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ROCKFALL IN OPEN PIT MINES: MANAGEMENT OF THE PIT GEOMETRY
AND PROTECTION MEASURES DESIGN

Maddalena Marchelli, Daniele Peila, Anna Giacomini

SM-1 Design charts

The appendix reports the design charts. To help the reader, the reference to each design chart is reported
in Table 1.

Table 1: Design charts.

R, m R, Figures

030 035 Figures SM-1 and SM-2
030 055 Figures SM-3 and SM-4
030 0.75 Figures SM-5 and SM-6
030 0.85 Figures SM-7 and SM-8
0.40 035 Figures SM-9 and SM-10
0.40 055 Figures SM-11 and SM-12
0.40 0.75 Figures SM-13 and SM-14
040 0.85 Figures SM-15 and SM-16
050 035 Figures SM-17 and SM-18
0.50 0.55 Figures SM-19 and SM-20
050 0.75 Figures SM-21 and SM-22
0.50 0.85 Figures SM-23 and SM-24
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Figure SM-1: Design charts of dgs and vy, g5 values for R,, ,,, = 0.30 and R; ,,, = 0.35.
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Figure SM-2: Design charts of hgs and v, g5 values for R,, ,,, = 0.30 and R; ,,, = 0.35.

0.9

0.8

0.7

0.3

0.2

0.1

0.9

0.8

0.7

0.3

0.2

0.1

hgs (m)

V.95 (m/s)



Hyp (m)

Hio (m)

320

280

240

210
200

180

160
150
140

120

100
90
80
70
60
50
40
30
20
10

320

280

240

210
200

180

160
150
140

120

100
90
80
70
60
50
40
30
20
10

dys: Ry, 7, =0.3,R; ,,=0.55

o h=10
A hy=20
T oo h230 o o ] ] ] o o o o o o
o =40
— =] =) =] =] L] L] =] =] o =] o o
— ¢o oo oo om on om ¢o ¢o ¢o oo ¢o ¢o
— <& ¢ ¢ ¢ <& ¢ ¢ ¢ ¢ ¢ ¢ ¢
— o o o o ] ] o o o o o o
— <& ¢ ¢ ¢ <& ¢ ¢ ¢ ¢ ¢ ¢ ¢
= A o A m A o A m A m A m A o A oo A @ A @ A o A o
— <& ¢ ¢ ¢ @ ¢ ¢ ¢ ¢ ¢ ¢ ¢
= A A A A A A A A A AN A A
- AQD AQD AGE AQD AOE AOm A QD AQD AGD AdD AQD AOD
= A A AN A A A A AN AN AN AN AN
— ¢ Q¢ Q¢ Q¢ @ Q¢ Q¢ Q¢ Q¢ ¢ Q¢ Q¢
= OA b OA ®m 0A ®m OA B OA B O0OA m oA B OA B OA m oA @ OA B 0A O
— o o o o o o o o o o o o
— oA oA oA oA oA oA oA oA oA oA oA 0AD
— o o o o o o o o o o o o
= oA m OA ®m OA ® @A m OA ®m 0OA m oA B OA B OA ® oA @ OA ®m 0A B
= o ¢ o0 ¢ o ¢ e ¢ o ¢ o ¢ oo o0 o ¢ o ¢ O ¢ o ¢
= oA oA oA oA oA oA oA oA oA OA oA OA
— (] ] e o (] (5] (] (9] ° o o o
| | | | | | | | | | | |
by=3  b,=5 = b,=T by=3  by=5 = b,=T by=3  bu=5  b,=T by=3  b,=5 = b,=T
B =50° B =60° B ="10° B =80°
U 95: R m=0.3,R; ,,=0.55
o h=10
A hy=20
T oo =80 B} ] B ] ] ] ] o ] o o
o =40
— o B} ] ] ] ] ] ] o ] o o
- om om om ¢m ou om ¢n om Om om oo oo
— ¢ ¢ ¢ ¢ @ ¢ ¢ ¢ ¢ ¢ ¢ ¢
— =] ) -] L] L] L] L] L] =] L] o o
— ¢ 4 4 4 ¢ 4 4 4 O 4 O O
— A ® A m A B A m A m A m A m JANES | A om A m A m A o
— ¢ ¢ ¢ ¢ @ ¢ ¢ ¢ ¢ ¢ ¢ ¢
— A A A A A A A AN A A A A
= Ao Adm Adm Adm Adm Adm Adm Adnm Adm Adm Adm Ao
— A A A A A A A A A A A A
— ¢ ¢ ¢ ¢ @ ¢ ¢ ¢ ¢ ¢ ¢ ¢
= OA B OA ® 0A B OA ®m OA ®m 0OA m oA m OA m 0OA m oA m OA ®m 0OA O
— o o o o o o o o o o o o
— oA oA oA oA oA oAd oA ¢ oA ¢ oA G oA $ oA 0AD
— o (e} o o e} (e} (e} o o o o (e}
= oA B OA ®m OA ® oA ®m OA ®m 0OA m oA m OA m OA =m oA m OA m 0A =m
— o ¢ o ¢ o ¢ °o ¢ o @ o ¢ o ¢ o ¢ o ¢ o ¢ o ¢ o ¢
= oA oA oA oA oA oA oA oA oA oA oA oA
— o o o o ) o o ] o o o °
| | | | | | | | | | | |
by=3  by=5 = by,=T by=3  by=5  b,=7 by=3  by=5  b,=7 by=3  by=5 = by,=T
B =50° B =60° B ="10° B =80°

Figure SM-3: Design charts of dgs and v, g5 values for R,, ,,, = 0.30 and R; ,,, = 0.55.
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Figure SM-4: Design charts of hgs and v, g5 values for R,, ,,, = 0.30 and R; ,,, = 0.55.
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Figure SM-5: Design charts of dgs and vy, g5 values for R,, ,,, = 0.30 and R; ,,, = 0.75.
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Figure SM-6: Design charts of hgs and v, g5 values for R,, ,,, = 0.30 and R; ,,, = 0.75.
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Figure SM-7: Design charts of hgs and v, 95 values for R,, ,,, = 0.30 and R; ,,, = 0.75.
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Figure SM-8: Design charts of hgs and v, g5 values for R,, ,,, = 0.30 and R; ,,, = 0.75.
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Figure SM-9: Design charts of dgs and v, g5 values for R,, .,
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Figure SM-10: Design charts of hgs and v, 95 values for R,, ,,, = 0.40 and Ry ,, = 0.35.
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Figure SM-11: Design charts of dgs and vy, 95 values for R,, ,,, = 0.40 and Ry ,, = 0.55.
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Figure SM-12: Design charts of hgs and v, 95 values for R,, ,,, = 0.40 and Ry ,, = 0.55.
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Figure SM-13: Design charts of dgs and vy, 95 values for R,, ,,, = 0.40 and Ry ,, = 0.75.
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Figure SM-14: Design charts of hgs and v, 95 values for R,, ,,, = 0.40 and Ry ,, = 0.75.
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Figure SM-15: Design charts of dgs and vy, 95 values for R,, ,,, = 0.40 and Ry ,, = 0.85.
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Figure SM-16: Design charts of hgs and v, 95 values for R,, ,,, = 0.40 and Ry ,, = 0.85.
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Figure SM-17: Design charts of dgs and vy, 95 values for R,, ,,, = 0.50 and Ry ,, = 0.35.
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Figure SM-18: Design charts of hgs and v, 95 values for R,, ,,, = 0.50 and Ry ,, = 0.35.
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Figure SM-19: Design charts of dys and vy, 95 values for R,, ,,, = 0.50 and Ry ,, = 0.55.

20

40

30

10

ot

40

30

10

ot

dos (m)



Hyp (m)

Hio (m)

320

280

240

210
200

180

160
150
140

120

100
90
80
70
60
50
40
30
20
10

320

280

240

210
200

180

160
150
140

120

100
90
80
70
60
50
40
30
20
10

hos: Ry, 1n=0.5, Ry ,,=0.55

o h=10
A hy=20
T oo hy230 o o ] ] o ] ] o o o ]
o =40
— a =) =] =] o a L] a =] =] =) =]
— oo oo oo oo &o oo ¢n oo oo oo o ¢u
— ¢ ¢ ¢ ¢ <o ¢ ¢ ¢ ¢ ¢ ¢ ¢
— o o o o o o o o o o o ]
— ¢ ¢ ¢ ¢ @ ¢ ¢ ¢ ¢ ¢ ¢ ¢
= A © A m A ®m A @ A @ A © A o A o A o A o A m A m
— ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢
= A A A A A A A A A A A A
- A¢m A¢n A¢m AQDn AGE Adm Adm AQnm A¢nm AdDn Adm A¢m
= A A A A A A A A A A A A
— ¢ ¢ ¢ 04 ¢ ¢ ¢ ¢ 04 ¢ ¢ ¢
= @A m @A ®m 0A = @A ®m 0A ® 0OA ® @A m OA ® OA ®m OA m OA ®m 0OA ®m
— o L] o o (] o o (9 o o o o
— oA ¢ oA ¢ oA ¢ oA ¢ oA $ oA ¢ oA Y oA ¢ oA ¢ oA ¢ oA ¢ 0AQ
— o o o o o o o o o o o o
= @A ©b 0A ® 0A ®m OA @B OA ® 0A ® OA m 0OA ® OA ® OA ®m OA ®m 0A @
= o ¢ o0 ¢ o ¢ o0 o e o ¢ o ¢ o ¢ o0 ¢ o ¢ 090 o ¢
= oA oA oA oA oA oA oA oA oA oA oA oA
— o o] o o o o o o o o o o
| | | | | | | | | | | |
by=3  b,=5 = b,=T by=3  by=5  bu,=T by=3  by=5  b,=T by=3  b,=5 = b,=T
B =50° B =160° B ="10° B =80°
Vy05: R m=0.5,R; ,, =0.55
o =10
A hy=20
T =30 Bl o ] ] o o ] o o o o
o =40
— ] B ] ] ] ] ] ] ] ] o o
- om om oo ¢um ou om ¢u om om ou oo oo
— ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢
— =] =) a =] a a =] =] a =] =) =]
— ¢ 4 4 4 @ 4 4 4 4 4 4 ¢
— A o A @ A o A-—m A o A o A m A o A @ A o A m A @
— <& ¢ ¢ ¢ < ¢ ¢ ¢ ¢ ¢ ¢ ¢
— A A A A A A A A A A A A
= Ao Ao Ado Ado Ado Ado Ado Ado Ado Ao Ado Ao
— A A A A A A A A A A A A
— ¢ ¢ ¢ ¢ <o ¢ ¢ ¢ ¢ ¢ ¢ ¢
= A b @A ®m @A =®m @A ©m @A © @A o A m @A © OA o @A o OA m OA &
— o o o o ° ° o ® o ° o o
— oA oA ¢ eAQ oA A oA Y oA oA A G oA oA cAQ
— (<} (<] ] o ® ] (<} ] L] L] o (e}
= @A m @A ®m @A =®m @A ®m @A ® @A ®m oA m A m @A =m @A m OA = OA &®
— e ¢ e ¢ e ¢ e ¢ e ¢ e ¢ e ¢ e ¢ e ¢ o ¢ o ¢ o ¢
= oA oA oA oA oA oA oA oA oA oA OA OA
— o ] ® ° ° ° ° ° ® ° o o
| | | | | | | | | | | |
by=3  by=5 = by,=T by=3  by=5  b,=7 by=3  by=5  b,=7 by=3  by=5 = by,=T
B =50° B =160° B ="10° B =80°

Figure SM-20: Design charts of hgs and v, 95 values for R,, ,,, = 0.50 and Ry ,, = 0.55.
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Figure SM-21: Design charts of dgs and vy, 95 values for R,, ,,, = 0.50 and Ry ,, = 0.75.
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Figure SM-22: Design charts of hgs and v, 95 values for R,, ,,, = 0.50 and Ry ,, = 0.75.
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Figure SM-23: Design charts of dys and vy, 95 values for R,, ,,, = 0.50 and Ry ,, = 0.85.
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Figure SM-24: Design charts of hgs and v, 95 values for R,, ,,, = 0.50 and Ry ,, = 0.85.
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