Contents

RIS it it Siitons s s acstesesrnsissmmarmassusmmrisssansss SRS i b .« o v
e R SRR TR L WIS < 1003 e v, .1 o S 1
Chiper £-“Nomenclatire and DOtBHONS ..........ccocomiiimami i S R 2L 5
T N, e A I PR R ABRSE: = 5. S 5
e R Y . R e et e o L PRy S 10
PABE L T L S e e e VNI e et 12
2 N e I e 14
Chapter 3 Some shapes of projectiles used in eXperiments..............o.oooveovoeeoooooooon 16
W R AT T T T R A SR R S 16
T T T NN - R R e 17
R T o RS SRR St M e 18
3.8 Hemianhericol-N006 PIOIECHIER................conmssmmsoscoscsispsisssmarensrrsrrenisboesmsseamsatsrretns 19
T T T T A VISR 20
T T T SRR R S S SR A 20
3.7 Conical pointed projectiles with a compound NOSE .................oovvvovoooooo 21
3.8 Spherical-segment N0SE ProJECHIES ..............ovevveeeeerereenrerenseeseeeeesese oo 23
3.9 Hemispherical blunted projectiles with a compound NoSe..................oooovvovvovoonn0] 23
3.10 Fragment simulating projectiles (FSPS)............ovoovvvereereeemeeeeeeeeoeoeooooooee. 23
3.11 7.62 mm (0.30") caliber Projectiles .................cccoseereemsesemserssnssssensasssenssssssorsesense 25
3.12 9 mm caliber round nose full metal jacket bullet.................oooooovoevomeevereon 28
3.13 12.7 mm (0.50") caliber AP M2 Projectile ..........oooveveemeeeeeeeeeoeoeoooeeoeoeeoe. 28
A 1.5 Tom COlIDOr DI L. oo nie one bt st e b s 29
Chapter 4 Penetration into metals and alloys ...............c..eeevevereerreeerssessessessessessons e, 30
&1 Comulative index of CXDETINBIIE ..o oirsmmmsismemesrio b b b B i, 30
SAIADREN AR rral, BN it L By il L i 39
L E T S ML TR L S S R 40
LT TR R L R R IO SEMA N <o & Sie, L ST 42
R Al 2000 isrrsr s orrimsn R sl b Bt s sbcucss b T o 43
HELONEbRch ] Bodner, 1974] ........oovinssenmmsrensisssmsirmtmssessobb bt b isnsstst b dedansss 4
L T T TR TR L g ORI st BRI 3 st 1 o TP S YT 46
LT T S R S S ST L T T o B S PO 50



viil WSPC Handbook of Experimental Results on High Speed Penetration

4.9 [AWETDBUCh, 1970]....cocuiiniunrnnsessnsnsnseseisesisissnstsiesssssssis st sn s s sses 55
4.10 [Babaei ef al., 201 1] ....cuvrrerereerciineseistsesinss st 37
4.11 [Backman and Finnegan, 1976]........cccovvnmmmmmiiiiiiinssssee 59
4,12 [BaranoV ef al., 1991 ]....curmrmeerieiiininciistses e 64
4.13 [Bartus, 2000]......c.ccccucirimirnmrsmmsnssesssssenseniusiuimiassasass sttt 65
4.14 [Borvik ef al., 1999] ..ottt s 65
4.15 [Borvik et al., 20028] ........ccurrreueeesmsemsersisisiisissssssis st 66
4.16 [BOrvik et al., 2003] .....ccoourmmrmrmmsmessssnsenessissssissssssssssssssases sttt s 67
4.17 [BOrvik €f @l., 2004] c..oueuererienerenseincssiuseniinsissss st e 70
4.18 [Borvik ef @l., 2009] .....ocuemuemrreinsiseissnsnsississnse st 2
4.19 [Borvik ef al., 20108] .......ovveruieeinisnenenieininsinies s 75
4.20 [Borvik ef al., 2010D] ......cevvrimrersenremnemecmsiasissiniininssasssssnssssnssassassssinsnsssssssssese 7o
4.21 [Borvik et al., 2011] ....oovurvrmreiinsesicnnesinsasinsinsrestsnstssss sttt sessces i
4.22 [Brooks and Erickson, 1971 . oot sces 78
4.23 [BIOOKS, 1973].ccoccuvurunsariussnsrsenscaseasenssssassussasssssnsssssnssnsasssnssessassasssssasasssnasssensnses 81
4.24 [Buchar ez al., 20028]...........ooemeuieurmierserensessinsmssi sttt 82
4.25 [Buyuk ef al., 2009].......ccoouemmmmmmemieiieisisensissisncenis st 83
4.26 [Calder and Goldsmith, 1971] ..o e 84
4.27 [Cheeseman ef al. 2008] .........covernmimnmneimiiinii e 85
4.28 [Chen et al., 2014].........cniimmrmrminieieessasisissssisasnsssssssssssess st sars s sasesss 86
4.29 [Chocron ef @l., 1999].......ccovurrureeinmncmnisisiiiisnsss st ee 86
4.30 [Contiliano ef @l., 197T] c.ceuvueremreeriiinisisiis st 87
4.31 [Contiliano ef @l., 1978] ....coeuemrmrmiiiisiininrietenssessnse st 91
4.32 [Copland and Scheffler, 2003]........covovinimimmmiiiss s 97
4.33 [Copland ef al., 2005]......c.ccovveirmmrmmnrecnsisiirnnnsrinetsssssss s e 98
4.34 [Corbett and Reid, 1993].......covrurrmresemnmnuimiisiisiinissssssessss s ssssseses 98
4.35 [Corran ef al., 1983a] ......ccoeuerriieiiciciitinstsisssss e 99
4.36 [Corran ef al., 1983b] ...cc.ovrrereirerrerecsisisisninssns st e 100
4.37 [Crouch ez a@l., 1990].......coomuerererssusrcnsisinsesainscssnsensassssssessasessasissssanessassanssssnse 101
4.38 [CWIK € AL, 2012]1enveeemeceemmaenissssssmnnrsssssssssssssssssssessssssmssss s 102
4.39 [Dean ef al., 2009]..........cocvrrmmimeienicniisisinsiensn s e 103
4.40 [Delsasso ef al., 1943] ......correrrmmmncinmciiiisiiss s 104
4.4] [Deng ef @l., 2012]....ccuvrrirereriersiiensssstisitssisns e sttt 105
4.42 [Deng ef al., 2013]...cccueviriinreriensisnssnssisssissss s s 107
4.43 [Deng et al., 20140].....couierriinrsisisisnsissssis s s 109
4.44 [Deng et al., 2014D]......ccovrmirciriniinnee i s 111
4.45 [Deng et al., 2014C]......oreiininirensiissiiiisti s s 113
4.46 [DENzZ, 2010]......coivicriiriimrinmssssinsessesscnssssisstsssssssrsnsssssssessstacssssssissnssasssssssssaces 114
4.47 [Deshpande and Gupta, 2000] ........ccooeoeviiinmmnimn s 115
4,48 [DeY €f @l., 2004].......comimiiereinsissnisisesssssssssts s s 117
4.49 [Dey et @l., 2007T].....ccomernmnmrirnensisnsiseiiissnnsinetssssisss st snseses 121

4,50 TDey et ah, 0T e coissocmssmrusssissssssssssmsisisssmississssssess st et s e s 125



Contents X

4.51 [Dikshit and Sundararajan, 19928] ...ovrmeerscacesssersnsnsssasisissassssasssassssstssseasasasenes 126
4.52 [Dikshit and Sundararajan, 1992D]....c.cmcccerssenenrorsismssistsssssoncssnsssansmsissssnssesesnss 1%
4.53 [Dikshit ef @l., 1995]...ccmmmeerossccnississamssonsssemassssirsossummsmsasassssssessasssecacssisisssssrassss 128
4.54 [Dikshit, 1998a].....cvrrerrrsemessssmssirsseninsssissssrsssisassssssasisssnsssenmss s 129
4.55 [Dikshit, 1998D] ...courreisrmsesesrmsssonimnsssmssssssasssesssssssamesmsssssacssssssimarissasssseasssonses 130
4.56 [Dikshit, 1998C]...cuecrussrmssmrmasscnssssrsnerassmasassssssssrmresmassssussssassssnasssmasessmsissasesessess 130
4,57 [DRESHIE 190G ..iiiieiirirtntammmanmasommsnossssmsssossnassosssmsansosiriebsinisssssisssiniadossinssossssest 131
4.58 [DIKShit, 2000] -..oocccvuurersrrmmmmssessssessmssmmrsesssssssssssssssssasserasasimsssemsscnimssissasinsssssscees 131
4.59 [Dolinski and Rittel, 2015].u.uvvumcrmmmmmmessiseemsssinssimssmmssnssssnsss s 132
4.60 [Durmus et al., 201 1] coueerveereeemscssisnssssssssassssesssssrnsssss st e 133
4.61 [Edwards and Man, 2000] .........ccureermssersscsmsssmimsssmsssssssss s seses 134
4.62 [Edwards and Mathewson, 1997] ........couveuicummmmmmmsssminmssssmssssssmnses s 135
IR0 100 207 Ml 1) ] F——————EEREE R 136
4,64 [Erice ef @l., 2010]....ovcrusrrumeimsmsnssississsssssenssscirnsasssssaasssnsssssssntm s cnassemsees 136
4.65 [Favorsky et al., 2011] cocrissmnssunsssssosensissussnssosrasessassnsesasssnsosniseaiassiissossecssnest 137
4.66 [Forrestal and Hanchak, 1999] ........couevummmmussssmmsmmnmmsasssssss s 139
4.67 [Forrestal and Piekutowski, 2000]...ce0eensermecsessasasssssasessassssssassnsssssasssasissasasasaass 140
4.68 [Forrestal e al., 1987] ..vvvuuecrurisremmsssissssessssssssmsemsessssssssssessssssinssinisssemssesssses 141
4.69 [Forrestal ef al., 1988] ....vevemnreeeseimrinimssemssssiussisisss s 142
4.70 [Forrestal ez al., 1990] ....overeuuiurmimrmniesmssssesssserssemsnsasssssssssenmssssansrinisstissscnsssesssees 143
4.71 [Forrestal ef al., 1991] ...cvvnrcmsimmrmrmsssisismmssessssmaniamnisnassssssssssisssmmsinssesscnassnssces: 144
4.72 [Forrestal ef al., 1992] ....orveuemmmsssunimrissssussssnssssunssmassssssssssssonsssssmssssmsssssssnesess 145
4.73 [Forrestal et al., 2010] ..co.ueeemerunsiiminemmisssnssnsssssisiassasssassmmssesassssnimmassenasecnasees 145
4.74 [Fras ef al., 20158]....cccuermmrmasecmnsmssssssseesecssssinsss s 146
4.75 [Fugelso and BIOedow, 1966]......c.wwureerisivmsimimmmssnsstisssnsssmssmsssssness s 147
4.76 [Gallardy, 2012] ......cowvummsssssssscssssssesssmmssnssermsssssmassssarsssssasssinssrsssmsssssissssssisssserss 151
4,77 [Goel et al., 1988] ......ooumrcerissssersrevsmsssistasssbnsssssasnssasstessamressessssssiustsisissantossscioss 154
4.78 [Gogolewski and Morgan, 1999]......coouuummmmniumsiimsmmsensssssissss s 154
4.79 [Gogolewski ef @l., 1996] cvevvvvuvsiurnrimsssnssssmsssrmressss st 155
4.80 [Goldsmith and Finnegan, 197 | [ R R 155
4.81 [Goldsmith and Finnegan, 1985] ....ccc.orwuemuiiuissmmmmmssssinnsssmsssmsssmnsinssssceess 160
4.82 [Goldsmith and Finnegan, 117 (e R 167
4.83 [Golubev and Medvedkin, 2001]......ccovvuvemmmssimmsessenssnsssmmssssss s 168
4.84 [GOOCh €f al., 200T....cvvereserusecsersrosemsessssussssssmssscsamsssssssssmssssonss st s sossseseesss 168
4.85 [Grabarek, 1971] .....couuimmmmsssssissssessnssrssmsssssmsssssasasnspssassssmsssssiassanmstsicsssossaseceosss 169
4.86 [Graves and Beatty, 1994] ..o 175
4,87 [GEAFIN, 1959] c.cunnrrmreesmsssssssssisssnsssmssssssarssssessssssissasssssssscmsssiiisssssamssinassisensssensss 176
4.88 [Gupta and Madhu, 1997 ]...c...ccvcmimmmmmmmesnisssimmmssssssssisssin s 177
4.89 [Gupta 1 al., 2001 ]....ouereueeermcisssersssmsssssnssessissssin sttt 181
4.90 [GUPLA €F @l., 2006]...cunrrrvnemssemmmssssesiasssnsssssssssssssssssms st 183
4.91 [GUPLA €f Gl., 2007 cunrumressecssssimseemnessssnssssensssssss s s 184

4.92 [Gupta ef al., 2008].....cuueeescemsiaressussisssemesissiissiis s 187



X

WSPC Handbook of Experimental Results on High Speed Penetration
G IERERE L Ol B iR e A A e DA e et 193
LR R LT A L 2 NG 1 op s SIS (o7 S e Lo b P e LA A o 193
GG o) e (o o P S e P PO e e 13- £ A 45 194
BIOIHMEREAE BB ... oiniiicrsiansnssssminnassnissneb Bobrenss ban St v el 195
B S RSOOSR 0, ok M 1 8 B 196
S 08 EURERIIRS LGS IR | .. icoormimnsiinssnssinssssonsnnssnsnsosinsassssanmmbots somssis it bomiarhinsd 196
=0T DT g BT ] I e R SN RURID: 2.\ S s [ 2 4L B4 B gt 198
LIRSS Al . 2ODE] ... ....o.covinicsiisicsmsmeesiimsisrssiommens s bbbt s b o oiorns i 200
SNl DAY i R S B T b B 201
LU SR T SRRSO C R S SR S R R R A 203
4. 395 (Iopmenathin 20 M. oo o ecioriimosisimimuisiansanisn il BB AR R Teinin bin s st 205
#1304 s atiol, 2008t R BB RN s ik 206
4105 [enb et gl JDONL - o oo inisiniinsricmminismiimai b et A S s cition 207
$ 106 e el ol o MBI o i R R S 207
410 Pobisali @l s EINIL . ... rmomnisms bbbt RS AR bR 208
4.108 [Jonies and PIAEIanks, 2011 ]...........coovoiiidii it aafl e L 21 1
4. 109 [ Iones BUBL L TIMIT ] «.......cocoiininisimnsisantisninssandeb iohonsmss heAass A A s G oo st 212
4 O ones et @l BOOB . . o . o rsionssmssssssmmsains o ins das s anors s o s R T e ekt 213
CR B L T TR e ) SRS 13 I o8 e RO 213
LI LIREBRaE ISR . i i R et S e LSS 214
MEE T R SR R ORI £ h o % O SRS LS SRR 215
4. 118 K Rdamalivel G D] ... .......cisirrmmniisssir i e st bes e 216
411515 g Al .. i rninimissi e I S R SRR T e 217
4. 116 Kpenvighe b gD QRIS L Ei i .. i DA sty Bt oA it Syt i 219
4. 117 [Kynier e PAENEET. 195T] oo niniiinciiit it s o S SO0 R A Rt i 220
11 I A RIR ] i it b ARk TR LTS b ot ket 222
4119 L andgrovand SKIEvan, 1984] ........coiismmcansbistitb bt o Simrsotnbminss 230
4. 120 [Lasdkat and ColIsmith. 1985] ......... . okl amin il aniosusiunai]dnd 231
4.121: 15158 and QoA LB . v o i i s i s aeh b s T ekt 231
4. 122 {Ei By B AIR L ciiiiinminivisimis fo P T S e T TR A s b st 233
4123 {Einaddistonioe 2U00IE . - oo fo B mnnninl S d il S Sl IR 235
4. 124 fLoakRaRe B I oo R A R S A AT A s 235
S 125 otked Gl o T oo it i T S S AN ek 236
BB T ST E BT TR T SR B R 1 - ¢ S etk 238
AT IR el Gl BIEBL o rniisssvsnis s miinssssss sashamsinsssiap bbb s R AR ittt 239
120 nrons At BEEE. 1RTGL..........voinmsmmisinsnbirit e s i B A S 239
4. 129 {Maitinean e Gl 200 ].........oninivinmsmmmnomsssmenmmsunsiivesissiivis Bl e kethd 243
4. 130 leixe and Sarkisvan, 1981]........coinnd hBGL it Lan ol LS ] 243
4B ISR e bl 1010 i iss b ani i S B s ot 245
4 332NV ohoM ERahS 2DL DAL siiinrinscsisrniisniminsssensnsisomi it it s L et 247
S I33IMRERE Al V0L L. vinimismsnmvnssionaiisi Sl i O B s Joodthut 247

4.134 | Muzychenko and Postioy, TI85]....cci. sttt as sty b thaies pss dbes 248



Contents X1

BN RO ) o s G e B 250
S0 T BIE HRERE B0 1) o s e R e 251
L gy T T IR L R B s S e S ST ST PO 253
CHLE R BRI e R L S e L 1 (P T WL 254
EIDNEG Beport 100 Y] ... ... B it saiivininn oo 256
e 10 LB T R LT SRS L R o7 Lo S TR et 261
434 . Btk and Cionither 1904 . .........itilh bt i b b 264
S0 Dok BOOVBIHEIE 19 ... ... rimsmsemrnmtl R s B A i fesidinh sy 265
AAESE VRIS oF G HLLL it e s i b RO s i 266
LU TR TR ] e SR REREEE L LM, o et i S S LR 267
S e end Tl 3010 o i st St L 268
B IR IR als 0] o vvononmsssmssinsmsnione B i S e i) 270
L Ll T E T L R OO 50 A WO SN =t WL s | s 270
2000 [eamioiand Lercl 2001 ] ... vmidiiiibbiiiidsinbnsiammnmiil Sl 211
SRR Al DML RS RS BN L S 272
L1 Piecione: Il o i b s i R e 274
A 151 [Pkt i Blal, IWIBE - o s i R B 275
4. 152 [ Rk G BN e i s R S i b 276
LR RRAEL TR B en L B SRR o LSl s L R S 276
i IEaniand Cnldanith, OBR] ... b s e s h i L 299
Sl Pagnrmmpiet s 20M) ... S R L B e e 299
O NRehiaal INon. TR o B i A 300
LR IRadeignen- Moz el o 23] .. oiiniirisnsnidion s bt et s 302
4108 [Roduigher-MillGat ol . 2018] ...t o e i A 8 S i 302
100 IR SRl AW o s siinnends Bl e T R e UM st 304
4. 100 [Rosenberg and Fotrestal, TOBB] .........c.commmmsinssisinssoncitbosronbiiebisssitsssssasen ssones 305
IS IRyEn 0l CRIRoein, J015] ........ocinmmmimemisnisiats b st h e e b s s e shemana 306
LS PG L T A L S e GBS SO PR 0 1k L 2ol S RS A 307
4.163 [Bcheffler ant Mapness, 1O98].... oo bunmiiiniisissnmmsismmstvs sbssbsissisdsnasssscssslicis 307
B IOATEOIRITION, FIEL. o hnen isncsonnsssmpsasshssmpussonermrsbssasanisppinensdrsinkbissbirs 308
LW e b T D S S SR ) G e 309
B30 1 eRIoIng 6 GRS I 6 o oo osesmensrscnssb iR empassmrins fo5 plbmni et it i 310
R0 2 1500 2000 & s s e sisiin i ssas i e bersiansns i bitiiog 311
S 00 thelinl saly MHON i i it e s 312
A 04ROl ot Gl TIBIIE L o e i st Fereab s tsends s e 313
S IO e ] LRIRT e T e B R o Bt i 313
4. 57 L {Rhoswalionr o ol 200BB ..o nincrsciasimsipisstepsivsnssifiiibutismsansonsepssihosss 315
AL TC EBhoaalier 0 Dty Q... ........ciiiliecmmimiininminosts o B e s inaasics sy i 316
LT AR T T Sl Y R e R e o e O S 316
e Lt e G | RO S ) Sty & T S el WS 317
g TR R Cee SRS RS SR I 59 ST TR 319

4.176 [Stepanov and Zubov, 1998] ...........c.cccverrnmssensisinsesnsissssssessessssesssessenssessses 320



xii WSPC Handbook of Experimental Results on High Speed Penetration

4.177 [Stock and Thompson, 1970] .....covurieemimiimsncismsisiismsmens s 320
4.178 [SULlIVAD, 1942].....conerirresrsimsessssissiassssssrmmsssnsessscsssississsstsssassmasessssssssssensesass 321
4.179 [SulliVan, 1945] .....cccvvurrrrmmmsesascsscssississsarssssssassssssssssassnasansssasssussissstsssisecseses 323
4.180 [Sun and Pei, 1995] ...covmrrunreuseesscmnsimsssasssnsssnssssassinsssssssisssmmssasisasssassessssmsseesss 327
4.181 [Sundararajan and Dikshit, 2009].............. o TR SWBIE, 7y s S Rt Rl R 328
4.182 [Teng et al., 2008] ........ccvreesersecrcssnicssimsmmsmmsseisssnssesssisississsmissias e essssees 329
4.183 [Van Valkenburg ef al., 1956] ........ccoomiimmmmmmmmnisimiiiinsssnees 329
4.184 [Verolme ef al., 1999] .....ovvvureusieimimmmmssissssisssenssssssssssrsssmmssisssesssassssssissersss 330
4,185 [Vijayan ef al., 2013]......cccovimrcrecnscussunmmremsssssssseascasiussansestesssasesssasssssiassisseiees 332
4.186 [Virostek and Goldsmith, 1987] .co.cuuvviirimmieniiisiisss s 332
4.187 [Warren and Poormon, D001 .convevnssusssssssssninsissnsmsainsainsassssnsnsanssnsasassinsassasisss 334
4.188 [Weidemaier ef al., 1993]....orrremniisiimmmssnnsmsnssssnsissisni s 335
4.189 [Woodward and CImpoeru, 1998] ... 336
4.190 [Woodward and De Morton, 1976] ... 336
4.191 [W0OAWATd, 1978a]......oueeumrrsermsrnssrmarnrssssmssssssssssssssssmassss st e 338
4.192 [W0OAWATd, 1978D].......ceseusrrmnsrussrenenmssssssssssnssssassssssmsssisstsssnssseasscansenasenss 339
4.193 [WoOAWATd, 1982]......commrmerurersnssessensiismsssassisssssanssnsssssmssssessssisssasesssnsssasssssess 340
4.194 [Wu ez al., 1994] c.ourvmrerrmenemsrseisssssaneresssssassissesssrassins st issssssssessssssenaseenens 344
PR p, 1Y 2T M1 1) 1] Iemenmam———————SEERRUREE S 344
RLTINC 22 Ml 1) L] e R 345
4.197 [Zaid and Travis, 1974] .....cevceemimismmmnmnsssssssisimsinssssanissssssssssssnsse s 346
4.198 [Zener and Peterson, 1943]........ccociimimscsimininnns s 346
4.199 [Zhang et al., 2011] ....vvremeresemrncsssusisussarsmmsssissasssisitistsssssessstssssssstassinseansses: 347
4.200 [Zhang et al., 2012D] .....ceeerreseucccsseessersssassmasecsissssasssnasessonsaisaatassisssasasrasenssiass 347
4.201 [Zhou and Stronge, 2008].........ccewuiumirmmrmsmmsesssmsisienssiss s 349
4.202 [Zhou €f Gl., 2012]..c.creirsrminsassesssesseorsirsssmmmsssassssssenssmnsensessassassmassbssersssamsesresass 351
4.203 [Zook and Frank, 1985].....cccveeueremmsimmmmisssssmsssssinsssmsnissss s enss s 351
4.204 [Z00k €t al., 1983]...ccuimmirmnmirenscnnisissisrssnimmussasensssssiasssssinmmsnnsnsassassussnassssnessens 352
Chapter 5 Penetration into concrete and reinforced CONCIete ..........ovveerueevenncccsiisnennns 365
5.1 Cumulative indexes of €XPeriMents. ........ccevueuerisisiminmmrnnimsnessisssnsnsssse e 365
5.2 [Abdel-Kader and Fouda, 2014]........cccovvmmiiimmmmsmsinmmsmsisnisssssssn s 370
5.3 [Almansa and CAnovas, 1999]......cc.coorrummmiisirinsiisimnmmnnissisini s x72
5.4 [Almusallam e7 al., 2013]cc.ccneimiemiiriinmeitieissn s 313
5.5 [Almusallam ez al., 20158] .....covveucimrirmnniississsissenssn s 3T
5.6 [Almusallam ef al., 2015b]..c.ccurvimirirminniiniiisn e 376
5.7 [Anderson ef al., 1984].......cecveuueirmmnninreisssssseissens st 34
5.8 [Barr ef al., 1983] .cccmrcenirneiessicssisisnsennsssssissssssetsssersssesesnssnseisiasssasseiasesisoneassie 379
5.9 [Beppu ef al., 2008]......ccccvuereuressimissinssnnremsssssessassrsmsinnasasstssnassisssastsssnssesseassasees 380
5.10 [Berriaud ef @l., 1978] .....oovvremreiuscriininrnreissnsssssnssnssnassenen s 381
5.11 [Berriaud ef al., 1979] .....ccoovrueeinseisieiminmmesinsrsstssessisnssennesissstisssnasesssesisenssenss 384

5.12 [Berriaud ef @l., 1982] ...c.vevneueeuccnnernenrseasmnsesssssssissrn sttt smnseneenastes 385



Contents xiii

St LR L TR L R TS RSN € 1 G SERECRSR o 1) OF SR TN C A 388
SN Bl L iimism it bttt des ekl o 392
2L b e ) T SRS L N £ 0 B PSS S ot 393
Su L T e T B 2 S SRR Sl Setie At S S i NP RIS Sl S 394
AT BT BT LT ) R S e L SR s RS L 395
SANENEEI IIAL. 0 s R e b b L B T 396
e AT o TR L T R S SRR I e e 1< LGN [ S 396
el TR AR e RSN RS < e ¢ - [ i A RS e 397
DRIl MRIDL o v R B i 398
ST S e B R G S SRR S | -~ |0 ORI 399
St [Dabeypicr s Yankelewsky, J996]............covvavinesiii ot i 400
ST ST T E T RE L N SRS ¢ . -iin -0 (E 0 S SR 402
DTNk T M. i rinimimisis oo e B AT b Sk 403
E SRRV dl el s BT ..o i i i A B LA 404
SEERG LY T T R 1T Y s e ORI £ 1 A SIS £ <, B 406
LB B s TN R L e AR LR SRS S A L TRV TR JESR S 5 8 LS 407
SZ BRI ITEIIT e e s b e S 409
230 Datrigen S BN VL. ..t AR e T T s 412
s RS TS ek RS S R S S ¢ | o3 sk oo ergsis LR 412
Dl anp ot HB] - oc ccicil disiiib e B e T L AL 2 413
SN R Dot A0 T T . o i e S B 414
SR LT R L R N W S MR § L4 S ML L 415
SRR T e B e R S IS Sy s 1< DO L S e 416
T PR R L ) G SRR B UGS o (1 SR O o ST M L 417
S TR L e e MRS I e SR 1,0 £ -, O R Sl 418
R T T G L OB S S e UM £ . - oy DI SN S 419
cw e TR R P SRt B ST T =L (R (LIRS 420
SRR UETR S L) O e B OSSO N 1 11 o s RO LT o 1 421
LE SR A a1 ST b e N 421
SN Gl BB s e i i R N 422
R R PR L e e U G I RGN I 0.6 AR SRS TS S 6 423
B LA E S L B TR N RS I (o IR S ST S 424
Lok T E SRR B G SR S SN SRR ECUUE ST N L 424
DaG o B ol B0TTE. . ... nammi il A OB R 425
DAL ecnneg e Shakle, J001]...............ciis b sl IR R 426
BV TN TR E TR L 7 SR S RORSII £ ¢ | . oo N 427
e T TR A T e e e e ORI RO s | | creen L R 428
A O B MAD] o G i T e B A 0 el 428
SRR T TR U O e SR e SV e o L 429
R, SOUTE i e e L e SR SR 430
B Tt e T SRR O AR (IS, 5 15 £ -, 5 PRI ST ARl 430

e BT T R e | RSRITEL S R S N 0 8 s s W S VIS N TR, 433



Xiv WSPC Handbook of Experimental Results on High Speed Penetration
S5 NN I IR ] ... ncrsiiensimiirmsiriasoneins s S S i 435
5. 56 Hieindnbl ap BEIRE, 1O8D] .. ...covosiiinirmvirniisorsorsmenormshiviisas b S isiion bl bRk 435
T A R L R A4 S L 0 B 437
st 3 D RSO DU SR, -5 - § SR (o 1Y Lo L 4 8 L L 439
SR DRI oo s svmssnassmssssinnins i s R e o T st 439
SO0 RN EIRRENY, 20121 .......nriomonirsomsermmssenssnsrovsrpiioiiios bbbt ittt 441
BRI 2 R A e SRR S D W 1 - D W CCL S P 1 441
E 0 B L S I ST S T S LM SR £ URMDNSP W N 442
ST TR L S R R SRt et | L1 ST - A 442
SN ey, D01 5}l SR i R e N B e 444
SEM L aneral ; 2012L. it ek T I L A S dn ot 445
S8 L0 etad s 2000 N Sl i R A T e gt 445
S 6T L Axinatnl RN i it it en R S R Oy o es 446
B0 RPE R e SR R TSR R SRR SR G 1 SN G o ht AL 446
L E o FPET T T RN § 844 SRS (S UM AT - S 448
ooy Bp TR S L ROPORIRE )%, s s 15 449
B T IR IO L v ssscan s siinsasimisssnins s R A e B 450
SIS IR O] ...tttk e s Y 452
i3 Malone and LomEl 998 ] irmmmmmmvanissmimbsmmmsimssi et S Aot 455
W RS T T i RIS N SRCOWROR ¥ | L OSSO ONSCSTL ) S 456
Ry d T T Ep ] S S DR Bt 8 .5 11 VIS ST TR T 456
57 MEamedetalrn A0V . . i e I R e T A S e 457
5. 77 PR S Bl DML oo ovorosssvriinmssneimvesesotiiaiioon s S A I e St bebnsh 458
il K10 R s TR Y SRV IR <L S5 O, RSt R 458
ol g U R Y RSO IOMIR  [ E SR e e, 458
LW S T TN OO TR SRR RS £ . Rt 8 oL T, 460
551 OO B L i re AN i op i s S Bo A B 460
S A TEREE S B T i vionivesciionissiivnmasimsrmmmma i Ak s ese b W Rt 462
5:83 [Romandet antdBler ] RG] i G e i B s s i s eansre b hibaab iRt 463
SR [Schnie an HERRII BRE L. i ooccinirssisissmmessissarsmobboth omsraltbe Minsistbhab poavivot 464
S B N B I 005 hersavivssvsisnsssusmubinasmbiisaaninass p ol IR 0ok e Do S b OOk Bk 466
586 [Schulde FEGE S RBRIE i o s enisrsnessistsannosasonsers bbb besns SRkl et 467
S BT ISHAI S 81 TIMMEE Sk s vasrsinsvansncsnscriansssmsnmnsinssvnsnns b ssidebRRO T B s RReATN W Ert s Eel o0 470
SEBIShian st DL MY o . oo sovigres i R I bt 471
SR E0l and TRINEE OB ........ .o iviivirinmmsssns bl T i AR A B SR  d 472
300 ERielet gl 208 i sirciciivmiminesssmmrmenssssmssipo il R R A Lt 473
SOLERE 1] i ananiasisississinesisasissssminss it T ke LA o 475
ol P T R S ORI S | © L EA it T T bR 477
SO0 IR AL S 2OLTL . oo ssrspmitssi ot NI ok e ok 478
S50 15 e BEERLE. TIBL] ... ...oconnvisinmsnsnsseivnsmsmmnnssioes i Dot I ot e s seh 480
W LT R L O PO GO S OBV OO - G AT R R 481

S.96: Svmsaseral Z00LL. v i e e R A B 482



Contents XV

597 [Szozepanski and Colling, 1983] .........cvmmresmmsssisssaniniesscinvichssibiissisnisnsnanssa 483
0 REe Re L | R GRS S R e e R L R 484
5.99 [Teland.and Siol, 20001 ... cailisamiasmimimnctmis ivonisonsibossssontrmsgiiisos tbsbresss 485
S 100 I elnd aod Sl S0 it sinsssshose o b i o b Sesat 487
s TR PSR SEE ERRRS W L SRR R 488
5402 [Taubota ef al,, 1993] v 5 o S a R cilasliliumin tidvsrasss essonsstninbusssvissisupaneio 488
5.103 [Unosson and Nilsson, 2006]..........ccccesessesseensssrsnsansssonsnssusainsesssssssassassasssnsase 491
5104 [N ossonghi ef al., 200T] ..ccicniimicrnmnssmmnmnmrssisiminsisiismmoitb s srross sosesissss 491
SIS DRE DL L) i i it isniinssaonpiokab s ek S LD s enn s s sns 493
2106 [ Weerheiim ef al; 201 5]..ccvivsisusmrimecs s boianiommiis b ioddatoisds sobblssbistsssnsssnsrasss 494
CE e e BRSNS B s s 495
SR PV ot gl s BOLSAY. oG vsicimininsimssnsmsavimmsnbiongonss o shbesntsins seepioRboRoR irns svsase 496
S5.100 [ e al., 2015h]...ccc..iiiiiiniiirismmismmnmmbensasspismmusinaisbintss tisseiiorilosebesizsaseps sasis 497
D LD DWW el gl J015C).. cnsccsscssmcsmimmsssmmmmrysismiiibisoonyesbmivesbre b xsishads 499
SAlLIWe s al, 01501 o oo i syesesss s S s i ds s e e 501
S 112 Tiang el al., TS o coniii i e inesmntissmriimrsssssenisns s osovsaiiddiosisam sads 502
n SR AT TS R e SR (SR e M Gk | SIS E R 504
SE14 [ZRRRE RGN SR, i ssnonsniseniutronimmansnnssmsontassnnn somnmis SHNAER S oA s 506
B ECR AT T A U ] SRR e e SR € e e e SR e 507
Chapter 6 Penetration into geological media.........ccoouvvvriiiiiiniiiies 508
6.1 Cumulative indeXes of eXPEFIMENLS o i iiiiivdirurmimnaimissivirmsissnrssstosssisensssrresisoes 508
S LARRR o Ol LUI0) o v by siansits sosmpminstitoonsomhings ssssmesssassegbenessseensosnssssant 511
B IR AL 100TBL o 6o iy i assipsitns vt s inesdicssianas st istensas 513
BEAUCH CL il 1UB AL oo s prasstichii e s iriamess st s pvsssshs sisasipssrsons 514
DIBETI LIIGL .. o iocivsr s rimasasssnemsss shanssssmebssedravats s eorsshinerssessiini e st )
TR g SRR S S I R e SR et i SRR 17
SR aner al 1D000 .. i st ivass sosnboidisiin versassasss banins it dansasissirsrsensassbaasnerses 518
B.8 1Blets af al, 201 Y] cisininisiiinmisinsnssninsrivsvisssuombbo messibasiisoossss sposivssnssrsss rinvusss 519
SR RGrE ot tl, QD13] . aivin o pie o immromisisismmiriimmss aianb s ies s s s sneosi v io58 521
6.10 [Bervik et al., 2013] oocoivver rcimssssmsbsmiminimnmmirsmotasssss saorsiiassasssemsassnissassibsansossss 521
O 1L EBUHET, IVTSC] v iniiusmiisisnsmssisisissssssnsssvasssietssassansnsssssasss somsussnsspeniastpensase 822
B L2 TR UIS0RD, 1B T oiii s rismsnrsrssamspenseninsansinyssins varsvhnesonsossishnssibssas ioints shnisinpronsnere 524
6.13 [Forrestal and Hanchak, 2002] ..............coevversseriesmrsnrsessssansssasersnsussnssnssssassissases 524
6 1 Eormestal Al Lok, 1992]. i iciisiinnmnsivisesisiimmmens sidsninsessensatsnsnesmsssseinonssases D25
Bl S0P et il 2000 .. i idiisgsins ok kb dalirhas s e e mrmassussssedp b hoassinanssesves 525
6,16 [Hanking ef al., 2006 . daivnioigmss srbbioiadionisissessrtbiirossiisasisnsisesonsivs 527
BT IRRBG etal. 1077 L. on il tiiimnnes basib siiih iempbetaunsd verbmsnshon bbuspoi sius 527
LR TRBE, VU111 oo i agiosaiavisivs i et s v r Y s ooy o iy oy s sens s ssbansi s 528
e e g | [t G e S S U S — 529
6.20 [Kumano and Goldsmith, 1982a] ... 530

6.21 [Kumano and Goldsmith, 1982b]..........cccociisessinsinsansissnsnssssamissssssnssasrssaenssnces 531



Xvi WSPC Handbook of Experimental Results on High Speed Penetration

0. 22 [ omens @b s ML 0 f cores sanesssrosssioiminreimsnbibitinnsdo bbb s bos BAEIOS bk senis bribns
6.23 [Mamer and RIBERArt, 1960] ............cccorvomnrssasssmisasossressssssesesnent sntsnsssssinsapsbisass
G20 TPRiEEIORNEE, JID] ...........ooocsernissmronsonsensorarsos i ivintbsnsstioboinerinniniviadstsmasshebbes
G 25 (PRSI IT ] oo oioiinssenmniossssaosassassonsusnesbimuvonsondonsinonibbbs eV idiesboh choshohsast
S0 ERNTRIIIE TIBDL. ..o e onmoncsasmersssissiosssssammssonasemsansasnsshssinsdviabusis Sldhbtit onsa siobinss
627 IROEIS B AL, 1986]...............coccunccnnsrrsamssrossrormrsseisiniverssmashisbesssvesbonassvesponsrasess
Foe 0 TR L RSN 1. || ¢ LA TP SRS B L S
SN O TR ..o eimnsassonsessipimmanansinininimambieiusotios i Sk e B shaprisehesh
T TR L ] RS SRR S SISRRCERIET 0 RS N Tt L e
6.31 [Tolch and Bushkovitch, 1947] ........cccveresessnssnsassnamiormseninssiaiissossnsnisessasssssasasens
32 PN et Bl MMRL oo i insmismsnsimsmimiinastrimi A Ao Rb S S ke i o8
6.33 [Watanabe 1 gh, 201 1] i iiimmmmsissseimsiissmsrssios Sinsattsesatiie sikasistash abrinert
634 [netal L 2001 o vasiinsrineaimis st e bbb R B b sk v
635 [Yamatao ef tl., 20 L)oo v vinninsinssisssmsnimmmmsmnsnresitinostbssrrsthiatiibbithsp dubasanss
O30 PYIE IR e nvassssnsarsasssssmisnetsinrinsplibonsbianiasthintibast diiag sivhinch
BT ER O IR L oo onssiinsssisiisssnsissimmonsnnsbensrodso AR e el it
AR PREGRE IVTE] L0 e oeeenseonorcosssisissansassnsssrsmasninatoninbemsssi N A SRR AR st



