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1.0 Judging Form

) 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

1. Age of beam at testing (days) . Teams MUST fill in these values.

2. Compressive cylinder tests* 1. Center to center span (ft) s
Number tested _> 2. Actual maximum applied load (kip) —
Size of cylinders ol 3. Measured cracking load (kip)* 227
Average (psi) 7250 4. Cost (dollars) e

3. Concrete properties 5. Weight (Ib) hiel
Unit weight of concrete (Ib/ft%) 118 6. Largest measured deflection (in.) 27
Slump or spread (in.) 2 a. Measured deflection at applied load of 32 kip. i
Air content (%) = 7. Most accurate calculations:
Tensile strength (psi) e a. Absolute value of (maximum applied load — calculated applied
Circle one: MOR beam load)/calculated applied load) o

4. Pretest calculations b. Absolute value of (Measured deflection at 32 kips - calculated
a.  Applied load (total) to cause cracking (kip) _22'8 deflection) / (calculated deflection) i
b.  Maximum applied point load at midspan (kip) L c. Absolute value of (measured cracking load — calculated cracking
c. Anticipated deflection due to total live load 1.09 load)/calculated cracking load) -0.004

application of 32 kips o

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

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

* International entries may substitute the appropriate compressive strength
o 0prop 4 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:

IALP

SUPPLY

Figure 1: Completed Judging Form
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2.0 Load-Deflection Graph

Load Deflection Graph
40
Deflection at 32 kips, 1.04in.
35
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Deflection at Max Load,2.79 in.
25 (3 8.7 kips)
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-
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=
=
—
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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 2: Deflection vs. Loading Graph
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3.0 Certification Form

PCI BIG BEAM COMPETITION 2024-2023

CERTIFICATION
Tpac
As a representative of (name of PCI producer member 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

o The cakulations 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,

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

KMW\“

Signatlre
SQuesTuw w (E /u
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:

InLP

SUPPLY

Figure 3: Completed Certification Form
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4.0 Shop Drawings
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Figure 4: NAU Beam Shop Drawings (also located to scale in 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 in order 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-5 mix (N=30) compared to NAU's test results

Tpac LW 5 Test Results

NAU Design Mean | Median | Min | Max Standard
Test Value Deviation
Results

Temperature 69 728 700 500 930
67 - 9648 750 630 910 7.92

Unit Weight (pcf) 118 1216 1254 1256 1197 1296 2.2
Slump (in.) 275 27+3in 282 285 240 303 1.8
Air (%) 7.25 725 672 630 350 9.20 1.39
Age at Release 3 -- 13 14 2 38 6.95
Compressive 5080 5000 5400 5370 4,160 7,690 896
SE 7,260 - 9140 8990 7,866 11,046 788

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 A, and shows they
meet ASTM C494 [1] per the 2024-2025 PCI Big Beam rules [2]. Additionally, the records for
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the aggregates and pozzolans used in the concrete mix can be found in Appendix A and verify
they meet ASTM standards per the rules.

Table 3: Lightweight mix design compared to actual mix

Theoretical Actual Difference

Wawral  [Tye b b |
AVARL ER N el Type I-11-111/\/ 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%
City Water 56 gal 56 gal 0%
Adnires | Pty rane Lol

Water Reducer ADVA Cast 575 0%
Viscosity Modifier V-MAR F-100 24 24 0%
RECOVER 20 195 2.5%
Rheology-Modifier YAV 10 10 0%
Daraset 400 128 126 0%
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 for the NAU beam. The compressive concrete strength
was calculated using ASTM C39 [3], and the tensile strength was calculated using ASTM C496
[4]. The test cylinder data is shown in Table 4 below, and the test cylinder break is shown in
Figure 5.

Figure 5 (Below): Cylinder Test Breaks corresponding to Table 4

Table 4: NAU Test Cylinder Results

Test Date | Compressive
Strength (psi)
4/28/25 7,120

4/28/25 7,390
Average -- 7,260

value used in
Predictions




5.4 Concrete Mixture Evaluation

Based on the statistical analysis in Section 5.1 above and the similarity of NAU’s cylinder data
to other mix’s, the team decided on using the average of the second and third test cylinder results
from Table 4 for final calculations.

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 [2].

2P

Figure 6 (Left): Loading Configuration

The beam must crack with applied load, 2P,
between 20 and 32 kips and fail between 32
and 40 kips. The goal is to produce a design
to maximum deflection, minimize cost, and
A ‘ minimize weight while also meeting these
J‘ constraints for cracking and failure capacity.
< >
3 ft. 6 ft.

- The beams in the competition are assessed
against one another for these categories by
A linear interpolation between the best and
Total App"ed Load = 2P worst value [2]. The team is also awarded
points based on the accuracy of calculation,
report quality, and practicality, innovation, compliance with code, and display of good
engineering judgement.

9 ft.

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 [5] and are shown in Appendix D, using the ACI Standard Code Book [6].

Deflection was calculated two ways; for the purpose of the decision matrix and ease of
comparing multiple designs, the team calculated deflection using the FE handbook [7], along
with the standard ACI 318-19 permissible limit in section ACI 24.2.3.5 [6]. Then, for the final
predictions, deflection was calculated 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 rank is shown in Appendix E. From this, the team refined these designs by choosing the
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attributes that preformed best and applying them when making new designs; for example, having
the top flange have a width of seven inches. Designs 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 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

| 1|

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 multiplier are shown in
Appendix G, and the process for selecting the performance multiplier for the cracking and
breaking load is shown in Appendix F.

6.3 Design Selection

Shear stirrup spacing was not a factor on the team’s 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.



When coordinating with Tpac regarding the shop drawings, the
original stirrup design was not constructable as it had multiple
different bend angles; additionally, the clear cover was excessive.
Tpac helped the team better understand stirrup construction and
detailing. As a result, the team decided to add another prestressing
strand to hold the stirrup and reduced the height of the bottom
flange. This led to design 5 (Figure 7).

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-produced shop drawings.

S —

?‘-: :

Figure 8: Formwork with 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).

E



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 in order to
reduce the cost and amount of stirrups required, as the shear demand varies based on location.
The stirrups 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.

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 an in-house fabrication identifier
on the same side.

10



Figure 13 (left): Double lifting loop identifying side

Figure 14 (right): Single lifting loop identifying side with 11 in.
with 7 in. stirrup spacing

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 were conducted to verify quality. The spread test (shown in

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

Figure 15: Spread Test (setup: left, released: right)

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.

Table 7 below shows the values of these tests and resulting unit weight of the concrete.

Table 6: Concrete Test Results

Category Design Values
Spread 27.50 in 27+31in
Estimated air 7.25% 3%

Unit weight 118.1 pcf 124.1 pcf

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 16), were poured so that the
team could test the concrete’s compressive and tensile strength (results are shown in Section 5.3

|11



above). 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 16: Fabricated test cylinders in molds

Throughout the pour, Tpac production employees (Figure 17) ensured there were no air bubbles
and that the concrete filled in the formwork completely.

Figure 17: 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.

|12



Figure 18: 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 Appendix J.
7.3 Test Setup
Upon arrival, the beam was transported into the NAU concrete lab.
The team proceeded to position the beam properly according to the PCI Big Beam rules [2], as

seen in Figure 19 below. The green steel support beams and load actuator were moved to
position and load the beam correctly.

L

Load Acuaor L !

Nk
Load Plates | = e
_ 8. String Potentiometer /

Support Plate
(1 on each end)

Figure 19: Overview of test setup
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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 made contact with the concrete beam were grouted to ensure 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 19. The dimensions of the beam, support plates, load plates, and string
potentiometer can be seen below in Figure 20.

6in

3 ft O ft 6 in
Figure 20: Detail of test set up with dimensions

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 21
below. Due to the low visibility of the string in the image, a red line was drawn to show the
location of the string shown in Figure 21.

WEEEm | S e
e R —— —

2 %
Deflection Measurng String 2 ,‘;\mlerkﬂhasun Deflection

Figure 21: 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.
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Load Deflection Graph
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1.5
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Figure 22: Deflection vs. Loading Graph
The following table shows how the predictions are compared to the actual results.

Table 7: Comparison of Results and Predictions

" Predicted Value | Actual Value | % Difference |
22.8 kips 22.7 kips -0.4 %
34.9 kips 38.7 kips +11 %
1.09 in 1.04in -4.7 %

Midspan Deflection (Max) 19in 2.7in +50 %

Overall, our predictions are close to our actual values. Our breaking load prediction was likely
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 than anticipated in our predictions, leading to the concrete having higher
strength and failing under 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 equipment.
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8.0 Team Statements

8.1 Payton Correia
Figure 23: Photo of Payton Correia

This competition was incredible because it allowed me to apply what I’ve
learned throughout my academic career to a tangible project. I really
enjoyed challenging myself to learn the specifics of designing with
prestressed concrete, the logistics of fabricating a beam, and

2 bl \ communicating with a variety of professionals and learn from their
experiences. Completing the design work with Isabella VVelasco, 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

8.2 Zachary Fukumoto
Figure 24: Photo of 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

8.3 Isabella Velasco

Figure 25: Photo of 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 | 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

|16



concrete. Payton Correia, who is one of my best friends, and I 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

8.4 Caitlin Yazzie
Figure 26: Photo of 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. | 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
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Appendices

Appendix A Material Reports
Appendix A.1 Certified Mill Test Report: No. 4

CIVIC- STRAIGHT BILL OF LADING-SHORT FORM ORIGINAL-NON NEGOTIABLE #76372133 |l|II|IIIIIl

SHIPMENT NO.(BOL) : 76372133 | canuws name: CMC Stool Arizona gy
DATE AND TIME : 01/27/2025, 01:08:59 cumc inco tenms : CPT_Phoenix SEAL NUMEER ;

SHIP FROM :  T105 SHIPTO: 3048528 SOLDTO: 3048528

CMC STEEL ARIZONA TRUCK EnCon Arizona LLC dba Tpac EnCon Arizona LLC dba Tpac

11444 EAST GERMAN ROAD 3052 § 19TH AVE 3052 5 19TH AVE

MESA, AZ 85212-6700 USA PHOENIX, AZ 85008-6026 USA PHOENX, AZ 65006-6926 USA
CMMM mmmo WPMQM 6022621380 Contact Phone No. : eommo

mnmwcmum-wm4mmum
No personnel onsite 1o unicad after 12 PM.

w.wum’m'mm_tmmw.am B e b e et T e e 7 P
Mwmumamnmmqwnwnwmqm»wtmm 50 darys ¥om 10 due of S prwnt

HEBAR 18MM (08) 80'C*

DRNE!‘S SIGNATUREIAGBJT B
NOTICE TO RECEIVERS: ’
Please check sach item on this shipping &
RECEIVED BY :

carefuly. GMC will not be o}

" 29-2s

TIME :

1o goods unless nosfied within twenty four hours and noted on this document,

Page 10f2

Addriona nstucions: CUSTOMER COPY é/,
MATERIAL DETAILS
Cust PO Neo. CMC S0.FO | Deol. No. | Material Description. Customer Material Neo. Hoat No. | Tag No. Pea/Bundle | Net Weight  |UOM |
MR280079 8673542 86118314 |REBAR 13MM (#4) 60'0° 4146230 |AZ02182644 154 6172 Le
AE15/A706-80
MR250079 6673542 86118314 |[REBAR 13MM (#4) 80'0° 4146230 | AZ027828456 154 6172 L8
__|aeisiazos s
MR260079 6673642 86118314 |HEBAR 13MM (#4) 60'0° 4146230 (AZ02182646 164 6172 (&)
18/A706-60
| MR260079 6673642 86116314 |REBAR 13MM (#4) 60'0° 4146230 | AZ02182647 164 8172 L8
AB16/A706-60
MR260079 6673642 86118314 |REBAR 16MM (#5] 80'0° 4146054 | AZO17TAIS) 9B 8133 Lo
AB15/A708 80
73542 868118314 4145664  |AZ02174182 o8 L8
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EM@ STRAIGHT BILL OF LADING-SHORT FORM ORIGINAL-NON NEGOTIABLE#76372133 ‘IIIMNII!MIII

MATERIAL DETAILS

Cust PO_No. CMC SO.PO | Dal. No. |Material Deseription. Cugtomar Material No. | Hoat No.  {Tag Mo. Pes/Bundle | Mot Waight | UON |
AB15/ATOE-60

WR260078 8673542 86118314 |REBAR 16MM (#5} 60°0" 4146664 | AZO2174163 98 6133 1]
AB1S/ATOB-60

MRAZE0073 6673542 86118314 [REBAR 16MM (95} 60'0" 4145654 | AZ02174164 a8 6132 L8
AB1EATOE-60

TOTAL 1008 49220 LB

5 B‘a"a“"'ru".ls"%ﬂaf"""
o

DRIVER'S SIGMATUREAGENT

NOTICE TO RECEIVERS:
Please check each item on this shipping bill carefully. CMC will not be responsible for any exceptions to goods unless notified within twenty four hours and noted on this document.
RECEIVED BY : DATE : TIME Page2of2
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CMC STEEL ARIZONA

-t 11444 E. GERMANN RD.

CERTIFIED MILL TEST REPORT

We hereby certify that the test results presented here

are accurate and conform to the reported grade specification

For additional copies call
MESA AZ 85212-9700 830-372-8771 ff%w
Jachb Selzer = CMC Steel
Quality Assurance fanager
EAT NO.:4146230 5 EnCon Arizona LLC dba Tpac 5 EnCon Arizona LLC dba Tpac Delivery#: 86118314 |
ECTION: REBAR 13MM (#4) 60'0" o H BOL#: 76372133
.B15/A706-60 L | 3052 S 19TH AVE 1| 3052 8§ 19TH AVE CUST PO#: MR250079
RADE: ASTM AG158AT706-24 GREO D | PHOENIX AZ P | PHOENIX AZ CUST P/M:
ualGr Us 85009-6926 Us B85009-6926 DLVRY LBS / HEAT: 24688.000 LB
OLL DATE: 01/22/2026 T | 6022621360 T | 6022621360 DLVRY PCS [ HEAT: 616 EA
1ELT DATE: 01/22/2025 O | 6022821374 4] 8022821374
ort. No.: 86118314 [ 146230F396
Characteriatic  Value Characteristic  Value Choracteristic  Value
C  0.25% Tensile Strength 1 (metric) 677MPa
Mn 1.33% Elongation test 1 17%
P 0.012% Elengation Gage Lgth test 1 BIN
5 0.041% Tansile to Yield ratio test1  1.35
S 0.20% Bend Test 1 Passed
Cu  0.28% Rebar Deformation Awg. Spaci  0.334IN
Cr  0.14% Rebar Deformation Avg. Heigh  0.025IN
M 0.10% Rebar Deformation Max, Gap  0.148IN
Mo 0.020% Bend Test Diometer  1.500IN Tha Fallowing is trua of the matsdal represented by this MTR:
VvV 0.004% Uniform Elongation test 1 12.1% *ifatarial is fully kiiod and is Fot Rodod Steaf
Ch  0.002% Deform radius/height ratio 1 2,76 “TCI% nrelted, mec, and manTeatume it the US4
sn 0.011% YENTO204:2004 3.1 compliant  *Contains na weld rapair
Al 0.002% *Cantaing no Morcury contamingfion
E  0.0006% idpniaciured In sceordance with the lafest versian of the plaot gual
N 0.0067% ranmal
Carbon Eq AT06 0.50% "Mt the “Buy Amercs” requlernants of 23 CRRSISSI0, 45 COFF
*Wirming: This prodiect con expose you fo chomicals wivch s
'I"Iek‘l s'rﬂ‘qth test 1 72.7|¢$| kmown fo the State of Calforvs to cavse cancer, Dirth dafects of
Yield Strangth test 1 (metr  502MPa ther
Tensile Strength test 1 98.1ksl reproductive hanm. Fer mors infommation g0t
prwne PESWamings.co.gov

WARKS : MEETS THE SUPPLEMENTARY REQUIREMENTS OF A708-22A FOR EARTHOUAKE-RESISTANT STRUCTURES. ALSO MEETS AASHTO M31
EASE EMAIL CMC_AZ_QUALITY@CMC.COM WITH ANY FEEDBACK, QUESTIONS, OR CONCERNS

Fage 1 OF 1 01/27/2025 01:07:04
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CMC STEEL ARIZONA

-LMc-

11444 E. GERMANN RD.

CERTIFIED MILL TEST REPORT

For additional copies call

We hereby cerlify that the test results presented here

ara accurate and conform to the reported grade specification

MESA AZ B5212-9700 B30-372-877T1 f/%\\
Jachh Sefzer - CMC Steel
Quality Assurance Manager
EAT NO.:4145654 8| EnCon Asizona LLC dba Tpac § | EnCon Arizona LLC dba Tpac Delivery#: 86118314
ECTION: REBAR 16MM (#5) 60'0~ 4] H BOL#: 76372133
B15/AT06-60 L 3052 5 19TH AVE 1 3052 5 19TH AVE CUST PO#: MR250079
RADE: ASTM A615&AT06-24 GREO D | PHOENIX AZ P | PHOENIX AZ CUST PiN:
ualGr Us B85009-6926 Us B5009-6926 DLVRY LBS / HEAT: 24532.000 LB
OLL DATE: 01/03/2025 T 6022621360 T 6022621360 DLVRY PCS / HEAT: 382 EA
IELT DATE: 01/03/2025 o 80226821374 o 6022621374
ort. No.: 86118314 | 145654F013
Characteristic  Value Characteristic  Value Characteristic  Value
C 0.26% Tensile Strangth 1 (metric)  &646MPa
Mn  1.19% Elongation test 1 17%
P 0.008% Elongation Gage Lgth test 1 BIN
5 0.032% Tensile to Yield ratio test1  1.30
S 0.20% Bond Test 1 Passed
Cu 0.36% Rebar Deformation Avg. Spaci  0.40BIN
cr  0.13% Rebar Deformation Avg. Heigh  0.039IN
Ni  0.13% Rebar Deformation Max., Gap  0.146IN
Mo 0.024% Bend Test Diameter  1.875IN The Following s tnm of the materlal reprasentad by this MTR:
Vo 0.004% Uniform Elongation test 1 10.8% *Material i fully Rifod s i3 Mot Fofled Stesl
Ch  0.003% Deform radiustheight ratio 1 2.28 *100% matted, rodad, and manutactured in e (54
Sn 0.011% YENTO204: 2004 3.1 compliant  "Comtaing no wold repeir
Al 0.001% *Containg no Morcury contamination
B 0.0005% L Fldanwfactwed in sccordance with the latest vevslon of the plant gually
N 0.0125% frove!
Carbon Eq A706  0.49% *idoats the "Buy Amerca® requirements of 23 CFREIS.A1E, 49 CFR
“Warning:  This produst covr expose your To chamicals which am
Yield su,en'm test 1 T2.2ksi known fo the State of Calfomis To causo cancern bih osfects or |
Yield Strength test 1 (meti  A98MPa ther
Tenslle Strength test 1 93.6ksi roproductive harm, For more information ga to

prwew. PESWamngs. 2o gy

WARKS : MEETS THE SUPPLEMEENTARY REQUIREMENTS OF A708-22A FOR EARTHQUAKE-RESISTANT STRUCTURES. ALSO MEETS AASHTO M31
EASE ENMAIL CMIC AZ QUALITY@®CMC.COM WITH ANY FEEDBACK, QUESTIONS, OR CONCERNS

Page 1 OF 1 01/27/2025 01:07:04
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Appendix A.2 Material Certification of Compliance: 0.5 in. Strands

CUSTOMER GOPY

INST EEL‘ INSTEEL WIRE PRODUCTS COMPANY 8l of Laging No. 00402547-10137053
- - — UNIFORM STRAIGHT BILL OF LADING Date: 29-OCT-24
R WIRE BROOLICTS ORIGINAL - NOT NEGOTIABLE Stop 1 o1 1 Paga 1o 1
SHIP FROW CARRIER
Name:  INSTEEL WIRE PRODUCTS GOMPANY ANMETT HOLDINGS INC
Address: 11020 TANNER ROAD 4335 PAYSPHERE CIRGLE

HOUSTON, TX 77041 CHICAGO, IL 60674

SHIP TO DESTINATION (CONSIGNEE) FREIGHT PAYWENT METHOD

Name:  ENCONARIZONA LLG
Address: DBA TPAC
3052 5 19TH AYENUE
PHOEMIX AZ 850096326

. Prepaid

j Customer Truck

SPECIAL INSTRUCTIONS/ICOMMENTS

Chrls Holt 602-262-1308

Racelving hours 5:00am - 12,00pm;

cka127Chrls Holl 602-262-1308

Faceiving hours 5:00am - 12:00pm; AZ DOT , must add binding staterment
One heat per load; Must have letler of domestic origin wisach load.

NOTE: Wire camers, Il used, ramaln Insleels propery.

CARGO To return, please call 1-336-719-9000
Hazardous| Package Sales Unit
Katerial Units Type Order No, | Weight Weight Commeodity Description, Spocial Marks, Exceptions
foae FT PACKS 571139 5206 46792 531-041869
12 (12.7mm) 7W 270 LR ASTM A416
PO: CH241303
Load Securement PC Strand: Cargo Strapping Is the preferred securement
devica but, If chains are used, chain protectors must be appiied to protact
the coll packs
Total Weight: 46,792 LBS

RECEIVED, subjoc exclusivaly 1o the Terms and Gonditions staled harein to
tha axclesion o any miss, classificatlons, or tarifls estabiished or maintainad
by the Carrer. The Carrier has recalved from the Shippar, the preparty
dascribod above In actual good ordor and condiion, except as noted, at the
location noted i tha "SHIP FROK® Box above and will propery and carafully
toad, handle, carry, keep, care for, and deliver il 1o the destination naled in
tha "SHIP TO® Bax above, In axchange lor sertaln frelght chargas, the
adequacy of which is hereby acknawledged by the Carrler. Notwithstanding
the fact thal Shippar may provide recommendations and personnel 1o aselst
in lnading ine Carge on Carrler's vehicles, Carrer and lts agents and
empluyees romain solaly respensibls for proper arrangement of the Cargo an
Carrler's vehicles, 11is mulually agreed by and botween the Shipper and
Carrber that every service to be pedormed hereunder is subject to the Temms
and Conditions hereof. The Carrer hereby corlifies that it is familiar with all
of those Terms andg Condillons and that it irmevocably agress to them for iself
and ils assigrs.

NOTE QUANTITY & QUALITY EXCEPTIONS AT DESTINATION HERE

MGTE: Failure to specily excaptions at destination here doas not affect the
Shippars rights against the Carror.

Carrier Signature / Pick Up Date

Carmar acknowladges receipt of the property descrlbed above In actual
good order and condition, excepl as noled. By sighing this form, the driver
accapts the Shipper's Terms and Conditions as provided. A Driver copy of
the Terms and Condilions paga may be requested from the Shippar, it
desired.

Shipper Signature { Date
v ‘&- -g‘.

Shipper corilfies thal the property described above Is propetly packaged,

marked, and labeled and in proper condiiion for transportation according te the

applicable regulations of the DOT,

Customer Signature / Dellvery Date

Cuslomer asknowledges recaip! of the prepaerty deseribed abowve in aclual
pood order and condition, excepl as noled.
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INSTEEL

WIRE PRODUCTS

MATERIAL CERTIFICATION OF COMPLIANCE

11020 Teanner Road
Houston, TX 77041
336-719-9000
ENCON ARIZONA LLC Bill of Lading: 00402547
DBA TPAC Order Number: 571139
PHOENIX AZ 85009-6926 PO Number: CH241303
Insteel Wire Products Company hereby certifies that the i taken from production lot(s) isting of one or more of the following

Lotserial numbers were tested in accordance with and mcl the specification n:qmrcmenls of ASTM A416 18. The attached 1est report(s)
represent the result of such test(s).

172 (12.7mm) 7W 270 LR ASTM A416 Test Report Number: 37241028114303

1ovSerial Numbery Heat Number
120137494035 010069440
120137494037

120137494038

120137494039

120137491040

120137494041

120137494042

The products listed in this certification were manufactured and fabricated in the United States of America.

ln.sh.d Wire Products Compony hetcby certifies that the prestressing strand described above meets or exceeds the mini bonding
requir as ly pted in the NASP (North American Strand Producers) pull-out test and the Moustaifa block pull-out test.
All Domestic Prestressing Strand was made from steel rod (hat was melted, f: d, and pr pletely in the United States

of America, The rod was then manufactured into PC Strand in the United States at Insteel Wire Products Company plant in either
Sanderson, FL; Houston, TX; or Gallatin, TN. The material meets the "Buy America” requirements of 23 CFR 635.410.

“The products listed in this certification were manufactured in the U.S.A. from wire rod which was manufactored in the U.S A
e A Ve

Quality Assurance Manager: Date: 29-0CT-2024

Jorge Alvarez
The individual above has the authority to mauke this certificate legally binding for Instecl Wire Products Company.

Page: 1 of I
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ENCON ARIZONA LLC
DBA TPAC
PHOENIX A% 85009-6926

|‘Lnl Number
120137494035
120137494037
120137494038
120137494039
120137454040
120137494041
120137494042
Total Number of Packs 7

INSTEEL.

WIRE PRODUICTS

PACKING LIST

Houston, TX

Deseription

1F2 (12 Fom) TW 270 LR ASTM A416

142 (12, 7mm) TW 270 LR ASTM A416
12 (12, Toun) TW 270 LR ASTM Ad16
1£2 (12, 7mm) TW 270 LR ASTM Ad16
142 (12, 7mm) 7TW 270 LR ASTM Adl6
142 (12, 7mm) TW 270 LR ASTM A416
L2 (12.7mm) TW 270 LR ASTM A416

Bill of Lading: 00402347
Order Number: 571139
PO Number: CH241303
Date: 29-0CT-24

Length Weighl\ri
11700 6091.0200
13030 GTRI A0
13030 67834180
13030 67834180
13030 GTEIALRD
13030 67834180
13030 GTEIALRD
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50,00 .
- el b w& INSTEEL
; e %\ WIRE PRODUCTS
r . e e i
45,0 T : Tori
: - : I This test performed at
+ } . i - ; 11020 Tanner Road
40,001 - - — H — : Houston, TX 77041
T < 1 i - (800) 7914108
1 _— 04 T ~r T
+ : .
58 X i TestType: /2" 270 TW LOW RELAXATION
- Test Number: 37241028114303
Tested By: JAlvarez
30, Ultimate Breaking Strength: 43,510 bf
Ultimate Breaking Strength: 194 kN
Load @ 1% Extension: 38,640 Ibf
I Load @ 1% Extension: 172 kN
oo . Ultimats Elongation: 63%
Q0 Strand Dil 0.5001n
= 2500 Rep. Area: 0.153 In*
@ 1 Rep. Area: 8.7 mm?
o . Actual Area: 0.1525 in*
S ; Actual Ares: 98.39 mn?®
L - Lay Length: 750
20,0 Avg Modulus of Elasticity:  28.8 Mpsl
Avg Modulus of Elasticity: 198,569 MPa
15,00
-
10,0 1
Y
5,000 HH
T :
THH =y HHH : = :
° 9 0.20 040 0.60 0.80 1.00 1.20 140 50 1.80 200

Methor: festied STand Yield Teet Jwe 104)
V10.3.1.10 « 324817US - [nstee] Wire Products

Strain (%)

DL s Teans Ve Toee (e 421}
SR2/03 | G0TC00N. Printed: T0/28/2024 11:43 AM
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Appendix A.3 Material Certification of Compliance: 0.6 in. Strands

HOUSTON, TX 77041

CUSTOMER COPY
[NSTEEL" INSTEEL WIRE PRODUCTS COMPANY 8l of Lading No. 00403593-10156097
Wil PRODUCTS UNMIFORM STRAIGHT BILL OF LARING Data: 05-NOV-24
b e ORIGINAL - NOT NEGOTIABLE Stop 10l 1 Page 10l 1
SHIP FROM CARRIER
Hame:  INSTEEL WIRE PRODUCTS COMPANY DT TRUCKING LLG
Address: 11020 TANNER ROAD PO BOX 2487

BIRMINGHANM, AL 35201

SHIP TO DESTINATION {CONBIGNEE)

FREIGHT PAYMENT METHOD

Name:  ENOON ARIZONA LLC
Addrass: DBA TPAC
3052 5 18TH AVENUE
PHOENIX AZ BS009-6926

. Prapaid | Customer Truck

SPECIAL INSTRUCTIONS/COMMENTS

Chrig Hol 802-262-1308

Recelving hours S:00am - 12:00pm;

¢k 27 Chris Holt 602-262-1308

Rocelving hours 5:00am - 12:00pm; AZ DOT , must add binding statomont
Cne haat per bad; Must have |stler of domesiic origin w/each load.

NOTE: Wire carrers, IT usad, remaln Insleel's property.

CARGO To return, ploase call 1-336-718-8000
Hazardous Package Sales Unit
Material Units. Type Order No. Weight Weight Commaodity Doscripllon, Speclal Marks, Exceptions
B3210FT| PACKS 571876 75296 47595 593-134684
H00 (15.2mm) TW 270 LR ASTM A48
FO: CH241372

Load Securament PC Strand: Cargo Strapping is the prefered securament
device but, || chains are used, chain protectons must be appliod 1o protoct
the coll packs

Total Welght: - 47,595 LES

RECEIVED, subjact exclusively 1o the Terms and Conditlons staled horein to
Ihe exclesion of any rates, classifications, or tariffs establishad or maintained
by the Camer. Tho Garrlor has raceived from the Shipper, tho property
described above in actual good arder and condilon, except &5 noted, at the
ocation noled in the "SHIF FROM® Box above and will properly and carofully
load, handle, carry, kaep, care for, and deliver it to the destination notod In
five: "SHIP TO" Box above, in exchange for caraln frelghl charges, the
adequacy of which is hareby acknowledged by the Cartier. Motwithatarding
the fact that Shipper may provide recommendations and personne! to assist
in lnading the Cargo on Garrier's vehicles, Carrier and its agents and
amployees ramain sclely responsible for praper arangameant of 1he Gargo on
Carrigr's vahicles, I1is mutually agreed by and betwean the Shipper and
Carrier that every seivico to ba porformed hareunder is subject 1o the Terma
and Conditions hereel. The Canier hereby cerifies that It ks familiar with all
of thase Tarms and Conditions and that it irevocably agrees to them for itsalf
and Its assigns.

NOTE QUANTITY & QUALITY EXCEPTIONS AT DESTINATION HERE

MNOTE: Fallure 1o spacily exceptions al destination hore doos not affect the
Snippers rights against the Garrer.

Carrier Signature / Plck Up Date

Carriar acknowledgos recoipt of the propeny described above in aclua)
goad order and condition, axcept as neled. By slgning this form, the diver
accepts the Shipper's Torms and Conditions as provided. A Driver copy of
the Terma and Condiliohs page may be requestad rom the Shipger, i
dasired.

Shipper Slgnntnm ! Dnia

s

Shi cnrlllflns that the propenly described above ks propery packaged,
ma ad and Inpalad and In proper condition Tor transportation according to the
applicable ragu'ations of the DOT.

Cuslomer Signature / Delivery Dale

Customer acknowledges recaint of the property doscribed above in achual
goad ordar and congition, oxcept as noled.
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INSTEEL

N WIHE PROMLICTES

MATERIAL CERTIFICATION OF COMPLIANCE

11020 Tanner Road
Houston, TX 77041
336-719-0000
ENCON ARIZONA LLC Bill of Lading: 00403593
DBA TPAC Order Mumber; 571876
PHOENIX AZ 85009-6%26 PO Mumber: CH241372

Tnstee] Wire Products Company herehy certifies that the specimens taken from production lot{s) consisting of one or more of the following
Laotfserial numibers were tested in accordanee with and met the specification requirements of ASTM Ad16-18. The attached test repoit(s)
represent the result of such test(s),

B00 (15, 2mm) TW 270 LR ASTM Ad16 Test Report Mumber:  37241025104359

Lot/Serial Numbers Heat Number
120237462123 OTO0GE945
120237462124

120237462128

120237462135

120237462136

120237462137

120237462141

The prodacts listed in this certification were manufactured and fabricated in the United States of America.

Instee] Wire Products Company hereby certifies that the prestressing sirand described above meels or exceeds the minimum bonding
sequireinents as currently sceepted in the NASP (Norh Americon Strand Producers) pull-out test and the Moustaffa block pull-out test.

All Domestic Prestressing Strand was made from stecl rod that was melied, manufactured, and processed completely in the United States
of America. The tod was then manufactured into PC Steand in the United States ot Instee! Wire Products Company plant in either
Sanderson, FL; Heuston, TX: or Gallatin, TN, The material meets the "Buy America™ requirements of 23 CFR 633.410.

The products listed in this centification were manufactured in the ULS A, from wire rod which was manufactured in the US.A.

Quality Assurance Manager:  ~ ) Date: 05-NOV-2024
Torge Alvarez

The individial above has the authority to make this centificate legally binding for Insteel Wire Products Company.

Page: 1 of 1
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INSTEEL

W WIRE PO S

PACKING LIST
Houston, TX
ENCON ARIZONA LLC Bill of Lading: (00M03593
DBA TPAC Order Number: 571870
PHOENIX AZ 85009-6926 PO Number: CH241372
Date: 05-NOV-24
: N ™
Lot Number : Description ; 3 Length Wughy
120237462123 600 (15.2mm) 7W 270 LR ASTM A4S 9030 67992288
120237462124 600 (15, 2mm) TW 270 LR ASTM Adlé 9030 6799.2288
120237462128 GO0 (15, 2mm) TW 2ZTOLR ASTM Adle 9030 6799.2288
120237462135 G000 (15.2mm) TW 2TO LR ASTM Adls 9030 6799.2288
120237462136 600 (15.2mm}) TW 270 LR ASTM Adl6 9030 67992288
120237462137 SO0 {15.2mm) TW 270 LR ASTM A416 9030 67992288
120237462141 OO0 (15.2mm) TW 270 LR ASTM A416 2030 67992288
(’l‘m Number of Packs 7 G T g e ol S 210 4‘?599
Page: 1 of 1
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Appendix A.4 C-33 Test Data: Aggregates

SAMPLE INFORMATION:

COARSE SPECIFIC GRAVITY & ABSORPTION ASTM C 127

RESULTS SPEC
SPECIFIC GRAVITY, OD 2.558
SPECIFIC GRAVITY, 55D 2,606
SPECIFIC GRAVITY, APP 2.687
% ABSORPTION 1.9%
UNIT WEIGHT ASTM C 29

RODDED  JIGGING SHOVEL

UNIT WEIGHT (pcf) 87.2 103.0 923

- B
/Vl'ﬂ.ya& Mvoore

Geotechnical & Environmental Sciences Consultants

LOCATION: 2024 - 19TH AVE PLANT C-33 TESTING
DESCRIPTION: NO. 57 AGGREGATE
REVIEWED BY: D. JARRELL
METHOD METHOD
SIEVE SIZE % PASSING RESULTS SPEC
Us sTD METRIC RESULTS SPEC 100 REVOLUTIONS % LOSS 4
2" 50 500 REVOLUTIONS % LOSS 22 50 MAX
1.5" 38 100
1 25 98 95-100 RESULTS SPEC
4" 19 ] WLOSS - COARSE AGG 0.3 12 MAX
12" 12.5 Efl 25-60
aer 95 14
Mo. 4 4.8 1 010 RESULTS SPEC
Mao. 8 2.36 1 0-5 % COARSE 0.2 5.0 MAX
Mo 10 2.00 1
Mo, 16 1.18 i]
Mo 40 0.425 i] RESULTS SPEC
Mo. 50 0.3 i] % OF LIGHTWEIGHT PARTICLES 0.0 0.5 MAX
MNo. 100 0.1% 0
MNo. 200 0.075 0.0 0-1.0

RESULTS SPEC
% FRACTURED - ONE OR MORE T4 -
% FRACTURED - TWO OR MORE &7 -
RESULTS SPEC
% FINER THAMN #200 0.2 1.0 MAX
RESULTS SPEC
314" SIEVE (%) 3 -
102" SIEVE (%) 4 -
38" SIEVE (%) g -
174" SIEVE (%) 11 -
% FLAT & ELONGATED 8 20 MAX

PHX-05351

C-33 TEST DATA
CEMEX/C-33 TESTING
PHOENIX, ARIZONA
604297002 |  1/24
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SAMPLE INFORMATION:

SPECIFIC GRAVITY, OD
SPECIFIC GRAVITY, 55D
SPECIFIC GRAVITY, APP
% ABSORPTION

UNIT WEIGHT

RODDED
UNIT WEIGHT (pcf) 899.3

RESULTS
2.584
2.622
2.684
1.4%

JGGING
100.6

/Vin_ya «jAoore

Geotechnical & Environmental Sciences Consultants

COARSE SPECIFIC GRAVITY & ABSORPTION ASTM C 127

SPEC

ASTM C 29
SHOVEL
92.6

LOCATION: 2024 - 19TH AVE PLANT C-33 TESTING
DESCRIPTION: NO. 7T AGGREGATE
REVIEWED BY: D. JARRELL
METHOD METHOD
SIEVE SIZE % PASSING RESULTS SPEC
us sTD METRIC RESULTS SPEC 100 REVOLUTIONS % LOSS 4
2" 50 500 REVOLUTIONS % LOSS 20 50 MAX
1.5" 38
1 25 RESULTS SPEC
arg" 19 100 100 LOSS - COARSE AGG 0.6 12 MAX
12" 12.5 94 90-100
amg" 9.5 48 40-70
Mao. 4 48 g 015 RESULTS SPEC
Mo. 8 2.38 1 0-5 % COARSE 0.2 5.0 MAX
No. 10 2.00 1
No. 16 1.18 1
No. 40 0.425 4] RESULTS SPEC
No. 50 0.3 4] % OF LIGHTWEIGHT PARTICLES 0.0 0.5 MAX
Mo, 100 015 0
Ma. 200 0.075 0.1 0-1.0

RESULTS SPEC
% FRACTURED - ONE OR MORE a7 -
% FRACTURED - TWO OR MORE 93 -

RESULTS SPEC
% FINER THAMN #200 0.3 1.0 MAX

RESULTS SPEC
3/8” SIEVE (%) 2 =
104" SIEVE (%) ] =
Mo. 4 SIEVE (%) 14 -
% FLAT & ELONGATED 8 20 MAX

PHX-05352

C-33 TEST DATA
CEMEX/C-33 TESTING
PHOENIX, ARIZONA
604297002 |  1/24
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SAMPLE INFORMATION:

COARSE SPECIFIC GRAVITY & ABSORPTION ASTM C 127

RESULTS SPEC
SPECIFIC GRAVITY, OD 2.524
SPECIFIC GRAVITY, 55D 2.579
SPECIFIC GRAVITY, APP 2.670
% ABSORPTION 2.2%
UNIT WEIGHT ASTM C 29

RODDED JNGGING SHOVEL

UNIT WEIGHT (pcf) BE.2 50.0 833

- B
/Vin.yﬂ «/fAoore

Geotechnical & Environmental Sciences Consultants

LOCATION: 2024 - 19TH AVE PLANT C-33 TESTING
DESCRIPTION: NO. B AGGREGATE
REVIEWED BY: D. JARRELL
METHOD METHOD
SIEVE SIZE % PASSING RESULTS SPEC
Us 81D METRIC RESULTS SPEC 100 REVOLUTIONS % LOSS 5]
2" 50 500 REVOLUTIONS % LOSS 20 50 MAX
1.5" 38
1 25 RESULTS SPEC
ki 19 %LOSS - COARSE AGG 0.4 12 MAX
12 12.8 100 100
amg” 9.5 100 85-100
Mao. 4 4.8 18 10-30 RESULTS SPEC
Mao. 8 2.36 2 010 % COARSE 0.3 5.0 MAX
Mo 10 2,00 1
No. 16 1.18 1 0-5
No. 40 0.425 1 RESULTS SPEC
No. 50 0.3 4] % OF LIGHTWEIGHT PARTICLES 0.0 0.5 MAX
MNo. 100 0,18 4]
MNo. 200 0.075 0.1 0-1.0

FRACTURED FACES ASTM D5821
RESULTS SPEC

% FRACTURED - ONE OR MORE 93 -

% FRACTURED - TWO OR MORE 92 -

MATERIALS FINER THAN #200 ASTM C117
RESULTS SPEC

% FINER THAN #200 0.4 1.0 MAX

FLAT & ELONGATED PATICLES ASTM D4791
RESULTS SPEC

144" SIEVE (%) & -

Mo. 4 SIEVE (%) 13 -

% FLAT & ELONGATED 6 20 MAX

PHX-05353

C-33 TEST DATA
CEMEX/C-33 TESTING
PHOENIX, ARIZONA
604297002 |  1/24
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SAMPLE INFORMATION:
LOCATION:
DESCRIPTION: CONCRETE SAND
LAB TECHNICIAN: 1B

METHOD
SIEVE SIZE % PASSING
us 3TD METRIC RESULTS SPEC
2" 50
1.5" 38
1.25" 1.5
1" 25
34" 19
142" 12.5
e 9.5 100 100
144" 6.4 100
MNo. 4 48 100 95-100
MNo. 8 236 a2 80-100
No. 10 2.00 a7
No. 18 1.18 70 50-85
No. 30 0.60 9 25-60
No. 40 0.425 25
No. 50 0.3 14 5-30
Ma. 100 015 4 0-10
Ma. 200 0.075 i] 0-3.0
RESULTS SPEC
FINEMESS MODULUS 28 2.3.31
UNIT WEIGHT ASTM C 29
RODDED JIGGING SHOVEL
UNIT WEIGHT (pcf) 106.7 100.9 101.5
RESULTS SPEC

LIQUID LIMIT (LL) (%)
PLASTIC LIMIT (PL) (%)
PLASTICITY INDEX (PI) (3:) NP

/Vin.ya «/fAvore

Geotechnical & Environmental Sciences Consultants

2024-19TH AVE PLANT C-33 TESTING

METHOD

RESULTS SPEC

%6LOSS - FINE AGG 3.0 10 MAX
RESULTS SPEC

% FINE 0.3 3.0 MAX
RESULTS SPEC

SAND EQUIVELANT bt}

LIGHTWEIGHT PARTICLES IN AGGREGATE ASTM C 123
RESULTS SPEC

% OF LIGHTWEIGHT PARTICLES 0.2 1.0 MAX
RESULTS SPEC

ORGANIC PLANT NG. 1

FINE SPECIFIC GRAVITY & ABSORPTION ASTM C 128
RESULTS SPEC

SPECIFIC GRAVITY, OD 2.587 -

SPECIFIC GRAVITY, S5D 2628 -

SPECIFIC GRAVITY, APP 2.692 -

% ABSORPTION 1.5 -

5
C-33 TEST DATA
CEMEX/LABORATORY TESTING
PHOENIX, ARIZONA

604297002 | 124
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Appendix A.5 Manufacturer’s Certification of Compliance: Type II/V, Low Alkali, Portland
Cement

Manufacturers of Arizona Cements — Rillito Cement Plant
11115 N Casa Grande Hwy
PO Box 338

EALPDRTLAN D Rillito, AZ 85654-0338

Phone: (520) 682-2221

cp CALPORTLAND COMPANY

MANUFACTURER’S CERTIFICATION

We hereby certify that the following Type II/V, Low Alkali, Portland cement lots,
specified as “EXTRA™ has been shipped from the United States, CALPORTLAND Rillito
Cement Plant, in Rillito, Arizona. All Type IFV cement lots shipped from Rillito meet or
exceed the current ASTM C150 specifications for Type I and Type V Low Alkali Cement.
Additionally, this cement meets or exceeds the requirements listed in Subsection 1006-2.01
of the Arizona Department of Transportation Specifications, and the requirements of
Caltrans Standard Specification Sec. 90 paragraph 2.01.

Individual certifications can be obtained with each load upon request and delivered to your
plant sites. These certifications will contain pertinent data including shipping lot number.

The Shipping Lot Numbers for the month of November 2024 are as follows:

298241x

Gl Bucdrbcs

John A. Bartolucci Date Signed: Sunday, December 1, 2024

Quality Control Superintendent
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CALPORTLAND’

Manufacturer's Certification Report Date: 12/5/2024

We hereby certify that CalPortland Type IV EXTRA Cement meets the standard requirements of ASTM C150 and AASHTO MBS
specification for Type IT and Type V cements. Reported are the average chemical and physical data for the month.

Month: November, 2024 Type II/ V EXTRA Cement
Source: Rillito, AZ, USA

ASTM C150 and AASHTO M85 Requirements  Analysis Limestone

Chemical Properties, (ASTM C114) Type I Type V Results Analysis
Silicon dioxide (5102), % - - 20.3 28
Aduminum oxide (Al203), max, % 6.0 4.1 0.8
Ferric oxide (Fez03), max, % 6.0 3.2 1.0
Calcium oxide (Cal), % - - 62.3 40.8
Magnesium oxide (Mg0), max, % 6.0 6.0 3.9 16.1
Sulfur trioxide (S03)1, max, % 30 23 3.3 0.1
Lass on ignitdon (LOI), max, % 35 3.5 24
Insoluble residue (IR), max, % 1.3 1.5 1.0 Base
Alkalies (Naz0+0.658*K20), % - --- 0.32 Cement
Tricalcium silicate (C35), % —- — 53 55
Dicalcium silicate (C25), % - - 18 18
Tricalcium aluminate (C3A), max, % 8 5 5 [
Tetracalcium aluminoferrite (C4AF), % 10 10
CAAF + 2(C3A), max, % 25 21
COz. % - --- 1.2
Limestone addition, max, % 50 5.0 Z8
CaC03 in Limestone, min, % 70 0 96
Physical Properties
Adr content of mortar, max, volume %, (C183) 12 12 T
Blaine Fineness, min, m3kg, (C204) 260 260 594
Autoclave expansion, max, %, (C151) 0.80 (.80 0.06
Compressive Strength, min, (C109)

3 Day, MPa 10.0 8.0 35.6

3 Day, psi 1450 1160 5160

7 Day, MPa 17.0 15.0 422

7 Day, psi 2470 2180 6120

28 Day (from prior month), MPa 21.0 18.1

28 Day (from prior month), psi -- 3050 6970
Vicat Setting Time, min-max, minutes, (C191) 45 - 375 45-375 102
Expansion (from prior month), max, %, (C1038) 0.020 0.020 0.007

Apparatus and methods used in this laboratory have been checked by the Cement and Concrete Reference Laboratory of the National
Institute of Standards and Technology. A copy of the report detailing thelr findings is available upon request. Major oxides are
analyzed in accordance with ASTM C114.

Note 1: ASTM C150, Table 1, Note D, It is permissible to exceed the values in the table for SO3 content, provided it has been
demonsirated by Test Method C1038 that the cement with the increased 503 will not develop expansion exceeding 0.020% in 14

"”’" % ﬁm%&%

John Bartolucci - Quality Control Superintendent

CalPortland Company 11115 N. Casa Grande Highway Rillito, AZ 85654
www.calportland.com  Customer Service 520-682-2221
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Appendix A.6 Summary Report for Annual Test of WCS Maricopa Aggregates

Summary Report for Annual Test of Aggregates
Standar Specification for Concrete Aggregate (ASTM C33)

Tlerracon

PROJECT: 2024 Annual ASTM C 33 Testing, Glla River 5 & G Maricopa Plant JOB NO: 65151151
LOCATION: Sacaton, Arizona WORKORDER NO: 65151151.0111
MATERIAL: Concrete Sand LAB NO: 6115
SAMPLE SOURCE: Gila River Sand and Gravel, Maricopa Plant, Stockpil DATE SAMPLED: 10M19/2023
Sieve Analysis of Fine and Coarse Aggregates
(ASTM C138/C11T) Sand Equivalent Value for Soils and Fine Aggregate (ASTM D24189)
Mechanical Analysis
Clay Reading 4.4 4.4 4.5
| Fineness Modulus =2.760 | AsTM C33 Sand Reading 4 4 41
Sleve Size Il Passing  Specs
Gin. 100 Sand Equivalent 80.9 90.9 a1
4in. 100 Sand Eq. Recorded 91 91 92
3in. 100
2in. 100 Sand Eq. Average 92
11/2in. 100 Sand Equivalent 92
1 1/4in. 100
1in. 100 Clay Lumps and Friable Particles in Aggregate (ASTM C142)
3Min. 100 Fine
1/2in. 100 Percentage of Clay Lumps and Friable Particles 04
3/8in. 100 100 ASTM C33 Spec <=3.0%
1/4in. 100
#4 99 95-100 Liquid Limit, Plastic Limit and Plasticity Index of Soils (ASTM D4318)
#8 86 B80-100 Liquid Limit NV Plasticity Index NP
#10
#16 &7 50-85
#30 44 25-60 Lightwelght Pleces in Aggregate (ASTM C123)
#40 30 Fine
#50 1w 530 Dry Weight of Aggregate (g) 216.4
#100 5 0-10 % of Lightweight Pleces (fine) 0.0
#200 2.0 0-3 ASTM C33 Spec <0.5%

Amount of Material Finer Than #200 Seive (ASTM C117)

Specific Gravity and Absorption of Coarse
Aggregate (ASTM C127)

-#200 Wash %

Wgt. of 5.5.D aggregate 500.0 ORGANIC IMPURITIES IN FINE AGGREGATE [ASTM C40)
Wat. of flask & water 667.8 Color Match: Clear Lessthan One
Wat. of oven dry sample in air 496.6
Wgt. of flask & water & 5.5.D. 9754
Bulk specific gravity 2.581 UNIT WEIGHT AND VOIDS IN AGGREGATE (ASTM C29/C23M)
Bulk specific gravity {5.5.D) 2.599 Volume of measure (cu.ft) 0.1000
Apparent specific gravity 2628 Unit weight (Ibs per cu.ft) 104.8
Percent absorption 0.68 Bulk Specific Gravity 2.581
Vieid Content (%) 5
Soundness of Aggregate by use of Sodlum Sulfate (ASTM C88)
Grading on Waight Walight Corrected
original before after Percent percent
Passing Retained sample testing (g) testing (g) loss loss
Fine
3/8in / 9.5mm #4 0.9% 4.4% L]
#4 #e 13.6% 100.0 95.5 4.4% 0.6%
#8 #16 18.3% 100.0 974 2.6% 0.5%
#16 #30 23.7% 100.0 98.8 1.2% 0.3%
#30 #50 27.6% 100.0 29.4 0.6% 0.2%
Minus #50 17.2% -— - - 0.0%
Total: 100.0% Total Loss: 2%
ASTM C33 Spec <10%
REVIEWED BY é ! ;
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Appendix A.7 Pozzolan Test Report: Fly Ash Type F

srA\c.

Salt River Materials Group
100% AMERICAN"

TPAC
3052 S 19th Ave
Phoenix, AZ 85009-6926

Product: ASTM C618/C1697 Class F, 19thAve Fly Ash
AASHTO M285

POZZOLAN TEST REPORT

November 2024 Results _ Specifications
Chemical Analysis (C311/C114 [ TI05 [ D4326)
Silicon Dioxide, SiO; 56.2 Y%
Aluminum Oxide, Al ;0 5 20.8 %
Ferric Oxide, Fe,0; 4.8 %
Si0,+Al; 04 +Fe,0, 81.9 % 50.0 Min
Calcium Oxide, CaO 7.2% 18.0 Max
Magnesium Oxide, MgO 2.0 %
Sulfur Trioxide, SO 4 0.7 % 5.0 Max
Muoisture Content 0.5 % 3.0 Max
Loss on Ignition 1.8 % 6.0 Max
Sodium Oxide, Na, O 1.4 %
Potassium Oxide, K ,0 1.3 %
Total Alkalis 2.2 %
Available Alkalis 1.2 %
Physical Analysis
Fineness, amount retained on
#100 sieve, % (1 =
#325 sieve, % (can) 19 34 Max
variation, points from average 0.0 +/- 5 Max
Density, gfom? s 2.51 -
Variation from average, % 0.2 +{- 5 Max
Strength Activity Index
with Portland Cement (311 cios)
at 7 days, % of cement control 81
at 28 days, % of cement control 87 75 Min
Water Requirement oy
% of cement control 99 105 Max
Soundness, autoclave expansion oy cisy
or contraction, % 0.01

** Per Table 2, Maote A - only applies to coal ash that is harvested or contains bottom ash
All tests have been made in strict accordance with the current standards of the

American Society for Testing and Materials covering the type of material specified.

May contain harvested fly ash.

s

T

® Mark é\tans, Quality Systems Manager
03 DEC 2024

FREENCEMENT

AASHTO R18

Clarkdale Cement Plant
601 N. Cement Plant Rd
Clarkdale, AZ 86324

Lower Buckeve Terminal
1941 W, Lower Buckeyve Rd
Phoenix, AZ E5007

54th Ave. Terminal
3402 W Buchanan St
Phoenix, AZ E5043

21st Ave. Terminal
1325 M. 215t Ave.
Phoenix, AZ E500%

19th Ave. Terminal
1802 W, Lower Buckeye Rd
Phoenix, AX 85007

Dobson Storage
@595 E. McKellips Rd.
Scottsdale, AX K35250

Cholla Fly Ash Plant
4801 Frontage Rd.
Joseph City, AZ B6032

Four Corners Fly Ash Plant
End of County Road 6673
Fruitland, NM 87416

Bonanza Fly Ash Plant
12500 East, 25500 South
Vemal, UT 84078

Huntington Fly Ash Plant
8 Miles West on Highway 31
Huntington, UT 84528

Apache Fly Ash Plant
3537 H Highway 191 South
Cochise, AL BS606

Coronado Generating Station
Hwy 191, 7 miles North of 5t. Johns
St. Johns, AZ 85936

Gallup Terminal
Q00 N Uth 5t
Ciallup, MM 87301

Fontana Terminal
13600 Mapa St
Fontana, Ca 92335

Bakersfield Terminal
32435 Tth Standard Rd.
Bakersficld, CA 93314

Stockton Terminal
1300 N, Gertrude Ave.
Stockton, CA 932135

Tucson Terminal
4120 E Irvington Rd
Tucsen, AZ 85714

Tel: 480-850-5757 = Fax: 480-850-5758 » 8800 E Chaparral Rd = Ste 155 » Scotisdale, AZ 85250



Appendix B Admixture Data Sheets
Appendix B.1 ADVA CAST 575

TECHNICAL DATA SHEET

Chryso

01/03/2025

Concrete
ADVA® CAST 575 Solutions
High Range Water Reducing Admixture

DESCRIPTION

ADVA® Cast 575 is a high efficiency, low addition rate ADWA® Cast 575 is supplied as a ready-to-use liquid that weighs
polycarboxylate-based high-range water reducer designed for the approximately 8.9 Ibs/gal (1.7 kg/L). ADVA® Cast 575 does not
praduction of a wide range of concrete mixes, from conventional to contain intentionally added chlarides.

Self-Consclidating Concrete (SCC). It is designed to impart extreme

warkability without segregation to the concrete.

ADVANTAGES FIELDS OF APPLICATION

« Excellent dosage efficiency, moisture contrel and air control « Formulated to impart improved workability to the conerete and to
= Superior air entrainment control achieve high early compressive strength as required by the
» Enhanced concrete cohesiveness with low viscosity for rapid precast industry.

placement

« Superior finish on cast surfaces
= Enhanced strength development

Method of Use

Dosage

ADWVA® Cast 575 is an easy to dispense liquid admixture. Dosage rates can be adjusted to meet a wide spectrum of concrete performance
requirements. Addition rates for ADVA® Cast 575 can vary from 2 1o 10 fl 02/100 Ibs (130 to 650 mL/100 kg) with the type of application,
but will typically range from 3 to & fl 0z/100 [bs (200 10 390 mLA100 kg) of cementitious.

Should conditions reguire using more than the recommended addition rate, please consult your representative.

Mix proportions, cementitious content, aggregate gradations and ambient conditions will affect ADWVA®™ Cast 575 dosage requirements. If
materials or conditions require using more than the recommended addition rates, or when developing mix designs for Self-Consolidating
Concrete please consult your representative for more information and assistance.

Additional Usage Recommandations

ADVA" Cast 575 is a plant-added superplasticizer that is formulated to impart improved workability to the concrete and to achieve high
early compressive strength as reguired by the precast industry. ADVA" Cast 575 can be used for the production of SelfConsolidating
Concrete in precast/prestressed applications and may be used in conventional concrete preduction.

ADVA" Cast 575 may be used in low water-cementitious ratio applications where concrete stability and improved tolerance to concrete
material variability are reguired.

ADWVA® Cast 575 may be used to produce concrete with very low water/cementitious ratios while maintaining normal levels of warkability.

Equipment
= & complete line of accurate, automatic dispensing equipment is available.
Complimentary Products

« ADWA® Cast 575 is compatible with most admixtures as long as they are added separately 1o the concrete mix. However, ADVA * products

The infarmaticn contained in his wechhical data shect (s QreTEn o e best af our mdﬂ;}.‘"ﬂ'.'ﬂlc'-.ll from extensie Testing - wihich e conducted in Srder 10 femain as chisctie
o6 passhie Howeves, i cannal, in any case, be considered 25 a wamanty waking our Rabilty in case of misuse or any dFforent Use of cur products, ofher than those from the
“Appication” paragragh of this technical data shest Somae anplcabion fests should be carrked cut befone using e produt to ersune that the methods of use and conditions of
application of the product ane satistactony. Qur technical assistance (s at the dsposal of the users

chhrvso

SAINT-GOBAIN
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TECHNICAL DATA SHEET

ADVA® CAST 575
High Range Water Reducing Admixture

Chryso
Concrete
Solutions

01/03/2025

are not recommended for use in concrete containing naphthalene-based admixtures including DARACEM® 19 and DARACEM®™100 and
melamine-based admixtures including DARACEM® 65. In general, it is recommended that ADVA® Cast 575 be added to the concrete mix
near the end of the batch sequence for optimum performance. Different sequencing may be used if local testing shows better
performance. Please see Technical Bulletin TB-0110, Admixture Dispenser Discharge Line Location and Seguencing for Concrete Batching
Operations far further recommendations.

Pretesting of the concrete mix should be performed before use and as conditions and materials change in arder to assure compatibility
with other admixtures, and to optimize dosage rates, addition times in the batch sequencing and concrete perfarmance. For concrete that
requires air entrainment, the use of an ASTM C260 air-entraining agent (such as DARAVAIR" or DAREX" product lines) is recommended to
provide suitable air void parameters for freeze-thaw resistance. Please consult your representative for guidance.

CHARACTERISTICS PRECAUTIONS

Product Nature Liquid « ADVA" Cast 575 will freeze at approximately 32°F (0°C) but will
return ta full functionality after thawing and tharough mechanical

Color Blue green -
agitation.

Shelf life 12 manths

Specific gravity (25°C) in i SAFETY

a/ml ! ]

pH (25°C) 520 Prior to any use, please read carefully the Safety data Sheet.

Bulk
55 gallon drum
275 gallon tote

ADDITIONAL INFORMATION

ADVA® Cast 5735 ASTM C494 Type F High-Range Water Reducer Test Data

VISR CONTESL i RNTE RS AV HTY MNTHSCOONTRN  MATES - ikt CATEATH

The infarmation cortained in his sec hnical data shiset (s ghven i B best of our knowkedge and the nesult from extanshe 165100 - which wers canducted In arder 10 remain as ohiecthe

a6 passbie. Howee, it can

in any case, be considered a5 a wamanty nwaking our Rabilty In case of misuse or amy dfferent use of our products, other San those from the

“Applcatian” paragraph of this keohnical data shest Some appkcation 1ests should be camied cut befone using whe product fo ensune that the mesnods of use and condescns of

application of the product are

i stactory. Our technical acsistance is at the dsposal of the Lsers.

fj chryso

SAINT-GOBAIN
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Appendix B.2 DARASET 400-1

g
TECHNICAL DATA SHEET §
Chryso 5
Concrete B
DARASET® 400 Solutions
Accelerating Admixture
Mon-Chloride

DESCRIPTION

DARASET* 400 is a non-corrosive, non-chloride set accelerator that  Meets or exceeds the requirements of ASTM €494 Type C and can
offers setting time results and early strength development be used at any dosage to meet ACI 318 Guidelines for Chloride
comparable to calcium chioride, but without the corrosive effects. Content in Concrete.

ADVANTAGES FIELDS OF APPLICATION

« Accelerates setting time All Cement Types

= Increases early compressive and flexural strengths Precast Cancrete

« Offsets the retarding effects of pozzolans such as slag or fly ash « Ready-Mix Concrete

= Enables cold weather concreting Concrete Patching

Wery High Early Strength Concrete
Pre-Stressed Concrete

Method of Use

Dosage

DARASET" 400 dosage rates can vary with the type of application. The addition rate can range between 10 oz/cwt and &0 oz/cwt (650
mL/100 kg and 3910 mLA00 kg) of cementitious material.

Optimal addition rates will depend upon specific job conditions, on local materials and on the degree of set acceleration & early strength
development required.

Typical results show that when concrete containing DARASET 400 is poured at 50°F (10°C), the concrete will set up to 2 hours faster than
the reference concrete.

Addition rates may vary when used in conjunction with other CHRYS0" admixtures.

Should conditions require using more than the recommended addition rates, please consult your CHRY S0 representative.

Additional Usage Recommandations
« Suitable for use in concrete placed on steel-clad or zine-coated steel decks where corrasion prevention is crucial.
Implementation

= In general, it is recommended thal DARASET® 400 be added 1o the concrete mix near the end of the batch sequence for optimum
performance. Different sequencing may be used if local testing shows better performance.

Please see Technical Bulletin TE-0110, Admixture Dispenser Discharge Line Location and Sequencing for Concrete Batching Operations for
further recommendations.

When used in air entrained concrete, trial mixes must be made to determine the quantity of air-entraining admixture required.

The concrete producer should account for the water contained in the product. Each gallen of DARASET® 400 added 1o a concrete mix will
cantribute 6.3 Ibs {(0.76 kagrL) of water to that mix.

Pretesting of the concrete mix should be performed before use and as conditions and materials change in order to assure compatibility
with ather admixtures, and o cptimize dosage rates, addition times in the batch sequencing and concrete performance.

The infamation cortained in this sechnical data sheet is ghven 1o the best of cur knowledge and the result from extensive esting - which were conducted in arder 10 femain as chiecthe
& passible Howewer, it nol, in any case, b congidered a5 a wamanty inoking our Rabiity In case of misuse of any dfferent use of our products, other Than those from the
“dpplcation” paragraph af this techrical data sheet Some anpbcation fests shoukd be camied cut before using the product o esure that the meshods of use and condeions of
application of the product ane satisfactony. Cur bechrical asgstance is at the dsposal of the users.

" chryso

SAINT-GOBAIN
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TECHNICAL DATA SHEET

Chryso
Concrete

DARASET® 400 Solutions

Accelerating Admixture
MNon-Chloride

12/13/2024

Equipment
« A complete line of accurate, automatic dispensing equipment is available,
Complimentary Products

= DARASET" 400 is compatible with most CHRYS0® admixtures as long as they are added separately to the concrete mix, usually through the
water holding tank discharge line.

« For concrete that requires air entrainment, the use of an ASTM C260 air-entraining agent is recommended to provide suitable air void
pararmeters for freeze-thaw resistance.

Performances

« Provides shorter set times and increased early compressive & flexural strengths.

CHARACTERISTICS PRECAUTIONS

Product Nature Liguid = Product will begin to freeze at approximately -10°F [-23°C), but will
Color Light brown return to full streng_th aite_-r thawnrjg E_md thorough agitation.
= Do not use pressurized air for agitation.
Shelf life 18 manths
CI” lons content < (0,100 % SAFETY
ific ity (25°C) i
g?:l: gravity (25°C)in 1453 Prior to any use, please read carefully the Safety data Sheet.
pH (25°C) 9,30
PACKAGING
= Bulk

= 276 gallon tote
= 55 gallon drum

ADDITIONAL CERTIFICATIONS & MARKINGS

« DARASET" 400 is MSF Std. &1 certified when used at a maximum
addition rate of 40 1 oz/100 lbs (2600 mL/M100 kg) of cementitious
material. Certification of compliance will be made available upon
request.

The infarmaticn cortained in his sechrical data sheet s given w e best of cur kowledge and the resut fram extensine 1E51Ng - wihich were conducted In Qrder 10 IeMain as chiecte
as passble Howeser, i can) in any case, be corsidered as a waranty irwakang ouwr Bability in case of misuse or any different use of cur producis, other #an those from he
“Appicatian” paragragh of this technical data sheet Socme appication fests should be camied cut before using the procuct (o ensune that the meshods of use and condsicns of
application of the peoduct ane satistactony. ur technical assisiance |5 at the disacsal of the Lses

chhrvso

SAINT-GOBAIN
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Appendix B.3 DARAVAIR 1000

TECHNICAL DATA SHEET §
Chryso 5
Concrete -

DARAVAIR® 1000 Solutions

Air entraining admixture

DESCRIPTION

DARAVAIR' 1000 is a high-grade saponified rosin based air-
entraining admixture that provides freeze-thaw resistance, yield
control and finishability performance across the full range of
concrete mix designs. Chemically similar to vinsol-based products,
but with increased purity and supply dependability.

ADVANTAGES FIELDS OF APPLICATION

« Produces rapid air build suitable for short mix cycles = All Cement Types
« Performs reliably & consistently across a wide spectrum of mix  « Precast Concrete

designs « Post Tensioned & Prestressed Concrete
« Improves the durability of concrete to severe exposures « Ready-Mix Concrete

« Concrete Exposed to Freeze-Thaw Cycles

Method of Use

Dosage

DARAVAIR® 1000 dosage rates can vary with the type of application. The addition rate can range between 0.5 oz/ewt and 3 oz/ewt (30
mL/100 kg and 200 mL/100 kg) of cementitious material.

Optimal addition rates will depend on temperature, cement, sand gradation, and the use of extra fine materials such as fly ash and
microsilica.

Dosage rates may vary when used in conjunction with other CHRYSC® admixtures. The air-entraining capacity of DARAVAIR® 1000 is
usually increased when other concrete admixtures are contained in the concrete, particularly water-reducing admixtures and water-
reducing retarders. This may allew up te B reduction in the amaount of product required.

« Should conditions require using more than the recommended addition rates, please consult your CHRYSO® representative.

Additional Usage Recommandations

= Formulated to perform across the entire spectrum of production mixes, it generates specification guality, freeze-thaw resistant air systems
in concrete.

Implementation

= In general, it is recommended that DARAVAIR® 1000 be added early in the batching sequence for optimum performance, preferably by
“dribbling” on the sand.

« Product should not be added directly to heated water.

« Different sequencing may be used if local testing shows better performance.

« Please see Technical Bulletin TB-0110, Admixture Dispenser Discharge Line Location and Sequencing for Concrete Batching Operations Tor
further recommendations.

= Pretesting of the concrete mix should be performed before use and as conditions and materials change in order to assure compatibility
with ather admixtures, and to oplimize dosage rates, addition times in the batch sequencing, and concrete performance.

The information corkained in this technizal data sheet is given b the best of cur knowledge and the result fram extenshe festing - which were condusted in arder 10 remain as objecthe
& passble Howeso, i can) inany case be corsidercd 25 2 waranty Irreaking our Mabidty in case of misuse or any dfferent use of cur products, ofher Than those from e
“Applcation’ paragraph of this techrical daia sheet Zome apalicalion fests should be carred cut before using the product o ersure that the methods of use and condiions of
application of the peoduct are sati stactory. Our technical aasistance (5 at the disposal of the users

fj chryso

SAINT-GOBAIN
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TECHNICAL DATA SHEET

Chryso
Concrete

02/18/2025

DARAVAIR" 1000

Air entraining admixture

Solutions

Equipment

« Acomplete line of accurate, automatic dispensing equipment is available.

Complimentary Products

« DARAVAIR® 1000 is compatible with most CHRYS0® admixtures as long as they are added separately to the concrete mix.

Performances

Incorporates air into the concrete by the mechanics of mixing and stabilizing millions of discrete semi-microscopic bubbles.
Promotes the mability, or plasticity and waorkability of the concrete thraough air bubbles that act much like flexible ball bearings.
Enables a reduction in mixing water with no loss of slump

Aids placeability while minimizing bleeding, plastic shrinkage and seqgregation.

Increases the volume of the concrete making it necessary to adjust the mix proportions to maintain the cement factor and yield.
Produces impart resistance o the action of frost and de-icing salts as well as sulfate, sea and alkaline waters.

CHARACTERISTICS PRECAUTIONS

Product Nature Liquid = Product will begin to freeze at approximately -30 °F (-1 *C), but will
Color Elerl return ta full capabillities gfter Ihalwiqg and tharough agitation.
« Do not use pressurized air for agitation.
Shelf life 12 months
Cl” lons content < (0,100 % SAFETY
ecific gravity (25°C) in
:':ml gravity (25°C) 1013 Prior 1o any use, please read carefully the Safety data Sheet.
pH (25°C) 1040
= Bulk

= 1000L Tote (275 gallons)
« 210 L (55 Gallons) Drum

The information o
a5 passhie
“Appkcatian” parag
application of the

technical data shiset s ghven & e best of our knowiedge and the result from extenshie 1esting - which were conducted (n arder 10 remain as chiecthe
in any case, be considered as wing our Rabilty in case of misuse or amy dfferent Lse of our products, other fan those from the
echnical data shest. Some appl ukd be camied cut before using e product 1o ensure that the methods of use and condions of
istactory. Cur bechrical assista 0

{/chryso

SAINT-GOBAIN
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Appendix B.4 RECOVER

TECHNICAL DATA SHEET

Chryso

12/17/2024

Concrete

RECOVER{E Solutions

Set retarding admixture

DESCRIPTION

RECOVER® is a ready-to-use aqueous sclution of chemical Meets or exceeds the requirements of ASTM C494 Type B& D
compounds specifically designed to stabilize the hydration of
Partland cement concretes.

ADVANTAGES FIELDS OF APPLICATION

= Eliminates the need to discharge wash water from the miser = All Cement Types

« Prevents the waste of unused concrete Ready-Mix Concrete

= Pravides predictable extended set times Frecast Cancrete

= Enables long hauls to remote sites = Hot Weather Concreting
= Mass Concrete
» HPC & UHPC Concrete

Method of Use

Dosage

= RECOWER® addition rates can vary with the type of application. The addition rate can range between & fl. oz & 128 fl. oz {180 mL & 3800 mL)
per treatment.
= Typical dosage rates are:
= Returned or Lefover Concrete: 3 to 128 fl. oz/owt (195 1o 8350 mL/ 100 kg)
= Set Time Extensions (+4 hours): 5 to 50 fl. oz/cwt (325 to 3260 mLA00 kg)
« ASTM Type B or D Retarder: 2 to & fl. oz/owt (130 to 390 mL/ 100 kg)
= Optirmal addition rates will depend on the specific materials invalved, mixer type and stabilization pericd.
« Dosage rates may vary when used in conjunction with other CHRYSO® admixtures.
= Should cenditions require using more than the recommended addition rates, please consult your CHRYS0® representative.

Additional Usage Recommandations

« Designed to stabilize mixer wash water and returned or leftover concrete for extended periods, allowing for use of the materials when
specified or allowed.

Suitable for use where controlled extended set of concrete is needed. It is the concrete users responsibility to determine if leftover,
returned, or extended-set concrete is specified or allowed.

ldeal for wash water applications, eliminating the need to discharge wash water from the mixer. This allows the wash water to be used as
mix water in the next batch of concrete produced and prevents the residual plastic concrete fram hardening.

Used to prevent plastic concrete from reaching initial set for returned or leftover concrete. This allows the concrete 1o be stored in a plastic
state and then used when specified or allowed. The use of this concrete may reguire the addition of freshly batched concrete and/or an
accelerator.

Recommended in situations where a controlled set time extension is required, such as extended hauls, large continuous pours, or pre-
batching of concrete for later use.

The information contained in @S sechnical data sheet is QieEn B0 the hest of our W\‘\-EE}Z‘JMT\:‘ICLJI from extenshe testing wiich were canduotisd In Grder 10 remain as ohjscthe
a6 passble Howei, it cannal, in any case, be considered a6 a waranty iwaling ow abilty in case of misuse of any dfferent use of cur products, oeher San those from e
“Applcation’ paragraph of this techinical data sheet Some apokoation fests should be carrked cut befone using he product to ensure that the meshods of use and condtions of
application of the product ane satistacory. Cur technical assistance |5 at the disposal of the users

” chryso

SAINT-GOBAIN
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TECHNICAL DATA SHEET

RECOVER"

Set retarding admixture

Implementation

Chryso
Concrete

12/17/2024

Solutions

= Ingeneral, it is recommended that RECOVER® be added to the concrete mix near the end of the batch sequence for optimum performance.
Cifferent sequencing may be used if local testing shows better performance.
« Please see Technical Bulletin TB-0110, Admixture Dispenser Discharge Line Location and Sequencing for Concrete Batching Operations Tor

further recommendations.

= Pretesting of the concrete mix should be performed before use and as conditions and materials change in order to assure compatibility
with other admixtures, and to optimize dosage rates, addition times in the batch sequencing and concrete performance.

Equipment

« A complete line of accurate, automatic dispensing equipment is available.
= Reach 360TM System, an innovative spray wand technalegy that simplifies wash water procedures.

Complimentary Products

« RECOVER® is compatible with most CHRYS0® admixtures as long as they are added separately to the concrete mix, usually through the

water halding tank discharge line.

« For concrete that requires air entrainment, the use of an ASTM C260 air-entraining agent is recommended to provide suitable air void

parameters for freeze-thaw resistance.

Performances

controlled by dosage rate.

scours the unhardened material from the interior of the mixer,

properties.
CHARACTERISTICS
Product Nature Liquid
Color Blue green
Shelf life 9 months
CI" lons content <0100 %
Specific gravity (25°C) in 11186
a/ml '
pH (25°C) 6,80

« 55 gallon drum
= 2768 gallon tote
= Bulk

Provibes stabilization of up to 96 hours is possible depending on dosage rate.
Coats the interior of the mixer with treated wash water. The water is used as mix water in the next batch of concrete produced, which then

Maintains the plasticity of returned or leftover concrete for the desired storage duration. The concrete resumes normal hydration when the
dosage effects subside or when activated by fresh concrete or an accelerator, resulting in concrete with normal plastic and hardened

PRECAUTIONS

= Product will begin to freeze at approximately 32 °F (0 °C), but will

return to full capabilities after thawing and therough agitation.
« Do not use pressurized air for agitation.

Prior to any use, please read carefully the Safety data Sheet.

The infarmaticn cortainesd in $his vechincal data shisst s green s the best of cur knowkedge and e nesult from extensive 1Esting - which wene conductad (0 order 10 feman as chjsctie

a5 passhie Howe, i can

in any case, be corsidered 25 a warranty iwaling our Sability in case of misuse of any diferent use of cur products, other Shan those from the

“Applcatian” paragraph of this technical data shest Some anplcation tests shoukd be camied cut before using the product 1o ensune that thee meshods of use and condeicns of

application of the product are satistactory. Cur technical assistance s at the dsposal of the users

P22

{{chryso

SAINT-GOBAIN

Stabilizes the hydration process of Portland cement preventing it from reaching initial set. This stabilization is not permanent and is
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Appendix B.5 VMAR 3

TECHNICAL DATA SHEET

01/10/2025

Chryso

® Concrete
V-MAR" 3 Solutions
Viscosity Modifying Admixture

DESCRIPTION

V-MAR®* 3 iz a high-efficiency, viscosity-modifying admixture It enhances thixotropic properties, enabling the concrete to maintain
designed to enhance the rheology of concrete, enabling its use in a  its shape under stress and restore its viscosity when the stress is
wide variety of applications. released.

ADVANTAGES FIELDS OF APPLICATION

Improves productivity All Cement Types

« Minimizes wear & tear on forms » Precast Concrete

« Enhances surface appearance far a superior finish « Paost Tensioned & Prestressed Concrete

« Ensures minimal impact on air entrainment « Ready-Mix Concrete

« Reduces pump pressure = Paving Concrete

= Supports efficient slipferm paving » Underwater & Antiwashout Concrete Applications

Method of Use

Dosage

« V-MAR® 3 dosage rates can vary with the type of application. Typical addition rates range between 8 to 100l oz/yd * {309 10 3868 mL/m’) of
concrete.

Dosage requirements are based on water content in the mix. As water content increases, dosage requirement will increase.

Optimal addition rates will depend on mix design, cementitious content, aggregate gradations and SCC application.

Dosage rates may vary when used in conjunction with other CHRYS0" admixtures.

Sheuld conditions reguire using more than the recommended addition rates, please consult your CHRYSO® representative.

Implementation

= Ingeneral, it is recornmended that V-MAR" 3 be added to the concrete mix after the dry materials and most of the water for optimum
performance. Different sequencing may be used if local testing shows better performance.

= Pretesting of the concrete mix should be performed before use and as conditions and materials change in order to assure compatibility
with ather admixtures, and 1o optimize dosage rates, addition times in the batch sequencing and concrete performance.

Equipment
= A complete line of accurate, automatic dispensing equipment is available.
Complimentary Products

= V-MAR® 3 is compatible with most CHRYS0" admixtures as long as they are added separately to the concrete mix.
= V-MAR® 3 s recommended for use in conjunction with CHRY S0 Superplasticizers and in combination of CHRYSO= Air-Entraining Agents.

Performances

« Madifies concrete rheclogical properties for improved werkability.

The information corkained in this technizal data sheet is given 5 the best of cur knowdedge and the result fram extenshoe testing - which were canducted in arder fo remain as cbjecthe
& passbie Howeoer, i ot In any case, b oonskdered as & waranty Irrealving our lability in case of misuse or amy dfferert wse of cur products, ofher than those from the
“Applcation” paragraph of this technical daia sheet Some appcation ests should be caned out before using e product to ensure that the methods of use and condecas of
appdication of the product are satistactony. Qur technical ool stance |5 at the disposal of the users.

fj chryso

SAINT-GOBAIN
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TECHNICAL DATA SHEET

Chryso
Concrete

01/10/2025

V-MAR® 3
Viscosity Modifying Admixture

Solutions

Enhances finishing in flatwork applications.

Improves workability in low/no-slump concrete.

Facilitates better workability and finishability when using harsh aggregates.

Simplifies placerment and pumping, regardless of cement type or aggregate gradation.

Accommodates fluctuating maisture content.

Prevents segregation and reduces bleeding, maintaining cohesiveness in high-flow mixes.

Ensures consistent production even under harsh conditions like high winds or low hurmidity.

Eliminates the need for vibration by enabling self-leveling and self-censolidation in high-flow applications.

CHARACTERISTICS PRECAUTIONS

Product Nature Liguid = Product will begin to freeze at approximately 28°F (-2°C), but will
Color Colourless to light yellow return to full capab|_l|t|es ;gfter Iha_wu?g and thorough agitation.
« Do not use pressurized air for agitation.
Shelf life 12 manths
ClI” lons content <0100 % SAFETY
H (25°C 440
PH( ) ' Prior to any use, please read carefully the Safety data Sheet.
= Bulk

= 275 gallon tote
« 55 gallon drum

The information oo
a5 passtie. H
“Appkatian
application of the

wechnical data shect (s QieEn b She beest af cur ko ‘“‘;-".1"1 e result from extenshie IHII"; whic '\d\n\"f""-\'\mliﬁ I crder 10 rEma N as ohpscte
in any case, be considered 25 2 wa e e o hos

echnical data shest Scme apgd
are satistactory. Cur techrical assista

{{chryso
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Appendix B.6 V-MAR F100

TECHNICAL DATA SHEET

12/20/2024

Chryso

Concrete

V-MAR® F100 Solutions
Viscosity Modifying Admixture

DESCRIPTION

V-MAR* F100 is a high-perfarmance, rheclogy-medifying admixture It improves workability, allowing concrete to flow more smoothly
designed to enhance the lubricity of concrete, enabling increased  during placement while achieving a high-quality finish with a
productivity and superior surface texture. consistent and refined surface.

ADVANTAGES FIELDS OF APPLICATION

Enhances concrete rheclogical properties for improved workability  « All Cement Types

» Produces cohesive concrete mixes without stickiness » Precast Concrete

= Facilitates efficient concrate extrusion = Post Tensioned & Prestressed Concrete
s |Improves concrete surface appearance » Concrete Pipe

= Accelerates concrete discharge rates = Concrete Extrusion

= Concrete Paving
« Slip Formed Concrete
» Roller-Compacted Concrete

Method of Use

Dosage

« V-MAR® F100 dosage rates can vary with the type of application. Typical addition rates range between 3 to 12 1l oz/ewt {195-780 mL/A00
kg) of cementitious material

« Optirmal addition rates will depend on mix design, cementitious content, aggregate gradations and application.

« Dosage rates may vary when used in conjunction with other CHRYSO" admixtures.

= Should conditions require using more than the recommended addition rates, please consult your CHRYSO® representative.

Implementation

= Ingeneral, itis recommended that V-MAR® F100 be added early in the batching sequence for optimum performance.

« Different sequencing may be used if local testing shows better performance.

« Please see Technical Bulletin TB-0110, Admixture Dispenser Discharge Line Location and Sequencing for Concrele Batching Operations for
further recommendations.

= Pretesting of the concrete mix should be performed before use and as conditions and materials change in order to assure compatibility
with ather admixtures, and to optimize dosage rates, addition times in the batch sequencing, and concrete performance.

Equipment
= Acomplete line of accurate, automatic dispensing equipment is available.
Complimentary Products

= V-MAR® F100 is compatible with most CHRYSO0® admixtures as long as they are added separately to the concrete mix.
« For concrete that requires air entrainment, the use of an ASTM C260 air-entraining agent is recommended to provide suitable air void
parameters for freeze-thaw resistance.

The informaticn contained in this sechnical data sheet is Qe B0 S best of cur mcﬂ;}-‘lﬂ!'.'ﬂlc'-.ll fram extenshe 1ESting - which were candurted In arder 10 remain as chjscthe
a5 passbie. Howeees, it in any case, be considened a5 a wamanty ivvakeng our Rabilty in case of misuse or any dferent use of ur products, other than those from the
“Appicatian” paragragh of this technical data sheet Some apnkoation fests should b carried cut befone using the product to ensure that the meshods of use and condeions of
application of the product are satistactory. Our bechnical assistance s at the disposal of the Lsers

chhrvso
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TECHNICAL DATA SHEET

Chryso
Concrete

12/20/2024

V-MAR® F100
Viscosity Modifying Admixture

Solutions

Performances

Enhances productivity with higher throughput.

Enables concrete to flow more easily and guickly through machinery.

Improves paste consistency for better crearminess and finishability.

Promotes concrete consolidation with reduced vibration effort.

Increases water tolerance, making concrete less sensitive to typical moisture variations during manufacturing.
Supports the use of angular aggregates and manufactured sands in concrete mixes.

Delivers finishes with significantly fewer surface defects.

Reduces cement requirements for surface closure, lowering averall material costs.

CHARACTERISTICS PRECAUTIONS

Product Nature Liguid = Product will begin o freeze at approximately 28°F (-2°C), but will
Color EGeran ;?:;T,;ﬁ full functionality after thawing and thorough mechanical
SHRIRIS 12months . Do not use pressurized air for agitation.
CI” lons content < (0,100 %
Specific gravity (25°C) in 1008 SAFETY
ml :
9/ Prior to any use, please read carefully the Safety data Sheet.
pH (25°C) 530
PACKAGING
= Bulk

= 275 gallon tote
« 55 gallon drum

The informaticn pon

s technizal data sheet is given o the best of cur knowledge and the result from exenshoe 1esting - which were condusted in arder 10 remain
a passible H in any case, e considened a5 3 wai; ving our Mabikty In case of misy amy different Lse of cur products, other than
“Applcatian” pa hechinical data sheet Some angd e b carried cut befone using she procuct o ensune that the meshods
applicatian of the prduct are saisfactory. Cur technical assistance s at the dsposal of the users

fj chryso

SAINT-GOBAIN
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Appendix C 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)

1O TR CVEL o] [ 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
HEh MR REN IR EREN \When cracking moment exceeds applied moment, leading to
cracks forming in the concrete

HEh N Rd W QM \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)

O\ [l EulelaNoj Mo i [es M 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 [2].
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Appendix D Design Calculations
Appendix D.1 Mathcad

1 ) |
INAU sy

CROSS SECTION PROPERTIES

| —
11 o e
I : T 1t -, 0.5° DIA LOWRELAX
PN T e
W LT HO. 4 ALTERNATING
2 == STIRALPE TYP
& . | | CENTERLINE IN
o = CENTER OF WEB
| 9" BEND WITH 2 DWA, TYP,
|
! | 08" DA LOW RELAX
¢ T !f__a__ ?owe-suaamm
' 35 CLEAR 2} TYP.
-| - e
T a3
- e -
Fgure 1: cross section design from shop dranangs
LOADING
Po=34.9 kip
P=0.5 P, =17.5 kip
MATERIAL PROPERTIES

p=124.1 pef
£, :=128500 ksi
£,:= 29000 ksi

F£= 270 kst

Concrete Properties
Feireg=5000 psi
',;:=50T7. 5 psi

PCI Big Beam 2024-2025
Mathcad Calculations

beam length
x:=0 Ft,0.1 £t.. L span length
thickness of top flange
thickness of bottom flange
height of web
width of top flange
) width of bottom flange
s=2.5 in width of weh
hi= b+ b+ hy=18.5 in beam height
Ly o= 2oLt Gt )+ bt Byt (B = B )+ (B~ B,) = 68 in
perimeter of cross section

total applied actuator load Cracking Load: 22.8 kips
Breaking Load: 34.9 kips

half of actuator load to each point load _

Cracking Load: 22.7 kip
conerete density (normalweight) Breaking Load: 38.7 kip
prestressing strand modulus of clasticity
steel reinforcement modulus of elasticity

strength of prestressing strands

Section updated based on cylinder test data
required strength of concrete to cut strands
initial concrete strength (when strands cut)

I g 7= 000 pai required strength of concrete to test
£7,:=T7260 psi strength of conerete (based on ASTM C78)
=05 in diameter of aggregate
£ =33 (p+pef)'-7. 3\! {7 psi =325 ksi initial concrete modulus of elasticity
Fo=33(p s pef} TN £ psi = 3887 ksi concrete modulus of elasticity
A:=0,75 Lightweight factor = | normalweight, 0.75 lightweight
Al=T5 relative humidity, (%)

STRAND & REINFORCEMENT

Prestressing Strands (7-wire) (bottom)

d, =06 in diameter

0. 217 im
3.5 in
3.5 in

0 in

Apor= A e, =0.434 in"
wp\m'l;d =0.T37 pif

nominal area

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

total area of prestressing strands

1of 14
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Steel Reinforcement

d, =10 in
_'i.|::|J in®
Ypp =10 in

Ypp=10 n

PCI Big Beam 2024-2025
Mathcad Calculations

diameter

nominal area

height of steel reinforcement strand 1, from bottom
height of steel reinforcement strand 2, from bottom
number of reinforcement bars

total area of reinforcement
weight of reinforcement bar

o= (A woer) # (A 2pes) + (A psa) + (A ) (A 1) e ;:gigl
Apst A, strands
dy=h— ¥, =15 in height to center of bars
W W e i1, = 14T plf nominal weight of prestressing strands
w = w01, =0 plf nominal weight of reinforcing bars
Compression I‘reatresung strands (top, non functional)
0.5 in diameter
0.153 in’ nominal area
f 2 number (2 inch vertical spacing)
It w, on=1.474 pif normal weight
Areas of steel reinforcement and prestressing strands
A =00 434 in’ area of prestressing strands (bottom)
4 ,Fx‘: A J:m’ .1 ’ﬂ_‘= 0. 306 in® area of prestressing strands (top)
SHEAR REINFORCEMENT
fe 1 number of legs
| p=0.2 In area of stirrup (No. 4)
fa= A, ey =0. 2 10 shear area of steel
diameter of stirrup (No. 4)
spacing of stirrups
fe=060 ksi strength of shear reinforcement
Liirrap=19.75 in length of stirrups
g =26 amount of stirrups
W 1= 0668 16 unit weight of stirrups
Spacing ft
(b.-,l. — {Hr‘.__‘}] - {Hr;lf:,“ . (f_,] - (i ine 2)J
Spacing= g =43 in Note: for

““._max(: iy ) 0.63 im

5 g
Sgipp=max |2 I ?

(2}

(. +n‘}]:2 in

constructability,
spacing 2 in.
increments
center to center
minimum spacing (25.2.4, ACI 318-19)

clear cover (Table 20.5.1.3.3, ACI 318-19)

check:= 1 {Spacingzmax (S0, Su) 0K, "Does Not Meet”) ="0K"

SECTION PROPERTIES - CENTROIDS & INTERTIA
Top Flange

Appi= e byp=31.5 in®

area of top flange

2of 14
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centroid of top flange

top
J,,.-=:f+ b+ 1= 16.75 in
area of web

INZAU iveesiny

Agi=bye h,=292.5 in°
centroid of web

Bottom Flange
Appi= Eype by, =57 in®
Lor .
—=3 in

o=

Kort= 2
=8.422 in

E-”] I .V.'.'} + E"-]l " .l’“] + {"‘FF-."' J’."u']

Lot At Ay

Koaptor 1=

Beam
Fiareapt= hi— Foarbor = 10. 078 in

A=At A+ App=111 in’
v, ::Ag -L=0.51 yd*

= f.{ﬂ— Fiprrop= 4.922 in

Moment of Inertia 1
fr..-:zﬁ Dy

‘F:'J.":: 1z

=1, 4 I+ 1,,=4312. 58 in'

El=£. [, =116416.51 £t* . kip

APPLIED LOADS, SHEAR, AND MOMENT
Wopet= Ay s p=85.T pIf

+w,, =986 pif

i

Selfweight
Wt = Wt 0
Woe, pi= Wopr L= 1775 1BF

SN

check:=1f (¥,
Wopn X
—5 (-2

W (x)e=

e

Vo dad=w, (0.5 L= )

hl -

Y=+ Ly=10.5 in
2

area of bottom flange

centrond of bottom flange

c b e (o= Foar)? =2216.701 in'
o=t ) + A (B Fise)” =249.004 50" inertia web

I
¥ 12 L
1 .
byer tas +Aper (Yor— Voarsor)* = 1846.875 in'

PCI Big Beam 2024-2025
Mathcad Calculations

centroid of beam, from bottom
centroid of beam, from top

gross area of concrete

gross volume of concrete, CY
ecentricity

inertia top flange

inertia bottom flange
total mertia

EI check

concrete selfweight, distributed load

total self weight, distributed load

weight, for shipping & handling

< 2000 IBF,"OK", "Make Lighter")="0K"
selfweight moment

selfweight shear

3 of 14
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i (x) (kip)

x (£t}

M, (%) (kip- £t}

PCI Big Beam 2024-2025
Mathcad Calculations

Live Load
2P
AB=9 ft (=6 It BC=L-AB-CD=3 ft
A | ® Ly=AB=9ft L, =AB+BC=12ft L,=L=18ft
o, Cak ek P
A B C D Riy= P+ Lo (L= AB+ ¢y =14, 54 kip
Aigure 2: Loading Diagram §
Ryr= P Lo (L= 0+ AH) =20, 36 kip
Vip(a)s=if(rs Ly Ry i {(Ly<z<L, P+ L-(CD-AB). -Rpy))
M {z)=if (r< Ly Ry -2 0f (Ly<r <L, Ry-2-P-(z-AB).Rp-CD— Ry- (z - L))
o4 awd
Vpx) (kip) W lx)y (kip-fr)
.IL _ & |I. M |I: 12 Z.I |I| _-.-
x (£1) x (fr)
Total Loads

V eruiee {:E} =V (I} +Vy (I]
"uﬂnr:'l'm (:E} = ‘Fuxu' (I) +‘|HI.L (E}
Vu(z] =12 v.ill'{:i::' + I'G'VL{;E]

M, ()= M, (2] + M (x)

total unfactored service shear
total unfactored service moment
total factored service shear

{load factors = 1.0 for accurate lab testing)

total factored service moment

4 of 14
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V(o) (kipy 1

x (fr)

LOSSES
Fe=0.75+ £, =202, 5 ksi
Elastic Shortening (ES)

Pp=14,,=87.9 kip

3
i . c

J'j.;m::l".«!:rﬂﬂd:= —=43.9 h]]
=

o -'"-'.:

=47. 924 kip- in

"F;"u'::'&e'f."[ﬁ_"' K 7
G &

I

£5i= ! g £y =9.7 ksi
Creep (CR)
ko=if(A<1,16,2)=1.6
£
CRi=k e !'_' (i, )=12.9 ksi
Shrinkage (SH)

Vi si= Ayt 4, ,o=1, 609 in

k_,,_.l.. =10

.
B

Sifi= ({a. 24107 ke £

Steel relaxation (RE)
k=5 ksi
Si=00, 04
(r=1.0
= (= ES) =+ £,=0.T14

Sty g

=i |, = 0.54, (—'-&55

= 0.21 L 0.9

#(x) (kip- £t)

"”-' "f'_,."' e ] Moy wia® €

PCI Big Beam 2024-2025
Mathcad Caloulations

x (£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 strain amplifier

creep

shrinkage constant

% (1 £t (0,06 ¥, ) (100 —ﬁ’m) =5.8 ksi

(PT5.8.1]
[PT5.8.1]
[PT5.8.2]

]:U, HZH  bottom strands

5of 14
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RE:=(kye— J+ (SH+ CR+ £S)) + C,;=3. 2 ksi
STRESS AND FORCE AFTER LOSSES
Lyi=£5=9.7 ksi
Lypei= CR+ SH+ RE=21.9 ksi
TLi= Lo+ Ly, =31. 6 ksi
£, = £~ ES=192.8 ksi
Pp=A,e £, =83.7 kip
£yp1= £— CR— SH— RE=180. 6 ksi
Pz £, A,,=T8.4 kip

FLEXURAL CAPACITY
Code Equations

PCI Big Beam 2024-2025
Mathcad Calculations

relaxation

short term losses

long term losses

total losses

initial stress after ES

prestress force after ES at transfer

final stress after all losses

prestress force after ES at transfer

check:=if (£,,20.5 £,,"0K","Condition Not Met")="0K"

A
- 28 — p
Ppi= b d, =0.003
V,:=0. 28

B, :=max (0. 65, nu'n(O. 85,0.85—0.05. (

e il il BT o
L= fy (1 3 (,, Fr|| = 256843 kst
A B
ps” £ ps
ar=——E =9, 007
0,85 F i by o8
=—-=2.921 in
B,
¢:=3.031 In

Refine with Strain Compatibility

= 'w=6.3-10_3
=,
b 1 L 2.9.107"
s I L
g,,:=0.003
d,—c %
€=, |——|=1.2.10"

£, =6 +&,+8,=1.8.107

(£, —4000 psi)
| I'={), 687 beta strength factor

gamma factor for prestressing

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

6 of 14
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f=if [Em.t_: 0. 0085, 28B00 ksi«g,,, 270 ksi— B
ne
s Lo 3.031
T — . _!n
ST EE B by,
Lol o o83 1
i=—————— =13 (83 in
086 b,

— 0. 007

PCI Big Beam 2024-2025
Mathcad Caloulations

0. 04 -ksf] =266, 5 ksi

depth of neutral axis

checki=1if (a< t,p,"0K", “Condition Not Met”)="0K"

i.','

M=1if

n ("":’ Lirs ([U' B !-Jr" "'n'."" (bn'u"_ If"nl] * [%_ a

M=134.5 kip« ¢

B popurei=1.0

DY =y M= 1345 kips £t
TRANSFER AND DEVELOPMENT LENGTH

la=F,,+(3 ksi)+d, =36.1 in
=1 4 (F— )= (1 ksi)ed =877 in

Foree at Transfer

X

I”,(x}::if’(ﬁi . 7

. El .
_]] + el fan (r.lju—?)] s e ."m.-(

"‘i!if(fr{""gﬂ_ JF.'1"r';.'s“"'j_

+-3)

nominal moment
use 1.0 to calculate lab capacity

factored nominal moment

1, =3.01 ft
1,=7.31 ft

transfer length

development length

EN
!

£

(r=(t-1))

JEE

Fi(a) (kip)

Force at Service

i

PAx)= if’(xﬂ I, 7

-P,..if’(f,{.ng.— 1, PP

&l
&

e 1)

S

P} (kip)

7 of 14
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Transfer & Development Length Factor

- | i
L (2} .u(;-:.'.. L — -(: fay, e
! L= fol S

.ﬂ(!;cz{L b L H|E=dyczal-l.1

.n‘(!.«.z\zl...

ﬂd(I)

LLOWABLE STRESS VS. LIMITS
STRESSES AT TRANSFER
Stress Limits

O, = —0. T+ £, =—3554, 3 pei

[

o —0. 6. =—3046. 5 psi

S

PCI Big Beam 2024-2025
Mathcad Caloulations

=L .'_,}_[l . F x {J. (.',j'}.j'“ ']‘T]
[ Sl fa L 1))

allowable compressive stress at end

allowable compressive stress at middle

O por(2)e=if (10,250 £, —0.To £, i (0. 25+ L<x 0. 750 L, —0. 6+ 1", —0.T+ £, )

Ty =00y J'r"“ N psi =428 psi
O, =3 N psi =214 psi

allowable tensile stress at end

allowable tensile stress at middle

O perlx)i=if (10250 L A1 psd if (0.250 L x<0. 754 £, 3o[1 e psi GeA[£ ;- psi]))

Applied Stress

'Ir": {X) 'Ir;r (A’) . e -Vn'.\'r.r'h'." 'r{'l (\} * Yo Tap
a, (x)=—

1 ! - I,

1.3 & &

'Ir": (X) 'Ir;r (A’) B Visrios 'H.'\-'l (\} * FViarbot
K ! I,

1.3 & &
(7.4 ft}=100.2 psi
. {111 ft) =102.58 psi
(7.4 ft) =—1467.9 psi

y(a)i=—

Stress Checks

applied stress at top

applicd stress at bottom

oy per (T4 ft)=213.8 psi
d'u.J"C'IE]-]--]- ft} =213.8 psi
@y pry (T4 ft) = —3046.5 psi

.‘
1}
O, per(n) (hsi) PETZ : i T
————————— 1 Seas - U
g, (x) (ksi) q
- g L | S —
aulx) (ksi) |
G, (4} (ksi)
All stresses due to applied loads are less than the allowable stress limits.
B of 14
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PCI Big Beam 2024-2025
INAU Lersiry Mathcad Calculations

STRESSES AT SERVICE

Stress Limits

T, prpi=—0. 60 ' =—4356 psi allowable compressive stress
Oor prr=T. 5o/ £« VW psi =639 psi allowable tensile stress

Applied Stress

Pix) Pixyeesy. o M (xhew, M{xlow, ...
. x)i=— '_1 +— 7 —— 7 — 7 — applied stress at top

& & & &

PAx) Pl e Varnor | Mol Yiwrwor | M (0 Frarior

gl x)i=— A — I, I, + I, applied stress at bottom
Stress Checks o, (7.4 ft)=1153.1 psi o prop = —4356 psi
e, (11.1 ft) = 1553.1 psi & pep = 630 psi
Y
1 - -
- .
¥ f- = o= + . e -
[ {1{’3_!"} :,"‘2._‘_:--. 7 1 1.1 14.8 Pt
o 14 "'-.." -
™ I‘
o, (x) (ksi) * Rt e
----------- 1 il e
e ——
o, (x) (ksi) W e e
O,y (ksT) )
x (£1)
All stresses due to applied loads are not less than the allowable stress limits.
CRACKING MOMENT
Fu=T. 5.5\ F" v psi =0.639 ksi modulus of rupture
Updated based on cylinder
compression results (ASTM C39)
Flxy Plade e Vi I,
Mo ()= |0+ + LN . cracking moment
"t’ FA.' Fharbor

Sof 14
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NAU LINIVERSITY PCI Big Beam 2024-2025

Mathcad Caloulations

checks= 1 (M0 (48) = M. (48) , "Crack”, "Not Crack™) ="Crack”

Mierice (AB)=134.9 kip-ft =~ M., [AB)=89.5 kip - ft Mtio = Marice [AB) = M, (AB) = 1.51

NOMINAL MOMENT CAPACITY VS. DEMAND

Modified Flexural Capacity

¢'Hn{“') = ¢’4‘ feaure -"’:. " “l.'rf{“.)

>
check:=1F (i, (45) > ¢M,(AB)} , "Fail”, *Not Fail”)="Fail"
M, [AB) =134.9 kip - ft &M, (AB)=134.5 kip - ft M, (AB) = ¢M, [AB) =1.00
SHEAR CAPACITY
&= 1.0 resistance factor for shear
Ly spoapi=50-d,,=2.5 Ft (422 5 7. 1]
Checks to use simple method
Ky ,,::g: .25 in
checki=1f (A« £ 0.4 A+ £,,,"0K to use Simple Method”,"Recheck")="0K to use Simple Method”
4,=0.2 in” area of stirrups
Vo lade= {06+ Aanf 1"« psi + 700 psi. m.l'n[%. 1]) « b emax (r.ljJ.U. 8 -!r] concrete shear strength
Vo win=2edeN 1 e pst o b o d,= 4. 8 kip min concrete contribution
Vo =B e N e pst o b d,= 12 kip max conerete contribution
P';.(.\'] = max Em’n[ Vo mays Ves [A)] . .m]
10 of 14
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IRTHERMN ARIZON
NJLLI UNIVERSITY PCI Big Beam 2024-2025

Mathcad Calculations
—_ o EDSG‘ATED ;T?E’I‘«?EL%:;::M MAARK SIDEWITH I ;.:‘:s
L " SECTION A 4f T STIRAUPS :
5 g
Tt T T 1 1 1 T 1 1 1 e s | I
| EEEE ] it
 —— 1: 1 1 1 i i 1 1 1 1 - — — — | —— —
P | R
il DUNNAGE TYP 4
L ’ L= —_ ETP-=
r 1"
‘-9-:: = | 501 11 MO & BARS 11° CENTER TO CENTER T 13 WO 4 BARS T CENTER TO CENTER -
L w -
Figure 3: Stirue Desiga from shop drawings
& By Ay
s =T in s=111in §3:=T in spacing
 Aefed, _ Apfped, o Aefed, .
Vopi=—————=25. 714 kip Vp=—————=16. 364 kip Vgi=————=25.T14 kip steel shear
i Sz =3 strength

Smary =1 (V=4 -A-\,‘f}-pm'. by - dy . min (0,375 - b, 12 in), min (0.75-h, 24 in) )= 6.9 40 max stirup spacing
S =1 (Vo> 4 Ao gl f - pai b -, min (0,375 - b, 12 in) . min (0.75 - h, 24 in)} = 6.9 in
Sy =1V = e Aoy e psi - by, min (0.375-h, 12 in), min (0.75.h, 24 in) | = 6.9 in

Ao fa d b - b«
Ay i = T [M- ”—p . MAX (0.1"5- \F.psi - — : .50 psi Ls]] =0.019 in® min stirrup area
80-fy-d, b, v v /)
GV, () e=if (x< 1B £2, @ (VI +1,),0) Limits for plotting readability
V()= if (L6 Frax<1L T £, (V00 +V.2),0)
@V ()= if (.x:- 1.7 f:.¢_\.,,m,.-( VAx)+ V_.;-;} s U)
(Vulx)) factored shear capacity
@l () &V, () @V, ()
(1) ()
50 o T
LI..-——— "------
¢l,i(x) (kip) .
@Vaz(z) (kip) .
20
SVualz) (kip) i
V(@) (kin)
2 [ 4 0 1z 1B 1t 1=

11of 14
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NAU LINIVERSITY PCI Big Beam 2024-2025

Mathcad Caloulations

DEFLECTION BY SUPERPOSITION METHOD

(A )+ oot =)

A= Y A 0. 191 in deflection due to camber
(50 Wy o L)
A= Ty - =1 fi=-0.25 in deflection due to selfweight
—PCF AR ) , ) ]
Ay o= B —0. 097 in deflection due to point load & from end
P ) R . R
Apra T ~0.2 in deflection due to point load at midspan

. fh oo moac v ou ) R u
check:= lf(ﬂu_ A p<——,"Condition Met","Decrease Deflection ): Condition Met

180

Ap=A A A +A, +A, »=—0.3T5 in total deflection

DEFLECTION BY VIRTUAL WORK METHOD

12 of 14
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COST

Concrete
£.=7.26 ksi

i 10-in°
C, =204 [———F.||=92.6
[ [ kip f]] ’

Formwork

L,..=58 ft

. 1.25
Cror= Ly —by) - (L) - ——-=112.5

It
Prestressing Reinforcement
d,, =06 in
) 0.33
Cyi=————s L=, =119
=L ()
d7,,=0.5in
_ 030

€= ft L-{n',) =108
Shear Reinforcement

-"-.-‘r.irnl,n =19.8 in

Ngtirrup = 26
_ b
Wtirryp = 0.7 F
) 0.45
Cotirrup 7= Watirrup * Ltivrup * Matirrup” Tz 12.9
Total Cost
C=C, 4 Cpyt O+ Ot Crgiprn = 240.6

The ballinwing Ll coed st Be used b delenmine =am o, Uoncele ool |5 based on actedl Sisnglh. mal &

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, &

13 of 14
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Appendix D.2 Deflection and Curvature through Virtual Work Method

DEFLECTION CALCULATIONS:
Curvature and Moment Plot through Double integration

Curvature
(rad10*3in.)
-0.018
-0.018
-0.007
0.003
0.014
0.024
0.035
0.035
0.037
0.046
0.056
0.067
0077
o.0ad
0.098
0109
012
0132
0.145
0.159
0175
0193
0212
0233
0256
0282
031
0341
0375
0413
0.454
0499
0.549
0804
0865
0678
0889
0.697
0704
0705
0709
073
0804
0.885
0873
1.07
1.178
1.295

Curvature
(rad)
-0.000019
-0.000018
-0.000007
0.000003
0.000014
0.000024
0.000035
0.000035
0.000037
0.000046
0.000056
0.000067
0.000077
0.000088
0.000098
0.000109
0.00012
0.000132
0.000145
0.00015%
0.000175
0.000183
0.000212
0.000233
0.000256
0.000282
0.00031
0.000341
0.000375
0.000413
0.000454
0.0004 02
0.000543
0.000604
0.000665
0.000678
0.000689
0.000687
0.000704
0.000705
0.000702
0.000731
0.0008&04
0.000885
0.000873
0.00107
0.001178
0.001295

M (k-

0.0

34.0
238.1
4422
B46.2
a50.2
1054.0
1026.3
1045.1
1141.9
12103
1246.7
1276.6
130@.0
1327.0
13491
1370.4
1392.4
14138
14295
14376
1443 8
1451.1
1466.9
14803
1491.9
1502 5
15128
15223
15321
1542 6
1852.6
1562.9
1573.2
1583.3
1585.4
15871
1588.4
1588.4
1588.6
1590.2
15934
1602.5
1600.9
1612.9
1606.2
1561.0
316.1

M (k-ft)

00
28
198
368
529
0.9
are
a5.5
ari
952
100.9
103.9
106.4
108.8
108
1124
1142
1180
178
1191
1198
1203
1209
1222
1234
124.3
1252
128.0
1269
1277
1285
128.4
1302
131
1.9
1321
1323
1324
1325
1325
132.5
1328
1335
134.2
134.4
133.8
13001
263

Loading
waw = 00056
L= 18
AB= a
BC = 3
ch= [
P = 348
03P = 174
= 14.5
Rd = 203
Camber
Aps 0434
fpi 192.8
L 228
] 4716
Eci 3228
Ig 4188
1500.0
400.0
1200.0
HE
E
2| oo
000
4000
0.0
oz 0z 04 06 0z 12 L4
Curaature
140
120
oo
£
&
40
0
[}
o 2 ] 0 12 1 16 18 ]
— —— 1L

ki

L N R L]

in.*2
ksi
in.
ksi

in."g
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0.25
0.5
075

1.25
15
1.75

225
25
275

325
a5
375

4.25
45
4.75

525
55
575

6.25
B5
675

T.25
75
775

525
as
575

9.25
95
275
10
10.28
105
10,78
11
11.28
11.5
11.75

12.28
125
12.75
13
13.25
1356
13.75
14
14.25
145
14.78
15
15.25
155
16.78
16
16.25
16.5
16.75
7
17.25
175
1775
18

Msw

k*ft
0.00
0.21

0.42
0.62
0.81

1.00
118
1.38
153
1.69
185
2.00
215
229
243
255
268
279
290
am

311

3.20
329
337
344
3.51

357
363
368
373
376
3.80
382
384
3.88
387
387
387
3.86
3.84
382
3.80
376
373
368
363
357
3.51
344
337
3.29
3.20
an
3.0
290
279
268
255
243
229
215
2.00
185
169
1.52
1.368
118
1.00
081
0.62
0.42
0.21
0.00

ML

ki
0.00
363
7.25
1088
14.50
16.13
2175
2538
20,00
3283
3625
3088
43.50
4713
50.75
5438
5B.00
6163
6525
BB.88
T2E0
TE13
7075
8338
B7.00
9083
9425
47 88
101,50
105.12
108.75
11238
T16.00
11963
123.25
12688
130.50
129.78
12905
12833
12780
12688
126.15
125.42
124.70
12358
123.25
12253
121.80
116.73
11185
106.58
101,50
9643
9135
8628
a1.:20
T6.13
71.058
65.98
6090
55.83
5075
4568
40,80
553
3045
2538
2030
1623
10.15
5.08
0.00

dx

=R =]

12

18
21
24

an
33
36
a9
42
45
48
51
54
57
&0
83
6
B9
72
T8
Ta
&
B4
BY
a0
a3
o5
a9
102
105
108
11
114
"7
120
122
126
128
132
135
138
141
144
147
180
153
156
159
162
165
168
17
174
177
180
183
186
189
192
195
198
20
204
207
210
213
216

DEFLECTION CALCULATIONS:

Curvature and Moment Plot through Double integration

Virtual
mix)
in.
0.0
15
a0
4.5
B0
7.5
a.0
10.5
12.0
13.5
150
165
18.0
195
21.0
225
24.0
255
70
2B.5
0.0
EAE
330
4.5
36.0
ars
300
405
420
43.5
450
465
48.0
495
1.0
525
540
525
1.0
495
48.0
465
450
435
420
405
8.0
ars

5
320
35
0.0
285
]
255
24.0
225
210
19.5
18.0
165
150
1356
120
105
2.0
75
E0
4.5
3an
15
0.0

Real
Mix)
k*im.
0o
46.0
92.0
137.9
183.8
229.5
Iv5.2
3208
366.4
411.8
4572
5026
547.8
5a3.0
38,1
663.2
T28.1
T730
78
BE26
a07.3
951.9
D964
10:40.9
10853
11206
117349
1218.1
1262.2
13062
13502
13841
1437.9
14816
1526.3
15689
1612.5
1803.7
15949
1586.0
15771
1568.1
1550.0
1548.8
15406
1531.3
1521.9
15124
1502.9
14411
1378.2
13173
1256.3
11932
1131.0
1066.8
1006 .5
9442
121
£19.2
T56.6
G04.0
6312
568.4
505.6
4426
I79.6
HES
253.4
10901
126.8
B34
i}

Curvature
M{x}EI
Alin.
-0.000019
-0.000017
-0.000015
-0.000012
-0.000010
-0.000007
-0.000005
-0.000003
-0.000001
0.000002
0000004
0.00000&
0000008
0000011
0.000014
0000016
0.000018
0.000020
0000022
0.000025
0.000027
0.000029
0000032
0.000034
0000041
0.000045
0.000051
0000058
0.000072
0.000089
0000110
0.000133
0.000176
0.000259
0.000287
0.000581
0000860
0000817
0.000742
0.000682
0000627
0000577
0.000530
0.000486
0000446
0000410
0000373
0.000341
0.000311
0000185
0.000125
0.000094.
0.000070
0.000053
0000045
0.000039
0.000032
0.000029
0000026
0.000022
0000019
0000016
0.000013
0000010
0.000006
0000003
0.000000
-0.000003
-0.000006
-0.000010
-0.000013
-0.000016
-0.000019

mix)-M{x)/El-dx

0.00000
-0.00008
-0.00013
-0.00017
-0.00018
-0.00017
-0.00014
-0.00009
-0.00003
0.00006
0.00017
0.00031
0.00047
0.00065
0.00035
0.00107
0.00130
0.00155
0.00182
0.00211
0.00244
0.00279
0.00316
0.00355
0.00440
0.00505
0.00593
0.00708
0.00908
0.01166
0.01478
0.01856
0.02531
0.03847
0.0515
0.09154
0.15548
0.12875
0.11373
010128
0.00035
0.08044
0.07154
0.06348
0.05622
0.04976
0.04370
0.03832
003360
0.0136
0.01236
0.00838
0.00620
0.00457
0.00364
0.00300
0.00234
0.00196
0.00162
0.00132
0.00105
0.00081
0.00058
0.00040
0.00023
0.00010
0.00000
-0.00007
-0.00011
-0.00013
-0.00012
-0.00007
0.00000

Camber =
Col Sum =

-0.190
141
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Appendix E Alternate Designs
Design 1 Design 2 Design 3

Design l—9” -] |

1 815” p —*—3‘ =
. "
2.5"— 9
_t
o 6»

=17

]E:r
X

L” 4] 1 8"
3.5 35" 3.5" y
I .
L 9.5” ‘—-—* 1N 9.5" ! /
(O 1a[s-W 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
SCEIIES Weight low High weight; Low deflection
Deflection high Increased deflection Decreased weight
Design 4 Design 5
Design . S L
—— 7 .._* {
4”- LU:-\\,(;E}J 4”
" 245”_"" — 9” :: 5" e || |— Q"
AL BN
- _r_q'.':f ke | - FF
l 4 / Fer s | 6
T 1] T Jl 17
— 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

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 Appendix E 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 Appendix D.

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 breaking between 32 kips and 40 kips. The scoring of the
multipliers is shown above in Appendix F.

Performance Multiplier Adjusted
Score
(max: 3.31)
=A*B*C
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Appendix H Shop Drawings

RS 0.5" DIA. LOW RELAX
4 ALH STRANDS JACKING BILL OF MATERIALS
FORCE = 3 KIP TYP. ITEM QTY. | UNIT COMMENTS/CRITERIA
06" DIA. PRESTRESSING STRAND, 19 2 EA ASTM 615
1. NO. 4 ALTERNATING . : 1 EA ASTM 615
24 ] STIRRUPS TYP. 4" DIA. PRESTRESSING STRAND, 19
. CENTERLINE IN

9 1" —— CENTER OF WEB NO. 4 STIRRUPS 26 EA STIRRUPS ALTERNATING
TPAC LW-5 MIX CONCRETE 05 cY ASTM C150
90° BEND WITH 2" DIA. TYP. FLY ASH CONFORMS TQ C618
\‘ INITIAL STRENGTH = 5 KS|
06" DIA. LOW RELAX 28 DAY STRENGTH = 8 KSI

| STRANDS JACKING 47X 8" CYLINDERS ] EA
S W B FORCE=43.7KIP TYP. 1" STRAND LIFTING LOOP 2 EA|  EXTRA{ LOOP TO MARK 7"
1 STIRRUP SIDE OF BEAM

wm 7 - CLEAR 23" TYP.
4 13 Tve. TOTAL BEAM WEIGHT 1721 1BS
wm._
SECTION A
SCALE: 1"=3"
> " STRAND LIFTING LOOP TYP. 2 TYP.
I LOCATED AT CENTER OF BEAM MARK SIDE WITH 2115
(1yL115 SECTION A >
7"STIRRUPS nj
17
D DUNNAGE TYP.
|v 1" 7 6 TYP—= -
”l. s — - — "
M.., LA 101" 11 NO. 4 BARS 11" CENTER TO CENTER 7'13 NO. 4 BARS 7" CENTER TO CENTER ——————=
— - o
19

2

ELEVATION VIEW

SCALE: 1"=

12"

MAU PCI BIG BEAM COMPETITION

TITLE: SHOF DRAWINGS

DATE: 4/3/2025

§= NORTHERM ARIZONA,
UNIVERSITY

Steve Sanghi College of Engineering

‘” T.«nnme\T_.n.mqﬁ..mmnm
PCI Concrete Institute

<

NORTHERN ARIZOMA UNIVERSITY
2112 5 HUFFER LN. FLAGSTAFF, AZ 86011

DRAWN BY: P. CORREIA
- -Hv A<

Architectural and Smuctural Precast Concrste
Jan EnCon Company

REWVISION: 3

PAGE: 1 OF: 1
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Appendix | Test Cylinder Analysis of Concrete Mixture
I.1 Raw Cylinder Test Data LW-5

Cylinder Test by Mix Design

Date cast Product Mix Design Preset FHR Max  Air  Conc .. Slimp Air% Time Age@ PSI@  ReqPSI PSI@  Req
Temp Temp Temp werGHT Sample  Release Release @ Rel. 28 Days  28Day
3/23/2020 BIG BEAM LW-5 68 8 125 2550 4.40 10.15 44.75 4750 5000 8020 8000
REJECT
3/31/2020 BIG BEAM LW-5 66 69 125 27.00  6.00 8.56 3.00 6365 5000 8220 8000
9/16/2020 24" DOUBLE TEES LW-5 87 81 1228 3025 750 8.05 11.50 1830 3700 9363 6000
AIR DRY WEIGHT: 117.3 PCF
9/18/2020 24" DOUBLE TEES LW-5 88 82 1231 3000 720 8.0 3.00 6220 3700 9050 6000
AIR DRY WEIGHT: 117.2 PCF
9/21/2020 24" DOUBLE TEES LW-5 88 87 1266 2800 410 9.05 11.00 5640 3700 8406 6000
AIR DRY WEIGHT: 122.5 PCF
9/23/2020 24 DOUBLE TEE3 LW 88 85 1256 2900 580 856 15.50 5210 3100 8990 6000
AIR DRY WEICGHT: 118.1 PCF
9/25/2020 24" DOUBLE TEES LW-s 88 86 1267 2850 T.00 8.58 3.00 6930 3700 9183 6000
AIR DRY WEIGHT: 119.9 PCF
9/29/2020 24" DOUBLE TEES LW-5 03 8 1254 2000 780 10.05 15.00 5460 3700 8963 6000
AIR DRY WEIGHT: 118.4 PCF
10/5/2020 24" DOUBLE TEES LW.5 87 89 1267 3000 800 9.30 12.00 1920 3700 8466 6000
AIR DRY WEIGHT: 120.6 PCF
10/6/2020 24" DOUBLE TEES LW-5 80 83 1261 2975 740 8.40 12.00 5040 3700 10186 6000
AIR DRY WEIGHT: 120.1 PCF
10/7/2020 24" DOUBLE TEES LW-5 85 81 1231 2850  9.00 8.30 12.50 5220 3700 8683 6000
AIR DRY WEIGHT: 116.0 PCF
Wednesday, March 19, 2025 Page 1 of 3
Date cast Product Mix Design Preset FHR Max Air  Conc . Slmp Air% Time Age@ PSI@  ReqPSI PSI@  Req
Temp Temp Temp wricHT Sample Release Release @ Rel. 28Days  28Day
10/8/2020 24" DOUBLE TEES LW-5 90 91 1238 27.00 820 845 14.00 5700 3700 7866 6000
AIR DRY WEIGHT: 117.6 PCF
10/9/2020 24" DOUBLE TEES LW5 80 87 1273 2000 800 815 3.00 7690 3700 9937 6000
AIR DRY WEIGHT: 121.3 PCF
10/12/2020 24" DOUBLE TEES LW 80 79 129 2575 9.20 9.45 14.00 6000 3700 7906 6000
AIR DRY WEIGHT: 121.2 PCF
2/25/2021 5 1i2" FLOOR SLABS LW-5 53 66 1257 2700 570 7.23 17.00 1505 3500 8706 6000
3/2/2021 FLAT SLABS LW-5 64 67 1231 3000 510 9.22 16.00 4655 3500 9183 6000
3/4/2021 FLOOR SLABS LW-5 57 69 1258 2800  4.90 837 17.00 4815 3500 9076 6000
3/8/2021 FLOOR SLABS LW5 73 77 1251 2925 6.00 925 14.50 4605 3500 9136 6000
3/10/2021 FLOOR SLABS LW5 60 74 1264 3000 590 9.45 14.00 4328 3500 9150 6000
3/15/2021 FLOOR SLABS LW 63 69 124 3000 7.70 10.58 14.00 5370 3500 8803 6000
3/15/2021 BIG BEAM LW-5 63 69 1238 3000 T.70 1058 14.00 5370 5000 8803 8000
311742021 FLOOR SLABS LW-5 52 63 1244 3000 620 7.59 17.50 4160 3500 8187 6000
3/19/2021 FLAT SLABS LW-5 67 73 1275 2825 3.00 855 200 37815 3500 9196 6000
302312021 FLAT SLABS LW5 64 7l 1247 3000 840 10.08 15.00 14370 3500 8983 6000
Wednesday, March 19, 2025 Page2of 3
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Date cast Product Mix Design Pre-set FHR Max  Air  Conc . Slmp Air% Time Age@ PSI@ ReqPSI PSI @ Req
Temp Temp Temp wgiGHT Sample  Release  Release @ Rel. 28 Days  28Day
3/25/2021 FLAT SLABS LW-5 50 64 128 3000 630 6.35 17.50 5430 3500 11046 6000
3/29/2021 FLAT SLABS LW-5 70 74 1275 2800  6.10 829 17.00 4555 3500 9738 6000
3/30/2021 FLATSLABS LW-5 70 70 1248 2500 630 759 18.00 4750 3500 8956 6000
3/31/2021 FLAT SLABS LW-5 68 78 1206 2750 6.00 9.07 16.00 5430 3500 10933 6000
4/2/2021 FLAT SLABS LW-5 69 76 128 2400 570 530 2.00 7310 3500 10153 6000
4/6/2021 FLAT SLABS LW-5 69 75 1278 2700 560 6.00 19.00 5900 3500 9858 6000
4/21/2021 FLAT SLABS LW-3 72 73 1215 2500 8.00 7.29 14.00 4360 3500 8506 6000
4/21/2021 NAU BIG BEAM LW-5 72 73 1197 2500  8.00 7.29 200 5450 5000 8596 8000
1701
3/28/2022 BEAM LW-5 68 i 126 2075 350 837 3775 6750 5000 10113 8000
126.0 PCF
Wednesday, March 19, 2025 Page30f 3
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Appendix J Fabrication Reports
J.1 TPAC Test Cylinder Report

TPAC

An Encon Company
Quality Control Dept.
(602) 262-1324

Concrete Test Report

Job Name:  PCIBIG BEAM CONTEST TPAC Job Number 8185.C
Report Date: 4/8/2025

Contractor: NAU

Address:

Date cast Product Mix Pre- Initial Final Air Conc. Slump/ % Time Age @ PSI @ Req.PSI PSI@ PSI@ PSI@ Regq. PSI @

Design set UW UW Temp. Temp. Spread Air Sample Release Release @ Rel. 7 Days 14 Days 28 Days 28 Days

4/4/2025 BEAM LW-5 118.2 69 67 27.50 7.25 9.18 3.00 DAY 5077.5 5000 8000

Tuesday, April 08, 2025 Page L of |
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J.2 Inspection Report

{T prestressed Girders- Prepour/Postpour Inspection Report |_|

ADOT Yes__ No__

> s [T0-/
T o

I,ll~. /W

Girder 84

"=
N Ble B

8| A

S8

TR e T T D

a (s & wgcvrpd

:

HiTh € et v
574

E

N

N

N

d fcv'ﬁ/
verify

ﬁaLﬁ_k_l«_A.J
Lov s after arw.?k

'/ ceriient .

AR

A

X

23
Petth [liduk

AR

N

VUSRI

NA -

e WA

L 1]

Manager Signoff:  Bed F

Superintendent

Date:
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J.3 Tensioning Record

o NAA  Hq Genrt

TPAC TENSIONING PROGRAM

Date: 4/3/2025 Time: 5:00:21 AM

Job Number / MName: 30-8185.C / HAU BIG BEAM 2025
Plant Location: Phoenix

Bed: 1704 .
Pump Number: TP20, TP22, TP23 B B &M
Default Strand Type: 0.6 ’fa {E |
Initial Pull in Pounds: 3000 1'70‘# / |
Number of Strands: 4 :
Bed Number: !

2
Remarks: 4 - 0.6" 270K LOLABX & (2) 1/2" Strands @ 3.k

Bed Data: Length = 2168 inches, Shortening = 0.375 inches.
§ Pump Data: Zero load reading = 3.9304574431 pounds, Sleope = 0.060737864
wm:gtrand Data: Area = 0.22 inches~2, Modulus of elasticity = 28,800,000
Pull Data: Default final pull = 43,700 pounds, Maximum pull = 43,700 pcounds.
3lippage Data: Live end slippage = 0.5 inch, Dead end slippage = 0.125% inch.
Splice Chuck: Splice chuck is not being used. i

Beginnina | Endina Elongation | Number of | 3trand | Final

| |
Strand # | Strand # | Reducticn | Pieces | Type | Pull | Bed
L | 2 | | | 0.6 | 43,700 1 170
3 ] 4 I I | 1/2 | 3,000 | 170 .

PHOENIX TENSIONING RECORD
cIc

DAY : -pr/'g(¢>¢ pate: H -4 - 3% TivE: D . /0 ’Q__M
cast: H/ INSPECTOR: é:.‘ Rg ¢ TENSIONED BY: /= Z'EI'” o
JOB ID: 30-8185.C / NAU BIG BEAM 2025 o
6 prmpTIL Fue 3

5 pump¥Fy FJack #23

BED: 170 BED ID:
74
PUMP: TP20, TP22, TP23 JACK: 23, 26

.REMARKS: 4 - 0.6" 270K LOLAX & (2) 1/2" Strands @ 3.k

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

T STRAND | ELONGATION ] GAUGE

G FINAL ELONGAT ION FINAL |REQD GAUGE
STRISTR PACK ELONGATION |DESIRED TOLERANCE (IN.) GUAGE |GAUGE| TOLERANCE
NO. |SIZE| NUMBER |MEASUREMENT| ELONG LOW HIGH READ. |READ. LOW HIGH
120237 26¢6°¢
#2]0.6 14 3/8 14 1/8 14 3/4 2750 26801 2820
¥4373S1 1Y 3% 1 Y2900

» 126 23 Fé60C .
2| 0.6 /Y I/{I 14.3/8 | 14 1/8 | 14 3/4 1§50rg 2‘%5.(1» 2680 2820

UGZ[gS
3) 172122137 01/2 ] 01/2 ] 0 1/2

250 240 250

|
YqYoz7i 15 2s¢| =
1201337 i
4|1 1/2 L/%L/Dg7 //}_ 0 1/2 0 1/2 0 1/2 250 { 250{ 240 250
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"%

TPAC

MULTIPLE STRAND STRESSING / ELONGATION REPORT

JOB ID: 30-8185.C / NAU BIG BEAM 2025 PLANT: PHOENIX

BED: 170 BED ID: 2

PUMP; TP20, TP22, TP23 JACK: 23,26

REMARKS: 4 - 0.6" 270K LOLAX & (2) 1/2" Strands @ 3.k

NOTES: All strands to receive initial 3000 pounds tension before mearsurements.

Stressed By: E 2z t:‘a " Date: %~ & - 2.6

INITIAL CHECKLIST
F [ 1). Check strand vises for proper seating and extension.
i 2). Strand extends at least 2" beyond the strand vise cap.
___Z:_(f__ 3). _Hoses.. rams, and pump oil level are in good condition and are ready for use.
#E 4). Stress to initial tension as required.

f“ A 5). Blow the all clear siren to clear the bed.

o
Iy [ 6). Line is cleared. final stressing may proceed.

£ 7). Three people maximum in the stressing area.
Fé 8).  Final pressure/elongation is reached.
y» 9). Release the pump pressure.

£ = 10).  Wait 30 seconds after pressure is released, sound the siren for crew return.
Doc. Control 11). Record Elongation to the nearest 1/8".

12).  Route Completed Checklist to QC Department by end of shift.

Log _ _ 13).
File ___ 14). 2
X-File 15).
Comments / Other:
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