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An Experimental Study on Establishing Criteria of
Gripping Work in Construction Site
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ABSTRACT

Now, safety assurance in construction sites should be accomplished by its own organization rather than
control of the code or government. It is believed that the safety assurance can be considerably improved
by a lecture or an education using the existing theories or literatures up to now, but it is thought that
fundamental safety assurance are not able to be accomplished without developing safety devices &
equipment or taking fundamental measures, based on the result analyzed from workers behaviors.

There are various behaviors of the workers showed in construction site, but only tests for hammer-
using works such as form, re-bar, stone workers directly related to the grip strength are mainly performed,
investigated and measured here for the study. The above works are similar to power grip, 7th picture on
seven items which are categorized for hand grip types(Ammermin 1956 ; Jones; Kobrick 1958).

Measurements of grip strength are commonly taken in anthropometric surveys. They are easy to
administer but unfortunately it is rather dubious whether they yield any data that are of interest to the
engineer. Very fewer controls of tools are grasped and squeezed studies showed very little overall
correlation between grip strength and other measures of bodily strength(Iaubach, Kromer, and Thordsen
1972), but hammer-using work which is practically progressed in construction site are mainly influenced
with grip strength.
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According to the investigation on work measurement, it is shown that 77% of form worker are using
hammer to be related to grip strength. In this study, it is particularly noticed that wearing safety gloves in
construction site is required for workers safety but 20% difference between grip strength with safety
gloves and without ones are commonly neglected in the site(Fig. 1). Nevertheless, safety operation with
consideration of the above 20% difference is not considered in the construction site.

Factors of age, kinds of work, working time, with or without safety gloves are in vestigated &
collected at the sites for this study. Test, not at each working hour but at 14 : 00 when the almost all of
the workers think the most tired, resulting from the questionaires, also when it is shown on the research
report has been performed and compared for main kinds of works; form & re-bar work.

Tests were performed with both left & nightand of the workers simultaneously in construction site
using Hand Dynamometer(Model 78010, Lafayette Instrument Co., Indiana, U.S.A) by reading grip
strength on the gauge while they are pulling, and then by interviewing on their ages, works, experiences
and etc., directly.

The above tests have been performed for the dates of 15th march-26th May ’95 with consideration of
site condition. And even if various factors of ambient temperature on the testing date, working condition,
individual worker’s habit and worker’s condition of the previous ate are concerned with the study. Those
are considered as constants in this study.

Samples are formwork 53, rebar 62, electrician 5, plumber 4, welding 1 from D construction Co., Ltd,
; formwork 12, re-bar 5, electrician 2, from S construction Co., 1.td, ; formwork 78, re-bar 18, plumber
31, electrician 13, labor 48, plumber 31, plasterer 15, concrete placer 6, water proof worker 3, maisony
5 from H construction Co., Ltd.

As in the previously mentioned, main aspect to be investigated in this study will be from & re-bar
work because grip strength will be directly applied to these two kinds of works; form & re-bar work,
eventhough there are total 405 samples taken.

It is thought that a frequency of accident occurrence will be mainly two work postures “looking up &
looking down” to be mainly sorted, but this factor is not clarified in this study because it will be needed
a lot of work more.

Tests has been done at possible large scale of horizontally work-extended sites within one hour in
order to prevent or decrease errors & discrepancies from time lag of the test.

Additionally, the statistical package computer program SPSS PC+has been used for the study.
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Fig. 1 Grip strength test using dynamometer ergonomic
unit; WORKSAFE AUSTRALIA(Feb. 1935)

e

Fig. 2 Grip strength test using dynamometer
construction site D const. co Ltd(April. 19%5)
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Fig. 3 Frequency with which 500 truck drivers fell
asleep at the wheel in relation to the time of day.
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ol HAENFAL TEo] SPSS package
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k)9 B¢ A% (age)H BFA(weight), 2T
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Form work
; Age
Y=-—0.23271X+51. 89373
Y=—0.27222X+57. 68702
Y=-—0. 33323X+58.51014
Y=—0. 3385X+63. 73627
; weight
Y=—0.299157X +22. 01991
Y=—0. 30082X+25. 99082

=—0. 340443X +21. 54897
Y=—0.419758X +21. 63176
Re-bar work

; Age

Y=—0. 25X +52. 59266
Y=—0. 2585X+56. 91987
Y=—0.23837X+55. 14613
Y=-0.21581X+58.114
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FORM WORK

age vs. result
left-safety

Regression Output:

Constant 51. 89373
Std Err of Y Est 6.728014
R Squared 0.132103
No. of Observations 173
Degrees of Freedom 171
X Coefficient{s) -0.23271
Std Err of Coef. 0.045613
left-none

Regression Qutput:
Constant 57. 68702
Std Err of Y Est 6. 886141
R Squared 0.165856
No. of Observations 173
Degrees of Freedom 171

X Coefficient{s} -0.27222
Std Err of Coef. 0.046685

right-safety

Regression Output:
Constant 58.51014

88

Std Err of Y Est 7.406814
R Squared 0.204731
No. of Observations 173
Degrees of Freedom 171

X Coefficient(s) -0.33323
Std Err of Coef. 0.050215

right-none

Regression Qutput:

Constant 63. 73627
Std Err of Y Est 7. 466097
R Squared 0. 199899
No. of Observations 173
Degrees of Freedom . 171

X Coefficient(s) -0.33085
Std Err of Coef. 0.050617

weight vs. result
left-safety

Regression Output:

Constant 22.01991
Std Err of Y Est 6. 820904
R Squared 0.107973
No. of Observations 173
Degrees of Freedom 171

X Coefficient(s) 0.299157
Std Err of Coef. 0.065756

left-none

Regression Output:

Constant 25. 99082
Std Err of Y Est 7.152148
R Squared 0.100167
No. of Observations 173
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Degrees of Freedom 171
X Coefficient(s) 0.30082

Std Err of Coef. 0.068349
right-safety
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right-none
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Std Err of Coef. 0.073786

RE-BAR WORK

age vs. result
left-safety

Regression Qutput:

Constant 52. 59266
Std Err of Y Est 8.528588
R Squared 0.091831
No. of Observations 100
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Degrees of Freedom 98

X Coefficient(s) -0.25
Std Err of Coef. 0.079418

left-none

Regression Qutput:

Constant 56.91987
Std Err of Y Est 9.138419
R Squared 0. 086055
No. of Observations 100
Degrees of Freedom 98

X Coefficient(s) -0.2585
Std Err of Coef. 0.085097

right-safety

Regression Qutput:

Constant 55.14613
Std Err of Y Est 7.642098
R Squared 0.10273
No. of Observations 100
Degrees of Freedom 98

X Coefficient(s) -0.23837
Std Err of Coef. 0.071163

right-none

Regression Qutput:

Constant 58.114
Std Err of Y Est 8.427254
R Squared 0.071641
No. of QObservations 100
Degrees of Freedom 98

X Coefficient(s) -0.21581
Std Err of Coef. 0.078475

weight vs. result
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left-safety

Regression QOutput:

Constant 12. 57964
Std Err of Y Est 8. 329366
R Squared 0.133764
No. of Observations 100
Degrees of Freedom 98
X Coefficient(s) 0.433179
Std Err of Coef. 0.111353
left-none

Regression Output:
Constant 14. 98258
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No. of Observations 100
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X Coefficient(s) 0.456359
Std Err of Coef. 0.119187
right-safety

Regression Output:
Constant 7.922445
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No. of Observations 100
Degrees of Freedom 98
X Coefficient(s) 0.548959
Std Err of Coef. 0.092508
right-none

Regression Output:
Constant 16.1839
Std Err of Y Est 7.942795
R Squared 0.17531
No. of Observations 100
90

Degrees of Freedom 98

X Coefficient(s) 0.484658
Std Err of Coef. 0.106185
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Bz 1 o3 HAE J|2X] 22 68 4“4 45 45 42 48

23 64 51 33 36 38 45

#AY oo }F 00 ¥R 00 24 55 48 40 4“4 40 50

prag 2 65 58 45 45 33 50

2 67 58 36 40 35 40

) ERARE 199 |48 d2E| @ ¢ 28& Mz 9 67 50 u 3 51 55
Fo 2]

Kg A a5 Az ;}2 21 3}2 . 28 60 37 46 51 59 62

29 60 30 42 44 44 55

30 58 52 43 40 36 45

31 72 33 49 51 44 58

32 62 46 40 44 35 4

33 60 50 34 39 37 4

34 74 33 49 47 48 55

3% 65 4 46 51 47 60

36 62 49 41 48 36 42

37 65 61 30 35 20 30

38 60 53 33 35 30 32

39 66 42 42 45 40 53

40 70 36 38 34 51 60

4 75 36 46 . 46 47 52

42 86 7 43 52 55 60

- . 43 64 64 36 40 35 41

852 AHEE Huzdy 44 74 26 52 59 54 52

. L 45 60 33 45 45 51 56

Table 1 Sar‘nples taken from H construction site at % 60 15 a7 2 i i

09:00 47 60 30 53 53 54 60

grip strength(kg) 48 65 27 41 4 45 49

left hand right hand 49 69 41 38 50 45 55

weight | age | safety | none | safety | none 50 72 32 38 58 55 54

1 73 38 42 50 50 60 51 65 60 25 35 30 40

2 60 37 40 50 56 73 52 83 43 31 35 35 45

3 72 43 41 45 45 54 53 63 48 42 52 41 51

4 8 46 52 58 52 60 54 62 44 48 54 46 57

5 61 51 36 43 42 50 55 7 25 52 65 51 68

6 61 51 37 39 45 50 56 57 56 34 32 30 3

7 57 55 40 43 35 38 57 58 40 50 53 50 58

8 56 56 37 4 33 35 58 56 26 31 35 30 38

9 63 47 % U 34 38 59 52 58 38 50 33 51

10 82 4“4 41 52 57 69 60 72 38 42 46 45 45

1 76 25 48 52 47 57 61 75 41 44 48 50 62

12 67 39 47 57 44 57 62 50 23 38 4 46 49

13 66 31 43 46 50 55 63 50 27 36 42 43 48

14 82 40 47 49 51 55 64 56 27 40 43 42 40

15 57 56 39 40 39 44 65 58 30 40 47 45 50

16 65 2 50 58 50 55 66 70 30 46 50 50 60

17 54 2 43 4 40 4 67 67 59 48 51 55 57

18 64 29 45 50 45 52 68 60 30 49 50 50 58

19 68 44 35 40 38 42 69 68 38 45 49 50 55

20 60 28 35 35 40 40 70 62 28 42 50 50 54

21 67 55 40 44 40 50 71 78 52 44 53 45 59
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72 70 30 52 56 50 51
73 58 24 47 46 50 53
74 65 39 38 45 49 50
75 98 32 51 50 57 70
76 78 29 56 64 65 70
77 80 36 46 45 42 55
78 60 44 33 42 40 47
rebar work
1 77 50 47 57 47 58
2 59 50 42 48 47 58
3 56 50 36 37 33 36
4 60 41 33 37 36 41
5 62 51 42 48 41 50
6 65 60 37 42 4 40
7 62 33 47 50 46 50
8 76 48 40 35 50 50
9 55 58 31 31 35 40
10 65 40 28 41 38 41
11 70 53 40 38 35 45
12 65 35 k7 38 40 40
13 80 33 44 50 54 57
14 85 35 40 51 50 51
15 65 21 46 43 50 45
16 72 38 47 50 52 60
17 67 39 41 48 48 59
18 80 63 44 44 52 52
Table 2 Samples taken from D construction site at
03:00
form work
1 78 56 45 40 53 51
2 77 43 38 46 48 60
3 63 50 33 38 34 48
4 70 25 43 41 50 49
5 57 37 39 36 38 40
6 60 57 31 35 40 41
7 60 58 35 40 40 44
8 60 53 36 37 39 42
9 73 58 22 25 42 55
10 57 47 28 39 30 48
11 54 51 32 32 30 33
12 60 48 32 44 47 45
13 82 33 46 59 51 65
14 68 43 4 4« 46 50
15 73 30 44 46 46 45
16 65 33 38 59 46 60
17 70 55 32 40 35 45

siAloalE|R] A10H A3E ' 98

7 B3 22 Noiokd JIF MF0) MB ApY AT

18 62 51 36 4 41 45
19 68 4 37 41 39 39
20 62 50 A 39 32 44
21 65 40 25 37 37 40
22 72 36 40 39 45 46
23 78 33 45 43 42 52
24 58 44 31 35 32 42
25 62 27 30 41 41 52
26 68 62 38 39 38 56
27 72 60 43 45 44 52
28 62 24 54 55 56 60
29 60 42 44 54 52 56
30 70 31 56 62 66 71
31 72 26 64 70 67 66
32 58 56 32 40 42 50
33 83 37 56 57 56 57
34 70 24 53 56 57 60
35 72 33 50 58 52 56
36 53 37 30 44 67 46
37 58 22 40 40 36 45
38 63 27 48 50 53 52
39 72 56 45 45 45 46
40 58 56 4 50 50 48
41 73 48 50 46 55 40
42 65 50 55 50 60 60
43 70 59 32 2 32 35
4 57 33 32 35 35 37
45 70 46 52 46 52 52
46 63 56 42 45 4 45
47 69 63 35 42 30 32
43 64 49 40 42 45 47
49 65 34 35 45 35 47
50 73 43 45 45 44 46
51 67 37 55 60 57 61
52 80 37 55 60 55 53
53 53 52 35 40 35 40
rebar work

1 72 47 31 44 44 58
2 63 54 29 33 42 52

3 60 68 22 22 32 22

4 58 57 15 21 31 35

5 70 59 25 25 32 42

6 62 25 31 35 40 41

7 70 28 3 32 54 55
8 60 32 27 32 40 4

9 65 45 22 21 38 41
10 74 43 40 51 55 61
11 65 38 R 31 41 44
12 80 33 55 65 68 75
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13 74 43 68 68 62 66 rebar work
14 60 23 43 46 40 50 n & prs = = 0 prs
15 70 31 54 50 54 58 ) 6 42 56 50 8 2
e D e T I B 3 | 8 | 3 | s | s3 | 5 | 4
17 62 38 57 61 57 60 s % a7 u 50 8 a0
18 62 39 50 58 48 55 5 65 52 28 33 35 32
19 55 36 40 45 45 48
20 74 53 3% 4“4 46 46
21 62 28 54 57 56 58
22 60 53 34 36 40 36
a3 68 % 50 46 52 81 Table 5 Samples taken from S construction co Ltd. at
2% 71 49 4 37 50 36 141 00
2 60 55 40 48 40 52 form work
26 63 57 42 45 5 42
27 55 50 8 46 43 & 17 3 | 15 |14:02| 42 | 44 | 43 | @
28 60 26 40 45 44 50 26 | 38| 1 37 | 49 | 40 | 46
2 67 37 4 50 46 52 3158 | 45 | 2 42 | 45 | 48 | 50
30 65 % 3 0 | 0 50 4|67 | 20| 3 40 | 43 | 45 | 50
31 84 4 46 55 45 53 s e | s | a0 PN A R
32 70 58 37 47 35 45’ . 0
33 66 a8 o5 5 50 5 6|6 | 38115 4 | 54 | 50 | s0
N 65 55 42 53 43 55 7| 75|24 | 1 42 | 64 | 29 | 60
35 76 60 38 42 45 55 8|60 | a7 ] 3 40 | 44 | 40 | 4
ol I R e 9 | 66 | 48 | 1 50 | 50 | 55 | 55
37 67 4 33 5
“ 0 % 10|75 ) 42| 1 43 | 43 | 40 | 48
38 8 60 50 54 65 57
19 & I 50 50 0 5 1m |58 |21 48 | 52 | 50 | 53
40 56 28 35 45 35 46 12 60 30 5 48 52 50 53
T4 64 4 40 45 40 46 137 |48 ) 2 0 | 42 | 3 | 3
42 85 41 40 4 40 50 14} 60 | 39| 2 47 |47 | 42 | M
43 65 | 47 | 46 | 50 | 46 ) 40 5 60 |24 | 1 0 | 18| e |
4 60 58 35 38 30 35
6 | 77 | 49| 2 42 | 50 | 50 | 54
17 {80 { 34 |13 48 | a4 | 53 | 48
18|55 |21 42 | 38 | 42 | 38
Table 3 Samples taken from S construction site at 191 79| 33| 12 50 | s2 | a7 | a7
0900 20 | 60 [ 59 | 30 27 | or | 2
form work
1 73 37 38 42 31 48
2 60 37 49 50 51 48 rebar work
3 8 u 40 4 30 48 1] 67| 2] 2 49 | 55 | 49 | 53
4 64 36 48 43 49 49
s 0 ® 50 52 © “ 2| 8 | 38| 18 47 | 5] 45| a5
6 58 34 38 46 40 49 3 66 33 10 40 55 46 58
7 70 48 40 45 34 39 4|60 | 45| 20 45 | 50 ) 40 | 4
8 59 42 4 49 58 48 518 |3 |15 53 | 55 | 53 | 52
9 i B i A I 6| 70| a2 7 | 20| 2| 3
10 75 38 35 50 4 50 ; 2 | w s s | s
1 5 | 60 | 3 | 35 | 28 | 40 68| #
12 55 28 45 52 38 50 8 | B |4 1 48 | 8 | 48 | 50
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Table 4 Samples taken from D construction site at

24 B o3 AYOA JIF HE0| BY N o7

14:00
form work
1 69 51 45 50 45 47
2 67 32 42 52 45 52
3 60 58 46 44 53 45
4 60 60 42 49 45 52
5 60 60 46 50 40 48
6 62 57 32 35 33 36
7 74 50 54 51 55 54
8 52 54 40 40 40 41
9 72 57 40 42 40 41
10 63 65 40 36 36 36
11 65 40 44 41 41 46
12 65 51 40 43 40 45
13 65 29 45 46 42 45
14 58 45 40 42 Hu 39
15 85 55 42 50 42 46
16 75 59 49 52 46 49
17 65 50 55 65 52 60
18 79 56 44 52 45 54
19 64 51 40 41 40 45
20 72 55 49 51 49 50
21 62 58 30 41 35 39
22 64 49 50 55 42 49
23 62 27 50 52 46 52
24 70 54 40 40 40 45
25 68 54 40 39 40 42
26 65 50 50 55 42 49
27 64 48 50 52 46 52
28 68 50 40 40 40 45
29 69 50 40 40 40 42
30 63 48 50 52 46 52

rebar work

1 67 54 40 46 43 45

2 65 54 40 50 41 55

3 60 52 40 40 40 k7

4 63 31 52 50 50 55

5 62 40 46 50 45 41

6 57 35 42 45 43 45

7 70 38 48 58 52 56

8 72 47 40 46 46 50

9 64 39 52 55 60 60
10 78 37 50 52 52 56
11 72 44 54 52 52 58
12 60 39 44 57 50 60
13 62 55 35 40 41 46
14 75 46 48 55 50 52
15 68 55 38 46 35 40
16 65 55 45 52 39 49
17 57 50 30 40 28 39
18 76 51 49 43 40 45
19 76 kY] 40 52 49 56
20 65 4 60 62 55 60
21 60 32 40 42 40 4
22 67 32 55 56 55 60
23 74 52 50 49 50 56
24 78 42 54 60 55 61
25 70 58 45 50 46 52
26 60 28 52 58 50 52
27 65 49 41 43 43 45
28 65 57 40 49 39 45
29 75 60 40 50 50 62
30 62 59 32 29 U 30
3 54 46 30 35 36 40
32 60 57 30 32 32 35
33 61 55 50 54 50 55
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