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m Bonpocbl aganTaumnm, Ha KOTOPble Mbl XOTUM
CAREC '\ OTBEeTUTb

Kakolt ypoBeHb agantauumn Heobxoamm B ropoae/pernoHe
° /. e HaXxo4ATCA NPUOPUTETHbIE 30HbI NOABEPKEHHOCTU PUCKY?
\o 1€ HalW MHBECTULMM OKaXKyT Hanbo bluee BANAHNE Ha CHUXKeHMue ywepba n Bpena’?
e Kak Mbl MOXEM WHTErpMpoBaTb MNOBbIWEHNE YCTOMYMBOCTU C 06CAYKMBaHMEM W
obHoBNEHMAMKU?
- e KaK Mbl MOXXeM Nlyylle pearnpoBaTbh U BOCCTAHABAMBATLCA NOC/IE CTUXUMIHbIX beacTBmin?
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N\ KOHTEKCT - npo6iema, KOTOPYHO Mbl MbITaeMCA

CAREC 7 penimTh

* MN3beratb->04yeHb Manana 4acTb
MHPPACTPYKTYpPbI, rae nsberaHue
CONTROL - Mitigate physical impact PUCKOB MOXeT ObITb
o . LenecoobpasHbIM - Hanpumep,
TRANSFER - Limit financial loss and aid recovery I'IpM6p€)KHaFI VIHCI)paCprKTypa,
ACCEPT - Adaptive response arrangements KOTOpaA nony4yaet nogpexkaeHna npu
KaxXaom wrtopme nan npunianee.

Avoid Control Transfer Accept
100% _""{)< ...................... e » Assumed Event d anHMN\aTb '>60f|bL|.|a‘/:| qaCTb

Frequency MHPPACTPYKTYPHbIX CETEN, rae
N 25yr BEpPOATHbIE NOTEPU ByayT

AR MUHUMaJIbHbIMU, U UHBECTUPOBAHME
v | === 100y B aAanTauuio 3TUX Yactel byget
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= \ ) cMUCTeMa ynpas/ieHUA akTUBaMM

Percentage of Assets nomoraeT Ham OTBeTUTb Ha ,D,aHHbIVI
BOMnpoc

* KOHTpOANb -> YacTb WHGPACTPYKTYpPbI,
Consider multiple possible futures, where risk(s) change with time rae NPoeKTbl No aganTauuu byayt
KOHTPOJINPOBATb noTeHLunasibHble
notepu ot cobbITMiA. (XopoLuas oTaaya
OT UHBECTULNI)

* [lepepaya - pasnnyHble UHCTPYMEHTDI

MexaHu3m onpegeneHmna cteneHn BaXKHOCTU ABNAETCA KNt0YeBbIM ANA dnHaHCMpoBaHus, Takne Kak

CTpaxoBaHue Unu 3a/10roBble

AAHHOTO aHaAn3a obA3aTenbcTBa , MoryT 6biTb Honee
NPaKTUYHbIMU

AVOID - Reduce exposure

Loss value
-
-
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Source: Hugh Cowen




AN [TpruHATME PUHAHCOBbBIX PELLEHMA ANS

SAREC N NoBblIWLEHWNA yCTOI\/JNMBOCTI/I

OTnoXuTH MHBECTULIUN UK YNPaBINATD MHBECTVIIJ,VIVI 693 CO)KﬁJ'IEHVII?I
PUCKaMU no-gpyromy
YKpenuTb 1 3aUTUTD

9 M3beratb - IKCTpeManbHble PUCKM, "?“ + 9 KPUTMUECKN BaXHbIE KOMMOHEHTbI

i KOTOPbIX MHBECTUL MM He ByayT UMeTb 3HaYeHus i MHPaCTpyKTYpbI

Mepesop pucka B cnyyae HU3KOW JO0XO[HOCTH R Ykpennatb U 3awiMLath NPOEKTbI,

n WHBECTULMIA NPU COKpaALLEHUU PUCKOB 0 UmeroLLme BbICOKYI0 A0XOAHOCTb
(Hanpumep, cTpaxoBaHue) 2 MHBECTULUW B pe3ynbraTte
a CHUXXEHUS PUCKOB
0 OTNnoX1Tb 3HaUYMTENIbHbIE UHBECTULUM, YnyulieHue npoToKONOB N pecypcos
3 KoTopbie He TpebyloTca cenvac 2 pearMpoBaHusa Ha upesBblyaliHble
(Hanpumep, nepeHoc mocTa) 9 cuTyauuu

0 MpuHATL puck aNa 60nNbLIKHCTBA CeTel, 0 B _
. MMEIOLLUX HU3KYIO BEPOATHOCTb MK y ocCTaHOBJIEHWE Nocne KatacTpodbl:
4 4 nyywe/vHave

nocnepcreua
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YnpasaeHne 40POXKHbIMUM aKTUBAMMU,
~ YCTOMYMBBIMU K UBMEHEHUIO KIMMATA

Understand and Define
Requirements

Develop the AM Policy

Define Levels of Service
and Performance

Forecast Future Demand

Understand the Asset Base
(the asset register)

Assess Asset Condition

Identify Asset & Business
Risks

Developing Asset Lifecycle Strategies

Financial & Funding Strategies

Maintenance Strategies
and Plans

Operational Strategies
and Plans

Lifecycle Decision Making Techniques

Asset Management Enablers

Asset Management Teams

Asset Management Plans

Information Systems & Tools

Asset Management Service
Delivery

Quality Management

Continuous Improvement

Prior to event

CeHTs6pb 2024

During event

I After event

Source: Integrating Climate Change
into Asset Management

Session: Climate Resilient Road Management
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CAREC HpOBe,ﬂ,eHVle OUEHKUN KITMMaTUHECKUNX PUCKOB
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<—————Data, Warehouse and Platform > < Climate Risk = f (hazard, exposure, vulnerability)——> <———Investment Programme———>

Climate Investment

Data Model Climate Risk

Inputs X Platform Climate Likelihood Climate Consequence
Approaches:
-Relocate / Avoid
-Control / Protect
-Transfer
Specialist Models e.g., -Accept / Maintain

climate hazards GIS e.g., QGIS, ArcGIS

Flood , coastal Asset Exposure to Hazard Climate Hazards

Prioritised Investment ($)

[
Asset Fragility to Hazard Flooding Criticality

Council/municipality e.g.,
Asset Register, asset

valuation, criticality (vulnerability) Wind [AA, A, part B]
Drought
Heat
Ice/Snow Resilience / Lifelines
All records attached to an asset or asset group Criticality

Example Criteria:
-Materials / Design
-Location
-Capacity
-Condition
-Data Confidence

Source: Blake-Manson and Henning
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Community or
Environmental
Vulnerability

Infrastructure

Impact on Infrastructur X
Failure

Matural Hazard Event
(Slow Changes & T
Shock Events)

Direct Impact on —
Community or { Lifelines for Disaster Respones.
N _ er Re.
Environment I —— _ST“_
T NoSpar—
S Sheeits g
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CAREC .7 PaKTOPbl KPUTUYHOCTU

° CTpaTemqecxa;l Ba)XXHOCTb/3HA4YUMOCTb - YKa3aHue Ha CTpaTterm4eckyro BaXHOCTb Ha

HauMoHalibHOM, permoHasribHOM Ui MECTHOM YpPOBHE.

e B3aumosaBUCMMOCTb MeXAy pasfU4YHbIMU UHGpaAcTpyKTypamm - cam no cebe
KOMMOHEHT aKTMBa MOXET HE CUUTATbCS KPUTUYECKMM, HO MOXET ObiTb B3aMMO3aBUCUM C
APYrTMM  KOMMOHEHTOM aKTMBa, KOTOPbIN ABMNHAETCA KpuTUYeckuMm. Hanpumep, nvHus
anekTporepenay MOXeT He O4YeHb aKTUBHO MCMNOSb30BaTbCHA, HO OHA MOXET nogasaTb BoOy

Ha KPYMNHYHK CTaHUNIKO OHNCTKU CTOYHbIX BO, YTO AeraeT €€ KPUTUHECKH Ba)KHOMW.

e JlMHUM XusHeobGecneuyeHUs - 3HAYEHME WHAPACTPYKTYPbl C TOYKM 3PEHMSI CBSA3N C
aBapuUHbIMK crykb6amu, GOnbHULLAMU N OCHOBHBIMW KOMMYHanbHbIMK cnyxbamu. K
NUHUAM XN3HeobecneyeHns Takke OTHOCATCA MepornpuUsaTUs Mo NUKBMaaLuM NocneacTBun

‘-Ipe3BbI‘-IaIZHbIX CMTyaLlMVI, TakKne Kak MmapupyTbl 3Bakyaunnn n BpeEMEeHHbIe Y68>KVILLI,8.

* M306bITOYHOCTb — BO3MOXXHOCTU N N3OLITOYHOCTb CUCTEMBI, no3sosidroLne CnpaBUTbLCA C
n0Tepel7| ornpegerieHHblIX CBA3eun B cUCTEME yCcnyr.




Ca XPyMnKocTb MHGPACTPYKTYPbI / dnsmnyecKkas yasBMMOCTb K
LLIOKOBbLIM CODbITUAM

Description Condition x (Capacity or
Utilisation)

Grade 1 withstand substantially more significant climate events <4

compared to design standard I_I pOAB M HyTbI l\'/'l ypo Be H b
- withstand more significant climate events compared to 4to7

design standard /

3
Grade 3 withstand the design standard climate event 8toll Standard of protection provided
: . . . by defence

m not able to withstand the design standard climate event 12to0 18 Probability of ¢
m not able to withstand minor climate events >19 defence failure

Ba30BbIl ypOBEHb 10 —

’
{
I
p—— “tue”frgity
!
i
0 PSS Lkl .
0 Severity of load event

CeHTs6pb 2024 Ceccus: YnpaBnieHWe A0poramu, YCTOMUYMBBIMU K KIMMATUYECKUM M3MEHEHUAM
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* B HEKOTOpPbIX CTPaHax 3To npobaema Neol.

* BocctaHoB/IeEHUE 0O6bIYHO 0O6XOANTCA OYEHDb AOPOrO.

* Co3aaBan naeasnbHblM LWUTOPM -> BNAXKHOCTb +
ceMCMMnYecKan akTUBHOCTb

Rockfall attenuators protecting the road and preventing accidents. Photo courtesy of Michel Di
Tommaso.

Gabion walls are used to control erosion. Photo courtesy of Michel Di Tommaso.

CeHTAbpb 2024 Session: Climate Resilient Road Managemen
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* BeceHHee nonosoabe

* [oBbILLEHHAA BNAXKHOCTb
NOPOMKHbIX MOKPbLITUIN U TPYHTA

* [IpeKpallueHne aBUXKEeHUA
* [loTepAa moCTOB

CeHTA6pb 2024 Session: Climate Resilient Road Management
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* 13meHeHMe XxapaKTepa 3amep3aHuns u
OTTaMBaHMUA

* B HEKOTOPbIX CTpaHax BO3HUKAIOT r|p06neN\b| C
MCYEe3HOBEHMEM BEYHO MepP3/10Tbl

Sub-zero air
tempratures

Frozen Water in larger

voids along the

Surfacing , , L freezing front
t f forms ice crystals
Unfrozen
Aggregate Subbase

Water is drawn
from adjacent
voids and freezes
on contact to
enlarge the crystals
to form ice lenses

Frozen Subgrade

Developing Ice Lens
at frozen front

Water is drawn up
from the unfrozen
subgrade. The ice
lenses grow larger
exerting pressure
relieved by upward
movement and
surface heave

NcTouHUK: Tensor

il

Capilliary water
drawn upward

Unfrozen Subbgrade

CeHTAbpb 2024 Session: Climate Resilient Road Management
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Adaptation
Approach

Avoid damage

Protecting road
assets or
construction new
features

Retrofitting
existing
infrastructure

Catchment area
improvements

Do minimum or

nothing

Delay adaptation
to post-event

Description

In cases of extreme hazard
exposure, or places where there
is a certainty of infrastructure
loss, the damage could be
avoided by relocating
infrastructure to less exposed
areas.

Various protection strategies
exist to avoid hazards impacting
road assets.

Retrofitting involves
strengthening or changing
infrastructure to be less
vulnerable to most likely hazard
impacts.

Taking a more holistic approach
to reducing the hazard exposure
for a geographic area.

Don’t take any resilient specific
actions other than increased
maintenance and renewals.

In some more costly
adaptation options, it may
be more economical to
delay an adaptation
strategy until after an
event.

RaTeropuma mep

Examples

Coastal roads that are low-lying thus prone to
overtop, and moving inland is a more practical
option.

Flood protection structures
Slope stabilisation techniques

Bridges could be retrofitted to withstand floods
and seismic activities better. E.g. clippings to
strengthen bridge deck's lateral stability on
beams.

Improving overall catchment/stormwater
drainage or improving run-off characteristics

Situations where higher priorities elsewhere or
funding constraints prohibited investment into
resilient options.

Bridge structures that will require
costly relocation could still be functional
until the next significant events. A new
bridge is constructed elsewhere or at
an increased height or strength on
destruction.

Session: Climate Resilient Road Management
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[aroTca HeKoTopble obLWwume peKkoMmeHaauum no BANAHUIO KNMMaTta Ha
NOBEPXHOCTU U crnocodam 6opbLOLI C HUM.

BanaHme KnmmaTa Ha AOPOXKHOE NMOKPbITUNE

BosgencTBue Ha 4OPOXHOE NOKpPbITUE TpebyeMble XxapakTepuCTUKN NOBEPXHOCTU MoTeHuManbHbIe TEXHONOIUN
MexaHunuyeckune nNoBpeXaeHUA JOPOXKHOIO | e Bonee npo4yHas NOBepPXHOCTb ° MoauduumpoBaHHble cMecu, Takue
NOKpbITUS B pe3ynbTaTe NepeHoca BETPOM (HeyacTo genaeTcs cneumanbHbIN KaK NOBEPXHOCTH,

Mycopa (Hanpumep, onpoKkuabiBaHue [ONyCK Ha CUIbHbIN BeTep) MoAaucuMpoBaHHbIe 3NOKCUOHOWN
rpy30BUKOB) CMOJIO, apMMUPOBaHHOE BOJIOKHaAMMU
cBsA3yKLlee BELEeCTBO
PaccnoeHune noBepxHOCTH ° MoBepxHOCTU MeHee NoABepKeHbl ° Mcnonb3oBaHue rpyHTOBOYHbIX
paccrnoeHuro nOKprTVIFI UIn JIMNKUX riakoB

° OgHocnonHbIn accanbTt

NMonapgaHue Boabl Yepe3 NOBEPXHOCTb ° Ucnonb3oBaHue MeHee ° BapuaHTbl accanbTo6eTOHHOMN
NPOHMLaeMbiX NOBEPXHOCTEN CMeCH C NJIOTHbIM
(Hanpumep, NNOTHbLIN rpaHysioMeTPUYeCKMM COCTaBOM UIN
acdanbTOo0eTOH, MeHee repmeTu3sauunsa HakKngkom
NpoHMLaeMbIl, YeM, CKaXemM,
ofHocCnoKnHas weobeHo4YHas ° MoBepxHOCTH, yCTONYUBBIE K
NOBEPXHOCTbL). TpewmnHam

YMeHblUueHne BA3KOCTU OGUTYMHOro ° TepMocTOMKNE NOBEPXHOCTHU 4 MoandnumpoBaHHbie cBAsylolme

BSXKYLLEro BelecTBa NPUBOAUT K €ro BellecTBa, UCMONb3yeMble B 3NOKCUAHOM

BbIMbIBaHUIO accanbTe U repMeTM3aumnA HaKUOKOM
° Wcnonb3oBaHue Tennoun acdanbToBON

I-IOBb"'ueHHoe 3aTBeépAeBaHue 6MTyMa CMecCu ansa CHMXxXeHUs1 OKUcreHnsa Bo Bpems

(ochneHMe) CMeLUMBaHUA U yny4lleHusa OoNroBe4yHocTn




A A\ YMeHblUeHne BO34EWNCTBMUA

1 INSTITUTE

CAREC

T T M3MEeHeHMa KnmmarTa
N

Performance

A
Green is more resilient
than Red
= Faster recovery time
1) = Higher level of service
Drop in
Performance ' Blue is a hardened 2

:.-.—.-: system as ithasa higher
2) final perﬁ::rmant:e level
Recovery time (full, or partial improvement)

Time

>

Resilience with respect to an event (e.g. Flooding, fire, earthquake, etc ) is characterized by two parameters:
1. Drop in performance, induced by the event (e.g. reduced ability to carry load).
2. Recovery time to reinstate or improve performance.

19



A0 N YyeT UsMeHeHuUm KammaTa
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MapameTtp
1990 po 2025 2025 po 2055 2055 oo 2085 2085 no 2115

MukoBas MHTEHCUBHOCTb + 5% +10% +20% + 30%

ocafkoB
MukoBble peyHbie NOTOKKU + 5% +10% +20% + 30%
MoBbiwWeHne ypoBHS 10 cm 15 cm 25 cm 35 cm
NOBEPXHOCTHbIX BOA,
Mopsi

UcTouHumK: [loporkHoe npumevaHue 31




TGN YeToiumsble ApeHaskHble cucremsl (YAC)

IIokprITas TpaBou HU3WHA

Sealed shoulder

Grassed

Grassed slope Scour check at shallow slope

intervals as per design

Wider than usual side drains e.g. 1.5m

3
\J

NcTouHuK: [JopoxKHOe npumeyaHue 31
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RANMMaTNHECKMM N3SMEHEHNAM

[ToBbIIIIEHHBIN YPOBEHb 00pa30BaHUSI

Flow direction of '« Carriageway . ’P/avement

over topping flood
/ Embankment

Mortared
rip-rap

AR\
\‘\\
b

.‘;)

Drain/stilling basin

- Concrete

o\

UcTouHuMK: [loporkHoe npumevaHue 31



A0 G CoaeprkaHwme nopor
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ol ko e e i o

* Hapnexalee coaeprkaHme gopor
ABNAEeTCA Hanbosee BaXKHbIM U
3dPeKTUBHbIM CNOCOBOM CHUKEHUSA
BO34EeMCTBMA MEHAKOLWErocsa KAMMaTa Ha
OOPOXKHYIO CUCTEMY.

* [pw OTCYTCTBUMN HAANIEMKALLETO PEXMMA
TEXHUYECKOro 06CcNyKnBaHmA yuepo,
NPUYMHAEMbIN KNMMaTUYECKMMM
ABNEHUAMM, ycyrybnserca

*  Takum 06pasom, yxon 3a AOPOKHbIMMU
NOKPbLITUAMMU N UX TEPMETU3aLLUS;
perynapHoe TexHuyeckoe obcnyxKmnBaHue
MOCTOB, BOAOMNPONYCKHbIX TPY6 1
APEHaXKHbIX COOPYXKeHU ana
obecnevyeHns nx pabotocnocobHoOCTU U
OTCYTCTBUA NPENATCTBUN;

* TexHM4YecKoe 06CNyKMBaAHME U yNyULLIEHWE
paboT No 3aWmMTe CKNOHOB; U

* CUCTEMATMYECKME OLEHKU ANA BblABNEHUA
M NOCTENEHHOro YCTPaHEeHMA YA3BUMbIX U
KPUTUYECKUX Y4aCTKOB A0POT ABNAIOTCS
nepBoi Mepoi 3aLLMTbl OT KAMMATUYECKNX
PWCKOB.
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ROAD __
gIOT E @ Transport & ICT

Integrating Climate Change
into Road Asset Management

A Guide to the Structural

Design of Surfaced Roads
in Tropical and

Sub-tropical Regions

Integrating Climate Resilience into Road Networks

Foreign, Commonwealth
& Development Office
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CeHTs6pb 2024 Session: Asset Management Information Systems, Dr Theuns Henning




