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**************************************************************************
NOTE:   Thi s gui de speci f i cat i on cover s t he 
r equi r ement s f or  f ur ni shi ng,  haul i ng,  and pl aci ng 
t he geot ext i l e,  compl et e,  as speci f i ed and shown,  
and mai nt ai ni ng t he geot ext i l e unt i l  pl acement  of  
t he gr anul ar  f i l t er  mat er i al ,  beddi ng mat er i al ,  
and/ or  r i pr ap cover  i s compl et ed and accept ed.   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 
present.

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

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

PART 1   GENERAL

**************************************************************************
NOTE:   Thi s gui de speci f i cat i on i s t o f aci l i t at e t he 
pr epar at i on and r evi ew of  speci f i cat i ons f or  
pr ocur ement  and i nst al l at i on of  woven and nonwoven 
geot ext i l es as f i l t er  mat er i al .   I t  i s  based on 
f i el d per f or mance and t he l abor at or y t est i ng of  a 
l i mi t ed number  of  geot ext i l es.   Geot ext i l es possess 
gr eat l y var yi ng engi neer i ng pr oper t i es and physi cal  
char act er i st i cs.   Such var i at i ons r equi r e t he 
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desi gner  t o deci de whi ch t est i ng met hod and what  
t est  cr i t er i a ar e necessar y f or  each appl i cat i on.   
The appar ent  openi ng si ze ( AOS) ,  per cent  open ar ea 
( POA) ,  geot ext i l e per meabi l i t y  ( Kg) ,  and st r engt h 
t est  descr i bed i n t he speci f i cat i ons t hat  f ol l ow ar e 
physi cal  pr oper t y t est s.   Whi l e i t  i s  accept abl e t o 
speci f y mi ni mum t hi ckness val ue wher e i t  gover ns 
per f or mance,  i t  i s  i nappr opr i at e t o use t hi ckness t o 
i dent i f y a geot ext i l e.   Resul t  of  t hese t est s ar e 
used t o j udge t he accept abi l i t y  of  a geot ext i l e f or  
a par t i cul ar  use.   Pr ospect i ve geot ext i l e suppl i er s 
shoul d f ur ni sh t hese t est  r esul t s bef or e t hei r  
geot ext i l e wi l l  be consi der ed f or  use,  or  bef or e 
cont r act  speci f i cat i ons ar e adj ust ed t o per mi t  t he 
use of  geot ext i l es whose pr oper t i es ar e out si de t he 
l i mi t s i mposed by t hi s gui de.   For  sever e soi l  
condi t i ons and/ or  f or  a pr oj ect  usi ng a l ar ge amount  
of  geot ext i l es,  t he speci f i cat i ons shoul d r equi r e 
t hat  t he appl i cabl e t est s be r un dur i ng 
const r uct i on,  ei t her  at  a speci f i c  f r equency or  upon 
demand of  t he Cont r act i ng Of f i cer .   For  pr oj ect s 
r equi r i ng smal l  amount s of  geot ext i l es under  nor mal  
soi l  condi t i ons t he physi cal  pr oper t i es of  t he 
geot ext i l e suppor t ed by wr i t t en aut hent i cat i on f r om 
an aut hor i zed r epr esent at i ve of  t he manuf act ur er s 
may be accept ed.

The act ual  l i f e of  geot ext i l es i s not  known,  and 
t hei r  use i n i naccessi bl e ar eas must  be consi der ed 
car ef ul l y.   Ther ef or e geot ext i l es shoul d not  be used 
as f i l t er  mat er i al  i n t oe dr ai ns,  bur i ed col l ect or  
syst em,  r el i ef  wel l s,  or  wi t hi n any por t i ons of  
embankment s.   Caut i on i s advi sed i n usi ng 
geot ext i l es on t he upst r eam f ace of  ear t h dams or  t o 
wr ap per manent  pi ezomet er s.

Geot ext i l es ar e basi cal l y i ner t  mat er i al s f or  
t ypi cal  c i v i l  engi neer i ng appl i cat i ons.   However  
cer t ai n appl i cat i ons may expose t he geot ext i l e t o 
chemi cal  or  bi ol ogi cal  act i v i t i es t hat  coul d 
dr ast i cal l y i nf l uence t he f i l t r at i on pr oper t i es of  
t he geot ext i l e.   Speci f i c  s i t e condi t i ons shoul d be 
r evi ewed,  and i f  such condi t i ons exi st ,  t est i ng and 
speci f i cat i ons shoul d be wr i t t en t o over come i t .

Geot ext i l e st r engt h r equi r ement s var y wi t h i nt ended 
use and const r uct i on pr ocedur es.   Exper i ence has 
shown t hat  when a heavi er  non- woven geot ext i l e i s 
used,  t he beddi ng mat er i al  can of t en be r educed i n 
t hi ckness or  be compl et el y el i mi nat ed.   TABLE I  i n SI
 ENGLI SH UNI TS ( 1)  pr esent s t he most  i mpor t ant  
geot ext i l e st r engt h pr oper t i es.   I t  shoul d be not ed 
t hat  t he st r engt h r equi r ement s l i s t ed ar e onl y a 
gui del i ne t o t he mi ni mum val ues r equi r ed f or  
sur vi vabi l i t y .   Speci f i c  appl i cat i ons may r equi r e 
addi t i onal  t est i ng.

Fi l t er  desi gn cr i t er i a f or  geot ext i l es ar e based on 
t he appar ent  openi ng si ze ( AOS,  whi ch i s desi gnat ed 
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as EOS i n t he pr evi ous gui de speci f i cat i on) ,  per cent  
open ar ea ( POA,  f or  woven onl y) ,  geot ext i l e 
per meabi l i t y  ( Kg) ,  and an appr opr i at e per cent  
passi ng si ze of  t he soi l .   For  pi pi ng anal ysi s 
comput at i ons,  AOS must  be expr essed as an equi val ent  
U. S.  st andar d s i eve openi ng i n mi l l i met er s.   To 
assur e adequat e r esi st ance t o r educt i on i n 
per meabi l i t y  over  t i me ( c l oggi ng)  and suf f i c i ent  
l ong t er m f l ow t hr ough t he soi l / woven geot ext i l e 
syst em,  POA cr i t er i a,  as expr essed i n t he next  not e,  
can be used.

TABLE I
RECOMMENDED GEOTEXTI LE STRENGTH REQUI REMENTS I N METRI C UNI TS ( 1)

GEOTEXTI LE USE STRENGTH REQUI REMENTS ( MI NI MUM VALUES)

ASTM D4632
TENSILE ( N)  

(lbs)

ASTM
D4355/D4355M
UNTRAVIOLET

DEGRADATI ON AT
500 HOURS
(PERCENT)

ASTM D6241
PUNCTURE ( N)  

(lbs)

ASTM
D4533/D4533M

TEAR ( N)  ( l bs)

RI PRAP SLOPE 
PROTECTION 
FI LTER WI TH 
GREATER THAN 
100 mm 4 I NCHES 
BEDDING

515 115 50 180 40 180 40

RI PRAP SLOPE 
PROTECTION 
WI THOUT BEDDI NG

900 200 50 360 80 180 40

DRAI NAGE TRENCH 515 115 50 180 40 110 25

SLAB DRAI N 515 115 50 180 40 110 25

ARTICULATED 
MATTRESS OR 
INTERLOCKING 
BLOCK SLOPE 
PROTECTION 
FILTER

515 115 50 180 40 180 40

( 1)  St r engt h val ues ar e f or  t he weaker  pr i nci pal  di r ect i on.

The desi gner  must  speci f y geot ext i l e pr oper t i es 
whi ch wi l l  al l ow r et ent i on of  t he soi l  bei ng 
pr ot ect ed,  per mi t  suf f i c i ent  f l ow t hr ough t he 
t ext i l e,  and pr event  c l oggi ng.   The desi gner  shoul d 
sel ect  t he AOS,  POA,  and Kg,  based on cr i t er i a i n 
TABLE I I .   The AOS r equi r ement  shoul d be speci f i ed 
as a r ange,  t o al l ow f or  manuf act ur i ng t ol er ance.   
I t  i s  pr ef er abl e t o speci f y a geot ext i l e wi t h 
openi ng as l ar ge as al l owed by t he desi gn cr i t er i a.   
The smal l est  s i eve openi ng si ze of  t he AOS r ange 
shoul d not  be smal l er  t han t he 0. 125 mm si eve U. S.  
St andar d s i eve si ze No.  120.
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TABLE I I  GEOTEXTI LE FI LTER DESI GN CRI TERI A

COEFFI CI ENT OF PERMEABI LI TY ( 3)

PROTECTED SOI L ( 1)
( PERCENT PASSI NG 75

µm NO.  200 SI EVE)

SOI L PI PI NG ( 2) WOVEN NON-WOVEN

< 5 095/D 85 < 1 POA 10 per cent Kg 5Ks

5 t o 50 095/D 85 < 1 POA 4 per cent Kg 5Ks

50 t o 85 095/D 85 < 1
095 < 0. 212 mm No.

70 U. S.  s i eve)

POA 4 per cent Kg 5Ks

095/D 85 < 1 095 < 0. 125 No.  120
U.S.  s i eve)

Kg 5Ks

( 1)   Recent  exper i ences have i ndi cat ed t hat  095 ( i . e.  AOS)  i ncr eased 
wi t h i ncr easi ng r el at i ve densi t y,  Dr ,  and i t  i s hi gher  f or  uni f or m soi l
t han wel l  gr aded soi l  of  s i mi l ar  densi t y and aver age par t i c l e si ze.

( 2)   I f  t he pr ot ect ed soi l  cont ai ns appr eci abl e quant i t i es of  mat er i al
r et ai ned on t he  4. 75 mm No.  4 U. S.  s i eve use onl y t he soi l  passi ng t he  4. 75 mm No.  
4 U. S.  s i eve i n sel ect i ng t he 095 of  t he geot ext i l e.

( 3)   Kg i s t he per meabi l i t y of  t he geot ext i l e and Ks i s t he per meabi l i t y 
of  t he pr ot ect ed soi l .

Sat i sf act or y geot ext i l e per f or mance i s gr eat l y 
dependent  on t he f i el d pr epar at i on of  t he sur f ace of  
t he pr ot ect ed soi l  and t he i nst al l at i on pr ocedur e.

The f ol l owi ng i nf or mat i on i s r el at ed t o TABLE 1.   
Geot ext i l e cal cul at i ons shoul d be based on pr ocedur e 
f r om an accept ed r ef er ence.   Wor st  pl acement  
condi t i ons shoul d be consi der ed si nce st r esses 
gener at ed dur i ng i nst al l at i on of t en exceed post  
const r uct i on st r esses.

( 1)   The r equi r ement  of  per mi t t i v i t y ( as def i ned i n 
ASTM D4491/ D4491M)  shoul d be chosen i n such a manner  
t hat  t he per meabi l i t y  of  t he geot ext i l e shoul d 
al ways be at  l east  f i ve t i mes gr eat er  t han t he 
per meabi l i t y  of  t he adj acent  soi l  dur i ng t he l i f e of  
t he pr ot ect ed ear t h st r uct ur e.

( 2)   The mi ni mum seam st r engt h l i s t ed i n TABLE 1 i s 
based on t he t ensi l e st r engt h of  t he par ent  
geot ext i l e mat er i al .   Seam st r engt h can al so be 
consi der ed as not  l ess t han 90 per cent  of  t he unaged 
gr ab t ensi l e st r engt h of  t he geot ext i l e i n t he 
appl i cabl e di r ect i on.

NOTE:  TO DOWNLOAD UFGS GRAPHI CS
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Fi gur es descr i bed bel ow ar e avai l abl e on- l i ne f or  
downl oad.   Go t o 
http://www.wbdg.org/ffc/dod/unified-facilities-guide-specifications-ufgs/forms-graphics-tables

Fi gur e 1.   Cor r ect  geot ext i l e pl acement  f or  cur r ent  
act i ng par al l el  t o bank or  f or  wave at t ack on t he 
bank.

Fi gur e 2.   Pl acement  of  geot ext i l e on bank subj ect  
t o st r eamf l ow act i on.   Revet ment  mat er i al s have not  
yet  been pl aced on t he geot ext i l e.

Fi gur e 3.   Geot ext i l e on bank subj ect  t o wave at t ack 
showi ng pl acement  of  ver t i cal - wal l  key t r ench at  t oe 
and t op bank.   Revet ment  mat er i al s have not  yet  been 
pl aced on geot ext i l e.

Fi gur e 4.   Key t r ench desi gn used when soi l  
condi t i ons do not  per mi t  const r uct i on of  ver t i cal  
walls.

The Desi gner  must  compl y wi t h t he r equi r ement s of  
t he f ol l owi ng Regul at or y Requi r ement s:

U. S.  DEPARTMENT OF I NTERI OR,  BUREAU OF RECLAMATI ON -  
7- 2071 ( 6- 48) ,  ( 1992)  Desi gn St andar d No.  13,  
" Embankment  Dams" ,  Chapt er  19,  " Geot ext i l e"

U. S.  DEPARTMENT OF I NTERI OR,  BUREAU OF RECLAMATI ON:

EM 1110- 2- 1601,  ( 1991)  " Hydr aul i c Desi gn of  Fl ood 
Cont r ol  Channel s"

EM 1110- 2- 1906,  ( 1970)  Labor at or y Soi l  Test i ng,  
Appendi x V,  " Gr ai n- Si ze Anal ysi s" ,  par agr aph 2d 
" Pr ocedur e" ,  subpar agr aph ( 1) ( g)

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

1.1   UNIT PRICES

**************************************************************************
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   Payment

Payment will be made at the contract unit price and will constitute full 
compensation to the Contractor for providing all plant, labor, material, 
and equipment and performing all operations necessary for the complete and 
satisfactory installation of the geotextile.  The following items are 
included in the contract unit price for Geotextiles and will not be 
counted a second time in the process of determining the extent of 
geotextile placed:  Material and associated equipment and operation used 
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in laps, seams, or extra length; securing pins and associated material, 
equipment, and operations; and material and associated equipment and 
operations used to provide cushioning layer of sand or gravel or both to 
permit increase in allowable drop height of stone.  No payment will be 
made for geotextiles replaced because of waste, contamination, damage, 
repair, or due to Contractor fault or negligence.

1.1.2   Measurement

Installed geotextiles will be measured for payment in place to the nearest 
[_____] square  meter  feet  of protected area as delineated in the drawings.

1.1.3   Unit of Measure

Unit of measure: [_____] square  meter  feet .

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 publications listed below form a part of this specification to the 
extent referenced.  The publications are referred to within the text by 
the basic designation only.

ASTM INTERNATIONAL (ASTM)

ASTM D123 (2015b; R 2017) Standard Terminology 
Relating to Textiles

ASTM D4354 (2012; R 2020) Sampling of Geosynthetics 
for Testing

ASTM D4355/D4355M (2014) Deterioration of Geotextiles from 
Exposure to Light, Moisture and Heat in a 
Xenon-Arc Type Apparatus

ASTM D4491/D4491M (2017) Standard Test Methods for Water 
Permeability of Geotextiles by Permittivity

ASTM D4533/D4533M (2015) Standard Test Method for Trapezoid 
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Tearing Strength of Geotextiles

ASTM D4632/D4632M (2015a) Grab Breaking Load and Elongation 
of Geotextiles

ASTM D4751 (2020) Standard Test Method for 
Determining Apparent Opening Size of a 
Geotextile

ASTM D4873/D4873M (2017) Standard Guide for Identification, 
Storage, and Handling of Geosynthetic 
Rolls and Samples

ASTM D4884/D4884M (2014a) Strength of Sewn or Thermally 
Bonded Seams of Geotextiles

ASTM D6241 (2014) Standard Test Method for the Static 
Puncture Strength of Geotextiles and 
Geotextile-Related Products Using a 50-mm 
Probe

U.S. ARMY CORPS OF ENGINEERS (USACE)

EM 1110-2-1601 (1991; 1994 Change 1) Engineering and 
Design -- Hydraulic Design of Flood 
Control Channels

1.3   SUBMITTALS

**************************************************************************
NOTE:   Revi ew submi t t al  descr i pt i on ( SD)  def i ni t i ons 
i n Sect i on 01 33 00 SUBMI TTAL PROCEDURES and edi t  
t he f ol l owi ng l i s t ,  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,  
Ai r  For ce,  and NASA 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 
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 
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PROCEDURES.

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

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

Government approval is required for submittals with a "G" or "S" 
classification.  Submittals not having a "G" or "S" classification are 
[for Contractor Quality Control approval.][for information only.  When 
used, a code following the "G" classification identifies the office that 
will review the submittal for the Government.]  Submit the following in 
accordance with Section 01 33 00  SUBMITTAL PROCEDURES:

SD-04 Samples

Geotextiles

  Minimum of [_____] [60] days prior to the beginning of 
installation of the same textile

SD-06 Test Reports

Geotextiles
Site Verification

SD-07 Certificates

Geotextiles
Needle Punched Geotextile

1.4   DELIVERY, STORAGE, AND HANDLING

Deliver only approved geotextile [rolls][, panels, ][_____] to the project 
site.  All geotextile shall be labeled, shipped, stored, and handled in 
accordance with ASTM D4873/D4873M .  No hooks, tongs, or other sharp 
instruments shall be used for handling geotextile.

PART 2   PRODUCTS

2.1   MATERIALS

2.1.1   General

**************************************************************************
NOTE:   Nonwoven geot ext i l es ar e sui t abl e f or  
f i l t er i ng f i ne- gr ai ned soi l s wher eas woven or  
nonwoven ar e sui t abl e f or  wel l  gr aded gr anul ar  soi l s.

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

Provide geotextile that is a [woven][non-woven] pervious sheet of plastic 
yarn as defined by ASTM D123 matching or exceeding the minimum average 
roll values listed in TABLE 1.  Strength values indicated in the table are 
for the weaker principal direction.

TABLE 1
MINIMUM PHYSICAL REQUIREMENTS FOR DRAINAGE GEOTEXTILE
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PROPERTY UNITS ACCEPTABLE VALUES TEST METHOD

GRAB STRENGTH  N  lb [_____] ASTM D4632/D4632M

SEAM STRENGTH  N  lb [_____] ASTM D4632/D4632M

PUNCTURE  N  lb [_____] ASTM D6241

TRAPEZOID TEAR  N  lb [_____] ASTM D4533/D4533M

PERMEABILITY cm/sec [_____]  ASTM D4491/D4491M

APPARENT OPENING SIZE U.S. SIEVE [_____] ASTM D4751

PERMITTIVITY sec -1 [_____] ASTM D4491/D4491M

ULTRAVIOLET DEGRADATION Percent 50 at 500 Hrs ASTM D4355/D4355M

2.1.2   Geotextile Fiber

Fibers used in the manufacturing of the geotextile shall consist of a 
long-chain synthetic polymer composed of at least 85 percent by weight of 
polyolefins, polyesters, or polyamides.  Add stabilizers and/or inhibitors 
to the base polymer, if necessary to make the filaments resistant to 
deterioration caused by ultraviolet light and heat exposure.  Reclaimed or 
recycled fibers or polymer shall not be added to the formulation.  
Geotextile shall be formed into a network such that the filaments or yarns 
retain dimensional stability relative to each other, including the edges.  
Finish the edges of the geotextile to prevent the outer fiber from pulling 
away from the geotextile.

2.1.3   Seams

**************************************************************************
NOTE:   Most  geot ext i l es ar e manuf act ur ed i n wi dt hs of
 1. 8 t o 5. 5 m 6 t o 18 f eet ,  but  t o r educe t he number  
of  over l aps,  wi der  sect i ons may be pr oduced by 
at t achi ng nar r ow sect i ons t oget her .   Pr e- assembl ed 
sect i ons of  11- m 36- f oot  wi dt hs or  mor e ar e 
pr ef er r ed t o keep t he number  of  over l aps t o a 
minimum.

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

Sew the seams of the geotextile with thread of a material meeting the 
chemical requirements given above for geotextile yarn or  bond the seams 
by cementing or by heat.  Attach the sheets of geotextile at the factory 
or another approved location, if necessary, to form sections not less than  
[_____] meter  [_____] feet  wide.  Test seams in accordance with method 
ASTM D4884/D4884M .  The strength of the seam shall be not less than 90 
percent of the required grab tensile strength of the unaged geotextile in 
any principal direction.

2.1.4   Securing Pins

**************************************************************************
NOTE:   The use of  secur i t y pi ns shoul d be r est r i ct ed 
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as much as possi bl e s i nce hol es i n geot ext i l e al l ow 
pi n boi l s t o f or m and r emove mat er i al  f r om beneat h 
geot ext i l e and cause f ai l ur e of  syst em.

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

Secure the geotextile to the embankment or foundation soil by pins to 
prevent movement prior to placement of revetment materials.  Other 
appropriate means to prevent movement such as staples, sand bags, and 
stone could also be used.  Insert securing pins through both strips of 
overlapped geotextile along the line passing through midpoints of the 
overlap.  Remove securing pins as placement of revetment materials are 
placed to prevent tearing of geotextile or enlarging holes.  Maximum 
spacing between securing pins depends on the steepness of the embankment 
slope.  The maximum pins spacing shall be equal to or less than the values 
listed in TABLE 2.  When windy conditions prevail at the construction 
site, increase the number of pins upon the demand of the Contracting 
Officer.  Anchor terminal ends of the geotextile with key trench or apron 
at crest, toe of the slope and upstream and downstream limits of 
installation.

TABLE 2
MAXIMUM SPACING FOR SECURING PINS

EMBANKMENT SPACING, meter  feet

STEEPER THAN 1V ON 3H 0.6 2

1V ON 3H TO 1V ON 4H 1.0 3

FLATTER THAN 1V ON 4H 1.5 5

2.2   INSPECTIONS, VERIFICATIONS, AND TESTING

2.2.1   Manufacturing and Sampling

Geotextiles  and factory seams shall meet the requirements specified in 
TABLE 1.    

2.2.1.1   Conformance Testing

Perform conformance testing in accordance with the manufacturers approved 
quality control manual.  Submit manufacturer's quality control conformance 
test results.

2.2.1.2   Factory Sampling

Randomly sample geotextiles in accordance with ASTM D4354 (Procedure 
Method A).  Sample factory seams at the frequency specified in 
ASTM D4884/D4884M .  Provide all samples from the same production lot as 
will be supplied for the contract, of the full manufactured width of the 
geotextile by at least  3 m  10 feet  long, except that samples for seam 
strength may be a full width sample folded over and the edges stitched for 
a length of at least  1.5 m  5 feet .  Samples submitted for testing shall be 
identified by manufacturers lot designation.

2.2.1.3   Needle Punched Geotextile

For needle punched geotextile, provide manufacturer certification that the 
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geotextile has been inspected using permanent on-line metal detectors and 
does not contain any needles.

2.2.1.4   Manufacturer Certification

[Upon delivery of the geotextile, submit duplicate copies of the written 
certificate of compliance signed by a legally authorized official of the 
manufacturer.  The certificate shall state that the geotextile shipped to 
the site meets the chemical requirements and exceeds the minimum average 
roll value listed in TABLE 1.]  [All brands of geotextile and all seams to 
be used will be accepted on the basis of mill certificates or affidavits.  
Submit duplicate copies of the mill certificate or affidavit signed by a 
legally authorized official from the company manufacturing the 
geotextile.  The mill certificate or affidavit shall attest that the 
geotextile meets the chemical, physical and manufacturing requirements 
stated in this specification.]

2.2.2   Site Verification  and Testing

**************************************************************************
NOTE:   The need f or ,  and amount  of ,  s i t e 
ver i f i cat i on t est i ng shoul d be based on t he sever i t y 
of  s i t e condi t i ons and t he amount  of  t ext i l e bei ng 
placed.

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

Collect samples at approved locations upon delivery to the site [at the 
request of the Contracting Officer][in accordance with ASTM D4354 
(Procedure Method B)][at a frequency of once per  9290 square meters  
100,000 square feet ].  Test samples to verify that the geotextile meets 
the requirements specified in TABLE 1.  Identify samples by manufacturers 
name, type of geotextile, lot number, roll number, and machine direction.  
Perform testing at an approved laboratory.  Submit test results from the 
lot under review  for approval prior to deployment of that lot of 
geotextile.  Rolls which are sampled shall be immediately rewrapped in 
their protective covering.

PART 3   EXECUTION

3.1   SURFACE PREPARATION

Prepare surface, on which the geotextile will be placed, to a relatively 
smooth surface condition in accordance with the applicable portion of this 
specification and shall be free from obstruction, debris, depressions, 
erosion feature, or vegetation.  Remove any irregularities so as to ensure 
continuous, intimate contact of the geotextile with all the surface.  Any 
loose material, soft or low density pockets of material, shall be removed; 
erosion features such as rills, gullies etc. shall be graded out of the 
surface before geotextile placement.

3.2   INSTALLATION OF THE GEOTEXTILE

**************************************************************************
NOTE:   Thi s par agr aph descr i bes i nst al l at i on i n an 
open ar ea and on gener al l y pl anar  sur f aces.   For  
i nst al l at i on of  geot ext i l es i n dr ai nage syst ems or  
about  col l ect or  pi pes,  addi t i onal  speci f i cat i on 
r equi r ement s may need t o be added.   The use of  
geot ext i l es t o wr ap col l ect or  pi pes shoul d be 
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avoi ded whenever  possi bl e.

Mi ni mum over l aps shoul d be speci f i ed at  300 t o 450 mm
 12 t o 18 i nches dependi ng on t he speci f i ed 
or i ent at i on of  t he over l ap t o t he di r ect i on of  wave 
at t ack,  vel oci t y,  or  seepage.   For  under - wat er  
pl acement ,  mi ni mum over l ap shoul d be 900 mm 3 f eet .

Geot ext i l es wi l l  br i dge smal l  sur f ace f eat ur es i n 
t he s l ope and al l ow er osi on t o occur  beneat h t he 
geot ext i l e.   Sur f ace dr ai nage shoul d be di r ect ed 
away f r om t he t op of  s l ope t o pr event  er osi on under  
t he geot ext i l e.   Sur f ace f l ow shoul d be br ought  
downsl ope at  cont r ol l ed poi nt s such as l i ned di t ches.

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

3.2.1   General

Place the geotextile in the manner and at the locations shown.  At the 
time of installation, reject the geotextile if it has defects, rips, 
holes, flaws, deterioration or damage incurred during manufacture, 
transportation or storage.

3.2.2   Placement

**************************************************************************
NOTE:   The pl acement  of  t he geot ext i l e r el at i ve t o 
t hi s par agr aph may f ol l ow t he f ol l owi ng gener al  
pr ocedur es.   ( FI GURES r ef er enced i n t hi s not e ar e 
avai l abl e on- l i ne,  see t he not e above) .

( 1)   For  cur r ent  act i ng par al l el  t o t he bank t he 
geot ext i l e wi l l  be pl aced wi t h t he l ong di mensi on 
par al l el  t o t he cur r ent  ( Fi g.  1a) .   Geot ext i l e 
pl acement  must  be st ar t ed f r om t he bot t om up wi t h 
upper  st r i ps over l appi ng l ower  st r i ps,  and t he 
upst r eam st r i ps must  over l ap t he downst r eam st r i ps.   
The over l aps at  t he end of  st r i ps wi l l  be st agger ed 
at  l east  1. 5 m 5 f eet .   Revet ment  and geot ext i l e 
mat er i al s shoul d be ext ended at  l east  bel ow t he mean 
l ow wat er  t o mi ni mi ze er osi on at  t he t oe ( Fi g.  2) .   
I f  const r uct i on schedul e per mi t s,  a per i od of  l ow 
st r eamf l ow shoul d be sel ect ed f or  t he geot ext i l e 
installation.

( 2)   When r evet ment  mat er i al  and geot ext i l e f i l t er  
ar e sel ect ed t o pr ot ect  agai nst  wave at t ack,  t he 
geot ext i l e st r i ps must  be pl aced ver t i cal  t o t he 
s l ope of  t he bank wi t h t he upper  st r i ps over l appi ng 
t he l ower  st r i ps ( Fi g.  1b) .   The geot ext i l e must  be 
keyed at  t he t oe t o pr event  upl i f t  or  under mi ni ng 
( Fi g.  3) .   The key t r ench shoul d be l ocat ed bel ow 
t he mean l ow wat er  t o pr event  er osi on of  t he soi l  
adj acent  t o t he t r ench.   When i t  i s  not  possi bl e t o 
mai nt ai n ver t i cal  t r ench wal l s,  t he geot ext i l e must  
be keyed t o an excavat ed t r ench wi t h st abl e s l opes 
( Fi g.  4) .   A key at  t he t op of  t he bank wi l l  be 
i nst al l ed wher e t her e i s an over bank dr ai nage 
problem.
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Al l owi ng t he geot ext i l e t o dr ape or  be f r ee of  hi gh 
t ensi l e st r ess dur i ng pl acement  wi l l  r equi r e l ar ger  
quant i t i es of  geot ext i l es t han t he act ual  s l ope 
length.

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

Place the geotextile with the long dimension [parallel] [perpendicular] to 
the [centerline of the channel][shoreline][trench] and laid smooth and 
free of tension, stress, folds, wrinkles, or creases.  Place the strips to 
provide a minimum width of [_____]  mm inches  of overlap for each joint.  
The placement procedure requires that the length of the geotextile be 
approximately [_____] percent greater than the slope length.  Adjust the 
actual length of the geotextile used based on initial installation 
experience.  Temporary pinning of the geotextile to help hold it in place 
until the [bedding layer][riprap] is placed will be allowed.  Remove the 
temporary pins as the [bedding][granular material][riprap] is placed to 
relieve high tensile stress which may occur during placement of material 
on the geotextile.  Design protection of riprap in compliance with 
EM 1110-2-1601 .  Perform trimming in such a manner that the geotextile is 
not damaged in any way.

3.3   PROTECTION

**************************************************************************
NOTE:   Al l  geot ext i l es can be damaged i f  st one i s 
dr opped on i t  f r om a hei ght  gr eat er  t han 900 mm 3 
feet .   Some geot ext i l es can be damaged wi t h l esser  
dr op hei ght s.   When st one i s heavy and angul ar  i t  
may cause punct ur es i n t he geot ext i l e even i f  
dr opped f r om a hei ght  of  300 mm 1 f oot .   Tensi on i n 
t he geot ext i l e must  be mi ni mi zed t o pr event  punct ur e.

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

Protect the geotextile at all times during construction from contamination 
by surface runoff; remove any geotextile so contaminated and replaced with 
uncontaminated geotextile.  Replace any geotextile damaged during its 
installation or during placement of [granular filter materials][bedding 
materials][riprap] at no cost to the Government.  Schedule the work so 
that the covering of the geotextile with a layer of the specified material 
is accomplished within [_____][7] calendar days after placement of the 
geotextile.  Failure to comply shall require replacement of geotextile.  
Protect the geotextile from damage prior to and during the placement of 
riprap or other materials.[  This may be accomplished by limiting the 
height of drop to less than  300 mm  1 foot , by placing a cushioning layer 
of sand or gravel on top of the geotextile before placing the material, or 
other methods deemed necessary.  Care should be taken to ensure that the 
utilized cushioning materials will not impede the flow of water.]  Before 
placement of riprap or other materials, demonstrate that the placement 
technique will not cause damage to the geotextile.  In no case shall any 
type of equipment be allowed on the unprotected geotextile.

3.4   PLACEMENT OF CUSHIONING MATERIAL

Perform placing of cushioning material in a manner to ensure intimate 
contact of the geotextile with the prepared surface and with the 
cushioning material.  The placement shall also be performed in a manner 
that will not damage the geotextile including tear, puncture, or 
abrasion.  On sloping surfaces place the cushioning material from the 
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bottom of the slopes upward.  During placement, the height of the drop of 
riprap material shall not be greater than  300 mm  12 inches .  Uncover any 
geotextile damaged beneath the cushioning material, as necessary, and 
replaced at no cost to the Government.

3.5   OVERLAPPING AND SEAMING

3.5.1   Overlapping

**************************************************************************
NOTE:   I n gener al ,  over l appi ng i s suf f i c i ent  wher e 
t he pr i mar y pur pose i s t o hol d t he mat er i al  i n pl ace 
dur i ng i nst al l at i on.   However ,  wher e t he desi gn 
r equi r es t he geot ext i l e t o r esi st  t ensi l e st r esses,  
seams shoul d be sewn.   A 300- mm 12- i nch over l ap 
speci f i ed i n t hi s sect i on i s consi der ed mi ni mum f or  
al l  cases.   The Cont r act or  has t he opt i on of  f i el d 
sewi ng i nst ead of  over l appi ng.

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

The overlap of geotextile [rolls] [panels] [_____] shall be  [300][600] 
[900][_____] mm  [12][24][36][_____] inches .  Appropriate measures will be 
taken to ensure required overlap exists after cushion placement.

3.5.2   Sewn Seams

**************************************************************************
NOTE:   The Desi gner  must  speci f y appr opr i at e seam 
t est  r equi r ement s.   ASTM D1683,  t he pr evi ousl y used 
t est  st andar d,  has been di scont i nued wi t h no 
r epl acement  desi gnat ed.

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

High strength thread should be used so that seam test conforms to 
ASTM D4884/D4884M .  The thread shall meet the chemical, ultraviolet, and 
physical requirements of the geotextile, and the color shall be different 
from that of the geotextile.  The seam strength shall be equal to the 
strength required for the geotextile in the direction across the seam.  
Overlapping J-type seams are preferable over prayer-type seams as the 
overlapping geotextile reduces the chance of openings to occur at the 
seam.  Use double sewing, specially for field seams, to provide a safety 
factor against undetected missed stitches.

3.6   [FIELD TESTING

**************************************************************************
NOTE:   The need f or  f i el d t est i ng shoul d be based on 
t he si ze and i mpor t ance of  t he pr oj ect .   Fi el d 
t est i ng shoul d be per f or med i f  t he geot ext i l e wi l l  
be i n t ensi on.

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

Field test geotextile[ in tension].]

       -- End of Section --
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