Pertaining to a built-up bridge member, does a 7/8” diameter rivet have as much strength as an A325 HS bolt?

The short answer to this question is: In terms of the material, the steel used in A325 bolts has a higher strength than rivets. 7/8” diameter A325 bolts have a minimum specified tensile strength of 120,000 psi, whereas the rivets historically used in railway structures, generally had minimum specified tensile strengths of about 50,000 psi.

In a built-up bridge member, simply replacing rivets with A325 bolts does not necessarily increase the capacity of the member. Certainly, if the rivet is the limiting part of a connection, replacement with an A325 bolt will help, but quite often the capacity of the member is limited by the cross-sectional area of the shapes being connected, or the strength of the steel. However, one of the big improvements an A325 bolt can make over a rivet is in fatigue resistance.

There are two ways bolts and rivets transfer forces in most bridge connections. They are: 1) by shear/bearing, where one connected piece pushes against the bolt, which causes the bolt to push against the other connected piece, and 2), by friction, where the tightened bolts or rivets clamp or “squeeze” the connected pieces together, which allows force transfer by friction between the pieces.
In hot-driven rivets (cold-driven rivets were not used very often), the clamping force is mainly developed as the rivet cools and shrinks. Because factors like initial and final temperatures, and driving pressures, can greatly affect the amount of shrinkage, the amount of clamping force in a rivet is unreliable, and therefore, not counted on. In an A325 bolt, however, the clamping force is developed mechanically, that is, by tightening the nut. This produces a consistent clamping force, and due to the higher strength steel in the A325 bolt, a much larger clamping force. Hence, more force can be reliably transferred by friction.

In terms of fatigue, this means more force is transferred around the bolt hole rather than through the bolt hole (the bolt hole is a stress raiser, which is a somewhat poor fatigue detail). An A325 bolt improves the fatigue performance of a connection or member by transferring more force by friction, whereas a rivet tends to transfer more force through the rivet hole, by bearing.

AREMA Chapter 15 specifies a minimum bolt clamping force for steel railway bridge connections to ensure the friction is developed. Chapter 15 also recommends bolt tightening techniques to reliably achieve these specified clamping forces.

An excellent source of information on bolt and rivet history and behavior is the “Guide to Design Criteria for Bolted and Riveted Joints”, 2nd Ed., by Kulak, Fisher, and Struik (2001, Research Council on Structural Connections). This document can be downloaded for free at www.boltcouncil.org.

