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1 Introduction
For nearly a century, American and international cement specifications have relied on standard mortar cube tests to control the strength-producing characteristics of cement. The compressive strength of mortar is used by cement manufacturers to monitor product quality, and concrete producers frequently use these mortar strengths to estimate the probable performance of cement in concrete . This practice rests on an implicit assumption: that a cement which produces strong mortar will also produce strong concrete.
Yet this assumption has been questioned repeatedly. Cement manufacturers are often reluctant to assume that mortar strengths bear any formal relationship to strength performance in concrete . The question of whether cement strength and concrete strength are truly correlated—or whether the relationship is weak, indirect, or contingent on multiple intervening factors—has significant practical implications for quality control, mix design, and specification writing. This report investigates the nature and extent of the relationship between cement strength and concrete strength, drawing on decades of experimental research and statistical analysis.
2 Historical Context and Early Investigations
2.1 Origins of the Mortar Strength Test
The use of mortar cube tests for cement quality control dates to the early twentieth century. The fundamental rationale is practical: mortar specimens are smaller, easier to prepare, and less variable than concrete specimens, making them suitable for routine testing in cement plants and laboratories . American specifications for Portland cement require the crushing of mortar cubes for compressive strength of cement and the breaking of cylinder specimens for compressive strength of concrete .
2.2 Early Skepticism
As early as the 1920s, researchers recognized that the relationship between cement strength and concrete strength was not straightforward. Studies conducted by the U.S. Geological Survey and Bureau of Standards examined the strengths of neat cement, mortar, and concrete mixtures, noting that aggregates play a critical role in determining concrete strength that is independent of cement quality . The same cement could produce markedly different concrete strengths depending on the aggregate used, its grading, cleanliness, and surface characteristics.
3 The Landmark ASTM Study (1974)
3.1 Study Design
The most comprehensive investigation of cement-concrete strength correlation was conducted by Weaver, Isabelle, and Williamson and published in 1974 . The research involved 42 job cement samples and twelve repetitions of a monitor cement. Each cement was tested in mortar using standard 3, 7, and 28-day strength tests, a repeat of the 28-day test, and two accelerated strength tests. The corresponding cements were tested in cylinders of ready-mixed concrete, sampled at both the batching plant and the job site .
The study design was unusually rigorous. The same cements were used in two additional concrete batches at the research laboratory: one using job mix proportions and one using a standard formulation. Both batches used job sand and gravel, ensuring that the comparison reflected realistic material combinations. Test specimens were broken at 7 and 28 days, with some specimens also subjected to accelerated curing .
3.2 Findings
The preliminary phase of the study, involving sixty samples, showed a significant correlation between mortar and concrete strengths but indicated a very low order of confidence . The more extensive research confirmed the existence of correlations but also revealed substantial scatter. The study produced 25 tables of data, 13 tables of processed information, and 18 figures, documenting the many relationships—mortar/mortar, concrete/concrete, and mortar/concrete—that emerged from the analysis .
The researchers concluded that while correlations exist, they are not sufficiently strong to permit confident prediction of concrete strength from mortar strength alone. The relationship is mediated by numerous factors that operate independently of cement quality.
4 Contemporary Perspectives and Modern Research
4.1 The ASTM Cement and Concrete Reference Laboratory Data
Gaynor (1993) reviewed the 1974 study alongside extensive data from the ASTM Cement and Concrete Reference Laboratory's reference sample programs . His analysis reached a more optimistic conclusion than the original researchers: the standard ASTM compressive strength and air content methods were found to correlate quite well with cement performance in concrete, provided that steps are taken to avoid the variability associated with reliance on tests of single batches .
This finding suggests that the apparent weakness of the correlation in individual studies may be partly attributable to sampling and testing variability rather than to a fundamental absence of relationship. When averaged over multiple batches, the cement-concrete strength relationship becomes more reliable.
4.2 Linear Correlation in Controlled Studies
A more recent study from the Universidade do Minho investigated the compressive strength of mortar and concrete specimens cured at different ages . The experimental program defined mortar mixes equivalent to concrete mixes and evaluated the compressive strength of both. The results indicated a good linear correlation between the compressive strength of mortar and the corresponding concrete. The researchers concluded that trial laboratory testing of mortar mixes may be used for prediction of corresponding concrete mixes .
This finding is consistent with the view that under controlled laboratory conditions, with carefully matched materials and proportions, the mortar-concrete relationship can be sufficiently strong to support predictive use.
4.3 Rheological and Pozzolanic Influences
Research by da Silva et al. (2015) examined the correlation between mortar and concrete behavior using rheological analysis . Formulations containing metakaolin showed a linear correlation between the compressive strength of mortars and corresponding concretes, with mortar strength values at approximately 84% of the corresponding concrete strength. For compositions with diatomite, where workability was adjusted with a water-reducing agent, mortar strengths were approximately 85% of concrete strengths, though without a linear correlation .
This study highlights an important nuance: the nature of the correlation depends on the specific supplementary cementitious materials and admixture combinations used. The relationship is not universal but material-specific.
5 Factors Mediating the Relationship
5.1 Aggregate Characteristics
The single most important factor that differentiates concrete from mortar is the presence of coarse aggregate. Aggregate characteristics—including strength, grading, surface texture, shape, and cleanliness—exert a controlling influence on concrete strength that is independent of cement quality . A weak or poorly graded coarse aggregate can limit concrete strength regardless of the cement's mortar strength.
5.2 Mix Proportions and Water Content
The water-to-cement ratio is the dominant factor controlling concrete strength. In concrete, water content is often adjusted at the batching plant to achieve target workability, which may differ from the water content used in standard mortar tests. This divergence in water content introduces variability that weakens the mortar-concrete correlation.
5.3 Curing and Temperature History
The maturity concept holds that concrete strength is a function of the cumulative temperature-time history. Research at the National Bureau of Standards demonstrated that the strength-maturity relationship is not unique: concrete cured at different temperatures can achieve different strengths at equivalent maturity values . Mortar specimens in laboratory tests experience different temperature histories than field concrete, further complicating the relationship.
6 Practical Implications
6.1 Use of Mortar Strength for Quality Control
Despite the limitations, mortar strength testing remains the standard method for cement quality control. It provides a consistent basis for comparing cements from different sources and detecting variability in cement production . The ASTM reference sample program demonstrates that mortar strength data, when properly collected and analyzed, provide meaningful information about cement performance.
6.2 Limitations for Concrete Strength Prediction
The evidence indicates that mortar strength should not be used as a sole predictor of concrete strength for specific mix designs. The 1974 ASTM study, despite finding statistically significant correlations, concluded that confidence in the relationship was low for individual predictions . Concrete producers who use mortar strength to estimate concrete performance do so with the understanding that the prediction carries substantial uncertainty.
6.3 The Importance of Full-Scale Testing
For critical applications, full-scale concrete trial mixes remain essential. The mortar test provides information about cement quality, but the complex interactions among cement, aggregate, admixtures, and curing conditions that determine concrete strength can only be captured through testing of the actual concrete mixture.
7 Conclusion
The relationship between cement strength and concrete strength is real but conditional. Decades of research, beginning with systematic studies in the 1920s and culminating in the comprehensive ASTM investigation of 1974, have established that a correlation exists but that its strength and reliability depend heavily on the conditions under which it is measured.
Under controlled laboratory conditions, with carefully matched materials and proportions, mortar strength can provide a reasonable prediction of concrete strength, with mortar strength typically ranging from 84% to 85% of corresponding concrete strength . Under field conditions, where aggregate variability, water content adjustments, and curing differences intervene, the relationship weakens substantially.
The practical conclusion is nuanced. Mortar strength testing remains an indispensable tool for cement quality control and for detecting changes in cement performance. It provides a standardized, reproducible measure that is valuable for specification compliance and manufacturing consistency. However, mortar strength should not be treated as a direct proxy for concrete strength. The prediction of concrete strength requires consideration of the full range of materials and conditions that influence the final product. The relationship between cement strength and concrete strength is best characterized not as a dichotomy but as a correlation whose strength varies with the context in which it is applied.
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