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Overview
Steel reinforced concrete shear walls
(structural walls) have been a safe, efficient, and cost-effective way to resist lateral forces in building structures for many
years. They are usually located around
elevator and stair openings or between
architectural spaces and are ideally suited
to resist lateral forces due to their large
in-plane stiffness and strength. By themselves or in combination with reinforced
concrete moment frames, these time-tested structural elements have an outstanding performance record when subjected to
the effects from wind and earthquakes.
The purpose of this Technical Note
is to outline the benefits of using steel
reinforced concrete shear walls in building structures. Included is a summary of
different types of shear wall systems and
inherent benefits related to resiliency, sustainability, steel reinforcement, structural
design, and constructability.

Types of Steel Reinforced Concrete Shear Wall Systems
A variety of steel reinforced concrete
shear wall systems are available for low-,
mid-, and high-rise buildings. Building
height and plan geometry, exposure and
magnitude of wind at the site, the level of
seismic risk at the site, and architectural
constraints on size and location of the
structural walls are a few of the many factors that must be considered when selecting an appropriate system. The lateral force
resisting systems in Table 1 are recognized
in the IBC (Ref. 1) and ASCE/SEI 7 (Ref. 2)
and do not require a special peer review
prior to acceptance by the local authority
having jurisdiction. For lateral force resisting systems not identified in the IBC or
ASCE/SEI 7, the peer review process can
take months or even years to complete
depending on the size and/or complexity of
the building’s structure.

Table 1 Types of Steel Reinforced Concrete Shear Wall Systems
System

Description

Bearing wall

A structural system without an essentially complete frame that provides support
for gravity loads. Bearing walls provide support for all or most of the gravity
loads, and resistance to lateral forces is provided by the same bearing walls
acting as shear walls. This system is best suited for low- to mid-rise buildings.

Building frame

A structural system with an essentially complete frame that provides support
for gravity loads. The resistance to lateral forces is provided by isolated or
coupled shear walls only; no interaction between the shear walls and frames
is considered in the lateral analysis and all the lateral forces are allocated to the
walls. This system can be utilized in mid- and high-rise buildings.

Shear wall-frame
interactive (Dual)

A structural system with an essentially complete frame that provides support
for gravity loads. Resistance to lateral forces is provided by moment-resisting
frames and shear walls, which resist the lateral forces in proportion to their
relative rigidities. This system is often utilized in high-rise buildings.

Tube-core systems (consisting of a perimeter moment-resisting frame with closely spaced columns and
interior shear walls) and outrigger systems (consisting
of interior shear walls connected to perimeter columns
by means of outrigger girders) are two other types of
structural systems with steel reinforced concrete shear
walls often used in high-rise buildings.
Steel reinforced concrete shear walls are very effective in limiting lateral deflections, especially in dual
systems. Frames tend to deflect in a shear mode when
subjected to lateral loads, while walls tend to deflect
in a flexural mode as a cantilever (see Figure 1). When
frames are combined with shear walls, the interaction
between the two results in a stiffer and stronger structural system: the wall is restrained at the upper levels
by the frame while the frame is restrained at the lower
levels by the shear wall (see Figure 1).
For tall buildings, limiting the drift at the top of the
building is often not sufficient to prevent the occupants
from experiencing perceptible motion due to wind.
During a high wind event, occupants may experience
extreme discomfort. It is common for steel reinforced
concrete shear walls to be used in Class A buildings
because they are very effective in mitigating occupant
discomfort associated with prolonged occurring wind
events.

Resiliency
Steel reinforced concrete buildings are inherently resilient when subjected to anticipated and extraordinary
loading events. The reinforcing bars in the structural
members tie the entire structure together, resulting in
a highly redundant structure with multiple load paths;
this significantly reduces the possibility of progressive collapse. The purpose of the minimum structural
integrity reinforcement requirements in ACI 318 (Ref. 3)
is to improve redundancy and ductility of the structural
members. Thus, steel reinforced concrete structures
possess a high level of built-in resiliency at no extra
cost.
Steel reinforced concrete shear walls provide an additional benefit: the walls protect elevators and stairs,
which are often utilized for occupant egress in case of
an emergency.
Steel reinforced concrete buildings are also inherently
fire resistant: the concrete provides passive fire protection at no cost throughout the entire life of the building
(Ref. 4). Providing the minimum member thickness for
strength and serviceability and the minimum concrete
cover to the reinforcing bars in accordance with ACI
318 automatically satisfies fire-resistance requirements
for typical occupancies. Supplemental fireproofing is
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Figure 1 Structural wall-frame interaction.
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not required, eliminating the time and cost associated
with its application. Because steel reinforced concrete
is not readily damaged by fire, only a clean-up, rather
than expensive structural repairs, is needed in most
cases to put the building back in service following a fire
event. Additionally, local fire officials advocate for steel
reinforced concrete cores to safely access the building
when fires occur.

Sustainable Design
Steel reinforced concrete is made with locally available materials, minimizing transportation and staging
costs. Steel reinforcing bars consist of nearly 100
percent recycled material. Part of the cement content
in concrete mixes can be replaced by supplemental
cementitious materials, such as fly ash and ground
granulated blast furnace slag, to reduce embodied carbon levels. At the end of the structure’s useful service
life, the concrete and reinforcing steel can be recycled.

Advances in Steel Reinforcement
Recent advances, including substantial new research,
have enabled reinforcing steels of higher strengths to
be a viable option in a variety of applications in steel
reinforced concrete structures, including buildings with
shear walls. Permissible applications of high-strength
steel reinforcement (that is, reinforcement with a yield
strength of 80,000 psi or 100,000 psi) were significantly expanded in ACI 318-19. Grade 80 and Grade 100
longitudinal and transverse reinforcement are permitted
to be used in structural walls in buildings assigned to
any Seismic Design Category, including special structural walls, which are required in buildings assigned to
Seismic Design Categories D through F.
Utilizing high-strength steel reinforcement in concrete
shear walls typically results in smaller bar sizes and/or a
fewer number of bars compared to Grade 60 reinforcement. This translates to improved concrete placement
and consolidation and a reduction in reinforcing bar congestion, especially in walls with coupling beams. It also
results in lower placement costs because fewer bars

Figure 2 One Chicago Square, Chicago, Il

(photo courtesy of James McHugh Construction Company).

need to be placed in the field. Comprehensive information on the requirements in ACI 318-19 on Grade 80 and
Grade 100 reinforcement is given in Refs. 5 and 6.

Structural Design
Design and detailing requirements for steel reinforced concrete structural walls have appeared in
many editions of ACI 318 and numerous resources are
available to assist design professionals in their proper
application. Many consulting firms regularly design
steel reinforced concrete buildings with walls. A wide
variety of commercial software is available that enables
structural engineers to quickly model, design, and detail
steel reinforced concrete structural walls of any size
and shape. As a result, overall design time and production time for construction documents are significantly
reduced.
Where the size or shape of a wall must be modified
for architectural reasons or where mechanical openings must be introduced after initial design, redesign
of a steel reinforced concrete wall can be achieved in a
relatively short period of time.

Constructability
A wide variety of formwork systems for steel reinforced concrete walls are available from many suppliers. Competitive pricing and overall economy are
achieved by having more than one option for formwork,
which constitutes on average 50 to 60 percent of the
structure cost. Core formwork systems with integrated
placing booms and rebar laydown areas improve overall
project logistics and construction efficiency, resulting in
shorter times to completion. Self-climbing core formwork systems allow rapid, high-quality steel reinforced
concrete core construction for larger tower projects
(see Figures 2 and 3). Ganged systems are large wallforming units that consist of aluminum or plywood
panels joined together and braced by aluminum or
steel frames (see Figure 4). Once the system has been
assembled on the ground, it is raised into place by a
crane.

Figure 3 Wolf Point West, Chicago, Il

(photo courtesy of James McHugh Construction Company).
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Figure 4 110 N. Carpenter, Chicago, Il

(photo courtesy of James McHugh Construction Company).

In general, concrete construction requires smaller
cranes due to lighter crane pick loads compared to
other structural materials. Smaller cranes are more
readily available, less expensive to rent, and are easier
to assemble, operate, and disassemble. They are also
better suited for tight urban sites where it may not be
physically possible to utilize a large crane.
When compared with other materials, steel reinforced concrete walls are easier to coordinate with
other building systems and do not have long lead times
associated with offsite detailing, fabrication, shipping,
and staging. This allows projects to be started earlier
and completed sooner.
Changes in the location and/or the size of openings,
embeds, and MEP penetrations can be accommodated
relatively easily and with minimal cost any time during
the construction of a steel reinforced concrete wall.
Moreover, steel reinforcement that must be modified
due to such changes can be ordered, fabricated, and
shipped to the job site quickly when compared to other
structural materials, thereby reducing the possibility of
construction delays. For shear walls utilizing steel plates
or mass timber, the exact size and location of the openings and penetrations must be coordinated months in
advance prior to fabrication; proposed modifications
during construction are generally very expensive or
impossible to accommodate.
According to IBC Table 1705.3, periodic inspection is
required for formwork and steel reinforcing bar place-

ment for concrete construction with nonprestressed
steel reinforcing bars; continuous inspection is required
only for concrete placement. For structural walls consisting of structural steel, continuous inspection and
field testing is required during construction for welds,
among other things. Such tests require significant time
to complete and repairs to nonconforming welds are
expensive and time consuming, which could lead to
costly delays in construction. Additionally, special inspection and tests must be performed for construction
materials and systems that are alternatives to materials
and systems prescribed by the IBC (IBC Sect. 1705.1.1);
this also can have a significant impact on the overall
construction schedule and time to completion.

Summary
Steel reinforced concrete shear walls are a proven,
cost-effective way of resisting lateral forces in building
structures. The benefits outlined in this Technical Note
should be carefully evaluated prior to the selection of a
suitable construction material.
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