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Summary/Intro 
2018 marks the third year in a row for a team from Saint Martin’s University to compete in the 

Precast/Prestressed Concrete Institute (PCI) Big Beam Competition. This year’s competition 

includes designing and fabricating a 22-foot precast/prestressed concrete beam and then testing 

the beam and analyzing the data. The beam must meet the standards and criteria outlined in the 

official rules for the PCI competition. The team members included: Luis Camacho, Turner 

Kremen, Carthney Laukon, Jesse San Nicolas, Tyler Sloan, Chase Weeks and team leaders: Joel 

Rogers and Jarad Roschi. Dr. Jill Walsh, PhD, PE is the school faculty advisor and Austin Maue, 

PE is the PCI Producer Member sponsor from Concrete Technology Corporation.  

 

The main goal for this year’s team is to work on what has been learned from the previous years 

and to make more precise predictions to give better results. The design chosen is an I-beam with 

a constant depth and cross-section along the length of the beam. There are three prestressing 

strands in the bottom, two steel reinforcing bars in the top, and shear reinforcing stirrups running 

the length of the beam. The beam was designed using an Excel spreadsheet with macros which 

was made by the 2016 Saint Martin’s University Big Beam Team. The spreadsheet has been 

improved over the last two years with more detailed calculations and programming. The length 

of the beam, the location of the two point loads, as well as the material properties were all 

changes that needed to be accounted for. This year, the team narrowed down a few different 

design options using the design spreadsheet and chose to go with “Snap, Crackle Pop” seen in 

Figure 1. This is a typical I-beam design and shape but utilizes admixtures in the cement to 

account for a shorter cure time. Further details will be in the design section. From the 

spreadsheet, the following calculations shown in Table 1 were chosen as the prediction values.  

 
Table	1	-	Predictions	and	Results	

 Prediction Actual Percent Error 
Cracking Load (kips) 22.23 20.18 9.21 % 

Ultimate Load (kips) 35.57 35.66 0.261 % 

Max Deflection (in) 4.52 4.12 8.85 % 
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Figure	1	-	Snap	Crackle	Pop	

 

Design 
This year’s team relied on their advisors and sponsors for help and information throughout the 

competition. The two team leaders were the only two returning members and all but one of the 

team members were junior level students who were taking reinforced concrete during the 

competition. No one on the team has taken prestressed concrete design so prestressed lessons 

were needed. Austin Maue and Dr. Walsh have been very helpful and patient while teaching us 

prestressed design in a crash course setting. The lack of experience, schedule conflicts and illness 

were all obstacles which the team faced during the competition which limited our curing time. 

The beam design was finalized on 24 April and the construction date was on the May 25 giving 

us a 14-day cure time on the day of testing. 

 

Reinforced concrete design gave a good foundation for the design process. The benefit of an I-

beam or T-beam is the high moment of inertia which gives it a large carrying capacity compared 

to its size. Steel reinforcement can increase the load capacity of a concrete beam but as the span 

of the beam increases, so does the weight and therefore the load it is carrying. Prestressing 

allows reinforced concrete to increase the load capacity and/or increase the span length. 
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Prestressing a beam increases the flexural capacity by pre-compressing the bottom portion of the 

beam. The pre-compression significantly aids in controlling service stresses which increases the 

carrying capacity of the beam. As the load is applied the beam will deflect downwards and the 

top flange will be in compression and the bottom flange in tension. Since concrete is better in 

compression than tension, it is expected that cracks will form in the bottom of the beam first. 

Cracking does not necessarily mean the beam is no longer serviceable. There are ACI code 

previsions which allow cracks in service but extra steps are required to maintain serviceability. If 

a beam is exposed to the elements, corrosive materials could penetrate the beam if cracks were to 

form. In some cases, a beam is exposed for aesthetics but is not exposed to the elements. This 

would be a case where cracking is not an appealing look to have on a structural member indoors. 

These situations require designing for a cracking load above the service requirements. A service 

load is applied to the beam during testing to ensure there is no cracking below the service 

capacity requirement of 20 kips. When the tensile force in the prestressing strands are at a 

maximum, they will begin to yield and increase in length. The result is a downward deflection in 

the beam. Deflection and cracking are good warning signs of failure. Otherwise, the beam would 

break suddenly without warning like a plain concrete beam with no reinforcement.  

 

Flexure 
The flexure concept was a newer concept for this year’s 

team. The team talked with sponsors, faculty and upper 

classmen who had more experience with prestressed 

design. The top reinforcement of two No. 4 bars were 

chosen over No. 3 bars to provide more steel within the 

cross section (Figure 2). The idea is to support the 

stirrups while providing extra resistance to concrete 

crushing in the top flange. They also provide resistance 

to the tensile forces being applied during the 

prestressing stage which can cause cracking early. A 

flexure failure is preferred over a shear failure so the 

team chose a design with that being the goal.   

 

Figure	2	–	Reinforcement	Detail 
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The prestressing strands were chosen because of the parameters of the competition. A service 

load of 20 kips with a failure window between 32 and 39 kips helped to narrow down the 

options. The team decided to use three 1/2" uncoated seven wire low relaxation prestressing 

strands, ASTM A415 grade 270. Concrete Technology Corporation suggested prestressing 

strands from Sumiden Wire Product Corporation since they have a good quality product and it 

was used for last year’s beam from Saint Martin’s University. The prestressing strands with the 

top reinforcement provided the necessary flexure reinforcement needed to fit the design 

requirements.  

 

Shear 
A flexural failure is much more desirable than a shear failure. Shear failures can be sudden and 

catastrophic so the tendency could be to over-design the beam and put the maximum amount of 

reinforcement needed. This could work but the cost of the beam and the time of labor has just 

increased as a result. Optimizing the shear reinforcement is a useful method to find the number 

and location of shear reinforcement along the length of the beam. For this competition strength is 

one of the top goals so the team decided to add more than required. The cost increases but the 

added strength is worth it. The first stirrup is placed 6” from the end and a stirrup at 12” on 

center to midspan and repeated on the other end (Figure 3). 

 
Figure	3	-	Shear	Stirrup	Spacing	

 
 

The design spreadsheet has a macro to design the shear reinforcement which was written by the 

2016 team. The coding follows ACI 318-11 by plotting the curves of the inclined shear strength, 

Vci, and web shear, Vcw, on a graph of shear vs. span length. The lower of the two values, as the 
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length increases, is the value used to design the shear 

reinforcement. This can be seen in Appendix C on the Shear 

Calculations sheet. This method is mainly an empirical 

method so exact results are not expected. The 2017 team used 

stirrups with a 135° bend in the top and a 90° bend at the 

bottom. This year’s team decided to go with 90° bends at 

ends to ease installation and to ensure clear cover in the top 

flange (Figure 4). 

 

 

Losses 
The prestressing strands are made of steel and are stretched or strained to provide a high tensile 

capacity for prestressing. Steel is not a perfect material and as such will have losses associated 

over time. The prestressing losses are calculated using the stress-strain model for 270 ksi low-

relaxation prestressing strands based on PCI standards using the Power Formula (found in 

Appendix C). Concrete is heterogeneous and will also have losses. The concrete losses are 

calculated with consideration to the age of the beam at release and testing as well as the 

prestressing losses. This was very helpful in our calculations with our beam being 14 days old on 

test day. The prestressing losses are then used to calculate the losses due to: elastic shortening of 

concrete, shrinkage and creep. (see Prestress Losses in Appendix C). Elastic shortening considers 

the loss of length due to the applied force when the prestressing strands are released. The strands 

will shorten causing shrinkage in the concrete. Shrinkage losses in the strands can be estimated 

as a function of the shrinkage of the concrete. The shrinkage of the strands also means a loss in 

strand stress. Creep losses are a result of the prolonged stressing of the concrete and prestressing 

strands. The losses associated with creep take longer to form but still need to be accounted for in 

the calculations. The total losses calculated came out to 23.32 ksi. 

 
	
	

Figure	4	-	Typical	Cross-Section 
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Materials 
 

Concrete 
The short cure time was the deciding factor when choosing the concrete mix design. This does 

not allow the beam to reach full strength or setting if a standard concrete mix were to be chosen. 

Concrete Technology Corporation has a large database of records kept from different concrete 

mix designs used in the past. With a goal of the contest being high strength, a design with a 

record of high strength was chosen. Austin Maue suggested using mix 140 after going through 

backup data reports. The backup data for mix 140 can be found in Appendix D. The backup data 

shows a list of 28-day strengths from a series of 30 cylinder crushing tests of the same mix 

design from early 2018. The 28-day cure time is expected to reach a compressive strength of 

10,979 psi. Some analysis is performed on the average strength before giving a reliable value to 

be used for the specific batch. The compressive strength value is based on a probability of 1out 

of 100 that the average of three consecutive tests will be below the chosen compressive strength.  

 

The concrete mix consists of Type III cement, 5/8” coarse aggregate, sand and two admixtures. 

On build day, the mix had a w/c ratio of 0.313 at 70° F with an 8” slump, 1.6% air content and a 

unit weight of 152.8 pcf.  The concrete mix and the batch data for the specific batch used for the 

beam can be found in Appendix D. The concrete mix system at Concrete Technology 

Corporation is an automated system while still providing accuracy in the mix design. The 

moisture levels in the aggregate silos can fluctuate which in turn will affect the water content in 

the concrete mix. There are moisture probes inside the silos which give a real-time moisture level 

reading to account for the changes. These changes can be seen in the batch report with the 

necessary adjustments being made to the amount of water added to the mix.   

 

Two admixtures were chosen in the concrete mix design to help with the short cure time. 

ADVAÒ Cast 575 is a high-range water reducer which is designed to improve workability while 

preventing the mixture to separate and help develop an early strength in the concrete. ADVAÒ 

Cast 575 has a low viscosity with air entrainment control for rapid placement and consolidating 

while giving a nice finish on the molded surfaces. WRDAÒ 64 is the second admixture used in 
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the concrete mix design and is also a water reducer (typically 8-10% reduction) used to achieve 

higher plasticity and develop high compressive and flexural strengths. WRDAÒ 64 helps to 

achieve an early setting time with less water while improving workability, strength and provides 

a smooth finish. Both admixtures were chosen to help the high-strength concrete mix reach 

strength capacity and set in the shortened amount of time.  

 

The concrete mix design performed better than expected surpassing the design criteria. After 6 

days, the beam was released from the formwork and two cylinder tests showed an average 

compressive strength of 10,135 psi at 6 days. This shows the admixtures are working compared 

to the 28-day compressive strength of mix 140. A second set of cylinders were tested on June 7th 

(day 13), one day before testing the beam, with the results shown in Table 2. 

 
Table	2	-	Concrete	Cylinder	Test	Results	

 6 days 13 days 
f’ci (psi) 10,135  

f’c (psi)  12,155 
MOE (ksi)  7,286 
f’r (psi)  833 

 

 

Prestressing Strands 
Three uncoated seven wire low relaxation steel prestressing strands each 1/2" diameter rated at 

270 ksi were used in the beam. The ASTM A416 strands were milled by Sumiden Wire Products 

Corporation who gave a certificate of inspection along with a load vs strain graph which can be 

found in Appendix D. The certificate shows the data for the strands chosen in the design and can 

be seen in Table 3. The jacking tolerances used for this design was +/- 3%. The jacking sheet 

shown in Appendix D shows the distances each strand was jacked. At 100% the lengths are 3 
1/2", 3 1/4" and 3 1/2". This difference is considered small but prestressing losses over the 26-foot 

length add up. 
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Table	3	-	Sumiden	Prestressing	Data	

Results Value 
Break Strength (lbs) 42,965 

Strain (%) 5.4 

Yield Strength (lbs) 40,252 

Area (in2) 0.1514 

MOE (ksi) 28,900 
 

Shear and Mild Reinforcement 
Z-shaped stirrups were chosen in the design for shear reinforcement. There is a total of 24 

stirrups spaced at 1’ on center after the first stirrup at 6” from each end. The stirrups are made of 

No. 3 ASTM A615 grade 60 rebar. Two No. 4 bars each 22’ long were used in the top to support 

the stirrups and provide further tensile reinforcement in the top flange.  

 

Cost 
Using the guidelines given in the PCI competition rules, a complete cost analysis can be found in 

Appendix B. A summary of the cost can be seen in Table 4. The formwork was the highest cost 

on this project, accounting for more than half of the total cost. The higher cost for high-strength 

concrete can be accounted for by using less concrete than a lower strength concrete due to the 

increased strength.  
Table	4	-	Cost	Summary	

Materials Cost 
Concrete $39.38 
Prestressing Strands $19.80 
Steel Reinforcement $21.19 
Formwork $86.97 
Total $167.34 
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Fabrication 
Formwork 
The formwork was designed and constructed by 

Concrete Technology Corporation where the 

Saint Martin’s University team members could 

help construct the beam. The bottom and steel 

bed frame were already in place but the sides 

needed to be installed and secured. One side of 

the formwork was installed (Figure 5) before 

applying a non-adhesive oil to all surfaces 

which will be in contact with concrete. This is 

used as a lubricant to minimize any damage 

that may occur during the release of the beam 

from the formwork. Once the prestressing strands and reinforcement were secured the second 

side and the two end pieces of the formwork could be installed and secured. The CAD drawings 

for the formwork and the stressing bay can be found in Appendix A. 

 

Prestressing Strands 
The prestressing strands used are uncoated and need to be clean of debris and other substances 

when being installed. Any small rock or oil can create a void or cause slipping after the concrete 

is poured so they are wiped down before placing 

them in the formwork. The prestressing strands 

were stressed to 31 kips of tension on each strand 

using a hydraulic ram shown in Figure 6. The 

stressing lengths were measured and recorded by 

the technicians at Concrete Technology 

Corporation and can be found in Appendix D. 

The prestressing strands were released and cut 3 

days after construction. 

 

Figure	5	-	Installing	Formwork 

Figure	6	-	Hydraulic	Prestressing 
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Reinforcement 
The 24 stirrups were installed (Figure 7) so that 

they ran above one of the top No. 4 bars and below 

two of the prestressing strands in the bottom and 

were attached using zip ties. Alternating direction 

of the stirrups gives the beam stronger 

reinforcement than if they were facing the same 

way.  The first stirrup is placed 6” from each end 

with 1’ on center spacing in between.  The two No. 

4 bars were cut about two inches longer than the 

formwork so they could stick out the ends and be 

supported. Two No. 4 U-hooks were installed for 

transportation, one at each end. These can be seen 

in Figure 3.  

 

Casting/Curing 
Once the reinforcement and formwork were in place the beam was ready to be cast. A 

temperature gauge was placed inside the formwork to track the temperature of the beam as it 

cured. The concrete was cast by the crew at Concrete Technology Corporation and covered with 

a large tarp to help maintain an even moisture lose throughout the beam. The beam was released 

from the formwork 6 days after construction. It was transported to University of Washington in 

Seattle by Concrete Technology Corporation and tested on day 14 of cure time.  

 

 
	
	

Figure	7	-	Installing	Reinforcement 
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Testing 
The University of Washington (UW) in Seattle invited Saint Martin’s University to More Hall 

Structures Lab to test their beam in the Baldwin hydraulic press. Dr. Stanton, Prof. UW Seattle 

civil engineering dept., and his staff ran the test (seen in Figure 8) and collected the data for the 

loading and deflection. The two-point load was distributed using a steel column with a weight of 

600 lbs. This additional weight is not accounted for in the data and is added in the calculations 

shown in Appendix E. The deflection was measured using a potentiometer and recorded on a 

graph with the load. Multiple video cameras were set up to capture the deflection, cracking and 

the failure. 
Figure	8	-	Beam	Loading	

 
 

The first part of the test loads the beam to a simulated service load of 20 kips and then checked 

for cracks. The beam was loaded using load control at 80 lbs/sec (roughly 4.5 minutes) up to the 

20-kip mark. The beam had two small hairline cracks starting to form at the 20-kip mark. The 

graph seen in Figure 11 shows the yielding point below 20 kips but with the 600-lb. steel beam, 

the cracking load is seen to be over 20 kips. The loading was switched to a displacement 

controlled loading at 1/2" per minute (roughly 7 minutes) up to failure. As the load increased the 

flexure cracks were growing in length and width with small shear cracking beginning just outside 
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of the point loads. The beam continued to load until it suffered a crushing failure in the top 

flange between the two point loads (shown in Figures 9 and 10). 
	 								Figure	9	-	Beam	Failure		 	 	 	 	 Figure	10	-	Inspecting	Failure	

            	

Results 
The data from the test was imported into Logger Pro 3, a data collection and analyzing software. 

Logger Pro 3 has a “linear fit” option which gives the average linear approximation for a selected 

portion of the graph. The data collected can be seen in Figure 11 and in Appendix E. As 

previously stated, the graph does not include the additional 600 lb. due to the steel beam so it is 

added to the recorded value to determine the actual load value.  
Figure	11	-	Load	vs	Deflection	Graph	
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The graph shows the beam beginning to yield below the 20-kip line. The cracking load is the 

load corresponding to the point on the graph where the initial slope starts to curve and become 

non-linear. This can be approximated by finding the intersection between the initial slope and the 

slope of the curve at the yielding point. The linear fit option shown in Figure 11 gives the slope 

and y-intercept values which are used to form two slope equations (Y(1) , Y(2)), shown on the 

graph. At the point of intersection, the two lines will have the same X and Y values but the Y 

value is the desired value. Solve for Y to find the cracking load. These calculations (found in 

Appendix E) showed cracking load of 19.58 kips. With the added 0.6 kip, the value becomes 

20.18 kips as seen in Table 5. This is a 2.05-kip difference with an error 9.21% lower than the 

predicted value.  
Table	5	-	Results	with	Error	

 Prediction Graph 
Value 

+ Steel 
Beam Actual Percent 

Error 
Cracking Load 
(kips) 22.23 19.58 + 0.6 20.18 9.21 % 

Ultimate Load 
(kips) 35.57 35.06 + 0.6 35.66 0.26 % 

Max Deflection 
(in) 4.52 4.12 NA 4.12 8.85 % 

    Total 
Error 18.32% 

 

Since the beam showed signs of cracking at the 20-kip mark, the loading was not released before 

continuing the test. The beam was then loaded until failure at a constant rate. The data shows the 

beam reached ultimate loading before it crushed and broke apart. This type of failure is what was 

expected and what the team designed for. The goal is to avoid sudden failures since they tend to 

cause more damage and a higher risk of life or injury. The maximum ultimate load was the 

highest recorded value at 35.06 kips. These values are shown in the two red boxes on the Load vs 

Deflection Graph (Figure 11). Adding the 0.6 kip gives the actual load of 35.66 kips. This is a 

difference of 90 lbs. with an error of 0.26 % higher than the predicted value. 

 

The maximum deflection is the deflection at the ultimate load. The max deflection was 4.12 

inches and can be seen in the two red boxes on the Load vs Deflection Graph. The prediction 
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was 4.52 inches which is a 0.4-inch difference. The actual value gives an error of 8.85% lower 

than predicted. This gives a total percent error of 18.32%. 

Lessons Learned 
The biggest lesson learned from this competition was time management and beginning earlier. 

Since the team was inexperienced with prestressing, more work was required to understand and 

design a beam. Once the team started they had more questions than they originally thought they 

would have. The lack of knowledge combined with busy schedules delayed the design and the 

build. Starting earlier in the year would provide more time to understand the concepts and give 

the beam more time to cure and reach full strength capacity. 

 

The time crunch did give the team the opportunity to use admixtures and see how they can 

benefit the design. The concrete mix chosen was that of high strength without the admixtures. 

The shortened cure time meant the beam would not fully set and reach full strength capacity 

before being tested. The admixture chosen helped the concrete set early and reach a high strength 

within the 14-day cure time. The compressive strength was higher than the original batch mix at 

half of the cure time.  

 

The team learned about prestressed concrete beams and how prestressing is done. Being able to 

go to the plant, construct the formwork and reinforcement and watch the casting of the beam is a 

valuable lesson for upcoming engineers. It gives an understanding of what it takes to construct 

such a product and gives an insight into that field. The design process for a prestressing beam 

can be overwhelming if you are inexperienced. Asking questions and seeking out help was 

essential to this competition. The spreadsheet used is a great tool to help learn about prestressing. 

Having a tool that allows you to make changes to a design and see the results immediately was 

very valuable.  

 

The moment curvature analysis used to predict the deflection has been one of the more difficult 

areas throughout the past three years of the competition for Saint Martin’s University. 

Adjustments were made this year and the physically measured portion of the calculations have 

been removed. This value is accounted for in the constants of integration and has been a source 
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of problems in the past. The deflection prediction was higher than the actual value. This could be 

due to the losses and the 14-day cure time.  

 

The team learned about working together and communication not only between team mates but 

between our faculty and sponsors. Communication was critical to the success of the design, 

construction, testing, analyzing and reporting of the beam. This would not have been as 

successful as it was without good communication, helpful sponsors and a team of student 

engineers eager to learn. 
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Concrete: 

𝑉𝑜𝑙𝑢𝑚𝑒 = 	
58.00	𝑖𝑛/

144 ∗ 224 = 8.86	𝑓𝑡/ = 0.328	𝑦𝑑; 

𝑊𝑒𝑖𝑔ℎ𝑡?@A?BCDC = 	8.86	𝑓𝑡/ ∗ 152.8	𝑝𝑐𝑓 = 1353.98	𝑙𝑏𝑠 

𝐶𝑜𝑠𝑡K@A?BCDC =
$120
𝑦𝑑; ∗ 0.328	𝑦𝑑; = $39.38 

 
Steel Reinforcement: 
Carbon A615 – Grade 60 
 
No. 3  

24 Stirrups – each 1’- 7 3/4” long = 39.50’ 

2 U-hooks – each 3’- 2 1/4” long = 6.375’ 

Total Length of No. 3 bar used = 45.875’ 

𝑊𝑒𝑖𝑔ℎ𝑡M@.; = 0.376
𝑙𝑏
𝑓𝑡 ∗ 45.875	𝑓𝑡 = 17.249	𝑙𝑏 

No. 4 

2 Straight Bars – each 22’- 4” long = 44.67’ 

𝑊𝑒𝑖𝑔ℎ𝑡M@.O = 0.668
𝑙𝑏
𝑓𝑡 ∗ 44.67	𝑓𝑡 = 29.837	𝑙𝑏 

𝐶𝑜𝑠𝑡PDCCQ =
$0.45
𝑙𝑏 ∗ 17.249 + 29.837 𝑙𝑏 = $21.19 

 

Prestressing Strands: 
½” Diameter 

3 Strands – each 22’ long = 66’ 

𝐶𝑜𝑠𝑡PDBSATU =
$0.30
𝑓𝑡 ∗ 66	𝑓𝑡 = $19.80 

 

 

 

 

 



	 	 Saint	Martin’s	University	 23	

Forming: 

𝑆𝑖𝑑𝑒𝑠 =
36"
12 ∗ 	22	𝑓𝑡 = 66.00	𝑓𝑡/ 

𝐵𝑜𝑡𝑡𝑜𝑚 = 	
11"
12 	∗ 	22	𝑓𝑡 = 20.17	𝑓𝑡/ 

𝐸𝑛𝑑𝑠 = 2 ∗	
58	𝑖𝑛/

144 = 0.81	𝑓𝑡/ 

𝐶𝑜𝑠𝑡Z@B[\A] =
$1.25
𝑓𝑡/ ∗ 66.00 + 20.17 + 0.81 𝑓𝑡/ = $86.97 

 

Total Beam Weight: 

𝑊𝑒𝑖𝑔ℎ𝑡^@DSQ = 	1353.98 + 17.249 + 29.837 = 	1401.066	𝑙𝑏𝑠 = 1.40	𝑘𝑖𝑝𝑠 

 

Total Beam Cost: 

𝐶𝑜𝑠𝑡^@DSQ = $(39.38 + 21.19 + 19.80 + 86.97) = $167.34 

 
 
 
 
 
 
 
 



2018	PCI	BIG	Beam	 	 	24	

 
 
 
 
 

Appendix C: Design Spreadsheets 
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Appendix D: Material Specification 
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Appendix E: Results 
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Solving for Cracking Load: 

𝑌c = 34.72∆ − 1.591 

𝑌/ = 	10.40∆ − 13.24 

∆= ∆ 

𝑌c + 1.591
34.72 = 	

𝑌/ − 13.24
10.40  

𝑌c =
𝑌/ − 13.24
10.40 ∗ 34.72 − 1.591 

𝑌c = 	𝑌/ 3.338 − 	45.792 

45.792 = 𝑌 2.338  

𝑌 = 19.5822 

𝐶𝑟𝑎𝑐𝑘𝑖𝑛𝑔	𝐿𝑜𝑎𝑑 = 𝑌 + 0.6	𝑘𝑖𝑝𝑠	𝑓𝑜𝑟	𝑠𝑡𝑒𝑒𝑙	𝑏𝑒𝑎𝑚 = 20.182	𝑘𝑖𝑝𝑠 
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 Prediction Graph 
Value 

+ Steel 
Beam Actual Percent 

Error 
Cracking Load 
(kips) 22.23 19.58 + 0.6 20.18 9.21 % 

Ultimate Load 
(kips) 35.57 35.06 + 0.6 35.66 -0.261 % 

Max Deflection 
(in) 4.52 4.12 NA 4.12 8.85 % 

    Total 
Error 18.32% 
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