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Planning — plan typologies
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An infrastructure will be part of a Plan (or program) after the review
and approval of a Feasibility Study.

The “Planning Document” is prepared by the Head of the Process (RUP),
and establishes the functional and structural characteristics of the
infrastructure.

Typologies:

new construction (corridor studies)

reconstruction
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Reconstruction plans

'gudusecf\::w L the Sone

Ll

‘\u’iwmu?ﬂ cme fuad

JEW?/L K

DES. OF TRANS. INFR.

Reconstruction: roadways that are re-built primarily along existing
alignment.

Reconstruction normally involves:
full-depth pavement replacement,
new lanes adjacent to an existing alignment,

roadway conversion (e.g., a two-lane highway to a multi-lane divided
arterial),

reconfiguration of intersections and interchanges.

This typically involves a major change to an existing highway within the
same general right-of-way corridor.

Reconstruction may also include substantial alignment changes to an older
highway to eliminate safety and accident problems.

Lecture ¥1
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Example #2
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DES. OF TRANS, iNFR. Lecture 41 10

Contents of a feasibility study

* Environmental and corridor analysis:
* environmental assessment (noise, water, ground consumption..)
+ corridors of reduced environmental impact
* the main obstacles that impose constraints
* Network analysis (see Transportation Planning course, 2™ semester)
+ traffic demand analysis and assignment
* expected level of service
. Geog\et(ic characteristic pfs‘ll‘e infrastructures:
E2 o, TidLEALE o

« template transversal section and reference design speeds (in
Italy the “design speed range” concept is used)

* typologies of intersection and/or interchanges connecting to
existing infrastructures

DES. OF TRANS. INFR. Lecture 41 1

Design — who is the Designer?

Public bodies (see above) —> odudmmiiaRon to oide derign (ex s )
Private bodies:

- single professional

- associated professionals

- engineering companies

Lo saened dypa of (oot Feuctoad - )

Nowadays the design of a transportation infrastructure involves civil
engineers experts in the field of:

- infrastructure design and traffic analysis
- structures, tunneling and geotechnics

- hydraulics, geology and environmental subjects

DES. OF TRANS, INFR. Lecture #1 12
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Design levels / stages
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Definitive stage

DESIGN

* evaluation of minimum 3 alternatives
: Exi i

* selection of the best one Scuve stage
* progressively involvement of N
stakeholders in the design process —-
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DES. OF TRANS. IHFR. Lecture £1 16

Preliminary stage

It contains the same three solutions already studied in the Feasibility
study. It explores the following topics:

« geometric and functional characteristics of the infrastructure

* preliminary cost estimation and contract specifications (capitolato
d'appalto - parte amministrativa)

+ plans (1:10000 — 1:5000), profiles (1:10000/1:1000 — 1:5000/1:500) and
template sections (1:200) (sezioni tipo)

The expropriation process begins at the end of the Preliminary Project. It
is necessary to know:

- maps with the occupation area of the infrastructure

- the list of owners to be compensated (indennita)

Lecture &1

Definitive stage

Y :
T 5o

It contains the only one solution considered in the Preliminary Study. It
explores the following topics:

* geometric and structural characteristics of the infrastructure

« preliminary design reports of components (structures, pavements,
barriers, ...}

» materials selections

« definitive cost estimation and technical specifications (capitolato
d'appalto - specifiche tecniche)

» plans (1:2000), profiles (1:2000/1:200), template (1:50) and cross
(1:200) sections

The expropriation process ends in the Definitive stage.

DES. OF TRANS, INFR Lecture 1 18
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Laws and technical norms

Please, download the documents from the web:

http://www.codiceappalti.it
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Road classification
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DES. OF TRANS. INFR Lectura #2 4

Road classification layout
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DES. OF TRANS. INFR. Lecture #2 -]
Road classification and terminology
A - Autostrade (extraurbane ed urbane)  Motorways / Freeways
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F - Strade locali (extraurbane ed urbane)
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B - Strade extraurbane principali

C - Strade extraurbane secondarie

D - Strade urbane di scorrimento

Rural multilane highways
(rural arterials)

Two-lanes rural highways
Urban arterials
Urban collectors

Rural and urban local roads
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Example - rural roads
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Figure 15.4  Typical Cross Section for Two-Lane Highways

~ Imide
M{W - ew lo'_\,q_,‘ Kw&jr i Sedisn sanlder Lines Shoulser
i Tt mare-1 2 14 widr
Varubie widih
. ard
tmces 1 trewed, o £ Sere Sise
i R
Rowtway cymmstrical Coriram
about esterins oty
raads

Figure 155 Typical Cross Section for Multilane Highways (ralf section)

DES. OF TRANS. INFR. Loctre #2
Example 5 :
& 2
Urban roads L Bower . Aoy . Gode
; ! s
Sigewatic, Sicowsly 3 ; i
_ ¥ &-\lé.;ws Live ~ heae
" Fesbdential ':omm-:uulg i
& =
7L Boder | Travsied = Medlan , Traveles Border § IT Cdn \O'Q . S
D Fwn T3l coveackiown
E'—-“""“ﬁ=-=f"_""\-;.__.a—mgl
£ Masgian Z
: Roadway Mll“"“’ Aoadway é-
= | |Len-
arking Tradfs | Turn _Tratfic
ilgne| Lanes | nsl Lanes
| S5 ‘J"-.
'r::_:?f.[ l__m_tr._
Fosdway I-»-H:ad-r.l',l
Eur.r“ I- Tiavelea |°"m Timveied Al_cum
T l T ey }IL-\ Way | Oltegt
DES. OF TRANS. INFR Lecturs 82 1
B ﬂ &S ; General criteria — Template section
LY f;’w =
25.80 kmh | ANRRN 3 FLRAL 40-100 kmih
- WMC& Qf PN (T g ) i | i DECREASING SPEEDS AND
i e h LEVEL OF SERVICE : :
v ifaliewts ansd b NS rﬁ—d’jsz-;—‘ ] . Wediaw? WG R
Tt DCACH
Ehlbos mdtien o o Bleesiiu el OEALTOADS Lakeado
{{A 4080 km/h 60-100 km/h
— JMf et wb O COLLECTORS
d“’{ Love BN e e i OR SECONDARY ROADS
omecioked To e Speed ey : 'rﬁ__'__ =
3 6o & Hle  weaxiwon :,Ml’m:'.m B . ARTERIALS
Z e OR PRINCIPAL
L S bl s ok o e i s
Pt oy N WA S s bt o ROADS
A0 3\E . 80-140 kmih 80-140 km/h FREEWAYS
e lnpA o Sl e OR PRIMARY
- Ufference bel: 'h'f—t*\ : . *H — ROADS
ks & R
Oj 1o 0 Sfbd ik = 7 i e INCREASING SPEEDS AND
LEVEL OF SERVICE

12

DES. OF TRANS., INFR. Leciu

\\/M{R:J worth oten <rn o
— oo w te vouwbu of Leve - > tofhe smd s{e,mkl

© Proprieta riservata dell'autore - Digitalizzazione e distribuzione a cura del CENTRO APPUNTI - Corso Luigi Einaudi, 55 - Torino / Pagina 15 di 238



© Proprieta riservata dell'autore - Digitalizzazione e distribuzione a cura del CENTRO APPUNTI - Corso Luigi Einaudi, 55 - Torino / Pagina 17 di 238

Design of new facilities

The Italian requirements for the design of new road sections are:

Tipo di strada LOS minimo
extraurbane B

Autostrade
urbane C

Strade extraurbane principali B

Strade extraurbane secondarie c 2

Strade urbane di E

Strade urbane di quartiere E
exiraurbane c *)

Strade locali

s urbane E

Symbol (*) denotes fixed composition sections.

DES. OF TRANS. INFR. Lecture #2 18
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Terrain data

To build a DTM, spatial data need to be acquired. They can be obtained
from:

+ Official cartography (from Istituto Geografico Militare)

+ Technical cartography (from local administrations)

* Maps (aerial or terrestrial surveys)

Aerophotogrammetry is widely used to collect territorial spatial data and
produce cartography and maps.

PROFILE 3!

PLAN VIEW

DES. OF TRANS. INFR. Lecture #3 4
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DES. OF TRANS. INFR. Lecture #3

Terrain data

The terrain data includes:

- Land surface (without vegetation)

- Existing infrastructures (road and railways)
- Natural rivers and channels

They do not include artificial elements such as:

@B Digital Surface Model
Digital Terrain Model

DTN & ot +o WS

DES. OF TRANS. INFR.

- Buildings
- Electric and light poles
- [Fences and barriers

/&‘J){;t I’J X Iw(,u olets Auce *ﬁ Y

Lectura £3
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TIN Formation (phase II)

To import the terrain features into a road

design software some manipulations to P
layers and objects inside the drawing are o
necessary (see above). The cleaning v

process is the first step that a road
designer has to do before starting the
alignment design.

Delete the heading and all the external

L o e an

content of the drawing (every element T ERR = PRI
that is outside the cartography border, | e | pma T e e
ik IaBAIS et} o e T s
Delete all the elements that areonthe = e
plane zero, so without the third e =
coordinate. Then buildings, vegetation, ' SF=&===== it o

DES. OF TRANS, INFR. Lecture #£3 10

TIN formation (phase Il)

Terrain data are normally available on *.dgn or *.dweg files. 3D entities are
normally composed of:

* Lines
* Points

and located in several layers.

These data can be grouped into new layers to simplify
the structure of data:

DES. OF TRANS. INFR. Lectura #3 n

TIN Formation (phase I1)
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The use of breaklines alters the
results derived from the direct
application of the Delaunay's
Principle.

B

DES. OF TRANS. INFR, Lecture 43
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Terrain modeling

Non-Delaunay
« [continue)
1 : -+ ] 5 o the Delaunay triangulation maximizes the
C{esl‘c, s minimum angle. Compared to any other
. triangulation of the points, the smallest angle in
2N IS LD
moela ?‘» (fﬁ;‘, the Delaunay triangulation is at least as large as

Sivualsa +s tle 4,5@,{1\{ the smaltesF angle in any other. However, Fhe
Delaunay triangulation does not necessarily

QJ He Tearzaw minimize the maximum angle;

a if a circle passing through two of the input points
doesn't contain any other of them in its interior,
then the segment connecting the two points is an
edge of a Delaunay triangulation of the given
points.

Delaunay

DES. OF TRANS. INFR. Lecture 83 18

TIN formation (phase lll)

Geodl DN ne wlen

i Contour line and contour interval (or
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stlea -
oL ween te oy s Remember that:
BORDO DELCORRIDOID. Terrain surface = the surface derived
; CapnneY from survey (including existing
el infrastructures)

Project surface = the designed
surface of the new infrastructure

equidistanza 25 m

DES. OF TRANS. INFR, Lecture #3 17

TIN formation (phase IV)

3D rendering from DTM 1:5000

DES. OF TRANS. INFR. Lecture #3 18
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“1~—  MASTER OF SCIENCE IN CIVIL ENGINEERING
—DESIGN OF TRANSPORTATION INFRASTRUCTURES
2" YEAR 1% SEMESTER

AY.2014-'15

CROSS SECTION ANAI.YSIS AND DESIGN

Lectu #A
-:ANAL\’SlS WITHHCM
FREEWAYS AND MULTIU-\NE HIGHWAYS

HCM 2010 [
Aaw CTYAQM b\
HEM2010 ,
i Clii/\\
\ u\{ ;\,M*\:u Joe
The objectives of the HCM are to
1. Define performance measures and describe survey methods for key traffic
characteristics,
2. Provide methodologies for est ing and predicting performance
measures, and
3. Explain methodologies at a level of detail that allows readers to
understand the factors affecting multimodal operation.
DES. OF TRANS. INFR Lesture #4 2

Flow conditions

INTERSECTION

INTERRUPTED INTERRUPTED

Un-interrupted flow conditions are typical of those facilities where traffic can
be interrupted only by internal causes (i.e., accident, congestion), and in
which there is no obstructions to the movement of vehicles along the road.
Uninterrupted flow is possible in sections where signal spacing is sufficient to
allow for uninterrupted flow.

Measure of effectiveness is density in freeways. Speed also becomes
important in two-lane highways and multilane highways.

Skeow = @unade stlsle

DES. OF

S. INFR. Lecture i

e
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Freeways SF, (pc/h/In)
FFS LOS
mi/h A B G D E
75 820 1310 | 1750 | 2110 | 2400
70 770 1250 | 1690 | 2080 | 2400
65 710 1170 | 1630 | 2030 | 2350
60 660 1080 | 1560 | 2010 | 2300
55 600 990 1430 1900 2250
DES. OF TRANS. INFR. Lecture w4 10

Base conditions

Models and equations refer to base conditions defined as the absence of
restrictive geometric, traffic, or environmental factors.

Every situation in which some differences occur, correction factors must be
adopted.

Base free-flow conditions include the following freeway characteristics:
* |anes are 12 ft wide,
» lateral clearance between the edge of a right lane and an obstacle is 6 ft
z or greater,
R\B <o = 1EcL ezliow 55 <~ = there are no trucks, buses, or RVs in the traffic stream,
- 1 * urban freeways are five lanes in each direction,
we cb\\m (. c“/\'f"’“‘s g W uttt’,, = interchanges are spaced at least 2 mi (3.2 km) apart,
¢ T el = grades do not exceed 2%, =% Jfo~ (st featzin
Toonghic W@AC ) : = drivers are familiar with the freeway.

DEE, OF TRANS, INFR. Leocture #4 n

FQ’\- CA\»—D&{"\Q\,‘\ 'Ig;yw,z
= jD\-N = A when e Uesuy wicdlen bt ouly yamewgeas e

I ilhen  shvers
Ip=A whew Freeway analysis and design

Methodologies include:

- LOS analysis: Sn NS,
¥ PHF=Nx fixf,
,(:fp AS \-"S‘eﬁi W\/\,e/h\ W@ \NWJ(‘ where
CM()-\" e-t-e' DL\D S ;3 Qrk; ‘re e, o, = demand flow rate under equivalent base conditions (po/h/in),
V = demand volume under prevailing conditions (velvh),
‘\ v}gm\ad\#‘-’ﬂ- PHF = peak-hour factor,

N = pumber of lanes in analysis direction,

| : X AN
M 1S wsedl fél"l &”‘3"\' < fie = adjustment factor for presence of heavy vehicles in traffic stream, and
N\ w}l{ \,\*\od\:&n?, (mw Uy ‘Eé\.& f, = adjustment factor for unfamiliar driver pop
- Section (# Lane) design
N 4o o abkiy - Section (# Lane) design £

ey f T L L
s olgtevawnte JDS), PHF-SFpcl ) 1, T,
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Input data

Free flow speed (FFS) mi/h | 90-120km/h |
Lanes per direction (N) 22 -
Lane width (LW} ; 10-12 ft 3,00-3,60 m e
Shoulder width (clearance) 0-6 ft 0,00-1,80 m i
Ramp density (TRD) 0-6 ramps/mi | 0-3,8 ramp/km -
Terrain Level-rolling-mountainous
Traffic composition tracks-/buses/RV fiv
Peak hour factor (PHF) £1,00 -
Drivers : 0,85-1,00 f.
DES. OF TRANS. INFR. Lesture #4 L

Step #1: Free flow speed

-}S, 4 0% & c,nmi:‘nrm'f' velne.
‘ In this type of facility speed is not affected by the alignment. Thus for
Be(.mﬁ.-e_ Hmw AL base conditions the speed (BFFS) is always equal to 75.4 mi/h:
dew‘.%ve.;i weith \m%/k valve.
g(,f Caaliog ("4_, FFS WAl depasl
O{S "H"Q [Jwga,c}f') . I-"‘\ C?fb'v\‘t\’- where
FF5 = FFS of basic freeway segment (mi/h),
thete e waolh-lane

fuw = adjustment for lane width (mi/h),

W?LN\NW 'T L G.r TLQ. wa{ne fic = adjustment for right-side lateral clearance (mi/h), and
Q{ (Q‘R{;\-\)S SN \Aﬁf '('Q’_‘; ‘J\n% = TRD = total ramp density (ramps/mi}.
Forn. This (e FFES depend owuly -b,v R rmbm&t‘cm :

FF$ =754~ f,4 — f,c —3.22TRD*®

DES. OF TRANS. INFR. Lecture 4

Step #1: Free flow speed

Exhibit 11-8
Adjustment to FFS for Average
Lane Width
e
Average Lane Width (ft) Reduction in FFS, i, (mi/h)
z12 0.0
z11-12 19
21_0-11 ]
Exhibit 11-9
Adjustment to FFS for Right-
Side Lateral Clearance, fic
(mi/h)
s
Right-Side
Lateral Lanes in One Direction
Clearance (ft) 2 3 4 =5
26 0.0 0.0 0.0 0.0
5 0.6 0.4 0.2 0.1
4 12 0.8 0.4 0.2
3 18 12 0.6 03
2 24 1.6 0.8 04
x 3.0 2.0 1.0 05
0 3.6 2.4 1.2 0.6
DES. OF TRANS INFR Lecture &4
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Step #2: Flow rate

Exhibit 11-12
PCEs for RVs (£2) on Upgrades
Upgrade Length Proportion of RVs
(] {mi} 2% 4% 5% 6% B% % 15 20% =25%
52 Al 1.2 12 12 12 12 12 12 12 12
>2-3 0.00-0.50 12 1.2 12 12 12 12 12 12 12
>0.50 0 LS 15 15 15 1.5 12 12 12
& 12 12 12 1.2 1.2 L2 1.2 12
25 20 20 20 20 LS 15 15
2.5 25 25 240 20 20 15 15
20 0 20 15 15 L5 15 15
30 in 30 25 25 20 0 20
35 30 30 30 25 25 20 20
30 25 25 25 20 20 0 15
40 40 335 30 30 25 2.5 20
4.5 4.0 4.0 3.5 3.0 3.0 25 2.0
o the naarest 0.1
PEroportion of Trucks and Buses
5% 10% 15% =20%
15 1.5 15 1.5
15 L5 15 15
20 20 20 15
15 1.5 15 15
55 40 4.0 a0
15 L5 15 15
7.5 6.0 55 45
DES. OF TRANS, INFR Lecture #4 22

Step #2: Flow rate

Ad) for Driver Populati

</

The base traffic stream characteristics for basic freeway segments are
representative of traffic streams composed primarily of commuters, or drivers
who are familiar with the facility. It is generally accepted that traffic streams with
different characteristics (e.g., recreational drivers) use freeways less efficiently.
Although data are sparse and reported results vary substantially, significantly
lower capacities have been reported on weekends, particularly in recreational
areas. It may generally be assumed that the reduction in capacity (LOS E)
extends to service flow rates and service volumes for other LOS as well.

The adjustment factor f, is used to reflect the effect of driver population. The
values of f, range from 0.85 to 1.00 in most cases, although lower values have
been observed in isolated cases. In general, the analyst should use a value of 1.00,
which reflects commuters or otherwise-accustomed drivers, unless there is
sufficient evidence that a lower value should be used. Where greater accuracy is
needed, comparative field studies of commuter and recreational traffic flow and
speeds are recommended.

DES. OF TRANS, INFR Viira 346 -

Step #3: Density and LOS

where
D = density (pc/mifin),
v, = demand flow rate (pc/h/In), and

5 = mean speed of traffic stream under base conditions (mi/h).

LOS Density (pc/mi/in)

£11

>11-18

>18-26

>26-35

>35-45

Demand exceeds capacity

>45

m moNno>0

OF TRAMS. INFFRL

24
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Input data

Free flow speed (FFS)

70-100 km/h

45-60 mifh
Lane per direction (N) 2-3 -
Lane width (LW} 10-12 ft 3,00-3,60 m fiw
Right shoulder width (clearance) 0-6ft 0,00-1,80 m ;
Left shoulder width (cl :" 06 f 0,00-1,80 m =
Type of median Divided, undivided, TWLTL fu
Access points 0-40 ramps/mi | 0-25 rampe/km fx
Terrain Level-rolling-mountainous :
Traffic tracks-/buses/RV i
Peak hour factor (PHF) <1,00 -
Drivers 0,85~ 1,00 i
. DES. OF TRANS. INFR. Lectura #4 28
. Shep 15 Input Data
MLH LOS analysis Fabar .
Measured FFS (it mvailable)
s wsmml}.-
Step 2: Computs FFS
e FFS = BFFS— fo — fie — fu—fa Tari ey e
BFFS C(Q,TJQM.OI by R %mwﬁ ity et FT5 ivilable
. BFFS = base FFS for multilane highway segment (mifh); L it 1)
tle \ W\' oo FES = EFS of basit froeway segment (aii/hk !
fow = adjustment for lane width, from Exhibit 14-8 (mi/h); [ 500 ol IV CHIVE,
fie = adjustment for TLC, from Exhibit 14-9 (mi/h):
fu = adjustment for median type, from Exhibit 14-10 {mi/h); and (S A I Mo
fu = adjustment for access-point density, from Exhibit 1411 (mifh). IR i e oy
Driver popastation
V Use Equation 14-3
", e —
PHE %N i * f, ompare s semand o s
where
Demand fow rte
v, = demand flow rate under equivalent base conditions (pefiving: > e capacky Demand fiow rate
V = demand volume under prevailing conditions (vel/h): | tos=r | ek
PHF = peak hour factor;
N = number of lanes (one direction]; s ‘]’
fo - ad factor for pe £ heavy i from e el
Equation 14-4: and
Ji = adjusimens fnctor for atypical driver populations. M&mmm
DES. OF TRANS. INFR. Lecture #4 26
Step #1: Free flow speed
Exhibit 14-8
Adjustment to FFS for Average
Lane Width
Lane Width () Reduction in FFS, fuw (mi/h)
212 0.0
=11-12 19
=>10-11 IE
Exhibit 14-10
Adjustment to FF5 for
TWLTL = two-way left turn lanes ) Median Type
Reduction in ‘FF_S, fu
e Medianiiype. 7 L U RIR) s
Undivided 1.6
TWLTL 0.0
Divided 0.0
ES. OF TRAMS INFR. Lecture #4 £
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Step #2: Flow rate

Exhibit 14-13  ypgrace {mi) % 4% 5% 6% 8%

§
¢
ofef#

PCEs for Trucks and Buses s

(En) on Upgrades 5 15
15 15
15 15
w28
10 10
15 15
15 15
0 20
20 20
15 23
25 25
L3 18
2 20
25 25
w0
A 30
15 15
20 20
25 2%
FTREY
ET T
AT
0 10
5 5
5 2%
w30
35 35
a0 a0
M

Step #2: Flow rate

Exhibit 14-14  Percent Length Eropartion of RVs

PCEs for RVs (£:) on _Upgrade {mi) 2% 4% 5% 6% 8% 10% 15% 20% 25%

1 £2 All 12 1.2 5 P 1.2

000-050 | 1.2 12 : : ; 1

>0.50 30 15 1.5 1.5 15 15 12 L2 1.
11 L
2.5 1

»>2=3

0.00 - 0.25 L2
*3-4 | 20.25-050 | 25 1 . i

>0.50 e 25 25 25 20 20 20 L5 1.5
0.00-0.25 25 20 20 20 15 15 L5 LS 15
>4=5 »0.25-0.50 | 40 0 30 30 25 25 20 20 2.0

> 0.50 45 35 30 30 30 25 25 2.0 2.0
0.00-035 | 40 30 25 25 25 20 20 20 15
»5 20.25-050 | &0 40 40 35 30 0 25 L5 20

Percent Length of Proportion of Trucks and Buses
Downgrade | Grade {mi 5% 10% 15% 20%

=4 All 1.5 L5 L5 15
4-5 34 15 15 15 15
>4 20 20 20 15

54 1.5 L5 15 15

>5-6 >4 55 40 4.0 30
i =4 15 15 15 15

4 7.5 5.0 5.5 4.5

2. OF TRANS. INFR.

Step #3: Density and Level of Service

Dot
S

D = density (pc/mi/ln),

v, = demand flow rate (pe/h/in), and

5 = mean speed of traffic stream under base conditions (mifh).

LOS FFS (mi/h] Den: In
A All »0-11
B Al >11-18
c All >18-26
s} All >26-35

&0 >35-40
£ 55 =35-41
50 >35-43
45 >35-45
Demand Exceeds Capacity
&0 =40
F 55 >41
50 43
45 >45

LANS. INFR,
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Master of Science in Civil Engineering

Design of Transportation Infrastructures

Lecture #5 (Tutorial)

Reference: Roess, R.P., Prassas, E.S., McShane, W.R. (2011). Traffic Engineering. Pearson ed.

An 0l 6-lane urban freeway has the following characteristics:

A-foot lanes: f located 2 feet from the
"‘h Pavement edge; and a total ramp density of 3 ramps/mile. What
i the free.flow speed of this freeway?

W"‘“‘M The free-flow speed of a freeway may be estimated
"ing Equation 12-5:

FFS = 754 = fyw=fic = 3.22TRD*™

The following values are used in this computation:
Suw = 1.9 mi‘h (Table 14.5, 11-fi lanes)
Jie = 1.6 mi/h (Table 14.6, 2-ft lateral clearance, 3 lanes)
TRD = 3 ramps/mi
Then:

FFS =754 — 19 — 1.6 — 3.22(3%")
=754 ~ 11.6 = 63.8 mi/h

A four-lane undivided multilane highway in a suburban area has the
following characteristics: posted speed limit = 50 mih; 11-foot
lanes; frequent obstructions located 4 feet from the right pavement
edge; 30 access points/mi on the right side of the facility. What is the

free-flow speed for the direction described?

Solution: The free-flow speed for a multilane highway is computed
using Equation 14-6:
FFS = BFFS—fiw—fic—fu—fa

The base free-flow speed for a multilane highway may be taken as
60 mifh as a default or may be related to the posted speed limit. In
the latter case, for a posted speed limit of 50 mifh, the base free-flow
speed may be taken to be 5 mi/h more than the limit, or 50 + § = 55
mi/h. This is the value that will be used.

2

Adjustments to the base free-flow speed are as follows:

Siw = 1.9 mi/h (Table 14.5, 11-fi lanes)
Sie = 0.4 mi/h (Table 14.7, total lateral clearance = 10 f,
4-lane highway)
Ju = 1.6 mith (Table 14.8, undivided highway)
f1 = 1.5 m/h (Table 14.9, 30 access points/mi)

Then;
FF5 = 550-19-04=16~7.5 = 43.6 mih
Note that in selecting the adjustment for lateral clearance, the total

lateral clearance is 4 feet (for the right side) plus an assumed value of
6.0 feet (for the left or median side) of an undivided highway.

Consider the following situation: A volume of 2,500 velvh traverses
a section of freeway and contains 15% trucks and 5% RVs, The sec-
tion in question is on a 5% upgrade, 0.75 miles in length, What is the
equivalent volume in car equivalents?

Solution: The solution is started by finding the passenger car
equivalent of trucks and RVs on the freeway section described (5%
upgrade, 0.75 trulcs) These are found in Tables 14.12 and 14.13,
respectively:

Ey=12.5 (Table 14.12, 15% trucks, >4—5%, >0.50-0.75 mi)
Egp=3.0 (Table 14.13, 5% RV’s, >4-5%, >0.50 mi)

In entering values from these tables, care must be taken to
observe the boundary conditions.
The heavy-vehicle adjustment factor may now be computed as:
1
1+ 01525 - 1) + 0.0533.0 - 1)

Sy =

1
= —— = (7547
1325

and the passenger-car equivalent volume may be estimated as:

5

]
1
3]

Viph 2,500

Voo = T = Gy = 3313pch

The solution can also be found by applying the passcnger-cx
equivalents directly:

Truck pees: 2.500%0.15%2.5 = 938
RV pees: 2,500%0.0543.0 = 375
Pass Cars: 2,500%0.80*1.0 = 2,000
TOTAL pees: 3,313
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: Table 14.15: Spreadsheet Computation of Service Flow Rates and Service Volumes

Level of Service | MSF (po/hn) | & | fuy Ja SF (veh/h) | PHF | SV (velvh)
A 770 3 | 0.863 | 1.000 1,994 0.92 1,834
B 1,250 3 | 0.863 | 1.000 3,236 0.92 2977
C 1,690 3 | 0.863 | 1.000 4,375 0.92 4,301
D 2,080 3 | 0.363 | 1.000 5,385 0.92 4,954
E 2,400 3 | 0.863 | 1.000 6,214 0.92 5,617

Step2: Determine the Maximum Service Flow Rates for
Each Level of Service Maximum service flow (MSF) rates
for each level of service are drawn from Table 14.3 for a free-
way with a 70-mi/h free-flow speed. These values are A; 770
pevin, B: 1,250 povin, C: 1,690 pefvin, D: 2,080 pcfin,

for the foreseeable future. Future demand volumes may be
computed as;

Vi= V, (106"
where: V; = peak-hour demand volume in target year j

and E: 2,400 pcvin, V, = peak-hour demand volume in year 0, 3,600 veh/h
Stepd:  Determine the Heavy-Vehicle Factor The heavy. N = number of years to target year
vehicle factor is computed as:
Then:
1
fuv = V, = 3,600 veh/h

L+ Prlfr— 1)+ Pe(Br— 1) Vs = 3,600(1.06%) = 4,818 velvh

Vig = 3,600(1.06'"%) = 6,447 vehh
Vis = 3,600(1.06'%) = 8,628 velvh
Vap = 3,600(1.06°%) = 11,546 vehn

Step 6:  Derermine Target Year Levels of Service The tar-

where: Pr o= 0.08 (given) =
Py = 0.00 (given)
Ey = 2.5 (Exhibit 14-11, rolling terrain)

Thea: get year demand volumes are stated as full peak-hour voi-
umes. They are, therefore, compared to the service volumes
1 1 computed in Table 14.15 to determine LOS. The results are

Sy = — = {),893

shown in Table 14.16.

As indicated in Table 14.16, level of service F prevails
in target years 10, 15, and 20. In each of these years, demand
exceeds capacity. Clearly, the point at which capacity is

1+00825 -1 112

Step i Determine the Service Flow Rates and Service
Volumes for Each Level of Service Service flow rates

; = L e R reached occurs between years 5 and 10. Capacity, stated in
- oot e compiad i L terms of a full peak hour, is 5,617 vehh (Table 14.15),
S The exact year that demand reaches capacity may be found as
SF; = MSFi*N*fyv*f, follows:
S5V; = SF,* PHF
5617 = 3600(1.06")
where: M5F; = as determined in Step 2 n = 763
N = 3 (given)
Suv = 0.893 (as computed in Step 3) Table 14.16: Levels of Service for Sample Problem
fp = 100 (regular users) Demand Volume
PHF = 0,92 (given) Target Year {veh/h) Level of Service
These computations are shown in Table 14.15. 0 3,600 5
The service flow rates (SF) refer to the peak 15-minute 5 4818 D
interval; service volumes apply to peak-hour volumes. 10 = 6:447 F
Step §: Determine Targer-Year Peak-Demand Volumes 15 8,628 F
The problem statement indicates that present demand is 20 11.546 F

3,600 veh/h and that this volume will increase by 6% per year

Analysis The results of this analysis indicate that demand
will reach the capacity of the freeway in 7,63 years. If no action
is taken, users can expect regular breakdowns during the peak
hour in this freeway section. To avoid this situation, action must
be taken to either reduce d d and/or i the capaci
of the section.

Increasing the capacity of the section suggests adding a
lane. Computations would be redone using a four-lane, one-
direction cross section 10 see whether sufficient capacity was
added to handle the 20-year demand forecast. Reduction in
demand is more difficult and would involve intensive stdy of
the nature of demand on the freeway section in question,
Reduction would require diversion of users to altemative routes
or altemative modes, encouraging users to travel o different
times or to different destinations, encouraging car-pooling and
other actions to increase auto occupancy. Given the constraints
of capacity on the current cross section, it is also unlikely that

demand would grow to the levels indicated in later yew|
because queuing and congestion would reach intolerable leves
In Year 20, the projected demand of 11,546 veh/h is more the
twice the capacity of the current cross section.

As is the case in many uses of the HCM, this analys|
identifies and gives insight into a problem. It does m|
Jefinitively provide a soluti anless engi are pr
pared to more than double the current capacity of the faciliy
or modify alternative routes to provide the additicnal capac
ity nceded. Even these options involve judgments. Capaciy
and level-of-service analyses of the various alternctival
would provide additional information on which to bae'
those judgments, but would not, taken alone. dictate any par
ticular course of action. Economic, social, and environmes
tal issues would obviously also have to be considered as ps
of the overall process of finding a remedy to the forecasisd
problem.
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DESIGN OF TRANSPORTATION INFRASTRUCTURES
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i}

Lecture #5 o
TWO LANE RURAE HIG!_-IWA.\‘.’S

o

Two-lane rural highways

B

CATEGORIA C  EXTRAURBANE SECONDARIE
Percooie
Vi &
SRR AR 2N Vi W0
=1
é
=T
P
DEE. OF TRAMS INFR Lecture #5

Rural highways

According to the Italian
standard, such road typology
has a fixed composition:

LIVELLO DI
SERVIZID

c1

c2

G {1 corsia)

C (1 corsia)

servizio
per corsia
(autovaie.

800 (e)

e

equivora) |

600 (o)

M& u\..a‘\_ Jemu'dﬂ.
Husn

HCM considers three types of two lane rural highways:

+ Class 1: high speed rural highways (cat.C1) with grade-separated

intersections -4»5-{,2‘32,‘,1&4 Cersed (-(’AueMt Sje,{';bﬁ)

*  Class 2: rural highways (cat.C1 and C2) with at-grade intersections

Two cedd =2{ tlhe sowce
*+ Class 3: local rural highways (cat.F1 e F2) with

intersections

A.,{],.M ke ddth o) © «:E c2 ;::é
an b KuenK  aud o I Sy
S‘L"UO ld;M - 15 ars 75 b, m

. 1 '
4—1:&;0—.4 1',‘_9%0 _.*
U i

DEE. OF TRAMS, INFR, Lecture 85

]
o0 Amlil'il'.l ‘.rIIJ
e

\eased

at-grade

>ia tis olovs Auigl

s bowg fiwe.

Foced cawmpasiRown

This Kind of voad

Speed waaiuteived, 4on

J

Yow

comnal ik o wew
Lone, A0 you don't

s emolygls |

g m!m 7h KLQMS'V\ bsT you tom

;5"4'+ .'_‘;\_,J/Y ‘QMM.\M% é@g

S
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ATS = average travel speed
PTSF = percent-time spent following
PFF5 = percent of free-flow speed

Class 1T Class II1
\o% Class I Highways Highways

ATS (mifh) PTSF (%) PTSF (%) PFFS (%)
A >55 <35 540 >91.7
B >50-55 >35-50 >40=55 >83.3-91.7
C >45-50 >50-65 »55-70 >75.0-83.3
D >40-45 >65-80 >70-85 >66.7-75.0
E <40 280 >85 <66.7

T L—%dmIEM.I

This column is also used to
calculate Class | and Class Ill
level of service

DES. OF TRANS. INFR. Leciure #5

Rural highways

Step 1: Input Data
Geometrc data

Demand volume

Highwary class (L, 11, or 111}
Field-measured spoed { Sud, of
Base free-flow speed [ B°F5)

Cassl |

il

| Step 2: Estimate Free-Flow Spesd

Fiedd-mensured speed adjustments: flow rate, haavy vehicles (Equations 15-1 and 15-4), or
BFFS adjustments: lane and shoulder width, access-point density

T
|

(Equation 15-2, Exhibits 15-7 and 15-8)

Step 3: Demand A¢|un[=un; for Step 3: Demand Adjustment for
Average Travel ATS; Average Travel Spasd (ATS)
:!qu.ums ls-m 155} {!q-mu 15-310 15-5}

r-um wN:le mumnt Hmw mN:k

adjustment
(General temain (Exhin® 15-11)
Specific grade (Exhibits 15-12 t 15-14)
Grade

General terrain (Extvbt 15-9)
Specific grade (Exhitit 15-10)

mm{inm:s mnls-m
Gradhe adjustment

General temain (Exhitst 15-9)
Spectic grade [Exnit 15-10)

Stup 4: Estimate ATS
(Equatian 15-8)

(Equation 15-6)
No-passing-zone adjustment {Exhibit 15-15) |

Step 4 Estimate ATS
No-passing-10ng adjustment (Exhibit 15-15)

DEE OF TRAME, INFR Lecture #5

ATS + T s (feed by
Space sud Rwe, bath |
Beesvse we wousiclea
ove Aechown d tle
werrge Specsl awd
+e 1t do Fhis
Sfeu‘fq_, k%m“t

Rural highways
Step 5: Demand Adjustment for Su;h Demand Adjustment
Percent Time-Spent-Following (PTSF) Time-Spent-Following (PTSF'_I
{Eguations 15-7 and 15-8) :Equm 15-7 and 15-8)
Peai hour factor Peak hour factor
Heavy vehicle adjustment Heavy vehide adjustment

General terrain (Exhibit 15-18)

General terrain (Exhibit 15-18)
Sueﬁl_k grade (Exhibit 15-19)

Specific grade (Exhib 15-19)
Grade adjustment

General terrain (Exhibit 15-16)

Specific grade {Exhibat 15-17)

!

Step 6: Estimate PTSF
[Euuadaﬂs 15-9M 15-10, Exhibsit 1
No-passing aajmr(i-nlm 15 21:

adjustrent
General terrain (Exhibit 15-16)
Speific grade (Exhibit 15-17)

!

Step 6; Estimate PTSF
(Equations 15-9 ang 15-10, Exhibit 15-20)
Ne-passing-zone adjustment (Exhibit 15-21)

Step 7: Estimate Percent of
Free-Flow Speed (PFF5)
(Equation 15-11)

Step 8: Detarmine Level of Service and Capacity
{Exhibit 15-3)

DER. OF TRAMS, INFR Lecture 85
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Step #3. Demand flow rate evaluation

T deo o '-r\y\‘a-i'ué%
Exhibit 15-9 4@,. e devand e

ATS Grade Adjustment Factor
(fzars) for Level Terrain, Rolling C'\ ’g T s -;\-3.

Terrain, and Specific Downgrades
b ‘tale ouéfp\owx \w

One-Direction Adjustment Factor
b= | B o bl rolingreman___ the ‘oble >ud T see
N s
= 2 e B RS A
o L B aretes slerd g
800 1.00 0.99 ¢ [ |
Note: m?dia::no o the muo.mmﬂiﬁa - tl: fia*c):\be ‘\:‘Z:,U\Wj: 3 :

Ob‘@l?&@v\ g

FR Lecture &8 13

Step #3. Demand flow rate evaluation

1
1+ B(E; = 1)+ Po(Eq - 1)

fnv,m ¥

where

finars = heavy vehicle adjustment factor for ATS estimation,
Py = proportion of trucks in the traffic stream (decimal),
Py = proportion of RVs in the traffic stream (decimal),

Er = passenger car equivalent for trucks from Exhibit 15-11 or Exhibit 15-12,
and

Ex = passenger car equivalent for RVs from Exhibit 15-11 or Exhibit 15-13.

DEE. O

A

TRANS. INFR. Lecture 85 14

Step #3. Demand flow rate evaluation

Exhibit 15-11
ATS Passenger Car
Equivalents for Trucks (&)
and RVs (&) for Level
Terrain, Rolling Terrain, and
Specific Downgrades
Directional Demand Level Terrain and
Vehicle Flow Vi (veh/h) | S ic Dot rades Rolling Terrain
=100 19 2.7
200 1.5 23
300 1.4 2.1
400 1.3 2.0
Trucks, £ 500 1.2 1.8
600 1.1 1.7
700 11 16
80O 11 14
2900 1.0 1.3
RVs, £y All fiows 1.0 1.1

Note:  Interpolation to the nearest 0.1 & recommended.

DEE. OF TRAMS, INFR Lecture #5 15
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Step #5. PTSF - demand flow rate evaluation

v,

8 = L
i, PTSF
PHF x fg,pﬂr X frw,yrsr

1
1+P(E, -1)+ P(E¢ -1)

va,r'rsr =

where

vrsr = demand flow rate i for determination of PTSF (pc/h);

P i

“d" (analysis direction) or “o” (opposing direction);

ferrse = grade adjustment factor for PTSF determination, from Exhibit 15-16 or
Exhibit 15-17; and

fiwersr = heavy vehicle adjustment factor for PTSF determination, from Exhibit
15-18 or Exhibit 15-19.

DES, OF TRAMS. INFR. Lecture #5 0

Step #5. PTSF - demand flow rate evaluation

Exhibit 15-16

PTSF Grade Adjustment Factor
(fsrss) for Level Terrain, Rolling
Terrain, and Specific Downgrades

Directional Demand Flow Level Terrain and
Rate; v (veh/h) Downgrades Rolling Terrain
=100 1.00 0.73
200 1.00 0.80
300 1.00 0.85
400 1.00 0.50
P 500 1.00 0.96
600 1.00 097
A 700 1.00 0.99
BOO 1.00 1.00
s =900 1.00 I,E

Note:  Interpolation to the nearest 0.01 is recommended.

DEE. OF TRAMS, INFR. Lecturs #5 21
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Step #6. PTSF - demand flow rate evaluation

Exhibit 15-20
IR BPTSE, =100]1 -explaz; ] PTSF Coefficents for Use in

Equation 15-10 for

Estimating BPTSF
Opposing Demand Flow
Rate, v, (pc/h) Coefficient @ Coefficient &

200 -0.0014 0.973

400 -0.0022 0.923

600 -0.0033 0.870

8OO -0.0045 0.833

1,000 -0.0049 0.829

1,200 -0.0054 0.825

1,400 -0.0058 D.821
21,600 -0.0062 0.817

el ——l
Note:  Straight-ling interpolation of 4 to the nearest 0.0001 and &to the nearest 0.001 is recommended.

DES. OF TRANS, INFR Lecture #5 25
Exhibit 15-21  Toeal Two-wWay Flow Rats, Percent Ho-PassieaZunes
Wo-Passing-7one Adjustment V= ¥+ vylpe/h) [) b 40 [ B0 100
Factor {fgere) for Dirsctional = 50,50
Determination of PTSF 200 S0 W2 414 w4 BB 94
-0 6.3 a0 .2 &lE 618 a8
600 158 3 478 532 552 £
w 800 158 ns A 4.0 “E “w5
] 1400 28 N0 DS W2 A B
23,000 00 16 138 D4 87 188
a. 2,800 5 12 (L] 95 101 183
v a 3200 .3 i s 55 87 &1
= Deractional = 40
b 5200 .o 06 o 51.2 523 518
] 00 M5 Bl ME 54 50 563
= 00 MB 363 M0 5L SLE 546
80 1 B2 N4 ME NI 4
=] 1,400 18 I8 I B4 84 23
+ — 2,000 81 135 156 150 168 173
L e 1500 59 17 RS X 3
o = 70,30
= T R BT R Ve T e e T |
— 400 106 1.3 ELE “%7 a7 88
© 00 B9 Mo WS a9 &4 a0
) =00 103 06 84 n s 155
1,400 a0 e 1nr ws ne wy
L) 1200 73 T B O T L T
“ S200 [X] A ”a 470 474 a8
ﬂ 00 &6 B MS 27 a5 s
00 4n M5 ny o) nr 0.0
(- 800 3 185 ns W4 M1 ns
1,400 15 w3 1l 63 188 X2
d 2,000 35 70 85 10.1 104 0.7
=50/10
* H0 T T e T S W T T
-0 0o w02 m3 363 »7 o
-5 60 T R Y
a o 20 1S 152 8§ M3 N8
= L3 - 3 il 15119
vy = e L e e e e ey
revorrerded b the searest .1,
Leclure #5 28

Step #7. PFFS and capacity evaluation

ATS,
FFS

o PFFS =

Caars = 1r790fx. ars Sov ars
Coprar = ]‘?nofx,F'TSfflw,PTiF

where

Caars = capacity in the analysis direction under prevailing conditions based on
ATS (pc/h), and

Caprsr = capacity in the analysis direction under prevailing conditions based on
PTSF (pc/h).

DEE. OF TRAMS, INF|

R Lacture 85 27
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Master of Science in Civil Engineering

9/ Design of Transportation Infrastructures

Lecture #5 (Tutorial)

Reference textbook: Roess, R.P., Prassas, E.S., McShane, W.R. (2011). Traffic Engineering. Pearson ed.

16.5.1 Analysis of a Class | Rural Two-Lane
Highway in Rolling Terrain

A Class 1 two-lane highway in rolling terrain has a peak
demand volume of 500 veh/h, with 15% trucks and 5% RVs.
The highway serves as a main link to a popular recreation
area. The directional split of traffic is 60-40 during peak
periods, and the peak-hour factor is 0.88. The 10-mile
section under study has 40% “No Passing™ zones. The base
free-flow speed of the facility may be taken to be 60 mish.
Lane widths are 12 feet, and shoulder widths are 2 feer.

There are 10 access points per mile along this 10-mile
section.

Step 1: Estimate the Free-Flow Speed. The free-flow
speed (FFS5) is estimated from the base free-flow speed
(BFFS) and applicable adjustment factors fi (Table 16.5)
and f; (Table 16.6). Then:

FF3 = BFFS — fis ~ [
FFS = 60.0 — 26 — 2.5 = 54.9 mi/h

where fig = 2.6 (for 12-fool lanes and 2-foot shoul-
ders) and fy = 2.5 (for 10 access points per mile)

Step 2: Comp the Directional D d Flow
Rates for ATS and PTSF Determinations Because
cach direction of the two-lane highway must be sepa-
rately analyzed, it is necessary that the demand of
500 veh/h be separated by direction. Note that the
two directional analyses may be done concurrently
because the directional demand in one case is the

opposing demand in the other. Given the specified
60-40 split:

Vy = 500 *0.60 = 300 vel/h
Vy = 500 *0.40 = 200 veh/h

Both of these values have to be converted to base
passenger-car flow rates.

Four demand- flows will be computed. Both the
directional and opposing volumes must be separately con-
verted for ATS determination and for PTSF determination.
The initial selection of adjustment factors would be based
on flow rates, which are found using the demand volume

and the hour factor: v; = 300/0.88 = 341 vebh
mu;:?;wo.sstm vchh.hmpohﬁmfor_dm
grade factor 10 the nearest 0.01 and passenger car equiva-
Jents to the nearest 0.1 is required. Table 16.18 summa-
rizes the results of these determinations.

Using these values, the following heavy vehicle
factors are computed:

1
1+ Pr(Er— 1) + Pa(Ez— 1)

Sav =

1
1+ 01521 — 1) + 0.05(1.1 - 1)
= (.85

" fown (ATS) =

1
1 +015(1.7 = 1) + 0.051.0 - 1)
= 090

Joni (PTSF) =

1
1+ 01523 - 1) + 0.05(1.1 = 1)
=083

S (ATS) =

1
1+ 01518 - 1) + 0.051.0 - 1)
= 0.89

fina (PTSF) =

Then:

v
PHF* fo * fuv
341
VATS) = o086 * 0.85
341
0.88 * 0.87 * 0.90
21
v(ATS) = Geev 077+ 0.83

M
PTSP) = Geevoa 08 o Pl

= 530 pe/h
W (PTSF) = S

= 404 pch
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As the upgrade and downgrade are analyzed, these will
serve as directional and opposing volumes.

Base passenger-car equivalent demand flows
are computed as:

et Vs
PHF * f6* fuv

Selecting values of fg;, Er and Ep from the appropriate
tables for PTSF determination results in the values shown
in Table 16.19. All tables are entered with the flow rate: v,
= 175/0.82 = 213 vehh; vy, = 75/0.82 = 91 veh/h.
Note that the fact that 20% of trucks travel at craw] speeds
on the downgrade is not relevant to the predication of
PTSF, and so this information is not used here.

v

Then:
cupy = : = 0943
fav OB = TGa003 - + 005G -1
‘ g ; 3
fav @) = TRy & oosa— 1 - 0%
16.5.2 Single-Direction Analysis m
of a Specific Grade Z o
Vip = GEoe100% 0043 | 220 pom
\ Class IT two-lane highway serving a rural logging area has a 0.82*1.00* 0.
vmile grade of 4%. Peak demand on the grade is 250 vehv/h, 75
#ith a 70-30 directional split and a PHF of 0.82. Because of Vgl = = & G306
xiive logging operations in the area, demand contains 20% 0.82 * 1.00 * 0.980
Incks. There are also 5% RV using the facility. The grade has < g
100% “No Passing” zones. The free-flow speed of the facility Step 2: Estimate the PTSF for the Spectﬁcj Upgrade
has been measured to be 45 mi/h. Twenty percent of all trucks and Specific Downgrade The percent time spent
sperate at a crawl speed that is 20 mi/h lower than other vehi- following is estimated as:
des on the downgrade. At what LOS does the facility operate, v,
ssuming that 70% of the traffic is on the upgrade? PTSF, = BPTSF, + fin(W)
o
Step 1: Compute Demand Flow Rates for PTSF
Determination Both the upgrade and downgrade must BPTSFq = 100[] TR {“"5]}]
be analyzed in this case. Because this is a Class I facil- o
ity, however, PTSF is the only parameter that need be e
blished. It is y to divide the demand volume Jfrpp (up and down) = 489% (Table 16.16, 100% ‘No
into the upgrade volume, V, (250 * 0.70 = 175 veh/h), Passing” zones, 70730 split, and v =
and downgrade volume, Vy (250 * 0.30 = 75 veh/h). 226 + 93 = 319 pe/h, interpolated)
Table 16.19: Critical Values for Demand Flow Rate Computation
Direction fe Ep Ep
Upgrade 1.00 (Table 16.9) 1.3 (Table 16.13) 1.0 (Table 16.13)
Downgrade 1.00 (Table 16.7) 1.1 (Table 16.10) 1.0 (Table 16.10)
3
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TR
ROAD USERS BEHAVIOR AND PERF

Lecture #6

nane
#

5 M
L

"
Huan

References

HSM

Highway Safety Manual
o

Mimistero el ng;‘mrmum € dei Trasporti

NORME FUNZIONALI E l“EO\li.'l RICHE
PER LA COSTRUZIONE DELLE STRADE

DEE. OF TRAMS INFR, Lecture #&

Road users

Roadway design is affected by several variables.
Road users characteristics and performances are fundamental in the
analysis and design of road geometrics.

Who are the road users?

Drivers. Some related topics: "B'ﬂlof 2ne 'ch bsw;\q'\ue dewy\,‘r \\.d'c
* Driving tasks 2 2

* Attention and information processing e (ead  welwni

* Vision

Perception-reaction time
Speed choice

... and Vulnerable Road Users (i.e., bikers and pedestrians) whose

performance in terms of speed choice and occupancy are discussed
herein,

Lacture #

s
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Driver’s attention and information processing ability

Consequently, drivers have a limited information pracessing capacity while
driving, thus they subconsciously determine acceptable information loads
that they can manage.

When the acceptable incoming information load is exceeded, they tend to

1 + neglect other information based on level of importance, and error is
he%(ErT 2 Wil possible during this process.

dccrdewit = ?F.\hexbbl teaws
Cusia = ?"N‘«S‘\c; OQU\:M \:JWCM
Fwsa  laoalien

DES. OF TRANS. INFR Lecture #6 T

Driver’s expectation

One way to accommodate for human information processing limitations is
to design roadway environments in accordance with driver expectations.

When drivers can rely on past experience to assist with control, guidance,
or navigation tasks there is less to process because they only need to
process new information.

Drivers develop long- and short-term expectancies.

DES. OF TRAMS. INFR. Lecture #&

Driver’s expectation

Examples of long-term expectancies that an unfamiliar driver will bring to
a new section of roadway include:

* upcoming freeway exits will be on the right-hand side of the road;

* when a minor and a major road cross, the stop control will be on the
road that appears to be the minor road;

* when approaching an intersection, drivers must be in the left lane to
make a left turn at the cross street; and,

* acontinuous through lane (on a freeway or arterial) will not end at an

} interchange or intersection junction.

DES. OF TRAMNS. INFR, Lecture & 8

/s
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Approximately 90 percent of the information that drivers use is visual.

Driver’s vision

While visual acuity is the most familiar aspect of vision related to driving,

numerous other aspects are equally important. The following aspects of

driver vision are described in this section:

* Visual Acuity - the ability to see details at a distance;

* Contrast Sensitivity — the ability to detect slight differences in luminance

(brightness of light] between an object and its background;

* Peripheral Vision - the ability to detect objects that are outside of the

area of most accurate vision within the eye;

* Movement in Depth — the ability to estimate the speed of another

DES.

vehicle by the rate of change of visual angle of the vehicle created at the
eye ; and,

Visual Search - the ability to search the rapidly changing road scene to
collect road information.

OF TRANS. INFR. Lecture #6 13

Human vision

DEE. OF TRAMS. INFR. Lecture #&

The visual field of human
eyes is large approximately:

DEE. OF TRANS. INFR, Lecture 86

Human vision

55 degrees above the
horizontal,

70 degrees below the
horizontal,

90 degrees to the left,
and

90 degrees to the right,

Bu—i- veny QW{Y VEioA
- Woises (‘tuw-on&)
- fonce pRow (584)

/’é?
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Driver’s field of view at increasing speed

The primary cue that drivers use to determine their closing speed to

another vehicle is the rate of change of the image size.

A s, =
Object size: ZaI | ) '. Ilmage size
, boseet mee: ceah diunension

L A\w2ae e fw\cgrﬂau dinspsconn 2 1 deave /}m see how ﬁ.ﬂ{f_ o
, T dhenge w Twe w fouckion
& Vomahow  ehost Squine MgTeuce

az_ﬂ L & S 4[{,’%{\\;‘ auxot i ;u\:'(—t

o gwste e Sp€ed of e

elde = Hast T'wm brokive .

Driver’s field of view at increasing speed

The figure illustrates the relative change of the size of an image at
different distances from a viewer. The relationship between viewing
distance (x) and image size (2a) is not a linear relationship,

The fact that it is a non-linear relationship is likely the source of the
difficulty drivers have in making accurate estimates of closing speed.

Exhibit 3-5:
a

Viewing

s bl biadiatisind
el ve Afecd tTo o con

Cra _',’«'l""e (Qéd ~

Viehicin Image Sie

100 e P s @0 WS oam

\iewing Bistance X

DEE. OF TRAMS, INFR. Lecture #&

Perception-reaction time

Perception-reaction time (PRT) includes time to detect a target, process
the information, decide on a response, and initiate a reaction.

Values such as 1.5 or 2.5 s accommodates the vast percentage of drivers in
maost situations.

But PRT is not fixed.

PRT depends on human elements discussed in previous sections, including
information processing, driver alertness, driver expectations, and vision.

! Alse \ucdede M te Wy slhaahe Cﬂ\)\lﬂ»u’:\;t %) Inawe
Fo i Q{/]efﬂ\ad\/ W Aoushown .

DEE, OF TRAMNS. INFR,

Lecture 86

21
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Driver’s speed choice — peripheral vision

DES, OF TRANS. INFR Lecture 85 25

Driver’s speed choice - noise and adaptation

Noise level is also an important cue for speed choice. Several studies
examined how removing noise cues influenced travel speed. While
drivers' ears were covered (with ear muffs) they were asked to travel at a
particular speed.

All drivers underestimated how fast they were going and drove 4 to 6 mph
faster than when the usual sound cues were present.

With respect to lowering speeds, it has been counter-productive to
progressively quiet the ride in cars and to provide smoother pavements.

Another aspect of speed choice is speed adaptation. This is the
experience of leaving a freeway after a long period of driving and having
difficulty conforming to the speed limit on an arterial road.

(=]
mn
"0

OF TRAMS, INFR. Lecture 86 2

Driver’s speed choice - road and env. effects

Drivers may interpret the roadway environment as a whole to encourage
fast or slow speeds depending on the effects of the geometry, terrain, or
other roadway elements.

Even though drivers may not have all the information for correctly
assessing a safe speed, they respond to what they can see.

\ Drivers tend to drive faster on a straight road with several lanes, wide ; ~ wilhest Staen
920.;; Fw,e \9{“’”‘ Dﬂ shoulders, and a wide clear zone, than drivers on a narrow, winding road Clean dove > WX
S, lwneme with no shoulders or a cliff on the side. Toxd S,
b !
\ : For example, speeds on rural highway tangents are related to cross-section
+e QLA,N\J'Q- x _ .
étﬁ% % and other variables, such as the radius of the curve before and after the

tangent, available sight distance, and general terrain.
Where drivers perceived the accident risk to be greater (e.g., sharp curves, < w < $helle
limited sight distance), they reduced their travel speed.

W DES. OF TRAMS. INFR Lecturs 86 27
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Horizontal and vertical alignment design

x = curvilinear abscissa
y = offset
z z = altitude

[ty

. Intersection between the
terrain surface and the
| cylindrical surface

Terrain surface

/ (DTM-TIN)

alignment

DES. OF TRANS. INFR. Leoture #7 2

Elements for the horizontal alignment design

Design ¢l on the hor:

LGS .

: Length of the straight N " :

wo wamtuee = L (imf,'m"l'e (efclms.)
oS

Cirgular arc
R: Radius of the circular arc
Lg: Length of the circolar arc

; 4,)1‘ I Ln h of th i ‘rtl.eu. e w}:my pugRat
" : Lengl! e transition curve ; 3 '
© /\ R?’Rndius at end of the transition g re” 4‘}' v &D‘Ql e )

je———L curve “T'\S‘} W:’Y ta ohcv\%e_

DES. OF TRANS. INFR. Lecture #7 s e cedios |
et
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Transitions

ot e Swamonr
of cume.

Parametric equation of spirals: ~® S?_\hévb{ ecT whow S

r-s" =A™
where:
A = scale factor
n = shape factor
s = curvilinear abscissa
R = radius of the osculating circle

In’
1
|

n=-1,r=s spiral
n=0,r=A circle
n=1rs=A? clothoid (Cornu's spiral)

n22,rs"=Am

n=oo, r=a0

DES. OF TRANS. INFR.

iper-clothoids
straight line

Looturs &

R: cicele Thst hae Hle Sswe comston of te Loosl cicele

R0 - corchia

fJQ'\J To

WR Cian xa{f«am'i' M e
"‘-Q/\AT ‘\u (Q& {'MSQ(*E*'\I-\A

(tovgpul, hwtnoid , Gl

‘x:,kJ- a‘\«mx'w{ N

‘1%@1&‘5% devect Qj o s T"\t‘af el Gg how 4o e tle F’“J aw tle cone .

Clothoid

DES. OF TRANS. INFR.

Traditionally, the clothoid
is widely used:

R-s" =A™
when n=1
R.s=A

Lecture #7

Clothoid’s scale factor

DES. OF TRANS, INFR

Standards provide limits for the scale factor
of a clothoid:

possible A values
e,

{ Equations for the calculation of the

| elements (coordinates, local radius,

| abscissa, deviation angle), are available.
——!  Tabled solutions for the same are also

i available {remember that in the latter

| case A=, the xls file is on the webpage).

A=0 ——
A=1
Amin,d —f-
Amin2 ——

Amin,3

Q: Do you remember the criteria
followed in the Amin and Amax
evaluation?

Lessture 87

&?WKQM 4o cohelite
He 'a\.‘u,ﬂe/m;r walue Od A
wx (Auan) €A € Augx
Avia:
WAL WA T

= (gl{,'ms coteana (

Sope-elevtiow ©
iaps o <]

e

42
— pacty tow (R/ 3)

A’\Mb\( = ‘t

A
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Horizontal alignment process (1)

Polygonal path
+ offset +
circular arc

Polygonal path
+ offset +
circular arc +
spirals

DES. OF TRANS. INFR. ecture & 13

Horizontal alighment process (1)

Polygonal path + offset + circular arc + spirals = horizontal alignment

DES. OF TRANS. INFRL Lecture &7

Horizontal alignment process ()
New road design approach - WeuJ ‘ﬂ'\%%/(ﬂt Schod

—ole tle acde

/_\\ (/DI Circles and _d% A -H( Q%MI

/ corresponding - b‘h(c‘h‘w/':r L V"‘”q‘ lf’e-

\ y \_/ centers +a Mc&@w‘t To 3” W,T aaC ULQ,/

R Space u:u@iwiwﬁ
ym M =Y cﬁ.&)‘“’\&iid -
st m Circles and
. W i oy corresponding
;'[ o i centers + offset
H I ‘. ,.r

1 |
1 [ ' ,
" / 2 =
0\ ’ o
\\ 4
DES. OF TRANS. INFR. Lecture #7

/2
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Inflected and continuity spirals

Inflected and continuity spirals are used to solve connections between
circular arcs. Conditions are:

* non-intersecting circles
* the two centers of curvature do not coincide

* when the circles are external, then inflection (case )
* when one circle in internal, then continuity (or egg-shaped, case Il)

Casel Caselll Ba 9&‘,@&1)\7\- 3ee \uo&ud&q{

DES. OF TRANS. INFR.

Transitional, inflected and continuity with spirals

be ved to deaw == Transition

Sewe cacele com {— Inflection
= Continuity

DES. OF TRANS, INFR Lesture £ 20

Inflected clothoid —> Tuso exferndd cicele

/52
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Clothoid of continuity

Deaw wethad 8 very
Qualzq to 4e :*Jr‘t«ea.s}
bst tug Type 'S ey
Lffpeutt 4o odople.

DES, OF TRANS. INFR. Lecture #7 25
Clothoid of continuity / \
il (r .(_‘..‘__3‘
‘-.\_. \ -.{!.
L

"

& A e ¥ wEE

Ogherlocs diagaanna

= grrplic waethod,
you cahenlte A oud

tleave B .

Gio 88 a4 ar g av

a2
ar

[
o o g
.

L

=

DES. OF TRANS. INFR “Lecture &7

fo
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Speed interval approach selection

Principal Service
Roadcat. | A, | A, I B | c|D|E|FR|F[A]ale]|D
Vi 130 [130{110| 90 | 70 |50 | 90 | 50 | 90 |50 90 |50
Vo max 140 | 140|120 | 100 | 80 | 60 | 100 | 60 | 100 | 60 | 100 | 60
| Ve.min 90 | 80 | 70 | 60 |50 |40 | 40 | 25 | 40 |40 | 40 | 25

|E|!'\2~¢PWA;( | | SIRADA D SERVIZID |

i

i

!

DES. OF TRANS. INFR.

Lecture #5

Design speed selection (US)

Table 15.2  Minimum Design Speeds for Various Functional Classifications

A Specd (i
b HVG d%‘j"\ /';!Du( l'\'f \"abuwe- Class 20 30 40 50 60 T
H Rural principal arterial  Min 30 mifh for freoways AR R
5 QllAJ W Oveno :i'\ Rural minor arterial ! - N SR TR
A DHY over 400 x X X
dis He &i wuedent  wolowe Rural DHYV 20400 r xlix
Collector DHV 106200 x x x
5 (4&] Road Current ADT over 400 iy
%tna 2 Current ADT under 40 x x %
DHV over 400 L T )
DHV 200400 X & x
Rugal DHVY 100-260 # E =
Loxal Current ADT over 400 e
Road Carrenl ADT 250-400 TR
Current ADT 50-250  F -
Current ADT under 50 x %
Urban principal arierial  Minimum 50 mi’h for x x w A%
lrecways
Urhan minde arierial - Tl S A |
Uirban callector street LK
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Urban local strees

x

SOURCE: Road Degn Mameai Vinginia Dopartment of Transportation. Richmond, VA. (See www
wrpiniadit crg/hudnes lockes rdmanial-midecsp for most srent venion )

DES. OF TRANS. INFR.

Lecture 48

Reference design speed selection

Nase speedd depend  sse oy gradel

Metric US Customary
Design Speeds (kmih) Design Speeds (mph)

Type of 80 | 90 ] 10011101120 ) 1309 50 | 55 | 60 | 65 | 70 | 75 § RO

Temain Grades (%]’ Grades (%]
Level 4 4 3 3 3 3 4 4 3 3 3 3 3
Rolling T TR SR 1 N e T R S
Mountainous [ 1] ] 3 L] 5 ] 5 5 - =
* Grades 1% steeper than the value shown may be used for extreme cases in urban areas

where development precludes the use of flatler grades and for one-way downgrades except

In mountainous terrain

Exhibit 5-1. Maximum Grades for Rural and Urban Freeways

DES. OF TRANS. INFR,

Lech

ure 48
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Speed analysis and control, Italian standard

When V., 2100 km/h:

AV, < 10 km/h when speed pass from V,,, . to V. < V,

L max

AV, £ 20 km/h (better if lower than 15 km/h) when speed pass
from values lower than V.,

When V.., < 80 km/h:
+  AVp <5 km/h when speed pass from Vi, 10 Vo < Vi,

* AV, <20 km/h (better if lower than 10 km/h) when speed pass
from values lower than V...

.;J\,\,.’ Speed wdve s abbf{e/uwf Soun A0 To 2ol
Fon -:..wxfod' > sa,fd\{ i, wadk  te veduce S(dc,qk aet shio
L i Grod  wWhen speed ~ahkon S8 slow.

DES. OF TRANS. INFR.

C«;Mhi*&,d' = camgwew% =3 %%@(,'\"73\

Leoture #5

Do onpidend specd Somng Mo sMquunend - Jor masue T Trve votshon spead

: be swell.
wod Speed analysis and control, Italian standard

Ve
'
VP VPm
AV <10 kmvh (when V. = 100 kmMh)
PAK
1AV = 5 kmh (whenV < 80 km/h)
U7y
-(»--—D-L—:-{
Station
Ve
“_ VPW
PP s 0 G
AV 520 km'h
VP2
'IL'!-J
-
Station
DES. OF TRANS. INFR. Locture #8

Effects of speed variation

Accident (crash) rate in horizontal curve versus the operating speed
variation between tangent and curve in two lane rural highway (US).

From:
Glennon, J.C., Harwood, DW.,, Free, 5., Gray, C.W. (1978).

Highway Design Consistency and Systematic Design Related to Highway
Safety.

Transportation Research Record, 681, 77-88.

AV Number of Crashin Exposition Crash rate
horizontal  three years factor
curve (n) (1085v-km)  (nf10%v-km)

451

06,0

DES. OF TRANS. INFR,

Lecture #
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Stlde A3
Expe,‘;nend". mudt\m% that you ouhd Wi o verdole swd you con
W\,OQL.J)Y U e e how d.e.remcls To & dwmadewddic

NENNEERTAS
Ob saalion 1 Owly see whwk bagpens | oo connst .W‘LL:F\{ \,

The aksteibolon "(3 Speed . FFcoudibon 1§ & qeotfiow  owd v
o & Pg,\m,ﬁle, a:[’ g Sighelolou (fgz\ To wake wsktdaea.

Bt X w8 coviect Wy becense o you e /fm The save
s vetens T Ave two diffeet distellubown |

v us Speed Ll > pstT v bare o \Jg-s-
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0S5 models (I) = two-lane rural hw, curves

Autor . | _Paese [ Equazione RE
Lamm el a 51 Us | V=038-182-0C, 0,798
Passettie Fambm | [44]|  Us | ¥, =1039-30205.(1/R) 0,88
OlieseneKrammes | [45]| US| V,, =1024-157-DC, - 0012-L,—001-0C -L, 0,81
Andueza [46] | Venezuela | V, = 88,2 -2795 - (1 R)- 884 - (1/R, )+ 7 486 -%+ 9308-L, | 081
Vi = 124158378 (1/R T per COR < 30 ganvkm 0.40
i atad 1] e Vg =118,1-510.56-(1/R ] per 30 < CCR < B0 gonkm 058
Vig =118 =437 44 {1/R %, per 80 < CCR < 180 gonkm 0,80
Vig = 1008 - 348,82- (1/R'*, per CCR 2 180 gon'km 0,88
? 518275 125440 413181
Bird e Hashi 47 UK Ve =1181— - =
& m 147 s T T e 0,88
Mie & Hassan [48) | Canada | Vi, =1084—0097-CCR 0,88

Legenda:

Le= sviluppo dells curva jm]

Ly = sviluppo del rettifilc precadante la curva [m]

L= = svilugpo medio der due refifili adiacenti alla curva |m]
Ry = raggio defia curva precedente [m]

8 = dislanza di visilita disponibile lungo la curva fm]

= angolo & ione del racoondo (°)

DES. OF TRANS. INFR. Lecturs S5 18

0S models (I1) — two-lane rural hw, tangents

Bitod Ril_| Paess | Modello R?
W = 4167 ~ 648,882 {1/, T+ 00038 - R, + 001861, —
Candoso -
MO | Podogafo | ) o7 R, +5.96-1, +528-L, i
Andueza [48) | Venezuola | ¥, = 1007 -3420-(1/R,, )+ 0027818 L, 0.78
1)V = 101113420 (1/GM; ) 055
)V, = 105,00 - 28,107/ g* ™. 074
Polus el al us
5 i 1V, = 9773 —0,00067-GH, 020
1) Vi = 10500 — 22,9538 084
BideHashn | [7] | UK | F) W =95414+0478.JL, —4824./DC, 056
Crismian ef al. 5 hain | Vi = Vi, ~ 008117 0,88
Legenda
(" valida per Rie Res S 250 m, Ly < 150 m
(¥ valida per Rie Rey S 250 m, 150 SLrS 1000 m
{7} valida per R & Res > 250 m, 150 S Lr S 1000 m
(%) valida per R e Ra: qualunque, Lr> 1000 m
1¥)in i DC= ¢ il valore: medio delle due cune adiacentt
Ve = velocité operaiva defla curva precedente [kmihj
Le = laghezza della banchina [m)]
Le = larghezza della corsia [m]
Le= hunghezza del rellifio [m]
Rz = ragpo della curva che precede fm)
R = rageio della cunva che segue )
DES. OF TRANS. INFR. Locture #5 17
0S models (Il) - motorways
Autort Rif__| Passe | Strada Modello RZ
Fra | [52) | Francia Vi = 1201+346 - (11 VR
[5152+ 1567 - T, — 2,785 Ty +]
Strade )V =1609-| —4,001.T, —=2450-T, + 0,85
exrautbane -
Gonge. 61 | usa pancibei a4 +2.221.In{L, 73,28) 1
Stamatiadis corsie [60,779+ 1804 -T, —2521-T, +]
) Vi =1609.| —1071.T, ~1519.F. + 043
| +0,000143-R + 2408-(L. IR) |
: Aulostrade
Bmg i | o | naia | wbane ed Vi = 144,70 - 0,3086.CCR 075
[Tegerda :
| G valida per la corsia di sinistra
| {¥) valida per la corsia o destra
Tz = indicatore del bpo di banchina {1 per banchina pavimentala; 0 diversamenta),
| Tee = indicatore del tipo di mergine intesmo (1 senza bamiera di sicuezza, 0 diversamente);
| Te=ind del tipo di {tin 0in congl beturmi
1= indicatore di p {1 per pendenza assaluta = 0.5 %; 0 diversamente)
Le = lunghezza della curva orizzonlale [m]
|_Fe = fattors di cuva (1 se il trallo di awicinaments & una curva, dversamente 0)
DES. OF TRANS. INFR. Lecture 48 18

© Proprieta riservata dell'autore - Digitalizzazione e distribuzione a cura del CENTRO APPUNTI - Corso Luigi Einaudi, 55 - Torino / Pagina 83 di 238



© Proprieta riservata dell'autore - Digitalizzazione e distribuzione a cura del CENTRO APPUNTI - Corso Luigi Einaudi, 55 - Torino / Pagina 85 di 238

Lamm criteria

1. | Vd — Vaa,f| =A VM Design consistency

2 |V&5.r - Vas.m] <Al Operating speed consistency

3+ iTis oot cowtsct frichou (adeeis al coudetto)
* good, con AV, <10 km/h;

* fair,con 10 < AV,_, < 20 km/h; MIM benel °f ~erigq v

* pour, con AV, > 20 km/h.

DES. OF TRANS. INFR. Lecture #8

Speed harmony and speed discord

The shape and the position of the operating speed distribution depend
on the road geometrics.

SpeedS Speeds
Amony HAScand S \ 1S )\’%., Lo
Trahharoned Distribuzi Disnbmone &
T istribuzicne 2 .
prtebith ¢ .\t R soare potabis s /Dcsiri:u:lone
7 & 77T welocitd operative
/ AV i X
S/ RN / ",
. el T\“L (o S \_\.‘___
T T T T T
L Vo Ve L Ve e Vi o
— —10 kmh — —10km
— e | e ey M e |
Intervallo veiocita di progstio Intervallo velocitd di progetto
o= bfe,ea‘. (e ge,or
DES. OF TRANS, INFR. Lecture 5 23

COMS;W"“\S i

St e o fyvefln fc’/\,'zlkfs Jeowetcy 3% P e M 2 0 zjo,{"aod" fle Sfeeol}
/jm 6)(..\;\,{-{3 Cediis udee s teo &.% sd datves cam Qo \eny /fmT
(sven 4\.1,3_4 ,&w'd') becone Jdon T cecewe \ne)\oelo‘l".w gj ARSU. .
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15t curve type

Hote conven 210 &
Foor| &-“(b\hx‘\wbz;\om
of dathord bt ouly
w o Afile ;MIAW Q/j

%QAM = = Lemnizcarte Perebola cubica
Folex ;,,‘f[e, i&mMSC/bT‘}.

r Clotoicde mufiiporometre

r
rp=a /3 re Lr
64
:}j éQAAN LL\ 8
5 . fpar piceais
\ WA D ! ! 2 ; e rrarin) :
deaxstion
DES. OF TRANS. INFR. Lcturs £8 4
ARKE

A poalds colmes Aasn e Asme (Lto\o’tev\-\%

D

1%t curve type

Policentrica 4

b 7
] i
DES. OF TRAMS. INFR. Lecture #) 5
Clothoid
* = center abscissa
AR = arc-tangent offset
1 = deviation (deflection angle)
A T,= long tangent
: T, = short tangent
i L=length
R = final radius
4 circular arc
| : Pt i '
H metBEs %} -
s 5
: 3 i _/ Pt
tangent ] e Pt ‘7 [»
* o ; T = 1;3"
= S o
2 |
DES. OF TRANS. INFR. Lecturs #4 [
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Offset of the clothoid
AQ_M Y & AR=yy—R=y+R-cosT-R=y+ R-(casr-ﬂ LOOK AT SLIDE #6
= fa 5 :
/;h 0 N?‘:"A-%@+R-HT-%]-‘!}:A%@MR.%
Y+ ke
2
JJ Remind that: f=i—zi:i—
Lot gl o i 2 R R 2R
2
AR s s apoxiwate  AR=AZVE-RE
wh o ther s skl o d b
PEEaR S e
o~

DES. OF TRANS. INFR. Lecture #2

Cubic parabola
=¥ The cubic parabola represents an approximation of the clothoid. 1
Demonstration:
qb,2 i,4 SHORTEST SERIES
x=A-J§‘[1--ﬁ+E§] A
E oD i J’:A'J2_"r‘
y=hz. TEﬂszu] d

3 3 1 2
T2 Hanly 2‘5(}*)3
- 2_ 2: = = -
y=Art J;::»r A\E,r [9] v
9

DES. OF TRANS. INFR. Lecture #5

Cubic parabola

Substituting 1 in the equation of x:

1 gl g
X:A.ZZ.(E] 6[!.}3 =5 A’=A3-y—
2 WA 6.2

72

2
x3=-41—y=6;42y = y=—x3
6

DES. OF TRANS. INFRL Lecture #9
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Limit values of cubic parabola parameters

Sge

G(.a\o[/\ waliestes Lot : _:

L 088 Rue
L Y\

0 | 8Ree 10024 o
| " T 26,8
T ==

o Ky 035 A

DES. OF TRANS. INFR. Lectue §8 16

Lemniscate of Bernoulli

For small deviations the ’
WA

Lemniscate of Bernoulli is an \ =8, aAm ‘E.S

approximation of the ’ =

clothoid, but it requires

easier equations.

Torus ———————

-
Lemniscate of Bernoulli is
the intersection of a plane—*
tangent to the inner ring of
a torus whose inner radius
equals to its radius of
generating circle

DES. OF TRANS. INFR. Lectura #9 17

Lemniscate of Bernoulli

Cartesian equation: i}

X4y 42082 285y =0

Polar equation:

Nasavwava J@U"J“"”‘ p’ = A - serl2p)

e;wjﬁe_ AIS®
Characteristic:

=3¢

Tabled solutions are
available.

DES. OF TRANS. INFR. Lechre 45 18
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Sinusoidal curve

They exclude any discontinuity in the curvature diagram.
Characteristics are:

* curvature diagram with horizontal tangents;

+ more comfort, since suspensions are continuously loaded with minor
oscillations for the cabin.

Dayhed £Live : howo . .
chowge  comfur /fb\ | 7 : —t  AfeSron s o
o&ﬂ\b\ﬁ{ [eX P &’ywilm L . ; |4 .Syuogca'\"i‘d. daaqr&m

o TRt S IO OTIOR s o R ﬁiﬁ% uss Rnugle
il o 3w Sikod —_— —

pa‘\vcr/ > te j.\ware pa‘lv\* :T W Ef?_ 21 % T?""*i.{r_ljl

e Gwlza to covl “e%ft:; TRANS, INFR. (PEiia 2

Co\_.{_njf in belten thon Aotsid.

Sinusoidal curve

Deviation angle:

T o 5
r=dr =] pd =2i (E—lsen-zﬁj-dh
0 0 RU Jes L
—_.1_. i_‘_i cos%_‘]
PRI 5,2 L

Fors=L: p=1/R - r=%

DES. OF TRANS. INFR. Lecture #5 23

Sinusoidal curve

To derive the coordinates (x,y) of 0'2)_’

points, the following hypothesis 1 i ¥
are made: 2 :; - [P 3
-y'2<c 1_{_[&]2 2 [1+(y)2]§
-X=s ax

y":lzi.(g_lsenzﬂ)
SRR L

DES. OF TRANS. INFR. Lecture #4 24
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Comparison clothoids — sinusoidal curve

ik From the comfort point of view, it is interesting to evaluate the differences
Cu > 'tté““'r\“\"“ o yterms of jerk.

3
S{EEA oot CQ\A&J' For the clothoid it is equal to ... -!.... = “M ra*
o -
o _\r)ds_ "U ()P Py ) = ook
e e ds[A’”')_ ey
... while forthesihusoidal curve ... (s Ale S sl _,ggy\,
d( 125 4. . 2as)\ 2 2 Symm'dbl-
= A o B AN ISV [ e S e 5
& ds(?ﬂ?[f. mhder) D IR [1 g ) =0 neafts Coalires

Tabdy the Wloe of el fo Kuow dflerevees o4 {(r) betueen ol
Sl Syw—*hiol

DES. OF TRANS. INFR. Lecture £ 28

Comparisons clothoid - sinusoidal curve

g/(_ + wonmlized fo'h*s()v\
Bu & tewthow cvwe

40 T fonqil 1o ceal
Cougfi o} fie tmkou.
Nn=4 athod wil counghet

UK D om lewd  befor
Sed Mfen gon 1S el

DES. OF TRANS. INFR. Lecturs #4 28

Syuos-o'\:{eﬁ conve (este o wadlde geud ow fwe = it g the ceapn
Ao lefen confot. Tu sddifonn Hus come 18 Lowgen Them Lfhaid SO
i ol e 3of -

t‘my defect 7 yer , T condheochow ¢ :

becsos Sccelewbion dsqe with counlue QT=_’£’_

Ow » dothawl, Ta conthnt sgelerlion T gl %4,2&\% ou ceacd
widh s Dueze wle bt Witk 5 syusssdal e g wott chawge

W s gposd  awle /U s vewy cenglex!

edqe f L i
vemation e
__E_/Eywomld
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CURVE GEOMETR RTICAL ALIGNMENT
H-V.COORDINATI
Lecture #10

General approach to the geometric design of

transportation infrastructures =
x = curvilinear abscissa

y = offset
yd z = altitude
Intersection between the

terrain surface and the
cylindrical surface

Road centeline
/ (axis)
Terrain surface

_______ : _t.// (DTM-TIN)

DES. OF TRANS. INFR, Leciure #10 2

Vertical alignment criteria

z ; R = fills (embankments)
e A = (s = L S = cuts (trenches)

s R S{ \R/ |iS

%

Criteria for the design of the vertical alignment:

Safe driving conditions (sight distances, V&H coordination)

Vehicle performances (maximum grade)

Respect of constraints (water table, rivers, interferences) —is we}e&‘bblg ~ J"aléa
Minimum guantities of cuts and fills (R=>Rmin e S = Smin)

5. Earthworks balance (R = 5).

DES. OF TRANS. INFR. Laclure #10 3
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