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Finite element analysis of optimal arrangement of truss structure
in attached lifting scaffolding based on example

ZHANG Xiaotong, ZHAO Tao
(Gansu No. 7Construction Group Co., Ltd. , Lanzhou 730000, Gansu,China)

Abstract: Suspended scaffolding has become the mainstream in construction scaffolding. The truss,as the main load-bearing
component of the suspended scaffolding, has a decisive impact on the stability of the scaffolding structure,so it is important to
study the influence of the truss setting position and number on the stability performance of the scaffolding structure. In this
paper ,the three-span four-machine-position suspended scaffolding structure is taken as the research object and the ANSYS
finite element software is used to analyze and compare the static stress and strain cloud maps formed by different truss setting
combination forms, the overall load-bearing stress and deflection changes of the structure are statrstically,and the structural
overall stability performance of the scaffolding is estimated. The final study shows that:based on the example,the lower large
truss of the scaffolding structure must be set,and then additional lower internal small trusses and upper trusses are set. After
that ,the overall stress and displacement of the structure reach the optimal value. which can provide a certain basis for the
rational setting of truss numbers and positions in similar structures in the future.

Key words: attached lifting scaffold; truss; three spans and four camerass; combined form; finite element

Wi T A T 2R A4 MR A S TR whor . DIMTZRES A . SCAT . S BN 3 A 55 i IR
b, KEE B SR TR, WA TR A & [ 5 R R B SR AR G5 v g R A £ B
THEM T4 R B R E s R 5 A TR AT 45 ) AR G5 F B T B [ E

Wi HER: 2023 -03 - 06
EHEBA: KBS (1990—) , B, TR, S5 T4 B 2 STHLR Bt =0T W B - 28 0y T I T4 o
WEMEE: & H(1989—) , 1, @& THEIN, IS (& =X T BRI 42 0y T A 9% A .



22 T %

56 % A6

RAUSRISRTE R GE 5 SMEERT 37 A0 I T B 0 45 4
BRI e A RGeS I P L e B A
GRS E RS

TR A 2 W 2 T e A0 2 16 i 68 24544
HIZRES F B2 B S B A B B R R
BRSO RE S R ek, S EET R A
SAP2000/ABAQUS 5% 1 Rt 35 2T H e I T 2R I
SR OL T BB AR 2 PRI PF N DI o0, 75
TR AR R A AR R I T BOR X AE T AR
7 FE PSR SO I 1 L it R AR BT T
AN A ARAUR BT 28 = Fh 00T 22
PRI N ARG O, 13 T 1E2e 0k i — 8
JERH R AT 2R BRI — T8 /T AR B b 28 5 45 B A
BT 5. 2B ST T B TR TR T 4
SE R IR B HEZREE Ry, A T AEAT AR A A
IR OC T, R IR] 1] X6 Bk S AR 45 4 T o/ 4
PR KA g, 38R 37 R SRR T HE
R R E

A LE R 5T 6 I - 2R 1 N s 254 L T
FF o KPR T HE SR A AR 28 RE T LA S AT 2R 1) i ok
FrTHE9E, (HRREMS MR BEE AR . AR
B T AR B ST e I T 2R AR T N T i
Wil o ASSCHRAE H ATEC N 0 B T2 A5 h, L=
25 PUBILAE 9 B 3 2T I B0 R 45 4 Dy WF 58 0 4%
B E AN R 2R A M B AT SR AT S AR
IR A BRIT T, 15 BIUHT AT 2R A 45 14 72 0
— SO Z TR, XU BT R A, A
B A B, ZBFRIHTABLE AN

1 RERBRTE5SHIRE

L1 BRIEIRESE

PR UL = 5 PO () B 38 R a1, AT A PR
TSRSy, BR E BRI TR AR R )
JER 13.5 m, B4R S SOREE B4yl 3.6,
4.8, 4.8m" BUATIRE N 0.6 m, AR
Jp2.4 m, HHN2.9 m, PIKEFFEERE)Z R
WA 2.0 m, SR FARZEREFIUNE 1 FiR,

L2600 1800

2900

%ﬁB%% |

2900

A

X \\\\ T
2900

Bl ZREEEERER
1.2 ARTHEESHIZE

1.2.1 370X BAFE

W& TR T 28 h i R I Rl A A
WL BN SR A AR B, S TR E 8
GRS ORI/ RS 4 N7 = U - 3 |
ANSYS #fFHy SHELLO3 FRITHIN . RN . N
Mr %, H BEAMISS L 5T £ 4 7 ¢, H b,
SHELL63 FLIG A it/ #EFE o, W 2 sk )2
1) Kirchhoff it {15, #EABIHT HFT 7 — A
JEEERE /i, ARk, LR SR
H1 B0 56 Ok E C; BEAMISS AT B2 T,
K H P J7 22 H Y Timoshenko ZRFRIE, #AIHT H
T — AR HA/ M, AR Rl i AT
AR TIATHE 2 o B T 4K BT A #0114 kL3 Oy
Q235, HMEHEMEWME 1 iR,
1.2.2 #MRAAHREFMHEE

PRAEMT S R AP B B : 1) 2R 44R]
FH B B2 0 i Sl 3 T2 B R AT T AR S B
BFFE AR TR B 2) BT e S J5 it
TARMARAET- S W B Be o 55 B B il 2 58
PR R it 1R i AT ) I H R B B, X AR
JCHEAYG Nl B, AR R A R
fif , B2 VRS Y 0 AL e

®1 MHREMRE

MoEHE BERE/ (kgomm ) SRR/ (Nomm ™) H{EL/N =4 KT L/ Pa B YIELE/ Pa
ZH 7.85x107° 2 x 105 0.3 1.666 7 x 10" 7.692 3 x10"




2024 4E4f5 6 ]

SKIGEI, S TS R SRR T2 AT AR S R A A B AT FROT A B

23

AFEELR, W 2 PR,

il

iy ij
B2 ZREEBIAR

AR BT HARAR S R A rh 1 DL AN B T
ZREARHIRE, R4 00 M AT DL 2 frs o
R2 EEEEHIAEE
g A S (i k= 4 7 2

LA TR e H/ (KN-m=)
kit T 2 3.0

AT BT 3 3.0
) 2 0.5

TR LOL BlEitE LT 2 0.5

2 MIRAREETHESH

HIZRESHGAE g — Bl ey 22 AR /INECTET AT 11 2H 7814
CA RO A, nT A o oA H A Y e S
KA IPTE RE S, HBRE D M T
MRS & T RES A, H A AT H MR,
HE/NEE R

2.1 RERMIBEEERZNSH

T2 2 T A D B2 B4 R B it T
N GUHAT o X JZE BOT A A U AT S A J5 2R 4T X
Feor T, AT A B A AN 1 ) T HE SR 4
At S B 4 PR GIE R TN 5 5 4, AR
SRt N B3R LA, R HE i AR AR A Y FR
SETE S T GRUE N B s AT B . IR = R A e
41200 mm, HAFRICHEIIUNE 3 Bis.

B3 KEXHIZEARTHEER

X TR S AN B L 1 AT 2 1 o A 00 2 i)
o0 T 4%, il ad A BROCr I, Ay 28
R JE oA RS NN = W 4 R, #aS
PRI 2 A S B o

M 4. 5 mfn: 3T AR A5 5 55 ot
LERGHEAT XE L, ZRAA S5 AL 2 ) dee R fEL IR
21. 1% , WA B RAEFEAR 42.5% o RGN
JERMTHLGE R, SRR 454 v 25 6 B {8 5 Ky
30. 06 mm , HLYE KL RE A 2548 1 B K B8 5 FUBR

S —
S ———
o~ S, RO{E/MPa e, BE/MPa
+2.368 1x10? - +1.869 7x10?
™ 4 +2.105 0x10 +1.661 9x10?
L | +1.8419x102 +1.454 2x10?
y +1.578 7x100  y . +1.246 5x10?
=X +13156x100  cxfl == +1.038 7x10?
1 11 || +10525x100 7 ~ | +8.309 7x10!
it || +7.8938x10' - +6.232 3x10!
+5.262 5x10" ZNZE‘ZSZE +4.154 8x10"
+2.631 2x10! ay +2.077 4x10!
+0.000 0x10° — +0.000 0x10°
4 REEMBENNRE
— -
el S BE/mm e fBfE/mm
L1 +0.699 3x10" B +0.642 9x10'
= +0.287 5x10' +0.379 3x10'
-0.124 1x10" +0.115 6x10'
y -0.535 8x10! -0.148 1x10!
X . -0.947 6x10" {,X [ -0.411 8x10!
z Q\ Man -1.359 4x10" z T -0.675 4x10!
[ I——f -1.771 1x10! ZNZ\- - -0.939 1x10!
-2.182 8x10! -1.202 8x10!
-2.594 6x10! — NPH | § 11466 %10
-3.006 3x10" A -1.730 1x10!
5 BRUESEHHTSABEEE



24 T %

56 % A6

1/250(19.2 mm) , HAFRH BE(E R TG HLE (1
BRAEM "™ G, BA IR 2 R A4 0 2 ik
SER AN W A TR, IR 2 K2R e, 48
IREER B LR K 17.3 mm, HTHRHEE
BN TR R EE 19.2 mm, f75 %20
PG, A5 RS A N IR ZE R ) 172, 35 m
T )2 RAMT R LA BRAAR 2546 1 PR ) 728 AR RICR 2 AR B
WA, BRI, 78 2R R 45 46 IS 2 06 20038 I K AT 42,
RESR AR ARRIEE , D NS AR S
2.2 IMNGRIEERZHSH
2.2.1 DR EFREEME LT 5K
IINHTHRGE AL 2o A (e SR A B AR5, W T
L EBEE Y AEBE NER R ML I SR AR TE AN,
(RIS s A, ST 08/ATZR R . /T4
H R A 400 mm, HA FRITEALINE 6 iR,

B6 IHIEERTER
H 2R R 3 AR 4548 By 12 5t T T A AL,
FETHE AR B /T EE 43 A1 i AL B N A 1A [ DA
RM2EG i TG e B =, il
20 PRI T 56, FEREAT far BN 205 JE A 20
PRI B TE, SR oA /M A A [R) o &
KB T X AR AR S py se . HATE 2R
k3 iR,
2.2.2 &

TERR IR B/ IMITAL B g, SR AT RETR B S
SERR TOUAHIE A BT 4548, FE 254 534 Hhou AUy 22
it T Ao 2k —AL %5 hE, it Ao 28049 16 1 T B i
LR T A e TN, XUy 2R AEAS 2 R 4 4 7 il
R AR P far 2 R B R, PAASHEIX 50 m R
2 R EAEAE TSRS . BT RR AR b X
50 m 7523 T AR AR HE(E M 0. 46 kN/m?, 3l 1 A1 ds
PRGN, 25 FERER AR SN P X AN & — A~ 2 1
T, AT IR 90% AT e
2.2.3 HHEZEREHMI

RIS AS[F S B AR, 0 A R A o7 2,

WA RICE A, Geit T ARG T #
SO L AR SN A IR 4 PR
®3 HAERAHSE

HEE  Ki4E AN
I CRIESMU) ik s LR Py
X — —2 = —
i - —Z == —
EX= —2 Pujz —
ey —JZ N —
B —JZ =2 g —
VIZAWaN —Z T EE 2 —
At —JZ — —2
I WAN —2 — =2
Wil —Z — Mz
B+ —Z — —2; =)z
EAt+— —2 — —Z; 2
Bt 2 — — )2 )z
EXt+= —2 — T2z
EXt+w -2 == —2
EXTH 2 puz —2
i AN = —2 =
B+t 2 pujz =
175 v AN =) == ==
B+ —Z Mz =
EX =1+ 2 LIPS 2
x4 FRAAEHEATHSUBTHEMMESH
TUEST
HETE EROYIEES [iEESIW
251 AL AE/ mm AL(H/ MPa
— 17.08 186. 27
- 17. 08 185. 90
= 16. 47 182. 80
s} 16. 98 185. 63
T 16. 43 182.79
7N 16. 42 182.28
+ 17. 24 186. 43
I\ 17. 64 187. 69
i 18.78 192. 55
+ 17.02 184.38
+— 16. 98 183. 41
+= 16.76 182. 63
= 16. 42 182. 68
+py 16. 42 182.55
T+ 16. 40 182.27




2024 4E4f5 6 ]

SKIGEI, S TS R SRR T2 AT AR S R A A B AT FROT A B

25

F4(Lh)
HETE AN AR T
A2 A4 B/ mm AL AE/ MPa
+75 16.74 182. 90
& 16.73 183. 89
A 16. 80 182.76
+7 17.06 184. 18
—+ 17.08 184. 09

XHEMIAAEA R B E AT, X AR L5 A
AT AR AT B0 R B4 o0 A, | LRk
REEHR AT, A Tl B0 /T 2R LA R /A
AR B A [ X SR A5 H 32 W) AR B R . & AN
[FIZH G 2N 2R A5 H 1 25 0 ) A2 Al ol 2 ] 7
PR BRIRSE I TE A T B TE T S5 i S AL 78

AL AN 8 P o

1951

o
(=}
T

B J3 {8/ MPa

[
(=}
T

—
2
N

HEHAFS

B7 SRIEERBHSEN

(a)

i

d
o
1l

il

1 1 1 1 1 1 1 1 1 1
12345678 91011121314151617181920

%7118/ MPa

+1.826 6x10?
+1.624 8x10?
+1.421 7x10?
+1.218 6x10?
+1.015 5x10?
+8.124 3x10!
+6.093 2x10!
+4.062 1x10!
+2.031 1x10!
+0.000 0x10°

@ﬁz&iﬁ/ mmo

123456789 1011121314151617181920
HERNF T

B8 ZRIEEESA®

S oI, FE R E R FRHT LAY AT T,
SEN TR BB (B 20) B BATAEA A2 22
At A0 g A8 A MRS HoAb 45 2RI ST 19 fe /N
AR BB E—EN . SNPTRRME%42
PRAUESE AT AT I, H H AL RS 5% 7 14 #A 1 R
INBEE Y Z N (22X 20) B9/ AR AR
FALBCE f IR FRRATAR I Ol HZDY ., o= 1]
HIZR (B 3K 20) D9 A Ja BUZ B9 /MT 2R, 2236 T
& NRBREERIMERB AR, AGHL,

AR A X, — ZJRE M) s
TRE MU 5 BRI 1S MR8 TR 20 L FS
N T £ E e A ST RA CH, TR I A B
Uit T 5 #2015 B X 20 B 2R AR S5 4 i
SRR AN 9 FiR, SRR S AL 7
XF AN 10 fs .

[

RZJI{E /MPa

+1.870 1x10?
+1.662 2x10?
+1.454 5x10?
+1.246 7x10*
i +1.038 9x10?
| +8.3112x10!
+6.233 4x10!
+4.155 6x10!
+2.077 8x10!
+0.000 0x10°

(a) B3 20 ZUAREEERAEI ) = &l5 (b) JEX 15 ZARES My as I ) = &

&9

(a)

_—

—
1

FTRETT N

1]

A= R

N

HLFE{E / mm

+0.662 3x10*
+0.406 1x10?
+0.149 4x10?
-0.107 2x10!
-0.363 7x10!
-0.620 4x10!
-0.877 0x10!
-1.133 6x10!
-1.390 2x10!
-1.646 8x10!

AHASH ARG ENBESE N ZE

(b)

y LM

LR/ mm

+0.657 4x10!
+0.375 7x10!
+0.093 910!
-0.187 8x10!
-0.469 6x10'
-0.751 4x10!
-1.033 1x10!
-1.314 9x10!
-1.596 710!
-1.878 410!

(a) B 20 ZUIRZEMERERB R (b) TN 1S AR RSN A
E10 AHAGHARGEHHSLBEE



26 T 2

B 56 % A6

3% it

(1) AT B PR 254 1) 3 B A Pl 4
IR B BT AR Al A B BE R 1 BR(EL, Je R
Tyt AR AR BRAE, S B T v 2R A
IR BT

(2) JRZ KM B A 1 2 2k fE
RIRZERG o A o, ZRAK IR R (SRS Y AR SR A T 5
I T L, AR MY B 4 1) d5c R e 85 L PR
{E1/250 , #58R H d RGEBE(EL Y 19.2 mm, Z¢
PRES B B R RIS, B A vh 5 07 7% (6
K HHIR Y 30. 06 mm Ji/b 7 17.3 mm, 2541
e KPR N IREERY 1/2, W2 T S5H it Al
MEEOR o 3R J2 KT AR LAJG ZRAA S5 K 1) 1) )
RO R AR I 1. It, TESRAZE A IR Z
GIE) DN SR Ak S NS AN S
s

(3) ZAARAE PR R Z KT ZRATIZ (19)Z)
WL INZ/TRE , SRR SE A B e R A% Rl e K
JO7 73 5 FAUAE Y LAt L 38 /M 2R B B A S
s D A A AR . 454 HAb i A i
HERRI A, JRASEH e BB IR Z KAMT
ZUFITR)Z (PUJZ) N ANZ/AMITAG, 58 4T AL it
TR R, HAB AL & R BT, HJ2 T
JZ T TEARRY W 2L, AR TE (PUZ) /s
HIBR AR IRIZ (—JR) , AT 5 RMIAE . BRiA4s
TR A TSR EE A, ARAR G 0 B RN ) 78 I A
HeAib b n] 2 0

(4) “ =B5PUPLAE" I B TR I = J Y i
TURSTRILS K, ORIE 5 205 SR 0] 4% 20 B 25 A 45 2R )
B, ENRERA—-ENESEL BRI T
e (0 B AW 1 A ML 85 B AN ], s T
37 W] AR 8 B3 S B A AN ] o7 5 1 ST R i i o
S22

S 3k
(U] AR . B2 5T T 40 32 S o

[10]

[11]

[13]

[14]

[15]

[16]

REFALI]. it TH A ,2006,35(8) ;77 - 80.

Ui T AREOARTE S P T ] B
4k ,2015(20) ;119.

JBE Y- . T B ET B T AR R S gl [T ). T4
A,1999,28(3) ;1 -3.

R P e (R R I [ IR 0 R R
RAUFRE LT ] ML ,2016,37(6) 128 — 30.
gkt e, 2 . B T R BT A TR
IRTLI ] VR PR SRR A7 22 4 H AR B2 ) , 2003,
19(1) .19 -21.

Z oLy es i R R NS R R (R L P 57K 3
AR,1999(8) .7 -9.

FEOpE e, s, 55 . T SAP2000/ABAQUS
FRBT R BR <5 BT ST B BT 2R 10 ) A T 2 B
[J]. BSEARIT A ,2020,47(19) .3 -5.
TR PR A . SET ANSYS [ 25 U I T2
HIZREH A BT [T ], 22 M Tl 27 Be o7 4k, 2022,
29(4) .7 -9.

R FE BRGSO RERE TR AN [R] T 20 T Y 07
TR ]. AESHLMAE 2021 (1) :59 - 62.
UG T T H U A% R LR - JGT 202—2010
[S].

T, . A TR T A RSP R B HESE
ST ST . SRR T ,2001(2) <114 ~ 115.
FFEK, A E . 3T MSC. Patran/Nastran 48 =5 B
EXMTHA R/ LT]. AP, 2010(7)
84 -86,89.

LIANG H, YANGGX, XU Y, et al. Wake-up timer and
binary exponential backofffor ZigBee-based wireless
sensor network forflexible movement control system of a
selfliftingscaffold[ J]. SAGE Publications,2016,12(9) ;
336 - 369.

IS @ T S OE s g ST i
HTLI]. #E5HET,2000(6) :36 - 37.

FWL BRI R . B TR AL THEA AP
WA B HABRBTFE [T ]. AR ,2000,29(3) <11 - 13.
EEE . WE TR T2 % 2 i BT K TR
WESEL D] Kt KR ,2004.



