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Costruction of Roads, Railways and
Airports (01RVMMX)

GENERALITIES
Technical Specifications
Quality control / Quality assurance

General overview

Phases of design and construction of transportation infrastructures

Analysis of feasibility

* Pre-feasibility study
* Feasibility study

Design

l » Preliminary design |

¢ Final design

[ * Executive design |

Construction
* Award of contract

I « Execution of works l

* Measurements and accounting

Final acceptance 2
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Specifications

Technical specifications

Characterization and

- (175 anade 6{8 r,vz.ﬁﬂxm&'veg testo.

qualification of component materials

Construction and 2 Pw‘i*wtw” anol p&wqmeﬂ‘f' ch Mw&?m?ai&»/.

placement of materials

Control during construction and

on completed works (QC/QA) s liti] setits )
@u@é(ﬁ%ﬁﬂmuﬂamm

Reference to relevant standards.

5
Specifications
Technical specifications
| > PRESCRIPTIVE E
| > PERFORMANCE-BASED |
6
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Specifications

Technical specifications

> PRESCRIPTIVE vs PERFORMANCE-BASED

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
waorking strategies.

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

Best option: "hybrid” approach.

Specifications

Technical specifications

» PRESCRIPTIVE vs PERFORMANCE-BASED

Performance-based specifications require the use of
parameters which derive from advanced investigation
techniques  (e.g.  simulative  full-scale  testing,
mechanistically-based laboratory tests).

Mechanistically-based Full-scale field testing
laboratory tests (FWD, structural)

Full-scale field testing
(SCRIM, I'un}'tioﬂal)

10
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oz (¥+Y) = Vor (x)

Quality Control (QC) and Quality Assurance (QA)

Variability of characteristics of materials and works

Total variability is the sum of several components
« Sampling
« Experimental tests
» Materials
s Construction (production and placement)

2 =

Voorwama., < = & = <ol o '(;i(,n, ,,

"4

e (y) —> S%qc/ac = S%c + 84 + S0

e

Variability = sampling + laboratory + material/construction

f(c2=1¥)

13
Quality Control (QC) and Quality Assurance (QA)
Variability of characteristics of materials and works
CAM PONATIIRA
Sampling —t» random variability linked to procedures for selection of samples

Experimental tests {— random variability linked to laboratory procedures

g

= Can cause more than 50% of total variability

« Itis fundamental that operators tightly respect procedures

Materials Natural variability of the characteristics of materials and

, production/placement operations
Construction

03/10/2017
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Quality Control (QC) and Quality Assurance (QA)

Terminology

» Accuracy = conformity of result with respectto true value —2 ye ‘he e

Good measurement
e precision, low
accuracy

Low measurement
precision, good e
accuracy

,'w“\% @l(tugc@ crw J}(Wj»:&”/

= Precision = low variability of measurements repeated in control conditions - M #)\Ua

to e 1k

Hh

H& ’t‘Vt‘,@yv@ om MMZEQM /ux_au/bc@'n G/JWVW fﬂo

17

L’nﬁée fo& CLRA A fvm
e volun .

it fove /@W’”

Quality Control (QC) and Quality Assurance (QA)

Statistical parameters
* Average
« Median value
« Variation range

« Variance

9
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Quality Control (QC) and Quality Assurance (QA)

Coefficient of variation [\] ‘;ﬁ 'J disrne watenbem < Rrnse ?UZ “’WF”‘"%? e cene C'd%éu,é Re B
Defines the degree of variability of measurements 2 ¢ C’f’“‘ R b @V)§ chie [ e
wm)xm,cm
100 < 2% = very low variability
2 - 5% = low variability

CV =

%19

5 - 10% = moderate variability
10 - 20% = high variability
> 20% = very high variability

21

POLU LATION = LoT

Quality Control (QC) and Quality Assurance (QA)

Sampling criteria

Determination of a given characteristic referred to a guantity of product (lot) should
be performed on a limited number of samples

Eoglisban B 1
1 REPRESENTATIVE OF THE
ENTIRE LOT

SAMPLING PROGRAM

« Test frequency

+ Location of samples

« Size of samples

22
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Quality Control (QC) and Quality Assurance (QA)

Generation of random positions

Longitudinal (X)

Transverse (Y)

Alocl system of cartesian coordinates is define
for each sub-lot

Sub1 Sub2 Sub3 Sub4

A random sequence of numbers is generated

25

Quality Control (QC) and Quality Assurance (QA)

Generation of random positions

Sub-lot1
s Coordinate X =0,74x100=74m
e CoordinateY=0,29x12=3,5m

Sub-lot 2
» Coordinate X=0,60 x 100 =60 m
e CoordinateY=0,21x12=25m

... ete.

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

Exeample ——» Rectangular shape 100 mx 12 m

26
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Quality Control (QC) and Quality Assurance (QA)
M CONTROL CHARTS - Usage criteria
It can be considered as a sequence of normal distribution curves (vertical axis) as a function of
tested samples (lots)
Upper control limit It can be assumed that the process is
“under control” when the values are
_— contained within the upper and lower
limits
Lower control limit Average £3 ¢
~
48wy I the awn L eon cheene wéz,ot'@'(l"j (i‘m, oleslam
™ Eot Number. :
29
_ Quality Control (QC) and Quality Assurance (QA)
CONTROL CHARTS - Usage criteria
- A fundament characteristic of this approach is the possibility of distinguishing random variability
N from systamic variability due to a specific cause
e ok LUA(TS  (opper. And [op Cower )
—- Upper Control Limit
Lower Control Limit
30
A
- 15
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Quality Control (QC) and Quality Assurance (QA)
CONTROL CHARTS - Interpretation
There is a problem (the system is not under control any more) when:
* X varies, R constant
» X constant, R varies
*XeRvary
33
g
A : Hant *
Quality Control (QC) and Quality Assurance (QA) ’ .J()wﬁ-% W
o S NS |
CONTROL CHARTS - Interpretation Xy © . < '\I_l)‘
9 P 5 e Pre
Example: Variation of average on " o NG 1"'?\,(;(.'{
/ \”r /\\)\KQW’BA b?,\‘.\
ABRUPT CHANGE TREND v
st Ml
dctiabany / L i tonisy ;
; T o
2 1 [N ‘/’\’\;‘/ si‘i‘jgkfv
e ;
’a'lrl'“l' SauspleMamba E
Ex. Abrupt failure Ex. Progressive wear Ex. Continuous non necessary
adjustments
34
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Quality Control (QC) and Quality Assurance (QA)

QUALITY INDEXES
VARIABILITY - UNKNOWN PROCEDURE
STANDARD-DEVIATION METHOD PO/ L
NS 2 Quality P ithi d Sample Sizes 7
(U)—M Index | n.g | N=4 | N=5| N=6 | N=7 | N=8 | N=9 | N=10
Q — {Quor Q) = e oy - s = Z
150 [ 100.00 | 10000 | 9620 | 9519 | G472 | 94.44 | 9426 | 94.13
155 | 100.00 | 10000 | 9743 | 96.00 | 8548 | 517 | 9497 | 9482
180 | 100.00 | 100.00 | 97.87 | 9675 | 96.17 | s5.84 | 9582 | 95.40
165 | 10000 | 10000 | 9872 | 9742 | 96.81 | 9645 | 9622 | 96.05
== N 1.70 100.00 | 10000 | 99.34 | 98.02 | ¢7.38 | ¢701 | 9676 |
X-U0SL 175 | 10000 | 100.00 | 99.87 | ©8.55 | 97.89 | 97.51 | 97.25 | 97.07
Q(L) = 180 | 10000 | 100.00 | 100.00 | €899 | 98.35 | ¢7.88 | ev.70 | 97.51
c | 1.85 | 10000 | 10000 | 10000 | ©8.36 | 9874 | ga3s | esoe | 97.81

1.80 100,00 | 100.00 | 100.00 | £8.85 99.07 98.68 $8.44 98.25
165 | 10000 | 1000 | 10000 | ©5.85 99.35 .
2.00 100.00 | 100.00 | 100.00 |. $83.97 90.57 99.24 £0.00 98.63
2.05 100.00 | 100.00 | 100.00 | 100.00 | 99.74 99.45 £9.23 99.05
2.10 100,00 | 100.0C | 100.00 | 100,00 | 99.86 99.61 89.41 99.25
215 100.00 | 100,00 | 100.00 | 100.00 | 95.94 99.74 £9.57 99.42
2.20 100,00 { 100.00 | 10000 | 100.00 | 9999 | 9984 | 9969 | 99.66
225 100,00 | 100.00 | 100.00 | 100.00 | 10000 | 99.91 §9.76 99.68
2.30 100,00 | 100.00 | 10C.00 | 100.00 | 100.00 | 99.96 §9.86 99.77
235 100,00 | 700,00 | 100.00 | 100.00 | 10000 | 99.98 §9.92 99.84
240 100,00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 89.85 99.89
245 | 100.00 | 100.00 | 100,00 | 100.00 | 10000 | 100.00 | 93.98 | 99,93
250 100.00 ( 100.00 | 10C.00 | 100.00 | 100.00 | 100.00 | 83.88 99.88
2.55 100.00 [ 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 99.98
2.60 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 99.99
2,65 100,00 | 16000 | 10000 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00
Numbers in tha body of this table are estimates of percent within limits (PWL} cotresponding to
speific values of Q, the QUALITY INDEX. For Q values less than zero, sublract the table value
from 100.
NOTE: More datailed lables [AQ = 0.01) can be developed lrom more eccurale valuas 8PWL.

Parametrs Py or P

(AASHTO)
AASHTO QC/QA Guide Spec. Pace 21

€X' Heow uv.m'm@gﬁ;@ ogec,ﬁ the gelluco Boecoine oéa o além'pumma
Quality Control (QC) and Quality Assurance (QA)

ACCEPTANCE - PWL

©,
vy Percent Within Limits Same average, different Cvj, e
Tagetvave | 50 | degree of dispersion o4
[ Lris | oq S > g0l CVy- 21 - g%
Lot1 i 3 [}'16.5,«, 0;5}_‘-0{ > (; en

Lot2

Lower fimit

6.4

650
Asphait Binder Cantent

Same standard deviation,
different average value

gua (dni

Upper |imit

Lot2

Lawer imit

5.0
Asphalt Binder Cantent
QA Akipis

\,e(/. naln
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Construction of Roads, Railways and F:f
2 Airports (01RVMMX)
FARTH WoR €S
mpm.éf\mnd He EARTHWORKS - SOIL¢
) i Classification, compaction, bearing capacity
wenle M
a e e W ampottost e consiiition ond e comomics nelatod fof the mevemerils a

5 Ls
W FoLLY Mw‘m K}) sl -

Solt AR ALL sA"u.w‘e
é‘t‘% LLy  SATURATED 0

TRINCE A
- General concepts on earthworks MeXRACOSTA
RiLeVATD
Road prism / SOLADD  STRADALE
™ Cross section delimited by road platform (including marginal elements),
originary ground and lateral slopes. TRINCE E
Obtained by means of earthworks with the cutting of trenches and
— construction of embankments.
RILEVATL
Z : ~
- ABOVE GROUND LEVEL
_design, i
_ground,, betond GROUND |Lever
- FILL FILL
)
X <
EY
. P

e 1
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General concepts on earthworks
Road prism (ot u.@
CUT SECTION LoV
| 535 : 5% : ,‘T\
|M§| 1350 s 1 3% L L® |“e‘ nTCH
i f f f i
Fesso 6 quardia Fosso di quan
.
Lo o i S B AN
b <
‘ _ Ecougons
_._| ] Cuneta in caicesinuzzo Cungta n caltestuzzo I— 2
5% 25%
Sotwdendo in ¢ 8215em
Letio in cls s=15cm 4
Geotessike ! ] g o
i , Liseler P(aqmm@(;da
Eventuale sirato di stabilizzazions | Sirabo antiapillase 5= 40 cm
! acakes=30cm e —————

General concepts on earthworks

Road prism

CUT AND FILL SECTION 5&%. A ME2RACOSTA

s Vs

Curtla in calossiuazo

Setiofondo 1 ds s=130m

Evenlucte slralt & stabizzazione
ataes= M

Temreng vepsiale s= 40 om

Terten i sotiokado
Cuneta n calcesizze

S anficapilare 5 = &) cm
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SOIL

Soils are formed from several alteration

processes:
» physical (decompression)

o chemical (action of O,, CO,, acids)
« organic (acids, bacteria)

« mechanical (erosion, impact)

Three-phase system

Vi

SOLID + LIQUID + AIR
Volumi Masse
Vv Vuoti
Vy | Acqua my,

SOIL

Definitions

it con Koy
T %LQ Volumi

Masse (Pesi)

* Water content

Y W-W,
w[%]=—“—”’-100=—‘~100
W, W
g B t
* Grain density ey g 74 bEL
W GQRANOG
S
Vv

E

n=

Ve Vuoti

Vv | Acqua my, (Wy)

m, (W)

Ve m, (W,)

* Apparent density

© 0

w_ W W ek

VoV V4V,

* Dry density heEG TA SECCA
W W,

b7 PR S S—
UV OVHV,4Y,

eVoidindex [UblEE DEl VUCTI(

V. +V,
e=——
V,

&
*Porosity  POOSITA
V,+V,
n=
v
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s time;

» opening of interstitial pores (between grains).

05/10/2017
SOIL RICHIAMI
Capillarity
In unsaturated soils capillarity tensions can occur and these
may cause the upward motion of water.
The height by which free water can move upwards by siLT = ccfﬁ'@)%
capillarity (h) depends upon: Jeoclion

* expansion;

Conditions:

Effect of low temperatures (T<0°C) in the winter period:
i . LewnTi di gHiaccio
« formation of ice lenses (vof

» spring thaw with viume eduction and loss of bearig capacity.
» soil size distribution;

» position of water table;

» climatic conditions (depth of frost penetration).

A h
1200 mm 1
h=Va-t (,._\
t \_A// d
0,02 mm
L
AM e Cuwpaoteo(
a@r.w\ tHore (5 m&
COJ}L&:;JLL% "
SOIL RICHIAMI
Frost effects

ume increase);

+ 9%

m , /e_sua/,w Of fee temol  To atthioct olRen waten paol Fnowom He olimenmenq

%swmm

["Z“;’WW] amel He sbaction /Lech7o/¢»eo
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TERRE | icHiam |
Analys of particle size distribution
e QI g O D - timl feargllle
N el { | |
90 . =
[EEED e N [ |
20 2 ! “ i
e NI ‘r
%o [ z:H i 4L ‘ J
= IRRAL { il il
3 i B ~ 1
v b4 MRY o5 3 S
. P fala [ -\f\“n!?g agch & i apalisi per sedinionlazicl
S (SRR | R
| T i
i R H [
A ) 0 i
[Smtasei seriy ASTHIMA ) w989 209
Yop - 7
Uniformity coefficient:
60‘%‘ -
Deo/D1g / '
T : Less uniform soil
B
1 : More uniform soil A |
0,075mm Dy, Dio  Dynx
TERRE | RicHiAw |
Sensitivity to water (Atterberg Limits)
VOLUME Graing /"
SHANKAGE s>
LiMiT S5
L)
Ero o
o < —/‘T‘E
-
-
‘/
-
7
Pl
SL PL L
MOISTURE CONTENT
(#—)
Stato Stato Stato
p semi-solido plastico liquido
0 %w variation LR 0w variation e Soil can be Ll %
does not cause causes volume plastically
volume changes changes modelled
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SOIL
Liquid limit - methods of measurement
Tests carried out on
material passing at the
0,425 mm sieve
150
Cone penetrometer ;
Two geometries:
*60g/60°
*80g/30°
NEW METHOD
SOIL
Liquid limit - methods of measurement
¥
00 T
;(‘ T
™ ;
8.) B e T S e e o i S T T ot o2 -
\\\ ‘
Y I [ o ™ | ;
bl ok o) PR ;
T
) jv
0
1
[
¢ e T & 3 1 17 1% 16 B 20 7:‘ 26 26 28 30 3'.’3-‘.363‘&L0 X
B 20 mm with 80g/30°
X ccne peneiration (mm) 10 mm with 60g/60°
Yy water content (%)
11
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TERRE

Classificazione delle terre

E uno strumento di valutazione preventiva delle prestazioni delle terre basato
sulle dimensioni e sulla sensibilita all'acqua.

Requisiti:

« significato preciso dei parametri considerati;

« facile e quasi immediata determinazione dei risultati;

= apparecchiature semplici ed utilizzabili anche in cantiere;

« parametri non dipendenti dallo stato del terreno (umido o asciutto), dalle
condizioni di sollecitazione e dalle condizioni ambientali.

CONSENTE DI DISCRIMINARE I TERRENI IDONEI ALL'USO PER LE
COSTRUZIONI STRADALI DA QUELLI NON IDONEI

TERRE

Classificazione delle terre

Le prove contemplate dal sistema di classificazione sono le seguenti:

1. analisi granulometrica ai vagli n.10 (2 mm), n40 (0,425 mm) e n.200
(0,063 mm);

2. limite liquido (LL);
3. indice di plasticita (IP);

4, indice di gruppo (indicatore sintetico) la cui formula & la seguente:

IG = (Pysm — 35)- [02+0005 - (LL~ 40)|+001- (P, — 15)- (IP—10)

13
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TERRE

Classificazione delle terre

PRIORITA" D'IMPIEGO (AGGIORNATA)

- CORPO DEL RILEVATO: gruppi A1, A3 (se necessario confinate), A2-4, A2-5, A4 (con
indice di gruppo paria 0), A2-6, A2-7 (parte bassa del rilevato, a distanza si almeno 2
m dal piano di posa della sovrastruttura e previa disposizione di uno strato
anticapillare);

- SOTTOFONDQ: gruppi A1, A2-4, A2-5, A3 (con coefficiente di uniformita maggiore di
7%

- RILEVATI FERROVIARI E SUPERCOMPATTATI: gruppi Al, A2-4, A2-5, A2-6, A2-7,
A3 (in base alla granulometria), A4 per il rilevato, A1, A2-4 e A3 (in base alla
granulometria)

TERRE

Classificazione delle terre

Gruppo A, - Appartengono a questo gruppo | materiali rocciosi non evolutivi e le terre granulari,
generalmente di pti o meno grossa pezzatura, pressoché insensibili all'azione dell'aequa e del gelo, che sotto
il profilo dei movimenti di terra possono dar luogo ad un ampio spettro di comportamenti, in relazione:
-al contenuto di fino (frazione minore di 0,075 mm};

-<all’assortimento granulometrico;

-alla presenza di elementi di grossa pezzatura.

Nel prevederne Fimpiego occorre considerare che le ghiaie e le sabbie aliuvionali con poce fino (meno del
59%), permeabili e prive di coesione, dope costipamento risuftano tanto pilt soggecte ail‘erosione deil'acqua
meteorica quanto piit l'assortimento granulometrico é mal graduato. Per evitare che possano prodursi danni,
Plmpresa deve rigorosamente procedere al rivestimento con terra vegetale delle scarpate man mano che
cresce 'aitezza del rilevato; la semina per l'inerbimento, uguaimente, deve essere effettuata fi pit
rapidamente possibile.

[ detridl di falda, le rocce alterate, | depositi morenici ed anche le ailuvioni eterogeniee con un contenuto di
fino compreso tra il 10 ed il 15% dannd iuogo a strati moito compatt! e difficilmente erodibili; richiedono,
tuttavia, un attento controilo dell'umidita di costipamento al fine di attingere valor! elevati di portanza.

I materiali con elementi superiori a D=50mm e, In particolare, quelli provenienti da scavi in roccia (dura e
tenace) richiedono cautele e particolari provvedimentt per quel che riguarda la stesa in strati di spessore
regolare ed il costipamento,

1 provwvediment! da adottars! consistono neile seguenti operazioni:

- scarto degli elementi di dimensioni maggiori di D=500 mm;

- correzione granulometrica (per frantumazione e/o aggiunta df pezzature i difetto).

Netla redazione del plano dei movimentt di terra, di norma si riservano le terre del sottogruppo Al-q,
specialmente se di granulometria ben assortita, ai manufutti in terra che richiedono piti elevate proprieta
meccaniche e/o agli strati di sottofondo.
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TERRE

Classificazione delle terre

Sottogruppi A, ¢ e A, ; Le ghiate ¢ le sabbie argillose di questi sottogreppi sono, & normae,
convenientemetite utilizzate per la formazione dei rilevati, specialmente quando presentine un indice di
gruppe 1G=0. [t loro comportamento, tuttavia, ¢ moito influenzato dalla quantita e dalla natura della
[raziene argillosa presente. Portanza e caratterfstiche meccaniche attingono valori intermedi tra quelle delle
ghiaie e delle sabbie che costituiscono 'ossatura litica del materiale e queile delle argille che costituiscono la
Sraziene fine. Poste in opera, esse presentuno da media a bassa permeabiitta ed altezza di risalita capillure,
ctd che determina elevato rischio df formazione di lenti di ghiaceio per azione del gelo, Per questo motivo, In
presenza df faldo superficiale e di prolungata durata di condizloni climatiche df basso temperatura, il loro
impicgo deve essere evitato nella formazione di strati di settofondo e limitate agli strati post! al di sotto di
2,00 m dal piano di posa della pavimentazione stradole, previa predisposizione, a quota inferiore, di uno
strato anticapillare di spessore non inferiore a 30 cm.

Lenergia e Fumidita di costipamento delle terre def sottogruppi in esame debbone essere costantemente
controliate; quando il contenuto d'acqua risulta prossimo o supera fi iimite di plasticita della frazione fine si
rischia, infatti, di provocare instabilita e cadute di portanza per sovracostipamento del materiaie. Se lo stato
delle terre e le condizioni ambientali non obbligano alla sospensione det lavori, 2 opportuno adottare basse
energie di costipamento, operando su strati di modesto spessore,

TERRE

Classificazione delle terre

Gruppi Ay Aj Age A, Lopportunita d'adoperare terre di questi gruppf deve essere valutata secondo le
sequenti linee guida:

- disponibilita di terre sostitutive, anche in relazione alie distanze di trasporto ed alle esigenze di carattere
amblentale;

- provvedimenti da adottare per la proteziene da venute d'acqua (gravitazionali o di capiilaritij nelle opere
fn terra con esse realizzate;

- tecniche di migii ), quale il trat to a calce, finalizzate a ricondurre le proprietd fisico-chimiche
e meccaniche entro timitl df garanzia delle prestazioni, nel volgere deila vita economica dell'opera.

Per Vimpiego dei materiali dei gruppi A4 ed A5 occorre considerare che:

- la consistenza di queste terre (-[P<10) cambia sensibilmente per modeste variazion! del contenuto d'acqua;
- anche per modesti incrementi d’'umidita si passa rapidamente da comportamenti tipici di terrenf asciutt,
difficili da compattare, a quelii di terreni troppo umidi, per i quali risuita talvolta impessiblie ottenere il
grade di addensamente richlesto;

- in-relazione all'assortimento granulometrico ed ali'addensamento, la permeabiliti ed il potere di risaiita
capillare possono variare entro limiti abbastanza ampi; ne risuita un forte potere di imbibizione (portate
d'invasarento capiilare) e, guindi, un'estrema sensibilita al rigonfiamento ed all'azione del gelo. | rilevati
realizzati con questi terreni, pertanto, debbono essere protetti dalle acque interne ed esterne, mediante strati
anticapillari, schernvi drenanti, tempestivi rinfianchi laterali con inerbimento;

- la presenza di ciottol! ed elementi di pit grossae pezzatura puo impedire {'azione dei mezzi di miscelazione e,
quindi, renderne impossibile la stabilizzazione a calce

Le difficolta di compattazione delle argilie dei groppi A6 ed A7, le proprieté meccaniche generalmente
modeste degli strati, come pure | provvedimenti di difesa dalle acque da mettere in atto limitane limpiego di
queste terve a rilevati di modesta importanza, Se non sono presenti elementi di grosse dimenstonl, le terre dei
gruppi A6 ed A7 si prestano bene allta stabilizzazione con calee.
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SOILS | Review |

Physical and mechanical properties

Soil behaviour depends upon:
« size distribution of particles;

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

On representative soil sample the following aspects are evaluated:
« percentage of size fractions,

» sensitivity to water (of finer fractions).

SOILS | REVIEW |

R | PO
Analysis of particle size distribution ,,Oumw.;? QANK e t E
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SOILS — it's senncline to T - ) 1, enenal
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SOILS

Plastic limt - methods of measurement

UNICEN ISO/TS 17892-12:2005

20 g of moist soil
BALL 1

————=p Two 10 g portions (sub-samples)

~ LP = average of two repetitions
NEW METHOD

SOILS

Classification of soils

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

Requisites:

o clear meaning of considered parameters;

» easy and quick determination of results;

» 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 conditions. ¢ S0 Qe pME AT MAT TID e NTRINEC

1

ALLOWS THE DISTINCTION BETWEEN SOILS WHICH CAN BE USED FOR
EARTHWORKS AND THOSE WHICH MAY NOT

8
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SOILS

Classification of soils - HRB system (UNI 11531-1:2014)
PRIORITY OF USE (general)

- Groups A1, A2-4, A2-5, A3;
- Groups A2-6 and A2-7.

For soils belonging to groups A4, A5, A6 and A7 it should be considered
whether:

- to use the with proper attention (protection from water);
- to proceed with treatment/improvement (e.g. lime stabilization),
- to exclude their use and proceed with disposal. . ¢ XAMPLE G \ VEN J

SOILS

Classification of soils - HRB system (UNI 11531-1:2014)

PRIORITY OF USE (specific)

- EMBANKMENT: Groups Al, A3 (confined, if necessary), 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 pavement support level, with anti-capillary layer);

- SUBGRADE: Groups A1 A2-4, A2-5, A3 (with uniformity coefficient greater than——|-» l‘f of Amereests |
7); PREMLUM DA LTY sSolL g ‘(:}." C”Q“ i

- RAILWAY EMBANKMENTS: Groups Al, A2-4, A2 5, A2-6, A2-7, A3 (dependmg

upon particle size distribution), A4 for embankment  Evrpp | cuEcre OF SAND,
- RAILWAY SUBGRADE: Groups Al, A2-4 e A3 (depending upon particle size

distribution)
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SOIL COMPACTION
Goals of compaction
» reduce further settlements during service life of infrastructure as a result of
static loads (permanent) and of dynamic loads (transient);
» improve mechanical properties of soils (mainly friction angle ¢), to satisfy
construction requirements (sufficient stiffness of each layer, necessary for
- compaction of layers above) and to ensure stability of construction work in
service; =
> reduce the influence of water (lower porosity leads to lower permeability and
increased resistance to erosion).
CLOPES MNOT  TD FaAt > !
USE ROLLERS

SOIL COMPACT[ON N CREASE DENL \/
Description of phenomenon
Porosity reduction generated by compaction is due to:
* expulsion of air contained in soil volume,
* migration of water (minimal contribution since compactionis a quick ~ ~> BuT Wou can T DRY
phenomenon unlike consolidation: water contet does not change dramatically) TE Shie wIiTH e0MmPalh
° compression of air which cannot be expelled (especially for clayey soils)
FACTORS WHICH INFLUENCE COMPACTION: ’

1. Soil type (A)

2. Water content (w)

3. Compaction energy (E)

4. Compaction mode A0 4 |

; o iniec
5. Layer thickness and stiffness of support —% pronif 1S
)
9
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N A -

SOIL COMPACTION AT ees 5 st of # woler covdighit .

Proctor test - experimental procedure
UNIEN 13286-2 (2005)

L5 7~ »Type A (AASHTO Standard - T 99)
M ey esllodtn
o T, A K.\ *Type B (AASHTO Modificata - T 180)

=0

A "
f.%(f-,: S0 X8I0 (YY1 ¢ ',s}‘
/ ;

iy
2T

Standard Modificato
numero di strati 3 5
massa del pestello 2,495 kg 4,535 kg
altezza di caduta 30,5 cm 45,7 cm
o~ numero dicolpi 25 - 56 25 - 56
energia per unitadi volume [N/cm?] 59 269

Pmaglio ’h'ng ‘Ng

E=——S% __ Compaction energy per unit volume
Vfustella

SOIL COMPACTION

Proctor test - experimental procedure

= Amount of soil for 5 determinations:
e 15 kg for small mould
* 36 kg for large mould

Procedure:

« drying at 50°C and disgregation;

* sieving at sieve 25 mm (if the retained is higher than 35 % of total mass the
test cannot be performed);

« choice of small/large mould (small is the passing at 25 mm is entirely passing
at5 mm - n.4 ASTM);

» formation of single specimens (variable water contents).

11
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—
SOIL COMPACTION | REVIEW |
Influence of compaction energy
24 -
= 2a
:
£ LIMITING SATURATI ‘ D
| -z ‘ \...« s SATURATION CURVE
T 20 Nt
= N \ S, ST v=0%
18 S . W <
7 i \ e - 2‘:\‘\
) st RS BRRN PSP T
16 N o] & "%‘ \\
E N, o
14 S S -
0 5 10 15 20 25 30
umidita w [%]
bLW W‘Mpi‘mglm 'f’ef# tmwoogsaf
SOIL COMPACTION
Influence of soil type - Examples
22
™ CURVE A
" Fine-grained silty soil (A, or A5)
% 4 with quite high w, (w,,. =
Pl ><§ N 15+20%), with a significant
/‘ P\ \ ¢urvature of bell-shaped curve
£ 20 et '\“‘
8
H \\m“ CURVE B i fomanol fighn. domnc
§ Gravel sand (A1) generally higher than _y | then oy
_g i A and quite flat; optimum water content >OLX o /&W)‘Tﬁzv) _i
i o LA \ is appmximat_ely Wopt = 8+12%; v, is ol 45 i# kl’km:
i, o AN close to Y,y in @ wide range of water £ ! ’
: B ™| contents I‘/wee"""/’ .
u” EQ\\\\ NG CURVATRE > seibs cuilical [Tor ompock Ixcauat
A) .
1 e O&D‘V&U‘ q:uckﬂj,
W 4 5 8 7T 8 9 10 11 122 13 14 15 18 17 € 19 A
umidita w (%]
~
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SOIL MECHANICS fopertomly JIT &

pet 1‘1{1 Soma A

)
Mechanical behaviour of soils ,e,ue/ué /fM .
As a result of moving traffic the following occurs: [ i
- rotation of principal planes (on which principal stresses arise) b‘%}w o Gﬁ' 2
- variation of stresses as a function of time Og e
- dependency of elastic response from the state of stress
- variation of stresses with traffic speed @
BELL - SHA-PED

Vertical stress tht"f” %
fbmow on o

A .
Whaat load Whee! losd Whoe! lond / Horizontal stress gU’V‘C‘/TIU"" of Tnne. .
(> (5~ (>~ ‘ @
PAVEMERT PAVENENT PRVEMENT P&*hj; o (f SM
Tofl, ay Lo‘ > ! '
e FRINCC PAL

. 9 Y

Ly 1 % L a3, Ty
o RS ST <

@ 21y

Stress

" it 4 brdmedod T is
7’ \Shearstress po“,\nc:zvq AT THE
BigeesT veuiclE
VALVES OF
\MW— £ o ok ot o ,.thamwa«rj/
SOIL MECHANICS

Mechanical behaviour of soils
- not perfectly elastic
- strain response depends upon lateral confinement

- stiffness depends upon stress state (non-linearity) and stress history

Slress
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EMPIRICAL APPROACH

- CBR Method (California Bearing Ratio) -~ Veeh T° (ORRECT |THE CORVE
~ Rt e RS
CORRECTED CBR INDEX - | /f— . % - i
— ; l p' JPevyanes .
Obtained by shifting
the origin of pressure-displcamentplot 2,5 [runesss "l

25 punnunune
m 50 hesnanannnpunnnn

5'0 II.II.IIII{IIIII!I
— Terreno B /’-— d &f

f

v

DISCHI BI
METALLO

CBR INDEX AFTER SATURATION
Obtained by carrying out the test after 4 days of
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RESILIENT MODULUS

Repeated loading triaxial tests
(AASHTO T294) W= 20

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

Repeated loading triaxial tests

(AASHTO T294)
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RESILIENT MODULUS

Repeated loading triaxial tests
(AASHTO T294)

4
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RESILIENT MODULUS

Repeated loading triaxial tests
(AASHTO T294)

PERMANENT DEFORMATION
Evaluation of behaviour with respect to

rutting - &= ANS
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RESILIENT MODULUS

Models

Fine cohesive materials M

Thompson - Elliott
Mg = k1+ k3 (kz = Gd) con 0y < kz
= k1+ k4 (kz s od) con G4 > k2
Matencale v 3 2 limean : b
B L LK o
SR'UULEM A&Mm&‘f? "5“tress - so/‘te-n ing” %
(%‘muw{@ NP ENg. di odovieellgiio

COMPRESSIBILITY

Edometric tests

« Totally saturated conditions

e Partially saturated conditions

{

l _CEDIMENTD W ASSES| TAMENTO

1. Axial lod applied to specimen;
2. Setfemen; — meosune Selllaments ot occund 4n Time

3. Measurement of displacements.

Pressure increase: p, — p; + Ap

!
e e e & z/mﬁ:m/(ﬂnm@ﬁ

_e—e COMPRESSIBILITY
Ap COEFFICIENT

9
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BERING CAPACITY

Plate loading test Pov™ Dl CARLcG Su PIASTRA

AR SAANNERE

g
sAchiy diremumstricn
traveraa proria
& A Lo

cArAparatse o T
o ————, o

Campurstart

wlantry

EQUIPMENT
Circular metal plate pQA“Dl on T offp e

| Hydraulicactuator - (F comrrAST= Soack

Transducers (usually 31 %f (Jig o Rm% b

TRAS DUTTORE 4

ol o ool st o oy pam [t e >

BEARING CAPACITY

Plate loading test
TEST

1. Levelling of surface and plate positioning

2. Setup ofactuator and counterweight (e.g. rear axle of heavy
vehicle)

3. Set-up of transducers arranged at 120° with arms fixed to
supporting beam (supports resting at at least 1 m from plate)

4, Imposition of given load/pressure values and readingof —> fer MC/A
corresponding displacements (stabilization of readings: o v

T

DIN
G@m

Lofd =

| tRat mutl pe stable Am dime .

—>
“THoliom diffrence smaller than 0.02 mm after 1 minute) e 02 #{a 4 mim D ot

0/( it's> go2 mmnoa%‘ﬂw {’:QJL(M'

CSTANTANGOUS SETTLEMENT @ TiME ~SIPENDENT SETILEMENT .

1
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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
_E 26
1-v:z.r
WINKLER
— Soil is considered as a bed of independent elastic springs
p=k-9o
BEARING CAPACITY
Model compared to experimental evidence
L kg /et
sthafen Small plates:
4 “Boussinesq”
%5 praes behaviour
20
18 ] /o
2
10 it ‘,V'
".:N.% — ;ﬁ'i’:“'_"ﬂ e o e e s
5 v
P
e
0
v 004 0.08 012 0.6 020 L:Zico
Large plates:
“Winkler” behaviour
13
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BEARING CAPACITY
Standard CNR n. 146/1992
A
M,= -D [ Test with plate D =30 cm
Deformation modulus ==p Control

(applicable to all parts of
earthworks)

BEARING CAPACITY

Benkelmann beam (CNR n. 141/1992)

W
5.5 10

r““ i o

Pivotr

Measurement Probe

Support Bean

Levadi 1 grade

Measurements are performed by considering the

100 kN,

V=12kmh

\

Pg =700 kPa

d plate loading test

displacement of a point under to the action of a moving l T >Em
vehicle of known characteristics (which gets closer and ;
then leaves). Cedimanto |—\
pemanente 8
N
Total displacment = d (recovered) + p (permanent) \ i
d
M. = % Empirical correlation between Benkelmann test and
=

S

Sauta fino ad
esautimento del
cedimento

10/10/2017
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BEARING CAPACITY

Falling Weight Deflectometer (FWD)

: . Distanza radiale [cm]
Mechanical characteristics of 0 3 6 9 120 15 180 210

subgrade (Es) or pavement (Ei) 0
are derived from the deflection
basin provided that the cress-
section is known (Back-
calculation procedure)

J

200 | Pmax=123kN
RMS =1,09%

Pmax = 166 kN

v RMS =1,09%
Comparison between measured -23“ 0 o
and calculated basin: § nﬁ;,m

E 1000

1200

RMS(%)=100-

Bacino misurato

1400 +--8--- Baslne calcolato (basso carico)

«++¢+ -+ Bacino calcolalo {medio carico)

TREATED IN DETAIL IN THE PART ON 1600

PAVEMENTS (STRUCTURAL EVALUATION) ioi a0l

BEARING CAPACITY

Light Weight Drop Tester (LWDT)

Very useful equipment, easy to handle an to use,
for the quick control ofearthworks
(embankments, subgrades, foundations)
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Bx;ﬁl, POLITECNICO DI TORINO
2 Master Course

in Civil Engineering
2017-18

Construction of Roads, Railways and m :
Airports (01RVMMX) S

EARTHWORKS
Construction of the road prism

Construction of the road prism

Carried out by means of earthworks.

The following activities are usually performed:
ClEARING  CONSHUCIN GRS

acTivies

® CLEARING AND GRUBBING

L
L2t L L5,

&

¢ REMOVAL OF TOPSOIL ~#

* EXCAVATIONS (opening of roadway, preparation of foundations for embankments and
other elements) \u oty ¢

e seet
Al.S& 1 .

B | A

° EMBANKMENT CONSTRUCTION - SUBGRADE

L »
VR e, TI06
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Construction of the road prism

EXCAVATION

® opening of roadway;

e formation of pavement section in cut sections;

* remediation of embankment foundation, including
formation of transverse steps (if transverse slope > 15%);

’
rd
Ton?” 75 ChorOF DB s

T, stelidee. T WS
S 4

Construction of the road prism

EQUIPMENT (EXCAVATION, LAODING, TRANSPORT)

DOZER EXCAVATOR
(APRIPISTA)

e . €Wl Ay
P FATELL L o
R TR (KB

DUMPER

28 -
T Blouss R
Profet

3
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|
Construction of the road prism
e EMBANKMENT FOUNDATION - Compressible soils
[f predicted settlements of the embakment foundation are greater than 15 cm,
the Contractor will prepare a detailed workplan for their measurement and monitoring
™~ in time.
‘ Embankment constructionn will be scheduled in order to have a residual settlement
(still to occur) at the end construction less than of 10% of totale estimated settlement
and in any case lower than § cm. i
M _ o SENEMENT occuning
(CIRS Technical Specifications) IN TTM?‘: i<
™ 1};‘,@& ParT. sHawEsl
~
™
; . ‘Er + of3, T €an
Construction of the road prism &/ CFE%@@ VWY
EMBANKMENT FOUNDATION - Settlements
alat P consnmupation
8l TR S=8,+5.(t)+S,(t)
[ 7 3 JRPLDE SR
St
i et * Immediate settlement S, - due to load
™ o': TEMPO, t application (undrained conditions)
14 3 o . .
o siabos z » Consolidation settlement S (t) - due to
& > 4 W C
Vo Se b Jé?”""{”wd' / o 2| the progressive load transfer to soil
= Sl 5"{;{‘-‘7’3‘5"&:"’ ; L":Y e particles
b Xl Q;\;.:""};%f?f‘{'zf * Secondary setlement S,(t) - due to
P iren STl Db g : viscous strains (Au=0
pugeTed Bom e o b, wee (8u=0)
Tk weu?, te BRI | I
wi sh apl : [ i
J In the case of coarse-grained soils no
| ) A | consolidation; initial and secondary.
R {85 I)
I‘“’Au:O e 2 ;
TEM;'O ‘;og) i o
ORNITS P i e "!
'3[&-?,-}-&5 L & S tff‘é,_. =4 g”‘{p} i ;,Ai, D
Kon) £.  Se = fooca i 7o gl

Conagate s

SEEAR0 O NG - A ScComs s STADWNS

S«

16/10/2017
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Construction of the road prism
e, ane ANl | CotOoMms
i COMPRESSIBLE SOILS \Vertical drains } w"“,);, b ¢ :uf;, 5 50T T
Often combined P ‘ \
Function of drains = bt 3 : ¥ I 1 ¥
] Sl 1 8 B OE
/ Modify drainage path ;.i} 7 s . I .
y dial) and reduce ' . ' -
ch0se - (adisl) e ved ‘
“gﬁ)tﬁ AlE consolidation time abI@ N_;::\;u
e e adia
V»L'}Q(P éf B — rs
/ ' ke |
H&.;,QA-,,}@& "'%'i': i: > o 4—'
— Pt
= " TYPES B ;
Pl N RS . ! X 7
« Sand drains (natural g # o
- L) . ) aEER - 0BE av Wﬁfﬁ;”/ﬁw
L_M e Precast drains
Construction of the road prism
& A‘u’l&.\"vﬂ:’m
COMPRESSIBLE SOILS /Sand drams,(natuml)
o Vertical drilling followed by filling with selected sand
—
Particle size distribution (ASTM)
Sheve " Passing \
opening
[mm] [%] /
K ANVEI
e 4.75 A ATiAs LA
85+ 100 For Al Al A
(4 ASTM) oo HABkL ¢ (o ZRAE NTa b &
118 : L Lo ;
- (16 ASTM) RaEE JBMEL
e 0.300 }
{50 ASTM) s ;
0.150 .j
(100 ASTH) 210
0.075 Q_O.J Ko NO
{200 ASTM) @ CPILAL \,Lfr/
~
s
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™ Lawnelzen o9 gn.evw Oule i =l0om o= 2.5m. I
! &
4 : 3 ne.
Wo—@% we fn Amekesbrcol IO(V\I;D, ij’a Leecouwe A5 wpome
Y

Construction of the road prism
™
| COMPRESSIBLE SOILS - Column treatment
! — JET-GROUTING
Sistona Fluido Praxuciny gotto b
(MPa) (m)
m m/s)
! Monofluido Bolacoed 20440 100+250  0.40+060
Bifluid Booccadl o5, 49 100 + 201
P (o spechal ) o 071 w0816
Bolaccadl 2:
:("a:l::) °°2°bm° i 53;3?)0 0804250
Aoqua 4060 3E0 « 800
e
| f\ [
- I\
| W
| i
v}lf‘i
il
- Construction of the road prism
COMPRESSIBLE SOILS - Column treatment
JET-GROUTING
P
N
7 nron!: ) STEP TWO! 1 STEP THREE: ; : 3 ‘I'EPQOUI:‘
JADANCE STEEL ORRL SWIFCH 0T HERFORAA JET CROUTING AS THE JET ROD REACHES
ROO DOWNWARD TO THE GROUTIHG SYSTEN AS JET ROD 1S ROTATED THE TOB, JET GROUTED
[DESIGNATED COLLAN APRRY HEGH AND &5 ©§ COLUMNIS OOMALETED,
(DEPTH TOACTIVATE THE JET CONTROLLED
MONITOR RATE

=

7 1
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GRAMULAR
NATERIAL — ]

Construction of the road prism

EMBANKMENT FOUNDATION - Anti-capillary layers

Composed of natural material, thickness usually of the order of 30-50 cm,
constituted by granular soil (gravel), with particles sizes comprised between 2

and 50 mm, with a percent passing 2 mm sieve not greater than 15% and 1{ CLEAN
percent passing 0,075 mm sieve non greater than al 3%, GRAVEL
Absence of unstable components (soluble, degradable, sensitive to freeze/thaw)

and organic residues; the use of crushed or recycled materials is admitted.

GEOTESSILE

17/10/2017

en't /&r%awof im

—

wn

-0

Fwwﬁ@@w mgf 1&&?2

Aoun ¢’J 330 smmn

Construction of the road prism

EMBANKMENTS

Construction operations:

« thickness of layers depends upon
characteristcs of materials and available 4% |
equipment; . —

« thickness of layers not smaller that |
twice the maximum particle size of : _' e . At
employed soil (s > 2 Dmax); in any case, R P AN P o
Dmax < 300 mm (coarser particles seelong: b plevin
should be discarded)

» inclined working planes for water
runoff TRANSVERSE SlofE

» construction of a layer depends on
prelimenary verification of underlying
layers (bearing capacity, in situ
density)

NG TESTS I STTv

3
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Construction of the road prism

GENERAL PRINCIPLES OF IN SITU COMPACTION

%C =100-n %C =100-n

100

=

n. of passes

100

h

Log (n. of passes)

17/10/2017

o€ %f:df-'l cow}omjaon

OVER.COMING  INT.

P NicnioN €

Construction of the road prism

GENERAL PRINCIPLES OF IN SITU COMPACTION

Static compaction

Based on the action of dead weight of equipment which translates into vertical stresses.

Internal friction is overcome and soil volume is reduced.

Limited effect in depth (effects typically extend down to 20 gm),,/f/v. qemen ol
_Smooth static compaction is useful for finishing operations after oscillatory/vibratory
compaction (limits the risks of suface disgregation).

5
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The wiRECTION of

i jo)@vw“

—-ﬂﬁﬂ— QOAUU ’-\-_' aT,V':

Construction of the road prism

DYNAMIC COMPACTION
Itfollows: ACCELE RATION OF DEUM
th ok oot Kmetws M .
o

~——> Drum acceleration

2
o @

T

lTEseaTE twice
1 2 M
cos(wt)dt =—=2

_ (M,
VT,V—I
s My m;

t
M, -®
Sty =}- =

e M

®-sen(ot)

sen(mt)dt =~ %cos(a)t)
L

M F,

e <

A =|maxsm|= m = T
T T «suspended» drum

cos(wt) —— Vertical component of acceleration

Maximum theoretical oscillation amplitude of a

|DEAL.

L W(mldg

Construction of the road prism

DYNAMIC COMPACTION

Drum-soil interaction model

SPRINGS
Msueors ammenlaodens.

Imdz\d
‘1_ & +mgeo§)2cos(()t)
%a L(mg+mg)g

A wﬂiottﬁdgm
o .

-y

| - 5
FeoKaZy+CeZy

17/10/2017

o/n,ol Deh\/CLC()ﬁ
m&f n @;mj;ac,t with

\{ sk

| suspen D bED
f ]

| % \
| SUSPENSIONS 1

]

e
NOT SUSPENDED

7
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Construction of the road prism

DYNAMIC COMPACTION

Lundberg model

Rigid body on elastic homogeneous
and isotropic support i 4

(AP

MENT s ——7"$/ -
de J@.’(1,88M+ ln‘\l—'y]]
1 B LR _@(’_‘

\

w

b= [———W—. Contact width of body (drum
7-E -L 2 f y( } \ | S S
h v AE amph oL O |
l g, T 2 = ‘)
Parameter used for the control of oV hLedhet AS ‘\‘ C

compaction characteristics

Construction of the road prism

INTELLIGENT COMPACTION = (CC  Corifimieus Compattion Corlnck.

mechancial properties of soil and the consequent modification of the compaction /’
procedure in order to obtain required final results (Intelligent Soil Compaction)

CHART

250

200

¥a SRR L TS
2150 £
< anoms oy compaztinn

)
%100

50

Estimate of E (Ey;g)

17/10/2017

Several compactors have a measurement system which allows real-time monitoring of /‘ﬁ“ e

9
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Y__Fﬂocmz
¥

dry

m4

DENSITY

P AN

20 Mj ()c;(nj( oo
/)

Construction of the road prism

SITE TRIALS

Necessary for all major construction works,
The purpose is to define and validate the routine working technique in terms of

17/10/2017

Bowe ot ost 4L

employed equipment and layer thicknesses. %Wy Mﬂj

End results have to be checked in terms of dry density and bearing capacity.

(CIRS Technical Specifications)

STRAPS (,U\'j%,
&"‘ -

= 5 Rl g
M};\/\ { / / } 2 \\\\\\\\ ~ M
B PR - '
/ ”,L)“!;‘ — \n(m \._‘\:&im\\ __ \Iu'm Lonaa -
R el <
\—’Jj/' PROFONDITE MASSIME ALLE CUALL L8 DENBITA "J‘\I'ICMY'I’ SONE AACSILNTE

e TR,
; (Y
RPN o i it

SEzONE

VIENA LAYERALE

ST

btm wrbect W*

hRATED

gl

Construction of the road prism 0t
AXBND
|
MEASUREMENT OF IN SITU DENSITY - Sand cone method \ g
m,—m oot dt
Volume of void  V=—""——%-V, - -
yS,mucchio
m,
Dry density Lol .
7, = 100
g |4
In cui:
« my = mass of the full container ry 7 .
. ‘ ] i V(?_o:‘*'
* m, = mass of the empty container \/
li,. , \/.:/mu?
« my = mass of extracted sample R ¢
P VY ’
‘ f
! \l’f,(f,'N-)Q
/ f
\/Qkﬁ-(» = \/LD’VUZ + \/P()A,Tu_ + \/:u‘-vhol
Nl Ay AN
' "‘7 v \y; h ».
P i fmotoM “«&
7 SI——
B e ae  BEY
10" CaVART /80
B — s AT
VENSTTIES : " -
o O N M_C{., - g ~ rOMN MET HoQ,
= ?I. 0 g 1.9 S “v".) e
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Construction of the road prism

SUBGRADE

Soil volume in which the effects of traffic loading are non-negligible; it is the zone of
transition between embankment/ground and pavement.

j Cunetta in caloestuzzo

R

AL A A j “Remediation H from
’ designl

* Substitution of in situ material

* Stabilization of in situ material

7

Construction of the road prism > ( (oson - 1o

SUBGRADE - Employed soils

Evenness of pavement laying surface leads to exclusion of particles greater than D=100
mm;

Use of granular soils, well-distributed, preferably composed of crushed particles, with
low fine content (percent passing the 0,075 mm sieve lower than 12%) and not plastic
(PI<6).

Materials belonging to groups Al-a are of premium quality.

Alternative materials:

- Soils of groups Al-b;

- Soils of groups A2-4 ed A2-5, with percent passing the 0,075 mm sieve greater than
12%, preliminarily subjected to stabilization with cement or cement-lime;

- Soils of groups A2-6 ed A2-7 with a percentage of fines greater than 5% preliminarily
subjected to stabilization with lime or cement-lime;

- Silts of groups A4 ed A5 if subjected to cement-lime stabilization, and clays of groups
A6 ed A7, with limited plasticity (PI < 25%), if subjected to lime stabilization.

4

13
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POLITECNICO DI TORINO
Master Course
in Civil Engineering
2017-18

Construction of Roads, Railways and
Airports (01RVMMX)

EARTHWORKS
Equipment

EARTHWORKS

DEFINITIONS

Lattivita di movimento terra (MT), di norma, si esplica attraverso I'impianto di aree di
cantiere, finalizzate alla realizzazione di opere civili (dalla costruzione di edifici fino
alle grandi infrastrutture)

Risulta, quindi, di fondamentale importanza, per la riuscita di un lavoro, predisporre
ed attivare un CANTIERE MECCANIZZATO per la lavorazione delle terre che sia
funzionalmente rispondente alle esigenze tecnico-cconomiche del lavoro da
eseguire,

La CANTIERIZZAZIONE DELL'OPERA & un PROGETTO che ha come risultato:

- scelta dei singoli mezzi meccanici occorrentiperogni > EacH UNIT /MA—CH/NE
lavorazione, determinandone le relative caratteristiche: tipo,
potenza, quantita o numero;
- i i i delle singole macchinee —» cows(0ER THE (N THRACT! o e
del ciclo delle lavorazioni effettuate da pitt macchine fraloro  MACHINES
interdipendenti;

- predisposizione di diagrammi di lavorazione da cui derivare —p» DIAGRAMS
lo schema dell'organizzazione generale del cantiere.

1
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EARTHWORKS

TRANSFORMATION COEFFICIENTS
In order to identify the equipment to employ for earthworks, it is necessary to know

the ratio between the various volumes, defined by means of transformation
coefficients.

Yu Ys and v, : densities corresponding to bank, loose and compacted conditions
The following relationships hold (for a given, constant mass P of soil):

SWELL FACTOR - £. (from bank to loose) [%] :  #R.(Gonw FCAMENTO "
£ =|Ye=% | 400 =[ﬁ-1] =(7’_b_1].1oo
Vb Vb 78

LOADING FACTOR - f, (from loose to bank) :

T B_%
Vs ¥
i =(L-1].100
moreover: === f
C
TRANSFORMATION COEFFICIENTS/1
IOESE [(TUT T
WEIGHT* OF MATERIALS b ¥ iy’ Igeree 1A FUCTO RS
T e T P e e W T O 1960 330 =70 B GET
B UKita, Kaciin 1420 280 900 2200 075
(o1 T PR 1280 2100 260 2000 055
Camotite, Utaniumone.. .. 1850 270 200 2700 274
Cinges ,.... .. 50 <50 60 1480 086
Clay — MNatural be 1680 2900 2020 2400 082
o, .. 1420 2800 1940 2100 081
wet 1680 2600 280 3500 020
Oy Sugraswl ~ Drp. 1420 240 1660 2600 0gs
. 1643 2600 1840 2100 ags
ol — Anthracite, fa. .. .. 1190 2000 1600 2700 674
Vashed |, 100 1¢60 074
Ash, Biminos Coal E-E50 400-1400 590-590 1000-1500 022
BRUMINOUS, RE . ... o 1800 1280 2150 074
Vashed .. 20 1400 074
Decompased 100k -
5% RK, BK B ... 4 1950 2200 2750 200 om
505 Frck, 509 Barth .. d 70 2900 290 3880 075
28% Pock, 7E% Sarth .. f 15 2650 1960 2300 020
Earth — Oty pookad . ., i 1590 2860 1900 3200 02n
viEtexcaaRd. Ny 1600 2200 w20 3400 078
Leart.. ... . 1250 2100 1540 2600 021
Granite — Biokan 1680 2000 2120 50 051
Gravel = Pitrn. . 1920 2280 2170 2650 029
DW. .... 510 2650 1630 2250 0289
O &5 mma %0 2080 1500 2200 089
V650 1 (Ve 2020 2®0 2260 2000 089
Gypsum — Bioken ... .. .. %10 2060 210 5280 057
Crushed .. ... 1500 270 2730 @00 057
Herratite, iron ore, highgeade ., ...........| 1910-2450 $000-5 00 21202900 400-5000 055
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