
ASTM F1624 – 12 (Reapproved 2024) 

Standard Test Method for Measurement of Hydrogen Embrittlement 
Threshold in Steel by the Incremental Step Loading Technique 

Key Points Summary 

1. Overview 

ASTM F1624 establishes an accelerated procedure for measuring the susceptibility of steel to 
hydrogen embrittlement (HE) via the Incremental Step Loading (ISL) technique. Unlike 
traditional sustained-load tests that can take 1–5 years, this method obtains results within one 
week using a single testing machine. 

 

Hydrogen embrittlement occurs when hydrogen is introduced into steel — from processing 
(plating, pickling, melting) or service environments (aqueous solutions, cathodic protection) — 
causing time-delayed fracture under residual or applied stress. 

2. Scope & Applications 

This test method evaluates: 

• Relative susceptibility of steels with different compositions or heat treatments 

• Effect of residual hydrogen from processing (IHE – Internal Hydrogen Embrittlement, 
tested in air) 

• Effect of environmental hydrogen from external sources (EHE – Environmental Hydrogen 
Embrittlement, tested in controlled environment) 

 

Applicable specimen types include standard fracture mechanics specimens, notched round 
bars, fasteners (threaded/unthreaded), springs, and components per SAE J78, J81, J1237. 

3. Key Terminology 

 

Symbol Definition 

Pc / PFFS Critical load to rupture specimen (Fast Fracture Strength) 

Pi Crack initiation load at a given loading/environmental condition 

Pth Invariant threshold load — basis for calculating threshold 
stress or stress intensity 

Pth-n Threshold load at a specified loading rate 

σth-IHE IHE threshold stress — test in air (geometry dependent) 

σth-EHE EHE threshold stress — test in specified environment 
(geometry dependent) 

KIIHE Invariant IHE threshold stress intensity — not geometry 
dependent 

KIEHE / KIEAC Invariant EHE threshold stress intensity — not geometry 



Symbol Definition 

dependent 

KISCC Invariant threshold stress intensity for stress corrosion 
cracking 

SCG Subcritical Crack Growth 

IHE Internal Hydrogen Embrittlement (test in air) 

EHE Environmental Hydrogen Embrittlement (test in controlled 
environment) 

4. Test Principle 

The method determines the onset of Subcritical Crack Growth (SCG) using a step-modified, 
incrementally increasing, slow strain rate test under displacement control (per ASTM G129). 

 

Key principles: 

• Displacement is incrementally increased; load response is monitored during each hold 
period 

• SCG onset is detected when load decreases while displacement is held constant 

• By progressively decreasing the loading rate across multiple specimens, the invariant 
threshold is approached 

• Four-point bending maintains a constant moment along the specimen, simplifying 
stress/stress intensity calculations 

• Loading rate must be sufficiently slow (10⁻⁵ to 10⁻⁸ s⁻¹) to allow hydrogen diffusion and 
crack initiation 

5. Loading Profiles by Hardness 

The step load notation is (# steps / %PMAX per step / hold time in hours). PMAX for each 
subsequent specimen is set to 1.1 × Pth-n of the previous test to progressively reduce the 
loading rate. 

 

Hardness Range Loading Profile Description 

≥33 HRC to 45 HRC (10/5/2,4) 10 steps @ 5% PFFS, 2 h hold; then 10 
steps @ 5% PFFS, 4 h hold 

>45 HRC to 54 HRC (10/5/1,2) 10 steps @ 5% PFFS, 1 h hold; then 10 
steps @ 5% PFFS, 2 h hold 

>54 HRC (20/5/1) 20 steps @ 5% PFFS, 1 h hold per step 

 

Invariant threshold Pth is reached when the difference between two consecutive threshold loads 
(ΔPth) is ≤5% of PFFS. The lowest measured threshold value is taken as Pth-EHE, Pth-SCC, or 
Pth-IHE. 

6. Test Procedure Summary 



6.1 Minimum Specimens Required 

• Minimum 3 specimens per test series 

• Specimen #1 (SN1): Fast fracture test per ASTM E8 to establish PFFS (baseline) 

• Subsequent specimens (SN2, SN3…): ISL tests with progressively reduced PMAX 

6.2 Crack Growth Detection 

• Type A (convex load drop): Attributed to SCG. Crack initiation load = Pi; threshold = step 
before Pi 

• Type B (concave load drop): Attributed to plasticity/creep. NOT counted as crack growth 

• Type C (concave-to-convex transition): Crack initiation load = Pi at transition point 

• A 5% Net Fracture Strength (NFS) load drop is used as the guideline for crack growth 
detection 

• Crack growth verified by loading tested specimen to fracture (ASTM E8 or E399); 
fractographic analysis optional 

6.3 Test Environment 

• IHE: Test conducted in air (measures residual hydrogen from processing) 

• EHE: Test in controlled environment (e.g., 3.5 wt% NaCl solution) 

• Potentiostatic control: Cathodic potential 0.0 to −1.2 V vs. SCE (Saturated Calomel 
Electrode) 

7. Calculations 

Threshold stress (σth) is calculated using the same relationship as UTS but substituting Pth for 
Pc: 

 

Specimen Type Net Stress Formula 

Tensile σnet = P / Anet   (Anet = net cross-sectional area) 

Bend σnet = My / I   (M = applied moment, y = distance to stressed 
ligament, I = moment of inertia) 

 

Stress intensity parameters (KI) are calculated per ASTM E399 from Pth. Strain rate (ε̇) = 
(Δσ/Δt) / E, where E = elastic modulus. 

8. Fastener Application (Annex A1) 

8.1 Test Setup 

• Four-point bending preferred to reduce required loads (load reduction factor = d/8L vs. 
tension) 

• Bolts must be 5D in length; head may be removed since failure occurs in threads 

• Minimum 3 test specimens required 

• Coating/alloy system must be specified; Open Circuit Potential (OCP) measured in 3.5% 
NaCl 

• Scribe mark inserted in coating at thread root to simulate coating damage ("holiday") 

8.2 Acceptance Criterion 



The threshold stress must be ≥75% of the Notch Tensile Strength (NTS) of a Type 1a specimen: 

 

Parameter Requirement 

NTS definition 1.6 × UTSE8 

75% NTS = 1.2 × UTSE8 

Acceptance criterion (load) Pt-th ≥ 1.2 × Pt-UTS E8 

Bend acceptance (Type 1c, 
L=8in) 

Pc ≥ (d/8L) × 1.2 Pt-UTS E8 

Axial compression acceptance Pc ≥ (d/4λ) × 1.2 Pt-UTS E8 

 

Equivalence between bending stress (σb) and tensile stress (σt) at thread root: σb = 32M/πd³; σt 
= 4Pt/πd². For σb = σt: Pt = 8M/d. 

9. Reporting Requirements 

Required report contents: 

• Material and sample identification 

• Specimen type (fracture mechanics or irregular geometry) 

• Fracture load and maximum fracture stress/stress intensity 

• Threshold load (Pth) and calculated threshold stress or stress intensity 

• Loading increment details and duration of each step 

• Method used to determine loading rate 

• Environmental conditions during testing 

 

Available on request: loading profile table, calculation equations, fixture dimensions, and 
rounding per ASTM E29. 

 

For fastener testing (Annex A1), the report shall include: executive summary, introduction, 
detailed coating process description, test methodology, detailed results, discussion, conclusion, 
and all third-party certifications. 

10. Key Referenced Standards 

Standard Description 

ASTM E4 Force Calibration and Verification of Testing Machines 

ASTM E8 Tension Testing of Metallic Materials 

ASTM E399 Linear-Elastic Plane-Strain Fracture Toughness 

ASTM E1681 Threshold Stress Intensity for Environment-Assisted Cracking 

ASTM F519 Mechanical Hydrogen Embrittlement Evaluation of Plating 
Processes 

ASTM F606 Mechanical Properties of Fasteners 

ASTM F2078 Terminology Relating to Hydrogen Embrittlement Testing 



Standard Description 

ASTM G5 Potentiodynamic Anodic Polarization Measurements 

ASTM G129 Slow Strain Rate Testing for Environmentally Assisted Cracking 

SAE J78 / J81 / J1237 Self-drilling screws, thread rolling screws, metric screws 

 

This summary is prepared from ASTM F1624–12 (Reapproved 2024) for internal reference purposes. For complete 
requirements, refer to the official ASTM standard. 


