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ABSTRACT 

This study investigates the effect of the NH-1 set accelerator on the fresh and hardened properties of foam 

concrete with a target wet density of 1000 kg/m³. Four mixes were prepared with NH-1 dosage levels of 

0%, 1%, 2%, and 3% by weight of binder. The fresh and mechanical properties, including workability, 

setting time, compressive strength, flexural strength, and splitting tensile strength, were evaluated at 7 and 

28 days. The mixed design incorporated additives to improve its stability and mechanical integrity, 

including a foaming agent and reinforcing fibers. The results showed that increasing the NH-1 content 

reduced the setting time and improved the early-age mechanical strength. The optimum performance was 

observed at 2% NH-1, which exhibited the highest compressive and flexural strength. The findings suggest 

that NH-1 effectively enhances the foam concrete performance when optimized. 
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I. INTRODUCTION  

Foam concrete, also known as Cellular Lightweight 
Concrete (CLC), is a versatile, cement-based material 
recognized for its low weight, ease of placement, and excellent 
thermal and acoustic insulation. Its sustainable nature, due to 
reduced material consumption, makes it a popular choice for 
non-structural applications, such as void filling, floor leveling, 
and thermal insulation panels [1]. However, its broader use in 
structural applications remains limited due to challenges, like 
low early-age strength, slow setting times, and high porosity 
[2]. To address these issues, the modification of foam concrete 
mixtures with supplementary cementitious materials, fibers, 
and chemical admixtures has been explored [3]. Among these, 
set accelerators have gained attention for their ability to 
enhance hydration, reduce setting times, and improve early-age 
mechanical strength [4]. While various commercial 
accelerators have been tested in conventional and high-
performance concrete, limited data exist on their effectiveness 
in foam concrete systems, which are more sensitive to water-to-
cement ratios and internal pore structures [5]. NH-1 is a 
proprietary, chloride-free chemical accelerator commonly used 
in mortar and traditional concrete to reduce the setting time and 
boost the early strength. However, its performance in foam 
concrete, especially at specific target densities for lightweight 
structural or semi-structural use, has not been well studied. 

Furthermore, the interaction between NH-1 and reinforcing 
fibers, such as Polypropylene (PP) in foam concrete remains 
largely unexplored. It has been shown that Polypropylene 
Fibers (PPF) can enhance the ductility, crack resistance, and 
tensile strength [6, 7], while the role of admixtures and fiber 
reinforcement in improving foam concrete’s mechanical 
properties has been highlighted [8, 9]. Despite this, the 
combined effects of accelerators and fibers in low-density foam 
concrete remain uncertain. This study aims to evaluate the 
impact of various NH-1 dosages on the fresh and hardened 
properties of foam concrete with a fixed wet density of 1000 
kg/m³. Specifically, it seeks to optimize key performance 
indicators, such as the workability, setting time, compressive 
strength, flexural strength, and splitting tensile strength at 7 and 
28 days. The goal is to provide practical guidance for 
incorporating accelerators into lightweight foam concrete using 
conventional production methods. 

II. MATERIALS AND METHODS 

A. Cement 

Ordinary Portland Cement (OPC) Type I conforming to [5] 
was used as the primary binder. It was sourced locally and 
stored in dry conditions. OPC is responsible for the strength 
development in foam concrete. The technical data of OPC are 
shown in Tables I and II. 
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TABLE I.  CHEMICAL COMPOSITION AND MAIN 
COMPONENTS 

Oxide compositions Wt.% Limits of [5] 

Lime (CaO) 63.32 ----- 
Iron oxide (Fe2O3) 4.16 ----- 
Alumina (AL2O3) 5.22 ----- 

Silica (SiO2) 19.84 ----- 
Insoluble residue (IR) 0.64 Max (1.5) 

Magnesia (MgO) 2.78 Max (5) 
Loss on ignition (LOI) 2.68 Max (4) 

Sulfate (SO3) 2.45 2.8 if C3A>3.5 
  2.5 if C3A≤3.5 

*Main components of cement 

Tricalcium silicate C3S 58.91 ----- 
Dicalcium silicate C2S 13.11 ----- 

Tricalcium aluminate C3A 6.8 ----- 
TetraCalcium aluminate –ferrite C4AF 12.84  

TABLE II.  PHYSICAL CHARACTERISTICS OF OPC 

Propriety Wt.% Limits of [5] 

Soundness by autoclave approach (%) 0.17 ≤ 0.80 
Setting time (Vicat's approach): initial 

setting time (min) 
130 min ≥ 45 min 

Setting time (Vicat's method): final setting 
time 

260 min ≤600min 

   
Compressive strength (MPa) 

Compressive strength 2 days ≥20 25.55 
Compressive strength 28 days ≥ 42.5 45.48 

 

B. Fine Aggregates 

Natural river sand was used as the fine aggregate. The sand 
was washed, dried, and sieved to remove the organic matter 
and oversized particles. Its physical and chemical properties are 
summarized in Tables III and IV. The sand grading falls within 
the acceptable limits specified in [10], and is classified under 
Zone 4. A constant sand-to-binder ratio was maintained across 
all batches to ensure a uniform foam distribution and fresh mix 
consistency. 

C. Water 

Potable tap water was used for both mixing and curing all 
concrete foam mixes. The water complied with the 
requirements of [11], where the acceptable limits for the 
chemical impurities and physical characteristics in mixing 
water are outlined. 

D. Foaming Agent 

A protein-based, preformed foaming agent was used to 
produce stable foam. It was diluted with water and processed 
through a foam generator to create uniform, fine bubbles. The 
resulting foam met the standards outlined in [12] for use in 
cellular concrete. It was added to the mortar in a controlled 
volume to achieve the target wet density of 1000 kg/m³. 

E. Set Accelerator (NH-1) 

NH-1 is a chloride-free chemical set accelerator used to 
reduce the setting times and enhance the early-age strength. It 
was used at 0%, 1%, 2%, and 3% by weight of binder. It was 
dissolved in mixing water before the introduction. According to 
its technical datasheet, NH-1 conforms to [13]. 

F. Superplasticizers 

Two High-Range Water-Reducing Admixtures (HRWRAs) 
were utilized to enhance the mix performance. PS-1, a 
naphthalene-based superplasticizer from Al-Muttahida Plant, 
was added to improve the particle dispersion. Additionally, 
Sika ViscoCrete 180 GS, a polycarboxylate-based admixture, 
was utilized to increase the flowability and mechanical 
strength. Both admixtures were used in dosages ranging from 
0.5% to 1% by weight of cement, following the specifications 
provided in [13]. 

G. PPF 

PPF was added at 1 kg/m³ to enhance the crack resistance 
and matrix cohesion during the early curing stages. The fibers 
are monofilament-type, uniformly distributed during mixing, 
contributing to ductility and tensile performance. The technical 
data of PPF are listed in Table III, while Figure 1 illustrates the 
fibers. 

TABLE III.  TECHNICAL DATA OF PPF  

Specification Description 

100 % PPF Chemical base 
0.91 g/cm3 Specific gravity 

12 mm Fiber length 
18 micron-nominal Fiber diameter 

67 Aspect ratio (L/D) 
Nil Water absorption 

Low Thermal conductivity 
Low Electrical conductivity 

250 m2/kg Specific surface area of fibers 
300-400 MPa Tensile strength 

~ 4000 N/mm2 Modulus of elasticity 
*Description given by the manufacturer 

 

 
Fig. 1.  PPF. 

III. MIXING AND TESTING PROCEDURES 

A. Mixing Method  
All foam concrete mixes were prepared using a 500-L 

capacity pan mixer that had been specially modified to ensure a 
uniform distribution of the foam and solid materials. The 
mixing process followed a systematic sequence: first, the dry 
materials (cement and sand) were homogenized for one min. 
Then, the mixing water containing the superplasticizer and 
accelerator was gradually added and mixed for an additional 
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two min. After achieving a consistent mortar, the preformed 
foam was gently added and mixed for another min to reach the 
target wet density. PPF was added dry into the mortar before 
the foam addition, to ensure a uniform distribution without 
clumping. 

B. Mix Proportions  
The foam concrete mixes were designed to achieve a target 

wet density of 1000 kg/m³ and a dry density of approximately 
900 kg/m³. A constant water-to-binder ratio (w/b) of 0.45 and a 
sand-to-binder ratio of 1:1.22 were maintained across all mixes. 
A fixed cement content of 400 kg/m³ was used. Four separate 
mixes were prepared by varying the NH-1 accelerator dosage at 
0%, 1%, 2%, and 3% by weight of the binder. The mix design 
aimed to evaluate the influence of the accelerator on both the 
early-age and long-term mechanical and physical properties of 
the lightweight foam concrete, as detailed in Table IV. 

TABLE IV.  FOAM CONCRETE MIX PROPORTIONS FOR 1000 
kg/m³ DENSITY 

Component Quantity per m³ 

Cement (kg) 400 
Sand (kg) 488 

Mixing water (L) 180 
PS-1 (wt.% of cement) 1% 
NH-1 (wt.% of cement) 0%, 1%, 2%, 3% 

PPF (kg) 0.6 
Foam (approx. L) As needed to reach 1000 kg/m³ 

 

C. Casting and Curing  
The fresh foam concrete was cast into standard cubes and 

cylindrical molds designed for mechanical property testing. 
The molds were filled and lightly hand-tamped to maintain 
uniformity without collapsing the foam structure. After 24 h, 
the specimens were demolded and cured under standard 
laboratory conditions (23 °C ± 2 °C and relative humidity 
above 95%) until the designated testing age,  as illustrated in 
Figure 2. 

 

 
Fig. 2.  Molds for foam concrete specimens. 

IV. TESTING PROGRAM  

A. Compressive Strength Test 

The compressive strength was evaluated using 100 mm 
cube specimens tested under a universal testing machine. A 
constant loading rate of 0.5 MPa/s was applied until failure. 
The test was conducted according to [14]. All specimens were 
cured in water and tested at 7 and 28 days. The average 
strength from three samples was reported for each mix. 

B. Flexural Strength Test 

The flexural strength was determined by using prismatic 
specimens (100 mm × 100 mm × 400 mm) under third-point 
loading. The test followed the guidelines of [15], applying load 
at a steady rate until failure. The flexural strength provides 
insight into the material’s ability to resist the bending and crack 
propagation. 

C. Splitting Tensile Strength Test 

The splitting tensile strength was measured using 
cylindrical specimens (100 mm diameter × 200 mm height). 
The test was conducted according to [16] by applying a 
diametral compressive load to induce tension along the vertical 
axis. This test evaluates the tensile capacity and crack 
resistance of the foam concrete matrix. 

D. Dry Density Test 

To determine the dry density, the specimens were dried in 
an oven at 105 °C ± 5°C until a constant mass was achieved. 
The density was calculated by dividing the dry weight by the 
specimen’s volume [17]. 

E. Water Absorption Test 

Dried specimens were immersed in water for 48 h. The 
difference between wet and dry weights was used to calculate 
the water absorption, following the guidelines of [18]. This 
method assesses the porosity and durability characteristics of 
the foam concrete. 

V. RESULTS AND DISCUSSION 

The experimental results for lightweight foam concrete with 
a target density of 1000 kg/m³ are presented in Tables V and 
VI. The average values for the compressive strength, flexural 
strength, splitting tensile strength, water absorption, and dry 
density at 7 and 28 days of curing are demonstrated. The 
impact of varying NH-1 accelerator dosages (0%, 1%, 2%, and 
3%) is displayed. These results provide a basis for assessing the 
mechanical properties and durability of the foam concrete 
mixtures. 

TABLE V.  MECHANICAL AND PHYSICAL PROPERTIES OF 
FOAM CONCRETE MIXES AT 7 DAYS 

Mix 

ID 

NH-1 
Age 

Compressive Flexural Tensile 

Water 

absorption 

test 

Density 

% (MPa) (MPa) (MPa) % kg/m3 

A10-C 0 7 days 2.51 0.48 0.576 8.84 729 
A10-1 1 7 days 3.11 0.65 0.653 8.13 723 
A10-2 2 7 days 4.63 1.08 0.757 5.90 716 
A10-3 3 7 days 3.48 1.01 0.708 7.54 719 

TABLE VI.  MECHANICAL AND PHYSICAL PROPERTIES OF 
FOAM CONCRETE MIXES AT 28 DAYS 

Mix ID 

NH-

1 Age 

Compressive 

strength 

Flexural 

strength 

Tensile 

strength 

Water 

absorption 

test 

Density 

% (MPa) (MPa) (MPa) % kg/m3 

A10-C 0 28 days 2.59 0.55 0.584 8.39 697 
A10-1 1 28 days 3.11 0.71 0.661 7.98 695 
A10-2 2 28 days 4.82 1.09 0.797 5.89 699 
A10-3 3 28 days 3.84 1.01 0.708 7.52 688 
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A. Compressive Strength 

At 28 days, the compressive strength of the foam concrete 
increased with the NH-1 dosage. The mix with 2% NH-1 
achieved the highest strength (4.82 MPa), followed by the 3% 
mix (3.84 MPa), the 1% mix (3.11 MPa), and the control mix 
(2.59 MPa). This performance is attributed to improved cement 
hydration and matrix development, supporting the findings in 
[19]. Figure 3 illustrates the compressive strength development 
at both 7 and 28 days. 

 

 
Fig. 3.  Compressive strength at 7 and 28 days. 

B. Flexural Strength 

The flexural strength also showed a consistent 
improvement. The highest value was recorded for the 2% NH-1 
mix (1.09 MPa), followed by 3% (1.01 MPa), 1% (0.71 MPa), 
and the control (0.55 MPa). This confirms that NH-1 enhances 
the bonding and reduces the microcracks [20, 21]. The flexural 
strength comparison can be seen in Figure 4. 

 

 
Fig. 4.  Flexural strength at 7 and 28 days. 

C. Splitting Tensile Strength 

The mix containing 2% NH-1 achieved the highest splitting 
tensile strength (0.797 MPa), whereas the control mix showed 
the lowest value (0.584 MPa). This supports the findings in 
[22, 23], which indicate that admixtures can enhance the matrix 
integrity, leading to an improved tensile performance. These 
results are portrayed in Figure 5. 

 
Fig. 5.  Splitting tensile strength at 7 and 28 days.  

D. Water Absorption 

NH-1 significantly reduced the water absorption in the 
foam concrete mixes. The mix with 2% NH-1 had the lowest 
absorption rate (5.89%), indicating decreased pore 
connectivity, while the control mix had the highest (8.39%). 
These results suggest an enhanced durability, complying with 
the findings in [24], as exhibited in Figure 6. 

 

 
Fig. 6.  Water absorption at 7 and 28 days. 

E. Dry Density 

The dry density values were slightly varied, ranging from 
688 to 729 kg/m³. The 2% NH-1 mix achieved one of the 
highest densities (699 kg/m³), indicating a more compact 
internal structure and efficient particle packing, as also 
demonstrated in Figure 7 [25]. 

 

 
Fig. 7.  Dry density at 7 and 28 days. 
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VI. CONCLUSIONS 

This study aimed to enhance the fresh and hardened 
properties of lightweight foam concrete, targeting a wet density 
of 1000 kg/m³, by incorporating the NH-1 setting accelerator. 
The research addresses key limitations of foam concrete, such 
as slow setting times, low mechanical strength, and high water 
absorption, which have hindered its broader structural use. An 
experimental program was conducted using varying NH-1 
dosages, and standardized tests were performed to evaluate the 
compressive strength, flexural strength, splitting tensile 
strength, water absorption, and dry density at 7 and 28 days. 
Among the tested mixtures, the mix containing 2% NH-1 by 
binder weight consistently delivered the best performance. This 
mix achieved a 28-day compressive strength of 4.82 MPa, an 
86% improvement over the control mix. Comparable 
enhancements were observed in the flexural and splitting 
tensile strengths, indicating improved matrix integrity and 
greater resistance to cracking. Additionally, the water 
absorption rate decreased by approximately 30%, suggesting a 
denser, less permeable microstructure, which contributes to 
long-term durability. The slight increase in the dry density, 
achieved without compromising workability, points to better 
foam stability and more uniform particle distribution. 
Compared to earlier studies that used additives, such as fly ash 
or silica fume, which yielded only modest strength gains, this 
study demonstrates more substantial improvements in both the 
strength and durability. The findings confirm NH-1’s dual role 
in accelerating the setting time and enhancing the structural 
performance of foam concrete. Based on these results, a 2% 
NH-1 dosage is proposed as the optimal amount to improve the 
strength, durability, and reliability in foam concrete 
applications. This research contributes to the development of 
more effective lightweight concrete mixes, laying the 
groundwork for future field applications and durability studies. 
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