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㸯㸬࡟ࡵࡌࡣ 
� ᘓ⠏≀࡟స⏝ࡿࡍὠἼࡢỈᖹຊࡸ㖄┤ຊࡣᘓ⠏≀ࡢ๓㠃ᾐỈ῝ hࡀ᥎ᐃ࡛ࡤࢀࡁ㸪᪤ ࡢ◊
✲ᡂᯝ࡚࠸⏝ࢆ᥎ᐃྍ⬟࡞≧ἣࡿ࠶࡟  ࠋ(1
� ῝ỏ℃ỈࡢධᑕὠἼࡣ῝๓㠃ᾐỈࡢ≀ᘓ⠏ࡢࡑ hiᩘࢻ࣮ࣝࣇ࡜ Friࡃ࡞࡛ࡅࡔ㸪ᘓ⠏≀ࡢᙧ
≧ 2)㸪ྥࡁ㸦ὠἼࡢධᑕゅ㸧㸪㓄⨨㛫㝸㸦ࡂ࡞ࡘ✵㛫㸧㸪㛤ཱྀ⋡ Op3)ࡶ࡟౫ᏑࠋࡿࡍὠἼỏ℃
ὶࡀ㛤ཱྀ㒊ࢆ᭷ࡿࡍᖜᗈࡢᏙ❧ࡓࡋ┤᪉య RC 㐀ᘓ⠏≀࡬┤ゅ࡟ධᑕࡿࡍሙྜ㸦ᅗ�2 ᕥᅗ࡜ᅗ
�3 ୖᅗཧ↷㸧ࡢධᑕὠἼ᮲௳ࡓ࠸⏝ࢆ๓㠃ᾐỈ῝ࡢ᥎ᐃἲ㸦༢ᩘࡢᩘ「ࡣࡓࡲ௵ពᙧ≧ࡢ㛤ཱྀ
㒊ࢆ 1 ࡿ࠶࡛ࡳ῭ᥦ᱌ࡣ㸧ࡃ㝖ࡣ᪉ἲࡿࡍ⟭᥮࡟ᙧ㛤ཱྀ㒊▴ࡢࡘ ࡢពᖜ௵ࡿࡍ᭷ࢆ㛤ཱྀ㒊ࠋ(4
┤᪉య RC 㐀ᘓ⠏≀ࡀὠἼỏ℃ὶࡢᶓ᩿᪉ྥ࡟༢ิ㸪」ᩘࡾ࠶㸪ྛᘓ⠏≀ࡀ஫ࡢ࠸๓㠃ᾐỈ῝
ሙྜ㸦ᅗ�2࡞ⓗ⯡୍࠺ྜࡋࡰཬࢆᙳ㡪࡟ ྑᅗ࡜ᅗ�3 ୗᅗཧ↷㸧ࡢ๓㠃ᾐỈ῝ࡢ᥎ᐃἲࡣᮍᥦ
᱌࡛ࠋࡿ࠶」ิ㸪」ᩘࡢሙྜࡀࡿࢀࡽ࠼⪄ࡀ 5)㸪ᮏ◊✲࡛ࡣᑐ㇟እ࡛㸪௒ᚋࡢㄢ㢟ࠋࡿࡍ࡜ 
� ࡢ᪉య┤ࡿࡍ᭷ࢆ㛤ཱྀ㒊ࠖ࡜㛫✵ࡂ࡞ࡘࠕࡣ✲◊㸪ᮏ࡛ࡇࡑ RC 㐀ᘓ⠏≀࡬ὠἼࡀ┤ゅ࡟ධ
ᑕࡿࡍሙྜࢆᑐ㇟࡟ධᑕὠἼ᮲௳ࡓ࠸⏝ࢆ๓㠃ᾐỈ῝ࡢ᥎ᐃἲ୍ࡢ⯡໬ࢆヨࡳ㸪᥎ᐃ್࡜ᐇ㦂
್  ࠋࡿࡌㄽࢆ᭷⏝ᛶࡢ㸪ᥦ᱌᥎ᐃἲ࡚ࡋ㏻ࢆẚ㍑᳨࣭ウࡢ(4
㸰㸬๓㠃ᾐỈ῝ࡢ᥎ᐃἲ�
����཯ᑕẁἼⓎ⏕᮲௳ 
� ᅗ�1 ࡉ㧗࡟ 0.50 m㸪ᖜ 0.30 m㸪඲㛗 12.0 m ᐃᖖὶᐇ㦂࡛ࡢ㗰〇▴ᙧỈ㊰ࡾᙇࢫ୧㠃࢞ࣛࡢ
ᚓࡓࢀࡽ┤᪉య㸦㛤ཱྀ㒊ࡋ࡞㸧ࡢᘓ⠏≀ᶍᆺ๓㠃ࡿࡅ࠾࡟཯ᑕẁἼࡢⓎ⏕᮲௳౛ࠋࡍ♧ࢆᅗ୰㸪
B ᘓ⠏≀ᖜ㸪Dࡣ Ỉ㊰ᖜ㸪Qࡣᘓ⠏≀ዟ⾜㸪Bƍࡣ ὶ㔞㸪hiࡣ ධᑕỈ῝㸪ࡿࡅ࠾࡟⨨ᘓ⠏≀఩ࡣ
Friࡣධᑕᩘࢻ࣮ࣝࣇ㸪I ᐇ㦂ࡢᩘࢻ࣮ࣝࣇ㸪ධᑕࢀࡽ㝈ࡀᗏ㠃໙㓄࡜ὶ㔞ࠋࡿ࠶ᗏ㠃໙㓄࡛ࡣ
⠊ᅖࡀ࠸⊂ࡀ㸪⌧ẁ㝵࡛ࡢᘓ⠏≀๓㠃ࡿࡅ࠾࡟཯ᑕẁἼⓎ⏕᮲௳࡚ࡋ࡜ᘧ�1�ࡀᚓࠋࡿࢀࡽ 
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����᥎ᐃἲ୍ࡢ⯡໬ 
� ࡢ᪉య┤ࡿࡍ᭷ࢆ㛤ཱྀ㒊࡜㛫✵ࡂ࡞ࡘ RC 㐀ᘓ⠏≀࡬ὠἼࡀ┤ゅ࡟ධᑕࡿࡍሙྜࡢ๓㠃ᾐỈ
῝ hࢆධᑕὠἼ᮲௳࡛᥎ᐃࠋࡿ࠼⪄ࢆ࡜ࡇࡿࡍὠἼࡀᘓ⠏≀ࢆ㉺ὶ࠸࡞ࡋሙྜࢆᑐ㇟ࠋࡿࡍ࡜ 
� Ỉᖹᗋୖࡢᐃᖖⓗ࡞ධᑕὠἼỏ℃ὶࠋࡿ࠼⪄ࢆᅽຊࡣ㟼Ỉᅽศᕸࠋࡿࡍ࡜ᅗ�2 ྑᅗࡸᅗ�3
࡯࡟ᶓ᩿୧᪉ྥ⦪ࡢὠἼỏ℃ὶࡀ῝㸪๓㠃ᾐỈ࡚ࡃ⊂ࡀ㛫✵ࡂ࡞ࡘࡢ㸪ᘓ⠏≀㛫࡟࠺ࡼࡍ♧࡟
℃ỏࡢධᑕὠἼ࠸࡞࠸࡚ࡅཷࢆᙳ㡪ࡢ≀ᘓ⠏ࠋࡿ࠼⪄ࢆሙྜࡿࡍ⏕Ⓨࡀ཯ᑕẁἼࡿ࡞࡜ᵝ୍ࡰ
Ỉ῝࡜ỏ℃ὶ㏿ࠎྛࢆhi㸪ui㸪ධᑕὠἼ⾪✺ᚋࡢᘓ⠏≀⫼㠃ࡿࡅ࠾࡟ᾐỈ῝᩿࡜㠃ᖹᆒὶ㏿ࢆ
hr㸪urࠎྛ ๓㠃࡛┤ࡢ≀ᘓ⠏࡜㛫✵ࡂ࡞ࡘࡿࡅ࠾࡟཯ᑕẁἼ㡿ᇦෆࡢධᑕὠἼ⾪✺ᚋࠋࡿࡍ࡜
㏿㠃ᖹᆒὶ᩿ࡢ ufop࡜ ufB࡜ࡿ࡞␗ࡣ᥎ᐹࠋࡿࢀࡉ཯ᑕẁἼ㡿ᇦෆୖὶ㒊᩿ࡿࡅ࠾࡟㠃ᖹᆒὶ㏿
㸦ỏ℃ὶࡢᶓ᩿᪉ྥ୍࡟ᵝ࡜௬ᐃ㸧ࢆ uf㸪ࡂ࡞ࡘ✵㛫┤๓㠃᩿ࡿࡅ࠾࡟㠃ᖹᆒὶ㏿ ufop ࢆ kuf
㸦kӋ1 ࡛㸪཯ᑕẁἼୖὶ㡿ᇦࠕࡢᨭ㓄ᇦᖜಀᩘ᩿ࠖࡣࡓࡲ㠃ᖹᆒὶ㏿ࠕࡿࡍ⌧⾲ࢆὶ㏿ಀᩘࠖ 
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* A method for estimating the reflected tsunami inundation depth at the front of RC building with a 
connection space and aperture     by Hideo MATSUTOMI, Tomoe KONNO and Shunsuke TAKAO 
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ᅗ�2� ὶ࣮ࣥࢱࣃࡢࢀ㸦ᕥ㸸ᖜᗈࡢᏙ❧ࡓࡋ RC 㐀ᘓ⠏≀ࡢሙྜ㸦᪤ሗ 4)㸧㸪ྑ㸸⊃ࡂ࡞ࡘ࠸

✵㛫ࡢ RC 㐀ᘓ⠏≀ࡢሙྜ㸦ᮏ◊✲㸧ࠋ㟷ᐇ⥺ࡢỈ㠃ࡣ㛤ཱྀ㒊࠸࡞ࡀሙྜ㸧 
 

Sparse Case

hi

aB

B

y y

Aop a, Op

: approx.
yp+hp/2 yp+hp/2

yp- hp/2 yp- hp/2

: Case of RC building 
without aperture

 

y y

Aop a, Op

Dense Case

B
B'

aB : approx.
yp+hp/2

yp- hp/2

yp+hp/2

yp- hp/2h
blg. +blg.

h

: Case of RC building without aperture  

ᅗ�3� ࡓࡋ❧Ꮩࡢ໬㸦ୖ㸸ᖜᗈࣝࢹࣔࡢ㛤ཱྀ㒊࡜㛫✵ࡂ࡞ࡘ RC 㐀ᘓ⠏≀ࡢሙྜ㸪ୗ㸸⊃ࡘ࠸
ࡢ㛫✵ࡂ࡞ RC 㐀ᘓ⠏≀ࡢሙྜࠋ㟷ᐇ⥺ࡢỈ㠃ࡣ㛤ཱྀ㒊࠸࡞ࡀሙྜ㸧 
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Bƍ/B-1�2uf2/2g࡛㸪ṇ್㸧㸪�k-1�2�ᦆኻỈ㢌㸦=࣮ࢠࣝࢿ࢚ࡿࡅ࠾࡟࡛ࡲᘓ⠏≀┤๓㠃ࡣ㸪hlB࡛ࡇࡇ
hlopࡂ࡞ࡘࡣ✵㛫┤๓㠃࣮ࢠࣝࢿ࢚ࡿࡅ࠾࡟࡛ࡲ฼ᚓỈ㢌㸦=-�k2-1�uf2/2g࡛㸪㈇್㸧㸪Bƍࡣᘓ⠏
≀ᖜࡂ࡞ࡘ࡜✵㛫ᖜྜࡢィᖜ㸪ȗࡣᗈ⩏࣮ࢠࣝࢿ࢚ࡢᦆኻಀᩘ 4)㸪gࡣ㔜ຊຍ㏿ᗘ࡛ࠋࡿ࠶ 
� ཯ᑕẁἼ㡿ᇦෆୖࡢὶ㒊ࡽ࠿ୗὶ㒊ࡓࡅ࠿࡟㡿ᇦࡿࡅ࠾࡟㉁㔞ಖᏑ๎ࡣḟᘧ࡛ࠋࡿ࠶ 

� � � � fppffBf hkuBBuaBhhkuBBBhuhuB �c� �c� c                       (3) 

㛤ཱྀ㒊ᖜࡣ㸪a㸦0ӊa<1㸧࡛ࡇࡇ aB㸭ᘓ⠏≀ᖜ B㸪hpࡣ㛤ཱྀ㒊ࡢ᥮⟬㧗ࡉ㸦༢ᩘࡢᩘ「ࡣࡓࡲ௵
ពᙧ≧ࡢ㛤ཱྀ㒊ࢆ 1 㛤ཱྀ㒊ෆ㸦᩿ࡣᚋ㏙㸧㸪upࡣ᥮⟬ἲࠋࡉ㧗ࡢࡁ࡜ࡓࡋ⟭᥮࡟ᙧ㛤ཱྀ㒊▴ࡢࡘ
㠃 aB×hpࡢ▴ᙧ㒊ෆ㸧᩿ࡢ㠃ᖹᆒὶ㏿࡛ࡾ࠶㸪ࠕ཯ᑕẁἼ㡿ᇦෆࡢᾐỈ῝୍ࡣᐃࠖࠕ࡜ᘓ⠏≀
┤๓㠃ࡿࡅ࠾࡟ὶయࡣ㛤ཱྀ㒊ࡽ࠿඲࡚ᢤࡅฟ࠺࠸࡜ࠖࡿ௬ᐃࢆᑟධࠋࡿ࠸࡚ࡋ 
� ᘧ�3�ࡽ࠿ᘓ⠏≀┤๓㠃᩿ࡿࡅ࠾࡟㠃ᖹᆒὶ㏿ ufB࡚ࡋ࡜^k-�k-1�Bƍ/B`ufࢆᚓࠋࡿk ࡣ 1ӊkӊBƍ/ 
�Bƍ-B�್ࡢᇦ࡛㸪୍ ᅗ�4ࢆࣝࢹ᩿ࣔ⦪ࡢ✲◊ᮏࡿࡅ࠾࡟๓⫼㠃ࡢ≀ᘓ⠏ࠋࡿ࠶ᮍᐃ࡛࡟⯡ �ࠋࡍ♧
� ධᑕὠἼࡀᐃᖖⓗ࡛㸪ᅽຊࡀ㟼Ỉᅽศᕸࡿࡍሙྜ㸪Stoker ⌮ㄽ ࠶ࡀ㛤ཱྀ㒊ࡸ㛫✵ࡂ࡞ࡘࡣ(6
2ࠋࡿࡁᣑᙇ࡛࡬ሙྜࡿ ḟඖ┤❧ቨ㸦㉺ὶࡴྵࢆ㸧ࡂ࡞ࡘࡸ✵㛫㸪ᘓ⠏≀ࡢ㛤ཱྀ㒊ࢆ᝿ᐃ࡚ࡋ㸪
ᒾᓮ࣭ᐩᶔ 7)㸪ᐩᶔ࣭ྂ㈡ 8)㸪ụ㇂ࡽ ᯇ෠࣭ᑠ㔝࡜(11-(9 ♏㸪ᇶࡾ࠾࡚ࡋ♧ᥦࢆᣑᙇ⌮ㄽࡢࡑࡀ(4
ᘧࡣᘧ�4�࡜�ࠋࡿ࠶࡛�5 

182



D

h
ui

ufB
hi

RC
Building

hrur

loss

loss

Ȧ
loss

yphp
uf

DB

H aB
hp

Side viewFront view

yp

 
ᅗ�4� ᘓ⠏≀๓㠃ᾐỈ῝ hࡢ᥎ᐃࣔ࡜ࣝࢹ㛤ཱྀ㒊ࡢᐃ⩏ 

� � � �fii uhuh � � ZZ                                     (4) 

� � � � 22

2
1

2
1 ghghuuhuuh iffiii � ��� ZZ                            (5) 
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� ๓㠃ᾐỈ῝ࡣ㸪ࡂ࡞ࡘ✵㛫࡜ᘓ⠏≀ࡢ㛤ཱྀ⋡ࡶ࡚ࡗ࠶࡛ࡌྠࡀ㸪㛤ཱྀ㒊ࡢ఩⨨ࡸᙧ≧㸪ෆ㒊
≧ἣࠋࡿ࠶࡛ࡎࡣࡿ࡞␗࡛࡝࡞ᘧ�6�ࡣ uf/ui࡜ Fri࡚ࡋ࡜ࢱ࣮࣓ࣛࣃࢆゎࡀࡿࢀ࠿㸪uf/ui࡜㛤ཱྀ
ࠋࡿࢀࡽ࠼⪄࡟ᩘ↓୙ᐃ࡛㸪ࡣ㛵ಀࡢ࡜࡝࡞㛫✵ࡂ࡞ࡘ఩⨨㸪ᙧ≧㸪ෆ㒊≧ἣ㸪ࡢ㛤ཱྀ㒊ࡸ⋠
 ࠋࡿࡍᥦ᱌ࢆ㏆ఝゎἲࡿࡁᑐᛂ࡛࡟ㅖඖࡢ≀ᘓ⠏࡜㛫✵ࡂ࡞ࡘࡢࠎ㸪ಶ࡛ࡇࡑ
� ᘓ⠏≀ࡢ㛤ཱྀ㒊㡿ᇦࡿࡅ࠾࡟㉁㔞࡜㐠ື㔞ࡢಖᏑ๎ࡣᘧ�7�㸦ᘧ�3�ࢆኚᙧ㸧࡜�ࠋࡿ࠶࡛�8�
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1                   (8) 

㸪yp࡛ࡇࡇ 㸪fࡉ㧗ࡢ࡛ࡲ㛤ཱྀ㒊୰ᚰࡽ࠿ᆅ㠃ࡣ ᡂᦶ᧿ಀᩘ㸪Wྜࡣ ๓ࡀ⨨఩➃ୖࡢ㛤ཱྀ㒊ࡣ
㠃ᾐỈ఩௨ୗࡢሙྜࡣ 1㸪๓㠃ᾐỈ఩ࡢୖࡾࡼሙྜࡣ 0.5㸪ྑ㎶ࡢ㸦㸧ෆࡣ↓ḟඖ໬ࡓࢀࡉ₶㎶
ᛂຊ᩿ࢇࡏቨ㠃ࡢ㸪㛤ཱྀ㒊ෆ್༙ࡢ Ĳ0 ࡜⩏ᐃࡢ A㸦ᘓ⠏≀⫼㠃ࡢࡽ࠿㟼Ỉᅽຊ㡯㸧ࡣ ȡ ὶయࢆ
ᐦᗘ࡚ࡋ࡜ḟᘧ࡛ࠋࡿ࠶ 
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� ᘧ�11�ࡢゎᯒゎࡢᑟฟࡣ㞴࡛ࡢ࠸ࡋ㸪ᮏ◊✲࡛ࡣ㏲ḟィ⟬ࡾࡼ࡟ゎࢆᚓࡔࡓࠋࡿࡍ࡟࡜ࡇࡿ
㸪kࡋ ࡓࡋ❧Ꮩࡢᖜᗈࡣ RC 㐀ᘓ⠏≀㸦k=1㸧ࡂ࡞ࡘ࠸⊂࡜✵㛫࡛㛤ཱྀ㒊࠸࡞ࡀ RC 㐀ᘓ⠏≀
㸦k=Bƍ/�Bƍ-B�㸧ࡢሙྜࢆ㝖࡚࠸ᮍᐃ࡛㸪ู㏵ࡢࡑホ౯᪉ἲࢆ⪃᱌ࡿࡍᚲせࡿ࠶ࡀ㸦ᚋ㏙㸧ࠋ 
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㸱㸬㛤ཱྀ㒊ࡢ᥮⟬ἲ࡜๓㠃ᾐỈ῝ࡢィ⟬ἲ�
� ከᵝ࡞㛤ཱྀ㒊࡟ᑐᛂࡵࡓࡿࡍ㸪༢ᩘࡢᩘ「ࡸ௵ពᙧ≧㛤ཱྀ㒊ࢆ 1  ࠋࡿࡍ⟭᥮࡟ᙧ㛤ཱྀ㒊▴ࡢࡘ
����ᖜᗈࡢᏙ❧ࡓࡋ RC㐀ᘓ⠏≀ࡢሙྜ 
����ᘓ⠏≀࡟㛤ཱྀ㒊࠸࡞ࡀሙྜ 
� 㛤ཱྀ㒊ࡵࡓ࠸࡞ࡀ㸪㛤ཱྀ㒊ࡢ᥮⟬ࡣᚲせࠋ࠸࡞ 
� ๓㠃ᾐỈ῝ࡣ Stoker ⌮ㄽ࡚࠸⏝ࢆィ⟬ࠋࡿࡍලయⓗࡣ࡟ uf/ui=0 ࡃゎࢆ�6�㸪ᘧ࡚ࡋ࡜  ࠋ(4
����ᘓ⠏≀࡟㛤ཱྀ㒊ࡿ࠶ࡀሙྜ 
� ๓㠃ᾐỈ῝ࡀ኱࡚ࢀࡘ࡟ࡿ࡞ࡃࡁ㸪୍⯡࡟㛤ཱྀ㒊㠃✚ Aopࡢቑຍ⋡ࡸ a㸪㛤ཱྀ⋡ Opࡣᅗ�3ୖ
ᅗྑࡢ 2 㸦ᅗ�3್࡞ᖹᆒⓗࡢࡽࢀࡑࡣ࡛⟭᥮ࡢ✲◊ᮏࠋࡿࡍኚື࡟࠺ࡼࡍ♧࡛⥺㉥ᐇࡢᅗࡢࡘ
ୖᅗྑࡢ 2 㸪1ࡋ⏝᥇ࢆ㉥◚⥺㸧ࡢᅗࡢࡘ ࡢ㸪㛤ཱྀ㒊ࡣ࡟ලయⓗࠋࡿࡍ⟭᥮࡟ᙧ㛤ཱྀ㒊▴ࡢࡘ
ୗ➃఩⨨㸦=yp-hp/2㸧ୖ࡜➃఩⨨㸦=yp+hp/2㸧ࡣᐇ㝿ࡢ఩⨨ࢆ᥇⏝ࡋ㸪ᐇ㝿ࡢ㛤ཱྀ㒊࡜᥮⟬ࡓࡋ
▴ᙧ㛤ཱྀ㒊ࡢ f�W+hp/aB�࡟࠺ࡼࡿࡍ⮴୍ࡀ᥮⟬ࠋࡿࡍ 
� ๓㠃ᾐỈ῝ࡣ㸪Ꮩ❧ࡓࡋ RC 㐀ᘓ⠏≀ࡢሙྜࡢ k ࡣ 1 㸪k=1ࡾ࠶࡛ ࡍ⟭ィࡽ࠿�11�ᘧ࡚ࡋ࡜
఩➃ୖࡢ㛤ཱྀ㒊ࢆ㸪๓㠃ᾐỈ఩ࡣሙྜ࠸࡞ࡋ㐩࡟⨨఩➃ୖࡢ㛤ཱྀ㒊ࡀ㸪๓㠃ᾐỈ఩ࡋࡔࡓࠋࡿ
ࡕࢃ࡞ࡍど㸪↓ࢆ᧿ᡂᦶྜࡢ㸪㛤ཱྀ㒊ୖ➃㠃ࡋ௬ᐃ࡜⨨ W=0.5 㸪ึࡣィ⟬ἲ࡞ලయⓗࠋࡿࡍ࡜
ᮇ࡟ᑠࡢࡵࡉ hpࢆ௬ᐃࡋ㸪hpࢆᚤቑࡽࡀ࡞ࡏࡉ㸪ୖ➃఩⨨࡜ᘧ�11�ࡽ࠿ィ⟬ࡿࢀࡉ๓㠃ᾐỈ఩
 ࠋࡿࡍᐇ᪋ࢆ⟭㏲ḟィ࡛ࡲࡿࡍ⮴୍ࡀ
ࡢ㛫✵ࡂ࡞ࡘ࠸⊂���� RC㐀ᘓ⠏≀ࡢሙྜ 
����ᘓ⠏≀࡟㛤ཱྀ㒊࠸࡞ࡀሙྜ 
� 㛤ཱྀ㒊ࡵࡓ࠸࡞ࡀ㸪㛤ཱྀ㒊ࡢ᥮⟬ࡣᚲせࠋ࠸࡞ 
� ๓㠃ᾐỈ῝ࡢィ⟬ἲ࡚ࡋ࡜ḟࡢ 2  ࠋࡿࢀࡽ࠼⪄ࡀࡘ
� 1 ࢆ㛤ཱྀ㒊㸦Op=0.1%⛬ᗘ㸧࡞ࡉᑠ࡟㸪௬᝿ⓗࡋ᝿ᐃࢆ࡝࡞㏻㢼ཱྀࡓࡋ࡜ⓗ┠ࢆᗋୗ᥮Ẽࡣࡘ
ᆅ㠃௜㏆࡟タࡿࡅ᪉ἲ㸦௬᝿㛤ཱྀ㒊ἲϨ㸧࡛ࠋࡿ࠶ලయⓗ࡞ィ⟬ἲࡣḟ㡯ࡢ ������࡛㏙ࠋࡿ࡭
㸪࠼ゝࡣ࡜ࠋࡿ࠶ࡀḞⅬࡿࡍኚ໬ࡀ῝఩⨨ḟ➨࡛๓㠃ᾐỈ࡜ࡉࡁ኱ࡢ௬᝿㛤ཱྀ㒊ࡣ࡟᪉ἲࡢࡇ
ᑐ㇟஦౛ࡀከ࠸ ������࡛㏙ࡿ࡭ィ⟬ἲ୍ࡢ࡜㈏ᛶࡸ๓㠃ᾐỈ῝ࢆ኱ࡵࡁ㸦Ᏻ඲ഃ㸧࡟ホ౯ࡿࡍ
㸦ᅗ�7 (b)ཧ↷㸧࡜ࡿ࠼⪄ࢆ࡜ࡇ㸪ࡢࡇ᪉ἲࡀ᥎ዡࠋ࠺ࡼࢀࡉ 
� ࠺ࡶ 1 ィᖜྜࡢ㛫ᖜ✵ࡂ࡞ࡘ࡜ᘓ⠏≀ᖜࡣࡘ Bƍࢆᘓ⠏≀ᖜ B࠼⪄࡜㸪ࡂ࡞ࡘ✵㛫ᖜ㸦=Bƍ-B㸧
࡜ Bƍࡢẚࢆ aࡿ࠼⪄࡜᪉ἲ㸦௬᝿㛤ཱྀ㒊ἲϩࠋᅗ�2ྑᅗ࡜ᅗ�3ୗᅗཧ↷㸧࡛ࡢࡇࠋࡿ࠶ሙྜ㸪
ᐇ㝿ࡢ k ࡣ Bƍ/�Bƍ-B�࡛ࡀࡿ࠶㸦ࡢࡇ k 㸧㸪k=1࠸࡞ࡁ࡛⏝฼ࡣ�11�ሙྜ㸪ᘧࡢ ࡍ᭷ࢆ㛤ཱྀ㒊ࡢ
ࡣ࡜࠶ࠋࡿ࠶ᆅ㠃㸦y=0㸧࡛࡟ᖖࡣ⨨ୗ➃఩ࡢ㛤ཱྀ㒊ࠋࡿࡏ࡞ぢࡶ࡜≀ᘓ⠏ࡓࡋ❧Ꮩࡢᖜᗈࡿ
࡟᪉ἲࡢࡇࠋ࠸ࡼࡤ࠼⾜ࢆゎᯒࡌྠ࡜ሙྜ࠸࡞ࡋ㐩࡟⨨఩➃ୖࡢ㛤ཱྀ㒊ࡀ๓㠃ᾐỈ఩ࡢ������
 ࠋ㸦ᚋ㏙㸧ࡿ࠶ࡀၥ㢟࠺࠸࡜࠿࠸ࡼ࡚ࡋ⏝㐺ࢆ�8�࡜�7�ᘧ࡟ࢀὶࡢ㛫✵ࡂ࡞ࡘࡣ
� ᮏ᮲௳ࡢሙྜࡣ࡚࠸ࡘ࡟㸪ụ㇂ࡽ  ࠋࡿ࠸࡚ࡋ♧ࢆ᪉࡛ホ౯ἲ࠼⪄ࡢูࡀ(11
����ᘓ⠏≀࡟㛤ཱྀ㒊ࡿ࠶ࡀሙྜ 
� 㛤ཱྀ㒊ࡢ᥮⟬ࡣ  ࠋ࠺⾜࡟ᵝྠ࡜ሙྜࡢ������
� ࡢሙྜࡢࡇ kࡣᮍᐃ࡛㸪ࡢࡑホ౯ἲࢆ௨ୗࠋࡍ♧࡟ 
� 㛤ཱྀ㒊ࢆ㏻㐣ࡿࡍὶ㔞ࢆ QB㸪ࡂ࡞ࡘ✵㛫࡜㛤ཱྀ㒊ࢆ㏻㐣ྜࡿࡍィὶ㔞ࢆ QT ሙྜ㸪kࡓࡋ࡜
ẚࡢ⪅୧ࡓࡋ⌧⾲࡚࠸⏝ࢆ Rtࡣḟᘧ࡛ࠋࡿ࠶ 
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� ୍᪉㸪ཝᐦࢆࡉᤞ࡚㸪㏻㐣ࡿࡍὶ㔞ࡣ㛤ཱྀ㒊ࡂ࡞ࡘࡸ✵㛫ࡓࡗ࠸࡜ሙᡤࡢ㐪࡟࠸㛵ಀࡃ࡞㸪
኱࡞ࡁ㈓Ỉᐜჾࡽ࠿ࢫ࢕ࣇࣜ࢜ࡢỈࡀὶฟࡿࡍሙྜࡢ Bernoulli ㏿ὶࡿࢀࡉ⟭ィࡽ࠿⌮ᐃࡢ
㸦=¥2g�h-y�࡛ࡇࡇࠋ㸪yࡣᐜჾᗏ㠃㸦ᆅ㠃㸧ࢆཎⅬࡓࡋ࡜㖄┤ᗙᶆ㸧࡜ὶ✚せ⣲㸦=�aB+Bƍ-B�dy㸧
ẚࡢィὶ㔞ྜ࡜ὶ㔞ࡿࡍ㏻㐣ࢆ㸪㛤ཱྀ㒊ࡤࢀࡍ௬ᐃ࡜ࡿࡲศ࡛ồ✚ࡢ✚ࡢ Rmࡣḟᘧ࡛ࠋࡿ࠶ 
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� kࡣᘧ�12�࡜�ࡢ�13ẚࡿࡍ⮴୍ࡀሙྜ࡚ࡋ࡜Ỵᐃࠋࡿࢀࡉ�
� ๓㠃ᾐỈ῝ hࡣᘧ�11�㸪�12�࡜�ࢆ�13㐃❧࡚ࡏࡉィ⟬ࠋࡿࡍ๓㠃ᾐỈ఩ࡀ㛤ཱྀ㒊ୖࡢ➃఩⨨
ࡣሙྜ࠸࡞ࡋ㐩࡟  ࠋ࠺⾜ࢆゎᯒࡌྠ࡜ሙྜࡢ������
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ᅗ�5� ᐇ㦂Ỉ㊰ࡢᴫ␎㸪 ᐃᶵჾࡢ㓄⨨࡜ㅖグྕࡢᐃ⩏ 

 
Op=25% (U)3.5

Op=25% (L)3.5

7.0 7.0

14.0

B=7.0 7.0 7.0

Op=10% (U)

Op=10% (L)

7.0 7.0

Op=5% (U)

Op=5% (L)

 
ᅗ�6� ᘓ⠏≀ᶍᆺㅖඖࡢヲ⣽㸦⦰ᑻࡣ 1/100㸪༢఩ࡣ cm㸪ዟ⾜ D ඲࡚ࡣ 5.4 cm㸪㛤ཱྀ⋡ Opࡣ

ᘓ⠏≀๓㠃ࡢ඲⾲㠃✚࡟ᑐࡢࡶࡿࡍ㸧 
 

⾲�1� ᶍᆺᐇ㦂ࡢ᮲௳ 
㈓Ỉ῝  hU  (cm) 25.5, 27 
㟼Ỉ῝  h0  (cm) 5.0, 6.7, 8.7
ᩳ㠃໙㓄  S 1/26 
ᆅ┙㧗  hG  (cm) 3.7, 2, 0 
ᗋ� 㧗  hB  (cm) 0 
㛤ཱྀ⋡  Op  (%) 0, 5, 10, 25

ᶍᆺࡢ㧗ࡉ  H  (cm) 14 
ᶍᆺࡢᖜ  B  (cm) 7 
ᶍᆺࡢዟ⾜  D  (cm) 5.4 

 
㸲㸬ᶍᆺᐇ㦂�
� ὠἼỏ℃ὶࢺ࣮ࢤࡣᛴ㛤ὶ࡛ࢀᶍᨃࠋࡓࡋᐇ㦂Ỉ㊰ࡢᴫ␎㸪 ᐃᶵჾࡢ㓄⨨࡜ㅖグྕࡢᐃ⩏
ᅗ�5ࢆ ࡀࡉ㧗ࡣᐇ㦂Ỉ㊰ࠋࡍ♧࡟ 0.50 m㸪ᖜࡀ 0.30 m㸪㈓Ỉ㛗 LUࡀ 5.0 m㸪୍ᵝỈ῝㒊㸦㟼Ỉ
῝ h0=0.050㹼0.087 m㸧㸪୍ ᵝ໙㓄ᩳ㠃㒊㸦໙㓄 S=1/26㸧㸪ᖹᆠ࡞㝣ୖ㒊㸦ᆅ┙㧗 hG=0㹼0.037 m㸧
ࡀm㸪඲㛗 2.0ࠎྛࡀ 11.0 m  ࠋࡿ࠶㗰〇▴ᙧỈ㊰࡛ࡾᙇࢫ୧㠃࢞ࣛࡢ
� ᘓ⠏≀ᶍᆺㅖඖࡢヲ⣽ࢆᅗ�6 ࡣእᙧࡢᶍᆺࠋࡍ♧࡟ 2011 ᖺᮾ໭ὠἼ࡟ࡁ࡜ࡢ⿕⅏ࡓࡋᐑᇛ
┴ዪᕝ⏫ࡢ 4 㝵ᘓ࡚᪑㤋 ⋠㛤ཱྀࡢ≀ᘓ⠏ࠋࡿ࠸࡚ࡋᶍᨃࢆ(3 Opࡣ௬᝿ⓗࠕ࡞❆㸦㛤ཱྀ㒊㸧ࠖࡋ࡞
㸦㛤ཱྀ⋡ 0 %㸧࡜ᐇ㝿ⓗࠖࡾ࠶❆ࠕ࡞㸦㛤ཱྀ㒊ࡣᾏഃ࡜㝣ഃୖࡢ㒊ࡣࡓࡲୗ㒊ࡾ࠶࡟㸪୧⪅ࡢ
㛤ཱྀ⋡ࡢ୍ྠࡣ 5㸪10㸪25 %㸪୧ഃቨࡣ 0 %㸧ࡢ 7 ✀㢮ࠋࡓࡋ࡜ᶍᆺྛࡢ㝵ࡢᗋࡣṆỈ࡚ࢀࡉ
ᛴᣑ࣭ᛴ⦰≧ែࡣ㛤ཱྀ㒊ࡢ㝣ഃ࡜㸪ᾏഃࡓࡲࠋࡿࡲṆ࡟㝵ࡢࡑࡣỈࡓࡋὶධࡽ࠿㸪㛤ཱྀ㒊ࡾ࠾
ࡣᑻ⦰ࠋࡿ࠸࡚ࡗ࡞࡜Ὕ≧ែ✵࠸࡞ࡢ࡝࡞㝸ቨࡣ㸪ᶍᆺෆࡾ࠶࡛ 1/100 ࡛㸪ᶍᆺ㔜㔞㸦ᮦ✀࡜
ᮦཌ㸧ࡢࢻ࣮ࣝࣇࡣ┦ఝ๎ ࡢᐇ㝿࡜(12 RC 㐀ᘓ⠏≀ࡀ 1.3 tf/m2/㝵⛬ᗘ࡛ࡽ࠿࡜ࡇࡿ࠶Ỵࠋࡓࡵ 
� ᐇ㦂᮲௳�1⾲ࢆ ᶍᆺࡽ࠿ᗏ㠃ࡢ㝣ୖ㒊࡞ᖹᆠࡣ㈓Ỉ῝㸪hBࡢὶᇦୖࢺ࣮ࢤᮇึࡣhUࠋࡍ♧࡟
ᗏ㠃ࡢ࡛ࡲᗋ㧗࡛㸪௒ᅇࡣ㛤ཱྀ⋡ࢆṇ☜ࡵࡓࡿࡍ࡟ 0 cm ࢫ࣮ࢣྛࡣᐇ㦂ࠋࡓࡋ࡜ 3 ᅇ⾜ࠋࡓࡗ 
�  ᐃ㡯┠ࡣᶍᆺࡢ๓㠃ࡽ࠿Ἀ᪉ྥ࡟ 25 cm ࡜ 5 cm㸪⫼㠃ࡽ࠿ᓊ᪉ྥ࡟ 7.5 cm ࡢ 3 ఩⨨ࡅ࠾࡟
ᰴ� KEYENCE�㉸㡢Ἴᘧኚ఩ィ㸦ࡿ ♫〇㸪UD-500㸧ࡿࡼ࡟ỏ℃Ỉ῝ hf25㸪hf5㸪hr7.5㸪ᶍᆺࡢ๓㠃
ᕥ➃ࡽ࠿Ỉ㊰ᶓ᩿᪉ྥ࡬ 3 cm 㞳ࡓࢀ఩⨨ࣛ࣌ࣟࣉࡿࡅ࠾࡟ὶ㏿ィ㸦୰ᮧ〇సᡤ〇㸪┤ᚄ 3 mm㸧
㏿ỏ℃ὶࡿࡼ࡟ u㸦୍Ⅼἲ㸧࡛ࠋࡿ࠶ᶍᆺࡀタ⨨࠸࡞࠸࡚ࢀࡉሙྜࡢᶍᆺタ⨨఩⨨ࡿࡅ࠾࡟ධ
ᑕỏ℃Ỉ῝࡜ධᑕỏ℃ὶ㏿ࡢ ᐃࠋࡓࡗ⾜ࡶᶍᆺ࿘㎶ࡢὶἣほᐹࡵࡓࡢ㸪Ỉ㊰ୖࡢ᪉࡜ഃ᪉࠿
 ࠋࡓࡗ⾜ࡶ᧜ᙳ࢜ࢹࣅࡽ
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� � � � � ��a�� k=14)� � � � � � �b�� k�1㸦௬᝿㛤ཱྀ㒊ἲϨ㸧�  �c�� k�1㸦௬᝿㛤ཱྀ㒊ἲϩ㸧 

ᅗ�7� ๓㠃ᾐỈ῝ಀᩘ h/hiࡢ᥎ᐃ್㸦ᘧ�11�㸧࡜ᐇ㦂್ࡢẚ㍑ 
 
㸳㸬⤖ᯝ࡜⪃ᐹ�
� ๓㠃ᾐỈ῝ಀᩘࡢሙྜࡿࡍ᭷ࢆ㛤ཱྀ㒊࡜㛫✵ࡂ࡞ࡘ࠸⊂ h/hi࡟㛵ࡿࡍᮏ◊✲ࡢ᥎ᐃ್࡜ᐇ㦂
ᅗ�7ࢆẚ㍑ࡢ್ ࡓࡋ❧Ꮩࡢᖜᗈࡣᅗ�7 (a)ࠋࡍ♧࡟ RC 㐀ᘓ⠏≀࡚ࡋ࡜᥎ᐃࡓࡋሙྜ 4)㸪ᅗ�7 (b)
ࡢ㛫✵ࡂ࡞ࡘ࠸⊂ࡣ RC 㐀ᘓ⠏≀࡚ࡋ࡜ィ⟬ࡓࡋሙྜࡋࡔࡓࠋࡿ࠶࡛ࡢࡶࡢ㸪୧ᅗࡶ࡜ B=7.0 
cm㸪f=0.02㸪ᅗ�7 (b)࡛ࡣ Bƍ=21 cm㸦�30 cm㸧ࡋ࡜㸪㛤ཱྀ㒊࠸࡞ࡀሙྜࡢ௬᝿ᗋୗ᥮Ẽཱྀࡣ⦪
0.15 cm㸪ᶓ 0.70 cm 㸪yp=0.075 cmࡋ࡜ᙧ▴ࡢ ࡟⨨఩ࡢ 1 ⟠ᡤ᝿ᐃࠋࡓࡋ 
� ୧ᅗࡽ࠿㸪ᅗ�7 (a)ࡢ᥎ᐃ್࡜ᐇ㦂್ࡿࡅ࠾࡟ 2 ๭⛬ᗘࡢᕪࡋ࡜⏤⌮ࡢ ࡀᖜࡢᘓ⠏≀ᶍᆺࠕ࡚
๓㠃ᾐỈ῝ࡢ๭࡟ᗈ࡜ࡇ࠸࡞ࡃ㸦ᖜᗈ࡛࡜ࡇ࠸࡞㸧㸪㟼Ỉᅽศᕸࡸᐃᖖࡢ௬ᐃࠖࠋࡿࢀࡽ࠼⪄ࡀ
ࡀࡓ࠸࡚ࡋ࡜ 4)㸪⊃ࡂ࡞ࡘ࠸✵㛫ࢆ⪃៖࡛࡜ࡇࡿࡍᕪࡢ኱㒊ศࡀᨵၿࠋࡿุࡀ࡜ࡇࡿࢀࡉ 
� ᅗ�7 (b)࡜ࡿࡼ࡟㸪⊃ࡂ࡞ࡘ࠸✵㛫ࢆ⪃៖ࡤࢀࡍ㸪᥎ᐃ್࡜ᐇ㦂್୍ࡢ⮴ᗘ࡟࠺ࡼࡿ࡞ࡃࡼࡀ
ぢࡋ࠿ࡋࠋࡿ࠼㸪ࡃࡼぢ࡜ࡿ㸪⊃ࡂ࡞ࡘ࠸✵㛫࡛㛤ཱྀ㒊࠸࡞ࡀሙྜ㸦ᅗ୰ۑࡢ㸧ࡂ࡞ࡘ࠸⊂࡜
✵㛫࡛㛤ཱྀ㒊ࡾ࠶ࡀ㸪๓㠃ᾐỈ఩ࡀ㛤ཱྀ㒊ୖࡢ➃఩⨨࡟㐩࠸࡞ࡋሙྜ㸦≉࡟ Op=25%ڹࡢ㸧ࡢ 2
᮲௳࡚࠸࠾࡟୧⪅ࡢᕪࡀ኱࠸ࡁഴྥࡾ࠶࡟㸪ᨵⰋࡢవᆅࡀㄆࡂ࡞ࡘ࠸⊂ࠋࡿࢀࡽࡵ✵㛫࡛㛤ཱྀ
㒊࠸࡞ࡀሙྜ࡚࠸࠾࡟㸪ࠕᘓ⠏≀ᖜࡂ࡞ࡘ࡜✵㛫ᖜྜࡢィᖜ Bƍࢆᘓ⠏≀ᖜ B࠼⪄࡜㸪ࡂ࡞ࡘ✵
㛫ᖜ࡜ Bƍࡢẚࢆ aࡿ࠼⪄࡜᪉ἲࠖࡿࡼ࡟᥎ᐃ್ࡣᐇ㦂್࡟ẚ࡚࡭㏫࡟ᑠࢆ್ࡢࡵࡉ୚ࡓ࠼㸦ᅗ
�7 (c)㸧࡚ࡋ࡜⏤⌮ࡢࡇࠋ㸪ୖ㏙ࡢ๓㠃ᾐỈ఩ࡀ㛤ཱྀ㒊ୖࡢ➃఩⨨࡟㐩࠸࡞ࡋሙྜྠ࡜ᵝ࡟㸪ᮏ
᮶ࡤࡽ࡞Ỉ㠃ୗࡢ㛤ཱྀ㒊࡬㐺⏝ࡁ࡭ࡿࢀࡉᘧ�7�࡜�ࢆ�8㸪⮬⏤Ỉ㠃ࢆ᭷ࡿࡍ㛤ཱྀ㒊ࡂ࡞ࡘࡸ✵
㛫࡬㐺⏝ࠋࡿࢀࡽ࠼⪄ࡀ࡜ࡇࡿ࠸࡚ࡋ�
㸴㸬࡟ࡾࢃ࠾�
� ࡢ᪉య┤ࡿࡍ᭷ࢆ㛤ཱྀ㒊ࠖ࡜㛫✵ࡂ࡞ࡘࠕ RC 㐀ᘓ⠏≀࡬ὠἼࡀ┤ゅ࡟ධᑕࡿࡍሙྜࡢධᑕ
ὠἼ᮲௳ࡓ࠸⏝ࢆ๓㠃ᾐỈ῝ hࡢ᥎ᐃἲ୍ࡢ⯡໬ࢆヨࠋࡓࡳ᥎ᐃ್࡜ᐇ㦂್ࡢẚ㍑᳨࣭ウࢆ㏻
㛤ࡀ㸪๓㠃ᾐỈ఩ࡾ࠶ࡀ㛫࡛㛤ཱྀ㒊✵ࡂ࡞ࡘ࠸⊂࡜ሙྜ࠸࡞ࡀ㛫࡛㛤ཱྀ㒊✵ࡂ࡞ࡘ࠸⊂㸪࡚ࡋ
ཱྀ㒊ୖࡢ➃఩⨨࡟㐩࠸࡞ࡋሙྜࡢ 2 ᮲௳࡚࠸࠾࡟ᨵⰋࡢవᆅࡀࡿ࠶ࡀ㸪ᥦ᱌᥎ᐃἲࡣ඲⯡ⓗ࡟㸪
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