DESIGN MANUAL
FOR PITCHED SLOPE
PROTECTION

L

A.A.BALKEMA /ROTTERDAM / BROOKFIELD / 1995 T
-‘:‘l-ﬁ ' s ’ .
/ SIBOISTECA




CONTENTS

INOTATION: 5 0 Wt b b sleTianadl fomih, o) fuse oo durt) sy bl 0/ doms & 9

SERIMARY 55 S0t S amraein s b s, ST, G TR SR, W Bl L6

UIOSSARY & i wais W SR 0 B8 5000 V00 Gl VIS B0 B i e 17

Chapter | PRTROIIETION wavae oo s s b 6 s S a0 558 0 90 23
I.1 GRIETA via s wmras g ar s SRS iy ST W Bl e A i & 23

1.2 Thelavont.afhe:manual ... oo bt v s v s s 25

Chapter 2 REVETMENT SYSTEMS o cwunrs snsses wiansa i w865 s 28
Chapter 3 AREASTOF BPPEXCATION 5. 51s wonm oo wisiwiins sosiias. Wassis s s 35
Chapter 4 SPECIFICATIONS FOR REVETMENTS AND SUBLAYERS .. .. ...0 ... 37
4.1 Fanetiona] SpECITICAUONE. (v s s mmss st godin pasis v 37

42 CORGBRNABLY vy s Smmin s mmis §iv e s A i 39

4.3 Construction and maintenance specifications . . ........... 40

Chapter 5 MATERIALS AND THEIR SPECIFICATIONS . . .0 vvuvinne e innnsnn 42
5.1 IMIFOdOCHION. < o5 s vvmiie vvana mae s ees s S S s ol 42

5.2 Covenliyorss M8 B 6 L dh o i, SIS Snak ae s sen g Yot s 42

5.3 AT TIIOERE o s miismon smississin 5k emhosiooe couiomins P 380 ) B8 49

5:3:1 (EHEEAlESPRCIS vor o wirin cimmaammen w48t i s R e S 49

$3.2 Descriptionof materidls ¢ «.0 o o oo 85 s b s vean s 54

54 BOtAed BIUBIE . v immimse s smsros. ssosps sos e & 8w i umsdisss 57

55 NERShEl- AT v sonmmess e sys S sraibEed Mo s 59

5.6 Grouting - MOTIALS 5 «vais nies oo mare e v eins STy 61

5.7 GO oo s i S A S e Aoty ey p 62

S8 BIRY s s i tmveee s dm s 5 e i s ISR SRR FES 63

59 U0 < cove a0 0w 0 T S S e S R 5 67

Chapter 6 EERPERRT LRI i orvoosmieenmnsoooonin e 00 e s e B TS T 68
6.1 IHEFORECHON v vn avswie exevrnn Siotive 20 o @ arain i o, 6 68

6.2 WHnWanes o v oy oo v o b s S0 Ben i A S SheR S 69

6.2.1 Characterisation of wave fields. . ....... ... ... ... 69

6.2.2 Design wave heightand period. .. ....... ... ... ... ... 72

63  SHip WAV war 50 e B8 S i s 4o0s MR i ke 4 84

64  Currents:With DO WAVES. . « .o snus s simons v geise vooie s sss s o 88

6.5 AT TEOIMG -cirscone im0 i S R A 0 90

6.6 Bxveptiongl Ioads:: vuon sanvarsn pos s sen i ool o x 91



Chapter

Chapter

Chapter

Chapter

~

s b
L —

7.5
7.6
Tl
7.8
o |
7.8.2

oo

8.1
8.2
8.2.1
8.2.2
8.2.3
8.3
8.4
8.4.1
8.4.2
8.4.3
8.5
8.6
8.6.1
8.6.2
8.7
8.7.1
8.7.2
8.7.3

9.1
8.2
9.3

10
10.1
10.2
10.2.1

DESIGN AND CONSTRUCTION ASPECTS FOR THE STRUCTURE

SR T 5 S VU S 94
130T R34 10 (7 E T R T e s 94
VDR PRI i SR A T T W 0 85200 e i e % 94
) L OO S S 101
L F ] L e o 101
Lo SHUBTUIES. 50w wmorse woasmy Bl S2EEY 9 @ A0 ST 6 103
Upperedgeof the revetment . . ... veenrvnanron oo 104
The shape of the slope belowaberm ..o oL 105
Consirticlion ASPEtlsi . wr s swams oravh s ms i s e 106
CIenetal: s i Sen SR U RN NAREES BEGES Mesh e 106
BloCK - MAHIBSESOS v ovmme wmimoms smisos wsmiis mswiss dimess e 111
REVETMENESTABILITY i wa s st 0005 30 fide s sie it 5508 5 8 113
[REOBUETA R e sl b b o s A A 5 113
Description of the physical processes. .. ..., on.. .. 113
Pail s ImecHAMEIIS one snvmm wonae s aiams @ass o, i 113
Loaeineand SUOBEUE © ot b s soemmu s mie 5 b o AAne=s, 914 117
ERAKARe Yot ... i m R 120
IR SRR« siomms iy sohss G b S s Srhcass ciara 124
Revetment design involving wind wave loads . ......... .. 128
Review of various methods ............. ... ......., 128
Preliminary Design Method . . ..oocccin i iniininn o, 130
The Analytical Design Method., .. ........... ... ....... 139
Design method forshipwaves . ... ... ... ... ... ... 157
Design method For crest EEVBIREHTS, wowss v saias soes 158
Design for loads due to overtopping flow. . .............. 158
Design for wave 10808 . .. .o wne e soe g smre s sisision soe s 158
ODer eSIZNASPEEES. .. vos sme s sieimwim wm oika mis 0s e me siem s 159
Loads on toe and anchor StrOCtures. . ... vowvs s cow va o .. 159
BiocBeYaid0melayc: o im0 oam v 9 eivie 56 sa 56 s 7 162
Penetration of sand and silt from the foreshore, .. ......... 163
GEOTECHNICAL ASPECTS OF REVETMENT DESIGN + o4 2o v v nn s 164
IS UGEIIAD - o bt nmn i ancscw s e i oW o e o 164
Local sliding caused by maximum wave run-down ........ 165
Local sliding due to wave impact. ... ... v, 172
PRSI ST RUCTUREE s cov B sy s st Bn s By dndbich 175
EntEOdUSHOn . o coovans warmmremmie: cvmme i met o e s 175
Specifications for transition struetures . ... .......... ..., 176
Functional specifications .. ........ .. ..., 177



Chapter

Chapter

Chapter

Chapter

Chapter

10.2.3
0.3

10.4
10.5
10.6
10.7

|
B Wiy =

2

13
13.1
13.2
13.3
13.4
13.4.1
13.4.2

1343
13.4.4

13.5

14

14.1
14.2
14.3
14.4
14.5

15

15.1
15.2
15.3

COnStuCUonSPECHICAIIONS L « o siniar oo sie s s s s 50 179
Management and maintenance specifications ... 180
Examples of transition structures between two types of

EERCTHIENIT o coon i ENANS Ml Bhusd oS DUSN SR A 181
Examples oF e SOCHIES vovws voims waaien swaes smeds o 187
Structures which limit the extent of damage .. .......... .. 192
BREMS: fhabm bosrmns Do NUED SI6T Stk BVns IS O 192
NErliCal Bansiiong  cuce ip vammesrs sviren sniesle Fribak 35E 5 o 194
DESIGI CONSIRERATIONS! « 114 10 5itt S mdwntiy sdning wmess 1 196
EXAMPLES OF DAMAGE TO PITCHED BLOCK REVETMENTS . . .. .. ... 204
Introduson = wsoms sinas oo WUES Wwel EESEE SRR e 204
A review of damage inventory data .. ... ... ..., 204
Damage at transition SIUCIUTES . « oo i 205
Damage casg-sttidies oene oo g avnin gk sevss swwm o 206
BepAining amiiiEes . .o v v bt sl s b s aase v 213
SAFETY CONSIDERATIONS «ic & wraiees wiafine sieiaiins ouleimn savaeia &8 214
INIOBOCHON, ok o8 ok bk o Eaes dina o et s et s 214
BHots e Ganiables’ womssnmmise sross Shsarbei B ois v 216
Allowable failure probability for a revetment. ............ 217
Residual strength and design procedures. .. ........... ... 220
ERSTOHOCTIRI ... veinson oo ST A TR et B P T 220
Design procedure for structures with a negligible residual

SIPENBN: 5 svses waaiel SEEELDasrn QN SHY v ST Ui 222
Guarantee of sufficient residual strength. . ... ............ 224
Combination of large and small residual strength in one
CIOSS-BBCTION s wivnin i wBin . B9 S0 j e s D, et uis 225
o AL G T ) b1 [ S T NS e ey e 226
CHECKING THE SAFETY OF EXISTING STRUCTURES. . .+ .vvvunnn .. 228
INtrOdUEEIOn: o= L os i e mim e et S5 i s SRR 228
Data based on experience . . .. ......., T LSSy e 230
General BHECIINE o« vens v smeme v 50k siere 5% o 3% sei 46 231
Detailed ChecKing:: xsiciv sin dbiai s e s esinih 68 Sy atibe i 234
Advanced CHOBRIIDG . ki s nms do bt Smraiet b wiesb e 235
CALCHLATIONERAMPLES o s i iiaidos sasiely aiis 508 i e s v 236
Inbrerintion: smmel dae . dion e i dme s e Jomp e Sanon s 236
BASIC ASSUMPIONG .. v s oos snsimis eoiomi & sl o viemes fonemi 236
Calculations for the wave loads on the toe of the dike ... ... 238



Chapter

Appendix
Appendix
Appendix

Appendix

Appendix
Appendix
Appendix

Appendix

Appendix

HlI
H2
H3

Preliminary design and choice of cover laver. . ... ..., ...
Detailed design using the Analytical Design Mcthod . .. ...
Toe and lransition SETUCTUIES « <. vivvi an v sn viomnc van s
GAPS IN PRESENT KNOWLEDGE © & o0t vve e eia it e,
REBERBNCES. & zuve (e d Qi Saises 515 A S ate iis s i
ASPRERITUERES i orees o st ap e S o BH b Bee: Som B 5 &
DEPTH RESTRICTED WAYE HEIGHT « o vt o v vt e v v s e s

CALCULATION OF CREST LEVEL FOR DIFFERENT FORMS OF SLOPE . , .

LEAKAGE LENGTH . ., o s sv ss vn oo s sin e s mmn ae mms s s

THE RELATIONSHIP BETWEEN IRREGULAR AND REGULAR FAILURE

WARBNEIGHESS o 50 oowin e pon 1R semmon: i mysse: s ool G i 5% ok o

MAXIMUM ALLOWABLE CURRENT VELOCITY OVER THE CREST . . ..

CREST STABILITY WITH OVERTOPPING WAVES . ... .......0...

THE EFFECT OF TRANSITION STRUCTURES . . v v v v vveievneen s

PERMEABILITY OF A COVER LAYER WITH HOLES AND/OR

A CEOTEITILE ¢ staniiness 2o MAs b . sl o 308 R i ol
DO MO, 8.t vomenmsismn ppmaiis s S riraa 5 o e s
Permcability of pitching with holes and/or a geotextile . . . .
Calculation eXamplee: va saw swama o Sus S8 sm, W e Bet

BACKGROUND TO THE “"RULES OF THUMB ™ FOR ESTIMATING THE

MAXIMUM WAVE HEIGHT IN SHALLOW WATER ... ...\ oun. ...
Significant wave height ... .. oot voin vanion v G e
Wave height with a small percentage exceedance. . ... ...

240
242

235

258

270

271

273

274

280

280

283
285



