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The integrity of a maritime vessel depends fundamentally on the quality of its structural joints. For decades, the 

AWS D3.5:1993 Guide for Steel Hull Weldinghas served as a cornerstone document for the marine construction

industry, providing standardized protocols for the fabrication of ships, barges, and mobile offshore drilling units.

Although now categorized as a historical document by the American Welding Society (AWS), its foundational

principles regarding metallurgy, joint design, and quality assurance continue to influence modern shipbuilding

practices and international maritime standards.

The Evolution and Scope of AWS D3.5

The AWS D3.5standard was developed to address the unique challenges of the marine environment. Unlike land-

based structures, ship hulls are subjected to dynamic loading, corrosive saltwater exposure, and extreme

temperature fluctuations. The 1993 edition (reaffirmed in 2000) was specifically designed to provide a cohesive

framework for designers, engineers, and welders to ensure that steel hulls possess the necessary ductility and

fatigue resistance to survive years of service at sea.

The scope of this guide encompasses the welding of carbon and low-alloy steels used in the construction of

conventional hulls. It bridges the gap between general structural welding codes, such as AWS D1.1, and the

specialized requirements of classification societies like the American Bureau of Shipping (ABS) or Lloyd's Register.

By providing 122 pages of technical depth, the document outlines the best practical methods to maintain structural

integrity from the shipyard to the open ocean.

Core Metallurgy and Material Selection in Marine Environments

Steel hull welding is not merely about joining two pieces of metal; it is about managing the metallurgical properties 

of the Heat Affected Zone (HAZ). Most modern hulls utilize high-strength, low-alloy (HSLA) steels. Understanding

the chemical composition is vital for preventing hydrogen-induced cracking (HIC) and ensuring low-temperature

toughness.

Carbon Equivalent (CE) and Weldability

To evaluate the weldability of the steel plates specified in AWS D3.5, engineers utilize the Carbon Equivalent

formula. A higher CE value indicates a higher risk of hardening in the HAZ, which requires specific preheat and

interpass temperature controls. The common formula used is:

CE = %C + %Mn/6 + (%Cr + %Mo + %V)/5 + (%Ni + %Cu)/15

For maritime steels such as AH36, DH36, or EH36, maintaining a low CE is critical for ensuring that the weld

remains ductile enough to withstand the slamming impacts of heavy seas. AWS D3.5 emphasizes the selection of

consumables that match or slightly exceed the yield strength of the base metal while prioritizing notch toughness,

often measured via Charpy V-Notch (CVN) testing.

Technical Analysis of Welding Processes in Shipbuilding



The guide identifies several primary welding processes that are efficient for large-scale hull fabrication. Each

process is evaluated based on its deposition rate, penetration depth, and suitability for various welding positions

(flat, horizontal, vertical, and overhead).

1. Shielded Metal Arc Welding (SMAW)

Often referred to as "stick welding," SMAWremains a staple for outfitting and repair work on hulls. Its portability

makes it ideal for hard-to-reach areas in the double bottom or within the bulbous bow. However, for primary

longitudinal seams, its lower deposition rate makes it less efficient than automated processes.

2. Flux-Cored Arc Welding (FCAW)

FCAWis the workhorse of modern shipyards. It offers high deposition rates and can be used in all positions. AWS

D3.5 provides guidance on the use of gas-shielded versus self-shielded flux-cored wires, noting that gas-shielded

(FCAW-G) typically offers superior mechanical properties for critical hull sections.

3. Submerged Arc Welding (SAW)

For the long, flat seams of deck plating and side shells, SAWis the preferred method. Because the arc is buried

under a blanket of granular flux, it allows for extremely high currents and deep penetration without the risk of arc

flash or excessive spatter. This process minimizes the number of passes required for thick hull plates, reducing the

total heat input and potential for distortion.

Comparison of Hull Welding Processes



Feature SMAW (Stick) FCAW (Flux-Cored) SAW (Submerged Arc)

Deposition Rate Low to Medium High Very High

Portability Excellent Good Poor (Fixed/Tractor)

Position Versatility All Positions All Positions Flat/Horizontal Only

Penetration Medium Deep Very Deep

Typical Application Repairs, Outfitting General Fabrication Main Deck, Hull Seams

Joint Design and Preparation Requirements

AWS D3.5 provides rigorous standards for joint geometry. Proper preparation is the primary defense against 

common weld defects such as lack of fusion or slag inclusions. The guide outlines specific dimensions for V-groove, 

J-groove, and U-groove welds, emphasizing the importance of the Root Opening and Root Face.

•  Root Opening: The separation between the members to be joined. If too narrow, the weld won't penetrate; if 

too wide, it leads to burn-through.

•  Bevel Angle: Typically ranging from 30° to 45°, ensuring the electrode has sufficient access to the bottom of 

the joint.

•  Tack Welding: AWS D3.5 specifies that tack welds must be performed by qualified welders and either 

removed or fully incorporated into the final weld bead after thorough cleaning.

Surface Preparation Protocols

Marine environments are inherently humid and salt-laden. AWS D3.5 mandates that all surfaces within at least 1 

inch (25mm) of the weld zone must be free from scale, rust, moisture, grease, and shop primers unless the primer 

is certified as "weldable." Contaminants are the leading cause of Porosity and Hydrogen Embrittlementin

maritime structures.

Strategic Distortion Control in Large Hull Sections

One of the most significant engineering challenges highlighted in the guide is the management of thermal

distortion. Large steel plates tend to warp under the intense heat of welding, which can lead to misalignment of hull

blocks. To mitigate this, AWS D3.5 recommends several techniques:

1.  Back-step Welding: Welding in short increments in the direction opposite to the overall progress of the joint.

2.  Wandering Sequence: Distributing heat by welding in different areas of the structure rather than completing 

one long continuous seam.

3.  Pre-setting: Angling the plates slightly in the opposite direction of expected shrinkage so they pull into the 

correct alignment upon cooling.

4.  Thermal Management: Maintaining strict interpass temperatures to ensure uniform cooling across the 

longitudinal and transverse bulkheads.

Quality Assurance and Non-Destructive Testing (NDT)

The AWS D3.5:1993guide establishes clear criteria for what constitutes a "sound" weld. In the maritime industry, a

failure can be catastrophic, leading to environmental disasters or loss of life. Consequently, inspection is a multi-



layered process.

Visual Testing (VT)

Every inch of a hull weld must undergo visual inspection. The guide specifies limits for undercut (typically no more 

than 1/32 inch for critical members), overlap, and surface porosity. The profile of the weld must be smooth to avoid 

Stress Concentrations that could trigger fatigue cracks.

Radiographic (RT) and Ultrasonic Testing (UT)

For critical joints, such as the intersection of the sheer strake and the stringer plate, internal inspection is required. 

RT (X-ray) is used to detect internal voids, while UT (Sound waves)is highly effective for detecting planar defects

like laminations or lack of side-wall fusion. AWS D3.5 provides the acceptance/rejection criteria that determine if a

weld must be gouged out and repaired.

Magnetic Particle Testing (MT)

MT is utilized primarily for detecting surface and near-surface discontinuities in ferromagnetic materials (the vast

majority of hull steels). It is particularly useful for checking the roots of multi-pass welds after back-gouging.

Practical Field Guide: Executing a Hull Weld Repair

When repairing an existing steel hull according to D3.5 principles, a systematic approach must be followed to

ensure the repair is as strong as the original structure.

Step 1: Defect Identification and Removal

The damaged area or crack must be fully identified using Dye Penetrant (PT) or MT. The crack must be "arrested" 

by drilling holes at the tips before removal. Removal is typically done via Air Carbon Arc Gouging (CAG),

ensuring the groove is ground back to bright metal.

Step 2: Preheat Application

Based on the plate thickness and CE value, preheating is applied using oxy-fuel torches or induction blankets. This

slows the cooling rate, allowing hydrogen to escape and preventing the formation of brittle martensite.

Step 3: Controlled Filling

The repair is filled using low-hydrogen electrodes (e.g., E7018). Each pass is cleaned of slag and inspected

visually before the next layer is deposited.

Step 4: Post-Weld Cooling and Inspection

The area is often wrapped in thermal blankets to ensure slow cooling. A final NDT inspection is performed at least 

24 to 48 hours after the weld has reached ambient temperature to check for Delayed Cracking.

Failure Mode Analysis in Maritime Structures

Historical data from vessels built using these standards show that most structural failures stem from a few specific

modes. Understanding these is essential for any technical writer or engineer working with AWS D3.5.

Brittle Fracture

The most famous example is the Liberty ships of WWII. AWS D3.5 addressed this by emphasizing Notch 

Toughness. If a weld metal is too brittle, a small crack can propagate at the speed of sound across the entire hull,

especially in cold water.



Fatigue Cracking

Hulls are subject to cyclic loading from waves. AWS D3.5 focuses on weld geometry—ensuring a smooth transition

between the weld toe and the base metal to minimize the stress concentration factor (SCF). Even a tiny undercut

can serve as the initiation point for a fatigue crack that eventually leads to structural failure.

Corrosion Fatigue

The combination of mechanical stress and saltwater corrosion accelerates material degradation. The guide

recommends specific weld profiles that allow for effective coating (painting) coverage, as sharp edges in welds are

where protective coatings typically fail first.

Synthesizing the Significance of AWS D3.5

While the industry has seen the introduction of more automated and robotic welding systems, the core engineering 

logic found in AWS D3.5:1993 remains essential. It established a rigorous baseline for documentation, welder 

qualification, and procedure specification that modern standards like AWS D3.6 (Underwater Welding) and AWS 

D3.7 (Aluminum Hull Welding) have built upon. 

For the technical professional, the value of D3.5 lies in its holistic approach to the vessel. It treats the hull not as a

collection of parts, but as a single, dynamic, stressed skin. By adhering to these historically proven methods of joint

design, heat control, and rigorous NDT, shipbuilders ensure the longevity of vessels that form the backbone of

global trade. The transition from the 1993 guide to today's digital twins and automated shipyards is a testament to

the durability of the principles laid out by the American Welding Society over three decades ago. Ensuring that

every weld is executed with the precision and oversight described in these 122 pages is the difference between a

vessel that survives a storm and one that succumbs to the sea.
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