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Bechtel 
Oak Ridge Corporate Center 
151 Lafayette Drive 
P.O. Box 350 
Oak Ridge, Tennessee 37831-0350 

Telephone: (423) 220-2000 

Commanding Officer 
Southern Division 
Naval Facilities Engineering Command 
Attention: Dudley Patrick 1858 
2155 Eagle Drive 
North Charleston, SC 29406 

SUBJECT: Bechtel Job No. 22567 

FEB 10 1997 

Department of the Navy Contract No. N62467-93-D-0936 
DO 0004, NAS KEY WEST, SHORE PROTECTION SYSTEM 

Subject Code: 5040 

Dear Mr. Patrick: 

012145 

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: I 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 slope 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. 

REH:dcrn:LRI091 
Enclosure: As stated 

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

tIJ Bechtel Environmental, Inc. 

Sincerely, 

o. ~\fV1,v1JA 
O. N. McNeil, Jr. 
Project Manager 
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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 Ia for 
location of the project site. 

The design of the shoreline protection system is based upon the RFP 22567-32I-SC-0248, 
Addendum No.5 and considers the following parameters: 

• Cost effectiveness 
• Longevity of the system 
• Damage limitation 
• Scour and flank protection 
• Permeability 
• Appearance 
• 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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infonnation on the polyester cable used for placement of the ACB mats. The Annorflex 
ACB shoreline protection system is designed in accordance with USACE Shoreline 
Protection Manual, Annorflex Design Manual, Nicolon Corporation "Armor" Wave 
Program, Mirafi Geotextile Filter Design, Application and Product Selection Guide, and 
sound engineering judgment. The Annorflex Wave program used to evaluate and size the 
Annorflex ACB System is provided as Attachment 11. 

The design of the shoreline protection system considers the 50-year stonn 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 l>n 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 stonn 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 detennine 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 benn. 
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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 14+00 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. 
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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 end 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 0.5. In order to prevent scouring from the' effects of wave 
action, the bottom of the revetment should be placed at elevation (-) 2.0 NOVO 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. 
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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 15+00 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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IBackfili and compact the trenches 
as mat placement proceeds. 

I AddltiOnal sections of mats are plac· 
ed and connected until the desired 

, limits of protection are reached. 

I Backfili Is spread over the mats and 
Into the open cells, then sown or 
planted as desired. 

I=tMORFLEX MATS CAN BE EASILY 
'ISTALLED UNDERWATER, The . 
>reader bar can be fitted with 

•

>eclal, remote release clamps, which 
low the mat to be released from the 

, "face. There Is no need to de-water 
e work area, The positioning of the 

l
ats can be done from the surface In 
lallow water or by divers In deep . 
3ter. jn addition, a structure can be 

. Isily built on a environmentally 
strlcted site because there Is no 

I
,ed for expensive cofferdams that 
sturb the natural environment sur­

, , undlng the project site, 
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PERFORMANCE TESTED/COST EFFECTIVE 
ARMORFLE~EROSION CONTROL SYSTEM 

Armorflex articulating 
precast concrete mats 
erosion control system. 

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

ARMORFLEX combines Its specially 
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 directly 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 available In 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, flexible 
and permeable erosion protection for: 

• Coastal Shorelines 
• Earthen Dams 
• Storm Channels & Ditches 
• Bulkhead, In lieu of 
• Pipeline Crossings 

• Lakes & Reservol rs 
• Rivers, Streams, & Bayous 
• Dikes & Levees 
• Bridge Abutments 
• Water Control Structures 
• Ponds & Holding Basins 
• Sand Dunes 
• Embankments 
• Spillways 
• Subaqueous Pipelines 
• Boat Launching Ramps 
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)mponents. 

l iDs. The grids are precast concrete blocks, 
liable 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 

I
blllty and hydraulic relief. . . c • 

_ LE & FITTINGS. Cables are galvanized' steel 
raft cable or polyester; stainless steel has been 
d for special applications. . 

Technical Assistance. 

ARMORTEC Is staffed by qualified civil engineers 
to aid In the preparation of designs and cost .­
estimates for potential projects. II approved, ,~_ . 
ARMORTEC" engineering depattmenl will prepare 
shop drawings for the engineer's review and ap­
proval. Pre-bid and pre-constructlon conferences 
with contractors and on-slte construction ,. 
assistance are also provided by ARMORTEC's con­
struction services group. 

Manulacturer and Supply. 

ARMORFLEX erosion control mats are available-In 

For lurther InlormaUon on our erosion control·c
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-'. 

SPECIFICATION 

DURA VET REVETMENT ROPE 

SCOPE: 

This specification pertains to Samson parallel core Duravct rope consttuctions. 

MATERIAL: 

Duravet is consttucted in high tenaCity low elongation continuous filament synthetic fibers. 

CONSTRUCTIONS: 

a. Duravct consists of a core consttuction comprised of panllel fibers wruch 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 passell over two strands of the opposite direction and then passell under the next two strands of opposite direction. 

c. The weight of the parallel core shall be between 6S" 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 STRENGlH AND WEIGIIT: 

The breaking strength of Duravel is determined by conduction capstan break tests. The test 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 capstan and the free ends of the sample are then lied off to pins. The sample is pulled to desttuction at the head travel speed of 3 inches per minute and the resulting breaking stnmgth 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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18/82/1996 89:43 778-662-5819 ARMCRTEC PAGE 83 

Nollliual Rope ApplOx. Ava. MinilzJum Wei,hllIOO Fl.-Lbo. 
Di.aacter Cbeto SItoDIIb Streallb- MiuiDlU1ll Muim_ 

.\81 (t~nvn) 1,800 Lb •• 1,620 1.24 1.37 

.240 (19I11III) 3,100 Lbs. 2,790 2.00 2.21 .255 (2Omm) 3,100 Lhs. 3,330 2.41 2.14 .280 (22I11III) 4,s00 Lb •. 4,050 2.76 3.05 

.295 (24I11III) S,2ooLbc. 4,680 2.9S 3.26 .310 (21I11III) 7,000 Lbo. 6,300 3.99 4.42 .380 (J0uun) 10,000 Lb •. 9,000 4.75 S.26 .5 (4Omm) IS,OOOu... 13.500 8.93 9.90 .63 (sOmm) 23,000 Lb •• 20.100 13.02 14.42 

- Abg", rape zlrtr"IIM "" dewl"JN<i willr" 98$ eotifi;k1Ja! laaD'. 1Iunrfon. lliuullcally Wlru_ 1M rlg/rJ liw '- (2) brwa/cz ,,'" '" 100 bruUa IfUIY laU below stilled mllllm ...... 

ELONGATION DATA: 

Elongation data specified in this section is based upon stabilized new, dry rope. Stabilization refers 10 a process in which the ropc is cycled fifty times betWeen a load corresponding to 20002 and a load to 10%, 20%, or 30% of the ropc's approltimate average brealcing strength. Relevant elongation values for Ouravet are given in the table below. The tolerance on these values is ±S%, 

" - Breaking Strength ,. 
~ 

10% 20% 30% 
Permanent elongation while working .7% 1.8% 2.6% Elastic elongation .6% 1.4% 2.2" Total semen 1.3% 3.2% 4.S" 

CHEMICAL RESISTANCE; 

The material used in the construction of Duravet exhibits good to excellent resistance 10 moS! concentrated acids, a1lailis and solvents. 

ENVIRONMENTAL RESISTANCE: 

Ouravct Is Impervious to rot, mildew and degradation associated with marine organisms, The material used in the construction of Ihe rope is not affected by continuous immersion in fresh or saltwater. 
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10/02/199& 09:40 770-&&2-5819 A~TEC PAGE 04 

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. 

QUALITY ASSURANCE: 

Duravet is manufactured in accordance with product specification instructions which detail the 
construction particulars of [he rope. During the manufacturing proce3s, 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 certified break test per 25,000 feet of 
finished rope. 

WARRANTY: 

All goods and materials manufactured by Samson arc Wlll'nJ\led free from defects 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 rope may be dangerous. Use the right size for the job and do not overload, 
shock load or bend -over SIIlI1P comers. Information on standards for strength and usage arc 
available from Samson, along with Guidelines fOf Inspection and Maintenance. 

MANUFACTURER: 

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

QUALITY ASSURANCE: 

Duravet is manufactured in accordance with product specification instructions which detail the 
construction particulars of [he rope. During the manufacturing proce3s, 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 certified break test per 25,000 feet of 
finished rope. 

WARRANTY: 

All goods and materials manufactured by Samson arc Wlll'nJ\led free from defects 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 rope may be dangerous. Use the right size for the job and do not overload, 
shock load or bend -over SIIlI1P comers. Information on standards for strength and usage arc 
available from Samson, along with Guidelines fOf Inspection and Maintenance. 

MANUFACTURER: 

Duravet is manufactured by Samson Ocean Systems, Inc. for Nicolon Corporation. 
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77e-662-5819 ARMORTEC 

CHEMICAL ATTACK OF GEOTEXTILES 
(POL VESTER) 

CHEMiCAl RESISTANCE DATA 

OMmlealattack d o-Itdl .... Is cit.., d1IIIcU1! 10 dearly dSllnguish boc:ause rl Inheram produel varflbDy, 
the ra./vely small magnllu(Jo d degradallon. and tho ccnc:urram non-chemlcalllffec:ts d wat .... For lhese 
reasoN. dKlmleal anack cl gec:taxrll8S Is basi vkoNod with respect 101rGr1ds rat ... than spedflc vakJes. as wall 
as with a prelerllfl()8lor uSIng hlgh-ternperature lesttng and buebno water exposure 10 magnly and Isclar. 
c:hemlcalllffec:ta. -

The maslllltlaruiva Sludy rl poIyeSI ... durability Ie> dill .... 3op/lase researen program 'orrnulalod by Terre 
Arm .. InlernarionaICI & The R",",,,,,cod Earth Oempan)', Mded by NIed"", Cerp«arion, and exClCUtod by 'till 
EnvIrcnmll'ltallnc •• properly Incorporlted 811 r:I IhllS8 e>cmIderatloM. The program studied lIMa degradation ct 
PclYC«hyt""" r"'''Phtha/ar''l. CCITImMy rclerred 10 as PET cr. simply. po/yeller In !hOI following thr .. phases: 

• • CClITIpararlve trudy d hlgMlIflllCIIy 'lIam"",s In 27 mlldla, 81 l1l'i elevated lOIII1p""."" (95"C In 
Pnase 1), whld! was wed to Idll'ltlly the maslaggrllSSlve media; 

• a canparllive Sludy cl dlIf"'ln! yams In the same Mlec:tad media, II a Iowa' temper.UfO (I'IlasQ 
2), which was uMcl to compar" yarn l*Iormance; and _ 

• a comparaslve study cl dill .. "", prcducts and COOIIIngS In tho same mlldla (Phase 3). whlc:ll will be 
used 10 c:anp.a producl perforrnanOOl. 

The ........ s d Phase 11-.. beQO r&portod byJaIIIcux ... 81 (1992) and .... a summarlzod as fallows: 

• 1IcceI ..... ed lesttng II high 1&mp""II\Jf8$ glvllS USGfIA Wormlllion, allcwlng fer qutck MIecdon cl 
. media thai are cr are"" prone 10 dGgtQdQ pdyesr ... ; 

• typical c:hemlcal$ flUId In sdI have no significant 1Iffec:t (II gS"C) m the degradation rll. rltho 

fll8m"",s IDSlad as canpared with the bellsvia' In water as long as lhe pH ramalns below 10; 
• the rnamems have lost • p.t d their matter. 

&Jpponlng dill. fellows ••• 

CHEMICAL DEGRADATION 
CONSIDERATIONS 
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AN INSIDE LOOK AT 
ARTICULATING CONCRETE BLOCK REVETMENTS 

Michael Koutsourais and Joel Sprague 

NicolonCorporation, 
. 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 resulted 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 
revetments 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 
technologies, practical application typically precedes, 
or at least coincides with, the research 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. 

49 

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 ml!!ly 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 hi9her level 
and require that the threshold of hydraulic stability be 
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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 Intemationally by the Delft Hydraulics 
Laboratory In Holland, the Construction Industry 
Rasearch and Information Association (CIRIA) In 
Great Britain, and Simons, U and Associates in Fort 
Collins, Colorado. Sponsoring of this research came 
from various govemment agencies such as the U.S. 
Bureau of Reclamation, U.S. Federal Highway Admin­
istration, Tennessee Valley-Authority and the U.S. 
Soil Conservation Service. The commissioning of the 
Delft Hydraulics Laboratory and Simons, U and 
Associates, Inc. by Nicolon Corporation, Atlanta, 
Georgia, has developed Into a practical method for 
evaluating the stability of a unigue block system - .. 
under hydraulic conditions typically encountered In -
the field. A similar design methodology can be 
adapted to other articulating concrete block revel­
ments once hydraulic data is acquired that docu­
ments the performance of these revetments under 
full-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 protecting 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/or by friction between 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 altemative 
to dumped stone riprap, gabions, structural concrete, 
and other heavy-duty, durable channel protection 
systems. Additionally, these systems offer enhanced 
flow efficlencies, nurturing of vegetative cover and 
safe access. 

. Stability. Concrete block revetments provide a 
continuous articulating erosion protection mat to 
withstand the destructive forces of water. Prop'er 
block selection is based on the design velocity Dr 
wave height to which it shall be subjected and is 
product specific. The stability of articulating concrete 
block revetments Is generally unquestioned. For 
instance, a 34 pound Armorflex 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, U and Associates, Inc. Identified that each 
type of revetment system exhibited its own character· 
Istic threshold failure point or critical shear stress 
level that the hydraulic forces must exceed to activate 
failure. It has been acknowledged that block weight, 
geometric proportion, and method of interlock 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 extrapolate 
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 manufacturer must provide hydraulic stability 
data for his product. 

Flexibility. Another advantage of a cabled 
system is its flexibility. If an embankment setlles 
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 
systems and other materials commonly used to 
protect channel beds and banks from erosion scour 
and instability is their ability to accommodate minor 
changes in channel shape due to settlement, frost 
heave, slumping, and the nke, 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 and/or a 
conventional graded filter. The permeability of the 
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filter and revebnent 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 
geotextile 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 Efficiencies. 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 
revebnent systems on mild channel slopes under 
uniform or near-uniform flow conditions, the Manning 
coefficient has been found to depend on the effective 
size of the individual blocks, and whether the blocks 
are of the open- or dosed-cell configuration. Typical 
n values for Armorflex blocks rang e from 0.026 to 
0.034 

Vegetation_ When vegetation is desired, open 
cell blocks are filled 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 agendes such as the Deparbnent 
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 received by various 
agendes such as Corps of Engineers, Deparbnent 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 dosed cells or open cells filled with 
stone (dso<.75") precludes vegetative 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 
stabnity was produced by Simons, U 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 vulnerable 
individual block in the system must be large enough 
to maintain intimate contact with the subgrade· when 
it is being subjected to the lift and drag forces associ­
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 overturning, 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 sufficienUy conservative design will resull 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 flowing water, an individual 
block will be subjected to 1111 and drag forces. The lift 
force 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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filter and revebnent 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 
geotextile 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 Efficiencies. 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 
revebnent systems on mild channel slopes under 
uniform or near-uniform flow conditions, the Manning 
coefficient has been found to depend on the effective 
size of the individual blocks, and whether the blocks 
are of the open- or dosed-cell configuration. Typical 
n values for Armorflex blocks rang e from 0.026 to 
0.034 

Vegetation_ When vegetation is desired, open 
cell blocks are filled 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 agendes such as the Deparbnent 
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 received by various 
agendes such as Corps of Engineers, Deparbnent 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 dosed cells or open cells filled with 
stone (dso<.75") precludes vegetative 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 
stabnity was produced by Simons, U 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 vulnerable 
individual block in the system must be large enough 
to maintain intimate contact with the subgrade· when 
it is being subjected to the lift and drag forces associ­
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
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the downstream edge of the block (Clopper, 1991). 
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ment, yet cannot be substantiated without conducting 
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as illustrated In Chart 1. 

Under the action of flowing water, an individual 
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force 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 
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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 !he potential to be sublectedto. direct Impinge­
.ment by flow, whldlls possible when, due to Irregular 
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, 1991). 

With the resistance to overturning provided by the 
submerged weight of the block acting through the 
center of gravity, and Its moment arm, the lift and 
drag forces on !he block produce overturning m0-

ments about the comer of the block. A "factor of 
safely" method Is then utilized which Incorporates the 
hydraufic conditions of flow, and the size, weight, and 
geometric characteristics of the block (Clopper, 
1991). The equations used for this analysis are listed 
below. 

Once one block within a certain "family" of 
revetments In terms of method of Interlock, profile 
configuration, and characteristics and boundary 
roughness has bean hydraulically tested resulting In 
a known critical shear stress, then the critical shear 
stress for other blocks within the same "family" can 
be determined through a balance of forces (Clopper, 
1991). 
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Conservatively assuming that the lift and drag 
forces are equal and designating subscripts t for the 
tested block and u for, the untested block, then the 
critical shear stress for an untested block can be 
determined by: 

where: W - block weight 
~ i:J. I.. - moment arms 

The critical shear stress Tc is derived from physi­
cal model tests, and the bed shear stress To is 
calculated from the equation To - '1" OS 

where: 0 - depth of flow 
S - energy grade line (assumed equal to 

the bed slope, fIJIt) -
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Chart 1. Armorflex stebility. 
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Where the additional drag force due to a vertically 
protruding block Is proportional to the amount of 
prolusion and the velocity of flow and is calculated as 
follows: 

F 'D • C (b. Z 0> P y2 > 

where: 
), .. Ionginludinal bed slope 
6 .. bank side slope 
F'L .. Po" lift and drag forces 

I" l:z, l:J, I~ .. moment arms 
WA .. submerged weight of block 
c .. momemlum transfer coeHicient as-

sumed equal to 0.5 
t:. .. projection height 
., .. width of projection 
P .. density of water 
V .. velocity of flow 

DESIGN APPROACH - WAVES 

The design criteria for articulating concrete 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 
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stability of the Armorflex system, and a design criteria 
has been formulated from a report on modellnvesti­
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 aI., 
1983). Studying these parameters as a function of 
wave height, wave period, block size, and type of 
underlayer provides the necessary engineering 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 force 
components of friction caused by contact with 
other blocks, and the systems' Interlocking 
features. Stability may be considered of 
prima./}' importance In revetment design. One 
may distinguish between external and Inter- . 
nal stability. The former refers to the forces 
that act on the blocks themselves. The latter 
deals with the conditions of stability of the 
bedding construction supporting the blocks. 
With respect to external stability, the follow­
Ing forces are Involved: (a) Various pressure 
forces perpendicular to the slope, which may 
be downward or upward; In the latter case, 
they may cause lilting of the blocks from the 
revetment; (b) Inertia and drag forces caused 
by flow parallel or perpendicular to the slope; 
(c) 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 variety of 
realistic wave spectra. 

Internal stability may be defined as the stability of 
the bedding underneath the revetment blocks. This 
implies that gravel must be stable against hydraulic 
grad ients In th~ 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 alteria, which refer to the 
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can be determined. 

The forces resisting motion of the articu­
lating block system are the submerged 
weight of the blocks, the downward force 
components of friction caused by contact with 
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features. Stability may be considered of 
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may distinguish between external and Inter- . 
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that act on the blocks themselves. The latter 
deals with the conditions of stability of the 
bedding construction supporting the blocks. 
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implies that gravel must be stable against hydraulic 
grad ients In th~ 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 
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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 bedding 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 tiltsr 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 HelghL 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 percent 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 caJ:lnot exceed 60 
percent of the water level during the extreme event. 

Wave Perlod_ As the wave period Increases, the 
wave height that will cause erosion or probable 
dislodgement of uncabled blocks decreases. Further, 
for a given wave height, very large wave periods 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 relates to mat 
permeability in that a larger block surface area would 
result in a lower mat permeabifity 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 performed on the revet­
ment system, it is difficult, if not impossible, to quanti­
fy any potential stability enhancement that may be 
provided by joint filling, bedding stone, or the unique 
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Interlocking features of a particular articulating con­
crete block revetment 

Joint F1lt1ng. Filling of the holes and tapered 
JOints In and between an articulating concrete block 
revetment will result In erosion of the coarse material 
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 concrete block mats with grave/­
filled holes Is considerably greater than that ,of the 
non-gravel filled mats (Delft Hydraulics laboratory, 
1983). 

Geotextlle_ A filtration geotextile design must 
consider the fIVe criteria of filtration which in dude soil 
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 stability. 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 revetmenrs armor 
layer and the condition of the core fill which it is 
placed upon. While a natural slope may be 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 tum, means that they must be cast within 
narrow 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 model to predict the stability 
of block revetments as it is developed for the Dutch 
Ministry of Transport and Public Works. The Original 
analytical model was developed for block revetments 
with blocks which are not interconnected by cables or 
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height. If early breaking might prevent this wave from 
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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 caJ:lnot exceed 60 
percent of the water level during the extreme event. 

Wave Perlod_ As the wave period Increases, the 
wave height that will cause erosion or probable 
dislodgement of uncabled blocks decreases. Further, 
for a given wave height, very large wave periods 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 relates to mat 
permeability in that a larger block surface area would 
result in a lower mat permeabifity 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 performed on the revet­
ment system, it is difficult, if not impossible, to quanti­
fy any potential stability enhancement that may be 
provided by joint filling, bedding stone, or the unique 
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Interlocking features of a particular articulating con­
crete block revetment 
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revetment will result In erosion of the coarse material 
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 concrete block mats with grave/­
filled holes Is considerably greater than that ,of the 
non-gravel filled mats (Delft Hydraulics laboratory, 
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Geotextlle_ A filtration geotextile design must 
consider the fIVe criteria of filtration which in dude soil 
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 stability. 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 revetmenrs armor 
layer and the condition of the core fill which it is 
placed upon. While a natural slope may be 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 tum, means that they must be cast within 
narrow limits of tolerance. EVen the best design may 
fail as a result of poor workmanship. 

The design method, which can incorporate all of 
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PYRAMATTM 
Permanent Erosion and 
Reinforcement Matrix 
"The Fourth Dimension In Soft Armor" 

A Sireambank and Shoreline Stabilization 

Jt. landfill Slopes and Channels 

'" Wrapped-Face Slopes 

Jt. Coastal Protection 

J/.. Inland Waterways 

PYRAMATTM 
Permanent Erosion and 
Reinforcement Matrix 
"The Fourth Dimension In Soft Armor" 

A Sireambank and Shoreline Stabilization 

Jt. landfill Slopes and Channels 

'" Wrapped-Face Slopes 

Jt. Coastal Protection 

J/.. Inland Waterways 
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m yr-a-mld \'plr - () - mid \ n IL pyramid -, pyramis, 
... fr. Gk. of unknown orlglnl (1549) 1 a: an ancient 

massive structure found esp. in F.ID'pt having t)'pically a 
square ground plan. outside walls in the form of four 
triangles that meet in a point at the top. and inner sepul­
eI"al chambers b: a structure or object of similar form_ 

;. The Mystery of 
" the pYramfds 

Throughout the sands 
of time. Ihe word 
"pyrami()" has 
broughllO mind 
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. 
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.,. I-o-tech-nl-cal com-pas-lie \ bi-;; -'Iek-nl-kil I 
~ Kiim-'pdZ- ot \ n (1991) Ihe synergi'lk. mUlually 
heneficial union of living planl tissue and siructurally 
integrated geosynthetic materials to provide permanently 
enhanced erosion protection and stability. 

Through the years, nexible "soft armor" techniques have 
emerged as proven and preferred alternatives 10 traditional 
"hard" erosion control approaches emphasizing expensive 
tllld unattractive rock. concrete and struclllrall11aterials. 
Yet many deSigners have been hesitant to employ environ­
mentally superior soft solutions due to concerns regarding 

r,: The Matrix of 
::'- Pyramids 

their rclaincd 
strength, durability 
and perrormance 
through tillie, the 
/0111'11. dillle/lsioll. 

Focused on superior. long term performanc!'. designers at 
Synthetic Industries have created PYllAMAT'" erosion 
lIlatrix. This patent pending, IIlree-dilllel/s;tJllfll fl'OI/C11 

R,'ote.tlile matrix is composed of UV stabiliwd polypropy­
lene monofilament yarns woven intn a dimensionally stahle, 
uniform configuration of resilient Ilyramid-/ikr projectiolls. 

!Ising a novel and highly sophisticated weaving process all 
yarns nre locked in place to create n Permanent ErosIon 
and Reinforcement Matrix (PERM) which exceeds the 
vegetal reinforcement capabilities of conventional 
biotec/,"ical composites ™ and combines the long- term 
strength. dimensional stability, durahility and functional 
longevit), of a l.igll per/ormallce geolexlile. 

The exceptionally efficient geometry of PYRAMATTM 
erosion matrix helps stabilize soils and reinforce vegeta­
tion. Upward and downward protruding "pyra-ceIls" 
capture and contain soil while the lI1ultiple 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 now conditions! 
PYRAMATn, erosion matrix is the product for demanding 
erosion control applications - where reinforcement of 
vegetation is desired to replace hard arn~or and increase 
soil stahility. 

Demonstration of sol/ containment and Interlock by pyramidal cells and ribs. 

"A" "AAA"AA"A""A" "" ...... " " .. "AAAA 6,\ AA ....... A AAAAAAII.." ""AAA AAII..A.A"" 
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11ft YRAMApM permanent erosion and reinforcement 
.. malrix (PERM) is a precise. highly engineered 
prnt\ucl possessing Ihe oplimal qualilies for "geo/}(}Imzical 
reillforcement". Unparalleled slrenglh an" dimensional 
slahility in an open. three·dimensional geolexlile designed 
to nurture and reinforce vegelalion niakes PYHAMATTM 
the ultimate "new generation" erosion control matrix. 

·.Pvramid' 
·'Powerl . 

PYRAMATT>I erosion matrix 
provides many limes Ihe slrenglh 
of popular Turf Reinforcemenl 
Mals (TRMs) and Erosion Conlrol 
Revegelalion Mals (ECR~ols) 

currcnllyavailable. The tensile properlics of I'YIIAMAT''' 
e\'ell exceed those of many convenlional. two-dimensional 
gcotcxliles and geogrids. Moreover. the strength of 
I'YIlAMAT'M erosion malrix Is dislribuled over three­
dimensions! 

Direct shear and pulloullesling has demonslrated Ihn! 
\'YHAMA'fT" erosion matrix has a very high cocrncienl of 
friction with soils. A hig\! interface shearing resistance 
IIwkcs PYRAMAT'" erosion matrix an ideal material to 
stauilize coastlines, embankments and landfill caps. Once 
emerging roots of the developing vegetalion rc""h tlte zone 
of reinforcement. the resulting "revegetation ,,1"lform" 
willl'rovide increased slope stabililY and erosion 
control on critical sites. 

Wide wIdth tensile tesllng 01 
PYRAMA 1"" Reln'orumen' Malrlx. 

The abrnsion resistant. resilient PYIlA~IAT'" structure 
also provid('s maximum rcsistrtncc to construction and 
mainlenance induced stresses. Field surveys have demon­
strated Ihat 10\\·' strength mnuings may sllstnin mechanical 
damalle antI rtllling from passes of maintenance (mowing!. 
emcrgcnry, sen-ire and recreational vehicles, 

l'uWl'rfIlII'YIlI\~I .. \Tr" reinforcemenl matrix provides 
greater tensile I'roperlies than an AASIITO M2A8. high 
survivability woven separation gcotcxlilc, illsuring 
proteclion from hOlh anlieipated and unanticipated ahuse. 

PUBLISHED TENSILE STRENGTHS FOR GEOSYNTHETIC MATERIALS 

PoIy.I.1In lRM AASHTO M288 
High $vrylyobffity 
Separation Woyen 

GtO'u'~e 

3000 ~./It 
lUI kH/ml 

Pyramat""_ 
R,tntof<tmtftt 

Matrix 
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III einforcement matrices must provide long term 
performance under adverse conditions. In arid to 

semi-arid regions or sites where establishm~nt of vegeta­
tion is slow, inadequately stabilized TRMs rna)' undergo 
Significant UV degradation prior to performing their 
primary function. 

The durable PYRAMA Tn, erosion matrix is designed to 
withstand prolonged exposure in the challenging condi­

tions of demanding 
jobsites or inhospitable 
climates. Ultraviolet 

PYRAMAJ"fM leln/Dreamenl m8lt/X provides "rebat/or loot sys/,ms". 

The polypropylene yarns of PYRAMA pM erosion matrix 
are resistant to biodegradation and unaffected by chemi­
cals normally found in soils. Some polymers, such as 
moisture absorbingpolyamides (nylon), may be subject to 
temporary and permanent loss of strength from both 
chemical and hydrolytiC attack. Because polyolefins 
(polypropylene) absorb negligible amounts of water, 
PYRAMAPM erosion matrix will maintain Its tensile 
properties under saturated conditions with no long term 
loss of strength via hydrolysis. 

This corrosion resistant matrix will endure as a key 
component of a shoreline protection system, even In 
brackish or sait water conditions. Careful polymer 
selection, high strength/tensile modulus, resiliency, 
abrasion and puncture resistance and unsurpassed 
dimensional stability insure tllese pyramids willnlm 
stand the test of time! 
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m erformance of PYRAMATTM erosion matrix has been 
.. extensively evaluated at a renowned hydraulics 
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

Peak 
Performance I 

reinforced vegetation 
and bare soil. These 
studies identify the 
"design window", 
which provides 
performance guide· 

lines from time of installation, transilioning to a mature 
vegetated condition for the long-term design life of the 
project. 

Maximum recommended permissible velocities and shear 
stresses for PYRAMAT'" erosion matrix are presented in 
the table above. Vegetated, PYRAMAT'" erosiun matrix 
will resist now velocities of up to 25 ftfsec at shear 
stresses up to 10 Ibslft'l. 

Additionally. the resistance of unvegetated PYIIAMA TTM 
erosion matrix to directly applied high velocity shear 
stresses was measured using a specially designed flume. 
The PYRAMATTM erosion matrix structure resisted the 
maximum shear developed at full·flume capacity with no 
dcfurmalionwhatsoever. Maximum shear stress devel-. 
oped was approximately 8 Ibsfft' at a velocity of 27 ftfsed 

LONG TERM PERFORMANCE .GUIDELINES 

liiiIJM;\iQ:!',£Jlhlil~'4i"M~{\hJ!JtJi-1[~:'iMlilJ.J 
PERFORMANCE SHORT TERM tl/2 hr) LONG TERM (50 hrs) 

~~.~~frt. ," . ;- ~F~1·~.\i:~,_:\::,;,_·:!~·,_,H .'/f~~'i;~~1:~~~~_::' 
Vigil_led 25 (Vue (7.6 mlsec) 14 ftlsec {4.3 m/'l!c) 

Unvegelaled 20 It/sec (6.1 m/sec) 10 It/sec (3.0 mlsec) 

SHEAR STRESS ii • 

Vellelated 10 Ibsnt' (46.9 kQ/m') SibS/IF (29.3 kQlm') 

Unvegslaled 8lbslfl~ (39.2 ko/m~) 31bSlfI~ (14.7 kg/m'l 

The graph below illustrates the enhanced performance of 
PYRAMAY'M permanent erosion and reinforcement matrix 
above that of conventional Bioteellllical COlllposites™ and 
n-atum) vegelation. 

-:, . 

High velaclly hydraulic /lume testing. , 

PYRAMA T'" eraslan m.trlx t.kes "geabat.nlcat 
relnfofcemen''''o unprecedented level!. 
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Irm he erosion and sediment control industry has 
.. rapidly evolved into a diverse hierarchy of cost 
effective methods and techniques_ The adjacent 
"Performance Pyramid" highlights the four primary 
divisions of vegetated erosion control techniques_ 

Superior tensile properties combined with rugged con­
struction. durability. proven performance and unsurpassed 
functional longevity clearly separate the high survivability 
PYRAMAF" PERM from existing TRMs and ECRMs. 

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 

ADVA.NCED MULCHING TECHNIQUES 

.... Fiber Ro· S 
"._ • ~rng YSlems (FRS) 

.... 0·--
;, )_. pen Weave Geolexli/es (OWGJ 

. . .... Erosion C I I BI -.. on ro anltels (fCB) 

GeosylltJzetic erosion cOlltrollllaterinls have 
risen to a /lelV level! 
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11ft YRAMAT'"M erosion matrix handles a broad range of 
.. discriminating biotechnical applications requiring 
vegetated soil reinforcement and stabilization including: 

..... PVRAMATtM 
.'. Applications 

A Landfill Caps, Slopes & Qiversion Structures 

A Dam, Dike & Levee Protection 

A Bank & Shoreline Stabilization 

A High Flow Channels 

A Geosynthetic Reinforced Earth Structures 

A Vegetated Geotextile Slope Facings 

A Veneer Cover Soil Stabilization 

Other potential applications include: 

A Grassed /lccess RoadslTemporary P'lrking 
Areas 

.A Pre-grown Reinforced Vegetated Carpets 

A Bioengineered "GeoLogs' 

A Sports Turf Protection 

A High Friction/High Flow 
Geotextile Beneath 
Hard Armor 

A GroulFilied Transitional 
Matrix for: 

• Low Flow, Pilot or 
Trickle Channels 

• Outfall Prote~tion .. 
• Pond & Lagoon 

Shorelines 

n he rugged PYRAMAT'"M matrix will also absorb 
all considerable installation stress permitting the use 
of mechanical equipment. The matrix will perform best 
when installed beneath the soil sllrface. 

PVhAMATTM' 
Installation 

A When used as a vegetative reinforcement 
matrix the product should he installed first, 
seeded, then a 1/2" - I" veneer of soil placed 
and compacted into the "pyra-cells". 

A Ught weight wheeled equipment or vibratory 
tampers may be carefully utilized to facilitate 
compaction. 

A Refer to the Synthetic Industries LAN()LOK~ 
Erosion Mat Installation Guidelines for 
specific installation instructions as a soil filled 
matrix . 

A. For other installation requirements please 
contact Synthetic Industries for prol11pl 
recommendations and on·sitc construction 
assistance at (800) 621-0444, extension 2. 

Coa.lal dredge .poll stabilization - Hou.'on, T .... 

A Chann.1 Ptoleellon -Indlanapoll. Airport',j\ 
.~.AAAAAAAAAAAAAAAAAAAA.A~ AAAAAAAAAAAA.AAA~AAAAAAAAAAA1 

.. _----- -.-.---.------.~ 
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Engineering Specifications 

The PERMANENT EROSION AND REINFORCEMENT 
MATRIX (PERM) shall be a three-dimensional, lofty, 
woven polypropylene geotextile specially designed for 
erosion control applications on steep slopes, water 
containment structures and vegetated waterways. 
The matrix shall be composed of polypropylene 
mono- filament yarns woven into a uniform, dimen-

sionally stable configuration of resilient pyramid-like 
projections. The material shall exhibit very high 
interlock and'~elnforcement capacity with both soil and 
root systems and demonstrate high tensile modulus. 
The PERM shall conform to the property values listed 
below under dry or saturated conditions. 

MIN I MUM A V ERA G E R 0 L L V A L U £ S (MARUI 

PROPERTY TEST METHOD ENGLISH METRIC 

Tensile Strength' 

Tensile Elongation' 

Tensile Strength'. 
@ 10% Elongation 

UV Resistance @ 1000 hours 

Thickness 

Resiliency' 

Mass Per Unit Area 

ASTM 0-4595 

ASTM 0-5035 

ASTM 0-4595 

ASTM 0-5035 

ASTM 0-4595 

ASTM 0-4355 

ASTM 0-1777 

ASTM 0-1777 

ASTM 0-5261 

3,000 X 2,200 Ibs/ft 

4,000 X 3,500 Ibs/ft 

43.8 X 32.1 kN/m 

58.4 X 51.1 kN/m 

, 45% (max) 45% (max) 

50% (max) 50% (max) 

1,850 X 1,600 Ibs/ft (typ) 27.0 X 23.4 kN/m (typ) 

80% 80% 

0.5 in 12.7 mm 

80% 80% 

14 ozlyd' 475 g/m2 

Ground Cover Factor' Light Projection Analysis '75% 75% 

PERFORMANCE " MAXIMUM PERMISSIBLE VALUes .- ',-.. 

Vetoclty 
Vegetated 
Unvegetated 

Short Term (112 hrl lona Term (50 hrsl 
, ) 25 ft/sec 7.6 m/sec 14 fUsec 4.3 m/sec 

20 fUsee 6.1 m/sec 10 fUsec 3.0 m/sec 

Shear Stress 
Vegetated 
Unvegetated 

MmJli-

10 Ibs/ft' 
B Ibslft' 

1 An p"at""." "lull.fI IIlnlmum Artn,. RollVahr" (MARVJ ,ttl," o/fl,,,,ln bull",.I. 
p.ldltrf 'IS" &~IIIU l.rtL Addillan,' prop.", "hili ,nftU/. 'POII nqllnl. 

I Yd,u foI' htb lIUdhr •• tII CIOU ,.,.chln. lI/ndlOll$ •• " try .t JllI/rlt.1I coMIIiOM. 
I R.~nlnq I.lhnll.,pm.nl 01 tIri,lrullhldn.u ""1,,.11 ,nIt J qtl" ,t, IOf p' lull 

"golP,) fit" ,,"lflii "",.,,, ., IS neMlI, "lUmIlo'lI .. .lfI'et"", ,.,,,"," sa 
01/111 ,,,,,"'11 nmm" hi ,«tJtt/ifIC' "lUI AS1M' D·lm. 

c 6t'0111111 Con' ',dot ,.",.nllb .. ,b,II,·ttom Lllmll. U,III Pro/'ctfrnr rill. • y,,,,,, '."I/t,1I It 'If "''',p.mI,1II /tfIInlll'~ ,,"/11, Idmlo". 

48.9 kg/m2 
39.2 kg/m' 

61bslfl' 
3 Ibs/ft' 

29.3 kg/m' 
14.7 kg/m' 

STANDARD ROLt SIZE INFORMATION ~ 6nx 90 n.540 It'. 60 yll' 
1.83 mx 27.4 m.50 m' 

FABRICATED DOUBLE WIDE ROllS ~ 12 n x 90 n. lOBO It'. 120 yll' 
3.66 m J 27.4 m • tao m' 
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J 
II ake the mystery out of designing and ,pecifying 

erosion control products. Now you can cost 
erfectively specify modern materials using the new EC­
DESIGNTM computer aided design (CAD) software pro­
gram. In minutes, you can calculate arid select the most 

. appropriate geosynthetic erosion control pr~dutt 

EC-DESIGN 1M 

for a variety of 
channel and slope 
applications. 
EC-DESIGNT>I 

calculations use state-oC-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-DESIGNTM offers these Important features: 
A Channel lining design 
A Slope protection design analysis 
A Maximum permissible velocity ruN 

shear stress approaches 
A Integration of CDmpound flexible 

channel lining systems 
A Mouse driven pull down window screens 

Specify the best Ivitll total confidence! 

Smart Solutions 
n ddressing and solvirig construction end-user 
11.1 challenges is why we're the leader in 
Geosynthetic technology today. We're here to assist you. 

FOR ADDITIONAL INFORMATION PLEASE CALL: 
Synthetic Industries 
Construction Products Division 
4019 Industry Drive 
Chattanooga, TN 37416 USA 
TOLL FREE: (800) FIX-SOIL or (800) 621:0444 

(615) 899-0444 
FAX: (615) 899-7619 

Membership Affiliatio!).s Include: 

GEOSYNTHETIC RESEARCH INSTITUTE 

~'I\ITf'I\IAJlONAl --
U~10N (QNlIot A\\0(1.\1I0"l' .""It,. .~ .. ,. 

,fI!1"-... ~ ... -.. -.~. ~}i 
~ InteTTllltiorwlgwlextile.flXiety 

A fULL LINE OF GEOSYNTHETIC PRODUCTS AVAILABLE 
Synthetic Industries manufactures a full line of high quality 
geosynthetic materials including woven and non-woven 
geotextiles. SILT CHECK-, silt fences. FIBERGRIDS· 
3-dimensional soil reinforcement fibers, LANDSTRAND~ 
fiber roving system. POLYJUTE- open weave erosion 
control geotextile, and LANDLOK· erosion mats. 
For additional Information on any of our engineered 
geosynthetic materials-
Cal/IIS or ollr distriblltor today! 

OISTRIB.UTEO BY: 

.. 

SYNJ'H£J'IC 
INDUSJ'RIES 

,.liir CONSTRUCTION PRODUCTS DIVISION 
... HSmari Solulions in Synlhelics™N 

The Inlormalion presented herein, while nol guaranteed. Is 10 Ihe ~sl cl our knowledge true and accurate. Except when aqreed 10 in working (;ondiUQns QI use. no W3Jf3nly exgress.ed Q( Img,!i~ is 
made regarding the performance 01 any produc!. since Ihe manner 01 use and tlandJing is beyond our conlrol. ANT IMPLIED WARRAIfTY OR fiTNESS FOR A PARTICUlAR PURPOSE IS 
EXPRESSl r EXCLUDED. lithe producl does nol meel Synthetic Industries" CUffent published speellicalians. and Ihe customer gives nolice 10 Synthetic Industries belole installing Ihe product 
then Sr.:lheliC Induslries will replace the product without charge or rclulld the purchase price. Nothing contained !lelein is 10 be CQnslrued as permiSSion or as a recommendallon 10 lolrlnge upon 
any pa enl. 

~
~, C> 1995 SYNTHETIC INDUSTRIES 

PM-BI·2195 
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ARMORFLEX CLASS 40 
OPEN-CELL BLOCK 

SEA PURSLANE PLANTED 
IN THE TOP THREE ROWS 
OF OPEN CELLS - 3' V.I..,-, 

ARMORFLEX CLASS 60 
OPEN-CELL BLOCK 
BACKFILLED WITH NO.57 
STONE FROM FOURTH ROW 
TO TOE OF SLOPE 

r---NIICULUN 40/10 
GEOTEXTILE F ABRle 

1/4
M /l' 

FROM 
REVE7MENT (U.N.O.) 

ELEVATION 10.0 (EXCEPT WHERE 
TRANSmONING TO EXIST. GRADE) 

PROP. GRADE WfPYRAMAT 
P.E.R.M. 

---"lr-----­
L~XISTING GRADE 

2" THICK LA'l'ER OF NO. 10 
BEDDING STONE 

TYPICAL ARMORFLEX CROSS SECTION 
N.T,S. 

1-.. 

'. 
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AUC-tS-96 THU 12:3~ PM OCEAN BREEZE COHST. 4076274408 P.B2 

08/14/1996 87:35 4232262748 

Bechtel 
Oak Ridge OJrpor.1tJ Center 
151 L41ayslte Drive 
p.D. 8ox350 
Oak flidgfJ. r.nn~e 37831·0950 

Teleph0n6: (423) 220-2000 

Mr, Andrew HaCkett, President 
Ocean Broezo Construction Company, Inc. 
01276 Riverside Drive -
Palm Beach Gardens, FL 33410 
2155 Eagle Drive, P.O. Box 190010 
North Charleston, SC 29419-9010 

SUBJECT: Bechtel Job No. 22561 

BEOfTEL ENV. 

Departntent of the Navy Contract No, N62467.93.D.0936 
Subcontract No, 225S67.321·SC·0248 
Shoreline Protection, Fleming Key, NAS Key West, FL 
PRrLlMINARY DES/eN REPORT RrYttW COMMENTS 
Subject Code: 

Dear Mr. Hackett: 

PAGE 81 

010718 

I am enclosing Bechtel's review comments concerning the preliminary design report of the subject 
contnct. The preliminary &~i.sn has been reviewed by Pat Ryan in our San F~eiseo office. 

The p~eliminary design is acceptable, and you may proceed to fmal design, subject to incorporation of 
the enclosed comments in Ihe final design or other resolution_ 

We appreciate your spirit of cooperation. 

ONMXw:UlO8H 

Enclosure: As staled 

IlJ S.efll., fllll/roomlna!. Int:. 

O. N. McNeil, Jr. 
Project Managcc 
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AUG-1 5 - 96 THU 12:39 PM OCEAN BREEZE CONST. 4e762744ee p.e3 

ea/l~/1996 07:35 4212292749 BEOiTEL £MI. PAGE 82 

010718 

l'RELlMlNAAY DESIGN REVl£W COMMENTS 
BECJfIEL SUBCONTRACI' 2lS67.J21.sC-0248 

SHORE PROTECTION SYSTEM, FLEMINe: 1<EY, NAS KEY WEST, FL 
13 Augwt 1996 

1. T l'pital Cross Section ·lndiC1lte basjg for the elevations shown on drawi"8. 

2. Swal~ SlId Sediment Buins. pon<fiD& of tile wateC in !be ba.sj~ .:auld proride a source ofwat<r 10 lcaclt into tbe 11IIldfiJI. Provide reason for using this design {eature, wCludlna what it ~ 1\ \ ~&-a~ishr.'. any a!temaliW3 and COst impact, etc. Describe "'dItch checks." IJ e. ~ 
3. Cllaalations. All calculations Dto:I to be finalized and incJud. all a.!sumptions. sources of data, P.,&u.~ <&~ltt'f.:Z::. rtl<:ren«3, etc. IlknlifY (litIe/pUlpase) all caJeula!ion sheets. llu: Pn;liminaIy Design package, "~'If\""" "I t.Ui4 ~ ~ COntained two ."""",te ARMORFLEX aoa1YJeS-please explain. the cliffereno;,. (f\, ~.~. S - M.. • .1 AU,. := nih", \.I.lA~< WIV\. 

\Jl .... h.. e.I~~. ~ 4. Drawlngs. Id"";£y drawings to be providod with final ~isn. These: should include I!lan views, ~, .~ and additional detail. ""d -no"" as reguiml. 

5. The (oUowill!: are com", ... " 011 speofieatioD, "Articulated COnc .... te Bloc:kSystems." Paragrapb lio. 
2.3 "'ovid. a copy of all test results and ~ODS ai all mat.n..Js to be used in iMt:ill.ti"" ofw IySte1I\ to Bechtel. "Io.l.", ... .:.l suI, ;....~ 
2.4 Provide table specifications. includmg J1l2.taiaI., liiespan, vendor', data for .trtllgth (taking into account the m:almeu Drib. splice a!!d tho re<ll!~ f>ctor of caretyl ~ cbcmi't!...i .. .., re.;Sb<lce ortb_ cable. /J .. ~1. C"1'1-' '+ "C-.~ •• .,. .... t- .. ;;L $,. • ;.- -r • 
3.3.2 ill;' .ection requites the toe to be buried 10 1m deep; how ....... the Key West design dOOSD', have the requked depth. - \JtJk ...... " e~,.H"\I 1l...1t. $r.~4 .. £:, ••. =? 11 .. k./MUe. 1'<> c. 8 .. .1;'11. 33.3 "--"dedeWJ f 'dc~'-'~ d 'AI b •• ~. .," , .... ,.tl.J.eL~r..t:t.~ I>"~ . "'u.., so.. ", ... ~ons an matell SID e u ..... - ~'f81."" u- RuoH ...... I-S"JII. S. t Describo bow the follJ\datiOD at tbo Iowa- end (below water) will mut !he 950/0 fompaction criteria and how will you dstenniue th.al CllOIpaction is •• li.hotol')'. - (.o~"'h",J t'~~:'& aN A ~ s/., .. 
:5.3 Do all of the graae changes meet the 1m~' . ra.lnu at aU POints?~. "·~1.~~{:::·::A' ~,it3[~t ~;"'toc): u. .. ~.. 6!. Tor i- eo -",,- c.-.-I- ~,J. Flflf'lk I..~. E ., ~ ..... d - • )Cc,.tv .... .,..."" C.'N"C.t~ Any deviations from tbe specification shOUld be adequa lY described and reasons given. 50 that ~ sl.,_ w, It O.<-t (. Bechtel and the Navy can evaluate the proposed mate~ and methods to be employed. A.<1< .. 1' ... SelHiI' 

• ""/11 L Ti_~ A/, .. r. , .. ~ek. I e' ...... .,. 1", ""s~ .'" .. b .. ~·M. ~~}' , ~~ l' ~.,.)s 6. onltnltt\on phase com.me.DU .c..rl.~ ",;U.I~ t L4:T.I ta-fA.Ch~. ':! Z':p ~&.~) At what point. wiU Ooeao. Br"",. provide "" inspection by !he design <Ol8in€,r;;o\'. IMr the "fl.e o.t4,tl " b~ Be. "f. specification specifioally mentions prior 10 placen,ent of lb. geot..l<lile. c".A ... fcl b~ 

I, I>co\-<.~,l. c.,..~r.j;1h) Descnbe your quali!), control "hecks and testing to meet specificatioo and d .. ign requiromcnts. T ••• '"! .'.,..~ ~ ...... ~.l; ... ~... Oescn'b. how you will prncect tho goorcxtile 8IId pyramat from UV damaae. Key West is a r:';llr.':'!;}~ ~.-T -..:.. . 1\.'''''' ":.J. VV . I" ~ .~ ... r_, - -t- .. ~\.\ p,' ......... CIlVUOllttlcot., - .,...o~s .. , c ....... ~w.IL fl_;, P/....,""',.,+. t1 J<,~;~)P:: d) Descnbc the field cutting, sewms, "lid ovorlappiIIg of tho geotexlil •. Provide a srecificat.ioo on I~~I tho.ewing material. 
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0) 'l'Ite J2 ton limit for rhe bridge cannot be wah'e'd. PoImti.t] a,eas fo,'ayclown on the Key West 
side of the Flmlillg Key bridge arerhe >.rea in front oeBllIa' C59 ""d C60. the area ncar Ih£ swimming pool at the toad inIn.ection. or the lea plane ramp. A deci.ion will b. made in 
wujUDClion with YOU 30d the ROICC. 
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R. KULESZA'S COMMENTS ON THE PROPOSED SHORE PROTECTION SYSTEM, 

rLORIDA 

,. The oon~guratiO/1 Of 1M matSrJal,; involved in III. slip circle stabi5ty dispfllll1s is not 

clear because of !he small scale of the computer printoU1 dlegrlllTl8 that show the 

slip circles. Suggest &howing thl critical snp cirde on a copy ollila typleeJ elope 

protection CrQu-section, so that It Is clear what length of 11'1. sUp aurfllOes !laGOs 

through each meteria/, 

2. 1118 bllsi, for the ac!optton of !he shear otrength paremetm (cohesion IItId Iriclion 

angle) !Should be el(plainad far each matllr'.I!l. The wlues ehown on lIIe lltability 

analysl" diagram' ate quite high. lind "oed to tie justined for aaCh material. Po!:t· 
!leak shl., strength, rather than peak llIear a1rangth, naeds aometlm!,s 10 be 

eOMsidered (8 rllduced Value), blJC:ause 01 slgnl~cant strains that may develop In 

lt1e system. Note that the fadors or safety are not very high, SI:I 1M! lower 

strength values would have a s;gnlfta",t unhM;Jrzbfe Impact on tho ~rs 01 

.afety. 

3. Only results of eir~lar slip sur/eco IInBlysla are shQwn. It should be .. hecked, and 

documented, thai ~e slip 8urlaCl!9 parslJeHinc !h, !Iopil are roOt more elitiCsl. 

The appropriate strength param,t.rs along the contact! between the various 

matQrials should b. examinlld. . 

... " plMe slip aurlaces paralielnng the slop. ere found to be more critical In an 
enelysla that neglects the lind refltraint At the top of the slope (tension), lind 

bottom Of the slope (compreSsion), then proper 8CCOulllehol,.lld be taken 01 the3!! 

eMd rntrainlll In the stabHity anAlysis, to show thod. if the "nd restr,lnls are token 

Into account, the faetor of slifety Is sBtlsfa:tory. • 

5.. Consideration should be given to checking that the factor Of safety again!! slope 

failure Is at least $<Oy, 1.2 In the lvent or erl:laion at 1he lOp of the Riope reduclng 

th" erreetiveness of lIIe anchorage. 
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1. 

2. 

3. 

4. 

5. 

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. 
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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 stonelgeotextile fabric placement. 

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

6. a) 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. 

b) 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. 

c) 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. 

d) 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 "1" 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. 

e) 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. 

f) The equipment to be utilized on this project includes: 

Loader 
Rake 
Excavator 

Crawler Crane 

Dozer 
Chipper 
10bsite Officel 
Storage Trailer 

Note: Items with an (*) asterisk 
were added after the Preliminary 
Design Review meeting. 

*Single-drum motorized roller 
*Gradall 
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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 Florida 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. 
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4. 

5. 

b. 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 buttressing 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. 

c. 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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Section 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. 

B. An articulated concrete block system is comprised of a series of 
individual concrete blocks placed together to form a mattress overlay 
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: 

B. 

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 Durability Requirements. At the time of delivery to the work 
site; the units shall conform to the physical requirements prescribed in 
Table 1 below. 
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TABLE 1. PHYSICAL REQUIREMENTS 

Minimum Compressive Strength Maximum Water absorption 
MPa (psi) kg/m3 (lbIft3) 

Avg. of Individual Avg. of Individual 
3 units Unit 3 units Units 

27.6 (4,000) . 24.1 (3,500) 10 (16) 12 (18.2) 

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

C. 

1. 

2. 

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. 

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. 

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 length 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 large 
mattresses. 
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B. 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. 

C. 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 
materials used in the construction of the cable shall 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. 

B. 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. 
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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 stability are based on 

geotextile application. 
Ultraviolet ASTM Refer to Table 3 for 
Stability D 4355 \ permanent erosion 

control. 

Notes for Table 2: 

, 1. 
2. 

As measured in accordance with ASTM D 4632. 
[ 
I 
I 
I 

I 
I 

I 

I 

The required MARV tear strength for woven monofilament geotextiles is 
250 N. 
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I 

I 
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Table 3 Permanent Erosion Control Geotextile Requirements 

Test Methods Units Requirements 

Percent In-Situ Soil Passing .075 MM(l) 

< 15 15 to 50 > 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 
Opening 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) 

I Notes for Table 3: 

I 
I 
I 
I 
I 
I 
I 
I 
I 

1. 

2. 

3. 

Based on grain size analysis of in-situ soil in accordance with AASHTO 
T88. 

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 layer designed to be compatible with the armor layer. 

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 normal to the local slope face must be regraded or 
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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 0698). 

B. 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 
geotextHe 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 geotextHe and the subgrade. The geotextile 
should not be left exposed for more than 14 days to minimize damage 
potential due to ultraviolet radiation exposure. 

B. 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.). If 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 placed 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 geotextHe as a result of the installation process. 
Should the geotextile be damaged during installation, a geotextHe 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 
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5.04 

B. 

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 (Le., 
minimum radius of 1 m (3 ft.). 

C. 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. 

B. 

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. 
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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: NAS - KEY WEST, FLEMING KEY LANDFILL REVETMENT, # 22567-St;-1248 --:)«.aiEJllLI:""'A" 
PROJECT SCHEDULE FLOW CHART 1996 (Months I Weeks) 1997 (Months I Weeks) 

DATES 0 C T NOV 0 E C JAN FEB MAR 
DESCRIPTION DAYS START - FINISH 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 

Permitting 60 - 90 1012196 -112197 •• 
~Firianli)esi" ":'.1$·.""!""'!:101,10;.~1:,1tt!"',," i •. " ::: "iX',:' " .,~." , l:~+,"i',:~ I"/'\",:""::I'i""(",:,,,,, ,"'. 
Notice To Proceed 1 12/2 '" 

. FinaLSlJbmittals ""' .. ~":. . ',",., '2.'.. "'1213"~.1·2I6;· i .• , ),'f",/;-'''' <,','.. I",.",'" ...... , ·,··.,' .. i·:" .... ';::.' , '.,". '. ···."i·.ii., 'I"""., "',' 
Pre-Con Meeting 1 1215 - 1216 • 
,Safety.(n"aihiha('·"·:"'·"'·"i""',\}', r:,·· ;. '. "',·1219""·1211'1' "" .i'""·;'·",, . ,.", '. "',..i,."·"·"" I '" ...... , ,'" ",' ;,"'l"i:'·. .I·i. ,') ,:,',.".", It,".", ,.... ." 
Mobilization 2 12111 - 12113 - H 
Turbidi!lf'Controls,,;'.\',,· ;;.i, ... t," "".1 2I:12:l121j3V,.,:,";" .. ,."'" .'.,,".',,'._ . (",'S: I',,':, -'0, .. " .. ' ,,,.i,',... ' ,'. . ... ", liii. . 
Clearing of Vegetation 7 12112 -12/20 - L -' 
,Debi"is"Rembvan"";c:""-":"'" """"': 1±lli",7i"': . " '" '," \112:A'.l'It7,'-' ,:.,"";,, ".E'" : i'-:;':',;",::C'," ',,:i.·",·,,:',',',:,,';·I:;, 1<' " '-"" .',"",., . .q:'.', •. ,., .. , . . ,.' 
Fill & Compaction 15 1/2 - 317 D -
Arrnorflex: Facrication:',· , ,,'';,'' 1",,;;...16.·' .... ,',<:1120,'~,zn;"'"", 1""./,'.',,,.:"" ,I:,",.".", .";., ',."., ,', .:'.' ", ,'.' ,·'·A . "":".",- -", .. , ,.' , .• '" ,., 'j .'. 

Geotextile & Beddina 9 1/27 - 2121 Y -
Final Gtading,';:",,;,,"""".':,'.';',""';' ;'-·;:"",6.~ '., ','':';..213,,'',2128:,,\ k' ;",.,",. ',', ,.j,' :" 1'.'."",':"';""'-:""" . ,".'i·' . " I,;' ',·i",'."'·'''''' ,. ,,,,,,".,, .. ', . 
Mat Installation 12 2/3 - 2/28 
Rock Rip: Rap.:,"Toe':-- ';,':,':'"""1,·,,,"2"· "':'''~2124!'';,2I28\''.':'' ""i";:. 1,'.'-:"";,:"'(':-'."';-'" ,. ".,,","""'. I," ,,""",":.-".:' ",- '. i"",-"-,, - :;;-',,". 

Concrete Anchor 2 2124 - 2128 -
Backfill'Open'Cells,·,,"·I·',.'·,2:· "',,2I24,~'2I28>" 1;':·-",;,,,,,,,,, .1·'·"/'," .. ·.·,,;-: .. ·:·,";·-..·:,··· ':."<·.,i.'.·' . :'.: .... , .• , .... , ,. 
Berm & Swales Grading 3 3/3 - 317 -
.Pyramatlnstallatiom' :.·'·.1,-,' f . ",:,:,·,,3/3"~'·317·::"'!':·I:'!':,·!'·'· ',·r:',,"·'····.' . '.', " .... X,.·':.r' ""","'>:""'" .':. '. '.: -'.' .' 
As-Built Survey 1 3/10 - 3/11 -
Mangrove,:Planting,:':' .,', . ;. " 2' '.3/10;-'3112:" I'E,";, I '.,', " . ,""'. ': , I;"' .',"".' .........> .• ".. . . "' ... ' •... t'..·...· 
Sea Purslane Planting 1 3/12 - 3/14 • 
.Clean;;Up:&:Oemob;.,'·'·(;"·I··""."'2'· """'31.10"-3/14 ·"·'·1"······· .. , ' I, .. "'···,"'::'·.···'· '.i'. ...•. ""'i" '·'C·,",,; :.,.. ( ........... "........., :";','" .. , 
Seed & Mulch 1 3/17-3/21 -
Punch::llist:."::',·i",····"·d:>'·;'2 .· .. 3/17-3/21: ." I·'·" ...•.. , •... :.,:,,:,, -
Remove Turbidity Controls 1 3/24 - 3/26 • 
FinaLA:cceptance;Meeting't.:,,1 '. '. 3/26 -3/27, ' .'. .', .' 
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, 12/25, 116, 2/24 
5. Christmas Holiday, no work between 12124/96 thru 1/1197 = 9 calender days. 
6. Total days, 1212 thru 3/27 = 116 calender days less 11 holidays = 105 days. 
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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 the stability of the Armorflex mattress has 
been deduced from the results of large scale model 
tests in the Delta Flume of DeHt Hydraulics and at the 
Oregon State University Wave Research Facility. The 
calculation of the performance of Armorflex under 
wave attack Is based on the positive interaction of the 
individual 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 !t2 per 
mat. Construction begins with site preparation of the 
area to be protected. 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 protec, 
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 and/or by fastening side con· 
necting cables and end loops. 
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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 protection 
are reached. 
Backfill Is spread over the mats and into the open 
cells, then sown or planted 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 to 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 built 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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Puncture Strength 
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Percent Open Area 
Permittivity 
Flow Rate 
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40 (0.420 mm) 
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II. IH~ (rough slope) 
II. ~ rough slope) 

r • Ilsmooth slope) ~ 
R/H~ (smooth 

(7-7) 
slope) 

Teble 7-2 indicated the range of values of r for various slope character­
istics. 

0'b1B rougnnes8 and r'ot'oSlty correction tactor is also cons1cered 
appl1c:.oblc., as a flt'~t approxlll\Dtion, in the analysl$ of "'ave runur on slores 
having surtace materials wIth two or more d1fferent roughness values, r. 
Until more detailed guidance 1s ava11able, it is suggested that the percentage 
of t.he total slope length, t, subjected to wave runup of each rouglmess 
value be used to develop an adjusted roughness correction value. ThIs 1s 
expressed by the equation 

r (adjusted) (7-8) 

where t ts the. total slope length, 'I is the length of slope where the 
roughnes9 value r2 applies, t is the length of slope "here the roughness 
v41ui: 1'2 aJJpllc:~, lllltl bV VII. ?nl!t; vt:uc~duc~ hH~ obvious deficiencies as it 
does not BCCQI/llt fot location of the roughnesS on the Rtmerur. and rio. v~ry~ 
1ng 1nteraction of slope rnughneu chnraUerlsUcs to the depth of water Jet 
running up "the structure slope. 

Table 7-2. Value of r Cur various slope ch~racteristics (after Battjes, 
1974). 

Slope Surface Characteristics Placement r 

Smooth, impermeable ------ 1.00 

Concrete blocks Fitted 0.90 

lIaaalt block. -Fitted 0.05 t.:> 0.9U 

-~ Cobi blocks *" Fitted 0.65 to 0.90 

Cra9s ------ 0.65 to 0.9u 

One layer of quarrystone Random 0.80 
(impermeable foundation) 

Quarrystone Fitted 0.75 to 0.80 

Rnnnrlf.'d QUarrY9tone Random 0.60 to 0.~5 
• 

Three layers of quart)"stone RandOl!> 0.60 to 0.65 
(impermeable foundat1on) 

Quarryscone Random 0.50 to 0.55 
Con~rete armor units Random 0.45 to 0.50 
(- 50 percent Void rat I 0) 

The use of tlte figures Co estimate wave runup Is illustrated by the 
follow1ng example. 

-fo - {llI..lfloQREJ{ ;OS R.~"~ ... It...&.. "'Me P~A-"'t...t/e. ~,J -t4 oiL 6!~b; [){o d(. • 
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Monochromatic Way. Orertopping 

The method implemented within this ACES application was developed by Weggel (1976) 
using dam reported by Saville (J9SS) and by Saville and Caldwell (1953). It consists of an empirical' 
expression for the monochromatic-wave overtopping rate: 

where 

Wind Err ects 

Q = overtopping rate/unit length of structure 
e Ia ;: wind correction factor 

g = gravitational acceleration 

Q• a = empirical coefficients (see SPM (1984) figures) 
0' 

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

a -0.06 - 0.014310(0In G) 

This option is available in the applicatioo. 
H. = unreCracted deepwater wave height 

R 1:1 runup 

F ~ h, - d, - freeboard 

h, = height of StrUcture 

d, = water depth at struclure 

(9) 

Onshore . ds c JUnc:o:l!.!e the overtopping rale at a barrier. The errect is dependent upon 
wind velocity 1 1 eell with respect to the axis of the struc~ and structure characteristics. This 
inCreased overtopping rate is approximate y adjusting I a ave value for Q with a wind correction 
factor C. (SPM, 1984): 

where 
u' 

V'=i80ii 

U A onshore wind speed (mph) 

Wa'f'. RUDUP and Ovenoppin, OD Impermeable 5tructQIW 

(10) 

(11) 
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.0)900 .08ns .S162 "1.7 .5"" 1.1)62 1.069 .aecn 1.0)2 1.226 1.582 .~ •• 372 21..90 

.oLooo .08)29 .$2)) .LI02 .51.75 1.Uo1 1.0610 .8nl 1.aLl 1."" 1.600 .9192 .loIo1Io 21"0 

.aL100 .- .SlaL .un .5556 1.Woo 1.05' .17J.l 1.061 10m 1.617 .9177 .WS 20.92 

I .aL2C11 .0855) _ .537. "911 .5637 1.lL79 1.055 .Bn1 1.fIIS 1.291. 1.6)6 .915) ,w.,S 20.'" 
.aL)OO .-. .SLWa .. 9610 .5717 1.1518 1.050 .8688 1~089 1.311 1.651. .91)) , •• m 20.0) 
.aLboo .0877. .551l .SOlS .5796 1.1SS8 1.0b6 .16$2 1.10) 1.)/00 1.672 .911L .LST1 19.62 

.aL1OO .oaae) .5581 .S066 .5876 1.1599 1.aL2 .162l 1.116 1.)6) 1.691 .9095 .l.607 19.2) 

I .aIo6oo .08991 .56b, .5U6 .StSIo 1.1639 1.0)8 .8592 1.1)0 1.)86 1.709 .90'16 .L6I.) 18.85 
.CIIo700 .0909II .5717 .5166 .60)) 1.16n 1.0lL ,8562 1.lL) 1.b09 1.728 .9OS? ."'19 18.49 
.CIIoIlclo .09Z0S .fm .521$ .61ll 1.1710 1.0)0 .ISJZ 1.157 1.U) 1.747 .90)1 •• n) 18.15 
.aL900 .09JU .saso .526) .618, 1.1760 1.026 .8SO) 1.170 1.456 1.166 .fCll.8 "1l.6 17.12 

I .0S000 .otL16 .S916 .5310 .62tl 1.1102 1.02) .841) 1.18) 1.479 1.186 .8999 •• n9 17.SO 
·.0$100 .09S20 .5981 .5)57 ' .6344 1.18U 1.019 ..... 1.196 1.SO) 1.1OS .8,a, •• IU 17.19 
.0SI00 .0962) .6046 .SLO) .61021 1.U84 1.016 .8J.lS 1.109 1.526 1.8>5 .8961 .t.aI02 16.90 
.05)00 .09726 ,6W .SL49 .6499 1.1'" 1.01) .1)85 1.222 1.SSO '1.8105 .1910) •• 11) 16.62 
.0SI0a0 .09879 .6176 .51.,. .6575 1.1968 1.010 .8356 1.235 1.574 1.165 • .,24 "90) 16.)5 

I .05500 .(99)0 • 6239 .m • .6652 1~201l 1.007 .')26 1.248 1.598 1.US .890S, .4,,2 16.09 
.0S600 .100) .6)0) .5582 .612' 1.205) i.COla .8297 1.261 . 1.622 1.906 .8816 .4960 15.81. 
~0S700 .101) .6)66 ,.5626 ' .6IlOS 1.2096 1.0Gl .8267 1.27) 1."" 1.926 .8867 •• tea 15.60 
.OSIOO .102) .6Ioa1 .5668 .6aao 1.21.)8 .",5 .1l)9 1.286 1.670 1.947 .... , .S015 15.)6 , 

I .05900 .10)) .61.91 .STU .6916 1.2181 .9958 .1209 1.2911 1."5 1.968 .'8)0 .SOLa 15.1) 

.06000 .1aL) .655) .575) .70)) 1.ms .99JZ .8180 1.JU l.n, l.,e, .8811 .S068 14.91 ' 

.06100 .105) .6616 .57'" .ntO 1.2270 .99f1I .11SO 1.)2)1 1.7'" 2.011 "792 .S09lo lL.TO 

.06Z00 .1(6) .6678 .sa,. .7187 1.2315 .tee) .1121 1.))6 l.no 2.0)) .177) .5119 lL.SO 

I := .1f11) .67)9 .sa74 .1256 1.2355 .9160 .&09) 1.3108 1.795 2.055 .1755 .S1L) lL.JO 
.1082 .6799 .S,lL .1))5 1.2!.02 .,en .806) 1.)60 1.&1, 2.016 .87)7 .5167 lL.u 

.06500 .1092 ' .6860 .5951. .1LU 1.24Ll .,e15 .eolS 1.)72 1.845 2.091 .8719 .5191 13.92 

.06600 .l1Gl ,.6920 .599) .11oa6 1.2492 • 97" .BOOS 1.J8lo ~.870 2.Ul .8700 .S21L 13.7 • 

I .06700 .uu .6,el .6031 .7S'61 1.25)7 .9772 .nn 1.396 1.196 2.1L4 .8602 .52)6 13.57 
.06800 .uzo .TO)7 .606, .76)) 1.2510 .9752 .7748 1 •• 08 1.'21 2.166 .Il6610 .5258 13 •• 0 
.06900 .11:10 .'1097 .6106 .nu 1.2628 .9732 .191' 1.1ao 1.,..1 2.189 .86106 .5279 13.24 

.fllooo 'm' .nS? .61LL .178) 1.2672 .m) .7890 1.432 1.'7. 2.21) .1627 .5)00 13.08 

I .07100 • 9 .121.9 .6181 ,.7116) 1.2721. .96t. .7861 1.W 2.000 2.2)6 .8609 .5)21 12.92 
.fllZOO .usa .1217 .6217 .79)7 1.2767 .9676 .78)) 1 •• 55 2.02!i 2.260 .1591 .5lL1 12.n 
.01)00 .U68 .1))6 .62S2 .IOU 1.21\1) .9658 .7eaL 1.467 2.05) 2.2& .8572 .5)60 12.62 
.fllLoo .U77 .7)95 .6289 .1088 1.2861 .9641 .7775 1.479 2.010 2.JOB .1551. .S)80 U.L8 

I .01500 .1116 .1.5) .6)2L .8162 1.7908 .9624 .n47 1 •• 90 2.1f1I 2.))2 .85)7 .S)99 U.,. 
.01600 .u,S .. 82)7 1.7956 .9607 .n1, 1.502 2.135 2.357 .151, .SL17 12.21 
.f1/7OO .UOS .1569 .6)92 .1)12 1.3OaL .tS91 .1690 1.514 2.162 2.]82 .ISOl .51.)5 12.08 
.0711c1o .1Z1I. .T625 .6427 .1)116 1.:1051 .9576 .7662 1.$2S 2.U9 2.LoT .8/08) .5I!52 U.,5 
,.07900 .uzJ • .ab62 1.)100 .9562 .16'" 1.5)7 1.Z1T 2.Ll2 .8L6S .5106, U.8) 

I .0l000 .12)2 .T7I.1 .61.93 .15)8 1.J1L9 .,SLI .1605 1.SL8 2.245 2.LSI .ew.a .SL85 u.n .- .121.1 .1799 .6526 .161L 1.)1,e .,5,.. ~lm 1 •• 2.27L 2.4810 ... 30 .SSGl u.S, 
.OIIZOO .1251 .1151. .6558 .1687 1.32106 .9S20 .151., 1.571 2.)0) 2.SU .8J.l3 .5517 U •• 7 
.08)00 .U5, .T91l .6590 .'762 1.3795 .9S06 .1$22 1.583 2.331 2.5)7 .83'5 .5S)) U.)6 

I .0l1I000 .U68 .7967 .6622 .8837 1.)JLS .,." .1494 1.5910 2.]60 2.56) .1)18 .SSL8 u.25 

.08SOo .un .11026 .6655 "915 1.))97 .91.81 .1"" 1.605 2.)8, 2.590 .8]60. .S56) U.14 

.08600 .1286 .aoao .6685 •• ,e, 1.lLl.6 '.9lo69 .7L37 1.616 2.Ll8 2.611 .1,., .5577 U.OL 

.08700 .1!9S .&1)7 .6716 .906L 1."97 .,.57 .71009 1.6!! 2.LLS 2.644 .8)25, .55'1 10.,L 

I .- .1:1OL .&1" .67L7 .91J.l 1.)SL8 .',..5 .1)81 1.639 2.US 2.672 .1:108 .S605 10.84 
.08900 .1)1) .82SO .6778 .9211 1.3600 .94)) • 7353 1.650 2.508 2.700 .8290 .561, 10.7 • 
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I Table C-l - Continued 

d/I.. d/l. n d/l. VoIIH IIIJIII CIISH IC/II' I • II'd/i. &l1li CDII n Cgle • II 
,rd/l. 2"d/l. 2rd/l. • ""'d/l. llrd/l. 

I .0)000 .CI7l35 .w.e) '.1aoS J.6)1, 1.lD21 1.U5 .907) .8M6 1.on 1.L)O .9)11 ."'1 27.9 
.0)100 .07260 .10562 ..,,, "721 l.lO5' 1.W .90L2 .PUJ. 1.oLL 1.I0Io6 .,'" .Looo 27.1 
.0)200 .rm.s J.6LO "')) .10l0I 1.1OM 1.W .fCll.2 .9210 1.061 1.1062 .9~ .J.oS1 26.) 

I 
.0))00 .fllSIII .. m ..,tS .loI9L 1.U)) 1.1010 .8982 .9lo,. 1.090 l .. n .9'" .L1OO 1S.6 
.03l000 .fII6)O "7" .LLST .LtIO 1.Un 1.098 .89$2 .9S88 1.W 1"96 .9:109 .u., 21..' 

.0)100 .OTT'" ./0861 .LS17 .S06L 1.1209 1.092 ."21. .9TJT 1.1]5 1~S1) .,,., .L196 21..19 

.0J600 .07167 .. "" •• m .SIL7 1.lIU 1.016 .8191 ~9886 1.158 1.5)0 .9170 .Ula 2).56 

.0)700 .0T9IIIa .SOl7 -"')5 .52:10 1.UIS 1.010 .8161. 1.00)) 1.110 1.51.7 .,ISO Ja87 22.97 

I .0)100 .08l00 .S090 .L691 oS3U 1.1)21. 1.fIIS .8831 1.GIII 1.20) 1.56L .92)0 .")0 12.1oa 
.0)900 .08ns .S162 "1.7 .5"" 1.1)62 1.069 .aecn 1.0)2 1.226 1.582 .~ •• 372 21..90 

.oLooo .08)29 .$2)) .LI02 .51.75 1.Uo1 1.0610 .8nl 1.aLl 1."" 1.600 .9192 .loIo1Io 21"0 

.aL100 .- .SlaL .un .5556 1.Woo 1.05' .17J.l 1.061 10m 1.617 .9177 .WS 20.92 

I .aL2C11 .0855) _ .537. "911 .5637 1.lL79 1.055 .Bn1 1.fIIS 1.291. 1.6)6 .915) ,w.,S 20.'" 
.aL)OO .-. .SLWa .. 9610 .5717 1.1518 1.050 .8688 1~089 1.311 1.651. .91)) , •• m 20.0) 
.aLboo .0877. .551l .SOlS .5796 1.1SS8 1.0b6 .16$2 1.10) 1.)/00 1.672 .911L .LST1 19.62 

.aL1OO .oaae) .5581 .S066 .5876 1.1599 1.aL2 .162l 1.116 1.)6) 1.691 .9095 .l.607 19.2) 

I .aIo6oo .08991 .56b, .5U6 .StSIo 1.1639 1.0)8 .8592 1.1)0 1.)86 1.709 .90'16 .L6I.) 18.85 
.CIIo700 .0909II .5717 .5166 .60)) 1.16n 1.0lL ,8562 1.lL) 1.b09 1.728 .9OS? ."'19 18.49 
.CIIoIlclo .09Z0S .fm .521$ .61ll 1.1710 1.0)0 .ISJZ 1.157 1.U) 1.747 .90)1 •• n) 18.15 
.aL900 .09JU .saso .526) .618, 1.1760 1.026 .8SO) 1.170 1.456 1.166 .fCll.8 "1l.6 17.12 

I .0S000 .otL16 .S916 .5310 .62tl 1.1102 1.02) .841) 1.18) 1.479 1.186 .8999 •• n9 17.SO 
·.0$100 .09S20 .5981 .5)57 ' .6344 1.18U 1.019 ..... 1.196 1.SO) 1.1OS .8,a, •• IU 17.19 
.0SI00 .0962) .6046 .SLO) .61021 1.U84 1.016 .8J.lS 1.109 1.526 1.8>5 .8961 .t.aI02 16.90 
.05)00 .09726 ,6W .SL49 .6499 1.1'" 1.01) .1)85 1.222 1.SSO '1.8105 .1910) •• 11) 16.62 
.0SI0a0 .09879 .6176 .51.,. .6575 1.1968 1.010 .8356 1.235 1.574 1.165 • .,24 "90) 16.)5 

I .05500 .(99)0 • 6239 .m • .6652 1~201l 1.007 .')26 1.248 1.598 1.US .890S, .4,,2 16.09 
.0S600 .100) .6)0) .5582 .612' 1.205) i.COla .8297 1.261 . 1.622 1.906 .8816 .4960 15.81. 
~0S700 .101) .6)66 ,.5626 ' .6IlOS 1.2096 1.0Gl .8267 1.27) 1."" 1.926 .8867 •• tea 15.60 
.OSIOO .102) .6Ioa1 .5668 .6aao 1.21.)8 .",5 .1l)9 1.286 1.670 1.947 .... , .S015 15.)6 , 

I .05900 .10)) .61.91 .STU .6916 1.2181 .9958 .1209 1.2911 1."5 1.968 .'8)0 .SOLa 15.1) 

.06000 .1aL) .655) .575) .70)) 1.ms .99JZ .8180 1.JU l.n, l.,e, .8811 .S068 14.91 ' 

.06100 .105) .6616 .57'" .ntO 1.2270 .99f1I .11SO 1.)2)1 1.7'" 2.011 "792 .S09lo lL.TO 

.06Z00 .1(6) .6678 .sa,. .7187 1.2315 .tee) .1121 1.))6 l.no 2.0)) .177) .5119 lL.SO 

I := .1f11) .67)9 .sa74 .1256 1.2355 .9160 .&09) 1.3108 1.795 2.055 .1755 .S1L) lL.JO 
.1082 .6799 .S,lL .1))5 1.2!.02 .,en .806) 1.)60 1.&1, 2.016 .87)7 .5167 lL.u 

.06500 .1092 ' .6860 .5951. .1LU 1.24Ll .,e15 .eolS 1.)72 1.845 2.091 .8719 .5191 13.92 

.06600 .l1Gl ,.6920 .599) .11oa6 1.2492 • 97" .BOOS 1.J8lo ~.870 2.Ul .8700 .S21L 13.7 • 

I .06700 .uu .6,el .6031 .7S'61 1.25)7 .9772 .nn 1.396 1.196 2.1L4 .8602 .52)6 13.57 
.06800 .uzo .TO)7 .606, .76)) 1.2510 .9752 .7748 1 •• 08 1.'21 2.166 .Il6610 .5258 13 •• 0 
.06900 .11:10 .'1097 .6106 .nu 1.2628 .9732 .191' 1.1ao 1.,..1 2.189 .86106 .5279 13.24 

.fllooo 'm' .nS? .61LL .178) 1.2672 .m) .7890 1.432 1.'7. 2.21) .1627 .5)00 13.08 

I .07100 • 9 .121.9 .6181 ,.7116) 1.2721. .96t. .7861 1.W 2.000 2.2)6 .8609 .5)21 12.92 
.fllZOO .usa .1217 .6217 .79)7 1.2767 .9676 .78)) 1 •• 55 2.02!i 2.260 .1591 .5lL1 12.n 
.01)00 .U68 .1))6 .62S2 .IOU 1.21\1) .9658 .7eaL 1.467 2.05) 2.2& .8572 .5)60 12.62 
.fllLoo .U77 .7)95 .6289 .1088 1.2861 .9641 .7775 1.479 2.010 2.JOB .1551. .S)80 U.L8 

I .01500 .1116 .1.5) .6)2L .8162 1.7908 .9624 .n47 1 •• 90 2.1f1I 2.))2 .85)7 .S)99 U.,. 
.01600 .u,S .. 82)7 1.7956 .9607 .n1, 1.502 2.135 2.357 .151, .SL17 12.21 
.f1/7OO .UOS .1569 .6)92 .1)12 1.3OaL .tS91 .1690 1.514 2.162 2.]82 .ISOl .51.)5 12.08 
.0711c1o .1Z1I. .T625 .6427 .1)116 1.:1051 .9576 .7662 1.$2S 2.U9 2.LoT .8/08) .5I!52 U.,5 
,.07900 .uzJ • .ab62 1.)100 .9562 .16'" 1.5)7 1.Z1T 2.Ll2 .8L6S .5106, U.8) 

I .0l000 .12)2 .T7I.1 .61.93 .15)8 1.J1L9 .,SLI .1605 1.SL8 2.245 2.LSI .ew.a .SL85 u.n .- .121.1 .1799 .6526 .161L 1.)1,e .,5,.. ~lm 1 •• 2.27L 2.4810 ... 30 .SSGl u.S, 
.OIIZOO .1251 .1151. .6558 .1687 1.32106 .9S20 .151., 1.571 2.)0) 2.SU .8J.l3 .5517 U •• 7 
.08)00 .U5, .T91l .6590 .'762 1.3795 .9S06 .1$22 1.583 2.331 2.5)7 .83'5 .5S)) U.)6 

I .0l1I000 .U68 .7967 .6622 .8837 1.)JLS .,." .1494 1.5910 2.]60 2.56) .1)18 .SSL8 u.25 

.08SOo .un .11026 .6655 "915 1.))97 .91.81 .1"" 1.605 2.)8, 2.590 .8]60. .S56) U.14 

.08600 .1286 .aoao .6685 •• ,e, 1.lLl.6 '.9lo69 .7L37 1.616 2.Ll8 2.611 .1,., .5577 U.OL 

.08700 .1!9S .&1)7 .6716 .906L 1."97 .,.57 .71009 1.6!! 2.LLS 2.644 .8)25, .55'1 10.,L 

I .- .1:1OL .&1" .67L7 .91J.l 1.)SL8 .',..5 .1)81 1.639 2.US 2.672 .1:108 .S605 10.84 
.08900 .1)1) .82SO .6778 .9211 1.3600 .94)) • 7353 1.650 2.508 2.700 .8290 .561, 10.7 • 
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[l R Delon Hampton & Associates, Chartered Consulting Engineers· Construction & Program Managers 

Client: 0 f3 C Sheet /1./ of 

Project: Kev WFc>-r S~ (J rdi M.. Prole{t, On Job No. '153 
Date: 

Engineer: S;tt/,I.f 

Based PI? fj,t;, ItINSr CA~ . 5C01C(..r/o ~.f ';".he 5IVa/e, -/;/1 
of water /lS a ~(5VJt.~ (' wave- ot/.e,,~;;?j'!J,) 

Calcalafe" f/t1wra{e.. In sWt:ll~ -

, r: /) /'k'{'1.11 1::> zl, S y~ 
MtUfnl1'13 S c'Jl1 ~> l.(";: _, n n 

S "' (), ()O 7 
A- " i(p.)(:l'; (0) ~ (Z 

.}I - -1<" WP -
I'Z. 

/0.9'1 =- /' / 
17; O.O{, (CIa ss D Y.l1 dlt /'(11) 

, /'J ~ 
", U 

I. l/~ I )1 ) ZI.3( .) Yl,. -:or ( IZ Cl• / , ~~t; ..- .2 2.+ eft:. 

,', R/jl f?a.jl fbI" Swa/e. fyt?-ted'OfI dimlhSJOn5 
I I I h 

=- fp X 12 )( 14 X 18 fhkk.. 

6~GjT4' 
\ Il' I 

Washington, D.C .• Rockville, Maryland· Atlanta, Georgia. Los Angeles, California 
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[l R Delon Hampton & Associates, Chartered Consulting Engineers· Construction & Program Managers 

Client: 0 f3 C Sheet /1./ of 

Project: Kev WFc>-r S~ (J rdi M.. Prole{t, On Job No. '153 
Date: 

Engineer: S;tt/,I.f 

Based PI? fj,t;, ItINSr CA~ . 5C01C(..r/o ~.f ';".he 5IVa/e, -/;/1 
of water /lS a ~(5VJt.~ (' wave- ot/.e,,~;;?j'!J,) 

Calcalafe" f/t1wra{e.. In sWt:ll~ -

, r: /) /'k'{'1.11 1::> zl, S y~ 
MtUfnl1'13 S c'Jl1 ~> l.(";: _, n n 

S "' (), ()O 7 
A- " i(p.)(:l'; (0) ~ (Z 

.}I - -1<" WP -
I'Z. 

/0.9'1 =- /' / 
17; O.O{, (CIa ss D Y.l1 dlt /'(11) 

, /'J ~ 
", U 

I. l/~ I )1 ) ZI.3( .) Yl,. -:or ( IZ Cl• / , ~~t; ..- .2 2.+ eft:. 

,', R/jl f?a.jl fbI" Swa/e. fyt?-ted'OfI dimlhSJOn5 
I I I h 

=- fp X 12 )( 14 X 18 fhkk.. 

6~GjT4' 
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Washington, D.C .• Rockville, Maryland· Atlanta, Georgia. Los Angeles, California 
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DESIGN OF OUTLET PROTECTION fROM A ROUND PIPE fLOWING FULL 
HINIHllt TAILIIAHR CDltUITJON IT .. < 0.5 DIAMETER) . 

Outlet 
Pipe 

3d 

DI .... ter. d 

lI.d+L. 
Z I 1 
La -.I 

==e.B!!U~<0.5d 

50 100 
Discharge. fl~/s.c. 

Figure 6-17.3 

80 

200 
................ -'-::"~'-I.-LLJ 0 

1000 

® . 
:l 

-------------------

'" , .... .... .... 

V> 
o 
c -, 
n 
111 .. 

DESIGN OF OUTLET PROTECTION fROM A ROUND PIPE fLOWING FULL 
HINIHllt TAILIIAHR CDltUITJON IT .. < 0.5 DIAMETER) . 

Outlet 
Pipe 

3d 

DI .... ter. d 

lI.d+L. 
Z I 1 
La -.I 

==e.B!!U~<0.5d 

50 100 
Discharge. fl~/s.c. 

Figure 6-17.3 

80 

200 
................ -'-::"~'-I.-LLJ 0 

1000 

® . 
:l 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

~,tardence 
lace 

A 

B 

C 

D 

E 

35 

18bl.1/-3 Cla •• UiC8Uon or Vagetal eoVtlra _ to 
Degree or Retardance. (!) 

Cov.r CondiUon 

Meeplng lov:yr •••••••••••• Excellent atend. ~ll (a.erege ]00) (76 ca) 
V.llow bl .... _ 
J.~u. ••••••••••••••• Excellent atend. tall (a.erege "0) ('1 ca) 

Kudzu ••••••••••••••••••••• Very don •• orowth
l 

uncut 
B.~u~ or •••.•••.•••.•••• Good atend. tall averega 120) (lI! ell) 
Nati •• yra •• aixtura 

(lltt • bl .... t_. blue-
.t... blue g_.. end 
other long end ahart 
.1dw •• t ~r ..... ) ••••••••• Good atend. ..-wed 

W"ping lovegr ............ Good atend. tall (a •• rage Z.O) (61 ell) 
L .. pedez ••• rie ••••••••••• Good atend. not woody. tall (a.erag. 1'0) 

(48ca) 
Alf.lf •••••••••••••••••••• Good atend. uncut (a.enge 110) (ZS ell) 
Weeping lov.gr •••••••••••• Good etend, _ed (eyerage u o) (n ell) 
kud:u ••••••••••••••••••••• Den •• yrowth. uncut 
Blue g .................... Good a end, .... cut (ayerage nO) (ZS ca) 

trabgr .................... rair ahnd, .... cut ~lD to .so) (25 to 120 ca) 
Beraudi gra ••••••••••••••• Good .tend, .awed ayerage '0) (15 ca) 
Camnon le'pedez ••••••••••• Good .tend. uncut ayerage 11") (28 ell) 
Gr ... -l.~.·.i.ture--

aunm.r (orchard or .... 
redtop, Itali.n ryegr .... 

(15 to end cainon l .. pedeza) •••• Good atend. uncut (' to I lncha.) 
20 ca) 

Centip.degr ................ Very dena. coyar (ay.rage , lnchee) (15 ell) 
.~entucky bluegr ............ Good .hnd. headed (6 to 1% lnclle. (U t" 

]0 ell) 

Beraud8 gr ................. Good atend. cut to Z.5-1nch height (6 ell) 
CaDman l.'pede, ••••••••••• E.cellent atand, uncut (aYlrage •• 5-) (11 ca) 
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'.11. apr!"; (orchard 
or-•• radtop. Ita11en 
ryegre .. , end _"n 
l •• pede,.) ••••••••••••••• Good atend. uncut (. to ! lnclle.) (10 to 

13 ca) 
L .. pedezl •• rice ........... Arter cutting t" 2-1nch heiyht (5 ca) 

Very oood atand berore cutt ng 

Ber.uda gr ................ 
"r.ude gr ................ 

Goodatand. cut to 1.! inch height (. ca) 
Burned atubb1e 

NOTE. CDy.r. cl ... irl.d hay. been ta.tad In axp.rlBental channel.. COYlr ... re oraan 
end generally un1fora. 
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Gr ... -l.~.·.i.ture--
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(15 to end cainon l .. pedeza) •••• Good atend. uncut (' to I lncha.) 
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Centip.degr ................ Very dena. coyar (ay.rage , lnchee) (15 ell) 
.~entucky bluegr ............ Good .hnd. headed (6 to 1% lnclle. (U t" 

]0 ell) 

Beraud8 gr ................. Good atend. cut to Z.5-1nch height (6 ell) 
CaDman l.'pede, ••••••••••• E.cellent atand, uncut (aYlrage •• 5-) (11 ca) 
8uff.la gr ................ Good atend. uncut (' to , lnclle. (S to 

15 ell) 
Gr"a-lagua •• 1.tura--

'.11. apr!"; (orchard 
or-•• radtop. Ita11en 
ryegre .. , end _"n 
l •• pede,.) ••••••••••••••• Good atend. uncut (. to ! lnclle.) (10 to 

13 ca) 
L .. pedezl •• rice ........... Arter cutting t" 2-1nch heiyht (5 ca) 

Very oood atand berore cutt ng 

Ber.uda gr ................ 
"r.ude gr ................ 

Goodatand. cut to 1.! inch height (. ca) 
Burned atubb1e 

NOTE. CDy.r. cl ... irl.d hay. been ta.tad In axp.rlBental channel.. COYlr ... re oraan 
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!'lc-~"j';:l~ C.i:::'..,1. : ... ~? ~~-::: OnitoF'?:':!3 
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I .. -::cr U:.iu SC"'oU:turc TrwU SttU(:tur: H:i1d 

ltD § ltD Slope 

!:;.:~~P031 tl0:1~r.~3' Br.e~3 J. Nonbrea.~r:3 cot 0 
_-&. z:r=:-~ .~~.l ... z ........... 

":'!""'t!,~ W""':"I:~ -
,. ~=7,l<)o: ~', 

. S:=;ccth rou.':I~J.1 ~ 2 ~ ~an~om 2.1 2.4 1.7 1.9 1.5 tro :;.0 
!moot!i roun~d ~ >3 t1ndo:n 2.8 3.2 2.1 2.3 II 
Ilol13h U!~. 1 r2l1c!o}l1 t t 2.9 t 2.3 II 

. '. 2.9 3.2 !'.5 
~ R.oup.,,~ 2 und\)rU 3.5., 4.0 2.5 . '2.8 2:0 

- - 2.0 2.3 3.0 -
ROu.z.\ eeuW >3 =dom· . 3.9 4.5 3.7 4.2 II 
rtouzb cn;:uW 2 .~er.:.l * 4.8 5.5 3.5 4.5 II 

T.t:>pod 5.9 6.6 1.5 
And 2 ran"dorn . 7.2 8.3 5.5 6.1 :t.O 

Qoa<Irlpod W~.O n. 'fA ~_o -
8.:1 . 9.0 1.5 

TrIb .. 2 random 9.0 '10.4 7.1: 8.5 2.0' 
U 7.7 3.0 

Dolo. 2 random 22.0 'I ' '5.0 'I '15.0 '16.5 . 2.0 £ 
13.5 15.0 3.0 

~1o&E.d Cube 2 undorn . ~.8 7.8 -- 5.0 II 
H.,..pod 2 random 8.2 9.5 5.0 7.0 II 
Trio .. 1 unucam 12.0 15.0 7.5 9.5 II 
Qusiry.toll~nl 

I rl'f&d.e~ an ::ou::.: - random 2.2 2.5 

• D 11 th. ~uml?cl' or uniu compri.sing the thitkncu o~ the annor layer. 

t The we ot ai;:~e uyer ot quarry.tone Innor T...nits .ubjecc to brelking Wive. is not recommend::d, 
and only under .;e~ c~ndi.tion. Ear nonbrealdng wIVe •. When it is used. tnt. ,tone ~hould be 
=efuDy pl=:d. 

* S~ p!ac~.n~nt with lon& qis of .!~ne pJac~d perpcnd~,ular.tC' .ttu'ture 'fac~_ . 

. ' § '-ppUc:abl. to alope. ,."jII3 fron: 1 on 1.5 to 1 on 5. 

II Until.more lnf")rmatiun U • .,wable 0": ch~ nriation of Ko nlu~-with .lope, t~~ us~ of KO should. 
be. limited tu slope. un;;'ng from -1 on 1.~ to 1 on 3. S:lmc annor ur.it, ce,ted on a ,tructur~ he:ad 
Indiu ••• It" ,slope de~.nd<n.<. . . 

'I o.ta ~nly .nibble Cor 1 on ~ ,lope. 
I. Slopes .tceper U,aD 1 oD.2 not reeo~ended at t":e p~t .. .,t time. 
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