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Abstract 
Concrete admixtures are chemical or mineral agents added to concrete 

batches during mixing to modify its fresh, setting, or hardened properties. 

Among these, accelerating admixtures play a critical role in modern 

construction by reducing setting times and accelerating early-age compressive 

strength development. This paper explores the theoretical underpinnings, 

classification, and practical applications of accelerator admixtures. It examines 

historical and contemporary chemical formulations—including calcium 

chloride and chloride-free alternatives—and analyzes real-world case studies 

in cold-weather concreting, rapid repair work, and precast manufacturing. The 

discussion encompasses dosage optimization, compatibility with 

supplementary cementitious materials (SCMs), and potential durability risks 

such as reinforcement corrosion and volumetric instability. 

1.0 Introduction to Concrete Admixtures 
Concrete is the most widely consumed construction material globally, valued 

for its compressive strength, durability, and versatility. However, standard 

Portland cement concrete exhibits inherent limitations, such as prolonged 

setting times in low ambient temperatures and slow early-age strength gain. 

To overcome these constraints, the concrete industry relies on chemical and 

mineral admixtures. 

1.1 Definition of Admixtures 

According to the American Concrete Institute (ACI) Committee 116, an 

admixture is defined as "a material other than water, aggregates, hydraulic 

cement, and fiber, used as an ingredient of a cementitious mixture to batch, 

mix, transport, place, and store and to modify one or more of the properties 

of concrete in the fresh or hardened state." 

1.2 Types of Admixtures 

Admixtures are broadly categorized based on their functional purpose. The 

primary classifications include: 

•  Air-Entraining Admixtures: Introduce microscopic air bubbles to improve 

freeze-thaw resistance and workability. 
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• Water-Reducing Admixtures (Plasticizers and Superplasticizers): Lower the water-cement ratio ($w/c$) to increase 

strength or improve workability without sacrificing durability. 

• Retarding Admixtures: Slow down the hydration rate of cement, commonly used in hot weather or for long-haul 

transport. 

• Hydration Control Admixtures: Chemically suspend and reactivate cement hydration. 

• Accelerating Admixtures: Decrease setting times and accelerate early-age strength development. 

2.0 Accelerator Admixtures: Mechanics and Chemistry 

2.1 What is an Accelerator Admixture? 

An accelerator admixture is a chemical compound added to concrete that shortens the time elapsed from the initial 

mixing of the components to the initial or final setting of the mixture and/or accelerates the rate of early-age 

strength development. 

Accelerator admixtures are chemical additives used in concrete and mortar to speed up the hydration of cement. 

They increase the early strength, reduce setting time, and are especially used in cold weather concreting or for rapid 

construction requirements. 

The primary objectives of utilizing accelerators include: 

1. Permitting earlier removal of formwork, thereby accelerating construction schedules. 

2. Reducing the duration of protection required for concrete during cold-weather conditions. 

3. Facilitating rapid repair of critical infrastructure (e.g., pavement joints, bridge decks) to minimize traffic disruption. 

4. Enhancing early-age strength in precast concrete manufacturing to optimize mold turnover rates. 

2.2 Mechanism of Action 

The setting of concrete is governed primarily by the hydration of calcium silicates—specifically tricalcium silicate 

($C_3S$) and dicalcium silicate ($C_2S$). When water is introduced to cement, these compounds dissolve and 

subsequently precipitate calcium silicate hydrate ($C-S-H$) gel, which binds the aggregate matrix together. 

Accelerators function by catalysing the hydration reactions of $C_3S$. They increase the rate of nucleation and 

growth of the $C-S-H$ gel, effectively shortening the dormant period of cement hydration. Consequently, the 

transition from the fluid to the solid state occurs more rapidly, and the exothermic heat of hydration peaks earlier. 

2.3 Classifications of Accelerators 

2.3.1 Based on Chemical Composition 

Accelerators can be broadly classified into the following types: 

Accelerators are divided into two main categories: chloride-bearing and chloride-free formulations. 

A. Chloride-Based Accelerators 

• Calcium Chloride ($CaCl_2$): Historically the most effective, economical, and widely used accelerator. It drastically 

reduces setting time and increases 1-day and 3-day compressive strengths. 

• Limitation: Chloride ions accelerate the cathodic and anodic reactions of steel corrosion in reinforced concrete. 

Consequently, ACI and ASTM C494 restrict the use of calcium chloride in reinforced concrete, prestressed concrete, 

and concrete containing embedded aluminum or galvanized metal. 
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B. Non-Chloride, Non-Corrosive (NCN) Accelerators 

To circumvent the corrosion risks associated with calcium chloride, modern construction relies heavily on chloride-

free alternatives: 

• Calcium Nitrate [$Ca (NO_3) _2$] and Calcium Formate [$Ca (HCOO)_2$]: These compounds accelerate setting and 

early strength without introducing detrimental chloride ions. Calcium nitrate also acts as a corrosion inhibitor. 

• Triethanolamine (TEA) and Sodium Thiocyanate: Often used in proprietary blends to fine-tune setting times. 

However, excessive dosages of TEA can cause flash setting and long-term strength loss. 

• Sodium Nitrite and Formates: Frequently utilized in specialized cold-weather applications. 

c) Alkali-Based Accelerators 

• Examples: Sodium hydroxide (NaOH), Potassium carbonate (K₂CO₃) 

• Mechanism: High alkalinity increases the rate of cement hydration, particularly of tricalcium silicate (C₃S), 

accelerating early strength development. 

• Limitations: Can cause alkali-silica reactions in aggregate; careful dosage required. 

d) Complex or Organic Accelerators 

• Examples: Sodium thiocyanate, Triethanolamine (TEA) 

• Mechanism: Organic molecules influence hydration kinetics and the formation of C–S–H, promoting rapid early 

strength gain. 

• Advantages: Can improve workability and early strength simultaneously. 

• Limitations: Some organic accelerators are expensive and usage must be optimized. 

2.3.2 Based on Functionality or Application 

• Setting Time Accelerators: Reduce initial and final set times (e.g., CaCl₂, Ca(NO₃)₂). 

• Early Strength Accelerators: Focus on enhancing compressive strength at 1–3 days. 

• Cold Weather Accelerators: Specifically designed to mitigate slow hydration in low temperatures. 

2.3.3 By Physical State 

• Liquid Accelerators: Ready-to-use solutions; easy to dose in field concrete applications. 

• Powder Accelerators: Mixed with cement prior to batching; stable for storage and transport. 

2.3.4 Summary Table 

Type Example Compounds Advantages Limitations Application 

Chloride-based CaCl₂, NaCl Very effective, low cost Corrosive to steel Non-

reinforced concrete 

Non-chloride Ca(NO₃)₂, Ca-formate Safe for reinforcement Less potent, costly Cold weather, reinforce

d 

Alkali-based NaOH, K₂CO₃ Enhances early strength Risk of alkali-

aggregate reaction 

Special concretes 
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Type Example Compounds Advantages Limitations Application 

Organic/compl

ex 

TEA, sodium thiocyan

ate 

Early strength & workabi

lity 

Expensive, dosage sensi

tive 

Prestressed, rapid proje

cts 

 

Types of Concrete Accelerator Admixtures 

Concrete accelerators can be categorized into two primary types: setting accelerators and hardening accelerators. 

Each has a distinct function in the concrete mix, and the choice between them depends on specific project needs. 

a. Setting Accelerators 

Setting accelerators shorten the time it takes for concrete to transition from its plastic (workable) state to a hardened 

state. They are beneficial in cold-weather applications or for urgent repairs, where rapid setting is necessary. 

Common Setting Accelerators: 

• Calcium Chloride: Historically, calcium chloride (CaCl₂) is one of the most commonly used accelerators due to its 

effectiveness in promoting rapid setting and early strength. However, it can lead to corrosion in reinforced concrete 

and is typically avoided in structures containing steel reinforcement. 

• Calcium Nitrate: This accelerator is a preferred alternative to calcium chloride as it provides fast-setting 

characteristics without the risk of corrosion in steel-reinforced concrete. 

• Sodium Silicate: Often used in spray-applied concrete (shotcrete), sodium silicate acts as a quick-setting accelerator 

and can be useful for rapid repairs in underground or wet conditions. 

b. Hardening Accelerators 

Hardening accelerators focus on increasing the rate of early strength gain without significantly affecting the initial 

setting time. They are ideal for projects that require early load-bearing capacity but not necessarily rapid setting. 

Common Hardening Accelerators: 

• Calcium Formate: Known for promoting early-age strength development, calcium formate is a chloride-free 

accelerator that minimizes corrosion risks in steel-reinforced structures. 

• Silica-Based Accelerators: These accelerators, such as nano-silica and colloidal silica, help develop higher early 

strength and are suitable for high-performance concrete applications. 

•NAlkaline Accelerators: Used mainly in shotcrete, these accelerators are highly effective in increasing early strength 

in sprayed concrete applications. 

 Applications of Concrete Accelerator Admixtures 

Concrete accelerators are used in various applications, primarily when fast-setting or early strength gain is required. 

Some of the most common applications include: 

a. Cold-Weather Concreting 

In cold weather, concrete typically takes longer to set and harden due to low temperatures. Accelerators help counter 

this by reducing the setting time and enhancing early-age strength, which minimizes the risk of frost damage and 

enables faster construction progress. 

b. Rapid Repairs 
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Projects that involve quick repairs—such as highways, airport runways, and industrial facilities—often require 

concrete that can be put into service quickly. Accelerators allow rapid setting and early load-bearing, enabling swift 

turnaround times for these critical repairs. 

c. Shotcrete Applications 

Shotcrete, or spray-applied concrete, is commonly used in tunneling, mining, and slope stabilization. Accelerators are 

essential in shotcrete to ensure that the material adheres quickly to surfaces, particularly in overhead or vertical 

applications where fast setting prevents sagging or dripping. 

d. Precast Concrete 

Precast concrete elements are manufactured under controlled conditions and often require accelerators to achieve 

high early strength. This ensures that the concrete elements can be demolded and moved quickly, increasing 

production efficiency. 

e. High-Strength and High-Performance Concrete 

High-performance concrete that requires high early strength or reduced permeability often benefits from the use of 

hardening accelerators. These mixes are used in demanding applications like high-rise buildings, bridges, and other 

critical infrastructure projects. 

 How and When to Use Concrete Accelerators 

a. When to Use Accelerators 

Concrete accelerators are typically used in the following situations: 

• Low-Temperature Conditions: In cold-weather concreting, accelerators offset the retarding effects of low 

temperatures, which can delay setting and early strength gain. 

• Urgent Project Timelines: When projects require rapid setting or early load-bearing capacity, accelerators enable 

faster construction cycles. 

• Shotcrete Applications: Accelerators are used in shotcrete to achieve rapid setting and prevent sagging on vertical 

or overhead surfaces. 

• Precast Operations: Accelerators improve early strength, enabling quick demolding and efficient production in 

precast manufacturing. 

b. How to Use Accelerators 

• Mixing: Add the accelerator during the batching process, ensuring thorough mixing for even distribution. Avoid 

adding accelerators directly to dry cement powder; they should always be added to water or a fresh concrete mix. 

• Sequence of Addition: In some cases, accelerators should be added after other admixtures (such as plasticizers or 

retarders) to prevent any negative interactions. Always consult the manufacturer’s guidelines for specific sequence 

recommendations. 

• Compatibility: Certain accelerators can interact with other admixtures, such as superplasticizers, which could lead 

to undesirable effects on the mix. Testing is advised before large-scale use, especially when combining multiple 

admixtures. 

 Typical Dosage for Concrete Accelerators 

The dosage of concrete accelerators depends on factors like the type of accelerator, the ambient temperature, and 

the required setting or strength gain rate. Here are some guidelines: 

a. Calcium Chloride (CaCl₂) 
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• Dosage: Typically, between 1% and 2% by weight of cement. However, calcium chloride should not exceed 2% as it 

may cause shrinkage, reduce durability, and promote corrosion in steel reinforcement. 

• Application Caution: Due to its potential to cause corrosion, calcium chloride should be limited to non-reinforced 

concrete applications unless specific protections are in place. 

b. Calcium Nitrate and Calcium Formate 

• Dosage: Generally, ranges from 0.5% to 2% by weight of cement. These accelerators offer chloride-free alternatives 

that are safer for reinforced concrete. 

• Application Caution: For best results, dosage should be carefully controlled according to the specific manufacturer’s 

recommendations and tested for compatibility with other admixtures. 

c. Sodium Silicate 

• Dosage: 1% to 3% by weight of cement, typically for shotcrete applications. 

• Application Caution: Sodium silicate can increase the mix’s viscosity and may cause a reduction in workability if 

overdosed. 

d. Alkaline Accelerators (Shotcrete-Specific) 

• Dosage: Dosages vary widely depending on the product and specific requirements of the shotcrete mix, often in the 

range of 2% to 6%. 

• Application Caution: Care must be taken to balance setting time with workability, as high dosages can cause 

brittleness in the hardened concrete. 

 Important Considerations When Using Concrete Accelerators 

a. Effects on Long-Term Durability 

Accelerators, particularly those containing calcium chloride, may compromise concrete durability if misused. In 

reinforced structures, chloride-based accelerators increase the risk of steel corrosion, which can lead to concrete 

cracking and spalling. Chloride-free accelerators like calcium nitrate are recommended to avoid these issues. 

b. Workability Adjustments 

Some accelerators may reduce the mix’s workability, necessitating adjustments. Superplasticizers can be added to 

maintain desired workability, but it’s essential to test for compatibility with the accelerator. 

c. Temperature Sensitivity 

Accelerators work differently across temperature ranges. Higher temperatures may amplify the effects, so dosage 

reductions may be necessary in hot weather. Conversely, cold weather may require higher dosages to achieve the 

desired results. 

d. Testing and Quality Control 

As with any admixture, testing concrete mixes with accelerators is crucial. Laboratory and on-site testing allow 

engineers to fine-tune the mix for the optimal balance of setting time, early strength gain, and workability. Quality 

control procedures should include slump, setting time, and compressive strength tests. 

 Safety Considerations for Concrete Accelerators 

Certain concrete accelerators can be caustic or hazardous, especially in high concentrations. It is crucial to follow 

safety protocols, including using gloves, goggles, and masks to handle these chemicals safely. Additionally, ensure 

proper ventilation when using accelerators in enclosed spaces, as some admixtures can release fumes during 

application 
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3.0 Practical Applications and Real-Life Examples 
The deployment of accelerating admixtures is governed by specific structural and environmental demands. Below are 

three primary real-world application domains. 

3.1 Cold-Weather Concreting 

Low ambient temperatures severely retard the hydration of Portland cement. Below $4^\circ\text{C}$ 

($40^\circ\text{F}$), hydration slows significantly, and temperatures below freezing risk the formation of ice crystals 

within the pore network, destroying the microstructure of immature concrete. 

• Real-Life Example: In bridge construction projects during late autumn in northern regions (e.g., the Midwestern 

United States or Scandinavia), contractors incorporate non-chloride accelerators (such as calcium nitrate) combined 

with heated mixing water. This reduces the time the concrete remains vulnerable to freezing temperatures, 

shortening the required curing period and mitigating frost damage risks. 

3.2 Precast Concrete Manufacturing 

Precast plants operate on strict economic margins driven by mold turnover rates. Waiting 24 hours for standard 

concrete to achieve sufficient stripping strength is economically inefficient. 

• Real-Life Example: A precast facility producing hollow-core floor slabs or segmental retaining walls utilizes 

accelerating admixtures alongside heat curing (steam curing). By dosing the concrete mix with a calibrated non-

chloride accelerator, the plant achieves early compressive strengths exceeding 15 MPa within 6 to 8 hours. This 

allows forms to be stripped, cleaned, and reused twice within a single 24-hour production cycle. 

3.3 Rapid Infrastructure Repair 

Urban roadway rehabilitation, airport runway maintenance, and industrial flooring repairs demand ultra-fast return-

to-service times. Lane closures cost municipalities and commercial entities millions of dollars daily. 

• Real-Life Example: During the overnight emergency repair of an international airport runway, contractors utilize 

rapid-setting concrete formulations. These formulations combine high-early-strength cements (or rapid-hardening 

ordinary Portland cement) with powerful accelerator admixtures. The placed concrete achieves a flexural strength 

adequate for aircraft loads within 3 to 4 hours of placement, enabling the runway to reopen safely before morning 

peak operations. 

ADVANTAGES OF ACCELERATORS 

Accelerator admixtures provide faster setting and early strength development in concrete, enhancing construction 

speed and efficiency. 

Accelerated Setting and Early Strength 

Accelerator admixtures reduce the setting time of concrete by accelerating the hydration of cement. This means 

concrete can gain early strength more quickly, allowing for faster formwork removal, earlier finishing operations, and 

quicker progression of construction activities. 

Cold Weather Benefits 

In cold climates, concrete hydration slows down significantly. Accelerator admixtures are particularly beneficial in low 

temperatures, helping concrete develop adequate early strength despite the cold, and reducing the risk of freezing 

damage during the curing process. 

Improved Construction Scheduling 

By speeding up the curing process, accelerator admixtures allow construction projects to meet tight timelines. Fast-

setting concrete can support earlier loading, reduce project delays and improve overall efficiency. 
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Enhanced Bond and Repair Applications 

Accelerators are often used in concrete repairs and patching, where rapid hardening is desired. This allows for quick 

reopening of repaired surfaces, minimizing downtime in roads, bridges, and industrial floors. 

Reduced Bleeding and Better Surface Finish 

Some accelerator admixtures can reduce water bleeding on fresh concrete surfaces, leading to a denser surface layer 

and improved finishing properties. This can enhance both the aesthetic and durability aspects of the concrete. 

Complementary Benefits with Other Admixtures 

Accelerators can be used alongside other admixtures such as superplasticizers, allowing for a combination of high 

workability and rapid setting. This synergy can optimize both the fresh and hardened properties of concrete. 

In summary, the main advantages of accelerator admixtures are faster setting, early strength gain, suitability for cold 

weather, shorter construction time, improved repair efficiency, and surface quality enhancement. Their use 

contributes to more efficient and reliable construction practices. 

4.0 Technical Considerations and Best Practices 
While accelerators offer substantial operational benefits, improper application can compromise long-term concrete 

durability and performance. 

4.1 Dosage Optimization 

Accelerators must be batched with precision. Under-dosing fails to achieve the desired schedule acceleration, while 

over-dosing can lead to: 

• Flash Setting: An instantaneous, uncontrollable stiffening of the concrete paste that renders placement and 

compaction impossible. 

• Increased Drying Shrinkage: Rapid early hydration can alter the pore structure, leading to higher autogenous and 

drying shrinkage rates. 

• Reduced Ultimate Strength: Although early-stage strength is enhanced, rapid crystallization can sometimes produce 

a porous $C-S-H$ matrix, occasionally compromising 28-day ultimate compressive strength. 

4.2 Compatibility with Supplementary Cementitious Materials (SCMs) 

Modern sustainable concrete frequently incorporates SCMs such as fly ash, slag cement (GGBFS), and silica fume to 

reduce carbon footprints and enhance long-term durability. However, SCMs generally react slower than Portland 

cement, extending setting times. 

When accelerators are added to mixes containing high volumes of fly ash or slag, the efficacy of the accelerator may 

be altered. For instance, calcium chloride accelerates fly ash systems less effectively than plain Portland cement 

systems, requiring careful mix design verification through trial batching. 

4.3 Slump Loss and Workability Management 

Accelerators inherently shorten the window of workability (slump life). Because hydration reactions begin much 

faster, the time available for mixing, transporting, placing, and finishing is compressed. Contractors must coordinate 

logistics closely with ready-mix suppliers to ensure concrete is placed before initial set occurs. In some instances, 

retarders are co-administered with accelerators to maintain workability during transit, followed by rapid setting upon 

placement. 

Limitations and Precautions with Accelerating Admixtures 
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While accelerating admixtures offer clear benefits, their use requires careful consideration of potential drawbacks. 

The most significant limitation involves the corrosion risk associated with chloride-based accelerators in reinforced 

concrete. Chloride ions can penetrate the passive protective layer on steel reinforcement, initiating corrosion that 

leads to concrete cracking, spalling, and structural deterioration. For this reason, non-chloride accelerators are 

mandatory for reinforced and prestressed concrete applications in most building codes. When selecting concrete 

building elements, understanding the differences between hollow and solid concrete blocks helps in making 

appropriate material choices for specific structural requirements. 

Another critical precaution is that calcium chloride should not be used as an anti-freeze in cold climates. A common 

misconception is that adding calcium chloride to concrete will prevent freezing. In reality, a large amount of calcium 

chloride would be required to lower the freezing point of the concrete mix, and such high dosages would likely ruin 

the concrete by causing excessive heat generation, rapid stiffening, and chemical instability. Proper cold weather 

concreting practices involve a combination of heated materials, insulation, enclosures, and appropriate accelerator 

dosages, rather than relying on accelerators alone for freeze protection. 

Excessive accelerator dosages can also cause problems with concrete quality. High doses may lead to: 

Problem Cause Mitigation 

Rapid stiffening 
Excessive calcium chloride or alkanolamine 
dosage 

Reduce dosage, use retarding admixture 

Increased drying 
shrinkage 

Chloride-based accelerators at high 
concentrations 

Use non-chloride alternatives, proper 
curing 

Corrosion of 
reinforcement 

Chloride ions from calcium chloride 
Use non-chloride accelerators for 
reinforced concrete 

Reduced long-term 
strength 

Very high early strength gain altering 
hydration chemistry 

Maintain dosage within recommended 
limits 

Thermal cracking 
Excessive heat generation from rapid 
hydration 

Control placement temperature, limit 
section size 

 

Proper dosage control, adherence to manufacturer recommendations, and consideration of project-specific 

conditions are essential for successful use of accelerating admixtures. For a broader understanding of chemical 

additives, refer to this resource on concrete admixtures covering various types and their applications in construction. 

5.0 Conclusion 
Accelerator admixtures are indispensable tools in contemporary concrete construction, bridging the gap between 

structural requirements and adverse environmental or scheduling constraints. By chemically manipulating the early-

age hydration kinetics of cementitious materials, accelerators enable safe cold-weather placement, rapid 

infrastructure rehabilitation, and maximized precast production efficiency. However, successful utilization demands 
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rigorous quality control, precise dosage management, and careful selection between chloride-bearing and non-

chloride formulations to safeguard long-term structural integrity and prevent reinforcement corrosion. Future 

advancements in admixture chemistry will likely focus on nano-accelerators (such as nano-silica seeds) to deliver 

ultra-fast strength development without the adverse durability trade-offs associated with traditional chemical salts. 
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