
Tech Note – Seismic Detailing of Concrete Buildings 
 
The main goal of earthquake-resistant design is to attain a structure with sufficient 
strength and ductility to assure life safety, i.e., to prevent collapse under the most intense 
earthquake expected at a site during the life of a structure. In most structures that are 
subjected to moderate-to-strong earthquakes, economical earthquake-resistant design is 
achieved by allowing yielding to take place in some structural members. 
 
Model building codes and resource documents have traditionally set seismic force levels 
well below those that would be generated by anticipated design ground motions. This is 
also true for the seismic force levels of the 2000 International Building Code, which are 
based on NEHRP Recommended Provisions for Seismic Regulations for New Buildings 
and Other Structures, 1997. Therefore, it is expected that structures would undergo fairly 
large deformations when subjected to a major earthquake. It is the intent of the codes that 
these large deformations will be accompanied by yielding in some members of the 
structure. Thus, structures subjected to code-prescribed seismic forces must possess 
sufficient inelastic deformability to survive without collapse when subjected to several 
cycles of loading into the inelastic range. For concrete structures, satisfying the design 
and detailing requirements of Chapter 21 of ACI 318-99, which is adopted by reference 
in the 2000 International Building Code, provides the required levels of inelastic 
deformability that are inherent to the codes. 
 
Laboratory tests and experience from recent earthquakes have shown that concrete 
structures designed to the level of seismic forces prescribed by the codes can survive 
major earthquake shaking without significant loss in strength. Well-designed and 
appropriately detailed reinforced concrete members possess the necessary characteristics 
to dissipate seismic energy by inelastic deformations. 
 
The detailing requirements in Chapter 21 of ACI 318-99 are related to the type of 
structural framing system, seismic risk level at the site, level of energy dissipation (or 
toughness) assumed in the computation of the design seismic forces, and occupancy of 
the structure. 
 
Traditionally, seismic risk levels have been classified as low, moderate, and high. A 
seismic risk level of a region, or a seismic performance or design category of a structure, 
is regulated by the governing building code or is determined by a local authority. Table 1 
contains a summary of the seismic risk levels, seismic performance categories (SPC), and 
seismic design categories (SDC) specified in the model building codes and other resource 
documents. 



Table 1 - Seismic Risk Terminology 

Level of Seismic Risk or Assigned Seismic Performance 
Category (SPC) or Seismic Design Category (SDC) Code, Standard, or Resource 

Document 
Low Moderate High 

BOCA National Building Code 
(1993, 1996, 1999) 

Standard Building Code 
(1994, 1997, 1999) 

ASCE 7-93, 7-95 

NEHRP (1991, 1994) 

SPC A, B SPC C SPC D, E 

Uniform Building Code 
(1991, 1994, 1997) Seismic Zone 0, 1 Seismic Zone 2 Seismic Zone 3, 4 

International Building Code 
(2000) 

ASCE 7-98 

NEHRP (1997) 

SDC A, B SDC C SDC D, E, F 

 
 
Table 2 provides a summary of the sections of Chapter 21 that govern for components of 
structures resisting earthquake effects in regions of intermediate or high seismic risk or 
for structures assigned to intermediate or high seismic performance or design categories. 
The provisions of Chapters 1 through 18 and Chapter 22 apply to structures in regions of 
low seismic risk or to structures assigned to low seismic performance or design 
categories. 
 
   Table 2 - Sections of Chapter 21 to Be Satisfied* 

Level of Seismic Risk or Assigned Seismic Performance 
Category (SPC) or Seismic Design Category (SDC) Component Resisting Earthquake 

Effect Intermediate 
(21.2.1.3) 

High 
(21.2.1.4) 

Frame members 21.10 21.2–21.5 

Structural walls and coupling beams None 21.2, 21.6 

Structural diaphragms and trusses None 21.2, 21.7 

Foundations None 21.2, 21.8 

Frame members not proportioned to 
resist forces induced by earthquake 
motions 

None 21.2, 21.9 

*In addition to requirements of Chapters 1–18 and 22. 
 
In Chapter 21, detailing requirements are specified for: 

• Flexural members of special moment frames 



• Special moment frame members subjected to bending and axial load 
• Joints of special moment frames 
• Special reinforced concrete structural walls and coupling beams 
• Structural diaphragms and trusses 
• Foundations 
• Frame members not proportioned to resist forces induced by earthquake motions 
• Intermediate moment frames 

 
The PCA publication Seismic Detailing of Concrete Buildings provides a comprehensive 
discussion on these requirements. Numerous tables and figures, such as the one shown 
below for reinforcement details for boundary elements of special reinforced concrete 
structural walls, explain and illustrate the provisions for the components listed above. 
Click on the link on the main page for more information or to order this publication. 
 
 



 


