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If you stumble upon this e-book is because you are 

concerned about the effectiveness of your current 

monitoring approach for assessing the loads in your 

deployed ground anchors. Its increasingly important 

to have an efficient program since most of the 

monitoring approaches involve manual operations 

that add operational costs and provide unreliable 

data for sound decisions on risk management.



Remote, wireless monitoring technologies offer 

improvements for the  geotechnical industry: 

obtaining real-time data while decreasing the 

operational costs.



This book will firstly help you understand the 

importance of monitoring ground anchors, and 

explore the state of the art for ground anchors 

monitoring.



You will then get to know Worldsensing wireless 

offering, a low-power, low-range monitoring solution 

based on IoT technology.  The solution offers you to 

work with real-time, continuous data from installed 

load cells, while minimising operational costs. 



Discover real-world use cases that illustrate the 

types of information that you can obtain from 

monitoring in real time. Learn about how anchor 

behaviour could not have been tracked based on 

manual readings.



Find out when to best deploy IoT remote monitoring 

solutions, based on the nature, the dimensions and 

risk assessment requirements of your different 

projects.



We hope this reading helps you to better understand 

the importance of an effective monitoring of the 

loads of ground anchors and how IoT solutions such 

as Worldsensing can make a important improvement 

to your current risk management strategy.



Happy reading,



Juan Perez, Co-Author


Geotechnical Expert at Worldsensing 
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We can assess ground surfaces by their 

massiveness,the heterogeneity of their 

characteristics, and theircapability to reach 

mechanical equilibrium giventhe various actions 

that affect it. Those actions caninclude both 

natural impacts from geological orenvironmental 

factors, and non-natural impacts thatstem from 

human activity of various forms.


Indeed, human activity has always been a 

contributingfactor to the disruption of the natural 

balanceof the land. Among the most disruptive 

activities,construction and mining are notable, 

since these tendto include excavations, earthwork 

and ground surfaceoverloading.


As such, the diverse contributing factors that act 

onterrains often alter its mechanical equilibrium,

meaning that a state of equilibrium needs to be

restored for mobilization projects. That said, land

selected for such activity and construction should 

beas stable as possible and feature minimum 

movementin order to maximize efficiency, facilitate 

humandevelopment and ensure the durability of 

buildings.


The key destabilizing actions that can be 

attributedto construction come under two areas: 

those causedby the removal of landmass, and 

those caused byoverloading the ground. The 

former concerns theelimination of existing forces 

acting on the groundwhile the latter is about the 

addition of new forces thatact on the ground.


Multiple technologies have been developed inorder 

to counter the tension imbalances caused by

construction. Some of these are based on a 

localizedmodification of the ground to make it 

more capable ofresisting changes in tension (e.g. 

ground treatmentsand injections). Others are 

based on the installation ofelements that can 

counteract the changes in tension.These work by 

transmitting forces from the lessresistant ground 

surface to the more resistant areasdeeper 

underground.

Ground anchors are an example of these 

elements:they transmit tensile loads from the 

ground’s surface to deeper ground zones. 

Similarly, micropiles and pilesare other examples 

of these devices that transmitcompression loads 

from the ground’s surface todeeper ground zones.


We can consider ground anchors as ‘living’ 

devicesthroughout their lifecycle. This is because 

the loadthey introduce to the anchored structure, 

which isnecessary for its mechanical balance, can 

vary as aresult of changes to the contour 

conditions or changesin the mechanical/physical 

characteristics of theanchor.


Furthermore, poor maintenance of a ground

anchor can cause corrosion to appear in its 

metalliccomponents. If this corrosion grows, it 

could lead tobreaks in the tensioned steel core. 

The consequencesof such breaks are a reduction 

in the tensile loadsupported by the anchor. 

Tension changes in theground around the anchor 

installation, or changes inthe water table could 

also contribute to variations inthe load that can be 

supported by the anchors.


Therefore, by monitoring the ground anchor’s

supported load, you can:F

Y Verify directly that the anchor loads planned for 

theproject are maintainedF

Y Check indirectly that the anchors are in good

conditioI

Y Check indirectly there haven’t been significant

alterations in the environment that affects an

anchor’s load


This e-book will suggest some specialized

technologies for controlling and monitoring 

changesin loads of ground anchors throughout 

their lifecycle.We’ll also discuss methods that can 

be leveraged tocarry out such monitoring, and 

highlight innovativeand interesting approaches to 

those methods whichenable remote, continuous 

and automatic controls viadata transmission 

using internet of things (IoT).

Introduction

1.



The design of ground anchors must take into 

account:*

6  The mechanical characteristics of the 

materialsused to manufacture them*

6 The geotechnical characteristics of the terrain

where they are to be installed*

6 The anchoring forces required and specified in 

theprojec#

6 The design constraints prescribed by the 

applicableregulations (among which we 

highlight theEuropean standard UNE-EN 1537: 

2015 [1])


Usually, the design of the anchor heads 

themselveswill include the installation of 

necessary stressinghydraulic cylinders to perform 

anchor load tests andanchor standard stressing. 

However, that designrarely accounts for the 

monitoring of future anchorloads, since this 

simply isn’t prescribed for manyprojects, or if 

needed, an outline of how to carry outsuch 

measurements isn’t described.


For instance, a common specification might state

that “the anchor plates of the head must be 

threadedto allow for checking of the anchor’s 

remainingload”, without detailing how these 

checks should becarried out. In addition, a 

common scenario whenattempting to check the 

load of a ground anchor witha “restressable” head 

is that the dimensions of theanchor bearing plate 

or other elements of its headare simply too small 

to permit the installation of therequired stressing 

equipment. It should be noted thatthe equipment 

used to carry out load checks is oftendifferent to 

the equipment leveraged for standardanchor 

stressing operations or load tests.

Therefore, defining at least one method for load

checking operations, restressing or detensioning 

is vital for achieving comprehensive, correct 

design ofground anchors. It’s also important to 

ensure thatthe design of the components of the 

anchor headallows for the installation of the 

hydraulic equipmentrequired for these operations.

2.

Designing ground anchors 
to enable future load 
content

The design of the anchor

heads rarely accounts for

the monitoring of future

anchor loads, since this

simply isn’t prescribed for

many projects.

figure 0 :https://www.researchgate.net/figure/Components-of-ground-anchor-

system_fig1_236060258



3.

Setting up and 
loading of the 
ground anchors

The execution of ground anchors is made up of 

thefollowing fundamental phases:

• Phase 1 - Ground drilling

• Phase 2 - Installing anchor tendons inside the 

drilledboreholes

• Phase 3 - Injecting cement grout

• Phase 4 - Load testing of ground anchors

• Phase 5 - Standard stressing of ground anchors

• Phase 6 - Checking the remaining load of 

ground anchors immediately after stressing (in 

the case ofanchors to be monitored)

• Phase 7 - Installation of the final anchor 

protections.

Most projects that leverage ground anchors tend 

tospecify that:

• The maximum tension load, in accordance with 

themost common international regulations, 

must notexceed 75% of the anchor’s guaranteed 

breakingload. The initial remaining load of the 

anchor,after instantaneous and deferred losses, 

mustalso not exceed 65% of the anchor’s 

guaranteedbreaking load. However, most 

projects specifythat, immediately after 

stressing, the anchors’ loadshouldn’t exceed 

55% of the anchor’s guaranteedbreaking load.

• Many projects specify performing, prior to 

startingwork on the project, a series of special 

load tests onground anchors called investigation 

tests. These aimto verify the ground’s main 

mechanical parameters.The anchors used for 

these tests do not have to bethe same as those 

being considered for the project.

• Each of the ground anchors for any project must

pass a load test. In a few cases, these load tests 

will be especially detailed and complex. These

tests,referred to as suitability tests, must be 

performedon specific anchors designated as 

representativesof the project’s anchors, and 

enable the precisedetermination of the 

operational behavior of theproject anchors. The 

maximum load applied in thesuitability tests is 

usually about 1.25 times the actualworking load 

of the anchors during the project.

• Any project anchors not subjected to suitability 

testswill be subjected to another type of load 

test, calledan acceptance test, which is a 

simplified version ofthe suitability test. The 

acceptance test’s maximumload is also usually 

about 1.25 times the actual loadof the anchors 

during the project. The results of theacceptance 

test should follow the guidelines outlinedby the 

results of the suitability tests.

• All project anchors, after passing their load 

tests,must then be stressed to the specified 

project loads.

• Operational procedures for the maintenance of

anchors, and for monitoring load evolution 

should bespecified in all projects. This means 

highlighting thatanchors will be subject to 

follow-up controls, andthat the remaining load 

immediately after stressingshould be checked in 

all anchors designated forfuture load 

monitoring. Finally, the schedule forconducting 

follow-up load checks for anchors mustbe 

established.

All the aforementioned manufacture phases for

ground anchors are well-known and usually 

correctlyexecuted, with the exception of Phase 6 

which refersto the checking of the remaining load 

of the groundanchor immediately after stressing. 

In this phase,for anchors selected to be subjected



to tensionalfollow-ups, the remaining load should 

be checkedimmediately after tensioning. As such, 

the results obtained from this test can be 

considered as representative of the initial value of 

the remaining load. Unfortunately,this phase is 

rarely executed.When the first verification of the 

remaining loads is carried out, if these initial load 

values aren’t available, theload losses that occur in 

the period immediately after the stressing cannot 

be determined. These initial lossesare usually the 

most important since they are an accurate 

characterization of the anchor behavior, therefore

allowing for the real measure of performance 

against the forecast for the project. Therefore, it is 

important to carry out this first verification of the 

remaining load immediately after tensioning the 

anchors arebeing monitored.

4.

Controlling 
remaining load in 
the anchors

Following the initial anchor stressing, the seating 

of the wedges provokes an instantaneous load 

loss. From this moment onwards, the anchor load 

starts to reduce slowly as the anchor steel relaxes, 

and the ground’s plastic creeps.


It’s important to emphazise that carrying out the 

mandatory load tests correctly will significantly 

reduce the future load loss of an anchor as a result 

of plastic creep in


the ground. In fact, the longer the stabilization 

control time during the maximum test load, the 

lower the future load losses of the tensioned 

anchor as a result of the reduced plasticity of the 

ground.

The following graph demonstrates the evolution of 

the load of a ground anchor during a standard 

construction process. For this project, an initial 

load test of five load cycles was executed, the 

anchor was then stressed (with the consequent 

load loss due to the seating of the wedges), 

followed by the final extended stabilization process 

which takes place with the typical deferred load’s 

losses.


Normally, the remaining load of a ground anchor is 

checked using one of the three following 

procedures:

� Lift off procedure with grip on the anchor tails�

� Lift-off procedure with grip on a threaded 

anchor plate, an�

� Load cell based procedure.


followed by the final extended stabilization

process which takes place with the typical 

deferred load’slosses.

Figure 1. Ground anchors' remaining load evolution curve

Where:

A: Maximum load of the load test cycles

B: Minimum load of the load test cycles

T: Stressing load

RO: Remaining load immediately after

stressing and initial load losses due 

towedges’ seating

R1,R2...RN: Remaining loads during the 

consecutivefollow-up controls 

carried out during theworking 

lifecycle of the anchor



Let us explore each of them in detail:

a) Lift-off procedure with grip on the anchor 

tails 


This requires anchors with uncut tails, which 

accommodate the installation of stressing jacks 

similar to those used for the initial stressing. 

Anchors prepared for this type of checks are 

usually very bulky and require very long protective 

caps to cover the long strand tails.


The method will eventually fall into disuse because 

it requires large, expensive and inconvenient 

anchor caps, long and complex load checking 

operations as well as the presence of on-site 

technical specialists. In addition, it demands 

heavy-duty testing equipment and often 

specialized lifting equipment as well, in order to

increase its usability. If anchors are manufactured 

with a threaded anchor plate, then it is possible to 

act on them in order to increase or decrease the 

load. These changes might be necessary during 

the lifecycle of an anchor, in particular in cases in 

which anomalies are detected in load checks, or 

unexpected environmental changes are detected 

which might cause alterations in the load of the 

anchors.

c) Load cell based procedure 


This requires the installation of a load cell in the

anchor. Load cells are usually supplied with a 

factorycalibration certificate. However, it’s 

advisable torecalibrate the load cells on-site 

during the anchorload tests, which can be done by 

comparing theload cell readings with the force 

being applied by thestressing cylinder. These on-

site calibrations allowyou to consider the effect of

arrive at hard-to-access anchors.

b) Lift-off procedure with grip on a threaded

anchor plate


Another method of controlling residual loads 

leverages a small-sized stressing cylinder 

thatperforms a lift-off by pulling an externally 

threaded anchor plate. The method requires 

special stressing equipment with some specific 

components including a jack chair, and a 

connection element between the anchor plate and 

a small-sized stressing cylinder.This approach is 

somewhat more practical and simpler than the 

previous one. However, we believe it will go out of 

use as a method for monitoring remaining loads for 

the same reasons outlined above regarding the 

previous method. However, this procedure does 

have a potential alternative application that could 

Figure 2. Methods of checking remaining loads



local geometric factors that, logically, cannot be 

considered when performing calibrations in 

factories. After calibration, the load cells can then 

be used to measure the anchor’s remaining loads 

immediately after stressing.


The load cell-based control method is the most 

effective of the three methods featured here.


It enables you to monitor loads over time, offers 

high precision readings of the load and doesn’t 

require complex operations to be carried out on 

the anchors themselves. Monitoring can occur 

through manual readings taken by personnel on 

the site, or can be done remotely using an 

automated approach, which could offer continuous 

readings issued at an established frequency. In 

addition, this method doesn’t require on-site 

personnel, or the availability of special equipment. 

Furthermore, this method is compatible with the 

two mentioned above.


As can be observed in Fig. 2, the planned 

procedures for load checking will have a significant 

influence on the formal design of the ground 

anchor heads.


Until very recently, the three load control methods 

previously mentioned were thought of as manual 

control methods. That’s because all three 

approaches required the presence of specialized 

personnel to perform onsite operations and record 

measurements. Consequently, the fundamental 

difference between the three procedures lay in the 

different auxiliary equipment required.


Monitoring the remaining loads of anchors is good 

practice in order to ensure its full functionality, 

however these processes are futile without prior 

design which accommodates load increases or 

decreases to correct any identified anomalies. 

Therefore, we believe that the optimal anchor head 

design will take into consideration the need to 

install load cells to monitor remaining loads and 

the need of an appropriate geometry that enables 

detentioning and restressing operations.

Today, as will be presented in the subsequent 

sections, thanks to the development of wireless 

telecommunication technologies such as low-

power, wide area network, or LPWAN, simple, 

alternative approaches are possible. The 

availability of simple, automated, remotely 

controlled systems to monitor the tension load 

of ground anchors enables a more 

economical,accurate and effective 

methodology, in comparison with those shown 

in Fig. 2.


Figure 3. Load checking method based on lift-off with a hydraulic cylinder

Until very recently, load

control methods were 

thoughtof as manual control 

methodsbecause they 

necessitatedthe on-site 

presence ofspecialized 

personnel toperform a 

series of operationsand 

record measurements.



The Worldsensing wireless monitoring system, unlocks the ability to wirelessly monitorphysical structures 

in near real-time. A particularly relevant feature of this system is the ability to monitor the evolvingload of 

ground anchors installed with load cells.


Since the 1970s, data loggers have unlocked the automatic measurement of sensors, including load cells. 

However,these require specialized and fully trained personnel to be installed. In addition, these 

installations were expensive sincethey needed access to power, centralization of the cables coming from 

different anchors, protection of the wiringand more. For this reason, automated control sensors were 

rarely leveraged in practice for the stabilization of slopes oranchored walls. Yet with the rise of internet 

communications, these data loggers have become more appealing, giventhat they facilitate remote 

access to data.


The Worldsensing system offers an automated and efficient way to monitor the remaining load in ground 

anchors. Toimplement it, specialized components and software developed by Worldsensing need to be 

used. The following figuredemonstrates schematically how the Worldsensing system can be applied in 

order to discern and monitor the remainingloads of ground anchors:

5.

Using the Worldsensing solution 
for remote control of remaining 
loads in ground anchors

Figure 4. Worldsensing system operating scheme



The essential components for implementing the

Worldsensing system for monitoring ground 

anchorloads are: the load cells; the nodes or 

wireless dataloggers; gateways or base stations; 

the software thatmanages the radio network, 

processes the messagesand prepares the data for 

further processing; thevisualization, management 

and data analysissoftware.


The main advantages of the Worldsensing system 

overother control systems are the following:

• The nodes that wirelessly transmit the load cell

registers don’t require power from the general

network or from solar panels. They are small 

devicesinstalled in the heads of the anchors or 

close tothem that are powered by internal 

batteries.

• Wiring between the components of the control

system is minimal.

• The configuration of the wireless nodes does not

require specific training and can be carried out 

via amobile app.

• Worldsensing can be deployed from the initial 

stagesof execution of the slope stabilization or 

anchoredwall. This enables the monitoring of 

projectforecasts throughout the entire 

execution processof a project.

• Thanks to its long range, the radio coverage of 

thesystem is applicable to practically all 

contexts.

• In addition to monitoring the remaining anchor

load, the system can also control other relevant

geotechnical parameters such as pore water

pressure, wall tilt, horizontal displacement 

indepth,crack opening and closing, 

deformationsand tensions in areas of the 

anchor, relativedisplacements between points, 

rainfall, and more.

The next section will describe the different

components of the Worldsensing system, as wellas 

the software that allows the transmission ofdata 

between components, and how that data is

processed.

5.1.

Load cells
Load cells are transducers that convert the force 

appliedto them into a measurable output signal, 

that tends tobe electrical. There are multiple types 

of load cells, thatcan be differentiated using two 

fundamental factors:their exterior geometry and 

the physical principle thatenables them to 

measure the force acting on them.Firstly, the 

exterior geometries of load cells dependon the 

type of application. For instance, in our case,for 

load cells designed to monitor the load in ground

anchors, the optimal geometry is an annular or 

ringshapedone. Annular load cells for ground 

anchors areplaced between the plate of wedges 

and the bearingplate of the anchor head. Its 

central opening allows forthe passage of the 

tensioned strands or the bar of theground anchor.

Next, when considering the type of sensor and the

measurement technique of the load cells, there are 

twomain variations: hydraulic load cells and those 

based on deformation measurement, which can 

utilize vibratingwire or resistive approaches such 

as strain gauges.Hydraulic load cells essentially 

consist of a sealed cellformed by two plates 

welded on its periphery, whichleaves an inner 

chamber of fluid. When load is appliedto the cell, 

the pressure in the fluid changes, andthis 

variation can be measured and recorded usingan 

analog manometer (manual reading) or an electric

pressure transducer (usually a vibrating wire or a 

currentloop pressure sensor with 4-20 mA 

output).Alternatively, vibrating wire load cells 

contain a highstrength stainless steel cylinder in 

which three vibratingwire strain gauges are 

usually mounted, distributeduniformly to minimize 

the effect of eccentric loads.Cells of this type can 

also come with various numbersof sensors (four, 

six, etc.). In these cells, the load appliedis 

proportional to the average strain registered in the

sensors within the stainless steel cylinder.



Finally, strain gauge load cells are also based on 

themeasurement of deformation in a high 

strengthstainless steel element in which eight 

strain gaugesare usually mounted (this number 

may vary dependingon the range or manufacturer) 

in order to compensatefor the effect of eccentric 

loads. These gauges areconnected in a 

Wheatstone bridge configuration withtemperature 

compensation. When a load is applied tothe cell, 

the body of the cell experiences the tension and

the strain gauges change their resistance value so 

thatthe output signal (mV / V) is directly 

proportional to theapplied load.Strain gauge load 

cells are the sensors most often leveragedin other 

fields. For instance, they’re used in industrial

weighing, where production volumes are higher,

meaning that there are more manufacturers of this 

typeof cell at more competitive prices.

All previously mentioned load cell types are able to incorporate a system that converts its output signal to 

digitalaccording to a certain protocol, such as Modbus RTU. This enables the connection of different cells 

within the same busof digital sensors.

When load cells are installed in ground anchors, it’s highly

advisable not to rely solely on the calibration carried out by

the manufacturer.

Figure 5. Geosense vibrating wire load cell Figure 6. HUGGENBERGER strain gauges’ load cell in a ground anchor made with strands and with no inclination

Figure 7. Sisgeo strain gauge load cell installed in three different types of ground anchors: strand’s anchor without inclination 

(left), bar anchor (center) andstrand barrel’s anchor (right)



Figure 8 demonstrates the cross-section and 

frontalview of a load cell installed in the head of a 

groundanchor. The load present in the anchor is 

equal to theload applied to the cell and, since it is 

a strain gaugecell, the load can be measured by 

determining thedeformation experienced by the 

gauges installed insidethe cell.To ensure a precise 

relationship between the loadapplied to each cell 

and the electrical signal emitted byit, the 

manufacturers of cells perform calibration tests in

duly approved presses. The results of these 

calibrationtests are always included with the 

cells.When load cells are installed in ground 

anchors, it’shighly advisable not to rely solely on 

the calibrationcarried out by the manufacturer. As 

such, we adviseperforming a calibration test on 

each cell in position, bycomparing the load applied 

by the stressing cylinderwith the reading given by 

the cell. This correlation orcalibration once in 

position will provide a greater degree

of alignment between the different methods of 

loadcontrol. For greater safety, it’s also advisable 

to checkduring the stressing of the anchor that 

the elongationobtained at characteristic load 

levels is adjustedappropriately according to the 

predicted values.The on-site calibration of the 

load cells is alsovery convenient, since the 

impacting geometricalmisalignments for this 

process will be the same asthose that actually 

exist in the project, and will not havebeen present 

for calibration processes carried out bythe 

manufacturer. In particular, the eccentricity of the

load [2] and any inconsistencies in the support 

zonesof different elements [3] can affect the 

accuracy of themeasured values.It should be 

noted that geometric misalignmentsgenerate 

greater measurement errors in load cells thatare 

based on the measurement of deformation than in

hydraulic load cells.

5.2.

Reading  
of load cells
To read the load cells via an electrical signal, 

multiplereading devices can be used, though 

mainlyportable reading units or data loggers that 

allow anautomatic reading are utilized.Until 

recently, many load cells were equipped withan 

analog manometer that enabled direct readingsof 

the forces in each load cell. It was also common

practice to place a connector on the signal cableof 

the load cell, so manual reading units could be 

connected to perform load controls. Sometimes,to 

optimize the monitoring of several cells, cables

were installed (with their respective protections) 

thattransmitted signals from the cells to a 

centralizedbox where a portable reading unit 

could connect allthe cells sequentially from a 

single control point.These cases require the 

presence of technicians toperform load 

monitoring and record the observedreadings. The 

following figure demonstrates

Figure 8. Installation of a load cell. The required load distribution plates and the load cell are shown in their installation locations.



Figure 8. Installation of a load cell. The required load distribution plates and the load cell are shown in their installation locations.

different types of manual readers that enable on-site checks of remaining loads. In some cases, the 

readings might also be stored within the units themselves or transmitted via Bluetooth or cable to other 

transmission devices which can deliver data digitally to the internet.

In projects that required continuous data collection, it’s also possible to install data loggers that 

communicate viamobile telephone networks. However, the procedure in these cases is somewhat 

complex due to several factors: theinstallation of the cables that transmit the signal from the different 

load cells to the centralized data loggers; the need foradequate protection for all the elements of the 

system (wires specifically); the need for trained staff to configure the dataloggers and the need for power 

for these centralized data loggers. Additionally, this solution can’t be implemented fromthe initial 

installation process to measure the stressing of ground anchors from the outset.

The Worldsensing system has transformed 

traditionalways of monitoring the loads of 

different cells. That’sbecause it offers an 

automatic reading solution whichdoesn’t require 

the displacement of technicians formeasurement. 

It also simplifies automation since it usesvery 

long-range wireless equipment, powered by 

internalbatteries that are easily replaceable too.

Worldsensing enables installations of one node per 

loadcell to minimize wiring and auxiliary 

installations. Inaddition, it is a highly suitable 

solution for environments

in states of continuous change, like the work area 

of aproject with ground anchors. As such, 

Worldsensing canbe easily installed even at the 

midpoint of a project’sexecution. Once installed, it 

can immediately startproviding data.The 

Worldsensing system is a remote-controlled 

systemin which the load readings of the different 

cells aretransmitted by radio from the nodes to the 

base station(gateway). From there, they’re fully 

accessible via theinternet for monitoring 

purposes.

Figure 9. Visual on-site reading by analog manometer (left), Sisgeo CRD-400 portable reading unit (center), on-site reading of load cell with a portable reading unit (right).

Figure 10. An anchored wall in which a data logger has been installed. The image on the left shows tube-protected cables connecting the load cells to thecentralized box 

housing the data logger. The image on the right shows the interior of the Campbell Scientific data logger, the communications modem and thepower battery that can be 

recharged by a solar panel (not visible in this picture).



5.3.

Nodes
The nodes or wireless data loggers are devices 

poweredby internal batteries that can read load 

cells andother sensors and transmit data over long 

distancesvia low-power consumption radio. The 

main functionalcharacteristics of these nodes that 

make them an optimalsolution for anchor load 

monitoring are:

a. They have an internal clock so that, following 

theestablished acquisition frequency, they can 

activatethe load cell and measure the load 

acting upon it. Thenodes therefore act as data 

acquisition devices thatmeasure the signal of 

the load cells.

b. The load value recorded by the node is 

digitized andsent in a radio package using low-

power wide-areanetwork (LPWAN) wireless 

telecommunication. Thismeasured value is also 

stored in the node itself andthus the nodes also 

act as data loggers themselves.

c. The changes that affect the measurement 

principlesof the load cell (the deformation of the 

steel or pressurechanges in the contained fluid) 

can be quantified and,from these, it’s possible to 

determine the load on theground anchor, which 

is the same as that applied to theload cell.

d. The readings are transmitted in near real-

time.

e. The configuration of the nodes is made simple

thanks to an app which is available for Android 

mobiledevices.

oadsensing nodes can also be programmed to 

performperiodic checks with an adjustable rate 

that starts at onereading every 30 seconds, and 

can be lowered to onereading per day.When 

selecting your Worldsensing node type, the

measurement technology of the load cell will be a 

keydetermining factor. The following table 

illustrates the mostsuitable nodes for the most 

common types of load cellsand an indicative price 

range.

Figure 11. Worldsensing node reading a load cell in a bar anchor during the excavation and stabilization of a tunnel mouth. The load cell will detect the load changesinherent 

in the evolution of the work. The load cell readings will be sent by radio from the load cell node to the gateway (base station) that may be locatedsome kilometers away, and 

there they will become available via the internet.



As previously mentioned, for projects involving 

theexecution of ground anchors, the most 

appropriate loadcontrol solution includes the 

placement of one nodeper load cell. Having 

considered the different technicalcharacteristics, 

costs, availability and compatibilityconditions, we 

recommend using strain gauge load cellson the 

ground anchor heads, connected to a 

singlechannelanalog node such as the 

Worldsensing  Piconode.

Piconode nodes are inexpensive and can be 

suppliedwith the cell. They come with a very 

simple configuration,with no need for auxiliary 

facilities or the assistance ofassembly technicians 

specialized in data acquisitionsystems. Normally, 

technicians in charge of the stressingof ground 

anchors can connect, configure and install the

Piconodes themselves, or this task can also be 

carried outby other project personnel.

The Piconode is a node with a configurable analog

channel (Full Wheatstone bridge, potentiometer /

ratiometric, single-ended voltage) as well as a 

channel forreading a thermistor and a channel for 

measuring pulses.The excitation voltage that can 

be given to these sensorsis 5 Vdc. To enable 

temperature correlation, this node alsotransmits 

its internal temperature alongside each reading.

The companies that manufacture ground anchors 

canalso supply, in addition to their own anchors, 

load cellswith the appropriate distribution plates 

for the specificgeometry of the anchor head, 

bundled with a Piconodetoo.Manufacturers of 

load cells may also provide thecomplete kit, 

including the nodes. However, in this case,

manufacturers won’t have sufficient information 

on the

LOAD CELL TYPE

Vibrating wire

5 channel 

€€€*

Vibrating wire

1 channel 

€€*

Analog  

4channel 

€€€*

Piconode 

€*

Digital node 

€€€*

Vibrating wire (VW) from 3 to 5 sensors1 1 – – – –

Strain gauges with full Wheatstone bridge configuration – – 4 1 –

Hydraulic with pressure transducer. Output 4-20 mA – – 4 – –

Hydraulic with pressure transducer. Vibrating wire output 5 1 – – –

Hydraulic with pressure transducer compatible with Piconode – – 4 1 –

Load cell type with digital output  (e.g. Sisgeo, Bauer) – – – – up to 30**

* Indicative Node price range (€ ~ € 500)


** See Digital Logger datasheet for more details

MAXIMUM NUMBER OF LOAD CELLS WHICH MAY BE READACCORDING 

TO THE TYPE OF WORLDSENSING  NODE

Figure 12. Compatibility between load cell types and Worldsensing  nodes. The maximum number for cells of each type that could be connected to each nodemodel is also 

presented.

1. Some manufacturers use six vibrating wire strain gauges for the higher capacity load cells. In those cases, two data loggers would be required. Usually,manufacturers can 

supply versions of these cells with five deformation sensors evenly distributed.

Figure 13. External and internal aspect of Piconode (LS-G6-PICO).



geometry of the head of the anchor, which can 

make itdifficult to supply the proper distribution 

plates of the cells.In any case, the innovation of 

the Piconode device is thatit enables ground 

anchor projects to read load cells simplyand 

automatically via a solution that, even in the 

smallestprojects, doesn’t require specialist 

instrumentationcompanies. Indeed, for projects of 

great complexity that

The battery life estimates of a Piconode shown in Figure 14 have been estimated by Saft with the 

information provided by Worldsensing and are based on a lifetime mathematical model developed by Saft. 

Estimates are for two models of Saft cells: LSH 14 (Li-SOCl2 technology) and LM26500 (Li-MnO2) spiral, C-

size, 3.6 V cells. 

Each time the node measures a load cell, it emits the data obtained using radio waves in the sub 1 GHz 

range. ISM bands are used with configurations adjusted to the requirements of each territory. The type of 

radio that Worldsensing nodes use is LoRa . It’s a long-range, low-power radio, widely used in the IoT 

(Internet of Things) that enablesdeployments of private networks, which are necessary for the control of 

the ground anchors without depending on theoperators of public networks.The radio frequency waves 

emitted have a range that depends on the environmental conditions, and the relief inparticular. The base 

station or gateway that receives the waves emitted by the nodes network must be located withinthe 

scope area of the node. The following table indicates the expected ranges for Worldsensing  nodes in some 

of themost common installation conditions.

2

3

utilize other types of sensors and measuring 

equipment,the role of specialist companies is 

vital.The Piconode device is a small and highly 

reliablepiece of equipment. Its polycarbonate box 

and internalantenna make it easily integrable into 

the project, andsimultaneously protected against 

vandalism.

3. LoRa Abbreviation for ‘long range’. It is a communication technology developed by the company Semtech. To achieve its long range, it uses the spreadspectrum modulation 

technique, where the signal to be sent uses more bandwidth than is theoretically necessary, but which allows a reception ofmultiple signals at the same time that they have 

different speed.

2. Some manufacturers use six vibrating wire strain gauges for the higher capacity load cells. In those cases, two data loggers would be required. Usually,manufacturers can 

supply versions of these cells with five deformation sensors evenly distributed.

CONTOUR CONDITION

EXTERNAL ANTENNA 

Loadsensing vibrating wire 5 channel and 1channel aluminum 

box version, analog node4 channel and digital node

INTERNAL ANTENNA 

Loadsensing vibrating wire 1 channel

polycarbonate box version and Piconode

Open field - line of sight 15 km / 9.3 miles 10 km / 6.2 miles

In urban areas (on the same street) 4 km / 2.5 miles 2 km / 1.2 miles

Nodes inside manholes 2 km / 1.2 miles 1km / 0.6 miles

Nodes and gateways inside tunnels 4 km / 2.5 miles 2 km / 1.2 miles

Figure 15. Range of radio frequency of the Loadsensing nodes

SCOPE OF THE NODE RADIO

Figure 14. Estimated lifespan of the Worldsensing Piconode Batteries

Batteries expected life duration in years

Reporting period Temperature profile
LSH 14

1 cell 2 cell

LM26500 celss

1 cell 2 cell

5 minutes

Singapore

Barcelona

Vilnius

0.9

0.9

0.9

1.7

1.8

1.8

1.2

1.1

1.1

2.3

2.3

2.3

60 minutes

Singapore

Barcelona

Vilnius

4.6

5

5.2

7.1

8.1

8.6

7.6

7.8

7.5

14.9

15.5

15.4



Gateways or base stations are the link between the 

nodes and the internet.


The nodes communicate with the gateway via low-

power, long-range LoRa radio frequency. These 

gateways can then communicate with the Internet 

via Ethernet cables or through the mobile internet.


The gateways receive the radio messages emitted 

by the different nodes that read the load cells or 

other sensors. They use a 4G modem (LTE, UMTS/

HSPA+ and GSM/GPRS/EDGE) that can easily 

connect to the internet with the installation of a 

data SIM card. The gateways also have a GPS 

antenna.


Gateways are the only element of the monitoring 

network that requires external power. 

Given the long range of the radio, gateways may 

be installed at a point with an electrical 

connection. In these cases, the gateway is 

powered by PoE in both mode A and mode B 

(802.3af specifications). Each gateway is 

supplied with a PoE injector for indoor use with 

an input voltage of 100 to 240 VAC. 


Gateways can also be powered using an 

alternative power source (photovoltaic, wind 

turbine) through USB C at 5 VDC using a 

converter. The base station, including the 

needed DCDC converter, has a mean power 

consumption of 3.9 W in a low load scenario (2 

radio messages/minute) and of 4.3 W in a high 

load scenario (30 radio messages/minute). 


5.4.

Gateway (Base Station)

Given the long-range radio used in this system, the nodes can even be installed inside covers or 

protectivecovers of the anchor plates if necessary, similar to the installation inside a manhole. With this 

radio range,a gateway can also receive readings from nodes in several anchored walls at the same time, 

allowing foroptimized deployments.

Figure 16. Gateway installed on a pole. Figure 17. The 4G rugged gateway powered using a solar kit. Courtesy of Intermetric.

4. PoE Power over Ethernet



CMT is the software layer in the Worldsensing 

solution portfolio. From CMT engineers can  

manage all their deployed devices and networks 

on-premise (CMT Edge) or through the cloud (CMT 

Cloud) from a single platform. 


CMT manages the radio network (LoRa network-

server) and the sensor data. It analyzes the data 

received by the radio and makes it accessible to 

users through third-party data visualization 

softwares.


The CMT software is accessed using a web 

browser, and contains functionalities that enable 

users to: manage the communications network, 

evaluate the network’s status, change the reading 

frequencies of the nodes remotely, access data 

from load cell -and any other sensor- readings in 

near real-time, convert the raw readings taken by 

the nodes from cells to load units (kN, tf, ...), access 

and download data in CSV type files (values 

separated by commas).

5.5.

Connectivity Management Tool (CMT)

Figure 18:  CMT is Worldsensing software layer that allows engineering managers to 

control network communications and all the devices deployed in them. In this image, 

we see the diferent elements that compose the CMT Cloud version, from wich users 

can manage multiple networks.



The CMT also makes all the data accessible, so that the sensor readings taken by the nodes can be 

integrated into the data visualization and management strategies of the company managing the 

Infrastructure. The CMT software facilitates the automatic transmission of data through MQTT or to an FTP 

server and makes the data accessible via Modbus TCP (only available for CMT Edge) or through calls to the 

Worldsensing API (Application Programming Interface).


CMT Edge is the on-premise, in-device software. It is adequate for single-site, single-gateway projects. It 

is also the best option when it is required to operate in a private network without internet connection.


CMT Cloud is adequate for projects including multi-site, multi-gateway projects and when a higher data 

capacity is required. It hosts data in the cloud to easily automate device and network management.


In order to effectively monitor the stressing force of ground anchors, we advise taking advantage of 

visualization andmanagement software. In addition to other functionalities, such software can alert 

stakeholders and parties if thresholdsare exceeded, provide users with real-time data insights and 

configurable graphics, and apply data formulas andmanage different access profiles.

5.6.

Visualization and data managementsoftware

Figure 20. Sample screen displays of the Vista Data Vision visualization software (graphic configuration and map readings) on a desktop, tablet and mobile phone



A web-based visualization and data management software can conveniently provide all project 

participants with accessto such insights via laptops, mobile phones and tablets.


It is important that the selected visualization and data analysis software is self-configuring, customizable 

and facilitatesthe storage and processing of received data. It should also enable access to parameters 

that characterize the behaviorof the controlled ground anchors and unlock the configuration of a series of 

graphs too.Additionally, the software should be able to generate periodic reports of the tensile statuses of 

the anchors. It shouldhave the functionality to generate alerts when stressing forces reach certain limit 

values and, in the event that suchalarm signals are activated, it needs to have the capacity to send 

notifications by email to those responsible formonitoring the anchors.

Figure 21. Remote control of the evolution of the stressing loads of

ground anchors, adapted on the Eagle.io software view

Visualization and management software can alert

stakeholders and parties if thresholds are exceeded,provide 

users with real-time data insights and configurable

graphics, and apply data formulas and manage different

access profiles.



This section will outline a theoretical cost 

comparisonof the various different methods to 

verify the loads onground anchors. For the 

purposes of this comparison, theexample of a wall 

with 100 ground anchors will be used,which holds 

up to four levels of anchors in some areasand is 

accessible by machinery. The installation of load

cells, and verification using the lift-off method, 

wouldbe carried out on ten tracking anchors, 

which would

represent 10% of the total number. The anchors 

wouldbe made of seven steel strands and the 

initial stressingload is set at 800 kN. The wall is 

located in a Europeancountry, in a mountainous 

environment. The constructionphase with on-site 

testing equipment would last about20 weeks. 

Following this, during the service phase, the

anchor loads would be monitored for three years 

followingthe completion of the work.

6.

Comparison of methods for checking 
the remaining load

OPTION 1


No measures

OPTION 3


Load Cells and Manual Readings

OPTION 4


Load cells and Wireless Readings

Control Strategy -
Manual load control in-situ

Complex work procedures


1 visit per year 

Installation of load cells in 10 anchors

Periodic in-situ controls during construction 

Spaced periodic controls in service operation


4 visits per year

Installation of load cells connected to a piconode 
data logger that takes automatic periodic 

readings every hour. 

Data is sent wirelessly to the data visualization 

software in which alarms and early warning 
systems can act

Number of site visits to 
control the loads

- 1 visit per year 4 visits per year No visits beyond those contemplated in the 
ground anchors maintenance plan.

Required Equipment NONE

Threaded anchor plate

Hydraulic tensioning equipment


Electric generator

Crane

10 Load cells

10 Distribution plate sets 


Centralization box

300m Wiring between cells and box

10 Load cells 

10 Distribution plate sets


10 Piconode

50 m wiring and protection elements


1 Gateway

Complexity of the method of 
control

NONE
HIGH


Specialized equipment and technicians 
needed

MODERATE

Cable installation and protection needed.


Manual load control in situ.

LOW

Wireless, remote monitoring

Data availability NONE

LOW

Unfrequent controls due to complexity

Prediction on the evolution of the loads 

not possible

LOW

Unfrequent controls. Prediction on the evolution 

or correlation of load changes not possible.

HIGH

- Continuous readings


- Data from early as the moment of initial 
tensioning

Alert systems NO NO NO YES

Load data in near real-time

Remote data access NO NO NO YES

Long-range wireless communications

Automatic sychronization with 
data visualization software

NO NO NO YES

Data visualization available

Predictions of the evolution, 
ability to correlate changes

NO NO NO YES

Data at the right sampling frequency

Data Collection Visits 0.00€ 40,200.00€ 16,800.00€ 0.00€

Sensors and cost of 
materials

0.00€ 0.00€ 25,000.00€ 30,580.00€

Visualization Software 0.00€ 0.00€ 0.00€ 9,000.00€

Total cost 0.00€ 40,200.00€ 41,800.00€ 39,580.00€

Numbers of readings 
obtained per anchor (over a 
3 years period)

No data 3 readings, once per year 12 readings, once per quarter 26 000 readings, once per hour

Risk probablity as a function 
of data availability

HIGH MODERATE MODERATE LOW

Assumptions: comparison based on the monitoring of 10 ground anchors over a 3 year period

Figure 22. Advantages and Disadvantages of Different Monitoring Techniques



This table begins with Option 1, which allows for 

noground anchor load monitoring following the 

completionof the work. Clearly, this option could 

only be used inprojects with low risk and scale. 

Most projects that useground anchors require a 

follow-up of the behavior ofthe infrastructure 

following its construction, and one ofthe best 

ways to carry out these checks is to monitor the

evolution of the load on its ground anchors. 

Therefore,the installation of re-stressable anchors 

can helpcorrect potential load variations in 

accordance with thepredictions for the project. 

Aside from this advantage,it’s important 

regardless to monitor the evolution of thetensional 

state of the anchor, given the ever-changing

environmental and operational circumstances that 

tendto affect such projects.


As shown in Figure 22, when annual costs are 

considered,those of option 2 are clearly higher 

than option 3, withboth offering a similar intensity 

of control and monitoringto the example project 

being considered here. For options2 and 3, it’s 

possible to intensify the proposed control inthe 

example, though it should be noted that the 

additionalcontrol visits required by option 3 are 

much cheaper,simpler and faster than those 

required by option 2.Therefore, in conclusion, 

option 3 is more advisable thanoption 2.


The fundamental difference between options 3 

and 4 liesin the quality of the monitoring being 

carried out. Option3 provides sporadic monitoring 

performed on-site whilstoption 4 offers automatic 

and continuous control overtime, performed 

remotely. The versatility, volume andquality of the 

data streams delivered by option 4 will be

significantly higher than those offered by option 3, 

makingthis the optimal choice from a technical 

perspective.Furthermore, the price difference 

between 3 and 4depends on the intensity of 

control. Indeed, it’s clear thatoption 4 is more 

cost-efficient than option 3, a differencewhich 

becomes more significant with a higher frequency

of control.


Economically, the fundamental difference 

betweenoptions 3 and 4 lies in the cost of the 

control softwarethat’s only required for option 4. 

That’s because it involvesa higher volume of data

which could be managed usingspreadsheets or 

other common tools, but can be moreconveniently 

and effectively utilized with a visualization

software that accesses the full benefits from the 

solution.Without this cost consideration, the costs 

associated withoption 4 would be practically 

identical to option 3 on anannual control basis.


As stated previously, intensifying the control 

proposedin option 3 is possible via an increase in 

the numberof visits. However, this frequency 

increase would come with an associated cost 

(€1400 / visit). What’s more,these visits wouldn’t 

provide a significant amount ofincremental data 

since each visit only provides a singlenew reading 

for each of the 10 instrumented anchors. In

contrast, in the case of option 4, a simple change 

in theconfiguration of the continuous reading 

system enablesyou to increase the frequency of 

data collection andintensify the control to your 

desired level at no additionalcost. In fact, the 

maximum possible monitoring frequencyof the 

Worldsensing system is 1 reading every 30 

seconds.


Thus, the conclusions that can be drawn from 

studyingthe table in Figure 22 areO

Z The monitoring of the evolution of the loads on 

theground anchors of a project always has a 

minimumcost (which in this example case 

considered isestimated at around €29,000.00)8

Z In the case of projects with minimal scale or 

risk,and where annual monitoring is sufficient, 

the mostconvenient method of monitoring 

ground anchor loadsis option 3, considering 

the technical and economicaspects. This is 

based on the installation of load cells in

representative anchors, and monitoring their 

recordson-site both manually and periodically.H

Z For similar projects, if the frequency of 

monitoring isincreased, then option 4 becomes 

the better optionfrom an economic point of 

view. In the examplepresented, the most 

efficient option when moving fromannual to 

quarterly monitoring frequencies is a wireless

monitoring system that features automation, 

such asWorldsensing8

Z In the case of projects with significant scale or 

risk, orprojects of delicate execution that 

require continuouscontrol of anchor loads 



(either during the executionor post-conclusion of 

work), the most convenientmethod of load 

monitoring is option 4. This method isbased on the 

installation of load cells in anchors andthe 

implementation of a wireless monitoring system

such as Worldsensing, which allows the continuous 

andautomatic transmission of data from the load 

cells tothe terminals of the controllers that are 

usually locatedoff-site.

In the presented comparison, the costs associated 

withthe control of loads during the construction 

phase havenot been taken into account, since it 

must be consideredthat the phase entails having 

personnel and equipmentavailable on-site. That 

said, utilizing option 4 in thisscenario might also 

reduce costs as well as providingbetter control.

7.

Why is it important to monitor the 
evolution of ground anchor loads in real 
time?
Section 4 outlined the reasons why it is important to monitor the evolution over time of the load on ground 

anchors. Thissection will include real examples that illustrate, on a different time scale, the types of 

information that can be obtainedfrom monitoring in near real-time. In the cases presented here, the 

degree of information regarding anchor behaviorcould not have been obtained with monitoring based on 

manual readings.

7. 1.
Checking the stressing work

¬ The Loadsensing system, together with the load 

cells, enable a rapid on-site check of the tension 

forces acting on the anchors, and those that 

remain on them force to which the wedges were 

seated (or the nut was tightened) with the 

remaining force after stressing, the 

instantaneous post-stress force loss can be 

determined�

¬ Normally, the post-stress load loss is due to the 

penetration of the wedges (in the cable anchors) 

or the elastic seat of the nut (bar anchors). This is 

an easily predictable value and can be very 

significant, especially in the case of bar anchors 

with limited free length. Load losses detected by 

load cells should be very similar to those 

theoretically predicted�

¬ Pérez-Arcas [4] presents some examples of the 

utility of load cells to prevent different types of 

ground anchor setting-up errors that could 

eventually affect the introduced tension forces or 

initial load losses.

¬ The use of load cells in the control of 

tensioningoperations can make it possible to 

rapidly detectpossible errors in the calibration 

of the hydrauliccylinder, or in the 

determination of the stressingpressures 

equivalent to the specified stressing forces�

¬ Some construction defects in the execution of 

groundanchors can have a great influence on 

their stressing.Among the potential defects to 

be highlightedare errors in the inclination of 

the perforation and amismatch between 

components of the anchor head oran incorrect 

coupling of the anchor head and tension

cylinder. One of the worst consequences of 

theseconstruction defects is the appearance 

of internalfrictions in the head of the anchor. 

This means thatthe force exerted by the 

stressing cylinder isn’t fullytransmitted to the 

adherent bulb of the anchor, aswould be ideal, 

but rather used to overcome anomalous 

internal frictions. By monitoring and controlling 



the remaining anchor loads directly after 

tensioning, anyanomalous frictions within the 

head of the anchor canbe detected


• Figure 23 shows a sample measurement ofthe 

stressing of an anchor carried out using the

Worldsensing system, in which readings are taken 

froma load cell every 30 seconds.

 The different loading stepsare identified here. The 

load loss after the blocking was50 kN which 

represented 9% of the stressing force of 576 kN.

By measuring the applied an resultant loads, errors 

can be prevented in the applied stressing loads 

and possibleconstruction anomalies detected.

7. 2.
Correlation of theloads 
with theexcavation 
phases any load changes that might occur on theanchors 

depending on the various phases of the project.In 

many stabilization projects or in anchored walls, 

therow of ground anchors located on the upper 

level is firstconstructed and then excavated to 

reach the lower levelwhere the second row of 

anchors are located. Oncethis level is reached, the 

second row of anchors can bebuilt. This process 

continues until the lowermost levelis reached. 

Normally, when digging, the anchors in theupper 

rows increase their load, however, in fact, when a

row of anchors are stressed, the tensioned 

anchors of theupper rows usually reduce their 

load.To gain full visibility and monitoring of the 

tensionalchanges that can occur during 

construction, werecommend installing load cells 

in a series of anchorsthat will be representative of 

the whole. It’s then best toobtain their records as 

often as necessary to detect anyvariations that 

occur during the different constructionphases of 

your project.

One of the main advantages of the Worldsensing 

systemis that it enables automatic access to the 

load readings ofthe load cell from the moment of 

stressing.  This, togetherwith the ability to take 

frequent measurements (onereading per hour, for 

example), make it possible to gain afull picture of 

Figure 23. Measurements of a load cell taken with a Worldsensing node during the stressing works of a bar anchor. Readings were taken every 30 seconds,which enabled the 

presentation of the different loading steps as well as the determination of the losses after blocking.ºº

Figure 24. Worldsensing node measuring a load cell in a bar anchor duringthe 

construction of a tunnel mouth. The load cell is installed in an anchor ofthe upper 

row and detects the progress of the excavation showing a loadincrease.



Figure 25 shows a load measurement series generated by two anchors with different time sequences: one 

readingevery hour, one reading every 48 hours and one reading every 7 days. It should be noted that the 

load changes causedby the different construction phases (excavation of lower levels, stressing of 

anchors, etc.) are only detected when readingsare taken every hour. Meanwhile, for the charts with 

measurements taken every 48 hours or every 7 days, it isn’tpossible to track the different construction 

phases of the work via the anchor readings.

Figure 25a. Time evolution of two anchors’ loads with a reading every hour

Figure 25a. Time evolution of two anchors’ loads with a reading every 48 hours

Figure 25a. Time evolution of two anchors’ loads with a reading every 7 days



7. 3.
Information for the implementation of
corrective measures

The Worldsensing system enables users to continuously and automatically monitor the loads on selected

anchors. As a result, the solution helps users gain a better understanding of the overall stability of the

structure and informs decision-making processes related to the implementation of corrective measures 

whenunexpected deviations are detected.Figure 26 demonstrates the evolution over time of the loads 

measured in 11 anchors installed with load cells inan anchored wall. During the first couple of months, 

significant and unexpected load increases were detected.As a precautionary measure, the excavation of 

new levels was halted and a berm of land was deposited.Once the berm was placed, the wall was studied 

and redesigned. The berm remained in its position and theexcavation work was halted for four months. As 

a result of this process, additional anchors were installed inorder to structurally reinforce the lower part of 

the wall.

Figure 26 illustrates how the load of some anchors will rise again when the earth berm is removed and the 

excavationwork is resumed. In a case like this one, it’s evident that the load cells, combined with the 

Worldsensing system, facilitateda rapid and informed decision that consequently ensured the stability of 

the wall and prevented its imminent collapse,that could have caused harm to personnel and material 

damages.-

Figure 26. Evolution of the load over time on the selected anchors of a wall that had to be redesigned due to problems detected during its construction



The following photographs illustrate different types of projects that utilize ground anchors. In all of them, 

the ground anchorsare fundamental to the structural stability of the constructions, further highlighting 

the importance of measuringtheir correct operation and performance during the entire lifecycle of the 

structure.

8.

Main applications

Figure 26. Evolution of the load over time on the selected anchors of a wall that had to be redesigned due to problems detected during its construction



Figure 25 shows a load measurement series generated by two anchors with different time sequences: one 

readingevery hour, one reading every 48 hours and one reading every 7 days. It should be noted that the 

load changes causedby the different construction phases (excavation of lower levels, stressing of 

anchors, etc.) are only detected when readingsare taken every hour. Meanwhile, for the charts with 

measurements taken every 48 hours or every 7 days, it isn’tpossible to track the different construction 

phases of the work via the anchor readings.

2015 to present
Thermal power plant- Puentes de 

GarcíaRodríguez
Spain Acciona Ingeniería

6 strain gauges’ load cells with 6 

Worldsensing Analog 4-channel 

nodes

2015/2016 Eppenberg Tunnel [5] Switzerland Terra Monitoring AG

55 load cells with 17 Worldsensing  

analog4-channel nodes and 12 

extensometers of 5 rodswith 12 

Worldsensing  vibrating wire5-

channel nodes

2015/2016
Ermua South Variant Road.

Uretamendi tunnel
Spain UTE Uretamendi

10 strain gauges’ load cells with 3 

Worldsensing analog 4-channel 

nodes14 load cells vibrating wire 

with 14 Worldsensing vibrating 

wire 5-channel nodes

2015/2016
Ermua South Variant Road.

Uretamendi tunnel
Spain UTE Uretamendi

10 strain gauges’ load cells with 3 

Worldsensing analog 4-channel 

nodes14 load cells vibrating wire 

with 14 Worldsensing vibrating 

wire 5-channel nodes

Since 2017 Montilivi StadiumGirona FC Spain Girona Football Club

3 load cells placed on passive bar ground 

anchorsand 3 rope tension load cells 

placed on wiremesh/cable net system.2 

Worldsensing  analog 4-channel nodes 

and 2tiltmeters

Since 2018 Ground anchors in Valais(Ski resort) Switzerland VSL 5 load cells with 5 Piconodes

Figure 28. Selection of Worldsensing  system applications

YEAR WORK COUNTRY CONTRACTOR WORLDSENSING  APPLICATION

Figure 29. Eppenberg Tunnel. Hillside Wöschnau in November 2015



� One of the best ways to ensure the proper functionality of ground anchors within a project is to 

monitor theevolution over time of their loads�

� Ground anchors are devices that remain active throughout their lifecycle. That is to say that they’re 

devices thatcan experience tension variations as a result of changes in their boundary conditions or 

changes in their ownphysical-chemical characteristics. On the other hand, the balance of the 

anchored structure is reliant on thetension within its anchors being kept within specific margins 

during the life of the said structure. Therefore, werecommend implementing a methodology for 

measuring whether the actual stresses existing in the anchorsare kept within the margins acceptable 

for the project�

� Monitoring anchor loads should be carried out in accordance with statistical criteria, meaning that it is 

notnecessary to check every single anchor. Checking a representative sample is usually sufficient, 

however ifanomalies are detected in the tested sample, the number of sampled anchors must be 

increased.

6 The best way to monitor a ground anchor is to install a load cell on its head. For technical, economic 

andpractical reasons, strain gauge load cells are the most effective*

6 The method of obtaining the records of the installed load cells should be selected according to the risk 

andscale of the work considered.

In general, international regulations usually leave the number and position of the monitored 

anchors, andthe length of the monitoring period, to the designers’ discretion.


Some regulations, such as the Swiss SIA 267/1 [6], are more specific. These prescribe that the 

monitoringperiod should be extended throughout the entire lifecycle of the anchors. They also 

dictate that thenumber of control anchors should be set depending on the degree of risk and 

importance of the structure.


The minimum quantity the regulation calls for is 5% of the anchors, guaranteeing that there are 

3monitored anchors for each zone type of the structure. When temporary anchors are used, it 

recommendsaround 3% of the anchors should be monitored, always ensuring that at least one 

anchor is monitored foreach zone type within the structure.


Taking into account the vital technical input that real-time anchor load monitoring systems add 

to aproject, as presented in this article, we recommend that regulations for this type of control 

are establishedto provide guidance on the percentage of anchors to be monitored according to 

risk, and the importanceof the project.

For projects with minimal risks and dimensions, it’s usually advisable to use portable reading 

units that areconnected manually and successively to all load cells. For these projects, if a 

higher degree of monitoringwas needed, a solution based on the Worldsensing system would be 

the most convenient.


For projects with significant risks and dimensions, it’s usually advisable to use a remote, 

continuous andautomatic control system such as Worldsensing, as described in detail in this 

article. For these types ofapplications, this system is particularly practical, precise and 

economically efficient.

Conclusions



 The ability to access anchor load data in near real-time, and to select the right sampling frequency for 

yourproject, enables the detailed monitoring of stressing operations. Other benefits of such a solution 

includethe ability to correlate changes in the anchor loads to a project’s execution phases and, most 

importantly, toachieve rapid and informed decision-making based on actual data to implement 

corrective measures. In somecases, such measures can avoid collapses, road affectations, and other 

undesirable effects. These solutionscan also help prevent being forced to make rushed decisions 

regarding urgent stabilization works that usuallyend up being highly costly for the project�

 The main advantages of the Worldsensing control system are the following:

— It’s a simple and practical method that can be implemented from the initial execution phases 

of aproject, that allows you to detect variations caused by the various construction phases.


— The nodes associated with the load cells do not require wiring or external power supplies, and 

can beconfigured by construction site personnel.


— The nodes can be used to transmit geotechnical parameters registered by other sensors 

(piezometers,tiltmeters, in-place inclinometers, crack monitors, displacement meters, rain 

gauges ...).


— The nodes transmit load readings from load cells to gateways using long-range, low-power 

radio. Thegateways transmit data to the internet via Ethernet cable or via mobile internet. The 

controller can thenaccess software that allows them to visualize and manage that data 

transmission. This software also hasthe functionality to issue automatic alarms (which are 

transmitted via email to controllers) if cell readingsexceed pre-established limit values.
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