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An Experimental Study on the Stiffness Change of Scaffold
Working Plate caused by Damage of Cross-beam
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Abstract : This study investigated the change in stiffness and deflection of a scaffold
working plate caused by damage to a cross-beam in the plate. Experiments were
conducted considering various load and damage conditions of cross-beams. A
cross-beam falling off from the working plate was considered damaged. The load-

displacement curves of specimens at the center of the uniform load showed that the
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working plate stiffness decreased by 14.66%-1.89%, depending on the load interval due
to the damage of one cross-beam. A reduction in the stiffness of 33.94%-40.76%
resulted from the damage of two cross-beams. Moreover, the displacement increased

by an average of 25% when one cross-beam was damaged and an average of 65%
when two cross-beams were damaged. Therefore, damage to the cross-beam in the
working plate can potentially cause accidents and harm workers. As the load
increases, the risk of an accident due to the aforementioned damage also increases
because the stiffness remarkably decreases with the load increase. Further, the
damage to the cross-beam mainly reduces the stiffness but increases the
displacement rather than the strength of the working scaffold plate.
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Table 1. Dimensions and shapes of scaffold working plate
sections
‘ w
|
Shape hy;l_lﬁllh Wh] -‘I,I\*Middle web |J
-
d
Dimension W : 4000, h : 497, Wh : 21, Th : 11.3, d : 26.1
(mm) t: 1.2 (t of middle web : 2.4)

Material property | KS D 3506 SGC560Y (Yield strength”: 614.9 MPa)

" Yield strength by inspection certificate
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Table 2, The result of strength based on certification standard
for working plate

Classification Strength
Specimen 1 4.808 kN
Specimen 2 4.820 kKN
Specimen 3 4.860 kN
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. (Unit : mm) 1819
560 ; 560 :
400
a) Working plate (No defect: ND)
.~ (Unit : mm) 1819
P 560 ‘
400
b) Working plate (1 defect on cross-beam: 1D)
. (Unit : mm) 1819 .
400

¢) Working plate (2 defect on cross-beam: 2D)

Fig. 1. Scaffold working plate configuration,
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(c) Right surface uniform load (RUL)

Fig. 2. Considered load cases.
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Table 3. Specimen composition

Specimen name Defect Load
ND-TUL-1, 2, 3 No defect

ID-TUL-1, 2, 3 1 defect Total surface uniform load
2D-TUL-1, 2, 3 2 defect

ND-CUL-1, 2, 3 No defect

1D-CUL-1, 2, 3 1 defect Central surface uniform load
2D-CUL-1, 2, 3 2 defect

ND-RUL-1, 2, 3 No defect

ID-RUL-1, 2, 3 1 defect Right surface uniform load
2D-RUL-1, 2, 3 2 defect
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a) Top view

d) 2 defect
Fig. 3. Beam element model,
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d) 2 defect
Fig. 4. Shell element model.

a) Left side

b) Right side

Fig. 5. Modelling of hooks and boundary.
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Table 4. The vertical displacement from finite element analysis

Load Vertical displacement (mm)
(3.92 kN) Defect Beam element Shell element
modelling modelling
No defect 5.501 7.780
TUL 1 defect 5.551 8.430
2 defect 5.600 12.92
No defect 7.935 11.00
CUL 1 defect 8.009 11.99
2 defect 8.081 18.81
No defect 6.877 9.890
RUL 1 defect 6.963 11.20
2 defect 7.002 16.78
35

Beam element Shell element
() No defect @ No defect
A 1 defect A 1 defect
[1 2 defect B 2 defect

w
o
I

N
w
1

G—ﬁ_‘a@_ﬁ_a

Vertical displacement (mm)
= = o
o wv o
Il L 1

[%2]
I

0
TUL CUL RUL

Fig. 6. The vertical displacement from finite element analysis,

a) ND-TUL

¢) 2D-TUL

Fig. 7. Deformation shape of the cross section of the center
part - shell model,
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Table 5. The vertical displacement from Exerimennt and FEM

Vertical displacement (mm)
Load Defect
(3.92 kN) FEM Exerimennt 'rate of
(Shell element) increase
No defect 7.78 11.75 51.0 %
TUL 1 defect 8.43 14.57 72.8 %
2 defect 12.92 19.67 522 %
No defect 11.00 20.00 81.8 %
CUL 1 defect 11.99 25.75 114.8 %
2 defect 18.81 29.85 58.7 %
No defect 9.89 18.18 83.8 %
RUL 1 defect 11.2.0 22.88 104.3 %
2 defect 16.78 27.57 643 %
40
Experiment: () No defect /\ 1 defect [] 2 defect
= %° | [FEM (shell): @ No defect A 1 defect B 2 defect
E30-
|5
£ 25 A
(]
® 20
&
S 15
z
£ 10
(]
> 5
0

TUL CUL RUL

Fig. 10. The vertical displacement from Exerimennt and FEM,

3.2 MU BESHS Rfst Al 24 Hat Y

2Ptk viete] AW BashE Ask A(TUL 5
%) Aghdat Fre] Auch 93 FHch 5)°olA
= Bl

g2 Fig. 11°] Yeh stk HAY

N
o
i)

Ol
o)
rE
:lS

31



Z2hefRbsto]] 0.392 kNOJ AJHE W #ujgr o7} 5
77} 1tol] AR =2 g Z¢julktoe] sh5o] 1t A=
L 1,960 kN, 2tko] A= 3.920 kN, 3tho] A=
= 5.880 kNoJ[A 9] AR eFE 5745t Table 60f Lre}
wolek BAf A4bol whet 1 skl A= M9 7} 5.53
mmof| 4] 9.17 mm 7}X] F7Fetgl o, 26 shgo A=
11.75 mmoj A 19.67 mm, 3%+ 3}320) 4= 18.97 mmo]]
A1 30.60 mmE F7HE A0 & YERyiTh 1 ~350]| A9
Bt W19 7S £, BA7E 14 &4 A8
Bt 25%9] WL7F ke, BA7F 27K S 7S
Bt 65%2] H7E St AoR EAE

19 8l 2% 35, 30 ak5o] AfstEl= S 1,
2, 35 K(Step 1, 2, 3)0.& AoJstal 7} A17ke] 37k
S EA3to] Table 70 Y ATt 15:7ke] 79 &4
o] A= AEA Hat 742 354.43 N/mm, BA|7} 1
7 &AE 7 302.47 N/mm, 27 44 49 213.74
Nmm= F7}=| it 1307 o)A 2hdibsge] 7442 |
A A Aol ulel 14.66%, 39.69% 7HAE|Qlom, 2
T M= BA 170E 27 el whet A A<
7Hg0] 23.12%, 40.76% TrAE Aoz BHAEL) 3
T ol M= BA &4k whet 31.89%, 33.94% ZF/dol
=it webs] diE] Basigo] 2Rkt ¢

QR

——- ND-TUL-1
—©— ND-TUL-2
—©— ND-TUL-3
—A— 1D-TUL-1
—— 1D-TUL-2
—=— 1D-TUL-3
- 2D-TUL-1

E-2D-TUL-2
—H- 2D-TUL-3
f " f

40 50

Load (kN)

20
Displacement (mm)

30 60

Fig. 11. Load—d in center under TUL load (average value of
Ch, 2 and Ch, 5)
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Table 6. Vertical displacement in center point due to TUL load
(average value of Ch 2 and Ch 5)

Vertical displacement (mm)
Load Load Load
1.96 kN 3.92 kN 5.88 kN
ND-TUL-1 545 11.65 18.55
ND-TUL-2 5.60 12.05 19.50
No defect
ND-TUL-3 5.55 11.55 18.85
Mean 5.53 11.75 18.97
1D-TUL-1 6.55 14.4 25.25
1D-TUL-2 6.30 14.45 24.95
1 defect
1D-TUL-3 6.60 14.85 25.30
Mean 6.48 14.57 25.17
2D-TUL-1 9.20 19.65 -
2D-TUL-2 9.30 19.95 30.70
2 defect
2D-TUL-3 9.00 19.40 30.50
Mean 9.17 19.67 30.60

Table 7. Comparison of calculated stiffness of specimens in
center point under TUL load (unit: N/mm)

Classification (03%% Lm (1.9(>S~t§1.3922 KN) (3.9283?.)883 KN)
No defect 354.43 315.11 27147
1 defect 30247 24227 184.91
2 defect 213.74 186.67 179.32
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- 2D-TUL-1
B 2D-TUL-2
i -H- 2D-TUL-3
0 #F f f ; f ; f i f
20 30 40 50
Displacement (mm)

60

Fig. 12. Load—displacement in right cross—beam point under
TUL load (average value of Ch, 3 and Ch, 6).
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Table 8. Comparison of calculated stiffness of specimens in
right cross—beam under TUL load (unit: N/mm)

Classification (0~Sit.?)% LN) (1.922?922 KN) (3.9zs~t§l.0883 KN)
No defect 39730 341.86 29622
1 defoct 333.14 257.89 203.11
2 defect 251.82 217.78 20224
EA43517] $J8i WAl Ch. 33t Ch. 62] it st ¢
IAE B4t Fig 120 YepyQict 5 &4 =
A9 AFAES FARE as-He BAE UeEb e
o, BA7} SAER] R AA|of s HAr} &4
o A9 e T4 WSt 71e7] 7
a7F AR UerdS gl 4= 9l

Ie 312, 2tk 313, 3 35o] AstE]= 17kl 1,
2, 37KStep 1, 2, 3)9] IS HAIRE Z I Table
8), %= HAY Ao A 2] EAfoll wE Zt
o] WglE BAshd, 27| 7ol dgE
L 1z &Abo] Z715to) whel 16.15%, 36.62% 73
Had ZoR Yepgth 29 oA BA 1719 2
A 2707F g meh B4l fle ARA 84
24.56%, 36.30%7} ZrAaE ATk E3E 377tol| A= HA)
év%ﬂ ul2} Z}7} 31.43%, 31.73% ZAdo] aE Ao

HA«]QO%E].

A 5 HA flA]o] AAE HA(Ch 13}
Ch. 49| 4t st5-He BAE AR & 30 &
3= AT 2= Table 97} Lo 2l 25 W
§ AR NA SHE AL 9= 1A YA oA =H
AT AR .

o

.

}/dol

o

N
o
O:

)
oN

-
e
4

Table 9, Comparison of calculated stiffness of specimens in
left cross—beam under TUL load (unit: N/mm)

e Step 1 Step 2 Step 3
Classification | 1 96 1) | (1.96-3.92 kN) | (3.92-5.88 kN)
No defect 388.12 334.09 29848
1 defect 339.88 283.37 214.99
2 defect 246.54 21421 209.07
3.3 LR X550 2Ist 2 5|
AAuke] Fde] AFsksol Agste HS-
(CUL 31599 515191 Z4e S4akict g
TG Ay o) Ax)E HeAIQl Ch. 29} Ch. 5
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71&7] g EIT 4= Qi

7|~ ND-CUL-1 —= 1D_CUL_1 & 2D-CUL-1
||-& ND-CUL-2 —&— 1D-CUL-2 £ 2D-CUL-2
—©- ND-CUL-3 -4 1D-CUL-3 & 2D-CUL-3
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ow———+———+———+

20 30 40
Displacement (mm)

50 60

Fig. 13. Load—displacement in center point under CUL load
(average value of Ch, 2 and Ch, 5)

Table 10, Average initial stiffness of specimens due to CUL
load (unit: N/mm)

Center Right Left
. cross-beam | cross-beam | Average
point . .
point point
No defeat
(ND-CUL-1~3) 229.27 252.69 252.69 244.88
1 defeat
(ID-CUL-1~3) 187.50 206.74 213.64 202.63
2 defeat
(2D-CUL-1~3) 130.31 148.11 150.80 143.07
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Table 11, Maximum load by CUL load (unit: kN)
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Specimen number

1

2

Average (SD)

No defect | ND-CUL

5.10

4.71

5.00 (0.21)

1 defect 1D-CUL

5.00

5.00

497 (0.05)

2 defect | 2D-CUL

4.31

4.51

444 (0.09)

Ht)a}E-2 497 kN

444 KNZ UPERYSILY. EXH

, B 27 = 3
$Afo) met H st

22 0.60%, 11.20%7} 7r4

ae A
kel 24 9 =

AR

[e]

=
=k

i3

1l

=
T

A gl 74% 268.50 N/mm, =7
21142 Nmm, 27 27 m=
NmmEZ UeRjjglch, 28ns Bt 1 7

Ao W 27] B EAfo)

.

mﬁrTﬂ

|
170

ENARS

-

gle A9

O =& 21.26% 73 A3t Ay sH
ArEl 749 36.83%2] 7] Aol 7

=t

O = 1=}
5 HAE &

ow, B
APNE

R

F

>E

o
ox

Mo

¢
& |

Ao et
Mw A ghaot we)
ek,

Y
27
ok

o
)

: : © o

L rE ok

ook B ki

I

=2
mm o
LT
rr

joﬁr

N
o
N
N
N
oy

=2

,% OE:'N:
S Ho rpr

(

M o2
N
>,

o

7

o =
Moo

dr =
o N

ot
P
rE
1o
8|3
2
rlo

—©- ND-RUL-1 —&— 1D-RUL-1 -&- 2D-RUL-1
|- ND-RUL-2 —=— 1D-RUL-2 -5~ 2D-RUL-2

6 4|~ ND-RUL-3 —=— 1D-RUL-3 =~ 2D-RUL-3

20

30

40

Displacement (mm)

50 60

Fig. 14. Load—displacement in right cross—beam point under
RUL load (Average value of Ch, 3 and Ch, 6).
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Table 12. Average initial stiffness of specimens due to RUL
load (unit: N/mm)

Center Right Left
. cross-beam | cross-beam | Average
point . A
point point
No defeat
(ND-RUL-1~3) 250.89 252.69 301.93 268.50
1 defeat
(ID-RUL-1~3) 195.02 195.29 243.94 211.42
2 defeat
(2D-RUL-1~3) 153.43 164.34 191.06 169.61

Table 13, Maximum load by RUL load (unit: kN)

Specimen number
Type Average (SD)
1 2 3
No defect | ND-RUL 5.10 5.25 5.59 5.31 (0.20)
1 defect 1D-RUL 5.20 5.20 5.30 5.23 (0.05)

2 defect | 2D-RUL 5.10 5.10 5.00 5.07 (0.05)
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