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SYNOPSIS :

1. Md

The Bieniawski's geomechanics classification systes(1984) is widely employed as a tool of engineering
evaluation of rock masses for tunnel design. Since the six parametars adopted in the system are believed
to contral the engineering behavior of rock mass under an external load, no question may be raised to the
conceptional idea iomanent in the system. However, the rating grade for each individual parameter given in
the system may not be properly measured since an engineering property of rock mass is not steprise
changed but continuously changed,

In order to get the proper rating grade based upon the continuously changed properties in each parameter,
several equations presented in this paper are obtained through regration analyses with the grades and
median values of properties given in the system, A FORTRAN computer program given in the paper could
provide not only RMR value but also rock mass properties (E, ¢, ¢, v etc.) using the empirical equations,
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%4 Mueh A3Uchn Bt ¥ Aol My Hrh c '
¢ Program BMR written by Gyo-Won Kim, SAMAN Engineering Consultants:Co,

ol Aol ESL U BAAS U MR EHAS gL 7 © on Decesber, 1932 Tel 02-504-2524

222 HAE FedY YeaFg FFHY $AL "iets HPefy ¢ ]

237 g 4 qlon, eke] gAML E MAjH ol e Az e ¢ This program "RMR.FOR™ can compute the BMR value of rock mass grade

W g Fol2 wele] Uit YL J2O8 By faMy EET c to appreciate the standard design pattern of subway tunnel. The basic

¢ concept of the program is well described in the technical note titied
¢ as "Revaluation of Geomechanics Classification of Rock Masses™

¢ {Gyo Won Kim) carried on "Proceedings, KGS 93 Symposium Geotechnical
¢ Engineering and Tunneling Technology”, Korean Geotechnical Sociecty,
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¢ Scoul, Korca
c
E o A gop alolMe F¥ Y AMZ & RMR ghed oste] 4 .
A 4AE UF FgedA A2 A% Afsied RMRIL AU progran RMR
wigl g ARG S JuPAF AEsle I3 PIAE A c
Mol Autdsinz A Al d&xAel THe 4P realsd rl, 2, r3, rd, 15, r6, 7, qu, rad, js, phi, wi.dip.s, ts,
EEHER ksh oelzt dzdch . a.b,c,d, rarl, rar, aa, bb, cd, phid, v0, d0
character ynkl, im¥], ctnusl
apxlute g 2 4R GE 45 LA TEEHE FAM A cidly characters72 titl,sp, rcss, spot, fn, fnl, fn2, jurk, hour
HAUFFTE Foto] BEstA =il fe] dded yYT B c
dAE Attt er 38 WYaslA HI& 7 ofste vlelch 10 continue
c Data input method : data file or type in on screen
c
. } 1 ol
6. 3% : AULZIY % U, Al write(s, "{a\)’)’ Input on Monitor Screen {y/n) 77 '
read(s, *{al)") im
c
Exanple of Input Data if{im .eq. 'y' .or. im .eq. 'Y") goto 13
------------------------- goto §
Example 1 for Design of KGS Tunnel, 93 Symposium 13 continue
550, ,78,,80.,60.,30,,0.,120.,50.,6. write(#, "{a\)’) * Enter Dutput File Mame = °
ond read(¥, *{al0)'} ful
_________________________ open(6, file=fnl, status='new")
<
Example of Dutput 150 write(t.'(a2)")’  Title and Information(a70} 77 *
------------------------------------- read(*, ' (a70)") titl
Example 1 for Design of XGS Tunnel, 93 Symposium o
write(s, "(a\}")
1. Input Data are Followed, + Rl Uniaxia) Compressive Strength,quikg/cm2} 77 '
Rl: Strength{kg/ce2) = 550.00 R2: RAD(x) = 78.00 read(*,4) qu
R3: Joint Spaceicm) = 80.00 R4: Joint Friction(deg) = 60,00 arite(s "{a\)')’ RZ: RQD(%} 77
RS: Water(L/min/10m} = 30,00 R6: a) Tumel Direction(dez)= .00 read(s ’ﬂ red
b) Joint Dip Direction = 120,00 srite(s, (a\)')’ R3: Joint Space(ca) 77 *
& Angle(dew) = 50.00 read(®, %) js
Maximm Active Excavation Span = 6.00 m weite(#,"(a\)’)"  Rd: Joint Friction Angle(degree) 77
rcad(%, %) phi
2. Resuliing RMR Value : RMR = 51.49 RMR* = 56.63 write(®, (a\)")
1) Rock Strength, Rl = 4.83 2) RaD, R2 = 16.00 . RS: Quantity of Water InTlow(L/min/100) 27 *
3} Joint Space, R3 = 13,03 £) Joint Friction, R4 = 22.78 read(, %) wi
5) ¥ater Inflow, R5 = 5,50 6) Orientation, R6 = -10.64 write(*, (a\)")
+ R6: Direction of Tunmel Axis{degree) 77 ©
3. Stand-Up Time for Active Span of 6,00 m is  86.0 hours, read(s, %} tx
. write(s, "{a\)")
4, Ground Mass Class = Hard Rock{HR) Standard Design Pattern = P-5 . R6: Joint Dip Direction (degree) 27 *
' read(%, %} ds
5, Ground Mass Properties for Design : weite(s, '(a\)'}’ B6: Joint Dip Angle(degree) 27 '
1) Cohesion(t/m2) = 185,65 2) Friction Angle{degree) = 41,66 read(s,#) dip
3) Poissons Ratio = .21 4) Defomation Modulus{t/m2) = 158066, weite(#, ' (a\)'}’ Active Excavation Tuwel Span(m) 77 *
. read(®, %) smx
6. Consider Auxiliary Support to Prevent of Over Excavation ! goto 15
_______________________________________ c



5 continue

c
write(®, '{a\}")" Enter Input File Name = '
read(#, "{al()’) fn
open{5, file=fn, status="0ld"} ¢
c c
write(*, '(a\)'}) " Enter Output File Name = *
read(%, "{al0)') fn2
open(B, file=fng, status="new' )
c
100 continue

read(5,25) titl

25 format(a70)

if(titl, eq. "end’,or, titl, eq, "End".or. titl.eq, "END') goto 111
data order | Uniaxial Strength{kg/cmZ}, RAD(%), Joint Space{cm},
Friction Angle{degree}, ¥ater Inflow(L/min/10m), c
Twre! Direction(degree from North},
Dip Direction of Joint{degree from North),
Dip Angle{degree), Excavation Span{m)

n N a0 a6 0 a8

read(5, ) qu, rqd, js, phi, %i, tx, ds, dip, smx c
s=abs{tx-ds)
if(s, gt.180, ) =360, -s

15 continue
write(s,20) titl,qu, rqd, js, phi, wi, tx, ds, dip, smx
write(6,20) titl,qu, rqd, js, phi, wi, tx, ds, dip, smx
20 format{bx, a70,//,2x,'1. Input [ata are Followed. ',/ 5x,
+ ‘Rl: Strength{kg/camZ) Y 8.2, 3x,
. "RZ: RQD{%) =", f6.2.7,5x, ¢
+ 'R3: Joint Space(cm} = ',1B.2, 3x, c
+ "R4: Joint Friction(deg) =" 16,2,7,5x, €
+ ‘R5: Water(L/min/10m) =’ 8.2 3x,
+ ‘R6: a) Tunnel Direction(deg)= °, £6.2,/,5x,
+ 3I5x, " b} Joint Dip Direction = ', [6, 2,7, 5x,
+ 35k, & Angle{deg) = ', 6.2,/,5x,
+ "Maximum Active Excavation Span = *,{6.2," u'/)

n

[ Parameter A,B,C, and D for R6

if(s,1t.90.) then

a=(0. 103¢s-4, 931 )/10%+5
b=(-0, 985%5+49, 874)/1004
c=(0. 545¢s-5. 10)/10%+3
d=-8.0

else

a={4, 321/10%*5

b=(0. 093#5-47, 222)/10%x4
c=(-0, B33%s+119_44)/102s3
d=-8.0 c
endif

4]

[e]

Limitation of dip angle

ifldip,1t.5.) dip:5, ©
if(dip, gt. 80, ) dip=80,

if(wi.1t,0.1) w=0.1 ®

c RE, R2, B3, R4, B5, and RE computation

r1=-1_4/10%x64qurqu+0, 009¢qu+0, 3
r2=0, 2erqgd+0, 4

+

r3=3. 5a{ js*#0, 3}

rd=-(phi/19}%23+{phi/6, 8)#$2-(phi/2. 3)+2.5
r5=-2. 5tLog(wi )+14.0

ré=atdipsedshedi preZecadiprd

Limitation of R values

if(rl.gt.16.) r1=16.
if(r2,gt.20.) r2=20,
if{r3,gt.20.) r3=20.
if(r4,1t.0.} ri=0.
if(rd. gt, 30, ) rd4=30.
if(rs.gt. 15.) r5<15.
if(r6.1t, -12, ) r6=-12.
if{r6.gt.0.) r6=0,
if(r7.gt.0,) r7=0.

rorl=ri+r2+r3+rd
rar=r]sr24r3+rdarSeréerT

Ground Classification

if{roe, 1.0, ) ror=0,

if{reor], 1t,19,) rcss="Residual Soil (RS}’
if{rmrl, ge.19. . and. rmel, £t, 35, } ress="Reathered Rock(WR)’
if(rmrl.ge. 35, .and, rorl. 1t, 46, ) ress="Soft Rock(SR}’
if{rar}.ge. 46, and, rorl. 1,53, ) ress="Moderate Rock(MR}'
if{rarl, ge.53. .and. rock. 1t, 71, ) ress='Hard Rock(HR}
if(rmrl,ge.71.} ress="Very Rard Rock{XHR)®

Standard Subway Tunnel Design

if{rmel, 1,19, ) sp="P-2'
[f(ruel.ge.19. . and, rar] . 1t 41, ) sp="P-3'
if(rmel, ge. 41. . and, rarl, 1t, 53, ) sp="P-4'
if(rmel, ge.53.) sp="P-5

Warning to expected trouble
spot=' '
i1(rS, le.4, ,and, r6. gt. -7.72) spot=" Vater Inflow !’
i{f{rort. 1t. 35, and, r6. le. -7, 72.and, 5. gt 4. }
spot=" Roof Falling !’
if({rurl, ge, 35. and. r6. le. -7, 72, and. r5. gt. 4. }
spot=" Over Excavation !’
if{rart 1t 35, and.r6. le. -7.72,and, r5. le. 4.)
spot=" Water Inflow and Roof Falling !’
if(rmrl.ge. 35, and. 16, le, -7.72. and. r5, e 4. }
spot=' Water Inflow and Over Excavation 1'

Stansup Time

2a=0, 0l T*#log(smx)+0. 146
bb=0, 22¢smxex(-1,74)

ts=bhtaxp{antrmor)

hour=' hours.’
if(ts.1¢.1.0) then
hour=" ainutes,’
ts=ts%60,

endif

_.39_
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Rock Masses’ Properties

cd=2, Oxexp(0. 08*rmrl)
phid=0, 25¢cnrl+27. 5
v0=-0, 17*log{rurl }+0.9
d0=3000%exp( 0, 07#rurl }

Output of Computed Results

if(ts, gt.999,99) ts=999,99

write(s,30) ror, rurl, el, ¢2, r3, 4, r5, r6, smx, ts, hour, rcss, sp,
cd, phid, v0, db

write(6,30) rur, rorl, rl, r2, r3, r4, r5, v, smx, ts, hour, ress, sp,
cd, phid, v0, &0

format(2x, '2, Resulting RMR Value : RMR = ', 15, 2," RMR® = °,

5,2, /,5x,°1) Rock Strength, Rl = °, {6.2,6x,
'2) RQD, 2= ' 6.2,/ 5%,
*3) Joint Space, R = ", f5.2,6x,
*'4) Joint Friction, R4 = *, 16,2, /,5x,
'5) Water Inflow, RS = ', [6.2,6x,
‘6) Orientation, R6 = °, 16,2, 7/, 2x,
'3. Stand-Up Time for Active Span of ', f4.2,' wis '
f6.1,al0, /7, 2x,'4, Ground Mass Class = ',a20,
2x, "Standard Design Pattern = ", a4, //,2x,

'5. Ground Mass Properties for Design :',/,5x,
'1) Cobesion{t/m2) = ', f6.2, T,
'2) Friction Angle(degree) =
‘3) Poissons Ratio = ", 6.2, 7x,
'4) Defomation Modulus(t/m2) = ', £8,0,/)

', 16.2,7,5x,

if(r5.1e.4..0r,r6, le, -7.72) then

write(*, 50) spot

write(6, 50} spot

format(2x, "6. Consider Auxiliary Support to Prevent of',
a35,/)

endif

if(ts.1t.2,) write(s, 40)
if(ts, 1.2, ) write!6,40)
format{bx,

+'WARNING !!! You may need reduce the excavation span ',/ 17x,
+'to increase the stand-up time of tumnel,’,/, 14x,

+'0R Increase the ground strength using auxialiary supports,®, /)

~40-

write(s, *{a\)')’
read(#*, '(al}') ctru

if{imeq.'s .or.im eq.'S"} then

write(®, '(a\)") Change Active Span 77(y/n).... *
read(*,"(al})") yn

if{yn.eq. 'y'.or.yn. eq."Y"} then

write(®, “(a\}') ° Enter New Active Span(m) = '

read{#, ) smx
e
goto 150
endif
G
write(, '(a\)'} ~ Other Determination ??(y/n),... '
read(#, ‘{al)’) yn
if(yn.eq.'Y .or.yn.eq. 'y') goto 10
endif
C
if{in.ne.'y'.or. im.ne, 'Y') goto 100
[+
111 stop
end
[+
< End of Program
<
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