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DISCUSSION AND ANALYSIS 

HSC 

Compressive Strength 

The average 7-day strengths for the two curing methods were similar, but the standard 
cure batches had significantly higher strength gain with time. During the accelerated curing 
procedure the specimens consumed more water and thus created a more porous hydrated cement 
matrix than did standard curing. The standard cure specimens contained more excess water after 
the initial moist curing, which allowed for continued hydration and thus densification of the 
cement matrix. The use of accelerated curing allows for rapid initial strength gain hut 
significantly decreases the potential for continued strength gain after curing. 

As seen in Figure 1, the Bayshore compressive strengths were 30% lower than the 
laboratory accelerated cure strengths. This disparity is due in part to differences in the amounts 
of water in the concrete mixtures. The aggregate for the laboratory mixtures was dried before 
mixing, whereas the aggregate in Bayshore's mixtures was likely in SSD condition. Aggregate 
absorption was not accounted for in the laboratory mixtures, resulting in a w/cm of 0.30. The 
w/cm should have been 0.33 with the aggregate in SSD condition. A decrease in w/cm from 
0.33 to 0.30 would cause a compressive strength increase of at most 13.8 MPa (2000 psi), which 
is half of the observed strength difference (Chern and Chan, 1989). The Bayshore concrete also 
had a higher air content than did the laboratory mixtures, but the differences in air content and 
w/cm do not fully explain the strength differences. A possible explanation is that the Bayshore 
mixture contained more water than the amount specified in the mixture proportions. The fact 
that the Bayshore mixture had a higher air content than the laboratory mixtures supports this 
explanation in that a higher water content increases fluidity and air content of a mixture. 

Tensile Strength 

On average, the end-of-cure of all tensile strengths equaled 9. 8% of the end-of-cure of all 
compressive strengths. All 28-day tensile strengths equaled 8.5% of all the 28-day compressive 
strengths, on average. The ratio of tensile strength to compressive strength decreases as the 
compressive strength increases, which is an expected trend (Alexander, 1996). 

Modulus of Elasticity 

Figure 68 presents the relationship between the modulus of elasticity and compressive 
strength results for the standard cure specimens. The AASHTO design equation overpredicted 
modulus of elasticity at all ages. 
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Figure 68 Standard Cure Ratio of Elastic Modulus to SQRT(f' c), HSCS 

The Bayshore modulus of elasticity was significantly lower than those of the laboratory 
accelerated cure batches. This is expected since the Bayshore compressive strengths were lower 
than the laboratory accelerated cure strengths. The Bayshore modulus was within 1% of the 
AASHTO design value and thus was in agreement with the AASHTO design equation. 

Thennal Coefficient 

The coefficient of thermal expansion for the HSC mixture was found to be 4.6 ± 0.4 
microstrain per op (8.3 ± 0.7 microstrain per °C) at a 95% confidence level. This is within the 
published range of3.5 to 5 microstrain per op (6.3 to 9.0 microstrain per °C) (Alexander, 1996). 

Experimental and Predicted Strains 

A noticeable difference is observed between the accelerated cure and standard cure 
curves in that the standard cure curves have much smaller 95% confidence intervals. This 
indicates that the accelerated cure batches had larger within-batch variation, which is likely a 
result of the following factors: 

• Curing conditions. More variability is inherent with accelerated curing than standard 
curing. This is corroborated by the LTHSC results. 

• Gage lengths. The standard cure specimens have a 203 mm (8 in.) gage length, 
whereas the accelerated cure gage length is 152 mm ( 6 in.). Equal length 
measurement errors result in 33% more strain variation for the smaller gage length 
than for the larger one. 
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• Learning error. The standard cure batches were tested last, so the standard cure 
results may contain less measurement error than the accelerated cure results. 

The GL2000 and B3 models predicted the largest creep strain and total strain, and the AASHTO­
LRFD model predicted the largest shrinkage strain 

Accelerated Cure vs. Standard Cure 

Accelerated and standard cure specimens can be expected to behave differently over time 
because of differences in specimen size, curing method, and compressive strength. Larger 
specimens generally have less drying creep and shrinkage, especially early on, because it is more 
difficult for water to move from the center of the specimen to the outside surface. Accelerated 
curing forms larger hydration products than standard curing. As a result, standard cure 
specimens have a denser concrete matrix that is more resistant to water movement, thus reducing 
drying creep and shrinkage. The standard cure specimens had greater compressive strength gain 
with time than the accelerated cure specimens. As a result, the standard cure creep specimens 
were loaded to a smaller fraction of their compressive strength at later ages, since the applied 
stress was kept constant for both curing methods. The following figures do not include any 
adjustment factors for size or compressive strength. The accelerated cure and standard cure data 
sets are averages of eight and six specimens, respectively. 

The relationship between average accelerated cure and standard cure total strains is 
presented in Figure 69. The two data sets are nearly equivalent early on, but the accelerated cure 
strains are slightly higher at later ages. 

The relationship between average accelerated cure and standard cure creep strains is 
presented in Figure 70. The accelerated cure creep strain is significantly higher at later ages. 
The smaller specimen size resulted in higher drying creep. In addition, the accelerated cure 
specimens had a less dense cement matrix and less strength gain with time. 

The relationship between average accelerated cure and standard cure shrinkage strains is 
presented in Figure 71. Shrinkage strain is higher for the accelerated cure specimens due to 
smaller specimen size and a less dense concrete matrix. 
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Shrinkage Prisms vs. Cylinders 

300 

Figure 72 presents the relationship between shrinkage strains ofthe 75 mm x 75 mm x 
285 mm (3 in. x 3 in. x 11.25 in.) prisms and the 150 mm x 300 mm (6 in. x 12 in.) cylinders. 
No adjustment was made for specimen size. The prisms had significantly higher shrinkage 
strains, mainly due to the size difference. The prisms and cylinders had an exposed surface area 
to volume ratios of 1.5 and 0.67, respectively. 
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Field vs. Laboratory 

Figure 73 presents the relationship between time-dependent strains measured on test 
girders at Bayshore and those measured in the laboratory. The strain measurements are divided 
by applied stress, which is not a constant for the two data sets. The field stress is calculated as 
the initial elastic stress minus estimated prestress losses over time. The field data represent the 
average total strain at the center of prestressing for three test girders (Meyerson, 200 1 ). The 
laboratory data represent the average total strain of eight accelerated cure specimens. The data 
are not adjusted for parameters such as specimen size, compressive strength, and relative 
humidity. 

The laboratory specimens had significantly higher time-dependent deformations than the 
test girders. This is to be expected due to the following factors: 

• Size effects: The field measurements were taken in the center of a large girder, where 
drying creep and shrinkage are limited. 

• Ambient conditions: The average relative humidity at Bayshore is over 70%, 
compared to the laboratory relative humidity of 50%. Relative humidity has a 
significant effect on drying creep and shrinkage. 
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Prediction Model Residuals 

Tables 9 and 10 summarize the accelerated cure and standard cure residuals, respectively. 
The models are identified as overpredicting or underpredicting. Model predicted values that 
have residuals of zero within the 95% confidence limits are identified with parentheses(). 

Accelerated Cure Residuals 

The ACI 209 modified and Tadros models predicted all time-dependent strains within the 
95% confidence limits. All of the models were overpredicting, except that CEB-MC90 and B3 
underpredicted shrinkage strains. The AASHTO-LRFD predicted creep was within the 95% 
confidence limits. 

Model 
ACI 209 

ACI 209 Modified 

CEB MC-90 
AASHTO-LRFD 

GL2000 
Tadros 

B3 

Table 9 Accelerated Cure Residuals Summary, HSC 

Total Strain Creep 
Oveqxedicting Overpredicting 

(Overpredicting) (Overpredicting) 

Overpredicting 
Overpredicting 

Overpredicting 

(Overpredicting) 

Overpredicting 
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Overpredicting 
(Overpredicting) 

Overpredicting 

( Ov erpredicting) 

Overpredicting 

Shrinkage 
Overpredicting 

( Ov erpredicting) 

U nderpredicting 
Overpredicting 

Overpredicting 

(Overpredicting) 

Underpredicting 



Standard Cure Residuals 

For the standard cure batches, all strains were overpredicted in all cases, with the 
exceptions that the CEB MC-90 and B3 models underpredicted shrinkage strain. Because the 
standard cure variability was less than the accelerated cure variability, it was less likely that the 
predicted strains would fall in the experimental 95% confidence limits. 

Model 
ACI 209 
ACI 209 Modified 

CEBMC-90 
AASHTO-LRFD 

GL2000 
Tadros 

B3 

Table 10 Standard Cure Residuals Summary, HSC 
Total Strain 

Overpredicting 
Overpredicting 

Overpredicting 
Overpredicting 

Overpredicting 
Overpredicting 

Overpredicting 

Creep 
Overpredicting 
Overpredicting 

Overpredicting 
Ov erpredicting 

Overpredicting 
Overpredicting 

Overpredicting 

Prediction Model Rankings 

Shrinkage 
Overpredicting 
Overpredicting 

Underpredicting 
Overpredicting 

Overpredicting 
Ov erpredicting 

(Underpredicting) 

The prediction model rankings based on residuals squared analysis were summed to 
determine the best overall predictor. The accelerated cure and standard cure rankings are 
determined at 97 and 98 days after loading, respectively. 

Accelerated Cure Rankings 

Table 11 presents the accelerated cure prediction model rankings. The ACI 209 modified 
was the most accurate model for each strain type. 

Table 11 Accelerated Cure Prediction Model Rankings. HSC 
Model Total Strain Creep Shrinkage 

ACI 209 Modified 1 1 

Tadros 2 2 2 
ACI 209 4 4 4 
AASHTO-LRFD 3 3 7 

B3 6 6 3 
CEBMC-90 5 5 6 

IGL2000 7 7 5 

Standard Cure Rankings 

Sum 
3 
6 

12 
13 

15 
16 

19 

Table 12 presents the standard cure prediction model rankings. The ACI 209 modified 
was the best total strain and overall predictor. AASHTO-LRFD was the best predictor of creep 
strain, and B3 was the best predictor of shrinkage strain. 
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Model 
ACI 209 Modified 
Tadros 
AASHTO-LRFD 
B3 
CEBMC-90 
ACI 209 
GL2000 

Table 12 Standard Cure Prediction Model Rankings, HSC 
Total Strain Creep Shrinkage 

1 2 2 
2 3 4 

3 7 
6 6 
4 5 5 
5 4 6 
7 7 3 

Sum 
5 
9 
11 
13 
14 
15 
17 

Applicability of Prediction Models 

Creep and shrinkage behavior depends heavily on the compressive strength of a concrete 
mixture. HSC has a more dense cement matrix and less free water than normal-strength 
concrete, which are factors that limit the amount of time-dependent water movement within the 
cement matrix. For a prediction model to predict creep and shrinkage strains accurately for 
HSC, it should include compressive strength as an important input parameter. Table 13 presents 
the applicability of each prediction model to HSC. 

Table 13 Prediction Model Compressive Strength Parameters, HSC 

rcLimit 
Strength Adjustment Factor? 

Model MPa (psi) Creep Shrinkage 

ACI 209 none no no 

ACI 209 Modified none yes yes 

CEB90 89.7 (13000) yes yes 

AASHTO-LRFD none yes no 

GL2000 69.0 (10000) no yes 

Tadros none yes yes 

B3 69.0 (10000) yes yes 

In this study, the models that did not include compressive strength as an input parameter 
greatly overpredicted the experimental strains. In some cases, the models considered 
compressive strength for creep but not shrinkage and vice versa (AASHTO-LRFD and GL2000). 

The Bazant B3 and Gardner GL2000 prediction models were not expected to be accurate 
for the laboratory mixtures because the laboratory compressive strengths exceeded the limits of 
applicability for each model. B3 considers compressive strength, but this parameter must be 
modified if the model is to be applied to concretes with compressive strengths over 69.0 MPa 
(10000 psi). The GL2000 creep model does not consider compressive strength. 
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LTHSC 

Compressive Strength 

The accelerated cure L THSC compressive strengths immediately after curing are 
approximately the same or greater than the Bayshore results. The Bayshore specimens had a 
larger strength increase with time. The Bayshore specimens were stored outside with the beams. 
The environmental conditions in this area are relatively humid considering the plant is 
surrounded by water on three sides. These conditions appear to have allowed hydration to 
continue. After curing, the LTHSC specimens were exposed to a drying environment of 50% 
relative humidity, as were the loaded and unloaded specimens. 

Accelerated cure batch 4 was approximately 35% stronger than batch 5 after curing. The 
accelerated curing process increased the variability ofthe batches. Maturity is calculated as the 
area under the temperature-time curve from 14°F or -10°C (Mehta and Monteiro, 1993). The 
maturity difference between the Bayshore Beams was 20%, 1000 and 830°C-hr. The maturity of 
batch 4 ( 1040 °C-hr) is 10% higher than for batch 5 (940 °C-hr) since it had 2 hours less of a 
preset before the temperature increase began. This was due to an experimental error with the 
match cure system. The target maturity was to be the average of the two beams, 915 C-hr. The 
maturity of batch 4 and 5 was 990 C-hr. 

An additional difference between batches 4 and 5 was the unit weight of 1930 kg/m3 and 
1875 kg/m3 (120.3 pcfand 117.1 pcf), respectively. The Bayshore beams had unit weights of 
1955 kg/m3 and 1905 kg/m3 (122.0 pcf and 118.8 pcf) for BB1 and BB2, respectively. There 
was a variability between batches or beams, but this was similar in the laboratory and in the 
field. The variability in unit weight corresponds with the variation in compressive strengths. A 
higher unit weight results in a higher compressive strength between the accelerated cure batches 
and between the bridge beams. 

The strength differences in accelerated cure batch strengths were directly related to the 
creep strains not meeting the ASTM precision requirements. If the maturity and/or unit weight is 
significantly different, then creep behavior is likely to be significantly different between batches. 

Neither the accelerated nor the standard cure lightweight concrete batches reached the 
8000 psi design strength. This can be attributed to the specimens being placed in a drying 
environment, which slowed hydration and strength gain. The Bayshore specimens reached the 
required strength and were stored outside with the bean1s in a relatively humid environment. The 
standard cure, accelerated cure, and bridge beam specimens reached the required release strength 
of 31 MPa ( 4500 psi) at loading or release. 

Tensile Strength 

The LTHSC 28-day tensile strength measurements were within the range of the Bayshore 
measurements. There is a strong correlation between the tensile strength being equivalent to one 
tenth of the compressive strength for the LTHSC specimens. The Bayshore specimens had 
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higher compressive strengths, but the tensile strengths were not significantly different from those 
of the LTHSC specimens. Both the laboratory and beam tensile tests were greater than the 
AASHTO 28-day design cracking stress for lightweight aggregate concretes. 

Modulus of Elasticity 

The Bayshore 28-day modulus measurements were slightly higher than the respective 
LTHSC measurements, which supports the observation that the specimens appear to have 
continued hydration in a moist environment after the accelerated cure. The variability of the 
LTHSC measurements was a function of the testing procedure and the specimen size. 

The modulus of elasticity was measured on 150 mm x 300 mm (6 in. x 12 in.) and 100 
mm x 200 mm ( 4 in. x 8 in.) cylinders for the standard cure and the accelerated cure methods, 
respectively. The variability between measurements appeared to be less for the larger 
specimens. The smaller volume to surface area ratio for the 100 mm x 200 mm ( 4 in. x 8 in.) 
specimen could contribute to the increased variability. 

Them1al Coefficient 

The linear coefficient ofthermal expansion for the LTHSC mixture was found to be 5.3 
microstrain per °F (9.5 microstrain per °C) with a confidence interval of± 0.13 microstrain 
microstrain per °F (±0.24 microstrain per °C). This agrees with the ACI 213 Guide for Structural 
Light weight Aggregate Concrete, which states the thermal coefficient for lightweight concrete is 
4 to 6 microstrain per °F (7 to 11 microstrain per °C) depending on the amount of natural sand 
used. 

Experimental and Predicted Strains 

The model limitations must be considered when applying the models to lightweight 
concrete. Only one of the four models, ACI 209, included lightweight aggregate concretes in the 
development of the model, although, the GL 2000 model does consider aggregate stiffness. The 
LTHSC proportions meet the cement type requirements for the four examined models, but the 
models were not developed on test data that included additional mineral admixtures. GL2000 
considers this by allowing the model to be calibrated for additional binders with a K factor. 

Accelerated Cure vs. Standard Cure 

Figures 74 through 76 present the relationship between the average strains of the 
accelerated cure versus the standard cure. The standard cure and accelerated cure specimens had 
38 mm (1.5 in.) and 25 mm (1.0 in.) volume to surface area ratios, respectively. The specimens 
had different curing regimens, but the size factor seemed most significant. The equivalency line 
represents paired data of equal magnitude. 
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Figure 74 presents the average total strain of the two curing conditions. The accelerated 
cure total strain was slightly higher. The smaller specimen had higher total strain because the 
moisture loss across its cross section was greater. 

Figure 75 presents the creep strain. The creep strain for the smaller, accelerated cure 
specimen was higher at early ages as these smaller specimen underwent greater drying creep. 
Over time, the standard and accelerated cure specimen creeps become equal. 

Figure 76 presents the shrinkage strain. The accelerated cure specimens had a higher 
magnitude of shrinkage strain due to higher drying shrinkage rate over a smaller cross section 
and different hydration fabric. 

Shrinkage Prisms vs. Cylinders 

Figure 77 presents the standard cure volume to surface relationship between the prisms 
and the shrinkage cylinders. The prisms have a volume to surface area ratio of 7 mm (0.67 in.) 
compared to 38 mm (1.5 in.) for the shrinkage cylinders. The smaller specimens initially had a 
greater magnitude of shrinkage but will become equal at later ages. 
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Field Data 

TI1e Chickahominy River Bridge has three 85-ft spans with integral backwall abutments. 
With a composite deck and diaphragms, the bridge acts as a continuous span for live load and 
simply supported for dead load. The prestressed beams are ASSHTO Type IV with harped 
strands. The 43-ft-wide deck provides composite action with the five beams per span. Both the 
deck and beams are cast with the same lightweight high-strength concrete mixture. The 
prestressed beams are steam cured, and the deck is cast in place. 

As shown in Figure 78, the laboratory total strain significantly overpredicted the field 
total strain, as was the case for the HSC. Thus, based on laboratory test results, field prestress 
losses will be significantly overpredicted and service load capacity will be underpredicted. 
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Prediction Model Residuals 

1.2 

The residuals are calculated as the mean and the 95% confidence limits at the given test 
time. The standard cure residuals are for batches 2 and 3 combined for a total of six test values, 
whereas the accelerated cure residuals are for batches 4 and 5, separately. Models that have a 
residual of zero or fall within the 95% confidence limits are not significantly different from the 
experimental data and are identified with parentheses (). If a residual could not be distinguished 
as positive or negative, then the model is described as good in the chart. The models may 
overpredict (positive residual value) or underpredict (negative residual value). The accelerated 
cure values can be positive and negative since those two batches could not be combined because 
the strains are significantly different. For the accelerated cure batches, parentheses() indicate 
that at least one accelerated cure batch was not significantly different from a model. 

Standard Cure Residuals 

As shown in Table 14, the ACI 209, CEB 90, and GL2000 models predict total strain 
within the experimental 95% confidence limits for the standard cure data set. The CEB 90 
model appears to be the best total strain predictor for the standard cure method. 

The ACI 209 predicts all three measurements within the experimental confidence limits. 
Total strain and creep are underpredicted whereas shrinkage is overpredicted. 
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CEB 90 is a good predictor of total strain as a result of overpredicting creep and 
underpredicting shrinkage. The shrinkage strain is the only parameter that did not fall within the 
experimental confidence limits. 

The B3 model underpredicts total strain as a result of underpredicting creep and 
shrinkage. B3 does predict creep within the experimental confidence limits. 

GL2000 predicts total strain and creep within the experimental confidence limits, 
whereas all three are underpredicted. 

Table 14 Standard Cure Mean Residual Summary 

Total Strain 
Shrinkage Strain 
Creep Strain 

ACI209 
(Underpredicting) 
(Overpredicting) 

(Underpredicting) 

Accelerated Cure Residuals 

CEB90 
(Good) 

Underpredicting 
(Overpredicting) 

B3 
Underpredicting 
Underpredicting 

(Underpredicting) 

GL2000 
(Underpredicting) 
Underpredicting 

(Underpredicting) 

The best model cannot be identified with residuals when the experimental total strain and 
creep data cannot be combined. The residuals do show the trend to overpredict or underpredict 
strains. 

ACI 209 is a good predictor of shrinkage, whereas the CEB 90, B3, and GL2000 models 
underpredict shrinkage; see Table 15. 

Table 15 Accelerated Cure Residual Summary 

ACI209 CEB90 B3 GL2000 
Total Strain Both over and under Both over and under Both over and under (Both over and 

under) 
Shrinkage Strain (Good) Under Under Under 
Creep Strain Both over and under Over Over Over 

Prediction Model Rankings 

Tables 16 and 17 summarize the standard cure prediction rankings at 56 and 250 days. 
The GL2000 model was the best predictor of standard cure time-dependent strains. The CEB 90 
model was the best predictor of total strain over time. 

Table 16 Standard Cure Prediction Model Rankings at 56 Days 

At 56 Days ACI209 CEBMC 90 B3 GL2000 
Total Strain 1/2/3 1/2/3 4 1/2/3 
Shrinkage Strain 1 3/4 3/4 2 
Creep Strain 3/4 2 3/4 1 
Sum ofRanks 5 6 10 4 
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Table 17 Standard Cure Prediction Model Rankings at 250 Days 

At250Days 
Total Strain 
Shrinkage Strain 
Creep Strain 
Sum of Ranks 

Accelerated Cure Summary 

ACI209 
2/3 
1 
4 
7 

CEBMC 90 
1 
4 
2 
7 

ID 
4 
3 
3 
10 

GL2000 
2/3 
2 
1 
5 

Tables 18 and 19 summarize the accelerated cure predicting model rankings at 56 and 
250 days. The ACI 209 model was the best predictor for total strain, creep, and shrinkage. This 
is a reasonable conclusion since it was the only model developed with lightweight concretes. 

Table 18 Accelerated Cure Prediction Model Rankings at 56 Days 

At 56 Days 
Total Strain 
Shrinkage Strain 
Creep Strain 
Sum ofRank 

ACI209 
1 
1 
1 
3 

CEB90 
4 
3 
4 
10 

ID 
2 
4 
2 
8 

Table 19 Accelerated Cure Prediction Model Rankings at 250 Days 

At250Days ACI209 
T ota1 Strain 1 
Shrinkage Strain 1 
Creep Strain 1 
Sum ofRank 3 

Shrinkage Prisms Model Rankings 

CEB90 
4 
3 
4 
10 

ID 
2 
4 
2 
8 

GL2000 
3 
2 
3 
8 

GL2000 
3 
2 
3 
8 

Table 20 summarizes the model rankings for the standard cure prism shrinkage 
specimens at 56 and 250 days. However, these rankings are inconclusive. Although the CEB 90 
model was the best early age predictor, the B3 model was the best predictor at later ages. 

At 56 Days 
At 250 Days 
Sum of Ranks 

Table 20 Standard Cure Shrinkage Prism Model Ranking 

ACI 209 
1/2 
4 
5 

CEB90 
1/2 
3 
4 
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ID 
3 
I 
4 

GL2000 
4 
2 
6 



CONCLUSIONS 

HSC 

For Accelerated Cure Applications 

• The total strain ofthe HSC accelerated cure mixture loaded to 20.7 MPa (3000 psi) was 1342 
± 49 microstrain at 97 days, at a 95% confidence level. 

• The ACI 209 model modified by Huo is the most accurate predictor oftotal, creep, and 
shrinkage strain for the Bayshore HSC mixture loaded to 20.7 MPa (3000 psi). 

• The accelerated curing technique results in higher variability of time-dependent strains than 
does standard curing. 

• Embedded VWG may be used to measure laboratory time-dependent strains. VWG elastic 
and creep strain measurements are comparable to Whittemore gage measurements. VWG 
drying creep and shrinkage strains are significantly lower than Whittemore shrinkage strains 
because more drying occurs at the outside surface of a specimen than at center of the 
spectmens. 

For Standard Cure Applications 

• The total strain of the HSC standard cure mixture loaded to 20.7 MPa (3000 psi) was 1276 ± 
38 microstrain at 98 days, at a 95% confidence level. 

• The ACI 209 model modified by Huo is the best overall predictor and the best predictor of 
total strain for the Bayshore HSC mixture loaded to 20.7 MPa (3000 psi). 

• The AASHTO-LRFD model is the best predictor of creep strain for the Bayshore HSC 
mixture loaded to 20.7 MPa (3000 psi). 

• The B3 model is the best predictor of cylinder shrinkage strain for the Bayshore HSC 
mixture, and the GL2000 model is the best predictor of prism shrinkage strain. 

LTHSC 

For Accelerated Cure Applications 

• The total strains of the accelerated cure LTHSC batches were 2510 ± 20 and 3 800 ± 160 
microstrain at 90 days and 2930 ± 40 and 4470 ± 180 microstrain at 250 days, respectively, 
at a 95% significance level. 
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• The ACI 209 model is the best predictor of total strain for the Bayshore LTHSC mixture 
when loaded to 40% ofthe ultimate compressive strength and an accelerated curing method 
is used. 

• The ACI 209 model is the best predictor of time-dependent deformations. 

• The use of the accelerated cure method significantly increased the variability of the strength 
and creep strains. Maturities and unit weights should be kept as similar as possible. 

For Standard Cure Applications 

• The total strain ofthe standard cure LTHSC batches was 2970 ± 330 microstrain at 90 days 
and 3510 ± 370 microstrain at 250 days at a 5% significance level. 

• The CEB Mode Code 90 model is the best predictor of total strain for the Bayshore LTHSC 
mixture when loaded to 40% of the ultimate compressive strength and a standard cure is 
used. 

• The GL2000 model is the best predictor of time-dependent deformations. 

RECOMMENDATIONS 

HSC 

1. Creep and shrinkage models should contain modification factors for compressive strength. 
In this study, the models that contained such modification factors predicted much more 
accurately than those that did not consider compressive strength. 

2. The AASHTO Standard Specification is used in Virginia, but it significantly overpredicts 
prestress losses due to creep and shrinkage for high-strength concrete. It should be updated 
by using a model that is applicable to high-strength concrete. 

3. Whenever possible, laboratory specimens should be cast in the field from the concrete 
batches being used in the test girders, so that the specimens are of the same material as the 
girders. This would eliminate significant discrepancies in material properties between the 
laboratory concrete and girder concrete. 

4. Creep testing of sealed specimens could be useful in order to compare with creep strains 
inside a large bridge girder, where basic creep dominates. 
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LTHSC 

1. The relationship between laboratory specimens under a constant applied stress and 
prestressed beams that have a decreasing applied stress due to prestress losses needs to be 
developed or the laboratory testing procedure needs to be modified with a time step 
approach. 

2. The relationship between the laboratory specimen and bridge beam volume to surface area 
ratios should be developed. The study ofbasic creep and drying creep separately could be of 
significance. Laboratory specimens undergo a great deal more drying creep and drying 
shrinkage than does a bridge beam placed over a river. 

3. Further examination ofthe GL2000 model should be conducted with specimens of various 
volume to surface area ratios. The equation for shrinkage with time may need adjustment. 

HSC and LTHSC 

1. For normal and lightweight high-strength concretes, the LRFD creep and strength functions 
should be determined for VDOT concretes in order to estimate prestress losses better. 
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