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In the complex landscape of industrial piping systems, the efficient redirection of fluid flow is a critical engineering 

requirement. Among the various components utilized for this purpose, the ASME B16.28 Short Radius (SR) Elbow

stands as a pivotal component, particularly in environments where spatial constraints are a primary design

limitation. This guide provides an exhaustive technical analysis of the ASME B16.28 standard, its historical

evolution, its integration into ASME B16.9, and the metallurgical considerations governing its application in high-

pressure and high-temperature environments.

The Evolution of ASME B16.28 and its Relationship with ASME B16.9

Historically, the ASME B16.28 standard specifically covered wrought steel buttwelding short radius elbows and 

returns. However, the American Society of Mechanical Engineers (ASME) has since consolidated several 

standards to streamline the procurement and manufacturing processes for piping components. In the modern 

context, ASME B16.28 has been officially withdrawn and its technical requirements have been incorporated into the 

broader ASME B16.9 standard, which covers factory-made wrought buttwelding fittings.

Despite this consolidation, industry professionals still frequently reference ASME B16.28 to distinguish between

Short Radius (SR) and Long Radius (LR) elbows. The primary distinction lies in the center-to-face dimension. For a

Long Radius elbow (ASME B16.9), the radius is 1.5 times the nominal pipe size (NPS), whereas, for a Short

Radius elbow (formerly B16.28), the radius is equal to the NPS (1.0D). This 33% reduction in radius size makes the

SR elbow indispensable for compact modular designs, shipbuilding, and refinery skid construction.

Technical Specifications and Dimensional Analysis

The engineering utility of an ASME B16.28 elbow is defined by its geometric precision. When designing a piping

layout, engineers must account for the exact dimensions to ensure structural integrity and flow efficiency. The

standard covers 45-degree, 90-degree, and 180-degree configurations.

Geometric Mathematical Models

The center-to-face dimension (represented as 'C') for a 90-degree Short Radius elbow is calculated using the

following simplified logic:

•  Center-to-Face (90° SR): C = NPS (Nominal Pipe Size)

•  Center-to-Face (180° SR Return): C = 2 × NPS (Back-to-Face)

•  45° SR Elbow: While 45° elbows are more commonly standard in LR, SR versions exist, requiring specific 

calculation for center-to-face based on the tan(;‚ó"’�gVæ7F–öâà

To provide a clearer picture of these dimensions, consider the following technical comparison matrix for common

pipe sizes:

Table 1: Dimensional Comparison (SR vs. LR Elbows)



Nominal Pipe Size (NPS) Outside Diameter (OD) SR Center-to-Face 
(B16.28)

LR Center-to-Face (B16.9)

1" 1.315" (33.4 mm) 1.0" (25.4 mm) 1.5" (38.1 mm)

2" 2.375" (60.3 mm) 2.0" (50.8 mm) 3.0" (76.2 mm)

4" 4.500" (114.3 mm) 4.0" (101.6 mm) 6.0" (152.4 mm)

8" 8.625" (219.1 mm) 8.0" (203.2 mm) 12.0" (304.8 mm)

12" 12.750" (323.9 mm) 12.0" (304.8 mm) 18.0" (457.2 mm)

Metallurgical Requirements and Material Selection

Short radius elbows are subjected to significant internal stress during operation, particularly at the extrados (outer 

curve) where the wall thickness can thin during the bending process. Therefore, material selection must strictly 

adhere to ASTM (American Society for Testing and Materials)standards to ensure the fitting can withstand the

design pressure and temperature of the system.

Carbon Steel (ASTM A234 WPB)

ASTM A234 WPB is the most common material for ASME B16.28 elbows. The "W" stands for weldable, "P" for 

pipe, and "B" refers to the grade. It is categorized as a medium-carbon steel that offers an excellent balance of 

tensile strength, ductility, and weldability. For low-temperature applications, ASTM A420 WPL6 is utilized to prevent

brittle fractures.

Stainless Steel (ASTM A403 WP304/316)

In corrosive environments or high-purity systems (such as pharmaceutical or food processing), stainless steel 

variants are mandatory. SS 316/316L is preferred for its molybdenum content, which enhances resistance to 

chloride-induced pitting. SS 304/304L is the standard choice for general corrosion resistance.

Alloy Steel (ASTM A234 WP11/WP22/WP91)

For power plants and refineries operating at extreme temperatures (above 500°C), alloy steels containing

Chromium and Molybdenum are required to resist creep and oxidation.

Manufacturing Processes: Forging and Forming

The production of a short radius elbow is a high-precision manufacturing feat. Because the radius is tight, the risk

of wall thinning and buckling is higher than in long radius fittings. Manufacturers employ several core techniques:

1.  Mandrel Method (Hot Forming): This is the most common process for seamless elbows. A pipe section is 

pushed over a tapered mandrel while being heated by induction coils. The mandrel expands and bends the pipe 

simultaneously, ensuring uniform wall thickness and a smooth circular cross-section.

2.  Cold Forming: Used primarily for stainless steel and smaller diameters. The pipe is forced through a die at 

room temperature. This process often requires subsequent solution annealing to restore the material's corrosion 

resistance and relieve internal stresses.

3.  Welded Construction (Two-Half Method): For very large diameter elbows (above 24"), the fitting may be 

fabricated from two separate plates, pressed into shape and joined by two longitudinal welds. These must undergo 



100% Radiographic Testing (RT).

Hydraulic Considerations and Pressure Drop

From a fluid mechanics perspective, the use of a Short Radius elbow introduces higher turbulence and resistance 

compared to a Long Radius elbow. The Resistance Coefficient (K-factor)for a 90° SR elbow is significantly

higher than that of an LR elbow.

The pressure drop (9E�’�—2�vðverned by the Darcy-Weisbach equation:

9E��Ò�²
r�ƒÁ × v² / 2)

Where:

•  K: Resistance coefficient (typically ~30 for SR vs ~20 for LR)

•  <�  Fluid density

•  v: Flow velocity

Due to the sharper change in direction, SR elbows induce greater momentum loss and potential cavitation in liquid

services. Engineers must balance the space-saving benefits of ASME B16.28 elbows against the increased energy

costs associated with higher pumping requirements.

Quality Control, Testing, and Certification

To comply with ASME B16.28/B16.9, every fitting must undergo rigorous quality assurance protocols. Failure of an

elbow in a high-pressure steam line can be catastrophic.

Key Testing Protocols:

•  Visual and Dimensional Inspection: Checking for surface defects, cracks, and ensuring tolerances for outside 

diameter, inside diameter, and center-to-face meet the standard (usually ±2mm for smaller sizes).

•  Hydrostatic Testing: Though often performed on the final assembly, the fitting itself is designed to withstand 

1.5 times the design pressure.

•  Non-Destructive Testing (NDT): Includes Ultrasonic Testing (UT) for wall thickness verification and Magnetic 

Particle Inspection (MPI) or Dye Penetrant Inspection (DPI) to find surface cracks.

•  Positive Material Identification (PMI): Ensuring the chemical composition matches the Mill Test Report (MTR).

Certification: EN 10204 3.1

Standard industry practice requires the manufacturer to provide a certificate as per EN 10204 3.1. This document

verifies the heat number, chemical analysis, mechanical properties (yield strength, tensile strength, elongation),

and heat treatment history. This ensures full traceability from the raw steel ingot to the finished elbow.

Field Implementation and Integration Guide

Installing ASME B16.28 elbows requires specific expertise to ensure a leak-free system. Follow these procedural

steps for professional integration:

Step-by-Step Installation Procedure:

1.  Bevel Verification: Ensure the elbow ends are beveled to the correct angle (usually 37.5° ±2.5°) according to 

ASME B16.25. This is crucial for proper weld penetration.

2.  Alignment and Fit-up: Use external clamps to align the elbow with the adjacent pipe. The internal "high-

low" (misalignment) must be minimized to prevent flow disturbance and stress concentration.



3.  Tack Welding: Apply small tack welds to maintain alignment. Ensure the gap (root opening) is consistent.

4.  Main Weld Pass: Utilize GTAW (Tig) for the root pass to ensure a smooth internal surface, followed by SMAW 

(Stick) or GMAW (Mig) for the filler passes.

5.  Post-Weld Heat Treatment (PWHT): Depending on the material (e.g., P91 or heavy-walled carbon steel), 

PWHT may be required to relieve residual stresses and prevent Hydrogen Induced Cracking (HIC).

Case Study: Short Radius Elbows in Marine Engineering

In maritime applications, space is at a premium. A recent project involving the ballast water treatment system of a

VLCC (Very Large Crude Carrier) required the installation of piping within a cramped auxiliary engine room. The

use of standard Long Radius (LR) elbows would have necessitated moving structural bulkheads, which was cost-

prohibitive.

By specifying ASME B16.28 90° Short Radius Elbowsin Stainless Steel 316L, the design team was able to

reduce the piping footprint by 33%. While the total head loss increased slightly, the centrifugal pumps were

oversized by 5% to compensate, resulting in a successful installation that met all class society requirements and

saved thousands of dollars in structural modifications.

Troubleshooting Common Failure Modes

Despite their robustness, SR elbows are susceptible to specific failures if misapplied:

1. Erosion-Corrosion

Because the flow impinges directly on the outer wall (extrados) of a short radius elbow at high velocity, the rate of 

wall thinning is accelerated. Solution:Implement regular ultrasonic thickness (UT) monitoring or select a material

with higher hardness/erosion resistance.

2. Stress Corrosion Cracking (SCC)

In stainless steel SR elbows carrying chloride-rich fluids, the residual stresses from the forming process can lead to 

SCC. Solution: Ensure all elbows undergo full solution annealing post-manufacturing.

3. Fatigue Failure

Systems with high vibration (e.g., near reciprocating compressors) can experience fatigue at the weld neck of the 

elbow. Solution:Use LR elbows where possible in high-vibration zones, or install additional pipe supports to

dampen the energy.

Conclusion and Strategic Implications

The ASME B16.28 Short Radius Elbow remains a cornerstone of specialized piping engineering. While it has 

been technically absorbed into the ASME B16.9umbrella, its unique geometric properties (1.0D radius) continue to

provide solutions for engineers facing extreme spatial constraints. Selecting the right elbow involves a multi-faceted

decision-making process that accounts for fluid dynamics, metallurgy, manufacturing standards, and long-term

maintenance needs. By strictly adhering to ASTM material standards and ASME dimensional requirements,

operators can ensure the longevity and safety of their critical infrastructure, balancing the trade-offs between

compact design and hydraulic efficiency.
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