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Nonlinear Finite Element Method Solving Large Displacement
Problems of Trusses Subjected to Node Coordinate Variable

LIU Shu-tang
(School of Civil Engineering, Guangzhou University, Guangzhou 510006, Guangdong, China)

Abstract: In order to solve the large displacement problems of trusses, a nonlinear finite element
method was proposed, which used the node coordinate variables as unknowns. An expression of
the member end force vector was written in terms of member’s end coordinates, by which the
global nonlinear equilibrium equation was fabricated. In solution, firstly, based on matrix
differential theory, element derivative matrix was obtained with respect to the member end force
vector, by which the global differential nonlinear equilibrium equation was fabricated. Secondly,
based on Newton tangent method theory, the global equivalent linear matrix equation was
established, then the structure’s boundary restraints was introduced, the iterative formulae for
structure node coordinates were obtained. The research results show that the present method has
good stability, high precision, quick convergence and easiness in use, and is very efficient for
solving the large displacement problems of trusses.

Key words: nonlinear analysis; Newton tangent method; large displacement; finite element meth-

od; planar flat truss; node
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Fig. 1 Planar Flat Truss (Unit:cm)
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Tab.1 Diameters of Member Section for Flat Truss
4 5
W B AR/ cm 3.8 2.0 5.2

1,2,4,8.9 3,5,7,10 6
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Tab.2 Node Coordinates in x,y Directions for Flat Truss

cm

S x B AR v AR
1 0. 000 000 00 50. 000 000 00
2 1 000. 000 000 00 0. 000 000 00
3 300.166 574 15 44,997 224 54
4 299. 833 425 85 35.002 435 47
5 700.166 574 15 24.997 224 54
6 699. 833 425 85 15.002 775 41

Hhk sy e 2,3 pros. M 2,3 AT LLE H, %48
A4 YO 2 7 AR AR A 25 e =10 TR, Uk
L7 ] AR 20 Yok 20 [A) 45 5 AR 30 i Wi sl

B 2,3 38 0] LU AR 0 S0 i il 26 35
K — Bk P2k U6 W 3k ARSI 2 AR R R RE Y

Xt 2. 5P ff 8 R AEAT 40 A7 o 0 Bl DA
ARSCEE R G SR I7] K ANSYS 50 45 BB A & —
]y, RORFE /NS G 3 PLJa A — S22 ] X T
TR A R 2%

2.5P Fif g RN a8y J5 1) 5L B FAT il g 1% 4R
A2 A A& 4,5 Fras . R 8 ka7
RUARFRAR 25 =10 T PR, SCHRL7 I ak AR 20 ik
FUAH R 25 5 A SO W SR B . &l 4,5 1T
DL A ST i il 4k o i — BOK -2k 1 B
A WS S A 2 R AT SRR

Xf 2. 6P fai g R AT 04 X T 2. 6P far B R
SCHRL7 15 ¥ ANSYS ¥ A RER ff . AL 2. 6P
TR T R LR RUFE Rl g R At & an i 6 BT
ANe BEAR 20 WK T WA ZE e=10 TN E
Ko HE6H LLA . 3% AU SOHT i il 26 o i —



gz20 goo.0gouoboobbbodoooguoobooboooa 141
03 0000
Tab.3 Node Displacements cm
L. OP fif 8 & 2.5P Tk & 2. 6P fii 3% &
TR AR3ICTT % SCRRL7 D05 ANSYS AR5 % SCHRL7 177 4 ANSYS AR 3CT5 i
U1 —1. 046 800 —1.047 400 —1.047 —1.620 90 —1.619 —1.619 —103.900 0
usz —0.018 554 —0.018 563 —0.019 —0.149 12 —0. 150 —0.150 —0.739 2
U3 —0.920 740 —0.921 225 —0.921 —4.583 30 —4.607 —4.606 —77.4100
m —0.013 704 —0.013 711 —0.014 —0.180 38 —0.182 —0.182 0.255 5
vy —0.920 910 —0.921 390 —0.921 —4.582 30 —4.605 —4.605 —77.390 0
us —0.020 650 —0.020 660 —0.021 —0.218 67 —0.220 —0.220 —0.837 6
U5 —0.502 240 —0.150 250 —0.503 —3.973 10 —3.998 —3.998 —35.840 0
ug —0.004 703 —0. 004 705 —0.005 —0.155 15 —0.156 —0.156 0.243 5
Us —0.502 780 —0.503 030 —0.503 —3.975 00 —4.000 —4.000 —35.820 0
TE w0 SR R AR sy TR ALES
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Tab.4 Axial Forces of Members N
1. 0P W # & 2.5P g &R 2.6P ik &R
FEAF 40 1 A7 SCHRL7 )07 % ANSYS ARSIy SCHkL7 107 %% ANSYS ATy
N, —155 84. 000 —15 584. 300 —15 584.502 —64 293. 400 —64 485.182 —64 484. 939 —5 568. 84
N, —150 75. 000 —15 075. 100 —15074.934 —13 266. 800 —13071.182 —13 071.001 77 937.50
N3 77.098 77.102 77.104 359. 310 358.438 358. 449 —1 301. 68
N, —128 98. 000 —12 898. 300 —12 898. 483 —56 338.500 —56 521. 954 —56 521. 950 —9621. 14
Ns —2 704. 200 —2 704. 200 —2 704. 233 —8 006. 830 —8 015. 200 —8 015. 164 4 140. 54
N —123 78. 000 —12 378. 300 —12 378. 148 —4 942. 960 —4 735.709 —4 735.696 73 808. 40
N7 77.213 77.217 77.220 351. 755 350. 715 350. 723 —1 304. 25
Ng —156 28.000 —15 627. 900 —15 628. 101 —64 740. 200 —64 935. 253 —64 935.106 —5420.73
Ny —150 80. 000 —15 080. 400 —15 080. 215 —12 940. 600 —12 741.762 —12 741. 534 77 929. 50
Ny —2 696. 400 —2 696. 400 —2 696. 384 —8 321. 230 —8332.917 —8 332.953 1 105. 19
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Fig. 2 Iteration Curves for Node y-direction Fig.3 Iteration Curves for Axial Forces of

Displacements Under 1. 0P Load System
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Fig. 4 Iteration Curves for Node y-direction

Displacements Under 2. SP Load System
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Fig.5 Iteration Curves for Axial Forces of

Members Under 2. 5P Load System
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Fig. 6 Iteration Curves for Node y-direction

Displacement Under 2. 6P Load System
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Fig.7 Equilibrium State of Structure Under
2. 6P Load System
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