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MONITORING OF DISPLACEMENT ABUTMENTS
OF MOTORWAY VIADUCT

The aim of the paper is controlling the behaviothef bridge supports of the motor-
way viaduct WA-164 on strengthened subsoil usingcement columns made in
DSM technology. Monitoring of the construction wasried out for a period of 16
months by measuring the settlement and rotatiothefstructure. The settlements
were measured by means of the geodesic precisieting method. Changes in the
rotation of the supports were recorded using aniaaieter sensors installed on the
walls of the abutments. For mapping of the constmavork, numerical models of
span and abutments were performed. The abutmentneesled in computer pro-
gram SOFiSTiK. The stiffness of subsoil was catimlawith regard to the measured
settlement of the abutment on DSM columns. Theltesd field measurements
shows that after backfilling the abutments, it Egin the embankments direction.
This is also confirmed by numerical analysis. Moriitg conducted in 2014 showed
that settlement is stabilized, and the measuradesare safe and lower than the SLS
limit stage. Numerical modeling along with geotdchhand geodetic monitoring
has enabled a better understanding of the beha¥ithe bridge foundation on
strengthened subsoil and verify the calculatiommagtions taken at the stage of de-
sign calculations.

Keywords: displacement of bridge abutment, strengthenedsaljbnumerical
analysis, field measurements

1.Introduction

A valuable source of information about the behawabbridges after their
construction is monitoring of the structure. On kangbackie section of the A4
motorway Rzeszow - Jarostaw, Department of Road<Bailges Rzeszow Uni-
versity of Technology conducts, on behalf of then&al Directorate for Nation-
al Roads and Motorways, displacement monitoringjlobridges, they are bridg-
es, viaducts and culverts. The reason for contr@asarements are primarily
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foundation supports problems on weak subsoil. u¢hé variety of subsoil

types, its full diagnosis is not possible, and klealge about them we get only
from a few places where samples were taken. This @bplies to strengthened
subsoil whose assessment after the constructimbjetcts is only possible by
using geodetic and geotechnical monitoring. Comtirsumonitoring of objects

since their construction is very valuable.

2. Description of the motorway viaduct WA-164

Road viaduct WA-164 is located within the A4 motagw between
Rzeszow - Jarostaw in km 582+247.98. There is agmesof local road 1384R
under the viaduct between Terliczka - Trzebowniskee communication sys-
tem in the area of the object is shown on Fig. 1.

Fig. 1. The viaduct WA-164 A4 motorway
Rys. 1. Wiadukt WA-164 w ggu autostrady A4

The viaduct is a single-span slab-beam structurstatfc scheme simply
supported beam. Theoretical span of structureigrantorway is 30,8 m. Under
each roadway of a motorway a separate bridge canistn has been made. Sol-
id abutments are located in diagonally 58.3 degeksive to the axis spans and
are using expansion joints on a viaduct axis. Téight of the abutments corps is
from 6,0 m to 6,5 m (including abutment backwatfe thickness of the front
wall is 1.5 m, and the side walls (wings) is 1,0The foundation supports are
directly on the strengthened subsoil with DSM cahsnhongitudinal section of
the viaduct shown on Fig. 2.
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Fig. 2. Longitudinal section of the viaduct WA-164
Rys. 2. Przekréj podhany wiaduktu WA-164
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Fig. 3. Cross section of the viaduct and view thetrmlent A with an indication weak soil layer on
geotechnical profile

Rys. 3. Przekrdj poprzeczny wiaduktu oraz widokypebtka A, z zaznaczeniem warstw stabego
podtaza w profile geotechnicznym

Fig. 4. View on the viaduct before backfilling thbutments

Rys. 4. Widok na wiadukt przed wykonaniem zasypkypzotkéw
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Strip footings under frontal walls, both the abuttseand wings, have
a width of 7 m and are 1.4 m thick. It was takerskamt, with an expansion joint
on motorway axis. The supporting layers of subsoitlhe area of viaduct are
tertiary clays and salty clays in stiff state, l@chat a depth of 9.2 - 11.6 m be-
low. Above river sediments are medium sands witmigtlre of gravel, fine
clay sands, changing on loamy sands in the coratedtrstate, locally medium
concentrated [1, 2]. Due to the differentiatiortestaf the upper layers of subsail,
one designed ground-cement columns with diame8emQthe DSM technology
"on wet". The columns 0.8 m in diameter are mad#eumoundation contour of
every abutment in a cross, in the axial spacin@.65 m, on area with dimen-
sions of 14 m by 50 m. The length of the columndeurthe abutment A is
5.5 m, under the abutment B - 6.0 m. View of briddpeitment A with geotech-
nical profile and location of DSM column are on$:i§, 4, 5.

Section 1-1

DSM column

-

eom
-

Fig. 5. Strengthening subsoil with DSM columns urttie abutment
Rys. 5. Wszmocnienie podia kolumnami DSM pod przyczotkiem

3. Monitoring of bridge support displacements

3.1. The methods of performing measurements

The measurements were performed since June 20hg #he conducted
construction works (concrete corps and the stractpans, backfilling strip foot-
ings and abutments corps) [3]. Since 2014 was padd control of the angular
displacements (rotation) corps abutments. Subs&eas measured using preci-
sion leveling. On every abutments are installedd2eying benchmarks, 6 on
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each support. Schematic layout of surveying bendksns shown in Fig. 6.
Control measurements of supports' swing were paddrto verify the behavior
of the viaduct to the strengthened subsoil (DSMicwis). Changes in the swing
of supports have been recorded by the two-axisnimcieter sensors, installed
permanently in the walls of the corps at the heafhthe bridge seat about 4 me-
ters above the ground. Location sensor is shoviaign?.

Rzeszow
ABUTMENT A
[
1 7 3 A y 3 7 3
2 Trzehownisko 3 4 3
Q¢ drogi powiatowsj Terliczka - Trzebownisko
S sosee o e ——
8 9 10 11
v h 4 h 4 A 4 12
7
ABUTMENT B
Jarostaw
Fig. 6. Distribution of surveying benchmarks on tabents
Rys. 6. Rozmieszczenie reperéw geodezyjnych na pofiyach
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Fig. 7. Schematic layout of inclinometers sensdth reference system (x,y)
Rys. 7. Schemat rozmieszczenia czujnikéw inklinayezinych wraz z osiami odniesienia (x,y)
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View of the measurement equipment installed on safpthe abutment is
shown in Fig. 8. The sensors can work in the teatpez range from -30° to
+ 80°, and measure the swing of corps walls in eamigt 5°, with an accuracy
of 0.01°. The sensors are connected to measurirgsbdixed on both walls'
abutments. The measurements were carried out fanatzhs (from April 2014
to April 2015). Readings of the sensors were peréat periodically by connect-
ing a computer equipped with dedicated softwarehEsensor has a designated
individual internal axis directions of the coordimaystem. The measured values
were real swing sensors installed on bridge support

Fig. 8. View the inclinometer system installed &e wall abutment; 1 — inclinometer sensor,
2 — measuring box

Rys. 8. Widok systemu inklinometrycznego zainsta@oego na przyczétku, 1 — czujnik,
2 — skrzynka pomiarowa

3.2. The results of field measurements

Fig. 9 compares the charts of increment subsidsnceeying of selected
benchmarks, in relation to zero measurement - adgdomearings on abutments
in June 2012.
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Fig. 9. Settlements selected benchmarks on abuttdnting the construction of the viaduct

Rys. 9. Osiadania wybranych reperéw na przyczotkpoficzas wykonywania konstrukcji wia-
duktu

The course charts indicate the occurrence, irpém®od from June 2012 to
January 2014, of the limited increments of suppsetslements (up to 9 mm).
In the first half of 2014, one can notice a paussupports’ settlement, as a con-
sequence of works being stopped on the site. Inmem2014, due to formation
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of embankments, there was an increase in settlenfeatipport A to 5 mm

(benchmark 4), while differences between the gatlg using expansion joint
parts of abutment A are 2 mm (benchmark 2 and 8)8amm (benchmark 4 and
5). The examples of measurement results usingnmuieters installed on the
cords of abutment A are shown in Table 1. Automate@asurement deflection
angle of supports showed that the rotation of abatris small, proving the sta-
bility of the strengthened subsoil under the carcion.

Table 1. Angular measurement readings from incliei@msensors on the abutment A
Tabela 1. Odczyty pomiarévatowych z czujnikéw inklinometrycznych na przyczéthu

Inclinometer sensor Al Inclinometer sensor A4
Value angular mes- Value angular mes-
Date i urement [degree Date S urement [degree
X axis y axis X axis y axis

15.04.2014 23:10 -0.052 0.392 | 15.04.2014 23:09 -0.216 -0.037

25.04.2014 19:06 -0.047 0.37 25.04.2014 19:06 -0.224 -0.053

21.09.2014 19:04 -0.055 0.315| 21.09.2014 19:09 -0.209 -0.069

26.10.2014 12:06 -0.06 0.32 26.10.2014 12:10 -0.203 -0.068

18.04.2015 10:33 -0.057 0.304 18.04.2015 10:37 -0.198 -0.088

4. The numerical model of a bridge abutment

4.1. Model description and results of numerical angsis

To reflect the functioning of the viaduct numerigabdels of span and
abutments were performed by using a computer pnod@afistik. For span is
assumed model comprised of elements one and twerdiional (el + e2) in
three dimensional space (p3), girders beam mappewd (beam) and bridge
deck by shell elements (quad). The support of spaagepted as hinged. The
geometry of object and characteristics of stru¢toraterials are based on the
design documentation [1]. Modeled load includedddead at the existing state
of construction (without equipment). Comparisomexults by FEM calculations
and project documentation showed that differeneempact of the span on the
support (support reactions) are small and are wii%. For abutments e3 p3
numerical model using solid elements (bric) was enddhe load model included
forces from the spans reaction, dead load abutnhesnd, weight from backfill
and horizontal soil pressure. The foundation ofpsuts was assumed as elastic
(springs elements) with stiffness selected basethemmeasured settlement and
with the strengthening by means of DSM columns. diffierence between dis-
placement using expansion joint part of corps (latksymmetry in graphs)
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modeled change the stiffness of subsoil in theeasfgl1,2 x 10to 13,6 x 10
kN/m2. This distribution of stiffness substrate is giyithe same results of verti-
cal displacements from field measurements and naatealculations (Fig. 10).

< SOFISTIK
a \\________,_____.—————'—-__""
&—
X ; :
‘ A\

11200 KN/m® 11200 Kim? 12900 KN/rm? \ £

b. \ 12900 KN 13600 KN/m® 13600 kNP &
1733 m 17.33m 17.33m

Fig. 10. Visualization numerical model of abutm®A-164; a. Axis directions, b. Distribution
of vertical stiffness of elastic subsoil

Rys. 10. Wizualizacja modelu numerycznego przylkad/A-164; a. uktad osi, b. rozktad piono-
wej sztywndci podtaza

5. Comparison of results from field measurements ah
numerical analysis

For bridges with simply supported spans, the nsdatotation of supports
structure will not exceed the limit value equallt®00, which is equivalent to
the occurrence of rotation in the analyzed suppadrtke viaduct by the angle of
0.115° (degrees). After performing backfill cordsabutment A deflect to back-
fill by the angle 0.066° - from field measuremerdaad numerical model ob-
tained by comparable value of 0.055°. The anguféerdnce in the rotation of
abutment A based on the results, from field measents and numerical calcu-
lations (Table. 2), are small and have only 0.0By°changing the angle of rota-
tion of the abutment is therefore 2 times smalantthe state limit. The object
of design documentation [1] was adopted as accleptaieurrence of difference
in settlement of supportSwmax = 10 mm, without specifying the maximum val-
ue of settlement foundations. The biggest overtllisg abutments A and B
from field measurements amounted teayw= 13 mm (benchmark 4) and the
maximum differential settlement between the supgpmsrtequal taAw = 4 mm,
and shows no change in measurement in 2014. Ther¢fe functionality limit
of the supports has not been exceeded. Fig. 1hd®&ssthe vertical and hori-
zontal displacements of abutment A from numeriestdations.
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Table 2. Comparison of deflections the abutment ffield measurements and numerical model
Tabela 2. Poréwnanie wychyil&atowych przyczoétka z pomiardéw polowych i modelu nuysenego

A rotation the abutment A in a direction
orthogonal to the face wall [degrees °]
Date Description Field Numerical | Field meas- | Numerical
measurementy  model urements model
(A1) (A1) (A4) (A4)
before backfilling
25.04.2014 the abutment 0.37 0.002 -0.053 0.008
after the backfilling
18.04.2015 and 8-month con- 0.304 -0.053 -0.088 -0.042
solidation
Changing the angle of rotatior -0.066 -0.055 -0.035 -0.050

)
Lo

TEE L

Fig. 11. The vertical displacements in numericatiei®f the abutment A for z direction, [mm]
Rys. 11. Pionowe przemieszczenia przyczotka A wehodumerycznym, [mm]

Fig. 12. The horizontal displacements in numerinallel of the abutment A - before performing
backfill, [mm]; a. x direction, b. y direction

Rys. 12. Przemieszczenia poziome przyczétka A wehodumerycznym — przed wykonaniem
zasypki, [mm]; a. na kierunku x, b. na kierunku y
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Fig. 13. The horizontal displacements in numerivaldel of the abutment A - after performing
backfill, [mm]; a. x direction, b. y direction

Rys. 13. Przemieszczenia poziome przyczétka A wehodumerycznym — po wykonaniu zasyp-
ki, [mm]; a. na kierunku x, b. na kierunku y

6. Conclusion

Monitoring conducted in 2014 showed that settlentdérgupports WA-164
viaduct is stabilized, and the measured settleiisestfe and lower than the limit
values. Numerical modeling with geotechnical anddggic monitoring has ena-
bled a better understanding of the behavior obtiject constructed on strength-
ened subsoil and confirmed the calculation assumgtadopted at the design
stage. Comparison of the results of field measunésnand numerical calcula-
tions confirm proper behavior of the object.
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MONITORING PRZEMIESZCZE N PRZYCZOtKU WIADUKTU
AUTOSTRADOWEGO

Streszczenie

Celem referatu jest kontrola zachowania podp6r mostowych, wiaduktu autostradowego
WA-164 na wzmocnionym podia, poprzez kolumny gruntowo — cementowe wykonartech-
nologii DSM. Monitoring konstrukcji prowadzono pzekres 16 miegcy, mierac osiadania
i obroty konstrukcji. Osiadania byly mierzone metatiwelacji precyzyjnej. Zmiana obrotéw
podpdr byta rejestrowana przy pomocy czujnikow imiinetrycznych, zainstalowanych éeia-
nie przyczo6tku. Dla odwzorowania pracy konstrukgjikonano model numeryczny p&ta oraz
przyczotku. Przyczétek zamodelowano w programie ot@rowym SOFiSTIK. Sztywrié pod-
toza byta kalibrowana w odniesieniu do pomiaréw osisaarzyczotka na kolumnach DSM. Po-
miary polowe pokazygj ze po wykonaniu zasypki przyczotka, wychylit in w strog nasypu.
Potwierdza to réwnie analiza numeryczna. Monitoring prowadzony w rokil4 pokazatze
osiadania # stabilne, a pomierzone wastd bezpieczne i mniejsze ndopuszczalne dla stanu
granicznego zytkowania. Modelowanie numeryczne wraz z geoteamyim i geodezyjnym mo-
nitoringiem pozwala lepiej zrozundieeachowanie gifundamentu mostowego na wzmocnionym
podtazu oraz zweryfikowé zatazenia obliczeniowe poglie na etapie projektowania.

Stowa kluczowe: przemieszczenia przyczotku mostowego, wzmocniooéigpe, numeryczna
analiza, pomiary polowe
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