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Force line influences in a single static undetermined beam
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General expressions for force line influences in a single static undetermined beam — bilateral fixed and beam fixed—
joint pin are investigated. The ordinates of the line influences were obtained in an arbitrary section of the beam. The
beam’s elements with constructed lines influences are used for finding line influences in static undetermined systems

with application of the displacement method.
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SINGLE STATIC UNDETERMINED BEAMS
- FORCE LINE INFLUENCES

The beams are with length | and constant rigid-
ity El . The moments and the shear forces are tak-
en for positive, when turning a cutting beam
clockwise. The basic relationships in the construc-
tion of Force line influences in the beams using the
Force method are written in a general kind. The
sections of the beam, in which the force influences
are applied, are determined with the coordinates

Xy s x; =l—x, . It is known that in static undeter-

mined systems force line influences are linear
curves. The ordinates of the constructed force line
influences are determined in sections k, arbitrary

in number and situation with the coordinates X,
X =l—x .
Bilateral fixed beam

For a basic system a beam simply supported at
the ends is chosen. The basic unknowns are the
moments in the supported joints.

The matrix of displacements [D]=[s;] is:

1
_L|ta]
3811 i
2
The corresponding matrix of the [A] - numbers

is:
Ell-4 2
[ﬂ]z[ﬁij]z_[&ij }l [ﬂ]zl—[z —4l
In the chosen basic system the matrix influences
for displacements of the applied point of each basic

unknown X; into its direction are presented as:

[D]
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where m indicates the number of the beam’s sec-
tions in which the ordinate from the "A;" is de-
termined.

The line influences for the basic unknowns are
obtained according to the expressions:

llx lI: IIA Il+ IIA mn

{IIXII}:[ﬂ]{IIDfII} "Xl"_ﬂlluAlf . ﬂlzquf .
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and after transformations:
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The reaction’s and force line influences in the
beam are generally obtained according to the prin-
ciple of superposition:

"S,"="S0M Y S, X,

The significations in the written expression are
known.
For the forces they are:

"M, "="M I?l.+ZMk, "X
"Qk":" I?H+ZQki " Xi"

x! X

"M, "="M EI'+TK"X1'I+I_K'lX2"
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In an arbitrary section of the beam, determined
with the coordinate X, , the analytical expressions

for line influences of reactions and forces are:

| F=1
K
1 m-1
A A Mg
A >l 1y > B
I\k Vly‘ Ak—l }\k
Fig. 1.
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where m indicates the number of beam’s sections
in which the ordinate of line influences
"M, ","Q," is determined.

The expressions for "M, ","Q," present the left

and the right part of the line influences.
The ordinates of line influences for forces in a

section with coordinates X, =0.5l,

X, =0.21,x, =03l with m=10 points of the
beam are shown in Table 1.
The force line influences in the selected sections
of the bilateral fixed beam are shown in Fig. 2.
Beam fixed- joint pin

The basic system is a simply supported beam.
The basic unknown is the moment at the supported
joint.

The matrix of deformation [D]z[&ij] is:

Dl

The corresponding [4] - matrix is:
3ElI
Bl=lg =-la It ==
The matrix influence on the displacements of
the basic unknown’s applied point X, into its di-
rections is:
P bAoA L hafp %),
’ ! YUEIe T 1
The line influences for the basic unknowns are:

{" X "} = [ﬁ]{" Dy "} "Xi"=Pn" M

x! x'2
X =—2miq_"m |,
o2 12

Table 1. The ordinates of line influences for forces in a section with coordinates xx=0.5l;, xk=0.2l; xx=0.3l, with

m=10 points of the beam

m 0 1 2 3 4

6 7 8 9 10

=05

M, 00000 5000e3 00200 00450 00800 01250 00800 00450 0.0200 5000e-3 0.0000

m

Q. 00000 00280 01040 02160 -03520 % 03520 02160 01040 00280 00000
X, =0,2l

M, 0000 00134 00512 0009 00144 0025 00256 -00198 -O0LI2 00064 00000

Qi 0000 000 T 0784 088 0500 0320 02160 01040 0060 U0
03

M, 00000 00106 00408 00832 00504 00250 000% 00018 -00008 -00006 00000

Qi 0000 00600014 2P0 0648 050D 032 02160 01040 0060 OOUND

@ f

llell l'lel

Fig. 2. The force line influences in the selected sections of the bilateral fixed beam
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The force line influences in the beam are in gen-
eral:

"S =SS, X,
"M=MEY M, X
) k":II I?H+ZQki"Xi" .

Finally they become:

X! |

"Mk":"MI?"'i'I—K"Xl"; " = K —I—"X1".

In the signified sections of the beam the ordinates
of force lines influences are:

,,,,,,,,,,,,,,,,,, » F=1

Fig. 3.
XX xx! x'2
Zk%m L TkTm) g Tm 0<X, <X,
| 21 |2 m
Mk:xx' X X! x'2 '
%+%{1-|¢2J X, <X <l

x 1 x\? X’

_I__I_[Xrln[l— IZ J—Xm [1—|—2j:| OS Xm < Xk
x\ 1 x\? X

-7 _f[X"IW[l_ £ J—xm(l——lz j] X <X, <I

where m indicates the number of beam’s sections
in which the ordinates of lines influences

"M, ","Q," are determined.

The expressions for"M,","Q," present the left

and the right part of the line influences.
The ordinates of force line influences in the sec-

tion with a coordinate x, =0,5I ,x, =0,2I,
X, =0,3l with m=10 points of the beam are shown

in Table 2.
The force line influences in selected sections of
the beam fixed-joint pin are shown in Fig. 4.

ka

Line influences for the reactions in the beam’s
elements

Reactions line influences in a beam’s element
can be obtained from the constructed force line in-
fluences and the investigated expressions.

Bilateral fixed beam

The investigated analytical expressions for the
vertical reactions support are:

Table 2. The ordinates of line influences for forces in a section with coordinates xk=0.5l;, xx=0.2l; xx=0.3l, with

m=10 points of the beam

m| o | 1] 2 [3 |4 |5 |6 | 7 18 ]9 Jiw
X, =0,5/
M, | 00000 | 00725 | 00280 | 006075 | 01040 | 015625| 01160 | 00817500620 | 002525 | 00000
Qy, | o000 00145 100860 | -01215 | 02080 %%?% 05630 | 0436502960 [014% | 00000
X, .:0,26
M, | 00000 | 00116 | 00448 | -0,0028 | -0,0336| -0,0500| 00544 00492/ -00368 |-0019 | 0.0000
Qx, | 00000 | -00145 (%?0 08785 | 07920 | 06875 |05680 | 04365 | 02960 | 01495 | 0.0000
X, =0,3¢
M, | 00000 | 001015 00892 | 008505 | 00456 | 001875| 00024 | -000655| 00072 000465 | 00000
Qx, | 00000 | -0.0145| 00560 (%5 07920 | 06875 (05680 | 04365 | 02960 | 01495 | 0.0000
////
/
M, Q"

Fig. 4. The force line influences in selected sections of the beam fixed-joint pin
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AU A
"B, ":"Bf"—i-z B, " X"

n Il mn II II ll 1ll mn
A AT X
"BV"="B\?"+%"X1" 1"XZ"

| |
After substitution the coordinates of sections

A - x=0,x =l respectively B -

xk:I ,xll =0, the expressions for moments in the

support

supports become:
"M, =X "Mgt=-"X,".
In the signified sections of the beam the ordi-
nates of reaction’ s lines influences are:

| 2 | 2
Ake Yafy Xa) Ky Xa)
| | | I |

The ordinates of reaction’s line influences at
m=10 points of the beam are shown in Table 3.

The ordinates of the reaction’s line influences at
the right end of the beam can be written mirrorly,
coordinated with the accepted positive directions of
the support’s reactions.

Beam fixed-joint pin

In this case the expressions for the reactions in
the beam, at the investigated analytical expressions
are:

lIM n IIX mn 'lA/|':|'A/'I+AIl'|Xl'l

AT "B ":"Bf"+BV1"X1"
A=A "X i
"BV"="Bv°"+}"X1"

In the beam the ordinates of the reaction’s line
influences are:

Xn( 1 Xm
M A :——(1—|—2

)

X! XI X|2 | 12
A="4 1--o B:X_m_x_m 1-— K .
| 2| |2 I 2l 12

The ordinates of the reaction’s line influences at
m=10 points of the beam are shown in Table 4.
Reaction’s line influences in a bilateral fixed beam
end in a beam fixed — joint pin have a kind shown in
Fig. 4.

The solutions of the ordinates of the lines influ-
ences are made with | =1. The force line influences,

. |
constructed at 1 =1 with a multiplier | can be con-

verted to force line influences at | #1.
The construction of line influences is made with
compound programs of PC.

Table 3. The ordinates of reaction’s line influences at m=10 points of the beam

m 0 1 2 3 4 5 6 7 8 9 10
A | 1 [0.9720 |0.8960(0.7840{0.6480(0.5000(0.3520(0.2160|0.1040(0.0280 [0.0000
M, |00000| -00810 |-01280|-01470|-01440 | -0.1250| -0.0960 | -0.0630| -0.0320 9.000e-3 0.0000
Table 4. The ordinates of the reaction’s line influences at m=10 points of the beam
m 0 1 2 3 4 5 6 7 8 9 10
M, |00000 00855 |0.1440- |-01785 01920 | -0.1875|-0.1680 101365 100960 00495 |0.0000
A 10000 | 09855 | 09440 | 08785| 07920 | 06875 | 05680 | 04365 | 02960 | 0149 | 00000
B [00000 | 00145 | 00660 | 01215 | 02080 | 03125 | 04320| 05635 | 07040 | 08506 | 10000

bilateral fixed beam

beam fixed-joint

_/‘/-—‘._‘_‘_\

i

B

"A", "B","M ", "M

"AY, "B","M "

Fig. 4. Reaction’s line influences in a bilateral fixed beam end in a beam fixed — joint pin
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CONCLUSIONS

With the expressions investigated the ordinates of
force line influences can be obtained in arbitrary
sections of beams. The expressions investigated are
necessary to determine line influences in indeter-
mined systems with application of the displacement
method.

The obtained ordinates of force line influences
conform with the results obtained for line influences
obtained using expressions for reactions in the
beam’s elements — bilateral fixed and beam fixed —
joint pin.

The investigated expressions can be used for gen-
erating line influences for forces and reactions in the
basic beam’s elements with an arbitrary number and
location ordinates.
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