Effect of Aggregate Gradation on the Workability of Fresh Concrete: A Compacting Factor Test Study
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Abstract
This study investigated the effect of aggregate gradation on the workability of fresh concrete by performing a compacting factor test. Two concrete samples were prepared: Sample 1 used a well-graded mixture of fine and coarse aggregate (mix ratio 1:2:4, water-cement ratio 0.5), and Sample 2 used a single-sized (uniformly graded) coarse aggregate only (mix ratio 1:4, water-cement ratio 0.3). Compacting factor values of 0.986 and 0.813 were recorded for Samples 1 and 2 respectively, a difference of 0.173, confirming that well-graded aggregate produces markedly higher workability than uniformly graded aggregate. The high compacting factor recorded for Sample 1 falls at the boundary of the valid range specified in BS 1881-103, which is discussed as a methodological finding rather than a simple measurement anomaly. Limitations arising from the simultaneous variation of water-cement ratio and mix proportion between samples are also discussed, along with recommendations for a more tightly controlled follow-up test.
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1. Introduction
Workability is a fundamental property of fresh concrete, governing the ease with which a mix can be transported, placed, compacted, and finished without segregation or loss of homogeneity. Among the factors influencing workability, the particle size distribution or gradation of the aggregate is one of the most significant.
Well-graded aggregates contain a continuous range of particle sizes, in which smaller particles fill the voids left between larger ones. This packing effect reduces the total void content of the mix and allows particles to move past one another more freely during placement, effectively acting as ball bearings within the mix and reducing the water and paste demand needed to achieve a given consistency. Uniformly (single-sized) graded aggregates, by contrast, leave larger inter-particle voids and generate greater internal friction, which tends to reduce workability for an equivalent mix design.
This study investigates that relationship experimentally, using the compacting factor test to quantify the difference in workability between a well-graded and a uniformly graded aggregate sample.
2. Materials and Methods
2.1 Mix Proportions
Two concrete samples were prepared for comparison:
1. Sample 1 (Well-graded): cement, fine aggregate and coarse aggregate in a 1:2:4 ratio (1000 g : 2000 g : 4000 g), with a water-cement ratio of 0.5 (500 mL water).
1. Sample 2 (Uniformly graded): cement and coarse aggregate only, in a 1:4 ratio (1000 g : 4000 g, no fine aggregate), with a water-cement ratio of 0.3 (300 mL water).
Note on mix design: because the water-cement ratio and overall mix proportion were also changed between Sample 1 and Sample 2 in addition to the aggregate gradation, this comparison reflects the combined effect of gradation, paste volume and water content rather than gradation in isolation. This is addressed further in Section 5 (Limitations).
2.2 Apparatus
1. Compacting factor apparatus (upper hopper, lower hopper, and cylinder)
1. Weighing balance
1. Tamping rod
1. Trowels
1. Measuring cylinder
2.3 Test Procedure
The compacting factor test was carried out in accordance with the method described in BS 1881-103, as follows:
1. The internal surfaces of the hoppers and cylinder were cleaned and lightly oiled.
1. The dry constituents (cement, fine aggregate where applicable, and coarse aggregate) were weighed and mixed thoroughly, with water added gradually to produce a homogeneous fresh concrete mix.
1. The sample was placed gently into the upper hopper using a hand scoop, without compaction.
1. The trapdoor of the upper hopper was opened, allowing the concrete to fall freely into the lower hopper.
1. The trapdoor of the lower hopper was then opened, allowing the concrete to fall into the cylinder, producing a partially compacted sample.
1. Excess concrete was struck off level with the top of the cylinder, and the weight of the partially compacted concrete was recorded.
1. The cylinder was emptied and refilled with the same mix in four layers, each heavily tamped to achieve full compaction, and the weight of the fully compacted concrete was recorded.
The compacting factor was then calculated as the ratio of the weight of partially compacted concrete to the weight of fully compacted concrete.
3. Results
Table 1 summarizes the measured weights and computed compacting factors for both samples.
	Sample
	W1 (g)
	W2 (g)
	W3 (g)
	W2−W1 / W3−W1 (g)
	Compacting Factor

	01. Well-graded
	3250
	10550
	10650
	7300 / 7400
	0.986

	02.  Uniformly graded
	3250
	6750
	7550
	3500 / 4300
	0.813



Difference in workability between the two samples (CF₁ − CF₂) = 0.986 − 0.813 = 0.173.
4. Discussion
The results support the expected relationship between aggregate gradation and workability: Sample 1 (well-graded) recorded a substantially higher compacting factor than Sample 2 (uniformly graded), consistent with the theory that smaller particles filling the voids between larger ones reduce internal friction and improve flow.
Notably, BS 1881-103 states that the compacting factor test is not considered suitable for concrete with a measured compacting factor below 0.70 or above 0.98. The Sample 1 result of 0.986 falls essentially at this upper boundary, indicating that the mix was at or beyond the edge of the test's valid measurement range rather than simply reflecting experimental error. This is a more precise explanation for the high result than measurement imprecision alone, and is worth highlighting as a methodological observation for future trials using similarly rich, well-graded mixes.
It should also be noted that Sample 2 was not a gradation only variant of Sample 1: it used a different mix ratio (1:4 rather than 1:2:4, with no fine aggregate) and a lower water-cement ratio (0.3 rather than 0.5). Both of these differences independently reduce workability, in addition to the effect of gradation itself. As a result, the measured 0.173 difference in compacting factor should be interpreted as the combined effect of gradation, paste content, and water-cement ratio, rather than the isolated effect of aggregate gradation.
5. Limitations
1. Each sample was tested once; no replicate trials were performed, so the repeatability of the results is not established.
1. Water-cement ratio and mix proportion were varied simultaneously with aggregate gradation between the two samples, confounding the comparison.
1. No complementary workability test (e.g. slump test) was performed to cross-validate the compacting factor results.
1. Testing was conducted at small laboratory scale under controlled conditions and may not directly represent field batching and placement conditions.
6. Conclusion
Within the scope of this study, well-graded aggregate produced a markedly higher compacting factor (0.986) than uniformly graded aggregate (0.813), a difference of 0.173, confirming that aggregate gradation has a substantial effect on the workability of fresh concrete. The high compacting factor for the well-graded sample coincided with the upper edge of the standard's valid measurement range, which better explains the anomaly noted during testing than measurement error alone. Because water-cement ratio and mix proportion were also varied between samples, a follow up study holding these parameters constant while varying only aggregate gradation is recommended to isolate its effect more precisely.
References
British Standards Institution. (1993). BS 1881-103:1993, Testing concrete, Part 103: Method for determination of compacting factor. BSI.
Neville, A. M. (2011). Properties of Concrete (5th ed.). Pearson Education.
