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1. INTRODUCTION

The stability analysis of slopes allows to know the conditions in which the rocky
massif is found, is a very important activity and basis for more detailed studies or
planned constructions. The activities indicated in class and the application of the
method in the trawling hills have been carried out along 22.5 m (geomechanical
station located at 12 ° 01'10 "S / 77 ° 02'46"0).
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Figure 1: Location of the geomechanical station
2. JUSTIFICACION

One of the most important applications of geological knowledge is in the area of
constructions, constructions that require a previous study of the state of the rocky
massif on which one wants to make a work. This is how we take the study or

analysis of slope stability, an indispensable tool during our training.
3. OBJECTIVE

The objective of the work is to establish a geomechanical station and follow the
methodology explained in class, to later analyze the information taken from the

field and formulate conclusions regarding the stability of the slope.






4. SYNTHESIS

For the fulfillment of the proposed objectives, after some theoretical sessions on
geomechanical stations and stability analysis of slopes; the field work consisted
mainly of data collection (100 data) required in formats for the characterization of
the rocky massif.

Figure 2: Field data collection procedure.

With the information obtained from the field, the scanning was done, first in MS
Excel and then the data transfer to the program Dips (signature RockScience).
Already in the Dips, we start to generate graphs of the traces and poles of the
discontinuity planes, highlighting the presence of families (clouds of accumulation
of more information), with the information on the slope in the zone of data
collection we can verify if Some type of instability (generation of planar, circular,
wedge or overturn breaks). For the analysis will be necessary to use established
tables or methods of calculation of information with which we do not count, such
as the angle of friction, density of the mass, among others. Finally we will use
some other RockScience programs to determine the safety factor.



5. TECHNIQUES USED

e For the field work, manual measurement of the required properties in the
format provided in class (starting point distance, rock type, structure,
geometry, aperture, fill, presence of water, alteration, resistance,
observations) . Additionally we take the properties of the slope (75 ° /310
).

Figure 4: Format filled with field information

o After the fieldwork, the information was passed to the Excel program. We
then pass the data to the Dips program.

Figure 5: Representation of poles of discontinuities.



e Plotting points will show (in the window of contours or clouds) the zones

with the highest concentration of poles of generated planes.
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Figure 6: Representation of clouds of concentration of poles.

¢ In each zone of greater concentration we draw the poles of the planes with

which we are going to carry out the work of stability analysis. Three planes
have been detected according to the poles.
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Figure 7: Representation of the planes from the clouds of poles.



e The determined planes are best visualized in a large plane plot window.

Where we can visualize their properties of Dip and Dip direction.

Figure 8: Representation of the planes of discontinuities and their properties.

For the stability analysis, we include the dip / dip direction of the measured
slope in the field (75 °/ 310 ° - plane 4)

Figure 9: Representation of planes of discontinuity and slope.



RMR CALCULATION

- Resistance of the rock matrix (Mpa) 70 Mpa - Score: 7
-  RQD (we have 100 discontinuities in 22.5 meters)
RQD = 10071 (0.11 + 1)

0
=505 " 4.44,RQD = 0.187 = 18.7% — score: 3

- Separation between diaclases: 10 cm - score: 8

A

-  State of discontinuities
e Length of discontinuity: between 3 and 10 m - Punctuation: 2
e Opening: 0.1 -1.0 mm - Score: 3
e Roughness: Mild - Score: 0
e Filling: Unfilled - Score: 6
e Alteration: Slightly altered - Score: 5
- Groundwater

e Dry general condition - Score: 15
RMR: 49

We compare it with the quality chart of rocky masses in relation to the RMR index.

Class Quality RMR Rating Cohesion Angle of
friction
1] Average 41-60 2-3 kg/cm?2 25° - 35°

JRC: 5

The angle of internal friction we will then take will be 36 ° (intermediate between
25 ° - 35 ° added to the JRC)



ANALYSIS OF STABILITY OF TALUD
Planar break:
Conditions:

- The sliding plane is parallel with the slope wall (+20 °).

- The plane of rupture should appear on the face of the slope.

- Requires side take-off surfaces to allow sliding material to exit.

- The dip of the slope must be greater than the dip of the plane of rupture,
and this in turn is greater than the angle of internal friction (8 > a > ¢).

Wedge break:
Conditions:

- The two planes should appear on the surface of the slope and meet the
condition ofy > a > ¢, where y is the slope angle measured in the
direction of the slope surface.

- The intersection line should be buried in the direction of slope dip.

- It occurs in massifs that have at least two families of discontinuities whose

planes are cut.
Break by overturn:
Conditions:

- >+ (90 —0a)
- The break plane must have an approximately parallel course (+20 °)

relative to the slope plane.

Data to be taken for calculations:

Density of quartzite: 2650 kg/m3
Resistance to compression: 900 — 4700 kg/cm2
Seismic coefficient: 0.2

Internal friction angle: 36°



With the established parameters and the determined data, we proceeded to

analyze each plane, resulting in:
1. Planar breakage is generated due to plane 3 (53 °/ 319 °)

- 310°+ 20° > 319° > 310° — 20°
- 75°>53°>36°

Figure 10: Graphic diagram showing the plane 3 and the plane of the slope.

2. A wedge-type break is generated by the intersection of planes 3 and 2. In the
stereographic network it can be seen that the intersection falls right in the critical

zone.

Figure 11: Representation of critical areas for wedge-type rupture.



3. No plane generates rupture by toppling or overturn, since they do not satisfy

the two conditions.
-f>¢9p+(90—0a)

- The break plane must have an approximately parallel course (+20 °) relative to

the slope plane.
DETERMINATION OF THE SAFETY FACTOR FOR EACH CASE

1. Planar Break (Plan 3): We make use of the RocPlane program. Safety
factor: 1.07

Figure 12: 2D representation of the analysis for the case of planar rupture.

Figure 13: Views and 3D rendering of the planar break case.



Further details of the data considered for the case of planar rupture are

presented below.

Figure 14: Report generated by the RockPlane for the case of planar rupture.




2. Wedge break (planes 2 and 3): We use the Swedge program. Security
factor: 1,591.

Figure 15: Projection generated with the Swedge, taking only the planes that

generate the break.

Figure 16: Views and 3D rendering of the planar break case.



Further details of the data considered for the case of wedge breakage are

presented below.




Figure 17: Report generated by the Swedge for the case of wedge-type

breakage.



6. CASE OF A TRUNK SHAPE TUNNEL

We will take the premise and the case that we will build a tunnel in the shape of
a trunk of dimensions 11m x 8m (model of the Santa Rosa tunnel) and we have
the families so far determined. We will do the stability analysis for that tunnel

using the software Unwedge (from RockScience).

We plot the families and add an axis of advance for the tunnel (axis of advance
taken: 310 °).

Figure 18: Stereographic projections of the families of discontinuities and the

axis of advance of the tunnel (310 °).



Figure 19: Projections of the families and axis of the tunnel, including the angle
of friction (36 °).

Next we will see the results after having put the dimensions to the tunnel, we
notice that there are 7 wedges, 6 of them have a factor of security well above the

allowed (1.5), one of them has security factor 0.00.

Figure 20: Perspectives of each of the wedges that are formed and their safety

factors.



Figure 21: Cross section of the tunnel and wedges that are formed.

To have a safety factor within the permissible, we will add a tunnel support in the
part of the wedge 8. We first add 1 t/ m2 to the part of the wedge 8 (safety factor
of 1,692).

Figure 22: Diagram showing the pressure located on the wedge part 8.



If we add a layer of shotcrete of 10 cm, 2.6 t / m3 and 200 t / m2; we will have a

safety factor of 92.9.

Figure 23: Shotcrete scheme and properties.

We also add a bolt for the support. In this case we obtain a safety factor of 5.297
(2 m long bolt).

Figure 24: Diagram showing a bolt in the wedge area.









7. LIMITATIONS

The present work is strictly developed as a practice, not having an economic or
project objective; Being able to have detailed in an integral way the geology and

other aspects that we consider very important.

8. CONCLUSIONS

- The slope in the trailing hills was characterized by the plane 75 ° / 310 °
from the point of the geomechanical station and with view to the East.

- Three main families of discontinuities were identified: 32 °/ 105 °, 60 ° /
187 °and 53 °/ 319 °.

- Planar rupture is generated by the presence of the family of plane 3: 53 °
/ 319 ° (SF: 1.07), wedge is formed by the presence of families of planes
2 and 3 (60 ° /187 ° and 53 ° /319 °) with safety factor 1.59.

- In the case of a tunnel, we have a wedge with a safety factor below the
permissible, it is recommended to use bolts or pressure in the wedge area

8 with the specified characteristics.



DATA SHEETS



iy A —

Cﬁﬂ-«a—aﬁ

15 & ]

[mEALZADG PoR: TR

[rEcta: O3/ /16 [Fomwe ()

- - O ﬁii‘nw‘.m
A sz Ao o ABERTURA | RELLEWG | A | ALT [RESIS esTRuCTURA CEL =]
= o [ oow [ we |7 e T t i®) | wacio rocaso 4 14
+'a-§£}g§ 9l 100 leloipl 111 lofuloloforalsi] IS]ualel & g
oi 1412151710 [P14] 06 [pllofo[o[T]S - =
P i Alojdlo|eie 1 lol lclelololtlo]a S| & 84 o r=ran
: : R. 1p0h
alegrlolel 1ol Tol Tolalolels [4lo] [cleldfo[alA [ [T £ g0
+'¢ﬁg&ﬂﬂ L] O*ﬁjﬂ?l‘"{{} EEUUG‘[I& ;ag & sl
T ; r S
it Ol ol 1Ogai8loiPlel 120 {plelololo Al [ |5 =
'i-._a‘.:iﬁf 0 al 4o 3[alP| 4|4 |0 clelelolalq]a A 118 -
+lelalale 1 S BP9 0
Baloe 1G] (o) (22 [0]515]9]4 plL[elololdlsle] [s]ia]®
a:ﬁg.isc ) ]2 |05 |51P]4 plulelolold | s{®] |siiolgd '
vlelidatalel o] lol4lolslo] P40l 1CIEL00[0l21a BN BE (5o J
lojafslald] (o rlalols|5] 2[4 plL] flolold ] sIR] 14{w |04 '
slojolelole] o] |2]1lolajelP|3]-]5] [cle|ofo]ol5(A s | A (R4 {
«[oledelofc] [e] [Tlolssiplal-]3] [olRjojolelf [SIRL 15 LA 1K |
-\‘t:!-pi_":t 7} 2l810l6lalP|3]| |5 clt] olalolslsle] [5]a| & l
TIPD DE ROCA TIPG O ESTRUCTURA
A FIZARFA 1] GIRCLASA o CONTACTO LITOLOBICD F
o CALIZA S0|  SETOE DIACLASAS | B ~ BAECHA ¥
RRENISCA FT A VETA A
(i F — FOLIACON il — WANTOS R
E | K GRANGOIORITA FT B CIZALLE [ TROUE_ &
O s ) e TS B R A o e 2 Ty N S =
RELLENO ACUA wummmumu&mmm RESISTENCIA ESTIMADA
SR 5IM RELLEND s SECO LF LEVEMENTE FRACTURADD WE WL BUENS, RS EXTREMADAMENTE DURA » 8
1 LIMDS Y FRAGMENTOS DE ROGCA H WUNEDD " FRACTURADO ] BUERA AS5] MUY DURA 400« T
QL OXIDOS Gs GOTEQ SUAVE MEF MUY FRACTURADO R REGULAR R DURA 50 - 100
< SULFURD 7| FLUJDCONSTANTE | IF THTENSANENTE FRAGTURADD P FOBRE 2] MOCERADAMENTE DURA i
. ARCILLA T TRTURADO [ MUY POBRE L} AL L
= P prehmer mmam“ e T T T el b G %






















