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Abstract 
This master thesis is a product development project conducted with Mammut Sports Group AG 
in Seon, Switzerland. The goal of this thesis was to reconsider the concept of quickdraws, which 
are used for lead climbing, and to come up with a new system.  

Mammut Sports Group AG founded in 1862 is today a leading supplier for alpine climbing and 
outdoor equipment, its products are well-known for their high quality, functionality and being 
innovative. 

Quickdraws follow mainly the same system since decades, two karabiners connected through a 
sling, one karabiner to clip to the protection on the wall, the other to clip in the rope. The two 
karabiners barely differ except sometimes the gate. A new concept should take safety, weight, 
price and usability into account. 

Extensive investigation of how quickdraws are used was conducted to spark ideas for the new 
concepts. Literature, standards and climbing organization reports of accidents and usage advices 
were studied. Market and patent research was conducted to investigate what has been already 
released and tried out on sell. Further, the approach of Netnography, Shadowing and Storyboard 
was applied to get user insights.  

The developed ring-karabiner side presents a safer gate against unintended gate-opening 
compare to traditional karabiners, and with this it should increase safety. Through the new shape 
a fixation to the sling is possible and even necessary, compare to traditional quickdraws where 
the sling requires being free movable around the karabiner protection side. This can make it 
possible to fulfill some climber’s additional need to reach protections from slightly further 
distance and increase safety. Production price and weight are estimated to keep equal with 
traditional karabiners. Some users recognize the new product with positive enthusiasm indicating 
that there is a potential market.  

To summarize, with help of different ideation and concept development methods, a totally new 
quickdraw ring karabiner-concept of clipping into the protection on the wall was developed. In 
loops the concept was validated and developed further to meet the requirements.  Moreover, 
using method for concept-testing it was important to investigate how the potential user would 
consider the new model.  
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Sammanfattning 
Detta examensarbete är ett produktutvecklingsprojekt som genomförts i samarbete med 
Mammut Sports Group AG i Seon, Schweiz. Målet med denna avhandling var att ompröva 
konceptet med expresslingor (eller Quickdraws), som används vid ledklättring, och att 
vidareutveckla systemet.  

Mammut Sports Group AG grundades 1862 och är idag en ledande leverantör av alpin 
klättrings- och friluftsutrustning. Deras produkter är välkända för sin höga kvalitet, 
funktionalitet och innovation.  

Quickdraws följer i stort samma system som funnits i årtionden; två karbinhakar anslutna via 
en sele, varav en karbin hakar i skyddet på väggen och den andra hakar i repet. De två 
karbinhakarna skiljer sig knappt åt, förutom ibland vid öppningen. Ett nytt koncept bör ta med 
säkerhet, vikt, pris och användbarhet i beräkningen.  

En fördjupning i hur Quickdraws används, utfördes för att väcka idéer till nya koncept. 
Litteratur, standarder, olycksrapporter från klättringsorganisationer, samt användningsråd 
studerades. Marknads- och patentundersökningar utfördes för att utreda vad som redan finns 
på marknaden och är testat. Tillvägagångssätten netnografi, skuggning och storyboard 
användes för att få insikt i vad användarna behöver.  

Skyddssidan på den nyutvecklade ring-haken har en säkrare öppningsmekanism, som i 
jämförelse med skyddssidan på traditionella karabiner förhindrar ofrivilligt öppnande, och bör 
därför öka säkerheten. Genom den nya formen är det möjligt och till och med nödvändigt att 
fixera haken vid repet, hos traditionella Quickdraws måste repet vara fritt att röra sig längs 
karabinerns väggsida. Det här kan göra det möjligt att uppfylla vissa klättrares behov av att nå 
väggskydden på något längre avstånd och ökar säkerheten. Produktionspriset och vikten 
bedöms vara jämförelsebar med traditionella karabiner. En del användare var positiva till 
denna nya produkt, vilket indikerar att det finns en potentiell marknad. 

För att sammanfatta, med hjälp av olika idé- och konceptutvecklingsmetoder utvecklades ett 
helt nytt Quickdraw karbinhakekoncept för att haka fast i skyddet på väggen. I omgångar 
validerades och vidareutvecklades konceptet för att möta kraven. Med hjälp av metoden 
koncepttestning undersöktes vad potentiella användare tyckte om det nya konceptet.  

 

Nyckelord: expresslinga (eller quickdraw), karabinhake, klättring, produktutveckling, 
brukarmedverkan
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1  INTRODUCTION 

In the introduction chapter the background and purpose of this thesis is elaborated, as well as 
briefly delimitations and requirements.  

1.1 Background 
A quickdraw is a climbing equipment used by rock and ice climbers to allow the climbing 
rope run freely through bolt anchors or other protection while leading. The climber carries as 
many quickdraws as needed for the planed route on the harness and clips them after some 
short distance in the wall protections and then leads the rope through the karabiner on the 
other side to decrease the potential drop height. At indoor climbing centre mostly quickdraws 
already fixed on the wall. This system has barely changed for decades. 

 
Figure 1. Typical quickdraw (Mammut, 2015).  

1.2 Purpose 
The System of the three parts (karabiner rope side, sling and karabiner protection side) shall 
be reconsidered, especially the karabiner clipped to the protection on the wall, where damages 
most likely can occur, like critical wear or worst case karabiner break. Further, confusion of 
the karabiner sides can endanger the rope. Sharp edges caused through wear on protection 
side karabiner are critical if the karabiner is used to lead the rope. Sharp edges can damage the 
rope and decrease the load capacity. 

Mammut, company specialized in climbing equipment, hopes for a new system to improve the 
safety, usability and even perhaps to decrease the weight. 

1.3 Delimitations 
A few delimitations were set at the beginning as guidance, however if a total innovative idea 
comes up and would cross this delimitations, it should not be excluded. 

 Climbing sequence should be kept the same: Handling with one hand. When taking 
from harness quickdraw can directly be clipped to protection on wall (no additional 
turning).  

 Fixation points should be kept the same (like protections at the wall, fixation to 
harnesses) 
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 The concept should not be applicable for indoor climbing centres, or for climbing on 
building constructions. 

1.4 Requirements 
As requirements was defined that a new system ought to fulfil all the standard requirements a 
regular quickdraw has to fulfil (see chapter 3.3.4), as this is necessary to be allowed to go 
certified on the market. Further, because of competitiveness it should in general keep up at 
least with regular quickdraws and or even outdo these, in relation to price, weight and 
usability. To get a better understanding, some specifications as guidelines were set by 
Mammut at the beginning, see Appendix A. 
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2  METHODS 

In this chapter the theoretical background to the methods applied is summarized. 

2.1 Product development process 
Ulrich and Eppinger (2008) propose the generic product development process as the main 
model to conduct product development. This process consists of 6 phases: 0 planning, 1 
concept development, 2 system-level design, 3 detail design, 4 testing and refinement, and as 
last 5 production ramp-up. This process is illustrated in the following figure 2. They argue a 
well-defined process is useful for quality assurance, coordination, planning, management and 
help to find opportunities for improvement.  

 
Figure 2. The generic product development process (Ulrich & Eppinger, 2008, pp. 14). 

The proposed generic process can be adopted according to the strategy of the company how 
they plan to approach the market (Ulrich and Eppinger, 2008). The flow of this process can be 
conducted like in the Stage-Gate methodology, where the next phase / stage is started after the 
previous is approved, which is also often called a waterfall plan (Ullman, 2010). Another 
approach which mainly evolved in the software development industry because of its fast 
prototyping cycle, is the spiral process. The spiral process begins with a basic concept which 
gets fast prototyped and evaluated for like functionality or customer approval. In a next cycle 
the concept gets revised. This process enables a continuous improvement from gained insights 
and to follow user needs. With the evolving of rapid prototyping this methodology got widely 
implied in product development, mainly in combination with the linear stage-gate/waterfall 
model. This combination is further more appropriate to set a clear direction and goal compare 
to the pure spiral process (Ullman, 2010). 

2.2 User involvement and information gathering 
Many product development projects fail to generate products which fulfil the customer 
expectations (Matzler and Hinterhuber, 1998). To meet this expectations in-depth 
understanding of their situation,	 their	needs	and	 their	wants	 is	necessary	 (Kärkäinen	et	
al.,	2001;	Lagrosen,	2001).	Lagrosen	(2005)	claims	to	accomplish	this,	active	interaction	
with	the	customer	is	required. 

2.2.1 User Innovation 
Several studies prove users as an important source for innovation (Bogers, et al., 2010; Von 
Hippel, 2005). Franke and Shah (2003) conducted a study about user-innovation in the sports 
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field. They revealed that in the four investigated sports communities many users are 
innovating and this can also be assumed to be the case in many other sports communities as 
well. Innovations are often induced by sharing information in these communities. Further, 
users share insights for free to others they know or may not know. They do not expect 
anything in return and assist while not expecting any benefit from the innovation themselves. 
The strongest motivation for these users is the enjoyment gained from working with others. 
Adding a financial reward may even decrease the outcome, as the shift from intrinsic to 
extrinsic motivation is contra productive for interpersonal interaction and creativity (Franke & 
Shah, 2003). 

In order to profit from user innovation as a company von Hippel (1986) suggests to observe 
users and to adopt concepts / prototypes developed by users. There are two critical steps in 
this process for applying this for consumer markets with millions of users, which are how 
selecting promising communities and how to gather information form community members. 
While professionals in competitive communities have a higher need to improve their 
performance, they are less willing to share cause of competition, which decreases the flow of 
innovative information. For this reason, it makes more sense to look for demanding but not 
competitive communities for user innovation. Further, findings indicate that central members 
in communities are likely to have knowledge about user-innovations developed by the 
different community members that is why it is not necessary to contact every member to seek 
for promising innovations (Franke & Shah, 2003).  

2.2.2 Understanding User / User Involvement 
Meeting the user needs is a critical part for a successful product development. But to 
understand the user can be tricky and their needs can evolve. Participatory design is a 
proposed way to involve the customer throughout the development process, whereas the 
traditional development often struggled to include the users, because of communication 
problems, too extensive or appropriate tools missing (Reich, et al., 1996). Therefore, in the 
traditional development the involvement of users is often limited to the consulting at the end, 
where users give feedback on the developed product. While a participatory approach, also co-
creation called, is proposed in several studies as highly beneficial for firms. A firm can 
maintain competitiveness based on differentiation achieved through knowledge of customer 
needs and cost leadership that understands and minimizes costs associated with product-life 
cycles (Durugbo & Pawar, 2014).  

There are several methods on three different levels to involve the user. The three levels are 
described as: designed for, designed with and designed by (Bogers, et al., 2010; Kaulio, 
1998). An overview of these three levels from Fredberg and Piller (2011) have been shown in 
figure 3. 
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Figure 3. Three models of customer participation in a firm's innovation process (Fredberg & Piller, 2011). 

2.2.3 Netnography 
Netnography is an online marketing research technique for providing consumer insight 
developed by Kozinets (2002). Kozinets (2002) claims that consumers nowadays widely are 
using online communities as newsgroups, chat rooms, e-mail list servers, personal World 
Wide Web pages and other online formats to share ideas. They are building online 
communities to fellow consumers, which they consider as more objective information sources 
and through this are sharing valuable marketing insights. Nethnography is a method of 
ethnography adapted to the study of online communities. It allows to get user insights, similar 
as qualitative methods as user observations, face-to-face focus groups and personal 
interviews, but is less time-consuming and not unobtrusive like focus groups and interviews. 
The downside is, it is limited to online communities (Kozinets, 2002). 

2.2.4 Shadowing 
Shadowing means to observe different people, while they interacting with the product or 
service as unobtrusive as possible. The researcher can document their observations by text, 
video or photographs. It should allow to spot problems first-hand, which people sometimes do 
not even get aware of and to convey a holistic view how the product / service is operated 
(Schneider & Stickdorn, 2013, pp. 156-157). 
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2.2.5 Storyboards 
A storyboard is a practical tool to illustrate how a service or product is used. In a sequence of 
pictures, which can be either drawings like comic-strips or photos, the context is in a simple 
way conveyed. The goal is to get a better insight of the user experience and to spark new 
ideas, what is good and what could be changed. It puts the developer into the user’s feet and 
brings their perspective into the process (Schneider & Stickdorn, 2013, pp. 186-187).  

2.3 Ideation / concept development  
Different ideation and concept development methods were implemented for coming up with 
new ideas for Quickdraws concepts.  

2.3.1 Brainstorming  
Brainstorming is an ideation method, which can be used in groups or individually. The 
gathering of ideas proceeds according to the following principles: No critique of any ideas, 
listen and try to work on others ideas, quantity rather than quality and to mention every idea 
that comes to one’s mind. It is easy to maintain, a good way to get out of a "dead end", fosters 
the creation of unusual ideas and can use the synergy of group members. Normally, there is a 
first rush at the start of obvious ideas; afterwards generation of ideas slows down with some 
periodic rushes. A session should focus on one specific function and run at least three periods 
during which no ideas are generated. A relaxed and humorous atmosphere helps to spark wild 
ideas (Ullman, 2010, pp. 190). 

2.3.2 Morphological Matrix  
Building morphology is a systematic method to generate concepts; it means "a study of form 
of structure". The process is separated into three steps. First step is to decompose the overall 
system into sub-functions. Second step is to find as many individual solutions to the sub-
functions as possible. In the last step, the sub-solutions are combined to build a concept which 
can meet the overall requirements (Ullman, 2010, pp. 204-208). 

2.4 Testing and validation 
Ways to test and validate concepts and ideas in a product development project. 

2.4.1 Prototypes  
A prototype can be anything which is an approximation of the product and shows an aspect of 
it. It can have very different forms, from sketches, calculations; analyses and physical object   
(Ulrich & Eppinger, 2008). Berglund and Leifer (2013) summarize this in three levels in 
"Experiential - behavioural prototypes", "Analytic-virtual prototypes" and "Physical-tangible 
prototypes. The first level represents the behaviour connected to the expected product, the 
experience of a customer connected to the product. The second form is useful to predict how 
it could react under some circumstances, like stresses analyses or check movement’s space 
and to make adjustments accordingly. Physical prototypes can help to illustrate the product 
better, to test and detect errors which are hard to recognise in virtual models.   

2.4.2 Concept testing  
Concept testing allows to early test if a concept or service meets user needs and to assess the 
market potential. Potential users’ stimulus material, as sketches, drawings, models, mock-ups 
or basic prototypes are shown and explained in this study. The presentation should offer a 
realistic description of the use and situation in use to facilitate responses from the participants. 



 

9 

From the feedbacks should be attempted to locate the shortcomings in the concepts, or what 
need to be changed?, what can be improved?, or even if it should be terminated. Concept 
testing is conducted during the concept development phase and is purposed to supplement 
with a later evaluation of the prototyping (Kaulio, 1998; Ulrich & Eppinger, 2008). A 
sufficient number of interviews are according to Ulrich & Eppinger (2012) between 10 and 50 
to reveal the most of the customer needs.  
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3 PRE-STUDY 

In the pre-study phase information was gathered and studied. This chapter summarizes the 
gathered information, which were necessary to understand the product, market and user. At 
the end conclusions were made based on the gathered information. 

3.1 Lead climbing 
To understand the product which should be improved, it is important to know how it is used. 
Here is a short description of lead climbing and how quickdraws are used.  

In comparison to tope-rope climbing, where the rope is fixed above, lead-climbers have to 
climb up carrying the rope and secure it on the way to decrease the potential fall height (see 
figure 4). For this climbers use quickdraws which they carry on their harness, as many as for 
the planned route required. The climber clips after some distance the quickdraw into a 
protection on the wall and afterwards clips in the rope on the other side of the quickdraw. 
Then she/he can climb on to set the next one after some distance. This reduces the fall height 
to the last set quickdraw, plus rope amount between last quickdraw and climber and rope 
slack. While the leader is climbing another person on the ground is securing, the so called 
belayer. When finished the route the climber has to remove the quickdraws from the 
protections at the wall while getting lowered, this is called cleaning. If multi-pitch climbing, 
the follower will remove the quickdraws while following and the leader is belaying from a 
belay stand above. Or if in the first climb a top-rope redirection station was set on the top of 
the route, a climber can remove the quickdraws while climbing up tope-rope and the other 
belays on the ground (Luebben, 2004). 

Putting a quickdraw is a critical moment, the climber has only one hand for keeping the hold, 
the other hand he/she needs to reach to the quickdraw on the harness loop, unclip it and clip it 
to the protection on the wall. Then the climber needs to reach down again to pull up as much 
rope slack needed to reach the quickdraw and clip in the rope. These are very critical 
moments, as the climber has to stay stable during the procedure. Plus due the rope slack for 
reaching the quickdraw the potential fall height is increased. Clipping in the rope should not 
be done too high above the climbers position, to prevent overstretching which is very power 
consuming and due to the increased amount of rope pulled up, the potential fall height is 
increased. At the beginning of a climb, the climber could even fall till the ground. Because of 
this, it is recommended at a wall to clip around elbow level of holding arm and at indoor walls 
at waist-high (Winkler, et al., 2013, pp.211). 

  
Figure 4. Lead climbing illustration. Left: Lead climbing up; right: a fall stopped at last clipped protection (Rock 

Climbing Equipment and Techniques, 2015). 
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To better understand the sequence, handling and experience, shadowing was conducted.  
Video documents from web-platforms (Youtube and Vimeo) were found helpful to study and 
observe the execution of different climbing techniques with quickdraws, as it was difficult to 
observe in the field in winter time, except of ice climbing and indoor-climbing. This is not 
directly the same as the direct observation, however is considered to be a good substitute. 

Afterwards a storyboard was created as comic stripes to deepen the understanding, it can be 
found in Appendix B. 

3.2 Importance quickdraw  
A quickdraw not only decrease the fall height to the last set point, it also has other important 
safety elements. It allows to run the rope more freely through the protections and decreases 
the deflection angle. The higher the deflection angle the higher is the rope friction. Rope 
friction not only makes pulling of the rope more exhausting, it also can be safety critical. 
Through unfavorable rope guidance, like in the following figure 5 on the left, the main force 
could be taken up by the friction and would barely reach the belayer, which would then stop 
the fall static instead of dynamically. Dynamic reaction of the belayer, passing of some rope 
through a belay device, is a critical part to decrease the impact force on the faller and last 
protection. At a fall the force in the system is increasing until the belay device's braking force 
is reached. Afterwards the rope starts to slide through the belay device and slows to faller 
almost at constant breaking force to a stop. Through high friction at the deflection points this 
force could not be reached at the belayer, the rope would not start to slide slowly and the force 
would not be limited. (A munter hitch starts to react dynamically after a force of around  
250 daN, 1 Dekanewton = 10 N). This means that with high friction on the rope the force on 
the climber and last protection would increase much higher. Thus, smooth rope guidance (like 
in the following figure 5 on the right) leads to a fast dynamic reaction of the belayer. These 
decreases the forces on the protections, on which the forces are vectorially summarized, see 
figure 6. This force can be very critical for unstable protections, but not severe for standard 
rock anchors which should withstand the most critical load cases (Fimml & Larcher, 2000). 
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Figure 5. Influence of rope guidance, left HMS acts static, right dynamic (Fimml & Larcher, 2000). 

 
Figure 6. Force on protection depending on deflection angle (Fimml & Larcher, 2000). 



14 

3.3 Quickdraws stand today 

3.3.1 Build up  
The majority of the quickdraws on the market are build up through two karabiners connected 
through a sling (also occasionally dogbone called). Slings have an average length of 10-25 cm 
(Jenkins & Subic, 2003, pp.292). The karabiner protection side and rope side often slightly 
differ, as well as the fixation to the sling. The following picture gives an overview of a typical 
quickdraw (figure 7). 

 
Figure 7. Overview common quickdraw parts.  

The karabiner on the rope side should be stabilized with a string to the sling, this eases the 
clipping in of the rope into the karabiner, plus prevents the slipping of the karabiner into an 
cross-load position (Jenkins & Subic, 2003, pp.303).  

For the karabiner on the protection side the opposite is the case. No fixation should be 
attached to fix the karabiner to the sling; the loop should be rather big that the sling can rotate 
around the karabiner (Semmel & Stopper, 2005; Semmel, 2012; Luebben, 2004). This 
prevents that the karabiner moves in the protection, which could increase wear and worst case 
move the karabiner in an improper position in the protection, like later described in chapter 
3.3.5. 

To ease the hooking in of the rope the rope-karabiner is often equipped by producers with a 
bend gate, while the protection-karabiner has a straight gate (Luebben, 2004, pp.70).  For 
solid gate-karabiners, a key-lock system for aligning the gate in closed position, is mostly the 
standard today at quickdraws. The key-lock prevents when unlocking the quickdraw from 
snacking at the protection, which is an issue with pin-and-notch karabiners.  

The karabiners are designed to take the force along their mayor axis and their shape should 
keep the force aligned in this direction. In the past a few accidents occurred where the 
karabiner got misplaced in the sling, to prevent this the slings are nowadays thinner at the 
karabiner than before, now around 12-15mm, in the past around 25mm. A wider sling 
transmits the force further away from the karabiner spine, with this creating a higher 
momentum which is more likely to turn the karabiner in the sling (Jenkins & Subic, 2003, 
pp.302). 
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Wire-gates are now widely used for quickdraw-karabiners, which were first reluctantly 
accepted as they were considered as insecure, but in practise refuted this assumption. The 
wire gates offer a wide range of benefits like lower weight (in average 8 gram less), a stronger 
gate, which is less prone to icing and accidental opening through hits or vibrations cause of 
their lower inertia (Jenkins & Subic, 2003, pp. 300; Schubert, 2004). Wire gate karabiners 
mostly have a pin-and-notch, which have the above described disadvantage of snagging. 
However, several providers offer now wire-gate karabiners with their own patented key-lock 
system for wire-gate (see chapter 3.5.2).  

Most manufactures offer and recommend that both karabiner gates should face the same 
direction, even though some climbers prefer them opposite directions, one left and the other 
right (Luebben, 2004, pp.70). Exceptions are the Mamba Quickdraw from DMM, some 
quickdraw series from Mad Rock, AustriaAlpin  and all series of Omega Pacific. Omega 
Pacific states that they feel this is the safest method to reduce the possibility of simultaneous 
gate-opening of both karabiners.   

"We orient our carabiners on all our standard quickdraws with the gates facing opposite each 
other. We feel that this is the safest method to minimize the possibility of simultaneously 
loading both carabiners in a gate-open position while leading routes which may wander 
above and to the left or right of your last placement. Under certain circumstances, it is 
possible for both gates to open during a fall as the ‘draw is scraped along the rock while it 
orients iteself below the point of protection. By opposing the carabiners on a draw, we reduce 
the possibility of simultaneous gate-opening in this manner."  (Omega Pacific, 2015) 

The author of this report does disagree with this safety argumentation, no investigations by 
several organizations over the last years could be found which have revealed a case like that 
(see chapter 3.3.5). Further, instructions from mountaineering organizations of the proper 
handling of quickdraws argue to install quickdraws the way that both gates face away from 
the climber and the wall (see chapter 3.3.2). This can be best achieved with a quickdraw 
karabiner-gates facing in the same direction. A quickdraw with gates facing different 
directions bears the danger that a quickdraw correct installed for the rope direction (rope lead 
over spine, not gate) could turn the karabiner in the protection that the gate could get opened, 
see figure 8. A quickdraw with gates facing the same direction the protection karabiner would 
slide to its spine, the strongest part of the karabiner and would be safer. The movement of the 
protection-karabiner should in general be prevented through the wider sling on this karabiner, 
as mentioned above, however a movement is still not totally excluded (Semmel & Stopper, 
2005; Semmel, 2012; Winkler, et al., 2013, pp.74; Alpenverein Südtirol AVS, 2015).  

 
Figure 8. Quickdraw with opposed directed gates, turned in the protection (Alpenverein Südtirol AVS, 2015). 

3.3.2 Handling  
The correct climbing techniques and proper use of climbing gear should be acquired in 
courses and tested. The rules to fulfil this can differ from country to country and finally it is 
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the climbers own responsibility to master the gears correctly, outdoor in the field nobody is 
going to check licences. Using quickdraws to secure oneself while climbing a couple of rules 
have to be followed, otherwise risks of accidental unhooking and karabiner break can occur. 
(Winkler, et al., 2013, pp.208) (see also chapter 3.3.5) Following the rules are summarized: 

 The quickdraw has to be clipped into the protection that way that booth gates are 
directing away from the climber and the wall (Winkler, et al., 2013, pp.208). See 
following figure 9  

 The rope must run along the wall, then through the karabiner in direction to the 
climber. Otherwise if the climber is falling, the rope can fall over the gate and open it 
(Winkler, et al., 2013, pp.208). See following figure 9 

 
Figure 9. Left: correct fixation to the protection and leading of the rope; right: wrong (Winkler, et al., 2013, 

pp.208). 

A karabiner can break if loaded on bend or in cross-direction, to prevent the following rules 
have to be followed as illustrated in the following figures 10 - 12 (Winkler, et al., 2013, 
pp.209).  

 
Figure 10. Left correct; right: wrong, bend load-case on karabiner (Winkler, et al., 2013, pp.209). 
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Figure 11. If the karabiner cannot be adjusted without preventing a bend load-case, a sling should be looped in  

(Winkler, et al., 2013, pp.209). 

 
Figure 12. To prevent the bend load-case of the karabiner rope side, sling length should appropriately be chosen 

(Winkler, et al., 2013, pp.209). 

3.3.3 Materials  
Material selection in the climbing sector is based mainly on the following criteria's: Weight, 
strength, durability, price, marketing and design (Jenkins & Subic, 2003). 

Slings 
Slings for quickdraws are made of Polyester, Nylon (=Polyamid) and Dyneema 
(=Polyethylen). Jenkins and Subic (2003) argue Polyester is not suitable for long slings cause 
of its low elongation, this is not a big issue for short quickdraw slings, which anyway cause of 
their short length do not absorb much energy that is why Polyester can be found applied in 
several quickdraws on the market. Polyester has the benefits, that it has the better wet and 
chemical features. Slings made out of Nylon are generally wide (11-16 mm) and the material 
is coloured. Dyneema slings are very thin (8-11 mm) and the fibbers are smooth, that is why 
they cannot be coloured. For this reason Dyneema slings are largely whitish mixed with 
coloured Nylon fibres. With Dyneema slings the lowest weight can be achieved, the wider 
Nylon strings are on the other side praised for better grip (Jenkins & Subic, 2003; 
Bergfreunde, 2015).  

Karabiners 
The majority of karabiners are made out of 7000 series aluminium alloys, typically 7075-T6. 
Karabiners made of stainless-steel are only used where weight saving is no concern, like at 
indoor-walls where they are already installed and wear is high or for mountain rescuing cause 
of high safety concerns (Schubert, 2004). The spring and the rivet are made of stainless steel. 
The karabiners are produced out of a bar, which in a first step is bend in the C-shape, then by 
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cold forging in a press tool formed, some use hot-forging to achieve more complex shapes. 
Rest material is punched off and rivet holes are drilled. Afterward the karabiner is heat 
treated, polished and deburred. The other metallic parts are made by turning, milling and 
drilling, and similar final treatment. In a final step before mounting colour is anodised 
(Jenkins & Subic, 2003). 

Wire gates are made from martensitic, precipitation hardenable 17Cr–4Ni stainless steel 
(Jenkins & Subic, 2003). 

String  
Either the sling is sewn tight around the karabiner or a string is applied to adjust the rope-
karabiner. Another solution is the use of a karabiner category T with a loop for the sling (see 
chapter 3.3.4), which is rarely applied in practice. Strings are either plastic parts which are 
adjusted over the sling and karabiner or plastic inlets inside the sling loop and around the 
karabiner, filling up the gap and making the connection stiffer (Bergfreunde, 2015). 

    
Figure 13. Different fixation methods slings, from left to right: sewn tight, rubber part around and 

plastic inlet (Bergfreunde, 2015). 

3.3.4 Standards  
Specific for quickdraws are no standards, but for the two main parts it is built together, 
karabiner and sling. Following are the standards significant for quickdraws summarized. 

Standards for karabiners  
Karabiners standards for climbing were first developed by the International Climbing and 
Mountaineering Federation UIAA and are defined through the UIAA 121 "Mountaineering 
and Climbing Equipment ‘CONNECTORS / KARABINERS’" (2013) and the EN	 12275	
‘Mountaineering	 equipment	 –	 connectors	 –	 safety	 requirements	 and	 test	 methods’	
(2013)	 from	 the CEN European Committee for Standardization.	 The	 UIAA	 collaborates	
with	the	CEN	on	standardization;	the	UIAA	121	(2013)	is	based	on	the	EN	12275	(2013)	
and	adds	some	additional	requirements.	

Many	producers	offer	complete	quickdraws	with	karabiners	pre	mounted	 to	 the	sling.	
Most	karabiners	found	on	the	market	applied	in	quickdraws	on	time	of	this	study	belong	
to	the	standard‐karabiner	category	B	(see	figure	14).	Only	a	few	quickdraws	were	found	
with	a	flap	in	the	karabiner	for	positioning	the	sling	according	to	category	T	(like	Mamba	
from	DMM,	2015),	even	tough	as	by	the	standard	as	karabiner	category	for	quickdraws	
referred,	 this	 system	 is	 rarely	 applied	 for	 quickdraw	 karabiners,	 instead	 a	 string	 is	
mostly	applied	 to	 fix	 the	sling	at	rope‐karabiner	 (see	chapter	3.3.1).	Reason	 for	 this	 is	
probably	 the	higher	production‐costs	and	 the	difficulty	 to	exchange	 the	 sling,	 the	part	
which	 is	 most	 prone	 to	 wear	 (see	 chapter	 3.3.5),	 and	 that	 the	 protection‐karabiner	
should	not	be	 firmly	 fixed	(see	chapter	3.3.1).	None	quickdraw‐karabiners	were	 found	
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on	the	market	equipped	with	a	safety‐lock	like	screw‐lock	or	twist‐lock,	if	a	user	wants	a	
quickdraw	with	safety‐locking	karabiners	they	need	to	assemble	by	themselves.	Kong	is	
offering	as	outsider	a	connector	which	is	allocated	to	category	A,	the	Express‐Frog	(see	
chapter	3.5.8).	Category	A	is	according	to	the	standard	a	self‐closing	karabiner	intended	
for	connecting	with	special	anchor‐points.	Another	potential	category	for	quickdraws	is	
category	 X,	 called	 according	 to	 the	 standard	 oval‐karabiner,	 which	 has	 to	 be	 almost	
symmetrically	along	the	longitudinal	axis	and	requires	an	inner	radius	of	at	least	12	mm.	
For	the	category	X	a	snapper	interlock‐system	is	forbidden.	Further	categories	according	
to	 the	 standard	 are	 category	H	 ,supposed	 as	 belay	 karabiner,	 category	Q,	 a	 karabiner	
with	nut	 as	 gate,	 like	 a	Maillon,	 and	 category	K	 for	Via‐Ferrata	 routes	 (see	 figure	15).	
These	 three	categories	 can	be	excluded	as	connector	 solutions	 for	a	quickdraw	 that	 is	
why	these	are	not	further	elaborated.		

       
Figure 14. Potential category's from left to right: karabiner category B; category T, category A and  category X 

(EN 12275, 2013). 

  
Figure 15. Excluded categories from left to right: Category H, category Q and category K (EN 12275, 2013). 

 
The potential connector categories defined above have to fulfil the following requirements: 
(EN 12275, 2013) 

 A self-closing snapper (EN 12275, 2013, Chap.  3.3) 
 Have to be free of burrs and not contain sharp edges (EN 12275, 2013, Chap.  4.1) 
 Karabiners category A and T have to be designed that the load application on the 

karabiner is defined in only one direction (EN 12275, 2013, Chap. 4.1.7) 
 A snapper opening clearance of at least of 15 mm (does not apply for category A), see 

figure 16 (EN 12275, 2013, Chap. 4.1.8) 
 Fit at least two bars Ø11 in section 1 without limiting the movement of the snapper 

(does not apply for category A), see figure 16 (EN 12275, 2013, Chap. 4.1.9) 
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Figure 16. Snapper opening guidance and space, karabiners category B,T,H and X (EN 12275, 2013). 

 Strength in main direction gate closed 20 kN, except category X (18 kN), see figure 17 
(EN 12275, 2013, Table 1)  

 Strength in main direction gate open 7 kN, except for category H (6 kN) and category 
X (5 kN), see figure 17 (No requirements if with an automatic snapper safety locking 
equipped) (EN 12275, 2013, Table 1) 

 Strength in transverse direction 7 kN, see figure 17 (does not apply to karabiners 
category A and T, as load application for this category is through the design only 
applicable in one direction)  (EN 12275, 2013, Table 1) 

 

 
Figure 17. Load cases: left main direction, middle open-gate, right transverse  (EN 12275, 2013). 

 The gate has to fulfil different requirements according to EN 12275, chapter 4.2.2 
(2013), like functionality under stress, gate resistance to opening or specific 
requirements for locking and interlocking gates  

 Markings like producer name, category and min. strength in respective directions 
according to EN 12275, Chap. 6 (2013) 
 

Both standards give no specifications to the karabiner shape which is in contact with the rope 
under load, but recommend to follow at least the following cross-section guidance to keep the 
rope wear low (see figure 18).  

 
Figure 18. Recommended cross-section at with rope-contact (EN 12275, 2013, Appendix A). 
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Standards for Slings 
Slings are standardized through EN 566 "Mountaineering equipment - Slings - Safety 
requirements and test methods" (2006) and UIAA 104 Mountaineering and Climbing 
Equipment ‘SLINGS’ (2013). 

Slings are defined according to the standard EN 566, Chap. 3.1 (2006) as through seams or 
other connection method sewn to a sling form-fitted combined band, cord or rope-part. Shape 
and length are not defined.  

According to the way they are build up there are further specifications to the seam and 
stitching.  

The slings have to withstand at least a force of 22 kN (EN 566, 2006, Chap. 4.3). 

 
Figure 19. Break strength slings (EN 566, 2006). 

3.3.5 Safety concerns  
To compare different sport activities conforming to their potential accident risks is rather 
difficult, as it is hard to get solid numbers of accidents occurred, their severity, amount of 
participants and time spend. In general it was stated that trekking, mountaineering and 
climbing belong to the sport disciplines with the lowest risk of injury and the highest fitness 
gain, like in comparison for example with football or volleyball, where the risks are evaluated 
much higher of injuries in relation of time conducting the sport. However, in this comparison 
is not included the severity of the accidents, accidents in mountaineering sports can have 
severest outcomes and even death (Randhofer & Hellberg, 2010). 

There are several incidents documented in the last years, where accidents occurred related to 
quickdraws. The accidents can be allocated to the following sections. 

Karabiner open-gate load case 
One of the most common causes for quickdraw failures is the accidental opening of the gate. 
Due to easy handling and to save weight, quickdraw-karabiners have no safety-lock. 
A karabiner with a safety-lock is around 20-35 gram more heavy (Schubert, 2004). The open-
gate strength has to be at least 7 kN according to standards, this force is very critical as it has 
been already achieved from a fall as high as feed same level as the hook (Jenkins & Subic, 
2003, pp. 301; Schubert, 2004). Even more dangerous can be this case through improper 
allocation of the karabiner in the protection with an open-gate, through the leverage-effect the 
strength of the karabiner is dramatically lowered, see figure 20 (Hellberg & Semmel, 2012).  
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Ian Hey (2014) technical officer BMC states that in such a case a force of only 2.5 to 3.5 kN 
could be sufficient to break a karabiner.  

 
Figure 20. Karabiner twisted in protection and gate slightly pressed open (Hellberg & Semmel, 2012). 

The following incidents were identified as causes for opening the gate:  

 Pressing karabiner against a rock protrusion or jammed in a crack (Schubert, 1997, pp. 
59; Nilsson, et al.,  2004). 

 Through vibrations (around 50 Hz) caused through a rope running through the 
karabiner or hitting the karabiner against the wall during a fall, the gate could open for 
a fraction of a second. This case is dangerous for gates with a higher inertia, for 
karabiners with a wire gate this risk is eliminated, see following figure 21 (Jenkins & 
Subic, 2003, pp. 301; Schubert, 1997, pp. 75). 

 
Figure 21. Left: Opening of the gate through hitting the wall; right: with a wire-gate less prone to open  

(Hellberg & Semmel, 2012). 

 A wide quickdraw sling overlaps the key-lock and keeps the gate from closing, can be 
considered as no issue anymore nowadays with the new sling designs (Schubert, 1997, 
pp. 75). 

 Karabiner not properly clipped into a protection, especially dangerous with 
"Bühlerhaken"-protections  (Schubert, 1997, pp. 59; Semmel and Stopper, 2005) 

 Karabiner moves in protection and opens, like it is shown in figure 21. Karabiner 
movement can be promoted through a fixed sling adjusted to the karabiner (like rubber 
string) (Semmel and Stopper, 2005). 

 Aging and dirt (see in sub-chapter "Aging and dirt karabiner") 
 

To prevent karabiner open gate failure several studies recommend choosing a karabiner with 
higher open-gate strength than 7 kN (minimum according to standards (EN 12275, 2013)). 
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Further, at positions where a fall is more possible, it is recommended to use two quickdraws 
in parallel (see figure 22) or karabiners with a safety-lock (Schubert, 1999; Kiener, 2009; 
Semmel, 2012; Stopper, 2001). 

 
Figure 22. Left: Two quickdraws in parallel to increase security (Schubert, 1999). 

Cross-load 
Karabiners take only a section of the load in cross-alignment compare to in main direction, 
according to standards (EN 12275, 2013) at least 7 kN. This load can be easily exceeded as 
already mentioned above and consciously this load-case is critical. In the following figure 23 
examples of this load-case are illustrated. 

  
Figure 23. Left: cross-loading karabiner; right: Bend-loaded karabiner (Schubert, 2004). 

To prevent this load-case producers took measurements in the design. The nose angle has 
been designed steeper, to keep the karabiner better in position in the protection and the rope 
next to the karabiner spine. Further, most of producers adjust the karabiner for the rope side 
with a string to the sling. DMM, company for climbing gears, even brought the Mamba 
karabiner-quickdraw in the 90's on the market with a loop to adjust the sling in position, see 
figure 24 (Jenkins & Subic, 2003, pp. 302). Thanks to the design adjustments, cross-load 
failures seem to occur nowadays rarely (Schubert, 2004). 
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Figure 24. Cross-loading of lower karabiner not possible (Schubert, 2004). 

Wear karabiner 
Wear is also considered to be a critical factor for quickdraws. On aluminium karabiners the 
effect of wear gets clearly visible over intensive use and time. As previous studies revealed 
wear is less critical for the strength of the karabiners itself, but can have an major impact on 
the rope strength (Semmel & Stopper, 2003; Schubert, 2004; Schambron & Uggowitzer, 
2009; Steinmüller, et al.,  2013). A karabiner grinded to the half nominal diameter should still 
withstand the most critical load cases. The reason is, that the location where the wear occurs 
the karabiner is over dimensioned and the most critical stresses occur, where the transaction is 
from radius to the karabiner spine, at this location no wear can occur with regular use, see 
grinded karabiner figure 25 (Schubert, 2002). 

 
Figure 25. Rope-karabiner deeply grinded in where the rope runs (Steinmüller, et al., 2013). 

While the strength of karabiner is not significantly affected, wear still can play a crucial role 
on the karabiner. The grinding of the rope can cause a sharp edge on the karabiner, which can 
cut the rope in a fall-case even. In particular, this is dangerous, where quickdraws sometimes 
are left at hard-to-climb and overhanging sections to ease the climbing for the next or because 
the cleaning from quickdraws is inconvenient, common in climbing gardens. This quickdraws 
do not undergo a regular inspection like in climbing halls. Because of this reason climbing 
organizations deeply warn from the use of left quickdraws, they recommend to use in doubts 
the own controlled quickdraws and to remove old ones (Steinmüller, et al.,  2013). The UIAA 
recommends in general to replace karabiners with wear deeper than 1mm (Kiener, 2009). 

The problem of grinding sharp edges occurs, where the rope is only in a slight angle 
redirected and under high tension by the rope (see figure 26, red marked cross-section). On 
karabiners, where the deflection angle is higher or where sometimes a fall occurs, the edges 
are round grinded (see figure 26, green marked cross-section) and with this less severe for the 
rope (Steinmüller, et al., 2013).  
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Figure 26. Grinding rope-karabiners depending how the rope runs (Steinmüller, et al., 2013). 

Another factors than deflection angle which promotes the effect of grinding are dirt particles 
on the rope, like sand or granite-particles, which lets the rope appear like grinding paper and 
for this reason a rope-bag is recommended for keeping the rope and quickdraws clean 
(Steinmüller, et al., 2013). 

Movement in the protection and the force of the pulling rope due to a fall can press deep and 
sharp notches into the karabiner (see figure 27). These notches are like the grinding wear of 
the rope not severe for the karabiner strength itself as the location, where these notches occur, 
are not critical for the karabiner, like mentioned above. However, if the quickdraw sides are 
confused and the protection-karabiner is used for the rope, the sharp edges on the protection-
karabiner can damage the rope and lead to a rope mantel break, a total break of the rope 
should not occur.  Rope with a mantel-break should not be climbed on. For this reason the 
same karabiner should always be used for protection and never for the rope (Schubert, 2004; 
Schambron & Uggowitzer, 2009; BMC, 2009). 

 
Figure 27. Sharp edges at protection can cause sharp notches at karabiners (Schubert, 2004). 
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Aging and dirt karabiner 
Overtime not only wear can affect a karabiner, aging and dirt can hinder the closing 
mechanism (see figure 28), like that a karabiner does not properly close and it could occur an 
open-gate load-case during a fall (Schubert, 2004; Steinmüller, et al., 2013). 

 
Figure 28. Old and polluted karabiner, wear on rope section, gate does not close properly (Schubert, 2004). 

Fall of a karabiner  
The rumour, that severe cracks can occur from a fall in a karabiner, is widely spread in the 
climbing community, but this fear is widely refuted. Cracks could occur during productions, 
but karabiners with this kind of productions failures normally do not get into sale. More 
critical is that the closing mechanism could be damaged and the gate does not properly close 
anymore. In this case the karabiner should be exchanged, otherwise the karabiner can be 
reused without any concerns, even after a high fall on rocks (Schubert, 2004). 

Sling 
Aging and wear has a severe impact on slings (see figure 29). UV-sunlight, rain, dirt and 
scrub can decrease the strength of significantly. Strong wear of a sling can even lead that a 
sling will break at a regular fall. Severe for slings is particularly the rubbing on the wall 
(Semmel & Stopper, 2003). Strong wear of a sling is recognizable by eye, thus failure can be 
prevented by early enough sorting worn slings out (Steinmüller, et al.,  2013). Flowingly 
Schubert (2008), in general it is said that slings barely age through storage alone, even after 20 
years. As aging and wear are recognisable, even after ten years of usage at rock or ice, if no 
damages are visible, a sling is still durable enough to take the highest possible stresses in practice.  

In a climbing center the wear can be very severe, through several falls and scrubbing at the wall. 
This can lead that a sling already after a few months, weeks or even days has to be exchanged, 
therefore close visual inspection is important (Schubert, 2008). 

 
Figure 29. Worn out sling  (Steinmüller, et al.,  2013). 

As on climbing ropes as also on slings the contact with liquid or steam sulphuric acid (present in 
car batteries) has a severe impact on the strength. As the contact and impact of this acid is not 
visible on the slings often, slings should never be stored at places where it could get in slightest 
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contact with acids. To assure this, quickdraws should not be borrowed to someone else (Schubert, 
2008). 

Improper adjustment String 
Several providers and mountaineering organizations warn from improper adjustment of the 
sling to the karabiner with a rubber string. If the karabiner is only thread through the rubber 
string and not the sling as well, only minimal loads are carried. A load case like a fall, would 
immediately tear the string apart. Especially, elastic rubber slings, which should be attached 
over the sling, are risky (Schubert, 2007; Steinmüller, et al.,  2013; UKC, 2009). A case like this 
occurred two years ago in Switzerland and caused the death of a young professional climber 
(Alpine Sicherheit, 2013). 

 
Figure 30. Improper fixation of a rubber string, sling not around karabiner only pressed into string  (Steinmüller, 

et al., 2013) 

3.3.6 Discussion standards  
The set minimum 20 kN strength in main direction for karabiners (EN 12275, 2013, Table 1) 
can be considered as high enough to withstand with enough safety the worst severe load cases 
imaginable while climbing. Stopper (2001) states that in the field the maximum load which 
could be applied on a quickdraw is 15 kN, which only can be achieved if a climber falls 40 m 
from the quickdraw. This scenario is pretty unlikely that a climber would at a overhanging or 
straight wall without securing in-between climb that high to reach such a long fall, but worst 
case imaginable and still secure below the limit. To compare to a sport climbing fall which 
normally is not higher than 8m, a such a fall could apply a load of worst until 8 kN, well 
below this limit. Tests also approved that the limit is high enough for karabiners to resist this 
load cases several times. After applying 15 kN on some standard karabiners 500 times, the 
karabiners still were functional without any sign of deformations (Stopper, 2001). 

That open-gate cases are very critical is proven by several lethal accidents in the last years 
when open-gate karabiner breaks occurred. This demonstrates how critical the open-gate 
strength from 7kN (EN 12275, 2013, Table 1) according to the standard is. Due to this 
climbing organizations recommend to choose karabiners with high open-gate strength. That 
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this standard has not been increased can be argued that a higher open-gate strength mainly 
only can be achieved with a thicker karabiner, which means a higher weight and problems to 
still clip into protections. More weight is what climbers mainly want to avoid, why this is 
likely a main reason, why the standard organizations do not increase the requirements 
(Schubert, 1999; Schubert, 2004). 

A failure investigation by Schambron and Uggowitzer (2009) criticised the standard's quasi-
static load test for karabiners as not appropriate for the dynamic load-cases quickdraw 
karabiners could experience in real situations. They argue that in their conducted dynamic 
tests, which should more closely reproduce the field situation, a closed karabiner already 
failed at the half break-load compare to the standard static test, which puts a question mark if 
the defined tests according to the standards are sufficient. The UIAA (Kiener, 2009) refuses 
this assumption. They argue that the conducted tests by Schambron and Uggowitzer (2009) do 
not reproduce the field situation reliable. The conducted guided free test fall by Schambron 
and Uggowitzer adds vibrations into the rope and karabiner, due to these vibrations the 
karabiner opens as it corresponds to the gate's own frequency. According to Kiener this test 
reproduces the dynamic open-gate break strength. Own conducted dynamic tests by the UIAA 
several years ago lead to the conclusion that dynamic tests are not necessary for setting 
standards. A free fall in the field does not induce high enough vibrations to open the gate. 
Further, they argue that the static forces applied several seconds are worse than the same force 
applied tenths of a second in a dynamic test that is why a static test is on the more 
conservative side (Kiener, 2009). 

3.3.7 Segmentation 
Quickdraws on the market can be divided into addressing three main segment groups 
according to the kind of climbing conducted: sport, traditional/alpine and ice-climbing. In-
between these main groups can also all-rounder's and beginners be allocated. However, not 
only the preferred climbing style is defining, very often the personal preference plays a major 
role, like if someone is struggling in general with small karabiners cause of big hands, could 
even while conducting alpine-climbing chose a quickdraw with typical sports karabiners 
features. In the following sub-chapters these segments are briefly described.  

Sport climbers  
Sports climbers want to climb rather short routes but more difficult, technical demanding as 
fast as possible. They are more prone to take risks and to fall frequent. 

Sport climbers prefer a shorter, stiffer, easier and fast to clip quickdraw. Karabiners are larger 
for easy and quick clipping. The slings are wider to grab the quickdraw better, often out of 
Nylon. Weight is not that important, as they do not need that many quickdraws for their short 
routes as an alpine-climber. Karabiners for sport karabiner have mainly a solid straight gate 
protection side and a solid bend gate rope side. For a typical sport quickdraw see figure 31. 
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Figure 31. Typical sports quickdraw. 

Traditional / alpine climbers 
Traditional / alpine climbers climb long routes, usually technically less acrobatic demanding 
than sport climbers and less prone to fall. They need endurance and energy saving is one of 
their main concern. 

Alpine climbers prefer very lightweight quickdraws, as they need for the longer routes more, 
the weight of a quickdraw is very critical. Typical alpine quickdraws have longer slings, as 
alpine climbers make more direction changes in the route. Longer slings redirect the rope and 
decrease with this the friction better. To save weight the slings are slim often out of Dyneema 
and mainly karabiners with wire gates are used. A typical alpine quickdraw is presented in 
figure 32. 

 
Figure 32. Typical alpine quickdraw. 

Ice-climbers 
Ice-climbers climb ice-formations like a frozen waterfall. Comparable to sport-climbing the 
routes are rather short. The climber uses ice-axes and crampons to climb. As for protection 
points the climber uses ice screws, to which the climber secures with quickdraws as well. 

For ice-climbing quickdraws with wire-gate karabiners are preferred as they are less prone to 
icing, like in figure 33. Karabiners should be big enough to operate these with gloves. Some 
even recommend using at brittle ice, quickdraws with shock absorber to reduce the impact 
force to a protection in case of a fall and due this to prevent the breaking out of the ice (see 
figure 34). (Bergfreunde, 2015)  
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Figure 33. Typical ice-climbing quickdraw (Mammut, 2015). 

 

 
Figure 34. Quickdraw with shock-absorber sling (Camp, 20015). 

All-rounder 
A climber that does a bit of all, but does not want to have for every discipline a different 
quickdraw set. For this person a compromise between sports and traditional climbing / 
between weight and handling fits the best.  

Beginner 
If you are beginner and learning you should choose something that is easy to operate, weight 
is from less concern for a beginner yet. For this category a quickdraw like for sport-climber is 
most appropriate, which fits good in the hand, plus as beginner you will most likely start with 
short climbing routes in climbing gardens, same routes as sport climbers. 

Quickdraws for indoor climbing centres  
This quickdraws are already prefixed on the wall. Because, weight is of no concern and wear 
is high, the karabiner is made of steel. For the same reason slings should either be a steel 
cable or widely protected like with a plastic cover. On the protection side mostly a steel 
Maillon Rapide is applied (karabiner category Q according to EN 12275, 2013). A typical 
indoor quickdraw is shown in figure 35. 

 
Figure 35. Typical climbing hall quickdraw (Oslo Sportslager, 2015). 

3.4 Interfaces quickdraw 
A quickdraw has to interfere with a couple of objects, in this chapter the interaction and 
objects are investigated. 
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Gear loop harness, protection and rope are three crucial interfaces the quickdraw always has 
to interfere. If the climber goes ice-climbing or climbing at cold conditions, gloves are as well 
non negligible. Further, some climbers feeling unsecure to climb the first meters without  
being secured, these sometimes apply a so called "stick clipper". (Luebben, 2004, pp.159; 
Winkler, et al., 2013, pp.232) This tool allows to place the first quickdraws already from the 
ground. 

Further, the environment is from influence. Like the weather, dirt and especially the rock- or 
ice-wall, this can have a major effect on wear. 

Finally, one of the most important interfaces are the hands of the climber. Nothing seems to 
determine more the decision of a climber which quickdraws to choose than how the 
quickdraw lays in the hand and can be operated. If someone has bigger hands she/he will 
struggle to manipulate small karabiners. 

In the following subchapters some interfaces are closer investigated.  

3.4.1 Gear loops harness 
Gear loops are on the side of the harness, they allow the smooth carry of gear on the route, 
like quickdraws, karabiners, locking karabiners, wired nuts, cams, slings, cordlettes and nut 
tool (Luebben, 2004, pp.111), see figure 36. How many and which gears are carried with 
depends on the climbing kind, traditional, top-roping or sport climbing, and the climbing 
route. 

Quickdraws are placed with the protection-karabiner on the gear loops, the rope-karabiner 
hanging down. This way they do not have to be turned when clipping from the harness to the 
protection. Which side facing toward the body, gate or spine, varies from climber to climber 
and can be defined as climbers preference. (Luebben, 2004, pp.155) 

 

 
Figure 36. Harnesses with gear for trade climbing (Bergfreunde, 2015). 

3.4.2 Protections 
The quickdraw should preferably very universal fit into all the different protections which a 
climber can encounter. In climbing gardens mostly standard hangers are already prefixed with 
bolts on the wall, which should follow standard EN 959 (2007) or as well UIAA 123 (2013). 
Except of hangers the climber can also encounter other protections in the field, or needs to set 
them, especially at traditional/alpine climbing, like pitons, nut and camming device or at ice-
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climbing needs to set a ice-screw. Flowingly is a short overview of some typical protections, 
which climbers mostly encounter in figure 37, 38 and 39. 

     
Figure 37. Protections at a wall (FIXEhardware, 2015). 

 
Figure 38. Nut and camming device (Bergfreunde, 2015). 

 
Figure 39. Ice-Screw (Simond, 2015). 

On the field outside, protections sometimes do not always follow standards or size 
recommendations. In some cases they are very tight, have sharp edges (like in figure 27). At 
these protections karabiners are more prone to get jammed, or karabiners with wide nose can 
barely be clipped in. 

3.4.3 Rope 
For climbing three different types of ropes are applicable depending on the type of climbing 
which will be conducted. The three types are single ropes, twin ropes and half (double) ropes, 
see figure 40. Single ropes are the most commonly used and easiest to handle. The diameter 
varies from 8.9mm to 11mm. (Mammut, 2015) Twin ropes are the thinnest ropes between 
7.8mm and 8.5mm. The two twin ropes need to be clipped into all protections on the way, 
except someone is fanatic about saving weight. They are used for long alpine routes, where 
weight is very important and two ropes are required to rappel. More recommended than twin 
ropes are half ropes, which are single clipped on the sides, one on the right and the other on 
the left. This decreases rope drag compare to twin-rope and single-rope, when the protections 
do not follow a straight line. Additionally, a second rope adds some security, as it is less 
likely that two ropes at the same time getting cut. Half ropes have a diameter between 8mm to 
9 mm (Luebben, 2004, pp.73). 
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Figure 40. Different ropes and accordingly clipping style from left to right: single, twin and half rope (Mammut, 

2015). 

3.4.4 Gloves 
While climbing on ice or during cold days gloves are not negligible. This puts a further 
requirement for quickdraws used at these conditions; these still have to be able to operate with 
gloves. This is best achieved with bigger sized karabiners. In the following figure 41 some 
typical climbing gloves are presented. 

 
Figure 41. Gloves for classical alpinism, mixed- and ice-climbing, expeditions (Mammut, 2015). 

3.4.5 Stick clipper  
Stick clipper (see figure 42) to clip in quickdraws and the rope from the ground are available 
on the market (Beta Climbing Designs, 2015; Trango, 2015; Epic Sport, 2015) or can easy 
adjusted to a regular stick with tape. 

   
Figure 42. Betastick and Epic Stick Clip (Beta Climbing Designs, 2015; Epic Sport, 2015). 
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3.5 Market / patent research and user study  
In the following chapter the market is investigated, what kind of quickdraws are on the market 
or were; and further with help of Netnography the user preferences was analysed.  

3.5.1 General 
There are countless competitors on the market which offer quickdraws, here some summed 
up: 

Mammut, Petzl, Ocun, Black Diamond, Climbing Technology, Edelrid, DMM, Wild Country, 
Kong, Skylotec, Stubai, Mad Rock, Fixehardware, AustriAlpin, Rock Exotica, Omega 
Pacific, Metolius, Grivel, Anlo Mountain, CAMP, Simond, Trango, Singing Rock, Rothco 
and Yates Gear Inc. 

Most providers offer quickdraws which follow the same concept, two karabiners connected 
with a sling. The difference are mostly based in the quality class of the karabiner with slightly 
different sophisticated gate mechanisms and the fixation of the sling karabiner rope side and 
design features. To save material and weight without lowering the strength, some producers 
apply an I-beam approach which is very beneficial to reach high bending resistance with less 
cross-section area. 

Average solid-gate quickdraws with a length of 10-12 cm have a weight of around 90-110 
gram and costs vary between 13 and 22 Euro. The majority of the weight and price is related 
to the karabiners, an average solid-gate karabiner is around 40-50 gram and costs around  
6-13 Euro on the market. Like in chapter 3.3.1 mentioned in the literature study, with wire-
gate karabiners lower weights can be achieved compared to solid gate, in average the wire-
gate karabiners vary from 19.5-45 gram. Prices for wire-gate karabiners varied between  
4.5-12 Euro for standard wire-gate with notch, wire-karabiners without notch are around 11-
14 Euro (see the following chapters for wire-gates without notch 3.5.2). The lightest wire-gate 
karabiner on the market for quickdraws found was the Edelrid Ninteen G from Edelrid with 
19.5 gram and was priced at 9.95Euro (complete quickdraw 19.95 Euro, 45 gram with 10 cm 
sling). This karabiner seems that much striven for low weight, that only the minimum strength 
requirements according to the standard (EN 12275, 2013) are fulfilled. Quickdraws with wire-
gate achieved as low weights as 45gr and went up till around 105gr with a sling of 10-12 cm 
length, these lay in a price field of around 8-22 Euro for standard pin-and-notch karabiners 
and new wire gate-karabiners without notch around 19-28 Euro. This information is gathered 
through the assortment of the reseller Bergfreunde (2015) at the stand of May 2015; in the 
following table 1 the data is summarized. 

Table 1. Overview karabiner and quickdraw typical weights and prizes 

  Weight [gram] Price [Euro] 

Solid-gate 
Karabiner 40-50 6-13 

Quickdraw (10-12cm sling) 90-110 13-22 

Wire-gate with notch 
Karabiner 19.5-45 4.5-12 

Quickdraw (10-12cm sling) 45-105 8-22 

Wire-gate without notch 
Karabiner 28-37 11-14 

Quickdraw (10-12cm sling) 63-80 19-28 
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On the market no quickdraws could be found equipped with safety-lock karabiners. If users 
want to apply quickdraws with a safety lock, they have to assemble on their own. On online 
forums some claim they do so and proposed for this to use the smallest available screw-gate 
karabiners. Proposed karabiners were for example: Mammut Wall Micro Lock,  Black 
Diamond Nitron, Black Diamond Positron and DMM Shadow. These weight in average  
55 gram and cost around 11 Euro (Bergfreunde, 2015; Kletterdorf, 2015, Rockclimbing, 
2015). 

Slings on the market were like in the material study (chapter 3.3.3) mentioned either of 
Dyneema, Nylon or Polyester. Weights varied between 8 to 15 gram for a 10 cm sling and 
around 15 to 25 gram for a 25 cm long sling, while the lowest weights are with the Dyneema 
sling achieved. Prices are around 4Euto to 6Euro (Bergfreunde, 2015). 

In the following research was mainly focused on producers which offer concepts, with new 
distinctive mechanisms. Included in the concept descriptions are summarized user feedbacks, 
gathered mainly through the review platform of the reseller Bergfreunde (2015) or through 
online forums as specified, this should help to grasp a better understanding of the user 
preferences. 

3.5.2 Wire-gate karabiners without notch 
In the last years several providers developed and patented new sophisticated closing systems 
for wire-gate karabiners to overcome the notch (see also figure 7, page 14), which is 
disturbing mainly while unclipping from the protection. Following, the different wire-gate 
solutions without notch are described.  

DMM wire-gate with recessed hook and key-lock 
DMM has two different wire-gates solutions patented to overcome the notch problem. In one 
concept they use a recessed hook which they apply in the Alpha series (see figure 43 left and 
44 left). In the other concept they apply something like key-lock solution adopted for the 
wire-gate, in their so-called Shield series (see figure 43 right and 44 right).  

Both concept are mainly praised by users, in an online review forum of the Shield quickdraw, 
out of the 56 reviews none could significantly criticize this model, only one criticized the 
force to open as slightly too high the rest all praised the handling and a few mentioned the 
high price (25.16 Euro, 79 gram with 12 cm sling) (Bergfreunde, 2015). The same goes for 
the Alpha Trad (16 mainly positive reviews) and the Alpha Light (3 reviews) for the last only 
the size was pointed out as a bit too small (Bergfreunde, 2015) 

  
Figure 43. Left Alpha light- and right Shield-karabiner wire-gate series (Bergfreunde, 2015). 
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Figure 44. Recessed hook (left) and key-lock-wire (right) solutions for wire-gate (Patent US 20050246875 A1, 

2005). 

Wild Country wire-gate key-lock solution 
Wild country uses the same patent for its wire-gate with hooded hook, see figure 45. This is 
applied in the Wild Country series Helium (33 gram) and Astro (29 gram), while the Astro is 
the smaller version of the Helium (Wild Country, 2015). 

As well with the series from Wild Country users are without exception satisfied (20 reviews 
for the Helium), they praised as well as with the solution from DMM the easy clipping and 
cleaning from protections, further the low weight was mentioned as plus. Negatively was only 
the relatively high price pointed out (27.95 Euro, 72 gram with 10cm sling) (Bergfreunde, 
2015). Wild Country justifies the price with the complex production method necessary to get 
the patented "no-hook" noose (Wild Country, 2015). Chris McNarma from Outdoor Gearlab 
(2011) proposes to save some money to use the Helium karabiner at the protection side and 
for the rope-side a regular notched wire-gate karabiner, as the notch is the main issue while 
unclipping quickdraws from protections.  

 
Figure 45. Hooded and recessed notch Helium (Bergfreunde, 2015). 

Black Diamond HoodWire Technology 
Black Diamond has a similar approach as the recessed hook from DMM, but instead of 
recessing they cover the notch on the side with a wire, this concept they call Hoodwire (see 
figure 46 and 47). Also this concept satisfies the users without exception (17 reviews), even 
though one user mentions the fear of getting problems to clip the wide karabiner nose into 
tight protections, many other user refute this and stating they never experienced that problem 
(Bergfreunde, 2015). 
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Figure 46. HoodWire (Black Diamond, 2015). 

 
Figure 47. Wire-gate carabiner (Patent US 8234761 B2, 2012). 

Petzl wire-gate key-lock solution 
Petzl's answers are the Ange S (28g) and the bigger Ange L (see figure 48) (34g) karabiners 
with a single wire as a gate which fits into the nose of the karabiner, so called MonoFil 
keylock-system by Petzl (see figure 49). 

The notch-nose free solution of Petzl widely satisfies the users with its easy clipping and 
unclipping (34 reviews for both). Some user state the low weight of the karabiners makes 
them perfect for long multipitch climbing routes. Some criticise the small size, especially of 
the small Ange S, which makes these hard to manipulate with big hands (Bergfreund, 2015). 

 
Figure 48. Petzl karabiner Ange L (Petzl, 2015). 



38 

 
Figure 49. Carabiner with moving gate in the form of a wire (Patent US 20100125984 A1, 2001). 

3.5.3 Bi-Wire from Rock Exotica 
With the Bi-Wire karabiner (68 gr, 13.75 Euro) Rock Exotica reduces the risk of accidental 
gate opening (see figure 49 and 51). They claim that this system is compare to locking-
karabiners less prone to icing, sand or other debris. However, Rock Exotica still do not claim 
it is full substitute for a locking-karabiner, rather it could be used instead of a non-locking 
karabiner to increase the safety against gate-opening ( (Rock Exotica, 2015). 

Barely user experiences can be found to this concept and it is hard to find it on the market, 
which could be due to missing marketing and failing to convince users to try it at all. Second 
assumption can be validated, that in some forums many user condemn this concept already 
without having used it yet, as they consider the additional safety as not required, and it looks 
too inconvenient to use (Mountain Project, 2014). A climber claims to use it cause it does not 
ice up and is similar to a locker, stated he could adjust to it after a while, but he is worried to 
give it to a partner as it needs adjustment time (RockClimbing, 2015). 

 
Figure 50. Bi-Wire (Rock Exotica, 2015) 
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Figure 51. Carabiner having dual gates and associated methods (Patent US 7946006 B2, 2001). 

3.5.4 Twin-Gate  from Grivel 
Grivel has brought a couple of new karabiners (see figure 52) (Plume K3G, Mega K6G, 
Lambada K7G, Sigma K8G, K9G, K10G, S1G) on the market with the fairly new Twin-Gate 
concept (patented 2014, see figure 53), which follows a similar principle as the Bi-Wire from 
Rock Exotica, but with the gate hinges on different sides. They claim this system is much 
safer than a regular karabiner against accidental gate opening and still easy to manipulate. 
Some of this karabiners are mainly for belaying and rappelling supposed, a few can according 
to Grivel be applied for quickdraws (Plume K3G, 39 gram, 12.95 Euro; Sigma K8G, 57 gram, 
11.66 Euro), even tough as complete sets with slings preassembled not available yet. As belay 
karabiner users made mainly very positive experiences (7 reviews), even though some 
mentioned problems to use it with a GriGri breaking device as the karabiner does not properly 
fit through the hole (Bergfreunde, 2015). Little feedback to the use as quickdraw karabiner 
could be found. A user stated that the handling is not that quick as with regular karabiners, but 
faster than securing with two quickdraws. Other climbers mainly reacted with refusal at 
looking at it, stating that it looks too inconvenient and arguing to still prefer to use two 
quickdraws or a regular lock karabiner for safety (Kletterdorf, 2015). Convinced from the 
concept, Beal adopted this system as well in some of their karabiners, like the "Twin Auto 
Belay" (14.95 Euro, 57 gram) (Beal, 2015). 

 
Figure 52. From left to right, Grivel's Mega K6G, Sigma K8G and Plume K3G karabiner (Grivel, 2015). 

 
Figure 53. Safety Carabiner (Patent US D702110 S1, 2014). 
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3.5.5 3D karabiner from Stubai 
Stubai has patented and on the market a 3D belay karabiner, see figure 54 and 55. The shape 
of the karabiner lays not in one plane like at all other karabiners. Stubai indicates as main 
benefit of this shape that it keeps the rope from touching the rock-face and with this reduces 
the wear on the rope (Stubai, 2015). The 3D concept can also be applied to reach bigger gate 
clearance, the karabiner can be designed that the gate is not limited by the spine. The so called 
HMS 3D karabiner is designed for belaying and not as quickdraw karabiner and with its 96 
gram more than twice the weight of a regular quickdraw karabiner. AustriAlpine has as well a 
3D shaped karabiner on the market with screw-lock made of steel for rescue (AustriAlpin, 
2015). 3D karabiners for quickdraws could not be found on the market.  

 
Figure 54. Stubai's Karabiner HMS 3D (Stubai, 2015). 

  
Figure 55. Snap hook, especially for mountain climbers (Patent US 4819304 A, 1989). 

3.5.6 DMM Revolver karabiner 
The patented Revolver karabiner (51 gram, 27.95 Euro) from DMM has a roller which 
reduces the friction of the rope on the karabiner, see figure 56 and 57. This leads to less wear 
and rope drag. Through the roller this karabiner can be as well used at rescue situations as a 
pulley. Users (18 reviews)  are mainly satisfied with this product and claim they feel a 
significant reduction of friction which makes it easier to pull the rope at routes with many 
direction changes. However, the high price is mostly criticized and one user mentions that the 
roller is sensitive to dirt particles and not designed for ropes thicker than 10 mm 
(Bergfreunde, 2015). 

 
Figure 56. DMM Resolver (DMM, 2015). 
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Figure 57. Karabiner (Patent US 20050172461 A1, 2005). 

3.5.7 Fifty-Fifty-karabiner from AustriAlpin 
AustriAlpin has the patented Fifty-Fifty-karabiner (90 gram, 13.97 Euro) on the market 
mainly supposed for top-rope belaying, see figure 58. The swing-opening gate separates into 
two chambers and should reduce the exchange time of the belaying device between the 
switching climbers (Bergfreunde, 2015). For quickdraws a concept like these seems not 
applicable and no benefit apparent. 

  
Figure 58. Fifty-Fifty Autolock Karabiner (AustriAlpin, 2015). 

3.5.8 Express-Frog from Kong 
Kong offers two totally unique connector system to clip to a protection, one of these concept 
they call the express-frog and have patented in the patent US 6237201 B1 (2001), see figure 
59 and 60. 

  
Figure 59. Connector with snap closure (Patent US 6237201 B1, 2001). 

The connector of the express-frog automatically closes when pressed over the anchor point. 
Through two levers on the side the connection can be opened. The Kong Frog is certified 
according category A (EN 12275, 2013), which means it is designed to work with a specific 
anchor point. According to the standard this category A has not to follow the requirements of 
a gate-opening of at least 15mm or clearance of at least two diameter 11mm bars. The current 
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version has a clip in opening of 13mm, which has been in online forums criticised by users as 
critical for some connections with wider anchors points, which could not be clipped, or that 
the Frog-clamp got jammed in the connection when moved with the sling along the climbing 
direction. These complaints can also be based on the missing information by the producer 
Kong and resellers like Bergfreunde.de (2015), which miss to clearly mention that this 
connector is mainly designed to work with specific anchors. Kong only mentions in one of the 
product PDF's on the web, that it is a connector for specific anchor points, but without 
specifying which anchor points (Kong, 2015). Some users mentioned in forums that 
deformations easily occurred on the gadget through falls (Bergfreunde, 2015). Someone 
points out the difficulty to exchange the sling (Climbing.de, 2015). Further, the comparable 
high price of around 35.95 Euro and the weight of 131 gram with an 11 cm sling and opposite 
karabiner (without opposite karabiner 74g (Kong, 2015)) as too heavy were criticised. On the 
other side, the reaching of protections, which are further away, was praised. In general most 
considered it safer against accidental opening, even though some stated the fear they could 
open the mechanism accidently while holding on the sling to keep the stand (Climbing.de, 
2015). Many considered it as a fun gadget to try out, but not appropriate for serious use and as 
the principle is now also used to close some woman handbags, some climbers stated that they 
lost their respect to it (Bergfreunde, 2015; Climbing.de, 2015; RockClimbing, 2015; 
Kletterdorf, 2015).  

  
Figure 60. Express-Frog from Kong (Kong, 2015). 

3.5.9 EXPRESS SOLEYMIEUX from Kong 
The second exotic system from Kong is not designed for the climbing on rocks or ice, instead 
it is directed for climbing on structures with special protection bolt systems, see figure 61. 
The so called Express Soleymieux fits only to set special bolts and is not adoptable to any 
other protections on a wall (Kong, 2015). 

 
Figure 61. Express-Soleymieux from Kong (Kong, 2015). 
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3.5.10  Panic - Sling from Beal and Kong 
Another concept which should ease the clipping in of the quickdraw from further distance is 
the Panic-Sling (105 gram, 31.95 Euro) with a special karabiner from Kong, see figure 62. 
The gate karabiner can be arrested in an open position until the user pulls the karabiner in the 
protection down, when the karabiner inside touches the protection, the gate will be released 
and a spring shots it close. The sling which is from Beal is stiff with a bendable core, that way 
the sling can be bend in any desired direction and used like a extended arm (Bergfreunde, 
2015). 

Most users which have reviewed the product are overwhelmingly satisfied, and some describe 
how it solves their struggle they sometimes experienced when they cannot reach a protection 
to make the clip, often claimed due low body height. Critics it got cause of high price and that 
the second karabiner is not included (Bergfreunde, 2015). Overall, this concept can be 
described as combination of a quickdraw and a stick clipper (chapter 3.4.5), which seems to 
satisfy the needs of a minority. This assumption can be validated on the failing of the Stubai-
Genius karabiner on the market (see chapter 3.5.13). Further, this quickdraw should not be 
applied at all parts of a climb, as this concept is lacking a safety issue, as the protection-
karabiner is fixed to the sling, the karabiner could be rotated into an improper position in the 
protection (like in chapter 3.3.5 described). 

  
Figure 62. Panic-Sling from Kong (Kong, 2015). 

3.5.11 Trigger-Wire Karabiner from Mad Rock 
A similar arrest-function for the gate has the Trigger-Wire from Mad Rock (38 gram, 9 Euro), 
see figure 63. The idea behind it is the same, to clip the quickdraw in protections which are 
hard to reach cause too far. Further, they claim it is useful to ease the clipping in of the rope 
(Mad Rock, 2015). 

User at the search of such function were all satisfied (Amazon, 2015). However, how many 
climbers are interested can be again questioned and assumed to be a few. 
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Figure 63. Trigger-Wire Karabiner (Mad Rock, 2015). 

3.5.12  3F Dogbone from Grivel 
The 3F is a rubber covered Dyneema sling (=dogbone) (13 cm, 21 gram, 5.5 Euro), see  
figure 64. Grivel states that the 3F fulfils three functions: protection, ergonomics and 
customization. It should protect the sling from abrasion, make the sling easier to grab and 
stiffer, and due to its availability in different colours and form, it should be more apparent to 
distinguish Quickdraws. (Grivel, 2015) It does not seem to really convince people, even since 
at least 2 years on the market, there is barely a comment to find about this product on forums. 
It is assumed that the additional benefits do not convince users to take the higher price and 
weight into account. Further, with this sling both karabiners are fixed, which brings the safety 
issue of moving the protection karabiner into an improper position. 

 
Figure 64. Quickdraw with a sling-cover (Grivel, 2015). 

3.5.13  Karabiners which were taken from the market 
In online forums traces of two karabiners with gate-arrest function could be found which are 
not on the market anymore (see figure 65 and 66), similar to the Trigger-Wire from Mad Rock 
and the special karabiner from Kong described above. One from Salewa (source 
Rockclimbing, 2015) and the other one from Stubai, according to some user the Genius-
karabiner called (IG-Seilsport, 2013). Why these products were withdrawn from the market is 
not clear, but it is assumed that for karabiners like this the demand is not high enough. 

 
Figure 65. Karabiner from Salewa with arrest function (Rockclimbing, 2015). 
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Figure 66. Genius-karabiner from Stubai (IG-Seilsport, 2013). 

3.5.14  Patents 
In deep patent research was conducted on web-platforms as Espacenet and Google patent 
search, to see what else was considered to use as a quickdraw, karabiner or sling, as well to 
not get in conflict with any patent later and to spark ideas. 

Key words: Quickdraw, karabiner, connector, sling, ring-karabiner, climbing, securing 

Further, it was searched with the names of quickdraw and karabiner producers, to see if 
competitors have something new or which is not to find on the market. 

Flowingly, some interesting patents are illustrated by their patent sketches, figure 67-72: 

  
Figure 67. Karabiner with locking from Austrialpin (Patent DE 102012011375 A1, 2013). 

 
Figure 68. Self-locking snap-hook  (Patent US 5187844 A, 1993). 
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Figure 69. Carabiner having improved gate structure (Patent US4811467 A, 1989). 

 
Figure 70. Karabiner with "Back-clip" safety (Patent US6622354 B1, 2003). 

 
Figure 71. Karabiner gate opening side-ways (Patent US4333212 A, 1982). 

 

  
Figure 72. Snap-hook with self-locking roller (Patent US 5384943 A, 1995). 
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3.6  Conclusions from the Pre-Study  

3.6.1 What do user want and what is successful? 
This is one of the hardest questions to answer, through the insights of the pre-study this is 
answered here. 

Handling 
One of the major factor for the user is handling, if the user struggles to operate it, she/he will 
not like it. However, handling is also a question of adjustment, user claimed often after some 
time they felt fluent with the most sophisticated concepts described previously in the market 
study. This still makes it not easier to convince many users, as climbers can be considered 
conservative. This is apparent in the history of wire-gate karabiners, even lighter and safer 
without much different handling, these needed many years to convince climbers. It can be 
assumed the more the handling differs, the harder it seems to convince climbers and they are 
more likely to reject it.  

A fluent smooth design is very beneficial for handling and preferred by climbers, especially 
clipping in and out of protection, that is why a notch for the gate is a big disadvantage; much 
less for the rope-karabiner. This makes wire-gate karabiners without notch superior to the one 
with notch. Also a wider gate-opening seemed to be beneficial for handling, to ease the 
clipping in as well as a tight karabiner nose for alpine climbers, which encounter not 
standardized protections sometimes. Further, users with big hands were struggling with small 
ones and preferred bigger sizes. 

Safety 
Safety can be an argument, but the majority ignores it. There are users outside which value 
safety very high and take a different approach, higher weight and prices into account to 
increase safety, but these seem to be only a few. This assumption can be based on that 
quickdraws with safety-lock are almost never applied and other safety karabiners like the Bi-
Wire from Rock Exotica or Twin-gate from Grivel seem to have a hard time to convince 
users.  

Weight and price 
Weight and Price are very critical. If an application gets heavier or more pricy it will have it 
very hard on the market to be successful. Users fall not short to criticize these and these seem 
to be the most important decision factors after handling. Users take it only into account if they 
see a real benefit in one of the other characteristics 

Gimmicks 
Additional “Gimmicks” have a hard time. Applications like the gate-open interlocking seem 
to meet the needs of some users, but they are few. These can be based on the disappearing of 
the gate-open interlocking karabiner from Salewa and Genius. Or that a stiff sling or stick-
clipper only enjoys little backing. An application considered as a "Gimmick" makes it even 
harder to convince users, like for example the Express-Frog from Kong. As an exception can 
be considered the DMM Revolver karabiner with roller against wear, which seems well 
recognized but lacks other shortcomings as high price and weight, plus the additional function 
for rescuing gets barely recognized by users. Thus, Gimmicks have it hard to justify 
additional weight, price or changes in handling. 
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3.6.2 Discussion Pre-Study insights 

Quickdraw orientation 
Even as climbers should get instructed in beginner courses into the correct usage of 
quickdraws and countless times reminded. Some users still getting confused which side 
belongs to the protection at the wall and which side should be used for the rope. This could be 
observed in several entries of users on online reviews of quickdraws, which praised the 
differentiation with colours or wished for a clearer manual. (Bergfreunde, 2015; 
RockClimbing, 2015;) 

There are many users insecure how the karabiners should be oriented on the quickdraw, which 
side the gate should face. Not even quickdraws producers are agreeing on that topic, why 
some deliver these oriented different ways (see chapter 3.3.1). The author of this report 
recommends to follow the latest recommendation of climbing organizations and to orient this 
the same way, this should be clearly communicated to climbers on the product or packaging. 

Safety 
As investigated in the safety study (chapter 3.3.5), accidents can occur at climbing, even if in 
comparison to some other leisure activities less frequent but more lethal. Chris Semmel 
(2012) safety scientist from the German alpine organization claims if accidents occur these 
mainly due to karabiner breaks, rarely protection bolts, ropes or harness are the reasons. 
Further, according to his studies it is to 99% the karabiner protection side which fails. 
According to this insight if safety should be increased, the main focus should lay on the 
protection karabiner.  

Wire-gate karabiner without notch 
Wire-gate karabiners without notch seem to be at the moment like the top karabiners to use 
for quickdraws. They join all the advantages a karabiner can, the handling is the same as with 
solid-gate, they belong to the lightest and are safer by just a slightly higher price. However, 
the current concepts are all protected by patent and it seems like impossible to find another 
wire-gate concept, which could offer to solve the problem of overcoming the notch another 
way. 
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4 IDEATION AND CONCEPT DEVELOPMENT 

This chapter presents the concept development phase. The process from creating ideas and 
concepts till the final concept with several iteration loops is described.    

4.1 Ideation and concept creation 
Before the first gathering of main information about quickdraws, a first Brainstorming was 
conducted. This should enable to create ideas without being influenced by existing solutions. 
Then it was started to gather information about quickdraws and to get deeper user insights. 
During information gathering more Brainstorming's were carried out, to get as much ideas as 
possible.  

Further, the Morphological Matrix method was applied to systematically brainstorm for new 
ideas in the sub functions of a quickdraw, like "connecting to protection" "connecting to 
rope". The Morphological Matrixes can be found in Appendix C. 

Different ideas and approaches were developed to concepts. Following these are shortly 
described.  

4.1.1 Lowering friction at protection point direct 
This concept bases on the idea, to decrease the friction at the protection solely/mainly by 
reducing the friction coefficient, for example with rolls. Through this the impact of the 
deflection angle is almost none, and no sling is required to decrease the angle. First idea to 
solve this is by clipping in the rope into a device with two leading-rolls, see figure 73. The 
device would be clipped from the harness to the protection similar as a quickdraw, connecting 
to the protection is still unclear. 

 
Figure 73.Device which reduces friction through rolls directly at protection. 

This concept seems to be hard to realize, feasibility is questioned. As well, it seems such a 
concept would get pretty heavy and disturbing to carry on a harness. For this reasons this 
concept was not further considered. 

4.1.2 Portable stick-clipper 
Kong-Frog and Panic-Sling are praised to clip protections which are normally out of reach for 
some users. This concept is based on stick-clipper which can be carried on the harness and 
should allow clipping the most common quickdraws on a route extended from a safe stand, 
see figure 74.  
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Figure 74. Sketch stick-clipper to carry on harness. 

The potential on the market for such a product can be strongly questioned, it is assumed very 
low and that is why it was not further considered.  

4.1.3 Ring-clipper 
This concept is based on a total different locking system than most regular karabiners; it can 
be rather compared with the Express-Frog from Kong. The ring shape should allow that it can 
move more free in the protection without getting jammed, and that it has more equal strength 
properties in all directions, see figure 75. As the Express-Frog it would also give as well a few 
extra centimeters to clip from wider distances. Here in the first idea the ring would be opened 
with a slide mechanism. The karabiner for the rope would not be changed. The differentiation 
of the two sides would be clearer.  

 
Figure 75. Ring-clipper, CAD-Models and basic mock-up. 

A more complex mechanism makes a system more prone to failures, like through dirt 
particles, icing and beats when falling, the closing system could block. The handling seems as 
not that convincing, to take a product like that from the harness felt inconvenient. Further, it is 
with such a concept hardly imaginable to keep production price and weight on the same level 
as a regular karabiner. Overall, the concept was considered interesting but too complex. 
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4.1.4 Ring-karabiner 
Inspired from the ring-clipper the idea came up to create a karabiner with ring shape, see 
figure 76. This concept should as well better move in the protection, be less prone to get 
jammed and have more equal strength properties, and still be as simple as a regular karabiner 
from handling.  

 
Figure 76. Sketch ring-karabiner. 

This concept seemed so far not to offer obvious disadvantages. That is why it was decided 
with Sem Mattli and Fritz Schäfer to develop this further. 

4.2 Concept development 

4.2.1 Material determination 
For the new concept either a steel-alloy or aluminum-alloy were considered, composites like 
plastic reinforced with carbon-fibers were excluded, due to their high material and production 
costs and particularly due to the difficulty to detect failures or damages in composites.  

After comparing some high class materials (aluminium 7075-T6, steel 1.4301, 1.7218 and 
1.6582), which are often applied for such products in the climbing industry (Jenkins & Subic, 
2003) the decision felt on aluminum 7075-T6. Aluminum 7075-T6 was chosen of its better 
density/strength ratio, which allows by reaching the same strength as with a steel karabiner to 
be around 30% lighter, which is significant for this product. The comparison can be found in 
Appendix D.  

4.2.2 Design  
To choose the size of the ring, it was decided that it should be fairly small to not disturb when 
carrying on the harness and to keep the weight low, but still big enough to fulfill at least the 
size requirements of the standards (see chapter 3.3.4). Through fulfilling of the standard (EN 
12275, 2013) not only regular categories should be reached, it should build a baseline for 
guidance if the gate opening is big enough for clipping in the most common protections, while 
the Express-Frog from Kong got partly criticized as too tight (13mm opening). For the cross-
section a circle of diameter 10mm was chosen, which leads to a similar cross-section area as 
other quickdraw karabiners have at the spine, see figure 77. 

The key-lock closing was designed in the similar ratio of dimensions as two regular 
karabiners from Mammut (karabiners see figure 78). These dimensions are proven to be 
working and to comprise the required strength. The resting of the gate on the frame when 
closed, was not yet appropriate designed, this was later done in the first redesign phase. 
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Figure 77. Determination of the body size. 

4.2.3 Stress-Analysis 1 
If the chosen concept can fulfill the required strength-requirements (see chapter 3.3.4) is a 
critical obstacle to be able to decide if the concept is applicable. For this Finite-Element 
stress-analysis (FEM) and hand calculations were carried out to see if the ring-karabiner can 
take the forces, see figure 79.  

The direct comparison of stress values received from the analysis and calculations with the 
ultimate tensile strength value (=breaking strength) of the material is not possible. The reason 
for this is that with the used models the material behavior in the plastic field cannot be 
described, which is not linear anymore. The models (FEM and hand calculations) are only for 
linear statements proper, like when the material is stressed until yield strength; the ultimate 
tensile strength lies over this limit. To still be able to make a reasonable statement about the 
strength, it was decided to compare the linear behavior with regular karabiners from Mammut 
(see figure 78). If this stress results are similar it can be assumed that it can bear similar 
forces. 

 
Figure 78. Compared regular karabiners with strengths-values and weight (karabiners from Mammut, 2015). 
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Figure 79. Stress-analysis open gate load-case, bottom hand calculations values, load 7 kN. 

The analysis revealed (see figure 79) the designed ring-karabiner could not withstand the 
requirements of an open-gate load case. The stresses were in the FEM analysis 1.4 times 
higher than at the Crag-karabiner from Mammut, which has a open-gate strength of 8kN, this 
means the ring-karabiner would not reach the required 7 kN.  

In the stress analysis in main direction (see figure 80), the ring-karabiner can absolutely 
compete with the other two reference karabiners. For taking cross-load the key-lock was not 
yet appropriate designed. 

 
Figure 80. Stress-analysis main-direction gate closed, load 7 kN. 
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About the analysis results at the key-lock and force implementation points: 

The used analysis model results in huge stresses at the key-lock and partly at the force-
implementation points. This is mainly based on the difficulties to correctly represent the 
plastic behaviour and contact points in the FEM-tool. Because of this reason this values were 
not compared and the stress-level at the bottom of the Bionik Evo is questionable for main-
load case. 

The reason why the ring-karabiner demonstrates such low open-gate strength can be identified 
in the much higher bending momentum it has to withstand. The most quickdraw karabiners 
are designed that the load is applied close to the spine; due this the bending momentum in an 
open-gate load-case is significant reduced.  

This gets apparent when the following formula for bending stresses (1) is considered: 

 

	
∙
																																																																												 1  

σB: Bending stresses 
F: Force 
R: Distance to spine 
WB: Bending resistance of cross-section 
 

To solve this four different possibilities could be identified: 

 Increasing the strength of the material 
o A possibility to increase the strength would be to switch to steel. This was 

excluded as it would increase the weight 3 times. 
 Decrease the force  

o A possibility to do this is to specify the karabiner for category X, which has 
lower strength requirements, like 5 kN open gate (EN 12275, 2013). This is 
imaginable as the ring-karabiner is symmetrical along the main axis and could 
fall in this group. However, this could be confusing for users, who are just 
comparing strength values, that is why this primarily was not considered. 

 Decrease the "bending-arm" 
o This would mean either a smaller ring, which is not possible as this is already 

the smallest feasible size, as in the design-phase above described. 
 Increase the bending resistance 

o The easiest way increase the bending resistance is to change the cross-section 
like to increase diameter or more efficient to change the shape. This is 
common way and often applied method, especially the I-shape is known for its 
high bending resistance in comparison to cross-section area, that is why it is 
applied in some new karabiner models to keep the weight down. 

4.2.4 Redesign 1 
To reach the required open-gate strength it was decided to change the cross-section to the I-
shape. Similar dimensions as at the Bionic Evo karabiner (Mammut, 2015) at the thickest 
cross-section were chosen, which were also evaluated in hand calculations as appropriate.  
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In this phase as well the resting of the gate on the frame was designed, that it can take as well 
cross-loads. Further, the closing mechanism was designed; due to simplicity the same 
mechanism as for the two other compared karabiners was applied. It was tried to apply similar 
dimensions for the closing mechanism features, but as the gate is smaller, the space for the 
spring had to be designed smaller, see figure 81.  

 

 
Figure 81. Dimensioning of the gate and closing mechanism. 

4.2.5 Stress-Analysis 2 
To test if the implemented changes were successful, the new shape was again validated with 
Finite-Element stress-analysis, see figure 82.  

 
Figure 82. Stress-analysis open-gate load-case 7kN load. 

The results confirmed the taken measurements as satisfying, the stress-level are now on the 
same level, as for the Crag Key-Lock from Mammut (see figure 79 and 82). 

Also the other load-cases are looking promising, where the stress-levels at the frame are 
compared. See the following figures 83 and 84. Not included in the comparison are stress 
levels at the key-lock or close to contact points, see argumentation chapter 4.2.3.  



56 

 
Figure 83. Comparison stress-levels in main-axis load case, load 7 kN. 

 

 
Figure 84. Comparison stress-levels cross-load, load 7 kN. 

Especially the stress levels for cross-load are looking promising (figure 84); however the 
behavior at the key-lock is not clear. 

As in the safety study revealed (chapter 3.3.5) the most critical load-case is if the karabiner is 
loaded in an open-gate load-case at top of the nose. Because of this reason this load-case was 
analyzed, see following figure 85. 

 
Figure 85. Comparison stress-levels open-gate on nose load, load 7 kN. 
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As the comparison resulted the ring-karabiner delivered the lowest stress levels. This can be 
based that the other karabiners are not designed for bending load case over the nose, which 
explains the low breaking-strengths reached at the nose as in the safety study pointed out (see 
chapter 3.3.5). The ring-karabiner was improved for bending stresses in the first development 
loop, which is a reason why it takes this load-case better.  

4.2.6 Prototype 
The ring-karabiner-model was in house at Mammut 3D-printed of Polylactic acid plastic to 
receive a Mock-up with similar size for testing the handling, see figure 86. High stresses 
cannot be applied on this material that is why tests like using for climbing cannot be 
conducted. 

     
Figure 86. 3D Printer and printed ring-karabiner parts. 

For the gate-mechanism parts from the Crag Key Lock were removed and assembled in the 
printed parts. Cause of shorter dimensions for the spring in the gate, the spring holder had to 
be shortened.  

The ring-karabiner was finally attached to a quickdraw, the sling fixed loose like at other 
protection-karabiners normally, see figure 87.  

First impressions made were that it seems to fulfil all the main functions, but it was 
sometimes bothering to figure out how the ring-karabiner was oriented in the sling, and that 
this could be problematic for usage and safety, like for example when the sling slides over the 
gate.  
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Figure 87. Quickdraw-Prototype with loose sling at ring-karabiner. 

It was decided that the sling should be adjusted to the ring-karabiner, this way it is easy to 
figure out which way the karabiner is orientated. Due to its round shape it seems that the 
reasons for a loose sling on the protection-karabiner (see chapter 3.3.1) do not count. This 
cause it has more equal strength properties and should less likely get jammed. 

This was done at the prototype with a rubber string, same one which is applied at the rope-
karabiner, see figure 88. 

 
Figure 88. Quickdraw prototype sling adjusted with string. 

4.2.7 Redesign 2 
As the mock-up prototype presented, a sole fixation of the sling with the string is not 
sufficient. If with slightly higher forces by hand pulled, the sling started to slide on the ring. 
Fixation ideas for the sling were generated (see Appendix C) and finally in the CAD-model 
protrusions were designed, to keep the sling with a string fixed at position, see figure 89.  
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Figure 89. Quickdraw-Prototype with loose sling at ring-karabiner. 

4.2.8 Steel-Wire 
Sem Mattli brought the suggestion to check if a steel wire could be applied as sling. A steel-
wire could bring the benefit that the quickdraw would be more durable, as the sling is the 
most sensitive part to wear. Steel Wire are for example applied at nut devices for climbing 
and some indoor quickdraws, see following figure 90. 

  
Figure 90. Left Nut (Bergfreunde, 2015) and right indoor quickdraw (Fixe Hardware, 2015). 

A prototype with a steel-wire was produced to get an idea how it could look like, see figure 
91.  

 
Figure 91. Prototype with steel wire sling, wire diameter 4mm. 

However, investigations revealed that a steel wire is not recommended for such a quickdraw. 
According to steel wire producers (Jakob AG, Brugg Lifting AG, Kuert Seilerei AG and Carl 
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Stahl AG) s steel wire of at least 5mm diameter or even 6mm is required to reach the required 
strength of 22 kN for the sling (EN 566, 2006; or see chapter 3.3.4). Steel wires with lower 
diameter and same strength are according to producers too stiff for this application. 
Additionally, press-connection to close the wire and deflection radius are reducing the 
strength of a wire (press-connection around 10%). A proposed steel wire from Brugg Lifting 
AG with 5mm diameter has a weight of 7.8kg/100m, a sling of 10cm (around 25cm wire-
length required) would result at around 20gr, the press-connection would add some grams, 
which would get well above the weight of applied textile slings (8gr-15gr, see chapter 3.5.1) 
Further, can the cost of such a concept considered higher, due to more extensive assembly 
with for the press-connection and the additional holes at the karabiners. 
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5 RESULT AND EVALUATION 

This chapter presents the final concept, the evaluations carried out, results and potential user 
feedbacks. 

5.1 Product development results 
The result of the product development is a ring-karabiner which is intended for the use at a 
quickdraw for clipping in at the protection. The ring-karabiner is fixed to the sling that it 
cannot rotate. Closing mechanism was adapted as similar as the Crag Key-Lock karabiner 
from Mammut with spring integrated in the gate, as many karabiners have. Sling, karabiner 
rope side and fixation of karabiner follow same concept as most regular karabiners, this 
makes it possible that different types can be applied. 

Through the new concept differentiation of the two sides (rope-protection) is more obvious, 
that the risk of exchanging the sides while using should be prevented, which is safety factor 
for the rope as mentioned in the safety study (see chapter 3.3.5). 

The ring-karabiner should according to basic hand-calculations and FEM-analysis withstand 
the required stresses and fulfill the design requirements for karabiners category B, T, A and 
X. (EN 12275, 2013). Through higher open-gate strength with forces applied at the nose and 
equal strength properties in all directions it is expected to increase safety. 

 
Figure 92. Final CAD-Model quickdraw with ring-karabiner clipped in a hanger. 

The ring-karabiner should be able to be produced with the same processes as a regular 
karabiner out of aluminium 7075-T6 (see chapter 3.3.3). The weight of the current model 
should be 42 gram according to CAD-model. Assembly is similar to other karabiners, like the 
Crag Key-Lock. Based on this similarities mentioned, it is expected that the production costs 
of the ring-karabiner will be in the same level as for other basic karabiners. 

Through the fixed sling at the ring-karabiner it should be possible to clip "extended", holding 
on the sling to clip, this adds some centimetres and allow reaching of projections which are 
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otherwise out of reach (see figure 96). Without this fixation (as on the regular quickdraws for 
the protection karabiner required), the user has to hold directly on the karabiner to clip and 
cannot on the sling.  

A mock-up was produced, with which first handling tests and concept testing was conducted, 
the results are in the following chapter 5.2 summarized.  

Further, two more concrete prototypes from Shapeways (US company) of laser-sintered 
stainless-steel for 170 Euro were already ordered, which should arrive at Mammut after the 
end of this thesis for further work. 

5.2 Test handling 
With the prototype handling tests were conducted by the author and compared with a regular 
quickdraws equipped with Bionik Evo karabiner or Crag Wire from Mammut. In this chapter 
the findings are summarized.  

5.2.1 Clipping in and out 
The prototype allows the clipping with all tested protections, see figure 93. What was 
considered critical is that it can keep hanging at the nose, the same is observed at the 
compared karabiners, see figure 94. Under tension at all models the protections mostly slid in 
and the gate shot close, this happens at the Bionik Evo more fluent and faster. The shape of 
the Crag Wire also promotes a fluent sliding even of the notch, only with the wire it got stuck 
when improper clipped (See figure 94) 

  
Figure 93. Overview of clipped protections. 

         

Figure 94. Hanging at the nose. 

To clip in, the thumb interfered at the beginning with the gate-opening sometimes, see figure 
95. After some time the tester got adjusted to slide the thumb on the side of the gate to clip 
without interference. Due to the big gates of the compared karabiners, this is for these barely 
an issue. The same could be observed while clipping out. Overall, the ring-karabiner gate is 
more likely to interfere with protections, however after some time the tester got adjusted to 
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this and it was no issue for him. As the ring-karabiner has no notch thanks to the key-lock, it 
never got trapped at the protection while clipping out, while the Crag Wire got sometimes 
trapped at the notch.  

Clipping with thick gloves was possible, but trickier to keep the gate-clearance enough free 
for clipping. 

 
Figure 95. Clipping in, left: interference with thumb, right: thumb slide to side. 

It is possible to clip extended with the prototype by holding on the sling (see figure 96), but it 
was considered quite tricky, the ring-gate is prone to slide on the side instead of opening 
immediately. Reasons for this are its round shape and the too high force the spring mechanism 
pressing the gate shot. 

    
Figure 96. Clipping extended. 

5.2.2 Moving in the protection 
The ring-karabiner could make all movements in the tested hanger without opening the gate 
or getting jammed, see figure 97. What could be considered critical is, that the ring-karabiner 
is more prone to slide in a position where the force in the protection is applied over the gate 
(figure 97 right). Regular karabiners are more likely to stay in their stable position (close to 
the spine), as the sling is not adjusted and should slide around the karabiner instead of turning 
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the karabiner in the protection. For this reason the strength over the gate should be closer 
investigated for the ring-karabiner with tensile tests. 

 
Figure 97. Testing movement in hanger. 

5.2.3 Clipping in and of from the harness 
The tester experienced it as no difference to clip the ring-karabiner to and from the harness 
compared to other quickdraws with key-lock gate. Ring-karabiner on harness see figure 98. 

 
Figure 98. Ring-karabiner quickdraw and regular quickdraws on the harness. 

5.2.4 Testing extreme positions  
In the safety study is the case mention where the gate of karabiners through improper rotation 
can get pressed open and the karabiner can get clipped out (see chapter 3.3.5). The same was 
tried out several times with the ring-karabiner and never achieved. Only through pressing by 
hand at the ring-karabiner this could be achieved. See following figure 99. This can be based 
on the small gate which makes it harder to apply an opening momentum. 
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Figure 99. Pressing gate-open through movement in hanger, at ring-karabiner was only achieved directly by 

hand. 

Cross-load case, like in the following figure 100 illustrated, is with the ring-karabiner through 
the fixed sling basically impossible. However, in the test this was for regular karabiners only 
possible to achieve by hand and the tested karabiners were very instable in this position, after 
some tension these immediately slid back in the proper position. 

   
Figure 100. Cross-load case, hard to achieve tested karabiners and instable; ring-karabiner impossible to achieve. 

5.3 Concept testing 
To get users feedback, a climbing center in Zurich and different shops with climbing 
assortments were visited. The idea was to ask sales persons and climbers about their 
reflections and opinions to the presented mock-up. In total 12 interviews were conducted 
covering open questions interview guide and discussion upon the product. The represented 
group consisted of 2 women and 10 men. Total age varied between 22 and 45 years old. Most 
claimed to be regular climbers, involved in sport climbing, three out of twelve were 
conducting alpine and ice climbing as well, only three in this group stated to occasionally 
climb.  
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The interviews took place at: Transa, Bächli-Bergsport, Ruedi Bergsport, Kundalini, Mammut 
store Zurich, SportXX Outdoor Sihl-City, Ochsnersport Sihl-City and Kletterzentrum 
Gaswerk. 

In general, the feedbacks gathered did vary significantly between positive enthusiasms, 
praising the concept as great idea and innovative, to rejection, considering this product as not 
convincing enough. If something was criticized or mentioned as critical, that was the tight 
gate-opening, facing the problem to clip in. Especially by persons with thicker thumb and 
fingers considered this rather critical (four interviewees). Two persons have described a 
feeling of getting comfortable and handy with the ring-karabiner, after having it for 
approximately five minutes in their hands. Five persons (three of them rarely climbing, rather 
small hands) did not mention the tight opening on its own, however after asking, they agreed 
it could be tight, however it was not seen as an issue. Two people proposed to increase the 
grip on the side of the gate, making a rough surface or notches for easier operating the side 
with the thumb. One sales person suggested increasing the diameter of the ring, to achieve 
bigger gate opening area. A few persons have mentioned of will to try this new product in 
field, to make clearer handling statements. 

When interviewees were asked to point out potential benefits, most common answers 
indicated advantage of better laying in hand (those with rather small hands), in general 
handier, and that it could be less disturbing at the harness. One person has mentioned that 
attached sling could be potential benefit to clip extended, same person made a comment of 
similarities of this product to Express-Frogg from Kong. Other interviewees suggest that the 
ring-karabiner could move better in the protection and could also get jammed less likely. A 
person who does alpine and sport climbing has opinioned to be very applicable for sport 
climbing, however concerned to clip in at the very tight protections, which are sometimes on 
alpine climbing routes, for which the nose of the ring karabiner could be too wide, therefor 
that person stated to mostly look for karabiners with very tight nose. 

Another sales person, who as well is a climbing instructor at a climbing center, has raised the 
idea of applicability for the rope-side. In his opinion it could be safer against accidental ‘back-
climbing’, when rope is the wrong way clipped in the karabiner and could cause a clipped out 
(see safety chapter 3.3.5). This is always a big concern for beginner climbers at the courses, 
this person is instructing. Another sales person, who expressed is skepticism due to small gate 
opening, was thinking this concept could be more suitable for permanent quickdraws at 
climbing gardens, when made of steel, because it seems more safe against accidental gate 
opening and for this application handling is not such a big issue. Another climber meant that 
he would imagine the ring-karabiner to be easier to clip from the rope after cleaning an 
overhanging rout, while getting lowered at the end. 

The insights form the concept testing are in the chapter 6 discussed and conclusions made. 
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6 DISCUSSION AND CONCLUSIONS  

In this chapter the implemented methods and the final concept are discussed. In the second 
part conclusions to the discussion based on the results and insights collected from pre-study 
are made. 

6.1 Discussion 

6.1.1 Discussion of methods 

Ideation 
The applied ideation methods applied during the pre-study generated a wide range of ideas. 
That the author of this thesis was at the start still a beginner of climbing and barely used a 
quickdraw before, could be a reason that it also sparked some out of the box ideas. More, 
ideas could be expected if brainstorming sessions with different people would have been 
conducted. The Morphological Matrix is considered a very appropriate tool to find specific 
solutions to a problem like the fixation of the sling, as it helped to get an overview of all the 
possibilities and eased the decision. 

User-study 
Netnography was for the author a total new way to get user insights. That many people 
discuss on the web in forums about their experiences with quickdraws and impressions of 
these, as well in product review platforms like Bergfreunde (2015) give feedbacks, made this 
method applicable. It allowed gathering a lot of user information without conducting many 
laborious interviews. Tricky is considered to allocate sometimes the information correct, for 
example when a whole forum was talking about a product or a product was in the review 
mostly praised, it seemed this product is like the most desired one, but when further 
investigated it only fulfilled the needs of a minority, which were active in this forum, the rest 
climbers rejected it, that is why this product was also not very successful on the market, like 
Panic - Sling from Beal and Kong (see market study chapter 3.5.10). 

Shadowing and Storyboard were very helpful to get a deeper understanding, especially 
Storyboard which forced the author to think of every step. It can be questioned if the studying 
of video material is equal to the observation in the field. However, as countless video material 
was available from beginners till professionals, instruction videos of common mistakes, it was 
considered appropriate.  

Testing and validation 
Prototyping like generating a CAD-model, FEM analysis and the production of the mock-up 
brought many valuable insights in which way or what has to be modified on the concept.  

The conducted amount of 12 interviews for the concept testing can be questioned as 
sufficient; Ulrich and Eppinger (2012) state 10-50 interviewees should be conducted to get the 
most essential user insights. However, the insights gathered are considered as already very 
valuable, which could be based that manly sales-persons and instructors were interviewed 
with a lot an experience and general user-knowledge. Further, the interview partners nurtured 
the author with many new insights, which he partly did not even consider before. 
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6.1.2 Discussion of results 
Purpose was described to reconsider the current quickdraws and to come up with a new 
concept. Especially safety issues were mentioned at the start to improve and to be still 
competitive in the other fields like costs, weight and usability with competitor products or 
even beat them. The new ring-karabiner for protection side of a quickdraw promises itself as a 
new concept, which should be taken these into account; in the following sub-chapters some 
points of the new concept are closer discussed.  

Stresses 
The FEM-analysis did not allow making statements about the strength at the gate that is why 
the strength of the ring-karabiner can be questioned, especially if the ring-karabiner would get 
stressed over the gate, like when it rotates in the protection into such a position. Regular 
karabiners rarely break at the gate, which means the gates are rather over dimensioned. For 
the ring-karabiner a similar ratio was applied for dimensioning the gate as regular karabiners. 
However, the force is closer applied to the gate at the ring karabiner than at regular karabiners 
that it could be critical. 

Weight 
With 42 gram the ring-karabiner is in the lower field of average solid-gate karabiners weights 
(40 - 50 gram) and slightly in the higher field of wire-gates karabiners (20 - 45gram) (see 
chapter 3.5.1 for market data). 

Handling 
The small gate-opening is often questioned, the question was even raised if the ring-size could 
not be increased for getting a bigger gate opening (see chapter 5.3).  

Safety 
The ring-karabiner was in the test impossible to open accidentally (see chapter 5.2.4), further 
FEM-analysis presented higher strength with over the nose applied forces (see chapter 4.2.5). 
Tests were only conducted by one person by the developer, which could lead to subjective 
results ("keeping the darling alive").  

User-feedback 
Several proposals were made by interviewees, like increasing ring-size, increasing the grip on 
the gate, usage for rope-side or usage at permanent quickdraws. The concept was critical 
questioned, while some considering it as applicable and some not (see chapter 5.3).  
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6.2 Conclusions 

6.2.1 Conclusions of methods 

Ideation 
To be out of the field can spark out of the box ideas, but also knowledge in the field can 
promote ideas, a mix of both during ideation offers the most ideas. Also to introduce more 
participants in brainstorming sessions should be considered useful to get more ideas if the 
resources are available.  

User-study 
Online forums could reveal the needs of Lead User, but it can also reveal the needs of only a 
few users, needs which do not get the needs of a majority and would offer only a small 
market. 

Studying of video material on web-platforms can offer the same insights as observations in 
the field, when also mistakes are documented. 

Testing and validation 
Prototyping and testing is very valuable to improve the concept through iterations. 

Concept testing is very useful to get other perspectives; already 12 interviews can bring plenty 
valuable insights if interviewing experienced users and experts. However, more interviews for 
validating the results should be conducted. 

6.2.2 Conclusions of results 
The new quickdraw concept with ring-karabiner protection side, promises to fulfill the set 
requirements from the project. It should increase safety and keep weight, costs on the same 
level as regular quickdraw and even the handling seems appropriate. However, some aspects 
still seem to be questionable and need to be answered. 

Stresses 
The stresses over the gate are questionable and should be tested, as well as all the standard 
tests (EN 12275, 2013) should be conducted. 

Weight 
The ring-karabiner can with the weight totally compete with other karabiners. 

Handling 
Handling is often a question of getting used and adjustment time. Many users shown to be 
able to adjust to the ring-karabiner, the question is of how many. A bigger ring-karabiner 
diameter would result in a higher weight, the bending stresses would be harder to get in 
control (bending stresses see chapter 4.2.3), that is why this is not recommended, and as well 
a bigger gate would be prone to accidental opening. 

The side grip of the gate should be increased for better operation with the thumb from the 
side, this will further ease to keep gate-clearance free when clipping.  

Ring-karabiner is less suitable for the use with gloves, cause of its small size. 



70 

Safety 
The ring-karabiner presents some safety benefits against accidental gate-opening, still further 
tests by other testers should be applied for objectivity. Strength over nose should be validated 
in a tensile-test, as well all the standard tests (EN 12275, 2013) should be conducted. 

User-feedback 
The user-feedback has revealed that the ring-karabiner quickdraw concept will not be without 
any doubt welcomed by users. However, this possibly can be expected with the introduction 
of a new concept, as it will also not fit all user needs and some conviction will be required. 
From this point the already positive gathered feedback promises market potential.  

As in “Handling” described above, size of the ring-karabiner should be kept and grip on the 
gate increased.  

The usage for rope-side of the ring-karabiner should be primarily excluded, cause of the 
troublesome gate-geometry for clipping in and the benefit for clearer differentiation. 
However, it should also not be totally excluded for further consideration.  

The usage as permanent-quickdraw seems possible and reasonable, but still should be strived 
for the main-market to apply for the most common quickdraw applications. 
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7 FURTHER WORK AND RECOMMENDATIONS 

Several topics have to be cleared before the ring-karabiner can go on the market. This 
chapter presents the next recommended steps for future work. 

Strength validation 
The strength should be validated through tests; it would be interesting to see how the ring-
karabiner behaves when tested in all directions.  

As a forging mould is very expensive investment to produce forged ring-karabiners, tests with 
milled karabiners should be conducted first. According to Mathias Heck from Mammut milled 
karabiners demonstrate in general strength of 2/3 of forged karabiners. Also tests with laser-
sintered prototypes from Shapeways (US company) can be considered, however this should 
be considered with caution, Shapeways claims their prototypes are only intended as design 
objects and not for taking any forces. 

Closing mechanism 
The spring mechanism in the gate of the prototype was considered slightly as too strong. The 
mechanism has to be engineered according to the measurements of the ring. A change of the 
mechanism can also be considered. 

Sling fixation 
If the designed protrusion are appropriate to keep the sling in position should be tested. 
Further if it is for assembly practical and if a sling still can be removed without destroying it 
or the karabiner. Otherwise adjustments are necessary or the consideration of another solution 
(see Appendix C). 

Handling tests 
More handling tests by different users are recommended to get a very objective feedback. 
Soon should tried to get a functional prototype, which could take the forces, to test the usage 
in the field. 

Weight 
Through stresses test it could be validated if the ring-karabiner is even over dimensioned, and 
if so, according to this results it could be checked if the weight can be more reduced.  

A standardization according to category X (EN 12275, 2013) with lower strength 
requirements could be considered to decrease the weight further and still being certified. 

Patenting 
It can be checked if the ring-karabiner has the potential for patenting, to protect it from 
competitors. 
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