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Durchhang bei 3 m Spannweite
Deflection for 3 m span

Prihyb pfi rozponu 3m

Nasledky protazeni

Folgen der Dehnung
Consequenses of Strain
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Raillink / zeleznicni krizovatka Grobers

Task / Ukol:
* Sinkholes with / dutinys D ~4,0 m
Mining area / poddolované uzemi

* No alternative route for the high speed

train ICE
neexistence alternativy pro
vysokorychlostni trat ICE
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FELD 3 Slnkhole in Base of P|t/ Dutlna né dne vkopu
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25 Deep: smkhole deveIOplng upwards/
Podzemm dutina propagu1|C| se K povrchu
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Zelezniéni kfizovatka Grobers 2000-2002
preklenovani 4 m dutin

2 x vysokorychlostni & 6 x ,,normalni*
nebo tézké nakladni

Geomfize 1200/100-10 AM &
Geokompozitni ,,Varovna vrstva*“

Rail-link-“node* Grobers 2000-2002

Bridging 4 m sinkholes

2 x high-speed & 6 x ,,normal“ or heavy cargo
Geogrids 1200/100-10 AM &

Geocomposit ,,Warning Layer*

2 Vrstvy geomfiize
FORTRAC “R 1200/100-10 AM

(1 x podélné, 1 x pricné)

Stavajici terén g vorhandenes Geldnde
GOK = -2.50 m bzw. 110.5 m HN GOK = -2.50 m bzw. 110.5 m HN

érici Sachta

e
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Zelezniéni kfizovatka Grobers 2000-2002
1 preklenovani 4 m dutin
“1 2 x vysokorychlostni & 6 x ,,normalni*
nebo tézké nakladni
Geomrize 1200/100-10 AM &
Geokompozitni ,,Varovna vrstva“

N 2
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Zelezniéni krizovatka Grobers 2000-2002
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2 x vysokorychlostni & 6 x ,,normalni*
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Zelezniéni krizovatka Grobers 2000-2002
preklenovani 4 m dutin
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nebo tézké nakladni
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Zelezniéni krizovatka Grobers 2000-2002
preklenovani 4 m dutin

2 x vysokorychlostni & 6 x ,,normalni*
nebo tézké nakladni

Geomrize 1200/100-10 AM &
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Zelezniéni krizovatka Grobers 2000-2002
preklenovani 4 m dutin

2 x vysokorychlostni & 6 x ,,normalni*
nebo tézké nakladni

Geomfize 1200/100-10 AM &
Geokompozitni ,,Varovna vrstva*“
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: - * 4 Potencialni dutina
' Cementem stabilizovana podkladni vrstva
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Ultimate Limit State Serviceability Limit State

(German "GZ1", DIN 1054 new) (German "GZ 2", DIN 1054 new)
I | |

Overall stability Failure of Settlements at rail level

(German "GZ 1 C") structural

Cement-stabilized components

" " I
Soil Bearing (German "GZ 1 B") G|
Layer (CSBL) Geogrid (GG) |

Complete system

relative
settlements

or "Block" LF] absolute (inclination and
I

I -
AlPlastic | [ Additional |[D] E] settlements deflection)

t int il axi
failure of local before after at any poin parallel to rail axis
CSBL due critical ||failure of| | failure

to large zones soil of soil H| relative settlements
plasticized ("Bridge "arch" "arch" (inclination, torsion)

zones analogy") || in CSBL | |in CSBL perpendicular to rail axis

B C|

c . A- Plastické poruseni CSBL
rest Springing
(Ridge) of B- Vrchol klenby
of "arch" "arch" C- Podpory klenby
D- Geomfiz pied porusenim klenby
E- Geomfiz po poruseni klenby
H- Relativni deformace kolmo k ose trati
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Zelezniéni kiizovatka Grébers 2000-2002
preklenovani 4 m dutin

2 x vysokorychlostni & 6 x ,,normalni“
nebo tézké nakladni

Geomfize 1200/100-10 AM &
D Geokompozitni ,,Varovna vrstva“
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angle of internal friction
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J(t1)=BD/AB
J(t2)=BC/AB |,
t = time 4Umnulnn :illumd 7
' 1. Version:
O tension, allowed < CD
2. Version:
Strain, % G tension, allowed = 0,10 x Gp (DIN 4093)

+o (compression)
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cement stabilized  Cementem stabilizovana Zelezniéni kfizovatka Grobers 2000-2002
bearing layer, stable 54 \stya pireklenovani 4 m dutin
state of equilibrium , . Py
stav rovnovahy 2 x vysokorychlostni & 6 x ,,normalni*
failure line nebo tézké nakladni
("greh line’) Geomiize 1200/100-10 AM &

“failure Cara porusSeni - klenba 00! ’
body" Geokompozitni ,,Varovna vrstva*“

sinkhole ("void")
dutina

Zména znaménka
stanoveni h,

change of sign; ———

for the e
determination ufh,.;';r/_",’,*- .

,irnhnr,tqnsl ;

LA
sinkhole ("void") ; “ geogrid level

dutina

"arch contour™ with tensile strength of the soil
"arch contour" without tensile strength
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Zelezniéni kiizovatka Grobers 2000-2002

preklenovani 4 m dutin

2 x vysokorychlostni & 6 x ,,normalni“ nebo tézké nakladni
Geomfize 1200/100-10 AM & Geokompozitni ,,Varovna vrstva“

Overall Stability 'GZ1C": 'Crest' and 'Springing' Celkova stabilita
— vrchol a podpory klenby
P

cement stabilized
bearing layer

compression

"Springing”

/

sin? ¢ =((c; —oy ) +41t%zy )/ ((0z + oy +2 * ¢ * cotan )?)
sin Qcrit = (V((oz — oy )* + 4* 129 ?)) I (5; + 6y +2* ¢ * cotan ¢)
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2 x vysokorychlostni & 6 x ,,normalni*
nebo tézké nakladni
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2 x vysokorychlostni & 6 x ,,normalni*
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Zelezniéni kiizovatka Grobers 2000-2002
preklenovani 4 m dutin
2 x vysokorychlostni & 6 x ,,normalni*
nebo tézké nakladni

| Geomfrize 1200/100-10 AM &
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Zelezniéni krizovatka Grobers 2000-2002
1 preklenovani 4 m dutin
. 2 x vysokorychlostni & 6 x ,,normalni*
- | nebo tézké nakladni

| Geomfize 1200/100-10 AM &
Geokompozitni ,,Varovna vrstva“
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2 x vysokorychlostni & 6 x ,,normalni*
nebo tézké nakladni

s Geomfize 1200/100-10 AM &

i "'ﬁ Geokomp02|tn| ,Varovna vrstva*“

s
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Zelezniéni kiizovatka Grobers 2000-2002
preklenovani 4 m dutin
2 x vysokorychlostni & 6 x ,,normalni*
nebo tézké nakladni

e Geomfize 1200/100-10 AM &
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Water Engineering Project in Very Soft Soils,

DASA Facility, ,,Muhlenberger Loch®“, Hamburg, Germany
Projekt rekultivace uzemi ri€ni delty Labe ve velmi mékkych zeminach,
Tovarna DASA, ,,Muhlenberger Loch“, Hamburg, Némecko
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31.8. 2000

ALl = 20 a |
A L T - |
LR Y =
= T

-

The foundatioh of 'a dike on Geotextile-Encased Sand Cqumrié
System Mobius in very soft soils (sludge) for land reclamation
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Protipovodnova hraz

Original Concept in
the Contract
Documents
Piavodni navrh —
soucast kontraktu

Stétova sténa podeprena Sikmymi pilotami

Pfahlanschiug
#609,6x25

O:tsmsg(;ﬁmger Boden Uzav"'-eni oblasti dOéaS
UK Filllstibe = . =~
T i protipovodinovou
o ., .
ochrannou hrazi tvorenou
Stétovnicovou sténou

Rozebrani souc¢asné hraze

Pfahlschuh 500/750
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Puvodni navrh / Original Concept in the Contract Documents

1st Sand L.
pisCita vrstva

§heet wall with rear-anchored raking piles
Stétova sténa podepiena Sikmymi pilotami

Mékka zemina
(bahno)

o
©

=
N
o

u—
0
4=

[}
=
L

S
o
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N

Il
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OK tragfahiger Boden
UK Flllstabe

Bearing Layer
unosna vrstva

Peiner DB PSp 1000

L = 41.00 m
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 Temporary enclosure is necessary because /
— first sand layers under buoyancy (damming height +3,0 m sea level)

— next step: drain elements / wick drains to accelerate consolidation

« Undrained shear strength ¢ in soft soil is between /
0.4 and 5.0 kN/m?

» Soil exchange or soil displacement in the river area is not allowed (contaminated
soil) /

» After consolidation: fill up the dike in protection of flood wall

Sven Schroer International Geosynthetics Society, Ceska republika — www.igs.cz # HUESKER
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D

Temporary enclosure is necessary, because

— first sand layers under buoyancy (damming height +3.0 m sea level)

Original Design: temporary sheet wall — (future dike after 3 years)
Pdvodni navrh: doCasna Stétova sténa — (budouci hraz za 3 roky)

High Water Level v
Vysoka hladina vody

Belonstein~ *,8'8“"

settlement / sedani >2.0—-5.5m

next step: drain elements / wick drains to undrained shear strength c, in soft soil is
accelerate consolidation between /
0.4 and 5.0 kN/m?
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Idea of alternative procedure | navrh alternativniho reseni

settlement >2.0-5.5m

alternative conception: foundation system sand columns/GSM — and immediately dike
alternativni navrh: zaloZzeni primo hraze

na piskovych pilifich obalenych geotextilii

a vyztuzeném roznasecim polstari

o

‘“ﬂiﬂﬂﬂ'

+8.90 m over sea level

Cor/ntrac Geotextile
Settlement / sedani 0.7 - 1.8 m
Ge?textllg/,
Ringtrac

(seamless)

Sven Schroer International Geosynthetics Society, Ceska republika — www.igs.cz # HUESKER



NOVE TRENDY VE VYUZITI GEOSYNTETIK
30. leden 2007 - Praha, 31. leden 2007 - Brno

D

 Enclose the area with a dike /
— 21 weeks from start of the construction /
« water level in polder at +2,0m sea level

 dike height at +4,0m sea level /

« Sand trickling (falling softly) and sluicing on area till +3,0m sea level

« 20 - 25 weeks later dike must reach the height of high tide level
+7,0m sea level to provide flood control similar to the sheet wall

Sven Schroer International Geosynthetics Society, Ceska republika — www.igs.cz # HUESKER
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Saving 35,000 tons of steel for a 2400m temporary
sheet wall with rear-anchored raking piles

No noise pollution, less than 59 dBa are allowed
(12 vibro displacement machines — 50 dBa)

Less land reclamation necessary / saving 15 ha water
protection area / tide flat area

1100000 m? less sand to fill up the dike

Short construction time : it's possible to fill up the dike
3 years earlier (8 months including installation of the
GSM-foundation system)

Large settlement reduction and good settlement
acceleration similar to vertical drains
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@ NOVE TRENDY VE VYUZITI GEOSYNTETIK

Geotextile Encased Columns

Pilire obalené geotextilii

-More than 60,000 columns with
Ringtrac 100/400 and 100/200

-Comtrac 500/100 Sections II-IV

-Comtrac 1000/100 Sections V-VIIfii

Vv
- The high tensile strength

geotextile placed in dike bottom
is important to accelerate the fill g
up/raise of dike

Sven Schroer

S
t4

4,450
5,750
A% 8,250
Vv 17,500
VI 12,050
VI 9,850
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m Construction Method 1

— Areas Il -l
— Partial areas IV-V

m Construction Method 2
— Partial areas IV-V

— Partial area VI

= Construction Method 3 g

- Partial area VI
- Area Vil

Sven Schroer



NOVE TRENDY VE VYUZITI GEOSYNTETIK
30. leden 2007 - Praha, 31. leden 2007 - Brno

D

Construction Method 1

» 120-ton Vibro diplacement
method used from barge

* Low and high tide twice per day

hw +2,0m

* Filling in sand between the
columns

» Place geotextile before starting
fill up of the dike perpendicular
to the dike line
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* No erosion process discovered
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Construction Method 2

« Barge rest on soft soils

* Filling in of sand
between the column
heads
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D

120-ton Vibro
diplacement machine
used to install columns

load distribution

- hw I—— e " | [ [ [ PP [
< lhw NI EERA RN

Load distribution under
vibro diplacement
machine
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SAND PLACEMENT WITHIN DIKE |
pokladka pisku do telesa hraze
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D

Sum mary + Suitable for soft soils with like peat, clay and sludge with ¢, ~ 0.5 kN/m?
GGOtGXtI Ie' + GEC’s act as a vertical drainage system on the surrounding soft soil and thus
E ncased facilitates its consolidation. Horizontal ground water flow is not disturbed

Sand Columns
SyStem MObIUS + Nearly all settlement occurs within the construction period

+ The bearing system is flexible and yields to horizontal impulses, and is therefore
especially suited for earthquake prone regions.

* No stability problems during the fill up of dike/embankments in combination with a
Comtrac geotextile

+ The vibro - displacement method for column installation has shown an increase in the
shear strength of the surrounding soft soil by a factor of 2.5 to 4.5 was measured

Reduces construction cost and time
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1.11. 2001 (7 months / mésicu)
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14.11. 2001 (7 months / mésicu)
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DEKUJI ZA POZORNOST

Otazky / Questions ?
Poznamky / Comments ?
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