1964 ACTA TECHNICA CSAV No 5

SOME SUPPLEMENTS TO THE GUYON-MASSONNET METHOD
OF COMPUTING BEAM GRILLAGES

RICHARD BARES

1. INTRODUCTION

One of the most suitable methods of computing bridge-type beam grillages, which
is based on the analogy with an orthotropic plate, is the one worked out by Guyon
and Massonnet. This method uses the so-called distribution coefficients introduced by
Guyon [3] in the computation of isotropic plates. The procedure is rapid, well-
arranged, easy to check and curves of coefficients for the computation of various static
values can be simply plotted or tabulated.

In accordance with relations derived by Massonnet [6] a graphical representa-
tion was given by Little [5] of the coefficients K for the computation of deflections
and longitudinal bending moments and of the coefficients p for the computation of
cross bending moments, provided the Poisson factor is zero.

Rowe [7] plotted these coefficients for the case when the Poisson factor # = 0°15.
In both cases the representation was made for a cross bracing parameter ranging from
zero to-two.

The author calculated the values of all of these coefficients [1] also for the cross
bracing parameter 9 ranging from 2-0 to 5°0 so that the computations of static values
may be improved by considering more members of the corresponding series.!)

When computating grillages it is usually necessary to know the magnitude and va-
riation of shear forces in both directions and reactions. Therefore, the author
derived relations for determining these quantities, computed numerical values
of the corresponding coefficients and plotted them as charts in dependence on the
magnitude of cross bracing parameter §, loading excentricity e and position y of the
cross section in which the effect is searched for.

1) As a matter of fact, it was proved that the m-th coefficient of the series, which corresponds to
the load distribution p,, = p,,, sin (mzx/[l), is equal to the first member of a series for a structure
with m-times more pliable cross bracing, i.e.with a flexural rigidity parameter m#. In other words,
for a loading p,, = py,, sin (mzx[l) the cross bracing becomes m-times more pliable than for
P = py sin (mx/D).
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2. DETERMINATION OF SHEAR FORCES

The determination of shear forces requires, with regard to the effect of twisting mo-
ments, to distinguish between a grillage and an actual orthotropic plate (realized for
example by a slab bridge or a bridge built of prefabricated cross-prestressed units).

2.1 Longitudinal shear forces in a plate

The shear force in direction X per unit width, using the notation in fig. 1, is given by

the relation
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in which denotes:

@

M,, = " cos mot’,
Nom = € sin mot’ ,
0

—meon

om =€ cos mot’,

P —~mon

om = € "sin mot’,
Oip—yim =€ ™" cosm|p — ¥| 1,

Plo—yim =€ ™ sinmlp — y| ¢,

= (5 =05
2 2 .
my e .

(P=‘I;‘, l)[’=7’

Pomb®
C’m = Om s
20pm39m? \/[2(1 + )]

A, B, C,, D, are integration constants which are determined from the boundary
conditions [6],
cross bracing parameter

1) w
l @p 2

twisting parameter

Yr + Y

a=2\/(QT+QP)’

b half width of structure, I span of structure, ¢r, yr, 0p, Yp (bending) twisting rigidity

in direction of beams (of"cross beams) per unit length (fig. 1), p,, amplitude of m-th

member of the Fourier series for actual loading. .
For a slab unrigid in torsion, e.g. for & = 0, a serviceable analogy may be used,

which supposes that a cross beam of differential width can be considered as a beam on

elastic foundation [4]. The force Q, can in this case be again expressed by the equation

1

(23.) Qx = Z PomEom 7 €08 ——

m=13 5... b 1 '
where &y, is given by

3 1

5 gy = ——
®) 1 /2 (sh?24b — sin? 24b)
+ [chA(b + y)sin A(b + y) + shA(b £+ y)cos A(b + y)] T.} .

{[2ch Ab % y)cos A(b + y)] S. +
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In this equation
S, = [sh2ibcos (b + e)ch A(b F €) — sin24bch 4 x
x (b + e)cos b F e)],
T, = {sh 2Ab[sin A(b & e)ch A(b F ¢) — cos A(b + e)sh A(b F €)] +

©)

and 4 = (79)/(by/2).

+ sin 2Ab[sh A(b i.e) cos A(b F e) — ch A(b + ¢)sin A(b F €)]}
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The upper signs in parentheses hold for e > y, the lower ones for e < y. The coef-
ficient &,,, is obtained from eq. (5) by substitution of m3 for 3 and mA for .

In calculating the coefficient &, for the case when @ = 1 we can start out from the
relations derived by Guyon [3] for an isotropic plate. Expressing again the shear
force in the form

(25) Q.= % Pontinrcos T,
m=1,2,3... b l
the value of ¢,, is
(8) &y, = 481'1926[25hach.91 + (2shach 8¢) U, + (2sh ash 9¢) V],
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where
©) ,U'_»[(acha—sha)ch&//—Sll/shashSlﬁ]
¥ 3shocho — o ’

V. - [(2sho + acho)sh 8y — 8y shach y]
v 3Jshocho+ o ’

c=9%rand y == - |p — y|.
&1 Can be obtained from eq. (8) by substitution of m$9 for 9 and moe for o.
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The values of coefficients ¢, for various values of « and 3 = 0,66874 were calculated
by using eq. (3), see [2]. By analysis of the variation of these coefficients in depen-
dence on a were derived two interpolation formulae (holding for discrete values) for
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the determination of a general value of ,,, by means of &,,, and &;,, in dependence on
the position of loads and cross section in which the effect is searched for.

It holds that
(10) for [yl + |e] S 3b is &pm = Eom + (E1m — 2om) @

and for |y| + |e| > 2b is &, = om + (B1m — Eom) /% -

Numerical values of the coefficients &, and ¢, ,, follow from the diagrame in fig. 2

to 11.
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2.2 Shear forces in longitudinal beams in a grillage

The shear force in direction X per unit width is given by the expression

a3 o3 oM. oM. i,
(11) Qx='-QT_W'_}’P w2= x+ = — Mx+y_P'My'
ox? ox dy ox dy O op
By substitution for M, and M, and rearrangement we obtain
1) Q= T pomcosTE(_L g, 7m0,
m=1,2,3... I \2bzm op 1

where K, is the coefficient used in calculating deflections or longitudinal bending
moments, g, the coefficient used for calculation of cross bending moments.

These coefficients have the form:
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The symbols M, N, O, P and C have again the same significance as before.

If & = 0, the shear force is given by the same expression as in the foregoing case
since the twisting moments are zero.

+ /(0 — @) [ — 4N, +
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The values of coefficients Ko, and po, are given (using again the same analogy
according to which a cross beam of differential width is considered as a beam on an
elastic foundation [4]) by the following expressions:
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1 1

16 =

16) o 7 /29 sh? 24b — sin? 21b
+ [ch A(b % y)sin (b + y) — sh A(b + y)cos A(b + y)] .},

{[2shA(b + y)sin A(b + ) S, +

where S,, T, and 4 have the significance given by egs. (6) The upper signs in parenthe-
ses hold for e Z y, the lower ones for e < y. The coefficients K, and p,, are ob-
tained from eqgs. (15) and (16) by substituting m3 for 9.
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For a = 1 the values of coefficients K;; and g,,, using Guyon’s results for iso-
tropic plates, are obtained in the form:

(17) Ku=—(—’——{(acha+sha)ch9x—9xshash9x+
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(18) Ui = — {(6cho — sho)ch 9y — Iy shosh 9y +

40 sh? ¢
+ [(6cho — 3sho)ch 3¢ — 3pshosh Io] U, +
+ [o6chosh 8¢ — 3pshochI¢]V,.

The symbols Uy, V,, o, x are given by the relations (9). Coefficients K,,, and p,,, are
obtained from eqs. (17) and (18) by substituting m3 for 9.
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For the determination of shear force Q, for a general value of « the coefficients
K, and p,, are calculated in terms of Ko, fom a0d Kims Lim [using the interpolation
formulae

(19) Kun = Kom + (K1m - KOm) \/“ s
tam = Hom + (Him — Hom) V-

For the determination of maximum values of longitudinal shear forces it is neces-
sary to find the most effective position of loading in cross direction by means of
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influence lines & (or K and p in case of grillages) and in longitudinal direction in the
usual way according to the rules of structural mechanics by means of influence lines of
a simple beam.!)

2.3 Cross shear forces in a plate

The shear force in direction Y per unit length is given by the expression

3w 5 Pw oM, M

Xy

20 = — -
(20) 2 g”a 3 yax 6y dy ox

Introducing 2y = a \/ (orgp), as in the foregoing case, we obtain after differentiation
and rearrangement the following expression for the shear force in cross direction in
a form suitable for practical use

(21) Qy = Z VamPom Sin mln—x' H

where
(22) v m 14 8 m°n % gp

- (1+a0) (

—(l—oc) 1+ a Cm0¢m+D‘iaP¢"
ASE i oo
) CoPon + —2%—0,,,| + /21 + )] CnOjo-yim

e

The symbols M, N, O, P, C have the same significance as before; the positive sign

1) Shear forces in a single beam of small or lightly loaded structures may be approximately
determined by using the expression
6Mx= 6(K¢mMOx)_ X Pom! co mnx

ox ox _m=1,2,3... am 2bmrn {

X
It is therefore possible to use even for approximate determination of longitudinal shear force

in beams the coefficient of cross distribution K,,,, the value of which is given by formula (13) or
formulae (15), (17) and (19).
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of the last term of equation (22) holds for the case when ¥ = @, the negative one for
the case when < @.

If @ = 0, the shear force Q; may be expressed by the equation

mnx

(213) g, = lzz \ VomPom SIIL ._l_ ,
m=1,2,3...
0
47 vﬂ y’ ”
. i MXA
8 @/ﬂr Yim Pl =T
A |
7]
93 —=a
/A
\\
92 «
\\
S| ——1-% N
‘\_\ \\ 0
.\- \\
I/ % 10 \.\!'4—74——#\{,.%: i 40 45 0\
R/ D L cEF
| 7 -
42 /
y
PR
-2
_44
'”,5‘ )
Fig. 12.

455



where the coefficient vy, is given by

1 .
23 Voy = + ch A(b + y)sin A(b + y) +
@3) ot sh? 2Ab — sin? 22b {[eh Ab & y)sin 4(b £ )

+ sh (b + y)cos b + y)] S, + [sh (b + y)sin Ab + y)] T.} -

The symbols S,, T, and 4 are given by formulae (6). The value of v,,, is obtained
from equation (23) by substitution of m3 for 9. The upper sign holds for the case when
e 2 y, the lower one for the case when e =y
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The coefficient v,, for the case when a = 1 is calculated using a similar procedure
as above

1
(24) V1 1 =

4sh?o

and the shear force is expressed by eq. (21a) in which the index 0 of coefficient v was
replaced by 1. The significance of coefficients ¢, ¥, 0, x, Uy, ¥, wasgiven before. The
positive sign of the first term of eq. (24) corresponds to the case when ¥ 2 ¢, the
negative one to the case when ¥ < . The value of v,,, is obtained from eq. (24) by
substitution of m3 for 3.
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Values of coefficients v, for various values of « and 3 = 0,66874 were calculated
by using eq. (22) [2]. It was proved by analysis of the variation of these coefficients
in dependence on « that the interpolation formulae may be used in full extent for
the determination of a general value of v, in terms of v,, and v,, in the form

(25) Vem = Vom + (Vim — Vom) V& -

Numerical values of the coefficients v,,, and v,,, are given by the diagrams in fig.
12-19.
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2.4 Shear forces in cross-beams in a grillage

The shear force in direction Y per unit width is given by the expression

OPw Pw oM, oM
26 =¥ _ e
(26) 2 o ay? T ox oy dy dy ox
If we express the shear force in the usual form we obtain
(27) Q,= Y DPomsin mrx Kem + — mnb _2r Tam | »
: m=1,2,3... l I yr+ 7

where the coefficient k,, has the value
‘ (28)  Kom = — M Qo — 1)\/(1"'“) AM,,,,,,+—B——N¢,,, +

" J&)
+(2a+1)\/(1—°‘> — ANy + ——"— l—a M)
+

—(2e—1) (1 ;“ “) CoOpm + —22 P

+(2e+1) 1o ~ CoPom + Pn Oom
+— O (L aPip g+ /(U = @) iym)

-
2
. and the coefficient 7,,, used for computation of twisting moments, the value

(29  Tm= “\/(QTQP) bzl -~ \/(1 ; a) AmM¢m+—\/—(l_B—"2_'_a—)N¢m
M -—A,,,N,,,,,,+—B"'_TM,,,,,
)

- \/(“2”") cmo¢m,+\/(—lD—i_a—)P¢m +
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+ l1-a ‘CmP¢m+L0¢m iCm._PM ,
2 l—a 1—-a
22 2
where the symbols M, N, O, P, C have the same values as before.

If o = O, the shear force is given by the same expression (23) as in the foregoing
case, since the twisting moments are zero. Therefore, for & = 0 we have K, = Vo,
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For a = 1, using again the usual form of expression for shear force [formula (27)
in which the indexes a of coefficients x and © were replaced by 1], the values of coef-
ficients %, and t,, are given by the expressions

1
(30) xu=—El—lz—;{-_l-[(acha—2sha)sh9)(—91shach31]+
+ [(6cho — 4sh o) sh 8¢ — Y9 shoch S U, +
+ [(¢6ch o — sh o) ch ¢ — 3¢ sh osh 99] V},
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1 1
4bnm sh? o

+ [(6ch o — 2sh 6)sh 3¢ — Ypshach 39| U, +
+ [(sh o + 6 ch o) ch 3¢ — I¢ sh osh 9] V,]}.

(31) Ty = {£ (cchosh8y — 9xshochIy) +

The positive sign of the first terms of the equations holds for the case when { = ¢,
the negative one for the case when v < o.
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The used symbols have the same significance as before. ,,, and 7,,, are obtained
from these expressions by substituting m9 for 9.

To determine the shear force Q, for a general value of « the coefficients #,, and T,
are calculated in terms of Ko, = Vom K1, and 7,, by means of the following inter-
polation formulae:

(32) Kem = Kom + (S1m = Kom) /(#) »
Tom = 1:1,,,\/ ().
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The values of coefficient «,,, are given by the diagrams in fig. 20 —23.

For the determination of maximum values of cross shear forces is decisive the most
effective position of loading found in cross direction by means of influence lines v
{or x and 7 in case of grillages), in longitudinal direction usually at the place
of loading.?)
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3. DETERMINATION OF REACTIONS

At boundaries x = 0; I, y = + b the reactione @, and @, have on account of
twisting moments replacement by additional forces a different -value than was
obtained from the foregoing relations for shear forces.
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3.1 Reaction in longitudinal direction in a plate

Reaction Q, in longitudinal direction per unit width in a plate at boundaries -
x = 0; I is given by the relation

3 : 3
(33) 0, = —0r ¥ -2y 9% _ % (g + %)
ox3 ox oy? ™ op

Analogously to eq. (3) we obtain

- mQT"b 2 B,
34 B = 1= 2a2)[A M, + ——"—— N_.\ +
( ) Do ( “) @ -\ ® ‘
2
2 Bm
+ 20 /(1 — @) [ ApNgm — ——™ _ Non| +

J57)

+ 20 /(1 = a®) [ = CpPom + \/ )

Cn [(1 +20) Oj—yym + \/(i L2 )Pw wIM] ,

if the reaction at boundaries x = 0; / is given by

+ (1 - 2% [C,0pm +

(35) 0.= Y po,,,ém,,% cos X

z) Shear forces in cross-beams of small or lightly loaded structures may be found, similarly as
in longitudinal direction, from the relation

aM . mnx
Qy =—2= 2 KgmPom S0 >
% m=12,3... 1

where the coefficient x,, is given by formula (28) or formulae (23), (30) and (32).
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Similarly for @ = 1, eq. (8) turns into the form
_9
4sh? g
+ [(5sho — ocho)ch 3¢ + 3pshash o] U, +
+ [(2sh o — acha)sh 3¢ + 99 sh o ch 3] V,} .

(36) 8y, = {(3sho — acho)ch 9y + Iy shash Iy +
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&1 is obtained from eq. (36) by substitution of m$ for $ and me for .
The coefficient &, remains the same also at the boundaries x = 0; L.

The coefficient &, for a general value of « is determined in terms of &om and &,
using the interpolation formulae (10).

Numerical values of coefficients &,,, are given by the diagrams in fig. 24-28.
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3.2 Reaction in longitudinal beams in a grillage

Analogously to the forgoing case the reaction in longitudinal beams in a grillage
per unit width at boundaries x = 0; [ is given by the expression

(37 .= Y po,,,cosmf(—le+2—?'-'—mn—bpm‘.
m=1,2,3... I \2bmm op I

For @ = 1 holds the same formula, except that the coefficients have indexes 1 in-
stead of a.
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Expressions for K, and ,, are given by the relations (13) and (14) or may be
obtained by means of the interpolation formulae using K, K, and Homs Him:

3.3 Reaction in cross direction in a plate

At boundaries y = + b the reaction g, has the value

~ Pw 3w d 4y

38 = —0p ¥ _4 =2 (M, +2 M),
G8) b--e oy axtoy 6y< 7 er )
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Expressing the reaction again in the form

(39) Qy = Z pOmvm sin m_l'nx

m=1,2,3...

we have, using the same notation as before,

3,303
(40) 5, = M9 \/(H'“) AMpm + —2m N\ +

b*Pom 2 1—a\ ™
2

o + \/(1 i‘:) AN — @Mm
_ \/(1 i a) COpm + \/(;2 a) Py :r
ST

F (W21 + @)] CaOj-yim F o ﬁ'{”—';:—) ,

{£ [(2she + ocho)sh 9y — 9yshachdy] +

1
4 sh%c
+ [6chosh9¢ — Spshoch 99| U, +
‘ + [(3sho + acho)ch 9¢ ~ Spshash o] V.

(1) Fup =

The positive sign holds again for the case when Y = ¢, the negative one for the case
when ¥ < o.

¥1, is obtained from eq. (41) substituting m9 for 9 and moe for ¢. The expression for
Vom remains the same as for shear forces, i. e. (23).

3.4 Reaction in cross-beams in a grillage

The expression for reaction at the boundary y = + b can be again written in the
form

(42) Qym = Z Pom sin '_nix‘ I:Kam + mll _4))1'— Tum:l’
£,2,3... I yr+ e
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where ,,, is given by formula (28), 7,,, by formula (29) or formulae (23), (30) and (31)
according to the interpolation formulae (32). For both of the latter cases the given
expressions for reactions @, represent only a check, since already the boundary
conditions determine that for any position of the load the reaction at the free edge
must be zero. Thus for example for y = b and — b £ e < b the coefficient v,,,,
equal to zero and for e = bitis 1.
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4. CONCLUSION

By deriving and calculation the values of coefficients for the determination of shear
forces and reactions together with extended tables for finding deflections and bending

. moments both for # = 0 and # = 0,15 it is possible to use the Guyon-Massonnet

method for a rapid, complete and accurate computation of bridge type grillages.
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APPENDIX 1

Diagrams expressing the variation of coefficients &, &, and &, for the calculation of
shear forces and reactions in longitudinal direction ( = 0)

9 1
&gy = —— 2ch A(b + y)cosA(b £y) S, +
= /@) G 2ib — s 2ap) R AE £ D) cosAb £)

+ [ch A(b + y)sin A(b + y)+ shA(b £ y)cos A(b + y) T.} .

The upper signs hold for e = y, the lower ones for e <.

g, = 4Si20[2shach9)( + (2shoch99) U, + (2sh osh 99) V,],

&1 =

4sh20{(35h0"0°h0)°h9x+9x8h0sh9x+ [(5sho — ocho)ch 3¢ +

+ %¢shosh3¢] U, + [(2sho — o cho)sh 3¢ + S¢shach 9]V},
801 = &1 >
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where
S, = [sh2Abcos A(b + €)ch A(b F €) — sin 2Abch A(b + e)cos A(b F €],
T, = {sh 2Ab[sin A(b + e)ch A(b F €) — cos A(b + e)sh A(b F )] +
+ sin 2Ab[sh A(b + €) cos (b F ) — ch A(b + ¢)sin A(b F €)]},

[(6 ch ¢ — sh 6)ch 9y — ¢ sho sh Y]

U¢,=
3shochae —a

V. = [(2sh ¢ + o ch g) sh 8§ — Sy shach Y]
v ’

3shocho + o
A=—n§-; c=39%%; (p=ﬂ; .p:’r_e; .9=24 O_T;
by/2 b b 1\ \e»
+
X = Yr TV . x=7t—|(p-—l/l|.

B 2\/ (QTQP) ’

For |y| + |e] < 3b we have
2o = Eom + (81m — Com) %3 Eam = Bom + (B1m — Bom)
and for |y| + |e] < 3b:
Eam = Eam + (81m — Com) /(@) 3 Eam = Eom + (E1m — Bom) v/ (2) -

Shear forces in longitudinal direction in a plate

l m
om = Dom€em — COS —.
Q Po b ]

Shear forces in longitudinal direction in a grillage

Qum = pomeos WX ( Lk, 4 22770 ),
1 \2bmm op 1

Reaction in longitudinal direction in a slab

— 1 mzx
me = DomEem T COS .

b 1
Reaction in longitudinal direction in a grillage

@sm = Pom c08 —m;tx ( L K+ 22 —m;tb um)-

2bnm @p
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Approximate value of shear force

0., = k,, Fom lcosmn—x.
2bm l

The values of &g, &, and &, are found from tables for m3.

APPENDIX 2

Diagrams expressing the variation of coefficients v, v, and k, for the calculation of
shear forces in cross direction (1 = 0).

+ 1
sh? 2Ab — sin? 24b
+ sh A(b + y)cos A(b £ y)] S, + [sh (b + y)sin A(b + y)] T.} .

The upper signs hold for e = y, the lower ones for ¢ = y.

{[ch A(b + y)sin (b + y) +

Vo1 =

vy = ;a{$2sho-sh91+2sho-sh.9qu,,,+25ho-ch9qu,,,}
Ko1 = Vo1
Ky = — {F[(ccho — 2sho)sh Iy — 9y shoch 9x] +

4 h2
+ [(6cho — 4sh o) sh 3¢ — 3¢ sh o ch 9] U, +
+ [(¢ ch ¢ — sh 6) ch 8¢ — 3¢ sh o sh S¢p] V,}.

The positive sign holds for ¥ = ¢, the negative one for ¥ < ¢. The expressions for
Se T, Uy, Vy, 4, 0, 9, ¥, %, 9 and o are the same as in Appendix 1.

= Vom — (V1m + VOm) \/(“) = Kom + (’clm — Kom) \/(“) 5
= Tim \/(“)

Shear forces in cross direction in a slab
. mnx
Qym = VamPom Si0 —T— .
Shear forces in longitudinal beams in a grillage

Qym = Pom sin m;rx [Km + mrb 2‘PT T, ]'

L vr+7p -
Approximate value of shear force

. mnx
Qy = KgmPom SID "'l_ .
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EINIGE ERGANZUNGEN ZUR METHODE DER BERECHNUNG
VON TRAGERROSTEN NACH GUYON-MASSONET

Eine der am besten geeigneten Methoden zur Berechnung von Rosten der Briickentype mit
“Anwendung der Analogie einer orthotropen Platte ist das Verfahren von Guyon-Massonnet
[3, 6].

Fiir die Berechnung der Durchbiegungen, der Lings- und Querbiegungsmomente sowie der
Torsionsmomente wurden von Massonet [6] Beziehungen fiir die Berechnung der Verteilungs-
koeffizienten abgeleitet. Der Autor der vorliegenden Arbeit hat Beziehungen sowohl fiir eine an-
ndhernde als auch fiir eine genaue Bestimmung der Schubkrifte und der Reaktionen in beiden
Richtungen ermittelt, und zwar nicht nur in einer orthotropen Platte, sondern auch in einem Rost.
In dhnlicher Weise wie Massonnet geht der Autor von zwei Grenzfillen je nach der Torsions-
starrheit der Konstruktion aus. Im ersten Fall, wenn die Torsionsstarrheit den Nullwert besitzt,
wird eine geeignete Analogie angewendet, in der vorausgesetzt wird, dass der Quertriiger differen-
tialer Breite als Triger auf elastischer Unterlage betrachtet werden kann; zu diesem Zweck wird
das von Hetenyi [4] abgeleitete Verfahren angewendet. Tm zweiten Fall, wenn die Konstruktion
eine vollkommene Torsionsstarrheit aufweist, wird die Methode verwendet, die von Guyon fiir
eine isotrope Platte entwickelt wurde [3].

Auf Grund der in der Arbeit abgeleiteten Formeln erfélgte die Berechnung des Wertes der
Koeffizienten fiir die Ermittlung der Schubkrifte &, v, [2] fir den Parameter der Querver-
steifung 4 = 0,66874 und den Parameter der Torsion &« = 0,125; 0,25; 0,375; 0,50; 0,025; 0,750;
0,875; 1,0. Durch eine Analyse dieser Werte wurden die Interpolationsformeln 10 und 25 ge-
funden; diese ermdglichen die Bestimmung des Koeffizienten zur Berechnung der Schubkrifte fiir
eine beliebige Konstruktion mit Hilfe der Grenzwerte der Koeffizienten fiir # = O und & = 1 in
Abhéngigkeit vom tatsichlichen Parameter der Torsion «, von der Lage der Last und dem Quer-
schnitt, in dem die Wirkung ermittelt werden soll. In den Diagrammen 2—28 sind die Zahlen-
werte der Koeffizienten angefiihrt.

[Received November 27th, 1962]
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