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ABSTRACT

With current trends in urbanization and population rise, there is a surging need for
high-rise structures that can offset the environmental impacts of today’s construction
industry. Mass timber, especially in the form of gravity systems, has been an appealing
alternative to building with other nonrenewable materials for the past couple of decades.
Mass timber lateral systems, particularly in the form of post-tensioned mass timber rocking
walls, have been proven to be a resilient system that performs well under seismic loading
with sufficient strength and stiffness. However, the use of post-tensioned mass timber
rocking walls as a lateral force-resisting system has been limited by current U.S. standards
and requires extensive tests and analyses that aren’t typical of standard structural design
offices.

The development of design provisions for post-tensioned mass timber rocking walls aims
to take the first steps in getting these lateral systems recognized in standard U.S. codes
such that buildings with these systems can be designed, permitted, and constructed. These
provisions provide the requirements of a post-tensioned mass timber rocking wall system,
as well as the necessary checks needed at the component and system level. The provisions
are accompanied by three design examples that follow the design provisions and aim to
assist practicing engineers with the steps and calculations needed to complete the design of
these systems. The design examples utilize realistic building floor plans that would feature
post-tensioned mass timber rocking walls as their lateral force-resisting system in
seismically active regions.

To further evaluate the feasibility and constructability of high-rise mass timber
buildings with post-tensioned rocking walls, a full-scale 10-story building composed entirely
out of mass timber will be designed and constructed on the world’s largest 6-DOF outdoor

shake table at the NHERIQUCSD facility in San Diego, California.
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CHAPTER 1
INTRODUCTION

1.1 Overview

With the current trends in global urbanization, the need for mixed-use (commercial and
residential) high-rise buildings within the range of eight to 20 stories has risen. These
buildings are needed in urban downtown areas to account for the growing populations and
expansion of many cities worldwide, especially within the United States. With this growth
in population, particularly in urban areas, we are also confronted with the ever-present
climate change issues and trying to increase sustainability. Typically high-rise buildings
made of steel and/or concrete are created to account for increasing populations. However,
these building materials do nothing to improve the current environmental situation, and in
fact, often act as major contributors to the growing greenhouse gases and construction
waste (Guggemos & Horvath (2005)). With the expected growth in building stock, it is
estimated that construction alone would consume 60% of the world's remaining carbon
budget (500Gt CO2e) if the global temperature rise is limited to 35 degrees (aureus earth
(2023)). This illustrates a real need for building materials and ultimately construction,
itself to be more sustainable in the future. Mass timber, an engineered wood product, has
proven to be a sustainable building material with the capacity for high-rise structures. For
example, a study was conducted that redesigned a current 20-story reinforced concrete
tower in Los Angeles, CA into a corresponding mass timber tower. It was found that for
the mass timber tower, the code maximum for drift governed the lateral design, and for the
reinforced concrete tower, the code maximum for strength governed the design (Timmers &
Tsay Jacobs (2018)). This proves that mass timber has the strength capacity to compete
with other high-rise building materials, while also helping to o set the e ects of

construction emissions and reduce the carbon footprint through carbon sequestration.



Mass timber is an engineered timber that uses state-of-the-art technology to glue, nail,
or dowel wood products together. This engineering solution allows for the creation of larger
beams, columns, and panels, compared to those of light frame structures, see Figure 1.1.
Due to the engineered nature of these products, they also have greater strength and
sti ness capacities which will help to combat the previous shortcomings of wood as a
building material since light-frame timber construction has many limitations and is not
suited for high-rise structures. These limitations are especially present in seismically active

regions, where building codes limit light-frame timber construction to a height of six stories.

(a) Sample Light-Frame Construction from (b) Sample Mass Timber Construction from
Single Family Home Construction Peavy Hall at Oregon State University

Figure 1.1 Light-Frame Construction vs. Mass Timber Construction

Currently, in the United States, mass timber construction is somewhat limited in what
is allowed by the building codes, especially in regard to lateral systems. For lateral systems
featuring the use of mass timber (except for Cross Laminated Timer shear wall systems up
to eight stories), special design procedures and results from extensive testing must be used
to get these buildings permitted. This strenuous process is ultimately making the
engineering of these buildings complex and thus too expensive for building owners to
pursue, thus limiting the potential of buildings with mass timber lateral systems, despite
the number of successful research tests that have been conducted. One lateral system in

particular, recognized as post-tensioned mass timber rocking walls is of interest due to its
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