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INTRODUCTION

The exact analysis of gridworks by the mathematical theory of
elasticity is rather complicated and impractical in comparison with
the practical methods of analysis for the other parts of the whole
bullding structure., A slab-beam-column structure can be analyzed
by an engineer who has only an undergraduate background, but a grid-
floor structure, although it may be only a small part of the whole
structure, will usually take a lot of time for analysis or may even
puzzle him, Therefore, engineers have been forced to devise approxi-
nzte neans of solution feor these problenms,

Since orthogonal gridworks loaded normally to their planes
are popular in practice in bridge and floor structures, especially
in long span and heavy service locading structures, the method pre-
sented in this report is aimed at this type of siructurn where the
grid members in each direction are of constant size and spacing,
and are fixed at their end points. The behavior of the structures
discussed in this roport is limited to the elastic range,

This method 1 based on the physical behavior of the strueture,
Deflection is indv 'ed as the structure is loaded, The applied load
at each joint can be replaced by two unknown components acting
separately upon the orthogonal beams at that joint. The equations
for the joint dellections of all transverse and longitudinal beams
caused by the unknown components of load will be derived, Since
deflections derived for both fransverse and longitudinal beams

intersecting at each joint should be compatible, we obtain a series



of simultageous equations in terms of unknown componénts: say
equation set A, From equilibrium we can also get another series
of equations by summing up the unknown components'which mist be
equal to the applied load at each joint; say equation set B,
Therefore, we have two unknpwns and two equafions at each joint
and the unknown components can then be found, By applying the
appropriate compunents to individual beams, we find the moments
and doflections at the joints in all of the beams,

The torsional moments may cause the most significant stresses
in the beams, therefore they should be taken into account in the
solution of grid type problems, The method presented in this
report is to use the slopes of the beams at the joints as the twist
angle for the orthogonal beam at the joint., From the torsional
moment eguations, T=G'J®6, where 6 is the angle of twist per unit
length of the beam, we can obtain the torsional moment,

Since the'deflection will be affected by the ltorsional moment,
we then use these torsional moments to modify the original deflection
equations at all of the joints to find a modified equation set A,
With the previous equation set B and the new-equation set A'we
.obtain a new set of torsional moments, Continuing this procedure
until the torslonal moments from the last two iterations approach
each other to the desired ﬁccuracy, the final resuit is taken to

be the solution for the problem,



CHAPTER ONE
LITERATURE ﬁEViEw

Beam gridworks afe‘practiéal structures of interest, Many‘ﬁébers
previocusly written have dealt with the solution of statiéally indeter-
minate problems which arise in_fhe dgtefmination of the defle¢tions
and interhal fprces which oceur for various exiernal loadings.,

1« L Martiﬁ”and J;'Hermandez (1) expressed the_flexﬁral and
torsional moments in ternms 6: the rotatiénuof the joints in both
directions and of tﬁe.deflecﬁion of the joints., For each Joint there
are three unknounst two‘rotations:and one deflection and three equations
of equilibrium can be established; ' The summ;tion of‘ail moments acting
in each direction on the joint mst Be zero and the summaticn of vertical
forces must also be zéro at the jcint.. Thus, for_each.joint we'can,
derive three eQuatiﬁné and “solve for the three unknowns.

A section of a gridwork, which includes joints A, B, C, b, and E;
is shown in Figure 1-1, The a@uilibriuﬁ ofrjoint B in the difection.of
axié ABC will be studied and all angular déformations in planes parallel
to axis ABC will be referred-to as rotations and all angulaf deformations
ip planes parallel to axis DBE will be referred to as gyrations., All
bars are.aésumed to have uniform section, | ' |

The equilibrium equations are derived as follows:

(A), For the transverse direction: |

After 1oading the joint or joints the ﬁhysical behavior of ihe

Structure will be as shown in Figure 1-2. The siopendeflection equations

are then derived as
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whers Kpyys Kpyg are the torsional sti’fness factor of bars BD, Bij

G, _J, . G, J
]{de,_.,_iﬁ_‘?ﬂ' K a-__,%:_gﬂ' G is the modulus o slastielty in shear,
: bd e '

J for a circular cross section is the polar moment of inertia, for a

rectangular cross section it i1s equal to Bbdj, where b is the width



and d is the depth of the beam, B‘ is a coefficient dependinrs on crosse
sectional rroperties, |
At the same time, a rotation 6D and 6E also induces torsional end

moments T and T pep in bar ED,

BDED D and T in bar BB,
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The final torsional end moments 1BD and IBE are:
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In the case wiere no external moments are arplied at joint &, the
summation of internal moments at joint B must be zero,

MBA"‘MBC"‘TBDFTEE‘?On ® 8 ¢ ¢ » 2 s s @ u.l LI B n‘ LN B O L D B e (A)

(3)s For the longitudinal directions _

Equatién_s similar .to the equations of Section {A) can be established
for Section (B) if the bars which previously resisted the flexural
" bendin; roments are now i_ntnrchalnged with those which resisted the
torsional moments and vien=-versa, Similarly, the rotations arn inter-
chanpge? with the gyrations. ThoraforA, tha'final aquilibriumlﬂnuafinn

ean be sob up as follows:
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#(C)s. The summation of vertical forces must be zero also,

Map+Mpy MpcHiep MpeRips Mpp+HMpp
VeaVectVepVeE* L + L F L * L B0 ¢ s+ 000 (0)
: ab be be bd

Where Vpa, VBcy, VBD and Vpp are the shears, at joint B, of bars AB, BC)

BD and BE and Pg is the vertic#l load applied at B,

In the same way the equations at each joint can be found, We can
then find the rotations and deflections at each joint, and then the
flexural and torsional moments.,

2, W, W, Bwell, S, Okubo and J, I, Abrams (2) have also presented
a technique to find the deflections in gridworks and slabs, The method
employs an auxiliary force system for controlliﬁg the vertical dis-
placements of the joints and a moment and torque distribution process
for the transmission of the displacement effects, |

A part of a gridwork, which includes joints A, B, C, D and E as
shown in Figure 1{-1 will be studied here,

When joint B is displaced a distance AB, fixed-end moments of
2
6EIMB/L,}, are induced at points A, B and C along beam ABC, For equal

spacing of the beams, the moment can be written as 6EIAB/L2, where it

2
is assumed that Lgp=lpo=L. Fixed-end moments of 6EIAB/L, are also
induced at points D, B, and E along the beam DBE., These moments can

be written as %EIAB/Lz, where Lgp=Lpe=KL,
k

The stiffnesses and distribution factors for the beam elements of
“the grid are formed by assuming that an applied moment (M), in the

plane of beam ABC, is applied to the rigidly connected system shown in



Figure 1-3« The téngeht to the slastic curve will then.rotate‘through
an angle B; If tersional fixitylis realiéed at noints D and &, the
beam DD wili-twist through the same angle, e,.at point B.-.Similarly,
a roment épﬁliea in the plane DEE will produce rotation of tho_tangeﬁﬁ
%o the slastic curve in that plane and consequent twist in beanm ABC.

Ip order to resist the gpplied moment, M , bending morants biny
and Mpe will be developed *+w heam ABC, and torsional moments Ty and Tpp

will be introduced in b-am DBE,

. whon the rotation through the angle 0 has taken place,

M.:MLAH.‘*!J':FTL}DLTBE ® & s ® B 9P B F B ® & & ¥ ® B ¢ B 8 g B 8 B 0 8 (1"’9) .
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beams known, Aistribution factors can be written for any jeint, For
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Fig, 1«1 Section of gridwork

Fig. 1-2 Strueture behsvior

Mg.. 1-3 Bending and twlsting of a rotated

rigid joint



fixed=end moments along beam ABC and along beam DBE will be taken into
account separately,.

Figures 1{=4 and 1-5 show the first distribution and ecarry-over
at joint B, The same procedure will be followed at each joint of the
whole grid structure,

when the distribution process is complete, final bending moment
values at the beam ends are used to determine the reactions in terms
of the displacement, 4B, Figure i1-6 shows an assumed defiection
pattern due to the displacement, AB, at joint B, The notation should
be self evident., For instance, R

AAB
by a displacement, A3, at jelnt B, It should be remembered at this

is the reaction at joint A caused

point that all reactions are expressed as coefficients of AQEI/LZ.
The complete reaction at joiﬁt B, with all intersection noints of

the grid displaced through unknown A values, will bhet

RB=RBRA+RBAB+RBAC+RBAD+RBAE+ P ® P B B 8 & 8 B & & 4§ @+ ® 5 P w (*"12)

Since RALB’ RBAB' RC&B' RDAB’ RE&B +s5se AYe reactions caused by 4B,
they can be derived from the end moments obtained by the distribution

process, shown in Figure t1-4 and 1-5, The equations of static equili-
brium are used to determine these reactions after the heams are sub-

divided into their components lengths as follows:

}. L + KL - L + KL "kBEI B/L3 e v 9 ® (1'13)

[ b RBi] MaisMBA MpeMip MecHMes MpoMed
BAB~ i-1 "

where MnB"MBA' Vpws Mgge Mce Mges Mpms Mppy shown in Fipure 1-7, are

end moments on beams caused by AB, and are derived in terms of EIAB/;2,
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Fig, 1-4 Procedure for the first distribution of the fixed-end moment

along beam ABC at joint B,
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Fig., 1-5 Procedure for the first distribution of the fixed-end moment

along beam DBE at joint B.
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Following the same procedure at each joint in the grid we obtaim

b o )
- M| =k,EI B
RpaB [12 ] AFT B/13

r e b v n m s s s e e s e e ow e e {1=13)

Roy = {ig; RCi} =kGEL Bf; 3

.
L]
[ )
-
L]

By the theoram of racinrocity, the reaction kAEI B/L3 at joint A

caused by deflection AB at joint B, is equal to the reaction at joint B
caused by an equal deflection AA at joint A. If'similar reasoning 1is
employed at each of the other grid points, Equation 1-14 can be

written asi

Rpap=kBEIAB/13
.0!.-!Olltllcllliil(1-1b)

The total reaction at joint B can be derived as:

RBekAEIAA/Lj + kBEIAB/Lj + kCEIAC/Lj 2 o e e s s s s e e (1-122)

Similar egquations can be derlved by using a similar distribution
process at each Jjoint on the grid, These reactions are then enunted to
the load P that exists at the intersection, or else equated to zero if

there is no load at the joint. Now we have n joints, n unknown
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displacements and n equations. Those equations can then be solved for
the unlmowns,

Aith the deflection values known at each joint, the moments and
torgques expressed in the distribution process in terms of the various
A's can be accumilated by simple multiplication and addition,

3, M. Hetlnyi (4) assumed that the individual beams comprising
the gridwork deflect without rotation at their intersections with other
beams, This implies infinite torsional stiffness at each joint, Under
such conditions each beam element of the grid will act separately as a
beam restrained against rotation at both ends, as shown in Fipure 1-8,

The flexibility of each beam element can be characterized by the
amount of load necessary to produce a unit relative defection hetwaen
the two eﬁds of the beam, This load under the given conditions, for a
beam of length L and flexural rigidity EIO, will be equal to 12EIO/L3,
as shown in Figure 1-9,

Let us now consider a gridwork consisting of two parallel main
girders supported on a serles of cantilever cross beams, as shown in
Figure {-10,

The flexibility Kp of each cross beam is 12E10/L3. If the cross-
beam are sufficliently closely spaced, their resistance can be replaced
by distributed reactive forces acting along the main pirders. The
intensity of this distributed reaction Rp will be proportional at every
point to the relative displacement of the ends of the crossbeams Ay at
that point, RP=Kth’ the proportionality factor per unit length of the

main girder being KthZEIO/CLj, where ¢ is the spacing of the crossheams,



Figure 1-8 Beam element behavior assuming restrained ends

128T,  12EI,

—— = — (where y = 1)
L3 ¥ 3. &

PL>
- e 5 =
y=tem, ¥

Fig, 1-9 Beam fixed at one end, free to deflect vertically but not

rotate at the other end.

Fig, 1-10 Cantilever gridwork

14
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The deflection of the outer main girder of flexural rigidity
311 will be denoted by y1 anﬂ the deflection of the main girder of flexural
rigidity EI, by y, as shown in Figure 1-8,

On the assumption that the external loading on the girders consists
of concentrated forces, the only distributed loading will be the pressure

RPl and RP% defined according to the flexural theory of beams as,

du§
E:[i——;:l=-R O..l'.tlllloollo.lll.l(1'_1u’)
dx P1 :
4
d Yo :
EIZ;:E“-‘:-(RPZ-RP“_) -o'o-cu--o.lnnoo--u(1"1.5)

where
3
Rpy=Kp( (¥4-¥2), Kpy=12EL5/Ly
| 3
Rp,=Kpo¥ s Kpp=12EL,/L,

By solving the differential equations we can find the resulting

stresses,

4, B, Ma (3) represented a gridwork supoorted on all sides, as
shown in Figure 1-11, He assumed that the interconnections of the
gridworks are pin connected such that they will transmit tensions and
compressions only.

Let [a] and [8] be the influence matrices of the transverse and
longitudinal beams, respectively, [F] and [f] their internal forée

matrices and [&] and [A]| their corresponding deflection rmatrices, then
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m[u]'m[F] '-Em[(S]-oc-ttloil--o--oo-ol(1."16)
n n n
and

n[B].n[f] =n[A].l.ll'lll..lll!lll!(1-1?)
n mn mn

The deflection relation between the transverse and the longltudinal

beams is such that

T
[6]={A] --nn||0¢.!0|00.00...0(1'18)
where [A]T is the transpose of [p].

The force relation of the systems ylelds

[F]+[f]T=[G] .-oocln..nnlaiilcil(l-ig)

where [F1T 15 the transpose of [f] and [G] is the matrix of external

,,ﬁ/'/ fr /7
_ /J/“"// /,
,A‘////wd/‘
Y A
AR A A
Y AV A A
777717 1

1 2= == == —~  Jm

Fig.. 1-11 Gridwork with n transverse and m

longitudinal beams



forces acting at the joints of the gridwork,
Substituting Equations (1-16) and (1~17) into Equation (1-18)
ylelds

[a][F]=[f]T[B]T N R E L R R Ry
From Equation (1-19)
[F] = [Q] - [f]T
substituting into Equation (1-20) yields
[al[G] - [a][f]T= [f]T[B]T
ci b4 wF s b e a v e (1m21)

[e) (2] T+l 2] (8] T = [a][G)

where [B]T is the transpose of [g].
From Equation (1-21) it is possible to find [f] and then, by

substitution into Equation (1-19), [F] can be found,

17



CHAPTER TWO

DERIVATION OF EQUATIONS

1. DBasie formulas

The formulas for the deflections and moments for beams which are
fixed at both ends and loaded with a concentrated load and an arplied
moment at any point, as shown in Figure 2-1, are:
(i), Due to concentrated load

(a), Deflection:

2 ;

61".’ %3&1-3&3{*1}1)' Where X <2 o s o s s o o o o (2-1.)
6ET1 B

and

2 2
64 Eaf(1-x)" ’; [3bl-3b(1-x)=a(l=x)] , where x>a . . , (2-1a)
6EI1
(b),. Fixed-end Moment:
M, =Pab? (2-2)
A"‘ a /12 » L ] ] L] [ ] [ ] L] L] L] L ] | ] . L] [ ] L ] ] [ ] L ] . L ] Pt

2
MB'-'Pabflz..-.lonoclllciu--o-.(z_za)

(e)s Intermediate Moment between endsi

Mi-::sz (3a+b)x-Pab2/12, Wwhere X<8 o « o« o v o o o (2-3)'
I

and
2 % .

MiezPa (3b+a) (1=-x)-Pa /12, where x> a . . « + « (2=3a)
3
1

(d).. Reacetion:

2 .
RA%(3a+b) o----cla--lucvuoo-(z"u)

2
RB"—'-'EP_’;-(R"'Bb)..--n--o-..--.-nnc.(?."u‘l)
1

18
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(B), Due t» applied moment

(a)s Deflection:

2
- x Ty .
A 1'—%% (ZMA""MALAIH"‘MBT i T J M where x i a . s @ ( 2'5)

and

2
1= (1=-x) T{l— )
Ai- BT FMB+MB"%'+MA lx 1 £ } , where x ~a , . (2-5a)

where M, and Mp are Fixed~end Moments at ends A and B as

shown belows

Tb 2 . 2
MA'-""'IB_'(-bi-Za’rab).......---o-...-'(?ﬂ'é)

T 2 2
MB:.";;_'(a-Zb-ab)......-.--.......(2-6&)

If there 1s more than one concentrated load or applied roment
acting on the beam, we can obtain the results by superimposing the

values which are caused by the loads separatsly.

2. General Equation
(A). Deflection
(a). Due to concentrated loads:
If the beam contains n equally spaced points, the deflection
of the points caused by all point loads can be derived as follows:

n=1

P s
(Y5 |74} =0y # 8504853+ o v v tb5ng oo (227

) ) e & 8 4 d A
where éjl. 632' 633. \j Hi1 are the deflections at roint j

caused by transverse loads P_, P

1 Fo P3' .« » P, respectively,
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From Equations (2-1) and (2-ta) it can be shown that:

Ps(no1Y2( 41243 ‘
6:}11% [jni_Bij-(n-i)J] ’ wherea J ii T T S T (2"78-)

6EIn
and
P 2(n_3y293
Gji’#uiiil-ngjl—l- [3n(n-1)-3(n-1)(n-3)=(n=-3)1] , where j>1 . . (2=7b)
6EIn
then
P net ne-1 n=1
{I.I _}?-" 612?[3} .--.....-.....(2—8)
gl 1Z=1 1ol Fulan _
- S By AR
where [a3] = LE_ll__LJlgl, [3ni-31)-(n-1)3) , when j < 1
. 6EIn
and ” 2.3 :
layl = MLQLL(SEI- [3n(n=1) =3(n-1)(n-3)=(n~3)i] , when j- 1
n _

(b), Due to applied moments:

+ o 0 o + A4 -aatuulu(z’éﬂ)

i
{ Yy | BEEIT bypt By3 5 -t

where 31, %52, 443, . . ., O4n-y 87O the deflections at point j
caused by torques Tt' Ty, T3. o« v s Th-i' respectively.

From Equations (2-5) and (2-5a) yields

Ajig_- 6E1n2 [mAmA n "'MB n had n jadt e * & @ (2-9)
and 2

nl-il
e S g T B B e g L (200

6EIn
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|
S

Fig, 2=1 Fixed ended bean

I

Fig., 2-3 Fixed ended beam wlth moments applied at n equally spaced points



where
T
an —-L%l (—n3+f-lvn21-3n12) = Ti [ci] a2 % » 2 & 8 & 8
n
T
MB‘EA%I (31112"2]121) - Ti [di] T s & & B s 8 % @

Substituting into Equations (2-9) and (2-9a) yields

, 1)A? ( (n=t) . 1 4
Ji"! 6EIn2 2ci+ci n i n ~ n s 8 & ® & a

T 2
s i(nl-11) [2d o _;_4ci(n-i) . gn-1)[
n n

ji” 6EIn2 i i n » » L] L] [ ] [ ]
Then
r, onet, Ot mtrob
{I] }'JZA_"Ej.[ji] # 9 &+ e @ & B & 9 »
U 1= # 1=1
where i 212 -1 i i
[bji]'z S—)_E (Zciﬂi(nn l-!-di n - n I , when j <
6EIn
and 2
b, }= {nl-11)° (2di+d 4 +c1(“‘1)+L9=1l] -
J 6EIn2 in n n

(e¢). The final deflection at each point will be

n=-1 n=1 T  n=-1
g 17 - {zﬁ T e 1 TH
n=1 {6 i
= L__Z_i st a'i]
Ne=q

(2-6b)’

(2~b6ec)

(2-9b)

(2-9¢)

(2-10)

= >‘ (Pi(aji) + Ti(bji)l " & @ B8 & e & ® B (2-11)

1=1
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(B)s. Fixed=end Moment
(a). Due to concentrated load
The loading as shown in Figure 2-2 induces Fixed-end Moments
at ends A and B which are:

From Equation (2~2) and (2-2a)

¥ nfl Py(5 D) ('(l;l)' 11 ? / 12

il

n=1 2
= Pa(AY(n-1)"1/ 3 4 6 v s e 0 v 0 s o 0 a s (2-12)
i£1 i - //n
, n=1 -
Q- reor (60 .
n"'i 2
= iz‘zi Pi(i) (l’l"‘i)l/nB s® ® ® ¢ ¢ § ® & ® @ " @ ¥ @ (2"'123)

(b), Due to applied moment
The Equations (2-6b) and (2~6c) will be used to express the
T
Fixed-end Moments, MA! Hg, caused by the loading as showm in
Figure 2-3,

(e)s The final Fixed-end Moments then are

};A + Mi‘ ® & ¢ & » @ B & & ® @ & & .. s & & ¢ @ (2-1.3)

1]

L

and
P T
MB = MB + MB L ] ] [ ] ® [ | 1 [ ] [ ] ] [ ] L ] i ] L ] L ] L ] L ] [ ) | [ ] [ ] (2_12"‘)

(€)., Intermediatn Moment between ends
The loading as shown in Figure 2-2 will also induce moments at.

intermediate points, which can be expressed as:

M‘_j:mji-!-mjzﬂnjj‘f- . e o +mjn__1 --00-1.500000(2‘15)
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where Migr Mo mjjg s 0. Mg,y are bending moments at peint j -
caused by Pl' Pz' pj. “ee Pn-‘l.

From Equations (2-3) and (2-3a) we obtain

#

mJi

Pi(n—i)zl {.Dlﬂ{:;y_h - —1'5 } ywhen J 24 4 4 ¢ & (2-15.)
n n
and
myy= P, (1) {u&m&g.@:.u_ L"—"%} , when 3> 4. . . (2-16a)
n n

Then
{Mj|?-1}=nftmji i b he Eoe o b ow W ey @ (2158)
1=1
(D), 3Slope
The slopesof the elastic deflection curve of the beam can be

found by using the finite-difference method. We thus write the slope

Lim Ay

_dy
as tan & = 3/ = sxo Ax’

At point j, Ay should be equal to the difference between the
deflection at points ,‘)-P-A‘zE and -4,
By using x| and x, instead of ;111 in Equations (2-1), (2-1a),

(2-5), (2~5a} we obtain:

Dx - [3i1-3ix=(n-1)x] , when x < =1 . , . (2-17)
I 2! a 6}:‘.1113 n '
and 5 5 .
1(1)4(1=-x)
4§ x = [3(n-i)1-3(n—i)(l-x)-ifl-x)] s
X 3 ' . 6}311'13

thnx>;1;1 ..-.....-(2-1‘7&)
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(b), x2 l-x x Tix
B3t éx v 1 = BEX (?‘MA’"MA 1 My - T] + iR
x-(-j'-'l oou-onn-conua(z-".?b)
=n
and

2 T
1-x X {1ex) _f_LIJ.:x)_]
bgs 4%, 1 oo (ZMB+MB X skl , when
x>%1 -ulo-ociouoqo(z"".?c)

Then substituting x and x, respectively for x in Equation

(2-17) or (2-17a), and in Equation (2-17b) or (2-17¢}, where

Ax

X s—g- l - "%E ) X o= -g—l +5" 4 we obtaini

Y Ax } » [5 Ax, 3 + A5 a%, 1
{.‘]i —==] 1 Ly | a5% 1 T Rl ]
i+ 2 4= 2 = 6 , where 8>0 o+ o o (2-18)

(E). Torsional Homent

If the beam is twisted through an angle 6, then the beam will
1nduce.a torsional moment

T=Gd%/1 o v o v v v o novocosoeasseass (2219
where G is the modulus of elasticity in shear and J, for a circular
cross section, is the polar moment of inertia, while for a rectangular
cross section J is equal to Bde, where b is the width and d is the
depth of the beam and 8 is a coefficient depending on cross-sectional

propertiss,
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(F). Reaction
The reaction at ends A and B ares
n=1 2
R,= Z P (n—i) (31"‘(!)-1))/ 3 ¢ & & 8 & 8 & B @ € 4 e @ (2'20)
A i n
i=1
n=i 2
Rg= [ Py(4) (443(n=1))/,3 v o o v v o o s s o o « » (2-20a)
i=1
3. Method of Analysis
The method of analysis of pgridworks using the equations derived

above will be presented in the following,

N j d to b ed d
(a). Assume a joint loca P(x,y) o be replaced by P Ly) an

x(x

P&(x % which are acting separately on beams parallel to the
]

X-axis and the Y-axis as shown in Figure 2-4,

P
(b). From Equation (2-8) we ean find the deflections Y(; v) and
[ ]

P
r(i 4) for a1l n joints of the gridwork, then from
(]

P P

Y(x.y)=r(x.y)onlcl..litltooloul(z-A)

n equations in Px(x,y) and Py(x,y) ean he Tound,

Summing vertical forces at each grid point;

Px(x.y) + Py(x.y) p(x,y), where p(x,y) exists

}. . (2-B)

and Px(x,y) + ?y(x.y) 0, where P(x,y) does not exist

This also yield n equations in Px(x.y) and gy(x.y).

(e¢)s. From formulas (2-A) and (2-B)}, there are 2n equations with
2n unknowns, and they can be solved for the values of Px(x.y)

and Py(X-Y).



By placing these loads on their corresponding joints and
using Equations (2-13), (2-14), (2-15a), (2-18), and (2-19),
we can find the flexural and torsional moments in all transe-

verse and longitudinal beams,

(d), Substituting the torsional moments into Equation (2-10)

Y
B’ o
/g 7 S /) S 77
6 1erc,m) :;'#w
5 4 ) d ; <
v Af ¢ A By —
3 4 y
2 4 g
1 3 ¢
N
° “#_?'?’?”Jg e 7 X 4
0
B,

A% . N

Fig 2-4 Component loads on gridwork beams

T T

x ¥
we find Y(x,y) and Y(x,y)'

Formula (2-A) then can be modified as follows:

P T, P T

x - y
Yo * Yoy = Yoo * Yxy)

27
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Since Tx and Ty are known then

E P T T o s

Y _vy _yx _ T g
SR APETAARL SN [l AP IO

Using formula (2-A') instead of formula (2-A) in procedure
(e), new values of Px(x,y) and Py(x.y) can be found., Following
the same procedure repeatedly the results of stresses can be

obtained to the desired accuracy.
















































































































































































































































