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Tremie concreting, betong for
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EFFC/DFI Best Practice Guide to
Tremie Concrete for Deep Foundations
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BAUER specialist foundation’s products
A look into an excavation pit:
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Kingdom Tower — Construction Site

e 270 Bored Piles

January 2014
* lengths from 49 to 109 m

e Diameter of 1.5 and 1.8 m
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Concrete for “Challenging” Deep Foundations
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European Federation of Foundation Contractors
Scope and Objectives

PALDAG 17 - Gothenburg - Sweden

EFFC Is the umbrella Federation of 16 National Federations
across Europe.

370 Specialist Foundation Contractors
Promotes the common interests of Members
Achieves the highest professional standing

Improves standards of workmanship, technical competence,
safety and innovation

Expresses Member’s views within the European Commission,
authorities, professional institutions, other Federations (eg FIEC)
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The Guide
Background
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Increased incidence of concrete related problems in the
completed piles and walls

In 2014, joint EFFC/DFI Task Group set up
R&D required with Universities in Europe and US

High interest from Sponsors (suppliers, contractors, clients and
consultants)

Euro 150,000 received from Sponsors including DFI and EFFC
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The Guide
Purpose and Scope

o Gives guidance on structural design related to concreting,
on the characteristic performance of fresh concrete and
Its placement using tremie methods

o Presents current best practice in Europe and US

o Getting the mix right can only be done as a team:
specialist contractor for execution,
designer for durability and structural needs, and
concrete supplier for an economic and practical mix

o The Guide is an addition to existing Codes, NOT a substitute
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Mission
Concrete must allow for “modern” Design and Execution
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All must prevent from avoidable defects and anomalies
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Requirements in European Norms
Integrity of Bored Piles: EN 1536 / EN 206 (Annex D)

Placement Cement content Water-cement Slump Flow diameter
condition [kg/m3] ratio [-] [mm] [mm]
Dry 150 + 30 500 £ 30
<0.60
submerged under and in compliance 180 + 30 560 + 30
water,

with provisions
valid for specified

exposure classes 200 + 30 600 *+ 30

under a stabilizing
fluid

These ranges — lower AND upper limits — can be good enough but may be not
» Consistence can not be transferred to rheological parameters, at least not to “flow”

High cement contents are obviously meant to increase fines for better stability
» Cement replacement would be better in order to ease the flow of concrete
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EFFC/DFI TREMIE GUIDE

Concrete Cover according to EN 1536,
with i, + ACye,
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Modern Concrete Technology
More options, lower w/c + admixture - more complex

__________________________

Additions

My .:L't'v-"'-ﬂ: = N ' '
£ s N v...}" : '
Sand / Gravel : I :

Cement < 100 pm

S5-component system
3-component system
Properties of fresh concrete
(Consistence)

Admixtures

'
__________________________ © TUM
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Modern Concrete Technology
VS. present Standard Regulations

od,3¢ [ _ _ _ _ New ,,5¢
Concrete“ > Concrete“ +

Additions

I
principle '
Admixtures |
good workability at
sufficient stability

application ;

Consistence
Slump/Spread

Consistence
Slump/Spread

Minimum value to Maximum value to
ensure good viscosity ensure high cohesion
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Need for Performance based QA/QC

Characterisation and Comparison by Concrete Rheology

shear stress
T A

shear stress
concrete

normal concrete
T A

(for vibrating)
T=To+py
plastic viscosity p
yield stress T

high
yield value
control of

segregation

medium
— water yield value
_ﬂ"'

Tremie Concrete
— - - Y I
— I*_ .?]}"* low Self-C ing C
n - dynamic viscosity 1 yieldualuei elf-Compacting Concrete
shear rate y shear rate y
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Need for Performance based QA/QC
Effect of Concrete Mix Design on Rheological Behaviour
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part of R&D
shear stress .r.-—-: yield stress
T A Tﬂ A
+ cement
+ silica fume + mineral
concrete with additions
extra cement
+ fly ash

+ water + ultra-fine addition

replacing cement

(4
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EFFC/DFI TREMIE GUIDE
Dependencies as seen by the Concrete Task Group

Ingredients Properties, Characteristics Requirements
—> Self-levelling
Workab!l.l Self-compacting
—> —> Flow ability —> by gravity
Composition Passing ability
Aggregates, ; - .
g\?ﬂu’a?er Rheology > Filling of excavation
Cement, Viscosity
Additions, Cohesion _:). Flow retention >
(chemical) , ‘
Admixtures < ——————— 7 Control of
- stiffening, segregation,
—> Stabili bleeding, filtration
_> Water retention ability _>
Segregationresistance
part of R&D
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EFFC/DFI Research Program
Fresh concrete testing schedule

—
o apply rotation,
2 measure torque cylindrical
——— slmp cone K ,
fiange container

I ft— final diameter Oy,
flange shear
% paddle

diameter
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EFFC/DFI RESEARCH PROGRAM
Initial Results on Yield Stress, derived from ...

device-specific values

to be assessed by UNIs rotational rheometer
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EFFC/DFI RESEARCH PROGRAM
Initial Results on Viscosity, derived from ...

a0

40

Flastic viscosity [Pas]

10
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EFFC/DFI RESEARCH PROGRAM
Thixotropy of Deep Foundation Concrete

400

[
o
o

Static yield stress 1,5 [Pa]
= e
o o
o o
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High thixotropy A
Tps =081, +136 _ 7
-
F
~”
‘ ”
”~
-
A
£ Low thixotropy
Tos = 0,051, + 72
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60 120 180 240

Time at rest [s]

TREMIE CONCRETING - Karsten Beckhaus, BAUER

0O min
at rest

By joint EFFC/DFI Concrete Task Group

m OFTIG#E

EVRDFEAN FERRATIN OF FOUMRION COMTRACIORS

pEEF Fub
-]
in .u!-"'

10 min
at rest

22



By joint EFFC/DFI Concrete Task Group

Tio,
*’DF “I'.;’
] 1«“‘

o =)

& c
[T}
w

° I~

“ L

EVRDFEAN RERRRIII [F FOUMDARDN CONTRACIOT:

EFFC/DFI RESEARCH PROGRAM

1 : ”, -
Lab mixes”:[ cement Addition Admixture
CEM I FIv Ash Superplasticiser
CEM II/A-S Lime SthesP;)wder Retarder
CEM III/A Airentrainingagents
High strength
+ 20 SF
-20 FA Advanced
mix
? REFERENCE (?p“d”_“;rhbg:?in
. < 300 ke/m?® CEM | + size distribution
(W/c),, =0.50; w/b = 0.45 density,
minimum
admixture
‘ demand
Sand + Aggregate
Rounded vs. crushed
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EFFC/DFI RESEARCH PROGRAM
Stabllity of Deep Foundation Concrete: Forced Bleeding

o BAUER Filtration Test: 1.5 | of fresh concrete
subject to 5 bar for 5 minutes: recommended limit: 22 m|

pressure 5 bar

I'{4
»forced” bleed 2> — =Y 10mm
T ,BAUER"
"
,Slow” bleed £
2 concrete
M
bleed water ]
filter
bleed channels l
(simplyfied) -
oncrete = ~; % -;-' Ras . 3 HAE ;,
consolidated) = water EC D R g
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Stablility of Deep Foundation Concrete: Forced Bleeding

o BAUER Filtration Test: 1.5 | of fresh concrete subject
to 5 bar for 5 minutes: recommended limit: 22 ml

filtration loss

filter cake thickness

50
o) —
40 ——slump flow
30
20 [ml]
10
[cm]
00 I I I 1
CEMI+PCE CEMII+PCE CEMIII+PCE CEMI+ PAE
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Extra Information:
FILTER CAKE THICKNESS

-
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LOOKOUT
New Performance Specifications and Requirements
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Better Understanding of “Concrete Rheology”
Appropriate Design, i.e. Concrete Cover & Clearance
Agreed Best Practice of Execution

Mutual Adaption to “Challenging Conditions”

Guide #1: Option for Specific Testing

Guide #2: Validated Concrete Testing Methods and related
Acceptance Criteria for Workability & Stability, incl. outlook to
assistance of Numerical Modelling (computational simulations)

Norms 2020*: Revised Concrete and Execution Standards

TREMIE CONCRETING - Karsten Beckhaus, BAUER 26
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Karsten Beckhaus (CM), Bauer Spezialtiefbau, Contractor

Bartho Admiraal, Volker Staal en Funderingen, Contractor
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Trem'n.:: concrete for Deep Foundations

ay joint EFFGJDFI Cancrete Task Group

—
Sart®
; Ilﬂ :
B

b Tl

Andrew Bell, Skanska, Contractor
Bjorn Bohle, Keller Grundbau, Contractor

Michel Boutz, SGS INTRON, Consultant
o Editionl is free

to download from
EFFC and DFI

) E:)sites
o itio in 2018
R&D esultsw
nd

conclusions,
acceptance criteria,

Alexander Rostert, Zlblin, Contractor and as pe—_ggaj feature
e

1.3 m

Dan Brown, Dan Brown & Associates, Consultant

Sabine Darson-Balleur, Soletanche Bachy, Contractor
Thomas Eisenhut, POYRY, Consultant
Peter Faust, Malcolm Drilling, Contractor

Raffaella Granata, TREVI S.p.A., Contractor

Chris Harnan, Ceecom, Consultant
Duncan Moore, Implenia, Contractor

Duncan Nicholson, ARUP, Consultant
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