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Abstract
The demand for the lightweight wall has increased as the structure of the multi—unit dwelling has shift to the
rahmen structure. The lightweight wall is required to secure certain degree of shock resistance for the structural
safety. The study performed the load analysis test for 7 small hard bodies with different masses and shapes and 5
hard materials which applied the impact load on the wall. It was found out from the experiment that different
pendulum weight doubled the load maximum even though the shock energy was the same. In addition, the study
compared and analyzed the weight of materials and the load of small hard bodies to propose fundamental data for the

material design of the lightweight wall.
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Table 1. Korean Industrial standards of small hard body test

Title
KS F 2221:2009 Test method of impact for
building boards

Small hard body
Eggplant type
weight; 3 class

Steel ball; 3 class

Steel ball; 1 class
Eggplant type

KS F 3504:2012 Gypsum boards

KS F 4734:2012 Expanded polystyrene
lightweight concrete panel for wall weight; 1 class
KS F 4735:2011 Extrusion concrete panels Steel bar; 1 class
KS F 4736:2007 Extrusion lightweight concrete Steel bar; 1 class
panels

KS F 4770-1:2001 Soundproof panel—

Metal Steel bar; 1 class

Table 2. Classification of weight at KS F 2221:2009

Small hard body Sign Mass(g) Diameter(mm)
Eggplant type W1-500 500 42
weight W1-1000 1000 52
W1-2000 2000 66
Steel ball W2-300 286 41
W2-500 530 51
W2-1000 1042 64

Table 3. Fall height of weight at KS F 3504:2012

Fall height (cm)
Fire shield Decoration

Thickness of
specimen(mm)

gypsum board gypsum board
9.5 - 50
125 65 60
15.0 80 70
25.0 100 -
Table 4. Criteria of impact resistance at KS F 4734:2012
Grade 6.2 15.7 255 39.2
Impact 6.18 15.69 25.49 39.23
energy and over and over and over and over
(J) under 15.69 under 25.49 under 39.23
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Table 5. Foreign standards of small hard body test

Title
ISO 7892:1998 Vertical building elements —
Impact resistance tests — Impact bodies and
general test procedures

Small hard body
Steel ball; 2 class

JIS A 6512:2007 Movable partitions

JIS A 1408:2011 Test methods of bending and
impact for building boards (Amendment 1)

Steel ball; 1 class

Eggplant type
weight; 3 class
Eteel ball; 3 class
BS 5234-2:1992 Partitions (including matching  Dedicated device
lining) — Part 2: Specification for performance

requirements for strength and robustness
including methods of test

ASTM C1629/C1629M - 06 Standard
Classification for Abuse—Resistant
Nondecorated Interior Gypsum Panel Products
and Fiber-Reinforced Cement Panel

Dedicated device
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Table 8. Summary of experiment of the small hard bodies

Small hard body  Fall direction Mass(g)  Fall Height(cm)
Steel BH-300 vertical 286 10, 30, 50, 100,
balll 150, 200
horizontality 330 10, 20, 30, 50, 100
BH-500 vertical 530 10, 30, 50, 100,
150, 200
horizontality 570 10, 20, 30, 50, 100
BH-1000 vertical 1044 10, 30, 50, 100,
150, 200
horizontality 1090 10, 20, 30, 50, 100
Eggplant  EH-500 vertical 530 10, 30, 50, 100,
type 150, 200
weight  EH-1000 vertical 1040 10, 30, 50, 100,
150, 200
EH-2000 vertical 2050 10, 30, 50, 100,
150, 200
Steel SH-3000 vertical 3080 10, 30, 50, 100,
bar 150, 200
SH-3000
BH-1000 BH-500 BH-300
Q@ O o

EH-2000 EH-1000  EH-500

Flgure 2. Types of small hard body

Figure 3. Fall direction of the small hard bodies
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Table 9. Summary of subjects
Subject No. Age Height(cm) Weight(N)
1 25 170 808.5
2 25 180 599.8
3 28 172 721.3
4 25 182 940.8
5 26 170 833.0

Figure 4. Scene of the impacting by tools
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Table 10. Experiment results of small hard bodies

Stiffness ~ Sign Fall Maximum load(Pmax) and duration time(t;) with various fall height
force hgrd direction 10cm 20cm 30cm 50cm 100cm 150cm 200cm
plate body Prmax(N)  11(MS)  Pmax(N)  t1(mMS)  PmaxN)  t1(ms)  Pmax(N)  t1(ms) Pmax(N) ti(ms) Pmax(N) ti(ms)  Pmax(N)  t1(ms)
A BH-300 vertical  385.0 1.23 - - 674.7 140 8555 127 11782 137 14423 140 16379 1.37
horizontality  381.5 140 5595 150 6604 147 8267 143 11518 147 - - - -
BH-500 vertical 682.9 1.30 - - 12037 137 15503 137 21417 150 25916 150 2968.1 1.50
horizontality ~ 641.7 147 9281 147 11375 153 14533 150 20265 1.53 - - - -
BH-1000 vertical 12785 1.47 - - 22566 153 29312 153 40352 153 48369 167 55989 1.63
horizontality 1106.8 1.60 1669.8 163 2069.1 150 27141 160 37772 1.60
EH-500 vertical 6857 1.37 - - 11980 137 15423 137 20205 160 27295 143 31519 150
EH-1000 vertical 12645 1.47 - - 21395 140 28134 153 35378 163 49342 153 53744 1.63
EH-2000 vertical 23176 157 - - 40231 163 51963 167 62934 183 84876 167 91092 177
SH-3000 vertical 33723 1.70 - - 58908 1.77 75513 177 90309 197 128930 1.83 137982 1.93
B BH-300 vertical 297.6 1.20 - - 5136 127 6755 123 9748 140 11468 137 12944 137
horizontality  276.3 127 4199 1.40  500.5 1.27  660.1 140 9154 1.43
BH-500 vertical ~ 530.1 1.40 9080 133 11897 133 17102 143 19930 150 23558 1.50
horizontality 484.8 127 699.7 143 8803 143 11339 147 16454 1.37
BH-1000 vertical 9932  1.40 1682.5 153 21472 143 30505 160 3657.3 157 42812 1.53
horizontality 8855 150 12996 150 15932 140 21071 153 29868 1.50
EH-500 vertical 542.5 1.27 912.7 130 11441 120 15712 140 18847 153 21780 1.63
EH-1000 vertical 963.8 1.50 - - 1655.3 133 21024 157 27048 153 33135 153 37700 1.53
EH-2000 vertical 1699.8 1.63 - - 20475 157 36279 157 44499 173 52491 170 60986 1.73
SH-3000 vertical 24028 1.53 - - 40701 160 47651 163 59540 177 74872 183 83812 1.87
C BH-300 vertical 2822 1.10 4834 1.07 638.1 1.17 8728 127 9539 123 11713 127
horizontality 280.0 120 4120 123 499 1.17 6368 130 8940 127
BH-500 vertical 508.1 1.30 877.2 120 11515 123 1598.1 127 20065 140 23555 1.30
horizontality ~ 469.1 120 6994 140 856.3 130 11037 133 15659 1.40 - - -
BH-1000 vertical 946.8 1.30 - - 16473 133 21491 140 29563 137 37167 140 42619 1.40
horizontality ~ 870.1 130 12642 133 15693 133 20548 130 29450 1.33 - - -
EH-500 vertical  494.7 1.27 - - 837.4 127 11617 127 15261 140 18498 147 23544 137
EH-1000 vertical 8956  1.30 - - 15948 140 20254 137 27496 150 34397 150 39132 1.43
EH-2000 vertical 16146 1.57 - - 28502 143 37379 143 46013 160 57350 1.63 63110 1.60
SH-3000 vertical 23137 157 - - 40811 150 52343 160 66262 163 79173 167 95072 1.63
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Table 11. Experiment results of existence objects

Maximum load(Pmax) and duration time(t;) with various small hard body objects

Subject Basketball Baseball Baseball bat Small size hammer Medium size hammer
Prax(N) ti(ms) Prmax(N) ti(ms) Prmax(N) ti(ms) Prmax(N) ti(ms) Prmax(N) ti(ms)
No. 1 1667.9 5.70 23734 2.13 4644.5 2.30 5320.8 1.83 9370.8 1.83
No. 2 1670.9 557 2469.0 1.87 5433.5 2.20 4519.2 1.63 9419.9 1.73
No. 3 1851.8 5.57 1974.4 1.90 5755.1 1.87 4806.1 1.73 12611.3 1.77
No. 4 1591.8 6.53 2984.8 1.90 5189.5 2.00 5693.2 1.77 10192.7 1.87
No. 5 1431.8 6.00 2344.5 1.93 4199.8 2.17 5169.9 1.67 9756.2 1.80
mean value 1642.8 5.87 2429.2 1.95 5044.5 211 5101.8 1.73 10270.2 1.80
standard deviation 151.82 0.41 363.14 0.1 622.64 0.17 455.33 0.08 1349.36 0.05
coefficient of variation 0.09 0.07 0.15 0.051640 0.12 0.08 0.09 0.05 0.13 0.03
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Figure 11. Amounts of load of the small hard bodies and existence objects
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