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TABLE A.1 - Suggested support measures for the 38 categories (After Barton et
al, 1977). Support measures for Rock Masses of “Exceptional’,
Extremely Good’, ‘Very Good’ and Good Quality (Q range : 1000—
10)

Support Corditiora! factacs .
category ROD:, 14, Span'EsR Type of support Mo
1 = - , sb (ug) -
2 - - - sb (utg) -
34 = - - 5o fusd -
K = i - 5 (urgy -
50 = i - sb (utg) =
6 - = - 59 (urg) -
i - - - sh {ur2) -
S - - - 59 (uzz) .-
G 220 - - sb (ur) -
<20 - - Bu)25-3m -
10 230 - - Bet2i2-3m -
< 3D & - Bun) 1.5-2m+clm -
1= 230 = 2 B()2-3m -
<30 - - B(t211.5-2 m+cim -
3= =30 - - B(2-3m -
<30 ) - - B l5-2m+clm -

Key to Suppart Tables:

nad. grouted

(tg} = tensioned, (expanding shell type for competent reck masses. grouted post-tensioned in very

v rock massest sez Notz X

S = shotorste

{m2) = meshreinforced
clm = chainlink mesh
CCA = casteo

{sc) = sweelreinforced

4

rch thickness is given in centimetres

Bolt spacings are given in metrss (m), Shotcrste, or cast consr:

Conditiunal faztors

RODI J, SpanfESR Type of support Note
13 210 2135 - sb (L) 1
210 < 1.3 ;W E(uezild-2m I
<10 213 - B(u)15-2m I
<10 <1.5 - Blus)1.5-2m i

+52-3em

1+ 210 - 2l3im B(2) 1.5-2m+clm 1.1
<10 - z15m B2 15-2m I It
+S(mr)3-1Cem
- - <lim Blutz) L5-2m+clm 11
13 > 10 - - B l.3-2m+c¢lm LILIV
£10 = - B(g)lL.s-2m LI IV

+S(mr)S5-10cm

15+ 3 ) = - B(2Yl.5-2m+clm LAV
See pate bR t] - - B 13-2m LV.VI
Xt +S(mn)10-15cm

* Authors’ estimates of suppor. Insufficlent case rzcords availablz for rzliable estimazion of support re-
quirzments.
Nate: The type of support to be used in categores | 1o 8 will depend on the blasting technique. Smooth

wall Blasting and thorough barringz-down may remove the need for support. Rough wall blasting

tion helght is

may rescltin the reed fur single applications of shoterete, especially whers the exaay

> 25 m. Future case records should differzntiate categaries | o §.
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TABLE A.2 - Suggested support measures for the 38 categories (After Barton et
al, 1977). Support measures for Rock Masses of ‘Fair’ and ‘Poor’
Quality (Q range: 10-1)

Corditionul fuctors

ROD:J, JM, Span/ESK Type ef suppon Now
17 >3 - - sb (utz) 1
(2]0.) - - Bu)l-15m | 1
<51
<10 = 26m Blutgil-15m i
+82-5em
<10 - <bm S2-3m 1
13 >3 - 210m Biugd l=15m+elm | LI
> 5 - <l0m Elu:-_:ll—l.im*c!m- 1
=5 - 2l0m B l-15m L
+52=-3am
<3 - <10m Butzdl-15m 1
+52-3cm

19 = - 220m B(t2)1-2m LILIV
+S(ms) 10-13¢cm
- - <2)m Bizil-t3m L
+S(me)5-10em

bd

ey to Support Tables:

ted post-tensioned in very

ent rock masses, gn

Bol: spacings are given in meirzs (m). Sheterzie. or cast concrate arch thickness is given in ceatimetrss

Conditional factors

RQDiJ, Ji1, Typeofsupron Mot
20 - - 23m Bzl l-2m LV, VI
Ses pote +S(mr)20-23¢cm

Xl - - <3im Biz)1-2m LIL1V
+S(mr) 10-20cm

21 2125 <075 st = B(u2lm I
+52-3cem

75 - $25-5cm 1

] - B(u)lm 1

22 (> 19, >1.0 - B (ug) Im+elm 1

<30
<10 >1.0 - S25-73em 1
<30 =10 - Bledlm 1
+5(m23-5em
230 - - B(udlm H
23 - - 215m Bt l-15m LILV,
+S(me}10-15em Vi
- - <lim Budl-15m I

+S(m)5—-10cm

3 - - 230m B@l-15m 1VENT

+S(mr)15-30cm

X L - <3)m B l-15m LILIY
+S(ms)10-15em

el 1 availzblz =1t stimati fsunns .
» Authors estimates of support. lasulficient casz records available for reliable estimation ©f support r2

quirsments.
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TABLE A.3 - Suggested support measures for the 38 categories (After Barton et
al, 1977). Support measures for Rock Masses Of ‘Very Poor’

Quality (Q range : 1 -0.1)

Conditionai factors
RQDIL, S04, Span/ESR Notz
25 > 10 >0.5 - 1
> 10 >0.3 - Biud I m+Sime) 5cem I
- £0.5 - Bg)lm+S(mr)iem I_
2 - - - Bunlm VI X,
+S(n15-75em X1
= = - B I m ILIX
+523-5¢em”
ar - - 212n Bz lm LIX
+S(mr)7.3-10m
- - <12m Buzilm LIX
+S(m)3-T3em
- - >12m CCA20-4Dcmy VIIL X,
+B(12) I X!
- - <|2m S(mr)10=-20¢m VL X,
+B@lm by

Key to Support Tables:

sh =
B
(ug) =
(tz) = teasionzd, (expanding shell tipe for competznt rock masses, grouted post-tensioned in very
peor gualite rock masses; see Note X1
S = shotg
(me) = meashr
clm = chainli
CCA = castconcresz arch
(3r) = sieleeinforzed
Bolt spacings are given in metres (m). Shoterete. or east conerete arch thickness is given in centimetres
(em).
Suppon Cenditional fustors
category ROD, JH, Span/ESR Type of support Notz
kil - - 230m B(z2ilm LIV, V,
+S(mr)3)-4dem IX
Se¢ note - - (2 20m. BE(t2)Im LIV,
XU <30 m) +S5(mr)20-30cm IX
- - <20'm B(g)lm LILIX
) +S5(ms)15-20¢cm
o = - CCA(s7) 30 - 100 em IV, VI
+B(yIm XXl
29 =5 >0.23 - B(uzllm+52-3em -
<5 >0.25 - B(utz) Il m+S(mr)5cm -
- <£0.23 - Btz Im+5S(mn)5cm -
30 23 - - B(tsilm+525-5em X
<3 - - S(mr)S~7.5em L
- = - B lm VIIL X,
+S(m)s5-T135em X!
a1 >4 - - B lm IX
= +5 (m) 5-123em
<4215 - - S{mr)7.53-25¢em IN
<13 - - CCA20-40em Ix
X +B(tz} I m
- - - CCA(sr) 30-50¢cm VIL X,
+B () 1Im X1
32 - - 220m Btz Im AN,
+S(mr)4d-60cm Ix
See note - - <20m Bt m HL IV,
Xl + S (mr) 20-40em IX
- - - CCA(sr)40-120cm IV, VL,
+B{tIm XX
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TABLE A.4 - Suggested support measures for the 38 categories (After Barton et
al, 1977). Support measures for Rock Masses of ‘Extremely Poor’
and ‘Exceptionally Poor’ Quality (Q range : 0.1 —0.001)

upgort Conditional fastors
RODI, JI, Span/ESR Type of suppont Netz

3¢ 22 - - Buglm ’ 1
+S(mr)25-5em

&2 = - IX
= - = S(ma7.5-15am VL X
34 22 Z0:2% e B(tzplm IX
+S(mo)53-T75em
z 2:0.25 - S(mn7.5-15¢em
- <0.23 = Stmspl3-25am
- - - CCA(sa)2) -8 ¢emt
+B (2 Im
35 - - 215m B tm I IX
+ S (mr) 30 - 12¢ em
- - 215m CCA () 60 =200 cm NIILX.
See note +B G Im XL
X - - <lim B lm IX. Ll

+S(m)20)-T3cem
- - <lim CCA(sr)40)-130cm

+ Bl

37 - - - S(mo)20-60cm IX
- - S () 20 - 60 ¢m VHE X,

+B(12)05-1.0 XI
33 - - 210m CCA (50) 100 =380 cm X
- - 210m CCA (3r) 100 =300 em VIILX
See note +B @2 lm . NI
X - - <10m S(mr) 70 -200 am IX
- - <l0m S(mr)70-2C0cm VI X,

+BIm

Supplemen 25 by BARTON, LIEN an
I. Forea ! heavy bu cc 'go
wit bout 1 m (oce
c2ases.
Il.  Severalbolilenzih 3 5aad Tm.
I Sevemalboitle s often used in same excay Jand4m.
IV, Teasio chors ofien usad to supple bolt suppoc prassures, Typical spacing

V. avz2ral bol s often used in same exs a.ie. 6.8 and 1O m.
Vi
VIL

VI

zing rock.
support is gzaecally used as permanent support.

excavation and support of arch, walls and floor ia cases
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TABLE A.S - Supplementary notes by Barton, Lien and Lunde (After Barton et
al, 1977)

Supplementary notes by BARTON, LIEN and LUNDE

| For cases of heavy bursting or ‘popping’. tensionad bolts with enlarged bearing plates often ussd.
with spacing of about 1 m (occasionally down to 0.8 m). Final support when ‘popping’ activity
ceasss.

. Several bolt lengths often used in same excavation. i.e. 3.3 and 7 .

Ll Several bolt lengths often used in same excavation. i.e. 2.3 and 4 m.

IV, Tensionad cable unchors often used to supplement bolt support pressures. Typical spacing 2~ 4 .

\".  Several bolt lengths often used in same excavation. i.e. 6.8 and 10 m.

V[ Tensioned cuble anchars often used to supplement bolt support pressuies, Typical spacing 4 -6 m.

VL Several of the older generation power stations in this category employ systematic or spot bolting
with wreas of chain link mesh. and a free span concrete arch raof (23—30 cm) as permanant support.

V1L Cases involving swelling. for instance montmorillonite clay (with access of water). Room for expan-
sion behind the support is used in cuses of heavy swelling. Drainage measures are used where pos-
sible.

[N, Cases not involving swelling clay or squeezing rock.

N, Cases involving squeezing rock. Heavy rigid support is generally used as permanent support.

NI According to the authars’ experience. in cuses of swelling or squeezing. the temporary support re-
quired before concrete (or shoterete) arches are formed may consist of bolting (tensioned shell-ex-
pansion type) it the value of ROD, s sufficiently high (i.e. > 1.5). possibly combined with shot-
crete. 1f the rock muss is very heavily jointed or crushed (ie. RQDY, < L5, for example a sy
cube’ shear zone in quartzite). then the temporary support imay consist of up to several applications
of shoterete. Systematic bolting (tensioned) may be added after casting the concrete, but it may not
be effective when ROD/, < 1.5 or when a lot of clay is present. unless the bolts are grouted betore
tensioning. A sufficient length of anchored bolt might also be obtained using quick setting resin an-

chors in these extremely poor quality rock masses. Serious ovcurrences of swelling and/or squeezing

rock may require that the concrete arches are taken right up to the fase, possibly using a shield as
temporary shuttering. Temporary support of the working fuce may also be required in these cases.
NI For reasons of safety the multiple drift method will often be needed during excavation and support-
ing of roof arch. Categories 16, 20. 24, 23, 32,35 (SPAN/ESR > 153 monly).
NI Multiole drift method wsually needad during excavation and suppoit of arch. walls and floor in cases
E B = bt
i < -
of heavy squeczing. Cutegory 33 (SPAN/ESR > 10 monly).

Supplemenrary notes by HOEK and BROWN (1980)

A, Chainlink mesh is sometimes used to catch small pieces of rock which can become loose with time,
It should be attached 1o the rock at intervals of between | and 1.5 m and short grouted pins can be
used between bolts. Galvanized chainlink mesh should be used where it is intendad to be permanent.
e.g. in an underground powerhouse.

B Weldmesh. consisting of steel wires set on a square pattern and welded at each intersection. should
be used for the reinforcement of shoterete since it allows casy access of the shoterete to the rock.
Chainlink mesh should never be used for this purpose since the shoterete cannot penstrate all the
spaces between the wires and air pockets are formed with consequent rusting of the wire. When
choosing weldmesh. it is important that the mesh can be handled by one or two men working from
the top of a high-lift vehicle and hence the mesh shoutd not be too heavy. Typicully. 4.2 nun wires
et at 100 mm intervads (designated 100 x 100 x 4.2 weldmesh) are used for reinforcing shoterete.

C. In poorer quality rock. the use of untensioned grouted dowels as recomme 1ded by BARTON. LIEN
and LUNDE depends upon immediate instatlation of these reinforcing elemer ts behind the face. This
depends upon integrating the support drilting and installation into the dr:ll-blastmuck cycle and
many non-Scandinavian contractors are not prepared to consider this system. When it is impossible
o ensure that untensioned grouted dowels are going to be installed immediately behind the fuce.
consideration should be given to using tensioned rockbolts which can be grouted at a luter stage.
This ensures that suppoit is available during the critical excavaiion stuge.

D, Many contractors would consider that a 200 mm thick cast concrete arch is too difficult to construct
because there is not enough room between the shutter and the surrounding rock to permit easy -

[
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TABLE A.5 - (cont.) Supplementary notes by Barton, Lien and Lunde (After
Barton et al, 1977)

cess for pouring conerete and placing vibrators. The US Army Corps of Engingers (1973) suggests
10 inches (234 mm) as a normal minimum while some contractors preter 300 mm.

E. BaRTON. LIEN and LUNDE suggest shoterete thicknesses of up to 2 m. This would require many \'cp-
araze applications and many contractors would regard shoterete thicknesses of this magnitude
both impractical and uneconomic, preferring to cast concrete arches instead. A strong argument in
favour of shotorete is ti it can be placed very close 1o the face and hence can be used to provide
carly support in poor guality rock masses. Many contractors would argue that a 30 1o 100 mm laver
is generally sutticient for this purpose. particularly when used in conjunction with tensioned rock-
buolis as indicated by BARTON. LIEN and LUNDE. and that the plucing of a cast concrete lining at o
Jater stuge would be w more eftective way to tackle the problem. Obviowsly. the final choice will de-
pend upon the unit rates for concreting and shotereting oftered by the‘contractor und. if shoterete is
cheaper, upon o practical demonstration by the contractor that he can actually place shoterete to this
thickness. In North America. the use of conerete or shoterate Hnings of up to 2 m thick would be
considerad unusual and a combination of heavy steel stets and concrete would normally be used to

achieve the high support pressures required in very poor ground.

Supplementary noie by STILLBORG
Untensioned. crouted rockbolis e recommended in several SUPPOIT CUte 20 ries. At the time when
BARTON et al. proposad thelr guide for support measures the friction anchored rockbolis were not
vet available, The note under Table 6 in connection with BIENIAWSKYs guide for excavation and

support in rock tunnels is therefore equally applicable here

Supplementary rotes by HOEX and BROWN (1950,
A,

ryround powerhouse.
B, Weldmesh, consis of steel wires set on a squure patt
be used for the 2 ¢ of shoterete since it all
Chainlink mesh ever be used for this p

spaces b s and air p.n:!\::; ;

choosing we i a ke hindied

the top of 2 ? shoshould not t~ o

setat 100 mm interve 5 t2 X x 4.2 weldmeshy are used tor

C.  In poorer guality rock, the use of uate 'b.aneJ 20 m.m. dm\u\‘ as r-.--:cmmcnd:d
and LL \DE dc,u"u\ uron 1"\meu'z«. inst

! 1o consider 1‘~' ';.>t:m. \‘-'hcn it is i
ing to be instalied immediately behis
Y mgw.-‘(» which can be grou: ad uta later
ewuval ion \».\l'_‘A

D, Muay contractors would coasider that a 2040 mim thick cust concretz arch is g ditticul o con
bevause there is not enourh room between the shatter and the surrounding riek o pennit ecs,

o

110



University of Pretoria etd — Hartman W 2000

APPENDIX B

111



B.1- CASE STUDY 1 - 10 LEVEL CROSSCUT NO. 9-SHAFT - IMPALA PLATINUM - 64QRIGERSIYY ©f PTESTia etd — Hartman W 2000

Dapth bel. suf. (m) Exc. Helght Exc.Widih X Vartical Sirike RQOD Act, RGO Dascription | Jn Description SO Dascrigtion Ja Descriprion Jw Descrigtion SRf Dascrigtion Q.valus Descripton Phatas . Installed & pattern’spacing . Phota No.
640 3 3 - 2 1 4 108.07 100 Exceilent Twa Joint Sets k) Roughiliregularunduladng 2 Slightty alterad w.non-sa4 Min.£0al 1 Cry Extavatilon 1 Medium Stress 375 Qaze Yes Pixte 19.20
540 El 1 1 0 4 109.5 ico Exceltarnt 1 1 Jolnt Sat Plus Random 3 Raughimagular undulatin 2 Slighdy altarad jw,nan-san Min.coal 1 Dry Excavatiion 1 Madium Stress 4 50.0 van 0%ed Na Baiting
640 3 ) 2 1 2 110.27 100 Excallant 4 Twa Jeint Suts 3 Raughirregular unduladn i Slighty alterad jw.aon-san Min.coat 1 Dry Extavatiion | 25 Sing. Shaar Zans, Comat Raek, »50m 15.0 gs0d Ha Balting
840 ) 3 2 5 1073 100 Excaflan ¢ Two Jeint Sals k) Rougharregulas undulating 2 d fw.Aan- 104 Wincoat 1 OryExcavatiion | 2§ §ing, Shaar Zone, Compl Rack, »50m 15.0 Osed No Bating
840 1 3 5 3 2 106.31 100 Exceliont 9 Thiee Joint Sets 3 Rougnifrragulsr undulaling 2 d jw,nan-sof Mincoal 1 Dry Excavatiion 25 Sing. Shear Zane, Compt Rocx, »50m 8.7 Falr Na Baiting
849 El 3 4 5 3 105.65 100 Excallent 9 Three Jaint Seis 1 Roughiiraqularundulaling 2 Slighty aitarad jw.nan-yof, Min.caal 1 Dry Excavatiton | 15 Sing. Snear Zane, Compt Rock, >50m 6.7 Fair Yes Piate 14,15,16
B0 3 k] 2 1 (] 112,47 100 Excakart 2 One Joint Sat 3 Raugwlfrlin.hrundulﬂr'; 2 Slightty altared jw,nen-sgd Win.coal 1 Dry Excavation 1 Madium Stress 75.0 Ve Gasd Yes No Boting
510 3 1 1 5 2 110.05 100 Excalant € Two Joint Sats 3 Ruur;hmrqulv undulating 2 Stightly altared jw,non-sant Min.coal 1 Dry Sxcavatiian 1 Madium Stress s Qact Yes Ko Boling
540 3 3 1 1 Q 11247 100 Excakant 2 One Jaint Set 3 Raugharragular undulating 3 Sity, small elay ractian 1 Cry Excavatifan 1 Madium Strass 50.0 vany 023d N3 Saiting
519 k] 3 1 1 4 109.47 100 Excafent 1 Qna Joinl Sat 3 P,ougritr;i_;ulr: undulating 2 Siighdy alterad jwnsn-sod Mincast 1 Dry Excavatiien 1 Madium Stress 75.0 Very Good 2 No Baiting
840 k1 3 1 i 2 110.38 100 Excelent i Tao Joint Sats 3 Raugmmsum undulaling 2. Sligntly #!tered fw,nan-sa Win.coat 1 Dry Excavation 1 Medium Strass s ©aed SpatSolting
&40 3 3 0 1 1 113.57 100 Excekerd Twa Jaint Sats i Raoughirragular undulaing 2 Slightly altered jw.nan-sof Min.caat 1 Dey Excavatiion 1 Madiym Siress 375 Gand Na Boting
510 3 ) 1 2 0 113.24 100 Excelent 2 Ona Jeint Set £ Raughilragular undulating k] Sify, small clay fraction 1 Dry Excavatiien 1 Madium Stress 50.0 Very Gozd No Boiting
810 3 3 0 [ a 115 100 Excedant 0s Massive 5 Jalnt s3azing >3m 0.75 Tigntly Healed 1 Ory Excavation 1 Madium Stress 13333 Extremely Sagd Na Beiting
810 3 3 [ ! 0 11467 100 Excedent | 1 fow 3 Roughiregular undulating 2 Slightty atared fw.non-s0A Min ¢83t 1| OyExcavation | 1 Madlum Strass 150.0 Extramaly Goad No Balting
810 3 3 1 a ] 107.3 100 Exceert 1 One Joint Setplus Random 1.5 Slickensided undulating 2 Slightly allerad pw.non-sof Min,caal 1 Ory Excavatiion 25 Sing. Shear Zons, Compl Rack, >50m 10,0 Ga0d No Baling
640 3 3 7 1 1 109.17 100 Exceltent { Tao Joint Gels 4 Discantiauous Joints 2 Stightly aiterad fw nan-sont Min caat 1 Dry Excavatiion 1 Madium Strass 50.0 Very 0934 No Behing
845 3 El 0 0 2 112.8 100 Excatant 7 Ona Joint Sat 7 Smooin undulating 2 Slightty aitared fw.nan-se1 Min caal 1| OryExcavatiion 1 Madium Stress 50.0 Ve Qoed N Baiting
840 3 5 0 [] 4 112.36 100 Excellant 2 Ona Jaint Set 3 Raughiragular undulaing 2 Silghtly aktered jw.non-saf Win caat 1 Dry Excavatilan 10 01102015 15 Fair Yas Pite 17,18
640 k) 5 a Q 2 113.68 100 Excekant 1 Qna Jaint Set k] Roughiliregutar undulating 2 Slighty altered jw non-saft Win zoal 1 Cry Excavatiian 1 Madium Strass 75.0 Very Good Yes Mo Boting
540 Q 3 a 0 0 115 100 Exceifent 1 fow 5 Joint spaeing *Im ars Tightty Haaled 1 Dry Extavatiion 1 Madium Strass 866.7 Extramaly Ooad No Baiting
840 1 3 0 1 0 114.67 100 Excefent 1 faw 3 Roughiragularundulating 2 fightly alterad fw nan-saf Mincoat 1 Oy Ex¢ avatiion 1 Medium Stress 150.0 Extremzly Socd No Boiting
840 3 = 2 1 3 109.17 100 Excedent § | TwoJointSals Pius Random 3 Roughirreguiarundulaling 2 Slighty aiterad fw. nan-ssh Min.coal 0.68 Damp 25 Sing. Shaar Zans, Comat Racxk, »50m 6.6 Faie Na Bofting
Bi0 L] 1 0 1 1 111.37 100 Excettant 2 QOna Jaint St 3 Raughiliragular undulaing 2 Slightly altered jw,non-soit kin.caat 1 Dry Excavatiion 25 Sing. Shaar Zone, Compt Rock, >50m 20.0 0rag Na Solting
840 3 e 0 0 1] 115 100 Excefant a3 Masshoe 5 Joint saazing *3Im 075 Tightly Haaled 1 Dry Excavatiion 1 Mazlum Strass 13333 Exremaly Gacd Na Baiting
813 1 3 Q 0 1 1119 100 Excefert 2 One Jalnt Sat 3 Roughilrreqular undulating 2 Sligntty aitetad jwaon-s0d Mincoat 1 Dy Excavatiion 1 Madium Strass 75.0 vary Ggad Yes Pl 11,12,13
840 El k] 0 1 2 11247 100 Excalent 2 One Joint set 1 Smooth planar bl Slighty altared fw nan-13% Min coat 1 Dry Excavatilon 1 Madlum Stress 25.0 0Ocod Yot 50 Spatboking
840 3 k] ] 0 1 112.8 100 ExcoRar 2 Ona Joint Set 3 Rougrilireqular undulating 1 Stightty aitered jw.nan-1a Min coat 1 Dry Ex¢ avation 1 Medium Strass 75.0 Very Go%d Yas 5irs Spotboking
BL0 3 3 [ (] 1 113.9 100 Excelent 2 One Joinl 441 ] Roughilrragular undulating 2 Slightly alterad jw,non-300 Min,caal 1 Dy Excavatilon 25 Sing. Shear Zona, Compt Rock, >50m 30.0 Ocod No Boriing
840 k] 3 0 1 2 11247 100 Excotant k] Qne Joint Sat plus Randem 1 Smaatnh planar 2 Siightly altarad jw,non-sof Win.caat 1 Ory Excavatilon 1 Maglum Stress 16.7 Gcod Na Bolting
LEL] 1 k) a 1 0 114.01 100 Excelant 2 Ona JalntSat 1 Smoan alanar i Sofening minaral taating 1 Dy Excavatian 1.5 Multipia Shaar Zana In compatent, leasa suvrounding, aay depih 1.7 Paor No Boltng
840 3 3 0 Q 0 115 100 Excolant 1 faw 5 Joint spacing »Im 0rs Tighty Haaled 1 Dry Excavatiion 1 Madium Strass 865.7 Extramely Caad No Beting
540 3 3 1 1 1 11247 100 Excedont 1 fow 1 Smooth planar 2 Slightly aiterad jw.non-30A Mincoat 1 Dry Ext avatiion 1 Madium Strass 50.0 Geod No Bofting
640 3 1 [ 2 5 108.84 100 Excefant 4 Twa Jeinl Sats 3 Raughilrragularundulating 2 Slighty altared jw non-100 Min.coal 1 Dry Excavaliion 1 Madium Stress 75 Qoed No Balting
840 3 1 1 1 2 111.37 100 Exceldant 2 0Ona Jaint St 15 Roughirragulat planar 2 Slightly altered jw.ncn-sct Min.coat 1 Dry Excavatiicn 1 Madium Stress 375 Ocad No Beiting
510 <1 3 [ [ 1 1113 100 Excefart 1 Tew 1% Raughirregular planar 2 Slighty aitered jw non-saf ¥incoat 1 Dry Excavatitan 25 Slng. Shear Zone, Campt Rack, >50m 30.0 Ocod Mo Boitiag
840 a 3 ) ] 1 112.8 100 Excefort ? One Joint Sat 1.5 Roughireegulas planar 2 Slightty altesed jw ncn-sof Wincoal 1 Dry Excavatilon 1 Medlum Stess 375 Qrod Mo Bohing
840 3 b ] o a 4 1105 100 Excellent 2 One Joint St 1.5 Roughirraqular planar 2 Sifghtly aitared jw nan-1ot Wincaat 1 Dry Exzavatiion 25 Sing. Shear Zana, ComplL Rack, »50m 15.0 Ocad Mo Beling
810 3 3 1 3 3 110.27 100 Excefont 3 Ong Join Set plus Randum 1.5 Roughdiegular planat 2 Slightly aiterad pw,nan-30t Min.coal L Dry Exc avatilon 1 Medium Strass 25.0 Gead Na Baitng
B40 b ] 3 ] 0 0 115 100 Excefont a5 Masshve 5 Jaint spacing »Im 075 Tightly Healed 1 Oy Excavalilon il Madium Stress 11313 Extramely Qood No Balting
840 3 45 0 1 3 MVALUE! 100 Excatiant 3 Ona Jaint Sat plus Randum 15 Raughiiragular planar 2 Silghty alterad jw,non-saf Min caat 1 Ory Excavatilon 15 Sing. Shair Zona, Campl Rack, »50m 10.0 FalnJaey Yoz Shephard Crooks, 12mn dlam, 1,8m long, 1m spacing
640 k) 3 0 2 0 11434 100 Excokent 2 Qna Jolnt St 15 Roughilrregular planar 2 Slightty altered fw.non-saf, Min coat 1 Dy Excavatilan 1 Modlum Strass s Gcod Yos Pite 9, 10
640 ) k) o £} ] 1049.84 100 Excelont ‘ Two Joint Sats 1.3 Roughitrragutar planar = = Slightty aftered b nan-10f Mincoat 1 Ory Excavatilon 28 Sing. Shear Zona, Compl Rock, >50m 7.5 Falr No Bolting
543 :] 1 [} 3 2 14101 100 Excesard | 4 | Tag Jairt § 15 2 Stightty aiterad pw non-5of Min.caat 1 Oy Excavatiion 1 Medium Stress 18.8 Goad Ma Bofing
L) i Ll 0 2 ‘ 109.94 100 Excosent ] Two Joint Sats 1.5 Roughiiregular planar 2 Slighty aitered pw,nan-331 Min.caat 1 Dry Excavatilan 1 Madium Strass 18.8 Goad No Boiting
840 k) 3 0 0 2 1123 109 Excalant 2 One Jaint set 1 Smoom planar Slightly altared jw,non-sot Min.coat 1 Dry Excavatilon 1 Madlum Stress Ozod Mo Bofting
840 ] 3 0 ] 1 1139 100 Excoitont ! faw Raughirregular planar 2 Slightyy alterad jw.non-saf M coat 3| O ecavation | 1| e MadlumSress i 1 Na Saling
840 3 k] Q 0 0 115 100 Excelland 05 Massive 5 Jolnt spacing >Im 0.7s Tightly Healed 1 Dry Excavatifan ! Mzalum Srass i 13323 Ex¢asshany Bood Na Bsiing
840 3 3 o ] Q 115 100 Excellant Qs Massive 5 Joint spacing »Im 0.75 Tightiy Haalad 1 Dry Extavatilon 1 Madlum Stress 13333 Excasshely Good No Bofing
8140 3 3 0 2 5 108.84 100 Excelont 4 Two Joint Sets 15 Roughiiraguiar planar 2 Stightty aftered pw.nan-30ft Min.coat 1 Dry Excavatiion 1 Madium Strass 18.3 Qoad Ha Bofting
840 3 3 2 2 o 112.14 100 Exceflent 4 Two Joint Sats 1 Smoath planar 1 Unalterad joint walls 1 Dry Excavatiion 1 Madium Strass 25.0 Gead MNa Boting
840 3 3 a 1 1 113257 100 Excaltant 2 Ona foint St 15 Raughirragular glanar 1 Unattared Joint walls 1] Dry Excavatilon 25 Sing Shear Zone, Compt Rock, >50m .0 Gead HNo Bafting
810 ] 3 0 4 0 111.68 100 Excoent H One Joint Sat 1.5 Roughliregylar planar 1 Unaitered jolnt walls 1 Dry Excavatitan 1 Madlum Stress 75.0 Very Ooad Yos Pite 7,8
LIl 3 1 0 0 6 109.4 100 Excetort | 2 Ona Joint Sat 1.5 Roughiliragular planar 1 Unatterad [olnt walls 1| onExcavation | 1 Medium Stass 750 Vary Good No Bolting
840 3 E) 0 0 1 111.7 100 Excedant 1 Ona Joint Set 1.5 Roughilrragular planar 1 Unafisred joint walls 1 Ory Extavatiion 25 Sing, Shaar Zone, Compl Rack, »50m 30.0 Goad Yos Pixe§
810 3 E] (] ] 2 1124 100 Excodort | 2 One Jolnt Sat 1.5 Raughrragular planar 1 Unattered Jaint walls 1| OyExcavation | 1 Madium Stress 75.0 Vary Gaod Ho Bafting
840 ] 3 1 ] 0 112.9 100 Excolort 2 ©ne Jolnt Sat 1.5 Raughirragular planar 1 Unaltarad Joint walls 1 | oy 1 Madium Stress 75.0 Very Oocd Yos Pixa 6, spaced 1m 3part
LI 3 3 [ 2 3 11104 100 Excefont ‘ Twa Jaint Sats 15 Roughirregular planar 1 Unaltared joint walls 1 | oy Excavation | 1 Madiym Strass ars . Goxd Na Belting
840 3 3 0 1 0 114.67 100 Excefant 1 faw 15 Roughitrragular planar 1 Unaltarad Jointwalls 1 | DryExcavatilon 1 Madium Sirass 150.0 Extremaly Gpod e Batting
LE) e 3 L o] o 115 100 Excotort | 0.5 Massive s Jolat spacing >3m 075 Tighty Haalad 1| onExeavation | 1 Madium Svass 13233 Excasshay Good Ne Bating
LT J 3 a e 0 115 100 Exceford | 0.5 Massie 5 Jalnt spacing 23m 075 Tightly Healed 1_| Doy Extavation 1 Mzdium Stress 13333 Excesshely docd No Borting
840 3 3 2 1 [ 109.07 100 Excetent | ¢ Twa Joint Sats 15 | Roughiregular glanar 1 Unaferad jointwalls 1| DyExcavation | 1 Madium Stress 375 Oend HNo 8oting
L1 2 3 ] o | 2 1128 100 Excotert | 2 One Jaint Sat 15 | Roughimegutar glanar 1 Unattarad joint walls 1| oyExcavation | 1 Madlum Stass 75.0 Very Bocd N3 Baiting
L 3 3. 0 2 3 111.04 100 Excadent 8 | Twojointsats plusrandom | 15 Roughilirsgular planar 1 Unaltared jointwalls 1| oy Ecaation | 25 Sing. Shaar Zons, Compt Rack, >50m 10.0 FalriGasd Na Balting
2 3 3 o 1] 2 | s 100 Excwtont | 3 | OneJointSetplusRandom | 1.5 | Reughtmagutar planar 3 Siny, smal elay racdon 1 | owexcavation | 1 Madium Suass 187 0054 No Baiting
AL £l 3 2 2 3 108,84 100 Excedert | 9 Thrae Joint Sats 1.5 Roughrragular pianar 1 Unaiterad falntwalls 1 | oyescavasion | 1 Madlum Stress 167 Q014 Ha Batting
LI 3 3 1 2 4 100.84 100 Excakend | ¢ Two Joint Sats 1.5 | Roughiregular planar 1 Unaltarad joint walls 1 | oyEccavation | 1 Madium Strass 5 0crd No Bolting
810 3 ) 1 1 2 111.37 100 Excekor 3 ] OneJointSatplus Random | 1.5 Roughirregular planar 1 Unaltarad Jolnt walls 1 Dry Excavatilon 1 Madium S 50.0 Very Gacyd No Softing
LI 3 Fl 7 1 3 109,17 100 Excatant | ¢ Twa Jolnt Sats 15 Roughidragular planar 1 Unattered joint walls 1| oy Excavation | 1 Mudium Strass ke 5 Ocuy N Boling
LI 3 3 2 2 4 107,74 100 Excokert | 9 Thias Joint Sets 15 | Roughimagunar planar 1 Unaltatad Joint walls 1| OryExeavation | 25 §ing. Shear Zans, Campl Rock, >50m 81 Far Na Beting

810 3 3 [} 2 3 111.04 100 Excelant [ Twa Joint Sals 1.5 Raughirragular planar 1 Unalterad joint wafls 1 Ory Excavatiion 1 Madlum Strass 5 Qo3d No Balting
LS = 3 2 {0 IEX] 1197 100 Excarex | 2 Qna Jolnt Sat 1.5 | Rougnineguiar planar i Unattarad Joint walls s | oyescavation | 1 Madium Strass 750 Vi ooos NoBaltng
LIS 3 3 1 4 3 109.28 100 Excallent ¢ Two Jaint Sats 1.5 Roughitiregular planar 1 Unaltared jeint walls 1 D7y Excavatian 1 Medium Strass ars Qcud Yas Plate 2,34
640 3 3 1 2. 2 111.04 100 Excailant ‘4 Twa Joint Sats 1.5 Roughirregular planar 3 Silty, small clay fraction 1 | oyExcavation | 1 Madium Strass 12.5 Oazd No Soiting
LIl 3 3 1 ] 2 11437 100 Excallant 2 Onalaint 2at s T T T -3 S A Y e
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B.2 - CASE STUDY 2-23 LEVEL CONVEYOR DECLINE NO. 14-SHAFT

- IMPALA PLATINUM - 1058m BELOW SURFACE

chtﬂ bal, surf, |m] Exc. Halght Exc, Width Jt Vartical Dip Strika RQD Act. ROD | Daseription | Jn Dascription | ]2 Description Ja Dascription JwW Daescription SRF Dascription Dascription Photos|Supp. Instailad & pattern/s acln
1058 95 7 2 16 15 101.954 100 Excallant 12 |Three Joint Sets Pius nan% 3 [ Roughirregular unculating [ Zones or banas of disintergrate or crushad 1 Dry Excavatiion 5 | Loosa apen joints, sugar cune, neavy jointed Very poor Yes |3.0m Long, 16mm Diameter Shepherd Crook, Spaced im apart
1058 95 7 3 16 14| 102,078 160 Excellont | 12 |Three Joint Sats Plus Randon] 3 | Rough/ireguiar unduiating | 4 | Sandy particles, clay free, disintergated rock | 1 Ory Excavatiion | 5 | Leess openjeints, sugar cube, heavy jointed Paor Yes_|3.0m Long, 6mm Diameter Shepherd Craok, Spaced 1m apart
1058 5 7 4 16 17 160.316 100 Excallent 12 |Three Joint Sets le 3 oughArregular undulating 4 sMMay frae, disintergatad rock | 0.5 Damp Loosa opan joints, sugar cune, heavy jointed Very poor Yes |3.0m Long, 16mm Diameter Shepherd Crook, Spaced 1m 8par
1058 7 2 11 9 106.432 160 Excellant 12 |Three Joint Sets Plus Random 3 | Rough/imreoular undulaing 4 Sandy parcles, tlay free, cisintergated rock 1 Dry Excavatiion Loase open joints, sugar cube, heavy jointed Poar Yes |3.0m Long, 16mm Diameter Shepherd Crook, Spaced 1m apart
1058 7 3 13 10 104,954 1060 Excallent 12 [Three Jaint Sets Plus Randar] Rougharreaular undulating 4 Sgngt Eam:lsi. clay free, disintergated rock 1 Dry Excavatiion Loese open joints, sugar cubie, heavy jointed Poor Yes |3.0m Long, 16mm Diameter Shepherd Crook, Spaced 1m apart
1058 7 7 2 13 7 105.7T15 160 Excellant 12 [Tnree Joint Sets Plus Random Rough/iregular unculating 4 | Sangy particles. clay free, disintergated rock | 1 Dry Excavatilon Loose opan Joints, sugar cube, heavy jointec Poor es |3,0m Long, 16mm Diameter Snepherd Crook, Spaced im apart
1058 CR 7 2 15 10 104.641 160 Excallent 12 |Tnoree Joint Sets Pius Randor Rough/eguiar undulaing 2| Sanay paricles. clay free, disintergated rock 1 Dry Excavatiion Toose open Joints, sugar cube, heavy jointed Pgor es |3.0m Long, 16mm Dlameter Shepherd Crook, Spaced im apart
2 1058 9.5 7 9 7 108.035 109 Excallant | 12 [Tnree Joint Sets Plus Ranoom) 3 RousnAmequiar undutabng | 4 | Sandy paricles. clay free, disintergated roek| 1 Dry Excavatiion Loosa open Joints, 3ugar cute, heavy jointed Poor Yes_|3,0m Long, 16mm Dlameter Snepherd Crook, Spaced im apart
1058 9.5 7 8 ;] 107.834 100 Excallant 12 |Tnres Joint Sets Plus Randon] 3 | Roughiregular undulating 4 Sandy Eamctes_ clay free, disintergated rock 1 Dry Excavatiion 5 Loose opan Joints, sugar cube, heavy cinted Paor Yes |3.0m Long, 16mm Diameter Snepherd Crook, Spaced 1m apart
1058 a5 7 2 10 9 106.762 100 Excellent 12 [Three Joint Sats Plus Random] 3 wmmaung 4 Sandy particles, clay free, disintergated rock 1 Dry Excavation 5 Loosa apan Jeints, sugar cube, heavy jointed Poar Yes |3,0m Long, 16mm Diameter Shepherd Crook, Spaced 1m apart
1058 9.5 7 2 10 8 107.224 100 Excellent 12 |Tnree Joint Sets Plus Random] 3 Rough/megular undulating 4 Sandy particles, clay free, disintergatedrock | 1 Dry Excavatiion 5 Léose opan Joints, sugar cube, heavy ointad Paor Yes |3,0m Long. 16mm Diameter Snepnerd Crook, Spaced 1m apart
1058 95 7 2 13 B 106.244 100 Excallant 12 |Tnree Joint Sets Pius Randor] 3 Rough/megular undufating 4 Sangy particles, clay free, disintergatedrock| ¥ Dry Excavatiion 5 Looss opan joints, sugar cube, heavy jointed Poor Yes |3.0m Long, 16mm Diameter Shepnerd Crook, Spaced 1m apart
.
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TABLE B.3 : Q-VALUE CATEGORIE DISTRIBUTION

10 LEVEL CROSSCUT 23 LEVEL CONVEYOR DECLINE

Q-VALUE CATEGORIES QUANTITIES QUANTITIES
Exceptionally Good 10 0
Extremely Good 3 0
Very Good 20 0
Good 35 0
Fair 7 0
Poor 1 10
Very Poor 0 2
Extremely Poor 0 0
Exceptionally poor 0 0
TABLE B.4 : JOINT NUMBER CRITICAL PARAMETERS DISTRIBUTION
10 LEVEL CROSSCUT 23 LEVEL CONVEYOR DECLINE
|Joint Number Quantity Ave. Q-Value Quantity Ave. Q-Value
[[Massive 8 500 0 0
Few 8 242.3 0 1]
1 Joint Set 27 52.75 0 0
1 Joint Set Plus Random 7 255 0 0
Two Joint Sets 20 259 0 0
Two Joint Sets Plus Random 3 12.9 0 0
Three Joint Sets 4 9.2 0 0
Three Joint Sets Plus Random 0 0 12 1.2
TABLE B.5 : JOINT ROUGHNESS CRITICAL PARAMETERS DISTRIBUTION
10 LEVEL CROSSCUT 23 LEVEL CONVEYOR DECLINE
Joint Roughness Quantity Ave. Q-Value Quantity Ave. Q-Value
Joint Spacing >3m 10 500 ] 0
Discontinuous Joints 1 50 [ 0
Rough / irregular undulating 23 45.18 12 1.2
[Smooth Undulating 1 50 0 0
| Slickensided undulating 1 10 2] 0
Rough / irregular planar 35 40.76 [ 0
[[Smooth planar 6 23.6 1] 0
TABLE B.6 : JOINT ALTERATION CRITICAL PARAMETERS DISTRIBUTION
10 LEVEL CROSSCUT 23 LEVEL CONVEYOR DECLINE
[Joint Alteration Quantity Ave. Q-Value Quantity Ave. Q-Value
Tightly Healed 10 500 0 0
Unaltered Joint Walls 22 53.58 0 0
Slightly Altered,jw, non soft min. coat 40 42.22 0 0
Silty, small clay fraction 4 32.3 0 0
Softening mineral coating 1 1.7 0 0
Sandy particles, clay free, disintegrated rock 0 0 11 1.23
Zones or Bands of disintegrated rock 0 Q 1 0.8
TABLE B.7 : STRESS REDUCTION FACTOR CRITICAL PARAMETERS DISTRIBUTION
10 LEVEL CROSSCUT 23 LEVEL CONVEYOR DECLINE
h Stress Reduction Factor Quantities Ave. Q-Value Quantities Ave. Q-Value
Medium Stress 60 265 0 0
Sing. Shear, Compt Rock >50m Depth 16 16.2 0 0
Multiple Shear Zone in Comp., Loose Surr. 1 1.7 [} 0
Loose open joints, sugar cube, heavy jointed 0 [1] 12 1.2
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Table B.8 : Barton Comparison - Scatterplot Equivalent Dimension vs Q-values Data Base - 10 Level Crosscut

[ SieNo. | Exc width De G-value Description Photos Supp. Installed & patternispacing - Photo No.
1 3 18 sT5 Goed Yes Piate 19.20
2 3 19 500 Very Good No Bolting
3 3 18 150 Good No Bolting
4 3 18 150 Good No Bolting
5 3 18 67 Fair No Bolting
6 32 20 67 Fair Yes Plate 14,1616
7 32 20 750 Very Good Yes No Bolting
8 3 18 krd ) Good Yes No Bolting
9 3 19 500 Very Good No Bolting
10 3 18 750 Very Good Ne Bolting
12 3 18 375 Good No Bolting

3 3 19 500 Very Good No Bolting
5 3 18 1500 Extremely Good No Beiting
6 27 17 100 Good No Bolting
7 27 1T 600 Very Good No Bolting
:] 3 18 50.0 Very Good Ne Botting
8 [ 341 75 Fair Yes Plaie 17,18
20 (] 341 750 Very Good Yes No Bolting
22 3 18 1600 Extremely Good No Bolting
23 31 18 66 Fair No Bolting
24 3 18 300 Good No Baiting
29 3 19 300 Good No Bolting
30 3 18 167 Good Ne Batting
31 3 19 17 Poor No Bolting
33 3 18 500 Good No Bolting _
34 3 19 315 Good No Bolting
35 3 15 378 Good No Balting
36 3 18 300 Good No Bolting
37 3 19 s Good No Bolting
38 3 19 150 Good No Bailting
38 32 20 250 Good No Bolting
40 3 19 75 Good Yes Piain 8, 10
41 3 19 75 Fair No Balting
42 3 19 188 Good Ne Bolting
43 3 19 188 Good No Bolting
44 3 18 250 Gocd No Balting
45 3 18 750 Very Good Ne Bolting
46 3 19 188 Good No Bolting
47 3 18 250 Good No Balting
48 33 24 300 Good No Boling
48 33 21 750 Very Good Yes Piain 7,8
50 3 18 750 Very Good No Bailting
51 34 18 300 Good Yes Plate &
52 3 18 760 Very Good No Balting
53 6 31 36 Good No Boiting
54 3 18 1600 Extremety Good No Botting
55 3 18 k1l Good No Balting
56 3 18 750 Mery Good No Bolting
57 3 18 100 FairlGood No Balting
58 s 19 167 Good NoBolting
58 3 19 167 Good No Bolting
60 3 18 E1E) Good No Balting
61 3 18 500 “ery Good No Belting
62 3 19 75 Good No Bolting
63 3 15 67 Fair No Bolting
64 3 19 75 Good No Bolting
65 3 18 %0 Very Good No Bolting
66 3 19 s Good Yes Piate 234
67 3 15 125 Good Nc Balting
68 s 19 w0 Very Good No Bolting
69 31 19 228 Good Yes Plate 1
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LE : CASES CO| OR DECLINE NO. 14-S| - CALCULATED CONDITIONAL FACTORS - BARTON et al (1977)

Sita No. Exo. Width | De -8pansR | Act.raD | Dasoription | Jn Desaription RGD/JUn_| Jr Desorlption Ja Desoription Jrida || dw | awvalue Desoription | Photos_|Supp. Installod & pattern/spacing
1 7 44 100 Exoetlent | 12 | Three Joint Sets Plus Random 8.3 3| Roughfireguler undulgting | 6 |  Zones or bands of disintergrate or crushed 05 1 08 Very poor
2 7 44 100 Exoeslient 12 Threa Joint Sets Plus Random 8.3 3 | R ar undulat 4 Sandy particles, clay free, disintegrated rock 0.75 1 13 Poor
3 7 44 100 Exoallant 12 Thiea Joint Sets Plus Random 83 3 | Roughfreguiar undulating 4 Sandy perticles, clay free, disintegrated rock 075 05 0.8 ___Very poor
4 7 44 100 Excellent | 12 | Thres Joint Sets Plus Random ¥ 3 | Roughiiweguiar undulsting | 4 | Sai rticles, clay free, disi rock | 075 || 1 13 Poot
5 7 44 100 Excsllent | 12 | Three Joint Sets Plus Random 83 3 | Roughimeguier undulating | 4 | Bandy particles, clay free, disintegratedrock | 075 || 1 13 Poor
8 7 44 100 Excsllant || 1 Thres Joint Sats Plus Random 83 3 | Roughfimeguiar undulsting | 4 | Sandy particles, clay free, disintegratedrock | 075 || 1 1.3 Poor
7 7 44 100 Excsllant | 1 Threa Joint Sets Plus Random a3 3 | Roughfimeguler undulating | 4 | Sa rticles, clay free, disii rock | 075 | 1 13 Poar
8 7 44 100 Exoslient 1 Threa Joint Sets Plus Random 83 3 | RoughfMreguiar undulating 4 Sandy particles, clay free, disintegrated rock 075 13 Poor
9 7 44 100 Exosllent 12 || Three Joint Sets Plus Random 8.3 3 § Roughfiregular undulating | 4 Sandy partides, clay free, disintegrated rock 0.75 1 1. Poor
10 7 44 100 Exoallant 12 Thres Joint Sets Plus Random 83 3 | Roughfiregular undulating 4 Sandy particles, clay free, disintegrated rock 075 1 3 Poor
1 7 Iyl 100 Excallant | 12 | Thiee Joint Sets Plus Random 83 3| Roughfiregular undulaing | 4 | Sal free, disl rock |_075 | 1 b Poor
12 7 44 100 Exosllant 12 Threa Joint Sats Plus Random [¥] 3_J|_Ro (L r undulati 4 Sandy particles, clay free, disintegrated rock 075 1 1. Poor
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PLATE 11

PLATE 12
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PLATE 13




University of Pretoria etd — Hartman W 2000




University of Pretoria etd — Hartman W 2000




University of Pretoria etd — Hartman W 2000

PLATE 1

N s




University of Pretoria etd — Hartman W 2000

APPENDIX D

128




University of Pretoria etd — Ha




(=
o
o
N
c
@®©
=
@®©
I
I
e
+—

1ae

ty of Pretori

iversi

Un




University of Pretoria etd — Hartman W 2000

PLATE 26
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PLAN1 - 10 LEVEL CROSSCUT — N0. 9-SHAFT
SCALE : 1 : 1000
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