
  

 

 

 

 

 

 

Herky’s Big Freakin’ Beam 
2021 PCI Big Beam Report 

Team Members 
Nayef Al-Fayiz, Javier Gaytan,Vadim Gritsak,  

Nour Hojeij, Garrett Hope, Shaira Solvia, Anton Sta Maria  
 
 
 

                  
             

Technical Advisor 
Dr. Eric Matsumoto 

 
 
 

                  
             

PCI Producing Advisor 
Clark Pacific (Woodland, CA) 

 
 
 
      

CE 164- Reinforced Concrete Design 

7.12.2021 



Herky’s Big Freakin’ Beam | Final Report 
 

i 
 

1.0 Acknowledgements 

Herky’s Big Freakin’ Beam would like to recognize significant individuals for contributing to the 
completion of this Big Beam project for the term, Summer of 2021. First and foremost, we would 
like to recognize Clark Pacific and employees, Brian Bertain and Nathaniel Wilson as well for 
assisting and leading the fabrication of the beam. Herky’s Big Freakin Beam would also like to 
show our appreciation for PCI Beam alumni Vitaliy Danchuk from the Spring 2019 team for 
introducing us to Concise Beam Analysis software. Navigating this project and calculations would 
not have been possible given the short amount of time without guidance from previous PCI Big 
Beam teams. 

We would also like to thank the lab technicians: Mike Newton, Jeffrey Ortiz, Jared Weinburke 
and Jerremy Willis, who dedicated their time to make it possible for us to test the beam. They 
went above and beyond in assisting the team during the test-set up and providing the 
instrumentation needed to acquire all the data. 

Last and most importantly, we would like to thank our advisor, Dr. Eric Matsumoto for his 
mentorship and guidance throughout this process in such a short amount of time. His expertise 
and dedication in this subject have inspired us to do well in this stressful but rewarding project 
experience. 

 

  



Herky’s Big Freakin’ Beam | Final Report 
 

ii 
 

2.0 Executive Summary 

The Precast/Prestreseed Concrete Institute organizes the annual Big Beam Competition for 
undergraduate and graduate students. Herky’s Big Freakin’ Beam is California State University 
Sacramento’s team for the 2021 competition. The team consists of the Project Manager, Anton 
Sta. Maria, Nayef Al-Fayoz, Javier Gaytan, Garrett Hope, Vadim Gritsak, Nour Hojeij, and Shaira 
Soliva. The team’s faculty advisor is Dr. Eric Matsumoto, and Clark Pacific was the team sponsor. 
This team focused on improving past team beams in order to win the Big Beam Competition. 

The team’s beam design is an I-beam with three prestressing strands in the bottom. Four steel 
reinforcing bars were placed at the top flange to satisfy code requirements and ductility.For cost 
efficiency, stirrups were placed with eight inch spacing from the left of midspan and four inch 
spacing right of midspan. The team learned and utilized excel spreadsheets and Concise Beam 
software. An important challenge of this year’s competition was the scheduling due to COVID-19 
restrictions. The team went through extensive campus procedures to be able to fabricate at 
Clark Pacific and test the beam on campus in person. 
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3.0 Test Summary 
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4.0 Member Certification  
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5.0 Concrete Mix   

With the guidance of Bob De Ruiter, a mix specialist at Clark Pacific, Spring 2021’s Team utilized a 
mix design with a strength of f’c = 8500 psi (28 day break) and f’c = 9,260 psi (56 day break). 
Based on the judging criteria, this decision was made to ensure the compressive strength of the 
mixture was not over 10 ksi. The concrete mix is a self-consolidating concrete containing the 
following admixtures: viscosity modifiers while avoiding segregation, water reducers, and a 
slump retention admixture. The purpose of the admixtures is to increase flowability of the 
concrete and compressive strength of the concrete. Provided by Clark Pacific, a full list of the 
concrete constituents and suppliers is listed in the Appendix.  

 

6.0 Beam Design  

6.1 Preliminary Considerations 

The parameters used for the structural design were ensured to be in accordance with the rules 
set forth by the PCI Big Beam Competition handbook based on careful review by engineering 
students and professional advisors involved. The handbook specified a simply supported beam 
with a span of 20 ft subjected to a four-point flexural test with asymmetrical loading. The two 
applied point loads are 3 ft apart with one load being 11 ft from one support, and the other load 
being 6 ft from the opposite support as shown in Figure 1.  

 

Figure 1. Beam Loading Configuration. 
 
Since the guidelines have not significantly changed from last year’s PCI big beam competition, 
this year’s preliminary designs focused on improving the inherited design from the previous 
teams participating, including 2019’s The Reinforcements and Beam Me Up.                                                                               
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Early considerations for improvement included searching for the beam materials including 
aggregates, chemical admixtures, concrete, cement, reinforcing steel, and prestressed strands 
which must be commercially available, affordable, and complicit with ASTM requirements. This 
research also developed into an extensive dive into ASTM and ACI 318-19 codes. Changes from 
previous beam design have been carefully analyzed and revised as deemed appropriate based on 
calculated results using excel spreadsheets to ensure a competitive pre-stressed beam design.  
The following is a summary of improvements from the inherited design. 

• Increased cover at the top flange from 5/8” minimum to 1” reducing ductility   
• Change from 2” O.C. Welded-Wire Reinforcement (WWR) to #3 Gr. 60 stirrups. 
• Increased number of compressive reinforcements from (3) #3 to (4) #3 Gr. 60 rebar. 
• Increased number of prestressing strands from (2) 0.6” dia. to (3) 0.5” dia. Gr. 270 strand. 

6.2 Flexure 

Flexural design had several important considerations, beginning with the beam geometry, 
calculating a balanced flange area to help ensure the beam would respond within the desired 
design intent, while minimizing the cost of materials. The beam should withstand a service load 
of 20 kips without cracking and should be able to carry a factored live load of atleast 32 kips. One 
recommendation made by Clark Pacific was to reduce the size of the primary Gr 270 strands 
from (2) 0.6” dia. to (3) 0.5” dia. The intended purpose was to reduce spalling at the ends of the 
beam, to avoid potential loss of bond after the strands have been released. This was an 
important decision as it helped improve the likelihood of achieving the predicted failure mode. 

6.3 Shear 

From reviewing the 2019 test results, evidence shows that the beam failed in an undesirable 
shear failure mode. This is an unsafe design in practice. Therefore, one of the more important 
revisions from the previous year’s design focused on calculating the necessary shear 
reinforcement. Initial considerations were to improve on the welded wire design, however 
logistical constraints created complications in the timeline, given that a 10-week lead time was 
required for W8 2” O.C. welded-wire reinforcement (WWR). The alternative design choice, 
although slightly heavier, was to use 1 legged #3 Gr.60 stirrups. This change also gave 
opportunity to design a more accurate shear reinforcement design, given that the beam was 
unsymmetrically loaded, and shear stresses vary along the span of the beam. As seen in Figure 2 
below, a total of 16 #3 Gr.60 stirrups were placed at an 8” spacing from the left 6” end of the 
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beam, and 32 stirrups with 4” spacing starting 6” from the right end of the beam. 

 

Figure 2. Cross Section. 

 

Figure 3. Shear Reinforcement Configuration. 
 

6.4 Prestress Losses 

Prestressed losses were determined using the AASHTO-LRFD Refined method which accounted 
for creep, shrinkage, and relaxation. Additionally, the calculated loss was checked for similarity 
using alternative ACI 318-19 and PCI equations. The effective force Pse was determined to be 
76.26 kips, which was then used to predict the load at cracking, Pcr = 20.92 kips and Pu = 32.50 
kips.  From a design perspective, a few iterations were made to reduce the losses in the 
prestressed strands from the previous year's design. First was the increase the length of the 
beam overhanging ends to 12”, which would provide better bond and development of the 
strands. Also, a 5” long 3” dia. corrugated steel duct was placed at both ends of the beam 
encompassing the three strands to confine the strands and restrict any potential crack 
propagation at the end beam as recommended by Clark Pacific. 
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7.0 Beam Fabrication  

7.1 Building the Form Work 

With the help of Clark Pacific, the beam forms were cut to our design prior to arrival. By 
fastening the wood forms to the steel casting bays the beam form was properly secured. Then 
they were covered with oil to prevent concrete from adhering after the pouring process. 
Bulkheads were also fastened at both ends of the form. The next step in the process was to place 
the reinforcements, which was possible after the formwork was quality checked per our given 
design and final approval. 

7.2 Tensioning with Prestressed Strands 

The chosen depth for the two outer strands was 1.25 inches from the bottom of the beam, and 
the center strand was placed at 1.75 inches from the bottom creating a triangular pattern in the 
section. By placing the tendons in such a configuration, bond strength between the tensioned 
strands and the concrete was enhanced, improving beam performance. Symmetry was also an 
important factor in placing the prestressed strands, as an asymmetrical pattern produces out of 
plane behavior. 

7.3 Placement of the Steel Reinforcing Bars 

The team’s beam design included four longitudinal steel bars in the top region of the beam's 
cross-section. This amount resulted from multiple considerations of beam stress at transfer, 
ductility, and compressive strength, and ultimately led to using four #3 compressive longitudinal 
bars. Four bars were used for the design because after analyzing the beam, it was evident that 
they were needed for symmetry. 

When tying the steel rebar, Clark Pacific provided automatic wire tools that fastened the 
longitudinal steel bars to the transverse stirrup bars. The stirrup essentially holds up the 
longitudinal bars throughout the length of the beam. As concrete is cast into the forms, the 
compressive bars are not kept in the proper location without being tied to the transverse 
stirrups. Plastic spacers were also used to hold the bars up in places where the longitudinal 
compressive bars were limp. By the end of the pouring, it was evident that the drawing 
dimensions provided before the pour had slight discrepancies with the fabrication results. 
However, with the additional tolerances accounted for the placement of the rebar and the 
coverage that the concrete provides, there was reassurance that the intended design was still 
achieved during fabrication. 

7.4 Placing the Concrete 

After the rebar was placed, the concrete was finally ready to be poured onto the steel. It was 
poured from a concrete mixer truck and directly into the formwork that was previously created. 
During the pouring process, the team would vibrate the sludged concrete as it was being poured 
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in order to prevent any trapped air bubbles that would be present within the viscous concrete. 
Utitilizing the SCC mix minimized the need for vibration. After the formwork was fully filled, the 
team used trowels to smooth the surface of the concrete and finalize the look for the beam 
before being allowed to settle and be covered before the curing process. 
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8.0 Testing 

8.1 Cylinder Testing 

Prior to the actual beam testing, cylinder testing was performed using the cylinders fabricated by 
Clark Pacific, after it has been cured for 55 days. The team tested 3 cylinders: 1 standard 
compression test and 2 split cylinder test to obtain our compressive and tensile strengths. The 
values are used to acquire the modulus of rupture for tensile strength determination and peak 
cracking. Based on previous studies, modulus of rupture was calculated from tensile strength by 
a 1.3 factor. 

Figure 3. Compression and Split Cylinders 
 

8.2 Testing Procedures 

On the day of the test, the lab technicians prepared the structured lab for beam testing. Since 
the beam was delivered from Clark Pacific last semester with no proper guidance in how the 
beam should be oriented due to the placement of the stirrups throughout the beam. The lab 
technicians took out the Caldwell Lifting Beam to properly orientate the beam in the way that 
the side which there are more stirrups to counteract shear failure to which the load is applied. 

 When the beam was properly placed, initial beam condition was marked and recorded. Pre-
existing cracks were marked in green markers and pictures were taken for comparison. It was 
observed that most of the pre-existing cracks were located on the top flanges due to the camber 
on the beam after prestressing. The team and the technicians set up 5 dial gauges, 1 for each 
loading points, 1 for the mid span and the other 2 for each support. In addition, 3 LVDT’s were 
also set up at the midspan, and the two load points. On top of that, cameras were set up at every 
angle of the beam. In the actual testing, a test configuration of two unsymmetrical point loads 
that are 3 ft apart, were implemented. 5.5in x 8in steel bearing plates were placed on 6x4 wood 
blocks. The two dial gages at the wood supports were recommended to record any compression 
at the supports, which was deducted from the net deflection afterwards. A horizontal laser level 
was aligned along the web, and marked with a line to indicate starting level, which would also 
serve as a visual for deflection during the testing period. After verifying the test-setup with the 
competition requirements, the testing began. The beam was loaded under displacement control 
at a rate of 0.2 inches per minute.  The team monitored and documented the behavior of the 
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beam especially the initial cracking, during which displacement was held at 21 kips, as the team 
members marked any visible cracking. Testing once again proceeded up until 29 kips, where an 
additional pause was made to re-adjust the 2” LVDT’s because of limitation on stroke. After the 
final gage adjustment, the team stepped away to a safe distance to continue the testing until 
ultimate failure. 

Figure 4. Overall Test Set-Up and Spreader Beam 
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Figure 5. Unloaded Set up 

Figure 6. Flexural Cracks Immediately after Cracking Loads 
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Figure 7. Beam at Peak Load 
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9.0 Results and Analysis 

The beam initially cracked at 21.18 kips and ultimately failed at 32.46 kips. The beam displayed 
flexural cracking at initial as expected and as the loads reached ultimate allowing a ductile 
flexure failure. displayed shear flexure cracks demonstrating the stirrups were effective. The 
compression rebar also buckled where the stirrups were not covering, which also caused some 
spalling at the top of the beam. The percent error of the pretest predictions from the actual 
values of the initial cracking, peak deflection and ultimate load were 1.23%, 14.63%, and 0.123% 
respectively. The large error in the deflection prediction is due to errors in the use of equations. 
Table 1 below shows the comparison of Predicted vs. Actual values for the beam testing. 

Table 1. Prediction vs. Actual Loads and Deflection 
Response Pretest Predictions Actual Percent Error 

(from Predicted) 
Concrete Cracking (kips) 20.92 21.18 1.23% 
Peak Load Deflection (in) 3.027 2.584 14.63% 
Ultimate Load (kips) 32.50 32.46 0.123% 
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Figure 8. Load Deflection Plot
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10.0 Personal Statements  

Anton Sta. Maria - The PCI Big Beam competition has provided an extraordinary opportunity to 
not only work on a long-term project where theories learned are applied, but to also work with 
industry and gain perspective on the various elements of engineering in practice. The amount of 
organization, communication, commitment, and vigorous thought required to adequately 
function on a project has astonished, enlightened, and inspired confidence in my pursuit of a 
successful career as a Civil Engineer.  

Anton Sta. Maria 
1100 Crystal Springs Dr 
Vacaville, CA 95688 
 
Shaira Soliva - The PCI Big Beam Project was a very stressful and rewarding experience a student 
could have in a school setting. It really tested my problem-solving skills and challenged my 
persistence and dedication given that we were only given 6 weeks during summer to work on 
this project without having any experience or background with precast/prestressed concrete 
beam prior to this class. The lack of knowledge combined with busy schedule was very tough, 
however the working with a team that have the same goals and determination along with proper 
guidance from industry professionals was a great learning experience. 

Shaira Soliva 
9110 Lucchesi Dr. 
Sacramento, CA 95829 
 

 

Vadim Gritsak – Participating in the PCI Big Beam competition was a unique glimpse into the 
practical real world of engineering. The opportunity to relate design from learned theory, 
fabricate with professional individuals, and finally test the beam was an invaluable and 
memorable experience that solidified appreciation for engineering applications. One of the most 
important takeaway lessons that I have learned was how critical communication between team 
members can be the difference between success and failure. Being open minded to new ideas 
and questioning uncertain details openly helped overcome challenges and prevent errors 
through constant communication with the team.  

Vadim Gritsak 
8040 Country Trail Dr 
Orangevale, CA 95662  
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Nour Hojeij - As expected, having six weeks to participate in the PCI Big Beam Project was 
intense but nonetheless very advantageous. Through my experience I was able to apply the 
conceptual and tactical principles learned in the course to further my understanding of 
reinforced concrete. Working on this project not only benefited my comprehension of the 
subject but also allowed me to recognize the importance of time management and 
communication with my team and industry professionals. I look forward to the applying the skills 
and knowledge acquired from this project as I prepare to step into my professional engineering 
career.  

Nour Hojeij  
7750 Elena Marie Dr. 
Sacramento, CA 95831  
 

 



Herky’s Big Freakin’ Beam | Final Report 
 

16 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 15. Herky’s Big Freakin’ Beam Team - Nour Hojeij, Shaira Soliva, Vadim Gritsak, Anton Sta. 
Maria. 
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Appendix 1. Figure A.1. CAD Drawings 
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Figure A.2 Top view In Form 
 

 
Figure A.3: Front Elevation View 
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Figure A.4: Shape Section    Figure A.5: Reinforcing Section 

 
Figure  A.6: Strand Layout
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Appendix 2. Cost Analysis 

High-Strength Concrete (I-Beam)   22-May 

Geometry h(in) w(in) Area (in2) 
top flange 1.88 8.50 15.94 
web 11.00 2.00 22 
bottom flange 2 8.50 17 
top taper 0.38 3.25 1.97 
bottom taper 0.88 3.25 4.59 
    total (in2) = 61.5 
Length (ft) = 22     
Length (in) = 264     
    total (in3) = 16236 
    total (ft3) =  9.40 
    total (yd3) = 1.04 
        
  cost (@$120/yd3) = $125.28 
        
    Steel (Strands)   
    cost/ft  @0.6 in dia $0.30 
    strand length (ft) 22 
    number of strands 3 
    total strand cost $19.80 
    Longitudinal Rebar   
    cost/lb $0.45 
    rebar weight (lb/ft) 0.376 
    rebar length 22 
    number of rebar 4 
    total rebar cost $14.89 
    Stirrup #3    
    cost/lb $0.45 
    weight (lb/ft) 0.376 
    length (ft) 960.02 
    total WWR $162.44 
    Formwork   
    cost/sqft $1.25 
    sqft 70.05 
    Total Cost $87.56 
        
    Total Cost $409.97 
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    Weight (lb)   
    Concrete 1388.70 
    Strands 34.32 
    Rebar 13.36 
    #3 Stirrups  360.98 
    Total  1797.4 
        
        

 

  I-Beam (Normal Strength Concrete) 

Concrete (cuyd) 0.74 @ $120/cuyd 
Cost $125.28 
Prestressing Strands 3 strands @$0.30/ft 
Cost $19.80 
Rebar and Stirrupp $177.32 
Formwork (sqft) 70.05 
Cost $87.56 
Total Cost $409.97 
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 Appendix 3. Structural Design Calculations - Summer 21 

Geometry of Beam Calc’s: 

 
Figure A.7. Beam cross section area references. 

Heights: 

 ℎ𝑇𝑇 = ℎ1 + ℎ2 + ℎ3 + ℎ4 + ℎ5 = (1.875 + 0.375 + 11 + 0.875 + 2)𝑖𝑖𝑖𝑖  𝒉𝒉𝑻𝑻 = 𝟏𝟏𝟏𝟏.𝟏𝟏𝟏𝟏𝟏𝟏 𝒊𝒊𝒊𝒊 

Areas: (rectangular and trapezoidal) 

𝐴𝐴1 =  ℎ1𝑤𝑤1 = (1.875𝑖𝑖𝑖𝑖)(8.5𝑖𝑖𝑖𝑖) =  15.9375 𝑖𝑖𝑛𝑛2 𝐴𝐴1 = 15.94 𝑖𝑖𝑛𝑛2 
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𝐴𝐴2 = ℎ2(𝑤𝑤1+𝑤𝑤2)
2

= (0.375𝑖𝑖𝑖𝑖)(8.5𝑖𝑖𝑖𝑖+2𝑖𝑖𝑖𝑖)
2

=  1.96875 𝑖𝑖𝑛𝑛2  𝐴𝐴2 =  1.969 𝑖𝑖𝑛𝑛2 

𝐴𝐴3 =  ℎ3𝑤𝑤2 = (11𝑖𝑖𝑖𝑖)(2𝑖𝑖𝑖𝑖) =  22 𝑖𝑖𝑛𝑛2 𝐴𝐴3 = 22.00 𝑖𝑖𝑛𝑛2 

𝐴𝐴4 = ℎ4(𝑤𝑤1+𝑤𝑤2)
2

= (0.875𝑖𝑖𝑖𝑖)(8.5𝑖𝑖𝑖𝑖+2𝑖𝑖𝑖𝑖)
2

=  4.59375 𝑖𝑖𝑛𝑛2  𝐴𝐴4 =  4.594 𝑖𝑖𝑛𝑛2 

𝐴𝐴5 =  ℎ5𝑤𝑤1 = (2𝑖𝑖𝑖𝑖)(8.5𝑖𝑖𝑖𝑖) =  17 𝑖𝑖𝑛𝑛2 𝐴𝐴5 = 17.00 𝑖𝑖𝑛𝑛2 

𝐴𝐴𝑇𝑇 = (15.9375 + 1.96875 + 22 + 4.59375 + 17) =  61.5 𝑖𝑖𝑛𝑛2  𝑨𝑨𝑻𝑻 = 𝟔𝟔𝟔𝟔.𝟓𝟓 𝒊𝒊𝒏𝒏𝟐𝟐 

Centroid: (from bottom) 

𝑦𝑦1 = ℎ𝑇𝑇 − 0.5ℎ1 = 16.125𝑖𝑖𝑖𝑖 − 0.5(1.875𝑖𝑖𝑖𝑖) =  15.1875𝑖𝑖𝑖𝑖  𝑦𝑦1 = 15.19𝑖𝑖𝑖𝑖 

𝑦𝑦2 = ℎ𝑇𝑇 − ℎ1 −
ℎ2(2𝑤𝑤2+𝑤𝑤1)
3(𝑤𝑤2+𝑤𝑤1)   

     = 16.125𝑖𝑖𝑖𝑖 − 1.875𝑖𝑖𝑖𝑖 − 0.375𝑖𝑖𝑖𝑖(2⋅2𝑖𝑖𝑖𝑖+8.5𝑖𝑖𝑖𝑖)
3(2𝑖𝑖𝑖𝑖+8.5𝑖𝑖𝑖𝑖) = 14.1012 𝑖𝑖𝑖𝑖  𝑦𝑦2 = 14.10𝑖𝑖𝑖𝑖 

𝑦𝑦3 = ℎ5 + ℎ4 + 0.5ℎ3 = 2𝑖𝑖𝑖𝑖 + 0.875𝑖𝑖𝑖𝑖 + 0.5(11𝑖𝑖𝑖𝑖) = 8.375 𝑖𝑖𝑖𝑖  𝑦𝑦3 = 8.375 𝑖𝑖𝑖𝑖  

𝑦𝑦4 = ℎ5 + ℎ4(2𝑤𝑤2+𝑤𝑤1)
3(𝑤𝑤2+𝑤𝑤1) = 2𝑖𝑖𝑖𝑖 +  0.875𝑖𝑖𝑖𝑖(2⋅2𝑖𝑖𝑖𝑖+8.5𝑖𝑖𝑖𝑖)

3(2𝑖𝑖𝑖𝑖+8.5𝑖𝑖𝑖𝑖) = 2.34722 𝑖𝑖𝑖𝑖  𝑦𝑦4 =  2.347 𝑖𝑖𝑖𝑖  

𝑦𝑦5 = ℎ5
2

= 2𝑖𝑖𝑖𝑖
2

= 1𝑖𝑖𝑖𝑖  𝑦𝑦5 =  1.000 𝑖𝑖𝑖𝑖 

𝑦𝑦𝑏𝑏 = ∑𝐴𝐴𝐴𝐴
∑𝐴𝐴

= (15.94𝑖𝑖𝑛𝑛2⋅15.19𝑖𝑖𝑖𝑖)+(1.969𝑖𝑖𝑛𝑛2⋅14.10𝑖𝑖𝑖𝑖)+(22𝑖𝑖𝑛𝑛2⋅8.375𝑖𝑖𝑖𝑖)+�4.594𝑖𝑖𝑛𝑛2⋅2.347𝑖𝑖𝑖𝑖�+(17𝑖𝑖𝑛𝑛2⋅1𝑖𝑖𝑖𝑖)
61.5 𝑖𝑖𝑛𝑛2

  

 𝒚𝒚𝒃𝒃 = 𝟕𝟕.𝟖𝟖𝟖𝟖𝟖𝟖 𝒊𝒊𝒊𝒊 

Moment of Inertia: (𝐼𝐼𝑐𝑐𝑐𝑐 +  𝐴𝐴𝑑𝑑2) 

𝐼𝐼𝑐𝑐𝑥𝑥1 = 𝑤𝑤1ℎ13

12
= (8.5𝑖𝑖𝑖𝑖)(1.875𝑖𝑖𝑖𝑖)3

12
= 4.66919𝑖𝑖𝑛𝑛4 𝐼𝐼𝑐𝑐𝑥𝑥1 = 4.669𝑖𝑖𝑛𝑛4 

𝐼𝐼𝑐𝑐𝑥𝑥2 = ℎ23(𝑤𝑤22+4𝑤𝑤2𝑤𝑤1+𝑤𝑤12)
36(𝑤𝑤1+𝑤𝑤2) = 0.375𝑖𝑖𝑖𝑖�(2𝑖𝑖𝑖𝑖)2+4(2𝑖𝑖𝑖𝑖)(8.5𝑖𝑖𝑖𝑖)+(8.5𝑖𝑖𝑖𝑖)2�

36(8.5𝑖𝑖𝑖𝑖+2𝑖𝑖𝑖𝑖)
= 0.02012𝑖𝑖𝑛𝑛4    𝐼𝐼𝑐𝑐𝑥𝑥2 = 0.0201𝑖𝑖𝑛𝑛4 

𝐼𝐼𝑐𝑐𝑥𝑥3 = 𝑤𝑤2ℎ33

12
= (2𝑖𝑖𝑖𝑖)(11𝑖𝑖𝑖𝑖)3

12
= 221.833𝑖𝑖𝑛𝑛4  𝐼𝐼𝑐𝑐𝑥𝑥3 = 221.8 𝑖𝑖𝑛𝑛4 

𝐼𝐼𝑐𝑐𝑥𝑥4 = ℎ43(𝑤𝑤22+4𝑤𝑤2𝑤𝑤1+𝑤𝑤12)
36(𝑤𝑤1+𝑤𝑤2) = 0.875𝑖𝑖𝑖𝑖�(2𝑖𝑖𝑖𝑖)2+4(2𝑖𝑖𝑖𝑖)(8.5𝑖𝑖𝑖𝑖)+(8.5𝑖𝑖𝑖𝑖)2�

36(8.5𝑖𝑖𝑖𝑖+2𝑖𝑖𝑖𝑖)
= 0.25565𝑖𝑖𝑛𝑛4    𝐼𝐼𝑐𝑐𝑥𝑥4 = 0.256𝑖𝑖𝑛𝑛4 

𝐼𝐼𝑐𝑐𝑥𝑥5 = 𝑤𝑤1ℎ5
3

12
= (8.5𝑖𝑖𝑖𝑖)(2𝑖𝑖𝑖𝑖)3

12
= 5.6667𝑖𝑖𝑛𝑛4  𝐼𝐼𝑐𝑐𝑥𝑥5 = 5.667 𝑖𝑖𝑛𝑛4 

𝐼𝐼𝑐𝑐𝑐𝑐 = (4.66919 + 0.02012 + 221.83333 + 0.02556 + 5.66667)𝑖𝑖𝑛𝑛4 =  232.445𝑖𝑖𝑛𝑛4   

 𝑰𝑰𝒄𝒄𝒄𝒄 = 𝟐𝟐𝟐𝟐𝟐𝟐.𝟒𝟒 𝒊𝒊𝒏𝒏𝟒𝟒 
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𝐴𝐴𝑑𝑑12 = 𝐴𝐴1(𝑦𝑦𝑏𝑏 − 𝑦𝑦1)2 = (15.94𝑖𝑖𝑛𝑛2)(7.835𝑖𝑖𝑖𝑖 − 15.19𝑖𝑖𝑖𝑖)2 =  861.82𝑖𝑖𝑛𝑛4  𝐴𝐴𝑑𝑑12 = 861.8𝑖𝑖𝑛𝑛4  

𝐴𝐴𝑑𝑑22 = 𝐴𝐴2(𝑦𝑦𝑏𝑏 − 𝑦𝑦2)2 = (1.969𝑖𝑖𝑛𝑛2)(7.835𝑖𝑖𝑖𝑖 − 14.101𝑖𝑖𝑖𝑖)2 =  77.313𝑖𝑖𝑛𝑛4   𝐴𝐴𝑑𝑑22 = 77.31𝑖𝑖𝑛𝑛4 

𝐴𝐴𝑑𝑑32 = 𝐴𝐴3(𝑦𝑦𝑏𝑏 − 𝑦𝑦3)2 = (22𝑖𝑖𝑛𝑛2)(7.835𝑖𝑖𝑖𝑖 − 8.375𝑖𝑖𝑖𝑖)2 =  6.4152𝑖𝑖𝑛𝑛4   𝐴𝐴𝑑𝑑32 = 6.415𝑖𝑖𝑛𝑛4 

𝐴𝐴𝑑𝑑42 = 𝐴𝐴4(𝑦𝑦𝑏𝑏 − 𝑦𝑦4)2 = (4.594𝑖𝑖𝑛𝑛2)(7.835𝑖𝑖𝑖𝑖 − 2.347𝑖𝑖𝑖𝑖)2 =  138.363𝑖𝑖𝑛𝑛4   𝐴𝐴𝑑𝑑42 = 138.4𝑖𝑖𝑛𝑛4 

𝐴𝐴𝑑𝑑52 = 𝐴𝐴5(𝑦𝑦𝑏𝑏 − 𝑦𝑦5)2 = (17𝑖𝑖𝑛𝑛2)(7.835𝑖𝑖𝑖𝑖 − 1𝑖𝑖𝑖𝑖)2 =  794.193𝑖𝑖𝑛𝑛4   𝐴𝐴𝑑𝑑52 = 794.2𝑖𝑖𝑛𝑛4 

𝐴𝐴𝑑𝑑2 =  (861.82 + 77.313 + 6.4152 + 138.363 + 794.193)𝑖𝑖𝑛𝑛4 = 1878.104𝑖𝑖𝑛𝑛4    

  𝑨𝑨𝒅𝒅𝟐𝟐 = 𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝒊𝒊𝒏𝒏𝟒𝟒 

 

𝐼𝐼𝑔𝑔 = 𝐼𝐼𝑐𝑐𝑐𝑐 +  𝐴𝐴𝑑𝑑2 = 232.445𝑖𝑖𝑛𝑛4 + 1879.104𝑖𝑖𝑛𝑛4 = 2110.549 𝑖𝑖𝑛𝑛4   𝑰𝑰𝒈𝒈 = 𝟐𝟐𝟐𝟐𝟐𝟐𝟐𝟐 𝒊𝒊𝒏𝒏𝟒𝟒 

 

f’c for 4”x8” Cylinder Tests, at 38-day strength. 

𝐴𝐴𝑐𝑐𝑐𝑐𝑐𝑐 = 𝜋𝜋(4𝑖𝑖𝑖𝑖)2

4
= 12.5664 𝑖𝑖𝑛𝑛2  𝐴𝐴𝑐𝑐𝑐𝑐𝑐𝑐 = 12.57 𝑖𝑖𝑛𝑛2 

𝑃𝑃𝑚𝑚𝑚𝑚𝑥𝑥𝑇𝑇1 = 111,300 𝑙𝑙𝑙𝑙𝑙𝑙, &  𝑃𝑃𝑚𝑚𝑚𝑚𝑥𝑥𝑇𝑇2 = 111,900 𝑙𝑙𝑙𝑙𝑙𝑙 𝑃𝑃max
𝑎𝑎𝑎𝑎𝑎𝑎

 =111,600 lbs 

 𝑓𝑓′𝑐𝑐(38) =
𝑃𝑃max𝑎𝑎𝑎𝑎𝑎𝑎  

𝐴𝐴𝑐𝑐𝑐𝑐𝑐𝑐
= 111,600𝑙𝑙𝑙𝑙𝑙𝑙

12.5664 𝑖𝑖𝑛𝑛2
=8880.8458 psi 𝑓𝑓′𝑐𝑐(38) =8880.85 psi 

𝑓𝑓′𝑐𝑐(28) = 4+0.85𝑡𝑡
𝑡𝑡

𝑓𝑓′𝑐𝑐(𝑡𝑡) = 4+0.85(38 𝑑𝑑𝑑𝑑𝑑𝑑)
(38 𝑑𝑑𝑑𝑑𝑑𝑑)

(8880.85 𝑝𝑝𝑝𝑝𝑝𝑝) = 8483.5448 𝑝𝑝𝑝𝑝𝑝𝑝  𝒇𝒇′𝒄𝒄(𝟐𝟐𝟐𝟐) =8.483 ksi 

  

Starting stress and camber condition:  

Δ𝑝𝑝𝑝𝑝 =  − 𝑃𝑃𝑡𝑡𝑒𝑒𝑖𝑖𝐿𝐿2

8𝐸𝐸𝑐𝑐𝑐𝑐𝐼𝐼𝑡𝑡𝑡𝑡𝑡𝑡
= −(92.95 𝑘𝑘𝑘𝑘𝑘𝑘)(6.97𝑖𝑖𝑖𝑖)(264𝑖𝑖𝑖𝑖)2

8(3566.64 𝑘𝑘𝑘𝑘𝑘𝑘)(2332.8𝑖𝑖𝑛𝑛4) = −0.6784 𝑖𝑖𝑖𝑖 Δ𝑝𝑝𝑝𝑝 = −0.6784 𝑖𝑖𝑖𝑖 

Δ𝑠𝑠𝑠𝑠 = 5𝑤𝑤𝑔𝑔𝐿𝐿4

384𝐸𝐸𝑐𝑐𝑐𝑐𝐼𝐼𝑡𝑡𝑡𝑡𝑡𝑡
= 5(0.005𝑘𝑘 𝑖𝑖𝑖𝑖⁄ )(264)4

384(3566.64 𝑘𝑘𝑘𝑘𝑘𝑘)(2332.8𝑖𝑖𝑛𝑛4) = 0.0380 𝑖𝑖𝑖𝑖  Δ𝑠𝑠𝑠𝑠 = 0.0380 𝑖𝑖𝑖𝑖 

Δ𝑛𝑛𝑛𝑛𝑛𝑛   = Δ𝑝𝑝𝑝𝑝 + Δ𝑠𝑠𝑠𝑠 = −0.6784 𝑖𝑖𝑖𝑖 + 0.0380 𝑖𝑖𝑖𝑖 = 0.6404 𝑖𝑖𝑖𝑖  Δ𝑛𝑛𝑛𝑛𝑛𝑛  = 0.6404 𝑖𝑖𝑖𝑖  
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Ultimate Moment/Load 

𝐾𝐾 =  2 �1.04 −  𝑓𝑓𝑝𝑝𝑝𝑝
𝑓𝑓𝑝𝑝𝑝𝑝
�  =  0.28  

𝛽𝛽1  =  0.𝟔𝟔𝟔𝟔                                   per ACI 318-19 22.2.2.4.3 

𝑐𝑐 =  �𝐴𝐴𝑝𝑝𝑝𝑝 ∙𝑓𝑓𝑝𝑝𝑝𝑝−𝐴𝐴𝑠𝑠′  ∙𝑓𝑓𝑦𝑦�−�0.85 ∙𝑓𝑓𝑐𝑐′ ∙(𝑏𝑏𝑡𝑡−𝑏𝑏𝑤𝑤)∙𝛽𝛽1∙𝑡𝑡𝑓𝑓�

�0.85∙𝑓𝑓𝑐𝑐′∙𝑏𝑏𝑤𝑤∙𝛽𝛽1�+𝐾𝐾∙𝐴𝐴𝑝𝑝𝑝𝑝∙�
𝑓𝑓𝑝𝑝𝑝𝑝
𝑑𝑑 �

 =  3.784 𝑖𝑖𝑖𝑖  

𝐹𝐹𝑝𝑝𝑝𝑝 =  𝑓𝑓𝑝𝑝𝑝𝑝 • �1 − 𝑘𝑘 𝑐𝑐
𝑑𝑑
�  =  259.25 𝑘𝑘𝑘𝑘𝑘𝑘  

𝑎𝑎 =  𝐴𝐴𝑝𝑝𝑝𝑝∙𝑓𝑓𝑝𝑝𝑝𝑝−𝐴𝐴𝑠𝑠
′ ∙𝑓𝑓𝑦𝑦

0.85∙𝑓𝑓𝑐𝑐′∙𝑏𝑏𝑓𝑓
 =  1.511 𝑖𝑖𝑖𝑖  

𝑀𝑀𝑛𝑛 =
 𝐴𝐴’𝑠𝑠∙𝑓𝑓𝑦𝑦∙(𝑑𝑑𝑝𝑝𝑝𝑝 – 𝑑𝑑’)+�𝐴𝐴𝑝𝑝𝑝𝑝∙𝑓𝑓𝑝𝑝𝑝𝑝– 𝐴𝐴’𝑠𝑠∙𝑓𝑓𝑦𝑦��𝑑𝑑𝑝𝑝𝑝𝑝 – 𝑎𝑎2�

12
 =  137.22 𝑘𝑘𝑘𝑘𝑘𝑘 ⋅ 𝑓𝑓𝑓𝑓  

𝑀𝑀𝑛𝑛 =  𝑀𝑀𝑛𝑛 –  𝑀𝑀𝑔𝑔 =  134.08 𝑘𝑘𝑘𝑘𝑘𝑘 ⋅ 𝑓𝑓𝑓𝑓  
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Appendix 4. Concise Beam Analysis
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Appendix 5. Test Log 
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 Appendix 6. Concrete Mix Analysis 
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Appendix 7. Strand Specifications 
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