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Introduction

In the world of pressure vessel fabrication, the APl welding procedure specification (WPS) is a cornerstone
document that guarantees weld quality, safety, and compliance with industry standards. For engineers and welders
working on API qualified projects, understanding the nuances of theAPI 10 00 9 resgpecification is essential. This
article delves deep into the purpose of a WPS, the specific requirements of API 10 00 9 rev, and a step by step guide
to creating a compliant welding procedure. Whether you are drafting a new WPS, reviewing an existing one, or
preparing for certification, the information below will help you navigate the complexities of APl welding standards
with confidence.

What Is a Welding Procedure Specification?

A Welding Procedure Specification (WPS) is a formal document that details the exact welding process to be used
for a specific joint design and material combination. It includes the following critical elements:

¢ Material type and grade

« Joint design and dimensions

e Welding process (e.g., SMAW, GTAW, GMAW, FCAW)

* Welding consumables and gases

e Preheat, interpass, and post heat treatment temperatures

¢ Welding parameters such as current, voltage, travel speed, and electrode angle
¢ Inspection and testing requirements

« Documentation and traceability procedures

By standardizing these variables, a WPS eliminates ambiguity, reduces the risk of defects, and provides a clear
audit trail for quality assurance and regulatory compliance.

Understanding API1 10 00 9 Rev

API 10 00 is the American Petroleum Institute’s standard for thedesign, fabrication, and testing of pressure
vesselsused in the petroleum, petrochemical, and natural gas industries. The 9th revision (9 rev) incorporates
updates that reflect modern welding practices, safety considerations, and recent industry developments. Key
highlights of APl 10 00 9 rev include:

* Expanded coverage for advanced materials such as high strength low alloy (HSLA) steels and stainless steels.
¢ Revised guidelines for welding procedures involving complex joint geometries.

e Updated non destructive testing (NDT) methods and acceptance criteria.

* Enhanced documentation requirements to support traceability and auditability.

When a project specifies “AP1 10 00 9 rev,” it is demanding a welding procedure that adheres to the latest industry
best practices. This level of rigor ensures that the final product can withstand the demanding operational
environments typical of the petroleum sector.

Key Components of aWPS for API1 10 00 9 Rev



Every WPS that claims compliance with APl 10 00 9 rev must contain specific information. The following sections
outline these components and explain why each is critical.

1. Material ldentification

Specify the exact material designation (e.g., API 5L X52, APl 5CT 300, ASTM A516 Grade 70). Include the
chemical composition, mechanical properties, and any heat treatment history. This ensures the weld metal and
base metal are compatible.

2. Joint Design and Geometry

Describe the joint type (e.g., butt, fillet, lap), bevel angles, root opening, and any special features such as gussets
or reinforcement. Accurate joint description is essential for calculating welding parameters and ensuring proper
penetration.

3.Welding Process and Consumables

Identify the welding method (e.g., SMAW, GTAW, GMAW, FCAW) and the specific electrodes or filler metals. For
gas processes, list the shielding gases and their flow rates. The choice of process directly affects weld quality and
defect susceptibility.

4. Preheat, Interpass, and Post Heat Treatment

Define the required temperature ranges for preheat, interpass, and any post heat treatment. These parameters
control the thermal cycle, which influences residual stresses, microstructure, and weld integrity.

5.Welding Parameters

Include current, voltage, travel speed, electrode angle, and wire feed speed (if applicable). Provide a range for each
parameter to allow for operator variation while maintaining consistency.

6. Inspection and Testing

Outline the required NDT methods (e.g., radiography, ultrasonic, magnetic particle) and the acceptance criteria.
Also specify any mechanical testing (e.g., tensile, bend, impact) that must be performed on test coupons.

7. Documentation and Traceability

Provide a format for recording welders’ qualifications, procedure qualification records (PQRs), and welding
procedure approval (WPA) documents. Traceability ensures that each weld is performed under the correct
conditions.

Step by Step Guide to Developing aWPS

Below is a practical workflow for creating a WPS that satisfies APl 10 00 9 rev. Each step builds upon the previous,
ensuring that all critical aspects are addressed.

Choose the base metal and filler metal based on the project specifications. Verify that both materials meet the API
10 00 requirements for chemical composition and mechanical properties. Document the material certificates and lot
numbers.

Joint Design and Preparation

Design the joint to meet the pressure vessel code. Ensure proper bevel angles (typically 45° or 60°) and root
openings. Perform a thorough inspection of the joint preparation to confirm cleanliness and dimensional accuracy.

Select Welding Process and Consumables



For APl 10 00 9 rev, common processes include SMAW with low hydrogen electrodes for low carbon steels, GMAW
for stainless steels, and FCAW for thicker sections. Choose consumables that are certified for the intended material
and process.

Determine Preheat and Interpass Temperatures

Calculate the required preheat temperature to prevent cracking, especially for high strength steels. For example, a
typical preheat for APl 5L X52 might be 150-200 °C. Interpass temperatures should remain within 30-50 °C of the
previous pass to control cooling rates.

Define Welding Parameters

Establish the welding current, voltage, travel speed, and electrode angle. For instance, an SMAW process for API
5L X52 might use a 3.5 mm electrode at 70 A, 22 V, 0.5 mm/s travel speed, and a 30° electrode angle. Provide a
tolerance range (x5%) to account for operator variability.

Create Procedure Qualification Record (PQR)

Run test coupons under the proposed conditions. Perform NDT and mechanical testing on each coupon. Record all
data in the PQR, including weld appearance, dimensional measurements, and test results. The PQR must meet
API 10 00 acceptance criteria.

Approve the Welding Procedure (WPA)

Once the PQR demonstrates compliance, submit the WPS for approval. The approval process may involve an
independent inspector or a certification body. Document the approval date, approving authority, and any conditions.

Implement Documentation and Traceability

Develop a loghook format for recording each weld. Include welder identification, date, location, parameters used,
and any deviations. Maintain a master file of all WPS documents, PQRs, and WPAs for audit purposes.

Testing and Validation

Validation is the bridge between theoretical compliance and real world performance. API 10 00 9 rev prescribes
several testing modalities to confirm weld integrity.

Non Destructive Testing (NDT)

Common NDT methods for API pressure vessels include:

¢ Radiographic Testing (RT) — for detecting internal defects such as porosity and lack of fusion.
 Ultrasonic Testing (UT) — for measuring weld thickness and identifying subsurface flaws.

« Magnetic Particle Testing (MPT) — for surface crack detection on ferrous materials.

¢ Liquid Penetrant Testing (LPT) — for surface discontinuities.

Each NDT technique must follow the acceptance criteria specified in APl 10 00 9 rev, which are often expressed in
terms of defect size, depth, and frequency.

Mechanical Testing

Mechanical tests verify the weld metal’s strength and ductility. Typical tests include:

« Tensile Test — to confirm ultimate tensile strength and yield strength.

e Bend Test — to assess ductility and crack initiation resistance.

e Charpy Impact Test — to evaluate toughness at operating temperatures.
e Hardness Test — to detect variations in microstructure.



All test coupons should be fabricated under the same conditions as the production welds and tested within the
required time frame.

Documentation and Traceability

Maintain a detailed record of each test, including:
¢ Test method and equipment used.
e Test conditions (temperature, pressure).

¢ Results and acceptance status.
 Inspector signature and date.

These records are essential for audits, warranty claims, and future reference.

Common Challenges and Best Practices

Even with a robust WPS, welders may encounter obstacles. Addressing these proactively ensures project success.

1. Material Variability
Solution: Use material certificates and perform pre heat treatment if necessary. Verify the material’s mechanical
properties before welding.

2. Operator Skill Variation

Solution: Provide comprehensive training, use standardized procedure sheets, and conduct periodic performance
evaluations.

3. Environmental Factors

Solution: Control temperature, humidity, and dust in the welding environment. Use protective
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