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PREFACE

This report contains the r esu l ts  of an investigation by Prof 2. 1.

Bie niawski of Pennsy lvania State Un iversity, University Pa rk , Pa. Funds

fo r th is study we re p r ov ided i -i ’ the U. S. Army Engineer Waterways Exper t —

ment Station (WES) under Purchase Order DACW39—78—M—331,4.

The study was performed in FY 78 under the direction of Dr. 1). C.

Banks, Chief , Engineering Geology and Rock Mechanics Division (EG&RMD) ,

Geotechnical Laboratory (CL), and Messrs. J. P. Sale and R. C. Ah ivin ,

Chief and Assistant Chief , respectively, CL. The contract was monitored

by Mr. J. S. Huie, Chief , Rock Mechanics Branch (RMB), EG&RMD. Mr. C. A.

Nicholson , RNB , assisted with the geological data collection and inter-

pretation for the case history study of the Park River Tunnel.

The Commanders and Di rec tors  of the WES during this study and

preparation of this report were COL J. L. Cannon , CE, and COL N. P.

Conover , CE. The Technical Director was Mr. F. R. Brown.
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CONVERSION FACTORS , U. S. CUSTOMARY TO METRIC (SI)
UNITS OF MEA SURF~IEN T

U. S. customary un i t s  of measurement used in t h i s  rep ort  can be con-
verted to met r ic  (SI)  u n i t s  as fo l lows :

M u l t i p ly By To O b t a i n

feet 0.3048 metres

gallons per minute 3.785412 cubic decimetres per minute

inches 25.4 millimetres

kips (force) per square 47.88026 kilopascals
foot

miles (U. S. statute) 1.609344 kilometres

pounds (force) 4.448.~~2 newtons

pounds (force) per square 6.894757 kilopascals
inch

pounds ( t o r c e ’)  p er square 4 7 .880 26 pa scals
foot

pounds (mass) per cubic 16.01846 kIlograms per cubic metre
foot

square t oo t  0.09290304 square’ metres

t
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TUNNEL DESI GN bY ROCK MASS CLA SS I F I CAT I ONS

“The o r ig in  of the science of c l a s st f i c at  ton goes back I :

to the w r i t  ings of the anc t en t  Greeks ;  however , the
process of c l a s s i f i c a t i o n  — the  recogni t ion  of
s i m i la r i t i e s  and the group ing of ob jec t s  based thereon
— dates  to p r i m i t i v e  man. ”

P r o f .  Robert  K . Socal — P r e s i d e n t  t a t
Address  to  t he  U. S. C l a s s i f i c a t i o n

- Society (Chicago , l 9U ) ,

PART I: INTR ODUC’rIO N

I .  The desi gn of t u n n e l s  in rock c u r r e n t ly  u t i l i z e s  t h r e e  m a in

approaches:  a n a l y t i ca l , o b s e r vat i o n a l , and emp i r i c a l .  In v iew of the

very complex  n a t u r e  of rock masses and the d i f f i c u l t i e s  encoun te r ed  w i t h

t h e i r  c h a r a c t e r iz at i o n , the  a n a ly t i c a l  appr oach is the leas t  used In  the

p resen t  eng inee r ing  p r a c t i c e .  The reason f o r  i t  does not l i e  in the

anal y t i c a l  techniques  themselves , s ince some have been developed to a

hi gh degree of soph i s t i c a t i o n, but  in the i n a b i l i t y  to f u r n i s h  the ’
ut ’cess iry  input  data  ,is the  ground c o n dit i o n s  are r a r e ly  ad e q u at i ’lv

exp lo red .  C o n s e q u e n t l y ,  such anal  y t  ical  t echn i ques as the  f i n i t e ’ e lem e n t

method , the boundary element method , closed form mathematical solutions ,

phot oe’ la s t i c i t y  or analogue s imula t ion  are onl y u s e f u l  f o r  assess ing the

i n f l u e n c e  of the various paramete rs  or processes (but  one at a t ime) and

f o r  comparing a l t e r n a t i v e  desi gn schemes; they are the methods  of the

f u t u r e  not as yet acceptab le  as the p r a c t i c a l  eng ineer ing means for  the

design of roc k t u n n e l s ,

2. The observa t ional  approach , of which the New A u s t r i a n  ‘Fu n-

ne l i ng  Method is the best examp le , is based on observat ions  and mon i-

tor ing  of tunne l  behavior d u r i n g  c o n s t r u c t i o n  and se’l e c t i n g  or m o d i f y i n g

the support  as the project  proceeds. This represents  e s s e n t i a l ly  a

“bui ld as you go” ph i losoph y since the support  is a d j u s t e d  d u r i n g  con—

s t r u c t i o n  to meet the changes in ground c o n d i t i o n s .  This .ii’proach is

never the less  based on ~i sound premise that a flexib le ’ tunne l l i n ing ,

I’.

- 
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utilizing the inherent abil ity of the rock to support itself , is pret—

erab le  to a r i g i d  one . In p r a c t i c e , a combination of rockholts and

sh o tcr et e  is used to p reven t  excess ive  loosen ing  in the  rock mass bu t

at  lowing it to deform s u f f i c  t e n t l y  to develop  a r c h i n g  and so i f — s u p p o r t

c h a r a c t e r i s t i c s .  The prob l em w i t h  t h i s  approach  is , however , t h a t  i t

r e q u i r es  special  c o n t r a c t u a l  provis ions : these  may be s u i t a b l e  f u r  t he

European practice for which they were evolved over many years  of t r i a l

and error , but are not easily adaptable to the established V . S. con-

tracting procedures.

3. The emp i r i c a l  approach r e l a t e s  the exper ience  encountered at

previous projects to the conditions anticip ated at a proposed site. It

an ~iipi r i c a i  design is backed by a systematic approach to  ground c las s i -

f i ca t ion , it can effectively utilize the  valuable p r a c t i c a l  e x p e r ie nc e

gained at many p r o j e c t s , which  is so hel p f u l  t o  e x er c i s i n g  one ’s eng i—

neer ing  jud gment .  This Is p a r t i c u l a r l y  i m p o r t a n t  s ince , to quote  a

recent paper :  “A good eng inee r ing  desi gn is a ba l anced  desi gn in wh ich  P
a l l  the f ac to r s  wh ich in te rac t , even those which cannot he q u a n t i f i e d ,

are t aken  i n to  ac c o u n t ;  the r e s p o n s i b i l i ty  of the desi gn engineers  is

not to compute ’ a c c u r a t e l y but  to judge s o u n d ly . ”

4. Rock mass c l a s s i f i c a t i o n s, which thus  fo rm the backbone of the

emp i r i c a l  design approach , ar t ’ w i d e l y  emp loyed in rock t u n n e l i n g  and

most of the t u n n e l s  c o n s t r u c t e d  a t  present  in the U n i t e d  S t a t e’s make use

of some c l a s s i f i c a t i o n  sys tem.  The most e x t e n s i v e l y  used and the best

known of these Is the Terzag hi  c l a s s i t i c a t i o n  w h i c h  was in t roduced  over

30 yea rs ago .

S . In f ac t , rock mass c l a s s i f i c a t i o n s  have been s u c c e s s f u l ly

app lied throughout the world: In the United States , 
6 Canada , ’ 8

9—12 13— 18 17 18Western Europe , South Africa , Austr alia , New ~‘~ealand ,

Japan ,’9 USSR ,
20 and in some East European countries .~~ ’ Some classi-

fication systems were applied not onl y to tunneling hu t  also to rock
‘4 25 * 16foundations , ‘ rock slopes, ‘ and even m i n i n g  problems .

* Personal c ommunica t i on  w i t h  K. V. John , 1978.
II

6
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u . Vhe t 1ur ~ osc of t h i s  r e p o r t  is  t o  e’v - t l u a t e  t u n n e l  desi gn
.*~ t ices w i t h  respec t to rock mass c l a s s i t  h -at  ion sy s t e ms  and p a r t  L- —

u l  a r l v  those  w h i ch  have  been in t rod IR ’ eli in th e ’ rec cii  t y e ar s , hav e  been -

t r  ted out  on a Ia go number  ot t u n n e l i n g  p r o j ec t s , and have o f f e r e d  a
pr ic t  t~~- a i  and a c o e p t ~ih1e  at t t ’riiat tve t o  t h ~’ c l a s s ic a l  Te’r z aghi  e’ l a s —
S t  t i c at  t on of ~~~~~~
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PAR l’ 11: CLASSIFICATION SYSTEMS IN ROC K E N G I N E E R I N G

7. A statement made in 1972 durIng the First Rap id Excava t ion and

Tunneling Conference
5 

is still appropriate for summarizing the present

s t a t e  of t u n n e l i n g  t echno logy :

“Predicting support requirements for tunnels has, f o r
many y e ’j r s , been based on o b s e r v a t i o n , exper ience  and
pe r sona l  j u d gment  of those  invo lved  In t u n n e l  con-
struction. Barring an unforseen breakthrough in
geophysic al technIques for making tunnel sites inves—
tigations , the prediction of support requirements for

u t u r e  t u n n e l s  w i l l  r e q u i r e  the same approach . ”

Rock mass c l a s s i f i c a t i o n s  can , if f u l f i l l i n g  cer tain cond it ions, eff ec t-
ively combine the findings from observation , exper i ence , and eng ineering

judgment t o r  providing a quantitative assessment of rock mass conditions.

8. A rock mass classification has the  following purposes in a

tunneling app lication :

a. Divide a particular rock mass into groups of similar
behav ior.

b. Pr ovide a bas is for  unders tand ing the char act eris tics of
each group.

~~. Facilitate the p lanning  and the desi gn of excava t ions in
rock by yielding quantitative data required for the solu—
tion of real eng ineering prob lems.

d. Provide a common basis for effective communication among
all persons concerned with a tunneling project.

9. These aims can be fulfilled by ensuring that a classification

system has the following attributes:

a. Simp le , ca~~i ly  remembered , and understandable.

b. Each term clear and the terminology used widely accept-
able.

c. Only the most sig n i f i c a n t proper ties of rock masses
included.

d. Based on measurable  parame ters tha t can be de term ined by
relevan t tests quickly and cheaply in the field. - ‘

e. Based on a rating system that can weigh the rela t ive
Importance of the classification parameters.

t .  Func tional by providing quan titat ive data for the design
of tunnel support.

8
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~~. General enough so that the same rock mass will possess
the same basic classification regardless whether it is
being used for  a tunnel , a slope , or a foundation .

10. To date many rock mass classification systems have been pro-

posed , the better known of these being the classifications by Terzaghi

( 1946) ,
2 

Lauff er ( 1958) ,~ Deere (l964),~ Wickhain, Tiedemann , and Skinner
( l 972) ,~ Bieniawski (1973),

13 
and Barton, Lien , and Lunde (1974).

12

These classifica tion systems will be discussed in detail while other

classifica tions can be found in the references.

11. The six classifications named above were selected for de—

taLled discussion because of their special features and contributions to

the subject matter. Thus, the classical rock load classification of
2 r

Terzag hi , the first practical classification system introduced , has

been dominant in the United States for over 30 years and has proved very

successful for tunneling with steel supports. Lauffer ’s classificat ion9
26

based on work of Stini was a considerable step forward in the art of

tunneling since it introduced the concept of the stand—up time of the

active span in a tunnel that is most relevant for determination of the

type and the amount of tunnel support. Deere ’s classification
3 

intro—

duced the rock qual ity des ignation (RQD) index , which is a simple and
prac tical method of describing the quality of rock core from borings.

The concept of rock structure rating (RSR), developed in the Uni ted
States by Wickham, Tiedemann , and Skinner ,5’6 was the f i r s t system

assigning classification ratings for weighing the relative importance of

classification parameters. The Geomechanics Classification proposed by

Bieniawski’3 and the Q—Syste.m proposed by Barton , Lien , and Lunde’2 were
developed independently (in 1973 and 1974, respec t ively) , and bo th these
classifications provide quantitative data enabling the selection of

modern tunnel reinforcement measures such as rockbolts and shotcrete.

The Q.-System has been developed specifically fOr tunnels , while the
Geomechanics Classification , although also initially developed for

tunnels , has been app lied to rock slopes and foundations, ground rip—

pability assessment , as well as to mining problems.
23

9
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12 . Some compar isons  have’ been made he twe ’en the ’ va i I otis c 1,is ~~ I—
17 18 ‘1 ‘7 28 ‘~~I i cat  ion systems.  ‘ ‘ ‘ ‘ — ‘ ‘ One dot a 11 ed ceimpa r ( son ~‘ i  s niacle’ l iv

the  a u t h o r  d u r i n g  the ’  cons t ruc t ion cit a r a t  1 road t u n n e l  , wh i c - l i  was

18 I t * wide and 2 • 4 mile ’s  long. Tb ts tunnel was c’ hai  a c t  ci I zed b y h (gb 1 y

v a r i a b l e  rock cond i t ion s——from very  poor to vet  y good . Lu add! t ton , a

c ) UO — Vt ’,i r tunnel—monit oring progr am I ca t  ur  i iig iti iiieasu F lug s t , i  t ions

enabled cor r e l a t  ton between the c’ l as,s I t  lest ion rat tugs u t  roc k coud I t  tons

w i t h  the’ amount of rock movement , the rate ot I ace . I u i V, l I k ’  c , and the

support used • This projec t thus at forded an ideal oppor t u t i  i t - v  f o r

comparison of tlit. ’ var ious  classif ication sy stems.  The’ results i i i  t h i s

comp’~ri son are g iven in ‘Fable ’ 1.

13 , It is w id e ly  bel t eyed tim t the lie’s igim of undo ground c•xc~ v, t—

t ions Is, to a larg e ’ ex t e n t , the  design ot underground  support vst ems •

This means tha t since’ rock mass class i t  ( c a t  ions are’ used as tunnel

desi gn meth ods , they mu st  be’ oval oat ed w i t  ii re’s ~it’c’ t to t he’ gci idol Inc’s

that they provide fo r  the  Sc ’ icc t ton of t u n ne l  s u p p o r t .  In this cc’nnec—

t ton , however , it  must  be remembered tha t t u i m n & ’l support may hi’ t - i’g,i r d t ’d

-is the pi- [m a ry  s u p p o r t  (o therw i se ’  known as the tenmporarv s u p p o r t ’)  or the’

pe ’rmane’nt suppor t  ( u s u a l ly  cone rote ’ lining). Primary supper t (e .g.

r e i c k h c i l  t s  • sh ot c  rote , or s teel  r i b s )  I s  i n v a r i a b ly  In s t i l  led c leise ’l v t t i

Lie tunnel ace’ sheir t ly  a t  t or t I i~’ C’ XC av , i  t Ion is c omp let  ~ ct • Its pci rpose

i s t o  t u s h  re ’ tunnel stab li t  tv mint  11 the ’ colic r e ’ t o  t i n  tug  is  I n s t a l l  t ’d .

14. It should  not he o v e r t  ooked t hat  the ’ p m - I m a c v  sup pci rI imma V

p r o b a b l y  he’ ,mb to  to carry all the’ I cad ever .ic t lu g  on t h e ’ t e in n e ’ 1 . A l t o  r

a l l  , modern supports do not deter b r ,, to t’a s l i v  ., mi d the t rae1 it I e i i i . i  1

~ one’t’p t of t he ’ t e’mnp o r a ry  and po r Inane’n t scippor t is I cis lu g  Its me.mii lug.

In stime Eu r o pe an  c o u n t  r it’s, I or e’x amp 1 o , Acts t c - I . , , Gt’ rucanv , Sweden , and

No rw ay  , u n I v  ofle’ k in d  c i t  Supt ie) r t is tmdt ’  rut cod , gene ’ r,i liv a comb I nat I tin

et roe khol ts .ini] sho Ic re ’ t e’ , and C omic r ot e ’  t i n  t ugs ,t i t ’  c o i l s  i der e ’d unuc ’c’—

0 SS. (  I Y  I I tunnel  m o n i t o r  l ug  shows st  , ,h i  i i i  ia I t  t in ot rcic k fl%eiV(9fle ’li I s .  Tb is

* A t alit 0 c i i  I .ic t ors I or Conve’ i I tug ii . S. o t i s  t eui i , % I V t in  i t  S C i t  i i i t ’ a S C i  i t ’—

mont  to me’ t r Ic (SI ) u n i t s  is p r t ’ s, ’i i  t ~ui t in ~i . m g e ’ 4 .

10 ft
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is the case I h r  ii i ghway and r a i l  rose! t cinni ’  is , w h i t e  wa t i ’m  tuni c”  I s may

f eat u r e  ceine ’ F e Ic l in i ngs , net for s t ri me t o  ra I s t a h l  l i t  V r,’:lstins hu t  t o

reduce so r f s c e  i i  Ic l i on  and to p r ev ent  w at e r  I eak :ige In t ci t h e  I et ’ k

I ‘i . c c i m s t ’q i i t ’nt  lv , the  cisc’ t if  t he  ccine’cpt ol the  p m m ar y  ant i  i i i , ’

p enuant ’nt  s u p p o r t s  may w e l l  lead to tmvt’rdc’s I gn of t cm iii ’ 1 .s t i met ’ t h e

so— cal l  eli pr lina c-v suppor t  may he a I t  t ha t  Is ,cct ’easa i v  and 1 he e t ine ’ I- i ’ t I’

t i n  lug o n ly  serves its aim e’xperms [Vt ’ cosme I Ic I va to to at ’ I l u g  psych o l og-

i c a l ly  to h o l s t e r  p u b l i c  cocc i ide’nce In the  sa( c ’t v  ol the  t u n n e l .  The

tin l v  Jet s t if  lest [cii i I cr  p h  ac lug e’Oilc ’ r et t ’  I i  f l  I uig may hi’ th~ t siice ’i’ the

c u r r e n t  knowled ge ct rce’k twine’ I e’ng I nc’t’r I ng Is  s t i l l  I ne’onm p I etc  , a

rail Ic al dopar L i m i t ’  I’ rum the e’cis t eicmc a ry met hc ods of cli’s I gu ncav not hi’ adv 1

ab L i ’ , However , the puss i b l I  i t  V ~i i  I i i i l f l ( ’  I ‘tv ’ ’ n h ’ s  I ~~ti shiiii Ii] not ho

over looked , and met u i” 1 ‘c ot minim izin g tim Is  pess IbI l i I v , wit h oim t loop—

sr d t z fn g  t unne l  sat  of v , should  hi’ t ’ i i u l s t S n t  l v  sou g h t .

Tot za8 11 t ‘ s Rock I ~ i; t c i  Cl h I S S  i i  I t ’  ~%t h u m

1 ti .  Since t he’ peirpcuso t i l  t i m Is lop t i t -  t I s It ’ cv ~c t  t ca t o  01 hi’; t hcacc

the  Te’ r zag h I c l a s s  I t  I c at  I on svs t ern 111141 l i i i ’,’ h i s  c l ass I t  IC ’S t l iii) is (t i ll V

tea t  eel bo th  In Proc tor  and W h I t e ’ ‘S 1)00k Slu t 1 m m  I’~M I I I  0— .’— ~~~~~~ 

Il  
I t

w i l l  not bt ’ r l ’ i i i ’ : m t  i ’d bert ’. Iiowr’ve’r , l o t  t h e  sake i ’t  ec ’clcp I i’tc’cmi ’s~ ~mmli

h o t ’ ause ci i ts  l it  u t  ti t  ic ; mI  Impt i r  I ance , suet ma t i c  I i’a t ci ri ’s ~u t h o  u .‘ag hi I ‘ s

r ock lead c i  h iss I I I  cat  iou S i t ’  given  In Append I x A.

17. Terzagl ; I ‘s t ’t ’ i i t r t b t i t  Ion I h’s iii I orncui:i t l u g ,  over h) v o a l u

ago  • the I I r st  r a t  t ommem I m eth od ci OV bI l u m a  t I img r t i e’k I oslis appi -~ipc Is It’ t o  —

the tIt ’~ tgn i i i  st t ’e I set . Thu Is was inc I mp t i r  t a u t  ,lovo 1 ojuncc’n I , hoc - amu se

support liv st t ’~ ’ I set s has hi’ en ti me meus t C t ’mmcuc I v t o-it ’d uv st i’m t o  u c t ’O—

ta Icc tng rock tuimno 1 cxc ava t I t ins dii i -  t ug  t h e  past  ‘it ) v t ’s  i s .  i t  must  be

em 1ihas I ~‘ott , heivt ’vi ’r , t h a t  wlm I i i ’ t i l l s  c i  -iss it I t ’S I I  t if l  I s  •-m i ip r o p r  I a t e  t c u

hi ’ pu tpeiso I ci w hm [elm I t  was cv ,u I vt ’el , I . . , i c r  c i t  Inca t i  mug i- t ick I t ’~ ds

I or s to o l  — -u re -h su pper It ’d t tmn i ce ’ I s , it  Is  not so SO i t  ab  i t ’ l o l  mtidi ’tc c

t umnni ’  I I  ng mc’ thoels us t u g  simo Ic i t ’  t o  suet i c c  kbo I t s .  A l t  or etc ( a  I I  t ’iI stud ii ’s

C c c l i  ‘ col iC ’ l ucl t’tl t h a t  Ti ’i ; :mg h c i  ‘ii c’ iS$$t  I l e n t  ( t i l l  W SS t ee ’  goic i ’c : i i  to

i t

- - L .  ~~~~~ [~~~~~~~
“ — ‘ ‘  - l~~? ~ zt-r r ~~ - —~~~
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penn i I iou ob ,~ c’t ’ t lye eva 1 na t  ion ci t  I t ic  k qua l i t  v .iuct t lust It prov tiled no

qua lm t I t  at  lye l i i i  c rums I i  on on the prope r IIi’s 01 r t’t’k ucca s Si’s

L a c u f t e r ’ s C1,i s s lt  it’at Iou

18. TIme I ~ ‘u8 cI  a s s it  te ’~ t ieuum by l,aut i c r  li:i s I t s  f o u m i m t l , ’i l I o n  in  l iii’

ea r l i er  work on t t u i u n c l  ge o logy  by St li d , 
~~ ‘ who is c o u m s l d e r t ’ cl h i S  liii ’

[a timer i i i  t he  “Aims t i  ian School ” ci t t m nne  i t  icg ~i i~ i t t i ck  rn i ’c hauu  l o s  • St lid ,1
emp has ized the importance of st ruc’t u r a l  ctc a I t ’c ts  In m o c k  nmSRse ’S. i .amut h e r  — 

-

proposed that  t ime s t an d — u p  t In e  I or aic ~’ ;;e ’t lye u i i u s t i p p t i r l e e l  m 1 i ~’k 5~ Si) Is

related to time v~ r lotus  rock ma ss e’ lassos as sh~iwi m in  t i ce d i  .-mgrsm In

Figure  1 An Sc ’ t lye ut c isu pp eu c ’ ted span Is the vi  d t ic  of t hit’ t umnnt ’ 1 ci f l u e

d tst ,’mimct ’ fr i ~u the  f a t ’c’ to the  support It thi s is 1 i’ss t h an  h ut ’ t i i imi cu ’l

width. The s t and— cup t I m e  is the pci’ led ~ t t Icime I lust a cucuccet w i l l  u t  ;;ccd

cun suppo t t ed  after excavstttun . It slm euumld b~ noted 11mM a isiml ’ , ’i ci

lac t ~‘us mew :mt t oct 11cc st an d— t i p I Ime , cis II lust i :mI cli d l  ;mglsn c Ina I Ic’S l i v  In

Figure .~ . 1.iut I Cr ’s tir ig In s  I c las s  I t  icat  t on I s im tu I i i imgt ’ i uise’tt 1~ I ice ’’’ I t

has been mod if  led :i umumht ’ r ci t Ime’s ii v cit im t ’t - A u u s t r I aim < ‘cu~ I ice ’e i-s  
• i i i ’ I ~m I u I v

von Rahc ewic~~, ~csIi’r , and l’scice’r. 
10

I ‘~~. Time ma In  si gci I t  I ca ts-c  of L a t u t  I ci ’s c_ I  ass I t  I e ’~ t t en  i s  that

Figure 1 shows how an increase ti m a t u n n e l  span leads  I i i  hi d i a s t  i t ’

r educt  ton in  t ime s t an d — t i p  I Inc . l’lmt s meiuic s , t tn i ’XSuc ) u  i i ’ , t lm:i I wim II i ’ ~u

p1 1 oh tunnel lcnv ing :u s m a l l  SLui ifl m ay  h o  S u I c c o S : h i  u m l l  V c o u i s t  Fl it ’ I Oct 1 111 1

face  In f a i r  rock c’tuu md I t I  ens , a Is i gt’ spa ic  ept ’ im i im g t ic  t i c  i s  s:lnh ’ m ~‘ck iii:; ~

prove I m p o s s ib l e  to suppor t  i i i  t o  ncm s iii f lit ’ st 5lmcl ~~li 1u 1 Inc .  0mm 1” :1

syst em eif sinaI I e ’t~ hc’~ ,l tugs  Sm del hi ’cic’luos cm mu I; I p Ii ’ eli 111  s e’Suc onedl u Ii’ :1

Is  rge c t in- i s—s ect  i ccu t titmi ce I to Is’ cons t ru le ’ t OtI Iii uii ’h u~’ck t’tu ucel It I t i I I ! I  —

A d I sadv atu t ago ~u t a 1.a*it I i ’ m —t ‘pc e ’ I i S O  I t  I c’S t I t in Is tics t tli i ’si ’

two  p.-i u’smet o r s  , t im e s t5nd _ iu iu  t t int ’ hille l t i l t ’  hi pau t  , m u-c l i l t  I ic ’uu I t  to os t al’—

I I sic ,‘mc m d ratlmt’i m uut ’ic Is dernaiuehi ’tl ci p i S e ’ t I c i i  .‘xj’~’i I o i i e ’,’ . N evem t Ii , ’ h ’ ’ ’ _ 
•

t h m I s  t ’ e iu l t t ’l’ t tu i t i t uch iu ~’ t ’~t I hi’ ut Slid—Ill’ I t ucs’ stud t hit ’ I f ’ :lii is l i i i ’  I we lllo~~

re’ I u ’vSn t pa i-anco t ot s h im - t h e  iii’ t ci-un h i d  t ton of i i i - I V pe stud tm ‘ i i i , t  t ’

t uu n ; co l  s u u p p o t -  t , S u i t  t im Is ic,is m l  I iceni ’~ d I I~ ’ i lev , ’ I opun ~’u ; t  ‘ f  111014 ’ I ‘ c i i i

r l’~~
’ mass  i - i i ;  I t i i  a t  h u m  S V 1 4 1  ~~~~~ 

1 1

L
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I MIN 10 MIN 1 HR I DAY I WK I MO 1 YR  10 YR 100 Y R

S T A N D — U P  TIME

Figure 1. L a u f f e r ’s re la t ionship  between active span and
stand—up time for different classes of rock mass :

A — very good rock , G — very poor rock

~~ ‘0

\c

T I M E  T IM E

i, ORIENTAT ION OF TUNNEL AX IS b, FORM OF CROSS SECTION

0

l I M E  T I M E

r, EXCAVATION MET HOD d. SUPPOR1 METHOD

Figure 2. Factors I n f l u e n c i n g  rock mass stability during tunneling
( schemat ica l ly a f t e r  L a u f f e r9 )
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Deere ’s Rock Quality Desi~~u m a t i c’an

21. Deere
3 

proposed in 1964 a quantitati ve’ I ucde’x h~m sect tin a

m o d i f i e d  core recovery procedure wh ich incor pora tes only those p i e c e’s o f

core that  are 4 in. or gre em t t-? r in l e n g t h .  ‘Fh is RQI) has been w i d e l y  used

and has been found very u s e f u l  f o r  se’ lect ion of t u n n e l  s u p p o r t. ’4

22 .  For RQD det e r mIn a t i o n , the  I n t e r nat i o n a l  Soc iety  fo r  Rock

Mechanics recommends a core sit e’ e)f at  least NX d iam e ter  (2 .16  i n . ’ )

d r i l l e d  w t t h  doub l e—bar re l  diamoum d d r i l l i n g  e q u i p m e n t .  Time f o l l o w i ng

re la t ionshi p between the RQD index and the  engineering quality of t ime ’
3

rock was proposed by Deere :
RQD , percent Rock ~~a1t ty

25 Very Poor
25—50 [‘ocr
50— 7 5 Fair
75—90 Good
90—100 Excel lou t

2 3 ,  Cord ing ,  Hendron , hind l)eere 13 
attempted to relate time RQI)

index to Terzag hi  ‘s rock load f a c t o r .  They found a reasonable ’  e’errt’—

l a t i on  for  s t e e l — s u p p o r t e d  t u n n e l s  but  not f o r  openings s t ip p eur t ed  b y

rockbol ts , as is ev iden t  [rots Figure  3. Timts supports t ime ecp i n i oum t hat

Terz ag hi ‘ s rock load concept should be limited to  t eun cc t ’l  s support Oct by
34

steel sets.

24. Mer n t  found t ha t  time RQI) could be of nm u cic v i i i  cue in  est I—

ma ting support r equ t re mne’n ts for rock tu n ne’ is  as demonst r at ed  lum F’ tgcmre 4.

He po in ted  out S I i m i t a t i o n  of the RQI) index in ar eas  where ’ t ime j e u t u t  s

conta in thin clay fill tngs or WCC1 t h m e’red m~u t or l~il . The I n t l  cuence of 0 1 a v

seams acid [~uu It gouge on tunume I stab t i l t  y was disc us sod by Rre ’kkt ’ and
36Howard .

25 . Al thmouglu the  RQ I)  i s  ii qu ick  and inexp ensive ’ ind ex , i t  hm as

considerable  l i m i ta t i o n s  by disreg a rding lo i n t  orientation , tlgimtne’ss ,

and gouge mate r  is I . C o n s e q u e n t l y ,  vim l i e  i t  I s  a pr iac t h c a l  pa l’amt’ t er t~ ’i

core qe us l i t  ‘
~
‘ es t ins t ion , i t Is um ot so [f t c  len t  on i t s  owum to pr ey I lit’ sum

adequat e .  de sc r i p t i o n  of a rock mass.

1 ‘~
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IOD:

STEEL RIBS AND WOOD I?‘~ BLOCKING (LARGE IUI DISPLACEMENTS SMALL
EXCA VA TIONS)f 2,0  _____ 

_________

U-
N
C

0
‘-5 _______ ____

14,
a
0
J

1 ,0
U
0

ROCKBOLTS (SMALL
DISPLACEMENTS,
LARGE EXCAVATIONS>

0,5 
_

0 1 
:,‘:

0 25 50 100
RQD PERCENT

Figure 3. Comparison of roof support  desi gns fo r  steelr ib—s uppo r ted tunn els and for rock—bolted caver ns
(af t er Cor d ing and Deere 34 )
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RSR Concept

26. The RSR Concept , a ground suppor t  p r e d i c t i o u m  model , was

developed in t ime Un i t ed  S ta tes  in 1972 by Wickham , Tiedemann , and

Skinner . 5 ’6 The concept presents a q u an t i t a t i v e  method fo r  d e s c r i b in g

the qua l i ty of a rock mass and fo r  selec ting the appropr ia te ground

suppor t. It was the first comp lete rock mass c l a s s i f i c a t i o n  systems

proposed since that Introduced by Terzagh i in 1946.

27 .  The RSR Concept was a step forward  in a number of r espec t s :

f i r s t l y ,  it was a q u a n t i t a t i v e  c l a s s i f i c a t i o n  un l i k e  Terzagh i ’s qual i -

t a t ive  one; secondly , it was a rock mass classification incorporating

many parameters unlike the RQI) index tha t is limited to  core qiuslity ;

thirdl y,  it was a comp lete classification imaving an Inpu t  and ,tn output

u n l i k e  a L a u f f e r — t y p e  c la s s i f i c a t i o n  tha t  r e l i e s  on p r a c t i c a l  exper ience

to decide on a re ick mass c lass , which w i l l  then g ive a im o u t p u t  in term s

of the s t and—up  t ime and sp-m .

23. The ma in  c o n t r i b u t i o n  of the RSR Concept was t ha t  i t  i n t r o —

duced a r a t ing  syst~~n f o r  rock masses. This was the sum of we igh ted
values  of the indiv idua l parameters  considered in th i s  c l a ss i f i c a ti on

system.  In other words , the  r e l a t i v e  impor tance  of time va r ious  classi-

fication parameters could be assessed. This r a t i n g  svst~ m Was determined - 
-

on the basis of case histories .cs veil as reviews of various books and

technical  papers dea l ing  w i t h  d i f f e r e n t  aspects  of ground s u p p o r t  in

t u n n e l i n g .

29 . The RSR Concept considered two genera l  c a t ego r i e s  ci t/uctors

i n f l u e n c i n g  rock mass behavior  in tunn e l ic ig : geolog ic p aramete r s  aimd

construction parameters. The geolog ic parameters wer e : (a ) rock type ,

(b)  j o in t  p a t t e r n  (average spacing of j o i n t s) ,  (c) joint orientations

(di p and strike), (d) type of dtscontinuitie~ , (e) miujor faults , shears ,
and fo lds , (f) rock material proper t ies , and (g) weathering or tIter—

•stion . Some of these factors were treated s e p a r a t e ly ;  o thers  were’
cons ide red c o l l e c t i v e l y  • Time au tho r s  po [Tm ted out t i m~u t tam some’ ins t  soc c’

i t  you Id he poss ib le  tei scour s  t ely define t im e ’ above f a c t o r s , bu t  I um

othmer s , onl’~’ generdm l approx ima t ions could  he mdude . The coum st rut’ t 1cm

17
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parameters were: (a) size of tunne l , (b) d i r ec t i on  of d r ive , and

(c) method of excavation .

30. A l l  the above fac tors  were grouped by Wickha nu , Tiedemann , and

Skinner 5 
into three basic parameters , A , B , and C (Tables 2 , 3, and 4 ,

respectively), which in themse l ves were evaluations as to the re la t ive

eff ect on the support requirements of various geological f a c t o r s .  These

th ree  parameters were as fol lows :

d. Parameter A. General appraisal of rock structure is on
the basis o f :

( I )  Rock type orig in (i gneous , me tamorp hic-. , s ed imen ta ry ) .

(2) Rock hardness (hard , medium , soft,’decomposed).

(3) Geologic s t r u c t u r e  (massive , s l i g h t l y  f a u l t e d / f o l d e d ,
modera te ly  f a u l t e d/ f o ld e d , in tense l y f a u l t e d/ f o l d e d) .

b. Parameter 8. Effect of d i s c o n t i n u i t y  pa t t e rn  with respect
to the d i r e c t i o n  of tunnel  drive Is on the basis o f :

(1) Joint spacing.

(2) Join t orientation (strike and dip).

(3) DirectIon of tunnel drive .

c. Parameter C. Effect of groundwater Inflow is based on:

(1)  Overal l  rock mass q u a l i t y  due to parameters A and B
combined .

( 2 )  Join t cond it ion (good , f a i r , poor).

(3) Amount of water  I n f l o w  (j i m g a l l o n s  per mi nute per
f o o t  of the t u n n e l ) .

31. The RSR v a l u e  of any tunne l  sect ion is obta ined  by summar i z ing

the weighted  numeri ca l  values  d~ t~~tmthee1 for  each parameter .  This

r e f l e c t s  the q ua l i t y  of the rock mass w i t h  respect to i ts  need for

support regardless  of the  s i ze  of the tunnel. The relation between RSR

values and tunume l ‘~t: t ’ is t aken  into considevat [on In the determination

of respective r i b  ratios ( K R ) ,  as discussed below. Since a lesser

amoun t of suppor t was expected f or machine—bored  t u n n e l s  than when

excavated by d r i l l  and b l a s t  methods , it was suggested that  RSR values

he soju st ed fo r  mach in e—bored  t unne l s  in the manner given in FIgure 5 .

18

t

S
‘-5’ 

_ -



I 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
u .oo 1 .05 I t O  1 . 15 1 .2 0

RSR ADJUSTMENT FACTO N

F i g u r e  5. RSR c ou m c ep t — a d j u s t m en t  f o r
machine  t a inne  1 lug

12 . It sllt ’u Id be no ted t h a t  Tables 2 , .3 , aud ~ are  r epu-oduce d not

f r e -~s the or i g in a l  r e fer en ce 5 hut  f rt x s  a paper 6 puh i  isimed tw o ~‘es rs

l a t e r , hc ’c aamso the R SR r a t i n g s  were changed in 1974 ac md the l at t e r  paper

represents the is test iuuforma t loam aval l a h it ’ .

33. In o rde r  t o  c o r r e lat e  RSR ~‘sl ues with a c t  /1.1 1 support 1mm—

s t a i l , u t  ions , a o cmu mt ’ept of the  RR was in t roduced . Time purpose  was to

,a cc~nmon basis t or c o r r e l a t i n g  RSR de ’t er m i u m a t  ions w i t i m  so tua l  or

required  Ins t  al  1st ions. S ince  90 percent  of the  case h i s  t o ry  t u n n e l s

were supported with steel ribs , the RR me’ssure was chosen as the th eo—

r et  i c a l  suppor t  ( r i b  size and sp~ac ing)  . It was developed  f r o m  Terz agim i ‘s

f or m u l a  for d ete ru m iu i  ing roof loads in loose sand below the wza ter table

d~ut cmm conditio cm ’) . Using  the t ab l e s  provided in Rock Tunnel in~ w i t h

Steel Supports , ‘ t ime t im e ore t  ical spac ing  requ a red f o r  time saune si .‘e r i b

as used in a given case s tudy  t u n n e l  sect  ton Was de t e r am m i umt ’d  for t ime
datum c o n d i t i o n .  The KR v a lu e  is obta ined b y d i v i d i n g  this theoretical

s p i c i n g  by the act a /c l spac ing  ,uu d m au l t i pl v ing the aum swer b y 100. Thus ,

KR — 4th would mean t i m a t  the sect loam required on1~ 46 p e rcent  of the

suppo r t used f or t ime tia turn cou md i t  loa m . However , d if f e r e u mt  si :e t u u m n t ’ls
a l though has’ ing t ime same’ KR w o u l d  r equ I r e di  ft e ’re’cm t we iglmt or si .‘e of

r ibs  t cmr equ ivale ’cmt sau 1I 1~cr t  • The’ RR f o r  ,m um u n s u p p o r t e d  t au umm m ol would he

zero and ~~muld  ht’ 100 for  a tunne’ 1 req ui r ing the same’ suppor t  as the ’

d~at um cOndition .

19
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i-i . A total ot 53 pro j ect s were evalua ted , bu t since each tu nnel
was divided into t yp i ca l  geological  sec t ions , a t o t a l  of 190 t u n n e l

sections were a n a ly z e d .  The RSR and RR va lues  we ’r e de te rmined  fo r  each

sec t ion , and actual  support i n s t a l l a t i o n s  were obtained f r o m  a s—bui l t

drawings . The suppor t  was d i s t r i b u t e d  as f o l l o w s :

Sections w i t h  s teel  r ibs  147 ( 89.h?)

Sec t ions wi th rockbol ts 14 ( 8 .6%)

SectIons with shotcrete 3 ( 1.8%) ‘ 
-

Total  suppor ted  164 (100.0%)
Total unsuppor ted  26

Total 190 sectIons

35. An empi r ica l  r e l a t i onsh ip  was developed between RSR and RR

values , namely :

(RR + 80)(RSR + 30) — 8800 (Re fe rence  6)

or - -

(RR + 70)(RSR + 8) — 6000 (Reference 5)

It was concluded
6 

tha t  rock st r au c t u r e s  w i t h  RSR values  less than 19

would r equ i re  heavy suppor t  w h i l e  those w i t h  r a t i a m g s  of 80 and over

would be unsuppor ted .

36. Since the RR b a s i c a l l y de f ined  an a n t i c i p a t e d  rock load by

considering the b ad—c u r r y i n g  c a p a c i ty  of different su es of steel ribs ,

the RSR value ’s  were also expressed in terms of unit rock loads  for

var ious  sized tunne l s  as given in Table 5.

37. The RSR predic tion model was developed primarily with respect

to steel rib support .
6 

Insufficient data were’ available to correlate

rock s t r u c t u r e s  uu m d ro ckhol t or sim ot cre t e  suppor t .  However , at: appraisal

of r ockbol t  requi rements  Was made by cons ider ing  reck loads w i t h  r e s p e ’ct

to  the t ens i le  s t r eng th  of the bo l t  • The au tho r s  po in t ed  out 5 
t i m a t  timis

was a very general approach: it assumed tha t  anchorage was adequa te  and

that all bolts cc ted in tension only; it d id  not a l l ow  e i t h e r  i c r  inter-

act ion between adjacent  blocks or for  un assumption ci a compr ess ion
arch formed by the  b o l t s .  In a d d l t i o u m , time ’ rock loads vt-re deve loped

for steel s u p por te d  t u u m n e l  s • Neverthele’ss , the tel lowing r e l c  t ion v,ms

given f e r  I — In  .—d isis rockbo I t s w i t h  .t v ’ r k i amc ~ I cad ~~t 2-. • t 0 0  l b

241
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Spacing ( f t )  —

~~~

where W is the rock load in 1000 psf.

38. No correla tion could be found between geolog ic predic t ion and

sho tcr ete req ui remen ts, so tha t the fo l low ing empirical rela t ionship was

sugges ted:

t 1 + 1.25 
or t = (65 — RSR)

where

t = sho tc re t e  thickness , in.

W = rock load

D = tunnel diame ter , ft
39. Support  r equ i remen t  char t s  have been prepared that  provide a

means of de termin ing typical ground support  systems based on a RSR

pred ict ion as to the qual ity of rock struc ture through which the tunnel

is to be driven. Charts for 10— , 20— , and 24—ft—diam tunnels are shown

in Figures 6, 7, and 8, respec tively. Similar charts could be used for

other  tunnel  sizes. The three steel rib curves ref lec t typ ical sizes
used for the particular tunnel size. The curves for rockbolts and shot—

cr ete are dashed to emphasize tha t they are based on assum p t ions and

were not derived from case histories. The charts are applicable to

ei ther  c i r c u l a r  or horseshoe—shaped tunnels  of comparable widths .

40. The author believes that the RSR Concept is a very useful

method for selecting steel rib support for rock tunnels. As with any

emp irical approaches , one shou ld no t apply a concep t beyond the range of

sufficient and reliable data used for developing the concept. For this

reason , the RSR Concept is not recommended for selection of rockbolt and

shotcrete  support .  However , ber -use of its usefulness for steel rib
suppor t de termina tion , the author prepared an input data sheet for this

classification system (see Append ix B). It should be noted that although

the definitions of the classification parameters were not explicitl y

stated by the proposers ,
5 mos t of the inpu t da ta needed will be normall y

included in a standard joint survey ; however , the lack of def in i tions

(e.g., s l i g h t l y  f a u l t e d  or folded rock) may lead to some confusion.

21
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4 1. A p r i c t t c . c l  examp le u s i n g  the’ RSR L c t i c t ’~~ t is as follows :

Con s  a d e r a ~~~ t — d  I am tunne l  to ht.’ d r i v e n  in ~u s l i g h tly
t . n i l t e d  s t ra t a  f e a t u r i n g  medium im ard  g r a n i te .  The j o i n t
s pac i n g  as  2 a t , u u m d  t h e  j o i n t s  a re ’ open.  The e’St inm a t e ’d wa te r
i n f l o w  is 2 ’ 0  g a l / t u t u  per 1000 f t  of the  t u n n e l  l e n gt h .  The
t u n n e l  w i l l  be d r i ven  ag a i n s t  a d i p  ot - , 5  dog and perp en-
d i c u l a r  to the j o i n t i n g .

&)lut ion : From T a b l e  2: For i g n e o u s  ro e-k of tue’dlum
h a r d n e s s  (h~ sic  rock t y p e  ~~) in sl iglut ly I ~til t ed rock ,
p ar a ncet e r  A 20. From Table 3: For m o d e r a t e  to b l o c k y
j o i n t  ing , w i t h  s t r i k e  p e r p e n d i cu l a r  to the t u i m n e l  ax is  su ad
with -i drive against the d i p  of 45 dog, parameter B 2 5.
From Table 4: For A + B — 45 , poor joint condition and
moderate water flow , p~1r mi et er C = 12.

Thus: RSR A + B + C — 57. From Fi gu r e~ 7 , the
support requirements for a 20—It—diam tunnel with RSR 57
(estimated rock l ead 1.5 kips/sq t t )  wi ll he 61(20 steel
ri bs at b — f t  spacing.
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1i~e’ t ;ee)mt ’c i c a t u  ic ’s Cl a ssi  f le st  (on

42 . The Ge~omechau irs C l a s s !  f l e a  t ion or the Rock Mass Rat lug (RMR)

System was developed by Bieniawskl 
13 in H 73. This  ecmgtnt’er lug c’las—

sit (c-at  ion of rock masses , e s pec i a l l y  evolved for rock e’ng iuuee riumg

a p p l i c a t i o n s , c ut  11 ize ’s  the  f o l l ow ing s ix  p arame te r s , ;cl I of wim icic umo t

on lv  are  umea surab Ic in t ime f i e l d  h cu t can also be oh t ii lime d f r cmi bor t a m ) ’ ’ ;

a. U n i a x i a l  couumpr es sive s t r e u m g t h  of i u m t a e - t  rock m at or i a l  .

b. Rock quality dcs t g n a t i o u m  (RQD) .

c . Sp a c i n g  of j o in t s  ( discout in u lt i e s)

d. Orientation of joints (discoimtlncuitie’s).

e. Condition of joints (diseo uct I n t u i t  I i ’s)

t .  Gro undwa ter cond i t  ioams -

43. The Ge’onmechatmics Classificat b u m  is preseumtcd in Table i . In

Sect ion A ot Tab Ic 6, five parameters are grouped tim to ft vi’ ranges ct

vs I ties. Since time ’ var locus paranme’ ters are not ecicta I lv impor t an t  I or the

overall classificatIon of a rock mass , importance r a t i n g s  are allocated

to the different va lue  ranges ot the Ncr~tnu(’tc’rs , a im igher  rat tumg m d l —

cat  t umg b e t t e r  rock anSi ’S cond i t  ions • ‘l’hese rat tugs were d c  term m e d  f rom

4’4 case h i s t o r i e s  inves t  ig.-m ted b y the ~cuthor
’ while the in !  t t a t  rat tumgs

were based on the s t u d i e s  by Wickh am , Tiedemann , and S kia muc t ’r.

44. To appl y the  Ge omechanics Class i  h eat  team , time u o c k  moss a long

time tunnel route is divided into a number ot st r cuc t u r a l  reg ions • i .e .

zones in which certain geological features are mel-c or loss cu i m i f o n n

wi ti m in eactm region . ‘lime above six c lass if  t ea t  ion psu-aineters arc  d e t e r —

m t am ed fo r  each a t rue tu ral  regi oum f rom meascu remen t S In  the  l i e  Id  .‘mnd

entered on to the s t andard  inpu t  data sheet as stu owu m t i m Append ix  B.

45. Next , the importance rat  tugs are assigned to  c’~cc ’i m n~~ r aamm c’ t t ’ r

according to Table ~m , Section A. In this  re spect , the  typ ical ratic~’r

than  time worst co ;md I t  tons are oval uamted si n c e  tim is ci ass it I cation , he lug

based on case it istorles , has a built—in safety t :i t ot .  h ir t henuo re , i t

shoci Id he noted tha t time importaimce rat tu gs  g l v t ’u m fo r  jo tnt spoc - tug s

apply  to rock masses h a v i n g  th ree  sets ol Jo t n t  s . Thus , when cim 1 ~‘ two

2 i
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si ’ t S of Joints at-c prese’n t , a cc i imsc rv a  t Eve  assessment  is oh t~ ti m ed . Ih m cc

the’ impor  t aim ee r a t !  ngs ot t he’ c l a s s  i f  t e a t  ion pararn e’ t ers a to i’s t ab  i t  shed ,

time rat t;mgs I or the’ t (y e pa rame te r s  l i s t e d  In Sect Ion A ot Tabl e 6 are

sunmnmeel to  v i  e ’ld the ba s i c  o v e ra l l  rock mass r at i n g  lot’ the  s t r u c t u r a l

reg ion  cinder  co im s id era t  Ion .

4 ti • At tim is stage , t tm e i n t l  ucuce of time St r Ike  and d i p  of j o i n t s

is inc lmu ctt ’d by ad ust  lcmg the  basic rock mass rot tug ac c o r d in g  to

Sect iota B ot Table 6 . ‘flat s s t ep  is t r eat ed  sepa rat e l  v b ecaui st ’  time ’

l i m i t  u eu m ce of Jo tnt  or !  eum t ot  tou t depe umd s up eu m e’ng timeer lug app 1 teat ion ,

e.g.  , tunne l  , slope , or fo t u n d at  ion • It w i l l  he u u o t e d  t i m a t  t i m e  “vat  cie ”

of t i m e  pal-ameter  “ l o in t  o r i e n tat i o n ” is im ot giveim tim qciantitstive term s

b cu t by quit i i  t ot  lye di ’sc r ip t  ions such as “favo urai m i t ’. “ To t o e  E l i  t ot e  a

dec is ion wh et im er  s t rik e  and ~I ip or ieumt s t ions are f a v o u rab l e  or im ot ,

r e f e r v c m c e  simon Id be macl i ’ to Table 7, wh icit Is based 0cm s t u d i e s  by Wi ckhanm ,

Tieet e’nmaumn , and Sk timi m er. “ lum t ime case o I c’ l v i i  eng tum ee  r i n g  pro j  i’c t s , sum

ad uist I:~-’” t t o t  Jo t im t or tei m t a t  t ou ms w i l l  sa i l  I I c  i s . For an tim ium g app I ten—

t tens, o ther  adJuis tnut’;mts may be c a l l  ccl f o r  siie’im :as time St ress a t  d c ’pt im
2 1

or a - ha ug.’ in  si ress . -

4 7. At ter timt ’ ad jus t anec mt  I or lo t n t  or i e m m t t a t Ion s , the  rock iiiass Is

e’ loss! f ( cit arc ord ing to Sect b u m  C ~i t  Tab 1 c ii , wit I cim groups time I t a t

(~ c t ) i i s t t ’d )  rock ma ss ra t tu gs (R M R ) i n t o  t ly e  rock mass c l a s s e s .  N ot e

t h a t  t im& ’ rock mass ci  asse’s are  t i m  g c o up s  of t weim t v  rot tugs ‘itch.

48. Nex t  , Sect iou I) 
~i t  Tab le  (i g i v e s  th e ’  p u a c t  t e a l  am m ea i mtn g  i t t

each rock mass c lass  by t e l  a t  I img i t  to spc~- i f  Ic eng I um ee r lug p ro b l ems .

In the  case of tuuum am e ’ is autci ci mim mb e rs , the  out  pci t t rom t ice Geomi ’chaim ic’s

C l a s s  i t  test  I out is t hi’ s t a n d — u p  t i m e  ot a im u i amsu pp e c -  t ed rock spscm t 5 i i  a

g i v e n  rock mass rat iumg (Figure 1fl

4’). i ~i u mgi ’  U s t an d — t i p  t lanes can ho itcim loVed liv set i’d I 1mg u o c k

i c  I i t t  ~i rci ’nc. ’iu t uc e i l suir i ’s tim ; i& ’eoi’ dt i u fl ’ i’ wi  tim ‘F-ui’ i i ’  S. 11mev d i ’p eum d on such

I a ct  i ’cs  as I imi ’ dep tim hi’ low sci r I : u c , ’ ( I n  sIt ci s i t ’  ‘I , t uu u m n i ’  I s i t ’i ’ ai m d

shape , and t i m e met hod of e’ xc ova t l oam

It simi an Id hi’ a u i ’t i’d t h at  t ime  sau ppo i t  m easu u c i ’s  g I ve u m tim lab i , s 5

a-epri’su’iat timt ’ permaumeum t atm d im et  t ime pr lntai’v I t u I p I s o a  I • H eat , - ,’ , Su it I t  t on a l

c one u~~’ t • ‘ i i  n I img I s no t  t— equ I red I c i  st u i u c  t u r a  I Pu rposi ’ it

_ _  _ _  _ _ _ _ _ _ _  _ _ _ _ _ _ _ ________ -
_ 

~~~~~~~~~~~ - - ~~~~~~~~ -~~~~---‘-— - — •-~~~~~~~~ - - -~~~~~~~~~ -



- -‘ _ - _~ - --- ,— ~~
____‘—n -

~
-

~
- 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ---V— ‘~ - V— - - ‘  ~~~~ — ,~ , -- ‘~ _-_- — - —

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
_ _ _  

0~I - - - _  -1- - --+- — - -  ---
~~~~

- - (0-t —---——— -~~

— 
— 

“.
~~~~~~ 

-- - ‘—--

‘-4 

_ _ _-

a - — — — — 
________ 

(I,

— 
‘

• - — _ — —- — - -- ——----
- - - _ - - --—- -- - _ - - — —  --—-- -— —-- ‘1)
- - — r — — — — —— >

= — — - - —- — —-— ——----——

a — - - - —_ _
~~~~~ - - ---- —-— — ----_---

U - - -- ——--—— 
4-)

)  -s 0~
U ~,I

_ _  
4,

U — —. O ~~~ --—-—- -—- -- — W
— -~ — —- G_ - ~—__ ~~~~~~~~~~~~~~ — )

- 
(0

~ ::~ ~~~~
- - -  - -- ---

• 
— 

~~
-
~ - — ¼ , - ~ ~,

- - a - —- ’-  U U

_ _  

- 

p

:::~~~~~~~~
j

~~~~~~~~~~~~

\ ” -

~-

I I N\’ 4’ ~ \ I  ‘~~ ~I l l , l ~~~~- N - ~ ;

5

i’ — -’—- _ , A _ , _
lI~~ IIe,,,~ _ L _  ~~~, 

_ _ _
~ - - - ~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~



—- -~~~~~ ‘--— -

Uowc ’ver , t o  i ’ i t su i  c i ’  I n i l  st i t ic t ii ra 1 s tab  l i l l y  i t  I s  u ece~u utu e’i mete ’ u 1 t h a

t uit t ia e ’  I won i t  or f l ag  etur I ;mg e’oats  t rue t Icaim simon le t pa-ov ide -a ciut ’ck nu si sit I —

I I :a t b u m  of i’~a’ ’ k uumcv emeia t s
‘a I • ‘th e Cetam cs e’h .a mm (cs C l a s s  I t ’ t e a t  I ou u i’ i ’c o guu I •~~i ’ t h a t  no s ing t o

par ame tet’ or index c’ t i u u  t c i i i  y acid quicu t  I t a t  ly e  lv  eie’s~ r the a Jo f i a t  Oel r ock

mass for tiuimiw 1 hag purposes • Va r I caui s l i i i ’ t ot s  imav u’ d l  I t i’ r ot a t s t  gi m i t t  —

dtl ctct ’ i~nd ciii IV i t  I t~k~’fl t eget imer c’ocm t hey  clear r 11w s t i lt s  I a ct o r  i i  V S

rock mass. Eae’ia of time six pa tame to rs eica p 1 cayt ’ et ( cm t ic  is  e I ass I t  i t - a t  ion

is discussed below.

St re im gt t m of In  t a c t  t e e  k ucca I i ’m ’ t o l

‘a .’ • Time re’ I s  -c got m ea - a 1 :mg i ’ eo moum t t h a t  k im caw led ge ci t  the  t in  taxi a I

ccarnp ue’ss lvi ’ 51  r e ’cmgtlm of i n t a c t  reck Is u t i ’ d i ’S s t i U V  f ia t ’  c l a s s  it vi umg a toe k

mass. At t or at I , i t ’ t he  d iscocm t I nut i t  it’s arc wi tic’ I v sp:ic cci suit t ta t ’ a o e ’k

m atu ’ i tat Is weak , t lie ’ i’ c ’ck mat  cc- t a l  imro ~ae c - t i i’s will ha I 1 t u u ’u,-~’ t i m e  helmov tot

s ’t  t ime  t’cack mass.  t T cmctc ’r t ime ’  some co Ot  t n t  ua~ iai ’e’ssuIi’e’ , t i me ’  st  i’e i a g t  ii of - ‘

h u e ’ r ut -k i a i , , t  or I :i i r e ins  I i t  c i t  u ’s t imc ’ im I ghost st reamg th  1 in! I of t Ito m o c k

ummas s . ‘flat’ rock mat  i’ r I  a I st r on g  ti m is a l  so iu i l h t ua  r taut t I f time u s,’ of
tiutcie ’ I i  ng nuacim I cmi’s is cent t’nap toted . l”lmmct II v , a sample of t Im e  u ’ oek

mat ct - is I c’epreseu t s su Sh i’ t h u e ’ s a snia I i—sett l e’ me ttle I cit t ice ’ c~ ’c’ k icmiass si mmci ’

I t a ’ ’v t m av , ’  hot It been sub l eel i’d t o  t im e some ~ i ’,i log  Ic’S I } ‘ i0c ~~’S DO’ S • I t i s

hi ’ I teved t l a s t  f i a t ’ e’tag I tmo&’ a’ I c mg c I  ~ssi float ! oum of tnt t I c  t rock , pro 1aeasod by

1~t ’ I ’ i i ’ ~u iact Mt I I or • Is p a r t  ion b r  l v  tea l i s t  Ic  Suet  ‘ , ‘ i m v u ’it I out I cc’ d i S c ’ In

time ’ I t o l~t c it c~ ’~’ I., illcc - i m . a m m  I c  s • Itt is c~ t ass i f  I c a l l  , a t a  I s g I Von In  ‘Fob It’ ‘~

I . Timi’ nut I-i xl :il es ini p u~ ’ss I ye ’ st  u’eugt lm cat c o c k  natal em’ l o t  Is dot or—

n m ln eui  i t t  ,‘i e - t ’~ ’a~~i , i i c e - , ’ w i t i m  t i a t ’ o t  , i u a t i : i i’ ci l o i a o r - i t  o t v  la rc i r e e t u t r e’s , hut I, ’u’ t i t e ’

jaurii ,~ )i~ ci t  t 5 ’ek c i a  us I t  I e t c  l i en , the  use of t i m e  w e l l  —ktmeaw n pi t t i m t — t oad

st reng tic I nile’ x Is rc’c’ eaclanmi ’ uach ’ ct • lice ri’s su aim is t las t time I tmde x can ho

sit ’  termam I ned in t hi’ I t o t e 1  ott tu a c’k cot - c’ r~’ t r l  eveul I r e~ai ho r i tags and t ice cc i t ’

dot’s mac at requ I r.’ acm \- spec’ Ia I ~a’ e ’ pa a ,c t I tact • PS tug s tn mp Ii ’ j a , a r t ~la 1~’ equt I pmeum t

•i p t , ‘c u ’  si t  d r i l l  ~-o u , ’ is  c’u a ml ares su id ia etw i ’e ’uu t wca 1ao (cats, The d c ’t ’ c’ t i E  l~
5 .4 i i ’ Sn I t  s ’t tc ’ ,ic tu t re’ .cc mo ss I t s  d l  smi ’ t o t - , ‘lime pea t n t — l o a d  st t’ e ’im gt i m

I um,Ie’x is - a l c c i  l ot  oil as t i m e  u at tea ~a f the ’ app I i  ccl lead t ea  the sqaai amI ’ of

d i i i , ’ s i t  .imt ’ t er • A lese eec to b a t  I O t t ext st s ( t e a  w i t h i n  .‘() ~~u ’ teen t

1/
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between the u n i a x i al  compressive s t r e n g t h  (o) and time point—load

s t r eng th  ind ex 1 such tiaat for standard NX core (2.16—tn . diameter),

o 
~ 24 1

S
54. In rock eng inee r ing , the i n f o r m a t i o n  on the rock m at e r i a l

s t r eng th  is p r e f e r a b l e  to tha t  oct rock hardness. The reason is timat

rock hardness , which is de f ined  as the res i s tance  to i n d e n t a t i o n  or

sc ra tch ing , is not a q u a n t i t i v e  parameter  and is sub j ec t i ve  to a geolo-

g ist ’s personal op inion . It has been employ ed in the past before  the

advacat  of the po in t—load  s t r e n g t h  index t h a t  can now assess the  reck

strength in time field. For time sake of completeness , the f o l l o w i n g

hardn ess c la ssi f i c a t ion was used in the pas t :
a. Very soft rock. Materia l crumbles under  f i r m  blow w i t h  a

sharp end of a geological pick and can be peeled of f  w it h
a kn i f e .

b. Sof t rock. Material can be scraped and peeled with a
k n i f e ;  inden ta t ions  1/ 16 to 1/8 in. show in the spec imen
w i t h  f i r m  blows .

c. Medium hard rock. Material cannot he scraped or peeled
with  a k n i f e ;  hand—held specimen caim he broken with the
hammer end of a geological  p ick w i t h  a s ing le f i r m  blow.

d. Hard rock. Hand—held specimen breaks wi th hammer end of
pick  under more than one blew .

e. Very hard rock. Specimen requires many blows wi th geo-
log ical p ick to break th rough  i n t a c t  m a t e r i a l

It can be seen from time above that for the lower ranges tip to medium

hard rock , hardca ess can be assessed from visual icmspection and by

s c r a t c h i n g  w i t l a  a k n i f e  and s t r i k i n g  wi th  a hammer.  However , fo r  reck

having  time u n i a x i al  compressive s t r e n g t im  of more than 3500 psi , hardness

cla s s i f i c a t i o n  ceases to he m e a n i n g f u l  dmu e to the d i f f i c u l ty of d i s t i n -

g u i sh i n g  by the  “sc r a t c h ab i l i t y  test ” the  var ious  degrees of hardness .

tim aiav ctmse , hardness Is only indirectly related to rot-k s t r e n g t h , the

r e b a t  ton sh ip  between time u n i a x ia l  compressive s t r e n g t h  and the’ produc t
39

of hardness and dens ity heitig expressed In time’ following formula:

log °c ~ 
0.00014 y R + 3,16

where

) — ci rv uim it we’ Igtmt , pc f

R — Sciani t dt  ho r dua ess  (L—haunme ’c’ ‘a

25
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Rock q u a l i t y  desi g im at b on  (RQI) )

55. This index has a l r e a d y  been discussed in paragraphs 21

througim 2’a. It is used ,is .c classification parameter , because al though
i t is not seifficient on its own for a full descri p t ion of a rock mass ,
the RQD index has been fouumd most useful in t unne l i ng  a p p l i c a t i o n s  as a

guide ’ fo r  ~e’I oc t  ion of t unne l  s u p p o r t , has been emp loyed e x t e n s i v e l y  in

the Uni t ed  S tat e ’s and lam Europe , and is a simp le , inexpensive , and

reproduc ible way to assess the q u al i t y  of rock core. 34

Spacing of Jo i n t s

56. The t erm joint means at 1 discontinuities present in time rock

mass that may be technica l l y Join ts, bedding p lanes , micaor faults , or

o ther su r fac es ca f we’a k u ac ’ss .  Time behavior of Join ts goverims time behavior

oi a rock mass as a whole .  The pre secmce of Jo i n t s  reduces time s t r e n g t h

of a rock mass , and t im e l r  spacing governs the degree of such r e d u c t i o n .  P
For examp le , a rock mat e r i a l  w i t h  a hi gh s t r eng th , but intensely jointed ,

w i l l  y i e ld  a weak rock mass. Spacing of j o in ts is a separa te parame ter ,

because’ the RQD index does not lend i t s e l f  for  assessing the spac ing of

Jo in t s  front a s ing le set of cores. A c l a s s i f i c a t i o n  of Jo i n t  spacings

proposed by Deere 39 is mos t widel y used and has been incorporated  i n t o

the ( oomectaac a ics Class I I ica t [on (Table 10)

O r i e n tat i o n  of Jo i n t s  - - ‘
5 a57. S tudies  by Wickh am , Tiedemann , acid Skinner have emphasized

the e f f e c t of J o i n t  o r i e n tat i o n s  on tunnel  s t a b i l i t y .  In accordance

w i t h  Table 7 , a qual it a t i v e  assessment of f a v o u rah i l i t y  is p r e fer r e d  t e a

more e l abora te  systems for  j o i n t  o r i e n tat i o n  cand in c l i t m a t i o n  e f fe c t s .

Condi tion of Joints

58. Timis parameter iimcludes rougimnes s of time J o in t  s u r f a c e s ,

their continuity , their opecm ing or separation (distance between the

s u r f a c e s ) ,  the i n f i ll i n g  (gouge ) ma t e ri a l , acid weathering  of the wal l

rock.

59. Roughness or time nature of time asperities tam the d i s c o n t i—

n u i t y  sur faces  is an impor tan t  p arameter  c h a r a c t e r i z i n g  the c o nd i t  b i t  of

disc ont Inuittes . A s p e r I t i e s  tha t occur on J o in t  su i r faces  i n t e’r iock , if

29
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the  s u r t  Jc’Os are c i  e’Ott a imd c bost ’d , atmc l I nIt lb i t siae’sc’ me ive aca e’ut t a I u atmg t i m u ’

Jo tn t  surface. Roughness asper i t t  es t a sc aa 11 v h~ vi’ - i ia , c s c ’ I i’img tic tu uac t

a m p l i t u d e  measei red b um term s of t e t a  t it s c a t ’ aim I ct~ h tii t cl a re  u - u~aJ i i  V t appa re t i t

eu a c o r e — s t  z,ed e xposure ’ 5i f  a ci t scou’a t b aum it  v . Time app l i c a b l e ’ de ’se’ r I p t  I Vu ’

term s are de t m e d  below ( i t  slaocu Ic1 he St S ted i t  so r I s c , ’ tire’ St c’pp(’d

u n d u l a t i n g ,  or p l a n a r ) :

a. Very rough. Ne ar Ve’r t  ie ’al st eias Ottcl r icige’s oe’c’ci r out t h e ’
d i s c o n t i n u i t y  s u r f ac e .

h.  Roug h . Soaime a’ tcIg~’ anti ~ct de’ aamg It ’  st e’ps tire ’ cvi  elect t ;
ssper i t  los Ott ’ c~ lt ’ar lv  v i~~i h 1 e ’ ; mmd d i  scent Inca ! t v star t a5 -~ ’
f e e l s  very  abras ive .

c•  SI igh t ly  rou8h. Aspen t I e ’s s in time ’ d l  s c o t a t  t i m u t  t v su i r t  aces
are di  st icigu I shah Ic ’ and coca he’ t ci I

ci. ~ caooth • Su r face  appe aL- s smooth acid I Oc’ 1 s so t o time ’
touch .  0

e. Sl i ckens  icied • V i s u a l  e’V te t u ’t iei ’ s i t  ps ’11 sit I img e’x 1st s . r
60. Ccan t inn I t v of J o i n t s  i n t l  ueuces t ime’ e’xt c u t  I t ’ wit!  oh t Ime  a’ e~- k a

m a t e r ia l  and the d i se ’ c a t m t inn i t  ie’s sepors te ’ I v t i l t  cot I lae ’ li i ’h t iv  l e a  t at t i m e’

rcac k mass • In the  case’ et t  t uu aaa e  Is , a d iscoai t t un i t  v is  ~
‘ ens  I sis~ rt’d I ca l l  m’

continuous it  i t s  ‘l eng th  Is g r eat e r  i l ma n  time ’ w i c i t i m  c a t  h i t ’ t cicm ta e ’l . Ct a ai —

si ’q tu i ’ cm t  lv , for  cocat inn I Iv assu ’ssnc e’t m t , t ime I e’aigtla 5’t the di secant tcmci (lv

should  ht’ clete’rnmined .

61 . Se’pti t’a t I sli t s a t ’ time ’ si t s  t Sits ’ i’ b~’ t Wu ’e ’lt t h e ’ cit  5’,’ out (cut I t  V scc a I SOt ’ S

cent  tdl Is the ex t en t  to  wIt iot a t1c ~ oppc as i ug s t i r  I a ce s  coca l a t h e ’ a - I  s ic k as d,’ c ’ I I

as t be amouint ci water tima t c sac I bow t i m t’c auu g i m t i me  51i s~’ out  I cut E t v . in the’ ¶
absence d l  I n t e r l o c k  iatg , the ’ o i i m t  t i l l  tug (geange ’’a c c i t t  i’ s ’t  s u ’ im t  I t’ u’ l v  t i m e ’
shear st re’ngt it c a t  t ime d i sc  t in t  tam u I tv  • As t lie’ se ’tas r t i  f I cal m sir e t’c’~4se’s , t he’

asper I t  Is ’s ci time rock w a l l  tend to he ’~’~ me’ more’ [ t m t e ’r I c’c ke ’st , mad bet  it

the f l i i i  cm g acid t ime cs ac k ma ten  Ia 1 cent c lbca h e ’ to  time ’ slae ” oi’ st t’c’cmg t h ot

I c i  tuts. The’ sliest’ s t r e n g t h  along a je ’i i mt  is , t l m e ’re ’fet’e , elepe ’umde ’cat c’n
the  degr ee of sep a r at  le an , Iaresi ’t m e’t’ cc- abse nce ’ ~a t  t it I Iamg tnste’t bat s,

routg hame’ss 5 a t  t h e ’ sau n a,’,’ w a l l s , and t ta i ’ ta a t c i i ’e  c’i time ’ t i l l  lug ins t i ’r l a l  .

Time ’ de’se’ r I p t  lean eat t ime ’ se ’p a r t i t  L e a n c a t  t ime di  soc ia l  I tact It v s c i r t ’a~’,’~. Is  g i v e n

1cm m i i i  tmt ’t r es  cs te l  tows :

. Vi ’ r v t 1gb 1 ~~. I ant ic.

~~. ‘ri a~i~t :  0 . l — t ~.”a man .
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e’ . Moderate’ I v c)pe’n: 0. ‘,—2. ~ mica.

ci. Ope um : 2 . 5—l I )  mm.

e. Very wide~: lO—2 ’ mm .

N o t e  t i t at  wite’ru ’ time ’ s epa ra t i on  is more t i tan  2 5 nmm , time d i  sc oumt  m e d  t y

s imou l c i  be ej c’sc r ih c’d as a major di sceui t m ci i t v

62 .  The t n t  i l l  lug (gouge) has s t w o — f o l d  in f lu e n c e :

a.  Depe’ne i iu m g out t i a t ’ t im ickam e ss  , th e’ f i l l  i i m g prc’Ve ’nt s  ti m e ’
i n t e ’r lock ing  ci’ t h e fracture sspc’r i t  it ’s.

b. It peas sessd ’s i t s  own c l m a r , t c t e r t s t  Ic properties , i.e.,
s i m e , t u  s tr c ’n g t im , pe’rcctt ’ah il i t v , mmci c t e f o r m t m t i e an a l  ch m a r a c —
t e’ F 1st los

Time to I lo w i n g  a s p e c ts  she ei Id  be’ described: type’, t i m i ckne ’ss , cont I ut c i i t  v , - -

an’ i e ”n s [ s t e im cy .

6 I. We’~ tIti’ r i u m g s i t  t h e  w,i I I rcck , I • t ’ . , time rock e’ c ’t iS t i t n t  tug  time ’

J o l a m t  w a i l s , is  c l . iss I t  ted t im .uc ’e’ci rds umc e wt  t i m the re’e’om iuc eiadat tons of t ime

l , i sk  C o m m i t t e e  ca t t l tc ’ /~ne’r i ran  See ietv of C i v i l  Eum gin e ’ c’rs

t .  l oves tat ’ reel • No v Isih Ic signs ,i t’e’ u me a I ccl c it  woo t i m e r  lug ;
r 5 s 5 k  I c’ e ’sia ; c’ rv s  t .iI s hr igitt •

h. Si i g ia t l y we’s tlm c’rc’d i cick.  1)1 scout I l im it i t  los are sta l ime d or
d i  s~’ole ar c ’ d Octe t ncsV c o n t a t a m  a t h a i n  f i l l  tu g  eaf at  ter eel
cams t c’r 1.u l  , l) 1s5-c i  era t ton mar ext ermd in to t i m e’ rock t rein
time ’ d i  se’ci i a t  I t t c i I t  v sit r f ae e s  to a cit St 5t t c e ’ c i t  t ip tc )
21) pt ’rc’eit t  , i t  t i m e  d i s c a i t t  i c t u i l  t v  spOs ’ lug . —

s ,.  Modi ’r , i t e ’  Iv wc’~i timered rock. Si ight d i  se’oI cra t ton c’x t c ’ime ls
I re~’uc d i s c- cant b n u i t v  p lane ’s f o r  g re at e r  t h an  21) p ercent  ci ‘ -

t im e ’ cli  Su ’oit t [flu i t  v spacing . Di scout  t u tu  I t  be ’s cac a v s,- can t a  in
tiling caf s 1 t e’re’(l mat  e’r I at • Part i.il opeam ium g of gra  In

ti ,su it c,t,iries nov he’ observed .

d. Highl y WCa there’d rock • I)i~ c’ ol oro t ton c’ xtends t hit’oughcau t
t ime rock , and time rock tnate’riat is part l v  f r i a b l e ’. The
original texture e l f  time re ick has ma i i m l v  hee’um pre’se’rve’el
hut  sep .i rat ion of time gra in s  im t c s eacc’ti rre’d

e. Comp l e t e l y  we atimer eel  re ack. The rock is t o t a l l y  dis—
o sa l ored aatd de’composed acid in a f r lab It ’ cenc l  i t  ie a t m • The
e x t e r n a l  appearance Is  t l t t a t  of so i l  . I im t e ’t’umtt l i v , t im e’
rock t e x t u r e  is p a r t ly  p reserv e’el , hu t  g ra ins  have
c o m p l e t e ly  s e p a r ~u t e d .

I t  shou I d  be’ noted thin t t ime ’ bonnet s ry he twee im roe’ k mmcl soil is eli’ ( t imed  In

term s sa t  t ime uu a iax i a l  compressive’ st r e a t gt h  mmd net ti m terms caf weatimericig .

.-\ mater t , i  I w i t h  the ’ st r e i mg t h  e’q u i t i l  to or .ubcve ’ 150 p si is cotmsiclere ’cI as

rock .
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Cr ou u m ~iw. i te r  condi t  b ums

ti4 . In the c,aso of tunnels , the rate of inflow of groundwater itt

gallons per min ute per 1000 ft of time’ tunnel should be determined ,
5 or a

general cond ition caut he ’ described as completely dry, damp , wet , dripping ,

acid f l o w i n g .  If o ct u a l  water pressure data  are ava i lab le , these should

he stated and expressed in terms of the  r a t i o  of the water pressure to

the major principal stress. The latter can be either measured or deter—

mined f r o m  the dep th  below su r face , i . e . ,  tim e ’ v e r t i c a l  stress increases

w i t h  depth at 1.1 psi per foot of the dep th  below su r face .

65. The rock mass a long  the tunne l  route  is divided into a number

of struc tural  regions , and the above c lass i f i ca t ion  parameters are

determined for  each s t r u c t u r a l region and entered onto the standard

inpu t da ta sheet , as ectclosed in Appendix B.

66. The advantage of the Geoinechanics C la s s i f i c a t i on  is that i t

is not only applicable to rock tunnels but also to rock foundattons”4

and slopes. 25 ’26 This is a very use fu l  f e a t u r e  tha t, can assis t w i t h  the

desi gn of s lopes near the tunnel  por ta ls  as well  as a l low estimates of

the deforn aab i l ity  of foundat ions  fo r  such s t r u c tu res as bridges. A f t e r

a l l , for  a highway or ra i l road  rou te involving tunne ls  and bridges , t im e

outpu t f rom the Ceotnechanics Classification for slopes and foundations

w i l l  be very useful.

67. In the case of rock foundations , the rock mass r a t ing  RMR
24from the Geomechanics C l a s s i f i cat i o n  has been re la ted  to the in s i tu

modulus  of deformation in the manner shown in Figure 10.

68. In the case of rock slopes , the output  is given in Section 0

of Table 6 as the cohesion and f r i c t i o n  of the rock mass. These outpu t

values  were based on the data comp iled by Hoek and Bray. 4’ The v a l i d i t y

of the ou tpu t  from the Geomechanics Class i f ica t ion tea the rock slopes
25was tes ted by Steffen and by John.* Steffen analyzed 35 slopes of

which 20 had failed . He used the Ceomechanics Classification to obtain

the average values of cohesion and friction and then calculated the

* See femeatnote , page 5.
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so I t ’ t y t o e  tea r based on s lope’  des igim c h a r t s  b y Hcte ’k and Bray . ‘~ 1 The’

r esu l t s  g iven tam Fi gure’ i i  show dci t n i t c ’ st :i t 1st t oo l  t r en d s .

b9 . In spi te’ si t i t s  ver sat  i i i  t v  , t he  Ce ’cau aaoc ia a im it ’s Classi  t lo st  I s a ac

Is im cat c- ca l ms iclert ’d suf l i e ’ i eu t t  to deal vi  t im a l l  tu i mne I s t a b  l i l t  v pteah leans .

Like w i t h  o ther  ecup i r toal methods , it shcau I ci ht ’ la ,t cke ’sl liv a tnoum i t  car lug

program do r ing  time tua tne l  d’ e a u ls  t rue’ t loam . Time’ purpose of such a program

would  be’ to check tan time ’ roc k conel it  b its p re ’d l o t  eel tay t ime ’ c’ 1,u s s i f ’ t ca t  I c u t

and to e v a l u a te ’ the  behavior  of the’ adi ca la t eel suppcart mcm e’osci re’s

70. ~ p r ac t  ic~~1 examp le us ing  the  t~eome’c’ lm aami cs  Chassi  f lest (sin is

as fo l l o w s :

Consider  .c s l ig h t  l v  wea t im er ed  qn a r t ~ i t t ’ In which  a
20—t ’t— sp~ cm t u imn e l  Is to he d r i ven .  The f o l l o w i n g  c l a s s t —
f i c a t  lean p arameter s  we’re ck ’te’rnmi t m ed

It em Value ’ Rat  bu g

I .  S t r en gt i a  s it ’ r eack m .at e ’r i a I  22 , 000 psI  12
2. RQI) 80—~ 0~ 17
3. Sp a s ’ tug sat j o i n t s  I— I t  21)
~~. Cot md l t te a c i  eat j o i n t s :

con t iimei c iu ~ jc a tut s
si  lg iat l v  rougim sit r t  ace ’s
se p a r -u t  tei m < I  mccc
imi g l t l v  weathe’reel rock wall
no geatuge ’

5 • Croumm dw a t e’r Mcac le ’rs t o  l o t  I s aw

Flasbc rock mass v a l ue  c’S
6. Or (eumt .it leaum ot j o i n t s  Fa i r  — 5

F i c c . a t  RM R i i i

R, a e’k M~~ s C l a s s :  i i  — gca ead a 5 ack

t~~i t  1a 11 t : From Fi g ure  Q , fe a t ’  RMR — I ’ ~ ttcl u i u m s u i h a p e ar  t i’d
sli .acm — 21) i t , the s t s u t d — u p  t lane’ w i l l  he ’ sho ut  I ifls a i i t i t .
Frcxn ‘lab Ic S , rec caimmmeueie’d In fl ame ’ I support is c’ oc kia sa 1 t s li t
C t’OW fl 10 I t 1 ean g, sp Ot ’ ccl ,t t ~ t I  w i t  Ii sims ’ t o  l’ s ’ I c ’ -

‘ In •
thick anti wire mesit. Ft’~ aai Fi g u r e ’ 10 , t ime ’ rca ok m ,uss  moclu l U S

is estimated as 1. 7  x 10 i’~~i .

71 . It is tmp or t ant  t h a t  tiit’ c’lm ,U t 1cm F ’tguut’ o ‘~ is esarc ’ e’s’tlv

appi ted for tite’ select ion of time’ ou t p u t  sb t o  • For t i m  i s  r u rp c~~’ . t ia e’

ac t  t i . t  1 RMR ‘S ,ire ’ used lbs t are ’ c’epre ’seim t eel l’v t it t ’ so i l o s  s a t  ne ’s r 1a5 r—

ci  leI  1 l imes  bum Fi gure Q .

11
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LI S T A B L E  SLO PES

F A I L E D  SLOPES
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0,6 0,7 0.8 0. 9 ~ , Q t , l 1 , 2 1 . 3 1 , 3

F A C T O R  OF S A F E T Y

Fi gure  11. b’r e que~ cv  dtstri heution of s lope
s tab i l i ty  as p r e d i e -t ed  b y Hoek ’s

des ign  c h a r t s  f o r  t ime geomechanics
sy s t e m  s t r e n g t h  paramete rs

( a f t e r  S t e f fen 25 )

72.  The i n t e r c e p t  of an RMR 1 inc w i t i m  the des i red  t unnc’ l spac i

determines  the s t and—up  t ime . A l t t ’r a m a t i v e ly , the  in t e r c e p t  of an R~’1R

l i u m e  w i t h  t ime top  boundary  l i ne  det er mi n e s  t ime maximum span pos s ib l e  in

a given roe-k mass; any la rger  span wou ld  r e s u l t  in the Immed iat e  roof

co l lapse .  An i n t e r c e p t  of the  RMR l ine  w i t h  the  lowe r boundary  l i ne

de t e rmine  the m axi m um span t h a t  can s tand un s u p p o r t e d  i n d e f i n i t e l y . - ‘

(~~Sys tem

73. The Q— S ys tem of rock mass c l a s s i f i ca t i o n  was developed  in

Norway in l97~. b y Bar ton , Lien , and Lunde , , i I l  eat t ime  N o r w e g i a n  Coo—

t e c h n i c a l  ln s t i t ut e .~’ ’ I t s  deve lop m eumt  r ep resen ted  a major  c o n t r i b u t i o n

to the sub jec t  of rock m ass cLass  if  i ca t  I ens fea r a numht’ r of r ea s o n s :

the sy st e m  was proposed on time b asi s  of an an a ly s i s  of sonic 200 tunn e l

c.cse h i s t o r i e s  front  S c , u n d t n a v t o ,
4 2 i t  is .m q u a n t i t a t i v e ’  ~‘ l a s s i f I c a t i e c m

sy s t e m , and it  is aim e n g l a m e e r i u m g  system e n a b l i n g  the desi gn of tunnel
supports.

15
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7-+ . The Q—Syst em is based on a n u m e r i c a l  assessment  of the rock

mass quality using six d i f f e r e n t  pa ramete r s :  (a )  RQD , (b)  number of

j o i n t  sets , (c)  roughness of the most unfavourabic joint or discon-

tinuity, (d) degree of alteration or filling along the weakest joint ,

(e) wat er inflcw , and (1) stress condition.

75. The abcave six parameters are grouped into three quotients to

g i v e  t ime o v e r a l l  rock mass quality Q as fo l l ows :

“I‘
~ J J SRF

ii awhere

RQD = rock quality designation

j o i a m t  set number

— j o i n t  roug hness number

J = joint alteration number r
J = j o i n t  w a t e r  reduction number - 

-
U

SRF = stress reduction number

76. Ira Tables 11 — 13 , the numerical values of each of the above

parameters are interpreted as follows. The first two parameters represent

the overal l  s t r u c t u r e  of the rock mass , and thei r  quo t i en t  is c la imed  to

be a measure of the relative block size. The quotient of the third and

the f o u r t h  p a r a m e t e r s  is said to be re la ted  to the in t e r b i o c k  shear
s t r e n g t h  (of the joints). The fifth parame ter is a measu re of wa ter
pressure , whi le  the s ix th  parameter  is a measur e o f :  (a) loosening load

in the case of shear zon es and clay bear ing rock , (b) rock stress in

competent rock , and (c) squeezing and swelling loads in p lastic incompe-
tent rock. This sixth parame te r is regard ed as the “total stress ”

parameter. The quotient of the fifth and the sixth parameters is

regard ed ~as describing th e “active stress.”

77. Tht p”oposers
12 

of the Q—Sys tem believed tha t the par ameters,

~n
’ 
~r
’ and 

~a’ p layed a more important role titan joint orientation , and

if joint orientation had been included , the classli icstion would have

been less genera l .  However , the o r i en t a t i on  is i m p l i c i t  in the para taa— 
F

Li ers 
~r 

and J , because they app l y to the most u n f a v o u r a bl e  j o i n t s .

36
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78. The Q is rela ted to the tunnel support  requiremen ts b y de f in ing

the equiva len t  dimensions of the excavation, This equivalent dimension,

which is a function of both the size and the purpose of the excavation ,

is ob ta ined by dividing the span , diameter , or the wall height of the

excava tion by a quanti ty called the excavation support ratio (ESR).

Thus,

Excavation span, diameter , or height, metresEquivalen t dimension = ESR

79. The ESR is related to the use for which the excavation is

int ended and the degree of safe ty  demanded , as follows: -

No. of
Excavat ion category ESR cases

A. Temporary mine openings 3—5 (2)

B. Vertical shafts:

c i rcu la r  section 2 .5  ——
r ec t angu l a r / squa re  section 2.0 ——

C. Permanent mine openings , water 1.6 (83)
tunnels for  hydropower (ex—
cl uding high—pressure penstocks),
pilot tunnels , drifts , and head-
ings for large excavations

D. Storage rooms, wa ter t rea tment  1.3 (25)
p lants , minor highway and rail—
road tunnels , surge chambers ,
access tunnels

E. Powe r sta tions , major highway 1.0 (73) - 

-or railroad tunnels , civil
defense chambers , por tals ,
intersections

F. Underground nuclear power sta— 0.8 (2)
tions , rai lroad sta t ions ,
fac tor ies

80. The rela tionship between the index Q and the equivalent

d imension is i l l u s t r a t e d  in Figure 12 in which 38 support categories are

shown by box numbering. Support measures that are appropriate to each

category are listed in Tables 14 — 18. Since it was decided that bolting

and shotcrete support deserves most attention , case hi stories featuring

steel r ib suppor t , concrete  arch roofs , and precast  l i n i n g s  have been

ignored .
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81. The length of bolts L is determined from the equation :

L • 2 + 0.15 B/ESR

where B is the excavation width.

82. The 38 suppor t categories listed in Tables 14 — 17 have been

specified to give estimates of permanent roof support since they were

based on roof suppor-’ methods quoted in the case histories. For tern—

porary supp~ r t de termina tion , either Q is increased to SQ or ESR is
increased to 1.5 ESR.

83. The maximum l imit  fo r  permanent unsupported spans can be

obtained as folle~ s (see also Figure 13):

0.4
Maximum span (unsupported) = 2(ESR) Q

84. Figure 14 shows the relationship between the rock mass qual i ty

Q and the stand—up time. In Figure 15, the relationship be tween Q and

permanent support pressure P f is plotted from the following equation :

2.0 —1/3
roof

If the number of joint sets is less than three , the equa tion is expressed

as
1/2 — l —1/3

roof 3 n r

85. The pi-oposers of the Q—System ecnphasized’2 that while the

support recommendations for the large—scale excavations would generall y
incorporate thicker shotcrete and longer bolts , the bolt spacing and

theore tical suppor t pressure would remain roughl y the same. This is

supported by Figure 16 in which roof support pressures range from 5 to

20 psi independent of the span.

86. When core is unavailable , the RQD is estimated
12 from the

number of joints per unit volume , in which the number of joints per

metre for each joint set are added . The conversion for clay—free rock

masses is

RQD — 115 — 3.3 J

where represents the total number of joints per cubic metre (RQD —

100 percent for 4,5).

L 
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Figure 16. Design support  pressures for  roofs
of large caverns (a f te r  Cording ,

Tiedemann, and Skinner33)
87. The following steps are involved in applying the Q—System:

a. Classify the relevant rock mass quality.

b. Choose the optimum dimensions of excavation.

£~ 
Estimate the appropriate permanent support.

88. A practical example using the Q—System is as follows :

Consider a water tunnel of 9—an (29.5 ft) span in a
phy llite rock mass. The following is known:

Joint set 1: smooth, planar J 1.0

chlorite coatings J = 4.0

15 joints per metre
Joint Set 2: smooth , undulating 

~r 
• 2

slightly altered walls 
~a 

— 2

5 joints per metre

Thus: 
~~~ 

15 + S — 20 and RQD 115 — 3.3 — 50 percentJ = 4a-a
most unfavourable  J /J — 1/4r a

Minor water inflows: J 1.0

tj niaxial compressive s t rength  of p h yl l i t e :  
~
, 40 MPa

Major principal stress: 3 MPa
Virgin stresses

Minor prinicpal stress: — 1 MPa
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Thus: C
1

/0
3 

— 3 and = 13.3 (medium stress), SRI — 1.0

Q ~~~~~~~x~~~~~
- x -

~~
-.. 3.1 (poor)

Support estimate: B — 9 m , ESR • 1.6
Thus: B/ESR • 4.6
For Q — 3.1: support category — 21
Pe rmanent support :  untensioned rockbolts spaced 1 m , bolt
length 2.9 an, and shotcrete 2—3 cm thick (see Table 18, note 1)
Temporary support: none

I

a’
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PART III: GUIDE TO CLASSIFICATION PROCEDURES

89. The main rock mass classification systems currentl y in use in

the design of rock tunnels were fully described in Part II. Apar t from
Terzaghi ’s classi f ica t ion , three o ther rock mass c lass i f ica t ion sys tems
were shown to be most promising: the RSR Concept , the Geomechanics

Classifica tion , and the Q—System. According ly,  the step—by—step design

procedures will be summarized in this section for these three classifi—

cation systems. For Terzaghl ’s classification , f u ll  gu ide l ines  are

given in EM lllO_2_290 l
31 

and in Append ix A.

User ’s Guide for the RSR Concept

90. The RSR Concept, a ground support prediction model developed

in the Uni ted States in 1973 b y Wickh am , Tiedemann , and Skinner ,
5’6 is

particularly suitable for selection of steel support for rock tunnels.

It requires determination of the tht~ee param e ters A, B, and C l isted in

Tables 2 , 3, and 4.
Step 1. Divide the proposed tunnel route into geolog ical

regions , such tha t each region would be geolog icall y
similar and would require one type of support; i.e.,
it wil l  no t be economical to change tunnel suppor t
un til rock mass condi t ions change dis t inc t l y ,  that
is , a new structural region can be distinguished .

Step 2. Complete classification input data worksheet , as
given in Appendix B, for each structural region.

Step 3. From Tables 2 to 4, determine the individual classi-
fica tion parameters A , B, and C and their sum , which
gives the RSR — A + B + C.

Step 4. Adjust the RSR value in accordance with Figure 5 if
the tunnel is to be excava ted b y a tunnel bor ing
machine.

St ep S. Selec t a support requirement chart appropriate for
the tunnel size , e.g., the chart for 10—, 20— , and
24—f t—diam tunnels in Figures 6, 7, and 8, respec—
tively. These charts are app l icable to bo th c i rcu lar
and horseshoe—shaped tunnels. From the selected

45

( —— _ _ _ _

—- ~~~~~~ - -— - 4- —- ~~~~~~ — .—~~~~~ - ~~~~~~~~~~~ —~~~~-— - - —  - ~~~~~~~~~~~~~~~~~~~~~



- - --- - - - - - -~~ — — -

c h a r t , de t e rmine  the r i b  t ype  and spat ’ t u g  s ’or r t ’— a
sponding to the RSR v a l u e . I gnore L’ur v s .’s f o r  r o c k b o l t
and shotcrete support since they ir e  not based’ on
s u f f i c i e n t  case h i s t o r y  1.at a .

Step t. Est m a t e  the rock load from Table 5 and the theo-
r e t i c a l  RR f rom the f o r m u l a :

(RR + 8 O ) ( R S R  + 30) = 5800 
4-

The va lues  obta ined  .ire f or  compar i son  purposes
be tween the structural regions.

User ’s Gu ide fo r  the  Ge omechan ics Class  if t e a t  ion

91. The Ceomechan ics Classi  f i c a t  ion , which  was developed  in 1 73

by B ien i awski  • 
13 enables  de terna ina t ion of the  RMR , the tunne l max imum

unsuppor ted  span , the s tand—up  t ime , the s u p p o r t  r e q u i r e m e n ts , the

in situ rock mass mod t a lus , and the coh esion ~iiid f r i c t i o n  of the rock

masses.

Ste1’ 1. Divid e the proposed t unnel  r ou t e  i n to  s t r u c t u r al
regions , such tha t  each region  wou ld  he geo log ica l l y
simi lar  and would  r e q u i r e  one t y p e  of s u p p o r t .

Ste p 2. Comp le te  c lass i f  ica t ion Inpu t  da ta  w o r k s h e e t , : is

given in Ap p e n d i x  B , f o r  each s t r u c t u ra l  reg ion  (see
paragraph  4 4 ) .

Step 3. From Table f,, d e t e r m i n e  the  ra t  t ugs of the  s i x
m d  iv idu a l  cL a s s i f i ca t i o n  p a r a m e t e r s  au - i  the  over .a 11
RMR va lue , f o l  lowing the procedure  out  l ined in
paragrap hs 42 th roug h 4h and 52 t h r o u g h I ’ ’ .

Step 4. From Figure q , de termine  the m a x i m u m  u n s u p p o r t e d
rock span poss ib le  fo r  a g iven RMR. If t h i s  span is
sma l l e r  than  the  span of the proposed t u n n e l  , the
heading and bench or mu i t  id r i f t  cot is  t rue t ion ~h ou 1 d
be adop ted (see paragraphs  71 and 7 2 ) .

S tep  5. From Fi gure ~~~, de te rmine  the st an d — u p  t tine for  the
proposed tunne l  span.  If the tunn& ’ I f a l l s  he low the
lower l i m i t  l ine , no support will he required . It
the  s tand—up  t i m e  is not 5 11ff  Ic f on t  for t he  i t  (~ ot
the tunne l , the appropr  lat e  suppor t  measure s  must  he
se lec ted .

Step b. From Table  S , sd t’c t t h e  a pp r op r  I i t o  t unne l  suppor t
measures and no te  that these  r epresent  the  porn ’ an on
s u p p o r t .

-4 1)

_________ 
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Step 7. If foundation design is contemplated for nearb y
structures , select from Figure 10 the in situ modulus
of deformation of the rock mass (see paragraphs 66
and 67).

Step 8. If the rock slopes near the tunnel portals are to be
designed , select from Section D of Table 6 the
cohesion and friction data (see paragraph 68).

Step 9. Consider a monitoring program during the tunnel
construction for sections requiring special atten-
tion (see paragraph 69).

User ’s Guide for the Q~System

92. The rock mass quality Q—System , which was developed in Norway

in 1974 by Barton , Lien 1 and Lunde,
12 

enables the design of rock support

in tunnels and large underground chambers.

Step 1. Divide the proposed tunnel route into structural
regions, such that each region would be geologically L
similar and would require one type of support category.

Step 2. Complete classification input data worksheet, as
given in Appendix B, for each structural region.

Step 3. Determine the ratings of the six classification
parameters from Tables 11 , 12, and 13 and calcula te
the Q value (see paragraph 75).

Step 4. Select the excavation category from paragraph 79 and
allocate the ESR.

Step 5. From Figure 12 , determine the support  category for
the Q value and the tunnel span/ESR ratio.

Step 6. From Tables 14 through 18, select the support
measures appropriate to the support category.
Calculate the length of rockbolts from paragraph 81.

S~ gp 7. The selected support  measures are for the permanent
support. Should it be required to determine the
primary support measures, consult paragraph 82.

Step 8. For comparison purposes, determine the support
pressure from paragraph 85.

Step 9. For record purposes , from Figures 13 and 14 , es timate
the possible maximum unsupported span and the stand—
up time.

47
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Comparison of Procedures

93. For convenience of app lica t ion , practical examples for using

each of the three classification systems are given in paragraphs 41 , 70 ,
and 88. A detailed discussion of a selected case history, giving

comparisons between Terzaghi’s approach and the three classifications ,

follows in Part IV. It is appropriate , however , to consider here if any
re la t ionships or comparisons exist be tween the thre e c lassi f i c a tion

systems .

94. A correla tion has been attempted between the Geomechanics ~‘tR
and the Q—value.

23 
A total of 111 case histories were analyzed Involving

n8 Scandinavian cases , 28 South Afr ican  cases , and 21 other documented

case h i s to r ies  f r o m  the Uni ted States , Canada , Australia , and Europe.

The results are p lo tted in Figure 17 from whirh it will be seen that the

f o l l o w i n g  re lat ionship is app licable:

RMR 9 l n Q + 4 4

Rutledge
18 

recently determined in New Zealand the following correlations

between the three c l a s s i f i c a t i on  systems :

RMR = 13.5 log Q + 43 (standard deviation 9.4)

RSR = 0 .77  RMR + 12.4 (standard deviation = 8.9)

RSR = 13.3 log Q + 46.5 (standard deviation 7.0)

95. A comparison of the stand—up time and the maximum unsupported

span , as shown in Figures 9 , 13, and 14, reveals that the Geomechanics
Classification is more conservative than the Q—System , which is a

reflection of the different tunneling ~iractice in Scandinavia based on

the generally excellent rock and the long experience in tunneling .

96. A comparison of the support recommendations by six different

classification systems is given in Table 1. Other comparisons are made

in References 17, 18, 23, 27, 28. and 29.

97. Although the above comparisons are interesting and usefu l, it

is believed that one should not necessarily rely on any one c la ss i—

f i c a ti o n  system hut  should conduct a sensitivity analysis and cross—check

48
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PART IV: CASE HISTORY OF THE PARK RIVER TUNNEL

98. in order to demonstrate the potential of the tunnel design

by rock mass c l a s s i f i c a t i o n s  a case his tory  was selected . This involved

the Park River Tunnel in Hartford , Connecticu t , a water tunnel currentl y

unde r  cons t ruc t ion  by the U. S. Army Corps of Engineers.  This p ro jec t  - 
-
-

was selec ted , because ~~ details of the geological exp loration and the

curren t design prac tice were well documented , and even in situ stress - -

measurements were conducted .45 
In add ition, borehole logs were avail— a

able for examina tion. 
- 

-

Descrip tion of the Tunnel

99. The function of the Park River (auxiliary conduit) Tunnel

w i l l  be to conduc t approx imate l y one q u a r t e r  of the maximum flow in the

Park River to the Connec ti cu t  River. The completed tunnel  w i l l  have a

2 2 — f t  inside diameter  and extend some 9100 f t be tween the in take and

outlet shafts. It w i l l  be excavated through shale and basalt rock at a

maximum depth of 200 ft below the surface. The tunnel invert at the 
- 

-

outlet shaft is 52 ft below the intake invert with the tunnel sloping at

a rate of approximately 7 in. per 100 ft. A minimum rock thickness of

approxima tel y 50 f t  w i l l  remain above the crown excavation at the outlet .

100. The 22—ft—dlam tunnel will be machine bored and lined

throug hont with precast r e in fo rced  concrete segments 9 in. th ick.  For

dr ill and blast construction , the initial design specified the minimum

thickness of a cas t—in—p lace re in forced  concrete l iner  - 14 in.

(P late  9A—2 1 of Reference  34) with additional S in. being al lowed to the

excavation pay line. Thus, the minimum expected concrete thickness

would be 22 In. giving the nominal excavation size of 25.7 ft. This

nominal excavation size would increase to 27.7 ft where heavy structural

support was expected with the concre te l iner stipu la ted as 22 in. thick.
1.01. Temporary rock support was prescribed for  the en tire leng th

of the tunne l in the case of the construction by drilling and blasting .

Typical support patterns (for 88 percent of the tunnel) would be

50
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i — I  /8—in  .—d tam rock anchors  ( rockbo I t s  I u l i v  res to bonded hut not ten-

s Ion ed) ,  11 I t  long , spaced 4 — 1 / 2  f t  w t  th shotc  r e te  I i n .  t h i c k  w i t h o u t

wire mesh • In poor - ground c o n d i t i o n , the ho It spac ing  is he tween 2 and

4 f t  w E t i a  sito t or e  to  2 I r a  • t h i c k .  In two I .aaa  i t  zones , expt ’c ted to be

. ipprox I m a t e  I ‘
~
‘ 300 I 1 long , St  r a t e  to ra I W8 st e,’ I r ing  beams :a t 3 f t  w i l l

he used.

102. The an t i c i pat e d  cost of the  tunne l  is $11.11 nat  I i  Ion for

mach toe bor tug or $1880 per I oot , based on hid p r I Ce’s • If convent I oiail I

drill and bl ast coust rue t ion were  used • the  cost would  have been

$27 .8  m i l l i o n  ( i n c l u d i ng  the  s h a f t s ) .

I L l  nne 1 (;~ iii o gy

10 1. In F Ig u r e  18 , a long l t~ d tn : t l ge o l o g i ca l  sec t ton of  t unn e l  Is

shown . The rocks a l o n g  the .a I Igiamen t are  p r futa r II  y e~r st e  r 1 V d i p p in g

Tr lass Ic sand y red sha l o s / S i l t s  toiaes ii i  t e r  ruj i  ted by a ione of basal t

f l o w s  and sonae I I  in i t  ed t-oc k t ypt ’s nea r 1 lit ’ basal t . B e dd ing  is d 1st Inc  t

at ad of t en re gal  I . ir  t o  t lie ex t e n t  t h a t  na any t ara rk er  beds cot -re 1 at  t’d between

ho reho I es • 1k’ sc r I p t  [otis of t lie var I otis rock t y p e s  are g i ven  In Table  Cl

Ap pend i x  C.

104. h a  roe m a l t a  geti l o g ic al  f .o a a t ’s wer e  t l i s t  I ngu I shed ~i long  th e .’
-a-,

t r i t a r a t ’  I roti  t o :

i . Sh,r le and h~~~a 1 t zones , c ens t I t a t  t I t ag 88 pe t o  ~- ia I of the
t un n e l

Ii . Fr -ac t  u red rock z.o lit’ (ye ry b l ock  y and se~un v )  , b etw een
st . i  2 1 + 10 ata d I I  + 10 (801) I t ) .

c .  i~’o I ,tu I t  ~oaws , one near st a ‘~ 7 + 0 a t - ~~ t he.’ o tht ’ r
between ot  a 89 + ‘l) . i t id  ‘~~ + SO.

105. B e d d i n g  and j o i n t  lug  ar e  g e n e r a l  l y  n o r t h  to  sou t h  w h i ch  is

perpen d ( c u t  .ar t o  th e ’ t a i t ane  I a x i s  ( t wane I w I l l  i - wa Wa’S I to  e:ls t 1 . The

bedd lug Is g t ’ i a e r i l  l v  d i  pp 1 tag he ’ t wi ’t ’n 10 and 21) dog wh l i t ’ the oints ar~-

s t eep l y  d i p  p 1 tag he t Wi’e n 71) a tad 90 tIeg . ,Jo f i a t s  in  t he.’ shal t ’ have rough

sor t  r e t ’s , and many - i r e ’  v er y  tl a lua .itad l t e . i l v d  w i t h  c a l c i t e .
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106. Groundwater  s tudies  indica ted  tha t wa te r  i n f l o w  dur ing

tunne l i ng  should be low averaging less than 3 gpm per l inear  foot  of

un t rea ted  tunnel for the major por t ion  of the  tunnel  a l ignment.

Geological Inves t iga t ions

107. Explorations consisted of core borings , various tests  w i t h i n

the boreholes , and a seismic survey. Tests in boreholes included bore—

hole photography, pressure testing , piezometer installation , observation

wells , and pump tests.

108. Rock cores from 29 borings were used to determine tunnel

geology (18 were NX d iana (2.16 in.) and 11 were 4—in. diam). Ten bore—

holes did not reach tunnel level. All cores were photographed in the

field immediately upon removal f rom the core barrel , and the core was

logged , classified , and tested . Typical drill log is given in Figure Cl ,

Appendix C.

109. Borehole photography was employed in 15 boreholes to deter—

mine j o i n t  o r ien ta t ions  and the rock s t r u c t u r e , 
a

110. Core samp les wer e selec ted from 2 1 local i t ies w i t h i n  the

tunne l , near the c rown , and w i t h i n  one—half  d iameter  above the crown to

determine  the d e n s i t y ,  un iax ia l  compressive s t r e n g t h , t r i ax i a l  s t r e n g t h ,

modulus of elasticity, Poisson ’s ration , wa ter con tent , swelling and
slaking, sonic velocity, and joint strength. The results are tabulated

in Table C2, Appendix C.

Ill. In situ stress measurements were conducted in vertical

borcholes
45 involving 15 tests , but only four  y ielded successful  r e su l t s .

Ei ght tests could not be completed because of core breakage; two f a i l e d

because of gage s lipp ing, and two more because of equipment  m a l f u n c t i o n .

The measured horizontal stress was found to he 452 ~ 133 psi. For the

depth  of 120 It , the v e r t i c a l  s t ress  is ca l cu l a t ed  as 132 psi. This

gives the h o r i z o n t a l  to ve r t i ca l  stress r a t i o  as 3 :42 .
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Bieniawski’s Report

112. Input data to enable rock mass classification by the RSR

Concept, the Geomechanics Classification, and the Q—System are listed in

Figures C2 through C4 , Appendix C. The data are presented for each

structural region anticipated along the tunnel route. The best average

ground condition (Table 23) was subdivided into two separate regions,

basalt zones and shale zones. Station limits for each zone are shown in

Figure 18.

Input Data for Rock Mass Classifications

113. Input data to enable rock mass classifications by the RSR

Concept, the Geomechanics Classification, and the Q—System are listed in

Figures C2 through C7, Appendix C. The data are presented for each

structural region anticipated along the tunnel route.

114. It should be noted that all the data entered on the clas-

sification input sheets have been derived from the borings, including

information on joint orientation and spacing. This was possible because

borehole photography was employed for borehole logging in addition to

the usual core logging procedures. However, considerable effort was

required in extracting the data from the geological report for the

classification purposes since engineering geological information was not

systematically summarized in the form of classification input work

sheets.

Assessment of Rock Mass Conditions by Classifications

115. Rock mass classifications in accordance with the Terzaghi

Method, the RSR Concept, the Geotnechanics Classification, and the

Q—Systein are performed in Tables 19, 20, 21, and 22, respectively, and

are summarized in Table 23.
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Tunnel Design Features 
L

116. Based on the geological information , the design of the

tunnel recognizes the following features, with reference to the geo-

logical profile in Figure 18: - -

a. Nominal support  (8000 f t ) :  good rock , best average
conditions, RQD > 80 percent , water inf low 1 gpm per 

- 
-

foot of tunnel.

b. Heavy suppor t (800 ft): sta 23 + 10 to 31 + 10. The
tunnel intersects an area of thin rock cover and thick
overburden , and rock conditions at tunnel grade are
described as very b locky and seamy . The rock is not
tight , dipping 7 to 14 deg , and water inflows of 4 gpm
per foot of tunnel are anticipated .

c. Steel support  in f a u l t  zones ( 300 f t ) :  sta 3 + SO to
95 + 50 and 56 + 00 to 57 + 00. Broken rock is assumed
due to faulting, dipping be tween 20 and 60 deg , and a
low RQD of 30 percent. Pressure tests showed water
inf lows of 15—20 gpm per foot of tunnel.

117. The above rock condit ions are summarized in Table 19. The

designers believe (Reference 44, p. 21) that the actual conditions will

exceed the best average cond i t ion  In most of the tunne l .  If machine

excavation is emp loyed , the rock load fac tor s are expected to be reduced

by as much as 50 percent In the major portion of the tunnel.

118. Excavation conditions are expected to depend on the con—

struction method selected. Control of water inflow and slaking for

conventional excavation will be provided by shotcrete without mesh , but

no sho tcrete is anticipated if the construction is by tunnel machine

boring with precast lining. The grouted lining will provide the necessary

control for reducing water inflow and any spalling near the face. In

any case, only relatively low water inflow was indicated by pressure and

pump test data.

119. Geologic conditions at tunnel grade are considered suitable

for machine boring of the tunnel accompanied by precast tunnel lining .

Because of immediate installation of the lining , the tunnel would drain

less water under the city since a drill and blast tunnel will stand for
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up to one year be fo r e  a pe rman ent  l i n i n g  is i n s t a l l e d . Mach ine  t - x c a v a—

t ion would also cause less vibrations. l’he antic i pa ted cost of mach In c

excavation with precast segments is $17.0 m it lion wia t i e  the cost of

conventional t u n ne l i n g  would be $27 .8 mill ion ( i n c l u d i ng  the  shaftsi .

With respect to Figure 19 , note tha t payment for concrete is up t o  l ine

“B” for conven t tonal t u n n e l in g  but only up to  1 iiw “A ” ( t h e  min imum

excava t ion l ine) for  machine  t u n ne l i n g .

120. The eiiv isaged tunnel desi gns I or each of t ~ac t h ree  ground

conditions are s~’ -~wn in F igure  19 . The d e t a i l s  ~‘t the  r ecLvamended

primary (temporary) support and the final lining t o r  d r i l l  and b l a s t

construction are presented in Figure Ha. The bas ic  des ign  was based on

the Terzaght Method . Temporary rock supports will be required o n ly  b r

the cast—in—p lace  at  t e r nat iv e  and w i l l  p rov ide  the  pr imarv  rock s u p p o r t

for  up to one yea r  p r i or to p la~-ement of the  permanent  i t o  l u g .  For

machine  tunne l  log ,  t h i s  w i l  I not he necessary (F igu re  19h ’t

121 • As the t unne l  w i l l  be c o m p l e t e ly  I ul  1 when in oper a t ion , the

design of the  t u n ne l  l iner assumed a pressure of 1~ psi for contac t

grou t i ng , which would ensure that  the l iner remains In compression under

net internal load conditions • c~rou t ing w i l l  be a p p l i e d  to th e  f u l l

r ing .  For purposes of aiaa I ~-z i n g  stresses In the c oaa cj - e t e  1 iner s  , a

c o e f f i c i e n t  of suh grade reac t ion  of 1000 kc i t580 pcf ‘I f o r  th e  rock was

assumed.

122 . Tunnel Ins t  rumen t at  [on is  p l an n e d  to prov ide fo r  design

verif teat ion , f u t u r e  des i gn app I [cat ions , and m o n i tor i n g  of c o n s t r u c t ion

e f f e c t s .  Ten test sect ions at b eat  tons based on d i f f e r in g  geologic  or

des ign c o n d i t i o n s  w i l l  he i n s t a l l e d  th roughou t  the length  of the  t u n n e l .

These test  sec t ions  w i l l  have i n s t r u m e n t s  t a i l o r e d  to the test areas hut

w i l l  consist of 10 extensometers  (MPBX ’s t  i n s t al l e d  from the su r f ace  and

pore pressure  t r ansduce r s , rockbol t load c e l l s , convergence po in t s , and

sur face  and embedded st ra in gages Inst a lied with in the tutane I. Further-

more , in s i t u  stresses will be determined using the overcoring technique.

The tes t  sect  to ias have been ar ranged to provide  the greatest  amount of

data based on the p lanned c o nst r u c t  ton s c l a e d a l e  ot a ThM w i t h  pre~-ast
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lin ing. Since the precast segments are designed for  the wors t ground
con d i t i o n s  but are u t i l i z e d  th roug hout the tunnel , they ar e  in effect

overdesigned for the major portion of the tunnel. If the instrumen-

t a t i o n  program indicates tha t higher strength units are needed for a

p a r t i c u la r  section of the t u n n e l , the design c o u l d  be m o d i f i e d  by

increas  tug the steel r e i n f o r c e m e n t , which is now at a minimum , and

keeping the same externa l shape .

~2~ partson of Suppor t Recommendations

123 . The support  recommendat ions based on four  clas sif ica t ion

sys tems ar e compared in Tabl e 2 d . The following main conclusions may be

drawn :
I

a.  The T e r z a gh i  Method tec ommends the  most ex tens ive  suppor t
measures , which  seem clearly excessive by comparison r~w i t h  the  reco m menda t i ons  by the o the r  three c l a s s i f i —
cat ion sy s tems .  The reason for  t h i s  is three—fold:
( 1) the c u r r e n t  permanent  l in ing des ign does no t acc oun t
f u l l y  fo r  the act  ion of the t emporary  support , which in - -

i t s e l f  may he su f f i c ient f o r  the s t r u c t u r a l  s t a b i l i t y  of
the t u~~ne 1; (2) the ori ginal roe ommenda t tons by Deere
e t al . were b ase -LI on the  1 9h9 t echnol  ogv , which is now
much outdated ; and (3) not enoug h use’ is  made of the
a b i l i ty  of the rock t o  s u p por t  i t  sel f and the recent
progress in the f i e l d  of rock mechanics , i.e ., the use
of m o n i t o r i n g  to assess rock mass stahil tt~- . Since the
Terzagh i Method uses such qual  I t at  lye rock mass ClesL -r ip —
t ions as “b 1oek~- and seamy, ” t h i s  doe’s not Ut  I l l  ~e’ f u l l y
a l l  the quan ti ta t ive in fo r m at i on  tha t is o f t e n  a v a i l a b l e ’
from a site exp l o ra t i o n  program .

b. The RSR Concept is not sens i t ive  enouSla for  the rock
condit ion s  e n c o u n t e red ;  i t  is l i m i t e d  to t e m p o r a ry
suppor t onl y and for steel support de ’si~~n.

c. Both the Ceomeehan ics C l a s s i f i ca t i o n  and the  Q— Svst e ’m
give fairly similar recommendations , and any ditt et -ence -s
in suppor t pred ic t ton by these two methods w i l l  enable
the dc -si gner to ext’rc i se a better engineering judgment  .

d. 11w f i n a l  cone r e t e - 1 thing  for  d r i l l  and h i  ~a s t  cous t  r u e—
t Ion could  possibly he reduced hr h in . ,  which w o a l d
r e su l t  in sav i n g s  of $“ n i l  l ion ( $n ~ 0 ,000 pc - v 2 i n .  o~c o n c ret e )  • S t  mac e a m o n i t o r i n g  program is p I a n n t ’d , t la is
t- e’common dat  io~ w o u l d  not he ha~ _ a rd1 ’~as t o the  t u n n e l
sat  e t v
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PART V: RESEARCH REQUIR~ 1ENTS

12-e. The present study has revealed a number of aspects in the

present  tunne l design prac t ice , which could b e n e f i t  f rom f u r t h e r  research.

It is believed that improved tunnel design procedures , for the construc-
tion of safe and more economical rock tunnels , would result in the

following areas:

a. if a bet ter and more systematic engineering geological
description of the rock mass conditions is provided ,
e.g., in accordance with the input data sheets listed in
Appendix B.

b. if there is a better communication and understanding
among all the persons concerned with a tunneling project.

c. If the current tunnel desig~4
prac t ice , which is ba sed on

the revised Terzaghi Method , is supp lemented by the
methods advocated by the more modern rock mass classi—
f i c at ion sys tems , such as the Geomechanics Classification , - - -
the Q—System . and the RSR Concept. These classification
sys tems make f u l l  use of the quanti tative da ta f r o m  site
investigations. No one classification system should
necessarily be singled out to the exclusion of the
others; instead a cross—check of the results should be
aimed for.

d. If the action of the temporary support (otherwise known
as the primary support) is full y incorporated into the
design of the permanent lining , the thickness and the
reinforcement of the latter could be greatly reduced
without endangering the safety of the tunnel.

e. If during the tunnel construction a more comprehensive
tunnel—monitoring program could be incorporated , similar
to the procedu’-es generally envisaged for the so—called
New A u s t r i a n  Tunneling Method (NAN), no t only the —
adopted design could be ve r i f i ed  but a safe and more
economical tunnel construction would be ensured .

1. If the reinforced concrete linings are replaced b y
shotcrete and mesh linings in the case of rock tunnels , - -
other than possibly water  conduits. Ho~gver~ even water
tunnels  are sometimes l e f t  unsupported.

If more research is conducted into the stand—up t ime of
unsupported as wel l  as var iously  suppor ted rock spans ,
more confidence could be placed in the pred ic t ions from
the rock mass classification systems.

h. if more carefull y documented tunnel case histories are
compiled f e a t u r i n g  comparisons between support  desi gns
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ha st ’~l on d j t t o  r en t  m eth ods  , b e t t e r  uncle ~ rs t and I ng o
do ~ igi a e ~‘l i cOpt $  w i l l  he’ ~ic h i ev t ~d

11” . Some ot t he  al ’ove r e q u i r e m en t s  d e s er v e  f u r t h e r  e l a h o r a t  ion .

Thus , i t  em a above means that  some t lanes even when a w e ll—p b mtaa ied  ge~o—

I o~~ ic a 1 inves t  i~ a t ion h a s  hecu c o n d u c t e d  , t he d~m t a pr c-sen t at  io n is IL ’ t

wel l comp iled so t h a t  much add i t  tona l  t lane is needed b y the rock t’aag iaaeer

o e x t r a c t th e’ p a r a m e ter s  needed f o r  desi gn .  The U SC ’ ot  the ~-orkshee - t s

g iven in App en d ix  B ~ o u L d  g r e a t ly  s im p l i f y  the  in p u t  d a t a  col b e t  ion .

12 b. For a bett er communi1 - at ion on a tunneling proj cc t , a t r a i n  i ng

program Is ca l  lc ’Lf f or  to  ensure  tha t the geologists u n d er s t a n d  the

C115 [n e t ’ rs ‘ r e q u i r em en t s  and t h a t  the eng in eers  mak e’ i t  c 1 ear  as to  whaa t

Is needed and why f o r  design purposes .

127 . The N.-\ IM t e c h n i que has a number of pos s ib l e  in t o r p r ’ta t  ions

amid c o n s t i t u t e ’s a s t u d y  on it s  own . It should he r ev i ew e d  in d et a i l  and

compared w i t h  the current tunnel design proc edures.

1 2~~. The concept  if the  t e m p o r ary  and permanent  suppor t  appears

q u i t e  o u t d a t e d  In ~-iew of the  c u r r e n t  rock e n g i n e e r i n g  t e c h n o l o gy  and

i t s  use It -ads to the eve rdes ign o t t u mi n e  Is  • ~1it ’ c on c ep t  con hi he

reexarn ia-aed w i t h o u t  e n dan g e r i ng  t un n e l  s~a f e t v  , ht ’cae is t ’ any r edu c t  [on in

tunne l  supp or t  can be hacked hr a su i t a b l e  rock m o n i t or i n g  p r o g r am .

123 . The re b a t  ion sh i p he twee ’n th e  st a n d — u p  t tint’ and the  r ock  sp an

requires verif teat ¶on [rein a c t u a l  case histor i~’s in the U n i t e d  S t a te s ,

and a research pro gr am d i r e c t e d  to tlais ~ispee t w o u l d  make a great coai t r i—

h u t  ten in the f i e l d  ot rock t unne l  tug . In t lae Corp s  ot Fng inee’rs t u n n e l

research pr ogr an a , t here  is a mech anism f o r  how this cou ld  he ach ieved

s ince  Work I n i  t N~ . 31 ‘t~O o 1 is f o r  p r e p a rat i o n  of t u n n e l  de ’s i g n i e ’v i s  i o ns

hr September I9~Il.
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PART Vi: CONCLUSIONS AND RECOMMENDATIONS

Conclusions

130. The current rock tunnel design prac tices do not utilize the

latest rock mass classifica tion systenas. These systems , such as the RSR

Concept , the Geomechanics C l a s s i f i c a t i o n, and the Q—S ystem , o f f e r  a

rea l i s t i c  and va luab le  a l t e r n a t i v e  to the tunne l  design procedures based

on the Terzaghi (steel support) Method .

131. There is a need for more research in a number of areas of

rock tunnel design , and some recommendations are given below.

132. Case histories are not easy to comp ile due to the lack of

suf f i c i e n t inf orma tion , both concerning the geology and the design , and

yet they constitute a most valuable source of prac tical knowledge.

Recommendations

132. Based on this stud y,  the fol lowing recommenda tions ar e made :
a. The c u r r e n t  tunne l design prac tices should be supp le—

men ted by the approaches advocated by such rock mass
c l a s s i f i c a t i o n  systems as the Ceomechanics Classifica—
tion , the Q—System , and the RSR Concept. Tunnel support
recomnmendations by all these systems should be system—
at icall y compar ed on a l l  t unne l ing  pro jec ts .

h .  Engineer ing  geological  de scr i p t i o n  of rock masses f o r
t unne l i ng  purposes should be comp iled in accordance w i t h
the data worksheets g iven in Appendix  B. This would
greatly facilitate a more effective documentation of
t un n e l  case his tor ies .

C.  A training pr ogram for  eng ineer ing geolog ists and tunnel
eng ineers should be initiated to ensure a better commu—
n i c a t i o n  on tunne l ing  projects.

d. The princ ipl es and potential of. the NAN , as the prime
example of an observat ional  tunne l  design approach ,
should  he invest igated as a s y s t e m a t i c  s tud y and compared
w i t h  the o the r  design approaches .

e. Research shou ld be ini t ia ted i n to  th ree  areas :

(1) The in te rac t ion  of the temporary  and permanen t
suppor t  measures.
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(2) The relationship between the stand—up time and 
-Unsupported , as well as supported , rock spans .

(3) Sys temat ic  documenta t ion  of tunne l case h i s tor i es
for comparison of rock conditions , support design ,and construction experience.

I
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Table 3

hock structure Rating — Paran eter P

- I Rock Structure Rating

I Far~~et41r “B ”
Joint Pattern

H) I Direction of Drive

Z Max Va UV

4 Str ike  .~1. to Axis St r ike  J Lt o  A x is
e _________________ 

f l i r eet ion  of Dr ive  D i r ec t i on  of Drive
_________________ 

Bcth W it h  Pip  Against .  Dip Roth —

• I H  ..4 H) ~ a~ Dii) of  Promine nt Joints * Pip of Prominent Joint s 4
THIC ,U)NESS HI I N C H E S  Flat  Pipping Ver t ica l  Dipping Vert ical  Flat ~jp~ ing Ver t ica l

1 ~ t-ry closely ,~o i n t e d  0 11 13 10 12 9 0 7

~ C l - I - e l y ,1Oi ~) t , ’d 13 U’ 1° l~ 17 1~ l~ 11

~ ~~ -~CrCt I. ly .!oin l - .i ~‘3 .‘I4 28 j O  C3 23 10 4

~~~~~I’ster1)te tO blC0-II.\ C’ CS 25 -~~~

S Blocky - - mass ive  35 3 ~U 314 ‘5

1- M a s s i v e  4J I’ - 15)1 140 ~5

• P i p :  fl I t  — 20 cieg; Upping — CC I ~‘ SO leg ; arI~i vor t  i ca l  — ‘.) ) 
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Table l~
Hock St ructure  Rati f lg — Param eter C

Rock Structure Rating
Parwneter “C”
Groun d Water

Joint  Condi t ion  

Max. Value 25
Anticipated 2un~~’r i t t r~ut~ -t cr~ A + 1~Water — ~~~-

Inflow 10 i nt  0~- ’ l ; d  i t  j O f l~~~ 
—

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Good Ftii r i\’s’r i- Poor

N~ no 22 18 12 25 2:’ 18

-~ l i  ~~ it -
(—200 rpm ) 1~ 10-3 9 23 1Q l~
Mcderti te
(20 0—1000 gpm ) 15 11 7 21 16 12

Heavy
(> io .t~ o~pm~ 10 8 18 lb 10

A

I-I

* Joint c o n d i t ion :  Good = t i g h t  or cemented ; Fair Clight ly  weathered
or altered ; Poor = severely weathered , alt ered , or sP ’-’ l l .
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Table 9

Classification of Intact Rock Strength
37

Uniaxial Compressive
Strength

Description lb f / in
2 MPa Examples of Rock Types

Very low strength 150—3500 1—25 Chalk , rocksalt .

Low strength 3500—7500 25—50 Coal , siltstone , schist .

Medium strength 7500— 15000 50—100 Sandstone , slate , shale .

Hi gh strength 15000—30000 100—200 Marble , granite , gneisF .

Very high strength >30000 >200 Quartzite , dolerite ,
gabbro , basalt.

Table 10

Classification for Joint Spacing 3

Rock Mass
Description Spacing of Joints Grading

Very wide > 3m > lOft Solid

Wide lm to 3m 3ft to lOft Massive

Moderately close O.3m to lm Ift to 3ft Blocky/seamy

Close 50mm to 300mm 2in to lf t  Fractured

Very close < 50mm < 2in Crushed and
shattered - 

-
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Table 12
- - - 12s i— 0 - .y s t e t n :  D e 0 - 0 - c r l I t l c - l 0 -  and Rat ings  —

Jo int A l t e r a t i o n  N umber

~r (app rox .)
( a )  Rock wall contact

A Tight ly  healed , hard , io ii sof t en ing ,
impermeable f i l l ing  i . e .  quartz or
epido te (5 ( — )

S. Unaltered j o nt wall s , surface
s t a i n i ng  only 1.0 (25° — 35°)

0- 
C. Slightly altered j o i n t  walls. Non—

softening mineral coatiii~ c- , sandy
particles , clay—free disintegrated
rock etc 2.0 (25°—3o°)

1 ) 0  ilt \- -- , or sandy—clay 1~o_ C t  10 -0 -1 0 - 0 -,

small clay—fraction (non—softening) 3.0 (20°—25°)

S.  .0- c-ftening or low friction clay
mineral coatings , i.e. kaolinite ,
mica.  Also ch lo r i t e , IC c , 0- YP c - 10-m
and gr aphi te  etc.  , and small
quantities of :s0-l -J .  - ing clays.
(Di scc-i1 . i 0 - U0 - 0 - U0 - i  0-00- It !  ~~~~ 1—2 mm cr
less  i n t t ~i c k r 1 1 -s s )  l .0 (8° —i 6° )
(b) Rock wall 0 - C i 0 - t _ C c - t  before 10 ems

shear

I San dy particles , c1ay~free
disintegrated reck etc lt.O (25°—30°)

0. Strongly over—consolidated , non—
softoning clay mineral fillings
(Continuous , <5 msi in thicknes).... 6.0 (l6°—2l°)

H. Medium or low over—ccnsolidation ,
softeniii - , clay mineral fillings.
(continuous , <5 mm in thickness). - * 8.0 (l2°— 16°)

J Swelling clay fillings , i.e.
montmorillonite (Continuous ,
<5 ic-ri in thicknes l . Value of J
depends on percent of swelling
clay—size particles , and access
to water etc 8.0—12 .0 (6°—12°)

(c) No rock wall contact when
sheared

K., Ic-nec- or 115 10 - 0- 110 - cf disintegrated or
L., crushed rock and clay (see 2 . ,  H . ,  6.o, 8.0
M. J. for description c-f clay or

condition) 8.0—12.0 (E°_o tj°)

N. I c - n e c -  or bands of cilty— or s~ nutv
clay , small clay fraction
(nonsoftening) 5.0

0., Thick , continuous zones or 1-,inl s of 12.0, 13J1 (6°_21t°)
P., clay (see 0., H., .3. for or I -N. description of clay condition) i) 0—20.0

Note:

(i) Values c-f 
~~~ 

are Intended as an approximate
guide to the mineralog ical properties of the
alteration products , if present .
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Table 16

~—Syst etn 0- 0 - 0 - 5~~ - T ’I jlIoll10- ,lrrU for i1ock I.t,a55e5 of T Very Poor” SUnlity (Q 14ango~

Condttto~ al P
Support * Factor, SPAN / kg/cm 2 S?AN/ Type of NoteCatego ry __~~~~,_ HQD/J c- i(ILLI. EZR (tn~ (approx.) ESIt (in) Support (Table 181
25 1. -S-l i ‘-10 ‘0.5 -- 2 .25 1.5 _ 0 -~~2 B (ut g( 1 m + Sr Of cia I

110 ‘0.5 —— B (ut g( 1 in S ( mi- I cm
— — ~0. 5 —— B (tg)  1 a S (sr I 5 cm V

26 1.0—0 .i -- -- —— 2 .25 3.2-7.5 14 (tg )  1 m VIII, X • XI
‘A- S (tsr) 5—7.5 cm

— — _~ —— B (utg( I in U S 2-5— 5 cm I, IX
27 1.0— 0 .1 — — —— ‘12 a 2.25 6—18 14 (tg ) 1 a i, ix

-is (mi- i 7.5—10 cm
—— —— n12 i 14 (utg) 1 a I, IX

+S (no- ) 5_ f  .5 en,
—— —— ‘ 0 - ? a CCA 20—10 cm VIOl , X , XI

‘A-B ( Kg )  1 In
0- -— —• <12 in S (mi-i 10—20 cm Vii i , Ii , Xi

+B ( tg ) l m
28’ 1.O— O It — — —— ~ 30 a 2.25 15—38 14 ( tg( 1 in I, IV , 1’, ixSee US (mi- i 30_h O cm
note 1020 —— —— ._u2O , n 30 B ( tg) 1 in I. II , IV , IX

•S (mc) 20— 30 cm
—— —• ‘20 m 14 ( t g ) l m  1, 11 _ OX

c-c-i ( ms- i 15—20 cm
— —— —- CCA (sri  30—100 c-in IV . VIII , 11, XI

+14 (tg( I a
0. 1—0.1 ‘-5 ‘0.25 —— 3.0 1.0—3.1 14 (utg) 1 in + S 2—3 cm ——

~5 *0.2 5 —— B (utg) 1 in + S ( m c )  5 cm ——
—— ~,0.2 5 —— B (tg( 1 in 4 3 (tsr ) 5 cm ——

30 0. It~ O 1  ,~5 — — —— 3.0 2 .2—6 14 ( tg) 1 a 4 14 2.5 — 5 Cm IX
n5 — — —— S (itI1~) 5—f0 5 Cm IX

—- — — — — B (t g) 1 a VIII . X, XI
+5 (no-) 5— 7 .5 cm

31 0.1—0.1 -1 —— — — 3. 13 1— 11.5 14 (I ,g) 1 in IX
+5 (ins- ) 5— 10 .5 c-ni

~jt . ~ 1.5 —— — — S (tsr ) 7-5—25 cm IX
nl.5 —— — — COlA 20—hO cm OX , XI

+14 (tg ) I in—— —— — — 00-TA (sri 30— 50 cm Viii , X , Xi
1-15 (tg) h a

32 0. ii_0.1 — — —— ~ 20 in 3.0 11—31 It (tg )  I in II , XV , IX , XI
See +5 (tnr( 10—60 cm
note XII —— — — <20 a 14 ( O g )  1 t, III . IV , IX , XC

+s (tsr) ye— ho c-tn
—— —— —— COIl (or) 10—120 c-rn IV , VIII, X, XI

+11 (tg) is

* Aut~~rs ’ e,tleate* of lupport. Insuff IcIent case r~ cordn ,v.KI,ble for re liable est I~~ tI- -ii I-f ‘ ‘ lt ~I’,lI requtre~~nls. 
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1. The procedures for rock mass classifications are summarized

here for the convenience of the engineering geologists responsible for

the collection of geological data.

Geotnechanics Classification ’-Rock Mass Rating (RM R) System

2. This engineering classification of rock masses, especiall y

evolved for rock tunneling applications , utilizes the following six

parameters, all of which are determined in the field: H

a. Uniaxial compressive strength of intact rock material .

b. Rock quality designation (RQD).

c. Spacing of discontinuities.

d. Condition of discontinuities .

e. Orientation of discontinuities .

f, Groundwater conditions.

The rock mass along the tunnel route is divided into a number of struc-

tural regions, and the above six classification parameters are determined

for each structural region and entered onto the standard input data

sheet (Figure Bi). The following explanations and terminology are

relevant.

Structural regions - 
-

3. These regions are geological zones of rock masses in which

certain features are more or less uniform . Although rock masses are —

discontinuous in nature , they may nevertheless be uniform in regions
when , for examp le, the type of rock or the spacings of discontinuities

are the same throughout the region. In most cases, the boundaries of

structural regions will coinc ide with such major geological features as

faults and shear zones.

Discontinuities

4. This term means all discontinuities in the rock mass, which

may be technically joints, bedding planes, minor faults , or other

surfaces of weakness. It excludes major faults that will be considered

as structural regions of their own.

_
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In t a c t  roc k strength ‘1
5 • l’he tin l ax  i a I compress ive  s t r e n g t h  ot rock C CC.I  t t ’r La I is tit ’ t t u r _

mined in act’o r st , in~’e w i t h  the  s t a n dar d  labora to ry  p rocedures  • but I oh! ’ t he

purpose o Ci t rock c l.~ss i t  i c at ion , the use of the w e l l — k n ow n , p o i n t — I  o i ~1

s t r e n g t h  index is recommend ed • The r t ’,ison is t hat the index .‘~ in he

determined  in the f i e l d  on rock core r e t r i e v e d  f r o m  bor ings  and the  core

does not r equ I r ’  any spec imen prt ’p .Ir ~i t ion • Using  simp le p o r t a b le  equip-

ment , a p iece  of d r i l l  core  is compressed b etwe en  two p o i n t s .  The core

f a i l s  .is .1 r e s u l t  ot f r a c t u r e  across  i t s  d iam et e r .  The p o i n t — l o a d

s t r e n g t h  index is cah’u lat ed  as the  r a t i o  of the  a p p l i e d  load to the

square of core d i ame te r .  A close c o r r e l a t i o n  e x i s t s  (to within

~2O pe rcent ~ between the uniaxial compressive s t r e n g t h  ,inoi the p o i n t —

load strength index I such tha t for standard NX core (2 1b—in . diam). ‘~

S
Rock qua l i ty desi gna t ion (RQ,D)

b. This qu a nt i t 0’l t iv t ’ index is based on a m o d i f i e d  core t’ecovt’rv

procedure , which  i n c o r por at e s  o n ly  those p ieces of core that are  ‘~ in.

or g rea te r  in l eng th .  Shorter  lengths of core are ignored as they  are

considered to he due to close s h e a r i n g ,  j o i n t  ing , or w e a t h e r i n g  in the

rock mass. It should be noted t h a t  the  RQL) d i s r e gar d s  the i n f l u e n c e  of

discontinuit y t i g h tn t ’ss , o r i e n tat i o n , cen t  in u i t v , and gouge m a t e r ia l .

Co nst~4’ ient  lv , w h i l e  i t  is an essent ia l  p~-ir amt ”t er  f o r  core dt ’scr i pt  ion , C

i t  is not the set f t c  tent  parameter  f o r  the f u l l  d e scr ip t  ion of a rock

mass.

7. For RQD de te ru t inat  ion , the I nt er n at  Iomi ~i 1 Soc ie ty  t o r  Rock

Mechanics  recommends d o u b l e — t u b e , N—size  core b ar r e l s  (core d i a m e ter  of

.~. It . i i . . ” . The accepted d iv i s ions  of RQD v a l u e s  ar e  .is f e l l o w s :

R~p~ percent  Core Q u a l i t y

90—100 Excellent
75—90 Good
50—7 5 Fa i r
25—50 Poor ‘

I
Very poor

_ _ _ _ _ _ _ _ _  _ _i~~~~~~~~_~~~..••’_-•_ —
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Spac ing .end or t en t , e—
t ion ot di scent m u  i t  i t ’s

~~. The spat ’ ing ot d i sc  out  I n e t t l e s  is the mean d 1st an ~’~’ t t t ’ t ~ ‘ a ’ n ’ t i

the p1 ,tUe’S ot weakness  in the r 0.ck mass in the  ~t i r e 0 ’ t ion pet’ pt ’nJ Ice1 a r

to the dtscont inu t t v  planes. The st r 1.L~’ ot discont m utt It ’s is gener al  1 C

re ’5, 0 t’ded with ret e r euce  to  magiw t ic north. The ~i I p . i m i g  i t ’ is  t h.’ , I i m g  I e

ht~ tween  the  her I .- on t , i I  and the  Jo t n t  p l a n e ’ taken in .i ~i I rec t ion in w h i ch

the p lan e ’ dj 1t s

L o n d i t  ion of Jiscout j i U h i t  IC ’S C

9 • ~~i is pa r a C m t n - t er includes t’oug tiCwss o t t h e d i sc  omm t I n u i t v

sti r I at ’ C’s , t h e i r  sep5l r. t ion (d is t 1iuce h~~t ween th e  stir la c e s  t , the I r 1 t’ng t h

or cent i no it v (p e  rs i st omi c e ) , we.l t her tug o t the wa 11 roc k ot t tie p l , i t C o ’ S

ot we.i kne ss , a mi d t h e ’ t n t  [ i l l  ug (gommgt ’’t mat er La I . The i’ ,t  sk ( ‘0mm i t t  ee o

the American Soc iet v ot t,’iv i 1 Fmigineers set up the t o t  lowing ~‘t’ather tug

c l a ss i t  ic a t  ion , which should he use d

,i. Unw e sa the’ t o t .  No v i s i b  I t~ si ~iis .1 re no t  ~‘d o I Wt’,i t her I ii~~ 
-

,

rock f r e s h ;  c ry s t a l s  b r i gh t .

b . S l i g h t  Iv weathered rock. 1)1 scen t m u  i t  i t ’s ,tre sta itit ’d or C

d is co lored  and ma v ~‘omi t a in .t thin t t I l i n g  o t a i t t ’ red
m a t e r i a l  D i s c o l o r a t  ion m a y  extend into the r ock  t m ’ om
the dist’ont inu ttv st~rf,i0 ’es to a distance ot ut-I to
.~O percent th t the discout inuitv sp~tc t u g .

c -  M odera te l y wt’a t bored i’oc k • Si iglit d i s c  o l e  r a t  ton OX tends
fr u ,~u discout inuitv p lan es  for  a dis t .unc e greatt ’r than

~ I) percent 01 t he’ discont  i n u i t v  S~~,lo’ tu g .  Discon—
t inn i t  ies mna v cot i t .1  in f i l l i n g  ot at t er ed  m a t e r  tat -
1~.4 r t  tat opening ot grain hotumida r Los titay he’ ohserve~L :

d. Highly weathered rock. Discoloration ext ends t broug hout
the rock , anti the rock m at  or Ia 1 is par t lv f r tab Ic.
ori ginal textur e of the rock has m a i n l y  been preserved .
hut se pa t’a t ion ot the’ grains has oc en t’ red

c. Comp let e l y w e a t her e d  roc k. The rock is total lv dis-
colored and dcc omposed and in a triable ’ 0’ond itt on. The’
e x t e r n a l  .u p p e a r a n c t ’ is t h a t  0 -’t soi l  - In t t ’rn a l  l v , the
rock t e x t  t i re  is p ar t  lv prest’rv~’d , hut t he ’ gi a ins hay 1’
~‘t ”itp letelv separated.

I t  shoti l~1 he noted t h a t  the bountts’i rv he tween  rot -k ,ind soi l  is ‘it’ t I ned in

terms ot the untaxial compress Lvt ’ s t r e ngt h  and not in  t erms ot ’ weathu’r ing .

A mater i.i l w i t h  the s t r e n g t h  eq ual tO 01’ . I I Y O V I ’ I 1~~~) psi is coils  j dei ’ t’d as

rock.

B”.

- p - I ,;or~aCeC’l;-I 
,, , ‘ -  - I, S~~_m.~ - -

- . . .  - ~~~~~~~~~~~~ - — ~~~~~~~~~~~~~~~ 
—



10. Furthermore , in rock engIneering , the’ infonna t ion  on the

roc k m ateri a l strength is p r e t e r a h  ic t o ’ t ha t on r o ck  h,urdne’ss . The

reason is tha t rock h,er0imie ’ss • wh ich  is ,iet teed ,is the rest s t , l m h ’ e’ t o ’

tudeuta t ion or scratching • is n ot  ,u quail t i t  ly e ’ par am e ter and is sub~ cc—

I t  V t ’ to a gt’o log 1st ‘ s pe’ rsona 1 op in ion • I t  has been emp I ov~ d in t he

past b et  Ot t ’ the advent  of the point—lo ad St re’ngth index tha t ~‘an now

assess the  rock strength in the  f ie’Id  - For the’ s.ik e ’ of com p le t t ’mie s s  ,

the  t o  1 l owing  h a r d ne s s  c f t ea t ion was usea in t h e  past : C

a. V e r y  sot t rock. Material c r u m b l e ’s un dt ’r f in n  b l o w  w I t h
a sharp end of a gt ’o i o g  ica l p it ’k and can  he peeled ~‘.t
w i t h  a k n i t e .

b. So I l  t’ o’ck • M.u t er  t a t  can he sc raped  and peeled w i t h  a
k n i t  e ; indent a  t ions I / it’ . t o  I i’ ~ in. show in the  spot’ im& ’n
w i t h  f i nn  blows .

c. Medium hard  roc k. M a t er i a l  canno t  he sc r aped or peeled H
w i t h  a k n i f e ;  h an d — h e l d  spec imen cami be broken with the
hammer end ot a ge ’o lo ’.g I~’ C e1 p i ck  w i t h  a s ing le I irm
bl ow .

1. Ha r d  rock . Rand—h e’ I d spec m e n  hr  oaks wi Iii hammer end
of p i c k  under mor e  than Ofl e’ bl ew .

e. Very hard roc k. Spec imen r e q u i r e’s m .imi ~’ b lows  w i t h
geolog ica l  p ick to b r e ak  t h r o u g h  i n t ,~ ’ t ma t e r  t ,i l •

I t  can  h~’ seen from the’ above t h a t  f o r  ti l e’ lowe r range -s up to med ten

hard rock , hardness can be assessed from visual in s p e c t ion  am i d  by

s c r a t c h i n g  w i t h  ,-u k n i f e  and s t r i k i n g  w i t h  a hammer.  However , f o r  rock

hay tug the on i ax t a l  compress ive  s t r e ngth  of more than  1Ct00 psi , hardness

c la s s i f i c a t ion  cc ,us t ’s to he mean in g ful due to the  d i f f i c u l t y  of d i st  in —

gut sh ing  by the  “s cr a t cb a h i l it v  tes t ” the va r ious  degrees of hardness .

In anY case , hardness is o n ly  i n d i re c t  lv  r e l a t e d  to reck St r en gth , the

r e l a t  t onsh ip  be lug between the u n i ax i a l  c om p re s s i ve  st r en g t h  and the’

produc t  of hardness  and d e n s i ty  expressed in the following formula :

log 
~
. 

- 
— Cl .000l .  ‘

~ R + ~lt ’

where

— dry unit wei ght , pcf

R — Sch m i d t  ha rdness  (1,—hammer)

11 . Roughness or the natur e’ 01 the asperities in the d i s 0 ’ on—

t t n u i t y  surfaces Is an important p a r a met e r  c h a r a c t e r i z i n g  the cond i t ion



5,- I t  d i s c o m i t i n u i t t e s .  A s p e r i t i e s  t h a t  occur  on d i s c o n t i n u i ty  s u r f a c e s

i n t e r loc k , I t  t hi t ’ su r t a c e ’ s are’ clean and closed , and i n h i b i t  shear

mov ement  ,ulo ’nt~ the’ dt  seont  i n t u i t  v s u r t  ace .  This rest  r a i n t  on movement is

ot two t v p e s .  Smal l  hi gh—ang le asperities am e sheared ot f d u r i n g  shear

d t sp l a c~~iment  and of f o c I  ive l v In c  roast ’ the  peak shear s t r e n g t h  of the

r i c  t u r ’ . Such asper  it ic’s a re’ termed roug hness. Large , low—ang le

a s p e r i t i e s  c a n n o t  he sheared o f f  and “r ide ” over one an o the r  d u r i n g

shear d i sp lacemen t , chang ing  the i n i t i a l  d i r e c t i o n  01 shear d i s p lace—

m on t .  Such la rge  a s p e r i t i e s  . ur e  termed waviness  and cannot  be r e l i a b l y

measured in core .

l~~. Roughness a s p e r i t i e s  usually have a base len g th and amp li-

tude measu red in terms of t e n t h s  of an inch and are r ead i ly  a p p a ren t  on

.m cor e— s i z e d  exposure  0 f  a d i s c o n t i n u i t y .  The a p p l i c a b l e  d e s c r i p t i v e

term s ,u r e  d e f i n e d  be low ( s t a t e ’ also if s u r fa c ’s are stepped , u n d u l a t i n g ,

or plan ar ) :

a. Very roug h. Near v e r t i c a l  s teps and r idges  occur  on the
d i s c o n t i n u i ty  surface.

b . Rough. Some r id ge and s ide—ang le’ steps are e v i d e n t ;
asperities are ’ c l e a r ly  v i s i b l e’; and d i s c o n t i n u i ty  s u r f a c e
f e e l s  ve ry  a b r a s i ve .

c. Sli g h t l y  rough . A s p e r i t ie s  on the’ d i s c o n t i n u i ty  su r f aces
are d i s t i n g u i s h a b l e  and can be f e l t .  - -

d. &nooth. Sur face  appears  smooth and fe e l s  so to the
touch.

e. St ickensided • Visual es,’ tdt’nce of p o l i s h i n g  ex i s t s .

13 . Separa t ion  or the distance between the d i s c o n t i n u i ty  s u r f a c e s

c o n t r o l s  the e x t en t  to which the opposing s u r fa c t ’s can i n t e r lo c k  as we l l

as the amount of wa te r  th a t  c 1- mu f l e w  th roug h the d i s c o n t i n u i ty .  In the

absence of i n t e r l o c k i n g , the d i s c o n t i n u i ty  f i l l i n g  (gouge) c o n t r o l s

e n t i r e l y  the  she-ar s t r e n g t h  of the d i s c o m m t i n u i t v .  As the  separa t ion

decr ea ses , the a s p e r i t i e s  of the rock w a l l  tend to bec ome more in ter-

locked , and both  the f i l l i n g  and the rock m a t e r i a l  c o n t r i b u t e  to the

d i s c o n t i n u i ty  shear  s t r e n g t h .  The shear s t r e n g t h  along a d i s c o n t i n u i ty

is t h e r e f o re’ dependent  0yi the  degree of separation , pres ence or absence

of t i l l i n g  m a t e r i a l s , roug hness of the s u r f a ce ’  w a l l s , and the  nature of

-~~ - ‘ 
__________ - _______________ - ‘
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the filling material. The descri ption of the separation of the discon—

tinuity surfaces is given in millimetres as follows :

a. Very tight: < 0.1 mm .

b. Tight: 0.1—0.5 mm.

c. Moderately open: 0.5—2.5 mm.

d. Open : 2.5—10 mm .

e. Very wide : 10—25 mm.

Note that where the separation is more than 25 mm , the discontinuity

should be described as a m~jor discontinuity.

14. The infilling (gouge) has a two—fold influence:

a. Depending on the thickness , the filling prevents the
interlocking of the fracture asperities.

b. It possesses its own characteristic properties , i.e.,
shear strength , permeability, and deformat ional char—
acteristics.

The following aspects should be described : type , thickness , continuity,

and consistency.

15. Continuity of discontinuit ies influences the extent to which

the rock material and the discont inuities separately affect the behavior

of the rock mass. In the case of tunnels , a discontinuity is considered

fully continuous if its length Is greater than the width of the tunnel.

Consequentl y, for continuity assessment , the length of the discontinuity

should be determined .

Groundwater conditions

16. In the case of tunnels , the rate of inflow of groundwater in

gallons per minute per 1000 ft of the tunnel should be determined ,5 or a

general condition can be described as comp letely dry , damp , wet , dripp ing ,

and flowing. If actual water pressure data are available , these should

be stated and expressed in terms of the ratio of the water pressure to

the major principal stress. The latter can be either measured or deter—

mined from the depth below surface , i.e., the vertical stress increases

with depth at 1.1 psi per foot of the depth below surface.

- ~~~~~~~~ - -~~~~~~~~ . , 
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Rook St rue In; e Rat t
~~L— RSR Cemfle’i’~~

I ~
‘ . The RSR Cone’ op t , dove’ 1 opu’d in t hi’ Pu i t  i’~t St :e I s ’s in I ‘~ I -‘

Wi t ’ kham • ‘Ft ede ’mann , and Ski nni’t’ , i s ha ~~oI on t he’ I iii I owl ng tim r

pat.mmt ’te’i’s

a. !‘a_t ame’ I or A • G.’fli ’; a I app  t a Is-u I ot t O e ’ k st r i t e  I u s r e  is
b u sed em :

I )  R o ck  t \ ’P i ’ ii’ 1 g m .

~fl Roe’k I m , u ;  , I m i s ” ~ o .

~;~~o log I t ’ at  s I t  mu ~’ In  1e 1 .

I .  Pa l -a mmi ~’ t o t  b • Itt scent tumu l t y t’.a t t o  i n  w i t  it u s ’s p s ’o ’ t t o  I hi’
d it  e’o t te’.n ot C tunic’ I di’ I ye is h:u~~’ei t ’fl

I J o i n t  sp it ’ lug.

. I~~1 t i C  om t o u t  a t  I s ’ .;m S 11 1 ki ’ and dip ‘I

I ‘I P t  i , ’o ’ t Ion of I u t u n e  1 di  I Vi ’ .

~~~ _!~~ 
,uimu, ’t , ’i 

- 
C — I’~t 1 oct of g i e t i u dw a  t e i  t n t  1 ow i s  basoel  on:

I ‘I (t ve m a t  1 q u a l i t y  ot ; o’ck elm ’ t o  p,u; am~’ t , ’m s A an~1 it
conmb t eed -

t_ .‘ ~ ~‘otm~t i t  I o m m of Jo t n t  Sn i t a c s ’s

Amo uui t ot wa Ii’ i l e t  low I, i n  g a l l  0 ’ns ps-i  mmm i en C i ’ pi ’l
I oot ot  t i m e ’  I m u m m u m i ’ I

A l t  Imong im t i m i ’ d1’ I 1 m m  I I  I o n  of t h e  ,ub , ’v , ’ pa t  :lmlli ’ t i ’ t ’~~ Wi ! s ~ ne ll  e 
~~ ‘ 1 t e ’ I t I ~

‘

51 ,11  i’d l’.~’ t h e  i’ m op ‘Si ’t , mo1s I , ‘t l iii ’ ~ia t , a  i i i ’ i ’e i t ’t j  - it ~~’ ;mt ’nima I l v  I mmc l uteI ~~d

(~ t a s I , iu td , - i ;  ii ~~ hit u v,’’ . .  )lm ’wo’,’t ’i • I t  I s  , u ’ci’.gmm I .‘~‘d that the’ Lie’k ot

f lu , ’ d,’t l i m i t  I , ‘ m ms  ma ’.- 1 cad t o  son,’ , - , ‘ mm I e m s  Ion . An i n p u t  , l , u  t , m  w ’ .r k sh e’ ’t  t O t  -
‘

t ime’ RSR e~ ’um0 ept t ‘,f m , ’wmm ( m m  i~t u I ;  ,- 11.’ .

~~~~ ‘ V S t O U L t  l en t  Surri~m !

1 5. ‘L i i i ’ e~— ~v I cmii , wit I~’ h was ,t s -v s ’ I opi -~I In N~ t w a  v m um 1 ‘ ‘4 1’.’.’

1i.- i t  t eln , I i  e ’ I I , anel I emui d , ’ • oIs ~ I i ’ l i m i t  nt ’s I Ii , ’ ; ,~~k m msuss  t l m m . u  I I t  v — I u ’ti ~i’d Q —

us a I elite ’ t I,’ um ot ‘ _ I \ 11am .immm , ’t em : e, t t  RQI’., i,l’.~ mmumi ’s ’t’ of to tnt so t s ,

t , ‘.u u ) m m m ’ s s  , ‘I I t m s ’ wi ’a ki ’s t I t ’ . t n f  s , i, d ’t i te ’g m e ’e ,‘t a t  t o m  I t  lou  o; I i l l  i m t e ~

,u l s ’i m g l i t . ’  wm ’ake ’st I i ’ i n t  , ~~‘) w i t . ’; tnt low ~‘m p 1  . ‘ S i t e u t e ’ , acid ( I  ; oe ’k

s I t  e m s  coed I t t on  • f l it ’ ‘mi ’ ~ i \ ~~.1 t ’ ift Us ’ t o m  a t  e gi i ’.etpe ’d Iii to I I t ;  c i ’ i l l i c i t  i i ’ um t  u ,

L

- - - - ‘-- - “-‘- ‘— ---~~~~~~~~~~ —‘—-———~~~~-------- ‘ - -‘.‘ - - - - ,



P4 . Th e? I i r st  two parameters  represent  t im e ’ ei vc ’r a t  1 M t rtie ttt ri ’ Ci t

the’ rock mass , and thu.’ I r quo I tent I s eta (med to bt’ a ~‘ rud e’ mmieu%sim ii’ ot

the  ret at lvi’ block si ze • The quo t I ott t ot the’ ti m I rd itnel t o u r  Ci i  pa tame’ It ’ rs

is sa iu.I to he re’ Ia t eel to  the sheat’ st reng tIm of I ito ~l 0 t n t  s . Time! I’ I t  t im

parameter  Is a nm.’mt slu re’ ot wa t e m  prOMSi l  t’e’ , Wit It o t im e sI xl  It pa ranm e ’ t i ’r I s  a

measurt’ of : (a~ loose’n t m ~g load in the case ot shear ~.o n, ’s ant i e ta ’. ’—

h e a r t  ng roe k , (h )  roe k st ;‘e’ss In conipu.’ t en t  roe k , and (e’ ‘I s qu cc ’ I ng ant I

swe ll ing 1 i ’muds in p las t i e ’ Inc ompe’t cut rock.  Tim is si xt  Ii pat’ •lmett ’r l u-i

regarded as the “t o t a l  st ress ” p aran me t em’ . The quot  t en t  ot tim i ’ f i t  tim and

s ix th  p .ul’ame’ te ’i’ s is r t ’gar dc’d as de ’s’ rib tug the “act i~ e’ st  ross. ” Aim

inpu t da ta worksheet  f or  ti me ’ Q—S~’s tt’nt is shown in Fi gure III .
U
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CLASSIFICATION INPUT DATA WORKSHEET

Q-SYST~}t

Project Name :_____________________ Conducted by:

Site of Survey :____________________ ate:____________________

Structural Region: 
__________________ 

Rock Type:_____________________

Sta. _________________________________
Sta._______________________________ JOINT SETS
Sta.______________________________
Sta, No , of joint  sets present I

Massive rock, no or few joints I

Additional randon joints exist I
ROCK QUALITY DESIGNATION - Rock heavily fractured I

Crushed rock IAverage RQD =

Range 
_ _ _ _ _ _ _ _ _ _

WATER CONDITIONS

ROUGI’INESS OF JOINTS )ry or minor inflow
tedium inflowtough or irregular —
,arge inflow, unfilled joints

mooth -,,arge inflow , filling washed out 
—lickensided = ~xcep~ional transient inflow — Fndulating 

—
~xceptional continuous inflowlamar
~pprox . water pressure: lb/sq in.

ot continuous
all rock contact =o wall contact 

— 
STRESS CON DI TIONS

,ow stress, near surface =FILLING AND WALL ALTERATION led. stress: 0/U~, 
= 10—200

Tightly healed joints = [igh stress: 0 /0 = 5—10 
—

c lUnaltered , sta in ing  only 
— 

—

~eakness zones with clay —Slightly altered 
— hear zones

Silty or sandy coatings 
— 

, —

Clay coatings 
— 

;gueezlng rock 
—

~wel1ing rock —Sand or crushed rock filling 
— Stress values if determined:

[tiff clay <5mm I I > 1111 
—

oft clay <5mm ‘ >5mm
[welling clay <5m m I 0 0,m m  

— 
vert . norz .

I -

GENERAL

Uniaxial strength of rock material

Tensile: psi
I ’

Compressive: psi

Strike and dip orientation of the weakest joints

Average strike 
_________ 

Average dip 
__________

Dip direction 
_________

Figure B3. Input data worksheet for the Q—System
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APPENDIX C: CASE HISTORY I)ATA :

PARK RIVER TUNNEL
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— welling  rockSand or c rushev i  ru - u - o k  f i l l i n g  _ — u- -

u - t i f f  c lay <~u- mxu-u- — 

u -t ress  va lues I f  d e t e r min e d u -
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_____________________________________~~put Data for Rock Mass Classifications

112. Input data to enable rock mass classification by the RSR

Concept, the Geomechanics Classification, and the Q—System are listed

in Figures C2 through C4, Appendix C. The data are presented for each
structural region anticipated along the tunnel route. The best average

ground condition (Table 23) was subdivided into two separate regions,
basalt zones and shale zones. Station limits for each zone are shown
in Figure 18.

113. Paragraph deleted.

114. It should be noted that all the data entered on the cia.—

sification input sheets have been derived from the borings, including

information on joint orientation and spacing. This was possible because

borehole photography was employed for borehole logging in addition to
the usual core logging procedures. However, considerable effort was

required in extracting the data from the geological report for the
classification purposes since engineering geological information was not

systematically summarized in the form of classification input work
sheets.

Assessment of Rock Mass Conditions by Classifications

115. Rock mass classifications in accordance with the Tersaghi

Method, the RSR Concept, the Geomechanics Classif ication, and the
Q—System are performed in Tables 19, 20, 21, and 22, respectively, and
are summarized in Table 23.
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