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BHRTISVIR ¢, EBBRAT VIR b,
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K, =8.0+0.35(T, — T.,)
Ug[2]:JEIE, e, [hPa]: FHEOERVKAKIETH D, el
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I & B IKIREDEENN, T DIKIEIC K ZIKIRIEDH
i, KIS & 2 IKARE T ORI K 2 IKIRIEDJA T
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hi[m] BKHUE, S[C « day] IIFEEEETHS. BE
ST L IIEIERHAN S A F ADOSURZERE U T2l
TH%. Stefan XD & EAFGHEKXD o &, X (46) D
BRICH D, R-2DEMEZRALIXEEDETRT.
a=0.6 DD @ 13 0.028 THS. E-16 D Stefan &
ARG EWZE B S &, KO KI5 %
AHAELE, ZIEEECHIEME & —BL TV 5. IKIRODR!
i &Rk & TOHARNC I BB K, Stefan WU
RO S5 K 9 ICRElEZE 8T IR THHE
EZHETETWEY. —4T, RiFERIIKRORE
7z Z_ L TV A T-ORER CEEZFHBL TV,

(2) o pOKE

AR, KIREOREM L FIRMEDOLN S, %
oo, FRE B ZEINERETNVKMRBEZFIRETES
TEhRENTZ. TTTRE, Fa, FREBICBWVT,
FRAIE, I, K% & ORANEER TS XU
KPR & DERIC DWW TR 217 Tz,

AR 2005 4F 12 A5 2006 FE3 HE& L, Hf5%
& UBIATE, AHHRNSTR AR Ul R Bl A3 EE
HMEWSIFMDE &, JLiEED 13 7KRDON, HBEFR]
J7ZBRL 12 KRBT S 49 Bl & Lz, BT —
ZIF B BT BV TRAKRIZICE S F TORE 249
T— R EMEER e Uz,

R o EARER B DEHTFEICOWT, R i, 0.001
M5 3.000 OFIFAT 0.001 FEICBIHMEIC S 2 FHRAED
BN, TORENYNERZEZFEB o L
7o, IKARIEDOBTRMEL, HWTHRIEIC 350 B KRR 2
JIMECEl > Fo il Dk IRE & Uiz, R 8 13, s
BRI Z DT (25) Bk Tz, BRIZKIE by 1,
hy = A/B GfKififE Alm?], JKfifE Bm])) »5HEH
L7c. BHLTeRE o ERE B ISR LT, “FERIRE)
Bd Iy, KA L, JEKEEEE B/hy, Froude %%

F. 72 EO&E (F L0 L OBGRXZ ARG Tidt
(47) BX UK (48) DIFFEXTH 2 T2

a=aF+5b
B=aF+b

F&, “FERRAE I, “FEKEAE 1, K&
B/hy, Froude ¥ F, DFHEMNAS. a, bIFFETH
%. B a BEORE BITHEWT, & FITHT B
78, a, b OTFERZR-3, ‘-4ITRT. AMEH
X0, 8 al, B/hy, F., I, B/h,, R831%, F.,
I, B/hy, I, DIATHEDNENT EWgh>Te
BH, R o lFSARICRTT 2B ORREZ X L,
KELRD EKRZBEINE Y28 THS. FaD
VIR R LE, BEEB XTI E —1hk L 7% 585
BlERELRD, EEBICEKOWBGNRND 215
BlINEL 5B, REL B I3KIR EBRIKEESHT 0K
WElfRORREZLX L, KEL %5 LKIRZRFESE 2
FRETHB. RE B OYBEEMIE, BIKAEDAKE
SHEMNNEWIGHIIKELED, BkAEMNNE L
HEDNRZWEGEEIFTNELXS.

7. L&

RIS BV 2 FOKBIR 2RI B 7oic, It
EALERICALIE S 2 KIENNCIBWT, FHif L OKIEH &
e RAE TR & EEIERR e FO TCIRRR A T eI
Y BNk R LTz, BNFEBREERK D, HEITERK
THEBXOKDEHE 2 EARETH S T L2, K
DAHMNEXD LRERSBRTES T LRLE.

RGN ORI T DMk BISI, SR A K
BME L RFERIC KD BRORENEML, LTI
M E T2 TeHIDKEB KOHUKD FIRANEHR FLT,

32



FRICALE T 2N B THRENENL, FodhbH <
72 % 1= K ORMAELIME X N OKREIEL 720, 7K
MO EF & EBITHORN DS T & A BB &
UHUEFE D DHEE S Nz,

RO DKIRICBE LTI, JKIRDSH R % 72 KA
CIKH TR T NS 128, THIITKDEED 5 F1K
BAE 55 T EMER I Nz, KIREDORSEHRDZE
FHEHICDOWTIE, BINCE L TIEME DM E S SR
DFENEHTE RN EHRBE N

HIE U TKREDEFENCDOWT, BT Tv 7 R
BHWTOKREHEE TV 2O TR 2R AT 5
0] D B S SR 2 D T2 bk, B - Rl &
ZKMRIEDEM, FEE DIKIIC K ZIKMIEDHNN, 7R
IKIT & B IKAREE T D RRRIC K B KR IE DD HVKAR IS
OEFEXNTH D, Z OB E RN FHE L 7.

BT 5w A HWTOKRIERTREE T V2RI LT,
SR, K, BRIKGEZ N E T S E, DR
KIRIBRIEE TV ZBIR Uz, ARGHEE, BE
I K BEEOHEMN, B X Z3RTBORE, Kk
K OEEIR OB kg 2 HTIic BT o &
—EEE UTRA RN T &0, PKER DR
RKEOVEEIIFRE B z—Effie LTIRA BN T bk
EDHMEMNDH 2 DD, AWFHHWTZHIEME
DI SHRE o, FRE S ZHYNCRET B T Lick
D, KDL S OKE TEMER  HHETRETH
5 7RIz

BAFE LIKIERTERICB VT, Kiah 5Kz H#E
ETBEARZHERIKRET—EME TSI LT, K
7 — 2 DA BIKREZFET 2 FEZ2REL, 5
FAEREEOLE Z N EETH S T 2R LTz,

BEE D AR EMIT 2ICHTD, JLifEERTFERIC
FBIHERORMFOMIN ZTHE L Lic, i LTH
HekLZET.

SE XM
1) SR, s, SRE, KARE—8: 74 ATy I
FANC X BTMEDZE, 10 FFEA > 2RI T L,
pp.462-470, 1994.
2) Shen, H.T., Liu, L. : Shokotsu River ice jam forma-

33

TARFEFRICEBL UK L), Vol. 68, No. 1, 21-34, 2012.

tion, Cold Regions Science and Technology, Vol.37,

pp-35-49, 2003.

Shen, H.T., LR, 2, E2HXR, TFilfg—: #EE

MDT A AT v X2 T OWES, 5 15 BIZEMERS >R

2 L\, pp.370-375, 1999.

wiZE0h, B, IR, SFHEESE D 2010 452

ICHEWEIITRAE LT A XY v LSBT 20158, TR

=, WIS, 55 17 &, pp.353-358, 2011.

Shen, H.T. : Mathematical modeling of river ice pro-

cesses, Cold Regions Science and Technology, Vol.62,

pp.3-13, 2010.

(LR, S5 H555, 2R, Tfd— )RS DK

EIKIRDBIRICDNT, 5 16 [aIFHEAfT > > RO L,

pp-518-524, 2000.

7) FOCE, mRRIE, A, (LT KO “Break-
up” BHGOBBIN, 2 10 EEME S > RI T L,
pp-456-461, 1994.

8) &EHE, HIZEEL, RBIKE  KIE)INCHB 2 MoKEH S
DOBIHBIN-—2009 FEDOBOKKHC BT BIFDKO¥EIH LU
&G KB —, FEHI T RIRZET AR, No.684, pp.20-25,
2010.

9) AL, B, B, FEHEESE ) FEKERED

BRI E LR R R HEETE, AR, K
T8, 35 54 %, pp.1075-1080, 2010.

10) AR SEFRET, @A THEER 32, pp.4-5, 1999.

11) /112850, HHBERX, SIS, FHEEE @ @i)iics
F BIDKAE) LK 2RI BT 298, LARF, )l
RS CER, 55 16 %, pp.247-252, 2010.

12) Shen, H.T. and Chiang, L.-A. : Simulation of growth

and decay of river ice cover, Journal of Hydraulic En-

gineering, Vol.110, No.7, pp.958-971, 1984.

S — < AR OIKEE, AR EIKERES, 5 22

EK AR 5 EIHE e, A-1, 1986.

BLKOEM, HATKEE, #ASNE, pp.91, pp.103-

105, pp.241, 2002.

SEREVILE - KB ORSGY:, WaENE, pp.26, pp.252-

253, 1994.

16) SREHFTHL @ WJIOADK & T AU S KB B9 2 W55,
EARGERATHE, 2538 5, 1965.

17) Ashton, G.D., Ed.: River Lake Ice Engineering, Wa-
ter Resources Publications, pp.233-236, pp.289, 1986.

18) RPEHVAH  kFEE 1, FRILHAR, pp.145, 1981.

19) FH)IZ850, HEEHR, B, EHEEAN DK TICBT

2 RIKIEDERHE, TS, KIFEHRE, & 53

%, pp.1027-1032, 2009.

12850, EBRXK, B, SPHEEE @ i)RKEED

1 ZoKIRATRIC B9 2 —8%¢, TARYE, FICAMH

THEAAEMIEEE, 35 65 @, pp.409-410, 2010.

=)12850, MEBHRR L wEEI L) INC 3B % EokDIK

{b7z2E & UTOKEEATRI R O—E5E, Tt AR A

#, No.668, pp.20-30, 2009.

13)
14)

15)

20)

21)

(2011. 4. 18 Bf1)



TARFEFRICEBL UK L), Vol. 68, No. 1, 21-34, 2012.

THE PHENOMENON OF BREAKUP IN A FROZEN RIVER AND
DEVELOPMENT OF A PRACTICAL FORMULA FOR ICE SHEET
THICKNESS CALCULATION

Yasuhiro YOSHIKAWA, Yasuharu WATANABE, Hiroshi HAYAKAWA and Yasuyuki HIRAI

Technologies to estimate the timing of breakup and ice sheet thickness in advance help with ensuring
safety and developing work plans for construction work in rivers and flow observation in wintry conditions.
In this study, non-contact measurement of ice sheet thickness was conducted until the thawing season to
clarify the breakup phenomenon. To determine the factors affecting measured ice sheet thickness, the
influences of three factors on thickness variations were evaluated quantitatively. In addition, a practical
equation for ice sheet calculation using the air temperature, water temperature and effective water depth
as independent variables was developed by Coeflicient o« and 3 based on an ice sheet thickness calculation
model using heat flux.
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