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                                                     Nick Barton                                        Ivan Vrkljan

	Intervju s dr. Nickom Bartonom napravio je prof. Ivan Vrkljan tijekom boravka Dr. Bartona u Hrvatskoj, od 1. do 6. lipnja 2011. godine. Povod dolaska dr. Bartona u Zagreb je održavanje kratkog tečaja pod naslovom „Stijensko inženjerstvo za tunele (bušenje i miniranje, TBM), predinjektiranje, kaverne, bokovi brana, stijenske kosine i kameni nabačaji" (Rock Engineering for Tunnels (Drill-and-Blast and TBM), Pre-Grouting, Caverns, Dam Abutments, Rock Slopes and Rockfill). Tečaj je organiziralo Hrvatsko geotehničko društvo (HGD), a domaćin je bio Rudarsko-geološko-naftni fakultet Sveučilišta u Zagrebu. Dr. Barton održao je i 10. Nonveillerovo predavanje pod nazivom: „Predinjektiranje radi kontrole vode i poboljšanja svojstava stijenske mase" (Pre-Grouting for Water Control and for Rock Mass Property Improvement). Nonveillerova predavanja organizira Hrvatsko geotehničko društvo u čast i sjećanje na profesora Ervina Nonveillera. Tom je prilikom HGD dodijelilo dr. Barton-u priznanje kao znak zahvalnosti za znanstvenu i stručnu podršku koju je dr. Barton pružio Hrvatskom geotehničkom društvu. Ivan Vrkljan je redoviti profesor Inženjerske mehanike stijena na Građevinskom fakultetu Sveučilišta u Rijeci i voditelj geotehničkog laboratorija u Institutu IGH u Zagreb. Ujedno je i tajnik Hrvatskog geotehničkog društva.

Kratko o Nicholas-u R. BARTON-u

Dr. Nick Barton se školovao na londonskom sveučilištu u vremenu od 1963. do 1970. godine. U tom je razdoblju na fakultetu King's College stekao zvanje diplomiranog inženjera, nakon čega je na Imperial College-u stekao akademski stupanj doktora znanosti za područje stabilnosti kosina.

Jedan od Bartonovih osnovnih doprinosa mehanici stijena odnosi se na diskontinuitete u stijenskoj masi. Tijekom 1972. godine, dok se bavio istraživanjima na Norveškom geotehničkom institutu, razvio je kriterij čvrstoće diskontinuiteta koji je već bio predstavljen u njegovoj disertaciji o mehanici stijena obranjenoj 1971. godine na Imperial College-u u Londonu. Modifikacije kriterija uvodi 1976. g. (osnovni kut trenja zamijenjen je rezidualnim kutom trenja Фr) i 1978. g. (mobiliziranje i degradacija koeficijenta hrapavosti pukotina nakon pomaka), te Barton-Bandis model kojim se povezuju deformacija, dilatacija i otvorenost. 1985. je godine Barton-Bandis model instaliran kao potprogram Cundall-ovog izuzetnog koda UDEC, u formi UDEC-BB.
Barton je razvio dobro poznati Q sustav za klasifikaciju stijenskih masa koji se koristi za projektiranje podgrade u tunelima i velikim podzemnim kavernama. Q sustav se koristi i za karakterizaciju stijenskih masa. Barton je povezao svoju klasifikaciju (vrijednost Q) s deformacijama tunela i kaverni i s modulima deformabilnosti stijenske mase. Ove su relacije poboljšane 1995. godine kada je uvidio da postoji dobra korelacija između parametra Qc (vrijednosti Q normalizirane tlačnom čvrstoćom manjom ili većom od 100 MPa) i seizmičkih brzina i modula deformabilnosti.

Barton je 1999. godine razvio metodu QTBM za predviđanje učinkovitosti jednostrukog i dvostrukog TBM štita u raspucanoj i razlomljenoj stijeni i za ocjenjivanje potrebe armiranja i podgrađivanja stijenske mase za tunele kopane TBM-om.

U razdoblju od 1994. godine pa sve do danas, dr. Barton aktivno promiče primjenu Norveške metode za iskop tunela (NTM) sa Q sustavom za odabir podgrada, kao prihvatljivu alternativu s jednom ljuskom za trajnu tunelsku podgradu u zemljama izvan Norveške. To je alternativa metodama s dvije ljuske kao što je na pr. Nova austrijska tunelska metoda (NATM) za iskop tunela barem kada je stenje stijenske mase „normalno“ (loše, povoljno, dobro itd.).

Što se tiče nastavnog rada, vrijedi spomenuti da je bio gostujući profesor na Katedri za rudarstvo Sveučilišta u Utahu (1983-1984), gostujući profesor na Katedri za mehaniku stijena Sveučilišta u Lulea-i (1985-1989), te gostujući profesor na Sveučilištu u Sao Paulo-u (1997-2001).

Dr. Barton već četiri desetljeća sudjeluje na raznim projektima stijenskog inženjerstva, uglavnom u području građevinarstva. Svoje konzultantske usluge pruža na brojnim projektima u 34 države.

Do sada mu je dodijeljeno sedam međunarodnih nagrada uključujući između ostalih i nagradu 8. memorijalno predavanje Laurits Bjerum, Oslo, 1985 i 4. memorijalno predavanje Manuel Rocha, Lisabon, 1987. Sveučilište u Cordobi, u Argentini, dodijelilo mu je 2004. godine počasni doktorat (Doctor Honoris Causea). Također je više godina bio i koordinator ISRM-ove radne skupine (Predložene metode za kvantitativno opisivanje diskontinuiteta u stijenskoj masi, 1974-1980).

Objavio je 260 radova i dva udžbenika: „Iskop tunela pomoću TBM-a u raspucanoj i razlomljenoj stijeni" (TBM Tunnelling in Jointed and Faulted Rock), 2000. g. (Balkema) i "Kvaliteta stijene, seizmička brzina, prigušenje i anizotropija" (Rock Quality, Seismic Velocity, Attenuation and Anisotropy), 2006. g. (Taylor i Francis).

Od 2001. godine dr. Barton vodi vlastitu međunarodnu konzultantsku tvrtku za stijensko inženjerstvo. Tvrtka je registrirana u Oslu pod nazivom "Nick Barton & Associates" a ima ured i u Sao Paulo-u.

Nedavno je obznanjeno da će dr. Bartonu biti dodijeljena ISRM-ova 6. Müllerova nagrada. Ovo se priznanje dodjeljuje u čast i sjećanje na profesora Leopold-a Müller-a, osnivača ISRM-a (Međunarodnog društva za mehaniku stijena) a uručuje se kao priznanje za značajan doprinos u području mehanike stijena i stijenskog inženjerstva. Dr. Barton je šesti primatelj ovog priznanja koje se dodjeljuje svake četiri godine. Dr. Barton je odabran u toku sastanka Vijeća ISRM-a koji je održan u New Delhi-ju u listopadu 2010. a priznanje će primiti prilikom prezentacije Müllerovog predavanja na 12. kongresu ISRM-a koji će se održati u Beijing-u u listopadu 2011. godine.

Vrkljan: Sa manje od 30 godine razvili ste Q sustav koji se danas koristi u cijelom svijetu za opis stijenske mase i projektiranje podgrade tunela i velikih kaverni. Još ranije ste u svome doktoratu definirali empirijski kriterij čvrstoće diskontinuiteta.

Kako ste još kao student došli na ideje koje su rezultirale metodama koji su opće prihvaćene u svjetskoj stručnoj javnosti? Što bi mogli poručiti našim mladim kolegama, kako započeti?

Barton: Moram na početku reći da su mi već kao tinejdžeru, a i kasnije, bile otvorene brojne mogućnosti što me je, uz brižnu roditeljsku podršku, dovelo do mog jako dragog i samozatajnog profesora građevinarstva i mehanike tla Kevin-a Nash-a s King's College-a, pokojnog generalnog tajnika ISSMFE-a u vrijeme kada je predsjednik bio Dr. Bjerrum. Profesor Nash me je nagovorio da se upišem u King's College (nakon što se nisam uspio upisati na Oksfordsko sveučilište jer nisam imao predznanja iz latinskog, te zbog činjenice da sam skromno prešutio da brzo trčim). On me je također kasnije odvratio od želje da napustim daljnje školovanje i da na godinu dana odem u Australiju u jednogodišnji kamp za trkače na duge pruge. Osim toga, on me je upoznao s Laurits-om Bjerrum-om prilikom njegovog posjeta Londonu ("zašto ne dođete u NGI?"). Najvažnije od svega, Nash me je zainteresirao za novi projekt o stabilnosti stijenskih kosina koji je pokrenut na Imperial College-u, gdje su Peter Condall, kasnije poznat po UDEC/3DEC/FLAC/PFC, John Sharp i David Pentz postali moji najbolji prijatelji u vrijeme kada smo radili na našim doktoratima. Svi smo bili puni entuzijazma i želje da uspiju naši zajednički projekti o stijenskim kosinama. Tako sam dakle počeo raditi s vrlo kreativnom skupinom i iz toga su neizbježno proizašli rezultati, svi iz područja stijenskih pukotina. Za dlaku sam dakle izbjegao područje mehanike tla, a za to mogu zahvaliti baš mom profesoru mehanike tla (da li je možda bio vidovit?).
Godinu dana kasnije, našoj se grupi za IC/RSM, lociranoj pored Hyde Parka, pridružio i Evert Hoek, a on je postao izuzetno cijenjeni savjetnik, profesor i dobavljač sredstava za istraživanja kroz RTZ. Kasnije je moje idealno okruženje postala Norveška (stijena i pukotina ima svugdje), gdje smo kao mlada obitelj otišli "na godinu dana" (što se produžilo na četrdeset godina). Tamo nije nedostajalo sredstava i za istraživanje, hidrotehničkih projekata i zanimljivih pitanja (moj prvi izazov bilo je pitanje "koliko će zraka izaći iz neobloženih i planinskim masivom zatvorenih komora u kojima tlak iznosi 7 MPa" a nakon toga je došlo i sljedeće: "zbog čega su u norveškim hidrotehničkim kavernama zabilježene takove razlike po pitanju deformacija?"). Više od šest mjeseci bilo je potrebno za odgovor na drugo pitanje - prvo je ipak trebalo razviti sustav Q. U NGI-u sam bio okružen izuzetno nadarenim kolegama a starije su me kolege, poput Reidar-a Lien-a, vodile na terenska istraživanja duplirajući tako troškove koji su se kasnije i te kako isplatili kroz objavljivanje u 1974. godini i rezultate koji su došli nakon tog objavljivanja.

Što bi bio dobar početak za mladog inženjera ili znanstvenika? Kao prvo treba tražiti aktivnu sveučilišnu skupinu tj. skupinu koja je poznata po istraživanju u državi u kojoj ima izazovnih i zanimljivih projekata. Biti dovoljno tvrdoglav i ne odustajati od svojih uvjerenja, sumnjati u i preispitivati uvriježena mišljenja .. to je bilo lakše prije 40 godina ... s tim da treba istaknuti da i danas ima područja u mehanici stijena u kojima bi poboljšanja i te kako bila dobrodošla. Neka od tih poboljšanja napravljena su i u 2011. godini.

Vrkljan: Šezdesetih godina prošlog stoljeća čelnici međunarodne konferencije o mehanici tla smatrali su da se mehanika stijena treba razvijati u okviru mehanike tla kao jedno njeno poglavlje. Taj je stav jasno iskazao Bjerum koji je govorio u ime Casagrande-a (predsjednik Međunarodne konferencije o mehanici tla, International Conference on Soil Mechanics) na godišnjem kongresu Austrijskog društva za mehaniku stijena u Salzburgu 1962. god. Poznato je da je učinak bio sasvim suprotan i da je tada osnovano Međunarodno društvo za mehaniku stijena. Nisam siguran da su se do danas stvari puno promijenile. To se ogleda u promjeni imena Međunarodnog društva za mehaniku tla i temeljenje (ISSMFE-International Society for Soil Mechanics and Foundation Engineering) u Međunarodno društvo za mehaniku tla i geotehničko inženjerstvo (ISSMGE-International Society for Soil Mechanics and Geotechnical Engineering) 1997. g. i u inicijativi sadašnjeg predsjednika ISSMGE-a Prof. Jean-Louis BRIAUD-a da se ime društva još jednom promijeni u Međunarodno društvo za geotehničko inženjerstvo (ISGE-International Society for Geotechnical Engineering). Formiranje FedIGS-a (Savez međunarodnih geoinženjerskih društava, Federation of the International Geo-engineering Societies) nastoji ublažiti ove razlike, s koliko uspjeha, tek ćemo vidjeti.

Kako gledate na odnos između ove dvije discipline (pri tome pod mehanikom tla i mehanikom stijena podrazumijevam i geotehničko inženjerstvo u tlu i stijenama) s obzirom da se najteži geotehnički problemi nalaze u području gdje se one preklapaju, u području mekanih stijena i tvrdih tala?

Barton: Poznato mi je da se časopis "Geotechnique" najviše bavi pitanjima tla, iako naziv discipline "geotehničko inženjerstvo" zapravo pokriva brojne poslove koji se obavljaju u okviru stijenskog inženjerstva pa kako pretpostavljam da ne bismo bili prikladni kao članovi ISGE-a, tako nije ni od njih korektno da "preuzimaju" ime ove discipline. Pojam "geo" podrazumijeva geološko podrijetlo, a razdoblje u kojem su nastajali tlo i pješčane naslage nalazi se negdje u "posljednjem djeliću sekunde prije ponoći" ako ga usporedimo s razdoblje dugim više milijardi godina, s daleko raznolikijim medijem, kojim se bave inženjeri za stijene. Dakle zadržimo "geo" za veće vremensko razdoblje i za sve ostalo.

Što se tiče "najtežih geotehničkih problema" usudio bih se reći da nisu samo građevine u saprolitu teške. Nas su u mehanici stijena navodili na krivi zaključak da možemo zbrojiti "c" i (' tan (, jer smo tako dugo kaskali iza mehanike tla. U stvari trebalo bi biti "c" zatim (' tan (. Mohr-Coulomb i Hoek-Brown ne opisuju posmičnu čvrstoću stijenske mase niti blizu.

Vrkljan: U temeljima geotehničkog inženjerstva je i inženjerska geologija koja također nije uvijek u najboljim odnosima sa mehanikom tla i mehanikom stijena. Poznato je da su i Karl Terzaghi kao otac mehanike tla i Leopold Müller kao otac mehanike stijena sebe smatrali profesionalnim inženjergeolozima. Iza Terzaghija je ostala nedovršena knjiga o inženjerskoj geologiji. Međutim, ni taj njihov izuzetno pozitivan stav prema inženjerskoj geologiji nije mogao ugasiti tu rezerviranost među tri discipline koja je bila očita kroz dugi vremenski period. 

Kakva je po Vašem mišljenju trenutna uloga inženjerske geologije u geotehničkom inženjerstvu? Kako bi se ona trebala razvijati u budućnosti kako bi jače pomogla rješavanju sve složenijih geotehničkih problema?

Barton: Mislim da je uloga inženjerske geologije vrlo značajna, kako u inženjerstvu tla tako i u inženjerstvu stijena. Ovdje bi baš bilo prigodno spomenuti odličnu "novu" knjigu (sada na engleskom jeziku) koja nosi naziv "Geološko inženjerstvo" a napisali su je španjolski autori sa sveučilišta u Madridu, i to naročito dr. Vallejo i dr. Ferrer. Radi se o sveobuhvatnom i vrlo dobro ilustriranom djelu koje će po mom mišljenju postati okosnica inženjerske geologije, a sadrži mnogo korisnih informacija o mehanici tla i stijena. Inženjerska geologija je dijelom inženjerstvo stijena, dijelom inženjerstvo tla, dijelom geologija i dijelom hidrogeologija: to je stvarno izazovna i vrlo široka disciplina.

Vrkljan: U vašoj opsežnoj monografiji iz 2006. godine "Kvaliteta stijene, seizmička brzina, prigušenje i anizotropija“, (Rock Quality, Seismic Velocity, Attenuation and Anisotropy) puno ste prostora posvetili geofizičkim metodama. Od geofizičkih se metoda puno očekuje s obzirom da su jeftine u odnosu na klasične metode ispitivanja i istraživanja. One su se pokazale dobre pri ispitivanju stijena u laboratoriju kao i za ispitivanja na većim dubinama pri istraživanju ležišta nafte i plina. Tako je i hrvatski seizmolog Andrija Mohorovičić promatrajući iznenadno povećanje brzina valova izazvanih potresom otkrio granicu između zemljine kore i omotača koja je i nazvana po njemu (Moho i Morovičićev diskontinuitet). Međutim, u zoni inženjerskih zahvata, geofizičke metode još uvijek nisu ispunile očekivanja geologa i geotehničara. 

Kako gledate na daljnji razvoj ovih metoda i kakve su šanse da geofizika u geologiji i geotehničkom inženjerstvu poluči rezultate koje postiže u medicini?

Barton: Vjerujem da je vaše dijelom negativno mišljenje o geofizičkim metodama koje "još uvijek nisu ispunile očekivanja" proizlazi iz geofizičkih poteškoća na koje nailazimo u krškim zonama, a to je područje u kojem vi u Hrvatskoj imate puno iskustva. Općenito uzevši, smatram da je uloga geofizike vrlo bitna na hidrotehničkim projektima (temelji brana, tuneli itd.) diljem svijeta i to već 40-50 godina (pri čemu mislim na seizmičku refrakciju i jednostavna mjerenja brzine valova između bušotina (cross-hole)). U posljednjih 25 godina za mjerenja između bušotina primjenjuje se i seizmička tomografija, čime je znatno povećana preciznost. Na mnogim je projektima važna mogućnost povezivanja brzine s kvalitetom stijenske mase (i prigušenja s modulom deformacije). Čini se da su neke seizmičke metode korisne i u tunelima.

Vrkljan: Hrvatski znanstvenik Prof. Branko Ladanyi je 1982. godine na 23. američkom simpoziju o mehanici stijena u svom pozvanom predavanju naglasio da je jedan od glavnih problema mehanike stijena nemogućnost direktnog mjerenja osnovnih svojstava stijenske mase zbog ograničavajućih faktora mjerila, (scale efects), vremena i novca. U međuvremenu su se razvijale metode terenskih i laboratorijskih ispitivanja ali su ova ograničenja još uvijek prisutna.

Kako gledate na ulogu terenskih i laboratorijskih ispitivanja pri definiranju mehaničkih svojstava stijenskih masa? Naime, koliko god se povećavao volumen zahvaćen ispitivanjima on je još uvijek premali u odnosu na volumen stijenske mase na koju geotehnička građevina ima utjecaj. 

Barton: Kako će ispitivanja u bušotinama i opsežnija terenska ispitivanja u istražnim galerijama uvijek biti, kako i sami kažete, premala u odnosu na stvaran obujam stijenske mase na koju djeluju velike građevine poput lučnih betonskih brana, mogli bismo reći da bi se za uprosjećivanje mogao koristiti postupak interpoliranja seizmičkih mjerenja na prostor između mjesta ispitivanja i dobivenih rezultata (iz bušotina, galerija, rezultata opterećenja probnom pločom itd.).

Vrkljan: I Vaš Q sustav i RMR sustav Bieniawskog napravljeni su prvenstveno za potrebe tunelogradnje i izvođenja drugih podzemnih projekata. Publicirane su i modifikacije ovih klasifikacija za procjenu stabilnosti kosina na osnovi klasifikacija (SRM-Romana; QSLOPE).

Kakvi su izgledi da primjena klasifikacijskih sustava pri procjeni stabilnosti kosina bude jednako učinkovita kao što je to slučaj sa primjenom u tunelogradnji? Ili treba tražiti neki sasvim novi pristup?

Barton: Klasifikacijski sustavi kao što su donekle modificirana metoda Q koja nosi naziv Qslope mogu biti od koristi u ocjenjivanju sigurnih nagiba nearmiranih stijenskih kosina. Mislim da bi zamjena granične ravnoteže ili drugog proračuna stabilnosti nekom klasifikacijskom metodom, a u svrhu ocjenjivanja zahtjeva za podgrađivanje kosina, bila manje prihvatljiva nego što je u slučaju tunela.

Vrkljan: Ako zanemarimo ranije klasifikacije (Terzaghi, Lauffer, Deere et al, Pacher et al)) od 1973 do danas najčešće korištene su Q (Barton), RMR (Bieniawski) klasifikacije te GSI sustav (Hoek). Tu je i RMi (Palmstrom) klasifikacija. Klasifikacije često (naročito GSI sustav u standardnim numeričkim modelima) koristimo i za terensku karakterizaciju stijenske mase (određivanje svojstava stijenske mase). Nakon workshop-a GeoEng2000, u Melbourne ste 2000. godine imali kratku polemiku s voditeljima rasprave (A. Palmstrom, D. Milne i W.Peck) oko uloge vode i naprezanja u karakterizaciji stijenske mase. 

Imate li što dodati 10 godina poslije? 

Barton: I dalje smatram da se naprezanje i voda trebaju aktivno uključiti u toku postupka klasifikacije/karakterizacije, tj. da se ne smiju izdvojiti (eksternalizirati). Međutim, danas me više zabrinjava apsurdnost algebarskih jednadžbi povezanih s GSI-jem (a to je ionako samo RMR (minus 5?). Ne vjerujem sada, a neću nikada ni vjerovati, da se "klasifikacija" stijenske mase može obaviti pukim pogledom na sliku. Dječja metoda prepoznavanja dijagrama potpuno je neprikladna za opisivanje anizotropnog vodonosnog medija kojeg mi nazivamo stijenskom masom. Vrijeme je da preispitamo tu jako raširenu metodu i apsurdno složene algebarske "veze" s parametrima, jer nisu temeljene na empirijskom pristupu.

Vrkljan:Tijekom vremena povezali ste Q sustav sa seizmičkim brzinama, modulima deformabilnosti stijenske mase i ulaznim parametrima kod numeričkog modeliranja lokacija za građenje brana. Razvili ste QTBM za primjenu klasifikacije pri strojnoj izgradnji tunela i QSLOPE za procjenu stabilnosti kosina. 

Poznavajući Vašu nevjerojatnu kreativnost, za očekivati je da će se iz „Q-radionice“ pojaviti nešto novo. Možete otkriti što bi to moglo biti?

Barton: Kako sam zabrinut za kompleksnu algebru iza koje se ljudi skrivaju kada koriste dostupne metode GSI/"RocScience" s bibliotekama koje su se prestale koristiti, razmišljao sam o predlaganju alternativnog rješenja, a zaokupljen sam i općom potrebom da se prestaje dodavati "c" i (' tan (. Konvencionalnim modeliranjem kontinuuma sa 'c plus (' tan (' (linearno ili nelinearno) ne dobiva se ništa što bi se barem donekle moglo usporediti s opažanjem popuštanja uslijed naprezanja, pa bi se tako sva "boja" u studenstskim i konzultantskim prilozima koja pokazuje "plastične zone" trebala ispustiti dok se ne usvoji opće poboljšanje metode (degradiranje kohezije i mobiliziranje trenje pri raznim deformacijama). Obećavajuća alternativa temeljena na Q metodi sa degradacijom 'c' (=CC) and mobiliziranjem Φ(=FC) provjerena je mjerenjem deformacija.
Vrkljan: Skoro polovina Hrvatske je pokrivena dinarskim kršem, jedinstvenim fenomenom u svjetskim mjerilima. Nekoliko hrvatskih izraza ušlo je u međunarodnu terminologiju (polje, dolina, uvala). Malo je poznato da se K. Terzaghi počeo zanimati za inženjersku geologiju baš u Hrvatskoj dok je 1909/1910 istraživao krš za potrebe izgradnje hidroelektrane. Terzaghi je 1913. godine objavio teoriju nastanka polja koju su geolozi odbacili da bi par godina kasnije bila opće prihvaćena. Izgleda da im je Terzaghi sa svojih 26 godina izgledao premlad da bi mijenjao njihove teorije. U hrvatskom kršu su izgrađeni brojni cestovni, hidrotehnički i željeznički tuneli.

S obzirom na nepredvidivost krša, možete li dati neka dodatna pojašnjenja za korištenje klasifikacija u zonama izrazitog otapanja karbonatnih stijena?

Barton: Nadao sam se da neću dobiti ovakvo pitanje jer je u biti teško karakterizirati šupljinu ili brojne pore, osim za određivanje raspodjele veličina i raspodjelu poroznosti mase.

Kako šupljine same za sebe nemaju valjane vrijednosti Jn, Jr, Ja ili SRF, već se one očito odlikuju stvarno nultim RQD-om i "beskonačno" niskim Jw-om (ili "beskonačno" visokom propusnošću), očito je da se lako može posumnjati u vjerodostojnost primjene bilo koje standardne klasifikacijske metode kao što su Q ili RMR. Da li se možemo usredotočiti na čvrstoću (ili slabost) vapnenačke rešetke koja je u sadašnjem stanju "neporemećena" i to u kombinaciji s rasporedom šupljina? To bi se možda moglo klasificirati s tim da bi se rezultirajući moduli mogli pretvoriti u frakciju koja odgovara raspodjeli koeficijenta šupljina? Pitanje je baš problematično.

Dok sam nedavno osmatrao niske brežuljke u Grčkoj, postalo mi je jasno zašto vapnenci ne proizvode lako saprolit (materiju nastalu trošenjem u prirodi). Čini se da pukotine, umjesto da se zapune s proizvodima trošenja što bi dovelo do sporog trošenja matrice, zapravo u praksi postaju tako propusne i razlomljene (porast propusnosti od 103 do 106?) da se blokovi matrice "vrlo brzo" odvajaju i kotrljaju nizbrdo, pa tako saprolitsko stanje postaje nemoguće ako su u proces uključeni gradijenti toka vode ili terena. Siguran sam da je ovo sasvim očito ljudima koji žive u Hrvatskoj.

Vrkljan: Prof K. Kovari je 1993 godine na Rabcewiczevom geomehaničkom savjetovanju u Salzburgu, na 30-tu godišnjicu rođenja Nove austrijske tunelske metode (NATM-New Austrian Tunnelling Method), kritizirao koncept NATM. Kako navodi Prof. Gudehus, polemiku koja je nakon toga pokrenuta između Prof. Kovarija i austrijskih eksperata premašila je jedino poznata polemika Terzaghija i Fillungera koja je tragično završila. Čini mi se da je ostala stručna i znanstvena javnost dosta nezainteresirano promatrala ovaj slučaj. 

S obzirom da su principi tunelogradnje, poznati kao NATM, općenito prihvaćeni u tunelogradnji i ne očekujući da se priklonite niti jednoj strani u ovoj polemici, bilo bi interesantno čuti Vaše mišljenje.

Barton: Ne mogu se sada točno sjetiti Kovarijevih argumenata, niti zašto je toliko uznemirio Austrijance - sjećam se samo da je bio pozvani predavač (ja sam godinu dana nakon toga u Salzburgu održao predavanje o NMT-u i sjećam se da su i tada Austrijanci osporavali i kritizirali njegovo mišljenje govoreći "to nije znanstvena metoda" i sl.). Ja sam osobno predložio da se kombiniraju najbolji aspekti NATM-a i NMT-a i pitao sam se zašto je toliko dugo trebalo da se S(fr)* prihvati u Austriji tj. da se napusti S(mr)** koji je dugo vremena bio favoriziran. Mi smo u Norveškoj prestali koristiti S(mr) još prije skoro tri desetljeća. Nedavno sam predložio 4 km NATM-a i i 8 km NMT-a na dvanaest velikih (19 m) tunela s teškim portalnim zonama i dugim zonama saprolita. NMT je bio tamo gdje je vrijednost Q varirala od 5 do 25, tj. uglavnom u granitu izvrsne kakvoće. Podsjetimo se da naša kaverna Gjovik (raspona 62 m) ima S(fr) od 10 cm i sidrenje kao trajnu podgradu, pri čemu Q varira od 2 do 30, RQD od 60 do 90, dok je UCS manji od 100 MPa.

Još jedan aspekt koji bi se mogao popraviti u metodi NATM, osim općenitog usvajanja jedinstvenog procesa S(fr), bio bi i primjena rešetkastih nosača koji se mogu sidriti. RRS rebra od armiranog mlaznog betona koja se koriste u NMT-u, na pr. u slučaju kada je Q < 0,1, sustavno se ugrađuju i puno su bolja od rešetkastih nosača ili čeličnih lukova, koji se oslanjaju na deformaciju stijene i otpor temelja podloge, prije nego što počnu pružati kakav-takav otpor radijalnom opterećenju. Nikada ne koristite sustav Q za projektiranje s rešetkastim nosačima ili čeličnim lukovima - to neće biti uspješno jer su rešetkasti nosači nedovoljno otporni na moguće opterećenje.

* S(fr)      Steel fibre reinforced shotcrete
**S(mr)    Steel mesh reinforced shotcrete

Vrkljan: Svjedoci smo eksplozije informatičkih tehnologija. Ono što je nekada bilo dostupno samo najvećim istraživačkim centrima sada svaki inženjer ima u svojoj torbi. 

Koliko će ovaj eksponencijalni razvoj informatike utjecati na razvoj mehanike stijena s obzirom da još uvijek nismo u stanju pouzdano definirati ulazne parametre u modelima koje posjedujemo ili koje će se tek razviti?

Barton: "Torba svakog inženjera" nažalost ne sadrži baš uvijek pouzdane alate jer se veza između ulaznih podataka i parametara može izgubiti u algebarskim proračunima, a stijenska masa se uglavnom ne ponaša kao kontinuum. Eksponencijalni razvoj informatike smatram dobrim, s tim da je kakvoća najčešće korištenih informacija ponekad upitna. Opasno je preuzimati informacije iz samo jednog izvora jer predrasude subjekta koji pruža informacije onemogućavaju napredak. to je isto kao kada usporedimo odlazak u knjižnicu i kreativno razmatranje problema s pukom primjenom tuđeg mišljenja.

Vrkljan: Pred mehaniku stijena i stijensko inženjerstvo se postavljaju sve veći zahtjevi. Podzemni rudnici su sve dublji, površinski kopovi sve veći, prometni tuneli sve duži, nuklearnog otpada je sve više, potresi su stalna prijetnja osjetljivim građevinama. Gradovi dobivaju tzv. treću dimenziju spuštajući se u podzemlje.

Kako gledate na daljnji razvoj mehanike stijena i stijenskog inženjerstva? Što su prioriteti u bliskoj budućnosti?

Barton: U toku nedavno održane radionici koju je organizirao predavač iz jednog od najvećih poduzeća koje pruža usluge u naftnoj industriji, rečeno je da je geomehanika jako važna ali da se "zapravo uopće nije razvijala u posljednjih 100 godina". U stvari, sudeći i po tome što koriste neodgovarajuće metode, multidisciplinarnim timovima naftnih kompanija očito nije poznato u kojoj se mjeri ovo područje razvilo. Naime, upravo je ove godine uveden novi kriterij čvrstoće stijena koji je bolji od Mohr-Coulomb-ovog i Hoek-Brown-ovog, jer mu je zakrivljenost točnija pa je potreban manji broj troosnih ispitivanja. Osim toga u nekim su područjima pokrenute incijative (kao na pr. u Kanadi, SAD-u, Švedskoj, Norveškoj, Indiji) radi modeliranja posmičnog popuštanja stijenske mase na realniji način, i to bez uključivanja kohezije i trenja, ali sa zasebnim degradiranjem i mobilizacijom. U ovom se segmentu još dosta treba napraviti jer dilatacija, godinama modelirana u sklopu određivanja ponašanja stijenskih pukotina, treba također biti uključen u modeliranje stijenske mase kao varijabla ovisna o naprezanju i deformaciji. Treba također shvatiti da se modul deformacije (i seizmičke brzine) može povećavati s dubinom i to samo zbog naprezanja, a ne samo zbog poboljšanja kakvoće stijene. Treba još dosta toga napraviti u ovoj složenoj problematici, pa će se tu naći i dosta tema za buduće doktorate. Ponašanje pukotina i dalje ostaje, nakon 50 i više godina, ključ za bolje razumijevanje ovog pitanja. Modeliranjem izotropnog kontinuuma i dalje nećemo puno toga saznati, jer će stijenska masa i dalje odbijati suradnju.

Vrkljan: Na kraju ovog razgovora čestitam Vam na svim Vašim postignućima a posebno kao dobitniku 6th Müller Award koju Međunarodno društvo za mehaniku stijena dodjeljuje svake 4 godine u čast i sjećanje na Prof. Leopolda Müllera, osnivača ISRM-a. Zahvaljum na Vašem sudjelovanju na EUROCK 2009 ISRM simpoziju koji je održan 2009 u Dubrovniku čime ste dali snažnu potporu našoj geotehničkoj zajednici te na spremnosti da održite ovaj kratki tečaj. Želim Vam još puno uspjeha u osobnom životu kao i na profesionalnom polju.

Barton: Hvala Vam Ivane na pozitivnom stavu prema našim razvojnim nastojanjima, te na nizu neočekivanih i poticajnih pitanja! Bilo mi je, naravno, veliko zadovoljstvo doći u Zagreb na vaš poziv.
	Dr. Nick Barton was interviewed by Prof. Ivan Vrkljan during Dr. Barton's stay in Croatia from 1 to 6 June 2011.  Dr. Barton came to Zagreb to hold a short course entitled "Rock Engineering for Tunnels (Drill-and-Blast and TBM), Pre-Grouting, Caverns, Dam Abutments, Rock Slopes and Rockfill".  The course was organized by the Croatian Geotechnical Society (CGS) and the event was hosted by the Faculty of Mining, Geology and Petroleum Engineering of the University of Zagreb.  Dr. Barton also gave the 10th Nonveiller Lecture entitled: "Pre-Grouting for Water Control and for Rock Mass Property Improvement".  Nonveiller Lectures are organized by the Croatian Geotechnical Society in honour and memory of professor Ervin Nonveiller.  On the occasion of this lecture, CGS awarded the plaque of recognition to Dr. Barton in deep appreciation of the scientific and professional support given to the Croatian Geotechnical Society.  Ivan Vrkljan is a Full Professor for the Engineering Rock Mechanics at the Faculty of Civil Engineering of the University of Rijeka, and the Head of Geotechnical Laboratory at the Institut IGH in Zagreb.  He is also the Secretary General of the Croatian Geotechnical Society.

Brief information about Nicholas R. BARTON

Dr. Nick Barton was educated at the University of London from 1963 to 1970 and has a B.Sc. degree in civil engineering from King's College, and a Ph.D. degree on rock slope stability from Imperial College.

One of Dr. Barton's principal contributions to rock mechanics is his work related to discontinuities in the rock mass.  In the course of 1972, while he conducted research work at the Norwegian Geotechnical Institute, he developed the peak shear strength criterion for rock joints, which had already been presented in his Ph.D. thesis on Rock Mechanics defended in 1971 at the London's Imperial College.  He introduced a modification of this criterion in 1976 (basic frictional angle was replaced by residual frictional angle (r), and in 1978 (mobilization and degradation of joint roughness JRC with displacement).  He also introduced the Barton-Bandis Model linking deformation, dilation and aperture.  In 1985 the Barton-Bandis model was installed as a subroutine in the Cundall's remarkable UDEC code, in form of UDEC-BB.

Dr. Barton developed the well known Q system for rock classification which is used in the design of support systems, both in tunnels and in large underground caverns.  The Q system is also used for rock mass characterization.  Dr. Barton linked his classification (Q value) with the deformations in tunnels and caverns, and with rock mass deformability modulus.  These relations were improved in 1995 when he found out that the parameter Qc (Q normalised by compressive strength different from 100 MPa) correlates well with seismic velocities and deformability moduli.

In 1999 Barton developed the QTBM method for predicting TBM single-shield and double-shield performance in jointed and faulted rock, and for estimating TBM tunnel rock reinforcement and support needs.

In 1994 and since then he has actively promoted the Norwegian Method of Tunnelling (NMT) with the Q system for support selection, as a viable single-shell alternative for permanent tunnel support in countries outside Norway. This is an alternative to double-shell methods including inter alia the New Austrian Tunnelling Method (NATM), at least when rock mass conditions are ‘normal’ (poor, fair, good etc).

His academic activities include the posts of Adjunct Professor, Dept. of Mining, University of Utah (1983-1984); Adjunct Professor, Dept. of Rock Mechanics, University of Lulea (1985-1989); Visiting Professor, Sao Paulo University (1997-2001).

Dr. Barton has 40 years of working experience on various rock engineering projects mostly in the field of civil engineering.  He has consulted on projects in 34 countries.

He has seven international awards including the 8th Laurits Bjerum Memorial Lecture in Oslo, 1985, and the 4th Manuel Rocha Memorial Lecture in Lisbon, 1987.  In 2004, he was awarded the honorary degree as Doctor Honoris Causea by the University of Cordoba, Argentina.  He was the coordinator of the ISRM Working Group (Suggested methods for quantitative description of discontinuities in rock masses (1974-1980).

He has published 260 papers and two textbooks: „TBM Tunnelling in Jointed and Faulted Rock", 2000 (Balkema) and "Rock Quality, Seismic Velocity, Attenuation and Anisotropy", 2006 (Taylor and Francis).

Since 2001 he has had his own international rock engineering consultancy, registered as Nick Barton & Associates in Oslo, and also has an office in Sao Paulo.

Recently Dr. Barton was selected for the 6th Müller Award of ISRM.  This award honours the memory of Professor Leopold Müller, the founder of the ISRM (International Society of Rock Mechanics) and is bestowed in recognition of distinguished contributions to the profession of rock mechanics and rock engineering.  Dr. Barton is the sixth recipient of the Award that is made every four years.  Dr. Barton was selected during the ISRM Council Meeting in New Delhi in October 2010 and will receive the award and deliver the Müller lecture at the 12th ISRM Congress to be held in Beijing in October 2011.
Vrkljan: Even before you turned 30, you developed the Q system that is now used all over the world for the description of rock masses and for the design of support systems for tunnels and large caverns.  Even earlier, you defined in your doctoral thesis the empirical criterion for the strength of discontinuities.

How is it possible that you have conceived, already in your student days, the ideas that have resulted in methods that are nowadays widely accepted in the international professional community?  What message could you pass on to our young colleagues, how to make a good start?

Barton: For sure I have had some fortunate opportunities and fateful parental guidance in teenage and later years, which eventually focussed around my much admired and quiet-spoken civil engineering and soil mechanics professor Kevin Nash at King’s College, the late ISSMFE general secretary in Dr. Bjerrum’s time as President. Prof. Nash persuaded me to apply to King’s College (after I had failed to enter Oxford University with no Latin O-level, and modest silence about being a fast runner). He also dissuaded me later from leaving mid-degree for a distance-running training-camp year in Australia, and he introduced me to Laurits Bjerrum who was visiting London (“why don’t you come to NGI”?). Most crucially Nash interested me in a new rock slope stability project at Imperial College, where Peter Cundall of later UDEC/3DEC/FLAC/PFC fame, and John Sharp and David Pentz became my best friends during our Ph.D studies, each one full of enthusiasm about our common rock slope projects. So I joined a creative group and contributions inevitably followed, all related with the importance of rock joints. So by a hair’s breadth I did not go into soil mechanics, thanks actually to my soil mechanics professor (Was he clairvoyant?).
A year later Evert Hoek joined our IC/RSM group next to Hyde Park, and became a valued advisor and professor and research-funds acquirer through RTZ. My subsequent ideal surroundings were in Norway (rock–and-joints are everywhere), where we went as a young family ‘for one year’ (this has stretched to 40 years). Research funds from the Norwegian State Power Board (Statkraft) and hydropower projects and challenging questions were in good supply (“how much air will leak out of in-mountain unlined 7 MPa compressed air surge chambers” was my first challenge, followed by “why are there such differences in the deformations recorded in Norwegian hydropower caverns”?). The latter took >6 months to answer – the ‘Q-system’ development was needed first. I was surrounded by excellent colleagues at NGI, and was taken on field visits with older colleagues like Reidar Lien, ‘doubling the cost’ that later payed off with our 1974 publication and its results.

How to make a good start as a young engineer or scientist? Seek an active university group and one that has a reputation for doing research in a country with challenging projects. Be sufficiently obstinate to follow your beliefs, and question the status-quo...easier 40 years ago...but there are many improvements needed in rock mechanics also today. Some have even occurred in 2011.

Vrkljan: In 1960s, leaders of the International Conference on Soil Mechanics considered that the rock mechanics should be developed in the scope of the soil mechanics, as one of its disciplines.  This point of view was clearly expressed by Bjerum who was speaking on behalf of Casagrande (President of the International Conference on Soil Mechanics) at the annual congress of the Austrian Society for Rock Mechanics in Salzburg in 1962.  It is known that the effect was quite the opposite and the International Society for Rock Mechanics was founded at that time.  I am not quite sure that things have much changed in the meantime.  This has been reflected in the change of name from International Society for Soil Mechanics and Foundation Engineering (ISSMFE) into the International Society for Soil Mechanics and Geotechnical Engineering (ISSMGE) in 1997, and in the initiative launched by the present-day president of ISSMGE Prof. Jean-Louis BRIAUD to change the society's name once again to International Society for Geotechnical Engineering (ISGE).  The establishment of FedIGS (Federation of the International Geo-engineering Societies) has been an attempt to reduce these differences but it remains to be seen if that attempt will prove successful.

How do you look at the relationship between these two disciplines (it is implied here that the soil mechanics and rock mechanics also include geotechnical engineering in soil and rock) and the most difficult geotechnical problems actually lie in the boundary area in which these two disciplines overlap, i.e. in the zone between soft rocks and hard soils? 

Barton: I know that the journal ‘Geotechnique’ is mostly soil related, but the discipline name ‘Geotechnical Engineering’ actually covers a lot of the work performed in rock engineering, and as I presume we would not be suitable as members of ‘ISGE’, then it is not correct for them to ‘take over’ this discipline name. ‘Geo’ implies a geological origin, and the time scale for soil and sand deposits would be somewhere in ‘the last fraction of a second before midnight’ in relation to the multi-billion-years time scale of the much more variable medium tackled by rock engineers. So keep ‘geo’ for the larger time scale, and for everybody else.

As for ‘the most difficult geotechnical problems’, I would suggest that it is not only construction in saprolite that is difficult. In rock mechanics we have been mislead into assuming we can add ‘c’ and σ’ tan φ, following the soil mechanics lead for so long. In fact it should be ‘c’ then σ’ tan φ. Mohr-Coulomb and Hoek-Brown do not describe the shear strength of rock masses anywhere close.

Vrkljan: Engineering geology, which is one of foundations of geotechnical engineering, is not always on good terms with soil mechanics and rock mechanics. It is known that Karl Terzaghi, as the father of soil mechanics, and Leopold Müller, as the father of rock mechanics, both considered themselves as professional engineering geologists. Terzaghi has left us with an incomplete book on engineering geology. Nevertheless, even their extremely positive attitude towards the engineering geology could not quench or appease the possible ambiguity and reservation that has been apparent between the three disciplines for a long period of time. 
In your opinion, what is the current role of engineering geology in geotechnical engineering? How should it be developed in the future in order to assist, to a greater extent, in the resolution of increasingly complex geotechnical problems?

Barton: I think the role of engineering geology is very important, both in soil and rock engineering. There is incidentally an excellent ‘new’ book (now in English) with the title ‘Geological Engineering’ by Spanish authors from universities in Madrid, principally authors Dr. Vallejo and Dr. Ferrer. It is comprehensive, very well illustrated, and I would judge it to become a milestone publication for engineering geology, with a lot of useful soil and rock mechanics too. Engineering geology is part rock engineering, part soil engineering, part geology, part hydro-geology: indeed a challenging and very broad discipline.

Vrkljan: In your comprehensive monograph from 2006 "Rock Quality, Seismic Velocity, Attenuation and Anisotropy", you have dedicated a lot of space to geophysical methods. Much is currently expected from geophysical methods as they are fairly inexpensive when compared to traditional testing and investigation methods. They have been proven efficient during rock testing in laboratory and for deep testing during investigation of oil and gas deposits. In this area, Croatian seismologist Andrija Mohorovičić discovered the boundary between the Earth's crust and mantle while analyzing the sudden increase in the velocity of waves caused by earthquake, and this phenomenon has been named after him (Moho and Morovičić discontinuity). However, in the sphere of engineering projects, geophysical methods have not as yet fulfilled expectations of geologists and geotechnical engineers.

How do you think these methods will be developing in the future, and what are the chances that geophysics will achieve in geology and geotechnical engineering the results it is currently achieving in medicine?

Barton: I believe that your partly negative opinion about geophysical methods ‘not as yet fulfilling expectations’ might be related with the geophysical difficulties in karstic regions, which I believe is an area you have particular experience of in Croatia. I believe that ‘across the board’ geophysics has been a great help in hydropower projects (dam foundations, tunnels etc.) around the world, already for 40-50 years (considering refraction seismic and simple cross-hole measurements). The use of cross-hole seismic tomography for the last 25 years has added an additional element of realism. The abilities to link velocity to rock mass quality (and attenuation to deformation modulus) are important in many projects. Some tunnel seismic methods also seem to be of help.

Vrkljan: In his keynote lecture given in 1982 at the 23rd US Symposium on Rock Mechanics, Croatian scientist professor Branko Ladanyi emphasized that one of the main problems in rock mechanics lies in the impossibility to directly measure basic rock mass properties because of the scale factor limitations (scale effects), and time and financing constraints. Although various field and laboratory test methods have been developed in the meantime, these limitations are still present.

What is in your opinion about the role of field and laboratory testing in the definition of mechanical properties of rock mass? Especially in the light of the fact that, regardless of the increase in the scope of testing, it will always be too restricted when compared to the volume of rock mass influenced by geotechnical structures.

Barton: Since borehole testing and in situ larger-scale testing in exploratory adits will always, as you say, be restricted in relation to the actual volume of the rock mass influenced by large structures like concrete arch dams, then the interpolating ability of seismic measurements to ‘span’ between testing locations and testing results (from boreholes, adits, plate-load tests etc) advertises itself as a possible means of ‘averaging’ and larger-scale measurement.

Vrkljan: Your Q system and Bieniawski's RMR system have been developed primarily for the tunnelling work and other underground construction. Modifications of these classifications, to enable assessment of slope stability, have also been published (SRM-Romana; QSLOPE).

What are the chances that classification systems for estimating slope stability will become as efficient as are the classifications used in tunnelling? Or maybe an another approach should be developed?

Barton: Classification systems, such as the slightly modified Q-method called Q slope, can be useful for estimating the safe slope angles of unreinforced rock slopes. Substitution of a limit equilibrium or other stability calculation by a classification method, in order to estimate slope-support requirements, seems less likely to be acceptable than it is in the case of tunnels.

Vrkljan: If we disregard earlier classifications (Terzaghi, Lauffer, Deere et al, Pacher et al), the following classifications have mostly been used since 1973: Q (Barton), RMR (Bieniawski), and the GSI system (Hoek). The RMi classifications (Palmstrom) is also worth mentioning. Classifications are often used (especially GSI system for those planning to perform standard numerical modelling) for the site rock mass characterization (rock mass properties determination). After the GeoEng2000 workshop held in Melbourne in 2000, you have had a brief polemic with the discussion leaders (A. Palmstrom, D. Milne and W. Peck) about the role of water and stress in rock mass characterization.

Now, ten years later, do you have anything to add about this issue?

Barton: My concern remains to actively include stress and water rather than ‘externalise’ them when classifying/characterizing. Of more concern to me these days is the absurdity of the algebraic equations linked to GSI (which is only RMR (minus 5?) anyway. I do not believe, nor ever will believe, that one can look at a picture and ‘classify’ a rock mass. The childrens-method of diagram recognition is entirely innapriopriate to the challenges of describing the anisotropic water-bearing medium that we call rock masses. It is time to question this wide-spread method, and the absurdly complex algebra ‘links’ to parameters, that are not actually empirically based.
Vrkljan: Over time you have linked the Q system with seismic velocities, rock mass deformability moduli and input parameters for numerical modelling of dam construction sites. You have developed QTBM for the use of classification during machine-based excavation of tunnels, and the QSLOPE for the slope stability estimation.

Highly aware of your incredible creativity, we may expect that something new will come out of the "Q-workshop". Can you reveal at this time what that novelty might be?

Barton: Because of my concern about the complex algebra that people are isolating themselves behind when using the downloadable, cease-to-use-libraries GSI/’RocScience’ methods, I have been concerned about suggesting an alternative, and also am concerned about a widespread need to cease adding ‘c’ and σ’ tan φ. Conventional continuum modelling with ‘c plus σ’ tan φ’ (linear or non-linear) does not give anything approaching a good enough match to observation of stress-induced failure, so all the ‘colour’ in consultants and students appendices showing ‘plastic zones’ are actually better omitted, until a general improvement of method is adopted (degrade cohesion and mobilize friction at different strains). An alternative Q-based method, with degradation of 'c' (=CC) and mobilization of Φ(=FC) has been tested recently with links to meassured deformation, that shows promise.
Vrkljan: Almost one half of Croatian territory is covered with Dinaric karst, a unique phenomenon on an international scale. Some Croatian terms have actually been adopted in international terminology (polje, dolina, uvala). Not many people know that K. Terzaghi started to get interested in engineering geology precisely in Croatia while he was studying karst in 1909/1910 for a hydropower plant construction. In 1913, Terzaghi published his theory on the formation of poljes which was rejected by geologists, only to become widely accepted just a few years later. It seems that Terzaghi, who was at that time no more than 26 years old, looked too young to change their theories. Numerous road, hydropower and railway tunnels have been built in Croatian karst.

Considering the unpredictability of karst, could you give us some additional explanations for the use of the classification in zones of intense dissolution of carbonate rocks?

Barton: I was hoping not to get such a question as it is fundamentally difficult to characterise a void or numerous voids, except to give a size distribution and a mass-porosity distribution. Since the voids themselves have no valid values of Jn, Jr, Ja or SRF, but obviously have effectively zero RQD and ‘infinitely’ low Jw (or ‘infinitely’ high permeability), any use of standard classification methods like Q or RMR are inevitably suspect. Can one concentrate on the strength (or weakness) of the limestone lattice-work that presently remains ‘intact’, in combination with the void distributions? That presumably could be classified, and the resulting moduli converted into a fraction corresponding to the void ratio distribution? Definitely problematic.

While observing small slopes in limestones in Greece recently, it became obvious why limestones do not readily produce ‘saprolitic’ (in situ weathered fabric). It seems that the joints, instead of getting clogged with weathering products allowing slow weathering of the matrix, in practice become so permeable and gapped ( 103 to 106 increase in permeability?) that ‘very soon’ the matrix blocks become detached and role downhill, so a saprolitic condition is impossible if there are gradients of water flow or terrain involved. Obvious to those living in Croatia for sure.

Vrkljan: At the Rabcewicz-Geomechanical Colloquium held in Salzburg in 1993, on the occasion on the thirtieth anniversary of the birth of the New Austrian Tunnelling Method, professor K. Kovari criticized the NATM concept. According to Prof. Gudehus, the polemic that was started between Prof. Kovari and Austrian experts was exceeded only by the well know polemic between Terzaghi and Fillunger, which ended quite tragically. It seems that the remaining scientific and professional community observed this event without too much interest.

As the principles of tunnelling, known as NATM, are generally accepted in tunnelling, and not expecting you to back any of the sides in this polemic, it would be quite interesting to hear your opinion about the matter.

Barton: I do not recall the specific arguments of Kovari, or why he upset the Austrians so much – except that he was an invited keynote lecturer. (I was present in Salzburg the following year with an ‘NMT’ lecture, and registered the Austrian’s continued frustration with his opinions and strong critique....”not a scientific method” etc). I have personally recommended combining the best aspects of NATM and those of NMT, and wondered in publications why S(fr) has taken so long to be accepted in Austria in relation to the long-preferred S(mr). In Norway we ceased to use S(mr) nearly 30 years ago. Recently I recommended 4 km of NATM and 8 km of NMT at twelve large (19m) tunnels with difficult portal areas and long zones of saprolite. The NMT was where Q was from 5 to 25 in excellent granites in general. Remember that our 62 m span Gjovik Cavern has 10 cm S(fr) and bolting as permanent support, with Q from 2 to 30, RQD from 60 to 90, and UCS below 100 MPa.
One other aspect that could be improved in NATM, besides more generally adopting single-process S(fr), would be the use of boltable lattice girders. The RRS ribs of reinforced shotcrete used in NMT, e.g. when Q < 0.1, are systematically bolted and far superior to lattice girders or steel sets, which rely on rock deformation and footing foundation resistance before they start to feebly resist radial loads. Never use the Q-system for design with lattice girders or steel arches – it will not work, as the lattice girders are too poor in resisting loading.

Vrkljan: We are presently witnessing a veritable explosion of computer-based technologies. What used to be accessible, just a few decades ago, to the largest research centres only, can now be found in the bag of every engineer.

To what extent will this exponential development of information science influence development of rock mechanics, especially as we know that we are still not able to precisely define input parameters in the models we already have or in models that are now being developed?

Barton: The ‘bag of every engineer’ unfortunately may not contain very reliable tools, as the input data connection to parameters may be concealed behind algebra, and the rock mass does not generally behave as a continuum. The exponential development of information is good, but the quality of the most used information may be of mixed quality. It is dangerous to ‘download’ from one source, as the bias of the provider prevents advances being made in understanding, as when undertaking visits to libraries and performing original thinking, instead of using someone else’s thinking.

Vrkljan: Demands placed on rock mechanics are becoming more and more complex. Underground mines are getting increasingly deeper, the size of surface excavations is also increasing, transport tunnels are becoming longer, the quantity of nuclear waste is increasing, and earthquakes are the constant threat to sensitive structures. Cities are gaining a third dimension by penetrating into the underground space.

How do you see further development of rock mechanics and rock engineering? What are the priorities in the near future?

Barton: In a recent workshop provided by a lecturer from one of the largest service companies working in the petroleum industry, it was stated that geomechanics is very important but that it has “not really developed in 100 years”. In fact there are important developments that multi-discipline oil company teams seem to be missing, judging by their use of incorrect methods too, and right this year there is a new strength criterion for rock that out-performs Mohr-Coulomb and Hoek-Brown, following a more correct curvature, so less triaxial tests are required. There are also important moves in some quarters (Canada, USA, Sweden, Norway, India, among others) to start to model the shear failure of rock masses in a more realistic way, by not adding cohesion and friction, but degrading and mobilizing separately. Here there is much work to be done, as dilation, modelled for years in rock joint behaviour, needs also to be a stress-dependent and strain-dependent part of rock mass modelling. There is also the need to understand that deformation modulus (and seismic velocity) may increase with depth due to stress effects alone, not just due to rock quality improvements. There is a long way to go in our complex subject, so plenty of future Ph.D. topics. Joint behaviour remains, after 50 years or more, as a key to better understanding. Isotropic continuum modelling will continue to teach us very little, as the rock mass will continue to not cooperate.

Vrkljan: At the end of this conversation, I wish to congratulate you on all your achievements and especially on the 6th Müller award which is bestowed every four years by the International Society for Rock Mechanics in the honour and memory of Prof. Leopold Müller, the founder of ISRM. Thank you very much for having participated in the EUROCK 2009 ISRM symposium in Dubrovnik, through which you have provided a great impetus and support to our geotechnical community. Thank you also for your readiness to hold this short course. Finally, I wish you a lot of success in personal life and in all your professional endeavours.

Barton: Thank you Ivan for your positive attitude to my developments, and for a range of unexpected and challenging questions! It was (of course) a great pleasure to be invited to Zagreb.


