
R
iv

e
r
 t

r
a

in
in

g
 w

o
r
k

s





3

Maccaferri  solutions 
for r iver training 
works and erosion control
- Channel l inings
- Bank protections
- Weirs
-  Groynes

Most  o f  the  towns  and c i t ies  we know today  have  de-

ve loped in  a reas  that  have  been inhab i ted  f rom  anc ient 

t imes. Meanders  o r  i s lands  in  r i ve rs  have  a lways  been 

favour i te  s i tes  fo r  human hab i ta t ions  in  o rder  to  take 

advantage o f  the  ava i lab i l i t y  o f  water  and fe r t i l e  land 

fo r  fa rming. Thus  began a  re la t ionsh ip  between man and 

the  r i ve r  which  has  been deve lop ing  ever  s ince. Wi th  the 

inc rease  in  popu la t ion  and the  deve lopment  o f  indust ry, 

communicat ion  routes  were  requ i red  fo r  t rade  and soc ia l 

exchange. I t  i s  d i f f i cu l t  today  to  ignore  the  prob lems 

o f  f lood ing o f  low l y ing  a reas  and the  need to  p rotec t 

roads, ra i lways  o r  indust r ia l  bu i ld ings.

However, we must  not  fo rget  that  a  natura l  watercourse 

i s  a  l i v ing  ent i t y  in  cont inua l  deve lopment  that  shou ld  be 

protec ted , as  fa r  as  poss ib le.

Italy

Italy - Actual situation

Italy
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For a well -balanced
design of r iver works

By  ana l y s i ng  t he  ma in  f a c t o r s  wh i ch  a r e 

impor tant  in  the  maintenance  o f  a  we l l -ba lanced 

r i ve r  hab i ta t , when look ing  a t  i t s  res torat ion , i t 

has  to  be  choosen not  on ly, wh ich  mater ia l s  a re 

to  be  used, but  a l so  to  make a  proper  eva luat ion 

o f  des ign  methodo log ies. 

A  na tu ra l  r i ve r  cou r se  i s  cha rac te r i sed   bo th 

f rom p lan  and  e l eva t ion  and  d i c ta ted  by  the 

need  to  ma in ta in  env i ronmenta l  b io -d i ve r s i t y.

Des ign  hypothes i s  and techn ica l  so lu t ions  can 

be  a  common denominator  and b ioeng ineer ing 

shou ld  not  be  cons idered  as  a  l i s t  o f  techn iques 

but  as  a  g loba l  approach ph i losophy.

Th i s  means  that  so lu t ions  must  re la te  to  the 

prob lems, avo id ing  both  techn ica l  and e th ica l 

mis takes, and wi thout  excess, a l l  w i th in  a 

mul t id i sc ip l inary  approach where  eng ineers, 

b io log i s t s, botan is t s  and arch i tec ts  do  not 

p revar i ca te  each  other.

The  so lu t ion  must :

-  supp ly  the  immediate  requ i red  s tab i l i sa t ion ;

-  p romote  a  pos i t i ve  evo lu t ion  ( re -natura l i sa t ion) 

o f  the  new ecosys tem c reated  f rom the  r i ve r 

t ra in ing  works.

U.K. (photo  Dav id  Ba rke r  -  Edenbr idge  U.K . )



1. Habitat 1 = roots of Salix sp. covered with tufts    
 Cladophora Sp.;
2. Habitat 2 = si lt deposited on gabion protection;
3. Habitat 3 = neuston around the groynes;
4. Habitat 4 = stagnation point.

Mic rohab i ta t  check  s chemat i sa t ion 
(Resea rch  on  the  env i ronmenta l  e f f ec t s 
by  r i ve r s  s ides  w i th  Gab ion  and  Reno ® 
mat t res ses ) - I ta l y  1993-1994.

Italy -  Actual situation

Belgium

Belgium - Actual situation
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A system of softwares
for hydraulic and
environmental design

The  so lu t i ons  exposed  i n  the  p rev ious  pages  have  to  be 

chosen  on  the  bas i s  o f  quan t i t a t i ve  ana l y s i s  and  no t 

on l y   qua l i t a t i ve  o r  sub jec t i ve  ones.

This is  the reason why our company has promoted laboratory, 

f ie ld and bibl iographical  researches, on the basis of which, 

a ser ies of specif ic  software have been created

MACRA
(By EHS Bologna - Italy)

The  MACRA so f twa re, work ing  i n  an 

Au tocad  fo rmat , a l l ows  the  eng inee r  to 

des ign  the  r i ve r  t ra in ing  works  i n  a  s t r e t ch 

o f  r i ve r  unde r  the  hypo thes i s  o f  a  s t eady 

f l ow, t ak ing  i n to  accoun t  the  ac tua l  r i ve r 

geomet r y, r oughness  and  f l ow no rma l l y 

p re sen t  i n  a  na tu ra l  wa te r cou r se. 

MACRA 1
The  MACRA1/Bank  P ro tec t i on  so f twa re, 

wh i ch  uses  a  Windows   t ype  s t ruc tu re, 

p rov ides  eng inee r s  w i th  a  rap id  and  e f f i c i en t 

too l , w i th  wh i ch  to  conduc t  the  s tab i l i t y 

ana l y s i s  o f  wa te r cou r ses  c ro s s - sec t i ons  w i th 

r e spec t  to  bo th   wa te r  f l ow  and  wave  mot ion .

Geometrical alignment of
existing river bed

 Curved sections

 Straight line sections
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MACRA 2
The  MACRA2 /  We i r s  so f twa re  was 

deve loped  to  conduc t  hyd rau l i c

and  s ta t i c  ana l y s i s  o f  gab ion

we i r s.

MAQUA
MAQUA i s  a  so f twa re  deve loped  i n  a 

Windows  fo rmat , suppo r t i ng  the  des ign 

o f  r i ve r  t ra in ing  works, Env i ronmenta l 

Impac t  Asses sment s  ( E IA )  and  a l l ow ing 

fo r  the  management  o f  wa te r cou r ses. 

MAQUA’s  pu rpose  i s  to  p rov ide  a  mode l 

f o r  the  eva lua t i on  o f  the  env i ronmenta l 

va lue  o f  wa te r cou r ses  sub jec ted  to 

i n te r ven t ion . Th i s  p rog ram compares 

des ign  a l t e rna t i ve s  and  se l e c t s  the 

one  shown to  p re se r ve  the  i n i t i a l 

env i ronmenta l  va lue.
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Longitudinal
structures
The te rm long i tud ina l  s t ruc tures  i s  used to 

de f ine  s t ruc tures  wi th  the i r  l ength  para l le l  to 

the  r i ve r  f low. These  s t ruc tures  a re  o f ten  bu i l t 

on  ex i s t ing  natura l  banks  and they  usua l l y 

ex tend fo r  a  cons iderab le  d i s tance.

They  a re  used fo r  a  var ie ty  o f  purposes,

such  as : 

-  e ro s ion   con t ro l 

-  con t ro l  o f  meande r ings

-  con ta inment  o f  the  no rma l  f l ow  channe l 

-  f l ood  p ro tec t i on

Italy

Italy

Italy -  Actual situation
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Revetments
When an e ros ion  process  that  does 

not  a f fec t  the  g loba l  s tab i l i t y  c reates 

s lope  ins tab i l i t y, then revetments  can 

be  a  poss ib le  so lu t ion .

The  cho i ce  o f  the  mos t  su i t ab l e 

t ype  o f  r eve tment  mus t  be  made  on 

the  bas i s  o f  a  compar i son  be tween 

the  ac t i ng  s t r e s ses  ( i n  t e rms  o f 

shea r  s t r e s ses  and  no t  on l y  wa te r 

ve loc i t i e s )  and  the  se r v i ceab i l i t y 

l im i t s  o f  the  mate r i a l  u sed .

The  app roach  to  be  cons ide red 

mus t  a lways  be  made  unde r  the 

t e rm o f  B ioeng inee r i ng , based  on  a 

comb ina t ion  o f  l i ve  and  ine r t  mate r i a l s 

whe re  the  l im i ta t i ons  o f  bo th  mus t 

be  taken  i n to  cons ide ra t i on .

Brunei

Italy

Italy

Italy

Italy

Italy -  Actual situation
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Gabion gravity
structures

A bank  s tab i l i s a t i on  may  i nvo l ve  the 

cons t ruc t i on  o f  a  r e ta in ing  s t ruc tu re 

tha t  shou ld  no t  on l y  e f f e c t  the  na tu ra l 

f i l t ra t i on  be tween  the  wate r cou r se  and 

the  bank , bu t  mus t  a l so  gua ran tee  the 

r equ i r ed  conso l i da t i on .

Fu r the rmore, the  p re sence  o f  subg rades 

and  banks, tha t  a re  no rma l l y  sa tu ra ted 

o r  wh i ch  have  unp red i c tab l e  e ros ion 

phenomena , make  the  app l i ca t i on  o f 

f l e x ib l e  s t ruc tu re s  a  neces s i t y. They 

mus t  be  ab l e  to  w i th s tand  d i f f e r en t i a l 

s e t t l ement  w i thou t  l oos ing  the i r 

s t ruc tu ra l  i n t eg r i t y.

Gab ion s t ruc tures  a re  the  idea l  so lu t ion 

on account  o f  the i r  f l ex ib i l i t y, natura l 

d ra inage capac i t y  due  to  the  s tone 

f i l l ing , and h igh  s t ruc tura l  res i s tance.

Italy

Italy

Italy Italy
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Maccaferr i  gabions are fabricated from high 

quality steel wire where long term durabil i ty is 

guaranteed by galvanising with a zinc/aluminium 

-MM alloy (Galfan®) , that can be further protected 

by a polymeric coating and al l  of which comply 

with the highest international standards. 

The uti l isat ion of double twisted hexagonal mesh 

also guarantees high f lexibi l i ty and resistance, 

al l  adding to the main character ist ics that make 

Maccaferr i  gabions and Reno® mattresses

the ideal solut ion for r iver

bank stabi l izat ion. 

Italy Italy

Italy

Galfan® coating

Polymeric coating



12

Gabion 
gravity structures

A gab ion  ap ron  ex tends  ho r i zon ta l l y  i n to 

the  bed  so  tha t  i t  ad ju s t s  to  poss ib l e 

s cou r ing  the reby  p rov id ing  an  adequa te 

founda t ion  fo r  the  p ro tec t i ve  s t ruc tu re s 

bu i l t  upon  i t . 

A  proper l y  s i zed   apron shou ld  ex tend 

hor i zonta l l y  in to  the  r i ve r  bed beyond the 

ver t i ca l  f ront  face  o f  the  protec t ion  by  1 .5 

to  2  t imes  the  max imum depth  o f  expected 

scour. Th i s  ensures  that  under  max imum 

scour  cond i t ions, the  apron wi l l  fo ld  down 

in to  the  scour  ho le  wi thout  be ing  too 

s teep or  a l lowing the  sur face  to  take  up a 

“qu i l ted” or  undu la t ing  pro f i l e.

Italy

U.K.
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The wal l   must  be  founded at  a  leve l  that 

i s  not  a f fec ted  by  water  scour  p rob lems.

Genera l l y  a  d i rec t  foundat ion  o f  th i s 

t ype  i s  on ly  adv i sab le  where  the  r i ve r 

bed mater ia l  i s  un-erod ib le  o r  when i t 

cons i s t s  o f  so l id  rock .

I t  i s  a lso appropr iate  in  mounta inous 

regions and espec ia l ly  in  the wi lder 

tor rents  where the heavy bed 

load could damage e lements 

such as  aprons protruding 

into the st ream bed.

Greece

Italy

Brazil

I t  i s  not  a lways 

poss ib le  to  bu i ld  the 

foundat ions  o f  r i ve r  bank 

improvements  in  the  dry.

In  these  cases  a  p la t fo rm 

can be  bu i l t  o f  dumped rock 

or  cy l indr i ca l  gab ions, and the 

ver t i ca l  por t ion  o f  the  protec t i ve 

s t ruc ture   can  be  conven ient l y  bu i l t 

on  top.

I f  the  p la t fo rm i s  bu i l t  o f  loose  rocks 

i t  i s  par t i cu la r l y  impor tant  to  choose  a 

rock  s i ze  to  ensure  the  s tab i l i t y  o f  the 

super-s t ruc ture.
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Reinforced soi l  structures

The  deve lopment  o f  new techno log ie s  such  a s 

r e in fo r ced  so i l  s t ruc tu re s  u s ing  the  comb ined 

s t r eng th  o f  the  so i l  and  the  r e in fo r c ing  e l ement s 

has  opened  up  new methods  fo r  the  s tab i l i s a t i on  o f 

r i ve rbanks. The  doub le  tw i s t ed  w i r e  mesh  Te r ramesh ® 

S y s tem (made  w i th  po l ymer  coa ted  Ga l f an ® w i r e )  has 

g rea t l y  ex tended  Macca fe r r i ’s  e xpe r i ence  i n  the  f i e l d 

o f  r eve tment s  and  gab ions.

The Terramesh® System are structures whose components 

are pre-determined and completely pre-assembled 

during the product ion phase. Each element has two 

main propert ies: the f i rst  is  to reinforce soi ls, and the 

second is to stabi l ise the face. The ordinary Terramesh® 

has an external  face s imi lar to stone f i l led gabions. 

The Green Terramesh® has a face l ined with a geomat 

that retains uncompacted vegetable soi l .

Green
Terramesh®

Terramesh®

System

Italy
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Italy

Italy

Italy -  Actual situation
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Gabion weirs
Gabion we i r s  a re  c lass i f i ed  in  th ree 

types  accord ing  to  the  shape o f  the i r 

downst ream face  a t  the  cent re  o f  f low:

-  ve r t i ca l  we i r s

-  s tepped we i r s

-  s loped we i r s

The  ver t i ca l  we i r  i s  ce r ta in l y  the  s imples t 

t ype, and i t  i s  o f ten  used fo r  smal l  we i r s 

in  a  sys tem cont ro l l ing  a  reach  o f  a 

s t ream.

S ince  th i s  means  that  the  gab ion mesh 

i s  p rotec ted  aga ins t  abras ion  and impact 

by  heavy  bed mater ia l  ca r r ied  in  spate 

cond i t ions, i t  i s  a  t ype  recommended fo r 

t ra in ing  works  on  mounta in  to r rents.

In  the  des ign  o f  ve r t i ca l  we i r s, max imum 

at tent ion  must  be  pa id  to  the  d i ss ipat ion 

o f  the  k inet i c  energy  o f  the  cascade 

which  i s  a l lowed to  scour  the  bed thus 

fo rming a  poo l . Here  the  energy  i s 

d i ss ipated  in  the  cush ion  o f  water  and 

in  the  fo rmat ion  o f  a  hydrau l i c  jump. 

A secondary  we i r  i s  p laced at  the 

downst ream end o f  the  poo l  to  cont ro l 

the  fo rmat ion  o f  the  jump and to  res t r i c t 

the  ex tens ion  o f  the  poo l  downst ream.

The la t te r  i s  necessary  to  ensure

that  the  main  s t ruc ture  i s  not

undermined. 

Italy

Italy

ItalyAustria
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Italy

Italy
Venezuela

Burkina Faso

Venezuela

Italy

Actual situation
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Gabion
groynes

By “groynes” we mean a structure which 

protrudes into the r iver  bed, with the aim 

of moving the f low away from the s ide of 

the r iver  on which the groynes are bui l t .

Gabion structures are suitable for  every 

k ind of groyne.

They  can be  sub jec ted  to  s t ra in  wi thout 

los ing  the i r  e f fec t i veness  due  to 

movement  and they  can conform to  a l l 

va r ia t ions  in  r i ve r  bed leve l s. 

They  become an in tegra l  par t  o f  the  r i ve r 

bank and o f  the  r i ve rbed on which  the 

gab ions  a re  bu i l t .

In  cases  o f  a  we l l  bu i l t  combinat ions  o f 

gab ion defences  and groynes, the  works 

a re  des t ined to  d i sappear  under  the 

depos i t ion  o f  s i l t s  wh ich  wi l l  become 

fu r ther  s tab i l i sed  by  p lant  co lon i sa t ion .
Saudi Arabia

Brazil

Italy
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Italy

Italy

Italy

Malawi -  Actual situation
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Officine Maccaferri 
Group Profi le

Consultancy and Partnership
Maccaferr i ’s  motto is  ‘Engineer ing a Better Solut ion’; We do 
not merely supply products, but work in partnership  with 
our c l ients, offer ing technical  expert ise to del iver versat i le, 
cost effect ive and environmental ly  sound solut ions. We 
aim to bui ld mutual ly benef ic ial  re lat ionships with c l ients 
through the quality of our service and solutions .

Off ic ine Maccaferr i  is  at the heart of the Maccaferr i  Indus-
tr ia l  Group. I ts  continued growth is  based upon long-held 
values of innovation, integr ity, excel lent service and respect 
for the environment.
Maccaferr i ’s  v is ion is  to become a leading internat ional 
provider of advanced solut ions to the c iv i l  engineer ing and 
construct ion market. Implementing a strategy of vert ical 
integrat ion, Maccaferr i  researches, manufactures, designs, 
suppl ies and constructs solut ions within i ts  target markets.
The capabi l i ty  of the business continues to expand due to a 
strategic plan to open new markets and grow exist ing ones; 
Maccaferr i  now offers advanced engineered solut ions from 
beach nourishment to reinforced soil structures  and 
from rockfall mitigation to tunnelling systems .
With over 2000 employees, 26 manufactur ing faci l i t ies and 
local  operat ions in 100 countr ies around the world, Mac-
caferr i  can truly c laim to have a global presence with local 
focus.

Maccaferri: Engineering a better solution

Founded in 1879, Officine Maccaferri  soon became a 
technical  reference in the design and development of solu-
t ions for erosion control  and retaining structures. 
S ince then, through technological  innovation, geographical 
expansion and focussed divers i f icat ion, Maccaferr i  now of-
fers solut ions at a global level  for a wide range of civil and 
environmental engineering  appl icat ions.


