Candy Engineering
This lesson was developed by the American Ceramic Society (www.ceramics.org)

How Strong is Your Chocolate?

Objective: To demonstrate how material properties, such as microstructure, can influence the strength of a material. Background Information: Materials such as metals(aluminum, iron, copper, etc.), ceramics (porcelain, silicon carbide, etc.) and polymers (milk jugs made of polyethylene) are tested by scientists and engineers to reveal the material’s mechanical properties. There are a range of mechanical tests that can be performed depending on the needed application of a material. One type of mechanical testing is strength testing. Strength is a measurement of the maximum stress that a material can withstand. Stress is the force applied per the unit area (usually the cross-sectional area perpendicular to the force being applied). Using this metric, an engineer can determine the strength of any object, from a tiny bobby pin to a gigantic beam for a skyscraper. Many of the materials that we see every day are subjected to a variety of stresses and must be designed to provide a certain measure of strength. For example, a concrete bridge must have enough strength to withstand vehicles driving on it day after day.  It is necessary to understand how materials respond to stresses so that the correct material can be chosen for a specific application. A material’s atomic structure, the type and way that atoms are bonded to one another into different arrangements, is a major factor that influences the strength of a material. However, two materials that share all of the same atomic traits can still have different strengths if their microstructure is altered due to processing. The chocolate bars in this lab are an excellent example of how microstructure can be altered due to processing. The chocolate in all of the bars has the same atomic traits (milk chocolate), however the microstructures differ (e.g., almonds in the bar, crisped rice in the bar, etc.). See the Introductory PowerPoint Presentation for examples of how material properties can influence the strength of a material in real-world applications.

Lab Description: In this lab, different types of chocolate bars will be tested to demonstrate the influence of different microstructures on the flexural strength (i.e., stress) of the chocolate bar. The flexural strength of the chocolate bars will be measured using a conventional 3-point bending test set-up shown in Figure 1.
[image: ]
Figure 1. Test set-up for a 3-point bending test

For this test set-up, chocolate bars are placed on two supports (making two points of contact), and a force is applied to the center of the bar (making the 3rdpoint of contact in the 3-point bending test). The flexural strength of the bar is essentially the highest stress that the material experiences during its moment of rupture (failure) and can be calculated from the following equation:
[image: ]
where σ is the flexural strength (in MPa), P is the applied force (in N), L is the span length (in mm), w is the width of the bar (in mm), and t is the thickness of the bar (in mm).

Keywords: 
mechanical properties –the description of how a material behaves in response to applied forces.
stress –the force applied per unit area.
3-point bending test –a standard test used to measure the flexural strength of a material.
microstructure –the structure of a material as observed through microscopic examination.

Materials List: 
Items provided:
5 plastic cups with twine
1 mass balance 

Items to be purchased/provided by the teacher:
pennies –each group will need approximately 350 pennies. Alternative mass objects, such as rice, buttons, or beans, can also be used to load the chocolate bars. a ruler
five milk chocolate bars–one plain milk chocolate, one milk chocolate with almonds, one milk chocolate with crisped rice –one for each group

NOTE: try to purchase chocolate bars of approximately the same thickness.

Safety Precautions: This lab does not require any safety apparel, although standard lab rules and procedures (e.g. using the items as described in the handout, not for any other purposes) should be followed.

Instructions:
1. Measure and record the following information about the chocolate bar:
a. type (milk chocolate, almond, crisped rice, etc.) 
b. width of the bar (mm), w
c. thickness of the bar (mm), t
2. For each type of chocolate bar, ask the students to make a prediction of how many pennies they think the chocolate bar can hold.
3. Position two desks so that the chocolate bar can span across the space between the desks. Approximately ½ inch of the chocolate bar should be touching each desk.
4. Measure and record the length of the chocolate bar that is not supported by the desks. This is called the length of the support span, L. 
5. Place the twine with the cup attached across the middle of the chocolate bar so that the cup hangs freely below the chocolate bar as shown in Figure 2. 
[bookmark: _GoBack]Note: If the chocolate bar is “scored” (indents in the chocolate which make it easier to break into pieces), and the string is centered in the score as shown in Figure 2, the bar will be less strong than a bar of equal size that does not have score lines (e.g., a Crunch®bar). While it would be best to be consistent (either have all the bars with score lines or no score lines at all), this can be difficult to find at times in a local grocery store. It is ok to run this lab with a combination of chocolate bars with/without scores, but the point should be made to the students that this may cause some differences in the bar’s strength that has nothing to do with changes in the microstructure, but rather a difference in geometry. This is part of the reason why this lab utilizes the calculation of flexural strength rather than just comparing the chocolate bars based on the number of pennies in the cup at failure. The flexural strength calculation attempts to account for the geometry of the bar during the loading process. If the bar contains score lines, you can have students measure the thickness of the bar at a score line and away from the score line. Use each set of dimensions to calculate the flexural strength of the bar and compare the two values. The actual flexural strength of the bar is most likely an average of these values.
[image: ]
6.   Place a mat on the floor to protect the chocolate when it falls. Plastic wrap, aluminum foil, or a Tupperware container work well for containing the chocolate and any pennies that might spill out of the cup when the chocolate bar falls.
7.   Create a paper funnel by rolling a piece of paper and either stapling or taping it.
8.   Using the funnel, start placing the pennies into the cup, one at a time. The pennies should be funneled in at a steady pace, ensuring that each penny lands in the cup before the next penny enters the cup (a pace of two to three pennies per second is good). Try funneling the pennies in a way that they do not fall a large distance when they enter the cup.
9.   Continue placing pennies into the cup at a steady rate until the chocolate bar fractures. Be sure to note any deflections or bending of the chocolate bar during the loading process. Note: If it is difficult to see the bar start to deflect, place the ruler across the desk just to the side of the chocolate bar to help indicate when the bar starts to deflect from a horizontal line.
10.   Record the number of pennies in the cup at the time of fracture.
11.   Look at the fracture surface and record any observations.
12.   Find the mass (in grams) of the cup, twine, and the pennies in the cup at fracture using the mass balance. The force, P, applied to the chocolate bar can then be calculated as follows: 
P= (weight of cup, twine, and pennies)*(acceleration due to gravity = 9.81m/s2). 
If you do not have access to a mass balance, use the following weights to approximate the mass. 
a. Weight of one penny –2.35 grams 
b. Weight of the cup and twine –25 grams
The force, P, applied to the chocolate bar can then be calculated as follows:
P= ((weight of penny)*(# of pennies) + weight of cup and twine)*(gravity = 9.81m/s2)13.   
Use the force, P, found in step 12 to calculate the flexural strength of the chocolate bar. The formula for calculating flexural strength is found in the Description section of these instructions.
14.   Repeat steps 1-13 for each chocolate bar to be tested.
15.   Have students discuss any differences in the strength of the chocolate bars. Example questions can be found in the Student Questions Handout. 
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Figure 1. Test set-up for a 3-point bending test 

 

F or this t e st s e t - up, chocolate bars are placed on two supports (making two   point s of c ontac t), 

a nd a  for c e  is appli ed to the center of the bar (making the 3

rd

 point of conta c t i n the 3 - point  

be nding  test). T h e  flexural strength of the bar is essentially the highest stre ss t ha t t he  mate ria l 

e x pe rie nc e s durin g  its moment of rupture (failure) and can be calculated f r om t he  following  
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w h e r e     i s   t h e   f l e x u ral strength (MPa), 

P

 is the applied force (N), 

L

 is the   s pa n  len g th  (mm),  

w

  is 

the w idt h of the  ba r (mm), and 

t

 is the thickness of the bar (mm). 

 

K e yw or d s:   

    ·  me c ha nic a l properties – the description of how a material behaves in r e s ponse  to applied  

       for c e s.  

    ·  stre ss  –   the f or c e applied per unit area. 

    ·  3 - point  be nding  t

e

st – a standard test used to measure the flexural stren gth of a  mate ria l.  

    ·  mic rostru c ture   –  the structure of a material as observed through micros c opic   e x a mi na ti on.

 

 

M ate r ial s L ist:  

Ite ms prov ided in the kit 

    ·   5  p lastic c ups with twine 

    ·   1  m a ss bala nc e  

   

Ite ms to be  purc hased/provided by the teacher 

    ·   p e nnies  –   e a c h  g roup will need approximately 350 pennies. Alternative  mass objec ts, s uc h a s 

ric e , butt ons, or  beans, can also be used to load the chocolate bars.

   

    ·   five   p rote c ti ve  mats to catch the chocolate when it falls (aluminum foil, sar a n w ra p, e tc. )  –  

one  for  e a c h  g roup 

    ·   five   r ule rs  –   one  for each group  
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                        F i g u r e   1 .   T e s t  set-up for a 3-poin t   b e n d i n g   t e s t     F or this t e st s e t - up, c hoc olate  ba rs a re  placed on two suppor ts (making   two   point s of c ontac t),  a nd a  for c e  is appli e d to t he  c e nte r of  the bar (making the 3 rd   poin t of c onta c t i n the 3 - point   be nding  test). T h e  fle x ur a l st re n g th of the bar is essentiall y  the hi g he st s tre ss t ha t t he  mate ria l  e x pe rie nc e s durin g  it s mom e nt of r upture (failure) and ca n b e  c a lcula ted f r om t he  following   e qua ti on:  
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w h e r e     i s   t h e   f l e x u r a l   s t r e n g t h   ( M P a ) ,  

P

 is the applied for c e   ( N) , 

L

  is  th e   s pa n  len g th  (mm),  

w

  is 

the w idt h of the  ba r ( mm ), a nd 

t

  is t he  thi

c

kness of the ba r ( mm ).  

 

K e yw or d s:   

    ·  me c ha nic a l prope rtie s   –   the de sc ription of how a mate ria l beh a ve s in r e s ponse  to applied  

       for c e s.  

    ·  stre ss  –   the f or c e   a ppli e d pe r unit ar e a. 

    ·  3 - point  be nding  t e st  –   a  standa rd te st used to measure  th e  fle x ura l st re n gth of a  mate ria l.  

    ·  mic rostru c ture   –   th e  s truc ture  of  a  material as observe d throu g h mi c ros c opic   e x a mi na ti on.

 

 

M ate r ial s L ist:  

Ite ms prov ided in the k it  

    ·   5  p lastic c ups wit h twine  

    ·   1  m a ss bala nc e  

   

Ite ms to be  purc hase d/pr ov ided by  the teacher 

    ·   p e nnies  –   e a c h  g roup  will  ne e d a pproximately 350 pe nnies. A lt e rna t ive  mass objec ts, s uc h a s 

ric e , butt ons, or   be a ns ,   c a n a lso be used to load the choc olate  b a rs.

   

    ·   five   p rote c ti ve  mats t o c a tch the   c hoc olate when it fall s (a lum inum  foil, sar a n w ra p, e tc. )  –  

one  for  e a c h  g rou p  

    ·   five   r ule rs  –   one  fo r e a c h  g roup   
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Figure 2. Chocolate bar subjected to a 3-point bending test
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Figure 2. Chocolate bar subjected to a 3-point bending test 

 

6.    P lac e  a  mat on the floor to protect the chocolate when it falls. Plastic wrap, a lum inum  

        foil, or a  Tupperware container work well for containing the chocolate and a n y  pe nnies  

        that mi g ht spill out of the cup when the chocolate bar falls. 

       7.    C re a te a  p a pe

r 

funnel by rolling a piece of paper and either stapling or taping  it .  

       8.    Using  the f unnel, start placing the pennies into the cup, one at a time. The pe nnies should  

              be  funn e led in at a steady pace, ensuring that each penny lands in the cup be fo re  the n e x t  

              pe nn y   e nter s the cup (a pace of two to three pennies per second is good). Try  funn e li n g  

              the pe nnies in a way that they do not fall a large distance when they enter the c up.  

       9.    C onti nue  placing pennies into the cup at a steady rate until the chocolate bar  f ra c tu re s.  Be  

              sure  to not e  any deflections or bending of the chocolate bar during the loading  p roc e ss.  

             

Not e :

  I f it i

s di

fficult to see the bar start to deflect, place the ruler across the de sk j ust t o  

              the side  of the chocolate bar to help indicate when the bar starts to deflect from a  

              horiz ontal li ne. 

     10.    R e c ord the  number of pennies in the cup at the time of fracture. 

     11.    L ook  a t t he  fracture surface and record any observations. 

     12.    F ind t he  mass (in grams) of the cup, twine, and the pennies in the cup at fr

a

c ture  usi n g  

              the ma ss balance. The force, 

P

, applied to the chocolate bar can then be ca

lcul

a ted a s  

              follows:  

        P

  =  (w e i ght of cup, twine, and pennies)*(acceleration due to gravity = 9.81m/ s

2

)  

I f   y ou do not have access to a mass balance, use the following weights to ap prox im a te the  

mass.  

a.

 

W e ig ht of one penny – 2.35 grams 

b.

 

W e ig ht of the cup and twine – 25 grams 

 


