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STONE,  CHANNEL,  SHORELI NE/ COASTAL PROTECTI ON FOR STRUCTURES

11/ 23

PART 1   GENERAL

  1. 1   UNI T PRI CES
    1. 1. 1   [ Beddi ng] [  and ] [ Fi l t er ]  Layer ( s)
      1. 1. 1. 1   Payment
      1. 1. 1. 2   Measur ement
      1. 1. 1. 3   Uni t  of  Measur e
    1. 1. 2   [ Ri pr ap]  [ [ Manuf act ur ed]  Der r i ck St one]  [ Capst one]  [ Gr aded 

St one]  [ St one]  [ Beddi ng/ Mat t r ess St one]  [ Spl ash/ Fi l l  St one]  
[ Ar mor / Cover  St one]  [ Cor e/ Under l ayer / Scour  St one]

      1. 1. 2. 1   Payment
      1. 1. 2. 2   Measur ement
      1. 1. 2. 3   Uni t  of  Measur e
    1. 1. 3   [ Concr et e Gr out  f or  Gr out ed St one Pr ot ect i on]
      1. 1. 3. 1   Payment
      1. 1. 3. 2   Measur ement
      1. 1. 3. 3   Uni t  of  Measur e
    1. 1. 4   Beddi ng Sand
      1. 1. 4. 1   Payment
      1. 1. 4. 2   Measur ement
      1. 1. 4. 3   Uni t  of  Measur e
    1. 1. 5   Revet ment  Repai r s
      1. 1. 5. 1   Ear t hwor k,  Smal l  Repai r s
      1. 1. 5. 2   Ear t hwor k,  Lar ge Repai r s
      1. 1. 5. 3   Br eaki ng Out  Pavement
      1. 1. 5. 4   Beddi ng St one
      1. 1. 5. 5   [ [ 57] [ _____] - kg [ 125] [ _____] - Pound St one]  [ [ _____]  Ri pr ap]
      1. 1. 5. 6   [ Gr aded St one [ " A" ]  [ " B" ]  [ " C" ] ]  [ [ _____]  

[ St one] [ Ri pr ap] ] ,  Smal l  Repai r s
      1. 1. 5. 7   [ Gr aded St one [ " A" ]  [ " B" ]  [ " C" ] ]  [ [ _____]  

[ St one] [ Ri pr ap] ] ,  Lar ge Repai r s
      1. 1. 5. 8   St one Pl acement  Pr emi um
    1. 1. 6   Rewor ki ng and Ut i l i z i ng Exi st i ng St one Mat er i al s
      1. 1. 6. 1   Payment

SECTI ON 35 31 19  Page 1



      1. 1. 6. 2   Measur ement
      1. 1. 6. 3   Uni t  of  Measur e
  1. 2   REFERENCES
  1. 3   DEFI NI TI ONS
    1. 3. 1   Bank St abi l i zat i on
      1. 3. 1. 1   Revet ment s
      1. 3. 1. 2   Di kes
    1. 3. 2   St andar d Dr awi ngs
    1. 3. 3   St one Pr ot ect i on
    1. 3. 4   Ri pr ap
    1. 3. 5   Gr aded St one
    1. 3. 6   Channel  Pr ot ect i on
    1. 3. 7   Shor el i ne Pr ot ect i on
  1. 4   SYSTEM DESCRI PTI ON
    1. 4. 1   Fact or s Used f or  Conver t i ng I n- Pl ace Vol ume t o Wei ght s
      1. 4. 1. 1   Revi s i on of  Bi ddi ng Schedul e Quant i t i es
      1. 4. 1. 2   Re- r evi s i on of  Est i mat ed Quant i t i es
    1. 4. 2   Bul k Speci f i c  Gr avi t y of  St one and Redesi gn
  1. 5   SUBMI TTALS
  1. 6   QUALI TY ASSURANCE
    1. 6. 1   St one
      1. 6. 1. 1   Gener al
      1. 6. 1. 2   Sour ces
      1. 6. 1. 3   Eval uat i on Test i ng of  St one
      1. 6. 1. 4   Random Sampl i ng
    1. 6. 2   [ Concr et e Gr out  f or  St one Pr ot ect i on]
      1. 6. 2. 1   Gener al
      1. 6. 2. 2   Concr et e Gr out  Mi xt ur e Pr opor t i ons
      1. 6. 2. 3   Eval uat i on and Accept ance of  Gr out
  1. 7   REGULATORY REQUI REMENTS
  1. 8   CONSTRUCTI ON TOLERANCES

PART 2   PRODUCTS

  2. 1   BEDDI NG MATERI AL
    2. 1. 1   Gener al
    2. 1. 2   Mat er i al
  2. 2   FI LTER MATERI AL
  2. 3   [ BEDDI NG ] SAND [ FI LL] [ CUSHI ON LAYER]
  2. 4   STONE
    2. 4. 1   Gener al
      2. 4. 1. 1   Eval uat i on Test i ng of  St one
      2. 4. 1. 2   Quar r y Oper at i ons
      2. 4. 1. 3   Gr adat i on Test
      2. 4. 1. 4   Pr opor t i onal  Di mensi on Li mi t at i ons
      2. 4. 1. 5   [ Ri pr ap] [ St one] [ _____]  St ockpi l e
    2. 4. 2   Ri pr ap
    2. 4. 3   [ Ri pr ap] [ St one]  Pavi ng
    2. 4. 4   [ Manuf act ur ed ] Der r i ck St one
      2. 4. 4. 1   Gr out  f or  Manuf act ur ed Der r i ck St one
      2. 4. 4. 2   Epoxy Mat er i al s
    2. 4. 5   [ Capst one] [  and ] [ Der r i ck St one]
    2. 4. 6   Gr aded St one " A"
    2. 4. 7   Gr aded St one " B"
    2. 4. 8   Gr aded St one " C"
    2. 4. 9   57- kg 125- Pound St one
    2. 4. 10   [ Beddi ng/ Mat t r ess]  St one
    2. 4. 11   [ Cor e/ Under l ayer / Scour ]  St one
    2. 4. 12   [ Ar mor / Cover ]  St one
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    2. 4. 13   Spl ash/ Fi l l  St one
  2. 5   CONCRETE GROUT
    2. 5. 1   Cement i t i ous Mat er i al s
      2. 5. 1. 1   Por t l and Cement
      2. 5. 1. 2   Pozzol an
    2. 5. 2   Aggr egat es f or  Concr et e Gr out
    2. 5. 3   Admi xt ur es
    2. 5. 4   Cur i ng Mat er i al s
    2. 5. 5   Wat er
    2. 5. 6   Equi pment

PART 3   EXECUTI ON

  3. 1   DEMONSTRATI ON SECTI ON
    3. 1. 1   Met hods and Equi pment
    3. 1. 2   Demonst r at i on Sect i on Eval uat i on
    3. 1. 3   Removal  of  Demonst r at i on Sect i on
  3. 2   BASE PREPARATI ON
  3. 3   PLACEMENT OF BEDDI NG LAYERS
    3. 3. 1   Gener al
    3. 3. 2   Pl acement  of  Beddi ng Mat er i al  on Pr epar ed Base
  3. 4   PLACEMENT OF FI LTER LAYERS
    3. 4. 1   Gener al
    3. 4. 2   Geot ext i l e
    3. 4. 3   Pl acement  of  [ Fi l t er  Mat er i al ]  [ Sand Cushi on Layer ]  on 

Geot ext i l e
    3. 4. 4   Pl acement  of  Fi l t er  Mat er i al  on Pr epar ed Base
  3. 5   PLACEMENT OF RI PRAP
    3. 5. 1   Gener al
    3. 5. 2   Pl acement
      3. 5. 2. 1   Above Wat er
      3. 5. 2. 2   Under  Wat er
  3. 6   PLACEMENT OF GROUTED RI PRAP
    3. 6. 1   Gener al
    3. 6. 2   Pl acement
    3. 6. 3   Gr out i ng of  Ri pr ap
  3. 7   [ PLACEMENT OF RI PRAP PAVI NG STONE]
    3. 7. 1   Gener al
    3. 7. 2   Pl acement
  3. 8   [ PLACEMENT OF HAND- PLACED RI PRAP]
    3. 8. 1   Gener al
    3. 8. 2   Pl acement
  3. 9   [ PLACEMENT OF GROUTED HAND- PLACED RI PRAP]
    3. 9. 1   Gener al
    3. 9. 2   Pl acement
    3. 9. 3   Gr out i ng of  Hand- Pl aced Ri pr ap
  3. 10   [ PLACEMENT OF GROUTED RI PRAP PAVI NG]
    3. 10. 1   Gener al
    3. 10. 2   Pl acement
    3. 10. 3   Gr out i ng of  Ri pr ap Pavi ng
  3. 11   [ PLACEMENT OF [ DERRI CK STONE]  [ AND]  [ CAPSTONE] ]
    3. 11. 1   Gener al
    3. 11. 2   Pl acement
  3. 12   GROUTI NG OF STONE PROTECTI ON
    3. 12. 1   Pr oduci ng,  Conveyi ng and Pl aci ng of  Gr out
      3. 12. 1. 1   Pr oduci ng Gr out
      3. 12. 1. 2   Pr epar at i on f or  Pl aci ng
      3. 12. 1. 3   Conveyi ng and Pl aci ng
      3. 12. 1. 4   Col d- Weat her  Requi r ement s
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      3. 12. 1. 5   Hot  Weat her  Requi r ement s
    3. 12. 2   Cur i ng and Pr ot ect i on of  Gr out ed St one Pr ot ect i on
  3. 13   TRENCHFI LL REVETMENT,  BANK PAVI NG,  AND OUTLET DRAI NS
    3. 13. 1   Tr enchf i l l  Revet ment
    3. 13. 2   Bank Pavi ng
    3. 13. 3   Out l et  Dr ai ns
    3. 13. 4   Toe Tr ench Revet ment
      3. 13. 4. 1   Tr ench Fi l l
      3. 13. 4. 2   Upper  Sl ope Fi l l
      3. 13. 4. 3   Cr own Fi l l
      3. 13. 4. 4   Junct ur e Wi t h Ot her  Types of  Revet ment
      3. 13. 4. 5   I nt er mi t t ent  Repai r  of  t he Tr ench Fi l l  and Upper  Sl ope  

Ar ea of  Revet ment
    3. 13. 5   St one Fi l l  Revet ment
      3. 13. 5. 1   St one Fi l l
      3. 13. 5. 2   Junct ur e Wi t h Ot her  Types of  Revet ment
  3. 14   STONE REVETMENT,  STONEFI LL DI KES,  STONEROOTS,  AND JUNCTI ONS
    3. 14. 1   Excavat i on and Gr adi ng
    3. 14. 2   Const r uct i on Met hod
    3. 14. 3   Pl acement
    3. 14. 4   St oner oot s
    3. 14. 5   Junct i ons
  3. 15   CAPOUT AND REI NFORCEMENT
    3. 15. 1   Debr i s Removal
    3. 15. 2   Const r uct i on Met hod
    3. 15. 3   Pl acement
  3. 16   STONE DI KE
    3. 16. 1   Di ke St one Pl acement
    3. 16. 2   Pl acement  Cont r ol
      3. 16. 2. 1   Al i gnment  Cont r ol
      3. 16. 2. 2   Di st ance Cont r ol
      3. 16. 2. 3   Dept h Fi nder
      3. 16. 2. 4   Nonper mi t t ed Devi ces
      3. 16. 2. 5   Ski f f  or  Boat
    3. 16. 3   Longi t udi nal  St one Di ke Pl acement
  3. 17   CORRECTI VE EARTHWORK
    3. 17. 1   Gr adi ng
    3. 17. 2   Excavat i on i n Fai l ur e Ar eas
  3. 18   BREAKI NG OUT PAVEMENT
    3. 18. 1   Concr et e Br eakout
    3. 18. 2   Asphal t  Br eakout
    3. 18. 3   Removal  of  Dr i f t  and Cl ear i ng
    3. 18. 4   Pr epar at i on of  Subgr ade
  3. 19   STONE WORK
    3. 19. 1   Pl acement
      3. 19. 1. 1   Beddi ng Mat er i al
      3. 19. 1. 2   [ Ri pr ap]  [ St one]  Pavi ng
      3. 19. 1. 3   Over bank Pavi ng
      3. 19. 1. 4   St one Fi l l s
      3. 19. 1. 5   Over bank St one Spur s
      3. 19. 1. 6   St one Landwar d of  an Obst r uct i on
  3. 20   SLOPE DRESSI NG AND [ RI PRAP]  [ STONE]  PAVI NG
    3. 20. 1   Sl ope Dr essi ng
      3. 20. 1. 1   Gener al
      3. 20. 1. 2   Regr adi ng
      3. 20. 1. 3   Repai r s
    3. 20. 2   [ Ri pr ap]  [ St one]  Pavi ng
      3. 20. 2. 1   Gener al
      3. 20. 2. 2   St r i p Pavi ng
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      3. 20. 2. 3   Under wat er  Pavi ng
      3. 20. 2. 4   Pl acement
      3. 20. 2. 5   Connect i ons
      3. 20. 2. 6   Beddi ng Mat er i al
      3. 20. 2. 7   Exposed Fl anks
      3. 20. 2. 8   Di t ch Out l et s
  3. 21   DI KE REPAI RS
    3. 21. 1   Tol er ances
    3. 21. 2   Ear t hwor k
      3. 21. 2. 1   Gr adi ng
      3. 21. 2. 2   Key Tr ench
      3. 21. 2. 3   Di sposal  of  Mat er i al
      3. 21. 2. 4   St one Wor k
      3. 21. 2. 5   Pl acement  Cont r ol
  3. 22   PLACEMENT OF SHORELI NE PROTECTI ON
    3. 22. 1   Debr i s
    3. 22. 2   Li mi t at i ons of  Pl acement  Pr ocedur es
      3. 22. 2. 1   I nt er r upt i ons
      3. 22. 2. 2   Mat er i al  Pl acement  i n Advance
    3. 22. 3   Cor e/ Mat t r ess/ Beddi ng St one
    3. 22. 4   Ar mor / Cover / Ri pr ap St one
    3. 22. 5   Under l ayer  St one
    3. 22. 6   Scour / Ri pr ap St one
    3. 22. 7   Fi l l  St one
    3. 22. 8   Spl ash St one
    3. 22. 9   Fi t t ed Cap St one
    3. 22. 10   Sl i des
  3. 23   TESTS AND I NSPECTI ONS
    3. 23. 1   Concr et e Gr out
      3. 23. 1. 1   Gener al
      3. 23. 1. 2   Pr epar at i ons f or  Pl aci ng
      3. 23. 1. 3   Ai r  Cont ent
      3. 23. 1. 4   Sl ump
      3. 23. 1. 5   Pl aci ng
    3. 23. 2   Pr e- Pr oduct i on
      3. 23. 2. 1   Bul k Speci f i c  Gr avi t y
      3. 23. 2. 2   Mat er i al  Qual i t y
      3. 23. 2. 3   Bor der l i ne Mat er i al  Qual i t y
      3. 23. 2. 4   Demonst r at i on St ockpi l e at  Sour ce
      3. 23. 2. 5   Eval uat i on of  Demonst r at i on St ockpi l e at  Sour ce
      3. 23. 2. 6   Appr oval  of  Demonst r at i on St ockpi l e at  Sour ce
      3. 23. 2. 7   Dur at i on of  Demonst r at i on St ockpi l e at  Sour ce
    3. 23. 3   Pl acement  Cont r ol
      3. 23. 3. 1   Qual i t y Cont r ol  Measur es
      3. 23. 3. 2   Check Sur veys
    3. 23. 4   Beddi ng Layer s,  Fi l t er  Layer s,  and Sand Fi l l
      3. 23. 4. 1   Gener al
      3. 23. 4. 2   Repor t i ng
    3. 23. 5   [ Tr enchf i l l  Revet ment ,  Bank Pavi ng,  and Out l et  Dr ai ns
    3. 23. 6   [ St onef i l l  Revet ment  and St onef i l l  Di kes
    3. 23. 7   [ St one Di ke]
    3. 23. 8   [ Revet ment  Repai r s
    3. 23. 9   [ St one]  [ Ri pr ap]  Pavi ng
    3. 23. 10   Di ke Repai r s
    3. 23. 11   Gr adat i on Test s f or  St one
      3. 23. 11. 1   [ Gr adat i on Test  Met hod f or  Ri pr ap
      3. 23. 11. 2   [ St andar d Test  Met hod f or  Gr adat i on of  Quar r y Run St one 

or  St one Pavi ng]
      3. 23. 11. 3   St andar d Test  Met hod f or  Gr adat i on of  Ri pr ap,  Gr aded 

SECTI ON 35 31 19  Page 5



St one,  and [ _____]

ATTACHMENTS:

sour ces l i s t ed at  t he end of  t hi s sect i on

GRADATI ON TEST DATA SHEET

gr adat i on cur ve

- -  End of  Sect i on Tabl e of  Cont ent s - -
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USACE /  NAVFAC /  AFCEC UFGS- 35 31 19 ( November  2023)
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Pr epar i ng Act i v i t y:   USACE Super sedi ng
UFGS- 35 31 19 ( Januar y 2008)

UNI FI ED FACI LI TI ES GUI DE SPECI FI CATI ONS

Ref er ences ar e i n agr eement  wi t h UMRL dat ed Januar y 2024
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SECTI ON 35 31 19

STONE,  CHANNEL,  SHORELI NE/ COASTAL PROTECTI ON FOR STRUCTURES
11/ 23

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Thi s gui de speci f i cat i on cover s t he 
r equi r ement s f or  st one pr ot ect i on,  i ncl udi ng 
f oundat i on pr epar at i on,  beddi ng l ayer s and f i l t er s,  
f or  t he s l opes and bot t om of  channel s,  di t ches,  
st r uct ur es,  l ock appr oaches,  et c. ;  const r uct i ng 
t r enchf i l l  r evet ment ,  bank pavi ng,  and out l et  
dr ai ns;  st one r evet ment ,  st onef i l l  di kes,  
st oner oot s,  and j unct i ons;  const r uct i ng st one 
capout s and r evet ment  r ei nf or ci ng al ong t he r i ver ;  
r evet ment  r epai r s;  shor el i ne/ coast al  pr ot ect i on.   
Thi s sect i on was or i gi nal l y devel oped f or  USACE 
Ci vi l  Wor ks pr oj ect 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 
pr esent .

Fi el d adj ust ment s may be made at  t he di r ect i on of  
t he Cont r act i ng Of f i cer ' s Repr esent at i ve ( COR/ ACO)  
t o t he l ocat i on of  st one pl acement  t hat  do not  al t er  
t he desi gn i nt ent  or  pay quant i t i es.   Such f i el d 
adj ust ment s shoul d be document ed as t o t he 
j ust i f i cat i on,  l ocat i on,  and document at i on of  t he 
adj ust ment s shoul d be i ncl uded i n t he per manent  
Cont r act  Document at i on and As- Bui l t  dr awi ngs.   The 
Cont r act i ng Of f i cer  and Desi gner  of  Recor d shoul d be 
not i f i ed as soon as pr act i cabl e.

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 
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submi t t ed as a Cr i t er i a Change Request  ( CCR) .
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

PART 1   GENERAL

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   The EMs and ETLs r ef er enced i n t hi s gui de 
speci f i cat i on can be f ound on t he I nt er net  at  
ht t p: / / www. usace. ar my. mi l . i net / usace- docs.

To cl ar i f y t he di f f er ence bet ween St one Pr ot ect i on,  
Channel  Pr ot ect i on,  and Shor el i ne Pr ot ect i on,  t he 
f ol l owi ng def i ni t i ons ar e pr ovi ded.   St one 
Pr ot ect i on i s def i ned as a syst em whi ch i ncl udes a 
l ayer  of  beddi ng mat er i al  or  l ayer s of  f i l t er  
mat er i al  beneat h a l ayer  or  l ayer s of  r i pr ap.   St one 
pr ot ect i on i s pl aced ar ound st r uct ur es i n s l ack 
wat er  or  wi t hi n a dewat er ed si t e.   St one pr ot ect i on 
may al so be used t o pr ot ect  channel  banks when i t  i s  
pl aced i n t he dr y or  i n s l ack wat er .   Ri pr ap i s 
def i ned as a mat er i al  havi ng a gr adat i on band 
si mi l ar  t o t hose speci f i ed i n EM 1110- 2- 1601,  
Chapt er  3.   Channel  Pr ot ect i on i s st one pl aced i n a 
cur r ent  as r evet ment ,  di kes,  or  s l ope pavi ng wi t hout  
t he use of  a separ at e l ayer  of  beddi ng or  f i l t er  
mat er i al .   I n t hi s t ype of  envi r onment ,  beddi ng sand 
or  geot ext i l es and mat er i al s wi t h gr adat i on bands 
wi t h a t op s i ze of  150 mm 6 i nches wi l l  not  st ay 
wher e pl aced.   Shor el i ne Pr ot ect i on i s def i ned as a 
syst em of  beddi ng or  f i l t er  mat er i al s and st one used 
t o pr ot ect  coast l i nes of  l akes and oceans and f or  
har bor  pr ot ect i on.

Gr out ed r i pr ap shoul d onl y be used when t he quant i t y 
of  l ar ger  st one on a pr oj ect  i s  ver y smal l  and i n a 
noncr i t i cal  ar ea.   Al so,  gr out ed r i pr ap shoul d be 
consi der ed onl y when mi nor  set t l ement  i s expect ed i n 
t he f oundat i on,  pot ent i al  of  under mi ni ng i s ver y 
l ow,  and t he densi t y of  t he f i l l  mat er i al  i s  at  a 
mi ni mum of  95 per cent  St andar d Pr oct or .   Addi t i onal  
i nf or mat i on pr ovi ded i n ETL 1110- 2- 334.

EM 1110- 2- 2302,  Const r uct i on wi t h Lar ge St one,  
pr esent s cr i t er i a and gi ves gui dance f or  sel ect i on,  
eval uat i on,  and use of  l ar ge- st one mat er i al s i n 
const r uct i on.   Thi s document  al so r ef er ences ot her  
EM' s t hat  have addi t i onal  r el at ed gui dance f or  t he 
pr ot ect i on desi gn.   One addi t i onal  r ef er ence not  
l i s t ed i s EM 1110- 2- 1614,  Desi gn of  Coast al  
Revet ment s,  Seawal l s,  and Bul kheads.   However ,  t he 
qual i t y cr i t er i a speci f i ed i n t hi s document  was 
based upon a l i mi t ed r evi ew of  cr i t er i a bei ng used 
by Cor ps.   Qual i t y cr i t er i a t hat  i s  speci f i ed by a 
Di st r i ct  shoul d be t hat  whi ch has been sel ect ed t o 
be used on i t s pr oj ect s or  cr i t er i a speci f i ed by a 
Di v i s i on t o be used by t he Di st r i ct  t o meet  t he 
dur abi l i t y  r equi r ement s f or  t he pr oj ect  bei ng 
const r uct ed.
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" Ri pr ap Qual i t y Cr i t er i a i n St andar d Speci f i cat i on 
and Engi neer i ng and Gui dance" ,  Rock f or  Er osi on 
Cont r ol ,  ASTM STP 1177;  and TR- GL- 81- 8,  Eval uat i on 
of  Qual i t y and Per f or mance of  St one as Ri pr ap or  
Ar mor " ,  bot h suppor t  t he need t o per f or m f r eeze- t haw 
t est i ng by COE CRD- C 144 i nst ead of  ASTM 
pr ocedur es.   Al so,  bot h i ndi cat e t hat  soundness 
t est s and L. A.  Abr asi on t est s ar e of  l i mi t ed use 
when eval uat i ng Ri pr ap and Ar mor  St one.

NOTE:  The desi gnat i on of  t ypes of  mat er i al s ( sand,  
f i l t er ,  st one,  r i pr ap,  beddi ng,  et c.  shoul d be 
consi st ent  wi t h t he nomencl at ur e of  t he pr oj ect  and 
ent i t i es i nvol ved -  and def i ned wi t hi n PART 1 and/ or  
PART 2 of  t he Speci f i cat i on.   Such desi gnat i ons as 
" Type 1,  Type A,  must  be wel l - def i ned and 
consi st ent l y used i n or der  t o avoi d conf usi on and t o 
l i mi t  t he appar ent  number s of  di f f er ent  mat er i al s 
r equi r ed by t he Cont r act .   The desi gnat i ons bet ween 
t he def i ni t i ons i n t he Techni cal  Speci f i cat i on,  t he 
Dr awi ngs and t he Bi d Schedul e MUST BE CONSI STENT.

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

1. 1   UNI T PRI CES

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   I f  Sect i on 01 20 00 PRI CE AND PAYMENT 
PROCEDURES i s i ncl uded i n t he pr oj ect  
speci f i cat i ons,  t hi s par agr aph t i t l e ( UNI T PRI CES)  
shoul d be del et ed f r om t hi s sect i on and t he 
r emai ni ng appr opr i at el y edi t ed subpar agr aphs bel ow 
shoul d be i nser t ed i nt o Sect i on 01 20 00.

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

1. 1. 1   [ Beddi ng] [  and ] [ Fi l t er ]  Layer ( s)

1. 1. 1. 1   Payment

Payment  f or  gr avel ,  cr ushed st one,  and sand pl aced f or  beddi ng and/ or  
f i l t er  mat er i al  wi l l  be made at  t he appl i cabl e cont r act  uni t  pr i ces f or  
[ Sand " [ _____] " , ] [  and ] [ Gr avel  " [ _____] " , ] [  and ] [ Fi l t er  St one, ]  [ Beddi ng 
St one] .   Pr i ce( s)  and payment ( s)  i ncl ude al l  cost s of  f ur ni shi ng,  haul i ng,  
pl aci ng and mai nt ai ni ng t he beddi ng and/ or  f i l t er  mat er i al  unt i l  pl acement  
of  t he r i pr ap cover  i s compl et ed and accept ed.   Geot ext i l es used as 
f i l t er s wi l l  be pai d f or  i n accor dance wi t h pr ovi s i ons of  Sect i on [ 01 20 00
 PRI CE AND PAYMENT PROCEDURES] .   Pr epar at i on of  t he base wi l l  not  be pai d 
f or  separ at el y and al l  cost s i nci dent al  t her et o wi l l  be i ncl uded i n 
cont r act  pr i ces f or  ot her  i t ems f or  whi ch payment  wi l l  be made.   No 
payment  wi l l  be made f or  excess t hi ckness of  beddi ng and/ or  f i l t er  
mat er i al ,  nor  f or  mat er i al  r equi r ed t o r epl ace subgr ade mat er i al  l ost  by 
r ai nwash,  wi nd er osi on,  over excavat i on or  ot her wi se.

1. 1. 1. 2   Measur ement

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Al t er nat i ve 1.

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

[ [ Gr avel , ] [  cr ushed st one, ] [  and sand]  pl aced f or  beddi ng and/ or  f i l t er  
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l ayer s wi l l  be measur ed f or  payment  by t he t on ( met r i c)  t on.   Quant i t i es 
wi l l  be comput ed t o t he near est  whol e t on.   Gr avel ,  cr ushed st one,  and 
sand wi l l  be measur ed f or  payment ,  i n t he pr esence of  t he Cont r act i ng 
Of f i cer ,  by wei ghi ng on appr oved,  accur at el y cal i br at ed scal es f ur ni shed 
by and at  t he expense of  t he Cont r act or . [   The scal es must  be capabl e of  
pr i nt i ng a wei ght  t i cket  i ncl udi ng t i me,  dat e,  t r uck number ,  and wei ght . ]   
Wei ght  cer t i f i cat es f ur ni shed by a publ i c wei ghmast er  wi l l  be 
accept abl e. ]   Submi t  Wei gh Scal e Cer t i f i cat i on and Cer t i f i ed Wei ght  Scal e 
Ti cket s,  by a copy of  t he cer t i f i cat i on f r om t he r egul at i on agency,  
at t est i ng t o t he scal e' s accur acy and a copy of  each cer t i f i ed wei ght  
scal e t i cket  af t er  [ _____]  wor ki ng day( s)  af t er  wei ghi ng.

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Al t er nat e 2.

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

[ [ Gr avel , ] [  cr ushed st one, ] [  and sand]  pl aced f or  beddi ng and/ or  f i l t er  
l ayer s wi l l  be measur ed f or  payment  as t he vol ume det er mi ned by 
mul t i pl y i ng t he ar ea[ ,  as measur ed i n t he f i el d, ]  of  t he sur f ace on whi ch 
t he gr avel ,  cr ushed st one,  or  sand i s pl aced,  by t he t hi ckness measur ed 
per pendi cul ar  t o t he sur f ace of  t he gr avel ,  cr ushed st one,  or  sand as 
di mensi oned on t he cont r act  dr awi ngs. ]   Geot ext i l es used as f i l t er s wi l l  
be measur ed i n accor dance wi t h pr ovi s i ons of  Sect i on [ 01 20 00 PRI CE AND 
PAYMENT PROCEDURES] .   Pr epar at i on of  t he base wi l l  not  be measur ed f or  
payment .

1. 1. 1. 3   Uni t  of  Measur e

Uni t  of  measur e:  [ t on]  [ t on ( met r i c) ] [ cubi c yar d]  [ cubi c met er ] .

1. 1. 2   [ Ri pr ap]  [ [ Manuf act ur ed]  Der r i ck St one]  [ Capst one]  [ Gr aded St one]  
[ St one]  [ Beddi ng/ Mat t r ess St one]  [ Spl ash/ Fi l l  St one]  [ Ar mor / Cover  St one]  
[ Cor e/ Under l ayer / Scour  St one]

[ Due t o t he var i abl e nat ur e of  br oken concr et e or  const r uct i on debr i s,  i t  
i s  pr ohi bi t ed f or  st one channel ,  shor el i ne,  or  coast al  pr ot ect i on. ] [ _____]

1. 1. 2. 1   Payment

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Sel ect  t he f i r st  opt i onal  par agr aph f or  
Al t er nat e 1;  sel ect  t he second opt i onal  par agr aph 
f or  Al t er nat e 2a;  sel ect  t he l ast  opt i onal  par agr aph 
f or  Al t er nat e 2b.

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

[ Payment  f or  [ r i pr ap]  [ and]  [ st one]  sat i sf act or i l y  pl aced wi l l  be made at  
t he appl i cabl e cont r act  uni t  pr i ce f or  [ M[ _____]  R[ _____]  Ri pr ap, ]  [ Gr out ed
 M[ _____]  R[ _____]  Ri pr ap, ]  [ [ Manuf act ur ed]  Der r i ck St one, ]  [ and]  
[ Capst one, ]  [ St one, ]  [ Beddi ng/ Mat t r ess St one, ]  [ Spl ash/ Fi l l  St one, ]  
[ Ar mor / Cover  St one, ]  [ Cor e/ Under l ayer / Scour  St one] .   Pr i ce( s)  and 
payment ( s)  const i t ut e f ul l  compensat i on f or  f ur ni shi ng,  haul i ng,  handl i ng,  
pl aci ng,  and mai nt ai ni ng t he [ r i pr ap]  [ st one]  unt i l  f i nal  accept ance by 
t he Gover nment .   [ No separ at e payment  wi l l  be made f or  t he st ockpi l i ng of  
[ r i pr ap]  [ and]  [ st one] ,  and i ncl ude al l  cost  i n connect i on wi t h 
st ockpi l i ng i n t he Cont r act  Uni t  Pr i ce f or  [ r i pr ap]  [ and]  [ st one] . ] ]

[ Payment  f or  [ r i pr ap]  [ and]  [ st one]  sat i sf act or i l y  pl aced wi l l  be made at  
t he appl i cabl e cont r act  uni t  pr i ce f or  [ M[ _____]  R[ _____]  Ri pr ap, ]  [ Gr out ed
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 M[ _____]  R[ _____]  Ri pr ap, ]  [ [ Manuf act ur ed]  Der r i ck St one, ]  [ Capst one, ]  
[ St one, ]  [ Beddi ng/ Mat t r ess St one, ]  [ Spl ash/ Fi l l  St one, ]  [ Ar mor / Cover  
St one, ]  [ Cor e/ Under l ayer / Scour  St one] .   Pr i ce( s)  and payment ( s)  const i t ut e 
f ul l  compensat i on f or  f ur ni shi ng al l  pl ant ,  l abor ,  mat er i al s and equi pment  
and const r uct i ng t he st one pr ot ect i on i n t he wor k as speci f i ed.   [ No 
separ at e payment  wi l l  be made f or  t he st ockpi l i ng of  [ r i pr ap]  [ and]  
[ st one] ,  and i ncl ude al l  cost  i n connect i on wi t h st ockpi l i ng i n t he 
cont r act  uni t  pr i ce f or  [ r i pr ap]  [ and]  [ st one] . ] ]

[ Payment  f or  st one sat i sf act or i l y  pl aced i n const r uct i ng t he [ t r enchf i l l  
r evet ment , ]  [ st onef i l l  di kes, ]  [ st onef i l l  r evet ment s and j unct i ons, ]  
[ excl udi ng t r enchf i l l  r evet ment s,  wr ap- ar ound, ]  [ di ke capout s, ]  
[ r ei nf or cement s, ]  [ bank pavi ng, ]  and [ out l et  dr ai ns]  wi l l  be made at  t he 
cont r act  uni t  pr i ce f or  [ Gr aded St one [ " A" ]  [ " B" ]  [ and/ or ]  [ " C" ] ,  
[ 57] [ _____] - kg [ 125] [ _____] - pound st one] .   Pr i ce( s)  and payment ( s)  
const i t ut e f ul l  compensat i on f or  f ur ni shi ng al l  pl ant ,  l abor ,  st one,  and 
per f or mi ng al l  wor k necessar y i n pl aci ng t he st one i n const r uct i ng t he 
t r enchf i l l  r evet ment ,  bank pavi ng,  and dr ai nage st r uct ur es as speci f i ed 
her ei n or  shown on t he dr awi ngs.   Ful l  payment  f or  st one wi l l  not  be 
per mi t t ed unt i l  t r enchf i l l  bank pavi ng has been compl et ed i n a 
sat i sf act or y manner .   Twent y ( 20)  per cent  of  t he payment  f or  st one wi l l  be 
r et ai ned unt i l  bank pavi ng has been compl et ed i n a sat i sf act or y manner . ]

1. 1. 2. 2   Measur ement

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Al t er nat i ve 1.

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

[ [ Ri pr ap]  [ St one]  wi l l  be measur ed f or  payment  by t he t on ( met r i c)  t on.   
Quant i t i es wi l l  be comput ed t o t he near est  whol e t on. ]   [ [ Ri pr ap]  [ St one]  
wi l l  be measur ed f or  payment ,  i n t he pr esence of  t he Cont r act i ng Of f i cer ,  
by wei ghi ng on appr oved,  accur at el y cal i br at ed scal es f ur ni shed by and at  
t he expense of  t he Cont r act or . ] [   The scal es must  be capabl e of  pr i nt i ng a 
wei ght  t i cket  i ncl udi ng t i me,  dat e,  t r uck number ,  and wei ght . ] [   Wei ght   
cer t i f i cat es f ur ni shed by a publ i c wei ghmast er  wi l l  be accept abl e. ]

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Al t er nat i ve 2.

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

[ [ Ri pr ap]  [ and]  [ St one]  wi l l  be measur ed f or  payment  by t he t on ( met r i c)  
t on as det er mi ned by [ bar ge] [ vessel ]  di spl acement ,  [ cer t i f i ed r ai l r oad 
wei ght s, ]  wher e di r ect  pl acement  i nt o st r uct ur e( s)  i s pr act i cabl e,  or  by 
wei ghi ng by t he t r uckl oad on appr oved scal es meet i ng t he r equi r ement s of  
par agr aph TRUCKLOAD. ]

a.   Tr uckl oad.   Wei gh each t r uck l oad t o t he near est  0. 10 t on ( met r i c)  0. 1 
t on and t he f i nal  quant i t y r ounded t o t he near est  whol e t on.   Wei gh 
[ Ri pr ap]  [ and]  [ St one]  f or  payment  by wei ghi ng on appr oved scal es 
bef or e bei ng pl aced i n t he wor k.   Pr ovi de scal es of  suf f i c i ent  l engt h 
t o per mi t  s i mul t aneous wei ghi ng of  al l  axl e l oads and wi t h an accur acy 
wi t hi n 0. 2 per cent  t hr oughout  t he r ange of  t he scal es.   Ensur e t he 
scal e' s accur acy conf or ms t o t he appl i cabl e r equi r ement s of  NI ST HB 44 
and i s cer t i f i ed [ by an accept abl e scal es company r epr esent at i ve]  [ by 
an i nspect or  of  t he St at e I nspect i on Bur eau char ged wi t h scal es 
i nspect i on wi t hi n t he st at e i n whi ch t he pr oj ect  i s  l ocat ed]  pr i or  t o 
wei ghi ng any [ r i pr ap]  [ and]  [ st one] . [   Locat e t he scal es at  t he s i t e 
of  wor k. ] [   Ensur e t he scal es ar e capabl e of  pr i nt i ng a wei ght  t i cket  
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i ncl udi ng t i me,  dat e,  t r uck number ,  and wei ght . ] [   I f  commer ci al  
scal es ar e r eadi l y avai l abl e i n c l ose pr oxi mi t y ( wi t hi n [ _____] [ 16]  km 
[ _____] [ 10]  mi l es)  of  s i t e of  wor k,  t hey ar e t o be used wi t h t he 
appr oval  of  t he Cont r act i ng Of f i cer  and document at i on cer t i f y i ng t hat  
t he scal es meet  t he r equi r ement s of  t he speci f i cat i on ar e t o be 
pr ovi ded. ] [   Fur ni sh t he scal es and wei gh t he [ r i pr ap]  [ and]  [ st one]  
i n t he pr esence of  t he Cont r act i ng Of f i cer , [  who wi l l  r ead and r ecor d 
t he wei ght s t her eof ] [  who wi l l  cer t i f y t he cor r ect ness t her eof ] ] . [   
The Cont r act i ng Of f i cer  may el ect  t o accept  cer t i f i ed [ r ai l r oad 
wei ght s or ]  wei ght  cer t i f i cat es f ur ni shed by a publ i c wei ghmast er  i n 
l i eu of  scal e wei ght s at  t he j obsi t e. ] [   Quar r y wei ght s wi l l  not  be 
accept ed. ]   Scal es wi l l  be checked and cer t i f i ed bef or e haul i ng 
[ r i pr ap]  [ and]  [ st one]  [ and af t er  each [ 50 000] [ _____]  t ons ( met r i c)  
[ 50, 000] [ _____]  t ons i ncr ement  of  [ r i pr ap] [  and ] [ st one]  wei ghed under  
t hi s cont r act ] .

b.   [ Bar ge] [  or  vessel ]  Load

( 1)   I f  del i ver ed by [ bar ge] [  or  vessel ] ,  [ r i pr ap] [  and ] [ st one]  wi l l  
be measur ed f or  payment  by t he Cont r act i ng Of f i cer  by wei ght  
det er mi ned by [ bar ge] [ vessel ]  di spl acement .   Fur ni sh t he 
Cont r act i ng Of f i cer  a [ bar ge] [ vessel ]  di spl acement  t abl e not  l ess 
t han 10 wor k days pr i or  t o unl oadi ng t he [ r i pr ap] [  and ] [ st one]  
f r om any [ bar ge] [ vessel ] .   Submi t  each t abl e showi ng t he name 
and/ or  number  of  t he [ bar ge] [ vessel ]  owner ,  t he name of  t he 
f abr i cat or ,  and t he cer t i f i cat i on and dat e of  cer t i f i cat i on of  t he 
per son or  f i r m pr epar i ng t he t abl e.   Fur ni sh wi t h t he [ bar ge]  
[ vessel ]  di spl acement  t abl es a dr awi ng or  sket ch of  each 
[ bar ge] [ vessel ] ,  di mensi oned i n suf f i c i ent  det ai l  t o per mi t  
checki ng of  t he t abl es.   Show,  as a mi ni mum,  t he l engt h,  wi dt h,  
dept h of  t he [ bar ge] [ vessel ] ,  and di mensi ons of  t he r ake or  
r akes.   A per son or  f i r m cust omar i l y per f or mi ng t hi s f unct i on 
ot her  t han t he Cont r act or  must  cer t i f y t he accur acy of  each such 
t abl e.   Submi t  each t abl e cont ai ni ng,  i n par al l el  col umns,  t he 
f r eeboar d of  t he [ bar ge] [ vessel ]  i n met er s f eet  and t ent hs f r om 
zer o t o t he f ul l  dept h of  t he [ bar ge] [ vessel ]  and t he 
cor r espondi ng gr oss di spl acement  t o t he near est  t on.   Mar k each 
[ bar ge] [ vessel ]  sui t abl y wi t h [ t wo] [ t hr ee]  di spl acement  gagi ng 
l ocat i ons on each si de near  each end of  t he [ bar ge] [ vessel ] [  and 
t wo ami dshi ps on opposi t e s i des] .    Mar k each gagi ng l ocat i on by a 
l i ne per pendi cul ar  t o t he edge of  t he [ bar ge] [ vessel ] ,  100 mm 4 
i nches wi de and 300 mm 1 f oot  l ong,  on bot h t he deck and si de of  
t he [ bar ge] [ vessel ] [ and t wo ami d shi p on opposi t e s i des] .   Pr ovi de 
[ bar ges] [ vessel s]  wi t h r akes t hat  have t he di spl acement  gagi ng 
l i nes pl aced at  each cor ner  of  t he box sect i on bet ween t he r akes.   
I f  a [ bar ge] [ vessel ]  has a box end or  ends,  pl ace t he gagi ng 
l ocat i ons appr oxi mat el y 1200 mm 4 f eet  f r om t he box end( s) .   The 
f r eeboar d wi l l  be measur ed at  t he [ f our ] [ s i x]  gagi ng l ocat i ons and 
t he di spl acement  det er mi ned by t he use of  " STANDARD 
[ BARGE] [ VESSEL]  TABLES"  f r om t he aver age of  t hese measur ement s.   
The di spl acement  wi l l  be det er mi ned bef or e and af t er  bei ng 
unl oaded and t he di f f er ence bet ween t hese val ues i s t he quant i t y 
del i ver ed.   Submi t  t he Gagi ng Tabl e Dat a,  st one haul i ng vessel ,  
gagi ng t abl es[  and a copy of  t he dat a and cal cul at i ons used f or  
t he pr epar at i on of  t he t abl es] .   [ Load [ bar ges] [ vessel s]  so t hat  
t he r eadi ngs t aken at  t he gagi ng l ocat i ons do not  var y mor e t han 
450 mm 1. 5 f eet  por t  t o st ar boar d f or e and af t  and do not  var y 
mor e t han 150 mm 0. 5 f eet  por t  t o st ar boar d.   I f  such i s not  t he 
case,  t r i m t he car r i er  by shi f t i ng t he st one unt i l  t hi s l i mi t  i s  
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r eached,  bef or e t he measur ement  wi l l  be accept ed. ] [   Det er mi ne t he 
dr af t  f r om t he aver age of  al l  s i x r eadi ngs wei ght i ng t he r eadi ngs 
of  t he mi ddl e gage at  doubl e t hose of  t he end gages.   ( G1 + G2 + 
2xG3 + 2xG4 + G5 + G6)  di v i ded by 8 = aver age dr af t . ] [   Ensur e al l  
car r i er s used i n t r anspor t i ng st one ar e f r ee of  l eaks such as 
woul d r ender  accur at e gaugi ng di f f i cul t .   Pr ovi de f aci l i t i es f or  
i nspect i ng t he hol d of  each car r i er  t o det er mi ne whet her  l eakage 
i s occur r i ng.   Pr ovi de each car r i er  wi t h adequat e pumpi ng 
f aci l i t i es,  and i f  wat er  i s f ound t o be accumul at i ng i n t he hol d,  
pump t he car r i er  dr y bef or e each gagi ng,  bot h bef or e and af t er  
unl oadi ng. ]   [ Li ght eni ng by pumpi ng or  by t r ansf er  of  cr ew or  
suppl i es wi l l  not  be per mi t t ed whi l e st one i s bei ng t r ansf er r ed. ]   
[ Leave r ej ect ed [ r i pr ap]  [ st one]  [ _____]  and unaccept abl e mat er i al  
aboar d t he [ bar ge] [ vessel ]  unt i l  af t er  t he f i nal  r eadi ngs ar e 
t aken. ]  

( 2)   [ I f  [ bar ge] [ vessel ]  t abl es ar e f ur ni shed f or  f r esh wat er  and i f  
i t  i s  bel i eved t hat  [ bar ge] [ vessel ]  di spl acement  measur ement s made 
wi t hi n t he cont r act  l i mi t s of  t he wor k ar e bei ng t aken i n wat er  
t hat  has sal i ni t y,  t he Cont r act or  has t he opt i on of  obt ai ni ng 
wat er  sampl es and det er mi ni ng densi t i es or  uni t  wei ght s of  t hese 
sampl es.   Take t hese wat er  sampl es i n accor dance wi t h ASTM D3370 
( Pr act i ce A -  Gr ab Sampl es)  at  dept hs of  1200 and 2400 mm 4 and 8 
f eet  i n t he ar ea wher e measur ement s ar e made.   Per f or m wat er  
sampl i ng when t he [ bar ges] [ vessel s]  ar e measur ed f or  quant i t i es,  
bot h when f ul l y l oaded and when empt y.   Take wat er  sampl es,  as 
wi t nessed by t he Cont r act i ng Of f i cer ,  wi t h t he use of  " Pol ypr o"  
2000 ml  wat er  sampl er ,  or  equal .   Det er mi ne densi t i es as speci f i ed 
i n ASTM D1429 ( Met hod D- Hydr omet er  Met hod) .   Per f or m t est i ng f or  
t he Cont r act or  by a [ cer t i f i ed]  [ val i dat ed]  t est i ng l abor at or y,  
and ensur e t est  r esul t s ar e cer t i f i ed by t he l abor at or y.   Af t er  
r evi ew and appr oval  of  t he t est  r esul t s by t he Cont r act i ng 
Of f i cer ,  t he aver age of  t he densi t i es obt ai ned at  1200 and 2400 mm 
4 and 8 f eet  wi l l  be used as t he sui t abl e sal t  wat er  conver si on 

f act or .   I n al l  cal cul at i ons,  t he uni t  wei ght  of  1000 kN/ m3 62. 4 
pounds per  cubi c f oot  wi l l  be used f or  f r esh wat er . ]

c.   St ockpi l ed [ Ri pr ap]  [ St one]  [ _____] .   I f  t he Cont r act or  el ect s t o 
st ockpi l e [ r i pr ap]  [ st one]  [ _____]  [ on t he wor ksi t e]  [ or ]  [ of f s i t e] ,  
wei gh t he [ r i pr ap]  [ st one]  [ _____]  i mmedi at el y bef or e pl acement  by 
[ ei t her ] [ t he]  met hod descr i bed above.   [ [ Ri pr ap]  [ St one]  [ _____]  
pl aced i n t empor ar y st or age on t he wor ksi t e as speci f i ed i n par agr aph 
WORKSI TE STOCKPI LE wi l l  not  be r equi r ed t o be r e- wei ghed pr i or  t o 
pl acement . ]   [ I f  t he [ bar ge] [ vessel ]  di spl acement  met hod i s el ect ed,  a 
mi ni mum of  [ one- t hi r d t he t ot al  maxi mum di spl acement  of  t he 
[ bar ge] [ vessel ] ]  [ _____] [ 500]  t ons ( met r i c)  [ _____] [ 500]  t ons of  
[ r i pr ap]  [ st one]  [ _____]  i s r equi r ed on each [ bar ge] [ vessel ] . ]

( 1)   Det er mi nat i on of  Excess St one.   Al l  st one out si de t he l i mi t s and 
t ol er ances of  t he cr oss sect i ons of  t he st r uct ur e,  except  
var i at i ons so mi nor  as not  t o be measur abl e,  wi l l  be deduct ed f r om 
t he quant i t y of  new st one f or  whi ch payment  i s t o be made.   Wei ght  
of  excess st one wi l l  be det er mi ned f r om t he cr oss sect i ons 
obt ai ned by t he met hod pr ovi ded f or  i n par agr aph FI NAL SURVEYS,  on 
t he basi s t hat  t he cubi c met er s f eet  of  vol ume ( i ncl udi ng voi ds)  
f or  each t ype of  st one,  as l i s t ed i n t he Tabl e i n par agr aph 
FACTORS USED FOR CONVERTI NG I N PLACE VOLUME TO WEI GHT,  i s equal  t o 
one t on ( met r i c)  or  1000 kg one t on or  2, 000 pounds f or  t he bul k 
speci f i c  gr avi t y and per cent age of  voi ds shown.   I f  t he bul k 
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speci f i c  gr avi t y of  t he st one f ur ni shed or  t he per cent age of  voi ds 
i s ot her  t han as l i s t ed bel ow,  r ecomput e t he cubi c met er s f eet  of  
vol ume equal i ng 1000 kg 2, 000 pounds as descr i bed i n par agr aph 
REVI SI ONS OF BI DDI NG SCHEDULE QUANTI TI ES.   Shoul d any excess st one 
be di scl osed above t he t ol er ance l i ne as def i ned i n par agr aph 
TOLERANCES,  i t s vol ume wi l l  be comput ed by t he aver age end ar ea 
met hod,  based upon t he cr oss sect i on i n t he f ol l owi ng manner .   The 
aver age end ar ea of  excess st one above t he t ol er ance l i ne f or  t wo 
( 2)  successi ve cr oss sect i ons,  mul t i pl i ed by t he di st ance bet ween 
t he cr oss sect i ons wi l l  be accept ed as t he vol ume.   [ The 
Cont r act or  wi l l  not  be r equi r ed t o r emove such excess st one and 
deduct i ons f or  t he wei ght s t her eof  wi l l  be made f r om cont r act  
payment s f or  new st one.   ] I n addi t i on t o t he above,  deduct  st one,  
whi ch has been del i ver ed t o t he s i t e and has been l ost  or  wast ed 
or  ot her wi se not  pr oper l y i ncor por at ed i nt o t he f i nal  r equi r ed 
wor k,  f r om t he quant i t y f or  whi ch payment  i s t o be made.

( 2)   Fi nal  Sur veys.   Per f or m sur vey wor k and measur ement s r equi r ed f or  
det er mi nat i on of  excess vol ume comput at i ons f or  st one mat er i al s i n 
t he pr esence of  t he Cont r act i ng Of f i cer .   Not i f y t he Cont r act i ng 
Of f i cer  not  l ess t han 3 days i n advance of  each sur vey. [   I n t he 
event  of  unavai l abi l i t y  of  t he Cont r act i ng Of f i cer ,  per f or m t he 
sur vey and cer t i f y t o t he Cont r act i ng Of f i cer  t hat  i t  compl i es 
wi t h t he speci f i cat i ons. ]   Take cr oss sect i on sur veys 
per pendi cul ar  t o t he axi s of  t he st r uct ur es.   Take el evat i ons and 
soundi ngs on l i nes [ 8] [ _____]  m [ 25] [ _____]  f eet  apar t  measur i ng 
al ong t he st r uct ur e r ef er ence l i ne,  wi t h t he r eadi ngs at  1. 5- met er  
5- f oot  i nt er val s and at  br eaks i n t he gr ade al ong t he l i ne.   Ot her  
sur vey i nt er val s and r eadi ngs may be used i f  deemed appr opr i at e or  
advi sabl e by t he Gover nment ' s on- si t e r epr esent at i ve.   Addi t i onal  
cr oss sect i ons,  el evat i ons,  and soundi ngs may be t aken i f  
det er mi ned necessar y by t he Gover nment ' s on- si t e r epr esent at i ve.   
Det er mi nat i on of  quant i t i es wi l l  be made by t he Gover nment ' s 
on- si t e r epr esent at i ve and havi ng once been made,  wi l l  not  r eopen,  
except  on evi dence of  col l usi on,  f r aud or  obvi ous er r or .   Pr i or  t o 
per f or mi ng any wor k under  t hi s Sect i on,  coor di nat e al l  oper at i ons 
wi t h t he Gover nment ' s on- si t e r epr esent at i ve so t hat  excess vol ume 
sur veys wi l l  be made at  t he appr opr i at e t i me.   The sur veys made 
under  par agr aph CHECK SURVEYS may be used when deemed appr opr i at e 
by t he Gover nment ' s on- si t e r epr esent at i ve,  as par t  of  t he sur veys 
r equi r ed her ei n.   Base st one quant i t y comput at i ons ent i r el y upon 
wei ght s of  new st one as det er mi ned f r om car r i er  di spl acement  or  
cer t i f i ed scal e wei ght  t i cket s.   [ Exi st i ng st one pl aced i n l i eu of  
new st one f r om of f - s i t e sour ces i s excl uded f r om measur ement  and 
payment . ]

1. 1. 2. 3   Uni t  of  Measur e

Uni t  of  measur e:  [ t on ( met r i c) ] [ cubi c met er ]  [ t on] [ cubi c yar d] .

1. 1. 3   [ Concr et e Gr out  f or  Gr out ed St one Pr ot ect i on]

1. 1. 3. 1   Payment

Payment  wi l l  be made f or  cost  associ at ed wi t h concr et e gr out  f or  gr out ed 
st one pr ot ect i on,  whi ch i ncl udes f ul l  compensat i on f or  f ur ni shi ng al l  
pl ant ,  l abor ,  mat er i al ,  equi pment  and ot her  i t ems necessar y and i nci dent al  
t o t he compl et i on of  t he wor k.
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1. 1. 3. 2   Measur ement

Concr et e gr out  f or  gr out ed st one pr ot ect i on wi l l  be measur ed f or  payment  
based upon t he vol ume det er mi ned f r om t he cal cul at ed bat ch vol ume and t he 
number  of  mi xed bat ches del i ver ed t o t he s i t e and accept abl y pl aced i n t he 
wor k.

1. 1. 3. 3   Uni t  of  Measur e

Uni t  of  Measur e:  cubi c met er  cubi c yar d.

1. 1. 4   Beddi ng Sand

1. 1. 4. 1   Payment

Payment  f or  beddi ng sand wi l l  be made at  t he cont r act  uni t  pr i ce f or  
" Beddi ng Sand"  and const i t ut e f ul l  compensat i on f or  mat er i al  and pl acement  
of  beddi ng sand i n const r uct i ng dr ai nage st r uct ur es as speci f i ed her ei n.

1. 1. 4. 2   Measur ement

Measur e beddi ng sand f or  payment  by t he t on ( met r i c)  t on of  sand 
sat i sf act or i l y  i n- pl ace i n accor dance wi t h t he r equi r ement s f or  st one 
measur ement  i n par agr aph STONE.

1. 1. 4. 3   Uni t  of  Measur e

Uni t  of  measur e:  t on ( met r i c)  t on.

1. 1. 5   Revet ment  Repai r s

1. 1. 5. 1   Ear t hwor k,  Smal l  Repai r s

When l ess t han 8000 cubi c met er s 10, 000 cubi c yar ds of  ear t hwor k i s 
speci f i ed,  consi der  t he ear t hwor k as Ear t hwor k,  Smal l  Repai r s.

a.   Payment  wi l l  be made f or  cost s associ at ed wi t h gr adi ng and excavat i on,  
whi ch i ncl udes f ur ni shi ng al l  equi pment ,  l abor  and mat er i al s,  and 
per f or mi ng al l  c l ear i ng,  except  r ange cl ear i ng,  dr i f t  r emoval  and 
di sposal  of  debr i s;  gr adi ng and excavat i on;  di sposal  of  mat er i al  f r om 
gr adi ng,  whet her  or  not  used f or  f i l l ;  dr essi ng;  and al l  ot her  
oper at i ons i nci dent al  t her et o.

b.   Ear t hwor k,  Smal l  Repai r s wi l l  be measur ed f or  payment  based upon 
on- si t e sur veys,  t aken under  t he di r ect i on of  t he Gover nment  
Repr esent at i ve,  of  t he r equi r ed gr adi ng or  excavat i on ar eas pr i or  t o 
commencement  and on- si t e sur veys t aken af t er  compl et i on of  t he wor k.   
Al l  quant i t i es r emoved wi l l  be det er mi ned f r om t hese sur veys comput ed 
t o t he near est  cubi c met er  yar d.

c.   Uni t  of  measur e:   cubi c met er  yar d.

1. 1. 5. 2   Ear t hwor k,  Lar ge Repai r s

When 8000 cubi c met er s 10, 000 cubi c yar ds or  mor e of  ear t hwor k i s 
speci f i ed,  consi der  t he ear t hwor k as Ear t hwor k,  Lar ge Repai r s.

a.   Payment  wi l l  be made f or  cost s associ at ed wi t h gr adi ng and excavat i on,  
whi ch i ncl udes f ur ni shi ng al l  equi pment ,  l abor  and mat er i al s,  and 
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per f or mi ng al l  c l ear i ng,  except  r ange cl ear i ng,  dr i f t  r emoval  and 
di sposal  of  debr i s;  gr adi ng and excavat i on;  di sposal  of  mat er i al  f r om 
gr adi ng,  whet her  or  not  used f or  f i l l ;  dr essi ng;  and al l  ot her  
oper at i ons i nci dent al  t her et o.

b.   Ear t hwor k,  Lar ge Repai r s wi l l  be measur ed f or  payment  based upon 
on- si t e sur veys,  t aken under  t he di r ect i on of  t he Gover nment  
Repr esent at i ve,  of  t he r equi r ed gr adi ng or  excavat i on ar eas pr i or  t o 
commencement  and af t er  compl et i on of  t he wor k.   Al l  quant i t i es r emoved 
wi l l  be det er mi ned f r om t hese sur veys comput ed t o t he near est  cubi c 
met er  yar d.

c.   Uni t  of  measur e:   cubi c met er  yar d.

1. 1. 5. 3   Br eaki ng Out  Pavement

a.   Payment  wi l l  be made f or  cost s associ at ed wi t h br eaki ng out  asphal t  
and/ or  concr et e pavement ,  whi ch i ncl udes f ur ni shi ng al l  mat er i al ,  
equi pment  and l abor  f or  br eaki ng out  pavement ,  br eaki ng concr et e or  
asphal t  i nt o t he r equi r ed si zes,  and usi ng t he br oken pavement  as f i l l  
wher e r equi r ed,  di sposi ng of  any excess mat er i al ,  and per f or mi ng al l  
wor k i nci dent al  t her et o.   Br oken concr et e or  asphal t  i s  pr ohi bi t ed as 
par t  of  t he desi gned st r uct ur e.   No payment  wi l l  be made f or  br eakout  
i n t hose ar eas wher e onl y r est or at i on or  dr essi ng of  subgr ade i s 
necessar y.

b.   Br eaki ng Out  Pavement  wi l l  be measur ed f or  payment  based upon t he 
number  of  squar e met er s f eet  br oken out ,  comput ed t o t he near est  1/ 10 
squar e met er  1/ 100 squar e f oot .

c.   Uni t  of  measur e:   squar e met er  f eet .

1. 1. 5. 4   Beddi ng St one

a.   Payment  wi l l  be made f or  cost s associ at ed wi t h Beddi ng St one 
sat i sf act or i l y  pl aced,  whi ch i ncl udes f ur ni shi ng al l  mat er i al ,  
equi pment ,  and l abor ;  pl aci ng t he st one,  i ncl udi ng over bank pavi ng and 
st one f i l l s ;  dr essi ng of  subgr ade;  and per f or mi ng ot her  wor k 
i nci dent al  t her et o,  except  t hat  st one used i n over bank pavi ng,  
over bank st one spur ,  or  st one l andwar d of  an obst r uct i on wi l l  be pai d 
f or  under  pay i t em " St one Pl acement  Pr emi um" .

b.   Beddi ng St one wi l l  be measur ed f or  payment  based upon t he quant i t i es 
of  st one sat i sf act or i l y  pl aced.

c.   Uni t  of  measur e:  t on ( met r i c)  t on.

1. 1. 5. 5   [ [ 57] [ _____] - kg [ 125] [ _____] - Pound St one]  [ [ _____]  Ri pr ap]

a.   [ Payment  wi l l  be made f or  cost s associ at ed wi t h [ 57] [ _____] - kg 
[ 125] [ _____] - Pound St one]  [ [ _____]  Ri pr ap]  sat i sf act or i l y  pl aced,  
whi ch i ncl udes f ur ni shi ng al l  mat er i al ,  equi pment ,  and l abor ;  pl aci ng 
t he st one,  i ncl udi ng over bank pavi ng and st one f i l l s ;  dr essi ng of  
subgr ade;  and per f or mi ng ot her  wor k i nci dent al  t her et o,  except  t hat  
st one used i n over bank pavi ng,  over bank st one spur ,  or  st one l andwar d 
of  an obst r uct i on wi l l  be pai d f or  under  pay i t em " St one Pl acement  
Pr emi um" .

b.   [ [ 57] [ _____] - kg [ 125]  [ _____] - Pound st one]  [ [ _____]  Ri pr ap]  wi l l  be 
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measur ed f or  payment  based upon t he quant i t i es of  st one sat i sf act or i l y  
pl aced.

c.   Uni t  of  measur e:  t on ( met r i c)  t on.

1. 1. 5. 6   [ Gr aded St one [ " A" ]  [ " B" ]  [ " C" ] ]  [ [ _____]  [ St one] [ Ri pr ap] ] ,  Smal l  
Repai r s

a.   Payment  wi l l  be made f or  cost s associ at ed wi t h [ Gr aded St one [ " A" ]  
[ " B" ]  [ " C" ] ]  [ [ _____]  [ St one] [ Ri pr ap] ] ,  Smal l  Repai r s,  sat i sf act or i l y  
pl aced,  whi ch i ncl udes f ur ni shi ng al l  mat er i al ,  equi pment ,  and l abor ;  
pl aci ng t he st one,  i ncl udi ng over bank pavi ng and st one f i l l s ;  dr essi ng 
of  subgr ade;  and per f or mi ng ot her  wor k i nci dent al  t her et o,  except  t hat  
st one used i n over bank pavi ng,  over bank st one spur ,  or  st one l andwar d 
of  an obst r uct i on wi l l  be pai d f or  under  pay i t em " St one Pl acement  
Pr emi um" .

b.   [ Gr aded St one [ " A" ]  [ " B" ]  [ " C" ] ]  [ [ _____]  [ St one] [ Ri pr ap] ] ,  Smal l  
Repai r s,  wi l l  be measur ed f or  payment  based upon t he quant i t i es of  
st one sat i sf act or i l y  pl aced.

c.   Uni t  of  measur e:  t on ( met r i c)  t on.

1. 1. 5. 7   [ Gr aded St one [ " A" ]  [ " B" ]  [ " C" ] ]  [ [ _____]  [ St one] [ Ri pr ap] ] ,  Lar ge 
Repai r s

a.   Payment  wi l l  be made f or  cost s associ at ed wi t h [ Gr aded St one [ " A" ]  
[ " B" ]  [ " C" ] ]  [ [ _____]  [ St one] [ Ri pr ap] ] ,  Lar ge Repai r s,  sat i sf act or i l y  
pl aced,  whi ch i ncl udes f ur ni shi ng al l  mat er i al ,  equi pment ,  and l abor ;  
pl aci ng t he st one,  i ncl udi ng over bank pavi ng and st one f i l l s ;  dr essi ng 
of  subgr ade;  and per f or mi ng ot her  wor k i nci dent al  t her et o,  except  t hat  
st one used i n over bank pavi ng,  over bank st one spur ,  or  st one l andwar d 
of  an obst r uct i on wi l l  be pai d f or  under  pay i t em " St one Pl acement  
Pr emi um" .

b.   [ Gr aded St one [ " A" ]  [ " B" ]  [ " C" ] ]  [ [ _____]  [ St one] [ Ri pr ap] ] ,  Lar ge 
Repai r s,  wi l l  be measur ed f or  payment  based upon t he quant i t i es of  
st one sat i sf act or i l y  pl aced.

c.   Uni t  of  measur e:  t on ( met r i c)  t on.

1. 1. 5. 8   St one Pl acement  Pr emi um

a.   A pr emi um payment  wi l l  be made f or  cost s associ at ed wi t h [ Cr ushed 
St one] [ [ 57] [ _____] - kg [ 125] [ _____] - Pound]  [ Ri pr ap] [ St one] [ Gr aded St one 
A,  Smal l  Repai r s] [ Gr aded St one A,  Lar ge Repai r s]  sat i sf act or i l y  pl aced 
i n over bank pavi ng,  over bank st one spur ,  or  st one l andwar d of  an 
obst r uct i on sat i sf act or i l y  const r uct ed or  r epai r ed,  whi ch i ncl udes 
f ur ni shi ng al l  mat er i al ,  equi pment ,  and l abor ;  pr epar i ng t he subgr ade;  
haul i ng or  r ehandl i ng st one;  shapi ng spur s t o t he l i nes and gr ades 
speci f i ed;  and per f or mi ng ot her  wor k i nci dent al  t her et o.

b.   St one Pl acement  Pr emi um wi l l  be measur ed f or  payment  based upon t he 
quant i t i es of  st one sat i sf act or i l y  pl aced.

c.   Uni t  of  measur e:  t on ( met r i c)  t on.
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1. 1. 6   Rewor ki ng and Ut i l i z i ng Exi st i ng St one Mat er i al s

1. 1. 6. 1   Payment

Payment  f or  r ewor ki ng exi st i ng st one mat er i al s and ut i l i z i ng exi st i ng 
st one i n l i eu of  r equi r ed mat er i al s f r om of f - s i t e sour ces wi l l  be pai d f or  
separ at el y f r om const r uct i on ut i l i z i ng mat er i al s obt ai ned f r om of f - s i t e 
sour ces.   [ Speci f i cat i ons per t ai ni ng t o const r uct i on wi t h exi st i ng onsi t e 
mat er i al s ar e i ncl uded i n Sect i on 31 00 00 EARTHWORK f or  Si t e Pr epar at i on. ]

1. 1. 6. 2   Measur ement

Rewor ki ng and Ut i l i z i ng Exi st i ng St one Mat er i al s wi l l  be measur ed f or  
payment  based upon [ _____] [ [ cubi c] [ squar e]  met er s [ cubi c yar ds] [ squar e 
f eet ] of  sur f ace ar ea of  exi st i ng pr ot ect i on] .

1. 1. 6. 3   Uni t  of  Measur e

Uni t  of  measur e:  [ t on ( met r i c) ] [ squar e met er ]  [ t on] [ squar e f oot ] .

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 si 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 CONCRETE I NSTI TUTE ( ACI )

ACI  305R ( 2020)  Gui de t o Hot  Weat her  Concr et i ng

ASTM I NTERNATI ONAL ( ASTM)

ASTM C31/ C31M ( 2023)  St andar d Pr act i ce f or  Maki ng and 
Cur i ng Concr et e Test  Speci mens i n t he Fi el d

ASTM C33/ C33M ( 2023)  St andar d Speci f i cat i on f or  Concr et e 
Aggr egat es
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ASTM C39/ C39M ( 2023)  St andar d Test  Met hod f or  
Compr essi ve St r engt h of  Cyl i ndr i cal  
Concr et e Speci mens

ASTM C94/ C94M ( 2023)  St andar d Speci f i cat i on f or  
Ready- Mi xed Concr et e

ASTM C127 ( 2015)  St andar d Test  Met hod f or  Densi t y,  
Rel at i ve Densi t y ( Speci f i c  Gr avi t y) ,  and 
Absor pt i on of  Coar se Aggr egat e

ASTM C136/ C136M ( 2019)  St andar d Test  Met hod f or  Si eve 
Anal ysi s of  Fi ne and Coar se Aggr egat es

ASTM C143/ C143M ( 2020)  St andar d Test  Met hod f or  Sl ump of  
Hydr aul i c- Cement  Concr et e

ASTM C150/ C150M ( 2022)  St andar d Speci f i cat i on f or  Por t l and 
Cement

ASTM C171 ( 2020)  St andar d Speci f i cat i on f or  Sheet  
Mat er i al s f or  Cur i ng Concr et e

ASTM C172/ C172M ( 2017)  St andar d Pr act i ce f or  Sampl i ng 
Fr eshl y Mi xed Concr et e

ASTM C231/ C231M ( 2022)  St andar d Test  Met hod f or  Ai r  
Cont ent  of  Fr eshl y Mi xed Concr et e by t he 
Pr essur e Met hod

ASTM C260/ C260M ( 2010a;  R 2016)  St andar d Speci f i cat i on f or  
Ai r - Ent r ai ni ng Admi xt ur es f or  Concr et e

ASTM C295/ C295M ( 2019)  St andar d Gui de f or  Pet r ogr aphi c 
Exami nat i on of  Aggr egat es f or  Concr et e

ASTM C309 ( 2019)  St andar d Speci f i cat i on f or  Li qui d 
Membr ane- For mi ng Compounds f or  Cur i ng 
Concr et e

ASTM C476 ( 2023)  St andar d Speci f i cat i on f or  Gr out  
f or  Masonr y

ASTM C494/ C494M ( 2019;  E 2022)  St andar d Speci f i cat i on f or  
Chemi cal  Admi xt ur es f or  Concr et e

ASTM C618 ( 2023;  E 2023)  St andar d Speci f i cat i on f or  
Coal  Fl y Ash and Raw or  Cal c i ned Nat ur al  
Pozzol an f or  Use i n Concr et e

ASTM C685/ C685M ( 2017)  St andar d Speci f i cat i on f or  Concr et e 
Made by Vol umet r i c Bat chi ng and Cont i nuous 
Mi xi ng

ASTM C881/ C881M ( 2020a)  St andar d Speci f i cat i on f or  
Epoxy- Resi n- Base Bondi ng Syst ems f or  
Concr et e

ASTM D75/ D75M ( 2019)  St andar d Pr act i ce f or  Sampl i ng 
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Aggr egat es

ASTM D1429 ( 2013)  Speci f i c  Gr avi t y of  Wat er  and Br i ne

ASTM D2487 ( 2017;  E 2020)  St andar d Pr act i ce f or  
Cl assi f i cat i on of  Soi l s f or  Engi neer i ng 
Pur poses ( Uni f i ed Soi l  Cl assi f i cat i on 
Syst em)

ASTM D3370 ( 2018)  St andar d Pr act i ces f or  Sampl i ng 
Wat er  f r om Fl owi ng Pr ocess St r eams

ASTM D3740 ( 2019)  Mi ni mum Requi r ement s f or  Agenci es 
Engaged i n t he Test i ng and/ or  I nspect i on 
of  Soi l  and Rock as Used i n Engi neer i ng 
Desi gn and Const r uct i on

ASTM D4791 ( 2019)  Fl at  Par t i c l es,  El ongat ed 
Par t i c l es,  or  Fl at  and El ongat ed Par t i c l es 
i n Coar se Aggr egat e

ASTM D4992 ( 2014;  E 2015)  Eval uat i on of  Rock t o be 
Used f or  Er osi on Cont r ol

ASTM D5312/ D5312M ( 2012;  R 2013)  Eval uat i on of  Dur abi l i t y  of  
Rock f or  Er osi on Cont r ol  Under  Fr eezi ng 
and Thawi ng Condi t i ons

ASTM D5313/ D5313M ( 2012;  R 2013)  Eval uat i on of  Dur abi l i t y  of  
Rock f or  Er osi on Cont r ol  Under  Wet t i ng and 
Dr yi ng Condi t i ons

ASTM D5519 ( 2015)  Par t i c l e Si ze Anal ysi s of  Nat ur al  
and Man- Made Ri pr ap Mat er i al s

NATI ONAL I NSTI TUTE OF STANDARDS AND TECHNOLOGY ( NI ST)

NI ST HB 44 ( 2018)  Speci f i cat i ons,  Tol er ances,  and 
Ot her  Techni cal  Requi r ement s f or  Wei ghi ng 
and Measur i ng Devi ces

U. S.  ARMY CORPS OF ENGI NEERS ( USACE)

COE CRD- C 144 ( 1992)  St andar d Test  Met hod f or  Resi st ance 
of  Rock t o Fr eezi ng and Thawi ng

COE CRD- C 148 ( 1969)  Met hod of  Test i ng St one f or  
Expansi ve Br eakdown on Soaki ng i n Et hyl ene 
Gl ycol

COE CRD- C 400 ( 1963)  Requi r ement s f or  Wat er  f or  Use i n 
Mi xi ng or  Cur i ng Concr et e

EM 1110- 2- 1601 ( 1991;  1994 Change 1)  Engi neer i ng and 
Desi gn - -  Hydr aul i c Desi gn of  Fl ood 
Cont r ol  Channel s

EM 1110- 2- 1906 ( 1970;  1986 Change 2)  Engi neer i ng and 
Desi gn - -  Labor at or y Soi l s Test i ng
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1. 3   DEFI NI TI ONS

1. 3. 1   Bank St abi l i zat i on

Thi s par agr aph expl ai ns cer t ai n t er mi nol ogy whi ch i s common t o 
const r uct i on of  bank st abi l i zat i on wor k on t he [ _____]  and whi ch may not  
be sel f  expl anat or y i n t he subsequent  appl i cabl e pr ovi s i ons of  t he 
t echni cal  speci f i cat i ons and on t he dr awi ngs.

1. 3. 1. 1   Revet ment s

The t er m " r evet ment "  appl i es t o var i ous t ypes of  st abi l i zat i on st r uct ur es 
t hat  ar e const r uct ed al ong t he r i ver  appr oxi mat el y par al l el  t o t he 
cur r ent .   The r evet ment s ar e const r uct ed of  st one or  pi l i ng.

1. 3. 1. 2   Di kes

The t er m " di ke"  appl i es t o t he t ypes of  st abi l i zat i on st r uct ur es t hat  ar e 
const r uct ed al ong t he r i ver  at  an angl e t o t he cur r ent .   The di kes ar e 
const r uct ed of  st one or  pi l i ng.

1. 3. 2   St andar d Dr awi ngs

Det ai l s of  var i ous t ypes of  st r uct ur es i n gener al  use on t he [ _____]  ar e 
shown on st andar d dr awi ngs f or mi ng a par t  of  t hese speci f i cat i ons.

1. 3. 3   St one Pr ot ect i on

St one Pr ot ect i on i s def i ned as a syst em whi ch i ncl udes a l ayer  of  beddi ng 
mat er i al  or  l ayer s of  f i l t er  mat er i al  beneat h a l ayer  or  l ayer s of  
r i pr ap.   St one pr ot ect i on i s pl aced ar ound st r uct ur es i n s l ack wat er  or  
wi t hi n a dewat er ed si t e.   St one pr ot ect i on may al so be used t o pr ot ect  
channel  banks when i t  i s  pl aced i n t he dr y or  i n s l ack wat er .

1. 3. 4   Ri pr ap

Ri pr ap i s def i ned as a mat er i al  havi ng a gr adat i on band si mi l ar  t o t hose 
speci f i ed i n EM 1110- 2- 1601,  Chapt er  3,  uni f or m gr aded mat er i al .   Ri pr ap 
i s nor mal l y pr oduced by mechani cal  met hods,  wi t h a j aw cr usher  and gr i zzl y 
af t er  t he st one has been mi ned by bl ast i ng i n a quar r y.   Ri pr ap gr adat i ons 
have a maxi mum t op si ze of  3. 5 t ons.

1. 3. 5   Gr aded St one

Gr aded St one i s def i ned as mat er i al  wi t h gr adat i ons t hat  ar e pr oduced by 
t he mi ni ng t echni que and mi ni mal  addi t i onal  pr ocessi ng ot her  t han t he use 
of  a skel et on bucket  or  a bar  gr i zzl y.   The gr adat i on band have mor e f i nes 
t han r i pr ap and have gr adat i ons wi t h t op s i ze up t o  3. 5 t ons and coul d be 
cl assi f i ed as bei ng wel l  gr aded.

1. 3. 6   Channel  Pr ot ect i on

Channel  pr ot ect i on i s st one pl aced i n a cur r ent  as r evet ment ,  di kes,  or  
s l ope pavi ng wi t hout  t he use of  a separ at e l ayer  of  beddi ng or  f i l t er  
mat er i al .   I n t hi s t ype of  envi r onment ,  beddi ng sand or  geot ext i l es and 
mat er i al s wi t h gr adat i on bands wi t h a t op s i ze of  150 mm ( 6 i nches)  wi l l  
not  st ay wher e pl aced.
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1. 3. 7   Shor el i ne Pr ot ect i on

Shor el i ne Pr ot ect i on i s def i ned as a syst em of  beddi ng or  f i l t er  mat er i al s 
and st one used t o pr ot ect  coast l i nes of  l akes and oceans and f or  har bor  
pr ot ect i on.

1. 4   SYSTEM DESCRI PTI ON

1. 4. 1   Fact or s Used f or  Conver t i ng I n- Pl ace Vol ume t o Wei ght s

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   I nser t  val ues f r om t he desi gn r epor t  i n t he 
f ol l owi ng t abl e.

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

The f ol l owi ng f act or s wer e used i n conver t i ng t he i n- pl ace vol ume t o t he 
quant i t i es shown i n t he BI DDI NG SCHEDULE.

BULK STONE
MATERI AL

SPECI FI C
GRAVI TY ( SSD)

PERCENT
VOI DS

CUBI C METERSFEET OF VOLUME PER METRI C TON
I NCLUDI NG COMPENSATI ON VOI DS ( For  Excess

Quant i t y Cal cul at i ons)

Mat t r ess [ _____] [ _____] [ _____]

Beddi ng [ _____] [ _____] [ _____]

Cor e [ _____] [ _____] [ _____]

Under l ayer [ _____] [ _____] [ _____]

Cover [ _____] [ _____] [ _____]

Ar mor [ _____] [ _____] [ _____]

Ri pr ap [ _____] [ _____] [ _____]

Scour [ _____] [ _____] [ _____]

Fi l l [ _____] [ _____] [ _____]

1. 4. 1. 1   Revi s i on of  Bi ddi ng Schedul e Quant i t i es

The est i mat ed quant i t i es of  st one l i s t ed i n t he BI DDI NG SCHEDULE wer e 
comput ed on t he basi s of  st one havi ng a per cent age of  voi ds and a bul k 
speci f i c  gr avi t y ( sat ur at ed sur f ace dr y ( SSD)  basi s)  as shown i n t he above 
t abl e based on wat er  havi ng a uni t  wei ght  of  1000 kg per  cubi c met er  62. 4 
pounds per  cubi c f oot .   When t he bul k speci f i c  gr avi t y ( SSD)  of  t he st one 
t o be used i n t he wor k i s ot her  t han t hat  shown i n t he above t abl e,  t he 
est i mat ed quant i t i es wi l l  be r evi sed by mul t i pl y i ng t hem by t he f r act i on 
whi ch r esul t s when t he bul k speci f i c  gr avi t y ( SSD)  of  t he st one f ur ni shed 
i s di v i ded by t he val ue shown i n t he above t abl e f or  each r espect i ve st one 
gr adat i on.   Revi s i on f or  t he per cent age of  voi ds wi l l  l i kewi se be made.   
The Cont r act i ng Of f i cer  wi l l  i ssue a modi f i cat i on t o t he cont r act  i n 
accor dance wi t h FAR 52. 243- 4 Changes,   t o adj ust  t he est i mat ed quant i t i es 
i n t he BI DDI NG SCHEDULE.   The r evi sed quant i t i es wi l l  t hen be t he 
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quant i t i es f r om whi ch t he al l owabl e f i f t een per cent  ( 15 per cent )  var i at i on 
i n est i mat ed quant i t y,  f or  payment  pur poses,  wi l l  be det er mi ned as def i ned 
i n FAR 52. 211- 18 Var i at i on i n Est i mat ed Quant i t y.

1. 4. 1. 2   Re- r evi s i on of  Est i mat ed Quant i t i es

I f  dur i ng t he pr ogr ess of  t he wor k i t  i s  det er mi ned t hat  t he del i ver ed 
st one act ual l y pl aced has a per cent age of  voi ds or  a bul k speci f i c  gr avi t y 
r ange di f f er ent  f r om t hat  on whi ch t he BI DDI NG SCHEDULE i s based,  t he 
BI DDI NG SCHEDULE wi l l  be f ur t her  r evi sed i n accor dance wi t h par agr aph 
REVI SI ON OF BI DDI NG SCHEDULE QUANTI TI ES.

1. 4. 2   Bul k Speci f i c  Gr avi t y of  St one and Redesi gn

I f  t he Cont r act or ,  af t er  awar d of  t he cont r act ,  r equest s appr oval  of  st one 
f r om a sour ce( s)  whi ch has a r ange of  bul k speci f i c  gr avi t y ( SSD) ,  whose 
l i mi t s ar e l ower  or  hi gher  t han t he speci f i ed desi gn r ange of  [ 2. 5 t o 2. 9]  
[ _____]  as speci f i ed i n par agr aph MATERI AL QUALI TY,  consi der at i on wi l l  be 
gi ven t o r evi s i ng t he pr oj ect  desi gn t hr ough modi f i cat i on of  t he desi gn 
r ange under  t he f ol l owi ng condi t i ons:

a.   The modi f i cat i on of  t he speci f i ed desi gn r ange wi l l  r esul t  i n a 
savi ngs t o t he Gover nment .   Such savi ngs ar e not  subj ect  t o FAR 48 
Val ue Engi neer i ng.

b.   Onl y one ( 1)  such pr oposal  f or  modi f i cat i on wi l l  be al l owed.   I n 
addi t i on,  do not  ext end t he r equi r ed compl et i on t i me mor e t han [ t hi r t y 
( 30]  [ _____]  cal endar  days as a r esul t  of  r edesi gn f or  any r eason,  
i ncl udi ng act s of  t he Gover nment .

c.   The modi f i ed desi gn r ange of  bul k speci f i c  gr avi t y ( SSD)  t o be used 
must  not  have a l ower  l i mi t  of  l ess t han [ 2. 30]  [ _____]  nor  hi gher  
t han [ 3. 50]  [ _____] .

d.   The st one sect i ons of  t he r equi r ed st r uct ur e ar e t o be r edesi gned by 
t he Gover nment .   Such r edesi gn wi l l  be based upon t he Cont r act or ' s 
pr oposed modi f i cat i ons t o t he speci f i ed desi gn r ange of  bul k speci f i c  
gr avi t y ( SSD)  and wi l l  i ncl ude any r equi r ed r evi s i ons t o al l owabl e 
t ol er ances.   Onl y one such r edesi gn wi l l  be made.   A char ge of  
[ $5, 000]  [ $_____]  wi l l  be assessed t he Cont r act or  whet her  t he r edesi gn 
i s used or  not .

( 1)   The above r edesi gn wi l l  be made upon wr i t t en r equest  f r om t he 
Cont r act or .   St at e t he pr oposed modi f i ed desi gn r ange of  bul k 
speci f i c  gr avi t y ( SSD) .   Wi t h t he r equest ,  submi t  r ecor ds of  
l abor at or y t est s per f or med on t he pr oposed st one sour ce( s)  
i ndi cat i ng t he r ange of  bul k speci f i c  gr avi t y ( SSD)  of  t he st one 
sour ce( s) .   Ensur e t he l abor at or y t est s ar e per f or med by a 
Gover nment  val i dat ed commer ci al  l abor at or y.

( 2)   The Gover nment  i s al l owed a per i od of  [ t went y- one ( 21) ]  [ _____]  
cal endar  days af t er  r ecei pt  of  t he r equest  t o make t he r edesi gn.   
The r edesi gn wi l l  be made based upon t he l ower  l i mi t  of  t he 
pr oposed modi f i ed desi gn r ange of  bul k speci f i c  gr avi t y ( SSD)  
f ur ni shed.

( 3)   Upon compl et i on,  r edesi gn wi l l  be f ur ni shed t o t he Cont r act or ,  
i ncl udi ng r evi sed est i mat ed quant i t i es f or  t he BI DDI NG SCHEDULE,  
based upon t he aver age bul k speci f i c  gr avi t y ( SSD)  of  t he pr oposed 
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modi f i ed desi gn.

( 4)   Upon r ecei pt  of  t he r edesi gn,  make a f or mal  pr oposal  t o modi f y 
t he al l owabl e r ange and t o per f or m t he wor k i n accor dance wi t h t he 
r edesi gn,  wi t hi n f i f t een ( 15)  cal endar  days af t er  r ecei pt  of  t he 
Gover nment ' s r edesi gn;  i f  t he Cont r act or  pr oposes t o ut i l i ze st one 
havi ng a speci f i c  gr avi t y out si de of  t he speci f i c  desi gn r ange,  
and as a r esul t  t her eof ,  t he Gover nment  pr ovi des t he Cont r act or  
wi t h a r edesi gn.   I ncl ude a st at ement  of  t he di r ect  savi ngs t o t he 
Gover nment  and a t abul at i on i n t he f or m of  a r evi sed BI DDI NG 
SCHEDULE showi ng unchanged uni t  pr i ces f or  t he r evi sed quant i t i es.

e.   Submi t  any pr oposal  t o modi f y t he speci f i ed desi gn r ange wi t hi n 
f i f t een ( 15)  cal endar  days af t er  r ecei pt  of  t he Gover nment ' s r edesi gn 
and i ncl ude a st at ement  as t o t he savi ngs whi ch wi l l  r esul t  f r om t he 
modi f i cat i on.   I f  a f or mal  pr oposal  i s  not  submi t t ed wi t hi n t he t i me 
l i mi t ,  per f or m t he wor k i n accor dance wi t h t he speci f i ed desi gn,  i n 
whi ch case use of  st one havi ng a bul k speci f i c  gr avi t y ( SSD)  l ess t han 
t he speci f i ed desi gn r ange i s not  al l owed.

f .   The st at ement  of  savi ngs must  be i n t he f or m of  a pr oposed r evi sed 
BI DDI NG SCHEDULE showi ng unchanged uni t  pr i ces f or  t he r evi sed 
quant i t i es.

g.   I f  t he Cont r act or  el ect s t o per f or m t he wor k i n accor dance wi t h t he 
r edesi gn,  t he est i mat ed quant i t i es t o be shown i n t he BI DDI NG SCHEDULE 
wi l l  be t he quant i t i es der i ved f r om t he Gover nment ' s r edesi gn.   See 
t he above par agr aph REVI SI ON OF BI DDI NG SCHEDULE QUANTI TI ES.

1. 5   SUBMI TTALS

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
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 ,  and cor r espondi ng submi t t al  
i t ems i n t he t ext ,  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 cl assi f i 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  Ar my pr oj ect s,  f i l l  i n t he empt y br acket s 
f ol l owi ng t he " G"  c l assi f i cat i on,  wi t h a code of  up 
t o t hr ee char act er s 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 ct  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 ct  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 
or Ai r  For ce pr oj ect s.

The " S"  c l assi f i cat i on i ndi cat es submi t t al s r equi r ed 
as pr oof  of  compl i ance f or  sust ai nabi l i t y  Gui di ng 

SECTI ON 35 31 19  Page 24



Pr i nci pl es Val i dat i on or  Thi r d Par t y Cer t i f i cat i on 
and as descr i bed i n Sect i on 01 33 00 SUBMI TTAL 
PROCEDURES.

Choose t he f i r st  br acket ed i t em f or  Navy and Ai r  
For ce 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"  or  " S"  
c l assi f i cat i on.   Submi t t al s not  havi ng a " G"  or  " S"  c l assi f i cat i on ar e 
[ f or  Cont r act or  Qual i t y Cont r ol  appr oval . ] [ f or  i nf or mat i on onl y.   When 
used,  a code f ol l owi ng t he " G"  c l assi f i cat 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 he f ol l owi ng i n 
accor dance wi t h Sect i on 01 33 00 SUBMI TTAL PROCEDURES:

SD- 03 Pr oduct  Dat a

Ri pr ap;  G[ ,  [ _____] ]

Fi l t er  Mat er i al ;  G[ ,  [ _____] ]

Beddi ng Mat er i al ;  G[ ,  [ _____] ]

Ready- Mi xed Concr et e Gr out

Conveyi ng and Pl aci ng

Admi xt ur es

Cur i ng Mat er i al s

Bat chi ng and Mi xi ng Equi pment

Gagi ng Tabl e Dat a

[ Manuf act ur ed ] Der r i ck St one;  G[ ,  [ _____] ]

Concr et e Gr out  Mi xt ur e Pr opor t i ons;  G[ ,  [ _____] ]

Bul k Speci f i c  Gr avi t y of  St one and Redesi gn;  G[ ,  [ _____] ]

SD- 04 Sampl es

St one;  G[ ,  [ _____] ]

SD- 06 Test  Repor t s

Gr adat i on Test

Eval uat i on Test i ng of  St one

Beddi ng Mat er i al

Bul k Speci f i c  Gr avi t y

SD- 07 Cer t i f i cat es

St one

SECTI ON 35 31 19  Page 25



Beddi ng Mat er i al

Fi l t er  Mat er i al

Labor at or y;  G[ ,  [ _____] ]

Wei gh Scal e Cer t i f i cat i on

Cer t i f i ed Wei ght  Scal e Ti cket s

1. 6   QUALI TY ASSURANCE

1. 6. 1   St one

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   For  cont r act s havi ng a shor t  dur at i on or  
awar ded f or  emer gency r epai r ,  t her e wi l l  be 
i nsuf f i c i ent  t i me t o al l ow a Cont r act or  t o pr opose 
an unl i st ed sour ce and have i t  eval uat ed;  t her ef or e,  
t he br acket ed sent ences i n par agr aph STONE,  
subpar agr aphs SOURCES and EVALUATI ON TESTI NG,  shoul d 
be del et ed.

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

Submi t  sui t abl e st one sampl es pr i or  t o del i ver y of  any such mat er i al  t o 
t he wor ksi t e i f  st one i s not  f r om one of  t he st one sour ces l i s t ed at  t he 
end of  t hi s sect i on.

1. 6. 1. 1   Gener al

Al l  st one must  be dur abl e mat er i al  as appr oved by t he Cont r act i ng Of f i cer .  
[ Sel ect ed st one f r om t he r equi r ed excavat i on may be used i f  i t  sat i sf i es 
al l  r equi r ement s as t o qual i t y and di mensi ons. ]   I n case an unl i st ed 
sour ce i s t o be used,  show t hat  an adequat e quant i t y of  mat er i al  i s  
avai l abl e and pr ovi de qual i t y t est  dat a. [   Unl i st ed sour ces necessi t at e an 
eval uat i on by t he Cont r act i ng Of f i cer  t o det er mi ne t hei r  accept abi l i t y  
based upon a combi nat i on of  l abor at or y t est  r esul t s,  pr i or  use i n pr oj ect s 
of  a s i mi l ar  s i ze and scope,  and a s i t e i nspect i on by a Gover nment  
geol ogi st . ]   Pr ovi de st one of  a sui t abl e qual i t y t o ensur e per manence i n 
t he st r uct ur e and i n t he c l i mat e i n whi ch i t  i s  t o be used.   Ensur e st one 
i s f r ee f r om cr acks,  bl ast  f r act ur es,  beddi ng,  seams and ot her  def ect s or  
di scont i nui t i es t hat  woul d t end t o i ncr ease i t s det er i or at i on f r om nat ur al  
causes. [   I nspect  f or  di scont i nui t i es,  cr acks,  f r act ur es,  seams and 
def ect s by v i sual  exami nat i on.   I f ,  by v i sual  exami nat i on,  i t  i s  
det er mi ned t hat  [ 10] [ 20]  per cent  or  mor e of  t he st one pr oduced cont ai ns 
s i gni f i cant  hai r l i ne cr acks,  t hen r ej ect  al l  s t one pr oduced by t he means 
and measur es whi ch caused t he f r act ur es. ]   A hai r l i ne cr ack t hat  i s 
def i ned as bei ng det r i ment al  must  have a mi ni mum wi dt h of  0. 1 mm 4 mi l  and 
cont i nuous f or  one- t hi r d t he di mensi on of  at  l east  t wo si des of  t he 
st one.   [ Pr ovi de st one t hat  i s c l ean and r easonabl y f r ee f r om soi l ,  quar r y 
f i nes,  and cont ai ns no r ef use. ]   [ Pr ovi de st one t hat  i s c l ean and 
adequat el y f r ee f r om al l  f or ei gn mat t er .   Remove any f or ei gn mat er i al  
adher i ng t o or  combi ned wi t h t he st one as a r esul t  of  st ockpi l i ng pr i or  t o 
pl acement . ]

1. 6. 1. 2   Sour ces

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
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NOTE:   A speci al  t est  t hat  coul d be used t o eval uat e 
t he abr asi on r esi st ance of  t he r i pr ap i s COE CRD- C 
63,  Abr asi on- Er osi on Resi st ance of  Concr et e.   Assume 
t hat  an Abr asi on- Er osi on Loss,   per cent  by Mass of  
appr oxi mat el y 4 i s equal  t o an L. A.  Abr asi on of  20 
per cent  f or  a cher t  aggr egat e,  and 8 i s equal  t o an 
L. A.  Abr asi on of  20 per cent  f or  l i mest one.

The number  of  wor k days speci f i ed i n t hi s par agr aph 
ar e based on t he assumpt i on t hat  t o t ent at i vel y 
appr ove t he use of  a sour ce under  a s i ngl e cont r act  
r equi r es dat a f or  uni t  wei ght ,  absor pt i on,  and 
pet r ogr aphi c anal ysi s of  t he st one.   A mi ni mum of  80 
wor k days woul d be r equi r ed t o have avai l abl e dat a 
f r om t he f r eeze and t hawi ng t est .   Ar r angement s need 
t o be made wi t h t he t est i ng l abor at or y when not i ce 
i s gi ven t o eval uat e sour ce not  af t er  sampl es ar e 
col l ect ed.

On t he f or m at t ached at  t he end of  t hi s sect i on,  t he 
Speci f i er  must  i nser t  a l i s t i ng of  POTENTI ALLY 
accept abl e sour ces,  gi v i ng at  t he mi ni mum quar r y 
l ocat i ons,  addr esses,  and t el ephone number s 
appl i cabl e f or  t he cont r act  or  a mor e det ai l ed l i s t  
as pr esent ed i n EM 1110- 2- 2302,  Fi gur e 4- 2.

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

[ St one appr oval  i s  based on l ab t est i ng,  i n- ser vi ce per f or mance of  st one i n 
t hi s or  ot her  pr oj ect s f r om t hi s sour ce,  quar r y i nspect i on and a 
demonst r at i on st ockpi l e on si t e at  t he quar r y.   Pr ovi de Lab t est i ng 
r esul t s obt ai ned not  mor e t han 5 year s pr i or  t o dat e of  Cont r act  Awar d t o 
ensur e t he dat a ar e r epr esent at i ve and t hat  t he quar r y has not  moved i nt o 
a sect i on of  subst ant i al l y  di f f er ent  mat er i al .   Each sour ce appr oval  
r equest  i s eval uat ed on a case by case basi s.   Eval uat i on r equi r es 
submi ssi on of  up- t o- dat e l ab t est i ng r esul t s wi t h ever y sour ce appr oval .   
Appr oval  t est i ng wi l l  be at  t he cont r act or  or  quar r y ' s expense.   Test  
r esul t s wi l l  be accept ed f r om a [ cer t i f i ed]  [ val i dat ed] i ndependent  
l abor at or y i n l i eu of  t est i ng at  t he gover nment ' s l abor at or y at  t he 
di scr et i on of  t he Cont r act i ng Of f i cer . ]

I f  appr oved,  f ur ni sh st one f r om any of  t he sour ces l i s t ed at  t he end of  
t hi s sect i on or  f r om any ot her  sour ce desi gnat ed by t he Cont r act or  and 
accept ed by t he Cont r act i ng Of f i cer ,  subj ect  t o t he condi t i ons her ei n 
st at ed. [   Non- l i s t ed sour ces ar e pr ohi bi t ed. ] [   I f  t he Cont r act or  pr oposes 
t o f ur ni sh st one f r om a sour ce not  cur r ent l y l i s t ed at  t he end of  t hi s 
sect i on,  t he Gover nment  wi l l  conduct  a quar r y i nvest i gat i on and eval uat e 
t he qual i t y t est  dat a pr ovi ded by t he Cont r act or  t o det er mi ne whet her  
accept abl e quant i t y and qual i t y st one can be pr oduced f r om t he pr oposed 
sour ce. ]   Sat i sf act or y ser vi ce r ecor ds on ot her  s i mi l ar  wor k may be 
consi der ed by t he Cont r act i ng Of f i cer  i n t he i nvest i gat i on.   I n or der  f or  
st one t o be accept abl e on t he basi s of  ser vi ce r ecor ds,  st one of  a s i mi l ar  
quant i t y and si ze must  have been pl aced i n a s i mi l ar  t hi ckness and exposed 
t o weat her i ng under  s i mi l ar  condi t i ons as ar e ant i c i pat ed f or  t hi s 
cont r act ,  and must  have sat i sf act or i l y  wi t hst ood such weat her i ng f or  a 
mi ni mum of  [ 5] [ 20]  year s.   I f  no such r ecor ds ar e avai l abl e,  t he 
Gover nment  may choose t o have t est s conduct ed [ at  t he Cont r act or ' s 
expense]  [ at  t he Gover nment ' s expense]  t o assur e t he accept abi l i t y  of  t he 
st one. [   I n addi t i on t o an accept abl e 5 year  ser vi ce r ecor d,  t he 
Cont r act i ng Of f i cer  has t he opt i on t o have r epr esent at i ve sampl es t aken 
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and t est ed. ]

[ a.   Li st  of  Sour ces.   On t he basi s of  i nf or mat i on and dat a avai l abl e t o 
t he Cont r act i ng Of f i cer ,  st one meet i ng t he qual i t y r equi r ement s of  
t hese speci f i cat i ons has been pr oduced f r om t he sour ces l i s t ed at  t he 
end of  t hi s sect i on. ]

[ a.   Li st  of  Sour ces

( 1)   Cat egor y I  Sour ces:   Cat egor y I  sour ces have been i nspect ed and 
eval uat ed wi t hi n t he l ast  f i ve year s by t he Gover nment  and have 
pr oduced st one mat er i al s of  accept abl e qual i t y f r om sat i sf act or y 
geol ogi cal  f or mat i ons.   The Cat egor y I  sour ces have pr evi ousl y 
demonst r at ed ef f ect i ve qual i t y cont r ol  pr ogr ams at  t he sour ce and 
t he t est  r esul t s of  t he mat er i al s f ur ni shed have been ver i f i ed 
t hat  some mat er i al  ar e of  sat i sf act or y qual i t y.   I n a l i ke manner ,  
t he sour ce woul d be capabl e of  pr ovi di ng t he qual i t y[ ,  quant i t y, ] [  
and]  [ gr adat i on]  of  r equi r ed st one mat er i al s.   Fur t her  eval uat i on 
and t est i ng of  t he sour ce wi l l  not  be r equi r ed unl ess t he 
pr epar at i on of  t he r equi r ed demonst r at i on st ockpi l e r eveal s an 
adver se condi t i on not  pr evi ousl y t aken i nt o account .

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Li st s may be pr ovi ded ei t her  cat egor i zed 
i ndi cat i ng t he l evel  of  conf i dence i n a sour ce' s 
abi l i t y  t o meet  t he cr i t er i a of  a speci f i cat i on 
based on how r ecent  t he pr evi ous usage,  t est i ng or  
i nspect i ons have been,  by desi gnat i ng Cat egor y 1 and 
Cat egor y 2,  or  t he l i s t  may si mpl y pr ovi de sour ces 
wi t h whi ch t her e i s some f ami l i ar i t y and t hat  have a 
pr i or  r ecor d.  For  emer gency or  expedi t ed Cont r act s,  
or  i n t he i nt er est s of  common under st andi ng bet ween 
t he agency,  suppl i er s and cont r act or s,  or  f or  
r easons of  cost  or  mat er i al  avai l abi l i t y ,  i t  may be 
usef ul  t o ut i l i ze St at e Hi ghway Depar t ment  
gr adat i ons of  mat er i al s.   Thi s shoul d be done wi t h 
caut i on as t her e i s pot ent i al l y  gr eat  di f f er ence i n 
qual i t y r equi r ement s f or  hi ghway depar t ment  
mat er i al s and Er osi on Pr ot ect i on st one.   When usi ng 
hi ghway depar t ment  gr adat i ons i t  must  be emphasi zed 
t hat  t he desi gnat i on i s FOR GRADATI ON ONLY,  and t hat  
QUALI TY/ STONE CHARACTERI STI CS pr oper t i es MUST STI LL 
BE MET,  REGARDLESS OF STATE HI GHWAY DEPARTMENT 
CERTI FI CATI ON.   

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

( 2)   Cat egor y I I  Sour ces:   Cat egor y I I  sour ces ei t her  have not  been 
i nspect ed and eval uat ed wi t hi n t he past  f i ve year s or  have had a 
def i c i ency i n t he past  whi ch may or  may not  af f ect  i t s  
qual i f i cat i ons t o pr ovi de st one mat er i al s f or  t hi s pr oj ect .   
Def i c i enci es may i ncl ude,  but  ar e not  l i mi t ed t o:   i nef f ect i ve 
qual i t y cont r ol  pr ogr am;  unsat i sf act or y pr oduct i on t echni ques;  
unaccept abl e qual i t y of  mat er i al  i n t he geol ogi cal  f or mat i on bei ng 
quar r i ed;  i nsuf f i c i ent  quant i t i es of  r equi r ed mat er i al s;  or  
unsat i sf act or y dur abi l i t y  of  st one mat er i al s pr evi ousl y f ur ni shed.  
These f act or s of  t hi s k i nd do not  di squal i f y t he sour ce f or  t hi s 
pr oj ect .   A cur r ent  i nspect i on and eval uat i on of  t he sour ce by t he 
[ Gover nment ] [ Cont r act or ]  woul d be necessar y [ t o det er mi ne whet her  
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accept abl e st one can be pr oduced f r om t he pr oposed sour ce] [ bef or e 
al l owi ng t he sour ce t o pr oceed wi t h pr epar at i on of  demonst r at i on 
st ockpi l es] . [   Di sappr oval  of  a pr oposed Cat egor y I I  sour ce based 
on t he i nspect i on and eval uat i on woul d necessi t at e havi ng t he 
Cont r act or  name a r epl acement  sour ce f r om t he Cat egor y I  l i s t . ] ]

b.   Sel ect i on of  Sour ce.   Desi gnat e i n wr i t i ng onl y one sour ce or  one 
combi nat i on of  sour ces f r om whi ch he pr oposes t o f ur ni sh st one.   [ I f  
t he Cont r act or  pr oposes t o f ur ni sh st one f r om a sour ce not  l i s t ed at  
t he end of  t hi s sect i on,  he may desi gnat e onl y a s i ngl e unl i st ed 
sour ce f or  st one and not i f y t he Cont r act i ng Of f i cer  at  l east  [ 60]  
[ 30]   wor kdays bef or e t he st one l eaves t he quar r y. ]   I t  i s  t he 
Cont r act or ' s r esponsi bi l i t y  t o det er mi ne t hat  t he st one sour ce or  
combi nat i on of  sour ces sel ect ed i s capabl e of  pr ovi di ng t he [ qual i t y, ]  
quant i t i es and gr adat i on needed and at  t he r at e needed t o mai nt ai n t he 
schedul ed pr ogr ess of  t he wor k.   [ Pr ovi de sampl es f or  accept ance 
t est i ng i n accor dance wi t h par agr aph EVALUATI ON TESTI NG bel ow.   I f  a 
sour ce f or  st one so desi gnat ed by t he Cont r act or  i s not  accept ed f or  
use by t he Cont r act i ng Of f i cer ,  t he Cont r act or  may not  pr opose ot her  
sour ces but  must  f ur ni sh t he st one f r om a sour ce l i s t ed[  i n Cat egor y 
I ]  at  t he end of  t hi s sect i on wi t h no addi t i onal  payment . ]

c.   Accept ance of  Mat er i al s.   [ Accept ance of  a sour ce of  st one i s not  t o 
be const r ued as accept ance of  al l  mat er i al  f r om t hat  sour ce.   The 
r i ght  i s  r eser ved t o r ej ect  mat er i al s f r om cer t ai n l ocal i zed ar eas,  
zones,  st r at a,  or  channel s,  when such mat er i al s ar e unsui t abl e f or  
st one as det er mi ned by t he Cont r act i ng Of f i cer .   The Cont r act i ng 
Of f i cer  al so r eser ves t he r i ght  t o r ej ect  i ndi v i dual  uni t s of  pr oduced 
speci f i ed mat er i al s i n st ockpi l es at  t he quar r y,  al l  t r ansf er  poi nt s,  
and at  t he pr oj ect  const r uct i on s i t e when such mat er i al s ar e 
det er mi ned t o be unsui t abl e.   Dur i ng t he cour se of  t he wor k,  t he st one 
may be t est ed by t he Gover nment ,  i f  t he Cont r act i ng Of f i cer  det er mi nes 
t hat  t est i ng i s necessar y.   I f  such t est s ar e det er mi ned necessar y,  
t he t est i ng wi l l  be done i n [ t he Gover nment ' s t est i ng l abor at or y] [  or  
] [ commer ci al  l abor at or y sel ect ed by t he Gover nment ] .   Mat er i al s 
pr oduced f r om a l i s t ed or  unl i st ed sour ce must  meet  al l  t he 
r equi r ement s her ei n.   The cost  of  t est i ng wi l l  be at  t he Gover nment ' s 
expense. ] [   Dur i ng t he cont r act  per i od,  bot h pr i or  t o and af t er  
mat er i al s ar e del i ver ed t o t he j ob s i t e,  v i sual  i nspect i ons and 
measur ement s of  t he st one mat er i al s may be per f or med by t he 
Cont r act i ng Of f i cer .   I f  t he Cont r act i ng Of f i cer ,  dur i ng t he 
i nspect i ons,  f i nds t hat  t he st one qual i t y,  gr adat i on or  wei ght s of  
st one bei ng f ur ni shed ar e not  as speci f i ed or  ar e quest i onabl e,  
r e- sampl i ng and r e- t est i ng i s r equi r ed.   Sampl i ng of  t he del i ver ed 
st one f or  t est i ng and t he manner  i n whi ch t he t est i ng i s t o be 
per f or med must  be as di r ect ed by t he Cont r act i ng Of f i cer .   Per f or m 
t hi s addi t i onal  sampl i ng and t est i ng at  t he Cont r act or ' s expense when 
t est  r esul t s i ndi cat e t hat  t he mat er i al s do not  meet  speci f i ed 
r equi r ement s.   When t est  r esul t s i ndi cat e t hat  mat er i al s meet  
speci f i ed r equi r ement s,  an equi t abl e adj ust ment  i n t he cont r act  pr i ce 
wi l l  be made f or  t he sampl i ng and t est i ng.   Remove or  di spose of  any 
r ej ect ed mat er i al  as speci f i ed and at  t he Cont r act or ' s expense. ]

1. 6. 1. 3   Eval uat i on Test i ng of  St one

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Al t er nat e 1 -  Use t hi s par agr aph i f  t est i ng 
i s t o be per f or med by t he Gover nment  at  t he Mat er i al  
Test i ng Cent er  at  CEWES or  at  a Gover nment  sel ect ed 
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commer ci al  l abor at or y t hat  has been val i dat ed t o 
bei ng abl e t o per f or m t he r equi r ed t est s;  del et e 
par agr aph EVALUATI ON TESTI NG OF STONE ( Al t er nat e 2)  
i n PART 2 PRODUCTS.

For  cont r act s havi ng a shor t  dur at i on or  ar e awar ded 
f or  emer gency r epai r ,  t her e wi l l  be i nsuf f i c i ent  
t i me t o al l ow a Cont r act or  t o pr opose and unl i st ed 
sour ce and have i t  eval uat ed;  t her ef or e,  del et e t he 
br acket ed sent ences i n par agr aph STONE above;  and 
subpar agr aphs SOURCES,  above,  and t hi s par agr aph,  
EVALUATI ON TESTI NG OF STONE,  shoul d be del et ed.

Tabl e 6- 1 of  EM 1110- 2- 2302 gi ves a br oad 
gener al i zat i on of  desi r ed qual i t y cr i t er i a f or  
st one.   However ,  t he qual i t y cr i t er i a speci f i ed i n 
t hi s document  was based upon a l i mi t ed r evi ew of  
cr i t er i a bei ng used by Cor ps.   Each Di st r i ct  or  
Di v i s i on shoul d speci f y t he desi r ed qual i t y of  st one 
necessar y t o meet  per f or mance cr i t er i a.   I t  i s  
r ecommended t hat  at  a mi ni mum t he st one shoul d be 
eval uat ed usi ng pet r ogr aphi c anal ysi s,  speci f i c  
gr avi t y,  uni t  wei ght ,  f r eezi ng and t hawi ng,  and 
r esi st ance of  r ock t o wet t i ng and dr yi ng.   The 
f r eezi ng and t hawi ng t est i ng shoul d be per f or med i n 
accor dance wi t h COE CRD- C 144 or  ASTM D5312/ D5312M 
on t he l ar gest  sawn sect i ons of  st one,  bet ween 

[ _____]  mm2 ( 144- 2304 squar e i nches) ,  so t hat  
beddi ng pl anes or  any pot ent i al  pl anes of  weakness 
can be eval uat ed.   These si ze sampl es r equi r e st one 
sampl es t hat  r ange bet ween 70 kg and 3400 kg 150 
pounds and 7400 pounds.   I f  ASTM D5313/ D5313M ar e 
r equi r ed,  t he t est  speci men must  be of  t he same si ze 
r ange as speci f i ed above.   LRD has t est i ng and 
eval uat i on pr ocedur es f or  shor el i ne pr ot ect i on t hat  
r equi r e l ar ger  sampl es f or  eval uat i on of  mat er i al  
bei ng used on t hei r  pr oj ect s due t o t he sever i t y of  
t hei r  envi r onment  and t he l ar ger  s i zes of  st one used 
f or  shor el i ne pr ot ect i on.   These pr ocedur es shoul d 
be i nvest i gat ed i f  t he st andar d pr ocedur es speci f i ed 
ar e not  gi v i ng you adequat e dur abi l i t y  f or  st one 
pl aced on past  pr oj ect s.

A speci al  t est  t hat  coul d be used t o eval uat e t he 
abr asi on r esi st ance of  st one i s COE CRD- C 63,  
Abr asi on- Er osi on Resi st ance of  Concr et e.

The number  of  wor k days speci f i ed i n t hi s par agr aph 
ar e based on t he assumpt i on t hat  t o t ent at i vel y 
appr ove t he use of  a sour ce under  a s i ngl e cont r act  
r equi r es dat a f or  uni t  wei ght ,  absor pt i on,  and 
pet r ogr aphi c anal ysi s of  t he st one.   A mi ni mum of  80 
wor k days woul d be r equi r ed t o have avai l abl e dat a 
f r om t he f r eeze and t hawi ng t est .   Ar r angement s need 
t o be made wi t h t he t est i ng l abor at or y when not i ce 
i s gi ven t o eval uat e sour ce not  af t er  sampl es ar e 
col l ect ed.

The si ze of  a sampl e has been r educed t o t hr ee 

SECTI ON 35 31 19  Page 30



pi eces of  st one wei ghi ng 70 kg 150 pounds mi ni mum 
each f or  st one gr adat i ons wi t h a nomi nal  t op s i ze 
l ess t han 1400 kg 3000 pounds.   The number  of  pi eces 
has been r educed by t he COR bei ng a geol ogi st  or  
mat er i al s engi neer  and pr esent  dur i ng t he sampl e 
col l ect i on.   Al so,  t he pi eces need t o be washed t o 
make sur e t hey ar e s i mi l ar  and onl y t hr ee pi eces ar e 
r equi r ed by t he Labor at or y f or  eval uat i on of  
sampl e.   Lar ger  s i ze st ones may be r equi r ed f or  
eval uat i ng st one used f or  shor el i ne pr ot ect i on.

Del et e t hi s submi t t al  i f  eval uat i on t est i ng of  st one 
wi l l  be per f or med by t he Gover nment  at  a Gover nment  
Labor at or y.

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

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:  The Dr op Test  shoul d not  be used t o det er mi ne 
st one dur abi l i t y  as i t  i s  ent i r el y qual i t at i ve,  and 
may pr oduce f i ne f r act ur es t hat  ar e not  i mmedi at el y 
di scer ni bl e.   Fur t her ,  i t  may damage st one t hat  may 
ver y wel l  be l at er  i ncor por at ed i nt o t he wor k,  i f  
not  di scar ded f ol l owi ng t he " t est . "  

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

Submi t  a copy of  t he l abor at or y i nspect i on r epor t  al ong wi t h act i ons t aken 
t o cor r ect  def i c i enci es and a copy of  t he t est  r epor t s,  pr i or  t o del i ver y 
of  such mat er i al  t o t he wor ksi t e;  s i nce qual i t y t est  on t he st one i n 
accor dance wi t h PART 2 par agr aph EVALUATI ON TESTI NG OF STONE i s t he 
r esponsi bi l i t y  of  t he Cont r act or .   The t est s t o whi ch t he st one may be 
subj ect ed wi l l  i ncl ude pet r ogr aphi c anal ysi s,  speci f i c  gr avi t y,  uni t  
wei ght ,  absor pt i on,  wet t i ng and dr yi ng,  f r eezi ng and t hawi ng and such 
ot her  t est s as may be consi der ed necessar y t o demonst r at e t hat  t he st one 
i s of  a sat i sf act or y qual i t y whi ch i s at  l east  equi val ent  t o st one f r om 
t he sour ces l i s t ed at  t he end of  t hi s sect i on.

a.   [ Uni t  Wei ght ] [ Bul k Speci f i c  Gr avi t y,  sat ur at ed sur f ace dr y ( SSD) ]  and 

Absor pt i on.   St one must  [ wei gh mor e t han [ _____] [ 2500]  kN/ m3 
[ _____] [ 155]  pounds per  cubi c f oot ] [ have a bul k speci f i c  gr avi t y,  
sat ur at ed sur f ace dr y,  ( SSD) ,  gr eat er  t han [ _____] [ 2. 48] ] .   Pr ovi de 
st one wi t h an absor pt i on l ess t han [ 2] [ _____]  per cent  unl ess ot her  
t est s and ser vi ce r ecor ds show t hat  t he st one i s sat i sf act or y.   The 
met hod of  t est  f or  [ uni t  wei ght ] [ bul k speci f i c  gr avi t y ( SSD) ]  and 
absor pt i on wi l l  be ASTM C127.

b.   Sampl es.   Take sampl es of  st one f r om a sour ce not  l i s t ed at  t he end of  
t hi s sect i on by a r epr esent at i ve of  t he quar r y under  t he super vi s i on 
of  t he Cont r act i ng Of f i cer  f or  t est i ng and accept ance pr i or  t o 
del i ver y of  any st one f r om t hi s sour ce t o t he s i t e of  t he wor k.   
Sampl es consi st  of  at  l east  t hr ee pi eces of  st one,  r oughl y cubi cal  i n 
shape and wei ghi ng no l ess t han [ 70] [ _____]  kg [ 150] [ _____]  pounds 
each f r om each uni t  t hat  wi l l  be used i n t he pr oduct i on of  t he 
r equi r ed st one.   I f  t he sour ce i s an undevel oped quar r y[ ,  or  i f  t he 
oper at i on has been dor mant  f or  mor e t han one year  such t hat  f r esh 
sampl es ar e not  avai l abl e, ]  expose f r esh r ock f or  6 m 20 f eet  
hor i zont al l y and f or  t he f ul l  hei ght  of  t he f ace pr oposed f or  
pr oduct i on,  pr i or  t o t he f i el d eval uat i on. [   The Cont r act i ng Of f i cer  
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may al so r equi r e document at i on of  subsur f ace expl or at i on of  an 
undevel oped quar r y i n or der  t o det er mi ne whet her  or  not  suf f i c i ent  
r eser ves ar e avai l abl e. ]   Shi p sampl es at  t he Cont r act or ' s expense t o 
[ Wat er ways Exper i ment al  St at i on,  St r uct ur es Labor at or y,  3909 Hal l s 
Fer r y Road,  Vi cksbur g,  MS 39180,  At t n:   [ _____] ] ,  and not i f y 
[ Mr . ] [ Ms. ]  [ _____] ,  [ _____]  Br anch,  [ _____]  Di st r i ct  t o ar r ange f or  
t est i ng at  l east  [ 40] [ 60] [ _____]  wor kdays bef or e t he st one l eaves t he 
quar r y.

c.   Test s.   The t est s wi l l  be conduct ed i n accor dance wi t h appl i cabl e 
Cor ps of  Engi neer s met hods of  t est s gi ven i n t he Handbook f or  Concr et e 
and Cement  or  ASTM met hods of  t est s. [   The cost  of  t est i ng one new 
sour ce wi l l  be bor ne by t he Gover nment . ]

[ 1. 6. 1. 4   Random Sampl i ng

The st one pr oduced by each sour ce wi l l  be sampl ed by t he Gover nment  f or  
Qual i t y Assur ance t est i ng on t he basi s of  a mi ni mum once each year [  or  once 
dur i ng t he pr oduct i on of  each [ _____] [ 25 000] [ 50 000]  t ons ( met r i c)  t ons of  
st one pr oduced each year  f or  t he Gover nment ] .   The sampl es wi l l  be eval uat ed 
based upon pet r ogr aphi c anal ysi s,  speci f i c  gr avi t y,  [ uni t  wei ght ,  ] [ bul k 
speci f i c  gr avi t y ( SSD) , ]  [ _____] ,  and absor pt i on.

] 1. 6. 2   [ Concr et e Gr out  f or  St one Pr ot ect i on]

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:  I f  t he Desi gner  el ect s t o speci f y gr out i ng 
r equi r ement s f or  t he pr oj ect  under  anot her  sect i on,   
speci al  car e shoul d be t aken t o del et e al l  gr out i ng 
r equi r ement s speci f i ed i n t hi s sect i on and 
appr opr i at e r ef er ences added i dent i f y i ng t he sect i on 
speci f y i ng t he gr out i ng r equi r ement s.

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

1. 6. 2. 1   Gener al

The Gover nment  r eser ves t he r i ght  t o sampl e and t est  t he aggr egat es and 
gr out  t o det er mi ne compl i ance wi t h t he speci f i cat i ons.   Pr ovi de f aci l i t i es 
and l abor  as may be necessar y t o assi st  t he gover nment  i n pr ocur ement  of  
r epr esent at i ve t est  sampl es.   Sampl es of  aggr egat es wi l l  be obt ai ned at  
t he poi nt  of  bat chi ng i n accor dance wi t h ASTM D75/ D75M.   Gr out  wi l l  be 
sampl ed i n accor dance wi t h ASTM C172/ C172M.    The sl ump and ai r  cont ent  
wi l l  be det er mi ned when cyl i nder s ar e mol ded i n accor dance wi t h 
ASTM C143/ C143M and ASTM C231/ C231M,  r espect i vel y.   Compr essi on t est  
speci mens wi l l  be made,  cur ed and t r anspor t ed i n accor dance wi t h 
ASTM C31/ C31M.   Compr essi on t est  speci mens wi l l  be t est ed i n accor dance 
wi t h ASTM C39/ C39M.   Sampl es f or  st r engt h t est s wi l l  be t aken not  l ess 
t han once each shi f t  i n whi ch gr out  i s pr oduced.   A mi ni mum of  t hr ee 
speci mens wi l l  be made f r om each sampl e,  t wo wi l l  be t est ed at  28 days ( 90 
days i f  pozzol an i s used)  f or  accept ance and one wi l l  be t est ed at  7 days 
f or  i nf or mat i on.

1. 6. 2. 2   Concr et e Gr out  Mi xt ur e Pr opor t i ons

Concr et e r out  mi xt ur e pr opor t i ons i s t he r esponsi bi l i t y  of  t he 
Cont r act or . [   Submi t  t he mi xt ur e pr opor t i ons t hat  wi l l  pr oduce gr out  of  
t he qual i t i es r equi r ed,  t en days pr i or  t o pl acement . ] [   Submi t  gr out  
mi xt ur e pr opor t i ons f or  gr out i ng manuf act ur ed der r i ck st one. ]   Submi t  
mi xt ur e pr opor t i ons f or  r evi ew [ _____]  [ 10]  days pr i or  t o bei ng used under  
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t hi s cont r act .   I ncl ude mi xt ur e pr opor t i ons of  t he dr y wei ght s of  
cement i t i ous mat er i al ( s) ;  t he speci f i c  gr avi t i es,  absor pt i ons,  and 
sat ur at ed sur f ace- dr y wei ght s of  t he f i ne and coar se aggr egat es;  t he 
quant i t i es,  t ypes,  and names of  admi xt ur es;  and quant i t y of  wat er  per  
cubi c met er s cubi c yar ds of  gr out .   Al so,  submi t  appl i cabl e t est  r epor t s,  
such as ai r  cont ent ,  compr essi ve st r engt h,  and uni t  wei ght  of  t he gr out ,  
t o ver i f y t he pr opor t i ons sel ect ed wi l l  pr oduce gr out  of  t he qual i t y 
speci f i ed.   Do not  change t he appr oved gr out  mi xt ur e pr opor t i ons wi t hout  
appr oval  by t he Cont r act i ng Of f i cer .   The ai r  cont ent  must  be  bet ween 4. 5 
and 7. 5 per cent .   The speci f i ed compr essi ve st r engt h f ' c  i s  

[ 1. 4] [ 1. 8] [ _____]  kg/ mm2 [ 2000] [ 2500] [ _____]  pounds per  squar e i nch at  28 
days ( 90 days i f  pozzol an i s used) .   The maxi mum wat er  cement  r at i o i s 
[ _____] [ 0. 70] .   The sl ump of  t he gr out  mi x i s 150 mm 6 i nches pl us or  mi nus
 25 mm 1 i nch.   For  maxi mum coar se aggr egat e s i ze see par agr aph AGGREGATES 
FOR CONCRETE GROUT.

1. 6. 2. 3   Eval uat i on and Accept ance of  Gr out

The accept ance t est  r esul t s wi l l  be t he aver age of  t he st r engt hs of  t he 
t wo speci mens t est ed at  28 days ( 90 days i f  pozzol an i s used) .   The 
st r engt h of  t he concr et e gr out  wi l l  be consi der ed sat i sf act or y so l ong as 
t he aver age of  t hr ee consecut i ve accept ance t est  r esul t s equal  or  exceed 
t he speci f i ed compr essi ve st r engt h f ' c  and no i ndi v i dual  accept ance t est  

r esul t  f al l s  bel ow t he speci f i ed st r engt h f ' c  by mor e t han [ 350]  g/ mm2 500 
pounds per  squar e i nch.

1. 7   REGULATORY REQUI REMENTS

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   I nser t  t he appr opr i at e St at e Hi ghway 
Depar t ment  speci f i cat i ons as appl i cabl e.

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

The r egul at or y r equi r ement s 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 r egul at or y r equi r ement s ar e r ef er r ed t o i n 
t he t ext  by basi c desi gnat i on onl y.

[ _____]  STATE HI GHWAY AND TRANSPORTATI ON DEPARTMENT ( [ _____] )

[ _____] [ ( ____) ]  St andar d Speci f i cat i ons f or  Hi ghway Const r uct i on

1. 8   CONSTRUCTI ON TOLERANCES

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   For  t ol er ances i n gener al ,  1/ 2 of  t he D- 50 
st one di mensi on of  gr adat i on r ange i s al l owed above 
t he neat l i ne and 1/ 4 of  t he same di mensi on i s 
al l owed bel ow t he neat l i ne f or  st one gr adat i on wi t h 
a maxi mum si ze of  300 kg 650 pounds.   For  l ar ge 
st one t he t ol er ance may be r ever sed.  I t  i s  cr i t i cal  
t o make sur e t hat  l ayer  t hi cknesses ar e physi cal l y 
possi bl e f or  t he st one mat er i al s speci f i ed -  you 
cannot  r equi r e t wo l ayer s of  st one i n space t oo 
smal l  f or  even one i ndi v i dual  st one.   Check bot h t he 
Speci f i cat i ons and t he Dr awi ngs t o ver i f y t hat  t he 
s l opes and gr ades ar e const r uct abl e wi t h t he s i zes 
of  mat er i al s speci f i ed.
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* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

The f i ni shed sur f ace and st one l ayer  t hi ckness i s not  al l owed t o devi at e 
f r om t he l i nes and gr ades shown by mor e t han t he t ol er ances l i s t ed bel ow.   
Tol er ances ar e measur ed per pendi cul ar  t o t he i ndi cat ed neat l i nes.   Ensur e 
ext r eme l i mi t s of  t he t ol er ances gi ven ar e not  cont i nuous i n any di r ect i on 
f or  mor e t han [ _____]  [ f i ve]  t i mes t he nomi nal  st one di mensi on nor  f or  an 

ar ea gr eat er  t han [ 9. 3] [ 18. 6] [ 93]  m2 [ 100] [ 200] [ 1000]  squar e f eet  of  t he 
st r uct ur e sur f ace.

NEATLI NE TOLERANCES

MATERI AL ABOVE NEATLI NE ( mm) ( i nches) BELOW NEATLI NE ( mm) ( i nches)

Foundat i on [ _____] [ _____]

Mat t r ess [ _____] [ _____]

Beddi ng [ _____] [ _____]

Cor e [ _____] [ _____]

Under l ayer [ _____] [ _____]

Cover [ _____] [ _____]

Ar mor [ _____] [ _____]

Ri pr ap [ _____] [ _____]

Scour [ _____] [ _____]

Fi l l [ _____] [ _____]

The i nt ent i on i s t hat  t he wor k i s bui l t  gener al l y t o t he r equi r ed 
el evat i ons,  s l ope and gr ade and t hat  t he out er  sur f aces ar e even and 
pr esent  a neat  appear ance.   Remove or  r ear r ange pl aced mat er i al  not  
meet i ng t hese l i mi t s as di r ect ed by t he Cont r act i ng Of f i cer .   Payment  wi l l  
not  be made f or  excess mat er i al  whi ch t he Cont r act i ng Of f i cer  al l ows t o 
r emai n i n pl ace.

PART 2   PRODUCTS

2. 1   BEDDI NG MATERI AL

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Thi s par agr aph pr esent s gr adat i on bands of  
mat er i al s t hat  wer e devel oped based upon seepage 
cr i t er i a pr esent ed i n EM 1110- 2- 1913.   Each beddi ng 
mat er i al  syst em shoul d be desi gned t o be used wi t h a 
speci f i c  r ange of  r i pr ap gr adat i ons,  f oundat i on 
condi t i ons,  and channel  condi t i ons.

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
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2. 1. 1   Gener al

Submi t  t he sour ce f or  mat er i al s used i n r i pr ap[ , ]  [  and]  [ f i l t er ] [ , ]  [  
and]  [ beddi ng] .   Pr ovi de beddi ng mat er i al  consi st i ng of  [ a washed ]  
[ gr avel  or ]  cr ushed st one.   Submi t  t est  r epor t s at t est i ng t hat  t he 
[ beddi ng mat er i al ]  [ , ]  [ and]  [ f i l t er  mat er i al ]  meet  speci f i ed r equi r ement s.

2. 1. 2   Mat er i al

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Del et e gr adat i on l i mi t s t hat  ar e not  r equi r ed.

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

Ensur e beddi ng mat er i al  i s  composed of  t ough,  dur abl e par t i c l es,  
adequat el y f r ee f r om t hi n,  f l at  and el ongat ed pi eces,  and cont ai ns no 
or gani c mat t er  nor  sof t ,  f r i abl e par t i c l es i n quant i t i es consi der ed 
obj ect i onabl e by t he Cont r act i ng Of f i cer .   Pr ovi de aggr egat es meet i ng t he 
qual i t y r equi r ement s of  ASTM C33/ C33M[  or  par agr aph REGULATORY 
REQUI REMENTS] .   Use gr adat i on conf or mi ng t o t he f ol l owi ng r equi r ement s:

U. S.  STANDARD SI EVE PERMI SSI BLE LI MI TS PERCENT BY
WEI GHT,  PASSI NG

BEDDI NG STONE NO.  1 -  GRAVEL OR CRUSHED STONE

100 mm4 i n. [ _____]

75 mm3 i n. [ _____]

50 mm2 i n. [ _____]

25 mm1 i n. [ _____]

12. 5 mm1/ 2 i n. [ _____]

4. 75 mmNo.  4 [ _____]

U. S.  STANDARD SI EVE PERMI SSI BLE LI MI TS PERCENT BY
WEI GHT,  PASSI NG

BEDDI NG STONE NO.  2 -  CRUSHED STONE

150 mm6 i n. [ _____]

100 mm4 i n. [ _____]

75 mm3 i n. [ _____]

25 mm1 i n. [ _____]

12. 5 mm1/ 2 i n. [ _____]

2. 36 mmNo.  8 [ _____]

Pr ovi de beddi ng mat er i al  wel l - gr aded bet ween t he l i mi t s shown.   Per f or m at  
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l east  one t est  on each [ _____]  1000 t ons [ t o be del i ver ed t o t he pr oj ect  
s i t e] [ pl aced]  f or  each speci f i ed gr adat i on i n accor dance wi t h 
ASTM C136/ C136M. [   Remove a r epr esent at i ve sampl e wei ght i ng no l ess t han 
45 kg 100 pounds f r om t he beddi ng l ayer  pl aced at  l ocat i ons di r ect ed by 
t he Cont r act i ng Of f i cer . ]   Ensur e al l  poi nt s on i ndi v i dual  gr adi ng cur ves 
obt ai ned f r om r epr esent at i ve sampl es of  beddi ng mat er i al  l i e bet ween t he 
boundar y l i mi t s as def i ned by smoot h cur ves dr awn t hr ough t he t abul at ed 
gr adat i on l i mi t s pl ot t ed on ENG FORM 2087 or  s i mi l ar  f or m.   The i ndi v i dual  
gr adat i on cur ves wi t hi n t hese l i mi t s ar e not  al l owed t o exhi bi t  abr upt  
changes i n s l ope denot i ng ei t her  gap gr adi ng or  scal pi ng of  cer t ai n s i zes 
or  ot her  i r r egul ar i t i es whi ch woul d be det r i ment al  t o t he pr oper  
f unct i oni ng of  t he beddi ng l ayer s.

2. 2   FI LTER MATERI AL

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Thi s par agr aph pr esent s gr adat i on bands of  
mat er i al s t hat  wer e devel oped based upon seepage 
cr i t er i a pr esent ed i n EM 1110- 2- 1913.   Each f i l t er  
mat er i al  syst em shoul d be desi gned t o be used wi t h a 
speci f i c  r ange of  r i pr ap gr adat i ons,  f oundat i on 
condi t i ons,  and channel  condi t i ons.

The Speci f i er  shoul d use Al t er nat i ve 1 i f  t her e i s a 
concr et e sect i on i n t he speci f i cat i ons and i f  t he 
gr adat i ons t her ei n ar e sat i sf act or y f or  f i l t er  
mat er i al s.   I f  t her e i s no concr et e sect i on,  or  i f  
t he gr adat i ons t her ei n ar e unsat i sf act or y f or  f i l t er  
mat er i al s,  t he Speci f i er  shoul d use Al t er nat i ve 2.

NOTE:   Al t er nat i ve 1.
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

Submi t  cer t i f i cat es of  compl i ance at t est i ng t hat  t he mat er i al s meet  
speci f i cat i on r equi r ement s.   [ Pr ovi de f i l t er  mat er i al  consi st i ng of  
[ washed]  [ sand and gr avel ]  [ and cr ushed st one]  [ f i l t er  st one and 
geot ext i l e] .   Pr ovi de [ sand and gr avel ]  [ and cr ushed st one]  f or  f i l t er  
mat er i al s whi ch meet s t he appl i cabl e r equi r ement s of  Sect i on 03 30 53 
MI SCELLANEOUS CAST- I N- PLACE CONCRETE,  par agr aph MATERI ALS,  subpar agr aph 
AGGREGATES. ] [   Pr ovi de geot ext i l es as speci f i ed i n Sect i on 31 05 19. 13 
GEOTEXTI LES FOR EARTHWORK. ]

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Al t er nat i ve 2.

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

[ Pr ovi de f i l t er  mat er i al  consi st i ng of  [ Sand " [ _____] " , ]  [ Gr avel  
" [ _____] " , ]  [ Fi l t er  St one]  [ Fi l t er  St one and Geot ext i l e] .   Ensur e t he 
[ f i l t er  mat er i al ]  [ f i l t er  st one]  i s composed of  t ough,  dur abl e par t i c l es,  
adequat el y f r ee f r om t hi n,  f l at  and el ongat ed pi eces,  and cont ai ns no 
or gani c mat t er  nor  sof t ,  f r i abl e par t i c l es i n quant i t i es consi der ed 
obj ect i onabl e by t he Cont r act i ng Of f i cer .   Pr ovi de aggr egat e meet i ng t he 
qual i t y r equi r ement s of  ASTM C33/ C33M[  or  par agr aph REGULATORY 
REQUI REMENTS] .   Ensur e gr adi ng conf or ms t o t he f ol l owi ng r equi r ement s:
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U. S.  STANDARD SI EVE PERMI SSI BLE LI MI TS PERCENT BY
WEI GHT,  PASSI NG

SAND " [ _____] "

9. 50 mm3/ 8 i n. [ _____]

4. 75 mmNo.  4 [ _____]

2. 36 mmNo.  8 [ _____]

1. 18 mmNo.  16 [ _____]

600 µmNo.  30 [ _____]

300 µmNo.  50 [ _____]

150 µmNo.  100 [ _____]

U. S.  STANDARD SI EVE PERMI SSI BLE LI MI TS PERCENT BY
WEI GHT,  PASSI NG

GRAVEL " [ _____] "

37. 5 mm1- 1/ 2 i n. [ _____]

19. 0 mm3/ 4 i n. [ _____]

9. 5 mm3/ 8 i n. [ _____]

4. 75 mmNo.  4 [ _____]

2. 36 mmNo.  8 [ _____]

1. 18 mmNo.  16 [ _____]

U. S.  STANDARD SI EVE PERMI SSI BLE LI MI TS PERCENT BY
WEI GHT,  PASSI NG

FI LTER STONE

150 mm6 i n. [ _____]

100 mm4 i n. [ _____]

75 mm3 i n. [ _____]

37. 5 mm1- 1/ 2 i n. [ _____]

25 mm1 i n. [ _____]

12. 5 mm1/ 2 i n. [ _____]

Pr ovi de [ f i l t er  mat er i al s]  [ f i l t er  st one]  t hat  ar e wel l - gr aded bet ween t he 
l i mi t s shown. [   Nat ur al l y- pr oduced gr avel  i s  not  consi der ed cr ushed 
st one. ]   Per f or m at  l east  one t est  on each 1000 t ons [ t o be del i ver ed t o 
t he pr oj ect  s i t e] [ pl aced f or  each speci f i ed gr adat i on i n accor dance wi t h 
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ASTM C136/ C136M] . [   Remove a r epr esent at i ve sampl e wei ghi ng no l ess t han 
45 kg 100 pounds f r om t he f i l t er  l ayer  pl aced at  l ocat i ons di r ect ed by t he 
Cont r act i ng Of f i cer . ]   Al l  poi nt s on i ndi v i dual  gr adi ng cur ves obt ai ned 
f r om r epr esent at i ve sampl es of  [ f i l t er  mat er i al ]  [ f i l t er  st one]  must  l i e 
bet ween t he boundar y l i mi t s as def i ned by smoot h cur ves dr awn t hr ough t he 
t abul at ed gr adat i on l i mi t s pl ot t ed on ENG FORM 2087 or  s i mi l ar  f or m.   The 
i ndi v i dual  gr adat i on cur ves wi t hi n t hese l i mi t s ar e not  al l owed t o exhi bi t  
abr upt  changes i n s l ope denot i ng ei t her  gap gr adi ng or  scal pi ng of  cer t ai n 
s i zes or  ot her  i r r egul ar i t i es whi ch woul d be det r i ment al  t o t he pr oper  
f unct i oni ng of  t he f i l t er .   Pr ovi de geot ext i l e as speci f i ed i n Sect i on 
31 05 19. 13 GEOTEXTI LES FOR EARTHWORK. ]

2. 3   [ BEDDI NG ] SAND [ FI LL] [ CUSHI ON LAYER]

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Sand f i l l  i s  used t o br i ng ar eas whi ch ar e 
bel ow gr ade i n par agr aph BASE PREPARATI ON t o wi t hi n 
al l owabl e mi nus t ol er ance i nst ead of  usi ng f i l t er  or  
beddi ng mat er i al s.

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

[ Pr ovi de a c l ean,  f r ee dr ai ni ng sand i n accor dance wi t h c l assi f i cat i on SP 
i n ASTM D2487,  except  t hat  no mor e t han 5 per cent  by wei ght  of  t he 
mat er i al  smal l er  t han a No.  4 s i eve,  must  pass a No.  200 si eve.   I f  sand 
meet i ng t hi s cr i t er i a i s avai l abl e on si t e i t  may be used. ]  [ Sand must  
meet  [ par agr aph REGULATORY REQUI REMENTS speci f i cat i on] [ ASTM C33/ C33M]  
gr adat i on r equi r ement s f or  f i ne aggr egat e. ]

2. 4   STONE

2. 4. 1   Gener al

2. 4. 1. 1   Eval uat i on Test i ng of  St one

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Al t er nat e 2 -  Use t hi s par agr aph i f  t est i ng 
i s t o be per f or med by t he Cont r act or  at  a Commer ci al  
Labor at or y;  del et e par agr aph EVALUATI ON TESTI NG OF 
STONE ( Al t er nat e 1)  i n PART 1 GENERAL.

For  cont r act s havi ng a shor t  dur at i on or  ar e awar ded 
f or  emer gency r epai r ,  t her e wi l l  be i nsuf f i c i ent  
t i me t o al l ow a Cont r act or  t o pr opose an unl i st ed 
sour ce and have i t  eval uat ed;  t her ef or e,  del et e t he 
br acket ed sent ences i n par agr aph STONE above,  and 
subpar agr aphs SOURCES,  above,  and t hi s par agr aph 
EVALUATI ON TESTI NG OF STONE,  shoul d be del et ed.

Tabl e 6- 1 of  EM 1110- 2- 2302 gi ves a br oad 
gener al i zat i on of  desi r ed qual i t y cr i t er i a f or  
st one.   However ,  t he qual i t y speci f i ed i n t hi s 
document  was based on a l i mi t ed r evi ew of  cr i t er i a 
bei ng used by t he Cor ps.   Each Di st r i ct  or  Di v i s i on 
shoul d speci f y t he desi r ed qual i t y of  st one 
necessar y t o meet  per f or mance cr i t er i a.   I t  i s  
r ecommended t hat  at  a mi ni mum t he st one shoul d be 
eval uat ed usi ng pet r ogr aphi c anal ysi s,  speci f i c  
gr avi t y,  uni t  wei ght ,  absor pt i on,  f r eezi ng and 
t hawi ng,  and r esi st ance of  r ock t o wet t i ng and 
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dr yi ng.   The f r eezi ng and t hawi ng t est i ng shoul d be 
per f or med i n accor dance wi t h COE CRD- C 144 or  ASTM 
D5312/ D5312M on t he l ar gest  sawn sect i ons of  st one,  

bet ween 0. 09- 1. 49 m2 144- 2304 squar e i nches so t hat  
beddi ng pl anes or  any pot ent i al  pl anes of  weakness 
can be eval uat ed.   These si ze sampl es r equi r e st one 
sampl es t hat  r ange bet ween 70 kg and 3400 kg 150 
pounds and 7400 pounds.   I f  ASTM D5313/ D5313M i s 
r equi r ed,  t he t est  speci men must  be of  t he same si ze 
r ange as speci f i ed above.   Some or gani zat i ons have  
t est i ng and eval uat i on pr ocedur es f or  shor el i ne 
pr ot ect i on t hat  r equi r e l ar ger  sampl es f or  
eval uat i on of  mat er i al  bei ng used on t hei r  pr oj ect s 
due t o t he sever i t y of  t hei r  envi r onment  and t he 
l ar ger  s i zes of  st one used f or  shor el i ne 
pr ot ect i on.   These pr ocedur es shoul d be i nvest i gat ed 
i f  t he st andar d pr ocedur es speci f i ed ar e not  gi v i ng  
adequat e dur abi l i t y  i nf or mat i on f or  st one pl aced on 
past  pr oj ect s.

A speci al  t est  t hat  coul d be used t o eval uat e t he 
abr asi on r esi st ance of  t he st one i s COE CRD- C 63,  
Abr asi on- Er osi on Resi st ance of  Concr et e.

The number  of  wor k days speci f i ed i n t hi s par agr aph 
i s based on t he assumpt i on t hat  t o t ent at i vel y 
appr ove t he use of  a sour ce under  a s i ngl e cont r act  
r equi r es dat a f or  uni t  wei ght ,  absor pt i on,  and 
pet r ogr aphi c anal ysi s of  t he st one.   A mi ni mum of  80 
wor k days woul d be r equi r ed t o have avai l abl e dat a 
f r om t he f r eeze and t hawi ng t est .   Ar r angement s need 
t o be made wi t h t he t est i ng l abor at or y when not i ce 
i s gi ven t o eval uat e sour ce not  af t er  sampl es ar e 
col l ect ed.

The si ze of  a sampl e has been r educed t o t hr ee 
pi eces of  st one wei ghi ng 70 kg 150 pounds mi ni mum 
each f or  st one gr adat i ons wi t h a nomi nal  s i ze l ess 
t han 1400 kg 3000 pounds.   The number  of  pi eces has 
been r educed by t he COR bei ng a geol ogi st  or  
mat er i al s engi neer  and pr esent  dur i ng t he sampl e 
col l ect i on.   Al so,  t he pi eces need t o be washed t o 
make sur e t hey ar e s i mi l ar  and onl y t hr ee pi eces ar e 
r equi r ed by t he l abor at or y f or  eval uat i on of  
sampl e.   Lar ger  s i ze st ones may be r equi r ed f or  
eval uat i ng st one used f or  shor el i ne pr ot ect i on.

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

For  st one f r om an unl i st ed sour ce,  have eval uat i on t est s per f or med on 
st one sampl es col l ect ed f r om t he pr oposed sour ce.   Per f or m quar r y 
i nvest i gat i on by a r egi st er ed geol ogi st  or  r egi st er ed engi neer .   The t est s 
i ncl ude pet r ogr aphi c exami nat i on ( ASTM C295/ C295M) ,  [ bul k speci f i c  gr avi t y 
( SSD) , ] [ uni t  wei ght ,  ]  absor pt i on ( ASTM C127) ,  r esi st ance of  st one t o 
f r eezi ng and t hawi ng ( [ COE CRD- C 144] [ ASTM D5312/ D5312M] ) ,   r esi st ance t o 
wet t i ng and dr yi ng ( ASTM D5313/ D5313M) .   The  l abor at or y t o per f or m t he 
r equi r ed t est i ng must  be val i dat ed based on r el evant  par agr aphs of  
ASTM D3740,  and no wor k r equi r i ng t est i ng i s per mi t t ed unt i l  t he 
l abor at or y has been i nspect ed and val i dat ed unl ess appr oved pr i or  t o 
t est i ng by t he Cont r act i ng Of f i cer .   A copy of  t he document s,  pr ovi ded by 
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t he Mat er i al s Test i ng Cent er  ( MTC)  at  CEWES[  or  ot her  gover nment al  
agency] ,  t hat  val i dat es t hat  t he l abor at or y can per f or m t he r equi r ed 
t est s.   Li st  t he i ndi v i dual  t est s f or  whi ch t he val i dat i on cover s al ong 
wi t h t he dat e of  t he i nspect i on.   The f i r st  i nspect i on of  t he f aci l i t i es 
i s at  t he expense of  t he Gover nment  and any subsequent  i nspect i ons 
r equi r ed because of  f ai l ur e or  def i c i enci es i dent i f i ed by  t he f i r st  
i nspect i on ar e at  t he expense of  t he Cont r act or .

[ a.   Bul k Speci f i c  Gr avi t y Range.   Al l  st one must  have a mi ni mum bul k 
speci f i c  gr avi t y,  sat ur at ed sur f ace dr y ( SSD) ,  of  [ _____] [ 2. 50] [  and a 
maxi mum bul k speci f i c  gr avi t y of  not  mor e t han [ _____]  [ 2. 90] ]  based 

upon wat er  havi ng a uni t  wei ght  of  9. 8 kN/ m3 62. 4 pounds per  cubi c f oot .   
The met hod of  t est  f or  bul k speci f i c  gr avi t y ( SSD)  i s ASTM C127. [   
Ref er ence i s made t o par agr aph FACTORS USED FOR CONVERTI NG I N- PLACE 
VOLUME TO WEI GHT f or  i nst r uct i ons f or  conver t i ng i n- pl ace vol ume t o 
bi d quant i t i es and f or  i nst r uct i ons on adj ust i ng bi d schedul e 
quant i t i es f or  var i at i ons i n bul k speci f i c  gr avi t y and per cent age of  
voi ds. ] ]

b.   Uni t  Wei ght  and Absor pt i on.   St one must  [ wei gh mor e t han [ 24] [ _____]  

kN/ m3 [ 155] [ _____]  pounds per  cubi c f oot ] [ have a bul k speci f i c  
gr avi t y,  sat ur at ed sur f ace dr y,  gr eat er  t han [ 2. 48] [ _____] [ 2. 60] ] .   
Pr ovi de st one wi t h an absor pt i on l ess t han [ 1] [ 2] [ _____]  per cent  
unl ess ot her  t est s and ser vi ce r ecor ds show t hat  t he st one i s 
sat i sf act or y.   The met hod of  t est  f or  uni t  wei ght  and absor pt i on i s 
ASTM C127.

c.   Pet r ogr aphi c Exami nat i on.   Eval uat e st one i n accor dance wi t h 
ASTM C295/ C295M whi ch i ncl udes i nf or mat i on r equi r ed by ASTM D4992,  
par agr aph 10.   Use COE CRD- C 148 t o per f or m Et hyl ene gl ycol  t est s 
r equi r ed on r ocks pot ent i al l y  cont ai ni ng smect i t e as speci f i ed i n 
ASTM D4992 and on sampl es i dent i f i ed t o cont ai n swel l i ng c l ays.

d.   Resi st ance t o Fr eezi ng and Thawi ng.   Use st one wi t h a maxi mum l oss of  
[ _____] [ 5] [ 10]  per cent  af t er  t he number  of  cycl es speci f i ed i n 
ASTM D5312/ D5312M,  Fi gur e 1,  when det er mi ni ng t he dur abi l i t y  of  st one 
when subj ect ed t o f r eezi ng and t hawi ng i n accor dance wi t h [
COE CRD- C 144] [ ASTM D5312/ D5312M] ,  except  t he sur f ace ar ea of  one si de 

of  t he sampl e must  be bet ween [ 0. 09] [ _____]  and [ 1. 49] [ _____]  m2 
[ 144] [ _____]  and [ 2304] [ _____]  squar e i nches.

[ e.   Resi st ance of  Rock t o Wet t i ng and Dr yi ng.   Use st one wi t h a maxi mum 
l oss of  [ 1] [ _____]  per cent  when det er mi ni ng t he dur abi l i t y  of  st one 
when subj ect  t o wet t i ng and dr yi ng i n accor dance wi t h ASTM D5313/ D5313M,  
except  t he sur f ace ar ea of  one si de of  t he sampl e must  be bet ween 

[ 0. 09] [ _____]  and [ 1. 49] [ _____]  mm2 [ 144] [ _____]  and [ 2304] [ _____]  
squar e i nches. ]

f .   Sampl es.   Take sampl es of  st one f r om a sour ce not  l i s t ed at  t he end of  
t hi s sect i on by a r epr esent at i ve of  t he quar r y or  sour ce under  t he 
super vi s i on of  t he Cont r act i ng Of f i cer  f or  t est i ng and accept ance 
pr i or  t o del i ver y of  any st one f r om t hi s sour ce t o t he s i t e of  t he 
wor k.   I ncl ude i n t he i nf or mat i on pr ovi ded wi t h t he sampl es t he 
l ocat i on wi t hi n t he quar r y or  sour ce f r om whi ch t he sampl e was t aken 
al ong wi t h a f i el d exami nat i on of  t he quar r y or  sour ce.   I ncl ude t he 
i nf or mat i on out l i ne i n ASTM D4992,  par agr aph 7,  i n t he f i el d 
exami nat i on.   Sampl es consi st  of  at  l east  t hr ee pi eces of  st one,  
r oughl y cubi cal  i n shape and wei ghi ng no l ess t han [ 70] [ _____]  kg 
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[ 150] [ _____]  pounds each f r om each uni t  t hat  i s  used i n t he pr oduct i on 
of  t he r equi r ed st one.   I f  t he sour ce i s an undevel oped quar r y,  or  i f  
t he oper at i on has been dor mant  f or  mor e t han one year  such t hat  f r esh 
sampl es ar e not  avai l abl e,  expose f r esh r ock f or  6 m 20 f eet  
hor i zont al l y and f or  t he f ul l  hei ght  of  t he f ace pr oposed f or  
pr oduct i on,  pr i or  t o t he f i el d eval uat i on.   [ The Cont r act i ng Of f i cer  
may al so r equi r e document at i on of  subsur f ace expl or at i on of  an 
undevel oped quar r y i n or der  t o det er mi ne whet her  or  not  suf f i c i ent  
r eser ves ar e avai l abl e. ]   Shi p sampl es at  t he Cont r act or ' s expense t o 
a l abor at or y val i dat ed by t he gover nment  t o per f or m t he r equi r ed t est s.

g.   Test s.   Conduct  t he t est s i n accor dance wi t h appl i cabl e ASTM and Cor ps 
of  Engi neer s met hods of  t est s,  gi ven i n t he Handbook f or  Concr et e and 
Cement ,  i n a l abor at or y val i dat ed by t he gover nment .   The cost  of  
t est i ng ar e bor ne by t he Cont r act or .

2. 4. 1. 2   Quar r y Oper at i ons

Conduct  quar r y oper at i ons i n a manner  t o pr oduce st one conf or mi ng t o t he 
r equi r ement s speci f i ed.   Thi s may i nvol ve sel ect i ve quar r y i ng,  handl i ng,  
pr ocessi ng,  bl endi ng,  and l oadi ng as necessar y,  [ as speci f i ed i n Sect i on 
01 45 00 QUALI TY CONTROL] .   Cont r ol l ed bl ast i ng and handl i ng of  r ock t o 
pr oduce r ock of  t he s i ze r anges and qual i t y speci f i ed.   Techni ques such as 
t he use of  pr oper  hol e di amet er ,  hol e dept h,  hol e angl e,  bur den and 
spaci ng di st ances,  t ypes and di st r i but i on of  expl osi ves.  del ay i nt er val s 
and sequence,  r emoval  of  muck pi l es bet ween each shot ,  and speci al  
handl i ng t echni ques ar e r equi r ed as necessar y t o pr oduce t he speci f i ed 
mat er i al s.   Speci f i cal l y desi gn al l  aspect s of  bl ast i ng oper at i ons so t hat  
t he end pr oduct  i s not  damaged f r om t he bl ast i ng t echni que and t hat  t he 
st one i s sui t abl e f or  t he i nt ended pur pose.

a.   Cur i ng St one

Conduct  cur i ng oper at i ons on f r eshl y quar r i ed st one t o al l ow i t  t o 
r el ease st or ed ener gy and moi st ur e.   Thi s wi l l   al l ow t he st one t o 
exhi bi t  i ni t i al  and subsequent  post  bl ast i ng st r ess r el i ef  and r eveal  
any s i gni f i cant  f r act ur es  dur i ng t he ener gy r el ease and dr yi ng- out  
phase.   St ockpi l e st ones of  s i zes whi ch ar e i ndi v i dual l y pi cked 
t empor ar i l y  at  t he quar r y s i t e a mi ni mum of  [ _____]  cal endar  days 
bef or e bei ng shi pped t o t he pr oj ect  s i t e,  unl ess t hi s r equi r ement  i s 
wai ved by t he Cont r act i ng Of f i cer .   Such wai ver  wi l l  be gr ant ed onl y 
i f  t he st one has char act er i st i cs t hat  make cur i ng unnecessar y.

b.   St one Quar r yi ng Excl usi on Per i od

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Excl ude t he possi bi l i t y  of  wai v i ng t he 
quar r y i ng per i od r est r i ct i ons unl ess t he Di st r i ct  
Geol ogi st  aut hor i zes i ncl usi on of  t he l anguage i n 
t he speci f i cat i on f or  t he pr oj ect .

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

St one quar r i ed bet ween t he [ _____]  [ 15t h of  Sept ember  and t he 15t h of  
Apr i l ]  wi l l  not  be appr oved f or  use i n t he pr oj ect .   [ I f  t he st one i s 
not  af f ect ed by f r eeze- t haw cycl es,  and t he dur abi l i t y  hi st or y of  t he 
st one demonst r at es t hat  quar r y i ng dur i ng t he excl usi on per i od has not  
adver se ef f ect  on t he dur abi l i t y  of  t he st one and t he Cont r act i ng 
Of f i cer  appr oves t he use of  st one quar r i ed dur i ng t he excl usi on 
per i od,  t he st one quar r y i ng per i od excl usi on may be wai ved by t he 
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Cont r act i ng Of f i cer . ]   St one quar r i ed bef or e t he t he excl usi on per i od 
at  a t i me whi ch wi l l  not  per mi t  suf f i c i ent  cur i ng t i me bef or e bei ng 
subj ect ed t o f r eezi ng condi t i ons,  and whi ch i s subj ect  t o f r act ur i ng 
as a r esul t  of  f r eeze- t haw cycl es,  wi l l  not  be appr oved f or  use.

c.   Tempor ar y St or age at  Quar r y

Pr ol onged st or age of  st one mat er i al s pr i or  t o shi pment  f r om t he quar r y 
and pr i or  t o per manent  pl acement  i n t he r equi r ed wor k ar e subj ect  t o 
appr oval  of  t he Cont r act i ng Of f i cer .   [ Under wat er  st or age of  st one 
mat er i al s i s pr ohi bi t ed. ]

2. 4. 1. 3   Gr adat i on Test

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   As a r ul e of  t humb t he sampl e s i ze shoul d be 
bet ween 20 t o 100 t i mes t he wei ght  of  t he maxi mum 
si ze st one wi t hi n a speci f i ed gr adat i on ( see ASTM 
D5519,  Not e 2) .   Recommend usi ng ei t her  t he 
cal cul at ed mi ni mum sampl e s i ze or  t he f ol l owi ng si ze 
sampl es f or  t he r anges speci f i ed.

15 met r i c t on sampl e r equi r ed f or  r i pr ap wi t h a t op 
s i ze up t o 225 kg 500 pounds.   25 met r i c t on sampl e 
r equi r ed f or  r i pr ap or  st one wi t h t op s i ze bet ween 
225 kg 500 pounds and 1000 kg 2200 pounds and 50 
met r i c t on sampl e r equi r ed f or  r i pr ap or  st one wi t h 
t op s i ze l ar ger  t han 1000 kg 2200 pounds up t o 3400 
kg 7500 pounds.

For  sour ces whi ch have r i pr ap or  st one as a st andar d 
pr oduct i on i t em:   One gr adat i on t est  mi ni mum,  at  t he 
quar r y,  r equi r ed f or  each 50 000 met r i c t ons of  
r i pr ap or  st one wi t h a t op s i ze of  460 kg 1, 000 
pounds or  l ar ger ,  or  one t est  r equi r ed f or  each 
25, 000 met r i c t ons of  smal l er  r i pr ap or  st one.

To al l ow t he Cont r act or  t o per f or m a gr adat i on t est  
wi t hout  t he Cont r act i ng Of f i cer  pr esent ,  t he 
quant i t y of  r i pr ap or  st one r equi r ed f or  t he pr oj ect  
must  be l ess t han 10, 000 met r i c t ons.

Use consi st ent  t er mi nol ogy -  i f  t he CLI N i n t he Bi d 
Schedul e r ef er s t o Jet t y St one or  Ar mor  St one,  use  
t er ms excl usi vel y i n t he t ext  of  t he Speci f i cat i ons 
t hat  appl y t o each -  and cr oss check t hat  t he t er ms 
ar e used cor r ect l y i n t he Dr awi ngs.

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

Per f or m a gr adat i on t est  or  t est s on t he r i pr ap,  st one,  or  [ _____]  at  t he 
quar r y i n accor dance wi t h par agr aph GRADATI ON TEST METHOD FOR RI PRAP,  
GRADED STONE,  AND [ _____] .   Take t he sampl e i n t he pr esence of  t he 
Cont r act i ng Of f i cer .   Not i f y t he Cont r act i ng Of f i cer  not  l ess t han 3 days 
i n advance of  each t est .   Submi t  t he gr adat i on t est s usi ng t he GRADATI ON 
TEST DATA SHEET encl osed at  end of  t hi s sect i on f or  r i pr ap or  st one.   [ I n 
t he event  of  unavai l abi l i t y  of  t he Cont r act i ng Of f i ce,  per f or m t he t est s 
and cer t i f y t o t he Cont r act i ng Of f i cer  t hat  t he r i pr ap,  st one,  or  [ _____]  
shi pped compl i es wi t h t he speci f i cat i ons. ]   Per f or m at  l east  [ one]  [ _____]  
gr adat i on t est ( s)  per  [ 50, 000]  [ _____]  t ons( met r i c) t ons of  each si ze of  
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r i pr ap,  st one,  or  [ _____]  pl aced,  but  do not  per f or m l ess t han one t est .   
Repor t  gr adat i on t est s usi ng t he f or ms,  GRADATI ON TEST DATA SHEET and ENG 
FORM 4794- RM 4794- R,  at t ached at  end of  t hi s sect i on or  appr oved 
al t er nat i ve. [   Desi gnat e on t he t est  f or m t hat  por t i on i n t ons ( met r i c)  
t ons of  t he l ot  t est ed whi ch i s appl i cabl e t o t hi s cont r act .   Cor r ect  any  
devi at i on f r om t he r epor t ed t onnage and r ecor d on a r evi sed GRADATI ON TEST 
DATA SHEET. ] [   Pr ovi de sampl e consi st i ng of  no l ess t han [ 15]  [ 25]  [ 50]  
[ _____]  t ons( met r i c)  t ons of  [ _____]  r i pr ap,  st one,  or  [ _____] ,  and 
col l ect  i n a r andom manner  whi ch wi l l  pr ovi de a sampl e whi ch accur at el y 
r ef l ect s t he act ual  gr adat i on ar r i v i ng at  t he j obsi t e. ] [   Pr ovi de sampl e 
consi st i ng of  bet ween 30 t o 35 pi eces of  ar mor  st one and j et t y st one.   A 
mi ni mum of  t wo t est s ar e r equi r ed f or  accept ance of  ar mor  st one and j et t y 
st one.   Mar k t he wei ght  of  t he i ndi v i dual  pi eces of  ar mor  st one and j et t y 
st one,  r epr esent i ng t he mi ni mum,  maxi mum and 50 per cent  gr eat er  t han si zes 
f or  t he speci f i ed ar mor  st one and j et t y st one gr adat i on,  on each st one 
[ and pl ace at  t he quar r y t o pr ovi de vi sual  compar i son dur i ng pr oduct i on at  
t he quar r y ] and pl ace i n a l ocat i on adj acent  t o t he wor k s i t e i n or der  t o 
pr ovi de a basi s f or  v i sual  compar i son dur i ng pl acement  of  t he ar mor  st one 
and j et t y uni t s.   Use t hese st ones i n t he l ast  pl acement  i f  needed. ]   
Fai l ur e of  t he t est  on t he i ni t i al  sampl e and on an addi t i onal  sampl e wi l l  
be consi der ed cause f or  r ej ect i on of  t he quar r y and/ or  quar r y pr ocess,  and 
set  asi de al l  r i pr ap,  st one ,  or  [ _____]  r epr esent ed by t he f ai l ed t est s 
and do not  i ncor por at e i nt o t he wor k.    Any addi t i onal  t est s r equi r ed 
because of  t he f ai l ur e of  an i ni t i al  t est  sampl e wi l l  not  be consi der ed as 
one of  t he ot her  r equi r ed t est s.   I f  col l ect ed by t he t r uckl oad,  each 
t r uckl oad must  be r epr esent at i ve of  t he gr adat i on r equi r ement s.   [ The 
Cont r act i ng Of f i cer  may di r ect  addi t i onal  t est i ng of  t he r i pr ap,  st one or  
[ _____]  at  t he pr oj ect  s i t e i f  t he r i pr ap,  st one,  or  [ _____]  appear s,  by 
v i sual  i nspect i on,  t o be out  of  gr adat i on. ]   [ Per f or m addi t i onal  t est s on 
i n- pl ace mat er i al s at  t he l ocat i ons di r ect ed,  or  on r andom l oads sel ect ed 
by t he Cont r act i ng Of f i cer . ] [   I n- pl ace t est  ar eas must  be no l ess t han 
3. 6 by 3. 6 m 12 by 12 f eet  [ _____]  and i ncl ude t he f ul l  t hi ckness of  t he 
pl aced r i pr ap,  st one,  or  [ _____]  l ayer ,  wi t hout  di st ur bi ng or  i ncl udi ng 
t he under l y i ng mat er i al  and meet  t he mi ni mum sampl e s i ze speci f i ed 
above] .   Ref i l l  and r ewor k each pi t  or  voi d  excavat ed f or  an i n- pl ace 
t est  sampl e t o pr ovi de a sur f ace voi d of  s i gns of  di st ur bance. [   Per f or m 
[ one] [ addi t i onal ]  i n- pl ace gr adat i on on each [ 3800 cubi c met er s] [ 7500 t ons 
( met r i c]  [ 5, 000 cubi c yar ds] [ 7, 500 t ons]  or  por t i on t her eof  pl aced. ] [   I f  
t he gr adat i on t est  f ai l s ,  addi t i onal  gr adat i on t est s wi l l  be r equi r ed at  
t he Cont r act or ' s expense t o del i neat e t he l i mi t s of  unaccept abl e st one.   
Do not  count  addi t i onal  gr adat i on t est s as par t  of  t he mi ni mum number  of  
gr adat i on t est s r equi r ed.   Rewor k and r epl ace t he unaccept abl e st one as 
necessar y t o cor r ect  t he def i c i ency wi t hi n t he speci f i ed gr adat i on or  
r emove t he st one f r om t he pr oj ect  s i t e as det er mi ned by t he Cont r act i ng 
Of f i cer . ]   The Cont r act i ng Of f i cer  may di r ect  t hi s t est i ng under  FAR 
52. 246- 12 I nspect i on of  Const r uct i on.   Pr ovi de al l  necessar y scr eens,  
scal es and ot her  equi pment ,  and oper at i ng per sonnel ,  t o gr ade t he sampl e.   
Cer t i f i cat i on and t est  r esul t s r epr esent  r i pr ap,  st one,  or  [ _____]  shi pped 
f r om t he quar r y.   Cer t i f i cat i on and t est s r esul t s must  be r ecei ved by t he 
Cont r act i ng Of f i cer  at  t he j obsi t e bef or e t he r i pr ap,  st one.  or  [ _____]  i s 
used i n t he wor k.

2. 4. 1. 4   Pr opor t i onal  Di mensi on Li mi t at i ons

[ The maxi mum aspect  r at i o ( gr eat est  di mensi on: l east  di mensi on)  of  any 
pi ece of  st one f or  s i ze r anges [ whi ch ar e not  gr aded wi t h a scr een or  
gr i zzl y, ]  must  be not  gr eat er  t han 3: 1 when measur ed acr oss mut ual l y 
per pendi cul ar  axi s.   Al l ow no mor e t han 25 per cent   of  t he st ones wi t hi n a 
gr adat i on r ange t o have an aspect  r at i o gr eat er  t han 2. 5: 1. ] [   A maxi mum 
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of  [ 5] [ 10] [ 15]  per cent  f l at  and el ongat ed pi eces by wei ght  wi l l  be 
accept abl e.   A f l at  and el ongat ed pi ece of  r i pr ap i s def i ned as havi ng a 
r at i o of  wi dt h t o t hi ckness or  l engt h t o wi dt h gr eat er  t han 3: 1.   Use 
ASTM D4791 as a gui de t o per f or m t he t est . ]

2. 4. 1. 5   [ Ri pr ap] [ St one] [ _____]  St ockpi l e

St or age of  [ r i pr ap] [ st one] [ _____]  at  t he wor ksi t e i s not  t o be conf used 
wi t h of f - s i t e st ockpi l i ng of  r i pr ap,  st one,  or  [ _____] .   I f  t he Cont r act or  
el ect s t o pr ovi de of f - s i t e st ockpi l i ng ar eas,  not i f y t he Cont r act i ng 
Of f i cer  of  al l  such ar eas. [   The Cont r act or ' s st ockpi l e must  be a maxi mum 
of  3. 6 m 12 f eet  hi gh and f or med by a ser i es of  l ayer s of  t r uckl oad dumps,  
wher e t he r ock essent i al l y  r emai ns wher e i t  i s  pl aced.   St ar t  subsequent  
l ayer s 3 m 10 f eet  f r om t he edge of  t he pr evi ous l ayer  so t hat  t he r ock 
wi l l  not  r ol l  down t he edges of  t he pr evi ous l ayer s. ]   The f i r st  l ayer  
must  be a maxi mum of  1. 8 m 6 f eet  hi gh.   Af t er  bei ng st ockpi l ed,  do not  
put  any r i pr ap,  st one,  or  [ _____]  whi ch has become cont ami nat ed wi t h soi l  
or  r ef use i nt o t he wor k unl ess t he cont ami nat i ng mat er i al  has been r emoved 
f r om t he r i pr ap,  st one,  or  [ _____]  pr i or  t o pl acement .

a.   Wor ksi t e St ockpi l e.   [ Pl ace r i pr ap,  st one,  or  [ _____]  del i ver ed t o t he 
wor k s i t es,  whi ch r equi r es t empor ar y st or age[  l andwar d of  t op of  
s l ope, ]  i n a cont ai ner  sui t abl e f or  st or i ng t he r i pr ap,  st one,  or  
[ _____]  wi t hout  wast e[ ,  or  a sand- cl ay- gr avel  or  cr ushed st one pad may 
be const r uct ed f or  t he st or age ar ea and r emoved upon compl et i on of  t he 
wor k.   I f  t he sand- cl ay- gr avel  or  cr ushed st one pad met hod i s used,  
use pad wi t h a mi ni mum t hi ckness of  at  l east  150 mm 6 i nches. ]   The 
cont ai ner [  or  sand- cl ay- gr avel  or  cr ushed st one pad met hod]  i s subj ect  
t o appr oval  by t he Cont r act i ng Of f i cer  pr i or  t o del i ver y of  t he 
r i pr ap,  st one,  or  [ _____] .   Upon compl et i on of  t he wor k,  c l ean t he 
st or age ar eas of  al l  s t or age r esi dues and r et ur n t o t hei r  or i gi nal  
condi t i on. ] [   Tempor ar y st or age of  r i pr ap,  st one,  or  [ _____]  at  t he 
wor ksi t e wi l l  be al l owed,  pr ovi ded t he st ockpi l e t oe of  t he r i pr ap,  
st one,  or  [ ______]  be no cl oser  t han [ 18] [ 30]  m [ 60] [ 100]  l i near  f eet  
f r om t he cl osest  edge of  t he [ excavat i on' s] [ st r eam' s]  t op s l ope,  and 
t he amount  must  not  exceed 200 t  200 T[  unl ess ot her wi se appr oved] . ]

b.   Of f - s i t e St ockpi l e.   I n ar eas wher e r i pr ap,  st one,  or  [ _____]  i s 
st ockpi l ed f or  pl acement ,  r emove excess or  r esi dual  r ock pr i or  t o 
compl et i on of  wor k.   Remove al l  r ock and spal l s gr eat er  t han 75 mm 3 
i nches i n di amet er .   Wher e r ocks may have become bur i ed due t o sof t  
gr ound or  oper at i on of  t he equi pment ,  [ di spose of  r ock as di r ect ed]  
[ put  r ock i n a di sposal  ar ea] [ bur i ed i n accept abl e soi l ] .   Af t er  t he 
excess or  r esi dual  r ock has been r emoved,  gr ade,  dr ess,  and f i l l  t he 
st or age ar ea t o r et ur n t he gr ound sur f ace as near  as pr act i cal  t o t he 
condi t i on t hat  exi st ed pr i or  t o const r uct i on unl ess ot her wi se appr oved 
by t he Cont r act i ng of f i cer .

2. 4. 2   Ri pr ap

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:  At  t he end of  t hi s sect i on,  t he Speci f i er  must  
at t ach copi es ( Pl at es)  of  ENG FORM 4794- RM RI PRAP 
GRADATI ON CURVES f or  M40,  M65,  M90,  M180,  or  M300    
( ENG FORM 4794- R RI PRAP GRADATI ON CURVES FOR R90,  
R140,  R200,  R400,  or  R650) ,  et c. ,  as appl i cabl e f or  
t hi s cont r act .

The r i pr ap gr adat i ons pr esent ed wer e devel oped i n 

SECTI ON 35 31 19  Page 44



Lower  Mi ssi ssi ppi  Val l ey Di v i s i on i n 1981 and wer e 
st andar di zed t o l i mi t  t he number  of  gr adat i on bands 
t hat  a pr oducer  woul d have t o pr oduce.   These 
gr adat i on bands wer e devel oped f r om gr adat i on bands 
pr esent ed i n EM 1110- 2- 1601,  Chapt er  3.   Al l  bands 
wer e modi f i ed s l i ght l y af t er  meet i ngs wi t h pr oducer s 
i n AR,  MO,  and I L t o r educe pr oduct i on cost s.   These 
f i ve of  t hi r t een gr adat i on bands ar e pr ovi ded as 
exampl es.

Ri pr ap gr adat i ons may be desi gnat ed by st at e hi ghway 
depar t ment  st andar d speci f i cat i ons i n ar eas wher e 
quar r i es ar e mor e f ami l i ar  wi t h pr oduci ng t hese 
pr oduct s,  pr ovi ded t he gr adat i ons meet  t he pr oj ect  
needs.   Car e must  be t aken i n accept i ng sour ces of  
st at e hi ghway depar t ment  gr adat i ons of  r i pr ap t o 
ver i f y t he STONE QUALI TY CRI TERI A ot her  t han mer el y 
gr adat i on al so meet  t he pr oj ect  needs,  as st at e 
hi ghway depar t ment s may not  desi gn t o t he same 
l ong- t er m per f or mance dur at i ons.

Ri pr ap i s t ypi cal l y speci f i ed by t he wei ght  of  t he 
maxi mum D100 si ze of  t he r i pr ap gr adat i on.

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

Use onl y quar r i ed st one.   Pr ovi de wel l  gr aded st one conf or mi ng t o [ t he 
t abl e( s)  bel ow and t o Pl at e( s)  [ _____] ,  [ _____] ,  [ _____]  and [ _____]  
at t ached at  t he end of  t hi s sect i on] [ t he gr adat i on r equi r ement s f or  
[ _____] ,  [ _____] ,  and [ _____]  as speci f i ed i n [ par agr aph REGULATORY 
REQUI REMENTS] [ _____] ] .

TABLE [ _____]  -  FOR RI PRAP " M40" " R90"

PERCENT LI GHTER BY WEI GHT ( SSD) LI MI TS OF STONE WEI GHT,  KGLB.

100 40 -  2090 -  40

50 20 -  1040 -  20

15 10 -  320 -  5

TABLE [ _____]  -  FOR RI PRAP " M90" " R200"

PERCENT LI GHTER BY WEI GHT ( SSD) LI MI TS OF STONE WEI GHT,  KGLB.

100 90 -  35200 -  80

50 40 -  2080 -  40

15 20 -  540 -  10
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TABLE [ _____]  -  FOR RI PRAP " M300" " R650"

PERCENT LI GHTER BY WEI GHT ( SSD) LI MI TS OF STONE WEI GHT,  KGLB.

100 300 -  120650 -  260

50 130 -  60280 -  130

15 60 -  20130 -  40

TABLE [ _____]  -  FOR RI PRAP " M450" " R1000"

PERCENT LI GHTER BY WEI GHT ( SSD) LI MI TS OF STONE WEI GHT,  KGLB.

100 450 -  1801000 -  400

50 200 -  90430 -  200

15 95 -  30210 -  60

TABLE [ _____]  -  FOR RI PRAP " M3400"

PERCENT LI GHTER BY WEI GHT ( SSD) LI MI TS OF STONE WEI GHT,  KG

100 3400 -  1350

50 1400 -  680

15 680 -  225

2. 4. 3   [ Ri pr ap] [ St one]  Pavi ng

Use st one f or  [ r i pr ap] [ st one]  pavi ng i n pi eces appr oxi mat el y r ect angul ar  
i n cr oss sect i on,  each pi ece havi ng i t s gr eat est  di mensi on no mor e t han 
t hr ee t i mes i t s l east  di mensi on and wi t h one di mensi on not  var yi ng mor e 
t han 50 mm 2 i nches f r om t he t hi ckness of  t he pavi ng as shown.

2. 4. 4   [ Manuf act ur ed ] Der r i ck St one

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Speci f i er  shoul d i nser t  wei ght  l i mi t s,  a 
wei ght  t abul at i on t o def i ne t he desi r ed r ange of  
s i zes ( s i mi l ar  t o a r i pr ap gr adat i on) ,  or  a r ange of  
s i zes.

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

[ Manuf act ur ed der r i ck] [ Der r i ck]  st one must  be unr ei nf or ced concr et e shapes 

wei ghi ng not  l ess t han 2300 kN/ m3 145 pounds per  cubi c f oot .   Pr ovi de 
concr et e as speci f i ed i n Sect i on [ 03 30 53 MI SCELLANEOUS CAST- I N- PLACE 
CONCRETE]  [ 03 70 00 MASS CONCRETE] . [   Submi t  t he desi gn of  t he shapes of  
t he manuf act ur ed der r i ck st one pr i or  t o commenci ng t hei r  manuf act ur e.   
For m [ ei t her  handl i ng] [ handl i ng]  hol es i n t he shapes[  or  embed handl i ng 
har dwar e i n t he shapes]  at  t he t i me t hey ar e manuf act ur ed. ]   Der r i ck st one 
must  consi st  of  [ pi eces wei ghi ng [ _____]  kg pl us or  mi nus [ _____]  kg 
pounds pl us or  mi nus [ _____]  pounds]  [ pi eces as t abul at ed bel ow: ]   
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[ r ect angul ar  pi eces [ _____]  m f eet  l ong by [ _____]  m f eet  wi de by [ _____]  m
 f eet  t hi ck. ]  [ pi eces wi t h di mensi ons as t abul at ed bel ow: ]

[ _____] [ _____]

[ _____] [ _____]

[ _____] [ _____]

[ Ensur e st one i s [ r oughl y]  gr aded as t o s i ze bet ween t he sever al  
l i mi t s. ] [   Pr ovi de st one i n pi eces gener al l y r ect angul ar  i n cr oss sect i on,  
each pi ece havi ng i t s gr eat est  di mensi on no mor e t han t hr ee t i mes i t s 
l east  di mensi on. ]

2. 4. 4. 1   Gr out  f or  Manuf act ur ed Der r i ck St one

Use mat er i al s r equi r ed t o make t he gr out  as speci f i ed i n Sect i on [ 03 70 00 
MASS CONCRETE]  [ 03 30 53 MI SCELLANEOUS CAST- I N- PLACE CONCRETE] .   Mi x gr out  
i n t he pr opor t i ons of  one par t  cement  t o [ _____]  par t s sand,  [ and]  
suf f i c i ent  wat er  t o pr oduce a wor kabl e mi xt ur e[ ,  and t hat  amount  of  
admi xt ur e whi ch wi l l  ent r ai n suf f i c i ent  ai r  t o pr oduce dur abl e gr out .   
Submi t  gr out  mi xt ur e pr opor t i ons i n accor dance wi t h par agr aph SUBMI TTALS. ]

2. 4. 4. 2   Epoxy Mat er i al s

Epoxy mat er i al  must  meet  t he r equi r ement s of  ASTM C881/ C881M,  [ Type I V,  
when mi xed wi t h packaged sand t o f or m a mor t ar ]  [ Type VI I ,  f or  a seal er . ]

2. 4. 5   [ Capst one] [  and ] [ Der r i ck St one]

[ Capst one] [  and ] [ Der r i ck st one]  must  consi st  of  [ pi eces wei ghi ng [ _____]  
kg pl us or  mi nus [ _____]  kg pounds pl us or  mi nus [ _____]  pounds]  [ pi eces 
as t abul at ed bel ow: ]   [ r ect angul ar  pi eces [ _____]  m f eet  l ong by [ _____]  m 
f eet  wi de by [ _____]  m f eet  t hi ck. ]  [ pi eces wi t h di mensi ons as t abul at ed 
bel ow: ]

[ _____] [ _____]

[ _____] [ _____]

[ _____] [ _____]

[ Pr ovi de st one t hat  i s [ r oughl y]  gr aded as t o s i ze bet ween t he sever al  
l i mi t s. ]   [ Pr ovi de st one i n pi eces gener al l y r ect angul ar  i n cr oss sect i on,  
each pi ece havi ng i t s gr eat est  di mensi on no mor e t han t hr ee t i mes i t s 
l east  di mensi on. ]

2. 4. 6   Gr aded St one " A"

Gr aded St one " A"  must  conf or m t o t he f ol l owi ng t abl e:
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GRADED STONE " A"

STONE WEI GHT ( kg) ( Pounds) CUMULATI VE PERCENT ( Fi ner  by Wei ght )

23005000 100

11502500 70- 100

230500 40- 65

45100 20- 45

25 0- 15

0. 51 0- 5

A pl ot  of  t he gr adat i on cur ve i s at t ached at  t he end of  t hi s sect i on.

2. 4. 7   Gr aded St one " B"

[ _____] .

2. 4. 8   Gr aded St one " C"

[ _____] .

2. 4. 9   57- kg 125- Pound St one

Except  as i ndi cat ed by t he f ol l owi ng t ol er ances,  57- kg 125- pound r i pr ap 
st one must  be i n pi eces wei ghi ng no l ess t han 2. 7 kg 6 pounds each nor  
mor e t han 57 kg 125 pounds each, and no di mensi on must  be over  500 mm 20 
i nches.   Gr ade each shi pment  as f ol l ows:

WEI GHT OF PI ECES ( KG) ( LBS) PERCENT OF TOTAL WEI GHT

34 t o 5775 t o 125 10 Maxi mum

11 t o 3425 t o 75 40 t o 60

3 t o 116 t o 25 20 t o 40

0 t o 30 t o 6 0 t o 15

Not e:   Not  mor e t han 5 per cent  passi ng a 25 mm1- i nch si eve.

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   For  any of  t he f ol l owi ng f our  par agr aphs,  
when t he si ze of  t he l ar gest  st one wi t hi n a 
gr adat i on i s 115 kg 250 pounds or  l ess,  speci f y  
gr adat i on by di mensi on ( mm ( i nches)  i nst ead of  by 
wei ght .

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
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2. 4. 10   [ Beddi ng/ Mat t r ess]  St one

Fur ni sh st ones  t hat  wei gh bet ween [ _____]  kg pounds and [ _____]  kg pounds 
each,  f r ee of  f i nes and wel l  gr aded wi t hi n t he f ol l owi ng l i mi t s:

STONE WEI GHT I N KG LBS PERCENT LI GHTER BY WEI GHT OF
TOTAL MI XTURE

[ _____] [ _____]

[ _____] [ _____]

2. 4. 11   [ Cor e/ Under l ayer / Scour ]  St one

Fur ni sh st ones t hat  wei gh bet ween [ _____]  kg pounds and [ _____]  kg pounds 
each,  f r ee of  f i nes and wel l  gr aded wi t hi n t he f ol l owi ng l i mi t s:

STONE WEI GHT I N KG LBS PERCENT LI GHTER BY WEI GHT OF
TOTAL MI XTURE

[ _____] [ _____]

[ _____] [ _____]

2. 4. 12   [ Ar mor / Cover ]  St one

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   The desi gn of  ar mor / cover  st one shoul d be 
based upon cr i t er i a pr esent ed i n EM 1110- 2- 2904.   
Qual i t y Cont r ol  and gr adat i ons f or  especi al l y l ar ge 
ar mor  st one may be mor e st r i ngent  t han r i pr ap.   
Ar mor  st one quar r i es ar e l ess common because t he 
geol ogy,  st r at a or  r ock mass necessar y t o pr oduce 
l ar ge i nt act  and dur abl e pi eces f r ee f r om weak 
di scont i nui t i es i s l ess common.

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

Fur ni sh st ones t hat  wei gh bet ween [ _____]  kg pounds and [ _____]  kg pounds 
each,  f r ee of  f i nes.   Ensur e sevent y- f i ve per cent  ( 75 per cent )  of  t he 
st ones wei gh gr eat er  t han [ _____]  kg pounds each.

2. 4. 13   Spl ash/ Fi l l  St one

Fur ni sh st ones f or  spl ash/ f i l l  s t one behi nd t he st eel  sheet  pi l e wal l  t hat  
ar e wel l  gr aded f r om [ _____] mm i nch t o [ _____]  mm i nches,  f r ee of  f i nes 
and cont ai n no mor e t han f i ve per cent  ( 5 per cent )  st ones l ar ger  t han 
[ _____]  mm i nches i n any di mensi on.

2. 5   CONCRETE GROUT

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   I f  concr et e gr out i ng i s not  r equi r ed f or  t he 
pr oj ect ,  del et e t hi s par agr aph and i t s subpar agr aphs 
i n t hei r  ent i r et y.
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Requi r ement s ar e wr i t t en t o mat ch an abr i dged 
ver si on of  Sect i on 03 30 53 MI SCELLANEOUS 
CAST- I N- PLACE CONCRETE  or  appl i cabl e Gr out  specs.   
Do not  use gr out ed r i pr ap i n ar eas wher e f r ost  heave 
or  i ce i n t he sub- base can be expect ed t o cause 
upl i f t  f ai l ur e and on t he r i ver - s i de s l opes of  
l evees.   A syst em desi gned f or  pr essur e r el i ef  and 
dr ai nage shoul d be pr ovi ded beneat h t he ar ea t o be 
gr out ed al ong wi t h edge and t oe desi gn t o pr event  
under cut t i ng and l at er al  movement  of  wat er  beneat h 
t he gr out ed r i pr ap.

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

2. 5. 1   Cement i t i ous Mat er i al s

Submi t  manuf act ur er ' s cer t i f i cat e of  compl i ance,  or  mi l l  t est  r epor t s,  
st at i ng t hat  t he mat er i al s meet  t he r equi r ement s of  t he f ur ni shed 
speci f i cat i on.

2. 5. 1. 1   Por t l and Cement

ASTM C150/ C150M,  Type [ I , ]  [ I A, ]  [ I I , ]  [ I I A] ,  l ow al kal i .

2. 5. 1. 2   Pozzol an

ASTM C618,  Cl ass C or  F,  i ncl udi ng r equi r ement s of  Tabl es 1A and 2A.    
Pozzol an i n amount  not  t o exceed 25 per cent ,  based on absol ut e vol ume,  may 
be subst i t ut ed f or  an equi val ent  amount  of  por t l and cement  i n t he gr out  
mi xt ur e pr opor t i ons.

2. 5. 2   Aggr egat es f or  Concr et e Gr out

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   I nser t  t he appr opr i at e St at e Hi ghway 
Depar t ment  gr adat i on r equi r ement s i f  appl i cabl e.

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

Use f i ne aggr egat es f or  gr out  meet i ng t he qual i t y and gr adat i on 
r equi r ement s of  ei t her  ASTM C33/ C33M or  par agr aph REGULATORY 
REQUI REMENTS.   Use coar se aggr egat es meet i ng t he qual i t y and gr adat i on 
r equi r ement s of  ASTM C33/ C33M,  Cl ass desi gnat i on 4M,  Si ze No.  67,  7 or  8[  
or  par agr aph REGULATORY REQUI REMENTS] ,  Cl ass desi gnat i on [ _____] ,  Si ze No.  
[ _____] .

2. 5. 3   Admi xt ur es

Submi t  manuf act ur er s '  l i t er at ur e f or  t he concr et e admi xt ur es and cur i ng 
mat er i al s.   Use admi xt ur es,  when r equi r ed or  appr oved,  t hat  compl y wi t h 
t he f ol l owi ng:

a.   Ai r - Ent r ai ni ng Admi xt ur e:   ASTM C260/ C260M.

b.   Wat er - Reduci ng or  Ret ar di ng Admi xt ur e:   ASTM C494/ C494M,  Type A,  B,  or  
D.

2. 5. 4   Cur i ng Mat er i al s

Pr ovi de cur i ng mat er i al s as f ol l ows:

SECTI ON 35 31 19  Page 50



a.   I mper vi ous Sheet  Mat er i al s:   ASTM C171,  t ype opt i onal ,  except  
pol yet hyl ene f i l m,  i f  used,  must  be opaque whi t e.

b.   Membr ane- For mi ng Cur i ng Compound:   ASTM C309,  Type 1- D or  2,  Cl ass [ A]  
[ B] .

2. 5. 5   Wat er

Use f r esh,  c l ean,  pot abl e wat er  f or  mi xi ng and cur i ng.   Ensur e wat er  i s 
f r ee f r om i nj ur i ous amount s of  oi l ,  aci d,  sal t ,  al kal i ,  except  t hat  
nonpot abl e wat er  may be used i f  i t  meet s t he r equi r ement s of  COE CRD- C 400.

2. 5. 6   [ Equi pment ]

Bat chi ng and mi xi ng equi pment  wi l l  be accept ed on t he basi s of  
manuf act ur er ' s dat a whi ch demonst r at es compl i ance wi t h t he appl i cabl e 
speci f i cat i ons.

PART 3   EXECUTI ON

3. 1   DEMONSTRATI ON SECTI ON

Pr i or  t o pl acement  of  st one,  const r uct  a sect i on of  [ st one] [ channel ]  
pr ot ect i on consi st i ng of  [ t oe st one] [ r i pr ap] [ gr out ed st one] [ _____]  t o 
demonst r at e hi s pr oposed oper at i ons f or  pr oduct i on pl acement .   Demonst r at e 
pr ocedur es and capabi l i t y  of  gr adi ng,  pl aci ng [ t oe]  st one and bank 
pr ot ect i on[ ,  and pl aci ng gr out ,  and cur i ng of  t he gr out ed st one]  wi t hi n 
t he t ol er ances speci f i ed.   The demonst r at i on sect i on must  be[ 30] [ _____]  m 
[ 100] [ _____]  f eet  i n l engt h and must  conf or m t o al l  appl i cabl e 
speci f i cat i ons.

3. 1. 1   Met hods and Equi pment

Demonst r at e means,  met hods and equi pment  empl oyed f or  pl acement  of  [ t oe 
st one] [ r i pr ap] [ gr out ed st one] [ _____]  conf or m t o t he r equi r ement s 
speci f i ed.  Accur at el y t abul at e quant i t i es of  al l  mat er i al s pl aced wi t hi n 
t he sect i on and pr ovi de i mmedi at el y t o t he Cont r act i ng Of f i cer  f or  
compar i son wi t h comput ed quant i t i es.

3. 1. 2   Demonst r at i on Sect i on Eval uat i on

Do not  pr oceed wi t h pl aci ng [ st one] [ channel ]  pr ot ect i on pr i or  t o t he 
appr oval  of  t he demonst r at i on sect i on.   Wi t hi n a per i od of  7 days af t er  
compl et i on of  t he sect i on,  t he Cont r act i ng Of f i cer  wi l l  det er mi ne t he 
adequacy of  t he sect i on t o f unct i on as par t  of  t he per manent  
const r uct i on.   The Cont r act or  wi l l  be not i f i ed as t o t he accept abi l i t y  of  
t he sect i on and may be di r ect ed t o modi f y met hods of  const r uct i on[ ,  mi x 
desi gn, ]  and r emove t he sect i on i f  necessar y.

3. 1. 3   Removal  of  Demonst r at i on Sect i on

I f  r emoval  of  t he demonst r at i on sect i on i s r equi r ed,  conduct  i t  i n such a 
manner  as t o mai nt ai n t he i nt egr i t y of  t he under l y i ng subgr ade.   Di spose 
of  unused demonst r at i on sect i on mat er i al s at  an of f s i t e l ocat i on.

3. 2   BASE PREPARATI ON

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
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NOTE:   Sand f i l l  i s  speci f i ed f or  t he f i l l i ng of  l ow 
ar eas bel ow t he wat er l i ne ar ound st r uct ur es i n s l ack 
wat er  and gi v i ng t he Cont r act or  t he opt i on of  usi ng 
beddi ng or  f i l t er  mat er i al s.   However ,  i f  f i l l  
mat er i al  i s  r equi r ed wher e t he desi gner  assumes 
t her e wi l l  be f l owi ng wat er ,  t he desi gner  wi l l  have 
t o det er mi ne t he mi ni mum si ze of  mat er i al s t hat  wi l l  
s t ay i n pl ace unt i l  t he st one pr ot ect i on can be 
compl et ed.   Thi s may r equi r e t he f i l l  mat er i al  t o be 
speci f i ed as beddi ng/ f i l t er  mat er i al  or  r i pr ap.

Tol er ances pl us 50 t o 75 mm 2 t o 3 i nches ( Above 
wat er  pl acement ) .

Tol er ances pl us 300 mm 1 f oot  and mi nus 600 mm 2 f eet
 ( Bel ow wat er  pl acement ) .

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

Gr ade and/ or  dr ess ar eas on whi ch [ geot ext i l e and r i pr ap ar e]  [ f i l t er  
l ayer s and r i pr ap ar e]  [ beddi ng mat er i al  and r i pr ap ar e]  t o be pl aced t o 
conf or m t o cr oss sect i ons shown on t he cont r act  dr awi ngs wi t hi n an 
al l owabl e t ol er ance of  pl us 50 mm 2 i nches and mi nus 100 mm 4 i nches f r om 
t he t heor et i cal  [ s l ope]  l i nes and gr ades.    The pr epar ed base must  be 
appr oved by t he Cont r act i ng Of f i cer .   Wher e such ar eas ar e bel ow t he 
al l owabl e mi nus t ol er ance l i mi t ,  r est or e t o gr ade by f i l l  [ wi t h ear t h 
s i mi l ar  t o t he adj acent  mat er i al ]  [ wi t h sand f i l l ]  and t hen compact  t o a 
densi t y equal  t o t he adj acent  i n pl ace mat er i al .   [ Subaqueous ar eas on 
whi ch [ beddi ng mat er i al  and r i pr ap]  [ f i l t er  mat er i al s and r i pr ap]  ar e t o 
be pl aced must  be geot echni cal l y st abl e as det er mi ned by a qual i f i ed 
geot echni cal  engi neer .   Gr ade and/ or  r est or e subaqueous mat er i al  t o  
conf or m t o cr oss sect i ons shown on t he cont r act  dr awi ngs wi t hi n an 
al l owabl e t ol er ance of  pl us 300 mm 1 f oot  and mi nus 600 mm 2 f eet  f r om t he 
speci f i ed [ s l ope]  l i ne and gr ades.   Wher e such ar eas ar e bel ow t he 
al l owabl e mi nus t ol er ance l i mi t ,  f i l l   wi t h sand or  ot her  sui t abl e f i l l  as 
det er mi ned by t he exi st i ng bot t om condi t i ons.   As an al t er nat i ve,  t hese 
ar eas may be f i l l ed wi t h [ beddi ng mat er i al ]  [ f i l t er  mat er i al ]  i f  appr oved 
by t he Cont r act i ng Of f i cer .   No payment  wi l l  be made f or  any mat er i al  t hus 
r equi r ed. ]   I mmedi at el y pr i or  t o pl aci ng t he [ geot ext i l e]  [ beddi ng l ayer s]  
[ f i l t er  l ayer s] ,  t he pr epar ed base wi l l  be i nspect ed by t he Cont r act i ng 
Of f i cer  and do not  pl ace mat er i al  t her eon unt i l  t hat  ar ea has been 
appr oved.

3. 3   PLACEMENT OF BEDDI NG LAYERS

3. 3. 1   Gener al

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:  The f ol l owi ng const r uct i on t ol er ances wi l l  be 
used f or  beddi ng l ayer  pl acement .   Tol er ances wi l l  
var y based upon Di st r i ct  exper i ence and pr oj ect  
condi t i ons.

Pl us or  mi nus 50 mm 2 i nches

Pl us 100 mm 4 i nches or  mi nus 50 mm 2 i nches

Pl us 150 mm 6 i nches or  mi nus 50 mm 2 i nches ( bel ow 
wat er )  shoul d be possi bl e i f  wat er  dept hs ar e l ess 
t han 3 m 9 f eet .   Pl acement  t ol er ances at  gr eat er  
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dept hs shoul d be del et ed and r epl aced wi t h 
t ons/ squar e as speci f i ed f or  under  wat er  pl acement  
of  st one.

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

Pl ace a beddi ng l ayer ,  consi st i ng of  a [ _____]  - mm - i nch l ayer  of  [ gr avel  
or ]  cr ushed st one,  on t he pr epar ed base as descr i bed bel ow,  i n accor dance 
wi t h t he det ai l s shown on t he cont r act  dr awi ngs,  and wi t hi n t he l i mi t s 
shown on t he cont r act  dr awi ngs or  st aked i n t he f i el d.   A t ol er ance of  pl us
 50 mm 2 i nches and mi nus 25 mm 1 i nch f r om t he sl ope l i nes and gr ades 
shown on t he cont r act  dr awi ngs wi l l  be al l owed i n t he f i ni shed sur f ace of  
t he beddi ng,  except  ensur e t hat  t he ext r eme of  t hi s t ol er ance i s not  

cont i nuous over  an ar ea gr eat er  t han 18 m2 200 squar e f eet .

3. 3. 2   Pl acement  of  Beddi ng Mat er i al  on Pr epar ed Base

Spr ead beddi ng mat er i al  uni f or ml y on t he pr epar ed base t o t he [ s l ope]  
l i nes and gr ades as i ndi cat ed on t he cont r act  dr awi ngs and i n such manner  
as t o avoi d damage t o t he pr epar ed base.   Pl aci ng of  [ gr avel  or ]  cr ushed 
st one by met hods whi ch t end t o segr egat e t he par t i c l e s i zes wi t hi n t he 
beddi ng l ayer  [ or  cause mi xi ng of  t he separ at e l ayer s]  i s  pr ohi bi t ed.   
Begi n pl acement  at  t he bot t om of  t he ar ea t o be cover ed and cont i nue up 
sl ope.   Pl ace subsequent  l oads of  mat er i al  agai nst  pr evi ousl y pl aced 
mat er i al  i n such a manner  as t o ensur e a r el at i vel y homogenous mass.   
Repl ace or  r epai r  any damage t o t he sur f ace of  t he pr epar ed base t hat  
occur s dur i ng pl acement .   Compact i on of  mat er i al  pl aced on t he pr epar ed 
base wi l l  not  be r equi r ed,  but  f i ni sh [ t he mat er i al  sur f ace]  [ each l ayer ]  
t o pr esent  an adequat el y even sur f ace,  f r ee f r om mounds or  wi ndr ows.

3. 4   PLACEMENT OF FI LTER LAYERS

3. 4. 1   Gener al

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:  The f ol l owi ng const r uct i on t ol er ances wi l l  be 
used f or  f i l t er  l ayer  pl acement .   Tol er ances wi l l  
var y based upon Di st r i ct  exper i ence and pr oj ect  
condi t i ons.

Pl us or  mi nus 50 mm 2 i nches

Pl us 100 mm 4 i nches or  mi nus 50 mm 2 i nches

Pl us 150 mm 6 i nches or  mi nus 50 mm 2 i nches ( bel ow 
wat er )  shoul d be possi bl e i f  wat er  dept hs ar e l ess 
t han 3 m 10 f eet .   Pl acement  t ol er ances at  gr eat er  
dept hs shoul d be del et ed and r epl aced wi t h 
t ons/ squar e as speci f i ed f or  under  wat er  pl acement  
of  st one.

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

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Al t er nat i ve 1.

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

Pl ace [ f i l t er  l ayer s,  composed of  geot ext i l e [ and a [ _____]  - mm - i nch 
l ayer  of  f i l t er  st one] [  and a [ _____]  - mm - i nch l ayer  of  sand ( cushi on 
l ayer ) ]  on t he pr epar ed base as descr i bed bel ow,  i n accor dance wi t h t he 
det ai l s shown on t he cont r act  dr awi ngs,  and wi t hi n t he l i mi t s ei t her  shown 
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on t he cont r act  dr awi ngs or  st ake i n t he f i el d. ]   [ A t ol er ance of  pl us 50 
mm 2 i nches and mi nus [ 25] [ 50]  mm [ 1 i nch] [ 2 i nches]  f r om t he sl ope l i nes 
and gr ades shown on t he cont r act  dr awi ngs wi l l  be al l owed i n t he f i ni shed 
sur f ace of  t he f i l t er  l ayer s,  except  ensur e t hat  t he ext r eme of  t hi s 

t ol er ance i s not  cont i nuous over  an ar ea gr eat er  t han 18 m2 200 squar e f eet . ]

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Al t er nat i ve 2.

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

Pl ace [ f i l t er  l ayer s composed of  a [ _____]  - mm - i nch l ower  l ayer  of  [ Sand 
" [ _____] " ] ,  [ a [ _____]  - mm - i nch mi ddl e l ayer  of  Gr avel  " [ _____] " ] ,  and a 
[ _____]  - mm - i nch upper  l ayer  of  [ Gr avel  " [ _____] " ]  [ Fi l t er  St one]  on t he 
pr epar ed base as descr i bed bel ow,  i n accor dance wi t h t he det ai l s on t he 
cont r act  dr awi ngs,  and wi t hi n t he l i mi t s shown on t he cont r act  dr awi ngs or  
st ake i n t he f i el d. ]   [ A t ol er ance of  pl us [ _____]  mm i nch( es)  and mi nus 
[ _____]  mm i nch( es)  f r om t he sl ope l i nes and gr ades shown on t he cont r act  
dr awi ngs wi l l  be al l owed i n t he f i ni shed sur f ace of  t he f i l t er  l ayer s,  
except  ensur e t hat  t he ext r eme of  t hi s t ol er ance i s not  cont i nuous over  an 

ar ea gr eat er  t han 18 m2 200 squar e f eet ] .

[ 3. 4. 2   Geot ext i l e

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Del et e t hi s par agr aph i f  Al t er nat e 2 i s used.

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

I nst al l  geot ext i l e as speci f i ed i n Sect i on 31 05 19. 13 GEOTEXTI LES FOR 
EARTHWORK.

] [ 3. 4. 3   Pl acement  of  [ Fi l t er  Mat er i al ]  [ Sand Cushi on Layer ]  on Geot ext i l e

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Del et e t hi s par agr aph i f  Al t er nat e 2 i s used.

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

Uni f or ml y spr ead [ cr ushed st one] [ f i l t er  mat er i al ]  on t he geot ext i l e t o t he 
[ s l ope]  l i nes and gr ades as i ndi cat ed on t he cont r act  dr awi ngs and i n such 
manner  as t o avoi d damage t o t he geot ext i l e.   Begi n pl acement  at  t he 
bot t om of  t he ar ea t o be cover ed and cont i nue up sl ope.   Pl ace subsequent  
l oads of  mat er i al  agai nst  pr evi ousl y pl aced mat er i al  i n such a manner  as 
t o ensur e a r el at i vel y homogenous mass.   Pl aci ng of  [ cr ushed st one] [ f i l t er  
st one] [ sand cushi on l ayer ]  by met hods whi ch t end t o segr egat e t he par t i c l e 
s i zes wi t hi n t he f i l t er  l ayer  i s pr ohi bi t ed.   Repai r  or  r epl ace any damage 
t o t he sur f ace of  t he geot ext i l e dur i ng pl acement  of  [ cr ushed 
st one] [ f i l t er  st one] [ sand cushi on l ayer ]  bef or e pr oceedi ng wi t h t he 
wor k.    Compact i on of  mat er i al  pl aced on t he geot ext i l e wi l l  not  be 
r equi r ed,  but  f i ni sh t o pr esent  an adequat el y even sur f ace,  f r ee f r om 
mounds or  wi ndr ows.

] 3. 4. 4   Pl acement  of  Fi l t er  Mat er i al  on Pr epar ed Base

Uni f or ml y spr ead f i l t er  mat er i al   on t he pr epar ed base t o t he [ s l ope]  
l i nes and gr ades as i ndi cat ed on t he cont r act  dr awi ngs and i n such manner  
as t o avoi d damage t o t he pr epar ed base.   Begi n pl acement  at  t he bot t om of  
t he ar ea t o be cover ed and cont i nue up sl ope.   Pl ace subsequent  l oads of  
mat er i al  agai nst  pr evi ousl y pl aced mat er i al  i n such a manner  as t o ensur e 
a r el at i vel y homogenous mass.   Pl aci ng of  [ sand, ]  [ gr avel , ]  and [ cr ushed 
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st one]  by met hods whi ch t end t o segr egat e t he par t i c l e s i zes wi t hi n t he 
f i l t er  l ayer s or  cause mi xi ng of  t he separ at e l ayer s i s pr ohi bi t ed.   
Repai r  or  r epl ace any damage t o t he sur f ace of  t he pr epar ed base dur i ng 
pl acement  of  t he mat er i al  bef or e pr oceedi ng wi t h t he wor k.   Compact i on of  
mat er i al  pl aced on t he pr epar ed base wi l l  not  be r equi r ed,  but  f i ni sh each 
l ayer  t o pr esent  an adequat el y even sur f ace,  f r ee f r om mounds or  wi ndr ows.

3. 5   PLACEMENT OF RI PRAP

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   At  t he end of  t hi s sect i on,  t he Speci f i er  
must  at t ach copi es ( Pl at es)  of  ENG FORM 4794- RM 
RI PRAP GRADATI ON CURVES f or  M40,  M_____ ( ENG FORM 
4794- R RI PRAP GRADATI ON CURVES f or  R90,  R_____) ,  et c.

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

3. 5. 1   Gener al

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   The Speci f i er  wi l l  not  speci f y r i pr ap by 
l ayer  t hi ckness.   Speci f y r i pr ap by t he wei ght  of  
t he maxi mum D100 si ze of  t he r i pr ap gr adat i on.

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

Pl ace r i pr ap on t he [ f i l t er ]  [ and]  [ beddi ng]  l ayer s speci f i ed i n 
par agr aph( s)  [ BEDDI NG MATERI AL]  [ and]  [ FI LTER MATERI AL]  wi t hi n t he l i mi t s 
shown on t he cont r act  dr awi ngs.

3. 5. 2   Pl acement

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Sel ect  appr opr i at e Al t er nat i ve.

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

[ Use under  wat er  pl acement  r at es when t he t op of  t he l ayer  t o be pl aced i s 
cover ed by mor e t han 900 mm 3 f eet  of  wat er . ]

[ 3. 5. 2. 1   Above Wat er

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Al t er nat i ve 1.

For  pl acement  of  r i pr ap above wat er  on a beddi ng 
l ayer  or  f i l t er  l ayer ( s) .

For  t ol er ances i n gener al ,  1/ 2 of  t he aver age st one 
di mensi on of  gr adat i on r ange i s al l owed above t he 
neat l i ne and 1/ 4 of  t he same di mensi on i s al l owed 
bel ow t he neat l i ne.

Use bot t om hi nged t ai l gat es on dump t r ucks used i n 
pl aci ng t he r i pr ap i f  l ar ger  t han M180 R400 r i pr ap 
i s speci f i ed.

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

Pl ace r i pr ap i n a manner  whi ch wi l l  pr oduce a wel l - gr aded mass of  r ock 
wi t h t he mi ni mum pr act i cabl e per cent age of  voi ds,  and const r uct ,  wi t hi n 
t he speci f i ed t ol er ances,  t o t he l i nes and gr ades shown on t he cont r act  
dr awi ngs or  st ake i n t he f i el d.   A t ol er ance of  pl us [ _____]  mm i nch( es)  
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and mi nus [ _____]  mm i nch( es)  f r om t he sl ope l i nes and gr ades shown on t he 
cont r act  dr awi ngs wi l l  be al l owed i n t he f i ni shed sur f ace of  t he r i pr ap,  
except  ensur e t hat  t he ext r eme of  t hi s t ol er ance i s not  cont i nuous over  an 

ar ea gr eat er  t han 18 m2 200 squar e f eet .   The aver age t ol er ance above or  
bel ow t he neat  l i nes f or  t he ent i r e j ob must  have no mor e t han 50 per cent  
of  t he t ol er ances speci f i ed above.   [ Pl ace r i pr ap by means of  t r uck,  cr ane 
oper at ed ski p- pan ( box) ,  dr agl i ne bucket ,  c l amshel l ,  r ock- bucket ,  
hydr aul i c excavat or ,  t r ackhoe,  or  ot her  appr oved equi pment .   [ The use of  
t r act or  l oader s or  ot her  equi pment  commonl y r ef er r ed t o as f r ont  end 
l oader s i s pr ohi bi t ed.   [ Pneumat i c t i r ed f r ont  end l oader s may be used 
pr ovi ded t hat  i n t he opi ni on of  t he Cont r act i ng Of f i cer  no degr adat i on of  
t he r ock occur s. ] ] ]   Pl ace r i pr ap t o i t s f ul l  cour se t hi ckness i n one 
oper at i on and i n such manner  as t o avoi d di spl aci ng t he [ beddi ng]  [ f i l t er ]  
mat er i al .   Di st r i but e l ar ge st ones wel l  and gr ade t he ent i r e mass of  
st ones i n t hei r  f i nal  posi t i on t o conf or m t o t he gr adat i on speci f i ed i n 
par agr aph RI PRAP,  subpar agr aph GENERAL.   Begi n pl acement  at  t he bot t om of  
t he ar ea t o be cover ed and cont i nue up sl ope.   Pl ace subsequent  l oads of  
mat er i al  agai nst  pr evi ousl y pl aced mat er i al  i n such a manner  as t o ensur e 
a r el at i vel y homogenous mass.   Pr ovi de f i ni shed r i pr ap t hat  i s f r ee f r om 
obj ect i onabl e pocket s of  smal l  st ones and cl ust er s of  l ar ger  st ones.   
Pl aci ng r i pr ap i n l ayer s wi l l  not  be per mi t t ed.   Pl aci ng r i pr ap by dumpi ng 
i t  i nt o chut es,  or  by s i mi l ar  met hods l i kel y t o cause segr egat i on of  t he 
var i ous s i zes,  i s  pr ohi bi t ed.   Pl aci ng r i pr ap by dumpi ng i t  at  t he t op of  
t he s l ope and pushi ng i t  down t he sl ope i s pr ohi bi t ed.   Do not  oper at e 
equi pment  di r ect l y on t he compl et ed st one pr ot ect i on syst em.   Pr oduce t he 
desi r ed di st r i but i on of  t he var i ous s i zes of  st ones t hr oughout  t he mass by 
sel ect i ve l oadi ng of  t he mat er i al  at  t he quar r y or  ot her  sour ce;  by 
cont r ol l ed dumpi ng of  successi ve l oads dur i ng f i nal  pl aci ng;  or  by ot her  
met hods of  pl acement  whi ch wi l l  pr oduce t he speci f i ed r esul t s.   Each 
t r uckl oad must  be r epr esent at i ve of  t he gr adat i on r equi r ement s.   [ Equi p 
al l  dump t r ucks used i n pl aci ng t he r i pr ap wi t h bot t om hi nged t ai l gat es.   
Ar r ange t he gat e r el easi ng mechani sm so t hat  i t  may be oper at ed onl y f r om,  
at ,  or  near  t he f r ont  of  t he t r uck. ]   Rear r ange  i ndi v i dual  st ones t o t he 
ext ent  necessar y t o obt ai n a wel l - gr aded di st r i but i on of  st one si zes as 
speci f i ed above. [   However ,  mani pul at i ng st one by means of  dozer s or  ot her  
bl ade equi pment  i s pr ohi bi t ed. ] [   Unl ess ot her wi se aut hor i zed by t he 
Cont r act i ng Of f i cer ,  pl ace r i pr ap i n conj unct i on wi t h t he const r uct i on of  
t he embankment  and wi t h onl y suf f i c i ent  l ag i n const r uct i on of  t he st one 
pr ot ect i on as may be necessar y t o pr event  mi xi ng of  embankment  and st one 
pr ot ect i on mat er i al s. ] [   Mai nt ai n t he st one pr ot ect i on unt i l  accept ed by 
t he Cont r act i ng Of f i cer ;  r epl ace any mat er i al  di spl aced pr i or  t o 
accept ance due t o t he Cont r act or ' s negl i gence wi t h no addi t i onal  payment  
and t o t he l i nes and gr ades shown on t he cont r act  dr awi ngs. ]

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Al t er nat i ve 2.

For  pl acement  of  r i pr ap on geot ext i l e or  geot ext i l e 
and f i l t er  st one.

Tol er ance +100 mm and - 50 mm +4 i nches and - 2 i nches 
f or  r i pr ap wi t h a t op s i ze up t o 230 kg 500 pounds 
r i pr ap and a t ol er ance of  +150 mm and - 150 mm +6 
i nches and - 6 i nches f or  l ar ge r i pr ap.

Add bot t om hi nged t ai l gat es t o dump t r ucks used i n 
pl aci ng t he r i pr ap i f  l ar ger  t han M180 R400 r i pr ap 
i s speci f i ed.
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Dr op hei ght s of  900 mm 3 f eet  speci f i ed i n t hi s 
par agr aph ar e based on t he geot ext i l e havi ng a 
mi ni mum punct ur e st r engt h of  0. 51 kN 115 pounds and 
a mi ni mum t ensi l e st r engt h of  1. 07 kN ( 240 pounds)  
and t he r i pr ap has a t op s i ze l ar ger  t han 90 kg 200 
pounds.   For  r i pr ap wi t h a t op s i ze l ar ger  t han 90 kg
 200 pounds and l ess t han 225 kg 500 pounds,  t he 
dr op hei ght  i s r educed t o 600 mm 2 f eet  wi t hout  a 
l ayer  of  f i l t er  st one or  a sand cushi on l ayer  i s 
r equi r ed.

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

[ Pl ace r i pr ap t o pr oduce a wel l  gr aded mass of  r ock wi t h t he mi ni mum 
pr act i cabl e per cent age of  voi ds,  and const r uct  wi t hi n t he speci f i ed 
t ol er ances t o t he l i nes and gr ades i ndi cat ed.   Begi n pl acement  at  t he 
bot t om of  t he ar ea t o be cover ed and cont i nue up sl ope.   Pl ace subsequent  
l oads of  mat er i al  agai nst  pr evi ousl y pl aced mat er i al  t o ensur e a 
r el at i vel y homogenous mass.   A t ol er ance of  pl us [ _____]  mm i nch( es)  or  
mi nus [ _____]  mm i nch( es)  f r om t he sl ope l i nes and gr ades i ndi ct ed wi l l  be 
al l owed i n t he f i ni shed sur f ace of  t he r i pr ap,  except  ensur e t hat  ei t her  

ext r eme of  such t ol er ance i s not  cont i nuous over  an ar ea gr eat er  t han 18 m2 
200 squar e f eet .   The aver age devi at i on f r om t he neat  l i ne of  t he ent i r e 
j ob must  not  be mor e t han 50 per cent  of  t he t ol er ance speci f i ed above.   Do 
not  dr op st one t hr ough ai r  f r om a hei ght  gr eat er  t han 900 mm 3 f eet  and do 
not  dr op st ones heavi er  t han 230 kg 500 pounds f r om a hei ght  gr eat er  t han 
600 mm 2 f eet .   [ The dr op hei ght  gr eat er  t han 300 mm 1 f oot  f or  r i pr ap 
wi t h a t op s i ze of   225 kg 500 pounds i s pr ohi bi t ed,  except ,  i f  appr oved 
by t he Cont r act i ng Of f i cer ,  i t  may be,  i ncr eased by pl aci ng a cushi oni ng 
l ayer  of  sand [ or  [ _____] ]  on t op of  t he geot ext i l e bef or e pl aci ng t he 
r i pr ap,  or  ot her  met hods deemed necessar y i f  demonst r at ed i n t he f i el d t o 
not  damage t he geot ext i l e. ]   Di st r i but e t he l ar ger  st ones and r oughl y 
gr ade t he ent i r e mass of  st ones i n t hei r  f i nal  posi t i on t o conf or m t o t he 
gr adat i on speci f i ed i n par agr aph RI PRAP,  subpar agr aph GENERAL.   Pr ovi de 
f i ni shed r i pr ap t hat  i s f r ee f r om obj ect i onabl e pocket s of  smal l  st ones 
and cl ust er s of  l ar ger  st ones.   Pl aci ng r i pr ap i n l ayer s wi l l  not  be 
per mi t t ed.   Pl aci ng r i pr ap by dumpi ng i nt o chut es or  by s i mi l ar  met hods 
l i kel y t o cause segr egat i on of  t he var i ous s i zes wi l l  not  be per mi t t ed.   
Pl aci ng r i pr ap by dumpi ng i t  at  t he t op of  t he s l ope and pushi ng i t  down 
t he sl ope i s pr ohi bi t ed.   Do not  oper at e equi pment  di r ect l y on t he 
compl et ed st one pr ot ect i on syst em.   Obt ai n t he desi r ed di st r i but i on of  t he 
var i ous s i zes of  st ones t hr oughout  t he mass by sel ect i ve l oadi ng of  t he 
mat er i al  at  t he quar r y or  ot her  sour ce,  by cont r ol l ed dumpi ng of  
successi ve l oads dur i ng f i nal  pl aci ng,  or  by ot her  met hods of  pl acement  
whi ch wi l l  pr oduce t he speci f i ed r esul t s.   Equi p al l  dump t r ucks used i n 
pl aci ng t he r i pr ap wi t h bot t om hi nged t ai l gat es.   Ar r ange t he gat e 
r el easi ng mechani sm so t hat  i t  may be oper at ed onl y f r om,  at ,  or  near  t he 
f r ont  of  t he t r uck.   Rear r ange st ones  t o t he ext ent  necessar y t o obt ai n a 
wel l - gr aded di st r i but i on of  st one si zes as speci f i ed above.   Mai nt ai n t he 
st one pr ot ect i on unt i l  accept ed by t he Cont r act i ng Of f i cer ;  r epl ace any 
mat er i al  di spl aced by any cause,  wi t h no addi t i onal  payment ,  t o t he l i nes 
and gr ades i ndi cat ed. ]

] [ 3. 5. 2. 2   Under  Wat er

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   The equat i on pr esent ed i n t hi s par agr aph 
( Al t er nat i ve 3)  was devel oped t o s i mpl i f y t he 
r el at i onshi p bet ween r equi r ed r i pr ap l ayer  t hi ckness 
and under wat er  pl acement  r at e i n s l ack wat er .   Thi s 
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equat i on assumes t hat  r i pr ap wei ghs appr oxi mat el y 
1. 8 t ons met r i c per  cubi c met er  1. 5 t ons per  cubi c 
yar d and t hat  t he under wat er  pl acement  r at e i s based 
upon a r equi r ed l ayer  t hi ckness 1. 5 t i mes t he l ayer  
t hi ckness r equi r ed t o be const r uct ed i n t he dr y.   
The quant i t i es ar e based on a pl acement  t o be 
per f or med i n t wo passes wi t h t he second pass bei ng 
per pendi cul ar  t o t he f i r st .   Thi s equat i on i s 
pr ovi ded as an exampl e and shoul d be modi f i ed t o 
meet  pr oj ect  desi gn cr i t er i a.

      ( 1. 36t ) ( 1. 5)
Tmm = - - - - - - - - - - - - -  = RM
     ( 25M2) ( 304 mm)

Tmm = Requi r ed t heor et i cal  t hi ckness i f  pl aced i n 
t he dr y.   ( Layer  t hi ckness gi ven i n mm. )

RM = Requi r ed pl acement  r at e i n Tons/ sq m/ pass

180 kg pl acement  r at e i s 10 T/ sq m/ pass ( assume 
r equi r ed t hi ckness i n t he dr y i s 750 mm f or  hi gh 
t ur bul ent  f l ow cr i t er i a) .

90 kg pl acement  r at e i s 5 T/ sq m/ pass ( assume 
r equi r ed t hi ckness i n t he dr y i s 400 mm f or  l ow 

t ur bul ent  f l ow cr i t er i a) .            ( 1. 5 T/ yd3) ( 100 

f t 2) ( 1. 5)
T( 0. 347)  = - - - - - - - - - - - - - - - - - - - - - - - - -  = R

           ( 27 f t 3/ yd3) ( 12 i n. / f t ) ( 2)

T = Requi r ed t heor et i cal  t hi ckness i f  pl aced i n t he 
dr y.   ( Layer  t hi ckness gi ven i n i nches. )

R = Requi r ed pl acement  r at e i n Tons/ sq/ pass.   Wher e 
a squar e i s r ef er r i ng t o 100 squar e f eet .

400 pound pl acement  r at e i s 10 T/ sq/ pass ( assume 
r equi r ed t hi ckness i n t he dr y i s 30 i nches f or  hi gh 
t ur bul ent  f l ow cr i t er i a) .

200 pound pl acement  r at e i s 5 T/ sq/ pass ( assume 
r equi r ed t hi ckness i n t he dr y i s 16 i nches f or  l ow 
t ur bul ent  f l ow cr i t er i a) .

Al t er nat i ve 3:

The dept h of  wat er  over  t he geot ext i l e i s based on 
t he punct ur e st r engt h of  t he geot ext i l e bei ng a 
mi ni mum of  0. 61 kN 140 pounds and t he i mpact  ener gy 
of  1. 74 kN 400 pounds t op si ze r i pr ap bei ng pl aced 
wi t hout  a l ayer  of  f i l t er  st one or  sand cushi on 
l ayer .

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

When r i pr ap [ ,  wi t h a maxi mum si ze of  180 kg 400 pounds, ]  i s  pl aced under  
wat er  ont o geot ext i l e i t  may be dr opped f r om t he wat er  sur f ace i f  t he 
wat er  dept h over  t he geot ext i l e i s gr eat er  t han 1. 5 m 5 f eet .   Pl ace 
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r i pr ap i n t he wet  evenl y at  a r at e of  [ _____]  t ons per  squar e ( 9. 3 m2)  t ons 
per  squar e ( 100 squar e f eet )  per  pass f or  M[ _____]  R[ _____]  r i pr ap and 

[ _____]  t ons per  squar e ( 9. 3 m2)  t ons per  squar e ( 100 squar e f eet )  per  pass 
f or  M[ _____]  R[ _____]  r i pr ap.   Pr i or  t o st ar t i ng wor k,  submi t  t he pr oposed 
met hod of  pl aci ng r i pr ap under  wat er .    Ri pr ap t o be pl aced i n t he wet  
must  be done dur i ng per i ods of  l ow wat er  l evel s dur i ng t he mont hs of  June 
t hr ough November .   Pl ace r i pr ap i n t wo passes,  wi t h t he second pass 
per pendi cul ar  t o t he f i r st  pass.   The t ot al  quant i t y of  M[ _____]  R[ _____]  
r i pr ap pl aced i n t wo passes must  be [ _____]  t ons per  squar e and t he t ot al  
quant i t y of  M[ _____]  R[ _____]  r i pr ap pl aced i n t wo passes must  be [ _____]  
t ons per  squar e.

] [ 3. 6   PLACEMENT OF GROUTED RI PRAP

3. 6. 1   Gener al

Pl ace r i pr ap on t he [ f i l t er ]  [ and]  [ beddi ng]  mat er i al  speci f i ed i n 
par agr aph( s)  [ FI LTER MATERI AL]  [ and]  [ BEDDI NG MATERI AL]  wi t hi n t he l i mi t s 
shown.   [ I nst al l  pr essur e r el i ef  hol es ever y 3 m 10 f eet  and f or med by 
75- mm 3- i nch di amet er  pi pe.   I nst al l  t he end( s)  of  t he pi pe i nt o t he 
[ beddi ng] [ f i l t er ]  l ayer  so t hat  i t  wi l l  not  become cl ogged wi t h gr out .   
Use per f or at ed or  s l ot t ed cap end( s)  of  t he pi pe bur i ed i n t he 
[ beddi ng] [ f i l t er ]  l ayer .   Exer ci se necessar y car e t o pr event  gr out  f r om 
ent er i ng t he weep hol es. ]

3. 6. 2   Pl acement

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Pl acement  of  gr out ed r i pr ap must  be pl aced i n 
t he dr y on f i l t er  l ayer s or  beddi ng l ayer .

Tol er ances of  +150 mm +6 i nches f or  r i pr ap up t o 300 
kg 650 pounds and a t ol er ance of  +300 mm +12 i nches 
f or  l ar ge r i pr ap.

Add bot t om hi nged t ai l gat es t o dump t r ucks used i n 
pl aci ng t he r i pr ap i f  l ar ger  t han 180- kg 400- pound 
r i pr ap i s speci f i ed.

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

[ Pl ace r i pr ap i n a manner  whi ch wi l l  pr oduce a wel l - gr aded mass of  r ock 
wi t h t he mi ni mum pr act i cabl e per cent age of  voi ds,  and const r uct ,  wi t hi n 
t he speci f i ed t ol er ance,  t o t he l i nes and gr ades ei t her  shown on t he 
cont r act  dr awi ngs or  st aked i n t he f i el d.   A t ol er ance of  not  l ess t han 
pl us [ _____]  mm i nch( es)  f r om t he sl ope l i nes and gr ades shown on t he 
cont r act  dr awi ngs wi l l  be al l owed i n t he f i ni shed sur f ace of  t he r i pr ap 
except  ensur e t hat  t he ext r eme of  t hi s t ol er ance i s not  cont i nuous over  an 

ar ea gr eat er  t han 18 m2 200 squar e f eet .   The aver age devi at i on f r om t he 
l i nes on t he dr awi ng f or  t he ent i r e j ob must  have no mor e t han 50 per cent  
of  t he t ol er ances speci f i ed above.   Pl ace r i pr ap t o i t s f ul l  cour se 
t hi ckness i n one oper at i on and i n such manner  as t o avoi d di spl aci ng t he 
[ f i l t er ]  [ beddi ng]  mat er i al .   Begi n pl acement  at  t he bot t om of  t he ar ea t o 
be cover ed and cont i nue up sl ope.   Pl ace subsequent  l oads of  mat er i al  
agai nst  pr evi ousl y pl aced mat er i al  i n such a manner  as t o ensur e a 
r el at i vel y homogenous mass.   Di st r i but e l ar ge st ones wel l  and gr ade t he 
ent i r e mass of  st ones i n t hei r  f i nal  posi t i on t o conf or m t o t he gr adat i on 
speci f i ed i n par agr aph RI PRAP,  subpar agr aph GENERAL.   Ensur e t he f i ni shed 
r i pr ap i s f r ee f r om obj ect i onabl e pocket s of  smal l  st ones and cl ust er s of  
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l ar ger  st ones.   Pl aci ng r i pr ap i n l ayer s i s pr ohi bi t ed.   Pl aci ng r i pr ap by 
dumpi ng i t  i nt o chut es,  or  by s i mi l ar  met hods l i kel y t o cause segr egat i on 
of  t he var i ous s i zes,  i s  pr ohi bi t ed.   Pl aci ng r i pr ap by dumpi ng i t  at  t he 
t op of  t he s l ope and pushi ng i t  down t he sl ope i s pr ohi bi t ed.   Do not  
oper at e equi pment  di r ect l y on t he compl et ed st one pr ot ect i on syst em.   
Obt ai n t he desi r ed di st r i but i on of  t he var i ous s i zes of  st ones t hr oughout  
t he mass by sel ect i ve l oadi ng of  t he mat er i al  at  t he quar r y or  ot her  
sour ce;  by cont r ol l ed dumpi ng of  successi ve l oads dur i ng f i nal  pl aci ng;  or  
by ot her  met hods of  pl acement  whi ch wi l l  pr oduce t he speci f i ed r esul t s.    
Each t r uckl oad i s r epr esent at i ve of  t he gr adat i on r equi r ement s.   [ Equi p 
al l  dump t r ucks used i n pl aci ng t he r i pr ap wi t h bot t om hi nged t ai l gat es.   
Ar r ange t he gat e r el easi ng mechani sm so t hat  i t  may be oper at ed onl y f r om,  
at ,  or  near  t he f r ont  of  t he t r uck. ]   Rear r ange  i ndi v i dual  st ones  t o t he 
ext ent  necessar y t o obt ai n a wel l - gr aded di st r i but i on of  st one si zes as 
speci f i ed above.    [ Unl ess ot her wi se aut hor i zed by t he Cont r act i ng 
Of f i cer ,  pl ace r i pr ap i n conj unct i on wi t h t he const r uct i on of  t he 
embankment  and wi t h onl y suf f i c i ent  l ag i n const r uct i on of  t he st one 
pr ot ect i on as may be necessar y t o pr event  mi xi ng of  embankment  and st one 
pr ot ect i on mat er i al s. ]   Mai nt ai n t he st one pr ot ect i on unt i l  accept ed by 
t he Gover nment ;  r epl ace any mat er i al  di spl aced pr i or  t o accept ance due t o 
t he Cont r act or ' s negl i gence at  no addi t i onal  cost ,  and t o t he l i nes and 
gr ades shown on t he cont r act  dr awi ngs. ]

3. 6. 3   Gr out i ng of  Ri pr ap

Pl ace gr out  as speci f i ed i n par agr aph PRODUCI NG,  CONVEYI NG AND PLACI NG 
GROUT.

] 3. 7   [ PLACEMENT OF RI PRAP PAVI NG STONE]

3. 7. 1   Gener al

Pl ace r i pr ap pavi ng on t he [ f i l t er ] [  and ] [ beddi ng]  mat er i al  speci f i ed i n 
par agr aph( s)  [ FI LTER MATERI AL] [  and ] [ BEDDI NG MATERI AL]  wi t hi n t he l i mi t s 
shown.

3. 7. 2   Pl acement

Pl ace r i pr ap pavi ng st one car ef ul l y,  by hand or  machi ne,  r esul t i ng i n a 
compact  pavi ng t o t he l i nes and gr ades ei t her  shown on t he dr awi ngs or  
st aked i n t he f i el d.   Pl ace t he st one i n a s i ngl e l ayer  wi t h t he 
di mensi ons of  t he st ones cor r espondi ng t o t he t hi ckness of  t he pavi ng l ai d 
nor mal  t o t he pl ane of  t he s l ope.   Sel ect  adj acent  st ones f or  s i ze and 
shape and l ay i n such cl ose cont act  as t o pr oduce a r easonabl e mi ni mum of  
voi ds.   Begi n pl acement  at  t he bot t om of  t he ar ea t o be cover ed and 
cont i nue up sl ope.   Pl ace subsequent  l oads of  mat er i al  agai nst  pr evi ousl y 
pl aced mat er i al  i n such a manner  as t o ensur e a r el at i vel y homogenous 
mass.   Pl ace t he st ones i n r oughl y cour sed ar r ay wi t h cour ses r unni ng 
hor i zont al l y and br eaki ng j oi nt s wi t h t he pr ecedi ng cour se as f ar  as 
pr act i cabl e.   Doubl e- decki ng of  t he f l at  st ones t o obt ai n t he r equi r ed 
dept h of  pavi ng i s pr ohi bi t ed.   Fi l l  spaces bet ween t he st ones i n t he f ace 
of  t he pavi ng wi t h t i ght l y dr i ven spal l s and t amp t he pavi ng i f  necessar y 
t o pr oduce a compact  mass and an adequat el y even sur f ace.   A t ol er ance of  
pl us or  mi nus [ _____]  mm i nch( es)  f r om t he sl ope l i nes and gr ades shown 
wi l l  be al l owed i n t he f i ni shed sur f ace of  t he r i pr ap pavi ng,  except  
ensur e t hat  t he ext r eme of  t hi s t ol er ance i s not  cont i nuous over  an ar ea 

gr eat er  t han 18 m2 200 squar e f eet .
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3. 8   [ PLACEMENT OF HAND- PLACED RI PRAP]

3. 8. 1   Gener al

Pl ace hand- pl aced r i pr ap on t he [ f i l t er ] [  and ] [ beddi ng]  mat er i al  
speci f i ed i n par agr aph( s)  [ FI LTER MATERI AL] [  and ] [ BEDDI NG MATERI AL]  
wi t hi n t he l i mi t s shown.   St one must  conf or m t o t he r equi r ement s of  
[ par agr aph RI PRAP] [ Par t  2 of  t hi s Set i on] .   Except  f or  spal l s f or  wedgi ng,  
st one must  be r oughl y r ect angul ar  i n shape of  whi ch t he l east  di mensi on 
must  be no l ess t han one- t hi r d t he l engt h.

3. 8. 2   Pl acement

Car ef ul l y pl ace r i pr ap by hand i n such a manner  t hat  adj acent  st ones ar e 
i n c l ose cont act  and,  i n gener al ,  have t hei r  gr eat est  di mensi ons acr oss 
t he sl ope.   Pl ace " t hr ough st ones"   wel l - di st r i but ed t hr oughout  t he mass 
and t he sum of  t hei r  cr oss sect i ons,  par al l el  t o t he s l ope bei ng 
pr ot ect ed,  and cover i ng not  l ess t han t han t wo- t hi r ds of  such ar ea.   As 
used i n t hi s speci f i cat i on a " t hr ough st one"  i s def i ned as a st one wi t h 
di mensi on nor mal  t o t he sur f ace bei ng r i pr apped i s not  l ess t han t he f ul l  
dept h of  t he r i pr ap.   Begi n pl acement  at  t he bot t om of  t he ar ea t o be 
cover ed and cont i nue up sl ope.   Pl ace subsequent  l oads of  mat er i al  agai nst  
pr evi ousl y pl aced mat er i al  i n such a manner  as t o ensur e a r el at i vel y 
homogenous mass.   Begi n pl acement  at  t he bot t om of  t he ar ea t o be cover ed 
and cont i nue up sl ope.   Pl ace subsequent  l oads of  mat er i al  on t he s l ope 
i mmedi at el y adj acent  t o pr evi ousl y pl aced mat er i al  i n such a manner  t o 
ensur e a r el at i vel y homogenous mass.   The r i pr ap al ong t he l ower  edge of  
an ar ea must  consi st  of  t he l ar gest  st ones set  i n a t r ench so as t o f or m a 
band.   Except  f or  spal l s used t o f i l l  voi ds bet ween l ar ger  st one,  do not  
use st one i n t he exposed f ace of  t he r i pr ap whi ch wi l l  ext end l ess t han 
one- hal f  t he t hi ckness of  t he r i pr ap.   Fi l l  spaces bet ween t he l ar ger  
st ones wi t h spal l s and smal l er  st ones of  t he l ar gest  f easi bl e s i ze t o f or m 
a compact  mass.   Do not  pl ace spal l s and smal l  st one i n nest s i n l i eu of  
l ar ger  s i ze st one.   A t ol er ance of  pl us or  mi nus [ _____]  mm i nch( es)  f r om 
t he sl ope l i nes and gr ades shown wi l l  be al l owed i n t he f i ni shed sur f ace 
of  t he r i pr ap pavi ng,  except  ensur e t hat  t he ext r eme of  t hi s t ol er ance i s 

not  cont i nuous over  an ar ea gr eat er  t han 18 m2 200 squar e f eet .

3. 9   [ PLACEMENT OF GROUTED HAND- PLACED RI PRAP]

3. 9. 1   Gener al

Pl ace hand- pl aced r i pr ap on t he [ f i l t er ] [  and ] [ beddi ng]  mat er i al  
speci f i ed i n par agr aph( s)  [ FI LTER MATERI AL] [  and ] [ BEDDI NG MATERI AL]  
wi t hi n t he l i mi t s shown.   St one must  conf or m t o t he r equi r ement s of  
par agr aph RI PRAP.   Except  f or  spal l s f or  wedgi ng,  st one must  be r oughl y 
r ect angul ar  i n shape of  whi ch t he l east  di mensi on must  be no l ess t han 
one- t hi r d t he l engt h.

3. 9. 2   Pl acement

Car ef ul l y pl ace t he r i pr ap pavi ng t o f or m a l ayer  [ _____]  mm i nch( es)  i n 
t hi ckness.   Pl ace t he r i pr ap i n conf or mance wi t h t he gener al  r equi r ement s 
of  par agr aph PLACEMENT OF HAND- PLACED RI PRAP,  except  l ay t he st one wi t h 
open j oi nt s t o f aci l i t at e gr out i ng and do not  f i l l  t he smal l er  spaces 
bet ween st ones i n t he f ace of  t he pavi ng wi t h spal l s but  l eave open t o 
r ecei ve gr out  r eadi l y.   [ I nst al l  pr essur e r el i ef  hol es ever y 3 m 10 f eet  
and f or m by 75- mm 3- i nch di amet er  pi pe.   I nst al l  t he end( s)  of  t he pi pe 
i nt o t he [ beddi ng] [ f i l t er ]  l ayer  so t hat  i t  wi l l  not  become cl ogged wi t h 
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gr out .   Use sl ot t ed or  per f or at ed caps on t he end( s)  of  t he pi pe,  whi ch i s 
bur i ed i n t he [ beddi ng] [ f i l t er ]  l ayer . .   Exer ci se necessar y car e t o 
pr event  gr out  f r om ent er i ng t he weep hol es. ]

3. 9. 3   Gr out i ng of  Hand- Pl aced Ri pr ap

Pl ace gr out  as speci f i ed i n par agr aph PRODUCI NG,  CONVEYI NG AND PLACI NG 
GROUT.

3. 10   [ PLACEMENT OF GROUTED RI PRAP PAVI NG]

3. 10. 1   Gener al

Pl ace r i pr ap pavi ng on t he [ f i l t er ] [  and ] [ beddi ng]  mat er i al  speci f i ed i n 
par agr aph [ FI LTER MATERI AL] [  and ] [ BEDDI NG MATERI AL]  wi t hi n t he l i mi t s 
shown.   St one must  conf or m t o t he r equi r ement s of  par agr aph RI PRAP PAVI NG.

3. 10. 2   Pl acement

Car ef ul l y pl ace r i pr ap pavi ng t o f or m a l ayer  [ _____]  mm i nch( es)  i n 
t hi ckness.   Pl ace r i pr ap i n conf or mance wi t h t he gener al  r equi r ement s of  
par agr aph PLACEMENT OF RI PRAP PAVI NG except  pl ace t he st one wi t h open 
j oi nt s t o f aci l i t at e gr out i ng. Do not  f i l l  t he smal l er  spaces bet ween 
st ones.   Fi l l i ng j oi nt s wi t h spal l s i s pr ohi bi t ed i n t hi s case.    Leave 
open space t o r ecei ve gr out  r eadi l y.   [ I nst al l  pr essur e r el i ef  hol es ever y 
3 m 10 f eet  and f or m by 75- mm 3- i nch di amet er  pi pe.   I nst al l  t he end( s)  of  
t he pi pe i nt o t he [ beddi ng] [ f i l t er ]  l ayer  so t hat  i t  wi l l  not  become 
cl ogged wi t h gr out .   Cap t he end( s)  of  t he pi pe whi ch i s bur i ed i n t he 
[ beddi ng] [ f i l t er ]  l ayer  and per f or at e wi t h hol es or  s l ot s.   Take car e t o 
pr event  gr out  f r om ent er i ng t he weep hol es. ]

3. 10. 3   Gr out i ng of  Ri pr ap Pavi ng

Pl ace gr out  as speci f i ed i n par agr aph PRODUCI NG,  CONVEYI NG AND PLACI NG 
GROUT.

3. 11   [ PLACEMENT OF [ DERRI CK STONE]  [ AND]  [ CAPSTONE] ]

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   The t ol er ance f or  t he r i pr ap l ayer  may have 
t o be t i ght ened i n par agr aph PLACEMENT OF RI PRAP t o 
meet  t ol er ance r equi r ed f or  t hi s l ayer .

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

3. 11. 1   Gener al

Pl ace [ der r i ck st one]  [ and]  [ capst one]  car ef ul l y wi t h equi pment  sui t abl e 
f or  handl i ng t he st one of  t he s i ze( s)  speci f i ed on a [ _____]  mm i nch( es)  
t hi ck l ayer  of  [ M40]  [ M____]  [ R90]  [ R____]  r i pr ap speci f i ed i n par agr aph 
PLACEMENT OF RI PRAP.

3. 11. 2   Pl acement

Pl ace t he var i ous s i zes of  [ der r i ck st one]  [ and]  [ capst one]  i n such a 
manner  as t o pr oduce a compact ,  uni f or m,  wel l - gr aded mass [ wi t hi n t he 
l i mi t s shown on t he cont r act  dr awi ngs. ]   [ t o t he l i nes and gr ades 
i ndi cat ed on t he cont r act  dr awi ngs and st aked i n t he f i el d. ]   Begi n 
pl acement  at  t he bot t om of  t he ar ea t o be cover ed and cont i nue up sl ope.   
Pl ace subsequent  l oads of  mat er i al  agai nst  pr evi ousl y pl aced mat er i al  i n 
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such a manner  as t o ensur e a r el at i vel y homogenous mass.   Sel ect  adj acent  
st one wi t h r easonabl e car e as t o s i ze and shape and pl ace i n c l ose 
cont act ,  t he smal l er  st ones f i l l i ng t he spaces bet ween t he l ar ger  ones so 
as t o l eave a r easonabl e mi ni mum of  voi ds.   Di st r i but e " t hr ough st ones"  
wel l  t hr oughout  t he mass,  and ensur e t he sum of  t hei r  cr oss sect i ons 
par al l el  t o t he sur f ace bei ng pr ot ect ed i s no l ess t han 70 per cent  of  such 
ar ea.   As used her ei n,  a " t hr ough st one"  i s def i ned as a st one whose 
di mensi on nor mal  t o t he sur f ace bei ng pr ot ect ed i s not  l ess t han t he f ul l  
dept h of  t he pr ot ect i on.   A t ol er ance of  no l ess t han pl us [ _____]  mm 
i nch( es)  f r om t he sl ope l i nes and gr ades shown on t he cont r act  dr awi ngs 
wi l l  be al l owed i n t he f i ni shed sur f ace of  t he st one except  ensur e t he 
ext r eme of  devi at i on f r om l i nes and gr ades i s not  cont i nuous over  an ar ea 

gr eat er  t han 18 m2 200 squar e f eet .   The aver age devi at i on f r om l i nes and 
gr ades of  t he ent i r e j ob must  have no mor e t han 50 per cent  of  t he 
t ol er ances speci f i ed above.   Mai nt ai n t he st one unt i l  accept ed by t he 
Gover nment ;  r epl ace t o t he l i nes and gr ades shown on t he cont r act  dr awi ngs 
any mat er i al  di spl aced pr i or  t o accept ance at  no addi t i onal  cost  t o t he 
Gover nment .

3. 12   GROUTI NG OF STONE PROTECTI ON

Pl ace gr out  as speci f i ed i n par agr aph PRODUCI NG,  CONVEYI NG AND PLACI NG OF 
GROUT.

3. 12. 1   Pr oduci ng,  Conveyi ng and Pl aci ng of  Gr out  

3. 12. 1. 1   Pr oduci ng Gr out

Use bat chi ng and mi xi ng equi pment  wi t h pr ovi de suf f i c i ent  capaci t y t o 
pr event  col d j oi nt s.   St ockpi l e mat er i al s and ut i l i ze bat chi ng met hods 
t hat  pr event  segr egat i on or  cont ami nat i on of  aggr egat es and i nsur e 
accur at e pr opor t i oni ng of  t he i ngr edi ent s of  t he mi xt ur e.   Fol l ow 
appl i cabl e por t i ons of  ASTM C476 r equi r i ng c l ean a pot abl e wat er .  Mi xi ng 
i n addi t i onal  wat er  i n excess of  t he amount  r equi r ed by t he j ob mi x t o t he 
gr out  mi xt ur e dur i ng mi xi ng,  haul i ng,  or  af t er  ar r i val  at  t he del i ver y 
poi nt [ ,  except  as r equi r ed and appr oved]  i s pr ohi bi t ed.

a.   Ready- Mi xed Concr et e Gr out  must  conf or m t o ASTM C94/ C94M except  as 
ot her wi se speci f i ed.

b.   Vol umet r i c Bat chi ng and Cont i nuous Mi xi ng must  conf or m t o 
ASTM C685/ C685M.

c.   Onsi t e Bat chi ng and Mi xi ng.   The Cont r act or  has t he opt i on of  usi ng an 
onsi t e bat chi ng and mi xi ng f aci l i t y .   The f aci l i t y  must  pr ovi de 
suf f i c i ent  capaci t y t o pr event  col d j oi nt s and be abl e t o bat ch t he 
cement  and aggr egat e by wei ght ,  and t he wat er  and admi xt ur es by wei ght  
or  vol ume.   The met hod of  measur i ng mat er i al s,  t he bat chi ng oper at i on,  
and t he mi xer  must  be appr oved i n accor dance wi t h par agr aph 
SUBMI TTALS.   On- si t e pl ant  must  conf or m t o t he r equi r ement s of  ei t her  
ASTM C94/ C94M or  ASTM C685/ C685M.

3. 12. 1. 2   Pr epar at i on f or  Pl aci ng

[ Take adequat e pr ecaut i ons t o pr event  gr out  f r om penet r at i ng t he upper  
f i l t er  l ayer .   ] Fl ush t he r ock wi t h wat er  t o r emove t he f i nes f r om t he 
r ock pr i or  t o pl aci ng t he gr out .   Keep t st one moi st  j ust  ahead of  t he 
act ual  pl aci ng,  but  keep f r ee of   f l owi ng or  st andi ng wat er  dur i ng t he 
gr out  oper at i on.   Remove any snow and i ce.   Ensur e al l  equi pment  needed t o 
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pl ace,  pr ot ect ,  and cur e t he gr out  i s at  t he pl acement  s i t e and i n good 
oper at i ng condi t i on.   The ent i r e pr epar at i on must  be accept ed by t he 
Cont r act i ng Of f i ce pr i or  t o pl aci ng t he gr out .

3. 12. 1. 3   Conveyi ng and Pl aci ng

Gr out  pl acement  wi l l  not  be per mi t t ed when weat her  condi t i ons pr event  
pr oper  pl acement ,  except  upon appr oval .   Submi t  t he met hods and equi pment  
f or  t r anspor t i ng,  handl i ng,  deposi t i ng,  and consol i dat i ng t he gr out  pr i or  
t o f i r st  gr out  pl acement .   Do not  pl ace t he gr out  mi xt ur e unt i l  t he st one 
pr ot ect i on has been i nspect ed and appr oved.   Ensur e gr out  i s i n pl ace 
wi t hi n 15 mi nut es af t er  di schar ge f r om t he mi xer .    Do not  dr op gr out  mor e 
t han 1. 5 m 5 f eet  ver t i cal l y unl ess sui t abl e equi pment  i s used t o pr event  
segr egat i on.

a.   Conveyi ng

When t he gr out  i s mi xed [ and]  [ or ]  t r anspor t ed by a t r uck mi xer ,  
del i ver  t he gr out  t o t he s i t e of  t he wor k and compl et e di schar ge 
wi t hi n 1- 1/ 2 hour s af t er  i nt r oduct i on of  t he cement  t o t he aggr egat e 
and wat er .   When t he ai r  t emper at ur e i s 29 degr ees C 85 degr ees F or  
gr eat er )  or  under  condi t i ons cont r i but i ng t o qui ck st i f f eni ng of  t he 
gr out ,  t he t i me bet ween t he i nt r oduct i on of  t he cement  and di schar ge 
of  t he gr out  must  not  exceed 45 mi nut es.   The Cont r act i ng Of f i cer  may 
al l ow a l onger  t i me,  pr ovi ded t he set t i ng t i me of  t he gr out  i s 
i ncr eased a cor r espondi ng amount  by t he addi t i on of  an appr oved 
set - r et ar di ng admi xt ur e.   Deposi t  gr out  as c l ose as possi bl e t o i t s 
f i nal  posi t i on by met hods t hat  wi l l  pr event  segr egat i on of  t he 
aggr egat es or  l oss of  mor t ar .

b.   Pl aci ng

Keep t he r i pr ap moi st  j ust  ahead of  t he act ual  gr out  pl acement ,  but  
f r ee of  st andi ng or  f l owi ng wat er  when pl aci ng gr out .   Gr out  pl aced on 
i nver t s or  ot her  near l y l evel  ar eas may be pl aced i n one cour se.   On 
sl opes,  pl ace t he gr out  i n t wo ( 2)  cour ses i n successi ve l at er al  
st r i ps appr oxi mat el y 3 m 10 f eet  i n wi dt h st ar t i ng at  t he t oe of  t he 
s l ope and pr ogr essi ng t o t he t op.   Del i ver  t he gr out  t o t he pl ace of  
f i nal  deposi t  and di schar ge di r ect l y on t he sur f ace of  t he r i pr ap,  
usi ng a spl ash pl at e of  met al  or  wood t o pr event  di spl acement  of  t he 
r ock di r ect l y under  t he di schar ge.   Di r ect  t he f l ow of  gr out  wi t h 
br ooms,  spades or  baf f l es t o pr event  i t  f r om f l owi ng excessi vel y al ong 
t he same pat h and t o assur e t hat  al l  i nt er mi t t ent  spaces ar e f i l l ed.   
Per f or m suf f i c i ent  bar r i ng t o l oosen t i ght  pocket s of  r i pr ap and 
ot her wi se ai d t he penet r at i on of  gr out  so t hat  al l  voi ds ar e f i l l ed 
and t he gr out  f ul l y  penet r at es t he r i pr ap [ as speci f i ed] [ f r om t he base 
of  t he r i pr ap l ayer  t o at  l east  t wo- t hi r ds of  t he t hi ckness of  t he 
st one l ayer ] .   Ensur e al l  br oomi ng on sl opes i s uphi l l  and af t er  t he 
gr out  has st i f f ened,  r ebr oom t he ent i r e sur f ace t o el i mi nat e r uns,  t o 
f i l l  voi ds caused by s l oughi ng,  and t o r emove gr out  f r om t he t op 
sur f ace and pocket s or  depr essi ons of  t he upper  st ones.

3. 12. 1. 4   Col d- Weat her  Requi r ement s

Do not  pl ace gr out  when t he ambi ent  t emper at ur e i s bel ow 2 degr ees C 35 
degr ees F,  nor  i f  t he ambi ent  t emper at ur e i s bel ow 5 degr ees C 40 degr ees F
 and f al l i ng.   Pr ovi de sui t abl e cover i ng and ot her  means,  as appr oved,  f or  
mai nt ai ni ng t he gr out  at  a t emper at ur e of  at  l east  10 degr ees C 50 degr ees 
F f or  no l ess t han 72 hour s af t er  pl aci ng and at  a t emper at ur e above 
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f r eezi ng f or  t he r emai nder  of  t he cur i ng per i od.   When f r eezi ng condi t i ons 
pr evai l ,  r i pr ap t o be gr out ed must  be cover ed and heat ed t o a r ange of  5 
t o 16 degr ees C 40 t o 60 degr ees F f or  at  l east  24 hour s pr i or  t o pl aci ng 
t he gr out .  Mi xi ng sal t ,  chemi cal s,  or  ot her  f or ei gn mat er i al s wi t h t he 
gr out  t o pr event  f r eezi ng i s pr ohi bi t ed.   Remove and r epl ace any gr out  
damaged by f r eezi ng at  t he expense of  t he Cont r act or .

3. 12. 1. 5   Hot  Weat her  Requi r ement s

When t he r at e of  evapor at i on of  sur f ace moi st ur e,  as det er mi ned by use of  

Fi gur e 2. 1. 5 of  ACI  305R,  i s expect ed t o exceed 100 g/ m2 0. 2 pounds per  
squar e f oot  per  hour ,  pr ovi de wi ndbr eaks,  shadi ng,  f og spr ayi ng,  or  wet  
cover i ng wi t h a l i ght - col or ed mat er i al  i n advance of  pl acement ,  and depl oy 
pr ot ect i ve measur es as qui ckl y as f i ni shi ng oper at i ons wi l l  al l ow.

3. 12. 2   Cur i ng and Pr ot ect i on of  Gr out ed St one Pr ot ect i on

Begi nni ng i mmedi at el y af t er  pl acement  and cont i nui ng f or  at  l east  7 days,  
cur e al l  gr out  and pr ot ect  f r om pr emat ur e dr yi ng,  ext r emes i n t emper at ur e,  
r api d t emper at ur e change,  f r eezi ng,  mechani cal  damage,  and exposur e t o 
r ai n or  f l owi ng wat er .   Make al l  mat er i al s and equi pment  needed f or  
adequat e cur i ng and pr ot ect i on avai l abl e and at  t he s i t e of  t he pl acement  
pr i or  t o t he st ar t  of  gr out  pl acement .   Af t er  compl et i on of  any st r i p or  
panel ,  no wor kman or  ot her  l oad i s per mi t t ed on t he gr out ed sur f ace f or  a 
per i od of  t went y- f our  ( 24)  hour s.   Keep exposed sur f aces cont i nuousl y 
moi st  f or  t he ent i r e cur i ng per i od,  or  unt i l  cur i ng compound i s appl i ed.   
Pr eser ve moi st ur e f or  gr out  sur f aces by one of  t he f ol l owi ng met hods:

a.   Cont i nuous spr i nkl i ng and pondi ng.

b.   Appl i cat i on of  absor pt i ve mat s or  f abr i cs kept  cont i nuousl y wet .

c.   Appl i cat i on of  sand kept  cont i nuousl y wet .

d.   Appl i cat i on of  i mper vi ous sheet  mat er i al  conf or mi ng t o ASTM C171.

e.   Appl i cat i on of  membr ane- f or mi ng cur i ng compound conf or mi ng t o ASTM C309.   
Spr ay t he compound on t he moi st  sur f ace as soon as f r ee wat er  has 
di sappear ed,  but  do not  appl y t o any sur f ace unt i l  f i ni shi ng of  t hat  
sur f ace i s compl et ed.  Appl y at  a uni f or m r at e of  not  l ess t han 300 
ml / m2 ( 1 gal l on per  150 squar e f eet )  of  sur f ace and f or m a cont i nuous 
adher ent  membr ane over  ent i r e sur f ace t o be cur ed.    Cur i ng compound 
on sur f aces r equi r i ng bond t o subsequent l y pl aced gr out  i s 
pr ohi bi t ed.   I f  t he membr ane i s damaged dur i ng t he cur i ng per i od,  
r eappl y compound t o damaged ar ea at  t he r at e of  appl i cat i on speci f i ed 
above.

3. 13   TRENCHFI LL REVETMENT,  BANK PAVI NG,  AND OUTLET DRAI NS

3. 13. 1   Tr enchf i l l  Revet ment

St one f or  t he t r enchf i l l  must  be Gr aded St one [ " A" ]  [ " B" ]  [ " C" ]  
[ [ _____] - kg]  [ [ _____] - Pound]  St one and must  be back- dumped f r om t he dump 
t r ucks,  pl aced by ski p,  c l amshel l ,  or  ot her  appr oved met hod di r ect l y i n 
t he t r ench excavat ed at  t he t oe of  t he gr aded r evet ment  s l ope.   Do not  
pl ace st one mor e t han 300 m 1, 000 f eet  i n advance of  t he compl et ed 
t r enchf i l l  sect i on,  i ncl udi ng upper  bank pavi ng,  unl ess ot her wi se 
per mi t t ed by t he Cont r act i ng Of f i cer .   Const r uct  t he t r enchf i l l  t o t he 
el evat i ons and cr oss sect i ons shown on t he dr awi ngs.   A t ol er ance of  
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[ 150] [ _____]  mm [ 6] [ _____]  i nches above or  bel ow t he l i nes and gr ades of  
f i nal  excavat i on wi l l  be per mi t t ed pr ovi ded t he ar ea of  t he f i ni shed 
sect i on i s not  l ess t han t he ar ea of  t he t heor et i cal  sect i on.   Compl et e 
pl acement  of  t he t r enchf i l l  pr i or  t o pl acement  of  t he bank pavi ng.   
Bul l dozi ng of  st one f r om t he upper  bank i nt o t he excavat ed t r ench i s 
pr ohi bi t ed.

3. 13. 2   Bank Pavi ng

St one bank pavi ng must  be Gr aded St one " C"  [ [ 57] [ _____] - kg 
[ 125] [ _____] - pound st one]  [ _____]  - kg - Pound r i pr ap.   Excess st one pl aced 
di r ect l y i n t he t r ench at  t he t oe of  t he gr aded r evet ment  s l ope may be 
dr agged up t he sl ope a maxi mum of  3 m 10 f eet  ver t i cal l y above t he 
[ Aver age Lower  Wat er  Pl ane ( ALWP) ]  [ Lowe Wat er  Dat um ( LWD) ] .   The 
r emai nder  of  t he upper  bank pavi ng st one may be pl aced i n cont i nuous 
st ockpi l es at  3 m 10 f eet  i nt er val s above t he [ ALWP] [ LWD]  by means of  
back- dumpi ng f r om dump t r ucks or  by ski p,  c l amshel l ,  or  ot her  appr oved 
met hod,  and dr agged up t he sl ope a maxi mum of  3 m 10 f eet  ver t i cal l y.   The 
r emai nder  of  t he upper  bank pavi ng st one may al so be back- dumped f r om dump 
t r ucks;  pl aced by ski p,  c l amshel l ,  or  ot her  appr oved met hod;  and spr ead by 
bul l dozi ng except  t hat  pushi ng st one down t he sl ope wi l l  not  be per mi t t ed 
and maxi mum al l owed dr op hei ght s ar e not  t o be exceeded.   Pl ace t he st one 
i n such a manner  t o achi eve a mi ni mum of  segr egat i on of  s i zes i n t he 
i n- pl ace upper  bank pavi ng st one,  wi t h uni f or m gr adat i on f r om t he bot t om 
of  t he s l ope t o t he t op el evat i on of  t he st one as i ndi cat ed on t he 
dr awi ngs.   Pr i or  t o pl aci ng t he st one,  br i ng gr aded sl opes t o f i nal  gr ade 
and dr ess t o conf or m t o t he l i mi t s speci f i ed i n Sect i on 31 00 00 EARTHWORK 
and t o t he l i nes and gr ades i n t he cont r act  dr awi ngs.   A t ol er ance of  75 mm
 3 i nches above and bel ow t he speci f i ed bank pavi ng t hi ckness wi l l  be 
al l owed pr ovi ded t he ar ea of  t he f i ni shed sect i on i s not  l ess t han t he 
ar ea of  t he t heor et i cal  sect i on.   To pr event  over t oppi ng of  t he paved 
por t i on of  t he s l ope by r i s i ng r i ver  st ages,  pl ace bank pavi ng i n st r i ps 
par al l el  t o t he wat er ' s edge when di r ect ed by t he Cont r act i ng Of f i cer .   
Repai r  any damage t o t he gr aded bank or  pavi ng occasi oned by such 
over t oppi ng of  t he pavi ng because of  f ai l ur e t o keep pavi ng oper at i ons 
above t he wat er  sur f ace.

3. 13. 3   Out l et  Dr ai ns

Wher e r equi r ed,  const r uct  st andar d out l et  dr ai ns or  speci al  dr ai nage 
di t ches.   A t ol er ance of  150 mm 6 i nches above or  bel ow t he l i nes and 
gr ades wi l l  be per mi t t ed pr ovi ded t he ar ea of  t he f i ni shed sect i on i s not  
l ess t han t he ar ea of  t he t heor et i cal  sect i on.   Pl ace Gr aded St one " C"  
[ [ _____]  - kg - Pound st one]  [ [ _____]  - kg - pound r i pr ap]  f or  al l  out l et  
dr ai n pavi ng t o pr ovi de a mi ni mum of  segr egat i on of  s i zes i n t he i n- pl ace 
mat er i al s.   Pl ace a l ayer  of  150- mm 6- i nch t hi ck beddi ng st one under  t he 
Gr aded St one " C"  [ [ _____]  - kg - pound st one]  [ [ _____]  - kg - pound r i pr ap]  i n 
t he manner  and at  t he l ocat i ons shown on t he dr awi ngs.   A t hi ckness 
t ol er ance of  pl us 25 mm 1 i nch f or  t he 150- mm 6- i nch t hi ck beddi ng 
mat er i al  wi l l  be al l owed.   Wher e t he out l et  dr ai ns must  be const r uct ed i n 
s i l t s  or  s i l t y  sands,  pl ace a 150- mm 6- i nch l ayer  of  beddi ng sand beneat h 
t he beddi ng st one.   The beddi ng sand must  meet  t he qual i t y and gr adat i on 
r equi r ement s as speci f i ed i n par agr aph BEDDI NG MATERI ALS.

3. 13. 4   Toe Tr ench Revet ment

Const r uct  t oe t r ench r evet ment ,  when so or der ed on t he const r uct i on 
schedul e,  at  l ocat i ons wher e t he exi st i ng bank or  r i ver bed at  t he 
st r uct ur e azi mut h l i ne i s 3 m 10 f eet  or  l ess bel ow [ Aver age Low Wat er  

SECTI ON 35 31 19  Page 66



Pl ane ( ALWP) ]  [ _____] .   The Toe Tr ench Revet ment  must  consi st  of  st one 
pl aced al ong t he t oe of  t he bank excavat ed as speci f i ed i n [ Sect i on 
31 00 00 EARTHWORK]  [ _____]  and on t he gr aded sl ope of  t he upper  bank as 
appl i cabl e.   Pr ovi de t wo t ypes of  Toe Tr ench Revet ment  as shown on t he 
cont r act  dr awi ngs f or  t he f ol l owi ng condi t i ons:

a.   Type " A"  -  For  condi t i ons wher e t he t op of  t he gr aded sl ope i s 2700 mm 
9 f eet  or  mor e above [ Aver age Low Wat er  Pl ane ( ALWP) ]  [ LWD]  [ _____] .

b.   Type " B"  -  For  condi t i ons wher e t he t op of  t he gr aded sl ope i s l ess 
t han 2700 mm 9 f eet  above [ Aver age Low Wat er  Pl ane ( ALWP) ] [ LWD]  
[ _____] .

3. 13. 4. 1   Tr ench Fi l l

Pl ace a f i l l  consi st i ng of  st one al ong t he excavat ed t oe of  t he bank t o 
t he el evat i on and cr oss sect i on desi gnat ed on t he cont r act  dr awi ngs f or  
bot h t ypes of  t oe t r ench r evet ment .   Ensur e f i l l  consi st s of  no l ess t han 
27 t ons 9 t ons nor  mor e t han 41 t ons 14 t ons of  st one per  met er  l i near  f oot
 of  f i l l ,   unl ess ot her wi se speci f i ed on t he const r uct i on schedul e.   A 
dozer  t o move st one f r om t he upper  bank i nt o t he t r ench i s pr ohi bi t ed.

3. 13. 4. 2   Upper  Sl ope Fi l l

For  Type " A"  r evet ment ,  pl ace a f i l l  consi st i ng of  st one on t he gr aded 
sl ope t o a mi ni mum dept h nor mal  t o t he s l ope of  250 mm 10 i nches at  t he 
t op of  t he s l ope and i ncr easi ng uni f or ml y t o a mi ni mum dept h of  375 mm 15 
i nches wher e i t  abut s t he t r ench f i l l .   Ar r ange t he upper  s l ope f i l l  
uni f or ml y wi t h t he l ar ger  st one at  t he bot t om of  t he s l ope and t he smal l  

st one at  t he t op and do not  exceed 0. 7 t / m2 7 T per  100 squar e f oot  of  
upper  s l ope f i l l .   Rear r ange t he upper  s l ope f i l l  s t one as necessar y t o 
conf or m t o t hese speci f i cat i ons.   The use of  a dozer  i n pl aci ng t he upper  
s l ope f i l l  i s  pr ohi bi t ed.

3. 13. 4. 3   Cr own Fi l l

For  Type " B"  r evet ment ,  pl ace a f i l l  consi st i ng of  st one,  abut t i ng t he 
t r ench f i l l ,  t o t he el evat i on and cr own wi dt h speci f i ed on t he 
const r uct i on schedul e and dr awi ngs.   The cr own f i l l  must  have a r i ver war d 
si de sl ope of  1V on 3H,  a l andwar d si de sl ope of  1V on 2H,  and a mi ni mum 
t hi ckness of  375 mm 15 i nches as shown on t he cont r act  dr awi ngs.

3. 13. 4. 4   Junct ur e Wi t h Ot her  Types of  Revet ment

Wher e t oe t r ench r evet ment  j oi ns an exi st i ng st r uct ur e and t he al i gnment  
and r i ver war d sl opes of  t he st one f i l l s  i n t he st r uct ur es ar e not  t he 
same,  const r uct  a t r ansi t i on by gr adual l y adj ust i ng t he al i gnment  and 
sl ope of  t he t oe t r ench r evet ment  over  a di st ance of  appr oxi mat el y 30 m 
100 f eet  so t hat  i t  conf or ms t o t he al i gnment  and sl ope of  t he exi st i ng 
st one f i l l  at  t he j unct i on of  t he st r uct ur es.   Const r uct  t he t r ansi t i on i n 
a wor kmanl i ke manner  and as di r ect ed by t he Cont r act i ng Of f i cer .

3. 13. 4. 5   I nt er mi t t ent  Repai r  of  t he Tr ench Fi l l  and Upper  Sl ope  Ar ea of  
Revet ment

I nt er mi t t ent  r epai r  consi st s of  st one pl aced al ong t he t r ench f i l l  and/ or  
upper  s l ope ar ea of  t he r evet ment  t o t he el evat i on and cr oss sect i on 
desi gnat ed on t he dr awi ngs f or  t r ench f i l l  or  upper  s l ope,  and i s or der ed 
on t he const r uct i on schedul e.   When speci f i ed by t he Cont r act i ng Of f i cer ,  
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adj ust ment  i n t he l i ne and gr ade may be aut hor i zed t o accompl i sh necessar y 
r epai r s t o conf or m t o al i gnment  and gr ade of  undamaged sect i ons.   Do not  
per f or m t r ench f i l l  r epai r  when t he r i ver  st age exceeds [ Aver age Low Wat er  
Pl ane ( ALWP) ]  [ LWD]  [ _____]  and do not  per f or m upper  s l ope r epai r  when t he 
r i ver  st age exceeds 1. 5 m 5 f eet  above [ ALWP]  [ LWD] [ _____] ,  unl ess 
ot her wi se di r ect ed by t he Cont r act i ng Of f i cer .

3. 13. 5   St one Fi l l  Revet ment

Const r uct  st one f i l l  r evet ment ,  when so or der ed on t he const r uct i on 
schedul e,  t hat  consi st s of  a st one f i l l  pl aced as speci f i ed i n [ Sect i on 
31 00 00 EARTHWORK]  [ _____] .   I f  r equi r ed t o obt ai n pr oper  pl acement  of  
mat er i al ,  t he Cont r act or  has t he opt i on of  usi ng ei t her  moor i ng pi l es,  
anchor s,  spud bar ges,  or  ot her  sui t abl e met hods appr oved by t he 
Cont r act i ng Of f i ce t o obt ai n t he pr oper  conf i gur at i on and al i gnment  whi l e 
pl aci ng st one.

3. 13. 5. 1   St one Fi l l

Pl ace a f i l l  consi st i ng of  st one al ong t he st r uct ur e azi mut h l i ne t o a 
cr oss- sect i on as shown on t he cont r act  dr awi ngs and t o such el evat i on and 
cr own wi dt h as speci f i ed on t he const r uct i on schedul e.   The 
[ r i ver war d] [ l akewar d] [ i nboar d]  s l ope must  be [ 1V on 1. 5H] [   ]  and must  
i nt er sect  t he st r uct ur e azi mut h l i ne 900 mm 3 f eet  bel ow [ ALWP] [ LWD]  
[ _____]  unl ess ot her wi se speci f i ed;  mi nor  i r r egul ar i t i es must  be appr oved 
by t he Cont r act i ng Of f i cer .   Pl ace t he st one i n l i f t s  of  such hei ght  and 
l engt h as t he Cont r act i ng Of f i cer   consi der s necessar y t o pr event  or  
r educe scour  ahead of  t he f i l l .

3. 13. 5. 2   Junct ur e Wi t h Ot her  Types of  Revet ment

Wher e st one f i l l  r evet ment  j oi ns and exi st i ng st r uct ur e and t he al i gnment  
and r i ver war d sl ope of  t he st one f i l l s  i n t he st r uct ur es ar e not  t he same,  
const r uct  a t r ansi t i on by gr adual l y adj ust i ng al i gnment  and sl ope of  t he 
st one f i l l  r evet ment  over  a s l ope of  t he exi st i ng st one f i l l  at  t he 
j unct i on of  t he st r uct ur es.   Const r uct  t he t r ansi t i on i n a wor kmanl i ke 
manner  and as di r ect ed by t he Cont r act i ng Of f i cer .

3. 14   STONE REVETMENT,  STONEFI LL DI KES,  STONEROOTS,  AND JUNCTI ONS

3. 14. 1   Excavat i on and Gr adi ng

Wher e r equi r ed f or  bank pr ot ect i on,  excavat e and gr ade t he exi st i ng gr ound 
at  t he pr oposed st r uct ur es t o pr ovi de a f oundat i on f or  t he compl et e 
pl acement  of  st one.   Per f or m excavat i on and gr adi ng i n accor dance wi t h 
Sect i on 31 00 00 EARTHWORK.

3. 14. 2   Const r uct i on Met hod

Const r uct  t he st onef i l l  r evet ment  and di kes of  [ Gr aded St one [ " A" ]  [ " B" ]  
[ " C" ] ]  t o t he l i nes,  gr ades,  and sect i ons shown or  as not ed on t he 
dr awi ngs.   Commence const r uct i on of  t he st onef i l l  r evet ment s and st onef i l l  
di kes at  t he upst r eam end and cont i nue pr ogr essi vel y t o t he downst r eam 
end.   The i ni t i al  wor k consi st s of  a st one bl anket  appr oxi mat el y 600 mm 2 
f eet  t hi ck and ext endi ng over  t he f ul l  wi dt h and l engt h of  t he r evet ment  
or  di ke.   I f  st one i s pl aced by l and based equi pment ,  t hi s st one bl anket  
i s not   unl ess di r ect ed by t he Cont r act i ng Of f i cer .   Pl ace t he r emai ni ng 
st one r equi r ed t o compl et e t he under wat er  por t i on of  t he r evet ment  or  di ke 
f r om t he shor ewar d t o t he [ r i ver war d]  [ l akewar d]   end of  t he r evet ment  or  
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di ke i n appr oxi mat el y uni f or m l ayer s not  exceedi ng 1. 5 m 5 f eet  i n 
t hi ckness and ext endi ng over  t he f ul l  wi dt h and l engt h of  t he r evet ment  or  
di ke.   The por t i on of  t he r evet ment  or  di ke above t he wat er  may be pl aced 
i n one l i f t .

3. 14. 3   Pl acement

Pl ace st one i n t he r evet ment  and di kes by ski p or  c l amshel l ,  cast  of f  
bar ges by hand or  machi ne,  or  by ot her  met hods appr oved by t he Cont r act i ng 
Of f i cer .   Di st r i but e t he l ar ger  st one wel l   t hr oughout  t he mass,  and 
ensur e t he f i ni shed r evet ment  or  di ke i s f r ee f r om pocket s of  smal l  st one 
and cl ust er s of  l ar ger  st one.   A t ol er ance of  pl us or  mi nus 300 mm 1 f oot  
wi l l  be al l owed on t he pr escr i bed cr own el evat i on and wi dt h.   Det er mi ne 
t he si de sl opes by t he nat ur al  angl e of  r epose of  t he st one,  var yi ng f r om 
1V on 1. 25H t o 1V on 2H.

3. 14. 4   St oner oot s

Pl ace st oner oot s consi st i ng of  [ Gr aded St one [ " A" ]  [ " B" ]  [ " C" ]  [ _____]  - kg 
- pound st one] [ [ _____]  - kg - pound r i pr ap]  i n t he excavat ed t r ench as 
speci f i ed i n par agr aph PLACEMENT and as shown on t he dr awi ngs.

3. 14. 5   Junct i ons

Const r uct  j unct i ons consi st i ng of  [ Gr aded St one [ " A" ]  [ " B" ]  [ " C" ]  [ _____]  
- kg - pound st one] [ [ _____]  - kg - pound r i pr ap] .   The 60 m 200 f eet  
t r enchf i l l  r evet ment  wr apar ound por t i on of  t he j unct i on must  consi st  of  
Gr aded St one " B" .  

3. 15   CAPOUT AND REI NFORCEMENT

The wor k cover ed by t hi s sect i on consi st s of  f ur ni shi ng al l  pl ant ,  l abor  
and st one,  and per f or mi ng al l  wor k necessar y i n pl aci ng t he st one f or  t he 
r evet ment s and di kes capout s,  and r ei nf or cement ,  compl et e,  al l  as 
speci f i ed her ei n and shown on t he dr awi ngs.   Ensur e st one i s Gr aded St one 
" B" .  

3. 15. 1   Debr i s Removal

Remove debr i s f r om t he st r uct ur es t o al l ow f or  t he pl acement  of  t he st one 
i n t he capout  and r ei nf or cement  t o t he ext ent  di r ect ed by t he  Cont r act i ng 
Of f i cer .   Ther e wi l l  be no measur ement  nor  payment  f or  t he debr i s r emoval  
and al l  cost s wi l l  be consi der ed i nci dent al  t o t he cont r act .   Di spose of  
debr i s [ l andwar d of  t he exi st i ng st r uct ur es]  [ _____]  so as not  t o 
i nt er f er e wi t h pl acement  of  capout s and r ei nf or cement .

3. 15. 2   Const r uct i on Met hod

Const r uct  capout s and r ei nf or cement  of  Gr aded St one " B"  at  t he l i nes,  
gr ades and sect i ons shown or  as not ed on t he dr awi ngs.   Commence 
const r uct i on at  t he upst r eam end of  each st r uct ur e or  por t i on t her eof  and 
cont i nue pr ogr essi vel y t o t he downst r eam end.   Pl ace st one r equi r ed t o 
compl et e t he under wat er  por t i on of  t he capout s and r ei nf or cement  f r om t he 
upst r eam t o t he downst r eam end of  t he r evet ment s and l andwar d end t o t he 
r i ver war d end of  t he di kes i n appr oxi mat el y uni f or m l ayer s not  exceedi ng 
[ 1. 5] [ _____]  m [ 5] f eet [ _____]   i n t hi ckness and ext endi ng over  t he f ul l  
wi dt h and l engt h of  t he r evet ment .   The por t i on of  t he r evet ment s or  di kes 
above t he wat er  may be pl aced i n one l i f t .  Wher e r ei nf or cement  i s r equi r ed 
t o be pl aced bel ow wat er  ,  pl ace t he st one f r om bar ges or  by ot her  
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appr oved met hods t o pr ovi de a c l ose compact  pavi ng wi t h a r equi r ed 
t hi ckness of  [ 600] [ _____]  mm [ 2] [ _____]  f eet .   Ensur e t hat  t he st one 
pl acement  met hods f or  pl acement  of  st one bet ween St r uct ur al  Azi mut h Li ne 
( SAL)  st at i ons [ _____]  t o [ _____]  wi l l  not  r esul t  i n damages t o t he 
" sensi t i ve hi st or i c s i t e. "   Pr i or  t o t he st ar t  of  wor k submi t , f or  
appr oval ,  t he pr oposed met hod or  met hods f or  pl aci ng st one under wat er .

3. 15. 3   Pl acement

Pl ace st one i n t he capout s and r ei nf or cement  by ski p,  c l amshel l ,  cast  of f  
bar ges by hand or  machi ne,  or  by ot her  met hods appr oved by t he Cont r act i ng 
Of f i cer .   Di st r i but e t he l ar ger  st one wel l  t hr oughout  t he mass and ensur e 
t he f i ni sh r evet ment  i s f r ee f r om pocket s of  smal l  st one and cl ust er s of  
l ar ger  st one.   A t ol er ance of  pl us or  mi nus [ 150] [ _____]  mm [ 6] [ _____]  
i nches wi l l  be al l owed f or  r ei nf or cement  and a t ol er ance of  pl us or  mi nus 
[ 300] [ _____]  mm [ 1] [ _____]  f oot  wi l l  be al l owed f or  capout s on t he 
pr escr i bed cr own el evat i on and wi dt h pr ovi ded t he ar ea of  t he f i ni shed 
sect i on i s not  l ess t han t he ar ea of  t he t heor et i cal  sect i on.   Ensur e t he 
al l owabl e t ol er ances f r om t he pr escr i bed t heor et i cal  cr oss sect i on ar e not  
cont i nuous f or  mor e t han [ 60] [ _____]  m [ 200] [ _____]  l i near  f oot  of  
r evet ment  and/ or  di ke.   When compl et ed,  abr upt  changes i n t he r evet ment  
and/ or  di ke cr own wi dt hs and el evat i ons ar e not  per mi t t ed. [   The  s i de 
s l opes may be det er mi ned by t he nat ur al  angl e of  r epose of  t he st one,  
var yi ng f r om 1V on 1. 25H t o 1V on 2H. ]

3. 16   STONE DI KE

3. 16. 1   Di ke St one Pl acement

Const r uct  di ked t o t he el evat i ons,  cr oss sect i ons,  and mi ni mum t hi cknesses 
and wi t hi n t he l i mi t s shown on t he cont r act  dr awi ngs.   Det er mi ne si de 
sl opes by t he angl e of  r epose of  t he st one,  appr oxi mat el y 1V on 1. 25H.   
Const r uct  di kes of  Gr aded St one " A"  as speci f i ed i n par agr aph GRADED STONE 
" A" .   Pl ace st one i n t he di kes i n such a manner  as t o pr oduce a 
wel l - gr aded mass of  st one wi t h t he mi ni mum pr act i cabl e per cent age of  
voi ds.   A t ol er ance of  300 mm 1 f oot  wi l l  be al l owed i n t he speci f i ed 
el evat i on,  and 300 mm 1 f oot  under  and 600 mm 2 f eet  over  i n t he speci f i ed 
cr own wi dt h pr ovi ded t hese var i at i ons ar e gr adual  over  a mi ni mum di st ance 
of  30 m 100 f eet  measur ed al ong t he di kes cent er l i nes.   The st one may be 
pl aced by ei t her  backhoe or  dr agl i ne equi pped wi t h r ock bucket ;  by [ ei t her  
bul l dozer  or  ] f r ont - end l oader  or  bul l dozer ,  except  when pl aci ng t he base 
bl anket  subaqueousl y;  and by t r ucks and ot her  met hods,  i f  appr oved by t he 
Cont r act i ng Of f i cer .   Add addi t i onal  st one i f  ei t her  soundi ngs or  sect i ons 
i ndi cat e such t o be necessar y t o at t ai n r equi r ed l i nes and gr ades.   
Ar r ange l ar ge st ones t hr oughout  t he mass di st r i but ed and f i ni shed sodi kes 
ar e f r ee f r om pocket s of  smal l  st ones and cl ust er s of  l ar ge st ones.   
Bul l dozi ng st one i nt o excavat ed t r enches i s pr ohi bi t ed.   Subaqueous 
pl acement  of  st one i s pr ohi bi t ed at  r i ver  st age l i mi t at i ons  speci f i ed i n 
[ Sect i on [ _____] ]  [ _____] ,  par agr aph [ RI VER STAGE LI MI TATI ONS] ,  wi t hout  
pr i or  appr oval ,  i n wr i t i ng,  by t he Cont r act i ng Of f i cer  or  at  any r i ver  
st age when si t e and cur r ent  condi t i ons pr evai l  whi ch,  i n t he opi ni on of  
t he Cont r act i ng Of f i cer ,  make const r uct i on oper at i ons ei t her  i mpr act i cal  
or  uneconomi cal .

3. 16. 2   Pl acement  Cont r ol

Fur ni sh,  oper at e,  mai nt ai n necessar y equi pment ,  and f ur ni sh al l  necessar y 
mat er i al  and suppl i es whi l e mai nt ai ni ng cont r ol  of  t he pl acement  of  st one 
i n t he di kes.   At  al l  t i mes when st one pl acement  f r om f l oat i ng pl ant  i s 
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under way,  t he means by whi ch t he Cont r act or  posi t i ons t he pl ant ,  
equi pment ,  and st one suppl y bar ges must  f unct i on accur at el y and 
consi st ent l y.   The pl ant  and equi pment  must  have a dr agl i ne or  backhoe 
capabl e of  bei ng mobi l e on t he spud bar ge and t he f l exi bi l i t y  t o per f or m 
st one pl acement  by t he dr ag- of f  met hod.   Do not  use t he ki ck- of f  met hod 
f or  st one pl acement  unl ess appr oved by t he Cont r act i ng Of f i cer .   What ever  
t he met hod empl oyed,  i t  must  r eadi l y per mi t  t he Cont r act or  and t he 
Gover nment  i nspect or  t o det er mi ne t he exact  posi t i on of  t he st one- pl aci ng 
oper at i on.   Do not  not  pl ace anchor s f or  t he pur pose of  hol di ng f l oat i ng 
pl ant  i n pl ace over  exi st i ng or  par t i al l y  compl et ed di kes.

3. 16. 2. 1   Al i gnment  Cont r ol

The met hod of  al i gnment  cont r ol  must  be ei t her  a manned t r ansi t  or  l aser  
or  col or ed or  pol ar i zed l i ght  beams,  or  any ot her  met hod demonst r at ed t o 
be pr act i cabl e and suf f i c i ent l y pr eci se and r el i abl e as appr oved by t he 
Cont r act i ng Of f i cer .

3. 16. 2. 2   Di st ance Cont r ol

The met hod of  di st ance cont r ol  f or  f l oat i ng pl ant  engaged i n t he 
subaqueous pl acement  of  st one must  be ei t her  wi r e di st ance wheel  or  
anot her  equal l y accur at e measur i ng devi ce as appr oved by t he Cont r act i ng 
Of f i cer .

3. 16. 2. 3   Dept h Fi nder

Pr ovi de an el ect r oni c r ecor di ng dept h f i nder ,  appr oved by t he Cont r act i ng 
Of f i cer ,  i n wr i t i ng,  dur i ng t he const r uct i on of  t he di kes.   Pr ovi de dept h 
f i nder  wi t h a r ecor di ng scr ol l  no l ess t han 150 mm 6 i nches wi de wi t h a 
scal e of  not  mor e t han 3 m of  dept h t o 25 mm 10 f eet  of  dept h t o t he i nch.   
Ensur e t he dept h f i nder  i s capabl e of  obt ai ni ng accur at e pr of i l es and 
cr oss- sect i ons dur i ng const r uct i on of  t he di kes and use i t  t o moni t or  
ant i c i pat ed and act ual  scour  and as an ai d i n t he cont r ol  of  st one 
pl acement .   Fur ni sh and mai nt ai n an adequat e st ock of  r ecor di ng paper  f or  
t he dept h f i nder .

3. 16. 2. 4   Nonper mi t t ed Devi ces

The use of  buoys and pi l es of  st one pl aced above t he wat er  sur f ace as 
pl acement  cont r ol  devi ces wi l l  not  be per mi t t ed.   The use of  bank t ar get s 
f or  al i gnment  cont r ol  wi l l  not  be per mi t t ed f or  wor k di st ances of  mor e t han
 120 m 400 f eet  wi t hout  pr i or  appr oval ,  i n wr i t i ng,  by t he Cont r act i ng 
Of f i cer .

3. 16. 2. 5   Ski f f  or  Boat

Fur ni sh an al umi num ski f f  or  boat  wi t h a mi ni mum l engt h of  5. 5 m 18 f eet  
and equi pped wi t h a 38 kW 50 hp out boar d mot or .

3. 16. 3   Longi t udi nal  St one Di ke Pl acement

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   For  use wi t h st one under  180 kg 400 pounds 
t op si ze.

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

Pl ace st one i n t he l ongi t udi nal  peaked st one di kes,  st one t i ebacks and 
t r ansver se st one di kes by ski p,  gr appl e,  hand,  or  ot her  appr oved met hod,  
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i n such a manner  as t o pr oduce a wel l  gr aded mass or  st one wi t h t he 
mi ni mum pr act i cabl e per cent age of  voi ds.   Do not  dr op st one f r om a hei ght  
gr eat er  t han 900 mm 3 f eet .   A var i at i on of  300 mm 1 f oot  above or  150 mm 
6 i nches bel ow t he speci f i ed devi at i on and 150 mm 6 i nches under  or  300 mm 
1 f oot  over  t he speci f i ed cr own wi dt h wi l l  be al l owed pr ovi ded t hese 
var i at i ons ar e gr adual  over  a mi ni mum di st ance of  3 m 10 f eet  measur ed 
al ong t he di ke' s cent er l i ne.   Bul l dozi ng st one i nt o excavat ed t r enches 
wi l l  not  be per mi t t ed.   St or e st one del i ver ed on- si t e as speci f i ed i n 
par agr aph STONE.

3. 17   CORRECTI VE EARTHWORK

3. 17. 1   Gr adi ng

Gr adi ng consi st s of  t he s l opi ng of  bl uf f  banks damaged by f ai l ur es i n t he 
bank pavi ng and t he pr epar at i on of  t he subgr ade f or  pl acement  of  new 
pavi ng;  r eshapi ng of  damaged dr ai ns and const r uct i ng new dr ai ns;  r eshapi ng 
of  over bank ar eas;  and any i nci dent al  wor k as may be r equi r ed i n t he 
pr osecut i on of  t he wor k.   Most  of  t he gr adi ng wi l l  be i n ar eas wher e 
mechani cal  equi pment  can be used,  but  some hand gr adi ng wi l l  be r equi r ed.   
Use mat er i al  r esul t i ng f r om gr adi ng oper at i ons,  i ncl udi ng br oken pavement ,  
i f  any,  f or  maki ng f i l l s  wher e r equi r ed,  i ncl udi ng t he r est or at i on of  
def i c i ent  s l opes.   Per f or m al l  gr adi ng and f i l l i ng t o t he l i nes and gr ades 
as st aked i n t he f i el d or  as speci f i ed.   Root s,  t r ees,  br ush,  r oot s,  t r ash 
and or gani c mat er i al s ar e pr ohi bi t ed f or  use i n f i l l s .   Rest or ed subgr ade 
must  be f r ee f r om r oot s,  br ush or  ot her  debr i s;  and pl aced i n l ayer s not  
t o exceed 300 mm ( 1 f oot )  i n t hi ckness.   Thor oughl y compact  each l ayer  t o 
a densi t y at  l east  equal  t o t hat  of  t he adj acent  undi st ur bed ear t h.   I f  
envi r onment al l y appr oved,  [ spr ead excess  c l ean f i l l  mat er i al  on t he s l ope 
adj acent  t o t he ar ea of  r epai r ]  [ excess cl ean f i l l  may be di sposed of ] .

3. 17. 2   Excavat i on i n Fai l ur e Ar eas

Per f or m excavat i on i n f ai l ur es wher e pr ot r usi on of  st one above adj acent  
sur f ace i s obj ect i onabl e.   Wher e  speci f i ed,  excavat e subgr ades 250 t o 300 
mm 10 t o 12 i nches bel ow t he sur f ace of  t he adj acent  pavi ng.   Lar ge ar eas 
may not  r equi r e excavat i ng t hr oughout ,  but  excavat i on t o t he dept hs 
speci f i ed above wi l l  be r equi r ed onl y f or  a di st ance of  1. 5 m 5 f eet  
i nsi de t he per i met er  of  t he f ai l ur e.   Most  of  t he excavat i on can be 
accompl i shed by mechani cal  means,  but  some hand wor k ar ound t he edges wi l l  
be r equi r ed.   Per f or m al l  excavat i on  t o t he l i nes and gr ades as st aked i n 
t he f i el d or  as speci f i ed.   Use mat er i al  r esul t i ng f r om t he oper at i on f or  
maki ng f i l l s  wher e r equi r ed as speci f i ed i n par agr aph GRADI NG.   Excess 
mat er i al  may be wast ed or  spr ead on t he adj acent  s l opes.

3. 18   BREAKI NG OUT PAVEMENT

The wor k consi st s of  t he br eaki ng out  of  concr et e or  asphal t  pavement  i n 
damaged or  under mi ned ar eas of  pavement .   The concr et e pavement  i s 
appr oxi mat el y [ 100] [ _____]  mm [ 4] [ _____]  i nches i n t hi ckness,  and t he 
asphal t  pavement  i s appr oxi mat el y [ 125] [ _____]  mm [ 5] [ _____]  i nches i n 
t hi ckness.   The ar ea of  pavement  t o be br oken out  wi l l  be mar ked by t he 
Cont r act i ng Of f i cer  pr i or  t o t he st ar t  of  wor k.   Any addi t i onal  ar eas t o 
be br oken out  adj acent  t her et o wi l l  be mar ked as r equi r ed as t he wor k 
pr ogr esses.   Repai r  or  r epl ace any pavement  out si de t he l i mi t s mar ked t o 
be br oken out  t hat  i s  damaged by t he Cont r act or ' s oper at i ons at  no 
addi t i onal  cost  t o t he Gover nment .   The br eaki ng out  may be done by any 
appr oved met hod whi ch wi l l  accompl i sh t he r esul t s desi r ed and wi l l  not  
damage pavi ng out si de t he l i mi t s mar ked. [ Bl ast i ng i s pr ohi bi t ed. ]
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3. 18. 1   Concr et e Br eakout

Br eak up damaged or  undet er mi ned monol i t hi c,  ar t i cul at ed or  s l ab concr et e 
i nt o pi eces not  exceedi ng 450 mm 18 i nches i n any di mensi on.   Leave t he 
pi eces on t he subgr ade wher e br oken.   I n ar eas wher e gr adi ng may be 
r equi r ed,  br eak out  t he concr et e t o t he ext ent  necessar y t o per mi t  gr adi ng 
t he bank t o s l opes sui t abl e f or  pavi ng and t he br oken concr et e used i n 
maki ng f i l l s  adj acent  t o t he br eakout .  Usi ng br oken concr et e f or  r i pr ap or  
ar mor  st one i s pr ohi bi t ed.

3. 18. 2   Asphal t  Br eakout

Gener al l y,  asphal t  br eakout  wi l l  be l i mi t ed t o ar eas r equi r i ng gr adi ng of  
t he bank t o s l opes sui t abl e f or  pavi ng.   Use t he br oken asphal t  t o t he 
ext ent  possi bl e i n maki ng f i l l s  adj acent  t o t he br eakout .   When br oken 
asphal t  i s  used i n maki ng f i l l s ,  t he pi eces must  not  exceed 450 mm 18 
i nches i n any di mensi on.   Spr ead out  t he br oken asphal t  t hat  i s  not  used 
f or  f i l l  suf f i c i ent l y t o avoi d abr upt  humps on t he adj acent  pavi ng.   I n 
ar eas wher e asphal t  i s  damaged and gr adi ng of  bank i s not  r equi r ed,  st one 
may be pl aced on t op of  t he br oken or  damaged asphal t  t o t he ext ent  
necessar y t o cover  t he damaged ar ea.

3. 18. 3   Removal  of  Dr i f t  and Cl ear i ng

Remove accumul at i ons of  dr i f t  f r om t he ar eas t o be r epai r ed.   Cl ear i ng 
wi l l  not  gener al l y be necessar y;  however ,  cut  of f  any t r ees,  st umps or  
br ush i n t he ar eas wher e r epai r  wor k i s pr escr i bed f l ush wi t h t he gr ound 
or  t o an el evat i on 300 mm 1 f oot  bel ow t he t op of  t he f i l l ,  and r emove 
f r om t he ar ea.   Di spose of  debr i s as speci f i ed i n [ Sect i on 01 74 19 
CONSTRUCTI ON WASTE MANAGEMENT AND DI SPOSAL] [  and ] [ Sect i on 31 11 00 
CLEARI NG AND GRUBBI NG] .

3. 18. 4   Pr epar at i on of  Subgr ade

I n ar eas wher e gr adi ng or  excavat i on i s r equi r ed,  dr ess t he subgr ade t o a 
uni f or m sur f ace sui t abl e f or  pavi ng.   I n ot her  ar eas wher e cr ushed st one 
or  [ r i pr ap] [ st one]  i s speci f i ed,  dr ess t he subgr ade as necessar y t o 
pr ovi de an even sur f ace f or  pavi ng or  t o pr ovi de f or  a sui t abl e t i e t o t he 
exi st i ng pavi ng.

3. 19   STONE WORK

Use beddi ng st one,  [ _____]  - kg - pound [ r i pr ap]  [ st one] [ ,  and/ or ]  [ Gr aded 
St one [ " A" ] [ " B" ]  [ " C" ] ]  t o r epai r  f ai l ur e ar eas i n exi st i ng pavi ng or  t o 
pr ot ect  t he upst r eam,  downst r eam,  and l andwar d ar eas adj acent  t o an 
exi st i ng paved bank;  f or  const r uct i ng or  r epai r i ng dr ai ns;  f or  maki ng 
st one f i l l s ,  bot h above and bel ow t he wat er  sur f ace;  and f or  const r uct i ng 
over bank spur s.   Pl ace st one on t he bank or  over bank ar ea by cr ane or  
dr agl i ne equi pped wi t h ski p,  gr appl e,  c l amshel l ,  or  r ock bucket ;  by 
f r ont - end l oader [  or  bul l dozer ] ;  or  by t r ucks or  ot her  met hods appr oved by 
t he Cont r act i ng Of f i cer .   Unl ess ot her wi se appr oved by t he Cont r act i ng 
Of f i cer ,  t he maxi mum capaci t y of  dr agl i ne bucket s used t o pl ace [ r i pr ap]  
[ st one]  pavi ng on t he bank wi l l  be l i mi t ed t o 2. 3 cubi c met er s 3 cubi c 
yar ds.

3. 19. 1   Pl acement

I t  i s  cont empl at ed t hat  t he quant i t i es r equi r ed wi l l  be i n i ncr ement s of  a 
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bar ge l oad of  appr oxi mat el y [ _____]  [ 1000]  t ons ( met r i c)  [ _____]  [ 1, 000]  
t ons f or  pl acement  at  a s i ngl e r evet ment .   When l ess t han [ _____]  [ 10 000]  
t ons ( met r i c)  [ _____]  [ 10, 000]  t ons of  [ Gr aded St one [ " A" ] [ " B" ] [ " C" ] ]  
[ _____]  i s speci f i ed at  a s i ngl e r evet ment ,  consi der  t he st one " Gr aded 
St one " A" ,  Smal l  Repai r s"  f or  payment  pur poses.   When [ _____] [ 10 000]  t ons 
( met r i c)  [ _____]  [ 10, 000]  t ons or  mor e of  Gr aded St one " A"  i s speci f i ed at  
a s i ngl e r evet ment ,  consi der  t he st one " Gr aded St one [ " A" ] [ " B" ] [ " C" ]  
[ _____] ,  Lar ge Repai r s"  f or  payment  pur poses.

3. 19. 1. 1   Beddi ng Mat er i al

Beddi ng st one may be r equi r ed f or  use under  [ r i pr ap]  [ st one]  pavi ng or  t o 
f i l l  scour ed ar eas or  depr essi ons i n t he subgr ade,  or  as a bl anket  i n t he 
const r uct i on or  r epai r  of  dr ai ns.   Beddi ng st one i s nor mal l y pl aced 
[ 100] [ _____]  mm [ 4] [ _____]  i nches i n t hi ckness above t he wat er  sur f ace,  
[ 150] [ _____]  mm [ 6] [ _____]  i nches i n dr ai ns and i n t he amount  of  1. 8 t  per  

squar e ( 9. 3 m2)  [ t wo] [ _____]  T per  squar e ( 100 squar e f eet )  when pl aced 
bel ow t he wat er  sur f ace.   Pl ace mat er i al s above t he wat er  must  be t o t he 
l i nes and gr ade speci f i ed or  as st aked i n t he f i el d;  bel ow t he wat er  
sur f ace,  i n t he amount  speci f i ed or  as di r ect ed at  t he t i me of  pl aci ng.

3. 19. 1. 2   [ Ri pr ap]  [ St one]  Pavi ng

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   For  det er mi ni ng t he pl acement  r at e f or  under  
wat er  pl acement ,  see not es at  par agr aph PLACEMENT OF 
RI PRAP,  subpar agr aph [ UNDER WATER] .

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

Pl ace [ r i pr ap] [ st one]  of  t he speci f i ed maxi mum si ze on t he dr y s l ope or  
over bank ar eas and r ear r ange by hand as necessar y t o pr ovi de compl et e 
cover age of  t he speci f i ed ar ea wi t h an aver age t hi ckness of  [ 250] [ _____]  
mm f or  [ 57] [ _____] - kg [ 10] [ _____]  i nches f or  [ 125] [ _____] - pound 
[ r i pr ap] [ st one] .   A t ol er ance of  50 mm 2 i nches above or  bel ow t he aver age 
t hi ckness wi l l  be al l owed.   Openi ngs bet ween st ones exposi ng mor e t han 

2600 mm2 4 squar e i nches of  t he gr aded sl ope wi l l  not  be al l owed.   Spal l s 
and quar r y chi ps may be used as a base but  not  as a f i l l er .   Pl ace st one 
f or  under wat er  por t i ons of  t he wor k  uni f or ml y di st r i but ed at  t he r at e of  
[ _____] [ 7. 3]  t ons per  squar e [ _____] [ 8]  t ons per  squar e unl ess anot her  
r at e i s shown or  speci f i ed.   [ Ri pr ap]  [ St one]  may be r equi r ed f or  use i n 
const r uct i ng st one f i l l s  and maki ng ot her  r epai r s t o r evet ment s.   [ I t  i s  
cont empl at ed t hat  t he quant i t i es of  [ _____]  - kg - pound [ r i pr ap] [ st one]  
r equi r ed wi l l  be i n i ncr ement s of  a bar ge l oad of  appr oxi mat el y 1000 t ons 
f or  pl acement  at  one or  mor e near by l ocat i ons. ]

3. 19. 1. 3   Over bank Pavi ng

[ Ri pr ap]  [ St one]  pavi ng may be r equi r ed t o r epai r  scour  damage behi nd t op 
bank.   Over bank pavi ng wi l l  gener al l y consi st  of  a bl anket  of  st one 250 mm 
10 i nches t hi ck and up t o 15 m 50 f eet  wi de pl aced behi nd t he t op bank or  
l andwar d of  t he exi st i ng pavi ng.   Pl ace over bank pavi ng i n accor dance wi t h 
par agr aph [ RI PRAP]  [ St one]  PAVI NG above or  as speci f i ed.

3. 19. 1. 4   St one Fi l l s

St one f i l l s  may be r equi r ed t o be const r uct ed of  [ _____]  - kg - pound 
[ r i pr ap] [ st one]  or  Gr aded St one [ " A" ]  [ " B" ]  [ " C" ]  as speci f i ed.   Pl ace 
st one f i l l s  speci f i ed above t he wat er  sur f ace t o t he l i nes and gr ades 
speci f i ed or  as st aked i n t he f i el d.   Wher e speci f i ed bel ow t he wat er  
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sur f ace,  t he mat er i al  may be pl aced by any met hod el ect ed by t he 
Cont r act or ,  subj ect  t o appr oval  by t he Cont r act i ng Of f i cer .

3. 19. 1. 5   Over bank St one Spur s

I n t he r epai r  or  pr event i on of  over bank scour ,  [ r i pr ap] [  st one]  i s 
r equi r ed t o const r uct  or  r epai r  spur s l andwar d of  t he t op of  bank at  some 
l ocat i ons.   Pr ovi de spur s consi st i ng of  st one f i l l  wi t h var i abl e cr own 
wi dt hs and si de sl opes,  usual l y t y i ng i nt o t he r evet ment  pavi ng and 
ext endi ng l andwar d at  var yi ng angl es wi t h t he t op of  bank.   Ext ensi ons of  
exi st i ng over bank spur s may al so be r equi r ed.   The hei ght  of  st one spur s 
wi l l  usual l y be f r om 900 t o 1800 mm 3 t o 6 f eet ,  wi t h maxi mum hei ght s 
dependi ng upon t he dept h of  over bank scour .   Gener al l y,  wor k wi l l  not  
ext end beyond 90 m 300 f eet  l andwar d of  t he t op of  t he bank,  but  
condi t i ons at  some l ocat i ons may r equi r e const r uct i on beyond t hi s l i mi t .   
The l ocat i on,  al i gnment ,  and di mensi ons of  t he over bank spur s ar e as shown 
or  as di r ect ed.   [ Ri pr ap]  [ St one]  t hat  can be pl aced ent i r el y by t he 
f l oat i ng pl ant  wi l l  not  be consi der ed Over bank St one Spur .

3. 19. 1. 6   St one Landwar d of  an Obst r uct i on

Occasi onal l y i n t he r epai r  of  a r evet ment ,  st one must  be pl aced on t he 
r evet ment  s l ope behi nd or  l andwar d of  a st r uct ur e whi ch pr event s pl acement  
of  st one by a bar ge- mount ed dr agl i ne or  at  a r evet ment  l ocat i on whi ch,  i n 
t he opi ni on of  t he Cont r act i ng Of f i cer ,  i s  i naccessi bl e by f l oat i ng pl ant  
f or  ot her  r easons.   These r epai r s may be accompl i shed by haul i ng or  ot her  
means appr oved by t he Cont r act i ng Of f i cer .

3. 20   SLOPE DRESSI NG AND [ RI PRAP]  [ STONE]  PAVI NG

3. 20. 1   Sl ope Dr essi ng

The wor k consi st  of  f ur ni shi ng al l  pl ant ,  l abor  and mat er i al s and 
per f or mi ng al l  wor k i n st r i ct  accor dance wi t h t hese speci f i cat i ons,  
schedul es and dr awi ngs f or  const r uct i on of  [ r i pr ap]  [ st one]  pavi ng on t he 
[ r i ver  banks]  [ banks of  t he [ _____]  Ri ver  bet ween [ _____]  and [ _____] ] .   
Per f or m wor k at  sever al  l ocal i t i es whi ch wi l l  be sel ect ed af t er  t he awar d 
of  t he cont r act  and wi l l  be desi gnat ed i n t he j obsi t e speci f i cat i ons and 
" Bef or e Const r uct i on"  dr awi ngs t o be i ssued pur suant  t o par agr aph [ _____] ,  
Sect i on 01 35 13 [ SPECI AL CONTRACT REQUI REMENTS]  [ _____] .   Per f or m t he 
wor k r egar dl ess of  t he number  of  l ocal i t i es i nvol ved.   Wor k may not  be 
r equi r ed under  t hese speci f i cat i ons at  al l  l ocal i t i es at  whi ch mat t r ess 
s i nki ng oper at i ons wi l l  be per f or med;  however ,  wor k may be r equi r ed at  
l ocat i ons wher e ar t i cul at ed concr et e mat t r ess i s not  r equi r ed.   The wor k 
t o be per f or med nor mal l y i ncl udes t he f i nal  pr epar at i on of  t he s l opes and 
pr ocur i ng and pl aci ng t he [ r i pr ap]  [ st one]  on t he gr aded bank.   At  some 
l ocat i ons,  under wat er  and/ or  over bank pavi ng may be r equi r ed.   Such 
l ocat i ons wi l l  be speci f i ed i n t he j obsi t e speci f i cat i ons or  i ndi cat ed on 
t he " Bef or e Const r uct i on"  dr awi ngs.   The Gover nment  r eser ves t he r i ght  t o 
accompl i sh al l  or  any por t i on of  t he wor k at  any l ocat i on by ot her  means.

3. 20. 1. 1   Gener al

The bank wi l l  be gr aded,  i ncl udi ng f i ni sh gr adi ng,  by ot her s.   However ,  
pr epar at or y t o pl aci ng t he pavi ng,  dr ess t he s l ope t o el i mi nat e any 
i r r egul ar i t i es,  i ncl udi ng i r r egul ar i t i es i n t he beddi ng mat er i al  pl aced by 
ot her s,  due t o r ai n or  wave wash or  oper at i ons of  t he Cont r act or ' s 
equi pment .   Fi l l  i r r egul ar i t i es i n t he ungr avel ed sl ope wi t h l ayer s of  
ear t h no gr eat er  t han 300 mm 1 f oot  i n uncompact ed t hi ckness and f i r ml y 
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compact  i nt o pl ace.   I f  di r ect ed by t he Cont r act i ng Of f i cer ,  f i l l  
i r r egul ar i t i es i n gr avel ed ar eas wi t h st one,  and payment  wi l l  be made at  
t he appl i cabl e cont r act  uni t  pr i ce f or  " [ Ri pr ap]  [ St one]  Pavi ng"  f or  st one 
so pl aced.   Acqui r e ear t h f i l l  mat er i al  f r om adj acent  ar eas wi t hi n t he 
l i mi t s of  t he r i ght - of - way.   Redr ess and/ or  c l ean out  any l andsi de 
dr ai nage di t ch damaged by t he oper at i ons.

[ 3. 20. 1. 2   Regr adi ng

Any r egr adi ng necessi t at ed by s l i des i n t he bank occur r i ng bef or e or  
dur i ng const r uct i on of  t he bank pavi ng wi l l  be done by ot her s and wi l l  i n 
no way be t he r esponsi bi l i t y  of  t he Cont r act or  except  t hat  evi dence of  
such sl i des shoul d be r epor t ed pr ompt l y t o t he Cont r act i ng Of f i cer .  Do not  
pl ace pavi ng on such a di st ur bed ar ea unt i l  t he s l i de has been gr aded out  
or  ot her wi se cor r ect ed.

] 3. 20. 1. 3   Repai r s

Repai r ,  wi t h no addi t i onal  payment ,  any damage t o t he gr aded bank  or  
st r i p pavi ng caused by f ai l ur e t o pl ace pavi ng at  t he r at e r equi r ed by 
par agr aph [ _____]  of  Sect i on 01 35 13 [ SPECI AL CONTRACT REQUI REMENTS]  
[ _____] .   I f  st r i p pavi ng i s or der ed by t he Cont r act i ng Of f i cer  due t o 
r easons beyond t he cont r ol  of  t he Cont r act or  and t he gr aded bank or  st r i p 
pavi ng i s damaged by r ai n wash or  over t oppi ng,  make t he r epai r s as or der ed 
by t he Cont r act i ng Of f i cer  and an adj ust ment  i n t he cont r act  pr i ce and 
t i me of  per f or mance as appr opr i at e f or  t hat  por t i on of  t he wor k wi l l  be 
made i n accor dance wi t h t he Cont r act  Cl ause,  CHANGES.

3. 20. 2   [ Ri pr ap]  [ St one]  Pavi ng

3. 20. 2. 1   Gener al

[ Ri pr ap]  [ St one]  upper  bank pavi ng consi st s of  a cour se of  st one wi t h an 
aver age t hi ckness of  250 mm 10 i nches,  measur ed nor mal  t o t he s l ope,  
except  wher e ot her  t hi ckness i s speci f i ed or  i ndi cat ed on t he dr awi ngs.   
Cover  t he sur f ace of  t he bank bet ween t he l i mi t s of  wor k as shown on t he 
si t e pl ans or  sur f ace of  t he bank bet ween t he l i mi t s of  wor k as shown on 
t he si t e pl ans or  as det er mi ned by t he Qual i t y Assur ance Repr esent at i ve i n 
t he f i el d.   The l andwar d l i mi t  of  [ r i pr ap]  [ st one]  pavi ng may i ncl ude an 
over bank st r i p not  exceedi ng a di st ance of  15 m 50 f eet  l andwar d of  t he 
t op of  t he bank.   The bank t o be paved wi l l  have been gr aded by ot her s t o 
a s l ope t hat  wi l l  var y f r om appr oxi mat el y 1V on 3H t o 1V on 5H and any 
over bank ar ea t o be paved wi l l  have been dr essed by ot her s t o a sur f ace 
sui t abl e f or  pavi ng.   I n gener al ,  t he wi dt h of  t he pavi ng wi l l  var y 
bet ween appr oxi mat el y 15 m 50 f eet  and 60 m 200 f eet  s l ope measur ement .

3. 20. 2. 2   St r i p Pavi ng

When di r ect ed by t he Cont r act i ng Of f i cer ,  pave t he bank i n st r i ps par al l el  
t o t he wat er ' s edge.   I t  i s  ant i c i pat ed t hat  st r i p pavi ng wi l l  be r equi r ed 
whenever  t her e i s mor e t han 600 m 2, 000 l i near  f eet  of  unpaved bank 
avai l abl e t o t he Cont r act or  f or  pavi ng or  whenever  r i s i ng r i ver  st ages 
t hr eat en over t oppi ng of  t he i nshor e l i mi t  of  mat t r ess wi t hi n t hat  ar ea.   
I n ar eas wher e an ar t i cul at ed concr et e mat t r ess has been pl aced,  pr ovi de 
st r i p pavi ng consi st i ng of  pl aci ng [ r i pr ap]  [ st one]  pavi ng i n a st r i p 
al ong and par al l el  t o t he i nshor e edge of  mat t r ess.   Unl ess ot her wi se 
aut hor i zed or  di r ect ed,  t he st r i p pavi ng must  be 9 m 30 f eet  wi de except  
i t  must  i ncl ude compl et e pavi ng of  dr ai ns wi t hi n t he ar ea.   At  l ocat i ons 
r equi r i ng onl y st one pavi ng,  pl ace t he under wat er  pavi ng al ong wi t h a st r i p
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 9 m 30 f eet  wi de above and par al l el  t o t he wat er ' s edge and i ncl ude 
pavi ng of  dr ai ns.   Once st r i p pavi ng oper at i ons ar e di r ect ed,  cont i nue 
t hi s met hod of  pavi ng as l ong as r equi r ed by t he Cont r act i ng Of f i cer ,  and 
conduct  at  such l ocat i ons and i n such or der  of  pr ecedence as r equi r ed i n 
or der  t o pr ot ect  t he i nt er est  of  t he Gover nment .   I f  st r i p pavi ng 
oper at i ons and movi ng,  as r equi r ed by t he Cont r act i ng Of f i cer  t o be 
per f or med t he most  essent i al  wor k,  pr event  t he Cont r act or  f r om mai nt ai ni ng 
t he r equi r ed pr oduct i on r at e,  an equi t abl e adj ust ment  i n cont r act  t i me 
wi l l  be al l owed upon wr i t t en r equest  and j ust i f i cat i on.   Addi t i onal  t owi ng 
r equi r ed t o move bet ween j obs as pr i or i t i zed by t he Cont r act i ng Of f i cer  
and t o r et ur n t o unf i ni shed j obs t o compl et e t hem wi l l  be pai d f or  as 
pr ovi ded i n Sect i on 01 35 13 [ SPECI AL CONTRACT REQUI REMENTS]  [ _____] ,  
par agr aph [ PAYMENT FOR EXCESS TOWI NG]  [ _____] .

3. 20. 2. 3   Under wat er  Pavi ng

Wher e speci f i ed i n t he Pl ans and Speci f i cat i onsor  i ndi cat ed on t he " Bef or e 
Const r uct i on"  dr awi ngs,  pl ace under wat er  [ r i pr ap]  [ st one]  pavi ng on 
subaqueous ar eas not  cover ed by ar t i cul at ed concr et e mat t r ess.   Di st r i but e 
t he under wat er  [ r i pr ap]  [ st one]  pavi ng uni f or ml y over  t he ar ea t o be paved 

i n t he amount  of  7. 3 t ons per  squar e ( 9. 3 m2)  8 t ons per  squar e ( 100 squar e 
f eet )  or  such ot her  amount  as i ndi cat ed i n t he  Speci f i cat i ons.

3. 20. 2. 4   Pl acement

Pl ace t he st one on t he gr aded sl opes by cr ane or  dr agl i ne equi pped wi t h 
ski p,  gr appl e, c l amshel l ,  or  r ock bucket  or  by ot her  met hod appr oved by t he 
Cont r act i ng Of f i cer  and r ear r anged by use of  a t r ackhoe or  by hand as 
necessar y t o pr ovi de compl et e cover age of  t he banks t o t he speci f i ed 
aver age t hi ckness.   I f  t he ent i r e upper  bank cannot  be paved f r om f l oat i ng 
pl ant  and st one i s wi ndr owed on t he upper  s l ope,  spr ead t he wi ndr owed 
st one t o t he pr escr i bed t hi ckness by pul l i ng t he st one up t he sl ope wi t h a 
t r ackhoe or  by ot her  appr oved met hods.   Pul l i ng  st one downsl ope i s 
pr ohi bi t ed.   A t ol er ance of  50 mm 2 i nches above and bel ow t he speci f i ed 
aver age t hi ckness wi l l  be al l owed.   Openi ngs bet ween st ones exposi ng mor e 

t han 2600 mm2 4 squar e i nches of  t he gr aded sl ope or  gr avel  bl anket  wi l l  
not  be per mi t t ed.   I n under wat er  pl acement ,  di st r i but e t he st one uni f or ml y 
i n t he amount  speci f i ed.   Cont r ol  pl acement  of  [ r i pr ap]  [ st one]  under wat er  
t o t he ext ent  necessar y t o pr ovi de cover age as i ndi cat ed on t he " Bef or e 
Const r uct i on"  dr awi ngs and/ or  t o assur e a connect i on bet ween ar t i cul at ed 
concr et e mat t r ess and [ r i pr ap]  [ st one]  pavi ng pl aced above wat er .

3. 20. 2. 5   Connect i ons

Const r uct  connect i ons bet ween [ r i pr ap]  [ st one]  upper  bank pavi ng and 
concr et e mat t r ess or  pavi ng as det ai l ed on t he dr awi ngs.   Remove any st one 
pl aced or  spi l l ed ont o t he concr et e mat t r ess and pl ace by hand i nt o t he 
pavi ng and mat t r ess connect i on ar ea.   Ensur e t he t hi ckness of  st one i n t he 
connect i on i s no l ess t han 450 mm 18 i nches at  a poi nt  1200 mm 4 f eet  f r om 
t he concr et e mat t r ess or  pavi ng,  and t aper  t o an aver age t hi ckness of  250 
mm 10 i nches at  t he edge of  t he mat t r ess and at  a poi nt  1800 mm 6 f eet  
f r om t he mat t r ess or  pavi ng,  unl ess ot her  t hi ckness i s speci f i ed.   At  t he 
connect i on bet ween [ r i pr ap]  [ st one]  pavi ng and exi st i ng asphal t  pavi ng,  
i ncr ease t he t hi ckness of  t he [ r i pr ap]  [ st one]  pavi ng t o 250 mm 18 i nches 
i n a st r i p appr oxi mat el y 1200 mm 4 f eet  i n wi dt h al ong t he connect i on of  
t he [ r i pr ap]  [ st one]  and exi st i ng asphal t  pavi ng.
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3. 20. 2. 6   Beddi ng Mat er i al

Beddi ng mat er i al  appr oxi mat el y [ 100]  [ _____]  mm [ 4]  [ _____]  i nches t hi ck 
wi l l  have been pl aced by ot her s at  most  l ocat i ons f r om appr oxi mat el y t he 
[ _____]  cont our  t o t he [ _____]  cont our .   Exer ci se r easonabl e car e i n 
pl aci ng [ r i pr ap]  [ st one]  so t hat  t he beddi ng mat er i al  wi l l  not  be damaged.

3. 20. 2. 7   Exposed Fl anks

When t he bank pavi ng ends wi t h a f l ank or  f l anks not  connect ed wi t h 
exi st i ng wor k,  t he Cont r act i ng Of f i cer  may di r ect  t hat  t he l ast  18 m 60 
l i near  f eet  be paved wi t h [ r i pr ap]  [ st one]  aver agi ng 500 mm 20 i nches i n 
t hi ckness f r om a poi nt  1200 mm 4 f eet  l andwar d of  t he ar t i cul at ed concr et e 
mat t r ess t o t he l andwar d l i mi t  of  t he pavi ng.

3. 20. 2. 8   Di t ch Out l et s

Pave t he bot t om and si de sl opes of  dr ai nage di t ches f or  a di st ance of  3 t o 
8 m 10 t o 25 f eet  l andwar d of  t he t op bank as speci f i ed i n [ t he 
Suppl ement ar y Speci f i cat i ons]  [ _____] [  or  i n t he j obsi t e speci f i cat i ons] .

3. 21   DI KE REPAI RS

The wor k r equi r es gr adi ng and pavi ng ar eas of  damaged di ke bankheads,  
pl aci ng st one f i l l  i n ar eas of  di kes wher e damage has occur r ed,  and 
per f or mi ng ot her  st one r epai r s necessar y t o mai nt ai n i nt egr i t y of  t he di ke 
f i el d.   Except  as pr ovi ded bel ow,  wor k wi l l  be r equi r ed onl y on por t i ons 
of  di ke f i el ds whi ch ar e accessi bl e by f l oat i ng pl ant .   Jobsi t e wor k 
or der s wi l l  be i ssued f or  each di ke f i el d wher e wor k i s r equi r ed,  set t i ng 
f or t h t he det ai l s and l i mi t s of  wor k.   I t  i s  ant i c i pat ed t hat  at  some 
l ocat i ons wher e di ke f i el d r epai r s ar e speci f i ed,  t he s i t e may be 
i naccessi bl e t o f l oat i ng pl ant ,  and haul i ng of  st one may be necessar y t o 
r est or e t he i nt egr i t y of  t he di ke f i el d or  t o ext end a di ke l andwar d.   I n 
such cases,  [ except  f or  wor k at  [ _____] ,  ] t he Cont r act or  wi l l  be gi ven t he 
opt i on of  per f or mi ng wor k at  t he appl i cabl e cont r act  uni t  pr i ces or  
omi t t i ng t he wor k.   However ,  shoul d t he Cont r act or  agr ee t o do t he wor k,  
t he ent i r e wor k speci f i ed at  t hat  l ocat i on must  be sat i sf act or i l y  
compl et ed.   The Cont r act or  wi l l  be f ur ni shed a j obsi t e wor k or der  wi t h 
det ai l s as necessar y t o per f or m t he wor k.   Af t er  a r evi ew of  t he j obsi t e 
wor k or der  and an i nspect i on of  t he s i t e,  not i f y t he Cont r act i ng Of f i cer ,  
i n wr i t i ng,  whet her  t he wor k wi l l  be per f or med at  t he cont r act  uni t  pr i ce 
or  omi t t ed f r om t he j ob.   I t  i s  ant i c i pat ed t hat  t he l engt h of  a l andwar d 
di ke ext ensi on wi l l  not  exceed [ 150] [ _____]  m [ 500] [ _____]  f eet .   Gr adi ng 
and dr essi ng of  t he bank and excavat i on may be r equi r ed.   The t ype of  
st one r equi r ed may be [ 57] [ _____]  kg [ 125] [ _____]  pounds [ r i pr ap]  [ st one] ,  
or  Gr aded St one [ " A" ] [ " B" ] [ " C" ] .   The pl aci ng of  any of  t he above t ypes of  
st one may i ncl ude pl aci ng f i l l  i n a di ke,  bank pavi ng and t he f i l l i ng of  
key t r ench.   Wher e t he Cont r act or  agr ees t o per f or m st one di ke r epai r  
wor k,  whi ch i s i naccessi bl e by f l oat i ng pl ant  and must  be haul ed,  
addi t i onal  compensat i on f or  t he t onnage haul ed wi l l  be made at  t he 
appl i cabl e cont r act  uni t  pr i ce f or  " St one Pl acement  Pr emi um" .

3. 21. 1   Tol er ances

The f ol l owi ng t ol er ances wi l l  be al l owed i n t he speci f i ed r epai r s,  
pr ovi ded t he ext r emes do not  occur  adj acent  t o each ot her .

a.   Sur f ace El evat i ons
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( 1)   [ Upst r eam [ _____]  m f eet  of  di ke cr own -  zer o t o mi nus 300 mm 1 
f oot ]  [ _____] .

( 2)   [ Downst r eam 2700 mm 9 f eet  of  cr own and apr on - pl us or  mi nus 150 
mm 6 i nches]  56.

b.   Cr own l i ne ( each si de)  - 150 mm 6 i nches i nsi de t o 300 mm 1 f oot  
out si de.

c.   Sl opes -  pl us or  mi nus 300 mm 1 f oot .

3. 21. 2   Ear t hwor k

3. 21. 2. 1   Gr adi ng

Gr ade or  f i l l  t he bank wi t h mat er i al  avai l abl e f r om gr adi ng t o t he s l opes 
i ndi cat ed i n t he Pl ans and Speci f i cat i ons and as st aked i n t he f i el d.   
Sl opes must  be no st eeper  t han 1V on 3H except  t hat  st eeper  s l opes may be 
aut hor i zed i n maki ng connect i on wi t h exi st i ng pavi ng.   The gr ade of  t he 
s l ope must  conf or m t o t he pr escr i bed gr ade wi t hi n t he l i mi t s of  pl us or  

mi nus 300 mm 1 f oot .   When l ess t han 7600 m3 10, 000 cubi c yar ds i s 
speci f i ed i n t he  f or  a s i ngl e di ke f i el d,  consi der  t he gr adi ng 

" Ear t hwor k,  Smal l  Repai r s"  f or  payment  pur poses.   When 7600 m3 10, 000 cubi c 
yar ds or  mor e of  gr adi ng i s speci f i ed i n t he Pl ans and Speci f i cat i ons f or  
a s i ngl e di ke f i el d,  consi der  t he gr adi ng " Ear t hwor k,  Lar ge Repai r s"  f or  
payment  pur poses.

3. 21. 2. 2   Key Tr ench

A key t r ench may be r equi r ed al ong t he downst r eam l i mi t  of  t he [ r i pr ap]  
[ st one]  pavi ng or  at  ot her  l ocat i ons on t he bankhead.   Unl ess ot her wi se 
speci f i ed or  di r ect ed,  t he key t r ench must  ext end f r om t op of  bank t o 
wat er s edge,  have a bot t om wi dt h of  3 m 10 f eet  and si de sl opes of  1V on 
1H.   The bot t om gr ade must  be 1. 5 m 5 f eet  bel ow t he pr escr i bed gr ade of  
[ r i pr ap]  [ st one]  pavi ng.

3. 21. 2. 3   Di sposal  of  Mat er i al

Di spose of  mat er i al  f r om gr adi ng i n excess of  t hat  used as f i l l  by 
deposi t i ng r i ver war d of  t he t op of  bank upst r eam or  downst r eam f r om t he 
l i mi t s of  t he r epai r  wor k.

3. 21. 2. 4   St one Wor k

a.   Pr ovi de st one qual i t y and si ze as speci f i ed.

b.   Wher e [ r i pr ap]  [ st one]  i s r equi r ed i n di ke r epai r s,  t he s i ze i s 
[ 57] [ _____] - kg [ 125] [ _____] - pound [ r i pr ap] [ st one] .

( 1)   [ Ri pr ap]  [ St one]  Pavi ng -  Unl ess ot her wi se speci f i ed,  pr ovi de 
[ r i pr ap]  [ st one]  pavi ng consi st i ng of  a cour se of  gr aded st one 
wi t h an aver age t hi ckness of  300 mm 12 i nches measur ed nor mal  t o 
t he s l ope.   Wher e pavi ng i s pl aced under  wat er ,  t he amount s 
r equi r ed ar e 7. 3 t ons 8 t ons per  squar e unl ess ot her wi se shown i n 
t he Cont r act  Dr awi ngs or  as di r ect ed by t he Cont r act  Of f i ce.   
Pl aci ng of  st one must  f ol l ow gr adi ng and excavat i on as soon as 
pr act i cabl e.   Pr epar at or y t o pl aci ng t he [ r i pr ap]  [ st one]  pavi ng,  
dr ess t he s l ope t o el i mi nat e any i r r egul ar i t i es due t o wave or  
r ai n wash,  or  oper at i on of  t he Cont r act or ' s equi pment .   Pl ace t he 
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st one by cr ane or  dr agl i ne equi pped wi t h ski p,  c l amshel l ,  or  r ock 
bucket ;  by f r ont end l oader  or  bul l dozer ;  or  by t r ucks or  ot her  
met hods appr oved by t he Cont r act i ng Of f i cer  and r ear r ange by hand 
as necessar y t o pr ovi de compl et e cover age of  t he bank t o t he 
speci f i ed aver age t hi ckness.   A t ol er ance of  20 per cent  above or  
bel ow t he speci f i ed aver age t hi ckness wi l l  be al l owed.   Openi ngs 

bet ween st ones exposi ng mor e t han 2600 mm2 4 squar e i nches of  t he 
gr aded sl ope wi l l  not  be per mi t t ed.   I n under wat er  ar eas,  pl ace 
t he st one uni f or ml ydi st r i but e i n t he amount  speci f i ed.

( 2)   St one- Fi l l ed Key Tr ench -  Fi l l  t he excavat ed key t r ench t o t he 
el evat i on of  adj acent  [ r i pr ap]  [ st one]  wi t h st one of  t he speci f i ed 
s i ze t o pr ovi de a t hi ckness of  1. 5 m 5 f eet  wi t h a t ol er ance of  
300 mm 1 f oot .   Bul l dozi ng st one i nt o t he excavat ed t r enches i s 
pr ohi bi t ed.

( 3)   [ Ri pr ap]  [ St one]  Fi l l  -  Rest or e er oded ar eas of  st one di kes and 
f i l l  mi nor  gaps wi t h [ r i pr ap]  [ st one]  of  t he speci f i ed s i ze.   
Pl ace t he st one f i l l  t o t he el evat i ons and sect i ons of  adj acent  
por t i ons of  t he di ke or  i n accor dance wi t h t heCont r act  Dr awi ngs or  
as di r ect ed by t he Cont r act i ng Of f i cer .   Const r uct  under wat er  
por t i on of  t he r epai r s i n uni f or m hor i zont al  l ayer s of  about  1. 5 m 
5 f eet  t hi ckness.   Const r uct  each l i f t  acr oss t he ent i r e l engt h of  
t he di ke r epai r s.   Gener al l y a 1800 mm 6 f eet  cr own wi dt h wi t h 

s l opes of  angl e of  r epose ( appr oxi mat el y 1V on 11/ 4 H)  wi l l  be 
r equi r ed.   A t ol er ance of  pl us or  mi nus 300 mm 1 f oot  wi l l  be 
al l owed i n t he speci f i ed el evat i on and cr own wi dt h.   Pl ace t he 
st one by a cr ane or  dr agl i ne equi pped wi t h a ski p,  gr appl e,  
c l amshel l ,  or  r ock bucket ;  by f r ont end l oader  or  bul l dozer ;  or  by 
t r ucks or  ot her  equi pment  appr oved by t he Cont r act i ng Of f i cer .   
Pl aci ng of  st one al ong t he di ke when r i ver  st ages ar e above t he 
t op of  di ke wi t hout  pr i or  appr oval  of  t he Cont r act i ng Of f i cer  or  
at  any r i ver  st ages when si t e and cur r ent  condi t i ons pr evai l  
whi ch,  i n t he opi ni on of  t he Cont r act i ng Of f i cer ,  make oper at i ons 
i mpr act i cabl e or  uneconomi cal  i s  pr ohi bi t ed.

3. 21. 2. 5   Pl acement  Cont r ol

Cont r ol  pl acement  of  st one i n t he di kes,  and f ur ni sh,  oper at e,  and 
mai nt ai n t he necessar y equi pment ,  and al l  necessar y mat er i al  and 
suppl i es.   At  al l  t i mes,  when st one pl acement  f r om f l oat i ng pl ant  i s 
under way,  t he means by whi ch t he pl ant ,  equi pment ,  and st one suppl y bar ges 
ar e posi t i oned must  f unct i on accur at el y and consi st ent l y.   What ever  t he 
met hod empl oyed,  i t  must  per mi t  t he Cont r act or  and t he Gover nment  Qual i t y 
Assur ance Repr esent at i ve t o r eadi l y det er mi ne t he exact  posi t i on of  t he 
st one- pl aci ng oper at i on.   Pr i or  appr oval  of  t he cont r act i ng Of f i cer  wi l l  
be r equi r ed i n each i nst ance bef or e pl aci ng any st one subaqueousl y wi t hout  
t he ai d of  any equi pment  l i s t ed bel ow.

a.   The met hod of  al i gnment  cont r ol  may consi st  of  pi l es or  pi l e c l umps.   
Ot her  accept abl e met hods of  al i gnment  cont r ol  i ncl ude t he use of  a 
manned t r ansi t ,  l aser ,  col or ed or  pol ar i zed l i ght  beams,  or  ot her  
met hod demonst r abl e t o be pr act i cabl e and suf f i c i ent l y pr eci se and 
r el i abl e.

b.   Accept abl e met hods of  di st ance cont r ol  f or  f l oat i ng pl ant  engaged i n 
subaqueous pl acement  of  st one may consi st  of  pi l es or  pi l e c l umps at  
i nt er val s of  90 t o 120 m 300 t o 400 f eet .   Suppl ement  pi l es or  pi l e 
c l umps,  i f  used,  by a wi r e di st ance wheel  or  ot her  equal l y accur at e 
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measur i ng devi ce f or  use i n conj unct i on wi t h t he pi l es.   Ot her  
accept abl e met hods i ncl ude t he use of  el ect r oni c di st ance sur veyi ng 
i nst r ument s or  ot her  met hod demonst r abl e t o be pr act i cabl e and 
suf f i c i ent l y pr eci se and r el i abl e.

c.   Pr ovi de sui t abl e r ecor di ng el ect r oni c dept h f i nder  at  each l ocat i on of  
wor k under  t hi s cont r act .   Pr ovi de a dept h f i nder  wi t h a r ecor di ng 
scr ol l  no l ess t han 100 mm 4 i nches wi de wi t h a scal e of  no mor e t han 
3 m of  dept h t o 25 mm 10 f eet  of  dept h t o t he i nch.   Ensur e t he dept h 
f i nder  i s capabl e of  obt ai ni ng accur at e soundi ngs and use as an ai d i n 
t he cont r ol  of  subaqueous st one pl acement .   Ensur e t hat  t he dept h 
f i nder  i s i n pr oper  wor ki ng or der  at  al l  t i mes and f ur ni sh and 
mai nt ai n an adequat e st ock of  r ecor di ng paper  f or  t he dept h f i nder .   
Submi t  t o t he Cont r act i ng Of f i cer ,  f or  appr oval ,  t he manuf act ur er ' s 
name,  model  number ,  and/ or  model  name of  t he el ect r oni c dept h f i nder  
pr oposed f or  use pr i or  t o t he uni t  bei ng pl ace i n ser vi ce.

d.   The use of  buoys as pl acement  cont r ol  devi ces wi l l  not  be per mi t t ed.   
The use of  bank t ar get s f or  al i gnment  cont r ol  wi l l  not  be per mi t t ed 
f or  wor ki ng di st ance of  mor e t han 1200 mm 400 f eet  wi t hout  pr i or  
appr oval  of  t he Cont r act i ng Of f i cer .

3. 22   PLACEMENT OF SHORELI NE PROTECTI ON

3. 22. 1   Debr i s

Remove any t i mber s,  unsat i sf act or y mat er i al  and debr i s wi t hi n t he r eaches 
f or  const r uct i on except  as ot her wi se di r ect ed by t he Cont r act i ng Of f i cer ,  
and upon r emoval  i s  t he pr oper t y of  t he Cont r act or .   Pr oper l y di spose of  
al l  mat er i al s i n accor dance wi t h t he r equi r ement s of  Sect i on 01 57 19 
TEMPORARY ENVI RONMENTAL CONTROLS,  i ncl udi ng any appl i cabl e l ocal  
r equi r ement s.

3. 22. 2   Li mi t at i ons of  Pl acement  Pr ocedur es

St one const r uct i on i n advance of  compl et ed per manent  pr ot ect i on except  as 
speci f i ed her ei n i s per f or med at  t he Cont r act or ' s r i sk.   Keep t he 
Cont r act i ng Of f i cer  i nf or med as t o any and al l  s i t uat i ons t hat  may r esul t  
i n a possi bl e i nt er r upt i on of  wor k.

3. 22. 2. 1   I nt er r upt i ons

I f  t he Gover nment  can ant i c i pat e t hat  t he st one const r uct i on wi l l  be 
i nt er r upt ed f or  mor e t han [ _____]  [ f our  ( 4) ]  cont i nuous days,  i ncl udi ng 
weekends and hol i days,  t he Cont r act or  may be r equi r ed t o compl et e t he 
pl acement  of  [ _____]  and [ _____]  st one on bot h s i des of  t he br eakwat er  and 
pr ovi de pr ot ect i on of  t he exposed ends pr i or  t o t he st ar t  of  t he 
i nt er r upt i on.   The above- r equi r ed pr ot ect i on f or  t he exposed ends of  t he 
br eakwat er  must  consi st  of  t he same t ype of  st one pr ot ect i on r equi r ed on 
t he l ake si de of  t he br eakwat er .   Remove al l  mat er i al  used f or  pr ot ect i ng 
t he exposed ends of  t he br eakwat er  af t er  t he need t her ef or e has ended and 
i ncor por at e appr opr i at el y i nt o t he r equi r ed per manent  const r uct i on.   Al l  
mat er i al s whi ch ar e r emoved and pl aced i n t he per manent  const r uct i on,  i n 
accor dance wi t h t he pr ovi s i ons of  t hi s sect i on,  wi l l  be measur ed and pai d 
f or  onl y once.   When t empor ar y pr ot ect i on of  exposed ends of  const r uct i on 
i n pr ogr ess i s or der ed or  di r ect ed by t he Cont r act i ng Of f i cer ,  an 
equi t abl e adj ust ment  wi l l  be made f or  t he wor k of  t empor ar i l y  pl aci ng and 
r emovi ng t he st one mat er i al s.   The Gover nment  has no obl i gat i on t o or der  
t hat  exposed ends be pr ot ect ed.   I f  t he Gover nment  t akes no act i on t o have 
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exposed ends pr ot ect ed,  t hen t he pr ovi s i ons of  t he par agr aph MATERI AL 
PLACEMENT I N ADVANCE appl y.

3. 22. 2. 2   Mat er i al  Pl acement  i n Advance

Do not  const r uct  t he br eakwat er  mor e t han [ _____]  m f eet  i n advance of  
compl et ed pl acement  of  t he [ _____]  and [ _____]  st one.   I f  at  t he 
compl et i on of  a day' s pl acement  oper at i ons t he unpr ot ect ed por t i on 
( maxi mum [ _____]  m f eet )  i s  sur veyed t o det er mi ne t he shape and gr ade of  
t he mat er i al s pl aced,  t he Gover nment  wi l l  assume t he r esponsi bi l i t y  f or  
t he cost  t o r epl ace i t  ( maxi mum [ _____]  m f eet )  i f  i t  i s  di spl aced or  l ost  
due t o a st or m dur i ng t he nonwor k per i od but  not  exceedi ng a cont i nuous 
[ _____]  [ f our  ( 4) ]  day nonwor k per i od.   I n t he event  an unpr ot ect ed 
sect i on of  any l engt h unsur veyed i s l ef t  dur i ng a nonwor k per i od or  i s 
l ef t  unpr ot ect ed f or  a per i od l onger  t han f our  cont i nuous days and i s 
damaged or  causes damage t o a compl et ed sect i on,  r epl ace or  r eshape t he 
damaged por t i on( s)  as appr oved by t he Cont r act i ng Of f i cer  wi t h no 
addi t i onal  payment .

[ 3. 22. 3   Cor e/ Mat t r ess/ Beddi ng St one

Pl ace st one t o t he l i nes,  gr ades and t hi ckness shown on t he Cont r act  
Dr awi ngs.   Use pl acement  met hod such t hat  any sof t  and or gani c mat er i al s 
on t he l ake f l oor  wi l l  be di spl aced out war d t owar ds t he ext r eme out si de 
t oes of  t he r equi r ed sect i ons of  t he st r uct ur e and i n t he di r ect i on of  t he 
const r uct i on.   St ar t  st one pl acement  at  t he cent er l i ne of  t he st one 
st r uct ur e and ext end out war d t o t he t oes of  t he st r uct ur e i n a f ashi on 
wher eby t he l i ne of  st one advancement  t akes an i nver t ed " U"  shape. [   
Pl acement  by sel f - unl oadi ng l ake car r i er s  [ wi l l  be al l owed]  i s 
pr ohi bi t ed. ]   Pl ace wi t h r easonabl y syst emat i c car e t hat  segr egat i on of  
par t i c l e s i zes wi l l  not  occur . [   I f  t he mat er i al s ar e pl aced by c l am 
shel l ,  dr agl i ne,  or  ot her  s i mi l ar  equi pment ,  do not  dr op t he st one f r om a 
hei ght  exceedi ng [ _____] [ 600]  mm [ _____] [ t wo]  f eet  above t he exi st i ng l ake 
bot t om or  pr evi ousl y pl aced mat er i al . ]   [ Pl acement  wi t h bot t om dump scows 
[ i s pr ohi bi t ed]  [ wi l l   be al l owed] . ]   Ensur e t he f i ni shed sur f ace of  t he 
st one i s adequat el y smoot h and f r ee of  mounds or  wi ndr ows.   [ Ensur e t he 
f i ni shed wor k i s f r ee of  c l ust er s or  smal l  st ones and cl ust er  of  l ar ger  
st ones. ]

] [ 3. 22. 4   Ar mor / Cover / Ri pr ap St one

Pl ace st one i n t he l ocat i ons and at  t he t hi ckness shown wi t hout  devi at i ng 
f r om t he l i nes and gr ade shown,  i ncl udi ng al l owance f or  t ol er ances.   
Per f or m f i nal  shapi ng of  t he s l ope concur r ent l y wi t h t he i ni t i al  pl acement  
of  t he st one.   Randoml y sel ect  st ones and set  i n cont act  wi t h each ot her  
so t hat  t he i nt er st i ces bet ween adj acent  st ones ar e as smal l  as t he 
char act er  of  t he st one wi l l  per mi t .   Pl ace t he f ace of  st one havi ng t he 
l ar gest  ar ea agai nst  t he sur f ace of  t he under l y i ng mat er i al .   Begi n 
pl acement  at  t he bot t om of  t he s l ope.   Pl ace t he heavi est  st ones as t oe 
st ones.   Pl ace st ones i n a manner  t o avoi d di spl aci ng under l y i ng mat er i al s 
or  pl aci ng undue i mpact  f or ce on under l y i ng mat er i al  t hat  woul d cause t he 
br eaki ng of  st ones.   Unl ess ot her wi se speci f i ed,  do not  dr op st one f r om a 
hei ght  gr eat er  t han [ _____] [ 600]  mm [ _____] [ t wo]  f eet .   Use equi pment  i n 
pl aci ng t he st one  sui t abl e f or  handl i ng mat er i al s of  t he s i zes r equi r ed 
i ncl udi ng t he abi l i t y  t o pl ace t he st one over  i t s f i nal  posi t i on bef or e 
r el ease and i f  necessar y pi ck up and r eposi t i on t he st one.   Do not  use 
dr agl i ne bucket s and ski ps i n pl acement .   Movi ng st one by dr i f t i ng or  
mani pul at i ng down t he sl ope i s pr ohi bi t ed.   The f i ni shed wor k must  be a 
wel l  di st r i but ed mass,  f r ee of  pocket s of  ei t her  smal l er  or  l ar ger  st one,  
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havi ng a mi ni mum of  voi ds and wi t h t he maxi mum of  i nt er l ocki ng of  st ones.   
I t  shoul d be ant i c i pat ed t hat  r ehandl i ng of  i ndi v i dual  st ones af t er  
i ni t i al  pl acement  wi l l  be r equi r ed t o achi eve t he above r equi r ement s.   Do 
not  dr op st ones r equi r ed t o be pl aced over  or  adj acent  t o dr ai ns and 
subsur f ace pi pes,  but  gent l y l ower  and pl ace i n t hei r  f i nal  posi t i on by 
mat er i al  handl i ng equi pment .

] [ 3. 22. 5   Under l ayer  St one

Pl ace st one,  t o a f ul l  zone t hi ckness,  i n one oper at i on i n a manner  t o 
avoi d di spl aci ng t he under l y i ng mat er i al  or  pl aci ng undue i mpact  f or ce on 
under l y i ng mat er i al s and suppor t i ng subsoi l s.   Pl ace under l ayer  st one i n a 
manner  t o pr oduce a r esul t ant  gr aded mass of  st one wi t h mi ni mum voi ds.   
Rear r angi ng of  i ndi v i dual  st ones may be r equi r ed t o achi eve t hi s r esul t .   
Pl acement  by any met hod whi ch i s l i kel y t o cause segr egat i on of  t he 
var i ous s i zes i s pr ohi bi t ed.   Lower  unsegr egat ed st one i n a bucket  or  
cont ai ner  and pl ace i n a syst emat i c manner  di r ect l y on t he under l y i ng 
mat er i al .   Begi n pl acement  at  t he bot t om of  t he s l ope and pr oceed upwar d.   
Cast i ng or  dr oppi ng of  st one over  [ _____] [ 600]  mm [ _____]  [ 2]  f eet  or  
movi ng by dr i f t i ng and mani pul at i ng down t he sl ope i s pr ohi bi t ed.   
Const r uct  f i nal  f i ni sh of  t he s l ope as t he mat er i al  i s  pl aced.

] [ 3. 22. 6   Scour / Ri pr ap St one

Pl ace st one,  t o a f ul l  zone t hi ckness,  i n one oper at i on i n a manner  t o 
avoi d di spl aci ng t he under l y i ng mat er i al  or  pl aci ng undue i mpact  f or ce on 
under l y i ng mat er i al s and suppor t i ng subsoi l s.   Pl ace t he st one i n a manner  
t o pr oduce a r esul t ant  gr aded mass of  st one wi t h mi ni mum voi ds.   
Rear r angi ng of  i ndi v i dual  st ones may be r equi r ed t o achi eve t hi s r esul t .   
Pl acement  by any met hod whi ch i s l i kel y t o cause segr egat i on of  t he 
var i ous s i zes wi l l  not  be per mi t t ed.   Lower  unsegr egat ed st one i n a bucket  
or  cont ai ner  and pl ace i n a syst emat i c manner  di r ect l y on t he under l y i ng 
mat er i al .   Begi n pl acement  at  t he bot t om of  t he s l ope and pr oceed upwar d.   
Cast i ng or  dr oppi ng of  st one over  [ _____] [ 300]  mm [ _____]  [ one]  f oot  or  
movi ng by dr i f t i ng or  mani pul at i ng down t he sl ope i s pr ohi bi t ed.   
Const r uct  f i nal  f i ni sh of  s l ope as t he mat er i al  i s  pl aced.

] [ 3. 22. 7   Fi l l  St one

Do not  pl ace f i l l  s t one wi t hi n st eel  sheet  pi l e wal l s unt i l  t i e- r ods,  
wal es,  and connect i ons ar e i nst al l ed,  t i ght ened,  and i nspect ed;  and t he 
st r uct ur e i s al i gned wi t hi n t he r equi r ed t ol er ances.   Uni f or ml y pl ace t he 
f i l l  mat er i al s i n maxi mum [ _____]  [ 900] - mm [ _____]  [ 3] - f oot  l i f t s  and i n 
such a manner  t hat  t her e wi l l  be no undue l at er  set t l ement  of  t he 
mat er i al s and t hat  t he st r uct ur e wi l l  not  be subj ect ed t o undue st r ai ns,  
def or mat i ons,  or  ot her  damage.   Responsi bi l i t y  f or  damage t o t he st r uct ur e 
due t o f i l l i ng oper at i ons r est s wi t h t he Cont r act or .   Di st r i but e and 
consol i dat e t he st one by use of  a v i br at or y hammer  or  s i mi l ar  v i br at i ng 
hammer  or  s i mi l ar  v i br at i ng equi pment  af f i xed t o a st eel  beam i nser t ed 
i nt o t he f i l l  at  i nt er val s no gr eat er  t han [ _____] [ 1. 5]  m [ _____]  [ 5]  f eet .   
Cont i nue vi br at or y oper at i ons unt i l  t her e i s no vi sual  cont i nuat i on of  
set t l ement .   Ot her  di st r i but i on or  consol i dat i on met hods may be used when 
appr oved by t he Cont r act i ng Of f i cer .   Compact  st one above wat er  t o [ _____]  
[ ni net y per cent  ( 90 per cent )  of  maxi mum densi t y obt ai ned at  opt i mum 
moi st ur e cont ent  as det er mi ned by t he Cont r act or  i n accor dance wi t h [
EM 1110- 2- 1906]  [ [ _____] ] ] .   Per f or m at  l east  [ _____]  [ one ( 1) ]  compact i on 
t est  f or  each [ _____]  met r i c t on t on of  mat er i al  pl aced.
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] [ 3. 22. 8   Spl ash St one

Pl ace st one t o t he l i nes and gr ades shown and i n a manner  t hat  wi l l  avoi d 
t ear i ng t he under l y i ng geot ext i l e.

] 3. 22. 9   Fi t t ed Cap St one

Pl ace f i t t ed cap st one upon t he geot ext i l e cover i ng t he f i l l  s t one wi t hi n 
t he l i mi t s of  t he st eel  sheet  pi l e st r uct ur e t o t he l i nes and gr ades 
shown.   Use st ones of  assor t ed si zes and pl ace t o t i ght l y f i t  agai nst  each 
ot her  i n t he space bounded by t he per i met er  [ _____]  [ concr et e s i dewal k] .   
Use i ndi v i dual  st ones of  t he maxi mum si ze whi ch wi l l  f i l l  a gi ven space 
bet ween l ar ger  st ones t o mi ni mi ze t he need f or  chi nki ng.   Ensur e t he 
f l at t est  f ace of  each st one i s t he t op sur f ace of  t he pl aced st one.   
Fol l owi ng pl acement  of  t he cap st ones,  f i l l  t he r emai ni ng spaces bet ween 
i ndi v i dual  st ones wi t h pi eces of  t he next  smal l er  st one obt ai ned f r om t he 
r equi r ed [ under l ayer ]  st one gr adat i on mat er i al s bei ng suppl i ed f or  t hi s 
cont r act .   Fi l l  t he spaces bet ween cap st ones wi t h sel ect ed st ones of  t he 
maxi mum si ze whi ch wi l l  f i t  i n each r emai ni ng space.   At  t he el evat i on of  
t he upper  hor i zont al  sur f ace of  t he cap st ones,  pl ace t he st ones used f or  
chi nki ng wi t h t hei r  el ongat ed di mensi on i n a ver t i cal  di r ect i on and f or ce 
i nt o pl ace i n t he spaces bet ween cap st one spaces such t hat  t hey become 
f i r ml y wedged i n pl ace.

3. 22. 10   Sl i des

I n t he event  of  t he s l i di ng or  f ai l ur e of  any par t  of  t he st r uct ur e dur i ng 
i t s const r uct i on,  or  af t er  i t s  compl et i on,  but  pr i or  t o i t s accept ance,  
[ upon wr i t t en or der  of  t he Cont r act i ng Of f i cer , ]  cut  out  and r emove t he 
sl i de f r om t he st r uct ur e and t hen r ebui l d t hat  por t i on of  t he st r uct ur e 
wi t h new mat er i al s or  r euse t he di spl aced mat er i al s f or  r ebui l di ng i f  
deemed appr opr i at e.   The Cont r act i ng Of f i cer  wi l l  det er mi ne t he nat ur e and 
cause of  t he s l i de.   I n case t he sl i de i s caused t hr ough f aul t  of  t he 
Cont r act or ,  per f or m t he f or egoi ng oper at i ons wi t hout  cost  t o t he 
Gover nment .

3. 23   TESTS AND I NSPECTI ONS

3. 23. 1   Concr et e Gr out

3. 23. 1. 1   Gener al

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Sel ect  t he f i r st  br acket ed opt i on i f  ACI  
I nt er nat i onal  r ef er ences ar e c i t ed i n t he pr oj ect  
speci f i cat i on;  sel ect  and ver i f y t he cor r ect ness of  
t he second br acket ed opt i on i f  ACI  I nt er nat i onal  
r ef er ences ar e not  c i t ed i n t he pr oj ect  
speci f i cat i ons.

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

Ensur e i ndi v i dual s who sampl e and t est  gr out  as r equi r ed by t hi s sect i on 
have demonst r at ed a knowl edge and abi l i t y  t o per f or m t he necessar y t est  
pr ocedur es equi val ent  t o ACI  mi ni mum gui del i nes f or  cer t i f i cat i on of  
Concr et e Tr anspor t at i on Const r uct i on I nspect or  or  ACI  Concr et e 
Const r uct i on I nspect or  Level  I I ,  obt ai nabl e f r om [ t he addr ess and 
t el ephone number  f or  ACI  I NTERNATI ONAL speci f i ed i n Sect i on 01 42 00 
SOURCES FOR REFERENCE PUBLI CATI ONS]  [ ACI  I NTERNATI ONAL,  P. O.  Box 9094,  
Far mi ngt on Hi l l s ,  MI   48333- 9094,  Ph:   248- 848- 3700,  Fax:   248- 848- 3701,  
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I nt er net :   ht t p: / / www. aci - i nt . i nt er . net ] .

3. 23. 1. 2   Pr epar at i ons f or  Pl aci ng

I nspect  r i pr ap i n suf f i c i ent  t i me,  pr i or  t o each gr out  pl acement ,  i n or der  
t o cer t i f y t hat  i t  i s  r eady t o r ecei ve t he gr out .

3. 23. 1. 3   Ai r  Cont ent

Check ai r  cont ent  at  l east  [ once]  [ t wi ce]  dur i ng each shi f t  dur i ng whi ch 
gr out  i s pl aced.   Obt ai n sampl es i n accor dance wi t h ASTM C172/ C172M and 
t est  i n accor dance wi t h ASTM C231/ C231M.   Whenever  a t est  r esul t  i s  
out s i de t he speci f i cat i on l i mi t s,  do not  del i ver  t he gr out  t o t he ar ea t o 
be gr out ed and  adj ust  f ut ur e ai r - ent r ai nment  admi xt ur e pr opor t i ons.

3. 23. 1. 4   Sl ump

Check sl ump [ once] [ t wi ce]  dur i ng each shi f t  dur i ng whi ch concr et e gr out  i s 
pr oduced.   Obt ai n sampl es i n accor dance wi t h ASTM C172/ C172M and t est  i n 
accor dance wi t h ASTM C143/ C143M.

3. 23. 1. 5   Pl aci ng

The pl aci ng f or eman must  ver i f y t hat  adequat e equi pment ,  suppl i es  and 
wor kmen ar e avai l abl e bef or e per mi t t i ng pl acement  t o begi n on a shi f t .

3. 23. 2   Pr e- Pr oduct i on

3. 23. 2. 1   Bul k Speci f i c  Gr avi t y

Submi t ,  at  l east  [ 120]  [ _____]  cal endar  days i n advance of  shi pment  of  
st one t o t he wor k s i t e,  a copy of  bul k speci f i c  gr avi t y t est  r esul t s f or  
each gr adat i on r ange of  st one pr oposed t o be f ur ni shed.   Fur ni sh t he 
i nf or mat i on pr i or  t o pr epar at i on of  pr e- pr oduct i on demonst r at i on 
st ockpi l es.   Quant i t y det er mi nat i ons ar e cont i ngent  upon t he r ange of  bul k 
speci f i c  gr avi t y ( sat ur at ed sur f ace dr y ( SSD)  basi s)  of  st one t o be 
suppl i ed.   Ther ef or e,  dur i ng t he pr ocess of  sel ect i ng a sour ce or  sour ces 
of  st one f or  t he pr oj ect ,  make an i nvest i gat i on t o det er mi ne t he l owest  
and hi ghest  bul k speci f i c  gr avi t y ( SSD)  of  st one avai l abl e at  t he sour ce 
or  sour ces pr oposed t o be ut i l i zed f or  each gr adat i on r ange of  st one.   
Per f or m t est s at  a Gover nment  [ appr oved] [ val i dat ed]  t est i ng l abor at or y i n 
accor dance wi t h [ _____] .   Submi t  t est i ng r esul t s i n accor dance wi t h 
par agr aph SUBMI TTALS.   Test  r esul t s whi ch di spl ay an ext r aor di nar i l y  wi de 
r ange of  val ues may necessi t at e addi t i onal  t est i ng t o det er mi ne whet her  
t he sour ce cont ai ns st r at a or  uni t s wi t h st ones of  an accept abl e r ange of  
bul k speci f i c  gr avi t y.   For  Cat egor y I  sour ces whi ch have been accept abl y 
t est ed not  mor e t han t wo year s ear l i er ,  and t he mat er i al  i s  of  an 
accept abl e qual i t y and bul k speci f i c  gr avi t y,  t he Cont r act i ng Of f i cer  may 
wai ve t he r equi r ement  f or  bul k speci f i c  gr avi t y t est i ng.

3. 23. 2. 2   Mat er i al  Qual i t y

Bef or e sel ect i ng a sour ce f or  pr epar at i on of  a demonst r at i on st ockpi l e,  be 
r easonabl y cer t ai n t hat  t he sour ce i s capabl e of  meet i ng t he qual i t y and 
sour ce r equi r ement s speci f i ed i n par agr aphs SOURCES and EVALUATI ON TESTI NG 
OF STONE,  i ncl udi ng t hei r  r espect i ve subpar agr aphs.
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3. 23. 2. 3   Bor der l i ne Mat er i al  Qual i t y

I f  t he COR' s eval uat i on of  a demonst r at i on st ockpi l e r esul t s i n not  bei ng 
abl e t o det er mi ne by v i sual  exami nat i on whet her  t he mat er i al  i s  accept abl e 
or  unaccept abl e,  t he COR wi l l  sel ect  at  l east  one but  not  mor e t han t hr ee 
r epr esent at i ve st ones f r om t he demonst r at i on st ockpi l e t o be pr epar ed f or  
shi pment  t o t he Gover nment ' s l abor at or y f or  t est i ng i n accor dance wi t h 
par agr aph EVALUATI ON TESTI NG OF STONE.   Wher e speci f i ed s i zes ar e i n 
excess of  900 kg 2, 000 pounds,  cut  or  br eak a r epr esent at i ve pi ece,  
wei ghi ng appr oxi mat el y 900 kg 2, 000 pounds each,  of f  of  t he sel ect ed 
st ones.   For  speci f i ed st one si zes of  l ess t han 900 kg 2, 000 pounds but  
mor e t han 230 kg 500 pounds,  i ndi v i dual  sampl es must  be t he si ze of  t he 
l ar gest  st one speci f i ed f or  t he s i ze r ange.   Sampl es of  st one gr oupi ngs 
wi t h a maxi mum si ze l ess t han 230 kg 500 pounds must  cont ai n at  l east  t wo 
( 2)  st ones r epr esent at i ve of  t he hi gher  l i mi t  of  t he st one wei ght s 
speci f i ed.   I n addi t i on,  t he sampl e i s r epr esent at i ve of  t he gr adat i on 
speci f i ed and t he mi ni mum wei ght  of  t he t ot al  sampl e must  be gr eat er  t han 
230 kg 500 pounds.   Repeat  sampl i ng and t est i ng pr ocedur es f or  each st r at a 
or  di st i nct  r ock t ype bei ng quar r i ed.   Shi p t he sampl es t o t he l abor at or y 
as speci f i ed i n par agr aph EVALUATI ON TESTI NG OF STONE.   I f  t he l abor at or y 
t est i ng r eveal s t he mat er i al s ar e unaccept abl e,  submi t  a r epl acement  
sour ce f or  appr oval  and pr oceed wi t h t he demonst r at i on st ockpi l e 
pr ocedur es anew.

3. 23. 2. 4   Demonst r at i on St ockpi l e at  Sour ce

Fol l owi ng submi t t al  of  t he Cont r act or ' s Qual i t y Cont r ol  ( CQC)  Pl an and 
sel ect i on of  a sour ce,  but  pr i or  t o t he Gover nment ' s appr oval  of  a sour ce 
and t he CQC Pl an,  make ar r angement s t o pr ovi de a pr e- pr oduct i on 
demonst r at i on st ockpi l e f or  each of  t he st one si ze r anges f or  t he 
pr oj ect .   Assembl e t he st ockpi l es at  t he sour ce of  t he st one and shape i n 
wi ndr ow f ashi on.   Pl ace st ones wi t h a s i ze r ange gr eat er  t han [ _____]  
[ 2. 7]  t ons [ _____]  [ 3]  t ons i n a s i ngl e l ayer  wi t h [ _____]  [ 300]  mm 
[ _____]  [ 1]  f oot  or  mor e of  c l ear  space ar ound each st one.   Do not  st ack 
st ones i n smal l er  s i zes under  [ _____]  [ 2. 7]  t ons [ _____]  [ 3]  t ons i n 
wei ght  hi gher  t han [ _____]  [ 1200]  mm [ _____]  [ 4]  f eet .   The st ones pl aced 
i n t he demonst r at i on st ockpi l es ar e r epr esent at i ve of  t he over al l  qual i t y 
of  mat er i al s i n t he sour ce and must  not  consi st  of  t he best  speci mens 
unl ess i t  i s  r easonabl e t o det er mi ne t hat  t he sour ce wi l l  pr ovi de t he 
r equi r ed amount  of  st one of  t he appl i cabl e s i ze r ange wi t h a degr ee of  
qual i t y no l ess t han t hat  exi st ent  i n t he demonst r at i on st ockpi l e.   
Pr epar e separ at e exampl es of  unaccept abl e st ones so l abel ed demonst r at i ng 
char act er i st i cs t hat  ar e out si de of  accept abi l i t y  f or  t he pr oj ect ,  t o be 
used as gui dance by per sonnel .   The quant i t y of  st one r equi r ed i n each 
demonst r at i on st ockpi l e i s dependent  upon t he gr adat i on s i ze r ange t o be 
pr oduced f or  t he pr oj ect .   The f ol l owi ng par amet er s appl y:

SI ZE OF I NDI VI DUAL STONES 
WI THI N A RANGE

DEMONSTRATI ON STOCKPI LE QUANTI TY 
BASED ON PROJECT QUANTI TY FOR SI ZE 
RANGE

[ _____] [ _____]

[ _____] [ _____]

[ _____] [ _____]
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SI ZE OF I NDI VI DUAL STONES 
WI THI N A RANGE

DEMONSTRATI ON STOCKPI LE QUANTI TY 
BASED ON PROJECT QUANTI TY FOR SI ZE 
RANGE

[ _____] [ _____]

Ensur e st ones pl aced i n t he st ockpi l e have been pr esel ect ed by t he 
Cont r act or ' s Qual i t y Cont r ol  Pl an ( QCP)  i nspect or  or  super vi sor  and 
accept abl e st ones over  230 kg 500 pounds i n s i ze have been mar ked wi t h 
spr ay pai nt  on t hr ee mut ual l y per pendi cul ar  s i des wi t h a coded mar k t o 
denot e accept abi l i t y  f or  a cer t ai n s i ze r ange.   Assembl e a st ockpi l e of  
r epr esent at i ve r ej ect  st ones mar ked wi t h a r ed " X"  at  t he [ s i t e] [ sour ce]  
as exampl es of  unaccept abl e mat er i al s or  shapes.

3. 23. 2. 5   Eval uat i on of  Demonst r at i on St ockpi l e at  Sour ce

Not i f y t he Cont r act i ng Of f i cer  when st ockpi l es ar e r eady f or  eval uat i on.   
The Cont r act or ' s appr oved Qual i t y Cont r ol  Pl an ( QCP)  super vi sor  and al l  
QCP i nspect or s must  accompany t he Cont r act i ng Of f i cer ' s Repr esent at i ve 
( COR)  dur i ng t he Gover nment ' s eval uat i on of  t he demonst r at i on st ockpi l es 
and sour ce.   Ar r ange t o have i ndi v i dual  st ones t ur ned as necessar y t o 
accommodat e t he COR' s eval uat i on.   The COR wi l l  mar k r ej ect ed st ones wi t h 
a r ed " X"  and r emove such st ones t o t he r ej ect  st ockpi l e or  t o a cr usher  
i f  one i s avai l abl e.   I f  mor e t han [ _____]  [ 3 per cent ]  unaccept abl e st ones 
ar e f ound wi t hi n a st ockpi l e,  t he ent i r e st ockpi l e wi l l  be r ej ect ed by t he 
Gover nment  and a r epl acement  st ockpi l e wi l l  be cr eat ed f or  r e- eval uat i on.   
I f  t he r epl acement  st ockpi l e i s r ej ect ed,  r evi se and r esubmi t  t he Qual i t y 
Cont r ol  Pl an ( QCP)  and cr eat e anot her  r epl acement  demonst r at i on st ockpi l e 
f or  eval uat i on.   I f  t he t hi r d demonst r at i on st ockpi l e f or  a par t i cul ar  
s i ze r ange at  a s i ngl e sour ce i s f ound unaccept abl e,  t he sour ce wi l l  be 
di sappr oved f or  such si ze r ang and submi t  a new sour ce f or  appr oval .   I n 
addi t i on,  submi t  t he name and qual i f i cat i ons f or  a per son t o r epl ace t he 
QCP super vi sor .   The Cont r act or  may choose a r epl acement  sour ce at  t he 
t i me a f i r st  or  second demonst r at i on st ockpi l e i s f ound unaccept abl e.   The 
r epl acement  of  demonst r at i on st ockpi l es or  st one sour ces i s at  no 
addi t i onal  cost  t o t he Gover nment  and wi t h no change i n t he t i me of  
compl et i on.

3. 23. 2. 6   Appr oval  of  Demonst r at i on St ockpi l e at  Sour ce

At  t he t i me t he COR f i nds t he cont ent s of  a demonst r at i on st ockpi l e t o be 
accept abl e,  ei t her  t hr ough vi sual  exami nat i on or  t hr ough l abor at or y 
t est i ng,  t he Cont r act or  wi l l  be not i f i ed i n wr i t i ng t hat  t he sour ce,  t he 
QCP pl an and QCP st af f  ar e appr oved,  wher eupon t he Cont r act or  may pr oceed 
wi t h pr oduct i on of  mat er i al s f or  t he pr oj ect  pr ovi ded t hey ar e consi st ent  
wi t h demonst r at i on st ockpi l es.

3. 23. 2. 7   Dur at i on of  Demonst r at i on St ockpi l e at  Sour ce

Ot her  t han f or  bei ng shi pped as t he f i nal  quant i t i es of  mat er i al s t o be 
pl aced i n t he wor k,  each demonst r at i on st ockpi l e must  r emai n unchanged at  
t he sour ce unt i l  al l  ot her  r equi r ed mat er i al  of  t he s i ze r ange r epr esent ed 
by t he st ockpi l e has been shi pped f r om t he sour ce.
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3. 23. 3   Pl acement  Cont r ol

3. 23. 3. 1   Qual i t y Cont r ol  Measur es

Est abl i sh and mai nt ai n qual i t y cont r ol  f or  al l  wor k per f or med at  t he j ob 
s i t e under  t hi s sect i on t o assur e compl i ance wi t h cont r act  r equi r ement s.   
Mai nt ai n r ecor ds of  t he qual i t y cont r ol  t est s,  i nspect i ons and cor r ect i ve 
act i ons.   Cover  al l  const r uct i on oper at i ons i ncl udi ng,  but  not  l i mi t ed t o,  
t he pl acement  of  al l  mat er i al s t o t he s l ope and gr ade l i nes shown and i n 
accor dance wi t h t hi s sect i on.

3. 23. 3. 2   Check Sur veys

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   EM 1110- 2- 1003 shoul d be r ef er r ed t o f or  
spaci ng r equi r ement s f or  a Hydr ogr aphi c Sur vey.

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

Sur veys made by t he Cont r act or  ar e r equi r ed on each mat er i al  pl aced f or  
det er mi ni ng t hat  t he mat er i al s ar e accept abl y pl aced i n t he wor k.   Make 
checks as t he wor k pr ogr esses t o ver i f y l i nes,  gr ades and t hi cknesses 
est abl i shed f or  compl et ed wor k.   Per f or m at  l east  one ( 1)  check sur vey as 
speci f i ed bel ow f or  each [ _____]  [ t went y- f i ve ( 25) ]  f oot  sect i on as shown 
as pr act i cabl e af t er  compl et i on.   Fol l owi ng pl acement  of  each t ype of  
mat er i al ,  t he cr oss sect i on of  each st ep of  t he wor k must  be appr oved by 
t he Cont r act i ng Of f i cer  bef or e pr oceedi ng wi t h t he next  st ep of  t he wor k.   
Appr oval  of  cr oss sect i ons based upon check sur veys does not  const i t ut e 
f i nal  accept ance of  t he wor k.   Per f or m cr oss sect i ons on l i nes [ _____]  [ 8]  
m [ _____]  [ 25]  f eet  apar t ,  measur e al ong t he st r uct ur e r ef er ence l i ne,  
wi t h r eadi ngs at  [ _____]  [ 1. 5] - m [ _____]  [ 5] - f oot  i nt er val s and at  beaks 
al ong t he l i nes.   However ,  ot her  cr oss sect i on spaci ng and r eadi ng 
i nt er val s may be used i f  det er mi ned appr opr i at e by t he Cont r act i ng 
Of f i cer .   Take addi t i onal  el evat i ons and soundi ngs as t he Cont r act i ng 
Of f i cer  may deem necessar y.   Conduct  sur veys i n t he pr esence of  an 
aut hor i zed r epr esent at i ve of  t he Cont r act i ng Of f i cer ,  unl ess t hi s 
r equi r ement  i s wai ved by t he Cont r act i ng Of f i cer .

a.   Above Wat er :   Det er mi ne t he el evat i on of  st one above t he wat er  sur f ace 
by t he use of  a l evel i ng i nst r ument  and a r od havi ng a base 300 mm 12 
i nches i n di amet er .   I f  appr oved by t he Cont r act i ng Of f i cer  ot her  
means may al so be used.

b.   Bel ow Wat er :   For  por t i ons of  t he wor k t hat  ar e under  wat er ,  per f or m 
soundi ng sur veys ei t her  by means of  a soundi ng pol e or  a soundi ng 
basket  wei ghi ng about  4 kg 8 1/ 2 pounds,  each of  whi ch has a base 
measur i ng 300 mm 12 i nches i n di amet er .

c.   Gage Boar d:   Check t he gage pr i or  t o any sur vey.   I nst al l  a gage boar d 
at  t he pr oj ect  s i t e.

d.   El ect r oni c Dept h Recor der  Met hod:   When usi ng an el ect r oni c dept h 
r ecor der ,  use t he f ol l owi ng pr ocedur es.

( 1)   Cal i br at e and adj ust  t he dept h r ecor der  f or  t he gage,  wi t h check 
bar ,  at  l east  [ _____]  [ s i x ( 6) ]  t i mes wi t hi n a nor mal  ei ght  ( 8)  
hour  wor k day.

( 2)   Nor mal  cal i br at i on t i mes i s at  t he begi nni ng of  t he wor k day,  
mi d- mor ni ng,  c l ose of  mor ni ng' s wor k,  st ar t  of  af t er noon' s wor k,  
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mi d- af t er noon,  and t he end of  t he day.

( 3)   Per f or m f ur t her  cal i br at i ons whenever  t her e i s any mal f unct i on 
wi t hi n t he dept h r ecor der  or  t r ansducer  whi ch mi ght  af f ect  t he 
soundi ngs,  a maj or  gage change,  or  change i n wat er  t emper at ur e due 
t o i ndust r i al  di schar ge or  ot her  causes.

( 4)   Set  t he check bar  at  appr oxi mat el y t he deepest  soundi ng i n t he 
ar ea t o be sounded.

( 5)   Cal i br at e t he dept h r ecor der  t o r ead at  l ow wat er  dat um.

( 6)   When checki ng t he cal i br at i on at  mi d- mor ni ng,  end of  mor ni ng,  
mi d- af t er noon and end of  wor k,  use t he same set t i ng used f or  t he 
pr evi ous cal i br at i on.

( 7)   I f  t he cal i br at i on check does not  agr ee wi t h t he pr evi ous 
cal i br at i on,  cal i br at e t he dept h r ecor der  t o t he pr oper  set t i ng.

( 8)   Do not  change t he set t i ng of  t he dept h r ecor der  bet ween 
cal i br at i ons.

e.   El ect r oni c Dept h Recor der :   The sur vey dept h r ecor der  used must  be a 
st andar d model  accept abl e t o t he Cont r act i ng Of f i cer  usi ng a soundi ng 
char t  t hat  can be r ead di r ect l y t o t he near est  300 mm f oot  and 
est i mat ed t o t he near est  30 mm t ent h ( 0. 1)  of  a f oot .   Ensur e accur acy 
i s bet t er  t han 1/ 2 of  1 per cent .

f .   Tagl i ne Met hod of  Hor i zont al  Locat i on Al ong St at i on:   I f  a t agl i ne i s 
used wi t h a dept h r ecor der ,  mar k t he soundi ngs wi t h a f i x  ever y 
[ _____]  [ 1. 5]  m [ ______]  [ 5]  f eet .

g.   Pr edet er mi ned Tr ansi t  Angl e Met hod or  Ranges Met hod:   The i nt er val  
bet ween pr edet er mi ned angl es or  r anges al ong a soundi ng l i ne must  not  
exceed [ _____]  [ 60]  m [ _____]  [ 200]  f eet  al ong t he ent i r e l engt h of  
t he soundi ng l i ne.   Do not  al l ow pr edet er mi ned angl e t o f or m an 
i nt er sect i on wi t h t he soundi ng l i ne of  l ess t han 45 degr ees.

h.   Speed of  t he Soundi ng Boat :   When soundi ng,  ensur e t he speed of  t he 
soundi ng boat  i s as const ant  as possi bl e,  pr ef er abl y bet ween 55 and 67 
m per  mi nut e 180 and 220 f eet  per  mi nut e.

i .   Checki ng Gage:   Check t he gage pr i or  t o each cal i br at i on and r ecor d on 
t he soundi ng char t  or  i n t he f i el d not es.

3. 23. 4   Beddi ng Layer s,  Fi l t er  Layer s,  and Sand Fi l l

3. 23. 4. 1   Gener al

Per f or m gr adat i on t est s t o assur e compl i ance wi t h cont r act  r equi r ement s 
and mai nt ai n det ai l ed r ecor ds.   Sampl e beddi ng mat er i al ,  f i l t er  mat er i al s 
and/ or  sand f i l l  i n accor dance wi t h ASTM D75/ D75M and t est  i n accor dance 
wi t h ASTM C136/ C136M.   Per f or m t he t est s bef or e and af t er  sur veys of  each 
l ayer  of  st one pr ot ect i on mat er i al  pl aced.

3. 23. 4. 2   Repor t i ng

Repor t i ng must  be i n accor dance wi t h par agr aph GRADATI ON TEST.
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3. 23. 5   [ Tr enchf i l l  Revet ment ,  Bank Pavi ng,  and Out l et  Dr ai ns

Est abl i sh and mai nt ai n qual i t y cont r ol  f or  st one pl acement  oper at i ons t o 
assur e compl i ance wi t h cont r act  speci f i cat i ons and mai nt ai n r ecor ds of  hi s 
qual i t y cont r ol  f or  al l  const r uct i on oper at i ons i ncl udi ng,  but  not  l i mi t ed 
t o,  t he f ol l owi ng:

a.   Check gr ades of  t r enchf i l l  and bank pavi ng f or  compl i ance wi t h desi gn 
sect i ons.

b.   Recor d t onnage of  st one pl aced i n each st at i on of  t r enchf i l l  r evet ment  
and check quant i t y f or  compl i ance wi t h desi gn sect i ons.

c.   Check f or  uni f or m t hi ckness of  pavi ng st one and speci f i ed el evat i on of  
t op pavi ng on gr aded sl opes.

d.   Check f or  even di st r i but i on of  spal l s used i n pavi ng.

e.   I nsur e t hat  out l et  dr ai ns conf or m wi t h desi gn sect i ons. ]

3. 23. 6   [ St onef i l l  Revet ment  and St onef i l l  Di kes

Check gr ade,  s l ope,  and pl acement  of  st one f or  compl i ance wi t h desi gn 
sect i ons and speci f i cat i ons. ]

3. 23. 7   [ St one Di ke]

[ Est abl i sh and mai nt ai n qual i t y cont r ol  f or  al l  s t one di ke oper at i ons t o 
assur e compl i ance wi t h cont r act  r equi r ement s and mai nt ai n det ai l ed r ecor ds 
of  t hi s qual i t y cont r ol  f or  al l  const r uct i on oper at i ons,  i ncl udi ng,  but  
not  l i mi t ed t o,  t he f ol l owi ng:

a.   Pl acement  and al i gnment  of  st one i n t he di ke.

[ b.   Per i odi c f at homet er  sur veys as di r ect ed by t he Cont r act i ng Of f i cer . ]

c.   Recor d of  t he t onnage of  st one pl aced i n each st at i on. ]

3. 23. 8   [ Revet ment  Repai r s

I nspect  t he r evet ment  r epai r s f or  compl i ance wi t h t he cont r act  
r equi r ement s and r ecor d t he i nspect i on of  al l  oper at i ons i ncl udi ng,  but  
not  l i mi t ed t o,  t he f ol l owi ng:

a.   Bank gr adi ng,  excavat i ng or  r eshapi ng damaged dr ai ns t hr ough t he 
pavi ng,  pl aci ng gr aded mat er i al  i nt o ar eas,  and di sposi ng of  wast e 
mat er i al .

b.   Br eaki ng out  pavement  wi t hi n speci f i ed l i mi t s.

c.   Di sposi t i on of  c l ear ed mat er i al ,  dr i f t ,  and ot her  debr i s.

d.   Pr epar at i on of  subgr ade f or  pavi ng. ]

3. 23. 9   [ St one]  [ Ri pr ap]  Pavi ng

Est abl i sh and mai nt ai n qual i t y cont r ol  f or  s l ope dr essi ng and r i pr ap 
pavi ng t o assur e compl i ance wi t h cont r act  r equi r ement s,  and mai nt ai n 
r ecor ds of  hi s qual i t y cont r ol  f or  al l  const r uct i on oper at i ons,  i ncl udi ng 
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but  not  l i mi t ed t o t he f ol l owi ng:

a.   Dr essi ng t he sl ope t o el i mi nat e any i r r egul ar i t i es,  i ncl udi ng 
i r r egul ar i t i es i n t he gr avel  bl anket  pl aced by ot her s,  due t o r ai n or  
wave wash or  oper at i ons of  t he Cont r act or ' s equi pment .

b.   Gr adi ng and dr essi ng necessar y t o secur e a sui t abl e connect i on wi t h 
t he r i pr ap pavi ng i n pl ace.

c.   Under wat er  pavi ng t o assur e pr oper  connect i on wi t h concr et e mat t r ess 
and compl et e cover age.

d.   Above- wat er  connect i on bet ween r i pr ap pavi ng and concr et e mat t r ess.

e.   Connect i on bet ween r i pr ap pavi ng and asphal t  pavi ng.

f .   Pl acement  of  r i pr ap on gr avel  bl anket ,  upper  bank sl ope,  and i f  
appl i cabl e,  over bank ar eas f or  t hi ckness and pr oper  cover age.

g.   Pl acement  of  r i pr ap i n di t ch out l et s.

3. 23. 10   Di ke Repai r s

I nspect  al l  di ke st one r epai r  oper at i ons f or  compl i ance wi t h cont r act  
r equi r ement s and r ecor d t he i nspect i on of  al l  oper at i ons i ncl udi ng,  but  
not  l i mi t ed t o t he f ol l owi ng:

a.   Gr adi ng of  s l opes t o desi gn gr ade wi t hi n t ol er ance.

b.   Di sposi t i on of  mat er i al  f r om gr adi ng and excavat i on.

c.   Dr essi ng of  s l ope bef or e pl acement  of  pavi ng.

d.   Pl acement  of  s l ope and under wat er  pavi ng.

e.   Gr ade and sect i on of  st one f i l l .

Fur ni sh t o t he Cont r act i ng of f i cer  a copy of  t hese r ecor ds an t est s,  as 
wel l  as r ecor ds of  cor r ect i ve act i on t aken.

3. 23. 11   Gr adat i on Test s f or  St one

3. 23. 11. 1   [ Gr adat i on Test  Met hod f or  Ri pr ap

Per f or m gr adat i on t est s i n accor dance wi t h ASTM D5519,  Test  Met hod A 
[ _____] . ]

3. 23. 11. 2   [ St andar d Test  Met hod f or  Gr adat i on of  Quar r y Run St one or  St one 
Pavi ng]

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTES:   Al t er nat i ve 2.   The gr adat i on t est  met hod 
was devel oped t o pr ovi de gui dance t o f i el d per sonnel  
and Cont r act or s so t hat  t he pr ocedur es woul d be 
uni f or m.   Thi s t est  pr ocedur e i s pr ovi ded as an 
exampl e.

Thi s t est  met hod shoul d not  be used i n cont r act  
speci f i cat i ons t hat  cover  st one,  upper  bank and 
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st one,  over bank,  and quar r y r un st one.
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

a.   Sel ect  a r epr esent at i ve sampl e ( Not e No.  1) ,  wei gh and dump on har d 
st and.

b.   Sel ect  speci f i c  s i zes ( see exampl e)  on whi ch t o r un " i ndi v i dual  wei ght  
l ar ger  t han"  t est .   ( See Not e No.  2) .   Pr ocedur e i s s i mi l ar  t o t he 
st andar d aggr egat e gr adat i on t est  f or  " i ndi v i dual  wei ght  r et ai ned" .

c.   Det er mi ne t he l ar gest  s i ze st one i n t he sampl e.  ( 100 per cent  s i ze)

d.   Separ at e by " s i ze l ar ger  t han"  t he sel ect ed wei ght s,  st ar t i ng wi t h t he 
l ar ger  s i zes.   Use r ef er ence st ones,  wi t h i dent i f i ed wei ght s,  f or  
v i sual  compar i son i n separ at i ng t he obvi ousl y " l ar ger  t han"  st ones.   
St ones t hat  appear  c l ose t o t he speci f i c  wei ght  must  be i ndi v i dual l y 
wei ghed t o det er mi ne si ze gr oupi ng.   Wei gh each si ze gr oup,  ei t her  
i ndi v i dual l y or  cumul at i vel y.

e.   Par agr aph d above wi l l  r esul t  i n " i ndi v i dual  wei ght  r et ai ned"  
f i gur es.   Cal cul at e i ndi v i dual  per cent  r et ai ned ( heavi er  t han) ,  
cumul at i ve per cent  r et ai ned,  and cumul at i ve per cent  passi ng ( l i ght er  
t han) .

               NOTE NO.  1:   Sampl e Sel ect i on:   The most  i mpor t ant
               par t  of  t he t est  and t he l east  pr eci se i s t he sel ect i on
               of  a r epr esent at i ve sampl e.   No " st andar d"  can be devi sed;
               l ar ger  quar r y r un st one i s best  sampl ed at  t he shot  or
               st ockpi l e by gi ven di r ect i on t o t he l oader ;  smal l  gr aded
               st one i s best  sampl ed by  r andom sel ect i on f r om t he
               t r anspor t i ng vehi c l es.   I f  possi bl e,  al l  par t i es shoul d
               t ake par t  i n t he sampl e sel ect i on and agr ee bef or e t he
               sampl e i s r un t hat  t he sampl e i s r epr esent at i ve.

               NOTE NO.  2:   Sel ect i on of  Si ze f or  Separ at i on:   For  t hese
               t ypes of  st one gr adat i ons t he separ at i on poi nt s need t o be
               sel ect ed as t he smal l est  s i ze st one at  each br eak i n t he
               gr adat i on speci f i ed.

EXAMPLE GRADATI ON SPECI FI CATI ONS

I NDI VI DUAL PERCENT RETAI NED STONE WEI GHT I N KGLBS

10 Max. 34 -  5775 -  125

40- 60 11 -  3425 -  75

20- 40 3 -  116 -  25

15 Max. 0 -  30 -  6
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EXAMPLE WORKSHEET

STONE SI ZE KGLBS I NDI VI DUAL WT.
RETAI NED

I NDI VI DUAL PERCENT
RETAI NED

SPECI FI CATI ONS

Gr eat er  t han 57125 0 0 0

34 -  5775 -  125   1180  2600 8 10 Max.

11 -  3475 -  125   735016, 200 50 40- 60

3 -  116 -  25   454010, 000 32 20- 40

0 -  30 -  6   1450  3200 10 15 Max.

TOTAL 14, 520 kg32, 000
pounds

NOTE:   Lar gest  st one 68 kg150 pounds

3. 23. 11. 3   St andar d Test  Met hod f or  Gr adat i on of  Ri pr ap,  Gr aded St one,  and 
[ _____]

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Al t er nat i ve 2.   The STANDARD TEST METHOD FOR 
GRADATI ON OF RI PRAP AND GRADED STONE gr adat i on t est  
met hod was devel oped t o pr ovi de gui dance t o f i el d 
per sonnel  and Cont r act or s so t hat  t he pr ocedur es 
woul d be uni f or m.   Thi s t est  pr ocedur e i s pr ovi ded 
as an exampl e.

Thi s t est  met hod shoul d be pr esent ed i n cont r act  
speci f i cat i ons t hat  r equi r e r i pr ap or  gr aded 
st one.    Thi s t est  met hod shoul d not  be used i n 
cont r act  speci f i cat i ons t hat  onl y cover  st one,  upper  
bank and st one,  over bank.

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

a.   Sel ect  a r epr esent at i ve sampl e ( Not e No.  1) ,  wei gh and dump on har d 
st and.

b.   Sel ect  speci f i c  s i zes ( see exampl e)  on whi ch t o r un " i ndi v i dual  wei ght  
l ar ger  t han"  t est .   ( See Not e No.  2) .   Pr ocedur e i s s i mi l ar  t o t he 
st andar d aggr egat e gr adat i on t est  f or  " i ndi v i dual  wei ght  r et ai ned" .

c.   Det er mi ne t he l ar gest  s i ze st one i n t he sampl e.  ( 100 per cent  s i ze)

d.   Separ at e by " s i ze l ar ger  t han"  t he sel ect ed wei ght s,  st ar t i ng wi t h t he 
l ar ger  s i zes.   Use r ef er ence st ones,  wi t h i dent i f i ed wei ght s,  f or  
v i sual  compar i son i n separ at i ng t he obvi ousl y " l ar ger  t han"  st ones.   
St ones t hat  appear  c l ose t o t he speci f i c  wei ght  must  be i ndi v i dual l y 
wei ghed t o det er mi ne si ze gr oupi ng.   Wei gh each si ze gr oup,  ei t her  
i ndi v i dual l y or  cumul at i vel y.

e.   Par agr aph d above wi l l  r esul t  i n " i ndi v i dual  wei ght  r et ai ned"  
f i gur es.   Cal cul at e i ndi v i dual  per cent  r et ai ned ( heavi er  t han) ,  
cumul at i ve per cent  r et ai ned,  and cumul at i ve per cent  passi ng ( l i ght er  
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t han) .   Pl ot  per cent  passi ng,  al ong wi t h t he speci f i cat i on cur ve on 
ENG For m 4794- RM 4794- R.

NOTE NO.  1:   Sampl e Sel ect i on:   The most  i mpor t ant  par t  of  t he t est  
and t he l east  pr eci se i s t he sel ect i on of  a r epr esent at i ve 
sampl e.   No " st andar d"  can be devi sed;  l ar ger  quar r y r un st one i s 
best  sampl ed at  t he shot  or  st ockpi l e by gi ven di r ect i on t o t he 
l oader ;  smal l  gr aded st one i s best  sampl ed by  r andom sel ect i on 
f r om t he t r anspor t i ng vehi c l es.   I f  possi bl e,  al l  par t i es shoul d 
t ake par t  i n t he sampl e sel ect i on and agr ee bef or e t he sampl e i s 
r un t hat  t he sampl e i s r epr esent at i ve.

NOTE NO.  2:   Sel ect i on of  Si ze f or  Separ at i on:   I t  i s  qui t e possi bl e 
and accur at e t o r un a gr adat i on usi ng any conveni ent  s i zes f or  t he 
separ at i on,  wi t hout  r ef er ence t o t he speci f i cat i ons.   Af t er  t he 
t est  i s  pl ot t ed on a cur ve,  t hen t he gr adat i on l i mi t s may be 
pl ot t ed.   Over l appi ng gr adat i ons wi t h t hi s met hod ar e no pr obl em.   
However ,  i t  i s  usual l y mor e conveni ent  t o sel ect  poi nt s f r om t he 
gr adat i on l i mi t s,  such as t he mi ni mum 50 per cent  s i ze,  t he mi ni mum 
15 per cent  s i ze,  and one or  t wo ot her s,  as separ at i on poi nt s. For  
t hese t ypes of  st one gr adat i ons t he separ at i on poi nt s need t o be 
sel ect ed as t he smal l est  s i ze st one at  each br eak i n t he gr adat i on 
speci f i ed.

F O R

E X A M P L E

O N L Y

EXAMPLE GRADATI ON SPECI FI CATI ONS

PERCENT LI GHTER BY WEI GHT STONE WEI GHT I N KGLBS

100 180 -  75400 -  160

50 75 -  35160 -  80

15 35 -  1580- 30

EXAMPLE WORKSHEET

STONE SI ZE KG
LBS

I NDI VI DUAL WT.
RETAI NED

I NDI VI DUAL
PERCENT RETAI NED

CUMULATI VE
RETAI NED

PERCENT
PASSI NG

180400 0 0 0 100

75160 43549600 30 30 70

3580 508011, 200 35 65 35
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EXAMPLE WORKSHEET

STONE SI ZE KG
LBS

I NDI VI DUAL WT.
RETAI NED

I NDI VI DUAL
PERCENT RETAI NED

CUMULATI VE
RETAI NED

PERCENT
PASSI NG

1530 36298000 25 90 10

<15<30 14513200 10 100 -

TOTAL 14, 514 kg32, 000
pounds

NOTE:   Lar gest  st one 114 kg251 pounds
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G R A D A T I  O N     T E S T     D A T A     S H E E T

Quar r y _____________________________
Type of
St one Test ed _________________________

Dat e of  Test  _______________________ Test i ng Rat e _________________________

T E S T     R E P R E S E N T S

Cont r act  No. Di st r i ct Tons

TOTAL

G R A D A T I  O N

Cumul at i ve

St one Si ze
( kg) ( l bs)

Wei ght
Ret ai ned

I ndi vi dual  %
Ret ai ned

Per cent
Ret ai ned

Per cent
Passi ng

Speci f i cat i on %
Fi ner  by Wt

Tot al  Wei ght

Max Si ze
St one

Remar ks:

   I  cer t i f y t hat  t he above st one sampl e i s r epr esent at i ve of  t he t ot al
   t onnage cover ed by t hi s t est  r epor t .

Cont r act or  Repr esent at i ve _________________________________________________
Gover nment  Repr esent at i ve _________________________________________________
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STONE SOURCES

LATI TUDE/ LONGI TUDE QUARRY LOCATI ON,  ADDRESS,  & 
TELEPHONE

MAI N OFFI CE ADDRESS & 
TELEPHONE NUMBER

[ STATE]

[ STATE]

        - -  End of  Sect i on - -
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