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Indeterminate Truss Structure Analysis using Topological Load Redistribution Method

gl - YsE

Choi, Won - Kim, Hanjoong

Abstract

Traditional structure analysis method is based on numerical matrix analysis to use the geometries consisting of the structure. The characteristics require
a lot of computer memories and computational time. To avoid these weaknesses, new approach to analyze truss structure was suggested by adopting
topological load redistribution method. The axial forces to be not structurely analyzed yet against outside loads were redistributed by using nodal
equation of equilibrium randomly at each node without constructing global matrix. However, this method could not calculate the axial forces if structure
is statically indeterminate due to degree of many indeterminacies. Therefore, to apply the method suggested in this research, all redundancies of truss
structure were replaced by unit loads. Each unit load could make the deformation of a whole structure, and a superposition method was finally adopted
to solve the simultaneous equations. The axial forces and deflections agreed with the result of commercial software within the relative error of 1 %,
whereas in the case that the axial forces are relatively very smaller than others, the relative errors were increased to 2 %. However, as the values were
small enough not to be considered, it was practically useful as a structural analysis model. This model will be used for structural analysis of truss type of

large structure such as agricultural farming facility.
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TLefu ARAA] Aol Al gk
of o] ek gL, 717te) 117
Aolgh Akl T AR BN, FEEe] B Sobh
= o3k H2uto] 228k Mot} (Rangan and Hall, 1984).
o] Aetoluf gk FA = A 27t Ao ab-gof o5t 54
of Ayl Tgrto] o] RojA| T ol 2R L ok
QRIS 727 ek B9), FEPAE FONE Bl
7 A2l ghe] BgAo] Lon] AL 7hule) 1B
go] fsto] FHEETREAA = et A= H Bl
2 Ao B Fof| 2 o] L& 11 Qlth(Leeetal., 2011). whet
Al e eRol 7] 23t s AR o] Zidro] Ed A s AR H-S
240 72 A =T oj2ith Fuchs (1997)= EB A X253 3
X43k7] 91510} Topology ol 71HFst 2] 2G4 =25k 1
=S A|otalgict. Denke (1962), Robinson (1973), Topcu
(1979)7} AlQ¥kst th<=H] (Algebraic Method)& 7| % & Keneko
et al. (2005)= A=W HWHHES A A5 Kaveh
(2004)= tfj5=3}=1 (Algebraic Force Method) & ©]-83F E
el sl S A, Fagel AAEA U
S| sl that ofapiAl nefstel shae stk
Lee, Chung, and Lee (2011)-2 E& A L2 )4 o] QlofA] 7]
£o) fAENS Bolgt Ba| Aok N Re SAES
AR T2 ?HH 2 2= Topology "84 =847}
A5l = Al%=7FHan (2012)0f] 2Jf X124 % Q) o m, -5
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SIS 515 TN SIS IS BEY ElA TE B
Al Fofol|A= & A-8E]X] AOIH HERA o] && 0] 85 (System)E A 9Jof 817] wiZol|, AJZto] e Aa]= To]
of Eg|A ?—J—OHHO] 7Fe ke ol =0T sHANE thF 5 AT}, whebA] o] 23t TS Hetkslr] flsto] tha AP o]
Zo| Ish= 5 2= P} EHAY B2 H A4 =St o] B2 T 85Fe] AkS A g4 08 485}
=84 %’it ‘:}7‘401 Uk 7] Slste] WE 14 A2 7|jE Eskl o, W e Uy
wpebA] P 7|9E s A Rl vfEE A AR S o Alo] HE]7] ufiell, L HEETF A ARG F7of A
Ask7] 17t W ©.= Topology©fl 714HE g 234 Evf2 o ol dAS FAIok= 540l Atk AR glo]of
Zof A WS AQkstara) gtk 2 Aol A Atk B (Layer)2h= 7Hd-S = A3=dl, Aol sioll Jsk7] $1sh
2tz skeo| Agohs FAF2EY siAo] 7hstt & A= 595 AAFE ol-8-shaL 51e] A= o] FshHA AR}
o] itk Aljtel= 57 e Y 1 A= EfA R O UL E F7HA7IH, o] off o]-§=|= A= Hlolojet B E
Aol7] whZoll EdA A | Hy WAAE o]-§sto] =g UJFE]’H th5-2] go]of & o] 85t o] = & B AA]
Aulshs WAlE Tton, FLxEo] 9414 2R A e 715 o8 TEA|7 | ot B3 W 4
o= 1 R E-L o] /9] A AA LR ER Haslo] 4= A& 7H= 72 = Conjugate Gradients (CG) *H-2 -85}
Yot webA AR xS 34 0}‘— A= o] A4k 8171 %= gtrt (Fokkema et al., 1996).
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A4 ] ol A A
, Gauss Seidel B, Multigrid (t}=
o, IFT RS BUL ol 4T 1T
Ji o]tk (Ghaboussi, 1998). Gauss A~ H-&
OB AT R ST = HHOZ A
°ok°l ]2] of| & 755t 239 (Direct Method) 5-2] 3hLt

(Stroud and Booth, 2013). Gauss Seidel ¥-& #|-2-0]
*JEIL 27| 4= 7PgskaL o] gt 27| gho] ’EEA Q1 1t

A2 A%l whebAl, ol arEs el 2AsHA Bl o,

=
7HA¥ (Indirect Method) B+= HH2EH (Iterative Method) ©|
2al g} (Kreyszig, 2010). o] 3H 2 8 7F = H ok =

H 20 5T wi7hA] REESE Fof| F-ek et vhaof -
Bh= 8f] Afo]oll= 7] (Weighting Factor)gh= & 47} 3
oA E=t o]zt 7o whet sf9] =7} HsHA|
Ft} (Peter, 2010).

Oh:l]—x% og a‘HEﬂv/] 37]7]_
of v|slo] Agds] a&&Ql AR deA Qrt (Kreyszig,
2010). &2 YH O] =27]7} 242 F o= AR o] 1R
2o} Hg 927} b S Al e AT
o 12 diEH o] ol oFA o]o}7|3k 4=2]all4] 71H]
A}l W o7 FAIE s d sl 7= #12] (Process)
eo g, AR ZA 25 E A= Y AEY A
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T AR AANE EES 22 el o
Lol X%El FH9) Z2Agolr] ol 3012 1242

AAYR= 2ol 2glol Ansirh, B2 Fig 194 &
ol o o LA B o, e ]

e} A3t Solvers: 24311of e, 1jat AEfe] 7
o] BE 3 797} EAISITL, of = AFgAL ] o] o]
sfjof o= Hd 52 1A 2L Itk (Ystrom, 2015). Table 12
1A 2 8 Liklel Wil ) ol Ui
off tisto] aofstgict. Yt Ao} a7t FUddt 4
(n—by—m)] ShE FoHetl] 2a8he A7H ofn
AP (ABI S n & ol 83ted Lhehfoleh 17 4
WAHAE B7ISIE 7hes 27Me] A9 MAEE
ulaiA, THE ARe] A9 n 0B BHE) 2el] 74
e & ok who]| & E7] 9fet At 71 A o=
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Fig. 1 CPU time to solve 3D wave equation depending on degree
of freedom (Ystrom, 2015)
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Table 1 Order of complexity of solving Poisson's equation on an

n—>by—n grid
Solver O;::Tj:to " ref}::i)rr:r?'\zm II)tier(re:ttivOer

Gauss Elimination (GE) n’ n'? D
Dense Cholesky n® n? D
Explicit Inverse n? n? D
Band Cholesky n? n/? D
Jacobi's n? n I
Gauss Seidel n? n I
Sparse Cholesky n? n-logn D
Conjugate Gradients (CG) [n®/? n I
Successive _ 2 " |
Over—Relaxation (SOR)

Alternating Direction Implicit|n!?-(Inn)Y/? [n I
SSOR with Chebyshev Accl. [n®/* n [
Fast Fourier Transform

(FFT) nlnn n D
Block Cyclic Reduction n-lnn n D
Multigrid n n |
Lower Bound n n
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M F, =F, cos(0,)+ Fycos(6,) + Fycos (8;) =0 (1)

& Topology A&
ﬂﬂﬂﬂ%“%ﬁ o, 7|& A 7|Hke] 22|84 W

o) FABS BE AN B
I LIA-CENUEN

T;
O

Fig. 2 Topology truss model
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2 yhEtehE a7 A 4 gl 7Hs Aol AUt ol e
25 ko 2 919 B WA Ale] fA151X
3,

B YA HAEA Z5HA =

o] Bt Ao hsto] YA BFYHAS WIEH=A) AL
B4 5 W 9 5% At ik e e i A8 e
TRt RE BAfo] hsto] BAIo] AWHOE T2 A2
) Fhehe SIS o] .8 B Wl stel a4k B
A2 SATOR B BRY AL 12 AT et gl
A Fick. wheb of - gjoje] WS Aeska T WA B
SR RE Rl esto] & Al B 5 1 AHL AR
ThE WS AEjsto] A sh U] YL uH AN
shsick
3. % TR S

Q1oje] BHN T BHLS FHIME FAS 4E el
HPPYLS WEsjor Ak oleie Yelol Azisle] P
Al 37 EE P R FAE HA) A PR

ol wiele glo] Wajuke 2z AW 4 Gl 2 Y 722
o] &|7] ufjszol| & o= FA| 7S 4= = oA 7} AT
ufeba] o} e alasl] it whoR 720 A
% &3 H9loll o= o 2-82 4= Ql= 5" (Superposition
Method)2 285153t} (Kuran, 1996).

Q1ole] o)A HAHHAE o) Sstol HAle & A
she % TAE RS A 9 HE ST et vk
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ehel A Rk R PEES 1418 4 1A Hck. o}
2P Q)2 FRES el B FRES 217}
44 FRER Resln 2470 FRES AT T 5
2Ael2 ol 4sto] HARS ALK LI o] ) 2eld 2tz
of 474 P2 FUHUS B¢ JHRAY 72ET §



AT AFS Hol7] S B TRES FASE olE 2 XIBHE ME TAZO| MA WIS AMsHs W
SHAEAR S AR £AAE o8 FaEe] B NS AFel) e, A B 0
42 ol g3tel, Zzhe] BARS AP Bast ek o o
. A 5 £E2 Foly] Sldte] Y BRI R
. +Xlsh4% GEE ) 7 a2 ofse] 39] Y WAL o83kl 4|
1. IRE20| MEAMHZ |5 sHA W& L5kl 7L g g Al & RS A El ok 2
o] Wasle.

AR TS TS A T B TER gy gy g ol gl RelE dztel Y 2B
= 8] SR AHS ALl YRIX AHES A o gatol e avgatgick ol 2l Bae] Bz
T2 MR A7) 2p24e] P Ao & 2 AR S 085t} o] ol el i W A
od el < AR SRS MBS PEANS LR g gt et e MR AR B9 552 4
wek o] R AR PSS A ol A HAN T ool msls ANk 4 QU A ot et 72
9l AR 2S5 ‘{}25}% A FEAS R (Gere, B9 A5l 9 Zizo] B s HASO. wa) Alzke S
2006). o], < b0l 182 A A BU2 A 2g5p) o) 2 Mo oy E TaBS BHTIT
S A8l el SR e WS VAR HA S D gapy 2eya s Z4zke) Mgl mE Sjskeld BAE of
HIAIF istge] ool ALk MAS wotel MW gqiopm almapai gle) Wgel vk MskE AN 4 9)
(Fig.4). o] Al ol bg b olfiic £ AP AL g sjopet s)spety oAle sk e et 2t
02 FH= PR Bo] A T MRS ThF] tiolck. uf
ehA S P TR S TAShS o AEA NSNS ) ajg gzkee 2eb) g BHS 3] stel WA 4
A= A o] FAEA k. Ao Ao s A ] 2204 9]7ho] Eo]9lis 0Jo] Egja g A2 A
RSl glofA B o] Ahg o] ulsho] 23 ol g ut sk,
sell SfREARfRm S 7R e 7] MR R AL ) gjo) g avo) Aapn BHOERE 92 RS of
o AW TR ER A gelHA A E AR AE st ato] 22 WaE Zo|= AAls _,—7_1747_}0 71012 ¥lx|
L X7k 2 S ARbolIA 1124 gkt Tk =05 3o 92 eich (Fig §
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A : [ J
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i N
Statically determinate structure
A @
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Fig. 4 Displacement restraint on nodes
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R, R,

Fig. 7 Superposition for axial forces
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% SIS: statically indeterminate structure
SDS: statically determinate structure

C Start D)

< Read geometrical input data
Allocate ‘memory
Seperate SI‘S into SDSs
Apply unit load to reduntant (u‘nknown reaction) of each SDS
Iteration iLO, times

le

“

/ Generate random orders of nodes /

Iteration j=0, total number of nodes

e

“

Distribute unbalanced forces at each node /

_— T~
_— Check residuals of No
\\ o
\\unbalaced forces//

/ﬂck rela‘m No
T of forces

Yes

Get element forces of each SDS

Get element elongations of each SDS /

Draw deformed shape of each SDS using topological relationship

Get displacement of redundant of each SDS

/ Set compatibility equations using superposition method

Get redundant reactions of each SDS

Get element stresses of SIS

\
C End )

Fig. 8 Procedure of topology algorithm using superposition method

Table 2= & Lol A} A|jksh= w2 o]-8-5ko AL
gt AE FAERE HojErh o] 7] A, single loadgh 9ol A]
AEHE A HE AASHL A F2E= W= Ao, 9
oA 2hg-8h= shaa ol At Al ZF FAfof] 2485
+ otk Unit loadst £ F-615-0] 3l e ol A, Al A% #|
A 4ol sk 7S Al, 2 Rl del= FAY
= YR AL Qloh 2 Aol thie R e W
& TEAoF s17] wiitell, 1] ar o] wf 2|3 E= A7
ABR] ob= A RS wESstolof 517 wZof|, o] 25E
single load®}unit load Ato]o]] B19jo]| tih A3 wAIAe
A5k 4= Qltt Single load 2} unit loadof] &J3HE 9] A %2 2+
Z+-1.642392++0.024740]| 22 —1.64239+0.02474 <X m =0
2 Qk=Esjof 5lal o] 2 EE unit load 2] F35}17] Hll4=66.39

Fig. 9 Example of statically indeterminate truss with the degree of
indeterminacy of one

Table 2 Axial forces results of the truss shown in Fig, 9

Element Single | Unit load |Combined| SAP2000 | Relative
load (N) (N) load (N) (N) error (%)

A-B —33.53 0.67 10.95 10.99 0.38
A-C 15.00 —-0.30 —4.92 —4.92 0.09
B-C 33.52 —0.67 | —10.96 | —10.98 0.20
B-D —29.99 0.60 9.84 9.83 -0.12
C-D —33.53 0.67 10.95 10,92 —0.26
C-E 44,98 —-0.90 —14.77 -14.71 -0.39
D-E 33.55 -0.67 | —10.93 -10.92 —0.08
D-F —50,99 1.20 19.67 19.59 -0.42
E-F —33.52 -0.45 | —63.39 —63.16 —-0.37
E-G 74,98 -1.00 8.59 8.65 0.65
F-G 33.44 0.45 63.31 63.05 -0.42
F-H —89.93 0.80 | -36.82 | —36.85 0.08
G—H —33.48 -0.45 | —63.35 —63.15 -0.32
G-l 104.9 —0.60 65.07 65.09 0.03
H-I —78.18 0.45 —48.31 | —48.50 0.40
H-J —69.94 040 | -4339 | —43.40 0.03
[+J 7816 —0.45 48.29 48.49 0.42
K 34,99 -0.20 2171 21,71 —0.01
J-K —78.23 0.45 | —4836 | —4855 0.40

&2 A4 =i} Combination loadst SFA] A4S vlj=gko]|
unit load & 53t § single load & &3 9F O 2 2|20 K
A& LR SAP20000] 2 S22 AR % 3 7] 4
21 SAP2000 (Computers and Structures, Inc., Berkeley,
California, USA) & 0]8:5}0] 212-& A4kt Ao}, 3
Ao) Zejo] We 5 71X Aol whek ALk 5 1 %)
o|F K $A| A 07 A 20 ghs Zrom, EHA=0.124
ot} o= Ao Aeliz AA) 0] Z7]o ulah 9 2
£ gros B ATA Akt o] AlziAo] 9leS Sl
AlA = Aotk 2 /A o = y Wk HejSol tigt Ak
ABYSHH o] Afol= AR O ghE Zhom, FF WA=
0.4730]t}. o] 2|3t Ak 9l thafA = 234 B &

lo

g8l 8= Als7H A63, 2015 © 65
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Table 3 Nodal displacements results of the truss shown in Fig. 9

Displacement by Displacement b
Node combir;crenc; loads SZPZOOO (m) Y |Relative error (%)
X y X y X y
C -0.015 | 0.030 | —0.015 | 0.030 0.05 | —0.40
G —0.033 | —0.652 | —0.033 | —0.653 1.09 | —0.05
| 0.162 | —0.666 0.162 | -0.666 | —0.25 | —0.03
B 0.046 0.018 | 0,045 0.019 0.42 -0.58
D 0.074 | 0.026 | 0,075 | 0,026 | —0.55 0.12
F 0.133 | —0.333 0.134 | 0,333 | -0.12 | —0.08
H 0.023 | -0.918 | 0,023 | —0.918 | —0.37 0.01
J —0,107 | =0.350 | —0.107 | —0.349 0.01 0.06
100N
WK
F H | w R
A C D AE
!
R, 3m

Fig. 10 Example of statically indeterminate truss with the degree
of indeterminacy of three
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Fig. 11 Example of roof truss in agricultural facility
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Fig. 12 Comparison of calculation time of truss structural analysis
and topological load redistribution method
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