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Standardization of Trail Difficulty based on Energy Consumption™
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ABSTRACT

Recently, the number of trail users in Korea has risen tremendously. Consequently, the cost of safety measures
related to hiking is sharply increasing. Despite the safety cost input, the number of heart - related adverse events
has been not decreasing. Therefore, this research aims to suggest the use of objective and quantitative trail use
information in terms of course difficulty. The study site is Jirisan Dullegil (Jirisan Forest Trail). The currently
available trail difficulty information either provides the difficulty rating in terms of 3 to 5 levels according to several
empirical difficulty factors reported by staff who maintain the forest or simply states the distance of each trail. Thus,
many trail visitors feel a great gap between the given information and actual difficulties they experience. In this
study, we tried to assess the degree of difficulty by actual energy consumption. Calculating the volumetric oxygen
consumption (VOC) by the distance and gradient not only makes possible an absolute rating but a comparison
among the trails as well. Also, it is highly effective to simply describe the exercise intensity of a certain trail. Further,
it is easy to check the VOCs’ changes by switching the start-end points of the same trail. Providing the trail
information of VOCs by sections and directions, we expect to prevent heart-related accidents.
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2005\ “gA At e GAE e HER 24 Y 7| EA 2 S Aolth. AT 53] 404 o] 4e] FE7] ATl A
FHvolge oJF22 FAIEAIL(KFS, 2005), 20084 sh= A ¥ol 312 d|(Ministry of Culture, Sports and Tourism,
 AgarEddol A AL stk WAHAAE  2012) o] A7l AIAE 75 HES HAF wstE vehy
20079 AlFZEdo] AFA 715 BHA S A = A wA & o AR, AR, A9 71
YA Ahs 2= Ao fig) A Fol obd |kt 7HA= Lol & Q1A= KO, 2011; Kwon, 2004). o] 23t 54
HAEM 22 & Atk W2 HA HekE] AlFeka = e W AAE 7ol oAl 4ot ool ARyl
ok A Aol 2010 o] AR “ikRofl thet SRIdARAP  FUkep BE AR E A et dol= Zhup) gk ARl
2] maE A AS L2 AN AVIS(E2 A AAE Y vg) e AR AE AEste 497t 50
S A EGAo tigt A3 wrt 247t 54.1%, 45.1%2 Y ol = 5 dle Aot
Ehut HAF Abeo] izt e MotE YleE & 5 Ae A 42 o849 Aol EAE ARelA
(KFRI, 2014). A o B o] Yl A Ate] 3 dAE WEE
w2 de 2o W &ole e BgsA et 9l S2lo] FrtEofof gtrh. ¢4 o] 8 A ol gAY M2 &
=dl, 374 93] SARE AR Lot Aty dof gt Fogt dole YRS APl Agsto] £4 o
FollATHE NN €45 st €49 TR7E sAE, S0 A AAA s At «4S A9T - 3
EYAA, 2dl, B, dALz2, @R, AT E5 FETT A0 @AM dojg o e AALE A
A2 AEstHA g SHAL Al ofb&d Ed 2ol Aof ofgsto] o] g2 WHEE SHigtA 7] A &
U Z8d, ZAZSEER 5 o FAY de do] A Zo[th(Hugo er al., 1999a; 1999b). oJof &4 o] Folkof
AudA ol dol w3t A Bl fle B+= et A AR AlTe AT At Tl el 23] A
UetA ok & A3 2= 4 5 Hnd do|=rh &2 Y et oM =, TF, 9=, S, wEHE
Aol dagt YEATE FHLZ st Qe oo FA & A yEtEE Oyt 540 ste SEAE AAstL
=7 Qe 2 AlAT go] HluE YEdt gAY T AL, I A Aberad 9, s dTdE e SolA
Mo ste de 28 HALR st 3o ol& Aste dole YRS A3l kg Folnk. Ty AAHIL 9
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Table 1. Trails status description of the Jirisan Dullegil
No. Trails Distance Time Empirical Altitude(m)
(km) (h) difficulty Max Min
1 Jucheon-Woonbong 15.14 6 Moderate 589 159
Woonbong-Inwol 9.24 4 Moderate 548 414
3 Inwol-Geumgae 20.20 8 Moderate 649 255
3-1 Samsimam 1.89 - - 499 401
4 Geumgae-Donggang 10.76 4 Difficult 327 175
4-1 Byeoksongsa 2.08 - - 529 327
5 Donggang-Sucheol 12.06 5 Moderate 655 158
6 Sucheol-Seongsimwon 12.42 5 Moderate 184 80
7 Eocheon-Woonri 12.32 4.5 Difficult 818 78
7-1 Eocheon-Woonri branch course 3.84 - - 264 82
8 Woonri-Deoksan 14.17 5 Difficult 571 119
9 Deoksan-Witae 10.00 4 Easy 422 111
10 Witae-Hadongho 11.60 5 Easy 516 154
11 Hadongho-Samhwasil 9.30 4 Easy 322 71
12 Samhwasil-Daechook 16.60 7 Moderate 496 28
12-1 Hadongeup-Seodang 6.88 2,5 Easy 262 24
13 Daechook-Wonbuchun 8.50 4.5 Difficult 762 21
13-1 Daechook-Ipseok 3.95 - - 114 18
14 Wonbuchun-Gatan 13.39 7.5 Difficult 818 38
15 Gatan-Songjeong 10.27 6.5 Difficult 479 31
15-1 Mokajae-Dangjae 7.82 3 Moderate 644 213
16 Songjeong-Omi 10.06 5.5 Moderate 367 48
17 Omi-Bangkwang 11.81 5 Moderate 226 38
17-1 Omi-Nandong 18.16 7 Easy 147 27
18 Bangkwang-Sandong 12.81 6 Difficult 507 100
19 Sandong-Jucheon 15.28 7 Moderate 496 137
Sum 280.55 116 - 818 18
2) 2% o™ of Wg &7 Wt i Kramer(2010)9] A 54+
QiAo HYF7Y w9l dold 5L Aol g O8I HLLETE AUANT. Kramers] A FHE
=Lgo| wat 2o} Ql7s s, 7o LELES Y A9l dlol e e} 7]% A+AdaE9 AEE %}”ﬁ&i H] 3
& A% YT AAe Kol suof o) AyEey O BHS =IU AoRN w2 APAR=08NE A
(Minetti et al., 2002; di Prampero et al., 2009). E3&EE= =45 fE VIEAd S wdE wol ol&ste 9l
Aele) eBseol we chopab e, sous A W A0S WA AR 5 el A K (Size Korea
of el e Qoo SRR FAA Aolbe A 2019F HBLR BAEFAL T121kgs A &
S weldold 25 vt Susk AT 5 ST S0m GSivin Ane) ALALRFS APESA.
Aol o3 AAEA ek upebA A GO AR e & Kramer®} Aol ofshe of 8°9f iRt Aol A ofu
SEFE A7) AT e veldoly eug gu  ERTO A How ol2 7] o2 L2ugAe A
o AET 4+ Ak Aol Lpep wspe) WA LH7F FAT] S H A G d
gat Are AWA 712 4, A $AY oejg 5 BOIE AHASE Horp o Luwe] Sofz] o
o odd) AFAIIL AY Y @A, AR AFAFe| of  h ST HEE FGAMS 08 AP A oA
3 a0l Adg oy 217} o] £t HA 370 = aH[Fgo] 48] F7hete] fifE9 AHES 25 =5
2o o]520]%) 3 9 rh(Hugo er al, 1999b; Ardigo er al, O B/ Btk HEHE AES T3 mrp AL A

2003; Kramer, 2010).
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(Table 2). AP4E A3 SPSSE o]-g3fe] T

A< dssta

VO,(mlO,/s) =54V*+0.37M+0.0054MGV+0.011G* V—3.8X— 17
V- velocit(m/s), M: mas(kg), G: gradienf(%), X: gender(male: 1, female:0))

Table 2. Calculated walking velocity

Unit: 50m Walking speed calculated (m/s)

o Faster
Slope(°) Common person person
<5 0.86 0.86
5-7.5 0.74 0.74
7.5-10 0.60 0.64
10-12.5 0.48 0.56
12.5-15 0.37 0.48
15< 0.28 0.42

*A person who walks 4km/h w-ith burdens of 20kg
*Data source: Modified from http://www.san.go.kr
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Table 3. Volumetric oxygen consumption by trails of the Jirisan Dullegil
o Distance =~ Walking time Empirical Volumetric oxygen consumption Calorle.
Trails . > consumption
(km) (h) difficulty”  per hr(mlOyh) Per kn(nlOykm)  Total(mlOy) (keal)
1 15.14 6.5 M 42,527 18,280 276,764 1,383
Ir 15.14 6.5 M 34,137 14,673 222,161 1,110
2 9.24 4.1 M 36,471 16,141 149,130 745
2r 9.24 4.1 M 36,969 16,361 151,166 755
3 20.2 12 M 44,713 26,963 544,566 2,722
3r 202 12 M 48,313 29,134 588,410 2,942
3-1 1.9 1.3 - 64,957 44,989 85,209 426
3-1r 1.9 1.3 - 47,836 33,131 62,751 313
4 10.76 7.5 D 38,296 25,079 269,902 1,349
4r 10.76 7.5 D 41,896 27,437 295,274 1,476
4-1 2.08 1.6 - 93,596 69,494 144,726 723
4-1r 2.08 1.6 - 59,945 44,509 92,692 463
5 12.05 7.1 M 42,879 25,155 303,368 1,516
S5r 12.05 7.1 M 39,850 23,379 281,941 1,409
6 12.41 53 M 38,253 16,413 203,812 1,019
6r 12.41 53 M 41,853 17,958 222,992 1,114
7 12.32 8.4 D 53,314 36,351 447,938 2,239
Tr 12.32 8.4 D 56,914 38,805 478,184 2,390
7-1 3.84 24 - 50,758 31,577 121,252 606
7-1r 3.84 24 - 40,682 25,309 97,184 485
8 14.17 9.0 D 54,306 34,461 488,466 2,442
8r 14.17 9.0 D 53,111 33,703 477,720 2,388
9 10 5.5 E 47,489 26,140 261,281 1,306
9r 10 5.5 E 41,704 22,956 229,452 1,147
10 11.60 7.6 E 46,783 30,534 354,314 1,771
10r 11.60 7.6 E 48,209 31,464 365,111 1,825
11 9.3 4.6 E 41,441 22,446 191,911 959
11r 9.3 4.6 E 38,613 20,914 178,814 894
12 16.6 11.0 M 46,166 30,467 505,728 2,528
12r 16.6 11.0 M 44,397 29,299 486,340 2,431
12-1 6.88 4.0 E 46,607 27,466 189,002 945
12-1r 6.88 4.0 E 39,386 23,210 159,720 798
13 8.5 5.0 D 59,471 35,612 302,764 1,513
13r 8.5 5.0 D 52,324 31,332 266,378 1,331
13-1 3.95 1.4 - 38,573 13,619 53,770 268
13-1r 3.95 1.4 - 31,132 10,992 43,397 216
14 13.39 9.1 D 44,994 30,816 412,509 2,062
14r 13.39 9.1 D 43,572 29,842 399,471 1,997
15 10.27 6.8 D 52,424 34,774 357,014 1,785
15r 10.27 6.8 D 49,193 32,630 335,007 1,675
15-1 7.82 5.2 M 45,973 30,665 239,710 1,198
15-1r 7.82 5.2 M 41,649 27,780 217,163 1,085
16 10.06 6.5 M 49,824 32,229 324,343 1,621
16r 10.06 6.5 M 49,237 31,849 320,519 1,602
17 11.81 6.0 M 39,024 20,007 236,240 1,181
17r 11.81 6.0 M 38,359 19,666 232,216 1,161
17-1 18.16 6.2 E 36,905 12,679 230,249 1,151
17-1r 18.16 6.2 E 34,766 11,944 216,905 1,084
18 12.81 7.5 D 43,549 25,534 327,140 1,635
18r 12.81 7.5 D 40,077 23,499 301,063 1,505
19 15.28 8.8 M 41,546 23,894 365,054 1,825
19r 15.28 8.8 M 42,615 24,509 374,447 1,872
Average 10.70 6.12 - 45,723 27,271 278,512 1,392

; The names of trails are referred to footnote of Table 1. r: reverse direction
E: Easy, M: Moderate, D: Difficult
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