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1 Introduction 

 
The lifting of buildings and infrastructures represents an intervention that is carried out for 

various purposes: recovery of rooms on the ground floor of buildings subject to flooding, installation of 
seismic isolators or for the recovery of verticality of buildings subject to lateral subsidence [1, 2]. In a 
few cases, the lifting process has been monitored and only by using strain gauges positioned on the 
structures [3, 4]. 

The San Marco Hospital, Fig. 1, is four floors rectangular edifice located on the south-western 
part of Catania, Italy; it is a complex of several rectangular edifices with three floors that meet anti-
seismic safety criteria.  
 

 
Fig. 1: Location and view of the structure involved in the experiment. The wing of the hospital complex 

affected by the experiment is highlighted at the bottom right. 
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A test of lifting and lowering involved a sector of one of the edifices, E-W elongated, weighing 
about 2,200 tons supported by ca. 200 columns, by using hydraulic jacks, with the aim of certifying the 
substitutability of the seismic isolators. 

For the lifting and lowering experiment, two columns of the structure were identified; each 
column was equipped with a lifting system consisting of 4 hydraulic jacks that exert the thrust 
necessary to generate the lifting. The test consisted of lifting the structure near the columns in order to 
demonstrate the possibility of replacing the seismic isolators. 

The monitoring of concrete structures may furnish important and specific information [5]; 
transducers, such as strain gauges, accelerometers, tiltmeters, laser sensors or Fiber Bragg are 
generally used in Structural Health Monitoring (SHM) of buildings, monuments, bridges and other 
infrastructures, generally to highlight any damage and degradation that may be caused by traffic-
induced vibrations, absence of maintenance or earthquakes [6-8]. In particular, the strain gauges are 
largely used [9] and tiltmeters are very helpful in order to identify the components of structural 
responses to static, quasi-static, or resonant forces [10].  

In this context INGV-OE (Istituto Nazionale Geofisica e Vulcanologia – Osservatorio Etneo) 
realized, inside the Smart Concrete PON Project, a monitoring system with the aim of detecting the 
accurate deformation of a column thought a network of tilt and strain sensors continuously recording 
during lifting and successive lowering of the roof (unloading/loading of the column tensions). INGV-OE 
is experienced in measuring continuous ground deformation by using different kinds of instruments, 
such as tiltmeters, extensometers, strainmeters and GPS [11]. Tilt and strain are powerful tools for 
volcano monitoring, providing signals with high precision [11, 12] that accompany eruptive phases, 
and identifying eruption precursors [13]. 

The paper discusses the tilt-strain system installation, data recorded during the jacking test and 
some aspects regarding the substitutability of seismic isolators. 
 
2 Instrumentation and installation  
 

The column monitoring system includes four tiltmeters, model Jewell D801 Tuff Tilt Digital, and 
six 120 Ohm mono-axial strain gauges, Fig. 2. Tiltmeters are instruments measuring 120 x 80 x 60 
mm and weighing 0.6 kg that have been positioned on plates anchored to the column, Fig. 2A, 2B. 
 

 
Fig. 2: A) Scheme of the Jewell D801 tiltmeter and B) its positioning on a plate anchored on the 

column. C) Strain gauges used in the experiment and D) the acquisition system. 
 

The D801 Tuff Tilt Digital is a high performance digital tiltmeter with advanced firmware 
functions. It uses a gravity-referenced electrolytic tilt sensor with a measurement accuracy of 1.7 
microrads without long-term drift. 
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The 120 Ohm mono-axial strain gauges are sensors designed for medium deformation relief on 
concrete structures, Fig. 2C; the basic operating principle of strain gauges is that an engraved thin 
metal sheet, attached to a support material, changes its electrical resistance as a result of a change in 
its length L, its section A and its specific resistivity ρ.  

The relative change in resistance, ∆R referred to the base resistance R is proportional to the 
strain ε. The resolution is about 0.1·10-6 strain. 

The system also comprises an acquisition system, Fig. 2D, with a data logger, the power 
supply-acquisition system and the accessories for interfacing the instruments, which were all 
assembled in a box and positioned at the column base. 

 

 
Fig. 3: A) Photo of the building. B) relative map of the ground floor A’- B’ and the pillars identified for 

the test and monitoring system. 
 

The test entailed lifting the structure near to two columns, column n° 109 with a circular section 
and n° 139 with a square one. We positioned the instruments on column n° 139, Fig. 3, with the aim of 
monitoring tilt and strain variation during both phases (unloading and release of the column tensions 
and the subsequent lowering and loading increase). To this end, we positioned the tilt sensors (T46, 
T47, T48 and T49) at a height of 2 meters at the four sides of the column. 
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Fig. 4: Sensor configuration. The tilt sensors (T46, T47, T48 and T49) were installed at a height of 2 

meters on the four sides of the column. Four strain gauges (L1, L2, L3 and L4) were positioned at the 
base (40 cm high) and two at a height of 3.00 m (L1 Sup and L3 Sup). 

 
We placed four strain gauges (L1, L2, L3 and L4) at the base (on all sides of the column) and 

two strain gauges (L1Sup and L3Sup) at a height of ca 3.00 m, Figs. 4 and 5. 
 
3 The lifting experiment  
 

The test consisted in lifting the structure in order to demonstrate the possibility of replacing the 
seismic isolators above the columns, Fig. 5. 

In the experiment, each column was equipped with a lifting system of 4 hydraulic jacks that 
exert the thrust necessary to generate the lifting, Figs. 5 and 6. The jacks are powered by a high 
capacity hydraulic pump which is regulated by a control centre, Fig. 6, that manages all of the lifting 
parameters: the pressure and stroke of each jack and the movements of the structure at critical points. 
In order to measure the distance variation between the column and floor, a wire strain gauge was 
installed by the manufacturing company, Fig. 5. Before starting the test, the seismic isolator was 
blocked and released from the top. 

 

 
Fig. 5: Column equipped with jacks and monitoring sensors before the start of the experiment. At the 

column top, the seismic isolator and the wire extensometer used during the test to measure the 
variations in the distance between the column and the floor. 
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The structure lifting was achieved by a gradually increasing of the pressure on the jacks and 
simultaneously measuring the variations in the pillar-roof distance through the wire extensometer, Fig. 
5. The test lasted about an hour for the lifting phase and about 35 minutes for the subsequent lowering 
phase; Fig. 7 reports all these steps. 
 

 
Fig. 6: Columns equipped with jacks and sensors before the start of the experiment. The control unit 

for the hydraulic jacks is on the left. 
 

 
Fig. 7: Table and graphs showing the operating pressures and the distance variations measured 

during the various steps. The test lasted about an hour for the lifting phase and about 35 minutes for 
the subsequent lowering phase. 

 
4 Presentation of results   
 

The installed sensors recorded significant variations during the experiment both in the lifting and 
lowering phases. The lifting test took place with 20-bar steps in increments spaced a few minutes 
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apart and with a synchronised measurement of the distance between column and roof, Fig. 7. We 
chose to record tilt, strain and temperature data with a data sampling of 10 seconds. 

Data recorded by the strain gauges positioned at the base (H: 40 cm) show an increase in the 
strain at the 4 sensors during the lifting test, Fig. 8, with highest variation at L3 with about 50 
microstrain.  L1 and L2 show an inversion at about 11:52 UTC, Fig. 8a, while during the lowering 
phase there was a common decrease with similar changes at all the sensors of about 30 - 35 
microstrain, Fig. 8c. 

L3 Sup shows positive variations of about 50 - 55 microstrain in lifting and ca. 45 microstrain in 
the lowering phase; L1 Sup shows positive variations of 25 - 30 microstrain until 11:52 with a 
successive negative change of about 5 microstrain, Fig. 8b, 8d. 
 

 
Fig. 8: Strain data recorded by strain gauge sensors positioned at the base (H: 40 cm) during the 

lifting a) and lowering c) phases and at 3.00 meters b) and d). 
 

Graphs of the two components of the tiltmeters (Tilt X and Tilt Y) during the two phases are 
reported in Figs. 9 and 10. During the lifting phase, up to 11:52 UTC, the tilt variation values 
cumulated not more than 0.01 degrees while successively they showed a strong increase with overall 
changes more than 0.07 degrees, Fig. 9. 

These cumulated variations are reported in Table 1 that evidence how moduli obtained with the 
two tilt components Tilt X and Tilt Y are very similar during the lifting phase 0.071 - 0.077 degrees. 
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Table 1: Cumulative variations in the 2 test phases of the tiltmeter components and relative module (in 
degrees [°]). 

Tiltmeter Unloading Loading 

 
tilt X Tilt Y Modulo tilt X Tilt Y Modulo 

46 0.018 0.075 0.077 0.001 - 0.032 0.032 

47 - 0.072 0.017 0.074 0.020 - 0.016 0.026 

48 0.069 - 0.016 0.071 - 0.020 0.020 0.028 

49 - 0.015 - 0.070 0.072 - 0.003 - 0.010 0.010 

 
During the lowering phase, Fig. 10, tilt shows a regular trend with lower changes 0.01 - 0.032 

degrees.  
Finally, Fig. 11 shows the graphs of the temperature recorded by thermometers of tilt sensors 

46,47,48,49. The temperature remained fairly stable throughout the test, showing only a few tenths of 
a degree of difference between the start and end of the test. The absolute values are slightly different 
as the sensors have not been calibrated. The graphs show that the temperature remained stable 
during the experiment. 
 

 
Fig. 9: Tilt component data recorded at the four tiltmeters during the uplift phase. 
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Fig. 10: Tilt component data recorded at the four tiltmeters during the unloading phase. 

 

 
Fig. 11: Temperature data [°C] recorded at the location of the 4 tiltmeters T46, T47, T48, T49.  

 
5 Discussion and conclusions 
 

The paper shows the results of a jacking test tilt-strain monitoring. The lifting of the structure 
unloaded the monitored column, generating variations. During this phase, strain and tilt variations 
indicated an elongation along the vertical of the column accompanied by a change in its inclination.  

The unloading deformation were not those expected; During the lifting, two distinct phases have 
been identified before and after 11:52 UTC, the first in which column and seismic isolator are still 
united with the roof, while the second is the phase in which the detachment takes place. 
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Fig. 12: Tilt vectors for each sensor during the uplift phase. Phase 1 shows the vectors obtained 

before 11:52; Phase 2 shows vectors after the 11:52. 
 

 
Fig. 13: Column response at heights of 40 cm and 300 cm measured by strain gauges during the 

lifting test. In the first phase (before 11:52), all sensors show a general dilatation of the column. During 
the phase 2 (after 11:52), L1 and L2 and L1sup show compression. 

 
During the first phase, we recorded a vertical elongation of the column at each strain gauge and 

slight variations in tilt while in the second phase, the tilt variations increased considerably indicating a 
lowering tilt of the column in N283°E direction, quite close to the E-W building elongation Fig. 12 and 
Fig. 13. 

At the same time, the strain sensors (L1, L1 Sup, L2) placed in the north and west sector (in the 
lowering tilt sector) slowed down or showed an inversion. Instead, L3 and L3 Sup, which are in the 
opposite direction, amplified their elongation (up to 55 microstrain). Then these sensors, during the 
detachment phase, showed a compression on the west and north sides of the column, Fig. 13. 
Concluding, data shows that the column returned to its “original” position than that induced by the 
building structure action and presumably linked to the prevalent E-W thermo-elastic response of the 
edifice [15] partially attenuated by the seismic isolator. Considering the tilt changes, a relative 
displacement of about 3 mm has been estimated between column and roof. The possibility that a 
lifting test may cause column-roof misalignment is a factor to be considered in replacing and fixing 
seismic isolators. During the lowering of the structure, the sensors measured the gradual and 
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continuous column loading, caused by the structure weight, without anomalous variations. No 
damages were detected on the columns during the lifting test. 
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