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CLEANTECH Instrukcijas seminara dalibniekiem
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ministrija  Kompets

o Participants (6)
1. Dalibnieku saraksta ierakstiet savu pilnu Panelists ( Attendes
Vé rd U U n Uzvé rd U Janis Berkis (Me) m Pin
e Tiesraides LV (Host) Rename

2. Registrét savu vardu var sadala
«Teérzétava» (Chat)

3. Sadala«Interpretation» pieejams
tulkojums latviesu valoda

4. Lai uzdotu jautajumus, [0dzu izmantojiet
Q&A lietotni

5. Nav atlauts izmantot reakcijas un rokas
pacelsanas funkciju
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oo Programma

HuB

Ekenomikas ministrija Kompetence, pieredze un tehnologijas
09:00 —10:00 Registracija
10:00 —11:30 ili i

i, MSc. CE. D.Dymek, PhD. CE.

Gr.Sottys)

» Dazadas atbalstsienu sistémas (sekanté&joso palu sienas, d-sienas, dzilas maisisanas sistémas)
o Atbalst konstrukciju sistémas (enkuri, spraisli, parsegumu sistémas)

¢ Bovbedru norobezosanas zem gruntstdens limena

* Projekté&sanas principi un nepiecieSamie geotehniskie dati

* Projektu pieméri, kur izmantoti detalizéti 3D GEM aprékini

* Macibas, kas iegUtas izaicinosos projektos

11:30—12:00 Kafijas pauze
12:00 - 13:30 Grunsu pastipirnasana zem esoSo éku pamatiem un kompensacijas cementacija (Prof. M.Topolnicki, PhD, Cl. Kummerer, PhD)
o Stroklas un kompensacijas cementacijas pamatprincipi
* Jaunu apjomu izveide zem esosas apboves
* Dzilo pamatu aizsardziba
e Vésturisko éku pamatu pastiprinasana
® Sédanas un deformaciju monitorings
* Projektu pieméri
* Macibas, kas iegUtas izaicinosos projektos

13:30 - 14:30 Pusdienu partraukums
14:30 - 15:30 Grunsu pastiprinasanas risinajumu izmantosana projektos ar lielam slodzém uz pamatu konstrukcijam (Prof. M. Topolnicki, PhD

¢ Grunsu pastiprinasanas metozu izvéles pamatprincipi (vibro- blivésana, grunts pali, dinamiska blivésana, dzila grunts stabilizacija, stingie
pastiprinajumi)

o Projekté&3anas prakse un izbdves risinajumi

* Projekti, kur izmantotie grunsu apstiprinasanas risinajumi, ka alternativa tipiskajiem palu pamatiem

¢ Grunsu pastiprinasanas prieksrocibas un CO2 izme$u samazinajums

* Macibas, kas iegUtas izaicinosos projektos

15:30 - 16:00 Jautajumu un atbilzu sesija
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- A Programma / 10:00 - 11:30

Hus

ministrija  Kompet

Dzilie pamati un bavbedres blivas apbaves apstaklos — izaicinajumi un iespéjas (Prof.
M.Topolnicki, MSc. CE. D.Dymek, PhD. CE. Gr.Sottys)

® Dazadas atbalstsienu sistémas (sekantéjoso palu sienas, d-sienas, dzilas maisiSanas
sistemas)

Atbalst konstrukciju sistemas (enkuri, spraisli, parsegumu sistémas)
BUvbedru norobezoSanas zem gruntsudens limena

Projektésanas principi un nepiecieSamie geotehniskie dati

® Projektu piemeéri, kur izmantoti detalizéti 3D GEM aprekini
Macibas, kas iegltas izaicinoSos projektos

® Jautajumi un atbildes
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@ CLEQ%%H Kafijas pauze / 11:30 - 12:00

ministrija
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@ 000
CLEANTECH
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ministrija  ompe

Programma / 12:00 - 13:30

Grunsu pastiprinasana zem esosSo éku pamatiem un kompensacijas cementacija (Prof.

M.Topolnicki, PhD, Cl. Kummerer, PhD)

Struklas un kompensacijas cementacijas pamatprincipi
® Jaunu apjomu izveide zem esos$as apbuves

® Dzilo pamatu aizsardziba

® Vesturisko éku pamatu pastiprinasana

Sésanas un deformaciju monitorings

® Projektu pieméri

® Macibas, kas iegutas izaicinoSos projektos

® Jautajumiun atbildes
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@ 000
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HuB

ministrija

Pusdienu pauze/ 13:30 - 14:30
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o 60
@' CLEANTECH Programma / 14:30-16:00

ministrija  Kompet

Grunsu pastiprinasanas risindjumu izmantoSana projektos ar lielam slodzém vz

pamatu konstrukcijam (Prof. M. Topolnicki, PhD)

® Grunsu pastiprinasanas metozu izvéles pamatprincipi (vibro- blivésana, grunts pali,
dinamiska blivésana, dzila grunts stabilizacija, stingie pastiprinajumi)

® Projektésanas prakse un izbdves risingjumi

® Projekti, kurizmantotie grunsu pastiprindsanas risinajumi, ka alternativa tipiskajiem palu
pamatiem

Grunsu pastiprinasanas prieksrocibas un CO2 izmesu samazinajums

Macibas, kas iegUtas izaicinoSos projektos

® Jautajumiun atbildes

EM iepirkums «Apmacibu seminaru bavspecialistiem un projektétajiem organizéSana, un norises nodrosinasana» ID EM 2022/53

DOO

CLEANTECH
HuB

Ekonomikas ministrija Kompetence, pieredze un tehnologijas

Training seminar / Apmacibu seminars

Deep Foundations and Excavation Control in Dense City
Environments — Challenges and Possibilities (Session 1)

Dzilie pamati un buvbedres blivi apbuveta
pilsetas vide - izaicinajumi un iespéejas (Sadala Nr.1)

Prof. Michat Topolnicki, PhD, Daniel Dymek, MSc.,
Grzegorz Sottys, PhD (Poland)
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@ 080 Dzilie pamati un buvbedres blivas apbuves
S N apstaklos
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cLeanTECH Dzilie pamati un biivbedres blivas apbuves apstaklos
uUB

ministrija

Ko nepiecieSams nemt véra?

» Izmérs, forma un bavbedres dzilums (§eometrija)

» Grunts un gruntsiidens apstakli

» Apkart eso$a apbive (geometrija, slodzes un visparigs bives stavoklis)
» Bulvniecibas tehnologijas (prieksrocibas & trikumi, iekartu ierobeZojumi)
» Konstruktivas slodzes

» ProjektéSanas, izblves un testéSanas standarti/vadlinijas

» Materiali

» ProjektéSanas iespéjas un ierobezojumi

» Citi robeznosacijumi

» Vietéja pieredze
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CLEANTECH
HuB

Tehnologijas un iekartas

Applications in Foundation Engineering

ministrija  ompe

Baso macy
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Avots:
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CLeANTECH Tehnologijas un iekartas
HuB
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e Diafragmas sienas (D-sienas) scupe was

HuUB Guide walls are built of reinforced concrete.

and fulfil the following functions:

ministrija  ompe a
3

« Stabilizing the upper part of the diaphragm-wall

« Reflecting the geometry of the diaphragm walls
and they ensure their vertically (they guide
the grab during excavation)

« Function as a bearing for extraction forces
When recoverable joints are used

« Enabling the required level of supporting slurry
tobe maintained to stabilize the open trench

2 PREPARATION OF THE
SUPPORTING SLURRY
Diaphragm walls are stabilized by the hydrostatic
pressure exerted by the supporting slurry on the
trench walls, and by the ingress of the slurry into
it filter cake). Th i

or specific polymers.

3 EXCAVATION OF DIAPHRAGM-
WALL PANEL

—— Inplan view, diaphragm walls are divided into
panelengt ﬁ primary and secondary panels. The design length
of the panel is generally between 3and 7 m;

) wall but can be increased up to 10 meters in specific
cutoff level o o s conditions:

. platform level
lurry
d casting level

cutartiame ‘ ot rama tremie pipe

hopperand _ N\_ /. platform level f'

cee o e 4INSTALLATION OF

RARAT REINFORCEMENT CAGES

The reinforcement of a single panels can consist
of reinforcement cage(s|. Care is taken that the
reinforcement of the panels at any single point
s not excessively dense, in order to ensure the

guide wall

q
ment. The reinforcement cages are positioned
reinforcement using cranes.
cage
5 CONCRETING OF PANELS

The panels is concreted immediately after the
reinforcement cage is inserted. The concreting
is performed without interruption. The displaced
supporting slurry is pumpedinto a special storage
facility where it is regenerated for further use.
To ensure awatertight seal between adjacent
panel, specially designed seals are used for the

actual bottom line ~ tremie
| center bite e
15 ite——s] [ Joints between the panels when applicable.
tremie pipes.

= nominal panel length »

cutter wheels

Gear box concrete level

toe level

St box
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@ CL%%'ECSCH Striiklas cementacija (sienas, platnes u.c.)
ol
&}“ cements/ben maisisanas
gaiss. ‘ ; odens tonits sstl'.lalg”gl
jadll\ | o l |
)
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@ 000
CLEANTECH

AT Buvbedres parbaudes — kas tiek parbaudits?

Nestspéjas robezstavoklis (ULS)
» (a) Geotehniskais (ar&jais)

» (b) Konstrukcijas (iek3€jais)

» (c) Lidzsvara (stabilitate)

» (d) UzpeldéSana

» (e) Hidrauliska pacel$anas

Lietojamibas robezstavoklis (SLS)

» Parvietojumi, izliece, deformacijas
» Plaisas

» Vibracija

EM iepirkums «Apmacibu seminaru bavspecialistiem un projekté&tajiem organizésana, un norises nodrosinasana» ID EM 2022/53
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@» CLE&%H Biuvbedres parbaudes — ka ievértét SLS robezstavokli?

ministrija  Kompet

Horizontalo parvietojumu, izlie€u, deforméaciju parbaude
» (a) Stingums

* Bilvbedres geometrija

« Atbalstsienas Jeometrija

* Materiali

» (b) ledzilinajums

» (c) Atbalstsienas sprai$|u tips un novietojums
» Virs ierakuma dziluma
* Zem ierakuma dziluma

EM iepirkums «Apmacibu seminaru bavspecialistiem un projektétajiem organizéSana, un norises nodrosinasana» ID EM 2022/53 19
5 Bivbedres — ki nobalstit atbalstsienas?
“  CLeanTECH uvbedres — ka nobalistit atbalstsienas:
uB
ministrija
; - -
E
E ]
» (a) Aktivie vai pasivie enkuri E m
. = . i
» (b) Horizontala spraislu i
sistéma a) by &
» (c) Slipu spraiSlu sistéma _ _ _ — _ _ _
| et et st
» (d) Centrala konstruktiva i R i -
balsti$anas sistéema E
i _ e z
» (e) Pilna parseguma balsts ; U H U H U
» (f) Daléja parseguma balsts i
[}
d) o) f
LEGEND:
[ - D-wall [ - LBE's, piles, Jet Grouting - tie backs (anchors)
- concrete structure I - steel elements - bars, hollow bars, strands
(slab, foundation slab, core) (struts, walers, columns)
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@ CL%'&CE’CH Buvbedres — ka nobalstit atbalstsienas?

ministrija  ompe
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¥ 0680 - - - .
@ CLEQ%TBECH Buvbedres — ko darit ar gruntsitideni?

ministrija

» (a) Pazeminasana

» (b) Dabiska padeves
partraukSana

» (c) Aizbetonésana ar
Tremie caurules sistému

» (d) AizbetonéSana ar
striklas cementéSanu

» (e) AizbetonéSana ar
Tremie caurules sistému
un enkuriem

» (f) AizbetonéSana ar
striklas cementéSana un & "
enkuriem g |

LEGEND:

N - D-wall [0 - Jet Grouting [ - non-cohesive soil (high permeability) ‘F ‘P ‘P - buoyancy
[ - concrete [ - tie downs N - cohesive soil (low permeability) - reinforcement (tie downs)
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@ 000 _ _ .
CLEANTECH Buvbedres — ko darit ar gruntsudeni?
ministrija  Kompet
Tunel pod Martwa
EM iepirkums «Apmacibu seminaru bavspecialistiem un projektétajiem organizéSana, un norises nodrosinasana» ID EM 2022/53 23

@ 9 Atbalstsienas — udens necaurlaidigi risinajumi

HuB

ministrija

Udens necaurlaidigs (?)

» (a) Diafragmas sienas
» (b) Sekanté&joSo palu siena

» (c) Kombin&ta sekantgjoso palu [

siena

EXCAVATION

» (d) Injekcijas sekant&josSo palu siena

» (e) Straklas cementacijas

pastiprindjumi zem eso$a pamata I

| EXCAVATION

» Rievsienas

[ - reinforced concrete
[ - unreinforced concrete
[ - Jet Grouting, DSM

EXCAVATION

EM iepirkums «Apmacibu seminaru bavspecialistiem un projekté&tajiem organizésana, un norises nodrosinasana» ID EM 2022/53

EXCAVATION
EXCAVATION
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ez 1o

CLEANTECH
uB

Atbalstsienas — udens necaurlaidigi risinajumi
ministrija  Kompet
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25

CL%%?CH Buvbedres — ka atbalstsienam palielinat stingumu?
ministrija

» (a) Apalas Sahtas
» (b) Masivas sienas

% (c) T-formas paneli

(b)

0
O
S o¥
3 \ Q
2 12| ,bQ
—13—‘:.;\—15: i

Stfiness at bending (E 1) per {m] of C30/37
(Ecr=32 GPa) diaphragm wall in an uncracked
condition:

wforil {E -1y=4.6 [MNm?/m]
elor@UEE (Ed)yy=47.2 [MNmiim]

Stifivess ratio:  (E), J(E-Iy= =10

I excavarion

I excavanon

1
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o Buvbedres — ka atbalstsienam palielinat stingumu?

HuB
ministrija  Kompet
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080

CLEANTECH
HuB

ministrija

Buvbedres— ka atbalstsienam palielinat stingumu?

1 T-panals B-wall with Jot Grouting siab

2) T-panels D-wall without Jet Grouting siab

31,2 m Dowall wilh Jot Grouting slab

S b e

T Y Y Y Y Y Y Y Y Y YV VYVVYYYVYYVYYIVVYIVYVYYY

g s
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CLEANTECH
HuB

ministrija  Kompet

» (a) Betons
» (b) Java
% (c) Java + térauds (H-sija)

nestiegrots (a)&(b): PLAXIS Betona modelis

terms of

tensile yleld stresses, [, and f, ax

Eq {299

O - s pe and the fsotropi

For : g can

te
- #’w, -1) Eq. [205]

Figure 62:

Buvbedres — materiali

Swengin classes for concrate [ o o ja: M >M._=W._f
(a) e a: M, > M, o Tetm
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i e i el el ol 5 acie Gt permanentload | Freauentiond
fam a1 Sefem HoXCT 53 0z
20[25| 29|35 |38| 42 | 46| 59| 53| 55| 67 | 60|63 | 65 i
(Pa) 23 o XC2XC X4 03
= Eom = ey O ression
S5 27| 20|30 or | o[ o [as]ss|or|nn|mfar]ar]as = Bl Y01, X02¥51, Decomp
——r 52,53
sy | 18| 18] 20f 21|21 [228| 23 | 24 |24s| 25 | 20 | 27| 28| 28| o4O *~Does not affect durability, may be relaxed where appearance
is not critcal (eg use 0.4 mm)
g T
) 35 32 | 30 |28]20] 28
wagm) 20 22 | 23 |24|25] 28
i) a5 31|20 |27]20] 26
" 20 18] 18 | ] 1] 14
porey wa| 18 [2s]22] 25 Stingums liecé
. as 01 20 [27]28] 26 (E-|) samazinas

fo <10 MPa
E = faktors”-f, < 10 GPa

(b) .
(©) .

E= (Ecol'lcol + Esteel'lsteel)/lcol
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» (a) Atbilstosi grunts dati
* (b) Klasiskais vai GEM 2D aprékins
*» (c) 2D vai 3D FEM aprékins =
* Jo vairak, jo labak? '

7. Dodatiawe paraimetry wiprowadioee

Tobeln 1: Parametry o modely Nerdening Sails

Buvbedres — aprékina modeli

TSI |

‘ i Deformed mesh [u] (scaled up 50,0 times)
(c) e ik =056 it 250)
by o iy W e,
- b dyiancy
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Buvbedres —ietekmes zona

HuB
ministrija  ompe

Streta oddziatywar s
Zone of nfluence.
Sl type

d
sands SH -

Piaski

o o e g RO e BRSO TTANTES. | P AN The rang o nfuence of DF b diffen rescarchers
recommendations (2014) il - Zrodio Zasieg Uwagi dodatkowe
Wy B H Srunty mespiste: piaski drobne, srd-
Zrddlo Clough i O'Rourke Instrukeja ITB nr 376 " X g c 181, | il L = [Breymann H. i inni 1997 152H 4
Source (1990) (Kotlicki i Wysokiski 2002) Wytycane (ITA-AITES, 2014) = “ nici viry
. S 3251 iy londyiskich i giny swalowe
Rodml g pigg WIE e ity bz wreldu narodza podiora e [Simpson B. i 1979] =T W e—
sands o sands clays despite subsoil type stefa oddzialywani (maks. 5 Hy |0 Bty spoiste
Seblope e zoneof flience = Clough G, O'Rourke T 1995 uﬁm iy londyiiskie i gliny zwal
—_— o ¥ m—
s, s, s, S, S(ativezons) S, (vighince zone) [Clough G O'Rourke T. 1998] s S S e e
Zasicg suefy - 200 |wpisskach
eddsatyean Sacje —stations:__ stacje { tuncle
Rangeofzones VS2H 24H L 3l 1 Hlub S0 m — stations and. - [Kotlicki W., Wysokiiski L. 2002] 25H w glinach
b st uncl — umels: ‘unnels s -
VHA2DRbS0m 2 H1ubl00m 4H ilach
Objatmienia— Explanations Objasnienia - Legend: norma rosyjska [TSN 50-302-2004] 0m B, Feltpos] ek, peoy peing
1 glebokosé wykopu lub posadarvienia  depth of excavation or foundation fevel [m]: H. B, gighokoié i szerokoié wykopu - depth and widih of excavation - —
D Srednica tunelu - tumel diameter m]. f ; Py, koftwionsj knnairuloji ssberpie|
ko su |crainee wykop, ale e wicee niz 2
§,~7ascg strefy Lk, gie Tk dhigost kotwy (ciegia
S, zasiog strfy wplywow wio i bulawy)
a- s y-d the stucture przy salowe; konstrukeji zabezpiocza
I elgbokosé posadovienia budynku — oundtion depth fucej weykop pracujace, jako wspor-
4H |nik lub rozparte (stalowymi rozpora-
norma rosyjska [SP22.13330.2011] mi lub zastrzalami), @ takie przy wy-
przy wetepne; analizie Konywaniu wykopu otwartego
przy Komstrukeji w technologit Scian
;| sececlinovwych lub cian 2 pal,pracu-
jacej jako wspornik lub rozparte (sta-
Towymi rozporami lub 7astzatami)
przy Komstrukeji w technologit <cian
2H | saczelinowych ub Scian z pali i wyko-
nywaniu eykopu metods podstropows
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» S, — aktiva ietekmes zona
» S, —dro3a ietekmes zona

\ ¥
max v,
| onsasnien ‘ @
| — omumca smarvwroow s [
e \ a5 B
|| cansemmonmmna suomers x max v,
; $=205m 2
! L
—— 48789m ,  §=206m
g PR _ PN 772
= » 1 —maksimalais pacélums
k- . - - -
; » 2 —maksimala sédanas i
» 3 —vidéja vertikala séSanas
Avots:
Protection of structures adjacent to deep excavations.
Guideline. ITB, Warsaw, 2020
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Aptuvenas robezvértibas
parvietojumiem parastam
bavém un konstrukcijam

Avots:

Protection of structures adjacent
to deep excavations. Guideline.
ITB, Warsaw, 2020

Buvbedres — blakus esosas buves

Settlement Relative rotation | Tilt

Sensitivity Type of structure Sk,sts | Sk, uls B ®

[mm] (%]
masonary buildings
Highest without tie beams, with 5:7 15+18 0,05 0,1
wooden or Klein ceillings
masonary buildings with
RC or beam-and-block
High - 749 20+25 0,075 0,2
ceillings, precast
construction buildings
Normal RC buildings 9+11 25+35 0,15 0,3
Settlement

Sensitivity Type of installation Sists
[mm]

Lowest single cables 200

multiple cables in bundles 150

Low water pipes 100

100 mm gas pipes 100

Normal 400 mm gas pipes 50

High sewer pipes 1025

Aptuvenas robezveértibas
parvietojumiem parastam
pazemes instalacijam

EM iepirkums «Apmacibu seminaru bavspecialistiem un projektétajiem organizéSana, un norises nodrosinasana» ID EM 2022/53
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iepludinasanu
» (c) Mikropali

» (a) Stroklas cementacijas
pastiprindjumi zem esoSa pamata

» (b) Cementacija ar javas

» (d) Papildus atbalstsiena

» (e) Kompensacijas cementésana

EXCAVATION

(@)

(b)

Esosas biives un konstrukcijas — ka tas pasargat?
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@ CL%%'ECSCH Dzilie pamati— ka parbaudit SLS robezstavokli?
Vertikalo deformaciju kontrole
(pacélums & séSanas) :
» (a) grunts pastiprinasana : llll slodze
» (b) pali vai platne uz paliem :
:
[
I |
[
a | |
- i :
(m | |
| |
| |
| |
ey k
EM iepirkums «Apmacibu seminaru bavspecialistiem un projektétajiem organizéSana, un norises nodrosinasana» ID EM 2022/53 35
@ CL%%TB‘ECH Dzilie pamati — platne uz paliem
Sésanas samazinadana
5 Pamatu platnes optimizacija
EM iepirkums «Apmacibu seminaru bavspecialistiem un projekté&tajiem organizésana, un norises nodrosinasana» ID EM 2022/53 36
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?  CLEANTECH Projekti, kuros izmantoti detalizéti 3D GEM modeli

ministrija  Kompet

Prezentacijas izklasts

* Issievads

» 3éku projekta 3D FEM aprékina piemérs

* Geotehniska situacija un pielietotie risinajumi pamatu platnei un bovbedrei

* Grunts aprékinu modelu apraksts

+ 3D geotehniska modela apraksts

* GEM rezultatu validacija nepabeigtai ekai (bUvniecibas stadija) ar daléjiem
deformaciju mérijjumiem

* GEM rezultatu validacija 2 pabeigtam ékam un séSanas mérijumiem

EM iepirkums «Apmacibu seminaru bavspecialistiem un projektétajiem organizéSana, un norises nodrosinasana» ID EM 2022/53 37
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? creanTecH Projekti, kuros izmantoti detalizéti 3D GEM modeli
ministrija -
J Iss ievads

Detalizéti geotehniskie aprékini, izmantojot 3D galigo elementu metodi
5 XIS® 3D £ ; 3 = .
P 3 [ L 20 gﬂ 3D vienmér kopa ar modeliem

Portions © 2021 Bentley Systems,

Nelinedra grunts un grunts — konstrukcijas mijiedarbibas augstas detalizacijas modelésana:
 Darbiba zemu un augstu relativo deformaciju diapazona (tipiskas praktiskas robezas)
* lezu mehanika un «klasiska» grunts mehanika ar cietu un mikstu grunts darbibu
» Konsolidacija laika un $|0de, drenéts un nedrenéts aprékins, dinamiskie aprékini
» Deformaciju aprékini ievértéjot gruntsodens plasmu (paliekosas vai parejosas)
+ Dazadistandarta grunsu materiala modeli un iespéjas izmantot lietotaja definétus modelus («dll-modeli»)
» Automatizacijas iespéjas ar «macro» un Phyton programmésanu datu prieksapstradei un pécapstradei
* Virtualad grunts-testésanas riks (trisasu, oedometera un citi testi), viegla parametru verificéSana
* Jutiguma analize un parametru izkliede
* Mijiedarbiba ar «CAD» programmam un geometrijas datu automatiska integréSana
***tiek izmantots Projektu pieméros***
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Projekti, kuros izmantoti detalizeéti 3D GEM modeli

Varsava 5 gadus atpakal, Towarowa iela avots: Google maps

EM iepirkums «Apmacibu seminaru bavspecialistiem un projektétajiem organizéSana, un norises nodrosinasana» ID EM 2022/53 39

Prezentacija par 3 &kam
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1. The Warsaw HUB

Augstums: 13om, 130m, 85m

Darbu apjoms:

Projektésana: D-sienas, stroklas

cementésana, baretes (platnes

veida pamats)

* D-sienas -(biezums 1,0m,
dzilums 30m)

* Baretes vai pali,

* Vertikali 0dens necaurlaidiga
strOoklas cementacijas veidota
platne

3D GEM aprékinu apjoms:

* Pamatu sésanas (platnes
veida pamats)

kuru izmantot konstrukciju
aprékina modeli (baretes, D-
sienas, grunts)

* «atsperu» stinguma aprékins,

Projekti, kuros izmantoti detalizéti 3D GEM modeli

EM iepirkums «Apmacibu seminaru bavspecialistiem un projekté&tajiem organizésana, un norises nodrosinasana» ID EM 2022/53 40

Prezentacija par 3 ekam

2. Spinnaker
Augstums: 20o0m

Darbu apjoms:

Projektésana: D-sienas, stroklas
cementésana, baretes (platnes veida
pamats)

* D-sienas -(bieums 0,8m, dzilums
23m)

* Baretes nevis pali,

* Horizontali Gdens necaurlaidiga
strUklas cementacijas veidota
platne

3D GEM aprékinu apjoms:

|« Pamatu sésanas (platnes veida
pamats un paliem)

* «atsperu» stinguma aprékins, kuru
izmantot konstrukciju aprékina
modeli (baretes, D-sienas, grunts)
_* letekmes novért&jums uz

. blakusesogo metro liniju
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@ CL%'B?;CH Projekti, kuros izmantoti detalizeti 3D GEM modeli

minstrja  tr Prezentacija par 3 ékam

S

,08-2022

3. The Bridge Darbu apjoms:

Projektésana: D-sienas, striklas
Auqstums: i74m cementésana, baretes (platnes veida
= pamats)
* D-siena -(biezums 1,0m un 0,8m,
dzilums 30m)
» Baretes nevis pali,
* Horizontali Gdens necaurlaidiga stroklas
cementacijas veidota platne

Scope of FE 3D calculation:

* Pamatu sésanas (platnes veida pamats)

* Bovbedres modelis un papildus 2D GE
modeli

* «atsperu» stinguma aprékins, kuru
izmantot konstrukciju aprékina modelt
(baretes, D-sienas, grunts)

* letekmes novértéjums uz
blakusesosajam vésturiskajam ékam;
2D apreékini noteiktos griezumos
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@ CL%%ECH Projekti, kuros izmantoti detalizéti 3D GEM modeli

ministrija

Grunts modelis, bGvbedres un pamatu risinajumi

2. 3-
Pagaidu spraislis Spraislis -2

Spraislis o

® smilSains mals F
Spraislis -1

Spraislis -3

S
K3 Spraislis -4
we =10 M E 3] g
smalka smilts qry Spraislis -3 2 [l Platne m
smil3ains malseg ] Platne ©
5 & Bllerakums 5
D ! lerakumgl .Y
@ M Platne O gg13m 7]
-20m 1 i7m 1
() ()
"= Vid&ji rupja lerakums 3
smilts 24-27m Stroklas —
_ Baretes
cementacua
-30m Baretes -

Udens necaurlaidigs slanis ~34m zem esosas
virsmas atzimes
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3 ciepnteck Projekti, kuros izmantoti detalizéti 3D GEM modeli
Fin
CP_RF — kombinéts palu - pamatu WW
platnes pamats S
Baretes (pali), diafragmas sienas un pamatu R/ ) R o
_ C . . ¢ 2
platne kopa parnes slodzi uz grunti. / ¢
-
Nav nepieciesams parbaudit katras atseviskas é é ’

baretes (pala) nestspéju, ka tas bitu palu
pamatu gadijuma, kur visu slodzi uznem palu
pamati.

Interactions:

@ Pile-Soil-Interaction
@ Pile-Pile-Interaction
® Raft-Soil-Interaction
@ Pile-Raft-Interaction

Aprékins apskata:
* Sésanos
* lekséjos spékus un piepiles palos/baretés/D-

. - Fig. 1.1  Combined Pile Raft Foundation (CPRF)
slenas as a geotechnical composite construction and the
interactions coining the bearing behaviour
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@ CLEANTECH Projekti, kuros izmantoti detalizéti 3D GEM modeli
HuB
inistrla
Dazadu grunsu aprékina mode|u pielietojums atbilstosi Plaxis (Bentley)
A —labakais standarta modelis, B-pamatots modelis, C-pirmatnéjs modelis
p—
SILTS CLAYS
Dilatant | Non-dilatant Degree of lidati _ e ur e . .
L Low High Normal | Gruntim pieskirtie modeli:
Model Analysis SANDS compressible | Compressible | Stiff clays Low Soft clays HS sm a" & H ardening SOI'
Mohr-Coulomb SLS
(Drucker-Prager) uLs C D D
sLs D D D D c c Modeli
cAP uLs c c L _
St ) c 3 D-sienam, Baretém,
Modified Cam-Clay| _ULS c c c Pamatu platnei:
sLs A A L - .
i sinniard iils Py y Y m X A * Lineari elastigs (tilpuma
sLs B B B B B B elementiem)
Hs-small uLs A A A A A A « Lineari. elasto-plastiski
T = N N N = A ineari, elasto-plastiski
HS-Brick uLs A A A A A A konstruktivajiem
Recommendations for the model choice for different soils and two type analyzes: Ser- elementiem
viceability Limit State (SLS) and Ultimate Limit State (ULS). Meaning of rating: (A)
recommended, (B) recommended except situations when small strain reversals may oc-
cur and transient analyses, (C) can be used, (D) can be used but not recommended in
terms of quality of results, empty grid cell means not applicable
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Hardening Soil:

* No sprieguma atkarigs stingums

* Plastisko relativo deformaciju attistiba pie efektiva
sprieguma izmainas

* Plastisko relativo deformaciju attistiba primaras
konsolidacijas laika

* Elastiga atslogosana un pieslogosana

* Sabrukums atbilstosi Mohr-Coulomb kritérijam

HS small: Hardening Soil + grunts darbiba pie zemam
relativajam deformacijam

EM iepirkums «Apmacibu seminaru bavspecialistiem un projektétajiem organizéSana, un norises nodrosinasana» ID EM 2022/53

Izmantoto grunts aprékina modelu apraksts

45

3

Stinguma parametri Ego, Eur, Eo,

no g-€ liknes trisasu testa
Dobrey (1991)

EM iepirkums «Apmacibu seminaru blvspecialistiem un projektétajiem organizéSana, un norises nodrosinasana» ID EM 2022/53

Go - balstoties uz korelacijam starp stingumu pie mazam
un lielam relativajam deformacijam , Alpan (1970)
y0.7 —balstoties uz stinguma redukcijas ltkném, Vucetic un

d s a0
et . . . . " g .
R Projekti, kuros izmantoti detalizéti 3D GEM modeli
ministrijla Kampetence, peredze un e
Izmantoto grunts aprékina modelu apraksts
HS small &
Hardenlng SOII m Power for stress-level dep cy of -
E;,‘;’- Secant stiffness in standard drained triaxial test [KN/m?]
i EU E:j Tangent stiffness for primary cedometer loading [KN/m?]
e Unloading / reloading stiffness from drained triaxial test [KN/m?]
?‘ . Ey Vo7 Poisson's ratio for unloading-reloading [-1
v 0 -
© Eo G Reference shear modulus at very small strains (¢ < 10°) [KN/m2]
L Esgo
: Yoz Threshold shear strain at which G, = 0.722G, 8]
Eur . . -
" Papildus parametri HS-small model:

46
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8

e /Benz & Vermeer [4]

~ -

P
i

EABD [9]

Ey,/Eqiat [-] (curve of Alpan)
Myyo/Mgia [-] (other curves)
3

Alpan [1] ‘

1 I |
1 10 100

E.,; [MPa] (curve of Alpan) G,
M, [MPa] (other curves)

1000

Imost constant|

Projekti, kuros izmantoti detalizéti 3D GEM modeli

Stinguma redukcijas ltknes, Vucetic and Dobry (1991)

_—_—— |

" | Vucetic & Dobry (1991)

gos-  opi=0%
Jos o PI=15%
s | 2 PI=30%
©O04L pi=s0%
03-  —Fit
0.2
0.1
08001 0.001 0.01 01 1

Toua (%)
(Hardin & Drnevich, 1972):

1 . )
=—1/[2¢' 20" o
Yoz QQ'[-L (l+cos-¢o)+a‘,(|+k“)sm-w]

1) with strain | highly non-linear variation
................ f G with shear strain
rcf — l"t’f ( ) 5 e o where:
GO - EO / 2(1+ vur) El e : ¢'= drained cohesion KN/
g 2|3 H ¢ = drained angle of internal friction [deg]
= é \z ¥ low stifiness at  k, = neutral earth pressure coefficient [l
_g ? Cl i T large strains ¢ '= effective vertical stress
o 'Yoz | ~1% _ (usually equal to &' = 100 kPa) ]
very small small | large g
shear strain y [%)] (log-scale)
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CLEANTECH Projekti, kuros izmantoti detalizéti 3D GEM modeli
ministrija
Trisasu (konsolidétu drenétu) testi smiltij un malam, (3. The Bridge)
Stinguma parametri E5o, Eo, m Sabrukums atbilstosi Mohr-Coulomb kritérijam
\ e \ [Pwom0 | | TR AR
~ -
. / - P
smilts / -
1/ -
N eps-q p-q Malam labak lietot
: L—c4—————>—  konsolidétu nedrenétu
[ osmmisain. | | [t | ] trisasu testu
o y]
mals _ — = \
1 B \
//\ eps_q /,’ D'q \ D-q ||
= 1 4 L
‘ : L
EM iepirkums «Apmacibu seminaru blvspecialistiem un projektétajiem organizéSana, un norises nodrosinasana» ID EM 2022/53 48

Seminara norisi nodroSina apvieniba SIA
“CLEANTECH HUB & CARMELLE” lh[guma
2022/53 ietvaros

24



Seminars "Dzilo pamatu izblve un bivbedres
blivas apbuves apstaklos"

03.11.2022

el=lo)
CLEANTECH
HuB

ministrija  Kompet

Projekti, kuros izmantoti detalizéti 3D GEM modeli

Trisasu testa iequto parametru
optimizacija ar Plaxis Virtual Lab Test

Vertical strain in [%]

EM iepirkums «Apmacibu seminaru bavspecialistiem un projektétajiem organizéSana, un norises nodrosinasana» ID EM 2022/53

——labtest  ~——FEM-model, HS Plaxis  ~S~FEM model without optimalization
- riku
250
T m [l Triaxal | & cyerriaxial | |5 Oedometer | B crs | & pss | E coss | @ General |
E Type of test Direction Consolidation
i ﬁ [prained ] || [compression ¥ | | [isotropic ~
E s .
5 o ] Ko 1,000
s
g w J Input
Lo Inibial cel pressure [o' | 100,0 kN/m2
Maximum strain fe, . | 10,00 %
50
Number of steps 100
0
P i 5 3 3 b b B> Run | Test configurations I

49
00 N ) ) . )
@ creanTeCH Projekti, kuros izmantoti detalizéti 3D GEM modeli
uB
ministriia N
Parametru izkliede
-20,00 0,00 20,00 40,00 60,0
i it b i 1 i D1
- [
3 ————-
12000 @
— | ®
3 Troe aten Paaneter M Ref vax senasere a8 as
E I Sod e Pspd \1'. (oh) 70 zl.w 33,00 % ~ Criterion 1
10000 . e o 0 %0 .0 o Phase  veyhop docekmy
i o] S0l werd @) 0,00 3,00 3,00 7 Crterion  Dsplacement
3 S0l vaed @ (oh) 20,00 34,00 .00 4 Point Node 24186 = |
| Sod va @ o) 18,00 20,00 24,00 5 Vakie type Uy
3 sol e o 12,00 %00 0,00 ] Criteron 2
x| Prase  wykop docelowy ~
80,00 J Hame ! Msg @' (o) (e & (o) (Mic o (o) [IVe @ (ohi) [V | @ (oh) [IVa € [IVa]  E g™ [IVa] <1 Critenon  Diplacement
= BAA_W2_sor_sens, C:\Usersgsaltys'C 3,00 36,00 33,00 M0 200 36,00 40,0063 Pont  Nede20233
3 PAA_W2_sor_sers C:\sersig soys W %®  BK M0 20 60 006 Vake type e v
- PAA_W 31,00 38,00 33,00 3,00 20,00 36,00 40,0063
= PAA_W2_spr_sens, Cr\Usersig.soltys'C 31,00 20,00 33,00 34,00 2,0 300 20,0063
60,00 2 ¥ _sans C:\Users\g soitys'( 300 36,00 36,00 .00 .00 36,00 40,0063
— 300 %00 20,0 M0 W00 600 00063
= 3100 36,00 33,00 %00 20,00 36,00 40,0063
| 31,00 36,00 3,00 30,00 0,00 36,00 40,0063
s | 31,00 36,00 33,00 34,00 24,00 36,00 40,0063
= Cosersigusoitys 31,00 3,00 33,00 34,00 18,00 36,00 40,0063
40,00 X _sens. C:\Usersig.soltys'C 3,00 36,00 33,00 3400 20,00 0,00 40,0063
/ Ca BAA_W2_spr_sers, Ci\sersig.aotysC 3,00 %00 3300 3400 W00 1200 40,0063
+m_ PAA_W2_sor_sens C:\Users\g.soltys' 31,00 36,00 B0 34,00 20,00 36,00 50,0063
4 c DAA_W2_sor_sens C:'\Users\g.soltys'C 31,00 36,00 33,00 34,00 20,00 36,00 35,00
C2 = lid
- i s - -
lic (Ca) - Kritérijs 1: blakus esosas ekas séSanas
\ IVa (C2) — Kriterijs 2: D-sienas horizontala deformacija
tttttl—_—l: Ve Péc Plaxis jotiguma analizes => llic
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e Projekti, kuros izmantoti detalizéti 3D GEM modeli

HuB

Ministrija  Kompetence
3D geotehniska modela geometrijas apraksts (3. The Bridge)

* Pamatu platne, baretes modelétas ka
tilpuma elementi (lineari elastigs(L-E)

modelis)

Stroklas cementacijas platne (tilpuma

elementi, L-E vai betona modelis)

* Spraisli un parsegumi modeléti ka konstruktivi

elementi (sijas un platnes elementi nevis * Dz./b. kolonnas, sienas, ékas pamatu
tilpuma elementi) plate modeléta ka tilpuma elements (L-
E modeli
X 2/53 51
CL%%?CH Projekti, kuros izmantoti detalizéti 3D GEM modeli

ministrija K

3D geotehniska modela geometrijas apraksts (3. The Bridge)

* Pamatu platne un baretes modelétas
ka tilpuma elementi (L-E modelis)
Aizbetonéjums (tilpuma elementi, L-E
vai betona modelis)

b kolonnas, sienas, ékas pamatu
atne modeléti ka tilpuma elementi
L-E modelizs)

L,

'2/53 52
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@ e Projekti, kuros izmantoti detalizéti 3D GEM modeli

HuB

ministrija  ompe

3D geotehniska modela geometrijas apraksts (3. The Bridge)

¢ HS-modelis
* +nedrenéta darbiba

« 1 -iom

«interface» elementi (stipribas un stinguma definésana)

EM iepirkums Apmacibu seminaru bavspecialistiem un projektétajiem organizéSana, un norises nodrosinasana” ID EM 2022/53

+nedrenéta/drenéta

darbiba
-20 m
Vid&ji rupja

. smilts
HS or HS Small modelis + :
ﬁijreneta darbiba
s -30m
Visiem tilpuma un konstruktivajiem elementiem izmantots mals

HS-Small modelis ﬁ

53
Oeo . . . . P .
cutarecr Projekti, kuros izmantoti detalizéti 3D GEM modeli
uB - = - =-v - .
e B Prognozéta pamatu platnes séSanas (3. The Bridge)
10
Pilnas slodZzu kombinacijas SLS
Bovniecibas laiks 480 dienas+ L
” -24,00
Total displacements u, (scaled up 200 times) (Time 473,0 day) ’
Maximum value = 3,578*10-3 m (Element 99345 at Node 126340)
Minimum value = -0,02645 m (Element 106761 at Node 145061)
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ministrija

20,00
L

000

20

Projekti, kuros izmantoti detalizéti 3D GEM modeli

Prognozes un mérijumi (3. The Bridge)

Maks. ierakums

Pamatu platne + augséjais spraislis

12000

oo

100,00

vl

| H

[RERNNRETI

<

l

A-A
Ma

ksim. iekakums

H

L
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horizontalais sx [mm]
pgmetowms[mmz]o 0
o
o
y d 5 5
////
1 4 1 g 10 10
L T
f | f 1

om o o 5 15

A-A
Pamatu platne+ augséjais spraislis 20 '.-'-F' 20

1

H 25 erecordeddata 25
i \ 30 * FE2D 30

Prognozétas horizontalas deformacijas:

3D aprékins 10 mm

2D aprékins =24 mm

Nomeéritas deformacijas ® 19mm

* Tiek veikta analize; iemesli: nedaudz atskirigs geotehniskais
modelis

55

o 4 eo - . - . . P "
@ ciprecn Projekti, kuros izmantoti detalizéti 3D GEM modeli
uB
Pamatu platnes séSanas prognozes (3. The Bridge)
icm
pacélums
0,0 =
-1,0cm _ - e
SESSNISS 100% Odens
- célejspeka "
> ocm Pamatu platnes tJ>Ip . \ %
1 zbive mobilizacija ) "-.\“2
e GUL pazeminasanas %
partrauksana Buovniecibas Konstruktivas
-3,0cm ~ 30% no visas slodzes slodzes 100% slodzes
! 0 150 dienas 250 dienas 400 dienas
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Sl (=10 . . . . . ey .
& cLeanteck Projekti, kuros izmantoti detalizéti 3D GEM modeli
ministrija Kompete
D-sienas séSanas prognozes (3. The Bridge)
0,6 cm
0,1-0,4 CMm e e
piecélums = T e T e e
0,0 - = g
sésanas : .
e % ‘:sa
-1,0cm LA
Lc
-1,5Ccm i ; ‘b |
o 150 dienas 250 dienas 400 dienas
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¥ “ 80
CLEANTECH L . L [l [ - - N
L L Hus Projekti, kuros izmantoti detalizeéti 3D GEM modeli
Blakus esoso éku séSanas prognozes (3. The Bridge)
'B-0,2mm
0,0 »piEmEe p i 1
wk‘*%fﬁl;ﬁf&‘ ;&’ F -1,4mm \\\7
i - D -1,8mm
T R 1 SR o
sesanas s
. c-3omm . — T
S==—— N
-0,5 Cm b . T o \
i \\ B
- : %
: \ " \@ ¢
-1,0cm .
-0,0120- B
Bivniecibas
<L —glodzes
'1,6 cm | i schemat g
0 150 dienas 250 dienas 400 dienas
EM iepirkums Apmacibu seminaru blvspecialistiem un projektétajiem organizésana, un norises nodrosinasana” ID EM 2022/53 58

Seminara norisi nodrosina apvieniba SIA
“CLEANTECH HUB & CARMELLE” liguma

2022/53 ietvaros



Seminars "Dzilo pamatu izblve un blvbedres 03.11.2022
blivas apbuves apstak|os"

@ CL%&QCH Projekti, kuros izmantoti detalizéti 3D GEM modeli
ministrija  xompet
s B 3 .‘.méxu ixﬁ." © .
ﬂﬁf XQ:{Y b Xaor ) (2. The Spinnaker)
=y Pilns ierakuma dzilums ar 20%
" “HiEX3 _“Xl. ; X6., noslogotu pamatu platni

X3 4 = s a8
Xi5 ﬁ— X16 XIAT Y 1 S aqy O 1a aplése: sésanas - 36 mm (optimistiski)
) s e A“\?sfimistiski R —
¢ & . i & . . L‘XA -

- P aat //
Ty " Ba. =% 4
\ \\ 2 [
\ BS 2 ™
N, A
X9 \ s s =% n pesimistisks.,
2 i3 e e
N 36 S - = R P
. \ 5 23 aplése: séSanas - 49 mm (pesimistiski)
., 0% slodze 100% 0% slodze 100%
S —

: ; - x ~
s \ ., \\\ j \\
© X3 \ ' X10 N (=

\ .
L, 0% slodze 100%  o% slodze 100%  o% slodze 10\0\%
% u

Nomeérita sésanas ar 95% slogojuma limeni - 44 mm
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ministrija

¥ 000 s : : oy .
@ CLEANTECH Projekti, kuros izmantoti detalizéti 30 GEM modeli

letekmes novértéjums uz blakus esoSo metro liniju (2. The Spinnaker)

Prognozéts 2-3 mm metro linijas pacélums (ar HS-small Prognozéts 2-3 mm metro linijas pacélums (ar HSSmall
modeli) modeli)
Noméritais pacélums = 10 mm (islaicigi), samazinoties Iid: Prognozéts maksim. 4 mm metro linijas pacélums (ar HS
3mmilgtermipa nm, modeli)

\ .

O /~
&)

lespé&jamie iemesli: GUL
pazeminasana, ietekme no citam
bOvbedrem

e GlGur%,'o

G/Gur=3,0

The Spinnaker
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000
R Projekti, kuros izmantoti detalizéti 3D GEM modeli

Ministrija  ompetence

(2. The Warsaw HUB) 3D GEM modelis apskata:
* Pamatu platni

* Baretes nosmlidzasm
* D-sienu

omm 26mm

I .

3D GEM sésanas prognoze

EM iepirkums Apmacibu seminaru bavspecialistiem un projektétajiem organizéSana, un norises nodrosinasana” ID EM 2022/53
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080 N . . .oy .
CLEANTECH Projekti, kuros izmantoti detalizéti 3D GEM modeli
ministrija &
(2. Warsaw HUB)
Max séSanas no 3D GEM 24,8mm Max nomérita sésanas 21,2amm* +2-3mm

© -izjokzem
80 % to 90%
max. slodzes

0 X /.
AaA
12,6mm  14,1mm 21,2mm/ 20,3Mm

21,amm 11,9mm
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@ o I Macibas, kas iegutas

HuB . . .
s Solis 1: Solis 2: Solis 3:
Gruntstidens kontrole  Atbalstsienas sprais|u sisttmas Citas problemas
- E B S
= AARAARARES AAAAARRERS AARARRAL _ _
= = . & . = _ = A N
7 7 N 7 N 3 i
[ SErererees
T ‘ !
11 Nliiiig
|} )
SRR AAARERRRES AEARA AR AR A AR A AR
BASE DESIGN: ALTERNATIVE DESIGN:
« solution: - - _ _ . _ 7  solution:
St e n 1 1 Sopport+ oundon o
technique: anchoring
D-walls + Jet Grouting  techniques:
 risk factor: low v D-walls + Jet Grouting +
tiebacks (anchors) + glee\

struts + tiedowns (anchors)
« isk factor: low
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@ 9 Macibas, kas apgutas

HuB

ministrija

» Arvien vairak tiek planoti augstas sarezgitibas projekti
» NepiecieSams parbaudit dazadus risindjumus, lai atrastu
labako un piemérotako konkrétajam projektam
» NepiecieSams nemt véra visus bavprojekta un izbdves ? N
aspektus | | | |
|} |
» GEM riki projektéjot augstas sarezgitibas risindjumus i j
BASE DESGN: (izmantojot atbilstoSus grunSu parametrus un pieredzi) ALTERNATIVE DESIGN:
groundwater cut-off + wall . _ _ . _ o . groundwater cut-off + wall
Bl » Kvalitates parbaudes un kontrole bavniecibas laika ir |oti teport+ eundaton sieb
D-walls + Jet Grouting - = techniques:
« sk Tacloro svarigs aspekts o
. _ e . . e . _ struts + tiedowns (anchors)
» Starptautiska un vietéja pieredze ir kritiski svariga ik factoc
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Ekonomikas ministrija Kompetence, pieredze un tehnologijas

Paldies par uzmanibul!

W @EM gov_lv,@siltinam @ f (3 /ekonomikasministrija & www.em.gov.lv @ Brivibas iela 55, Riga, LV-1519, Latvia & +37167013100 (& pasts@em.gov.lv

CLEANTECH
HuB

Ekonomikas ministrija Kompetence, pieredze un tehnologijas

Training seminar / Apmacibu seminars

Underpinning of Buildings and Compensation Grouting
(Session 2)

Eku pamatu pastiprinasana un kompensacijas cementacija
(Sadala Nr.2)

Prof. Michat Topolnicki, PhD (Poland),
Clemens Kummerer, PhD (Austria)
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CLEANTECH
ministrija Kompets HU?IAH g
. — — oo — e
Struklas cementacijas un kompensacijas
cementacijas izbuves un projektésanas
EM iepirkums Apmacibu seminaru bavspecialistiem un projektétajiem organizéSana, un norises nodrosinasana” ID EM 2022/53 67
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L AECH Vispariga grunsu pastiprinasanas metozu klasifikacija
rinitria o P
PY . . el = e -
prEN 1997-3:202x: klasifikacija 11. nodala
Klase Grupas
A-lzkliedéti B-Atseviski
1 Al = Izkliedéti un bez vienass spiedes stipribas Bl — Atseviski bez stingajiem pastiprinajumiem
Pastiprinatajai gruntij tiek uzlabota bides pretestiba vai |Pastiprinajumi, kuriem ir austaka bides pretestiba un
stingums. Pastiprinata grunts var tikt modeléta ka stingums ka apkart esosajai gruntij. Vienass spiedes
grunts ar uzlabotam Tpasibam. stipriba $adiem pastiprinajumiem netiek mérita.
piem., kompensacijas cementésanas metodes |
Il All — Izkliedéti ar noméramu vienass spiedes stipribu Bll — Atseviski stingie pastiprinajumi
Pastiprinata grunts batiski atSkiras no sakotnéjas grunts Stingie pastiprinajumi, kas izblvéti grunti, ar
ar noméramu vienass spiedes stipribu, sagaidama noméramu vienass spiedes stipribu un batiski stingaki
batiski augstaka bides pretestiba un stingums ka ka apkartesosa grunts. Stingie pastiprinajumi var bt
apkartesosajai gruntij. Parasti tiek izmantota saistviela, |izgatavoti no dazadiem blvmaterialiem, ka pieméram,
kas iestradata esos$aja grunti. koks, betons/betona java, metals vai ari ka grunts —
javas maisijums
piem., (straklas) cementésanas metodes
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CLEANTECH
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Cementacija
Poru tilpuma
aizpildisana

Cementacijas caurule
Javas apvalks

Plaisu cementécij$
Plaisu radiSana un to
aizpildiSana ar javu

Cementacijas caurule (TAM)

Javas apvalks

(Struklas) cementacijas process

Struklas

cementacija
Grunts
struktiiras

izjaukSana
Urbsanas
stieni

runtsidens
limenis

EM iepirkums «Apmacibu seminaru bavspecialistiem un projektétajiem organizéSana, un norises nodrosinasana» ID EM 2022/53
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CLEANTECH il H o T ¥ H int
‘ A Cementacijas metozu piemeérotiba dazadiem grunsu tipiem
ministriia
Limits of application
for grouting methods Clay |Silt |Sand Gravel Cobbles
Plaisu cementacija = 7 ] 100 (] favourable
Striklas cementacija i ’,f !" ’," j" =t Il uneconomical
. . F ey — | / 80
Compaction Grouting ] ,l f‘ / ;f
Resins < / Y ——
Sodium Silicate Solutions [Iv] / / ,‘ / 50
- i L /
Silicate Gel [hv] / / / ] ] ’ -
! 40 28
Ultrafine Cement < / / / J #j )
Cement grout / / // / a
Mortar 0 &
T ]
o= ;> ; 0,002 10,006 |0,02 0,06 0,2 0.6 20 6,0 20 60 g
v = low viscosity K
hv = high viscosity Grain size [mm @]
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080 _ - ..
LT Struklas cementacijas procesa detalas

Ministrija  ompetence

¢ Struklas cementacija ir grunts
struktlras hidrauliska ' monitor
izjauksana, kas tiek panakta
ar augsta spiediena striklu,
kas var bat art vienlaicigi art
cementéjosa saistviela, un
grunts vienlaiciga maisisana
un aizvietosSana ar javu rada
striklas cementacijas
kermeni péc hidraulisko
saistvielu sacietésanas

(EN 12716:2019)

strokla
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080
CLEANTECH

s Struklas cementacijas elementi

ministrija K

one-sided T

® Kontroléjot monitora kustibu un
izblves parametrus, iespéjams ieglt
dazadas geometrijas

® Pilnu kolonnu—apalu vai doutlesided
elipsoidu
® Segmentu

® Lamellas

Column Lamella

A- quarter column
B - half column
€~ full columns
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4 080
@ LR Struklas cementacijas elementu geometrija

ministrija  ompe

® Kombingjot atseviskus elementus,
iespéjams ieglt sarezgitas geometrijas
elementu grupas

® Nosedzosas platnes

® NorobeZojosas sienas

® Pastiprinatas sienas zem esosajiem

pamatiem
® Arkas

EM iepirkums «Apmacibu seminaru bavspecialistiem un projektétajiem organizéSana, un norises nodrosinasana» ID EM 2022/53

73
@é 060 _ e S . _
ceanteck  Struklas cementacijas stipriba un vienkarSotas spriegumu parbaudes
ministrija
® Indikativas vienass spiedes ® Sprieguma parbaude atbilstosi DIN 4093
stipribas vértibas
10,2 5 (MN/m?)
Binder T‘\
- Content
§ 85 —
s 180 - 250
? Sand and Kg'm3
2 68 Gravel
.
ﬁ 200 - 350
‘2 5 Silt and silty Sand kgt
§
K] 250 - 350
a kg/m* e
5 pug
300 - 400 Pty
; 0,1+ g 3
kofm 0.7 frn g
0 10 20 30 40 50 60
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@ 29 . Kvalitates kontrole
Metodes, lai noteiktu izbives diametru

HuB
ministrija  ompe

® Pieejamas dazadas
sistémas, lai
monitorétu un meritu
izblGves diametru

Viena tada metode ir
ACI® (Acoustic Column
Inspector) metode,
kur tiek izmantots
akustiskais signals
caur struklas
cementacijas stieni, lai
meéritu striklas
radiusu
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¥ 000 . = .
@ CLeaNTECH Plaisu cementacijas procesa detalas

ministrija

® Javas injekcijas gruntT Java Padevéjs Gumijas Cementacijas

apvalks caurule
rada jaunas lokalizétas .

plaisas (EN 12715:2021)

® Visparigi grunts
strukturas hidrauliska
izjaukSana tiek izmantota
kompensacijas
cementacijai

Javas Plaisa
apvalks
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@ . Cementésanas metozu klasifikacija

HuB
ministrija  ompe

Cementésanas princips
v
Bez grunts izspieSanas Ar grunts izspieSanu

_— . Tilpuma acij
Cementacija ar urbSanu fpuma Kompens_ac?pas
aizpildisana cementacija
lespieSanas Plaisu/kontakta
cementacija cementacija (Avots: EN 12715)

EM iepirkums «Apmacibu seminaru bavspecialistiem un projektétajiem organizéSana, un norises nodrosinasana» ID EM 2022/53

— Sakotnéja cementacijas faze

grouting pipe

Péc vairakam cementacijas fazém

7

,. 080
@ CUERE Kompensacijas cementacijas koncepts

ministrija

® Kompensacijas
cementacijas
uzdevums ir grunti
iepildit javu vietas,
kuras tiek paklautas
grunts tilpuma
izmainam un
deformacijam:

il Mmmy -
llmy
LR

¢ Dzilas bavbedres
® Tunelu bave

® Dazadas citas
deformétu
izraisoSas baves vai
to elementi
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SRl 60
e Kompensacijas cementacijas koncepts

ministrija  Kompet

® Kompensacijas cementacija ir (1) Sésanas pirms kompensacijas
pamata ar tilpuma izmainu
saistita probléma

+/-0.0m

Tilpuma

® Projektésanas laika Tilpur
izmaina

nepiecieSams izpétit tilpuma

izmainu un ietekmes zonu As1
® Buavkonstrukciju projektétajam
jadefiné projektétais pacélums
un pielaides (2) sésanas korekcija un projektéta augstuma sasniegSana

® Tilpuma izmaina tiek

+/-0.0m

kompenséta pienemot javas =~ = 00é@ommm=

efektivitates faktoru .
«-Kompensétais tilpums

pacelums

EM iepirkums «Apmacibu seminaru bavspecialistiem un projektétajiem organizéSana, un norises nodrosinasana» ID EM 2022/53

79
Y V‘r‘ 00 - .. = s o ey = -
" c=ie Kompensacijas cementacijas efektivitates parbaudes
Vertikala sé3anas laika
0
ﬁ\” l TLo8-  ar kompensaciju v
e’ PN | — = 1 T Punktu atrasanas plana
v\ SN
5 \'\‘\« | ™ Vr} J- \”\'\I\/?'\-M&t!
B Mt NN
| he P N |
E YT A
-10 (
TL11- bez kompensacijas
"3 EEEEEEEEEEEE
© RN EEEERE
- [T |
QT N24- bez kompensacijas
N A O O |
| T
PP EEEEEREERY B z R I o
-[ Kompensacijas cem. sakums
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@5 080
CLEANTECH
HuB

ministrija  ompe

® Apjoma izbuve zem esosas apbuves

EM iepirkums Apmacibu seminaru bavspecialistiem un projektétajiem organizéSana, un norises nodrosinasana” ID EM 2022/53

81

@é 000 o
CHEE Visparigi apsverumi

ministrija

® Planojot papildus apjoma izblvi zem
esosas apblves, nepiecieSamas
visaptveros$as zinasanas par esosas
blvi un tas konstrukcijam, ka
detalizéta planosana (raséjumil)
Parasti jaapskata vairakas spriegumu

izplatibas fazes

NepiecieSams nodrosinat
blvkonstrukciju un geotehnikas
projektésanas inZenieru ciesa
sadarbiba

EM iepirkums «Apmacibu seminaru blvspecialistiem un projektétajiem organizéSana, un norises nodrosinasana» ID EM 2022/53

82

Seminara norisi nodroSina apvieniba SIA
“CLEANTECH HUB & CARMELLE” lh[guma
2022/53 ietvaros

41



Seminars "Dzilo pamatu izblve un bivbedres
blivas apbuves apstaklos"

03.11.2022

Brivi stavosa apjoma augstums 5.6m

Pamatiezi
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SR 60 _ .
Y S Pagraba izbluve zem eso3as €kas
e ——
+/-0.0m _\_
S VA
-5.0m
___________ M.
Pamatiezi
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7o 00 o N _ .
S Y Eso3as ekas atbalstiSana ar térauda konstrukciju

84
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: 000
@ CLEppTECH Bivniecibas darbu seciba

ministrija  ompe

® (1) Mikropali '
GEWI 63.5mmar &
térauda cauruli
139.7mm
augséja posma

® (2) Dalejs
ierakums

® (3) Palu augséjas
plétnes izbﬂve (4) Betonésanas darbi

ReZgogu monitorings ar

(3) Pala augsas platne

° (4) REigOgU geodéziskajam iericém

izbuve
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@ 060
C T 11 H r Y1
" e Buvniecibas darbu seciba
ministrija

. e

(5) Atbalsta siju
izblve dazados
fmenos

(6) Dalejs ierakums

(7) Terauda platnu
metinasana, lai
radrtu konstrukcijas
pastiprinajumu

(8) Pilnigs ierakums

(7) Konstrukcijas A5 (8) Pilnigs ierakuma
pastiprinajums i - limenis
EM iepirkums «Apmacibu seminaiu vuv Hun pr ajiem orgainzesania, un nunises nuurusimasana» ID EM 2022/53
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CLEANTECH
HuB
an temog

®Dzilo pamatu aizsardziba
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g Visparigi apsvérumi

® Dzilo pamatu aizsardzibai
japievers 1pasa uzmanibal! TTT8 11011

® NepiecieSams saprast slodzes
parneSanas mehanismu (sanu
berze vai pala gals)

® Nedrikst pielaut neplanotu
. R i Platnes Palu
slodzu vai efektu (piem., pamats pamats
neplanotas horizontalas
iedarbes) uz pamatu
elementiem
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: 080
@ CLEANTECH Tilta dzilo pamatu atjaunosana

ministrija  ompe

EM iepirkums «Apmacibu seminaru bavspecialistiem un projektétajiem organizéSana, un norises nodrosinasana» ID EM 2022/53
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@ oe0 Tilta dzilo pamatu atjaunosana
HuB -
— Problémas apraksts
® Tika veikta urbsana pie - ]
. P [PROSPETTO DA MONTE scala 1:100 |
tilta balsta
® Artéziska pazemes tdens
horizonta ietekmé tika
iznests liels apjoms grunts
® Tilta balsts nosédas vairak
ka 30cm
® 34m laiduma dz./b. arka
izveidojas plastiska locikla =4 - 7 7
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@ . geo Tilta dzilo pamatu atjaunosana
=2 Tilta balsta pacelSanas koncepts

ministrija  ompe

i i

Saspriegts betona bloks

Domkratu pacelSanas
sistéma

[T MICROPAL mesiT LS

Térauda mikropalis

A
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@ CL%%BZCH Tilta dzilo pamatu atjaunosana
Izpildes soli
® 48 mikropalu (MESI sistéma) izblve,
garums-12m Bl
¢ Saspriegta betona bloka izblve
® 20 hidraulisko domkratu izbtve
® Tilta balsta pacel$ana 3 solos — katra
12cm
= . .
Hidrauliskie
domkrati
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- 200 Tilta dzilo pamatu atjaunosana
HuB v . . . .
gy - PacelSana ar hidrauliskajiem domkratiem
® PacelSana laika ® Mezgla attéls
400
350 J - — -—3
00 - —4 —5 —6
E‘ 250
— 200
o 150 !
£
[ 100
% |
aQ 50 [
0 7@r@ e ————
-50 -l
220208 120408  01.0608  21.07.08  09.09.08  29.10.08  18.12.08
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080

CLEANTECH
HuB

o

ministrija

® Veikt urbsanu zem
paliem ir sarezgits
uzdevums
geometrijas dé|

® Gadijumos, ja nav

pietiekamas

pieredzes, vélams

veikt lauka testus

® piem., noslogoti

pali ar lielu slodzi
vai dazadi paju
garumi

Skidruma

[imenis
-

e
o

“‘ Urbtie pali

Kompensacijas cementacija, lai pasargatu palu pamatus

Slodze Visi pali

pacelti
+2 cm (abs.)

Malaini
putekli

Kompensacijas cementacijas
izvietojums
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@, - 200 Dzilo pamatu pasargasana no sésanas, ko izsauc
HuB - . -
o e buvbedres izbive
| Building 1 |
O]
] 1] i} Blmonitoring L_ J
.. Teference magnetic field L v 0 Ee;L—,E:
Fill { T l[ %
L Ly
10 - = =
.............................................. X------ 15 Sit!Sand T
fiameter 20 SN —
- 25 -
Paleotevere’ Gravel
-
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@ 80
o cepsser Kompensacijas cementacijas darbiba kopa ar palu pamatiem
® NepiecieSams atrast urbsanai W’I
piemérotu vietu blivas '
apbuves gadijuma, piem., /
Sahtu ’”/ /
® Pirms urbSanas nepiecieSams ‘ %//
uzstadit monitoringa sistému /
® NepiecieSams izmantot
urbsanas metodes, kas
nodrosina minimalu ietekmi
uz apkart esoso grunti
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o

ERE e[\j - _ee - e - - - 0
e Kompensacijas cementacijas darbiba kopa ar palu pamatiem

Vertikala sésanas ekai 146

4
£
I i v
g PPN i T ‘d"‘""ﬂw
Hrorridt Wi MMM W ‘\} \ )
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©
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o
i 80
oo CLEANTECH
- -
. -— . -— . . 4
Vésturisku éku pamatu pastiprinasana
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¢ 000 L. - L o
@ e Visparigi apsveérumi projektiem pilsétvide

ministrija  ompe

® lerobeZota telpa €kas iekSpusé un ap éku, lai veiktu darbus (ipasi
ékas iekSpusé)

® lespéjamie arheologiskie atradumi
® UXO (nespragusa municija) klatbatnes risks

® Blakus esosas €kas, kas atrodas ietekmes zona, biezi ar ierobezotu
dokumentaciju par esoSo pamatu stavokli

® Pazemes komunikacijas

® Dazadas tehnogénas gruntis

EM iepirkums «Apmacibu seminaru bavspecialistiem un projektétajiem organizéSana, un norises nodrosinasana» ID EM 2022/53 99
@ .00 Salidzinajums starp manualu un striklas cementacijas
HuB . ) - . ve .
] pastiprinajumiem zem esosiem pamatiem

Roku darbs ar  *Minimals iekartu apjoms *lerobezojumi, kas saistiti ar dzilumu, gruntstdeni

betonu vai * Ekonomisks maziem projektiem un slodzém

betona javu * Laikietilpigs process
*Blakus esoSo TpaSumu izmantosSana

Striklas *Loti daudzpusiga metode *Resursu ietilptba nelolos projektos

cementacija *TieSs savienojums ar pamatu

*lespéjams pielagot iekartas

100
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@ - 200 Salidzinajums starp manualu un striiklas cementacijas
HuB . - - . ve .
i pastiprinajumiem zem eso3iem pamatiem

Pamatu pastiprinasana
. ar strOklas cementésanu
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@ CL%%%H Pastiprinasanas un ierakuma izbuves iespéjas, lai ierobezotu

ol deformacijas

Diafragmas sienas/urbtie pali
® lerobeZota piekluve objektam

® Tilpuma izmainas, izblveéjot palu sienu

Striiklas cementacija
® Viegla piek|GSana

® EsoSo pamatu pastiprinasanas iespéja
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@ - 200 Parbaudits eso$o pamatu risinajums ar enkurotu striiklas
HuB - e . e -
s e cementicijas risinajumu
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@ 080
CLEANTECH
. HuB

ministrija

®Seésanas un deformaciju monitorings
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060
eSS Monitoringa sistémas — visparigi apsverumi

ministrija  vompet

® Monitoringa vértiba ir uzlabota droSiba, samazinats risks,
laika un budzeta ietaupijums

Bovkonstrukciju/ Katra Savakt / Papildus Rikosanas,
geotehnisko instrumenta izvértét / sistemu kad

jautajumu mérka interpretét izmanotsa nepieciesa
definé%ana definésana » datus na ms

*) Interpretacija: datu nozime; iemesls un efekts; ieviesana

EM iepirkums Apmacibu seminaru bavspecialistiem un projektétajiem organizéSana, un norises nodrosinasana” ID EM 2022/53 105

080 - .
CLEANTECH Novérosanas metodes

ministrija

® Terzaghi iepazistinaja ka «muzZu dzivo, mizZu macis»
® Parfrazéjot «interaktiva geotehniska projektésana»
® Koncepts ieviests ari 7. eirokodeksa

® Tiek pielietots, kad geotehnisko situaciju ir grati prognozéet >
projekta risinajumi japarskata buvniecibas laika:
® NepiecieSams definét robezveértibas
® NepiecieSams monitoringa plans

® NepiecieSsams nejausibu/risku plans
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) Oeo Ve - .o . . 400
@ ceavtee Plasi lietotas konstrukciju monitoringa tehnologijas

ministrija  ompe

® Automatiskie tahimetri ® Skidruma limena méridanas sistéma

® Automatisks optiskais
monitorings

Sésanas monitorings

® Loti augsta precizitate

® Augsta precizitate _ . L
Nepartraukta mérisana laika

® Biezi nolasijumi o o

® NepiecieSams uzstadit
hidrostatiskas limenosanas
shnas

® Sesanas un deformaciju
monitorings

® NepiecieSams uzstadit prizmas NepiecieSams savienojums starp

un tahimetra staciju ar tiesu Stnam
Avots: Gepinstruments mérisanas skatu
® Nav nepacieSami kabeu
savienojumi
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) Oeo Ve . .o . . 400
@ ==t Plasi lietotas konstrukciju monitoringa tehnologijas

ministrija

® LVDT devéji ® Tiltmetri

Linearo parvietojumu
monitorings

Pagrieziena deformacija

Pielieto uz virmas vai
atseviska konstruktiva
elementa

® Relativo deformaciju
monitorings starp
konstruktivajiem elementiem vai

. Viegla izblve
plaisam

® Viegla uzstadisana

=== Source: Geoipstruments
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@ 000
CLEANTECH
HuB

ministrija  ompe

Inklinometri

Formas izmainas
sensori

Optiskas skiedras
sensori

Ekstensiometri

Pjezometri

Plasi lietotas konstrukciju monitoringa tehnologijas

D-sienu un urbpalu sienu deformaciju mérisana

Palu monitorings

Deformaciju un relativo deformaciju monitorings slodzi uznemosos
elementos

Nevienmérigas deformacijas mérisana starp dazadiem punktiem grunti

= —v

Poru spiediena un poru papildus spiedienu mérisana grunti
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@ 000
CLEANTECH
HuB

ministrija

®Projektu piemeri

®Macibas, kas iegutas sarezgitos projektos
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: 080
@ CLEANTECH Pazemes autostavvieta zem vésturiskas ekas

ministrija  ompe

® Autostavvietas izblve
pilsétas centra Graca,
Austrija

® Autostavvieta papildus
500 automasinam 5

pazemes stavos zem
«Admonter Hof»

® lerakums lidz pat 18m,
un 11lmzem
gruntsudens limena
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@ .00 Pazemes autostavvieta zem vésturiskas ékas
s ot 222 Geotehnisko izpétes punktu izvietojums

® Urbumi 1. izpétes karta

® Smilsaino Iécu identificésana
2. izpétes karta
® Karsta formu identificéSana
3. izpétes karta N<l

Terciara perioda cietas
konsistences

Kvartara perioda

Mur upe
—_— rants .
///j - 9 puteklaina grunts
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@ CL%%‘;CH Pazemes autostavvieta zem vésturiskas ékas
msy e EsoSo pamatu pastiprinasanas risinajumi

® Perimetra ékas tika
pastiprinatas ar
struklas cementaciju un
injekcijam

Striklas
cementacija
zem esosajiem
pamatiem

\

® Centrala éka ‘Admonter
Hof’ tika nostiprinata
un betona sijam, kas
balstttas uz urbpaliem
un mikropaliem

5110
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@ .00 Pazemes autostavvieta zem vésturiskas ékas
s et Urbpalu siena ka biivbedres atbalsts
| —

R D Sekantéjo3o palu siena
Maksimalais iesp&jamais

[imenis (100;!§du perioda) Fill
. 0
i eJa\slupes imenis D
Uzspriegti enkuri
* Maks. 22m
Grants « Maks. 650kN
Maksimalais ierakums
Z
AV
Smilts
Putekli
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CL%&%H Pazemes autostavvieta zem vésturiskas ékas
msy e Blakus esoSo €ku pamatu pastiprinasana

Vésturiska
éka

,Admonter
Hof"

® Augseja grants slana
pastiprinasana ar striklas

cementaciju Striiklas

cementacija

Daléjs ierakuma limenis

® Cementa javas apmetums, kas
aizsedz putekju slani un pareju
lidz dolomtta slanim

Av4

Cementa

javas
apmetums
Maksimalais ierakuma limenis
\V4

® Enkurosanas sistéma ar
saspriegtiem enkuriem vairakas
rindas

® Injekcijas lai pastiprinatu puteklas
grunts slani ka art ierobeZotu
Gdens ieplGsanu, Tpasi caur
dolomtta iezu slaniem

Cementa
injekcija
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.00 Pazemes autostavvieta zem vésturiskas ékas
HuB v - . . -
B Blakus esoSo éku pamatu pastiprinasana
¢ Straklas cementacija ® Struklas cementacija no ® Stiegrota cementa javas
|erot3ezotas piekluves ekskavatora bizes siena
apstaklos
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@ 000
CLEANTECH
HuB

Pazemes autostavvieta zem vésturiskas ekas

ministrija  ompe

Centralas ekas pastiprinasana

® Palu rezgogu izbuve ® Betonasiju izblive zem

esoSajiem lentveida pamatiem

Betona
rezgogi
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@ 000
CLEANTECH
HuB

Pazemes autostavvieta zem veésturiskas eékas

ministrija

[fmena

Centralas ékas pastiprinasana

® 1. ierakuma faze virs gruntudens ® 2.ierakuma faze lidz buvbedres

apaksai péc grunts
pastiprinasanas pabeigSanas

Betona sijas

Urbali 8 Térauda ramji

-
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@ CL%’E‘;QH Pazemes autostavvieta zem vésturiskas ékas

msy e Centralas ekas pastiprinasana
N,

® Ekas deformacijas
tika monitorétas ar
Skidruma limena
meérisanas sistému

® Kopa tika izmantoti
33 meérisanas
punkti 2
neatkarigas
meérisanas kédeés
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oo Oeo - LX) -\ . - .
@i; ez Kompensacijas cementésana, lai pasargatu Donavas tiltu
e _k - ,
#Danube Flats
projekts, Ving,
Austrija

‘Reichsbricke’
pari Donavas
upei
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@; <280 Kompensacijas cementésana, lai pasargatu Donavas tiltu
HuB

. Griezums
® Tilts paredzéts dazada e I
veida satiksmei un _ Tilta gala balstl L
komunikacijam D Danube Flats
il \ H H |

® Sésanas aprékini noradija
uz batiskam nevienmérigu
sésanos augstceltnes
blvniecibas ietekmé

15mm

25mm s

35mm
okt cincements
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00 Kompensacijas cementésana, lai pasargatu Donavas tiltu
CLEANTECH ’
HuB - _ee =
Cementacijas plans
Reichsbriicke Widerlagermonitoring Time: 02.07.2020 07:36
Monitoring Overview: \n]ek!lonseheneA Absolut
Injektionsebene A
o 1 sm . o) MU
d
Vertikalo deformaciju & _ o =
mérijumu punkts Cementacijas g .
caurule = | £
: i a [ 2%
=0
¥
A, uss-(_—:
»-ssw-—v o
}
............ !
................................. « el
e | <
B
O s
Gala balsts —¥ ‘.1"
I
|
| L
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<280 Kompensacijas cementésana, lai pasargatu Donavas tiltu
HuB

e Attéli no izblves
® Cementacija no bavbedres, kas ® Cementacijas sistéema
nostiprinata ar urbpaliem un

rievpaliem
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CL%’ET‘ECH Kompensacijas cementésana, lai pasargatu Donavas tiltu
uUB -w - -
i Sésanas/ pacéluma tendences
Vertikala séanas laika / slodze - S€5anas bez kompensacijas cementacijas
— sésanas ar kompensacijas cementaciju

C Lastanteil @
-15

90% Last 92,5% Last

-T pirms — pacelsana ~ r'

N B T B o |
o

(+) / pacélums (-)
1
'
]
1
i
A
1
i
]
i
]
i
i
¥
[}
i
i
i
i
/
]
]

sésanas
s

25 \
~ 2 gadi

30 ¢ >

ER
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: 000
@ =uee Kompensacijas cementacija séSanas kompensésanai Berliné

ministrija  ompe

® Tika izbuveti divi jauni
tuneli 5.7m diametra
ka dala no pazemes
U5 metro linijas
Berline

Jauna stacija
‘Museumsinsel’ tika
uzbavéta blakus/zem
vésturiskas ekas
‘Bertelsmann’
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! (2= 10) - oo T - -

@ e Kompensicijas cementacija U5 Berliné

uB . - - -
i Vispariga shéma
gy T
gl T = ‘ ‘
Cementacijas Sahta
. R— : d - “_'u - Ceme.nt.écija.s
- ~ caurulu izvietojums
s . - ‘w . Sasaldéta grunts
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@ 000
CLEANTECH
HuB

ministrija  ompe

® Deformaciju apléses noradija,
ka nepiecieSams izmantot

Detalas

Kompensacijas cementacija U5 Berliné

Soitfrac
Hebungsinjektion '*llll

us/B

Messtachnische
Uberwachung

- Berlin

specialas metodes, lai
ierobeZotu esosas ekas
bojajumus

® Tika izbUveta 10m dzila Sahta

® Cementacijas caurules tika
izblvétas divas rindas
(maksimali 55m garas)

® Tika izmantotas 35 Skidruma

Projekt: UsBertelsmannhaus
Ref -Datum: 16.07.2014 16:00 Messdatum: 20.07 2014 16:36
Stand 2107 2014 15:14

[Tmena mérisanas monitoringa
sistémas
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@ .00 Kompensacijas cementacija U5 Berliné
iila v Attéli no izbuves

o

® Dati no monitoringa sistémas
un cementacijas darbi tika
vizualizéti viena programma

® Robezveértibas tika noteiktas,
lai noteiktu kuras robezas var
darboties ar cementésanas
darbiem
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@ o Apgutas macibas un secinajumi

HuB

® Loti sarezgiti projekti var tikt realizéti, lai raditu papildus apjomu blivas apbuves
apstaklos

® NepiecieSams pietiekams dokumentacijas apjoms par esoSajam blvém ietekmes
zona (konstrukcijas, geometrija, slodzes, pamatu risinajumi), lai definétu
atbilstosu pastiprinasanas/aizsardzibas risinajumus

® Projekti bus sekmigi tikai tad, kad blvkonstrukciju un geotehniskie inZzenieri
stradas kopa un liguma nosacijumi atbildis uzdevuma komplicétibas pakapei

® NepiecieSama atbilstoSa monitoringa programma un eksperta interpretacija

® Laiizvéletos labakos geotehniskos risinajumus, nepiecieSams iesaistit geotehniskos
darbu veicéjus péc iespéjams agraka projekta faze
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280

CLEANTECH
HuB

Ekonomikas ministrija Kompetence, pieredze un tehnologijas

Paldies par uzmanibu!

Jautajumi & Atbildes
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] = )]
CLEANTECH
HuB

Ekonomikas ministrija Kompetence, pieredze un tehnologijas

Training seminar / Apmacibu seminars

The Use of Ground Improvement for Heavily Loaded Objects
(Session 3)

Grunsu pastiprinasanas risinajumu izmantosana projektos ar lielam
slodzem uz pamatu konstrukcijam(Sadala Nr.3)

Prof. Michat Topolnicki, PhD (Poland)

00 L
@ cLEE Prezentacijas saturs

ministrija

» levads
» GrunSu pastiprinaSanas metozu izvéle

» Projekti, kuros grunsu pastiprinasana
izmantota, ka alternativa palu pamatiem

» GrunsSu pastiprinaSanas metozu priekSrocibas
» Secinajumi
» Jautajumi un atbildes
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o Geotehniskais riks
CLEANTECH ’ .
ot e Gaganas (SLS) Sallowable 0 Nestspéja (ULS)
< 2 o >
Sbkotneja S|tuacua ‘ ‘
\’ Vertlkalas drenas + pieslodze ‘\\
Seklie T
- v Bllvééana (RIC, DC, VC) }
\’ Dlnamlska grunts aizvietoSana \ g
\ =]
{ Grunts pali \ =
L =
\’ Sablivésanas cementesana \( 3
\ I n N
J Kompensacuas cementéSana \ §-.
\ I I I
\ Dzila grunts stabilizacija (sausa veida) |, 2
I I m
Dzila grunts stabilizécija (javas veida) “\
[
T Striiklas cementacua ‘ ‘\
{ Stingie pastlprmajuml “‘
Dzilie [Pl , 1
pamati \| Baretes l‘\
‘ I
\ | Diafragmas sienas |‘
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s hm;i! « e = - .
25 C,_EA?TECH Grunsu pastlprlnasana un pa!u pamatl
HUB
A [
1
- Grunts
7)) Pastiprinasana (GP)
o]
c
0
g Palu
= : amati
Palu pamati P
GP ar saistvielu
GP bez
saistvielas
Raksturigas slodzes
Vibro-blivésana (VC) Dzila grunts stabilizacija (DSM)
Dinamiska blivésana (DC) Striklas cementacija (JG)
Grunts pali (SC)
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@ 000 Blivésanas metodes

CLEANTECH
HuB
ministrija  ompe

before

gauszeme
» Blivésana ir efektiva metode, kas ierobezo grunts L saskidrinasanas potencialu

Vibro — blivégana (VC) Dinamiska blivésana (DC)
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; 080 Grunts aizvietoSanas metodes
CLE;':NTECH
uUB

ministrija

Dinamiska aizvietoSana (DR)
Grunts pali (SC) ' .

» Grunts pali
batiski samazina grunts
saskidrinasanas potencialu

Kvalitates kontrole
(statiskas slodzes tests)
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@ 000 Dzila grunts stabilizacija (DSM) javas veida

CLEANTECH
HuB
ministrija  ompe

Izblves process
“»DSM-sienas » Grunsu pastiprinasana
FAtsegta fasade = Atsegtawvirsma. - °

) " P g
Q ) S R, i
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080 Struklas cementacija (JG)
CLEQI:'EECH
shenemies iz » Striklas cementacija esoso

€ku pamatu pastiprinasanai,

» Straklas
cementacija zem
pamatiem

King Fahd— &
Causeway Tower
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ez 1o

CLEANTECH
HuB
ministrija  vompet

» AtgUstama teritorija
> Pali?

VC/VR izmantojot S-
vibratorus

~100 m

>

100 kPa
40 kPa

» + grundu pastiprinasana

Quay wall

Zona3:4m

\ Diafragmu sienas

Bliva smilts
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@ 000
CLEANTECH
. HuB

ministrija

Sea Towers

Piestatne

T e T
—
R R

Vienass def. modulis

E.[MPa]
0 60 120 180 240

-8

-9

-10

z [m] 60 120 180 240
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@ 000 Sea Towers
e PLAXIS

ministrija  ompe

Stinguma sadalijums zem platnes

Slodze uz pamatu platni [kPa] [mm] k [MN/m]
-10
-16
-22
-28
34
/ -40
;,%‘ -46
Iy
ﬂ'é LT PA /i -52
A | ]
IS AR g 58
-64
-70
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¥  0eo Sea Towers — novérotas sésSanas vertibas
CLE;':I:'EECH
Ekonomikas ministrila  Komaee r-anmummm 10.2006 10.2007 10.2008
TN L
T R e
£ e N,
(2]
I 30 LY
C
>8 40
10
0 50
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080

CLEANTECH
HuB

ministrija

Gdanskas stadions, Pozlsié'g (VC + DC)
) )

L5,

V= 1800 kN
H= 700 kN

katri 8 m

=t e
Platums no 55 lidz 65 m, Hoi%.
203m m

Dzilakais

pamatu lime

Divi neatkarigi iepirkumi/ligumi:
Prasibas C1 + C2 (8.75 ha):
1: Grunts apmaina (324,000 m3, vid. 3.7 m, maks. 5.5 m)
2: Dzila grunts blivésana
C1 (pamati): q,= 15 MPa Iidz 15 m dzilumam,
C2 (laukums): g, = 15 MPa Iidz 10 m dzilumam
3: Virsmas blivéSana: gala darba atzime +0.7 m

| {
ol
orSi-104 £+ |- -

C1: E,, = 100 MPa, C2: E,, = 80 MPa, lo < 2.5 e o
o R i
"Sagaidams”: MSa i ,;L) i
300 kPa nestspéja; s=30 mm; As=10 mm Lt 12
to -18/-22 | i I
m a3l
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5 s 000 . s
@ 20w . Gdanskas stadions, Polija (VC + DC)
ministrija Hus
VC: 3 x 3 m (trijstara rezgi) q. [MPa]
0 5 10 15 20 25 30 35 40 45
0
P =Y v
</ TPl
2 2 — L?runtg apm?ina \‘/eikta‘
R > —Grunts apmaina planota
4 == e e e S e
b
5 “% —CPT_initial
- ——3days
6 -
s O 7 days
E -7 2 —— 14 days
N 8 \ . ~> qc = 15MPa
-9 L
k R
-10
=
11
d T
12 2L
—
VC, no darba atzimes +0.7 m, 1.27 miljoni m? BT e S B e e
C1—1Iidz 15 m, e P
C2-lidz10m N
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- 200 Gdanskas stadions, Polija (VC + DC)
“Ee +1 VC +DC q [MPa]

550 kJ/m?3

T
y,‘* JR—

bl

o 1
7VC 7 dienas

EM iepirkums «Apmacibu seminaru bavspecialistiem un projektétajiem organizéSana, un norises nodrosinasana» ID EM 2022/53

==— 77" VC 14 dienas
E 7 - qc = 15 MPa
N ___? ——— DC1 /7 dienas
. Fooe e | |- DC2 /7 diengs
’ U =
10 -
'.. —
BT d g —
" .
B —F....
DC, no darba atzimes +1.7 m Laukums C1+C2 14 >
16 tonnas, H = 10 lidz 19 m 8.75 ha ™~
. 15

145

- 200 Gdanskas stadions, Polija (VC + DC)

ministrijal
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@ 000 Gdanskas stadions, Polija (VC + DC)
CLE;':I:'EECH _ _ . _ _ s
il Noveérotas séSanas (11 5g];adu péc pz%belgsanas)

"
. smmn
wgnts® ]

.
]

. LN
L]

it

EM iepirkums «Apmacibu seminaru bavspecialistiem un projektétajiem organizéSana, un norises nodrosinasana» ID EM 2022/53
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@ 980 polish Airlines LOT centrala biroja éka, Varsava, Polija (SC)

ministrija xompet

» 8-stavu éka ar jatigu
stikla fasadi

» Pamatu platne
100x65%1.2 m

» Vidgjais spiediens uz
grunti 125 kPa

» Maks. atlaujama
nevienmériga sésanas -
1:500

» Maks. atlaujama kopéja
séSanas - 25 mm

EM iepirkums «Apmacibu seminaru blvspecialistiem un projektétajiem organizéSana, un norises nodrosinasana» ID EM 2022/53

148

Seminara norisi nodroSina apvieniba SIA
“CLEANTECH HUB & CARMELLE” lh[guma
2022/53 ietvaros

74



Seminars "Dzilo pamatu izblve un blvbedres 03.11.2022
blivas apbuves apstak|os"

oS24 Polish Airlines LOT centrala biroja &ka, Varsava, Polija (SC)

HuB

Virs grunts

65m

Sésanas bez grunsu pastiprinaSanas: 107
29 to 56 mm

Pasutitaja risinajums: Ziml v
720 gab. CFA pali,

@500 mm, L=11m, _

Kopé€jais garums 7,920 m

EM iepirkums «Apmacibu seminaru bavspecialistiem un projektétajiem organizéSana, un norises nodrosinasana» ID EM 2022/53 149

c.iqiecn Polish Airlines LOT centrala biroja éka, Varsava, Polija (SC)

ministrija ompet

s o m o 5 0o B 68 08 Bo leviestais risinajums:
i o000 00 0 0 0 0 0 00 0 O @ 439 gab. grunts pali
ee ® ® ®© ® 0 @ ® & © B
le! A S S e e ¢ ¢ 0 ¢ & 4 & 0 »_ & i @ 0.6-0.8 m,
- 3,590 lin. metri
7x|étak ka sakotnéjais
® risingjums
: . o . tCOe
& S SR L b, ‘ 1000 854
.
el : ® 500
- PN S 5 _ _ ] 37
. 0 —
T LOT -VR LOT -CFA
i EFFC/DFI
Oglskabas gazes izmeSu aprékins
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ministrija xompet

Divi projekta risinajumi:
V1 — bez uzspriegta konstruktiva elementa
V2 - ar uzspriegtu konstruktivu elementu

7.6 MN

Prognozéta
séSanas bez
grunsu pastipr.
=10 cm

letekmes zonas
dzilums - 13 m

Geotehniska izpétes

atskaite: L

Garber & Dalmatiner

L=125m

cm

Pielaujama
As=1cm

R

Uzberumsan Grunts

Stadt Villach

@ 980 Polish Airlines LOT centrala biroja &ka, Varava, Polija (SC)
HuB
ministrija days 300 0 days 300 0 days 300
5 5 5 ‘
[~ k\ |
10 — - 10 ‘\\ 10 ! ™~
15 15 - 15 R
s [mm] { s [mm] s [mm]
20 Ll .
T —
“ -
\\ //
\\\ _J i
s J d Novérotas deformacijas péc 300 dienam
.o = blvniecibas darbu pabeigSana
.
i
|
|
e T
é//—‘ N
e 1 N
7 \\\
0 days 300 days 300
‘ \
5 N 5 5 !
‘\\ Q\
10 ~ b 10 ~ 10 ™
T~ O \'\
15 154 15 o
s [mm] s [mm] s [mm] ‘ | [
20 L 20 L 20 L
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080 Arkas tilts, Fillaha, Austrija (SC)
CLE'/:IJEECH

g
e

!

=i 10 [fdz 20 cm

Gaxgru

£ i S gt raugas
Xgs'tisGsgnu
e

QUM g st

[Tmenis

eas@iarsBM iepirkums «Apmacibu seminaru bivspecialistiem un projekté&tajiem organizéSana, un norises nodrodinasana» ID EM 2022/53
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@ 000 Arkas tilts, Fillaha, Austrija (SC@

minisrija;

1. Grunts pali

2. lerakums 1 m zem
pamatu limena
+ S8kembas
+ blivéSana

2 x75=150 gab. .
- grunts pali :

Trisstlrveida rezgis 'E
Soli 1.6 m

EM iepirkums «Apmacibu seminaru bﬁ%spﬁ

Pieslodze
3 'dz 4 ménesi

153

@ CLQEQCH Dzilas grunts maisiSanas pielietojumi (SM)
HuB

ministrija Kompet

Keller ir pieredzevairék ka ,000 DSM (jas veida)

- rojektos!

F/

EM iepirkums «Apmacibu seminaru bavspecialistiem un projekté&tajiem organizésana, un norises nodrosinasana» ID EM 2022/53
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080

CLEANTECH
HuB

22 naftas tvertnes (LOOP LLC)

D=90m
H=15m
V =95,000 m?

Elevation (ft) [M]

Lielas tvertnes, Luiziana, ASV (SM)

g T

TT T l 11 111 [ 4.3
= TSSO T T i
o TR I (e T :
2 T [T [T \ \
T e | M (AT ]| [uerer clay ||| |
| %\
0 4 ! O‘ﬂ __'_'\‘ j H ‘!" } I ;g.‘ap.}o
I l"(l ‘»‘ [ [ [[TABN [ ersanp| || ||| || |
il § TR N L
s [1T1 T ] TN A ]
K T NN I
[T | | A% ||| MiDDLECLAY | |
e m TTTTTT T T ST [*ELFE!‘ ‘
- b 1111220 | LISETIANNN 20
=l | H; 1
[ 251 [ ST |
—— —
90 (Al | | | \31‘ 3 |
I | | ‘ \Q 1 | I
s L | | AnllN | |
[ | [T \ |
110 e | | AN 1
[T [ LR .A‘H AT |
T | | | |
" T \ NN \
130 L | il A |
4 T | N \ il
11 il 1 | 1 \A
-140 “ H ‘ T H ‘ \‘
J 4 AN | i_ka 3 ‘: ‘A |
“’" T _;,fs_'\,l,, AL
J L | | | AL
[[H52:0m] A T
na, es nodrodinasana» 1D EM 2022/53

EM iepirkums «Apmacibu seminaru bvspecialistiem un projekté&taji organizésana, un nori

) Bides pretestiba
Udens mitrums [%)] 0 12 24 36 48 60 [kPa]

0 20 40 60 80 100 120 140 0 250 500

750 1000 1250 1500 1750 2000 [pSf]
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080

CLEANTECH
HuB

ministriia

OIL TANK

TANK LOAD
TRANSFER PAD

8ft SOIL MIX
COLUMN (yp)

251t (typ) 8.5ft MINIMUM

CLAY |

| SAND|
CLAY Il
| SAND Il

CLAY Il

2 tvertnes (2001)

Surcharged Solution

8ft SOIL MIX
 COLUMN (typ)

Parslodze ap 8 mén. TANK LOAD
1ot TRANSFER PAD /
4ty \T STAGE Il - SURCHARGE

15ft  STAGE | - SURCHARGE

wNIMUM
ORI 0 OO0 OO O OOV TR
o 1 prw—— | o e I

5ft MINIMUM
Y

CLAY |
SAND |
CLAY Il

CLAY Il

10 tvertnes (2002, 2003, 2007)

» Lielas tvertnes, Luiziana, ASV (SM)

Non-Surcharged Solution

OIL TANK

TANK LOAD
TRANSFER PAI7

6ft SOIL MIX
COLUMN (typ)

25ft (typ) 3ft MINIMUM

IRIBIEIBINIEIBIBINIBINININIBBINININIR

R

pimt ity

«Apmacibu seminaru bavspecialistiem un projekté&tajiem organizésana, un nc -ises nodrosinasana» ID EM : 022/53

10ft THICK
MASS MIXED CAP

CLAY Il
SAND Il

CLAY 1ll
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@ 000 Lielas tvertnes, Luiziana, ASV (SM)

HuB

ministrija  ompe

Non-Surcharged Solution

OIL TANK OIL TANK
8t SOIL MIX 6t SOIL MIX 10 THICK
TANK LOAD TANK LOAD
TRANSFER PAD 7 | COLUMN (typ) " TRANSFER PAD 7 | COLUMN (typ) MASS MIXED CAP
8.5t MINIMUM 25ft (typ) 3ft MINIMUM

5ft MINIMUM
k7

Apjoms

3ft MINIMUM
Y

CLAY |
SAND |

58 58 76 CLAY Il
il SAND Il
Pieslodze - 241 = - cLAv Il
2 tvertnes (2001)  Izblve 210 210 210
e " Monitorings un izlidzina$ana 315 - -
Surcharge ce
& 10{ STAGE Il - SURCHA b Pl Sl

15ﬂ TAGE-SURCHA| Kopa (dienas)
I T |
‘IHH}HI‘IH

SAND |

CLAY Il
e,

SAND Il ~

CLAY Il

10 tvertnes (2002, 2003, 2007)
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@ ~60
CLEANTECH
uB

Buvbedres (DSM)
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080

CLEANTECH
HuB

ministrijal

Tipiskie projektéSanas kritériji:
Smax = 20-30 mm un As=10mm

Tiltu balsti uz DSM pastiprinajumiem

Highway viaduct over a railway line

DSM 00.6m
1PE240 reinf.

Loading L Y
test 1 DSM walls,
reinforced

DSM 00.8m DSM 00.8m

Railway viaduct over a dual carriageway

Kops 2002. gada Polija vairak ka 400 cela un
dzelzcela balsti izbavétu uz DSM pastiprinajumiem

DSM o1.0m DSM o1.0m DSM 01.0m DSM 91.0m DSM 01.0m
EM iepirkums «Apmacibu seminaru bavspecialistiem un projektétajiem organizéSana, un norises nodrosinasana» ID EM 2022/53 159
CLEANTECH Dzelzcela tilts, Krakova, Polija (DSM)
ministrija Kompet Hus
20 balstu x 3 = 60 pamatu
ik ey -, ¥
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@ 080 Dzelzcela tilts, Krakova, Polija (
CLEANTECH
) HuB >
2,134 gab. DSM

pastipr., @ 1.0 m

[T T

S3b
11pali  44+4 past.

L=6 lidz 8
" @
L=3m
‘m i IH‘HI —
Wiow 8 pali 35+4 past.
mﬂﬂ* nw‘w
Wi V= 16,623 kN (346 kPa),

M,= 6,972 kNm,
M,= 24,029 kNm
H,= 4186 kN, H,= 214 kN

W 184,510
oo 30 92000, maks. N, = 947 kN,

lepirkuma projekts: 0, =1.77 MPa
Urbtie pali @1.2 m, pala gals 2.0 m fo = 3.1 MPa
Garums 15 m

IR}
3 a
ML

EM iepirkums «Apmacibu seminaru bavspecialistiem un projektétajiem organizéSana, un norises nodrosinasana» ID EM 2022/53
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@ o8o Viadukts Gdanska, Polija (DSM)

CLEANTECH
uB

- IE
ministrija xompet

Q 729 gab. DSM past., diam. 1.2 m; Ly = 6,773 . m
@ (115 gab. stiegroti)

@® 69 gab. SC, L; = 326 I.m (grunts apmaina)

o it

= 1 / - / §
EM iepirkums «Apmacibu seminaru bavspecialistiem un projekté&tajiem organizésana, un norises nodrosinasana» ID EM 2022/53
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@ 209 Viadukts Gdanska, Polija (DSM) P2 oy
HuB - 9N BB UTD

minisrija;

» «

LSM
%24 939 o209 joiz 1205

0600 500 ( 0000

92 161 391
Maks. N, = 1537 kN ; min. N = - 238 kN

corz= 175 MN/m

;\3,90mn.p.m.| / | W.L.
Kcol:x = Kcol;y =10 MN/m Z z

12000

10500

50.00,)00.0 000 08|
o,o,c,o,ooooo o o ooooo
°0°0°0°0°w I
3000

AOAOAOAOAOAOAOAOA)AOAOAOAOAOA (X OAOA)SAGAOA)

L
+240mnpm. }
Hptmogm.
+225mnpm. ' Plastoss mals
& |
. Puteklaina grunts
|
\
| Smilts
1 !
|
= | | |
-[8,10mnpm. |

2000
0 400 800 1200 1600 kN

—

Uzbérta grunts

DSM projekts:
maks. 0,y = 1537 kN /1.13 m? = 1.36 MPa
fy =1.36-1.5/0.85= 2.4 MPa

[fr?m] Kooiz = (1537/1.4) / 0.057 = 190 MN/m f,, = 0.26 MPa
EM iepirkums «Apmacibu seminaru bavspecialistiem un projektétajiem organizéSana, un norises nodrosinasana» ID EM 2022/53 163
@ 080 19-stavu &ka Varsava, Polija (DSM)
CLEANTECH
ministrija; Kompet ‘
@) UUQ;_)
B e
|- —e660 *
K30 X
P Q@f}f s | 3400
6660 kN 5600
& 3300 3309 |
5" opp
o m ‘
690 t‘J 600D
193 DM past., @1.2 m, 130 5000
L=5.5-85m, f,=5MPa i
T 12940
H
: 430 ‘
©
8850 10265
 — ‘V —_—
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080 19-stavu eka Varsava, Polija (DSM)

CLEANTECH
HuB

ministrijal

=75 MN/m, [
= 8.5 MPa/m 2 -14 15 -16 -16 -

column

round —
: 88

EM iepirkums «Apmacibu seminaru bavspecialistiem un projektétajiem organizéSana, un norises nodrosinasana» ID EM 2022/53 165

- 200 19-stavu éka Varsava, Polija (DSM)

ministrija
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ul=lo Pelnu konteineris, Varsava, Polija (SC + DSM)
CLE;:'EEECH
e Augstums: H=70m ]
Tilpums: V = 20,000 m3 9
Gredzena pamats: D=23.6 m, B=5m =% -
Vidéja raksturiga slodze: 1,125 kPa (pilns) |/ -
324 kPa (tukss) | —
Pielaujama sé8anas (darbibas laika): 20 cm ==
Vienass def. modulis E; i e
,0__[160 a]120 — :
: —)‘ :Z T VR ) ) E;
1
10 <;E ide a alka | :’;"'12 m
12 E H o
° Target
80 MPa
7 i)t
EM iepirkums <«Apmacibu seminaru bﬂvspoeciélistzm un 1pzlf]ojektétz'ijiem organizésana, un norises nodrosina$ana» ID EM 2022/53 167

ul= o] Pelnu konteineris, Varsava, Polija (SC + DSM)

CLEANTECH
HuB

ministrija ompet

1: Vibro Replacement (bottom feed) 2: DSM: 216 no. Columns,
Z1.2m, L=6m, 1,296 Im
fy=6 MPa

aay A
X 4
A
Maximurfi:
2,774 kN/col
0 =2.45 MPa
28.4m
5m A-A
W.L.+82
+81.5m Prognozeta sésanas:
£ Pilna:slodze: 24.5 cm
+70m ©

Tukss konteineris: 5 cm v
Darbibas laika: 19.9%:20 em*"

279 no. Sand/Gravel Columns,
@0.6100.7 m, L=12m, 3,348 Im *li6|16l15] TTOm

EM iepirkums «Apmacibu seminaru bavspecialistiem un projektétajiem organizéSana, un norises nodrosinasana» ID EM 2022/53
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CLEANTECH
HuB

@ 080 PLAZA centrs, Ribnika, Polija (DSM)

minisrija;

Eka balstita uz

187 gab. pamatiem,
kas slogoti ITdz
16,500 kN (aprekinu
slodze)

Raksturigais spriegums
330 Iidz 550 kPa

Soil:

0 - 2 m loose Fill,

2 - 6.5 m silty Clay,

6.5 - 7.2 m coarse sand,
below stiff silty Clay
Sakotnéjais risinajums:
1,010 gab. CFA pali,

@ 80 cm,

Garums 12 m

EM iepirkums «Apmacibu seminaru bavspecialistiem un projekté&tajiem organizésana, un norises nodrosinasana» ID EM 2022/53 169

@g 080 PLAZA centrs, Ribnika, Polija (DSM)
CLE'/:ICIJEECH
" Odens tertne 1324m DSV oosa DSM columns @0.9m, 21,476 Im
= | - siena CT Design criteria:

f.=2.2MPa, s <45 mm, As <15 mm

ministrija ompet

56x56m

144+
POOSS| 20 co.

47x38m

& 44
1:1 F5 12 col.
POOSI 16 col.

3.8x29m

ewl | 1 11 38x38m 00 7
I Distance between pads [m] SO0 9 col.
B H—H ; 0 3 8
Iltel

9 12 15

— 10 29x29m
E
W £ F8
UE.) 29x20m
k) F9
g 3col.
36.5m 20x19m
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@ a0
CLEANTECH
HuB

minisrija;

Pamats F3: raksturiga slodze 12,200 kN (552 kPa)

PLAZA centrs, Ribnika, Polija (DSM)

S
= ~
Lr)' ‘l‘
47m
53m SM risinajums
9 CFA pali 25 DSM 45% léetaks
pastiprinajumi
Salidzinajums:
Pamatu veids Skaits Vidg&jais Kopéjais garums | Pamatu tilpums Stiegrojums
garums [m?3] [kg]

CFApali, 0.8 m 1,154 12.0m 13,848 m [, 4 O/J 4,535 27% 227,000 429%
DM past., @ 0.9 m 3,304 55m 18,172 m 3,292 132,000

EM iepirkums «Apmacibu seminaru bavspecialistiem un projektétajiem organizéana, un norises nodrosinasana» ID EM 2022/53
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@g 080 PLAZA centrs, Ribnika, Polija (DSM)
CLEANTECH
R e Oglskabas gazes izmesu
4000 3852 Atbilstosi EFFC/DFI oglskabas
gazes izmesu kalkulacijai:
tco 3249 - CEM IlIA izmantots paliem,
2€ e (-16%) pamatiem un DM, ar GGBS
saturu51%
- Otrreiz izmantots metals 41%
2000
Ja CEM I tiktu izmantots
CFA paliem:
5278 tCO.e (-38% )
0
PLAZA - DSM PLAZA - CFA
W Materials M Energy ™ Freight Mob/demobilisation M Peopel's transportation M Assets W Waste
Risinajums Tilpums, m3 Pamati, m3 Stiegrojums, kg
CFA pali 8,696 4,535 227,000
DM pastiprinajumi 11,554 3,292 132,000

172
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0080 ligmuziba
CLEANTECH
MiniStrija  Kompet Hus
» Ka ar projektiem, kuros nepiecieS8ams nodro$inat aprékina ilgmazibu >100 gadi?
» TieSie slogoSanas testi ?
» Grunts stabilizacijas pieredze >200 gadi!
» EN 14679, EN 12716, FHWA 2013 neierobezo grunsu stabilizacijas pielietoSanu laika
100
Ag()=51-[(t/1)"* ~1]
801 Af(t)=58-[1+0,4-log(t/1)]
60
w0 | AN(1)= f.(9)-7-[D, ~ 28] /4
— Vajas zonas biezuma pieaugums, Ag [mm]
20 1 — Stipribas pieaugums, Af, -10 [MPa]
._ Nestspéjas pieaugums., AN +10 [MN]
0 T Mertjurr ; ; |
Nomeéritie dati: 0 20 :g 60 80 100
Ikegami M., Ichiba T., Ohishi K., Terashi M. (2003): o ] t [gadi]
/.(93 dienas) =5.8 MPa, grunts: aluvials mals w,= 80-100% Noveérotais pieaugums 20 gados ir
Af.(20 gadi) = 4.4 MPa, pieaug proporcionali log ¢ pietiekams, lai saglabatu pilnu
Ag,, (20 gadi) = 40 mm (8%), pieaug proporcionali vt pastiprinajuma nestspéju art 165 gados!
Vajaja zona: /.= 0,3 l"dz 1 MPa
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CPT: q.[MPa] Olivia Star
0 10 20 30 40

Slodzes:
Vert. (SLS): 1,100 MN (600 kPa)
Momenti (SLS): 970 MNm 0

Vert. (ULS): 1,650 MN (900 kPa)
Momenti (ULS): 1,600 MNm
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124 gab. pastiprinajumi, @1.8 m, f,=8 MPa

TL1 1] g;

” 6 066 660 oo”.m:

Sahtas mezgls
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Stinguma sadalijums

Tikai vertikala slodze:
Smax = 4.5¢cm

|
Vertikala slodze+ moments: =k
s;=4.9cm g
s,=3.7¢cm 3 2
c 1
As/L=1:3,330 Skt
Raksturigais spriegums[MPa] B
y 0% Sty at

0.2

0.4

0.6

0.8

A 1.0

176 i 2. . —
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Pastiprinata grunts (kodols):  Kg = 27.5 MPa/m
Pastiprinata grunts (seklie pamati): Kg, =22.5 MPa/m
Dabiga grunts (sablivéta): Kg, = 10 MPa/m
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IS \\
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|£ T 150/0
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Slodze (MN)
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» Pareizi pielietoti grunsu pastiprina$anas risinajumi izpilda augstus projektésanas kritérijus art projektos
ar lielam slodzém uz pamatu konstrukcijam un ar konstrukcijam, kuras ir deformaciju jutigas. Lai
sasniegtu kop&ju mérki, nepiecieS§ama cieSa sadarbiba starp bavkonstrukciju un geotehnikas
projektétajiem.

» Salidzinajuma ar tradicionalo dzilo pamatu risinajumiem, grunsu pastiprind$ana lauj samazinat pamatu
izbuves izmaksas un laiku (dazZreiz |oti batiski), var bat videi draudzigaks risinajums un var samazinat
bavniecibas riskus, tadél ir pievilcigi pasatitajiem un galvenajiem darbu veicéjiem

» Kad tiek projektéti drosmigi grundu pastiprina$anas risinajumi, més daZreiz balans&jam uz komforta
zonas, kas definéta standartos un pieredzé. Normativiem nevajadzétu ierobezot attistibu (prEC?7 lieto
'salldzinama pieredze’), tomér vienmér nepiecieSams izvertét un vadrt saistitos riskus. 1zvérSot grunsu
pastiprindSanas risinajumus, attistibai jablt pakapeniskai nevis peksnai.
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GEOTECHNICAL ENGINEERIG § CVIL ENGINEERING

Ground Improvement Ground
Third Edition I t
e mprovemen

troublesome ground at a project site are ot practical options, prevailing

ground conditions must be addressed. Improving the ground—modifying 2 S
its existing physical properties to enable effective, economic, and Third Edition
safe construction—to achieve appropriate engineering performance is

an Increasingly successful approach. This third edition of Ground

Improvement provides a comprehensive overview of the major ground

improvement techniques in use worldwide today. Written by recognized

experts who bring @ wealth of knowledge and experience to bear on

their contributions, the chapters are fully updated with recent

developments including advancements in equipment and methods since

the last edition.

The text provides an overview of the processes and the key geotechnical
and design considerations as well as equipment needed for successful
execution. The methods described are well ilustrated with relevant case.
histories and include the following approaches:

» Densification using deep vibro techniques or dynamic compaction
G mploying deep pr drains and ted

methods

« Injection techniques, such as permeation and jet grouting, soll
fracture grouting, and compaction grouting

« New in-situ soil mixing processes, including trench-mixing TRD
and panel-mixing CSM approaches

The introductory chapter touches on the historical development, health
and safety, greenhouse gas emissions, and two less common techniques:
blasting, and the only reversible process, ground freezing. This practical

and for further study of the most widely used processes for ground
improvement. It is particularly relevant for civil and geotechnical engineers.
as well as contractors involved in piling and ground engineering of
any kind. it would also be useful for advanced graduate and postgraduate.
civil engineering and geotechnical students.

N
ISBN: 978-0-415-69%

214
CRC Press ; ! n“ IM'I“ lillﬂlalﬂl
; | RS o

978041
www.crepress.com
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