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Abstract

This paper presents findings from the assessment of the volcanic ash fragility for multi-hazard resisting vinyl greenhouse and
livestock shed among the agricultural facilities. The volcanic ash fragility was evaluated by using a combination of the FOSM
(first-order second-moment) method, available statistics of volcanic load, facility specifications, and building code. In this study, the
evaluated volcanic ash fragilities represent the conditional probability of failure of the agricultural facilities over the full range of
volcanic ash loads. For the evaluation, 6 types(ie., 2 single span, 2 tree crop, and 2 double span types) of multi-hazard resisting vinyl
greenhouses and 3 types(ie., standard, coast, and mountain types) of livestock sheds are considered. All volcanic ash fragilities
estimated in this study were fitted by using parameters of the GEV(generalized extreme value) distribution function, and the obtained
parameters were complied into a database to be used in future. The volcanic ash fragilities obtained in this study are planning to be
used to evaluate risk by volcanic ash when Mt. Baekdu erupts.

Keywords : volcanic ash fragility, agricultural facility, FOSM method, GEV distribution function
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Table 2 Statistics of agricultural facilities in Korea

Table 3 Fragility modeling approaches
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Classification Scale Approach Definition
Vinyl greenhouse 52,149%ha Fragility that is based on some form of expert
Judgmental L . .
Livestock shed 358,000EA opinion is classified as judgmental.
Ginseng greenhouse 12,016ha Empirical fragility is based on observational
Mushroom vinyl greenhouse 1 246ha Empirical | data documenting the performance of
Cold warehouse 9 831EA structures under a variety of loads.

Analytical fragility is based on structural
Analytical | models that characterize the performance
limit state of the structure.

A hybrid approach for developing fragility

. uses a combination of two or more approaches
Hybrid . .
described above in an attempt to overcome

their various limitations.

Table 4 Analytical fragility modeling method

Solution method Definition

- First-order second-moment
Efficient and cheap method
Method is based on well-known

FOSM

approximations.

- First-order reliability moment
FORM - Extends first-order approximation .
methods to handle non-normal basic

random variables.

Second-order reliability moment

- Extends first-order approximation
methods to address nonlinear limit
state equations.
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TE Qo9 sl tgt HFH &S VO (vulnerability
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Table 5 Types of multi-hazard resisting vinyl greenhouses by Rural Development Administration

Classification Width | Height Rafter, Column Girder
(m) (m) ®(mm)xt(mm)x@ (mm) ®(mm)*t(mm)
Single 10-Single-09 8.90 | 3.90 | Rafter: ®48.10xt2.10x@70 7 EA(®25.40%t1.50)
span type | 10-Single-13 5.80 2.60 | Rafter:®31.80xt1.50x@90 5 EA(®31.80, ©25.40)
Rafter: ®31.80xt1.50x@60
Tree crop 07-Grape-01 5.00 | 4.30 Column: ®48.10xt2.10x@300 7 EA(933.50+¢2.10)
type . Rafter: ®48.10xt2.10x@200
08-Tangerine-01| 5.50 | 4.50 Column: 60 50xt3.65x @200 7 EA(933.50xt2.10)
Rafter: ®33.50xt2.10x@50
Doultale 10-Double-O1 1 14.0° | 4.30 1) 4416 molding of a wall: ©48.10xt2.10x@250 15 EA(033.50:¢2.10)
span e
b P 10-Double-02 16.0 | 4.50 | Hot dip galvanizing truss @120 14 EA(®31.80xt1.70)

Table 6 Types and dimensions of livestock sheds by National Agricultural Cooperative Federation

. Dairy barn Pigsty Hen house
Classification Beef barn - -
Cow shed | Milk room | Breeding | Fat stock Spawn Fat stock Duck
Available size for breeding 275 140 1,613 2,543 28,378 42,632 6,585
o 9 Min 624.00 586.00 245.38 453.60 514.80 720.00 270.00 270.00
Building area(m®)
Max 1,824.00 | 1,486.00 245.38| 1,663.20| 1,684.80| 1,665.00| 1,665.00| 1,665.00
Total floor area(m?) Min 450.00 496.80 245.38 453.60 514.80 720.00 270.00 270.00
! Max 1,650.00 | 1,324.80 245.38| 1,663.20| 1,684.80| 1,665.00| 1,665.00| 1,665.00
Type of structure Steel Concrete Steel
Eave height(m) 5.0 3.6 3.2, 34 3.2 2.9 ‘ 3.2

ES=UN|
II:!

H27H M65(2014.12) 495




AR e A ok Bt

Table 7 Regional snow loads by National Agricultural
Cooperative Federation

Snow load

Reglon (kPa)

Classification

Seoul, Suwon, Chuncheon,
Cheongju, Daejeon,
Chupungnyeong, Pohang,
Standard type | Gunsan, Daegu, Jeonju, Ulsan, 0.5
Gwangju, Busan, Chungmoo,
Mokpo, Yeosu, Jeju, Seogwipo,
Jinju, Uljin, Icheon
Incheon 0.8
Gangneung 3.0

Coast type

Mountain type

FAHE Table 63 o] 745e] Fol meh A9AL FAL
E4, AN BREE, Adhont BEY, AUd, A
Joz BRH: vk 59 2 AUBY Fa Pz A
Fe AUFgoRA FAFVAERS FAF AN AN
2 Sl 2l A9 B A A% 9T 1A
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2.3 3pHA 35 o TRAEES] AT A

sk B9 A AT FAE Table 89 Hole A 2o
AAstz] Hla] oF 108 F= 29, skA B & 2 3}
T2 A (4} 2ol AT ¢ I (Johnston, 1997).

_ _dpg
v 1,000 )
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(m), pe M9 Wx(kg/m’), g& FH/EE(9.81
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Table 8 Densities of snow and volcanic ash
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Fig. 2 Relationship between distance and coefficient
of variation of volcanic ash fall thickness

Table 9 Classification of roof types for volcanic ash fall

resistance

Roof Typical design Mean collapse Ratio
classification | load range(kPa) load(kPa)

Weak Pre*deslg.n code, 20 2.0

or no design code
Medium weak 1.0~2.0 3.0 2.0
Medium strong 2.0~3.0 4.5 1.8
Strong More than 3.0 7.0 2.3
Average 2.0

Classification Den51t3y Ratio of volcanic ash/snow
(kg/m”)
Damped snow 100~200 10.0
Wet volcanic ash| 1,000~2,000 ’

496 BRI ATAEEE =28 H27H M65(2014.12)
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s sk WEAlTE 1980d U]% AQIE dAal=
(Saint Helens) 3MHEst Al ZEH(Montana) A9 ellA
=29 skl B854 AE(Nimlos et al, 1982)% 712
2 37181990, Fig. 2 Nimlos7} #23t sk B2 5
o] MEASFE Y (power function) FE|Z 3HEA
(regression analysis)3t Zelt}. o] B4-& Fdlo kA
stz MEATE WFLlATEH 600km 7HE "ol &
& W5 FAlA Y gl sldste 0.322 A3l

Barnard(2010)¢] Al ¢JshH &]-8-8-24d7 (allowable
stress design method) 2.8 AAH AZEE X5 Table 9
o} o] AAsIEe] <oF 1.8 ~2.3ulo) ddate kA S5
o oJste] vt}

Barnard®] 72zl wet FHAEAE A 59| T3
Z}=(nominal failure strength)e} AAIslE=e #AAES %
st v 2t

R,=DL, « C (5)

A7IM, R, & A dteol ot A5 FAIILE,
L, = S18-&HAAN A o AAstE, O 3FIANLE
9} AAEE Afolo] vICl w3 Al (failure coefficient) o]t}



Table 10 Design strength of snow depth for multi-hazard
resisting vinyl greenhouses

e L. Design strength of
Classification
snow depth(mm)

' 10-Single-09 260
Multi- 10-Single-13 300
hazard 07-Grape-01 400

resisting -
. 08-Tangerine-01 500

vinyl

greenhouse 10-Double-01 330
10-Double-02 350

o

YA AMAFS A% UF FAIP HFow
3

AASE A8 AAEES 4 (6)F Zo] HAE 4 9}

DL,=R,+8S, (6)

A71M, R, 5= o8-S AAR o3t A% 173t

=3 Adstss A4 ot

= ATl P E Ael tid dAleks & #4dst
T2 W] fal sEFAFTM AAE WA ]
gab¢-2 AA=(MIFAFF, 2010) ¢ SAF AAI=(MIFAFF,
2008) 9] AAHAA B 7| EA AT ol &t

WAsE widshe2 AA=MIFAFF, 2010)¢] 72
g AldEel tigt AAAEY (=) Table 109 2]
A=l glet. ol whet 4 (4)¢k 4 (5)F o]&sto] it
A shgel o7 AN AEE T o

ojof Wkl FAF AA=(MIFAFF, 2008)9] 7-%ell& Ak
%S
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CEAF, FLEAF, BAEAF) S aEsteiof gt 88
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(MIFAFF, 2008: Architectural Institute of Korea, 2009).
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Fig. 3 Volcanic ash fragilities of single span vinyl
greenhouses

Table 11 GEV parameters of volcanic ash fragilities
for single span vinyl greenhouses

Classification & o o
10-Single-09 0.293 13.794 46.413
10-Single-13 0.292 15.917 53.554
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Fig. 4 Volcanic ash fragilities of tree crop vinyl
greenhouses

Table 12 GEV parameters of volcanic ash fragilities
for tree crop vinyl greenhouses

Classification 13 o nw
07-Grape-01 0.292 21.230 71.407
08-Tangerine-01 0.291 26.548 89.263
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Fig. 5 Volcanic ash fragilities of double span vinyl
greenhouses

Table 13 GEV parameters of volcanic ash fragilities
for double span vinyl greenhouses

Classification 13 o 1
10-Double-01 0.292 17.511 58.910
10-Double-02 0.292 18.573 62.480
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Fig. 6 Volcanic ash fragilities for 3 types of livestock
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Table 14 GEV parameters of volcanic ash fragilities
for livestock sheds

Classification 13 o I
Standard type 0.289 39.565 132.847
Coast type 0.287 45,888 153.944
Mountain type 0.257 112.527 373.183
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