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Analysis of Corner-Supported Grillages

Recherches concernant les grilles portantes, appuyees aux angles

Untersuchung von Trägerrosten, die in Eckpunkten gelagert sind

S. L. LEE M. MAKINO
Associate Professor of Civil Engineering, Institute Fellow, Technological Institute,

Northwestern University, Evanston, Illinois, U.S.A.

1. Introduction

A grillage, or grid framework, is a structure composed of two Systems of
intersecting flexural members, the members in each system being parallel to
one another (Fig. la). Most grillages encountered in practice are orthogonal
ones in which the two Systems intersect each other at right angle. The members
of each system are continuous through the points of intersection. The
interaction between the two Systems at these points under loads normal to the
plane of the grillage may be represented, in general, by a force in the ^-direction
and two moment components about the x- and ^/-axes in cases where the
members are rigidly connected. If the torsional stiffness of the members is
negligible or when the connections are incapable of transmitting bending and
torsional moments between the two Systems, the interaction consists only of
a vertical reaction.

The analysis of grillages supported on all four sides was discussed by
Timoshenko [l]1), Klitchieff [2,3], Holman [4], and Hendry and Jaeger
[5]. The last reference also dealt with grillages supported on two and three
sides. The interconnected bridge girders, grillages supported on two sides,
were analyzed by Pippard and de Waele [6], Hetenyi [7], Covington [8],
Jaeger and Hendry [9,10,11] and Beer and Reisinger [12]. The load
distribution in continuous interconnected bridge girders was discussed in [9].
A more complete listing of earlier references was given in [8] where a historieal

Numbers in bracket [ ] refer to the listing of references at the end of the paper.
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review of the subject, including brief discussion of the different methods of
analysis used and the assumptions made, can be found.

The treatment of grillages with more complicated boundary conditions
by moment distribution method was discussed by Ewell, Okubo and Abrams
[13]. More recently, Sbarounis and Gaus [14] analyzed a two-way orthogonal
truss system by relaxation method. Another Solution of the same problem by
the use of influence coefficients was also indicated in the last reference in
which only the results of the analysis were given.

2. Notation

AjX> Ciy Fourier coefficients for the j-th member in the x-direction and
the i-th member in the ^/-direction defined by (2 a, c) respectively.

a, b Side dimensions of grillage.

at, bj Distances from origin to the i-th member along #-axis and to the
j-th member along y-a,xis respectively.

Bij7 D^ Fourier coefficients for point ij defined by (2 b, d) respectively.

(EI)jX, (EI)iy Flexural rigidity of the j-th member in the ^-direction and the
i-th member in the ^-direction respectively.

F (y) Function of y.

ij, rs, uv Subscripts denoting points of intersection on grillage, the first
subscript referring to x-axis and the second one to ^/-axis.

6° (EI)X
{EI)y a* ¦

Functions of k defined by (c), (f) and (g) respectively.
Functions of k defined by (e).

Bending moment at section y in the second member in the y-
direction.

Integer.
Concentrated load.

End reactions on the left end and the right end of the;?-th member
in the ^-direction defined by (5 a, b) respectively.
End reactions on the left end and the right end of the i-th member
in the ^/-direction defined by (5 c, d) respectively.
Number of members in the ^/-direction.
Number of members in the ^-direction.
Reaction at intermediate supports.
Reactions at points ij, rs and uv respectively.
Length.

fC iC", k'"

rC-t fC 2> % k4

M2y

n
P
*Vjx> Qk

*Viy> Qlv

V

Q

R

Ru> Rrs-> ^u\
t
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TJ Total strain energy in grillage.
TJ' Total strain energy in grillage of irregulär shape.

UjX> Uiy Strain energy in the j-th member in the ^-direction and the i-th
member in the ^/-direction respectively.

w Uniformly distributed load.

Wj (x), wi (y) Arbitrary loads on the j-th member in the x-direction and the
i-th member in the ^/-direction respectively.

x, y, z Coordinate axes.

Zy Deflection of point ij.
zjx, ziy Deflections of the j-th member in the ^-direction and the i-th

member in the ^/-direction respectively.
pr$ Relative flexibility influence coefficient defined by (9), the relative

deflection of point rs due to reaction at ij.
Xrs Relative deflection at point rs due to applied loads, defined by (10).

<pJJ, 0{J Terms in pg defined by (9b, c, d, e).

3. Assumptions

In the following discussion, the assumption is made that the interaction
between intersecting members consists only of a vertical force. This assumption
is valid in the case of a two-way orthogonal truss system where the torsional
rigidity of the trusses is negligible in comparison with their flexural rigidity.
It should also yield fairly good approximation in the design of orthogonal
grillages composed of relatively deep members of /-section for the same
reason, even when the members are rigidly connected. The analysis is applicable

to both orthogonal and skew grillages in which the connections are
incapable of transmitting bending and torsional moment. A case in point is a
grillage composed of one system of beams laid on top of another with simple
connections at the points of intersection.

It is also assumed that the cross sections of all the members are uniform
along their lengths. However, individual member may have different flexural
rigidity. The spacings of the members in either direction are arbitrary.

4. Corner-Supported Grillages

Deflection Functions and Strain Energy

The grillage shown in Fig. 1 a is composed of p members in the ^/-direction
and q members in the x-direction and simply supported at the corners designated

by 11, lp, lq and pq. The grillage may be in the shape of either a
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rectangle or a parallelogram. It can be shown2) that the deflections of the j-th
member in the ^-direction and the i-th member in the y-direction my be

expressed respectively by

in which

.x a4 v1 1 / a ^e» x • n7TX

OD

11 b^ \—^ 1 ^—""" TZ TT 1/

a
2 C mrxAiT - \Wa(x)sm dx,3X a J ° a

o

Oi+ t

_ 2„ C Rn • n-nx 7 2Ri3' mra*
BH =-hm ATT sm dx -sm -,lJ at->o J 2t a a a

m—t
b

^ 2 f x 71772/
Diy ^\wi(y)sin—lr-dy,

bj+t

Dy =t- lim -fsin-^rfj/ =—r-^
13 b t-+0 2t b * b

bj-t

2 Rh mrbj
sm-

(i)

(2)

Fig. 1 a. Grillage Supported at the Corners.

In these equations, z1:j, zpj denote respectively the deflection at points

lj, pj .', (EI)jx and (E I)iy the flexural rigidity of the j-th member in the
^-direction and the i-th member in the ^/-direction respectively; w^(x) and

wi (y) the arbitrary loads on the j-th member and the i-th member respectively;
a and b are the overall dimensions of the grillage and Ry represents the reaction
between the members at points ij. The positive direction of Ry is shown in

2) See for instance [15].
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Fig. lb,c. The corresponding strain energy in the members are given respectively

by
*5

Ujx l(EI)
a5 ST1 1 v~~1

i%^h^{Aix~^Bij)2'
(3)

r-T^ r
Wj(X)

.1 1 1 t 1 t I I
RpJ

Fig. 1 b. Positive Direction of Rij on Member / in ^-Direction.

VW)

r V v V y
t i \ y t t

.19
fz

*l

Fig. 1 c. Positive Direction of Ry on Member i in ^/-Direction.

Equations (1), (2) and (3) are applicable to all the members in the grillage.
When dealing with the four edge members, however, it should be noted that
zii==zpi ziq==zpqz=Q- F°r these four members, Ry in (2b,d) are respectively

the end reactions on the j-th member and the i-th member shown
respectively in Fig. lb, c which may be expressed in terms of the intermediate
reactions. Thus

p-i v-i
Rij ~ Qjx— 2_j TT^^'5 -^pj ~ Qix 2_j

a ij>
i=2
a-i

i=2
3-1 (4)

¦"iq — Qiy 2-1 b ij'
2

in which
a a

Qjx - (a-x)wj(x)dx, Q'-x =- xwj (x)dx,
o o

b b

Qiy =^\(b-y)wi(y)dy, Q"iy =^jywi(y)dy.

(5)
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It follows, therefore, that the grillage presently under consideration is

statically indeterminate to the (p — 2) (q — 2) degree and that the intermediate
reactions Ry, for i 2, 3 (p — 1) and j 2, 3 (q — 1), may be conveniently
taken as the redundant quantities.

The total strain energy in the grillage is obtained by taking the summation
of (3) over the entire structure which leads to

7 1 i=ldx ' Z^ ^ %y /ß\

a \ Y1 * v 65 v^ v^ 1 #_1

^ fe ^(EI)jxn*{A>*~ ,§,^)2 + 4^ L Zu (EI)iyn*{Gi* + g^*'
Redundant Reactions

Differentiating (6) with respect to the reaction at any intermediate point
of interaction, rs, and setting the result equal to zero in accordance with the
principle of least work yield

a4 v 1 »-1 mrar
(El)sx7Tik^1nil i=2 a

00
64 v 1 .„ «-i mrbs

v-l
72<77ar

sin -

+ (Ei)qx^b L^ [A«*-ä L H*sm ArJ

v-l " *

n77GL.
sin

(7)

J-?/ n—1 x 2 '
oo g— 1

V1 1 /A 2r> nnbA mrb„
/ -j-l^ou +r/ -R„*sin -Ism—=—2

It should be observed that the first and second terms of (7) concern only
the s-th member in the ^-direction and the r-th member in the ^/-direction
respectively, the third and fourth terms involve only the edge members in the
x-direction and the last two terms the edge members in the y-direction.
Expanding (7) and rearranging terms lead to

PZQ2p%Bii=\«', (8)
i=2j=2
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in which
Pl} Vi) ^ Tx)

2a3(b-bs)(b-b})sr 1 n-rr^ n-n-a,
+ AttAti / rrsui-r-ffln(EI)iJ2 z

n l n*

2asbQb1 V 1 mra, mra,

2b3 (a — ar)(a-aA\^ 1 mrbj mrb,
+ A),> £?—rm-r-

%bsara, \\ 1 n?!^ %77&s

OO*

2 a3 Vi n-na^ n-na
vi* - / et rx 7 ^rsm * sin -, when ; 5

9>JJ 0, when > =*= 6

2orf Vi r-n-rrty tfc-77 #s
0« ._ T

• > -ysm-r^sm-r^, when *^ (EI\yL^xn^ b b

i//™ 0, when 2 >

a4 v 1
^ • n7Tar &4 V 1 ^ nrrb,

mraA mrarsm -H sm-

k n-nbÄ ?i77^
.sm ¦ I sm—-—

2 V ~„ n-rrbA n-rrb^x A ,sin—,—-Ism-

(9)

^£KC-A?A
00 ff—1

*>* 6 / b

Eq. (8) expresses the compatibility of deformation at points / s andj(9)
gives, in general form, the relative flexibility influence coefficients Settmg

r 2,3 (p-1) and s 2, 3 (q-l)in (8), the combination leads to (p-2)
(q-2) simultaneous linear equations solving vhich jields the (p — 2)(q-2^
redundant intermediate reactions. With the redundanfquantities known the

deformation of and the internal forces acting m the stiuctuie aie leadih
determined.

The procedura of analysis is best illustrated bj means of the follow 111g

numerical examples.
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Example 1

Consider the corner-supported grillage loaded as shown in Fig. 2 a. For this
case (8) becomes

n22 J? i n22 J? — >22 n32 J? i n32 7? _ ^32
P22 ^22 ^ P32 ^32 ~ A r22 -^22 > F32 -^32 ~~ A * (a)

ZP

(EI).

(EI)
rm(EI) (EI)(EI)

{ED
ET./

Fig. 2 a. Partially Loaded Grillage Supported at the Corners.

Applying (9) yields

00 00

99 QO /^ 1 lx ^3 V 1 ' 9^77 /r» 8 2\ fe3 V ' 0Ul

2.405
(EI). + 3.157

63

Pll=pll (2 + i + i)

2.105

I(^.«fei»4 3

W/
1 nrr 2^77

sin—sm—-—
OD

/ 4 4\ 63 y+ l9+9;(^Tj;n4j1
1 „^77

(#A + 0.9019
63

(^V
For the third member in the x-direction and the second member in the y-
direction, (2 a, c) yield respectively

a/6 + t
2-. r P nTTX 7 2P uttAn^. — lim tttSih dx sm-hSx m
at^0 J 2t a

a/Q-t

5/2

a 6 '

2 f 2P ^77^ 7 4P / WtA
^2i/ 7- —r-sin—j-^-dy r (1 —cos—-}.2y b J b b * nrrb \ 2 }
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Substituting these values in (10) leads to

00

A" — I —r ¦„ / —r-11 — cos -— sin -—-\*b)(EI)„ £$«,*{ 2) 2

/2P\ tt* V1 1 /3 »TT 1117 1 »77-\ W7T

oo

x.9 /2P\ a4 V 1 /3 ^77 .72,77 1 W77\ 2 72, 77

- 1.090 a3

{EI).X

Substituting the values of p£| and Xrs in (a) and introducing

lead to the simultaneous equations

(2.405 + 3.157 fc)P22 + (2.105 + 0.9019 k) R32 - (1.278 +1.268fc)P,

(2.105 + 0.9019 fc) R22 + (2.405 + 3.157 fc) R32 - 1.090 P,

whose Solution yields

R22 -k' (0.7791 + 6.101 fc + 4.003 fc2) P,
P32= fc'(0.0687 + 0.3806fc+1.144fc2)P,

in which

&
1.353 + 11.39fc + 9.153fc2' ^

Forfc=l, R22= -0.497 P and P32 0.0727 P.
With the redundant quantities known, the deflection functions are readily

determined. For instance, for the edge members in the ^-direction and the
second member in the ^/-direction, (1) yields respectively

00

2 a* v 1 /3 .W77 1 „ .^77 1 „ 2 n tt\ n tt x
z- Wiü^h* \±PSm^ + ^"T + 2^sm^-jsmAT'

2a3 V1 1 / 72^77 1 72,77 1 „ 7177

1
-^ 2 72,7T\ 72,77#

+ 2^82 8111-3-^8111-^-,
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+ 2P22sm— sm nny

-3% I

The values o^ % andT 223 in tne last expression are obtained from the first

two by substituting x a/3. For fc= 1,

7 Vb
^ (El)yTT^

0.856 + 0.1501^

71=1 L X '
sin-

7H7
-sm

Tirrj/^

It should be noted that while the deflection and slope functions comerge

rapidly, the speed of convergence of successive derivatnes decieases with
each differentiation. Once the redundant quantities are known, however, the

bending moments and shearing forces are easily determined by statics. For the

grillage under consideration, the Variation of these functions are shown

respectively in Fig. 2 b, c.

Ü0638Pa

01155P300S25PÖ O0182P0

00008PI)

00390Pd
00767PÖ 01023Pd

00292 Pb

00638Pd

&U56Pay oiunpa

Fig 2b. Bending Moment Plotted on Tension Side

Ü5J115P

03mp

01550P 01914RW "Z
03070P

0190OP/t~Wf^/
& 04985P M

/,

08465P

01535P 01550P 01914P

Fig 2 c Shearing Foi ces
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Influence Lines

- •/* %n- / (*",! « j-T »i L <-=--=
To obtain the influence linea for Ruv, the reaction at any point of

intersection uv, the values of the redundant quantities are determined from the

simultaneous equations - ri- - ^)^ '<' -"''..' -
— 1 for r u and s v,

dRrs
r) TT * ~11" " '' ~ ' ~ J

0 for othef^ombinations of r and 5.
3^.

The negative sign in^tho^r^teqUaJion'i^ due>to.themgnj)öiiventions that downward

w is positive and that Ruv is 'positive if acting upward on the member

in the x-direction and downward on the member in the ^/-direction. Since

Wj(x) and w{(y) are sei«*, the equations takfe fche' fofffl1 ' ^

^2 2 PilRa -^ for Z u and 5 v'
i=2 j=2 ~ y L r * J ~ "".,._ %< _ t /in
2 2 Pi/^ij ^ ^or other combinations of r and 5.
i=2/=2

- *
*. i * V

Once the redundant rea^ons^re^ierrAAiödl th^inniieiice lines for Pm are

obtained by substituting their values m (1).

The influence ]pm for-other ftmt^ions^may be expressed in terms of those

for the redundant rfectibn^ -frilTillustrate this point.

Example 2
_ r ."~

Considering again the grpap sfcown^hf Fig: tapfer W* influence lines for

R9o, (11) becomes
" 4 (F 7)

(2.405 + 3.157lr)«^-^2.YO5Hv0^|a>)^£=\M^1 h
r^--- - .-".-. —/-^. v - a3

(2.105 + 0.9019fc)P22 + (2.405 + 3.157k) RS2 0,

whose Solution yields ^ J nU ,- /
s

4 ';> -,» ^ V*
V'

P22 J _fc' (2^05 + 3.157 k)^(E3I)x,

P32 ¥ {%im + 0.9019 fc) \ y*.

The^fä^tör ^f4i§^given4n Example 1. Substituting-these ^mluesan; (1) leads to

the influence lines for P22 as follows

72,77 r w%y'y <a- z^fc'^L&a^
8 ""*_** * ^=1

00

^ fc' fc (- 1.2Ö3^.Q.9014jbJ ^ -r^1»^^-^'
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00

H* H* "*' (2.405 + 3.157k) £-LsiÄin^
71=1

00

+ fc'(2.105 + 0.9019fc)Y^sin-^sin^7^)
¦¦"i 72, ö an \

00

z22/ - £'(2.405+ 3.157 £) £-Lsiiv^
n l

00

+ fc'(2.105 + 0.9019fc) Y^sin^sin^|-^
^™ 72, O «5

n=l
00

-fc' fc (4.810 + 6.314fc) Y^sin^sin^^,
*-i 72,4 2 6

OO

z8tf -fc' (2.405 + 3.157 fc) £-1sin^sin-^
n=l

00

+ fc'(2.105 +0.9019 fc)Y ~sin2^J^

00

+ fc'fc(4.210+1.804fc) Y-^sin^sin^^,
Hw4 2 b

n l
00

z2x fc' k( 1.803 + 3.608 fc) J]^-sin«^
n=l

00

-fc'fc (3.006 + 2.707 fc)-Y~sin2^
a ^-j T2,4 2n=l

00

+ fc'fc(4.810 + 6.314fc)Y 4:sin^sin^^
^^™ 72, o ö£n=l

00

-fc'fc(4.210+1.804 fc)Y-^sin^sin^^.
^"~. n ö an l

For the particular case where fc 1, these influence lines are plotted in Fig.
2 d. For example:

00 00

/ x nnMr 1 7^77 72,77^ ^T«„V 1
• 2

(zzx)k-\ -0.254 > -ysin--sm [-0.137 > -rSin-
n=l n=\

00

/ x ^i/^ ArAnV 1
• ^7r • K TT y(*2y)*=i -0.107-0.508 ^^sm-^sm-^.

7177 72,77X
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The value of R22 due to the loading condition shown in Fig. 2 a may be
obtained by

6/2

E22 wr \{z2V)H=idy + P(z3x)k=1 =-0.497P,
0

which is identical to the result obtained in Example 1.

0.W7
__ 0.068

0.621

0.014

0.211
0.251 0.378

0.107 0.068

/,
Fig. 2d. Influence Lines for R22 when k= 1, Positive if Acting Upward on Members in

cc-Direction.

0.0267 b 0.0170b

0.00350

0.05260/0.0625¥~ A^o.omb
0.0267b// 0.0170b

Fig. 2e. Influence Lines for (M2y)y=b/2, Positive if Causing Tension in Bottom Fibre
of Members.

The influence lines for P32 are the same as those of P22 by symmetry. The
influence lines for other functions may be expressed in terms of those for the
redundant reactions. For instance, the influence lines for the bending moment
in the second member in the ^/-direction at midspan is given by

(M2y)y=bl2 F(y) + iR22b,
in which

F (y) y\2 when the unit load is between points 21 and 22,

F(y) b\2—y\2 when it is between points 22 and 23, and

F (y) 0 when it is elsewhere on the structure.
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The bending moment igr positive dfit causes tension in the bottom fibre of the
member. For fc= 1, the influence lines for (M2y)y=b,2 are plotted in Fig. 2a,

5« Treatment of Intermediate Supports

For corner-supported grillages which are also supported at intermediate

points, such as the one shown in Fig. 3 a, the. Solution may be obtained by the

procedure just discussed with only minor modification, A particular case will
be discussed in the following example.

±3

\ \ i l i l

\z
1 1 17|

V^V» + / T

2(EI)X frJ \R
V \ i t

(fy(Ea (El

£—* 5

Fig. 3a. Grillage with Intermediate Supports.

Example 3

t in,the.grillages Ipaded as* shown in Fig 'is. tne reac^'ciA <
mediate, isupportedc R axe treated. as external loads on the 'a^a ~.

the ?/-.dii;ectiont Due to symmetry

Xt22 ~ -^32 -^21 -l3±

' ^23 ~ -^33

and applying (8) to points 22 and 23 y:eld& -e-± ccAx eV

(pll + Pil + i°i -1- p|!) -^22 ~' Pa ~ P a -~- 2. *" -

lp22 T24 r32 ¦ ^3^ ~l^2 ' }'>i A- - lj
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\pplymg (9) and (10) leads to

3 a
00 v

.(^/),IA»4 3 + ^4 3 * 7

- (*/), l^4 * +M4i^4 4 4 ;j 22

oo °° et,

T a3 / V1 1 nnir vi Ä7T 2w7r
+ —57x7-1 / -rSiaV + A^sm^-sm~A~~

do -g

463 V1 1 nTr n7T\ z?

63 r vi n^ i n7t, %7T
> „,„ 3W7r\

00
s

^-1 #4 2 4

00 00 x

3 /v i »«• ww V"j-i ^A.AA P(in;E?'BIT'mTAl?Bül~anTl|Äa+
Tt—l'*

+

+

oo so ^' Qff3 /ri 1 nTr NT1 1 W7r -fn

463
oo

smz
«7&7T

¥4 Ä.'23

oo

__-(1^-cos mr) sin—

00

V1 1 ^TT { n^ '~
^w4 2 \ 4

«. 1 x

3 "-

'17

-1 — - r'̂ \ -sm2

(El)y

the Solution of which yields

R22^k1wa + k%R, P^t^^1 -^hMi
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in which
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fcx (1.657 + 4.636 fc + 0.224 fc2)fc",

fc2 - 1.621 fcfc",

fc3= (4.799 + 0.224 fc)fcfc",

fc4== _(7.055 + 0.448) fcfc",

k"
9.041+ 19.065fc + 0.896fc2'

(e)

(f)

The value of R is determined by means of the boundary condition that
the deflection at the points of intermediate supports is zero, i.e.,

263 ^ 1 Xlwa \ mr

+ I — -Ä^-Älsin— + I— J?22lsm-^-l smy 0.

Solving this equation for R and substituting (d) and (e) yield

R fc'" (8.582+ 11.634fc + 0.540fc2)wa,

in which

k"'
9.173 + 9.924fc + 0.455fc2'

Substituting the value of R just obtained in (d) leads to

R22 fc"fc"'(15.20 + 45.06fc + 29.96fc2 + 3.457fc3 + 0.1019fc4)wa,

R23 -fc"fc"'fc(16.53 + 36.24fc + 4.615fc2 + 0.1400fc3)wa,

(g)

0.0314wab

,<£

0.0262wab 0.0285yvab
<£

0.0158wdb wk^fi5-1^^2
0.070wa2t ^0.056wa

/ 0.101n>3'2 0J394W32

Fig. 3 b. Bending Moment Plotted on Tension Side.
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For the particular case where fc=l, R 1.0ßl5wa, R22 0.1ß54=wa and
i?23= — 0.1015 wa. The corresponding bending moments are plotted in Fig. 3b.

6. Discussion and Conclusion

The general equations derived in the foregoing may be applied to the
analysis of simply supported interconnected bridge girders in which there are
relatively few crossbeams that are spaced too far apart to be approximated
by a continuous elastic system of equivalent stiffness. In this application, it is
only necessary to assume that the two edge members parallel to the
crossbeams are infinitely rigid.

Although the general equations no longer apply in dealing with corner-
supported grillages of irregulär shape such as the £-shape one shown in Fig. 4,

L 2 ^ 3 4 S X

mn

4
Fig. 4. Corner-Supported Grillage of Irregulär Shape.

the latter can be treated in similar manner. It is convenient, in this case, to
take R22, R32 and jR23 as the redundant quantities. As before the total strain
energy U' may be expressed in terms of these three reactions which are then
determined by the Solution of the simultaneous equations

du'
d R99

0,
dU'
YrT o,

32

du'
dR,

0. (h)
23

Eq. (h) takes essentially the same form as (7) with minor changes due to the
difference in the lengths of the members.

The use of trigonometric series in the analysis of corner-supported
grillages facilitates the formulation of the general equations which lend themselves

to a systematic Solution of the problem. The series contained in the
flexibility influence coefficients in (8) and (11) converge rapidly. In grillages
where the spacings of the members are uniform, such as those discussed in the
examples, the repeated occurance of the same series in these coefficients helps
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to reduce.the numericaj work required to obtain a Solution The ^e1? ve e^p
with which the infli^pnee Jines are obtained once the ledundan" ecr od- ^e
known makes this method of analysis a useful tool m the treatmen" of g !?g^
subjected to moving loads
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Sunmiary

An a^aljsis of orthogonal or skew grillages suppoitec ~ ~ ^ - -

presented Th# assumption is made that the interaction be^ ^
at tb# points of intersection consista only of a ^eitieal "o^cc Ti _ -* - —
have diffepe.nt flexural rigidity aad the^r s"Pa,e^ ig« * ° _
arbitrary
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The deflection funetions am represented oy tixgo.iOx i^t ^ — -

leactions &t intermediate pomts of intersection aie take, a- " e

qiantnies The latter are determined by the solatior oi ^Ut te- ^
equat.ons which express the compatibihiy of deform a^ior <s - c

m+ei section
General equations are derived for j.eetar*gu1at o ^v* * £ ^z^ -

orly at the corners and foi the consT-jc^ » o° ^c r - ^ a

ment of grillages supported also at rt- ± e^ivic »~i - -

of a numerical example Tue nrocedne for ^ T^2rj *

bridge girders and grillages of irregulär -hei

i i-

3"0C 1- ^1- { w.

Resume

1

Les auteurs exposent leurs reche cne^ conce ^an^ i -

orthogonales ou biaises qui sont appi^ees dan« lex, <* c igle- - c -

titre d'hypothese de base que Fmteraction entr-x--e!ene ö c - — 3

de croisement ne se manifeste que sous forme d'ur effoi" e f Cc1 Le> e c -

porteurs peuvent presenter des rigidites de flexioi diffei erUeb e

ments dans les deux directions sont quelconques

Les fonctions de deformation sort lepreseptee- tj - -e „- r „
metriques et les reactions aux poim« inte mecVi e- * io -- ~ -o L

comme inconnues hyperstatiques Ce^ de rieie- ^ dA e - - ^ i ^ ^
resolution d'equations lineaires sumltc-»ee^ q -v~ ^ - ~i\*
des deformations en ces points ae cioisei *ert

Les auteurs etabhssent des equat-ons g^- aV tdc es g ^ ^ ±

rectangulaires ou biaises qui ne sont appiuce« q aux igle- ai i-
le trace des lignes correspondantes d ,nfn^ice ^1 ^^^^ sxe

nque le cas des grilles portantes qr bCP+ eg?le-iei^ o^ees ^
lntermediaires, ü montre de pLb cg n)^1 oh }ei ^ <* e ce^ai « r°
poutres multiples entretoises a^r^i o e «o g Le- Ta "c- oe fo e^

guheres

Zu^aT-ir^en-a**ar&

l. e A

De 11'

e c
In dieser Arbeit wird eine L - - n

Tragerrosten, die in der E^äc ä

Annahme wird zu GrjMe g^-a ^ -e g _

Kreuzungspunkten rt- *r e » T i %r oes"3

können verschiedene 3 ^gs-^c g
+ ^s °- in e

Richtungen sind will^a nc
Die Durchbiegurgs'an^- c^ e ^e * xd tuge-c -

gestellt, und die Reaktion^ n dei Z^iscLen^r-euz Q-
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überzählige Größen eingeführt. Letztere werden mit der Lösung von simultanen

linearen Gleichungen bestimmt, die die Verträglichkeit der Durchbiegungen

an diesen Kreuzungspunkten ausdrücken.
Für rechteckige oder schiefe Trägerroste, die nur in den Eckpunkten gelagert

sind, und für die Konstruktion der entsprechenden Einflußlinien werden
allgemeine Gleichungen abgeleitet. Die Behandlung von Trägerrosten, die
auch in Zwischenpunkten unterstützt sind, wird durch ein numerisches
Beispiel veranschaulicht. Ebenso wird das Verfahren zur Untersuchung von
gewissen zusammenhängenden Brückenträgern und von Trägerrosten mit
unregelmäßiger Form behandelt.
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