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LIBRARY 
PREFACE 

This report dea ls with the Oklahoma Departmen t of 

Transportat ion Research Division field exper imentation on the use 

of fly ash cement mixtures in a fabric form to c ontro l erosion . 

The report evaluates two types o f  fabrics and c ompares three 

different grout mixes . I t  also c ontains procedures for designing 

grout mixes using fly ash . Furthermore , i t  deals with site 

preparation, installation o f  the fabr i c  mat,  and a c omparison o f  

mater ia l s .  

A sec t i on is inc luded o n  the evaluat ion o f  the p rojec t 

performanc e  and recommendat ions . Also , inc luded is a proposed 

s p ec i ficat ion for the inst a l l at ion o f  the mat . 
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EXECUTIVE S UMMARY 

In 1 98 3  a study was conducted to determine the performance o f  

fabr i c  form mat f i l l ed with different proport ions o f  c ement-fly 

ash grout mixtures . 

The site for this p roj ec t was an eroded ditch , about 285 feet 

long , 3 0  f eet wide which was locat ed along US 271°, about two 

miles south o f  Ant lers , Oklahoma . 

Oklahoma Dep ar tment o f  Transportat i on (ODOT) personnel did 

the inst al lat ion work and conducted the study. The ( ODOT) 

resear ch t eam was interested in the engineer ing properties o f  the 

Por t l and c ement (P C) fly ash ( FA )  mix designs as wel l  as the 

durabil i ty o f  the two d i fferent woven fabrics used in the 

inst a l lat ion . 
.,-

I t  was determined i n  the laboratory that mixtures o f  0 .  5 0 ,  

and 8 0  per c ent FA by weight o f  PC; wou l d  be most desirable for 

the comparison of p er formance . 

In t erms of  cost s, the initial  cost ana lysis favored the use 

o f  fabr i c form . The fabr ic form d i t ch l iner , in- p lace , cost $1 5 

per yd2 , whi l e  the convent iona l cement l iner cost 

leaving a savings o f  $2 p er yd2 . 

$1 7 2 
p er yd , 

I t  was recommended that the p roj ect be cont inua l ly monitored 

and core samp les be t aken p er iodically  for the next 1 0  years . 

Thi s  wil l facil itate adequate comp ar ison o f  laboratory design mix 

test results with actua l in- p lace performance o f  the hardened 

fabr i c  form grout . 

iii 
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INTRODUCTION 

Ero s ion i s  the wear ing away o f  l and by gravity , wind , ice and 

water t o  produce l oo s e , suspended or d i s s o lved p ar t i c l e s  c a l l e d  

s ed iment s .  The s e  agent s o f  eros ion po s e  s everal kinds o f  

prob l ems for highway cons truc t i on . The primary c oncern o f  thi s 

report i s  the eros iona l prob lem caused by d ivert ing s treams and 

highway runo ff . Ero s ion by water i s  a hydraulic  and hydro logical 

phenomenon governed by var ious complex phy s ical proce s s e s .  Water 

eros ion prob lems are prevalent in ditche s , channe ls and around 

headwa l l s  o f  drainage s t ructure s . In many cases , thi s prob l em 

may result  in extens ive local  damage a l ong highway s and their 

a s s oc iat e d  s tructure s .  

A product c a l l e d  fab r i c  form , ut i l i z ing geot ext i le s , has been 

introduced , whi ch may help s o lve the prob l ems o f  ero s ion in 

ait ches , f lumes and channe l s  o f  s treams along highways . 

The fabric form eros ion contro l te chnique invo lve s us ing two 

layers o f  woven fabric s ,  jo ine d together a t  spaced int erval s  with 

drop s t i t ches . A fine aggregate grout i s  inje c t e d  betwe en the 

fabr ic l ayer s , whi ch , when hardene d ,  produces a durab l e  eros ion 

control  mat . Fabric form was fir s t  u s e d  in Europe to c ontro l  

eros ion i n  areas  o f  high ero s ional s tre s s  e . g .  c ana l s , gu l l ie s , 

s tream channe l s , beaches , l ake s and r iver banks . Ac cording t o  

Bruce Lamberton o f  Texacon , the concept of a geotext i l e  fabric 

form wa s fir s t  sugge s te d  by an eng ineer named Henry Hi l l en o f  the 

Nether lands in 1 968 . ( 8 )  The te chnique wa s later introduced into 

l 
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the Uni t e d  S t at e s  in the s ame year through the U.S . C orp s of  

Engineer s in the Al legheny res ervoir p roje c t  in s outhwe s t ern New 

York S t ate . ( 8) 

Current ly many s t ate  transport at ion and 

are u s ing fabric form to contro l eros ion . 

are two S t at e s  that have u s e d  fabric 

highway department s  

New York and I l lino i s  

form ext ens ive ly . ( 1 5) 

Fabric form exh ibit s two important 

r e su l t s  ob tained from nat ionwi de usage : 

qual i t i e s  

i t s  g o o d  

b as e d  o n  fie l d  

phy s ical and 

chemical resistance to degradation, and its effective structural 

int egrity as an erosion control measure. 

In 1 9 83 , the Okl ahoma Depar tment of Transportat ion ( ODOT) 

decide d to conduct a demon s tration of the use of fabric form as 

an erosion cont r o l  measure . It was promp t e d  by the nee d  for a 

new ero s ion contro l mater ial that i s  more e conomical , durab le , 

ver s at i l e , quick and easy t o  ins t al l . Fur thermore, ODOT wanted 

to know the influence that C l as s  C FA has on a grout mix when 

sub s t ituted , for PC in different proportions and inje c t e d  int o  

the fabric form mat . I t  became important t o  determine if  the 

addit ion of FA with PC wi l l  provide pumpab le grout that wi l l  f l ow 

more readily within the fabric l ayer s ,  thus e l i minat ing fre quent 

cut t ing o f  fabric t o  inj e c t  the grout . Final ly, the r i s ing c o s t  

o f  PC concrete work cons tituted a major cons i deration i n  the ODOT 

de c i s ion to conduc t the fabric form/FA proj ect  . 

The use o f  fabric  form for pr ivate and pub l ic purp o s e s  i s  

gaining ground rap idly . Many s tat e s  in the U . S . , encouraged by 

the Federal Highway Adminis trat ion ( FHWA notice N5 0 8 0 . 4  January 

1 7 , 1 9 74) , use  FA with PC for var ious cons truc tion purpo s e s . ( 1 5 )  

2 
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The u s e  of the C l as s C PC concre te , 1 9 7 6 ODOT Specificat ion , 

S e c t ion 7 0 1 , pg . 3 3 4 ,  as a convent ional d i t ch l iner has been one 

o f  the mo s t  corrrrnon prac t i ces  u s e d  in addre s s ing the prob lem o f  

ero s i on in d i t che s along h ighways . 

With the advent o f  the u s e  o f  FA in PC concrete mixes , many 

r e s earchers , ar chit e c t s , eng ineers and s tat e transportat i on 

agencies  are s lowly sub s t itut ing portions  o f  PC wit h  FA in PCC 

mix de s ign s . ( 1 4) 

A review o f  pub l i shed and unpub l i shed l iterature has revealed 

that , concrete of  equal or bet ter s trength can b e  obt aine d by 

us ing FA in PCC mixes. C las s C FA i s  a pozzo l an i c  mat erial , and 

a s i l ic i ou s  aluminou s mat er i al . I t  i s  an inexp ens ive by-produ c t  

o f  pulver ized coal c ombu s t ion that p o s s e s s e s  a cons iderab le 

amount o f  cal c ium s i l icat e s , enough to  exhib i t  c ementit ious  

proper t i e s  s imi lar to  PC when mixed with wat er . ( 5 ) 

A review of l i t erature revealed that fabric forms o ffered a 

workab le , ver s at i l e  and c o s t  e ffec t ive s o lution for s ome o f  the 

eros ion prob l ems encountered along highways . 

3 

Background 

Objective 
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The 

fabric 

Okl ahoma Department of  

form ins ta l lat ion be cau s e  

Transportation 

it needed 

undert ook 

answers to 

the 

the 

fo l l owing que s t ions . 

1 .  C an fab r i c  form be ins tal led under smal l amount s of 

f l owing wat er? 

2 .  

3. 

4 . 

5 .  

I s  it  fas ter and eas ier t o  ins ta l l , and does  fabric form 

require l e s s  t ime and l abor compared t o  convent ional 

concrete l iner? 

Is fabric  form as economical  a s  conventional  ditch 

liner s ?  

C an fabric form be fabri cated t o  conform t o  the c ontour 

o f  the land , over rough surfac e s  and e s p e c ia l ly around 

ob s ta c l e s  in the ditch area , without us ing conventional 

forms ? 

I s  it fea s ib le t o  use h igh perc entages o f  C las s  C FA in 

the grout mixture s ?  

I n  an attemp t to f ind answer s t o  the above que s t ions , the 

Re search Divis ion of ODOT s e t  the fo l lowing maj or obj e c t ive s  for 

the fabr i c  form proj ect : 

1 .  Eva luat e and analyz e the phys i cal and 

proper t i e s  o f  two c ement ing agent s , FA and PC , 

chemical 

to be 

2 . 

used in fi l ler grout s for fabric forms . 

As certain the durab i l ity and e conomi c feas ib i l i ty o f  

us ing a doub le l ayer o f  nylon and po lypropyl ene woven 

fabr i c s  a s  an enve l ope for fab r i c  form grout . 

4 
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3 .  Ob s erve and do cument the effe c t  o f  ul travio let  radiat ion 

on the two different in-s itu fabrics  . 

4 .  Determine the ero s ion contr o l  capabilitie s  and 

durability o f  the different mixe s ,  inc luding re s is tance 

to abra s ion . 

5 .  D e termine the feasibility o f  using fabric form a s  a 

procedure for con s t ruc t ion as  we l l  as for maintenance 

operations . 

5 
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DESCRIPTION AND LOCATION OF S ITE 

The area s e l e c t e d  for the fabric form ins tal lation was 

influenced by the p re s ence o f  a s erious ero sion condition . The 

s it e  is located approximat ely two mile s  s 6uth o f  the city of 

Ant lers  on the eas t s ide o f  us 27 1 near ODOT Divis ion I I  

headquarter s . 

This are a  was a s everely eroded dit ch channel , approximately 

285 ft long by 30 ft wide with a gradient of about 1.06 percent 

o r  5 6  f t  per mile and was c overed with thick brush , tree s , rocks 

and was te mat erial s .  There are utility lines running acro s s  the 

ar ea . The channe l it s e l f  carrie s  a cons tantly flowing smal l 

s tream o f  water . The s tream typically is about 4 in deep and 1 2  

in wide with an e s timated maximum f l ooding capacity o f  23 7 0  cfs  . 

Figure 1 shows the location o f  the fabric form proje c t  in 

Pushmataha County ,  two mil e s  s outh o f  Ant ler s , Ok lahoma . 

Figure 2 shows the de teriorat ing condition at the s ite before 

c l earing and grading . 

6 
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Figur e  1 .  Project Location. 
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Figure 2.  Preconstruct ion Cond i t ion of  the S ite . 

8 
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MATERIALS AND METHODS 

There are three asp e c t s  to the in s t a l lat ion o f  the fabric 

form mat .  The se  inc lude a l l  mat erial s and t e s t ing me thods us ed 

in the ins ta l lat ion and they are : 

1 .  The des igning o f  the FA-PC grout mixes . 

2 .  The s e lec tion o f  appropriate fabrics . 

3. The ins t a l l ation o f  the fabr i c  form mat at the s i te  . 

Grout 

The f ir s t  aspect  o f  the fab r i c  form ins tal lat ion required a 

laboratory determinat ion o f  the amount o f  ingredient s required to 

p repare s p e c ific  mixes needed for the s tudy . The mix proport ions 

were t e s te d  ac cording to ASTM proc edure s  to enab l e  the r esear ch 

t e am t o  determine the de s ired mix . proport ions needed for the 

1ie l d  trial . 

Trial b at ches were prepared u s ing Typ e 1 Por t l and cement , 

s and , water , air entrainment agent , super p la s t ic i zer and C l a s s  C 

FA . 

Thre e  different mixes were s e lec ted and t e s t e d  based  on the 

amount o f  FA sub s t itut ed for c ement . They are a s  f o l l ows: 

0 percent FA with 1 0 0  per cent PC  (contro l mix ) 

5 0  percent FA with 5 0  percent PC  

8 0  percent FA with 20 percent PC  

Figure 3 shows the comp o s i t ion of  the three b at che s o f  grout 

mixtures  u s e d  in the fabric form ins tal lat ion . 

9 
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In des igning the l aborat ory mixes , s pec ial con s i derat ion wa s 

given t o  the fo l l owing i t ems : 

1 .  Sub s t itut ion of  a portion o f  PC with FA . Thi s p rovi ded 

easy compari s on of the maximum and minimum recon:nnendab le 

amount s  o f  FA that could be sub s t ituted for c ement in 

the mixes . 

2 . 

3 .  

4 .  

5 .  

Preparat ion o f  low vi s co s ity grout mixtur e s . This 

enab led a rap i d  and more e ffic ient dis tribut ion of the 

grout in the mat . Low v i s c o s ity grout f l owed farther in 

the mat and required f ewer cut s into the fabric for 

grout pump ing , thus r e ducing the· amount of labor 

required . 

Determin ing the ab i l ity o f  the grout mixture s to re s i s t  

freeze - thaw deter iorat ion . Thi s wa s e s s ential , s ince 

the freeze - thaw re s i s tance o f  the grout mix influenced 

the durab i l ity of the mat; e s p e c ia l ly when the c l ima te  

o f  the proje c t  lo cat ion was  known t o  have a his tory of  

fre e z ing and thawing . 

Evaluat ing the e ffect o f  sup erp las t i c izers on the 

s e lected mixes . Three r at e s  o f  superp las t i c iz er , name ly 

0 ,  1 5  and 30 oz / 1 00 lb of cement , were u s e d  to determine 

if p l a s t i c izer i s  nece s sary for good flow 

charac ter i s t i c s  . 

Deve lop ing abras ion re s i s t ance and compre s s ive s trengths 

of the har dene d grout . The resu l t s  ob tained can be  used 

t o  determine the potential durab ility o f  the mat . 

1 0  
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GROUT MIX USED 
(PER CUBIC YARD) 

100 °/o -CEMENT 
(CONVENTIONAL) 

SAN0--
2,6931b& 

SANO --
2,685 lbs 

SANO__... 
2,750 lbs 

-CEMENT 
658 lb& 

-WATER 
565 lbs 

50 °/o 
50 °/o 

-WATER 
566 lb• 

'CEMENT 
329 lbs 

20°/o 
80°/o 

-WATER 
564 lb• 

ASH 
447 lb• 

CEMEN T 
131 lb• 

CEMENT 
FLY ASH 

CEMENT 
FLY ASH 

Figure 3 .  Comp o s it ion o f  the Three Bat che s o f  Grout Mixes U s e d . 

1 1  
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6 . U s ing appropriate  ASTM procedure s  to t e s t  and evaluate 

the potentia l  durability o f  the fabric form mat . 

The f o l l owing t e s t s  were u s e d  in the determinat ion o f  the mix 

de s ign r e sul t s . 

The s lump te s t  was per formed on specimens from each b at ch in 

accordanc e  to the ASTM C 1 4 3 . Compre s s ive s trength t e s t s  were 

performe d by u s ing c a s t  cylinders  of grout mix from each o f  the 

three batche s . Compre s s ion t e s t s  at 28  and 1 8 0  days were done in 

accordance to ASTM C 39. The flexural s trength o f  the mixes was 

te s te d  in accordance to ASTM C 29 3 .  Twent y - eight and 1 8 0  day 

abrasion r e s is t ance o f  the mixes were t e s ted  according to ASTM C 

4 1 8 , using the s and b la s ting method. S amp le s  ob tained from the 

mix b a t che s were t e s ted  for r e s is t ance to freeze - thaw in 

accordance to the ASTM C 6 6 6  . 

Tab le 6 shows the t e s t  results  o f  the l aborat ory mix de s ign . 

1 2  
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Geotextil e s  Fabric 

The s econd aspect  o f  the project  involved the comparison o f  

geo textile fabrics . 

Two different fabric typ e s  were s e lected for us e ,  and they 

were a combination of nyl on - po lye s ter and a p o lypropyl ene . 

Typ e I Fabric : This fabric is made o f  nylon - p o lye s t er fiber 

and it is woven , with the two l ayers j oine d  together by 4 in drop 

s tit che s . This p articular fabric type  exhibit s a charac teris tic 

shiny appearance. Figure 4 shows the Type I fabric with the drop 

s tit che s b e tween the two fabric l ayers . 

Type I I  Fabric: This fabric is made o f  woven po lypropyl ene 

fibers that have b een treated with ultravio let inhibit or by the 

manufacturer . This fabric a l s o  has a uniform 4 in thickne s s  with 

the characteris tic two l ayers connected with drop s tit che s . 

The main difference s  between Type I and Type I I  fabric s are 

�the fiber chemical composition and visual appearanc e ,  one is 

shiny the o ther is dul l .  Figure 5 shows the Type II fabric . 

There are s everal different kinds o f  fabric mat s availab l e  in 

the marke t  to day . Three c ommonly used one s for fabric form , 

depending on the type and magnitude o f  the ero s ion prob lems , are 

as  f o 11 ow s : ( 6 ) 

1 .  Filter Point Mat 

2 . Ar ticulated B l o ck Mat 

3 .  Uniform S e c tion Mat 

In this ins t a l l ation the Re sear ch Divis ion o f  ODOT u s e d  the 

Uniform S e c tion Mat . Tabl e s  1 and 2 show the charac teris tics and 

p rop ertie s  of the thre e corrnnonly used fabric form mat s . 

13 

Design 



• • • • • • • • • • • 

Figure 4 .  Nylon- p o lye s t er Fab r i c  Type I .  
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Figure 5 .  Polypropyl ene Fabric Type I I . 



• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

TABLE 1 .  DIMENS IONS AND C HARACTERISTICS OF FABRIC FORMS 

SPAC ING OF AVERAGE MAXIMUM 
FILTER THICKNES S  THICKNES S  

FILTER POINT FABRI C STYLE S POINTS ( in) ( in) ( in) 

5 in F i lter Point 5 2 . 2 3 . 3  

8 in Filter Point 8 3 . 5  5 . 0  

1 0  in F ilt er Point 1 0  6 . 0  8 . 0  

NOMINAL DROP THREAD 
UNIFORM CROS S  SECTION STYLE S THICKNESS  ( in) SPAC ING ( in) 

3 in UNIMAT 3 

4 in UNIMAT 4 

6 in UNIMAT 6 

8 in UNIMAT 8 

4 in UNIFORM CROS S SECTION 4 

DESCRIPTION OF STYLES 

YARN WARP - 1 0 0 0  denier , 1 4 0  filament heat s e t  nylon 

YARN FI LLING - 1 0 0 0  denier , 1 4 0  filament heat set  nylon 

3 (l� available) 

3 (l� availab le ) 

3 ( 1 % available )  

3 

1 

DROP THREADS Unimat 3 and 4 has numb er 9 nylon s e ine cord ( 5 8 2 0  denier, 
8 4  p ound t e s t ) .  Unimat 6 and 8 has number 1 5  nylon s e ine 
cord ( 1 5 , 2 9 0  denier , 1 5 3  pound t e s t ) .  4 in Uni form Cro s s  
Sect ion has 1 8 8 0  denier , 2 8 0  filament nylon . 

TENAC ITY - 7 . 8  grams per denier 

ELONGATION AT BREAK - 2 1 . 5  percent 

TEAR RES ISTANCE - gre ater than 2 0 0  lb s 

POROS ITY - minimum 1 0 0  ft 3/min ASTM D- 7 3 7 - 7 5  

Sour c e : Elish Con s t ruct ion Inc . o f  Naperville , I llino i s  . 

16 
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TABLE 2 .  FABRIC PROPERTIES  

PROPERTY 

Phys i cal : 

Comp o s i t ion 
We igh t  
Thi ckne s s  
Yarn S p e c i f i c  Gravity 
Mi l l  Width 

Me chanical : 

Grab Tens i l e  S trength 
Warp 
F i l l  

Grab Ten s i l e  Elongat ion 
Warp 
F i l l  

Diaphragm Bur s t  S trength 
Trapezoid Tear S trength 

Warp 
Fill 

Puncture S t rength 

Hydraulic : 

Water F low Rate 
Coeffic ient of 

'P-ermeab i l ity ( k) 
Permeat ivity ( k/l) 
Poro s i ty 

TE ST METHOD 

ASTM D- 3 7 7 6 - 7 9  
ASTM D- 1 7 7 7 - 7 5 
ASTM D- 8 8 5 - 7 9  

ASTM D - 1 6 8 2 - 7 5  

ASTM D - 1 6 8 2 - 7 5  

ASTM D- 3 7 86 - 8 0 a  
ASTM D- 1 1 1 7 - 8 0  

ASTM D- 3 7 8 7 - 8 0  

ASTM D- 4 4 9 1  

ASTM D- 4 4 91 
ASTM D- 4 4 9 1  
ASTM D- 7 3 7 - 7 5  

* Poly-Polye s t er , PP -Po lypropy lene 
** FPM - F i lter Point Mat ( po lye s ter ) 

ABM - Art i culated Block Mat ( p olyes ter) 
USM - Uniform S e c t ion Mat ( polypropy lene) 

UNIT 

oz/yd 
mils 

in 

lb s 

% 

ps i 
lb s 

lbs  

gal/min/s f 

cm/s e c  
l/s e c  

c f  /min/s f 

VALUES** 
FPM/ABM USM 

Poly* 
1 5  
2 3 

1 . 3 
8 0 /1 6 5  

3 1 0  
3 0 0  

1 8  
2 2  

6 2 5 

1 3 0  
1 3 0  

8 0  

1 0 5  

0 . 0 9 
1 .  5 
3 0 0  

PP* 
1 0  
1 5  

0 . 92 
8 4  

2 00  
2 0 0  

2 0 
2 0 

5 0 0  

5 0  
5 0  
6 0  

9 0  

0 . 05 
1 .  2 
1 2 5 

Sour c e : Eros ion and Soil Te chno logies  Inc. o f  Kingwood Texas . 
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One of  the major components o f  the grout mixture s  i s  fly  ash 

( FA) . Fly ash i s  a s il i c ious  aluminous pozzolanic mat erial, 

obtained from burning fine ly powdered coal . I t  i s  removed from 

the flue gas s e s  by electros tat i c  precip itation or o ther me tho ds . 

In the pre s ence of  water , C l as s  C FA reac t s  t o  form a 

c emen t i t ious  compound . Ok lahoma Clas s C FA i s  t an in c o l or due 

t o  i t s  h igh content of  l ime . I t  i s  a cry s t alline mater ial with a 

spherical shape. It's composed primarily of silt sized particles 

r anging from 1 to 1 00 um . 

The phys i cal and chemical propertie s  o f  FA vary depending on 

coal s ource , proce s s ing methods,  degree o f  pulveri z at ion, age of  

p lant , c ondit ion o f  p lant op eration and a s h  c o l l e c t ion me thods . 

The qual ity o f  FA may be  determined by i t s  finenes s ,  chemi cal 

comp o s it ion and l o s s  on ignit ion which i s  a measurement of the 
� 

unburne d carbon in the ash . (7)  Phy s ical and chemic al propertie s  

and c las s ificat ion o f  FA is pre s ented in ASTM C 6 1 8  " S t andard 

Specific at ion for FA and Raw Cal c ined Natur al Pozzolan for Use as 

a Mineral Admixture in Por t land Cement Concre t e " . 

ASTM C 3 1 1  and C 6 1 8  fur ther detail the characteris t ic s  as 

we l l  as metho ds o f  s amp l ing and t e s t ing FA . 

1 8  
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The p roper t i e s  o f  FA wi l l  vary with s our ces  and combu s t ion 

charac t e ri s t i c s  as it r e l a t e s  to the generat ing p l ant . Tab les  3 

and 4 show an e lemental  ana lys i s  o f  two different fly ashes . 

Tab l e  3 shows an e l emental analys i s  o f  a s p e c ific  FA from a 

t yp ic a l  coal , mine d in Wyoming but burned by Oklahoma Gas and 

Ele ctric  at  Muskoge e ,  Oklahoma . Tab le 4 on the o ther hand shows 

a FA ana lys is  done by Monier Re s ourc e s  Inc. of ·S an Antonio , 

Texas . Thi s was the FA u s e d  in the ins t a l lat ion in Ant ler s , 

Oklahoma . The FA was produced by We s tern Farmers Ele c t r i c  o f  

Hugo , Oklahoma and supplie d  by Monier Re s ourc e s  of San Ant onio , 

Texa s . 

Cement 

The c ement u s e d  in the fabr i c  form plac ement i s  a Type I 

Por t l and cement ( ASTM C 1 5 0) .  

Ins t a l l a t ion Procedure 

The third aspect  of the fabric form ins t al l at ion involved mat 

p lacement . Fir s t , the d i t ch area was prep ared . Thi s  con s i s ted 

of  c l ear ing the b rush , and the addit ion of  s oi l  f i l l  ma terial for 

proper grade . Second , an anchor trench , 1 8  in deep wa s dug on 

b o th s ides of the d i t ch s lop es  p ara l l e l  to the s tream channe l .  

Figure 6 shows the s it e  preparat ion . 

The fabrics u s e d  on the j ob were furni shed by Cons truc t ion 

Te chnique s  Inc . o f  C l eve l and Ohio . Fabric s were de l ivered to  the 

j ob s i te in r o l l s  cons i s t ing o f  s everal s eparat ed p ane l s  per 

1 9  
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TABLE 3 .  ELEMENTAL ANALYS I S  OF FLY ASH 
FROM COAL MINED IN WYOMING 

Elemental of Ash 

S i0 2 

Al2 o3 

Ti0 2 

Fe 2 o3 

CaO 

MgO 

Na 2 0 

K2 0 

P 2 0 5 

so3 

Ash Calculat ions 

Bas e Cont ent ( PCT) 

Acid Content ( P CT) 

Dolomit e Content ( PCT) 

Bas e to Acid Ratio 

S ilica t o  Alumina Ratio 

T 2 5 0  ( Temp in °F for 2 5 0  P o i s e )  

As s ay 
co 

3 1 . 5 0  

1 8 . 5 0 

0 . 8 4 

7 . 0 0 

2 8 . 0 0 

4.82 

1 .  4 7  

0 . 3 4 

0 . 4 1 

5 . 4 7 

4 5 . 0 3% 

5 4 . 9 8 

7 8 . 8 4 

0 . 8 2 

1.  7 0  

2 1 9 9°F 

This is an analy s is o f  a s ample o f  fly ash from a modern 

ele c tric p ower generat ing station burning Wyoming coal . 

S ource : Oklahoma Gas & Ele c tric  Company of  Mus kogee ,  OK , 1 9 7 7  

2 0  

Analysis 

Viscosity 



• 

N I-' 

• • 

Chemical Analysis 
% 

Silicon Dioxide(Si02) 

Alumirn.Jm Oxide(Al2o3 

Iron Oxide (Fe2o3) 

Sum of Si02,Al2o3 Fe2o3 

Sulfur Trioxide(S03) 

Moisture Content 

Loss on Ignition 

* ANSI/AS'IM C618-80 

• • • • • 

TABLE 4. ANALYSIS OF FLY ASH FRCM HUGO PLANl' 

Results Spec* Physical Analysis 
Class F/C 

3 8.8 Amotmt Retaine d on 325 Sieve,7. 

20.4 Pozzolanic Activity Index 
with portland cerrent 

5.9 at 28 days, % of control 

65.1 70.0/50.0 min With lime at 7 days, psi 

2.0 5.0 max Water Require d, 7. of Control 

0.04 3.0 max Autoclave Expansion, i. 

0.29 12.0/6.0 max Specific Gravity 

• 

Results 

19.9 

96 

1017 

92 

0.03 

2.72 

Source: Moiner Resources Inc. and Raba-Kistner Consultants Inc. of San Antonio, Texas, 1983. 

• • 

Spec* 

34 max . 

75 min . 

800 min. 

105 max . 

0.8 max . 
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Figure 6 .  S i t e  Preparat ion for the Fabric Form Ins tal lation . 
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Figure 7 .  S ewing o f  the Fabric  Pane l s . 
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roll . Thes e  were prefabricated to s iz e  to conform to the 

dimens ions o f  the ditch . The rolls o f  fabric were j o ined 

together in the field where s ome cut t ing and s eaming was 

required , especially around a gas p ip e  line . A F i s chb ein Mo del E 

portable s ewing mach ine that s ews at a rate o f  3 0  ft/min was 

u s ed .  A portab le generator suppl ied the 1 1 5 volt electric ity 

needed by the s ewing mach ine . To s ew the r o l l s  t ogether a nylon 

thread , #1 3 8  BST , was used . Figure 7 shows the s ewing operation . 

The fabrics were laid out along the ditch, with the upper 

ends tucked into the anchor trenches at the t op o f  the ditch 

s lop e . The tucked p ar t  o f  the fabric was f i l l ed with grout 

fir s t , t o  hold the remaining fabric in p lace and t o  prevent 

undercutt ing dur ing flooding . A small s lit i s  cut into the 

fabric at a suitable l o cat ion usually high on the s lope . The 

no zzle o f  the pump hose i s  ins er t ed between the fabric layer s  

through the s lit  and grout i s  inj ec t ed . After the anchor 

trenches were f i lled and proper ly c overed with grout , the 

remaining p art of the fabric was fi lled one s ect ion at a time . 

Figure 8 shows the anchor trenches being f i l led . 

The grout u s ed for the fabric form was mixed bas e d  on the 

lab oratory t es t  des igns . I t  was prepared at Ru s t in Concrete ' s  

Hugo p lant and delivered to the s it e  in a ready mix t ruck , one 

bat ch at a t ime . The p re-mixed grout was trans ferred into a 

Mayco Model C - 3 0  portable grout pump rated at 1 2 yd3/hr . A 1 5 0  

f t  long hose, 2 i n  in diameter was u s e d  t o  deliver the grout to 

the fabric p anel s .  A s c reen was p laced on the hopper leading to 

the pump t o  prevent over s iz e  mater ial from enter ing the pump . 

2 4  
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Figure 8.  F i lling Anchor Trenches .  
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There were 1 3  t e s t  s e c tions in the fabri c form mat , and each 

s e ct ion wa s f i lle d with a predetermine d mix which wa s specified 

in the p lan . The type o f  mix that went into a specific t e s t  

s e c tion wa s randomly s ele c t e d  from the thre e b atche s o f  the 

o rig inal des ign mixe s . Figure 9 shows the p lan for the randomly 

s ele c t e d  t e s t  s e c t ions o f  the fabric form mat . 

The f irs t batch o f  grout mix containing 0 p ercent FA and 1 0 0  

percent P C  wa s u s e d  t o  fill the p re s elect ed s ect ions 1 ,  2 , 5 ,  8 ,  

11 and 13. The second batch of grout mix containing 50 percent 

FA and 5 0  percent PC was used t o  f i l l  s e c t ions  4 ,  6 ,  9 and 1 2 . 

F inally , the third b atch that contained 8 0  percent FA and 2 0 

percent P C  wa s u s e d  t o  f i ll the remaining s e c t ions 3 ,  7 and 1 0 .  

No p las t icizer was re qu ired in the mixe s  u s e d  in the ins tallat ion 

becau s e , the laboratory t e s t re sult s indicated that FA wa s able 

t o  a dequately enhance the flow characte ri s t ics o f  the mixes . 

Poke s t icks were u s e d  to a s s i s t  in the filling o f  the fabric 

mat so that the g rout wa s evenly d i s t ribute d .  As work p rogre s s ed 

down s t re am ,  the fabri c wa s cont inually spread and each t e s t 

s e c t ion f i lle d with grout . Thi s  p rocedure allowe d the fabric 

form to conform t o  the contours of the ditch . 

In complet ing the fabric form ins tallation , a total of  9 5  yd3 

2 of  grout and 8 , 6 0 0  ft o f  fab ric were u s e d . The fabri c form ma t , 

as  p lac ed , produc ed a mat with a nominal thickne s s  o f  4 inche s ,  

weighing 4 4  lb s /ft 2 . 

The ent ire ins tallat ion las t e d  two days , requ iring a crew o f  

four to s ix people. Fi gure 1 0  shows the appe arance of  the fabric 

2 6  
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form ma t after ins t a l l at ion , F igure 1 1  shows a typ ical  cro s s  

s e c t ion o f  the mat and de tai l s  o f  the anchor trench . 
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Figure 1 0  . Fabric Form S i t e  After Ins ta l lat ion . 
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TYPICAL CROSS SECTION . 

FENCE 

27 FT 

411 FABRIC 
FORM MAT 

FABRIC 

5FT 

ANCHOR. 
TRENCH 

GR A D E = I . 0 6 °/o or 
56. I ft /mi 

ANCHOR TR E NC H DETAIL 

. . .  : . . . . 
. . . · · 

· .. · . 

· . 1811 

Figure 11. Typical cross Section of Mat & Anchor Trench . 
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PROBLEMS 

Whi l e  much o f  the s ewing may be done by the fabricator , s ome 

work wi l l  b e  required in the field . A portab l e  gener ator is  

required . Also , the fabric to be  s ewn mus t  be kept  c l e an .  Dirt 

is very abras ive and can c log or caus e exce s s ive wear in the 

s ewing machine feeding mechani sm . Mos t  of the t ime thre e  peop l e  

are requ ired t o  fac i l i t at e  the s ewing o f  a s eam . 

As 

prob l em .  

with any project utilizing fabrics, wind 

Provi s ions should b e  made to  we igh down the 

keep it in p l ace . 

could be a 

fabric t o  

Weep hole  a s s emb l i e s  mus t  b e  u s e d  when ground water t ab l e s  

are exp e c ted . Figure 1 2  shows a typ ic a l  cros s s e c tion o f  .weep 

holes  ins t a l led in the mat . 
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WEEP H O LE DETA I L  

- . . � FABRIC · < 

WATER TABLE 

WATER FLOW 

Figure 12 . Cross Section of Weep Holes . 
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EVALUATION AND ANALYSIS OF DATA 

The re are two aspe c t s  t o  the evaluat ion and analys i s  o f  data 

c o l l e c t e d  from the fabric form ins t a l lat ion . 

The f ir s t  aspect  wa s the analys is  o f  data obtaine d from 

laboratory t e s t s o f  the mix des igns . Three batches  o f  grout were 

t e s t e d  based  on recommendat ions indi cated in the mix des ign 

s e c t ion of this r epor t , and in ac cordance to  the ASTM s t andard 

practic e s .  Dat a  collect ed included calculated values of several 

different var iab l e s  e.g. s lump ,  percent o f  air , percent o f  FA or 

PC , wat er - cement ratio , rate of p l a s t icizer , flexura l  s trength , 

2 8  and 1 8 0  day c ompre s s ive s trength , and 2 8  and 1 8 0  day abras ion . 

The f lexura l s trength at 2 8  and 1 8 0  days , and the compres s ive 

s trength at 28  and 1 8 0  days , inc luding abr a s ion re s i s t anc e , were 

u s e d  as dep endent var iab l e s . Tab le 5 s hows the 18 mix des igns 
� 

t e s ted  in the l aborat ory, wh i l e  Tab le  6 shows the mix des ign 

resu l t s  for each value o f  the dependent var iab le s  in the 1 8  

mixes . 
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• TABLE S .  TRIAL MIX PARAMETERS 

• Fly ash/Cement Water Rat e  Air S lump Dens i t'l.· 
Samp l e  Rat io Cement o f  Cont ent ( in )  ( lb s /yd 

No . ( % )  Rat io P la s t ic i zer ( :z )  
( oz / 1 0 0  lb s 

c ement ) 

• 1 s o  s o  o . s  0 8 1 .  0 3 3 8 4  

2 s o  5 0  o . s  l S  8 4 . 0  3 S 24  

3 5 0  s o  o . s  3 0  8 4 . 0  34 3 1  
• 4 8 0  2 0  0 . 6  0 8 . 5  2 . 0  3 3 3 4  

5 8 0  2 0  0 . 6  1 5  7 . 5  3 . 0  33 4 8  

6 8 0  2 0 0 . 6  3 0  7 . 5  4 . 0  3 3 9 0  

• 7 8 0  2 0  0 . 5  0 8 . 5  1 .  0 3 6 7 5  

8 8 0  2 0  0 . 5  1 5  8 . 0  1 .  5 3 6 8 0  

9 8 0  2 0  0 . 5  3 0  7 . 0  1 .  5 3 6 9 2 

• 1 0  5 0  s o  0 . 6  0 7 . 5  2 . 0  3 5 8 2 

1 1  ..... 5 0  5 0  0 . 6  1 5  7 . 0  4 . 0  3 6 5 2  

1 2 5 0  5 0  0 . 6  3 0  7 . 5  4 . 0  3 6 5 9  

• 1 3  0 1 0 0  0 . 5  0 8 . 7 5 3 3 5 3  

1 4  0 1 0 0  o . s  1 5  8 2 . 0  3 5 9 5  

1 5  0 1 0 0  0 . 5  3 0  8 2 . 0  3 5 9 5  

• 1 6  0 1 0 0  0 . 6  0 8 1 .  5 3 5 4 8  

1 7  0 1 0 0  0 . 6  1 5  8 2 . 0  3 S 5 2  

1 8  0 1 0 0  0 . 6  3 0  9 2 . 2 5 3 4 1 3 

• 
Ab s o lute vo lume wa s u s e d  for c a l culat ing the des ign mixes . 

• 

• 34 
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T ABLE 6 .  M IX DE S IGN RE SULTS 

F ly Ash / C eme nt 
., 

2 8  D ay 1 8 0  Day 2 8  D ay 1 8 0 

S amp l e R a tio Fl e xural C ompre ssiv e C ompre s s iv e  Ab r a sion Ab r a sion 
N o. ( 7. )  S tre ngth Stre ngth Stre ng th Re s� st a2 c e  R e si3 tan2 e 

( p s i )  ( p s i )  (psi )  (cm /cm ) (cm /cm ) 

1 5 0  5 0  2 7 5  2 2 5 7  3 2 0 5  3 . 8 3 3 . 2 0 

2 5 0  s o  2 5 6  1 4 2 6  2 0 7 7  3 . 7 9 4 . 6 3 

3 5 0  5 0  2 5 8  1 7 7 4  2 7 0 6 3 . 3 2 2 . 7 4 

4 8 0  2 0  1 1 3  5 2 1  1 7 5 0  6 . 1 9 7 . 8 1 

5 8 0  2 0  1 2 1  7 3 3  1 2 4 3  4 . 3 2 5 . 6 6 

6 8 0  2 0  1 2 4 6 4 0  1 9 0 0  5 . 1 1 6 . 9 3 

w 
7 8 0  2 0  1 7 7  8 8 0  2 0 1 3  6 . 7 8 4 . 7 4 

Ul 

8 8 0  2 0  1 6 6 8 6 6  1 8 1 6  5 . 5 6 3 . 3 4 

9 8 0  2 0  1 6 4  8 0 3  1 9 7 3  5 . 9 9  3 . 0 0 

1 0  s o  5 0  2 3 2  1 7 0 3  2 0 8 5  S . 3 2 S . 3 2 

1 1  s o  5 0  2 4 9  1 8 2 0  2 0 0 3  2 . 7 1 1 .  7 8  

1 2  s o  s o  2 8 8 2 2 6 0  2 7 6 3  1 .  9 S  2 . 4 4 

1 3  0 1 0 0  4 2 3  2 8 6 7  3 2 0 0  2 . 5 0 2 . 0 8 

1 4  0 1 0 0  4 2 1  3 3 4 4  3 7 2 8 1 .  2 1  2 . 0 2 

1 5  0 1 0 0  4 6 1  3 3 7 7  3 4 5 6  2 . 7 5 2 . 2 1 

1 6  0 1 0 0  4 7 8  3 S 4 5  3 8 1 0  2 . 4 0 2 . 4 0 

1 7  0 1 0 0  4 S l  2 9 1 0  3. 2 6 2 1 .  2 0  1 . 4 3 

1 8  0 1 0 0  4 3 6  3 8 1 6  3 9 3 9  1 .  9 3  1 .  9 0  

• 
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Compre s s ive s trengths were found t o  incre ase  with decreas ing 

amount s o f  FA in the ab s enc e o f  p l a s t i c i z er and with low 

water - c ement rat io s . I t  was fur ther indicated from ana lyzed data 

that the specimens increa s e  in s trength with age . 

In summary , the l aboratory t e s t  r e sul t s  indicate d the 

fo l lowing : 

1 .  P las ti c i z er has no effect on abras ion l o s s whi l e  an 

increa s e  in FA produced increa s e s  in abras ion l o s s  . 

Thi s i s  shown in the graph in F igures 1 3  and 1 4 . 

2 .  Incre a s e s  in p l a s t i c iz er content predict ab ly increas e 

the s lump as in s tandar d P C  mixes . 

3 .  Air cont ent has no e ff e c t  o n  any o f  the var iab l e s  

c ons idere d .  

4 .  The water - cement ratio o f  0 . 5 ,  in the ab s ence of  

p l a s t ic izer , provided better c ompres s ive s trength than . 

the 0 . 6  water- cement ratio , a l s o  with no p la s t i c i zer . 

5 . 

6 .  

An increa s e  in the proport ion o f  FA sub s t ituted for PC  

tends to decre ase  the compre s s ive and f l exural s trengths 

and the abras ion re s is tance a s  shown in Figur e s  1 5 , 1 6 , 

and 1 7  . 

The maximum amount o f  FA that may be sub s t ituted for PC 

to ob tain bet ter f l exural and compres s ive s trength is  

s omewhere near 2 0  perc ent . 
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Figure 1 3 . Abras ion Res is tanc e at 2 8 days . 
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The s e c ond aspect  o f  the evaluation and analys is  is  the 

periodi c inspect ion of the ins t a l l e d  fabric form mat . A visual 

survey o f  the mat was conduc ted once a month for three years 

fo l l owing the ins t al l at ion . The survey was to determine if  there 

is any abras ion , cracking , or no t iceab l e  fabric deterioration . 

Spe c i a l  attent ion was focu s e d  o n  finding evidenc e o f  po s s ib l e  

chemical , bio logi cal  or phys ical degradation that may have 

o c curre d  due to expo sure o f  the mat to u ltraviolet radiat ion and 

o ther e nvironment al e l ement s . 

The phy s ical  appe aranc e o f  the fabric form mat e s s ent ial ly 

remains the s ame . In the summer o f  1 9 8 7 , the fabric upper layer 

app ear s to be p erforming we l l  with l i t t le u ltraviolet  degradation 

noted . The moderat e ly abras ive bedload •o f  coar s e  s ands and sma l l  

grave l whi ch vary i n  s iz e  from 0 . 5 t o  2 i n  has not no t iceab ly 

affe c t e d  the fabric or the grout a long the bottom o f  the dit ch · 

�hanne l .  

Figure 1 0  shows the pres ent condition o f  the ins t al led fabr ic 

form mat . 
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COST ANALYS I S  

The c o s t  o f  a fabric form ins ta l lation wi l l  vary depending on 

the fabric manufac turer ' s  current price , t yp e s  of fabric and 

fabric  form , rat e s  o f  l o c a l  labor , type and comp o s ition o f  the 

grout , and amount of s i te  preparat ion required . 

On this proj e c t , a c o s t  ana lys is  ind i cated that the fabric 

form mat ditch l iner , in-place , 4 inche s thi ck , was  $ 1 5  p er yd2 

( 19 8 2 ) . Thi s compared to conventional C lass C ( ODOT Spec . 7 0 1 )  

2 concr e t e  d i t ch l iner in - p l ace and 4 inche s thick at $ 1 7  p er yd . 

A s aving s o f  $ 2 p er yd2 wa s realized and for a 9 5 5  yd2 

ins ta l lat ion , ODOT s aved $ 1 , 9 1 0 . 0 0 a s  s hown in Tab l e  7 .  

TABLE 7 .  Compar a t ive Cos t s  

$ Cos � Are1 Total 
E- �- $ Cost  

Conventional Cement Dit ch Liner 1 7  9 5 5  $ 1 6 , 2 3 5  

Fabric Form with FA- Cement 1 5  9 5 5  1 4 , 3 2 5 

To t a l  S aving s $ 1 , 9 1 0  

Bas ed  on the total  cost  o f  ins ta l l at ion as shown above , it 

c an b e  e s tab l i she d that FA-PC grout s , u s e d  in geotext i l e  fab r i c  

forms i s  an economic a l  and c o s t  e ffective approach t o  ero s ion 

contro l along highways and near b ridges . 
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CONCLUS IONS 

The performance of the fabric form mat in s ta l led by the 

Re s e arch Div i s i on of ODOT has b e en s at i s fac tory , not only from an 

eng ineer ing perspective but from a concep tual and ut i l ity point 

of view . The ins t a l l at ion i s  not only unique in it s u s e  o f  FA , 

but has shown that f abric form us ing the FA - PC grout f i l ler , i s  

a b enef i c ial 

a ctivitie s . 

procedure for cons truct ion or maintenance 

S ince the ins tal l at ion , eros ion in the area has b e en 

cons iderab ly reduced and flood waters  properly channe l i z ed . Not 

only is ero s ion a long the channel pre s ent ly contro l led , there are 

no indicat ions of any failure s  l ike cracking or abras ion . 

The fabric form experiment has shown that , FA can b e  u s e d  

succe s s fu l l y  in certain proport ions when mixed with PC t o  produce 

a s trong durab le  grout mix . In thi s par t i cular exper iment , the 

data indicate that FA -PC mixe s with 5 0 : 5 0 rat io provide the mo s t  

favorab l e  re su l t s  when a l l  the dependent var iab l e s , i . e .  abra s ion 

re s i s tance , fl exural s trengths and compre s s ive s trengths were 

cons idered . 

Geo text i le fabric 

fo l lowing comparative 

d i t ch l iner s : 

forms us ing 

advant age s 

FA-PC mixture s have the 

over convent iona l PC  concre te 

1 .  I t  is  more e conomica l . The c o s t  o f  materials  and labor 

are l ower and more predic tab l e  . 
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2 . 

3 .  

4 .  

5 .  

6 .  

I t  is  ver s at i le . I t  can b e  ins ta l l e d  on dry l and and 

under water without having to contro l the amount and 

level o f  the water . 

There i s  no nee d for forms . 

There i s  no need for smooth grading . 

I t  can b e  shaped to f i t  any typ e  o f  t opography , 

inc luding ob s t a c l e s  such as  pipeline s , p o le s , b oulders 

and rough s lope s  with trenches and ditche s . 

I t  i s  ab le to adap t and c onform t o  t ight working places . 

7 .  I t  i s  qui cker to ins ta l l  and the grout s e t t ing t ime can 

be  contro l l e d  by FA con t ent . 

8 .  The mat c an be  made thicker or thinner by changing the 

length of the drop s t i t ches . 

9 .  I t  has a low maint enance r equirement . 

1 0 . I t  i s  no t only a concrete form but i t  a l s o  a c t s  a s  a 

r e inforcement s tructure with r e s i s tance t o  cracking . 

1 1 . 

1 2 . 

1 3  . 

Hydros tatic  pres sure re l i e f  i s  eas ily provided with the 

aid of p la s t i c  weepho l e  tub e s  ins ert e d  through the 

fabric pane l s . 

B leeding is  contro l led  by a l lowing exce s s  mix water 

through the woven fabric op ening s to produce a des irab l e 

l ow water - c ement ratio grout . 

There is  no need for any f in i shing . 

1 4 . There i s  no need for a cur ing membrane . 

1 5 . There i s  no ne ed for j o int ing . 
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The ins t a l l e d  fabric form mat has shown l i t t le detrimental 

effe c t s , the l i ght gray co lor o f  the fabric remains e s s ent ially 

the s ame . The 13  t e s t  s e c t ions are s tructurally and phys ically 

s tab le  after four years . Thi s app l icat ion , us ing FA-PC mixture s ,  

has corr oborated other r e s earch and engineer ing re sult s about the 

advantage s that a FA-PC mix ture in fabric form has when comp ared 

to  c onventional d i t ch l iner s . ( 1 4 )  

A user  o f  a c onvent iona l l iner i s  norma l ly concerned with the 

s t rength , workab i l ity , uniformity , s e t t ing t ime , drying , 

f in ishab i l ity , abras ion r e s i s tance , s hr inkage and cr acking 

p o t ent i a l  o f  the l iner . Fabric form us ing FA-PC mixture , b a s e d  

on thi s demons trat ion , exhib ited g o o d  p o t ential f o r  improving 

the s e  engineer ing charac ter i s t i c s . It was shown to be eas ier and 

l e s s  cos t ly to ins t a l l  than convent ional concrete l iner . S everal 

years of ob servat ions are needed to put to r e s t  the doub t  and 

c oncern about FA-PC durab i l ity , long term e ffe c t s  o f  freeze - thaw , 

abras ion r e s is t ance , f lexura l  s trength and i t s  g ener a l  u s e  as  a 

means of  contro l l ing ero s ion . 

I t  has been four years s ince the ins t a l l at ion ( 1 9 8 3 ) . The 

ma t has proven t o  be effe c t ive in contro l l ing eros ion and flood 

damage at the s i te . Here , it  has r e duced s ediment at ion , 

e l imina t e d  ero s ion and b rush growth . I t  was ins t a l l e d  under 

f l owing water with minimum e quipment and no app ar ent p o l lut ion t o  

the wat er . Furthermore , fab r i c  form proved not only to be 

prac t i c a l  but it  is c o s t  e ffective , eas ier and fas t er to  ins t a l l , 

and it  i s  e conomi cally  feas ib l e  to adopt for s l ope  protect ion , 

eros ion control and other re lated rout ine ma intenance operat ions . 

4 6  

' 

• 



• 

• 

• 

• 

• 

• 

• 

• 

• 

The des igned grout mixes have performed we l l  and me t the 

exp e c t e d  s trength requirement s ,  but informat ion i s  s t i l l  needed 

on the l ong term durab i l ity of FA-PC grout . Periodic s amp l ing 

and t e s t ing i s  needed t o  e s tab l i sh an a c curate and comparative 

re lationship between the laborat ory unconfined compre s s ion t e s t s  

and the in-p lace compre s s ive s trengths o f  the ins t a l l e d  fabric 

form grout . 
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RECOMMENDATIONS 

The fabric form demons tration has shown that the ins tal lat ion 

of f abr i c  forms is a prac t i c a l  and feas ib l e  technique with 

predictab l e  l ower c o s t s  than convent iona l PC ditch l iners . A l l  

t h e  de s ign grout mixes met manufacturers sugg e s t e d  s trength 

requirements . Fabric form grout s containing C l a s s  C FA are 

recommended for ditch eros ion c ontro l . 

The fabri c  form s it e  should be moni tored annual ly and core 

s amp le s  t aken periodica l ly for 1 0  year s . Thi s wil l a l l ow 

adequat e t ime for a long term s trength and performance evaluat ion 

o f  the t e s t  s e c t i ons . 

Concern about u ltravio let  degradation o f  e i ther fabric s e ems 

unwarranted , s ince both fabr i c s  s howed no vi s ib l e  s ign o f  

degradat ion in the four year s  s ince ins t a l l a t ion . I t  i s  

�ecommended that e i ther fabric be  cons idered for u s e . 

F ina l ly it  i s  recommended that ODOT cons ider fur ther fabric 

form re s ear ch us ing : fi l t er p o int f abric s , thicker mat s e c tions , 

r e infor c e d  and ar t i cul ated b lock mat s . 

A recommended specificat ion on fabric form us ing FA-PC i s  

inc lude d in the App endix . 
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1 3 . Oklahoma Dep ar tment o f  Highways S t andard Spec ificat ion for 
Highway Con s t ruct ion , S e c t ion 7 0 1 , Okl ahoma C ity , Okl ahoma , 
pp . 3 3 3 - 3 3 5 , 1 9 7 6  . 

1 4 . P i l dysh , Mikhai l  and Wi l s on , Ken , "Coo l ing Ponds Lined with 
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OKLAHOMA DEP ARTMENT OF TRANS PORTAT ION 
SPEC IAL PROV I S ION 

FOR 
FABR I C  FORMED CONCRETE MAT 

6 5 0 - l ( a - d )  

The s e  S p e c i a l  P r ov i s ions revi s e , amend and whe r e  i n  con f l i c t , 
super s e de app l i c ab l e  S e c t i on s  o f  the S t andar d Spe c i f i c a t i o n  f o r  
H i ghway Cons t ruc t i on , E d i t i on o f  1 9 7 6  and t h e  Supp l ement there t o , 
E d i t i on o f  1 9 8 4 . 

6 5 0 . 0 1 .  DESCRIPTION . Th i s  work s h a l l  cons i s t  o f  p l ac ing a 
two l ay e r e d  g e o t ext i l e  fabr i c  f o rm ma t on a p r ep a r e d  s ur f  a c e  and 
f i l l ing the p l a c e d  mat with a pumpab l e  aggr e ga t e , P o r t l and c ement 
and / o r  P o r t l and c ement and f l y  a s h , and wa t e r  s lurry grout . The 
fab r i c  forme d c onc r e t e  ma t s h a l l  be ins t a l l e d  at the l o c a t i ons 
and in a c c o r danc e  wi th the cro s s - s e c tions , l ines and 
conf igur a t ions s hown on the P l an s . 

6 5 0 . 0 2 .  MATER I ALS . ( a )  Fab r i c  and S p a c e r  Co r d . The f ab r i c  
f o rming ma t e r i a l  s ha l l  c on s i s t  o f  mu l t ip l e  pane l s  o f  a woven 
doub l e  l ay e r  g e o text i l e , j o ined t og e ther to form a ma t wi th 
r e gular ly s p a c e d  c o r d  drop s t i t c h e s  b e tween the fab r i c  laye r s . 
B o t h  up p e r  and l owe r f abr i c  l ay e r s  s ha l l  b e  made o f  i dent i c a l  
ma t e r i a l . 

The c omp o s i t ion o f  the fab r i c  shal l be a t  l e a s t  8 5 %  
p o lyo l e f ins , p o lyamide s ,  p o l ye s t e r  o r  a c omb ina t io n  o f  the s e . 
The s p a c e r  c o r d  drop s t i t ches , o f  un i fo rm l ength , sh a l l  b e  
l o c a t e d  b e tween t h e  two fabr i c  l aye r s  t o  cont r o l  t h e  P l an 
t h i ckne s s  o f  t he mat . 

: The fab r i c  and s p a c e r  c o r d s  s ha l l  exhib i t  the fo l l owing 
p r op e r t i e s : 

Te s t  

Tens i l e S t r ength ( m in . ) 
Bur s t  S t rength (min . ) 
Punc ture S t rength ( m in . ) 
S e am Breaking S t r ength ( m in . ) 
S p a c er Cord S t reng th ( m in . ) 
Sp a c e r  C o r d  ( th i ckne s s  d im . ) 
Abr a s i on Re s i s t an c e  ( m in . ) 
C o e f f i c i ent o f  

P e rme ab i l i t y  ( m in . ) 
U .  V .  Re s i s t an c e  
AO S ( US S i eve Numb e r ) 

2 0 0  l b s . 
4 5 0  p s i  

8 0  l b s . 
1 6 0  p s i  
1 0 0  l b s . 
4 - 6  ins . 
5 5  l b s . * * 

0 . 0 2 cm/ s e c . 
9 0 %  s t r eng th* * *  
3 5  - 7 0  

Me thod 

A S TM D 1 6 8 2  
A S TM D 3 7 8 6  
A S TM D 7 5 1 *  
A S TM D 1 6 8 3  
ASTM D 2 2 5 6  

A S TM D 3 8 8 4  

A S TM D 4 4 9 1  
A S TM D 4 3 5 5  
cw 0 2 2 1 5  

* Tens i on t e s t ing machine with r ing c l amp ; s t e e l  
b a l l  r ep l a c e d  with a 5 / 1 6 " d i ame t e r  s o l i d  s t e e l  
cy l inder c e n t e r e d  w i t h in the r ing c l amp . 

** 
* * *  

1 0 0 0  r evo lut ions , 1 kg l o a d / whe e l  ( Taber ) 
S t rength r e t a in e d  a f t e r  5 0 0  h r s . in a xenon 
we atherome t e r  
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6 5 0 - l ( b )  

1 .  Ac c e p t anc e . The Con t r a c t o r  s ha l l  furn i s h a Typ e A 
Ma t e r ia l s  Ce r t i f i c a t i on for the fab r i c  form and s p a c e r  c o r d  in 
a c c o rdance with Sub s e c t i on 1 0 6 . 1 2 .  A three s quare y a r d  s amp l e  o f  
the fabr i c  w i th s p a c e r  c o r d  s ha l l  be furni s hed by t h e  Contr ac tor 
t o  the Eng ineer from e a ch lot o r  s h ipment . 

( b )  Gr out . The grout s ha l l  c ons i s t  o f  a mixture o f  Por t land 
c emen t , f l y a s h  ( op t iona l ) , f i ne agg r e g a t e  an d wat e r ; 
p r o p o r t i on e d  an d mixe d t o  p ro v i de a r e a d i l y  pumpab l e  s lur ry . 

A s ug g e s t ed r ange o f  ing r e d i en t s  for a cub i c  y a r d  o f  s lurry 
i s  l i s t e d  b e l ow :  

P o r t l and Cement / F l y  a s h  
Aggregate 
Wa t e r  
Air Entra inmen t  

Un i t ( l b s . )  

9 0 0 - 1 0 0 0  
2000- 2 200 

5 0 0 - 6 5 0  
6 %  ± 1 %  

A Job -Mix D e s ign inc luding the - u s e  o f  f l y  a s h  or o th e r  
admixture s s ha l l  b e  s ubmi t t e d  by t h e  Con t r a c t o r  to the Eng ine e r  
f o r  app rova l . 

1 .  P o r t l and c ement s ha l l  c onform t o  AASHTO M 8 5  Typ e  I .  
When a p o r t i on o f  the c emen t  i s  s ub s t i tu t e d  wi th C l a s s C f l y  a s h  
i t  s ha l l  c on form t o  ASTM C 6 1 8 . A max imum o f  5 0 %  f l y a s h  may b e  
s ub s t i tu t e d  by we ight o f  Po r t l and c ement . 

2 .  Agg r e ga t e s s ha l l  me e t  the r e qu i r emen t s  o f  Sub s e c t i on 
7 0 1 . 0 5 for c onc r e t e  agg r e ga t e s , e x c e p t  for the g r a da t i on . The 
ag &rega t e s  s h a l l  b e  we l l  g r a ded from the maximum s i z e  wh i c h  c an 
b e  r e a di l y pump ab l e  with approved e qu ipmen t . 

3 .  Wa t e r  s h a l l c on form to Sub s e c t i on 7 0 1 . 0 4 .  
4 .  A i r  ent r a in ing agent s c onforming to Sub s e c t i on 7 0 1 . 0 3 

s h a l l b e  u s e d . 
5 .  Grout f lu i d i f i e r s , i f  u s e d  s ha l l  c on form t o  Sub s e c t i on 

7 0 1 . 0 3 .  
6 .  Ac c e p t an c e . 6 . 1 .  A i r  content o f  the grout s h a l l  b e  5 . 0 7. 

t o  7 . 0 % wh en t e s t e d  in a c c o r d ance wi th AASHTO T 1 5 2  o r  T 1 9 6 . 
6 . 2 .  C y l inde r s  s ha l l  b e  c a s t  and t e s t e d  in a c c o r dan c e  with 

AASHTO T - 2 2  r e qu i r ing a min imum c omp r e s s ive s tr eng th o f  2 0 0 0  p s i  
a t  2 8  days . 

6 5 0 . 0 3 .  EQUIPMENT . ( a )  Fab r i c  S ewing Mach ine . A F i s c hb e in 
"Mode l E "  p o r t ab l e  e l e c t r i c  s ewing mach ine or i t s  equ iva lent 
s h a l l b e  u s e d  for s ewing the fab r i c . 

( b )  B a t c h ing and Mix ing Equipment . The b a t ch ing e qu i pmen t 
an d mixer s ha l l  me e t  the r e qu i r emen t s  o f  Sub s e c t ion 5 0 9 . 0 3 .  

( c )  Grout Pump . The grout p ump s ha l l  have a min imum 
capa c i ty o f  1 2  cub i c  yards p e r  hour through a 2 inch h o s e . A 
May c o  Mode l C - 3 0  o r  i t s  e quiva l en t  wi l l  b e  s a t i s f a c t o ry . 

6 5 0 . 0 4 .  CONSTRUCT ION METHOD S .  ( a )  I n s p e c t i on and S t orage 
o f  Fab r i c . Fo l l owing the r e c e i p t  of the r o l l s  o f  fabri c s , they 
s h a l l b e  i n s p e c t e d  and s t o r e d  in a c l ean , dry , p ro t e c t e d  a r e a  
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6 5 0 - l ( c )  

wh e r e  they wi l l  no t be subj e c t e d  to me chan i c al damage or wetne s s  . 
( b )  Sur f a c e  Preparat ion . The s ur f a c e  to be p ro t e c t e d  by the 

fab r i c  formed conc r e t e  mat s ha l l  be p r e p ar e d  and s haped to an 
extent tha t i t  i s  s t ab l e . Hand d igging to o l s  may be u s e d  in 
a r e a s  of s t eep s l op e s , power and u t i l i t y  l in e s  or t igh t s p o t s  
whe r e  heavy d i g g ing ma ch inery c anno t b e  u s e d . 

( c )  Anchor Trenche s . Tren che s s ha l l  b e  dug a t  l o c a t ion s 
s hown on t h e  P l an s , or a s  may b e  approved by the Eng ine e r  t o  
s e rve a s  anchor s for the mat . The s e  t r enche s may b e  dug with 
hand too l s  o r  by mach ine . The min imum dep th of the anchor 
t renche s s ha l l  be 12  inche s . 

( d )  Fab r i c  P l ac emen t . F ab r i c  p ane l s  s h a l l  b e  unro l l e d  in 
the d i r e c t i on of the f l ow of wa t e r  w i t h  the upp e r  e dg e s  anc h o r e d  
in the t renche s . Adj a c en t  f ab r i c  p an e l s  s h a l l b e  j o in e d  toge ther 
by seaming pr ior to grout inj e c tion . On l y  mach ine sewn seams 
s ha l l  b e  a l l owe d in j o ining the fab r i c  p ane l s . 

A f t e r  the e dg e s  o f  the f ab r i c  p ane l s  a r e  p l a c e d  in the t r ench 
they s h a l l  b e  anchor e d  by f i l l ing the upp er fabr i c  e dg e s  w i t h  
grout . . 

( e )  F i e l d  S e am .  Any two l aye r s  may b e  extended to a dj acent 
p ane l s  by j o in ing e dg e  to e dge by doub l e  s e aming with the f ab r i c  
manu f a c tu r e r s  r e c ommende d thread o f  ny l on , p o lye s t e r  o r  
po lypropy l ene that h a s  b e en t r e a t e d  wi th U - V  inh ib i t or . 

The fab r i c  l ay e r s  s h a l l  b e  j o ined by u s ing a doub l e  s ewn " J "  
s e am ( Fe d e r a l  S t andard Type S Sn- 1 )  o r  " But t e r f l y "  s e am ( F e d e r a l  
S t andard Typ e S S d - 1 ) . Care mu s t  b e  t aken to make s u r e  that the 
fabr i c  p ane l e dg e s  are c l ean , even and have been c omp l e t e l y  
p ene t r a t e d  b y  the s t i t ch dur i ng s ewing . 

� ( f )  D r a inage Devi c e . Hy dr os t a t i c  r e l i e f  we epho l e s  s ha l l  b e  
provided a n d  ins ta l l e d  i n  a manner a c c ep t ab l e to the Eng ineer or 
in a c c o r dan c e  with the P l an s . To p r event p as s ag e  of f ine s o i l  
p ar t i c l e s  through the weepho l e s , p i e c e s  o f  nonwoven geo t e x t i l e  
me e t ing the r e quiremen t s  o f  AASHTO M 2 8 8  s ha l l  b e  a t t ached at the 
bo t t om of the weepho l e  tub e s  p r io r  t o  the i r  a s s emb ly and 
p l a c ement . 

( g )  Mixing Grout . Ma t e r i a l s  u s e d  for p repar ing the s lurry 
grout s ha l l  b e  measur e d  and mixed in a c c o r dance wi th Sub s e c t ion s 
5 0 9 . 0 3  and 5 0 9 . 0 4 ,  except a s  p r ovi d e d  for h e r e i n . Mixing t ime 
s ha l l  be at l e a s t  one minu t e . Con t inuous l y  a g i t a t e d  grout may b e  
he l d  i n  the mixer f o r  a max imum o f  2 . 5  hour s i n  temp e r a tu r e s  
b e l ow 7 0 ° F  and no mo r e  than 2 . 0  hou r s  in t emp e r a tur e s  exc e e d ing 
7 0 ° F .  

( h )  G r out ing . Grout s ha l l  b e  inj e c t e d  through ho l e s  cut 
into the top l ayer o f  the fabr i c  p ane l s . Ho l e  s p a c ing in the 
fabr i c  s ha l l  b e  s ub j e c t  to app r oval by the Eng ine e r . The end o f  
t h e  grout ho s e  s h a l l  be ins e r t e d  and pump ing c ommenced a l l owing 
gr out to f l ow into the ma t . The ho l e s  in the fab r i c  l e f t  when 
the ho s e  i s  wi thdrawn s ha l l  b e  p lugged with c l o t h  un t i l  the grou t 
has t aken a s e t . Ex c e s s ive p r e s s u r e  on the fabr i c  i s  t o  be 
avo i de d . On l y  appr ove d mix ing and pump ing e qu i pment s ha l l  b e  
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65 0 - l ( d ) 

u s e d  in p r e p a r a t i on and h an d l ing o f  the s lurry g rout . O i l ,  rus t 
and dus t  o r  debr i s  s h a l l b e  r emoved from the mixing drum ,  
s t i r r ing me chan i sm and o ther par t s  o f  the e quipment that a r e  in 
d i r e c t  c on t a c t  with the s lurry grout . 

6 5 0 . 0 5 .  METHOD OF MEAS UREMENT . Th i s  wo rk a s  c omp l e t e d  and 
a c c e p t e d  s ha l l  be me a s ur e d  a t  the contra c t  un i t  p r i c e  per s qua re 
foot of fab r i c  forme d c onc r e t e  mat . 

· 

6 5 0 . 0 6 .  BAS I S  OF PAYMENT . Ac c ep t e d  quan t i t i e s  o f  fabr i c  
forme d c on c r e te mat a s  measured above wi l l  b e  p a i d  for a t  the 
contra c t  uni t  p r i c e  p e r  s quare f o o t  for : 

FABRIC FORMED CONCRETE MAT S Q .  FT . 

whi ch s ha l l b e  fu l l  c ompens a t i on for furni s h ing a l l  mater i a l s , 
e qu ipmen t , labor and inc i d en t a l s  required t o  c omp l e t e  the work a s  
s p e c i f i e d  . 
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