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Determination of Snow-Melting Sprinkler

Specifications for Low-Gradient Large Folded-Plate Roof

by

YANAGI Yuichiro, SUZUKI Ryosuke, HIRATA Nobuyuki,
TANIZAWA Katsuji, and YAMASHITA Katsuya

Abstract

Several studies have been conducted on the characteristics of snow-melting devices for roofs on standard houses. However,
few studies have focused on the characteristics of such devices for buildings with large roofs. Following the collapse of a
building with a low-gradient large folded-plate roof in 2014 in the Tokyo metropolitan area due to heavy snow, snow-melting
experiments using a 3-m roof model were conducted to specify the requirements for a snow-melting sprinkler for such buildings
as a countermeasure against collapse. From these experiments, information about the preferred watering method, flow rate, and
water temperature was collected. Using the results of the experiments, a heat transfer analysis was conducted to verify the
applicability of the results for an actual 25-m low-gradient large folded-plate roof. Subsequently, a method to specify the
requirements for a snow-melting sprinkler was formulated. The proposed method can be applied to determine the specifications

of snow-melting devices for large roofs of different sizes.
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Jit i 0.6L/min, 1.8L/min, 5L/min, 10L/min THUKREOMN HESEE TO 1m FROKIRZ 21K 9(a), (b),
(©), (DITRT. /INRETITEMAEEK TR CE 7203, MENEZ 215N, BER TR L0k -
7o F72, KRE TR 1°C ZRIEENEDY, MEERINEDDL Z Ennhole. 6T, EIVNE S,
B CKIRDY 0°C T TN o707 — AT, #HELE Y dhHT-. Lov L3R 11 128\ Tt 10L/min T
HOK LT2BRIE, $#FET2°C HifZ HIUTH SN2 & g T& 72

(382)



g b e sEETiE F20% H3 5 (B2 ) MRERARE 71

9 CRER3 9 WS 7
8 o KBRS 8 ) 1 RER6
) 7 N K10
6 6 L a
g 5 g 5
m 4 5 4 2
£5, *3.
2 ] 2 o
1 1 o
0 o 0 P
0 1 2 3 0 1 2 3
O OERH (m) WH O DER (m)
(a) F& 0. 6L/min (b) F& 1. 8L/min
9 KR8 9 o1
8 o E89 8
70 5 7
6 o 0 6
55 8 s
w4 7 4
® 3 ® 3
2 2 ? @ o} o
1 1
0 0
0 1 2 3 0 1 2 3
w5 O (m) B DERE (m)
(c) "= 5L/min (d) ;= 10L/min

9 BOLEHEFETOKEEL

3.5 BRIZMb S -HEIC K DEUKREDREDHITE
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11 2P 1.8L/min UKRED BRI - 7o EORFFZ LA 773, Kl 2°C D326k 4 TIEHUKREOff E
IO L W KX <, BUKBIENENST-. KR 7°CITHONTIE, 2[EAT-7-. 24U, 1 EH Tl REoA R
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2 ° } EB3 (2°C) 2 ° }%m @c)
%10 . — E 10 .
2. 585 (70) o ) %86 (70)
] o I X
E 6 o = “ }%mo )
2 e —
o o [\
% 4 o & % ._g..v-;@/ﬂlj
B 2 o gL = -
[ . B’v’p,.—-'* I

0 20 40 60 80 100 40 60 80 100
fZBEFRY (min) BRI (min)

K10 FR{=0.6L/min BUKEORRRIZHh>1="E K11 jiE 1. 8L/min BUKFORRIZMbH > -fFE

12 (3 SL/min BOKKRFO BARIZND o 72 Af EORFRIZAL 2. kil 7°C OFHR 8 T, 40 73 LARETHUK
HBFDMFE DN IEHOKIF L W/ NS o 72728, R3S o7-. KIE 2°C DFEER 9 TiX, 20 43 LI CHUKIRF O EAHE
BOKEE L © K& S HOKZWAR D o 7.

13 1249 2°C, Ytk 10L/min HUKEREO BRI > 7o EORFRZE (LA 779, Jiii 10L/min TlIiREOBIFR T
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4. REBERZEZRAVBUKRERELHRORE

10L/min (2° C) BUKEDEIRIZMbH>f-TE

FEEIE S 3m ORMBEAZ W 77228, EEORBRIZE & 25m 20T, EBFER A AV CHUKBh S L@
HERDHETE R D . T DT=OIBERIT 21T 5. BRBUKS AT LOHE Nk b L, Buk LI-KEIME T

HERA4SELZNLOFHERIILLTO®EY THS.
o ZERA~OBRE

s BER~DOBEE

o FRIITKDEMAK

o MEICET LEE

PMRERIIU T O THEAE L.

Q, =A-h -AT-t
N4
T

he

ZIT,

Q: : BMiEIC X VA LB E ()

A K (m?)

h; : BMRiER (W/(m?-°C))

AT : RJEZ (°C)

t: WEE (s)

N, : X&)

A BARSE (AN o AiR) OBMREE, 45 (W/(m?-°C))
L REEE (m)

Tho. ZAFIZEDBMERITLLTOX TR LT-.

Qe=m,-h
m,=A"h,-Aw-t

ZZT,

Q. : ZFIC X VIR LEE ()
m, : WERER GREER) (ke
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he : WELEE (m)s)

Aw : KEHE & 22T IT 5 KOBEREDFEOZAE (-)
t : I (s)

Thb. MEBICET LRI TOXTHE L.

Qm =A-(Tale; + Ly + Tycp)pili - t 4.5)
ZZT,
Qm : AEFICL2BELEE ()

A Fif (m?)

T, : Xl (°C)

c; s KD, 2097 (J/(kg-°C))

L 1 KORBREE, 3336x10° (V/kg)

T, : KR (°C)

Cy 1 KODEEEL, 4200 (J/(kg-°C))

i BOBE (kg/m?)

I« BEE5RE (m/h)

t : K5 (h)

Tis. FT 3 EOFBRRERICH LCHIEORA I\ CARMETERS S ORISR E 15 L IR & 0 IRz 1T,
2R 2 TR S 25m ORROBAMELEBRORR 1T )

4.1 EERER LFTEEDLLE

TAHER & U738 1, U~ d & W D BRI LT &2 L7326k 2 Je O 2 FERy OFESEIC & 0 AKIRDSFHIIC &
PRI T FEBR T 1T R0 B A LT,

EMREE BB AT 572012, FEBRHFFHAI L7202 > T2 B DWW TEL F OIRE & 7% 7.

o E&3m OBRRET A AR 5 ECTHRE L, EA0.003, 0.005, 0.005m DF =—7 %@ L THNSKERLZ
LA, BHEREE CICE LZRREIIZN TN 742, 7.57, 7.74s & ZHUT EEDTEELS, FEBr 1 OGN D

R CE R BIRER C7E o772, 3EIOFEETH D 758 £ 5.

o EBARIEEEITFHIIL T o Tolos, KB ERU EB X FHIKIEO EHMEZ BIRIBE &3 5. 703, FHllK
IBIZOWTITABEKAE 5% TRAIN S 7 « 7T T ARREEATV, IMUE & HIE S EIEERS L7z, S UE
IHEEFHOBEICI2 b0 EEZLND.

o X2 OEADMERITIEN T E &, BT omhind.

o EE (BUKIRE/KOIEmMYs)) (X8RS HKOEEZHEH L CEHT 5.

fRNTRESR 22 2 1T, BMERAGF (5250 1380 DEPEMOKIBK T &2 DB Lz, HRMEOBEL,
A UTRREFHOBESCH T T REIC LA D LB HE. KRR 2°C OFEBRIIRWFIHOKIETOERTH S
728, REFHOREIZ LV PR X 238503 HTWD L b s,

&2 EBROGRMETER

e ZER D BAR~D RRIZLD  |BTICHES D | BHRGE Bk aEt iz

| Bnia (0/h) | Bdmiga (Jm) | Bk (om) | B ) | GERD  (a/m) | (55 (dm) | (%)
3 13.7 316.9 0.0 163.8 494.5 4309 147
4 32.0 606.8 0.1 650.2 1289.0) 1043.3]  23.6
5 26.4 740.0 0.0 2133 979.8 1090.5| -10.2
6 64.0) 824.0 0.1 604.4 1492.5 1560.4] 44
8 744 591.8 0.1 629.2 1295.5 1539.0] -15.8
9 35.8 339.0 0.1 697.3 1072.3 1176.0] 8.8
10 55.9) 561.9 0.1 513.0 1130.9) 1025.1] 103
11 51.0 338.9 0.2 1032.2] 14223 12180 16.8

4.2 £E25m OREDOBUKRBEBE HIRRET
41 #iTlE, £ 3m OBRBEAEROEEMIIT 21T -7, KT 23.6% DT H > 1= 6 DD, (REEHT AN
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IR ELERE OB KIERFHCEY TH D L EZDND Y, FEOFETHTTS. EROBREEZ, BS
25m DRI TIZLL T OHOK H1E THigHT 5.

o EKIZORBUKT D.

o EFBBHMARIN DHOKT D,

o EAMmICHAILD X 91T 10L/min LLE TR

F7o, UTORETHELE.

o &AL, MHITEIImORBEFTC LTS,

o 3AHIND, KB TFIX 2°C FREEE TIHMEE 03— E 72 O TRIRIBE I L BHEO/KIBEOEE L 3 5.

o A dm/s A D EERRUTSIE L SV YO T, BT 4mis LT D,

FTHRIKTETH S 10L/min TRIHEEHB 2 5. 32 HTh_7/2i@ Y, Jiid 10L/min THUK L72BSE, #F5ET
2°C A& HAUXH 72N 2 EDNFERTE 2D T, ML HBUK L THEFE T 2°C Z TRl & 72 W BUKIRE 2 H 3%,
RIR, TR, FFRAUE, BRI 2014 452 A 15 BORBETNED - R OME 9% V5. SHEIX
R FFE OB O A 200kg/m?) D& HWTRE Lz, ZOfEE, #i)5 24.6°C LLETHiEIE 2°C % FE
HIRWEFHE T

[AEEIZ 35L/min & C SL/min 3O EZ L, RIS L COMLERIKEEZK 14 187, 20X 9 X%
PERC AU, HUKBSEEEIARORFIN TE 5652 5.

30.0
24.6

N
W
=)

o

& 200
g 14.3
% 15.0
% 10.4
il
lo) 8.4
B 10.0 s 72 P
Q o )

o
=}

o
=)

0 5 10 15 20 25 30 35 40
ZEOHRE (L/min)

X 14 RECKYRELDEREKE

5 5

2014 422 A DRFZIZ L > THASENZ & D58 ABL O KRBT EIR O 3B L 7= DT, SBREXR & L Took
A ERE OHFRZRETT 2720 S 3m OBIREA 2 SUE UBUKME IR AT o 72, EROFER, UITOZ Ln
Lotz

P BARO IR L7256, #FEBRERTIZIRICE D 5 F0 L iR T & 24, HuKITRICES X725 03%)

RTHD.

I, MO 3 5 TR T OB D ENE .

FEIRO K AFAVUIIRIR CH i OBUKRE S AIEETH 503, W2 AUTTREZ M O 0 7 BE 3 8

KETIIIMETH .

& 3m TH/NER TIEAMRIEEK TR TE 7208, ENE 2 51250 T, IBER IR 502>

7=.

£ & 3m OfABHTHREROARFER TR NPHER TE 72D, £ 7°C DK% SL/min Tt L7 7r— A &£ 2°C

D7K% 10L/min T L7=7—AThH 7=
FEBRTE RS DIREIRNT 24T - TR, £ & 25m ORMRIC bl ATHE & % 2 TIREVINT 2 i L 7=, Z 0k

©

@ ® ©0

(386)



g b e seETiE  H20% H3 5 (B2 EE) MIERAERE 75

R, HOKBEF\C BRI EOT R LKROBRZ R T 5 2 L3 T& 72, FROFEE Vi, tholIUER
(CHUKRE LB D NENZ R S TG B OHARBRHISA TE 5 £ 52 5.

#H O

AWIIE L E S ZERIFEIE NG SR A EITERT & DILRWITTEIC K 0 Sfi L7z, SRRSOV B RS

B, gaAmE— RIS 5.

)
2)

3)

4)

3)

6)

7)

8)

SEXHR

AR, MRS . BRETIEE OGN T 5, AARFTITPEREE, & 12858 3 %, pp. 10-15.
il =%, EATESS, (imfEH, KIS, ATEEE] =) TRl BREMEREOHIENTE, TAA
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