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Introduction
 Upon experimentation of four reinforced concrete beam sets, with 
two beams of identical specifications per set, it is the goal of this report 
to outline research and documentation in efforts to assist in the design of 
cost-effective, lightweight, and high-strength concrete beam configura-
tions for the betterment of the construction industries. Furthermore, we are 
testing the effects of concrete reinforcement and the ideal balance between 
rebar in tension, sheer, and compressive strength of the concrete mix. The 
outcome of each beam design is measured by the strength-to-weight ratio 
(SWR) and provides an easy interpretation and comparison from beam 
to beam. Based on the total cost of each individual beam, an adjusted 
strength-to-weight ratio (SWRAdjusted) was calculated. The maximum cost 
without penalty was $4.00 per beam. The SWR takes into account the 
beam’s weight, cost, and tested strength. Strengths were observed by an 
applied load in the laboratory and recorded (shown in Figure 1).
 
Methods and Procedures
 The following section will discuss predictive strength models, 
including Whitney Rectangular Stress Distribution, cost modeling, and 
calculation for SWRAdjusted.

Design Constraints
 When designing reinforced concrete beams, one may consider 
the use of admixtures, various types of reinforcement, numerous types of 
cements and aggregates, and non-rectangular cross-sections. The construc-
tion of a reinforced concrete beam required the selection of an appropri-
ate concrete mix as well as evaluation of the role of reinforcement in the 
flexural behavior of the beam. Figure 1 shows the method of testing used 
to determine the strength of each beam. 
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Figure 1. Geometric Loading Configurations for Reinforced Concrete Beam

As shown in Figure 1 each concrete beam was required to have a length of 
30 inches, a height of 6 inches, and have a prismatic cross-section with a 
maximum width of 8 inches.
 Each eight-inch-wide increment along the beam represents a zone 
for possible failure of the concrete beam. The two labeled 8 inch zones 
represent areas that are very susceptible to shear failure. The maximum 
moment occurs at the bottom middle 8 inches of the beam, resulting in 
tension failure. The top middle 8 inches of the beam is where compression 
failure is likely to occur.
 Any curing method in order to increase the overall strength of the 
concrete beams was permissible. Once the concrete beams were created, 
they were cured for a 7 day period. This was followed by weighing the 
beams and testing the strength.

Reinforced Strength Models
 In order to maximize efficiency, a reinforced strength model was 
developed by Charles S. Whitney (1892-1959) that allows engineers to 
predict the amount of force a structure can withstand as well as predict the 
failure type and force required for fracture.
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Whitney Rectangular Stress Distribution
 The computation of flexural strength Mn based on the approximate 
parabolic stress distribution, shown in Figure 2, may be performed using 
given values of k2 / (k1k3), which provide a ratio of depth of neutral axis to 
depth d, defined as the height from the top of the reinforced beam to the 
center of the rebar in tension.

Figure 2. Definition of Whitney Rectangular Stress Distribution

In the 1930’s, Whitney (1937) proposed the use of a rectangular com-
pressive stress distribution to replace the parabolic stress distribution. As 
shown in Figure 2, an average stress of 0.85 f ’c (unit stress in concrete) is 
used with a rectangle of depth a = β1c. Whitney determined that β1 should 
be 0.85 for concrete with f ’c > 4,000 psi, and 0.05 less for each 1,000 psi 
of f ’c in excess of 4,000 psi. The value of β1 may not be taken less than 
0.65 (American Concrete Institute 2011). The values of β1 were deter-
mined by Mr. Whitney and are coefficients that compensate for the fact 
that we do not use the entire portion of concrete that is in compression. 
Furthermore, the concrete below the neutral axis is ignored and the total 
tension force, T, is due to the reinforcing. The Whitney stress block is used 
to estimate the compression force, C. 
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The bending strength, Mn, using the equivalent rectangle is obtained from 
Figure 2 as follows:

C = 0.85f ’cba
  

T = As fy

where fy is the yield stress of steel reinforcement, b is the width of the 
concrete beam, As is the area of steel, and f ’c is the unit stress in concrete 
measured in pounds per square inch. Equating C = T gives:

The bending strength is computed as the tensile force multiplied by the 
distance between the forces, or:

where d is the net depth of the beam. Combining the above equations 
gives:

The ACI code explicitly accepts the Whitney rectangle (American Con-
crete Institute 2011). For the loading conditions in this reinforced concrete 
beam competition, the ultimate force due to tensile would be:

Shear Failure Model
 The design of shear reinforcement is based on the assumption 
that the shear force must not exceed the total shear capacity of the beam 
(American Concrete Institute 2011). When shear reinforcement is used, 
the shear capacity of a beam cross-section can be estimated as: 

Vn = Vs + Vc

(1)

(2)

(3)

(4)

(5)

(6)

(7)
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where Vn is the shear force in the beam, Vs is the shear capacity supplied 
by the reinforcement, and Vc is the shear strength of the concrete. 

The shear force in the beam, which is assumed uniformly spaced across 
the diagonal crack, is:

where Av is the area of steel reinforcement in shear for each stirrup cross-
ing the diagonal crack and s is spacing of the stirrups. For the loading 
conditions in the reinforced concrete beam competition, the ultimate force 
due to shear would be:

Reinforcement Ratio for Rectangular Beams
 The reinforcement ratio, ρ (often called reinforcement percentage), 
may be conveniently used to represent the relative amount of tension rein-
forcement in a beam. Thus using the dimensions in Figure 1, the reinforce-
ment ratio is:

Rewriting Equation (3) expresses the reinforcement ratio in terms of the 
c/d ratio. 

For beams controlled by tension failure, c/d < 0.375 (American Concrete 
Institute 2011).

(8)

(9)

(10)

(11)
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(8)

(9)

Compression Failure Model
 If c/d > 0.60 the beam failure is controlled by compression (Amer-
ican Concrete Institute 2011). For an overly reinforced beam, the stress in 
the tensile steel fsteel when the concrete reaches its ultimate strain is:

If fsteel < fy or c/d > 0.60, then the maximum moment in compression is:

For the loading conditions in this reinforced concrete beam competition, 
the ultimate force due to compression would be:

Estimation of the Ultimate Beam Strength
 The ultimate strength, S, of the reinforced concrete beam may be 
estimated based on the value of c/d as follows (American Concrete Insti-
tute 2011):

(12)

(13)

(14)

(15)
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Estimation of Beam Weight and Cost
 The estimated weight, W, of a simply reinforced rectangular con-
crete beam is:

where Vbeam is the volume of the beam, L is the length of the beam, Ɣconcrete 
is the unit weight of concrete (typically 145 lb. /ft.3), and Ɣsteel is the unit 
weight of steel (typically 490 lb./ft.3).
The total cost estimate for a reinforced concrete beam Cbeam is:

where Csteel is the cost of steel reinforcement and Cconcrete is the cost of the 
concrete. Table 1 lists the unit cost for a reinforced concrete beam for this 
competition.

(16)

(17)

Table 1. Reinforced Concrete Material Cost

To compute the cost of a reinforced concrete beam using the information 
in Table 1, use the following estimates (there is no cost associated with 
shear reinforcement).
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The cost of steel, Csteel, may be estimated as:

The total cost of concrete, Cconcrete, is estimated from the mix design as:

Cconcrete = Ccement + CCA + CFA

where Ccement is the cost of cement, CCA is the cost of course aggregate, and 
CFA is the cost of fine aggregate. The cost of each of these components can 
be computed as:

where Wcement is the weight of cement, WCA is the weight of course aggre-
gate, and WFA is the weight of fine aggregate (each weight is per ft.3 of 
concrete).

(18)

(19)

(20)

(21)

(22)
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Estimation of Cost-Adjusted SWR

 The predicted value of the cost-adjusted SWR (SWRAdjusted) may be 
computed as:

Mix Design for Beam #1
 It was decided to utilize the highest f ’c, 7,000 psi,  as allowed by 
the ACI mix design table. This increase in f ’c would enable the concrete to 
increase to a higher strength over the 7 day period. A slump of 1 to 2 inch-
es was selected for beam #1. Slump is indictive of the amount of water 
within the mix. The lower the slump, the less mixing water is used, and the 
less mixing water used, the higher the compressive strength of the con-
crete (Kosmatka, S., Kerhoff, B., and Paranese, W. 2008). Table 2 illus-
trates the weights of the mix design components and water-to-cement ratio 
(w/c). The mix utilized a make-sure-you-have-enough (MSYHE) factor of 
1.5.

Table 2: Design Components for Week 2 Reinforced Concrete Beam

(23)

(24)
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Mix Design for Beam #2
 In beam #2, a 7,000 psi f ’c was used, which is the maximum al-
lowed by the ACI Mix Design Table. Due to the fact that the beam design 
changed from a rectangular beam to an I-beam, which will be discussed 
later in the report, the mix components also changed. Table 3 illustrates 
the weights of the mix design components, concrete slump, and w/c. The 
mix utilized a MSYHE factor of 1.5. 

Table 3. Design Components for Week 3 Reinforced Concrete Beam

Mix Design for Beam #3
 In an effort to reduce the cost even further, it was decided to use 
an f ’c of 6,000 psi instead of the maximum 7,000 psi design as allowed 
in the ACI Mix Design table. In order to equate the final 7 day compres-
sive strength, Type III High Early Strength cement was used. According 
to the PCA Manual, such a cement allows the concrete to reach a higher 
compressive strength that otherwise might be unattainable with a stan-
dard Type I cement (Kosmatka, S., Kerhoff, B., and Paranese, W. 2008). 
Due to the beams being tested after only 7 days, it was estimated that the 
compressive strength of the concrete would reach 75% of its strength, 
which is approximately 5,250 psi of a 7,000 psi mix. In order to prove 
that using Type III cement could yield the same test results after 7 days as 
Type I, concrete cylinders were tested. Two cylinders were taken, cured in 
the same environment, for the same amount of time. The two specimens 
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yielded an average f ’c of 6,775 psi which proved that the mix design with 
a f ’c of 6,000 psi and Type III cement could reach the same compressive 
strength as 7,000 psi Type I after the 7 day testing period. By reducing 
the f ’c from 7,000 psi to 6,000 psi; the concrete mix components varied 
greatly from the previous beam. Table 4 illustrates the weights of the mix 
design components, slump, and w/c. The mix utilized a MSYHE factor of 
1.5.

Table 4. Design Components for Week 4 Reinforced Concrete Beam

Mix Design for Beam #4
 Since beam #3 yielded considerable results upon testing, it would 
have been ideal to further improve on the beam’s structural and flexur-
al strength gain from the use of Type III cement. Type III cement could 
not be acquired, however. Thus, the predicted strength of the concrete 
was adjusted back to 7,000 psi just as it was in beams #1 and #2. A water 
reducer, compliant to ASTM C 494 Type A applications, was added to the 
mix. According to the PCA Manual, various water reducers have different 
effects on the slump of the mix, hydration acceleration, and w/c. Superflo 
2000 RM was added in a manageable sense for the purpose of using the 
entire $4.00 cost limit. Since the Superflo 2000 RM water reducer had not 
yet been tested in previous trials, the component of f ’c was maintained at 
7,000 psi to possibly yield higher results with the addition of this high-
range water reducer in low-range water-reducing conditions. Procedure 
complied with the manufacturer’s dosage for Type A applications since 
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the workability of the concrete was stable. The only needed result of the 
super plasticizer was strength gain and reduced probability of a bar pull-
out (anchorage failure) since the bar spacing in tension was reduced from 
1.375 inches in the previous week to 1.25 inches in beam #4 design. With 
the least amount of water reduction being 5% for Superflo 2000 RM and 
a dosage range of up to 3 fluid oz. per 100 lbs. of cement, the determined 
necessary mix proportions are shown in Table 5.

Table 5. Design Components for Final Week Reinforced Concrete Beam

With the cost of materials being held at $3.61, there was a remaining $0.39 
to use for the acquired admixture. The weighted value and the cost of su-
per plasticizer were derived from the following:

where 1.085 is the specific gravity of Superflo 2000 RM. The addition of 
super plasticizer results in the reduction of water and is shown as follows:

(25)

(26)
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Beam #1 Design: Reinforcing and Shape 
 In beam #1, it was decided to replicate the shape and reinforce-
ment in tension from beam used in the baseline test, which was three #4 
bars in tension. As previously stated, each beam that contained reinforce-
ment from the baseline failed in shear. It was determined that adding one 
#3 piece of rebar for shear spaced at 2.5 inches within the failure zones, 
which is shown in Figure 1, would greatly reduce the chances of a low 
shear failure that was seen in the previous week’s result. Figure 3 shows a 
cross-sectional diagram and provides a visual aid in showing the reinforce-
ment spacing, concrete cover, and calculations of b and d. 

As shown in Figure 3, b and d can be calculated as follows:

where b is the width of the beam, Dtension is the diameter of the rebar in 
tension, n is the quantity of concrete cover determined by the number of 
rebar in tension or shear, Ccover is the minimum concrete cover, Dshear is the 
diameter of the rebar in tension, and Stension is the spacing between the rebar 
in tension.

(27)

(28)

Figure 3. Cross-Sectional Diagram for Week 2
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`Where d is the height from top of beam to the center of rebar in tension, 
h is the overall height of the beam, Dtension is the diameter of the rebar in 
tension, and Ccover is the minimum concrete cover. 
Table 6 below shows the b and d values used in the construction and pre-
dicted failure calculations for the reinforced concrete beam #1.t

Table 6. Values for b and d in Week 2.

Beam #2 Design: Reinforcing and Shape 
 After using a rectangular for beam #1, it was decided to use an 
I-beam design for the second beam. According to the Equations (1) – (24) 
and the reinforced strength models, an I-beam would yield acceptable 
results while reducing the weight of the beams. This directly affected 
the SWRAdjusted from Equations (23) and (24). According to the National 
Academy Press, in addition to the reduced weight, I-beam designs are 
used in the majority of construction projects to accommodate a great deal 
of bending loads, axial tensile, and compressive loads. As the core of the 
concrete material simulates a sustainable webbing design between the ag-
gregates and admixtures, the bond line between the shear and compressive 
forces efficiently transfers the stress from the face sheets of the I-beam to 
the inner core. With an effective design and proper material selection, the 
form of the I-beam construction can adequately offer minimum weight for 
structural configuration. In regards to reinforcement, there were three rein-
forcing bars used in tension based on results from beam #1. However, the 
reinforcement size was changed to incorporate two #5 bars on the outer 
edges and one #3 rebar in the center. This configuration showed an in-
crease in SWRAdjusted by utilizing such a configuration in comparison to the 
previous rebar configuration in beam #2. Figure 4 shows a cross-sectional 
diagram and provides a visual aid in the reinforcement spacing, concrete 
cover, and calculations of b and d.
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Figure 4. Cross-Sectional Diagram for Week 3

Table 7. Values for b and d in Week 3

 Utilizing Equations (25) and (26), the values of b and d are shown in 
Table 7.

Beam #3 Design: Reinforcing and Shape
 In determining the design for beam #3, it was decided that the 
I-beam shape would continue to yield the best results while maintaining 
a low weight, which in turn directly affects the SWRAdjusted, as shown in 
Equations (23) and (24). The reinforcing bars in tension varied from the 
previous beam design, in which a total of two #5 bars were used, elimi-
nating one #3 rebar from tension. The predicted failures based on beam #2 
experimental results show that making this reduction in tension reinforce-
ment would still provide acceptable results when compared to predicted 
shear and compressive failure. In addition, the results from the baseline 
data, which are shown in Figure 7, proved that an increase from the use 
of two rebar in tension to three rebar in tension only slightly increases the 
SWRAdjusted. Because of this, it was decided to eliminate the third rebar in 
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tension. As previously mentioned, the beam shape for beam #3 was an 
I-beam and the beam width, b, is shown below in Figure 5.

Figure 5. Cross-Sectional Diagram for Week 4

Table 8 shows the b and d values used in the construction and predicted 
failure calculations for the reinforced concrete beam #3.

Table 8. Values for b and d in Week 4.

Beam #4 Design: Reinforcing and Shape 
 In determining the design for beam #4, it was decided to use the 
same dimensions of the I-beam shape used in beam #3. Among these 
dimensions, width being 5 inches, height being 6 inches, and length being 
30 inches, the I-beam still maintained a moderate weight, which directly 
affects the SWRAdjusted, as shown in Equations (23) and (24). The previous 
beam, beam #3, failed in shear, further implementing more strength gain to 
that section of the beam with the remaining cost that had not exceeded the 
$4.00 limit. Instead of the #3 rebar, with a diameter of 0.375 in., #4 rebar, 
with a diameter 0.5 in., was used for shear reinforcement. This was done in 
an effort to further enhance the predicted strength failures among the shear 
models. To test in further detail, cylinders were also made to prove the 
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effectiveness of super plasticizer among the compression model. The test 
trials proved that the cylinders were able to obtain 75% of the strength 
from a 28-day predictive model. Results showed an average of the two 
cylinder breaks came to be 6,111 psi, which is roughly 850 psi over the 
75% of the predicted 7,000-psi mix. The gathered data produced the ratio-
nale for the use of Superflo 2000 RM. 
 Figure 6 shows a cross-sectional diagram and provides a visual aid 
in showing the reinforcement spacing, concrete cover, and calculations of 
b and d.

Figure 6. Cross-Sectional Diagram for Final Week

Using Equations (25) and (26), Table 9 shows the b and d values used in 
the construction and predicted failure calculations for the reinforced con-
crete beam #4.

Table 9. Values for b and d in the Final Week.

Prediction of SWRAdjusted for Beam #1
 The predictive model outlined in Equations (1) – (24) proved 
extremely useful in designing each reinforced concrete beam. It provided 
estimated values for failure, failure type, cost, SWR, and SWRAdjusted. 
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The information allowed for the experimentation with different beam de-
signs in efforts to effectively construct a structurally-sound, cost-effective 
reinforced beam. The predicted values for beam #1 are shown in Table 10.

Table 10. Predictions for Week 2 Reinforced Concrete Beam

Prediction of SWRAdjusted for Beams #2 and #3
 As previously mentioned, different beam designs were studied in 
an effort to decide which would produce the highest SWRAdjusted. Table 
11 shows the predicted values of beam #2. Table 12 shows the predicted 
values of beam #3.

Table 11. Predictions for Week 3 Reinforced Concrete Beam

Prediction of SWRAdjusted for Beam #4
 The predictive model of concrete strength proved to be the most 
valuable asset in the reinforced concrete beam project. Providing the need-
ed estimated values while utilizing Equations (1) – (23) in the Whitney 
Stress Distribution Model would lead to the successive rationale used in 
the fourth and final beam. The predicted values of weight, failure strength, 
cost, SWR, and SWRAdjusted are shown in Table 13.

Table 13. Predictions for the Final Week Reinforced Concrete Beam

Table 12. Predictions for Week 4 Reinforced Concrete Beam
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Curing Method for Beam #1
 In order to obtain a higher strength in 7 days, rather than the 
normal 28 days that it takes to achieve concrete’s maximum potential 
strength, special curing methods are required. The method of curing is 
extremely important in early strength gain. Curing is done to ensure there 
is an adequate amount of moisture and proper temperature in the concrete 
so that certain properties can develop. Curing ensures that hydration, or 
setting, will continue, which influences the strength of the concrete (Kos-
matka, S., Kerhoff, B., and Paranese, W. 2008). 
 The curing environment selected for these beams was a steam box 
with a temperature of 60 degrees Celsius. This form of curing is ideal 
when early strength gain is important. A steam curing cycle called for 
an initial delay of 5 hours after production of beams, a holding period 
of 15 hours in the steam enclosure, after which the beams are removed 
and allowed to cool to room temperature (Kosmatka, S., Kerhoff, B., and 
Paranese, W. 2008). Upon completion of steam curing, the beams were 
submerged in water for a period of 5 days. By doing so, the water tank 
prevents moisture from evaporating and escaping the beams; this also 
accelerates strength gain (Kosmatka, S., Kerhoff, B., and Paranese, W. 
2008).

Curing Method for Beams #2, #3, and #4
 The curing methods for beams #2, #3, and #4 included insertion 
into a temperature controlled steam box 5 hours after hydration began, 
where both remained for 15 hours. Once the beams were removed from 
the steam box, both were then submerged in water for a period of 5 days. 
Finally, the beams were removed from the water tank 1 day prior to break-
ing to allow for sufficient air drying time.

Collected Beam Data
 Prior to designing and implementing test beams, a baseline was 
determined by constructing and testing an initial set of beams with mini-
mal specifications. All components and parameters for these beams were 
chosen to provide direction by which all future designs would be predi-
cated. Beams were constructed to be 30 inches long, 6 inches wide, and 6 
inches tall containing either zero, one, two, or three pieces of #4 rebar for 
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tensile reinforcement. For this beam, an f ’c of 4,000 psi was chosen. Shear 
reinforcemcent was not used in the initial beams. In order for the amount 
of rebar to be the only varying parameter, all beams were cured at room 
temperature for 7 days. After the 7 day period, the beams were broken and 
the weights, cost, failure strengths (P), and SWRAdjusted were recorded for 
each beam, these results are shown in Table 14.

Table 14. Week 1 Data
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 The relationship between the amount of reinforcement in tension and the 
SWRAdjusted is shown in Figure 7.

Figure 7. Relationship Between Rebar in Tension and SWRAdjusted

This data was then analyzed to determine which amount of rebar would 
be used in tension for beam #1. As shown in Figure 7, beams designed 
with three ½” diameter (#4) rebar proved to have a slightly higher aver-
age SWRAdjusted. The beams that had no rebar in tension, failed in tension; 
while the beams with between one and three rebar in tension, failed in 
shear. These baseline results led to a future design in test beam #1 with 
three #4 rebar in tension as result of the aforementioned data. The data 
collected from designed beams #1, #2, #3, and #4 are shown in tables 15, 
16, 17, and 18 respectively. 

Table 15. Week 2 Data
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Table 18. Final Design Data

Table 16. Week 3 Data

Table 17. Week 4 Data

Strengths and Weaknesses for Beam #1
 It is imperative to discuss the strengths and weaknesses of the 
beams in order to produce more efficient results when making future 
beams. Strengths from beam #1 included the use of shear reinforcement 
which increased the failure point. By utilizing this design, we were able to 
once again test the results of three #4 rebar in tension, as well as observe 
the effects of #3 rebar for shear reinforcement. 
 Although these strengths are good, the weaknesses of a beam are 
more indicative and useful when designing future beams. The weaknesses 
of beam #1 were the extremely high weights of the beams. The weights 
have a direct effect on the final SWRAdjusted and as such must be minimized. 
Efforts were made in beam #3 to reduce the weights. Beam #1 also proved 
to be costly. At $4.13, this beam violated the design constraints which 
reduced the SWRAdjusted. 
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Strengths and Weaknesses for Beam #2 
 As earlier stated, an I-beam design was first implemented on beam 
#2. There were a few weaknesses to this design. When tested, the beam 
had low SWRAdjusted value and lower overall strength than the previous 
week.  Not only were these values disappointing, but also the spending 
cap was broken by $0.07.  Human error played a major role in the weak-
nesses of this design. In order to create the I-beam mold, Styrofoam strips 
1.5 inches wide, 0.5 inches tall, and 30 inches long were used to eliminate 
concrete on both sides of the beam. As a result of the strips being only 
0.5 inches tall, these strips had to be individually cut and stacked upon 
one another in order to achieve the 1.5 inches wide, 2 inches tall, and 30 
inches long mold block-out. As a result, the mold was inconsistent. Figure 
8 illustrates the mold construction.

Figure 8. Construction of I-Beam Mold in Week 3

Although there were many weaknesses, there were strengths as well. The 
weight of the beam was significantly reduced by implementing the I-beam 
design. 

Strengths and Weaknesses for Beam #3
 Though this beam disappointed in performance, many things were 
learned in efforts to make the necessary corrections. An apparent weakness 
was the availability of additional funds that remained unused in designing 
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this particular beam. The final cost was $3.47 which allowed an additional 
$0.53 to be used, without penalty, to further strengthen the beam. Another 
weakness that was discovered was the top of the beam was slanted, similar 
to beam #3. Because the top was slightly slanted to one side, the testing 
machine put more force on one side of the beam which caused premature 
failure, with Beam 1 of this set in particular. As a result of the slanted top, 
Beam 1 broke at 8,090 lbs. of pressure and appeared to break in shear, 
though it was not readily identifiable. Beam 2 of this set gave a more de-
finitive answer as to failure type and broke at 26,200 lbs. This beam failed 
in shear and necessary corrections were made in the final beam design, 
which involved increasing the shear reinforcement from #3 rebar to #4 
rebar. 
 Although the weaknesses of this particular design outweighed the 
strengths, there were still aspects that were considered positive. The beam 
shape, an I-beam, allowed us to maintain the overall weight of the beams. 
However, the most significant strength that was determined in the con-
struction of this beam was the fact that, through cylinder testing, a con-
crete mix with a 28 day f ’c of 7,000 psi with Type I cement is equivalent to 
a 6,000 psi mix with Type III cement. This reduced the overall cost of our 
beam, allowing the option to utilize other reinforcement materials in future 
beam designs.

Strengths and Weaknesses for Beam #4
 Among four of the trials being outlined for strengths and weak-
nesses, beam #4 could have used hands-on improvement. Though timely 
calculations were made to implement possible strength gain with use of 
the entire $4.00 cost limit, the weight of beam #4 was the major weak-
ness among this project. If the weight had been reduced to keep up with 
the break strengths that were performed, a higher SWRAdjusted would have 
been achieved along with a higher ranking in the competition. Another 
weakness that was discovered was the effect of having the top of the beam 
out-of-level. Even though a torpedo level was used throughout the finish-
ing consolidation of the mold, by the time the beams were released from 
the curing environment, the tops of the beams lacking in a mold cover had 
taken on a sloped finish. Similar to previous beams, again the machine put 
more force on one side of the beam causing premature failure. As a result 
of the slanted top, beam #1 of this set broke at 19,470 lbs. of pressure and 
appeared to break in shear. Beam #2 of this final set gave a more definitive 
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answer as to failure type and broke at 24,400 lbs. This beam failed in shear 
also, which implies that the overall design of the beam may have been 
flawed since shear failure occurred along every beam in each test trial. 
 The strength of beam #4 was that necessary strategies were imple-
mented to achieve easy consolidation within the molds. With the use of a 
super plasticizer at the dosage implemented to beam #4, a hydration accel-
eration time of at least 20 minutes was attained from the Manufacturer’s 
referral (RussTech Inc. 2011). This, in turn, was an overall strength gain 
with the addition of the curing environment that the beams were placed in.
 The results for beam #4 lacked the substantial improvement that 
was expected in the SWRAdjusted when looking back at the results from 
beam #3. Between beam #1 and beam #2 of the final set of tested beams, 
there was a significant difference in failure strength, and this is because 
beam #1 was not properly constructed and when the load was placed on 
top of the beam during testing, the weight and pressure were distributed on 
one side of the beam. This caused the beam to fail at a considerably lower 
strength. The average SWRAdjusted for the beam #4 was 339.

Research Conclusions
 It was the goal of this experiment to determine methods of con-
crete beam design which would provide the user with adequate informa-
tion to find a cost effective balance in the amount of rebar used in ten-
sion, in sheer, the compressive strength of the concrete, and the types of 
admixtures used. After meticulous research and experimentation, it was 
determined that the use of a super plasticizer (Superflo 2000 in this case), 
one #4 rebar in sheer, two #4 rebar in tension, and a concrete mix design 
of 7,000 psi provided the most favorable results with a load capacity of 
24,400 pounds and a cost of $4.00 per beam. In the construction and engi-
neering industries, a balance must be met between safety for our commu-
nities and cost effectiveness for our clients. We hoped to prove that bal-
ance in the design and manufacturing of concrete beams depends heavily 
upon the research done by its members.  
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