
Internation
Macedonia
 

 

 

Ten Y
Ovell
Thro

J. Von
Carrel
Geopreve
jonas.von
 

Abstr
Over the
border b
equipped
rockfall 
of the de
automate
since 20
paper do
lines, rel
and the 
including
supporte
while en
(e.g., dep
introduc

Keyw
Rockfall

nal Society for R
an Association 

Years of
la: Cost

ough Co

n Wartbu
l, S. Vince
ent AG, Zurich
nwartburg@g

act 
e past decad
beneath a ro
d with 120 
impacts in th
etected even
ed SMS noti
15 has yielde
ocuments the
lays and bas
supporting o
g how event

ed focused m
nabling effici
pendence on
ed during the

words 
l protection, 

Rock Mechanic
for Geotechnics

f  Digita
t-Efficie
ontinuou

urg, Ó. Sti
ent 
hSwitzerland 
eoprevent.com

de, the hydr
ockfall-prone
wireless im

he nets, stron
t, on-site op
ifications rea
ed a unique l
e architectur
e station), th
online data p
t-based surv
maintenance 
ient surveilla

n radio links,
e ten years o

Digital moni

ics and Rock E
cs 

al Rock
ent Con
us Mon

itelmann,

m 

opower con
e slope—wa

mpact sensors
ng vibrations
tical–acousti
ach the respo
long-term da
re and operat
he alarm logi
portal. We d
eillance redu

planning, a
ance during s
, battery pow
of operation t

itoring, Impa

Engineering 

kfall-Pro
nstructio
nitoring

, J. Wette

struction sit
as protected 
s and a real
s and inclinat
ic sirens are 
onsible perso
ataset about r
tion of the d
ic for graded
discuss opera
uced the nee
and improve
subsequent o

wer and mech
to further enh

act sensors, A

R

otection
on and 

g and Al

er, T. St. P

e at Ovella—
with about 

l-time alarm
tion angle ch
triggered wi

ons within 1-
rockfall activ
digital protec
d response d
ational exper
ed for regula
ed worker s
operation. W
hanical trigg
hance robust

Alarm system

ISR

Risk Managem
S

 

n Net O
Mainte

larming

Pierre Os

—located on
1.2 km of 

ming system.
hanges. Depe
ithin a few s
-2 minutes. C
vity and sens
ction-net sys

during constru
rience from 

ar systematic
safety during

We also summ
er integrity) 
tness and ope

ms, Maintena

RM Regional Sy
Eur

ment in Rock E
Skopje, 15-19 

Operatio
enance 
g 

stander, M

n the Swiss–
rockfall-bar

 The system
ending on the
seconds. Add
Continuous o
sor performa
stem (sensor
uction and o
ten years of

c manual ins
g active con
marise key lim

and outline 
erational awa

ance plannin

Symposium
rock 2026

Engineering
September

 

 

n at 

M. 

–Austrian 
rrier nets 
m detects 
e severity 
ditionally 
operation 

ance. This 
rs, trigger 
operation, 
f service, 
spections, 
nstruction 
mitations 
upgrades 
areness. 

ng. 

1491

DOI: https://doi.org/10.68732/ba65c7345fca6999 ISBN: 978-9989-2053-7-8

https://doi.org/10.68732/ba65c7345fca6999


1 Int
The Ove
protectio
system w
and a sit
protect p
During s
the barr
synthesis
learned f

Fig. 1 Ove
canton of 
and Austr

2 Sys

a. Site
The mon
1.2 km (
wide cov

Fig 3. Ove

troduction
ella section o
on against fre
was installed
te-wide alarm
personnel th
subsequent o
rier line and
ses a decade
for cost‑effic

ella section is in
f Graubünden, o
ria. (Source: sw

stem over

e and prote
nitored secti
(Figure 3). 1
verage. 

erview of the m

n 
of the Gemein
equent rockf
d that combin
ming workflo
hrough imme
operation, the
d actionable

e of experien
cient constru

n the Engiadina
on the border be

wisstopo). 

rview and

ection‑net 
on consists 
20 sensors w

monitored sectio

nschaftskraft
fall from the 
nes flexible 
ow. The prim
ediate alarms
e same infras
e status inf
nce, focusing
ction and ma

a Bassa region, 
etween Switzerl

d method

layout 
of fourteen r

were mounted

n. 

ftwerk Inn (G
steep slope a
rockfall barr

mary objectiv
s and to doc
structure con
formation fo
g on system d
aintenance w

in the 
land 

Fig. 2
Inn R

ds 

rockfall-barr
d across brak

GKI) project 
above the sit
riers with di
ve during the
cument sign

ntinued to pro
or maintenan
design, alarm

while enhanci

2 Gemeinschaft
River (GKI) nea

rier nets with
ke elements 

Base station
Relay station
SentinelSens
Boundary CH

(see Figure 
te. In 2015 a 
istributed wir
e active cons
nificant impa
ovide event-c
nce planning
m logic, data
ing safety. 

tskraftwerk Inn 
ar Ovella (Sourc

h a total len
and selected

 
ns 
sors 
H-AU 

1, 2) required
digital prote
reless impac

struction pha
acts into the 
centric super
g. This con

a services an

power plant (G
ce: GKI)). 

gth of appro
d net fields to

d reliable 
ection-net 
ct sensors 
se was to 
barriers. 

rvision of 
ntribution 
d lessons 

GKI) on the 

oximately 
o achieve 

1492



b. Sen
Impact S
or two p
cables or
(order o
event. S
robust ra
threshold
sensors m
relevant 

Fig. 4 Sen

c. Com
Sensor m
relay sta
and eval
portal an
system s
an acute 

The GRA
(Figure 
quality, a
 

Fig. 5 Lef
signals), s

nsors and i
Sentinel sens
pull‑out pins
r across sele
f 500 N) so

Sensors are t
adio links. In
d. Alarm act
measure incl
information 

ntinel Sensor ab

mmunicati
messages are
ations distrib
luates sensor
nd SMS dist
state (green: 

alarm, an on

AVX online
6). All relev
and battery s

ft: Base-station 
status light and 

installation
sors are purp
s coupled to 
ected net field
o that a relev
typically mo
n addition to
tivation is po
lination angl
about the sta

ove the constru

ion, alarm
e received ei
buted along t
r messages an
tribution ser
normal oper
n-site siren w

e data portal 
vant status in
status. Event

 

with alarming 
camera. Right:

n 
pose-built fo

the barrier 
ds (Figure 4
vant deforma
ounted at the
o pull‑out ev
ossible within
les at regular
ability of the

uction site coup

ming archit
ther directly
the slope (Fi
nd transmits

rvice. During
ration; yellow
with flashing 

also provide
nformation c
t histories sup

unit (including 
 Solar powered

or rockfall-ba
via 2 mm st
). The pull‑o
ation or brak
e top of pos
vents, the sen
n 2 – 3 seco
r time interv
e structures o

led with trigger

tecture and
y at the base 
igure 5). Th
 notification

g the constru
w: silent alarm

light was ad

es a compreh
can be visua
pport targete

light and acous
d relay station.

arrier superv
teel trigger l

out pins are h
ke activation
sts to minim
nsors registe
nds upon ev
als (e.g. ever

of the nets. 

r lines.  

d data port
station or vi
e base statio

ns to the GEO
uction phase
m; red: acute

dditionally ac

hensive over
alised, includ
ed site inspec

 

stic Fig. 6 S
portal (
major e

Eurock 2026

vision. Each 
lines that ar
held by calib
n tears the p

mise direct im
er strong vibr
vent detection
ry three hou

 

tal 
ia one of the
on near the s
OPREVENT
e, the status 
e alarm) (Fig
ctivated. 

rview of sens
ding sensor s
ctions and ma

Sensor status ov
(green: normal; 
event). 

6, Skopje, RN 

sensor integ
re routed alo
brated break 
pin(s) and tri
mpacts and t
rations abov
n. Additiona

urs) and prov

e three solar‑
site entrance
 GRAVX on
beacon indi

gure 6). In th

sor and syste
state, commu
aintenance p

verview on GRA
yellow: minor 

Macedonia 
 

grates one 
ong brake 

elements 
iggers an 
to ensure 

ve a fixed 
ally, these 
vide some 

‑powered 
e receives 
nline data 
cated the 

he case of 

em status 
unication 

planning. 

 

AVX data 
event; red: 

1493



Eurock 2026, Skopje, RN Macedonia 
 

 

d. Alarm logic and graded response 
Two alarm levels are distinguished. A silent alarm is issued for (i) one or two pull‑outs on field 
sensors, (ii) one or two pull‑outs on sensors attached to the lower brake, or (iii) a single pull‑out on an 
upper‑brake sensor. A major (acute) alarm is issued when both pull‑out pins of an upper‑brake sensor 
are torn. In all cases, SMS notifications are sent to the predefined recipient list; major alarms 
additionally activate the horn with flashing light and switch the information light to red for evacuation. 

3 Operational experience and results (2015–2025) 
The Ovella installation has been in continuous operation since 2015. During the active construction 
phase, the system provided immediate, unambiguous on‑site cues for evacuation and automated 
messaging within a few seconds of critical impacts. Over time, the accumulated event records formed 
a long‑term dataset that documents barrier activations and net‑field disturbances across seasons. 

Event‑based monitoring reduced the need for routine ad‑hoc on‑foot inspections after suspected 
occurrences, because alarms precisely located affected net segments (upper or lower brake vs. field). 
This supported focused maintenance and scheduling, particularly after storms or freeze–thaw periods. 

In the post‑construction phase, the system has continued to deliver value by sustaining situational 
awareness at low operating effort through the GRAVX data portal and by keeping an auditable record 
of barrier activity that informs long‑term maintenance planning. 

4 Discussion 
Safety benefits were most evident during construction, when personnel were present below the barriers 
and rapid response mattered. The graded alarm logic balanced sensitivity and practicality by reserving 
siren activations for major events (two pull‑outs on an upper‑brake sensor) while still notifying 
stakeholders for minor events. For operations, the digital record and remote visibility reduced 
uncertainty and helped prioritise inspections. 

Key limitations stem from (i) operation in an unlicensed radio band, (ii) battery‑powered field units, 
(iii) mechanical dependencies of trigger lines and break elements, (iv) potential damage to sensors, 
relays or antennas by rockfall, snow or vegetation, and (v) communication relying on cellular modem 
technology approaching obsolescence or experiencing coverage limitations. These factors motivate 
periodic maintenance visits, plausibility checks in the receiving software, and design measures such as 
protected cable routing and sensor placement at the post tops. 

Recent upgrades (2023) included replacement of the outdated base station cellular modem with a 4G 
modem and installation of a volt-free relay module for interfacing with the owner’s TIWAG (Tiroler 
Wasserkraft AG) SCADA (Supervisory Control and Data Acquisition) control system. 

5 Conclusions and outlook 
A decade of digital supervision of rockfall‑protection nets at Ovella demonstrates how flexible 
barriers, impact sensors and real‑time alarming can jointly enhance worker safety during construction 
while limiting the maintenance effort over the entire life cycle in operation. The approach offers 
precise localisation of relevant impacts, consistent documentation for asset management, and scalable 
interfaces to owner systems. 
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