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Abstract @ This study analyses the load imbalance of the tower crane used in
telescoping work for structural safety, owing to the difference in wind speed and
balance weight position. This is because wind speed and position of the balance
weight have a significant impact on the structural stresses of a tower crane during
telescoping work. Therefore, structural analysis was performed on the 290HC model,
which is often used at construction sites and has only one cylinder installed.
Moreover, two models were classified to determine the load acting on the connecting
part of the telescopic cage to slewing platform and the cylinder. Five types of balance
weight positions were applied at regular intervals from jibs; moreover, four types of
wind load criteria were differently applied. Hence, the telescopic cage columns were
destroyed at all balance weight positions at a wind speed of 30 m/s and only at
certain locations at a wind speed of 20 m/s. Furthermore, failures occurred for
cylinders, torsional, and bending at wind speeds of 30 m/s and 20 m/s, load
imbalances above the allowable thresholds considering the safety factor. In addition,
the load imbalance in the telescoping work also varied depending on the position of
the balance weights. The results of these studies have validated that the current
standards of adjusting the appropriate position of the balance weights on the jib are
completely valid, with the telescoping work to be executed only at wind speeds of less
than equal to 10 m/s.

Key Words : tower crane, telescoping work, structural safety, load imbalance,
structural analysis
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Table 1. Member properties of tower crane

Number Member Cross section size(mm)

®  Telescopic cage [150x14t, [130x14t,
pic cag C1100%10t, D42.7x4.9¢, -

[J110x12t, (1808,
[180x8t, @42.7x4.9t, --

[J110x12t, [CJe0x6t,

Slewing platform

Tower head

® 48.3x3.2t, -+

o oo Jvas, o

® Counter jib H450x200x9/14, [J60x6t, -
® Counter jib suspension ~ [J110x12t

@ Jib suspension [J110x12t

Cylinder P245%22 5t

Table 2, Material(SM490YA) properties of tower crane

Properties Values
Modulus of elasticity 2.06x10°(V/mnr’)
Poisson’s ratio 0.3
Thermal coefficient 1.20x10°(n/(m/°C))
Weight density 7.698x10°(N/mnr’)
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Table 3. Member properties of tower crane W=gx Cx A )
Number Load Member Weight(kg)  Load(kV)

. Hoist gear frame 4,790 46.94 1714, Cq- ;tj;;‘i(\]v Jm?)

Hoist winch 648 635 se A

@ L Counter weight 20250 19845 A TERA (m?)

® L3 Mast section 2,260 2215

© Bl Vs ston 2260 18 E3t, £E9 gl Y adelo] 2E Ao HA A

© B Biance B2 fREo] A & Abstoiof gith. oluff, h= B

® B3 weight Trolley 335 328 |0l ulEhe Hh= W o] z|A}o 2 HE Q] =02 9

@ B4 (Parameter) D] &t q_

BS Hook 520 5.10

q=98xMx V/h (2a)

M=V?/30 (2b)
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gstg o, o]= dyAzy Y =g SHolA F5t
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Table 3. Wind load of tower crane in change of wind speed
Member h(m) A(m?) C  V(m/s) qWN/m?) WUV
10 89.43 4,064.22
Jib 56.18 37.87 1.2 20 357.73  16,256.86

A& Eskelth 29 S5 dyaayg AlolA 0 80490 3657795
o] A4 F91E 1A AAHP R g T (Modeling-1) 10 8041 164040
< Fig 3, froh A9H 272|795 14 AR o= o COMET 5538 1534 12 20 35645 656160
222 (Modeling-2)2- Fig. 40] EA|5}%T). ! 0 8202 1476360
Fig. 39| 117 2|22 Wafe] wfe} PI~P4R LEE] 10 90.14  485.68
o, Fig. 49] 1174 X A3 Pso|r}. 7 HE g o] Q4= Tﬁ’ejgr 5798 449 12 20 36057 194273
H QAS Haslgon 94 7 A44L 7+ Adoltk 30 81127 437114
L49] T dy|Aag Aol mEly ofH o] zfo|=2 10 87.82  1,226.65
Modeling-10] 6407}, Modling-27} 6937]o]c}. E:tggi 5223 873 16 20 35127 490658
30 79036 11,039.81

2.2 EI"?'-' E.E'I|°._| o %8% _7F_?_‘| Telescopic 10 84.84 5,350.82
B oodTe] E ChE g EENS 16k aC 4549 3042 16 20 33935 2140328
S8 epgiadele] Agsks FaF0Ne Bl e R

L = 15) o = . .
?Eif\;ﬁ.ﬁj;q% A5l A 71EDE =gt 4 Szgfiitn 5223 438 16 20 35127 246172

30 79036 5,538.87
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Table 4. Load combination of tower crane modeling

Modeling

(Analysis point) Wind speed(rs)

Load combination

LI+L2+L3+B1
LI1+L2+13+B2
0 LI+L24L3+B3
LI+L2+13+B4
LI+L2+L3+B5
LI+L2+L3+S1+BI
LI+L2+L3+S1+B2
10 LI+L2+L3+S1+B3
LI+L2+L3+S1+B4
LIL2+L3+S14B5
Modeling-2 L1+L2+L3+S2+B1
®3) LI+L2+L3+82+B2
20 LI+L2+L3+S2+B3
LI+L2+L3+S2+B4
LI+L2+L3+S2+BS
LI+L2+L3+S3+B1
LI+L2+L3+S3+B2
30 LI+L2+L3+S3+B3
L1+L2+1L3+S3+B4
LI+L2+L3+S3+BS

Modeling-1
(P1~P4)

olul, Z+ 515 2ol HA AF= EFE 9
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31%‘% ?‘Xo]—%a(wa) Opat — Ota (3b)
a%ﬁé‘%é(mg) O = Ot +1.15 (30)

0p =0q (3d)
o, =(1+w) <0, (3e)

a’g—?_]xohi E:1](N') ‘Pta = Ot x4 (43)
a%% ?‘XO]—E]—EIFHE(I(NHI) Mnt = Obat xXZ (4b)
'51%%]'-—’:?‘?_]'@3(1\0 Pca = O4q x4 (40)

20 <\, L2 N) p.=r, (4d)
20 < \ <200,3]-&==2HHE(N) P=P,+w (4e)

o17]14, 4= el 2a1g Alo)x] $2A o] gl o, Z
B o Agoln st dEasig Aojxe) FEel
SM490YA Q] &2 o8 2o} vt 27 gigAzy
olxe] AL mHI FEAHICL HF AL
Table 59| UEr 2 4 & F3) AEE 318 ute
7132] ABighe Table 6] saic.

Table 5. Properties of Telescopic cage column

Index Result
o, 352.8 3600 kg/MPa(cnr’)
A 3600 mm’((J100x10t )
Z 81,333 mmt’
A 37.11
w 1.16

Table 6. Allowable load of connection part in Telescopic cage

Allowable Load Result
B, 846.72 kN
M, 19.13 kNm
P, 736.28 kN
P, 634.72 kN

gy ATT Aoz 2R Q] FHAL ulfHsE
P1~P42] v Z3}r} Table 62] 3825 2514 &
oo shul, £,2k M, 5 B weld 23 Sl
el = AEstolof Fek meba x3t
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Table 7. Reaction load of P1~P4
Axis spz]ﬂlll(ljds) Pont Bl B2 B3 B4  BS
P1 24 2.2 -1.9 -1.7 -14
0 P2 3.1 29 24 2.0 1.6
P3 1.1 0.9 0.6 0.4 0.1
P4 -1.9 -1.5 -1.1 -0.7 -0.4
P1 -3.3 -3.1 2.8 -2.6 2.3
10 P2 2.3 19 1.5 1.1 0.7
P3 1.6 14 1.1 0.9 0.7
X P4 -14 -1.0 -0.6 -0.2 0.2
(kNm) P1 -5.9 -5.7 -5.5 -53 -5.1
20 P2 -0.3 -0.8 -1.2 -1.6 -2.1
P3 3.0 2.8 2.6 2.4 2.2
P4 0.0 0.4 0.9 1.3 1.7
P1 -10.5 -10.5 -10.3 -10.2 -10.1
30 P2 -5.0 -5.6 -6.0 -6.5 -7.0
P3 6.0 6.0 5.7 5.6 5.5
P4 29 3.6 4.0 4.5 5.0
P1 -5.5 54 -4.7 -3.9 -3.0
0 P2 -7.2 -6.2 -5.2 -4.2 -3.2
P3 -5.4 4.5 -3.7 -2.8 -1.9
P4 -6.1 -5.1 4.1 -3.1 22
P1 -5.5 -4.6 -3.7 2.8 -1.9
10 P2 -8.2 -7.3 -6.3 -5.3 -4.4
P3 42 33 24 -1.5 -0.6
Y P4 -7.3 -6.3 54 4.4 -3.5
(kNm) P1 23 -14 0.4 0.6 1.6
20 P2 -11.3 -10.4 9.6 -8.7 -7.8
P3 -0.7 0.3 13 23 32
P4 -10.8 -10.0 9.1 -8.2 -7.3
P1 3.7 5.0 5.9 7.0 8.1
30 P2 -17.3 -16.8 -15.8 -15.1 -14.3
P3 6.0 73 8.2 9.3 104
P4 -17.5 -17.0 -16.0 -15.2 -14.5
P1 361.8 3275 2931 2587 2244
0 P2 350.1  317.1  284.1 251.1 2182
P3 -96.2 -61.9 -27.5 6.9 412
P4 -84.5 -51.5 -18.5 14.6 474
P1 365.6 3312 2967 2623 227.8
10 P2 3463 3134 2805 2476 2148
P3 -83.2 -48.8 -14.3 20.1 54.6
V4 P4 -97.5 -64.6 -31.7 12 34
(kN) P1 3771 3424 3076 2728 238
20 P2 3348 3022 269.7 237.1 2046
P3 -44.3 9.5 253 60 94.9
P4 -1364 -103.8 -71.3 -38.7 -6.2
P1 3849 3496 3143 279 243.6
30 P2 327 2949 2629 2309 1989
P3 153 50.6 85.9 121.3 156.6
P4 -196 -164 -132 -100 -68

BHROIBHE|R|, H|36H |15, 2021

49 530 TSt T2 RN A7

Table 8, Combined allowable threshold of P1~P4

sp;g;‘(‘jl/s) Point Bl B2 B3 B4 BS
Pl 078 073 064 056 046

P2 085 075 066 056 046

0 P3 040 031 023 016 0.6
P4 042 033 024 018 018

P1 078 069 060 050 043

P2 090 081 071 061 052

10 P3 032 023 014 011 01l
P4 050 041 032 02 023

Pl 082 076 071 065 059

P2 105 095 087 078 069

2 P3 021 016 017 021 030
P4 073 065 056 047 039

Pl 107 102 097 091 086

P2 135 128 118 110 102

% P3 033 045 055 065 076
P4 115 108 099 091 084
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Table 9. Properties of connection pin

Index Result
o, 343 MPa(3500 kg/cnt?)
A 1963.50 mm*>2(double shear)

Table 10. Allowable load of connection pin

Allowable Load Result
P 388.83 kN

s
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Table 11. Properties of cylinder

Index Result
o 833 MPa(8500 kg/cr’)
Oea 72435 MPa
T 480.93 MPa
A 15727.60 mm’x2(D245%22.5t)
A 35.03
w 1.13
n 0.98
Foyiinder 29.4 MPa(300 kg/ent’)
S 5

Table 12. Allowable load and moment of cylinder

Allowable value

Result

7, 104730.26 kN(20946.05 kN)
P, 91069.79 kN(18213.958 N)

P, 80592.73 kN(16118.55 kN)
Morsin 772.02 kNm(154.40 kNim)
Miae 668.59 kNm(133.72 kNim)
Mo 581.38 kNmn(116.28 kNim)
Ftder 904.70 kN

r
BV —0n/s
I V=10m/s

] V=20m/s
I V=30w/s

500 -

Vertical Load(kN), Z-axis
»H
=3
8

B2

B3

B4

Location of Balance Weight

(a) Vertical(Z-axis) load of P5.

B5

2000 -

1800 -

Y
3
3

U a0l 1352.8

S D

ISERS]

S 3
T

%

=3

S
T

565.6

Torsion moment(kNm), Z-axis
f=2)
=3
=]
T

200+ 1414

BI1

1379.8

571.6

144.4

B2

1406.9

589.7

147.4

B3

1434.1

601.8

150.4

B4

613.8

1545

BS

EFRE BRI A|Ql AR fLREo] WHlA Yo|Ee} F
4:9] ufjyfg=e] what {9 AR shE(Ps)el 285t
£ 4 2 =hlE vES v g2 Yehy ol
5 WSS A S0 ms), T4 E(10
m/s), =2 w20 m/s) LE]al Hebd ab(30 mik)
= BEFsqch 7+ :LE‘«I TS WYL fJo]|EY
AA(BI~B3), =252 §F 9] gh2 oJu|al Fig. 5(a)
= 2% 4] HH, Fig. (Sb)= 25 HIEd ZHE §H,
Fig. (50)= Y= {3 ZHE w9 183 (5d)= X=
T ZHE B YeRf ok

Fig. 5(a)oll4] a3y 44 5 dyaig Aol
A5 ZFE B9l A L Ee] MR ol
A&} FEol et § ARY sho] WSt 4
2] wheg sty 1 da 24 sl 9T
H) 2= Wi HSETE G0 B R P5of] WHAYsH 424
go] 561.8 kNZ FUsIT). E3L o]9] ghEo] # 12
o] &4 9= uhg 7] 91069.79 kN(20946.05 kN), 3
2 = vk 7|2 80592.73 kN(16118.55 kN)E T} WO
& olof tigh b/AdS gt 4= Qo 1)L S 4
ol o ARY Y 4 13t &8 7% 90470
kNETH o ng g Asisy 2] o) At 2¢jo] 7}
Fohrtal AlbmEch

Fig. (Sb)ollA 25 ¥4

ok m

HHE ¥ F PES

|

SHROIBES| R, H|36 A 15, 2021

Location of Balance Weight

(b) Torsion(Z-axis) moment of P5.

.
WV =0m/s
I V=10m/s

L 444.0
500 =20m/s|

[
BV =30m/s

IS

S

S
T

4.9 -154.6

Bending moment(kNm), Y-axis
w
S
(=]

o
3 o
T

I . . .
Bl B2 B3 B4 Bs
Location of Balance Weight

(c) Bending(Y-axis) moment of PS.

1200

, 1000 -

800 791.0 791.0 791.0 791.0 791.0

Bending moment(kNm), X-axis
P =)
8 8

200 -

B1 B2 B3 B4 B5
Location of Balance Weight

(d) Bending(X-axis) moment of P5.

Fig. 5. Reaction load and moment of P5,

15



HHE -olz2 -

Table 13. Change ratio of torsion moment in balance weight
parameter

Parameter B1—B2 B1—B3 B1—B4 B1—BS5
0 m/s 0% 0% 0% 0%
10 mi/s 2.12% 4.24% 6.36% 9.25%
20 m/s 2.12% 4.26% 6.40% 8.52%
30 mi/s 2.01% 4.01% 6.03% 8.03%

Table 14, Change ratio of torsion moment in wind speed
parameter

Parameter 10 m/s—20 m/s 10 m/s—30 m/s
Bl 300.00% 856.58%
B2 300.00% 855.54%
B3 300.07% 854.48%
B4 300.13% 853.52%

B5 297.28% 845.76%
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Table 15, Change ratio of bending(X) moment in wind speed
parameter

Parameter 10 m/s—20 m/s 10 m/s—30 m/s
Bl 299.90% 709.62%
B2 299.90% 709.62%
B3 299.90% 709.62%
B4 299.90% 709.62%
B5 299.90% 709.62%
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