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Analysis of Corner-Supported Grillages
Recherches concernant les grilles portantes, appuyées aux angles

Untersuchung von Trdgerrosten, 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. 1a). 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 inter-
action 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 z-direction
and two moment components about the x- and y-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
TiMmosHENKO [1]1), KLITCHIEFF [2, 3], HorLMaN [4], and HENDRY and JAEGER
[56]. 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 PreparDp and pE WaELE [6], HETENYI [7], COoVINGTON [8],
JAEGER and HENDRY [9, 10,11] and BEER and REISINGER [12]. The load dis-
tribution in continuous interconnected bridge girders was discussed in [9].
A more complete listing of earlier references was given in [8] where a historical

1) 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.

jx’ Ty
a, b
a;, b;
Bij, Dy

2. Notation

Fourier coefficients for the j-th member in the z-direction and
the ¢-th member in the y-direction defined by (2a, ¢) respectively.
Side dimensions of grillage.

Distances from origin to the ¢-th member along z-axis and to the
j-th member along y-axis respectively.

Fourier coefficients for point ¢j defined by (2b,d) respectively.

(El);,, (EI);, Flexural rigidity of the j-th member in the z-direction and the

F(y)
1), 78, UV

k

kl, k”, klll
ky ke, kg, ky
M

2y

n
P

Qiz> @iz

Qiy> @iy

i3

TR

¢-th member in the y-direction respectively.
Function of y.
Subscripts denoting points of intersection on grillage, the first
subscript referring to xz-axis and the second one to y-axis.
v* (E1),
(BI), a® °
Functions of k£ defined by (c), (f) and (g) respectively.
Functions of & 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 j-th member
in the z-direction defined by (5a, b) respectively.

End reactions on the left end and the right end of the ¢-th member
in the y-direction defined by (5¢, d) respectively.

Number of members in the y-direction.
Number of members in the z-direction.
Reaction at intermediate supports.

R,,, R, Reactions at points 4, rs and uv respectively.

Length.
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U Total strain energy in grillage.
U’ Total strain energy in grillage of irregular shape.
Ujpr Ugy Strain energy in the j-th member in the x-direction and the i-th

member in the y-direction respectively.

w Uniformly distributed load.

w; (x), w; (y) Arbitrary loads on the j-th member in the x-direction and the
¢-th member in the y-direction respectively.

Zz, Y, 2 Coordinate axes.

24 Deflection of point 4. :

Zjxs iy Deflections of the j-th member in the z-direction and the ¢-th
member in the y-direction respectively.

i Relative flexibility influence coefficient defined by (9), the relative
deflection of point rs due to reaction at 7.

APS Relative deflection at point rs due to applied loads, defined by (10).

@, Y Terms in pf% 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 I-section for the same
reason, even when the members are rigidly connected. The analysis is applic-
able 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. 1a is composed of p members in the y-direction
and g members in the z-direction and simply supported at the corners desig-
nated by 11, 1p, 19 and pq. The grillage may be in the shape of either a
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rectangle or a parallelogram. It can be shown 2) that the deflections of the j-th
member in the z-direction and the i-th member in the y-direction my be

expressed respectively by

z at 1 p=1 nmwx
(2 —2y) o Y (A, — 3 B,)si ,
e = 215+ (2p; zl’)a+(EI)jxw4;1n4( jx i§2 w)sm 2
v 1 1 (n
— LNy, _‘q"D“.nwy
Ziy = 2i1 1 (24 zu)b +(El)iy774n2_1’ﬂ4 (Czy+j.§2 Z])'sm—«—b ,
in which
2 a
. NI
A, = Efwj (x) sin dx,
0
9 aa+1t% o R
B;; =-lim —ﬁsinwdx= ijsinnwa'i,
Qi J 20 a a a
¢

(2)

Fig. 1a. Grillage Supported at the Corners.

In these equations, 2,;, 2,; . .. denote respectively the deflection at points
14, pj...; (El);, and (EI);, the flexural rigidity of the j-th member in the
x-direction and the i-th member in the y-direction respectively; w;(r) and
w; (y) the arbitrary loads on the j-th member and the 7-th member respectively;
a and b are the overall dimensions of the grillage and E,; represents the reaction
between the members at points ¢j. The positive direction of R;; is shown in

2) See for instance [15].
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Fig. 1b, c. The corresponding strain energy in the members are given respec-
tively by
a® 1 p_1
P — —_— y | — . 2
ij 4 (E I)ga: 77_4 ,,;1 n4 (A]a; i;g -B'a,])
. 3)
Uy = 2(B Dyyn* Z vy (Coy+ Z Dy;)

STTT T 1T T 0,

Fig. 1b. Positive Direction of R;; on Member j in z-Direction.

Y

W (y)
cC1T 1l TT11
0 e e e
| o Fr

Fig. lc. Positive Direction of E;; on Member ¢ in y-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
211 = 2p1 = 214 = 2pq = 0. For these four members, R;; in (2b,d) are respec-
tively the end reactions on the j-th member and the ¢-th member shown
respectively in Fig. 1b, ¢ which may be expressed in terms of the intermediate

reactions. Thus

p~1 il
Riy= Q=) TRy By Q=) GRy.
_— 1, )
Ri1=—Q%"y—j=2 b * Ry, Ry = - @iy~ ;ZZRW
in which
u a
Qs =éf(a-—x)wj(x)dx, ,’-’x=%fxw,-(w)dx,
0 0 (5)

b b .
Q=3 [6-vwiway. @ =5 [ywway.
0 0
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It follows, therefore, that the grillage presently under consideration is
statically indeterminate to the (p —2) (¢ —2) degree and that the intermediate
reactions R;;, fori=2,3... (p—1)and j=2,3... (¢—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

q D
= Uj,+ U;
jgl ? igl Y (6)

a’® g ® 1 *1 b5 p © 1
= 1T a e . 2 R )2
B 4”4;;1(El>jxn4(‘4?x Bl g 1 ) E’I Gt 2, Du)*.

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

8y __a v 1 rl . nwa,
0R, (Ef)sxw47;1ﬁz(ASx_i§2Bis) sin——
bt N 1 1 . nwb,
+W;154‘(0w+ E2Dﬁ)sm A
at(b->b,) 5 ma; nwa,
+(_ET)1—W4“6;1 4( ZRlsm )m g
7
_ﬂﬁ_ii A _21)21]_3 innwai in’n'rrar ()
+(E1)qx7_r4bn=-1n4 ax C—ti=2 ig S p S a
© -1
bt(a—a,) 1 25 . nmb;\ . nwb,
—mglnj(oly*'g;}gusm—b“)sm 5
i -1
b4a7‘ 1 2q s n'n'bj . n'n-bs_
D o o ) Fassn™ ) s = 0.

It should be observed that the first and second terms of (7) concern only
the s-th member in the x-direction and the r-th member in the y-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

p—1qg—1

Z Z pi; By = X%, (8)

1=27§=2
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in which

—i-—————(EI)qwbzn:lEém o sin—

% v 203 (a —a,) (@ ——a@li“ 1 T b?' sin” b,

sf AN (E I)Iy .

'T'\V""\ \ v‘ ‘ ’)‘.'
) When ] =8,

SR 7 SR NSIUUUS SRS W

When }#‘@,

 when 7 =7,
when ¢ = r.

ol WTT b’

(EI Z C’uqm 2

i Hq. /(B) expresses the - compatibility’ of deformation at points 7s and](9)
gives, in general form, the relative flexibility “inflience coefficients. Setting
r=2,3...(p—1)and s=2,3...(¢—1)in (8), the combination leads to (p —2)>
(g—2) s1mu113aneous linear: equatlons solvmg which vields the (p—2)(g—2)
redundant intermediate reactions. With the redundant quantities known, the
deformation of and the internal forces acting in the structure are rveadily
determined. ) :

The procedur& ‘of: analys1s 1s -best 1llustrated b} means of the following

OB

numerical examples.
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Example 1

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

P33 Rop +p33 Rgp = A%2, P33 Ros+ p33 B3y = A%2. (a)
/L 2P

Cﬁﬁ'/ (£1)y
(£1), /[)y o (£1),

(f[)x
)
79 2
Y a -

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

Applying (9) yields

0 jee]

a® 1 . nx 8 2\ b 1
Pl =pii = C+3+d) 7y Zn~481n2—3—+(2+§ ‘) Z—;smz

Z n=1

2. a 7 b
- 405(121) +3.15 I

ad v 1 na 2nw 4 4 o 1 n
22 _ .32 _ 141 E__ﬁ___ T E__'z__
Paz = P22 (2+2+2)(El)xn:1n4 Sing-sin—g—+ (9+9)(E1) nt g

at b3
&7 +09019(E1)

= 2.105

x

For the third member in the z-direction and the second member in the y-
direction, (2a, ¢) yield respectively

a/6+tP p
2. . nmx 2 n
Ay, =—lim ~sin " dy =" gin—",
a 490 2t a a 6
a/6-t
b/2

O =_2<f£Slnwdy=_4_'P_(1_cosn_w)-
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Substituting these values in (10) leads to

4 P bt = 1 n nir
22 __ _ b o
A% = (wb)(El) 5(1 coS 2)sm 3

2P Z 1n + sin lsm@ sinnﬂ
E[ S ?+4 3 )M 3

2P = 1 na nmr 1 nam 2nm
32 _ __ E -
A32 = ( ) (E'Igc n4(s1n3+s1n6+4sm3)s1n 3

_1.0900_% _p.
= Y&,

Substltutlng the values of pf$ and A" in (a) and introducing

b (EI),
(ET),  a®

k= (b)

lead to the simultaneous equations

(2.405 + 3.157 k) Ry + (2.105+0.9019 k) Ry = — (1.278 +1.268 %) P,
(2.105 +0.9019 k) R,, + (2.405 + 3.157k) Ry, = — 1.090 P,

whose solution yields
Ryy = — k' (0.7791 +6.101 k + 4.003 k2) P,
Ry, = k' (0.0687+0.3806%+1.14442) P,
in which
1

K =135 1139k 191530 (e)

For k=1, Ry,= —0.497 P and R,,=0.0727 P.

With the redundant quantities known, the deflection functions are readily
determined. For instance, for the edge members in the x-direction and the
second member in the y-direction, (1) yields respectively

2a3 NmTEL

1 /(3 2nmy .
zlx—mnz (4psm3 + = }32251n3 + - R22s1n 3 )sm 0’

2 ——%Z ! sinn7r+1 sinﬂ-{-lR sinnw
30 T (E1), = mynt \PP0 g T4 PP g Ty ey

-]—ER sinznﬂ sinnwx
2732 3 a ’



219 FAD LTINS SAEER OMIMARKING (217
Nt phmad (01 ¢
2y, = 2oy + (23— 2a1) 2 + b Z Y[P 4(1 cosﬁw>
2y = %21 23 ~%21) p vyl Dol I
v b T ED, " St o\

P ) Rl B el IO s W S B

FANCAY

;

w
The values of Pyt )
two by substituting = a/ 3. For k 1 .

. nw| .
+2 Ry sm%} sin

Z

2y =

2

ﬂ ) O 994 sm 5 ]smnﬁyr. o

It should be noted that while the deflection and slopeé functions converge
rapidly, the speed of gonvergence of successive derivatives decreases with
each differentiationi. Once the Tedundant quantities are known, however; the
bending moments and shearing forces are easily determined by statics. For the
grlﬂage under consideration, the variabion of these functions are shown
respectively in Fig. 2b, c.

4% ;1
o QiR CONSERE Lo T
Fig. 2b. Bending Moment Plotted on Tension Side.
o
N
r & “_ 250707 .. A ﬂ

B A
\S = QQ e

A 071535P  0.7550P

Fig. 2c. Shearing Forces.  © - -
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Anfluence Lines
£ (‘*"}%g Sk Gy L o -

To obtaln fhe mﬁuence linés for R,,, the reaction at any pomt of inter-
section uv, the values of the redgundant quantities are determined from the

simultaneous equa,tlens ~

oU _1

0 Rrs o

o 7 £ oox o Lo e =
= 0 for otherﬂombmatlons of r and

0 R,.s

The negative sign in the ﬁrsbequaﬁon is-dueto, the signeoonventions that down-

ward w is positive and that R, is positive if acting upward on the member

in the x-direction, and downward on the member in the y- -direction. Since
w; () and w; () are @eﬁ@ﬂthe e’quatlons také. the forrh) &

(11)

3!’}.ﬁ?ﬁ PRI DA .
eﬁﬁﬁied;‘ the influence lines for R, are

obtained by substituting thelr values in (1).
The influence hnes for -other f‘umyblons may be expressed in terms of those
for the redundant reactions. Thed@llo‘wmg exampie will‘illustrate this point.

Example 2 %

Considering again the gljia%e showhimefﬁ’&g 24/ ol thet imfluénce lines for
R,,, (11) becomes

(2.405 + 3. 15715) ﬁgﬁﬁ 1’004&6 B020.8) Ras = =
(2.105 + 0. 9019 ) R22+iz 400+3 157k) Ry = 0,

(B 1),
a3

?

Ry = — I (2 400+3 157k)%@,

G BT -
mc b4

whose solution ylelds frig

| 7

Iz
I

k(2 165 10,9019 %)

Phb fadtor Biggiveniin Bxahiple -t Substituting these valuesiin (). leads to
the influence lines for R,, as follows: Aquiszes il Do

1

qu’ ki( 1 véO?t—k 3 6082}2} L Sin2 " sin m T =

= f—wmb" :

b= e

= P

2y =k k(—1. 20"3-&@9614};; lezsm—f&m T alye

n=¥ﬁ
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nmTx

L om
21y = 23, = — k' (2.40543.157 k) Z Hsm%sm
n=1

nm . nwmx

S
3 a ’

| 1, 2
+ 1 (2.105+0.90194) ) —sin
n=1

e e]

1
29y = — k' (2.405+3.157k) ) —psin?

Yy

nmw
3

n=1
[v o]

, 1 . nw . 2nnw
+1 (2.105+0.9019k) ) —gsin " sin =

n=1

nwy

b b

S
_ ' k(4.810+6.314 k) Zn- 1n—sm

e}

, 1 . nm . 2n=x
29, = —k (24054 3.157k) )~ sin”Tsin =7

n=1

1 . 2nn
(2.1 901 — sin®———
+ k' (2.105+0.90 gk)nZl”4 sin®—

1
41 K (4.210 + 1.804 k) Z-n— m"—”sm";’y,

nm

2y, = k' k(1.803 +3.608 k) Z‘suﬁ .

x

[ve}

1
— Kk (3.006+2.707k) % )~ sin2"T
an ln
ni nmTx

0 1 .
+ Kk (4.810+6.314 k) Z ~gsin”sin

o1 . 2na .
— k' k(4.210 + 1.804 k) ) —ysin PTin 2T
n=1

3 a

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

nwx 1 . 2nm ., nwx
0.137 — _—
+ n;n4s1n 3 sin Pt

SRR
(23 2)ke1 = —0.2547;’”—431n? sin

nwy
b

< 1 . nmw .
(2ay)ees = — 0.107 —0.508 Zlﬁsm?sm
n=
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The value of R,, due to the loading condition shown in Fig. 2a may be

obtained by
b/2

f(zzy)k 18y +Plz3,), =—0497P,

:c=a/6

‘R22 2 b

which is identical to the result obtained in Example 1.

o owr g8 X

d 623

o5 e 0211

a17 2068
A A

4

Fig. 2d. Influence Lines for Rss when k=1, Positive if Acting Upward on Members in
x-Direction.

002670 00/70 b

L/,/
+
/

Fig. 2e. Influence Lines for (May)y-p2, Positive if Causing Tension in Bottom Fibre
of Members.

The influence lines for R,, are the same as those of Ry, 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 y-direction at midspan is given by

(M2y)y=b/2 =F (y) + % R22b ’
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

Fy)=0 when it is elsewhere on the structure.



“The bending moment isopesitive ifsit causes tension: in the hottom fibre of the
member. For k=1, the influence lines for (M,,),_, are plotted in Fig:. Ze.

For corner-supported grillages which are also supported at intermediate
points, such-as-the-one shown in’ Fig. 3a, the solution may be obtained by the
procedure just disct ssed with. only minor mod;tﬁwhon A partic ‘ia case will
be discussed in the fol;‘lowmg example :

s mvacinaid a0

Fig. 3a. Grillage with Intermediate Supporis,

oo . ey .
Y (A A S Ta% et BNNS S SN Y £

Example 3 T e

et

feacazoﬂa a

11 Inthe grillages doaded. as; shos
meégate §uppg‘i“ted
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Applying (9) and (10) leads to

3a3 | = n
\[('Enx (Lpesing

n=1

4 [ 1
T(ED), (Z

. 3 51 1 3n
» W nu}s ﬁrjf' (@mm: ﬂfﬁmﬂﬁf 8N s oo )

s I
@‘ A\) 5\ WG

nw]
-9 E Zogin—t gin——
R sm 81114],

4b# gJﬁ(‘”‘ L0+ A Sl G
+ ‘“’I = ik

the solution of which yields Pewnslll TR

= Ry midoy 0 et Foo: B

o
o

Ty
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in which
By = (1.657+4.636k+0.224 k) k",
ky=—1.621 k%,
ky = (4.799+0.224k)kk", ()
ky = — (7.055+0.448) k k",
- . (f)

9.041 +19.065 k + 0.896 k2

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.,

208 1 [[wa . nr
(Zly)y=b/2 = W Z -—nz- [(——2—' s _R22) Sln'—4—

n=1
wa wa n

. nm . 3nw| .
+ (T_R%—R) sin—5- + (—2——R22) smT] sin -~ = 0.

Solving this equation for R and substituting (d) and (e) yield
R =1¥"(8.582+11.634k+0.540 k?) wa,

in which

mno__ 1
£ = 9.173+9.924 k +0.455 k2°

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

Ry = k" k" (15.20 +45.06 k + 29.96 k2 + 3.457 k3 + 0.1019 kY wa,
Ryy = —k" k" k (16.53 +36.24 &+ 4.615 k2 + 0.1400 k®) wa,

L3
Y>

Q03hwab

a210twa?

Y

Fig. 3b. Bending Moment Plotted on Tension Side.
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For the particular case where k=1, R=1.0615wa, R,,=0.1654wa and
Ry = —0.1015wa. 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 cross-
beams are infinitely rigid.

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

7 2 l J 4 $ X

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

the latter can be treated in similar manner. It is convenient, in this case, to
take R,,, B3, and R,; 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

oU’ ou’ oU’

0By By iRy ()

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

The wuse of trigonometric series in the analysis of corner-supported
grillages facilitates the formulation of the general equations which lend them-
selves 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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Résumsé

Les auteurs exposent leurs recherches concernant les
orthogonales ou biaises qui sont appuyées dans leurs ang
titre d’hypothése de base que l’interaction entr-o es Eém

porteura peuvent présenter des rigidités de ﬂexmﬁ différentes
ments dans les deux directions sont quelconques.

Les fonctions de déformation .sont représentées par des séries trigone-
métriques et les réactions aux points intermédiaires de croisemen ises
comme inconnues hyperstatiques. Ces derniéres -an‘i it d
résolution d’équations linéaires simultances gqui ex
des déformations en ces points de croisement.

Les auteurs établissent des équ_ati
rectangulaires ou biaises qui ne sont a
le tracé des lignes correspondantes d’infl
rique le cas des grilles portantes f;m sont
intermédiaires; il montre de plus
poutres multiples entretoisées, am i
gulieres.

s portantes d

In dieser Arbeit wird eine U
Triagerrosten, die in den Hckp:
Annahme wird zu Grunde geleg?,

Richtungen sind Wﬂlk@ Ei-u-;;e
Die Durchbiegungsfunktionen werden durch trigonom
gestellt, und die Reaktionen in den Zx ’1scL-vﬁ1§:a:‘sug
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iiberzdhlige GroBen eingefiihrt. Letztere werden mit der Losung von simulta-
nen linearen Gleichungen bestimmt, die die Vertriglichkeit der Durchbiegun-
gen an diesen Kreuzungspunkten ausdriicken.

Fiir rechteckige oder schiefe Trigerroste, die nur in den Eckpunkten gela-
gert sind, und fiir die Konstruktion der entsprechenden Einflulllinien werden
allgemeine Gleichungen abgeleitet. Die Behandlung von Tragerrosten, die
auch in Zwischenpunkten unterstiitzt sind, wird durch ein numerisches Bei-
spiel veranschaulicht. Ebenso wird das Verfahren zur Untersuchung von
gewissen zusammenhingenden Briickentrigern und von Trégerrosten mit
unregelmifliger Form behandelt.
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