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Executive Summary
It is well known that Reclamation is a leader in conventional and mass concrete and has obtained 
a tremendous amount of data regarding the mechanical properties of either of these types of 
concrete. The mechanical properties of concrete is necessary for the design of concrete 
structures. However, Reclamation is behind the private industry and other federal agencies on 
their use of self consolidating concrete (SCC). The private sector has been using SCC since the 
1980's and since 1990, self-consolidating concrete has been proven to be advantageous for 
several reasons: 

1. SCC can be placed at a faster rate with no mechanical vibration and less screeding,
resulting in savings in placement costs.

2. Improved and more uniform surface finish with little to no remedial surface work.
3. Ease of filling restricted sections and hard-to-reach areas. Opportunities to create

complicated structural shapes and surface finishes not achievable with conventional
concrete.

4. Improved consolidation around reinforcement and bond with reinforcement.
5. Improved pumpability.
6. Improved uniformity of in-place concrete by eliminating variable operator-related effort

of consolidation.
7. Labor savings.
8. Shorter construction periods and resulting cost savings.
9. Quicker concrete truck turn-around times, enabling the producer to service the project

more efficiently.
10. Reduction or elimination of vibrator noise, potentially increasing construction hours in

urban areas.
11. Minimizes movement of ready mixed trucks and pumps during placement.
12. Increased jobsite safety by eliminating the need for consolidation.

This study measured creep in SCC cast with materials local to the Denver area.  Three strengths 
of SCC were targeted – 4,000 psi, 6,500, psi and 7,500 psi. The samples were moist cured for 28 
days before loading.   

The creep of the self consolidating concrete tested measured slightly higher than creep of 
conventional slump concrete.  This should not preclude SCC from being used in concrete design 
for elements which may undergo creep.  Proper mix design techniques as well as enhanced 
design can overcome any issues associated with creep in self consolidating concrete. 
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Introduction 
For this study, local materials were utilized.  The concrete mix designs and self consolidating 
concrete were supplied by Bestway Concrete (Burnco).  The mix designs ranged in strength from 
4,000 psi to 7,500 psi.  Specimens were cast on June 1st, 2017 at the Bestway Concrete Lab in 
Westminster, CO. 

Test specimens were cast and mechanical testing included: Compressive Strength and Elastic 
Properties, Creep and Autogenous Length Change. 

This report presents the results of concrete physical property and creep testing. Creep results are 
presented for each reading interval and graphs are shown for each individual mix, as well as a 
summary for all mixes. 

Concrete Creep and Length Change 
Concrete for creep testing was batched on June 1, 2017 and Bestway Concrete’s Materials 
Laboratory for Mix ID 4K, 6K and 7.5K, loading at age 28 days. Testing was performed in 
accordance with ASTM C512, Creep of Concrete in Compression. Results are shown in Table 1 
for the final reading, one year from the time of loading. The complete creep results for each 
reading are shown in Appendix A. Fresh properties for the three mixes are summarized in Table 
2. 

Table 1: Creep Results Summary 

Mix 4K 6K 7.5K 
Average Compressive Strength, psi 5,410 6,960 7,530 
Preload, psi 90 90 90 
Average Applied Load, psi 2,160 2.810 ** 
Instantaneous Elastic Modulus, psi x 106 2.08 2.52 ** 
Creep Rate, microstrain/psi per (t + 1) day 0.0970 0.0591 ** 

** During initial loading, the seal on the creep frame for Mix 7.5K failed and the specimens 
were subjected to an excessive load and were cracked.  No data was obtained for this mix. 
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Table 2: Mix Fresh Properties 

Mix 4K 6K 7.5K 
Spread, in. 25.3 22.0 24.0 
Air Content, % < 3 < 3 < 3 
Unit Weight, 
pcf 141.0 138.6 139.0 
Temperature, 
(F) 78 77 78 

The 6 inch (152 mm) diameter by 12 inch (305 mm) long creep specimens were cast vertically 
with three sets of two gage points spaced approximately 8 inches laterally and equidistant around 
the circumference of the specimen for a total of six gage points per specimen. The samples were 
stored at 100% humidity for 7 days and then stored in the creep environment of 73.5 ± 1.5°F 
(23.1 ± 2.7°C) and 50 ± 4% humidity for the duration of testing. All specimens were sulfur 
capped prior to placing in the hydraulically operated load frames.  

Two specimens from each mix were loaded into the frame with 6 inch (152 mm) dummy 
cylinders of the same mix placed at the top and the bottom of the test specimens. Two additional 
specimens per mix were prepared similarly for unloaded shrinkage control. Compressive strength 
was determined at 28 days just prior to loading to set the creep load at 40-percent of the ultimate 
strength. Preloading was used to determine eccentricities and to calibrate the hydraulic system.  

Readings were taken before loading, during the preload, after loading, at 2 hours, 9 hours, 1 day 
intervals for a week, 1 week intervals for a month, and 1 month intervals for a year. In some 
instances, data collection occurred ± 3 days due to scheduling conflicts. 

Readings were taken using a dial gauge calibrated with a standard bar reading. Three readings 
were taken at all three gage point sets for each specimen including the unloaded (shrinkage) 
controls. The readings were averaged at each location and normalized with the gage point length 
to compute strain (length change per unit length).  

Individual plots of total strain and shrinkage strain, in millionths, were generated. The total load-
induced strain per pound force per square inch was calculated as the difference between the 
average strain values of the loaded and control (shrinkage) specimens divided by the average 
stress. Creep strain was also normalized and plotted on a log scale in (t + 1) days where t is the 
age at loading.  

The magnitudes of the creep parameters 1/E and F(K) are based on the empirical logarithmic 
function below. Since the strain readings were measured manually and there was some time 
between the loading condition and the first reading, the y-intercept was extrapolated by the 
method of least squares representing 1/E, where E is the instantaneous modulus of elasticity.  
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𝜀𝜀 =  
1
𝐸𝐸

+ 𝐹𝐹(𝐾𝐾) ln(𝑡𝑡 + 1)

Where: 
ε  =  total strain per unit stress, inverse pounds per square inch (megapascal), 
E  =  instantaneous elastic modulus, pounds force per square inch 

(gigapascal), 
F(K)  =  creep rate (calculated as slope of a straight line representing creep curve 

on semilog plot), microstain per pounds per square inch per day 
(microstain per megapascal per day), 

ln =  natural logarithmic function, and 
t  =  time after loading, days 

The shrinkage strain determined from the control specimens was subtracted from the test 
specimen strain to give creep strain as shown in Figures 1 – 2. The data is shown on a log time 
graph with a logarithmic least squares regression model to give the initial elastic strain (y-
intercept) and the creep rate (slope). Figure 3 compares the normalized creep for all mixes.  
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Figure 3:  Creep Results for All Mixes 

Conclusions 
Creep is dependent upon many factors including constituent material properties, concrete mix 
design properties including strength and water content, curing, in-service environment, age at 
loading, amount of reinforcement, etc.  These factors make it difficult to determine a typical 
value for creep.  The self-consolidating concrete in this study appeared to have a slightly higher 
creep than conventional concrete mixes tested within Reclamation recently.  That should not 
preclude SCC from being used in structures where creep may be a concern.  The potential for 
increased creep can be mitigated by developing a well-designed concrete mix, performing pre-
construction creep testing with the planned materials and taking the design steps necessary to 
account for any movement/issues that occur due to creep. 





ST-2016-3587-01 

14 

References 
ASTM C512. (2015). Standard Test Method for Creep of Concrete in Compression. West 

Conshohocken: American Society for Testing and Materials. 

U.S. Bureau of Reclamation. (1988). Concrete Manual, 8th Edition - Revised. Washington, D.C.: 
U.S. Department of the Interior. 

USBR 4512-92. (1992). Creep of Concrete in Compression. Denver: U.S. Department of the 
Interior. 





A-1

Summary of Creep Results 

Table A 1.   Summary of Mix ID 4K Creep Data 





Table A 2.  Summary of Mix ID 6K Creep Data 
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