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Abstract

With the increased demand for membrane structures in recent years, there have been many studies of their
mechanical properties, to the extent that such structures have become recognized as independent structures with a
level of safety and durability comparable to those of other general structures. But in reality, the study for the
maintenance of membrane structures has not been as active. In particularly, the study of watertightness from the
perspective of maintenance has been very limited. Accordingly, a study on securing watertightness performance and
the guidelines for maintenance is necessary. In this study, through a case study of water leakage accidents in
membrane structures overseas, causes of leakage were selected from the membrane material itself, joint parts and open
door of roof part in membrane structure. The water leakage and deterioration elements were analyzed from those
leakage causes. The degree of importance of the water leakage and deterioration index was also designated using the
AHP (Analytic Hierarchy Process) method. As a result, the basic technical index was suggested for the maintenance
of the roofs of large-span membrane structures to prevent water leakage. This index will be used to make a guideline
for the long—term maintenance of the roofs of large-span membrane structures.
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Table 1.

Fabrics

Glass yarn with
staple(Limited to 3(B) of
diameter fiber 3.0-4.05)

satisfied KS L2507
(textile glass-yams)

_iS

Scope of the Membrane Material
Coatings

Polytetrafluoroethylene resin,
Polytetrafluoroethylene  —Perfluoalkyl —
vinylether copolymer or Fluorinated
ethylene—propylene copolymer

Too< —

Vinyl chloride resin, Polyurethane resin,
Polyvinylidene fluororesin (included
Polytetrafluoroethylene resin,
Polytetrafluoroethylene  —Perfluoalkyl —
vinylether copolymer or Fluorinated
ethylene-propylene copolymer),
Chloroprene rubber or Chlorosulfonated
polyethylene rubber

Vinyl chloride resin, Polyurethane resin,
Polyvinylidene fluororesin Chloroprene
rubber or Chlorosulfonated polyethylene
rubber

Glass yarn with staple
satisfied KS L
2507(textile glass-yarns)

WooT< —

Polyamide,Polyaramide,
Polyester or Synthetic
fiber of Polyvinyl
alcohol

Qo< —

52

1.2.2 979 B4

2 A A b LB gt Suiele] S ARIE 2AT
310, o Yol 9 FHoRRE BMet 3 72 HoF H9jof R8st
date] FHE BAA, 47| tigh Fo4dS AESISI S48
4 HE= WU AE7F 139 dWdeE AHP(Analytic
Hierarchy Process”|¥& o]-85l0] M7} HERARE AA[EHS

o, A7t AE-sH 23S Expert Choice 11 Programe /\}
fato] w4 n|w WY 7k njEko 2 7 g3lekE 2ows
ok, S BT, HEP o5 9 B AT E
Aol tfet AY, 7144 218 Wslo] AR, AR, &
AIAR W] BRI, ol AR thatt v 7289
s S 0 0] 2k AR AR

= el 352 ofel Figure 13+ At
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Find Deterioration Element and Required
Performance

v
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Study Feasibility of On-site
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for Stepwise Study
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Figure 1. Flow of Study
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Table 2. Selecting Water Leakage Fragile Parts

Part
Fabric Part
Coating Part
Heat Plate De'position Part
Sewing Connection Part
Hot Wind Deposition Part
High Frequency Deposition Part
Bolt Connection Part
Metal Connection Part
Rubber Packing
Sliding Part
Retractable Butt Joint
Rectrable End Part
Ponding Phenomenon Part

Physical External Force Movement
Part

Classification

Membrane

Joint Part

Retractable
Type

Roof Type
Closed Type

EMY M2 5

220l

Yzt o g goﬂxu S 24 AER(AE)SE TYE
(AN olold glom, ekake TEA2 Ag3i] ol
Fa oo A SYORA sl thsiol

Ve GekS ARG s A2E 9 agR
) S5ty

AgHoAe] F=a 0l Wi W YErAleS BEsHA] &
Sk A= wf HAYsHA Hok lar/de] 8
HL = 59 ﬂﬂ%%‘oﬂ/ﬂ a7} Eo| AEE 38a)
= Wi

7
%
]_

o
<
: ?L

3.1.2 ZHF F5849

WS BB St YA 2R A AR A
VA0 Sl = EEE o] 9 9 3 A, Agult
£ 5o ojs) syt AT, THA 39 Lok F2o]
o, i A3 iaxn st AT G Fol 2ol
A9l 9P v]H Y Al A

w5 et 4z
Ao} il Fo] el
"l o ek, Hae

3 A2 A el 4



Technical Index for the Maintenance of Watertightness of the Roof of a Large-Span Membrane Structure

wo} I AJF A

ot 715 5o 23] ofg

= eloj

313 AR 2 RFRAANY F489
ulzl) A 7S Askelr| ¢sie] dukg-

ST, WG Fol ol§HTH5]. ot ot

ol JlojAl Tt B, Hegol ot AR

o] 20 2Uglo] Hrk

2, AR,

3.14 2 2 A ¥4
3.1.3710e] w9 gl
Table 33} o] Aefaiint. 2+ F-¢1e] “s%é 3]
of tfslo] 8, HE, Fgor s 4]
gfstoop & A &S mefsiglal, olE “ﬂlﬂﬂl AEEA|, 4]
) WAl o] AAETE ] AERAR Yoed 2
W%ﬁw, HloFE-dol 2o Tath A w2 Yepith, o
QA= o] = AAARIARE dLefsiefof st
D% vxlﬂﬂl A X449 Pt Basler, TR 7
S sprlo) @l 7K e oIS s o Soig
= e Ao AAEA, AEA, fAREE] Aol B
A2 o] wrfal sk, 3 Hokre] o= Ale Al
A Z2HFoZ I dar) ot

a1
3

3.2 XIER HACHH, A0 BE 229
3.2.1 /=4 o Fx
A8 A o i T B4 ARel B, ol
§44:0] Wolo= QI ek WA Sk A EAic 5
5] A Aol o5t Lefoltier AW A% 7k B,
] Ago] EeRo]q ) w,
1) Zefold 2]
A Aol ol Lelo]ge] AU S AR H
of el Ah7REA Aede] Fol WA 5 7Iet ofe] o2l
ofgh uile] w4 Bapo olojd 90| YHOR ot uby
sk
2) sl s 9]
7Hu41 B S9loAe] s 7R 0 R Bl A o
el WAyt 7Jek S Ak Aol gate ol

AUT =

%ﬁ&u} A 25 o) AAsks Aol A58}
THEE A 2 AAIE Te, o] A% HiEe EIFJ
730 A| Eolzfo] z]0lL- 3|85t gy) uhAgsic) Sl uhE
S I8k AR Ui mighhel AR (AT, AE
glo|E 59 WA 55 E575HA] ot AL Al

3) 7ol 2 9]
A} Age] el A B gl SERA s,
ofefa Bk o) sl 4] HHA Fo] o ¥

flojot, webA $= Y WA A27F atE
Table 3. Performance of Each part and Importance of Deterioration © Important O Normal  x Low
Required Performance Deterioration Element Stepwise Study
Pegling Off
Weter ~ Anti-absomii Chemical  Ozone Redation . - Ovedl Overall . " " Sewing - Cortaminetio Design ConstructioVintenanc
Resistance  veness  Resisiance Deterioration Deferioration Patdl Ifeon Inflation Partl Crack COrack Aorason Cozillng L_ayeCoaIlng 2y Mechine n Sage nSlage e
Fabric - Coating
Sewing Part
FbicPat O © © o) x O o) o) o) x x x x o ©O o
Membrame
Coding Pt~ © © © © © © © © © @) @) @) x @) © @) ©
Heat Piate
Degciion Pat O @) @) @) @) @) @) @) @) @) @) @) x 0 O O O
Saiing
Comecton Part @) © @) @) o © @) @) @) o ) x (@) O O O O
Hot Wind
Dencson Pat O @) @) @) @) @) @) @) @) @) @) @) x o) @) O O
Connection | ;
Hgh Frequency
Deposion Pat @) © @) @) o © @) @) @) o ) o) x 0 o O O
Bt Cs;;‘edim © © o 0 o x 0 o o o x x x o o o ©
Meid Comecion © © O @) o x x @) @) o x x x o} o) o O
Rubber Packing  © (@) (@) © © X X X X @) X X X O @) X ©

54



HRsA) ot 0] e ARbH o obA gt uiRle] = AIE B AARARIA A AlerEe] Al
2goly} Zolslr}, E4al 99107 Ed(Ponding) @Ak 12 Aof| 2sle] B uA AlES Hhea
WA, Hot & =

& ARelM EE v = e

Homw 2 pAVL Hul, o 2R2Y £ ZHAE B ok A7) dEe) w,
of ael Aol WAL TRE 4 A EUT 271

O e k]

J

-]

o] Zhasle] $57L A7) A A9 ARl gt uixje] gt 4, T 2 FE2EY A AR

A 33o] wpaE e Ul B Folo] tha] 5714 AL
323 IARA WA WHE FRIAL TLEF e o FAUe ATE ARSI,
9} F2E0 AFHE LAl wet A, B E ol 1) = 7F ARk == A
Fra0ls B 5 11 U9S Table 4%} 7ol Aelsioitt. & 2) BAe] d3t o dfs 28
Q% Hojo] whe o] 3148} FUsiy, TeRFE2AE= 3) ukjo] AL Shyt
ulfe o] A9 EY w9l Wgo] Fagh AR Lehy 4) mpAo} FEA] M Sy
on, oA Fakwo| et AAGA, FAEE dAClA ol 5) 7MLl 9= e BA i 4=
EEL A b NS R EEE R R DOREE ATl A thee] Figure 29k Zom, $A\8e) A%
YRS Al QHERSY] WAL Fast XEFE UEsith ESF P2 AAGA A U FE H7E ARl AA|ER=
Al SR 9 EokRo] g g g A SRtk A|EE hgoll digt @aF H7F, 19 E}% A8 B Fol e
Rt 9AM Sl uiet AA oA 9 -fAEE] dAelA AlgEACAE B e FEgEE Qg AREE 55
W= o5 atEfsliof Btk SolfoRe W A8 HETES Attt Eot SR AE F3RIAke] e, X, FHH
7RI, ok MG AN A el SR Y R S At
of tigh 1Y U AlFAY}, I 2 e AR ¥
Table 4. Performance of each part ad Imprtance of Deterioration O Important O Normal  x Low
Required Performance Deterioration Element Stepwise Study
Study of Feashbility for
ﬂﬁgss ﬁgtﬁ‘nress Durabilty Deformation Rioping Overfow Onrste Appicaon Design Stage Conssttargzuon Maintenance
RalllRunning N N N .
: Par) © © © © © ©
Slicing Part
Water Drainage X X X O X @) x x x O
Precipitation
prevention O x ) o x o (@) @) o) @
Refractable treatment
Relraciale  Butt Joint i
erioration o
Viierd O X (@) O O X O O X (@)
Precipitation
prevenion © o o o} x x © @) o O
Retractable treatment
End Part
Deteriorafion of
Ve O X (@) O O X O O X (@)
Ponding Phenomenon Part (@) X O O O X O O O ©
Closed
Moving Part O O X O O X x e} X e

55




Technical Index for the Maintenance of Watertightness of the Roof of a Large-Span Membrane Structure

Quality Test of
Watertightness Property

grasp of environment

Design
Stage
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Secure
Watertightness
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Repairing and
reinforcement measure

Figure 2. Assessment Index of Secure Watertightness Property
and Maintenance
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Figure 3. Test Index of Membrane and Joint Watertightness
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Table 5. Check Categoris and Check Period
Types of ’ Check Period
Cheoks Check Categories Check Frequency Remarks
(DExistence of initial defect during the construction g\cl)rr]r?nlettgg construction is
New Facility process of the membrane surface Begiﬁning’ of the Keep construction records
Initial (@Status of connection part construction operation
Check

(DSurface status of the membrane
Existing Facility
(®Wether water is leaking

(DSurface status of the membrane

Decoloration or rough surface by dust attachment, etc.
@Connection status of the connection part
Whether the connection part is peeled off,

Status of Structure

Daily
Check whether water is leaking
Status of Usage
Environment exposed to weather

(DSurface status of the membrane

(@Status of deterioration in the connection part

Dry ro wet status of the membrane surface

Beginning stage of the

checks

Monthly 172 times of
simple visual and
touching checks when
opening of the cover
during daily facility checks

Once every season (4

List up the construction
records of the initial
construction and repairs

In addition to abrasion of
the membrane and
connection part, verify the
existence of the sign of
water leakage

Periodical
Check

Status of Structure

Status of Usage
Environment

Decoloration or rough surface by dust attachment, etc.
@Connection status of the connection part

Whether the connection part is peeled off,

whether water is leaking
(®Degree of deterioration of the membrane surface

and whether damaged
(@®Degree of contamination of the membrane

surface and connection part

(DDeterioration of rubber by radiation, oxidation, or ozone
and wet or dry condition of the membrane surface
(@Existence of deterioration by mechanical fatigue in the
connection part between structure part and the membrane

If the operation status of
the facility is stabilized, it
is possible to reduce the
number of checks to 2
times a year.

times a year) considering
the seasonal changes

In addition to abrasion of
the membrane and
connection part, verify the
existence of the sign of
water leakage
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