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Editorial (Ed)
Editérden (Ed)

IJMC (UDTD)’nin Dérdiincii Y1l ikinci Sayis1 Yaymlandi

Dergimiz yayin hayatinda dérdiinct yilin1 tamamladi. Taninirlik ve bilinirlik anlaminda her
gecen y1l gelismekte olan dergimiz yurt icinden oldugu kadar yurt disindan da yazarlar
tarafindan ilgi gormeye baslamistir. Doga sporlar ile ilgilenen kisiler icin akademik
calismalar1 takip etmelerine imkdn saglayan dergimizin bu sayisinda biri arastirma
makalesi biri inceleme yazisi iki ingilizce ¢calisma ile bir de Tiirkge incelme yazisina yer
verilmistir. Dergimizde yer alan bu ¢alismalarin basta akademik diinyaya ve okuyuculara
katki saglamasini timit ediyoruz.

Bu say1 icin degerli ¢alismalarini génderen yazarlarimiza, yayin politikalarimiz titiz bir
sekilde takip ederek kaliteli yayinlar ¢cikmasina katkida bulunan basta hakemlerimiz olmak
iizere, bolim editorlerimize ve yayin kurulumuza, sayimizin yayina hazirlanmasinda
biiyiik emekleri olan mizanpaj editorlerimize tesekkiirlerimi sunuyorum.

Ersan BASAR
Editor

Vi
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Derleme (RE)
Review (RE)
SPORDA ZIHINSEL DAYANIKLILIK
Mental Endurance in Sports
Aysegiil YILMAZ
ayseegulylmaz@outlook.com
0000-0002-8477-9386
0z
Makale Bu makale incelemesi, mental dayaniklilik ile ilgili yapilan ¢calismalari toplamak, genel bilgiler vermek,
Geemisi: mental dayamiklihgin spordaki énemini ve farkli degiskenlere gére farklihk gésterip géstermedigini
Basvuru tarihi: o . ,
27 Temmuz ~ Aktarmak amaciyla yapilmistir. Mental dayaniklilik ve zihinsel dayaniklilik gibi anahtar kelimeler
2021 kullanilarak Google Akademik ve TOAD web sitesinden 27 kaynak indirilerek arastirma derlemesi icin
Diuzeltme en alakali 20 makale kullanilmistir. Literatiir taramast sonucunda dili Tiirk¢e olan ¢alismalar
tarihi; secilmistir. Zihinsel dayaniklilik iizerine yapilan ¢calismalarin yili, rneklemi, amact ve sonuglari tek bir
1 Agustos 2021 L e Jiss . . . -
Kabul tarini: ~ tabloda toplanmigs ve 20 kaynagin ozeti niteligindedir. Calismalarin énemli bulgular: sonug béltimiine
19 Arahik 2021  eklenerek ézetlenmistir. Arastirmalarin azligi ve sinirliliklart nedeniyle zihinsel dayanikliligi hangi
Anahtar durumlarin etkiledigi ve zihinsel dayanikliligin nasil gelistigi konusunda net bir sonuca varmak miimkiin
Kelimeler: degildir. Derlemeye dahil edilen en eski ¢alismanin 2014 yilinda yapilmis olmasi, tilkemizde mental
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dayaniklilik kavraminin spordaki 6neminin ge¢ anlagsildigini géstermektedir.

Abstract

This article review was carried out in order to collect the studies on mental resilience, to give general
information, to convey the importance of mental stamina in sports and whether it differs according to
different variables. Using keywords such as mental toughness and mental toughness, 27 resources were
downloaded from Google Scholar and TOAD website and the 20 most relevant articles were used for
research compilation. As a result of the literature review, studies whose language is Turkish were
selected. The year, sample, purpose and results of the studies on mental resilience are gathered in a single
table and are a summary of 20 sources. The important findings of the studies are summarized by adding
them to the conclusion section. Due to the scarcity and limitations of the studies, it is not possible to reach
a clear conclusion about which situations affect mental endurance and how mental endurance develops.
The fact that the oldest study included in the review was made in 2014 shows that the importance of the
concept of mental toughness in sports is understood late in our country.
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1. GIRIS

Diizenli fiziksel aktivite yapan insanlarin yasamlarinda fiziksel ve mental olarak degisimler
s6z konusudur. Ve bu degisimlerin ve farkliliklarin ¢ogu insan saglig1 agisindan olumlu
olmaktadir. Sporun insan saghg iizerinde olumlu etkisi oldugu artik ginimiizde asikar
durumdadir. Spora duzenli bir sekilde devam edebilmede amaglar ve motivasyon kaynagi
o6nemli bir etkendir. Spora devam etmeyi etkileyen bir diger etken ise bireyin zihinsel
dayaniklhilik diizeyidir. Zihinsel dayaniklilik diizeyi spora devam etmede etkili oldugu
kadar beklenmedik ve zor durumlar karsisinda bu aksiliklerin performansini olumsuz
yonde etkilemesine izin vermemesinde, basladigl ise dikkatini ve motivasyonunu
bozmadan devam edebilmesinde olduk¢a 6nemlidir. Spor ortaminda gerekli olan zihinsel
dayaniklilik kavramindan ilk olarak spor psikologu olan James Loehr bahsetmistir (Peke,
2020). Jacelon (1997) zihinsel dayanikliligi, olumsuz durumlar karsisinda stresi azaltarak
kisinin uyum saglayabilmesi olarak tanimlamistir. Luthans (2002) ise olumsuz durumlar
karsisinda bireyin kendini toplamasi ve eski performansina geri donebilmesi igin
gosterdigini psikolojik yetenek olarak tanimlamistir. Zihinsel dayaniklilik dogustan
gelebilecegi gibi zamanla da bu diizeyin arttirilabilecegi arastirmalarla gosterilmistir
(Beardslee ve Podorefsky, 1998; Masten vd., 1990). Zihinsel dayanikliligin yiiksek olmasi
Luthans’a (2002) gore hayatlarim1 kontrol edebilme, beklenmedik durumlar karsisinda
sakinligini koruyabilme agisindan avantaj saglamaktadir. Spor ortaminda karsilasilan
zorlu antrenmanlar, beklenmedik sakatlanmalar, rakip faktorii, cevre kosullari, tempolu
donemler, antrendr baskisi, kisisel hedefler gibi birgok durumlar sporcularin iizerinde
olumsuz etkiler olusturabilmektedir. Bu olumsuz durumlar karsisinda dik durabilmesi ve
devam edebilmesi ac¢isindan zihinsel dayanikliligin 6nemli bir faktor oldugu goériilmiistur.
Ve bdylelikle antrendrlerin yaninda spor psikologlari ile de es zamanh ¢alisiimalidir.

1.1. Arastirmanin Amaci ve Onemi

Derlemesini yapmis oldugum zihinsel dayaniklilik, performans sporculari igin biiytik 6nem
teskil etmektedir. Zihinsel dayaniklilik ile ilgili yapilan arastirmalarda optimal performans
icin zihinsel ve fiziksel performans es giidiimlii olmas1 gerektigi goriilmektedir. Sporcu
performansi acisindan onemi kanitlanmis bu kavram ile ilgili iilkemizde yapilmis
makaleler derlenip cesitli degiskenlerle iliskisini incelenmistir. Derlemeye dahil edilen
calismalarda “Zihinsel Dayanikhlik Olcegi”, “Zihinsel dayanikhlik Envanteri” gibi 6l¢me
araclar1 kullanilip sporcularin sporda zihinsel dayaniklilik diizeyleri ve sporla ilgili
kavramlarin tzerindeki etkisini incelenmistir. Bu derlemenin amaci bu ¢alismalar bir
arada toplayip zihinsel dayaniklilik icin genel bilgiler vermek ve bir¢ok kaynaga
ulasabilmektir. Zihinsel dayaniklilik spor ortaminda sporcular i¢cin 6nemli bir kavram olup
yapilan ¢alismalar ve ¢ikan sonuglar da bu dogrultuda 6nemlidir.

2. Kavramsal Cerceve
2.1. Spor ve Antrenman

Spor ve antrenman insan iizerinde fiziksel ve zihinsel yiiklenmenin oldugu aktivitelerdir.
Dogru yapilan antrenmanlarin/yiiklenmelerin insan saghg: tizerinde olumlu fiziksel ve
mental sonuglari olmaktadir. Bazi bireyler rekreasyon amagh yaparken bazi bireyler
performans sporcusudur. Rekreatif olarak fiziksel aktivitede bulunan insanlar eglence,
sosyallesme gibi amaclarla fiziksel aktivitelere katilirken spor amagh bireylerler planlh
programli antrenmanlarla hedef yonelimli calismaktadir. Yazic1 (2014) ise spor tanimini
su sekilde yapmistir: “Spor, yarisma ve rekabet lizerine kurulmus, savasgi glicleri
olgunlagstiran disiplinli bir kolektif oyun tarzidir”. Coakley, (1986) ise sporu, i¢sel ve dissal
giidiilenmis bireylerin fiziksel ¢aba harcadig, becerinin gerekli oldugu rekabet ortaminda
yapilan aktiviteler olarak tanimlamistir. Egzersiz ise daha ¢ok saglik amacla yapilmakta
olup spor gibi rekabet ortamindan olusmamaktadir. Egzersizi Zmijewski ve Howard,
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(2003) fiziksel uygunlugun gelismesi icin planli devam edilip tekrar edilen aktiviteler
olarak tanimlamistir. Bu yilizden rekreatif olarak fiziksel aktivite yapan bireylerin hedef
yonelimli spor yapan bireylerden daha az stres yasadiklarimi soyleyebiliriz. Ciinki
kazanma amaci giitmedigi gibi devam zorunlulugu da olmayan aktivitelerdir.

Sporcularin optimal performansina ulagsmasinda yapilan antrenmanlar kadar zihinsel
dayaniklhliklar1 da olduk¢a onemlidir. Performansin verimini etkileyen 6nemli bir
faktordir. Sporda performans, aktivite esnasinda sergilenen mental, fiziksel ve
biyomekanik seklindeki sporcu verimi olarak tanimlanmaktadir (Giileroglu ve Eroglu,
2019). Performansta artis olmasi i¢cin amaca uygun ve asamali yiiklenmeler ile planh
programli antrenmanlar yapilmalidir. Antrenorler kadar spor psikologlari da bu noktada
o6nem tasimaktadir. Son yillarda spor psikolojisine verilen dnem artmistir ve bu konuda
yapilan c¢alismalar da artmaktadir. Literatiir taramasi zihinsel dayaniklhilik diizeyi
sporcunun performansini etkiledigini géstermektedir.

2.2. Sporda Devamlilik

Spora devam edebilmek i¢in motivasyon kaynagi ya da spor devam ettirme nedenleri
sporcudan sporcuya degismektedir. Zihinsel dayanikliligin artmasi ile spora devam etme
diizeyi de arttigini soyleyebiliriz. Sporda devamlilif1 etkileyen diger bir kavram ise
giidiilenmedir. Giidilenme diizeyine bakildiginda giidiilenmesi yiiksek olan sporcularin
kontrasyonlarinin daha yiiksek oldugu, miicadele etme diizeylerinin daha gelismis oldugu,
olumsuzluklarla bas etme stratejilerin daha yiiksek oldugu goriilmiistiir (Roberts ve ark,
2007). Gudulenme diizeyi yiiksek olan sporcularin sporda devamliligi daha ytksektir
diyebiliriz. Spora devam etme kaynagini belirlemek ve farkli degiskenlerle iliskisini
incelemek icin Olgekler bulunmaktadir. Literatiirde giidiilenme ile ilgili yapilan
arastirmalar ve calismalar bulunmaktadir.

Zihinsel dayaniklilig1 6l¢gmek icin kullanilan 6lgeklerden birisi olan Zihinsel Dayaniklilik
Envanterinde de (Sheard, Golb Van Wersch 2009) devamlilik alt boyutunun olmasi
aralarinda énemli bir iliski oldugunu gostermektedir. Zihinsel dayaniklilik envanterindeki
devamlilik sporcunun kendi hedefleri i¢cin sorumluluk alip miicadele etmesi olarak
aciklanabilir (Giivendi ve ark., 2018).

2.3. Spor Psikolojisi

Son yillarda sporda performans tlzerinde fiziksel ¢alismalarin oldugu kadar zihinsel
calismalarin da 6nemi artmistir. Antrenoérlere diisen goérev kadar spor psikologlarina da es
degerde gorev diismektedir. Zihinsel olarak dayanikli olamayan, olumsuz kosullarda
devam etmekte giicliik ¢ekip ayak uyduramayan, olumsuzluklar: firsata ¢eviremeyen,
stresli durumlardan olumsuz etkilenen sporcularin spor ortaminda basari saglayamadigi
gorilmistiir. Bunlarin 6niine ge¢cmek ve sporda basariyr yakalayabilmek icin spor
psikologlari ile ¢alismak dogru bir se¢im olacaktir.

Spor psikolojisi tizerine bircok tanimlama yapilmistir. Ornegin Alderman (1980) spor
psikolojisini, “sporun birey davraniglari iizerindeki etkisi olarak” tanimlamistir. Gill (1986)
ise spor psikolojisini, “spor yapan insan davraniglarina gerekgce ve cevap arayan, spor ve
egzersiz bilimlerinin bir dali” olarak tanimlamistir. Korug¢ (1992) spor psikolojisini, “spor
yapanlarda antrenman verimliligini artirma, égrenme siiresini hizlandirma, ulasilacak
performansin dntindeki ruhsal engelleri ortadan kaldirma amaclarin1 gerceklestirmeye
calisan bir spor bilimleri dali” olarak tanimlamistir.
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2.4. Mental/Zihinsel Dayaniklihik

Dayanikliligi hareket ya da durum karsinda devamliligini koruyabilme ya da uzun siire
devam ettirebilme olarak agiklayabiliriz. Zihinsel dayanikliligi, insanin iizerinde olusan
stresler ve karsilasilan aksilikler karsisinda sogukkanliligi bozmadan, mental olarak ayakta
durabilme ve olumsuzluklara karsi koyabilme olarak aciklayabiliriz. Literatiirde zihinsel
dayaniklilik icin bir¢ok tanimlama bulunmaktadir. Bull, Shambrook, James ve Brooks,
(2005) zihinsel dayaniklilig1 yiiksek olan bireylerdeki olumsuzluklar karsisinda devam
edebilme, yapilan hatadan geri donebilme, mental olarak saglam olabilme ve konsantre
olabilme gibi yeteneklerle ilgili oldugu sdylemistir. Zihinsel dayaniklilik, stresin
olumsuzluklarini indirgeyen ve uyum saglamasini yarayan faktor olarak goriilmektedir
(Jacelon, 1997).

Zihinsel dayaniklilik i¢in énemli kuramlar olusturulmustur. Bunlardan bazilar1 ‘Kisilik
Yapis1 Kuram1”, “Saglam Kisilik Modeli” (Kobasa, 1979) kuramlaridir. “Saglam Kisilik
Modeline” gore saglam Kkisiligin; kontrol, miicadele, baghlik yapilarindan olustugunu
belirtmistir (Kobasa, 1979). Kontrol, miicadele, bagliligin yaninda giiven yapisinin da
oldugunu Clough ve arkadaslar1 (2002) ileri siirmiistiir.

2.5. Sporda Zihinsel Dayaniklilik

Spor her ne kadar fiziksel aktivite agirlikli olsa da zihinsel dayanikliligin énemi yapilan
arastirmalarla kanitlanmistir. Spor ortaminda olusan yogun antrenmanlar, tektik taktik
calismalari, miisabakalar, rekabet ortami, sakatliklar gibi durumlar sporcu iizerinde
olumsuz etkiler olusturabilmektedir. Bu olumsuz durumlara ragmen devam edebilme
yetisi sporcunun performansinmi arttirmaktadir. Mental olarak saglam olan sporcular;
duygusal agidan rahat, olumsuzluklar karsisinda sogukkanl ve gii¢lii kalabilme gibi
yetilerine sahiptir (Konter, 2006). Sporcunun fiziksel yetkinliginin arttirilabildigi gibi
zihinsel yetkinligi de arttirilabilmektedir. Bu noktada fiziksel antrenmanlar gibi psikolojik
beceri antrenmanlari da diizenli ve artan yiiklenmeler ile antre edilmelidir (Konter, 2006).

Zihinsel dayanikliliktan ilk bahseden kisi de spor psikologu James Loehr’dir (Peke, 2020).
Sporda zihinsel dayaniklilifi bircok sekilde tanimlamislardir. Loehr (1982) zihinsel
dayanikliligi, baski altinda iken performansini devam ettirebilme yetenegi olarak
tanimlamistir. Jones ve arkadaslar1 (2009) zihinsel dayanikliliga sahip kisilerin baski
altindayken kontrollii olabilme, kararli olabilme ve konsantre kalabilme gibi yeteneklerle
rakiplerinden daha istiin performans sergilediklerini ileri siirmistir. Zihinsel
dayaniklilik; 6zgiivenli olma, stres altinda devam edebilme, kontrasyonunu dis etkenlerin
bozmasina izin vermeme, cabalama, kararinin arkasinda durabilme, bask: altindayken
performansin etkilemesine izin vermeme, motivasyonunu koruyabilme, cesaretli olabilme
gibi bir¢ok o6zelligi biinyesi altinda toplamaktadir (Sahinler ve Ersoy, 2019). Miisabaka
sirasinda sporcunun kondisyonun yiiksek olup yiiksek performans gostermesi avantaj
saglar ancak yeterli degildir. Kondisyonel gelismislik diizeyi esit olan sporculari
birbirinden ayiran faktdr zihinsel dayaniklilik diizeyidir (Weinberg ve Gould, 1995).
Zihinsel dayanikliligin dnemi, Sheard’in (2013) spor alaninda basarinin temel tasini,
zihinsel dayaniklilik olarak gordiigiini savunmasiyla da vurgulanmistir. Zihinsel
dayanikliligl diisiik olan sporcularda aktiviteden uzaklasma, kontrol altinda tutma da
zorluk, degisikliklerle karsilastigi zaman streslenip panikleme ve degisikliklere karsi
direng gosterdigi gortilmektedir (Klag ve Bradley, 2004). Zihinsel dayanikhlik i¢in bir¢ok
tanim olmasina ragmen zihinsel dayaniklilik diizeyi performans agisindan olduke¢a énemli
oldugu ortak bir yargidir. Sonug olarak soylemek gerekirse zihinsel dayaniklilik ayirt edici
bir 6zellik olup rakiplerin karsinda biiyiik avantaj saglamasina yarayan mental bir
ozelliktir. Ozellikle profesyonel diizeyde sporla ugrasan sporcularda olmasi beklenen bir
ozelliktir. Elit dliizeydeki sporcularin birbirinden ayiran 6zelligi zihinsel dayaniklilik olarak
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gosterilmektedir (Cheery, 2005). Bunun sebebi olumsuz kosullarda bile performansini
devam ettirebilmesi olarak aciklanmaktadir (Loehr, 1985). Bu yilizden elit diizeydeki
sporcular antrendrle oldugu kadar spor psikologlari ile de es diizeyde calismali ve fiziksel
ve zihinsel olarak sporcunun performansi yiikseltilmelidir. Zihinsel dayanikliligin
performans iizerindekini etkisini incelemek icin yapilan arastirmada da goriiliiyor ki genel
zihinsel dayaniklilik ve optimal performans arasinda pozitif yonde iliski vardir (Crust ve
Swann, 2011). Yapilan arastirmalar, mental yetkinligin teknik, taktik ya da fiziksel
yetkinlikten daha etkili oldugunu goéstermistir (Konter, 1998).

Zihinsel dayanikliligin dogustan m1 geldigi yoksa sonradan mi 6grenildigi de tartisma
konusu olmustur. Ornegin Block ve Block (1980), bireylerde dogustan zihinsel
dayanikliligin oldugunu ileri stirerken, Beardslee ve Podorefsky (1998) ve Masten (1990)
tam aksini soyleyip zihinsel dayaniklilifin sonradan 6grenilip gelistirilebilen bir 6zellik
oldugu one siirmiistiir. Yapilan arastirmalarla sonradan da 6grenebilir bir 6zellik oldugu
gorilmustiir (Beardslee ve Podorefsky, 1998).

Sporda zihinsel dayaniklilik iizerine yayinlanmis ilk ¢alisma 2001 yilinda Fouire ve
Potgieter tarafindan yapilmistir (Tirkyillmaz, 2019). Yapmis olduklarin1 analizlerin
sonucunda zihinsel dayanikliligin “ motivasyon diizeyi, bas etme becerisi, giiven, bilissel
beceri, disiplin, yarismacilik, fiziksel ve zihinsel gereklilikler, takim uyumu, hazirlik becerileri,
psikolojik dayaniklilik, etik ve inang” olmak lizere 12 yapidan olustugunu ileri siirmiislerdir
(Tirkyilmaz, 2019).

Zihinsel dayaniklilig1 Jones (2002) ikiye bdlmiustir. Birincisi miisabakada rakip karsisinda
ya da antrenmanlarda yasanan olumsuz durumlarla basa ¢gikabilme iken digeri rakipten
daha konsantre olabilme, baski karsisinda dik durabilme, kendine olan giivenme duygusu
gibi dogustan sahip olunan ya da zamanla gelistirilmis psikolojik beceridir (Jones, 2002).

2.6. Zihinsel Dayaniklilig1 Etkileyen Faktérler

Zihinsel dayaniklilik spor performansini etkiledigi gibi zihinsel dayaniklilik diizeyi de baz1
degiskenlere gore degisebilmektedir. Literatiirde bulunan arastirmalarda cinsiyet, yas,
spor tiirt, spor sikligy, spor yasi, egitim durumu, medeni durumu gibi degiskenlerin zihinsel
dayaniklilik iizerindeki etkisini dolayli yoldan spor performansi tizerindeki etkisi ve iliskisi
incelenmistir.

Derlemesini yapmis oldugum arastirmalarin birkaginda cinsiyet arasinda anlamh
farklhiliklar bulunmazken (Giileroglu ve Eroglu, 2019; Yildiz, 2017; Sahinler ve Ersoy, 2019;
Pehlivan, 2014; Kayhan ve ark., 2018; Peke, 2020; Tiirkoglu, 2019; Cakmak, 2019; Demir ve
Tiirkeli, 2019; Ilhan, 2020; Giirer ve Kiling, 2019) birka¢ calismada erkeklerin lehine
sonuglar bulunmustur (Kalkavan ve ark.,, 2020; Tekkursun ve ark., 2019; Giirer ve Kiling,
2019; Eroglu ve ark., 2020; Nicholls ve ark.,, 2009; Findlay ve Bowker, 2009; Juan ve Lopez,
2015; Masum, 2014; Onan, 2017; Dede, 2019). Erkeklerin lehine sonug¢ ¢ikmasini Madrigal
(2015) erkeklerin kizlara nazaran toplum tarafindan daha fazla destek ve ilgi gérmesi
sebebiyle olabilecegi seklinde yorumlanmistur.

Yas degiskenine bakildiginda yas arttikca zihinsel dayaniklilik diizeyinin de arttigi
gorilmistir (Crust ve ark., 2014; Marchant ve ark., 2009; Nicholls ve ark., 2009; Yarayan ve
ark., 2018; Connaughton ve ark.,, 2008; Masum, 2014; Onan, 2017; Demir ve Celebi, 2019;
Yildiz, 2017; Kayhan ve ark., 2018; Ilhan, 2020; Giirer ve Kiling, 2019; Peke, 2020). Yasin
ilerlemesiyle olgunlasmanin artmasi zihinsel olarak daha saglam diisiincede olma,
olumsuzluklara karsi daha direncli olma, kararl ve kontrollii olma, kendine giivenme gibi
olgularin gelismesinde etkili oldugunu soyleyebiliriz. Ama yas degiskeninin zihinsel
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dayaniklilik ile iliskisi olmadigini gosteren ¢alismalar da mevcuttur (Crust, 2009; Altintas,
2015; Giivendi ve ark., 2018).

Spor yasi degiskenine bakildiginda deneyimin artmasi zihinsel dayaniklilik diizeyinin
artmasinda bir etkendir (Yarayan ve ark., 2018; Connaughton ve ark., 2008; Nicholls ve ark.,
2011; Yildiz ve Yilmaz, 2017; Crust ve ark, 2014; Marchant ve ark., 2009; Yildiz, 2017;
Sahinler ve Ersoy, 2019; Ilhan, 2020; Eroglu ve ark., 2020; Peke, 2020). Spor yasi fazla olan
sporcularin, benzer sartlarda birgok kez bulunmus olmasi yani bir nevi bagisiklik kazanmis
olmasi ve daha ¢ok deneyim sahibi olup daha fazla strateji sahibi olmasi sebepleri ile yeni
baslayan sporculardan zihinsel dayaniklilik diizeyinin daha yiiksek oldugunu
soyleyebiliriz. Ancak spor yasi ile anlamli farklilik bulunamayan (Cakmak, 2019; Dede,
2019; Giirer ve Kiling, 2019; Kayhan ve ark., 2018) ¢alismalar da bulunmaktadir. 1-5 yildir
giiresle ugrasan sporcularin, 6-10 yildir giiresle ugrasan sporculardan zihinsel
dayanikliliklarinin daha yiiksek oldugu gortilmis ve literatiirdeki bir¢ok arastirmayla zithk
olusturmustur (Giivendi ve ark.,, 2018).

Zihinsel dayaniklilig1 etkileyen diger faktor ise egitim durumudur. Egitim seviyesinin
artmasi ile zihinsel dayaniklilik diizeyinin de artig1 goriilmiistiir (Yarayan ve ark., 2018;
Crust ve dig., 2014; Fisher ve Hood, 1987; Dede, 2019; Yildiz, 2017; Sahinler ve Ersoy, 2019;
Peke, 2020). Egitim seviyesinin artmasi ile biling diizeyinin artmasi paralel
ilerleyebileceginden dolay1 mantikli diisiiniip hareket etme kabiliyetinin de arttigim
soyleyebiliriz. Anlaml farhliklar saptamayan ¢alismalar da bulunmaktadir.

Takim sporuyla ya da bireysel sporla ugrasan sporcularin zihinsel dayaniklilik diizeyleri
bazi ¢alismalarda farklilik gosterip takim sporuyla ugrasanlarin daha yiiksek zihinsel
dayaniklilik diizeylerinin oldugunu soylerken bazi arastirmalar bireysel sporcularin
lehine bulgular bulmustur bazi arastirmalar ise anlamli bir farklilik bulamamistir (Juan ve
Lopez, 2015; Nicholls ve ark., 2009; Bull ve ark, 2005, Yarayan ve ark., 2018).

2.7. Sporda Zihinsel Dayanikliligin Olgiilmesi

Sporcularin zihinsel dayaniklilik diizeylerini belirlemek ve degiskenlerle iliskisini
incelemek amaciyla ve buna bagl sporcularin zihinsel dayaniklilik diizeylerini
arttirabilmek amaciyla bir¢cok o6lgek gelistirilmistir (Gucciardi vd, 2008; Middleton vd,
2004; Sheard vd, 2009; Thelwell vd., 2005). Baz1 6lgekler belirli branglara 6zgiidiir
(Gucciardi ve ark., 2008; Thelwell ve ark., 2005). Diger dl¢ekler ise tiim brans sporcularina
yoneliktir (Middleton ve ark., 2004; Sheard ve ark., 2009).

e Spor Performans Envanteri (The Sports Performance Inventory) (Jones ve dig.,
2001),

e Zihinsel Dayaniklihk Olcegi-48 (Mental Toughness Scale-48) (Clough ve dig.,
2002),

e Zihinsel Dayaniklilik Envanteri (The Mental Toughness Inventory) (Middleton ve
dig., 2004), Avusturya Futbolu Zihinsel Dayaniklik Envanteri (Australian Football
Mental Toughness Inventory) (Gucciardi ve dig., 2008).

e Sporda Zihinsel Dayaniklilik Envanteri (Sport Mental Toughness Questionnaire-
SMTQ-14) (Sheard ve dig., 2009)

(akt. Altintas ve Korug 2016)
2.7.1.Zihinsel Dayaniklhilik Olgegi

Clough ve arkadaslar1 (2002) tarafindan gelistirilen 6lcegi, “Miicadele Etme, Baglilik,
Duygusal Kontrol, Yasam Kontrolii, Kendine Giivenme ve Kisiler arast Kendine Giiven” alt
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boyutlarindan olusmaktadir. Zihinsel dayaniklilik-48 (MTS-48) 6lcegi en ¢ok tercih edilen
6lcektir (Erdogan 2016).

Bir bagka zihinsel dayaniklilik 6l¢egini ise Madrigal ve ark. (2013) gelistirmistir. Bu 6lcek
14 maddeli ve tek faktorliidiir (akt. Erdogan, 2016). Sadece belirli brans ¢ergevesinde
gelistirilen Olgekleri elestirip tiim sporculart kapsayabilecek olan bu 6lgegi
gelistirmislerdir (akt. Erdogan, 2016).

2.7.2. Zihinsel Dayaniklilik Envanteri

Middleton ve ark. (2004) “benlik yeterligi, kapasite, zihinsel benlik algisi, gérev benzerligi,
deger, kisisel en iyi, hedef baghligi, ¢aba, gérev odagi, olumlu olma, stres azaltma ve olumlu
karsilastirmalar” olmak iizere 12 alt boyuttan olusan Zihinsel Dayaniklilik Envanteri'ni
gelistirmislerdir.

Zihinsel dayaniklilig1 6l¢mek icin Sheard, Golby ve Van Wersch (2009) Zihinsel Dayaniklilik
Envanterini gelistirmistir. Altintas (2015) tarafindan da Tiirkceye uyarlanmistir. Olcek 14
maddeden ve 3 alt boyuttan olusmaktadir. Bunlar giiven, devamllik, kontrol alt
boyutlaridir.

Giiven: Giliven duygusu olan bireylerde yola c¢ikilan islerini sonuna kadar devam
ettirebilme, sorumluluk alabilme (Florian, 1995), karsilasilan olaylara dahil olma (Kobasa
vd., 1982), zor sartlarda bile yeteneklerine ve rakibi yenebilecegine giivenme (Glivendi ve
ark., 2018) gibi 6zellikler bulunmaktadir.

Kontrol: Hull (1987) kontrolii, bireylerin karsilasmis olduklari olaylar: istedigi yone
yonlendirebilme inancinda oldugu, olarak agiklamistir. Bu tanima gore olaylari1 kontrol
edebilme ve bicimlendirebilme inancinda olduklarini séyleyebiliriz

Devamlilik: Sporcunun kendi hedefleri icin sorumluluk alabilme konsantre olup miicadele
edebilme yetenegi olarak aciklayabiliriz (Giivendi ve ark., 2018).

2.8. Sporcu Tiikenmisligi

Sporun her ne kadar sosyal ya da fiziksel yonden insana kattig1 yararh bilsek de sporda
kazanma hirsi, spordaki rekabet ortami gibi faktdrlerin olmasi insan iizerinde stres
yaratabilmektedir. Hedefe ulasmak i¢in yapilan antrenmanlar, ¢ikilan maglar, galibiyetler
ya da maglubiyetler, sakatliklar ve bunlarla birlikte olusan stres ile sporcular ¢ok fazla ¢aba
ve efor harcamaktadir. Fiziksel ve de mental olarak harcanan efor sporcunun tiikkenmisligi
ile sonuglanabilir. Tiikenmislik, sporcuda isteksizlik, yorgunluk, spordan uzaklasma hissi,
formdan diisme gibi fiziki veya zihinsel olarak tiikenmesi demektir. Raedeke ve Smith
(2001) tiikenmisligi, uzun ve yogun siiregli fiziksel aktiviteye maruz kalan bireylerde
fiziksel ve zihinsel bedeli olarak tanimlarken, Eades (1990) ise antrenman ve miisabaka
sonrasinda olusan streslere karsilik olarak, fiziksel ve mental olarak tiikendigini
hissetmesi, disarida kalmis hissinin olusmasi olarak tanimlamistir (Akt. Raedeke ve Smith,
2001). Tiikenmiglik yasayan sporcularin optimal performansinda diisiis yasamasi son
derece olasidir. Yapilan bir arastirmada zihinsel dayaniklilig1 yiiksek olan sporcularda
tiikkenmislik durumunun daha az goriildiigii ortaya konmustur (Madigan ve Nicholls,
2017). Bu derlemede de yararlandigim kaynaklardan bir tanesinde de bu bulguyla
paralellik gosteren bulgu saptanmistir. Kurtulget ve ark. (2018) azalan basari hissi ve
duygusal tiikkenmeyi zihinsel dayanikliligi ytksek olan insanlarin daha az yasadigini
saptamistir.
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2.9. Optimal Performans Algisi

Optimal performansi Crust ve Swann (2011) ugrasmis oldugu aktiviteye 6énem verip
yogunlasan, miicadele eden, sorumluluk alip yerine getiren ve yaptig1 spordan haz duyan
bireyler olarak tanimlamistir. Ve yapilan arastirma sonucunda optimal performans algisi
ve zihinsel dayaniklilik arasinda pozitif ydonde anlaml bir iligki goriilmiistiir. Aralarindaki
iliskiye bakarak optimal performans algisi yliksek olan sporcularda zihinsel dayaniklilik
diizeyinin daha yiiksek oldugu sdylenmektedir (Tirkyilmaz, 2019).

3. Yontem

Bu makale derlemesi icin Tiirkiye Olgme Araglari Dizini (TOAD) veri tabanindan
(https://toad.halileksi.net/) ve Google Scholar (https://scholar.google.com/) arama
motorundan yararlanilarak sporda zihinsel dayaniklilik konusu ile ilgili arastirmalar i¢in
tarama yapildi. Arastirmalara ulasabilmek i¢cin spor ve zihinsel dayaniklilik, mental
dayaniklilik, egzersiz ve zihinsel dayaniklilik gibi anahtar kelimeler kullanilarak makale,
tez ve dlgek aramasi yapild1. Secilen arastirmalarin dili yalnizca Tiirkge olup arastirmanin
yapildig1 yil dikkate alinmamistir. Fakat zihinsel dayanikliik kavraminin son yillarda
6neminin artmasi ve iilkemizde ise daha ge¢ giindeme gelebilmesi sebebiyle arastirmalarin
hepsi 2014-2020 yillar1 arasindadir. Arastirmalarin ¢ogu zihinsel dayaniklilik diizeylerini
6lcmek amaciyla yapimis calismalar olsa da bulunan bazi arastirmalar da bazi
degiskenlerin zihinsel dayanikliliga etkisini; egzersiz bagimliligi, miikemmeliyetgilik, 6z
yeterlilik diizeyi, cesaret diizeyleri gibi sporla ilgili olan kavramlarla iligkisini incelemek
amaciyla yapilan calismalardir. Derlemeye dahil edilmek iizere indirilen 27 makale
arasindan derleme konusuyla en alakali 20 makalenin hepsi okunmus olup bulgular
kisminda 6rneklem, amag ve sonug olmak iizere makale ile ilgili bilgiler bulunmaktadir.

Yil Yiiksek lisans tezi  Toplam calisma
2014 1 1
2016 1
2017 1 1
2018 4
2019 3 8
2020 1 5

Tablo 1.’de Bulunan makaleler arasinda doktora tezi bulunmamakla birlikte yiiksek lisans
tezi olan arastirmalar disindaki ¢alismalar arastirma makalesidir.

*Zihinsel dayaniklilik ile ilgili arastirma en ¢ok 2019 yilinda ve 2020 yilinda yapilmistir.
Ulkemizde bu kavrama verilen énem diisiikk olup arastirma sayisi azdir. Zihinsel
dayanikhiligin diizeyinin fiziksel performans kadar o©nemli oldugunu antrenérler
sporcularina vurgulamasi gereklidir ve bu kavrama yeteri kadar 6nem verilmelidir. Ancak
fiziksel ve zihinsel performansin es zamanl antre edilip iyilestirilmesi ile basarili bir
sporcu olunabilir.
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4. Bulgular

Tablo 2.’de bu ¢alismada yer verilen aragtirmalarin énemli bulgular: yer almaktadir.

Makale Orneklem Calisma amaci Arastirma Sonucu
Yazarlari
BaSk.StbOl Stiper Lig  Basketbolcularin *Zihinsel dayaniklilig1 yiiksek olan sporcularin tiikenmisligi daha
Terfi tutkunluk ve T Lo
Ebru miisabakalarina zihinsel az yasadigi gorilmistilr.
. o *Tutkunluk ve tiikenmislik alt boyutlar1 arasinda anlamli bir iliski
Kurtulget katilan yaslar1 18 ile dayanikliligin bulunmamistir
Gizem Kaplan 28 arasinda degisen tiikenmislik Sur.

Fatma

55 i kadin ve 84 i

uzerindeki etkisini

*Sporcularin bransa olan tutkunluk diizeylerinin tiikenmislik
iizerinde bir etkisi olmadig1 goriisiilmiis ve literatiirde yapilan bazi

Cepikkurt erkek olmak iizere o6lgmek ve birbiri lar il diismiistii
2018 (1) toplam 139 ile iliski olup i‘gast‘mia arl ?ht.ers lusmu$t13ri M tikenmislide liskili oldus
basketbolcu olmadigini siayip porcuiarin zIninse: dayal.n crart tu enmiyiuxie Lighe oudugu
katilmistir, ortaya koymaktr, ancak tutkunlugun tiitkenmislikle iliskili olmadig1 goérilmiistiir.
Bu arastirma,
Tiirkiye Dag *Sporcularin zihinsel dayaniklilik diizeyleri cesitli degiskenlerle
Bisikleti incelenmistir ve yas ve spor yapma yili degiskeninin giiven alt
Evreni, 19-20 Sampiyonasina boyutuyla, cinsiyet degiskeninin kontrol alt boyutuyla anlamh
Temmuz 2018 katilan dag farkhliklar bulunmustur.
Arslan tarihlerinde Rize’de bisikletcilerinin *Sporcularin yaslari arttik¢a kendine giiven ve inanglarinda (giiven
Kalkavan diizenlenen Dag zihinsel alt boyutu) artma olurken baski aninda veya beklenmedik
Cetin Ozdilek Bisikleti Tirkiye dayanikliligin durumlarda rahat olma (kontrol alt boyutu) davranislarinda
Gokhan Cakir Sampiyonasinda degiskenler azalma gorilmiistir.
2020 (2) yarisan 220 sporcu lizerinde fark *Cinsiyet degiskenine gore erkeklerin kadinlara gére kontrol alt
olup odlcegi dolduran olusturup boyutunda daha yiiksek puana sahip oldugu goriilmiistiir.
kisi sporcu sayisi ise  olusturmadigini *Milli olan sporcularin olmayanlara gore kendilerine giivenlerinin
146'drr. incelemek ve daha fazla oldugu gorilmesine ragmen anlamli bir fark
iliskisine bakmak olusturmamistir. Zihinsel dayaniklilik diizeyleri milli olan ve
amaciyla olmayan sporcularda benzerlik gostermektedir.
yapimistir.
Bu arastirma,
Haftada 3  giin, anaerobik egzersiz
glinde 2 saat fiziksel sonucu olusan
Ferhat aktivite yapan 22 yorgunlugun *K | d 1 da cinsi farki olmad iddetli
Giileroglu kontrol grubu (11 sporcularin ontr-o ve deney gruplarin avcms%y(_at arxi oimacan sl .etl
Hiiseyin kadin-11erkek) ve zihinsel egzersiz sonucu olusan yorgunlugun zihinsel dayaniklilik tizerinde
Eroglu 22 deney grubu (11 dayanikhilik etkisj oldugu ve bu etki zihinsel dayanikliligin azaldig1 yoniinde
2019 (3) kadin-11 erkek) diizeylerine oldugu goralmistir.
toplam 44 kisiyle etkisini belirlemek
arastirma yapildi amaciyla
yapimistir.
Yunus Emre Bu arastirma, elit *Zihinsel dayanikliigin yapilan spor tiriine gore farklilastig
Yarayan Arastirmaya, diizeyde bir’eysel gorilmistilr.
Ayduner Birsin bireysel  sporlarla ya da takim sporu *Cinsiyet degiskenine bakildiginda anlamli bir fark bulunamamis
Vildiz ugrasan 56 erkek, 50 yapan sporcularin ama erkek sporcularin zihinsel dayaniklilik diizeyleri kadin
Dogukan kadin; takim sihinsel sporculardan daha yiiksek oldugu saptanmistir.
Batur sporuyla ugrasan 57 dayaniklihgin *Kontrol alt boyutunda ise yas arttikca zihinsel dayanikliligin
Alp Giilsen erkek, 44 kadin farkly arttif1 gorilmustir.
2018 (4) sporcu katilmistir. degiskenlerle *Spor yasi degiskenine gore ise bireysel sporcularin kontrol alt

boyutunda, takim sporuyla ugrasan sporcularin devamlilik alt
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iliskisine bakilmak
icin yapilmistir.

boyutunda zihinsel dayaniklilik toplam puaninda anlamli bir fark
gorilmistiir. Spor yasi/deneyim arttikca zihinsel dayanikliligin
arttig1 diger literatiir calismalarinca desteklenmistir.

*Egitim durumuna bakildig1 zaman lise egitimi alan sporcularla
lisans egitimi alan sporcular arasinda fark goriilmiis ve lisans ve
lisansiistii egitimi almis sporcularin lehine bir durum oldugu
saptanmugstir.

Hatice Burc¢in

Arastirma, Tirkiye
Siiper Lig ve TFF 1.

Calisma, “Sporda
Miicadele ve Tehdit
Olgeginin” Tiirkce
gecerlik ve
glivenirliginin

yapilmasi ve ayni
zamanda zihinsel

*Kullanilan 6lgegin Tiirk Futbolcular i¢in gecerli ve gilivenilir
oldugu gorilmiistir.

*Futbolcularin miicadele algis1 puani ile tehdit algisi puani
karsilastirildiginda miicadele algisi puani daha yiiksek oldugu
gorilmustiir.

*Futbolcularin kendine giiven ve devamlilik alt boyut puanlarinin

I;lilgllmazzo Eft;bcl)elcﬁy hayan 1?166 dayanikliligin yuksek oldugunu gostermistir.
apilmistir miicadele ve tehdit *Kendine giiven alt boyutunun miicadele alt boyutunun
yaplimistr: algisina olan belirleyicisi oldugunu ve aralarindaki iliskinin pozitif oldugunu

etkisinin gostermistir.
incelenmesi *Kendine giiven ve kontrol alt boyutlar1 tehdit alt boyutunun
amaciyla negatif yonde belirleyicisi olarak tespit edilmistir
yapimistir.
Bu ¢alisma,
yetiskin ve farkli *Zihinsel dayamiklilk ve miikemmeliyetciligin belirsizlige
yas, farkli tahammiilstzliikle arasinda iliski oldugu goérilmistir.
Bu c¢alismaya 123 branslardaki *Cinsiyet, yas, spor tiirii degiskenlerine bakildig1 zaman belirsizlige
kadin, 96 erkek sporcularin tahammuilsiizliikle anlamli iliski olmadig1 gorilmiis ve her cinsiyet
< olmak lizere 229 belirsizlige ve yas grubunda bu durum olumsuz olarak algillandig1 da

Omer D IO . . o

. sporcu katilmistir. tahammiilsiizliigii =~ gorilmistiir. Ve literatiire bakildiginda paralel bulgular

Giimiisoglu ) . : .

. Sporcularin  119’u  ni inceleyip bulmuslardir.

Hiilya Asc1 o . . . N ] 1
takim  sporlariyla zihinsel *Miikemmeliyetci sporcularin belirsizlige karsi tahammiilsiizliigiin

2020 (6) : o ORI S
geriye kalan 100’ dayanikhiligin ve oldugu gorilmiistir.
bireysel  sporlarla miikemmeliyetcili ~ *Zihinsel dayanikliligin alt boyutu olan kontrol faktériine bakildig:
ugrasmaktadir. gin roliini zaman kontrolii diisiik, kotii performans kaygisi olan sporcularin

arastirmak belirsiz durumlarda kaygi ve iiziinti duygularini yasadigl
amaciyla saptanmistir.
yapimistir.
*Elit giirescilerin ~ zihinsel dayamiklihigin  yiliksek oldugu
Bu arastirma, elit gorilmistir. Ancak zorlu miicadele ortaminda problem de
giirescilerin farkli yasadiklari séylenebilmektedir.
Arastirma, degiskenlere gore *Bagimsiz  degiskenlerden  egitim  durumuyla  zihinsel
Turkiye’de yasayan zihinsel dayanikliligin arasinda anlamhi bir fark goériiliirken diger

Yunus Emre . . o - .

Dede elit diizeyde 55 dayanikliliginin degiskenler arasinda anlaml bir fark bulunamamistir.

2019 (7) kadin, 148 erkek incelenmesi ve *Lisans ve lisansiistii egitimi alan sporcularin lise egitimi alan
giiresciyle arasindaki iligkiyi sporculara gore zihinsel dayamikliigin daha fazla oldugunu
yapilmistir. belirlemek soylemek miimkiindiir. Yani egitim seviyesi arttik¢a zihinsel

amaciyla dayaniklilik diizeyi de artig1 sdylenebilir.
yapilmistir. *Erkek sporcularin zihinsel dayanikliligi kadinlara goére ¢ok az

farkla fazla da olsa aralarinda anlaml bir fark géziikmemektedir.

32



Yilmaz, A., International Journal of Mountaineering and Climbing, 2021, 4(2), 23-42

*Spor bilimleri fakiiltesi 6grencilerinin zihinsel dayanikliligi orta
diizeyin tstiinde olup egzersiz bagimlilig1 risk grubunda oldugu
gorilmistir.

*Arastirma, egzersiz bagimliligi olcegi ve zihinsel dayaniklilik
envanterinin  birbiri ile anlamh bir iliskisi oldugunu
gostermektedir.

*EBO’nin alt boyutu olan “asir1 odaklanma ve duygu degisimi”,

Bu calismanin, “bireysel sosyal ihtiyaclarin ertelenmesi ve catisma”, “tolerans
Arastirmaya, 2018- spor bilimleri gelisimi ve tutku” alt boyutlari ile SZDE’nin “gliven” alt boyutuyla
2019 yilinda Gazi fakiiltesi pozitif yonde yiliksek diizeyde anlamli farklilik saptanmistir. Ve
Goniil Universitesinde 6grencilerinin EBO'nin “asir1 odaklanma ve duygu degisimi”, “bireysel-sosyal
Tekkursun egitim goéren 59 farkli degiskenlere ihtiyac¢larin ertelenmesive ¢atisma”, “tolerans gelisimi ve tutku” alt
Demir kadin, 189 erkek gore egzersiz boyutlariyla SZDE'nin “devamlilik” alt boyutu arasinda negatif
Anil Tiirkeli olmak iizere 248 bagimhlig ve yonde iliskisi oldugu gorilmistiir.
2019 (8) spor bilimleri zihinsel *Ogrencilerin egzersiz bagimlihg diizeyi arttikca kontrol
fakiiltesi  6grencisi dayanikliliginin diizeyinin azaldig1 goralmistir.
katilmistir. incelenmesi  icin *Cinsiyet degiskenine gore egzersiz bagimllik diizeyinde farklilik
yapilmistir. saptanmistir. Erkeklerin kadinlara goére daha yiiksek puanda
oldugu gorilmistir.
*Fakat zihinsel dayanikliliga bakildig1 zaman cinsiyet degiskeninde
fark saptanmamuistur.
*Diizenli spor yapanlarin yapmayanlara gore egzersiz bagimlilik
puanlarinin daha fazla oldugu goriilmiistir.
*Ogrencilerin egzersiz bagimlihig1 ve sporda zihinsel dayaniklilik
diizeyi arasinda iliski oldugu saptanmistir.
Calisma, spor
bilimleri *Cinsiyet degiskenine gore devamlilik ve kontrol alt boyutlarinda
fakiiltesinde anlaml bir fark gorilmemistir. Ama giiven alt boyutuna bakildigi
6grenim goren zaman erkeklerin lehine bir sonug¢ saptanmistir.
miicadele sporuyla *Yas degiskeninde ise kontrol alt boyutunda anlamh bir fark
Calismaya 163 ugrasan olamayip giiven ve devamlilik boyutunda diisiik de olsa pozitif
Pinar Demir kadin, 235 erkek sporcularin yonde bir fark goriilmistiir. Yas arttikca zihinsel dayaniklilik
Murat Celebi olmak tlizere toplam zihinsel diizeyinin arttigin1 soyleyebiliriz. Ayni sonu¢ spor yasi icinde
2019 (9) 398 sporcu gonilli dayaniklilig gecerli oldugunu soyleyebiliriz.
olarak katilmistir. incelemek ve farkli *Brans degiskeninde giiven ve devamliik alt boyutuna
degiskenlerle bakildiginda anlaml bir fark goriilmemistir. Ancak kontrol alt
arasindaki iligskiyi boyutunda anlamh fark gértilmistiir. Bu fark judo ve kickbox
arastirmak brans1 arasindadir ve judo bransinin lehine bir durum séz
amaciyla konusudur.
yapilmistir.

Aydiner Birsin
Yildiz
2017 (10)

Calismaya, aktif spor
yapan 71 kadin, 244
erkek; toplam 315
sporcu goniilli
olarak katilmistir.

Calismanin amaci,
sporcularin
zihinsel
dayaniklilik ve 06z
yeterlilik
diizeylerinin
arasindaki iliskiyi
incelemektir.

*Cinsiyet degiskenine bakildiginda 6z yeterlilik algisinda ve
zihinsel dayaniklilik diizeyinde anlamh bir fark saptanmamustir.
*Sporculuk diizeyi degiskenine goére anlamlhi bir fark
saptanmamisgtir.

*Yas degiskenine bakildig1 zaman 6z yeterlilik algisinda anlamli bir
fark bulunamamistir. Ancak zihinsel dayaniklilik diizeyinde
anlaml bir fark saptanmistir. Yas arttikca dayanikliligin arttigini
soyleyebiliriz.

*Egitim durumu degiskenine bakildiginda 6z yeterlilik algisinda
anlamli fark saptanmamis ama zihinsel dayaniklilikta anlamla fark
gorilmistiir. Lisans egitimi almis sporcularin diizeyi lise egitimi
alan sporculara gore daha fazladir.
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*Spor yasi degiskenine bakildiginda ise her ikisinde de anlamli
farklilik tespit edilmistir. Spor yas1 artikca zihinsel dayaniklilik
diizeyi ve 6z yeterlilik algisinin arttig1 goriilmektedir.

*Sporcularin zihinsel dayaniklilik ile 6z yeterlik diizeyleri arasinda
orta diizeyli ve dogrusal bir iliski oldugu saptanmistir.

Calisma,
Kiitahva ve Isparta sporcularin *Calisma sonucunda cinsiyetler arasinda bir fark gértilmemistir.
Yunus lin dey asa anp 71 zihinsel *Spor yapma siirelerine bakildiginda farklilik tespit edilmistir.
Sahinler Kkadim s yofcgve 177 dayanikliliklari *Spor branslarina gore de farklilik goriilmiistiir.
p farkh *Egitim durumu degiskenine bakildigi zaman farkhliklar
Adnan Ersoy erkek sporcu olmak o
2019 (11) iizere toplam 248 degiskenlerle saptanmistir.
incelenmesi *Aylik gelir degiskeninde sporcular arasinda farkhliklar
sporcu katilmistir. amacivl sl -
yla gorilmemistir.
yapimistir.
Calisma, Sheard ve
dig. (2009)
tg?féﬁciilaerrll *Modelin uyum indeksleri yeterli bulunmamaistir.
%’S (s)rda Mental *Maddelerin gecerliliklerinin yiiksek oldugu goriilmiistiir.
Dap amkhlik *Cinsiyet degiskenine gore alt boyutlarin erkek sporcularda
ol ye“i’ni" (SMDO) mental dayanikliligin daha yiiksek oldugu hipotezi kurulmus fakat
Calisma, 138 kadin Tiicrkg o o t-testinde anlamli bir farklilik géziikmemektedir.
Hiisevin 5 19$ el,*kek olmak' u arlcamak 51 e“}i,n *Yas degiskenine bakildiginda giiven ve baghlik alt boyutlarinda
Y N yariamak, Oleegin o jamh farklilik gorilmemistir. Fakat kontrol alt boyutunda ise
Pehlivan tizere toplam 357 gecerlik giivenirlik
2014 (12) lisansli sporcu ile analizlerini anlaml farklilik saptanmigtir.
ercekle t?rilmi ir apmak amacivla *Brans degiskeninde giiven ve baglilik alt boyutunda anlaml
gere ’ sur.. yap y farklihlk gorilmiis, kontrol alt boyutunda anlamli bir fark
yapilmistir. Ve Kmamistir
degiskenlere gore s sur. . o
sporcularn mental *Spor yasi degiskeninde giiven ve baglilik alt boyutunda anlamli
P - fark bulunamamis, kontrol alt boyutunda ise anlamh bir fark
dayaniklhihigini Srilmiistiir
incelemek & Stur:
amaciyla
yapilmistir.
*Calisma, envanterin Tiirk sporcular tizerinde gegerliligi oldugunu
ve kullanilabilecegini gostermistir.
*Yapilan analizlere gore faktor yiikleri kabul edilebilir oldugu
Calismanin amaci, . Almiisti
Atahan Bu calismaya farkli sporda zihinsel 52" mugtur. o
Altinta branslart olan 94  davamklihk *Giiven, kontrol, devamlilik alt boyutlarina bakildiginda
ntas ’ y . degerlerinin Alpar ‘a (2001) gore giivenilir kabul ettigi degerler
Perican Bayar kadin, 108 erkek envanterinin
Koru olmak iizere 202 gecerliligini ve arasinda yer almaktadur,
¢ geceriginl *Faktor yiikleri i¢ tutarlilik kat sayilar1 kabul edilebilir diizeyde
2016 (13) sporcu katilmistir. gilivenirligini  test oldugu goriilmiistir
etmekir. *Yap1 gecerliligini test etmek amaciyla yapilan faktér analizi
sonuglarinda uyum indekslerinin kabul edilebilir diizeyde oldugu
gorilmistiir.
Recep Fatih N Bu aragtrmanin ']'31r1.3yse1 ve t:{klfn sporu yapan sporcular arasinda olumlu yénde
Kavhan Calisma, Rize'de amaci  takim  ve iliski oldugu gorilmdustiir.
Selykan takim ve bireysel bire s’el sporlarla *Olgekten alinan puana gore cinsiyet degiskeninde istatiki acidan
Hacicaferoslu sporlarla ilgilenen u“ray an p anlaml fark olmadig1 gériilmiistiir. Ancak bireysel sporla ugrasan
Havri g 155 sporcu ile sgor(stularm erkek sporcular kadinlara gore, takim sporuyla ugrasan kadin
yr gerceklestirilmistir. po sporcular ise erkeklere gore daha fazla puanla zihinsel dayaniklilik
Aydogan zihinsel

gostermislerdir.
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ibrahim dayaniklhihigini *Yas degiskenine bakildiginda 6lgekten alinan puanla arasinda
Erdemir belirlemektir. anlaml fark goriilmemistir. Ancak 23 yas ve tizeri sporcular daha
2018 (14) fazla zihinsel dayaniklilik sergiledikleri gorilmiistiir.
*Spor yapma degiskenine gore 6lgekten aldiklarin puanla arasinda
istatiksel olarak farklilik olmadig1 gériilmiistiir.
Bu arastirma, tenis
oynayan ve
:n:)rrecirll:lnnh olan *Yas ve spor yasi degiskenine goére anlamh fark gorilmistiir.
po *Haftallk antrenman siliresi ve cinsiyete gore ise fark
Calismaya, ] zihinsel bulunmamistrr.
Aydin iLHAN izﬁiesrasyoﬁilubgscglg jizin;le{iilrill( *Kontrol alt boyutunun en yiiksek oldugu yas aralif1 26-31 olarak
2020 (15) <y bulunmustur. Yaslar1 arttikca zihinsel dayanikhiligin arttigim
oynayan 308 sporcu belirlemek ve sbyleyebiliriz
katilmigtir. degiskenlere gore *Tenis oynama yilina gore kontrol alt boyutunda anlamh farklilik
farkliliklarin  olup saptanmistir
olmadigin p FHT-
anlamak amacq ile
yapilmistir.
*Zihinsel dayanikliik ile motivasyon olarak kendi kendine
konusma arasinda pozitif ve diisiikk diizeyde bir iliski oldugu
Dosukan B. A Arastirmaya, Gazi ve Arastirmanin gorilmiistiir.
Giilg en ) Akdeniz amacl sbf * Zihinsel dayaniklilik ile bilissel kendi kendine konusma arasinda
A dsmer Birsin liniversitesinde ogrencilerinde orta diizeyde olup pozitif bir iligki gérilmiistiir.
Yﬂ diz okuyan spor zihinsel saglik ve *Kendi kendine konusma toplam puan ve zihinsel dayaniklilik
Baki Yilmaz bilimleri  fakiltesi kendine kendine arasinda ise diisiik diizeyde ve pozitif bir iliski cikmistir.
Hasan Sahan O0grencisi olan 86 konusma *Giiven alt boyutuyla bilissel kendi kendine konusma arasinda
2019 (16) kadin, 112 erkek arasindaki iligkiyi iliski oldugu goriilmiistr.
katilmistir. irdelemektir. *Kendi kendine konusma ve zihinsel dayaniklilik birbiri ile iliskili
oldugu gorilmiis literatirdeki baz1 c¢alismalarla paralellik
saglamistir.
*Giiven alt boyutuna bakildiginda erkeklerin zihinsel dayaniklilik
diizeyi kadinlara nazaran daha yiliksek bulunmustur. Doga
sporlarinda kadinlardan daha dayanikl olduklar1 da eklenmistir.
. *Yas degiskeninde yas arttikca zihinsel dayanikliigin arttig
SBuor;};;?ma' dogz soylenmektedir.
ur“)ra an *(zerlik alt boyutunda 32-36 yas aralifindaki sporcularin daha
Farkli chirlerden sgorzularm fazla 6zerlik ihtiyact duydugu bulunmustur.
’ PS . *Yapilan spor tiiriinde ise binicilik sporu ile ugrasanlarin daha
katilan 96 kadin, 168 psikolojik . o .
Burak Giirer erkek olmak iizere ihtiyaglar ile kontrollii oldugu soylenmektedir.
. . yag *Dagcilik ile ugrasan sporcularin ise kontrollerinin daha zayif
Ziihal Kiling toplam 264 doga zihinsel o :
2019 (17) sporculari ile dayanikliliklari kaldig1 soylenmektedir.
p y . ... Sporcularin deneyimi kiyaslandiginda ise anlamhi bir fark
arastirma arasindaki iliskiyi
erceklestirilmistir.  incelemek ve bulunamamigtrr.
8 ' etkisini arastirmak *Aralarindaki iliski ise yliksek olmasa da olumlu yo6nde
amacwvla 3 etkilenmektedir. Yani psikolojik ihtiyaclar zihinsel saglik arasinda
y iligki vardir.
yapimistir.

*Psikolojik ihtiya¢larin gelismesiyle zihinsel saglik diizeyinin de
gelisecegini soylemek miimkiindiir.

*Doga sporlarinda zihinsel dayaniklilik psikolojik ihtiyaglardan
daha 6nemli gériilmiistiir.
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*Sporda ahlaktan uzaklasma 6lceginde alinan toplam puanlara
bakildiginda erkeklerin daha yiiksek puana sahip olduklarn

Spor bilimleri . Almiistii
fakiiltesinde goruimustur.
okuvan *Zihinsel dayaniklilik 6l¢egine bakildiginda giiven, devamlilik ve
oxuyan kontrol alt boyutlarinda alinan puanlar yine erkeklerde daha fazla
. 6grencilerin P,
Oguzhan Zihinsel gorulmustiir.
Eroglu Calismaya 146  davamkhlik *Sporda ahlaktan uzaklasma ve sporda zihinsel dayaniklilik
Alparslan smaya, 2y . 6lceginde ebeveynin egitim durumu degiskeninde anlaml bir fark
. erkek, 110 kadin diizeyleriyle o .
Unveren olmak tzere 256 ahlaktan gorulmemigtir.
Cagla Ayna . - *Spor yasi degiskenine bakildig1 zaman kontrol ve devamlilik alt
SBF O0grencisi uzaklasma
Necla Ezgi Katilmistr diizevleri boyutunda bir anlamli farklilik gériilmezken giiven alt boyutunda
Miiftiioglu sur. arasRI,l daki iliskivi 8 yildan fazla deneyimi olan sporculardan yana istatiksel olarak
2020 (18) incelemek SKIVU anlamh bir  fark gorilmistiir. Artan tecriibenin zihinsel
amacivla bu dayanikliligini olumlu etkiledigini soylemek miimkiindiir.
Al m}; *Spor deneyimi degiskeni icin sporda ahlaktan uzaklasma
gersekle mistir 6lceginde anlamli bir farklilik gériilmemistir.
gere STISHL: *SAU 6lceginin puanlari ile SZDO’nin devamlilik alt boyutuyla orta
seviyede pozitif bir iliskinin oldugu gorilmiistiir.
*Zihinsel dayaniklilk ve cesaret diizeyleri yiiksek ¢ikan
glirescilerin zor durumlar karsisinda giiven alt boyutunda eksik
kaldiklarini gorilmistir.
*Yas degiskeninde hem zihinsel dayaniklilik diizeylerinde hem de
cesaret dlizeylerinde anlamli fark bulunamamaistir.
*Spor yili degiskenine bakildiginda 1-5 yildir giiresle ugrasan
sporcularin, 6-10 yildir giiresle ugrasan sporculardan zihinsel
dayanikliliklarinin daha ytiksek oldugu goriilmiis ve literatiirdeki
bir¢ok arastirmayla zithik olusturmustur.
*Millilik degiskeninde ise cesaret Olgeginin alt boyutu olan
S:“iciléfﬁréi’e fagl;lel kararlilik ve tehlikeyi goze alma boyutlar1 milli olmayan
59 & giirescilerde daha yiiksek diizeyde oldugu gorilmistir. Ayni
profesyonel . o o
. o sekilde zihinsel dayaniklilik 6l¢eginin devamlilik alt boyutuna
Burcu giirescilerin
" . . .. bakildiginda milli olan giiresciler milli olmayan giiresc¢ilerden daha
Giivendi Arastirma 118 cesaret diizeylerini o . o O T
Ayse Tiirksoy  profesyonel giiresci ve zihinsel disik seviyede oldugu gortmdstir.
Mehmet Giiclii _ ile davaniklliklart *Son bir yil icerisinde sakatlanmayan sporcularin, cesaret
Erkut Kont:r erceklestirilmistir incyelemek ve 6lceginin “Ozverili olma, tehlikeyi géze alma, kararlilik ve atilganlik
2018 (19) gergeies ST aralarindaki boyutlarinda” sakatlik geciren sporculara gore bu alt boyutlarin
liskivi arastrmak daha yiiksek diizeyde olduklar1 goriilmiistiir.
arrslac}ll la ’ *Zihinsel dayaniklilik 6l¢egin devamlilik ve giiven alt boyutlarinda
y da sakatlanmayan sporcularin zihinsel dayaniklilik diizeyleri daha
yapimistir. iksekti
yliksektir.
*Cesaret 06lgeginin alt boyutlar1 olan yetkilik-ustalik ile zihinsel
dayaniklilik 6lgeginin alt boyutu olan giiven ve devamlilik arasinda
orta diizeyde pozitif bir iliski bulunmaktadir.
*Diisiik diizeyde ve pozitif yonde iligki olan alt boyutlar ise cesaret
Olceginin atilganlik boyutu ile zihinsel dayanikhilik o6lceginin
devamlilik boyutudur.
*CO alt boyutu olan kararlilik ve ZDO alt boyutu olan devamlilik
arasinda orta diizeyde; ZDO alt boyutu olan Kkontrol ile diisiik
diizeyde pozitif bir iliski bulunmustur.
Kadir PEKE Ofy antring sporuyla Oryantrlng . *Sporcunun spora baghlik diizeylerinin zihinsel dayanikliliga
ugrasan +18 yas sporuyla ilgilenen 5 5
2020 (20) gray yas  sporuy & pozitif yonde bir etkisi oldugu gorilmiistiir.
grubundan olusan sporcularin spora
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230 sporcu ile
calisma
gerceklestirilmistir.

baglhilik ve zihinsel
dayanikhiliklarini
ve arasindaki
iliskiyi incelemek
amaciyla
yapilmistir.

*SBO’nde bulunan adanma, zinde olma ve igsellestirme alt
boyutlarinin ZHO’ndeki giiven alt boyutuna pozitif yénde bir etkisi
oldugu saptanmustir.

*Zihinsel dayaniklilikta kontrol boyutu pozitif yonde spora
baghlikta adanma diizeyinden etkilendigi gorulmustiir.
*Cinsiyet ve yas degiskenine gore spora baghlik diizeyinin
degismedigi gorilmiistiir.

*Egitim degiskenine gére SBO’nin zinde olma alt boyutuyla anlamli
bir iliskisi olmadig1 gériilmiistiir. Fakat adanma ve icsellestirme alt
boyutunun yiiksek lisans mezunu olanlarin lisans mezunu olanlara
gore daha yliksek oldugu gorilmiustiir.

*Evli olan sporcularin spora baglilik, zinde olma ve adanma alt
boyutlarinin bekar olanlara gore daha diisiik oldugu goérilmiistir.
*Spor yasi ve deneyim arttikca adanma, spora baglilik, zinde olma
ve i¢sellestirme alt boyutlarinin diizeyi arttig1 gérilmiistiir.
*SZD’'nin cinsiyete gore farklilasmadigi gérilmiustir.

*Evli olan sporcularin giiven ve devamlilik alt boyutlarinda bekar
olanlara gore daha diisiik seviyede oldugu goérulmustiir.

*Yas  degiskenine bakildigin SZD’'nde bir farklilasma
gorilmemektedir.

*22 yasindan biiytik sporcularin giiven alt boyutunun daha ytiksek
oldugu gorilmiistir.

*Lisans mezunu sporcularin yiiksek lisans mezunu sporculardan
zihinsel dayaniklilikta giiven ve devamlilik diizeyi daha diisiik
oldugu gorilmistir.

*Spor yasi 14 yildan daha diisiik olan sporcularin daha diisiik
zihinsel dayaniklilik diizeyi oldugu gorilmistiir. Yas arttikca
zihinsel dayaniklilik diizeyin gelistigi gorilmiistiir.

*Serbest zaman etkinligi olarak spor yapan katilimcilarin zihinsel
dayaniklilik diizeyleri, lisanli sporculardan daha diisiik oldugu
saptanmistir.

5. Tartisma ve Sonug

Sonug olarak bu derlemenin literatiir taramasi Google Scholar Arama Motoru ve TOAD web
sitesi kullanilarak yapilmistir. Sporda zihinsel dayaniklilik konumuzla alakali makale ve
tezler indirilmis ve en uygun olan 20 arastirma bu derlemenin ana kaynakgasini
olusturmugstur. Indirilen arastirmalarin yapildigi yillarin 2014-2020 olmasi zihinsel
dayaniklilik ile ilgili arastirmalarin ¢ok eskiye dayanmadigini, 6neminin yeni yeni anlasilir
diizeye gelmeye basladigim1 gérmekteyiz. Baz1 arastirmalarda olgeklerin sadece spor
bilimleri 6grencilerine, sadece erkek sporculara ya da aym bransin sporcularina
uygulandigini ve bu baglamda arastirma 6rnekleminin smirlandirildigini gérmekteyiz.
Durum béyle olunca kendi aralarindaki farklilik kolay saptanabilirken farkl degiskenlerin
olmamasi ve oOrneklemin smirlandirilmis olmasi sporda zihinsel dayaniklihigin
karsilastirmas1 ve yorumlanmasi zayif kalmaktadir. Arastirmalarin azlifi, zihinsel
dayanikliligin bunca zaman boyunca fiziksel yeterliligin gélgesinde kalmasindan ve yeterli
onemi goremediginden kaynaklandigini séyleyebiliriz. Yani sporun daha ¢ok fiziksel
aktiviteye yonelik olmasindan kaynakl zihinsel dayaniklilik kapasitesinin fiziksel kapasite
kadar 6nemli goriilmemesi seklinde de agiklayabiliriz.

Yapilan literatiir taramasi sonucunda zihinsel dayaniklilik diizeyinin erkeklerde daha fazla
oldugunu séyleyen arastirmalar oldugu gibi cinsiyetin zihinsel dayaniklilik icin anlaml bir
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farklilik olusturmadigini séyleyen arastirmalar da bulunmaktadir. Zihinsel dayaniklilig
etkileyen faktorlerden bir tanesi de egitim durumu oldugu gérmekteyiz. Egitim diizeyinin
artmas1 zihinsel dayanikliik diizeyinin de arttigim1 gdstermektedir. Farklilik
olusturmadigini sdyleyen calismalar olsa da egitim degiskeni ile arasinda pozitif yonde bir
iliski oldugunu soyleyen calismalar daha fazladir. Yas degiskenine bakildiginda zihinsel
dayaniklilik ile aralarinda anlamh bir iliski goriilmektedir. Yasin artmasi ile sporcularda
zihinsel dayaniklilikta da artis gostermektedir. Yasin ilerlemesi ile olaylara mantik odakl
yaklasma, duygularin agir basmasimi 6nleme, kendine giivenme gibi durumlarin da
gelistigini ve bu baglamda spor ortaminda daha rahat ve sakin olunabildigi séylenebilir.
Zihinsel dayaniklilik diizeyinin arttig1 bir baska degisken ise spor yili yani deneyimdir.
Arastirmalara baktigimizda deneyimli olan sporcularin deneyimsiz sporculara gére daha
ylksek zihinsel dayaniklilik diizeylerinin oldugunu gérmekteyiz. Deneyim ile yarisma
ortaminda rahat olma, kendine giivenme, takim sporlarinda takimla hareket edebilme,
olumsuz durumlardan kotii etkilenmeme gibi durumlarin da arttig1 gériilmektedir. Takim
sporcularin bireysel sporcular gore zihinsel dayanmiklilik diizeylerinin daha yiiksek
oldugunu soyleyen ¢alismalar da mevcuttur. Bu farkliligin sebebini; takima arkadaslarinin
birbirine verdigi motivasyona, birbirini desteklemesine, yapilan hatada ve basarida tiim
takimin etkilenecek olmasinin verdigi sorumluluk ile sporcularin daha fazla ¢aba sarf
etmesine baglayabiliriz. Bu degiskenlerin anlaml farkliliklar olusturmadigi calismalar da
mevcuttur. (bknz: Zihinsel dayaniklilig1 etkileyen faktorler).

Yapilan arastirma sonucu spora baglilik diizeyi ile zihinsel dayaniklilik arasinda bir iliski
goriliip spora baghlik diizeyi arttikca sporda zihinsel dayanmikliligin da arttigim
soyleyebiliriz (Peke, 2020). Sporda ahlaktan uzaklasma diizeyi ile sporda zihinsel
dayanikliligin devamhilik alt boyutuyla orta seviyede pozitif bir iliskinin oldugu
gorilmiustiir (Eroglu ve ark., 2020). Kendi kendine konusma ve zihinsel dayaniklilik birbiri
ile iliskili oldugu goriilmiistiir (Gllsen ve ark., 2019). Sporcularin zihinsel dayaniklilik ile
0z yeterlik diizeyi arasinda iliski oldugu saptanmistir (Yildiz, 2017). Egzersiz bagimlilig1 ve
sporda zihinsel dayaniklilik diizeyi arasinda iligki oldugu saptanmistir (Demir ve Tiirkeli,
2019). Zihinsel dayanikhilig1 yiiksek olan sporcularin tikenmisligi daha az yasadigi
gorilmistir (Kurtulget ve ark. 2018). Zihinsel dayaniklilig1 etkileyen, gelistiren bir¢cok
olgu mevcuttur. Yani kisaca zihinsel dayanikhilik bir¢ok yetiyi altinda barindirmaktadir ve
yelpazesi oldukga genistir.

Literatiir taramasi sonucunda yapilan arastirmalarin azligi kadar calismalar sonucunda
¢ikan sonuglarin birbiri ile her zaman paralellik gostermemesi degiskenlere gore farkliligin
olup olmamasi konusunda net ¢izgiler ¢cizememektedir.

6. Oneriler

Ulkemizde zihinsel dayaniklilk adina ¢ok biiyiik adimlar atilamamis olmasi bu baglamda
arastirmalarin kisith olmasi sebebi performans agisindan 6nemi biiyiik olan zihinsel
dayaniklilik kavramini gelistirmek icin net fikirler tam olarak yansitilamamistir. Yapilan
fiziki antrenmanlara verilen 6nem kadar spor psikologlariile yapilacak seanslarin, zihinsel
antrenmanlarin da 6nemi vurgulanmalidir. Spor bilimleri 6grencilerine sporcu psikolojisi
gibi derslerin verilmesi katki saglayabilir. Bu manada spor bilimleri programlarina spor
psikolojisi dersleri eklenmelidir. Var olan kuliiplere spor psikolojisi seminerleri
dizenlenebilir ve antrenodrlere de bu kavram asilanmalidir. Antrendr olurken verilen
egitimlerde (spor bilimleri programlari, antrendrliik sertifika programlari) spor psikolojisi
konusu iizerinde durulmalidir. Ogretmen adaylan icin de bu kavram programa dahil
edilmelidir. Ogretmenlerin spor psikolojisine verdigi 6nem ile yetistirdigi 6grencilerin bu
kavramlara uzak kalmamasini ve bilingli sporcular olmasini saglayabiliriz.
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Bu konu iizerinde daha fazla ¢alisma yapilmali ve ¢alisma 6rneklemleri daha genis
tutulmalidir. Farkli branstan sporcularla yapilacak calismalarla branslar arasindaki
farkliliklar gorilebilir. Farkl illerdeki sporcularla, farkli performans diizeylerindeki
sporcularla yapilabilir. Zihinsel dayaniklilik diizeyi takip edilebilir. Antrenorlerce ya da
6gretmenlerce rapor tutulabilir.
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Introduction

Climbing and work-at-height activities rely on strong and secure harness tie-in knots and
anchoring procedures. However, there are ways in which all knots can fail. Typically,
modes of failure are linked to structural integrity and tier behaviour. Knowing the
weaknesses of knots and how to mitigate those shortcomings is critical to maximizing
safety. Two of the most poplar loop knots have traditionally been the Figure Eight Follow-
Through Loop (Figure 1) and the standard Bowline (Figure 2). (The former is also called
the Figure Eight Loop, the Double Figure

Eight Loop, the Figure Eight End Loop, the Retraced Figure Eight, and other names
depending on the tying method.) How these knots can fail will be analysed in detail. In
conjunction with a discussion of knot applications and tier behaviour, this analysis will
review some examples of recurring accidents and close calls along with the structural and
functional idiosyncrasies of these ubiquitous knots. Options for redundancy and increased
security will be examined.

Figure 1. From left to right: S Figure Eight Knot, S Overhand Loop, Z Figure Eight Loop,
Z Figure Eight Knot. The loop structures are analogous to the simple Figure Eight Knots
by way of chirality. In topology, theoretical Figure Eight Knots have no ends and are
therefore amphichiral. Real world Figure Eight Knots have chirality relative to their
working ends (Chisnall, 2006a).

Literature Review and Analysis

Preliminary Terminology and Concepts

To avoid ambiguity, several preliminary concepts and terms should be clarified. A perusal
of the climbing, safety and knotting literature will reveal a lack of consistency and even
contradictions in how knots and knot characteristics are labelled. As those researching the
evolution of language point out, word usage varies and changes according regional
colloquialisms, cultural developments and new technology (Bowren, 2015; Steels, 2017).
Herein, the most common knot names will be utilized, some alternatives will be mentioned
in passing, and all knot names will be capitalized according to established convention
(Ashley, 1944; Graumont & Hensel, 1952; Chisnall, 2016a, 2020).
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Most real-world knots are chiral because they have mirror images known as enantiomers.
Knot chirality is related to a tier’'s procedural memory, tying habits and handedness
(Chisnall, 2010). Figures 1 and 2 illustrate the chiral versions of the Figure Eight Loop and
the standard Bowline. Knot tiers identify three basic rope parts when tying knots. The
working end or wend is employed in the actual tying. The bight forms the knot proper. The
standing part, standing end, stand or stend is the unused end of the rope (Chisnall, 2020).
There are four basic types of practical knots: stopper knots, loops, bends and hitches. The
focus herein is loops, specifically end loops intended for harness attachment and anchoring
purposes. Other terms, such as pre-bight and post-bight knots, will be explained later as
they appear in this discussion.

Figure 2. Top: Overhand Knots, S (left) and Z (right). Bottom: Bowlines, b (left) and d
(right). Knot chirality is indicated by S and Z, and b and d. A “d” Bowline can capsize and
release into a Z Overhand Slip Loop, while a “b” Bowline can capsize and release into an
S Overhand Slip Loop (Chisnall 2016a, 2016b).

Incomplete Figure Eight Follow-Through Loop Without a Backup

Incomplete Figure Eight Follow-Through Loops have often been reported and observed in
accidents and close-call events (Douglas, 2012; MacDonald, 2016; Osius, 2015, 2020, 2021;

Yosemite Climbing Information, 2020). Lynn Hill's ground fall in 1989 is one notable
instance (Hill, 2002). While distracted, a climber can fail to properly complete his or her
Figure Eight Follow-Through Loop, as shown in Figure 3, and inadvertently produce a
Figure Eight Slip Loop, as illustrated in Figure 4. This dangerous error can be overlooked if
the belayer and climber fail to perform a pre-climb check. Without a backup knot, a Figure
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Eight Slip Loop cannot hold weight. As illustrated in Figure 4, the wend will simply migrate
and release, and the knot will fail when the climber loads the line (Chisnall, 2020).

Close calls have been witnessed at commercial climbing gyms and at local crags. In these
cases, the Figure Eight Tie-In Loops were not finished correctly, usually owing to in
attentiveness. As stand-alone slip knots, they were insecure. Fortunately, a Doubled
Overhand Keeper Knot (sometimes called a Barrel Knot or incorrectly referred to as a
Fisherman'’s Knot, amongst other names) was added as a backup each time. That additional
knot saved the climbers when they weighted their belay lines. The backup knot slid down
and jammed against the initial Figure Eight Knot, consequently preventing the end from
releasing or pulling free (Figure 5).

Figure 3. Method of tying the Figure Eight Follow- Figure 4. A Figure Eight Slip Loop,
Through Loop by retracing the wend, moving from moving from left to right.
left to right.

Several lessons emerge. First, climbers should complete harness tie in knots without
distraction until finished (Craik, 2014; Couffe & Michael, 2017). Second, a backup or keeper
knot should be added for technical and behavioural redundancy. (In this context,
behavioural redundancy should not be confused with Colby’s (1958) definition pertaining
to the equilibrium theory of redundancy as it applies to the study of cultural and personal
value systems.) From a technical standpoint, the keeper knot backs up the main harness
tie-in knot. If the Figure Eight Follow Through Loop is incomplete or incorrect, the backup
knot should prevent total detachment. From a behavioural perspective, the tying of that
keeper knot punctuates the completion of the tying-in process, triggering the need to self
check and partner check knot integrity. Nothing is finished until the keeper knot is added,
the climber carefully confirms that he or she has tied in correctly, and the belayer does the
same.
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1)

Figure 5. Left: A Figure Eight Slip Loops (an Figure 6. A completed Figure Eight
incomplete Figure Eight Follow-Through), with a Loop with a Double Overhand
Double Overhand Keeper Knot as a backup. Right: Keeper Knot as a backup, for
When loading occurs, the backup knot migrates harness and anchor attachment.
until it stops at the Figure Eight Knot.

Several lessons emerge. First, climbers should complete harness tie in knots without
distraction until finished (Craik, 2014; Couffe & Michael, 2017). Second, a backup or keeper
knot should be added for technical and behavioural redundancy. (In this context,
behavioural redundancy should not be confused with Colby’s (1958) definition pertaining
to the equilibrium theory of redundancy as it applies to the study of cultural and personal
value systems.) From a technical standpoint, the keeper knot backs up the main harness
tie-in knot. If the Figure Eight Follow Through Loop is incomplete or incorrect, the backup
knot should prevent total detachment. From a behavioural perspective, the tying of that
keeper knot punctuates the completion of the tying-in process, triggering the need to self
check and partner check knot integrity. Nothing is finished until the keeper knot is added,
the climber carefully confirms that he or she has tied in correctly, and the belayer does the
same.

Adding a keeper knot, as shown in Figure 6, is a practice often seen in rope access, rigging
work, and high-angle rescue operations (Brown, 2000; Vines & Hudson, 1989). The Figure
Eight loop is commonly used in recreational contexts, such as rock and ice climbing and
mountaineering, but the use of backup knots is inconsistent (Association of Canadian
Mountain Guides, 1999; Chisnall, 1985; Graydon, 1992; Microys, 1977; Osius, 2015, 2020;
Petzl®, 1995, 2020; Raleigh, 1998; Smith & Padgett, 1996). Some climbing gyms and
instructors do not utilise backup knots. Many climbers insist that backup knots are
unnecessary, if the tie-in knot is completed correctly. Nevertheless, reports about keeper
knots preventing accidents indicate that backups are beneficial, especially when it comes
to learning environments and commercial contexts. Should different standards be applied
according to context? Professional climbers, elite competitors, rescue personnel and
riggers certainly should be expected to always tie in correctly. Nevertheless, accident
records indicate this is not always the case (Osius, 2021). With regard to beginners,
recreational climbers, and especially minors and those whose skill level is typically lower,
enhanced safeguards are essential. Outdoor guiding services, aerial parks, and commercial
climbing gyms maximize their duty of care by making backup knots standard practice.
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Interestingly, the types and qualities of backup knots employed by competitive climbers
are not consistent. The International Federation of Sport Climbing states in its guidelines
for competition officials, “Check if the competitor is ready for climbing: climbing harness
correctly closed, figure of eight knot with an extra knot in the rope, climbing shoes on.”
(IFSC, 2020, p. 4). The type of “extra knot” is not specified or illustrated. As observed during
the 2020 Tokyo Olympics held in August of 2021, the backup knots tied by the 40 climbers
who participated in the sport climbing qualification events varied. Knot data are
summarized in Table 1. Further, five backup knots were observed to be loose, two knots
had short tails, and three Double Overhand Knots were inadequately dressed.

The proper and incorrect versions of the Overhand Keeper Knot are illustrated in Figure 7.
A properly dressed keeper knot is more secure because it has more friction via its 13 planar
projection crossing points. The incorrect dressing has 10 crossings.

There are a number of common backup knot options: the Double or Triple Overhand
Keeper Knot, the Yosemite Tuck, and the European Tuck (Figures 6 through 10). The
Double and Triple Overhand Keeper Knots are ubiquitous and effective backups, and they
can be untied relatively easily after a climb. However, they can work loose in stiff lines, and
the Single Overhand Keeper Knot is the least secure. It tends to fall apart more frequently.
Further, the Double or Triple Overhand Keeper Knot sometimes gets in the way during lead
climbs when the climber attempts to clip the belay line to lead draws. This problem is
exacerbated if there is too much slack in the tail end of the rope and the backup knot is
positioned too high. It should be situated so it contacts or almost touches the Figure Eight
End Loop. Also, the end of the line often points straight up out of the Overhand Keeper
Knot, and it has been known to poke top-roped climbers in the eye if they are not vigilant.
The Yosemite Tuck uses minimal rope, it orients the end away from the climber’s face, and
it adds security to the knot (Figure 8). The disadvantage of this backup option is how
difficult it is to untie the knot after long falls or prolonged suspension. The European Tuck
or Olevsky Finish shown in Figure 9 is similar to the Yosemite Tuck, and it has the same
advantages (Olevsky, 2003). However, although it is not obvious, the European Tuck
partially unties the Figure Eight Follow-Through Loop, making it less secure. Nevertheless,
the Yosemite and European Tucks can be combined safely (Figure 10).

Table 1. Backup knots tied at the 2020 Olympics sport climbing qualification events. These
are approximate figures because observations were made from event broadcasts, and the
chirality of some knots may be inaccurate.

Plurality - Single Double Overhand Totals
Chirality ! Overhand Knot Knot

S Enantiomorph 14 8 22

Z Enantiomorph 15 3 18
Totals 29 11 40
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Figure 7. From left to right: S and Z Single Overhand Keeper Knots; S and Z Double
Overhand Keeper Knots; S and Z Triple Overhand Keeper Knots; improperly dressed S and
Z Double Overhand Keeper Knots.

orients the end away from the climber’s face, and it adds security to the knot (Figure 8).
The disadvantage of this backup option is how difficult it is to untie the knot after long falls
or prolonged suspension. The European Tuck or Olevsky Finish shown in Figure 9 is similar
to the Yosemite Tuck, and it has the same advantages (Olevsky, 2003). However, although
itis not obvious, the European Tuck partially unties the Figure Eight Follow-Through Loop,
making it less secure. Nevertheless, the Yosemite and European Tucks can be combined
safely (Figure 10).

Alternative Harness Connections

Some climbing gyms and adventure organizations opt to tie permanent Figure Eight Loops
and Double Overhand Keeper Knots in the ends of belay lines and attach ropes to climbers’
harnesses with locking carabiners. Tying errors are thereby avoided, usually. Some
organizations utilize single locking carabiners without captive eyes. (Dual carabiners, and
single fixed or captive-eye carabiners are used on auto-belayers, such as devices available
from Perfect Descent Climbing Systems and Head Rush Technologies.) Single carabiner
harness attachments are not recommended by many gear manufacturers because there is
a lack of attachment redundancy, and a lone carabiner could be loaded along its weaker
minor axis or become detached if it is not monitored. Single carabiner detachments have
resulted in unfortunate mishaps (Gripped, 2018). Two opposed or reversed locking
carabiners are recommended (Petzl®, 2006, 2007).
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Figure 8. A completed Figure 9. A completed Figure Eight  Figure 10. A completed
Figure Eight Follow- Follow-Through Loop with one Figure Eight-Through
Through Loop with one version of the European Tuck or Loop with both a

version of the Yosemite Olevsky Finish, which Yosemite Tuck and the
Tuck or Finish. partially unties the Figure Eight European Tuck. This
Loop (Chisnall 2006a, 2006b). arrangement is secure.

For commercial operations, the adoption of specific harness attachment techniques is a
matter of acceptable policies and procedures. These techniques should meet established
equipment standards and manufacturers’ guidelines, which stem from accident analyses
and testing, but often safety decisions are based on tradition, risk perception and bias
(Chamarro & Fernandez-Castro, 2009; Chisnall, 2020b; Langseth & Salvesen, 2018;
Llewellyn & Sanchez, 2002; Schad, 2000).

Bowline Tie-In Failures: Pre-Bight and Post-Bight Loop Knots

The use of the Bowline as a tie-in knot has long been a point of contention amongst climbers
and other knot users (Figures 2 and 11) (Chisnall, 2006a, 2006b; Gommers, 2013). The
king of knots, as it is sometimes called, has been used successfully and passed down
through generations of climbers via instruction and tradition, often without question.
Under a number of conditions, it can capsize into a Running Slip Loop which can release
without a keeper knot (Figure 12) (Chisnall, 2006a, 2006b, 2020). For decades there have
been reports of Bowlines accidentally untying, thereby leading to death or injury
(Brumbagh, 2013; Douglas, 2012; Gommers, 2013; Jackson & Whiteman, 2002;
Williamson, 2003; Kirkpatrick, 2011; Luebben, 1993; MacDonald, 2020; Michael, 2005;
Nuttall, 2015; Osius, 2015, 2020; Prohaska, 1988, 2005; Raleigh, 2005, Roy, 2012; AAC,
1980; Schmidt, 2005; Schubert, 2001; Rock & Ice, 2010, 2012).

In general, the Bowline works, which provides users with an unquestioned sense of
security. Unlike the Figure Eight Tie-In Loop, it can be untied relatively easily after severe
or prolonged loading (deBoer, 2005; Evans, 2016; Gommers, 2013; Prohaska, 1988, 1998;
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Raleigh, 1998, 2005). In the hierarchy of knot characteristics, this is not a critical

advantage. However,

Figure 11. The standard
Bowline with a Double
Overhand Knot as a backup

Figure 12. A Bowline without a backup knot
capsizing, leaving a Running Overhand Slip Loop.
The wend then Keeper migrates and releases
forming an Overhand Slip Loop.
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Figure 13. From left to right:
Bowline, Yosemite Bowline,

Yosemite Bowline with a
Double Overhand Keeper
Knot.

Figure sample of esoteric Bowline
transformatlons, from left to right: Bowline with
Prohaska Tuck; Bowline with Safier Tuck; Double
Bowline with Lehman Tuck Double Knotted or Round
Turn Bowline.

it is a qualitative telltale of the knot's relative lack of security. Climbers and knot
aficionados have used a variety of transformations and backup strategies to increase
security (Chisnall, 1985, 2006a, 2006b, 2020; Gommers, 2013; Pegg, 2001). Some of these
strategies work well, like adding a Double Overhand Keeper Knot, using the Yosemite or
Tucked Bowline, or combing both strategies for redundancy (Figures 11 and 13). Many of
the improvements suggested and used over the years have indeed enhanced Bowline
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security, but at the expense of simplicity in some cases (Figure 14). Some variations are
rather esoteric, perhaps introducing enough complexity to tax memory and invite error.
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Figure 15. Bowline tying errors, which can create insecure loop knots. The working ends
are wrapped and tucked incorrectly.

The Bowline is structurally asymmetrical and it has chirality (Figure 2). Hence, depending
on how the knot is learned and practised relative to the tier’s perspective and handedness,
there is a possibility critical tying errors may be learned and become habitual (Chisnall,
2020). Two common tying mistakes are illustrated in Figure 15, but it should be
immediately obvious that these knots are incorrect. Unfortunately, certain errors can be
subtle and sometimes difficult to detect. For example, there are other versions of the
Bowline that may be tied unintentionally using similar but slightly modified actions. The
Ring, Stopper or Cowboy Bowline and the Boas Bowline are just two examples (Figure 16).
(The Ring or Stopper Bowline has been called the Left-Handed Bowline, which is inaccurate
from a structural and behavioural perspective (Chisnall, 2016b).) These variants have been
observed in use and their security varies.

Selelelege

Figure 16. Bowline variations, from left to right: Ring, Stopper or Cowboy Bowlines, with
the wends outside the loops (b and d); versions of the Boas Bowline, with the wends
outside the loops (b and d); versions of the Boas Bowline, with wends inside loops (b and
d).

Bowline applications are diverse. There are rescue groups and those working at height who
employ versions of the Bowline with a backup knot only for attachment to stationary
anchor points. They do not utilize the Bowline to connect the rope to harnesses or to
moving loads such as stretchers. In moving applications, the knot may abrade against
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nearby surfaces as the line moves. The loop might become cross loaded causing the knot to
capsize (Figure 12).

Discussion

Figure Eight Loop and Bowline Strength, Security and Elasticity

Any comparison of the Figure Eight Follow-Through Loop and Bowline, especially as tie-in
knots, is fraught with controversy (Flashman, 2017: Gommers, 2013).

The standard Bowline is a post-bight knot (referred to by one author as “post-eye tiable”
or PET for short), and this is an aspect of its concatenation, sinuosity and crossing number
(Chisnall, 2006a, 2006b, 2020; Gommers, 2013). The end of the unknotted rope is passed
through the harness or around an anchor point before the tying begins. Therefore,
topologically, it has the capacity to capsize into a less secure formation that can slip free,
especially if the loop is loaded crosswise, which is called ring loading, and lacks a backup
knot (Gommers, 2013).

In contrast, the Figure Eight Follow-Through Loop or Tie-In Loop is a pre-bight knot (also
referred to as “tiable in a bight”). The basic structure is tied before the wend is passed
through the harness or around the anchor point, and the wend is then traced back through
the initial Figure Eight Knot (Figure 3). A correctly completed Figure Eight Follow-Through
Loop cannot capsize and come untied. It is tolerant of moderate sloppiness and even slight
errors, provided the end has been traced through the knot adequately.

Bowline and Figure Eight Loop testing has mainly concentrated on strength rather than
security (Evans, 2016; Ewing, 1973; Gommers, 2013; McKentley, 2014; Warner, 1996).
Some knot failure data could be misleading if the test parameters and conditions do not
satisfactorily address the specific rigours of the knot’s application conditions (Chisnall,
2020). According to Evans (2017), the Bowline ranges from 41,8% to 70,7% in residual
strength or knot efficiency based on 106 individual test results. There may be several
reasons for this range: different experimental methods were employed, disparate ropes or
cords were ruptured, different testing devices were utilised, and different Bowline
variations were tested (Chisnall, 2020) (Figure 16). An example of Bowline testing can be
viewed using the following link:

https://www.youtube.com/watch?v=qAOGYebFCKM, (July 8, 2020)

Although generally weaker than the Figure Eight, it is adequate for most anchoring
purposes, other than rescue setups, such as high-lines and inclined lowers, which require
high-strength knots. These include the Tensionless Hitch and the Wrap Four-Pull Three
sling configuration (not illustrated).

There is no question the Figure Eight Loop has sufficient tensile strength. As Evans (2017)
summarizes in his review of 288 individual rupture tests, the knot efficiency or residual
strength of Figure Eight Loops ranges from 64,8% to 86,3%. Again, the range may be
attributable to different testing protocols and variability in how the Figure Eight Loop was
dressed (Chisnall, 1985, 2020). Hence, the Figure Eight Loop is adequate for harness tie-
ins as well as anchoring. With or without a backup knot, it can be difficult to untie after
severe or prolonged loading, a sign of its inherent security. There are a number of effective
techniques for loosening the Figure Eight.
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Figure 17. From left to right: S and Z Figure Eight Loops, S and Z Figure Nine Loops, S and
Z Stevedore’s Loops.

Similar but slightly more complex loops are much easier to untie. These include the Figure
Nine or Intermediate Loop and the Stevedore’s Loop (Figure 17). The former adds an extra
180-degree twist before the loop is tucked into the bight. The latter adds two twists before
the tuck. Published and unpublished test results indicate the Figure Nine Loop is slightly
stronger than the Figure Eight Loop, depending on how well the knot is dressed (Simon et
al., 2020). These are not suitable knots for harness tie-ins because they are bulkier and
require more rope. They are better suited for anchoring tasks. The bulkier Figure Nine
Loop and Stevedore’s Loop reduce the untying difficulties while maintaining security, often
with increased knot efficiency or residual strength. The Figure Nine Loop is based on the
Intermediate Knot, and the Stevedore’s Loop is based on the Stevedore’s Knot (Ashley,
1944).

Two more subtle points are worth discussing briefly. The Figure Eight Loop has a higher
crossing number, as well as greater sinuosity and concatenation, compared to the Bowline
- hence, more friction. Topological twist fluctuation and circulation energies are
theoretical measures of a bend’s structural integrity, independent of rope or cord
properties such as knottability and surface friction (Chisnall, 2020; Patil et al., 2020). (See
Appendix.) Without going into detail beyond this paper’s focus, this method of topological
energies of bends can be modified to evaluate the Figure Eight Loop and the Bowline.
However, rather than using a planar projection of the Figure Eight with the minimal 16
crossings, load vector orientation and writhe can be determined using a more realistic
three-dimensional projection of the properly dressed knot with 20 crossings. In three
dimensions the Bowline is flatter, less bulky, and its planar projection has seven crossings.
Based on these structural algorithms, the Figure Eight is more secure and stable than the
Bowline, as Table 2 indicates.
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Table 2. Patil et al. (2020) refer to N, T and T as a knot’s counting numbers. The greater
their magnitude, the more stable the knot is. The 6 and A sum provides a single
comparative figure independent of crossing number. Values may vary slightly according to
how a planar projection is rendered and what assumptions are made regarding the load

vector orientations.

Knot Properties Bowline Figure Eight Loop
Idealised Planar Projection Crossing 7 16

Number (N)

Three-Dimensional Projection Crossing 7 20

Number (N)

Topological Twist Fluctuation Energy (t) 0,82 0,95

Topological Circulation Energy (T') 3,67 9,67

Combined Value=t+T 4,49 10,62

Further, each knots’ ability to absorb energy and reduce impact forces is linked to its
sinuosity, concatenation and crossing number (Martin et al.,, 2015; Sry et al., 2018). Energy
absorption, of course, is related to the linear modulus of elasticity for ropes, so “elastic”
knots are more important in rescue and rope-access contexts where low stretch or static
lines are employed (Sry et al, 2018). The Figure Eight Loop is more “elastic” than the
Bowline (Audoly, 2007). The Figure Nine and Stevedore’s Loops are even more resilient
because they have greater sinuosity or embodied rope length (Chisnall, 2020).

Conclusions

Activities involving fall prevention and fall arrest safety systems depend on reliable knots
for harness tie-in purposes in addition to anchoring. The key difference is, anchor knots
are usually stationary while harness knots are mobile elements in the safety system.
Securing safety harnesses to belay lines integrates a number of critical steps: selecting the
proper knot, understanding its strengths and weaknesses, mitigating those weaknesses,
tying the knot correctly and checking it by incorporating behavioural and structural
redundancy into regular habits and procedures. No step can be ignored because there is no
such thing as a perfect knot and everyone is fallible.

Appendix
Calculating Topological Twist Fluctuation and Circulation Energies

Orient load vectors in the planar projection of the knot in order to determine writhe.
Calculate the topological twist fluctuation energy (t) as follows, which is related to Ashley’s
(1944) principle of the knot and concatenation (Chisnall, 2020):

t=(1/N)Xi(qi-q)2 (0z7=21)
where, qi is + 1 or -1 for each crossing or vertex twist charge and,

Wr =Xi qi (writhe)
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q = (1/N)Xi qi = Wr/N (average writhe or ground-state energy density)

Calculate the total circulation energy (I'), which assesses friction and incorporates Ashley’s
(1944) principle of the knot, as follows:

T = XF (ICF/eF)

where, CF is the friction contributed by each face or bounded area (F) according to the net
circulation energy of the edges or spans circumnavigating a face, normalized by eF, which
is the total number of edges per face (Patil et al., 2020).

References

American Alpine Club (AAC). (1980). Fall on Rock, Failure of Knot, Colorado, Lover's Leap.

Accidents in North American Mountaineering, 4, 3 (33), 34.

Ashley, C. W. (1944). The Ashley book of knots. New York, NY: Doubleday & Company, Inc.

Association of Canadian Mountain Guides (ACMG) and the American Mountain Guides

Association (AMGA). (1999). Technical handbook for mountain guides: Alpine, rock, and
ski guiding techniques. Golden: AMGA; Canmore AB: ACMG.

Audoly, B., Clauvelin, N., & Neukirch, S. (2007). Elastic knots. Physical Review Letters
99,164301. https://doi.org/10.1103/PhysRevLett.99.164301

Borwick, G. R. (1973). Mountaineering ropes. Alpine Journal, 1973, 62-70.

Bowern, C,, (2015). Linguistics: evolution and linguistic change. Current Biology, 25 (1),
R41-R43. https://doi.org/10.1016/j.cub.2014.11.053

Brown, M.G., (2000). Engineering practical rope rescue systems. Canada, United States:
Delmar Thomas Learning.

Brumbagh, C. (May 12, 2013). How safe is the bowline knot in different situations? The
Great Outdoors. Retrieved July 8, 2020 from

https://outdoors.stackexchange.com/questions/3798 /how-safe-is-the-bowline-kno t-in-
different-situations

Budworth, G. (1983). The knot book. Kingswood, Surrey, United Kingdom: Elliot Right Way
Books.

Budworth, G. (1999). The ultimate encyclopedia of knots & ropework. London, Great
Britain: Prospero Books.

Chamarro, A. & Fernandez-Castro, ]. (2009). The perception of causes of accidents in
mountain sports: A study based on the experiences of victims. Accident Analysis &
Prevention, 41 (1), 197-201. https://doi.org/10.1016/j.aap.2008.10.012

Chisnall, R. (1985). The ORCA rock climbing safety manual, (2nd ed.). Toronto, ON: Ontario
Rock Climbing Association, Ministry of Tourism and Recreation.

Chisnall, R. (2006a). The security of Bowlines and Figure Eight Loops as harness tie-ins:
The principles of pre-knotting, post-knotting and concatenation, Part 1. Knotting
Matters, 90, 14-20.

Chisnall, R. (2006b). The security of Bowlines and Figure Eight Loops as harness tie-ins:
The principles of pre-knotting, post-knotting and concatenation, Part 2. Knotting
Matters, 91, 18-21.

Chisnall, R. (2010). Knot-tying habits, tier handedness and experience. Journal of Forensic
Sciences, 55, 1232-1244. https://doi.org/10.1111/j.1556-4029.2010.01451.x

Chisnall, R. (2016a). Structural recognition and nomenclature standardization in forensic
knot analysis. Science and Justice, 56, 282-301.
https://doi.org/10.1016/j.scijus.2016.04.002

Chisnall, R. (2016b). Analysing knot evidence: associating innate habits with sophisticated
tying tasks. Scandinavian Journal of Forensic Science, 22(2), 21-32. doi:
10.1515/sjfs-20160005.

56



Chisnall, R., International Journal of Mountaineering and Climbing, 2021, 4(2), 43-59

Chisnall, R. (2020a). Analysing knots and ligatures: tying principles, knot characteristics
and structural changes. Forensic Science International.

https://doi.org/10.1016/j.forsciint.2020.110272

Chisnall R. (2020b). A brief review of side bends: Application, rationale, accidents and
testing. International Journal of Mountaineering and Climbing 3(2), 38-52.

Colby, B. N. (1958). Behavioral redundancy. Behavioral Science, 3 (1), 317-311.

https://doi.org/10.1002/bs.3830030129

Couffe, C., Michael, G. A. (2017). Failures due to interruptions or distractions: a review and
new framework. American Journal of Psychology, 130 (2),163-81.

https://doi.org/10.5406/amerjpsyc.130.2.0163

Craik, F. I. M. (2014). Effects of distraction on memory and cognition: a commentary.
Frontiers in Psychology, 204 (5), 841. https://doi.org/10.3389/fpsyg.2014.00841

doi: de Boer, C. (2005). Postbag: New Bowline? Knotting Matters, 88, 44.

Douglas, E. (April 5, 2012). Climbing wall death due to knot failure. British Mountaineering
Council (BMC). Retrieved July 8, 2020 from https://www.thebmc.co.uk/climbing-
walldeath-due-to-knot-failure

Evans, T. (2016). A review of knot strength testing. International Technical Rescue
Symposium (ITRS). Retrieved July 8, 2020 from

http://itrsonline.org/wordpress/wp-content/uploads/2016/11/Evans_Truebe.A-Re
view-of-Knot-Strength-Testing

Ewing, H. A. (1973). Knots and hitches in synthetic fibre ropes. The Hydro-Electric Power
Commission of Ontario, Research Division Report, 1973.

Flashman, J. (November 3, 2017). Tying in: The Bowline vs. The Figure 8 Knot. Retrieved
July 8, 2020 from https://www.climbing.com/skills/tyng-in-the-bowline-vs-the-
figure-8-knot/

Gommers, M. (July 30, 2013). An Analysis of Bowlines. July 2013. Version 2.1c. Retrieved
July 8,
fromhttp://www.paci.com.au/downloads_public/knots/Bowlines_Analysis.pdf

Graumont, R. M., & Hensel ]. ]. (1952). Encyclopedia of knots and fancy rope work, (4th ed.).
Cambridge, MD: Cornell Maritime Press.

Graydon, D. (Ed.). (1992). Mountaineering: The freedom of the hills, (5th ed.). Seattle, WA:
The Mountaineers.

Gripped. (2018). Boy seriously injured in auto-belay accident in Ontario. Retrieved August
3, 2020. from https://gripped.com/news/boy-seriously-injured-auto-belay-
accident-Ontario/

Hill, L. (2000). Climbing free: My life in the vertical world.

International Federation of Sport Climbing (IFSC). (2020). Job description for event
organization team. Retrieved September 3, 2021 from

https://cdn.ifsc-climbing.org/images/ifsc/Footer/Officials/

130117_DLD_JobDescriptionEOTEAM.pdf

Jackson, J., & Whiteman, M. (2002). Accident report: Not the knot: Bowline comes undone-
again. Rock and Ice, 182, 30.

Kirkpatrick, A. (November 24, 2011). Ban the Bowline? (Posted 24 November 2011)
Retrieved July 8, 2020 from

https://www.andy-kirkpatrick.com/blog/view/ban_the_bowline/

Langseth, T., Salvesen, @. (2018). Rock climbing, risk, and recognition. Frontiers in
Psychology, 9, 1793. https://doi.org/10.3389/fpsyg.2018.01793

Lipke, R. (1997). Technical Rescue Riggers Guide (revised ed.) Bellingham, WA: Conterra
Technical Systems Inc.

Llewellyn, D. ]., Sanchez, X. (2002). Individual differences and risk taking in rock climbing.
Psychology of Sport and Exercise, 9 (4), 413-426.

https://doi.org/10.1016/j.psychsport.2007.07.003

57



Chisnall, R., International Journal of Mountaineering and Climbing, 2021, 4(2), 43-59

Luebben, C. (1993). Knots for climbers. Evergreen, CO: Chockstone Press.

MacDonald, D. (2016). Fall on rock, Incomplete tie-in knot. Accidents in North American
Climbing, 11 (1) Issue 69, 129.

MacDonald, D., (2020). Fatal Lead fall on rock. Accidents in North American Climbing, 11
(4) Issue 72, 124-125.

Martin, D. A, Boron, K., Obstalecki, M., Kurath, P., & Horn, G.P. (2015). Feasibility of knots
to reduce the maximum dynamic arresting load in rope systems. Journal of Dynamic
Behavior of Materials, 1, 214-224.

https://doi.org/10.1007/s40870-015-0015-5

McKentley, ]. (2014). Rescue knot efficiency revisited. International Technical Rescue

Symposium (ITRS). Retrieved July 8, 2020 from http:itrsonline/rescue-knot-efficiency-
revisited

Michael, T. (2005). Accident report: knot, don’t fail me now! Rock and Ice, 144, 36.

Microys, H. F. (1977). Climbing ropes. American Alpine Journal, 21, 130-147.

Moyer, T., Tusting, P., & Harmston, C. (2000). Comparative testing of high strength cord.

International Technical Rescue Symposium (ITRS). Retrieved July 30, 2020 from
https://user.xmission.com/-tmoyer/testing/High_Strength_Cord.pdf

Nuttall, 0.K. (2015). The RAM-BOW-LINE. Knotting Matters, 128, 16-18.

Olevsky, R. (2003). Better beta: A better mousetrap. Rock and Ice, 129, 88.

Osius, A. (May 11, 2015). TNB: When your rope falls off-and 5 ways to prevent the
nightmare. Rock and Ice. Retrieved July 8, 2020 from

https://rockandice.com/tuesday-night-bouldering/tnb-when-your-rope-falls-off-an d-5-
ways-to-prevent-the-nightmare/

Osius, A. (2020). Stay safe: buddy-check your knots. Rock and Ice. Retrieved July 8, 2020
from https://rockandice.com/inside-beta/stay-safe-buddy-check-your-knots/

Osius, A. (2021). Is your knot tied? Even the best get it wrong. Don’t let it happen to you.
Climbing. Retrieved August 31,2021 from

https://www.climbing.com/skillsis-knot-tied-5-tips-avoiding-common-causeaccidents/

Patil, V.P., Sandt, ]. D., Kolle, M., & Dunkel, ]. (2020). Topological mechanics of knots and
tangles. Science, 367, 71-75. https://doi.org/10.1126/science.aaz0135

Pegg, D. (2001). Techtip sport: no more tears — a trim knot that unties easily. Climbing,
208, 102.

PetzIl®. (2006). Carabiner use and misuse. Rock and Ice, 153, 102.

Petzl®. (2007). Examples of dangerous carabiner loading. Retrieved July 8, 2020 from
https://www.petzl.com/I/en/Sport/Examples-of-dangerous-carabiner-loading

PetzI®. (1995-2020). Knots. Retrieved July 8, 2020 from
https://www.petzl.com/INT/en/Sport/Knots

Pope, ]. F. (1972). Tests of knots. Summit, April, 18 (2).

Prohaska, H. (1988). The Double Bight Bowline. Summit, 34 (3), 22-23.

Prohaska, H. (1998). Gefahren bei anseilknoten [Dangers with rope knots]. Die Alpen
2/1998, 28-30.

Prohaska, H. (2001). Knotentests -Das verhalten von seilknoten [Knot tests - The behavior
of rope knots]. Erweitertung zum Kongressl-band Psyche und Berg, 2001, 1-13.

Prohaska, H. (2005). Bowline failure. Knotting Matters, 88, 19.

Raleigh, D. (1998). Knots & ropes for climbers. Mechanicsburg, PA: Stackpole Books.

Raleigh, D. (2005). Double trouble? Rethinking the Double-Loop Bowline. Rock and Ice,
144,106107.

Rock and Ice. (2010). Bowline comes untied, climber falls to ground. Bowline comes
undone — again. Retrieved July 8, 2020 from

https://rockandice.com/climbing-accidents/bowline-comes-untied-climber-falls-
toground/

58



Chisnall, R., International Journal of Mountaineering and Climbing, 2021, 4(2), 43-59

Rockand Ice. (December 6, 2012). John Long seriously injured in fall. Retrieved July 8, 2020
fromhttps://rockandice.com/climbing-news/ john-long-seriously-injured-in-fall/

Roy, A. (2012). Bye Bye Bowline: Time for a new knot. Outside. Retrieved July 8, 2020 from
http://www.outsideonline.com/1911861/bye-bye-bowline-time-new-knot

Schad, R. (2000). Analysis of climbing accidents. Accident Analysis & Prevention, 32 (2),
391-

396. https://doi.org/10.1016/S0001-4575(99)00026-3

Schmidt, D. (2005). Tech tip trad: Twisting time. Climbing 242, 98.

Schubert, P. (2001). Sicherheit und risiko in fels und eis 01 [Safety and risk in rock and ice
01]. Germany: Bergverlag Rother.

Simon, J., Dekys, V., & Paleek, P. (2020). Revision of commonly used loop knots efficiencies.
Acta Physica Polonica A 138 (3).

Smith, B., Padgett, A. (1996). On rope: North American vertical rope techniques (new
revised ed.). Huntsville, AL: Vertical Section, National Speleological Society.

Sry, V., Mizutani, Y., Endo, G. Suzuki, Y., & Todoroki, A. (2018). Estimation of the
longitudinal elasticity modulus of braided synthetic fiber rope utilizing classical
laminate theory with Unix N/tex. Applied Sciences, 8 (7), 1096.

doi:10.3390/app8071096.

Steels, L. (2017). Do languages evolve or merely change? Journal of Neurolinguistics, 43
(Part B), 199-203. https://doi.org/10.1016/j.jneuroling.2016.10.001

Vines, T. & Hudson, S., (1989). High angle rescue techniques. Dubuque, IA: National
Association for Search and Rescue.

Warner, C. (1996). Studies on the behaviour of knots. In J. C. Turner & P. van de Griend
(Eds.).

The history of science and knots, Series on Knots and Everything - Vol. 11. (pp. 181203).
River Edge, NJ: World Scientific Publishing Co.

Wheelock, W. (1967). Ropes, knots & slings for climbers, (revised ed.). Glendale, CA: La
Siesta Press.

Williamson, ]. (2003). Knot failure. Rock and Ice, 127, 106.

Wright, C. E. I, Magowan, |. E. (1928). Knots for climbers. The Alpine Journal, 40, 120-141
(PartI), 340-351 (Part II).

Yosemite Climbing Information. (2020). Accident report: Incorrect leader tie-in, Five &
Dime Cliff. Retrieved August 31, 2021 from

https://www.climbingyosemite.com/portfolio/accident-report-incorrect-leader-tie-
infive-dime-cliff/

59



International Journal of
Mountaineering and Climbing

Uluslararasi Dagcilik ve. Tirmanig Dergisi

AN

|JMC

International Journal of Mountaineering and Climbing, 2021, 4(2), 60-69

Arastirma Makalesi (AR)
Original Research (AR)

TURKIYE DAGCILIK FEDERASYONU
133

Impact forces at improvised via ferrata
Dogaclama Ferratada Darbe Kuvvetleri
Vladimir MICHALICKA
michalicka.vladimir@gmail.com
0000-0002-7342-9903

Vladan OLAH
v.olah@seznam.cz
0000-0001-6873-0008

Vaclav KUCERA
venca77777@seznam.cz
0000-0001-6802-1818

0z
Makale Gecmisi:  Daglik arazilerde yapilan aktiviteler sadece turistlere veya sporculara ait bir ayricalik olmayip
5251‘;3; ‘;nt‘%g;’ bircok profesyonel icin de bir is cevresidir. Bunlarin icinde askeri personel icin bu durum
Diizeltme tarini: ~ digerlerinden farkhdir. Silahli kuvvetlerin orada olmas! farkli amaglar icerir (operasyonu
22 Arahk 2021 tamamlamak gibi). Bu tip arazilerde kalmak ve hareket etmek farkli tekniklerin kullanimini
Kabul tarihi: — gerektirir. Bu tekniklerden biri genelde askerler tarafindan kullanilan ve dogaglama bir tarzi
24Aralk 2021 olan ferrata rotalaridir. Bu rotalar ¢ogunlukla trmamisa uygun olmayanlar igin kayalik
arazilerdeki giivenligi saglamak i¢cin yapilmistir. Malzeme é6zelligi 6rnegin celik yerine tekstil ve
dinamik ipin kullanilmast gibi birkag farkla digerlerinden ayrilir. Celik kullanilan rotalarin
Anahtar testlerle normalize edilmis olmast veya uygun kilavuzlarin bulunmasi veya agik sonuglarin
Kelimeler: olmasina ragmen, dogaclama ferrata ile benzer bir bilgi bulunmamaktadir. Bu ¢alismada
;S{W;' Tlrmg_{“% dogaglama ferrata ile daha fazla darbe kuvvetine ulasmak icin 8 farkli kosulda 80 diistis
ogaclama Diistis e s
Yakalayic:, gergeklestirilmistir.
Birlestirilmis Ip
Teknikleri,
Fransiz Stili,
Tirmanis
Operasyonlart
Abstract
Article history:  Movement in mountainous terrain is not only privilege of tourists or athletes but also the work
5 GR;ZT/’:;UEW environment for many professionals. One group of these, military personnel, differs from the
2021 others. The stay of armed forces has distinct purposes - to fulfil an operation. Moving and
Adjustment: staying in remote exposed terrains requires the use of specific techniques. One of the unusual
22 D;g;;"ber techniques utilised mostly by armies is the construction of improvised via ferrata routes. Those
Accepted: are mostly built for non-climbing un.its for their safety in rocky terrain. Tﬁe construction.itself
24 December differs from common saved routes in a few features whereas the most important one is the
2021 utilisation of textile, dynamic rope instead of the steel one. Whilst common steel saved routes
Keywords: are a matter of thorough examinations with normalised tests, proper construction manuals and
Military Climbing, recise results, there is no similar knowledge of improvised via ferratas. We performed 80 falls
Improvised Fall P ) 4 o . g . p - . p
Arrester, in 8 different conditions to find out more about impact forces at improvised via ferratas.
Fixed Rope
Techniques,

French-System,

Corresponding author e-mail address: michalicka.vladimir@gmail.com

e-ISSN: 2667-6923.

© 2018-2019 Tiirkiye Dagcilik Federasyonu, TUBITAK ULAKBIM DergiPark ev sahipliginde. Her hakki saklidir.
DOI: 10.36415/dagcilik.1028991


mailto:v.olah@seznam.cz

Michalicka, V., Olah, V., Kucera, V., International Journal of Mountaineering and Climbing, 2021, 4(2),
60-69

Mountainous
Operations

61



Michalicka, V., Olah, V., Kucera, V., International Journal of Mountaineering and Climbing, 2021, 4(2),
60-69

Introduction

Save movement in mountainous terrain is possible by many ways yet not every of them is
suitable for every condition or different climbing levels of mountaineers. Via ferratas
originated as an easy way to reach inaccessible peaks for low-skilful climbers or
enthusiastic tourists (Morgan et al., 2005). As the development was ongoing, the two main
types of via ferratas emerged. The Eastern-Alps system and French-system (Semmel &
Hellberg, 2008) with a few differences between each other.

The construction of both types works with the steel rope and steel/inox anchors (Semmel
& Hellberg, 2008). As well as normalised via ferratas construction procedures, the
utilisation of proper, normalised and checked equipment is required (EN 365). The
common via ferrata user wears a helmet, sitting harness at least and via ferrata set with
fall arrester (EN 958+A1). Many factors play a role in the risk management when moving
via ferrata such as the falling rocks; condition, experience of climbers or weather yet the
main purpose of all the precautions is to avoid as much as possible the repercussions of the
user’s fall. The biggest harm might be caused by enormous size of impact force (Strohle et
al,, 2020) which very often outreach the size of 2, in sport climbing the level where the
complete safety chain must be excluded from successive usage (EN 365; Tendon, 2021).

Movement in mountainous terrain under military conditions are even more demanding
and therefore more dangerous for military personnel. Climbing military personnel and
regular soldiers often have to conduct their operations in high exposed terrain yet the
utilisation of common civilian routes or mountain equipment is not plausible, therefore
they use the special form of approaches from all the climbing disciplines, the military
climbing (Kuhar et al., 2005; Federal Ministry of Defence and Sports, 2014, Michalicka et
al,, 2019). Combining all the available techniques gives the military climbing the unique
variety of different solutions applicable for every possible problem.

Via ferratas in military climbing result also from the combination of civilian approach, the
military task, the limitation in gear, in amount and carried load and their purpose itself.
The military via ferrata is firstly improvised which means it is not built up from steel and
fixed anchors, it is made from dynamic ropes and mobile anchors such as cams (Samet,
2011), hitches and/or friction knots (Michalicka et al, 2019) though. Friction knots
themselves were proofed to be the weakest link (Michalicka & Telvak, 2021) in safety
chain. Secondly, the military via ferratas are temporary. These are only the means to get a
military unit to the place of their operation and so it is not necessary to build them long-
lasting. Thirdly, on the contrary to the civilian ones, the difficulty is not the goal. Military
personnel gear often weight more than 40 kilograms per person (Knapik et al,, 2012) so
the route chosen must be easy and safe. Safety itself, though, is not the only priority.
Military climbing has to cope with limited total weight carried and so the via ferrata sets
with fall arresters are not part of the soldier’s gear.

The aim of this work is to extend a knowledge in military climbing risk management and
find the precise threats proceeding at improvised via ferratas (IVFs) and improvised via
ferrata sets utilisation.

Methodology

Safety of military personnel during movement via ferrata is provided by two main assets.
A] Utilisation of IVF set which should be solid enough to absorb the impact forces emerged
during climber’s fall. The precise numbers of IF acting on IVF sets are not known though.
To find out the missing information needed for save mountainous military operations, we
decided to conduct an experiment. B] Construction of IVF itself, where the dynamic rope
strictly replaces the official steel rope designated to classical via ferrata and therefore
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should provide safer fall arrest with lower impact forces (IFs). The precise values of IFs
acting on climbers are not known though.

IVFs in the military environment combines two basic types, as mentioned above, with the
main difference in loops in the French-system and therefore looser fixed rope installation
(Picture 1a).

Picture 1. a] French-system and Eastern-Alps system of IVFs b] Final laboratory
experiment

We chose this type in our experiment not only because it is more common but also it is
more universal. The construction was built from dynamic rope tied between two fixed
points (Picture 1b). Laboratory conditions and steel anchors were chosen to provide a
replicability of the experiment.

IVF set in military climbing is strictly constructed from a reep cord of 6 mm diameter
without any fall arrest system. Utilisation of low cost, low time consumption and quite low
knowledge for its construction is required. The IVF set is illustrated lower (Picture 2) out.

L

Picture 2. Improvised via ferrata set made from 6mm reep cord and its lab variant
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All our measurements were conducted using only one IVF set strand to correlate with EU
norms (EN 958+A1) for via ferrata set testing.

Textile material and experimental sample

The dynamic rope we used, had dynamic elongation of 34% and is used (Tendon, 2021) for
beginners or for those who prefer a rope for a long life time. Its 10,5 mm diameter is
common in the Czech military climbing for its great handling and durability. Usage of such
rope is therefore a norm when constructing IVFs and other rope installations. During the
experiment, we worked with common dynamic rope Ambition 10,5 (Tendon, Czech
Republic) and 6 mm reep cord (Tendon, Czech Republic) where the thorough features are
displayed in Table 1.

Table 1 Used material

Manufacturer Tendon Tendon

Rope trademark label Tendon Ambition 10,5 mm | Tendon Reep 6 mm
EN standard Type EN 892+A1: 2017 EN 564: 2015
Type Single dynamic N/A

Material Polyamide (PA) Polyamide (PA)
Year of manufacture 2020 2020
Diameter [mm] 10,5 6

Static breaking strength N/A 7,2
(Tenacity) [kN]

Static breaking strength [kN] N/A 10

from reference testing

Weight per meter [g/m] 69 23,2

Number of falls according to EN | 9 N/A

1891 (f=1)

Maximal Impact force [kN] 9,1 N/A

Sheath slippage [%] 0 N/A

Static elongation [%] 6 N/A
Dynamic elongation [%] 34 N/A
Knotability 0,8 N/A

Sheath mass [%] 39,2 N/A

Core mass [%] 60,8 N/A

Core structure 7S+ 77 2S + 3Z

Due to the design of the experiment, both textile ropes were cut to 6 m fragments of
dynamic rope and 5 m of reep cord respectively with a common fusible knife. The total
length used was 240 m of rope and 200 m of reep cord respectively.

Design of the experiment had three phases conducted in the Climbing polygon of the Fire
Rescue Service of the Czech Republic, Velké Pori¢i. A] The goal was in defining the IFs
values of IVF sets for different fall factors (FF). These were set on 0.5; 1.0; 1.5 and 2.0 which
came out from praxis (the complete IVF set is designed from 5 m of cord and its strands
are 1.0 + 0.02 m (Michali¢ka et al., 2019) length each) where climber cannot fall lower than
~ 2 m and therefore produce FF > 2. We conducted 10 measurements (Goh & Love, 2010;
Pomares et al,, 2020) for each FF value whereas the cord was brand new for each
measurement. The fall itself was made at the fall tower using a 100 kg figurine in complete
harness which was thrown to a single strand of IVF set (EN 958+A1). This strand ended
with a clove hitch (ABoK #1177) and steel X carbine (EN 362) and was connected to a strain
gauge LC1 Enforcer Load Cell (Rock Exotica, USA) and then to a fixed anchor point. B] The
goal was to define the IFs values affecting a climber, his IVF set and anchor point of IVFs.
We constructed a single section of IVF of 3m length with 1m loop in total rope length 4m.
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Connections were conducted via steel X carbines and LC1 Enforcer Load Cell (Rock Exotica,
USA) at both high/low positions, see (Picture 3). The Lineman's loop (ABoK #331), Alpine
butterfly, was used as the only connecting knot at every position. We simulated 0.5; 1.0;
1.5 and 2.0 FF fall of weight w/o IVF set or via ferrata set. We conducted 10 measurements

(Goh & Love, 2010; Pomares et al., 2020) for each length value whereas the rope was brand
new for each measurement.

Picture 3. Experimental laboratory section of via ferrata

C] Comparing the gain results from A], B] with the real praxis. We conducted a “control”
measurement of [Fs acting on complete system when the fall at IVF occurs. The design was
to model the “real” fall under a “real” conditions, therefore IVF section using a dynamic
rope A] and IVF set using 6 mm reep cord B] were put together. We simulated and
examined the most extreme case - the fall from 4 m height into a single strand of IVF set.
We hoped to find out more about the final impact forces which might act on a military
personnel and therefore modify mountain training manuals, if needed.

A 100 kg weight was set for all three phases as a combination of “normalised” climber (EN
892+A1) and soldier who has to carry special gear as a ballistic helmet, plate carrier,

ammunition. In experiment, the weight was always a body corpse figurine dressed up into
a complete working harness (EN 361).

Statistical analysis

Statistical analysis was performed using The Jamovi project, ver. 2.2.4. (Computer
Software, Sydney, Australia), and Microsoft Excel 2016 (Microsoft Corporation, Redmont,
Washington, USA), with the alpha level for significance set at < .05. Descriptive statistics
(min, max, SD, average) was used for each set of values. The normal data distribution was
tested by Shapiro-Wilk test. Paired samples t-test was then used to compare values of IFs

gained during fall set at FF 0,5; 1,0;1,5 and 2,0 with IVF set to fixed anchor point and IFs
values from a fall into a laboratory section of IVF.

Results and Discussion

It is often necessary to build up an improvised via ferratas and improvised via ferrata sets
in military mountainous operations. The textile material used has different features in
contrast to the steel via ferrata constructions yet its behaviour is not known during the
possible fall of military personnel. In order to gain proper results, the experimental model
was designed divided into three phases. Each phase examined specific conditions of IVF
techniques used in the Czech military climbing system.
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The air temperatures detected with the thermometer during the tests ranged from a
minimum of 17,9 °C to a maximum of 22,9 °C, while humidity varied from 44 to 52%.

A] Improvised via ferrata set strength
According to EN 564, the static breaking strength is set at 7,2 kN for 6 mm reep cord,
whereas 10 kN was the static breaking strength, tenacity, of 6 mm reep cord we measured
(Michalicka & Telvak, 2021). We conducted 40 dynamic measurements using 0.5; 1.0; 1.5
and 2.0 values of FF (Picture 4) using a single strand of IVF set which was 1.0 £ 0.02 m
length. The strand ended with a clove hitch (ABoK #1177) and steel X carbine (EN 362)
and was connected to a strain gauge. For each of 40 experimental sessions, the brand new
textile material was used.
100

95

90 =

8 0 Medan
[125%75%

T Min-Max

.

="

FF=05 FF=10 FF=15 FF=20

Picture 4 IVF set strength in different FF values

Table 2 Descriptive statistics for IVF set [Fs values

n=10 FF=0,5 FF=1,0 FF=1,5 FF=2,0
Maximal IF (kN) 5,37 7,74 8,60 9,35
Minimal IF (kN) 5,17 7,44 8,37 9,13
Average IF (kN) 5,28 7,57 8,49 9,22
SD @ (kN) 0,064 0,117 0,110 0,063

As we predicted, the IFs values grow exponentially yet the biggest gap is between FF=0,5
and FF=1 where the final average IF grew from 5,28 kN up to 7,57 kN. Also, the IFs values
generally for FF=1,0; 1,5 and 2,0 are always higher than guaranteed maximal tenacity (EN
564) of used reep cord.

FF=2 always led to malfunction of the system. Its average IFs values were always above
9kN and the experiment always ended with the connecting claw hitch (ABoK #1177)
breakage - the claw hitch itself was the weakest point in the IVF set.

We can assume that IVF set at fixed anchor point is strong and therefore safe for the
climber only when FF<1,0 (Kuhar et al,, 2005). Even when the strand itself is constructed
from two ropes and end with claw hitch (Michalicka et al., 2019)., the weakest point is the
hitch itself. It must be taken under the consideration that normalised tenacity is set to
7,2kN (EN 564) and weakening the rope by the knot might be as high as 56 % (Frank &
Kubldk, 2007; Evans, 2016, Simon et al., 2020). When FF>1,0, the risk for the climber is
unacceptable, it will lead into breakage of the system. Utilisation of both IVF set strand is
crucial.

B] Impact forces at improvised via ferrata section
A single section of IVF was built up in a total rope length of 4m (Picture 3). We simulated
0.5; 1.0; 1.5 and 2.0 FF fall of weight w/o IVF set or via ferrata set. We conducted 10
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measurements while the section ended with a Lineman's loops (ABoK #331) and steel X
carbines (CE EN 362) and was connected to a strain gauges. For each of 40 experimental
sessions, the brand new textile material was used.

Table 3a Descriptive statistics for IVF section IFs values

n=10 FF=0,5 (High/Low/Final) FF=1,0 (High/Low/Final) |
Maximal IF (kN) 1,11 2,21 3,44 1,32 3,44 4,62
Minimal IF (kN) 1,02 1,96 3,21 1,16 3,21 4,31
Average IF (kN) 1,07 2,11 3,34 1,24 3,34 4,48
SD @ (kN) 0,030 | 0,094 | 0,070 | 0,0544 | 0,066 0,090

* High/Low/Final are values valid for anchors and final [Fs

Table 3b Descriptive statistics for IVF section IFs values

n=10 FF=1,5 (High/Low/Final) FF=2,0 (High/Low/Final) |
Maximal IF (kN) 2,32 3,49 5,69 2,24 4,61 6,48
Minimal IF (kN) 2,18 3,21 5,42 2,05 4,35 6,19
Average IF (kN) 2,24 3,33 5,57 2,15 4,51 6,33
SD @ (kN) 0,042 0,082 0,081 0,054 0,086 0,094

* High/Low/Final are values valid for anchors and final IFs

We gathered three IF values from each of the experimental sessions for each of the FF
values, see Table 3a,b. What is obvious, max IF < 6,48 kN at every measured point and
therefore much lower than guaranteed tenacity of reep cord (EN 564) or tenacity we
measured - see Table 1, or rope respectively (EN 892). The average IF gathered as the Final,
the climber, numbers are also positive when they got to IF = 6,33 kN. This number, valid
for the “hardest” level, FF = 2, is quite promising while the guaranteed maximal impact
force of the rope is 9,1 kN (Tendon, 2021). It can be said, that utilisation of the dynamic
rope in unusual way, the IVF, is possible and save in a matter of material.

FF=0,5 FF=1,0 FF=1,5 FF=2,0
High anchor point (kN) Low anchor point (kN)
Final IF (kN)

Picture 5 Average IFs values at measured points

The most obvious is the difference between IFs values acting on high/low anchor point. At
all FF levels, the Low anchor point IF values were almost always 2x higher than High anchor
point [F values. We assume that it might be explained through the construction of French-
system itself (Semmel & Hellberg, 2008). The length of the whole IVF section was 4 m, the
loop at the low anchor point measured 1 m, the half of it - leading to the low anchor point
0,5 m. The differing lengths of the available rope which absorbs the final IF led to the
difference between IFs values at the points (Seifert et al.,, 2016). What must be mentioned,
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is the limitation of the real anchor points in praxis, the cams (Samet, 2011; Michalicka et
al,, 2019) their real tenacity is often less than measured 5,51 kN for FF = 2,0 (Vogwell &
Minguez, 2007).

Exponential growth of Final IFs at different FF levels does not correspond with values from
both anchor points at the ends of the IVF section. Not even a simple sum of these values
corresponds with the values at final point. The more thorough experiments aimed at this
problem should be conducted as well as the experiment working with Eastern-Alps system
of IVF.

C] As mentioned above, we put together both variants A], B] together to model the most
dangerous case in IVF section - the 4 m fall into an IVF set. 4 metres was chosen as a
maximal length used in the Czech military climbing system of vertical section (Michalicka
etal, 2019) and also due to the limitation at the fall tower. From the combined conditions,
the values we gathered are displayed lower (Picture 6) and therefore we can conclude the
fall under these extreme conditions as the very high risk for the climber. Final IFs average
was almost as high as the limitation of IF max of the rope itself, both anchor points were
also extremely loaded. These facts will almost certainly lead in to malfunction of the IVF
section. We strictly recommend the shortage of the IVF section under all circumstances
as well as usage of both IVF set strands.

Final Impact force High position anchor point Low position anchor point
0,10 342 5.83
9,08 3,40 X
0,06 3,38 R0
9,04 3,36 u 5,75
9,02 334 5.70
Z 9,00 z 33 z "
= =2 > 565
8 8,98 8 3,30 8 H
£ 896 £ £ 560 ]
5 89
Z 50 g £ 555
8.90 5,50
8.88 5.45
8,86 Sl
8,84 540
0 Median = 8,98 0 Median =3 35 O Median = 5,62
[125%-75% =(89,9,02) [125%75% =(333,338) []25%75% =(5,59, 5,68)

I Min-Max =(8,85, 9,08) I Mmn-Max =(3,18,3,41) T Min-Max =(5,45,3.82)
Picture 6 Average IFs values at measured points in extreme fall

Table 4 Descriptive statistics for extreme fall IFs values

n=10 FF=4 (High/Low/Final)
Maximal IF (kN) 3,41 5,82 9,02
Minimal IF (kN) 3,18 5,49 8,85
Average IF (kN) 3,33 5,62 8,97
SD @ (kN) 0,067 0,106 0,073

* High/Low/Final are values valid for anchors and final IFs

D] Paired sample t-test showed that the differences between IVF section and IVF set for
each FF condition were statistically significant (p < .001). This fact was predicted yet the
proper values were unclear. We can postulate that it is significantly safer to to use a
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dynamic rope for French-system IVF constructions. We can also support this fact, the effect
size, thanks to Cohen's d (Table 5).

n=10 t-test p-value | Cohen'sd
FF=0,5 (IVF set/IVF section) -66,4 <.001 -21,0
FF=1,0 (IVF set/IVF section) -55,2 <.001 -17,5
FF=1,5 (IVF set/IVF section) -82,9 <.001 -26,2
FF=2,0 (IVF set/IVF section) | -103,4 <.001 -32,7

Table 5 Comparing the IVF section and IVF set

Conclusion

The utilisation of improvised via ferrata in military praxis constructed and used unusual
ways, has some limits. Single usage of improvised via ferrata set is highly risky and might
be considered save only when Fall factor < 1,0. Utilisation of dynamic climbing rope for
improvised via ferratas in the French-system is save and plausible. This fact was also
supported by statistical analysis. Combination of these two technical solutions is save only
under the condition of the improvised via ferrata section shorter than 4 vertical metres.
Usage of both strands of improvised via ferrata set is highly recommended. Other
measurements must be conducted for the precise values of acting impact forces in Eastern-
Alps system.
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