Technical Report Documentation Page

1. REPORT No. 2. GOVERNMENT ACCESSION No. 3. RECIPIENT'S CATALOG No.
FHWA-CA-TL-78-4

4. TITLE AND SUBTITLE 5. REPORT DATE
Control of Slope Erosion Using Fiberglass Roving with October 1978
Vegetation

6. PERFORMING ORGANIZATION

7. AUTHOR(S)

19703-637293

9. PERFORMING ORGANIZATION NAME AND ADDRESS 10. WORK UNIT No.

Office of Transportation Laboratory

California Department of Transportation

Sacramento, California 95819 11. CONTRACT OR GRANT No.
F-5-18

13. TYPE OF REPORT & PERIOD COVERED
12. SPONSORING AGENCY NAME AND ADDRESS Final- July 1977 to October 1978
California Depart.men.t of Transportation 14. SPONSORING AGENCY CODE
Sacramento, California 95807
15. SUPPLEMENTARY NOTES
This study was conducted in cooperation with the United States Department of Transportation, Federal Highway Administration.

16. ABSTRACT

This study demonstrated the us of fiberglass roving with vegetation for erosion control of severely eroding slopes. A total of three
sites were treated. Route 50, Camino and Route 41, Creston were treated in November 1977, and Route 101, Asti was treated in
January 1978. The sites were selected on the basis of varying soil types and different climatological conditions. Four additional sites
that were previously treated under other projects were also evaluated. The test sites were monitored with photographs, sediment
troughs to determine erosion rates, field observation for vegetation emergence, and precipitation measurements during a period
from the fall of 1977 to the summer of 1978. Aesthetic evaluations were performed at the Camino site on Route 50 by a review team
composed of representatives from Caltrans, Department of Conservation, Division of Mines and Geology and FHWA.

The fiberglass roving with vegetation was effective in reducing erosion at all the sites. Grasses, seeded prior to treatment, emerged
through the fiberglass mat with little difficulty.

The installed cost of the treatment is high ( approximately $4,500 per acre) and should only be used in problem areas and special
cases.

17. KEYWORDS
Fiberglass roving, erosion control.

18. No. OF PAGES: 19. DRI WEBSITE LINK

101 http://lwww.dot.ca.gov/hg/research/researchreports/1978-1980/78-04.pdf
20. FILE NAME
78-04.pdf

This page was created to provide searchable keywords and abstract text for older scanned research reports.
November 2005, Division of Research and Innovation




~ Control Of Slope Erosion Using

" Fiberglass- Roving With Vegetation
FINAL REPORT
. 0eT. 1978

ClihPDF - www .fastio.com


http://www.fastio.com/

ClibPDF - www .fastio.com


http://www.fastio.com/

TECHNICAL REPORT STANDARD TITLE PAGE

1 REPORT NOC. 2. GOVERNMENT ACCESSIQN NO. 3. RECIPIENT'S CATALOG NO
FHWA-CA-TL-78-4
4. TITLE AND SUBTITLE % REFORT DATE
CONTROL OF SLOPE ERQOSION USING FIBERGLASS October 1978
ROVING WITH VEGETATION &§. PERFORMING ORGANIZATION CODE
4. AUTHORIS) 8. PERFORMING GRGAMIZATION REPORT NS.
) M. E. Nolan, R. J. Spring, R. B. Howell 19703~637293
4. PERFORMING QRGANIZATION NAME AND ADDRESS : 10. WORK UNIT NO
. O0ffice of Transportation Laboratory
. California Department of Transportation “;fgfﬁ%°“5“”””°
Sacramento, California 95819
13. TYPE OF REPORT & PERIODRD COVERED
12. SPONSORING AGENCY NAME AND ADDRESS F1 na] - J U],y '| 97 7 tO
California Department of Transportation October 1978
~ Sacramento, California 95807 T eSTIoRWe AGENCY SO0t

18. _SUFF'L.EMENTARY NOTES

This study was conducted in cooperation with the United States
Department of Transportation, Federal Highway Administration.

16. ABSTRACT

This study demonstrated the use of fiberglass roving with vegetation
for erosion control of severely eroding slopes. A total of three
sites were treated. Route 50, Camino and Route 41, Creston were
treated in November 1977, and Route 101, Asti was treated in

January 1978. The sites were selected on the basis of varying soil
types and different climatological conditions. Four additional
sites that were previously treated under other projects were also
evaluated. The test sites were monitored with photographs, sediment
troughs to determine erosion rates, field observation for vegetation
emergence, and precipitation measurements during a period from the
fall of 1977 to the summer of 1978. Aesthetic evaluations were
performed at the Camino site on Route 50 by a review team composed
of representatives from Caltrans, Department of Conservation, Division
of Mines and Geoloay and FHWA.

The fiberglass roving with vegetation was effective in reducing
erosion at all the sites. Grasses, seeded prior to treatment,
emerged through the fiberglass mat with little difficulty.

The installed cost of the treatment is high (approximately $4,500
per acre) and should only be used in problem areas and special cases.

17. KEY WORDS 18. DISTRIBUTION STATEMENT

.o Fiberglass roving, erosion No restrictions. This document is
- control. available to the public through the
National Technical Information
Service, Springfield, VA 22161,

15. SEECURITY CLASSIF. (OF THIS REPORT! 20. SECURITY CLASSIF. (OF THIS PAGE) 21. NO. OF PAGES 22. PRICE

Unclassified Unclassified 101

DS-TL-1242 (Rev.6/76)

ClihPDF - www .fastio.com



http://www.fastio.com/

o ST ¥
’,.3'# ﬁ_“ ; . N i

ce .
] . -
=~ - LRI . . . . P
'
5 H -
. [ i n R Lk _

ClihPD www.fastio.com


http://www.fastio.com/

ClibhPDF -

STATE OF CALIFORNIA
DEPARTMENT OF TRANSPORTATION
DIVISION OF CONSTRUCTION
OFFICE OF TRANSPORTATION LABORATORY

Movember 1978

FHWA No. F-5-18
TL No. 637293

Mr. C. E. Forbes
Chief Engineer

Dear Sir:
1 have approved and now submit for your information this final

research project report titled:

CONTROL OF SLOPE EROSION USING
FIBERGLASS ROVING WITH VEGETATION

Study made by « « « « « + o o o 4 s e . Enviro-Chemical Branch
Under the Supervision of . . . . . . . Earl C. Shirley, P.E.

Principal Investigator . . . . . . . . Richard B. Howell, P.E.

‘Co-Investigator . . . . . . . . . . . . Richard J. Spring, P.E.

Report Prepared by . . . « ¢« « « + « . Martin E. Nolan
Richard J. Spring, P.E.
Richard B, Howell, P.E.

Very truly yours,

A

NEAL ANDERSEN -
Chief, Office of Transportation Laboratory

Attachment
R3S:1b

www fastio.com


http://www.fastio.com/

S
bV
A

Bt
e

ClibPD www fastio.com



http://www.fastio.com/

ClibhPDF -

ACKNOWLEDGEMENTS

This study was conducted by the Transportatfon Laboratory of
the Department of Trahsportation in cooperéfibn with the
Maintenance Branches of Districts 03, 04, and 05. Special
recognition is aiven to Superintendents D. R. Frohreich
District 03, D. F. Kiser District 04 and B. M. Moe of
District 05 for their cooperation in conjunction with this
project. Also, the work of the maintenance Supervisors John
Krek (District 03), John Fields (District 04), and Tony Silva
(District 05) is greaf1y‘apprecfated.* ' R

The assistance of Del Hollinger, Diéirict 05 Assistant
Materials Engineer during the appliication and monitoring of
the Creston test site is appreciated.

The services of Raimond Clary and Robert Slayback of the U.S.
Soi] Conservation Service, Lockeford Plant Materials Center,
in selecting and providing the seed used in planting the
vegetation and for use of their hydromulcher at the test
slopes, is greatly appreciated.

In addition, special thanks is also given to the following

individuals for their cooperation in serving on the evaluation

team for the Camino test site:

Richard Pryor, Office of Landscape Architecture (Caltrans)
Roy Chalmers, 0Office of Planning and Design (Caltrans)
Robert Skidmore, District 03 Environmental (Caltrans)
Charles Jackson, O0ffice of Highway Construction (Caltrans)
Barry Brown, State Department of Conservation

Perry Amimoto, State Division of Mines and Geology
William Spearman, Federal Highway Administration

www . fastio.com


http://www.fastio.com/

LR
e

fast



http://www.fastio.com/

‘Special recognition is also given to Patrick Monahan of the
Transportation Laboratory for his assistance during the
‘application of the treatments and to James Racin of the
Transportation Laboratory for his assistance with the data
analysis.

ClihPDF - www .fastio.com


http://www.fastio.com/

R
WAV IAaSTTO.COM

RS -



http://www.fastio.com/

TABLE OF CONTENTS

Page
ACKNOWLEDGEMENTS «evivrnenaans -................... i
y INTRODUCTION sieveveveavncencnan A R 1
CONCLUSIONS AND RECOMMENDATIONS .eveveveronocnnes 3
| IMPLEMENTATION: vesveesvescensaneas vesseressensnae 7
DISCUSSION T 8
Site Locations ..eeeevencacanciinnnnannnannn 13
Camino, Route 50 ..enveeeevennienanenes 13
Asfi, Route 101 .}..................,.. 17
Creston, ROULE 41 +ennninnnnneeeennens 17
Newhall Cut, Route ] T eo 17
Upper Sherwin Grade, Route 395 ........ 22
" San Diego, Route I-805 ..cveeeccencen .. 22
Ponderosa Road, Route 50 ....vevvueenes 256
Slope Preparation ....ceeeess Cheesecccannas . 25
Seed and FertilizZer ..ueeeeeevecococcces seee 25
Fiberglass Roving Application .....uveeee... . 29
| Camino Site Installation .....cevvvvee. 30
Asti Site Insta]]afion - L
Creston Site Installation ....veeeecenn 34
~ - f Other Site insta]1ation$ - ¥ |

1. Newhall Cut ...ceveevecnnnes. 37
2. Upper Sherwin Grade ......o... 39
3, San Diego .iievevvseccns cenes 41

4, Ponderosa Road ....ceevevese. 43

ClihPDF - www .fastio.com


http://www.fastio.com/

P
LY . e
Py .
E N S K
o
. - P ‘L b

PR TN
.
Vg

ClihPD www.fastio.com


http://www.fastio.com/

ClibhPDF -

TABLE OF CONTENTS (Con't.)

Asti, Route 10T ..iiiieieennnconacasna teevseaona

Creston’ Route 4} LI I I A A L DL I I B B R B R R I I IR )

NEWha.I] CUt, ROUtE 89 .-o-o.ool-. ---------- .

Upper Sherwin Grade, Route 395 .............
San 01890,1-805 ----- PP e s s s B TR L EREEBIEIPOEBE S s

Ponderosa Road, Route 50 Cr et etreresr sty

AESTHETICS EVALUATIOF‘ LI R I T T N DR B B I N B R BRI RN R R

ECONOMICS .ieeivinnnnennns .

REFERENCES ..O....._.t.ll.'.III;..‘,'.............V..

APPENDIX lDD....'...O..".ll‘...‘...........I.....ll

www . fastio.com

SPECIFICATION .l‘-...l.'.'..........l.....l.....
PHOTOGRAPHIC LOG .; e & F 0 0 &4 F A i..'......l.‘. «. 8
APPEARANCE EVALUATION SHEETS -O.C.'... LI B

iv

54
55
61
66
67
68-69
70-90
91-92



http://www.fastio.com/

ClihPD

.las



http://www.fastio.com/

ClibhPDF -

Figure

O W N o O W N U B W

17
18
19
20
21
22
23

www . fastio.com

Poow
H

" FIGURES -

Location Map, Test Sites

Typical Cross Section of Fiberglass
Roving Treatment on Slope

Location Map, Camino

Location Map, Asti

Location Map, Creston

Location Map Newhall Cut

Location Map, Upper Sherwin Grade
Location Map, San Diego

Location Map, anderosa'Road Interchange
Camino Site, Test Installation

Asti Site, Test Installation

" Creston Site, Test Installation

Newhall Cut, Test Installation
Upper Shérwin Gradé, Test Installation
San Diego, Test Installation

Ponderosa Road Interchange,
Test Instailation '

Sediment vs Precipitation, Camino Site

Sediment vs Precipitation, Asti Site o

Sediment vs Precipitation, Creston Site
CéminorTest-Site

Vegetative Growth Rating, Camino Site
Aesthetic Rating, Camino Site |

Vegetative Coverage Rating, Camino Site

Page

15
19
20
21
23
24
26
31
35
36

38
40
42
44
48
50
52
56
58
59
60


http://www.fastio.com/

www.fastio.com

IhPD

C


http://www.fastio.com/

ClibhPDF -

www . fastio.com

TABLES

Aesthetic Treatments at Camino
Summary of Treatments

Comparison of Cost for Different Erosion
Control Treatments

Unit Cost for Different Erosion Control
Treatments

R

Al E M

Page
33

46

63

65



http://www.fastio.com/



http://www.fastio.com/

Quantity

Length

Area

Volume

Volume/Time
{Flow)

Mass

Power

~ Pressure

Temperature
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CONVERSION FACTORS

English tc Metric System of Measurement

English unit
inches . {in)

feet [ft)

miles (mi)
square inches (in?)

square feet {f1?)

acres

square miles (miz)

gallons {gal)

"mitlion gallons {10% gal)

cubic feet (ft3)
cubic yards {yd?]

acre-feet {ac-ft)

cubic feet per second (ft3/s)
gallons per minute (gal/'min}_
million gallons per day {mgd)

pounds {lb}

tons (short, 2,000 ib)

horsepower (hp)
pounds per square inch ('psi)

Degrees'FaHrenheit {"'F)

Multiply by
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0254
3048

1.6093

6.4516 x 1079

.092903
4046.9
40489
40469
0040469
2.5980

~ 3.7854
.0037854
3785 .4
- ,028317
.76455
1233.5
.0012335
1,233 x 10”8

28.317
028317
06309

6.309 x 1075
.043813

45389
80718
907.18

0.7460

6894.8 -

"1F - 32 =tC

To get metric equivalent

millimetres [mm)
metres (m}
metres - (m)

kitometres {km}

square metres [m?)

‘_ squaré metres [m?)

square metres (mzl

~ bectares [hé)

square hectometres (hm?}
square kitometres {km?)

square kitometres {km?2j

fitras (1)

cubic metres {m3}).
cubic metres (m3}
cubic metres (m3)
cubic metres (m3)

cubic metres lmal )
cubic hectometres [hm?3}

cubic kilometres {(km?3)

litres per second (I/s)
cubic metres per second [m3/s)
litres per second (i/s)
cubic metres per second {m3/s}

cubic metres per second {m3/8)
kilograms (kg)

tonne (t)

kilograms (kg

kilowatts (kW)

pascal (Pa)

Degrees Celsius (°C)
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"INTRODUCTION

The Transportation Laboratory (TransLab) of the California
Department of Transpdrtation (Caltrans) in cooperation with
the Federal Highway Administration (FHWA) previously demon-
strated the use of fiberglass roving with vegetation in

 treating ditch erosion problems at Ponderosa Road Interchange
on U.S. Highway 50, near Placerville, California, during the
1973-74 winter season (l), and also at three separate ditch '
Tocations during the winter of 1975-76 (2). 0ne application
at the Ponderosa Road site included treatment of a shallow -
sTope area within the northeast quadrant. During the winter
seasons following these applications, erosion of the drainage
ditches was controlled.

Because of the success of this treatment in ditches, TransLab
beqan exper1ments on severely eroding road slopes. At the
reouest of D1str1ct 03 "TransLab treated a highway cut slope
in the Tahoe Basin on Route 89 (Newhall Cut) with fiberglass
roving and vegetat1on in 1975. Erosion has stopped and the
sTope is stabilized with a good arass cover. O0Other sites
receiving treatment include Route I-805 in San Diego and
Route 395, Upper Sherwin Grade, in District 09.

The successful treatments at these sites led to the initia-
tion of this study with FHWA to test the material on a slope

 in the central valley and central and north coastal areas.
Figure 1 shows the Tocations of slopes that have been
successfully treated. '

This report presents the results of the field applications,
~monitoring, evaluation of the effectiveness of fiberglass
roving with vegetation for erosion control of severely eroding

ClihPDF - www .fastio.com
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2.
3.

4.

6.

-San
Francisco

Los Angeles

A.R'ZONA

Saen Diego

MEXICO

1.

5.

- TEST SITES

ASTI
04-SON-101, P.M. 47.5

PONDEROSA ROAD

- 03-ED-50,P.M. 8.4

NEWHALL CUT
03-ED-89, P.M. 22.8

CAMINO
03-ED-50,P.M. 23.8

CRESTON
05-8L0-41,P.M. 23.4
UPPER SHERWIN GRADE
09-MONO-395, P.M. 9.0

SAN DIEGO
11-8D-805,P.M.

12.3
(removed July, 1977)

LOCATION MAP

-FIBERGLASS ROVING
FOR EROSION CONTROL
OF SLOPES

CALIFORNIA DEPARTMENT OF TRANSPORTATION

TRANSPORTATION LABORATORY .
ENVIRO-CHEMICAL BRANCH

Figure 1
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slopes, and aesthetic evaluation of aTternativeltreatments at
the Camino site for the three treatments applied during the
period from Fall 1977 to Spring 1978 and the previously treated
slopes. ' o

CONCLUSTONS AND RECOMMENDATIONS

The following conclusions were derived as a result of this
research: '

1. Fibefg]ass roving with vegetation was: effective in control-
ing slope erosion at the three test sites installed during 1977-
78 as well as at the fouf.sites which were.insta11equriok to
this project. ' .

2. Fiberq1ass”roving treatment costs are high, approximately
$4,500 per acre, compared to normally used Erosion Control Type
D which runs around $600 per acre.

3. The installation of fiberglass roving with vegetation is
a relatively simple procedure to use and presented no applica-

_tion problems. The installation on Route 395 in District 09

was made during construction by the contractor. Maintenance
crews installed the treatments made during this study.

4. The equipment items needed for instaliation are all
standard maintenance items, except for the nozzle that is

. used to apply fiberglass and the hydromulcher. The nozzle
- can be purchased for an estimated cost of $150 or TranslLab

has a nozzle that can be used by the Districts for non-contract

work.

www . fastio.com
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E 'AesthétEEaTTy; the evaluation team found that fiberglass

roving tacked with asphaltic emulsion was more pleasing than
similar sections wh1ch were tacked with organic so0il binders
and wood fiber.

6. With the exception of the Creston site, within 6 months
following application, vegetative growth, consisting mainly

" of Palestine orchakdgrass, was sufficient to hide the fiber-

glass roving.

7. HWoody plant matefia? can be inserted through the fiber-
glass roving mat. Wa1k1nq on the mat should be minimized so
as not to damage the f1berq1ass mat while 1nsta| ing the
p]ants "“ﬂ: Hgﬁg e ,fa

fa e

8. For the ex1st1nq eroding slope at San Diego, filling

iri]]s and gullies with top soil prior to application with

fiberq]ass‘roving‘was more successful in stopping erosion
than just applying the treatment over the existing eroded

.slope.

9, There appears to be no difference hetween asphaltic
emulsion tacking agents SS5-7, SS-1H or RS-1 in holding the

- fiberglass roving in place.

. The f0110w1ng recommendat1ons are hereby made as a result of
"the- research-

1. CaTtrana designers, in‘consultation with the 0ffice of
Landscape'ﬂrchitecture, should consider the use of fiberglass
roving with vegetatidn in the design of slope treatments for
severely eﬁoding's1opes. A specification quideline is
provided in the Appendix, '

Wi fastio.com
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2. It is recommended thatla document, similar td\HydrauTic
Enaineering Circular 15 produced by FHWA for ditches, be pre-
pared for the use of fiberglass roving on slopes.

3. Fiberglass roving with vegetation should only be used
on severely eroding slopes where more conventional means of
erosion control treatments are not effective,

4, STope angles should not exceed 1:1. Difficulty in hold-
ing material on the slope is experienced where gravitational
forces are a major factor in downslope soil transport as
opposed to forces exerted by surface water flow.

5. Heathering rock, such as decomposed aranite, should be
avoided. Surfaces that appear stable but weather or soften
in time may undermine the stability of the mat.

6. Existing'ri11ed or gullied stopes must be dressed or
re-worked to allow contact between the roving and the soil.
Loose rock must be removed by scaling., A1l brush and vege-
tation along with other matter protruding from the slope
surface should be removed as part of the‘s10pe dressing
operation before applying thé fiberglass roving. |

7. If partial treatment of a portion of a stope is planned,
the upper and Tower ends of the mat must be placed in cut- off
trenches {6-8" deep) and backfilled.

" Vegetation, such as tumbleweed, may blow under the mat and

roll it up 1f the ends are not secured. ~ From fie]d-experi—
ence, the s1des do not appear to have this prob1em and,
consequent1y, do not need to be secured unless a field
investigation determines that. it is necessary.


http://www.fastio.com/

8. Treatments'shoqu be app11ed dur1ng the period most
‘conduc1ve to maximum seed germination and piant growth.
Select10n 0f seed mixtures and fertilizer should be done
in cooperation with the Office of Landscape Architecture.

9. Broad 1eaf'VegetatiOn'should‘ﬂgg be used in seed mixtures

for fiberd1aé§ roving installations. As found in previous

research, the mat will be Tifted off the around surface as
“the broad-1e&f yegetatioh emerges.

10" The app11cat1on of the fiberglass roving should not be
" done during w1ndy per1ods which could result in the fiber-

- . glass being blown off the treated area, or during periods of
1nq1ement weather,

11. ‘Fiberéiess roving shoutd be applied at a rate sufficient
to just cover the soil with a thin layer of roving. This
usua11y amounts to an application rate of between 0.2 and 0.35
pounds per square yard Thicker applications may be required
“for areas subJected to h1qh surface water flows.

12.- ASpheit emu1sien tack coat should be applied at a rate

Just sufficient tq'cover the white of the roving without

~puddling of the emulsion. Either SS-1, SS-1H, or RS-1 can
S be used. |

13;"Fiberg]ass roving mats should net be used in the vicinity
of hoofed animal passage ways or ahticipated grazing areas.
The hoofs'punch hd}es in the mat and may become entangled 1in
the strands. - ' |

14. The. edge of the f1berq1ass roving mat should not encroach
'_} ‘ onto the edge of the pavement or extend to the base of a cut

ChihPDF - www.fastio.com
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s1ope if.a mechanical blade is uséagtaumﬁinnmin,sedihént or
drainageEfat the-toe of &TOPe.,‘AJthough'driving on the mat
does not appear to have an adverse effect, there is a
possibility of catching~3trandsqbn“the.undercarriage or
other mechanical parts and tearing the mat.

15. During the application of fiberglass roving, minute
particles of the fiberglass were observed floating in the
air., Although there has been no reports of any i1l effects
from the use of fiberglass roving, it is recommended that

a respirator be worn by the operator during the application
of the fibergiass roving. The Mational Institute of Occupa-
tional Safety and Health (NIOSH) has not determined at this
time if a health hazard exists when working with fiberglass.

16. Fiberglass roving is_nonbiddegradab1e, however, there
appears to be no problem with the fiberglass fibers washing
away. It is recommended that FHWA perform tests to deter-
mine any potential env1ronmenta1 problem associated with
this.

IMPLEMENTATION

This report will be distributed to the Caltrans Headguarters
0ffices and the 11 Transportat{on Districts.

Impiementation of this treatment will be handled through the
Office of Landscape Architecture, 0ffice of Highway Design
and Dffice of Maintenance, The Enviro- Chemical Branch of
the Transportation Laboratory will be available to provide

- technical assistance. " A 15 minute silide/tape presentation
" “has been prepared ‘to show the process involved in applying

fiberglass rov1nq and will be avaiiable for sh0w1ng to

vww . fastio.com
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ﬁiﬁfr}ct;aﬁg?ﬂeédguﬁ;tbﬁs:peﬁ§oﬁﬁe1{ LThe;s1ide presentation
can aTsd'béﬁ§Hown‘t6 personne’ who will be applying fibar-
glass roving for the first time.. A movie produced by
TransLab under prévidhsw?éséhrch'éhti%]ed "Control of Ditch
Erosion Using Fiberglass Roving" is also available for
showing (5). This movie depicts treatment of drainage
ditches.with‘fiberg1ass roving with vegetation and similar
application principles pertain to the treatment of slopes.
Two reports on application to ditches were also published
and distributed to ‘the districts (1 and 2) as was a report
on ‘the slope treatment at I-805 in San Diego (3).

A tenfétive‘ﬁﬁechitation developed by FHWA, the Transportation

Laboratory and the 0ffice of Office Engineer is included in
the Appendix. '

- DISCUSSION

Fiberglass rbving‘is a material formed from continuous fibers

drawn from molten glass. These fibers are gathered together

- into strands to form a single ribbon. This slightly twisted

ribbon is known as roving. It is commonly produced in a coiled
package to be used in a variety of products and is commercially

‘ava11ab1e‘(P1ate 1).

The success of fiberglass roving and vegetative cover in
reducing slope erasion appears to be related to a combina-
tion of factors. “Raindrop impact is one of the initial

‘major causes of erosion on bare slopes. For soils that have

a low:clay content, raindrop impact can precipitate rapid

~erosion. The fiberglass roving mat provides a protective

cover on the STope face that is strong and absorbs much of
the imparted raindrop energy. ' '
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Plate 1. Fiberglass roving coil package.
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rt a tract1ve force (shear stress) over the

slope face. whxch tends to transport 5011 particles, Because

the fibérglass roving is flexible and thus adheres to the
conf1gurat1on of the slope face, the mat tends to prov1de

2 resistance to the flowing water, 1In the technical litera-
“ture, this is referred to as increasing the critical tractive

force above whiCh'erosion would occur (5). The mat also
tends: to: 1ncrease surface roughness which leads to slower
runoff ve10c1t1es *Thus, the seed is he]d in place long
enouqh to¥ a110w germ1nat1on. '

“As the-veqetatfﬁh”emérges, additigna1 protective cover of

the so0il is provided which further reduces the possibility
of eros1on due to raindrop impact. The vegetative cover,
in combination w1th the mat, 1ncreases the critical tractive

force even more., The: resu1t is’ a good slope protection
'=~jaga1nst eros1onf{

'"ﬁfBefore the f?ber Téss rov1ng is applied to an existing
“~erod1nq siope, the slope should be redressed to a uniform

condition. If any vegetation exists on the slope, it is
removed during the slope dressing., A layer of topsoil may
be spread over the sTope surface to fi1l in rills and gullies,

During the slope dressing stage, a 6-8 in. deep anchor trench

15 excavated along the top of slope, above the break, in

order to anchor the f1berglass roving and prevent undermining
of the mat by surface flows (Plate 2),

10
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Plate 2. Construction of anchor trench.

The slope is first hydromulched with a mixture of water,
woodfiber, grass seed and fertilizer, and then covered with

a layer of fiberglass roving. Although it is not necessary
to hydromulch the slope, it provides additional support to
assist the vegetative establishment. The fiberglass is
applied using a special nozzle connected to an air compressor
(Plate 3). The air propels the fiberglass ribbon through the
nozzle and at the same time separates the strands into in-
dividual fibers to form a random mat of continuous fibers.
The inpiace fiberglass then has the appearance of "ANGELS
HAIR". Finally a tack coat of asphalt amulsion (SS-1 or
equivalent) is uniformly sprayed over the roving to bind the
fibers together and to adhere the fiberglass mat to the soil.
Figure 2 shows a typ1ca1 cross-section of treatment®on a slope.

11
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Site Loéations

A total of seven locations were monitored throughout the
State. The sites represented a variety of cTimato]ogicaT
conditions and soil types. Fiberglass roving was instaliled
at three of these locations under this research project:
Route 50 in District 03 near Camino, Route 101 in District
04 near Asti, and Route 41 in District 05 near Creston,

The other four locations treated previously are located on
Route 89 in District 03 in the Lake Tahoe Basin, Route 395
in District 09 at Upper Sherwin Grade, I-805 in District 11
in San Diego and Route 50 near Placerville (see Figure 1),

The three sites that were treated and monitored in this
study are as follows:

Camino, Route-50

The first slope treated under this research project is 10cated
on Route 50 near Camino in E1 Dorado County (03-ED-50, PM 23. 8)
about 6 miles east of Placerville. The soil at this location
consists of a red silty clay. ‘The slope faces south and was
constructed in 1963 on a 2:1 angle. The site is situated
about 3,000 feet above mean sea level (M%L) in the foothills

of the S1erra Nevada Mountains (Figure 3). The climate is
typ1ca11y mediterrean with an average annual rainfall of
nearly 45 inches, with occurs mainly during the period from

‘October to May. Sheet erosion on this slope is severe as

evidenced by the vremoval of soil from around the cencrete
at the base of some fence posts located near the upper
portion of the slope (Plate 4).

13
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Fiberglass roving, tacked with

n u
6 -8 deep asphalt emulsion.

anchor trench, .
backfilied over

fiberglass roving
and asphaltic emulsion.

Seed, fertilizer ond wood
fiber mulch applied to
re-shaped siope.

6"-8" deep
anchor trench

Ditch

TYPICAL CROSS SECTION OF ' .
FIBERGLASS ROVING TREATMENT
ON SLOPE

Figure 2
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Plate 4, Erosion at base of fence
post (Camino, Route 50).
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Asti, Route 101_

g F

Ajsecdnd sfope tregféduundékvthfghprojec% is located on
Route 101 near Asti in Sonoma County (04-Son-101, PM 47.5)
about 31 miles north of Santa Rosa (Figure 4), The site is
Tocated in a small valley at anwe1evatidn of 360 feet above
MSL. The soil is a brownish-red silty clay which contains
some gravel. It faces to the west and was built in 1965 on
a 2:1 angle. The climate is relatively mild with an average
annual rainfall of about 40 inches. Sheet erosion from this
slope was sevére ehough to prevent the natural establishment
of vegetation (Plate 5).

Creston, Route 4]

The third slope is located on Route 41 in San Luis Obispo
County (05-SL0-41, PM 28.4) about 13 miles east of Atascadero
near Creston (Figure 5). The slope is located in rolling hills
and is at an elevation of about 1,000 feet above MSL. The soil
is a 1ight brown sandy silt and is highly erodible., It faces
to the south and was built in 1962.0on a 2:1 angle. The climate
is typical of the central marine coastal zone with an average
annual rainfall of 20 inches. Erosion at this site was very
severe consisting of gulleys and rills (Plate 6).

The four sites that were monitored from previous treatments
under different projects are as follows:

Newhall Cut, Route 88

0f the remaining four sites that were monitored in conjunction
with this project, one was located in the Lake Tahoe Basin
(Figure 6) on Route 89 called Newhall Cut (03-ED-89, PM 22.8).
The cut slope is on the west side of Lake Tahoe, approximately

17
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‘ R ~ Plate 6. RiT1 and gully erosion of slope
_ ’ at Creston, Route 41,
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13 miles south of Tahoe C1ty, at an e]evat1on of 6,260 feet
‘above’ MSL The 5011 is a grey1sh tan 'decomposed granite with
11tt1e or no c]ay, mak1nq it highly erodible. The slope,
built in 1929, faces to the south and is on a 2:1 angle, The
climate varies from below zero winters to mild summer tempera-
‘tures. The growing season is relatively short, occurring
~between May and October. The annual average precipitation
.1s 20 inches wh1ch falls mostly as snow during the winter
months although intense summer thunder showers are not
uncommon
.

Upper Sherwin Grade, Route 395

A second site is Iocated'néar the top of Sherwin Grade on
Route 395:in Mono County about 22 miles north of Bishop
(09- Min 6 = .395, PM 9.0) (F1gure 7). This fi11 slope is at an
elevation of 7,000 feet above MSL. The soil is a volcanic
tuff and 1is high]y erodible., It faces to the west and was
_bui]t as part of roadway construction in 1977 on a 1 1/2:1
angle. The climate s arid with a yearly average precipita-
tion of about 10 inches which is typical of the high desert.
Most of the pre01p1tat1on is in the form of snow and falls
dur1ng the winter months of December to February. Summers
are very hot with temperatures approaching 100°F during
mid-afternoon. The slope is located in the rain shadow of
the Sierra Nevadaﬁmbuntains which rise to elevations of
12413,000;feet¥to the west.

'San Diego, Route 1-805

The third p?ojéé% monitored is located on a cut slope in the
city of San Diego on Interstate 805 (Figure 8), near the south
“bound on-ramp from Imperial Avenue (11-$SD-805, PM 12.3). This

22
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200 feet above MSL. The soil is a marine deposited silty
sand which is highly erodible. The\sIopgffaces east and was
constructed on a 2:1 angle in 1975. The climate is typical
south coasta1 marine with mild winters and warm summers.
Average annua] rainfall is about 10 1nches which occurs
most?y between September and April.

Ponderosa Road, Route 50

The first California test site was an 11% slope treated on
October 19, 1973 in the northeast quadrant of the interchange,
built in 1969, on Routei50 at Ponderosa Road (03-ED-50, PM 8.4)
approximately 30 miles east of Sacramento (Figure 9). The

soil is comprised of silty clays. The underlying geologic
formation is Jurassic-Triassic metavolcanic rock. The

climate is typically mediterranéan with an annual rainfall of
30 inches which occurs mostly from October to May. The

summers are very hot and dry with average max1mum temperatures .
approaching 100°F during mid-afternoon.

Slope Preparation

Preparatory work at the three test sites treated under this
project (Camino, Asti and Creston) consisted of reshaping the
slope to a uniform surface and removing any existing vegeta-
tion. In most hases, there was very little vegetatioh on

the slope. A1l rills and gullies were regraded.

Sead and Fertilizer

Fo]1owing'the redressing of the s]opes'and prior'to p]acing
. the fiberglass roving, the cut slopes at the Caminp, Asti and
~Creston test sites were hydromulched with a mixture of seed,

25
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fertilizer, wood fiber and water (Plate 7). The hydromulcher
was loaned to TranslLab by the U.S. Spil Conservation Service
(scs) Lockeford Plant Materials Center. The seed mixture for
all three sites was recommended by the SCS and consisted of:

Luna pubescent wheatgrass 50%

Blando brome 30%
Rose clover 10%
Palestine orchardgrass 10%

Plate 7.. Hydromulching Slope

This grass seed mixture contained grasses that basically
have a thin blade structure, with only a minimum composition
of broad leaf vegetation. Broad leaf vegetation has a
tendency to 1ift the mat off the ground as it emerges. The

- grass seed was applied as part of the hydromulch mixture at
a rate of 50 pounds per acre,

27
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rThéy?e;éi1?%ehiéeneieted of:

Ingredient Percentage (Min)
~Nitrogen 16

Prosphoric Acid 20

Water Soluble Potash 0

The fertilizer was app11ed as part of the hydromulch at a
rate of 500 pounds per acre.“ _

g S

Thé;woodﬁ?iberaée§3551ve-£?be;; abETfedjEt'tHe rate of 500
pounds per acra; ;“The amount‘of water used was sufficient
to make a s1urry;tﬁat could be sprayed onto the slope at a
un1f0rm rate. The approximate ratio for the wood fiber and
water was 1~ pound of fiber to 3 gallons of water.

At the four add1t1ona1 s1tes that were be1ng monitorad
(Newhall Cut, Upper Shérwin Grade, San Diego, and Ponderosa
Road) the fo110w1ng mater1a15 and app11cat1on rates were
used: : :

Upper Sherwin Grade (09-Mno-395, PM 9.0)
~ Grass seed at 54 pounds per acre

Luna-pubescent wheatgrass ‘39%
Ind1an r1ceqrass 19%
Fa1rway crested wheatgrass 19%
_“Blando brome 19%
 Bitterbrush 2%
Rabbitbrush 29

Fert111zer (16-20- 0) at 200 pounds per acre

28
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Newhall Cut (03-ED-89, PM 22.8)
Grass seed at 50 pounds per acre

Topar pubescent wheatgrass 40%
Oahe intermediate wheatgrass 30%
Potomac orchardgrass 30%

Fertilizer (16-20-0) at 500 pounds per acre

r San Diego {11-SD-805, PM 12.3)

Grass seed at 42 pounds per acre
African daisy 419
Blando brome 18%
Annual ryegrass 124
Palestine orchardgrass 12%
Smilograss ' 12%
Hykon rose clover 5%

Ferti]izer (14-14-7) at 440 pounds per acre

Ponderosa Road (03-ED-50, PH 8.4)
Grass seed at 50 pounds per acre

Luna pubescent wheatgrass 25%
Palestine orchardgrass = - 20%
Foxtail fescue 20%

" Red- brome S 15%
Rose Clover 10%

Crimson clover 10%

Fertilizer (16-20-0) at 500 pounds per acre

Fiberglass Roving Appiication

_ F1berg]ass rov1ng was applied at all seven sites by using a
. : special nozzle connected to an air compressor (Plate 3).
- The air compressors used were rated at 40-100 cubic feet pér
minute (cfm) at 100 pounds per square inch (ps1) "The roving
was propel]ed through the nozzle by compressed alr, which 1s

29
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regqulited at the nozzle tﬁ‘énrégproximaté pressure of 60 psi.
The compressed air then propels the fiberglass.out of the
nozzle, separating. -the strands - into individual Fibefs. The
fibers are spread over the slope starting from the top and
working to the hottom in a up and down motion rather than
back and forth across the slope, tn form a random mat of
continuous fibers. The fiberglass then has the appearance
of "ANGELS HAIR" or an open woven cobweb. To insure proper
adhesion of the fibers to-the soil, a uniform.tack coat is
“applied. Usually this tack coat consists of an asphaltic
emulsion, such as a S$S-1 or SS-1H., - The emulsion leaves the
treated area with a temporary hlackened appearance.

CaminOwSite Instailation

The Camino test'site was used as an evaluation of appearance
’of the fiberglass roving tacked with asphaltic emulsion and
other materials in addition to testing the erosion control
ef%ectivéness. The test site near Camino was approximately
300 feet long, and was. treated November 1, 1977. The slope
was divided'$nt57§“séctidqs,apprd&imate1x 50 ft. wide and
20 ft. high (Figure 10). Five of these six sections received
a q%ffgrémﬁﬁtadkiﬁéﬂtreatmeht. Plot A", which served as a
control section, was untreated. PRlots "B" thru "F" received
the hydromulch seed and fertiiizer'ﬁixture and were treated
with fiberg]asS'rOVing at a rate of70.33 pounds per square
yard., Plots.YB", 'C", and "D" had the fiberglass roving
tacked with asphaltic emulsion (SS-1 at the rate of 0.26
-~ gallons pér square yard). F01Towiqg1the'tack1ng, Plot "B"
received no addition treatment, Plot "C" had coarse sand
spread over the $S-1 tack coat, and Plot "D" had native soil
fer a portion of the slope. spread over the tack coat. Plot
"E" had the fiberq]ass-royingﬂ;acked with a mixture of water,
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Plate 8. Fiberglass applied to slope at Camino.
Eéo1ogy'Controls M-Binder and processed fiber mulch applied
with the hydromulcher at a rate of 0.34 pounds per square
yard. Eco]ogy Controls M-Binder is a free-flowing non-
corrosive powder produced from a natural plant gum (Plantago
insularis). It is used in hydraulic seeding to hold seed
in-place, promote germination and control erosion. Plot "F"
had ‘the fiberglass roving tacked with a mixture of water,
Terra Tack 11, and'prcéessed fiber mulch applied with the
hydromulcher at a rate of 0.24 pbunds per square yard.

Terra Tack II is a free-flowing powder produced from semi-
refined seaweed extracts and is used for soil erosion con-
trol, Table 1 shows a summary of treatments,

Sediment collection troughs (10' x 1' x 1') were installed

at the base of Plots "A" and "B" to collect eroding material.
A post mounted rain gage was also installed on the fence
above the test site,

i
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Asti Site Installation

The slope near Asti, which is approximately 93 feet Tong

with an averagé height of 36 feet, was treated on January 11,
1978. The slope was first hydromulched with a seed and
fertilizer mixture and then treated with fiberglass roving
applied at a rate of 0.27 pounds per square yard. The fiber-
glass was tacked with SS~1 asphaltic emulsion at a rate of

0 18 ga11ons per square yard In addition to the treated
sectxon, a section was 1eft untreated to serve as a control
(Figure 11).

A sediment collection ffough (10" x 1' x 1*) was installed

at the base of the treated and contr01rsections and a post

mounted rain gage installed on the Right of Way (R/W} fence
above the cut. -

Creston Site Installation

The test site near Creston which was treated on November 16,
1977, is 100 feet long with a varying height of 20 to 30 feet
(Figure 12). A 70 foot long section was treated with a

‘hydromulch seed and fertilizer mixture after the slope had

been redressed to remove the overhang and rills. The fiber-
g1ass roving was piaced on the slope over the hydromuich
mixture at a rate of 0.25 pounds per square yard. The roving
was tacked with asphalt emu1sjon‘RS-1 at a rate of. 0.20

" galions per sqguare yard. 'A'15 foot wide control section of

the s]ope was also redressed *but no other treatment was
app11ed,_ A third 15 foot w1de control section was left in
its natural cond1t1on.
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The three test sections had sediment collection troughs

(10" x 1" x 1') installed at the toe of slope. A post mounted
rain gage was mounted on the right-of-way fence in back of

the cut. A rain gﬁge was also placed across the road on the
R/W fence.

Dther Site Installations

Four slopes were also monitored, but not installed as part
of this project.

1. Newhall Cut .

The slope in District 03 (03-ED-89, PM 22.8) was treated at
the request of District 03, on July 9, 1975 (Figure 13).

AThe soil is decomposed granite and is highly erodible., Dis-
trict 03 requested treatment of the slope as part of their
Lake Tahoe Basin program to reduce highway slope erosion in
the environmentally sensitive area.

The overhang at the top of cut, which was being undermined,
was removed. Some trees whose roots were exposed were also
removed. The slope was then seeded at the rate of 50 pounds
per acre and fertilized at the rate of 500 pounds per acre
after which the fiberglass roving was applied at a rate of
0.20 pounds per square yard. It was anchored at the top in
a trench that was dug parallel to the slope. The roving was
tacked with a product called "Chevron Walktop Egreen". This
product, which is normally used to rejuvenate asphalt concrete
- o surfaces, was used because it was green in color and was felt
' to be aesthetically more pleasing than the temporary black

- color of asphalt emulsion. The tack coat was applied with a
"Spray Baby" hydromulcher at a rate,of 0.36 gallons per square
yard. ‘
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During July 1977, a portion on the westerly end of the
treated slope was planted with 63 woody seedlings and

rooted cuttings supplied by the University of California

at Davis (UCD). The transplants consisted of the following:

20 Salix rigida, yellow willow

14 Cornus stolonifera, american doqwood
11 Salix lemmonii, lemmon willow

10 Prunus emarginata, bitter cherry

8 Abies concolor, white fir

In addition to the above transplants, approximately 200
additional new cuttings of Salix lemmonii (Temmon willow)
were taken from a nearby creek and planted through the
fiberglass roving.

The fiberglass mat shifted and broke during the planting
operation due to the heavy foot traffic on the steep sloping
unconsolidated soil below the mat. This could have been
minimized by using a ladder placed on the slope or other
means of support during the planting operation.

2. Upper Sherwin Grade

Another site monitored, but not installed as part of this
project, was the construction project located at Upper
Sherwin Grade in Mono County (09 Mno-395, PM 9.0)., The
fill slopes were near the Rock Creek crossing and, as part
of the District 09 erosion control plan, a small strip
along the top portion of two fi11 slopes was treated with
seed, fertilizer and fiberglass roving in late July 1977
(Figure 14). The rate of applica;ionfwas 54 pounds per
acre for the seed, 200 pounds perratré for the fertilizer
and 0.35 pounds per square yard for the'fiberg1ass roving.
The treated area, which ran the length of the fi11, varied
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in slope heigﬁt from 10-15 ?éet. A section about 10 feet
wide at the top, between the guard rail and slope hinge
point was also treated. The contractor first seeded and
fertilized the s16pe before applying a layer of fiberglass

‘roving. It was anchored in a trench at the top of the slope

and tacked with SS-1 asphaltic emulsion at the rate of 0.32
gallons per square yard. Because this slope was part of a
newly constructed fil1l, it did not require redfessing.

A precipitation gage was located near the stope as part of
another Translab research project entitled "Influence of
Highways on Water Quality" (657081 A-8-8).

3. San Diego

A third slope that was monitored, but not installed as part
of this project, was located in San Diego on Interstate 805

(11-5D-805, PM 12.3).  This slope was part of a TransLab-
‘District 11 erosion control experiment to evaluate fiberglass

roving and a reinforced paper matting product called "Hold/

“Gro"., The slope had previously been treated with Erosion

Control Type D during construction in December 1975. However,
due to intense rainfall following application, thq Type D
treatment was not successful. As a re§u1t, the fiberglass
roving treatment was tried and the joint study was reported
under the TranslLab report " Slope Erosion Control Using
Fiberglass Roving and Reinforced Paper Matting With Grass"

(3).

The experimental test slope was dividedAinto four test

sections (Figure 15). A1l test sections, éxcept for Plot
"T", were approximately 50 feet wide and between 40 and 60
feet high. One section, Plot "T", 15 feet wide by 38 feet
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in slope height from 10-15 feet. A section about 10 feet
wide at the top, between the qguard rail and slope hinge
point was also treated. The contractor first seeded and
fertilized the s]bpe before applying a layer of fiberglass
roving. It was anchored in a trench at the top of the slope
and tacked with SS-1 asphaltic emulsion at the rate of 0.32
gallons per squaré yard. Because this slope was part of a
newly constructed fill, it did not require redressing.

A precipitation gage was located near the slope as part of
another TransLab research project entitled "Influence of
Highways on Water Quality" (657081 A-8-6).

3. San Diego

A third slope that was monitored, but not installed as part
of this project, was Tocated in San Diego on Interstate 805
(11-SD-805, PM 12.3).  This slope was part of a TranslLab-
District 11 erosion control experiment to evaluate fiberglass
roving and a reinforced paper matting product called "Hold/
Gro". The slope had previously been treated with Erosion
Control Type D during construction in December 1975, However,
due to intense rainfall following application, the Type D
treatment was not successful., As a result, the fiberglass
roving treatment was_trieduand the joint study was reported
under the TranslLab report “"STope‘Erosfon Control Using
Fiberglass Roving and Beinfbﬁced Paper Matting With Grass"

(_3_)- ‘ o _ S

The experimental test slope was divided into four test

sections (Figure 15). A1l test sections, except for Plot
"T", were approximately 50 feet wide and between 40 and 60
feet high. One section, Plot "T", 15 feet wide by 38 feet
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‘high, was left undisturbed and was used as a_bohtro1 sect{on,

Plot "A" had seed at the rate of 42 pounds per acre and
fertilizer at the rate of 440 pounds per acre broadcast on
the sTope which was left in its original condition (rilled).
Fiberglass roving was placed over this section;and an attempt
was made to get the roving into the rilils. Thﬂs attempt was
only partially successful, The roving was tacked down with
$S-1 asphalt emulsion. |

Test Plots "B" and "C" were redressed and additional soil was
added to the slope in order to fil1 in the gulily and rill
erosion and make the surface uniform. These tests plots ("Bf
and "C") received the same seed, fertilizer, and rate of
application as Plot "A", Plot "B" had fiberglass roving
applied over the seed and fertilizer at a rate of 0.19

pounds per square yard and was tacked with SS5-1 asphaltic
emulsion at the rate of 0.22 gallons per squarélyard. Plot
"C" was covered with a reinforced paper matting product
called "Hold/Gro".

Sediment collection troughs were installed at the base of
the test plots as shown in Figure 15. The experiment was
conducted from October 1976 to May 1977. In late 1977,

the treatments were removed during a landscaping project.

4, Ponderosa Road

Translab participated with FHWA Region 15 in Demonstration -
Project 26 "Use of Fiberglass Roving for Corrective Ditch
Erosion Control” in October 1973 at the Ponderosa Road and
Route 50 Interchange Tocated about 30 miles east of

'Sacramento. Four ditches and one slope 52 feet wide and

100 feet Tong were treated as shown in Figure 16.
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The 11% s]obé was first regraded, thén seeded at a rate of
50 pounds per acre and fertilized at a rate of 500 pounds per
acre, The area was then covered with fiberglass roving at
a-rate of 0.35 pounds per square yard and tacked with an

. asphalt emulsion SS-1 at 0.17 gallons perssquare yard.

Results of the experiment were published by TransLab in
June 1974 (1).

A summary of all the treatments is given in Table 2.
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RESULTS

To determine the effectiveness of fiberglass roving with
vegetation on reducing erosion, sediment was removed from

the sediment troughs following storm periods. The dry weight
of the eroded sed1ment that was co]]ected for each rainfall
period was compared to the eroded sed1ment from the non-
treated (contro]) slope. The data were analyzed using a
least squares regression procedure.

A11 three test sites showed a significant reduction in erosion
for the treated sections as compared to the control sections.
A photographic log of the ‘Camino, Asti and Creston sites is
included in the Append1x ' ’

Camino, Route 50 | S ;f

The treatment at Camino was successful in reducing erosion
from 16 tons/ac for no treatment to 1 ton/ac for fiberglass
roving treatment for a normal rainfall of 45 in./year., The
data are shown in Figure 17. As seen from the data, the rate
of erosion deciined following the initial 8 inches of
Precipitation.

Precipitation was above normal in the 1977-78 wihter. Total
rainfall for the season was reported as 63 inches compared
to a normal of 45 inches. Of the 63 inches, 32 inches fell

‘during the monitoring period.

The overall performance of the vegetation was excellent.

The grass began to emerge through the fiberglass roving mat
at about 4 weeks following application. Growth at this time
was on the order of 1/2 in. to 3/4 in. in length.
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By the end of the 12th week, the grass hadigﬁOWﬁﬁfbuAbOUt
1T 1/2 inch to 2 inches in 1ength and was fairly uniform.
By the 24th week, growth has increased to approximately
18 inches with good uniform coverage,

Luna pubescent wheatgrass, Rose clover, and Pa1est{ne orchard-
arass all emerged. The Blando brome was present at the end
of 4 weeks but at the end of the monitoring period, it was

“not found.

Asti, Route 101

The treatment at Asti was successful in reducing erdsioh

from 11 tons/ac for no treatment to less than 1 ton/ac for
fiberglass roving treatment for a normal rainfall of 40 in./yr.
The data are shown in Figure 18, Again, the rate of erosion
declined following the initial 10 inches of precipitation.
Precipitation was above normal in the 1977-78 winter. Total

rainfall for the season was reported as 55 inches compared to

a normal of 40 inches. Of the 55 inches, 31 inches fell
during the monitoring period. ‘ ‘ _

The overall performance of the vegetation wasfgood. ‘The
grasses began to appear at the end of 4 weeks. Six weeks
after app]itation, vegetative growth was good'except for the
fringes of the treated area where coverage was less dense.

- A1 four of the grasses germinated. Blando brome was the

first to appear but very little was present at the end of
the monitoring .period. The Luna pubescent wheatgrass and
Palestine orchardgrass were the dominant vegetation. Rose
clover was not observed at the end of the test period.
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Creston, Route 4]

The treatment at Creston was successful in reducing erosion
from 85 tons/ac for no treatment to zero erosion for the
fiberglass roving treatment for a normal rainfall of 20 inches,.
The data are shown in Figure 19. This site showed a more
consistent rate of erosion during the monitoring period,

with the curve reflecting a slight increase in the rate over
the monitoring period.

Precipitation was above normal in the 1977-78 winter. Total
rainfall for the season was 48 inches compared to a normal
of 20 inches. Of the 48 inches recorded, 19 inches fell
during the monitoring period.

The overall performanée of the vegetation was fair. The
coverage was nonuniform with only about 50% of the slope
being covered at the end of the monitoring period. The
jnitial grass germination appeared to be uniform, but with
time, became very spotty. Palestine orchardgrass was the
only vegetation growing on the slope although it constituted
only 10% of the seed mixture. The final height of the grass

¥

was 18 inches.

One area on the slope was used by deer as a passage way
evidently in crossing the highway. Where the deer’s hooves
contacted the slope, holes were torn in the mat.

Because of the lack of good grass cover on the slope, a

" veseeding and fertilizer application will be made during
the fall of 1978 by the District.
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Newhall Cut, Route 89

With respect to the transplant experiment conducted at the
Newhall Cut site in June of 1977, a field review conducted
during June of 1978 revealed the following:

1. The vegetation on the slope in terms of grass cover was
excellent.

2., 0f the 8 white fir seedlings planted, only 2 appeared
to have survived. Three of the 14 dogwood seedlings showed
signs of growing and 5 of the 10 bitter cherry seedlings
survived. )

3. None of the 200+ willow cuttings which were installed
were growing. ' ‘

4, Walking around on the mat during placement of the trans-
plants caused the loose soil underneath to shift and, sub-
sequently, tear ‘the mat. A device, such as a ladder, may be
used as a working platform to reduce this negative effect.

In terms of damage to the fiberglass roving mat during the
transplanting operation, there did not appear to be any

adverse effect.

Upper Sherwin Grade, Route 395

The section of slope treated at the Upper Sherwin Grade site
during July 1977 has proven to be successful. The fiberglass
roving mat has a good grass cover and appears to be stabiliz-

LI

ing the upper portion of the slope nicely.

L
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 Thereharéfgéﬁg?al”pTéces on the mat which have been undermined
by gqullying on the fi11 slope below the treatment. The gullies
were mostiy formed during a rapid snow melt that occurred
during a warm period in January 1978. The snowpack was well
above normal for this slope.

The fiberglass roving mat was rolled up in places by tumble-
weed that had blown up the fill slope and got caught under
the mat, primarily in the gully areas. It is possible that
this could be prevented by anchoring the lower end of the
mat in a trench similar to the technique used for holding
the upper slope end on the siope.

San Diego, I-805"

Cavg o .

The freatmedﬁ*ét San Diego was successful in reducing erosion
from over 170 tons/acre for no treatment to less than

1 ton/acre for ‘the fiberglass roving treatment for a rainfall
of 9 inches. 'Dufing the monitoring period this was slightly
less than the normal 10 inches of precipitation.

The overall performance of the vegetation, was very good.
Twenty weeks after treatment, 75% of the slope was covered
with a mixture of Blando brome, Perla/Rvegrass mix,
Palestine orchardgrass and Smilograss. The coverage by
these grasses was uniform over the entire slope area during
the monitoring period.

Ponderosa Road., Route 50
The treatment at Ponderosa Road was successful in establish-
ing vegetation and reducing erosion, During the monitoring

period, 30,58 inches of precipitation occurred. Grass cover-
age was uniform over the entire slope area.
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After 5 years, the treated area is in excellent cond1t1on
with 1ittle~ eros1on apparent '

AESTHETICS AND VEGETATION EVALUATION

Because of concern expressed by some over the temporary biack
color of the asphaltic emulsion on a newly treated slope, an
evaluation was made of the tacking procedures used at the
Camino (03-ED-50, PM 23.8) test site.

The tacking'methods for each of the test plots are listed
below: |

Plot Tacking Procedure

A Control

B Asphalt Emulsion, SS-1

C Asphalt Emulsion, $S-1, Coarse Sand Cover

D Asphalt Emulsion, S5-1, Native Soil Cover

E Ecology Controls M-Binder & Processed
fiber mulch ‘

F Terra Tack II & Processed Fiber Mulch

Figure 20 shows the test site.

The evaluation was conducted by a seven member evaluation
team as follows:

Richard Pryor, Landscape Architecture (Caltrans)

Roy Chalmers, Office of Planning and Design {(Caltrans)
“Robert Skidmore, District 03 Environmental (Caltrans)
Charles Jackson, Office of Construction (Caltrans)
Barry Brown, State'Department of Conservation

Perry Amimoto, State Division of Mines and Geology
WiTliam Spearman, Federal Highway Administration
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The team evaluated the Camino test site on three different
occasions: 1) four weeks dfter'insta]]ation, 2) twelve weeks
after installation, and 3) twenty-four weeks following instal-
lation, The team was asked to evaluate each of the test plots
in terms of vegetative growth, aesthetics, and vegetative
cover. As part of the vegetative growth evaluation, the team
was also asked to note 1f vegetation was emerging from the
different test plots. This information was used to determine
the first appearance of vegetation at each plot but was not
necessary to determine amount of growth. Evaluation rating
sheets were used (see Appendix "C" for evaluation sheets).
Findings of the evaluations are listed in Figqures 21, 22,

and 23,

The following conclusions were based on the evaluation of the
test sections. o

1. No vegetative growth was apparent on the control plot
"A" {(untreated).

2. Piots "B", "C", and "D" all appeared to have about the
same initial growth after 4 weeks, but "B" and "C" showed
more growth after 24 weeks.

3. Plots “E" and "F", appeared to have an extra heavy coat
of tacking material. This may have restricted growth on these
two plots.

4, The black color of the asphalt emulsion tacking agent
was not unpleasing to the evaluation team, except for one
team member.

5. Vegetation growth was more abundant as well as uniform

on plots “B", "C", and "D" than on plots "E" and "F©".
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CAMINO TEST SITE
AESTHETIC RATING FOR SLOPE
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VEG'ETAT'IVE COVERAGE RAT

et CAMINOG TEST SITE
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6. Broadcasting soil material over the top of‘plot "n" and
sand over plot "C" did not improve the appearance significantly.
A majority of the soil and sand was removed during the first
rainstorm following application.

7. Plot "B" anpeared to have the best overall appearance
in terms of growth and uniformity.

8. PTot "B" had a black appearance dﬁe to the asphalt
emulsion tacking agent. However, this black appearance only
lasted for a short time until the vegetation began to emerge
-at approximately 4 weeks.

[

 ECONOMICS

Fiberglass roving with vegetation i$ expensive and would not
be practical to use as a -general treatment for all erosion
problems on slopes. However, it may be economically feasible
- for use on sTopes with severe erosion. Fiberglass roving
can be readily purchased on the commercial market for about
$0.60 per pound. The special nozzle needed to apply the
fiberalass roving can be purchased for about %150 or can
be fabricated in a machine shop. The asphalt emulsion used
as a tacking agent costs $0.40 a aallon. A1l other equipment,
except the hydromulcher, needed to perform the work consists
of standard items, readily available at most maintenance
stations or from contractors.

The cost of the fertilizer is approximately $0.11 per pound
and the grass seed is approximately $1.00 a pound depending

- on the type of seed used in the mixture. The wood fiber
used in the hydromulch mixture costs $5.00 per 50 pound bag.
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Theé costs For iﬁ§£3113ng the small experimental test plots
were high and do not reflect the cost for treating large
7aréas. The estimated cost for large areas done by contract

is approximately $0.90 per squaré yvard ($4,450 per acre).

This cost also includes redressing the slope. The time
required to complete a typical installation is approximately

2 days/acre. Table 3 shows a comparison of cost for different
erosion control treatments. ' '

Maintenance cost will vary depending on the amount of clean-

up and remedial work required on a particular slope. However,
- based on an avérage erosion rate of 80 CY/AC/YR for severely

eroding slopes and assuming $16/CY for maintenance removal

and disposal, the annual cost for maintenance will amount to

$15280/acre. - 1 L, a1 -

Baééd_on a discount’rate of 7% (i) and annual disbursements

over é tﬁme pgf{bd:of 20Ayears (h) this $1,280/acre annual

cost will have a present worth of $13,560/acre.

n

[Present Worth Annual Cost (Present Worth Factor for i=7%,

n=20 years)]

[Present Worth = $1,280 (10.5940) = §$13,560/acre]

The initial cost for the fiberglass roving with vegetation
treatment s approximately $4,450/acre.

Thus, the coét'savings for treating the slope initially with
fiberglass roving with vegetation is on the order of 3:1.

There is a slight reduction in the unit cost of the fiber-
glass roving if large quantities are purchased. This reduced
cost (see Table 4) could lower the total cost to approximately
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'$3,450/acra. Based on this figure, the savings would be
increased to nearly 4:1. Table 4 shows the unit cost for a
s variety of erosion control products. '

In addition to the maintenance savings, there would be reduced

sedimént in adjacent waterways and imprdved highway slope
appearance.
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" "GUIDE SPECIFICATIONS
'FIBERGLASS ROVING FOR SLOPES

Description

This work shall consist of furnishing and installing fiber-
glass roving .and asphaltic material for stabilization of
S0ils on slopes.where shown on the plans or as directed by
the engineer. S S '

Materials

Fiberglass Roving: The material shall be formed from con-
tinuous fibers drawn from molten glass, coated with a chrome-
complex sizing compound; collected into strands and lightly
bound together into roving without the use of clay, starch,

or like deleterious substances. The roving shall be wound

into a cylindrical package approximately one foot high in

such a manner that the roving can be continuously fed from

the center of the package through an ejector driven by com-
pressed air and expanded into a mat of glass fibers on the

soil surface. The material shall contain no petroleum solvents

or other agents known to be toxic to plant or animal 1ife.

The fiberglass roving shall conform to the following:

~ Property Limits Test Method
“Fiber Diameter, in. 0.00035-0.00053 ASTM D 578
Yards/1b. of Rove 170-300 ASTM D 578

- Organic Content, percent max. 1.65 ASTM D 578
Package Weight, 1bs. 30-45 ASTM D 578

| Aépha1t'Materia1: Asphalt shall be either an approved asphalt
-cement or an approved emulsified asphalt.

Construction Réquirements

"Fiberglass roving shall be applied starting at the top of

slope and progressing to the bottom of the slope over the
designated area within 24 hours after normal seeding and
fertilizing operations have been completed. Fiberglass roving
shall be spread uniformly over the designated area to form a
random mat of continuous glass fibers. The exact rate of
application shall be determined by the engineer,.
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Fiberglass roving shall be anchored to the ground with
asphaltic material applied uniformly over the glass fibers
at the rate of to gallons per square yard or as
directed by the engineer,

The upgrade end of the mat shall be buried to a depth of
6"-8" to prevent undermining. The above instructions for
sTope protection may be varied by the engineer to fit field
conditions.

Maintenance and Repair

The mat shall be repaired immediately, if damaged due to

the contractor's operations. Soil in damaged areas shall
be restroed to original grade, refertilized and reseeded

if originally specified, all at no additional cost to the
State.

Equipment

Equipment shall include:

1. Pneumatic ejector capable of applying fiberglass
roving at the rate of 2 pounds per minute (approxi-
mately 8 square yards per minute).

2. Air compressor capable of supplying 40 -100 cfm at
60 psi measured at the nozzle. Acceptable air hoses
_necessary for supplying a1r to areas not accessible
to the compressor.

3. Approved asphaltic material distributor with necessary
hoses and hand spray bar for working on slopes and
other areas not accessible to the distributor.

Measurement

Fiberglass roving w511 be measured by the pound, -and the
quantity to be measured will be that actually used on the
project.

Asphalt cement or emulsified aspha]t will be measured by the
gallon at the temperature of 60°F, in accordance with tempera-
ture volume correction. The quantity of asphalt to be measured
will be’ that actuale used on the project.

Pazment

The accepted-quantities of fiberglass roving and asphalt
material will be paid for at the respective contract unit
prices.
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03-ED-50-P.M. 23.8, Camino Site

Pléte 9 Eroded Cut Slope Before
Treatment November 1, 1977

Piaﬁé 10 Eroded Cut Slope Before
Treatment
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03-ED-50, P.M. 23.8, Camino Site

Plate 11 Slope Immediately After Treatment
November 2, 1977

‘Plate 12 Fiberglass Roving Tacked With

Asphalt Emulsion Above Sediment
Collection Trough
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'03-ED-50, P.M. 23.8, Cimind Site

Plate 13 Control Section "A" With Sediment
Collection Trough

Plate 14 ‘Section "B" Fibergiass Roving Tacked
.- With Asphalt Emulsion
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03-ED-50, P.M. 23,8, Camlnc Site

Plate 15 Sectlon "C" Fiberglass Roving Tacked
With Asphalt Covered With Sand

Plate 16 Section "D" Fiberglass Roving Tacked
With Asphalt Covered With Native Soil:
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03~ED-50, P.M. 23.8, Camino Site

Plate - 17 Section "EM Fiberglass Roving Tacked With

Ecology Control M-Binder and Wood Fiber
Muleh.

Plate 18 Section "F" Fibérglass Roving Tacked With
Terra Tack IT and Wood Fiber Mulch
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03-ED-50, P.M. 23.8, Camino Site

Fs

Plate 19 Section "B" 3 Months After
Treatment February 1978

Plate 20 Section "B" 8 Months After
Treatment June 1978‘

’ 75

ClihPDF - www .fastio.com


http://www.fastio.com/

C

. S - ' Pilate 21 Cut Slope Before Treatment
January 10, 1978

i g ©"'Plate 22 Cut Siope After Treatment
January 11, 1978
u ' 76
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Pilate 23 Cut Slope 13 Weeks After
Treatment April 17, 1978

Plate 24 Cut Slope 20 Weeks After
Treatment June ¥ , 1978
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Cut Slope 24 weeks

after treatment,
Jung 30, 1978

P]ate'26

Cut Slope 24 Weeks
after treatment,

- June .30, 1978

A
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05-SLO-41, P.M. 28.4,

Creston Sita

Plate 27 Cut Slope Before Treatment

November 15, 1977

Plate 28 Cutg Slope After Dressing Before
Treatment November 15, 1977
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Plate 29 Cut Slope After Treabtment
‘ November 16, 1977

Pléfe'.3d'0ut£Siope Showing 3 Test SectlionS$
After Treatment November 16, 1977
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05-SL,0-41, P.M. 28.4

Plate 31 Cut Slope .28 Weeks After
Treatment June 8 , 1978

Plate 32 Cut Slope Showing 3 Test Sectilons
After .28Weeks June 8, 1978
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& ‘Cut Slope Before Treatment
a o .. .a- . October 18, 1976

&

Plate 34 Cut Slope Surface Showing. Rills |
. Before Treatment October 18, 1976
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11-8D-805, P.M, 12,3 . San Diedo

Plate 35 Cut Slope After Dressing and
Before Treatment October 18, 1976

Plate 36 Cut Slope After Treatment
October 19, 1976
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“plate 37

Cut Slope 6 months After
Treatment April 20, 1877
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03-ED-89, P.M. 22.8 Lake Tahoe (Newhall Cut)

Plate 38 Cut Slope Before Redressing

Plate 39 Cut Slope After Treatment
July 18, 1975
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Lake Tahoe (Newhall Cut)

pe
. Treatment

‘ 7 Plate 41 cut Slope 2+ years after
B ' Treatment
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09-Mon-395, P.M. 9.0, Sherwin Grade

Plate 42 Fi11 Slope Before .Treatment of
quén 25 Feet July 15, 1977

Plate 43 Fi1 STope After Treatment of
Upper 25 Feet September 13, 1977
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. a

0, P.M. 8.4, Ponderosa Road and Rohté 50

03-Ed-5

L
-
i '
.
a
L 3

Plate 46 Slope After Treatment, October 19, 1973
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03-ED-50, P.M. 8.4, Ponderosa Road and Route 50
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APPEARANCE EVALUATION
"Control of Slope Erosion Using Fiberglass Roving"
F-5-18 Type B Study
657293

Transportation Laboratory

637293

EVALUATCR ' Date
) ' ORGANIZATION Time
I AESTHETICS - Please rate each plot as to its appearanée.
Plot "A" 0 1 2 3 4 5 6 7 8 9 10
o Poor " Excellent
Comment
"Plot "B" -0 1 2 3 4 5 6 7 8 9 10
Poor Excellent
Comment
Plot"C" -0 1 2 3 4 5 6 7 8 9 10
Poor Excellent
Comment
Plot "D" -0 1 2 3 4 5 6 7 8 9 10
_ Poor : Excellent
Comment
Plot "E" -0 1 2 3 4 5 6 7 8 9 10
- Poor ' ' Excellent
~ Comment

‘Plot "F* -0 1 2 3 4 5 6 7 8 9 10

Poor ' Excellent

Comment
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" II VEGETATION - please rate each plot according to vegetative take:

A- 1is wvegetation emerging in

Plot A Yes [ No .D
o - "c — —
K | " p D [:]
" B - | -
. " F 3 -}
Comments
B- 1Is growth:
Plot Scarce Average ' Abundant
a - | = f—
B (s 3 1
c - - 1
D | - —
E v | - =
F o | - £
Comments :

C- Does the vegetation appear uniform or bunched:

Plot
A | Uniform [ Non uniform

nooaon
nnopoo

Comments

IITI Other comments
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