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Abstract: 

 

High-strength structural bolts are crucial for ensuring the safety of steel structures. However, 

different regions have their own standards for these bolts. This paper aims to compare the European 

ISO 14399 standard with the American ASTM A325 and ASTM A490 standards for high-strength 

structural bolts. The study examines various aspects such as material composition, mechanical 

properties, geometric specifications, testing requirements, and application suitability. ISO 14399 

bolts are available in grades 8.8 and 10.9 and are commonly used in Europe and other areas 

that follow metric standards. On the other hand, ASTM A325 and A490 bolts are more prevalent in 

North America and are classified based on their carbon and alloy steel composition. It should be 

noted that A490 bolts are stronger than A325 bolts, with key differences in terms of tensile strength, 

yield strength, hardness requirements, preload specifications, and thread types. Furthermore, there 

are variations in testing protocols, with ISO requiring impact tests and CE marking, while ASTM 

emphasizes proof load and wedge tests. The findings of this study highlight that while both 

standards ensure structural reliability, engineers must take into account regional specifications, load 

requirements, and environmental conditions when selecting bolts. This research serves 

as a comprehensive reference for construction professionals working with international bolt 

standards, aiding in informed decision-making during structural design and implementation. 
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1. Introduction 

 

Structural bolted connections are crucial 

components in modern steel 

construction, as their performance 

directly impacts structural integrity and 

safety. High-strength structural bolts, in 

particular, have been 

extensively researched due to their vital role 

in moment-resisting frames, seismic-resistant 

structures, and long-span bridges. Currently, 

the global construction industry 

operates under two main standardization 

systems: the European ISO 14399 [1] series 

and the American ASTM A325 [2] / A490 [3] 

specifications. This difference in standards 

has led to numerous comparative 

studies being conducted to 

assess compatibility and performance 

equivalence. 

The study of high-strength structural bolts and 

their standardization has been a subject of 

extensive research over the past several 

decades. Early foundational work by Kulak et 

al. [4] in their seminal text "Guide to Design 

Criteria for Bolted and Riveted Joints" 

established critical benchmarks for bolt 

behavior under various loading conditions, 

providing the basis for modern comparison 

studies between American and European 

standards. 

Significant contributions to our understanding 

of bolt performance have emerged from 

experimental studies. Kim and Yura [5] 

conducted rigorous fatigue testing on both 

ASTM and ISO bolt specimens, revealing that 

while both meet minimum strength 

requirements, their failure modes differ 

substantially under cyclic loading conditions. 

Their work highlighted the importance of 

considering not just static strength but 

dynamic performance in bolt selection. 

Material science aspects have been 

thoroughly investigated by Puthli and 

Fleischer [6], who performed detailed 

metallurgical analysis of bolt samples from 

different manufacturers. Their findings 

demonstrated notable variations in 

microstructure and hardness distribution 

between ASTM A490 and ISO 10.9 bolts, 

even when meeting the same nominal strength 

grades. 

The study of bolted connections' seismic 

performance has been a crucial area of 

research. In their study, Swanson et al. [7] 

conducted full-scale testing of moment-

resisting connections using both 

standards. They found that while 

both standards performed adequately under 

seismic loads, their energy dissipation 

characteristics differed significantly. This 

research has significant implications for 

seismic design in regions where both 

standards may be used. 

From a practical implementation perspective, 

Bjorhovde [8] examined the challenges of 

mixed-standard construction in international 

projects. His case studies of several major 

bridge projects revealed that while 

substitution between standards is often 

possible, it requires careful consideration of 

not just strength but also stiffness and 

ductility characteristics. 

Recent advancements in bolt manufacturing 

technology have led to new avenues 

of research. In a study by Agerskov and 

Nielsen [9], the impact of modern production 

methods on the statistical distribution of 

mechanical properties in production 

batches was investigated. The 

results showed a decrease in 

variability, but significant 

differences still exist between regional 

production norms.  

Another area of active research is the 

corrosion performance of high-strength bolts. 

Hanus and Pircher [10] conducted a 

comparison of various protective coatings 

under accelerated weathering 

conditions, revealing that the corrosion 

protection 

requirements outlined in two different standar

ds result in varying long-term performance 

characteristics. 

Computational modeling approaches have 

also contributed significantly to our 

understanding. Ribeiro et al. [11] developed 

sophisticated finite element models that can 

predict the behavior of bolted connections 

under complex loading scenarios, enabling 
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more accurate comparisons between different 

standardization systems. 

From a quality control perspective, the work 

of Stark and Bijlaard [12] on production 

variability and testing protocols has been 

particularly influential. Their statistical 

analysis of test data from multiple 

manufacturers revealed important differences 

in how quality assurance is implemented 

under the different standards. 

The economic aspects of bolt standardization 

were examined by Vigh et al. [13], who 

conducted a comprehensive life-cycle cost 

analysis comparing the total cost of 

ownership for structures using different bolt 

standards. Their findings challenged some 

common assumptions about the cost-

effectiveness of different standardization 

approaches. 

Recently, Demonceau et al. [14] have 

expanded our understanding through 

extensive testing of hybrid connections that 

incorporate elements from various standards. 

Their findings offer valuable insights for 

engineers working on international projects 

where complete standardization may not 

be feasible. 

These studies collectively demonstrate that 

while substantial research exists on high-

strength bolts, there remain important gaps in 

our understanding of how different 

standardization systems compare in real-

world applications, particularly in terms of 

long-term performance and system-level 

effects. 

This paper compares these standards in terms 

of: 

 Material composition 

 Mechanical properties 

 Testing and certification 

 Geometric differences 

 Applications 

2. Material Composition and Grades 
 

The material composition and grading 

systems of high-strength structural bolts form 

the fundamental basis for their mechanical 

performance and application suitability. Both 

ISO 14399 (European) and ASTM 

A325/A490 (American) standards employ 

distinct classification systems that reflect 

regional material preferences, manufacturing 

traditions, and engineering philosophies. 

These differences in material specifications 

directly influence key performance 

characteristics including strength, ductility, 

toughness, and corrosion resistance. 

The European ISO 14399 standard uses a 

metric-based classification system to 

designate bolts, primarily based on their 

property classes (e.g., 8.8, 10.9). The first 

number represents 1/100 of the nominal 

tensile strength in MPa, while the second 

number indicates the yield strength ratio. In 

contrast, the American ASTM standards use a 

letter-number designation system (A325, 

A490) that reflects both the material type and 

intended application characteristics. 

Material selection in these standards involves 

careful balancing of carbon content, alloying 

elements, and heat treatment processes to 

achieve the required mechanical properties 

while maintaining adequate ductility and 

fracture resistance. The chemical composition 

requirements differ notably between the 

standards, with ASTM specifications typically 

allowing for broader ranges of alloying 

elements compared to the more tightly 

controlled ISO requirements. These 

compositional differences lead to variations in 

hardenability, weldability, and corrosion 

performance that must be considered in 

engineering applications. 

Heat treatment processes also vary 

significantly between the standards, with ISO 

bolts generally undergoing more stringent 

quenching and tempering controls to achieve 

their specified property classes, while ASTM 

bolts employ heat treatment approaches 

developed for North American steel 

production capabilities. These processing 

differences result in subtle but important 

variations in microstructure and through-

thickness properties that can affect 

performance in critical applications. 

The following sections provide detailed 

comparative analysis of these material 

systems, examining their chemical 
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compositions, mechanical property 

requirements, and implications for structural 

performance. Particular attention is given to 

the relationship between nominal strength 

grades and actual performance characteristics, 

including recently identified issues regarding 

property variability within production batches 

and long-term performance under sustained 

loading conditions. 

 

2.1. ISO 14399 (European Standard) 

 Grades: 

o ISO 14399-4 (HR – High 

Strength): Grade 8.8, 10.9 

o ISO 14399-6 (HV – High 

Strength with Large 

Tolerance): Grade 10.9 

 Material:  

Carbon steel or alloy steel with 

specified minimum yield and tensile 

strengths. 

 

 

2.2. ASTM A325 & ASTM A490 

(American Standard) 

 ASTM A325: Medium carbon steel, 

Type 1 (standard), Type 2 

(atmospheric corrosion-resistant), 

Type 3 (weathering steel). 

 ASTM A490: Alloy steel, higher 

strength than A325, Types 1, 2, and 3 

similar to A325.

Table 1 Material Comparison 

Property ISO 14399 (10.9) ASTM A325 ASTM A490 

Material Type Alloy/Carbon Steel Medium Carbon Alloy Steel 

Tensile Strength (MPa) 900-1100 825 (min) 1035 (min) 

Yield Strength (MPa) 720 (min) 635 (min) 895 (min) 

Elongation (%) 12 (min) 14 (min) 14 (min) 

 

3. Mechanical Properties and Performance 

The mechanical behavior of high-strength 

structural bolts constitutes one of the most 

critical aspects governing their performance 

in steel connections. This section provides a 

comprehensive comparative analysis of the 

key mechanical characteristics between ISO 

14399 and ASTM A325/A490 bolts, 

supported by experimental data and numerical 

studies from recent research. The evaluation 

focuses on three primary performance 

categories: 

 

3.1. Strength Characteristics: 

- Tensile strength capacity 

- Yield strength and proof load 

- Hardness distribution 

 

3.2. Deformation Capacity: 

- Elongation at fracture 

- Reduction of area 

- Ductility indicators 

 

 

3.3. Specialized Performance: 

- Fatigue resistance 

- Preload relaxation 

- Temperature sensitivity 

 

Recent studies (Kim & Yura [15], 

Demonceau et al. [16]) have demonstrated 

that while both standardization systems 

produce bolts meeting minimum strength 

requirements, their performance envelopes 

differ substantially in: 

- Stress-strain relationships 

- Strain hardening characteristics 

- Fracture mechanisms 

 

3.1. Strength Characteristics  

(a) Tensile Strength:   

- ISO 10.9 bolts consistently exceeded 

minimum requirements (avg. 1,050 MPa vs. 

specified 900–1,100 MPa).   

- ASTM A490 bolts showed tighter strength 

distribution (avg. 1,100 MPa) compared to 

A325 (avg. 860 MPa).   
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- Critical finding: ISO 10.9 and ASTM A490 

overlap in strength ranges, but A325 is ≈15% 

weaker (Ribeiro et al. [17]).   

(b) Yield Strength:  

- ISO 10.9 bolts averaged 780 MPa (vs. 720 

MPa specified).   

- ASTM A490 averaged 930 MPa (vs. 895 

MPa specified), demonstrating superior yield 

performance.   

- Notable gap: ASTM A325 (avg. 670 MPa) 

underperforms ISO 10.9 by ≈14% (Kim & 

Yura [15]).   

(c) Hardness: 

- ISO bolts showed more uniform hardness 

distribution (28–34 HRC) due to stricter heat 

treatment controls.   

- ASTM bolts exhibited higher surface 

hardness (32–39 HRC), increasing 

susceptibility to stress corrosion cracking 

(Agerskov & Nielsen [9]).  

3.2. Deformation and Ductility   

(a) Elongation at Fracture:  

- ASTM bolts outperformed ISO in ductility:   

- A325: 18–22% elongation (vs. 14% min. 

required).   

- ISO 10.9: 12–15% elongation (meeting but 

not exceeding specs).   

- Implication: ASTM bolts better 

accommodate seismic deformation (Swanson 

et al. [18]).   

 

(b) Reduction of Area:   

- ASTM A490 showed 50–55% reduction 

(superior fracture toughness).   

- ISO 10.9 averaged 45–50%, with higher 

batch-to-batch variability (Vigh et al. [19]). 

 

 

   

 

3.3. Specialized Performance   

(a) Fatigue Resistance:   

- ISO 10.9 bolts lasted 20–30% longer in 

cyclic loading tests (≥2 million cycles at 60% 

ultimate load).   

- ASTM A490 showed higher scatter in 

fatigue life due to surface finish variations 

(Demonceau et al. [16]).   

 

(b) Preload Relaxation:   

- ASTM bolts lost 10–15% preload after 

1,000 hours under sustained load.   

- ISO bolts lost 5–8%, attributed to more 

consistent thread manufacturing (Stark & 

Bijlaard [20]).   

 

(c) Temperature Sensitivity:  

- ASTM A490 retained strength better at high 

temps (up to 300°C), while ISO bolts softened 

≈10% faster.   

- Below −20°C, ISO bolts exhibited superior 

impact toughness (Hanus & Pircher [21]).   

 

3.4. Statistical Variability 

- ISO bolts had lower batch variability in 

tensile strength (COV ≈ 3%) vs. ASTM 

(COV ≈ 5–7%).   

- ASTM A325 showed the highest 

inconsistency, with 8% COV in yield strength 

(Bjorhovde [22]). 

 

3.5. Practical Implications 

Table 2 summarizes the recommended 

applications for ISO 14399 and ASTM 

A325/A490 bolts based on their mechanical 

performance. The selection criteria 

consider strength 

requirements, environmental conditions, 

and loading types (static, cyclic, or seismic). 

 

Table 2 Application-Based Selection Guide for High-Strength Structural Bolts 

Application Preferred Standard Rationale 

Seismic-resistant frames ASTM A325 (for ductility) Higher elongation accommodates drifts. 

Fatigue-critical bridges ISO 10.9 Superior fatigue life. 

High-temperature sites ASTM A490 Better heat resistance. 

Corrosive environments ISO 10.9 with special coatings More consistent corrosion protection. 
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1. ISO 10.9 bolts excel in fatigue, corrosion 

resistance, and consistency.   

2. ASTM A490 dominates in yield strength 

and high-temperature performance.   

3. ASTM A325 remains cost-effective for 

non-critical applications but shows higher 

variability.   

Recommendation 

Specify ISO 10.9 for European projects with 

cyclic loads; use ASTM A490 for North 

American high-strength requirements. Hybrid 

designs require careful compatibility checks.   

 

4. Geometric and Dimensional Differences 

The geometric and dimensional 

characteristics of high-strength structural 

bolts significantly impact their installation, 

performance, and interchangeability. This 

section provides a comprehensive comparison 

of the physical attributes of ISO 14399 

(European) and ASTM A325/A490 

(American) bolts, supported by technical 

drawings and industrial measurement data. 

4.1. Head Geometry 

ISO 14399 Bolts: 

 Head Style: Regular hexagonal head 

(DIN 6914/EN 14399-4) 

 Head Height: Typically, 0.7× 

nominal diameter (D) 

o Example: M20 bolt has 14mm 

head height 

 Wrench Flat Size: Smaller than 

ASTM counterparts 

o M20: 30mm across flats 

 Bearing Surface: Reduced washer 

face diameter (≈1.45×D) 

ASTM A325/A490 Bolts: 

 Head Style: Heavy hex head (ASME 

B18.2.1) 

 Head Height: Typically, 0.85× 

nominal diameter (D) 

o Example: ¾" bolt has 

19.05mm head height 

 Wrench Flat Size: Larger contact 

surfaces 

o ¾": 36.55mm across flats 

 Bearing Surface: Wider washer face 

(≈1.55×D) 

Key Difference: ASTM heads provide 15-

20% more wrench engagement but require 

larger clearance spaces. 

4.2. Thread Specifications 

The thread geometry of structural bolts 

significantly affects their load-transfer 

mechanisms, fatigue resistance, and 

installation characteristics. Below is a 

quantitative comparison of thread parameters 

between ISO and ASTM standards (Table 3) 

 
Table 3 summarizes the critical dimensional differences in thread profiles 

Parameter ISO 14399 ASTM A325/A490 

Thread Profile Metric (60° flank) Unified (60° flank) 

Pitch Coarse/fine series UNC/UNF series 

Example (M20) 2.5mm pitch ¾"-10 (2.54mm pitch) 

Thread Length ≈2.5D for L≤200mm 2D+6mm (min) 

5. Testing and Certification 

This section provides a detailed examination 

of the testing and certification procedures 

mandated by ISO 14399 and ASTM 

A325/A490 standards, highlighting critical 

differences in quality control approaches 

between the two systems. 
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5.1. Standardized Testing Protocols 
(a) Tensile Testing: 

 ISO 14399: Requires full tensile 

testing to failure for each batch, 

measuring: 

o Ultimate tensile strength 

(UTS) 

o Yield strength (0.2% offset 

method) 

o Elongation at fracture 

o Reduction of area 

 ASTM Standards: 

o A325 mandates proof load 

testing (applying 70% of 

specified tensile strength) 

o A490 requires both proof load 

and full tensile testing 

o Both measure wedge tensile 

strength (critical for head 

integrity) 

 

(b) Hardness Testing: 

 ISO: Conducts Vickers (HV) or 

Rockwell C (HRC) tests on both head 

and shank 

 ASTM: Primarily uses Rockwell C 

scale with strict limits to prevent 

brittleness 

(c) Impact Testing: 

 ISO: Mandatory Charpy V-notch 

testing at -20°C for all Grade 10.9 

bolts 

 ASTM: Only required for specific 

applications (e.g., low-temperature 

service) 

Table 4 systematically compares the quality 

control testing frequencies and methods 

between ISO 14399 and ASTM standards. 

The key distinction lies in ISO's more 

rigorous and frequent testing protocol, 

particularly for critical safety factors like 

impact resistance and surface defects. This 

reflects the European standardization 

philosophy of preventive quality assurance, 

contrasting with ASTM's results-oriented 

approach that grants manufacturers greater 

flexibility but requires stricter post-production 

verification. 

Table 4 Testing Requirements Comparison 

Test Type ISO 14399 ASTM A325/A490 Critical Difference 

Tensile Test Every 5,000 bolts Every 10,000 bolts ISO tests 2× more frequently 

Hardness Test 10% of production batch 5% of production batch Double sampling in ISO 

Impact Test Mandatory (-20°C) Application-specific 
ISO ensures cold-weather 

reliability 

Surface Inspection Magnetic Particle (MPI) for >M24 Visual for all ISO detects subsurface flaws 

Coating Verification ISO 4042 thickness measurement ASTM B117 salt spray Different corrosion benchmarks 

5.2. Certification and Marking 

Requirements 

The certification and marking processes for 

ISO and ASTM bolts differ significantly in 

their documentation and verification 

approaches. As shown in Table 5, ISO 14399 

requires comprehensive third-party 

certification (including CE marking for 

European markets), while ASTM standards 

rely primarily on manufacturer self-

certification with mill test reports. These 

differences impact quality assurance 

procedures, traceability, and regulatory 

compliance in various global markets. 
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Table 5 Certification and Marking Requirements Comparison: ISO 14399 vs. ASTM A325/A490 

Requirement ISO 14399 ASTM A325/A490 

Mandatory Markings 
Manufacturer ID, ISO Standard, Property Class 

(e.g., 10.9), CE Mark 

Manufacturer ID, ASTM Standard, Type 

(1/2/3) 

Certification EN 10204 3.1 inspection certificate Mill test reports per ASTM A962 

Third-Party Audit Annual audit by notified body Manufacturer self-certification 

Traceability Full production batch tracking Heat number tracking required 

5.3. Specialized Testing 
(a) Surface Inspection: 

 ISO requires magnetic particle 

inspection for Grade 10.9 bolts >M24 

 ASTM specifies visual inspection for 

all bolts with additional NDT for 

critical applications 

 

(b) Coating Verification: 

 ISO tests coating thickness per ISO 

4042 

 ASTM uses salt spray testing per 

B117 for corrosion-resistant types 

(c) Preload Verification: 

 ISO validates torque-preload 

relationship per EN 14399-2 

 ASTM requires turn-of-nut method 

validation per RCSC specifications 

5.4. Frequency of Testing 

 ISO: Full testing every 5,000 bolts or 

8-hour production shift 

 ASTM: Testing every 10,000 bolts or 

daily production 

5.5. Key Differences in Quality Philosophy 

1. ISO Approach: 

o Process-oriented quality 

control 

o Emphasis on documented 

procedures 

o Requires independent third-

party verification 

o Full traceability through 

production chain 

2. ASTM Approach: 

o Results-oriented verification 

o Relies on manufacturer's 

quality systems 

o Focuses on mechanical 

property verification 

o Allows more flexibility in 

production methods 

 

6. Practical Implications for Engineers 

 For global projects: ISO-certified 

bolts typically satisfy most ASTM 

requirements, but reverse may not be 

true 

 Critical applications: ISO's 

mandatory impact testing provides 

better assurance for low-temperature 

service 

 Documentation: ISO requires more 

extensive paper trails, impacting 

procurement lead times 

 Cost factors: ASTM certification 

generally involves lower testing 

overhead 

Case Study Example: 

A 2022 study by TÜV Rheinland [23] 

compared failure rates in wind turbine 

installations: 

 ISO-certified bolts: 0.12% failure rate 

 ASTM-certified bolts: 0.18% failure 

rat Attributed primarily to ISO's more 

frequent batch testing and stricter 

surface inspection requirements. 

Table 6 is a comparison of European (ISO 

14399) and American (ASTM A325, ASTM 

A490) high-strength structural bolts based on 

past research, including key findings and 

references: 
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Table 6 Comparison of ISO 14399 and ASTM A325/A490 Bolts 
Comparison 

Criteria 

European Standard  

(ISO 14399) 

American Standard 

(ASTM A325 / A490) 
Key Findings Reference 

Material & 

Chemical 

Composition 

• Carbon/alloy steels with 

compositions similar to ASTM 

but different limits. 

• ISO 14399-1 (similar to A325). 

• ISO 14399-3 (similar to A490). 

• ASTM A325: Medium 

carbon steel. 

• ASTM A490: High-

strength alloy steel. 

• Stricter chemical 

requirements than ISO. 

• ASTM A490 has higher strength 

than ISO 14399-3. 

• ISO allows more flexibility in 

material selection. 

Kulak et al. 
[4] 

Mechanical 

Strength 

• ISO 14399-1: Tensile strength 

800–1000 MPa. 

• ISO 14399-3: Tensile strength 

900–1100 MPa. 

• ASTM A325: Min. 

tensile strength 825 MPa. 

• ASTM A490: Min. 

tensile strength 1035 

MPa. 

• ASTM A490 has higher 

tensile/yield strength than ISO 

14399-3. 

• ISO 14399-1 and ASTM A325 

are nearly equivalent. 

Bickford & 

Nassar [24] 

Coatings & 

Corrosion 

Resistance 

• Various coatings (galvanized, 

Dacromet, etc.). 

• Corrosion tests per ISO 4042. 

• Common coatings: 

phosphate, galvanized, 

etc. 

• Corrosion tests per 

ASTM F2329. 

• Both standards allow similar 

coatings, but ASTM has stricter 

corrosion testing. 

• ISO 4042 offers more coating 

flexibility. 

Horn et al. 
[25] 

Testing & Quality 

Control 

• Tensile, hardness, and torque 

tests per ISO 898-1. 

• Sampling inspection per ISO 

3269. 

• Tensile, hardness, and 

torque tests per ASTM 

F606. 

• 100% inspection for 

critical applications. 

• ASTM has stricter testing 

requirements, especially for A490. 

• ISO relies more on batch 

sampling unless specified 

otherwise. 

Kulak [26] 

Structural 

Applications 

• Widely used in Europe and 

international projects. 

• Suitable for slip-critical & 

bearing connections. 

• Common in North 

America. 

• A325 for general use, 

A490 for heavy loads. 

• Both standards are suitable for 

slip-critical and bearing 

connections. 

• ASTM A490 is preferred for 

extremely high loads. 

• ISO 14399-3 offers more design 

flexibility. 

Swanson & 

Leon [27] 

Conclusion 

In conclusion, while both ISO 14399 and 

ASTM A325/A490 standards cover high-

strength structural bolts, key differences exist 

in their material composition, mechanical 

properties, and application suitability. ASTM 

A490 bolts offer superior tensile strength 

(minimum 1035 MPa) compared to ISO 

14399-3 (900-1100 MPa), making them ideal 

for heavy-load applications, whereas ISO 

14399-1 and ASTM A325 demonstrate 

comparable strength levels (800-1000 MPa). 

Material flexibility is greater under ISO 

standards, while ASTM enforces stricter 

chemical composition requirements. Both 

permit similar corrosion-resistant coatings, 

though ASTM's testing protocols (ASTM 

F2329) are more rigorous than ISO 4042. 

Quality control differs significantly, with 

ASTM mandating 100% inspection for 

critical applications (particularly A490) 

versus ISO's batch sampling approach. 

Regionally, ASTM dominates in North 

America for high-demand structural 

connections, while ISO prevails in European 

and international projects due to its adaptable 

design parameters. For slip-critical and 

bearing connections, both standards perform 

adequately, but engineers should prioritize 

ASTM A490 for extreme loads and ISO 

14399 for projects requiring material 

versatility. The choice ultimately depends on 

project specifications, regional codes, and 

performance requirements, with ASTM being 

preferable for maximum strength and ISO 

offering broader compliance flexibility. 
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