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) THIS ILLUSTRATED HANDBOOK CONVEYS THE CITY'S ROAD DESIGN THROUGH CLEAR VISUALS, MAKING THEM
,f/ urban action and research

ACCESSIBLE TO URBAN PLANNERS, ENGINEERS, GOVERNMENT OFFICIALS, AND THE PUBLIC. IT HAS BEEN ADAPTED
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NAMMARKRASTIESKAILIO/ (1] [BASTRATD Gl (17? 5200 G

PROCEOURESKOFIBENGALURUZSIROADSECSOP):

AVISUAL HANDBOOKIIS ESSENTIAL EOR/EEEECTIVELY. COMMUNICATINGI COMPLEXROADIDESIGN

PRINCIPLES! ANDISTANDARDSITO! A\ DIVERSEIAUDIENCE, INCLUDING

ROAD]DESIGN|STANDARDIOPERATING]PROCEDURES](SOPS)AREIOFTENIHIGHLY: DETAILED AND
TECHNICAL, MAKINGITHEMIDIEEICULT FOR!NON=-EXPERTSITOIUNDERSTAND! HISIGUIDEISIMPLIFIES
THESE CONCEPTSITHROUGH!ILLUSTIRATIONS, DIAGRAMS, ANDIVISUAL AIDS; MAKING THEMI MORE

ACCESSIBLE ANDIEASIERI TOI APPLY/ INIREAL-WORLDISCENARIOS.

I EMPOWERS!STAKEHOLDERS TOICREATE! SAFER, MORE|EFFICIENT{ STREETSBY/ HIGHLIGHTING
KEY/PRINCIPLESISUCH AS
-|IPROPERIUTILITY, DESIGN—COVERING ELEMENTS) LIKE
—ENSURESITHAT BENGALURU:S ROADS) ARE NGO

ONLY/WELL-CONSTIRUCTEDIBUIT ALSOI FUNCTIONAL,|RESILIENT;JANDIFUTURE-READY:

THISIHANDBOOK! BRIDGESI THEIGAP ANDIPRACTICAL{IMPLEMENTATION,
ENSURINGI THAT ROAD! DESIGNIISINOITT ONLY: EEEECTIVE! BUITT ALSO! INCLUSIVETANDI RESPONSIVE TONTHE:

NEEDSIOF ALL ROADI USERS.

IN/ATIMEWHEN SAFETY S EFFICIENCY SAND. SUSTAINABILITY:
ARE.CRUCIAL, THIS WISUAL GUIDE (S AN/ ESSENTIALI RESOURCE,
FOR.RESHAPING, BENGALURU S STREET S/ INTO: SAFER, MORE,
INTELLIGENT, AND EASILYINAVIGABLE  SPACES FOR EVERYONE.
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MEETITAEIHEROE

YOU GIVE ME THE ;
— BUT I'VE GOT
QUESTIONS ALONG THE WAY!

X

3:
/

CONTRACTORINAGESHA

CONTRACIORJBEME

GOOD ROADS DON'T JUST HAPPEN—
THEY'RE

GOOD ROADS ARE LIKE GOOD DESIGN—

b

L/

>

DESIGNS LOOK GREAT ON PAPER,

CONTRACTOR NAGESH PLAYS THE ROLE OF A CURIOUS
AND EXPERIENCED CONSTRUCTION PROFESSIONAL WHO
FREQUENTLY ASKS ENGINEERS QUESTIONS ABOUT
THE BEST PRACTICES IN ROAD DESIGN, MATERIALS,
SAFETY MEASURES, AND CONSTRUCTION TECHNIQUES.
NAGESH'S QUESTIONS FOCUS ON HOW TO IMPLEMENT
ENGINEERING CONCEPTS IN THE REAL WORLD, WHERE
THINGS DON'T ALWAYS GO AS PLANNED. HIS QUESTIONS
HIGHLIGHT THE CHALLENGES OF TRANSLATING THEORY
INTO PRACTICE AND CONCERNS OF THE GENERAL
PUBLIC.

URBANJOESIGNERSCEL T/
SITEIENCINEERJEBME

1 ENGINEER MANJUNATH SERVES AS THE MAIN GUIDE

THROUGH THE COMPLEXITIES OF BENGALURU'S ROAD
STANDARD OPERATING PRACTICES. HE APPEARS IN
VARIOUS SCENARIOS, EXPLAINING CONCEPTS OF ROAD
SAFETY, TRAFFIC MANAGEMENT, PEDESTRIAN FACILITIES,
AND BEST PRACTICES THROUGH ENGAGING VISUALS
AND EASY-TO-UNDERSTAND DIALOGUES. HIS PLAYFUL
INTERACTIONS WITH FELLOW ENGINEERS AND CITIZENS
ADD A RELATABLE, HUMAN TOUCH TO THE TECHNICAL
DETAILS, MAKING COMPLEX ROAD DESIGN TOPICS
ACCESSIBLE TO ALL.

CONTRACTORIC D12/
CONTRACIORTEEME

DESIGNER GEETA IS THE HEART OF BENGALURU'S
BUSTLING ROAD DESIGN EFFORTS, OFFERING A STEADY
HAND AS THE CITY TACKLES ITS URBAN MOBILITY
CHALLENGES. GEETA IS OFTEN FOUND IN THE THICK OF
DESIGNING SAFE, EFFICIENT, AND SUSTAINABLE ROAD
SYSTEMS FOR THE CITY. HER ROLE IS CRITICAL IN
SHAPING THE ROADS THAT DEFINE THE DAILY COMMUTE
OF MILLIONS, AND HER EXPERTISE ENSURES THAT EVERY
CURVE, INTERSECTION, AND PEDESTRIAN CROSSING IS
CAREFULLY PLANNED TO MEET THE CITY'S GROWING
NEEDS.

CONTRACTOR GOPI IS A SHARP-WITTED, HANDS-ON
CONSTRUCTION PROFESSIONAL WITH A KNACK FOR
TURNING COMPLEX ROAD DESIGN THEORIES INTO
PRACTICAL, REAL-WORLD SOLUTIONS. KNOWN FOR HIS
RESOURCEFULNESS AND NO-NONSENSE ATTITUDE, HE
FREQUENTLY FINDS HIMSELF IN CONVERSATIONS WITH
ENGINEERS AND DESIGNERS, CHALLENGING THEM TO
THINK OUTSIDE THE BOX. GOPI'S EXPERTISE LIES IN
BRIDGING THE GAP BETWEEN METICULOUS PLANNING
AND THE UNPREDICTABLE NATURE OF CONSTRUCTION ON
THE GROUND.
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CHALTEREY _
e
PROJECT: PLANNING N

,;ll A ﬂ“

| PLANNING, COORDINATION, AND EXECUTION. THIS CHAPTER COVERS
~ |PROJECT CATEGORIZATION, INTERVENTION TYPES, GIS-BASED
| TRACKING, STAKEHOLDER ROLES, BUDGET ALLOCATION, AND PAYMENT
- |MODELS. BY STREAMLINING THESE PROCESSES, IT ENHANCES o
~ |EFFICIENCY, PREVENTS DUPLICATION, AND ENSURES WELL-COORDINATED |
|ROAD PROJECTS IN BENGALURU.




CHAPTER 1 : PROJECT PLANNING

TR I IP ROV CTROU TN B IONG |

SIR, I'VE GATHERED SOME DATA BUT NEED HELP SURE, GEETA. FIRST, WE DEFINE THE PROJECT OUTLINE/VISION
FRAMING THE PROJECT OUTLINE. BY IDENTIFYING ITS SCOPE... CURRENTLY, THE WORKS CAN BE
| oy IDENTIFIED AS ANY ONE OF THE FOLLOWING:

BEMEAWARZS,

= =

L OV J| cursrer or orsconrmuous srreers /92-/
MULTIPLE CONNECTED ROADS, SEPARATE ROADS NEEDING SIMILAR WORK.

NETWORK OF STREETS

N

/ - —
CLUSTER OF JUNCTIONS 03.1  sNGLE STREET OR JUNCTION @\?J
INTERSECTIONS REQUIRING ISOLATED UPGRADES.

REDESIGN

5 v — w o L - ]
- C <
o) ] ®
- | L 1
- L] S J L] r
(~] b
_ \ SO, AFTER CATEGORIZING ‘ﬁ(
o THE PROJECT, WE THESHOULD BE
=N =1 DETERMINE THE TYPE OF TO ADDRESS THE FOLLOWING: j
=== NEEDED? = / ‘
. T ey T~ M~
Z:/::gcl;e; ;ZA?TZUB SURFACE A. y 55::;&;’:;’ AND FOOTPATH B. y C. y. D y
: . |
® ; - 1" | : S ‘.:.:‘
io ) yTake 1
: : - AN e
e e Yor
« o i
0 - A . ]
G 2
e ~ L,
Ty R AUl
= S0
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CHAPTER 1: PROJECT PLANNING

VOEN TN INCATHEILOCATIONIANOIEXTEN THORIWORK Shs

HOW DO WE DETERMINE THE LOCAT/ION AND | THAT'S WHERE GIS MAPPING HELPS. WE ASSIGN UNIQUE IDS TO STREETS AND
EXTENT OF THE WORK? JUNCTIONS, LINKING THEM TO THE ICCC FOR CENTRALIZED TRACKING.

YES, AND IT HELPS CHECK FOR OVERLAPPING WORKS

U LI e TO AVOID DUPLICATION AND IMPROVE RESOURCE ALLOCATION.

A CLEAR RECORD OF ALL PROJECTS?

\,
== @A)
. = ;J"’
:
L
=1 T =

2 : WE USE A DYNAMIC DASHBOARD

; e P ON THE ICCC PORTAL TO TRACK ALL

HOW DO WE TRACK X5 BBMP AND STAKEHOLDER PROJECTS

WORK ACROSS DIFFERENT QW INCLUDING:
AGENCIES? g
ONGOING PROJECT: %2\ —— | UTILITY LAYING BY AGENCIES LIKE |,

A B. M arscom ano swsss ,

{ : ,/ . . ) . = __: .-_—_ g 1:;_:‘-.-"::_1 s __ = ‘_. ” ‘:‘_’_““

=l = (1 o

— : ® .k Ny

TS S ; >

. e S "4 )

L7 o 4 ‘ e \ a /k o
PormTy = SNS oD

— a‘g\-‘Q k\ \\~. = : i é; o \
e - S == S
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CHAPTER 1 : PROJECT PLANNING CHAPTER 1: PROJECT PLANNING

SMALL PROJECTS

ONCE THE PROJECT OUTLINE AND LOCATION ARE
IDENTIFIED, HOW DO WE DIVIDE THE SCOPE OF

WORK? SCOPE FOR THE DPR CONSULTANT -
@Q DEFINING THE PROJECT DESIGN AND PLANNING.
B

B

THE SCOPE OF WORK SHOULD BE DIVIDED INTO 7 HREE PARTS:

LARGE PROJECTS

el 55 \LARGE 70 MEGA
HOW DO WE DECIDE THE PAYMENT MODEL FOR | PAYMENT REVIEW DEPENDS ON | M0k PROJECTS
DIFFERENT PROJECT SIZES? PROJECT SCALE:
. SMALL TO MEDIUM SCALE PROJECTS ARE Q LARGE SCALE PROJECTS ARE REVIEWED BY CHIEF
SCOPE FOR THE PMC (PROJECT MANAGEMENT REVIEWED BY FXECUTIVE ENGINEERS. ENGINEERS.

o ey 3

CONSULTANT) - OVERSEEING PROJECT EXECUTION

WE CALCULATE ‘
COSTS USING RATES

PER KILOMETER FOR |
CORRIDORS AND PER [
SQUARE METER FOR [
JUNCTIONS.

SCOPE FOR IMPLEMENTATION -

EXECUTING THE WORK ON GROUND LARGE TO MEGA SCALE PROJECTS ARE REVIEWED BY CH/EF ENGINEERS,

SPECIAL COMMISSIONERS, OR THE COMMISSIONER.

STAKEHOLDERS NEED TO DEFINE THE CRITERIA g‘ ¥a 5

THE PROJECT STAGES?

PROJECT ° OUTLINE EXTENT OF WORKS SCOPE OF WORK

THE DEFINED SCALE SHOULD GUIDE THE PROJECT AT |
ALL STAGES: FROM RFP TO DPR, INPLEMENTATION, AND
MONITORING, ETC.

16 ILLUSTRATED HANDBOOK ILLUSTRATED HANDBOOK 17



CHAL TR O1.| COMPREHENS/VE DEVELOPMENT

O3, 5UB-SURFACE LVL COMPONENETS

DES/GH

WHY COMPREHENSIVE
DEVELOPMENT MATTERS?

VAR VR OOUGTION

WELCOME TO CHAPTER 2A1

IN THIS CHAPTER, WE LOOK AT COMPREHENSIVE DEVELOPMENT,
UPGRADING ROADS, FOOTPATHS, DRAINAGE, LIGHTING, AND
UNDERGROUND UTILITIES IN A COORDINATED WAY, ENSURING DURABILITY
AND REDUCING MAINTENANCE. BY INTEGRATING GEOMETRIC ROAD
DESIGN, STORMWATER MANAGEMENT, AND UTILITY PLANNING, IT CREATES |
SAFER, MORE ACCESSIBLE, AND PEDESTRIAN-FRIENDLY STREETS. THIS
CHAPTER EXPLORES HOW A HOLISTIC APPROACH CAN TRANSFORM URBAN
INFRASTRUCTURE FOR LONG-TERM EFFICIENCY AND LIVABILITY.




CHAPTER 2A : INTRODUCTION

CONPREAENS VEIDEVELOPHEN Tk

MA’AM, T HEARD WE'RE WORKING ON A COMPREHENSIVE ROAD DEVELOPMENT PROJECT. WHAT EXACTLY DOES THAT MEAN?

AFTER

BEFORE
N s

LR

E—*\L THIND!I BEEDHI, WV PURAM
I\ e
COMPREHENSIVE DEVELOPMENT IS UPGRADING EVERYTHING—ROADS, FOOTPATHS, DRAINAGE, LIGHTING, ;

EVEN UNDERGROUND UTILITIES. THE GOAL IS TO DO IT ONCE AND DO IT RIGHT SO WE DON'T KEEP
DIGGING UP ROADS LATER.

(TRASH BINS)
1

=

(EXACTLY/IT{URGRADES]BOTHISURFACE
/ANDJSUBZSURFACESTOJENSURE] :
IDURABILITY{REDUCEIMAINTENANCEJAND)

SEWAGE )

swo )

20 ILLUSTRATED HANDBOOK

CHAPTER 2A : INTRODUCTION

S URACEENEENCOMPONEN TS

/@\ WHAT ARE THE KEY IMPROVEMENTS AT THE SURFACE LEVEL?

o WIZTH OF [ReXNZS
REEUGEHSIAN A"
N e
/ —-—...\

,“ sowirs D |
? -

THE FIRST STEP IS GEOMETRIC DESIGN, WHICH INCLUDES WELL DESIGNED CARRIAGEWAYS, FOOTPATHS, SAFE CROSSINGS,
STREET FURNITURE, AND LIGHTING FOR ENHANCED SAFETY AND ACCESSIBILITY.

WATERLOGGING DAMAGES ROADS, SO WE
DESIGN STORMWATER DRAINS TO PREVENT

POTHOLES, EROSION, AND EXTEND ROAD LIFE. o5 S —

RENR
’ PATEHZS

== oG

PURIPING

ELOCK
 QRACKINE

UNEVENISUREACED
12U EQT PN ONUINIEORM
S NBAGL
—
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CHAPTER 2A : INTRODUCTION CHAPTER 2A : INTRODUCTION

SUBSURFACELEVELRCOMPONENTS; WA ACOMEREHENSIVEIDEVELOPHIEN AMATITER S 20

L B —— W} T

) =

YES! OFTEN, NEWLY LAID ROADS ARE DUG UP FOR UTILITY
REPAIRS. TO AVOID THIS, WE:

CONSTRUCT UTILITY DUCTS WHILE REPLACE LARGE TRANSFORMERS WITH SMALLER, MORE
RELAYING ROADS. EFFICIENT ONES FOR BETTER SPACE UTILIZATION.

| [

@ SHIFT OVERHEAD CABLES UNDERGROUND TO REDUCE CLUTTER AND
)
SAVE COSTS AND e i | ™\ s LANDSCAPING AND PUBLIC AMENITIES.

— WEATHER RELATED PAMAGE
ﬁ N N . SAFER AND MORE ACCESSIBLE ROADS FOR
~\ L : ! VEHICLES, PEDESTRIANS, AND CYCL/STS.
_ N I / I GET IT NOW. INSTEAD OF PATCHWORK SOLUTIONS, WE'RE MAKING ROADS DURABLE, SAFE,
o o l|||“1 ]I‘
: 1R |
PREVENT UNNECESSARY | L 0 A ' ¢ ~ 75 7]

j Q g A
: 4 . EFFICIENT AND FUTURE-READY!
THAT WILL SURELY -
DISRUPTIONS!

EXACTLY, GOPI! LET'S IMPLEMENT THIS PROPERLY
SO BENGALURU GETS THE WORLD-CLASS ROAD
INFRASTRUCTURE IT DESERVES.

22 ILLUSTRATED HANDBOOK ILLUSTRATED HANDBOOK 23
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CHAPTER 2B : DESIGN OF ROADS & SPECIAL AREAS CHAPTER 2B : DESIGN OF ROADS & SPECIAL AREAS
O VZITETT 1Y Z =0, Velr Y- ::1§' Y (T ITV] ST TS 3. PEDESTRIAN CROSSING
- o A 5 . J o 7 1 T 1 | —

HEY EVERYONE! THIS IS OUR PLAN TO IMPROVE THE BUSY STREETS AND INTERSECTIONS IN BENGALURU. LET'S MAKE OUR
ROADS SAFER AND MORE EFFICIENT!!

i

| Erore | AR L | #FTER

WON'T VEHICLES ENTER IF WE PUT BOLLARDS FAR APART? WON'T EXTENDING
THE MEDIAN REDUCE THE CARRIAGEWAY SPACE?

=

. - i b
3 B 4 ey
® i - 5 il
LV W 4 . 3 . (iical

e = i
CH”I(” ;’:ﬂ[ﬂ' __:::"__-%‘:Zr-— =l

e

= E = e o ; = e
THESE ARE PROVEN DESIGNS THAT WORK AROUND THE WORLD! S/MPLE AND COST EFFECT/IVE MEASURES
WITH A LARGE IMPACT. LET'S EXAMINE EACH ONE IN TURN!

P e e

1. REFUGE ISLAND = A T ST

NO!! WE ENSURE UNIFORM ROAD AND FOOTPATH WIDTHS,
WITH ANY EXTRA SPACE USED FOR THE MEDIAN.

=i =

WON'T A SMALL TURNING RADIUS MAKE IT HARD . | ACTUALLY, IT HELPS SLOW DOWN

_ FOR VEHICLES TO TURN? — | VEHICLES, MAKING IT S/4FER FOR BOTH
= = — VE VEHICLES AND PEDESTRIANS.

2N

tnoe

Somm : =eI| [ = . -

=l

WHY ARE THESE REFUGE ISLANDS SO BIG? :

DON'T THEY JUST WASTE SPACE, MONEY AND NOT AT ALL! THEY GUIDE TRAFFIC, SHORTEN CROSSING DISTANCES AND, £ Pll;[p I””k‘[(ﬂa”‘
— —

CAUSE CONGESTION? IMPROVE VISIBILITY WITHOUT CAUSING DELAYS. =

2. MEDIAN REFUGE == —
Ay ; ; WHY DO WE NEED RAISED INTERSECTIONS NEAR
Y '_ ' - IMPORTANT PUBLIC SPACES LIKE SCHOOLS?
SR LG ¥
LA oz
(I8, CEPT- 62
O. O >
A.
LIIELT @ B M
ACTUALLY, IT HELPS INCREASE VISIBILITY OF
PEDESTRIANS AND PRIORITIZES PEDESTRIANS, MAKING
IT SAFER FOR BOTH VEHICLES AND PEDESTRIANS.

26 ILLUSTRATED HANDBOOK ILLUSTRATED HANDBOOK 27



CHAPTER 2B : DESIGN OF ROADS & SPECIAL AREAS

) (0LIROADSEZES

BEFORE

s

HARE KRISHNA JUNCTION

6. SPEED CALMING MEASURES -HRPC/SPEED HUMPS/RUMBLE STRIPS

.

HOW DO WE DECIDE THE SIZE OF THE SPEED
HUMP?

g RAEED
R

(STRIZS] - 4

CHAPTER 2B : DESIGN OF ROADS & SPECIAL AREAS

8. ROAD MARKING £ SIGNAGE

AS PER IRC, SPEED HUMPS SHOULD HAVE A 17M RADIUS, 3.7M WIDTH, AND
0.IM HEIGHT, DESIGNED FOR A 25 KM/H ADVISORY SPEED.

7. FOOTPATHS

WHY DO WE NEED MARKINGS
& SIGNS TO INDICATE SPEED
HUMPS?

/71 rM

9, MULTI-UTILITY ZONES (MUZ’S)

ROAD MARKING HELPS DIRECT, GUIDF AND REGULATE
THE ROAD USER.

THESE ZONES ENSURE SMOOTHER TRAFFIC FLOW AND DEDICATED
AREAS FOR STREET FURNITURE, LANDSCAPE, VENDING, BUS STOPS
AND ACCESS RAMPS CONSIDERING THE FOOTPATH BE AT LEAST
1.8M WIDE.

DON'T MUZ'S TAKE UP 700 MUCH SPACE ON THE ROAD?

WHAT IS THE PURPOSE OF THESE EXTRA SPACES?

& V) e
EOTPATHIS]

WHAT IF THE FOOTPATHS ARE TOO SMALL?
WHERE DO WE PUT THE RAMP?

THE RAMP TO THE PROPERTY ENTRANCE SHOULD BE
PLACED AT THE ROAD EDGE, NOT OBSTRUCTING THE

IF THE FOOTPATH WIDTH IS TOO SMALL TO INCORPORATE A TYPICAL
KERB RAMP, WE CAN RAMP THE FOOTPATH ITSELF TO THIS
COMMON AREA

FOOTPATH.

28

ILLUSTRATED HANDBOOK

10. BUS sTOPS

BUS STOPS ARE PAUSE POINTS. WILL THEY OBSTRUCT MOVING
TRAFFIC? HOW DO WE DESIGN SPACES FOR BUS STOPS?

BUS STOPS ARE WELL DESIGNED PULL-IN SPACES. NOT
OBSTRUCTING TRAFFIC. WE PLAN THEM WITH DEDICATED LANES

AND BUFFERS TO MAINTAIN SMOOTH FLOW.

ILLUSTRATED HANDBOOK

29



_ i

WELECOME TO CHAPTER SAS

IN THIS CHAPTER, WE FOCUS ON THE CRITICAL PROCESS OF
ASPHALTING—A KEY METHOD IN ROAD CONSTRUCTION THAT ENSURES
SMOOTH, LONG-LASTING SURFACES FOR ALL TYPES OF TRAFFIC.
WHETHER YOU'RE LAYING DOWN FRESH ASPHALT FOR A BRAND-NEW

ROAD OR RESURFACING AN EXISTING ONE, UNDERSTANDING THE STEPS
AND TECHNIQUES INVOLVED IS ESSENTIAL. THROUGH THIS CHAPTER,
WE'LL WALK YOU THROUGH EACH PHASE, SHARE BEST PRACTICES, AND
PROVIDE EXPERT TIPS TO ENSURE YOUR PROJECT STANDS THE TEST OF
TIME. LET'S GET STARTED!

\\
(01 MILLING )

N’

(OZ] WATERIAL WATTERS )
(

(04.]_CIVIL V7S ASPHALTING )

)

(

R G

2] COOLING )

(

L




CHAPTER 3A: ASPHALTING & WHITE TOPPING

BEFORE WE START LAYING THE NEW ROAD, THE FIRST STEP

OF COURSE!! IT'S TO REMOVE THE OLD SURFACE.
1s MILLING. DO YOU KNOW WHY THAT'S CRUCIAL?

BUT ISN'T IT JUST ABOUT CLEARING THE WAY FOR
THE NEW ASPHALT?

\FOOTPATH 150MM
ABOVE ROAD LEVEL

SCREE!!

WITHOUT MILLING WE RISK THE NEW
SURFACE PEELING OFF OVER TIME.

IT ENSURES THE FRESH MILLING ENSURES THE LEVEL OF

COAT OF ASPHALT THE CARRIAGEWAY IS NOT RAISED.
ADHERES PROPERLY TO THIS IS A BIG CAUSE OF URBAN
THE CARRIAGEWAY. FLOODING.

NOT QUITE! MILLING
ENSURES THE ABOVE
AND SKIPPING OR
RUSHING THIS STEP
CAN THE

OF THE
ROAD.

MILLING ROUGHENS THE SUBSURFACE.

PREPARATION

ILLUSTRATED HANDBOOK

CHAPTER 3A: ASPHALTING & WHITE TOPPING

I HAVE HEARD TALKS ABOUT SMA TECHNOLOGY.
DO YOU KNOW HOW IS SMA DIFFERENT FROM REGULAR

ASPHALT?” —
)

STONE MATRIX ASPHALT (SMA)
Ay " T e
o X S e S
= e _'_,f.f I -,

THAT SOUNDS IMPRESSIVE. SO SMA PROVIDES
BETTER LONGEVITY?

EXACTLY. WHILE ITS CAPITAL COST IS 10-15% HIGHER THAN
TRADITIONAL ASPHALT, IT LASTS SIGNIFICANTLY LONGER,
REDUCING MAINTENANCE COSTS OVER TIME.

STONE MATRIX ASPHALT, OR SMA, IS A HIGH-PERFOR-
MANCE SURFACE LAYER. IT HAS A HIGHER PROPORTION

OF COARSE AGGREGATES, WHICH IMPROVES STRENGTH
AND FES/STANCE TO DEFQRMATION.

STONE MASTIC ASPHALT - THE MIXTURE ALSO INCLUDES
FIBERS OR POLYMERS TO BIND THE ASPHALT, MAKING IT
MORE DURABLE AND LESS PRONE TO RUTTING.

RUMBLEY
CRRRSHAZ

A S I P -
2NBINDERICOURSEI(505100
) o .

N
= I‘f!/

s - P

% RUMBLF4
4 [ GRRPRSHH4
VR CUMBLE
L | G

7

R 1 7' SUBGRADE

AN ~
N

wpy THE BASE
I i b

-

gt i N SURFACE LAYERS.

A T%s vy

0-300MM)’

2y P p i
T 2 DTN
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CHAPTER 3A: ASPHALTING & WHITE TOPPING

COOLING

ONCE THE ASPHALTIIS LAID, WE CAN ALLOW SO, HOW DOES COOLING AFFECT THE ROAD'S LIFESPAN?
VEHICLES ONTO IT ONCE IT FEELS FIRM, RIGHT?
= '-;-II = . ‘ E - V2N 3 . 1
3 S : A=
! 0o = / :— z \ .
Al = =l <JH - A 4
. X SRR _—t = .= - 3 ; \ -~ - %
N == L o
T > A b > —

% j %* 30j2 - - . _ {5

“"NOT YET. THE ASPHALT MUST COOL TO 30°C
BEFORE TRAFFIC CAN PASS. IF IT'S STILL VISCOUS, COOLING IS KEY—A FEW EXTRA HOURS CAN MAKE THE ASPHALT

IT CAN DEFORM UNDER PRESSURE.” LAST YEARS LONGER. RUSH IT, AND YOU'LL GET CRACKS.

7 = _ _
| T CLOSED £ T~E
AT - = '
™) WOULDN'T DAYTIME WORK CREATE TRAFFIC
! CHAOS ?
AR e " I P i Y2z
b - Laesty e SSaLue o) S {1&1
! [ o Y . Foi. == -q,,, " i
i NIGHT ASPHALTING -
REDUCES DISRUPTIONS w i
BUT WEAKENS 3 :
THAT MAKES SENSE. BUT MOST INSPECTION AND NOT NECESSARILY. TRUCKS CAN DELIVER
ASPHALTING IS DONE AT NIGHT TO COOLING—SHIFTING TO ASPHALT EARLY, BEFORE PEAK HOURS.
AVOID TRAFFIC DISRUPTIONS & DOES DAYTIME COULD SOLVE WE WORK DURING THE DAY, AND IT SETS
THAT IMPACT THE COOLING PROCESS? THIS. OVERNIGHT.
o O~
s 9 " O o Ta o O
o o o o © oc;n ] o o \*
NEWLY LAID ASPHALT
¢ 0
q a
? [ aﬂ ‘ . b 4 b & o ¥ n & » s P £ » = s 7
B b . b b a
b & v
. B . " - » B
b e A g - 4.6 ' b & N “
[ & a
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IR SEASPHALTINGINOR K

FOOTPATHS, MEDIANS, DRAINS —

ONE THING I'VE NOTICED IS THAT CIVIL WORK OFTEN YOU'RE
GETS OVERSHADOWED IN ROAD PROJECTS!

3 Sl . e o
.

"~ Oy MEzANG

z o o =
S0 L
FOOTPATHS .,

/\A —1 )
o ( 92'\'
N— N

s v
R\ EYA 3

Z A —l |

5 THIS ENSURES EACH
ASPECT RECEIVES
THE ATTENTION IT
DESERVES AND IS

- EXECUTED TO THE
' \ HIGHEST QUALITY.

HAINTENANCERINICROSURIACINGS

ROAD MAINTENANCE S - =4 W = &
LereTIeA A\ | microsurFaCING, |8 B
! MICROSURFACING! ) WHEN APPLIED T e\ Yy Sl
B ON . CAN : 4 B
. - _ SIGNIFICANTLY (/"
o : EXTEND THE
LA /s - = i » LIFESPAN OF o’
| ) _ ASPHALT. IT'S A .
\ | | l = e * s w —
X " o — e . - % ———
e 57 he. g MAINTENANCE - I
T =l SOLUTION. ' 8 bl
= |= ; _ : - — = N #|
- f—— . - S o i S - -
- - L >
| . 7 A J
- ‘. e P
2 *7 == B vmvmve e
- | / - BRISHE z
I Z AN C
a ; "' = Q 7 - e
- lli/ — O (ﬁ%é@ -
SWEEPING A. o =\ B. B manvive
TS 8 L3 ; - Ve =
ILLUSTRATED HANDBOOK 35



\ R Y s GRS R
\@ UTILITY DESIGN

=2 + 5 + &

({ COMPONENTS OF
S urnrry vesrcw

WELECOME TO CHAPTER 8B4

EFFECTIVE UTILITY DESIGN INTEGRATES DRAINAGE, SEWAGE, WATER,
OFC, AND ELECTRICITY TO PREVENT FREQUENT ROAD EXCAVATION
AND ENSURE DURABILITY. SMART PLANNING REDUCES MAINTENANCE,
PREVENTS FLOODING, AND SUPPORTS GROUNDWATER RECHARGE THIS
CHAPTER EXAMINES STORMWATER MANAGEMENT, STRUCTURED UTILITY
PLACEMENT, AND DIGITAL TRACKING FOR EFFICIENT, RESILIENT URBAN
INFRASTRUCTURE.



CHAPTER 3B : UTILITY DESIGN CHAPTER 3B : UTILITY DESIGN

UTILITYAPESIG, COMEONENTISRORUTILITVEPESIGN S

DESIGNING, ENGINEERING AND IMPLEMENTATION OF SUB-SURFACE UTILITIES INCLUDING P/Plf THERE ARE THREE KEY PARTS—UNDERGROUND PIPES, GROUNDWATER RECHARGE
s'ra”” h’lfiﬂ pﬂl/"; Sll//léi, eri’, 0/(, ﬂi(ﬂ?l(. PITS, PROPERLY DESIGNED STREET DRAINS AND ROAD CAMBERING.

UTILITY DESIGN ISN'T JUST ABOUT LAYING PIPES! IT'S ABOUT BT BY COORDINATING WITH BWSSB, BESCOM, AND
SMART PLANNING SO WE DON'T KEEP DIGGING UP ROADS! OTHERS, WE FUTURE PROOF THE SYSTEM AND KEEP THINGS
ACCESSIBLE.

YeU GO

OH!! SO, IT'S NOT JUST ABOUT PIPES?

WHY USE PIPES INSTEAD OF BOX DRAINS? HOW DOES GROUNDWATER RECHARGE WORK?

GROUNDWATER RECHARGE

AND THAT INCLUDES DRAINAGE TOO?

CAMEERING

PRAINEY

{cCoMPOSTTE [CAMBER]

PIPES REDUCE SILTING AND NEED LESS MAINTENANCE. PLUS, ACCESS
POINTS MAKE DESILTING EASIER.

DRAINS

YEP! STORM WATER DRAINS, ROAD CAMBERING—EVERYTHING WORKS TOGETHER TO PREVENT WATER-LOGGING AND MAKE
ROADS LAST LONGER!

”TIIIM’ NO, THEY NEED TO BE MAPPED AND ORGANIZED FOR
EASY MAINTENANCE, UPGRADES, AND EXPANSION.

=

SO, UTILITIES JUST GET PLACED WHEREVER THERE'S SPACE?

N / - PEACOLATION ATS
WHAT ABOUT STREET DRAINS? buone

GREEN BUFFERS ALONG FOOTPATHS ALSO
HELP ABSORB EXCESS WATER.

\ ! \ : IREDUCEYERE SSURES
THEY NEED SILT CHAMBERS TO TRAP . : ; | O BIRAING 3 LAKES
DEBRIS BEFORE IT CLOGS PIPES. |
REGULAR STREET SWEEPING SHOULD
INCLUDE CLEARING THESE CHAMBERS.

DURING COMPREHENSIVE ROAD i o”p

DEVELOPMENT—TO AVOID FUTURE DIGGING
AND DAMAGE TO PAVEMENTS.

THAT SHOULD BE RARE! MARCS APPLICATIONS FOR DIGGING
SHOULD BE HIGHLY RESTRICTED AND ONLY FOR EMERGENCIES.
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D OPERATION Hed
SHANTENANGE

EVALUATION & ROAD
MAINTENANCE CELL

N 0005, /NRASTRUCTURE ASSESSMENT &
N\ "2 ROAD MAINTENANCE MODELS
@g( STORMWATER DRAIN MAINTENANCE

5 ___\_,{ﬂopﬂ ¢ STRATEGY

| weLcome 7o cuapTeR 4 oa ( O7. POST 016 ¢ DIGITAL GOVERNANCE
N SUSTAINABLE ROAD INFRASTRUCTURE REQUIRES BOTH QUALITY N Gy A
d CONSTRUCTION AND LONG-TERM MAINTENANCE. THIS CHAPTER RS TR # \
OUTLINES A STRUCTURED ROAD MAINTENANCE STRATEGY FOR S DR
"\ | BENGALURU, COVERING DEFECT LIABILITY PERIOD (DLP), CONTRACTOR SR <08/{ SUsTi l/”qu‘[ ” Olﬂ ”l/” 7i [”l” (4 25
< | ACCOUNTABILITY, A DEDICATED ROAD MAINTENANCE CELL, AND DIGITAL R A S
, GOVERNANCE. BY INTEGRATING TECHNOLOGY, CITIZEN ENGAGEMENT, ; Jk”ollrapllﬁ Fpl”[”opk ;
AND SUSTAINABLE PRACTICES, IT ENSURES DURABLE, SAFE, AND WELL- : y

MAINTAINED ROADS.




CHAPTER 4: OPERATIONS & MAINTENANCE

IDEEECTHLIABILITIYPERIODXCOLR)

WHY IS IMPORTANT? THE DEFECT LIABILITY PERIOD (DLP) IS CRUCIAL FOR HOLDING
CONTRACTORS ACCOUNTABLE. WE NEED TO ENSURE THE RFP CLEARLY DEFINES
THEIR RESPONSIBILITIES. THE SCOPE SHOULD OUTLINE:

COVERED PDEFECTS: INCLUDES POTHOLES, SINKHOLES, STRUCTURAL
FAILURES, PAVEMENT DAMAGE, AND DRAINAGE ISSUES. /

DLP DURATION: CONTRACTOR IS LIABLE FOR
REPAIRS AND DEFECTS FOR A SET PERIOD.

7 N~
»

’ k”"

-

y 4

SCRAPE! SHNK!

Sceaper SN’ I
SCRAPE! SHNK.

MAINTENANCE DUTIES: ROUTINE CHECKS,
EMERGENCY FIXES, AND DEFECT RECTIFICATION.

P[POA’T/I/G MUST SUBMIT AS-BUILT
DRAWINGS AND POST-IMPLEMENTATION
REPORTS. If‘

.......

PENALTIES: sTRICT
CONSEQUENCES FOR NON-
COMPLIANCE ,

@FWFM%@S «ff’ﬂﬂmﬁ

AT PROJECT COMPLETION, CONTRACTORS
MUST SUBMIT PROPER DOCUMENTATION.

ASBUILT PRAWINGS: FINAL CONSTRUCTION
PLANS WITH MODIFICATIONS.

POST-IMPLEMENTATION REPORT :
— MATERIALS, QUALITY CERTIFICATIONS, ROAD
HEALTH, AND MAINTENANCE STRATEGY.

MAINTENANCE MANUAL: PROTOCOLS,
R\l : INSPECTION FREQUENCY, AND PREVENTIVE
S UPKEEP GUIDELINES

DTl TIONIE ORIPOCUMENTATION,

SIMPLE FAILURE WILL LEAD TO AN
OFFICIAL NON-COMPLIANCE NOTICE,
WHICH GOES ON RECORD.

WE NEED TO ALLOCATE A BUDGET FOR PROPER
DOCUMENTATION. WITHOUT IT, TRACKING ROAD
QUALITY AND MAINTENANCE BECOMES A CHALLENGE.

=3

ING) DOGUMENTA

NOICIEANIHANDOVER!

AGREEDYBUTAWHATHIE
CONTRACTORS
COMPLYZ
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INON:COMPLIANCELZACONTRACTIORIPER EORMANCEIEVALUATION,

WE SHOULD INTRODUCE A CONTRACTOR PERFORMANCE YES!! IF CONTRACTORS MISS REQUIRED DOCS—LIKE AS-
EVALUATION SYSTEM TO BOOST ACCOUNTABILITY. BUILTS, REPORTS, OR MANUALS—THEY LOSE POINTS FOR

FUTURE BBMP BIDS.” ‘

m DEFINITELY *

4A
w5 i

THIS IS THE LAST STEP BEFORE } IF
SIGN-OFF AND FINANCIAL VERIFY!COMPLETED WORK

CLOSURE WHAT SHOULD IT ————<— AS PER DESIGN.
COVER? ENSURE MATERIAL QUALITY.
COMPLIANCE

CHECK DRAINAGE' AND
STORMWATER] CHANNELS.

. CONFIRM PEDESTIRIANIAND

VERICULAR SARETY MEASURES.

SUBMIT ALL REQUIRED
DOCUMENTS

WE NEED A STANDARDIZED
PROJECT COMPLETION
CHECKLIST TO ENSURE PROPER
PROJECT CLOSURE.

L]

.';__II__—
—=T. i

] [T
WE SHOULD ALSO SET UP A MEMO DEFINITELY, THESE MEASURES WILL
SYSTEM FOR REPEAT VIOLATORS. | ENSURE ONLY RELIABLE CONTRACTORS ARE
ENGAGED IN FUTURE PROJECTS, IMPROVING
ROAD QUALITY AND SUSTAINABILITY'

. \“& |
?* Q DEDUCTION OF QUALIFICATION t.‘
MEMO POINTS FOR FUTURE TENDERS. AGREED' IT SHOULD INCLUDE
L T M MEMBERS FROM CELIP EYEINEEANG
Yo e seun s
MEMO FROM BBMP PROJECT ‘3!
= v . - E!Z-Zﬂ

ESTABLISHMENTE @?ﬂ ﬂiﬂlﬂ CATED ﬁﬂm G774

PRIMARYYFUNCTIONLOLIROADIMAINTENANCELCELY

ROUTINE (A EMERGENCY Q' MAINTENANCE (¢ STAKEHOLDER (
INSPECTIONS i~ RESPONSE “~(—{  COOROIWATION “~—{  ENGAGEMENT

MONTHLY AND QUARTERLY DEDICATED HELPLINE AND | SHOOTH cooﬂo//m'/af/ REGULAR MEETINGS WITH

AUDITS TO SPOT EARLY DIGITAL SYSTEM FOR BETWEEN BBMP, TRAFFIC CITIZENS, LOCAL LEADERS,
DEFECTS LIKE POTHOLES PUBLIC COMPLAINTS AND POLICE, UTILITY AGENCIES, AND URBAN EXPERTS FOR
AND CRACKS. TIMELY FIXES. AND CONTRACTORS. FEFDBACK ON MAINTENANCE.
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ANNUAL INFRASTRUCTUREIAS SESSMEN T4

TO KEEP OUR ROADS IN TOP CONDITION, WE SHOULD CONDUCT
A COMPREHENSIVE ANNUAL ASSESSMENT OF BENGALURU’'S ROAD

NETWORK.

THAT SOUNDS LIKE A PROACTIVE APPROACH. IT'LL HELP US
CATCH DEFECTS EARLY AND PLAN MAINTENANCE BETTER.

URGENCY.

TRACKING.

INSPECTIONS £ SURVEYS: USE AL DRONES, AND
GIS FOR REGULAR ROAD CONDITION ASSESSMENTS.
DEFECT CLASSIFICATION: PRIORITIZE
MAINTENANCE BASED ON DEFECT SEVERITY AND

PUBLIC RPEPORTING: ENABLE CITIZEN REPORTING
WITH GEOTAGGED LOCATIONS FOR BETTER ISSUE

STRUCTURAL TESTS: CONDUCT TESTS ON LOAD-
BEARING CAPACITY, MATERIALS, AND SUBSOIL FOR
CRITICAL INFRASTRUCTURE.

WANCEDIROADIMAINTENANCEIMODEL
e

i

b |

WHO 1S RESPONS/BLE FOR

WHAT’S THE STRATEGY
FOR

HOW WILL ROAD
CLEANING BE MANAGED?

N

(PERARY
/ARROINTEDIBY/BBMPIMONITORED;
CONTRACTSATOIENSUREIQUALITYZAND;

PREMONSOON/DESILTING)

CLEAR DRAINS THE
RAINY SEASON TO PREVENT,
WATER LOGGING. @é

WARD LEVEL) MECHANICAL
SWELPERS,

DEDICATED SWEEPERS FOR

DIFFERENT STREET TYPES. &

E

RIS K ASSESSH

REGULAR INSPECTION, REPAIR, AND
UPKEEP OF ROADS, FOOTPATHS, AND
INTERSECTIONS.

POST-MONSOON (CLEAN-UP.

CLEANING AND WASTE DISPOSAL
ALONG ALL ROAD CORRIDORS.

REMOVE SILT BUILDUP AND
REPAIR DAMAGES

MONSOONS. Q

REPORTING AND ADDRESSING
DRAINAGE-RELATED ISSUES.

%’QEAME\

COORDINATION WITH CIVIC AGENCIES
TO PREVENT EXCAVATION DAMAGES.

Y
DRAINAGE @
NETWORKS TO MONITO
HEALTH AND FLOOD-PRONE
AREAS.

Vo
REGULAR. MAINTENANCE

MANDATORY UPKEEP WITH
ALLOCATED BUDGET. 4

TRAINED. OPERATORS

SKILLED PERSONNEL WITH
PERIODIC
EFFICIENCY CHECKS.

NG EHEN O PR IVA TE A ENCIESIE ORNROS TP er L CTRLIAB Il TIHPERIOD,

WHAT HAPPENS AFTER THE DEFECT LIABILITY
PERIOD (DLP) FOR NEWLY CONSTRUCTED OR

REPAIRED ROADS?

“.,_t

TEY CEVER
UALITY ‘

{ X“ﬁ

AFTER THE DLP. PRIVATE AGENCIES WILL TAKE OVER
MAINTENANCE WITH A CLEAR SCOPE OF WORK, INCLUDING:

44

AND GENERAL WEAR.

REMAIN IN GOOD CONDITION.

TO FIX CRACKS, POTHOLES,

DRAINAGE AND FOOTPATH UPKEEP o Keep
STORM-WATER DRAINS AND SIDEWALKS FUNCTIONAL.

TO ENSURE CROSSINGS, PEDESTRIAN ZONES, AND SIGNS

PERFORMANCE BASED CONTRACTS WILL BE IN PLACE—
AGENCIES MUST MEET MAINTENANCE BENCHMARKS
BEFORE GETTING PAID.

ILLUSTRATED HANDBOOK

CHAPTER 4: OPERATIONS & MAINTENANCE

RUBLIGIENCAGEMEN THANDIDIGITAL,

WE NEED CITIZEN INVOLVEMENT IN IWE CAN DEVELOP AN APP AND A

REAL-TIME MAINTENANCE DASHBOARD FOR

MAINTENANCE DASHBARD - MAINTENANCE: ol.
L\ VIEW CONTRACTOR DETAILS ¢
% { ) PROJECT TIMELINES

BBMP ROAD WATCH APP: CITIZENSQZ.)
CAN REPORT ROAD DEFECTS EASILY

WITH GEO-TAGGED IMAGES.

FORMATION OF WARD-LEVEL
COMMITTEES: RWAS, NGOS, AND

__ LOCAL GROUPS TO ACTIVELY MONITOR
/ | ) AND COLLECT ROAD FEEDBACK.

IBUDGETHALLOCATIONLASUSTAINABLEIROAOIMAINTENANCES

HOW DO WE ENSURE LONG-TERM SUSTAINABILITY OF ROAD MAINTENANCE?
I ———

ANNUAL MAINTENANCE FUND

ANNUAL

v 7
vv

ALLOCATE BUDGET FOR PROACTIVE COLLABORATE WITH PRIVATE PARTNERS

REPAIRS, ENSURING LONG-TERM AND CSR INITIATIVES FOR CO-FUNDING
ROAD SUSTAINABILITY. AND LONG-TERM ROAD UPKEEP.

MON/TORINGEEIEVALUATIONIFRAMENORK:
nc

USE RECYCLED MATERIALS, COLD-MIX
ASPHALT, AND PERMEABLE PAVEMENTS FOR
ENHANCED DURABILITY.

Ly

0

CENTRALIZEDIROAD,
RTENANCE] A

SUSTAINABILITY FOR
WHAT WILL THE MONITORING AND EVALUATION TEAM WITH THE| QUALITY
ROAD MAINTENANCE CELL BE RESPONSIBLE FOR? CosT AND Slfiy

1 W 1

@@@

-

<>

REGULAR EVALUATIONS AND
BLACKLISTING OF DEFAULTERS FOR
BETTER ACCOUNTABILITY.

INDEPENDENT AUDITS EVERY
SIX MONTHS TO ENSURE ROAD
QUALITY.

PUBLISH UPDATES ON BBMP’S PORTAL FOR
PUBLIC TRANSPARENCY.
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