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An Experimental Study of the Impact
Response of Steel Beams

by
Akio YAZAWA
Takahisa MIZUYAMA
Hiroyuki SUZUKI

SYNOPSIS

Studies have been carried out concerning how sabo dams, mainly concrete made
sabo dams, respond to the energy of boulders inside the debris flow when it strikes
against- them. Recently, permeable dams such as slit dams and grating dams using

- steel pipes are being constructed as well as ordinary concrete sabo dams. In the design
of these kinds of dams, it is important to estimate the impact force of large rocks to
sabo dams. However, the method of estimation has not been made clear enough.

In order to examine the debris flow impact force absorptivity of steel beams with
consideration to both'their partial and structural deformations, this study carried out
static loading tests and impact bending rupture tests tofind out thedynamicresponse
characteristics and the marginal efficiency of steel beams. A weight having breaking
energy which exceeds the resistance limit of steel pipes was dropped freely on to
some simple steel beams and cantilevers of various diameters. Theresult revealed that
the impact force absorptivity and the static energy absorptivity calculated on the ba-
sis of the final displacement volume are almost the same. It also revealed that the im-
pact force absorptivity has a proportional relationship with the ratio of the modulus
section to the geometrical moment of inertia. Basing on this result, a method is pro-
posed to find out the energy absorptivity of simple steel beams and that of cantilevers
respectively.

G AT 7 e

KEY-WORDS : Debris flow, Impact force, Impact response analysis, Sabo structures of steel
type.
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m, ¢ 89.1 mDHFUNIC OV TORNIZZ OHRBORMM SiTHEE CE R Vo

K- 4.8 v RN BE RO CHMEE)
WMER | CASE | 5 F B |v—sfim|v—7s7fl|—sfm |O0F2r1 | FAr2]|0F A3
4 Bf o 4 fi | B¥ 0 & f
) " Fmazx 3Fmazx1 3Fmax2V & €& e
(mn) (m) (tonf) (cm) (cm) (u) (u) ()
] 1.5 2.03 0.9 810. 0
2 1.0 1.75 0.4 1.0 660. 0 1, 000. 0
3 0.8 1.45 1.3 1.3 470. 0 440.0
4 1.0 1. 36 3.1 340. 0
48.6 5 1.6 2.02 2.0 780. 0 900. 0
6 2.0 2.23 2.0 780. 0 1, 560. 0 630. 0
7 2.0 2.13 2.2 810. 0 2, 030. 0 780. 0
8 1.5 1.95 0.9 860. 0 1,560. 0
9 1.0 1.69 1.2 940. 0 500. 0
1 1.5 2. 19 13 780. 0 1, 000.0 1, 260. 0
2 1.0 2.18 1.2 420. 0 1,250.0 1, 250. 0
3. 2.5 2.12 2.3 630. 0 1, 250. 0 630. 0
4 1.5 2. 05 1.2 630. 0 1, 250. 0 750. 0
60. 5 5 2.0 2. 23 2.4 760. 0 1,880.0 940. 0
6 2.5 1. 97 1.3 310. 0 1, 000. 0
7 L5 2. 07 0.7 630. 0 1, 950. 0 780. 0
8 2.0 1. 95 3.6 630. 0 1,880.0 | 1,130.0
9 2.5 2. 22 0.0 3.5 750. 0 1, 880. 0 1,250. 0
1 2.0 2. 85 0.7 0.9 1, 510. 0 3,010. 0 1,810.0
2 2.5 2. 43 1.0 Lo 1, 450. 0 1, 460. 0 1, 450. 0
3. 3.0 2. 27 1.2 4.0 1,810. 0 2,410.0 | 1, 660.0
4 2.0 2. 16 0.6 11 1,810.0 | 1,930.0 1,810.0
89. 1 5 2.5 1. 86 0.0 0.8 2,170. 0 2, 410.0 1,810. 0
6 3.0 2. 42 1.4 1.4 "2,110.0 | 24100 1,610. 0
7 2.0 2. 72 1.0 2.2 1,810. 0 1,810.0 1,690. 0
8 2.6 2. 66 0.8 0.8 1,810. 0 1, 930.0 42,1000
9 3.0 2. 35 D0.0 "1, 880.0 © 3,370.0 2,110.0
1) E—rEEROE 8 Fnax 2 BB 2BOE s b — mﬁa%’x ek %wﬁbﬁﬁﬁbﬁﬁvﬁao
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WERR Z(cm’)

B— 4.19(2) Z ~Fmax

—ZEBWTHHEEL Tndo

BINER L D RO L BATERO O F AR UBHMNIC RO ICBEO VTR ER— 4 9 KRTo
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HEFE 2 WO v 7 HRBK

LEX 6N Do
*k—49 BV IA
B o6 v T A (W + OB
€y €2 ey ey (/1)
$48.6 I 1,700 1,300 Lg@
$ 60.5 1, 500 1,500 - 1, 600 1,810 .
$ 89.1 700 700 700 1, 857
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@ KRB, B-A20RENB X505 Y FRAS VA, ETFBIMEAR  EE—C
b 5o THMARRERBTROEY Chso
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xR— 411 BRABMRUBRUTH CORKR)

MER| CASE | % T H|v—26H | & B E &K B # R | ¥ B
M 1730 oS U I /e ol ST I/ S ol W
D H Fmax du eul eu? cud
(em) (m) (tonf’) (cm) () (n (1)
1 1.5 2.03 13. 4 3, 600
2 1.0 1. 75 11. 9 3, 875 . 8,000
3 0.8 1. 45 8.2 5, 000 4,760
4 1.0 1.36 18.0 12, 030
48.6 5 1.5 2. 02 12. 2 5, 260 4,220
6 2.0 2.23 9.3 0.3 16.7
7 2.0 2.13 7.6 5, 0000 46, 000 4,220
8 1.5 1.95 10. 4 3, 8000 50, 000 5,570
9 1.0 1. 69 7.6 5, 4900 11, 250
1 1.5 2. 19 10. 2 10, 700 3,830
2 1.0 2.18 14.9 8, 280 34,220 24,100
3 2.5 2.12 10. 9 5,270 45, 180 18, 070
4 1.5 2.05 8.8 15, 000 44, 000 15, 000
60. 5 5 2.0 2.23 11.1 6, 170 40, 000 13, 010
6 2.6 1.97 11.0 11, 670 44, 000
7 1.5 2.07 6.6 8, 580 60, 000 10, 100
8 2.0 1.95 13.9 7; 500 26, 400 8, 430
9 2.5 2.22 10. 1 10, 100 56, 900 20, 600
1 2.0 2. 85 3.0 10, 360 41, 670 10, 000
2 2.5 2.43 7.2 14,460 18, 100 17,000
3 3.0 2. 27 6.0 13, 010 21, 200 16, 630, .
4 2.0 2. 15 4.7 13, 250 17, 830 13,250
89. 1 5 2.5 1. 86 7.4 14, 100 14, 460 13, 250
6 3.0 2. 42 7.0 16, 000 19, 800 16, 000
7 2.0 2.72 6.2 15, 670 18, 800 14,000
8 2.5 2. 65 5.0 11, 150 14, 460 12, 350
9 3.0 2. 35 12,290 14, 460 12, 050
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BAZRLERMICERT B4, HHRIVBZO=FAAF - CRRULAHFN IV L 2RET

Tob0LHiEh s,

R— 412 ERBM= 24— (HHR)

MER [ CASE | TH |C— o 6im | ML TH |6 RSB M
Ma N B L =Fax -
D H Fmax du Ep
(on) (m) ( tonf?) (cm) (tonf+ cm)
1 1. 50 2.03 13. 40 7.12
2 1. 00 1.75 11.90 8. 52
3 0. 80 1. 46 8.20 7.02
4 1. 00 1.36 18.00 8,40
48.6 5 1. 50 2.02 12.20 10. 10
6 2. 00 2.23 9.30 8.97
7 .| 200 2.13 7. 60 8. 59
8 1. 50 1. 95 10. 40 10. 80
9 1. 00 1. 69 7. 60 4.98
1 1. 50 2.19 10. 20 10. 52
2 1. 00 2.18 14. 90 7.15
3 2. 50 2.12 10. 90 8.21
4 1. 50 2. 05 8. 80 9,37
60. 5 5 2. 00 2.23 11. 10 9.45
6 2.50 1.97 11. 00 9. 66
7 1. 50 2. 07 6. 50 7.92
8 2. 00 1. 95 13. 90 8.60
9 2. 50 2.22 10. 10 9. 92
1 2. 00 2.85 3. 00 4.08
2 2. 50 2.43 7. 20 6. 36
3 3.00 2.27 6. 00 4.61
4 2. 00 2.16 4.70 3.30
89.1 5 2.60 1.86 7. 40 5.74
6 3. 00 2.42 7. 00 6. 22
7 2.00 2.72 6.20 5. 41
8 2. 60 2. 65 5.00 3. 68
9 3.00 2.35 6. 30
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bt

sl e N 6

3

R 413 BURUEE KT OFF5R)

R HTH (e~ fW | C—sMill |[C— 700 | FHF® |BTHRKRT | B HE
. ECOREM [ By o B 2 | B B | By o & 6
D H Fmax Te Se Te
(mn) (m) (tonf) (msec) (cm) (nsee) (em) (em/sec)
1 1. 00 1,40 0.80 8. 00 . 0.00 0.00
2 0. 80 1.58 0. 30 0. 40 32. 50 12. 60 3. 88
3 1. 60 2.00 0.50 0.20 33. 00 19. 80 6. 00
4 0. 80 1. 46 0. 60 42. 60 12. 50 2. 03
48.6 5 1. 00 1.69 0.60 42. 60 15. 20 3.57
6 1. 50 1,88 0. 60 23.90 7.70 3. 22
7 0. 80 1. 68 0. 50 42. 60 12. 20 2. 86
8 1. 00 1. 64 0. 30 42. 60 0.00 0. 00
9 . 1. 50 2.04 0. 60 42. 60 19. 00 4. 46
1 1. 50 1. 90 0. 60 32.50 9.30 2. 86
2 1. 00 1.76 0. 60 32.70 12. 80 3.91
3 2. 00 2. 14 0. 60 27. 30 11.20 4.06
4 1.50 2.07 0. 60 42. 60 30. 20 7.08
60. 5 5 1. 00 1.94 0. 90 42. 60 17. 40 4. 08
6 2. 00 2.28 0. 60 36. 50 17. 10 4. 68
7 1.00 . 1.83 0. 60 42. 60 11. 20 2. 63
8 | 150 2.08 0. 60 34.70 16. 70 4.81
9 2,00 2.02 0. 60 42.60 19. 00 4. 46
1 2. 00 1. 81 0. 90 35. 60 12.00 3.37
2 1. 50 1.98 1.20 35.70 9.00 2. 52
3 1. 00 1.84 0. 90 42. 60 9. 80 2. 30
4 2. 00 2.04 0. 90 42. 60 7. 90 1.85
89. 1 5 2. 50 2.29 0.90° 42. 60 19. 60 4. 60
6 1. 60 1578 £ 0.90. 42. 60 14. 00 3.29
7 2. 00 171 1.20 42. 60 13.00 3.05
8 1. 50 2.09 0.90 42. 60 23. 10 5. 42
9 2. 50 2.21 0. 90 24. 80 13. 80 3. 24
x— 414 HHROBEE R
BERBMT (ns) el
e 152 i3] Te /2T
B A it B/ OfA Te (ms)
¢ 48.6 30. 4 37.8 42.6 0.71
¢ 60.6 25,4 20.8 42.6 0. 84
‘4891 16. 6 19.9 42,6 1.29
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R— 415 -2 GHRUBRHIETIEN

CASE | %Fas | €= 2@l | v—o@m | hrEm | rIgm | DOREE | SORSE | BRIED
a3 # oIS D B Ty _ Wox
H Fmax dmaex Fh oh Fe de dy
(m) (tonf) kof /ed) | Ctonf) | of /end | (onf) | Gkof /el | (kof /end)
1 1. 00 1. 40 21, 212 0.70 10, 606 0. 40 6,061 |
2 0. 80 1.58 23, 939 0.79 1,970 | 035 | 5303 |
3 1. 50 2.00 30, 303 1.00 15,162 | 0.40 6,061
4 0. 80 1. 46 22, 121 0.73 11, 061 0. 45 “ 6,818
5 1. 00 1.69 24, 091 0.79 11, 970 0.45 6,818 | 4,000.00
6 1. 60 1.88 28, 485 0.94 14, 242 0.45 | 6,818 ’
7 0. 80 1.68 25, 455 0.83 12, 576 0. 40 6,061
8. 1. 00 1.64 24, 848 0.82 12, 424 0. 44 °6, 667
9 1. 60 2. 04 30, 909 1.00 15, 162 0. 45 6,818
1 1. 50 1.90 17, 9265 0.95 8, 962 0. 65 6, 132
2 1. 00 1.76 16, 604 0.88 8,32 | - 0.60 6, 660
3 2. 00 2.14 20, 189 107 | 10,094 0.80 7,547
4 1. 50 2.07 19, 528 1.04 9, 811 0.70 6,604 |
5 1.00 1.94 18, 302 0. 97 9, 151 0. 65 6,132 - | 3,800.00
6 2. 00 2.28 21, 609 1.14 | - 10,755 0.75 7,075
7 1. 00 1.83 17, 264 0.91 8, 685 0. 60 5, 660
8 1. 50 2.08 19, 623 1. 04 9, 811 0. 60 5, 660 '
9 2.00 2.02 19, 057 1.01 9,628 | 0.70 | 6,604
1 2. 00 1.81 7, 637 0.90 3,797 1.20 5, 063
2 1. 50 1.98 8, 354 0.99 4,177 1.16 4,852
3 1. 00 1.84 7, 764 1.02 4, 304 1. 10 4,641
4 2.00 2.04 8, 608 0.92 3, 882 1.25 5,274
5 2. 50 2.29 9, 662 1.15 4, 852 1. 30 5,486 | 3, 900.00
6 1.50 1.78 7, 511 0.89 3, 755 1.10 4,641
7 2. 00 1.71 7, 215 0.86 3, 629 1.20 5,063
8 1. 60 2. 09 8, 819 1.05 4, 430 1. 20 5, 063
9 2. 50 2.21 9, 325 111 4, 684 1.30 5, 485
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K- 416 ERBD =21 ¥~ (KFFR)

PRER | CASE | KTFE |C—o@m | hMMGH | HHETE [HRRI [68 8K
f 2 S v A I S Rl I O o
D H. Fmax Fh du Ep, Ep2 ’

(en) (m) (tonf) (tonf) (em) (tonf -cm) | (tonf cm)

1 1. 00 1. 40 0.70 0. 00

2 0. 80 1.68 0.79 12 60 3. 42 4.83

3 1. 50 2. 00 1. 00 19. 80 5.75 8.80

4 0. 80 1. 46 0.73 12. 50 4.33 8.76
48.6 6 1.00 . 1. 59 0.79 15.20 5.28 5. 28

6 1. 50 1. 88 0. 94 7.70 2.87 2. 87

7 0. 80 1. 68 0. 83 12. 20 4.84 4.84

8 1. 00 1. 64 0.82 0. 00

9 1. 50 2.04 1. 00 19.00 6. 86 9. 60

1 1. 50 1.90 0.95 9.30 2.99 5.43

2 1.00 1.76 0.88 12. 80 6.07 7.85

3 2. 00 2.14 1. 07 11. 20 5. 67 7. 65

4 1. 50 2.07 1. 04 30. 20 16. 17 17. 41
60. 5 5 1. 00 1.94 0.97 17. 40 8.36 9. 56

6 2. 00 2.28 1. 14 17. 10 8.07 10. 84

7 1. 00 1.83 0.91 11. 20 4.82 6.79

8 1. 50 2.08 1.04 16. 70 6.93 8.88

9 2. 00 2.02 1. 01 19. 00 9.58 11. 86

1 2. 00 1.81 0.9 12. 00 10. 20 11. 11

2 1.50 1.98 0.99 9.00 10. 06 10. 26

3 1. 00 1.84 1.02 9. 80 9.85 9.97

4 2. 00 2.04 0.92 7.90 8. 37 8. 40
89.1 5 2.50 2.29 1. 16 19. 60 19.01 19. 10

6 1. 50 1.78 0. 89 14.00 24.10 24. 84

7 2. 00 .71 0. 86 13.00 8. 80 8. 80

8 1. 50 2.09 1. 05 23. 10 19. 46 19. 50

9 2.50 2.21 . 111 13. 80 13. 06 13. 06
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