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¢ SUMMARY >

Purpose &
Contents

O Development of 5,000kJ class pocket—type rockfall barrier system
— Development of rockfall barrier parts using high—strength materials
— Deveolpment of 5,000kJ class pocket—type rockfall barrier system

O Performance evaluation of 500kJ class pocket-type rockfall barrier&Simulation
verification of 5,000kJ class pocket—type rockfall barrier

— A study on performance evaluation method for high class rockfall barrier
— Performance evaluation of 500kJ class pocket—type rockfall barrier
— Simulation verification of 5,000kJ class pocket—type rockfall barrier
O Development of maintenance system for rockfall&debris flow barrier
— Development of maintenance ket for rockfall&debris flow barrier

— Development of maintenance system for rockfall&debris flow barrier

Results

* Domestic production of 5,000kd class pocket—type rockfall barrier
* Performance evaluation method for high class rockfall barrier
* Development of maintenance system for rockfall&debris flow barrier

Expected
Contribution

* Domestic production of 5,000kJ class pocket—type rockfall barrier.

* Improve the technology of high class rockfall barrier of 2% level in developed
countries to 50% or more.

» Prevention of foreign currency outflow through domestic production of 5,000kJ
class pocket rockfall prevention fence technology

* Development of economical high class rockfall barrier at 60-70% level compar
ed to overseas technology by utilizing domestic steel-related infrastructure.

 Establish disaster prevention policies that are effective in increasing disaster pr
evention work by ensuring the economic efficiency of high class rockfall barrie
r, and reduce human and property damage costs

* By developing a high class rockfall barrier market where domestic companies
have not entered, the effect will spread to related raw material producers, pro
cessors, construction companies, and management companies.

» Construction of a safety management integrated system by combining loT, wh
ich is a fourth industry, with structural monitoring sensors and civil engineering
construction

Keywords

High Class Ring-Net Maintenance Rockfal |

Rockfal | Barrier Rockfal| Barrier Technology
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3. A&z

3.1 g7 7lse 7o

SIA A Al 5=

Camman ‘*‘Iﬂ‘* E\w‘\ \;.}
; . 8N .

a8 3.3.1-1 A7 Y 7=

AT s 2 JHEEet Zo| A IMEs HMUX|2ERR| 7| SGAUX|2ERZ| FX| 22
= 4+X| 2El2|= Net, Cable, X|F, XXF S22 +4
2o, = F SAMUX|SERZ| FX[EE] Al AME EAR S/W 522 pMECEH
1) ZA DM s A UK SEZ|
Z7A DMEs MR 2EZ[e] M2 HMUX|2ElZ|o st RESEXIE ETAG 0270(M Ao
, WE(NET), #lol=(Cable), XIX|H(Foundation), X|ZF(Post), olL4X| Zt2§ZHx|(Energy
Dissipating Device) S22 FAMECID Ho|stn UcCh wEtM 2 AFoME 2 42 FAHH
2 M ZEXo s Ao B

o = o
stleny, JhetEl MEo| tet SeldsAlee A O 458 &felstict
AL =]

|:|:|>E_|. _Tl_é-}l% L_-|I-/¥I %FX|%E|'EI_°_| E)Hj”. A—I%Q 7:!7(46[-% [;”E, X|I|

-1 o

ohe, nds MUK SERR[of et dsdit Z7IE R Aleld#Hol 25101 ETAG 02701A & 2|5t

1 et ol 2 J|Eo wet nds MUK SEZe dsdItE sdY = U= Al
O|Lt Al Zo| FH|=0] UK 7] 2o HMUXZEZ M2 AlPES E7et AIhstn sty
Y2 SsAF7|Hez 5to] JiEY (=0 et dsgIIE sdSIRen, dE dsAldol 27ts
gh dAtee] M-S HMUX|SER| 2] H2 AlE2ojldE &850 dsHSE TdHAUCh

2) A UX|SERR| RX[ZE AXH

Q) =28 — 44 - [P, GTHSHx| o[k
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SMEX|SEE| ®A2E]| A|A”E2 RXRE7|E, S/IWE FHECH ®A2E] 7| Es SUUZESE, H
B2 51 =

=7lsl0f Ralmz| 7|

el SAlol 7tset LoRa S48 &l MHZE
[eX3=1

o
2=

=t
o

(o}

S=E|

ﬁl_o —

|, AHADE A =t=lo] e, Eest ASHEE w2t MFAE
dtch FXE2FIEMM AFE HEE MY T

-

M& . 2elEn, ASHES o|a RFof w

il
fjo

H

OH
rok

FC}.

3.2 5,000kJ= =4

1

P XS ERR| AR ZHe

=

1) ZHAA TMS SMux| S| QAR The

o

AP Che EQ Zo| YetM o2 1,770MPa F9|
A

R OME2 HAe 27 Zlsol w2t &olstet.

o

& g Ao Aend, MEHAMol w2t 4~68

2

NS dAwx2ER| 7g Beddel I8 UE MY
g zs|ate A
Mg A
GEOBRUGG PROTEC ENG. INCOFILL TRUMER

A XY 1,770MPag &M |[1,770MPag &M [1,770MPag ZM [1,770MPag &M

500kd= 7/3/350 - 4/9/350 7.5/135
1,000kd= 7/3/350 - 4/9/350 7.5/135
1,500kd= - 5/3/350 - 9.0/135
2,000k 2 16/3/350 7/3/350 5/10.5/350 9.0/185
3,000k = 16/3/350 10/3/350 5/10.5/350 9.0/185
5,000kd= 16/3/300 15/3/420 6/15/420 10.5/180

n'? (SF)THEHX|  O[2HIM|

Daehan Gea Engineering & Consuction



TRUMER

TS LA EA] CHEAL TABIS 215+, 00T 2

(d

o —

MACCAFERRI

(c)
T8 3.3.2-2 ZuUjeo] M2z A zEah Al
@ 1T MAE &3Sct e HE F4aF 2 gt
2 AFoME DMs SMUX|2ERR|E FYEEE Y LS 25 ARAIE 2 HME ME = AYES
S5l 2™ AME MASto] IS IR 2SI @Y HE it 28 5 e Mle 1dE
ZoAM ) motcM, 2fo|0{2Z F0|H, FSEAMe &8 JisMo HshME A ESHECE
7|& 1,770MPag ZAlge 22%t 28 HE iy nZE 2o, motc, 2ojoj2EZE 283510
s HEE Jjutst A9 Ms dluw ZAojoah)es o2t 2ot
E 3.3.2-2 HE HE MY FAHIZ=ZAM == TmolcM #EAl) [KS D 7002:20118, KS
D 3556:2002 Zt=x]
LT ZodM &4 TofcM EEA|
PW-2 3.2mm

71& 7l& tiH|

(&)

SWPC7DL 5.0mm
(2,160MPag}, 42.4kN)

SWPC7DL 5.0mm
(2,360MPam, 46.3kN)

2/5/300, 92kN

(1860MPaz=, 14.9kN)

5/3.2/300, 75kN

6/3/300, 75kN

2/5/300, 84kN
(7% 4 )

(7T%Z )

12/3/300, 150kN

4/5/300, 172kN
(7T%d 2

4/5/300, 184kN
(7%d )

10/3.2/300, 150kN

16/3/300, 200kN

5/5/300, 210kN

5/5/300, 230kN

14/3.2/300, 209kN

(13% A )

(13% A 2)

| A
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2! S| AIARY T

¥ 3.3.2-3 Y UHE 7§ FAH(Aoloj=2= EEA|) [KS D 3514:2018 &t=]
J|= 7|2 thy| & HE e (Aojo{2ZE EHEA)
ZEA
(2d) 6x7 FC D1I0mm | 6x19 IWRC D10mm | 6x24 FC D10mm
6/3/300, 75kN 2/10/300, 105kN 2/10/300, 107kN 2/10/300, 91kN
12/3/300, 150kN 3/10/300, 158kN 3/10/300, 161kN 4/10/300, 182kN
16/3/300, 200kN 4/10/300, 211kN 4/10/300, 215kN 5/10/300, 227kN
AN HEZA DUE ZAMES 225 Y Y E XzZo| JHE fREY HAeE Hoixlont I
T oM Mo 2530 M5 2X, 28 HE M2 2ist 28 7t32 WE =M =271 g st
of w2l dg HE 7HHS st M= HotcME &8ss HeZE ZHsIC
2 A7 Y HE JjerE s AlE8st MA = (F)DSRMZE 7|24 XES Sl =2 M
A=l MY E 2hSolct 3Y HE e A2 1X5 22 1,960MPag 3.2mm A4S &85t
°o0{, 1,960MPazZ 3.2mm ZM2 &£3¢% Y HES Md=s HIIE /sl 3elelsAr|esE Sl
3-Ring TestE &5t AMES 7HEsIFCt
agjLt A MME (F)DSRMY Z|sdT4ae HMEE Sall Hot oAkl 2,040MPaz 2.8mm &
Me 28stol Yyzelaks Jidsiict FHEEEL Jieo| ARESE M= KS D 3510 A<
2,040MPa2 A& 2.8mme| ZMolof, 174 oMol ZE&= 2F 152.6kNO|Ct 7HE s zelate J|&
71 OiH] DZ4E MAE &S ZAM FAISE M52z MRS AAS ZHAAAH J|& 7|& e B
o IMs yxEaks Jljget = AUct WsMEs 500kJ30 AEEE e A& EZEaH(7/2.8/300)
2 7|& dexZ=ai(7/3/300) CHH| 100.4%2| FAlSE Msldl = AHE0| 12.9% HZEAUCH
MILL TEST CERTIFICATE / CERTIFICATE OF INSPECTION
Charge No I Chemical Composition (%) |
| c | Si I Mn P | S |
| sFigees | 0.87 | 027 | 0.49 | 0.009 | 0.006
(a) MILL TEST SHEET
J8 3.3.2-3 Ay EE U nZr ZM HY
Q@ =% WD — 47 - | A LadE o]
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TS Lk

S

A - A DA ABIS 915H5, 000k Z2A

Lijir|2ef | o

TR AE i

T 3.3.2-4 7|& 7|} 7|9 g zEar Mz 28 A "H

T= RXI-025 | RXI-050 | RXI-100 | RXI-150 | RXI-200 | RX|-300 | RX|-500
Y5 S(CLASS/K)) | 2/250 3/500 5/1,000 | 6/1,500 | 7/2,000 | 8/3,000 | 9/5,000
7|1=
Jl= | RING NET TYPE 7/3/300 | 7/3/300 | 12/3/300 | 12/3/300 | 16/3/300 | 16/3/300 | 19/3/300
1’\!/;70 1 RING 2IZHsE(kN) 87.6 150.1 200.2 237.7
a
1 RING A= (kg) 0.37 0.63 0.84 0.99
RING NET TYPE 6/3.2/300 10/3.2/300 13/3.2/300 16/3.2/300
b
7”% 94.6 157.6 204.9 252 2
71E |1 RING QIZHSIE (kN)
108.0% 105.0% 102.4% 106.1%
1,960
e, 0.36 0.60 0.77 0.95
1 RING A= (kg)
97.5% 94.8% 92.4% 95.8%
RING NET TYPE 7/2.8/300 12/2.8/300 16/2.8/300 19/2.8/300
b
7”“3 87.9 150.7 201.0 238.7
7IE [1 RING 2IZ5HE(kN)
100.4% 100.4% 100.4% 100.4%
2.040
e, 0.32 0.55 0.73 0.87
1 RING %F=(kg)
87.1% 87.1% 87.1% 87.1%
Jidt=El 2e ol ojuE AM2 HES UM IS HXY FEEEUOZE MAsion], O §Aal
2 3ot & dgEE A JIs2 2T dEEIisT 4M 28 A& mdEs HY Y

(e)

5-RING &

08 3.3.2-4 9 U E< A=

o o
a. A Eslalo| Al v

I, (Fiexiomey
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2019 FEWS7|EETATAIY NS S - EM CHRIA K FABIE 218H5,000k)S A SAMEIXISER| 2 TR AN THL

1ds HMUXZER| AIA-E FHSkE RAXE2] AI"FZIES ETAG 02701M &Ais| 835t
Ao, IMs SMUX|SER| AAEE TH5hs FHze Yol atet Aol M M5t U
ct

e EEalo] AIHHE2 7o Yoz MEE AHI2Z AIH(3-RING TEST)sHH, AlHe| Aotz S
TAskE A AZo| 48] O[&H(E|2 50mm)e| AAE = X2 MZSIES St AT AT A[HA|
Ho| nHmt AAHE oHYEIE flof 2kZtel FES JISIIc AIFAIAN g 022 MESIES 511
A2n{, AlHo| ook W7EK] 2mm /sl £EZ2 21T S Mshoto] AlFE +™SIES st Ucth

E 3.3.2-5 ¥ ETAG 027 W Y ZEY HsEIl oy
ETAG 027 GUIDELINE FOR EUOPEAN TECHNICAL APP

ANNEX C. IDEXTIFICATION TESTS

C.3 Test on net elements

C.3.1 ring nets

C.3.1.1 test specimen

The test specimens are chains of three rings. The connetion of the single ring element with the other rings in
the net assembly shall be reported in the test report/

During the taking of the sample there shall be no damage to the sample itself.

C.3.1.2 Test procedure

The chain of three ring is mounted in a calibrated test traction rig and it is connected to the machine with
two circular elements of diameter not less than 4 times the diameter of the strand, anyway with a minimum
diameter of 50 mm.

Before the test a slight tension is given to stabilize the system, then the force Before the test a slight tension
is given to stabilize the system, then the force is reduced again to zero before the test starts.

The chain of three rings is tensioned by the test machine with a recommended displacement speed of 2
mm/s, until breaking.

The test traction rig shall be of class 1 (EN ISO 7500-1).

et 22 AlE 2

A
0z
ikl
>
oo
[5)
[
Q
[%2)
2
ol
o
_|
D
28
0
HU
]
L]
g
ne
|’II
&
o
>
ol
[N
i)
rir
P
)
>
Q
>
B

oet7X|(Point B, Fp) CFE I8 22 2E e AS2 LA Uch AIFZ skS-#e Jsi=

=
= Z7| MEAHS 7o, 71871 722 =71 dEHS F2He, 71871 T72he =l =7| MEHS
=

772 3-Ring AIEAIHO| olEstZ0l A235ieiM 3-Ring2 TAISH: Aol Elgsoz |stst
 wissls T7i00, 7| MEME T2 3-Ring AlEAIHO| S1E Aol mha} saM HES
Zols zholch. aefLh AF 3-Ring TestAl £7| MEHETZHm %7 MEAST7Ie HIAH

[=]

(Point A, F,)2 Bks| PE0|x|x| S=d| 0l 3-Ring2 AIBAIHE TASH: 2MS0| S
Zoll w2t A xIso, 2Moll wet 35 Mol Aol 22t MAMoE HSo| Wik uf 2ol
B, 3-Ring Test ¥ TAlstEl s1E-wiel I ZolM V(2 3.3.2-5 o HFEA)S Che4

szm% KA — 49 — [P, GTHSHx| o[k
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= oAz Felg = ek

0

Eq.(1).0ll 25l 3-Ring AlHo| Z=&g £
W=F-8 Eq.(1).
o4Z7|M, w = ol|4X]|(kJ)

F = &l(kN)
S = o|lsHe| £= #H2l(m)

m
w

Load

-n

A

Displacement
13 3.3.2-5 3-Ring Test &2z sI&5-HQ ZM

olet &2 Yol w2l Hu Xu et al. (2013)2 7|& 1,770Mpaz 3.0mme| ANz HM=ts= &

& EZE ol st R5(5/3/300), R7(7/3/300), R9(9/3/300), R16(1 6/3/300) R19(19/3/300) A2k
of g =gl st AlgElolMTt 3-Ring TestE FHsSIR20i, 1 F R5(5/3/300),
R9(9/3/300), R16(16/3/300) AlHol st Algefold & ASAIY Zi= o2 I8
3.3.2-6(d)~(e)2t &C}. 7|&E 1,770Mpaz 3.0mme| ZMo=2 M=t== Yy Z=lgtol| st A2
0| 2 3-Ring Test Z1} st5-#H¢ dei=o HzUa2 FASHA LIEILD AL} 3-Ring Test
o mttstEo| AlZe0|MECE 9.8~33.3% =7 S == W22 E0l=[0 3-Ringg TAst= MAY
of M7t SIS IA Bttt a2{ut 3-Ringel ol X MZs22 5/3/300, 7/3/300 Al
HE HM<Llgh 9~19/3/300 AlHO|A AESAMHATIL AlSefo|MaliA hH| 7 FH=QUct

]

Fringe Levels
3.971e-02
:Lsrae-nz:I
3.176e-02 _|
277902 _
2.382e.02 .
1.9850-02
1.5880-02 "ﬂ
1191002 |
7.941e-03 __
3.971e-03

Q 0.000e+00 |

(a) 1-Ring Simulation (b) 5—-Ring Simulation

(c) 3-Ring Test

Q) =28 - 50 — I, (Fiexiomemy
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e R

10

IAI
A

5,005 Z2IA] HAIXISER| 5 FRIZR| AJAE! JHE

200

F5-test
—— R.O-test

-

Mean of test results
Simulation

P { -test

o— B3-simulation
—o— RO-simulation i
—— R.16-simulation

150+

100+

Force [kN]
Dissipated energy [kJ]

300

"{IO
Displacement [mm]

1
100 400

(d) 3-Ring Test Result
(Force—Displacement Graph)

13 3.3.2-6 Y& =2 3-Ring Test AlEa0|M

(
al

u et al. (2003)), 8-Ring Test(J.P. Escallon et.
1-Ring Test2| 2

Msto{, ETAG 02704 3-Ring TestE 7|5t

HE

Elof
=

A HE =
7| mfZoll A Z7Heoll U
oAM=
Dynamicsg &&53l0{ &

ETA

HAE

My

X_|
.J.I-E:i Al k<3| 7|_7'|_c_
ATALE 2

AlS20o|Md sHAAl AlEZt S

0270l M= AlZ8|0|Ma|
FAIE2l0lM sHAMA] &R
235t 1,770 MPaZ
= 17He] M= 7N

o

7|1& a<

3 mm&

N

Huel

5t
TOlM= 3-Ring AlHE F45E MXA

H
U5t 2,040 MPag 2.8 mm &M &

Uo o

(o]

ot

T Ct.

3

=
[

2

of
7 ~19

Atol 2

=
He

 AEI} S

nﬂﬂ[

Cist 3-Ring Testelol 1-Ring Test(Hans Grassl et al.
al.
A 1-Ring AlHE HAX|st= X2l 37|
U7| 2o

16 19

Number of windings
(e) 3—-Ring Test Result
Dissipated Energy Graph)

A"l ARA(Hu Xu et al. (2013))

(2013), 5-Ring
TS A7} 20 g|
of w2l A|EHEXE7} of

AFoME BH JES

(2013)) &

al

o

=
1l S AH
= S

=
=5 1,770MPag 3mme|
170e] M2 FMH=E &

st

EEIICIE
Mysi| Slstod 2E =

5 ~ 19Mez 25K

orch. wtAd

2 ZEZsto] AlZef oM

_ o

o=

MAjof Hef A

2 RAFSIQct J2u 17t

1q5k7| 2

@ =257 i

(ZF)CHEEX| QO 21|
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2019 FEMS7|SETIATARS TAS LA EA] CHIAAL BASIS SI8H5 000S BHA] LRieelR] 2 RRIER| Al i

2 MAE 7 ~ 19312 He 7 ~ 19/2.8/300 AlEe| 2ol of@r| uf2ol 2,040 MPaZ 2.8

mm 242 ZZ 300 mme| HEE ez muUstn O Yol 7 ~ 1974 SHE W2 PHEIN

oof, AlH chRofl 50 mmel AFg JHEl X|Oof| MAE AR FESICE Al 0olM siAAl Of

¢t 24Xz chg E2F ¢t
0]

|42 AlZ20|M iAol 22%= AlZHY

iis
=
>
0t
>
s
£
N
of
i
0
jo
k
ik
[¢]
2
E;
3
&

y
Hel £ =M HS AlZE 0.1s)22 A end, O Zit= ofS2 Zoth

a3 3.3.2-7 3-Ring Test Z 1} 315-H19|

Jd

M

—

H 3.3.2-6 Characteristic of High Strength Steel Wire for Ring—Net
Diameter Tensile Strength Modulus of Elasticity Poisson’s Ratio
2.8 mm 2,040 MPa 2E+05 MPa 0.3

3-Ring AlE2fo|d At duk™ol HZTLAR ¥3.3.2-7, 183.3.2-81 £

[¢)

=
-RingE T45ts |0l EIHHECZ 7[5t HE S o & 7|5tstx

i
02t

3

O] tZ=|= AlFol|l #5101 st&0l A4S S7tstal AlHo| mtthe|= a2 2o{ECE
AlEgold 2ot 471X AEHS| F, StEI 7| dEAHASTL 71871(¢)E HMAH2Z 3-RingS
THsts MM JHEIE HotE S SIS

27| dedT2Hg,)2l 71271 3-Ringg Fdsts MM JtE7t Bold5 SII6IU M, AlH2
t52 AlEH(7/2.8/300, 12/2.8/300, 16/2.8/300, 19/2.8/300)0i 2} 22+ 99.0
169.7, 254.0, 300.9kN2 2 MH5tE CHH| ZtZf 12.6%, 12.6%, 26.4%, 26.1% SI7t=El stE0AM
utehE[o] MAM 22 3-RingS Fdsks Mol JHEIt S7te5 nietstEol 34| 7SRt

=]
m
ol
ofA
o
o
ol

Ol= 3-RingE F4st= MAfe| 7SI} BotAS 8 3.3.2-142f #0| 3-Ring AlHS| R&H

4ol E7ist ool wat HEF MAel SEEHE0l SItstod Met3e the| &g EEol It
5t7| Wzl ZHe 2 EEhEct

$HEH, 3-Ring AIES| ofHX] &322 ¥3.3.2-71F Z0] 2.9 ~ 8.8kJ2M 7|& g == o
CHEH 3-Ring AldALRI(Hu Xu et al. (2013))2t BIRSIA S If FAIS 458 Lste A2 =l
ok w2t AlSeolMs st 2 ZET 3-Ring AlEHE HZlste] AE4s AIRS ™5

0%53‘%%’- KO - 52 — [, HiExiolm
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1z

|- A CHEIAKY RNBIS 9I5H5,000kZ T2IA AUXISER| 2 FRIZE| AIAE 7t

F 3.3.2-7 Result of 3—Ring Simulation

Division 7/2.8/300 12/2.8/300 16/2.8/300 19/2.8/300
Design Breaking
Load (kN) 87.9 150.7 201.0 238.7
FA
(kN) 7.3 8.0 9.6 10.1
5 99.0 169.7 2540 300.9
(kN) ' ' ' '
Design Performance 112.6 112.6 126.4 126.1
Ratio (%)
é,
(mm/kN) 0.016 0.019 0.022 0.023
?s
(mm /kN) 4.748 4.982 7.664 7.746
Dissipated Energy 59 54 70 8.8
(kJ)
Unit: MPa
Tirme: 9.8e-003

Cycle Number: 418919
2020-11-02 2% 7.22

2038 Max
18116
15851
13587
1: Both Direction_For 1132.2

I: Both Direction_For Equivalent Gress 2 905.79

Equivalent Stress 2 Type: Equivalent (von-Mises) Stress 670.34

Type: Equivalent von-Mises) Stress Unit: MP3 :

Unit- MPa Time; 7.91 38e-003 4529

Time: 2.e-003 Sycle urniw. 24190 22645

Cydle Number: 51532 ot E s by

2019-12-11 23 §53

34753 Max
1398.7 Max 2?3?
12433 23179
e 19321
93248 15463
7rr.or 11605
621.66 77473
46625 38804
30e4 3.1405 Min
15543
0024411 Min

(a) 0.0 sec (b) 0.1 sec (c) Detail of 0.1 sec

38 3.3.2-8 Result of 3—-Ring Simulation

O;;m%; KA - 53 — [, GITHEHxI 20 M
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300 |

200 i

100 ;i”

0 100 200 300 400 500 600

Load (kN)

Displacement(mm)
—7/28/300 =——12/28/300 =-—16/28/300 -——19/28/300

J8 3.3.2-9 Result of 3—-Ring Simulation

c. @& mEatol 3-Ring Test

1 22AZ 3-Ring Alglatyd 7|&o0| ot

Gk &= = Fet=ddAed 4 FUIVsdTaet O HHE =
8510 FASIQUCE HAESHSAIHE2 FE 2 7|&Ee ETAG 0270 #5to lste Alg 7[2te] AH
| 458 15t HRIEDE 1mm/s2 2SI, AlH 5ol Y2 AlE M| X2l 4uf
7t e MYE = 1 3/4" SHACKLE ARESt0 nFSIRAC AlgAl AEH0|E{= LVvDTO o3t B
et Load Selloll 2|3t stE2 FTsIU20, AlFHAl MR &2 o5 2ot

+— RING-NET

) 3-RING Al3 2AIE (b) 3-RING AlEl AlEl
18 3.3.2-10 3-RING AlY =H| 2 NE

(c) AZZI7]e] M|

gy ==Y 3-Ring A=4 A= 7/2.8/300 33|, 12/2.8/300 13|, 16/2.8/300 13,
1=

19/2.8/300

- 54 — I, (Fiexiomey
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LA - A CHEIALY TASIS 9155 0000 A

LigiR|2ERR | 2 RRIZE| AR Fi

N

L~ v

BT = . Do o s
(a) 7/2.8/300_1 (b) 7/2.8/300_2 (c) 7/2.8/300_3 (d) 12/2.8/300 (e) 16/2.8/300 (f) 19/2.8/300
T8 3.3.2-11 3-RING A" &H| & AME

gt

; /by I\ —L] N Sl T
(a) 7/2.8/300_1 (b) 7/2.8/300_2 (c) 7/2.8/300_3 (d) 12/2.8/300 (e) 16/2.8/300 (f) 19/2.8/300
a8 3.3.2-12 3-RING A& ZH1f
——Test Result ——Test Result
260 ——Simulation = ——Simulation
i 200 i 200
= ©
[1:] m
3 100 3 100 //\
0 = - r ’I—’—/\ = : 0 T T . T T J\l 1
0 100 200 300 400 500 600 0 100 200 300 400 300 600
Displacement{mm) Displacement{mm)
(a) 7/2.8/300_1 (b) 7/2.8/300_2
S ——Test Result 556 ——Test Result
— —— Simultion —— Simultion
i 200 i 200
- ©
5]
8 s J 8 M
N —, S R\
0 100 200 300 400 500 600 0 100 200 300 400 500 600
Displacement(mm) Displacement(mm)
(c) 7/2.8/300_3 (d) 12/2.8/300
FEIT ol - 55 - W; Eeeorm

444444444444
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— TestResult | —Test Result
300 +— 300 -+— o=
Simulation Simulation
% f =
= 200 = = 200
3 3
S S
= 100 I ’ 100 J
£ e IR e e - —I"/ A : 0 - — : L

0 100 200 300 400 500 600 0 100 200 300 400 500 600

Displacement{mm) Displacement{mm)
(e) 16/2.8/300 (f) 19/2.8/300
%8 3.3.2-13 3-RING AlE Z3 st3-He =

E 3.3.2-8 Result of 3—Ring Test

Division 7/2.8/300 12/2.8/300|16/2.8/300(19/2.8/300
Design Breaking
Load (kN) 87.9 150.7 201.0 238.7
FA
(kN) 7.8 7.8 7.5 8.1 8.4 9.0
(f’NB) 100.0 79.8 86.4 166.4 271.9 329.0
Design Performance
Ratio (%) 113.7 90.7 98.2 110.4 135.3 137.8
?
(mm/kN) 0.016 0.017 0.014 0.018 0.019 0.019
?y
(mm/kN) 3.49 3.38 415 4.49 8.37 8.96
Dissipaled Energy 3.1 3.0 2.9 5.3 73 8.7

MEED} 3-Ring Testo] Yubsiel HEekare 1213.3.2-137 20| 3-Ring AlEAIHO| ol&5lE
o g3l 3-Ring2 TS Mol ElelEoz JsiEdor HEe sinf WMl Il %
of 51Z0| 224517 Z7kstm AlHo| mheke et

b 2ol 25 3-Ring Al#2| Ring mEolA st o2t

2 o a2 AlEdold ZoH(T73.3.2-14)olM . 2ol & %= AEH Ring wye| M & 7t

T 2|50l fxleh dRolM Belet SHo| It A wsp| wEel A= EEerECh

F, st&2t 7| dEHASTUL 7127((¢)E HWHMEH2Z 3-RingE2 Fdsts WMo JtEIt B

BItstct 7] My
S

19/2.8/300)0f w2t 2t2F 78.8 ~ 100.0 166.4, 271.9, 329.0kN22 AA 55 ChH| 2t2t 9.2 ~

ZHg,)el 712712 3-RingE TSt M| 771 BotE =
(]

o, StE2  AlHE(7/2.8/300, 12/2.8/300, 16/2.8/300,

[o]]

=
SotetReni,  AlEel  mgt

13.8%, 10.4%, 35.3%, 37.8% Z7t&l stEoM mth=lof MM 22 3-RingS TAMSHs MA{e
oL ot mletskEo| Etbskct. w2k 12/2.8/300, 16/2.8/300, 19/2.8/300 AlH2
4<% 3-Ringg F4sts MMo| It SytegdsS AlE2 ol Aot FASH ¢,.2 ¢, £,

Fy7t 75k Zeko| 2felEch

= R — — )0
O = 56 W, Ermeomy
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JefLt JHE Me M2 FME 7/2.8/300 3-Ring AlE Algel AR miokstE(F,)2 MA mietst
CHH] 90.7 ~ 113.7%¢l 79.8 ~ 100.0kN2Z HXt7} 2 W2 =2 LtEHCE Ol Mo Jt4=7}
1245 3-Ring AsolM stotete] M7t REsto{ol sh= H[E0| 30f, 123.3.2-152F ZH0| A
MAfel e Atefoll ch2f MR

1o

H RaXZ0| &2 A 3-Ring 7te| wHolA Ringgs T+4s=
X =

Aoz mehElch

(a) 7/2.8/300

(c) 19/2.8/300_3
a8 3.3.2-14 3-Ring Joint in 3—-Ring Test Simulations

|

(a) 7/2.8/300 (b) 12/2.8/300

(c) 16/2.8/300 (e) 19/2.8/300
a8 3.3.2-15 3-Ring Joint of 3—-Ring Test Result

Q) =28 - 57 — I, () ofen
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d. 7I& 7|l==te| Blu 24

_|_

@ 3-Ring Test I}tsSol CHEH HjW 24

HEZ0LAl 2,040 MPae 12 x MM E &E5to HZAfeh 3-Ring2l 3-Ring Test mtthstE (I
3.3.2-16. Line “design”)2 MA HM<lAt Z7|=2| 1,770 MPag dME 225101 HMZst= 3-Ring<l
3-Ring Test ItctstE (a3 3.3.2-16(a), Line “others”)
ct. J2{Lt AX 2,040 MPag 1L MAME &8oto] M=HSE 3-Ringel 3-Ring Test ItEtstE 2
MA = mEhelE thH] 0.8 ~ 37.8 % &ME Ms5o=2Z Fol=Qlend, 16/2.8/300 ~ 19/2.8/300 Al
Hel mietstsol I E7tskc.

stH, 08 3.3.2-16(a)2t &0l 7|& 1,770 MPag ZMS &850 XM=HE 3-Ring Al®of| CHst
AlEeo|dT AEMSAIEZLE DiEhstES 7|&E 9.8 ~ 33.3 %2l 2 XI0|& EO|X|ZF 2 o170iA

to M =ZtEl 3-Ring Al#ol|l Cfgh AlE2olMdat HAEMs Al &2

o FAbE Aoz JHgSto] AA - ME = A

IIn

ol

T E 2,040 MPag ZME2 &8 4
= 105 ~ 9.3 % RAIE HO|l= ZHo=zZ EMEQCH olE= 1,770 MPaZ2 3 mme| ZAMS M
of w2l sYst HHAM S = 1719 M2 FHE o2 2EESIo] AlS2 oM sHAE s S=
7|1& A7 Z3 tfd| 2,040 MPag 2.8 mm ZME 7 ~ 1982 ZHZSI0] AFEo|MH A2

TAdsts 2 7o WHo| 4= 3-Ring Test Yt Hol FASIRY| 22l A2 HCtECH

10
300 —
=
as = 8
= o
= 200 o .
B &
o o
= 100 3 4 —
m
o
w2 — —
0 . j -5-’
5 10 15 20 - : ' ' '
16 19
Number of Wires Number of Wires
mtest m simul others

—+—test —+—simul —=—design --%--others

% 3.3.2-16 Performance Comparison with Existing Product

20| 2,040MPag &= MM E &Zsto] MZet 3-Ringel olHX| &% 52 1,770 MPag X
£ &35t M=Afe 3-Ring2| olHX| &% S2{CHH| 98.5 ~ 120.8 % =

53| 2,040 MPae 1k Z4E &E38 7/2.8/300, 12/2.8/300 Al#E2| A< 7|& 1,770 MPa=
oF 7/3.0/300, 12/3.0/300 Al'H2| 3-Ring Oll{X| 2253 CfH]| 1.0 ~ 6.7 % &E

UM 288
Ms2 2oiF1 en, 7/2.8/300 AlHe| A 7/3/300 AlEHe| o 4X| Z=2l53 CHH| 20.8 % &
ME M52 HoiFeich T2iLb 19/2.8/300 AIHS| A 19/3/300 AlES| of4X| ZES2 ol

Q) =28 - 58 - I, oz g0
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PSEN=1
o o=

1.5 % &2 BoiFE
?/et Z0ol 2,040 MPam 2.8
280l & Test A1t 1,770 MPa

~ 37.8 %, O|L{x| ZEs2S {5 ~

m
o
ook
H
Jtob
r 02
=
bl
=2
Rl
00
il
rir
>
=>|=
lo

K
o
ol
S
o
0 -r
et
n
=)
]
rot

I
o

7|& 1,770 MPag 24 S 283610 HZEt==
spanoll 85.5 ~ 222.3 kg9 AHEES Hol= HHH 204

a5 m X 3 m, 1 span 7|&)e| &4
=]

3 m, 1 span 7|&)2

&Z5t0] MAtE =

— [=) -
X|st= Helzol 2ol 2&sts XSS ADAH2ZM SMUYAl Dds HMUX2EZ[2] HSo

H 3.3.2-9 Ring—Net Comparison According to Required Protection Performance
Protection Performance

Division 250 1,000 2,000
~500kJ ~1,500kJ ~3,000kJ SRS
7/3/300 12/3/300 16/3/300 19/3/300
7/3/350 12/3/350 16/3/350 19/3/350

Existing Product

1.22kg/3-Ring

2.05kg/3-Ring

2.71kg/3-Ring

3.21kg/3-Ring

Develope 7/2.8/300 12/2.8/300 16/2.8/300 19/2.8/300
Product 1.06kg/3-Ring 1.78kg/3-Ring 2.36kg/3-Ring 2.8kg/3-Ring
I 3.3.2-10 RingNet Comparison According to Required Protection Performance
Division Weight Resﬂﬂrrz:g for Division Weight Resgﬂrrzgg for
(ka) Transportation (ka) Transportation
7/3/300 85.5 5 7/2.8/300 74.5 4
12/3/300 142.5 7 12/2.8/300 124 1 7
16/3/300 188.1 10 16/2.8/300 163.8 9
19/3/300 222.3 12 19/2.8/300 193.7 10

[/ g—i‘.—)ﬁﬂ‘.’_*xiiolﬂﬂl

han Geo Engineering & Construction
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(2) HME=| MY

M5 YAMUX|2ER|2F tEsted RE I ol=9 49 22 ETAG 027(EOTA, (2008)), NCHRP
4-35(AASHTO, (2015)) 9| & 2 sd8s 100~5,000kJoll aliH== 97FX| S22
SAMYUX|SEZ|E &5t A2, 1Ms GMEX|2ERR| A|A”E2 HE(NET), 7lolE(Cable), Xl
X|F(Post), ofl4X| ZtAf&x|(Energy Dissipating Device) S22 FAEICtD He|

St Ack o] & F FHRAE T Stel ol|X| AMER= LEHSZ HOo|S2 X|X|F Ato|of|

-
o
C
>
o
QO
famd
o
El

o —

Mxso, CfST 22 S A2 SYTOEA SMURIZER| ALY Ms5S BNstsH 2

a. X% &8HE HLaY

oLzl ZMEXE SMEEA Y HolZol ofs 1xHoR MLE SHo|UAE AAER ©
Shots BREOIA OlUiXl ZMEX KM HES Sal SHoILAIS LMAIZ|B, O|F Sl AxE
2 ERH0|D ZNNoR MAY 4 YT &t

b. UAlux| el HEE xHED

ofoloj2 mof ZMER|C WelEe UAl mEAl LAWK SEl2|0 Wl Hate olx|d| ool
ofZmel ZM ol 5B Wt B4 XX ER Msls siES 2as ot a8 Holg
of BhaM HEe MTMoz AX Y| o DAS UAUX SElR| AAHel Haze Z2 2

o
Max|el Wadol ols| Zugch

olgiet ollHX| HME*= otz T2 Zo| cietet & S &Zeh chetet defo olHX| Haf &=

=z
=
7t =0l #8512 ok olHX| HMER= AHEHAU S w2t 3 StE 2EAl AR AL
Aol Hignt ol oo olHXIE MAAZI= HEYE(AE 3.3.2-17(a)~(b), ()2t 2=
oojoj 2= Atole] DIEZE AMA|IZ|= OHEE(OE 3.83.2-17(c)~(e)), HEH} OiEdES =oet 5
)~

(h), () se= &

2 (a8 3.3.2-17(f

n
Ll
il

(b) MACCAFERRI

Q) =28 - 60 — I, (eI

Daehan Geo Engineering &



2019 FEWSI|EFTATAIY s A - B A JISIS 2155, 00005 F2A] MERISER| 2 RAIRE| AL JHL

(i) TRUMER type 2 (j) TRUMER type 2
a8 3.3.2-17 =20 Hg&H ZHMEXR Al

Q) =28 - 61 — I, )0t
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Safety Rope
‘ ~
Body Device " -

(a) Pre—operation Energy Dissipating Device (a) Post—operation Energy Dissipating Device
18 3.3.2-22 Concept of Energy Dissipating Device

c. i Fxf ™ A AIH

o LAX| Ziaf&Hx|o| ZisfFAjel mho|z== AHMY &HEE /510 &S=tEl nfo|ZE &E5ts A=
Z2dsIU 2, ol HX| ZfEX| 7t MUK SER2] M5HRL| mjel AHo|Soll Ao X[X|Fof &A%
o2 ZMEMel mo|Zeol mi|ZETt oel HolE& A0o|olEZo| FEotes AT E He ALARE
nedskict.

IMs SUMux|2Elzle] 29 dEtMez kg # 3.3.2-1112F Zo| wWsMs 30 w2l 2g
D18 ~ 25mm<e| IWRC 6x36 2f0|0{2ZE &HE5t1 U222 0|F 112isto] LM EA A& ut
o|lZE MEsIen, O Ma2 ok & 3.3.2-12%° Zrt

E 3.3.2-11 Characteristic of Wire Rope(6X36 IWRC) for Rockfall Barrier

Division D18 D20 D22 D25
Tensile Strength(kN) 214 265 332 414

Rockfall Barrier Class

~ 1,000kd class

~ 2,000kdJ class

2,000 ~ kJ class

HF 3.3.2-12 Characteristic of Pipe for Energy Dissipating Device

Division D60.5, 1.8t D60.5, 3.2t D60.5, 5.5t
Area (mm) 331.9 576.0 693.5
Tensile Strength (kN) 117.8 204.5 337.4

MY ZMEN Aldg mo|ZE Aoz Jo|=Zr) U 7HHo =z Hix[=E Z&es STt 2
Ste HEAAS 2keldlr| 9l5tod 18 3.3.2-23 2 Z2 To|Z E2 A2 $HSIYCH Alg el
2 o2 D8 Zo| 28 M8 =™¥E £ Us EX O To|Z A|IHES IHAIF|= WEX Oz
TAE molZ= EZ AY XE Lotsto & F AlEY|ol AR T AES FESIACE AlEHo A}
= ZdMEAel molZ= A 60.5mm, 5.5t9 HjzE EFAZIEHKS D 3507)2 AMEsteni, I}

|= £3 z2tA2 25, 30, 35, 40mm=z =Xt s3It

Q@ =2 o - 64 = | A alodi)
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(c) Pipe Rolling Test

(d) Result of Pipe Rolling Test
13 3.3.2-23 Pipe Rolling Test

oh JHEA R 2M ZF Ald=710| &olstod AZHel HluE= E4]
ot 23 ZHH40| &S5 zof SYstE0l &&SIclE 3.3.2-13). 2Lt 224 40, 35mm

I 3.3.2-13 Result of Pipe Rolling Test

FRIER] AlRE i

Pipe Rolling Space (mm)
Division
25 30 35 40
Max Load (kN) 95.6 85.8 76.2 48.6
F, Load (kN) - - 57.2 36.5
Q) =252 D ~ 65 -

W, Sz
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100 -
20 -
£ o60-
; —rolling 40
8 40 - —— rolling 35
-
0 - —rolling 30
—rolling 25
G I T T 1
0 100 200 300

Displacement(mm)
18 3.3.2-24 Load-Displacement Curve of

Pipe Rolling Test Result

d. oflAX] ZaH SR &M dA H M=

OlAX] Zf&A| chet 4 2 24 F ol CHet ARl ZotE B2 R of olHX| ZM A &AM o
A H AMZS ks D8 Zoh 2MEA SH4 2 ZdE2 it 28 2hed ZAM(KS D 3503)0f
Hetet 88275 &S AEsIRien, A FAM= et 28 Bt ZEHKS D 3566) X HiztE Bt
2~Z2HKS D 3507)ol AHMeret 2ld D60.5mme| AHE ARZSHUCH 2Etel XX 3 2o|oj2=
HZF= 71 ditdo 2 A5t o|l= didZ RR-C-271D Type IVA, Grade A, Class 30 &
ghet A 22 ARE ST

o

Y
|

(a) Detail Design of Energy Dissipating Device

(b) F;rbtotype of Energy Dissipating Device

1% 3.3.2-25 Energy Dissipating Device
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¥ 3.3.2-14 7 ETAG 027 . &4{Z&A dsgI 2
ETAG 027 GUIDELINE FOR EUOPEAN TECHNICAL APPROVAL OF FALLING ROCK PORTECTION KITS

ANNEX C. IDEXTIFICATION TESTS

C.2 Test on energy dissipating devices

C.2.1 Test specimen

The specimen is one “energy dissipating device” part of the falling rock proection Kkit.

The producer shall provide all the geometrical and mechanical properties of the device and a drawing before
the SEL test.

C.2.2 Test procedure

C.2.2.1 Geometrical properties

Befor the SEL and MEL tests a geometrical check of the “energy dissipating device” shall be carried out and
the measurements are reported in the test report.

C.2.2.2 Laboratory test

The “energy dissipating device” to be tested is mounted in a calibrated test traction rig and a slight tension is
given to stabilize the system, then the force is reduced again th zero before the test start.

Next, the “energy dissipating devices” is tensioned by the test machine with a recommended displacement
speed of 2mm/s.

The testing machine shall be of class 1 (EN ISO 7500-1).

The total elongation of the device shall correspond th its maximum elongation (if lower than 1m) or to an

elongation of 1m.

Aok =, . Lﬂ-
(a) 3t& =& © ZME=X|(Brake Ring) (b) 3t& =& = LM ZEX|(Brake Ring)
a8 3.3.2-26 3515 A8l W2 GEOBRUGG Al ZHM&X|(Brake Ring type)2l &

5t 2t ™ U4 ZHx|(U-Brake TYPE) (a) 3t&5 =zt & UM ZXI(U-Brake TYPE)
ag 3.3.2-27 SIE =20| uE GEOBRUGG Al 2 &Hx| (U-Brake type)el HE

O;Em%; KA - 67 — [, GITHEHxI 20 M
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(a) Tensile Test (b) Simulation
a8 3.3.2-28 Developement Example of Energy Dissipating Device

F
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38 3.3.2-29 Typical Load—Displacement Curve from a Quasi—Static Test

(et 22 olHX| ZHfEx(of cHet Al 2 FEXMAI™E(Quasi-Static Test) 22 =2|of, ety
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olF rFr-rF722 HAMERIL T8 L2ste FUH2z2 F2AMFZHMain  Dissipation
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oz Feol=n{, o|F2| #Z+2 FHOolE HS FZKSingle Cable Behavior)22 Fo|&lct dfHx oz

F3t5 olFolE BEAOIZ0ILt £IIIS YRFA S LMTAS SNl wet 50| BIke ¥

shH | ZMEXRo st EHMEAIY T ZASHE JeiZolM skE-EHel Jsize| HA(OE
3.3.2-292| Blg2¥Hd)2 i34l Eg.(1).0l 2lsto] ZAfEX|7) &5 st ZMoH X2 Helgr = gct
W=F-+S8 Eq.(1)

ofZ|M, w = ZHoll4X|(J)
F = 8(N)

S = 0|&He| == #Hel(m)
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HF 3.3.2-15 Characteristic of Energy Dissipating Device for Simulation

Yield Strength Modulus of Elasticity Poisson’s Ratio

355 MPa 2E+05 MPa 0.3
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(a) Modeling Element

Contact Condition : Frictional(F/C=0.2)

(b) Contact Condition

(c) Constrain Condition (d) Load & Boundary Condition
1% 3.3.2-30 Modeling of Energy Dissipating Device for Simulation

Unit: MPa Unit: MPa
Time: 4.4e-002 Time: 8.e-002
Cycle Murnber: 397831 Cycle Number; 723678

474.05 Max
395.05
31606
237.07

< 15807

g 79.079
0.084749 Min

1223 Max
1019.2
8154

o 611.57
.-I- 407.75

g 203.93
0.10612 Min

(a) 0.044 sec (b) 0.080 sec
8 3.3.2-31 Result of Energy Dissipating Device Simulation

HE 3.3.2-16 Result of Energy Dissipating Device Simulation in Real Test Condition

Division D60.5-1.8t D60.5-3.2t D60.5-5.5t
F, Load (kN) 4.4 13.3 40.7
F, Load (kN) 15.9 59.5 173.9
F,. Load (kN) - 70.0 -
5, Dis. (mm) 18.0 24.3 23.6
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5, Dis. (mm) 755.4 785.5 820.6
s, Dis. (mm) - 816.4 -
£,/5 (kd/m) 12.5 50.1 143.5
200
180 e
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< 100
[y /’
3 /'/ ----- 4
5O | e e
0 L — T - T ]
0 200 400 600 800 1,000

Displacement(mm)

-------- D60.5-1.8t S -------- D60.5-3.2t_ S -------- D60.5-5.5t_S
18| 3.3.2-32 Load-Displacement Graph of Energy Dissipating Device Test Result
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(a) DBO.5-1.8t

(b) DB0.5-3.2t, Test 1 (c) DB0.5-3.2t, Test 2 (d) D60.5-3.2t, Test 3

Fig. 3.3.2-34 Energy Dissipating Device Test Setting

(e) DBO.5-5.5t

(a) DB0.5-1.8t (b) DB0.5-3.2t, Test 1 (c) D60.5-3.2t, Test 2 (d) D60.5-3.2t, Test 3 (e) DB0.5-5.5t
8. 3.3.2-35 Result of Energy Dissipating Device Test
FE 3.3.2-17 ZUMZEx| Al Zzt
T D60.5-1.8t Detoe'ft_?'m D6t°e'35t_2'2t Dstoe';_g'm D60.5-5.5t
FA(t,\‘l’)ad 4.2 11.8 10.0 12.5 67.2
FB(tﬁ)ad 28.4 42.0 39.9 42.6 166.2
Fc(t,\?)ad 30.2 82.7 83.4 85.8 -
5(“m[r)5' 10.6 9.4 6.65 9.92 28.8
S(Bmgqij' 811.4 765.0 753.6 759.1 905.4
5(Cm[r)rij' 816.2 814.9 815.8 806.14 -
(Ekibiﬁ 12.2 60.2 54.3 52.8 171.9
asare @ - 73 - W, Prmizonm
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———D60.5-1.8t T ———D60.5-3.2t T2 ——— D60.5-5.5¢t_T
18 3.3.2-36 Load-Displacement Graph of Energy Dissipating Device Test Result
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1] 200 400 600 800 1,000 0 200 400 600 800 1,000 V] 200 400 600 800 1,000
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(d) D60.5-3.2t, Test 3 (e) D60.5-5.5t

Fig. 3.3.2-37 Load-Displacement Curve of Energy Dissipating Device Test Result
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(a) Installation of Stopper
a3 3.3.2-39 Installation and Effect of Stopper
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A TS LA A DAL SIS 215H5 000KJE A LieiRl2ER| W RARE| AR Tl

2 .

E tep: Step-1 E Step: Step-1.
“ncrement 39927 Step Time ~ 2,5000E-02 HIncrement  79765: Step Time = 5.0000E-02
Primary Var: S, Mag., Principal Primary Var: S, Max, Principa
Deformed Var: U Deformation Scale Factor: +1.000e+00 Deformed Var U Deformation Scale Factor: +1.000e+00

(a) ZHd Zuf (d) 0.05 sec

N .

E Step: Step-1 E Step: Sten-1
Ancrement 191229: Step Time = 01250 sncrement 385626 Step Time = 0.2500
Primary Var| S, Max, Principal Primary Var: S, Max. Principal
Deformed Var: U Deformation Scale Factor: +1,000e+00 Deformed var: U Deformation Seale Factor: +1.000e+00

(c) 0.15 sec (d) 0.25 sec
a8 3.3.2-73 5,000kJ2 ZEAH A A erx|SElZ|of CHEH A[Eeflo[Md HS 2

@ 5,000kJ= ZEZA SGMUX|SERR|] AlS2old HE ZoE &&2 5,000ki= ZHA Y

LYX|2ER2| HE3

1z

=& Aol ZutE vtdstod =™ E 5,000k ZEAA S UX|SERZ| A|AR0| ek = E

/8" DH-CLIP
7/8" DH-GLIP A [}

DH-SHACKLE
£ DH-FOPE

BARRIER HEIGHT % 1.7

BARRIER HEIGHT £ 03

DH-POST SPACING 5-10m DH-POST SPAGING 5~10m DH-POST SPACING 5-10m

a8 3.3.2-74 2T A=d5"7I 20t HEE 5,000kE ZHA SMUX|SER| A[AF

BARRIER HEIGHT X 15

- 98 — (ZF)CHEEX) L.0[ 20|
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2019 FEWS7|EETATAIY IMS M - BA THRA M SABIE 9I8H5,000kE EA SAEIKISER| 2 FRIZR| AR THg

3.3 500kJ= ZEAA HSMUXESERE d5HI H ZUE HH¥E 5,000kl ZUA A UK SE}

2| A|Egold A

1) M5 HMUX|2EE| H5EI U A7

® =2 SHMUX|SER| 45Tt Al (2912, Ol=

AQAol M=mTL U AME e Faksts SAEFL 2 HET ool osf Al- M 2 &
2001 o]l 2t =Act 2006 A22tA M (FOEN)MAM o X[&ol| cisto] 7HE ot wWZkst,
=

:'.;WO._' ZHE M3Sst, E4 olHX| FR72| ciget SERR|E v, SER2| &1
5

wa

_ E
F7120° 7| 20X =5 HR|stHd, 2El2|= YUH = 10m 2+42| 3

00~5000kJ #Hele| & 97tX| o|HX| 522 LH+0{X|o{, A,B,C,D tHAH=Z —'?'—EIEI4 TEST A=
A0 H X7t 22 ofd| AlFo|ct, Chet o4 X[2] UM g USHAIF|0, == 25m/s 0|0, Al

% oolojzmmo| My U 2abe ZHHCL TEST BE HAlwx 22| S2of XM of L{x|e| 50%
£ AlBSHE ofu| AlEo® SEfRle] E7REoR UsAlz|i £ WM SAIZsT, 2o]o]

=20 HEsts DAL AE S5 107)s] WoAN/HOIM FTSID 7| REck BIoIPE Bl 3
Ho| Falx| gD G4 MEIA|FOF BTt 0] AlHS S50 O|QZT, XF, Yol W, HS Al
21, w7kichsisl, PEBOl BNE Belo| Lo Hastel 42 U AIZ 88 50| HlolEE 47

stk TEST Ci 100% o O|4XIE AMESH: F AlEo 2 Aldeie TEST Bt &stct. TEST
D= dsdotol tiet e HIt7t ol FOiX[=

a8 3.3.3-1 YHMUX|2ERE| AlFZHH (SAEFL)

Q) =28 - 99 — I, (eI

Daehan Geo Engineering &



2019 2EMET|SEFIATAS

s A - EA] CHRIA FelE 915t 5,000 ZHA| SAMKISER| I RAIZE| AIAR Tl

o

# 3.3.3-1 HYMUX|2EE| M55= (SAEFL)

TEST B(50%) TEST C(100%)

N Test Body Test Body Breaki Residual

Class | Height STOIY | \ass | | Side | EREIV o | Side distance Sgcla?ﬂ?

(m) (ka) Le(ngths (ko) | Lenaths (m) height(m)

m) (m)

1 1.5 50 160 0.41 100 320 0.52 4.0 0.75
2 2.0 125 400 0.56 250 800 0.70 5.0 1.0
3 3.0 250 800 0.70 500 | 1600 0.88 6.0 1.5
4 3.0 375 | 1200 0.80 750 | 2400 1.01 7.0 1.5
5 4.0 500 | 1600 0.88 1000 | 3200 1.11 8.0 2.0
6 4.0 750 | 2400 1.01 1500 | 4800 1.27 9.0 2.0
7 5.0 1000 | 3200 1.1 2000 | 6400 1.40 10.0 2.5
8 5.0 1500 | 4800 1.27 3000 | 9600 1.60 12.0 2.5
9 6.0 2500 | 8000 1.51 5000 | 16000 | 1.90 15.0 3.0

« ol=e| YA UX|SERR|2 HEXE2 SAHLRE AYE A 29|20 SAEFLE 2E =2 o1 Urt

o

— o
o|=2 YUK 2SERZ| 2] 7| EAIRE S S| fIsh AASHTOLS| RE 22 NCHRPZt (A7H& ™S
of HMEX| 2ERE| 45dT HAE Metsiien, ol = 7|&EL| At=of tfigh 241} o|=2f o
T, XK, EZT|sXt S0| &oisto] 7| ELo| GMUX|ZERR| M5HT AR HES T|E,

YIIX|E o 2HAYEE 7[x510] AU SAHe =z YD JAs HMUX|2ERE| &5
L] H

XA A-oll Hetetn S=f1%1E &4 HE

n

- O|=2| HMUX|SERR| 4558 7I&2 100kJolM 5,000kJ7HK] & 97HX[2| o H{X| SE2E &

HE2 flet AlF2 TEST A, B 12|22 CE & 35 R/RE &F=/Ch TES

Ho 2 UMUK ZERR(o HB== FY, «Aoloj2x, A AZ 2| S| ZFHE

A= 0f, HA 10x10x10cm 2| HSHA H4 574 & 0|Z35t0{ 3.8kJ2| Of|LHX|T}

YIS 5 AlEE HAlgt =0 HA2 MAHSHL 20x20x20cm H=SHA H4] 3712 0[&5+0q 1

8kJ Ol X7} LHHSI=ES AlRS AAlgtct T2 Y42 MHEE =0l 50x50x50cm EFHA 4

17HE 0835101 94kJe| OlHX|7} LMSIER FSSAIHS HAISCH 3X 2] ofH|AR2 AIRES
SEIE|E B, WAHSHK| &1 KXoz o|F0{ZIct TEST BE AFEM HIHE 2ol zltidsS

1

offL4x|2| 1/2 ol {X|E 0| &5}0d

C
[=

Jor

o
—

o

ol

E

10

ol

S >
4>

Il

"Ml Mg stk 74 Mz MYS 7155, Ald Sol= 2Zo A8s5hs ldde 5d¢
Ct SHET2 Al =0l 20|02 =Z, HSEA|, X|F & HLYe| HE S 7|FstL, 2tiHEH, 7
Az E4™E O2|3 oF 1070 X[HoAM 2tojojz 2 QF S 7| Fetrt Aldtfate] G4 eX|
SEEl= 94 S FXIA|7oF 5t4, SEIZ|of F+FHO| LIX| glotof ettt TEST C= 2ltidsS gt
Sh7| oM zltidsSa olHXIE 0| 835t0d 13| =0, TEST Co| EH =2 TEST B2t 5
stet

Q =252 D - 100 — 7, G)Cexi oy
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2019 FEWSI|EFTATAIY TS A - B TR JistE 2155, 000k
¥ 3.3.3-2 YAMux|2El2] A552 (NCHRP 20-7)

T Sui|ZER| o

FRRE| A i

= TEST B(50%) TEST C(100%)
] Residual
post Breaking
energy Mass Ener y Mass ; useful
class Ie(r:%[h (KJ (ka) ? (kg) d|s(tr?]r)10e height
(m)
1 1.5 50 160 100 320 4.0 0.9
2 2.0 125 400 250 800 5.0 1.2
3 3.0 250 800 500 1600 6.0 1.8
4 3.0 375 1200 750 2400 7.0 1.8
5 4.0 500 1600 1000 3200 8.0 2.4
6 4.0 750 2400 1500 4800 9.0 2.4
7 5.0 1000 3200 2000 6400 10.0 3.0
8 6.0 1500 4800 3000 9600 12.0 3.6
9 7.0 2500 8000 5000 16000 15.0 4.2
. FEol HYMUX|2EE|] MSHIIE fltt AlY S/ = SELT MELLZ FEEICEH SEL A2 Ms
s=% UMUK 1/3 HIHXZ 1Xt SESAIFES MAIHD, UM S MAHE = A UX|ZE}
2le| FAIE 4 glo| THo{=0| 1/2 X|Fo|| 2k} SESAIE S MAISCH MEL A& SEL AlgS AlA|
St HMUIX| 2ER|E 2oL, M2 MdX|5t0] MsS2% 2o HMoHXE A5 AA|SHE
Algolct HAMol SF ZE+= 90ke HeZ &8sty U, UM ZEEEKE= S5 1m ™ HA
EETF 25m/s O|M0| 5 =8 A& = RUCt SEL Ao EHE=2 UM 2R, 5= = &
Aol At = F7|, = T MM Z2 F0o{=0| 70% oMo = AXSID UCtH MEL Al e EHEFT2
SEL A3} st FIMCR & & X|F2| THo] =0|& Class A, B, CZ EHsSI0{ AlE MH
Mol 7|FstE 5 =0 Uct THAV|FE2 Aol EX|of US. HMUX|A| Mo Ois FRESEX
Z ETAG 272 MS5S37|&F2 o|Zelof, Z&HA LAEZ|ole| HYAESEAIYE St Aot
B ol AAol MAX|EES 112{st0] 20080 MAEE U2y, F2F Z2H0] 100kJoIM 4500kJO[ 2
X & 95222 EFE0 Uch
« Service Energy Level (SEL)
zZ|tf M2 dlet = A= SHA X ECt 22 ol X[ HA{0| ofe{d 2H Al LM UIX| 2
Efz|e| &4t R E Eelst= Al™
zti S0l X[e] 1/3EE 15| & 2= g0 SEf2| ZHo{=0| 1/20M 158|2 & 25| AlA|, ol
18|A| SE=O0|ECt 70%0[4F & 235|A| UMo| HEE S3feliME= ot
* Maximum Energy Level (MEL)
Z| M =SS =elsts WHOo 2 %[ FHHXE M Es5I0] 13 oS = Aoz YUMol HE
£ S = eotxlnd, HES| XFHE Zold ui2l 37HX S22 #&. ol UM F= ™
TmollM &E=JF 25m/s
¥ 3.3.3-3 HAMux|2ER] M52 (78, ETAG 27)
Energy Level
U L 0 1 2 3 4 5 6 7 8
classification
SEL(kJ) - 85 170 330 500 660 1000 1500 >1500
MEL > (kJ) 100 250 500 1000 1500 2000 3000 4500 >4500
Q =252 D - 101 - I, e



2019 SEWSI|SFTATAIA

T A - EA iR TABIE 91515, 00k 22

A
AT

LARIZER] 3L RAIZR| AINE it

8 3.3.3-2 SMEUA[SER| AIRYYH (ETAG 027)

aod-

F 3.3.3-4 SAEFL, NCHRP 20-7 2|1 ETA G 27 H|X

g Zlo| =2}ol
SAEFL NCHRP 20-7 ETAG 27
Thek B AQA o|=2 =
EEEEE FIEES EIN FIFIE
Rock/Block A&l di & st 4&;:+’%?’;Agl_;|%’ = L:'L;rOTE%E an
Rock/Block Etg X =t MzF e Kped At XM=
2El2| =0| X S X s Mgt els
EAE Z74H HA Z2HA X S et = gk els
Z2AHAAM/ER HAE 7ts s Jtssx| &
MEL/SEL 2 2 3
Mol L{x[ofl A2l E| A2 1 1 )
(SEL)
=204 X[oAMe] HAE ’ ’ 1
(MEL)
TRt =0
SEL Me 9tg Mg o2 e s
MEL > 50 % > 60 % 22 A B, C
+y
SEL Mgt els st els D =l e =
MEL X S X s Mgt els
H24 B2 "ot Hotet "ot otgt

Q) =28 o

— 102

W, Eezom



2019 FEWET|EETATAIA TS LM - EA CHEIAI 2ABIS 2I6H5,000kJ2 F2HA! SMUIKISER| 2 [XIZE| AR gt
I 3.3.3-5 SAEFL, NCHRP 20-7 12|11 ETAG 27 ¢ ZEhciF
&2 =2 Y
—AEe A B8 s —Eh 7h 9 o Z e
-xtexZel etM/28 AlE Jts ~sHof ol 50% M
iy | —FHIZE B3l 107 REOIM B EH B
=Tl= —HZlo| H BHEl —7|Zof cfgt & ’—.”S' =7
~2T 9 WXl et B SH Jts ~53| Ust AlEl0| AR 7S LIERA| b2
~EHUE THIE FzAlIA H7 M g S
ol
M= —Am st Wak A
~04217kx] Rock/Blockel &4 M3 L neE
NCHRP | -%MZARH B 2+, mjd Z 2 (H2E 7|(_H‘4;|-7| 01212 Rock roling test AlE 7}
20-07 | = 2MA| ®3t ALE 2AS) AL = NOCK TOling fes
(@=) | -7l ¥ YFHIX| C|X2l 7|12 = I -
—H| = AP C’y‘_pﬂdyﬁHé = Ax —I&' st Aol MM =HES LHERHX] oF
-post foundation, SHWFH, 2tsk AHF{ o =
st & =8 Jis
— al X| =l =
—SBo|M J}EF Bo| AlRE _Z"\EF';T Hlot‘%lﬁip 20-7X| &1} CtE
—-0i2{7tX| Rock/Blockel &4 = -2 = e e il -
RS | g e 27, g % wm TE ey oid e s reE Hal
"= _ . = oq of ALSE OH of F H =
E?EI ifﬁi?t?f: SHA, @B | _not 2ol so% M
— =3 To S T]_XIJ_|_E| _u_qjl, O-IO
@ 27 H5lE 5002 SAMURISER| MSHI} g fw
¥ 3.3.3-6 Ms@otb aky
g ETAG 27 (%&) T
—SEL (Service Energy Level)_ )
2 &4 o {x|e 1/3ES 13 = &4 9 ) )
AlS] HEE 0| ZH0i=0| 1/20M 138|2 & 23| AlA| -z 52 =olst= YWHOZE =0 54
EETE -MEL (Maximum Energy Level) O|HXIE & E5I0] 15 AlA|
AN SS solste SOz Al 5ol
HXE @.%ém 15| AlA|
Eneray 0 1 p) 3 4 5 6 7 8
kA of| L K| Level(kJ)
2| ! SEL - 85 170 330 500 660 | 1000 | 1500 | >1500
MEL 100 250 500 | 1000 | 1500 | 2000 | 3000 | 4500 | >4500
2 Al MEL : 94 ZE F 1mollA 7t _
== 25m/s
SE9A 1/2 (BY) 1/2 (BY)
-SEL : 13]A| 70%, 235|A| Y EEDSIM =
ot=lC
= MEL
X2 i i -13| AlA|SHH | X|F2| 70% O|Lfo Cfst
319_";4% Category Beadugl height ! 4$°%|1A| = A
o= A nominal height = 50% =
B nominal height = 30~49%
C nominal height < 30%

= R — — )0
O = o 103 W, Sz



2019 FELE7[SETATAIA TS S - EA] ChEAR FASIS I3t 5,000k T2A SAMUKISER| 2 RRIZR| AIAR) Tl
NCHRPOIM TEST A, Bel &2 Aol STto{F2t TESHY| mfZol X|3of thah 24zh& el EEO|
=7ls3stHd, TEST Co| 4% Y4 & olHX|E 100~5000kJ2 Al&S Sto{0F Stk ETAG 2701A
MELS| 22 zltf Mss =elstes WHoez Fof SHHXIZE EFAAl X[F2f H2{7t 50% OfLHoi
ek B EE AAlStEH, & Al 2 X[F7t 2 MEQl Z9 50% B Al ok &ko| A7}
222 LEfP| 2ol EHo| E7Fsstct w2k, 2 HAFolM = ETAG 272 SELS| &l X
Fo| HR{7F 70%0|Holl CHEh HEH{FEE AAlSto] &eh A= olch
%{,(_ qu Net before the impact
& f
%'-"/ %J&f}* .
% Longitudinal upper rope
before the impact
Nel bafore the impa
> |
Speed of Speed of J‘I . Net after the impact
the block \Maxlmum alongation the block
Longitudinal lower rope
before the impact
Reference slope r— T ;
gitudingl lower {=lad ical constrain
atertheimpset Ploasr
(a) MEL TEST (b) SEL TEST
8 3.3.3-3 ETAGO0270lIM Helst= Ay HHH
(2) 500kia HAUX|SEIZ| dsgI AT dA & HM
® SMEX|SERR| M5drt AldE A 2 Hdd
« Ids HAUXSERE| JHEE 72kl G SR 20[ Mol A T et 500kJa ZEA A A EX| 2 EfE|
AARS HigoR J|Ze| HA| AIBES SR HA AlEToR AMBIICH JHeE 5002 E2
A MUK SERE| AAEIR OB 2 20| Mot HelRXE 2oz FHE o], AFnelZZ 11t
sHEmolz =2, MEmolz =0l SEMIEzE12 22t e XX 2o X|X|Z= Hez FAt=
Ct. O|Z ¢lstod ofzfel AKX} 20| ASHE Hl2Z 8 MBS s Le|E HAUX| AlHZ
A x|kt
".;“_ — i 1 1 —_—
(a) §HE
Q =52 oD - 104 - |t e



2019 FEWSI|EFTATAIY TS LA - EA CHRIAA FASIS 2I5H5, 000kJS Z2Al LMURISER| 2 RXIRIE| ARG JHt

J

e

¥

X 2ERR| AAH 74

O8 38.3.3-5 HMYUXSERR| dsgit AMEE W A

8 3.3.3-6 SAUX[SER| d5EHII MEE M F

- 105 - W SR




| EA] CHRIA BABES 2lBH5 000E T2A] AIRISER| 2 RAIRE| AR JHat

2019 FEWSI|EFTATAIY InZS YRR
2) 500kJ2 EA A Muix|2El] AEAHH ot ML

(1) 500kJ= ZZUAl A XS ER2|of theh 1A} ofH[A| R (300kJ)

-1 1o

2 MY 2 N5EIIE B 5 ek

|
O8 3.3.3-7 500kJ2 EHA SGMubx|2Ef2|of cish oflH|A[E 1XH(19.12.18)

A1 T o

(2) 500k = Al SHMUrX|SER2|of & 2X} oflH|A| & (300kJ)

500kJ= ZZA HAZER2[of Cieh 2At ofH|AI(300k))E Aldet 2, St XF REZ| X

ol
u]

A

st ofolojzmel Zo{FHol olsh MY W MSHIIE B & YUch

Q@ =25 - 106 - i, )i 2 oo



PIEIXISER| SRR AR T

TTAHIAL L
;jkl—lﬁ—\

EA] TR SStE 215H5,000k0E 2

L
Ns G

EETIATARY

2019 2 EWST|

YX|SEt2|of chEt o|H[AlY 2XK°20.10.14) - EH

IAI LFA]
= ==

%3 3.3.3-8 500kd&=

m

JI)lI
=

A UX|ZER2|of o ofH|AlE ZIH 20.10.14) -

<z

8 3.3.3-9 500kJ2 EZA Y
® 500k =ZEZAl SMEx|SEl2|of| i+ 3K} oflH|A| & (250kJ)
IWME 500kiE DAS M| 2El2|of thet 3XF olH|A|E(250kJ)2 AT 2XPA =21 2020 10
2 1520 sst¥eny, 1 Zil= Szt otk cks a8 20| 500kdg =AM eX|2El2|of| thEt
AMEMSEHI oHAYE AR HAM S T glo| WSS
E5|, ZMZEXIZF 1R 22X ofH|AIY Zziel HE| 25| st Hez FHelzdon], #E =
2lato| mbs gl Bz wHMSER| 2ot
KaiR® - 107 — | A LadE o]



2019 FEWSI|EFTATAIY s A - B A JISIS 2155, 00005 F2A] MERISER| 2 RAIRE| AL JHL

- 1 "I,?f_i..t. : i e )
38 3.3.3-10 500kJ= ZA] HAMuEX|ZELZ|of Cf8F oju[AlY 3X}(20.10.15) - M H

@ =252 o - 108 - I, eI 2ofm



2019 FEWS7|[&ZFATAY TS LA A CHRIA ZASIE QI5H5 000kJE A LMEIKISER| 2 SXIZE| AJAE] Jidt

E 3.3.3-7 500kJE ZAA GMUX|ZEZ[of CiEt ofv|AIE 3XH"20.10.15)A] HE Z22e| e

Azt | e
(&) | (m)
0 0
0.075 | 1.014
0.15 | 2.018
0.225 | 2.596
0.3 2.951

Geo Engineering & Construction

Q) =28 - 109 - I, (Fiexiomey



2019 FEWS7|[&ZFATAY TS LA A CHRIA ZASIE QI5H5 000kJE A LMEIKISER| 2 SXIZE| AJAE] Jidt

0.337

kA Q|
|

SR

# 3.3.3-8 500kJ= ZEAA SGMUX[ZER2|of Chet oflH|AlE 3XH('20.10.15)Al X[F2 H

AlZH A3 He

(=) | zm) | £m)

0.075 | 0.007 | 0.01

Q) =28 - 110 - I, (Fiexiomey
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2019 FEWS7|[&ZFATAY TAS LA EA] CHRIAN ZABIE QI5H5,000kJE ZAA] SAJEIR|SER| 9 FX[RiE| AIAS Jidt

0.15 | 0.111 | 0.102

0.225 | 0.181 | 0.159

0.3 0.29 | 0.234

0.375 | 0.283 | 0.254

- 111 - [, ETHX| 20104
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2019 FEWS7|EETATAIY IMS M - BA THRA M SABIE 9I8H5,000kE EA SAEIKISER| 2 FRIZR| AR THg

LA
-/ 1
° 0.174 | 0.163
=

c) AI® = (2.512m)
O3 3.3.3-12 500kJ= EHA SMUX|SERZ|of st oiH|AlE 3XH'20.10.15)A| THEX[FL| He|

Q= o - 112 - W, Exaeieorm



PILIRISER| B FRIER| AIREL JHE

EA] TR BAISIS 9155 00T EHA LA

2019 FEUNSI|SETIATAKY s HY
@ 500kJZ EHA AR SER|of it ASNSHIHE00k AIE) 15
37 OfBIAIES S8t HAE 500k TAS HAIUXISER| o] thet ASMSHIHE00k AlE)sE
HsIUCH 1 AT 25 MTle| UMIA DHEES oS on, HxI}
z7t nm =|9ict
| mj=oll 2fojoj2= & ZafEx|e| HiX|

2020 112 11dol| %
o&0| Zof &s0| =X 2

b = I ==

ISM8s"EHIE 1XH'20.11.11) -

ZAN SALUX| ZERZ|of gt

13 3.3.3-13 500kJ=

[m:
[t

oF 12H(20.11.11) - &

?jkl b o
7, G)Cexi oy
4 Daghan Gea Enginesring & Consiuction

J3 3.3.3-14 500kd=
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2019 FEWS7|EETATAIY DMS M - EA THRA Y SABIE 9I8H5,000k0E EA SAUIXISER| 2 FRIZE| AN JHg

Ol

P ASMHSEIE 17H20.11.11)A] HE =3

¥ 3.3.3-9 500kJ= EZA| SAMubx|ZEt2|of
ol e

AlZE | Heg

(x) (m)

0 0

0.075 | 1.324

0.15 | 2.274

0.225 | 2.894

A o

¥Shy|

Q%EE%%’- mfﬁ - 114 - [, GITHEHxI 20 M
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2019 S EWUST|SFZIATAIY s HM - B RN SLBLE fIe 5,000k)s A HMEIXIZER] R FRIRE| AR THE

E 3.3.3-10 500kJm =EZA| SAMutx|2Ef2|of et AEMHSEHIF 1XH(20.11.11) X[F2| &9
AlZH NES
(Z) | #=#(m) | 2(m)
0 0
0.00
0.075
9
vl
0.15 | 0.111
0.225 | 0.181

Q IEuse KA,”;\“\ - 115 - [ A0
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2019 FEWS7|[&ZFATAY TS LA A CHRIA ZASIE QI5H5 000kJE A LMEIKISER| 2 SXIZE| AJAE] Jidt

A
= 0.251
=R

AEMSHIF 1AK20.11.11) ZMER| o2

® 500kJa ZEZA HAMUX|ZERR|0| gt Hd=MH5HIH500kd AlH) 24F

Q) =52 - 116 - I, eI 2ofm
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[

HTPARS

s o

- B TR ZelE 215 5,000k

T ARISER 2

TR A|AE] Her

1% 3.3.3-17 500kd=

E 3.3.3-11 500kJ=
el H9)

Al LEAMH
ZHH

1

J
J
OE

Ral
]
m
L]
=2
fu]
ok
>
m{u
0|r
okl
N
N
2
I\)
O
5
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71&=2 =5 A AL

. = 7|& M A

MM =N = H L _ = .

e g 84 U EER acds 202 gl max min
(mV) HHE pul xfolzt T szt
-5 0 -686.0 - - 0.00
-4 1 -541.8 1.03 0.03 1.03
-3 1 -400.3 1.01 0.01 2.04
-2 1 -261.8 0.98 -0.02 3.02
-1 1 -121.4 1 0 4.02

0 1 19.4 1 0 5.02 1.04 0.98
1 1 158.1 0.99 -0.01 6.01
2 1 300.5 1.01 0.01 7.02
3 1 437.8 0.98 -0.02 8.00
4 1 583.8 1.04 0.04 9.04
5 1 724.7 1 0 10.00

I 3.3.4-5 HeA 7|5 u¥E H2E Zof

Tz el =5 Mgt
SoL orwa AR A e oy A4 MHZ mac | min
0 0 2458.0 0 0 0
50 50 2212.3 50.08 0.08 50.08
100 50 1967.4 49.92 -0.08 100.00
150 50 1721.7 50.08 0.08 150.08
200 50 1477.2 49.84 -0.16 199.92
250 50 1231.7 50.04 0.04 249.96 50.08 49.92
300 50 986.6 49.96 -0.04 299.92
350 50 741.3 50.00 0 349.92
400 50 496.0 50.00 0 399.92
450 50 250.5 50.04 0.04 449.96
500 50 5.0 50.04 0.04 500.00
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MX|A] LoRa(LOM202A) M 22 & Typical Application Schematic @

— LoRa Transceiver :
- LoRa Technology RF modulation
- Frequency: 902.3 ~ 927.5 MHz , *E
- Down/Up Link: MAX DL 5.4Kbps Lo

gy I o]
UL 5.4Kbps .A..ff”""”.xﬁ ‘ -k
- Product Features i

- LoRa WAN Compliant
- 192K Internal Flash Memory

Module Reset

- External ANT support
- Supply Voltage Typ 3.3V

updating FWvia UART
- Standard and extended AT cm set

- Demensions 15x18x22mm S
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HAE Hl=2l ASA| MMX|Fo| CiEh HEZAL Aot dH|2H ARol FF0| X|HH2=2 RAEO
0.5x0.2x0.2m +t+=22o| X|dhl sAMnf ZFshEl tdte| UAMo| == X|¥el A2 gelHdct &
5| H|EtH SHF MX[El YMUX|2EE|e] =23 & MX| 0| FF2=E sl 2lHI2YE Aol
Mutx| 2Efz|o Z= =X 20 E2of HYetE = J2n], stFof| MX|E UMUK ZSERZ|o Z2 =
2t UMUK SEE| =332 Qlsto] malirt wlE = U2 He=Z HEHECE

O3 3.3.5-4 A|EA| AMX|F EHAEHE g
(2) HAE H Eo st UM oM HE
HTZAL ZIE HIEHOZE ASA| AMMX| T st UM oty HEE 25101 RocscienceAto| A
Hetst RocFall T2 e &2351%Ct RocFall T2 2 H|ElHo| dAtn H|EHH TAMEZof Cf
st 2M, o|sE Mol M 2|1 olsM ol FEZ X0 T AR S2 0|25t0] UM S 24
ste Z2ayo=AM 23 ColEE cietshil WsAZ £ flonf Zntel H2(7h Zolstn 4o
scalegd 1247t Jtsstn 7| HYM 23 defol X|Ho| JtsTt 2ol SFHo|ct
a. Qladuys
RocFall 2ol H8s& YHAIRE Chg EI} Zo| T2y #H4, AHSA, 44 SHof
b2l Ctekst o7 =F0| ALS =0, AlHEEM w2l ciekstA HEAZ = U= BHes 2l o
Ab otile| 2SHE], 37|, AlH §4 S0| Ut 2 AFAA= BH A7 L EE AHE F
st chent 22 UHMHTE MEsto HAE H Eo ofsh YA ot HAEE ™ stct
¥ 3.3.5-1 RocFall Z2a3#e| x=7| g x|(o|=rC], 2014)
1. Use friction angle specified in material editor
Friction angle 2. Calculate friction angle from Rt
3. Set friction angle to zero(rolling)
Initial Rock setu Number of rocks to throw 50
conditions P Min. velocity cut—off 0.1 m/s
Horizontal velocity 3+0.04
Vertocal velocity 1+£0.04
Mass 400~1000kg
Existing materials Rn Rt Friction angle
Asphalt 0.4%+0.04 0.9+£0.04 30%2
Materials Bedrock outcrop 0.35+£0.04 0.85+£0.04 302
Clean hard bedrock 0.53£0.04 0.9940.04 302
Soil with vegetation 0.3£0.04 0.8£0.04 302
Q) =28 - 170 - I, (eI 0fmu
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I 3.3.5-2 Reported Values for coefficient of restitution (modified from Richards, 1988)

Reference & methods R Rn Rt Slope properties
Habit(1977), 0.75-0.80 Based on experience in ltaly
based on experience 0.50-0.60 Based on experience in Norway
Desceoeudres et 0.40 Vineyard slopes
Zimmermann(1987) 0.85 Rock slopes
Brioli 0.75-0.80 Rock on rock
(from Pasquero, 1987) 0.20-0.35 Rock on soil/scree
33788 84378221 Detrital material vath Inrge rock  boulder
; .8-0. .65-0. etrital material with |large roc oulders
Piteau and Clayton (1987) 0.5-0.4 |0,45-0.35| Compact defrital material with small boulders
0.4-0.2 0.3-0.2 Grass covered slopes
Clean hard bedrock
828 888 Asphalt roadway
Hoek (1987) 0.35 0.85 Bedrock outorops with hard surface, large
032 082 boulders
030 080 Talus cover :
: : Soft soil, some vegetation
Azzoni et al (1991) 0.405—3%.85 0.465—6%.75 Rock thm detglrés 4300 80°
Field tests on different 0.62 0.66 Debrisand eafth,
P 1.22 0.80 Coarse debris, 40
Azzoni and Freitas (1995), | 0.51-0.92 Rock slope
field tests 0.32-0.65 Debris slope
0.315 0.712 Limestone face
0.303 0.613 Partially vegetated limestone scree
Robothan et al (1995), 0315 0.712 Uncovered limestone blast pile
situ tests 0.251 0.489 Vegetated covered limestone pile
0.276 0.835 halk face
0.271 0.596 Vegetated chalk scree
Rayudu (1997) _ .
Laboratary tests 0.33-0.77 Steel ball on different rock slabs
gy | 88 M 4 ok gone
Laboratary ges’[s 0.453 0.263 0.737 Shotereted” slpe

¥ 3.3.5-3 Summary of normal and tangential coefficients of restitution (en and et,
respectively), related to slope material type (adapted from Heidenreich, 2004).
Material en et Reference
0.8-0.9 0.65-0.75 Piteau & Clayton, 1977
0.95 0.9 Heierli, 1985
0.4-0.53 0.9-0.99 Hoek, 1987
0.05-0.35 0.5-1 Urciuoli, 1988
Smooth hard rock 0.37-0.42 0.87-0.92 . .Pfeiffer & queh, 1989
/pavement 0.5 0.95 Giani, 1992, Barbierei et all, 1988
0.9 0.9 Evans & Hungr, 1993
0.17-0.43 0.45-0.88 Gerber, 1995
0.1-0.35 Kamijo, 2000
0.6-1.0 0.9-1.0 Joens et all., 2000
0.2 0.53 Budetta &Santo, 1994
0.5-0.8 0.45-0.65 Piteau & Bowen, 1989
Boulders 0.35 0.85 Hoek, 1987
/Boulders covering 0.33-0.37 0.83-0.87 Pfeiffer & Bowen, 1989
bedrock 0.35 0.85 Giani, 1992, Barbierei et all, 1988
0.15-0.30 0.75-0.95 Joens et all., 2000
0.4-0.5 0.35-0.45 Piteau & Clayton, 1977
0.45 0.2 Heierli, 1985
0.32 0.8-0.82 Hoek, 1987
Talus ~0 0.24 Urciuoli, 1988
0.30-0.33 0.80-0.87 Pfeiffer & Bowen, 1989
0.3 0.7 Giani, 1992, Barbierei et all, 1988
0.7 Evans & Hungr, 1993
0.12-0.2 0.65-0.95 Joens et all., 2000
0.2-0.4 0.2-0.3 Piteau & Clayton, 1977
Vegetated 0.3 0.8 . Hoek, 1987
/Soft Soil 0.28-0.32 0.78-0.83 Pfeiffer & Bowen, 1989
0.25 0.55 Giani, 1992, Barbierei et all, 1988
0.1-0.2 0.5-0.8 Joens et all., 2000
Q) =28 - 171 - I, F)etxioem
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E 3.3.5-4 RocFall Z213 Hg SMA|

Friction angle 1. Use friction angle specified in material editor
Rock setup Number of rocks to throw 50
Initial Min. velocity cut—off 0.1 m/s
conditions Horizontal velocity 3+£0.04
Vertocal velocity 1£0.04
Mass 400~1000kg
Existing materials Rn Rt Friction angle
Asphalt 0.41£0.04 0.94+0.04 30+2
Materials Bedrock outcrop 0.35%+0.04 0.85+0.04 302
Clean hard bedrock 0.53+0.04 0.99+0.04 302
Soil with vegetation 0.3£0.04 0.8%£0.04 30£2
i Horizontal Vertical velocity Mass
Define velocity [m/s] [m/s] [kgl
Colr:gtilt?(l)ns Mean 1.5 - A 10, B: 50
Std Dev. 0.15 - -

A atefoll CHet HIAE H =of chet obgd AE ZAX I8 3.3.5-42F Z0| HAMUX|ZElZ|o

o
Zgste 340X = =[Cf 60.5kJoll Esls Aoz A=A

Kinetic Energy [J]

-16 -14 12 10 2 £ -4 -2 0 2 4 [+ a3
Location [m]

(b) SHA{urx| 2 El2of &HEshs S20)LX|

EA AMAEX|T Rocfall oHEM HE A1t

Lt A HAE H=o| dAlE HAUXSERE|S| 29 =252 olsto] dEf7E S2E Efol
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- 1o

b
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(f) XIFAEX|X|2Z(UP SLOPE DH-ROPE) M x|

(g) M2 = (MAIN DH-ROPE) A %]
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