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Table §—1, Cushioning materials
Kind of materials Quality of material Hardness
Secty {
Lmm 4 speciale;:;fr:e: rubbery
2 mm . :%m
Rubber Carbon black, Vulcannized rubber .
3 mm
Special form
1 mm 86~—88 Section of vinyl
2 containing thread
. mm . . Thread
Vinyl 3 mm Polyvinyl chloride Thickness
3.5
Containing thread o

Measuring hardness JIS hardness tester, shimazu-seisakusho, temperature 20°C, humidity 65%
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Fig 5—1. Pendulum impact apparatus
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Table §—2. Weight of impactors, center of mass of pendulum and value of 2 W lg/1

Kind of Weight of Assembly of pendulum
impacters impacters Weight Center of 2 Wlg/l
pendulum mass
g kg cm
Steel plate 63.6 2.7636 26.5 1.4647
Round 25.1 2.7251 2.5 1.3898
steel bar,
diameter 31.6 2.7316 25.7 1.4040
mm 15 60.2 2.7602 26.3 1.4519
20 103.0 2.8030 27.5 1.5417
25 155.0 2.8550 28.9 1.6502
30 216.8 2.9168 30.4 1.7734
Length of pendulum 1= 100em
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Table 5—3. Measured impact velocity of pendulum impacters, cm/s

Drop Steel Diameter of round steel bars mm
height plate
om 7 10 15 20 25 30
5 94.38 94,49 93.38 92.28 90.81 89.24
10 141.71 141.65 140,10 137.98 135.98 134.48
20 207.99 207.74 205,95 203.11 200.76 197.27
30 257.79 254,72 252,17 249.65 246.78 243.57
410 292.76 296.28 295.96 294,48 290.72 286.31 283.48
50 326.92 330.60 330.%4 328.55 325.48 321.44 317.25
60 361.0% 366.09 365.30 362.32 358.01 354.47 350,10
70 379.88
80 407.53
90 433.72
100 478.37 476.51 472.95 465.45 460.98 457.53
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Table §5—4, Calculated impact velocity of impacters,

ME

DIEHS (5—14) RIZFEVES — 5 1ZRTH
mE /IO %R 7,

cm/s

Drop Steel Diameter of round steel bars, mm
height plate
em 7 10 15 20 25 30
6.0 105.34 106.77 106.66 105.50 103.55 102.48 100.97
17.0 184,32 186.26 186.52 184.49 182.39 179.78 177.19
32.0 258.90 261.75 261.32 259.05 257.21 252,93 249.32
51.5 344.30 337.75 - 337.12 334.41 333.13 326.98 322.37
100.0 469.01 478.37 476.51 472.95 465.45 460.98 457.53
Table 5—5. Value of 1/1° X10 kg
Drop Steel Diameter of round steel bars, mm
height plate
. em 7 10 20 25
6.0 7.9197 7.3148 7.4048 8.6268 10.4360
17.0 7.3291 6.7912 6.8798 7.8785 9.6023
32.0 6.9925 6.4912 6.5791 7.4571 9.1294
51.5 6.7496 6.2743 6.3621 7.1545 8.7882
100.0 6.5647 6.0732 6.1833 7.1162 8.4716
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Table 5—6. Value of R, cm
Radius Diameter of round steel bars, mm
of Covered with
curvature vinyl of 1mm
of tuber thickness
cm 7 10 15 20 25 30 7 20
3.20 0.674 0.805 0.986 1.139 1.273 1.395 0.764 1.194
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Table 5—7. Calculated maximum acceleration during impact of tubers and impacters, G

Drop Steel Diameter of round steel bars, mm
height plate
cm 7 10 20 30
6.0 160.31 145.37 149.36 151.18 150.08
17.0 314.67 284.83 292,50 299.21 295.49
32.0 473.99 428.59 439.98 452,95 445.89
51.5 645.12 582.88 598.18 618.84 607.72
100.0 977.98 886.44 907.32 924.66 926.28
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Table §—8. Damage of tubers in using pendulum impact apparatus

Cushioning Drop Diameter of round steel bars, mm Steel
material height plate
7 20 30
6.0 0 0 0 0
17.0 * %k Xk 0 0 0
Uncovered 32.0 * %k *k * * %k * * 0
51.5 * k k * %k ¥ — * *
100.0 * ok % * % ¥ * o % * * * %
6.0 0 0 — 0
Vinyl 17.0 * %k K 0 — 0
of 1 mm 32.0 * %k Xk % % % ¥ * 0
thickness 51.5 * %k %k % % — 0
100.0 * % * * % * — * %

*  Bruised damage

Cracked damage
**¥* Crushcd damage
Size of tuber, M 83.0g
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Fig 5—5. Maximum acceleration of tubers in
impact with impacters covered
with vinyl of 1 mm thickness
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Table §—9, Maximum acceleration measured during impact in the case of covering round

steel bar of 7 mm diameter with cushioning materials, G

Drop Uncovering Rubber Vinyl

hilrgnhl 1 mm 2 mm 3 mm rSo;:‘er:l:lal 1l mm 2 mm 3 mm ?hir::cllmng
1.0 60.0 28.0 22.0 18.0 20.0 71.0 73.0 55.0 37.0
2.0 101.0 47.0 42.0 31.0 28.0 107.0 77.0 97.0 76.0
3.0 131.0 65.0 57.0 39.0 39.0 103.0 149.0 123.0 107.0
4.0 174.0 78.0 — 47.0 44.0 - 159.0 148.0 131.0
5.0 188.0 96.0 66.5 51.5 52.0 151.0 178.0 152.0 166.0
7.0 229.0 131. 97.0 71.0 69.0 241.0 232.0 220.0 201.0

10.0 289.0 171.0 127.5 89.0 86.0 318.0 314.0 284.0 253.0

15.0 362.0 247.5 193.0 136.0 129.0 426.0 382.0 362.0 331.0

20.0 508.0 291.0 - 170.0 164.0 439.0 450.0 383.0 375.0

25.0 576.0 365.0 260.0 187.0 198.0 491.0 429.0 387.0 419.0

30.0 655.0 415.0 310.0 204.0 224.0 508.0 450.0 422.0 445.0

40.0 734.0 513.0 381.5 255.0 284.0 602.0 586.0 573.0

50.0 908.0 642.0 452.5 306.0 340.0 782.0 740.0 697.0 696.0
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Table 5—10. Impact force during impact with steel bar covered with rubber and vinyl, kg
Cushioning Drop height, cm
materials 1 2 5 7 10 15 20 25 30 40 50
Uncovereing 35.2 75.6 107.9 136.4 174.8 231.8 283.2 330.8 375.5 458.8 535.9
Imm 15,3 37.5 56.9 74.9 100.3 139.7 176.7 212.0 246.1 311.3 373.5
Rubb 2mm 12,9 30.2 44.9 58.3 76.9 105.3 131.7 156.6 180.4 225.6 268.3
ubber
3mm 100 22.5 329 423 55.1 74.4 92,2 108.7 124.5 154.2 182.0
fsoprel:m 9.6 22,2 32,8 42.5 55.8 76.2 95.0 112.7 129.6 161.6 191.8
Imm  37.1 74.9 103.9 128.9 161.9 209.2 252.3 291.1 327.1 393.2 453.6
Vil 2mm 38,9 76.1 104.0 127.7 158.8 203.4 242.6 277.9 310.7 370.4 424.5
3mm 349 69.1 95.0 117.1 146.1 188.1 224.9 258.4 289.4 346.1 397.6
S}‘;’;f;""‘g 26.4 58.0 83.5 106.3 137.1 183.3 225.2 264.2 300.9 369.7 433.7
31213 (5—34) R&MV3Z &K 3, ToE®  C,, =0.434 b
C=8,./%maxo Cay =0.365 h™™ (5—35)
(5—34) Cps =0.283 h™*
Cus =0.272 B*™
C HBLH R AMOSBEORANE  Co VBB C ., =1.054 b
T C,.p =1.106 h™** (5 —36)
A axo LB BEED 5K DI HE C,.. =0.992 H7*"
A o FEELH & IO 280D ik AR C .5 =0.757 h*

(5—34) RIFE-T (5—29), (5—30), (5
—31) A2 5 FnFh DB O I K M &

KRB,

(5—35), (5—36) XA'HbHh3,

ZORKRIEE CIAFE CHBEM TCLHE TS &
k- TREBDT, H5—IHIETS SN0
Hzdn L, SOXRPSTLEMEI YV HR
LDEHFRKEVEIPSHITH S,

Table 5—11, Maximum acceleration ratios of use of cushioning materials to steel bar

without them

Cushioning Drop height, cm

materials 1 5 10 15 20 25 30 40 50
lmm 0.435 0.527 0.574 0.603 0.624 0.641 0.655 0.678 0.697
Rubbor 2mm  0.366 0.416 0.440 0.45¢ 0.465 0.473 0.481 0.492 0.501
3mm  0.283 0.305 0.315 0.321 0.325 0.329 0.332 0.336 0.340
ﬁ)"renf'“' 0.272 0.304 0.319 0.329 0.335 0.341 0.345 0.352 0.358
1 mm 0.963 0.926 0.906 0.891 0.880 0.871 0.851 0.846
_ 2 mm 0.964 0.908 0.878 0.857 0.840 0.827 0.807 0.792
Vi 3mm- 0.992 0.880 0.83 0.811 0.794 0.781 0.771 0.754 0.742
Containing 0.756 0.773 0.779 0.783 0.786 0.788 0.790 0.793 0.795

thread
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Table 5—12. Rebound height ratio C, of cushioning materials

Cushioning Drop height cm
materials 3 5 10 20 30 40 50
Ilmm  2.12 1.52 1.21 1.08 1.04 1.03 1.02
2mm  2.18 1.63 1.34 1.23 1.19 1.18 1.17
Rubber
3mm  3.00 2.11 1.66 1.47 1.41 1.38 1.37
Special 2.70 1.93 1.53 1.37 1.32 1.29 1.28
form
1 mm 1.09 0.97 0.90 0.88 0.87 0.86 0.86
Vi 2 mm 1.32 1.06 0.92 0.87 0.85 0.84 0.84
" 3 mm 1.29 1.04 0.91 0.85 0.83 0.82 0.82
Containing

1.38 1.08

thread

0.93 0.87 0.85 0.84 0.83
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steel bar of 7 mm diameter
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Fig 5—37. Damage depth when covered with
rubber of 1 mm thickness
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Fig 5—39. Damage depth when covered with

rubber of 3 mm thickness
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16
Dy, vz, =7.020 In h—18.660 .
E U r=0.987
o .
o0
g sf
|
b
-
Z af
)
a
0 1 ]
] 20 40 60 80 100
Drop height em
Fig 5—42. Damage depth when covered with

vinyl of 2 mm thickness
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Fig 5—44, Damage depth when covered with

vinyl containing thread
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Table 5—13. Damage depth ratio of using cushioning materials to round steel bar

of 7 mm diameter

Drop Covered with rubber Covered with vinyl
I“:f:" 1 mm 2 mm 3 mm fSo;:‘er:lal 1m 2 mm 3mm ﬁ:):::(;mng
5 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0
10 0 0 0 0 0.35 0 0 0
15 0.23 0 0 0 0.58 0 0 0
20 0.43 0 0 0 0.68 0.30 0 0.20
25 0.4 0 0 0 0.73 0.43 0.10 0.3
30 0.60 0.04 0 0.01 0.76 0.52 0.24 0.44
50 0.76 0.46 0.08 0.38 0.85 0.71 0.52 0.64
70 0.83 0.66 0.41 0.56 0.88 0.80 0.66 0.73
100 0.88 0.82 0.68 0.70 0.91 0.87 0.77 0.80
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Fig 5—47. Cross sectional area of damage when

covered with rubber of 2 mm thickness
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Fig 5—48. Cross sectional area of damage when

covered with rubber of 3 mm thickness
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Fig 5—49. Cross sectional area of damage when

covered with specially formed rubber
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Fig 5—50. Cross sectional area of damage when

covered with vinyl of 1 mm thickness
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Fig 5—53. Cross sectional area of damage when
covered with vinyl containing thread

Table 5—14. Damage cross sectional area ratio of using cushioning materials to round
steel dar without them

Drop Covered with rubber Covered with vinyl
height Special Containing
1 mm 2 mm 3 mm 1 mm 2 mm 3 mm
cm form thread
5
7
10
15 0 0 0 0 0.30
20 0.18 0 0 0 0.47 0.06 0.02 0.05
25 0.33 0 0 0 0.58 0.20 0.14 0.19
30 0.44 0 0 0 0.65 0.29 0.22 0.29
50 0.66 0.23 0.02 0.4 0.79 0.49 0.39 0.48
70 0.75 0.40 0.18 0.23 0.86 0.57 0.46 0.57

100 0.83 0.52 0.30 0.30 0.91 0.64 0.51 0.64
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