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Abstract

This study investigates the effects of Hydroxypropyl Methylcellulose (HPMC) on the fresh and hardened
properties of Self-Compacting Concrete (SCC). A standard SCC mix design was modified by incorporating
varying dosages of HPMC to evaluate its influence. Fresh state properties were evaluated using Slump Flow, V-
Funnel, and L-box tests, while Compressive and Tensile strengths were assessed after hardening. A Concrete Prism
Elongation Test was also conducted on hardened specimens to monitor the changes in length over time. The
findings highlight that HPMC improves viscosity, cohesion, minimizes bleeding and segregation, and enhances
workability, with a clear correlation between fresh properties and mechanical strength. These results suggest that
HPMC can effectively optimize SCC performance for practical applications.

Keywords: hydroxypropyl methylcellulose (HPMC), self-compacting concrete (SCC), viscosity modification,
rheological properties

1 Introduction

Self-compacting concrete (SCC), also referred to as “Self-Consolidating Concrete” and “High-Performance
Concrete”, is an advanced type of concrete that can flow and fill gaps of intricate geometrical configurations under
its mass without any need for vibration or compaction during the pouring process. This saves time, reduces overall
cost, improves the working environment, and opens the way for the automation of concrete construction ( Okamura
and Ouchi, 1999; Zhu and Gibbs, 2005; Uysal and Tanyildizi, 2011). Benefits of using SCC also include improving
homogeneity of concrete production and the excellent surface quality without blowholes (Ouchi et al., 2003).
Okamura and Ouchi are the pioneers of the development of the SCC mix design method (Okamura and Ouchi,
1999).

Self-compacting concrete (SCC) mixes typically utilize a large quantity of powder materials and/or viscosity-
modifying admixtures and require the application of a powerful superplasticizer to produce a highly fluid concrete
mix (Okamura & Ouchi, 2003). The application superplasticizer helps produce a fluid concrete mix while the
powder materials/viscosity-modifying admixtures increase mix stability and overall cohesion, reducing bleeding,
segregation, and settlement (Zhu and Gibbs, 2005). HPMC, or Hydroxypropyl methylcellulose, is the most widely
used cellulose derivative as a viscosity-modifying admixture (VMA) in SCC technology (Bulichen and Plank,
2013). HPMC is known to significantly affect not only the fresh properties of concrete but also its hardened
properties, making it a multifunctional additive.

HPMC delays cement hydration by forming a barrier on cement particles and competes with polycarboxylate ether
(PCE) superplasticizers for adsorption sites (Guan et al., 2023). This promotes water retention, increases plastic
viscosity, prevents segregation, and delays early hydration, significantly improving the workability of concrete
and enabling easier placement (Pourchez et al., 2006; Zhang et al., 2018; Govin et al., 2016). High water retention
also enhances cement hydration and reduces the absorption of mixing water. This provides the mortar with good
mechanical and adhesive properties. However, some studies (Yalginkaya, 2022; Chaves et al., 2019) suggest that
higher dosages of HPMC can lead to increased porosity. This negatively impacts the mechanical properties of
concrete, especially early-stage compressive strength. It is also important to note that adding excessive HPMC can
increase air entrainment. Excessive air entrainment can negatively impact the density and setting time of concrete.
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2 Experiments

2.1 Materials
The materials used for the experiments are given in Table 1.

Table 1. Material used

Material Type Description
Cement Portland Composite Cement (PCC)

Fine Aggregate Sylhet Sand 10 mm Sieve Passing

Coarse Aggregate Crushed stone with a nominal maximum size of 19.05 mm (0.75 in)

Water Clean, potable water is used for both mixing and curing

Superplasticizer Polycarboxylate ether (PCE)-based high-range water-reducing admixture

Viscosity-Modifying Agent (VMA) Hydroxypropyl Methylcellulose

Fly Ash Class F Fly Ash (Specific Gravity of 2.3)

In this experiment, all the materials were procured from local sources, and their properties were tested in the
laboratory to establish the parametric requirements.

2.2 Mixture Preparation and Testing Procedure
Mix ratio used for the testing procedures are given in Table 2.

Table 2. Mix ratio (kg/m®)

. Coarse .
Cement Fine Aggregate Aggregate Water Fly Ash Superplasticizer
360 1113 862 206 262 10

A total of six different mixes were used. Where other parameters were kept constant, and varying dosages of
HPMC were used to investigate the optimum amount of HPMC. For each mix type, a total of 6 cylinders were
molded, and approximately 28 kg of concrete mix was used per trial mix.

In Table 3, the varying dosages of HPMC are shown.

Table 3. Dosages of HPMC

Trial No T1 T2 T3 T4 T5 T6

HPMC

Dosages 0.05 0.075 0.10 0.10 (+ 0.015 Retarder) 0.15 0.20
(%)

2.3 Experimental Program

For the preparation of testing specimens, the mix ratio was kept constant, and only the HPMC dosages were
changed for each trial. The mix was prepared by hand-mixing. T1 had the least HPMC (0.05%) while T6 had the
highest dosage of HPMC (0.20 %). Both the FA and CA were mixed in a saturated surface dry (SSD) condition to
prevent them from absorbing water from the mix. The superplasticizer was used at 2.70 % by weight of cement.
All the materials except SP, VMA, and water were dry mixed. SP and HPMC were mixed with water and added
progressively. The mixing was done until a homogeneous flowable mixture was achieved. Different tests were
performed to assess both the rheological and hardened properties of the concrete. In the Fresh state, slump flow,
L-Box, and V-Funnel tests were performed to assess the rheological properties. Whereas for the hardened property
assessment, Compressive strength test, Split tensile test, and Prism elongation test were performed. Fresh concrete
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was poured into molds (100mm X 200mm cylinders) without vibration to produce specimens for compressive and
tensile testing. The specimens were demolded after 24h and water-cured for 7, 14, and 28 days. Quality control
was maintained throughout by observing the consistency and workability of the mix before casting. Specimens for
the Prism elongation test were prepared following the selected mix ratio, excluding CA. These specimens were
also demolded after 24h and left to cure for 2, 4, and 6 days.

3 Results and Discussion
The test results from different experiments are mentioned in Table 4.

Table 4. Fresh and Hardened Property Test Results

th i th i
Slump Flow  V-Funnel L -box Avg. 28" day Compressive 28" day Tensile

Trial no. (mm) (sec.) (H2/H1) Shr(i(;olgage SZKﬁgggh SZKﬁgggh
T1 647.7 26 0.23 0.43 28 2.6
T2 675.64 18 0.35 0.33 22 2.92
T3 596.9 25 0.5 1.17 24 2.26
T4 666.75 16 0.83 1.31 21 2.43
T5 641.35 11 0.89 0.29 14 1.59
T6 631.19 31 0.97 0.75 25 2.43

3.1 The Effect of HPMC on the Bleeding Rate of Self-Compacting Concrete

SCC Mix with HPMC (0.2%)

Figure 1. Effect of HPMC.

Figure 1. illustrates the significant improvement in slurry flowability with the addition of 0.2% HPMC. From
visual observation, it is evident that the mix lacking HPMC exhibited a higher rate of water seepage. This decreases
concrete cohesiveness leading to the coarse aggregates separating from the rest of the mix. This can result to
honeycombing in the hardened state, which is very detrimental to the concrete's hardened properties. On the other
hand, the mix containing 0.2% HPMC exhibited no signs of bleeding, resulting in a much more cohesive mix and
the best fresh quality. This allows for a better flowing capacity, which is the main focus of developing a Self-
compacting concrete mix. This observation clearly indicates that HPMC increases the overall cohesiveness of a
concrete mix, which inevitably solves the bleeding issue.
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3.2 The Effect of HPMC on the Flowability of Self-Compacting Concrete
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Figure 2. Slump flow test results. Figure 3. V-funnel test results.
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Figure 4. L-box test results.

The purpose of Viscosity Modifying Agents (VMA), such as HPMC, is to modify the viscosity of a mix. Figure 2
represents the Slump Flow of SCC mix incorporating varying content of HPMC. Figure 2 shows that with an
increasing dosage of HPMC, the size of the slump flow diameter decreases, following the EFNARC (2005)
standard for slump flow (from 650 mm to 800 mm). This indicates that increased dosages of HPMC also cause an
increase in viscosity. This can also be confirmed through visual observation. The V-funnel test results are portrayed
in Figure 3. According to EFNARC (2005), SCC mixes with a flow time between 9-25 seconds is classified as
VF2. VF2 has no upper-class limit, but with increasing flow time, it is expected to improve segregation resistance.
Negative effects may be experienced regarding surface finish (blow holes) and sensitivity to stoppages or delays
between successive lifts. In Figure 4, a ratio (H1/H2) was used to express the L-box test results. Out of all the values
shown in Figure 4, only T4, T5, and T6 conform to the EFNARC (2005) standard range of 0.8-1.0. This proves
that with increased application of HPMC, the SCC properties of the mix show improvement. In conclusion, the
Fresh property test results demonstrate that with higher dosages of VMA, viscosity increases, leading to a better
cohesive mix with no bleeding. However, when HPMC content exceeds a certain level, the flowability of the mix
decreases.
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3.3 The Effect of HPMC on the Compressive and Tensile Strength of Self-Compacting Concrete
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Figure 5. Compressive strength test
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Figure 6. Split tensile test results.

The graphs for both compressive and tensile strength display a trend of decreasing strength with increasing dosages
of HPMC. This kind of effect of VMA is supported by many articles (Grabiec, 2013; Lachemi et al., 2004).
However, a peak in both compressive and tensile strength can be noted for T6 in both Figure 5 and Figure 6.

3.4 The Effect of HPMC on the Shrinkage Ability of Self-compacting Concrete

Prism Elongation Test
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Figure 7. Prism elongation test results.

Prism elongation test results of SCC mix, excluding Coarse Aggregate with varying dosages of HPMC, are
presented in Figure. 7. The prism elongation test assesses whether the hardened sample undergoes elongation. An
increased powder content in SCC raises concerns about shrinkage, which may lead to cracking. The highest

measured shrinkage was 2.12% on Day 2 for T4.
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4 Conclusions

Through result analysis, a clear inverse relationship was noted between the fresh properties and the hardened
properties. In Fresh state, HPMC alters the rheological behavior of a concrete paste by increasing both the yield
stress and plastic viscosity of the paste. The increased viscosity of the mix enhances cohesiveness and prevents
segregation. In the case of Hardened properties, HPMC's influence is more complex and depends heavily on its
dosage. Its excellent water retention capabilities allow for a reduction in water loss during curing, which promotes
cement hydration. This directly contributes to a denser microstructure and improves durability. This enhanced
microstructure thus improves concrete’s impermeability, crack resistance (including plastic shrinkage and dry
shrinkage cracks), and resistance to chemical attack and freeze-thaw cycles. HPMC forms a film during hardening.
This helps bridge the aggregates and the cement matrix.

Whereas the incorporation of HPMC improved concrete’s workability by making the mix more cohesive, it
hindered its mechanical performance by compromising its compressive and tensile strength. However,
improvement in mechanical properties was observed at the highest dosage level. So, it can be assumed that further
application of HPMC could enhance its hardened properties.
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