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REPORT OF TESTS CONDUCTED ON ANCHORS IN MARINE ENVI RONMENT

I. REASON FOR THE REPORT

More than a year ago the International Union ofinism Associations made clean, its November 2015 world
news release, the serious danger of anctf the routesear the sea. It was noted that having anchorgsidl

to stress corrosion crackif§CC) was the cause of a significant number of arade failures at verlow load

on different climbing routesand that this type of corrosids not visible. So theyecommende to federations
and teams, under a seridsraplicit recommendations in the documenttake corrective measu..

[I. JUSTIFICATION OF THE TEST METHOD

1. Any study performed outside a controlled environtreerd without stanad parameters generates a nthat
must be taken into account. If we add to this thé& carried out in laces of difficult accesst reduces the
range of types of tests atethgniques available to stud.

Therefore, in order to obtain the lart number of test samples andaohieve a globsunderstanding of the
resistance and behavior of these anchors over tame,n order to minimize therrors in the testit was
decided to simulate only the pulkest destructive to extraction or flexotraccion(see Note, that requires the
standard EN959:2007, lusing pull testin of anchors.

2. Microscopic analyzeshave also been performed in the laltory to identify the corrosiothat has caused
the loss of resistance or degradation of the diffematerials

3. Apart from the object of the study, but of a fundeatal nature, tests were carried out for the Evalnaof
thechemical composition of different types of anchor§PLX), in order to assess itemposition and evalua
if they can be a potentiablution for tte different corrosion problemedated throughout trstudy. Finally, the
quality of the weldsof someanchor was studied.

lll. AREA AND FIELD OF STUDY

The work used01 resistance tes to different types of anchors, botlarbon steeland 304 stainless steel
located at a distance afL to 0 km from the coastline, installed for betwe#@ to 20 years A total of 11
schools, 19 sectors and 61 Provinces of Lane, Gran Canaria, Mallorca, Menorca and C were looked at.

Translators note:

Flexotraccion testmeans a tensile test ttdoes not pull in the same line as the embeddedoanistit due to th
anchor design (a hanger for instance) the loiapplied offeentre and there is also a moment appliec
example is in the Annex Number .

Pull testis a tensile test where the load is completelyria With the embedded anchor (an example
symmetrical Pype resin bolt, as shown in the Annex, Numbg)
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1. MALLORCA

1.1Climbing schools Visited: Sa Foradada, Banyalb Port del Sdller, Son Xanquete. Cala Figuera teste
within the dscarded trials due to thock being of very poor quality.

1.2 Type of rock: Calizas Margétype of limestone

1.3 Closeness to the sea

Minimum Distanc:
0.5krr

Maximum Distance
3.5km

1.4 Summary Tests

Anchor Type | Number tests Time Average Minimum Maximum Fraction of
installed Resistance | Resistance | Resistanc EN 959
(years (kN) (KN) (KN) Standard

Hanger + 16 15 18.61 13.5 27.0 93%

Bolt steel

Hanger + 14 16 18.34 11.0 24.5 83%

Bolt Inox

304

Discarded 27 - - - - -

tests

The discarded tests are due to failure of the amgj@ounder circumstances not produced by corrosic
because they are Out of the scopthis study, (failure of the resin, failure of theck, anchors of which there
no minimum sample (Spit anchors: a type of selfidgi anchor, galvanic corrosion, improper instidia etc.

1.5 Conclusions

There is a minimum loss of noticealstrength between the 304 stainless steel anchadrshenstainless ste
anchors carbon. Of the carbon steel only 7% of thexe failed b«ow the resistance requirementhich sets
the standard, while the stainless ones have beeh hasssuitable, producing failurbelow the requirements
the standard by 17%. In no case/é the valueobtained been cause for alarm, tuatuld hardly meet UIAA
requirements for a minimum life of 50 year..

The zones of Mallorca between 1.5 and 7 km of testwoulcfit the location Zone& and 3as determined by
the UIAA. Therefore, it is recommended to use duplexr superaustenitic anchors with ielease of stresses.
It is possible to make use of other typelower resistance materialgquiring an in dep' study of the specific
area to be installed.
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2. MENORCA

2.1Climbing schools Visited: Cavalleria, sector Roa

2.2 Type of rock: Calizas Margétype of limestone

2.3 Closeness to the sea

Maximum Distance

Minimum Distanc:

0 km

0 km

2.4 Summary of tests

Anchor Type | Number tests Time Average Minimum Maximum Fraction of
installed Resistance | Resistance | Resistanc EN 959
(years (kN) (KN) (KN) Standard

Hanger + 3 19 14.0 5.0 19.5 69%

Bolt steel

Resin bolt 8 19 12.78 3.0 28.0 57%

Inox 304

10mm 1 19 - - 31 100%

carbon steel

chain

Discarded 6 - - - - -

tests

The test of the chain was carried out a post (afterwards) by means of mechanical tract (tensile test).

The discarded tests are due to failure of the amagj@ounder circumstances rproduced by corrosion
because they are Out of the scope of this studijuié of the resin, failure of the rock, anchofsvbich there is
no minimum sample (Spit anchors: a type of selfidgi anchor, galvanic corrosion, improper instidia etc.

2.5 Conclusions

There is a notable loss of strength in the 304 stdéss steel arhors and the dispersion valuese

considerable within even the same type of tracks Thdue to th stress corrosion that we havetected in the
different analyzes ured a microscope. The wes obtained have been quiterwying. In principle, there is n

imminent risk, since the testave been carried out in climbave been retrofitted, but the same type of mat

and anchor design has been usett be replacecin a minimum period of 6 years

The areas of Menorca situated on the coastline dvialll between Zone Type 1 and Zone esignated by the
UIAA. So it isrecommended to make usef Titanium anchors. It would need a study of greater deptt
determine if the use of aterials such as Duplex (PLX) or Superaustenitith stress release treatment, w
suitable.
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3. LAS PALMAS DE GRAN CANARI A

3.1Climbing schools Visited: Moya, Fataga, Cena
3.2 Type of rock: Basalt

3.3 Closeness to sea

Maximum Distance Minimum Distanc:
2 km 12 km

3.4 Summary of tests

Anchor Type | Number tests Time Average Minimum Maximum Fraction of
installed Resistance | Resistance | Resistanc EN 959
(years (KN) (KN) (KN) Standard

Hanger + 22 16 20.59 15 25 100%

Bolt steel

Discarded 8 - - - - -

tests

The discarded tests are due to failure of the aagj@ounder circumstances not produced by corrosic
because they are Out of the scope of this studijyié of the resin, failure of the rock, anchofsvbich there is
no minimum sample (Spit anchors: a type of self drfjlanchor, galvanic corrosion, improper installatidc.

3.5 Conclusions

The behavior of carbon steel in installed routeth\ain average of 16 years, and some of them witte rti@an
20 years, instadld to 2km of the coast gave really surprising es. Thanks to the wayorrosion that occurs in
this type of material, although valuclose to the requirement requirementsck marks thestandard, make the
diameter and type of material d to date,remain insufficient to reach a useful life of 50 yea, as
recommended by the UIAA.

The zones of Las Palmas of Gran Canaria betweeto 12 km of thecoast would comprise, between Zon
and 3 aglesignated by the UIAA. So it recommended to use duplex (BX) or superaustenitic anchors
with stress release treatmentlt might be possible - use of other types ddwer quality materials, but it nee
an indepth study of the specific area to be insta
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4. LANZAROTE

4.1 Climbing schools Visited: Moy Fataga, Cenobio
4.2 Type of rock: Basalt

4.3 Closeness to sea

Minimum Distanc:
0 km

Maximum Distance
0 km

4.4 Summary of tests

Anchor Type | Number tests Time Average Minimum Maximum Fraction of
installed Resistance | Resistance | Resistanc EN 959
(years (KN) (KN) (KN) Standard

Hanger + 4 12 17.75 17 18.5 100%

Bolt

Steel

Resin bolt- | 4 15 23.6 22 25 100%

Steel

Hanger + 10 9 4.69 0.2 18 10%

Bolt

Inox 304

Resinbolt— | 5 15 13.74 10 20 40%

Inox 304

Discarded 7 - - - - -

tests

The discarded testare due to failure of the anchorage under circunests not produced by corrosion
because they are Out of the scope of this studijuié of the resin, failure of the rock, anchofsvbich there is
no minimum sample (Spit anchors: a type of selling anchor, galvanic corrosion, improper instédlatetc.

4.5 Conclusions

The behavior of carbon steel has performed muctetbttan steel Stainless 304, due to the diffefems of
corrosion that affect them. In the different sarspé steel Stainless steel 304 in which microscapalysis ha
been performedstress corroson cracking (SCC’ has been detectedThis is avery worrying factoito which
the local climbing community has been aler

The areas of Lanzarote situated on the coastlinddnfall between Zone Type 1 and Zoneesignated by the
UIAA. So it isrecommended to make use f Titanium anchors. The use of m@terials such as Duplex (PL.

or Superaustenitic with stress release treatnwould needa study in greater depth of the area tccarried out.

Although the mformation we have is scarcwe do not know how sulfur chlorides contained in basaltic

rocks can react with Titanium.
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5. CADIZ
5.1 Climbing schools Visited: Bolon
5.2 Type of rock: Arsenica

5.3 Closeness to sea

Minimum Distanc:
6.5 km

Maximum Distance
7 km

5.4 Summary of tests

Anchor Type | Number tests Time Average Minimum Maximum Fraction of
installed Resistance | Resistance | Resistanc EN 959
(years (KN) (KN) (KN) Standard

Hanger + 8 10 20.5 18 22 100%

Bolt

Steel

Resin bolt— | 7 12 22 22 22 100%

Inox 304

Discarded 14 - - - - -

tests

The discarded tests are due to failure of the aagj@ounder circumstances not produced by corrosic
because they are Out of the scope of this studijyé of the resin, failure of the rock, anchofsvbich there is
no minimum sample (Spit anchom type of self drilling anchor, galvanic corasi improper installation et

5.5 Conclusions

A complex and particular case can be considereardaty the data obtained, since the limitation é&gth of
the rock and the area pfotection it contemplates, prevented us from éagrput maximum breaking tests
the resistance of the anchomsaking only maximum loads of 22 kN, well above thark rule. However, th
valuesobtained from the behavior of stless steel 304 have been quitisactory, as a consequence of tl
location, the time of installation anhe particularity of which is afdhe less aggressive rocks of the perla.
Subsequent and on-the-spetdenced signs of corrosiobut it is not recommended to use this type of 3C
stainless steel in the future

The areas of Bolonia situated 7 km from the sealavtall within the type of Zone ascalled the UIAA. So it
isrecommended to use 316 L stainless steel anct.
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Annex A

PHOTOGRAPHS OF DIFFERENT SAMPLES OF TESTS BY ZONES

1. MALLORCA

1. Flexotraccion test of number I&arbon steel, resistance 18.5 kN, rupfaikire by the plat

2. Flexotraccion sample ofumber 4: carbon steel, resistance 10.5 kN, rupture failyréhke plate
3. Flexotraccion test of number 4falvanic corrosionresistance 17 kN, break failure by paral

4. Flexotraccion test of numeral 4&arbon steel, resistiae 16 kN, breakage failure by para
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Annex A

PHOTOGRAPHS OF DIFFERENT SAMPLES OF TESTS BY ZONES

2. MENORCA

1. Axial test sample number 18tainless steel 304, resistance 3 kN, breakageddily welding
2. Axial test of sample number 2tainless ste 304, resistance 24.5 kN complete extract
3. Flexotracciéon testample number Z: stainless 304, resistance 6 kN, break failure byprabolt

4. Detail image of break of sample numbei
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Annex A

PHOTOGRAPHS OF DIFFERENT SAMPLES OF TESTS BY ZONES

3. LAS PALMAS DE GRAN CANARIA

1. Flexotracmn test sample number : carbon steel, resistance 20 kN, break failure gipat.
2. Detail image of breakage of sample numbel
3. Flexotractiortest sample number : carbon steel, resistance 20.5 kN, rupture failyréhke plate

4. Flexotraction test shows numbel: carbon steel, resistance 21 kN, rupture failuréhieyplate

10
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Annex A

PHOTOGRAPHS OF DIFFERENT SAMPLES OF TESTS BY ZONES

4. LANZAROTE

1. Axial test, sample number 41 carbon steel, taasie 25 kN, complete extractic
2. Axial test, sample number 45 aceroinox 304 stasce 10 k, breaking side opposite to weld
3. Test flexotracciésample number 46 stainless 304, resistance 4 lddking failure by the parabo

4. Test flexotraccién sample number 48 stainleds Rsistance 3.5 kN, breakage failure by the |

11
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Annex A

PHOTOGRAPHS OF DIFFERENT SAMPLES OF TESTS BY ZONES

5. CADIZ

1. Flexotraction test shows number 2 carbon stesistance 19, breaking failure by parak
2. Flexotraction test shows number 5 carbon stesistance 20 kN, breaking failure by parak
3. Flexotractiortest shows carbon number 7, resistance 2z

4. Flexotraction test shows number 12 carbon stesistance 22 ki

12
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