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Bechtel

Cak Ridge Corporate Center

151 Lafayette Drive

P.O. Box 350

Qak Ridge, Tennessee 378371-0350

Telephone: (423) 220-2000 FEB {0 1997

Commanding Officer

Southern Division 7

Naval Facilities Engineering Command
Attention: Dudley Patrick 1858

2155 Eagle Drive

North Charleston, SC 29406

SUBJECT:  Bechtel Job No. 22567
Department of the Navy Contract No. N62467-93-D-0936
DO 0004, NAS KEY WEST, SHORE PROTECTION SYSTEM
Subject Code: 5040

Dear Mr. Patrick:

Enclosed are the final drawings and the design report for the Shoreline Protection System for IR-8 at
Fleming Key. This final revision to the drawings includes all the changes necessary for the slope change to
3:1 and to allow the use of excavated material as backfill. A supplement to the design report is being
prepared by Ocean Breeze to address the stope changes and will be forwarded to you as soon as it is
available.

If you have any questions or comments, please feel free to give me a call at (423) 220-2745 or Roy Hoekstra
at (423) 220-2271.

Sincerely,

O]

0. N. McNeil, Jr.
Project Manager

REH:dem:1L.LR1091
Enclosure: As stated

cc: M. Ewing (ROICC) w/e
P. Williams (NASKW) w/e

@ Bechtel Environmental, Inc.
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Introduction

The NAS Key West has used the southern portion of Fleming Key as a solid waste landfill for -
decades. Tidal fluctuations and wave action along the existing shoreline have caused significant
erosion compromising the integrity of the solid waste landfill. The purpose of this project is to
establish a shoreline protection system along 1,800 feet of the southwest portion of Fleming Key to
protect the existing solid waste landfill from further degradation. See Attachments 1 and la for
location of the project site,

The design of the shoreline protection system is based upon the RFP 22567-321-SC-0248,
Addendum No. 5 and considers the following parameters:

B Cost effectiveness

B Longevity of the system

B Damage limitation

M Scour and flank protection
B Permeability

B Appearance

B Environmental criteria

Design Analysis

Cost Effectiveness

The baseline for cost comparison is stone fill (rip rap) over a geotextile liner keyed into the
shoreline. Based upon previous correspondence between Ocean Breeze Construction
Company and Bechtel Environmental, Armorflex articulated concrete block (ACB) was
determined to be a cost effective alternative to the baseline stone fill over geotextile liner
system. See Attachment 2 for information on the Armorflex ACB System.

Longevity of the System

The Armorflex ACB is comprised of a series of individual concrete blocks placed together
to form a continuous embankment overlay. Concrete is a very durable material used
extensively in saltwater environments. The 50-year design life specified is attainable with
the use of concrete.

For placement of the ACB mats, a flexible polyester cable will be inserted through the

blocks to simplify the installation process. The cable is only needed for ease of installation
and is not a factor in the design of the ACB system. See Attachment 3 for
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information on the polyester cable used for placement of the ACB mats. The Armorflex
ACB shoreline protection system is designed in accordance with USACE Shoreline
Protection Manual, Armorflex Design Manual, Nicolon Corporation "Armor” Wave
Program, Mirafi Geotextile Filter Design, Application and Product Selection Guide, and
sound engineering judgment. The Armorflex Wave program used to evaluate and size the
Armorflex ACB System is provided as Attachment 11.

The design of the shoreline protection system considers the 50-year storm surge, the 50-
year wave, and the 10 percent exceedence astronomical tide level. Based upon the Federal
Emergency Management Agency Flood Insurance Study, Monroe County, Transect No. 1
in Man of War Harbor, Table 2, the 50-year storm surge still water elevation is +5.5
NGVD, as shown on Attachment 4.

Water surface elevations are based upon the National Geodetic Vertical Datum (NGVD) of
elevation 0.0. The depth of water at the structure, considering the 50-year storm surge
(+5.5 NGVD) and the 10 percent exceedence astronomical tide level (+0.55 NGVD) is
equal to a still water elevation of +6.05 NGVD.

When a wave moves into increasingly shallow water, the limiting steepness which it can
attain prior to breaking decreases. In other words, a wave will move toward a shore until
the water becomes shallow enough to initiate breaking,

The existing grade at the proposed structure varies along the length of the project between
elevation 0.5 NGVD near station 15+00 and elevation 3.0 NGVD near station 9+00. To
be conservative, we have assumed the existing grade elevation at the structure is 0.5
NGVD. This means that at all other locations along this project the significant wave height
is smaller.

It is common engineering practice to estimate that the significant wave height is no greater
than 60 percent of the depth of the water at the structure. This design parameter of 60% is
based upon a technical paper entitled "An Inside Look at Articulating Concrete Block
Revetments" by Michael Koutsourias and Joel Sprague as presented at the International
Erosion Control Association convention in 1992. Page 54 of the technical paper defines
how to determine the design wave height. See Attachment 5 for a copy of the
aforementioned technical paper.

Since the water depth was previously shown to be 6.05 feet and the existing grade elevation
is 0.5 NGVD, then the significant wave height is no greater than 3.33 feet. The limiting
steepness created by the wave moving into shallow water causes the wave to break prior to
reaching the structure. Therefore, based upon the design parameters, there is no possibility
of waves breaking over the top of the berm.
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Another consideration for wave movement toward the shore is wave runup on the structure.

Wave runup calculations were developed for this project and are shown in the Appendix.
The calculated runup value for the significant wave is 7.0 feet or elevation 12.55, which
overtops the proposed berm with a top elevation of 10.0 feet. The calculated runup value is
corrected for scale effects and for the estimated roughness and porosity of the Armorflex
block. Since the Armorflex block was not in Table 7-2, a value for Gobi blocks was used.
As noted in Table 7-2, the Armorflex block is rougher and more porous and the correction
value was adjusted accordingly as shown in the calculations in the Appendix. A scouring
protection and drainage system is provided in the form of a back of berm swale for a
section of the shoreline protection system. The remainder of any wave runup which
overtops the berm will infiltrate into the natural ground or flow back down the revetment
into the ocean, as it does in the existing condition.

Damage Limitation

The specified design parameter for estimated damage on this project is less than 10 percent
as defined by the USACE SPM for multiple-layer Armor Stone Protection during a 50-year
wave,

The Armorflex design program considers failure of the system as the loss of "intimate
contact” between the most vulnerable individual block in the system and the subgrade.
Therefore, the design of the Armorflex ACB allows zero damage which is well below the
design parameter.

Overtopping

The specified design parameter for overtopping rate for the 50-year design significant wave
height and storm surge shall not exceed 200 liters/sec/meter unless a scouring protection
and drainage system is included and is based upon the 50-year values.

Based upon the design calculations for overtopping rate including the effects of wind
provided in the Appendix, the estimated rate of overtopping is 75 liters/second/meter,
which is below the specified rate. As an extra safety measure, the top and backslope of the
berm and the swale will be overlayed with the Pyramat permanent erosion and
reinforcement matrix (PERM) to further reduce the potential for erosion along the backside
of the berm and the swale. See Attachment 6 for information on the PERM. See the
construction drawings for the proposed location of the PERM along the berm.

Overtopping of the berm that occurs between station 9+00 and station 14400 will be
contained in a small swale at the back of the berm and released onto the natural grade to be
infiltrated into the ground as in the site's present condition.

o -3-
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Each end of the swale will have an erosion protection apron in the form of rip rap with a
dso of 0.40 feet. Each apron will be six feet wide at the end of the swale, 12 feet long, and
14 feet wide, at the end of the apron. The size of the rip rap and dimensions of the apron
will allow for energy dissipation of the flow and protect the ends of the swales from
erosion.

Calculations for the efid of swale erosion protection are shown in the Appendix.

Overtopping of the berm between stations 0-+00 to 9-+00 and stations 14+00 to 18+00
will infiltrate naturally back into the ground as in the site's present condition.

Scour and Flank -

Scour and flank protection for the Armorflex ACB system is through the use of rip rap
along the toe and edges of the revetment.

According to Technical Report CERC-93-8, U. S. Army Corps of Engineers, “Coastal
Scour Problems and Methods for Prediction of Maximum Scour” by Jimmy E. Fowler
(1993), the maximum scour depth can be estimated using the maximum wave height at the
structure, Since the deepwater wave height calculated in the Appendix is 2.36 feet, the
maximum depth of scour at the toe of the structure is no greater than 2.36 feet below the
bottom. The elevation of the ground at the structure varies throughout the project limits,
but is generally at elevation O.5. In order to prevent scouring from the effects of wave
action, the bottom of the revetment should be placed at elevation (-) 2.0 NGVD or the
natural bedrock elevation, which is higher. Cover over the embedded toe of the revetment
will be 125 pound rip rap between station 0+00 and 15+00 and 125 pound rip rap with
sand between station 15+00 and 18+00. Design calculations for the rip rap coverage are
shown in the Appendix.

Flank protection at each end of the revetment will encounter no more wave action attack
than the toe of the revetment. Therefore, embedment of the flank 4.8 feet into the
embankment to prevent the effects of scouring along the flanks of the revetment system will
be provided. Cover over the embedded flanks of the revetment system will be 375 pound
rip rap as shown in the calculations in the Appendix.

Permeability
The Mirafi Filterweave 40/10 woven geotextile meets all of the requirements of the

specifications for this project. No additional parameters were provided for the permeability
of the geotextile fabric. Geotextile technical information is provided in Attachment 12.



Appearance

The Armorflex ACB is a durable and stable alternative to conventional erosion control
revetment systems {rip rap) as shown on the photographs in Attachment 2. The system will
blend into the natural surroundings by allowing vegetation to grow into the system without
damaging its structural integrity. In order to give mother-nature a head-start, the top three
rows of the open-cell blocks will be planted with sea purslane. In addition, the bottom
three rows of Armorflex will be planted with red mangroves starting at elevation 0.0
NGVD at the northernmost end of the project between station 15400 and station 18+00 as
the system transitions back to natural grade.

Environmental Criteria

All environmental criteria within our project scope of work shall be obtained, evaluated and
met.

Limitations on erosion control and sediment disturbance will be accomplished during
construction through the use of regularly maintained floating turbidity barriers in the
disturbance area, minimizing the construction disturbance area to practical working areas,
and revegetating disturbed areas as early as practical to reduce the erodible area available.

No alterations to the local littoral drift during the life of the shoreline protection system are
expected.
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ATTACHMENT LIST

Description
Site Location Map
Aerial Photo
Armorflex ACB System Technical Information
Polyester Cable Technical Information
FEMA 50-year Storm Surge Information
Technical Paper for Design Wave Reference
Pyramat PERM Technical Information
Preliminary Review Comments and Responses
Articulated Concrete Block Specification
Polyester Thread Technical Information
Construction Schedule
Armorflex Wave Calculatiop Program Printout
Geotextile Technical Information |

Appendix
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lBackﬁ\l and compact the trenches
as mat placement proceeds.

Additional sections of mats are plac-
ed and connected until tha desired
“Himits of protection are reached.

into the open cells, then sown or

lBackﬁl! is spread over the mats and
planted as deslred.

SAMORFLEX MATS CAN BE EASILY
" ISTALLED UNDERWATER. The
seader bar can be fitted with ‘
recial, remote release clamps, which
'|ow the mat to be reteased from the
-Wirface, There Is no need to de-water
e work area. The positioning of the
.ats can be done from the surface In
allow water or by divers in deep .
ater. in addition, a structure can be
“usily bullt on a environmentally
stricted slte because there is no
:ed for expensive cofferdams that
sturb the natural environment sur-

.unding the project site,
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PERFORMANCE TESTED/COST EFFECTIVE
ARMORFLEX EROSION CONTROL SYSTEM

beveled relief 1o
Zin all directions
~. PERMABILITY.’/ARMORFLEX 15’
. generally placed on filter fabric
.. andlor conventlonal graded filter.
“The permeability of the filter syst
. and grids relieves hydrostatic .4
.pressures while Its capabllity for-s

Armorflex articulatin?
precast concrete mats
grosion control system.

ARMORFLEX Erosion Controf System
provides the engineered alternative to
conventional erosion control materials
for revetment and channel protection.

ARMORFLEX combines its speciaily
designed interlocking precast concrete
grids, cables and filter system to pro-
vide stable, articulated and permeable
erosion protection, which maintains its
integrity in the event of subgrade defor-
mation or severe dynamic loading. -

ARMORFLEX is placed by conventional
construction equipment direclly on the
prepared subgrade of the structure as a
system of factory pre-assembled mats
of interlocking grids interconnected
with cables.

ARMORFLEX results in a stable ero-
sion control system availablein a
range of classes to accommodate .
various wave climates and stream flow
conditions with aesthetic and
ecological advantages.

ARMORFLEX, whether vegetated or
otherwise, provides durable, fiexible
and permeable erosion protection for:

» Coastal Shorelines

» Earthen Dams

+ Storm Channels & Ditches
« Bulkhead, in lieu of

* Pipeline Crossings

> retention prevenls leaching of
" soils through t ;

. deslred, ARMORFLEX's open ceil
“are filled with soll,"then sown'o

*; planted. The open cells provide a
< perfect environment for the +.x;

‘a permanent anchor for the Installa-:
: tion while beautllﬂ.n the landscap
: ARMORFLEX, with closed calls or -
- ‘open cells filled with stone, (d

- precludes vegetative cover.

'ACCESS. ARMORFLEX Is free of '

. dangerous projections thus providing -
safe access for pedestrians, animals,
vehicles, boats,-and cther small craft

1o the waler's edge.

» Lakes & Reservoirs

= Rivers, Streams, & Bayous
* Dikes & Levees

+ Bridge Abutments

« Water Cantrot Structures
e Ponds & Holding Basins
* Sand Dunes ’
+ Embankments

» Spillways

» Subagueous Pipelines

+ Boat Launching Ramps

Preparation and
instailation.

ARMORFLEX Is delivered_on traliers or
barges as prefabricated mats, of up to
480 f1.2 per mat

beg
tion of the areaio be protected
‘Vegetation and obstructions,’such a
roots and pfp}e'cyng stones are e
ed. Holes, soft areas and large &
‘cavities are filled and compacted with
sultable materials. -

ARMORFLEX has been proven
technically and economically superior,
to traditiona! protective materials, ™3
When conditions such as poor soils
limited access, aesthetic and en- i
vironmental considerations or a short
construction season or schedule are
primary factors, ARMORFLEX has pro-
ven to be the design solution.

Excavate toe, terminals and i
bank protection trenches as :
required. ;

Characteristics.

STABILITY. ARMORFLEX provides a
continuous eroslion protection tha
acts as an articulated mattress to .
withstand the destructive forces of -
water. The proper ARMORFLEX
class is determined by the design
velocity or wave height to which it
shall be subjected.

FLEXIBILITY. ARMORFLEX grids ar
interconnected by flexible cables -
which provide articulation betwee

adjacent grids. The walis of the -~
ARMORFLEX grid are designed wit

‘aré placed side’

The fi A -are placed s
ure by attaching -
t et

, ‘mat;

by side on the structur

the cable 100p$ at both ends of the -~
‘mat to a spreader tl?'ar forplac

Adjacent mat connected by
Jpouring slde corinecting keys andior
‘by fastening side connecting ‘cabies
-and end loop
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—CASLE TUNNELS

CABLE ‘IUNNELS

OPEN CEWGRID - CCLOSED CELL GRID
ARMOAFLEX GRID SPECIACATIONS ] 1
= -
TECHIICAL DATA -~ i [ IERSIONS & WEeNTS et I
S ﬁg HOMINAL GROSS e
sreanc | compressve DIMENSIONS AREN | oweiHr: | weieHy | oPex|
weiGHT | STRewaTH 53 IN. GRID | GRID AREA | AREA] -
cass  |ussseurr | wesmom. | % X ] tIsor. | s |uwsssorr| w |-
» 130-150 4000-3000 5 J1ao |1e |ars | oss | 3136 297 2
gg 2 130-150 4000-3000 5 |130 |11e oo | ose | ass2 485 2
j ) 130150 | 4000-5000 § 174 |55 oo |t | 120038 | eam 20
! 4 10150 | 4000-5000 5 {10 |ue fars | oose | ses 4045 w-
E s 130150 | 4000-3000 $_ |130 s [eo | oss | s e 10
85 130150 [ 4000-5000 s lizs

»mponents,

iDS. The grids are precast concrete blocks,
llable In a range of classes to accommodate
ous applications. The range of classes allows
selection of the proper combination of unit
ght, surface roughness and open area for
bility and hydraulic rellef. -

LE & FITTINGS. Cables are galvanized steel
raft cable or polyester; stalnless steel has been
d for specia! applications. o

compression fittings used to make cable
Jces and to confine the grids are selected to
>.ch the cable strength and are composed of .
.erlals sultable for the cable employed. .. -. °

l‘m FABRIC. Tha filter tabrlc is a pervicus sheet
aven and/or nonwoven fabric selected in accor-
ce 0 the gradation and permeability analysls of
soil and/or fill material on which the mats are
placed. It a graded filter material |s selected
se, It must be carefully designed and Installed
event movemnent of the gradation through the
= actlon cover layer. -

ANCHORS. For structures with steep side -
s, halix type comoslon resistant anchors are
alled at the top of the slope to provlde add -
al stabllity. :

z’:s:,fﬁ:-%r, |
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Technical Assistance.

ARMORTEC Is statfed by quallfied civil englneers
to afd in the preparation of designs and cost =
astimates for potential projects. If approved,
ARMORTEC's engineering department will prapare
shop drawings for the engineers review and ap-
proval. Pre-bid and pre-construction conferences

. with contractors and on-site construction .-’
assistance are also provided by ARMOFITEC‘s con-
struction services group. .

Manutacturer and Supply

ARMORFLEX eroslon control mats are available in
six classes to accomodate the conditions prevalling
In a given application. ARMORFLEX grids are
_ manutfactured on standard concrets block °
machines located around the world. AF!MO LEx
mal cabling machines are portable and can pre-
assemble mats at the concrete block plants or on

the construction site. Mat dimensions are selected -
to mee! the area required for the ARMORFLEX in- . ;

stallation,

ARMORTEG Erosion Control Systerns are ci.ufe‘ntly‘
In gervice around the world, Thair uses range from
channel linings to riverbanks and from subaqueous

pipeline protection to major shoreline revetmants. ---

‘The positive results achiaved by ARMORTEC in pro- .
" viding reveiment and bank protection systems for - :

clvil engineering projects aupply convincing proof - -

of the benefits you may reap from ARMORTEC's.
broad spectrum of eroslon contrnl systama i

. Sulte 500
" - Norcross, Georgia 30092

"FAX (404) 242-3828

best of our knowledge, the mlormhon conramod hemn is accurate. Howaver, Amortoc lncorporarod connol accept
of ony Lind for the occuracy or compleatnets thereof, Final determination of the suitubility of ony information or material Tor

se contemploted, of its monner of use, a\d whcﬂm tha suggested usa infringes ony potents, is the sole ulpumahihv ol iha um.‘

For further Information on our erosion Gontrol -
systems and their varled applications, contact:

INCORPORATED
T <7

A subsidiary of NICOLON, Corpoutlon "
3500 Parkway Lane
(404) 447-6272

Telex: 804453
LOCAL REPRESENTATIVE

Copyright 1984 Printed in U.S.A,
ARMORFLEX 1S A NICOLON® PRODUC
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SPECIFICATION

DURAVET REVETMENT ROPE

SCOPE:

This specification pertains to Samson parallel core Duravet rope constnuctions,

MATERIAL: -
Duravet is constructed in high tenacity Jow elongation continuous filament synthetic fibers,

CONSTRUCTIONS:

a. Duravet consists of a core construction comprised of parallel fibers which is contained
within an outer braided jacket or cover.

b. The cover shall be a 16-strand or 24-strand twill braid in which one strand of one-

direction of rotation about the axis passes over two strands of the opposite direction and
then passes under the next two strands of opposite direction,

c. The weight of the paralle! core shall be between 65% to 75% of the total weight of the
rope. ,

d. Construction of the rope shall be such that the cover braid is non-load bearing and the
rope is torque-free.

BREAKING STRENGTH AND WEIGHT;

The breaking strength of Duravet is determined by conduction capstan break tests, The fest
apparatus used is a Riehle geared screw machine fitted with two 9-inch diameter copper jacketed
steel capstans. The test sample is wrapped twice around each ¢apstan and the free ends of the
sample are then tied off to pins. The sample is pulled to destruction at the head travel speed of
3 inches per minute and the resulting breaking strength is recorded autographically.

The breaking strength given below for Duravet is an approximate average strength, The average

break strength is determined by conducting several tests and calculating the average of all the
test results,

—
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Weight/100 Ft.-Lbs,

18/02/1336 ©9:48 778-662~5819 ARMORTEC
Approx. Avg. Minimum
Streagth Streagth® Minimum
—
187 (15mm) 1,800 Lbs. 1,620 1.24
240 (19mm) 3,100 Lbe. 2,790 2.00
,255 (20mm) 3,700 Lbs, 3,330 2.47
.280 (22mm) 4,500 Lbs. 4,050 2.76
295 (Z4mm) 5,200 Lbe, 4,680 2.95
At (27mm) 7,000 Lbs. 6,300 3.%9
” .380 (30mm) 10,000 Lbs. 9,000 4.75
5 {(40mm) 15,000 Lbs, 13,500 8.93
63 (50mm) 23,000 Lbs, 20,700 13.02

Mazimum

1.37
2.21
2.74
3.05
.26
4.42
3.26
$.90

14,42 J_J

* Above rope strengihs are developed with a 98% confidence Jactor. Tharefore, staristlcally we reserve the right that

two (2) breaks ow of 100 breaks may fall below stated minimums.

ELONGATION DATA:

Elongation data specified in this section is based upon stabilized new, dry rope, Stabilization
refers 10 a process in which the rope is cycled fifty times between a load corresponding to

200D? and a load to

10%, 20%, or 30% of the rope’s approximate average breaking strength,

Relevant elongation values for Duravet are given in the table below, The tolerance on these )

values is +5%.

% - Breaking Strength

————— e ey
Permanent elongation while working 7% 1.8% 2.6%
Elastic elongation 6% 1.4% 2.2%
Total stretch 1.3% 3.2% 4.8%

CHEMICAL RESISTANCE:

concentrated acids, alkalis and solvents.

ENVIRONMENTAL RESISTANCE:

The material used in the construction of Duravet exhibits good to excellent resistance to most

Duravet is impervious to rot, mildew and degradation associated with marine organisms, The
material used in the construction of the rope is not affected by continuous immersion in fresh

or saltwater,
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CRITICAL TEMPERATURE:

Critical temperature is defined as the point at which degradation of the rope occurs due to
temperature alone. The critical temperature of Duravet is 350°F, The melting point of Duravet
is 480°F. o

QUALITY ASSURANCE:

Duravet is manufactured in accordance with product specification instructions which detail the
construction particulars of the rope. During the manufacturing process, the rope is checked for
compliance with these instructions by production supervision personnel. In addition, the strength

of the finished product is verified by conducting one centified break test per 25,000 feet of
finished rope.

WARRANTY:

All goods and materials manufactured by Samson are warranted free from defacts in workman-

ship or material; consistent with established and generally acceptable standards of the type of |

product produced in accordance with Cordage Institute standards, testing and definitions.

STANDARDS FOR STRENGTH AND USAGE:

The improper use of ropc may be dangerous. Use the right size for the job and do not overload,
shock load or bend-over sharp corners. Information on standards for strength and usage are
available from Samson, along with Guidelines for Inspection and Maintenance.

MANUFACTURER:

Duravet is manufactured by Samson Ocean Systems, Inc. for Nicolon Corporation.

84
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COMPARATIVE CHEMICAL RESISTANCE OF "DACRON" AND DU PONT NYLON FIBERS
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CHEMICAL ATTACK OF GEOTEXTILES
(POLYESTER)

CHEMICAL RESISTANCE DATA

Chemical attack of geatextiies is often dificutlt to dearly dsingulsh becauise of Inherert product variablity,
the relatively small magnitude of degradation, and the coneurrent non-chemical efiects of water. For these
reasans, chemical attack of gectextlies s bast viewed with respect to trends rather than specific values, as wel
as with a preference for Lsing high-temperature testing and basaline water exposure to magnity and Isalate
chemical affects. -

The mast axtensve study of polyester durabiity 1o date - a 3-phase research program formulated by Terre
Armee Internationale & The Reinforcad Earth Comparny, funded by Nicolon Corporation, and exectted by TRI
Envionmental Inc. - properly incorporated all of these considerations. The program studied the degradation of
poly(ethylene teraghthalate), commonly rafarred 1o as PET or, simply, polyaster In the following threo phases:

a comparative study of high-tenachy flizments in 27 media, &t an elevated temperstire (85°C In
Prase 1), which was used to |dentlify the most aggressive media;

a comparaiive study of d¥ferant yarns in the same selected modia, at a Iowar temperature (Phaso
2), which was used to comparo yamn performance; and

a comparative study of ciffarert products and coatings In the same media (Phase 3), which will bo

l usad to compare product performance,

Tha rasults of Phase 1 have been reported by Jailioux et 2l (1992) and are summarized as follows:

acoalersted testing at high temperaures givas usaful information, aliowing for quick setection of
- media that sre or we not prong to degradae palyester;

typical chemicals found In soll have no significant sffect (a 85°C) on the degradation tate ¢f the

fiamants tested as compared with the behavior In water as long as tha pH romalns below 10;

the !ltaments have lost a part of thelr matter,

Supporting data follows . . .

CHEMICAL DEGRADATION
CONSIDERATIONS
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Alkkaline Madia. it Is wall known
that highly alkaline modia will
induce very rapid degradation of
palyester. Figure 1 givas the
results abtainad In caustic soda
and ime &t different pH values.
Degradation of fiiaments tested In
Irnoeréd.a.apﬂdwudm
to the degradation evolution
obtainad I pure water.
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pH lass than 10. Thers was no
observed diferance batwoan tha
behavior of fiamarts axposed to
sightly sikaiine media and that of
those exposad in highly acidie
media. As shown In Figure 2, the
shapes of the arves are smier
for aulphurke (S) and hydrochioric
(C) acd. ApH of 1 doss Nt
damage the filament mors then
pure water.
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CHEMICAL DEGRADATION
CONSIDERATIONS

Saky Medla. Thass tests studied
the bahavior of high-tenacky PET
in water wth the addition of small
or larga quartiias of the major
saks ancourtered in sol, such as
de-lcing salts, gypsum, sea water,
aggressive sall leachate, and
ordnary 3o, Figure 3 shows the
curves all losely follow the
pure-water iing.
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. AN INSIDE LOOK AT
ARTICULATING CONCRETE BLOCK REVETMENTS

Michael Koutsourais and Joe! Sprague

Nicolon .Corporation,
. 3500 Parkway Lane, Suite 500
Norcross, GA 30092

ABSTRACT

Civil Engineers throughout the world are continually faced with the problem of
controlling erosion of coastal shorelines and inland waterways. Coastal areas frequently
experience land loss and property damage resulting from the dynamic forces associated
with wave attack, while inland waterways experience heavy currents which erode channel
banks and beds, consequentially resulting in unfavorable environmental conditions. -

The past decade has produced much needed research on articulating concrete
revetment systems which has resuited in a more accurate prediction for the threshold of
system stability, a better understanding for the most influential factors that affect system
performance, and a growing demand for flexible, permeable, and environmentally desirable
revetmaents that can be designed to withstand the forces associated with large waves and
heavy currents. The purpose of this paper is to familiarize the design engineer with the
design concepts and methodologies associated with resisting the forces of waves and
currents. The manufacturing and Installation processes of articulating concrete block

revetments will also be presented.

INTRODUCTION

In the early stages of many new civil engineering
tachnologies, practical application typically precedes,
or at least coincides with, the yesearch necessary for
proper design. This is particularly true for articulating
concrete block revetments. Although this technology
and research dates back to the mid-1970's, nearly
two decades have passed, and many of these sys-
tems are continually used without the limits of hydrau-
lic stability clearly documented.
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The past research has proven that the proper
block selection to withstand unique hydraulic condi-
tions for a particular application is more of a high-tech
science than many people believe. The 1990's bring
the civil engineer or designer of erosion control
revetments to a crossroad. Do we continue to use the
trial and error technique of the past to determine the
proper system or block size to resist the hydraulic
conditions unique to a particular site, or do we as
professionals raise our standards to a higher level
and require that the threshold of hydraulic stability be



determined and a design methodology provided
before any particular system is approved for use?

The decade of the 1980's took a giant step in this
latter direction with hydraulic research studies on
articulating concrete revetments being performed
nationally and internationally by the Delft Hydraulics
Laboratory in Holland, the Construction Industry
Research and Information Asscciation (CIRIA) in
Great Britain, and Simons, LI and Associates in Fort
Collins, Colorada. Sponsoring of this research came
from various government agencies such as the U.S,
Bureau of Reclamation, U.S. Federa! Highway Admin-
istration, Tennessee Valley-Authority and the U.S.
Soil Conservation Service. The commissioning of the
Delft Hydraulics Laboratory and Simons, Li and
Associates, Inc. by Nicolon Corporation, Allanta,
Georgia, has developed into a practical methed for

evaluating the stability of a unigue block system -

under hydraulic conditions typically encountered in

the field. A similar design methodology can be.

adaptad to other articuiating concrete block revet-
ments once hydraulic data is acquired that docu-
ments the performance of these revetments under

fuli-scale controlled testing. The net result is that the .

designer of the 1990’s can now rely on. practical
design procedures, based on documented hydraulic
research data, for protacting coastal shorelines and
inland waterways from erosion damage due to the
hydro-dynamic forces associated with either waves or
currents.

DESIGN CONSIDERATIONS

Articulating concrete block revetments incorporate
cellular concrete blocks, either open or closed,
underlain with a properly designed filtration geotextile.
The blocks are held on the slope by anchors placed
at the top of the slope and/for by friction betwesn the
slope and the blocks. The blocks can be assembled
into fabricated mats either at the factory or on site.
Sections of precabled concrete blocks can be placed
by using a special spreader bar, a procedure that
may lower costs at large projects by reducing hand
labor, or may be hand-placed with or without the
cable subsequently installed.

The articulating concrete block family of revet-
ment systems combines the favorable aspects of
lightweight blankets and meshes, such as porosity,
flexibility, vegetation encouragement and habitat
enhancement, and ease of installation, with the
nonerodibility, self weight, and high tractive force
resistance of rigid linings. These specially designed
interlocking precast concrete grids have proven to be
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a cost-effective, aesthetic, and functional atternativa
to dumped stone riprap, gabions, structural concrets,
and other heavy-duty, durable channel protaction
systams. Additionally, these systems offer enhanced
flow efficlencias, nurturing of vegetative cover and
safe access.

- Stablility. Concrete block revetments provide a
continuous articulating erosion protection mat to

- withstand the destructive forces of water. Proper

block selection is based on the design velocity or
wave height to which it shall be subjected and is
product spacific. The stability of articulating concrete
block revetments Is generally unquestioned. For
instance, a 34 pound Ammorflex block has a critical
shear stress of 15 pounds per square foot, whereas
a shear stress of only 10 pounds per square foot is
required to initiate motion of a 24-inch diameter rock

.riprap weighing 1,200 pounds per stone (Clopper,

1991). - -

Through years of hydraulic research testing,
Simons, Ui and Associates, Inc. identified that each
type of revetment system exhibited its own character-
istic threshold failure point or critical shear stress
lavel that the hydraulic forces must exceed to activats
failure. it has been acknowledged that block waight,
geometric proportion, and method of interiock all play
important roles in overall system performance. Full-
scale hydraulic testing under controlled conditions is
the only proven reliable method of quantifying perfor-
mance. From these tests, it is possible to extrapolats
performance to larger or smaller blocks of the same
"family®, but not to different block types (Clopper,
1991). As a result, each articulating concrete block
system manutacturer must provide hydraulic stability
data for his product.

Flexibility. Another advantage of a cabled

system is its flexibifity. ¥ an embankment settles
unevenly, the revetment is able to conform to the

distorted shape. Cabled preformed concrete blocks
provide long-term articulating slope and channel
protection. The primary difference between these
systams and other materials commonly used to
protect channel beds and banks from ercsion scour
and instability is their ability to accommodate minor
changes in channel shape due to setiemaent, frost
heave, slumping, and the like, while maintaining a
nonerodible boundary between the channel subgrade
and the potentially damaging flow of water.

Permeability. Articulating concrete block revet-
ments are generally placed on a filter fabric andjor a
conventional graded filtar. The permeability of the




fiter and revetment system relieves hydrostatic
pressures while its capability for soil retention pre-
vents leaching of sub-soils through the installation.
The filtration geotextile must be properly designed
according to the anticipated hydraulic flow conditions
and the soil grain size distribution. An improper
geotaxtile selection may lead to failure of the revet-
ment by either not allowing the dissipation of excess

. hydrostatic pressure or not retaining the subgrade

soils.

Flow Efficlencies. The Manning's roughness
coefficient, n, is approximately_constant, for a given
channel lining, over the range of slopes and discharg-
es typically encountered in channel design situations.
The roughness coefficient tends to increase for very
shallow flows where the height of the roughness
elements comprising the lining is a significant per-
centage of the total depth of flow. For unvegetated
revetment systems on mild channel slopes under
uniform or near-uniform flow conditions, the Manning
coefficient has baen found to depend on the effective
size of the individual blocks, and whather the blocks
are of the open- or closed-cell configuration. Typical
n values for Armorfiex blocks range from 0.026 to
0.034

Vegetation. When vegetation is desired, open
cell blocks are fillad with soil, then sown or planted.
The open cells provide a perfect environment for the
establishment of vegetation. Even roots of grass and
small shrubs can penetrate the filter system, provid-
ing a permanent anchor for the installation while
beautifying the landscape.

Typical flood control improvements that protect
development often do so at the expense of wildlife
habitat, prompting agencies such as the Department
of Fish and Game and the U.S. Fish and Wildlife
Service to impose environmental mitigation require-
ments on the project. Articulating concrete block
revetments have been well recsived by various
agencies such as Corps of Engineers, Department of
Natural Resources, Fish and Game, Fish and Wildlife
Services and others who are well focused on the
environmental problems faced by the entire country.
in fact, the mat installation for the Serrano Creek
flood control project in Orange County, California,
qualified for a one-to-one habitat replacement since
no mitigation requirements were imposed by the
resource agencies.

Blocks with closed cells or open cells filled with
stone (dgy<.75") precludes vegatative cover.
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Access, Block mats are free of dangerous
projections thus providing safe access for pedestri-
ans, animals, vehicles, boats, and other small craft to
the water's edge.

~ DESIGN APPROACH - CURRENTS

The analytical method for determining hydraulic
stability was produced by Simons, Li and Associates,
Inc., Fort Collins, Colorado. The method is aimed to
ensure that each individual block within an articulating
concrete block revetment maintain independent
stability. The self weight of the most vuinerable
individual block in the systam must be large enough
to maintain intimate contact with the subgrade when
it is baing subjected to the Iift and drag forcas assodi-
ated with heavy currents or embankment overtopping.
Failure, defined as the loss of "intimate contact®
between a block (or group of blocks) and the sub-
grade, is the result of incipient overtuming, when
overturning moments equal resisting moments about
the downstream edge of the block (Clopper, 1991).

By minimizing the potential resisting forces and
maximizing, within reason, the potential forces that
may act to cause displacement of an individual block,
a sufficiently conservative design will result In an
attempt to minimize potential resisting forces, SLA's
design methodology does not account for the poten- .
tial ability of a subsystem drainage medium to con-
duct away uplift pressure, and does not consider any
restraining force which can be attributed to the
presence of cables, vegetation, or mechanical an-
chorage {Clopper, 1991). Furthermore, the interlock-
ing nature of the mat system along with its permeabil-
ity and flexibility is not analytically incorporated into
the stability analysis. However, these unique parame-
ters are key to the actual performance of the revet-
ment, yet cannot be substantiated without conducting
controlled hydraulic studies to determine the limits of
hydraulic stability, For this reason, it is essential that
articulating concrete block manufacturers provide
unique design charts based on hydraulic performance
as illustrated In Chart 1.

Under the action of fiowing water, an individual
block will be subjected to lift and drag forces. The lift
torce acts in a direction normal to the plane of the
bed and is typically comprised of the buoyant force
and differential pressure across the block due to local
accelerations (Clopper, 1991).

The drag force acts in the direction of flow and is
comprised of frictional and form drag. When a block
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has the potential 1o be subjected to direct impinge-
maent by flow, which is possible when, due to irreguiar
subgrade preparation or poor installation, an individu-
al block protrudes vertically above Its adjacent neigh-
bor, it is necessary for the engineer to include this
form drag force in the analysis (Clopper, 1891).

With the resistance to overtuming provided by the
submerged weight of the block acting through the
center of gravity, and its moment arm, the lift and
drag forces on the block produce overtuming meo-
ments about the comer of the block. A “factor of
safety* method is then utilized which incorporates the
hydraulic conditions of flow, and the size, weight, and
geometric characteristics of the block (Clopper,
1891). The equations used for this analysis are listed
below,

Once one block within a certain “family* of
revetments in terms of methad of interlock, profile
configuration, and characteristics and boundary
roughness has been hydraulically tested resulting In
a known critical shear stress, then the critical shear

LWeF, I, +F,

Conservatively assuming that the lift and drag
forces are equal and designating subseripts t for the
testad block and u for the untested block, then the
critical shear stress for an untested block can be
determined by:

Lo Wb Gedy)
S WL UL

where: W = block weight
L L1, = momentamms

The critical shear stress r_ is derived from physi-
cal model tests, and the bed shear stress T, IS
calculated from the equation 7, =y, Ds

stress for other blocks within the same “family” can where: D = depth of flow
be datermined through a balance of forces {Clopper, S = energy grade line (assumed equal to
1961). the bed slope, fifft) -
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Chart 1. Armorfiex stability.
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Then the factor of safety can be determined as:
4

cos O
T
SF =
M
+sin (% +p) . .
sineoosp+"" N q*l,FDcosaol,FL
71- M+| ’lw.{

Wherae the additional drag force due to a vertically
protruding block is proportional to the amount of
protusion and the velocity of flow and is calculated as
follows:

Fouc@aZapV?)

where:
A = longintudinal bed slope
e ~ bank side slope
F = Fp = lift and drag forces
o b, b, Iy, = moment arms
W, = submerged weight of block
c = momemium transfer coefficient as-
sumed equal to 0.5
A = projection height
@ = width of projection
p = density of water
\Y = velocity of flow

DESIGN APPROACH - WAVES

The design criteria for articulating concrate block
revetment systems under wave attack can be formu-
lated by conducting hydraulic studies in a broad
spectrum of wave environments. For instance, the
Delft Hydraulics Laboratory tests confirmed the high

stability of the Armorfiex system, and a design criteria
has been formulated from a report on model invest-
gations. The objective of the study was to evaluate
the behavior of the mat system and to determine the .
maximum limits of the application of Armorflex block
protection mats, The characteristics of major impor-
tance are uplift of the mat system, length of uplifted
area, deformation, and wave runup (Weckmann et al.,
1883). Studying these parameters as a function of
wave height, wave period, block size, and type of
underlayer provides the necessary enginearing data
from which the operational limits of the concrete mats
can be determined.

The forces resisting motion of the articu-
lating block system are the submerged
weight of the blocks, the downward forcs
components of friction caused by contact with
other blocks, and the systems' interlocking
features. Stability may be considered of
primary importance in revetment design. One
may distinguish between extemnal and inter- -
nal stability. The former refers to the forces
that act on the blocks themsaelves. The latter
deals with the conditions of stability of the
bedding construction supporting the blocks.
With respect to external stability, the follow-
Ing forcas are involved: (a) Various pressure
forces perpendicular to the slopa, which may
be downward or upward; in the latter case,
they may cause lifting of the blocks from the
revetment; (b} inertia and drag forces caused
by flow parallel or perpendicular to the siope;
(¢) friction forces between individual blocks
and between blocks and the sublayer; and
(d) forces in joints due to the effect of inter-
locking. .

Because of the complexity of the problem,
external stability has to be evaluated primarily by
hydraulic model tests. in order to provide practical
results, such tests must be based on a variaty of
realistic wave spectra.

Internal stability may be defined as the stability of
the bedding undemeath the revetment blocks. This
implies that gravel must be stable against hydraulic
gradients in the_direction of the slope between the
blocks and the filter, so that these parts do not move.
The individual bedding material must not be sucked
out through the joints by negative pressures, The size
of the bedding material must therefore be in proper
relation to the size of the joints so that loss of bed-
ding material is largely or entirely prevented. In
addition to the above criteria, which refer 1o the
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possibilities of leakage of bedding material through
the joints, it is also necessary for the original bank or
core material below the badding not to move into the
pores of the bedding and finally to be lost through the
joints. This requirement is typically met by designing
a geotextile fiter according to the filtered soil grain

size distribution and the applicable hydraulic gradi-
ents.

The major parameters that effect the performance
of an articulating concrete block revetment against
wave attack are listed below.

Design Wave Helght. For critical structures
where failure would be disastrous, and in the ab-
sence of reliable wave records, the design wave
height should be the average height of the highest
one parcent of all waves expected during an extreme
event, based on the deep water significant wave
height. If early breaking might prevent this wave from
reaching the revetment, the maximum wave that
could reach the structure should be taken for the
design value. For less critical structures, where some
risk of exceeding design assumptions is allowable,
the recommended design assumes that the design
wave heights given are significant wave heights. In
any case, the design wave height cannot exceed 60
percent of the water leve! during the extreme event.

Wave Period. As the wave period Increases, the
wave height that will cause erosion or probable
disledgement of uncabled blocks decreases. Further,
for a given wave height, very large wave pericds will
result in greater uplift pressures behind the revetment
and larger uplift lengths than that resulting from very
small wave periods.

Block Selection. The stability of separate articu-
lating concrete blocks on a slope being subjected to
wave attack depends on block weight, permeability,
and surface area. Block surface area ralates to mat
permaability in that a larger block surface area would
result in a lower mat permeability due to longer
drainage paths. For instance, a smaller, lighter, and
more permeable block may actually outperform a
larger, heavier block because of its ability to dissipate
the excess hydrostatic pressures behind the revet-
ment. In addition, joint filling and bedding material
should be incorporated with block selection to pro-
duce the most economical design, however, without
controlled hydraulic studies parformed on the revet-
ment system, itis difficult, if not impossible, to quanti-
fy any potential stability enhancement that may be
provided by joint filling, bedding stone, or the unique

interfocking features of a particular articulating con-
creta block revetment.

Joint Filling. Filling of the holes and taperad
joints in and between an articulating concrete block
revetment will result in erosion of the coarse matarial
in the near-surface portion of the block during wave
action, However, the finer material adheres within the
narrow tapered joints between blocks to form an
interlocking effect and a desirably more rigid system.

~ The stability of the concreta block mats with gravel-

filled holes is considerably greater than that of the

non-gravel filled mats (Delft Hydraulics Laboratory,
1983),

Geotextile. A filtration geotextile design must
consider the five criteria of filtration which indude scil
retention, permeability, anti-clogging, survivability, and
durability. The geotextile selection is critical to the
long-term performance of the system. Its selection is
based on the site specific soil grain size distribution
as well as the hydraulic flow conditions. The function
of the geotextile is to prevent leaching of subsoils
through the installation while permitting the dissipa-
tion of excess hydrostatic pressure behind the revet-
ment.

Bedding Layer. The presence of a subsystem
drainage medium will serve to conduct away uplift
pressures that may otherwise cause dislodgement of
uncabled blocks. For a given block size and design
wave height, the presence of a bedding layer will
improve block system stabiiity. In some cases, the
addition of this drainage medium may allow the use
of a lighter block and prove to be more economical
than a heavier block with no underlying drainage.

Base Material. An important aspect for overall
stability is the relation between the revetment's armor
layer and the condition of the core fill which it is
placed upon. While a natural slope may ba well
consolidated, new fill may be loose and must be well
compacted to serve as a foundation for a new revet-
ment. in addition, blocks have to be placed accurately
which, in turn, means that they must be cast within
namow limits of tolerance. Even the best design may
fail as a result of poor workmanship.

The design method, which can incorporate all of
the above parameters into a computer program, is
based on the analytical modael to predict the stability
of block revetments as it is developed for the Dutch
Ministry of Transport and Public Works. The eriginal

analytical model was developed for block revetments
with blocks which are not interconnected by cables or
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- PYRAMAT"

Permanent Erosion and
Reinforcement Matrix

“The Fourth Dimension In Soft Armor ”

A Streambank and Shoreline Stz;billzation
A Landfill Slopes and Channels

A  Wrapped-Face Slopes .
A Coastal Protection

A Inland Waterways
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yr-a-mid \'pir - 9 - mid\ n [L pyramid -, pyramis,

fr, Gk. of unknown origin] (1549) 1 a: an ancient
massive structure found esp. in Egypt having typically a
square ground plan, outside walls in the Torm of four
triangles that meet in a point at the top, and inner sepul-
chral chambers b : a structure or object of similar form.

The Mystery of

of time, the word
“pyramid” has
brought 1o mind

the Pyramits

= images of strength,
power, dominance and permanence all shadowed by a

mystique of strange and unusual properties. Ancient
civilizations constructed massive pyramid structures as
ceremonial monuments.

AAAAAA.

AAA«AA_AAAAAAM AAAAAAA

L —

Throughout the sands

‘Thousands of vears fater. these structures remain intact.

Scholars still attempt to comprehend and chronical the
enigmatic history, construction, and often inexplicable
properties of these highly efficient structures.

Pyramids Iave trudy stood the ost of time!




i-o-tech-ni-cal com-pos-ite \ bi-o -"tck-ni-ka |
Kam-'paz- o1\ n (1991) the synergistic. mutually
heneficial union of living plant tissue and structurally
integrated geosynthetic materials to provide permanently
enhanced erosion protection and stability.

Through the years, flexible “solt armor” technigues have
cmerged as proven and preferred alternatives to traditional
“hard” erosion cantrol approaches emphasizing expensive
ind unattractive rock, concrete and structural matertals.
Vet many designers have been hesitant to employ environ-
mentally superior soft solutions due to concerns regarding

The Matﬂx of strength, durabily
Pyramids -

and perfonmnance
through time, the
Jourth dimension.
Fuocused on superior, long term performance. designers at
Synthetic Industries have created PYRAMAT™ erosion
imatrix. This patent pending, three-dimensional woven
geotextile matrix is composed of UV stabilized palypropy-
lene monolilament yarns woven into a dimensionally stable,
uniform configuration of resilient pyramid-like projections.

P ACY ]

LR

Demonsiration of soif containment and Interiack by p

Using a novel and highly sophisticated weaving process all
yarns are locked in place to create a Permanent Erosion
and Reinforcement Matrix (PERM) which exceeds the
vegetal reinforcement capabilities of conventional
biotechnical compaosites ™ and combines the long- term
strength, dimensional stability, durability and functional
longevity of a luigh performance geotextile.

The exceptionally efficient geometry of PYRAMAT™
erosion matrix helps stabilize soils and reinforce vegeta-
tion. Upward and downward protruding “pyra-cells”
capture and contain soil while the multiple layers of grid-
like “pyra-ribs” interlock with surrounding soils.

In addition, close inspection of the lofty, high modulus
matrix will reveal “hidden chambers” which literally
entomb soils, even under high flow conditions!
PYRAMAT™ erosion matrix is the product for demanding
erosion control applications - where reinforcement of
vegetation is desired to replace hard armor and increase
soil stability.

/ 5408
Al )
."ﬁ_ﬂ'ﬂ‘ “,f-’

yramidal cells and ribs.

i AAAAAAAAADADAAAARADMDNAMAANMLANAA Y4 AA.AAAAAAAAAAAAAAAAAAAAAAAA



- e G

-—e b <«

,
i .

g

i

YRAMAT™ permanent erosion and reinforcement

matrix (PERM)} is a precise, highly engiuncered
product possessing the optimal qualities for “geobotanical
reinforcement”. Unparalleled strength and dimensional
stability in an open, three-dimensional geotextile designed
to nurture and reinforce vegetation makes PYRAMAT™
the ultimate "new generation” erosion control matrix.

PYRAMAT™ erosion matrix
provides many times the strength
of popular Turf Reinforcement
Mats (TRMs)} and Erosion Control
Revegetation Mats (ECRMs)
currently avallable The tensile properties of PYRAMAT™
even exceed those of many conventional, two-dimensional
geotextiles and geogrids. Moreaver, the strength of
PYRAMAT™ erosion matrix s distributed over three-
dimensions! ' '

Direct shear and pullout testing has demonstrated that
PYRAMATT™ erosion matrix has a very high cocfficient of
friction with soils. A high interface shearing resistance
makes PYRAMATT™ erasion matrix an ideal material to
stabilize coast lines, embankments and landfill caps. Once
cmerging roots of the developing vegetation reach the zone
ol reinforcement, the resulting “revegetation platform”
will provide increased slope slablhty and erosion

controt on cnucal sites.

Wide widih tensile tesiing of
PYRAMAT™ Reintorcemen! Malrix,

‘e abrasion resistant, resilient PYRAMAT ™ structure

also provides maximum resistance to construction and
maintenance induced stresses. Field surveys have demon-
strated that Jow strength mattings may sustain mechanical
damage and rutting from passes of maintenance (mowing),
emergeney, service and recreational vehicles.

Powerful PYRAMAT™ reinforcement matrix provides
greater tensite properties than an AASHTO M288, high -
survivability woven separation geatextile, insuring
protection from both anticipated and uuunlicipated abuse.

PUBUSHED TENSILE STRENGTHS FOR GEOSYNTHETIC MATERIALS .

3000 Bs/h
{42.8 kN/m)

Mathine Direction Tensile Strength’ ths /it (kK /m}

Hylon TRM - Pobyolefin TRM Typell AASHTO M288 | Pyramar™
wx Biaxlof Geogrid High Survivability Reinforcement
- S i ) Sepatation Woven Matrlx
I ) Mirimom overage 1o vaues; wide width tensile test per ASHA D-4595 Geoteatile
' 2 Monufacturer only publishes iypical volues
AA‘&AAAAAAAAAAAAAAAAAAAAAAA i AAAA,AA.AAAAA‘_&AAAAAAAAAAAAAAAA
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E einforcement matrices must provide lang term
performance under adverse conditions. In arid to
semi-arid regions or sites where establishment of vegeta-
tion is slow, inadequately stabilized TRMs may undergo

significant UV degradation prior to performing their-
primary function.

The durable PYRAMAT™ erosion tnatrix is designed to
withstand prolonged exposure in the challenging condi-

The polypropylene yarns of PYRAMAT™ erosion matrix
are resistant to biodegradation and unaffected by chemi-
cals normally found in soils. Some polymers, such as
moisture absorbing polyamides (nylon), may be subject to
termnporary and permanent loss of strength from both
chemical and hydrolytic attack. Because polyolefins
{polypropylene) absorb negligible amounts of water,
PYRAMAT™ erosion matrix will maintain its tensile
properties under saturated conditions with no long term

tions of demanding
jobsites or inhospitable
climates. Ultraviolet
stabilizers assure
functional longevity

Longevity
For The Ages! [eeseans

delayed or the matrix is otherwise exposed to extended
periods of sunlight.

loss of strength via hydrolysis.

Functional

This corrosion resistant matrix will endure as a key
component of a shoreline protection system, even in
brackish or salt water conditions. Careful polymer
selection, high strength/tensile modulus, resiliency,
abrasion and puncture resistance and unsurpassed
dimensional stability insure these pyramids will also
stand the test of time!
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PYAAMAT™ relnforcement maliix provides “rebar for rool systems”.
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Permissible Velodty fi/sec (m/sec)

i
-4 -

-

E extensively evaluated at a renowned hydrautics
testing laboratory in the western United States.

Establishing a flow rate versus time continuum, perfor-
mance {see graph below) has been quantified using
vegetated and non-vegetated mattings versus non-

and bare soil. These
studies identily the
Pe r'o rma nce ' “design window",
ll  which provides

i ‘ performance guide-
lines from time of installation, transitioning to a mature
vegetated condition for the long-term design life of the
project. ' ' :

Peak

erformance of PYRAMAT™ erosion matrix has been

reinforced vegetation

Maximum recommended permissible velocities and shear

stresses for PYRAMAT™ erosion matrix are presented in
the table above. Vegetated, PYRAMAT™ erosion matrix
will resist flow velocities of up to 25 ft/sec at shear
stresses up to 10 1bs/ft*]

Additionally, the resistance of unvegetated PYRAMAT™
erosion matrix to directly applied high velocity shear
stresses was measured using a specially designed flume.
The PYRAMAT™ erosion matrix structure resisted the

maximum shear developed at full-flume capacity with no

deformation whatsoever. Maximum shear stress devel-

Flow Duration (hry}

AAAAAAAAAAAAAAAAAAAAAAAAALAAAA

oped was approximately 8 1bs/ft? at a velocity of 27 ft/sec!

PYRAMAT™ MARIMUM PERMISSIBLE DESIGN VALUES

PEAFORMANCE  SHORT TERM 1/2 hr) LONG TERM (S0 hrs)
Vegelaled 25 {/sec (7.6 misec) | 14 Wsec {4.3 misec)
Unvageiated 20 It/sec (6.1 m/sec) | 10 f/sec {1.0 m/sec)

SHEARGTRESS | i . E P
Vegelaled 10 Ibs/M? (48.9 kg/m®) | 6 losAt (29.3 kg/m®)
Unvegatated 8 ths/M2 (38.2 kg/m2) | 3 Tosm? (14.7 kg/m?)

The graph below illustrates the enhanced performance of
PYRAMAT™ permarnent crosion and reinforcement matrix
above that of conventional Biotechnical Composites™ and
natural vegetation.

High velocily hydraulic flume testing. .

PYRAMAT™ erosion malrlx takes “geobotanical
reintarcement” lo unprecedented levels.

/; ' AAAAAAAAAAAAAAAAAAAAA’AAAAA.
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he erosion and sediment controel industry has Superior tensile properties combined with rugged con-
rapidly evolved into a diverse hierarchy of cost struction, durability, proven performance and unsurpassed

effective methods and techniques. The adjacent functional longevity clearly separate the high survivability

“Performance Pyramid"” highlights the four primary PYRAMAT™ PERM from existing TRMs and ECRMs.

divisions of vegetated erosion control techniques.

Geosynthetic erosion control materials have

The Performance ) remtonmind
Pyramid

In order of increasing functionality and
performance are:

A Basic Mulching Techniques
A Advanced Mulching Techniques

A Biotechnical Composites™

A Permanent Erosion and
Reinforcement Matrices

A Flber Rovmg Systems (FRS)
i A Open Weave Geotexrlles (0Wg)

. A Erosron (onrrol Blankets (Ecg)

AAAAAAAAAAAAAAAAAAAAAAAALALAAA /i AAAAAAAAAAAAAAAAAAAAAAAAAAA
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YRAMAT™ crosion matrix handles a broad range of
discriminating biotechnical applications requiring
vegetated soil reinforcement and stabilization including:

PYRAMAT ™

Applications

Landfiill Caps, Slopes & Diversion Structures

f)am. Dike & Levee Protection
Bank & Shoreline Stabilization
High Flow Channels

Geosynthetic Reinforced Earth Structures

> > r > > >

Vegetated Geotextile Slope Facings
A Veneer Cover 5oil Stabilization

Other potential applications include: .

A Grassed Access RmdslTempomr} Pdrkmg
Areas

Pre-grown Reinflorced Vegetated C;\r;)_ets :
Bivengineered “GeoLogs” . g g

Sports Turf Pratection

» > > >

High Friction/High Flow
Geotextile Beneath
Hard Armor

A Grout Filled Transitional
Matrix for:
» Low Flow, Pilot or
Trickle Channels
» Qutfali Protection
» Pond & Lagoon
Shorelines

l:hannei Protection - Indianapoiis Alrpert .
A A AAAAAAAAAAAAAAAAAAAAAAA

of mechanical equipment. The matrix will perforin best
when installed beneath the soil surface.

A Light weight wheeled equipment or vibratory

he rugged PYRAMAT™ matrix will also absorb
considerable installation stress permitting the use

PYRAMAT ™

Installation

A Whenusedasa vegetative reinforcement
matrix the product should be installed first,
seeded, then a 172" - 1" veneer of soil placed
and compacted into the “pyra-cells”.

tampers may be carefully utilized to facilitate
compaction,

A Refer to the Synthetic Industries LANDLOK®
Erosion Mat tnstaltation Guidelines for
specific installation instructions as a soit filled
matrix,

A For other installation requirements please
contact Synthetic Industries for prompt
recommmendations and on-site construction
assistance at (800) 621-0444, extension 2.

Coastal dredge spoil stabifization - Houston, Texas

AAAAAAAAAAAAALAAAAAAAAAANLANAMLAA
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PROPERTY

Engineering Specifications

The PERMANENT EROSION AND REINFORCEMENT  sionally stable configuration of resilient pyramid-like
MATRIX (PERM) shall be a three-dimensional, lofty, projections. The material shall exhibit very high
woven polypropylene geotextile specially designed for  interlock and reinforcement capacity with both soil and

erosion control applications on steep slopes, water root systems and demonstrate high tensile modulus.
containment structures and vegetated waterways. The PERM shall conform to the property values listed
The matrix shall be composed of polypropylene below under dry or saturated conditions.

mono- filament yarns woven into & uniform, dimen- :
-. MINIMUM AVERAGE ROLL VALUES (MARY)

ENGLISH METRIC

WECHAVIGAL G |

Tensile Strength? ASTM D-4595 3,000 X 2,200 ibs/ft 43.8 X 32.1 kN/m
ASTM D-5035 4,000 X 3,500 fbs/ft 58.4 X 51.1 kN/m

Tensile Elangation? ASTM D-4595 . 45% {max) " 45% (max)
ASTM D-5035 50% (max) 50% (max)

Tenstle Strength? ASTM D-4595 | 1,850 X 1,600 Ibs/ft (typ) | 27.0 X 23.4 kN/m (typ)

@ 10% Eiongation

eHiDURANE

uv Reslstance @ 1000 hovrs

ASTM D-4355 80% 1 80%

ASTM D-1777 0.5in 12.7 mm

Thitkness
Resiliency® ASTM D-1777 80% 80%
Mass Per Unit Area ASTM D-5261 14 o2/yd? - 475 g/m?
} Ground Gover Factor Light Projection Analysis 5% . 19%
PERFQﬁM&NCE i- > i DER : f
Velocity , .. Short Term (12 hr) Long Term [59 hrs)
Vegetated Yy 25ft/sec . 7.6 m/sec 14 ft/sec 4.3 m/sec
Unvegetated : 20 ti/sec 6.1 m/sec 10 ft/sec 3.0 m/sec
Shear Stress A
Vegetated 10 Ibs/ft? 48.9 kg/m? 6 Ibs/ft? 29.3 kg/m?
Unvegetated 8 Ibs/it? 39.2 kg/m? 3 Ibs/ft? 14 7 kg/m?
_
1 Al published ralues are Minimum Average Rl Vatues (MARY) onfess oiherwise indicated, STANDARD kau SIZEINFORMATION = 6f1x 90 flc 540 IF = 60 yF
plelding & 85% conlldence Ievel. Additicnal groperly vaiuss svaltable wpon request, 1.83mx274m=50m
2 Valves for oth meachine snd cross maching diractions wnder dry er s2ivrated canditions,
M i A abbelot ol FABRICATED DOUSLE WIDEROLLS = 12X 90 = 1080 1F = 120y

minudes sler lozd removed In gccordance with ASTM 0-1777,

5 Valves obiained &t aa Indepandant Aydraviics tesilag lab

366mx274m=100m’

& Ground Cover Facior represanis =% shade” from Lurmits Light Profection Test,
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAL YA AAAAAAAAAAAAAAAAAAAAAAAAAAA




- s

_appropriate geosynthetic erosion control product

ake the mystery out of designing and specifying
erosion control products. Now you can cost
effectively specify modern materials using the new EC-
DESIGN™ computer aided design (CAD) software pro-
gram. In minutes, you can calculate and select the most

for a variety of
EC"D ES I G N 11/ channe! and slope
applications.
EC-DESIGNT™
calculations use state-of-the-practice Federal Highway
Administration procedures. Once a product is selected,
you can print out the calculations, specifications and
manipulate CAD drawings to suit project needs.
EC-DESIGN™ gffers these important features:
A Channel lining design
A Slope protection design analysis
A Maximum permissible velocity and
shear stress approacthes
A Integration of compound flexible
channel lining systems
A Mouse driven pull down window screens
Specify the best ivith total confidence!
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_ . A FULL LINE OF GEOSYNTHETIC PRODUCTS AVAILABLE
sman solutlons Synthetic Industries manufactures a full line of high quality

geosynthetic materials including woven and non-woven

A ddressing and solving construction cnd-user geof.extile.s, SILT ?HF‘,CK" silt fences, FIBERGRIDS® @
challenges is why we're the leader in 3-d|men.51onal soil reinforcement fibers, LANDST‘RAND
fiber roving system, POLYJUTE® open weave erosion
control geotextile, and LANDLOK?® erosion mats,
For additional information on any of our engineered
geosynthetic materials -
Call us or our distributor today!

Geosynthetic technology today. We're here to assist you.

FOR ADDITIGNAL INFORMATION PLEASE CALL:

Synthetic Industries :
Construction Products Division
4019 Industry Drive
Chattanoogg TN 37416 USA , A DISTRIBUTED BY:
TOLL FREE: (800) FIX-SCIL or (800) 621-0444 . LT
{615) §99-0444 T
FAX: (615) 899-7619

Membership Affiliations Include:
GEOSYNTHETIC RESEARCH INSTITUTE

Mmmumomt ;:-‘-.1 -
EROSTON CONTROL ASSDCIANIN i
] OSION CONTR OOANON :... r,‘.

/2. k"w:-“':s

& o -

=\ INDUSTRIES

’ CONSTRUCTION PRODUCTS DIVISION
- “Smart Solutions in Synthelics™”

The infgrmation presented herein, while not guaranteed. is to the besi ¢! our knowfedge true and accurate. Except when a(ireed to in working condilians of use. na warranly expessed a¢ implied is
mags regarding the perlormance of any product, since the manner of use and handling is begond our confrol. ANY IMPLIED WARRANTY OR FITNESS FOR A PARTICULAR PURPOSE IS
EXPRESSLY EXCLUDED. If the product does not mee! Synthefic Industries” current published specificalions. and the customer gives nolice 1o Synthetic Industries before installing Ihe producl,
then Synihelic Industiies wirl replace the product without charge of refund the purchase price. Nothing contained herein is to be construed as permission or 45 a recommendation to intringe upan

j‘sg International geotextile society




ARMORFLEX CLASS 40 /——i‘ﬁﬁfm/o /v X
OPEN~CELL BLOCK N 12.00" REVETMENT (U.N.O.) X
SEA PURSLANE PLANTED
_—ELEVATION 10.0 (EXCEPT WHERE

IN THE TOP THREE ROWS
OF OPEN CELLS ~ J O.C.—-—\

ARMORFLEX CLASS 60 |
i PROP. GRADE W/PYRAMAT

OPEN~CELL BLOCK
BACKFILLED WITH NO.57 P.E.RM.
STONE FROM FOURTH ROW

TO TOE OF SLOPE SEE ANCHOR ]

TRENCH DETA! ——l ;
2 A
1) 2@ a
ANNUAL HIGHEST - ' T

TRANSITIONING TO EXIST. GRADE)

TDE- 2.6 -5 ' \—EXISTiNG GRADE
CMLW (-)07
A ( ) ¥ NICOLON 40/10 | /
TO %FOARM ORFLE 5 GEOTEXTILE FABRIC PROVIDE SWALE
2o . ' WHERE SHOWN ON
7 _ 12" THICK LAYER OF NO. 10 CROSS— SECTIONS

I - BEDDING STONE
RIP RAP :

TYPICAL ARMORFLEX CROSS SECTION

N.T.S.
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AUG~15-96 THU 12:39 PM DCEAN BREEZE COMST. 4Q76274408 FP.@2

©8/14/1996 B7:35 4232282742 BECHTEL EMV. PaGE Bi
010718

Oak Ridge Corporale Cenler

151 Latayatte Drive

FRO. Box 350

Oak Ridge, Tennessee 37831-0350

Telephone: (423) 220-2000 % 13 BB
Mr. Andrew Hackett, President 761 [ g0 Tee® 4
Ocean Breeze Construction Company, Inc. Post Fax Nole ,_,.g/
01276 Riverside Drive e A < — A
Paln Beach Gardens, FL 33410 Co/Dopt CeT e < I VI
2155 Eagle Drive, P.O. Box 190010 Frwne § —
North Charleston, SC 29419-9010 Fax b n= 27— 4408

SUBJECT:  Bechtel Job No. 22567
Department of the Navy Contract No, N62467-93-D.0936
Subcontract No. 225567.321-SC-0248

Shoreline Protection, Fleming Key, NAS Key West, FL
PRELIMINARY DESICN REPORY REVIEW COMMENTS
Subject Code:

Dear Mr. Hackett;

I am enclosing Bechtel's review comments conceming the preliminacy design report of the subject
contract. The preliminary dasign has been reviewed by Pat Ryan in our San Franeisco office.

The preliminary design is acceptable, and you may proceed to final design, subject to incorporation of
the enclosed comments in the final dasipp or other resolution.

We appreciate your spirit of cooperation.

Sincerely,

O]

O. N. MclNeil, Ir.
Project Mapager

ONM:cw_LROBSY

Eaclosure: As stated

@ Bechle! Envirenmantal, Inc.
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PRELIMINARY DESIGN REVIEW COMMENTS
BECHTEL SUBCONTRACT 12567.321.8C-0248
SHORE PROTECTION SYSTEM, FLEMING KEY, NAS KEY WEST, FL
13 August 1995

- e o

]
. . . . “agvD
1. Typical Cross Secrion - Indicate basis for the elevations shown on drawing, {\_L_,.__.q 6.0 = muw

2. Swale and Sediment Basins. Ponding of the water in the basins ¢ould provide 2 source of water
10 leach into the laedfill. Provide reason for using thig design feature, including what it \ {_t cQ_
accomplishes, nny alternatives and cost impact, etc. Describe “diteh checks. ™ T Dele

3. Calculations, All calculations need to be finalized and include all assumptions, sources of data, Prgeam c;r' ﬁt?fz
references, eic. Identify (title/purpose) all ealculation sheets. The Prcliminary Design package K &' wave 1 z X :nu . .
contamed two separatc ARMORFLEX analyses—please explain the difference. z\; 5;: % = n[?»x.wa“ ‘-

Ml S = MAx,
4. Drawings. Idemify drawings to bo provided with final design, These should include plaa views, Watee elev Sy

layouts, survoys and additional details and sections as required.
5. The following are comments on specification, “Articulated Conerete Block Systems.”
P .

2.3 Provide a copy of all test resubts and specifications materials to be used in installation
of the system to Beahtel. = Alanamal subhe?
24 Provide cable specifications, including matertals, lifespan, vendor's data for strergth (taking
into accourt the weakness of the splice and the re ired factor of d i
resistance of the cable, Neck © ?-r-r 4 Caeadion® Teat Onﬁﬁw}fﬂ'w?}'# s,
3.3.2 This section requires the toe to be buried to 1m deep; however, the Key West design doesn’t
@ have the required depth, — Ui kprown eruting Rak staade Clev. = flack Bulble Foe B‘Adﬁfl
3.33 Provide details of side terminationg and marerials to be used, & ke Block ™ fon ndded. ealiliy and

Za 51 Describe how the foundation at the lower end (below wate) will meet the 95% sompaction > <ol R
B 3" st criteria and how will you determine that eompaction is satisfactory. - Compas &oo Tosbioy om a3/ slape
5.3 Do all of the grade changes meet the Im mitimum radius at all points?™NS  ~* ilisibe. - Sivapade Kt
Geth €& Tap “L & ank Crcst % ﬁ"&‘ Fh)n)k. L'.H.;? E:::v‘.:j’:\ Fa ’-k‘l
l Any deviatjons from the specification should be adequately described and teasons given, 5o that\ e slope ...;' ;Zfl‘?:oi’¢
: Bechtel and the Navy can evaluate the proposed materials and methods to be employed. T‘: ket oy Setta
. €. Construction phase comments Puinto Nlm‘ b\'f‘l" Rk .;”:‘:ﬂi‘:;;k .
l BBy Tpecion s Pt e CoraneD ide an inspecti L Lo kAt UL (B
B r'f‘f‘&‘&' s points - Poean reeze PIovide an inspection bythsdest' enginer i Note that the [ vphe oventit! 13
by specification specifically mentions prior to placement of the geotextile. Cxcaveted p
6 rephilo Ce—«tf.f)b) Describe your quality contrel checks and testing to meet specification and design requirements —Ef.’“" -PRJ campre
l st Dd\:“"f\ o~ Describe how you will protect the gootextile and pyramat from UV damage. Key West is a v _;}';‘41‘:
S e A hjgh UV cavironment -~ 'T‘p!;o.‘ Covane nerdl plody Place menit,
ks d) Deseribe the field cutting, sewing, and overlapping of the geotextile. Provide a specification on

the sewing material,
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) Tha 32 ton limit for the bridge cannot bs wajved. Potential areas for Jaydown on the Key West
side of the Fleming Key bridge are the atea in front of Bldgs C59 and C60, the area near the
swimming pool at the road imtersection, of the sea plane ramp. A decision will be made in
conjunction with you and the ROICC.

f) Update equipment list as discussed during meeting 31 July, Roflen Cusde Mé’

8) Describe how revegetation will be accomplished, including mitigation measures as diseussed in
1oy letter of 6 August (rinutes of raeeting with state permitting agencies).

h) Note that substantial completion approval wil] occur after mitigadon plantiog rather than after
fina] dressing as indicated on preliminacy coastruction plag, o

D} Udentify source of fill material and provide teating and other data,

7. Permit Application:

Ocean Bretze will prepare and submit to Bechtel the following sections of the Florida Department
of Environmental Protection Joint Application for Environmental Resource Permit / Authorization
ta Use State Owned Submerged Lands / Federa! Dredga and Fill Permit.

* Sections A, part 6; C; and E

s Tablesl1,2 3, and 8

8. Schedule:
Update schedule, v

9. Comments an geatechnical caloulations (Richard Kulcsza) are attached:
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R. KULESZA'S COMMENTS ON THE PROPOSED SHORE PROTECTION SYSTEM,
FLORIDA

The configuration of tha matsrials involved in the slip circle stability diagrams is not
cdlear because of the amell scale of the computer printout diagrams that show the
siip clrcies. Suggest showing the critical efp circle on a copy of the typlea! slope
protaction crags-section, so that it s claar what tangth of the slip aurfaoes passes
through each meteral,

The basis for the adaption of the shear strongth paremeters (cohesion and triction
angle) should be explainad for each material, The veluss ehown on the stability
analysls disarams are quita high. and nesd 1o ba justified for sach material. Post.
peak shaar strength, rether than peak ahear sirength, needs 80metimes to be
coneidered (a reduced value), bacause of significan strains thet may develop in
the system. Nate that the factors of safety ars not very high, so that jower

sirength values would havs a significent urfavorabls Impact on the factors of
safety.

Only results of circutar slip surface anelysis are shown. It should be checked, and
documanted, that plane slip sudaces parsileling ths slape sre r:ot fore eritical,
The eppropriate strength parameters along the contacts between the varlous
matedals should be examined. .

H plane slip surlaces paraleling the slope ere found to be maore critical in an
enalysis that neglects the and restraimt at the top of tha slope (tenslon), and
bottom of tha slope (comprassion), than propar sccount ehoyld be teken of thase
end rastrainto In the stabliity analysls, o ghow that, if tha snd restralnts ars taken
into accourt, the fastor of Salely is aatisfactory.

Conslideration should be given to checking that the factor of safety against slope

faiture Is at least. say, 1.2 in the svent of arosion at the top of the a.fope reducing
the slactiveness of the anchorege. -
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RESPONSES TO
PRELIMINARY DESIGN REVIEW COMMENTS

Done. Basis for elevations is National Geodetic Vertical Datum (NGVD) - 0.0.

This requirement was deleted from the design during discussions at the preliminary
design review meeting at the NAS Key West on July 31, 1996 and subsequent
telephone conversations.

All calculations are finalized and include assumptions, sources of data, references, etc.
All calculation sheets have been identified for purpose. The final design package
includes the final ARMORFLEX analysis used in this report. All calculations are
included in the Appendix.

The drawings provided in the final design package include:
- Site Layout
- Cross-Sections (station 0+00 to station 18+00)
- Details

A revised specification is provided as Attachment 8.

Paragraph 2.3 - Test results and product data of materials to be used will be provided
during the normal submittal process during construction.

Paragraph 2.4 - Information on the polyester cable is included as Attachment 3.

Paragraph 3.3.2 - As outlined in the design report, the toe of the Armorflex ACB
system will be placed 3.3 feet (1 meter) below the existing bottom to prevent scouring
from wave action.

The ACB will then be backfilled with 125 pound rip rap between station 0+00 and
15+00 and 125 pound rip rap and sand between station 15+00 and 18+00.

In the event natural bedrock is encountered above the 3.3 foot depth, then the ACB
will be placed on the bedrock and backfilled with rip rap.

Paragraph 3.3.3 - Details of the side terminations and connection of adjoining mats are
provided in the construction drawings.



b)

d)

Paragraph 5.1 - Compaction testing on a 2:1 slope is not possible. The limerock used
in the subgrade will be overfilled in compacted lifts. The backhoe/excavator compacts
the slope with the back of the bucket. Experience has shown that the limerock
material is self-compacting. After approximately one week, the overfill is excavated to
the solid, compacted fill level necessary for bedding stone/geotextile fabric placement.

Paragraph 5.3 - The details show a 3.3 foot (1 meter) minimum radius for all grade
changes for the Armorflex ACB.

The design engineer will provide the first site inspection of the construction during the
installation of the geotextile prior to the placement of the first mat of ACB. The
second site inspection by the design engineer will be approximately during the middle
of the project. The third site inspection by the design engineer will be at the end of
the project.

All materials will be certified in writing by the manufacturer of the material for
conformance with the Specifications. Actual test reports will be submitted for the
concrete blocks, geotextile, and poured-in-place concrete in accordance with the
appropriate ASTM standard. Embankment fill and bedding stone will have gradation
test done at the quarry.

The Pyramat will be protected from Ultra Violet (UV) damage by placing a one-inch
layer of topsoil cover and seeding the topsoil. The geotextile will be protected from

UV damage by covering the material as quickly as practical with the Armorflex ACB
and backfilling the voids.

Field fabricated panels will be constructed by cutting pieces from the bulk rolls equal
to the total section length required. Approximately eight pieces will be sewn side-to-
side, "accordian style," to form a panel covering approximately 96 linear feet along the
embankment. The seams will be sewn in a "J" seam, double-stitched. See Attachment
9 for information on the 12/4 polyester thread. All overlays of panels will be a
minimum of three feet.

The 32 ton limit for the bridge is not waived. A material laydown area will be
provided by NAS Key West on the south side of the bridge.

The equipment to be utilized on this project includes:

Loader Dozer Note: Items with an (*) asterisk
Rake Chipper were added after the Preliminary
Excavator Jobsite Office/ Design Review meeting.

Storage Trailer
Crawler Crane *Single-drum motorized roller

*Gradall



8)

h)

Revegetation will be accomplished as described on the construction plans and
specifications. Mitigation will be accomplished according to the permit application
currently before the Florida DEP.

Noted that substantial completion approval will occur after mitigation planting rather
than after final dressing.

Fill bedding stone and rip rap will be provided by CSR-Rinker Materials, Aggregate
Division, from the Krome Quarry in Southwestern Dade County (Miami), Florida. See
design calculations for sliding analysis in the Appendix for gradation graph of a
representative sample of the fill bedding stone material. Actual material to be used
will be tested prior to shipment.

Permit application complete.

Construction schedule is updated and included in the Design Report as Attachment 10.

Response to R, Kulesza's comments are as follows:

1 The critical failure circle for the normal, long-term condition is plotted on the

typical Armorflex Cross-Section Detail in the construction drawings.

2. The basis for the strength parameters is the embankment soil is classified as a
well-graded gravel-sand-mixture-GW (see gradation curve in Appendix for
calculations of Sliding Analysis). An effective friction angle of 38 degrees was
assigned based on the following reference for compacted materials:

Soil Mechanics and Foundation and Earth Structures, NAVFAC DM-7.1 and
7.2, Dept. of Navy, 1982,

This reference suggests that for a compacted well-graded clean gravel-sand
mixture, an effective friction angle of 38 degrees is a lower bound value (see
chart in Appendix for calculation of Sliding Analysis). Further, a unit weight
of 125 pcf was assigned based on inspection of the same reference and
experience with Flonda soils and aggregate.

3. The following plane slip surfaces were considered:
a. Geotextile slippage along embankment soil. This is not possible since

the geotextile will be embedded in a non-erodible, concrete trench at the
top of the slope.



4.

Bedding stone sliding along geotextile interface. This is the only
practical consideration and has been addressed by the calculations in the
Appendix.

The most critical time for this type of failure will be during and
immediately after placement, at which time no buttressing effect is
provided by the rock rip rap proposed to be placed at the toe of slope.
Therefore, two analyses are provided, 1) for an infinite slope which
considers zero buftressing effect (i.e., during construction), and 2) a
finite slope analysis (i.e., immediately after construction). The analyses
show a factor-of-safety of 1.25 and 1.36, respectively for the two cases.
These values are considered acceptable for short-term conditions as
intended. For long-term conditions, the mat and rock rip rap at the toe
will provide additional stability. Therefore, this condition was not
analyzed based on inspection of the factors-of-safety for the short-term
conditions.

The critical parameter in these analyses is the interface friction angle
between the bedding stone and the geotextile. The value chosen of 32
degrees is based on a coefficient of interaction of 0.80 and assuming
that the bedding stone has an internal friction angle greater than the
embankment fill itself, 38 degrees. This is a reasonable assumption as a
result of the coarseness and angularity of the proposed bedding stone.
The coefficient of interaction is based on available data developed from
pullout and direct shear testing on similar materials. A compilation of
such data is available and a summary is included herein as support.

Sliding of the mat on the bedding stone. In any past research conducted
and experience with similar projects, mat sliding has never been a mode
of failure, probably due to the end-restraints. Since in this case, the mat
will be embedded in concrete along the slope crest, erosion is not likely
to occur and negatively effect the anchorage. Therefore, this
consideration has been made and deemed unlikely to occur.

Previously discussed in #3.

Previously discussed in #3.
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Sectioﬁ 02130

ARTICULATED CONCRETE BLOCK SYSTEMS

PART 1 - GENERAL

' 1.01 Scope

A

The work specified in this Section consists of providing an articulated
concrete block system (ACB) as shown on the Drawings.

An articulated concrete block system is comprised of a series of
individual concrete blocks placed together to form a mattress overiay
with specific hydraulic performance characteristics. The blocks within the
mattress shall be dense and durable, and the mattress shall be flexible
and porous. Articulated concrete block systems are used to provide
erosion protection to underlying materials from the forces of waves
and/or flowing water.

PART 2 - PRODUCTS

2.01 Concrete

A

Concrete shall conform to the following applicable ASTM specifications:

Portland Cements - Specification C 120, for Portland Cement.

Blended Cements - Specification C 595, for Blended Hydraulic Cements.
Hydrated Lime Types - Specification C 207, for Hydrated Lime Types.
Pozzolans - Specification C 618, for Fly Ash and Raw or Calcined
Natural Pozzolans for use in Portland Cement Concrete.

Aggregates shall conform to the following ASTM specifications, except
that grading requirements shall not necessarily apply:

Normal Weight - Specification C 33, for Concrete Aggregates.
Strength and Durabiiity Requirements. At the time of delivery to the work

site,; the units shall conform to the physical requirements prescribed in
Table 1 below.



[

TABLE 1. PHYSICAL REQUIREMENTS

Minimum Compressive Strength Maximum Water absorption
MPa (psi) kg/m? (Ib/ft%)
Avg. of Individual Avg. of Individual
3 units Unit 3 units Units
H 27.6 (4,000) - 24.1 (3,500) 10 (16) 12 (18.2)

In severe weathering regions, where the weathering index exceeds 500 per ASTM C-
62 Figure 1, the manufacturer shalt meet one of the following requirements in addition
to the requirements of Table 1:

1. Prescriptive Requirement: Average net area compressive strength of the
units shall be not less than 5,000 psi, with no individual unit less than
4,500 psi.

2. Performance Requirements. Freezing and Thawing testing, conducted

on units representative of those intended for the project, performed in
accordance with the requirements of ASTM C67, shall show no breakage
of weight loss greater than 1% after 50 cycles.

C. Sampling and Testing. Sample and test units in accordance with the
requirements of ASTM C120, except as modified below:

1. Test full size units whenever possible. If coupons must be cut, maintain
the same ratio of height to thickness and iength to thickness in the saw
cut coupon as in the original specimen, if possible. In no instance shall
the ratios exceed 1 to 1.

2. Coupons shall be 100% solid, and shall not contain cable holes or other
voids.
3. The compressive strength of the coupon shall be considered to be the

net area compressive strength of the full size unit.

2.02 Revetment Cable and Fittings

A. The revetment cable and fittings shall provide adequate strength and
durability characteristics to facilitate lifting and placing of targe
mattresses.

Section 02130 - 2 ‘Articulated Concrete Block Systems



Revetment cable shall be constructed on high tenacity, low elongating,
continuous filament synthetic fibers. Fittings, such as sleeves and stops,
shall be aluminum or copper and washers (as required per manufacturer)
shall be galvanized steel or plastic. Revetment cable and splicing fittings
shall be selected so that the resultant splice provides a minimum factor-
of-safety of 5.0 with respect to lifting of mattresses from both ends to
form a catenary.

For applications in which the cable is deemed necessary for long design
lifetimes, the revetment cable shall exhibit good to excellent resistance to
most concentrated acids, alkalis and solvents. Cable shall be impervious
to rot, mildew and degradation associated with marine organisms. The
materiais used in the construction of the cable shali not be affected by
continuous immersion in fresh or salt water.

2.03 Geotextile Filter

A.

A geotextile filter shall have adequate strength to survive the handling
and installation conditions of the revetment system. Based on AASHTO
M288-96 guidelines, Table 2 provides strength properties for three
geotextile classes. The geotextile shall conform to the properties of
Table 2 based on the geotextile class required in Table 3, for the
indicated applications.

All numeric values in Table 2 represent MARV in the weaker principal
direction. The geotextile properties required for each class are
dependent upon geotextile elongation.

Section 02130 - 3 Articulated Concrete Block Systems



Table 2. Geotextile Strength Property Requirements

Test Units
Methods
Class 2
Elongation | Elongation
<50%(2) | > 50%(2)
Grab ASTM N
Strength D 4632
1100 700
Sewn Seam ASTM N
Strength D 4632 990 630
Tear ASTM N
Strength D 4533 400(4) 250
Puncture ASTM N
Strength D 4833 400 250
Burst ASTM kPa
Strength D 3786 2700 1300
Permittivity ASTM secl
D 4491 Minimum property re-
quirements for per-
Apparent ASTM mm mittivity, AOS and UV
Opening Size D 4751 gtability are based on
geotextile application.
Ultraviolet ASTM Refer to Table 3 for
Stability D 4355 % permanent erosion

control.

Notes for Table 2:

f
r
}
!

Section 02130 -4

1. As measured in accordance with ASTM D 4632.
2. The required MARYV tear strength for woven monofilament geotextiles is
250 N.

Articulated Concrete Block Systems



Table 3 Permanent Erosion Control Geotextile Requirements

Test Methods Units Requirements

Percent In-Situ Soil Passing .075 MM{1)

< 15 15 to S0 > 50

Geotextile Class
Woven Monofilament Geotextiles Class 2 from Table 2(2}
All other Geotextiles

Permittivity ASTM D 4491(4) |secl 0.7 0.2 0.1
Apparent 0.43 max. 0.25 max. 0.22 max
oOpening Size [ASTM D 4751(4) mm |avg. roll |avg. roll value avg. roll
value

Ultraviolet

Stability ASTM D 4355 % 50% after 500 hours of exposure
{(Retained

Strength)

Notes for Table 3:

1. Based on grain size analysis of in-situ soil in accordance with AASHTO
T88.
2. Armor layer stone weights exceed 100 kg, stone drop height is less than

1 m, and the geotextile is protected by a 150 mm (minimum) thick
aggregate bedding iayer designed to be compatible with the armor layer.

3. These default filtration property values are based on the predominant
particle sizes of the in-situ soil.
PART 3 - INSTALLATION

3.01 Foundation Preparation

A. The slope should be graded to a smooth plane surface to ensure that
intimate contact is achieved between the slope face and the geotextile,
and between the geotextile and the bottom surface of the articulated
concrete blocks. All slope deformities, roots, grade stakes, and stones
which project normai to the local slope face must be regraded or

Section 02130 -5 Articulated Concrete Block Systems



removed. Holes, "pockmarks," slope board teeth marks, footprints,
grooves, depressions or other localized voids should also be removed,
filled and compacted. The slope and slope face should be uniformly
compacted to 95% standard proctor (ASTM D698).

The anchor trench at the top of the slope should be uniformly graded to
facilitate the development of intimate contact between the articulated
concrete blocks and the underlying grade at the transition between the
embankment crest and the slope face. immediately prior to placing the
geotextile filter and articulated concrete blocks, the prepared area should
be inspected and approved by the Engineer. The slope must be
geotechnically stable in the absence of erosive forces. The revetment
must be considered to provide stability to an otherwise unstable slope.

3.02 Placement of Geotextile

A.

The geotextile should be placed directly on the prepared area, in intimate
contact with the subgrade, and free of folds or wrinkles. The geotextile
shall be placed in such a manner that placement of the overlying
materials will not excessively stretch so as to tear the geotextile. The
geotextile should not be walked on or disturbed when the result is a loss
of intimate contact between the articulated concrete block and the
geotextile or between the geotextile and the subgrade. The geotextile
should not be left exposed for more than 14 days to minimize damage
potential due to uitraviolet radiation exposure.

The geotextile should be placed so that the upslope strip of fabric
overlaps the downslope strip. The longitudinal and transverse joints
should be overlapped at least 1m (3 ft.). {f a sewn seam is to be used
for the seaming of the geotextile, the thread used shall consist of high
strength polypropylene, or polyester and shall be resistant to ultraviolet
radiation. The geotextile should extend at least 0.3m (1 ft.) beyond the
top toe, and side termination points of the revetment. In certain
applications to expedite construction and to maintain the recommended
overlaps, 450m (18 inc.) anchoring pins placed on 600 mm (24 in.) to
1,800 mm (72 in.) centers, depending on the slope of the covered area,
may be used.

3.03 Placement of Articulated Blocks/Mats

A.

The articulated concrete blocks should be ptaced on the geotextile in
such a manner as to produce a smooth plane surface in intimate contact
with the geotextile. Care shall be taken during installation so as to avoid
damage occurring to the geotextile as a result of the installation process.
Should the geotextile be damaged during installation, a geotextile patch
shall be placed over the damaged area extending 1 m (3 ft.) beyond the

- perimeter of the damage. Placement shall take place so as to avoid

stretching and subsequent tearing of the geotextile. Individual blocks

Section 02130 - 6 ' Articulated Concrete Block Systems



5.04

within the plane of placed articulated concrete blocks should not protrude
more than what was accounted for in design of the blocks, typically 12.5
mm (0.5 in.) for cable-tied systems. To facilitate the development of a
flush block surface and intimate contact with the subgrade, it is
suggested that the blocks be "seated" with a roller or otherwise
positioned until a flush surface exists.

If assembled and placed as large mattresses, the articulated mats can
be attached to a spreader bar to aid in the lifting and placing of the mats
in their proper position with a crane. The mats should be placed side by
side and/or end to end, so that the mats abut each other. Mat seams or
openings.between mats greater than 50 mm (2 in.) should be filled with
grout. Whether placed by hand or in large mattresses, distinct grade
changes should be accommodated with a well-rounded transition (i.e.,
minimum radius of 1 m (3 ft.).

Anchor trenches and side trenches should be backfilled and compacted
flush with the top of the blocks. The integrity of a soil trench backfill
must be maintained so as to ensure a surface that is flush with the top
surface of the articulated blocks for its entire service life. Top, toe and
side termination trenches should be backfilled and compacted
immediately with suitable material.

Finishing

A.

The open area of the articulated concrete block system is to be backfilled
with No. 57 stone or with suitable soil for revegetation as shown on the
construction drawings. Backfilling and compaction should be completed
in a timely manner such that the system is not left exposed for a long
period of time.

Dispose of all excess materials in a manner satisfactory to the Owner.

Section 02130 -7 Articulated Concrete Block Systems
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PROJECT SCHEDULE FLOW CHART 1996 (Months / Weeks ) 1997 (Months / Weeks)

DATES QCT NOV DEC JAN FEB MAR

DESCRIPTION DAYS |START-FINISH|1 2 3 4|1 2 3 411 2 3 4((1 23 4|(1234(|11234
Permitting 60 - 90 10/2]96 1/2/97 | memenemmmen
‘Final Dasic 101: Eoi—
Notice To Proceed 1 12/2 =
Final Submittals o R e
Pre-Con Meeting
:Safety. Training.
Mobilization
Turbidity:Controls:::
Clearing of Vegetatlon
‘Debris Remov
Fill & Compaction
:Armorflex Fabrication
Geotextile & Beddi ng
Final: Grading:
Mat Installation
Rock Rip:Rap."Toe!
Concrete Anchor
Backfill:Open:Cells: .7 |i
Berm & Swales Grading
Pyramat:Installation: = . 0E:
As-Built Survey
‘Mangrove:Planting: = e |-
Sea Purslane Piantmg
‘Clean:up:& Demob::
Seed & Muich
‘Punch:Lis
Remove Turbidity C.ontrolsI
‘Final-Acceptance:Meeting:|.
NOTES:

1. The above dates are contingent upon the issuance of the Notice To Proceed (NTP).

2. No work below the mean high waterline will commence until receipt of the environmental permits from the FDEP & COE.

3. Normal weather and equipment downtime is built-in.

4, Holidays, 11/28, 11/ 29, 12125, 1/6, 2/24

5. Christmas Holiday, no work between 12/24/96 thru 1/1/97 = 9 calender days.

8. Total days, 12/2 thru 3/27 = 116 calender days less 11 holidays = 105 days.
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(M flow velodty along strecture < 1 avs)

CARIZE these recults are based on the positive interacticn of interlocking ARMORFLEX blocks,
Pesults camnot be transiered to amy pther concrete blodk systesd
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~ an interlocking system. This original design method,

however, has been adapted to be applicable to
Armorflex mattresses and can also be adapted to
other block revetments that have been hydraulically
testing under wave attack. The adapted model
concerning tha stability of the Armorflex mattress has
been deduced from the results of large scale model
tests in the Delta Fiume of Delft Hydraulics and at the
Oragon State University Wave Rasearch Facility. The
calculation of the performance of Armmortlex under
wave attack is based on the positive intaraction of the
individua! blocks. It is the specially designed shape of
the Armorflex block system that gives it its unique
properties and stability. The cables, which join the
blocks together are regarded as an extra factor of
safety and do not influence the calculations.

CONSTRUCTION - PREPARATION AND
INSTALLATION

Cabled preformed concrete block revetment
systems have been proven technically and economi-
cally superior to traditional protective materials. When
conditions such as poor soils, limited access, aesthet-
ic and environmental considerations or a short
construction season or schedule are primary factors,
articulating revetment mats have proven to be the
design solution.

Cabled block mats are delivered on trailers or
barges as prefabricated mats, of up to 320 #2 per
mat. Construction begins with site preparation of the
area to be protacted. Vegetation and obstructions,
such as roots and projecting stones are removed.
Holes, soft areas and large cavities are filled and
compacted with suitable materials.

+ Excavate toe, terminals and upper bank protac-
tion trenches as required.

- Filter fabric and/or graded filter material, is placed
over the prepared subgrade.

. The first row of mats are placed side by side on

the structure by attaching the cable loops at both
ends of the mat to a spreader bar for placement
by a crane or backhoe,

Adjacent mats are connected by pouring side
connecting keys andfor by fastening side con-
nacting cables and end loops.

55

« Optional anchors are placed at the top of the
slope.

» BacKfill and compact the trenches as mat place-
ment proceeds,
Additional sections of mats are placed and
connected until the desired limits of protaction
are reached.

+  Backfill is spread over the mats and into the open
cells, then sown or plantad as desired.

Cabled block mats can be easily installed under-
water. The spreader bar can be fitted with special,
remote release clamps, which allow the mat to be
released from the surface. There is no need o de-
water the work area. The positioning of the mats can
be done from the surface in shallow water or by
divers in deep water. In addition, a structure can be
easily buiit on an environmentally restricted site
because there is no need for expensive cofferdams
that disturb the natural environment surrounding the
project site.
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extrene vave attack:-0.66n thickness of filter: 0.20n

water depth .......: 1.80n
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“Test:Method "f:: - Minimum:-
T ~Average. Roll .
Value:.:
S S D D R R C T MD. -‘-‘,CD
i Grab Tensile Strength ASTM D 4632 Ibs 265 | 255
I Grab Tensile Elongation ASTM D 4632 % 16 15
[ Mutien Burst Strength ASTM D 3786 psi 500
| Puncture Strength ASTM D 4833 Ibs 125
| Trapezoid Tear Strength ASTM D 4533 Ibs 80 70
[ Apparent Opening Size ASTM D 4751 U.S. Std. Sieve | 40 (0.420 mm)
Percent Open Area COE-02215-86 % 10
Permittivity ASTM D 4491 sec’! 0.95
Flow Rate ASTM D 4491 gpm/ft? 87
UV Resistance after 500 ASTM D 4355 % strength 90
hours retained

Filterweavé 40/10
Er__j_g_i_neered Filtration Series Technical Data

AWhICh are formed into a stable netwdrk 'such that the filaments ‘retain thelr relatwe'
posmon The fabric is inert to b:ologlcal degradation and naturally encountered
‘chemicals, alkalies, and acuds Fulterweave 40/10 conforms 1o the roperty‘:yaﬂlﬂtgg_{:_

Fllterweave 40/10 Packaging

STYLE, NUMB

ROLL DIMENSIONS 12’ x 300’ |
u SQUARE YARDS PER ROLL 400 |
ESTIMATED ROLL WEIGHT 140 Ibs

MD - Machine Direction
CD - Cross-machine Direction

FW40/10 103/84
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D_H Delon Hampton & Associates, Chartered Consulting Engineers * Construction & Program Managers
Clet: Ocean Breeze (onstuvchon (. Shoet /
Profect My LT Shoreline Botecton Sysrtes: JobNo. 755

Date:

Engineer. < M-g_r

Syoet SvrGe

Using FEMA Flood Stody , Monroc &um%, Florida
Table Z |, Transect ,/té_z' I Man of Har Harbor

S0-yr SHN ater elevation = + 55 pMVD

DepiH 0F Watee a1 SmrvctvrE

Mern Low Water = .0 :
So~yr Svrge Efev. = 5.5
04 Exceedence = .0 55

&/{-é ot Shocte=76. 05"

Signi bicant Wave Herght

H = signifeant wave height = average of Aighest
% of al waves

Assome. He 5/’5»/‘14"@&;7‘ wave Aé{géf‘ = 6074 water c/;y://
=(6.05-0.5)(t)~ 3,33’

oo Any waves 5%&7‘&- than B33 7, height wifl break
/>r/0'r o rzmséz‘/yg e revetment Systesr.

Washington, D.C. * Rockville, Maryland ¢ Atlanta, Georgia * Los Angeles, California




D_H Delon Hampton & Associates, Chartered Consulting Engineers ¢+ Construction & Program Managers
Client: O BC Sheet 2. of
Project. /¢p\, West Shore line Frotection JobNo. 95 3

Date:

Engineer: ¢ Wirq

- TR W I o EE Nh ar A N R Ta WS BN En B B e

Runvp Calcolations

Using +he LUSACE SPM | Sechon 7.2 -

!
Wa/w/ r’(/ﬂ/ can/zs Are 7%;* 47/ W&?"&r /7015#/' )' %A&
Shallow water pmve Aaj#wf 3.33" pust be Jonrc?ffa/ Yo
an zzﬁa/m/m# a{e/famfr vakic .

aﬂng 6/"
= /0 Séc (RSS(/M/sﬁan)
d d- 555
Lo~ s127% @ Siz(0)* - 0108

From Table £~/ , /4/9/>eha/f'x C

d
——Lo = 010D B)/ visval /'nferpo/a'rtnbh)
H .,
/.él - /r 4/

4 = .'4/.' __; 2.3¢ (p,, water
? ! Wﬂ?/aa /14:5/1:‘-)

o c/eferm;'ne, r.f/nu/o -

%‘ 2.36 )

Washington, D.C. * Rockville, Maryland « Atlanta, Georgia * Los Angeles, California




D_H Delon Hampton & Associates, Chartered Consulting Engineers ¢ Construction & Program Managers
Client: O 8 : ‘ Sheet 3 o
Project  tep, Wit ST Job No. 953
o Date:
Engineer: iy

Ronvp Calealaton (€ Comé’&z/e:d)

/

H,
g7*

Depth at Strocture e, de =5.55"

= 0. 0007

ds 5,55

-
-

H, 2, 3¢

= Z.25

[/.Sirg ﬁy. 7=/, for & 12 slope -

R
o 3

ySI'nj Ej 7’,/2} for a 112 S'/Dpd -
2 s
/3

In#&pp/tzﬁm betwets F:j 7/ £ 712 -

3.9+2.55
%

= 3,22

L. 77.4 rvn uf) un&orr(c/(a/ ‘léf sc«/e &ffcc,ﬁs -

R=322H = 3.22(2.3¢6) =76 #

Washington, D.C. * Rockville, Maryland * Atlanta, Georgia * Los Angeles, California




D_H Delon Hampton & Associates, Chartered Consulting Engineers + Construction & Program Managers
Ciient:  » Bl : Sheet 4 of
Project: K EY et Job No. 7 52

Date:

Engineer. Hne

&

Runpp Caleulaton (Conbnved)

The scale correction tactor, K, i's tovnd from fig 7-13 -
, .
S/o/oc =m = 7‘4;79 = S 7 05
The corresponding correction factr for wave height,
H =236 js k=115

Correctes /?u/w/o =K = A/E(Zé) = &.7 {t.

From Table 7-2 -

Rovghress g fZ’mé/:% Corvection frefor = r - O 20

5

rou_gln slo/oc, = .3‘ 7 (&7 50) = 7.0 feet

Washington, D.C. * Rockville, Maryland + Atlanta, Georgia * Los Angeles, California
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1 Sheet 8

- R (rough slope) _ R /H (rough slope)
¥ = R (emooth slope)

(7-7)
R/H; (smooth glope)

Table 7-2 indicated the range of values of r for various alope character-
istics.

his roughneps and porosity correction ractor 1& Aalsc considered
applicable, as a first approximation, in the analysls of wave runup on slopes
having surface materials wirh two or more different roughness values, r ,
Until more detailed guidance 13 available, it is suggested that the percentage
of the total slope length, 1t , subjected to wave tunup of each roughness
value be used to develop an adjusted roughness correction value. This {is
expressed by the equation

Ll 12 13
r {adjusted) = T + i r2+ T r3+ PN (7-8)

where £ 15 the total slope length, &, 1is the length of slope where the
roughness value r; applies, 1 is the length of slope where the roughness
value r, applles, and so un, %ﬂdj procedure has obvious deficilencies as 1t
does not account for location of the roughness on the rtynrfure and rhe VATY-
ing interaction of slope roughness characteristics to the depth of water jet
runaing up ‘the structure slope.

Table 7-2. Value of ¢ for various slope characteristics (after Batt jes,

1974).

Slope Surface Characteristics Placement r
Smooth, lmpermeable | e ... 1.00
Concrete blocks Fitted 0.90
Basalt blocks Fitted ~ 0.85 to 0.90

- Gobi blocks Fitted 0.85 to 0.90
Grass | meea- 0.85 to 0.90
One layer of quarrystone Randon 0.80
(impermeable foundation)

Quarrystone Fitted 0.75 to 0.80
Ronnded quarrystone Random 0.60 o 0.05
Three layers.of quarrystone . Random : 0.60 to 0.65
{impermeablc foundation)

Quarrystone Random 0.50 to 0.55
Concrete armor units Random G.45 to ¢.50
(~ 50 percent void ratio)

The use of the figures to estimate wave runup is {llustrated by the
following example.

#- ARMORFLEX IS ﬂuakf.x Al mone. pe,«.M.J/c_ “/lu) He old. Geb; B[ot/ﬂ .

7-32




D__H Delon Hampton & Associates, Chartered Consulting Engineers ¢+ Construction & Program Managers
Client: ~2 ~ Sheet g of
Proiect: Ay West Shoreline Fotection JobNo. 753
4 Date;
Engineer: ¢ War

Over 1o LPIng Fate Caleylation

- Ronvp 1or Fhe design signbeant wave £ stochre = 7.0 £t

5/0/>e = [/:2Z

-

/'/o/ - dfefw«/tfr wave /J(/:'j}rf = 2.30 {¢

T =10 sec (assvmed)
° o = depth of water at strcture = 5.55 ¢

e Qrest Efevation = /0.0 £+ =h

Obtain coedticients o and Q)*r #am Ff"g 7-24 ;‘-' 7-25

E.Cf. 7'24’ Fiji 7' 2‘5
d : d .
Ti'.';s‘ = 2.3% oA =008 '-H—,s = Z2.35 & = 0.063
o D ) -
’ * 20,005 ' £ _
Hvz = 0.0007 00 0. S_H_;’._.i = p.o007 Q,_ =004
47T

Vz‘sua /;’n %er/po /Aﬁfon 3;’y¢5 5 X = 0.07

&, = 0,05

Washington, D.C. * Rockville, Maryland * Atlanta, Georgia * Los Angeles, California




D_H Delon Hamptan & Associates, Chartered Consuiting Engineers + Construction & Program Managers
Client: 0 5 4 Sheet /0 of
Project:  trg ., JU# F JobNo. 445 3
/ » Date:
Engineer: Swat

Over-/of,a/}vf; fte Caleo/atron (50#75’”’/“/)

y&l'nj 55/)1 7°¢ -

e
ﬁ@o

- ((32.2)(0.0-5 e %)3]'/7_
[O 27 Janh (0.6% )]

o.07

Q= 4. 60 ¢

7o evalvate +anh™ (0. L‘/)) Fnd
0.8% /n Colvmn 4 of Table C—/)
/)/ama’/xé and read +he
Vajve of Hank V(o ¢v) Fom
Llmn 3. —

tfank 7 (0.69) a 0 76

Ca/cu/aﬁn_g +he (,x/oanen-/' -

0,217 N 5
=57 (o_.n.) 2. 4

-2.4 '
Q - Y60 e = 0,42 -FtB/sec e

!

.39 ‘eée(.-m

Washington, D.C. * Rockville, Maryland * Atlanta, Georgia » Los Angeles, California
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Delon Hampton & Associates, Chartered Consulting Engineers * Construction & Program Managers

Client: O 5& Sheet 1773 of
Project: y e Wté‘f JobNo. 52
/ Date:
Engineer. <41/

In order o add +He etfects of winds on +he over foppsrg
rate , we will vse Fhe é//zwiﬂj wuntion rom +the
“YALES Technical Reterence” }Orawz{.{j // Jranle Xo of Bechte/ :

Co = 14 W, (—kf-w,/)s;ne

where C,, = wind torrechon factor
R = ronep = 70 ¢t
' = /5_5 -ds > tfreeboard
A_S s herght o€ Shocture = /0.0 ¢
de = Waér‘ df//ﬁ at Stocture - (.05 é¢

-~

8 = 90° (assume /ocrfma&'ca(g} fo Shore)

Based on conversatons with Jianle Xu of Bechte!. +he
wind speed vsed o caleulate Hhe wind correcton fuctor
shovld be the normaf wird szec/ for He arex.

For +he CA/&M/WLI’GHG’ assymit, wind 5f(e'c/,b{)'/'5 EO_m,oA

u:* s
We < igop = Ta00 ~ 1?7
/o-6.05 .
Cp =1+ 139 Fo— +01) sin ()
Cw = 192

. pVCrvLﬂ/opihj rate, = Q g /_72 [3?) = 75 _Je/gea,-#r_
—e————

Washington, D.C. * Rockville, Maryland + Atlanta, Georgia * Los Angeles, California
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Wave Runup, Transmission, sod Overtopping ACES Tachnical Referance

Monochromatic Wave QOvertopping
The merthod implemented within this ACES application was developed by Weggel (1976)

using dara reported by Saville (1955) and by Savilie and Caldwell (1953). It consists of an empirical ’
expression for the monochromatic-wave overtopping rate:

=0 \ows
. R+FY * (9)
Q=C...\/ngH3(R——:F)

where
Q = overtopping rate/unit length of structure
¢, = wind correction factor

g = gravitational acceleration
Qo a = empirical coefficients (see SPM (1984) figures)

Note: An average value for a as a function of
structure slope may be approximated by:

a=0.06-0.0143In(sine)
This option is available in the application.
Ho = unrefracted deepwater wave height
R = runup
F = h,-d,= freeboard
h, = height of structure
d, = water depth at strycture

Wind Effects

., . Onshore winds ¢ n_@n:maal;e_g_g_nopping rate at a barrier, The effect is dependent upon
wind velocity, éﬁen:cﬁjjp;w:\m respect 10 the axis of the structure; and structure characteristics, This
increased overtopping rate is approximated by adjusting theabove vatue for Q with a wind correction

factor C, (SPM, 1984):
' F
coo1ew {£+0. Yeimd) (10)

v '
Y1 " 1806 (1)

where

U = onshore wind speed (mph)

Wavs Runup and Overtopping on Impermeabla Structures 5-3-5
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Table C—1 — Continued

an,

~07L00

+07800

4a/1

0735
07260
07385
07507
07630
OTTi8

«07867
~OTolk

+Ol00
08215

~08329
«08LY2
<08583
0885,
«007 7L

27 &/l WM SIKH

2r e/t 2wa/y 2wa/L

Wh205
269
#1233
395

l.100

Lmd/t. A7e/L
L9868 1,022 103 .98
«J12b 1.0l LU .93
9280  1.067 1.b82 9y
Sl 1.090 141 9329
9588 1113 1.A95 .99
137 1135  1.51) 2%
9088 1,18  1.5% L9710
1.0033 1l.180 1.5} .9250
1.008 1.20) 154 %
1,032 l.26 1.982 .21
1.0h7 1.2L8 1.600 9192
1.0 LI 1.817 .72
1,015 129 1.6 9%
1089 1017 1.6k .91Y)
1.103 1,30 1.672 .9k
1.6 1.3 1.6 909
1.1 » 386 1.709 9016
1.1 09 1,728 L9057
1.157 1413 1.TLT 9037
1.170  1.4% 1,766 9008
083 LU L8 8999
1.19  1.50) 1.005 890
1.209 1.5  1.025 .89
1.222 1.5%0 L8455 LBoY)
2.235  1.5TL 1,855 B9,
1.2L8 1,598 1,885 8505
1.281 1,622 1,906 888
1,273 1.68U56  1.9% 8867
1.286 1.670 1,947 8849
1,290 1.69% 1.9 BB
.1 .77 2,509 JBOLL
1320 L .00 A9
1.3 .70 2,08} LBTT)
1-” 1!195 2.055 00755
1360 1.819 2.016 8737
1.372 1.8 2.098 .0n9
8L 1.870 2.121 L8700
199 1.09 2,14 L8682
1..08 1.92 2,166 L0064
1.L20  1.948 2,18y L B&LS
132 1,97 2.2 8627
L, 2,000 2,23 8608
1.U455 2,025  2.260 LAs¢L
1.L57 2,0%) 2,28k .B572
1Ly 2.000 2.308 LB859L
2.10T 2,332 8507
2.135 2-’5’ -5519
2162 2,382 850
2.189 2.L07 8083
2.1 2,432 LBUSS
1.508 2.2k 2,458 BLLS
560 2.7 2.hAL BLY
1.5 2,30 2.5 8L
1.5 2.2 2.931 JB¥9S
59 2,350 2,56 .88
1,605 2,39  2.590 830
l.ﬂﬁ zoue 2-611 053152
1.628 2L 2.6Lh B35
1.6 2.L719 2.612 LB308
1.650 2.0 .82%0
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D_H Delon Hampton & Associates, Chartered Consulting Engineers = Construction & Prograni Managers
Client. _O B C ) ) Sheet /q of
Project Koy Wret Shoreline. Profechon dobNo. 753
4 Date: '
Engineer: <, 17

END oF Sware ERosiON FRoTeECTION

Based vn HE worst cace scenario of the swale +ul/
Oof water a5 a resvlt of wave overtopping

da (calate f/ow vate /n Swa le. —

Mﬂnn/';@g Eﬁn => 4), /':’fA R"'/ss’/z.
S =000%
A = £@)(2 +) =12

A, 1z
R=wp = TJogy = I

h=0.0¢6 (Class D chc{aﬁ‘on)
%, ! |
A7 'ligj' (/Z)(/- /) (WG) /z__ = 22.4 cfs

o A’;)o /?af for swale /omfeaﬁ'on dimensions = b 'XIZ’X“I' X 18" thick.

Washington, D.C. ¢ Rockville, Maryland « Atlanta, Georgia * Los Angeles, California



(4]
a
3 o
2 DESIGN OF OUTLET PROTECTION FROM A ROUND PIPE FLOWING FULL
;{ HINIHUM TATLHATER CONOITION (T < 0.5 DIAMETER)
m
Eﬁ 9
2 U _:
w .
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v Plpe | -
Diameter, d f
T 18l
LT !
-F - L. . H l
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o N et ,hdaj
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Table4~3 Classification of Vegetsl Covers as to
Degrse of Retardance. ()

F.tltﬁnel Covar Condition
se :
Weeping lovegrass .....c...] Excellent stand, tall (sverage 30%) (76 o)
A Yellow bluestea
TChEOAUIM oeevvocecsesses] Excullent stand, tall (averege 36%) (51 om)
KudZU cccssavssssnnnnssnnns Vary dense grmh uncut
Bermucs QTASS .ccccasssseee ] Good stend, tall tcurm 12%) (30 o=)
Native grass mixture
(little bluesten, blue-
sten, blue gemna, end
other long snd short
aigwest grasses)...ccees.| Good atand, unmowed
B Weeping 10vegrass csecce....| Good stand, tall (everage 24") (61 o)
Lesapedezs 8OTiCOR cevvacnne t(::gd t;.nnd. not woody, tall (eversge 19%)
o
Alf.lf‘ setenesassstnstEanS cmd .tmd. I.l'lwt ('V.l'lﬂ. 11.) (25 u)
Weeping 10vegrass ..e.ecees | GOOd atand, unacwed (sversge 13%) (33 om)
K U sesctosncsssssnsssasae Denae rMh' uncut
BlUE QEMME e.ccssesccsncsss | Good stend, uncut (average 13%) (28 cw)
Ctlbgrlal essscssacsssasses | Falr stend, uncut (10 to ‘B') (25 to 120 u}
BOrRUGS Gr88S <eaeeeecseess | Good stand, mowed (average £%) (15 om)
Comon 1e8pedezs .eeesssess | Good stand, uncut (everage 11%) (28 o)
Grass-legune mixtute—-
c sumer (orchard grass,
redtop, Italisn ryegrass,
snd comon lespedezal).... %ood 3tmd. uncut (6 to 8 inches) (15 to
o
Contipedegrass..coeeesnssss | VOry dense cover (mversge 6 inches) (15 om)
[Kentucky bluegress..eessess t’ioond ;t-nd, headed (6 to 12 inches (15 to
o
Berauds Qrass.concecncsnns Good stand, cut to 2.5-inch Might (6 on)
Coomon l1espedezd ceersssese| Excellont stend, uncut (aversge 4.5") (11 om)
Buffalo gress ccveeecosracss litgod gtnnd, uncut (3 to & inches (8 to
‘ ca
D Grase-legune nixture--
fall, spring {orchard
grass, redtop, Jtaliasn
rysgrass, snd common
lespedeza)ecenasssaccnens tl;;od 3t-nd. uncut (4 to 5 inches) (10 to
o .
Lespedezs 8erices cesseesss | After cutting to 2-inch haight {5 om)
Very good stand before cutting
£ Berauda GIB80 crasccccnsnss Gmd'tmdg cut to 1.5 inch hi'ht (‘ ﬂ)
B.ﬂu* grm T Z X YRR A Y XN NN aurmd .t“l. .

NOIE: Covers clessifisd have been teated in experimental channels. Covers wers gresn
and generally unifors. :

Sheet 16
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CHANNEL |SLOPE, |8

0.10
n
0,66 —> SO I | —
\ SRR o -
'-..__':___i__-h__
T N ' R
ne
34.6+16.97log(R1+45%4)
010 | | I
.10 .20 40 .30 .80 .70 1.001‘* 2.0 30 4.0 8.0 7.0 10.00
' R
[
Fry. -ed
Chart 8. Manning’s n versus hydraullc radius, R, for class D vegetation,
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D_H Delon Hampton & Associates, Chartered Consulting Engineers * Construction & Program Managers
Client: ) 27 Sheet /8 of
Project: 4/ p v WeHE Job No. 253
4 Date:
Engineer: < 1/

Scovr FProtechon Calcula fon

Us/n3 Eﬁ/n ‘7—/&;53 -
Wr
W = E where W = weight in poords of
/(D (5} /) coré /hd/w'c/aa/.S/an- . 7’/’(-
Stones range trom
O.75W +o LZ5W withA
75 % werghing more
than M; E
W, 2umt weight of stone
H = design wave he/f}rf
5 = 5/°£é/14'4fmw¥7 oaf
Shne to doater = “ly,
=64 b/ps
& £ Ang [ O# .S‘fyucfuyc_: [t
KD z 8 ﬂél/lly 606(4'(;0'6&1"

U

(W5)(%33)
355 1) ¢

W = /25 /bs

Washington, D.C. » Rockville, Maryland * Atlanta, Georgia = Los Angeles, California



D_H Delon Hampton & Associates, Chartered Consulting Engineers * Construction & Program Managers
Client: ORL Sheet /g of
Project  fep 1y wle ot JobNo. Gi5 3
/ Date:
Engineer: & Wt

Flank Frotection Calculation

US/@ Eﬁaaﬁba 7-/05 -
w, H>
W = s (5--7)3coto where W = weight In povpds oF
individual Shne
W, =o't weight of sShne
H = design wave lheight
S = spec /e jraw'fy of s tore
/n water =”"/Ww
W, - 64 t/ad
& =angle of Shocture = 1: 2.
Kz St ///17 roetlicient

(45) (3.%3) >

W - 55 1) 3

W = 377 Ibs

Washington, D.C. * Rockville, Maryland * Atlanta, Georgia * Los Angeles, California



Table 7-6. Surestzd Kp, Values for Use in Derermining Armor Uniz Weighe

Mo-Damags Citerls 2nd Misor Ovartopping

fomerUsits

Y e TR I

Cuarrystyzs F] :
b 2

. i | .Smecthroundsd |
3 tmooth rounded # >3
Rongh wngular -

Rowz}l‘u gular
Rough angulas

Tetzapod
Quadripad
Tribar

Do!on‘
Modifed Cube

Haxzpod
Telbar

carefully placed,

o i P et n P ot
n -

" # nls the number of units comprising the thickne
4 The use of sizgle layer of quarrystone armor vnits subject to breaking waves is not recommend=d,
and only under special conditions for nonbreaking waves. When it is used, the stone should be

be limited tu slopes ranging from

Flacement Structure Trunk E Structure Haad
Ky § Kp Slape
eraﬁ:g Moabreakimg ij Breaiirg l Nonbrealdny | cot @
e T vy | VT
e i ; T aTany ——i =,
ﬂ random 2.1 2.4 1.7 19 © |15%w50
random 2.8 3.2 2.1 2.3 f
i random ¥ T 29 H 2.3 I
, {§ 29 32 1.5
35. an 28" 2.8 20
= - f 20 23 an
3.9 45 37 4.2 NI
4.8 5.5 35 4.5 I
' 5.9 6.6 1.5
7.2 8.3 55 6.1 2.0
o)l Eand 20 -
8.1 9.0 1.5
9.0 104 7.8 8.5 2.0
‘ 7.6 77 30
2209 2509 15.0 6.5 20%
) : 13.5 15.0 3.0
4.8 X — 5.0 fi
8.2 9.5 50 7.0 a
12.0 15.0 7.5 9.5 i
22 25

7-170

s of the armor Layer. '

$ Special placznent with long axis of stone placed perpendicular to structure face. .
. § Applicabls to slopes ranging fron: 1 on 1.5to 1 on 5. ' . '

(| Unsil more infarmation is available o the variation of Ky, value'with slope, tfne_ use of Ky should |
1 on 1.% to 1 on 3. Samc armor urits tested on a structure head
indicate 2 Kpy-slope dependence. Lo '
§ Data anly svailable for 1 on 2 clope. :
£ Slopes stecper than 1 0n.2 not recommended ot the pre. =t time,

DNELT KO 3

1




D_H Delon Hampton & Associates, Chartered Consulting Engineers + Construction & Program Managers
Client: OB/ Sheet 2/ of
Project: / '(C Yy W{ 61" Job No. q 5 15:
7 Pate:
Engineer: S /A1

Wave Keflecthon Caleulaton
o Ware A/e,z‘j‘bz‘ = M, = 3.33'

oS/a/oe = /2

- Wave [fripd = 7 = /Osec

97 32.2 (Joo)
H, 3.33_
Lo - 5/2 = 0. 00&5 .

The 5¥eef£f77‘ ineident wave which (an be nearly ferfea‘ﬁ/
reflected from F:'9 Z-62 -

%)
- = 0. 037

Lo max

Wave reflechon coetGerent = X = X%,
where *, dﬁ,oanals on rouﬁlmes-‘; and/oerm Mb/'/f)ly =0 & (Farﬂce)
.2 d-e_)ﬂ-tha/s on Slope and wave Sfeepness

From Egn 2-8bb, = ¥, = 1 when (-:I—:”)S_ HTZ_)W

e o Wave veflecton Coewcﬁ'a“cﬂ‘f'} z = (1)(0.6) = 0.0

Washington, D.C. * Rockville, Maryland « Atlanta, Georgia * Los Angeles, California
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D._H Delon Hampton & Associates, Chartered Consulting Engineers = Construction & Program Managers
Ciient: 0 A 6 Sheet 22 of
Project: Kre W{éf' Job No. 4 53
4 Date:
Engineer: s Wt

Wave Retlection Calewlation / Continved )

To obtrin He- wave reflctrion coefbcient cpecified , X=0.25,
Fhe ACB revement s/ope will be as folows -

X o= oxx, where x, = 0.4 (4c8)
_x 0,25
X 7 % T Gdo T 42
#,
Vsing Fig 2-63, %, = 0.42 L = pooes
Coi/B A s, Slope = [:¢

o o0btin the wave reflechon coeflicient specitied, x =225
a rip rap protected Shpe will be as fofows -

= x where x, = 0.3 (N’f ra/o)
> oz5
% -% g3 T08
Ho

Lsing Frg 263 ,%, <0.83, 5 = 00065

cot s =47 v, Slope = /15

Washington, D.C. * Rockville, Maryland = Atlanta, Georgia * Los Angeles, California
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o C , ! tatter Miche, 1981 ]

cotangent B = oo B .

Ficjufe'z-lsz. (Ho/Lo)mox Versus - Beach Slooe

-y

i Al nv).ax‘!“‘?-‘_“‘!-p— AR R 1L 2

N R R L S T R RN R SR R

l' " :
ik

".& g , !
i

bi i
3

PrY

. . s R ‘-.‘1
- ! " rodians
l . ; 1 . . . | I I N
- 2 3 :

7 8 910
after Miche 1931}

6.1 =6 (ACE)

arious Values of Ho/Lg

f - , T cotangent B = v

é : Figure 2-63. X2 Versus Beach Siope for

2-J19
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D_H Delon Hampton & Associates, Chartered Consulting Engineers * Construction & Program Managers
Client: OBC Sheet YA 4 of
Proiect: i), West Shore line. Protection JobNo. 7573
4 Date:
Engineer: <Sz.14/

- NN an B an WE S O Bk UG U U SE BN BE Y T Ee am
g +

SLIpinG Analysis

Analysis o€ potential sliding of Arainage /m/er ALIO55
geo exhle 19/15".

Vsing NAVEAC DM 7.1, 50/ Mechanics and DM 7.2,
Fovidatons and Earth Stuvctures -

Sorl classif icaten of dr'm'n@ge, /¢7g/r = GW
Using Table 3 ,0M 7.2 — '\:\
Y = 130pck = maximvm dry it ;s
Vsing Figure 7,0M 7.1 —
@' = internal fnchon angle of drainage luger < -

Assvme, intertace friction amgle | @; | betwten drainage
lager and geotexhle fabric” 1's 85% of @',

tan @ = 085 tan @' = 0.854an 30° = 0.6/%

/3 ;s/o/ue, anj/e- > 26.60 = Z:! 5’0/)1

tan @; 06/8.
'dl'ug m/é 7@’? 26.6 -

.. Factor of S“‘Ce"?s/. /.23

Washington, D.C. * Rockville, Maryland * Atlanta, Georgia * Los Angeles, California
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Design Manual for Scgmental Retalning Walls

R

H TYPICAL PROPERTIES OF COMP.

TABLE 3-3

ACTED MATERIALS [Ref. 12} i

Typical Sureoglh Chamncleritis

|
Rangs of Rangs of Cobesion Cobesion (EfTec-
Muxbrmm g'ﬂll—!l {m (sntwrntcd) ¢ Strew
Sell Groom Dryy Ualt elrtwre o] Eavehope)
Weighl, pef = ] deg
! | Well graded cleas graveb, gavel-smnd | 125135 18 0 ) >38 "
mintures. /l"'
Poorly graded ciban gravels, gravd- 115128 111 o 0 >3
sand mix / o
\ Silty graveia, pooely praded pravebapnd. | 120138 128 — — M
| .
| Clayey .ravlh pooily graded gravel- 115130 149 P —— >3
sapd-lay.
Well graded clean sanch, graweily sandh. 1101% 169 ] o 38
Poorly graded clean amdy, ssad- 100-120 A3 o Q M
| pavel mix,
Siity sands, poorly graded send-sllt mie } 110128 1614 1050 420 34
Sand-silt clay mix wit alighly plasto 110130 s1n 1050 00 ki)
finca,
1 Claycy sands, poorly graded sand-clay 105325 19-11 1559 30 k)
Inceganic silts and clayey sl 935120
ML.CL § Mixture of Inorgaaic allt sud clay. 106-120
| 1norganic clays of low 1o mod pludcity. | 95-120
Organia silts and silt glays, Jow 80100
pxaticiy. 4 ,
Taorgsaic clayey ailo, dlmtic sl 095
Inorganic clays of high plastcity. 75105
Organic tlays a4 silty claya... 65-100

——

NOTES:

All rope nics are for condition of "standard Procior™ maximum dens
characicristics ate for effective sirength envelopes

cals

3 (>) lndmm that typical property is greater than the value shown. (:

an estimate,

et

mg are obiained from USBR data.
-...) indicaics iasufficicat data svailable for

’7%@: 4:40/ MN 4»:./ o4 S?Mﬂ '

P

RV ERE [0 -2/ = 22, ﬁga/a,—”%/% ﬂ%y/?.ez)

-

PaS67- 322~ 04§ -0010- (1)~ o
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ANGLE OF INTERNAL FRICTION
VS DENSITY
(FOR COARSE GRAINED SOILS)

5

o
h

AMGLE OF INTERNAL FRICTION $(DEGREES)

LY o
-
» - ML #”—n sp
A~ / 1 7 &' odTAINED FRom
L W i / : 4 IVE STRESS
“‘"‘7r o W4 LURE ENVELOPES
{ ot A APPROXIMATE CORRELATION
. &= T ISFOR COMESIONLESS
25 MATERIALS WITHOUT ——]
PUASTIC PINES
20
75 80 90 500 e 120 130 140 150

4

|
gl
Bk
ol
&

]
0 05 QOIS 076506 G Q5 OAS OF
VOID RATIOe
L i | )i | i 3 | J

035 05 045 0.4 0.33 Q3 0.25 0z 0.i5%
POROSITY,n '

+ DRY UNIT WEIGHT {y,)), PCF q‘ .
l.. | N S Y T S N )
e

(G=268)

‘ FIGYRE 7 _
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