RAL Gutegemeinschaft Flussigboden e. V. (Quality Association for Liquid Soil)

he RSS® Fliissigboden method
according to RAL quality mark 507
(RAL-GZ 507)

A development of the Forschungsinstitut fir Flissigboden (Research Institute for Liquid Soil) FiFB — since 1998
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FiFB

v ' What is RSS® Fliissigboden?
Basics

1. A new method for the
preparation and use of any
excavated soil without the
formation of foreign bodies
under the road, and for the first
time suitable to obtain properties
typical for soil.

2. A backfill material for various
applications in the field of
infrastructure and geotechnology.

3. A development of the research
institute for liquid soil (FiFB), now
in use for about 20 years.

The liquid soil method
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RSS® Flissigboden according to RAL-GZ 507, ] Q[
construction material group of TFSB (ZFSV) b

Temporarily flowable, self-compacting backfill
materials

cohesive, frictional hydraulic setting
solidification (liquid soil)
material with forcing, rigid

material without forcing, foreign structures
rigid foreign structures (eg cement stone)

Regulation on RAL Quality and First regulation on
Testing Specifications FGSV information sheet
System of the temporarily flowable self-compacting backfill materials

Source: Wikipedia - Flussigboden (German)
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Differences between the two groups of TFSB
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Differences between Flussigboden according to RAL-GZ 507 and other TFSB from

the quality assurance process with implementation of the requirements of the new

ATV DIN 18300 for homogenous areas and the (German) Circular Economy Act
(Kreislaufwirtschaftsgesetz, Kr'WG)

Quality assurance according to RAL-GZ 507 for use of excavated soil of the respective building site

Development and
provision of soil
investigation
results

Planners and

technical planners
define the objectives

of the subsail
investigation for the
subsoil expert,
depending on the
objective of the
constructional task

Mix design
specifications
provided by planners
and specialist
planners For liquid soil

a) soll mechanical
parameters

k) technologically
relevant parameters

¢} specific performance
properties

Permissikle targst

values and tolerances

Mix
design
develop-
ment

Acconding
to the
specified
target
values

Testing of
samples

and
verification
that target
values
have been
achieved

Release of the
mix design
and
assumption of
liakility by the
mix design
developer

(testing
laboratory
accredited by
RaLy

involved
pariss

= of the release of the mix
degign for the comresponding
hemegenecus areas
aceording be ATW (DIN
18300 (earthworks)

Production with moni- Transport
toring and documentation

According
= of the processes and ta the
intzryention in the event of specifi-

problems such as cation ane
9 unforeseen changes in soil 9 instrustion 9
conditions of the

Placement

Documentation
and verification
tar:;:nr:mg including
o techno-
|ogicalby agsessment

vt 9 With all involyed

cations

parties
{estaklish
contral cycle of
cquality
assurance)

Quality assurance of hydraulically setting (hardening) TFSB - according to BQF and BUV

Concrete/mixing plant Transport Handover Construction company
Building site

Production of TFSB Truck mixer

interface

External monitoring and certification

- First mspection of production plant including

results of suitability tests

- Regular inspections and evaluation of the in-

house production monfoning

The liquid soil method
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RSS® Flissigboden according to RAL- ]@[

GZ 507 provides us with three tools

Possibility to maintain important
properties of the excavated soill

In terms of construction physics its behaviour is
similar to the surrounding soil

Same load bearing capacity as surrounding soil
Same consolidation behaviour as surrounding
soil

No different settlements

Therefore no cracks in the road

“Foreign bodies" in the ground are avoided

Possibility to adjust relevant
properties

Duration of resolidification

Pumpability

Buoyancy behaviour

Retention capacity in corresponding placement
situations

Thixotropy and other rheological properties
Stability against segregation etc.

Possibility of targeted
modification of properties

Elasticity behaviour

Flexural and longitudinal tensile
strength

Shear strength

Cohesion can be modified

Adhesion can be controlled

Vibration damping

Density

Water permeability

Good relaxation properties as basis of
permanent frictional forces

Heat storage

Heat dissipation

Heat insulation

Improved protection against corrosion
Frost-thaw behaviour can be modified
Resistance against suffosion
Resistance against abrasion

The liquid soil method
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« developed by the Forschungsinstitut far Flissigboden GmbH (F|FB) in the
framework of more than 40 research and development projects to date with
national and international partners, eg:

- Siemens and practice partners — thermally stabilizing liquid soil since 2004 resp. 2009
- RWTH, Aachen, Germany — vibration damping, avoidance of pipe deformation since 2005

- FFI Fernwarme Forschungsinstitut, Hannover, Germany (district heating research institute) amongst other
things — district heating applications since 2006

- TU Dresden and other partners — immobilisation since 2006 resp. 2008

- SP Technical Research Institute Sweden — Application of liquid soil in winter since 2007

- City of Dortmund, Ruhr University Bochum, Office Stein — combined conduits and liquid soil since 2007

- State Technical Petroleum University, Ufa - winter construction and pipeline construction since 2009

- Regensburg University of applied sciences — Basic research and other subjects since 2009

- EBA as a partner for the testing of railway applications — after 12 years — used since 2013 with the required
certificates of suitability

and may other partners and subjects
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Why RSS® Fliissigboden ?

Liquid Soil and Environmental Laws

Environmental Laws

@

Protecting the environment and takeing advantage of that!
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Why RSS® Fliissigboden ? 2]

Liquid soil — underground grids and road construction ]

Possible for the first time — the preservation of soil-typical properties and their
significance for the failure-free service life of roads and networks

backfill area with: backfill area with:
non-soil behaviour soil-like behaviour

see eg ZTVA 12 StB or damage analyses by
Zeller und Kottmann, Stuttgart, Germany

The liquid soil method 8
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. ' Why RSSP® Fliissigboden ? 1o

Liquid soil — safe problem solutions by means of technical planning ——

There are already more than 170 options available for solving structural tasks,
some of them in completely new ways — technical planner assumes liability

« Starting 22 years ago with sewer and pipeline construction

» Later also road, motorway, tunnel and railway construction applications

» Today with technologies for construction in and under water

» Hydraulic engineering, port construction, coastal protection, off shore tasks

* Building on unstable substrates, on slopes

» Civil engineering and special underground engineering up to landfill construction
» Slope stabilization, prevention of ground breakage, etc.

* Redevelopment of industrial brownfields and contaminated soils

» Excavation pits under complicated conditions, eg groundwater, limited space, etc.
« and many other applications — some examples are presented

ST TELELLT EE

The liquid soil method
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Liquid soil and urban planning

Opportunities for urban planning

Combined lines: an answer to the
challenges of our time — application and

toder ) N2 o @ effefcts on construction and follow-up costs

': i - m l\.:'\ﬂhl'hll

Untersuchung Innovativer Infrastruktur
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The liquid soil method

Why RSS® Fliissigboden ?
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Urban planning:
Advising municipalities
on the urban planning
opportunities
associated with the
application of the liquid
soil method,
supplemented by
flexible combined lines
and intelligent concepts
for construction,
operation and
maintenance.

eg space for new traffic
solutions, flexibly
adaptable networks
and more will be
possible for the first

time
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RSS® Flissigboden according to RAL-GZ 507 ][
Liquid soil production

L]
S ° the dry mixture
o
= 3 becomes a
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o = unsaturated
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> &) suspension
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N water 5
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\E‘mﬁa Production equipment — compact unit

Source: -PROV- Produktions- und Vertriebsgesellschaft mbH — RSS Maschinentechnik

The liquid soil method
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» & = Production equipment — shovel separator @
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Source: -PROV- Produktions- und Vertriebsgesellschaft mbH — RSS Maschinentechnik

The liquid soil method 13
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RAL
Placement equipment — Pipe laying aids ];._-.\[
anti-buoyancy and measurement devices —

Source: -PROV- Produktions- und Vertriebsgesellschaft mbH — RSS Maschinentechnik

The liquid soil method 14
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288 Placement tools — pipe laying aids as part of ]
the system technology for constructions with .-
RSS® Fliissigboden

- a modern aid for economic working with RSS® Flussigboden -

Pipe laying with higher groundwater levels
using the RSS Pipe Laying Aid

The liquid soil method
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... and even more technical innovations

FLUSSNL RO & |

Pipe laying without workers in the trench — remote controlled
from the excavator and with pipe laying aids:

New technical solutions with high efficiency and as a basis for high
construction quality — here for building with new technologies

Source: -PROV- Produktions- und Vertriebsgesellschaft mbH — RSS Maschinentechnik

The liquid soil method
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A58 Placement equipment — Pipe laying ]@H
manipulator as part of the system technology ——

for constructions with RSS® Fliissigboden

- a modern aid for economic working with liquid soil -

Pipe laying in water (RSS PLM and RSS PLA)

schematic representation of a type solution with the RSS pipe laying manipulator (PLM) in
combination with the RSS pipe laying aid (PLA)

The liquid soil method 17
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Alternative solutions with verification — here ]@[
of the lining — task of the technical planner ™
for RSS® Fliissigboden applications

| 1 & alternative lining solutions are
possible if one can secure their

application:

eg when using liquid soil, it is possible apply a
lining with slabs instead of a sheet pile wall
(verification required — refixing, shearing force,
etc.) — after the removal of the lining, the liquid
soil assumes the function of the lining.

L ald

e s Wl

Source: Archive RSS® Fliissigboden building sites

The liquid soil method 18
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. | Experiences with RSS® Fliissigboden |a)|
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Possible applications of RSS® Fliissigboden

according to RAL-GZ 507 _ _
« Material, which does not

shrink in placed conditions,
* enables a permanently good
pipe bedding with a 180°
bearing.
* Thus, load relief of the pipe
and no settlements

|« basis fora long operating life
of the pipe without damages

Source: Archive RSS® Fliissigboden building sites

The liquid soil method 19
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Experiences with RSS® Fliissigboden =)

Possible applications of RSS® Fliissigboden
according to RAL-GZ 507 — Source soils of all kinds

= -
.

"London Clay" as source Soil with a high content of Blue clay as source material

material for liquid soil humins as source material for  for liquid soil
liquid soil

Reuse of all relevant soil types for the production of liquid soil as a
possibility of fulfilling the legal environmental requirements

Source: Archive RSS® Fliissigboden building sites

The liguid soil method 20
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Experiences with RSS® Fliissigboden  |&)]

Possible applications of RSS® Fliissigboden
according to RAL-GZ o07

-Warkaliing

K|
j — Verzahnung
’1

l l

Walche Kraft wirkt noch 7

—i=  Raduziering durch ganngans Dichts mogich

<= Reduglerung durch Gowdbewirkung des FB
—i== FRedokrafl durch Vierzahnung

In Warbindung mit Volumanstabiiat
{kedne Abnahme durch Schwindung wie beisplesssise
bl Frycde. Mabariallan)

o= Verstirkung dar Gewdbewlrkung durch Verdoalung

New technologies, eg the floating laying in
groundwater by means of specially adjusted liquid
soil on the basis of a special verification and
planning

Need for verifications to ensure usability, such as the verification of
no shrinkage occurring permanently, and the necessary relaxation
capacity of the applied liquid soil, as the basis for the permanent
position stability of the pipe under static and dynamic loads.

The liquid soil method 21
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Possible applications of RSS® Fliissigboden
according to RAL-GZ 507 — sewer construction under
water

The liquid soil method
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Experiences with RSS® Fliissigboden  |&)]

| PSS R

Possible applications of RSS® Flissigboden according to
RAL-GZ 507 — sewer construction under water

New technologies such as the so-called Dutch construction method in groundwater
with very high water levels and/or many crossings in the area of groundwater impact and
small nominal diameters of sewage pipes

b o

The liguid soil method 23



Loss of load-bearing capacity under
buildings
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Experiences with RSS® Fliissigboden

Comparison of conventional dewatering with the
possibilities of the RSS® Flissigboden method

Lowering funnel for groundwater lowering by
means of filter wells:

= Lowering of the groundwater level to 0.5 m below
the bottom of the trench is necessary for
conventional compaction

= Loss of incompressibility of the water-filled pore
spaces of the ground under the buildings

m Besengarienid

settlements occur under the buildings as a
result of the groundwater lowering

high costs due to groundwater lowering
high risk of unplanned consequential damage
high workload and long construction time

The liquid soil method
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Experiences with RSS® Fliissigboden  |&)]

Safeguarding the use of RSS® Flissigboden when
working below the groundwater level

, -4 Alternative liquid soil construction method and
Grundwassersplegelanderung bis Fllssigboden, m: +0.13 .
Grundwassersplegelanderung nach Fidssigboden, m: -0.11 results of the use of a hydrogeological model

! f » No loss of load-bearing capacity under the buildings, as no
'_f_,_,_,, _ i e lowering of the groundwater level is required
_ = Costs of groundwater lowering do not arise
arme-gag E » No risk of unplanned consequential damages
ST b » Reduced effort and shorter construction time
Flissigtoden kf=10""

Results of hydrogeological
modelling
= Quantifications of backwater as a result of

different water permeabilities of the soil
layers and the liquid soil

» Derivation and planning of the necessary
measures to prevent backwater

The liguid soil method 25
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Experiences with RSS® Flissigboden &
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Possible applications of RSS® Fliissigboden
according to RAL-GZ 507

Timed construction instead of long open trenches: targeted and
technologically relevant properties of the liquid soil allow for quick, timed
construction processes (Also suitable for ground cables in an adapted

form!) Source: Archive RSS® Fliissigboden building sites

The liguid soil method 26
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Possible applications of RSS® Fliissigboden
according to RAL-GZ 507

Combination of liquid
soil here with suction
dredger technology to
ensure high construction
performance even in the
case of crossings and
subterranean obstacles

Source: Archive RSS® Fliissigboden building sites

The liguid soil method 27
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Possible applications of RSS® Fliissigboden
according to RAL-GZ 507

Dealing with contaminated soils:

» Immobilisation of contaminated soils with
different types of contaminations using the
example of heavily contaminated sludge
and slag : -

» here: Luxembourg — Arcelor/Mital Esch Belval

x i Nk

v

" No pollutant discharge into-
groundwater

P

Source: Archive RSS® Fliissigboden building sites

The liguid soil method 28
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.. Experiences with RSS® Fliissigboden |a)|

Possible applications of RSS® Flissigboden “
according to RAL-GZ 507

Subsoil stabilisation and
alternative foundation concepts:

» Production of stable grounds built on and
made of conventionally unsuitable material

Source: Fa. Die Bau GmbH, building site
Rheinfelden, Germany

Source: Archive RSS® Fllssigboden
building sites — Offenburg,
Germany

The liguid soil method 29
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Experiences with RSS® Flissigboden &
Possible applications of RSS® Flussigboden ~——
according to RAL-GZ 507

Control of technologically relevant properties:

= Backfilling of a high-pressure gas pipeline on a slope with
liquid soil according to RAL-GZ 507

» Working at a slope of 40-45 degrees with pump — the
material does not flow off

» Securing the abutment function

= Significant reduction of
construction time

sa1s Sulp|ing uapoqsissn|4
#SSY SAIYIIY :324NOS
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Possible applications of RSS® Fliissigboden
according to RAL-GZ 507

L ———— | ———

Vibration isolation and damping:

Protection of materials, buildings and people from the effects of dynamic
loads eg from tramway construction

The liquid soil method 31
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.. Experiences with RSS® Flussigboden ]@ﬂ
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Possible applications of RSS® Fliissigboden
according to RAL-GZ 507

Applications in monument conservation:

eg protection of old, listed buildings against vibrations and water by the
use of liquid saill

Source: Archive RSS® Fliissigboden building sites

The liquid soil method 32
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.= Experiences with RSS® Fliissigboden ]@ﬂ
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Possible applications of RSS® Fliissigboden
according to RAL-GZ 507

Kopfbalken

Applications in civil engineering:
— Construction of supporting walls and
sealing walls

— Landfill construction, eg
encapsulation of contaminated areas

— Core seals for dams,
— trough design etc.

The liquid soil method 33
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. Experiences with RSS® Flissigboden |a]
Airport construction with RSS® Flissigboden
according to RAL-GZ 507

: BRITIS Al RWAYS
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Experiences with RSS® Flussigboden |a)|
Airport construction with RSS® Flissigboden

according to RAL-GZ 507

Various applications at airports:

» Constructing on poorly load-bearing grounds

* Constructing in and under water

» Construction of support walls and sealing walls m

« Vibration damping

* Re-use of the excavated soil without
replacement and disposal outside the airport

« Reuse of contaminated soils, e.g. de-icing

agents, kerosene, etc. (AUSFOHR nnuuuruﬂum

| Boow Ve Bq-.'” |',-_,_, in
Dbpetiebds. I BAWD 07 -
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Experiences with RSS® Flissigboden &
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Possible applications of RSS® Fliissigboden
according to RAL-GZ 507

- Sealing
wall
- Core seal

The liguid soil method 36
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R Experiences with RSS® Fliissigboden )
Possible applications of RSS® Fliissigbhoden —
according to RAL-GZ 507

Overlapping bored pile walls with
particularly high load bearing capacity
with additional reinforcement and high
relaxation

= | LLLLLILL]LLL)
' : ‘ CYRI 5B S I ¢
; - . , 1
r’,;r_}% , _--f !
N , ' | !

e

E Druckfinger aus ASS® Flissigboden

- I l__ _l l l I_ _-l _l l ' _!_ l ]
= a'w.: l\‘:l ] | T ...l':,; H} -“5 .1"" - 1'.-- I'r =
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S

i
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RSS® wall as a sealing excavation pit lining, supplemented by an also water-
tight foundation slab made of liquid soil underneath the concrete slab —
grouted anchors not become unnecessary

The liguid soil method 38
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RSS® wall as sealing excavation pit lining, supplemented by a

waterproof slab made of RSS® Fliissigboden, thus no need for tieback,
waterproof sheet piling, and recovering any reinforcement

The liquid soil method 39
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Experiences with RSS® Flissigboden |a|
Possible applications of RSS® Fliissigboden ~—
according to RAL-GZ 5

ﬁ

Beanbahn-Berduiant

Source: Archive RSS® Fliissigboden building sites

Railway applications:

Use of liquid soil to achieve high load bearing capacity with simultaneously
usable vibration decoupling and solubility

The liguid soil method 40
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. | Experiences with RSS® Flissigboden )]
Possible applications of RSS® Flissigboden ——
according to RAL-GZ 507 in tunnel construction

Applications in tunnelling: e —
base layers ' H“\\
backfilling of cavities ” it N
relocating lines f :
problems with water | | | Vi
vibration decoupling Ln i —— TR .-’I
otc. : Serms a e #,; s

s

Source: Archive RSS® Fliissigboden
building sites
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R Experiences with RSS® Fliissigboden )
Possible applications of RSS® Fliissigbhoden —
according to RAL-GZ 507

Road construction on "floating" slab made
from RSS® Flissigbhoden example project
train station Offenburg, Germany

......

] { ol v
- e b
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according to RAL-GZ 507

Road construction on soft plastic subsoils or mud

The liquid soil method
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Experiences with RSS® Flissigboden  |a)
Road construction with RSS® Flissigboden -~ —
according to RAL-GZ 507
Foundation slab laterally framed to minimise settlements via counter-
pressure controllable by slot depth
e *’V xf/fw f&i\-““l\"—l'- -
1 i y Kh‘l&:hﬁ‘.‘l‘l‘l . o :
e Fleat ___ - -3 —— FB F'hth_ S = 4 /\L_ Fleer V.
e e e e .
3 1
4 32 g
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Road construction with RSS® Flissigboden -~ —
according to RAL-GZ 507

Protection of the existing buildings as well as of the installed pipes against
dynamic loads from road traffic due to high absorption of vibrations by
liquid soil — example: Project Barth, Germany

Darsteliung der Geschwindigkedt aus den Versuchen am Messpunkt 3

Einzehwort 110 hz f=10.50Hy 1= B0 100 He
Grangsn 5 mms 5. 15mmis 15 .. 20 mms
Mossdatum 24.11.00 | BUAEEE | 241100 | DUAEED | 240103 | ORAEE

E-Achse 1,52 mm's | 0,04 memds | 523 mmis | 0,15 mmds | 147 mmds | 074 mm/s
Y-Achsa 1,50 mim/s | 0,09 mm's | 4 B0 mms | 1,02 mm's | 1,82 maids | 047 mmls
Z-Achsa 1.58 mms | 0,05 mmds | 721 mmis | 1,07 mmis | 239 memis | 0,28 mmis

Maximabwort auf
¥
Achss: X Y 4 z ¥

mi War 1,52 mmys | 0,09 mm's | 727 mmis | 1,07 mm's | 237 mes | D47 mmis
Abstand zum Ermegar = Z20m 2im 20m 20m 20m 20m

Messungam 24 1103 ___ohne _eingeordneten Flussigboden
Messungam0i1203  mi eingeomnelen

sals Buipjing uapogbissnid @SSY dAIY2lY :924n0S
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Road construction with RSS® Flissigboden -~ —
according to RAL-GZ 507

»

o

i Slope protection with liquid soil — front side subject to pressure lateral
s surfaces transfer load via frictional forces
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FiFB

.. Experiences with RSS® Flussigboden ]@ﬂ

FLUSSNL RO & |

Road construction with RSS® Flissigboden -~ —
according to RAL-GZ 507

Liquid soil as a load-distributing layer under motorways, tramways, etc.

sayis Buip|ing uapogbissn|d eSSY SAIYOIY :921N0g

Motorway construction Luxembourg — France
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Experiences with RSS® Flissigboden &
Road construction with RSS® Flissigboden

RAL Gutegemeinschaft Flussigboden e. V. (Quality Association for Liquid Soil)

| P O

according to RAL-GZ 507

100
50
) 0

Sy .'j’} Pik Example of a foundation slab

W AWES "  made of RSS Fliissigboden
under a city railway track in
Stuttgart, Germany

Development of Ev, values

7 8 9 10 1 12 13 14 15
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Experiences with RSS® Flissigboden &

| PSS R

Dyke construction with RSS® Flissigboden
according to RAL-GZ 507

Constructions of dams, dykes,

water engineering

» Construction of dams, slopes, and dykes, as well
as stabilisation and renewal of existing structures in
the field of coastal and flood protection

* Here: Oder dykes and dyke wall in Bavaria,
Germany

uepogbissn|d eSSY SAIYOIY :921N0g

seys Buip|ing

uapogbissn|d eSSY SAIYOIY :821n0g
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Experiences with RSS® Flissigboden &

|FLO SRR N

Avoiding base failure/ground heave with —
RSS® Flussigboden according to RAL-GZ 507

Water engineering / harbour facilities

» Backfilling of scourings behind sheet
piling

» Vibration damping and thus the
prevention of base failure as a result of
dynamic loads eg through propellers or
traction pull

« Backfilling in and under water
independently whether fresh or salt
water

* Prevention of damage in the subsoil as
a result of "false" backfilling, which are
caused by different densities in the
case of energy input

* Re-stabilisation of old walls

|

says Buip|ing uapogbissn|d ¢SSY AUy :82Inog
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Experiences with RSS® Fliissigboden |a|
Solving static problems with RSS®
Fliissigboden according to RAL-GZ 507

Renovation of an old harbour wall

% Restoration of historical buildings in and

3 under water

8 Restoration of historical buildings in and
under water

Application of a solution which allows to
statically determine the results of the
restoration

Active protection against subsidence and
eeton base failure through the restoration solution

uapogbissn|d eSSY SAIYOIY :82In0g
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.| Experiences with RSS® Fliissigboden &)
Culvert construction in running water with
RSS® Flissigboden according to RAL-GZ '507

Culvert construction in running waters

Costs and construction time-saving construction
of culverts in rivers without impoundments or by-
pass solutions

No external abutments and supports required
Use of the so-called "floating laying"

seyis Buiping

uapogbissn|d eSSY SAIYOIY :82In0g

sa)is buip|ing

uapoqbissn|d ¢SSY SAIYoIY :994n0g
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Experiences with RSS® Flissigboden |a|
Possible applications of RSS® Flussigboden -
according to RAL-GZ 507 for supply lines

High and ultra-high e Electric cables submit e Targeted optimisation of thermal

voltage heat to the environment conductivity with the aim of higher
transmission capacities and longer
lifetime
District heating pipes ®  They need frictional e Targeted adjustment of the friction
forces with defined forces via the optimisation of the
upper and lower limits relaxation
Gas pipes e Longitudinal flow of gas e  Creation of increased adhesion
Drinking water e Warming due to climate e  Possibility to produce liquid soil with
change insulating properties

Fibre optic cables Position in the areaof e  Choice of a suitable mix design and
(FOC) etc. frost penetration depth its constituents

Complex conduits as a result of the energy transition:

Advantages for municipalities or waste water companies: Applications for municipal supply and
disposal companies in the fields of all supply lines like gas, drinking water, to high voltage lines,
FOC or district heating, but also rain and waste water
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Experiences with RSS® Fliissigboden |a|

FLUSSNL RO & |

District heating o

Quality assurance and verification
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Durable friction forces with a defined upper and lower limit on the district
heating pipe — basis for a long lifetime of the pipe without any damages —
Berlin, Unter den Linden, plastic sheath pipe DN 400
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Experiences with RSS® Fliissigboden |a|

|FLO SRR N

District cooling o

Quality assurance and verification

Schiebeweg - Schiebekraft - Dlagramm E-13-Losl K

Schicbekraft F [N]
- 8 BEHEEYEE &

Durable friction forces with a defined lower limit on the district cooling pipe — basis for a long lifetime of
the pipe without any damages — combined with good waterproofness and low thermal conductivity —
Munich, Zschokkestralde — DN 500
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Relaxation properties prevent longitudinal flow of gas

Improved corrosion protection

Minimizes or prevents Joule—Thomson effect

*  Chemical resistance of the odorants to the search for leakages

e precise search for leakages possible, since no longitudinal flow of the gas
* new technologies in pipeline construction are possible

« Alternative solutions to technical problems, eg culverts possible

« Construction in winter at low temperatures possible

* Abutment functions can be adopted by defined adjustable frictional forces

(see R & D activities and project experience based on tests with RSS® Fliissigboden)

The liquid soil method

Experiences with RSS® Flussigboden &)
Gas pipes and pipeline construction

RAL

| DSOS
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RAL
.\ | Experiences with RSS® Flissigboden |&)|
Construction of high and ultra-high —

voltage lines

 Consequences of the
energy revolution

— Construction of new high-voltage
lines with good heat dissipation (here
Frankfurt Kelsterbach, Germany, with
380—-420 kV) with thermally stabilizing
Flussigboden TS

— Avoiding a reduced power
transmission performance even in
warm seasons

— Avoid problems with local residents
and farmers

— Reduction of costs
— Reduction of construction time
— High environmental acceptability

Source: Archive RSS® Fliissigboden building sites
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RAL
.. Experiences with RSS® Flissigboden ||
Construction of high and ultra-high voltage lines —
Temperature curve: transition of the cable limit load to dimensioning load
Sand as a conventional ﬁ o E m"i#
bedding material leads e Semd '.
to high temperatures in ~ 80°C / ‘
the cable.
Thermally stabilizing we /\‘\\__%
liquid soil significantly 30°C Pe———— —
reduces the 20°C -
temperature in the 10°C
ble. °
e N 2 2
3 = R
- e =
42 380-kV-Pilotkabelstrecken Arn prion
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.. Experiences with RSS® Flissigboden &
Construction of solar heat storage reservoirs ==

RAL]

|

 Insulation and storage

 Construction of solar heat
storage reservoirs with
thermally insulating RSS®
Flussigboden in the outer ring
and thermally stabilizing
RSS® Fliissigboden as
storage reservoir with
simultaneous cooling of

; photovoltaic systems to
R S s o increase the efficiency of the
with a 0.8m thick, perimeter slurry wall made of heat-

insulating RSS® Flussigboden, with high watertightness and SyStemS
a core made of heat-storing and also water-tight RSS®
Flussigboden.

:},ﬂ* O

;ﬁ_"g g S

AR

Source: Archive RSS® Fliissigboden building sites
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Energy revolution and RSS® Fliissigboden |&)]

FLUSSNL RO & |

Combined conduits — flexible solution for urban planning —

ELT = electricity

TW = drinking water
RW = rain water
SW = waste water

4 SW_| N
| @

[ P —

Increasing effort in the maintenance of the grids
required new solutions

Energy revolution and location competition
as additional factors in the search for flexible

infrastructure systems

Advantages for roads and their preservation
60
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Main goal — Improvement of economic ||

efficiency —

A prerequisite for a high economic benefit is to minimise the
number of shafts in roads while maintaining access to all
media and a solution in order not to have to pick up the road
surface layer

kerb stone

Legend

~(T)- classical with 2xDN1000 shafts,
pairwise

~(2)- use of RSS shafts with RSS®
Flissigboden and optimised
trench width
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Hl. SRMLROE N

RSS® Flussigboden according to RAL-GZ 507

. Fa
-"-"'- g

Source: engineering office LOGIC, project Stuttgart, Katharinen
hospital
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Anardnung DIN 'V 403401)

Revisionsofinung der geschi.
~ Regenwasserdurchieitung

_RS58-Schachtring mit geschlossener
" Regenwasserdurchleitung

sa)s Buipjing uspogbissn|d4 @SSY SAIY2lY :82In0S

Schachtuntertsil DN 1500 mit
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|

L
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Source Fa. Bau GmbH project, Lachen, Switzerland
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Experiences with combined conduits and el
RSS®Flussigboden according to RAL-GZ 507

For the construction of combined conduits with liquid soil:

less construction space is required
less construction time is required

subsequent costs during operation and maintenance of the conduit
are reduced

subsequent costs for the maintenance of the road are reduced

location advantages are created as flexible systems can be used
and new urban planning solutions become possible

new, more advantageous cost structures are created that can be
used to reduce costs and contributions

This is shown by numerous projects for new construction and
renovation!
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Need for expertise with planners and construction
companies

. « With increasing expertise with

; planners and construction
companies, technologically more
sophisticated solutions can be
applied that have been

developed in recent years.

« This is important, because the
liquid soil method is a
fundamentally new procedure
with completely new
technological solutions and
corresponding requirements in
quality assurance

Source: IB Vogel Ingenieure, project Stuttgart, central castle garden
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Why technical planning for liquid soll
applications?

New technologies result in changes of cost structures and
Thus become the basis of the benefit for builders and contractors

Calculation of costs as part of the technical planning

Classical construction Liquid soi |
method
£ 97,000 Construction method with RSS system
=£12*B072 m’
O wiagess
BN %
O exqui prmen
cost savings
BCo
35,9%
.'-l
[ =
538

ot B o5 of backfl materad [mas price

Classical construction method

€ 153,000
=£45 * 3,396 m?

Cost savings = profit
€ 199,731 =42%

New technological
solutions result in new cost

structures

1. This requires a technology-
based cost calculation

2. The planner or the calculator
must know the technological
processes and the technical
aids very well

3. There are already software

tools helping to calculate the
cost differences of different
technical solutions
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| DSOS

Technological concept as part of the technical planning

The technological concept allows for new cost structures and provides
completely new solutions — eg construction in and under groundwater

The technological concept makes
the processes and the necessary
resources transparent and
calculable

1. Representation of the construction
technology and all steps of the
construction process

2. Indication of required resources and
possible processes

weenwn 2 0| | 3. Specification of technological
peculiarities of liquid soil technology

AN NN NN EE lI IIII il 1 1
900 1000 1100

400 500 600I700 800 I1200 1300 1400 1500 1600I 1700I 4. Optimization Of proCeSSeS

Tmswmen || 5. Basis of calculability of the benefits
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| DSOS

Technical concept as part of the technical planning

The technical concept makes new technologies feasible and thus
helps to optimize processes and make them safe

The technical concept develops the
demands of the required technology

1. Compilation of the necessary technical
aids and parameters

2. Indication of required resources and
possible processes

3. Specification of the technological
particularities of the liquid soil technology

4. Optimisation of processes

5. Basis of the calculability of the benefits of
the liquid soil method and the optimal
use of technological benefits
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| DSOS

Logistic concept as part of the technical planning

The logistic concept optimises auxiliary processes of construction and
thus helps to reduce the costs of new liquid soil applications

Flv e a-asopled b pe-ee
ETEES [N TR ITERHY
A= e A g 4

The logistic concept for
safeguarding optimised main
construction and auxiliary
construction processes

1. Ensuring optimal processes for supply,
production, transport, and placement
on the construction site

2. Helps to reduce construction time

3. Minimisation of the effort in transport
and auxiliary processes

4. Arelevant part of the opportunity to
reduce construction costs
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Functional verifications as part of technical planning, eg static

RAL]

S

verification during construction on peat and in groundwater

The technical planning provides all
functional verifications for safe
construction and a safe application
of the solutions of the liquid soil
method

s [ smeaaFiL SR T T Pag 1 PLAK

3. BEREC HMUMGSUTRSCHMITT FLUSSIGHODIN KaRLERLML

-
L1

:{ﬂ;muu i

Subsoil information and models as basis for

correct and reliably functioning mix design

development in several steps:

- Modelling of the subsoail

- Application of a liquid soil with assumed
target values in the model

- Exposure to load under operating conditions

- Observation of the behaviour of the tube-
liquid soil system

- Correction of the liquid soil values if

necessary

Derivation of the target parameters of the

required liquid soill

Mix design development

Checking the mix design on the basis of test

specimens for compliance with target values

Release of the mix design in case of success
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i@

|

Functional verification as part of technical planning, eg
hydrogeological modelling of the groundwater situation

The technical planning provides all
necessary functional verifications for
safe construction and safe use of the
solutions of the liquid soil method.

Pumpkosten
U Pumpra e Wasservolumen, m?
bis zur gewlnschien Tiefe des
Best case  Absenktrichters 135.864 2 39129
Sast caze wahrend der Balarpaten 3202 71,91 m? pro Tag
bis zur gewiinachten Tisfa des
Wil cse Aksenkiocklers 253,744 5 1341 36
iorst case  wihreno der Bauarbettan 1728 248 83 m? pro Tag

Galahren fir Gabaude

I ] P "
UM Gebiuden, m Hukkraftverlust, In Tannen Dauer der Geflihrdung, Tage

Bosl casu oaogz 2,17 13.35 187.26 2 = bis 2um Ende der Bavarbeilen

Wnrst cane [ -2.39 16.R1-5RK.03 E = biz 7urn Fnde der Banarbziten

The liquid soil method

Soil information and models as a basis
for a decision for or against groundwater
lowering:

» Modelling of the hydrogeological situation of
the subsoil
= Representation of the installation situation

with 2 scenarios Sdewatering and liquid soil)
. inati ks of conventional

dewatering (suffosion, settlement.....)
= Determination of consequences of the use
of liquid soil under groundwater influence
» Cost and risk assessment of the two
alternatives (dewatering or liquid soill
y)
n of technical solutions for the
of backwater effects
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Development of the required mix design or mix design matrix for
safe construction and performance of the liquid soil

The required mix design or mix design matrix makes working with
soils of all types and even changing soil types controllable

Duvalopmant and iz Srsign Mix Tasting of Falgaza ol the - - - -

D et S rat e oo e T The mix design/mix design

Planmer and mﬁmlh s rl"l"|:.!1ll\'.l'| m“ " " n
ol Dumes | o) B il e matrix ensures the functionality
Gz | O MEmmm., | 7 = e of the liquid soil within 3 groups
el N F:Eﬁi:ud o of properties

1. Soil-mechanical properties to prevent damage to
roads, grids and underground structures

2. Technologically relevant properties to support and
optimise construction processes and reduce costs

3. Special usage properties that the original soil
does not have, but that are required for later use
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FLUSSNL RO &

Technical planning of liquid soil applications

Examples of planning services for liquid soil applications

Technical planning of liquid soil:

Services which are designed to make
the variety of possible applications of
the liquid soil method technically safe
and economically advantageous, and
also deal with all related questions —
from quality assurance to cost
calculation, verification, environmental
law, soil mechanics, hydrology, material
suitability, technology, technical
equipment, etc. — and serve as input for

the project planner.
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RAL

GRTEEEICHEN

FiFB

L.  RSS®Fliissigboden and business processes |@|

FLUSSNL RO &

{ Business processes in underground engineering affected by the liquid soil innovation

3
| cusTomEr
A
Suppliers
Way1 ) L .
R PLANNER of the system
- components
N
PROJECT
= Ground investigation = Technical planning = Calculation = Equipment
= Mix design development « Consulting J « Construction method = Materials
= Ongoing monitoring = Alternative solutions = Technologies = Services
- | !
way2 [ CONSTRUCTION |
Techricamﬁnmﬁmnnl COMPANY
QUALITY MANAGEMENT QUALITY MANAGEMEMNT @ QUALITY MANAGEMENT QUALITY MANAGEMENT

= RAL GZ-507: is a quality mark and quality standard, similar to a German DIN standard, but with stricter requirements. Testing institutes accredited by RAL supervise and
verify the application of the liguid soil method according to RAL-GZ 507, and enforce required standards.

= The required training for users in terms of quality assurance is offered by the RAL Gltegemeinschaft Flissigboden e. V. (RAL Quality Association for Liguid Scil), in
collaboration with the developers of the method and practitioners.

» The research institute for liquid soil FiIFE offers educational programmes for the many newly developed technologies and solutions for users.

= Also see www fi-fb.de; www logic-engineering.de
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ifal}

Quality assurance of RSS® Flissigboden ]!-'-\[
according to RAL-GZ 507 —
Basis of safe use of the benefits

The liquid soil method
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RAL
Quality assurance of RSS® Fliissigboden gy
according to RAL-GZ 507

Basis of safe use of the benefits

Objective 2: Secure use of the possibilities of the liquid
soil method, eg for the many possible

applications that it offers.

Protection against root Immobilisation Technological Placement in winter
penetration suitability eg for
backfilling with a
concrete pump
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<AL
48 Quality assurance — Why and how was the ]@[
RAL Quality Association for Liquid Soil i

founded?

* |nitiated not by producers, but by customers and as
their representatives planners and consultants.

« The following cities played a pioneering role here:

kwL W

KOMMUNALE WASSERWERKE LEIPTIG GMBH

—_— Stadtentwisserungsbetrieb
~ Landeshauptstadt Diisseldorf

()

G ‘ STADTENTWASSERUNG
=P | GOTTINGEN
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\_F'"fa%m Why is there a need for a transparent quality

assurance in the hands of the builders?

Shrinkage of hydraulically setting
materials

The liquid soil method

FLUSSNL RO &
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RAL-GZ 507 is the prevention of structural ™~
damage and defects:

« formulation of clear technical requirements based on soil-
mechanical and physical scientific findings

« elaboration of these requirements in a public procedure
with the participation of all professional circles and the

public in the form of Quality and Testing Specifications
(QTS)

= These QTS form the basis of objective, transparent and
reliably testable criteria as the basis for grids, roads, flood

protection measures and other applications with a long
lifetime
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FiFB

2 ey Basis of quality assurance &l

FLUSSNL RO & |

RAL Quality and Testing Specifications for Liquid Soil according to
RAL-GZ 507 and their implementation, beginning with the planning and
ground investigation according to EC 7 or DIN 18300 (homogeneous
areas)

B e

Gelte- und Prifhestmmungen
R A L Harstellung, Transpert und Einbau von Flissigboden
GUTEZLICHEN
s :
PSSR OE N il lupr_lui-.q.‘
Flissigboden e
(A ] w-ﬁn §
- ® P - Janm—. _.l. Dl e
Gitesicherung
RAL-GZ 507

1.3 mgaitercls Veschrifien, Rickilnien unsd
Forrres

[RAL]

]

DEUTSCHES INSTITUT FUR GUTESICHERDNG UND KENNZEICHNUMNG EY.
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RAL Gutegemeinschaft Flussigboden e. V. (Quality Association for Liquid Soil)

Quality assurance for liquid soil — part of the
technical planning and execution

FLLSS)

RO N

Process of quality assurance of liquid soil according to RAL-GZ 507

Quality assurance according to RAL GZ 507 when the excavated soil of the corresponding building site is applied

Development and provision of

;mun& investigation results
Formulate abjectives of the
soil investigation dependingon
the objective of the building
works for the ground expert by
the planner and the technical
planner

Mix design specifications by planner Mix design Sample Approval of mix
and technical planner FB development testing design and
a) soil-mechanical parameters _ assumption of
b) Technologically relevant dependingon and liability by developer
the specified ’ verification of mix design
parameters
Specific perf target values that target
¢) Speific P_ _nr'm e values are (testing laboratory
characteristics reached accredited by RAL|
Permitted target values and tolerances
Production including monitoring and Transport Placement Documentationand
dnq.lmintiliun verification including
of the processes and intervention in accordingto accordingto interpretation
case of occurring problems, such as specifications the techno-
Wilieen el ging andbriefing | By | logically with all involved
- of the approval of the mix design for of the relevant parties (build up
the corresponding homogeneous involved specifications regulatory cycle of
areas accordingto ATV DIN 18300 parties quality assurance|
(earthworks)
quality assessment plan QAP (G5P)
for the processes of the production up to the ent, documentation, and verification

The liquid soil method
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RALI
\:w--w Quality assurance for RSS® Fliissigboden ]@[
according to RAL-GZ 507 j—

Verification of the soil typical
properties in contrast to the
properties of hydraulically
setting materials by:

— Testing the material
behaviour under changed
placement conditions, such
as load, humidity,
temperature, etc.

— Example of the measurement
of volume constancy or
shrinkage

Source: FiFB, Research Institute for Liquid Soil, RAL trainings
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FiFB

2 = Quality assurance for RSS® Flissigboden ]@ﬂ

FLUSSNL RO & |

according to RAL-GZ 507 —

Verification of Usability

— Verification that no shrinkage will occur by
testing the friction force development over
time, and thus it is secured that the complete
surfaces are involved in the heat transfer
between the conductor and the liquid soil TS.

— Verification of a high, transferable heat flux
(see Fourier's law), since this, in analogy to
the thermal conductivity and to the existing
temperature differences, is proportional to the
transmitting surface of the conductor.
However, this surface is only completely
available if there is no annular gap between
the bedding material and the conductor.

Source: FiFB, Forschungsinstitut flir Flissigboden, Research Institute for Liquid Soil
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Verification of Usability

— Improved thermal conductivity of the
bedding material by thermally stabilizing

e effect of a special liquid soil, and
S e | measurement of the lambda value with
S s WL increasing temperature
d 1L . — Verification of the adjustability of this
o= HHH A T R parameter for liquid soil TS by means of
b= T mix design variations, since lambda also
S enters proportionally into the calculation
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Source: FiFB, Forschungsinstitut fiir Fliissigboden, Research Institute for Liquid Soil
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e Quality assurance for RSS® Fliissigboden |
according to RAL-GZ 507

n
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Verification of Usability

Verification of project and application specific
performance properties, eg the damping and absorption
behaviour of the respective
liquid soill

Soil sample [B]

1 ] ] ] 1 ] ] ] ] ] 1 [ [
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Source: FiFB, Forschungsinstitut fiir Fliissigboden, Research Institute for Liquid Soil
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FiFB

2 &= Quality assurance for RSS® Fliissigboden ]@[
according to RAL-GZ 507

Measurement and verification of technologically important
properties in the case of a buoyancy measurement as a
verification installed pipes without externally stress and thus with a
long lifetime, and for the determination of time sequences
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FiFB

%" Quality assurance for RSS®Fliissigboden @]
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according to RAL-GZ 507 ——

Summary quality assurance

Quality assurance should be a fixed regulatory cycle from
planning to execution. That means:

o Planning, implementation, documentation, consulting and
monitoring as part of quality assurance should be made
use of for the application of liquid soil, and

o a the results should be evaluated conclusively with

all involved parties for the purpose of utilizing
the experience of the construction sites

Execution
Documentation |

Creation of a regulatory cycle of quality assurance

V: Planners and technical planners
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Summary

1. Environmental benefits

— removal of excavated materials
from the construction site is not
necessary

— utilisation of the in-situ
excavated solls

— short transport distances
— no additional filling material
— reduction of CO, emissions

— contribution to the prevention of
climate and environmental
problems

— use of mineral additives only

The liquid soil method
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2. Material behaviour

— optimum bedding
— no compaction required
— no settlements

— simple placement, pumpable if
desired

— controlled solidification

— no damages to the installed
components (like pipes and cables)

— improved corrosion protection

— no exposure to vibration, noise and dust

— properties similar or equal to natural soil

— single properties can be modified in a targeted way
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Summary

3. Costs in planning, execution and quality

assurance according to RAL-GZ 507

reduction of excavation volumes, construction time
and space requirements with new solutions

high quality possible
completely new technologies can be applied
new cost structures in construction and operation

often already profitable for smaller construction
projects, if well planned and prepared

significantly longer lifetimes of cables, pipes and roads
are possible, depreciation!

new urban planning possibilities through "compacted" construction
neighbouring residents are disturbed as little as possible
compliance with all legal environmental requirements

technical planning services make sense and help to reduce construction

and follow-up costs
89
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Thank you very much for your attention!

Olaf Stolzenburg

Institute’s director of the

Forschungsinstitut fur Flissigboden GmbH (FiFB)
(Research Institute or Liquid Soil) and

Technical planner for liquid soil and complex
subterranean systems

www.fi-fb.de

o.stolzenburg@fi-fb.de
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