Use of concrete screws in caving
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Introduction

7KHRUHWLFDO9DOXHV

At the top of the shaft which is to be derigged, the caver
discovers a hexagonal bolt. So a wrench is produced
and unscrew ... unscrew, unscrew. The thing is weirdly
ORQJ  DQG PXFK WKLQQHU WKDQ QRUPDO :KDW VKRXOG
be done now? And what load does this thin piece of
metal hold?
This is probably something like what went through
WKHPLQGVRIVRPHZKR¿UVWHQFRXQWHUHGD©FRQFUHWH
screw» in a cave. For a few years these screws have
been used in various caves. Opinions differ, but wellfounded information has been missing so far. We have
done research and testing to close this knowledge gap.

The manufacturers of course provide theoretical values for
the strength of their product. These values apply to concrete that is normalized in contrast to our cave rock. Some
manufacturers also sell expansion anchors (heavy load
anchors), which allows a direct comparison (HILTI 2016).
In order for this information to be interpreted correctly,
some technical terms have to be explained:
Tensile force / shear force
The direction of the forces acting on the anchor is given.
An anchor in the ceiling is typically loaded «in tensile»
±LHLQWKHORQJLWXGLQDOD[LV:KHQDQFKRUHGWRDYHUWLcal wall, on the other hand, a shear force is generally
more likely to act transverse to the longitudinal axis.
Working load / breaking load
Here we come to the potential misunderstanding
between the world of industry and those of climbing
and caving. The safe working load corresponds to the
force that can occur in everyday life and under repetition (Wikipedia 2018). The breaking load is the force
that is just acceptable during one or more incidents.
The typical stainless steel 7 mm maillon rapide, with
a designated 4000 kg / 40 kN breaking load, has a
working load of only 800 kg (PEGUET 2014).
Cracked / Unbroken concrete
Here we only consider the values in unbroken concrete, which corresponds to normal limestone. Clearly,
«cracked concrete» is not a concrete whose strength
suffers from cracks, but a concrete used under such
circumstances (tensile zone, for example a concrete
pavement) in which microcracks may occur (BATI 2014).
Hilti’s documentation states that concrete screws
are more resistant to shear than to tensile. The thin
diameter of 6 mm screws does not adversely affect
maximum shear loads when compared to an expansion
anchor of 8 mm. The tensile force acting on a screw
is distributed over the entire length of the thread, and

7KH,GHD
The most appropriate name is «concrete screw».
Some manufacturers have alternative names, such as
«screw anchors». These screws are simply screwed
into a predrilled hole in the rock. The necessary thread
is automatically milled by the specially designed screw
tip as it’s screwed into the rock, in principle the same
as a wood screw. After removal nothing remains but a
small hole, and the screw can be used again.
In the following article, the scope and limits of this
product are shown. This article presents theoretical
information from trusted sources and the results of our
self-executed static and dynamic stress tests as well
DVRXUH[SHULHQFHVLQWKHFDYH7KH¿QGLQJVVKRXOG
serve as a guide for those who rig caves.

Figure 1: Various concrete screws surrounded by some heavy-duty
anchors.

Figure 2: Typical application on a construction
site.
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Figure 3: The
screws may be
used near edges,
but not on an abrupt
overhang.
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Static forces put a strain on our anchors, especially
with techniques used in cave rescue (pulley block,
highline, etc.). What are the limits of concrete screws
in this respect compared to our classic anchors (SSS
2005) with expansion bolts (21 kN tension, 20 kN shear
force) and spits (18 kN tension, 16 kN shear force)?
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the theoretical strength is surprisingly small. Compared with expansion anchors, the screws need more
length to be equally strong in tensile. The endurance
RIDZRUNLQJORDGRIN1LVHQRXJKIRUD¿[HGGHYLFH
in good concrete. We estimate that good limestone is
harder and more resistant than concrete. With regard
to impact forces, none of the manufacturers considered
FHUWL¿HGWKHLUEROWV HILTI 2016; HECO 2016), whereas
Hilti claims that this is an expansion anchor.
A concrete screw does not develop expansion forces
in the drill hole and can therefore be placed very close
to another screw, at a rock edge or a break, except
for an abrupt overhang. Our intuition tells us that such
VLWXDWLRQVDUHGDQJHURXVEXW+LOWLVSHFL¿HVDPLQLPXP
distance of only 35 mm for the 6 mm screws. This is a
big difference compared to expansion anchors and selfdrilling anchors (Spits), as they develop a permanent
expansion force in the rock.
There are also reservations regarding the reusability
of the screws. The two manufacturers considered here
offer test data, but only from a screw diameter of 10 mm
(Heco 2016). The 6 mm screws receive little attention
from industrial users. The reusability of the holes is not
considered in any technical documentation.
Another practical aspect is that the holes to be drilled
are smaller than with the most common caving anchors, 8 mm for expansion anchors or 12 mm for spits.
Compared to spits, the drill hole volume is 4 times
less, as is the required torque. This allows the use of
compact drills. The larger drilling depth on the other
hand plays a minor role in the amount of energy used.
In a practice trial in Jurakalk limestone we were able to
drill 60 % more 6 mm holes than 8 mm holes with the
same equipment and energy. Without a drill, using an
SDS bit + hand drill, it takes about the same amount
of time as spits.
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Table 1: Theoretical values.

We investigated the behavior of various concrete
screws with continuously increasing shear force in
compact Gemmenalp limestone. We used a Rock Exotica Enforcer with 2 % measurement tolerance (not
self-calibrated) as a measuring device, and to apply
a force we used a simple Habegger (model HIT 16)
manually operated hoist. In a total of 13 trials we have
varied many factors.
We have found that the stainless steel (inox) screws
are clearly superior to the non-inox. Inox breaks around
20 kN, while non-inox can break at 10 kN. The factor
RIPDWHULDOW\SH LQR[RUQRQLQR[ LVHYHQPRUHVLJQL¿cant than the screw length. We compared 6 mm and
PP óLQFK GULOOKROHVDQGIRXQGQRVLJQL¿FDQW
difference in shear force. We were interested in this
aspect because the screws are easier to screw in
when the hole is drilled a little bit larger. At about 8 kN,
WKHVFUHZVEHJLQWRGHIRUP±WKHQWKH\DUHGLI¿FXOWRU
LPSRVVLEOH WR UHXVH DQG PXVW EH GLVFDUGHG ± ZKLFK
is good.
We have only performed two experiments in tensile:
in brittle sandstone, the anchor pulled out a piece of
rock at about 15 kN, which of course shows that even
for screws the rock must be tested well. Then we selected a perfectly compact Schrattenkalk (Upper SK)
limestone for an exit test, with the result that we had
to end the test at 20 kN because we could not build up
more power. The inox hanger had bent, but the screw
was completely undeformed. Additional tests did not
seem necessary to us.
1DWLRQDOHU.RQJUHVVIU+|KOHQIRUVFKXQJ6LQWHUODNHQ

Figure 4: Comparison of 6 mm vs.
8 mm holes with the same small
battery.

Figure 6: The stainless-steel screws
deform spectacularly.

&RQVLGHUWKHWHVWVHULHVIURPRWKHUSXEOLFDWLRQV¿UVW
by Olivier Gola (GOLA 2007). The galvanized 6 mm
Hilti screws failed with a shear force between 7 and
14 kN. Unfortunately, that is less than in our own tests.
However, we suspect that this is due to the fact that
an older screw model was tested, namely the HUS-S
6 versus HUS3-H 6 with us. When pulling, at Gola,
the screws broke between 11 and 14 kN, which corresponds to our own observations. These are better
values than shearing force, contrary to the values
postulated by Hilti, which we mentioned earlier. The
tensile force tests performed by Simon Wilson are only
on galvanized screws (WILSON 2018). The screws he
tested: Multi-Monti MMS 7.5x60 for
6 mm holes, held 24 kN. With Fischer FBS II 8 x 70 20/5
US screws in 8 mm holes, he gets a tensile strength
of 50 kN, which is 60 % better than the similar FBS 8
x? / 5 US from Gola’s study. Additional screw models
will be investigated in a further study.

Various anchor holes were drilled vertically and horizontally into the rock wall, as if we were rigging a cave
normally. In the tests we limited ourselves to 6 mm
concrete screws, which we then tested with either a
tensile or shear impact force. With more than 5 drops
being held per screw and hole, we ended the testing,
as we certainly do not see the use of screws in an application where such repeated shock forces can occur,
such as in sport climbing.
It turned out that the rock quality is a decisive criterion.
We had two cases where the screw pulled out on the
¿UVWVKRFN,QWKH¿UVWFDVHWKHGULOOKROHZDVGULOOHG
vertically in the ceiling and the thread already pre-milled
by a screw of another brand. In the second case, the
rock was deliberately chosen as being poor quality and
the hole «reused». A non-inox screw was broken on
the second shock with a shear load. In general, it can
also be said that the rock breaks with dynamic shock
forces unlike with slowly built up static forces.

'\QDPLF7HVWV
Table 2: Static tests.
,QWKHVHWHVWVZHZDQWWR¿QGRXWKRZDQFKRUVUHDFW
to shock loads, including single and multiple peak
loads. Such as, in a practical caving example, falling
on a traverse rope.
As a test site, we selected a location that has limestone
that is as typical as possible for our research region.
The simulated fall has a fall factor of 1, the fall distance
is about 2 m, and the mass of the rock used to generate
the shock load has a weight is 88 kg.




Figure 5: Setting up a test.
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Figure 7: The material after the shear
force tests.

Figure 8: Our installation for the impact
tests.

1RUPDOO\WKHVFUHZVZHUHVXI¿FLHQWO\VROLGIRURXUDSplication. Ideally, a Multi-Monti screw survived 5 falls
in shear, and another on direct pull. This means that
an inox screw remains reliable even after sustaining a
fall. It is also worth mentioning that the two concrete
VFUHZVZLWKZKLFKZHKDG¿[HGRXUWHVWZHLJKWKHOG
DOOWHVWODSV
In summary, it can be said that the following factors
adversely affect anchor quality:
%DGURFN ZHDNHQHGEULWWOH]RQHVRUVRIWURFNV
$©UHXVHGªKROHHVSHFLDOO\LQFRPELQDWLRQZLWKDQother detrimental factor.
We have found no existing publications that have tested
shock loading of concrete screws.

facturer advocates for a special drill for placing their
screw, which we did not want to test.
In any case, there is a risk of tilting the screw until it is
fully set. In such a case, you must not apply excessive
force, otherwise there is a danger of bending the screw
and thus rendering it useless, something that has happened to us several times. In such a case, instead of
using force (Attention: with a 13 mm wrench, a screw
FDQ HDVLO\ EH VKHDUHG RII E\ KDQG  VLPSO\ XQVFUHZ
and re-attach.




([SHULHQFH
We have been using concrete screws for 7 years on
our cave trips. This allowed us to check the practicality
and identify the sensitive issues.
Some models require a stronger contact force at the
beginning, so that the screw tip engages in the rock.
With an arm extended overhead (as with aid climbing),
the application becomes too cumbersome. It must be
said that it is quite boring to screw in a long screw. A
ratcheting wrench is highly recommended because it
LVPXFKPRUHHI¿FLHQWWKDQDQRUPDOZUHQFK$PDQX-

Figure 9: After a
shock load, cracks
develop in the rock.
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Table 3: Dynamic
tests.
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Figure 10: A ratchet wrench is highly recommended to
speed up screwing.

It often happens that the screw begins to drill its own
hole. In such a case, it is easy enough to simply tighten
the screw again. If the problem gets worse, you should
look for better rock, take a better screw or consider
doubling the anchor.
The drill hole must be drilled deep enough, i.e. it must
be slightly longer than the screw because of the rock
dust that occurs when tapping. Drilling a bit deeper than
absolutely necessary is not a disadvantage.
When derigging, we sometimes collected curved
screws. We discarded them because they were not
reusable.
In terms of safety, we never once had a screw failure.
Nevertheless, it is appropriate to respect the rock as
«fallible» and to take the same precautions as with
expansion anchors.

6XPPDU\
Concrete screws offer many advantages in caving.
They are reusable several times, and they can also be
connected to a hanger for immediate use. The required
hole is small, which means that even small drills can
often be taken without a replacement battery. Battery
FDSDFLW\LVQRORQJHUDERWWOHQHFN2QWKHHFRORJLFDO
side, it is gratifying that after derigging, no foreign matter remains in the rock. The small holes are as good
as invisible.
The biggest disadvantage is the time required for screw
installation. A small consolation is that the person doing
the rigging stays warmer for at least one to two minutes.
The setting of the screw and the choice of the location
for the hole require careful work. Like other «light» techniques, concrete screws are not necessarily suitable

Figure 12: It is simply impossible to reuse this bent
screw.

Figure 11: At the moment of the break.

for everyone. Their relative novelty is a psychological
factor not to be underestimated.
7KH VWUHQJWK KRZHYHU LV HYHQ VXI¿FLHQW ZLWK  PP
diameter for our purposes. We are not interested in using larger diameters because they are a) not necessary
and b) incompatible with existing equipment (wrenches,
hangers). The gain in strength through a larger screw
diameter (WILSON 2018) would be pointless for our main
applications. Also, the types of uses would not really
be extended, because even then the anchor is not suitable for long-term use (establishment of well-traveled
routes), because our experience shows that it can be
weakened by repeated load movements. We clearly
prefer stainless steel screws to others that they rate
as «expensive and rare» (Eon 2016). The reason for
this is that inox is less brittle and has a greater safety
PDUJLQIURPZKHQWKHVFUHZ¿UVWGHIRUPV DURXQGN1 
until it breaks (beyond 20 kN). Inox screws can stay in
place for a long time without corroding. It is noted that
depending on the publication, the strength differs from
what we measured.

:KDWSULQFLSOHVVKRXOGEHFRQVLGHUHG"
Do not place screws in bad, cracked rock and especially
soft rock. The screws are not suitable for setting up
classic, busy routes in caves with thousands of transitions. They would loosen themselves too fast. Reusing
existing holes brings some random results. Particular
care should be taken when applying a load in tension
W\SLFDOO\IRUDQFKRUVLQFHLOLQJVHFWLRQV ±WKLVUHTXLUHV
long screws (at least 60 mm). The worst-case is applying a shock force onto non-inox screws.

:KHQWRUHPRYHDVFUHZ"
If a set screw repeatedly loosens itself or has too large
a bend, it is advisable to replace the existing anchor.
The existing hole should not be used for a new screw.
Likewise, after a big impact or another event that brings
into question the quality of the whole anchor or parts
of it. If you notice a bent screw when screwing in, it is
better to not use it. Such cases are always immediately
obvious.
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$SSOLFDWLRQLQFDYHUHVFXH"
We are of the opinion that concrete screws are also
suitable for rope anchors used in cave rescue. With
rescue rigging techniques, only static tensile forces
are applied. The strength of 6 mm concrete screws is
VXI¿FLHQWHYHQLIZHLJQRUHWKDWLQUHVFXHV\VWHPVWKH
load is distributed on three anchor points. In the case
of large cave rescue operations, drill battery capacity
is chronically scarce so screws can be used to drill
considerably more holes.

Outlook
2QWKHRQHKDQGEDVHGRQUHFHQW¿QGLQJVLWEHFRPHV
clear that the concrete screws deserve much more
attention than before. On the other hand, we are still
looking for the «ideal screw», which would combine all
the advantages of all tested screw models. The ideal
screw is made of inox material, with a diameter of
6 mm, has a hexagonal head of 13 mm with a support
SODWHDQGLWKDVDVSHFLDOO\KDUGHQHGWLSZLWK¿QHVDZ
teeth, which easily and instantly grabs when screwing.
This screw would allow the use of our normal hangers
and wrenches.

7KDQNV
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Figure 13: An ideal application for concrete screws.
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