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1.0 Summary and Judging Form
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1.1 Load vs Deflection 
	
Figure 1.1.1 shows the load versus deflection plot that was generated during the testing of the NAU Big Beam.
[image: ]
Figure 1.1.1: Load versus deflection of NAU Big Beam

















2.0 Calculation Certification 
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3.0 NAU Big Beam Cross Section and Elevation 
Figure 3.0.1 and 3.0.2 provide the cross section and elevation view of the NAU Big Beam, respectively. 
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Figure 3.0.1: Big Beam cross sectional view
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Figure 3.0.2: Big Beam elevation view

4.0 Concrete Mix Design
4.1 Existing Concrete Mixture: 
TPAC provided the team with two pre-made concrete mix options: the lightweight mix and the normal weight concrete mix. The table below shows the difference between the two mixtures.
Table 4.1.1: Lightweight to Normalweight Mix Comparison.
	
	Cost ($/)
	Compressive Strength (psi)
	Unit weight (lb/)
	Relative Deflection

	Normal Weight
	100
	8500
	145.0
	1

	Light Weight
	110
	8000
	124.1
	1.15-1.30

	Percent Different
	+10
	-5.9
	+14.4
	+ 0.15-0.30



The lightweight concrete mixture appears to be more beneficial for several reasons. As can be seen in the table, it provides 15%-30% more deflection when compared to the normal weight mix [1]. The light weight concrete mix will also conserve 14.4% in terms of unit weight. However, it costs 10$/CY more than the normal weight concrete mix, according to the PCI Big Beam rules. In conclusion, the lightweight mix appears to be better suited for our application, but both types of mixes will be evaluated during beam design. 

4.2 New Mixture Design:
The team had two options for choosing a concrete mix. The first option is designing a concrete mixture from scratch. This option has several constraints. It must utilize TPAC available admixtures at the plant and must act as a self-consolidating concrete mixture to comply with TPAC’s traditional operation. Additionally, many cylinders would have to be tested to analyze a mixes performance if a new design was created. According to ACI 318-14 there must be a minimum of 30 cylinders tested for each test (tensile and compression) on each required day of cure (7 and 24) for the concrete to not receive a reduction in strength. At 30 cylinder tests, the scatter in the test data will likely contribute to a skewed strength average. TPAC recommends testing hundreds of cylinders in order to compensate for the scatter in the test data to achieve a realistic representation of the mix’s strength. TPAC’s available mixes have concrete properties whose values are statistically reliable. The team decided that the risk associated with designing a new mix outweighed the possible benefits of the new mix.
 The other possibility is modifying TPAC premade concrete mix to suit our specific application. Potential benefits of modifying TPAC mixture include increasing the compressive strength which will lend itself to a higher cracking load and thinner flange/web. Also, the mixture could be modified to achieve a higher peak strain, consequently a higher deflection. This option was not pursued for the same reasons as designing a unique mix.




 

Table 4.2.1: TPAC Lightweight Mixture Constituent.
	Material
	Ingredients
	Quantity
	Units

	Cement
	(AZ Type II Portland Cement)
	730
	lb/cy

	
	(Pozzolan, Class F(fly ash))
	185
	

	Aggregate
	(WCS Marricopa)
	1306
	lb/cy

	
	(Expanded Shale (Utelite))
	812
	

	Water
	317
	lb/cy

	Air Content
	3%
	lb/cy

	Spread Test
	28
	in

	W/C Ratio
	0.346
	-

	Admixtures
	*
	-

	3 Days Compression Strength
	5000
	psi

	28 Days Compression Strength* Admixtures: Advacast 577, VmarF-100, AE 90 Air and Vmar 3.

	8000
	psi



4.3 Mixture Performance: 
During the process of casting the beam, eight concrete cylinders were taken from the same concrete batch. These were tested to get the most accurate performance of the mix. The testing was following ASTM standards. According to the standards, the compressive strength testing is under (ASTM C39), and the tensile strength testing is under (ASTM C496). The concrete performance, based on the team’s testing, is projected in the stress strain curve below.
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Figure 4.3.1: Stress/Strain Curve

The strain value at the peak stress was determined as the highest point on the curve before the values start decreasing. The peak strain was defined as the highest strain before the cylinder was crushed and the curve showed material failure. Because two cylinders were tested for the compressive strength these results were averaged to get the final concrete properties. The results for compressive strength, tensile strength and peak strain are shown in Table 4.3.1.

Table 4.3.1: Cylinder Test Results
	Concrete Mix Results – 23rd Curing Day

	
	Compression Strength (ksi)
	Tensile  Strength (ksi)
	Peak Strain (in/in)

	23 days
	7.27
	0.55
	0.00286



It is important to note that the team tested two cylinders for both compression and tension on the 15th day. This was done due to internal team time constraints as the team was attempting to test their beam as soon as possible. However, the team determined that it would be better to wait another week of curing because the concrete compressive strength tested at 6.8 ksi. Therefore, the team only tested two cylinders in compression and two in tension before breaking the beam on the 23rd day of cure. 



























5.0 Structural Design
The first step of design was designing beam options for flexural strength. Next the top several beams that had sufficient flexural strength were scored to choose a final design option. Once a final selection had been made the shear reinforcement for it was designed and it final deflections was predicted.  
5.1 Preliminary Design
	The preliminary beam design calculations were done in MathCAD. The reason for this was twofold: firstly, it was used as a learning tool for the team members; secondly it was used to quickly compare multiple design options. In this way, inputs for the dimensions of the cross section, reinforcement, and concrete properties were altered. With these inputs, weight of the beam, the moment due to self-weight, the stresses at release, the cracking load, and the load at ultimate flexural capacity were calculated. Release stresses and the cracking load were calculated based on conventional elastic assumptions. Ultimate capacity was determined using conventional Whitney Stress Block assumptions and strain compatibility. Stress in the pre-stressed strands were assumed to be 174ksi and 190ksi at release and at cracking respectively. Stress in the strand was determined based on strain compatibility and the modified Ramberg-Osgood stress strain relationship.
In order to optimize the final design, each team member used the MathCAD sheet to optimize one aspect of the beam such as deflection, weight, or cost. Each team member sought to determine which beam performed best in their respective category while meeting the cracking and ultimate load criteria. This was done through modifying a single input such as the height of the beam or the number of pre-stressed strand in the beam. Changing one value often caused undesired results in a different area of the beams performance (such as decreasing the height increased the deflection but reduced the ultimate flexural capacity). Therefore, the process of optimizing an aspect of the beam was very iterative. Once these beam options were generated, the team scored them against the other beam options per the competition scoring procedures (Equation 1).

 			Equation 1

However, the results from comparing only three beam options were unhelpful because, with only three beams, the scoring criteria gave quality designs options a score of zero in many categories where they were slightly out performed by another beam. This caused the team to score the top several (i.e. 5-6) beam design option from each team member against each other per the competition scoring procedures. The team then selected the beam which had the highest cumulative score out of the group of beams (see Appendix B for scoring table). The winning beam scored highest because it scored well in cost and weight. Also it performed slightly above average in deflection. Because it was well balanced and scored medium to high in every category it ended up being the best design option. 

5.2 Shear Design
After a final beam cross-section was selected, the team determined the shear capacity and shear reinforcement requirements using the ACI 318-14 code. The shear carried by the concrete was taken as the lesser of the web-shear and the flexural-shear values calculated at mid-span. After this calculation, the amount of reinforcement needed to carry the remainder of the factored load was determined. This resulted in two layers of 4 gauge wire mesh of at four inches spacing. 				
5.3 Analysis and Final Predictions 
After the team selected a final cross-section and flexural reinforcement, these values were input into Response 2000. Response 2000 is a software that allowed the team to get more accurate analysis values and it verified that the MathCAD sheet had produced reliable results. Response 2000 produced more accurate results because it analyses the beam using a fully sectional response and strain compatibility which is a more accurate way than the Whitney Stress Block assumption is. This is especially true after the beam has been loaded passed the cracking load. For instance, the Response 2000 results yielded an ultimate moment capacity nearly twenty percent greater than calculated with MathCAD. Additionally, the longitudinal wires of the wire mesh were modeled as longitudinal reinforcement in Response which added to the accuracy of the analysis. All the Response inputs are found in Appendix C. 
The deflection of the beam was calculated using numerical integration to perform a virtual work method of analysis (Equation 2). 

 					Equation 2
Where: m is the virtual moment
      is the real curvature
   is the midspan deflection

This was done in Microsoft Excel using the moment curvature relationship output in Response. Finally, the camber of the beam was added to the calculated deflection from the horizontal to get a total deflection value (see Appendix D for these deflection calculations).  The actual load versus deflection graph of the beam can be seen in Section 1.1  

Table 5.3.1: Final Predicted Performance
	Final Design Predictions

	Cracking Load (kips)
	21.6

	Ultimate Load (kips)
	36.6

	Ultimate Deflection (in)
	7.8



6.0 Beam Fabrication and Testing
6.1 Overview of Facilities
	For the fabrication of our prestressed beam, we collaborated with TPAC Architectural and Structural Prestressed Concrete. The 50-acre TPAC fabrication facility is located in Phoenix, Arizona. TPAC’s close proximity to Northern Arizona University and sixty years of industry experience made them an ideal partner for this project. The plant includes a state of the art on-site batch plant, carpentry shop, 33 200’ casting beds equipped with pre-stressing and post-tensioning systems, and available steam curing beds.
6.2 Formwork and Reinforcement Verification
[image: ][image: ][image: ]To ensure dimensional accuracy and quality assurance, all members of the NAU team were present for the casting day of our beam. Upon arrival, the team verified that the formwork and reinforcement complied with construction documents provided in Section 3.0. The bull bed length, depth, flange width, web width and clear covers were verified using a standard tape measure. The pre-stressed strands were already anchored, Figure 6.2.1, and the team retrieved the tensioning report from SWPC to verify the pre-stress magnitude, see Appendix E. Figure 6.2.2 is an image, taken prior to casting, of the rebar cage and ply-wood formwork. To prevent displacement of the reinforcement during concrete placement, a foreman tied the wire mesh reinforcement to the compression steel once the design was verified followed by the insertion of spacers between the formwork and mesh cage, Figure 6.2.3.  Figure 6.2.2: Formwork and reinforcement array 
Figure 6.2.1:  Anchored pre-stressed strands

[image: ]      6.3 Concrete Mixing and Casting 
	The team’s Big Beam was constructed of a self-consolidating lightweight concrete, batched on site. TPAC prepared our concrete mix and delivered it via a ready-mix truck. Concrete was placed into the formwork as seen in Figure 6.2.4. As the concrete filled the formwork, the truck proceeded backwards to allow it to flow to the rest of the form. Once concrete reached the compression steel in the upper flange, the concrete was placed by hand to ensure constant cover. The concrete didn’t require any vibration because it was a self-consolidating mix. After, the team filled eight cylinders from the same mixture for compression and tension strength tests. Figure 6.2.4: Big Beam casting 
Figure 6.2.3: Reinforcement spacers 

6.4 Mill Report and Tensioning Report 
The Mill Certificate of Inspection, Appendix F, verifies the steel strand properties. The team used three uncoated seven-wire steel strands within the pre-stressed beam. The material properties of the seven wire strands are included in Table 6.4.1.

Table 6.4.1: Seven-wire strand material properties 
	Strand Type 
	Cross Sectional Area (in2)
	Yield Point (ksi)
	Elongation (%) 
	Elastic Modulus (Mpsi)

	
	
	
	
	

	S1288776-2
	0.1525
	266.74
	5.1
	28.8



6.5 Cylinder Compression and Tensile Testing
[image: ][image: ][image: ]Four cylinders were tested for compressive strength and four were tested for tensile strength. Figure 6.5.1 shows NMDE preparing the cylinders for testing. The magnets were used to attach extensometers for collection of displacement data. Four cylinders were tested for compressive strength and four were tested for tensile strength. The compression testing of a cylinder before and after failure is shown in Figure 6.5.2 and 6.5.3, respectively. The tensile strength was determined by testing according to ASTM C496. The tension test set up can be seen in Figure 6.5.4 and the resulting failure can be seen in Figure 6.5.5. Figure 6.5.2: Compression Testing per ASTM C39

Figure 6.5.1: Cylinder preparation for testing 
Figure 6.5.3: Compression Failure




[image: ][image: ]Figure 6.5.5: Tension Test Split
Figure 6.5.4: Tension Test Set-Up


6.6 Cylinder Testing Results
	The results of the compressive and tensile cylinder tests are reported in Section 4.3. The averages of the four tests were used for final predictions. 
6.7 PCI Big Beam Test Setup	
	After forwarding predictions to TPAC, the PCI Big Beam was tested at NAU on April 22, 2016. As seen in Figure 6.7.1, a 400-kip capacity steel reaction frame (A.K.A “The Hulk) and hydraulic ram were used to test the beam. 
[image: ]
Figure 6.7.1: “The Hulk” – NAU Big Beam Testing Device 

[image: ]Prior to the beam delivery, the beam supports had to be moved to the span of fifteen feet according to the 2016 PCI Big Beam rules. The supports were then locked into place to prevent any slippage during testing. The team received the beam at the testing facility on April 7, 2016. Figure 6.7.2 shows the loading of the testing beam into the testing lab at NAU.
 
	Once the beam was moved inside the testing facility, the team measured and marked the horizontal and vertical center lines on the top, bottom and each side of the beam. Once the centerlines and supports were marked, the beam was set on a bed of self-leveling gypsum and two 3 x 9-inch steel plates, Figure 6.7.3.
[image: ][image: ]The self-leveling gypsum ensures even bearing surface between the beam and supports. At this point, instrumentation was attached to the beam for collection of load and displacement data. This instrumentation included a 50-kip capacity load cell and three string potentiometers. Two string potentiometers were used to measure displacement of the supports, and the other to measure centerline deflection of the beam, Figure 6.7.1. A ruler was attached in front of the beam as a visual indicator of deflection as well, Figure 6.7.4. Figure 6.6.4: Visual indication of deflection

Figure 6.6.3: Beam and supports
Figure 6.6.2: Beam loading into the lab


[image: ]
Figure 6.6.5: NAU Big Beam Conceptual Test Set Up  

6.8 PCI Big Beam Test Results 
	The beam was loaded to failure on the Hulk, Figure 6.7.1. As the beam was loaded, the load cell and potentiometers transmitted data to the data acquisition system which produced a real-time load versus midspan deflection graph. The final results for the cracking load, ultimate load and ultimate deflection are found in Section 6.9. 
6.9 PCI Big Beam Results
	Table 6.9.1 provides a comparison of our final predictions to the actual performance of the beam.

Table 6.9.1: Comparison of theoretical predictions to beam performance.
	PCI Big Beam Test Results vs. Predictions 

	

	 
	Cracking Load (kip)
	Ultimate Load (kip)
	Ultimate Deflection (in)

	Predictions 
	21.6
	36.6
	7.8

	Results 
	24.2
	43.6
	2.5

	Percent Difference 
	+12.0
	+16.0
	-68.0



6.10 Failure Mode and Impact on Performance 
During testing, the team observed crushing of concrete in the compression zone prior to hearing the fracture of a strand wire. After inspecting this failure mode, the NAU Big Beam team surmised that a lack of a hook at the end of the resulted in a premature failure. 

The team proceeded to investigate the cause of failure and impact on the accuracy of predictions. Upon closer inspection, the team observed that the compression steel had buckled laterally out of the concrete. Refer to Figure 6.10.1 and 6.11.1 for images of the buckled compression steel and subsequent concrete failure. This was a second-order failure that the team did not account for. Additionally, cracking load predictions were conservative and relatively close as seen in Table 6.9.1. Differences between theoretical and actual could be attributed to a higher fc’ than what was measured during cylinder testing and the actual span during testing was from the inside to inside of each plate, whereas predictions used the edge to edge span. Ultimate load predictions were also conservative and reasonably close, Table 6.9.1, and the differences could be attributed to a higher fc’ of concrete than predicted, a higher fy of the wire mesh than what was used in predictions, and the fact that the span used in predictions was three inches longer than the actual testing span. The deflection predictions, however, were significantly higher. This difference can be attributed to the fact that buckling in the compression zone caused failure before the beam could reach its full curvature. 
[image: ]Figure 6.11.1: Elevation view of compression steel failure  
Figure 6.10.1: Top view of compression steel failure 
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7.0 Personal Statements 

7.1 Eman Albdiwyi 
The contest helped me to realize how challenging designing every single element used in construction is. There are a lot of considerations and calculations that should be done prior to starting the actual design. Many errors might occur while in the process of designing, and teamwork is the key to catch the errors, fix the errors, and produce a reasonable design. Every single component in the design matters, and the absence of one makes a lot of difference. These components are not just existing to fill a blank space; they are added to fulfil a requirement that will help the design achieve the desired results. Every design has basic phases to go through, and in designing the PCI Big Beam, the team learned to accomplish the planning phase. Then move to the calculating phase. Then the comparison phase to choose and produce the design. Finally, the team must make future predictions.

7.2 Deena Albustan 
 Over the two semesters of the 2016 PCI Big Beam Competition I learned that team communication is the most crucial aspect for a successful project. When each team member understands their duties and proceeds within the criteria assigned, it delivers the project to a successful end. Engineering concepts and analysis that I was exposed to throughout my academic career were the backbone of the project. Having a clear understanding of pre-stressed concrete greatly helped in the design process, where comprehending how pre-stressed concrete is an ideal choice because of its economic value and its long life expectancy. This competition has taught me to think outside the box and look past analytical calculations and equations, and that making the appropriate decision in regards to any situation faced. The team designed the PCI Big Beam using the MathCAD sheet to insure that the criteria was met and agreed upon a specific design, I completed the cross section of the PCI Big Beam, which was then finalized using the AutoCAD. The PCI Big Beam was delivered and it was a first to see a design we created from scratch on a piece of paper come to life. The most important lesson learned is having the need to establish great team communication and not spending time on misunderstandings due to the inability of having healthy discussions to further better the project and aids in following the schedule assigned to complete the project, which were skills learned in previous engineering design classes. 

7.3 Nicholas Jokerst 
	The PCI Big Beam contest taught me valuable lessons in project management and the immense breadth of knowledge that must be put into a design. When the team began the project, we were highly disorganized and it inhibited efficient progress on the beam. Once an effective meeting schedule, role assignment and basis of communication were established, the team proceeded forward with much greater efficiency. Secondly under project management, I learned how to work with individuals that come from a completely different background than I, as two members of the team were foreign exchange students. As far as the knowledge required to design, I severely underestimated this at the beginning. I quickly learned that we would have to research an immense amount to gather adequate knowledge regarding designing prestressed concrete because the team only had experience in traditional reinforced concrete through NAU’s curriculum. Through the help of our technical advisor, Dr. Tuchscherer and the NAU research database, I learned to utilize all resources at your disposal to give yourself the tools required to design a proficient beam. 
7.4 Michael O’Reilly 
	The 2016 PCI Big Beam Competition taught me many things. Foremost among what I learned is the importance of fully collaborating with team members to work on every aspect of the project. I learned that if every member knows what is happening in each aspect of the project then the project runs very smoothly. However, if each team member is working on one aspect of the project and they do not know how the other aspects of the project are progressing then many issues arise with staying on schedule with the project and with integrating each aspect of design. I also learned how important it is to truly seek to have a full comprehension of a project. A lot of time was wasted in the beginning of the project because the team started working on designing a beam without having a full understanding of what was required in the competition. Finally, the importance of paying attention to the small details of a project, especially one as technical as pre-stressed concrete, was reinforced in me through this process. This became very apparent to me when I was creating the MathCAD sheet to analyze the beams behavior. If just one variable had the wrong units or if one calculation had a misplaced parenthesis, then the whole sheet became dysfunctional. I learned a lot about how to conduct a successful long-term project through being a part of this competition. The three previous factors are just the three largest lessons I learned throughout this process.

NAU Big Beam Team Addresses:Michael O’Reilly
	2500 South Huffer Lane, Apt 30-234		Flagstaff, AZ 86001


Eman Albdiwyi
	700 W University Ave
Flagstaff, AZ 86001
Nicholas Jokerst 
	3400 Lake Mary Road, Apt. 18307
Flagstaff, AZ 86001


Deena Albustan 
4343 East Soliere Avenue, Apt 23-1063
Flagstaff, AZ 86001



8.0 Summary of Project Costs 
	8.1 Project Schedule
Table 8.1.1 shows the anticipated schedule compared the actual dates of completion for the project. Dates of completion that are highlighted in red represent tasks that weren’t completed on time according to the anticipated schedule. Dates of completion highlighted in green are tasks that were completed on time or ahead of schedule. 

Table 8.1.1: Projected Project Hours
[image: ]

8.2 Project Hours
	The team developed the projected hours by estimating the length that each task would take based on prior experience in classes and internships. Table 8.2.1 provides a comparison of the projected hours compared to the actual hours spent on each task. 
Table 8.2.1: NAU Big Beam Projected vs. Actual Project hours [image: ]
	
	The difference in projected to actual hours spent can be attributed to the relative lack of experience the team shared. Though some members of the team have experience through internships projecting hours, none of the team had ever worked a project from start to completion. For this reason, the team overestimated the hours that would be required to complete the project. This ensured that more than enough time would be set aside within our individual schedules to complete the project on time. In the end, this approach worked in our favor because the project was completed on time and we had adequate float when some tasks fell behind. 

8.3 Project Cost
	The cost of the projected cost of the project was developed by multiplying the projected hours by the cost of each team member role. The projected cost and actual cost are reported in Table 8.3.1 and Table 8.3.2, respectively. 

Table 8.3.1: Projected Project Cost
	Total Projected Cost

	1.0 Personnel
	Classification
	Hours
	Rate, $/hr
	Cost, $ 

	
	SENG
	153
	175
	26,775.00

	
	ENG
	169
	75
	12,675.00

	
	AA
	95
	60
	5,700.00

	
	INT
	197
	50
	+ 9,850.00

	
	Total
	 
	 
	= $55,000

	2.0 Travel 
	2 trips to Phoenix at 286 mi/trip
	$0.445 per mile
	+ $254.00

	    3.0 Project Total
	 
	 
	 
	       = $55,254.00






Table 8.3.2: Actual Project Cost
	Actual Project Cost

	1.0 Personnel
	Classification
	Hours
	Rate, $/hr
	Cost, $ 

	
	SENG
	129
	175
	22,575.00

	
	ENG
	135
	75
	10,125.00

	
	AA
	114
	60
	6,840.00

	
	INT
	144
	50
	+ 7,200.00

	
	Total
	 
	 
	= $46,740

	2.0 Travel 
	2 trips to Phoenix at 286 mi/trip
	$0.445 per mile
	+ $254.00

	    3.0 Project Total
	 
	 
	 
	       = $46,994





9.0 Impacts 
Prestressed concrete is becoming a viable alternative to traditional reinforced concrete and steel construction. It impacts the economic portion of the construction industry because it allows for shorter build times and shorter beams to be used. The shorter build times saves the contractors because they do not have to pay workers for as much time as previously, and they can move on to other projects faster which also allows them to turn a greater profit [2]. The fact that prestressed beams are shorter than other beam options means that buildings made with prestressed beams are not as tall as other buildings. This means that money is saved through conserving materials and through reducing labor. 
The environmental impacts of prestressed concrete are fairly negative. Concrete releases more greenhouse gases than steel does [3]. This negatively impacts the environment. It also requires a more energy intensive transportation process because prestressed concrete beams are much heavier than steel beams. This causes more fuel to be burned which also releases more CO2 heat into the atmosphere. 
Prestressed concrete is more ductile than traditional concrete and can provide more warning before failure. This could cause the public to see prestressed concrete as a preferred building material. However, the public could also decide that the environmental effects associated with concrete outweigh the benefits of it in construction.   


References

	[1] 
	AboutCivil, "ACI Method Concrete Mix Design," [Online]. 
Available: http://www.aboutcivil.org/concrete-mix-design.html. [Accessed 15 April 2016].



	[2] 
	aboutcivel.org, "Advantages of Prestressed Concrete," 2014. [Online]. Available: http://www.aboutcivil.org/advantages-of-prestressing.html. [Accessed 7 5 2016].

	[3] 
	A. Guggemos, "Comparison of Environmental Effects of Steel- and Concrete-Framed Buildings," Journal of Infrastrure Systems, vol. 11, no. 2, 2005. 























Appendices 
Appendix A: TPAC Batch Report for NAU Big Beam 
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Appendix B: NAU Big Beam Modeling Assumption Values 
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Appendix C: NAU Big Beam Scoring Matrix 
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Appendix D: TPAC Tensioning Report 
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Appendix E: TPAC Tensioning Report 
[image: ]

Appendix F: SWPC Mill Certificate 
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PCI BIG BEAM COMPETITION 201

CERTIFICATION

Tpac - An Encon Company

As arepresentative of (name of Producer Member or sponsoring organization)
Northern Arizona University
Sponsoring (name of school and team number)

| certify that:
o The big beam submitted by this team was fabricated and tested within the contest period.

®  The calculations of predicted cracking load, maximum load, and deflection were done prior
to testing of the beam.

e The students were chiefly responsible for the design
® The students participated in the fabrication to the extent that was prudent and safe.

e The submitted test results are, to the best of my knowledge, correct, and the video submitted
is of the actual test.

Certified by:

Signature <
Vince Rossi
Name {please print)

May 10, 2016
Date

THIS CERTIFICATION MUST BE PART OF THE FINAL REPORT

Sponsored by BUILDING TRUST
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Project Tasks Projected Date of Completion | Actual Date of Completion|
Task 1.0 Beam Design 3/29/16 3/24/16
1.1 Create MathCAD Sheet 12/18/15 12/18/15
1.2 Beam Cross Section Options 12/18/15 12/18/15
1.3 Mix Options 12/18/15 12/10/15
I 1.4 Reinforcement Options 1/18/16 12/10/15
1.5 Optimize 3 beams for
$/Weight/Deflection 2/5/16 2/15/16
1.6 RESPONSE Model 2/11/16
1.7 Competition Scoring 2/11/16
1.8 Select Final Design 2/15/16
1.9 Shear Design 2/29/16 2/25/16
1.10 Prestress and Deflection Calcs. 3/24/16 3/24/16

Task 2.0 Beam Manufacturing 3/15/16
2.1 Deliver Shop Drawings 3/1/16
2.2 Attend Pour Day 3/15/16
Task 3.0 Beam Testing 4/15/16 ONGOING
3.1 Safety Plan and Set Up 3/24/16 3/24/16
3.2 Beam Testing 4/15/16
3.3 Beam Autposy 4/15/16
3.4 Beam Disposal 5/5/16 ONGOING
Task 4.0 Project Management 5/12/16 5/12/16
4.1 Comp. Application Form 5/6/16 4/22/16
4.2 Team Meetings 4/21/16 4/21/16
4.3 50% Design Report 3/10/16 3/10/16
4.4 Final Presentation 4/29/16 4/29/16
4.5 100% Design Report 5/12/16 5/12/16
4.6 Website 5/12/16 5/12/16
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Project Tasks PCI Big Beam Projected vs. Actual Billable Hours
SENG(Proj.) | SENG(Act.) | ENG(Proj.) | ENG(Act.) | AA(Proj.) | AA(Act.) | INT(Proj.) [INT(Act.)
Task 1.0 Beam Design 60 49 94 73 25 21 123 106
Task 2.0 Beam Manufacturing 12 9 15 12 3 2 22 18
Task 3.0 Beam Testing 22 19 30 24 52 42 15 10
55 52 30 26 52 49 15 10

Task 4.0 Project Management

Percent Difference

153

129

169

135

132

114

175

144
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Big Beam, Northern Arizona University

Tpac, Main Plant
Load Started: 3/29/2016 9:38:36 AM Load Completed: 3/29/2016 9:46:35 AM
Batch charge: 3/29/2016 9:39:49 AM Batch Discharge: 3/29/2016 9:45:48 AM

Product Lw-5 | Size : 2 y3 | pestination: Loadout2
Truck : | Job : | Ticket :

Draws : 1/1 | Allow wtr : 0 gal | Load 1d : 55436
water Trim : 2 gal | Moist. wtr : 18 gal | w/C Ratio :0.324,0.345
Left on Trk: 0 | user : jonel | :

Customer H |

pProbe2Init : 3.3 | probe2Final: 11.8 | Temp2 : 71F

* - One or more materials was adjusted manually

Ingredient | Target | Actual | Err | Notes
TYPE 2 EXTRA 1 | 1,460 1b 1,460 1b 00.00%
TYPE 2 EXTRA 1 1,110 1b
TYPE 2 EXTRA 1 350 1b
FLYASH 3 | 370 1b 370 1b 00.00%
FLYASH 3 350 1b
FLYASH 3 20 1b
LIGHT WEIGHT RO| 1,670 1b 1,670 1b 00.00% Moist=2.750/0.000
SAND Maricopa | 2,720 1b 2,710 1b -00.20% Mo1ist=4.000/0.000
CITY WATER | 53 gal 54 gal 01.60%
Advacast 575 | 135 floz 135 floz 00.00%
VMAR F100 | 48 floz 48 floz 00.00%
Recover | 30 floz 30 floz 00.00%
Daraset 400 | 258 floz 258 floz 00.00%
VMAR3 | 18 floz 18 floz 00.00%
Daravair 1000 | 38 floz 38 floz 00.00%
Add water { 0 gal 4 gal 00.00%

UNIT WT : 127 PCF (WET)
Air content: 4.5%
concrete Spead: 28"
Concrete Temp: 85f
Ambient Temp: 53f

VSI index: 1

Time Tested:10:00 am
Date Tested: 3-29-16

Page 1
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Beam Deflection (in) Score Weight (Ib/ft) Score Cost ($) Score Total Score
1 1.45 7.29 80.60 6.88 84.75 5.16 19.34
2 1.46 7.35 82.06 6.50 87.83 3.40 fY/825
3 1.90 9.94 87.22 5.14 89.00 2.73 17.81
4 1.91 10.00 79.30 7.23 86.90 B3I08] 21.16
5 1.49 7458 83.10 6.23 85.63 4.66 18.41
6 0.85 3.76 76.90 7.86 86.41 4.21 15.84
7 1.40 7.00 74.08 8.60 84.77 581’5 20.76
9 (825} 6.12 68.79 10.00 85.91 4.50 20.62
10 1.27 6.24 68.90 9.97 85.57 4.69 20.90
11 1825 6.35 69.00 9.94 86.51 4.16 20.45
12 0.94 4.29 79.30 7223 78.50 8.74 20.26
13 0.90 4.06 78.80 7.36 79.92 7.93 %) 215
14 1.66 8.51 97.50 2.43 85.15 4.93 15.87
15 1.09 5.20 100.70 1.58 77.04 9.58 16.36
16 1.36 6.75 85.20 5.67 80.87 7.38 19.81
17 1.27 6.26 87.40 5.09 81.33 70172 18.47
18 0.47 %53 96.20 2.77 90.33 1.97 6.27
19 1.09 5.18 106.70 0.00 85.51 4.73 9.90
20 1.10 5.24 93.50 3.48 85.51 4.73 13.45
21 1.10 5.24 80.10 7.02 87.06 3.84 16.09
22 1.10 5.24 83.10 6.23 82.33 6.55 18.01
23 1.60 8.18 80.10 7.02 85.63 4.66 19.85

Max 1.91 106.70 0387}

Min 0.21 68.79 76.30
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x M(x) m(x) ʃ

In K*in rad/in in N/A in

0 0 0 0 0 0

3 56.46398 -0.000584830 1.5 -0.000877246 -0.00131587

6 112.8729 -0.000499390 3 -0.001498171 -0.00356313

9 169.2268 -0.000431238 4.5 -0.001940569 -0.00515811

12 225.5256 -0.000363268 6 -0.002179607 -0.00618026

15 281.7694 -0.000296097 7.5 -0.002220727 -0.0066005

18 337.9581 -0.000228992 9 -0.002060927 -0.00642248

21 394.0918 -0.000161953 10.5 -0.001700502 -0.00564214

24 450.1704 -0.000094979 12 -0.001139748 -0.00426038

27 506.194 -0.000028068 13.5 -0.000378918 -0.002278

30 562.1625 0.000038780 15 0.000581704 0.00030418

33 618.076 0.000105570 16.5 0.00174191 0.003485422

36 673.9344 0.000172324 18 0.003101835 0.007265618

39 729.7378 0.000239012 19.5 0.004660738 0.01164386

42 785.4861 0.000305683 21 0.006419335 0.01662011

45 841.1794 0.000372294 22.5 0.008376607 0.022193913

48 896.8176 0.000439681 24 0.010552332 0.028393408

51 952.4008 0.000507667 25.5 0.012945509 0.035246762

54 1007.929 0.000583710 27 0.015760163 0.043058508

57 1063.402 0.000680514 28.5 0.019394643 0.052732209

60 1118.82 0.000823940 30 0.024718198 0.066169261

63 1174.183 0.001026628 31.5 0.032338797 0.085585492

66 1229.491 0.001278048 33 0.042175593 0.111771585

69 1284.744 0.001566225 34.5 0.054034778 0.144315556

72 1339.942 0.001891056 36 0.068078025 0.183169204

75 1395.084 0.002253589 37.5 0.084509602 0.228881441

78 1450.172 0.002661725 39 0.10380727 0.282475309

81 1505.205 0.003154556 40.5 0.12775952 0.347350185

84 1560.182 0.003945379 42 0.165705926 0.440198169

87 1615.105 0.005413231 43.5 0.235475541 0.601772201

90 1669.973 0.010827007 45 0.487215297 1.084036256

Sum 3.755247775

Sumx2 7.510495551

ܯ ܧܫ

ሺݔ

ሻ

ܯ ܧܫ݉ ܯ ܧܫ

ሺݔ

ሻ


image29.png
PHOENIX TENSIONING RECORD
D@@@

pav: T, ¢ DATE: 2 -7 4 TiME: ]} lZ

CAST: ! INSPECTOR: TENSIONED BY: 7

JOB ID: BIG BEAM

BED: 170 BED ID: 1

PUMP: szo,@ TP23 JACK: 23 @

REMARKS: 3 ~ 1/2" 270K LOLAX

NOTE: ALL STRANDS TO RECEIVE INITAL 3000 POUNDS TENSION BEFORE MEASUREMENTS

STRAND | ELONGATION | GAUGE

FINAL ELONGATION FINAL |REQD GAUGE
STR|STR PACK ELONGATION |DESIRED TOLERANCE (IN.) |GUAGE |[GAUGE| TOLERANCE
NO. |SIZE| NUMBER |MEASUREMENT| ELONG Low HIGH READ. |READ.| LOW HIGH
11 1/2) . 14 3/8 | 14 0/8 14 5/8 1950} 1%900| 2000
525572 1Y 4 1459

14 3/8 14 0/8 14 5/8

VMR asgen )y 4 1950
3 1/2j5/28874>:2/7 {, 14 3/8 14 0/8 14 5/8 15150 1950| 1900| 2000

1950| 1800 2000
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SUMEIDEN WIRE PRODUCTS CORPORATION

Customer Service - PC Strand
East: Toll Free 866~491-5020 = 710 Marshall Stuart Dr., Dickson, TN 37055

West: Toll Free 866-246-3758 « 1412 El Pinal Dr., Stockion, CA 95205

MILL CERTIFICATE OF INSPECTION

Order Number: SLPC160201-1 Page No : 1 ©oF 1
SIPC160561 Issue Date : 02/18/2016
Steel Strand, Uncoated Seven Wire for Prestressed Concrete

Size & Grade: 1/2" x 270 KSI
Specification: ASTM A4l6-Latest 1/2"-Low Relaxation
Custcmer Nam TPAC, DIVISION OF KIEWIT WESTERN
Customer P.O.: GP16074

Destination: TPAC-AZ

State Job No:

Packing: Cal Wrap ~ "The California Transporation Agency's Standard
Specification, Section 50 for Prestressing Concrete.™

Yo Pack # Heat # B.S. Elong. Y.P. Area E-Modulus CURVE#
Min:41,300 3.5 37,170
(LB) (%) (LB) (I12) (MPST)

1 s5128874-5 S0598715-3 44,028 5.5 40,559 0.1520 28.7 5128874
2 8128874-7 S0598715~3 44,028 5.5 40,559 0.1520 28.7 5128874
3 S128875-4 $0599015-3 44,267 7.8 40,720 0.1524 28.8 5128875
4 5128875-5 80599015-3 44,267 7.8 40,720 0.1524 28.8 5128875
5 8128876-2 50598615-3 44,224 5.1 40,678 0.1525 28.8 5128876
6 S128876-5 50598615-3 44,224 5.1 40,678 0.1525 28.8 5128876
7 8529038-3 50598615-3 44,355 5.4 40,771 0.1518 28.5 $529038

We hereby certify that:

* We have accurately carried out the inspection of COMMODITY and met the requirements
in accordance with the applicable SPECIFICATION, both listed above.

* The raw material, and all manufacturing processes used in the production of the
COMMODITY described above occurred in the USA, in compliance with the Buy America
requirements of 23 CFR 635.410.

* The material described above will bond to concrete of a normal strength and consistency
in conformance with the prediction equations for transfer and development length given
in the ACI/AASHTO specifications.

* The individual below has the authority to make this certificate legally binding for
SWPC.

Name: Joel Parra
Engineery PC Strand

Signature: J ?/i;
Date:

Quality Assurance sectlon
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