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Sealing Systems for Dams, Dykes and Subsoil jﬂt

DWAL * 6 Sealing systems with cementitious filling materials

* Bored Pile Walls produced by drilling methods and filled with
WA Set of Rules )
DWA Set of Rules *  Plastic concrete
Guideline DWA-M 512-1E «  Concrete
T e —
Pt 1. Eantnwork trctires

* Diaphragm / Cut-off Walls filled with
Sealing Systems for Dams and Dykes, ' _ [ el hardening sy
and Subsoil ' '

* Concrete

* Soil-Improvement / Soil-Mix Walls produced by
Permeation grouting
* Jet-grouting
* Deep mixing; Mixed-In-Place®

Distinction of filling materials acc. to DWA-M 512-1 are generally in line with other sources like ,Bulletin 51: Filling Materials for watertight cut off walls". ICOLD 1985
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Diaphragm or ,,Cut-Off”“ Walls jm “Plastic Concrete” Cut-Off Wall jnt

Sylvenstein Reservoir, Bavaria,
H Germany

. Central'batehing plant:
1. “Bentonite support fluid
2. Plastic concrete ,

* Lake Forﬁgen, Roﬂhaueten, Bavaria, Germany D-Wall method (with grab) D-wall method (with cutter)
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,Plastic Conglomerates” jm Mixed-in-Place und Cutter-Soil-Mixing (Deep Mixing) jnt

* Requirements as a result from extensive investigations (by Technical University of Munich)
* Minimum permeability at minimum stiffness resp. maximum deformability:

* Permeability k: <1x10°m/s (acceptance requirement)
« Compressive strength q,: 21.3 MN/m? (benchmark @28days)
* Young’s modulus E: <450 MN/m? (target) * Mixed-in-Place -MIP

> Very little binder = slag cement, and lots of water (- high w/c ratio)

- Production of a clay-powder slurry ready for pumping to concrete plant

chemical admixtures

water binder clay powder gravel sand admix1 admix2 controlling fresh concrete
MIX [kg/m?] [kg/m?] [kg/m?] [kg/m®]  [kg/m?®] [%] %] properties over time
design
375 125 220 521 782 4 1,5

equivalent “soil fraction” |:> soil-mix material (for cut-off) * Cutter-Soil-Mixing - CSM

Sylvensteinspeicher, Deutschland
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Technical Properties of the Cut-Off Wall

high deformability
low permeability
erosion resistance
(structurally effective)
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Mechanical Behaviour

* Concrete for structural use, e.g. in retaining walls (reference):

* aggregate

tangent at point of inflection

[

*  cement N
E
*  water §
s — =
* Highly deformable soil-mix material & Plastic Concrete: g / &
= u
ed doe
* soil resp. aggregate (of limited grain size) o c:
]
 little cement 4
a
* much water EE:,
o
* bentonite and/or (lots of) clay powder, to stabilze the mix E
£
X 5
 Self-hardening slurry: E b
« little cement strain £ in % 2
DIN 18136
¢ much water
* bentonite
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Mechanical Behaviour

The paste between aggregates decides upon the material‘s

s Plastic Conglomerates

Under this heading are materials made from cement and clay, with or without
aggregates, at very low C/W ratios. They offer a cemain number of common
ics and are used They are consi below,

2.3.1. Principle

In normal concrete (C/W > 2) the crystallised cement grains are so ¢lose
together that the crystal marrix forms a serang system that deforms very little. To give

this system a certain mobility
simplest way of doing this is 1o add excess water. Su,

the crystals must be a

ficially spaced apart. The
concrete is unstable in the

fresh state

of the cement).

a stabilising agent

must be added to the system, which will not affect the strength. This agent is often
bentonite.

This leads to the use of « plastic » conerete or mortar, placed according 1o
i it for in-pl. i walls,

ave them out? Henee the self-hardening grouts fulfill the double rale of
on slurry and a final filling material

[ But, in fact, aggregates contribute litlle (o the material praperties. Why nol

Bulletin 51: Filling Materials for watertight cut off walls, ICOLD 1985

properties

FILLING MATERIALS
FOR WATERTIGHT CUT OFF WALLS

MATERIAUX DE REMPLISSAGE
FOUR COUPURES ETANCHES

a2\ BULLETIN 51
s510) 1985
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‘g%

9 : .
e Geotechnical Requirements

Wrength !

Properties interdepend
-> can't be both !!!

Minimum strength
to avoid erosion

Design Aspects

= Geotechnical requirements to the cut-off wall

low Young‘s modulus !

h ) - ! T TETTEEEETEEEES ~
= Technological requirements to the filling material Limitation of I \I
" I ..
resulting stresses | low permeability .
1 of the cut-off wall !
1 I =primary task of
‘ I acut-off wall
]
N e e e e e e e e e e P
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Principles for Design me Technical properties — basis for a new design concept me
a a
Fund. Ip ise: deformations of the wall are imposed by the surrounding
) , ) o ' o high deformability
* The thicker the wall, the greater the bending stresses and with that the cracking risk at the tensed outside .
o low permeability
* The lower the strength, the lower the imposed stress; and the higher the relaxation* o erosion resistance
o ) . o (structurally effective)
* The slower the deformation is being imposed, the lower the resulting stress* = by applying the shorterm-tested Young's
modulus (= E), resulting stresses in fact are significantly overestimated (design on safe side)
-> the plastic deformation potential minimizes the cracking risk
* The higher the solids content in the material, the lower the permeability and the higher the erosian resistance
- A lower permeability compensates for a smaller wall thickness
* relaxation is not being used in the new design concept of DWA, thus remains as reserve
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Design concept
for sustainable cut-off walls made
of highly deformable filling materials

= Supplement to the Guideline
DWA-M 512-1E Sealing Systems in Hydraulic Engineering

Highly deformable filling materials — the new ,Guideline” jﬂ‘

Scope
Normative references
Terms and definitions, abbreviations and symobls

WN =

4 Specification of highly-deformable cut-off walls

5 Considerations for design
5.1 Classic design

[ 5.2 Design concept for highly deformable cut-off walls J

6 Filling Materials

General
Self-hardening slurry
Plastic concrete

6.4 Soil-mix material
5.5 Mix designs

7 Special aspects for quality control

8 Sustainability

e S S

* status:
18 Apr 2024
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Highly deformable filling materials — the new ,Guideline” jﬂ‘

* Preliminary remark:
,Highly deformable cut-off walls”

CANNOT actively influence
any stress distribution

in the whole system
- COW / subsail, or
- COW / superstructure

Lthe COW only reacts by imposed strains w/ resulting stresses”

Highly deformable filling materials — the new ,Guideline” jﬂ‘

Considerations for design

5.1 Classic Design

= Deformations result in stresses:
= Filling material is considered ideal-elastic

= (E-) Modulus from unconfined compression strength test
" Ac~Aeg

= Small deformations:
= Compressive stresses . < min g,
= Tensile stresses G, <5%* min g, (* derived from DIN 4093)

unconfined compressive stress in Nimm?

tangent at point of inflection

— T T T

- *:"g’;;;,;‘ =
— D\,
&R

l’f/ //* i
/| Ak

e

o

strain £ in % 2
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. e . . . “ . e . . . “
Highly deformable filling materials — the new , Guideline ‘m‘ Highly deformable filling materials — the new ,Guideline 'M‘
a a
5 Considerations for design 5 Considerations for design
. . int of inflecti . .
5.2 Design concept for highly @ " . S e 5.2 Design concept for highly
deformable cut-off walls @ £ Id g deformable cut-off walls
s | Ywne | [ ™~ . X *
; “E ] A — * Appropriate design concept ca. B/
=, Within the scope of this guideline, by ? / / ‘ i Bl | s
design, imposed deformations of the COW % i // i « Deformations of the cut-off wall to be defined by analytical or numerical methods - max g cow
shall be allowed to exceed the (idealised) g y / E H .
elastic deformation. £ va u * TARGET STRENGTH as low as possible: Utarget = Max [1.5 Qreq; Greq * 0,2] MPa
E S A - + TARGET STRAIN at failure incl. safety values: € target = M X Yo X Ecow (< Max g cow))
Z Characte.rlzanon' of filling materials é o « Reguirements on the filling material: a2 Grarget TOW—J
Appropriate design concept strain £ in % = Buk > £4.coW
with y = 1.35 (BS-P)*
Verification on site by proving the ,ID* by standard tests determing &, * see table A.2.1 of DIN 1054
May 28 - 30, 2024 Conference on Foundation Decarbonization and Re-use 21 May 28 - 30, 2024 Conference on Foundation Decarbonization and Re-use 22
g Soil mixing may conserve global ressources g8
and protect the neighbourhood
Drill speil removal Supply of concrete, cement and bentonite
... from the construction site ... to the construction site
MIP-Walis
Sustainabilit
y D-Walls
= Greenhouse gas emissions
= Transports and neighbourhood
= Resources and landfill demand
BAUER Spezialtiefbau 2017, also: VDI-Fachtagung , Bauen mr‘tirmativen Baustoffen” 2007; google
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@

CO, balance — exemplary comparison for @ FINAL @
o M‘ M‘
,DEFORMABILITY - -
19000 100 kg less cement >
12000 ~25 % less Cozeq emissions mPC1 mPC2 WNEW Design concept for sustainable cut-off walls made of highly deformable filling materials
11000 10327 estimated q,, (prior to lab trials):
10000 —
0000 :g; igggg:m :::;2 :)> i m:a « Cut-off walls in one- or two-phase construction methods or by soil-mixing
a . - o
3000 e - Technical and economic feasibility plus SUSTAINABILITY, due to
E 7000 i b2
q DWAO
Qo By v | . 7/ * ,TARGET STRENGTH" to be determined (not a minimum)
=|= ey parameter: hi eformabili ow cement conten
A = - key p ter: high def bility > | t tent
4000
3000 % % a -
. . * The group has started to finalise the Guideline
wo  IERE 761 - new Design Concept is to be published end of 2024
N ll .ﬁ 25 25 3 3 129 129 105 105
0 %25 s 22 B»B°
Total Materials Energy Freight Mob/ Demob People’s. Assets Waste
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