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Abstract. The paper presents the monitoring system of thea@kment supported on concrete columns and overlaid
by a load transfer platform (LTP) with the embeddtzkl grid. This field investigation was to stabg complex inter-
action between the columns, the LTP layer, and st@&orcement via full-scale in situ measuremehisng erection

of the embankment. The study was focused on thaviair of steel reinforcement and the behaviouhefouter rows

of columns since there are limited reference daddlable for this problem. The system was desigogaiovide infor-
mation to engineers about the condition of the arkbeent at every stage of construction and duriagdard exploi-
tation of road. The measurements provided informmadgibout the changes of strains of steel grid andrete columns
and settlement of the structure.
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Introduction

In most civil engineering structures structurallttemonitoring systems (SHM) are not necessaryesaieil structures
must be systematically checked by an experiencgiheer to ensure their technical condition. Howeirethe case
of non-standard structural solutions or objectsciwhiechnical condition that suggests a speciatrireat, the use of
SHM systems might be the way to obtain a complet@wkedge of the current structure state. Therefthre,new
structural solution of the road embankment has leegiipped with dedicated measurement in situ systé@ moni-
toring system was designed to provide to engineéosmation about the condition of the embankmargvery stage
of construction and during standard exploitatiorrazd. The customer assumption for the SHM systes the re-
quirement of supplying as many data from in-situasugements at the lowest possible price. As insigtems
described in ChriEielewskiet al. (2016), Kaminsket al. (2015), Marialet al. (2016), Mikiewiczet al. (2016), Rucka
et al. (2013), Wildeet al. (2013), Ruckat al. (2013), the design team was required to provigeduct that meets the
established conditions. The minimum required soofpine system was to make measurements that pibuider-
mation about the changes of strains of steel griirainforced concrete columns and settlementeftructure. The
assigned task was performed even better than exgethe allocated budget allowed for the implemgeof the
system in such a way that the most important measemts were confirmed by additional, independens@s and
devices of a different type. Unfortunately, thelitess of the site and lack of caution of the warkering the construc-
tion caused that part of the sensors at the bagirofi their work were damaged.

Embankment and monitoring system

The monitored embankment is located next to thegeriFig. 1a). It is supported on Controlled Se§a Columns
(CSC), constructed by Keller Polska, and overlaydabLoad Transfer Platform (LTP) with embedded Istga
(Fig. 2). The subsoil condition near the bridgedsy unfavorable: over 15 meters of mud, peat asjegover moraine
clay and fine sand. The structure of the embankmsehe foundation on CSC columns diameter 360 nittm spacing
changing from 1.4x1.9 m to 1.6x2.2 m. The desiga based on ASIRI 2012.

The aim of this field investigation was to studg thtricate (complex) interaction between the C8l0mns, the
LTP layer, and steel reinforcement via full-scalesitu measurements during erection of the embankriiée study
was focused on the behaviour of the steel reinfosse and the behaviour of the outer rows of colusinse this
component is crucial for proper operation of thebankment. Appropriate design of the LTP layer veteel grid
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Downloaded from mostwiedzy.pl

A\ MOST

Miskiewicz, M., Meronk, B., Brzozowski, T., Wilde, K. 2017. Monitoring system of road embankment

should reduce the significant horizontal forcesnacon the outer CSC columns reducing their bendiig obtained
measurement data will be used for subsequent baadikses and FE calculations, with the aim to dgvelad verify
own design procedures and enabling better handfiige risk involved in similar ground strengthemiprojects.

It was assumed that the key parameters of the emiert monitored during the progress of the constyoc
were measured by independent sensors working wifégreht technology. For example, the elongatiortief steel
grid was measured by a long base extensometersnaailtl base extensometers based on vibrating wirgose tech-
nology.

Test section

River

Geotechnical cross-sections

Loading cells and
vibrating wire sensors

Instrumented column
and inclinometers

Extensometers for horizontal
displacement of steel grid

Fig. 1. a. Top view of the monitored embankmenSdil cross-section; c. Location of instrumentshie selected cross-section of
the embankment

The monitoring program included the following me@snent components (Fig. 1b, 2, 3a, 3b):

—forces in outer CSC column - 12 strain gages wetdexteel beam IPE160 (4 sensors at three levels);

—distribution of vertical stresses on the columns anbsoil — load cell sensors mounted on the cokimn
heads (2 sensors) and the subsoil (4 sensors);

—forces in the steel grid and horizontal displacetsef steel grid — 14 strain gauges and four loageb
extensometers mounted to the steel grid;

—settlement of the embankment — measurements ircmss-section of the embankment, in two PVC pipes
using “hydrostatic leveller”;

—horizontal displacements of the outer columns —sneaments carried out using an inclinometer. Tveelst
square inclinometer tube, length about 12 m, wesgailed alongside steel reinforcement in two oetdr
umns;

—horizontal displacements of the subsoil betweermtite columns - task carried out using an incliaten
Two inclinometer PVC pipes, diameter 70 mm and adéum long, were installed between outer columns.
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road embankment
pipe 100mm diameter - to measure vertical displacement
transmission layer (0,5m thickness) reinforced with steel grid

Controlled Stiffness Columns (CSC) diameter 360 mm / working platform

CSC ¢360 mm, L=16 m
reinforcement IPE160, L=12 m

Fig. 2. Measurement scheme on cross-section arttimnkment

The monitoring system designers sought to createstem that will not require electrical supply. Whas also
important they were looking for solutions mostlysed on the compatible sensors allowing to simpltig/data acqui-
sition process? Finally, vibrating wire sensorsemesed for monitoring strains in the steel grid eoldmn reinforce-
ment as well as the pressure acting on columnssheradi subsoil.
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Fig. 3. a. Location of measurement points of foioesteel grid and pressure on columns heads ayebaub. Location of meas-
urement points on CSC columns

M easur ements
Location of various components of the monitoringtsyn is shown in Figure 1b.
Forcesin CSC outer column

Force identification in CSC columns was possiblet@nbase of strain measurements. The vibrating sénsors
with the base 150 mm were used (Fig. 4a). Its ram@000}, resolution 1, accuracy +0.5% F.S. and nonlinearity
<0.5% F.S. These sensors can work in the temperedguage from -20°C to +80°C. The sensors consistedength
of steel wire tensioned between two mounting bldbks were arc welded to the steel surface. Themermad excelent
stability over an extended period. The essentiakk was to protect the vibrating wire sensors afiles against
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possible damage during installation in the CSC moluThat was why preliminary tests and calibrafioacedures
were done in workshop few weeks before installatiora construction site. After sensors installagtibey were pro-
tected by steel plates (Fig. 4b).

Fig. 4. a. Strain gages installed on IPE160 pr&i&C- column reinforcemenb. Steel plate protecting measuring points

Control measurements taken after installation efitistrumented profile in the chosen column indidahat all
12-sensors were fully operational and that theinggsdwere in the desired range. It confirmed thatgrotection and
installation procedures were appropriate.

Pressure on CSC columns and subsoil

Vertical stresses acting on the columns headshandubsoil were measured using vibrating wire gamtissure
cells with diameter 230 mm (Fig. 5b). These celihwanges 5SMPa (on columns heads) and 70kPa (wsog8uhad
a resolution of 0.025% F.S., and accuracy +0.1% Fh8se can work in the temperature range fromG20°+80°C.
Used cells (Fig. 5a) consisted of two circularritss steel plates welded together around theiipheny and spaced
apart by a narrow cavity filled with de-aired dlhanging earth pressure squeezed the two platetheygcausing a
corresponding increase in fluid pressure insidecie A vibrating wire pressure transducer core@this pressure
into an electrical signal which is transmitted lte readout location. The site of the used celfgésented in Fig. 5b.
Stresses acting on the ground were measured aettiee between four adjacent CSC columns and batigde”
CSC columns. Cells placed on the columns were levend screwed (Fig. 5a). Pressure cells on thengr were
placed directly on a compacted soil between therook, fixed in positions with pins and backfilled.

Fig. 5. a. Pressure cells assembly; b. Pressusehefbre backfilling

Forcesin steel grid

Two independent systems made force identificatioa steel grid. First of them based on strain neasents
with the use of the same type of sensors that wsed in columns, i.e., strain gages. The secortdraywas based on
long base multiple point extensometers.
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Short base vibrating wire sensors were attachéuktsteel grid by welding (Fig. 6a). The works weoaducted
after backfilling of the first part of the LTP layé-ig. 6b). The instrumented steel grid was lad/d on the compacted
fill. Afterward, the vibrating wire sensors wereveoed with waterproof boxes to protect them fromeeal influences.
The sensor shields were constructed using plastied) sealed with micro-rubber and silicone sealtim¢ control
measurements after installation of all sensors sldaiivat each of them was operational and the rgadiere within
the desired range.

oo L 3
G,

Fig. 6. a. Strain gages on the steel grid; b. Lionatf the protected sensors before backfilling

Unfortunately, during fill compaction by the GC nigithe smallest vibrator equipment available os, sitof 14
strain sensors experienced excessive deformafldresvibro-compaction caused seven sensors to teaateadings
above the allowable range. It was assumed that sbthe sensors have been damaged and have chifnegeheas-
urement parameters. Most likely they were damageddad excessive bending occurring during compaeiahlocal-
ized plastic deformations of the transmission lay®d the soil underneath. Consequently, the pess#aldings of the
remaining and still “operating” grid sensors hadbéointerpreted with caution and cross-checked wiitler measure-
ments.

Long base extensometers measured “elongation&ef gtid sheets laid down on the ground with anlapping.
The device consisted of four steel wires with diéfe lengths (from 14.465 m to 23.743 m) connettesteel grid
sheets in selected locations, and the measuring thith four extensometers screwed to the steel gtithe centre of
the embankment (Fig. 7). All wires were coverechvifVC protection tubes. Extensometers were instalteoss two
or three separate steel grid sheets.

Fig. 7. Long base extensometers for measuring atamygof the steel grid
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Embankment settlement

The last elements of the monitoring system, insthtifter backfilling previous sensors, was the erkiveent
settlement system along the entire cross-sectidheoéEmbankment. The system was based on the dgseinibbes
in which precise differential pressure transducas wioved. The method is called hydrostatic levgl{Boerezet al.
2012).

Two horizontal tubes were installed (Fig. 8a, 8hitially, it was planned to install one tube bethethe trans-
mission layer and the second one above this l&@never, because the monitoring system was a preoit was
decided to double the measurements conducted aigled the transmission layer. Both tubes of 10diameter were
made of PVC, corrugated outside and smooth ingitldoth ends of each tube steel H-beams of 1 mtengre
attached (Fig. 8a). The steel beams allowed tdliglthe tubes and were also used for installatibthe reference
pins needed for geodetic measurements.

Fig. 8. a, b. Installation of tubes; c. First maasuent after tubes backfilling

The settlement at the LPT level was measured wsiregy precise differential pressure transducey. (8¢). The
device consists of a probe, inserted into the ek pulled the tube using a rope. Inside the prittege is a sensor
with a membrane recording small pressure changetefermining the relative height of the probe. Télative height
readings were converted to absolute level datadbaseeodetic measurements taken at the referémséopated on
both sides of each tube.

The initial tests have confirmed that the accum@icsettlement measurements with the describedrsysies less
than 1 mm. It is noted that this device has a nreasent precision on other geodetic systems likekample terres-
trial laser scanners (Berrgttal. 2014; Janowslet al. 2015; Laskowsket al. 2014; Szulwicet al. 2016). The hydro-
static levelling device, designed and producedHhiy nonitoring system, made control of verticalptheements of
the entire cross-section of the embankment possitle measurements could be conducted within #resmission
layer providing reliable information about its resge.

Results

The data obtains from the monitoring system atéénprocess of interpretation and verification. Duéhe failure of
some sensors during embankment construction,sasthge, the settlement results may be used fxtdgiresentation.
The obtained results indicate that settlement m®&iaished around 12 months after completion efdmbankment
construction (Fig. 9).
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Fig. 9. Embankment settlement during constructien- height of embankment)

It can be stated that the real behavior of the ekib@nt was in line with designer expectations (fomznn
et al. 2014). However, the interpretation of other measwent data is relatively complex. It requires esieznumer-
ical simulations to find the solution to the invezroblem.

Conclusions

The Load Transfer Platform with steel grid reinfament is an innovative structure. For this reag@nscientists from
Gdansk University of Technology have been invitedooperation by Keller Polska to apply the tecahg&ystem
monitoring of that solution. The system installedler the embankment, allowed to perform detailedsuements
of the foundation behavior for several years. sisted of several measurement methods. Two of thera the
prototype ones: hydrostatic levelling of the embaakt and long base multiple point extensometer ureasents of
the steel grid. Both systems have proven themséiube presenteioh-situ application. They gave a reasonable results
and allowed caring out long-term structure obs@wmatMuch worse experience were gathered by aufhons meas-
urements of strains on CSC columns and steel gitid thre use of short base vibrating wire straineggadrhe test
column was impacted by installation of the adjaceimns. This process resulted in temporary ireed stress to
very high values, that consequently disturbed tierpretation of further measurements. The singlablem con-
cerned the strain measurements in the steel grideSf the vibrating wire sensors were destroyathdbackfilling
and compaction of the transmission layer. This app despite the use of a thicker transmissiorr kye switching
off roller vibrations.

Nevertheless, the collected results enabled thghthito the embankment condition. They alloweddssess-
ment of the effectiveness of the adopted solutieitis the use of steel grid in transmission layethef embankment.
In addition, the prototype technical monitoringteys gave the opportunity to draw conclusions reiggrthe instal-
lation of similar systems in the future.
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