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1. Introduction:

In this paper influence surfaces for the bending moments
in orthotropic plate strips are presented. Instead of showing
the sﬁrfaces in.the form of contour maps, the influence values
are listed at selected points covering the plate. The spacing
6fithese poihts is such that values in between can be deter-

mined.quite accurately by interpolation.

u Figure 1 shows a simply supported plate strip of width a.
Point x = a/o, y = 0 is the "influence point" for which moment
influencé values at a distinct number of points have been cal=-
culated. These points are determined by the intersection of
mesh lines covering the upper right quadrant of the plate
strip; Dus @o symmetry with respect to the x-axis and the
centerline of the plate strip, x =_a/2, the values at corre-
sponding points in the other quadrants are also known. -The
tables on pages 1 to U0 iist these values for one quedrant
of the plate strip. Excéptions are tables, page 23 to 26,
for which the iInfluence point is off-center and the entire

right-half of the plate strip needs to be shown.

The tabulated values mxo and myo are the influence
values for the bending moments at the influence point in the
x= and y=dire¢tion respectively. Hence, if a concentrated
load applied to a particular meshwpoint is multiplied by the
influence value of this point, the moment at the influence

point (x = a/p; y = 0) due to this load is obtained.
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: Obviouely the use can be extended to distributed loads as
will be explained shortly.

- The influence values are based on the rigorous solution
of the differential equations for orthotropic plates
by Buw ouw ' '
D +2H == + D = : ’ 1
x xl dx29y* ¥ ay P (1)
Kawal(l) developed closed form expressions for the influence
ourfaces of the bending moments in a doctoral dissertation

under the direction of the author. The numerical values were

computed on an IBM 650 digital computer.

2. Explanations to Use of Tables .

It is assumed that the userof these tables is already
familiargwith the computation of the different stiffness
- values of an orthotropic plate.*® Using the fdéllowing nota-
-tions(l);(e) |
" Dx = Bending SFiffneSs in x=direction (transverse)
Dy = Bending Stiffness in y-direction (longitudinal)
H = "Torsional" Stiffness

the orthotropy of a plate is fully described by the two

parameters: _
B = VDx/Dy - (2)

A = H/Dy | (3)

@ P e e @ @ @ B B oo & S e e e e o e e @n s o e es 63 e om e o3

* For such information, see e.g., Ref. (2), (3) and
E. Giencke, Der Stahlbau Vol. 24, 1955, p. 128s.
W. Cornelius Der Stahlbau Vol. 21, 1952y p. 21°
Ch. Massonnet, Publ. IABSE, Vol. 19, 1959, p. 261.
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Tableé have been prepared for a selected number of’/’

p- and A-values illustrated in Fig. 2. As seen, 6ﬁly cases
for which A< g have been treated. For a study has indicated
that in most practicgl instances, and particularly in such
cases a8 orthotropic bridge decks, A 1s always smaller than
¢ The intervals between the different p=- and A-values were
chosen such that an interpolation between the tables is pos~
sible. The graphs, p. 41 to 5, which will be explained

subsequently, fully justify this.

The case A=p presents a special situation insofar as
the solution A=p=1l can be adapted to all other cases by a
simple.transformation'of the y-coordinate as will be demon-
strated shortly. Hence only the isotropic case A=p=1 is

presented.

- The moment influence values have been computed
neglecting the influence of Poisson's ratio. This is ind1¥
cated by the subscript zero in mxo énd myo. HoweVer,‘if it
becohes necessary to consider this influence, the COrrect

influence values are obtained by the following superposition.

- D1 .
mx = mxo * 5; myo (u).
D 1 ' ’
My = Myo + 15 Bl Mxo , : (5)
v

The stiffness parameter D] as defined in Ref. (1) and
(2) is a function of Poisson's ratio. According to the

notation of Ref. (3), Dy = kxlby = kjux'
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Example 1:

Given a simply:suppqrted pléte strip whose
stiffness parametefs are: |
w = VDx/Dy =3
A =H/Dy =2
The particular loading~¢hosen consists of a con-

centrated load P and a distributed load q as

-1llustrated in Fig. 3. The bending moment My and

My at the center of the slab (influence point
x = a/o; y =0) is sought. Using the appropriate
table on page 32, the following influence values

are found.

b

Concentrated load P at (x = 0.3a; y = O{la)‘
mxo- 800 = 78 | |
myOFSOOw = 70

Distributed load q over: 0.la< x <£0.6a
| 0.5a<y< 0,6a

17 88 _ -31 ol
155 93 2a -33 - =25 _ .q:_
' 10 ' Vo=
147 88 l =31 -2 e—-by'symmetry
a | . a , | | -
L*__TE'—*J L*—iﬁ ._*4
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The bending moments at point x = a/p; y = 0O are:

Concentrated load:

My o=Pmy =Pl 78 g&ﬁgz P (0.1902)

1
Myo=Pmyo=P7O oonr. P (0.0278)
Supposing now that the influence of Poisson's

ratio i1s given by the parametric value Dl/Dy=i/10,
the final moment values are obtainea by applying

Eqg. (4) and (5).

— D1 — 1 -

My=Mxo + EglMyo~P(O.l9O2 + 10 0.0278)= P(0.1930)
M. + = oL = L

My=Myo 32 Dy Mxo=P(0.0278 + I 10 0.1902) = P(0.0326)

Distributed Load:

The influence surface is varying rather smoothly
over the particular area. Hence it will be suffi-
cient to use a mean ordinate in computing the volume
under this area. Obviously a more rigorous numerical
integration procedure such as Simpsont!s rule should
be used in a region near the influencé point where
the values change rapidly. The volumes under the
area O.ja< x<0.6a and 0.5a<y<0.6a are

Vxo= %(1u7+88+l55+93)0.la-O.Za = 2.u2a?

Vyo= %(_31-2u=33=25)0.1a-0.2a = -0.565a2



26l.6 - | , | vi

4 ‘ _
The bending moments are equal to the product of
< -the distributed load q times the influence
volumes, hence |
Myo=aVxo= 2.42qa2
Myo=quo= -0.565qa2
Taking into account the influence of D31/Dy=1/10:
D1 l: 1 7 . -
= + M- = 2 . 4+ = =0, - L 2
Mx=Mxo Dy Myo~aa 2.42 + 55 (-0 5651 2 36qa
_ i D1 1 1 _ R
M‘y—Myo + -AZ Dy Mxo_ qae GO.565+—-E.T(—5(2.LL2)—O’SOLLQ'B
Example 2:
Given a simple supported plate strip whose stiff-
! ness parameters are
3 M=A= 9

The bending moments at the influence point x=a/2;
y=0 produced by a uniformly distributed load g over
0.3a<€.x<0.4a and 0.2a< y<0.3a as shown in Fig. |
are derived. The table for u=l=i, page 22 can be
used if the following transformation of the y
coordinate is made. The latter is multiplied by
TX’ and the influence valﬁes are read for yyA .
Hence

y=0.2a;  |Xy= J@’o". 2a=0.6a

y=0.3a; {Xy= (90.3a=0.9a
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vii

The transformed asrea is also shown in Fig. lj. The

" influence values for those new areas taken from the

table for w=A=l, page 22, are:

m m
X0 Jo
L1 11 92 73 =43 =143 -140 =35
a/10
168 136 109 861 |-52 51 -7 |-kl
%* 3a/10 ‘5 P———ﬁa/loé—ﬁ

The volumé under the areas aré
VXO=[&(1u1+11u+168+136)+%(11u+92+136+109)+
%(92+73+109+86{}0.1a 0.3a= 10.28a2

Vo= [} (-h3-b3-52-50 § (-U3-10-51-47)

+% (_uoags-m_ul)] 0.1a 0.3a =-4.00a2

and the bending moments

1
w
=
w
Q

)

M)

q
Myo=Vyo _J_% = -j.0m2%5 = -1.333qa?

It is necessary to divide the distributed load g
by X because the original area was elongated
by the factor. /A in order to adjust the table

p=A=1 to the case u?ld;.
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The treatment of other loading cases can be deduced

from the above two examples.

Following the tables a set of graphs along sedtion I-I |
and II-II shown in Fig. 1 are presented, p. 41 to p. L5. The
influence values myq, My, for the bending momehts are glven
for different combinations of @ and A. These graphs show at
a glance the effect of differeﬂt stiffness ratios u=f5;7§;
and X=H/Dy on the magnitude of the bending moments. They shoﬁld
therefore be very useful in the selection of these ratibs in

~the process of designing an orthotropic plate.

Summary of Theoretiqal Expressions:

Following are the analytical expressions used in cal-
culating the tables. Their derivation was presented in

~Ref. (1). Provided u-> A

8T my =ﬁ [kuR3+ 2k3RLJ

= 1 _
e T e [kuRz 2“3%}
with kj = /%(uﬂ)

K = /%(u=x)

. N {Coshk3(6=n)—cos[§+asku(6=nﬂ} {Coshk3(ﬁ~n)-cos[€+q+ku(5~niﬂ
= lo : _ .
3 g{Coshk3(B—n)-cos[E—a-ku(ﬁcnﬂ} {?oshk3(6-n)=cos[gfa+ku(ﬁ-nﬂ}
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t#an=1 ‘sin<0< ) =ku(/5 72 ))
B ~’zﬂéEos(o< -3 ¥k (-7 ))] [P (8-7)pos (o - 3 -1, (B~ %j

=Ftanl T 6-7)

sin (& ;kau(ﬁ=—’?)) E vsin(o(i'j"" ‘ku(ﬁ='72))

Frar o7 (=] - [eos (o +3- 1, (47| et 623 (B-]eos (¢ +34xq, (67

Here K = mu/a and /A =qv/a are the non=dimensional coordinétes
of the influence point whereas T=1mx/a and 7 = 7y/a are the
coordinates of the general point for Awhich the influence values
apply. The upper sign holcis for ‘B< %, the lower for £> 7.

In the particular case where the influence point is located at

x= af2; y=0
K =mw/2; B =0

R_ = log {Césth')z + sin(j"'ku”z )} {Costh’?Z + sin (3 .;kuq)}
{Costh’z - sin(3 +k}+"(_)} {Coshk3?z - sin (3 -ku?z)},;

. _ ~Cos‘( 3 -ku}z I) o
et TR o] " [y [ty m]
-1 Co-s( T+, %) rtan-1 Cos (T -k),7)

| [é+k3'7J+[sin(§ +km)} [e‘%kﬂ] [sin 7 »-km] |

.BLL""‘ta -1 Gos(T )

=tan
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