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Abstract
Matrix Stiffness Method (MSM) a5 2 100) for static analysis of struciures i
premised on the principle of Finite Element Method (FE! in itself

N0 M), WRICH

2 numerical/approximate method capable of giv

jving on)

-

y approximate results
However, Joint Resolution Method (JRM) is one of the most populz

cassical/exact methods of static analysis capable of giving ¢« sults.
paper presents an analysis of 2 statically determinate 2-D truss using
Exact/Joint Resolution Method (JRM) zand Matric Stiffness Method (MSM)
10 ascertain the validity of the latter against the former. In the JRM, the
support reactions and internal member forces were obtzined from
considerations of the equilibrium conditions of the entire truss and isolated
joints respectively. On the other hand, 2 computer program was written in
MATLAE 7.8.0 (20092) based on the principles of MSM for case of
computation and increased accuracy to solve for member forces an d reactions
of the same truss, The element propertics were obtained and em

mes employed 10
caleulate the element stiffness matrices, these were then assembled into the
global stiffness matrix, from which the unknown displacements. mernr
forces and support reactions were calculated. The results obtained
both JRM and MSM were found to be exactly the same or very close.
percentage Grors ranging between 0% and 3%. Hence MSM rc 2
compared to JRM have 97% aceuracy and above, and can therelore be res

upon.

S i

Keywords :
Statically Determinate, Joint Resolution Method, Matrix  Sull
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For design requirements of safety, cconomy and aesthetic
specified by BS 8110-1997 to be met, it is Important that
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accuracy of the method employed in the analysis.
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matrix method  that ‘}“‘\\'CS use Of the member’s stiffness relations f
computing member lorces and displacements in structures (Kh =
5008). In applying tl\}s method, the system is discretized as a set fafagpur,
dealized elements interconnected at the nodes. The maleria(l) stl'nf]fpler‘
properties pithesc L.’\emems.are then, through matrix mathematics ci)l nflfSS
nie e which governs the behavior of ’tl ‘mpl -ed
dealized structure, thus member forces of the truss as well as reacli:/te fi)r;tc:e
es

qre obtained. nin this wise, the comparison of re
: : ; sults a : ,
methods is worthwhile. § generated by both

2. Methodology

Figure | shows a truss with thirteen (13) members and eight 8) y
s is analy i (8) nodes. Th
1“‘55b‘5 "‘“3‘)\56(1 using JRM and MSM. Both methods invoive the uae ‘I)x\
S g member lengths and node coordinates that can b i
1 oC Lolle
from basic trigonometric and mathematical theorems : i
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gure 1: A 12.5m by 9.5m Statically Determinate 2-I Truss
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1 Joint Resolution Method (JRM) | E

This method relies on the fact that a structure in equilibrium hyg o, i
constituent joints in equilibrium. The structure was descretizeq 'nts
joints/nodes, which were denoted by lettgrs or numbers; equations of Static
equilibrium were then employed to obtain all forces emanating from anq
coming into each joint. This process was repeated until all member fice
and reactions were obtained as specified by (Hibbeler, 2006).

2.2 Matrix Stiffness Method (MSM) using MATLAB
This method uses the matrix equation 2.1 and 2.2 to obtain member forces,
support reactions as well as nodal displacements.

B )
This implies that;
(B) = [Ki,](U,) ]
() = K] (7)) - | Q)

(Ray and Joseph, 1975

Where F, = external force appli '
. pplied at free node(s s B
force(s) K= stiffness at the node(s) free e

d i = 1 :
. irections, K, = stiffness at the node(s) free in horizontal and constrained in

i V 1 L . o 3
m?;} dvlzfixlnsagen&ioit;m’;s s..a ; s‘:};ﬁ?Ode(s) constrained in horizontal and

‘ % 7 1 ] . .

mnstramed displacememscc €ss at the node(s) constrained in

e(s), Fe = support Reactive
in horizontal and vertical

M_to analyze the given trygs sé:me li )
e SR ity AInes of codes were written
a ﬁdmgoﬁﬂ??::d by (.Kattap, 2000) to determine
Rl atmg Principles of MSM  For
: MEAt-properties file and Joad-
"Wordinaté,s,il) X and )
member, cross
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Figure 42 Condurrant Rrces at joint A
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Member Forces AN (C IR
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F(AD) = 27.09 kN (T): F(AB)= -
F(BC) = 68. 74 kN (C).

from both \‘elhods i i
uw ‘Rm member of the uss .n(? \\{ - ?\ \> ‘
Table 3 shows the forcss forces in members AB, AD. DC, CH and GF ar
M*W‘h‘m ‘mmcmbcrsBD.BC.DE.kl.H. EH, HF and
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lix 1

en Functions used in the Program MATLAB (R20094)

T caleulate the Individual Member Stiffhesses

(e
ﬁmctionmemstlff- assembly( lcngl,m‘cu,modulus.cus anglesin angle)
e mdivadual member stitnesses

uASSEMBLY collates and retums

% luncton ASSEMBLY helps to develop the mdividual member stftnesse
9% of a (russ, onee (he element properties are x
oy night order,

oy Calling sequence
vy memsi assemb
9% Deline viu iables.
9%  constant stiffness constanl

otten and passed i the

Iy lenpthared modulus.angle nodel nodeld )

constant = arca * modulus/lenpt:
memstiff -
[cos_anglc"Zcos__unglc * gin_angle -(cos angle”2) - (cos_angle® sin_angle)
cos_angle * sin_anglesin_anple”2 -(cos angle® sin_angle) <(sin_angle™2)
-(cos_angle”2) -(cos_angle * sin angle) cos_anglet2eos angle® sinangles(cos angle*
sin_angle) “(sin_angle2) cos anple *gin anplesin anple™2 ] *feonstnt

Find

To calculate the Global stiffness Malrix

function | globstiff ] = assembled(plobstitfmemstiffnodel node? )
WASSEMBLED collates and retgrns the entive global sotin

% Function ASSEMBLED helps 1o develop the global stftness matn
% the entire (russ strueure. onee the member st inesses and nod

we numbers of the members are Lnown and passed e the nght orde

\
0

Y%  Calling sequence:
%  plobstiff « assembled(plobstill memstiEnode  node? )

Define variable:
Y position = Array containing the sequential vidues ol the degrees

of freedom for that membel

=[(2 * nodel)-1 (2 * nodel) (2 * node2)-1 (2*node2)];
(posil mgpoﬂﬂqn) = globstiff{ position, position) + me]r‘nstim



rea. modulus, lengt o angle, sin angle, y Hodel, nodey
el alce
! |”
¢ i ran
: slacement Macen VeCton for ea MCtyibyey
'd“ph,ccmcnl :
f(u((2 * node2)-1) - u((2 * pode) 1)) (w(p # Node2) - y(y # hodel )|,
I}
meforce =
(area * modulus /lengy) » (lcos anglesin angle| » dlsplaccmcnl),
end
Appendix Ij
MATLAB (R20094) script (Matrx Stiffnegs Method for 2.1) lruss)
Y% S npt file "/lhlrl-. .H”hc'»'» mn
% l‘v.x;m v

s progran, Caleulates the member forees 0fa2
%  given g OF data for

-1 rugs Irom 4
cach clement

% Define Variah) ey

%  nodes I he Nmber nodes in (he truss

member = The Number f memberg gy, the tryss

%  areq Ihe arey of the member

modulys nmdulusnl'llu Member

% ‘

) (,.'unrdmmc\ M X and direction.
% for the firgs and second hodes of 4 member respectively
% nodel node) - The firg and secon hodes of 4 member fespectively
% node The nodes with cither external foreey of SUPPOI reaction.
% 0adx oady - Loads iy and -directions on 4 node fespectivel
Y “onstraings condition,. stating cither gy for externg) loads
%o Pnned for pigy SUPPOIL o roller for roller suppory
Ya MEMSHiff « (e array Contaning e ndividyal Member Stiffnesyes
% Meforee - Array Containing 1)y, ntera) member forees
Ye dof = The 1014 number f degrees of freedon, 101 the try«.
% gl L global stiffy. .. for the entire
./. »

Hery - I'he number oo Pinned ang rollyy SUPPOILs in the
ey,

-”,;uimng the lengthy of ciHeh o

gle - The

08 and the sine
menibge

Witihy
Hthe dngle forined

'f&a"lclcd tJ\'FDL’L’\ O Freedom
EXbernal 1o

dhgrecs Of treede
Ficted degre

A4
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sodes = mpat ( cater w0 o8 W vBe

ssemiber = mmps ( cxies w6 O mRCT
M]lMM%LJﬂC&" modeles sode | sodel | =
Sabead (C WiseryDama/ Deskiop Scmentprope

Mwmm; =
Wd( LsersDamma T ot adgwng
memstifi = celll member. 1 ).
meforce = zerosimemiber. 1)

dof = 2 * nodes.

M=zaose’dﬁf;_

pins = 0.

sollers =0,

lengt = zeros member ).

cos_angle = zeros membes).

sin_angle = zesod member ).

fors = | -member.

lengili) =

M(ﬂco«du—xie'xxd‘z/2~ (y2coondi) - ylcoosd(i)y2).

cos_zngheli) = (x2coosdli) - x1 coosd(i)ylenzili).

sin_angle(i) = (y2coord(i) - - yicoord(i))iengi(i).

w¢

fors = | -max sizenode)),

ifstrompi 1olier constraims(i) ).
sollers = rollers ~ 1.

discifstsempi pirned constramtsl(i)).

pins = pins ~ 1.

sesinode = 2 * pins + rollers,
loads = zesos((dof - restnode), 1).
letters =[G, F,/E,W,C10, 807,
for m= 1:member,

)M'Mm),ms angle(m),sin_angle(

* nodel(m)) (2 * node2(m))-1 (2*node2(m)));,
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