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Abstract: The Transport is among the most significant humetivities on the planet. Better transportatioowal for
more trading and a wider distribution of peopleafi@portation infrastructure like bridges and roadmificantly
influences the environment and is the primary enperginer, making transportation sustainabilityey kkoncern. This
paper also analyses current bridge scour and mihdlps detection equipment and methodologiestaideffect on the
transport system. In scouring regards, a parti@igrhasis on those uses the structure’s complekgrdo suggest the
presence and severity of the scouring phenomepataif the structure. A Sensitivity Analysis of ewty introduced
monitoring system is also assumed. This report éesrthe similarities and differentials between Iiiglges scour
detection methods and potholes methods. Our keysaimminimize human effort in identifying roadtpoles and bridge
scouring by using a quick, easy-to-use, cost-affeqirocess, resulting in fewer injuries and ecoicosavings. On the
other hand, many initiatives have been taken tatera technology that can instantly identify an@dgpotholes, leading
to improved survey reliability and pavement quaityough prior inspection and prompt intervention.

1 Introduction in 1995 of the Interstate 5 bridges over Arroyodfar®

Scour can generally be defined as sediment comosiéesulted in seven people’s murders. The reporthesfe
around an obstacle in the flow field's directiono@ can disasters show that the local scour is the chie$oe for
significantly break down structures such as bridge#eir collapses. In addition to the human life Jdse bridge
spillways, and weirs when their foundations havenbe collapses cost approximately millions of dollarsrasirect
undermined. Scour around bridge foundations isiflad Payments to refurbish and replace bridge structpess
into three types. First, long-term aggradation anyear and the indirect expenditure for the disruptif
degradation cause elevation and supplementarytigmsa transportation  services. The Federal Highways
in the river's shape over a very long period due tdministration 1978 reported a concentrated stuély o
geomorphic modifications. Second, contraction scolttidge failure in the U.S., proving that bridgesdan
happens due to flow restriction for natural reasonthe highways collapsed due to severe floods betweef4(19
presence of any obstacle such as river embankneentsand 1972) and cost about $100 million. In New Zed|a
contraction caused by a bridge opening. Third,llecaur the scour consumed $36 million per year. The btiige
around the bridge foundations happens when bridgéllapse resulting from the scour is a common etz
abutments and piers choke the flow in the riverainm and millions of dollars are expended each yeaepair or
channel and valley (Figure 1) (Chang, 1988). rebuild bridges affe_:cted by_the_water scour. _

Several recent bridge structure failures have tregul ~ Roads offer a vital contribution to global prospesind
from local bridges Scouring nearby piers_ Furthe‘B‘nO f:lellver Slgnlflcant .SOC|a| bgneflts. They are oftical
they concentrated on understanding the causesrg@ur importance to making a nation grow and develop.doa
causes and developed new methods for protectidgdsi are connecting more areas and promoting econondc an
against scour effects. Over three decades, 1,00@ds social growth. Road connection is among the esaenti
collapsed, 60% due to hydraulic failures, includimigige ~ Public properties for these purposes. However, tue
scooping, in the United States (Lagasse and Risbard constantloading and weathering on the roads fefeotan
2001). They reported that the local scour alongigeri be .caused, severely affecting human life. A pothiele
foundations was caused by river flooding, whicthught ~defined as a scouring in the road's surface, frethue
to be the chief cause of the bridge disaster. Eumibre, asphalt pavement, and traffic removes these broken
bridge failure results in the deaths of many peapid Portions of the pavement surface. This action caitise
economic damage due to the cost of rebuilding ar¥ater in the soil structure under the pavemenaseraind
reconstruction. For instance, in 1987, Scholarieer the highest traffic moving over the pavement'sciéfe part
Bridge collapsed in New York (USA), killing arounen ~ (Figure 2). The flowing water at the beginning detates
people. In 1989, a part of the U.S. 51 Bridge wake underlying soil structure, and as a consequerice
demolished into the Hatchie River close to Covingtbe traffic, fatigue led to the break of the soft sugpd road

U.S., resulting in eight deaths. The collapse ifif@taia  surface in the exaggerated area. Transport vetitieted
excavating, resulting in a road break, the pavenaernt the
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underlying layer of land (Rioja, 2003). Most potsl
appear during the wet or rainy season. Howevehgbes
are not unusual to grow and deteriorate duringdhe
season due to road activity and temporary wet tiomdi
from localized irrigation, ponding, and water segpal he

gaps left not sustained and opened to allow mastod to
damage the structural reliability of the road scefa

The Hungarian Statistics office, where the lastlgtu
was conducted in 2017, found that about half ofrde
conditions in Hungary (about 54%) are wrong. Forty

bad reinstatement of trenches excavated by bitwmsinopercent of the prominent and 60 percent of the redany

roads usually leads to potholes. Potholes could
accompanied by extreme cracking and breakage
distortion of the pothole's surface, indicating eeplker
cause of the potholes' formation. Water intrusiato i
surficial cracks in the road pavement and erosioonty
the pavement's surface and upper structural layennore
likely to be the source of minor deformation in gathole
area. The distress should be present as a bowedlege
with minimum plan dimensions of 6 inches to beeaxhlh
pothole. The low gravity potholes are less thamch
moderate gravity is between 1 and 2 inches, anditie
gravity potholes are more than 2 inches wide. [euntiore,
A pothole has three characteristics that diffeegatit from
any entity on the street from an outer appeal.irAt, fthe

lbetwork are in a terrible state. The condition usrently
tre worst in Komarom-Esztergom County, where 73% of
local roads are poorly paved. In the Nograd andrGy
Moson-Sopron, 69 %-70 % of roads are only in tiresiad
bearable condition in Pest County. Potholes aresezhu
mainly by excessive rain when the water reachesdhe

by its tears, freezes, and bursts the asphal018,2about
1,600 claims of poor road conditions arrived at the
Hungarian Road Authorisation. Out of 1,600 reports,
roughly 640 were confirmed and spent a total aindBon
HUF on repairing (Katylhelyzet: pocsék &llapotban
vannak az utjaink | Vildiggazdasag, 2021).The Autafeo
Association of the United States reported an aniosalof

$4 hillion in 16 million vehicles, including tireuncture,

potholes are more profound than the surroundinigl.fie twisting, and suspension injury. There is a greagirto

Second, the pothole outline is roughly like anpski to a

the economy due to potholes, which includes risks

circle seen from the driver's viewpoint. Third, theassociated with road users and businesses in titmedfoa
surrounding area's composition around the pothaes higher rate of incidents and potential payments for

more delicate than the texture within the pothdgelf,

insurance rates. Driving on potholed roads increase

thicker and grainier. Potholes may have arisen vémenv ~ consumer prices as it accelerates vehicle degeedatid
and icefall, and the water flows under cracks fatmee to depreciation. In addition, it raises the level efan-needed
road corrosion. As a result, freezing temperatatesght repairs and extra fuel consumption. The industrg ha
freeze the water, and the pavement below it growsuffered annual losses in Nigeria due to vehighesr
Consequently, cold night temperatures and watesrhec roads. They calculated a loss of over a millionatslper
ice, forcing the pavement to grow beneath. Thefitraf year, in addition to the other economic damagescited
continues to pound on the expanding segment; ¢hlesy ~ with poor highways, such as air pollution, traffielays,
divot happens below, breaking down the pavement amdmed robbery, and frequent deaths (Ericksson 20aB).
forming a pothole (Koch et al., (2011).Kornél Alregs
C.E.O. of B.K.K. Public Roads reported that the benof
potholes on Budapest's roads had risen dramatidadéiyto

the rapid temperature fluctuations. Due to curvesdither
conditions, more than four hundred potholes have
developed, and repair staff is working three shifis
developing the consistency of the Budapest roadarét
The weather in Budapest is affecting the city'simgstem.
The main challenge is not the cold weather only,the
unexpected rise and fall of the temperature. Ogeitiaas
less than 10-15 degrees and another 15 degreeagufem x
the capital's road network, with hundreds of pathol &
reported daily. Inspectors continually check theds) and
if they come across a large pothole, they wouldecay
with bagged asphalt. Potholes can grow up to sefesh
across but usually just a few inches in diametarntires,
wheels, and car suspensions will likely occur iéyth
become high enough. In addition, serious road esashn
occur directly, particularly at higher vehicle sgse
Potholes can be the product of four major causes:
Insufficient pavement thickness to sustain trafficough
freezing/dew cycles without localized failures,|degs in
service trenches and castings (maintenance holérand
casings), insufficient drainage, and Pavement flamwd

.

2,

Figure 1 the bi er scours at the eastern Yuri age Bri dge Kayen

Figure?2 The oth on the road rfatlrevi .com,
2021)
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2 Scour monitoring using instrumentations
Monitoring concepts for structural structures hbgen

through a steady growth phase over the last dedexla.

result, they play a role in designing new and eingrg

Tethered float platforms include kneeboards andqmm
style floats. The floating volume seems crucialdability
in fast-moving, whirling water. A bridge inspectieehicle
may also deploy both floating and non-floating stuwes.

This is exceptionally effective whenever the bridge
considerably above the river. For example, bridgéer
than 15 m are ordinarily unreachable from the l&idg
instrumentation technologies used to monitor scaur Surface unless this procedure is applied. Muelled a
particular site conditions. This chapter brieflywiesvs Landers developed an articulated arm for positigran
selecting the more often used scour detection ag@nar transducer in 2000. The trailer-mounted ene
measuring techniques. Then, the instruments used &Puld work on highway bridge lengths up to 15 meter
divided into portable and integrated or fixednigh. Based on the angle and distance betweeredset
instrumentation methods. Portable instrumentatiodnd the transducer, an onboard computer calcutited
methods include Physical probing, fathometers (§pnatransducer’s orientation around a given point erbifdge
and Geophysical information, while fixed or integey deck. The researchers also illustrate a manned dsoat
instrumentation methods include buried sensorgrsand scour measuring platform, requiring a safe distance
similar devices. between the bridge and the launch facilities. Dyfioods,
however, the river level may reach or submergeldhe
21 Portableinstrumentations chord of the bridge, and watercraft ramps may bediéd.

Portable scour samples have been taken using sevétdathometer is often used for depth measuremerttiie
instruments. In particular, there are three apgreador POSition detectors are usually GPS devices. Theflesi
creating a portable scour measurement and diviolgimg. GPS above traditional land-based vulnerability escitey

Fathometers are the second kind of meter (Sonat) 4§ that it eliminates the necessity for controtistas to have
Geophysical data. line-of-sight. The GPS can be used in the dark [zl

weather, making it particularly valuable for flood

2.1.1 Diving probing and sound rods m.o.nitori.ng. The di_sadvantage of GPS is that it ban

Diving is a basic scour screening system in which lg[llzed in areas with oyerhead barriers, suchresstor
trained bridge inspector conducts a manual inspeaif bridge decks. GPS readlng_s of the structure'slmjﬁave
the bridge underwater. This system will captureusctata Proved correct without walking beneath the bridge.
from various sites, and the water clarity doesaffact the )
data collection process. However, the downsidehisf t 2-1-3 Geophysical data
approach is that it can be costly, making it maeal for Geophysical instruments use wave spread and
worst-case cases. It also has a strong potentialil, "€currence data to detect the interfaces betweiésretit
Furthermore, owing to the subjectivity of the regats, €Sources with dllfferent physical q_ualltles. Thetldctlo_n
the data produced from such visual inspectionsinaag a Petween acoustic and geophysical procedures is that
high degree of uncertainty (Zheng, 2013). A souwlis geophyspal te_chmques can de_ztect seml-detalbchr_umtlc
used for the bridge inspector to manually testidgerby ~¢an only |dent|f_y the wa_ter-son contact, not tmilment_
placing a rod or weight on the Streambed to detesrtiie 18yer- The primary differences between geophysical
sediment depth. The bottom of the shaft must bettw @Pproaches are the delivered signals and the faragbet
prevent it from contacting the Streambed due tevétight ~ 2lterations  that create reflections. Lower-freqyenc
and friction created by rushing water. When thentyed is @coustic waves are used in seismic instrumentslasito
sand, sounding rods travel through it, decreasiogracy. SOnar (2-16 kHz). Seismic waves can be propagatetr b
Diving probing offers several benefits, includingtit is Pubbles and huge silt concentrations, just as soaar
not affected by air entrainment or high sedimevgleand (Yankielun and Zabilansky, 1999) (Figure 3). Thethese
may be employed in rapid, shallow water. The miwf Of the geophysical technique is to determine sogudepth
in this methodology is the inaccuracy of the datmples [N increasing the water zones during a flood ateioflow
acquired and the potential hazards involved. Fumtbee, conditions. These challenges have become minimazed

this strategy is pricey and lacks the potentiabistomated More advanced, low-cost GPR devices with digitaa da
alerts. dispensing capability have been identified. Howe&RR

can be limited by cost and difficulties, as well the
21.2 Fathometers necessity for borehole data and trustworthy bridge
For portable scour measures, fathometers #ifluences the development to recalibrate and staed

acoustically depth sounders are typically utilizedth® results.

Hydrographical assessment fathometers and fishda . . i

of precision survey grade are also utilized. whil@-2 Fixedinstrumentations

measurements are performed from the bridge, traessiu Instruments installed in the bridge's vicinity arthe
are attached to a pole, thumb, tethered buoy, ombo bridge construction itself, usually at piers andtatents,

architectures. Traditional instrumentation usedracking
and measuring scour and their characteristicssisudsed
in this chapter based on literature analysis ofsenand
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to record data to alert concerned staff when tbarsgepth

becomes extreme are known as fixed instrumentati@®.2 Electrical conductivity devices

approaches known as embedded instrumentation scourThis type of device uses fluctuations in the eleatr
monitoring. The device is mounted at pre-determinecbnductivity of various media to identify the oriation of

bridge locations to track and measure scour. Sbased the water-sediment contact. They use the princgdle
sensors, sounding rods, magnetic sliding lap#tsngters, determining the electrical connection between tnabps

and float-out instruments are among the most populi do their work. The potential to draw current ofi@s as
embedded instrumentation tracking methods (Lagasde the substance between the probes changes. Thisecel
Richardson, 2001). The type of fixed scour monitgri could demonstrate the prevalence and severityea$c¢hur.

device that is used is determined by the infornmattiat is

required. Fixed scour measurement and tracking tceoh  2.2.3 Magnetic diding collar s methods

be categorized into many groups. Magnetic sliding collars are another helpful method
used for scouring identification. This instrumennsists
2.2.1 Sonar-based sensors of a thick necklace placed on a magnetic pole. rblaeis

Which are permanent devices typically mounted en ttpushed into the stream's bed, and the collar Ireshe
bridge pier. Sonar emits pulse waves and procebses stream's bed. When the sand is swept away frostiam
portable trip time from the riverbed to assess sogu bed during the scour, the collar slips down the metig
depth. Both scour and accumulation of sedimentsbean rod, and the depth falls. The base station serfses t
measured using sonar sensors. The only drawbadnaf difference in the collar height used to deducestt@ur. It
as a scour measurement instrument is that its merasuats  is a straightforward measure, and the water's stargy
are influenced by heavy sediment and turbulent flothe does not influence its reading. While this methedery
sea. In addition, high-end sonars with a large ldeptiseful in calculating scour depth, the main dowagédhat
capacity and high resolution can be costly (Figteal., its sensors can only be used once and cannot neeasur
2013). sediment deposition (Fisher et al., 2013).

INSTRUMENT ENCLOSURE
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Figure 3. Fixed devices (a) sonar, (b) magnetic collars, (c) float-out devices, modified from (Zabilansky, 1997)

2.2.7 Vibration-based method accelerometers or fiber-optic (FBG) devices, asstwmir
This approach uses the principle of calculating thgensor's dynamic sensing feature (Figure 4). Horyévie

actual occurrence of the rod fixed in the StreamBed approach is yet to be thoroughly tested. It is iomiig

monitor scouring depth, the opposite relationslgween research, and studies are being carried out (Lagasd

essential frequency and the sensor of the rod Heiggt Frederick, 2007).

applied. It uses structural vibration sensors, sash
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Figure 4 Bridge scours detection methods (Maroni et al., 2020)

3 The approaches for the road potholes 50 used for training and research. With 82 percent
monitoring specificity and 86 percent recall, the overall aacy was

3.1 Two-dimensional I mage-Based Approaches 86 percent.
Itis a technique for automatically detecting hofethe
asphalt. Using the suggested method, the imagptiesly
segmented into faulty and non-defective parts.
geometric properties of the defective field arentbeed to
estimate the theoretical form of the pothole. Reilg that,
the surface of the prospective region is separated
correlated with the texture of the neighboring non
defective region. For example, if the compositidrthe

3.2 Methods of three-dimensional Laser Scanner

e It works by producing exact digital photographs of
existing structures using reflected laser pulsesu#l 3D
point cloud points with their heights were gathededng
scanning and recovered using a grid-based progessin
approach concentrating on essential distress desitics
(Chang et al.,, 2005). Experiments show that pothole

defect zone is denser and blurrier than the neigdpo covering and distress coverage can be monitored

regions, the area of interest is classified ashgh® (Koch effic!e_ntly and precisely to determine the amourt o
and Brilakis, 2011). significant material required.

They used elevated 3d cross-scanning techniqués wit
an invisible (I.R.) laser line projector and a wat camera
to build a low-cost real-time inspection approatiatt
distinguishes bothersome features such as rugingghot,
and potholes. In the calibration process, a multifional
coplanar device is applied to increase the systreigion
enable the use and distribution of further fempoints
t

technique was evaluated using 50 pothole photas fro oughou_t the camera f|eld of view Po_tholes can be
website image collection and MATLAB. The surfaceaar detected in real-ime using Iaser scanning equipmen
was estimated to be around 81% correct. As a rehist However, the cost of laser scanning technology ena
technique will offer a preliminary estimate for fage 9N at the vehicle level (Li et al., 2009).

repair and rehabilitation. Matlab was used with lthage ) o

Processing Toolbox to test the suggested techniqi®3 Methodsof Stereo Visualization _
Images were altered from video formats acquiredguai An extensive survey of the pavement state using the
wireless router robotic truck prototype outfitteithwonly ~ Stereo visual software for a feasibility report.iat way,

an H.P. Premier Image stabilization Camera mouated the asphalt surface is protected by two opticalezam The
roughly 2 ft. hundred twenty images were gatheveth  first move is an analysis of 2D pictures from bcéimeras

Buza et al. (2013) proposed an innovative visioseba
unsupervised technique that would not require esipen
infrastructure, additional processing, or trainifgheir
technique uses image analysis and spectral clugtéoi
find and estimate potholes. Image classificatiamtour
separation using spectroscopic grouping, and deteand
removal are the 3 phases in the suggested model. 'Itﬁr
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for any cracks to be seen and classified. Therggliof 4 Discussion

two image providers of the same asphalt are tftegrated Poor road and bridge conditions and an inadequate
to measure missed damages during one analysi&io transportation infrastructure impede the flow obducts

for better precision. Geometric modeling with latesnd and peop|e in metropo”tan areas. |nadequate infictsire
longitudinal profiles is frequently used to sete#n may also be a deterrent to both domestic and iatieral
dimensional surface models using a pair of phoffiga jnvestors in our metropolitan regions. Productivity
taken within the same paving surface. To gather 3Bbnstraints at the city level, such as infrastmattu
characteristics from specific 2D pairs of photofiion |imitations, impacted the productivity of entergssand

the same pavement surface, procedures should fagnilies, affecting the economy's aggregate pradyt
completed, including camera calibration, correctiofrransportation development's economic relevance is
distortion, aligning stereo dots, template matchiagd |inked to improved society's welfare through progeial,
characteristic reports (Wang, 2004). political, and economic conditions. Quantitativedan

The stereo vision technique replicates the badeeof gualitative gains in human capital, such as incamd
3D pavement with a pair of pictures. In two couplesir  education levels, and physical capital, such alities]
cameras were used to capture surface pavemeRinsportation, and telecommunications, are predict
photographs around a 4-meter extensive floor (an One of the severe challenges in evaluating adequate
individual couple of images covers 200 cm of thadjo  roadway repair and refurbishment techniques israbely
The approach included four stages: measuremefentifying potholes. Physically recognizing andtieg
distortion  correction,  correspondence, and  3Brocedures are expensive and timewasting. As dtresu
reconstruction. DHDV (Digital Highway Data Vehiclen  several investigations have been made to implement
experimental tool advanced by the University of#ras, technologies that can quickly identify and recogniz
a multi-system road condition investigation, pr@dd potholes, increasing survey reliability and pavemen
preliminary findings on the viability of stereowsi for quality by allowing for early detection and intentien.
pavement photography. However, in 3D reconstructiofrrst, existing pothole detection approaches asemined
the resolution can only be achieved in a statiGreninent  and evaluated, with the most common vibration-ba3Bd
of 2mm and a dynamic motion environment of morentharenovation, and perception systems. Although peimep
5mm. Therefore, stereo vision strategies are pEpdS methods are much less costly than 3D laser scanning
calculate pavement status with a stereo-visual cdevimethods, because of the fuzzy signal created bytjooi,
connected to a car to record road network conditidhis it can be hard to diagnose a pothole because thesree
method delivers a brief overview of the suggestdation.  py evaluating the acquired picture and video daga
The road segment was measured as field trials @dogal  result, to improve the current pothole identifioati
road of 650 m in length. The author found thaftteposed  approach and consistently discover a pothole, hopet
stereo viewing system could assess Poland's rdadme jdentification system based on diverse 2D pictues
conditions (Hou et al., 2007). necessary.

The method of stereo vision requires a high lefel o Traditional Scour detection equipment is typically
computational effort to rebuild asphalt surfaces bygxpensive to install and operate and is frequetatifroyed
comparing feature points between two points of viewy debris during floods. Data processing from this
Besides, all cameras are correctly positioned, anere equipment can be time-consuming and difficult. The
there is a vehicle movement vibration, the cameaaisbe  structural dynamic behavior is frequently usedeisearch
misaligned and impair the accuracy of the resulip identify and identify the level of scour aroumdldings.
Therefore, itisimpossible to implement them ea-time The research offers the door for non-intrusive ¢oord

setting. monitoring and intermediate maintenance to diagmaosk
_ track scour progression. Easy installation above th
3.4 Theradar of Kinect waterline and inexpensive maintenance are two ddgen

Using a Kinect sensor (or radar) and USB high-speed dynamic measurements versus traditional scour
camera, a low-cost radar device detects and arsalyz®mputation instrumentation. Frequency shifts adbess
potholes. The project was in its early phaseseatithe of  the stiffness distortion and, ultimately, the imfhice on the
this report. There have recently used low-cost &linedar  structure of interest of the stiffness effect. Tistruments
to take pavement depth images and the quantitynof af the Streambed often neglect this factor sineeglbbal
estimated pothole volume. The Kinect sensor exithet influence of scour cannot be detected until a migmber
pavement depth picture from the concrete and asphatf instruments are used nearby scour critical goifihere
roads. Meshes have been created to enhance tlatialepi is already much space for improvement in complex
of potholes. Detailed analysis of the pothole ragithe measuring methods. Some of the challenges asswbciate
estimated pothole volume was measured using thgth these approaches include the large amount of
trapezoidal area-depth curve test employing a pawem acceleration data needed to collect helpful knogdedhe
image analysis (Moazzam et al., 201). high power necessities for data achievement systanus

other effects.
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5 Conclusion and recommendations [4] FISHER, M., CHOWDHURY, M.N.,_KHAN, AA,
Transportation of goods and services to peopleaigen ~ ATAMTURKTUR, S.. An evaluation of scour

more accessible by adequate road infrastructurghw measurement devicesFlow Measurement and

the development wheel. Good roads make it easiarty Instrumentation, Vol. 33, No. October, pp. 55-67,

products and services and deliver them on schetihky 2013.

can also help with agricultural production and higlality ~ [5] HOU, Z., WANG, K.C., GONG, W.Experimentation

health care. Aside from that, excellent roads redhbe loss of 3D pavement imaging through stereovision,

of human life, commodities, and property, provide a International ~ Conference ~ on  Transportation
convenient and comfortable transit route, and foncs a Engineering 2007, pp. 376-381, 2007. _
recreational avenue. In addition, good roads miénthe [6] HUNT, B.E.: Monitoring scour critical bridges,

cost of transportation upkeep, fuel, and operatibime Transportation Research Board, 2009.

methods are presented in scouring, and potholestitet  [7] JOG, G.M., KOCH, C., GOLPARVAR-FARD, M.,
is costly in monetary costs and requires more human BRILAKIS, I.: Pothole properties measurement
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smartphones can be used. A primary mobile phonighwh ~ Engineering 2012, pp. 553-560, 2012.
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regarding the bridge monitoring, it can connect the Vilaggazdasag. Vilaggazdasag, [Online], Available:
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