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SECTI ON 35 31 19. 20

ARTI CULATI NG CONCRETE BLOCK REVETMENTS
01/08

**************************************************************************
NOTE:   Thi s gui de speci f i cat i on cover s t he 
r equi r ement s f or  commer ci al l y  avai l abl e concr et e 
bl ock pr oduct s f or  r evet ment s.

Adher e t o UFC 1- 300- 02 Uni f i ed Faci l i t i es Gui de 
Speci f i cat i ons ( UFGS)  For mat  St andar d when edi t i ng 
t hi s gui de speci f i cat i on or  pr epar i ng new pr oj ect  
speci f i cat i on sect i ons.   Edi t  t hi s gui de 
speci f i cat i on f or  pr oj ect  speci f i c  r equi r ement s by 
addi ng,  del et i ng,  or  r evi s i ng t ext .   For  br acket ed 
i t ems,  choose appl i cabl e i t em( s)  or  i nser t  
appr opr i at e i nf or mat i on.

Remove i nf or mat i on and r equi r ement s not  r equi r ed i n 
r espect i ve pr oj ect ,  whet her  or  not  br acket s ar e 
present.

Comment s,  suggest i ons and r ecommended changes f or  
t hi s gui de speci f i cat i on ar e wel come and shoul d be 
submi t t ed as a Cr i t er i a Change Request  ( CCR) .

**************************************************************************

PART 1   GENERAL

**************************************************************************
NOTE:   PART 2 PRODUCTS i s based on commer ci al  i t ems,  
and does not  addr ess f i el d cast i ng of  bl ocks or  
manuf act ur i ng cust om bl ocks.

Thi s gui de speci f i cat i ons assumes t he ACB i s 
Gover nment  desi gned f or  i ssues such as hydr aul i c 
st abi l i t y  and geot ext i l e f i l t er s.   Maxi mum 
f l exi bi l i t y  i s  desi r abl e f or  Cont r act or  pr oduct  
sel ect i on,  i nst al l at i on sequence,  const r uct i on 
equi pment ,  and bl ock or i ent at i on.

Not es bef or e par agr aphs ar e pr ovi ded t o pr esent  
assumpt i ons i n pr epar at i on of  t he gui de 
speci f i cat i on,  make suggest i ons f or  condi t i ons t hat  
war r ant  pr oj ect  r evi s i ons,  and pr ovi de backgr ound 
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t echni cal  i nf or mat i on or  r ef er ences f or  f ur t her  
i nf or mat i on.   They shoul d be r evi ewed pr i or  t o 
r evi s i ng wor di ng f or  use i n pr oj ect  speci f i cat i ons.

The dr awi ngs shoul d show appr opr i at e det ai l s  f or  t oe 
key- i n,  anchor  t r enches,  r evet ment  t er mi nat i on,  
t r ansi t i on t o r i pr ap,  anchor s,  et c.

**************************************************************************

1. 1   MEASUREMENT AND PAYMENT

Measur ement  of  ACB r evet ment  f or  payment  wi l l  be made on t he basi s of  t he 
f ace ar ea.   The pay l i nes of  ACB r evet ment  wi l l  be neat  l i nes t aken of f  t he 
appr oved shop dr awi ngs;  and wi l l  i nc l ude embedded bl ocks and anchor  
t r enches.   Wor k i ncl udes i nci dent al  gr adi ng and pr epar at or y wor k,  
f ur ni shi ng and i nst al l i ng t he geot ext i l e and ACB,  f i l l i ng t he voi ds,  
secur i ng cabl e f ast ener s,  i nst al l i ng soi l  anchor s,  and seedi ng ( wher e 
speci f i ed) .   Engi neer i ng ser vi ces and pr oduct  t est i ng shal l  be i nci dent al ,  
i f  r equi r ed.   Pl aci ng cast - i n- pl ace concr et e j oi nt s and cut t i ng bl ocks 
shal l  be i nci dent al ,  i f  r equi r ed.   Payment  wi l l  be made at  t he r espect i ve 
uni t  pr i ce per  squar e met er  f oot  l i s t ed on t he Bi ddi ng Schedul e.   Payment  
wi l l  be f ul l  compensat i on f or  al l  mat er i al ,  l abor  and equi pment  t o compl et e 
t he wor k.

1. 2   REFERENCES

**************************************************************************
NOTE:   Thi s par agr aph i s used t o l i s t  t he 
publ i cat i ons c i t ed i n t he t ext  of  t he gui de 
speci f i cat i on.   The publ i cat i ons ar e r ef er r ed t o i n 
t he t ext  by basi c desi gnat i on onl y and l i s t ed i n 
t hi s par agr aph by or gani zat i on,  desi gnat i on,  dat e,  
and t i t l e.

Use t he Ref er ence Wi zar d' s Check Ref er ence f eat ur e 
when you add a Ref er ence I dent i f i er  ( RI D)  out s i de of  
t he Sect i on' s Ref er ence Ar t i c l e t o aut omat i cal l y  
pl ace t he r ef er ence i n t he Ref er ence Ar t i c l e.   Al so 
use t he Ref er ence Wi zar d' s Check Ref er ence f eat ur e 
t o updat e t he i ssue dat es.

Ref er ences not  used i n t he t ext  wi l l  aut omat i cal l y  
be del et ed f r om t hi s sect i on of  t he pr oj ect  
speci f i cat i on when you choose t o r econci l e 
r ef er ences i n t he publ i sh pr i nt  pr ocess.

**************************************************************************

The publ i cat i ons l i s t ed bel ow f or m a par t  of  t hi s speci f i cat i on t o t he 
ext ent  r ef er enced.   The publ i cat i ons ar e r ef er r ed t o wi t hi n t he t ext  by t he 
basi c desi gnat i on onl y.

AMERI CAN ASSOCI ATI ON OF STATE HI GHWAY AND TRANSPORTATI ON OFFI CI ALS 
(AASHTO)

AASHTO M 288 ( 2017)  St andar d Speci f i cat i on f or  
Geosynt het i c Speci f i cat i on f or  Hi ghway 
Applications
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ASTM I NTERNATI ONAL ( ASTM)

ASTM C1262 ( 2010)  St andar d Test  Met hod f or  Eval uat i ng 
t he Fr eeze- Thaw Dur abi l i t y  of  Manuf act ur ed 
Concr et e Masonr y Uni t s and Rel at ed 
Concr et e Uni t s

ASTM C140/ C140M ( 2018)  St andar d Test  Met hods f or  Sampl i ng 
and Test i ng Concr et e Masonr y Uni t s and 
Rel at ed Uni t s

ASTM C42/ C42M ( 2018)  St andar d Test  Met hod f or  Obt ai ni ng 
and Test i ng Dr i l l ed Cor es and Sawed Beams 
of  Concr et e

ASTM D4355/ D4355M ( 2014)  Det er i or at i on of  Geot ext i l es f r om 
Exposur e t o Li ght ,  Moi st ur e and Heat  i n a 
Xenon- Ar c Type Appar at us

ASTM D4491/ D4491M ( 2017)  St andar d Test  Met hods f or  Wat er  
Per meabi l i t y  of  Geot ext i l es by Per mi t t i v i t y

ASTM D4533/ D4533M ( 2015)  St andar d Test  Met hod f or  Tr apezoi d 
Tear i ng St r engt h of  Geot ext i l es

ASTM D4632/ D4632M ( 2015a)  Gr ab Br eaki ng Load and El ongat i on 
of  Geot ext i l es

ASTM D4751 ( 2016)  St andar d Test  Met hod f or  
Det er mi ni ng Appar ent  Openi ng Si ze of  a 
Geotextile

ASTM D4833/ D4833M ( 2007;  E 2013;  R 2013)  I ndex Punct ur e 
Resi st ance of  Geot ext i l es,  Geomembr anes,  
and Rel at ed Pr oduct s

ASTM D4873/ D4873M ( 2017)  St andar d Gui de f or  I dent i f i cat i on,  
St or age,  and Handl i ng of  Geosynt het i c 
Rol l s and Sampl es

U. S.  FEDERAL HI GHWAY ADMI NI STRATI ON ( FHWA)

FHWA RD- 89- 199 ( 1989)  Hydr aul i c  St abi l i t y  of  Ar t i cul at ed 
Concr et e Bl ock Revet ment  Syst ems Dur i ng 
Over t oppi ng Fl ow

1. 3   DEFINITIONS

1. 3. 1   Ar t i cul at i ng Concr et e Bl ock ( ACB)  Revet ment  Syst em

A mat r i x of  i nt er connect ed concr et e bl ock uni t s f or  er osi on pr ot ect i on.   
Uni t s ar e connect ed by geomet r i c i nt er l ock and/ or  cabl es,  geot ext i l es,  or  
geogr i ds,  and t ypi cal l y  i ncl ude a geot ext i l e under l ayment  f or  subsoi l  
retention.

1. 3. 2   Blocks

Ar t i cul at i ng concr et e bl ock r evet ment  uni t s wi l l  be r ef er r ed t o as bl ocks.
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1. 3. 3   I nt er l ocki ng Bl ocks

Each pai r  of  abut t i ng bl ocks shal l  have i nt er l ocki ng keys t hat  l i mi t  
l at er al  expansi on.   The key and keyhol e shal l  have an i nt er f er ence f i t  such 
t hat  t he j oi nt  movement  has a mi ni mum aper t ur e at  c l osur e,  and a maxi mum 
aper t ur e when pul l ed apar t .   The j oi nt  f r eepl ay shal l  al l ow ar t i cul at i on of  
each i ndi v i dual  bl ock.

1. 3. 4   Freeplay

Fr eepl ay shal l  be t he maxi mum l at er al  j oi nt  movement  f or  i nt er l ocki ng 
bl ocks ( di f f er ence bet ween maxi mum and mi ni mum aper t ur e) .

1. 4   SUBMITTALS

**************************************************************************
NOTE:   Revi ew submi t t al  descr i pt i on ( SD)  def i ni t i ons 
i n Sect i on 01 33 00 SUBMI TTAL PROCEDURES and edi t  
t he f ol l owi ng l i s t  t o r ef l ect  onl y t he submi t t al s 
r equi r ed f or  t he pr oj ect .

The Gui de Speci f i cat i on t echni cal  edi t or s have 
desi gnat ed t hose i t ems t hat  r equi r e Gover nment  
appr oval ,  due t o t hei r  compl exi t y  or  cr i t i cal i t y ,  
wi t h a " G. "   Gener al l y,  ot her  submi t t al  i t ems can be 
r evi ewed by t he Cont r act or ' s Qual i t y Cont r ol  
Syst em.   Onl y add a “ G”  t o an i t em,  i f  t he submi t t al  
i s  suf f i c i ent l y i mpor t ant  or  compl ex i n cont ext  of  
t he pr oj ect .

For  submi t t al s r equi r i ng Gover nment  appr oval  on Ar my 
pr oj ect s,  a code of  up t o t hr ee char act er s wi t hi n 
t he submi t t al  t ags may be used f ol l owi ng t he " G"  
desi gnat i on t o i ndi cat e t he appr ovi ng aut hor i t y.   
Codes f or  Ar my pr oj ect s usi ng t he Resi dent  
Management  Syst em ( RMS)  ar e:   " AE"  f or  
Ar chi t ect - Engi neer ;  " DO"  f or  Di st r i c t  Of f i ce 
( Engi neer i ng Di v i s i on or  ot her  or gani zat i on i n t he 
Di st r i c t  Of f i ce) ;  " AO"  f or  Ar ea Of f i ce;  " RO"  f or  
Resi dent  Of f i ce;  and " PO"  f or  Pr oj ect  Of f i ce.   Codes 
f ol l owi ng t he " G"  t ypi cal l y  ar e not  used f or  Navy,  
Ai r  For ce,  and NASA pr oj ect s.

The " S"  f ol l owi ng a submi t t al  i t em i ndi cat es t hat  
t he submi t t al  i s  r equi r ed f or  t he Sust ai nabi l i t y  
eNot ebook t o f ul f i l l  f eder al l y  mandat ed sust ai nabl e 
r equi r ement s i n accor dance wi t h Sect i on 01 33 29 
SUSTAI NABI LI TY REPORTI NG.   Locat e t he " S"  submi t t al  
under  t he SD number  t hat  best  descr i bes t he 
submi t t al  i t em.

Choose t he f i r st  br acket ed i t em f or  Navy,  Ai r  For ce 
and NASA pr oj ect s,  or  choose t he second br acket ed 
i t em f or  Ar my pr oj ect s.

**************************************************************************

Gover nment  appr oval  i s  r equi r ed f or  submi t t al s wi t h a " G"  desi gnat i on;  
submi t t al s not  havi ng a " G"  desi gnat i on ar e f or  [ Cont r act or  Qual i t y  Cont r ol  
appr oval . ] [ i nf or mat i on onl y.   When used,  a desi gnat i on f ol l owi ng t he " G"  
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desi gnat i on i dent i f i es t he of f i ce t hat  wi l l  r evi ew t he submi t t al  f or  t he 
Gover nment . ]   Submi t t al s wi t h an " S"  ar e f or  i ncl usi on i n t he 
Sust ai nabi l i t y  eNot ebook,  i n conf or mance t o Sect i on 01 33 29 SUSTAI NABI LI TY 
REPORTI NG.   Submi t  t he f ol l owi ng i n accor dance wi t h Sect i on 01 33 00 
SUBMI TTAL PROCEDURES:

SD- 02 Shop Dr awi ngs

Bl ock I nst al l at i on;  G[ ,  [ _____] ]

Geot ext i l e I nst al l at i on;  G[ ,  [ _____] ]

 SD- 03 Pr oduct  Dat a

Ar t i cul at i ng Concr et e Bl ock;  G[ ,  [ _____] ]

Geot ext i l e;  G[ ,  [ _____] ]

Anchor s;  G[ ,  [ _____] ]

SD- 04 Sampl es

Ar t i cul at i ng Concr et e Bl ock

SD- 06 Test  Repor t s

Fl ume Test

1. 5   DELI VERY,  STORAGE,  AND HANDLI NG

Check pr oduct s upon del i ver y t o assur e t hat  t he pr oper  mat er i al  has been 
r ecei ved and i s undamaged.   For  geosynt het i cs,  t he gui del i nes pr esent ed i n 
ASTM D4873/ D4873M shal l  be f ol l owed.

1. 5. 1   Blocks

Pr ovi de bl ocks whi ch ar e sound and f r ee of  def ect s t hat  woul d i nt er f er e 
wi t h pr oper  pl acement  or  t hat  woul d i mpai r  t he st r engt h or  l ongevi t y of  t he 
i nst al l at i on.   Di scar d bl ocks wi t h t he f ol l owi ng def ect s:

a.   Br oken appendages.
b.   Chi ps l ar ger  t han 50 mm 2 i nches i n any di mensi on.
c.   Cr acks wi der  t han 0. 5 mm 0. 02 i nches and l onger  t han 33 per cent  of  t he 

nomi nal  hei ght .

Mi nor  cr acks,  i nci dent al  t o t he usual  met hod of  manuf act ur e,  or  chi ppi ng 
t hat  r esul t s f r om cust omar y met hods of  handl i ng i n shi ppi ng,  del i ver y and 
pl acement  wi l l  not  be deemed gr ounds f or  r ej ect i on.   St or e bl ocks i n a 
sui t abl e l ocat i on away f r om mud,  pai nt ,  wet  cement ,  and ot her  cont ami nat i on 
or  di st ur bance.

1. 5. 2   Geotextiles

1. 5. 2. 1   Labeling

Label  each r ol l  wi t h t he manuf act ur er ' s name,  pr oduct  i dent i f i cat i on,  r ol l  
di mensi ons,  l ot  number ,  and dat e manuf act ur ed.
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1. 5. 2. 2   Handling

Geosynt het i c r ol l s  shal l  be handl ed and unl oaded by hand,  or  wi t h l oad 
car r y i ng st r aps,  a f or k l i f t  wi t h a st i nger  bar ,  or  an axi al  bar  assembl y.   
Geosynt het i c r ol l s  shal l  not  be dr agged,  l i f t ed by one end,  l i f t ed by 
cabl es or  chai ns,  or  dr opped t o t he gr ound.

1. 5. 2. 3   Storage

Pr ot ect  geot ext i l es f r om cement ,  pai nt ,  excessi ve mud,  chemi cal s,  spar ks 
and f l ames,  t emper at ur es i n excess of  70 degr ees C 160 degr ees F,  and any 
ot her  envi r onment al  condi t i on t hat  may degr ade t he physi cal  pr oper t i es.   I f  
s t or ed out door s,  t he r ol l s  shal l  be el evat ed f r om t he gr ound sur f ace and 
pr ot ect ed wi t h an opaque wat er pr oof  cover .   Geot ext i l es shal l  be del i ver ed 
t o t he s i t e i n a dr y and undamaged condi t i on.

1. 6   SCHEDULING

To l i mi t  ul t r avi ol et  l i ght  exposur e of  t he geot ext i l e,  pl ace t he bl ocks 
wi t hi n 7 days af t er  pl aci ng t he geot ext i l e,  and t he voi d f i l l er  wi t hi n 14 
days af t er  pl aci ng t he geot ext i l e.

PART 2   PRODUCTS

2. 1   ARTI CULATI NG CONCRETE BLOCK

**************************************************************************
NOTE:   Hand pl aced ( i nt er l ocki ng)  ACB t ypi cal l y  
pr ovi des a neat er ,  mor e pl easi ng appear ance i n par ks 
and publ i c ar eas.   Cabl ed ACB can have super i or  
hydr aul i c st abi l i t y  t o i nt er l ocki ng pr oduct s,  i t  i s  
mor e di f f i cul t  t o r emove ( such as by vandal i sm) ,  and 
i t  has i mpr oved const r uct i bi l i t y  when pl aced i n 
water.

The t abl e of  ACB r equi r ement s i s compr ehensi ve,  and 
many of  t he pr oper t i es ar e i nt er r el at ed.   I ncl udi ng 
al l  l i s t ed pr oper t i es wi l l  be speci f i cat i on over ki l l  
f or  most  pr oj ect s.   Renumber  not es wher e pr oper t i es 
ar e del et ed.

The cr i t i cal  shear  st r ess i s pr ef er r ed by t he 
i ndust r y over  cr i t i cal  vel oci t y because t he cr i t i cal  
shear  i s  r el at i vel y const ant  f or  a pr oduct .   
Cr i t i cal  vel oci t y var i es dependi ng on f l ow 
char act er i st i cs ( such as dept h and t ur bul ence) ;  so 
t hat  t he cr i t i cal  vel oci t y i n t he f l ume t est  i s  not  
compar abl e t o t he r equi r ed cr i t i cal  vel oci t y i n t he 
field.

The sur f ace voi d ar ea r at i o,  DCF,  and cur vat ur e 
r adi us can be used t o speci f y pr oduct s best  sui t ed 
t o pl acement  on cur ved sur f aces,  and t ur f  
est abl i shment .   Some bl ocks ar e avai l abl e wi t h open 
cel l s or  sol i d cor es.   Most  pr oduct s mar ket ed 
speci f i cal l y  f or  ACB r evet ment s ar e wi t hi n 
r easonabl e l i mi t s f or  gener al  use.

Modi f y i ng t he r equi r ement s f or  a per f or mance 
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speci f i cat i on may be consi der ed f or  smal l  l ow hazar d 
pr oj ect s or  negot i at ed cont r act s,  and may be 
pr ef er r ed by some manuf act ur er s.   However ,  
per f or mance r equi r ement s f or  f i r m f i xed pr i ce ( l ow 
bi d)  cont r act s i s  not  r ecommended f or  ACB' s because 
of  t he pr i ce l evel  j umps bet ween pr oduct  s i zes,  and 
because t her e i s  no cont r ol  i n how bi dder s 
i ncor por at e r i sk f or  a l ow f r equency desi gn event .

I nt er f ace f r i c t i on f or  soi l / f abr i c and f abr i c/ bl ocks 
shoul d be consi der ed by t he desi gner .   Because 
t ypi cal  desi gn val ues f or  soi l / f abr i c ar e avai l abl e 
i n geosynt het i c desi gn gui des,  and because t he 
Cont r act or  gener al l y  has no cont r ol  over  t he soi l ,  
t he soi l / f abr i c i nt er f ace f r i c t i on angl e i s not  
addr essed i n t he speci f i cat i on ( al t hough f or  cer t ai n 
cr i t i cal  appl i cat i ons,  t hi s may need t o be added t o 
ver i f y desi gn assumpt i ons) .   I nt er f ace f r i c t i on f or  
f abr i c/ bl ocks i s  addr essed i n t he speci f i cat i on 
because i t  i s  af f ect ed by geot ext i l e and bl ock 
combi nat i ons,  i t  can af f ect  i nst al l at i on,  and 
because t he i nt er f ace f r i c t i on f or  f abr i c/ bl ock i s  
hi ghl y var i abl e dependent  on manuf act ur i ng 
char act er i st i cs of  bot h pr oduct s.

**************************************************************************

Submi t  descr i pt i ve t echni cal  dat a on t he bl ocks,  cabl es,  cabl e f i t t i ngs,  
soi l  anchor s,  and geot ext i l e.   I ncl ude al l  mat er i al  pr oper t i es speci f i ed 
under  par agr aph PRODUCTS.   Cat al og cut s,  t echni cal  dat a sheet s,  or  t est  
dat a shal l  be submi t t ed showi ng t hat  t he pr oduct s meet  t he speci f i cat i ons.   
The submi t t al  shal l  al so i ncl ude a copy of  any st andar d manuf act ur er ' s 
war r ant i es f or  t he pr oduct s.   See bel ow under  " geot ext i l e"  f or  mor e 
r equi r ement s.   The ACB shal l  meet  t he f ol l owi ng cr i t er i a:

TABLE 1.   ACB Requi r ement s

Criteria Requi r ed Val ue Test  Met hod

Mat r i x Assembl y:  [ I nt er l ocki ng Bl ocks]  [ Cabl ed Syst em]

Thi ckness,  mi ni mum [ 100 mm] [ 4 i nches] N/A

Net  Wei ght / Ar ea,  mi ni mum 1. 4 kN/ m230 psf Not e a.

Cr i t i cal  Shear  St r ess,  mi ni mum [ 170 N/ m2] [ 3. 5 psf ] FHWA RD- 89- 199

Cr i t i cal  Vel oci t y,  mi ni mum 5 m/ sec15 f t / sec FHWA RD- 89- 199

Cur vat ur e Radi us,  maxi mum 1 m3 f eet Not e b.

Sur f ace Voi d Ar ea Rat i o 25 -  40 per cent Not e c.

Dr ai nage Cor r ect i on Fact or  ( DCF) 20 -  35 per cent Not e d.
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TABLE 1.   ACB Requi r ement s

Criteria Requi r ed Val ue Test  Met hod

Bl ock/ Geot ext i l e I nt er f ace Fr i ct i on 
Angle

[ 35 degr ees] Not e e.

a.   Det er mi ne t he wei ght  of  t he mat t r ess per  uni t  ar ea wi t h t he nomi nal  j oi nt  
spaci ng,  i n a non- submer ged condi t i on.

b.   The cur vat ur e r adi us shal l  be i ndi cat i ve of  t he abi l i t y of  t he assembl ed mat t r ess 
t o conf or m t o one di mensi onal  subgr ade cur ves wi t hout  bi ndi ng,  such as f or  anchor  
t r enches and swal es.   The cur vat ur e r adi us shal l  be demonst r at ed,  i f  r equest ed by t he 
Cont r act i ng Of f i cer .

c.   The sur f ace voi d ar ea r at i o shal l  be det er mi ned at  t he vi s i bl e ( wi t h f i l l ed 
voi ds)  sur f ace of  t he bl ocks,  wi t h t he j oi nt s spaced i n a neut r al  posi t i on ( 50 
per cent ) ,  and shal l  be expr essed as a per cent age of  t he gr oss mat  ar ea.   The voi d 
ar ea shal l  i ncl ude ar ea bet ween t he bl ocks and open cel l s wi t hi n t he bl ock.

d.   The dr ai nage cor r ect i on f act or  shal l  be t he mi ni mum voi d ar ea r at i o ( usual l y 
t aken at  t he base of  t he bl ocks) ,  wi t h t he j oi nt s spaced i n a neut r al  posi t i on ( 50 
per cent  f r eepl ay i n each di r ect i on) ,  and shal l  be expr essed as a per cent age of  t he 
gr oss mat  ar ea.

e.   The concr et e sur f ace shal l  be suf f i c i ent l y r ough t o pr event  s l i di ng of  t he bl ocks 
on t he geot ext i l e.   The i nt er f ace f r i ct i on must  be mat ched wi t h t he sel ect ed bl ock 
and geot ext i l e combi nat i on,  and shal l  be i ncl uded wi t h t he ACB and Geot ext i l e Dat a 
submi t t al .   The bl ock/ geot ext i l e i nt er f ace f r i ct i on angl e shal l  be demonst r at ed,  i f  
r equest ed by t he Cont r act i ng Of f i cer .

2. 1. 1   Hydr aul i c St abi l i t y

**************************************************************************
NOTE:   The vel oci t y and shear  st r ess condi t i ons 
der i ved f r om t hi s t est  ar e cr i t i cal  st at e 
condi t i ons,  and do not  r epr esent  al l owabl e desi gn 
val ues.   The sur f ace t ol er ances f or  bl ock pl acement  
ar e gener al l y bet t er  i n t he t est  t han f i el d 
conditions.

FHWA RD- 89- 199 i s a r esear ch document ,  not  a 
st andar d t est  met hod.   ASTM commi t t ee D18. 25. 04 has 
a dr af t  st andar d based on a f l ume t est ,  s i mi l ar  t o 
FHWA RD- 89- 199.   The f l ume t est  i s  ver y expensi ve:  
t est i ng expenses can be on t he or der  of  $30, 000.

FHWA RD- 89- 199 i ncl uded a 20 mm 3/ 4 i nch Enkamat  
f abr i c bel ow t he bl ocks f or  t he pur pose of  
i nst al l i ng i nst r ument at i on t o r esear ch bl ock 
behavi or .   The Enkamat  pr ovi ded a ver y ef f ect i ve 
dr ai nage l ayer  t hat  i s  not  i nt egr al  t o t he t est  
met hod.   A dr ai nage l ayer  pr ovi des a ver y 
s i gni f i cant  i mpr ovement  i n t he ACB st abi l i t y  i n t he 
f l ume t est .   Regar dl ess of  t he f l ume t est  
condi t i ons,  t he desi gner  shoul d consi der  i ncl udi ng a 
gr anul ar  dr ai nage l ayer  i n ar eas wi t h hi gh 
t ur bul ence f l ow.
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**************************************************************************

2. 1. 1. 1   Fl ume Test

Submi t  a r epor t  of  t est i ng f or  t he ACB i n subst ant i al  conf or mance wi t h 
FHWA RD- 89- 199,  except  t hat  a dr ai nage l ayer  i s  not  r equi r ed,  at  t he same 
t i me as t he ACB and Geot ext i l e Dat a submi t t al .   The r epor t  shal l  c l ear l y 
st at e i f  t he cr i t i cal  shear  st r ess associ at ed wi t h t he st abi l i t y  t hr eshol d 
of  t he ACB syst em was der i ved f r om l abor at or y t est i ng t hat  i ncl uded a 
sub- bl ock dr ai nage l ayer  as a component  of  t he t est ed syst em.   The ACB 
pr oduct  shal l  have been t est ed i n a f l ume chamber  i n subst ant i al  
conf or mance wi t h FHWA RD- 89- 199.   I f  t he pr oduct  was t est ed wi t h a dr ai nage 
l ayer ,  t he i nst al l ed pr oduct  shal l  i ncor por at e a s i mi l ar  dr ai nage l ayer  
wi t h adequat e f i l t r at i on desi gn f or  t he s i t e soi l s .   The f l ume t est  shal l  
be based on conser vat i ve assumpt i ons f or  f i el d pl acement  of  t he bl ocks 
( such as bl ock or i ent at i on,  and j oi nt  spaci ng wi t hi n const r uct i on 
t ol er ances) .   The cr i t i cal  shear  st r ess ( and cr i t i cal  vel oci t y)  shal l  be 
i ndi cat ed i n t he t est  r epor t .

2. 1. 1. 2   Ext r apol at i on of  Hydr aul i c St abi l i t y

**************************************************************************
NOTE:   Pr el i mi nar y r esear ch has i ndi cat ed t hat  
ext r apol at i on i s  conser vat i ve when ext r apol at i ng t o 
t hi cker  bl ocks,  and unconser vat i ve when 
ext r apol at i ng t o t hi nner  bl ocks.

**************************************************************************

Ext r apol at i on of  cr i t i cal  shear  st r ess f or  unt est ed bl ocks wi t hi n a s i mi l ar  
f ami l y of  ACB shal l  be subj ect  t o l i mi t at i ons.   Ext r apol at i on shal l  onl y be 
used f or  bl ocks havi ng a s i mi l ar  f oot pr i nt  ar ea and i nt er l ock mechani sm,  
but  wi t h var i abl e t hi ckness or  net  wei ght / ar ea.   Ext r apol at i on shal l  onl y 
be accept ed i f  t he f ol l owi ng condi t i ons ar e met :

a.   The ext r apol at i on i s i n st r i c t  accor dance wi t h hydr aul i c s i mi l i t ude 
met hods commonl y accept ed by t he i ndust r y,  and i nc l udes quant i t at i ve 
t r eat ment  f or  a bl ock over t ur ni ng f ai l ur e mode.

b.   The t est ed bl ock i s t he smal l er  pr oduct  s i ze i n bot h t hi ckness and net  
wei ght / ar ea,  and ext r apol at i on does not  ext end t he cr i t i cal  vel oci t y 
mor e t han 3 met er s per  second 10 f eet  per  second f r om t he t est ed 
pr oduct  s i ze.

2. 1. 2   Mat r i x Assembl y -  I nt er l ocki ng Bl ocks

I nt er l ocki ng bl ocks ar e assumed t o f unct i on wi t hout  t he use of  cabl es or  
s i mi l ar  r est r ai nt s.   Voi d f i l l er  shal l  be pl aced t o i nhi bi t  l at er al  
movement  and bl ock pul l out ,  cover  t he geot ext i l e,  and i ncr ease hydr aul i c 
stability.

2. 1. 3   Mat r i x Assembl y -  Cabl ed Syst ems

Cabl e t i ed concr et e bl ock shal l  be i nt er connect ed by f l exi bl e cabl es 
r unni ng t hr ough t he bl ocks.   Each bl ock shal l  be penet r at ed by a cabl e t hat  
al l ows ar t i cul at i on of  t he bl ocks,  but  r est r ai ns r emoval  of  i ndi v i dual  
bl ocks.   Voi d f i l l er  shal l  be pl aced t o i nhi bi t  l at er al  movement ,  cover  t he 
geot ext i l e,  and i ncr ease hydr aul i c st abi l i t y .   [ Ar t i cul at i ng concr et e 
bl ock,  cabl es,  and f i t t i ngs shal l  be f abr i cat ed i nt o mat t r esses at  t he 
manuf act ur er ' s pl ant . ]
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2. 1. 4   St r uct ur al  r equi r ement s

**************************************************************************
NOTE:   Fr eeze- t haw Test i ng -  The speci f i er  shoul d 
edi t  t hi s par agr aph based on t he pr oj ect ' s  
l ocat i on.   The def aul t  val ues cor r espond t o t he 
def aul t  val ues i n ASTM C1372,  Segment al  Concr et e 
Ret ai ni ng Wal l  Uni t s.   The f r eeze t haw r equi r ement s 
f or  r et ai ni ng wal l  bl ocks ar e r ef er enced si nce t hey 
ar e s i mi l ar  pr oduct s,  ACB bl ocks can be pr oduced by 
s i mi l ar  manuf act ur i ng met hods,  and r et ai ni ng wal l s  
have been t he subj ect  of  mor e f r eeze t haw dur abi l i t y  
r esear ch.   The number  of  seasonal  f r eeze t haw cycl es 
f or  t ypi cal  ACB' s i s l i kel y l ess t han f or  r et ai ni ng 
wal l s.   Chl or i de f r om dei c i ng sal t s or  sea wat er  
i ncr eases sat ur at i on of  t he concr et e,  and t hus has a 
ver y pr onounced af f ect  on f r eeze t haw degr adat i on.

**************************************************************************

Ar t i cul at i ng concr et e bl ock shal l  be wet  cast  usi ng concr et e as speci f i ed 
her ei n,  or  dr y- cast  by a v i br at or y bl ock f or mi ng machi ne.   The bl ocks shal l  
be manuf act ur ed t o t he f ol l owi ng r equi r ement s:

2. 1. 4. 1   Compr essi ve St r engt h

The mi ni mum compr essi ve st r engt h shal l  be 28 MPa 4000 psi  f or  an aver age of  
3 uni t s,  and 24 MPa 3500 psi  f or  an i ndi v i dual  uni t .   Compr essi ve st r engt h 
shal l  be det er mi ned by ASTM C42/ C42M f or  wet  cast  bl ocks,  or  by 
ASTM C140/ C140M f or  dr y cast  bl ocks.

2. 1. 4. 2   Wat er  Absor pt i on f or  Dr y Cast  Uni t s

The maxi mum wat er  absor pt i on f or  dr y cast  uni t s shal l  be 145 kg/ m3 9 pcf  

f or  an aver age of  3 uni t s,  and 195 kg/ m3 12 pcf  f or  an i ndi v i dual  uni t .   
Wat er  absor pt i on shal l  be det er mi ned by ASTM C140/ C140M.

[ 2. 1. 4. 3   Sat ur at ed Sur f ace- Dr y Densi t y

 The mi ni mum sat ur at ed sur f ace- dr y densi t y shal l  be [ 140]  [ _____]  f or  
aver age of  3 uni t s,  and [ 140]  [ _____]  f or  an i ndi v i dual  uni t .

][ 2. 1. 4. 4   Ai r  Ent r ai ni ng

Wet  cast  concr et e shal l  be ai r  ent r ai ned t o cont ai n bet ween 4 and 7 per cent  
t ot al  ai r .

][ 2. 1. 4. 5   Fr eeze- Thaw Dur abi l i t y

For  f r eeze- t haw dur abi l i t y  t est ed i n accor dance wi t h ASTM C1262,  speci mens 
shal l  compl y wi t h ei t her  of  t he f ol l owi ng:  ( 1)  t he wei ght  l oss of  each of  5 
speci mens af t er  100 cycl es shal l  not  exceed 1 per cent ;  or  ( 2)  t he wei ght  
l oss of  each of  5 speci mens af t er  150 cycl es shal l  not  exceed 1. 5 per cent .

] 2. 2   GEOTEXTILE

**************************************************************************
NOTE:   The AASHTO M 288 t abl e pr ovi des sur vi vabi l i t y  
r equi r ement s.   Cl ass 1 i s r ecommended f or  har sh or  
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sever e i nst al l at i on condi t i ons wher e t her e i s a 
pot ent i al  f or  vehi cul ar  t r af f i c ,  or  wher e i r r egul ar  
sect i ons may r equi r e r emoval  and r epl acement  of  
mat t r esses t o achi eve pr oper  al i gnment .   Cl ass 2 i s 
al l owed wher e no vehi c l e t r af f i c  wi l l  occur  on t he 
i nst al l at i on,  and wher e mat t r ess pl acement  i s  i n 
r egul ar ,  even r eaches.   Ref er ence Pr ot ect i on of  Wor k 
par agr aph i n Par t  3.

Some manuf act ur es r equi r e mi ni mum geot ext i l e 
pr oper t i es f or  war r ant y cover age.   Most  
manuf act ur er s have r ecommended geot ext i l es,  but  
t hese shoul d be ver i f i ed f or  compat i bi l i t y  wi t h t he 
subgr ade soi l s.

Fi l t er s shoul d not  i mpede seepage.   Cl oggi ng 
r esi st ance i s cr i t i cal  f or  upl i f t  s t abi l i t y .   Si t e 
speci f i c  desi gn shoul d be per f or med i f  any of  t he 
f ol l owi ng pr obl emat i c soi l  condi t i ons ar e 
encount er ed:  hi ghl y er odi bl e soi l s  such as 
non- cohesi ve s i l t s ,  gap gr aded soi l s,  or  l ami nat ed 
sand/silt.

Some r ef er ences f or  geot ext i l e desi gn i ncl ude:
1.   Koer ner ,  " Desi gni ng wi t h Geosynt het i cs" ,  
Pr ent i ce Hal l .
2.   FHWA,  " Geosynt het i c Desi gn and Const r uct i on 
Guidelines."
3.   Geosynt het i cs ' 95,  " Geot ext i l e Per meabi l i t y  
Cr i t er i a f or  Revet ment s" ,  pp.  217- 230.

Geosynt het i c Sel ect i on -  The Feder al  Acqui s i t i on 
Regul at i ons r equi r e f ul l  and open compet i t i on.   
Usual l y j ust i f i cat i on i s not  necessar y i f  3 pr oduct s 
meet  t he speci f i cat i ons.   I n combi ni ng var i ous 
mat er i al  r equi r ement s,  i t  i s  easy t o speci f y a 
geosynt het i c pr oduct  t hat  does not  exi st .   Desi gn 
ut i l i z i ng geosynt het i cs shoul d i ncl ude a l i s t i ng 
wi t h t he cal cul at i ons t hat  ver i f y  t he speci f i ed  
pr oduct s ar e commer ci al l y  avai l abl e.   The 
Geot echni cal  Fabr i cs Repor t  magazi ne publ i shes an 
annual  speci f i er s gui de t hat  i s  i deal  f or  t hi s 
purpose.

**************************************************************************

Submi t  t wo sampl es of  t he pr oposed bl ock at  t he same t i me as t he ACB and 
Geot ext i l e Dat a submi t t al .   The sampl es shal l  be t ypi cal  of  t he s i ze,  
t ext ur e,  col or ,  and f i ni sh.   I f  t he Cont r act i ng Of f i cer  i s  f ami l i ar  wi t h 
t he pr oduct ,  t hi s submi t t al  may be wai ved.   Geot ext i l e used as f i l t er s 
bel ow t he ACB shal l  be a [ woven]  [ non- woven]  f abr i c.   The geot ext i l e shal l  
meet  t he mat er i al  pr oper t i es speci f i ed i n AASHTO M 288 f or  Cl ass [ 2]  
st r engt h pr oper t y r equi r ement s and f or  per manent  er osi on cont r ol .   Fi l t er  
r equi r ement s i n AASHTO M 288 shal l  be based on i n- s i t u soi l  wi t h [ l ess t han 
15 per cent ]  [ 15 per cent  t o 50 per cent ]  [ gr eat er  t han 50 per cent ]  passi ng 
t he 0. 075 mm si eve openi ng. Geot ext i l e used as a f i l t er  bel ow t he ACB shal l  
be a [ woven]  [ non- woven]  f abr i c,  and shal l  meet  t he r equi r ement s speci f i ed 
i n Tabl e 2.   The pr oper t y val ues ( except  f or  AOS)  r epr esent  mi ni mum aver age 
r ol l  val ues ( MARV)  i n t he weakest  pr i nci pal  di r ect i on.
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TABLE 2.  GEOTEXTI LE PHYSI CAL PROPERTI ES

PROPERTY TEST REQUI REMENT TEST METHOD

Gr ab Tensi l e,  N l bs. [ 700 160 nonwoven] ASTM D4632/ D4632M

[ 1100 250 woven]

Tear  St r engt h,  N l bs. [ 250 55 nonwoven] ASTM D4533/ D4533M

[ 400 90 woven]

Punct ur e St r engt h,  N l bs. [ 250 55 nonwoven] ASTM D4833/ D4833M

[ 400 90 woven]

Per mi t t i v i t y,  1/ sec [0.5] ASTM D4491/ D4491M

Appar ent  Openi ng Si ze,  µm 
U. S.  Si eve

[ 150 -  212] [ 70 -  100] ASTM D4751

Ul t r avi ol et  St abi l i t y [ 50 per cent ] ASTM D4355/ D4355M

2. 3   CABLE

2. 3. 1   I nst al l at i on Requi r ement s f or  Cabl e

Cabl e used f or  pr eassembl ed mat t r esses shal l  be suf f i c i ent l y s i zed and 
f ast ened f or  t he s i ze/ wei ght  of  t he assembl ed mat t r esses such t hat  t he 
assembl ed mat t r esses can be pl aced i n compl i ance wi t h OSHA st andar ds.   The 
manuf act ur er  shal l  be r esponsi bl e f or  det er mi ni ng t he mi ni mum cabl e 
st r engt h compat i bl e wi t h t he mat t r ess s i ze f or  saf e handl i ng.   Cabl e 
st r engt h shal l  be based on a mi ni mum f act or  of  saf et y of  5,  and i nc l ude 
appr opr i at e r educt i on f act or s f or  mechani cal l y cr i mped cabl e,  and ot her  
f ast ener s.   I f  appl i cabl e,  l oadi ng condi t i ons shal l  i ncl ude t he use of  a 
spr eader  bar  f or  pl aci ng t he mat t r esses.

2. 3. 2   Fast ener s Ot her  t han Cabl e

Any syst ems whi ch r el y on geot ext i l es ( or  ot her  f abr i c i nt egr al  wi t h t he 
mat t r ess)  t o mai nt ai n bl ock- t o- bl ock i nt er connect i on shal l  meet  t he 
appl i cabl e por t i ons of  t hi s speci f i cat i on f or  cabl es.   Geosynt het i cs 
st r engt h shal l  i ncl ude appr opr i at e f act or s of  saf et y,  wi t h par t i cul ar  
at t ent i on gi ven t o t he gr ab poi nt s.

2. 3. 3   Desi gn Requi r ement s f or  Cabl e

**************************************************************************
NOTE:  The desi gner  may need t o r esear ch 
sur vi vabi l i t y  of  cabl es i n t he envi r onment  wher e t he 
ACB wi l l  be pl aced.   The i nst al l at i on r equi r ement s 
f or  cabl e st r engt h usual l y gover n,  unl ess anchor s 
ar e used.

**************************************************************************

ACB' s t hat  r el y on cabl es t o mai nt ai n bl ock t o bl ock i nt er connect i on shal l  
use r opes manuf act ur ed f r om pol yest er ,  st ai nl ess st eel  wi r e,  or  gal vani zed 
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st eel  wi r e.   The cabl e shal l  have a mi ni mum br eaki ng st r engt h of  [ _____]  
pounds.   Pol yest er  r ope shal l  be const r uct ed of  hi gh t enaci t y,  l ow 
el ongat i ng,  cont i nuous f i l ament  pol yest er  f i ber s;  and shal l  consi st  of  a 
cor e const r uct i on compr i sed of  par al l el  f i ber s cont ai ned wi t hi n an out er  
j acket  or  cover .

2. 3. 4   Anchors

**************************************************************************
NOTE:   Anchor s r equi r e a cabl ed syst em.   Anchor s 
shoul d be used wi t h caut i on.   Cont r ol  of  mat t r ess 
upl i f t  may onl y be successf ul  f or  shor t  t er m,  l ow 
f r equency,  over l oad.   ACB mat t r esses t hat  ar e 
l ocal l y upl i f t ed,  wi t h or  wi t hout  anchor s,  may show 
si gni f i cant  subgr ade di st or t i on,  whi ch coul d be a 
pr ecur sor  t o f ai l ur e.   Anchor s spaced t hr oughout  t he 
r evet ment  al so r equi r e speci al  det ai l s  t o mai nt ai n 
i nt egr i t y of  t he geot ext i l e f i l t er .

Because anchor s ar e not  r equi r ed f or  t ypi cal  
i nst al l at i ons,  t hi s par agr aph may commonl y be 
del et ed.   Wher e anchor s ar e used f or  speci al i zed 
appl i cat i ons,  add r equi r ement s f or  anchor  mat er i al s,  
mi ni mum pr oper t y r equi r ement s,  and desi gn 
characteristics.

Dr awi ngs must  det ai l  l ocat i on and spaci ng of  anchor s.
**************************************************************************

Submi t  cal cul at i ons f or  t he anchor  pul l out  capaci t y.   Tabul at ed 
manuf act ur er ' s dat a i s accept abl e,  i f  t he embedment  soi l  condi t i ons ar e 
appl i cabl e t o t he pr oj ect  s i t e.   Anchor s shal l  be sel ect ed wi t h an ul t i mat e 
ver t i cal  pul l out  r esi st ance f or  t he pr oj ect  s i t e soi l  condi t i ons of  at  
l east  [ _____]  pounds.   Anchor s shal l  be capabl e of  bei ng at t ached di r ect l y 
t o t he ar t i cul at i ng concr et e bl ock mat  i n a manner  whi ch wi l l  achi eve 
l i t t l e or  no s l ack i n t he cabl e syst em or  gaps i n t he ar t i cul at i ng concr et e 
bl ock mat t r ess.   Anchor s shal l  be at t ached t o t he mat  i n such a manner  t hat  
t hey wi l l  not  be af f ect ed by t amper i ng or  vandal i sm.   Anchor s shal l  have 
t he capabi l i t y  of  bei ng l oad- t est ed t o t he speci f i ed pul l - out  capaci t y.

2. 4   VOI D FI LLER

2. 4. 1   Aggregate

**************************************************************************
NOTE:  Aggr egat e i s used bel ow t he nor mal  wat er  
l evel ,  or  wher e t ur f  can not  be est abl i shed.   
Depar t ment  of  Tr anspor t at i on speci f i cat i ons f or  r oad 
base aggr egat e have been used,  such as ASTM D1241,  
Gr adat i on B.

**************************************************************************

Aggr egat e f or  f i l l i ng t he voi ds i n t he bl ock shal l  meet  t he r equi r ement s of  
[_____].

2. 4. 2   Topsoi l  and Seed

Topsoi l  f or  f i l l i ng t he voi ds i n t he bl ock and seed f or  t ur f  est abl i shment  
shal l  meet  t he r equi r ement s of  Sect i on 32 92 19 SEEDI NG.
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PART 3   EXECUTI ON

3. 1   SUBGRADE PREPARATI ON

Pl ace t he ACB r evet ment  on undi st ur bed nat i ve soi l s,  or  accept abl y pl aced 
and compact ed f i l l .   Do not  pl ace t he ACB on sur f aces t hat  cont ai n mud,  
f r ost ,  or gani c soi l s ,  embankment  t hat  has not  met  compact i on r equi r ement s,  
or  wher e t he Cont r act i ng Of f i cer  det er mi nes t hat  unsat i sf act or y mat er i al  
r emai ns i n or  under  t he subgr ade.

3. 1. 1   Clearing

Al l  veget at i on shal l  be compl et el y r emoved as speci f i ed i n Sect i on [ 31 00 00
 EARTHWORK]  [ 31 11 00 CLEARI NG AND GRUBBI NG] .   Remai ni ng r oot s f r om t r ees 
and br ush shal l  be r emoved t o a dept h of  0. 3 met er s 1 f oot  bel ow t he 
subgr ade sur f ace.   Loose r oot s and t wi gs,  t ur f  c l ods,  st ones l ar ger  t han 13 
mm 1/ 2 i nch di amet er ,  and ot her  debr i s shal l  be r aked and r emoved f r om t he 
f i nal  sur f ace.   Ri l l s  and gul l i es f r om er osi on shal l  be cor r ect ed.

3. 1. 2   Bank Gr adi ng

Gr adi ng shal l  be f i ni shed t o a smoot h sur f ace,  t ypi cal  of  t hat  obt ai nabl e 
wi t h a dozer  and bl ade.   A r ough sur f ace t ypi cal l y  obt ai ned wi t h a backhoe 
or  dr agl i ne wi l l  not  be accept abl e,  except  when ACB pl acement  i n wat er  i s  
shown on t he dr awi ngs or  appr oved by t he Cont r act i ng Of f i cer .  [ When nat ur al  
shor el i nes r equi r e gr adi ng i n pr epar at i on f or  ACB i nst al l at i on,  t he bank 
st r at i f i cat i on shal l  be obser ved and document ed i n dai l y Cont r act or  Qual i t y 
Cont r ol  r epor t s.   Gr adi ng pr act i ces shal l  avoi d spr eadi ng f i ne gr ai ned 
soi l s over  mor e per vi ous soi l s,  par t i cul ar l y near  t he t oe of  s l opes.   I f  
i nadequat e mat er i al  i s  avai l abl e t o compl y wi t h t hi s r equi r ement ,  t he 
Cont r act i ng Of f i cer  shal l  be not i f i ed. ] .

3. 1. 3   Compact i on and Subgr ade Fi ni shi ng

[ Fi l l  soi l s  shal l  be compact ed t o t he speci f i ed densi t y i n Sect i on 31 00 00 
EARTHWORK. ]   I nc i dent al  gr adi ng ( wher e embankment  i s  not  ot her wi se 
speci f i ed)  shal l  be compact ed by heavy equi pment  or  by t ampi ng wi t h a 
bucket  t o a densi t y char act er i st i c  of  t he sur r oundi ng soi l s.   The f i nal  
sur f aces accessi bl e by compact i on equi pment  shal l  be compact ed wi t h a 
smoot h dr um r ol l er  or  v i br at or y pl at e t amper  unt i l  t her e i s no f ur t her  
evi dence of  consol i dat i on.   Wher e s l opes l i mi t  oper at i on of  compact i on 
equi pment ,  t he f i nal  sur f ace shal l  be back- dr agged t o a dense smoot h 
sur f ace wi t h bl aded equi pment .   Local i zed l oose or  sof t  zones shal l  be 
corrected.

3. 1. 4   Gr ade Tol er ances

The gr adi ng t ol er ance shal l  be wi t hi n 50 mm 2 i nches f r om t he pr escr i bed 
el evat i ons,  wi t h no abr upt  var i at i ons t hat  woul d cause unaccept abl e 
pr oj ect i ons of  i ndi v i dual  bl ocks.

3. 1. 5   Subgr ade Sur f ace Tol er ances

The subgr ade shal l  be mai nt ai ned i n a smoot h condi t i on bet ween i nst al l at i on 
of  t he geot ext i l e and t he bl ocks.   Wi ndr ows,  st ones,  c l ods of  cohesi ve 
soi l ,  and i r r egul ar i t i es shal l  be r aked smoot h.   Rut s,  r i l l s  and gul l i es 
r esul t i ng f r om t r af f i c ,  pr eci pi t at i on r unof f ,  gr oundwat er  seepage,  et c.  
shal l  be cor r ect ed pr i or  t o i nst al l at i on of  bl ocks.
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3. 2   GEOTEXTI LE I NSTALLATI ON

3. 2. 1   General

See " bl ock i nst al l at i on"  par agr aph f or  dr awi ng r equi r ement s.   The 
geot ext i l e shal l  be l ai d f l at  and smoot h so t hat  i t  i s  i n di r ect  cont act  
wi t h t he subgr ade.   The geot ext i l e shal l  be f r ee of  t ensi on,  f ol ds,  and 
wr i nkl es.   The number  of  seams and over l aps shal l  be mi ni mi zed by sel ect i ve 
or i ent at i on of  geot ext i l e panel s,  wi t hi n t he l i mi t at i ons of  mai nt ai ni ng a 
consi st ent  pat t er n.   Geot ext i l e shal l  be pl aced i mmedi at el y pr i or  t o bl ock 
i nst al l at i on,  i f  necessar y t o l i mi t  damage t o t he geot ext i l e f r om equi pment  
or  r epeat ed pedest r i an t r af f i c  and l i mi t  di st ur bance of  t he subgr ade f r om 
pr eci pi t at i on or  r unof f .

3. 2. 2   Geot ext i l e Seams

**************************************************************************
NOTE:   Sewn,  wel ded or  gl ued seams ar e desi r abl e f or  
shor el i ne pr ot ect i on ( or  wher e f l ow r ever sal  
occur s) .   Subst i t ut e t he f ol l owi ng f or  sewn seams:

Seams shal l  be cont i nuousl y sewn at  t he l ocat i ons 
shown on t he dr awi ngs.   The mi ni mum di st ance f r om 
t he geot ext i l e edge t o t he st i t ch l i ne near est  t o 
t hat  edge shal l  be 75 mm 3 i nches.   Seam st r engt h 
shal l  meet  t he mi ni mum r equi r ement s speci f i ed i n 
AASHTO M288 f or  a c l ass 2 geot ext i l e.   Qual i t y 
assur ance sampl es shal l  be t aken at  t he r equest  of  
t he Cont r act i ng Of f i cer .   The t hr ead at  t he end of  
each seam r un shal l  be t i ed of f  t o pr event  
unr avel i ng.   Seams shal l  be on t he t op s i de of  t he 
geot ext i l e t o al l ow i nspect i on.   Ski pped st i t ches or  
di scont i nui t i es shal l  be sewn wi t h an ext r a l i ne of  
st i t chi ng wi t h a mi ni mum of  450 mm 18 i nches of  
overlap.

Pi ns/ st apl es may not  be desi r abl e wher e f i l t r at i on 
i s cr i t i cal .

**************************************************************************

Seams shal l  be over l apped a mi ni mum of  450 mm 18 i nches.   Seams on s l opes 
and but t  end seams shal l  be shi ngl ed so t hat  r unof f  and channel  f l ow passes 
over  t he f abr i c.   Geot ext i l e panel s shal l  be secur ed bef or e bl ock pl acement  
by adequat e sandbags,  spar e bl ocks,  or  pi ns/ st apl es.

3. 3   BLOCK I NSTALLATI ON

Al l  pl acement  of  bl ocks shal l  be i n accor dance wi t h t he manuf act ur er ' s 
r ecommendat i ons and t he Cont r act or ' s appr oved shop dr awi ngs.   Submi t  
dr awi ngs showi ng det ai l s  of  t he ACB and Geot ext i l e I nst al l at i on,  i ncl udi ng 
t he bl ock l ayout  pat t er ns i n r el at i on t o t he f eat ur e al i gnment ,  ant i c i pat ed 
l ocat i ons of  cast - i n- pl ace concr et e j oi nt s,  mat t r ess j unct i on det ai l s ,  soi l  
anchors, and pr oposed i nst al l at i on met hods f or  voi d f i l l i ng mat er i al s.

3. 3. 1   Pl acement  of  Pr e- Assembl ed Mat t r esses

**************************************************************************
NOTE:  The spr eader  bar  may be del et ed wher e 
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t ol er ances ar e a mi nor  concer n.   The spr eader  bar  
may have associ at ed cost  when pl aci ng one end of  t he 
mat t r ess i n wat er ,  due t o wor k i n di sconnect i ng t he 
r i ggi ng on t he wet  end.

**************************************************************************

[ Pl acement  of  pr e- assembl ed mat t r esses shal l  be done wi t h mat t r esses 
at t ached t o a spr eader  bar  t o ai d i n l i f t i ng,  al i gni ng and pl aci ng t he 
mat t r esses.   ] The mat t r esses shal l  be pl aced di r ect l y i nt o posi t i on,  wi t h a 
maxi mum space or  gap bet ween mat t r esses of  75 mm 3 i nches i n excess of  t he 
nomi nal  j oi nt  spaci ng of  bl ocks wi t hi n t he mat t r ess.   Mat t r esses out  of  
al i gnment  shal l  be l i f t ed and r eset .   Mat t r esses shal l  not  be pushed or  
pul l ed l at er al l y  af t er  t hey ar e i n cont act  wi t h t he geot ext i l e.   No 
over l appi ng of  mat s wi l l  be accept ed and no bl ocks shal l  pr oj ect  ver t i cal l y  
mor e t han 25 mm 1 i nch beyond t he adj acent  bl ocks.   [ As adj acent  mat s ar e 
pl aced,  t hey shal l  be secur ed t o each ot her  by f ast eni ng t he pr ot r udi ng 
hor i zont al  and ver t i cal  cabl e connect i ons and end cabl e l oops t oget her  
al ong each si de of  t he mat s. ]

3. 3. 2   Hand Pl acement  of  I nt er l ocki ng Bl ocks

Space hand pl aced bl ocks t o maxi mi ze t he ACB abi l i t y  t o ar t i cul at e.   Use 
adequat e al i gnment  cont r ol ,  such as st r i ng l i nes,  t o keep t he bl ock pat t er n 
i n al i gnment  and t he j oi nt  spaci ng consi st ent  and uni f or m.   I ni t i al l y ,  no 
mor e t han t wo wor ki ng bl ock r ows shal l  pr ogr ess s i mul t aneousl y i n t he 
di r ect i on of  pl acement .   Addi t i onal  wor ki ng r ows may be added af t er  
exper i ence shows t hat  t r ue l i nes ar e mai nt ai ned.   The st ar t i ng posi t i on f or  
ACB pl acement  shal l  be a conveni ent  l ocat i on f or  cont r ol  of  t he bl ock 
pat t er n al i gnment .   The Cont r act i ng Of f i cer  shal l  appr ove of  t he st ar t i ng 
posi t i on f or  pl acement  of  t he ACB.

3. 3. 2. 1   Tar get  Joi nt  Spaci ng

I nt er l ocki ng bl ocks shal l  be i nst al l ed wi t h a uni f or m aper t ur e i n t he 
i nt er l ocki ng connect i ons.   The t ar get  j oi nt  spaci ng shal l  be neut r al l y  
spaced wi t h equal  f r ee- pl ay f or  t he j oi nt  t o open and cl ose.

3. 3. 2. 2   Cor r ect i on of  Joi nt  Spaci ng

I f  t he bl ock pat t er n becomes skewed t o an ext ent  t hat  bl ocks bi nd,  j oi nt s 
c l ose,  or  bl ocks st i ckup,  t hen t he pl aced ACB t hat  i s  det er mi ned t o be out  
of  t ol er ance shal l  be r emoved and r epl aced.   Wher e t he nonconf or mance of  
t he j oi nt  spaci ng i s due t o pr oj ect  f eat ur es,  such as war ped sl opes or  
anchor  t r enches,  t hen cast - i n- pl ace concr et e j oi nt s shal l  be f i el d l ocat ed 
i n concur r ence wi t h t he Cont r act i ng Of f i cer .

3. 3. 2. 3   Mai nt enance of  Joi nt  Spaci ng

I f  t he bl ock pat t er n becomes skewed t o an ext ent  t hat  t he j oi nt  f r eepl ay i s 
not  accept abl e t o t he Cont r act i ng Of f i cer ,  t hen cast - i n- pl ace concr et e 
j oi nt s shal l  be f i el d l ocat ed as di r ect ed by t he Cont r act i ng Of f i cer .

3. 3. 2. 4   Bl ock Layout  Pat t er n Dependent  on Pr oj ect  Feat ur es

I f  t he bl ock pat t er n i s shown t o be mai nt ai ned par al l el  and per pendi cul ar  
t o sel ect ed pr oj ect  f eat ur es,  such as t he cr est / t oe of  l evee/ channel  
s l opes,  t hen f i el d l ocat i on of  cast - i n- pl ace concr et e j oi nt s shal l  be 
i mpl ement ed as needed,  and as di r ect ed by t he Cont r act i ng Of f i cer .
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3. 3. 3   Tolerances

Maxi mum accept abl e bl ock pr oj ect i ons ( ver t i cal  of f set  f r om adj acent  bl ocks)  
f or  " i nst al l at i on i n t he dr y"  shal l  not  exceed  0. 5 i nches f or  i nt er l ocki ng 
blocks  25 mm 1. 0 i nch f or  cabl ed syst ems.   Typi cal  bl ock pr oj ect i ons shal l  
be l ess t han hal f  t he maxi mum pr oj ect i ons.

3. 4   ANCHORS

Anchor s shal l  be car ef ul l y  posi t i oned f or  at t achment  t o t he ar t i cul at i ng 
concr et e bl ock.   Ri gi d shaf t s shal l  al i gn wi t h t he ACB cabl es.   Fl exi bl e 
anchor s ( cabl es,  et c. )  shal l  be l i near  bet ween t he ACB f ast ener  and t he 
r est r ai ni ng devi ce bef or e t ensi oni ng.   Penet r at i ons i n t he geot ext i l e t o 
al l ow f or  penet r at i on of  t he anchor  shal l  be seal ed [ i n accor dance wi t h t he 
dr awi ng det ai l s ] .

3. 5   CONCRETE JOI NTS

3. 5. 1   Gener al  Requi r ement s

Use of  cast  i n pl ace concr et e j oi nt s shal l  be mi ni mi zed t o t he ext ent  
pr act i cabl e.   The Cont r act i ng Of f i cer  shal l  be i nf or med of  al l  concr et e 
j oi nt s not  shown on shop dr awi ngs pr i or  t o f i el d pl acement .   Joi nt s t hat  
shal l  r equi r e concr et e i ncl ude:

a.   Joi nt s bet ween cabl e t i ed mat t r esses wher e t he j oi nt  i s  75 mm 3 i nches 
wi der  t han t he nomi nal  j oi nt .

a.   Joi nt s wher e bl ock i nt er l ock i s di scont i nuous.

b.   Abut ment s wher e t he ACB meet s headwal l s,  pi pe penet r at i ons,  or  
sidewalks.

c.   Any ar eas wher e t her e ar e par t i al  bl ocks ( t o avoi d smal l  bl ocks wi t h 
r educed hydr aul i c st abi l i t y) .

Fi el d pl aced concr et e shal l  be pr opor t i oned f or  s i mi l ar  st r engt h and 
dur abi l i t y  pr oper t i es as t he ACB concr et e[ ,  and shal l  meet  appl i cabl e 
por t i ons of  Sect i on [ 03 30 00. 00 10 CAST- I N- PLACE CONCRETE]  [ 03 30 53 
MI SCELLANEOUS CAST- I N- PLACE CONCRETE] ] .   Al l  cabl e t i es and anchor i ng shal l  
be compl et ed pr i or  t o pl aci ng concr et e.

3. 5. 2   Abutments

The ACB shal l  abut  pi pe out l et s,  r et ai ni ng wal l s,  f l ood wal l s,  head wal l s,  
s i dewal ks,  and ot her  abut ment s i n a neat  appear ance.   Unl ess a speci f i c  
det ai l  i s  i ndi cat ed on t he dr awi ngs,  voi ds shal l  be f i l l ed wi t h par t i al  
bl ocks and t he gap shal l  be f i l l ed wi t h cast - i n- pl ace concr et e.   The 
concr et e shal l  be i nst al l ed f l ush wi t h t he sur f ace of  t he bl ocks,  and shal l  
be f l oat  f i ni shed.

3. 6   VOI D FI LLER AND SEEDI NG

**************************************************************************
NOTE:   Topsoi l  wi l l  consol i dat e i n t he voi ds.   
Over f i l l i ng above t he t op of  bl ock i s common t o 
i ncr ease t he t opsoi l  f i l l  l evel ,  but  may i ncr ease 
sedi ment at i on dur i ng t ur f  est abl i shment .
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Br oadcast  seedi ng of  ACB i s di f f i cul t  because i t  i s  
di f f i cul t  t o r ake t he seed i n.   Hydr oseedi ng of  ACB 
i s di f f i cul t  because of  channel i zat i on of  r unof f  and 
suscept i bi l i t y  of  t he voi d f i l l er  t o desi ccat i on.   
I n ar eas wher e est abl i shment  of  qual i t y  t ur f  i s  
i mpor t ant ,  i t  has been successf ul  t o bl end a r i ch 
mi xt ur e of  seed ( about  10 t i mes t he nor mal  
appl i cat i on r at e,  or  about  0. 5 t o 1 kg/ cubi c m 1 t o 
2 pounds per  cubi c yar d i nt o t he t opsoi l  pr i or  t o 
pl aci ng.   Wat er i ng dur i ng est abl i shment  i s  mor e 
cr i t i cal  t han t ypi cal  t ur f  due t o t he heat  
absor pt i on of  t he concr et e bl ocks and capi l l ar y 
br eak of  t he geot ext i l e.

**************************************************************************

The voi ds of  t he ar t i cul at i ng concr et e bl ock mat s shal l  be f i l l ed wi t h 
t opsoi l ,  except  t hat  voi ds bel ow t he nor mal  wat er  l evel  shal l  be f i l l ed 
wi t h aggr egat e voi d f i l l er .   Al l  cabl e t i es and anchor i ng shal l  be 
compl et ed pr i or  t o f i l l i ng voi ds.   Seedi ng and mai nt enance shal l  be 
compl et ed i n accor dance wi t h Sect i on 32 92 19 SEEDI NG.

3. 7   PROTECTI ON OF WORK

Wor k shal l  be pr ot ect ed agai nst  damage f r om subsequent  oper at i ons.   
Di spl aced or  br oken bl ocks shal l  be r emoved and r epl aced t o conf or m t o al l  
r equi r ement s of  t hi s sect i on.   Damaged mat er i al  shal l  not  be i ncor por at ed.   
Equi pment  shal l  not  be al l owed on t he ACB t hat  coul d cr ack,  cause abr asi on,  
or  ot her wi se damage t he bl ocks.   Vehi c l es shal l  not  oper at e di r ect l y on 
geot ext i l e,  except  t hat  r ubber  t i r ed vehi c l es may oper at e di r ect l y on shor t  
r eaches of  geot ext i l e t hat  meet s or  exceeds AASHTO M 288 sur vi vabi l i t y  
r equi r ement s f or  Cl ass 1 geot ext i l e,  i f  t her e i s no r ut t i ng,  i f  t he vehi c l e 
access i s necessar y t o accompl i sh t he wor k,  and i f  t he Cont r act i ng Of f i cer  
obser ves t he oper at i on and appr oves.   Vehi c l es shal l  not  oper at e on t he ACB 
unt i l  ( dur i ng or  af t er )  pl acement  of  voi d f i l l er .   Vehi c l e t r af f i c  on t he 
ACB shal l  be r est r i c t ed t o l i ght  wei ght  r ubber  t i r ed vehi c l es,  and wher e 
i nt er mi t t ent  access i s necessar y t o accompl i sh t he wor k.   Rout i ne haul  
r out es shal l  not  be est abl i shed on t he ACB.   These al l owances shal l  not  
wai ve t he Cont r act or ' s obl i gat i on t o mai nt ai n t he i nst al l at i on unt i l  
accept ance,  and ver i f y t hat  vehi c l e access does not  cr ack,  or  i n any way 
damage,  t he ACB.

3. 8   QUALI TY CONTROL TESTI NG

**************************************************************************
NOTE:   The manuf act ur er  shoul d have compl et ed 
s i mi l ar  t est i ng f or  i t ' s  own QC.   The f ol l owi ng 
t est i ng i s suggest ed as an accept ance check on a 
schedul e t ypi cal  f or  QA.   The suggest ed f r equency i s 
on t he or der  of  0. 5 per cent  of  const r uct i on cost .

**************************************************************************

The f ol l owi ng t est i ng shal l  be per f or med i ndependent  of  t he manuf act ur i ng 
pr ocess,  by an agency ot her  t han t he manuf act ur er .   The ACB bl ocks shal l  be 
sampl ed and t est ed f or  compr essi ve st r engt h,  wat er  absor pt i on and uni t  

wei ght .   The sampl e f r equency shal l  be 3 speci mens f or  each 2500 m2 3000 SY.   
Test  met hods shal l  be consi st ent  wi t h t hose speci f i ed i n PART 2 PRODUCTS.

       - -  End of  Sect i on - -
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