Shear Force and Bending Moment diagrams without Sign Conventions.

Calculation of shear force and bending moment and drawing the diagrams
is not difficult when applying the assumed

'beam axis systems' FL-.- and l—:-: .

Shear force sign —1_. and bending moment sign ~— of these socalled beam axis
systems determine the way how shear force and bending moment are calculated,
without Sign Conventions! There are two possibilities depending at which
beam end the beam axis systems are placed.

The diagrams are drawn like shown here below, an example.
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After the diagrams are drawn the values on both sides of the zero line can be
distinguished by adding two different colors, two different letters, or just a plus
and minus sign.
Could be e.g. as follows, as an agreement,
aplus sign + belonging to FL: and F , and
a minus sign — on the other side of the zero line.
See plus and minus sign added i 1n the diagrams here below.
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The two cases show the shear force diagrams with the same shear force signs,
with plus and minus signs,

the bending moment diagrams are the same, with the same bending s1gn,

but the left diagrram with a plus sign and the right diagram with a minus sign,
to distinguish the values on both sides of the zero line.
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This all will be explained in detail on the following pages. After a while one
gets used to this new approach, confusions due to usual Sign Conventions will

disappear....for sure.

Ed van Rotterdam

The Netherlands
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STRENGTH OF MATERIALS WITHOUT SIGN CONVENTIONS.

Fig.1.
Force F is resolved into a force F through

centre of gravity C plus a couple of forces
with moment M=F*a.

Fig.2.

With more forces can be done the same. They can
be resolved into forces throught C plus couples
of forces with moments M1, M2 and M3.

The forces are resolved into perpendicular
directions, here horizontal forces Fl, F2 and
F3, and vertical forces F5, Fé6 and F7.

For equilibrium the sum of horizontal forces,.
vertical forces, and of moments of couples must

. Y T N mmmm Tomn ez o
be zerc to solve three UnKNoOWNs.

3, hor.=0, two possible equations.

To the right minus to the left =0. F1-F2-F3=0
To the left minus to the right =0. F2+F3-F1=0
3. vert.=0, two possible equations.

Upward minus downward= Q. F5+F6-F4=0

Downward minus upward= O. F4-F5-F6=0

7 mom.=0, two possible equatiomns.

To the right minus to the left =0. M1-M2-M3=0
To the left minus to the right =0. M2+M3-M1=0

Fig.3a to 3c.
Four given vertical forces. Force F in equili-

brium with them to be calculated. Assumed up-
ward at a m on the right of P.

Fig.3a.
5. vert.=0, two possible equations.
F+6+8-3-7=0 F+14-10=0 F=-4 kN or

3+7-F-6-8=0 10-F~14=0 F=-4 kN

7. mom.P=0, two possible equations.
T*2-3*2-(~4)*a-8*4=0 4a-24=0 a=6 m or
3%2+(—-4)*a+8*4-7*2=0 ~4a+24=0 a=6 m

F=-4 kN, negative so not directed as assumed,
thus downward. If drawn downward then with va-
lue 4, not minus, —4.

In fig.3a with the drawn force F upward, one
could write there F=-4 kN. The minus sign
meaning assumed direction wrong, so opposite
directed, that's downward.

Distance a=6 m, positive answer, as assumed on
the right of P.

Fig. 3b and 3c are drawn to show what is really
done: resolving forces into forces and couples
of forces. P can be any point.

Fig.4a.
A beam, 2 support reactions Av and Bv to be

solved. The direction of the reactions are as-

sumed arbitrarily. Suppose Av upward and Bv

downward and draw them as assumed.

Fig.4b.

To calculate Bv with sum of moments w.r.t. A is

zero. (Point A like C and P just shown.)

Y, mom. A=0 12*3+Bv*5=0 Bv=36/5=-7,2 kN or
0-Bv*5-12*3=0 Bv=36/5=-7,2 kN

Going on with the same figure!

Y, vert.=0

Av-12-Bv=0 Av-12-(-7.2)=0 Av=4,8 kN or
12+Bv-Av=0 12+(-7.2)-Av=0 Av=4,8 kN

Fig.dc.

Bv a negative answer, thus not directed as as-
sumed, so to be drawn upward instead of down-
ward. Av positive answer, thus directed upward
as assumed.
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Shear force and bending moment.

Fig.5a.

A simple beam. Calculation of shear force and
bending moment in cross-section C. Reactions 8
and 12 kN.

Fig.5b. Left part.

The beam is cut into two parts. On C act from
right onto left shear force F and bending mo-
ment M, drawn with arbitrarily assumed directi-
ons. F and M resultants of 20 and 12 kN.
Fig.5¢. Right part.

F and M as large as but opposite directed, ac-
ting on beam end C of the right part, resul-
tants of 8 kN.

Left part.

F assumed upward means that the sum of forces
upward is larger than the sum of forces down-—
ward, therefore resultant

Ff=12—20=—8 kN, a negative answer, direction
not as assumed upward, but downward.

M assumed to the left means that the sum of
moments to the left is larger than the sum of
moments to the right, therefore resultant
b4§=12*3—20*1=16 kNm, positive answer, directi-
on as assumed to the left.

Or calculation with equilibrium equations for
left and right part.

Fig.5d.

Forces and moments drawn with their real direc-
tions. Put the parts together, then F and M
'disappear', see fig.5a.

Shear force diagram and bending moment diagram.

Fig.6a and 6b.

Like above shear forces act on sections E of
the two separated parts. The two drawn 'steps'
at each section form the shear force sign
applied in the shear force diagram of fig.7b.
Fig.éc.

Bending moments act on the sections at both
ends of the loosened part the way like found
above. The little curves show half of the ben-
ding moment sign to appear in the bending mo-
ment diagram of fig.7c.

Assumptions.

Fig.7a.
B simple horizontal beam.

Beam axls systems aref. . and{;:-placed at an
end of the beam, always called the left end of
the beam.

Fig.7k.

The shear force diagram, D-diagram, is drawn
starting at the right end of the beam. Here
with 12 kN up, going to the left, jump down at
the point load of 20 kN, going to the left and
up with 8 kN at the left end.

Fig.7¢c.

The bending moment diagram, M-diagram, with mo-
ments at the point leoad, 8*3=24 kim ( to the
right and 12+%2=24 kNm ) to the left.

(D- and M- diagram drawn this was belong mathe-
matically together. Surface 8*3=24 of D-diagram
equals bending moment of 24 kNm of M-diagram.
Both a positive answer. Slopes in M-diagram
correspond with shear force sign.)}
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Example.

Fig.Ba.

Reactions Av and Bv.

S mom.A=0 10%1,3+6%2,5+15-Bv*5=0 Bv= 8,6 kN
Y vert.=0 Av-10-6+8,6=0 Av= 7,4 kN

The 'beam axis system' is placed at beam end A,
determining the way of writing equations.
The beam is divided into two parts AC and CB.

Calculation of shear force Dc.

Fig.8b and 8d. Part AC.

Calculation of Dc from 'right onto left'.

hccording to the assumed shear force sign

acts on section C shear force Dc downward.

3 vert.=0 7,4-10-Dc=0 $Dc = -2,6 kN or
Dc+10-7,4=0 {Dc = -2,6 kN.

Or, resultant Dc downward of the forces of the
right part CB = forces downward minus upward.
Dc {= 6-8,6= -2,6 kN

Fig.8c and 8d. Part CB.

Calculation of Dc from 'left onto right'.

According to the assumed shear force sign

acts on section C shear force Dc upward.

% vert.0 8, 6~6+Dc=0 $bc = -2,6 kN or
6-8, 6-Dc=0 {Dc = -2,6 kN.

Or, resultant Dc upward of the forces of the
left part AC = forces upward minus downward.
Dc1 = 7,4-10= -2,6 kN like above!

A negative answer thus not 7l_but _I” and plot-

ted above the zero line of the shear force dia-
gram.

Calculation of bending moment Mc.

Fig.8b and 8e. Part AC.

Calculation of Mc from 'right onto left'.
According to the assumed bending moment sign
acts on C bending moment Mc to the left.

5 mom.C=0 part AC.

7,4*1,9-10%0,6-Mc=0 Mc )= 8,1 kim  or
Mc-10*0,6+7,4*1,9=0 Mc) = 8,1 kNm.

Or resultant Mc to the left of part CB =
moments to the left minus moments to the right.
Mc) = 8,6%3,1-6*%0,6-15= 8,1 KkNm

Fig.8¢ and Be. Fart CB.

Calculation of Mc from 'left onto right’.
According to the assumed bending moment sign
acts on C bending moment Mc to the right.

Y mom.C=0 part CB.

Mc-8, 6%3,1+6%0,6+15=0 Mc( = 8,1 kNm or
8,6%3,1+6%0, 6+15-Mc=0 Mc {= 8,1 kNm.

Or, resultant Mc to the right of part AC =
moments to the right minus moments to the left.
Mc (==7,4*1,9—10*0,6= 8,1 klNm

A positive answer thus as assumed — so plot-
ted below the zero line of the bending moment
diagram.
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Now with the 'beam axis system' at beam end B.

Fig.%a is figure 8a preceding page upside down.
Looking from top down then 'left' is at B and
'right' is at A.

Order of figures like on the preceding page.

Calculation of shear force Dc.

Fig.% and 9d. Part AC.

Calculation of D¢ from 'left onto right'.

According to the assumed shear force sign

acts on section C shear force Dc downward.

¥ vert.0 7,4-10-Dc=0 Dc = -2,6 kN  or
De+10-17, 4=Q De | = -2,6 W

Or, resultant Dc downward of the forces of the
left part CB = forces downward minus upward.
Dc = 6-8,6= =2,6 kN

Fig.%9c and 9d. Part CB.

Calculation of Dc from 'right onto left’.

According to the assumed shear force sign

acts on section C shear force Dc upward.

Y vert.=0 Dc-6+8, 6=0 Dc'f= -2,6 kN or
6-Dc-8, 6=0 Dc]1= -2,6 kN.

Or, resultant Dc upward of the forces of the
right part CA = forces upward minus downward.
Dc 1= 7,4-10= -2,6

A negative answer thus not but and plot-
ted below the zero line of the shear force dia-

gram.

Calculation of bending moment Mc.

Fig.9% and %9e. Part AC.

Calculation of Mc from 'left onte right'.
According to the assumed bending moment sign
acts on C bending moment Mc to the right.

Y mom.C=0 part AC.

7,4%1,9-10%0, 6+Mc=0 Me) = -8,1 kNm or
10*0,6-7,4*1, 9-Mc=0 Mc> -8,1 kNm.

Or resultant Mc to the right of part CB =
moments to the right minus moments to the left.
Mc ) = 6*0,6+15-8,6*3,1= -8,1 kim

Fig.9c and %e. Part CB.

Calculation of Mc from 'right onto left'.
According to the assumed bending moment sign
acts on C bending moment Mc to the left

3, mom.C=0 part CB.

Mc+8,6%3,1-6%0,6-15=0 Mc(= -8,1 XNm or
6%0,6+15-8,6%*3,1-Mc=0 Me( = -8,1 kNm.

Or, resultant Mc to the left of part AC =
moments to the left minus moments to the right.
Mc{ = 10%0,6-7,4*1,9= 6-14,1= -8,1 kim

A negative answer not as assumed - but ~— so
plotted below the zero line of the bending mo-
ment diagram.

So two ways of calculating shear force and ben-

ding moment without! 'sign conventions’ but
with assumptions |~ and |-t .

v
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Example.

Fig.8. -

A simple beam with two overhanging parts.
Support reactions are calculated. The beam axis
systeml~—is put at left end, the shear force
diagram drawn starting on right end following
the forces from right to left.

Calculation of shear force Dc and bending mo-
ment Mc in/at cross-section C as follows.

The beam is cut in C into two parts.

Since shear force doagram and bending moment
diagram are drawn, and their shear force sign
and bending moment sign are known one knows how
shear force and bending moment are directed.

Left part.

Fig.B8a. 5
For 'right onto left, shear force D¢ downward ;
and bending moment Mc to the left )

Equilibrium of left part.

3 vert.=0 Dc+12+6-22,50=0 Dc= 4,50 kN or
22,50-Dc-12-6=0 Dc= 4,50 kN

Positive answer, Dc is directed downward as

drawn.

Y mom. A=0 Dc*1,5+6*1-12*1-Mc=0
(4,50)*1,5+6-12-Mc=0

6,75-6-Mc=0 Mc= 0,75 kNm or
12*1-6*1-Dc*1, 5+Mc=0
6-6, 754+Mc=0 Mc= 0,75 kNm

Positive answer, moment Mc is directed to the
left as drawn.

Or, calculation of resultants Dc and Mc.

Resultant Dc | of the wertical forces on the
right of cross-section C.

Dc downward = downward minus upward.

Dc 1= 9%2+6-19,5=24-19,5= 4,50 kN

Positive answer, Dc directed as drawn/assumed.

Rasultant Mc'jat C of the mcments of the forces

on the right of cross-sectien C.

Mc .to the left = to the left minus to the right

Mc )=19,5*(2,5)-2*9*(1,5)-6*3,5
=48,75-27,00-21,00= 0,75 kNm

Positive answer, Mc directed as drawn/assumed

Right part.

Fig.8b.
For left onto right, shear force Dc upward

and bending moment Mc to the right

Equlibrium of right part.

> vert.=0 Dc+19,5-9*2-6=0 Dc= 4,50 kN or
9*2+6-Dc-19, 5=0 Dc= 4,50 kN

Y mom. B=0 Mc+Dc*2,5+6*1-9*2*1=0
Mc+11,25+6-18=0 Mc= 0,75 kNm or
9*2*1-Dc*2,5~6*1-Mc=0
18-11,25-6-Mc=0 Mc= 0,75 kNm

Resultant Dc of forces on the left of C.
Dc L=22,5—12—6= 22,5-18= 4,50 kN
Resultant Mc of moments on the left of C.
Mc (=22,5*1,5—12*2,5—6*0,5=

=33,75-30-3= 0,75 kNm
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Example.

Fig.9. The first three figures.

The horizontal force of 8 kN is resolved into a
horizontal force of 8 kN at C plus a couple of
forces of 8 kN with a moment of 8*2=16 kNm to
the right.

The same is done with the force of 6 kN giving
a horizontal force at E plus a couple of forces
of 6kN with a moment of 6*1,5=9 kNm.

S hor.=0 gives at support A a horizontal reac-
tion of 8+6=14 kN to the left.

Reactions Av and Bv are assumed to be directed
upward, thus drawn upward.

Calculation of reaction Bv.
¥ mom.BA=0 To the right minus to the left=0.
16+9+4*7-Bv*9=0 Bv=53/9= 5,89 kN,
or to the left minus to the right=0.
Bv*9-16-9-4*7=0 Bv=53/9= 5,89 kN.

Calculation of reaction Av.
Y vert.=0 Upward minus downward=0.
Av+Bv-4=0 Av+5,89-4=0 Av=-1,89 kN,
or downward minus upward=0
4-pAv-Bv=0 4-Av-5,89=0 Av=-1,89 kN.
Or with ¥ mom.B=0 etc.

Fig.9%a.

The reactions drawn with their real directions,
1,89 kN at A downward, 5,89 kN at B upward.
Going on with this figure.

Fig.9b.
The shear force diagram drawn following the
forces from right to left.

Fig.9c and 10.
To draw the bending moment diagram some bending
moments are calculated.

Equilibrium left part of joint C.
The assumed shear force sign determines the di-
rection of Dc, how to draw it.

[ =)

Dc+1,89=0 Dc=-1,89 kN,

Y vert.=0

Bending moment Mc on the cross-section of the
left part, Mc

Y mom.A=0 Mc-Dc*3=0 Mc-(-1,89)*3=0

Mc=-5, 67 kNm

Dc neative answer thus not as assumed but oppo-
site directed, Mc negative answer thus not as
assumed but opposite directed.

Left part including joint C.
S 6

= M,
A C ) ¢
/.d>g| Del/
v vert.=0 Dc+l,89=0 Dc=-1,89 kN,

Bending moment Mc on the right ¢f joint C.

¥ mom.A=0 Mc~Dc*3-16=0 Mc-(-1,89) *3-16=0
Mc=10,33 kNm, positiv answer, thus directed as
assumed.

6
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Example.

Fig.1l1l and 1la.

The direction of the reaction forces at the
supports A and B are (arbitrarily) assumed and
drawn.

Of the separated left part the direction of the
hinge forces Sh and Sv are (arbitrarily) as-
sumed and drawn.

At the hinge of the right part act forces Sh
and Sv as large as but opposite directed.

Calculation of Sh and Sv.
Left part, Y mom.A=0 10*1, 5-Sh*4-Sv*6=0,
right part, ¥ mom.B=0 Sh*3-Sv.4-3*4*2=0.

4Sh+6Sv= 15 4,08h+6Sv= 15
3S8h-4Sv= 24 *1,5 4,5Sh-6Sv= 36 +
8,5Sh = 51 Sh= 6,0 kN

4*6+6Sv= 15 6Sv=15-24 6Sv= -9 Sv=-1,5 kN

Going on with these results to calculate the
reactions at A and B, see the separated two
parts.

Left part.
> hor.=0 Ah-Sh=0 Ah-6,0=0 Ah= 6,0 kN
5 vert.=0 Av-10+3v=0

Av-10+(-1,5)=0 Av= 11,5 kN
Right part.
Y hor.=0 Sh-Bh=0 6, 0-Bh=0 Bh= 6,0 kN
T vert.=0 Bv-3*4-5v=0

Bv-12-(-1,5)=0 Bv= 10,5 kN

Five positive answers, the concerning forces
have the assumed directions. One negative ans-
wer, Sh= -1,5 kN, the assumed direction was
wrong, thus opposite directed.

Fig.1l1lb.
Reaction forces and hinge forces drawn with

their real directions. Note how the vertical
hinge forces are drawn with value 1,5 kN.

Fig.l1l2a,
The left part of the hinge frame is cut into
two parts, left A-C and right C-S.

Equilibrium of right part C-S.

At S the calculated shear and normal force of
1,5 and 6 kN. With the equilibrium equations
for this part follow at C

a shear force of 1,5 kN upward G

a normal force of 6,0 kN to the right — , and
a bending moment of 4,5 kNm to the left C .

At C of left part A-C act forces and moment as
large as but opposite directed.

Fig.12b.

The shear force diagram of part A-C. The beam/
member end forces at C and A are resolved into
forces perpendicular to and along the member.

(For the force 1,5 kN, small, drawn too large.
With the beam axis system;:::at A the diagram

is drawn going from C to A.

'7
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Fig.l3. See prec. page.

The bending moment diagram of part A-C.

The beam axis system{Z::is drawn at member end
A. (Not really necessary when knowing the as-
sumed bending signs like on both sides of
the zero line.)

At C 4,5 kNm to the right, half of the bending
sign due to that moment can be drawn thus kno-
wing where to plot in the diagram.

The bending mement at E, suppose Me like drawn
then Me (¥11,5*1,5—6*2= 5,25 kNm, pos. answer,
direction as assumed, half of the bending sign
follows, so knowing where to plot it.

Or from the other side of E, assuming Me to the
left, then

Me } =6*2-1,5*1,5-4,5=12-6,75= 5,25 kNm, etc.

Fig.1l4.

Part S-D-B is cut into S-D and D-B. With the
three equations of equilibrium shear force,
normal force and bending moment can be found,
drawn at D with their real directions.

Beam axis system at S, shear force diagram
starting drawing the diagram at the right end
with 10,5 kN and going to the left.

Beam axis system at D of part D-B, 'left end',
then starting with 6 kN at 'right end' B etc.
The figure shows the normal force in S-D is
compression of 6 kN, in D-B compression as well
10,5 kN.

Fig.15.

Member A-C cut into two parts, cut at both
sides of E. Like above shear force and bending
moment diagram can be drawn.

Part A-E, equilibrium along the member axis
gives 12,8 kN at E, compression in A-E 12,8 kN,
part C-E gives compression 4,8 kN in C-E.

The normal force diagrams, compression indica-
ted with—.=~— . On which side of the zero line
of no importance.

In case of tension, indicated withe—.—.

Fig.17.

Joints C and D separated from the beams/members
with forces and moments acting on them. These
are as large as those acting on the correspon-
ding member ends but opposite directed.
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Every separated part must be in equilibrium. A
check is simplier if shear force and normal
force are resolved into horizontal and vertical
components
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Continuous beam with internal hinge.

Two equations, ¥ vert.=0 and } mom.=0, -three

unknowns, Av, Bv and Cv.

Cut into two parts at hinge S.

Direction of hinge forces assumed. Here Sv on
the left part assumed downward, in that case on
the right part as large as but opposite direc-
ted, thus upward.

The load force on the hinge of 4 kN is put on
the right part, or on the left part, or e.g. 1
kN on the right and 3 kN on the left part.
Support reactions assumed upward.

Part on the right.

Y. mom. S=0 6*5-Cv*2=0 Cv=15 kN or
Cv*2-6*5=0 Cv=15 kN

Yy wvert.=0 4+6-Sv-15=0 Sv=-5 kN or
-15-4-6-Sv=0 Sv=-5 kN

Cv positive answer, directed as assumed. Sv ne-

gative answer, not directed as assumed, but go-

ing on with assume Sv with Sv=-5 KkN.

Part on the left.

Y. mom.A=0 2*4*2-Bv*4+3Sv*6=0 16-Bv*4+Sv*6=0
16-Bv*4+{-5)*6=0

-14-Bv*4=0 Bv=-3,5 kN
or Bv*4-16-(-5)*6=0 Bv=-3,5 kN
Y, vert=0. 2*4-Av-Bv+Sv=0

8-Av-(-3,5)+(-5)=0 Av= 6,5 kN

or Av+(-3,5)~8-(-5)=0 Av= 6,5 kN

Bv negative answer, not directed as assumed,
Av positive answer, thus directed as assumed.

Fig.18c.
Both beam parts with forces drawn with their

real directions. Beam axis systems;\_/at left
beam ends.

Fig.18d.

4 s 2 , 2 3 .
IAV IBV | |GV |
Fig.18a.
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The shear force diagram is drawn from 'right to
left’.

Fig.18e.
The bending moment diagram with corresponding

bending signs.

Fig.1l%a.
Here the axis systems are placed at left end of

the beams when looking at them from above.

Fig.18b.
Also now drawing the shear force diagram star-

ting at A which is 'on the right' of the beam.
Comparing with fig. 8d this diagram is mirror-
red, the shear signs are the same, of course.

The bending moment diagram is like that of fig.
8e, bending signs the same.

Shear sign ~ - and bending >~sign.

Fig.l8¢c.
With these signs one knows at once how shear

force and bending moment act on 'both sides' of
a cross-section, how they are directed. And, as
large as but opposite directed.
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Couples of forces.

Fig.la.
A couple of forces of 4 kN at distances from A
with a moment of 4x3= 12 kNm to the left »—\.

Each of the forces can be resolved into a force
through A and a couple of forces, see page 1.

Fig.lb.

4 kN at 8 meter from A into a downward force of
4 kN through A plus a couple of forces of 4 kN
with moment 4x8= 32 kNm to the left »—\.

Fig.lc.

4 kN at 5 meter from A into an upward force of
4 kN through A plus a couple of forces of 4 kN
with a moment of 4x5= 20 kNm to the right 7 .

Fig.1ld.

The two opposite directed forces of 4 kN are
together zero. The two moments of couples can
be added,

32 - 20 = 12 kNm to the left »—\.
Force and arm of this couple are unknown.

Fig.Z2a.
The same couple of forces with moment 4x3= 12
kNm to the left in another position.

These forces can be resolved into a force and a
couple like done here above.

Fig.2b.

4 KN at 7 m from A into 4 kN through A plus a
couple with forces 4 kN with moment 4x7= 28 kNm
to the left »47\.

Fig.2c.

4 kN at 4 m from A into 4 ikN through A plus a
couple with forces 4 kN with a moment of

4x4= 16 kNm to the right .

Fig.2d. The two opposite forces of 4 kN are in
equilibrium. The two moments can be added,

28 - 16 = 12 kNm to the left ,»—\ .
Force and arm of this couple are unknown.

Fig.la and fig.2a give same result.

Fig.3.

Couple force and distance of the couple moment
of 12 kNm can be changed keeping the moment of
the couple the same, 12 kNm.

4x3=12 kNm E.g. Fx5=12 F=12/5= 2,4 kN
These forces of 2,4 kN can be resolved into
forces through A plus a couple with a moment of
12 kNm, like done here above.

Moments of couples indicated with

to the right .~~~ , or to the left # ~,

can be added. Their sum means always a couple
of forces of which force and arm can be changed
as wanted.

[0



Fig.4.
24 4y A simple beam length 8 m loaded with 2,4 kN at
I ’ 3 m from the left.

A )
.- 2 5
mom. A=0
| =2 =1E) 4 2,4*3 -By*8=0 Bv=7,2/8= 0,9 kN
/4-7 I |-3v > vert.=0
Av -2,4 +Bv=0 Av-2,4+0,9=0 Av= 1,5 kN
[4)
— e=t] _J 9 Shear force diagram and bending moment diagram
l’L_ 1 I drawn according to the assumed shear force and
bending moment axis systems.
45
Fig.5.
r The beam is cut just on the right of 2,4 kN.
l‘-’ \_ﬂ,j Considering the left part, the influence of
;, Bv=0,9 kN on the right of 2,4 KkN.
4.5 AMm 797
Force Bv=0,9 kN is resolved into a vertical
force of 0,9 kN, shear force D, at C plus a
24| D couple of forces with moment M= 0,9%*5= 4,5 kNm
A A]) 3 to the left ) at C.
Clim Sm M) = Bv5= 0,9%5= 4,5 kNm.
e == DG
/1;:9.5— DJ‘t' = Bv= 0,9 kN.
Fig.é6a.
Suppose a rectangular cross-section 80x180 mm.
At C arise at the upper part compression stres-
4? K ses and at the lower part tensile stresses.
. Fig.6b.
96 = 180 mm= 180%10°-3 m
4{ I 7 > Stresses are forces per unit area, like N/mm"2.
, ~ These forces added give forces F together a
99 couple with moment
| — M = F*(2/3)*180*10~-3= F*(120*10"-3)= 4,5 kNm
&Homm S
[ — Lo b4 F= 4,5/(120*107-3)= 37,5 kN
Fg.ba 15992
This way the couple with forces 0,9 kN and arm
5 m with moment 0,9*5= 4,5 kNm
is changed into a couple with forces 37,5 kN
and arm 0,12 m with moment 37,5*0,12= 4,5 KkNm.
Calc. of allowable bending moment. Calculation of stress S with M= 4,5 kNm.
Moment of inertia F= 37,5 kN with 0,09 m and 0,08 m is
I= (1/12)*80*180’\3 = 38,9 *1076 mm’\4, 37’5= (8*0,09*0;08)/2 — 0,0036*8
moment of resistance W= I/90) or $=37,5/0,0036= 10,4*10~3 kN/m"2
W= (38,9*10A6)/90= 432*1073 mm"3 — 10’4*10A3* 1073 N/10A6 m” 2
Stress S= M/W N/mm"2= Nmm/mm"2 S = 10,4 N/mm"2
With assumed allowed stress S= 12 N/mm2 (With timber allowable tensile and compressive

stress will not be the same.)
follows 12= M/432*1073 or

Moment of resistance W= b*h"2/6=

M=12*432*1073= 5,2*1076 Nmm, then is (80*180/\2)/6: 432%1073 mm”3
the allowable maximum bending moment M= 4,5 kNm = 4,5%1073*1073= 4,5%10"6 Nmm,
with 1 kNm= 1076 Nmm is M=5,2 kNm. S= M/W= (4’5*10A6)/(432*10A3)= ;D,d N/mmﬁz
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Calculation of the moment of inertia I.

(1/12)*100*260"3

2% ((1/12)*260*%60"3)=

2* (260*60) * (16072)

146,5 *107"6 mm"4
9,4 *1076 mm"4

798,7 *1076 mm"4

moment of inertia I= 934,6 *1076 mm"4

moment of resistance W= I/190) or

W= (934,6*1076)/190= 5,0*1076 mm"3

Stress S= M/W N/mm” 2= Nram/mm”2

With allowed stress S= 12 N/mm2 follows

12= M/5,0%10"6 or

M=12*5,0*10"76= 60,2*1076 Nmm, then is

the allowable maximum bending moment

with 1 kNm= 1076 Nmm M= 60,2 kNm.

Fig.7.
B beam loaded with a uniformly distributed load
of 12 kN/m

5. mom. A=0
(12*6)*3 —-Bv*6=0 Bv=216/6= 36 kN
Yy vert.=0

Av -72 +Bv=0 Av= 72 -36= 36 kN
Or, Av=Bv= (12*6)/2= 36 kN.

Fig.8.

The beam is cut just on the left of the middle.
Considering the right part, the influence of
Av=36 kN and (12*3) of the distributed load,

Av=36 kN is resulved into 36 kN upward at C
plus a couple with moment 36*3= 108 kNm ,
(12*3) is resolved into 12*3=36 kN downward at
C plus a couple with moment (12*3)=36 kNm ( 5

Both forces at C 36-36=0 kN, both moments of
the couples 108 - 54 is 54 kNm.(L/.

M C"= Av*3 —(12%3)*1,5= 108-54= 54 kNm

D —TL = Av - (12*3)= 36-36=0 KkN.

Fig.9%a and Sb.
An assumed cross—-section. Assumed allowable
stress 12 N/mm~2. (Happened to be same number
like 12 of the distributed load...) Calculation
of allowable maximum bending moment.

a/60= 12/190 a=60*(12/1%0)= 3,8 N/mm"2

= 12,0-3,8= 8,2 N/mm"2

Fl= 12*60*260

-+
F2=((8,2*130)/2)*100

187,2 *10°3 N

#10°3 N+
240,5 *1073 N

It
wn
5]
w

F3=((3,8*%60) /2)*260 = 29,6 *10"3 N —
F =Fl +F2 ~-F3 = 210,9 *10"3 N
Moments w.r.t. line c.
F1*160 = 187,2%107~3 *160 = 29,95 *1076 Nmm

+
F2%(2/3)*130= 53,3*1073 *86,7= 4,62 *10"6 Nmm
34,57 *1076 Nmm

F3*150 = 29,6*1073 *150 = 4,45 *1076 Nmm

Fxz= 210,9 %1073 *z= 30,12 *1076 Nmm

z= (30,12*1076)/(210,9*1073)= 143 mm

Couple forces 210,9*1073 N, arm 2*143= 286 mm,
moment F*284= 210,9*1073*286= 60,3*10"6 Nmm,

M= 60,3 kKkNm > 54 kNm.

On the left applying moment of inertia I and
moment of resistance W to calculate the allo-
wable maximunt bending moment with 12=M/W.

/2
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Examples applying beam axis systems.

Fig. /
Reactions are calculated, shear force and ben-
ding moment diagram drawn.

First case.

Shear force F and bending moment M acting from
"left onto right' according to shear force and
bending sign.

o S

Fig.2e.
Just on the left of A, l
F { = (0-8 = -8 kN, neg. answer, so 35,

see the shear force diagram, 8 kN above the
zero line.

M ( = 0-8*3= -24 kNm neg. answer, SO (f\,
see the bending moment diagram, 24 kNm above
the zero line.

Fig.24.
Just on the right of A.
F = 19-8= 11 kN, pos. answer, so?I_,

11 kN below the zero line.
M ( = 19*%0-8*3= -24 kNm, neg. answer, SO (f\ =
24 kNm above the zero line.

Fig.Z2c.

Just on the left of D.

F f = 19-8= 11 kN, pos. answer, SO 1__,

11 kN below the zero line.

Nl( = 19*4-8*7= 76-56= 20 kNm, pos. answer,
so (w, 20 kNm below the zero line.

Fig.2o

Just on the right of D.

F f = 19-8-16= -5 kN, neg. answer, so ij‘ '
5 kN above the zero line.

M{ = 19%4-8%7-16%0= 76-56-0= 20 kNm, so (~ ,
20 kNm below the zero line.

Second case.
Shear force F and bending moment M acting from
'right onto left' according to shear force and

bending sign.

: F

Aoy ——P—
Fig.3a.

Just on the left of A.

F i = 16-5-19= -8 kN, neg. answer, so_J?‘ ;

8 kN above the zero line.

M ) = 5%*8-16%4+19*0= -24 kNm, neg. answer,

so ~~) , 24 kNm above the zero line.

Fig.aX%,

Just on the right of A.

F L = 16-5= 11 kN, pos. answer, so_L£ ,

11 kN below the zero-line.

M ) = 5*8~16*4= -24 kNm, neg. answer, SO ’j} .
24 kNm above the zero line.

Fig.Je.

Just on the left of D. L

F l = 16-5= 11 kN, pos. answer, so LL .

M ') = 5%*4-16%0= 20 kNm, pos. answer, so-/) 2
Fig.3d.

Just on the right of D.

F ‘ = 0-5= -5 kN, neg. answer, SO .IT :

M 'Y= 5%4= 20 kNm, poS. answer, SO ) .

/3
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Fig. 4.
Beam axis systems on the other beam end.

First case.
Like done before on the preceding page for ca-
Fig.Ja.

ses 'left onto right'.
Just on the left of A.
F{ = 0-8= -8 kN, neg. answer, so l .

8 kN below the zero line.

M = 8*3= 24 kNm, pos. answer, SO (f"\,
24 kNm above the zero line.
Fig.Jd4.

Just on the right of A.

r{ = 19-8= 11 kN, pos. answer, so Jl_ ,

11 kN above the zero line. 1

M( = 8*3-19*%0= 24 kNm, pos. answer, soO Q/‘\,
24 kNm above the zero line.

Fig. Jdc.

Just on the left of D.

F} = 19-8= 11 kN, pos. answer, 5011_ ,

11 kN above the zero line.

M ( = 8*7-19*4= 56-76= -20 kNm, neg. answer,
so (L_/, 20 kNm below the zero line.

Fig.J5<.

Just on the right of D.

F1 = 19-8-16= -5 kN, neg. answer, SO ‘ 5
5 kN below the zero line.

M( = 8%7-19*4-16*0= 56-76= -20 kNm, neg. ans-
wer, SO (;,/, 20 kNm below the zero line.

Second case.
Shear force F and bending moment M acting from
'right onto left' according to shear force and

bending sign.
FDM /\)1 —d_[
Fig.6a.

Just on the left of A.

F}j = 16-5-19= -8 kN, neg. answer, so _IT,
8 kN below the zero line.

M ) = 16%4-5*8-19*0= 24 kNm, pos. answer,
so\), 24 kNm above the zeroc line.

Fig.44.

Just on the right of A.

F| = 16-5= 11 kN, pos. answer, so_ll,

11 kN above the zero line.

M) = 16*4-5*8= 24 kNm, pos. answer, soz“w) .
24 kNm above the zeroc line.

Fig.6e¢
Just on the left of D. l
F{ = 16-5= 11 kN, pos. answer, so L >

11 kN above the zero line.

M ) = 16*0-5%*4= -20 kNm, neg. answer, so-\_;>,
20 kNm below the zero line.

Fig. 64

Just on the right of D.

F} = 0-5= -5 kN, neg. answer, so ;

5 kN below the zero line. 1

M) = 0-5%4= -20 kNm, So~_),

20 kNm below the zero line.
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Fig. 4
A beam with two load moments (being the moments
of two couples of forces).

First case.

Like done before on the preceding page, shear
force F and bending moment M acting from
'left onto right'.

Fig.Z2a.

Just on the left of C.

F} = 0-2= -2 kN, neg. answer, so Jj* .

2 kN above the zero line.

M ¥ = 0-2%*3= -6 kNm, neg. answer, so ((~~,
6 kNm above the zero line.

Fig.2é4.

Just on the right of C.

F} = 0-2= -2 kN, neg. answer, so ig‘ p

2 kN above the zero line.

M { = 22-2*3= 16 kNm, pos. answer, so (}_z,
16 kNm below the zero line.

Fig.Zc.

Just on the left of D.

F1 = (0-2= -2 kN, neg. answer, sO JI",

2 kN above the zero line.

M { = 22-2%6= 10 kNm, pos. answer, so (‘” ;
10 kNm below the zero 1line.

Fig.2XA.

Just on the right of D. ‘

F{ = 0-2= -2 kN, neg. answer, so -,

2 kN above the zero line.

M ¥ = 22-6-2*6= 16-12= 4 kNm, pos. answer,
50 {~~ , 4 kNm below the zero line.’

Second case.

Shear force F and bending moment M acting frcm
'right onto left' according to shear force and
bending moment sign.

(Comparing with page , the four steps in re-
versed order.)

Fig.Ja.

Just on the right of D.

F} = 0-2= -2 kN, neg. answer, so —JT .
2 kN above the zero line.

M ) = 2*2= 4 kNm, pos. answer, SO \_/) ,
4 kNm below the zero line.

Fig. 34,

Just on the left of D.

F} = 0-2= -2 kN, neg. answer, so .J?—,
2 kN above the zero line.

M D = 2%2+6= 10 kNm, pos. answer, SO \_/) B
10 kNm below the zerc line.

Fig.3c.

Just on the right of C.

F} = 0-2= -2 kN, neg. answer, so _IT i

2 kN above the zero line.

M ) = 2*5+6= 16 kNm, pos. answer, SO g/) '
16 kNm below the zero line.

Fig.dd.

Just on the left of C.

F{ = 0-2= -2 kN, neg. answer, so _Ir .

2 kN above the zero line.

M ) = 2*5+6-22= -6 kNm, neg. answer, SO /—i) "
6 kNm above the zero line.
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Continuous beam with internal hinge, page 9 .

_Zlé&./;” lfzév 6"4'4 First case, 'from left onto right'.

7 = T . Fig./,
y l | i X= 0 m Ff =55k M= 0 kNm
2 , 2 -y ljz]p I X= 2 m
> 15 ERE Ft=6,52%2=12,5kN, so T .
’2 ' /: : M ¢ = 6,5%2-4*1= 9 kNm, so (v
I /q. /i AS g
b - K , —3—7 Ff-65-2%4= -1,5 kN, so ¥ .
6 ) M { = 6,5%4-2*4*2= 10 kNm, sO (=
. f | X='4 m
| 4 - ', F i =6,54%2-3,5= -5 kN, so &I .
| 20 S M { = 6,5%4-2%4*2= 10 kNm, so {~—-
: y X= 6 m
| s g . £ { =6,5-2%4-3,5= -5 kN, so ¥ .
1 |>’—_IT | M (6= 6,5%6-8%4-3,5%2= 0 kNm
X= m
11 35 AN _‘—L_] F} =6,5-2%4-3,5-4= -9 kN, so Ligh
Vs l 6 M { = 6,5%6-8%4-3,5%2-4%0= 0 kNm
| 7)) / X= 8 m
' \ M r}-6,5-4%2-3,5-4 = -9 kN, so M .
| M ( = 6,5%8-8%6-3,5%4-4%2= -18 kNm, so {-.

— [ Lo T x= 8 m
I g 7o F } = 6,5-2%4-3,5-4+15 = 6 kN, so [~ .
M T = 6,5%6-8%4-3,5%4-4*2+15%0= -18 kNm, {—~ .
x=110 m
. F} =6,5-2%¥4-3,5-4415= 6 kN, so TL ,
- Z1I2k _casck Second cases M { = 6,5%10-8%8-3, 5*6-4%4+15%2= ks Kiim, (- .
XK= 11 m
X = 2 £ E = rl-e6xn M= 0 kNm
0 6,5 0 11 6,5 0
2 2,5 9 9 2,5 -9 Second case, 'from right onto left'.
4 -1,5 10 -1,5 -10
-5,0 10 7 -5,0 -10 Fig.Z.
6  -5.0 0 -5 0 0 X= 11 m F| =265k M= 0 kNm
-9,0 0 5 -9,0 0 x= 9 m
g -9,0 -18 -9,0 18 F | = 6-15+4+3,5+2*%2= 2,5 kN, so -4 .
6,0 -18 3 6,0 18 M) = 6%9-15%6+4*4+3,5*2+4*1= -9 kNm, so v) .
10 6,0 -€ 1 6,0 6 x= " m
11 6,0 0 0 6,0 0 F& = 6-15+4+3,5= -1,5 kN, so [ .
M) = 6%7-15%4+4*2+3,5%0= -10 kNm, so V) .
x= 7 m
, F{ = 6-15+44= -5 kN, so Jf .
2 £k lx,’péa/ Jéév M) = 6*7-15%4+4*2= -10 kNm, so v)
X= 5 m
Am 1_]%3 : ; ' F| = 6-15+4= -5 kN, so .
i | M) = 6%5-15%2+44*0= 0 kNm
I T | U x= 5 m
6;5' -315. /5 7| F{ = 6-15= -9 kN, so -—If- A
v _ * 5 * D=
| g ) ,t',z_g_ 1;33 me 5-15%2= 0 kNm
| 2 : F b = 6-15= -9 kN, so Jf .
[ | 5 i M) = 6*3-15%0= 18 kNm, so ~) -
g X=3m
I G FJ = 6 kN, so —IL .
el M) = 6+¥3= 18 kim, sO ~~).
6.5 5 ! 5 i

Sy : F\l=6kN,so“i.

= AN —L] j ;L-—I M) = 6%1= 6 kim, SO ).

| WH l x0m  F | =6 M= 0 kim
’ g

! g : Secend cass given with distances in revaersed
| /9 I order to compare both easier. Final results

IS i /-\1 ending with same shear force and bending moment
d i | sign. Values of shear force in both cases the

W“-‘ &xtim same, values of bending moment of second case

g 8 are opposite to those of first case.
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More with the example of page I .
rd

18 _
3,8 ANl Fig. 4
’ [ ~~ 18 - Shear force and bending moment diagram drawn
P

— 4 completed according to the assumed member end
places of the axis sytems [« and ‘—1__

force F and bending moment M at section E be-
tween S and D at 2 m from S.

Fig.2a.
/ 53 Calculation from 'left onto right' of shear

Force F is the resultant of the vertical forces

0§
. of the left part on the left of E.
39 B F| = 11,5-10,0-6,0= -4,5 kN, sc
7\, ;
STk M is the resultant moment of the moments of the
TJ couples.
> 4 M (= 11,5%8~6,0%4-10%6,5-3%2%1=
L/ 6 92,0 -24,0 —65,0 —6,0=
" ! 92,0-95,0= -3,0 kNm, so (,-s .
: Fig.d4.

Calculation from 'right onto left' of sear
force F and bending moment M at section E.

t‘
T

Fuc2=64 Force F is the resultant of the vertical forces
l 3 4 /m of the right part on the right of E.
[ ¥l F | = 3*2-10,5= -4,5 XN, so _JJ .
Jo T { 3
/ ~ Moment M is the resultant monent of the moments
/ of the couples of forces.
- e fo M) = 10,5%2 -6,0%3 —6*1=
6 / s 21,0 -18,0 —-6,0= -3,0 kNm, so ,-\) .
-0, PR T Fig.Z2¢0.
/o5 Section G on the right of the vertical load
/5 3 force of 10 kN.
% T J !

&LQQ- Three forces are resolved into forces at G plus
the moemnts of the couples of the concerning
forces. These three forces at G are resolved

el b into shear forces and normal forces.
3 &/
1
| I]El) I
10 » 1
1::, [ 3 G bo G
bw M ’
i 4o H / Fa ~3
se/ @ | Vs a 2 q
5 L2 10,5 e
ﬂ- Calculation of shear force F i
a) F1/6,0= 4/5 Fl\= 6,0%4/5= 4,8 kN
3 p 12 Ay b) F2/10,5= 3/5 F2 '\ =10,5*3/5= 6,3 kN
T — ) F3/12,0= 3/5 F3\=12,5%3/5= 7,2 kN
oy S T T
Rﬂ | F\= F3-F2-Fi1= 7,2-6,3-4,8= -3,9 kN, so 5\ .
!
q ¢ / 1 6'9 Calculation of bending moment M due to the
e moments of the couples of forces.
; T a) M1* =6,0*1= 6,0 kNm
& “
A b) M2\ = 10,5+*8,5= 89,3 kNm
% I 3m ] 2 4 '2 e -
= ' : »‘:?Q.QC- c) M3T\ = 12,0%6,5= 78,0 kNm

M"Q\\= 89,3-6,0-78,0= 5,3 kNm, so J\ . Etc.
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member P=1 Li{l)= 16,000 m

X m T5 W T7 W M5 KkEm
0,00 34,00 0,00
1,50 34,00 51,00
3,00 34,00 -6,00 102,00
4,50 -6,00 93,00
6,00 ~6,00 84,00
7,00 -6,00 -26,00 78,00
7,50  -26,00 65,00
9,00  -26,00 26,00
10,00  -26,00 0,00

Example.

First possibility.

Fig.3

With 4~ and J_L.at right beam end. Shear force
and bending moment diagram are drawn.
Calculation from ‘'left to right' of shear for-
ce T5 left of 20 kN and T7 right of 20 KkN.

Fig.4

Shear force sign ~. determines the direction

of T5 and T7.

TS TL_= 34-40= -6 kN, negative answer, so not
L as assumed but I .

T7 TL:= 34-40-20= 24 kN, thus "L .

M5(LJ = 34*7-40%*4= 238-160= 78 kNm, positive

answer, so as assumed ~~

Suppose calculation with the given shear sign

I of the diagram left and right of 20 kN,
here both the same, but they can be different

as well.

T5 if'= 40-34= 6 kN, positive answer, so _[  as
assumed.

T7 i!“‘: 40+20-34= 26 kN, so as assumed [ .
M5~ like here above.

Fig.$d. :

Calculation from 'right to left' of shear force

T5 on the left of 20 kN and T7 on the right of
20 kN.

T5 —L{_= 20-26= ~6 kN, not L. but I .
T7—L}.

M5 u)

0-26= -26 kN, not 1. but I .

26*3= 78 kNm, positive answer soO s

as assumed.

Or with the given shear sign in the diagram as
assumed sign.

T5 _IT= 26-0= 26 kN, so _[— as assumed.
T7 _q'= 26-20= 6 kN, so _[~ as assumed.

Wwith a program. When T5, T7 and M5 calculated
each meter, and printed, with a calculation,
starting from the place of the beam axis system.
with the assumed shear force and bending moment

signs,F::'and.[:z;

At the force of 20 kN at 7 m from the left fol-
low

T5= -6,00 kN and T7= -26,00 kN, negative ans-
wers, so not - but _{, and

M5= 78,00 kNm, positive answer and thus -« as
assumnmed.

/8
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memher P= 1 Li{1l)= 16,000 m
X m T5 W 7 W M5 kitm
0,00 -26,00 0,00
1,50 ~26,00 ~39,00
3,00 26,00 ~£,00 ~78,00
4,50 ~6,00 ~-87,00
6,00 -6,00 ~9¢,00
7,00 -6,00 34,00 -102,00
7,50 34,00 —85,00
8, a0 34,00 -34,00
10,00 34,00 0,00

The second possibility.

Fig.6.

With 7] and __1_-1 at right beam end.

With calculated reactions shear force and ben-
ding moment diagram are drawn.

Calculation from 'right to left' of shear for-
ce T5 right of 40 kN and T7 left of 40 KkN.

Fig. 7.

Shear force sign ~L. determines the direction
of T5 and T7.

TS 1 = 20-26= -6 kN, negative answer, so not
1. as assumed but _[ .

77— = 40420-26= 34 kN, thus L .

M5 )= 20*4-26*7= 80-182= -102 kNm, negative

answer, so0 not.-=~-as auuned but ._. .

Suppose calculation with the given shear signs
_I"and "1. of the diagram right and left of

40 kN, two different cases.

T5 _q'= 26-20= 6 kN, so I as assumed.

r7 U, = 40+20-26= 34 kN, so as assumed -

M5 ~~ like here above.

Fig. &.
Calculation from 'left to right' of shear force
T5 on the right of 40 kN and T7 on the left of

40 kN.

TSyl 34-40= -6 kN, not ~L. but _I .
T7]1— = 34 kN, as assumed ~I—..
M5C/‘\= 0-34%*3= -102 kNm, negative answer so

not .~ as assumed but —~- .

Or with the given shear signs _J~ and ~L in
the diagram as assumed sign.

T5.h"‘= 40-34= 6 kN, so _[ as assumed.
T7 fi = 34 kN, so "L, as assumed.

With a program. When T5, T7 and MS calculated
each meter, and printed, with a calculation,
starting from the place of the beam axis system.
with the assumed shear force and bending moment
signs,_/:j and_j_-_j .

At the force of 40 kN at 7 m from the right
follow

T5= -6,00 kN and T7= 34 kN, with _I= and —L .

M5= -102 kNm, negative answer, not - > as as-
sumed but S~

Comparing the two possibilities, the final
results are the same, see the shear force and
bending moment signs.

/g
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Example.

Fig.g.

First possibility with beam axis system l\/
at the left beam end. Calculation of shear
force F and bending moment M,

from 'left onto riqht',c_, and -
A F = 25 kN
C F= 25-6*1 = 19 kN
D F= 25-6*2 = 13 kN -
E F= 25-6*3 = 7 kN

F= 25-6*3-15 = -8 kN
F  F= 25-6%4-15 = -14 kN
G F= 25-6%4-15 = -14 kN I

F= 25-6*4-15-9 = -23 kN
B F= 25-6%*4-15-9= 25-48 = -23 kN
A M= = 0 kNm A
C M= 25*1-6*1*(0,5 = 22 kNm C
D M= 25%2-6*2*1 = 38 kNm D
B M= 25*%3-6*3%1,5= 75-27 = 48 kNm — E
F M= 25%4-6%4*2-15%1= 100-48-15 = 37 kNm F
G M= 25*5-6*4*3-15%2 = 23 kNm G
B M= 25%6-6%4%4-15%¥3-9*1 = (0 kNm B
From 'right onto left', \_;) and —Ti , with the
same results, ofcourse.
B F= 0-23 = -23 kN
G F= 0-23 = -23 kN

F= 9-23 = -14 kN A7
F F= 9-23 = ~14 kN
E F= 9+6*1-23 = -8 kN

F= 9+15+6*1-23 = 7 kN
D F= 154+9+6+2-23 = 13 XN -
& F= 15+94+6*3-23 = 19 kN
A F= 15+9+6*4-23 = 25 kN
B M= = 0 kNm B
G = 23*1 = 23 kNm G
F M= 23*2-9%1 = 37 kNm F
E M= 23*3-9*%2-6*1%0,5 = 48 kNm ~— E
D M= 23*%*4-9*3-15*1-6*2*1 = 38 kNm D
C M= 23*5-9*4-15*2-6*3*1,5 = 22 kNm C
A M= 23%6-9*5-15*3-6*4*2 = 0 kNm A
Fig./D.
Second possibilitv with beam axis system
at the right beam end. ;
From 'right onto left',/—§> and TIL .
B F= 0-23 = -23 kN
G F= 0-23 = -23 kN

F= 9-23 = -14 kN T
F PF= 9-23 = -14 kN
E F= 9+6*1-23 = ~8 kN

F= 9+15+6*1-23 = 7 kN
D F= 15+9+6*2-23 = 13 kN L.
(@ F= 15+9+6*3-23 = 19 kN
A F= 15+9+6*4-23 = 25 kN
B M= = 0 kNm B
G M= 0-23*1 = -23 kNm G
F M= 9*%1-23*2 = =37 kNm F
E M= 9*2+6%*1*0Q,5-23*3 = -48 kNm s E
D M= 15*1+9%3+6*2*1-23*4 = -38 kNm D
C M= 15%2+9*4+6*3*1,5-23*5 = =22 kNm C
A M= 15%3+9*5+6*4*2-23%6 = 0 kNm A
And from 'left onto right’, (~~ and TL. , the

same results as from 'right onto left’.

Fig.//.

Some separated parts. Direction of shear forces
and bending moments acting at the part ends
follow with the shear and bending signs.
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: Verzeichenkonvention:

Positive Schilttgrolien zeigen am positiven Schniituter in positive
Koordinatenrichtungen

Positive SchinlttgroBen zeigen am negariven Schinittufer in negative

| Koordinatenrichtungen
fre=rn o

d JHIVERSITAT UIESLW

X [Fig. 3.7(b)] the whole loading is equivalent to an unbalanced vertical
force F acting upward and a moment M [Fig. 3.7(c)] in the clockwise
direction acting in the plane of X. Similarly if the equilibrium of the right
hand portion of the beam is considered, the loading is reduced to an
unbalanced vertical forces F, acting downwards and a moment M acting

in the anticlockwise direction as shown in Fig. 3.7(d).
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Fig A7
{htips:{civilenginesring.blog/2017/09/10/basic-
concepts/7-2/)

Gestrichelte Faser:

Beim Rahmen und Bogen wird zur Festieguny der Varzeichen der
Sehnittgrafen eine Ssite edes Tragwerksteils aufch eine gestrichelte
Linie eingefihrt. Diese gestrichelte Linie wiid haufig als gestrichsita
Faser bezeichnet
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Shear Forces and Bending Moments in Beams
Sign Convention

H’v.

UD Cl[_IT

Ve A&

+Shear - Shear VT|"@TLV Vlgr
M ? M_ ., ‘i' a1
EAE W @)

vl 1\/

-ve shearing forces V
(act anti-clockwise)

sy P

v1 lv

+ve shearing forces V
(act clockwise)

s, S S

In subsequent tutorials we always consider sections of beams originating at the le
face at the right hand end of the section Hence the sign of ihe shearing force V is
the force shown on the right hand face of the elements above.

Note that the direction of V on the right hand face of the elements above is t
conventlon for forces where upward forces are +ve

This difficulty regarding the sign of shearing forces can be avoided by reversing lhe sign convention
inluilive and prefer 1o reverse the sign of V.

Note that the sign conventions for bending moment M and shearing force V
bending and shear as defined above are unlversally adopted and must not t

™ 0

________ I

-
R

if the bending moment are positive, forces at the left of mn cross-section have
CW and forces on the right of mn have CCW moment directions.

ae' .5"

it

in subsequent tutorials we always consider sections of beams originating at the left hand «
face at the right hand end of the section Hence ihe sign of the bending moment M is dete
of the moment shown on the right hand face of the elements above.

u; Qn

Note that the rotational direction of M on the right hand hca of the slements above
normal sign tion for {oads where clock are +ve and al
moments are -ve.

This difficulty regarding the sign of bending morments can be avoidad by taking sections from the righl hand en:
the +ve diraction of tha x axls. | find this counier intutiive and prefer lo revarse Lhe sign of M.

Positive and negative shearing forces

Vertical loads and resullant reaction forces generate vertical shearing forces in a beam. 1
definitions of +ve and -ve shear.

A S S—

Negative shear

——————

Poglive choal
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SIGN CONVENTIONS

Due to the magnitude, type and Iocation of loading, beams tend to bend in upward or downward
direction. "

Figure {a): Concave bending (say in direction of gravity) of the beam . Positive bending leads to produce

Positive Bending.
Figure (c): Left portion of the beam is sheared upwards with respect to right portion is “Positive Shear”

o "
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Internal Force and Moment Conventions.

Figure 10 shows the widely accepted deformation sign conventions
for normal and shear forces and bending moments, The
deformation conventions are focused on the way the forces and
moments deform the material, not on their directions.

Positive normal forces act normal to the face and are tensile forces
{pointing away from the face) -stretching the material. Their
directions can be upward, downward, leftward, or rightward.

Positive shear forces slice the material in a downward direction and
have negative directional signs. They tend to turn the material in a
clockwise direction. Positive shear forces are plotted on the positive

y-axis. MW
B
Positive bending morments act to bend the material in upwardly - | f‘

concave —creating “smiley faces”. Pasitive bending moments are
plotted on the positive y-axis.

; :l
L PostTives
Sebuerale

~

e aryy, e

H: Normalenvektor
Schnittufer:

Positives Schnlttufer:  Schnittufer dessen Normalenvektor in

positive x-Richiung zeigt

Schnittufer, dessen Normalenvektor in
negative .--H_ir,humg 2eigl.

Negatives Schnittufer:

5.5 Schnittkrifte

Nachdem die aufleren Krifle (emschheﬂhch Auflagerkrifie) bekannl sind, konnen
unter Verwendung der Gled t die inneren Krafte berechnet
werden. Zur qurﬂu.n}. der inneren KrifRe trennt man den Korper durch einen
gedachten Schnitt und bestimmt diejenigen Krifte, die mit den duBeren Kriften des
jeweiligen Teils Gleichgewicht ergeben.

Die drei Schnittkrifte sind: N - Normalkraft (in Richtung der Tragerachse)
Q - Querkraft (senkrecht zur Tragerachse)
M - Biegemoment (bezogen auf den Schwerpunkt des Schnittes)

z£.— Lasten

\1M

._.J;:;) (*f-* -I‘@M@G’F?ﬁf,

-positive Schnittkréfie

y+— - Lagorkrifte
T ’

gestricheite Faser

Vorzeichenrepein:
Normalkraft = positiv bei Zugbeanspruchung
= negativ bei Druckbeanspruchung

Querkraft = positiv, wenn Q den linken Tragwerksteil nach unten und
den rechten nach oben verschieben will

Moment = positiv, wenn an der Unterseite (gestrichelte Faser)
Zugspannungen aufireten

Sign Conventions

Sign conventions are a standardized set of widely accepted rules that provide a consistent
method of setting up, solving, and ¢ icating ions to ing mechanics
problems—statics, dynamics, and strength of materials problems, There are two types-static
and deformation. Static sign conventions govern the directions of applied and reaction forces
and for upward or d. Deformation sign conventions govern the
directions of internal forces and moments that deform a body, for example, stretch, compress,
twist or bend.

For statically determinate structures, static sign conventions are used to determine external
reactions. Both types are used to determine internal forces and moments.

For statically indeterminate structures, both types are needed to find external reactions and
internal forces and moments,

Applied and Reaction Force Sign Conventions Are Static Sign Conventions

Applied and reaction forces that are directed toward a positive axis are assigned positive signs.
For example, referring to Figure 1, the signs of the components of the various forces are:

. Force 1: Fl.sign =+, Flysign=+;
. Force 2: F2,sign = +, F2y sig)
. Force 3: F3, sign = -, F3y sign
. Force 4: F4; sign = -, Fdy sign =+

A wWN e

¥

F

I Figure 1. !

Note: In some ENGR 2140 worked examples, the + y direction is assumed to be in
the direction of the applied force. To iflustrate, in worked Ex1-5, the forces Pa and
Ps are assumed to be in the + y-direction. In many beam analysis problems, the +
y-direction is in the direction of the applied force. The correctness of the result is
ok, but the orientation of the + y-axis is downward, not upward.

- +

+ .

Fig 1.3 The sign convention for rotation

Note that Newton's Third Law af Mellan says thal to any force lhera is an equal and opposite
momenl ta exlst in an equillbrium system there must be a counteracting mament la aslablish lha

A sign convention alse applies ta lorces, and is implicil in diagrams such as Fry 1§12 1 Usualh
downwards are negalive Likewise tension s ccnsidered positive while compressian is negalive

internal Loading Sign Conventions Are Deformation Sign Conventions

Figure 6 illustrates three sign conventions for torsional
structures. The positive z-axis points to the left. Figure 7
illustrates a top-level FBD where Tr is the reaction torque
and is shown positive when normal to the face

The equilibrium equation is:
2T=Ta+T1-T2=0,Tg=T2-T1

Always show reaction torque in positive direction,
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Menr

tado el diagrama de la figura 4.21b, en la que por claridad visual se han rayado ademas las
zonas cubiertas por |a funcién.

N
A A
FIZT-. L -T Fr2
[T pm———_E '
JorzsichanrageiLng 13 Mormante '|] ] 2 .___-'_lIT

mmmmnmu-m A dis Frage ab = sich um oin pou ader ,_L_ = ‘I TLL

» Figuri 4.21b: Trazado del diagrama de esfuerzos cortantes, Nitese it
e D e e - discontinuidad en x=L72
oo Sl £l razado del dianrama ds momentos Alectaras no prasenta ninguna complicacian adicional. Sa
sabe que sn 9 punto ¥~ 25 M.-0, ya qus = apoyo no pusds 2j#mer memento, y no hay nirgiin
e M ofro elamentn conectado o accion extarlor que pudisra ejercerlo, Por tanto trezamos 1a lirea
F horizoninl qua fepresentara M,=0, y empszames trazando desde sse valor nuln con pendignts
el
1 positiva y constante (de valer +F/2, of del cortante en esa zona). Euto es, razamos una fagin
e M Fl hacia abaio. hasta llegar a x=L/2.
x i
Vorzeichenregehang (Ur Drefwnoments >
A [ ]
Fr2 T.. L .T F/2
Vv M S Fi2
y it
RA=50KN N LT 1
« Fr2 S L,—\ )
N
— M W
S’ L4 (
RA,=18.1 kN
oo \
\_‘-‘\‘_—
IFy=0 —>50+N=0 - N=-50kN Figura 4.21c: Diagrama de momentos. Diagrama de giros parcialmente dibujado
IFv=0 - -181+V=0 -V =18.1 kN Este problema tiene todas sus condiciores da contomo dadas en desplazamientos {ninguna en
IM =0 —»0+M=0 - M =0 kNm
analizando por un lado e per & otro la magnitud del esfuerzo es la misma). Il existe urie convention de signe internationale qui définit pour une partie
e R S e e T 2 gauche ou 3 droito ds 2 seciion de coupe, Ie sens des offors
4 y P intérieurs qui serant dits "positifs". Cette convention de signe est aussi

ue indican en la figura: 3 ] i
i & valable pour tous les logiciels de calcul informatigue.

o
M- [ '*,M'
Loy
N &y N Partie 4 gauche de la section de coupe
_L - sens positif des efforts intérieurs
Q

El esfuerzo normal sera positivo cuando se trate de un esfuerzo de traccié
de corte sera positivo, cuando tenga un sentido horario de rotacion respect
interior del cuerpo libre. El momento flector sera positivo cuando produzca
|as fibras inferiores y la compresion de las fibras superiores,

MOMENTO POSITIVO SHENTOINEGATIVD
SR, -
I ———q =
CORTANTE(ROSITIVG CORTANTE NEGATIVO
, . . Partie a droite de la section de coupe
Sign Conventicn ‘Of Bending Moments -» sens positif des efforts intérieurs

We wlil also consider a piece of beam that undergoes bending moment, We will define the sign of
bending moment according to the behavior of the beam under this moment

F2
v
Sign conventions of the bending momen on a beam({image Source D. K. Singh ~ Strength of I\‘\__/
Materials-Springer-2020) M
As you see above, there iwo situations of bending an beams At the left side, the beam s bent as
concave to upward. In this situation, the bending moment is positive Otherwise which 15 like the RB.

{eft, bending moment is considered as negative

24



Principales notations et conventions de sighes

Les principales notations et conventions de signes rencontrées dans le
présent ocuvrage sont indiquées ci-aprés : :

Efforts extérieurs

_— T Y P, F ! force, charge concentrée

— )
|

: charge répartie
couple concentré

c
[ couple réparti
R réaction d'appui

Eléments de réduction des forces de gauche

M4V v ' effort, tranchant
{ |T} sens de parcours N - effort normal
k‘ N M maoment de flexion
ol | g 1
T mome e torsi
Tbre e nt d ion
Déformations
y' x translation paralléle au sens
—
. de parcours
y  :transiation perpendiculaire
] M au sens de parcours
: sens de parcours p
}IM‘ TP . y'  rotation
%

l__ ,»7_!-___ [RE——

Krafi F arzeugt iiber den Hebelarm L ein Mament M
Yorzeichenregalung fiir Momenie
Wichlig beim rechnen mit Momenlan In der Stailk, Ist das Vorzelchen — d.h. dia Frage ob as sich um ein positiv odar
negativ gerichtetes Momenl handell
Dle Regsl fiir dle Vorzelchen bei Drehmomanten lautel:

» Bal Drehung gegen dan Uhrzelgersinn => positives Momsnt
» Bel Drehung im Uhrzeigersinn => negalives Moment

Dis Vorzalchenregelung fiir Momente ist in der Grafik unten veranschaulicht

¥ién fds Barranm Rectas Phyg 47

‘""’HC

¥
Figura 4.7 a) Esfuerzos positivos en una seccidn con silido a la derecha b) Esfuerzos positivos
dibujados en una rebanada diferencial de barra

y

No debe pansarsa que lo-anterior 25 una complicacion innecesaria inlroducida por el modelo
matematice. El que e esfugrsa camble de sentido en una misma seccitin al contiderar sélido a
uno u otro lado de la misma es consecuencia directa del “principio de accion y reaccién”, y el
que en ambos casos lenga el mismo valor (incluido el signo) es algo il y pretendido, que por
sjemplo hace que exisla un s6lo valor de un esfuerzo para cada valor de x. Esto es muy conve-
niente para hacer intervenir los esluerzos como variables en un modelo matemnatico.

Force/Moment Convention soresancon
Poslitive conventlons for Intarnal forces and hending moments

+ Whern = agrees with right-handed coordimals system
o Tesetf Wemcian gl irasirs, dimglions drme speiy b coteison

e L=
L=y =
— (= ()

Expanded to 2D cuty

» A posdive laca s ona in which (he outward norml aligns with the coordinste axis. A negative ince wil have
o et Ewirenial Goeng Hgainiet the coonBnaly 3e.

1 HCT

Expanded to 3D cuts

'

“Ponitive™ face

Sekecnon of CoDMNatE axes “x-y-T" (8 Compbalaly arbiary. | his gn comventkx! 18 Irue for any nght handed
oormate sysiam "1-2-3"

In subsequent tutorials we will use extensively the conditions for static
equilibrium {"sum of forces = 0" and "sum of moments = 0"). Be aware of
the following efor when writing equations for the sum of forees in the
example above!

Itis not correct to state  R1+ R2=-F1-F2 (for sum of forces on the y
axis = 0)
It is correct to state R1+R2-F1-F2=0 or Ri1+R2=F1+F2

The incorrect equation makes the mistake of a "double negative”. If you are
prone to this arror {as | am) it helps to put all terms and their signs initially
on the LHS.

Positive and negative bending

This diagram shows definitions of +ve and -ve bending.

Posilive bending Negaiive bending

———— Py

We interpret bending as the consequence of bending moments generated
by loading.

To viualise this consider an element of a beam and the bending moments
that produce positive or negative bending on the element.

TS0 T “§

+ve bending moments M ve Denging momants M

In subsequent tutorials we always consider seclions of beams originating at
the left hand and (x =0} with the cut face at the right hand and of the
section Hence the sign of the bending moment M is determined by the
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> A positive bending moment M on the left face (negative x-face) of a section 15

CW. A pesitive bending moment M on the right face (positive x-face) of a

| Prsitne | Nepinhe
17 — e section is CCW. Such a positive bending moment creates a concave curvamre in
. 0 | . u the deflection of the beam.
4 - i ! - > A positive shear force ¥ on the leR face (negative x-face) af 4 seetion i3 in
' * ] potitive wdirection, A positiva shear force ¥ on the dght face (positive =-facs) of
. & T ‘ & section i in aegative y-direction.

— {_ — _— - y )
- ! \ LS S
| £ 3 “u ) e 1
| M 4 x, .M e
|
\ | i
M= = e i = - N | posiiive bending positive ahsar
| momen? fores
v A ;
When making ot through a cross section of the beam, the positive sign conventions
. . H gt o for the bending moment and shear force are as shown below:
1 1 1
Mt N
y =/ ol 8
i— |
¥
A
o Figl: Neg!_dlu Shear Force a
Bending Moment: :
o, : < 2.1. ing force (5.F.) sign conventio
= — D Forces upwards to the left of a section or downwards to the right of the section are
Figd et ik ' J i positive. Thus Figure (4a) shows a positive S.F. system at X-X and Figure (4b) shows a
1 .,:_.._'__'ZI: i A negative S.F. system.
SSLEY | Re X
; | X
P u:— ' A P '
Aemdtgnt momient on the LHS ! Redum mgment on e R H.S postion ERSe |
the X-secnon s C W, heims 3 | of the Ksecton PEICW. them 1l may be | I
sosve 3 TP | aniiee g pipeb == ===! {
=t s A" : 1 |K IX
| = A {a) Positive SF (b) Negative S.7
, ; L
bl A Figure (4) S.F. sfgn convention
9) BENDING MOMENT is considered Pasitive at section when it tends to bend the . 3
) ered LOstiive Positive and negative shearing forces

member Con @ + ve upward. otherwise it is negative.
Vertical loads and resultant reaction forcas generate vertical shearing
forces in a beam. This diagram shows definitions of +ve and -ve shear.

P
Y +M ® l
b . o - 1| i
NG - -
Posiive shear Negative shear
P o t
. Crme— piz P2 To viualise this consider an stement of a beam and the shearing forces that
produce positive or negative shear on the element.
Amp
+ve shamrng forces V -vie shemnng lices V
(aci ciockwisa) [t anticiockwase)

Bl 8 P SR

Shearing Force and Bending Moment Sign

Conventions

1 The bending moment is positive if it produces bending
of the beam concave upward {compreasion in top fibers
and lension in bottom fibers)

[o—=———==—2
[ —_—— T | ] T 2 The shearing furce is pasitive If the right partion of the
T | ‘- | T | 1 beam tends 10 zhear dowmward with rexpect i the lefl.
i
| ————— ¢  POSIMVEBENDING  NEGATIVE BENDING

———————— - ¢ L

POSITIVE SHEAR NEGATIVE SHEAR
e
If the bending moment are positive, forces at the left of mn cross-section have X
CW and forces on the right of mn have CCW moment directions.
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Shear force and bending moment.

Before calculations the beam axis system.h_z is
placed at arbitrarily chosen beam end.

Next the shear force and bending moment calcu-
lations are carried out and diagrams drawn as
explained and shown in the preceding pages.

How to distinguish the values of shear force
and bending moment at each side of the zero
line.

Agresment!

The diagram values at the side of the zero line
indicated with the beam axis systemI::r are
given a plus sign +, the values on on the other
side a minus -.

That's not like the usual sign conventions set
before calculation and drawing, no, it's an
agreement! (Could be - and + i.s.o. + and -, or
blue and red, etc.)

Fig.la and 1b.

Plus and minus signs are added, they correspond
with the drawn beam axis systems at the beam
ends.

The place of the beam axis systems determine
how the diagrams look like.

Comparing fig.la and 1lb.

The shear force diagrams are mirrorred, same
values with plus and minus sign.

Fig.la + sign at J-_ of the zero line, - sign
at the other -side of the zero line.

Fig.lb with same arguments.

The bending moment diagrams are the same, the
values however get opposite signs.

Fig.la bending sign “— with + sign and
fig.1lb bending sign ~<~with - sign.

Fig.2a and 2b.

A vertical beam with the same assumptions.

The place of the beam axis system at a beam end
determines how shear force and bending moment
diagrams look like.

The bending moment diﬁgrams are the same, the
values however get opposite signs.

Fig.2a bending sign ) with + sign and
bending sign with - sign.

Fig.2b bending sign ( with + sign and
bending sign ) with - sign.

These + and - sign are used to give the values
on both sides of the zero line a 'name'. When
using these names one knows which side of the
zero line it concerns.

For any beam, if horizontal, vertical or slo-
ping the given approach makes calculation and
drawing shear force and bending moment diagrams
clearly and easy. Just choose a beam end to
place the beam axis system and carry out the
shown way of calculation and drawing.
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Some examples found on internet.

Fig.la with [v . Bending moment M left of A.
Left onto right,

M= 0-6*3= -18 kNm, not { but { .

Right onto left,

MJ = 0-1*6*10-36+7,8*10= 0-60-36-78= —-18 kNm,
not but ) .

Fig.lb with AI Bending moment M left of A.
Left onto right,

M= 6*3= 18 kNm, { as assumed.

Right onto left,
M )= 1*6*10+36~7,8*10= 60+36-78= 18 kNm,
) as assumed.

léév P 2 ndfrm
| a3 L I ;_Jd
o
i3 4 FZrz f 2 ¢ 3 4
4.2 &
3
e o
== <5
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Fig.2a with . Bending moment M at A.
Left onto right,
M(= 7*6-1,5%6*3= 15 kNm, ( as assumed.

Right onto left,
M)= 5*3= 15 KkNm, ) as assumed.

Fig.2b with /'\I- Bending moment M at A.

Left onto right, .
M(= 1,5%6+3-7+6= -15 kmm, not { pur (.
) but ) .

Like on the preceding page a + and - sign are
added to the diagrams to distinguish the values
on both sides of the zero line.

Right onto left,
M)= 0-5*3= -15 kNm, not
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Shear force and bending moment.

Just a short line at one of the beam ends can
replace the 'beam axis systems'.

-—  means and

- =R
a2t

—— means -——-

Agreement!

The diagram values at the side of the zero line
indicated with the beam axis systemj~ are
given a plus sign +, the values on on the other
side a minus -.

That's not like the usual sign conventions set
before calculation and drawing, no, it's an
agreement! (Could be — and + i.s.o. + and -, or
blue and red, etc.)

Fig.la and 1b.

Plus and minus signs are added, they correspond
with the drawn beam axis systems at the beam
ends.

The place of the beam axis systems determine
how the diagrams look like.

Comparing fig.la and 1b.

The shear force diagrams are mirrorred, same
values with plus_ggg minus sign.

Fig.la + sign at [ of the zero line, — sign
at the other side of the zero line.

Fig.lb with same arguments.

The bending moment diagrams are the same, the
values however get opposite signs.

Fig.la bending sign “— with + sign and
fig.1lb bending sign -—~with - sign.

Fig.2a and 2b.

A vertical beam with the same assumptions.

The place of the beam axis system at a beam end
determines how shear force and bending moment
diagrams look like.

The bending moment diagrams are the same, the
values however get opposite signs.

Fig.2a bending sign ) with + sign and
bending sign with - sign.

(
Fig.2b bending sign ( with + sign and
bending sign ) with - sign.

These + and - sign are used to give the values
on both sides of the zero line a 'name'. When
using these names one knows which side of the
zero line it concerns.

For any beam, if horizontal, vertical or slo-
ping the given approach makes calculation and
drawing shear force and bending moment diagrams
clearly and easy. Just choose a beam end to
place the beam axis system and carry out the
shown way of calculation and drawing.
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