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Table 3-7 Test matrix for setting time, semi-adiabatic temperature, and mortar 
compressive strength measurement.  

N/A = not applicable. 

Semi Adiabatic Temperature 
Figure 3-3 shows the testing procedure used to measure the temperature rise in select 
high early strength materials. the same test matrix as shown in Table 3-7 was used.  

 
Figure 3-3 Schematic diagram of semi adiabatic temperature determination of high early 

strength cement. 

After mixing the cement paste specimens following ASTM C305, the paste was separated 
and used to measure the setting time and the temperature rise. One end of a K-type 
Teflon coated thermocouple wire was attached to a data acquisition software and the 
other end was inserted into the cement paste. The data were collected for 6 to 12 hours. 
The total time to reach the maximum temperature is defined as the time the cement first 
contacts water until the time the maximum temperature occurs.  

Compressive Strength 
The compressive strength of the mortar specimens was tested according to ASTM 
C109/C109M-21. ASTM C305 was used to mix mortar specimens. The specimens were 
tested at 3, 6 and 24 hours after introducing water to the cement. Six-hour testing was 

 
3 Depending on workability and setting time 

Samples Type I/II OPC 
Replacement % 

w/cm Retarder/Accelerator 

CSA1 N/A 0.46 0.00-0.35% by mass of cement3 
CSA2 N/A 0.46 0.00-0.35% by mass of cement3 
PrCSA1 N/A 0.46 0.00-0.35% by mass of cement3 
PrCSA2 N/A 0.46 0.00-0.35% by mass of cement3 
CAC-Accelerated 
OPC  

70-90% 0.35 0.00-0.35% by mass of cement3 

CSA-OPC 60-85% 0.42~0.46  0.00-0.35% by mass of cement3 
T3A N/A 0.35 1.82-3.65 % mass of cement 

(Daraset 400) 











 

57 
 

CTE of 0.7 µstrain/°F. See Table 3-11 for calibration values and specimen details for 
calibration test specimens. 

Table 3-11. Length, Diameter, and CTE of reference and calibration specimens 
 Stainless Steel Aluminum 

Length (inch) 6.96 6.98 
Diameter (inch) 3.99 4.00 
CTE (µstrain/°C) 0.50 0.70 

 

All samples were placed in a saturated lime bath 24 hours after casting and remained 
there for 28 days until testing. Two days prior to testing the ends of the cylinders were 
saw cut to achieve a sample length of 7-inch as required in AASHTO T336. It is known 
that the degree of saturation (DoS) has a large impact on the value of a concrete’s CTE 
expansion (Jeong and Zollinger, 2012). The DoS was determined for one of the samples 
after measuring the CTE of each concrete and the other 2 samples were used to determine 
the concrete strength at 28 days. 

Along with the laboratory samples, field samples were cored from a three-year-old bridge 
deck constructed with the PrCSA1 cement used in this study. Due to field coring, depth 
of the sample lengths varies from 3 to 6-inches after saw cutting for flat ends. An 
independent correction factor was used for these shorter samples which use an aluminum 
cylinder cut from the same bulk steel that the calibrated verification sample was from. An 
assumption was made that because it is from the same bulk metal that the shorter 
specimen has the same CTE value as the taller specimen.  

Bond Testing 
The tensile bond strength of the overlay concrete bonded to the HPC substrate was 
determined by following ASTM C1583-20. Previously cast concrete slabs, measuring 
3.3x3.3x0.40 ft, were reused from a previous project. The mixture designs for these 
repurposed slabs were representative of the HPC mixture that also used in this current 
project and outlined in the previous section. A bond fracture occurring either at the bond 
interface or in the substrate must reach or exceed 174 psi to be deemed passing according 
to Oregon DOT standards (ODOT, 2021). 

To prepare the slabs for overlay the following process was used. First, the slab was cut in 
both directions of the vertical surface at a 6-inch spacing and to an approximate depth of 
5-inch. Next, a 25-kipf demolition hammer and 10-inch chisel was used to chip out the 
squares from saw cutting A final working space of 2.5 x 2.5 ft2 was achieved and used as 
the substrate for the bond performance testing. The saw cut slab and roughened and 
cleaned surface are in Figure 3-5. This was done as a surrogate approach to provide a 
surface preparation similar to hydrodemolition in the field. The use of a demolition 
hammer may have introduced micro cracks in the concrete and does not directly replicate 
hydrodemoltion. A quote was obtained to have a company come and do hydrodemolition 
at the university but the cost was prohibitive given the research budget.  
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Figure 3-5. Slab saw cut at a six-inch spacing (left) and removed with demolition hammer 

(right) 

Prior to casting, the roughened surface was brushed with a wire brush to loosen dust and 
remove as much micro cracking as possible. A vacuum was then used to remove the dust 
and any remaining concrete pieces. Wood formwork was constructed of 2-inch thick by 
4-inch-wide boards were used as the mold for casting (Figure 3-6). 

The substrate surface was conditioned to a saturated surface dry (SSD) state before the 
overlay material was placed. Half of the slab was treated with a mortar scrub coat made 
with a 0.45 w/c ratio and using the same cement as the overlay material being tested. The 
scrub coat had a sand to cement ratio of 2.3 and was made with the same local sand as the 
concrete. The other half of the slab did not receive the scrub coat and was only cleaned 
and conditioned to SSD. Samples were sawcut through the entire thickness of the overlay 
material and at least 0.2-inch into the substrate material. Overlays were poured to 1.2 to 
1.6-inch and a standard core depth of 2.0-inch was made to ensure an appropriate depth 
was cut, with an additional 0.2-inch into the substrate. The diameter of the coring bit was 
1.6-inch which resulted in a nominal sample area of 2.5-in2 used for calculating the force 
of the bond strength. 
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Figure 4-7 CAZ of T3A mixture 

4.2.1.2 Porosity 

Powers demonstrated that in Portland cement paste, the permeability coefficient 
significantly decreased when capillary porosity decreased from 40 to 30%. As a result, 
lower porosity as well as permeability in concrete samples can be inferred as an indicator 
of higher resistance to different forms of chemical attack such as chloride, sulfate, or 
freeze-thaw (Powers 1958, Kosmatka and Wilson 2011). 

Figure 4-8 showed the porosity profile (over the depth of the sample from top surface) of 
the PrCSA1 mixture determined from the NR image analysis. The porosity in CSA 
samples within the CAZ ranged from 4.5% to 5% when curing compound was used as 
external curing. The average porosity was calculated from the CAZ to the bottom of the 
samples with no substrate. For samples where substrate was used, the porosity was 
calculated from the CAZ to 1.5-inch depth to exclude the region of the overlay that might 
be affected by the substrate.  
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Figure 4-8 Porosity of CSA mixture 

It was observed that the average porosity of the CSA mixture with no substrate and 
treated with curing compound was 4.5%, whereas a lower porosity (3.8%) was observed 
when the substrate was conditioned with saturated lime solution. CSA samples with no 
external curing showed average porosity in the range of 3.8-6.0%, where lower average 
porosity (3.8%) was observed in samples with no substrate and higher average porosity 
(6%) was observed in samples with substrate conditioned with lime. The average porosity 
in samples cured with wet burlap and plastic sheet ranged from 3.8-5%. Overall, this 
porosity is (low/very low) compared to OPC systems hydrated at sealed condition for 28 
days with 0.37 w/cm (Röβler, 1985). Figure 4-9 shows the porosity profile of PrCSA1 
samples.  
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Figure 4-9 Porosity profile of PrCSA1 mixture 

The lowest CAZ was observed in PrCSA1 specimens when a curing compound was used 
as external curing. Supporting this is a very low porosity calculated from neutron 
radiography with an observed range between 1.0-1.6% depending on the substrate 
conditions. An average porosity of 1% was observed when substrate was conditioned at 
50%RH and 1.6% was observed in samples with no substrate. PrCSA1 samples with no 
external curing showed an average porosity in the range of 1.0-1.7%. Higher average 
porosity was observed in samples with substrate conditioned in lime and lower porosity 
was observed in samples with no substrate. The average porosity in 1 hour cured with wet 
burlap and plastic sheet was lied in the range of 1.3-1.8% and in 3 hours cured samples 
were lied in the range of 1.4-1.7%. Overall, the average porosity in PrCSA1 samples 
irrespective of curing or substrate conditions were found to be less than 2% indicating a 
very low porosity compared to other samples in this study as well as literature reported 
values for OPC-based systems at similar w/cm. 

Figure 4-10 shows the porosity profile of PrCSA2 samples. It was found that the average 
porosity in PrCSA2 samples was higher than PrCSA1 samples. PrCSA2 samples treated 
with curing compound showed an average porosity in the range of 6.5-7.8% (compared to 
3.8-6.0% for PrCSA1). Wet burlap and plastic sheet cured samples showed a slightly 
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higher average porosity of 6.8-7.9% for 3 hours curing and 6.3- 6.6% for 1 hour curing. 
Samples where no external curing practices were applied showed an average porosity in 
the range of 7.1-7.9%. Overall, the range of average porosity of PrCSA2 samples were 
very close to each to each other and did not significantly vary by the external curing 
practices or substrate conditions. 

 
Figure 4-10 Porosity profile of PrCSA2 mixture 

Figure 4-11 shows the porosity profile of CSA-OPC samples. The average porosity of the 
samples treated with curing compound ranged from 5.3-6.3%. The average porosity of 
the samples with no external curing practices ranged from 5.7-7.0%. The average 
porosity of 1 hour cured samples with wet burlap and plastic sheet was ranged from 6.6-
6.8%. The average porosity of 3 hour cured samples with wet burlap and plastic sheet 
ranged from 6.3-6.7%. Overall, the average porosity in samples with curing compound 
was lower, though the difference in porosity values in all curing conditions are marginal 
irrespective of different substrate conditions. Figure 4-12 shows the porosity profiles of 
T3A mixtures.  
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Figure 4-11 Porosity profile of CSA-OPC mixture 

 
Figure 4-12 Porosity of T3A mixture 

The porosity values were significantly higher in the T3A (Portland cement-based) 
compared to the other CSA based HES mixtures in this study. A gradual decrease in 


