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RoadBotics

What Our Technology Automatically Detects:

Transverse & Patches & Surface Potholes Surface Fatigue Cracking
Longitudinal Sealant Deterioration Distortions
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LTA seeks ideas to measure and
- predict road maintenance needs

It is also cal
proposals to improve
the way roads are
designed and built

Lee Nian Tjoe
Senior Transport
Correspondent

< To upgrade the way it manages the
9,500 lane-kilometres of road un-
der its charge, the Land Transport
Authority (LTA) is calling for ideas
to measure and predict road main-
tenance needs.

Separately, it is also calling for
proposals to improve the way
roads are designed and construct
ed

At present, it uses a mix of vid
analytics and artificial inte
gence to spot defects on road sur-
faces. The use of such technolo-
gies has improved productivity
and detection accuracy, LTA said
in a document posted to its web
site calling for solutions.

LTA uses three types of special-
ised equipment to assess road per-

mance today. A laser crack
measurement system  evaluates
surface roughness, ruts (or tracks
left by wheels), surface texture Theland
and cracks; a grip tester assesses to assess the conditions of roads
skid resistance; and a falling
Wweight deflectometer looks a the

and actions needed to achieve minimum road performance levels. PHOTO SHIN MIN DAILY NEWS.

structural integrity of the roads.  gathered during o equipmentasalternativestothose  formance atributes such asriding. o five years.

The authority said in mid-De- Lre.)lca:mg.\purckuad avement  now in use. quality and road safety, the ap-  The deterioration model will
cember that its current approach  Performance System, will | The expectation is for the pro- froach to deriving welgrtings for ke  Into. consideration. factors
has. sdequately gukled malnte- ' bebosted on'a dlgital plstiorm. /posed equipment and methods 0. cachateribute, andthe factovgthet  such as traffic bads, environmen:
nance work and planning butre- _ The system shouldbesbletoas. - measure the healthof the toads o contribute 1o the  welghtings  tal condicions and materia prop-
cent advancements such as in  sess the conditions of roads and yield cost and p sav-  based on their severity and impact erties, LTA said
technology, ways to assess road recommend maintenance levels  ings of a least 20 per cent. on parties such as road users. Finally, the proposal should in-

performahce, and automated da- and actions needed to achieve Toderive the Index,datasuchas  The data collected should allow  clude the design and development
ta-collection techniques may en- minimum road performance lev- the extent of road conditions, and  LTA to predict, prioritise, planand of a tool with an intuitive dash
able it to expand the use of datato  els, and set out m(n\uions needed the size and severity of defects, is  project how to maintain the roads board that will aid in long-term

improve the management of road  to deal with road de! to be taken into account. througha mod- d king for road mainte-
pavements. It ln\lsnxeekmg{hcd(plmmcnl The proposals LTA is seeking e, and allow it to determine the nance and maragement
LTA wants to index the data of cost-effective and reliable may also entail mooting road per-  costs involved over the next three  In response t queries from The
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Straits Times on the potential ben
efits of such a solution to motori
sts, LTA said: “A viable solution
will enable a data-driven ap-
proach to maintenance, improving
the ability to efficiently prioritise
and plan road repairs for a safer
and more reliable road network.”

Vhen asked about the current
inspection regime, LTA said ex
pressways are inspected weekly,
major roads every two weeks, and
minor roads every cight weeks to
spot surface defects.

The cost of checking road condi
tions depends on factors such as
the type of road, total length of the
road and the technologies used. At
present, the cost of collecting data
on skid resistance, rut depth and
roughness of the roads comes to
about $500,000 a year, said LTA.

Separately, the authority is seek-
ing proposals for alternatives to
current construction designs and
methods for roads and bus bays.

It wants solutions that can meet
challenges such as more extreme
weather conditions and the differ-
ent kinds of stress placed on road
surfaces by different traffic loads
in the future, including electric
vehicles, which tend to be heavier.

instead of coasting or fr
wheeling, many electric vehicles
have a feature that applies braking
force when the driver takes his
foot off the accelerator to recover
electric energy. This contributes
towards degrading the road sur-

ads and expressways, LTA
wants to save at least 20 per cent
of costs during the lifespan of the
roads built with the new alterna
tives, which can be during con-
struction or maintenance.

For road junctions and bus bays,
the challenge is the disruption to
road users during construction,
which takes between five and sev-
en days to complete.

LTA wants to be able to reduce
the time needed to pave a road
junction or bus bay by at least half
without changing the structural
properties of the current junctions
and bus bays.

LTA told ST that expressways
are typically resurfaced every sev
ento10 years, major roads every 10
to15 years, and minor roads every
15 to 25 years. In addition, local
ised repair works are done whe-
never necessary.

niantjoel@sph.com
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O Pothole developed less 20days O Pothole repeated twice within 30days

04-22 04-20 04-26
Repaired Patchy Pothole Early Stage
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Repaired Repaired

04-26 T N 04-28 04-29 SRS = wan 05-04
Pothole Early AL Pothole Pothole High Severity Repair Again
stage Low Severity

SR P 05-09 R 05-11 o 05-08 05-20 Pothole High
Pothole e Pothole Repeat Pothole Severity
Moderate High Severity

Severity

N2
E 3
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. N
SR G AR E R
o FEBEG KR (MRER)- A Zz g
— X1 Maintenance
o ZHE
° jx i
hE

IN 4

P

2 41 Crack Sealing

= % E AT Joint Sealing

7 2|22 i3 4 Patching

o ik & ﬂ% ‘¢4 Wearing course removing and replacing
4

- ‘A-‘-'

°
\

-

o % w ¥ s |23 & Surface Treatment
%% R hablhtatlon
o IR g > ¥7g & 2 Full-Depth Reclamation (FDR)
* % & Fipc4f HMA/Concrete Overlay
£ i Reconstruction
o »%rm ¥ 2% Full-Depth Reclamation (FDR)
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Regularpatchmg o | B
materials (After one year)
(After four months)

ACB ACB
‘@ (After four months) (After three years%
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THB
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YA

¢

Drilling
/ 2 persons

IN

In Total 8 m
2.Maximum 2 persons

—

ats

LTy
L T
GANZ e £
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B @ AR K R
WREBTATHR T
e

Laboratory of

Asset management &
Pavement engineering with
Smart technologies

e ———
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Materials Office,
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— 5 R8N
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FudF an 4 3B
'U/R AL E P
T A EFFp L

o %23 &VE;{ F ﬁ;ﬁj i,;ﬂ FRLAN 2()24/12)‘

~—

LAPS Qé
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AT A X

HEFE T P (2024/12)

<

2

.
B
7 3 Py
\ L]
F 3
A P
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o S BB i AT ¢ v (2024/12)
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Z
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SR r ot
G2 R e

BT AR
o ¥ f4rif m®k # (Heavy Vehicle Simulator, HVS
* & #(2024/12)
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= \‘,l A= f‘\' /J-
I S el

R R L L
:’E—F-'r ~ H R }ﬁm/\ ﬁ l—z';i-ﬁ ER I
BRI AT (FHWA, 2015) :

SR RRER (%S HAFER )

_ T a TR (128 R 24)

— i A E'J (2-3&p =)

— ‘J’Tﬁ. Bl (3-bEp =)

\ ' 4
' R A ERT AL November 10, 2025
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)-“'_] A= = /J_
Fuif ae 7 g lp

o Fuifae # KR
— ¥1930# & e K:iFE @?J%K (Ministry of Transport ) 3w

A # 7 B 4> (Bird and Scott 1936; Bird and Miller 1937 )
N - FERIECY. SRR S Y N ]

GAPRE o BRI AKR A AA B G 0 SRR (road

e
aspect) ™ 2 # §mk % (vehicle aspect) ; R 2R R
AEE AL A AR T AL Z A G KitE o 6
A

¢

e ¥ % A * w (driver-related) -~

e # §5> & (vehicle-related) -~ 1%

o LI E G (highway conditions-related ) -
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= K= = L
Fuif ae 7 =

o i 7 KB

SRR A PSR FRRERT RS LR 0R

A }i/‘},,"ﬁ 3T
K N F f@;ﬁ *‘g‘%~ MR TR A O LG R
- TR m«‘xp"b/f’ ip 40 1% ; =S 73-3}3 L__/,m /%' p‘i‘ & iﬁﬁl;g 3"?/%:35 En

=% ch 4+ 45 (AASHTO, 2008)

r /

R

N

O
-

OB F Mg AR 4 T B MR
Minimum Maintenance Threshold ) > » & &_
ﬁawfﬁfﬂ@ﬁiv@éuﬁ@_,;@
et NP TE Y UL R R Ryp T R E R
#1327 (AASHTO, 2008 )
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)-“'_] A= %,)/J_
Fuif ae 7 =

—»7{, ]‘iv{/{l/{l"% %7}\ :Jr'r/-ﬁq’ﬁ_,@\ au Eu#
#Fi}"i;}m/ Bb’gmﬁﬁ‘mﬁ,\}%\aﬂi\% A
iﬁi ,ﬁ‘*m%ﬁg °EE’5’*"J~/?%T/%IR‘%L;¥‘*]§;@.

N N B KR UE D mFIEAPM o & T SR

¥ % (Glennon, 2006 )
o N FE (EREFEkEER) ¢ (1) é’lﬁ%ﬁf’ =% 2 EOFER (2) ﬁ?‘i %
m ERERIE (3) 4w %\»\iﬁt RIT (4) o Ko k& (5) F
B (6) 2BEFER (7) AT MR (8) vrkf?’/ul‘m
o B F] 2 (Ei&%—?"“ﬁgﬂi> (1) R EwAE (2) FRpERF
e ERFFE (L KWERMM) ¢ (1) & (2) ek B O(3) HE (4) #e

o BqEFE (BROERREAM) ¢ (1) R B (2) B s R (3
) B imfA s

— BRI R G IR
B iR N B~ AR
#5 2

A

i
F IR

i~

G

£
==

FGT e A DR A kERY AL November 10, 2025
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PR N EfF RS L
o 1A ? & P

- A WA RAL FALTFOES BT ERF R A D e
B R e A2 REdF (Hydroplaning ) 3R % -

/\&

A2 KRBT FR %~ 3 = BiE4E (Glennon, 2006; Ekram,
2018a&b ) :
. Q%F%?Tﬁ" WG K p>RFEG PR § - TR T PR
.q_ /f’ﬁ’éﬁ# ERNL 4 Tk R (Normal)
e F]L B BB B — TouE B IR KR B 7f A8 #w (Transition )
o PEIER AL RGO B g 457 ot H 4 2 B G ik
i—gz\%—iﬁ%ﬁﬁ& F’&m@#J (Hydroplanmg) 2 iR A
% 3 | & ﬂiﬁﬁ S eI 4 o
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,J A= f‘\' /J-
ig /W At 3 g lp
o Ay g" B

R x@;ZtU\mm”ﬁé; Al (rule of
thumb) oo - P Rk R

o AZiFF | pF72.420 2 (& -] pF45

®2)
o« G- BAAF V262 Rk
(0134 ) transition
o L RAZHI2 ' (30% & ) g
B
- G TR AL Bk R
eIl Fe o o

Glennon, 2006; Ekram, 2018a&b
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3 24

— -k SR H R TR ;[‘ﬁJTﬁ—jE;ﬁ.;;J?Qi
X D72 F”m&é@fJ,Igﬁﬂg {T@%%;ﬁ.,ﬁé$é‘&g\
:."/, Ll -
B R A A

2
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= )] K= = L
Fuif ae 7 g lp

o A ? E R

T A

ey

— B 8 E TR RE G A E (Laws of Coulomb Friction) - =
# % B ik B4z (Coulomb friction) > & # % 77 > #25%4-3¢ (Tipler,

1998; Su et al., 2018 ) -

Weight

Ff =}1XN

oo u=A#Hiik
N=dZ-3% it#* 4

Fe= B4

Cogfficient of friction, —— Friction

Normal Force, N
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)-“'_] A= %,)/J_
Fuif ae 7 =

’%\i
o
1“5

o UL ? &P

— L %”pfrﬁﬁm 2 [ BERA GRg 2 K _Kummer (
1966) 352 BAHE 76 L2 R F RS L o HRAD L
G4 B A BanE iR L S Aa A 4 PR 0 35 AL
éﬁm 7o B ] o & B AR B fodkiF B4
o FLiF xS (AdheswnForce) Ed B imn e e 2 BRI AR R EL

A4 ZLF 4 ﬁ_ﬁ%/‘ﬁ‘“ﬁvﬂﬁ\eﬁé«é*"ﬁ;#‘@{d” FidE
%"“*‘ﬁi,}gb?iiiﬁé&“*ﬁzfﬁ’*‘, A E B4

F

;T

d 304 o kol 2 P20 = < s FS"&EE’#& |2 N R ERBIARIEE S A, F
0 B B AL BT PE > PR G @«@sww i mw R R
;,J;
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4 sp
i Ip

v

2 M}

F=Fa +F]]

o L4 Tl

# ¢ s Fa=3b¥ * (AdhesionForce) ; Fj,=2£/# # (Hysteresis Force) ;

AASHTO, 2008
Adhesion Hyvsteresis %
w Depends mostly on micro-level Depends mostly on macro- ﬁ\/;_’
surface roughness level surface roughness = =%
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Plotkin %

Jﬁf’i‘\\

A

$
P

(1980) 43

AR E AR RILEIN (T E X 2 AR

h K
%

B2ekd %7 7 BB Tt e hag i E PIARC (Permanent
Internatlonal Association of Road Congresse s) g b M ENE | ¢

it

R H RIERE R A

v

i

L R

0.1mul 1l 10mil 1/8m. lm. 11t. 10ft. 100ft.
pm 10pum 100um Imm 10mm 100mm Im 10m 100
l\'IiICI'O—textul'e I | I hlacro—textlure |I\Ie:ga—textul'4 | Rough:less
IRolling Resisltance I |
ll{ide Qualityl
| Wet Weather Friction |
Dry Weather Friction I
| I Splash & Spray |
Tire Wear Vehicle Wear | Plotkin, 1980
| In-Vehicle Noise | Good
Tire and Pavement No!se | Bad \_\\.‘%_.
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).“il A= %\'/J-
oA ? i

o 1A ? & P
— Shuo% 4 (2004) 45 %1 > ¥ A Feem P (PIARC) &- # £§ 0 %@
BB RIS A R 2 BRI M R W BERS  oRE  RS
s BRI R BOAAEE IR A o d JLF A LA G 2 Pl 4 Bt i
BLREAE BRI o FIHGG 6 &2 305 4 2 & ik gl
A A B AR E LRI o

Microtexture

Macrotexture

Plotkin, 1980

LAPS

Z
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= ) K= =1 L
Fuf e ? 3G

BT AN ER iR F
o i 4 &R
- 2ROPHEP FFE R IFERRET S P U A
e TR RFLERER PR RIS e FE @
EREREAR > 7% PenZ % BRI G 972 > TR
SO Wele N e RS U
e &%) (Sand Patch Method )
o kN T b4 o X1 E PR (Circular Texture-Track Meter, CTM)
e & ;' HiEik (British Pendulum Tester, BPT)
o ¥ it B2 #ic ik (Dynamic Friction Tester, DFT)
e ASTMIL¥ 4f #5 5 #& B @ (Locked-Wheel Towed Trailer )

(e

e IR
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Fuf i 4 355

o U * B P

— 4 #)% (Sand Patch Method)
FI5E O OBy E BT AREIEFREF IS B

FLESS . E NS S
¥ 2 mﬁi’/zz o i‘%r}i '7541\-"}%] %0E TR LFLJ}?::*"ASTl\/I E965-15 (2024
) E&fF o H R ’? R RN sV (mm?) o BH K T R
o b HBEgHEN2ZFA e FOEED (mm) 0 £ &2 il ffiE
B wv E @45 2 T2 ERE (Mean Texture Depth, MTD )

. PORTABLE WIND SCREEN 8

SURFACE CLEANING!
BRUSHES 8

N2
ASTM E965 ==

November 10, 2025
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— \‘,l 1"'—; % f‘\ » /J-
i :

PR Iy 2.1
i%& (Circular Texture/Track Meter, CTM)

RN B A e KRR
CTMp ikt - B irim e~ (CCO)F HEBRBE > @ ZHE

BREEXRTRER 4;“_284-mm17ﬁ'] AHE R > F A G 2 e~ 404
o RBATHE D 25 T 'i’%f“:” o d TR E R E o

- kYRR 42 ASTM E2157-15(2024) % ipl £ 4 & 0T 35935 R 1% & (MPD) -

i ST TR R iz 3 s 145 B Jis B (CCD) .-f-_;\/-
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A
Ry XX

& (Circular Texture/Track Meter, CTM)

File Name | | C\Users\ThinkPad 508\Desktop\CTM\20170426 Trial.ctmx |

Select(F2) | Sttus! Standing by

8.0
6.0
40-
20-
0.0-

-2.0-
-4.0-
-6.0-]
-8.0-

-10.0-

-120-

-14.0-

-16.0-

-18.0-

-200-!

mm

]% Opexatnr] Liang
Broict 20170426 Date 201774726 ﬁ\ Weaﬂm[ MED i
Point 3’26 6 il WE
Tme 2414:58:29
Condition [indoor j! @‘ Surface Temp!26 6 Fe
Memo ;trail Dﬂtﬁ 1 ]D53
o B c D E F G H E: D&t& 2 |:|53

»| | Data3 |05
o) | Datad |0
of | Data5 |0

Data b |EI

Data7 0

@ L b

Diagonal Line

ol |

MPD/RMS

= i Graph Fix Close(F12) '

MPD(drop){RMS]

= B&CTMFé’%%%:#J;Bf 72 5t

(HL

[ 11.A.0.41(0.78%)[0.25].B,0.25(2.24%)[0.17).C.0.67(0.78%)[0.25],D.0.49(2.24%)(0.21L.E,0.57(0.00%)[0.611.F0.48(2.34%)[0.29],5.0.64(1.56%)[0.711.H.0.76(2.129%)[0.72].Ave.0.53(1.66%)[0.41]
[ 2].A.0.44(0.00%)[0.28].B,0.25(0.78%)[0. 16].C.0.61(1.56%)[0.22].0,0.47(2.2436)[0.22]. E,0.58(0.78%)[0.61].F0.48(2.24%)[0.26],5,0.68(1.56%)[0.711,H.0. 73(6.25%)[0.63]. Ave,0.52(1.95%)[0.41]
[ 21.A0.40{0.00%)[0.20].B,0.25(1.56%)[0.20],C.0.62(0.00%)[0.25].D,0.56(1.563){0.21].E.0.61(0.00%)[0.61],F,0.56(3.129%)[0.58],3,0.66(1.563)[0.711.H.0.72(2.12%)[0.71], Ave,0.55(1.37%)[0.46]
[Ave],A0.41(0.26%)[0.28].B,0.25(1.56%)[0.12],C.0.62(0.78%)[0.241.D,0.51(2.085)(0.21],E,0.55(0.26%)[0.611.F0.51(2.60%)[0.28],5,0.66(1.563)[0.711,H.0.74(4.17%)[0.71], Ave,0.54(1 £6%)[0.43]

£
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)-“'J A= %‘)/J_
Fuif ae 7 =

BT A XA ER BT
o I Ap * E-I B
— B AR (BPT) &% p 1960F B4 * f,/‘f iy ASTM
E303 (2022)%311%#{#: 151" /? ‘ ’ ﬁ ’f )}* Y ‘;EL_ }: I8 K- R %#ﬁ'
5 P %ﬁf’ PR /ﬁ‘ﬁa"}aﬁ#m 2. ¥ %ﬂ*#ﬁ”#%ﬂ*:}ﬁsé B v BE
V48 (British Pendulum Number, BPN) -
o BRI T ML ARAH ) KT HASTM E303-93 b 2 5k

-H*rii———.

=

ARSI 4
14 8t

RBE A —
VAR A sk da
_rren “wﬁm AP Hda
® Pk “ e
".‘ff.’f = ._ )f .
e N4
(% 1 4224445 0 % 103) (2% % 02018 T
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B N T
"I””U/ Rt 4 =

¥ At B 7% Bk (Dynamic Friction Tester, DFT)

DFT S £ 3 ff & s duifrtRipl & > >0k g2 ip b X8 = 560
B S  RRR I R B S N eig o 5 d B g
TR SIEIE IS Y 258

~ 4R R ASTM E1911-19(2024) » Fipl £ 4F & ehd & #5 B3k (3 Bc(DF Ty) ©

T AR R

'} N\

LARES gE S DFT2 -k 2 4 4 ;é
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&= 3= 1% #c iR (Dynamic Friction Tester, DFT)

File Name 20170426.dft

WET |WEL
Overlap

Directory path | C:\Users\ThinkPad 508\Desktop\DFT
%

Select(F2)

Start speed 60

Status Power supply is turned off.

2.0~

Km/h

Measurement

Date | 2017/4/26
Weather
Operator Liang

Test name Trial

Place Laps
Point

Data count 2

Time|T#

Temp 266

Clear(F6)
03:06:16 ml
Road temp 266 E"DFTZO 'E.:‘E‘ f:f S ‘%’?

Road temp

Mu per speeds

- 1 |20 Km/h = 082
2- 2
sl ] 2 40 Km/h = 086
1— § 1.0- 3 60 KII‘L'h - 001
: 0.38-
R 4 e Km/h = ©
90 100
Km/h
R R AR R R Start(F1 Return(F12)
0 10 20 30 40 50 60 70 80 90 100 Kkm/h
W BDFTies g 2 4235 4 o P
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P N EEF g

= :A A= ‘E’\ » '(_l-
#mlg’ﬂb 4 \‘zI"\:'
o U ? &P

— ASTMIL+ & 8558 #& Bl #  (Locked-
Wheel Towed Trailer)

o i P B i T ik %ASTM E274
(2015) TR TR E R
/Z‘ ©

o L fE F ik %’;\’f » 11165kPa (
24psi) R A Lip ,Eémz\m b E m&;\
Agmrew R E B A i 4 FHRplEE
PRI RS R R A ] %642\ 2 (=]
EAQ® 2 ) pF o Rk AR 1”05—mmm
KRS 0 RS AR T o &E' TP
FAF Bl A S ‘/"%‘fﬁi = 1.04)48 » @
HBipdp At 210094k T 0 T Rz
%ﬁ*z?l Y S (e (Skld Number) - 1/

Fo e w2 L EEGEERGE (

SN,,) 5 %4
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IR STy ASTM E274% 5% 4§ #
Bog * fCRA s DR * kRS

o
PN

(e
i
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— \‘,J L‘L; f‘\ » /J-
Youtube
o Fuiff A * X P
— ASTM E274 35 ;5 gf #h i it 4 R RIK &
o
Dolyouiwant me to countiyou down?
LAPS g ‘ & ,l! %5_/4
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