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Bavniecibas dinamika

BUVNIECIBAS PRODUKCIJAS APJOMA IZMAINAS

parmainas procentos, salidzinot ar pret iepriek&ja gada attiecigo periodu, neizfidzinati dati
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Buvniecibas produkcijas apjoma izmainas pret ieprieks€jo gadu
2020. 2021. 2022. 2023. 2024. 2025. 2026.
+2,7% -6,2%
Statistisk@ prognoze = +1,3% +0,9% +0,5% +0,1% -0,2%
Kombinéta prognoze - +1,1% -0,2% +2,3% +1,6% +2,2%
Ekspertu prognoze = +0,9% -1,4% +4,0% +3,0% +4,6%

Petijums par ikgadéjam izmaksu dinamikas prognozém un parkarSanas riskiem Latvijas biivniecibas nozaré

ZINOJUMS, InnoMatrix, 2022.g.
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Energogeneracijas sadaltjums GTS
~
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https://ast.lv/Iv/content/situacija-energosistema
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VES biivniecibas dinamika

Onshore substation

Offshore substation
Estonian ELWIND area
©  LawianELWIND area

= Indicative connection with main grid

> Alternative hybrid interconnector corridors

D

VES
882.1 MW
Rezervéta jauda: 882.1

VES
Hibrids 882:11 MW
1548.25 MW

SES
3585.69 MW

6TS

Rezervéta jauda kopa pa energijas veidiem, MW

https://www.em.gov.lv/lv/jaunums/apstiprina-latvijas-un-igaunijas-atkrastes-veja-parka-elwind-potencialo-izvietojumu

Pieprasitaja

AtJauta maksimala slodze
vai rezervéta jauda

Vieta parvades sistéma (lTnija, apaksstacija)

Piesléeguma ieritkosanas
vai atlautas slodzes

Lietotajs vai razotajs
un elektrostacijas

nosaukums . .. . . .
razotajiem (MW) izmainu statuss veids
SIA "4 Wind" 23.2|LNr.260 "Ventspils - Dundaga" jaunas apaksstacijas izbive Noslégta vienosanas Véja elektrostacija
SIA "ENERGO WIND" 93.5|LNr.324 "Grobina - Klaipéda" jaunas apaksstacijas izblve Noslégta vienoSanas Véja elektrostacija
SIA "Pienava Wind" 158.4|LNr.322 "Brocéni330- Viskali" jaunas apaksstacijas izblve Noslégta vienoSanas Véja elektrostacija
SIA "Winergy" 30.2|a/st Pope Nosutitas TP Véja elektrostacija
AS "AB Wind" 58.8[LNr.167 ,Priekule —Klimas” jaunas apaks3stacijas izblve Noslégta vieno$anas Véja elektrostacija
SIA "Rapsoil" 60|LNr.162A "Grobina — Lauma — Za|a Birze" jaunas apaksstacijas izblve |Blvnieciba Véja elektrostacija
SIA "Ventspils Wind" 66|LNr.260 "Ventspils - Dundaga" jaunas apaksstacijas izblve Noslégta vienoSanas Véja elektrostacija
SIA "WPR2" 102|LNr.171 "Smiltene - Jaunpiebalga" jaunas apaksstacijas izbive Noslégta vienosanas Véja elektrostacija
SIA "Envirsus" 290|LNr.268 "Ventspils - Alsunga" jaunas apaksstacijas izblve Noslégta vienoSanas Véja elektrostacija
KOPA: 882.1

https://www.ast.lv/lv/content/pieslegumu-ierikosanas-un-atlautas-slodzes-izmainu-statuss
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VES dimensijas pakartotas tehnologiju

attistibai un iesp€jam

6TS
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1980- 1990- 995- 2000- 2005- 2010-?7 2010-? Future Future
1990 1995 000 2005 2010
Slodzes RD170 (HH 165m)
. . Slodzes Mxy |Mxy+AMx Mz
LOADS Slodiu veids takiors, Psf Fxy (kN) Fz (kN) (kNm) | y (ikNm) | (keNm)
The foundation is calculated for the following extreme loads, Ekstréma (raksturiga) 1 1742 9302 374476 | 284145 4348
stated by VESTAS. Exstréma (faktoréta) 1.1/0% 1939 10232 f 8371.64 | 302744 | 311632 &£982
Ng = 260 kN (Normal load) Energijas rafoianas, ar parsniegianas varbifibu, pf=10" 1 1029.94 9642 172627 - 4575
Vg = 190 kN (Transverse force)
Mg = 4510 kNm (Bending moment) Noguruma®* slodzes RD170 (HH 145m)
Mug = OKkNm  {Twisting moment) slodiu veids Slodzes faklors. | gy (k) | Mx (kNm) My (kKNm) | Mz (km)
In the mensioned loads, following sofeties are included : Vidé&ja noguruma slodze (25 gadi) 1 554.32 | 97431.52 - 1108.48
1.0 on deod load. DEL pie 10’ cikiism, m=7 (25 gadi] 1 &314 | 767549 | 255156 | 92542
1,3 on wind load. DEL pie 10 cikliem, m=7 (30 gadi) 1 £48.1 787803 | 241889 9498 .4

*- Originalais pieejamais slodiu dokuments ir piemérots kalpoianas iigumam 25 gadi, bet saskana ar
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VES pamatu risinajumi pakartoti pamatu GTS
biivniecibas tehnologam un iesp&jam ~__

- Gravitacijas pamats dispersas pamatnés

- Enkurpalu pamats / rezgogs dispersas gruntis / klinSainas pamatnés

- Gravitacijas pamats saistigas pamatnés

- Piled-raft (masivs pamats uz palu lauka) pamats pazeminatas nestspéjas pamatnés
Palu pamati pazeminatas nestsp&€jas pamatnés

. Monopala / pala — ¢aulas pamats pazeminatas nestsp&jas pamatnes
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VES pamatu risinajumi pakartoti pamatu GTS
biivniecibas tehnologam un iesp&jam ~—

Suction
bucket

Gravity

Monopile base

Jacket Tripod

Gravitacijas pamats uz gultnes virsmas
Monopala pamats / grunti iespiléta kolonna
Kesona gravitacijas pamats

Tripods

Rezgota tipa tornis
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VES pamatu slogojums GTS
S~—

Analizes attistiba — no statiskiem lidz

dinamiskiem modeliem

1. Generate a 3-dimensional turbulent wind field for a chosen
mean wind speed that represents a wind speed interval.

2. Perform a step-by-step dynamic analysis on the turbine operating in
the wind field to obtain force time histories in critical cross sections

3. Convert the force time histories to stress time histories.

4. Derive the number of cycles for each combination of mean stress and
stress range by rainflow counting stress time histories into stress bins’.

5. Scale up the number of cycles in each stress bin in line with the
predicted number of hours of operation at the chosen wind speed.

6. Repeat steps 1-5 for for different mean wind speeds
and add all numbers of stress cycles.

7. Factor the stresses and calculate partial fatigue damage
for each (number of cycles, mean stress, stress range) combination.

8. Add all partial damage to the total fatigue damage, and check
whether the component under consideration can hold.
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VES pamatu slogojums

Wind profile

Wave profile
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6TS

Veja un vilnu ciklisks slogojums

- V¢&ja brazmu slogojums, SM
cikli/20gados

- 1P pulsacija, SOM cikli/20gados

- 3P pulsacija, 130M cikli/20gados

- Vilnu slogojums, 400M cikli/20gados

Muhammad Aleem, Subhamoy Bhattacharya, Liang Cui, Sadra Amani,
Abdel Rahman Salem, Saleh Jalbi «Load utilisation (LU) ratio of
monopiles supporting offshore wind turbines: Formulation and
examples from European Wind Farms» Ocean Engineering, Volume
248, 15 March 2022, 110798
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VES pamatu slogojums GTS
S~—

Frequency Diagram of OWTs
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VES turbinas rotacijas un slogojuma dinamiskas iedarbes frekvences

Qian-Feng Gao, Hui Dong, Zong-Wei Deng, Yi-Yue Ma «Wind-induced dynamic amplification effects on the shallow foundation of a horizontal-axis
wind turbine», Computers and Geotechnics, Volume 88, Pages 1-280 (August 2017)
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VES pamatu slogojums

\Bladc
k“/ Hub
Nacelle /Fﬁ)/\

/Towcr

Z 3.5.2 Equivalent fatigue load at tower base

/ Tower base

v Table 3-7 Equivalent fatigue load at tower base
SN curve
slope Mx [kNm] My [kNm] Mz [kNm] Fx [kN] Fy [kN] Fz [kN]

3 16514.6 38260.2 6668.5 509.1 184.2 126.0
4 15630.0 38579.3 6021.3 415.6 157.5 98.1
5 15878.3 42332.5 6059.1 385.2 172.8 87.7
6 16853.8 48450.0 6333.9 381.2 216.3 83.7
7 18503.5 56440.6 6674.8 393.2 265.1 82.7
8 20597.9 65194 .4 7016.2 418.2 3114 83.2
9 22818.6 73833.4 7335.8 453.4 354.0 84.3
10 24969.4 81975.8 7628.0 494 1 392.9 85.8
11 26976.2 89513.7 7893.2 535.9 428.4 87.5
12 28823.3 96445.2 8133.5 576.2 460.7 89.3

Uzdevums VES pamatu gicjososaiiar
Makrova matrica
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VES pamatu slogojums GTS
S~—
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Pamatu pedas un grunts kontakta mijiedarbibas modeléSana

Qian-Feng Gao, Hui Dong, Zong-Wei Deng, Yi-Yue Ma «Wind-induced dynamic amplification effects on the shallow foundation of a horizontal-axis
wind turbine», Computers and Geotechnics, Volume 88, Pages 1-280 (August 2017)
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VES pamatu nestsp€ja GTS

From: Long-term dynamic bearing capacity of shallow foundations on a contractive

cohesive soil

(1-Kv)qB

KnaB (1-Kv)yDs
i RE AR AR R N
o o O3 j Oly
|
(m/4)+(¢p/2 I 1] S
(n/2)-¢
(n/2)-¢ T

Seismic failure surface

Static failure surface

Pamatnes noturibu nosaka ta geometriskie parametri, grunts icks¢jas berzes lenkis un saiste

Daniel R. Panique Lazcano, Rube'n Galindo Aires, Herna'n Patin™o Nieto «Long-term dynamic bearing capacity of shallow foundations on a contractive
cohesive soil», Acta Geotechnica, Volume 17, pages 1897-1915, (2022)

Dinamiski slogotu pamatu mijiedarbiba ar pamatni. 2024. gada 26. janvaris



y

VES pamatu slogojums GTS

Contact pressure (kPa) Contact pressure (kPa)
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Fig. 5. Static contact pressure contours at (a) Zy,, =8 m/s and (b) 7y, = 11 m/s.

Pamatu pedas un grunts kontakta mijiedarbibas modeléSana

3 Qian-Feng Gao, Hui Dong, Zong-Wei Deng, Yi-Yue Ma «Wind-induced dynamic amplification effects on the shallow foundation of a horizontal-axis
- wind turbine», Computers and Geotechnics, Volume 88, Pages 1-280 (August 2017)
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VES pamatnes slogojums
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Fig. 4. The fluctuating contact pressure at 7y, = 8 m/s in (a) position #1 and (b) position #2.

Pamatu pedas kontaktspriegums v&ja slogojuma apstak]os

Qian-Feng Gao, Hui Dong, Zong-Wei Deng, Yi-Yue Ma «Wind-induced dynamic amplification effects on the shallow foundation of a horizontal-axis
wind turbine», Computers and Geotechnics, Volume 83
Pages 1-280 (August 2017)
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VES pamatu slogojums
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Ve&ja un vilnu ciklisks slogojums
- V¢&ja brazmu slogojums, 5M cikli/20gados

- Vilnu slogojums, 400M cikli/20gados

Muhammad Aleem, Subhamoy Bhattacharya, Liang Cui, Sadra Amani, Abdel Rahman Salem, Saleh Jalbi «Load utilisation (LU) ratio of monopiles
supporting offshore wind turbines: Formulation and examples from European Wind Farms» Ocean Engineering, Volume 248, 15 March 2022, 110798

1P pulsacija (rotacijas pasfrekvence), 50M cikli/20gados
3P pulsacija (sparnu inpulsa pasfrekvence), 130M cikli/20gados
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VES pamatnes spriegumstavoklis

TS
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VES aprékina robezstavokli:

ULS — (Ultimate Limit State) Nestsp&jas robezstavoklis

SLS — (Serviceability Limit State) Lietojamibas robezstavoklis
FLS — (Fatigue Limit State) Noguruma robezstavoklis

ALS — (Accidental Limit State) Arkartas (avarijas) robezstavoklis

Yeong-Hoon Jeong, Kil-Wan Ko, Dong-Soo Kim, Jae-Hyun Kim «Studies on cyclic behavior of tripod suction bucket foundation system supporting
offshore wind turbine using centrifuge model test» Wind energy, Volume24, Issue5, May 2021, Pages 515-529

Dinamiski slogotu pamatu mijiedarbiba ar pamatni. 2024. gada 26. janvaris



VES pamata robezstavokli TS

Table 2 — Summary of geotechnical limit states

Limit state

Design situation

Ultimate limit state — ULS

Loss of static equilibrium due to overturning

Failure or excessive deformation of the ground through bearing capacity or
sliding

Internal structural failure or excessive deformation — for specialist
geotechnical works, e.g. piles and anchors

Serviceability limit state — SLS

Rotational and lateral stiffness under dynamic and static conditions

Excessive long term inclination and absolute settlement

Long term degradation of geotechnical capacity leading to failure of other limit
states — qualitative assessment

Psmstnes geotehnisko 1pasibu ilgtermina (visa ekspluatacijas laika) izmainas ir vienas no
noteicoSajiem pamatu ekspluatacijas kritérijiem.
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VES pamatnes spriegumstavoklis GTS
~

FLAC3D 8.00

©2020 Itasca Consulting Group, Inc.

Zone Maximum Principal Strain Increment
Deformed Factor: 200
Calculated by: Constant

1.0000E-04
9.0000E-05
8.0000E-05

7.0000E-05
6.0000E-05
| 5.0000E-05
- 4.0000E-05
3.0000E-05
2.0000E-05
I 1.0000E-05
0.0000E+00

Deformétas VES pamatu pédas plaisu aina

https://www.itascacg.com/consulting/projects/wind-turbine-foundation-
analysis
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VES pamatnes spriegumstavoklis GTS
~——

FLAC3D 8.00

©2020 Itasca Consulting Group, Inc.

Top view Bottom view

Pile Axial Stress
4.4000E+05
4.0000E+05
3.5000E+05
3.0000E+05
2.5000E+05
2.0000E+05
1.5000E+05
1.0000E+05
5.0000E+04
0.0000E+00
-5.0000E+04
-1.0000E+05
-1.4748E+05

Deformétas VES pamatu pédas plaisu aina

https://www.itascacg.com/consulting/projects/wind-turbine-foundation-analysis
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tnes spriegumstavoklis
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Rotacijas stinguma ierobezojumi RD170 (HH 165m)
K dynamic =1.432 E+11 Nm/rad

Min dinamiskais rotacijas stingums
Min statiskais rotacijas stingums K static =6.96 E+10 Nm/rad

VES pamata stinguma izmainas pieaugosa slogojuma apstaklos

https://www.itascacg.com/consulting/projects/wind-turbine-foundation-analysis
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Hardening soil model

F<— Applied Load

<— Surcharge Load
A

b eermsemreenns s nenens s ||f=— Horizontal Fixity

130 mm

e y<— Rigid Fixity
75 mm

(a)

S
O Experimental
——Model
4
- o Deformaciju amplitidas mazinaSanas cikliska
& . - — e .
S 3 1 slogojuma apstaklos — rotacijas stinguma
2 pieaugums
'?& 2. F
<
1
0 L 1 L 1 L 1 2 1 L
0 0.005 0.01 0.015 0.02 0.025 0.03
(b) Vertical Strain

Sparsha Sinduri Nagula, R. G. Robinson, Ph.D and J. Murali Krishnan. «Mechanical Characterization of Pavement Granular Materials Using Hardening
Soil Model» International Journal of Geomechanics, Vol. 18, No. 12
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Softenning soil model
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Jin, H., Guo, L., Sun, H. et al. «<Energy-based evaluation of undrained cyclic behavior of marine soft clay under multidirectional simple shear stress paths»
Acta Geotechnica, December 2023, VVolume 18, Issue 12
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Grunts stinguma parametri

ZA\

Pa

6TS

Static Stiffness

Circular Footing

4*f7+R
Vertical Ky Yy =
T =1
Horizontal Ky Ky = i
2—v

Rotational Ko

Torsional Kr

Kr =16 +G *+ R3

Where

G: The shear modulus of the soil,
v: The Poisson ratio,
R: The radius of the circular footing
B: the width of the strip footing and
L: the length of the strip footing

G=—"
2+(1+v)

Stinga pamata konstrukcijas grunts stinguma parametri

https://www.geoengineer.org/education/foundation-design-construction/soil-subgrade-reaction-in-rigid-foundations
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Very Small Small " Medium Large Large / Residual

1.0 ¢ ¢ 4 4
i STRAIN REGIME
"""" 4———> RETAINING WALLS
0.9
0.8 : A
¢ linear b non-linear STRESS-STRAIN
0.7 BEHAVIOUR
44— FOUNDATIONS
?g 0.6
& 0.5 minor Yid
g ™ | constantstiffness . fully recoverable strength strength DEGRADATION
O o4 behavior degradation degradation
e < » TUNNELS
0.3
0.2 no pwp pwp pwp \ generation PORE WATER
. no pwp generation accumulation eneration + increase\Wwith cycles PRESSURE (PWP)
4 P4 4 = 'ON
0.1 + ‘stabilization
0.0
0.00001 0.0001 0.001 0.01 0.1 1 10

Bender Element (BE) Shear Strain (y, %)

Resonant Column (RC)

A

Eyclic Triaxial (CT)

>
Static Triaxial (STL

< strain Threshold ¢
Y1 - linear threshold | y,, - volumetric cyclic threshold | Y4 - degradation threshold | Y,s~ flow threshold

Gtunts stinguma diapazoni un to test€Sanas metodes

John Kok Hee Wong, Soon Yee Wong, Kim Yuen Wong«Extended model of shear modulus reduction for cohesive soils» Acta Geotechnica (2022)
17:2347-2363
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11.5_ PIELIKUMS

GRUNTSEKSPERT!

Margrietas iela 7, Riga, LV-1046
mob. talr. 29189829, latgeolab@gmail.com

Pasititijs:  SIA "Geo Eko Risindjumi”, Eveles iela 14-2, Riga

iefamiha - kalkulacija test - calcul
Objekes: ~ . N Farauga tips U - Undisturbed
projektéjamais véja generatoru parks KursiSu pag, Saldus Tab. T SBERIZD
nov. T3.7.B
Urbuma Nr. - T47.8-10/11
Grunts nosaukums LVS EN IS0 14688-2:2020 FParauga Nr.
Malaina smalke SMILTS {mils ar zemu plastiskumu) (elfSa) ar  [Dzilums, m 10.7-11.4
granti Datums 15.08.-8.09.2023.
TestéZanas metode LV5 E! 17892-5:2017
Aparita N El Parauga diametr: n 713 | Augstums H,, mm 24,57
Blivums, o, Mg/m® 229 Dalinu augstums, mm 1884 Minerildalinu blivums 269
[Mitrums, w, % 113 |Sakuma porainibas koeficients e, 0.304 Mg/m' '
PORAINIBAS KOEFICIENTS SASPIELAMIBA
=1z % Pakipas 3| =
=1z g sl =
HEIREE O I
A EEED gz |0
5 523 [ Bl L
& : -g| 3
& ] =«
[N ) 0 0 - -
1] 125 ] 0483 145 | 0136] T4 ed = MPa
] 1 25 B | i MFa
3] 25 | 02%8 24 0.082 | 12.3
4] 45 | 0327 20 0.060 | 16.% Eur 345 [MPa
5| 85 0.35 20 0.047 | 214 Edyny = 450 |MPa
6] 85 | 0371 20 0.043 | 23.4 |
I NE = 1] 0.039] 259 |
8] 125 | 0408 20 0.037| 27.3 Saspiedanas indekss (360-400kFa)
9] 145 | 0425 20 0.035 ]| 28.9 ] € [ o017 |
0] 170 | 0445 75| 0033 307 T | | |
11 110 | 0427 -60 Uzhriedanas indekss (140-0kPa)
H El -60 [+ 0.003
131 1 0314 -48
141 40 037 3% 0.049 | Z0.8
15] B0 | 0413 40 0.044]| 22.9
15 ] 125 ) 0452 45 0.036 | 28.4
(17| 170 | o0ass 45 0.030] 33.5
[T5 | 70s | o=ie | 350027 374
19 ] 220 ) 0.52% 35 0.025 | 410
20 280 ] 0551 40 0.023 | 44.7
320 571 20 0.021] 49.1
380 583 40 0.019 | 546
[23 200 | neos 10| 0016] 655
L Paraugu Laboratorijas Laboratorijas parskats
Piezimes . S
testéja vaditaja 686-2023
TestéSanas rezultati
Bearancacke 32
A. Terentevs] S. Terentjeval Lpp 1 110 2

Odometra tests — Grunts stinguma modeléSana

a Gruntseksperts

Latvijas Ge

ﬁ—»

Pasititajs:

Saspiefamiba - liknes

11.5. PIELIKUMS

AT e LA maRETORIE

@ GRUNTSEKSPERTS
Margrictas iela 7, Riga, LV-1046
mob. talr. 29189829, latgeolab@gmail.com

SIA "Geo Eko Risindjumi”, Eveles iela 14-2, Riga

Objekts: [Parauga tips U~ Undisturbed
, i . . Lzb. Nr. 686K325
projektéjamais véja generatoru parks Kursiu pag., Saldus nov. T4.7.8 i -
Urbuma Nr. - T4.7.B-10/11
Grunts nosaukums LVS EN 150 14688-2:2020 Parauga Nr. -
Malaina smalka SMILTS (mals ar zemu plastiskumu) (clfSa) ar  |[Dzilums, m 10.7-11.4
granti Datums 15.08,-8.09.2023.
Testésanas metode LVS EN IS0 17892-5:2017
ba - log d ! likne b - J vertilksilis d likne
Spiediens, kFa
) 100 2 y  so0
0310 , 0 100 200 300 400 500
0305 '5\
20,005 ",\
3
0300 5
£ 3
= E<
I 0295 5
= ; 001
£ LS
= =
B 0290 Py
E
0285 =t i 0.015 T
= kY
LY
5 SaN
0280 Y
i ooz
5
0275 1 ~
i}
i}
i}
0270 i 0.025
1 10 100 1000
Spiediens, kPa
Laboratorijas parskats
686-2023
Testé3anas rezultati
3.3.5.
Lpp 2 o 2

Projekt&jamais vEja generatoru parks, KursiSu pagasta, Saldus novada, SIA “Geo Eko Risinajumi” 2023.g.
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Correlation Reference
. . (Geotechnical properties - Type of
(Geotechnical properties - Type of clay) clay)
(297 —e)* K Hardin Gmax(z) = 5000 e™ 009625 Shibuya and
Gmax(1) = 1230 =75~ om”OCR®  and Black (LL:71-127%, P1:28-116% Tanaka
(€:0.5-2, Pl:2-85%, Kaolinite and (1969) €0.5-4.5, Ariake clay) (1996)
Boston blue clay) Gmax(z) = 24000(1 + e) **o"*0}® Shibuya et
(2.97 — e)? Kim and (LL:41-120%, P1:19-59% al. (1997)
G = 3230 ~——— /05 OCRK e:0.5-4.5, reconstituted clay
max(2) 1+te) ™ Novak samples)
(297—-e)* . . (1981) Emaxr) = 3757244603 Santagata et
Gmax(z) = 1576 —7—3=0m"OCR (€:0.8-1.1, Boston clay) al (2005)
(€:0.5-1.4, Pl:12-30% G - 358-38P , Kagawa
OCR:1.8-6.8,Ontario clay) ("E‘:; o /0.13 T £é7§7 , " (1992)
2 :50-92%, P1:22-37%,
G = 3270 (297 =€) 6’95 OCRK Kokusho e:0.7-2.3, clay of five offshore sites)
max(1) — (1 + e) m et al. Emax(l) 750 Hicher
32 (1982) “— (LL > 50%)
. 007327 a0 cnk /v (1996)
max(2) — o (01 '-II-O?J)/ T“’ E(n=,-:0.4-1.2,q gor specified)
(e:1.5-4, Pl:40- %, Teganuma max(1) N
- = 2 (LL < 50%)
clay) N
297 — e)? Marcuson (€:0.4-1. 8 not Spec’f"e‘:’) .
Gmaxz) = 4500 @A e)r om OCR® o4 Gmaxy _ , P, R Viggiani and
. 1+ N €) ., Wahles P, ( ) Atkinson
(e:1.1-1.3, E{ ig %o, }ffo*"mffe) (1972) (OCR1-8, Kaohmre clay) (1995)
40— e

Empiriskas sakaribas — skeérsstingumu (G) modula atvasinatas vertibas

TS
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- Table 13.1 Investigation methods for soils subjected to cyclic, dynamic and impact
. effects

Test suitability: Investigated parameter
++very good + good o limited
- unsuitable

Investigation methods

Wave
velocities

Increase/decrease
of shear strength
Volume change
Minor distortions
Material damping

Porewater pressure
development

Laboratory testing
Cyclic triaxial test (undrained) ++ + - o o —

[s]
=]
|

Cyclic triaxial test (drained) - + ++

Cyclic simple shear test ++ + - o o -
(constant volume)

Cyeclic simple shear test - + ++ 0 o -
(drained)

Cyclic box shear test (drained) - + + o o -

Cyclic box shear test (drained) under - + + o - -
CNS (constant normal stiffness)
conditions

Cyclic uniaxial compression test with - o + - o -
lateral constraint (oedometer test)

Cyclic torsion test (undrained) +
Cyclic torsion test (drained) -
Resonant column test -

+ [+ |+
o+

E Gy = p* V2

- ++

+|f|ele
Tlele

Bender (piezo) element test, - - -

tension-compression (pieza)

element test E

Field investigations -

Shallow geophysics - - - + - + 2 x (1 + V)

(reflection/refraction seismics,
harmonic resonator)

Downhole geophysics - - - + - +
(cross-hole, down/up-hole)
Seismic piezocone (SCPTU) + - - + - +

Cyclic dilatometer test - + - - o -
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The shear modulus is largest at very low strains and decrea- 50
ses with increasing shear strain. It has generally been found Uncemented quartz sands
that the initial maximum shear modulus is constant for shear - ( -?‘*—) — 9 )-0.75
strains less than about 10 °%. This initial, small strain c “ave = G4
modulus is often denoted G,. 2\  Range ~Average + Average
Mayne and Rix (1993) showed that the small strain shear 2
modulus varied with void ratio (e) and cone penetration

resistance (g,) for a wide range of clays and can be expressed 30 - B
das: E" ! !
o
( q‘)o.sqs [0)
G, =99.5 (po)*>" )™ (5.30) 20 |- i
@
where:
10} _

p. = atmospheric reference stress in the
same units as G, and g,.

The strong dependence of G, upon void ratio (€) requires 0 A ... G
that CPT ¢, is only successful as a profiler of G, if 100 200 300 500 _ 1000 2000 3000
comparison profiles of e, are known. _:‘;-

Figure 5.61 Gnau/q. (after Rix and Stokoe, 1992).

Empiriskas sakaribas — skeérsstingumu (G) modula atvasinatas vertibas
T. Lunne, J.J.M. Powell, P.K. Robertson «Cone Penetration Testing in Geotechnical Practice»
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First arrival peak

Seismic P 5

Dual array SCPT Single array SCPT source block 7
e x
Adual array SPCT

“ ' Ve -2V
allows for seismic WA g Right polarised | / v ' S
shear wave == )

wave detection at two ] - 2 9.
depths simultaneously k] L 2( V _— V )
from the same wave 5 P S
generation event. -

When using a single
depth per event. l

array SCPT data is
: 4 /
l l i

collected at only one
. Time offset T2=T19

1esyo yideq

Z ydeq
14
ydeQ

-

Weeessnnnee

Horizontal offset

o~

Depth [m]

sCPTU zondaza e
«PIENAVAS VEJA PARKS PAMATNES GEOTEHNISKA PRIEKSIZPETE» SIA “Markvarta geotehniskais birojs”, 2023.g.
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