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Master Course
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20L7-L8

Costruction of Roads, Railways and
Airports (OIRVMMX)

GENERALITIES

Technical Specifications

Quality control / Quality assurance

General overview

Phases of design and construction of transportation infrastructures

Analysis of feasibility
. Pre-feasibility study

. Feasibilitystudy

Design

. Preliminary design

. Final design

. Executive design

Construction

. Award of contract

. Execution ofworks

. Measurements and accounting

Final acceptance
2

1

J
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Technical specifi cations e<).rÉ o5 rn{èrnn cr.brcrrs obcrcrt"$,Bes threg

Construction and
è orrcdrice. ond ptclcrz

pladerhent of materials

c.IltnrL qs(})fo'r"\ca)Pra$crfi
Reference to relevant standards.

FOÊ€,

Control during construction and

on completedworks

Specifications

5

Specifications

Technical specifi cations

> PRESCRIPTIVE

> PERFORMANCE-BASED

6

3
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Specifications

Technical specifi cations

> PRESCRIPTIVE vs PERFORMANCE-BASED

Best option: "hybrid" approach.

o

Performance-based specifications have the
advantage/disadvantage of reducing the work of the
Engineer (no need of continuous testing) and in giving
the Contractor freedom in defining the most profitable
working strategies.

Performance evaluation eliminates the risk of litigations
during construction due to the different interpretation of
prescriptive Specifications.

Specifications

Technical specifi cations

> PRESCRIPTIVE vs PERFORMANCE-BASED

Performance-based specifications require the use of
parameters which derive from advanced investigation
techniques [e.g. simu]ative full-scale testing,
mechanistically-based laboratory testsJ.

rfii*
,,.'

1

I

ff, :,'

ffi
Mechanistically-based
labot'atory tests

Full-scâle field testing
(FWD, structural)

Full-scale field testing
{SCRlM, functional} 10

5
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Quality Control (QC) and QualityAssurance (QA)

Variability of characteristics of materials and works

Total variability is the sum of several components
<alhPlqtl,ônl,. Sampling

. Experimental tests

. Materials

. Construction (production and placement)

S2qc7e6 = 52.+S2,+52 m/c

lot.crl"
Variability =

\
sampling + laboratory + material/construction

+hert Utcrrrtl lb" be
YVttv\t(V\t Z€.O/
rgd.re€d o.rs
ivttJcln o,-s
i)9És'l t)te,

13

Quality Control (QC) and QualityAssurance (QA)

Variability of characteristics of materials and works

random variability linked to procedures for selection of samples

random variability linked to laboratory procedures

+
. Can cause more than 50olo oftotal variability

. It is fundamental that operators tightly respectprocedures

Materials

Construction

ê Natural variability ofthe characteristics ofmaterials and- production/placementoperations

Sampling

Experimental tests

14

7

J

© Proprietà riservata dell'autore - Digitalizzazione e distribuzione a cura del CENTRO APPUNTI - Corso Luigi Einaudi, 55 - Torino / Pagina 13 di 414

© Proprietà riservata dell'autore - Digitalizzazione e distribuzione a cura del CENTRO APPUNTI - Corso Luigi Einaudi, 55 - Torino / Pagina 13 di 414



03/1012017

I

)

Quality Control (QC) and QualityAssurance (eA)

Terminology ffi$*
r Precision = low variability ofmeasurements repeated in control conditions

. Accurâcy = conformityof resultwith respectto true value

Good measurement
+ precision,low

accuracy

Low measurement
precision, good 

->accuracy

17

l

rQuality Control (QC) and QualiryAssufance (eA)'t
EE
Ëd'
Jgs++.!

Statistical parameters

C. Average

{ . Median value
I\. Variation range

. Variance
dcI

o
d
â
$
É.

18

I

J
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Quality Control (QC) and QualityAssurance (eA)

Coefficient of variation

Defines the degree of variability of measurements

cv =9-rc0
)c

21

<2o/o = verylow variability

2 - 5o/o = low variability

S - l0o/o = moderate variability

l0 - 20o/o = high variabitiW

> 20o/o = very hiBh variability

)

.J

Quality Control (QC) and eualiryAssurance (eA)

Sampling criteria
Determination of a given characreristic referred ro a quantiry orp.oauctftff]iiil"
be performed on a limited number of samples

I

->
REPRESENTATIVE OF THE

ENTIRE LOT

SAMPLING PROGRAM

. Test frequency (altren)

. Location of samples (w hBrq-)

. Size of samples t nu,'rnber)

22

J

11
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Quality Control (QC) and QualityAssurance (eA)

Generation of random positions

Subl Sub2 Sub3 Sub4

A locl system of cartesian coordinates is define
for each sub-lot

A random sequence ofnumbers is
lâ +he,{ b€rkr"rhe, coÊr<!i.-lGæs

oê rcurrct<r"n F)sittisûs

25

7460012743X

29

2B

73

aa

21

QA

OB

14

7B

00

87

09

01

49

70

97

97

41

43Y

)

Quality Control (QC) and QualityAssurance (eA)

Generation of random positions

Generated numbers are multiplied by the transversal dimension of the sub-lot

Exeample 
-> 

Rectangular shape 100 m x 12 m

Sub-lot 1

. Coordinate X = 0,7 4 x L00 = 7 4 m

. Coordinate Y = 0,29 x L2 = 3,5 m

Sub-lot 2

. Coordinate X = 0,60 x 100 = 60 m

. CoordinateY = 0,2tx72=2,5m

... etc.

*J

13
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Quality Control (QC) and QualityAssurance (QA)

CONTROT CHARTS - Usage criteria
It can be considered as a sequence ofnormal distribution curyes (vertical axis) as a function of
tested samples flotsJ

It can be assumed that the process is
"under control" when the values are

contained within the upper and lower
limits

$
Average t 3 o

29

Upper control limit

Lower control limit

12345 7
Lot Number

Quality Control (QC) and QualityAssurance (QA)

CONTROL CHARTS - Usage criteria
A fundament characteristic ofthis approach is the possibility ofdistinguishing random variability
from systamic variability due to a specific cause

ffrr'Êr-fictæs +he.ce.
i: snUt r:r Urvrit,
(no'+ beth+he-
ççPg,raûal +he
tpurer)

30

15
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Quality Control (QC) and QualityAssurance (QA)

CONTROL CHARTS - Interpretation
There is a problem (the system is not under control any more) when:
L+l$gl bæt esirruon rS q)he X ord R ang,ohibrn .r-lne-orrs.o{re.

.Xvaries,Rconstant

.Tconstant, R varies

.Te Rvary

33

03/1012a17

Quality Control (QC) and QualityAssurance (QA)

CONTROL CHARTS - Interpretation

Example: Variation of average

ABRUPT CHANGE TRFND IRREGULARITY

t a
I
{

Ex. Abrupt failure Ex. Progressive wear Ex. Continuous non necessary
adjustments

34

J

17
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Quality Control (QC) and eualityAssurance (eA)

detailed tables (^Q = O.Ol) can b€ developed ftom more accurate values tpWL.

Quâlity
lndex

lô,, ôr ô.1 N=3 N=4 N=5 N=6 N=7 N=8 N=9 N=10
1.50
1.55
1.60
1.65
1.70
1.75
'1.80

1.85
1.90
1.95
2.00
2.05
2.10
2.15
2.20
2.25
2.go
2.g5
2.40 

I

I 100.00
I too.oo
I roo.oo
I roo.oo

too.o0
!o-ô"oo

loo.oo
100.00
100.00
'i00.00

100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100 0ô

100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
r00.00
100.00
100.00
100.00
100.00
100.00
100-00

96.20
97.'t3
97.97
98.72

99.81
100.00
100.00
'100.00

100.00
100.00

100.00
100.00

100.00
100.00
100.00

'100.00

100.00
100.00

95.19
96.00
96.75
97.42
98_02
98.55
98.99
99.36
99.65

99.97
100.00
100.00
'100.00

100.00
100.00
'100.00

100.00
100.00
lnô oô

94.72
95.48
96.17
96.81

97.89
98.35
98.74
99.07
99.35

99.74
99.86
99.94

100.00
100.00
'i00.00

100.00

94.44
95.17
95.84
96.45

99.45
99.61
99.74

99.96
99.98
100.00

97.01
97.51

98.35
98.69
98.99
99.24

99.84
99.91

94.26
94.97
95.62
96.22
96.76
97.25
97.70
98.09
98.44
94.74
99.00
99.23
99.41
99.57
99.69
99.79
99.86

99-95
qq qa

94.13
94.82
95.46
96.05
96.59
97.07
97.51
97.91
98.25
98.56
98.83
99.06
99.26
99.42
99.56
99.68
99.n
99.84
99.89

2.50
2.55
2.60

100.00
100_00
100.00

'100.00

100.00
100.00
100 nn

100.00
100.00
100.00

100.00
100.00
100.00

100.00
100.00
100.00
10n nn

100.00
100.00
100.00

100.00
100.00
100 ôo

99.98
99.99
10n ôô

QUATITYINDEXES

Q@)=usL-v

2111=r:ët

o

o

lrcm-L00-
NOTE: More

Numbers in the
speciflc values of Q, the

MSHTOQdQAGuide Sæc. Pase 21

VARIABILIW - UNKNOWN PROCEDURE
STANDARùDEVIATON METHOD

Parametrs Pu or Pr

{AASHTO)

Quality Control (QC) and eualiryAssurance (eA)

Spcc
5.0

Lot X
Dâtâ
PWL

umtts r04
1 5.8 tr.m 96

5.Û 0.4i 6E

Tdget VaLe 50 Lot X I
lJmlts rOA

1 5.0 o.n 96

4.8 0.æ g

ACCEPTANCE - PWL

l

ct =0106
'arq

Same standard deviation,
different average value

Same average, different
degree ofdispersion)

.J

19
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POLITECNICO DI TORINO

Master Course
in Civil Engineering

201.7-78

Construction of Roads, Railways and
Airports (o1RVMMX)

crrf +lr,osra re.cjeivib'es
È cBrc.*eU rlilh æiut (co*..ror. el,g,rnenv)

EARTHWORKS-SOruC
Classification, compaction, bearing capacity
I û Y\.o.s bo beL9 rindersrc</

b€cqli6e rt tsflr€ -u
hprnon Pf€ldrJcÈ

,)
fi
d
-ç+
ô

It e.i(fr ie,+\s fefoi€cJ t o f\ti\I$cù{S <rnd (alf Po(rJS rJoo

Road prism (sa-ioo srcnoq1e,)
I *?tro;oc'.r. elêrvle,f)b rr* *re. bo*,orrn
Cross section delimited by road platform (including marginal elementsJ,
originary ground and lateral slopes. orr*hc. Sides
Obtained by means of earthworks with the cutting of trenches and
construction of embankments.

Ëofthu,t(,rÉs qj€, (}l3{? sDpptcnîento.fq o.fpL|:ocr*tc)ns
u.rtùrcjn f€qrlr(p, Mogetuenù o€SOrL I

partiqr.

FILL

z
p\ô*

FILL CUT

X

General concepts on earthworks
rin g,rsneiaj- trfiK€.t rui+h trro,ter (* is

design ,

ground,

1

J
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General concepts on earthworks

Road prism
CUT SECTION

075 0..i{
1?5

Fw diomrdia F6so di quil

_--lÀirq-

--lpd!:iÉi-r

Cunetta in ËlcesùuzrCuretta in cdæsb@o

?J* 25tt

Soltofondo in cls F150

Lelto in cls F15cm

Ewnbde sùalo di stabiliziline
a€lces=30r

Slnlo adicapillare s:40 cm

General concepts on earthworks

Road prism rn ofie- ÊJkiof} u,le.

curAND FrLL sECrroN +ff ,i*#X*-
t>n(Z tO CLre lt .

5t5

0.s
3.75 r.50

FossodlMrdh tl@--Wr

-dÈùË

. 250Â.

,.: ûneïaincalæ$ua

l5j6
Tsremvwlale s = {0 cflr

Iereflo di sollofsrdo

ûrElta h câftestuao

Solhlù{bh dîF15on

Geole$le

EtgltdegrdodSaùiEraziïle
acakls=3{1cm

SEloiltlBËliles:l0cm

crtpitl.,cur1 GctnqC, i3 çre<rrQ opov.l bo

'..r)(l*et tolrt€, (r+s gc6irioo rS nec€ssrr"cq ùo b€. <teHnead )
H-e- cr:o*er.+rejcLe

mcÉlbe, rr:€r cc\.r\ rse, prf,es .ùo drrrr.\ ouç +hs pcrrbtorw: axrsL{^rart:€r crncl h.o':æ- sg'<J-r-ien dôEii"t oo -{ àrso r+ .l,k\e (^)crl€r
rn +he. ugpor. p<ers oê+he. sc,r.ù .tq.bte- (s br,o .te€p
[.beccu.rsr+ r+ c.s.itcl LerLd tsô
' Pr\obLerhÊ fur 6oûôdELben3

r{r qr(rtur irarb(e tS rÉ l^igh

3
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vn Vuoti

v* Acqua

V"

mw

mg

processes:

. physical (decompressionJ

. chemical (action of 0r, COr, acidsJ

. organic (acids, bacteriaJ

. mechanical [erosion, impactJ

solt

vt

Volumi
u,,crj:€rt

llll

Soils are formed from several alteration

ke. cc.ogieclMasse
inÈifritrl nn{f,ururle
o,e ç()sÊi h)LB. ssir.s

Three-phase system

SOLID+LIQUID+AIR

,'rll(ii

I

.-_)

SOIL

Definitions Volumi Masse (Pesi)

mw(Ww)

m,(W)

m* (\)

ose, t:or (xr\s/Lf,dg;tr(jn
+heocq +

. Void index J
V, +V-

c=-
V

E

. Porosity

V+V
V

tf if\sic
)

w w-w
wlTol= '*.100= 8.100

%w'
o Grain density

\x/ Afehia$erlQrsy =* çx'nuPle Wrcrcls
' E (V-)-) 'to *he. vot-urne\9' lrt crir..rtd br-

. Apparent density N\eo'jj.j,iQdJ

W W." +W"
'V \+V"+V*

. Dry density
w" w"

V Va+V"+V*

L *"a rn. orrcvL{srg
oç cr:rY\p&ctn'a\

v

v" Vuoti

Acqua
)

5
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SOIL

ri)û*el" (Il^ fvlo\.€. rv1 (l.y\
Capillarity ùn.*r*ur{red c;.otL (trrliQ.r

no*urcr.llq qces efrto.rqla
oo.pa u,<ules') '

In unsaturated soils capillarity te'nsions can occur and these
may cause the upward motion of water.

The height by which free water can move upwards by
capillarity (hJ depends upon:

r time.i

ening of interstitial pores [between grains]
h

{frete iS rr;
pa,{Q€cb (Aifv\gl
of factt.3 .n
qllric.lÂ \Éq CoA
tn-oJrc, c4f,rr(kàru
fv\qJQJv\pJ1€ I

.op

h
1200 mm

h = \âlT

t d
0,02 mm

solr
t-)'fhÉ.r'e'rs o, cte4lh rt'r r.piarckr i I c.ouLd hrrpçrs.r,t

Frost effects (def€r^ds oo +he. €Ïetretql- clrmo.te.)t rrr-reosxr e"f qcÔtr€r v<r(,ll'1^e
Effect of low temperatures (T<0.C) in the winter period:
. formation of ice lenses (volume increaseJ;

. expansion;

. spring thaw with vlume eduction and loss of bearig capacity,

Conditionst

. soil size distribution;

o position of water table; ! 9Y"
. climatic conditions fdepth of frost penetration),

,.',)

7
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SOILS
-fhl dj

icc,r- fIJ es (rnc'.ss or

Physical and mechanical properties

Soilbehaviourdependsupon: (er berocr-t- (tae+ors - cx toq<Jroq I^roE

. size distribution of particl.r, "t wt* tÀgs tæ) u

o presence of water and sensitivity which particles have in interacting with it.

On representative soil sample the following aspects are evaluated:

. percentage ofsize fractions,

. sensitiviry to water fof finer fractions).
t-+ {h(^b sr t fas.r,5; c}ronclng uJc(iar cÊf}r€fit

Ferceot
PaSg\\e,

zg I eoùrro.l-gntsG Ic,pb-nrnqoÊ
t\cdsj +t\e si ab -

.<J i
o

Paf

1

cettfq.Î- Pcr,{îb o
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Ë
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D

.4{ris gxer-dr: t.tc rs <lùit*} -sÂJntarsiue bo
(àJcft r.tr r{.\s srmplg

Ap(]-nat<)t'S

Liquid limit - methods of measurement

Tests carried out on material nassins at the
o.425mmsieve etrîEGr
LL - Liquid limit (Casagande apparatus)

mq;t VtcrJe- :;\gni(\Crerfif
lnterls'-ch(){\ uû*h qp..ir€f

o

\
(

.{l taar'æ

10

(
fl,ç

ulf.NstLc

%W
@TT

30

.hne"- (\rr"r*-rcntx)
scnsl'eiUrral Of ttxrrk€r- tS Ur"tfedSOILS ->

SËHù -ll}q,AEffIC,M
PuOT

S€€'J()n
boufKtnql c)n
c., ta-btg.

OLD METHOD
\--l-1 ù

35 40 45 50

Umidità (7o)

|I,ùa+er" {:cfit€f\t

+he cst
trrrtL Cl.pSêr\.,
nornnL:Çr
o€' blocos
it> cLt:Sr:- r+

100

,rnl

d3t

dsl
'ô

\è
88tzs
t

l

SOILS ( qpgenn cornrrloniù{ rerrd osl\)

Liquid Iimit- methods of measurement

UNI CEN ISO/TS 17892-12:2005
cE{-

Tests carried out on
material DASSiEg_at-lhe
0.425 mm sieve

t shaçl

Cone penetrometer
?--J

$r*ri trlr 59
{he one seprJ
fsr bigchrnelt

-l-est

Ttwo geometries:

.609/60'

.80g/30"
u:'r''Tur.r cti-Gc.re.nù

Pc(}cec{rresNEW METHOD

)

3
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Plastic limt - methods of measurement .<) pçp.çg5a. o.-3{\^c;t/î.rt lcxrl^

UNI CEN ISO/TS 17892-12:2005

preç<rru"Socq ghrrs<e rnCf€,s...$c- rrlne- f etictb'rekl ot
;Joær. r:j o(r CgÊntt)s dÂStinexrt{3d

--> Two 10 g portions (sub-samples)

SOITS

20 g of moist soil

LP = average oftwo repetitions
NEW METHOD

I

$
1

SOILS

Classification of soils CcfrC+ren't fvrq1tfrcxjs .lùr hre-s r:cr srr*is(rv
.5û1n(l requ isisr: )

It is a tool for the prelimienary evaluation of soil performance based on particle
size and sensitivity to water.

Requisites:
. clear meaning of considered parameters;
. easy and quick determination of resur,r, ,ffioËâË^îil *?;|fu f >
. simple equipment which can be used in field laboratories;
. parameters which do not depend on soil state (wet or dry), on stress

conditions and environmental cbnditions. \.5ù
i,tgs to lcx) tlr'ltfJed
+o (nbfinsec-
{xË{æ("tl€-s, r1o+

Q-x t,ef,nql <)nes

ALTOWS THE DISTINCTION BETWEEN SOITS WHICH CAN BE USED FOR

EARTHWORKS AND THOSE WHICH MAY NOT

t-ïli

5
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SOILS

Classification of soils - HRB system (UNI 11531-tt2o14)

PRIORITY OF USE (general)

- Groups 47, A2-4, A2-5, A3;

- Groups A2-6 and, A2-7. (roterfnectr:o.*e- LsJa!)

For soils belonging to groups 44,45, A6 and A7 it should be considered
whether:
- to use the with proper attention (protection froL*\,Sq9g);
- to proceed with treatment/improvement [e.g.-limj stabilization),
- to exclude their use and proceed with disposal.

)

Classification of soils - HRB system (UNI 11531-l:2014)

- EMBANKMENT: Groups A1, A3 fconfined, if necessaryJ, A2-4, A2-5, A4 (with
group index equal to 0), A2-6, A2-7 (lower part of embankment, at least at 2 m
from pavementsupport level, with anti-capillarylayer);
- SUBGRADE: Groups A\, A2-4, A2-5, A3 fwith uniformity coefficient greater than
7); l*'*go+fte. snbonnnæn+ (pruviiurn qco.ritq sù")

€r 4lE- cut ÉÉr('tâoo

- nAtrWAy EMBANKMENTS: Groups AL, A2-4, A2-5, A2-6, A2-7, A3 (depending
upon particle size distribution), A4 for embankment
- RAILWAY SUBGRADE: Groups Al, A2-4 e A3 (depending upon particle size

distribution)

SOITS

PRIORITY OF USE (specific)

\

7

J

© Proprietà riservata dell'autore - Digitalizzazione e distribuzione a cura del CENTRO APPUNTI - Corso Luigi Einaudi, 55 - Torino / Pagina 41 di 414

© Proprietà riservata dell'autore - Digitalizzazione e distribuzione a cura del CENTRO APPUNTI - Corso Luigi Einaudi, 55 - Torino / Pagina 41 di 414



o9110/2017

Goals of compaction

f iirredon't oJernt +he-;orJ" ctensa\ cuJrir\g+he,oe*e
) reduce further settlements during seryice life of infrastructure as a result of
static loads (permanent) and of dynamic loads [transient);

è hiChe-t owrker.cê cÊnsc! çornts
) improve mechanical properties of soils [inainly' friction angle g), to satisfy
construction requirements (sufficient stiffness of each laye4 necessary for
compaction of layers above) and to ensure stability of construction work in
service;

SOII COMPACTION

) reduce the influence of water (lower porosity leads to lower permeability and
increased resistance to erosion).

SOIL COMPACTION (ai-trcxer* cu@s)

Description of phenomenon

porosity reduction generated by compaction is due to:b rncf,e€(gnq denstOl
. expulsion of air containecl in soil volume,
Lr r\-Orjg +ylc €(.u.ti<.leS clÉSer

. migration of water (minimal contribution since compaction is a quick
phenomenon unlike consolidation: water contet does not change dramatically)

. compression of air which cannot be expelled (especially for clayey soils)

FACTORS WHICH INFLUENCE COMPACTION:

1.. Soil type (A,)

2. Watercontent(wl (æÉi t{ coowrr.ed)
3. Compactionenergy(E)

4. Compaction mode (sbcnc-,ck{ficrtvtc !Àxr{, rrii*r geSOre ecc.)
5. Layerthickness and stifftress of support

€_J \-:Æ}
€,ctorqÀ{ rri;\tbc. de+qryrcùle s)pp(](c
dis\^boted cuss.iêÀ.f€- <crh('o.ct\qr

1n 6Lt'{.fqJg)b votr.n4es Arrenfi (not urJcq esecja\€)

I
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SOII COMPACTION

Proctor test - experimental procedure

uNr EN 13286-2 (2005)

. Type A (AASHTO Standard - T 99)

?
fir
ill

llt..
#s

t

. Type B IAASHTo Modificata - T 180)
L :arwe p(iôcOLeS , bxJr

di ç€e,Gilt,i o.,r.irbcrso
Standard Modilicato

numero distrati
m assa del pestello
allezza di caduta

2,495 kg
30,5 cm
25-56

4,535 kg
45,7 cm
25-56numero dico

energia per unità di volume [N/cm 59 26S

EII maglio h.n. .n,
s

\.-.qui€clr'€tQJ€ôt

Compaction energy per unit volumeE-
Vustella

SOII COMPACTION

Proctor test - experimental procedure
L+ a* tna,Bt 5 detetryrrn4*ion upr+h cl-r.{.Sererrb <rxr.ler (p.rtent

Amount of soil for 5 determinations:
. 15 kg for small mould
. 36 kg for large mould

Procedure:
. drying at 5OoC and disgregation;
. sieving at sieve 25 mm fif the retained is higher than 35 % of total mass the

test cannot be performed);
. choice of small/large mould fsmall is the passing at 25 mm is entirely passing

at 5 mm - n.4 ASTMJ; ,.,

. formation of single specimens (variable water contents).

11
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fntnl ucr/l (V
ttæ. CpÎlmu,for \JcLlÀrCL

Cgcrris @ qr -siqf\iticonrt
dec/€cÀs cre drq 

tde,rr.;it^(

SOII COMPACTION

Influence of compaction energy

z4

l! rr

a
1Ê tô
'Ê

1,8

ON CURVE

&
v Oo/o

1.6

1,4

0 5 10 t5 âl 2!i 30

urddilà rv lolôl

txlnt,

'D)

/
tt

\
0y

J, t00

tÊ)

\
/

I

cùr\r€s Qoc çt1gç**'.tt gge cês<,ir.g
soil BTe - Examples (oor crssnnredJ L:ee(UU

17 18 i9 a)

ûddhi wf/al

2.7

1,l

r.6

{ 6 d 7 I 9 10t1 t2131!15

SOIL COMPACTION

nob (\Jl€s)

-++Lts
tt3 tt

e 2.0

o

o
I le

!

Ë r.8
!

à dit*uenb
lnfluence of

CURVEA
Fine-grained silty soil (A4 or As)
with quite high wop, (wop, =
15+20%), with a significant
survature of bell-shaped curve
i, pornted COC\rg

A and quite fla! optimum water content
is approximately wool = 8+12%; y" is
close to y".u* in a \iide range of water
contents
L rn:c-h €r.s$ar cr.rrvs

)

.)

13
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tte- fxsr bt:cr o€
P)

- P( tnc.{pol€.
c[ICe- c*'ions
P3rnv .+hg
Vg'r cjntg gc
'$1 rootafir

sôns
fi$r
13€
i#,b
l,fis
6ff9

Ë

!lr
i ôg
aaÇ

$gs

,.{"

!,i'' 
$P

E$s
l{,

gç1 r".<rrrrdi6<4 t go't
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+hg cr;o.fr. (So
ct{ffe;Qftç .,,*-

Mechanical behaviour of soils

As a result of moving traffic the following occurs:
dJc€crstr\s

- rotation of principal iËitËiÏôii,iirich principal stresses arise) .-r ËEàY"
- variation of stresses as a function of time lsher,rr rnefe.q...!p2 ,€€r<rr d€dresss)
- dependency of elastic response from the state of stress.+ S(r (C ôpss is fe.t^xl€d
- variation of stresses with traffic speed 

' to +he ç€\nb

ô-glthcx'jJ

SOII MECHANICS

,)

$

Shear stress

PAVEM€IIT PAVEMENl

TimeI
"k**

tr*r{' '

f"
st"rbfecf'ç'd

j
ti
tn
0,

a
PAVEM€NÎ

É15€SS(5
ecrr(lt7

Vertical stress

Horizontal stress

uerchtÆL

Whecl lodd wlroÉl loâd Wmcl lond

a.^r{
b^{

_t
ca'o.ÏèdrEd'

is
{<rr cruxrl

SOIL MECHANICS

Mechanical behaviour of soils

- not perfectly elastic

- strain response depends upon lateral confinement (= stn*c- oCrs{s€es)

- stiffness depends upon stress state fnon-linearity) and stress history

I
6

+
{-{-
ts{-
+

slraln

-.+

Srain

1

© Proprietà riservata dell'autore - Digitalizzazione e distribuzione a cura del CENTRO APPUNTI - Corso Luigi Einaudi, 55 - Torino / Pagina 49 di 414

© Proprietà riservata dell'autore - Digitalizzazione e distribuzione a cura del CENTRO APPUNTI - Corso Luigi Einaudi, 55 - Torino / Pagina 49 di 414



sp€-c.r{ic, need ' der:;iqn +hicrnesso€ pcruq\çn€
+h€n tf,:'L (cBg sim,Jlcd€ {$e beh{rÉict-ir oesc.r)

10/10/2017

"+ hrrS ru qffi,3 gthor
salefret. +hcr,n +he
enbûe É(unpte,

+hs P€S.S çl()e'j
upo,ri<* rhd sptL
cËfY1eÊcls

or sp€cihc

O{eSÊrafi qppued
cr.req; clCCfttSS Se(,h"g\

\
/

-thcoce t]'car cuNe
{Ë,+h <)ng

(r)fVc*\ÏQ,

5f€ct

:) uOError:rh : (Er;ltgttrrgÉsi

:) r{ls Unred bo{h bo'Gitfe'ss crnd gtrs.rn

+|"*r(e cê.n
oe vo't.f,lfvÊ
w(rj€r

crtn

CBR Meth od (California Bearing Ratio)

TEST

1. Position mould in loading frame

2. Applysurcharge

3. Apply load with a speed of displacement equal to
L,27 mm/min

4. Reading of applied pressure corresponding to
displacements of : 0.5, 1, t.5,2, 2,5,3, 4, 5,7 e 9
mm

ANELLO

DINAMOMÊTRICO

COMPARATORI

TERRËNO

COSTIPATO

PRESSA

DISCHI DI

MEÏALLO

--[ P*,r"r,r^ (U9 /

P^,r-u^ (7W/

L
)

1

Terreno A

ln

t
fion

p

s
-+

-+o.,(.t;I
(S çàs,ron

tr}.tô {,r.tS
tro cl_{t()Ltl

rcP ot: <I,ig
o'Iran-

? u efl

Pz,o Ps

aattll

È

2,5 mm

5,0 mm

thrar,x|h
+hase
gr€({1iùcfttÂ

EMPIRICAL APPROACH
ËSiËrq,nt €r)LL - (

CORRECTED CBR INDEX I
Obtained by shifting

the origin of pressure-displcamentplot 2,5

2,5

5,0

5,0

Éor L 16 '$'P f
crec)(gb mgi bl€

æncdisonst-\
CBR INDEX AFTER SATURATION

Obtained by carrying out the test after 4 days of
immersion in water

DtscHt Dt

MFÏALLO

PIATTO

FORATO

(Ëc,al Êel*ll.€iv\A^t'

lerreno B

r{
e

p

çl,rOnç o+
Cr)l^\,AJh:É)

Ratio)
r-t bôhas CA,do l-hP cr<2wJJa,E€dMethodCBR California Bearing( 5riâ (tnesi

Iitaat

tttrrttrr

...... ..t

::::::.:T

krecculi<z

3
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RESITIENT MODULUS

Repeated loading triaxial tests
(AASHTO T294)

The test simulated the stress-strain
state which results from vehicles

æargrN61116

{t
RATIONAL APPROACH

Two confinement conditions

CostantCell Pressure [CCP) (i u coutd
' krc, f\)L.iù€ oC U1 C.t"rnq,)

- Variable Cell Pressure (VCP) v

ffiiffi

Hê

sËcilL{ v€w

SLENDER SPECIMEN (H = 20
ttlæ rnm

(â fgv€fsit)le o{ ef.crsrac'

RESITIENT MODULUS

Repeated loading triaxial tests - e.x,-n other-.- :sco.^cl,clfclg(AASHTO

pO{-$€Sj r.tltrCCÀ
t^,o.s +hds skwr8g

Læd-Îlmê Pulse

TIME-

/*

I
I
x

I
I

D.fomdlon w. llme

'*he. oofnno.nenÈ dffofrucr*t on
.nc.rxùasgs h.rt qJ s(jMg {rifv\6}
ût co.n he fieqlect€d
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RESILIENT MODULUS

Repeated loading Eiaxial tests
(AASHTO T2e4)

U,
o.

E
t,
E
Eo

o
!=tto
É,

Ê0000

50000

40000

30000

200û0

10000

O\Æf Q,Sri.t\^q*€
MR,

l3crtng
5qingL€S, tfl
<ij€Serent
cofl hni{\q
si til<r.ÈtëAs-
Lgqd {æ
r€{.q dti+sefg\tt
fa.sritJsS

)

-+ bofiraf, brtf
L(xl need
+he eqelPn€Àt

20 4û 60 801

Bulk slress,O (pgl_, #,obol" (siaL oe scrress, (rr)'$.= c/r+dz+dS

RESITIENT MODULUS

Repeated loading triaxial tests
(AASHTO TZ94)

PERMANENT DEFORMATION

Evaluation of behaviour with respect to
rutting + tP=8"A'N-B

0
SOTTOFONDO

7
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RESITIENT MODUTUS

Thompson - Elliott

Mn = kr+ kr (kr - oj con 04 ( k2

= kr+ k+ (kz -6D 
"on 

oa > kz

v
14 canrnotg +hp' (.e[Ft
6Q s.tr'QÊness grer
a./e- \pry sen*rtii.p gs

she,âr
66

"Stess- softening"

iado dit+Qr€fib
uo€Ér

COMPRESSIBILITY

Edometric tests \er'car 6of e, Lood qfPt'J€d {n ton? cr,f,cn

. Totally saturated conditions

. Partially saturated conditions

I
1. Axlal lod applied to specimen;

2. settlemenç (rn ciae.) * ootr{ \,efb'cof,
3. Measurementofdisplacements.

Pressure increase: po + po + Ap

I
€o+e

COMPRESSIBITITY
COEFFICTENT

9

U
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ôE'Ae.lNq
BERIIIÊCAPACITY

z a{r2qi @cr-d
Plate loading test--+ ùl6)c{s:ûn$ç ciisptcrcnrwr-n ug

iillllttl lil l i

.t

lrOtlù dtrrô!flrl.lcD

iaæar^a grli

ll

EQUIPMENT
. \!cr,Çled hq cur

Llrcularmetal plate { .u-lgcl\jctr{È â îbAï
Hydraulic actuator

Transducers (usually 3)

u.mhîïÈ{É,.n {æ' 
@

BEARING CAPACITY

Plate loading test

TEST

1. Levelling of surface and plate positioning

2. Set up of actuator and counterweight [e.g. rear axle of heavy
vehicle)

3. Set-up of transducers arranged at 120' with arms fixed to
supporting beam fsupports resting at at least ]. m from pl4te)
L+ unrdertcr MaDtÉr .'>'ff.\l-[ rt (s.rs(XrfcJj"rcl ) -

4. Imposilion of given load/pressure values and ieading of " -
corresponding displacements fstabilization of readings: .------+
diffrence smaller than 0.02 mm after 1 minuteJ

trffi(l da]le ditl<l'
€ecr-trl'€s (r,n r crà.i-
5(/u\,€.^^€r1€ cù)<l
then ci-t$r.cr.ceryrcrr tJ

(jÉÊl.llrNl sîoND/r{lD (prN) :{xiu(\q
tt€qÇtfTrLLi oÊ rerrdiixl (rl2 rvrrrtut:€5)
i+nô srrrnt: to( '";cqJ:,t'r tc\.t-roo

11
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BEARING CAPACITY

Behaviour of soil under loading can be described by referring to two main models

BOUSSINESQ

+ Soil is considered as a elastic, homogeneous and isotropic half-space

Tn +ho '€'cr?ôq& S*o{ + =*
tlr.x;c-p.ssxa- lhe, pte*i?- r€f,)t

æl{Yl oroshprcoÊ

826
P_-.------7-

l -v' 7T .r
I

f+ o',,,rc.1e fle..€,;Â€
L' {ÀJ() L1'!l(l'\C(&rr)S

WINKLER

+ Soil is considered as a bed

P=k'6

tÉ à;; ",r'i".é Sied r/ :c>, B.r

otgdepglgglelastic springs

f+ gncclng.ctllçl
L;,no sf'teor- tru.r\tsl- to .1{Te- tod,ivic1r,'<r-r.' gLgzrngrr<4ztarch coanp.()sd2- ærl,

BEARING CAPACITY

C:> e*Ê;ri rYrefical- cÉrve)

. Small plates:

2t

20

tç

,o

6

"Boussinesq"
behaviour

* .*"q*
æi{b t

o îe$]'.|ûtr(\sh\Po.o. a,oe 0.r2 0.16 o.x) $'|rcr;i' bet<r-:c,lprr
Large plates:
"Winkler" behaviour

$ =eosr

+ trrrd
.S €Cfron

;h.d
lOi^b' Urn

alqlP 5{1 Y'"
,/

I

w

13
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fesidÉa! detotm<ehsr
u.i hlcÀ de+ands
on +lre- cxJ,eo€
r,oouctincr lo"^al
reUccrd rqng

hocrr d;sprarernsrrtS
chêr\qp- rlr €iwre

c-
rE.,aoucrq

cq."bi *ze-+he
tore.cl

+hc- vehicre- is
st.ca^cfi n$ 3r detJrcLit S
c;€ *hê pcokte. SoNDAGô\O

BEARING CAPACITY

Standard CNR n. 146/1992

Md =&.,
^â

Testwith plate D = 30 cm

I
Deformation modulus
(rnsueod c,€ cl(xstic

rvrocù;r-us)

r* Control

fapplicable to all parts of
earthworks)

d

penkelmann beam (CNRn. l4t/1992)
L>erirvrpte bot ,roè û\ode.ro orÉgtssù cdæJ

Measurements are performed by consideringthe
displacement of a point under to the action of a moving
vehicle ofknown characteristics (which gets closer and
then leaves).

Total displacment= d (recovered) + p (permanentJ

100 kN, Po I /Q! 1P1

VE 1-2 ktrVhLova dl 1'gÉdo

96

Ptvot
lêu

<-

.t@=

BEARI
fnrL^a

9s.É

NG

84

-@,
L(n

lzû

-4>cm2

l&rsqast probc

r* cootcred
cfocrc9+\9
prrlok

SoÊts flno ad
esaudrento del
cedim€nto

Empirical correlation between Benkelmann test and
plate loading test

fnov€eG€{.!b
F).f h

<-

15
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10/1012017

BEARING CAPACITY

Falling Weight Deflectometer (FWD)

Mechanical characteristics of
subgrade (Es) or pavement (Ei)
are derived from the deflection
basin provided that the cress-
section is known (Back.
calculation procedureJ

0 30

Distanza radiale lcml

60 90 120 150 180 2',t0

200

400

ouu

È

;: Boo
c
.9

$ 
'oooo
1 200

Pmx = 166 kN

Comparison between measured
and calculated basin:

: RMS = 1,09%

RMS(o/o)=100 +i_ft\'
TREATED IN DETAIL IN THE PART ON

PAVEMENTS (STRUCTURAL EVALUATION]

'1400

1600

1800

-..o...Baclnocalcolato (basso cadco)

-..o. '. Bacino calcolato (mêdio caico)

...o-.. Bacino calcolalo (alto cadco)

KN

LightWeightDrop Tester (LWDT) (rninf rprsron of çcrlD)
:> Îçricoffri (n Gercncurl

Very useful equipment, easy to handle an to use,
for the quick control ofearthworks

fembankments, subgrades, foundations)
:)'ltJsts $oî cpitg rPt foc

+hrshed trereJncnts

BEARING CAPACITY

I
2,5

@(:rn
Co3-t

2

L) ?30 ciô

uef€icgl- oC
cl.inqrivti c
Mtrdrlws

1
trL sdin -

J

:) qreo*er o+

17
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Construction of the road prism

CLEARING AND GRUBBING

Removal of trees, bushes, roots.
Removed material is detained by the Contractor which handles it disposal.

)

Topsoil = organic. (rlrs cocn6esr;ib\g. r+s p{ies€rr;Q- is cruq,ofr'"e !)
Total removal to prevent contamination of other excavated material.
Reuse for slope protection.

Construction of the road prism

REMOVAL OF TOPSOIL

L

2

(:t€c-cr I!(lr
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Construction of the road prism

EMBANKMENT FOUNDATION

Functions/requisites é Eift.,-'\) Fo\Êct,
. construction evenness

. resistance to embankment geostatic stresses;:) cofngo.clieô cr.cti vibies

. embankment protection fcapillarity and contamination)

Compaction Anti-capillary materials

PUIEO ROLTER sÊIf PROPETLED ROTIEP

++

1611012017

c(rcoid cÂ)cÀ*€f

4

Construction of the road prism

EMBANKMENT FOUNDATION - lransyerse steps

IPO'IFSI I:
TIRRËNLj PlAi\iû Dl ËûSA NoN IIONEû

clnta
capi ttctnl
mlr*enôrs

pi.anû dl. po8è non idoneo e aortituzione eon et€El.â1e adaÈt'o,,
fomzione glado[i

fermno ldonw
fr côhÊofioÈ al 90R À$llTcr &od.

IPOTESI .J:

ÏERRFf{LT PIANO DI POSA INCNEç

+ Pf\}P€f sL.Cae =

SkeFç. tnc$"ÂSç'.
u*i€t"{r.L stçrbluù{

piano di posa idoneo c fomazione gradoni
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b
ernbûr\Kmeût

Strucb'ôn

r\oÙ,5
Qr nrsh

ËtÎ\rctlofi c44)

+he cnci Or'l lS
st\ê, g€r -1 6ç$tef thout <.rrg-

6

Construction of the road prism

COMPRESSIBLE SOILS - Improvement techniques

The purpose of improvementtechniques is to accelerate consolidation phenomena

COMPRESSIBLESOILS(.ne, rneq ha^re bo." hiqh s*i**tervwntS )L) eq-eLe.nole c.ongor.d.q.srào :r, *â;.:ë,r -b-o;*+= - -
. Compressible silts IMPROVEMENT TECHNIQUES

r Non-organic clays

. (Organic soilsl

. Preloading

r Vertical drains

. Column treatment

. Void consolidation

S" )S" Ç1ur1+t". <Ç

Construction of the road prism

COMPRESSIBLE SOILS - Preloading

{-

E
ù.E

--l
H2

tempo

o
6
E
ËI

c*

w

s.

I

t" = consolidation time

eàJgr
6e$

.j):-* cr,
arte cêr'l

fi'nql
ccfitl

-ccr-l'r fgryl(2\.,e exEno\- rre.mlocxrtrrvrcl\t*
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Construction of the road prism

COMPRESSIBLE SOILS - Precast drains

Characterized by
.lower cost
. ease/speed of installment

Triangular mesh Square mesh

L

I
I

Dlmonslonl Molêdoli k dw

lmml
Dreno

L [mm] s [mml Anima Filtro ln/sl
Kjellman

Mebra

ceodrain

Colbond

Alidraln

Castle Draln
Boards

100

300

100

94

40

4,0

7.0

2.6

Cartone

Polietilene

Polietilene

Poliestere non
tessuto

Plastica

Cartone

Carta haftata

Carta trattata

Poliestere non
tessuto

Cellulosa

Tessuto non
tessuto

l.L0'7

6.10'e

6.10 e

3.10 1

3.10 6

2L04

66

t94

68

62Poliolefine

I

Construction of the road prism

COMPRESSIBLE SOILS - Column treatment

. IET-GROUTING

. VIBROSUBSTITUTION

. VIBROCOMPACTION

. DEEP-MIXING

. COMPACTION GROUTING

I
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2. Near the construction area, three different soil are available. Knowing their characteristics
(Table 3 and 4), identify the optimum soil to employed in the realization of the embankment (using

both the Highway Research Board and European approach).

Diameter [mm]
Retained lel

A B c
63

31,5 !65,2 3567,t
L6 5L6,7 6752,9 37O,6

8 52t,O 4736,8 488,3

4 578,6 2973,8 850,5
*2692 2073,4 L647,1

L. 1536,0 LLOL,4 2055,6

0,5 990,8 1L95,7 844,L

0,4 545,5 4L2,L 1008,9

0,250 999,0 832,7 3808,9

o,125 875,9 796,8 2964,8

0,075 847,7 503,1 2594,2

0,063 204,1 404,3 888,6

0,002 4746,8 925,8 523,7
< 0,002 1400,0 955,4 256,8

Total 14056,5 27230,7 L83O2:,L

Table 3: Sieve analysis results

A B c
wtl%l 42,2 L0,5

wp [%] 34,9 5,8 NP

Table 4: Atterbergls limit

2
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Classification of the support soil

Classification chart (HRB approach)

e

$rtt.f*
-.;Êr!r49.;:-

rdddl Ed
qt d s.F' tM s 4rt se cbtrt sb

3r..h { lûl là*bÈs

Classification of the support soil

Classification chart IHRB approach]

100,0

90,0

80,0

70t0

il,0
s,0
4,0
30,0

z0p

10p

0,0
0,001 0,01 0.1 100

Dthml

'a=Po,ozs-35(0-40J

'b=Po,ozs-15 (0-40J

.c=wr-40[0-20J

.d=Pl-20(0-20J
4

2

© Proprietà riservata dell'autore - Digitalizzazione e distribuzione a cura del CENTRO APPUNTI - Corso Luigi Einaudi, 55 - Torino / Pagina 77 di 414

© Proprietà riservata dell'autore - Digitalizzazione e distribuzione a cura del CENTRO APPUNTI - Corso Luigi Einaudi, 55 - Torino / Pagina 77 di 414



EN 14688 - 2 classification

Classilication of the support soil

7

Embankment soil selection

Three possible candidate:

Soil A Soil B Soil C

slze lmml Retalned Slzê Retained Slze Rebined

63 63 63

31,5 165,2 31,5 3567,1 31,5

1E st6,7 t6 6752,9 76 370,6

52t,0 4736,A I
4 578,6 4 29n,4 4

269,2 2873,4 2

1 15340 1 7t0L,4 1

0,5 990,8 0,5 L795,7 0,5

0,4 545,5 0,4 472,7 0,4

0,25 899,0 0,25 432,7 0,25

o,725 475,9 0,125 796,4 0,125

0,075 447,7 0,07s 503,1 0,075

0,063 204,1 0,063 404,3 0,063 888,6

0,002 4706,8 0,002 925,A 0,002

< 0,002 1400,0 < 0,002 955,4 < 0,002

-;"twl4..:-
-,t",6fTr-,9

.J",6lTtqt
-rl.,61TtP

-J%lT1sÉ
-,t 6rT1q.

I

4
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23/LOl2Ot7

Any Technical Specifications requires that if the predicted settlement of the support
soil of the embankment will exceed a certain amount (normally 15 cm), a detailed

Settlements

3

Itqgctg4

andthéif'onstudy contrÔl

Settlements

oq
E{(J S=Sr +S" *S"

TEMPO, t
o
P
2
U:
o
Uo

Assessment of:

. Immediate settlement 51;

. Consolidation settlement S"(t);

. Secondary settlement S"(t).

I

4

1€MPO ( logt

2
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23/LOl2OL7

D,'H'
E,ri

nI
l=1

M4gnanflayeredsoilsJ + ôot l]gltt"y"gt 4 N
N.

I
l

lû <F< ll

E, : undrained Young modulus

Settlements

IMMEDIATE SETTLEMENT

EJc" [1
rl

150

600

{0

l0

125

7t

GSC
lt <30 30<Pt<50 PT>50

ttt
Duncan and Buchisnani
[homogeneous soils) .:

teel

t{0t

um

t00e

.lll

t0r

Settlements

IMMEDIATE SETTLEMENT

GIROUDAPPROACH

. a: semi-widttr of the bottom base = 16,75 m;

. a'r semi-width of the upper base = 11,5 m;

. y: densit5r of embankrnent soil; 
.

. h: embanlsnentheight = 3,5 m;

. Eu: undrained Young modulus;

. rs ê ilsi Giroud parameter.

I

{"-[+)'"]
- Y'h a'
5, =-.-.' Eo a-a'

4
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23/tll2Or7

IMMEDIATE SETTLEMENTT evaluation of rn and r'1

For each point [E Q and R) we should know x (reference abscissa), geomefry of
embankrnent (a and a') and the thickness of the soft soil (H) to use the Giroud chart

x a H xla H/a Hla' rb

'I I

Settlements

Polnt

q

R

Settlements

IMMEDIATE SETTLEMENT: evaluation of 16 and r'1

0,0 r.o 2,0 t3 4,0 J,0 6,0 ?.0 E,0 9,0 1tr0 x/a

x/a'

t'tt
r'- = 0.139

---1--l-4

-r-

Et
lI/a

-u_ tls

- 
lJr

_go

- 
J!0

llJa'

.-- tùs

- 
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N.B.: always approximate to the nextvalue
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IMMEDIAIE SETTTEMENT: determination of the density y

We are still in the design phase (nothing has yet been built) + we should hypothesize a

Example of Italian Technical

n1=9ïo/oyo.^s

Modulo dr d9-
bmdionè
Md tt'Ummzl

ah c'

[mml

<25>50

>40 < 3,0

< 4,0>30

>25 < 5,û

Tabeila 1.11

Settlements

'15

reliable value

23ltOl2OL7

'Ë{Ê

We can solve the Giroud equation and calculate the immediate settlement for each of
the investigated point (B Q and R).

The layer settlementwill be the mean value of the abovementioned settlements:

Settlements

t6

IMMEDIATE SETTLEMENT

8
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EARTHWORKS

EXCAVATOR - Construction work/operation:
2lb
Constituted by a base equipment with different possible
excavating devices.
Rotating chassis mounted on tracks or rubber wheels.

q

\

Tracked excavators: can move on uneven terrain with
low pressures trasferred to supporting soil (ofthe order
of 0,7 -0,9 kglcmz).
Typical solution for heay and high-power excavators.
Lower center of gravity which increases stability during
movement and excavation.

EARTHWORKS

EXCAVATOR - Construction work/operanon: 2 /b

Rubber wheeled excavators: to be
preferred in the case of high mobility and
when soil can be damaged by tracks.

.-y -lho1 vnor,ta' {b{itçr

ExcavaËing device constituted by two arms:
base arm connected to the chassis;
excavating arm (connected by means of a

hinge to the base arm). r+ criB.r>urê ihg grcc*rcr-ior
Finàlbucket. L-4roo bc, <ri{j q.rLo,@d

1
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EARTHWORKS

EXCAVATOR (scl€û^Æ4ic/ r€b scies\tr'Sc )
LOADING CAPACITY [example)

f
1€,GÛÊ

ff
aG,SO0 t{,û{l0 +he

aû,otû tr,rsû

l'*.**?
?

1?,ÊO0

I ilr30Û

EARTHWORKS

EXCAVATOR
BUCKET CAPACITY

t
T

I-l I
t

Heaped

$trike Off
Plane

Câ pa citvl_
Slruck

Ca pacily

_l_
Excavâtôr Bucket Râling

SAE Specifications (standardl-296)z ru ta p icg$u1 -{r-{ su/F-

Struckcapacity: volume inside tfie bucketbelow Strike offPlane.

Heaped Bucket Capacity': previous volume plus volumeabove strike offplane.

Committee on European Construction Equipment {CECE): heaped capacity defined with a 2:1.

slope. (on +he- stncr<, votrrrrs)

3

© Proprietà riservata dell'autore - Digitalizzazione e distribuzione a cura del CENTRO APPUNTI - Corso Luigi Einaudi, 55 - Torino / Pagina 121 di 414

© Proprietà riservata dell'autore - Digitalizzazione e distribuzione a cura del CENTRO APPUNTI - Corso Luigi Einaudi, 55 - Torino / Pagina 121 di 414



3011012017

EARTHWORKS

EXCAVATOR

Hourly production - Analytical method

BASE CYCLE TIME Frrtc*
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EARTHWORKS

EXCAVATOR
Hourly production - Analytical method

CORRECTTVE FACTOR &) / L
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Gâiria in
'l_

RoÊclâ ê nr$3i

ri
-S*

rN60t0lxtc^rm vlllaiaoHocorÀF
(r.c{oô

4*w +l tf\c_r&€(}
crs $îe
fiôtÊh('rr'

9l+! l5o +l
t16+180+ +J

5
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3011012017

EARTHWORKS

GRADER - Construction work/operati ont 3,4 / a

Used for several construction works:
- finishingofslopes;
- surfacelevelling;
- preparationofsites;
- distribution of loose material;
- pre-ripping;
- snowremoval.\-â
,er.;;qÂ€ dr.riprvrent

Frame conected to a front axle and to the rear vehicle (with cabin and motor).
Soil levelling occurs with a blade connected to the chassis (different positions).
Distances within 600 m (heavy digging) or up to few km (mean-intensity levelling);
penetration of blade occurs in L2+25 cm with working speed@24km/h.

t
(ùûÀl'-,ti1c(
s11lgd s

EARTHWORKS

GRADER
Hourly production
Depending upon the case, it can be expressed as:
- Volume of soil dug out and positioned in the unit of rime [mc/h]; ]arqrunc+
-Lengthofprofiledtrackintheunitofrimetkm/hl;luqryrrogjpruêù"- iArf.Rer€,rt
- Area of levelled surface in the unit of time [mq/h]. J ctu'{tt(b'or\s)

Calculation of required time:

f U*'e {eeurred fof +tre. ()l.r€!ûJçioô 
Ogeraring$peeds

dù À . r rlpcal opaâting srËds b1 applù:atrm

- v n tstrftr iiffi [3i#E
D = distance in km Ditzh Rrçatr: 0-5kdh (0"3 nph)

v=operatinsspeeitinkm/h ffiuTj****, !:iI#, [Iiif.i,
n = number of passeS fOr operation ttàul Rôâd Màint€nâm: 5-16 kmth (?-9.t milù

n=efficiency L+tc*'ex<'"v1,t41+cr- trÉ6iun$ :lffii,lffi,i. i;1:rff l;:lii$i
Hourly production [mc/h] can be calculated as:

- A.V
P =-n

n

A = area of the transverse working section (efficient length of the blade x digging depth)
!-rcrr:eis S&c.ti9f\ o+ lh\,e-- €rCq-ù<riinçr vl,r€'.*tmcrf,
L+<f;Cicre.r k y\-cÂf€.nrr.,L ccntfr bJbeJ bo +he- t'1xwd..r:ccrç6 *

7
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3011012017

\-

,_)

)

)

EARTHWORKS

TRUCKS - DUMPERS
Selection criteria

i?€fY! tt€,
h*hni(z.! =tu,.i(\.t[.

B

c

MàchrÉckÊÉlunh9ciFb

CENEnIL DlWNSl0tsS (hBy):

0ptimal loading height :

OrU* C.tan(30")
2

Technical characterlstlcs - Example

10 4æ hç æilg lb

628b 10r33ilb

42tm 1310"..r€Ë-*ttr*
$th A9-
A?4û 2èt"

ffi

6

lAL 109 d
@M t3lht
ÆW Srp

2r.offiGo
l1afr ?ûlC
529 L laoU.S.9l

?9.7kM &.1 mDn

558 h 163"

EARTHWORKS

TRUCKS - DUMPERS
Hourly production

EFFECTIVE BODY CAPACITY

Q = Theoretical capacity x filling factor

(generally declared by producer - Target PayloadJ

CYCLE TIME

Ç=h*ua*Çarlatrte

hxea - loading time (to be calculated)
manouveringtime in loading area = 0.1-0.4 min
unloading time and corresponding manouver = 1.0-1.2 min

Çartabte + time required to move from loading to unloading area and viceversa

L

t aP rlo
c

I
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a

EARTHWORKS

TRUCKS - DUMPERS
Hourly production

NUMBER OF DUMPERS PER LOADER

Àr - 
Pcaricatore

,'DUMPERS -;-
'dumper

Il valore ottenuto dovrà essere approssimato all'intero superiore per garantire una
produzione richiesta

3011012017

EARTHWORKS

ROLLERS (COMPACTORS) - Construction work/operation 3,4 /e

Different types:

- Steel rollers;

- Vibrating;

- Sheep-footed;

- Rubber wheeled.

J
11

© Proprietà riservata dell'autore - Digitalizzazione e distribuzione a cura del CENTRO APPUNTI - Corso Luigi Einaudi, 55 - Torino / Pagina 129 di 414

© Proprietà riservata dell'autore - Digitalizzazione e distribuzione a cura del CENTRO APPUNTI - Corso Luigi Einaudi, 55 - Torino / Pagina 129 di 414



La1 i.{<:l{y
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POLITECNICO DI TORINO

Construction of Roads, Railways and
Airports [0IRVMMX)

Exercise
. Settlement prediction

o)

-g o)

Ëiu
5 d9

1

T9,
'TÏ
u&
dd

$
J)

B
o)

3

TERZAGHI FORMUTA

S.(t)=s. ; 1"- .log o'* llo''
I+eo 0 vo

Recompression index
€*r-,. rngou t:(.rg-Ce- (gcls.{ €o \Jo,f.r:er}e- \rcid
Ac/v , becs.pæ- o+ +tre br3d :) pÊogLIaM

,"rt!#LS"(t)=s lsl
1+ eo

Settlements

Not overconsolidated soil

Overconsolidated soil

,iJda)

Ç.c cc{\:Àl \icl.oàsn 4c-r€nt,c.rcs{(\

CONSOLIDATION SETTTEMENT

P€ c-ç) (?=oro€(u,L-?o)

Related to the overconsolidation rate
ts<: r*r 6wre. l! )

fr^tr() cJ.f freJ) ticÔcr.l_qfflrc)rlc,h

A.tt, + AeJ

I
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i1

i'-)

J

Settlements

CONSOLIDATION SETTLEMENT: evaluation of stress increase

Boussinesq approach fstress and strain distribution under vertical concentrated load:
the soil mass is elastic, isotopic, homogeneous and semi-infinite and itisweightless)

I
For the Iinear elasticity we can apply the superposition principle

I
Various integration of Boussinesq approach to obtain solution for different Ioads

æ
DiQererre Gorwroto.t tc:c c:tit{ëfeût a}nd oS toqd

Settlements

CONSOTIDATION SETTTEMENT: evaluation of stress increase

Vertical stress due to vertical trapezoidal load:

*29'*

A C. x
<--2a

z

Superposition principle: rectangular and triangular loads

6

3

J
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brrura

-

J
î

e
4

x

a,

1
75 ^ 

--à .D +he û^riide oC -the. t,or{etf,

A

< ,16/ Y5 
>

<525>

E = 3q5- 23 - 5J2.5
2

É = arct? (Jf.Jï,5,/€') =-r,ss+ (caotr,onti)

n = ctrct? (ff )- 
p'= o,o66

dz= @,;19.Ù.g I ae vF . o,o66 - 4 æn@''t,as'+)l = o.,o:É rcNlm2

- r'rr- L-6 ' 1 j
tlrO &t"=itq a.sin +hg rmfi.ricriq.*e. €*Lcme.nb

%.<l

u)e o-uorcJ to d-ivlde- q 2 beca-r.rse o€ sec^rn't1 Cso-çg- éua.r{ ,eÈert

rç crJe Ur,a-oe crr .erioJô?/JL<a,r toq-d 16src€rq,.d o{ ralctongy',Lo-c one,

9= t+)s +he- ceor- t-ocr.d Cn o,æ.,+e- €e{r.rrcr <uotd z-1

îÈ
d>o
F'oI

âh
^

r(

2

A

çt' 21113

?=-'\*.5+
dz = 6YJ 5Y+ rcN/m

z I

À
o( = oJ ()66

P - a,36Y
dz = goy r<rulmz

J

-.) AoPv = o,oY +6i5leÉ+ oroy -6{ry-{Y rNlrna

© Proprietà riservata dell'autore - Digitalizzazione e distribuzione a cura del CENTRO APPUNTI - Corso Luigi Einaudi, 55 - Torino / Pagina 135 di 414

© Proprietà riservata dell'autore - Digitalizzazione e distribuzione a cura del CENTRO APPUNTI - Corso Luigi Einaudi, 55 - Torino / Pagina 135 di 414



o'

o'uo
S"(t)=H. - 

C" .1o,
r+eo

. eo: void index of soft layer = 7,3;

. H: thickness ofsoftlayer; C= 5)

. C.: consolidation coefficient;

. o'uo: initial effective stress ofthe soil at the considered depth;

. Ao'u: stress increase due to the presence of embankment.

Settlements

it chcmqps

: S&rY crvr

CONSOLIDATION SETTTEMENT

Loq
o

I

26 fi+
2Â)5

*44A)*= 5' ot39
11 413

8) Sc = 3..1, g 
"*.

c) 6c - 8rS crn

:) Scîcr = 4ÏiÊ),8]t3-E- = 25 crn
3

Éiror = 5u + Sc = q4 +. 25 e zQ4 crn

Settlements

CONSOTIDATION SETTTEMENT

To obtain a reliable value of S., the average measurements of peculiar points located in
the midpoint line of layer B should be evaluated:

!
I

Layer 2

]l
Lây€r 2 a R

l*>

l0

5
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)

)

-J

Settlements

CONSOLIDATION SETTLEMENT: evaluation of stress increase Ao'u

Point Q:

-l z

d>o
p>o

o
a

,"=+ 
[Ë "-1 ,'"trul] Âou,o, - a,o-t+ nNlrnz

l3

Settlements

CONSOLIDATION SETTLEMENT: evaluation of stress increase Ao'u

Point Q:

I

o 
oa>o

o, =9. [c + sin(a).cos(a + 20)] * Âou,o, = 5,944 kNlrnz

14

7

J
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.)

-)

J

Settlements

TOTAT SETTTEMENT

s=S, +S"(t)

If it will exceed the maximum allowable value established by the technical
specification, we should monitor it to verify the specification requirements

17

Settlements

RESIDUAL SETTLEMENT

Rememben when the total settlement exceeds a certain value, we should ensure that
at the end of the construction of the embankment the residual settlement will be the
1070 ofthe total settlement expected (in any case less than 5 cm).

t8

I

J
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\

Settlements

RESIDUAL SETTTEMENT

Time factor

= O,8BS

. cv: primaryconsolidationcoefficient; t A 2..{o-6 mzls

. t: time between the beginning of the consolidation and the time at which
determine the average consolidation degree (usually the end ofthe construction of
theembankment); =8o d.ctts => G^orv\ Technicol SPGJci$-cratHoos;

.Har: heightof drainage. +hô,* €r.rh crr<rt.pr pot'ttclrè {octotrls {s e.^ib
bc.+hg bcr-l.rd o{ gressron

II aeçcrxf s <x'r -lhe
I bou,rdc^rw

c-onçk-tr.r\rg
'= 5m

Knowine T.. we can evaluate U-

-

21

= 
c''t
H:,

T"

)

t
s.

U*=

0
5

10

15
20
25
30
35
40
45
50
55
60
65
70
75
80
85
90
95
100

0
0.0017
o,oD77
o.0177
0.0314
0.0491
o.0707
o.0962
o.1260
0.1590
0.L960
0.2380
o.2460
o.3420
0.4030
0.4770
0.5670
0.6840
0.8480
LL290

æ

\l
1
2

n.L)'','
rt .)

T..

;4

u*

['. (

Settlements

= o/ gc8

Sivaram&Swamee

22

t%)

UmT
RESIDUAL SETTLEMENT

Averase consolidation desree

qm o,& q40 q60 080 l,m Lm

)

lsn'b f1t) rS

il
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zlu ltr

Politecnico di Torino

Construction of Roads, Railways and Airports
A.Y.2017 /78

Earthworks planning

4. For the embankment introduced in the Exercise 3, the earthworks planning should be

defined. For the hourly production of each machine the Caterpillar Handbook should be

used.

REQUEST: evaluate the total time for the construction of the embankment (hp<.rr crôcir1L{

cfnqs es<z neec)ler hni..Jr)

INPUT DATA

The embankment has a length of 1 km and a constant height of 3 m.

<- 23 m --------+
Organic soil Support soil

30 cm

\
PC__v

sEciloN æ"5"'\

The soil employed in the embankment construction will be collected at 1.5 km away from the
initial section of the new road. A field road will be used for the transport of the soil. Vertical
alignment is reported in the following Figure.

cgsi*once.
0o/o 1o/o

300m 450m 350m 400m

RR5% RR3% RR3% RR6%

È:Fçrde-
4o/o

Unload

Load :)4hornor{€,he$t
tfg(cKs rn t(àrms
o{ ncurrrq-
f€.'5'issu'rocl)

J
coL(^o.+
rgjisttdæ

t

B c D EA
Xm

RR 60lo

(Rn")

Slope and rolling resistance of the field road
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Activity 2D can start at the end o12C;
Activity 2A of the subsequent sub-layer will start at the end of the activity 2D of the
previous sub-layer.

Work staqe n.3:

Activity 3A will start at the end of the construction of the embankmenU
Dozer and grader may work simultaneously.

GENERAL INFORMATION

Use always the average value of any range of variations.

Soil characteristics

A. Organic soil is a common earth soil:
. Bank density: 1650 kg/m3
. Swelling equallo22%
. Number of passing for clearing and compaction of the support layer: 4

B. Soil employed in the construction of the embankment is the same soil used in the
Exercise 2:

. Bank density: !74Okg/m3

' Swelling equalto 1L%

C. Thickness of each sub-layer: 50 cm

Work characteristics
Lte{frcienc{ o+ oo{r srts{Jarn
- General efficiency of the construction site (r'1.1 . q.): 85% (for wheel loader, dozer and

dumper) (TrrAer orrcl co$Br ho;ieoneQCrcrencl ccrngrted '.r ettQÇerenç uJqEs)
- Hourly efficiency: 50min/60 (for wheel loader, dozer and dumper)
- Working day:8 hours

Equipment characteristics

Reference: Caterpillar Performance Handbook 46

DOZER type D7R Series 2 (blade 7SU):

- Blade specifications: pp. 19-45
- Travel speed pp. L9-24 (maximum speed) (working speed: digging = 0.75 V'a*i

transport and return 0.85 V.na*)

STEEL ROLLER type CS54B

- Specifications: pp. L3-24
- Efficiency: 0.75
- For the organic soil removal:

. Number of passes: 4

. Working speed: 50% of maximum speed

. Thickness of compaction: 30 cm
- For the compaction of each layer of the embankment: consider 8 passes

)

3
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POLITECNICO DI TORINO

t

Construction of Roads, Railways and
Airports (01RVMMX)

Excercise
. Part 4

of earthwork operations a?
-+

6oml-:er o4 cf,ol{S
nocnbBr of gqu(pmçsÈ so
t\nish rn cuceÈt*Ln 'g|'cris€o ftx."{+€

a

Purpose is to design the construction site in terms of:

Selection of the mach reouired for each works, evaluating its main
characteristics: Wpe, powe4 number

Assessment of the cycle of work of each machine

Arrangement of working charts through which derive the general organization of
the yard

Fundamental elements to be taken into account:

. Wne of action/works

. material fsoil) characteristics

. volume of material

. hourly production

)

a

a

2
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Planning of earthwork operations
I

Input data

a Path

D

DUMPING AREA

1000 m

x
A c

5

Planning of earthwork operations

LOADINGAREA

Actions

.)
1. Preparation of the laying surface

A. Removal of the organic soil (thickness: 50 cm, width greater than the
bottom base of the embankment: 1 m each side);
L-+to os sure no€ to hÉu.Je cÂi"!T cxhts,Jcnino-uo'f\-c'ê orçnic, gai\,

B. Compaction of the bottom of the trench area;

C. Control operations according to Technical Specifications [1 day).

6

J
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Planning of earthwork operations

Action 1A: removal of the organic soil

33,5m+2m=35,5m

Available equipment: 1 DOZER Wpe D7R Series 2 (blade type 7SU)

Planning of earthwork operations

50 cm

I

Action l-A: removal of the organic soil ThcorcHc.ql* 
- 

,rJ idQsd
va,ure of Pro<{Dctiocl ' crordrtrofis

. Q = m.ean quantity moved each cycle [m3] in loose condition -, ncrni oo* btgde.

. _t. 
= 

"rr.."gà 
time ior each cycle[h] *ptt

. 'n = efficiency "ffi.i, Ë
BLc.d,g cqlx:*crtq = 6, S rn3
itls rrp-or becc<tsrs i+\s

sbaLb co.dr1 c,te@rcnined
I
+

+hs prcclrJcÈor

0 8+ 9

7,0 + l,t
I,I+ 1,2

It is preferable to use an effective quantity carried by the blade (Q.J:

DRY GRANULAR MATERIAL

Q" = Q.fill factor
WET GRANULAR MATERIAL

SATURATED COMPACTED CLAY

:) rJê€ at^rr,Cn{s-the qj]€foto ùdr^Xl' Src crn.i cË^n9I3.

Qe = Q86.orS5 - 6,S{Y m3

Dr h,dozer a
t

c
n

- ORGANIC 1SOIL - coB

l0
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Planning of earthwork operations

Action LA: removal of the organic soil

Evaluation olthe digging length L.

La =2€ tu,dth

MGOEL

Elade Cspaeitiæ+
Weight Sftippifts"" {Daærl
ïræt*r ard Dozsr ûimmsiene:
A Lenuth {Elade Streight}

Langth {Elade AngNed}

Widtlr {Blade Angled}
WTdtfi {with C-Frzm* cnlyf

SIade ûimensians:
B Width (includino sËd. Bnd bitgl
E Flaiplrt
tr ldx, ûissing ûepth
E Grnund Ëiserarcs @ FvltLift
G Mu. PitchAdiustment

Bleds Angle {eitfier side}
H Mx, Hydreulîcïlt
J llydreulicTilt

tll4enual Bmca CsnteEad!
K ftrahAmTrunnionWdth

fto Ball

7s

5.81 m fg'f"

5.SS m$

3732 kg

6&ËlIffi

4Êli rnm

3-37 m

?ïYd
g2g5 lb

4.S{i m t4'g'
l34t mm $4,9"
66S mm f2"3"
1153 ma !f9,4"

*.t.(Fto3,9'

15,6"

11"1*

i-rJ = {r,38 ryr

Planning of earthwork operations

t3

STE D?B/T IR ÏR
?S LûP 7su 7A
Straighi

É"1 mr 3.9 yd,
3456 ks {{58{b

$.18 m 
_ 

20'?"

4.59 m 1S'1"

1351 mm tt5*
Sgt mm 2't*
1?g? mm

54o t* 60r
77*mm 2r"
4ffI mm l?'

3.35 m fi'o'

Ssmt-t airgrtl
686nf S,gûtg
3s*3tg tE0.li

3.69 m l.zt'
t5l4rffii 5'tr
E27mfr- l?.?.
I!!15 mm lg-t'

+3.t'io 3.l!

?gA m aar.t

4?4 mn t[.8-

X.87 m 95

6,*3 m t99È

Augling
3.89 m3 E,t? Td
35?3 kg rr51 lb

tÈ'9"
3'F
!'1"

2.5.

4S6mffi

62? mm

2lg5 mm

t'8'

a'1"

32"

45$3 mm
111T mm
el? ffirn
'!340 mm

4?'t8lm
5{gB mm
4Tl4 mm
3trt3 mm

r:ru'
1Ê9"
rg8*
10'r'

Action 1A: removal of the organic soil

iÉ6à V\l:^oÉ4 'L\)

ftcst cut = yr 38 rvr

c{,c-c{l. cc)c)f rt)s (Jp C<) +he ()LAS,rï-t

ft c<lr <r.l:;<,
c\}(JfiL tn +hiS Tccr..r6.;9j-3,
tu<rl-i .h.i-liî+hts --+ r;<rc.bs,r -
ç1s$ti^rlrn r{rs (uJÈb ra nqht)
W:tÀerrcrte<)trhtrlei r

<____>
Ld

$()9
g^()
.t her

Ld ;35,5 - t' 10m

{€fweq3 ù r
bop:<,ru Jfr.ri:tréE "t,averase

sbc)l,c(.rhr"\q 2 =.2]tr_!2 -*,gS ,a(\qr\d t$J4:ri|1{b l-- rn"
$i

:>-Scc ecrrch, ci)chnq LÈ chê,îgÆË bùu rtb ar coffPttclcti{}J aÔuj(t ccîrç'dçr

oi) c(reJ€ÀqÆ, r,,o,,LÛc-J S(.) \rr(, cèur Crflr)ctàS U* thi3 ft.,t"n'r*t,l^

14

8or
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Planning of earthwork operations

a

a

Action l-A: removal of the organic soil

Evaluation of Po

L<poneed trrvve'not,, rha h,oof*{ ff6drracrr p
^ h,dozer

L
Q'nt c

z 3Ll,g rn3/t't
Evaluation of the total volume to remove Vnrôm^\,ô

= L . 6 "a tY " or*OB = o.,O89 ,1n3 /s
g,v

17

=395 ",{oao or 5 = .lY' tu rnt?

tt's kxrnr< vo\Prne
(nsftfcql. eorvrPoc*r-on )

It is a bank volume, the hourly production was evaluated in loose conditions:
S frtao", @f!K bo tr:()qg t^te ob-SdrVg ct.rr lncferts(, c+ voLUrY€,

= ÀY.'45c. 4+ot = 2,t'6,55 m3

Planning of earthwork operations

I

dieVo,."rnou" I L hdig dig

Ïoor",ru,oo'o" = Vb,."move 1 +f

Action 1A: removal of the organic soil

) a Total time for the action Tro
I arz ca-r\ egrd.rrcr-*€. r"l.
t+ bccq,pse urecLivid"e'+hê &f.|\ôe" nrnd oF

soiu ((!ôe oner tccæ-)
24'6f>s
32-1J 3

= 6Y..r4 W

6Y-4
8

ru $ çln{s

,F 
- 

ïoor",..rou"
r-t 

^ - Dr h,dozer

IB
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Planning of earthwork operations
.)

Action LB: regularization and compaction

a Total volume to be

g

in bantc+.p66ljçron

nn 3

a

a

a

a

Time needed r
I *a ct{^ oomPobe r+
L-l u:r+hoo c èrons$ormrrç

*he- ucll^r*"t

-)
Action 1C: quality control

FIELD TC'5T

rn b61,fil-c
;ànd.tf,o\

= €fqQ- = .{61r, :) !-gior€rnç d,er1s
w)2-

t

d,(l{ 'l'o obior6 r€tJurs ( s-Ster ccrnpo.<Jh'on)

U)c-4an'è gqn TIA+Î,gI .-. bAePee,
ctt4F€r€nt qctiurtieg csrr bg d.c'ne
a* +hQ- gl-fYîe- tslmc-, s,mut/û,nerÂu{
Lat *,e end sxr cr-so qrso I

'ofher saÊet1( Sqctpcs

:.)Frni6h oê+t"re Êrsu activitrrl

Planning of earthwork operations

crroN

1 WHEEL LOADER type 9BBK with347-4980 bucket (General Purpose Bucket)

n ARTICULATED TRUCKS type 725C (u,anspore o+ wrorcn"or-)
L *. neod +{re. r
' of +ho- trccrder

ifb ttot Ua. oê {rrucrgs rrrtarccl" CrJl,octæ*hQ-9\op({.1 pcotCrretiol

2l

)

..J a)<a- Vr,aJrc t'o de$nq +t'g fifnqfV action
Combined use of two machine: I

NC) tptr^'ch ?*= +Ào- d.o.r{s <r;e

Vb,compaction - lo,, 'Lo'u'h0,,

rrt
rtg -

Vb,compaction

Ph,rollu,

Action 2A: transport of soil for the formation of each layer of the embankment from
storage to construction area J*o,o.o ^' sr-r c.rvr

J
22
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Planning of earthwork operations

Action 2Ar: loading the soil on dumper

Evaluation of Q": consider the soil propertiesa

Loose material

Mixed moist aggregates 95+1000/o

Uniform aggregates up to 3 mm 95+1.00%

3 mmto 9 mm 90+950/o

l^2 mmto 20 mm B5+90%

24 mm and over B5+900/o

Blasted rock

Well blasted B0+95%o

Average 75+900/o

Poor 60+75o/o

Other

Rock dirt mixtures L00+120o/o

Moist loam !00+11,0o/o

Cemented materials B5+9570

25

Planning of earthwork operations

Soil, boulders, roots 80+100016

Action 2Ar: loading the soil on dumper

Tipping checka

a

O [rotation pûint]

26
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Planning of earthwork operations

Action 2Ar: loading the soil on dumper

Evaluation of t.
o

0

o

-450

. t.b = cyclic base time (loading time, unloading time and time for the basic movements in the minimum
working area)

. tr= corrective factor oft.o

. t, = additional time for movements outside the minimum working area (.t's uî bô +l're, <Jes'9'rrer)29

Planning of earthwork operations

tc =t.5 +tf +tr

Action 2Ar: loading the soil on dumper

lç5

For wheel loader: 0,45 + 0,55 minutes

a

a !
Materials

C
9

t
Mixed

Upto3mm

3 mmto 20 mm

150 mm and over

Bank or broken

!: 0

+0,02 min

+0,02 min

-0,02 min

+0,03 and up min

Pile

Conveyor or Dozer piled 3 m and up +0,00 min

Conveyor or Dozer piled 3 m or less +0,0L min

Miscellaneous

owned trucks up to +0,04 min

Inconsistent operation up to +0,04 min

Small target up to +0,04 min

150 mm20 tomm

Dumped by truck 10,02 min

to -0,04 min

a

+0,04 and up min

Fragile target up to +0,05 min 
30
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5-â (-()giq/t\b (n .tklg hXrp*

ft "" J < !:.==':T;]..^WG 
rcrdrrn' c*.,o \=e+Ss

L rrns,x irnowr t/oq.d o,f,Â.otrferd

Planning of earthwork operations
Pv = 3{'?1.8 = o-a.q<e.B

t{4q = 1s6y,6 n€l*t
4+ o)-11

ff . T*'^o $crrsor (= {,|

kpnt4' a tcr)&- denerUl
.4

'Kt =

,-\
Pru 29'+âP \--l o 1.)

slul,rl
Action 2Ar: loading the soil on dumper

Calculation of the time needed to load the soil used for the formation of each sub-
layer

(rff\pqct€d \r?LÆryles
VL = "{ ç-r.15 rrr 3 .t
V?- --4s6;26 $n.3 *H.,
vg = {4g+c rn3 qcutrrs

'f4 ='r+.125 mS
Vo = r33y5 m3
V6 =..12626 *a

a

a

tæri Ûrs.r:te ttr
<an POEÊ
+he U<r(rlftÉ

<)tepçch <>e
rhe + (ru(efs

tooce r\q-tgriqJ'

V+ = qlgag ,t 3

æ,6-- 3
2-ea

iE0err€d caq, <æftpuirt nOnnber
o+ troc(s

z=32 go
onT

\L = ! 1, lsL> "g5.4@o
2.

n: number of layer

L
€norvr bo,nt<' tp Looæ,, Lrj(à crsè {i rj^ncÈ

{norn tæo8e. {Û€, c,or\^Po-(:-Hq1 uJ€,. Og() à.
d€ryeP ctcornPor*i o., tc)

4qcec
coe.ç{i\€^b q:h,tth clepends e;r {he. 33

^i-:'# 
: I = :,f,q:çim:#:ffi" S* ** 

î*d".-q 
d*'i"{ 

e),
Planriing of earthwork operations

'Th€- {nn-lpe nor:rors,bpPs s<r r.^cc tn^,rer to earrnçrrftr Jlncr rnrvp€e frrjnll.<rn o,"È t:ruc€S
bo cù-(,cco tt.

Action 2Ar: transport of material from loading to dumping area

)
Ph,t,u.k = 

*'Q'n

.Foll,ow.{he.
tn,curd bcorg

. Q = effective capacity [m3] in loose condition = aa.o n 3.."ç,ù (bcbor = .(A s\â 
-'

. t. = average time for each cycle[h] o;g

. n = efficiency

@ VrL = ]g+go m3 ? g4SW = S6;l.s'r{s
{2t = -lg5ggr8 irn3 .à .4 cl,cqs
L*. = 'taYo-tt2$ m3-:4 d^te'{S
yf, = {6809.,8 rn3..+ 4 d.æis
vsL - 15916)3 m3 -+4 a.sqs

V+u z l413.lr B m3+"3 cta.rts

V,rn-tuu..

Ph,lo"d".

I
i=1

t
I 2A1i,h-1"y",Tro

34
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Planning of earthwork operations

Action 2Ar: transport of material from loading to dumping area

ca acl of the trucka

ilroûÉL

Nd:Powsr - SÀE Jrsg

725c

ilât Êows. - EEC W12æ
Oporaing Wêisht {€mpty}r
Top Ssàd {Lôâd6d}

GMW - Gres Na!fiire Ws{'dl$

Did{ibûioô EmpS

rulw
ffikw
ffi*w

B2mke
s *fttr
#ffik€

s4 ùc
9t5 h9
sg lç

51,191 ô
35nph

t03,3tù h

Csntsr
8ær

Di{ribdion Loed€d:

F'od
Caûr
R*r

Àloe CsFcity"

ef/.
r9itt
t!*

&t9t
9.Slg
s!.6r!6

a6t ?ET

-..+ It is a theoretical capacity
Tailste Sh.&

Enqin€ Modsl

Ho. Cylin&F
Bars

SEoks

Dirpl.c.md
Tir6, Frod, Cenhr, R€ar

tircùlàr Clelrsm Oiâmdst
tuslïmk Bs6ll Cspsritr
DEF Tst* Cap.iry
G.n6d Oi'Itwimr{EtrFry}:

Hsistrtto Csbïcp
14ftæl 8*e {Fmnt-CsÈr ot Basia}

ûwrsll tegih
Iradins Heiqht {Emptyt
Hs;ght sl Full Dump

lody têryth
lvidth {ôperstins - Ov{ Mimrsl
F erTimTrsÂd

n.1 m' r{5 r*
c93âcggT

6
115 mm dS"
t4S mm gfr'
g.3L ffiio!

3-5ftri ntdidl
16,2 m 53'0"
âlo L tN.3 LJ.s- Sf
SL 53U-S-g*

t
Q":Q.fillfactor

3,41 m
4.æ m
10.45 m
2.73 m
est m
5,ô9 m
3-70 d
Lam

t1'4"
t53-
il3'

2t7'
tsT
122'

37

Planning of earthwork operations

) a

Action 2Ar: transport of material from loading to dumping area

Checking the target payload MÛDEL 125c

Q" 'Y, < Ptargetpaytoaa

l'lEt Pawor - SAE J1r4s
Nd Pow€r - ISO 143s

234 lW
s6lw

St hp

re hp

1S.Eçi

G3!(

Fêd
Csnre.
Aær

Dirûibudotr Læded:
iront
Csmâr

8$.
M6& Cûpicity"t

Se* l8Â€l
Hmpsd 1r:rl {SAEI

s.r9{
gSIl
Ir.s{

æ3 t liT
11 cf lal !d
15 nf îg.fldr

1âô nÊ æar&
1X! Fr t{5 ylF

e93Âc€Rï
t

115 mE 4S"
!çtw 6tP
8.31 win'

â5ËF nsgrtr
16^3m 53!"
410 L 1æ.3 U.8. Sl
DL 5iU.S.!d

TBilgdE Shd(
Engine Modet

Nr. CylindsÊ

&@
Slrehe

Dir?lacamrd
Tir*. Frorl Cdbi Ræt

CiHlôr ClseÈ Dis@lor
RrâlTâh* R€ûl| C6pa.ity

D€F Tsbk Côs.ity
Gm!.d Diheiloâ, lgrplt*

Heighr to C€bTop
lryh*l Bæs {F oil-ôàile. ot Bogiel

3vs.6ll Lms*r
t sdins H€igtitlEsptr,
Heisfrl 3t Fill, tump
Sody Lsæth

Widlh lt@b'ns - Ovs Mim'sl
F&d]irôTræd

3à7 û
4,A3 fi
1ù.Æ m
2J3f,
6.31 m

5.69 ft
sJO m
?.28 m

fr'a'
155"
w'

2n'
1n"
122' 3B
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Action 2Ar: transport of material from loading to dumping area

Planning of earthwork operations

. Evaluation of Ï: calculation of tur.,rr,"

?
9)

ôr(

0

r
B
UI

5

E

I
$r
t
g

5

{l
f-o'
A.t)a)
;3
2Tî(ù
gF
jru

a(t
.l,

r{.E
40q/o >, g
35% F *-

al, ?,
3lF/o 6'Ë

lll -a
264/0 EÈ
20s1" 4 3t1

Fr ËLv
15% tr*U
ro"/" 

_i.f;
5%

km,h L

G

'l

J

c

gl

35

8

15

t0

$

0

gt

$t

s

t

20

GROSSWgIcHTi+

it0 60 80

5 10 t5 20 25 31 35 {0 45 5{t tqg

t0 20 30 40 ss

lzt' rbtgû x lO0O

r 1û0û

-1 {0
J

ÀES

2û

t0

0

)

o+
o{

t!

rMit e.

ærl^.qF

05 oo@10 t5 ât 2g 30 35

oecc€frEq,c,
:*,e-.pe.'dht
{he. uwc*.,

SPEED
GeDf
Cr)îVe:;

Action 2Ar: transport of material from loading to dumprng area

) . Evaluation of Te: calculation of tvariable

p #hr lË ;Ë"?ffi ffi $RerH A- ierft , ïi.iê ?r* # rs''-

Example - way on path A:

R=RR+i=5 +4o/o=9o/o
Loodiirl
L=3@m
V= {:ÊtS rcrnlh

@ te= s7.

6"1

l= {r50 r\^
V = 4O r<rnl

î?= 21.
L : ,3Éic} fy1
V = 53 rcnnl

.?3r'+s

2{t

GROSSWEIûHTT

40 6$ S0 IM tzl tbx rDûo

60 km/h

,)

u,
3a
ll

g
C
g
.9
iil
P
od!d$+
OP.J

c'(t

G

v{.Ë
z,e
<Ë
(h y,
ûn=
ltj t

dg
b cr.
F$E

(E

E

{lP/o

s5%

3llq1a

?Srt'

2æk

l*la
lWlo

E%

È
E
Ë

s

5s

t

æl

Jr=
] l=

hJ"

oo

gl

5C

4t!

g!

z[

1tl

0

3l

*

fr

t5

t{t

5

0 5 lll 15 2l! e5 gl 35 4tl 45 5{l ks x 1o0o

ù
@ re- " 6 /..- Lt =S)r.l

L = 4@ nn 143/os
V = 30 r<nnll,, )

@'re-=Gl, -)

L = 5cory1 l+5e s
v - 24 rcnnlhJ

Titf = ,4gr t. g

0

û t{r fr 3{r {0

lt 5 :0 15 & 35 gl 35 f;t*ùr 42

,lA
I

E L

.i

5a
fJ'-..j\,,

-tn- *
/-''ryro'\ ..''.q_ -5.28

e*-€1 ç*Ë
f"

TA E L

4

à

"",..i\tt
I
I
I
T

..t--/ E
4

zfii'lq
28 4 æ

-5

ro E- e*

SPEËD
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EvofrcÉ€. tls*
tn cx,oJtd
Loo.deJ^ Cer'l
L{rofrÔ ct9"v^e"

Planning of rk operations

h= B+ 30(,

(-f=3,YO -L.oêS -3m
I

urrdlh cuer .l,
Mr(Yl)lr y\^rffEtfs

h s
l.l ey

h"- 3,@ m
V -- 3rAq4 ur ]

t+>h

È .*t {mÊ)fico,nt +t€, l^,ctlf U.i Pfilct^rctr kor.S (fpç6r<-b\.[sles.1D1+haot
Available machine: f dneOnn ffpe 140M "-'ôt qnct trËurscert)

la mosuua{sûixLc"i'r,rsrhine (errota,qn:bLrt n?,uprù.d,cr**paluc-r{sf slr"oraz)

Action 2B; formation of each layers

Planning of earthwork operations

-)

45

Action 28: formation of each layers

.J The hourly production is governed by the material dumped in the dumping area fand
so by the wheel loader) + we should know the time needed for the formation of each
layer:

Dt ith-layer
v'11

km/h (ficc o.., Fr+icrruor crJoria)

no"tl^inqf€rlq"t€d
co +he- \porne.enl
o+ oec eqot Pfv\ank
te onqtln.'ng llr

nig

a

a

a

a

D: length in km
V: working speed in
n: number of passes

4: efficiency

.t taqer)

on ecrch P<)rcls bo t^Ér^)e c[r ônat.e a(nd

nu.vrber +teqrqoË shorrtd Êas,s eo
cotpf, alr r*le- surÈo<E (the er"me,

cf,€,<r.n rOWf
rc bottorvr

.-â' cd+h ot er
tS FDr ce- terrg€lr e,quo..e" rao+lrre- rrrdtin <iÊ blo(de-
rÀrie{th oê .}hé Utcr,<f O

n= -339= $Z =),{o Gor ea.ÊhçûÈses cutl ne€d 2.Po(sæS Qor+hc-
36s8

eprera"ctrrr$ orrd {cruo Êcrsg; {oc+hg frnishir'r3

+)a s)e 6)8 +)'+

=f\

J

z>9 3) I

46
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:> uX) ne€d v\cne eo c(]tYlPoecl p-clch t(it"ief cr"'irth rro\L€f

Planning of earthwork operations

Action 2C: compaction of each layer

L.V.HDr h,roller n
P

L = width of compaction[m]
V = coffipaction speed [km/h] = s):/ Tru8ucn
H = thickness of compacted layer[mm] = tuun
p = number of passes Affi'j.f.ilff,-,o.t = e
rl = efficiency: indicative value of 0,75
considerin g a partial overlap of 10-15cmJ,

uI, h.rf.r)<z L, CP.rcr*Pi u-o thg g^z'.>n^€trY

MODEL
Pows

a

a

a

*ar€d EnginB RPM

No. Oylindem

DisplEcemenl

Engine Model
Emision Stsndards

Spe.de
Max. Spsd {For/ff€v.}

Apprcximate Opsraliog Wsight

Drive

Stee.ing:

lroide Radius

Ostside Radiue

Stesrir€ Awle
Vibrftry Systm:

Ee, Waight Drive
Frequercf
Amplitude:

High Anrplituds

bw Amplitud€
Conttifugsi Fordi

Msimum
Minim0m

Gensal Dimnsiom:
Osr6llWidthwith Bl.ds
ovsrsll ldidth withod Bl6de

Drum Width

Drum Diameter

Tirs
Overall llelght
Whmlto Drum
Ovorall Lmgth

CurbClsrs@
Seruie f efi ll Ce pacitiee:

Fro, I6nk
Diessl €xhaust Ftuid Rsfill CsgscitY

Crankcse
Hydraulic Ruid

a

o+ + t\e 6p$Pr- :lo (,t/P- drlirg. tvrurS tJ5

6^jcli-)u.,t€, nu{-nbea (}f (<)$lon()()i pcrS5SQ!

( r{ \S s' fnPLt{ P = S '-> e^J(}J--qied b}-.l €xpefle$ e
'g,i IOrq'i .!C-o,r^t, bc'(cd@ c:c{rStfUcsrorr)

Pl+,rpLG,r = 1:a5iLir2 ,l,51 lv

Planning of earthwork operations

9

2toMrdrlffi
ll.l tnvh 8tmph
ro sas tg a2€s lb

lhn Rryl{tml

s,r x2a-sphlsbrid

!!'l hp

{-4 L

zr@

,5a id

iv2'
n.t'

ttlto r?n

13: us,

3o5 Ht

t.90 lm
0,95 mm

234 lN
1iBlil

Ea,500 lb
i9toob

t0'
s0"

23OO |m
2134m
1534 m

3680 mm
5810 mm

c.075'

o.03'.

e{U.3.gd
. u.S. g.l

2.3U.S.!d

a

Action 2C: compaction of each layer

Evaluation of the compacted volume Vn,.on,or.,,on ,,n-,uu.. of each layer

Vb,.o-p".tioni 
h{"y". = V.,,.t.r-,ru",. (Slide 32) {) {6,3{5 = z9,SLt

a Evaluation of I time needed for the com on ofeach laver

5!i\;.2
= {drrl{S

2- 5') 4do*ds
6-1) 3 ct'o't'i3

rn<-ornP&c€d
:aksf,e-

n

T,, I tr.nn-,"u",

i=1

+
I-

z Lith-layer

Vb,.o-pu.tiotr 
i,h-r"y".

Dr h,roller

a Total time for the Action 2C Tr.

n: number of layers

50
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Planning of earthwork oPerations

Action 3A : transport of the material from storage area to escarpment fslope)

Dr h,dozer

I
Q'rlt.

. Q = mean quantity moved each cycle [m3] in_19.o;,e condition

. { = uu"r"g. time ior each cycle[h] =.!s-, CO"Iry +

. n = efficiency - o,'14)B j" "; \
iSgl$ | uontx're rec,rn

ffimLv

3 c:t\':\qt\s
t€ffY\s
+ To +Trn I

Q":Q.fillfactor
t 6r.-{? fn3

It is preferable to use an effective quantity carried by the blade (Qu) I

+e

DRY GRANULAR MATERIAL

WET GRANULAR MATERIAL

SATURATED COMPACTED CLAY

(.r.-g d()itrsr
bxJ. ko(e,

0 9

L,0 + L,1-

1,I + 7,2

53

+4r(r+4,5+ 2'l = 2o)3s

3rc

Planning of earthwork operations

-to
5. {6!;
76

A<)

6,6'(!,
+

0,9 + 1,0SOIL.COBBLE-ORGANIC

Action 3At: transPo rt of the material from storage area to escarpment (sloPeJ

Evaluation of 0.a

MOAEL

Blads Cspacitis'
Weisht Shipping" {Dozer}

T;ecter ard Dtzpr Bimmrioas:
A Length {Blade Sttaighl}

Lgnglh {Blade Angled}
$rid.tfi {Blade Anglsd}
Width {with C-Frame onlY}

Elads Dirnengions:
B Width {including dd. end bits}
C Heisht
O Max. Diggins Depth
E Greund Cleamme @ Full Lift

G Mu. PhdrAdjustrnent
Elade Angle {ehher side}

H Mu.llydraulicTilt
J HydmulicTllt

( Manual fi,rece Centered)

K FushArmTrunnionWdth

D?R LGP

StniCht
5.89 m' ?.? yd
3?32 ks 8n29 lb

5.8'! m 19't'

4.5O m 1llr9'
1343 mm 41.9-
668 rm zz,t*
1159 mm 3'9.it"

+3.8 to 3.9P

685ffi ZZ'

4?6lm t8"g'

3.37 m 11't'

IB XRD7E {t7Rtt
7su 7A7S LGP

6.03 m ttt'

3.t9m t,ft'
!52,1mm 5'0!
52? mm lt-7'
{rl5 mm ll,1'

rt trto t'9r

Tqlmm 244'

474 mm t8,S"

2^8? m v6"

6.E6 nf
3593 ks

AngfnS
3.89 mr 5.07 rf
3523 ks ?'rEl lh

zl'
t'6"

2"1'

02'

466 rnm

627 mm

?795 mm

4!18 ilm
5Gt8 mm
4tl4 mm
fr}73mm

I?10'
t5E"
rf,t'
rgt'

4503 mm
llt'$ mm
647 mm
1340 mm

1{9'
3i8'
2"1'

stnirnt
6.1 mr 7,9Td'

3855 ks &$l8tb

S-28 m 
_ 

20?'

4.59 m I5'l"
I35l! mm
63t mm 2't'
1292 mm {E'

Silo to 604

?78mm 2n"
468 mm ,"r'

3.35 m tl'o"

54
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Planning of earthwork operations

Action 3A, : transport of the material from storage area to escarpment fslope)

Evaluation of ta
Lt

DIG TRANSPORT

il

Hr-j --+----' DUMPING

RETURN

'*"Fa- b
t'

C

57

Planning of earthwork operations

t X L t M,+L, +T" +T- +2Toc +vz%

Action 3Ar: transport of the material from storage area to escarpment (slope)

Evaluation of the working speedVt and V,a

0582
kw*rtilt

EfRT
Forffi.dtiltpouwR$sFr

IS[T'EL txiT 87E [T,E LGP

,|

1.5
2

2.5
3

+ maximum speed

REVERSE
t

1.5

2
2.6

FORWARD

REVTRSE

Working speeds are lower:

. V z = 0,85 Vmax,znd r... fot transport;

. V: = 0,85 Vmax,znd reverse gear for the empty return .

rrn

4.4
6.?
8.4
E.4

14.5

tmth mph
3.8 Z1
4.8 L0
6,5 r.t
8.4 5.2
1't.5 7,1

t0
3.9
a2.
5.1
3"t

kmth
3.8

6.5

;
4J

83

''i*

r?n
4.3

{.o

;
z9

5,1

;

km/h mpn tm/h mpn

4.2 2-8
5.2 S2
13 4,5
73 *.5
r2-5 7E

TEh
3,9
4.2
5.8
7.9

t0.t

mplr
2T
2,5
3.6
3.5
6.9

11.3 tO
t1.3 to

t't.s 
'.0tt.3 7.o

5B
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Planning of earthwork operations

Action 34, : transport of the material from storage area to escarpment fslope)

Total time for the Action 3A1 Trota

aF rh

to, =
Vlooru,gr"rring

Dr h,dozer

6.t1 6 r,3 =56 h = ,tdl-q{
s"{9 3

rear. uqrqrth
o+ sLo@l

5,25 *

VgrossioX ' (612 .{lcoo. g3) = .a 89o m3 @ = 3*go rn3 :) r+ rso't r.coee!

.-)
-J"n"O!t$o rJoUlCneS

€g'co.r
\al,o(} $oc

qf'oss(n?

The nnCrxcs +he Soir" srmil',o-f {'9 o/ c\o'*rTq.r comPo..crred CnoC 61

cartr{" cornPct€d)
So o{rb necd suru/.Cng ca0dfrc^€ t tro pqss $,om *hre \,roUifne- t;g Loosg
***"ntof s\" q)(r- con l(DrvtPo"g 6.oufui Prpdr:cbton qlt'r,t'clt is expresse,Ol rnterms
c€ OocSe aoiL

p r 
",r"fi 

ii, t'8.rt i?ifi#dFt 3 f,e=ra ti o n s

Action 3Ar: shaping of escarpments (slopes) e Co\.e.f O,rL
+he soc$o.ce,

Available machine: 1 GMDER type 140M a"#f

62
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r-:..n.1.lrF41<'

Planning of earthwork operations

Action 3Ar: shaping of escarpments

Total time for the Action 3A2 Tro,

1o,=* "

Earthworks total time
fuin9.a-ctr'ons canr ho- Ferfo .nvoJ a+-rlro drfvrp .lJnno

Working schedule may be presented by means of

55

66
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Earthworks total time

Actions

L.Preparation of the laying surface

on of the bottom ofthe trench area
c. tri cd\treL (uflUch r'tog stgpcnCls qr+hc-o{her txrro)

2.Construction of the embankment

A. Transport of the soil required for the formation of each sub-layer of the
embankment (tporrinl a'd bna,spocso*ion)

B. Formation of the sub-layer (spceaorng)
C. Compaction of the sub-layer

3.Escarpments/slopes

A. Transport of the material
B. Grassing of slopes

69

Earthworks total time

Actions

a

a Primary activity duration: To

Secondary activity duration: Tt

TA

TB

I
R,tJL€9:

Th@€bcoJ. rne$od ,

If U t Ts - secondary activity can not finish before the primary 9n9
,rc"o"*-' +f'sQioislu oe ++,e. Prirvrcrnlo.ceiocr oRthe crlotin? porn€ o$ +he, seoqd orrg,

or
T^

TB ffiffiffiffi

70
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Earthworks total time

Action 1

1-.Preparation of the laying surface

Tro t Trs - secondary activity can not finish before the primary one

T

T

I
1A

1B

Tt.

T1 =-tO ct.rr{s

r+ts g'coPer €or
(bct^" Lor{er

73

Earthworks total time

Actions 2 and3

Same methodology for all other actions. It should be underlined that in the case of the
construction of the embankment the GANTT chart is evaluated for each sub-layer

I

Now it is
possible to
evaluate the
total time to
finish the
embankment

x ls- GE

r;.'i;T;- i; a tr' -r';-fi-];-.l;--E-!- -1;r;1;r-i;-;-F{ 6E-11_i:-t:-a--Et- T:-Itr--i a-r- r'

I
t
J

I
I
J
I
T

-t-
r

ry
jrl

q---?

-

--=
;t
J/
l]
J
J
I
J
I
J

sdadd.r&r>rFm

ldhEE€@

.!iirre.lzusrth

-+

74
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3l 120 71 11 1

eS}*W
POLITECNICO DI TORINO

Master Course
in Civil Engineering

20L7-L8

Construction of Roads, Railways and
Airports (0IRVMMX)

EARTHWORKS

Soil stabilization

BASICS

When available soil materal is unsuitable, different options are possible'

I' ddiq'qrnq+brqnePorts
f t. SunSrlfurloru wlrH QUARRIED MATERIAL (moe't obvious)

i5. t'atCOSTS CcgsPosa.,' of cUd n.O*eAo.r cr5d vurr'spefUo*r'on c*nerrrcrrC-)
{L. eNvtnoNltaENTALPROBLEMSfopenlngofborrowquarries,disposalofunsuitablesoil]

:1 enrpUoqed oGcncrf€ris,r crJlrrch is eOi era.b[.Q,

2. STABILIZATION (of*errro+iw n^sl"l^pd )

I rno,di4q sol u

rt or s€nes oe Proccs
Procesi which entlils the addition of materials fbinders or aggregate

fractions) in order to enhance physical and mechanical properties of soil

1
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1311112017

INE

t 
"s$b/ruor{ qPod

is, ooe
€,f\tsl^( PLa'sttt

stcloiUrstlon
urnc- arrd
u:t+h cerve.nb

o tim9

3

cHEMrcAr srABI g.?ArroN ] "*Hm"
The choice of additive type and dosage depends upon several factors, such as

. Purpose of stabilization (improvementof properties in theshqrtand/orlong
term'l . ,^)ttx{ do ure uicd)+ eo wro<liQ{ the, s<r't ?

o. Final requirements of the stabilized mixture (strength, stiffnessJ
las{a*ernerrto} drsrqp a'rDc€ss
. Cost and environmental factors

+

o Nature and characteristics of soil

srr:^ruer.tri /UatFd.s

pt< !o

Pr >t0 Lcg Stglllararc.r

CaFail Stao'lsar€n

Pf,tm
Satlc

AntllrE
Lit

Lne StaDll'lttron

CHEMICAT STABILIZATION

-) $Loto cjnarrs

&iu6(rl ,3 SleDfittnon Addoonl|
naaul'erneilt lor 8!Bo Courgo Pl < 6 a.d
{Pll rP.rc€rt Palsng No 2001 { t2

Carcri SEbrlalon

<25

Cadant Sbosa&o.

l0rPl<3O Caieot Sllodrtllcn
>29I

I Partom I

!AneroerEi

' i'm! Tar

Pt>30

Prrrq
t\to. 20o

]

Brl0mrdousSlaorl'lairon t

Crment Sbohzarcn

LFa slro{ir$or

's.:tFf

&tgt

rils,str cn $ot
.6re

hqrr eo fv\oi.€. Gcrr

Add Sumctcnt
Lrme ro Faduco
Pt<30 FrCSt

rpi*h
+her\

Criteria for selection ofstabilization type
(Dept. Of the Army, 79831(rrl*cr cr.d )

Add Sutlenr Llmt
:o Fhdsca
Pl < r0 lsuo$adal
fl < e .8uCar6al

u{he-
is no
te so;

sqbisso.Jn'oc\
lqpdc une)

0
ced4c€- pwr.soci\
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1311112017

IIME TREATMENT = g (nrne)

SHORT TERM effects

. VariatiOn Of natural water content (r,tob lpc-arcss ,*le- q-dd p<rJUcI€S, bOC
crrso b€coljs() o+ clrernicor feoJc.qans)

o Variation of soil characteristics

> SIZE DISTRIBUTION

> PLASTICITY

> COMPACTABILITY

> MECHANICAL PROPERTIES

LONG TERM effects

. Increase of mechanical properties as a result of pozzolanic effects of lime

*ffi.fime tco

be iom| le.\<d
(goze='ot o.nt e reoc\ ons)

IIME TREATMENT

Short term reaction mechanisms

. DRYING (ecLdroq scMd rrnceriqr + ckrwicor uon&hg)
due to chemical bonuding of water and to evaporation caused by temperature increase

generated by a strongly exglbermic reaction (quick lime) .w 6oct$ction o+ hQo*,

CaO + HrO = Ca(OH)z + 64900 l/mole (c^xz cor's;rne PafL ot +te un*er )
after 2h: Lw'/o = 7 or 7.50/o for each 1%o of added CaO.

. FLOCCIILATIOru (Sogtc, pottac-tes tomp ucff*her tofqm bigger onos)
due to the exchange of free Ca++ ions in solution with cations frf n+, K+, etc., with the
subsequent formation, in the first hours of treatment, of bonds among the dispersed
clay particles which are agglomerated, thus easing mixing and compaction operations.
F- Secocrd.o,f ci bc,c)d^nq. f€o,CtlbNs
Lr elccrgrc cboMtco.l- eGtecss'

grnnfOttcn of its o.spect bgals<z o€ .fl.oCc.roLq,jkl'ofi ( t:oans$ortulgd
Cr.JQn GoC s'"€ d-f:ril b) ;l cf, )

5
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1311112017

LIME TREATMENT

SHORT TERM effects on mixtures

. Improvement of mechanical properties

t +tr
?

c{
t {Yt(Yl r c\-g\Pf
b'e.cu'toq

ffi(csnt
Indice di Portanza Immediata IPI

[EN 13286-47)
a

L

20

l8

16

14

10

8

6

4

*0/o

+2v6

+n%

e-4y.

tV

3
-i&- \
^ \'

t r \
0

a \\ \\

\
lVpI

G€NEA L OSSERT.'A-T1 ONS

- b<:-tl, syuo.4,e- c$(Je
-drzpeldr:nt1 of Ufig

ctil,rc*t cv€- t\aii(,
{oc e,o.,c'Il qocrntl'tl{
.o.{ 

(j twte,

- f€cLrrction o( cl{{riiet
r\eJ€O.seg tnec vuonr'ccil
gr-rop€ftrA-

16 18 zo zz 24 ,t- fectr;Ctlo{.r crggvrourlgg*
utBidirat di costipaEento ilelle Discefe ( 9i ) VoLlr;a,S r€.irf..k{2d \D

d,(,s()(q,€"

2

0

t2 14

LONG TERMS reaction mechanisms P Fr-eui dr4' curol sritQfip-"s
Foiazo LA^}IK- Rgarriotrl (s<rrvte oi,sr <:€rven!), --
Typicil reactions between lime and clayey soil are the following:

Ca(OH)r=Ca** +2[OH]"

Ca** + 2[OH]' + SiOr (clay silical = CxSyHz

Ca** + 2[OH]'+ AlrO, [clay allumina) = CxAy'Hz'

in which indexes x,y,z andx',y',2' depend upon clav Wpe: montmorillonite (very

reactiveJ, caolinite (mean reactivity) or illite (low reactivityJ.

Lr+)S bik€f tv\trr;\t\9 cJ\ \de(r, of teclctrvrtr{
- rrp{oae- +{2srq.s

PAMMETERS WHICH INFLUENCE LIME ACTION ($a;;'csf )

. compactionmode t?,.J.[ff],. Water content

. Temperature (reactions are accelerated by 4 time passing from 10 to 20 'C and by 10 times

passing from 20 to 40 'CJ,
. Organic matter (can retard or inhibit reactions)

;;*;;;t rt!s t*4*rr (e-rrcn rar ir:'rcrete)

LIME TREATMENT

Hydrated calcluml
triorrJ Loe- @trn9surface b)-th(hieh)Specific

+ to t*rlLrr9.hCt.'lcroh.exposition airJCarbonatation +C0z CaC0, (avoidHroca(0H)
rc$1ErJdhqof treatmentDuration

silicates and
alumlnates

(cr.lt'-'d
:i1

LivLe{€ }LCrJr€
Lr,'(o.ftr: (!.tct

d<a nesd C.o.,(ort)e

7
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1311112017

LIME TREATMENT

Design of lime treatment - Use in embankments

SHORT TERM REQUISITES [for laying and compaction]

[4, ,oU t- proved by Lime (ooc rcenpLrtefrf srq.b'ured' bec-o.rpe gr-iq- dsr'g cor€ic{Af Csng tCrm e+tacjs)

Immediate bearing index - lPl (evaluateit after not more thq! 90 nlnu compaction)

6sr mixed

* The category has to be
established as part of design

Category*lmmsdlats bsarlng lndex
lPl5>5
rPh4
lPlro>10

lPlrs>15

lPl2s>20

lPl25>25

lPtwDeclared value

LIME TREATMENT

Design of lime treatment - Ilse in embsnkments

SHORT TERM REQUISITES [for laying and compaction)

L4 tou t proved by Lime

Compaction

€rreofrcc^n s

Gategory *The ratlo ln % ql the ln sltu dry denslty to the Proctor (see NOTE)
detsmlned ln acCordance wlth EN 13280-2dry donslty

DCgs>95

DCgz>97

DCovD€clared valua

-^ a 
-l ^.-?.

9
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1311112017

Design of lime treatment - Use in subgrades

SHORT TERM REQUISITES
a./.lrdar $a.rrcl€, cT mecVr.anicqt ProPQflc€-s
CBR index (test carried out after curing followed by saturatlon)

Compression strength (test carrled out after curlng followed by saturation)

CBR requlrement after 4 days soaklng (or othor long€r specfied perlod) class *

:15 cBRts

:20 and not le$ than the immediate bearing index CBRro

:30 and not l€ss than the imm€diale b€aring index CBRIo

:40 and not l€gs than lhe lmmedlate b€aring index CB&o

t50 and not less lhan lhe lmm€dlal€ bearing lnd€x CBRso

Declared value (but not less lhan 15) cBRDV

Compres3ive 3trenqlh clrgs *
>A,ZMPa & 0,2

> 0.5 MPa R" 0,5

> 1.0 MPa & 1,0

olh6r declared value but not less ihan 0.2 MPa RC DV

LIME TREATMENT

-l
ivrfni
uqlrJ(}

,)

aJrd
aJ{+er
CBTL

Design of lime treatment - Use in subgrades

SHORT TERM REQUISITES

Stabilitytowater(f:rrs aC dar{s ot cofi{\g + 44 dru<s tttr{vrersecl ,rr

R{x+14i)
> 0,8

R[x+14)

> 0,8
1

R{x+14iJ

LIME TREATMENT

i = immersione

trm=

Pfocs!s)€Stability to freezelthaw (.erq

f:'g

scrrYrP€,

g = gelo

x = days ofcurlng In controlled condltlons
I = immerslon In watef

g = conditionlng ln freeze condltlons

)

11
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LIME TREATMENT

2. Spreading of lime and water

. "DRY" method (in the absence of wind); distribution of bags on the surface to be
treated according to required dosage (per mq) or by means of specific spreading
equipment; distribution not in excess of surface which can be treated in 1 day to
prevent removal from wind and CARBONA'IATION; .I-nnoroo'*o

.l*\.a.A gl^rs
. "WET" method (in areas with windJ; preparation of water-lime mixture MIXERS

which are in continuous agitation to prevent SEDIMENTATION during storage.
Lr .-rXe VtO.sr o. sroffq o,Lt €c@\{ U)(Jt,noE OJ CI}EI ( J\cl*Qtiqt

s.'Bffi

1311112017

e!(s.{

co'\
sr'dea
pcfqcks

3. Mixing and pulverization

A uniform mixing is guaranteed by an adequate pulverization of soil in situ. Thus, for
highly clayey soils this is done in two steps:

. First addition of lime (and wate4 if needed), start of pluvirization;
Lr.1arrrv,o.*ionci { t- mga gt€d hS

. After 24 - 48 hours: second addition of lime which can be homogenized until clay
lumps are reduced to sandy form with at least 60%o passing sieve n, 4 ASTM,

LIME TREATMENT

C

corupo.gs)

13
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CEMENT STABILIZATION

Mix design (UNI EN 14227'lOz2OO6)

. Cement dosage

. Water content

1311112017

CEMENT STABILIZATION

rt(e6ct'd\ sifY\iLtrrf bo +hc' one6 u?luch ()Qcol. tyr can':fce-
Bjr cbntrast to lime,-cement generates a real settlng pnenomenon wlm a
relevant increase of mechanical properties.

FACTORS WHICH INFLUENCE CHAMCTERISTICS OF MIXTURES

1. Soil type

2. Cementcontent

3. Water content

4. Correct development ofsetting and curing
L+ Pt'or.ect Ex{ rmpofnnec^'btp. ra'lcf.!'

It is possible to stabilize with cement a wide range of soils.

Exclusion:

. vERYPLASTIC SOILS (PI >15)

. SOILS CONTAINING SUPHATES AND E ORGANIC MATTER

15
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ffi'
POLITECNICO DI TORINO

Master Course
in Civil Engineering

20L7-78

Construction of Roads, Railways and
Airports (01RVMMX) e .TR.trK

Ptrq
ROAD

Types and performance

'a.\
-i

wrir:-,')

1411112017

Dni a

a

o+ 12
pas:les

Pavement: upper part of the road prism, generally built in several layers, directly

affected bv vehicle loadings and environmental effects'
fr ikiJ';' ;"\*i';A :iib€-sji a cvqt<anqts cu'd no I cvther s

REQUISITES drU{ o.€rer so(ne
PeriiYAS o't trrY\a t:C -)'.n L:,cno.tn croncudaAstr STRUCTUML

. load spreading capacity of vehicle loads to subgrade; (Umiong suesses )J\-J

. resistance to structural distress phenomena;

O FUNCTIONAL

I evenness and skid resistance of the surface (comfort and safety)

[-+ct:ffter ond goriements
( rnt€roc{aon )

BASICS

1
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.:)rwore- .1rlr'<lbie, c€rhe\rc-st€d <^rld
. High stiffness ofconcrete slab

r+ need tobe clesgped
. Discontinuities fi oihts)

. Stresses caused by thermal gradients

. Stresses caused by friction due to thermal and

-Il

TYPES

RIGID

-**ltlvrlstsffiffiEfu*

Lo.d

ffi
{!li

4ltt'

hygrothermic effects C bcr*er Fd- h re

(.rffihl OlJddh

Oay Night

Diwnal Tohpil alu@ Variation

,+t5 rcrnprrz:rs€d
Frlctlon Stresses *emperqlore, t+

t:QnSrLe- SIJ€Ss

1411112017

\re,

<)€
ur;i+h

rf c<rn kxzcfq-c(€d

TCrJ/-rrq ta) <JJecC)Ljnt C)(l

@!r,rui,c..rr^

TYPES

FLEXIBLE

l.ord
o Lower stiffness of bitumen-bound layers

. Visco-elastic behaviour

o Mechanical properties affected by temperature

. Construction and maintenance simplicity

=) verg aj(tU:ya (€osi<.rr, chceeoc )
i tr\ Tefri cfe.{he :5ro.rElo.tcts^
l, f'.n a Pcu{cn^QJ\ts <rreos(){l )

gr. r+ke- 
Po;",<'lnq o€ qrf Po( t,S

o(' 0}Jtli-uLoj vto\$f sj€^r4s'

3
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Efetti sr€ll occupanti ll
velcolo

{quidatore c passeqqerl)

Motodel
veicolo

Eftctfl sulla
DObOlaziOn€fl"iorc\

Molo del pneumatico

Dislurbo

deterigramcnto del
velcolo

lnterazlone pneumatico -

della pavlmcntazion€

PERFORMANCE

roceffocs

(de@-ri otsuesse)

tv1

d.ofr9Frqls
oo

F@\rennefit.
\phicJ"e

1411112017

st$essos
ot\d S(fo((rts

PERFORMANCEtr €ro(*f +"1 n.td l^nr.r r+Chanljae c{,$i$?tlrvte

Performance: capabiliW of a pavement to maintain in time one or more
characteristics, each of which can be physically measured and expressed by a

state indicator [lsJ

RESPONSE IN A GIVEN MOMENT
a, (rncl,Cco*oc o0
I rertqnncr{\c,e)

PERFORMANCE INDEX

to

n = [rc(tpt
lY1,
h.o(r) e(oPcx{des
c-l^a q€, ryr qu

ea^€d'o.e t\fYle
q= rnteXlo.L)

IS

q to

DECAY OF RESPONSE IN TIME AS A RESUI;I OF TMFFIC AND
ENVIRONMENT

5
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ISTRESS PHENOMENA - Flexible pavements

tr Fatigue cracking

tr Rutting (accumulation of permanent deformations)

E Thermal cracking

Causato
dal clima

Causati dai
carichi di
traffico

Petrr: arrerrt i)sfot tttatictt

l-:ilticl ue Ci t acki trc;l her ttral (irackitir.l

6D

oMatts 6oJ'gq,oricso+ sttrgcs c Nof

b
rn tvlQ-

1411112017

DISTRESS PHENOMENA - Flexible pavements

Fatieuecracking 16tclgoF ensitg orrJ 6ont*ttsSroQ Lea,.dSt€
a*to.cl<,S ( rvnpoCtso-rre th cLesigh)

. Diffused cracking at the surface

[alligator cracking)

. Cracks in the bound layers

. Caused by repeated loading

cL

o
T crit'

aaaTroione
-ro+ CompEssionc

I
I

I
I
e

n =ctfr

[.r r+ts sverrght aependnntc

7
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14/1112017

DISTRESS PHENOMENA -tr mar+''r-r-lP anlF +-lnorrn r<.

tr Cracking

O Pumping and ioint failure

DISTRESS PHENOMENA - Rigid pavements

Cracking

. Stresses in excess of tensile strength of concrete (l.rer"{ V.iqh sqress )
,__1,

.Fatigue (f@tgi€d tro t4).s no* ctr.rc*tLp,
sOeciqc- po(otso+ eqr.tetYpftt )

Caused by the combined effects of loading and thermal coactions

LONGITUDINAL CRACKING TMNSVERSE CRACKING CORNER CRACKING

9
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{
A

SUREACE CHARACTERISTICS

l< 0,5 mm

0,5 mm < ls 50 mm

l> 50 mm

distorsions

I
crs

2

Macrotessitura

Megatessttura

l.

lde<* d AmplitudeA

Microtessitura "-elcr*ed+o +tC- Co,.rOl,r"-rless o€ s.r.€ode.

SCALES OF TEXTURE

f Depression f

1411112017

id-o.r-)

ANALqSTS:
{urrcte'orr

bc-d.eq^hpJ.
S*rCn O€

c€iorr:!

SURFACE CHARACTERISTICS

MICROTEXTURE
(wr nreralloqa c- dn'oose)

El Distorsions with a characteristic wavelength < 0,5 mm

tr Related to the roughness of aggregates

E Influences skid resistance in wet conditions (lowspeed)

MACROTEXTURE
CAi;- b-b;lc7f so €or L *r* t>*sion)

E Distorsions with a characteristic wavelength comprised between 0,5 mm and

50 mm

E Related to size distribution of exposed aggregates

E Influences skid resistance in wet conditions [high speedJ

11
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SURFACE CHARACTERISTICS

MEGATEXTURE - ROUGHNESS ($r€shdd rn {€ch n r'co-L sP€cr S'c-o*r <:ns)

- Megatexture -+ 50 mm < l" < 50 .* I .r*, ao.,"
- Roughness'-+ l. > 50 cm I <lon+co h"o^sl. \hervtl
t e+tecXs. Cx\ Vilrxc-t\o''t ,tq & 

"-e.l.t.fl*S 
cr +)s excited)

E Caused by: traffic, inappropriate materials, construction defects

f ueloic-le. bo'.}ou:s
DEffects: skid resistance (loss of contact), water ponding (acquaplaningJ, vehicle

control, driving comfort, vehicle damage, noise
tr (^)i+h hJr}lps (d€ss,) J

no c€obloL
c]e \Pj^^ele-
lbe<gr:see,€

a.r u:criqr ft\rvt

1411112017

SUREACE CHARACTERISTICS

Perception ranges

t V

150 Dl:turtl fldcl
c'pcrcrtflvl

I
125

100

E
E.
p75
II

50

Msgatessiturt Macrotes3itura Mlcrotes3ltura

25

0
E+00 1E+01i I

Vlbrizlonl m.€canich.

Rumda

1€-0 r

o+

lE+03 1E+O4 1E+05 1E+O€i

13
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ffi

.^1pO(@nCC. {€ F\o

POLITECNICO DI TORINO
Master Course

in Civil Engineering
2017-18

Construction of Roads, Railways and
Airports (01RVMMX)

ROAD AND AIRPORT PAVEMENTS

Aggregates *hen biornninus
mixbxc a.nd then olhp.r Pcrrtg

\---1
+

BASICS

Aggregates are particles of origin which are widely used in the costruction

of road and airport pavements, both in unbound form and in combination with
various types of binders.

Examples:

. granular mixtures (4e96glioA13oo - .lobo.nd )

. cement stabilized mixtures (bdnden)

o concrete

. bituminous mixtures

. surface treatments (bo rcs\:ofg 69i q restssancc',)

1
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PRODU ON

EXTRACTION

+
TRANSPORT

o
MILLING

+
STORAGE

t I

-)

FICATI

The characterization and selection process of aggregates requires the evaluation of

several properties:
T.o<-i €o.l,r.\rG)S (+ oc*a)
tr GEOMETRIC

o Particle size and size distribution

. Shape

tr PHYSICAL-MECHANICAL

. Density and absorption

. Resistance to fragmentation

. Resistance to wear

. Resistance to polishing

. Resistance to freeze/thaw

tr QUALITY OF FINES (HisrFri.sneo(.)s)

. Sand equivalent

3
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PROPE - Particle size distribution
r'Jr'l

Particle size distribution affects: -.}
orrl^'.i(\q, €r'\e€tJci(€' S
fs toH{es

. Achievable degree of compaction of the mixture

.WorkabiliV

. Mechanical properties

r(a)[ozo]=roo (*)'*
(rt- <xnrr'e*e,

For bituminous mixtureb reference is made to (FHWA)

GEOMETRIC PROPERTIES - Particle size distribution

r r1 :(r s sir,duJ {L\1'\ur\

Graphical representation

a: maxlmum densitY curvei

t

?

t .\,rc,Srq"t!€. b^-tt el'errr*t

t
a;
-'

irl:) trvgc c.J

$monogranular dlstributlon; tff,firffili t$

,=2-(*%\
bl. D,o)

c: gap-graded dlstributlon;

d: open

CURVE SHAPE

FACTORS

UC,cJc€ft g.cP
o+ frsllng
(t+ts(}.nOflrilftf

FHWA representauon

Ling ae.ysrify\rf,o
€J€frlil\l

5

© Proprietà riservata dell'autore - Digitalizzazione e distribuzione a cura del CENTRO APPUNTI - Corso Luigi Einaudi, 55 - Torino / Pagina 221 di 414

© Proprietà riservata dell'autore - Digitalizzazione e distribuzione a cura del CENTRO APPUNTI - Corso Luigi Einaudi, 55 - Torino / Pagina 221 di 414



GEOMETRIC PROPERTIES - Shape

Prcrvtq fLctt : +heq qo ihruu<+ln \he. bqts
Flakiness index (UNI EN 933-3:2004) sAR stEVEs

FI =L00'L
Mr

M2 = sum ofthe masses ofparticles passing
the various sieves

M1 = sum of the masses of all size fractions
-3

+l'ueq
qrR,..,ngs,!".s.r,-s_.

t cuspurl'wad4v L4@a&Frylud*#aM

The aggregates has to be divided
in size fractions each of which
needs to be sieved through the

corresponding bar sieve

N l0rO5

ss 3r,5r 0.5

25 r0,140s

Jr,s{ &r0J
2S1,5 l6!0.1

12,5 1 0J2M5
r0 r0,2

lz,tl6 8r0,2

t012,5 63r Oz

E!0

8.3E r r 0,15

5t3 3.15r0.t5

2.5r 0,154

1611112017

,|rs th<l true
{)Cujftt€'J
!.ctr,L1Ae- tla)

7

d

{i

t) rv.ofg Pk\^igi cor-{ t\cur geo ivlgbn c-
GEOMETRIC PROPERTIES - Density

3f €qJrz po(o6'llq cr(((5:-lf)L{z rI, LrJ{ a{Jtr 
Dry aggregate -
U, = ary."tr; Vn = Net volume L€x (rrrarrr$ porog,, f.{)

Saturated surface dry aggregate -
Msso = saturated surface dry mass (comprises dry mass plus absorbed water);
Vs = Effective volume (comprises net volume and surface porosity permeable to
waterJ

{,x)t(lnq i"u(^J€n(]r cJJ\d $1en S(Il\{q*€dr kL)c
pJ.i^-n? Lt,, +h f)(f,.ppc -> drq oil .:r{ ibrc€-

Apparent density

Oven-dried density (effectivel

d.."ytr:-Y:.ff#**-HJ' ifi :tr$ll..- @
Saturated surface dry <iensity "/'J

Percent absorption

Ms

MVu

VN

{-}
'.---Y

)

ttvrrr=?

t[oto]=too.Aaz-lt

-M,Va'-

fwqll:.
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Polished stone value test (UNI EN 1097-8:1999)

j:ili

lilii
I l?r

)

,1

l1

it
...I

a:.

i*,r'
,t'i
l;,

to cooSv.ry\(L
olishing

. 3 hours: fine grained abrasive + water

-ro n€pp
<rn ?elpa€lr\ (x}sio<lrr

g€--g . 3 hours: coarse grained abrasive + water

3

r{ESSl-lR^)oc
IHAN cArICAL-PHYS MEC

s;t
r€ClL

Itco(r'iC:^Qs

trd
top

Curved moulds.

Aggregates are <glued>

on a support made of
cement and resin.

The aggregate to be characterized is used

to prepare 4 specimens with particles

comprised between 6,3 e 10 mm. The
sarne nrpcedure is used to prepare 2

riH#"*t with a standard reference
aggregate

The 14 specimens are inserted in a wheel
which rotates with the concurring loading ofa
rubber wheel:

@\efod b{
sCE:(lrMents

1611112017

l)Sone furej:en'o.ts
€^iai \€ oJ€
c.o{\Svr)Aed -V\,oJ*,
tVxr crr Ocrh,6 esS el.^ch
rc,flAcuoi r+hcr

scr.rY\e

Z)p<;tisi." '. r.c.xth -
t€59ClQuerr(cs
.ir+[ <.:grtsgr'rn,rt<tr

it

r.rl€, cuclj\€ r;s
pcog*!.(a
rxju s t't('(+'€,(-\€(-t v

tlljo

PHYSICAL-MECHANICAL PROPERTIES - Res. to polishing

Polished stone value test (UNI EN 1097-8:1999)

Polished stone value \ .r,c^
/.1rt)S Qcf\flrlt-At- - <-CfrClr<eorr
q!}s +(52,5)-c

The test yields a parameter [BPN) which is a measure ofthe energy dissipated when a pendulum, with a rubber

slider at its extremity, slides over a surface.

TEST CONDITIONS

. Wet surface;

. lnitial pendulum oscillation with no registration ofresults; ,.- A(itlgl\ fx5\cl^iLi.{n Dq'nba(.

. 5 oscillations with measurement of BPN l-wetting the surface each timeJ

. RESUIjI: AVEMGE VALUE OF THE LAST THREE OSCILLATIONS

tr\j(J ndt .e!adQS oFrfi") "+) +hs ry\Qn of\ckir:,F)Q(:j €T\fteM #hg bqb)

S = average ofthe values obtained on the
material under characterization

C = average ofthe values obtained on the
reference material

lkia tesg[ ({rercl^,U.n^

y''ns

GJ(

o.*€c occiUrcr*.'oa
-lh. Ern{€f, w\o.€$
(r^ <f +he s(o.le
o*ccorEinq +he-
rwra,€nn€fr€ oC +kfg.

fiendJ.;Lt-r"vl

F(q},se- fvs.Cfv @X 5\ZrZ

9

buc mtcto ones 13 q,l Ofl rt'tt
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CE MARKING

Harmonized European standards

UNI EN 13043:2004 - aggregates for bituminous mixtures and surface treatments

UNI EN 1.3242:2004 - aggregates for unbound materials or cement-bound,

UNI EN 12620:2003 - aggregates for concrete.

$
They define the general properties for aggregates as a function ofthe intended use

:$Nre cue .fflondr*oNt somg o-ce op{aooo-!
For each characteristic a quality category is established (e.g. LA)

Coclfticntc lc Angcles Catogofu
u

3t5g
s25
s30
A
s50
>50

u*
Ufr
u6
tlx
Ua
uta
lr{o..*

l,lcesrn rcqrigb L{'r

CE MARKING

I OICHIARAZIoNE DI coNFoRTITA

ll mrchlo CE gmntiffi che i p.odolti da
@ltruzlore mret:

Ladbh-rdm d{r ffi&s.

eac!rca €d i Gquigiti enrlslidetl€
diBtliE di prodotto

- ffi sblisoltopGli 3lla prcw sd alle
wifich. !ffil8ir dalle epalfrche t6nicha.

-)

s) [ 11@ o Iiraho d.t l&tu!c!t ds tha cd*;
b) b kdon. &l mm fitp. lr.difeziom, !&. dwn*Erfth.)
c) Copb &t tntoffint ft @@.gntr b@dllecg
d) h ddthrdm ddfofrta * @ttsSleltt
., Lc rglCg&dltsk*i dldll'o d.l p@dro

0 l. lltnr. ll llaD. lr tuntifr & W, &b&rab, ll@rc a

@mGl@L4.

> Per'rNorme anfionltzato" s'intendono le speclflche tecnlche
predlsposle dal CEN su Mandato della Commlsslone
conformement€ alla direttiva 83/1 8g/CEE a seguito di un parere
favorevole formulato dal comitato tecnico permanente dell€
costruzioni.

> Gli Statl.Mctmbri presumono idon€i al loro impiego lprodotu ch€.
consentono alle op€re in cui sono utilizzati di roddlsfare I
roqulslU ossonzlall e cho recano ll marchlo CE.

F ll Marchlo CE attesta che un prcdofto e conforms alle relative
nome nazionall ln cui Bono state trasposte le norme armonizzate.

)' E compito del fabbrlcante o al suo mandatario assumere le
responsabllltl di apporF ll marchlo CE sul pradotto, su
un'etichette apposta sul prodotto, sull'lmballaggio o sui documenti
commerciali di accompagnamento

((

11
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POLITECNICO DI TORINO
Master Course

in Civil Engineering
2017-L8

Construction of Roads, Railways and
Airports (01RVMMX)

ROAD AND AIRPORT PAVEMENTS

Bituminous binders

20/1112017

r+\s +h€. re{irr\} oF
f€combioe, e+
diQeenc

1

BITUMEN - Definition

Mixture of paraffinic and aromatic hydrocalbons with high molecular weight soluble in
carbon sulphur CSr. t= c€rn{trarc{-cd drt hn a ti ao )

b€NEflAI- SHEME

Bitune flmdale

BASICS

J:5 J[t C rcur pqn0

Benzina

,c

Olio
cmbuslibila

Rcriduo

-.tl crcring f "i*7-

-4i

crude oil.
o-G ca, $octq

Kcrc*nc

Bcnzlnl

Nrfir

Risr.lld![En0

Gszo

re,si&oot
f€-sid/co

Cmbusdbilc
IEr EroDhni
Olbpr
rlsaldonEnto

firqrti<rrg.fiort
oe o o*€nq.l
Cchcrra,zr'n)

Fnzionamento
a prcsskxrc
otmsfcrico O$olio legSero

Gosolio pcsnlc

Pnxtssi con solvcnti

Sofli|!rgi0

Pnr$ri rltcnluti!i

BITUMEN - Origin

Bitumen can be found in nature (black
lakes in Bermuda and Venezuela), but
nowadays is mainly obtained from the

s f\o!
cd.djtle @ rv\ox-e
ffii=u 6e'ssncronds
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BASICS

M0DIFIED BITUMEN / b'nders

Obtained from conventional bitumen by means of the-addition of polymers, which
alter the chemical and physical properiies Lrrvrtror,s)

POLYMERS lCttP>' icLrrr^€ds,vro<1i6ed bitr:cven)
lr {y\ol\g €xP€rY:,i\r}
Syn-thesis drgbnic ma-terials, constituted by molecules which have a high number
of atoms bonded with covalent bonds.

r+ l,rrh n^oLcr(.lLqr cocr,qlrut (colhorr cr-rrJ ar{d^rlt€n)
[t 

".<ar.lce.l'nJ 
rnctr*;'-koq,':s (ooQF t '}/ l1ot cc.*ucql)

doljmer = combinition of several molecilles, known as monomers

Linear omopolymer

Branched omopolymer

OMOPOLYMER + constituted by
monomers of the same type

CoPoLYMERO + constituted by
two or more types ofmonomers

oPotqme.rs

BASICS

MODIFIED BITUMEN
t+ ujLde cqx\gre- oe {a,{Pe6

Main polmers used as modifiers

THERM0PLASTIC ELASTOMERS ('cr,f'e$-)
/rQ)"as,l<:.L
--r nob sbe€\ cpoeo*eiO tscr.:rtcLoo' c

tgb"d tP tf\rctrrfig
) Elastomers = increase of
elasticity

!^-n Stvrene-Butadiene-stvrene SBS9$'ffi
Styrene-Butadiene

CopolymerRandom

SB

SBR

rHERMopLAsrrc pLAsroMERs (otA:''flc) <?ll**.,
Ethylene-Vinyl-Acetate EVA \rncceo-se.'jl.l(SnessQ( btbxv\en

Ethylene-Metyt-Acrylate EMA ? Plastomers = stiffening

Plyisobutylene PIB

3
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BASICS

BITUMEN MODIFIED WITH SBS

Modification reaction

Mixing of bitumen and polymer in the fluid state ttrigh@ --r eervrpe.ccr*r-xre,

1J Butadienic chains absorb the maltenic fraction with
volume increase ( bEF,e+\c;&L);';;; ; I (.'Eiii''6&i"^ i S <rr> sot'oe!

2J As temperature decreases, the elastomeric
macromolecules tend to form a three-dimensional network
within the bituminous matrix

Degree of modification = 3-60/o of polymer b.w. of bitumen
tr grgo,ef\ €<Jj({co.noq ;ijir+h cu

liv,€r-ii c\cc!Atro-{ (re f-'<rti{wt€f.3.
:) N€LU Bi NL)€Q.r cl^r\j\qc F\cPE{Etes tt dLpaso'c cirvor,r?e.

rn th,iS ,-cur{ r? Lus oidl- ot.tL\ Peff€is

BASICS

BITUMEN MODIFIED WITH SBS

ADVANTAGES

1) Increase of stiffness and elasticity at high temperatures Uo€ tx3.n1F4)Jqtufie
n lttr)(Jc oc.ts <r-S

2) Decrease of stiffness and elasticity at low temperatures _? o nlfd. csY\g<roe t
) Improved fatigue resistance

) Improved resistance to permanent deformation

) Improved resistance to thermal cracking

3) Improvedadesionto aggregates

14J Improvedresistancetoageing (bir+rovretr rn tirvr9 cJrto.r1gpsFr\r{XJttral
I d,\Je to u\r, c€tncre-$q.*\fce,e(c.')
| ) Improved durability
L
l)

DISADVANTAGES

1) Increase of viscosity at mixing and compaction temperatures

) Lowerworkability ( t!r+"rEf ccrr1e<\,chon sem gerrc<).ore)

5
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EMPIRICAT CTASSIFICATION SYSTEM

Penetration time=5s

0
Penetration in dmm thcr-dnplr-of hit;u!^en)
Bitumen is classified in penetration
grades (e.g. 50 /7 0, 80/1001

F <,oq 04 g$f\nccq t€sacs
PENETMTION TEST - EN 1426

2 d'
.,r 

t4l
*."

MANUALE

-

1: alberino;2: quadrante dl
regolazione; 3: ancoragglo
dell'ago; 4i assemblagglo dl
rilascio;5: massa dl 50 g;6:
ago e ghlera;7: @psula di
trasporto a fondo piatto;8:
contenltore del @mpione dl
prova; 9: basamento; 10: vite
di regolazione del llvello

Test temperature = 25oC
Llctn\v€At3onot

Mass on the needle = 100 g

EMPIRICAT CTASSIFICATION SYSTEM

19 g:rvrperafuig qfc.cLrQ f rn Lr fv\g
SOFTENING POINT TEST fRing & Ball method) -EN L427

.\l t'0ruE d.ih lr0\r
a).

-J 
g-- tt*? -- +

,j :i.rttnuu-4rn&,u

---a

Initial test temperature : SoC

Temperature gradient: 5'C / 60s

Load: steel spheres 3,5 g

Loading time: until contact between bitumen and lower strip

Result : softening point temperature ["C] r*'s-ikr<e- begnp,t:Jo.b:re <r.t r-rovuch
'tr t\)fvr(2]f u^rru\cl,€s lDQ,t^-q-u (]'Ja (i{'s glY\ernL.tL)
r"\o ct {rrlc€ r::o if€. :Jrjr rC(e{\ Cra beJUl(2eJ\'l ht'i teJM ea $u-.h)fil
ojad +h<lcl(1e rn .irr^ch 0crerzrnQ-f\€ t'\a5-c+'(JT!tCcr-\ l3r<$'t'6t'g o.r,'
UilJcc&:,€ {t'5 cr 

"etiJjat-c.''r.'ftpre 
-<rnd r{'S tl,vttx:nccri

I

i

;

I
r:

7
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r€
O( r-\Ots

toss

\p((r.tiut{
e:t$r"tt\ofl

eolnt

EMPIRICAL CLASSIFICATION SYSTEM

C.E.N. SPECIFICATIONS IEN 12591:1999)

Specifiche C.E.N. per bitumi stradali
Aegkn@nb. oicfibc t9 ( tsro ddb 

'loru 
Et{ 12591/1990)

Grado
6atodo

EN
codtap
c.{-R-

loltl dl 20f,r0 3Ua6 35160 .m 50/70 r0r00 l00ns 1N220

crafr fdrdtdenbll

EN 
'4?7

wtt -c 48.56 0.s {3.51 1947 35{l

,v'tptEdre

Ramrl'mnto dop 57 v a9

l@tlmbffi5ff EN 1{27 fuTf 'c 1t l1 12 r2

I
130/l50

D

t80/220
B

50r70

B

80r100

llitunJ tcmislidi P.r ui rrcrdali

B
{0150

C.6tt ti'tichc

130-150

-9
2,5

1,00-l,07

99

60

{o-{5

-t2
100

180-220

35-41

- l.l
r00

t.frLl.07

99

60

-ll
2.5

,rG50

5r-60

-6
70

99

0,5

60

50-70

+7-56

-7
80

99

0,:

60

P3dil. Fr riraldrtMto (volatilid) :

a 163 oC, n6irF , . i'.
r 200 oC, miu ',;

Dcrctpiqe o 25 oC dcl eidu
ddle Drcva di whtilitl: Eloa
awgo in emtqlc di qucllo
dJl bituu' orfuiwio, ninim 'l!

PEto di dtua &l siduo dclla
prove di wletiliti, rruimo 'C

ConEnuto di pca6F, roino 9;

D@irt ! 2585oC

0,5

dnnr

60

.c

.c
@

80-r00

,l,t-,19

-to
tm

99

-5
2,5

1,00-1, l0

*7
2,5

t,00-1.0?

*.1
1,5

1.00-1. l0

P€ncwioilc r 25oC.

Pulo di EmollirMto (p.lh €
endbI

Pun(o di d[6 (l'r's), roim
Du$ilirl . l5 .q Eioi6 .

Solubili{ in rclmri orgeoici, mi-
dro

Ndbprctcu|mvioeoppricatoilsirrorinrc'mzionolcdiulrittr(Sl)-vol.NooucNR.uNl10003.7{.h
po.,;.Jo, to.,* oumcp cht apriorc il po ncl Sirtcnu T*nico, Prirlu in w, aprimc lo uro rtel SbGE Sl'

VrrStrcfi(ot r€Asgf\"
E M P I RI CAL CTASSI FICATI O N SYSTE M'+ lclrl v\€.^l.'.,elpJ (s ."'Q-

c.<ct A r'aIoFr }ff$s

CNR SPECIFICATIONS (8.U. n.za / 7 t)

t
t)
vl
v
!l
d

$

b
0

s

(Jrr,tr
o&

t4iV
o.rrd.

tp
r+)

1
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@sse5

erE f"
QN

€-'
i+ @nbc\o!s brAXngn rn €iejds
(=) rtls q)c ne€J ! )

3

EMPIRICAL CLASSIFICATION SYSTEM

. Acceotable reliabilitv for traditional/standard materials ( di(k,frt
rr,r.o,tenqs, hrs irfeo dl'€t€rdnt Pcod.lJcsrsr process)

. Speed of testing and possibility of usage in field laboratories

LIMITATIONS

. Empirical tests with measurement of non-fundamental properties (oecrxrress)

. Prescriptive approach rathe( than performance-based (cl'ear t'r' otc oP
Pej'eoifv\ot\'(€ tacxs )

. Not adequate for innovative materials or of different type

! Variability of crude oil sources

;. Evolutionof refiningprocesses 1' ffi*ffi#ttb".ot
F Enhanced materials {modified binders, syntJretic, etc.J @U,.ta.ts

. Low cost of testing equipment

Traditional system

ADVANTAGES

. Consolidated use ( l,rct o$ gx$e( iehc€)

RH EOLOGY . (d.i€Fersrc sclex\c-s)

Studies phenomena related to flow and deformation of complex materials
which do not follow simple behaviural laws

I

-remperatur. Sgg$u")
- Loadingtime (frequency) - ,HX "&,-*tloi=}fifff
- Ageing (properties change in time] - oU nadJio.iroo, oxtcto.t\o^.

Qrfi U r(e o{hQ.ntor- c-!,l.cr/tqes.

IMPORTANT

Visco-elastic behaviour of bitumen affects its pet'tirrttrance in
pavements

BINDER RHEOLOGY
d-LrFQ -rrrrt S

rn

b

ta

VISCO.ELASTIC MATERIALS

Elastic and viscous components

Bitumen is visco-elastic

Its behaviour depends upon
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incfeose. sPed.rnq

d=tffi'X"*WmS
O,f \rrc€f,iCfg+r- 6'
cot+h sheo.f
trhcr<enlnq.
nrane,nqr ,

of
t) €(ot.|3 baf^a^Jia)r ,(oc bio:ryterr

Co(Y\9o.c&

= ,fs+t V

=te sgv

d.tash"ot,

{r,:'r =

BINDER RHEOLOGY

LINEAR AND NON LINEAR VISCOSITY

P
6a
g
o
lEo,to

Shear rate ]

Ylrld
polntr

t. POWER-LAW MODEL (0srwAlDJ

Per q << Tlo e Tl >> l-

Bitumen behaviour varies from
Newtonian to non-Newtonian as

temperature decreases

Pseudo-plastic behaviour (typical for
bitumen in non linear conditions)

rl,-rt _(,.dy\^
ry -n--\"8 )
CROSS - MODEL

,t= 
Q<ttdty=r(#)'

Elasto-Viscositir

Liquid-lil<e

Solid-lil<e

tcDr!o

BINDER RHEOTOGY

Kelvin-Voigt model

r\t)=

rn

s

P

P

P

P

(#)

^['-"tq-'

ANATOGICAT MODETS

G

rtrl _t €-_

Linear visco-elasticity
so.rv\eSis€SS q)rl. tro*he Z

tno.{n

" 
t=G ynn#

=L Refuxailonttme
G

ldr r
dt rt
'4f
ll 

"4)^q=(1.

Maxwell model

-aT=Gt

5

tvflCr s L€,4IV

V
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e q)a

-t not c.o
Stfiarn UO"UJES

fC u)a ch.qtqx. +<earcrq. Marnro.rnrnq- ojnDutralde. q.;r]-L,
rn stra n arnn6xrtua,e, rncrifqses 6pcorrsd* Ut'o's mote \tm€
bo sh,o*r r*s Ug,fr.id'Jtr (a,oeo"nnqJ;rtrr )

far Ja" 6f
t<^r tq* 6u

-> <tt) .. af.^r) r A(to\

-t "?t*+:ct: 
o' -) '*.€'rf

nngqsor€ t^ror"cr
tru;u& +he {3rrc)
CpNQ.s Crre od€
oC phase

L-t
tl ses,trs noc
bo- L€- otG)nctloo
o0 tame <rnd
Seqoerrc{z brr€

it tst Z

BINDER RHEOTOGY

Tests in continuous regime (creep)

t

to

: (,r19 (v\of\itF(^' -sug-rn

s(t)= J% Creep Stiffness = 4(,g) no€ 6r,sroq/t€.\ro,Luc
At) r'-+ o.s er-o-sl'c fual€No"L
b o.no dp8cnd€nt

Y\t) creep comptiance
To

t(t)=

BINDER RHEOLOGY

lr,*, l=y"

lr-" l=y"

G*=

T

ts

t

6

l= ro

WrfitJft1
-+€(./{s{c

7

os r*'5 q,0ut of phase

Oscillatory tests

Strc6sr n Sifresgrdolt {Jf€tr'oo

1"".. l=

1;tz * 6;nz
os

t(t)= 7o' sen(at)
(^?'. PoL.;@ta()n OAS€n S:nchon

Or- €t99o€fic,r,/
y{t)= y". sen(ox - d)'

r P r*)S \Jl\{;coc,(rrstr'C. eoqn
{+c- reseonce is osaJlu.sJ'orq
buE r+tsoA)tog PLuag€

Cornplex modulus

G* =!9-
Tor-1

G x.co@ -
G *.sin d
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cslsid€.r
+he nPdltt'1

fn
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+\e rc(f\g€ot
b r+'s oe$o,*t'te

UJ {.
t1A

4 tPl,sE€€ffif,l*, F#:i"l;ffirt iffi I 
= *

/ gcnr;t to j- (v,!cc'(-)s (PsPonse
<

L
eLo,stre
f€sPcn-s€

8s

iB

${
3s
4E
Q0)

0*
u)t'

s$
9o)
=e&;
)-
rJ(

$$

({pqo€$cq c$ tPmpaf\a*\J€.

s d.iecreose5 (r.{)

T" --r c\.(r) --4

svr^etQd to +he
k{s odr)4O
si,d€ted bo the
..+b c,-G)>o

,"Pe- uO',tL \Oe.

obte c.o
tns.p(- q"r
cof$e €or
€.rlct\, tfrvr(prrct"
bJr€- o.ri€l Greq€^c{

con @

t '---)

.Time-temperature equivalence (superposition) principle
F cpspcn"<z o{- tarnder rn o.l hxed FJv\Pefq4)cQb t€ crNr in-ccec.ie. temgerr;sqe r,u r+h sdme fieqooncr.1, cprl/rPwx

!.5

I
&5

o

4a
-t

-1.5

Los ar

Temp€rahre, C

d s

BINDER RHEOTOGY

(4lci.ecr€qsrng'€n4 RT€rtcIeilto,*€n.c\i
ts stiQFer

(ooJrrcl'es-irre stourcc)

Log
T.

a

0 ar o)s

,t

('i (4,

'(T-To)
sHrFI.

Cz+T -T oMeasured frequency

@ o,g(at,) = loe(ar, )+ log a

7,44 (polimeri)51,6c2

REDUCED VARIABLES METHOD

b corn$,,ere. d€scn guon

Reduced frequency ' Williams - Landel - Ferry
' Ct = 19 , C, = 92 (bitumi)

Christensen - Anderson analytical model (CA model)

Christensen - Anderson - Marasteanu analytical model (CAM model)

6trs$r r.OOt?US

t
cDo

o I
oo

,r'=Eddi!lg!.p@9rv
useful for the modellins of

Ph/ase
AJ\ctLC-
(=4b")

lsil
R

]"

LOG
crtqsgu
rv,b"*:tttS $ol

'..--t

BINDER RHEO
ii ArIn I Itd? a l\

LOGY

c*(ro)=o-[,.(*).] 
-

NHEOLAGICAL
NASX. nc *(co)= o.[,*[

TL 
\

LOC FEOUCEU TAEOUINCY-' toc lr/ll

C.n2sso\,gff€ctg\cr{

I
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or'l

Laboratory equipment and test confi gurations

DSR {Dynamic Shear Rheometer)

BINDER RHEOLOGY

Slrffii-

€qtreh.r:rle the-tt PejrL+i^r€LO(\T€t P@rre'OJ dtPQ te.-rltrl ts )Srertl,-$e. +lr*Lo$ €o{(}3.nrA oPenalpa*{q
+he_.t+ln Irt2bbef €lirvur\cuc:. €LXceSSLrJ(}coJ\{.P

0perative
phases

{)

2)

Deflection Transducer (bo rvr€o'gxe tclat])
Computer

ar.rttrtrr.tr.r

...-4 Stiffness [bending]s(r)=
P.L3

Air Bearing (gror; crnecltorric)
Load Cell *'

R RHEO

configurations

4.b.h3

c€f\(€.r o t
t, ot

safnPrc -) uo€Lct
pn:n^s-hc,

6oC c,.- c.rcf\sreoj.)g
cOnc€rrsf\A^ed

gg\D'tNG (PNF16dAATld{
Prove di tipo flessionale

(grtf,o.l- cl€-Q

11
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Laboratory equipment and test configurations

DIR€cr TgNStr-g ?.\reJV k)q? F{nps.g|.rilfe, (rrc6 o-rnb,arrt)
Prove in configurazione di trazibne diretta

Tocrls <:n 4qitrrrg <xxrrrucn,,non on *hg stress - sbr().,rr"l
(?{.g,croqstrro tn €i'1n€

b rC r*c.t<rncrl- rS bfitl(-€, oa clr,c-tir.e

Pegx*s (l,e/,et.d on +tre- spe€(J oe rc{ad

oo

o
o

o
o

BINDER RHEOTOGY

Tensione:o:P/A

:\L of

AL"

Ag

Deformazione

2111112017

end v\'cP)p5scr")

BINDER RHEOTOGY

Laboratory equipment and test conligurations

DTT (D ir ect Ten s i o n Te ster')

q
4

stress I
e hitth

ducile

shin

13
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PERFORMANCE.BASED CTASSIFICATION SYSTEM

Basic characteristics of a perfomance'based system

. Based on fundamental properties (not empirical)
ti rej.q*€d r.p +€ 'u.Jg s;5€€s- Su'o.{'n- b€J^-o-rr\oo{-

. nxperimenldi measui-ements carried out in controlled and representative

aondition, (s;,vn'ir.arr ro erul€e concUuons - t€'rMta o'Ad
tocr.ctinq l)
. Soecificatioris related to main distress pltctlotttena
ri'tx*:r respon..:e. cha-nq,r$g bt})coe-/l

BINDER RHEOTOGY

Aging
draundfe

PAY (Pressure Aging Vessel)

t

Simulates ageing of bitumen after

7-10 years

hq1rne.rr tn Pclng/ pO./rS rn
+ho \nssel then resrc,.

Duration = 20 hours

Pressure = 300 psi

Temperatu

drb

(l^O n61

{\r'e
po.n

ii

i:
T.r-
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PERFORMANCE.BASED CLASSIFICATION SYSTEM

SUPERPAVE system

Design temperatures

PG 52-28
Subdivision of a given territory depending

upon performance grade

PG 58-22 PG 58-16

1120 721111

1

PERFORMANCE.BASED CTASSIFICATION SYSTEM

SUPERPAVE system

. Rheological tests

- Measure of ftlndamental properties related to field performance of mixtures

. Test conditions

- Representative ofsrvice temperature and construction phases

. Bitumen ageing

- Short and long term ageing

7
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PERFO RMANCE.BASED CTASSIFICATION SYSTEM

SUPERPAVE system (AASHTO M 320)
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PERFORMANCE.BASED CTASSIFICATION SYSTEM

SUPERPAVE system (AASHTO M 320)
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PERFORMANCE.BASED CLASSIFICATION SYSTEM

SUPERPAVE system

ONIGINAL BINDER

ll5

l Flash-point temperature (safety)

FViscosity
- Maximum viscosity = 3 Pas at 135 C

- Used to guarantee sufficient pumpability at typical mixing
temperatures

I
a

ta

The rotor is immersed in the fluid to
be evaluated

Vi.scosiw i.s eiven bv the ratio
between the aDplied moment and the

sneed of rotation x calibration
constant fgbof rn the.-twrJ

lJft (X )Kf I lil,D visc0nr c't0r'

2111112017

1

PERFORMANCE.BASED CTASSIFICATION SYSTEM

SUPERPAVE system

Rutting * Control parameter

DSR test

o= 10 rad/s

Tmax design Critical conditions
o hgh service temperatures

(hot climate)
o traffic (slow)G"/sin8 on virgin bitumen > 1.00 kPa

G'klsinS on RTFOT-aged bitumen > 2.20 kPa

2
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PERFORMANCE-BASED CTASSIFICATION SYSTEM

SUPERPAVE system

Fatigue - Control parameter

Question
Why do we need to consider a maximum value of {.1'}"sin 6,'

Answer

We need to reduce the dissipation of energy at each loading cycle in
order to guaratee a sufficient resistance to fatigue damage

The parameter needs to be controlled in representative conditions

flong-term agedl

2111112017

PERFORMANCE-BASED CTASSIFICATION SYSTEM

SUPERPAVE system

Thermal cracking - Control parameler

$
BBR test

tJoarling = SQ 5

Tminimum design + 1OoC

{ l hi.' in, r,.';rri' ll l i}' (,tlirrrr.': litl t r',ltrr l irtt irl ll.ttlittli
{ nni lr r)t}i .,1 lr io i'{\ :;, lr,tsi'il ittr tlil r'rltttt'.tlltli i.'

prirrllrii')

Critical conditions;
o Cold climate

o Quicl< reduction of
temperature

S,.,,on PAV-aged bitumen < 300 MPa

Iill,i) on PAV-aged bitumen > 0,3

/@lffil .i :,1 ilt i":t: :li

Time,Log

Log Creep
Stiflness, S(l)

,.seQp

23
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IMPROVEMENTS TO SUPERPAVE

Limits of the SUPERPAVE system

In the case of modified binders the SHRP-SUPERPAVE approach is not always
efficient (underestimate of effective properlies and performance implications).

Improvements have been proposed to overcome such a limit in terms of :

> FATIGUE CHARACTERIZATON (Time Sweep Tests)

> P ERMAN ENT DEFO RMATION C HAMCTE RIZATIO N (M ultip le - Stre ss Cree p
Recovery Tests)

IMPROVEMENTS TO SUPERPAVE

.,y=y,,.sen(ou-6)

t

5.08+06

4.0E+06

3.0E+06

0.0E+00

A

l.0E+04 l.0E+05

Time sweep Tests (NCHRP 9-70)

L0E+06

As a result of damage
accumulation, the complex
modulus is progressively
reduced

l.0E+02 l.0E+03

Nurnber of loading cycles

"I
,l

DSR test carried out at
constant temperature and
frequency until failure

\t=to'senOt

l.0E+00 l.0E+01

-+-B
-€.- RSL

--,- RSH

-x-.B-EL
--x-- REI{

o 2.or*oe

25
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IMPROVEMENTS TO SUPERPAVE

i4SCR. (n^,oso.se, {S)
Multiple--stress creep Recovery Tests (AASHTO TP 70'10)

DSR test carried out at constant temperature and

frequency imposing repeated creep-recovery
cycles at different stress levels

ffiffi
10 cycles ofcreep (1 sl and recovery (9 s) :

- 0,1 kPa

-3,2kPa
tsi

'dl

Performance index
(N on-recoverable creep co mpliance)

(Y"" /10)
J =-unr a

I

's.. 
-

LoadlrE tbrtbn of syclc
UO, _

5I
I s

d

m
@

Tn"

RsoYery poftlon ol cyclo
Jnr0.l

nr3,2s: J
to 2@ @

2111112017
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1' Using the elementary bending theory, calculate the time-dependent flexural creep stiffness
(S(t)), in MPa, expressed with three significant figures.

2. Plot on a bi-logarithm scale, stiffness versus time and fit experimental data with a

second-order polynomialfunction and report regression coefficients (A, B and C) and
correlation coefficient (R2).

3. Estimate m-value (m) by the first derivative of the polynomial function.
4. Verify if this bitumen can be graded as PGXX-28.

Example #3 Dvnamic test (DSR) c'rpt ed .yi.ieo +he, r€sFrlr-rs€

The two curves shown in Figure 1 represents tolque (M) and deflecticin angle (q) monitored
during a time sweep test performed with a DSR equipped with a PP08 measuring system and
2 mm gap.

Estimate:
'J.. Angular frequency (a,l) in radf s, expressed with two significant figures.
2. Norm of the complex shear modulus (lG-l), in Mpa.
3. Phase angle of the complex shear modulus (d) in deg.

6.08+00

4.0E+00

2.0E+00

0.0E+00

-2.08+00

-4.0E+00

-6.08+00

f
I

1.50E-02

1.00E-02

5.00E-03

0.00E+00

-5.00E-03

-1.00E-02

-1.508-02

Ez
cif,
o-
o
F.

E6
E

{:oo
oo

7.7 7.8 8.3 8:4

Titolo asse

Examole #4 curve (DSRI --r

Frequency sweep tests ranging from 1to 100 rad/s were performed

-gvtAd*nn -ladve
To(q\ic, Defiectron

Figure 7 Deflection and torque versus time in dynamic loading of o viscoelostic moterial

io *lrrgo(V +ficrfl ve,ft{ LoLD tro Vgru
t4rql''r ffec{cncr( q -r in (I\afi'c-c4t I

notlr e141 'rS r.ptlpor
on a bitum

Otr<r 49oC
"C, while thtemperatures. The 25 mm parallel plates were used at 60'C and 80

en at four different
e 8 mm parallel

plates were employed for tests at 0'C and 20"C. Complex shear modulus (lG-l) and phase angle
(d) obtained from DSR tests at selected temperatures and frequencies are shown in Table 3.

1. Construct the master curve for the dynamic shear modulus for a reference temperature
(Tp) of 20 "C by manual shifting.

2. Made a semi-log plot of the obtained shift factors (a1)versus temperature and apply
William-Landel-Ferry (WLF) equation. The parameters of the curve Cr and Cz can be
obtained by minimizing the sum of the squares differences between experimental shift
factors and shift factors estimated with the WLF equation.

3. Plot with log-log scale the master curve for lG.l and d. (oot rh oiJ t,oq :rAur. €:{' ) n-r {;n* {

4. Fit the master curve with the Christensen-Anderson model (CA). Fitting parameters Gs, us
and R can be obtained by minimizing the sum of the squares difference between measured
and estimated complex shear modulus.

2

ALEXA^.JDR.e i AC.

'oq"
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ROAD AND AIRPORT PAVEMENTS
Bituminous binders- rt'r i r tr.rrps

*
h.o!C

3D
is. Binde{'

uerU frnc- potrc:af,\ o€qggrgq0fS
BITUMINOUS MIXTURES - .HFTffGffiI.f4ffffiA
Composite materials constituted by aggregates,Qller and bitumen,

Employedfortheconstructionoftheuoou.oounuffi"pavements

Bitumen-bound layers

Layers are different in terms of:
r+ q,Nxi€ frum. I ntcKness *he flog to *+,C bo.

. Composition rt cVuanqes b<x:
r\^clx drfneng'or.Volumetrics* d

hiqh€r br nd,Br cofitrcftt,
lralicuds the- toP tsa::s
cr-s-rnetcfs o{ aq4rc€qFu
{ncjeo.sg.

\rg.r.tsg -.4afgn Ml).Tr)Qtr : siao,dr\trill\rtron l<. .ffrtin(\raR +hc-

BASICS

l
rol.o zronE
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BITUMEN . AGGREGATE AFFINITY

Durability of a bituminous mixture depends upon the stability of the jg!ryligll
betweenbitumenandaggregates r\r.o.r€,ln !Xo;U, ir,

Water can cause a loss of adhesion, as a result of the combined action of mechanical

and chemical effectse$
{r,LArc{\'SCoPrcaJ- Qt{ccL
STRIPPING

Removal of binder film from the surface of the aggregate'

biDw\en rt

BITUMEN - AGGREGATE AFFINITY

. washed and dried aggregates [500 g);

. mixingwlth binder ([3 or3,5%o]; nori q/ fec[ mixL\{e, r+ts Suec oJ {eQet€ncg

[ror bot\-r uxrtcr
Visual evaluation of degree of stripping (in percent) after 24 hours of immersion
Ir rc +hote \s,frr{c cr.Rtflii^{ 61.qn6qp.*eti chsnq€- coLors (trJe

- *r. e(*,ects o0 stngg\nqJ ' I

:) srmpUer tesbr qoi cX.

l Sokrn?wi"th uE*€n

PROCEDURE

8/e2)
tbJi,ojr AfJQcrfr cottton S

Carried out on aggregate fractions
6,3-10 mm and 10-15 mm

. cooling to room temperature;

. adding ofdemineralized water at 25C fot 24h

. same procedure at 40'c

Pold
Sripping test (CNR 13

3
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VOLUMETRIC CHARACTERISTICS

Laboratory testing
! Density of compacted mlxture

Three measurement:
- mass of dry sPercimen (Mo)
- mass of sPecimen in water(Mr)
- mass of specimen saturated but surface dried (Mr5oJ

D Theoretica maximum density (ASTM D2041)

Determlned on loose mlxtures with the plcnometer method

L

atl
MMVT =

MV=

M
filled with water

H = correction factor

T = water tempemture

MA = mass of sample in air

Mp = mass of picnometer fllled with water

Mp*c = mass of picnometerwlth sample,

Tw,r
0,997

n rr.{.t cOda<e) of +hC
A'r&rmcde'ri fr r fir'(P\'e

'v*MD

Mrro-Mw

VOLUMETRIC CHARACTERISTICS

v=100 (t
\

) Voids in the mineral aggregates (7o)

t---+ c6rmPosiro'on e{

Vtr41=v l%oB^uuu'MV

--)fv\ixtrxr
ot {+\e,\ 6Y, €sPed

dc'f,.gI S:!1OJ)t, gt)pgQefi

so \Joid ca0t€nb
i5 the' conn$€rnen

aCfnaqsr)fe-
--)oe' clcm?cctaon&qree-

ak cRde{tap

) Voids filled with bitumen (7o)

Pbi,u 
"

< l-lH\lT

Laboratory testing

D Void content(%)

vFA=vMA-' .loo
VMA

XtD(€

5
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COMPACTION

COMPACTION

A proper compactlon allowsl

- Prevention ofpost-campaction undr traffic

- Ensures adequate mechanical properties

- Guaratees impermabllity

- Limits oxidation ofbinder

Ease of compactlon depends upon several factorsi

- Mixture properties (aggregates, slze distribution, binder)

- temperature

- Layer thickness

- Equipment

to(LEa corprcfloll

FV

CO{HCrOil' SK&tEIOat oCFOfitOTlOfl .

rOoC n€OtlCTOt . nporrn ErPlJlSOt

LAB ORATORY CHARACTERIZATION

MARSHALL technique

Compaction is carried out in cylindrical moulds by means

a falling mass (from a pre-defined height)

COMPACTION

'l'cnrprilur",li .qniri'cs'rtri

n

l
I
ll

W
s,,rtq,

B0rroo

f4100

.o150

-D = 107,7 mm, h 
= 

63,5 mm

- 50 or 75 blows per face

ryd l3l j.ro('
l{'J r: i! (

l{lr l 5c(i

l5i ,! io C

r.ll 4 50 (.

t.32 + 50 U

13$ t :r! ('
16: 1 io (.

LIMITS

Aggregates are displaced mainly in
the vertical direction by means ofa
pulse action (not slmulatlveJ

tt is not possible to control how
compaction evolves [workabillty)

1
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A.. 2 dj'Q{ererrt"
ft^txbf€-s

DC

%

A

L -.roo tka

\fr 99f,Y1(Loqsntilicptrile.

Tlg ciirw, i: nurLt cvre!3(s.:tinq. flc€ t.lnq! iaPight orrd e{eqpee'c€

ffiJ;H*-'iiH.:..\"-.u*Fnr*ss:ff,ff tf "'Fd,n"re*
cu\d qii\1'de. ct tDc4paccio,'l

b -* yV & rNnD -+ru'-+ C

)

3

Measure of workability (pre'requisite)
During the test the aquisition systemrecords the variation of specimen height as a

functionof thenumberof rotations ]"*a",.*".J c$,ilil? +be (€st
Processed data allow the determination ofthe compaction curve

DEGREE OF COMPACTION

C (o/o) = 100 (1-v)
t* Stt8ffElt'S.'

SELF-COMPACTION

c,dd5
L+ not'.trc l^.r.gh

WORI(AEITITY

k=AClAlog[nJ
leJ
| €{€nq-{
+

c [n") (ncJ

('r (iua0rddcriamorlr')

K (lurorubilill)

l(,

100

'10

l{r,(,100
lk;

- r€ noc 'ii:e 
ne;ecj o"'- Less ua.l^P- cQ energri

co.f\ ()se cli-)
t=x3

t9 l -rh

Compaction gradient

-''JCOMPACTION

ls<>
b

<rlrrnc,sl
Lrnp-clf -

trsnd

9J

!. qrt
a
't
Ers7
o

E*o
c?,

75

tS crIrri
\aJ^l(,'

MECHANICAL PROPERTIES - Stiffness

It is a fundamental property of bituminous mixtures and is related to their
stress-strain response under external loading.
le beh.o.r,,,c*r d€fd:rds a,lso to c.ooqct F'ta$aJafl gUucks (el,osuc

STIFFNESS -+ depends upon:

) Temperature

) Frequency and/or loading time

Mechanical response as a function of increasing cyclic loadings.

2

N

E-

DI COMPORTAMENTO

*hett cnrcnqg
"1t44n6c5 

0S
boord nn,o*erio.f

CAMPO VISCO-ELASTICO
LINEARE [A "REGIME ")

) Stress state / strain

CAMPO TRANSIENTE INIZIALE

level [non-linearity)
I

$r bi6.rmen
tS \tr5c.o
eLASJI(-

.A FATICA' (NON LINEARE)
\5

wi.rh dedlcql€i
tFsftii

,{) Find o.r s;Eb(Q- cctrd'rta'on

;i ;" ar t.nq b..c) ) + P[^ct*s
3) As fes.)rboQ drJtrl\\o'1?- J EffiXifft"*
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MECHANICAL PROPERTIES - Stiffness

Dynamic tests + uniaxial configuration
(EN 12697 -2622OO4 - Direct Tension Compression Test)

LOAD CELL

€ = €o.sin(ar)

+

STEEL

PLATES

GLUED TO
THE

SPECIMEN SLENDER SPECIMEN

(H = 1,8-3 D)
Application of a sinusoidal
axial strain (eo < 25'10-6)

l-r not or
4

z

L

2) 3 PotNT 6e'lDl^e3
z

3

3) .4 Pott$T B€NDtNc)2-z
$

+

.l) z o<itttr
Be,rrlOit16

l-

c-trNes qS '(<:t

tr 
"oe. 

Utg re., 9f\SmS '6oen € {h n Lx(} o,'snnajJ-

b-#ffi{!e"ffi
f,.vr ', a,t,tgnosset {*e
' gecEro(r

F,-. aiTP(drrntetrt, ot
Ifre- ceir.so o8'ths
Yr€o./Y\

3M)

5

MECHANICAT PROPERTIES - Stiffness

AVt1

4"/
2

3t

109bh36 ]

four pqint bending configuration
04 - Four PointBending Test)

--+ o.E,
O.J .!

d-€f,r'C t lorg- guq+h
L€nctB/ cr undfg

E

COMPLEXMODULUS

N,PE

ones

cl,ornPS

Mrrtlcr-Frooui
+tcon1

Dynamic tests -,
(EN 12697-26t2O

Z[ po{ftts cr)l\Qfe- (rlg
apptt-i toqds

Sinusoidal
oscillation
ofcentral
clamns

,f
4 cLo.^€

VJ
2 ex€tnqL

nnou]- +
2 rn€no.,t-

2$,1)

+hereis urttione s€ctrp(l
lrJbi-Pcf,€ol
Uc mqX fi^omenb

3-r)

=*F -*.Ri,- Moe 'atrut8\nbrbsr
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MECHANICAT PROPERTIES - Stiffness

Complex modulus + master curves

E* 1,ooo,ooo
(MPa)

100,000

'lo,o00

1,000

100

otlossv -S sPPef
dsqmixp€ utu\t c

rogln.l

l*
=a*;fu

I
5t

classi co,L €+rs-tr'ofi
61 GnoLex ModJ)u)s
oF biu:'mrnos fv\ixb:re

1 100 10,000 1,000,000

Reduced Frequency, Hz

No viscous asymptote + contribution of aggregate skeleton (r+b -tasrcd+he beho.ereL)t oQ s{€Jetghd\j c),S Onbou.\d moreriqt )
Lr toc^Jof UcntY

MECHANICAL PROPERTIES - Fatigue resistance

Fatigue tests are usually carried out by employing theg34ggglpggand
configuration used for stiffness testing

Reference standard

EN 12697-2422O05

,/

7

+{4,crrr taeQPcc
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€asrs rrcf€o,€€
se{€ss

-_--1
^ot,;u na{d djssrfjncn'

+hQ.,{ denb cb

r+has sn rmpcrcd CUsP\'a'ceMerrt
1( rt tS {hic.R' r+ bQh'o}Ps oS

(+hin)
o o o oa o

ETSL

non un€or
f€sPoos€.
rn Ernne

q{n
t

lr,t iscctrS
c)

I

MECHANICAL PROPERTIES - Fatigue resistance

sePcf 4/ (€^Jal.
eF scfiC.ro
di€€€rarf-\sllre.S
oe N.* (op.,ve-
a$@.cq Krourl
r*)

Controllo di delomazione

NB. Same controlling parameter (initial strainJ

t

/

m€nbt croc*.

N

ato numberstrain-cothat testsntrolled leadlsit bserved higheromentallyExperi
bo(.rtr4tsctr,(totests oeedqrc,stress-controlledfailure thanof tocycles

Conhollo ditensione
I
I

S€condary Zono

IcAt PRoPERTIEs - ffi'tffi3"fd&ffi'ffiF#P

Uniaxial Ioading configuration with no lateral
confinement

- veft3cs,r- r-ou.dS'
- ,-J[c."stpr"t rn bif\ng (t,onaqpreas

Creep test

Primary Zons

Flow-Timg3 Slop€

MECHAN

€ : djsP(crerre,rrt
tniqol tw(c*\t

I

( €f9e

bch,ar.tictr(4stu'c\ASGD.g
e-{t1 MAfe.l.iofn?9 b.{

- ComplianceI (t) e(t) Os
srdA+n€sso+ )

uneq.f

f\A.o,ct'o:f5eic €Dicl€nce l+\
cfe(}ion o'e N*s

@'"
Creep evolution in time
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MECHANICAL PROPERTIES - Permanent deformations

Uniaxial compression test
12697 -25:2O05 - Uniaxal Cyclic Compression Test)

Test conditions

D Applied stress = 100 kPa

D Number ofloading cycles = 3600 (2 hl

(EN

Parameters

,.=roo[\4) "-, Permanent strain after n cycles

f,=+= , (creePR'*l 
l1fffi.o* -1

f, = 9. f OOO --> Creep modulus after n cycles" tr\a1-J
L+ fuc.toc trcr..)Groce cl-iQbrenc t\S€J trri.t€S

MECHANICAL PROPERTIES - Permanent deformations

Triaxialcycliccompressiontest (b€*er)
(EN 12697 -25:2005 - Triaxial Cyclic Compression Test)

Method 2
Eiitp- toaa

Creep Rate

t^ltl

+he@

6.

r^ {t} -+ <.[€Dto*onic 
-L<><ed l,

o.

Constant
confining
pressure

o^Ul

doltl
fc = 8,,

J

6 Z (.p(Jccr,\cj^,oose,
6tp€.14)

Analysis ofthejlg
nart of the creeo
curve

-€n= At+ Br'n

Method 1 3rrurto.c
lTiiiffi-usoidal load

o0

Stthr .snr

-)exeacrgi\E qJ.\d opertcr.*ol|^ S h'cuj)e € [^.o,\.2 
^Aorp- 

sKj(ds
t*mi*er +he, ftrst- t€s!

11

© Proprietà riservata dell'autore - Digitalizzazione e distribuzione a cura del CENTRO APPUNTI - Corso Luigi Einaudi, 55 - Torino / Pagina 287 di 414

© Proprietà riservata dell'autore - Digitalizzazione e distribuzione a cura del CENTRO APPUNTI - Corso Luigi Einaudi, 55 - Torino / Pagina 287 di 414



OJ
CqS|g

\ctd,regijr)u

o511212017

- rfnpo€{z
- rco-d to

P

-d dnta I +h€- P€o. ^\' cLlstnb3ued crr oJ LLttt.g o.te€'.J
:X) +helQ-, i-O cg.-t- clo.lvs4€.5(.ctft

t

MECHANICAT PROPERTIES - Indirect tensile strength

Allows the determination of a failure parameter

Used for:
. QC/QA and mix design

. Evaluation of resistance at low temperature s (thermal cracking)

. Water durability (Roo t-Tunn icliffmethod)
il C.i,+h Sa*t CgnpJd sA.rnp\,€., {€ COrrnrtrcr,rro

tTS o{ +hig tl']<rj€f Pt"ocduce cu\l 1l€
'"' 

* o:ft""i[##., 
rENs*E 

'TRENGTH 
( \rs')

RTI =o-" n .d .t Load applied quasi-statically with a
predefined sPeed of disPlacement

I

'.,. 'lI 'l

MECHANICAL PROPERTIES - Indirect tensile strength

ot-Tunnicliff method (AASHTO T 283)

6 specimens with %v = 6-80/o

l+lilililttt
I

+
ilt

++til
1t

+
RESIDUAL STRENGTH

ITSR=RTI,
; RTI,

J

no conditioning
(RTIJ

Saturation and
immersion in water at

60'C for 24h
(RTI2)

Jcestotds
tn <{:ecrROcrftcnS'
(8p'/.. ;+)s <!
tqErccrt vofr-x. )

80- 85 7.

13
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MIX DESIGN - Marshall method

Stability and
f +h

bo <r-> (=Gait"oe)

(S): maximum load at failure

Limits of the test:

Static application of loads

T = 60"C, different from typical service
conditions

Mechanical properties: non fundamental
(comPL(r{?f^i gn( rtcoj- )

:.".

$ roro

5"'
I
e
a

).

Flow (s): vertical displacement at failure

Lnrqfr f totr: ooffe'("ie€r\dri so
- "or h*tc- ru.o*cno-i- (rtyj \rl'(p,^xJrs&,
Marshall stiffness = S/s

t00

450

300

190

o

I

I

2

----- lri. dt tta6tt2to..

-, -, - delotmaa toda gtttt ta a

-i -r__ 
-!_ 

- 
+

!aa6

SCORRttttNtO , tmht

U

The "recipe" of the mixture is determined in two phases:

- size distribution ofaggregates (sKer,elo^)

- optimalbindercontent (ur* Os6) +hrcz $tarsttcUit, t€s,L)

MIX DESIGN - Marshall method

Design size distribution
The mixture of aggregates has to satisfli predefined size distribution limits

Standard mixtures (CIRS)

{tx €c(,^ s;\eo,e
<rrq- l^.(lrg-*rg fqtEe
octePeed ,in '
wh,^tjn" LIJP ll.o-r-c.
+hs t€fc€^
c^{ pors\n?

3 -4 cm. tr tuso C pr.

qrqnotc(Ylet$ie boxs
Open-graded mixtures (ClR.t)

84\IS

Non-continuous curve

(in such case, specimens are
compacted with 50 blows per
face)

%Passanlt

-Tw--

_-------E:I6-

6iE5-
ffi'-

Tabclla 6.5.1

o(atb'c\a +W-\td!e5 Lu('-rtr r nea O z.n6h^. G 
^r 

)AE
c,bbrn

2
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