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PCI BIG BEAM COMPETITION 2024-2023
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Tpac

As a representative of (name of PCI producer member or sponsoring organization)
Northern Arizona University
Sponsoring (name of school and team number)

| certify that
¢ The beam submitted by this team was fabricated and tested within the contest perod

e 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
o The students participated in the fabrication to the extent that was prudent and safe,

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

Signatre”
\X wIST \\2 w E A~
Name (please print)
4/28/2025
Date
34.9 kip
Predicted maximum load

22.8 kip
Predicted cracking load

1.09in,
Predicted deflection load at 32 kip

THIS CERTIFICATION MUST BE PART OF THE FINAL REPORT.

Sponsored by:

IALP

SUPPLY

Figure 3: Completed CertifiCation FOIM ..ot s et nes 3
Figure 4: NAU Beam Shop Drawings (also located to scale in APPENdiX F) ... 4
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Tpac Precast/prestressed concrete manufacturing company

_ located in Phoenix, Arizona; an EnCon United Company
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1.0Judging Form

- PCIBIG BEAM COMPETITION 2024-2025

May 6, 2025
Date
Northern Arizona University April 4, 2025
Student Team (school name) Team Number Date of Casting
Basic Information Judging Criteria
18
1. Age of beam at testing (days) Teams MUST fill in these values.
2. Compressive cylinder tests* 1. Center to center span (ff) '8
Number tested _3 2. Actual maximum applied load (kip) 268
: : 47x8" . " 227
Size of cylinders 3. Measured cracking load (kip)*
Average (psi) 200 4. Cost (dollars) i
1,721
3. Concrete properties 5. Weight (Ib)
e 118.1 o 27
Unit weight of concrete (Ib/ft%) 6. Largest measured deflection (in.)
27.5
Slump or spread (in.) a. Measured deflection at applied load of 32 kip. 104
7.25
Air content (%) 7. Most accurate calculations:
Tensile strength (psi) a.  Absolute value of (maximum applied load — calculated applied
- 0.106
Circle one: MOR beam load)/calculated applied load)
4. Pretest calculations b. Absolute value of (Measured deflection at 32 kips - calculated
) o 22.8 :
a. Applied load (total) to cause cracking (kip) deflection) / (calculated deflection) Rl
. ; . . ) 34.9
b.  Maximum applied point load at midspan (kip) c. Absolute value of (measured cracking load — calculated cracking
c. Anticipated deflection due to total live load 09 load)/calculated cracking load) -0.004
application of 32 kips )
0.056

Pretest calculations MUST be completed before testing. Total of three absolute values (a + b + ¢) =

TMeasured cracking load is found from the “bend-over” point in the

* International entries may substitute the appropriate compressive strength
y ek b g load/deflection curve. Provide load/deflection curve in report.

test for their country.

Test summary forms must be included with the final digital report, due June 13, 2025.

Sponsored by:

JALP

SUPPLY

Figure 1: Completed Judging Form



2.0 Load-Deflection Graph
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Figure 2: Deflection vs. Loading Graph
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3.0 Certification Form

PCI BIG BEAM COMPETITION 2024-2023

CERTIFICATION
Tpac
Asarapmsentatlve of (name of PCI producer membes or Sponsoring organization)

Northern Arizona University
Sponsoring (name of school and team number)

| certity that
¢ The beam submitted by this team was fabricated and tested within the contest penod

e 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
o The studenis participated in the fabrication to the extent that was prudent and safe,

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

PACY =S

Signatire~”
QusTmiw — (E »—J
Name (please print)
4/28/2025
Date
34.9 kip
Predicted maximum load

22.8 kip
Predicted cracking load

1.09in,
Predicted deflection load at 32 kip

THIS CERTIFICATION MUST BE PART OF THE FINAL REPORT.

Sponsored by:

IALP

SUPPLY

Figure 3: Completed Certification Form
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4.0 Shop Drawings
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Steve Sanghi College of Engineering
NORTHERN ARIZONA UNIVERSITY
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FAGE: 1 _ OF: 1

Figure 4: NAU Beam Shop Drawings (also located to scale in 0.1.1.1(a)Appendix H)
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5.0 Concrete Mixture Analysis

5.1 Statistical Analysis of Mix

Although Tpac offered the team a lightweight and normal weight concrete mix to use for the
fabrication of the NAU beam, the team decided to use the lightweight. The lightweight mix has a
lower design strength than the normal weight, but the team found that the strength was sufficient
to stay within competition requirements and had the benefit of making the beam lighter.

The team also opted to select a mix instead of designing one to take advantage of the higher
certainty associated with a robust set of historical data. The full data set can be found in
Appendix A. The following table shows a statistical analysis of Tpac’s lightweight mix.

Table 2: Statistical Analysis of Tpac's LW-5mix (N=30) compared to NAU's test results

] Tpac LW-5 Test Results

| TpacLWSTestResuts |
NAU Mean | Median | Min | Max | Standard
Test Deviation
Temperature 69 72.8 700 500  93.0
- 67 - 9648 750 630 910 7.92
118 122 125 126 120 130 2.2

Slump (in.) 275 27+3 282 285 240 303 1.8
in

Air (%) 7.25 725  6.72 6.30 3.50 9.20 1.39
Age at Release 3 -- 13 14 2 38 6.95

Compressive 5080 5000 5400 5370 4,160 7,690 896
Strength 7,260 - 9140 8990 7,866 11,050 788

In Phoenix, Arizona, the temperatures can reach above 110 °F consistently, so the large range of
concrete and air temperatures is not surprising. Curing temperatures lower than average may
have delayed the setting time or reduced the strength, as the cement hydration reaction slows in
lower temperatures; however, as the temperatures were not below freezing the effect would have
been small.

Additionally, the air percentage is higher than average, and the unit weight is the lowest achieved
with this mix; this led to an overall lighter beam. The average strength of this mixed design is
higher than the design strength; extra strength will be helpful during the testing phase.

5.2 Mix Design
The above design elements are possible via the mix design data in Table 3 below.

The admixture data sheets for the lightweight mix can be found in Appendix B, and shows they
meet ASTM C494 per the 2024-2025 PCI Big Beam rules [1]. Additionally, the records for the

|5



aggregates and pozzolans used in the concrete mix can be found in Appendix B and verify they
meet ASTM standards per the rules.

Table 3: Lightweight mix design compared to actual mix

Mt Type b [bs [ |
AZ Portland Cement YRR EIIAY 730 762.5 4.4%
Pozzolan Class Class F (Fly Ash) 185 195 5.3%
Aggregate WCS Maricopa 1286 1280 0.5%
3/8” Expanded Shale (Utelite) 823 815 1.0%
Water City Water 56 gal 56 gal 0%
Admixtures Proprietary name | _floz| _floz] |
Water Reducer ADVA Cast 575 84 84 0%
Viscosity Modifier V-MAR F-100 24 24 0%

VOIS EL] [V RECOVER 20 19.5 2.5%

Rheology-Modifier VAV ZE 10 10 0%

Daraset 400 128 126 0%

Air Entrainer Daravair 1000 15 15 0%

5.3 Concrete Cylinder Results

The team requested 9 test cylinders during the beam fabrication in order to attain accurate
information on the specific concrete batch forthe NAU beam, The compressive concrete streng

th

was calculated using ASTM C39 [2], and the tensile strength was calculated using ASTM C496.

The test cylinder data is shown in , and the test cylinder breaks are shown in Figure 5.

Table 4 below, and the test cylinder breaks are shown in Figure 5.

Table 4: NAU Test Cylinder Results

Test Date Compressive
strength (PSI)

4122125 7,000
4128125 7,120
4128/25 7,390

Value used in - 7,260
predictions

Figure 5: Cylinder Test Breaks with dates and labels
corresponding to Table 5



5.4 Concrete Mixture Evaluation

Based on the statistical analysis in Section 5.1 Statistical Analysis of Mix and similarity of the
NAU cylinder data to other mix’s, the team decided on using the average of the second and third
test cylinder results.

| 7



6.0 Structural Design Analysis

6.1 Preliminary Design

The loading configuration for the 2024-2025 Big Beam Competition is shown in Figure 6 with
applied load, 2P, between the two-point loads [1].

The beam must crack with applied load, 2P, between 20 and 32 Kkips and fail between 32 and 40
Kips. The goal is to produce a design to maximum
deflection, minimize cost, and minimize weight
while also meeting these constraints for cracking
and failure capacity. The beams in the competition
are assessed against one another for these categories

2P

& by linear interpolation between the best and worst
< e ’L > value [1]. The team is also awarded points based on
9 ft. 3 ft. 6 ft. the accuracy of calculation, report quality, and

practicality, innovation, compliance with code, and
Total Applied Load = 2P  display of good engineering judgement.

Figure 6: Loading Configuration

While both a lightweight and normal weight mix design were considered, the team also kept in
mind that the beam would be judged on weight, so the final designs used lightweight concrete.

The design considerations are outlined in Appendix C. The calculations were completed in
Mathcad [3] and are shown in Appendix D.

Deflection was calculated two ways; for the purposes of the decision matrix and ease of
comparing multiple designs, the team calculated deflection using standard ACI 318-19
equations. Then, for the final predictions, deflection was verified using Response-2000 curvature
and moment data and the method of virtual work for analysis.

6.2 Decision Matrix

An iterative design process was performed to create a variation of designs fitting the competition
criteria, then ranked using a decision matrix to optimally select the best performing beam. Each
design ranked is shown in Appendix E. From this the team refined these designs by choosing the
attributes that preformed best and applying them when making new designs; for example, having
the top flange have a width of seven inches. Design four and five are refined from the best three
designs.

These four cross-sections, shown in Appendix E, were selected from an initial pool of nine cross-
sections. Five were eliminated from that preliminary pool based on criteria such as predicted
cracking and breaking loads being too close to competition limits, excessive self-weight, and
higher predicted cost.



Below is the decision matrix with all five designs ranked based on the three categories.

Table 5: Decision Matrix Initial Score

Criteria Initial
Score

~ Weight(lbs)  Deflection (i)~ Cost(®)
______ (max: 3)

1759 0.74 0.113 0.56 236.3 1.30
1849 0.13 0.117 0.72 234.4 0.50 1.35
1721 1 0.099 0 234.4 0.50 1.50
1868 0 0.124 1 2325 1 2
1721 1 0.117 0.72 234.4 0.50 2.22

To account for penalization if the beam cracks or breaks close to the specified limits, the team
developed a performance multiplier system to encourage predictions that remained towards the
middle of the cracking range (at 26 kips), and the breaking range (36 kips). This approach added
a factor of safety to the designs, as even if the team’s calculations were not accurate, the risk of
further penalties was reduced. The scores altered by the performance multipliers are shown in
Appendix E, and the process for selecting the performance multiplier for the cracking and
breaking load is shown in

6.3 Design Selection

Shear spacing was not a factor on the teams' decision matrix because it would be roughly the
same for all designs. Since one of the main design goals was to keep the beam as light as
possible the web had room for only one stirrup leg.

The remaining four designs were refined through further analysis and comparison to improve
structural efficiency and performance. Among all four designs, Design 4 had the lowest weight
because it included only three prestressing strands, whereas the other designs used four.

_...‘ 7" ‘_._¢ When coordinating with Tpac regarding the shop drawings, the
| 47 original stirrup design was not constructable as it had multiple
T different bend angles; additionally, the clear cover was excessive.
2 5" g»  Tpac helped the team better understand stirrup construction and
i detailing. As a result, the team decided to add another
6

| »  prestressing strand to hold the stirrup and reduced the height of
3.9 the bottom flange. This led to design 5 (Figure 7).

L 9.5” -—1

Figure 7 (left): Design 5, chosen for production



7.0 Beam Fabrication & Testing

7.1 Certification of Materials

Per the competition rules, all materials must be fit to use per ASTM standards. The plant
certification that the steel meets applicable ASTM codes is shown in Appendix A.

7.2 Fabrication

On March 4, 2025, the team went to the Tpac plant in Phoenix, AZ, to oversee fabrication after
communicating about the design via AutoCAD drawings.

Figure 8: Formworkwith stirrups and prestressing strands

As seen in the photos below, the formwork dimensions, stirrup spacing, and all other measurements were verified to be accurate
according to the shop drawings (shown in

Figure 4 and Appendix H).

Figure 9: Top flange Figure 10: 11 in. stirrup spacing Figure 11; 7 in. stirrup spacing

As seen in the shop drawings in Section 4.0, the stirrups were spaced differently to reduce the
cost and amount of stirrups required, as the shear demand varies based on location. The stirrups

|10



have one leg extending the length of the web, with bends so that the stirrups are held in place by
the prestressing strands throughout the concrete pour. A sample stirrup is shown in Figure 12.

¥

>
»
¥
[
e
P
¥
>
¥
#i
LA
¥
»
v

MRRRRRR

Figure 12: Stirrup sample

Due to the difference in stirrup spacing, the team needed a way to ensure the beam was aligned
properly to withstand the loading. To keep track of what side has the 7-inch stirrup spacing Tpac

placed two lifting loops on the corresponding side, also putting a in house fabrication identifier
on the same die.

" T

Figure 13 (left): Double lifting loop identifying side
with 7 in. stirrup spacing

Figure 14 (right): Single lifting loop identifying side with 11 in.
stirrup spacing

After verification that the measurements were correct, Tpac’s LW-5 concrete mix was made at a
batch plant on site. Preliminary tests of were conducted to verify quality. The spread test (shown

in Figure 15 below) tested the flowability of the concrete mix and determine whether the in-situ
concrete mixture was consistent with the mixture design.

|11



Figure 15 (left): Spread Test set up Figure 16: Spread Test results

The spread test showed that the concrete batch was very workable as it had an even radius. Tpac
also tested the percentage of air in the freshly mixed concrete to determine the unit weight.
Figure 17 below shows the values of these tests and resulting unit weight of the concrete.

Table 6: Spread Test Results

2750 in 27 +3in.
7.25% 3%
118.1 pcf 124.1 pf

Once the tests were completed and concrete quality was verified, the concrete was ready to be
poured. Nine concrete cylinders, labeled NAU (shown in Figure 17), were poured so that the
team could test the concrete’s compressive and tensile strength (results are shown in Section 5.3
Concrete Cylinder Results). The cylinders were poured from the same batch, cured in the same
conditions, and tested before the Big Beam test to ensure accuracy of results.

Figure 17: Fabricated test cylinders in molds

Throughout the pour, Tpac production employees (Figure 18) ensured there were no air bubbles
and that the concrete filled in the formwork completely.

|12



Figure 18: Concrete pour, with Tpac employees ensuring no gaps

To ensure the concrete would set evenly and have a nice look, the top was smoothed out. Tpac
let the concrete cure for three days before verifying that the concrete strength was greater than
the required 5,000 psi and cut the strands. The initial strength of the concrete at release was
5,077 psi on the third day.

Figure 19: Beam after concrete poured

Tpac shipped the beam to NAU on April 16™, 12 days after being fabricated. All reports from
fabrication are shown in 0.

7.3 Test Set Up
Upon arrival, the beam was transported into the NAU concrete lab.

113



The team proceeded to position the beam properly according to the PCI Big Beam rules [1], as
seen in Figure 20 below. The green steel support beams and load actuator were moved to
position and load the beam correctly.

’V

| \J
[

ey EEER :
i 3y - ! | 19’ Concrete Beam

& Steel Spreader Beam [ @ o —— = oad = ]
e Y

Load Plates | il P
: 8. String Potentiometer /

Support Plate
(1 on each end)

Figure 20: Overview of test set up

The beam was measured and marked at the support plate locations to ensure it was centered
properly, the point load locations where load plates would transfer the load to the beam. Areas
where steel load plates contacted the concrete beam were grouted to ensure full contact and load
transfer.

The centers of the load plates were placed 6-inches from the end of the beam, creating an 18-foot
span length. Once everything was in place, the team added the steel load plates, steel spreader
beam, load cell to measure the load during testing, a transfer plate, and the load actuator, as
shown above in Figure 20. The dimensions of the beam, support plates, load plates, and string
potentiometer can be seen below in Figure 21.

6 in 6 ft Sﬂj 9t 6in

Figure 21: Detail of test set up with dimensions

| 14



Mason’s string was placed spanning the entire length of the beam, with a ruler attached to the
beam, behind the string, to visually show deflection during testing, as shown below in Figure 22
below.

A \l-fiuii | !L‘i‘[-n—'!

“Ru ler to Measure Deflection

Figure 22: Testing set up showing how deflection is visually measured

7.4 Beam Test Results

The NAU Big Beam test was conducted on 4/28/2025 following the cylinder tests and
certification of predictions. The test included plotting applied load and deflection calculated at
midspan. The following graph contains the test data.

Load Deflection Graph
40
Deflection at 32 kips, 1.04in.
35

30
Deflection at Max Load,2.79 in.

25 (38.7 kips)

20

Load (kips)

15 Deflection at Cracking, 0.41 in.
(22.7 kips)

1.5
Deflection (in.)

. Load (kips) Deflection at Cracking - Deflection at 32 kips Deflection at Max Load

Figure 23: Deflection vs. Loading Graph

The following table shows how the predictions are compared to the actual results.
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Table 7: Comparison of Results and Predictions

Predicted Value Actual Value % Difference

Cracking 22.8 Kips 22.7 Kips -0.4 %
Breaking Load 34.9 kips 38.6 kips +11 %
Midspan Deflection (32 kips) 1.09in 1.04 in 4.7 %
Midspan Deflection (Max) 1.9in 2.71in +50 %

Overall, our predictions are close to our actual values. Our breaking load prediction was likely of
due to suboptimal cylinder test results. Ideal cylinder breaks show a cone shape. As seen in
Figure 5, the cylinder breaks only have a chunk broken off. This likely led to our concrete
strength being lower in our predictions than anticipated, leading to the concrete having higher
strength and crushing with a higher load.

In the future, the team will conduct more cylinder tests to have a larger sample size in case of
user error in using the testing equiptment.
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8.0Team Statements

8.1 Payton Correia

This competition was incredible because it allowed me to apply what I’ve learned throughout my
academic career to a tangible project. | really enjoyed challenging myself to learn the specifics of
designing with prestressed concrete, the logistics of fabricating a beam, and communicate with a
variety of professionals and learn from their experiences. Completing the design work with
Isabella Velasco, one of my best friends, was a joy and | was thrilled
to get the opportunity to challenge ourselves technically. | am
extremely proud of the work we have put into this project, the skills
we have learned, and our improved understanding of prestressed
concrete design. | feel confident in my abilities to use
precast/prestressed concrete in my career.

10931 East Bella Vista Drive Scottsdale, AZ 85259

Figure 24: Photo of Payton Correia

8.3 Isabella Velasco

This competition opened my eyes into the precast and prestressed concrete world. Our school
curriculum only has a regular concrete class so when we got this project we met with our
technical advisor, Dr. Dymond, weekly to learn about prestressed concrete. This whole
experience was very fun and challenging to go through. We learned new software's to make
calculations and predictions that | would have never learned if not in this project. | am
considering a career now in prestressed and precast concrete because I really loved this project. It
was overwhelming at first but once we started, | was able to dive in and put my all into it. This
project was a full rounded project where we got to see the entire
process it takes to make prestressed precast concrete. Payton Correia,
who is one of my best friends, and | would always joke about how
this project was our baby so much, so it wasn’t a joke anymore. We
even named out beam Stacy because we loved our beam and it was a
visual representation of all the hard work we had put into designing
her.

1492 S. Vine St. Gilbert, AZ 85233

Figure 25: Photo of Isabella Velasco
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8.4 Caitlin Yazzie

The PCI Big Beam Competition has provided me with an invaluable, hands-on introduction to
civil engineering that | would not have gained elsewhere. Through this project, | learned the
fundamentals of concrete mix design and came to understand the principles of prestressed
concrete, how it is intentionally compressed before loading to improve its structural
performance. | was actively involved in the full process, from interpreting shop drawings and
coordinating with our sponsor on material requirements to overseeing the concrete pour and
witnessing firsthand how the beam was constructed and tested to failure. These experiences not
only deepened my technical knowledge but also taught me the
importance of communication and planning within a team, especially
while balancing coursework and jobs. I am grateful for this
opportunity, and the skills and insights I’ve gained will have a lasting
impact on both my academic and professional journey.

PO Box 272, Rock Point, AZ 86545

Figure 26: Photo of Caitlin Yazzie

8.2 Zachary Fukumoto

Participating in the PCI Big Beam Competition was a great learning experience in my academic
and professional journey. | gained a deeper understanding of structural
behavior, specifically in prestressed concrete design and testing,
through this competition. Being able to design our beam and then
actually test it brought our engineering skills to life. This competition
taught me the importance of teamwork, problem-solving,
communication, and time management. | am grateful for my team
members and being able to work on this project.

94-227 Kuhana Place, Waipahu, HI, 96797

Figure 27: Photo of Zachary Fukumoto
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9.0 Conclusion

Designing a precast/prestressed beam for predicting the load and deflection requirements is the
objective of this project. The PCI Big Beam competition asked student groups to design and
fabricate a prestressed/precast concrete beam that cracked within 20 kips and 32 kips and failed
between 32 kips and 40 kips. Further design considerations are shown in Appendix C.

The team did their calculations in Mathcad (Appendix D) and iterated to create designs that
maximized the scoring criteria and were in the middle of the breaking and failure loads
(Appendix E).

The team used a decision matrix (Appendix G), scoring the deflection, weight, and cost
according to the competition rules. The decision matrix included a performance multiplier of
0.95 —1.05 toincrease or decrease the score according to how close the cracking and failure
loads were to the middle of the range (Error! Reference source not found.).

The final design was chosen based on how well the design ranked in terms of cost, weight, and
deflection. Shop drawings for the chosen design are shown in Appendix H. The NAU team
designed an I-shaped beam with two prestressing strands in the bottom flange and two non-
structural strands in the top flange to hold the stirrups. The stirrups are #4 bars spaced 7 inches

apart on the side experiencing the point loads, and 11 inches apart on the other side.

Tpac fabricated and transported the beam to NAU as the PCI Producing member (Section Error! R
eference source not found.). All material and fabrication reports are shown in Appendix A,
Appendix B, Appendix I, and 0. Then, the team set up the beam test according to the competition
rules (Section 7.3 Test Set Up).

Test cylinders were created alongside the NAU beam, and Tpac provided NAU with historical
data on the concrete mix (Appendix I). These were used to finalize predictions.

The final predictions, actual values, and comparisons are shown in Table 8 below.

Table 8: Comparison of Results and Predictions

[Predioted Value | Actual Value | % Difference_
22.8 kips 22.7 kips -0.4%
34.9 kips 38.6 kips +11 %
1.09 in 1.04in -4.7 %

Midspan Deflection (Max) 1.81in 2.7in +50 %

The midspan deflection-loading graph is shown in Section 2.0.
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10.0 NAU Capstone Requirements

10.1 Project Introduction

The Precast/Prestressed Concrete Institute (PCI) Big Beam Competition involves student teams
designing and overseeing the manufacturing of a precast and prestressed 18-foot concrete beam.
Each entry will be evaluated in connection with other entries from the same country as part of
the national competition that serves as the judging criteria. Our team must design the beam to
carry a load of at least a total factored live load of 32 kips and its total peak applied load cannot
exceed 40 kips. The beam must also not crack under the total applied service load of 20 Kips.

The completed beam will be shipped to and tested at the NAU lab facility in the Engineering
building. See Figure 9 below.
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Figure 28: NAU Testing Lab Location
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This project's focus is the design and analysis of the beam’s structural integrity. This will be
done by testing the beam until failure to compare predicted failure to actual failure. The end goal
of the project is to create the most accurate prediction, lightest weight, and largest deflection of
the beam within the parameters provided by PCI.

The project constraints include staying within the constraints of the PCI Big Beam Rules and
staying within our planned schedule. Time constraint is crucial for staying on track within our
schedule and completing the project on time. Any delays in fabrication, transportation, or setup
could push back the testing schedule. Abiding by the PCI Big Beam rules is also necessary since
we will be judged on various aspects of categories pertaining to the competition.

The major objective of our project is to design the concrete mix, decide ona beam design that
fits within the competition rules and project goals, create our shop drawingsto send to TPAC,
test the concrete cylinders tensile and compressive strengths, and finally test the beam and
documenting its behaviors. The PCI Big Beam competition submittal includes a report and
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competition video per the PCI Big Beam Competition rules. The final report may need to be
edited to meet the competition specifications. All tasks will be completed by the due date of May
9, 2025, which marks the end of the project.

10.2 Impacts

10.2.1 Economic Impacts

Long-term economic benefits of precast prestressed concrete include its superior quality,
quick construction, and low maintenance requirements. Over the course of a project, cost
savings may result from improved efficiency and a decrease in rework caused by
controlled manufacturing. But because of the need for specific equipment, logistics for
shipping, and access to plants, it usually entails higher upfront expenses. Cast-in-place
concrete, on the other hand, is frequently more affordable initially and more readily
available for remote or smaller-scale projects. However, the work and time required are
more, which might raise the project’s overall cost and susceptibility to delays. Since cast-
in-place concrete is poured on-site, inclement weather may cause delays in the curing
process.

10.2.2 Environmental Impacts

Precast concrete benefits the environment by using less material and producing less waste
because its components are manufactured exactly in a factory. Over time, its durability
also helps to reduce the carbon footprint. However, transportation-related pollutants and
energy-intensive prestressing equipment are environmental drawbacks. Cast-in-place
concrete, while reducing transportation-related emissions by using local materials,
generally results in more waste due to on-site variability and less efficient material use. It
may also have a shorter service life if not cured or constructed properly, leading to higher
long-term environmental costs through repairs and replacements.

10.2.3 Social Impacts

Social benefits of prestressed/precast concrete include quicker installation, less time spent
in construction zones, and improved quality control because it is produced off-site, all of
which lessen dangers to the public and employees. Prestressed concrete also enhances
public safety by offering fire-resistant and pest-resistant structural solutions, reducing the
risk of property damage and personal harm. Additionally, it minimizes the risk of damage
by requiring less work on-site. However, it entails moving bulky components and
utilizing huge machinery, which limits installation flexibility and poses safety hazards.
Contrarily, cast-in-place concrete permits on-site modifications and eliminates
transportation dangers, but it necessitates more effort and longer building periods, raising
the risks to workers and public safety. Additionally, it is weather-sensitive, which may
have an impact on long-term safety and quality.
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10.3 Summary of Engineering Cost

The total estimated cost of engineering services is $86,959. This includes personnel, travel
expenses, supplies, and subcontracting fees. Personnel costs are calculated based on the total
hours worked and the billing rate for each position throughout the project. Travel expenses
include one day trip to Tpac in Phoenix, AZ to observe the pouring of the Big Beam. Supply
costs are influenced by the lab equipment and software required for concrete analysis and
creating shop drawings for the beam design. Specifically, the Materials Lab and the Concrete
Lab will be utilized. Subcontracting fees reflect the work performed by Tpac to fabricate and
ship the PCI Big Beam.

Table 6 shows a detailed breakdown and justification for personnel, travel, supplies, and
subcontractor costs.

Table 9: Estimated Cost of Engineering Services

Rate/Hour ($)
1.0 Personnel INT 59 $24,662

LT 63

Classmcatlon Billing Units Miles
Rate
2.0 Travel

Miles 0.4 $/mile

Rate/Day (9
sosupples [T s
Total Supplies Cost

Classmcatlon Rate/Hour (3)

S{ieegligze] A Dr. Dymond Lessons 20
and Advising

Total Cost of Engineering Services $86,458
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Appendix B Admixture Data Sheets
Appendix B.1 ADVA CAST575

TECHNICAL DATA SHEET

010372025

ADVA® CAST 575
High Ranoe Water Reducing Admixture

DESCRIPTION

ADWA® Cast 575 i a high eficency low addition rate ADVA® Casl 575 iz supplied 8= & ready-louse liguid that weighs
polycarboxylate-based high-range waler reducer designed for the  approcimately B9 bsfgal (1.7 kg/L) ADVA® Cast 575 doss not
production of a wide range of concrete mixes, from convertional to contain intertonaly added chlondes.

Self-Consolidating Concrete (SCC). It i designed to impar extrerne

workabdity without segregation to the concrate.

ADVANTAGES FIELDS OF APPLICATION

= Excallent dosage efficiercy, molsture control and air control = Formu.ated to impart improved workability to the concrete and 1o
« Supernior air entreinment control echiewe high eary compressive strength as required by the
« Enhanced concrete cobesiverness with low wviscosily for rapid precast mdustry

pacermsn
= Supenior finish on cast sufaces
= Enhanced strength development

Method of Use

Dosage

ADWVA" Cast 575 is an easy to dispense liguid admixture. Dosage rates can be adjusied to meet a wide spectrum of concrete performance
requirements. Addition rates for ADVA® Cast 575 can vary from 2 10 10 fl o2/100 Ibs (130 to 650 mLA100 kg) with the type of application
but wil typicaly range from 3 to & fl oz 100 ks (200 to 330 mLMN 0D kg) of cemenitious.

Should conditions reguire using mae than the racormmeandad sddition rale, plesse consull your represeniale

Mix praportions, cemenilious content, aggregate gradations and ambien conditions will aflect ADVA® Cast 575 dosage requirernents. i
materials or conditions requine wsing more than the recommended addition rates, or when deweloping mix cesigns for Self-Consolidating
Concrete please consul your reprasantative for more information and assistanca.

Additional Usage Recommandations

« ADVA" Cast 575 is a plant-added superplasticizer thet iz formulatec to impart mproved workability 1o the concrete and to achieve high
early compressive strength as required by the precast industry. ADWA® Cast 575 can be used for the production of SelfConsolidating
Concrete in precasty/prestressed applications and may be used in conventional concrete production

ADVA" Cast 575 may be used in low water-cementifious rato applications where concrete stability and improved tolerance to concrete
rmaterial variability ane reguired

ADWA® Cast 575 may be used to produce concrete with very low water/cementitious ratios while mainaining normal levels of workability.

Equipment

« Acomplete line of accurate, sulomatic depersing equipment = evedable

Caomplimentlary Products
« ADVA® Cast 575 is compatibie with most adrmictures as lorg as they are added separalely 1o the concrete mix. Howeves ADVA * products

Tr i CPRalion SOnGese ir SR8 TaChInCl £ RSN ol A T Sl S o O e e B ) R roe RO M - AT A 2 BT N OIS T MNTERT B QR
ia prasbln Howwvm & carel 0 ey con B cormedeed o Wy v ce Bk 0 oo o mee o ey e e of oo el ofa Fan o ot e
PO ISR o el WOVl CSLS Gl SNTE R W OV [ A el ek g T PO 1 S T e 0T O A0 38 el o
3 AR T T (S 3 RN SRl MV BEARTAR & 31 el 0 Gl 8 [0 e

" chryso

EBAINT-GOBRAR
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TECHNICAL DATA SHEET

ADVA® CAST 575
High Range Water Reducing Admixiune

Saolutsons

are mof recammended for use in concrete contaning naphthalens-base: admistures ircluding DARACEM" 1% and DARACEM® 100 and
miaming -based admixiures inchding DARACER® &5 In general, i I8 recommeniad that ADVA* Cast 575 he adoed 1o 1he concrete mix
near the =nd of the balch sequence for optimum performance. Different seguencing may be usec if local testirg shows better
peipmance Please sed Technical Bulkegn TRAOT1D, Admicnre QEpanser Echage e Locaton and Sequenang o Concrele Barciing
Opsrations fior further recommencations.

= Pretestirg of 1he corerede ma should be perfomed before use end os conditions ard materials change in onder to asswre comaatiblity
wath ather admixtures, anc 1o optimize dosage retes, addition tires in the batch sequencirg and cancrete performance. Far concred= That
eoLines alr enfraimenl, the use af an ASTM G260 sir-erirainng sgert [such as DARAVART or DAREX® procuct lres) is recommended 0

provside suilable air void parameters far fresze-thaw resslance. P esse cormull your representatyes for guidanps

CHARACTERISTICS

Prodisst Maturs Licuid |+ ADWA® Cast 578 wil irpeze ol approgimately 32°F [070) kot wil
ol Bl ;HI.IJ:I";-.-:-"UI functonsaily aler Pawing and TFoogh mechanicsl
Shalt Bfa 12 months :

s o €D
gl
pH (25°C) 50 Priar o ary use, plegss rasd carefully the Sately dala Shes

= Bulk

» S5 gallan drum

= TS galon ohs

ADDITIOMAL IMFORMATION

BOWRS TR 3T ST Ca0E By * Hg0- Hange: ‘Wale’ Fiduda sl Cala

il

T am T

S e e STERETR ] R RS R R ) AT T
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Appendix B.2 DARASET 400

Ul

TECHNICAL DATA SHEET

3

1213

DARASET" 400

Accelerating Admixture
Non-Chior

DESCRIPTION

DARASET™ 400 = & non-carmoswe, non<iionoe &t gocelenator 1sl Meets of exceeds (he requirements of ASTM C494 Type C and can
cffers ssting tme resdts and exly strergth cevelopment  be used at any dosage to meet ACI 318 Guidefines for Chioride
corrperab e 1o caoum chlonce but without the comosive ffects Content in Concrete.

ADVANTAGES FIELDS OF APPLICATION

« Acceerates setting Uime o AliCement Types

o Incresses early compress e s fexural strengths « Precast Concrete

« Offsets the retarding effects of pozzolans such as slag or fy ash » Reacy-Mix Cancrete
« Enabies ool weathir contrating » Concrete Patching

« Very High Early Strength Concrets
« PreStressed Doncrete

Method of Use

Dossge

DARASET* 200 cosage rates car vary with the type of sppication. The adcition rate can range between 10 cziowt and 60 oz/cet (650
m/700 kg and 3910 mL/ 100 kg) of camentibous materal

Optimal acdition rates will depend Lpon specihc b conditons, on loGE matenals and on (e dagree of e acoderaton B escly stranglh
cevelopmert required.

Typcal resuits show that when corcrete cortar ng DARASE T 400 5 poured &1 SO°F [10°C), the concrete wil w2t up 10 2 hows faster than
the reference concrete.

Acaition mdes mey vary when used in congnctor with other CHRYSOM admixtunes

Should condors reguire using mare thar the recommenced addition rates plasse consult your CHRYSO® represertative.

Additional Usage Recommandations

« Sutabie for uae in concrele pleced on sted cled or Zinc coated stedd docks where comason prevention 5 encial

Implementation

o I general it & recommerden that DARASET™ 400 he aodeo 10 the concrete min aear the ol of the heach saqguerce o aptineam
performance Dfferent seguencry may be used (focal 1251ng shows batter performance

Plezse see Tochoica Buletin 180110, Admotare Déspenser Dischange Line Location and Sequencing for Canarete Bado'wng Gperanions for
further recommen dations.

When usec in ar entmined corcrese, trial mixes must be made 10 determine the guantty af alr entmirng aomutue recuned

The concrete produces shouks sccoum for the waler coaned n Fe product Sach gallon of DARASET® 400 added %0 8 concrets moe wil
contrinte 6 3 s (0 76 kg/l ) of water to that mix

Pratestrg of the corcrele mix should be perfarmed before use and 35 concitions ard materisls change in order to assure compatiblity
vath other admixtures, and to optimize dosace rafes, acdtion smes in the batch sequencirg and concrete perfarmance

Vo e Eeed € RN RS WS YA ) R P 2 7w bl I B T TR R R R MG N N TR AT e e e
. Ve W s W el e PR o S W s o ey S o g e, e B ke e B
ASCICINON BMDONDN OF THE MCANCH SIS BOL LOTG ASEACIRCN WD MA0SE B4 CIed O BeATN SBNg T JUONCT K @A TA T METCE & e ard coaeons &
SEOCIDOR OIS PETAT W IATICTOY U DG AIIEIATE O X T SESC0M I B S
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1
L

TECHMICAL DATA SHEET

1232

DARASET" 400

Aceelerating Adrmixture
Men-Chlarde

Solutsans

Equipment

= Aporplete bne of acorrale, automate dispensrg eguipmert is 2vaiable

Complimentary Products

= DARSSET™ 40N 5 compabbie with most CHRYSO® admstures ag long as they ame added separately o e conembe mix, esualy thioo gh e
weater hiadirg tark dischargs ine

= Far concrebe Bt requires ar entrainment, the uss of an ASTM C280 ai-entraring agent is recommended bo provide suflable air waid
paranElers Tor irespe-Thavw iesiglAnGe

Performances

= Prowides shorler s=1limes ard increassc early compressae & flevural sirengths

CHARACTERISTICS PRECAUTIONS

Prodisct Maturs Linid = Product will begin 1o freeze of appeoeimately -10°F [-23°C), bul wi
refuim ba fu | strengin afler thaveing and Thorogh gt on
ﬂ'h.. L"Lh!h“:_; s Diorod use pressuriacd air for ngndalmn
Shelf 183 mon
€l loms condent <0,100% CAFETY
ﬂnll grintey (35°C) In 1453 Prior o aryuse, pleass reac carsfully the Safety dats Shest.
PH (35°C) 030
= Bulk
= 275 gallon oA
= Socallan dmm

ADDITIOMAL CERTIFICATIOMNS & MARKINGS

« DERASET 400 is KEF Std &1 cerlified when usaed ol o masimum
addition rab= of 20 7 oz 00 s (2600 mL 100 kg of cemeantitious
miaitrinl. Ceritficaton of complianes wil be made aualahs upon
e B

e . ST T R R TR 7 AT T 7 T D g e e BT e e W oo T L T T T

 priile. Hosvem B save ], e s b cesiledd s e sy ey s Naliiy B e ol @ e o oy e e e o s gl ofel Bon B bes B
AOCICISEN DS O TEE WOWRIN O DT LT SOPRCIMCN M IACUR] DF ONEE O DR SN T P00 I T TR T TG T e 0 el o
SEORCIRDE O I RO W SOl e LI o T DD O T B

- {)chryso

SANT-GORAIN
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Appendix B.3 DARAVAIR 1000

TECHMICAL DATA SHEET

(el B rki]

DARAVAIR® 1000

Air entraining admixture

DESCRIPTION

DARAMAIR 1000 is a Feghrgrade saponiiec nosin besed -
entraring admisiure that prowdes freez=thaw resistance yisd
contrg and fniekabilty performance scross the Tul range of
cancrete mix designs. Chemicaly similer io wnsoHoaser products,
but with incressad purily s supply depandability

ADVANTAGES FIELDS OF APPLICATION

= Produces rapic ar bulc sufable for short mo oycles « Al Cemrent Types
= Porforma reiably & consisenty aoss & wide specirum of mig < Precast Concrete

CEsigrs « Post Tersioned & Presiressed Concrete
= Inprgees the durabiity ol concrele 10 geverne expod) ies « Ready-Mix Concrele

« Comcrele Dposed 1o Fresze-Thaw Cydas

Method of Use

Dosage

= DARAYAIR" 1000 dosace mtes car vary with the tyoe of applicetor. The addion rafe con range betwesn 0.8 oxfowt and 3 cedowt (20
L T00 kg and P00 L T k) ol cemantibous mabersal

= {ptimal additian rales wil deperd an lempeabore, cement, sanc cradation, and the use of exira fine materials st as fly ask and
ik

= Dosage rzies may vary when used in conjunction with ather CHAYS0® admistures. The zirenirining capacity of DaRavAIR® 1000 is
uaually inpreased] when piher concrele acdmistues are contdingd n the concrele, panicudarly walerreducng admichares and waber
rechucing retarders. This may allow wp to 8 reduction in the amours of product required.

& B condfaors requing usng mane thae tre recommended addinon reles. plesas oordyll your CHEYS0™ repregar alive

Additianal Usage Recom masdations

= Farmubsted 1o peflirm aonoss he erlive spectrum ol procductoe mines, | generabes §pecficalion quakty reste-1Faw ressiart &7 syElemns
N corcrete

Imphdmantation

= In general, it is recemmended thal DARSVAIR® 1000 be added earfy in e batohing sequerce for aptimum performance, prefembly by
“eribbling” on the =and

= Produs shoulc net be added divpot by 1o healed wabs

s DilMeren] sequencng ey De used F local testrg shovws beller perfonmance

= Plesse see Techrical Bubetin TE-00 10, Admiutore Dvapenser Dischangs Do [ocalon s Seqoencing for Doncrete Asdoiwng Opemions tor
further recommendations.

= Prefesbing of Ihe corcrede ma should be perfomed before use 2nd as conditions and materials change in order to asswre comaatibl ity
walh other admixiures, and 1o oplienize dossga rajes, addiom wmes in the balch sequencirg and corcrele perioemance

e g Srree ] T e S R AT TRy o e s g e e b e e W s T R O TR T e
a arails Husreem i i | a o b kel o e by eshayg s balii @ e ol @ o a0 lee e o ua paoe, e us s be B
AOTRCINES BRI N Tl WRONRIN OENE DT 0T AOPECSESS SN LAV Db CSANEE Ol BDRVE SN B OAGOCT IF 0ECH A T PR T S D DO O
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02/ 1872
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TECHNICAL DATA SHEET

DARAVA'Ro 1wo Concrete

Air entraining admixture

Solubons

Equipment

« Acomrplete bne of scorate, sutomate dispensrg eguiprenrt is svaiabls

Compimentary Products

« DARAVAIR® 1000 & compatble with mass CHRYSD® admixtues a3 kng as they a0 addod sepammtely ta the concreds mu

Performances

e porates ain o the concrete by the mechanics of mixing and shatslizing mihons of dECEbe Sam i-micross o Do bbley
Promotes the mobinty, or plasticity ard workabiity of the concrete through 2ir bubbies that act mech ke flexisie bal beanngs.
Enaties areduction in mixnc water with no loss of slump

Aids placeaxiny whie mininizing dkeeding, plastc shrinkage and secregation

« Produces mparnt resstarce 10 the action of lros! and de<cing sa'ts 85 well a2 sufsie ses and gkaire walery

CHARACTERISTICS PRECAUTIONS

Product Nature Lcuse » Product wil begin 1o troeze a1 approcamately 30 *F (7 °C), but wt
Cob g retun Lo ful cepatylimies after thawang and thargugh sgastion

» Darol use prassurizec air for agitation
Shelf kfe 12months

Cf" loms content CILAN  SAFETY

Specific gravity (25°C) in 1013
giml
PH (25°C) 1040

« Bulk
« 10001 Tote (275 cal ans)
o 210 L (55 Go'ons) Drum

Pror to ary g plegss resd carefully e Safely dats Shest

e e Tawd R A Y 1 P P e o T ncwiet 20 et S T U BT T W R e TN e e e e TR ) O e
. Mo € i el e, W el s 4w Ny Py ek Ny W e o ey ) e W s e, e B Buns b B
AGIONEY JMEGUDN O THE MM SR SNOCT LOTDO ASEACHADA 00 N0 B AN OF SRR g T JROOMT B AN BN T MARCl & O E oaeons of
JEOKABN CTINE PESET M ATy A TEPAGS SIAEIA S 2 T AEGN 2 I S
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Appendix B.4 RECOVER

TECHHICAL DATA SHEET

RECOVER®

Set retarding admixture

DESCRIPTION

RECOVER" = & resthelouse  pguesus dclulion of chemncs Meels or excesds the requerements of ASTM C494 TypeBED
carpounds specifically designed o stablize the hycration of
Parmland cament cancabes,

ADVANTAGES FIELDS OF APPLICATION

Cimrirates the nesd to dscharge wash waber fram the mixer « Al Cerrent Types
Preyerils The wasie of unused corcrele + Remdy-bix Congrete
Provides prec clable extenced s=1 limes » Precast Concrete
Enahies ong hauls 1o mmae sites = Haot Weather Cangmating

= Mass Concrets
s HPC & UHPC Corciete

Method of Use

Dusagn

RECCVER® adciticn rabes can wary with the bype ol applicabion. The additian rale can range beteeen G0 oz & 1260, az (180 mL & I800 mL)
per reatmert

Ty al Ciocsai e rales prg

= Beborned or Lefoser Concrete: 3 0o 128 £, azfcwt (195 ba 5350 mbL 100 kg)

& Sel Tirree Extensors [+4 hourg): 5 o S0 L af/owl [325 ta 3260 ml 100 k)

= ASTHM Type Bor D Retarder: 2 %0 & fl ca/owt (130 1o 330 LA 00 kg)

Dptimal acdobion rates will cepenc on the apeclic malknals inwolved. meser ivpe ard stabilzation period

Dosage rabes may wary when used in canpurcton weth olher CHRYSOT admisdures.

Shiou i condfaor s requing ugmng mane thae the recommended additon reles. plesss cordyll your CHEYSD® nepreserialive.

Additianal Usage Recom maedations

Desigred o stabdipe fraxer wash water and relurned or allover concrele or extereed pencds, slloming Tor use of the malerals when
specified ar alowed.

Guitable Tor uss whers conlrolled ectendsc o=t of conorele s nescec. 1 g the concrebe vsers resporsiblily 1o detamre if kefloser,
rebumned, of extended-sel concerle & specifind or alcwed

ezl foe vessl waler apphcalions, @ imirnstrg The need 16 disdrarge waah waler fnoe Fe micer This lawa the wash waber o b= vded ag
mix vaaber in the net batck of concrrin produced and prewents e residual plassic: concrete nom handenirg

Lized 1o prevent plaslic conorete Trorm reaching wibial el far returred or efliver condrele. This allows the concrele o be slored m a plastic
slate and Hren used when specified or allowed. The use of this corcrebe may requice the addition of freshly batchec concrete and/ar an
Aol

frecommended in stualions where a cortrolled set bme esiension is noquinsd, such 2s eatended hauls, lange conbnwous pours, o pre
Batching af concrele e Ber ues

e o, STr TS WS SR AT T 7 T bl g e s b e i wp s e T L e TR T S

il Hoseem B vl ooy s b comledd s v a lp vy s Nkl B e ol @ ke of ey e e ] o G pade, ol B Bl bes B
POCICINTN DRENECT O THE MONGIN OIGD DT LOT SOPRCINCS D LNCUR] DF ODANED O DOOR G0N T OA0OCT IS T T T AR S e D mOaee o
SRR O I RO W T T LG o T DDl O T
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TECHMICAL DATA SHEET

1232

RECOVER®

Set retarding admixture

Implementation

= I gereral, it 15 recarmenced that RECOVER ™ ke added 1o e concrete mix nesr the end af Bhe batch sequence for optimum performance.
DiilTererd gequencrg may be vied il locs 1esting shows Betler perfarmance
» Ple=zse see Tachnics Bulketin TB-0N 10, Admocdare éspenser Dischange Line Location and Sequencing for Cancrele Badcing Goemhions for
T e Feccmimeen ca e

= Pretestirg of the corcrete ma should be perfarmed before use 2nd as conditions ard materials change in onder bo assure compatibiity
valh other admixiures, and 1o opdienize dosade rales, addnon Wmes in the balch sequencerg and concrebe perfammance

Cquipment

s Moporpele bre af acourale, auioma e diepense g equipirert is 2yalable
= Reach J006TH Systern, an innovative spray wand techralogy that simplifies wash weter procedures.

Complimentary Products

= RECOVER" is compatible with mast CHRYSO® admiiures as lang 25 they are adced separale y 1o the corcrebe mix, wsuelly through the
weater ho dirg tark discharge i

= Far concrete Bhad requines ar endrinment, the use of an ASTM C2E0 ai-eniraring agent is recommended bo prosice suflable air woid
pararnelens Tor Ireepedhaw retislance

Performances

= abibzes the hycrabion process of Portland cerrent prevertrsg o Tram reschrg milis ==L This stabdizabion is nol perrarent s is
conirgled by doaage rabe

Pravibes stabilzation of up 1o 96 hours is possiolke depanding or dosage rabe.

Cioats The irterior of the miser with trealed wask waler. The waser s used as mis water in the rext batch of concrele produced, which then
soours the unhardensd matenal fram the imlenar of 1he miber.

Maintains the plaghichy of rehaned o lefoser concrete Tor the desred stomge duration. The condrele resiames normal o etian wher The
dosage =lMecls subsde o when activates by fresk corcrete ar an accseratol resuling n corcrele wilk normal plaste and hardered

praperties
CHARACTERISTICS PRECAUTIOMS
Product Malurs Lo = Praduct 'Tl begin Iu‘leebrt:ﬂhauulr.Ill'l'uttl;-:.'ﬁﬂE *F [0 °C) bt wil
Lo refurm to fu | capabulities after thawing anc thorough agiatian.
SR = Daral e Measuined air for agialion
Shelf e Qmorths
CI" |eme content « 0, 100% SAFETY
wmmh 1008 Prigr bo ary e, pleacs e canefully the Sately data Sheet
pH (25°C) 650
= 55 calkan dnam
& 275 gallon lofe
= Hulk
g i g TP R RS R AT ) FET T g bk v w e b e e W e e BT I ST T ST T
e, Hoereem 0 vl e vy s b aesaleed m oo owea p iy s lalily B e ol B o oy Slee e o s pade, o los o e B

POCICINTN BIHTICN O THE MO OINE DT L0 SOPRCIMCN D LNCUR D CINEE O DOOE SN T P00 I T i T Rl O Je D ool o
SEORCIRDE T I RO W RTINS o M T QD O T S
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TECHMICAL DATA SHEET

AWEI2h

o

V-MAR" 3

Viscosity Modifying Acmixture

DESCRIPTION

W-MAR® 3 s & high-eMoency siscosi-modifping  sdmigiue I enfances Thisolnopic pragerties, enabing e concrele 1o martar
desigred 1o enfance the eclogy of concrete, enabling s use in 2 its skape under stress and resiors its visoasity when e siress s
wede variety of applicatoms. relegsed.

ADVAMNTAGES FIELDS OF APPLICATION

= Impraves productvty Al Cement Types

& Mimmizes wear K l=ar on lms = Precas! Concnets

= Enhancess surface appearance far 2 sup=riar finisk » Post Termioned & Prestressec Concrete

= Fnmron minimal impact on airemnen men i « ReadyMis Conerate

= feduces pump pressies = Paving Concrete

= Ruippons efhicent aplpmn paving = relorwater B Aslimaahout Concrets &og be alicng

Method of Use

Dardgn

= W-RART 3 dosage rabes oo wany with the type of apobcation. Tyvpics addition rabes rar ge belyvessr B o 100 ozdyd ' (309 10 I8EE mlim™ of
concrete

« Didagerequirerrerie are based on waler corten] @ Ihe g A waler content incredses, dossge redurament will intfeaes

Optimal adcition rates will cepend on mix design, camentitious corent, aggregale gracations and 500 application

s Domage rales e ay wary when usad in conpe clon wih alher CHREYSO admexunes,

Should conditiors reguine using mone thar the recommended additian rates, plezse consull your CHRYSO" represeantative.

Inglemantation

= In gener2l, il is recommerded that V-RUAR® 3 be added fo the cororete min after the dry materials and most of the weter for aptimum
petgmanis Differend equencrg may be ged il ool lesling Shows bellern pefammanss

= Pregestirg of Ibe cororeie ma should be periomed before use end as conditions ard materials change in ander to asswee compatitlity
valh other gdimexlunes, and 1o optenize dossge rales sdditon Dmes in the balch sequencrg and concrele perfammanse

Equipment

= A corplele bre of acourale, automate dispensrg equipm ert is avaiable
‘Complmentary Products

= VA" 3 is compalible with most CHRYS0" admixiures as ang as they are added separately ta the corcrete mis.
= WVMAR® 3 s rRoommenced far 1se inoonune ion wien CHRYS0E Supeplasticizers ard in combination of CHRYSOE Ar Eniraning Agents

Performances

= Modilies concrete Meologics praperbes far improved warkabiity

g e wrgre, STrea T e T SR 7 AT R sl A T BT e e W e T R T T e

el Hosreem B wa naw s b aesalecd &oa s iy e Ny i e ol o ey e e T G e, ol Bon o bes Be
AOCICIEY RIS O TRl MOWRL Ch T LT SOPRIINCS WIT ol D D D EDOPR S0 T OROORCT K T T T AR I e D moaee o
BECRCI T T BT W BT T e S o8 O T A O T S
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TECHMICAL DATA SHEET

V-MAR" 3
Viscasily Modifying acmixture

Boluisons

= Enhances finisking in flafeork appliczions.

= Improes worimbi ity i | cegiro-slimp corcnete

= Facilfales betier workabi ity and finishaibity when using harsh agcregales

s Samplities pace st e pum ping negandieas of cemaen Type oF sggregate grackston

= fAccommaodales lucluating moisiure conbent

= Prevonis segregation and recuces bk eding, maintzining coheseness in hegh -fiow mies

= Enswres consistert production even under harsh cond itbans liks high vinds or lovw humidity,

= Fimirates tha need Bor wibralion by enabling seltaweling and sel-consabdation in hgh-dkes applcations

CHARACTERISTICS PRECAUTIONS

Prodict Baiuea Lig L s Product will Begin 10 fréere &1 approximetely 78°F (-2°CL but wi
Gk Colouriens by Kt yellow reiurm b | conabd fies after thawing and thorough agiatian
: s [ P g pressunized aif for agitalion

Shell Ky 12 rpnihe
G lome content =0, 100% SAFETY

(F5°C) 440
PH Prigr ba ary use, please reac cancfully the Safety data Sheet

« Dulk

+ 275 gailon toes
« S5 calkan diuem

g B g e Sy R e AT ) e IR e e g Erel g o e e b e i w1 T

alaility i e il s r oy e e s g ule fam bas bae B
S0 WO LRC D LD Ol DO S T 00T T Nl M T RS O e ] LI
1 Tl 3 el 7 T
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Appendix B.5 V-MAR F100
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TECHNICAL DATA SHEET

1L2van

V-MAR® F100
Viscosity Modifying Acmixture

DESCRIPTION

V-MAR" F100 1= & high-perforrance, reo ogy-madifyng somiidure It improves workabinty, allowing concrete to flow mone srmocthly
designec 1o enkarce the kbvioty of corcrets, enabing rcraased  durng placement whie achevirg 2 high-quaity frish wath o
productmly arc supenor surface lexlirs consmtert ard refined surface

ADVANTAGES FIELDS OF APPLICATION

« [nhanoss concrete theclogical properties for improced workabilty  « Al Cemrent Types

« Produoes cohetive concrete mixes withou! stickness « Precast Concrete

« Facilzates efficent cancrete extrusion » Post Tesioned & Prestressec Concrete
o INproens COrcIete Surtace appearancy « Corcrete Pipe

« Acceierates concrele discherge roles « Concrete Bxanusion

« Concrete Paveg
« Slp Formed Concrete
o Raler-Compactiad Concrets

Method of Use

Dosage

o V-MAR® FIDO dosage rades can vary wilh 1he type of appicaton Typecal additon rates mnge between 310 12 f o2/emt (195-780 mL/100
kg) of cementticus material.

« Optirmal sdcton rates will copend o mx defign, Canentibous corten], agoragsle gradations and spolication

« Dosage rates ray vary when usad in conpr cton weth other CHRYSO® admixtures.

« Should condmoes requie using mon thae the recommenced addition mies. plesss corsull your CHRYSD® repregentative

Implermentation

o Ingerera, it is recommendced that V-MAR® F100 be adced early in 1he bhatchieg sequence for opbimum petommance

« Differont sequencing mey be Lsed ¥ local wsting shows better perfarmance

o Plesse pee Technicd Suletin TRO110 Admatore (bspenser Discharge Lne Locston and Sequencng for Congrete Betctvy Opeahons for
further recornmen cations.

« Pretestrg of the corcrele ma should be perfarmed before ute 20d a5 conditions ard materials change in arder to assure compatibiity
wath other admixtures, org 1o optimize dosace rates, acdRion $mes in the batch sequencirq and corcrete perfoamrarce

Equipment

« Acompiete ne af sccurate, automatic dispenss g equipmenrt 15 avalable

Complmentary Products

o VMAR® F100 s compatble with most CERYSO® admxtures a8 100g a8 they are added separately 1o the concrete mix
« Far concrete st requires a7 entrainment, the use of a1 ASTM C2E0 ai-entraring agent is recommended o provide suflable air vad
paramelerns lor reezethaw resistance

e T SIRORRd N PR N WNONT 8 T I TR R 3F T U 0 0 T I T ERETIAE TG e S OIS TR W TR S0 e
R M € e 0 g i, W kel o SN By ke W e oy BN s o i e B s Y e
OCKCA00N JNGTEON I T NOMNID SR BWCT LOON SOPCANCH NN N0 e COBED D DORIE 400G T JOGCT E 0001 BN D0 MR & a8 w1 e
BECHCAR0 £ N ISOLT M ARTRCTHY O TR WOE ARG o M T QICO0M I I AN
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TECHMICAL DATA SHEET g
Chirgs &
) =
Concrede
\f-m F1 ﬂﬂ Solulsons
Viscosity Maodifying Acmixture
Performances
= [nhance=s productreity weith Fagber Throwugbgul.
+ Enabies concrele 1o Mow mons easly and quickly fraugh machiney
= Improves paste consistency for better creaminess and finishabiliy.
= Promotes concrabe consclidation with recucad vibration ettor
= Increxses waler b0 erancs, making concrete less sensiihe 1o ypical molsiune variations during manufacturing
& Suppons the useal angular aggregates and mars RaCiuned aande in CONGrel e mines
= Delreers finishes with sgrifcantly feser sulfsce delecls.
s Reduces cerenl regqurements Tor suface dosune, lowenng overall malenial cosis
CHARACTERISTICS FRECAUTIONS
Product Malure L il = Fraduct wil begin 1o freeze o apprasimetely 550°F -2°C) bul wi
Lok R ::;;;L; full functicnality after thawing and thomough mechanicz
Shelf e 1I2mefthe . o rot use pressunized air for agitation
" lone confent = 0,1 %

Speifs vy 25 ) NN SAFETY

Pricr bo ary use, pleass reac carafully e Safety dats Shest
pH (25°C) 530

s Rk
s TG gElon lofs
= hbcallan drum

"ha e g, STrEead v S WP T AT e 7 el g e e e b e e e o e o R i T T e
sl Homreem 0 sarvm | o i o ke samnatkeed aoa e s iy by me Gl b e ol @ ey e e w6 ge pace, oie Fon b bee Be
ASECANEN BREEEN O THE BROMVIN Nk DT WP AOPRCSICA SARE LACURI Db MANEE OU DR S N OO I T TR DN O O D e o
SECROSNCH I BOEOGED 0 BARTICTY Al TR AL o B T QAL I T 20
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Appendix C Design Considerations

Table 10: Design Considerations

Process Evaluation of...

Cross section properties centroids, moment of inertia, and weight

Free-body, shear, and applied loads, shear capacity, and moment capacity to inform
moment diagrams calculation of cracking and failure loads.

Losses short-term losses (elastic shortening), and long-term losses
(creep, shrinkage, and steel relaxation)

Flexural analysis nominal moment in order to ensure that the steel yields before the
concrete crushes (to ensure a safer method of failure)

IS DR EYE T8 the required length needed to anchor the strand and fully develop
lengths the transfer of its compressive force.

Stresses stresses at transfer and test, compared to allowable stress limits
Sl NaREN IR OELEN \When cracking moment exceeds applied moment, leading to
cracks forming in the concrete

bR Re RGN \When the ultimate moment exceeds applied moment, leading to
failure loads the beam’s failure

Shear analysis Whether shear capacity exceeds shear demand (forcing the beam
to fail in flexure)

OF: 1 (V] EIN ol Mol Mo [ [ZIWi o) Prediction of the beam’s maximum deflection when the
maximum loading is applied.

Cost Evaluation of cost per the PCI Big Beam 2024-2025 rules [1].

Appendix D Design Calculations
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ORTE
INAU vers

Figures I cross section design o shap drawigs
LOADING

FProei=H4.9 kip

P=0.5 P, =17.5 kip
MATEHRIAL PROPERTIES
pe=124.1 pof
by vm 2S00 Ksd
E = 29000 kei
£, =210 ksi
Concrate Proparties
i wg == D000 pei
Fr=5077.5 pef
Ty 2= HINN) prerd
' =T260 psi
o= 5 dn

£,y 33e(p+pof) "1, psi = 3251 ksi
I,:-.l.:HH_{pémﬂ..w_‘uﬂ';"l_-psfzmpr? k=i

A=0. 75

f="T5

STRAND & REINFORCEMENT
Prestressing Strands (T-wire) (hottom)
o =06 in
Ad_=0.217 fm
P 1= .5 inm
Fogtm . 5 in
¥ =0 fn

E
it

Wiy ing = 0.73T plf

A= Ay e 1, =0, 434 i

£oi=19 fE
L=18 ft
f.a=%51n
toa=6 o
f:=9 im
=9 1o
=45 10
f=2.5 in

fis= {04 fge+ B, =18.5 £

PC] Big Beam 2024-2025
Mathcad Calculations

beam length
as=lb Fi,0. 1 Fr.. L span length
thickness of top flange
thickness of bottom flange
height of web
width of top flange
width of bottom flange
widih of web
beam height

Ly =28+ tyet B)+ Byt By A (B, = B+ By— 8,) =69 in

i X8

penimeter of cross section

Predicions
total applied actuator Ioad ~ Cracking Load: 22.8 kips
Breaking Load: 34.9 kips
half of sctuator load 10 each point load Test Resulls
Cracking Load: 22.7 kip
conerele density (nomlweight) Breaking Load: 38.6 kip

prestressmg strand modulus ol elastieny
steel reinforcement modulus of elasticity
strength of prestressing strands

Saction updated based on cylindar test data
reguired strength of concrete to cut strands
initial concrete strength (when strands cut)
required strength of concrete to test
strengih of concreie (hased on ASTM CTE)
dinmeter of agpregale

miiial concreic modulus of elasieity
comerete modulus of elasticiny

Lightweight factor = 1 normalweight, 0.75 lightweight
relative humidity, (%)

diameter

nominal arca

height of prestressing strand 1, from botiom
height of prestressing strand 2, from bottom
height of presiressing strand 3, from bottom
number prestressing strands

total area of prestressing strands

lof 14
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INAU sy

Steel Reinforcement

Compression Prestressing strands (top, nen lunctional)

Avreas ol stee] reinforcement and prestressing strands

SHEAR REINFORCEMENT

Spacing

PC1 Big Baarn 2024-2025
Mathcad Caloulations

d =0 in diameter
A =0 in® nominal area
tpq 5= 0 #02 height of steel reinforcement strand 1, from bottom
Hye1= 0 #n height of steel reinforcement strand 2, from bottom
iy =1 number of reinforcement bars
A=A, -n.=0in" total area of reinforcement
;g = O P weight of reinforcement bar
wentroid of
o ['fn:-_se" -1'.:-_-1'} + {_"'I_n.-."' / _'-'5_‘} + E"j_'.l:'."j::-.ﬂ-‘_l + [_"{:."' -".--r} + ["4.'{' -Tn"} =75 fp  presiressed
e :
.'!_,____.-l- A, sirands
d = fi= Fa,=15 in height to center of bars
W= e =1, 474 plf nominal weight of prestressing strands
w =, o, =0 plf nominal weight of reinforcing bars
d", =05 im diameter
47 =0. 153 i naminal ared
=2 number (2 inch vertical spacing)
w' o= =1.474 pif normal weight
A =0.1H in' area of prestressing strands (hottom)
A=A yen’, =0 306 in area of prestressing strands (top)
LT | number of legs
——L area ol stirrup (Mo, 4)
A, =4, 00, =02 iF shear area of steel
dy=0.5 in diameter of stirrup (Mo, 4)
£:=T in spacing of stirmups
=6l ksi sirengih of shear reinforcement
L yyyrap = 10.75 dn length of stifrups
Mty = Dl amount of stirrups
. Ib . . .
T gy ' = (LGS unit weight of stirrups
(!{.,;—{f.f,_g T ) B Y —[% J!'m:f)]
Spacing= i =33 Iin Mote: for
) ) constructability,
.-f,..,,,:zmx[a:._.i fn}:u.m in  clear cover (Table 20.5,1.3.3, ACT 318-19)  PIcing 2 in.
] mncrements

- s 1
5, = WAX [J i (et “'l]] =

A

check= if{.‘:—,rmd'i'n'qf:_!- max | 5

wialn

SECTION PROFERTIES - CENTROIDS & INTERTIA

Top Flange

A= odr =315 in°

Saing)s

oonter to oonler

2 in minimum spacing (23.2.4, ACT 318-19)

K7, "Does Not Meet ] ="DK"

arca of top flange

2of 14
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Nﬂl.l UMIVERSITY PCI Big Beam 2024-2025

Mathcad Calculations

t,
Fii =?I+ b+ b= 16,70 i centroid of top Mange
Wieh
Agp=b e h =225 in’ area of web
e -
o=+t =10.5 i centrowd of web
Botiom Flange
Ay or= by by, =57 in° are of botiom (ange
I_I._r' - . .
Fir r:T:'.i in ceniroid of boliom flange
Beam
Ap= Fo ) ¥ (A v )+ [ A= 5 . )
Fhardeas = (A=) +{ ) ) =H.422 in centroid of beam, from botiom
At A+ Ay
Frartap ™ = Vigrage= 1L 078 In centroid of beam, from lop
A=Ay A 4 Ayp=111 in® gross area of concrete
V= A, L=1051 g’ gross volume of conerete, CY
e o= =4, 952 iR coeninicily
Moment of Inertia
.i’,_.-:ﬁ Boom o b Ao (B B ) = 2216. 701 {a’ inertia top flange

| s N
Li=— b (= top— Lag)? 00 (¥ Frapsoe)® =249, 004 20" inertis web

Ipe= % By £ 4 A For= Foarbor)” = 1846875 in' inertia hottom flange
F=T 4 I 4 I,=4312. 58 £’ total inertia
Elm E,. = 116416, 51 £ « kip El check

APPLIED LOADS, SHEAR, AND MOMENT

Selfweight
W=+ p=85T pIf concrete selfweight, distributed load
wat= W, =08 6 plf total self weight, distributed load
Wt o= W L= 1TT5 IBF weight, for shipping & handling

chock=1f (I, <2000 1hf 0K, "Make Lighter")="0K"

L
o, (x):= i {L—x) selfweight moment

P nl=w (05— 1) selfweight shear

Jof 14
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A NORTHERN ARIZONA PCI Big Beam 2024-2025
W UNIVERSITY Mathcad Calculations

Vo(x) (kip) 4 ¥, (x) (kip-£t)

x (f£t)
Live Load
2P
AB=9 ft (D=6 ft BC:=T,— AB-CD=3 ft

A 3 Lo=AB=9ft L, ,=AB+BC=12ft L,=L=18ft
e rla—tle—i
X: = phe¥™p Res= P Lo(L— AR+ CO)=14. 54 kip
Fgure 2: Laading Diagram |

Ry= P L-(L— D+ AB)=20.36 kip
Vi(z) =i (2 € Loy B B (Lo <2 S Lo L4 Lo [CD - AB) , ~Ry))

.\f,A(;r)l-if(rS I.M.R_,-::,if(’.“-(:r(’.w,R4-1-P-(;r—An).R"-(,:’D-R"- (:r - "nr)))

SRR ]

Vi (x) (kip) ¥,(x) (kip- ft)

x (ft)
Total Loads

Ve [2) =V () +V () total unfactored service shear

M, o (x)=M_ () + M, (x) total unfactored scrvice moment

Vi (z)=12.V, (z)+ L6V (z) total factored service shear

(load factors = 1.0 for accurate lab testing)
M (x) =M, (z)+ M, (z) total factored service moment
4of 14
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NORTHERN ARIZONA

UNIVERSITY
"N(x) (H’) :I 3 s Lo 37 10 16 e
£2=0.75+ £,,=202. 5 kad
Elastic Shortening (ES)
P=1 A, =87.9 kip
P
P perstrand 1= —2= 43.9 hip
Ty
I','Ol;
LA =47. 924 kip- in
Aees=1.0
k=09
Py Ppet) My upe
l"'-k"'(d. T Gl R
E
ES= e ke £,=9.7 ket
ol
Creep (CR)
k,=1f{A<1,1.6,2)=16
£,
Re=po—g—e(£,,)=12.9 ket
Shrinkage (SH)
Var si= A% L, ,=1.609 1
k,ﬁx=l.0
- 21 - |
”"‘(‘3-1-10 Veka b (1
Steel relaxation (RE)
Kkgs=5 ksi
J=0.0

Ci=1,0
Jup = (£,— ES)+ £,,=0.7T14

. L, Sy [ Jtip ) i,
= N o] —— .5
e "(J"”zo T (0.9 0-3)p 52

PC1 Big Beam 2024-2025
Mathcad Calculations

i,(x) (kip- £t)

Jacking stress

jacking force

Jacking force per strand

max moment of beam (selfweight)

kes constant - pretentioned members
keir constant - pretentioned members

strand stress at CGS

elastic shortening

creep stram amplifier

creep

shrninkage constant

£6-(0.06- ¥, ) (mo-/a/)):s. § ksi

[PT58.1]
[PT5.8.1]

[PT5382]

) =0.828 bottom strands

S5of 14
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W NORTHERN ARIZONA PC1 Big Beam 2024-2025
UNIVERSITY Mathcad Calculations
'.12 1
.i; | 125
zT ll-w
V(=) (kip) i L () (kip-£e)
- ‘ s ‘ ‘ L 0 " ] L .
x (£2) x (ft)
LOSSES
£:=0,75+£,=202.5 kel jacking stress
Elastic Shortening (ES)
Pp=r+4,,=81.9 kip jacking force
P
P,.m=::-=43.9 kip Jacking force per strand
Wl
My ats= 5 =47.924 kip- in max moment of beam (selfweight)
kpsi=1.0 kes constant - pretentioned members
k. =09 keir constant - pretentioned members
P, Pee Y
=kl =+ ——=L1 ket strand stress at CGS
A‘ I‘ I‘
E
ES= Z, o Kpge £y =9. 7 ket elastic shortening
Creep (CR)
k,=if(A<1,1.6,2)=1.6 creep stram amphfier
(A'.-k,,o ( f.,)=12.9 kei creep
Shrinkage (SH)
Vo s2=A, %L, ., =1.609 1n
ka=1.0 shnnkage constant
b//x:((B 107 ke by “ (1 £E—(0.06- ¥, ) (wo-/w/))gs.s ksi
Steel relaxation (RE)
kyi=5 ksl [PT581]
J=0.1 [PT5.8.1]f
C:=1,0 [PT582]
Jup = (- ES)+ £,,=0.714
j"w -’.”J’U -"a- \_
Gyt -lf(}u,,,go 5, 0.2l -(0.9 0.35], I 25}_0. 828 bottom strands

Sof 14
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INALL iVeesay' e
RE=(kp— Jo (SH4 (R4 £5)) - C,,=3. 2 kst
Ly, =E5=9.7 kst
Ly = CR+ SH+ RE=21.9 kef
M=l +1,,=31.6 ksl
foy=—ES=192.8 ksi
Pii= Ay, £,,=83.7 kip
£ = = (R— SHi— RE=180. 6 ks{
Poa=f, A4, =T8. 4 kip

FLEXURAL CAPACITY
Code Equations

PCl Big Beam 2024-2025
Mathcad Calculations

relaxation

short term losses

long term losses

total losses

initial stress afier ES

prestress force after ES at transfer
final stress after all losses

prestress force after ES at transfer

check:=1f({,,20. 5 £,,,"0K","Condition Not Met”)="0K"

A,
Py= = =0.003
by d,

Y,=0.28
ﬂ,::nax (0. 65 ,ll'n(o. 85,0, 85-0. 05-((

"
fi= fw-(l —%’-. (pu-';%"))=256. 843 ksf
! <

A £,
Sl I}
A BT

=2.921 1n
c:=13,031 in
Refine with Strain Compatibility

7
e,=-l;—’=6, 3.10™"
‘pa

S L) PRRTe
RN )
E..:=0.003

d,—c .
sjzzc‘.,-(-&;—-)= 1.2.107*

£ =E+E+E;=18. 107

. —4000 pei)

gamma factor for prestressing

)):o. 687 beta strength factor

flexural strength

depth of Whitney stress block
depth to neutral axis

refined guess at ¢

strain due to Pe alone

increase in steel strain to
decompress concrete at the steel
ultimate strain in concrete

steel strain to failure, concrete crushing

total steel strain at failure

Sof 14
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Nm NORTHERN ARIZOMA
" LNIVERSITY

U

PC1 Big Beam 2024-2025
Mathcad Calculations

.M

f=if |e,, <0, 0085, 28800 kai-g ., 270 H—m-hﬁ =066.5 kst

A f,
E—=3.001 fa

—n
C0.85F B by

A

B
= = =1.081 {n
08 b,

checki= if(n{ £ O, Condition Not !lrt')= "R

t,
yn*“{” frn{[u'-%‘f'r' type By b-]‘[%'?f]

U =135 kip. £t

Brrenei=10

P0,= e U= 1345 - £
TRANSFER AND DEVELOPMENT LENGTH

l= .ﬂlf{ﬂ ln'}-:r'w:%. I in
fd’=JJ+(“:h_f.\v:H{1 h{}‘dﬁ“:w'i fn

Force at Transfer

X
el —

Pl{x}:ﬂf <y

'
&b

P (k)

depth of neutral axis

i i
7. A [dp—f]] Y. WY (o'r,— EJ]

nominal moment

use 1010 calculate lab capacity

factored nominal moment

=301 transfer length
l,=131f¢  development length

i
.P..,tf(r,: 1gl=1, PP~ f‘ -{x—(ﬂ—rr“]]

i i } l n H & |
v (f]
Foree at Service
P
P(x)=tf] rg Ir,ji-ﬁ_,lf(fr: ng.-r,..ﬂ,,a-j—'.{x-[ﬂ-r,];]]
£ (Hp)  :
y!

Tol 4
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i I PCI Big Bearn 2024-2025
NAU s £ g s 2

Transfer & Development Length Factor

L] =

‘A Wi
.-:u..’.r‘ .ll,-c.-u..' u -‘II.-r']-rr-.'[I.-:J-\.L-i‘.l.'lf.-i'-:x-r:.f.-J;.I.-I {* r,}_l_r. _L i 'J'.I“H
L [ La= fel fa \ b=l | fel Fe L o

Lalz)

= (ft)
LLOWARLE STRESS VS, LIMITS
STRESSES AT TRANSFER
Stress Limits

a,. pogt==0. T+ F’_,==3554. 3 paf allowable compressive stress at end

a, ==, 6 F*_ ==3016. 5 pad allowable compressive stress at middle
Oyl )= Af (x<0. 2500, -0 T £ AE(0. 25 L r 0L TS L, =L Be £, —0. T F7 )

Oy png =0y £ ped =428 ped
o, m...li:g‘ W -"—rl., ' pef =214 paf

allowable tensile stress at ond

allowable iensile stress at middle

0 el )= A8 (v 20,250 1,681 pod A£(0.25. 1< v<0.75.2,3.[r" . paf ,6.+/1" - pai))

Applied Siress
F Plx)seap i - F
a,lx)= (2 + ACL il ul2) Yo applicd stress at top
d‘ '!.f II'
F; Flxlses o W {x}s+F,
a, {x)= _jx} — 0 j T + ol '}J_P.*..-.h.. applied stress at bottom
Stress Checks ey (7.4 ) = 100.2 pei Fupcy (T4 fEl=2155 ped
oy (111 f#) = 10258 peé Ty (111 8] =213.5 pa
i (T4 fH)==1467.9 poi i rer (7.4 f8)] = =30M6.5 pel
Oy prla) (Emd) S . . e *
a,.05) (ksf) ! T T
- gl T s s Ess e e - “ ............
ah{"] {ml
0y} (si)
v (£E)

All stresses due 1o applied loads are less than the allowable stress limits.

Bof 14
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NDRTHERN ARIZDOMA -
NAU S P 8 e 20242025

STRESSES AT SERVICE
Stress Limits
O, pyi=—0 60 F' =—4356 pad allowable compressive stress
Gor pey=T. 5§ ', +V pgd =639 pgl allowable tensile siress
Applied Stress
Pis) Pilx)eesy W (xyew, . W xhy
0, (x)=—= + == farrar beie L TR applied stress at top
- "f ':.f IJ' Iﬁ
F.x PAxlees yian, W Uxks s, Hlxhs ,
d'_\_;ﬂ:.!}: .:'( 1‘_ Lix} - Fhart " ( }J}‘Ju.-,n I " .'( }f)'r“,-h t applied siress i botiom
£ £ £ £
Stress Cheeks oy (74 ) =1153.1 pad . prg=— 4356 pal
Ta(11.1 ft] = 15531 pei LATSTELELY
L emgew -..—'**- - -
O sy () ) ""-:::"1"
a..(1) (ksi) -' T
a0 (ked)
ey Ubt)

All stresses due to applied loads are not less than the allowable stress limits.

CRACKING MOMENT
Fa=T.5-3f . pad =0. 639 ki modulus of rupture
Updated based on cylinder
" () compression resulis (ASTM C39)
Flx} FPlx)=e-r I
W Ax)=|f+————+— sl - cracking moment
4, I, Fiarbar

it {x} {kdp- £t)

x (£8)

Dof 14
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n UNIVERSITY

PCI Big Bearn 2024-2025
Mathcad Calculations:

ehecki= 1€ (Morppo(AD) = B (AF) , “Crack®, “Not Crack®) ="Crack"

Mopreice (AB) = 134.9 kip- ff A, (AB) =895 kip - f§

NOMINAL MOMENT CAPACITY VS, DEMAND
Madified Flexural Capacity

"E.-{ I} i:¢|"h.-nur' #u. 'r.'d{ -']

$u () (kip- £t} ' -

M (z) (kip-ft) o '."

Mt ™= Mo (AB) + M, [AB) = 1.51

checki= 1€ (M, (A5) > ¢4, (A5, Fail®, "Not Fail®)="Fail*
M. {AB)=134.9 kip - ft S, (AR} =134.5 Mg - ft
SHEAR CAPACITY
@ o= 1. 0
Ly gei=00+d =2.5 ¢
Checks to use simple method

Xerin =§= 9.25 In

check:=4f (A £.>0.4 4

A=07 ig

Fx)= [I:I.f:-.ﬁ-'ill'f'l-ﬂf+TDﬂﬂf-hf'ir[JM. ]]]-ﬁ,,-muir{,,ﬂ. ﬂ*.‘f]

4, (x|
K, “.._,lzz-j.\h“:__m shod =18 kip

Voo mi=5-A= 1 pod + b, d, = 12 kip

Vol b= max (min( Ve prs Vo ()0 K )

M, (AB) £ M, {AB)=1.00

resistance factor for shear

[azz5 7 1)

ps® e UK 10 use Simple Method®,“Recheck”)="0K to use Simple Method®

area of stirmups
concrele shear strength
min concrete contribution

max concrete contnibution

10 of 14
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Mathcad Calculations
I STEARD LF TG LO0P TR Free o
- NI’.“ ._J: LOCATION &N CEWTER O BEAS “mmﬁ_‘ r=|m|' . [ e
£ F "
IEEEEEEE l [ EENRRRRNRRRREIY
Lo > .- - T - I - - »: - - *» — l
—L—nm.m:m :i: iy
- - T = -
- FO-9 11 W 4 SRS 97 CERTER V0 CRMTRR P3R4 RS T ORATER TO CERTER : -
- " -
Figure I- Stimup Dacin from &hop dranangs
& & oy
5,:=T in sye=11 dm 5= T i spacing
Ao e d, _ Ay Fod, A £ d, N .
Foy= - “ =125 714 kip f;;-:=‘+'=|5.35’1m Fope= ; =25 714 kip  stocl shear
5 L i mmh
Spnazy TV, e o/ ool o b ool rnim (03750 0, 12 ), mein (07500, 24 d0) | = 6.0 48 max slirmup spacing
Smasy =W (V>4 dey/f, - poi - b, -, min (0375 b, 12 dm), min (0.75-h. 24 in) | = 6.0 in
Smazs = MV = 4 de ([ -l b ool nin (0375 -, 12 dm), oein [0.75 -, 24 dn) ) = 6.9 in

e i + 8

80-f,-d,

e i

A, n|m=’m*[

I.‘;I"'il]]=l.l.l.'|IE|-h.’ iR SUITpP area

@l (D e=if (rel. 6 FE @ (V1D + 1), 0) Lirnits for plotting readability
G =12(1.6 ft<r<11.7 L8, Pu (V.05 +1.2),0)
¢ l;_M.{ I} = i.fl:.l'} 1L T 1ﬂ1 ¢w.hwr"{ }.-{T-} + l.-'ﬁ,] ] u}
{Vul=)) factored shear capacity
Vo 2] @V fx) Vo 2]
Fer pommmm=o
_$luln) (Hp) " h
éV,o(x) (Mip) —
oule) () J
V.(z)| (ip)
T B
- :. E’.E! -

11 of 14

|50



Nm NORTHERN ARIZONA PCI Big Beam 2024-2025
UNIVERSITY Mathcad Calculations

DEFLECTION BY SUPERPOSITION METHOD

(("‘m' f‘,,)-l.“,,: "")
85,7,

A= =0.191 in deflection due to camber

"(6' L n'L‘)

Aw™"T3BME. T,

+1 fe=-0.25 in deflection duc to sclfweight

—Pe (T < AF
Aqu:——;—LTL——:—o. 097 in deflection duc to point load 6' from end
Au,=%=-o.2h deflection due to point load at midspan

check:= 1{(ALL ,+Au__.__-<%. "Condition Met”, "Decrease Deflect ion') ="Condition Met®

A=8,,+8.,+8, ;+48, .=—0.375 in total deflection

DEFLECTION BY VIRTUAL WORK METHOD

12 of 14
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NAU ees

[.=7.26 kel

1040’
kip

o (A, R ( I” —026

Formwork

1.25
C’" = (LP" — b,,)‘(L)"”—": 1125

Prestressing Reinforcement
d,=06in
_0.33

C=

cLe{n, =119

d'p=0.5 in

0. ;
C,= and +L+(n',})=10.8

~

Shear Reinforcement

Laimp=19.8 in

Nirrag = 20

0 ey = 0.7 F

-

0.45

=129

(‘dm' = Waterrup* L-nrn-' *Ntwrup®

Total Cost

C=C, o(..'!_, o(.'w +("‘“ +C

Th tihavig vt ot saell e pcaxt e otwmarm P Snaers sunt Corosg coof & Seses o Eatead Shamglh, M ign sRengrt

PCI Big Beam 2024-2025
Mathcad Calculations

strength of concrete, at 28 days

cost of concrete, $

cost of formwork, $

diameter of bottom prestressing strands
cost of bottom prestressing strands, $
diameter of top prestressing strands

cost of top prestressing strands, $

length of stirrups
amount of stirrups

unit weight of stirrups

cost of stirrups, $

total cost, $

130f 14
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Appendix E Alternate Designs
Table 11: Best of Initial Designs

Design 1 Design 2 Design 3
oo ~ 7 — 7 |
~ | 3.5" = 4"
” " ,2.5" J
gl 19.5" 3 21 i\ﬂ; 4,
i
—Fo 6" 4— o ' —}7: 8"
3.5" ' 3. r5 i
9.5” LJ 1N 0.5 | 7"
(O E1alo[:8 Thinner top and bottom Narrow top flange and  Top and bottom flanges
flange wider bottom flange same widths
Small overall height and web Tall beam
SCETAS Weight low High weight; Low deflection
Deflection high Increased deflection Decreased weight
Table 12: Refined Designs
Design 4 Design 5
Design . — T .
— 7 .._* 7 {
4” LU_—‘::;(#‘_U-J 4”
" 21 5” I 9” 1 Y —— O "’
20 | 19" 2.3 )
Jrlr e
41: S 7 _‘:T*E?_L.ﬂ:"%:ﬂ:l E'?
T 1] T Jl 1
— 9.5 |=— - 9.5 =

Change One strand at top to hold stirrup, Bottom flange reduced

- higher deflection and failure load

Result Clear cover excessive, high weight,  Clear cover reduced; Decreased weight
- stirrup design not constructable
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Appendix F Performance Multiplier Scoring

Table 13: Performance Multiplier Scoring

Multiplier Scoring

20 0.95 32 0.95
21 0.96 33 0.97
22 0.98 34 1
23 1 35 1.03
24 1.02 36 1.05
25 1.03 37 1.03
26 1.05 38 1
27 1.03 39 0.97
28 1.02 40 0.95
29 1

30 0.98

31 0.96
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Appendix G Decision Matrix

The design numbers correspond with the designs shown in Error! Reference source not found.

REF Ref196341519 \p \h above. Design 5 is the final design, and the cross section is shown in
Appendix H below. All weight, deflection, cost, first cracking, and breaking values are based on
the MathCad calculations in Error! Reference source not found..

Criteria Initial
Score
(max: 3)

Performance multipliers were used to account for the constraints on the first crack being between
20 kips and 32 kips, and the beam’s breaking between 32 kips and 40 kips. The scoring of the
multipliers is shown Error! Reference source not found. in Error! Reference source not fo
und..

Performance Multiplier Adjusted
Score
(max: 3.31)
=A*B*C
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Appendix H Shop Drawings
Appendix | Test Cylinder Analysis of Concrete Mixture
Appendix I.1 Certified Mill Test Report

Appendix J Fabrication Reports
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