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3.4.3 Grout Compressive Strength 

Duel governance of the measuring of compressive strength of masonry grout is found in 

ASTMs C1019 and C39.  Both test methods stress the importance of testing grout in a moist state 

[25, 33].  Test specimens were removed from the moist room, capped, and subsequently 

compression tested after the allotted two hour gypsum cap drying period.  A continuous loading 

rate was applied through the duration of the test in a similar method as CMU, mortar, and prism 

specimens.  Strain rate, rather than stress rate, controlled the loading force; for example, a 

majority of the specimens were loaded at 1.27 mm/min (0.05 in/min).  Load was applied until a 

fracture pattern was visible and the load indicator had significantly decreased in value [33]. 

Area of the grout specimens, which were derived from extracting the filled cores of 

CMUs, was determined from averaging the area of 12 grout specimens.  The perimeters of the 

specimen bearing surfaces were traced.  Their outline was measured with a planimeter resulting 

in an area measurement.  The area of the top of the grout specimen is slightly smaller than that of 

the bottom.  The area of the top and the bottom was averaged to find one area for each specimen.  

A single area describing all of the grout specimens was determined by taking the mean of the 12 

specimen sample which was found to be 14,064 mm
2
 (21.8 in

2
). 

3.4.3.1 Method Conversion Factor 

As mentioned in Section 3.3.2.2, it was necessary to establish a conversion factor 

between the standardized ASTM method of testing masonry grout and the method utilized in this 

testing program.  The standard method described in ASTM C1019 of forming grout specimens 

was employed on a total of 12 samples and another 12 core-filled samples were created to 

establish the conversion factor between the two methods.  A separate batch of grout, mimicking 

grout type 1, for this experimentation was manufactured (Table 3-11 for the grout mix used).  A 
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Figure 4-5:  Mortar Strength vs. Age Summary 

 

4.6 Prism Compressive Strength 

Per ASTM C1314, the mode of failure should be described and illustrated [12].  Figure 

4-6 shows the failure mode descriptions with a classification and visual representation while 

Table 4-5 shows the shorthand numerical designations for failure mode classifications used in 

this thesis.  Appendix B contains photographs of failed prisms specimens for verification of the 

prism failure mode designations assigned in Table 4-6.  While the prisms were loaded until a 

failure mode was present it was often difficult to assess which mode of failure was the mode that 

had occurred.  In Table 4-6 there are cells that contain two failure mode identification numbers.  

The dual numbers indicate that it is probable that either of the two failure modes are the actual 

failure mode but either small fracture patterns or a failure which obliterated evidence made 

assigning a single mode of failure divisive. 
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The summaries of the compressive strength of the eight prism variations are shown in 

Figure 4-7 and summarized in Table 4-7. 

 

 
   

(a)  Side Reference 

 

 

(b)  Conical Break 

 

 

(c)  Cone & Shear 

 

 

(d)  Cone & Split 

 

 

    

(e)  Tension Break 

 

(f)  Semi-Conical 

Break 

 

(g)  Shear Break 

 

(h)  Face Shell 

Separation 

 

Figure 4-6:  Failure Mode Representations [12] 

 

Table 4-5:  Failure Mode Designations 

 

 

Failure Mode
Number 

Designation

Conical Break 1

Cone & Shear 2

Cone & Split 3

Tension 

Break
4

Semi-Conical 

Break
5

Shear Break 6

Face Shell 

Separation
7

Not Available 8
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Table 4-6:  Prism Failure Mode Evaluation 

 

 

 

 

Figure 4-7:  Prism Strength vs. Age Summary 
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Table 4-7:  Prism Compressive Strength Summary 

 

 

Grout 

Type
Age

days MPa psi

14 22.68 3290

28 19.65 2850

42 19.24 2790

56 23.03 3340

90 24.75 3590

14 22.13 3210

28 20.06 2910

42 24.82 3600

56 26.20 3800

90 25.51 3700

14 22.13 3210

28 16.41 2380

42 20.48 2970

56 20.96 3040

90 24.20 3510

14 14.75 2140

28 15.58 2260

42 18.00 2610

56 17.58 2550

90 21.51 3120

14 14.75 2140

28 14.41 2090

42 15.44 2240

56 18.41 2670

90 18.55 2690

14 21.17 3070

28 22.06 3200

42 26.89 3900

56 25.51 3700

90 28.41 4120

14 18.82 2730

28 18.48 2680

42 23.99 3480

56 22.96 3330

90 25.03 3630

14 18.00 2610

28 15.72 2280

42 19.44 2820

56 22.34 3240

90 23.99 3480

6

7

4

5

2

3

Average 

Compressive 

Strength

hollow

1
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4.7 Result Comparisons 

In the Building Code Requirements and Specification for Masonry Structures the 

requirements for the specified compressive strengths of both grout and masonry are detailed.  

Since only the code commentary mentions curing ages for strength development, it is inferred 

that the 28-day compressive strength is the strength referred to in the specifications due to the 

upper bound limitations.  The code requires ƒ'm to either exceed or be equal to 10.3 MPa (1,500 

psi) but be no greater than 27.6 MPa (4,000 psi) and ƒ'g to exceed or be equal to that of ƒ'm [11].  

The ASTM Standard for grout stipulates its minimum strength at 14 MPa (2000 psi) at 28 days 

[18].  Table 4-8 summarizes the compliancy of the grouts and prisms to the ASTM Standards.  In 

this table, an ASTM compliant grout reaches 14 MPa (2000 psi) by 28 days.  Since no prism 

through 28 days achieved strength of 27.6 MPa (4,000 psi), a compliant prism has at least a 

compressive strength of 10.3 MPa (1,500 psi) by 28 days. 

Building code compliance is determined using the specified compressive strength of 

components.  The prisms and grouts tested for this research had no specified compressive 

strengths.  The research intended on finding the compressive strengths with a grout, likely 

specified at 27.6 MPa (4000 psi), altered by changing the cementitious material composition.  

The strength, as a result, changed and each grout type no longer had a specified compressive 

strength.  The prisms also had no specified strength.  With grout type 1, the 24.1 MPa (3500 psi) 

CMU, and the 17.2 MPa (2500 psi) mortar, system strength would indicate that the specified 

compressive strength of this specific arrangement would likely be 20.7 MPa (3000 psi); the 

prism results agree.  The grout would have a greater specified compressive strength (27.6 MPa) 

than the specified compressive strength of the prism (20.7 MPa) and compliancy could easily be 

validated with testing of the grout and prism.  For the remaining six types of grout and prisms 

code system compliancy assertion is impossible because components have no specified 



59 
 

compressive strength.  In order to make compliancy system assertions in this regard the actual 

compressive strengths of the grouts and prisms would have to be considered the specified 

compressive strengths. 

 

Table 4-8:  Strength of Grouts and Prisms Compliancy 

 

 

 

4.8 Data Inconsistencies 

Inconsistencies are observed in the compression results of various specimens.  Perhaps 

the most obvious and regular form of discrepancy is strength loss.  Strengths of specimens at 14 

days should be the lowest recorded value of compressional strength as strength gain occurs as 

concrete cures.  In addition, prisms with grout that contain fly ash and slag should cure more 

slowly and higher strengths should be observed with larger strength gains between testing ages.  

The results from this study show dips in strength at the 28-day age.  While this is of concern, it 

does not affect any conclusions that can be drawn about whether or not prisms attained 

compressional strength minimums due to the fact that even the lowest recorded strength of a 

prism is well in excess of the minimum required.  Most concern is with grout specimens that dip 

Grout 

Type

Grout ASTM 

Compliancy

Prism ASTM and 

Building Code 

Compliancy

Grout Building 

Code Compliancy

hollow NA COMPLIANT NA

1 COMPLIANT COMPLIANT COMPLIANT

2 COMPLIANT COMPLIANT NA

3 NON-COMPLIANT COMPLIANT NA

4 NON-COMPLIANT COMPLIANT NA

5 COMPLIANT COMPLIANT NA

6 COMPLIANT COMPLIANT NA

7 NON-COMPLIANT COMPLIANT NA
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in strength at the 28-day age testing period.  The strengths of the grouts are significantly weaker 

than that of the prisms, as expected.  Every bit of strength gain is relevant to the conclusions.  

This research intends on extending the addition rates of supplementary cementitious materials or 

the time at which strength must develop.  With strength reduction at 28 days and 28 days being a 

prominent test age for grout, some reliability apprehensions in the accuracy of the results ensues.  

Either 14-day tests results are “too high” or 28-day test results are “too low”.  Attempting to 

distinguish which result is most probable is inconclusive.  When comparing the grout strength to 

that of the prism strength for assessing compliancy to the building code as discussed in Section 

4.8, the dips in strength for both the grouts and prisms make this assessment much more difficult.  

Refer to Table 4-9 for an example of when the grout loses strength between the 14 and 42-day 

tests.  This grout would be determined to be non-compliant to the specified compressive strength 

of grout building code requirements.  Since the prism is developing strength much slower than 

that of the grout and by observing the strengths at the 14 and 42-day ages it can be asserted that 

if it were not for the strength loss inconsistency this grout would be code compliant. 

 

Table 4-9:  Example of  Grout and Prism Strength Dip Comparison 

 

 

 

Grout 

Type
Age

days MPa psi MPa psi

14 21.17 3070 18.34 2660

28 22.06 3200 17.72 2570

42 26.89 3900 31.58 4580

56 25.51 3700 31.30 4540

90 28.41 4120 35.03 5080

 Prism Average 

Compressive 

Strength

 Grout Average 

Compressive 

Strength

5
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Since there was difficulty in assessing an appropriate strain rate at which to set the 

loading apparatus, specimens underwent changes in this rate apparent to trial breaks and was 

further refined as testing progressed.  Consistency and the effect of the rate was discovered 

during experimentation and not prior.  Some test specimens required greater strains in order to 

eliminate any settlement and subsequently time for loading making a 1 to 2 minute second half 

of loading difficult to predict.  When specimens undergo increased strain rates or receive loading 

quicker than anticipated, strengths should be elevated as indicated by Maurenbrecher’s testing 

procedures research and confirmed through a series of laboratory variable rate testing on CMUs 

[17].  Further, slower rates should induce lower compressive strengths.  Even with these 

accepted notions of loading rates, specimens did not necessarily perform in these manners.  A 

few specimens achieved higher, in relation to others of its kind, strength recordings while being 

tested for longer than average durations. 

Discrepancy with ultimate strength can further be attributed to machinery limitations and 

specimen fabrication methods when considering end bearing affects at the platens.  The lateral 

confinement at the tops and bottoms of the prisms increases the apparent compressive strength 

and changes the mode of failure to a shear mode which is not observed for walls or for prisms 

composed of more courses [15].  A shear failure mode was quite common.  While prism 

specimens do meet minimum height to width ratios for testing, perhaps adhering to the minimum 

number of courses rather than the maximum is not as representative of real construction.  It is 

important to note, however, that all specimens in testing undergo platen confinement and 

comparisons between them become more reasonable.  Grout specimens require at least a 2:1 

height to width ratio.  Core filled and extracted specimens were slightly below this requirement.  

Even with a satisfactory conversion comparison group, induced failure modes are quite different 

than of those projected and, based on observation, different than the failure of the grout within 
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the prisms.  Effects of removing the grout specimens from their CMU core molds are also 

unknown and it is unclear whether the conversion comparison group eliminated these effects. 

Fluctuation in the strength gain figures can be further attributed to researchers.  

Specimens were tested by a small group of students while methods remained similar, fatigue or 

imprecision with specimens can result in inaccurate assessments of strength.  For instance, 

misalignment of a specimen’s axes with that of the loading device, assuring platen 

maneuverability, or disturbance of a specimen, can all result in strength recording variations.  

The prisms were also handled to a greater extent than any of the other specimens.  Prisms 

weighed close to 36.3 kg (80 lb) and relocating and rotating were necessary for capping; 

incidental or unnoticed disturbances and induced moments on the assembly can break the 

chemical and physical bond between the mortar and the CMUs. 

The mortar of the prisms exists to provide uniform bearing and bond individual units into 

a composite assemblage [2].  The thicknesses of the mortar were, measuring at mid-length of 

each prism specimen, not uniform and the average mortar thickness was greater than the required 

10 mm (0.375 in) thickness.  A thicker mortar bed can correspond to a lower compressive 

strength [15].  The mortar thickness would be of greater concern had the prisms not attained 

minimum compressive strength or were not fully grouted.  Lower strengths can be attributed to 

the thickness of the mortar but it does not impact the conclusions of this thesis. 
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5 Conclusions 

5.1 Summary 

A prism testing scheme was devised to determine if the addition rates of supplemental 

cementitious materials to masonry grout could be increased to promote the economic and 

environmental benefits and feasibility of masonry construction.  Grouts with higher than 

currently allowed addition rates had previously been tested by the CMACN.  Grouts that do not 

meet the ASTM strength at a 28-day curing age or the proportioning requirements could be used 

in solidly grouted prisms to see if the assemblage could meet masonry strength minimums. 

Constituents of the masonry prisms were tested for the purpose of comparing their 

strength gain over time to that of the masonry prisms.  Simultaneous research conducted with 

mortar types N and S identical to this report’s scope as well as more expansive research on the 

seven variations of the grouts can be referenced.  Previous CMACN research and adherence to 

their material selection and ability to gather necessary materials narrowed the scope of this prism 

testing scheme.  This report focused on the compressive strength of masonry prisms.  Prism 

compressive strength testing should mimic the construction scenarios.  While the materials 

selected as representative of those used in California, Nevada, and Utah and methods of testing 

are consistent with the various codes and standard practices, prism failure modes under axial 

compression resembling that of failure found in concrete masonry walls are more accurately 

modeled with a larger height-to-thickness ratio than of that used in this testing scheme. 
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CMUs, type M mortars, grouts, and prisms were tested for strength against compressional 

loading.  Prism recorded data was modified to eliminate the effects of specimen settlement and 

irrelevant pre-loading stresses and strains; some discretionary practices are used.  All CMU, 

mortar, grout, and prism specimen recordings were used in computations of average compressive 

strengths to portray the most credible data and eliminate outliers while not advancing any 

preconceived agenda.  Averaged values of compressive strength are reported.  Grout specimen 

results are modified by a conversion factor determined by testing and comparing the ASTM 

standard method for testing masonry grout and the core-filled and extraction method employed 

in this testing scheme.  Prisms are further evaluated by reporting a failure mode.  Inconsistencies 

and discrepancies with the results are discussed at length. 

5.2 Findings 

The strength of the block is attributed to most of the strength of the prisms and should the 

prisms had not made strength a remedy of increasing the block strength could be employed.  Had 

the minimum compressive strength CMU been chosen the results could have changed 

significantly.  Mortar strength progresses to well over 10.3 MPa (1500 psi) within 14 days, 

which is all it must attribute to the prism strength to meet ƒ'm.  However, mortar in the prism is 

stronger than the cubed mortar specimens because water is absorbed by the units which reduces 

the water-cement ratio.  The mortar strength has effect on the prism compressive strength but at 

all times the mortar itself is not the factor that is the most hindering to the overall compressive 

strength in this experimentation. 

Grout types 1, 5, and 6 achieved the minimum 13.8 MPa (2000 psi) strength at 14 days 

and these grouts along with type 2 meet 28-day strength requirement.  All grouts eventually 

achieve this strength; however types 3 and 7 do this at 42 days.  The types that do not meet 
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strength at early ages also impede on the compressive strength of the prisms.  When the grout 

compliancy depends on both the ASTM Standards and that of the building code, with the 

specified compressive strength assumptions asserted in Section 4.7, the only code compliant 

grout is type 1.  Prisms with grout types 3, 4, and 7 have the lowest compressive strengths.  

Prisms with type 7 grout eventually gain equitable strength in comparison to hollow prisms at the 

latest age. 

Even with data inconsistencies as discussed in Section 4.8 of this report, all prisms, using 

a mean strength, attained the minimum specified compressive strength of masonry.  This strength 

was also achieved at 14 days after specimen construction, leading one to conclude that weaker 

grouts could be used and minimum strengths can still be reached.  Since a majority of the prisms 

were not using grouts up to code standards it is evident that the strength of the grout has small 

influence on the compressive strength of the masonry.  Since the masonry code intertwines the 

compressive strength of masonry with other aspects not related to compressive strength of 

masonry a solid, and singular conclusion about whether addition rates of supplementary 

cementitious materials to masonry grout can be increased based solely on this testing scheme is 

impossible.  Understanding that the assumptions of the masonry code in using ƒ'm rather than ƒ'g 

limit the strength of the grout to that of the masonry and thus limit the physical make-up of the 

grout. 

Relying on both grout and prism data the primary deduction that evolves is that there 

should be more distinctive and further unrelated ASTM standards for masonry grout and 

concrete.  Grout compressive strength testing determined by this research and by that of 

Twinning Laboratories conclusively indicates that larger addition rates of both fly ash and fly 

ash-slag to masonry grout is plausible and falls within the bounds of 28-day strength 

requirements.  Portland cement in concrete masonry grout can be replaced with 45 % class F fly 
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ash.  Portland cement in concrete masonry grout can be replaced with 25% class F fly ash and 50 

% ground granulated blast furnace slag for a total replacement of 75%.  Stretching of the allotted 

strength development time to 42 days can further increase these addition rates promoting 

extensive use of up to 55% replacement of Portland cement with fly ash and up to 85% of 

Portland cement with a fly ash-slag combination.  When strength development relies primarily 

on compressive strength alone or when time can be allocated to further strength development for 

the purpose of using higher addition rates to benefit both project costs and environmental efforts 

these increased addition rates can be used, advancing this tool in sustainable design for 

engineers. 

With the current masonry and ASTM specifications, the use of the supplementary 

cementitious materials of fly ash and slag should be more abundantly employed in masonry 

structures.  The strengths of the prisms in this experiment with code compliant grouts using the 

recycled materials are comparable to that of the control group with an all Portland cement based 

grout.  The current justification of not employing grouts with supplemental cementitious 

materials is the reliance on the unit strength method.  Straying from the unit strength method, the 

cost savings from reduce Portland cement contents can be even more dramatic with higher 

addition rates in the code as advocated above.  The costs referred to are monetary and not in 

terms of resources, as the use of the supplemental cementitious materials fly ash and slag have 

environmental benefits as well.  Straying from the unit strength method and using the prism test 

method will encourage grout designs that incorporate recycled materials producing masonry 

structures that are more environmentally responsible and cost conscious. 
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5.3 Recommendations for Further Research 

The Building Code Requirements and Specification for Masonry Structures employs the 

specified compressive strength of masonry throughout.  It is important that the results reported 

here are conservatively represented in the equations that employ ƒ'm.  Modulus of elasticity, 

nominal axial, shear, and combined strength of anchor bolts, axial, shear, and bearing strength, 

development length of reinforcing bars, unreinforced masonry, allowable forces, deflection, 

flexure, and shear equations all involve and rely on ƒ'm.  Since the code stipulates that the 

specified compressive strength of grout, ƒ'g, be at least that of ƒ'm further tests assuring that lower 

actual compressive strengths of grout, do not disrupt the intensions of reliable design with 

masonry code equations are necessary.  Prisms that approach the lower boundary strength would 

help to ensure that the grouts are stronger than the prisms and aid in code compliancy.  This 

could be achieved by experimenting with lower strength CMUs. 

Intentionally the water content was held constant and only adjusted to ensure that grouts 

would meet slumping requirements.  This deliberate addition of water made for direct 

comparisons of all grout types.  With the addition of the supplemental cementitious materials the 

slumps increased due to particle size and shape.  Future testing could limit the slumps of each 

grout variation to 200 mm (8 in) which would decrease the water cement ratio and increase 

strength while not inhibiting workability.  It could then be proved that by specifying and 

controlling slump that addition rates of supplemental cementitious materials could be increased 

further. 

Methods of mixing the grout batches can also be researchable to determine if the 

aggregates and fine particles of the cementitious materials are evenly distributed.  If during the 

mixing, water segregated or prevented a homogenous batch the potential for hydration and 

cementing is limited which would reduce compressive strengths.  This research limited the 
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quantities of fly ash in the fly ash-slag combination to 25% of the replacement cementitious 

material.  Fly ash-slag combinations in concrete have established guidelines for their respective 

addition rates.  However, high replacement proportioning and mixing must further be understood 

and re-explored in order to establish new replacement guidelines specified to masonry grout. 
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Appendix A. Supplement Test Data 

Table A-1:  CMU Dimension Measurements for Standardization 

 

 
 

(a)  Metric Units 

 

 
 

 

 

 

(b)  English Units 

 

 
 

 

 

 

 

Length Width Face 1 Face 2 Face 3 Face 4 Face 1 Face 2 Face 3 Face 4 Face 1 Face 2 Face 1 Face 2

# mm mm mm mm mm mm mm mm mm mm mm mm mm mm

1 19.4 19.4 192.9 192.1 193.7 193.7 194.5 193.7 194.5 194.5 33.5 32.9 45.7 45.3

2 18.7 19.2 193.7 193.7 194.5 193.7 195.3 194.5 195.3 192.9 33.5 32.5 45.7 45.3

3 18.5 19.8 193.7 193.7 194.5 193.7 195.3 195.3 195.3 193.7 33.7 32.5 45.9 46.4

4 18.8 19.7 193.7 192.9 192.9 192.9 195.3 194.5 193.7 193.7 33.1 33.4 45.2 47.0

5 17.8 19.8 193.7 193.7 193.7 192.9 194.5 194.5 195.3 194.5 33.5 33.4 45.3 46.4

6 18.2 19.5 193.7 192.9 193.7 192.9 195.3 194.5 195.3 193.7 35.2 35.1 48.7 47.1

Averages

Web (tw) 

Thickness (in)

Face Shell 

(tfs) Thickness 

19.1 193.4 194.5 33.5 46.2

Specimen

Groove 

Dimensions

Height (H) at Mid-Length/Mid-

Width

Length (L) /Width (W) at Mid-

Height (in)

Length Width Face 1 Face 2 Face 3 Face 4 Face 1 Face 2 Face 3 Face 4 Face 1 Face 2 Face 1 Face 2

# in in in in in in in in in in in in in in

1 0.8 0.8 7.6 7.6 7.6 7.6 7.7 7.6 7.7 7.7 1.3 1.3 1.8 1.8

2 0.7 0.8 7.6 7.6 7.7 7.6 7.7 7.7 7.7 7.6 1.3 1.3 1.8 1.8

3 0.7 0.8 7.6 7.6 7.7 7.6 7.7 7.7 7.7 7.6 1.3 1.3 1.8 1.8

4 0.7 0.8 7.6 7.6 7.6 7.6 7.7 7.7 7.6 7.6 1.3 1.3 1.8 1.8

5 0.7 0.8 7.6 7.6 7.6 7.6 7.7 7.7 7.7 7.7 1.3 1.3 1.8 1.8

6 0.7 0.8 7.6 7.6 7.6 7.6 7.7 7.7 7.7 7.6 1.4 1.4 1.9 1.9

Averages

Specimen

Groove 

Dimensions

Height (H) at Mid-Length/Mid-

Width

Length (L) /Width (W) at Mid-

Height (in)

Web (tw) 

Thickness (in)

Face Shell 

(tfs) Thickness 

0.8 7.6 7.7 1.3 1.8
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Table A-2:  Twining Laboratories Grout Specimen Compressional Strength Data Summary 

(English Units) 

 

 
 

 

 

 

Table A-3:  Determination of CMU Absorption, Density, and Moisture Content  

 

 
 

 

 

 

Table A-4:  Mortar Flow Data 

 

 
 

 

Age

100% 

Portland 

Cement

20% FA 

Replacement

30% FA  

Replacement

40% FA 

Replacement

50% FA 

Replacement

60% FA 

Replacement

50% FA & 

GGBFS 

Replacement

60% FA & 

GGBFS 

Replacement

70% FA & 

GGBFS 

Replacement

80% FA & 

GGBFS 

Replacement

days psi psi psi psi psi psi psi psi psi psi

7 2982.5 2780.0 2450.0 1540.0 1610.0 910.0 1890.0 2260.0 1940.0 1460.0

14 3285.0 2920.0 2970.0 2140.0 2090.0 1150.0 2890.0 3270.0 2770.0 1940.0

28 4062.5 3310.0 3830.0 2690.0 2880.0 1440.0 3310.0 3230.0 3410.0 2430.0

42 4175.0 3800.0 3880.0 3050.0 3130.0 1930.0 3660.0 4540.0 4210.0 2710.0

56 4300.0 4250.0 4650.0 3330.0 2960.0 2070.0 5010.0 4830.0 4260.0 3140.0

180 4120.0 5180.0 5670.0 4690.0 4330.0 3790.0 6210.0 6010.0 5260.0 3590.0

Specimen

Wr, 

Received 

Weight

Wi, 

Immersed 

Weight

Ws, 

Saturated 

Weight

Absorption
Moisture 

Absorbed

Moisture 

Content

# lb lb lb lb kg pcf g/cm3 % % pcf g/cm3 %

1 22.15 12.40 22.82 21.48 9.75 8.0 0.13 6.2 50.17 128.63 2.06 3.12

2 22.04 12.21 22.62 21.15 9.59 8.8 0.14 6.9 60.81 126.87 2.03 4.21

3 22.05 12.37 22.63 21.14 9.59 9.1 0.15 7.1 61.39 128.61 2.06 4.34

4 22.28 12.66 22.86 21.58 9.79 7.8 0.12 5.9 54.46 132.08 2.11 3.21

5 22.00 12.14 22.60 21.18 9.61 8.4 0.13 6.7 58.14 126.45 2.02 3.88

6 21.87 12.10 22.48 21.06 9.6 8.5 0.1 6.7 56.96 126.64 2.0 3.83

Averages 21.27 9.6 8.4 0.1 6.6 56.99 128.21 2.1 3.76

Wd, Dry 

Weight
DensityAbsorption

Mortar 

Type
Measurement

Diameter 

After 25 

Drops

Original 

Inside 

Diameter

Average 

Diameter 

Increase

Flow

# mm mm mm %

1 111.7

2 112.1

3 111.7

4 111.7

Average: 111.8

101.6 10.2 10.04M
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Table A-5:  Grout Control Group Result Summary 

 

 
 

 

 

 

 

 

Casting 

Method
Specimen

Compressive 

Strength

Coefficient 

of 

Variation

Method 

Conversion 

Factor

# psi MPa psi MPa psi %

1 4387.1

2 4252.7

3 4520.6

4 3156.7

5 4153.9

6 4100.6

7 4315.2

8 4103.4

9 4417.4

10 4740.5

11 1513.0

12 1260.8

1 3665.0

2 3817.2

3 1881.5

4 3296.8

5 3270.9

6 3481.6

7 3549.1

8 3674.3

9 3549.9

10 3353.5

11 3395.4

12 3479.7

Average Modified 

Compressive 

Strength

1.11

23.22 3367.9

Standard

Core-Filled

8.04

3.42

25.81 3743.5

Standard Deviation

1166.2

495.4

31.2

14.7
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Table A-6:  Average Prism Specimen Height and Mortar Thickness (Metric Units) 

 

 

 

 

 

 

 

Age days

Grout 

Type
Specimen

Average 

Height

Average 

Mortar 

Thickness

Average 

Height

Average 

Mortar 

Thickness

Average 

Height

Average 

Mortar 

Thickness

Average 

Height

Average 

Mortar 

Thickness

Average 

Height

Average 

Mortar 

Thickness

# mm mm mm mm mm mm mm mm mm mm

1 401.24 12.30 400.84 13.10 396.08 13.10 402.83 10.72 399.26 11.91

2 399.65 12.30 402.83 12.70 399.26 11.91 400.45 11.91 402.43 11.51

3 400.45 13.10 400.05 11.91 401.24 13.89 400.84 12.70 400.05 11.11

4 - - 400.45 13.49 400.84 9.92 399.65 13.49 400.05 12.30

1 404.81 13.10 403.62 13.89 403.23 15.88 402.43 11.51 396.48 12.70

2 404.81 13.89 403.62 13.89 400.84 13.49 403.62 11.51 398.46 11.91

3 403.62 11.11 404.81 15.08 398.86 12.70 401.24 11.51 400.05 11.91

4 - - 403.62 12.70 400.84 11.91 402.03 11.51 400.84 11.11

1 400.05 12.70 398.86 11.30 398.46 9.53 399.65 9.92 400.84 12.30

2 399.26 10.32 404.42 13.49 397.67 13.49 400.84 11.11 399.65 11.91

3 404.02 10.72 400.84 12.70 400.05 12.70 401.36 10.32 398.07 12.30

4 - - 406.00 11.91 400.05 13.49 400.05 10.72 402.03 12.30

1 406.00 14.68 400.84 11.11 398.46 12.30 403.23 11.91 404.02 13.89

2 406.40 14.29 411.56 13.10 403.62 12.70 399.26 9.92 398.86 11.51

3 404.02 13.49 406.80 16.67 396.88 12.70 400.05 11.91 401.64 12.70

4 - - 403.62 14.68 400.84 12.70 400.05 11.51 398.07 13.89

1 381.79 9.53 401.64 13.89 392.91 14.29 401.24 10.32 404.02 11.11

2 403.23 13.10 403.62 13.10 398.46 13.49 402.83 12.30 403.23 11.91

3 404.81 12.30 403.62 15.08 397.27 11.91 399.65 12.30 400.84 12.70

4 - - 403.62 13.89 400.05 11.91 399.65 9.53 402.03 11.51

1 405.21 15.08 400.84 12.70 400.84 11.91 401.64 12.30 400.05 8.73

2 406.40 13.49 402.03 12.70 398.46 11.91 401.64 12.70 402.83 9.92

3 406.00 14.29 398.86 12.70 400.05 12.70 399.26 12.30 403.23 10.72

4 - - 403.62 12.30 401.24 13.10 402.83 12.30 402.43 13.10

1 403.62 13.10 400.45 12.70 400.84 10.32 402.43 11.51 401.64 10.72

2 402.03 9.53 403.23 13.10 402.43 11.91 402.43 12.30 401.24 10.32

3 405.21 10.72 400.84 11.11 402.83 11.11 400.45 10.32 401.24 11.11

4 - - 404.02 12.30 399.26 11.91 397.67 9.92 401.24 10.72

1 402.83 12.70 403.23 13.89 399.26 11.11 403.62 11.11 406.40 13.49

2 403.23 12.70 401.24 11.51 402.43 12.70 400.05 11.11 403.23 13.89

3 402.83 11.91 402.82 19.84 401.11 12.70 402.43 12.30 400.45 11.91

4 - - 404.02 11.91 401.64 11.11 402.43 12.70 401.64 13.10

4

5

6

7

90

hollow

1

2

3

14 28 42 56
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Table A-7:  Average Prism Specimen Height and Mortar Thickness (English Units) 

 

 
 

 

 

 

 

 

Age days

Grout 

Type
Specimen

Average 

Height

Average 

Mortar 

Thickness

Average 

Height

Average 

Mortar 

Thickness

Average 

Height

Average 

Mortar 

Thickness

Average 

Height

Average 

Mortar 

Thickness

Average 

Height

Average 

Mortar 

Thickness

# in in in in in in in in in in

1 15.80 0.48 15.78 0.52 15.59 0.52 15.86 0.42 15.72 0.47

2 15.73 0.48 15.86 0.50 15.72 0.47 15.77 0.47 15.84 0.45

3 15.77 0.52 15.75 0.47 15.80 0.55 15.78 0.50 15.75 0.44

4 - - 15.77 0.53 15.78 0.39 15.73 0.53 15.75 0.48

1 15.94 0.52 15.89 0.55 15.88 0.63 15.84 0.45 15.61 0.50

2 15.94 0.55 15.89 0.55 15.78 0.53 15.89 0.45 15.69 0.47

3 15.89 0.44 15.94 0.59 15.70 0.50 15.80 0.45 15.75 0.47

4 - - 15.89 0.50 15.78 0.47 15.83 0.45 15.78 0.44

1 15.75 0.50 15.70 0.45 15.69 0.38 15.73 0.39 15.78 0.48

2 15.72 0.41 15.92 0.53 15.66 0.53 15.78 0.44 15.73 0.47

3 15.91 0.42 15.78 0.50 15.75 0.50 15.80 0.41 15.67 0.48

4 - - 15.98 0.47 15.75 0.53 15.75 0.42 15.83 0.48

1 15.98 0.58 15.78 0.44 15.69 0.48 15.88 0.47 15.91 0.55

2 16.00 0.56 16.20 0.52 15.89 0.50 15.72 0.39 15.70 0.45

3 15.91 0.53 16.02 0.66 15.63 0.50 15.75 0.47 15.81 0.50

4 - - 15.89 0.58 15.78 0.50 15.75 0.45 15.67 0.55

1 15.03 0.38 15.81 0.55 15.47 0.56 15.80 0.41 15.91 0.44

2 15.88 0.52 15.89 0.52 15.69 0.53 15.86 0.48 15.88 0.47

3 15.94 0.48 15.89 0.59 15.64 0.47 15.73 0.48 15.78 0.50

4 - - 15.89 0.55 15.75 0.47 15.73 0.38 15.83 0.45

1 15.95 0.59 15.78 0.50 15.78 0.47 15.81 0.48 15.75 0.34

2 16.00 0.53 15.83 0.50 15.69 0.47 15.81 0.50 15.86 0.39

3 15.98 0.56 15.70 0.50 15.75 0.50 15.72 0.48 15.88 0.42

4 - - 15.89 0.48 15.80 0.52 15.86 0.48 15.84 0.52

1 15.89 0.52 15.77 0.50 15.78 0.41 15.84 0.45 15.81 0.42

2 15.83 0.38 15.88 0.52 15.84 0.47 15.84 0.48 15.80 0.41

3 15.95 0.42 15.78 0.44 15.86 0.44 15.77 0.41 15.80 0.44

4 - - 15.91 0.48 15.72 0.47 15.66 0.39 15.80 0.42

1 15.86 0.50 15.88 0.55 15.72 0.44 15.89 0.44 16.00 0.53

2 15.88 0.50 15.80 0.45 15.84 0.50 15.75 0.44 15.88 0.55

3 15.86 0.47 15.86 0.78 15.79 0.50 15.84 0.48 15.77 0.47

4 - - 15.91 0.47 15.81 0.44 15.84 0.50 15.81 0.52

4

5

6

7

90

hollow

1

2

3

14 28 42 56
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Table A-8:  CMU Specimen Result Summary 

 

 
 

 

 

 

 

 

 

 

 

 

Test 

Period

Relative 

Age
Specimen

Compressive 

Strength

Compressive 

Strength 

Coefficient 

of Variation

# days # psi MPa psi MPa psi %

1 4063.0

2 3570.9

3 3415.2

1 3076.4

2 3027.6

3 4049.5

1 NA

2 3846.6

3 3855.6

4 3732.6

1 3787.5

2 3480.9

3 4373.0

4 3794.6

1 4127.1

2 4198.8

3 4037.6

4 3837.9

5 156.327.9 4050.4 1.190

28

141 338.125.4 3683.0

2 576.423.3 3384.5

Average 

Compressive 

Strength

68.526.3 3811.6

Compressive 

Strength 

Standard 

Deviation

2.3

4.0

3

4 372.626.6 3859.056

0.5

2.6

42

9.2

17.0

1.8

9.7

3.9
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Table A-9:  Hollow Prism Specimen Result Summary 

 

 
 

 

Table A-10:  Prism Type 1 Specimen Result Summary 

 

 

Age Specimen
Compressive 

Strength

Compressive 

Strenght 

Coefficient of 

Variation

days # psi MPa psi MPa psi %

1 3116.3

2 3364.7

3 3387.1

1 3191.4

2 2688.6

3 2835.5

4 2678.6

1 2834.9

2 3105.5

3 2136.1

4 3096.6

1 3060.3

2 3418.8

3 3352.8

4 3541.6

1 3854.3

2 3618.4

3 2912.2

4 3968.3

90 24.74 3588.3 3.27 473.7 13.2

56 23.05 3343.4 1.41 204.3 6.110

42 19.26 2793.3 3.14 455.8 16.317

28 19.64 2848.5 1.65 239.6 8.411

Average 

Compressive 

Strength

Compressive 

Strength Standard 

Deviation

14 22.68 3289.4 1.04 150.3 4.569

Age Specimen
Compressive 

Strength

Compressive 

Strenght 

Coefficient of 

Variation

days # psi MPa psi MPa psi %

1 3000.6

2 3335.7

3 3287.8

1 3066.4

2 2776.4

3 2826.6

4 2963.9

1 3459.2

2 3718.9

3 3385.1

4 3852.3

1 3789.7

2 4181.9

3 3625.0

4 3600.5

1 3553.7

2 3578.8

3 3710.8

4 3963.0

90 25.52 3701.6 1.29 187.4 5.1

56 26.20 3799.3 1.85 268.6 7.069

42 24.85 3603.9 1.51 218.9 6.074

28 20.05 2908.3 0.91 131.8 4.533

Average 

Compressive 

Strength

Compressive 

Strength Standard 

Deviation

14 22.12 3208.0 1.25 181.2 5.649
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Table A-11:  Prism Type 2 Specimen Result Summary 

 

 
 

Table A-12:  Prism Type 3 Specimen Result Summary 

 

 

Age Specimen
Compressive 

Strength

Compressive 

Strenght 

Coefficient of 

Variation

days # psi MPa psi MPa psi %

1 3000.6

2 3335.7

3 3287.8

1 2348.0

2 2246.7

3 2461.2

4 2461.2

1 2702.7

2 3002.2

3 3175.7

4 2991.7

1 2756.8

2 3370.0

3 2947.8

4 3074.0

1 3168.9

2 3722.8

3 3573.3

4 3559.5

90 24.17 3506.1 1.63 236.7 6.8

56 20.94 3037.1 1.77 257.4 8.475

42 20.46 2968.1 1.35 196.0 6.605

28 16.40 2379.3 0.71 103.3 4.340

Average 

Compressive 

Strength

Compressive 

Strength Standard 

Deviation

14 22.12 3208.0 1.25 181.2 5.649

Age Specimen
Compressive 

Strength

Compressive 

Strenght 

Coefficient of 

Variation

days # psi MPa psi MPa psi %

1 2184.3

2 1701.8

3 2543.9

1 2279.8

2 2420.3

3 2150.3

4 2196.9

1 2708.0

2 2689.6

3 2613.3

4 2431.9

1 2360.5

2 2323.9

3 2641.0

4 2870.9

1 3005.6

2 3219.9

3 3248.0

4 3005.6

90 21.51 3119.7 0.91 132.3 4.2

56 17.58 2549.1 1.77 257.1 10.086

42 18.00 2610.7 0.87 126.1 4.828

28 15.59 2261.8 0.82 118.5 5.238

Average 

Compressive 

Strength

Compressive 

Strength Standard 

Deviation

14 14.78 2143.3 2.91 422.5 19.714
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Table A-13:  Prism Type 4 Specimen Result Summary 

 

 
 

Table A-14:  Prism Type 5 Specimen Result Summary 

 

 

Age Specimen
Compressive 

Strength

Compressive 

Strenght 

Coefficient of 

Variation

days # psi MPa psi MPa psi %

1 2184.3

2 1701.8

3 2543.9

1 2266.7

2 2224.0

3 1966.3

4 1921.0

1 2457.8

2 1883.1

3 2724.5

4 1912.0

1 2458.3

2 2738.7

3 2830.7

4 2665.3

1 2986.6

2 2194.9

3 2655.8

4 2929.5

90 18.56 2691.7 2.49 361.3 13.4

56 18.43 2673.2 1.09 158.4 5.927

42 15.47 2244.3 2.86 415.2 18.498

28 14.44 2094.5 1.21 176.0 8.403

Average 

Compressive 

Strength

Compressive 

Strength Standard 

Deviation

14 14.78 2143.3 2.91 422.5 19.714

Age Specimen
Compressive 

Strength

Compressive 

Strenght 

Coefficient of 

Variation

days # psi MPa psi MPa psi %

1 2925.1

2 3055.6

3 3231.3

1 3514.1

2 3445.4

3 2849.7

4 3001.1

1 3691.7

2 3938.8

3 4062.0

4 NA

1 3650.4

2 3511.4

3 3755.4

4 3864.2

1 4262.1

2 3924.6

3 4035.3

4 4268.7

90 28.42 4122.7 1.18 170.9 4.1

56 25.48 3695.4 1.04 150.5 4.073

42 26.87 3897.5 1.30 188.6 4.839

28 22.08 3202.6 2.26 327.2 10.216

Average 

Compressive 

Strength

Compressive 

Strength Standard 

Deviation

14 21.17 3070.7 1.06 153.7 5.004
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Table A-15:  Prism Type 6 Specimen Result Summary 

 

 
 

Table A-16:  Prism Type 7 Specimen Result Summary 

 

 
 

Age Specimen
Compressive 

Strength

Compressive 

Strenght 

Coefficient of 

Variation

days # psi MPa psi MPa psi %

1 2459.0

2 2845.6

3 2878.1

1 2621.3

2 2751.0

3 2777.6

4 2580.9

1 3671.8

2 3294.9

3 3362.7

4 3599.7

1 3680.9

2 3229.8

3 2938.4

4 3475.0

1 3429.1

2 3725.9

3 3725.9

4 3621.7

90 25.00 3625.7 0.96 139.9 3.9

56 22.97 3331.1 2.21 320.2 9.613

42 24.01 3482.3 1.25 181.8 5.220

28 18.50 2682.7 0.66 96.3 3.589

Average 

Compressive 

Strength

Compressive 

Strength Standard 

Deviation

14 18.81 2727.6 1.61 233.1 8.548

Age Specimen
Compressive 

Strength

Compressive 

Strenght 

Coefficient of 

Variation

days # psi MPa psi MPa psi %

1 2677.0

2 2628.0

3 2534.4

1 2258.6

2 2384.1

3 2265.8

4 2216.8

1 3123.1

2 2868.2

3 2237.6

4 3046.4

1 3141.8

2 3033.5

3 3356.0

4 3446.6

1 3364.5

2 3437.3

3 3491.6

4 3645.0

90 24.03 3484.6 0.82 119.0 3.4

56 22.37 3244.5 1.31 190.0 5.857

42 19.44 2818.8 2.77 401.9 14.258

28 15.73 2281.3 0.50 71.8 3.149

Average 

Compressive 

Strength

Compressive 

Strength Standard 

Deviation

14 18.02 2613.1 0.50 72.5 2.773
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Table A-17 Mortar Cube Specimen Result Summary 

 

 
 

Table A-18:  Grout Type 1 Specimen Result Summary 

 

 

Age Specimen
Compressive 

Strength

Compressive 

Strenght 

Coefficient of 

Variation

days # psi MPa psi MPa psi %

1 3157.5

2 2442.5

3 2242.5

1 3090.0

2 2942.5

3 2287.5

1 3522.5

2 3827.5

3 2915.0

1 2905.0

2 2957.5

3 2140.0

1 3015.0

2 3785.0

3 2650.0

Average 

Compressive 

Strength

Compressive 

Strength Standard 

Deviation

14 18.02 2614.2 3.32 481.0

13.576

18.402

28 19.12 2773.3 2.95 427.2 15.402

42 23.59 3421.7 3.20 464.5

18.4

56 18.39 2667.5 3.15 457.6 17.154

90 21.72 3150.0 3.99 579.4

Age Specimen

Measured 

Compressive 

Strength

Amplified 

Compressive 

Strength

Compressive 

Strenght 

Coefficient of 

Variation

days # psi psi MPa psi MPa psi %

1 3020.9 3353.2

2 2386.1 2648.6

3 3211.1 3564.3

1 3288.3 3650.0

2 2950.6 3275.2

3 2940.7 3264.2

1 3041.7 3376.3

2 4056.3 4502.5

3 3436.4 3814.4

1 4186.0 4646.5

2 3714.6 4123.2

3 1688.5 1874.2

3520.0 3907.2

1 4204.3 4666.8

2 4171.7 4630.5

3 4091.4 4541.5

4 4313.3 4787.7

479.53.3

56

2.2102.00.7

Average 

Compressive 

Strength

Compressive 

Strength Standard 

Deviation

14.565

15.037

28 23.4 3396.5 1.5 219.7 6.467

42 26.9 3897.7 3.9 567.7

14

40.4901472.910.23637.825.1

4656.632.190

3188.722.0
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Table A-19:  Grout Type 2 Specimen Result Summary 

 

 
 

Table A-20:  Grout Type 3 Specimen Result Summary 

 

 

Age Specimen

Measured 

Compressive 

Strength

Amplified 

Compressive 

Strength

Compressive 

Strenght 

Coefficient of 

Variation

days # psi psi MPa psi MPa psi %

1 1119.0 1242.1

2 1230.0 1365.3

3 1178.5 1308.1

1 1967.2 2183.6

2 2068.3 2295.8

3 1592.4 1767.6

1 1255.2 1393.3

2 3008.1 3338.9

3 2193.5 2434.8

4 2768.4 3072.9

1 3067.5 3404.9

2 2893.7 3212.0

3 3099.7 3440.6

4 2952.6 3277.4

1 4686.1 5201.6

2 3699.3 4106.2

3 3580.9 3974.8

4 2891.7 3209.8

Average 

Compressive 

Strength

Compressive 

Strength Standard 

Deviation

4.720

28 14.4 2082.3 1.9 278.3 13.364

61.60.41305.29.014

4123.128.490

42 33.805865.46.0

0.7 107.2 3.216

19.9820.55.7

2560.017.7

56 23.0 3333.7

Age Specimen

Measured 

Compressive 

Strength

Amplified 

Compressive 

Strength

Compressive 

Strenght 

Coefficient 

of Variation

days # psi psi MPa psi MPa psi %

1 933.9 1036.6

2 1257.2 1395.5

3 790.3 877.2

1 1832.6 2034.1

2 1067.1 1184.4

3 1750.4 1942.9

1 2313.8 2568.4

2 2331.2 2587.6

3 2322.3 2577.7

4 2343.1 2600.8

1 2302.0 2555.2

2 2493.6 2767.9

3 2603.0 2889.3

4 2231.2 2476.6

1 3288.8 3650.6

2 3087.8 3427.4

3 2856.5 3170.8

4 3390.8 3763.8

Average 

Compressive 

Strength

Compressive 

Strength Standard 

Deviation

14 7.6 1103.1 1.8 265.5 24.066

28 11.9 1720.5 3.2 466.5 27.113

7.5

42 17.8 2583.6 0.1

90 24.2 3503.1 1.8 262.0

13.9 0.537

56 18.4 2672.2 1.3 190.0 7.109
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Table A-21:  Grout Type 4 Specimen Result Summary 

 

 
 

Table A-22:  Grout Type 5 Specimen Result Summary 

 

 

Age Specimen

Measured 

Compressive 

Strength

Amplified 

Compressive 

Strength

Compressive 

Strenght 

Coefficient of 

Variation

days # psi psi MPa psi MPa psi %

1 515.9 572.7

2 482.3 535.3

3 576.9 640.3

1 820.0 910.2

2 724.4 804.1

3 957.1 1062.4

1 1262.6 1401.5

2 1460.7 1621.4

3 1440.9 1599.4

4 1591.9 1767.0

1 1556.3 1727.5

2 1534.0 1702.7

3 1573.6 1746.7

4 1821.2 2021.5

1 2236.1 2482.1

2 2186.1 2426.6

3 2326.2 2582.1

4 2263.3 2512.3

Average 

Compressive 

Strength

Compressive 

Strength Standard 

Deviation

14 4.0 582.8 0.4 53.2 9.130

28 6.4 925.6 0.9 129.8 14.029

2.6

42 11.0 1597.3 1.0

90 17.2 2500.8 0.4 64.8

150.2 9.406

56 12.4 1799.6 1.0 149.0 8.281

Age Specimen

Measured 

Compressive 

Strength

Amplified 

Compressive 

Strength

Compressive 

Strenght 

Coefficient of 

Variation

days # psi psi MPa psi MPa psi %

1 2810.5 3119.6

2 1833.1 2034.7

3 2551.5 2832.2

1 1521.1 1688.4

2 2692.6 2988.8

3 2740.2 3041.6

1 4298.4 4771.2

2 3988.5 4427.2

3 4240.0 4706.4

4 3986.0 4424.4

1 3710.2 4118.3

2 4456.4 4946.6

3 4268.2 4737.7

4 3922.1 4353.5

1 4828.2 5359.3

2 5039.7 5594.0

3 3573.5 3966.6

4 4863.4 5398.4

Average 

Compressive 

Strength

Compressive 

Strength Standard 

Deviation

14 18.4 2662.2 3.9 562.1 21.114

28 17.7 2572.9 5.3 766.5 29.790

14.7

42 31.6 4582.3 1.3

90 35.0 5079.6 5.2 749.1

182.6 3.986

56 31.3 4539.0 2.6 372.8 8.214
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Table A-23:  Grout Type 6 Specimen Result Summary 

 

 
 

Table A-24:  Grout Type 7 Specimen Result Summary 

 

 

Age Specimen

Measured 

Compressive 

Strength

Amplified 

Compressive 

Strength

Compressive 

Strenght 

Coefficient of 

Variation

days # psi psi MPa psi MPa psi %

1 2579.2 2863.0

2 2355.4 2614.5

3 2399.5 2663.5

1 2055.4 2281.5

2 2265.8 2515.1

3 2587.2 2871.8

1 3180.4 3530.2

2 3075.9 3414.2

3 3258.1 3616.5

4 2844.6 3157.6

1 3251.2 3608.8

2 3709.2 4117.2

3 3362.1 3731.9

4 3435.4 3813.3

1 3991.4 4430.5

2 3915.7 4346.4

3 4169.7 4628.3

4 3907.2 4337.0

Average 

Compressive 

Strength

Compressive 

Strength Standard 

Deviation

14 18.7 2713.7 0.9 131.6 4.850

28 17.6 2556.1 2.0 297.3 11.630

3.0

42 23.6 3429.6 1.4

90 30.6 4435.6 0.9 135.2

199.4 5.814

56 26.3 3817.8 1.5 216.6 5.673

Age Specimen

Measured 

Compressive 

Strength

Amplified 

Compressive 

Strength

Compressive 

Strenght 

Coefficient of 

Variation

days # psi psi MPa psi MPa psi %

1 1418.1 1574.1

2 1188.9 1319.6

3 1337.4 1484.5

1 1709.8 1897.8

2 1545.9 1715.9

3 1386.4 1538.9

1 1848.9 2052.3

2 2031.6 2255.1

3 2080.1 2308.9

4 1828.6 2029.7

1 2175.7 2415.0

2 2249.5 2496.9

3 2050.9 2276.5

4 2274.7 2524.9

1 2481.7 2754.7

2 2400.0 2664.0

3 2275.7 2526.0

4 2420.3 2686.5

Average 

Compressive 

Strength

Compressive 

Strength Standard 

Deviation

14 10.1 1459.4 0.9 129.1 8.845

28 11.8 1717.6 1.2 179.5 10.448

3.6

42 14.9 2161.5 1.0

90 18.3 2657.8 0.7 95.9

141.2 6.531

56 16.7 2428.4 0.8 111.4 4.589
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Figure A-1:  Hollow Prism Specimens 1-3 @ 14 Days Stress vs. Strain 
 

 

 

 
 

Figure A-2:  Prism Specimens 1-3 Type 1 @ 14 Days Stress vs. Strain 
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Figure A-3:  Prism Specimens 1-3 Type 2 @ 14 Days Stress vs. Strain 
 

 

 

 
 

Figure A-4:  Prism Specimens 1-3 Type 3 @ 14 Days Stress vs. Strain 
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Figure A-5:  Prism Specimens 1-3 Type 4 @ 14 Days Stress vs. Strain 
 

 

 

 
 

Figure A-6:  Prism Specimens 1-3 Type 5 @ 14 Days Stress vs. Strain 
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Appendix B. Compressive Strength Specimen Pictures 

    
 

(a)  Face 1 

 

(b)  Face 2 

 

(c)  Face 3 

 

(d)  Face 4 

Figure B-1:  Hollow Prism Specimen 1 @ 14 Days After Failure 

 

    
 

(a)  Face 1 

 

(b)  Face 2 

 

(c)  Face 3 

 

(d)  Face 4 

Figure B-2:  Hollow Prism Specimen 2 @ 14 Days After Failure 
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Not Available 

 

(a)  Face 1 

 

(b)  Face 2 

 

(c)  Face 3 

 

(d)  Face 4 

Figure B-21:  Prism Specimen 2 Type 7 @ 14 Days After Failure 

 

    
 

(a)  Face 1 

 

(b)  Face 2 

 

(c)  Face 3 

 

(d)  Face 4 

Figure B-22:  Prism Specimen 3 Type 7 @ 14 Days After Failure 

 

    
 

(a)  Face 1 

 

(b)  Face 2 

 

(c)  Face 3 

 

(d)  Face 4 

Figure B-23:  Hollow Prism Specimen 1 @ 28 Days After Failure 

 


