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SLOPE 1
Stereonet Plots with Kinematic Analysis

3D Illustration

N

Direct
Toppling

Flexural
Toppling

Planar
Sliding

Wedge
Sliding

N

SLOPE 2
Stereonet Plots with Kinematic Analysis

3D Illustration

Direct
Toppling

Flexural
Toppling

Planar
Sliding

Wedge
Sliding

Fracture

Major Joint

Minor Joint

Progressive Wedge Failure
Condition not safe and must receive
remedial action as presented herein.

Slope 1 (New Cut) Slope 2

W
ed

g
e 

A
xi

s

Potential Minor Wedge Failure
Condition not safe and must receive
remedial action as presented herein.

Potential Major Wedge Failure
Condition not safe and must receive
remedial action as presented herein.

Potential for Flexural Toppling and
Minor Wedge Failure
Condition not safe and must receive remedial
action as presented herein.

Potential for Flexural Toppling
Condition not safe and must receive
remedial action as presented herein.

Potential Minor Wedge Failure
Condition not safe and must receive
remedial action as presented herein.

SLOPE 1

Predominate rock type:  Moderately weathered and fractured Quartz Muscovite Schist (QMS)
Subsidiary rock type:  Moderately weathered and fractured Hornblende-Mica Amphibolite (HMA)
Slope Height: 14 feet (maximum)
Slope Direction: West-Southwest to East-Northeast
Slope Dip: ~75°

SLOPE 2

Predominate rock type:  Moderately weathered and fractured Quartz Muscovite Schist (QMS)
Subsidiary rock type:  Moderately weathered and fractured Hornblende-Mica Amphibolite (HMA)
Slope Height: 38 feet (maximum)
Slope Direction: Northwest to Southeast
Slope Dip: ~85°

The most prevalent discontinuities along Slopes 1 and 2 are foliation and
fracturing, with foliation being the more regional attribute. Stereographic
projections of this slope indicate a potential for both Flexural Toppling and
Wedge Failures. Several small wedge failures were encountered at the time
of the field investigation. These failures do not represent an increase in the
stability of the slope, rather the potential for progressive wedge failures
throughout the slope face. For either flexural toppling or planar / wedge
failures, the potential problematic zones are indicated by the pink shaded
areas on the stereonets. Where the pole of the discontinuity lies close to or
within the pink-shaded zone, a strong potential for failure exists. The
existing wedge failures and high potential for future wedge failures
indicates that the slope dip is too steep, and that mitigation efforts in the
form of bolting will be required.

W
edge A

xis

Fracture
Plane
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SLOPE 3
Stereonet Plots with Kinematic Analysis

3D
Illustration

N

Direct
Toppling

Flexural
Toppling

Planar
Sliding

Wedge
Sliding

Fracture

Major Joint

Minor Joint

Existing Minor Wedge Failure
Condition not safe and must receive
remedial action as presented herein.

Minor Failure
Condition not safe and must receive
remedial action as presented herein.

Potential Major Wedge Failure
Condition not safe and must receive
remedial action as presented herein.

Minor Wedge Failure
Condition not safe and must receive
remedial action as presented herein.

Existing Major Progressive Wedge Failure
Condition not safe and must receive remedial
action or be laid back as presented herein.

SLOPE 3

Predominate rock type:  Moderately weathered and fractured Quartz Muscovite Schist (QMS)
Subsidiary rock type:  Moderately weathered and fractured Hornblende-Mica Amphibolite (HMA)
Slope Height: 40 feet (maximum)
Slope Direction: Northwest to Southeast
Slope Dip: ~80°

The most prevalent discontinuities along Slope 3 is foliation and fracturing, with foliation being the
more regional attribute. Stereographic projections of this slope indicate a potential for major and
minor Wedge Failures. One major progressive wedge failure was encountered during the field effort,
and has continued to fail through the course of the investigation. For either flexural toppling or planar
/ wedge failures, the potential problematic zones are indicated by the pink shaded areas on the
stereonets. Where the pole of the discontinuity lies close to or within the pink-shaded zone, a strong
potential for failure exists.The existing wedge failures and high potential for future wedge failures
indicates that the slope dip is too steep, and that mitigation efforts in the form of bolting will be
required.

Fracture
Plane

W
ed

g
e 

A
xi

s

Detritus from recent
wedge failure

Hydrothermal Quartz veins that typically
aid in slope stability; however, they are
so altered at the site that they are not
providing the typical resistance to
movement.
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SLOPE 4
Stereonet Plots with Kinematic Analysis

3D
Illustration

N

Direct
Toppling

Flexural
Toppling

Planar
Sliding

Wedge
Sliding

Fracture

Major Joint

Minor Joint

SLOPE 4

Predominate rock type:  Moderately weathered and fractured Quartz Muscovite Schist (QMS)
Subsidiary rock type:  Moderately weathered and fractured Hornblende-Mica Amphibolite (HMA)
Slope Height: 28 feet (maximum)
Slope Direction: West-southwest to East-northeast
Slope Dip: ~85°

The most prevalent discontinuities along Slope 4 is foliation and fracturing, with foliation being the
more regional attribute. Stereographic projections of this slope indicate a potential for major and
minor Wedge Failures. Significant erosion has occurred, resulting in an overhang as shown in the
image to the right. This entire mass may be removed. For either flexural toppling or planar / wedge
failures, the potential problematic zones are indicated by the pink shaded areas on the stereonets.
Where the pole of the discontinuity lies close to or within the pink-shaded zone, a strong potential for
failure exists.

Note: It is the understanding of this firm that the
geometry of Slope 4 will change upon the removal of
the eroded portions of the slope. It is also the
understanding of this firm that it will be desired to
maintain a steep slope (1:5 H:V), and that bolting
mitigation will still be required. Assuming that the slope
geometry does not change significantly from what is
presented in this report, the bolting mitigation
recommendations will still apply. If the geometry of the
slope changes vastly, this firm must be notified
immediately in order to modify or augment the
recommendations presented herein.

Hydrothermal Quartz veins that typically
aid in slope stability; however, they are
so altered at the site that they are not
providing the typical resistance to
movement.

Hydrothermal Quartz veins that typically
aid in slope stability; however, they are
so altered at the site that they are not
providing the typical resistance to
movement.

Highly eroded portion of Slope 4,
leaving overhangs on the slope face.
This portion of the mass is to be
removed.
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SLOPE 5
Stereonet Plots with Kinematic Analysis

3D Illustration
N

Direct
Toppling

Flexural
Toppling

Planar
Sliding

Wedge
Sliding

N

SLOPE 6
Stereonet Plots with Kinematic Analysis

3D Illustration

Direct
Toppling

Flexural
Toppling

Planar
Sliding

Wedge
Sliding

Fracture

Major Joint

Minor Joint

Hydrothermal Quartz veins that typically
aid in slope stability; however, they are
so altered at the site that they are not
providing the typical resistance to
movement.
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SLOPES 1 AND 2
Existing Condition with an Applied Seismic Force

1.265

1.478

3.109

1.783

1.087

1.185

1.396

2.841

1.682

SLOPE 3
Existing Condition with an Applied Seismic Force

SLOPE 4
Existing Condition with an Applied Seismic Force

SLOPE 5
Existing Condition with an Applied Seismic Force

SLOPE 6
Existing Condition with an Applied Seismic Force

SLOPE 2
Existing Condition Following a Heavy Rainfall Event
with an Applied Seismic Force

SLOPE 3
Existing Condition Following a Heavy Rainfall Event
with an Applied Seismic Force

SLOPE 4
Existing Condition Following a Heavy Rainfall Event
with an Applied Seismic Force

SLOPE 5
Existing Condition Following a Heavy Rainfall Event
with an Applied Seismic Force

SLOPE 6
Existing Condition Following a Heavy Rainfall Event
with an Applied Seismic Force

0.05 0.05 0.05 0.05 0.05

0.05 0.05 0.05 0.05 0.05

SLOPE 4
Rock Fall Analysis - Existing Conditions

Engine: Rigid Body
Number of Rocks: 6000
Sampling Method: Monte-Carlo
Slope Material: QMS
Normal Restitution: 0.33
Tangential Restitution: 0.83
Dynamic Friction: 0.55
Rolling Friction: 0.70

SLOPE 4
Rock Fall Analysis with Catch Fence

Catch Fence: GBE-100A-R
Fence Height: 2 meters
Rated Capacity: 100 kJ
Total Kinetic Energy: 50.42 kJ
Percentile: 95 %

Rock Fall Mitigated by
GBE-100A-R Catch Fence

1.148

Factor of Safety < 1.5
Not Suitable for

Permanent Cut Slopes

Factor of Safety < 1.5
Not Suitable for

Permanent Cut Slopes Factor of Safety < 1.5
Not Suitable for

Permanent Cut Slopes

Factor of Safety < 1.5
Not Suitable for

Permanent Cut Slopes
Factor of Safety < 1.5

Not Suitable for
Permanent Cut Slopes Factor of Safety < 1.5

Not Suitable for
Permanent Cut Slopes

Factor of Safety > 1.5
Suitable for
Permanent Cut Slopes

Factor of Safety > 1.5
Suitable for
Permanent Cut Slopes

Factor of Safety > 1.5
Suitable for
Permanent Cut Slopes

Factor of Safety > 1.5
Suitable for
Permanent Cut Slopes

Condition not safe and must receive
remedial action as presented herein.

Condition made safer after receiving
remedial action as presented herein.

6000 random boulders of
various sizes and shapes were
simulated to be dislodged from
their position, and their
potential trajectory downslope
was recorded

6000 random boulders of
various sizes and shapes were
simulated to be dislodged from
their position, and their
potential trajectory downslope
was recorded
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SLOPES 1 AND 2
Toppling Analysis with Applied Seismic Force

Slope Angle 83°

Slope Height 16'-0"

Upper Slope Angle 12°

Joint Spacing 9"

Joint Dip 41-81°

Base Inclination 70°

Factor of Safety 1.063

Condition not safe and must
receive remedial action as
presented herein.

SLOPE 3
Toppling Analysis with Applied Seismic Force

Slope Angle 80°

Slope Height 38'-0"

Upper Slope Angle 6°

Joint Spacing 9"

Joint Dip 36-88°

Base Inclination 75°

Factor of Safety 1.053

Condition not safe and must
receive remedial action as
presented herein.

SLOPE 4
Toppling Analysis with Applied Seismic Force

Slope Angle 83°

Slope Height 28'-0"

Upper Slope Angle 22°

Joint Spacing 9"

Joint Dip 40-80°

Base Inclination 77°

Factor of Safety 1.048

Condition not safe and must
receive remedial action as
presented herein.

0.05 0.05 0.05

SLOPE 1 AND 2
Wedge Analysis with Applied Seismic Force

Factor of Safety 1.2370

Condition not safe and must receive remedial action as presented herein.

SLOPE 3
Wedge Analysis with Applied Seismic Force

Factor of Safety 1.0545

Condition not safe and must receive remedial action as presented herein.

SLOPE 4
Wedge Analysis with Applied Seismic Force

Factor of Safety 1.5505

Condition not safe and must receive remedial action as presented herein.

0.05 0.05 0.05
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EFFORTS
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The following models represent a mitigated (Bolted) condition with an applied seismic force following a heavy rainfall event. A detailed limit equilibrium analysis was completed using the program Slide2. Several failure modes and loading scenarios were considered in determination of the
presented factors of safety. The GLE / Morgenstern-Price method was chosen due to the ability of the method to take consider both force and moment equilibrium between slices. Any slope with a factor of safety less than 1.5 is considered by this firm to be unstable for permanent slopes. A site
specific seismic load is included in the analysis, as well as a transient rainfall analysis. The bolts shall be bonded a minimum of 10.0 feet.. Any boulders or rock fragments within 10'-0" of the crest of the cut slope shall be removed. Prior to any bolting effort, the slopes shall be scaled and power
washed to remove any loose debris from the slope of the face and to mitigate the potential for localized failures during the construction process. The lateral spacing of the bolts shall be equal to the vertical spacing, i.e. 3.0 feet for Slope 2, 4.0 feet for Slope 3, and 5.0 feet for Slope 4. Additional
spot bolting may be required as determined in the field. Options for a partially laid back slope (1H:2V as defined in the Geotechnical Investigation Report) with bolts, as well as a fully bolted slope, are presented below. It is the understanding of this firm that Slope 1 is to be retained. and will
therefore not require bolting.

0.05

9.018
6.581

0.05 0.05

20.00'

20.00'

20.50'

21.75'

23.00'

24.00'

25.00'

26.50'

27.50'

29.00'

30.00'

20.00'

20.25'

21.50'

22.75'

24.50'

25.75'

30.00'

28.50'

27.00'

20.00'

20.00'

21.00'

23.00'

25.00'

3' 4'

5'

8.507

See detail sheet for bolt
size, hole diameter, etc.

See detail sheet for bolt
size, hole diameter, etc.

See detail sheet for bolt
size, hole diameter, etc.

0.05 0.05 0.05

20.00'

20.00'

20.50'

21.75'

23.00'

24.00'

25.00'

20.00'

20.25'

21.50'

22.75'

24.50'

25.75'

20.00'

20.00'

21.00'

SLOPE 2
OPTION A

SLOPE 2
OPTION B

SLOPE 3
OPTION A

SLOPE 3
OPTION B

SLOPE 4
OPTION A

SLOPE 4
OPTION B

See detail sheet for bolt
size, hole diameter, etc.

See detail sheet for bolt
size, hole diameter, etc.

See detail sheet for bolt
size, hole diameter, etc.

3.177

2.656

4.6442

1

2

1

2

1
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ROCK BOLT DETAIL

Bearing (Spike) Plate

Hex Nut with Hardened
Washer

1-inch Threaded Rebar

3-inch Diameter Hole

Non-shrink Grout

PVC Centralizer

Scale 3" = 1'-0"

8'-0" Minimum

TECCO CONNECTION DETAIL
Scale 3/4" = 1'-0"

CATCH FENCE ANCHOR DETAIL
1-1/2" = 1'-0"

8'-0" Minimum

Slope Crest

TECCO Mesh

post post
section 1 section m

post
section m+1

post
section n

concrete foundation

post
vertical sag of net max. 3%
of post spacing

spiral rope anchor
in direction of rope

intermediate suspension
(see product manual)

layout of anchor points
(details see product manual GBE-100A-R)

A, B, C

1.5 x fence height
post spacing

6-12 m
post spacing

6-12 m
post spacing

6-12 m
post spacing

6-12 m

A, B, C

spiral rope anchor
in direction of rope

- anchoring in loose soil: with 2 anchor bolts vertical - anchoring in bedrock: with 2 anchor bolts vertical

area line

1 anchor bolt
reinforced
concrete foundation

optional
stabilization tube

1 anchor bolt

- anchoring concrete foundation: for all types of soil

area line

1 anchor bolt

1 anchor bolt
modification:

-
M:% substitute for: GS-1131e ed. 18.05.16

replaced by:

Rockfall protection barrier
GBE-100A-R system
EOTA classification 0 (100 kJ)

GEOBRUGG AG
CH-8590 Romanshorn

BRUGG GS-1131 e

0.
3 

m

GE-1006 eGEOBRUGG AG
CH-8590 Romanshorn

BRUGG

Rockfall Protection Barrier
GBE-100A-R

See Rock Bolt Detail

Concrete Leveling Pad

12'

6'-7"

Note: Rock falls, landslides, and debris flows are sporadic and
unpredictable. Causes may be related to human activity (i.e.
construction, etc.) or environmental (i.e. weather, earthquakes,
etc.). Due to the multiplicity of factors affecting such events, it is
not and cannot be an exact science that guarantees the safety of
individuals and property.

However, by the application of sound engineering principles to a
predictable range of parameters and by the implementation of
correctly designed protection measures in identified risk areas the
risks of injury and loss of property can be reduced substantially.

Inspection and maintenance of such systems are an absolute
requirement to ensure the desired protection level. The system
safety can also be impaired by events such as natural disasters,
inadequate dimensioning parameters, or failure to use the
prescribed standard components, systems original parts; and/or
corrosion (caused by pollution of the environment, man-made
factors, and external influences.

This report and the recommendations contained herein are
predicated on two reports serving in congress; the Geotechnical
Hillside Safety Plan and the Geotechnical Investigation Report. This
report is, therefore, a portion of the overall study of the site. Due
to the uniqueness of each report, the contents are constrained to
separate submittals. Notwithstanding, the reports will work
together.  All reports are identified by the project number 16595.
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INTRODUCTION TO SEISMIC REFRACTION PRINCIPLES

Any disturbance to a soil or rock mass creates seismic waves which are merely the propagation of energy into
that mass, manifested by distinct waveforms. There are two basic types of seismic waves; body waves and
surface waves.

Body waves are either compression or shear in nature, they penetrate deep into the substrata, and reflect
from or refract through the various geologic layers. Any emission of an energy source into a medium exhibits
both a compression wave (P Wave) and a shear wave (S Wave). P-Waves propagate in the form of oscillating
pulses, traveling forward and backward, parallel to the direction of the wave front. S-Waves propagate in the
form of distortional pulses, oscillating perpendicular to the wave front.

P-Waves travel at the highest velocities. Recording instruments that detect an energy transmission will
generally observe the arrival of the P-Wave, followed by the S-Wave and surface waves. All geologic materials
exhibit P-Wave velocities in certain ranges, which relate to the density, specific gravity, elastic modulus, and
moisture content of the specific material. As a material density and specific gravity increase so does its
P-Wave velocity. Similarly, an increase in moisture content will cause an increase in P-Wave velocity.
Generally, materials exhibiting higher P-Wave velocities will display higher elastic moduli.

In keeping with this relationship, determining the P-Wave velocities for the various subsurface layers, may
yield very important and useful data relative to the engineering properties of the individual layers. In order to
accomplish this task, methods of investigation, or surveys, were developed to establish the P-Wave velocity
for subsurface layers. The method adopted by the Vann Engineering Geophysical team examines the layer
velocities, through refraction theory. Assuming that a P-Wave will refract through the various layers,
according to the angle of incidence of the propagating wave form and the medium it is traveling through, it is
then possible to detect a contrasting subsurface stratum by changes in the velocity of an induced seismic
wave.

The procedure is outlined as follows:

A geophone is inserted into the ground or on a rock surface. Attached to it is a recording device. At
predetermined intervals away from the geophone, in a linear array, a heavy sledgehammer strikes a stable
plate or rock surface. Typically, the intervals of successive hammer impacts range from five to twenty feet. A
timing device attached to the hammer, trips a measured recording sweep time, at the moment of impact. The
arrival time of the induced P-Wave is measured and recorded at each interval. The length of a survey is closely
related to the depth of investigation. Generally, the depth of investigation is approximately equal to one-third
the length of the survey. For example, if it is desired to examine the substrata to a depth of twenty feet, the
survey should extend a distance of at least sixty feet. Changes in the calculated velocity indicate strata breaks
or distinct changes within the same stratum. The important concept to remember with this method is that it is
predominantly effective where velocities increase from layer to layer, moving downward from the surface.
Analytical methods are also available for determining the depth to the various layers, even in the most
complex multi-layer situations.

SUBSURFACE INVESTIGATION

The site subsurface was explored through the utilization of twelve (12) 24-channel refraction seismic
survey lines, denoted on the Site Plan in Section II of this report.  The seismic survey lines involved
the retrieval of data in two separate directions (forward  and  reverse).  As such, twenty-four (24)
refraction seismic surveys were conducted at the site.  The length of each seismic survey line was
72.0 feet, thereby allowing an examination of the subsurface to a depth of 28.0 feet below the
existing site grade.

Information pertaining to the subsurface profile was obtained through analysis of seismic refraction
data and geological observations of the site.  Seismic wave velocities, representative of the various
strata, are listed herein.  Note: Changes in the calculated velocity indicate strata breaks or distinct
changes within the same stratum.  The important concept to remember with this method is that it is
predominantly effective where velocities increase from layer to layer, moving downward from the
surface.  Analytical methods are used by this firm for determining the depth to the various layers,
even in the most complex multi-layer situations.  However, when a denser harder soil or rock layer
overlies a weaker or less dense soil or rock layer, the weaker or less dense layer is masked and not
detected by the seismograph.  Thus, the Cross Sections presented herein may not reveal a possible
weaker underlying layer, within or below the depicted layers.  If a weaker layer is encountered
during the excavation efforts, this office should be contacted immediately for further
recommendations.

Generally, the depth of a seismic survey investigation is approximately equal to one-third the length
of the survey.  For example, if it is desired to examine the substrata to a depth of 20.0 feet, the
survey should extend a distance of 60.0 feet.  However, seismic survey exploration depths, as
mentioned above and depicted on the Cross Sections presented herein, are calculated by using a
computer program (SeisImager 2D) that generates cross sections of the subsurface geology at each
seismic survey location.  Further, total exploration depths, as stated above, of the seismic survey
study may vary from one survey line to the next.  Furthermore, the calculated depths are dependent
on the program's ability to interpret the subsurface layering and are based primarily on the
penetration and refraction of the seismic wave into and through the subsurface stratum.  Thus, the
actual seismic survey exploration depth was 28.0 feet below the existing grade, regardless of the
length of the survey lines.

The materials encountered on the subject site are believed to be representative of the total area;
however, soil and rock materials do vary in character between points of investigation.  The
recommendations contained in this report assume that the soil conditions do not deviate
appreciably from those disclosed by the investigation.  Should unusual material or conditions be
encountered during construction, the soil engineer must be notified so that they may make
supplemental recommendations if they should be required.

As an additional service, this firm would be pleased to review the project plans and structural notes
for conformance to the intent of this report.  Vann Engineering, Inc. should be retained to provide
documentation that the recommendations set forth are met.  These include but are not limited to
documentation of site clearing activities, verification of fill suitability and compaction, and inspection
of footing excavations.  Relative to field density testing, a minimum of 1 field density test should be
taken for every 2500 square feet of building area, per 6-inch layer of compacted fill.  This firm
possesses the capability of performing testing and inspection services during the course of
construction.  Such services include, but are not limited to, compaction testing as related to fill
control, foundation inspections and concrete sampling.  Please notify this firm if a proposal for these
services is desired.

AUTHORIZATION

The obtaining of data from the site and the preparation of this geotechnical investigation report
have been carried out according to this firm's proposal Project 16595 dated 9/11/18, authorized by
Sumit Dewanjee on 1/30/19.  Our efforts and report are limited to the scope and limitations set forth
in the proposal.

STANDARD OF CARE

Since our investigation is based upon review of background data, observation of site materials, and
engineering analysis, the conclusions and recommendations are professional opinions.  Our
professional services have been performed using that degree and skill ordinarily exercised, under
similar circumstances, by reputable geotechnical engineers practicing in this or similar localities.
These opinions have been derived in accordance with current standards of practice and no other
warranty, express or implied, is made.

LIMITATIONS

The materials encountered on the subject site are believed to be representative of the total area;
however, soil and rock materials do vary in character between points of investigation.  The
recommendations contained in this report assume that the soil conditions do not deviate
appreciably from those disclosed by the investigation.  Should unusual material or conditions be
encountered during construction, the soil engineer must be notified so that they may make
supplemental recommendations if they should be required.

This report is not intended as a bidding document, and any contractor reviewing this report must
draw their own conclusions regarding specific construction techniques to be used on this project.
The scope of services carried out by this firm does not include an evaluation pertaining to
environmental issues.  If these services are required by the lender, we would be most pleased to
discuss the varying degrees of environmental site assessments.  This report is issued with the
understanding that it is the responsibility of the owner to see that its provisions are carried out or
brought to the attention of those concerned.  In the event that any changes to the proposed project
are planned, the conclusions and recommendations contained in this report shall be reviewed and
the report shall be modified or supplemented as necessary.

Prior to construction, we recommend the following in conjunction with the Geotechnical Report::

1. Consultation with the design team in all areas that concern soils and rocks to ensure a clear
understanding of all key elements contained within this report.

2. Review of the General Structural Notes to confirm compliance to this report and
determination of which allowable soil bearing capacity has been selected by the project
structural engineer (this directly affects the extent of earthwork and foundation preparation at
the site).

3. This firm be notified of all specific areas to be treated as special inspection items (designated
by the architect, structural engineer or governmental agency).

Relative to this firm's involvement with the project during the course of construction, we offer the
following recommendations:

1. The site or development owner should be directly responsible for the selection of the
Geotechnical consultant to provide testing and observation services during the course of
construction.

2. This firm should be contracted by the owner to provide the course of construction testing and
observation services for this project, as we are most familiar with the interpretation of the
methodology followed herein.

All parties concerned should understand that there exists a priority surrounding the testing and
observation services completed at the site.

DRAINAGE

The major cause of slope failures in this locality is moisture increase in the joints of the rock.
Therefore, it is extremely important that positive drainage be provided during construction and
maintained throughout the life of any proposed development.

NOTE

Rock falls, landslides, and debris flows are sporadic and unpredictable. Causes may be
related to human activity (i.e. construction, etc.) or environmental (i.e. weather, earthquakes,
etc.). Due to the multiplicity of factors affecting such events, it is not and cannot be an
exact science that guarantees the safety of individuals and property.

However, by the application of sound engineering principles to a predictable range of
parameters and by the implementation of correctly designed protection measures in
identified risk areas the risks of injury and loss of property can be reduced substantially.

Inspection and maintenance of such systems are an absolute requirement to ensure the
desired protection level. The system safety can also be impaired by events such as natural
disasters, inadequate dimensioning parameters, or failure to use the prescribed standard
components, systems original parts; and/or corrosion (caused by pollution of the
environment, man-made factors, and external influences.

This report and the recommendations contained herein are predicated on two reports
serving in congress; the Geotechnical Hillside Safety Plan and the Geotechnical Investigation
Report. This report is, therefore, a portion of the overall study of the site. Due to the
uniqueness of each report, the contents are constrained to separate submittals.
Notwithstanding, the reports will work together.  All reports are identified by the project
number 16595.
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TECHNICAL DATA SHEET 

High-tensile steel wire mesh TECCO® G65/4 
TECCO® high-performance steel wire mesh  TECCO® steel wire 

Mesh shape: rhomboid  Wire diameter: d = 0.157 in 

Diagonal: x ∙ y = 3.27 ∙ 5.43 in (+/- 3%)  Tensile strength: ft ≥ 256 ksi 

Mesh width: Di = 2.56 in (+/- 3%)  Material: high-tensile steel wire 

Angle of mesh: ε = 49°  
Tensile resistance of a 
wire: 

Zw = 4.9 kips 

Total height of mesh: htot = 0.59 in (+/- 10%)    

Clearance of mesh: hi = 0.28 in (+/- 10%)  TECCO® corrosion protection  

No. of meshes longitudinal: nl = 2.21 pcs/ft  Corrosion protection: GEOBRUGG SUPERCOATING 

No. of meshes transversal: nq = 3.67 pcs/ft  Compound: 95% Zn / 5% Al 

   Coating: min. 0.0256 lb/ft2 

  
≤ 5% dark brown rust in 
salt spray test according 
to EN ISO 9227: 

2’500 hours (ETA-17/0117) 

Load capacity     

Tensile strength of mesh: zk ≥ 17.1 kips/ft *)  TECCO® mesh standard roll 

Bearing resistance against puncturing: DR ≥ 62.9 lips / 83.2 kips *)  Roll width: bRoll = 11.5 ft 

Bearing resistance against shearing-off: PR ≥ 31.5 kips / 41.6 kips *)  Roll length: lRoll = 65.6 ft 

Bearing resistance against slope- 
parallel tensile stress: 

ZR ≥ 11.2 kips / 16.9 kips *) 
 Total surface per roll: ARoll = 754 ft2 

 Weight per ft2: g = 0.676 lbs/ft2 

Elongation in longitudinal tensile strength 
test: 

 < 6.0 % *)  Weight per mesh roll: GRoll = 510 lbs 

Classification according to  
EAD 230025-00-0106 

group 1, class A  
(P33 and P66) 

 Mesh edges: mesh ends knotted 

*) As in EAD 230025-00-0106 and referring to TÜV Rheinland LGA test report 01/2014 using spike plate P33 / P66 
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Rockfall, slides, mudflows and avalanches are natural events and therefore cannot be calculated. This is why it is impossible to determine or guarantee absolute safety for persons 
and property with scientific methods. This means that to provide the protection we strive for, it is imperative to maintain and service protective systems regularly and appropriately. 
Moreover, the degree of protection can be diminished by events that exceed the absorption capacity of the system as calculated to good engineering practice, failure to use original 
parts or corrosion (i.e., from environmental pollution or other outside influences). 

 



 

TECHNICAL DATA SHEET

System drawing no. / Rope assembly no. GS-1131 / GS-1212 1.54 m / 78%

Total absorbed energy until total stopping of the 

block
115 kJ -

Kinetic energy of the block 106 kJ 2.45 m

Energy class acc. EAD-340059-00-0106 0 2.60 m

Energy class acc. FOEN 1 -

Swiss Guideline Certificate  (FOEN) FOEN 14-6 Cat. A (> 50%)

European Technical Assessment (ETA) ETA 15/0304

Certificate of constancy of performance 1301 - CPR - 1117

Certification test layout vertical drop TECCO
®
 G80/4

Weight of test body 320 kg 205 kN

Tested heights 2.0 m -

Certified heights acc. ETA 2.0 - 2.5 m 2.0 / 2.5 / 3.0 m

Certified heights acc. FOEN 2.0 - 3.0 m 6 - 12 m

Details see installation manual

Rockfall, slides, mudflows and avalanches are natural events and therefore cannot be calculated. This is why it is impossible to determine or guarantee absolute safety for persons

and property with scientific methods. This means that to provide the protection we strive for, it is imperative to maintain and service protective systems regularly and appropriately.

Moreover, the degree of protection can be diminished by events that exceed the absorption capacity of the system as calculated to good engineering practice, failure to use original

parts or corrosion (i.e., from environmental pollution or other outside influences).

Mesh type / Net type

LATERAL Characteristic anchor force

UPSLOPE ANCHOR ROPES Characteristic anchor 

force

Standard heights

Post spacing (min. / max.)

GBE-100A-R

System Specification

Rockfall protection barrier GBE-100A-R

Certification details

Residual height MEL / in % of tested height

Residual height SEL 33% / in % of tested height

Elongation MEL (acc. to ETAG 027)

Braking distance MEL (FOEN)

Braking distance SEL 50% (FOEN)

Residual height (category)

Subject to change without notice 15.04.2024
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