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Bending moment in beams

Abstract

A test to visually see the extensive load of weight on a supported beam. A beam is placed with 3
weights in different places along the beam. The beam has a spilt in the middle and is held together
via a spring. Using different calculations such as sum of the moment equals to M= 0 and sum of all
forces in the F, direction equal to forces in the F,(vertical forces and vertical forces equal o).

Introduction

The beam in the experiment is a length of metal, separated in the middle. The beam is held via two
supports. The arranged loads and supports that are resting on the top of the beam must all equal 0.
This is called the equilibrium. The bending moment in this experiment is the reaction about point Rs.
This is reaction point in the beam. The spring that is holding the beam together is 2 newton meter
{shown in figure 2) and it helps shows the force taken to the bend the beam when it is under load.

\ The readings are in newtons (N). A picture of the beam and the spring can be seen in the appendices
section of the beam, (please see figure 1 in appendices section).

Theory/Research
The theory for this test is that the more weight added to the beam in the selected are more likely to

m thew and glve a readmg m luate apd consult. Equations used in this test are: -
ﬂ tam W

To ng out gnglng momen;

Bending moment= D x F or Distance multlphed by Force
To work out moments about point R3
RZxX2+R4axX3+R5xX4~-R6xX6

MR:=0

=0

Equilibrium eams
When working out the direction of forces we will the formula: -
“Upward forces = downward forces”™

When we are working out clockwise moments about 2 selected point on the beam the following equation will
be usad: -

“Clockwise moments about a peint = anticlockwise moments about the same point.

Rofosticss:
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y Methodology

recorded and are now ready to put into eguations. In order to receive accurate calculations, a
conversion had to made from “Cm” to “MM™. this was done as when it came to plotting figures into
the table it would make reading it easier. /

/

/

4

Results, Analysis, Evaluation and Errors.

u /

As mentioned in the brief-the point in the experiment was to see if the added weight would have

‘ ' impact on the beam, find below my working out and results.

i Results

I Distances

| "Point M Tm

| il-RZ 10.5 0.105 bk}
_81-R3 16 0.16 )
'R1-R4 30.5 0.305 ]
| R1-RS 65.5 0.655
| R1-R6 84 0.84

R1-R7 96 0.9_6 =3 YN

| R1-R8 100 = e

SRow [ Takod) WG ad S - andhiong
[)M QNB N?JS Wl-- ﬂ QA&RBGOY

L o
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Bending moment with no weight-15cm @ 100g=0.1kg r o
Bending moment with weight-15cm @ ZOOg@_.-g__kE) "S“#ﬁ;a (;ng Q&i g&ff ‘
b Blamert @ g =F.¥ 0.5
Finding moment about point R3
+ R2 x X2= 5N x 0.106M= 0.53
+ R4 x X3=19.6N x 0.145M= 2.842 /
+ RS x X4= 1.96N x 0.495M= 0.97
-R6x X6=?x0.8
R2 x X2 + R4 x X3 + R5 x X4 - R6 x X6
053 + 2.842+0.97 =4342
4.342 —R x 0.8 then turns to R=3.342 + 0.8
4342 +0.8=5.4275
R=5.4275
CHECK
4.342—-(5.4275x0.8) = 4.342
4.342-4.342=0
Finding vertical points F,
RA +RB=5N+ 19.6N + 5N =29.6
29.6—4.342 =25.258
RA =25.258
CHECK
25.258 +4.342=25.6
RA+RB=29.6

(see figure 3 for a labelled diagram)
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Finding the bending moment about the cut point.
Taking moment about cut point. (Mc)

Mc=Wal(L-a)=L

1.692 (0.855 / 0.655) + 1=0.338

3x0.15=0.45

To get my percentage error | will get 0.338 + 0.45=0.075 %

if you look at my values you can see that they are not very far apart. This tells me that my
~ practical figure was very close to my theory telling me that | proved my theory correct

. 196N
Ra ! Rb

Cut line

When all the figures were gathered such as the used weights and the lengths, they were
inserted into an excel spread. In order to get these results to attained figures were
multiplied by 9.81. This being the unit for gravity. From here, graphs were made in order to
visually present the bending moments. Below | will show examples of the graphs and then
go on the explain whatis happening.

Test 1

0 200 400 600 800 1000
Position (mm)

+ 3 m 3 0 =2

m 3 - a3 060 ®
3 3~=2
Q

The first test carried was a success substituting the human errors. Looking at the graph
above it shows a clear point in which the beam couldn’t handle the weight that was
allocated along the support. Around 500 mm into the beam, it shows that the beam was
under pressure, yet the beam held itself until around 9000 N/M of force. Once the bend
occurring, the graph shows that there may have been movement when the bending
occurred due to the slow fall of the figures. As a reminder the weights located on the beam
were 5N, 19.6N and another SN weight
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In the second test carried out, the weights were re-arranged and given different lengths to

see if it would significantly change the results. As you can see the line on the graph has a

similar angle to the first test showing that it was able to hold. Although when it came to the

/Kend of the beam, you can see that the line is very steep. This shows that moving the b am

" supports around will depend on whether it can hold sufficiently after bending or wht\a?Z it
will collapse.

Errors

The measuring equipment and the beam were measured as accurately as possible. Although it was
done to correct as much as probable, some errors were hard to eliminate. For example, this test is
supposed to be carried out on an even or flat surface. Yet the table that the beam was placed was
had a slight tilt. This error couldn’t be solved as the table was secured to the floor and no
adjustment. The error stated did cause the weights to slightly tilt. This meant that the weight wasn’t
consistently spread across the point that it was on.

Another slight issue was that the measurements taken were carried out by a rule. Although the rule
was accurate, the dimensions were visually noted down by eye. This could be affected even by a
slight angle in the rule.

Also, another measuring issue was that the newton meter was again visually noted down by eye
Again, following the same issue with the rule, any slight angle could give an inaccurate result from
the newton meter. .

Conclusion

In conclusion | think the recorded results have shown to prove my theory. It is true that the more
weight added to a simply supported beam will show a significant amount of stress within the beam.
This can be evidently proven via the provided graphs that | have created. | am happy with how the
test went although some human errors were made. | now know that if | ever do this type of testing
again | look back on this report and try to eliminate or try to reduce the human errors from this test.
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Figure 2 (spring)

E’-igure 3 (beam diagram) l

= 4

5N

Part B)

i)

In the experiment carried out the first recorded measurement of the spring that was

holding the beam together was very accurate. To counter balance this issue the spring was

set at a figure of 100 N/M of force. When the weights were applied to the beam, it did in

fact bend as the results record went from 100 N/m of force to 200 N/m of force. Although,

in the second test carried out it did not bend due to the change of position with the beam {
supports. This shows that positioning of supports is crucial for structural stabilisation. /

Compute the average figure which expresses the comparison between the experimental
and theoretical bending moments (use either ratio or a percentage error).

0.1x9.81 x 0.15=0.1475

0.2x9.81x0.15=0.2943

My difference generated from these figures is 0.1475 | will then divide this by 2 to give me
my average 0.1475 + 2 = 0.073575

1 will also divide my theoretical by 2= 21415+ 2= 1070.75
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Then to find my error margin as 2 percentage | will divide my experimental value by my
theoretical = 0.073575 + 1070.75 x 100 = 0.00687135 % will is my margin of error.

i) The theory generated for this test was the following: -

The theory for this test is that the more weight added to the beam in the selected are more likely to
bend the beam and give a reading to evaluate and consult. Equations used in this test are: -

To work out bending moment

Bending moment= D x F or Distance multiplied by Force

To work out moments about point R3
R2xX2+R4xX3+RSxX4—-REX X6
MR:=0

=0

Equilibrium of beams /
When working out the direction of forces we will the formula: - /

“Upward forces = downward forces”

When we are working out clockwise moments about a selected point on the beam the following equation will
be used: -

“Clockwise moments about a point = anticlockwise moments zbout the same point.

Through this test and the research conducted, it is confirmed that the more weight added to the
simply supported beam will in fact have an effect. This can prove graphically and numerically via
equations and other examples,
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Experiment 1: Simple Harmonic Motion

Abstract

A report on the investigation of harmonic motion using 2 simple pendulum. Connected to the
pendulum is a piece of string and a weight. The swinging motion of these two objects allow the user
to gather a type of frequency. The test is to determine how many oscillations can be achieved by
swinging different weights that are connected to string and 2 test tube holder. The first variant
carried out is to increase the weight in each test to see if a visible pattern develops. Another variant
was introduced, and this was to change the length of string and again see if the other variant will
have a visible effect on the theory. A second test was also carried out by using springs.

-Introduction

The test carried out is to see how long it takes for a2 weight connected to a length of string to
complete 10 oscillations. The test is being accomplished by connecting a piece of string to a test tube
holder. In the test, a total of two variants and carried out a total of six tests in each individual trial.
The first variant was to see if the change in length would create different results and if a change in
weight would influence the outcomes. As stated, the test is being undertaken to see if the trials
undertaken will influence our theory. The second test carried out as mentioned was done by using
Springs.

Theory/Research

YW
R‘ Our theory for this test is to see if the length of string effects the time taken for 10 oscillations. Our

results will hopefully prove this theory.

Methodology

I will now go on to explain how we carried out these tests and the apparatus we used to find and
gather our results.

The first step is to gather the test weights and the length of string needed. Other items such as the
test tube Holder, (the apparatus we used to suspend the rope and weights from) and clamps (a tool
that is attached to the stand that helps us reduce the risk of hitting the test tube holder). The first
test carried out was to change the length in increments of 0.5. Increasing the amount is reasonable
as any additional weight could potentially ruin the overall outcome. The second step carried out wa§
to then attach the rope to the clamp and then attaching the rope to the weight. After that step the
weights were attached. Once the required weights were securely attached, the setting upstage was
completed, and testing can now start. Lastly, measuring equipment and a stop watch was also
gathered to enable to record the findings of the experiment. The measuring equipment gathered
was a protractor to enable a visual angle to be seen and recorded. Once the required angle was
ready, the test weight was dropped and at the same time the stop watch was started. For one
oscillation, the weight needed to return to its position in which it was dropped from. Once one test
was completed the test was then repeated in the same process another five times to give a total of
six recordings.

The second test was then carried out but there was a variant changed. This time instead of the string
length being changed it was made that the string would stay a constant of 30cm. the variant this
time was to increase the weight by 0.50g every test. Again, a total of 6 test were carried out
altogether repeating the same as last.
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Results, Analysis, Evaluation and Errors.
Presented below will be two tables both. One will contain the one variable and the second table

another.

| Length (M) Angle () | Mass (M) Time for 10 | Period =10 | Theoretical |

| oscillations (S) period

1 0.25 | 40 100 12.30 1.23 1 B

1030 40 100 12.82 1.282 1.099

035 40 100 13.77 | 1.377 1.187

| 0.40 40 100 14.31 1.431 1.269

| 0.45 40 100 15.58 | 1558 1.346

0.50 40 100 15.88 1.588 1.418

[Length (M) | Angle () Mass (M) Timefor10 | Period+10 | Theoretical

. oscillations (S) period

0.25 a0 50 13.10 1.310 1

1030 40 100 13.27 | 1.327 1.099

0.35 40 | 150 13.31 1331 1.187 3
» 0.40 40 200 13.42 1.342 1.269 /

0.45 40 250 13.47 1.347 1.346 /1

0.50 40 300 1347 1.347 1418/

T ot Pt gy fu JS&- haet . \/

Errors

Looking back in hindsight of the test a couple of mistakes were made that could've easily disrupted
or given inaccurate results. One mistake made we should've attached the string and weights and
then measured to overall length potentially giving us a more accurate reading for our overall results.

Again, we made some human error here as we examined the angle by eye and wasn’t completely
accurate, potentially again causing slightly off results.

Pendulum conclusion

A pendulum is 2 length of string that is located and fixed to a certain point of an elevated platform.
When the string has a certain weight connected to the string you must pull back the string and lose it
go. This will then simulate one oscillation. This movement is caused by gravity. Once the string has /
done one complete oscillation this is where you get your one period from. A period is when the
string returns to its original position from where it was lifted. This swing itself is affected due to
gravity (9.81). The results ,ﬁaﬁd by doing these tests shows that the change in the length of string
that is in the fixed point will have a considerable effect on the time taken. it will make the swing
slower causing acceleration to be affected. When the tests were carried out the calculation for
gravity was used. This formula was M/S’ - 1. The figure you attain from carrying out this formula is
dependent on how accurate the test carried out was. The swing overtime will siow down not only
due to gravity but will slow down due to the point where the string is fixated. Because of the
swinging action rubbing on the ppint it will lose acceleration from the moment tit was dropped from
2 3 X ~ %
the elevated point. AN ¢




Simple Spring test

In order to test the load of spring a simple test must be carried out. Below will be the
findings of a test carried out on a 45mm long spring.

For the load a test a simple strut was used to hold the spring accompanied by the weight.
The Spring had to loops on either end with the one hope being placed on the hook at the
top of the strut. The spring then had another hook paled on the lower hoop to hold the
weight. To measure the overall stretch of the spring | used a rule and measured from the
datum point (288mm). | then placed on the selected weight to the spring a recorded what |
found. Once | gathered the stretch of the one weight, another 3 more weights were then
added on to give a nice variation. Once the final weight was added the spring went into its
plasticity point in which the spring did not return to its original form. Once the weights were
recorded they were all divided by 1000 to give the weight in newtons as they were in
kilograms. The conversion was applied due to the formula Mass multiplied by acceleration. /

Results

Original spring length = 45mm

i =
[Tlm

| Load (N) 5 | 10 | 15 20
Extension of 22 52 97 212
| spring (MM)

When the 20 N weight was added to the spring, it did not return to its original form. The
spring now measured at 110mm meaning it stretched 65mm.

Find below images of spring in original form and stretched form
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Simple spring test conclusion
Jends o Rhxp

an o § % num a ou use force to move the object it will not simply
awa uéto a forc keepﬁ?gl tin tﬁe same place. If it returns to the equilibrium after

it has been moved then it is classed harmonic motion. An important point to make about
the two tests carried out (pendulum swing and spring test) is that they are measured in
seconds. Like when the pendulum returns to its original position from which it was swingis
classed as one oscillation. Harmonic motion is when a weight is added to spring and onéé
returned after the weight is removed is also classed as one oscillation. When you sw'm’g -
mass, the speed is decided on the length of string. To decrease the speed, the st?é will
need to be lengthened. As for a spring to ensure that it becomes stiffer you will ped to
increase its strength.

Experiment 1, task B
1. The period of oscillation of an ideal simple pendulum depends on length, L of the pendglurﬂ"and

the acceleration of gravity g and is given by the following equation: T = 21 J% /
Once rearranged
_ 4miL
g= -z

2. Is the period of a simple pendulum dependant on the mass?

Through-out my research | have found that a pendulum in fact does not rely on the mass of an
object. It in fact relies on a length and a form of acceleration. This is due to gravity.

3. How long must 3 simple pendulum be to have 3 period of 1 second?

The length of a simple pendulum must be 1M. The answer is 1_M' because one swing would take
around 2 seconds to achieve one single oscillation. /
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4. Assuming you are safely located on the moon, and are provided with a simple pendulum,
stopwatch and a metre rule, is it possible to determine the acceleration due to gravity on
the moon using only these three items?

With the apparatus listed in the question it will allow me to carry out a simple test. By having a
pendulum with multiple masses, it will allow me to gather an array of test results to see what speeds
1 will need in order to land in an area were gravity is non-existent like the moon. To carry out the
following test | will get the pendulum, attach the spring to the pendulum and then from the string
attach a mass. | will then lift the weightto a certain height and before | drop the weight, | will record
the height with the metre stick.

For example, if my calculated period was 1.5 seconds and the length of string that | used was 0.15
metres it will give me the following:

(rearrange the formula for gravity (G))

4L This calculation will now help me attain the acceleration for this test.

G=—
7 NOTE: Time(T)= 1.5 seconds and Length(L)= 0.15 metres

/

/

/

_an?(0-15m)
(1-5s)*

Giving me

o 5-92m
T 2.25s2

Finally giving the answer of 2.6m/s™ The actual gravity on the moon is 1.6 M/S* So, from the
calculations carried out it shows that the answer attained is 1 off the actual gravity on the moon.
Therefore, multiple test should be carried out to attain more accurate figures. For example, if the
length and mass was less it may have been closer to the actual figure for the gravity on the moon.

5. Consider your T2 against the Length in the graph, what are the slope values? Show that the
slope is,

Hr)’L
7'2
then be found by using a straight-line graph. The equation for a straight lineisy = mx + ¢.In the

Pendulum equationis T = Meaning that t* is proportional the length in the graph. This can

2
graph the slopes will be 4(7)2. In this case y will equal to y* M will equal (—*f), x will equal length
and B will equal to 0.
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ty+0 n+the+moon+&aqs-chromc.0.0I8.67181117&sourceuLchrome&le-UTr -8

http://www.pstcc.edu/departments/natural behavioral sciences/Web%20Physics/Experiment36200
dweb.htm

file:///C:/Users/HAR19849248/Downloads/Experiment 6 - Helical Spring.pdf /




