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A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? No
B.   Does your protocol include detailed, step-by-step, descriptions of software usage? No 
C.  Which steps of your protocol will viewers benefit most from having filmed? 

D.  What is the single most difficult aspect of this procedure and what do you do to ensure success? 
Authors, before filming, please highlight these steps in the script.

E.  Will the filming need to take place in multiple locations? No  

1. Introduction (Schematic Overview and Interview)

A. Schematic Overview (read by voice talent at JoVE): 

uploaded  schematic_overview_Jove52464.pptx: slides 1-5 are for the positioning of the specimens in the chamber; slides 6-7 show mechanical load and application of the fluid in the chamber (note: this is the only place where this is shown, this action does not appear in the movie); slide 8 for the conversion between resistance and displacement; slide 9 for the residual strength tests; slide 10 for an example of model. I have added a couple of slides with some practical information that do not appear elsewhere in the video or in the paper.
The overall goal of this procedure is to improve the design and safety of polymer and polymer composites under complex loading conditions through the study of their durability under concurrent hygrothermal and mechanical loads using a low-cost, flexible, user-friendly testing platform. (Intro)

First, polymer composite specimens are positioned into a testing tank.  (P1)  Next, a constant 3-point bending load is applied and the specimen is concurrently immersed in fluid with creep loading.  (P2) The measured resistance readings are converted into displacement changes for analysis.  (P3)   Lastly, the specimens are tested for their residual strength. (P4)  Thus, the mechanical and design purposes of materials are better understood based on their response to the concurrent loading.  (P5) 
PLEASE DO NOT DELETE THIS NOTE: the schematic illustrations were not ready at time of the script preparation.  When they are made ready, I will write up some instructions (if needed) on how to use them. -Steven
B.  Interview: (Said by you on camera. Don’t forget to smile!)  

1.1. ALYSSA YAMBAO: The main advantage of this platform over existing methods is that it is low-cost, user friendly, portable, and easily adaptable to other testing needs.   

1.2. VALERIA LA SAPONARA: The applications of this work extend toward safer engineering structures made of polymers and polymer composites, such as aircraft, ships, bridges, wind turbines: we will have better understanding, and thus better numerical models and designs of these materials under complex service conditions.  

1.3. ANTONIO GOMEZ: We are currently using this method to provide insight into the durability of polymers and polymer composites immersed in water under mechanical load. However, it can also be applied to other situations, such as a study of the durability of different materials routinely subjected to harsh chemicals during service.

1.4. ROBERT PIRES: Generally, individuals new to this platform will need to pay attention to carefully positioning and loading the samples.

Protocol (read by voice talent at JoVE):

2. The Testing Apparatus
Note: to add variety to the footage, in this section, demonstrate with a specimen that is visually distinctive from that used in the next section.

2.1. The chamber of the testing apparatus [2.1.1 - WID]  is constructed of high-density polyethylene, [2.1.2 - MED] which will robustly tolerate a wide range of temperatures and fluids. [2.1.3 - CU]
2.1.1. Establishing shot

2.1.2. Zooming into chamber

2.1.3. Talent can manipulate chamber 

2.2. Polystyrene foam surrounding the testing tank prevents heat exchange with the environment. [ECU]
2.2.1. Talent can manipulate the foam if possible

Video editor: on several of these shots, the camera will not have much action to show in this section.  Please incorporate some motion into these less action-oriented shots.

2.3. The lid of the chamber is 9.5 millimeter-thick polycarbonate, [2.3.1 - ECU] which allows for viewing of the loaded specimens.  [2.3.2 - CU] It is secured by aluminum T-bars, which are in turn secured to the tank.  [2.3.3 - MED/CU]
2.3.1. Lid thickness

2.3.2. Show view of specimen through lid

2.3.3. Using T-bars to secure lid

2.4. To accommodate a heavy load, a reinforcing steel frame [2.4.1 - MED] and additional hooks on the lid are applied. [2.4.2 - MED]  Heavier weights are most often used for residual strength tests. [2.4.3 – MEDIA]  This chamber can apply up to 50 kilograms to each specimen [2.4.4 – MEDIA] to ensure that the fail point is found. [2.4.5 – MEDIA] 
2.4.1. Detail of reinforcements

2.4.2. hooks usage
2.4.3. LAB MEDIA: testing_residual_strength_1.tiff 

2.4.4. LAB MEDIA: testing_residual_strength_2.tiff 

2.4.5. LAB MEDIA: testing_residual_strength_3.tiff
2.5. Hanging down from the lid are three aluminum blocks, designed to ASTM standards. [2.5.1 - CU]  These blocks allow up to four specimens to be tested simultaneously [2.5.2 - MED] and are adjustable through slots in the chamber lid. [2.5.3 - CU]
2.5.1. Show blocks hanging from lid
2.5.2. Show loading of four specimen
2.5.3. Making adjustments
2.6. The specimens are positioned beneath two of the blocks [2.6.1 - ECU] and an upward force at the center of a block induces bending forces on the specimen. [2.6.2 - ECU]
2.6.1. NC (no comment)

2.6.2. Talent should point out where force comes from
2.7. The apparatus has mobile casters at its base, [2.7.1 - CU] and it is solidly held together by a steel frame with cross beams and meshing for support. [2.7.2 - WID]
2.7.1. NC 
2.7.2. Pan over frame

2.8. Angled spacers keep the insulation from being crushed [2.8.1 - CU] by the overhead weight and displacement gauges. [2.8.2 - MED]
2.8.1. NC

2.8.2. Zoom out to show weight

2.9. On the frame, pulley and string potentiometer systems measure the mid-span deflections.  [2.9.1 - MED] These potentiometers are constructed of torsional springs. [2.9.2 - CU] The pulleys connect steel cable from a connection by the specimen to a hanging rod for adjustable weight application. [2.9.3 - MED]
2.9.1. Panning

2.9.2. NC

2.9.3. Pan along cable to rod and show adding weight to rod

2.10. The total load applied to the specimen comes from this series of cables, pulleys, linkages and bolts [2.10.1 - MED] – these are explained in the following sections covering the use of the apparatus. [2.10.2 - WID]
2.10.1. Talent applying a load
2.10.2. Talent taking reading and so forth, using test tank
3. Loading the Specimen
3.1. To load a specimen into the testing apparatus [3.1.1 - WID], first open the lid of the tank and set the lid onto the side supports. [3.1.2 - CU]
3.1.1. Establish talent and specimen

3.1.2. NC
3.2. Then load the specimen into the U-bolt. The crossbar must be [3.2.1 - CU] at the center of the specimen. [3.2.2 - ECU]

3.2.1. NC
3.2.2. NC
3.3. Now, rest the ends of the specimen on the aluminum support.  [3.3.1 - CU] There should be about five to ten millimeters of overhang. [3.3.2 - ECU]

3.3.1. NC
3.3.2. Add a ruler to shot for reference
3.4. Continue loading up to four specimens in the same manner. [3.4.1 - CU]
3.4.1. Loading last of specimens to be loaded in this demo
3.5. Then, remove the lid supports and lower the lid. Make certain that [3.5.1 - MED] the lid is correctly seated on the tank. [3.5.2 - CU]
3.5.1. NC
3.5.2. NC
3.6. Now, apply the desired force to the specimens [3.6.1 - CU] by adding weights to the steel rod hanging from the outer pulley. [3.6.2 - MED]
3.6.1. Selecting weights
3.6.2. NC

4. Measuring Displacement and Weighing the Specimen

4.1. First, make sure the potentiometer line is tight.  [4.1.1 - WID]  Then, measure the resistance across the outer pins of the potentiometer; [4.4.2 - CU] the black lead goes to pin one and the red lead goes to pin three. [4.4.3 - ECU] 
4.1.1. Establishing with Testing line tightness

4.1.2. attaching clips to pins

4.1.3. detail
4.2. Now, convert the resistance reading [4.2.1 ECU] into displacement by computing the calibration factor.  [4.2.2 - MED] In this case, 1 kiloOhm corresponds to 64.895 mm of displacement. [4.2.3 - CU]
4.2.1. Multimeter reading

4.2.2. Talent doing math

4.2.3. Notebook/screen showing this computation
4.3. ANTONIO GOMEZ: For continuous data acquisition, it is possible to connect the string potentiometers to digital multimeters. [4.3.1 - WID]
4.3.1. Interview at apparatus, please select speaker
4.4. After calculating displacement, prepare to weigh the specimens. [4.3.2 - WID] Remove the weights and the lid of the tank.  [CU] The specimens can then be transferred to the holding chamber. [MED]  First, prepare an interim holding chamber for all the specimens [MED] with room-temperature testing fluid of the appropriate testing standard.  [CU-TEXT]
4.4.1. Getting testing fluid and holding chamber

4.5.1    [moved] NC

4.5.2    [moved] NC

4.4.2. Setting up specimens in holding chamber 
4.4.3. Pouring fluid in, TEXT: e.g. ASTM D5229

4.5. [moved] Then, remove the weights and the lid of the tank.  [CU] The specimens can then be transferred to the holding chamber. [MED]
4.5.1. NC

4.5.2. NC

4.6. Now, to weigh a specimen, first dry it off with a microfiber cloth, [CU] then place it on a high-precision scale and record the data reading. [CU]
4.6.1. NC

4.6.2. NC
4.7. If the specimens need to be tested for residual strength, proceed with those tests. [WID]
4.7.1. Representative action of residual strength test (adding more weight?) Note: we wait ~1 minute for each weight application; in the video, the interval is much shorter.
5. Hygrothermo-mechanical Tests on Polyurethane Foam
5.1. Hygrothermo-mechanical tests were conducted at room temperature on two groups of four specimens of closed-cell polyurethane foam.  (TEXT: 215 mm x 24 mm x 18 mm) One group was tested dry at 50% relative humidity.

5.1.1. LAB MEDIA: Figure 7a

5.1.2. LAB MEDIA: Figure 7b 

5.2.  The second group was tested wet, in deionized water.

5.2.1. LAB MEDIA: Figure 7c

5.2.2. LAB MEDIA: Figure 7d

5.3. Mid-span deflection was tracked for the first six hours and, later, the next day.  
5.3.1. LAB MEDIA: Figure 5

5.4. The wet specimens’ displacement was substantially greater than the dry specimens.
5.4.1. LAB MEDIA: Table 1

5.5. The residual strength of the specimens was tested by loading until failure.  The wet specimens failed at about 3 kilograms and the dry specimens failed at about 3.6 kilograms.

5.5.1. LAB MEDIA: Figure 6
6. Conclusion (said by authors on camera)

6.1. ANTONIO GOMEZ: If the set-up is performed properly, the specimens can be positioned and loaded in this platform in 15 minutes. 

6.2. ROBERT PIRES: While following this procedure, it’s important to remember to position and load the specimens properly, especially if they require a significant weight for the durability study.

6.3. ALYSSA YAMBAO: Following this procedure, other studies like the durability of composites in harsh service chemicals can be performed in order to answer additional questions on durability of these materials.

6.4. VALERIA LA SAPONARA: After watching this video, you should have a good understanding of how to test polymers and polymer composites in this low-cost, user-friendly testing set-up
6.5. ALYSSA YAMBAO: If working with harsh chemicals, remember to use the precautions indicated by the Materials Safety Sheets and Environmental Health and Safety.
Provided Media

Authors, Please list all images, movie files, or 3-D rendered animations that can be included in the video per editor’s request.  The step in the script/video where these images will be inserted should be specified.   For example:

6.2 –  0123_PIname_Figure1.tif -  dual color imaging of tumor angiogenesis at 40X 

6.2 –  0123_PIname_Figure2.tif -  dual color imaging of tumor angiogenesis at 100X

Formats:  For static images we prefer .tiff, .eps, Illustrator, Powerpoint or Photoshop files at dimensions of at least 720X480 pixels and 300 dpi.  The higher resolution, the better.  Likewise any exported movie files should have at minimum these dimensions and be rendered to .mov, .mp4, or .avi files.  

Insert your media filenames here – list all  LAB MEDIA file names and, please.
testing_residual_strength_1.tiff  -testing a sandwich composite specimen for its residual strength after the concurrent hygrothermal-mechanical test

testing_residual_strength_2.tiff –close-up of failed sandwich composite specimen

testing_residual_strength_3.tiff –weights needed to break the sandwich composite specimen 

General Preparation

It’s critical for a smooth and organized shoot that all reagents are accounted for, in advance.   

Any overnight or long incubation steps should be recognized and specimens/samples be prepared in advance so that prior steps can be recorded and shooting can continue with pre-prepared specimens/samples.  

All tubes/flasks should be pre-labeled neatly before we arrive.  

Ex. Luciferase assay done in 96 well plates should be labeled with negative/positive control wells and experimental samples are labeled accordingly.

You will receive more detailed preparation instructions, as well as an introduction to your videographer, closer to your filming date.
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