozrnim materijalima

tdodeljuje évrstoéaoju nemaju
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STABILNOST KOSINA

Ugao smicuce

v.=FS=1,10)

5 tnornosti Koheziia Opterecenje “, / 4” Postignuti koeficijent
g Analizirana kosina i slucaj optereenja (unutragnjeg trenja) . [kaa] (stalno g [kPa], sigurnosti
a k? md ovremeno  [kPa] ili seizmicko k,/k FS /' FS
q)k / q)d [deg] p q [ ] X! y) TIo0aieH EC7
1 Kosina — trajna, opterecenje — nema,
uslovi — staticki 19/12,93 15/10 0/0 1,503 /1,002
(FS106.71,50; FSgc7=1,0; v4=v.~FS=1,50)
2 :
Kosina — trajna, optere¢enje — stalno, 10/10
uslovi — staticki 20/ 13,64 16 /10,67 (opterecenje je nepovoljno, ali stalno, pa prilikom 1,500/ 1,000
(FS106.=1,50; FSgc7=1,0; 4= v:=FS=1,50; vg yntay=1,0) konverzije u proracunu prema EC7 nema promene)
3 Kosina — privremena, opterecenje — nema,
uslovi — staticki 18/14,03 12/9,23 0/0 1,303 /1,002
(FS1106.71,30; FSgc7=1,0; v4=v.~FS=1,30)
4 Kosina — trajna, optereCenje — privremeno, uslovi — 10/13
static¢ki (opterecenje je nepovoljno, ali privremeno, pa
(FS106.71,30; FSgc7=1,0; v4=v.=FS=1,30; 17837139 143711 prilikom konverzije u prora¢unu prema EC7 1,334/1,004
YQ.unfav=1,30) dozivljava promenu)
5 . . .
Kosina — trajna, opterecenje — nema,
uslovi — stati¢ki (dva materijala) 2;13/ /186’7553 182 //15 0/0 1,511 /1,007
(FS106.=1,50; FSgc7=1,0; v4=v.~FS=1,50) ’
6 Kosina — trajna, optere¢enje — nema,
uslovi — seizmicki (FS,,,5=1,10; FSgc;=1,0; v,= 19/17,37 15/13,64 0,18/0,09 1,111 /1,009




STABILNOST KOSINA

Numericki primer — analiza u softveru sa metodom konacnih elemenata
« Kosina se modelira saglasno postupku za konkretni softver (PLAXIS, GEO5)

» Za geomehaniCke materijale uneti PSO prema jednom od sledeca dva prilaza

 Upisati karakteristi¢ne vrednosti za parametre stisljivosti E .4 (Mv; nepromenjene, tj. preuzete iz GT elab.) i
projektne vrednosti za PSO ¢, ¢4 (redukovane sa PF)
 Vrsiti analizu napona i deformacija (modelirati nasipavanje/iskopavanje u slojevima) > tako se dobijaju iznosi sleganja/pomeranja u
svakoj fazi izvodenja (SLS)

Proracun deformacija vrsi se u radnom stanju napona, pa se primenjuju laboratorijski odredeni parametri stisljivosti iz edometarskog testa; saglasno EC7, za
njih se koriste PF=1,01))

» Na kraju, sprovesti fazu analize tzv. ¢ ’/c’ redukcije, tokom koje se trazi da rezultat (broj sa kojim se trebaju podeliti PSO da bi se
postigao lom) bude jednak (ili ve¢i od) 1,0 (ULS)

Taj broj pokazuje/dokazuje rezervu, tj. sigurnost objekta sa aspekta nosivosti/loma




STABILNOST KOSINA

Numericki primer — analiza u softveru sa metodom konacnih elemenata

 Kosina se modelira saglasno postupku za konkretni softver (PLAXIS, GEO5)

» Za geomehaniCke materijale uneti PSO prema jednom od sledeca dva prilaza
 Upisati karakteristi¢ne vrednosti i za E .41 za PSO ¢,, ¢, (direktno one iz elaborata)

 Vrsiti analizu napona i deformacija = dobijaju se sleganja/pomeranja
Prilikom tzv. ¢ ’/c’ redukcije, traziti da rezultat bude jednak (ili veé¢i od) PF,

% Maxis 8.2 Calculations - Kos53 15 20 5.plx

File Edit View Calculate Help
= + 4+
i I B it
Input  Qutput Curues & E +I+I = B
General ] Parameters Multipliers | Fesview ]
Show Inacmental multipliers Total multipliers
{* Input values Mdisp: 7 = T Mdisp:
(" Reached val r
e MloadA: |_ A = E -MioadA:
MloadB: M/ % T MloadB:
Mweight: WY = T Mweight: |1,0000
Maccel: IR S . Maccel:
Msf: 0,1000 = T Msf:
E. Mext | a Insert | E( Delete... |
Identification Phase no. Start from | Calculation | Loading input | Time | Water | First | Last |
Initial phase 0 0 MfA A 0,00... 0 a 0
+f <Phase 1> 1 0 Plastic Staged construction  0,00... 1 1 2
»f <Phase 2> 2 1 Plastic Staged construction 0,00 . 2 3 4
3 2 5




STABILNOST KOSINA

Parcijalni zaklucak

PP3/DA3

 Identi¢an dosadasnjoj praksi: kontinuitet analize

« Dominantno usvojen u Evropi
Prednost kod:

Integriranog projektovanja temelja na kosini
(interakcija, olakSano modeliranje)

» Primene opcije redukcije PSO u softverima sa MKE
» Analiza sa nelinearnom anvelopom loma
* VrSenja povratne analize

PK / PF

* Yoo, B YR — 1Zvorni iznosi
* Ym= Yy Y=1,25 —u BiH

* Tako PF ne bi trebalo =const, jer je f,

* FS zavisi od slucajeva opterecenja, tipa konstrukcije 1
pouzdanosti PSO (1,50 u trajnim uslovima; 1,30 u privremenim
uslovima — saobracaj, naglo ispustanje vode; 1,10 u incidentnim
uslovima; 1,00 u slucaju povratne analize)

* Nesto visi zbog malog broja istrazivanja i ispitivanja (stabilnost
se temelji 1sklju¢ivo na njimal)
* PF za PSO su jedini koji se unose u proracun!
* Vazno prilikom rekonstrukcije!
 EC7 202x: FS=f(obima istrazivanja, sloZenosti terena i kategorije
konstrukcije)

= priblizava nas naSem tradicionalnom projektovanju kosina
= omogucava buduci bezbolan transfer EC7 ka EC7 202x

= vaZi 1 za potporne zidove i temelje!
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