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Technical Memorandum
of P.W.R.I No.2739
Feb.1989

An Experimental Study on the Impact Break-down
of Steel Beams used in the Sabo Facilities

by
Takahisa MIZUYAMA
Junichi KURIHARA
Hiroyuki SUZUKI

Synopsis

Steel Sabo facilities such as slit dams and crib dams are expected to control debris
flows well. The method to estimate the impact force of debris flow and their impact
resistance which is necessary in design of steel Sabo facilities haven’t been made
clear. Authors studied about the impact loading to an element of steel facilities
considering it as a simple beam and a cantilever for the past two years. The year
before last, impact loading tests on simple beams and cantilevers were carried out and
a method was proposed to find out the impact bending energy absorptivity. Impact
responses were analyzed based on the two mass points model and the method was
proposed to estimate the impact bending energy absorptivity by a computer
simulation. Impact shearing tests were carried out to find out the impact resistance,
deformation, energy absorptivity and thier breaking modes last year.

Two kinds of tests are carried out this year. Impact shearing tests on cantilevers
and the impact bending tests on simple beams filled with concrete. A discrete model
expressing both the impact bending rupture force and the impact shearing force is
considered and the method to estimate the impact response and impact energy
absorptivity by numerical simulation is proposed.

KEY WORDS: Debris flow, Impact force, Impact response analysis, Sabo structures of steel
type, Impact force Break-down testing.
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Case No P B§T fi S ' ) é
(mm) [ max C 20 L 50 80
{m/sec) (tonf) (msec) (m/sec) | (m/sec) | (mfsec) | (m/sec)
1—1 7.0 7.33 32.0 2.42 4.96 2.81
1—2 6.5 14.03 22.5 2.23 3.53 4.05 4.61
2—1 8.0 17.25 27.0 3.29 5.57 2.43
2—2 48.6 8.0 14.33 26.5 2.48 6.53 3.87
3—1 9.0 12.45 11.0 4.27 5.38 4.33 _
3—2 4.0 8.83 22.0 1.22 2.37. 2.56 4.81
4—1 10.0 14.50 20.0 2.83 5.50 - 6.52 4.41
4—2 6.0 7.53 22.5 2.60 4.20 - 3.32
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® v—FENORBRERRIE, HEEHE V=Tm/s T CREGFHEEIFECRLEREL L 2HEMERT
H, MEEERDL—FEOB (V=Tm/s) B2 3D 0ELLL{ KB, Zhi, V=T~8m/s{T
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jzd, ZOFEEULOEFREECBLTRO— FEVEREMIBEARVWbIOLEIONS,

18—

(tf)
°

16}

14} o ©

B RA I Pmax
~
!

OO
6 l | ! L
2. 4 6 8 10 12

REEIE Vo (0/5)
3.5 BAHE L REEIEORIS




R

#3.2 B §1 £ B 4
#E | W | BiEER B W OE B i
Case No| 4 v W a c e 5
(mm) (m/s) (kel) (mm) (mm) (mm) (mm) (mm)
1—1 7.0 6.9 6.5 3.5 1.5 2.5
1—2 6.5 6.3 6.4 0.9 3.3 1.9
2—1 8.0 7.2 9.0 3.5 1.3 3.4
2—2 48.6 8.0 150 7.2 7.5 3.5 1.2 2.6
3—-1 9.0 6.5 Wi
3—2 4.0 5.5 5.5 0.6 4.2 1.2
4—1 10.0 7.0 ]
4—2 6.0 6.0 6.5 . 1.5 . 3.4 2.5
i i
— T N
= L
b .
#-33 ¥R EM&
HOE 13| WATEE | mEEE KRER#®
Crse o (mgin) (m\;s) (ng) (1?1?101) (n?an)
1—1 7.0 2.5 6.0
12 6.5 1.9 2.8
2—1 8.0 3.4 6.9
2—2 48.6 8.0 150 2.7 6.2
3—1 9.0 '
3—2 4.0 1.2 1.3
4—1 10.0 -
4—2 6.0 . 2.5 4.0
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N 3.5 ™ o 1 o}
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o 3.0 g 6
© o - sk
El25— o o ©
= o4
3 P 4
= 2 0f Iy
) (o]
& & 3 o
1.5 =
2 (o)
(l) | | | | | i )
1. 1
02 4 6 8 10 2 4 6 8 10
ﬁiﬁ”f@f)ﬁé Yo (m/S) iifgflg’g Vo (m/S)
B—3.6() 20emsi B L HWEEEOME  B-3.600) u—FeAKBE(E HEHEEDOM%
F—3.4 EREANTTREESU 5 EROEEL AN ¥ — WL
HE® E5TcPed ) it FHRLINF —RINAE
Case No é Vv M E. Ex Eroc
(mm) (m/s) (kgf) (tonf + cm) (tonf « cm) (tonf * cm)
1—1 7.0 27.08 12.45 14.63
1—2 6.5 18.61 13.36 5.25
2—1 3.0 40.97 19.27 21.70
2—2 48.6 8.0 . 150 41.63 17.09 24.54
3—1 9.0 25.57 20.83 4.74
3—2 4.0 9.24 6.12 3.12
4—1 10.0 34.88 16.06 18.82
4—2 6.0 23.22 16.14 7.08
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RIZBWT, EHTANY - QLAY —-PIRNFEE OEH, FREDTBOESH T ANY — LD,
Wi, B¢ AT 38K L D BORFIESWT, GREDHEDEHLINLY —HhsnT L
o, BIZEEOESETLIFETCELLE2O03, LML, ZREDFEOEE (V=8m/s BLLE)
KBLTRREOESHLHILTCEF, FHRELAHRIASI LI INY — 2> CEHT 2 L E 1513,
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DEOHEIBOTR, BEFHEELE L 2B IV ABBBHOBIAM X D G2 ) BREIENM
K& 370, RBxANY —RIGEREINT 20577 EE L 503,
3.1.6 HREOWIRNKR
EH-3.1~3.6 K ABRMEORSERR 2R T, BATRS XS0, CANBSIL V=6.5m/s #HERIZLT
FEL T, CAMBFEMNREL LTy —A TR, BHHCRED VAL L 3BRELHIIES bODR
DERFARIZRIE E A LLH RO, CAMBIEMNTET 5 V=17.0m/s L EDOREMAE B2 £, V=8.0m/
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Ui BSOS (ROTHR) MRS R2 £ TERT 27010, RPOBHN LRI Z0RLRRE
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YA DRRZENIX, V=8m/s & VBOEHFEE SO TLEENTE L BEYAS R 0D, 21
EERTEDZVEMD LV, THiL, V=8m/s T ORERKIT € ANRISIKEIEL, - W EEC
%tcwf'&bt%it‘phéo
@ HWEHENEL KDITY, CAMRBIEORENAE LD, koT, BEEHANAEZ L) EHL
ANF-RIGEOAE S LD, UL, BABREHET 222X -k DASRTAINLY -5 52T,
R 2 ¥ —QURERIML v, 4, CARBSHABISEL u&'ﬂi%iw,u:lr? ¥ — %R
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BEBOLWTRBR AN Y —TUENROLIAINY RIS T2LEMNKEL, PARET I LY
HOBETHHLTL AL LR AV F—2BRINL 2 & kB, £xan¥—HH ML
BOLDOLEZOGND, &oC, BOVAKEN EEREMEEZAMY 51, ROEREEAM AL ¥—
RIGEREFICE b EEZ SN S,

3.2 arY7 Y-+ TRBLE-EERRROERH (FRER
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GFUSIS LAY, GIREIEMRY LA o L ABITIE T L Tv 5o 77 Y — b 2768
LEWEEY (T MhE, L)) KDL T, $48.6, $60.5D35&1E 0fhiE CHE[@METT %
DXL, ¢89.1, ¢101.6 DIFSNREHEHEBDETHOL M THY, ZTOFERYWH TCH 7z, LML, a¥
79— b RFLLEE (LT "hEEE, £v)) i1, 6891 OBSLEHHEOEIIEZELL, £T0EH
BEEIZXNL P~tiigRBhFLOBRE LT 5,

@ £97—ADW, 37 —A (Case No.2—3, 3—1, 3—2) #BROTH, FROEEREMEOBE
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3 —AWOWVTH, ﬁfﬁ@ﬁiﬁlilv%f-ﬁ*?%@?zkl;?\/v:‘f'—ﬂ&ﬂiﬁi DihEwied, BOBETTHIN
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b AT TOTeht, 20 & 5 BHRIRA SR h o7 (B b 0 12FioTuok)s 2, F—



Case No 1-3 iBER 948.6 EISEE V = do/s
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£—3.5 2>27Y— b CRHALLEAENHBROSRIMNTERER

Jali i§8Hi Y RO L dityHE ESE | &
e e o o e | FIOOHIE | WSTR[ RAWE %ﬁﬁ% N ETor gﬁ;&% Pl
&(mm) v ?\' Pmax T, P. Te k
(m/s) (kgD (tonf) (ms) (tonf) {msec) (m/sec)
1—1 6 2.10 1.0 1.35 109.5 5.16
1—2 48.6 8 3.78 1.0 1.35 73.0 6.43
1—3 4 1.85 0.5 1.29 83.5 3.87
2—1 6 ) 3.04 1.0 1.97 72.5 4.06
2—2 60.5 8 150 5.96 1.0 2.25 72.5 7.12
2—3 4 4.05 1.0 2.03 52.5 3.62
3—1 6 10.26 1.0 5.18 27.5 4.06
3—2 89.1 8 7-14 1.5 4.25 42.0 5.32
3—3 10 12.23 1.0 4.78 41.5 6.38
’g 120~
g (1))
~ 100} O V= 4.0m/s Filled
=2 ® V= 6.0m/s Filled
z 801 © © V= 8.0n/s Filled
#® © ® ® V=10.0n/s Filled
% 60} o ® V= 3.5m/s Not filled
s © V= 5.0n/s Not filled
1= A0 8 @ V= 5.5m/s Not filled
% ® Vf 6.0m/s Not filled
20~ ° 8 O V= 7.0n/s Not filled
| l ) j| M V= 8.0m/s Not filled
40 60 80 100 120
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