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Abstract

The purpose of this research is to comprehend experimentally the characteristics of human strength for using as
the basic data of impact resistance test method of lightweight wall. Human motions exerting static load are classified
to 4 types. Pushes with two hands or shoulder are defined as the instantaneously forcing motions with hands or
shoulder put on the force plate. Leanings back or one-hand against the wall are defined as motions of taking a rest
in their respective comfortable posture. Human motions exerting dynamic load are classified to 3 types. Selecting 3
levels of motion strength (weak, middle, strong), 3 levels of force plate stiffness (A: 20kN/cm, B: 4.7kN/cm, C:
2.2kN/cm), and 30 male subjects, load was measured when they applied strength to the force plate. Results of this
research are as follows: (1) The maximum load ratio (Pmax/W) of static load for each motion was 1.17-1.25 in two
hands pushing, 0.95-0.99 in shoulder pushing, 0.16-0.18 in back leaning, and 0.12-0.15 in one hand leaning. (2) Human
dynamic load and object collision were different in the load characteristics. (3) The maximum load ratio of dynamic
load for each motion was 10.07 in heel kick, 4.46 in shoulder hitting, and 558 in fist blow.

Keywords : lightweight wall, Impact resistance, human strength, static load, dynamic load
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(d) One hand leaning

(c) Back leaning

Figure 2. Type of motions for applying static load
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Table 1. Status of subjects for static load test

Variable Age Weight (kg)  Height (cm)
Males  Mean 23.8 73.6 173.9
(n=50) SD 1.89 12.66 6.01

Min, Max 20, 29 55.9, 110 162, 188

Median 24 719 173
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Table 2. Status of subjects for dynamic load test
Variable Age Weight (kg)  Height (cm)
Males  Mean 244 73.8 175.3
(n=300 SD 1.73 12.52 6.23
Min, Max 21, 29 55.9, 110 162, 188
Median 245 725 175
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Figure 4. Typical static load-time curve



Table 3. Summary of static load test data

Two hands pushing Shoulder pushing Back leaning One hand leaning
Stiffness  Variable Pmax (N)  Pmax/W to (ms)  Pmax (N)  PmaxW 1t (ms) Pmax (N) PmaxW Pmax (N) Pmax/W
A Mean 899.7 1.25 1241 722.8 0.99 131.2 131.3 0.18 109.5 0.15
(n=150) SD 185.8 0.18 41.8 226.4 0.22 51.2 489 0.05 31.6 0.04
Min 447 1 0.81 40 355.7 0.62 40 69.4 0.10 11.1 0.02
Max 1404.2 1.62 270 1317.3 1.64 340 297.6 0.33 203.2 0.26
Median 899.1 1.25 120 710.9 0.95 120 115.0 0.17 104.5 0.15
B Mean 840.4 1.17 142.2 692.8 0.95 134.4 115.5 0.16 90.5 0.12
(n=150) SD 165.4 0.18 62.0 221.2 0.22 495 40.2 0.05 38.8 0.04
Min 504.8 0.83 50 300.9 0.45 50 63.5 0.08 10.6 0.02
Max 1305.3 1.62 450 1231.1 1.44 370 231.7 0.30 187.2 0.23
Median 815.1 117 130 690.3 0.95 130 103.6 0.15 80.9 0.12
C Mean 854.3 1.20 160.7 701.8 0.96 154.8 116.3 0.16 95.7 0.13
(n=150) SD 143.1 0.18 63.1 221.3 0.21 54.8 52.5 0.06 38.4 0.04
Min 439.6 0.79 40 339.2 0.50 60 60.6 0.10 40.8 0.04
Max 11854 1.63 370 1281.3 1.42 340 359.1 0.47 199.8 0.26
Median 870.2 1.22 150 667.5 0.94 145 102.9 0.14 86.1 0.13
Total Mean 1.21 0.97 0.17 0.14
(n=450) SD - 0.18 - - 0.22 - - 0.05 - 0.04
Two hands pushing (n = 450) Shoulder pushing (n = 450) Back leaning (n = 450) One hand leaning (n = 450)
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Table 4. Range of maximum static load by the body weight

Pmax/W Range of Pmax (N)
Motion (SD) W: 50kg W: 70kg W: 100kg
puo. 1.21 5004~ 7036~ 1004.9~
pushing (0.18) 679.7 951.6 1359.4
Shoulder 0.97 367.8~ 5149~ 7355~
pushing 0.22) 580.6 812.8 1161.1
Back 0.17 55.6~ 779~ 1112~
leaning (0.05) 108.1 1514 216.2
One hand 0.14 451~ 63.1~ 90.2~
leaning (0.04) 88.4 123.8 176.8
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