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Tunnel portal
The in i t ia l  eng ineer ing  works  fo r  the
construct ion of  a tunnel  t ransform a mountain
s lope  in to  a  ve r t i ca l  wa l l ,  thereby  fo rming
the  tunne l  por ta l .  These  works  a re  wide
rang ing and may  be  subd iv ided between
st ruc tura l  works ,  conso l idat ion  works,
f in i sh ing  and protec t ion  works ;  these  s tages
employ  mater ia l s  o f  d i f fe rent  t ypes  and
charac te r i s t i c s.

Reinforced soi l
These  a re  s t ruc tures
fo r  the  conta inment ,
s tab i l i sa t ion  and
renatura l i sa t ion
of  s lopes  and
embankments
at  tunne l  por ta l s.

Soi l  nai l ing
and surface
reinforcement

Tunnels  excavated with tradit ional  methods

The s tab i l i t y  o f  the  s lope  i s
cont ro l led  dur ing  const ruc t ion  o f
the  por ta l  by  means  o f  sur face
re inforcement  cons is t ing main ly  of

s tee l  mesh and anchors  (h igh
s t rength  s tee l  bars, se l f -d r i l l ing
bo l t s, f ib re lass  na i l s ) , somet imes
coated  wi th  shotc re te.

Drainage
In order to avoid instabil ity problems
caused by inf lowing water, dra inage
p ipes  made o f  synthet i c  mater ia l s
a re  used to  co l lec t  g roundwater
f rom the deepest  layers  and car ry  i t
outs ide.

Micro-pi les
Micro-p i les  a re  f i xed  in to  the

ground by  d r i l l ing  o f  ho les .
They  fo rm a  ver t i ca l  wa l l  f rom

which  the  excavat ion  o f  the
tunne l  wi l l  be  s ta r ted .

Fibreglass reinforcement
for foundation pi les
I f  foundat ion  p i les  a re  used ins tead
of  mic rop i les, the  t rad i t iona l  s tee l
concrete  re in forcement  i s  rep laced by
f iberg lass  e lements  which  garantee
the  same mechan ica l  s t rength ,
enab l ing  fas t  p rogress  in  the
excavat ion  o f  the  head ing face.

Rockfal l  barr iers
The protect ion works against  fa l l ing
rocks  represent  a  fundamenta l
aspect in the design of tunnel portal
works, hav ing a d i rect  e f fect  on the
safe ty  o f  the  overa l l  works.
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Polypropylene f ibres for
passive f i re protect ion

The use  o f  F ib romac ® po lypropy lene  f ib res
permi ts  the  const ruc t ion  o f  a  homogeneous

mater ia l  wh ich  fo rms an  e f fec t i ve  pass ive
protec t i ve  e lement  aga ins t  f i re, thereby

reduc ing  spa l l ing  phenomena.

Final l ining
The f inal l ining is the most important stage in the construction
of  a  tunne l .  I t  represents  the  f ina l  re in fo rcement  which
determines  the  durab i l i t y  and s t ruc tura l  s t rength  o f  the
underground works ,  as  we l l  as  be ing  the  suppor t  fo r  the
serv i ce  ins ta l la t ions  such  as  f ina l  vent i la t ion ,  aerat ion  and
l ight ing .  There  a re  a  se r ies  o f  techn ica l  so lu t ions  fo r  th i s
s tage,  wi th  spec ia l  a t tent ion pa id  to  an increase of  the f ina l
qua l i t y ,  durab i l i t y ,  sa fe ty  and appearance ;  a l so  f rom an
arch i tec tura l  po in t  o f  v iew.

Ceramic l in ings
High qual ity and large-sized ceramic l inings
are  f i xed  by  adhes ive  to  the  inner  face  o f
the  concre te  by  means  o f  mechan ised
instal lat ion methods. This solut ion provides
greater  durab i l i t y  o f  the  s ide  wal l s, bet te r
luminos i t y  and sa fe ty, and fas t  and cos t -
e f fec t i ve  maintenance. Var ious  t ypes  o f
f in i sh  may  be  p lanned, depend ing on the
arch i tec tura l  requ i rements.

Concrete reinforcement
using Wirand® steel f ibres
The f ina l  f ib re - re in forced  concre te
l in ing uses Wirand ® steel  f ibres for  the
const ruc t ion  o f  the  s t ruc tura l  par t s
( inver t  and upper  f ina l  l in ing)  o f
tunne ls  excavated  wi th  t rad i t iona l
methods.
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Drainage
The durab i l i t y  o f  the  f ina l  l in ing  depends
on the  dra inage works  which  enab le  any
water  tab les  to  be  co l lec ted  and dra ined
through channe ls  and p ipes .  Th i s  avo ids
in f i l t ra t ion  o f  water  in to  the  concre te  and,
therefore,  l imits  problems l inked to f reezing
and thawing cyc les .

Drainage
Dra inage p ipes  a re  used,

somet imes  in  combinat ion  wi th
f lat  dra inage compos i tes, in  order
to  qu ick l y  lower  the  groundwater

leve l  in  the  deep rock  masses.

Geotexti les
The MacTex ® fami l y  o f
geotext i les  represents  an
exce l lent  so lu t ion  to
protect the waterproofing
of  the  tunne l  fo rmed by
HDPE or  PVC sheet ing .

Drainage geocomposites
The MacDrain® drainage geocomposites
reduces  pore  water  p ressures  and
thereby reduce the threat  of  saturated
ground cond i t ions.
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First l ining
The f i r s t  l in ing  i s  app l ied  immediate l y  a f te r  excavat ion  o f  the  head ing face .  Th i s
temporary  suppor t  l in ing  i s  commonly  made o f  s tee l  f ib re  re in forced  shotc re te .  I f
s t ruc tura l l y  requ i red ,  th i s  phase  a l so  compr i ses  the  ins ta l la t ion  o f  re in forcement
e lements  cons i s t ing  o f  s tee l  sec t ions  that  a re  de formed to  the  contour  o f  the
tunne l .  For  example  s tee l  r ibs  o r  la t t i ce  g i rders  that  a re  long i tud ina l l y  connected
together  to  fo rm the  suppor t  re in forcement .  These  a re  qu ick l y  incorporated  in to
the  sprayed s tee l  f ib re  re in forced  concre te  to  fo rm a  tough s t ruc ture  enab l ing
absorpt ion of the f i rst  deformation forces of the tunnel.  Where necessary,  addit ional
rad ia l  re in fo rcement  in  the  fo rm of  var ious  t ypes  o f  s tee l  anchors  i s  ins ta l led .

Self-dr i l l ing bolts
and steel  anchors

These solut ions are used to contro l
and/or  reduce  convergence

of  the  excavated  tunne l  sec t ion .
The re inforcement  range compr ises

s tee l  anchors, se l f -d r i l l ing  rock
bo l t s  and h igh-s t rength  s tee l  bars

Plast ic is ing and accelerat ing
admixtures
The superplast ic isers maintain the workabi l i ty
o f  shotc re te, p reserv ing  the  qua l i t y  and
character ist ics dur ing transport  and pumping.
Rocks i l ® ( s i l i ca tes )  and Apra l ® (a lka l i  f ree )
admix tures  acce le ra te  the  se t t ing  t ime by
reducing the consistency dur ing spray ing and
hence, improv ing  gr ip  to  the  subst ra te  o r
prev ious  layers.

Wirand ® steel  f ibres
Wirand ® s tee l  f ib res  g ive  a  combined compress ive  and bend ing
st rength  to  the  shotc re te  l in ing , inc reas ing  substant ia l l y  the
toughness of shotcrete, improving the reinforcement performance
and inc reas ing  the  work  sa fe ty. Spec ia l i sed  Maccafe r r i  dosage
equ ipment  i s  p rov ided to  add the  exact ing  quant i t y  o f  s tee l
f ib res  dur ing  the  batch ing  operat ion  in  the  mix ing  p lant .

Steel  arches
These  cons i s t  o f  p re-shaped s tee l  sec t ions,
to  p rov ide  f i r s t  s tage  suppor t . Var ia t ions
have  a l so  been implemented in  o rder  to
improve  the  ins ta l la t ion , wi th  the  use  o f
parts of the arches that are extendable PMET,
thereby making the insta l led r ib immediate ly
ac t i ve. Tex t i l e  sacks, known as  B IM BAGS,
are  a lso  p laced behind the arches  and when
they  a re  in f la ted , us ing  the  same mor ta r  as
the  shotc re te, they  f i l l  pe r fec t l y  the  spaces
beh ind the  a rches.
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Consolidation of excavation face
The adopt ion  o f  th i s  method i s  inc reas ing  wor ldwide
and i s  used main ly  to  re in force  and conso l idate  the
so i l  mass  in  f ront  o f  the  excavat ion  face ,  thereby
enab l ing  fas t  p rogress  wi th  la rge-s i zed  excavat ions .
I t  tends to  be used in  par t icu lar  geologica l  condi t ions
and in soi ls  considered to be di f f icu l t  to excavate.  The
method cons i s ts  in  re in forc ing the  excavat ion face  by

ins ta l l ing  f ib reg lass  e lements  in  sub-hor i zonta l  ho les ,
which are then grouted to form a set of micro-pi les around
the  ent i re  sec t ion .  Th i s  conta ins  the  s t resses  induced by
the  excavat ion  and s tab i l i ses  any  th rus ts .  Approaches
such as  ADECO–RS (Ana lys i s  o f  Cont ro l led  Deformat ion
in  Rocks  and So i l s )  a re  used to  prepare  the  f ina l  des igns
for  such  techn iques .

Drainage
Drainage pipes are used in order
to  qu ick l y  lower  the
groundwater  leve l  in  the  deep
rock  masses.

Special  expansive mortars
These are dry ready-mixed products that
are added to water and injected in holes
at  the  excavat ion  face. Due to  the i r
expansive character is t ics  they compress
the soi l  around the dr i l led hole, thereby
guarantee ing  a  bet te r  adherence
between the re inforcement e lement and
the  so i l  i t se l f.

Polyurethane resin
These are  chemica l  products  that
are  mixed before  the  grout ing
stage to create a l ightweight  and
expansive c losed ce l l  foam. When
i t  comes  in to  contac t  wi th  water
i t  fo rms a  foam that  b locks  any
acc identa l  in f low of  water.  I t  i s
a l so  wide ly  used to  f i l l  the
cav i t ies  that  somet imes  fo rm or
which  a re  encountered  dur ing
tunne l  excavat ion  work .

Fibreglass reinforcement elements
These are extruded e lements formed by glass f i laments and
po lyes te r  res in  that  a re  manufac tured  wi th  var ious  c ross -
sec t ions, f rom ho l low to  so l id ; the  la t te r  hav ing  a  h igh
mechan ica l  s t rength , which  may  be  compared wi th  s tee l ,
wh i l s t  ma inta in ing  i t s  l ightness  and versat i l i t y. Requ i red
charac te r i s t i c s  to  make the  excavat ion .
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A3 Motorway
Salerno-Reggio Calabria
Modernisation and upgrading of
the section between Salerno and
Reggio Calabria ( Italy)

Projects and works

A1 Motorway
Milan-Naples
New Variante di Valico motorway
section. Upgrading of the
Apennine section between
Bologna and Florence ( Italy)

High-Speed Railway Line
Milan-Naples
Construction of the section between
Bologna and Florence ( Italy)
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Tunne l s  excavated  wi th  TBM

Access shafts -
Stations
TBM driven tunnels often require the construction of
access shafts or trenches through whic the TBM is
lowered down to the level at which the excavation starts.
The shafts are formed by constructing reinforced concrete
walls down to the ground level, sometimes to
considerable depths and with large dimensions.
Water tables may be encountered during the construction
of these shafts or trenches.
The appropriate means to keep the work environment
dry are consolidation and waterproofing grouting. The
various work stages include: steel or fibreglass
reinforcement of the concrete, pipes fitted with valves
for consolidation grouting, chemical consolidation mixes.

Chemical
Consolidation Mixes
Groutmaster
These  a re  ready  made products  wi th
“Groutmaste r”  granu les  that  conta in  both
the  ac t i ve  par t  and i t s  reagents .  S imply  by
adding water  and mix ing,  i t  t ransforms into
a  low v i scos i t y  so lu t ion ,  that  enab les  i t  to
permeate  in to  so i l s  even wi th  a  low
permeabil ity. Soi ls grouted with this chemical
mix  acqu i re  impermeab i l i t y  charac te r i s t i c s
and the  compress ive  s t rength  o f  the  so i l s
a re  inc reased.
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Precast
segments
The f ina l  l in ing  cons i s t s  o f
precas t  concre te  segments .
These  segments  can  be
reinforced sole ly  with Wirand ®

s tee l  f ib res  or  in  combinat ion
wi th  convent iona l  s tee l
re in forcement .  In  o rder  to
reduce  concre te  spa l l ing
Fibromac® polypropylene f ibres
can be  added to  ach ieve  an
ef f i c ient  pass ive  f i re
protec t ion .

Barcelona
Line 9

Line 9 is 43 km long and runs from
the El  Prat airport  in two dif ferent
d i rec t ions ,  w i th  43 s ta t ions .
The  f ina l  l in ing  fo r  the  tunne l  i s
made o f  p recas t  concre te ,  w i th  a
combinat ion of  convent ional  s teel
re in forcement  and Wi rand ® s tee l
f ib res  (FF1 and FF3) .

The  to ta l  p roduct ion  quant i t y
amounts  to  450,000 m 3 o f  f ib re
re in forced  concre te .
Maccafe r r i  dos ing  sys tems have
been espec ia l l y  des igned and
insta l led  in  order  to  ensure  prec i se
f ibre quant i t ies  and quick batching.
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Research and Development
The ent i re  range o f  p roducts  compl ies
wi th  the  h ighes t  s tandards  o f  qua l i t y  a t
both  a  nat iona l  and in te rnat iona l  l eve l
and they constantly undergo tests to prove
the i r  per fo rmance .  A l l  new products  a re
patented  in  the  main  count r ies.
Our technical staff has prepared numerous
techn ica l  papers  over  the  years  and i s
o f ten  ca l led  upon to  jo in  wi th  g roups  o f
exper t s  fo r  p ro jec ts  and techn ica l
commit tees .

Maccafe r r i  and E las  p romote  and car ry  out
cont inuous  research  wi th in  the  tunne l l ing
sec tor  in  co l laborat ion  wi th  un ive rs i t i es ,
government  bod ies  and research  ins t i tu tes.
Th i s  apt i tude  fo r  techn ica l  innovat ion  i s  the
resu l t  o f  cont inuous  ded icat ion ,  which ,
a longs ide  exper ience  and techn ica l  know-
how,  has  enab led  us  to  reach  h igh  leve l s  o f
e f f i c iency .  Concepts  a re  deve lopped in to
versat i l e  so lu t ions  to  meet  market  spec i f i c
requ i rements .

Fibres as only
reinforcement
Computational analysis and laboratory
tests for the characterisation of the
flexural performance of the fibre reinforced
concrete to prove actual material.

Fire resistance
tests

P la in  concre te

PP f ib re
re in forced
concre te

Reduced
spa l l ing
depth

CE Marking
S ince 2008 Wirand ® products  have
the  EC-Dec la ra t ion  o f  Conformi ty,
i s sued by  a  not i f i ed  body :
- Charac te r i s t i c s  o f  f ib res
- E f fec t  o f  f ib res  on  Refe rence

Concre te
- Inspect ion  o f  fac tory  and

cont inuous  surve i l lance.

Panel tests

Tes t ing  o f  hardened shotc re te :
-  Mater ia l ‘ s  p roper t ies
-  Cross  sec t iona l  p roper t ies
-  S t ruc tura l  p roper t ies
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Technical  Support
We recogn ize  the  impor tance  o f  wor ld-c lass
technical support. Our goal is that every support
in te rac t ion  s t rengthens  our  c l i ents ’  overa l l
sat isfact ion and reinforces our relat ionship with
them.  We are  ab le  to  p rov ide  a  fu l l  techn ica l
se rv i ce  to  our  cus tomers .  Not  mere ly  a  s imple
col laboration but a true partnership from design

stage over  job star t  unt i l  the end of  the pro ject ,
p rov id ing  consu l tanc ies ,  t ra in ing ,  and a l lowing
al l  our  customers  to  benef i t  f rom our  wor ldwide
exper ience .
Our  techn ica l  se rv i ce  p rov ides :
- P roduct  se lec t ion  accord ing  wi th  the  spec i f i c

requ i rements

- Pro jec t  consu l tancy  and ana lys i s
- On s i te  tes ts  and ass i s tance
- Research  and deve lopment  wi th  un ive rs i t i es

and research  ins t i tu tes
- Wor ldwide  presence  wi th  more  than 40

operat ing  companies
- F ib re  dosage equ ipments.

Big bags batching systems Carton boxes
batching system



Founded in 1879, Off ic ine Maccaferr i  was
soon to become a reference wor ldwide in
the des ign and deve lopment  of  advanced
so lut ions  fo r  e ros ion  cont ro l  and
re in forcement  s t ruc tures .  Over  t ime,
however,  the company has innovated and
evolved so that  today i t  i s  a lso a  re l iab le
par tner  fo r  complex  c i v i l  and

env i ronmenta l  eng ineer ing  app l i ca t ions ,
wi th  spec i f i c  focus  on  the  underground
works .
Maccafe r r i ’ s  p resence  th roughout  the
wor ld  a l lows the  company  to  dea l  wi th
problems which resul ts  in  new know-how
that, in turn, feeds into further innovation
for other solut ions offered on the market.

As  we l l  as  the  parent  company  in  I ta l y
and subsidiaries in France, Britain, Russia,
Spa in  and Por tuga l ,  the  company  i s  a l so
act i ve  in  a l l  f i ve  cont inents ,  w i th  46
operat ing  companies  such  as  Lat in
Amer ica, New Zealand, USA. Where there
i s  no  in te rna l  sa les  fo rce ,  there  a re
d i s t r ibutors  in  a l l  the  cont inents.

E las ,  fo r  more  than ten  years  now,  has
been supp ly ing  the  const ruc t ion  market
wi th  exc lus ive ,  h igh ly  innovat ive  and
d is t inc t i ve  p roducts  fo r  underground
bu i ld ing  pro jec ts ,  wh ich  a re  cus tomised
and app l ied  in  accordance  wi th  the
spec i f i c  techn ica l  requ i rements .  Our
sk i l l ed ,  exper ienced team prov ides  the

cus tomer  wi th  spec ia l i s t  techn ica l
consu l tancy ,  rang ing f rom an ana lys i s  o f
the  pro jec t ,  the  ident i f i ca t ion  o f  the
product  and the i r  ins ta l la t ion ,  pay ing
par t i cu la r  a t tent ion  to  the  spec i f i c
app l i ca t ion  processes .
Research  and deve lopment  occupancy  a
pos i t ion  o f  p r imary  impor tance ,  wi th  a

v iew to  ensur ing  the  cont inuous
improvement  and deve lopment  o f  the
products  and the i r  per formance features .
These  operat ions  take  p lace  on s i te  and
by  means  o f  un ive rs i t y  laborator ies ,  and
are  ta i lo r -made to  guarantee  max imum
operat ing  e f f i c iency  and complete
cus tomer  sa t i s fac t ion .

Officine Maccaferri S.p.A.
Via Agresti, 6 - P.O. Box 396
40123 Bologna - Italia
Tel. +39 051 6436000
Fax +39 051 236507
e-mail: comes@maccaferri.com

www.maccaferri.com

ELAS Geotecnica srl
Centro Comm. lotto 3/21
20090 S. Felice - Segrate (Mi) - Italia
Tel. +39 02 7533252
Fax +39 02 7532991
info@elasgeotecnica.it

www.elasgeotecnica.it
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