1.Titel

ASSERT subproject:
New cartridge holder with integrated sensors
Resistivity & shear strength monitoring

Markstabilisering

Stabilisering och tétning av I6sa jordar.

Resistivitet

Resistivitet (invers till ledningsférm8ga) i material,
relateras till mekaniska, hydrauliska egenskaper.

ASSERT

Kvalitetskontroll av markstabilisering med elektrisk
resistivitetstomografi

Effektiv och tillférlitligare kvalitetskontroll:

» Starkare infrastruktur som varar langre

« Skador kan 8tgérdas i tidigare skeden

* Minskat materialsvinn. Cementbaserade bindningsmedel stor
utslappskélla for CO,.

« llExempel fr8n VL nibben petersen
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2.Koncept

Kolvprovtagning med Beredning av
borrbandvagn prov i labb

¢ '

Ostért prov i hylsa

A

Oférstérande resistivitetsmétning

Oférstért prov i hylsa
v
Mekaniska tester
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3.Funktion

Beredning av Packning p8 |, Automatisk resistivitetsmé&tning Métning av skjuvhlifasthet med
kalkcement monteringsbrada under hdrdningsperiod enaxiell tryckpress.

Terrametersystem fjarrstyrs med
script som hanterar matning och
uppladdning av data.

*Bjlder frdn Statens Geotekniska Institut, utférd i samarbete
med tekniker pd SGI:s geotekniska labb i Linképing
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4.Resultat

Metodik

Effektiv,
repeterbar

Kvantifiera

mdétosdkerheter

Mé&tprecision £0,2%*
*(95% konfidensintervall, x datapunkter)

v

v

Databas.
Observera.

Kvantifierbara
sammanhang
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SGI serie A Maj-Augusti. 8 prover.

-Métning dygn 7, 14, 91 (enaxiala tryckférsék: skjuvhélifasthet).
-p-vdrden (prelimindra): Ska justeras efter temperaturvariationer

samt provers ldngdskillnader (=+10%)
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Series SGIA, preliminary data

@® SGIA03a SGIA07a

SGIAO1a SGIA05a X Uniaxial Strength Test
SGIA02a @ SGIAOGa = = Ahnberg Fxn
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5. Diskussionsunderlag

Metodik SGI serie A Maj-Augusti. 8 prover.

-Métning dygn 7, 14, 91 (enaxiala tryckférsék: skjuvhélifasthet).
Effektiv, Kvantifiera -p-vdrden (prelimindra): Ska justeras efter temperaturvariationer .
repeterbar métosékerheter samt provers lénqgdskillnader (=+10%) SGIAGT Kvalitetskontroll
R a

Métprecision £0,2%* SG'A°3a — 350 Effektiv och

*(95% konfid inte Il x dat. Kt * l'l//fOr/It/Igare
(95% konfidensintervall, x datapunkter) . ivalitetskontroll:

v v

Databas. Kvantifierbara
Observera. sammanhang

» Starkare infrastruktur
som varar léngre

Skador kan 8tgérdas
i tidigare skeden

Minskat
materialsvinn.
Cementbaserade
bindningsmedel stor
utslapplskélla for
CO,. !IExempel frén
VL nibben petersen
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Series SGIA, preliminary data
SGIAO1a SGIA05a X Uniaxial Strength Test
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Styrkeberdkning innan hdrdning

Geometrisk avbildning av pelare

Detektion av sprickor och inlédkage

...Framtida labb och féltapplikationer
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Applikationer
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Nuvarande resistivitetsminstument SGI
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Cementeringsprocessen

Hydroxide
Unhydrated
cement partlcles

Cement gel

Capillary pores
and cavities
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Quality control of lime-cement pillar
using electrical resistivity tomography

OLSSON P--I., REJKJAR S. & DAHLIN T. FIELD-SCALE QUALITY CONTROL OF LIME-CEMENT PILLAR IN CONDUCTIVE CLAY USING ELECTRICAL RESISTIVITY TOMOGRAPHY
PAPER 94 (WE_INFRA_P25) IN: NEAR SURFACE GEOSCIENCE 2019 - 1ST CONFERENCE ON GEOPHYSICS FOR INFRASTRUCTURE PLANNING MONITORING AND BIM

Conclusions

Lime-cement pillars

* Substantial increase in resistivity for treated volume after curing.
* Resistivity contrast in data space for untreated versus treated volume.
* Needs for improved field methods and equipment.

In-situ field measurements

FIELD DATA PSEUDOSECTIONS
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A multi-electrode borehole ca
ble with take-out spacing of 0.5 m was
inserted into slotted pipes and used
or the measurements. The pipes were

combined multiple gradient and bipole-
dipole array sequence.

The field measurements were
carried out at three different stages in
the lime-cement pillr process:

FIELD DATA INVERSION MODELS.
Untreated

UNIVERSITET

Treated, uncured

Treated, cured

Existing quality control methods
for lime-cement pillas involve two field
steps where the firstinclude quality control

Apparent ressiny onmom) 02 0

1. Before ground improvement
Untreated ground.

2.At ground improvement -
Treated, uncured groun

3. After ground improvement -
Treated, cured gr
The measurements for stage 2 were car-
tied out in immediate connection with
the construction of the lime-cement pil
fars and for stage 3 they were carried in
the same pipe 36 days after treatment.
In additon, the measurement for stage 1

Treated, uncured

5060801131620253240

was for practical reasons carried out in a
separate pipe dose by.

Full 3D inversions of the acquired
field data was in this work carried out in
BERT/GIMLI v. 229 (Gunther et al 2006;
Riicker et al. 2017). The resuiting inversion
models are visualized with a vertical ciip
through the pillar centre and a coverage
threshold of one. The inversion modes in-
dicate regions which are interpreted s fill
material, marine clay, and treated volume
as well as the position of the electrodes.

Treated, cured

of production parameters such s rota-
tion and penetration speed, ai pressure
and binder feed rate. The second qual-
ity control step involves determining the
spatial continuity and mechanical proper-
ties of the treated subsurface afer curing
These tests involve core drling, complete
exposure by digging and a reversed pillar
penetration test where a wire-attached
probe is pulled through the pilar from
the bottom-up. The second step is due
oits nature destructive and can only be
appled after curing

Gapsin pilar continuity can severe-

‘THE PROCESS: MECHANICAL DRY DEEP SOIL MIXING

Adaped rom Keter Bochure 201E

Thus, there is a need for new methods
capable of determine the in-situ mixing
quality prior to curing

The lime-cement pillars in this
specific study were constructed down
t0.round 20 m depth by SMG (Soil Mix-
ing Group) using their decicated equi
ment, a mixing tool with diameter of
80 cm and dry lime-cement compound.
The mixing was targeting an addition
of 50 or 80 kg binder/m* il

A slotted pipe (inner and outer
diameter of 51 mm and 63 mm respec-
tivel, sots widths of 0.3 mm) was in-
serted in the centte of the ime-cement
pillar immediately after construction to
provide  path forinserting an electrode
string into the centre of the pillr. The

Iy compr
hydraulic propertes ofthe round,thus it
is of utmost importance to construct the
pilars accoding to design. The result of
ground improvement s lso affected by
the type of 5o, the type of binder, and
the parametrs used in the production.

geotechnical rig and pushed into the
centre of the pillar after removal of the
mixing tool. The pipes reached different
depths ranging between 15 and 17 m
depending on the installation method
and on the local conditions.

Geoelectrical quality control

‘This work focuses on the fist qual-
ity control step which needs to be done.
in direct connection to when the stabiiza-
tion i being carried out, so that fixes can
be done while equipment and crew are in
place and before the binder has cured in
treated parts of the volume.

Little strength growth has occurred
since the binder has not cured yet, and
thus seismic methods are unsuitable, The
electrical properties, however, can change
drastically when binders are mixed into
the soil (Dahin et al, 1999; Lindh et al,
2000). Electrical resistvity tomography is
therefore an interesting option for map-
ping which parts of the subsurface that
has been processed and identify zones

that need to be supplemented.

The true diameter of jet columns
can for example be estimated within
5% ina range of 09t 25 m (Mooney
and Bearce, 2017). However, for this to
workin routine application the method
must be further developed to become
robust and easy to handle in the de-
manding environments. Furthermore,
the resuls of the qualty control need
10 be reported promptly i a form that
allows for feedback to the contractor
atsie
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