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1. Problem Statement

High Speed Rail (HSR) imposes demands on the supporting structure that differ significantly
from those imposed on highway bridges. Furthermore, the CA_HSR project travels through
several very different physical environments, each of which creates its own demands. For
example, the section passing through the Central Valley (flat and hot, easy construction access)
faces construction challenges that differ from the sections that traverse the mountainous regions
closer to the coast (widely varying column lengths, more difficult construction access, etc.) Thus
any work aimed at developing an optimal system must start by understanding the design criteria
and knowledge gaps perceived by the CAHSR design team. Only then can research be targeted
and effective.

The structural systems to be used for the bridges along the line presently focus on large, stiff
structures that are intended to minimize displacements and that do not rely on the development
of ductile response to the same extent that highway bridges typically do. However, such stiff
structures induce large forces in the substructures, and they are consequently expensive.
CAHSR has identified cost containment as a critical issue, so the “strong” approach faces
budgetary constraints.

At the other end of the stiffness spectrum, seismic isolation offers reduced forces (and potentially
lower cost), but the displacements at the track level are likely to be much larger (Li and Conte
2017), and may exceed levels for safe vehicle operation. Thus, careful concept design will be
necessary to resolve the conflicts between these two requirements (low forces and low
displacements). Selection of a suitable concept must precede any detailed design considerations.

The research will investigate the connection and HSR system response using advanced,
nonlinear analysis methods. A thorough literature review will identify types of connections and
document their structural response; the UW team will work with the HSR team to identify one or
more connections for further study. Using high-resolution finite element modeling, salient
parameters of selected connections, including materials, geometry, and soil-structure interaction,
will be studied. Those results will be used to develop spring and line-element nonlinear models
of the components and connections as a function of the important connection parameters. The
final research task will investigate the seismic response of a prototype HSR CFT system using
these nonlinear models. Connection design details, seismic performance objectives, seismic
hazard levels, and soils will be varied to study their impact. The results will provide important
initial guidelines for the connection design and seismic performance which will found a future
experimental research study to validate the work.

2. Research Approach and Methods
The overall goals of the proposed research are to:

e Evaluate the structural systems presently under consideration by CAHSR.



e Develop alternative concepts, and to obtain feedback from CAHSR to guide their further
development.

e To develop preliminary calculations and drawings for selected Conceptual Designs, so
that CASHR can evaluate their expected structural performance, their speed of
construction and cost.

3. Description of Research Project Tasks, (with reported progress)
Task 1 — Literature Review and Agency Discussions.

The first task is to find out what agencies in other parts of the world have done in developing
High Speed Rail. This will be achieved by a review of the literature and by contacting rail
authorities, such as those in Japan, China, Taiwan, Germany, France and Spain. Learning from
the experiences of others is an essential starting point, but it should be noted that their findings
may not be usable directly in the USA, because the environments may be different (e.g. different
seismicity, construction cost profiles).

This task has essentially been completed, and, at the request of the UTC Director, an interim
report has been prepared and submitted to the UTC. As the project progesses, we will continue
to seek additional information to add to that already found.

Japan built the first HSR system, but China now has by far the greatest number of installed track
miles. Japan and Italy face the highest seismic hazards and so are of particular interest. The
systems installed worldwide display a very wide range of structural systems, and it is clear that
fundamental characteristics of them, such as how to accommodate thermal effects in addition to
seismic ones, require overall planning prior to starting on detailed design. For example,
distribution and orientation of shear keys and bearings needs to be addressed at the start of the
design, because they influence so strongly the loads resisted by the various elements.
Furthermore, allowing bridge expansion without inducing large compressive stresses in the rails
imposes design constraints on the track fixation system.

For medium span bridges (i.e. up to 50 meters), box girders are perhaps the most widely used. It
is believed that this choice is made because a closed box offers high torsional resistance, and so
helps to limit deflections when a train passes on one of the two tracks supported, necessarily
eccentrically, on the structure.

Task 2 — Meet with Personnel from CAHSR to Determine Design Criteria.

The team will meet with technical personnel from the CAHSR Authority to determine the design
criteria for the rail infrastructure in the different regions in which it will be built. They may
differ in the different regions of the planned route, such as the Central VValley and more
mountainous regions. We will also seek information about the present approaches to project



delivery (Design-build, Design-bid-build, etc.) and the structural concepts on which the present
design approaches are based.

No progress has been made on this task. We were asked by the UTC not to meet with, or even
contact, the CA HSR Authority. Accordingly, we compiled a first list of questions, developed
with input from other groups studying HSR. On 2 Nov 2018 sent the list to the UTC with a
request that they forward it on to the CA HSR Authority. We are awaiting a response. When we
receive responses from CA HSR, we expect further questions to arise.

As of 30 June 3019, e have still not received the requested information, and accordingly have
closed this task. it is also apparent that the CAHSR system will not at this time proceed to a
complete line between San Francisco and Los Angeles; the projected costs are too high to be
politically acceptable. For these reasons the focus has had to move from the California system
in particular to system characteristics in general.

Task 3 — Performance Evaluation of System Presently Under Consideration.

We will conduct structural evaluations of the present design approaches, using relatively simple
computational models, to determine their ability to satisfy the design criteria obtained in Task 1.
The use of highly detail models is not warranted at this stage, because it is the overall behavioral
trends that are sought, rather than the behavior of a local detail. It is likely that the various
loadings will impose competing constraints on the design, and these will have to be evaluated.
For example, the limitation of seismic displacements may require a stiff, strong structure,
whereas environmental loadings, such as thermal and shrinkage, may require a flexible one.

No progress. We are awaiting information on the structural systems described in Task 2.

In the absence of the requested information, and bearing in mind the fact that CA is letting its
contracts for the various segments of the track in Design-Build “Construction Packages”, it is
apparent that there are no top-down guidelines that will provide guidance for structural shape
selection. Consequently, we used the CAHSR specifications to derive limits in the possible
superstructure characteristics. They prove to be dominated by service conditions, and lead to
very stocky sections; simple spans have L/h of about 10, while continuous spans (of which few
appear to have been built) can extend to about L/ = 20. The specifications for other countries
have constraints (on deflection and vibration frequency) that resemble the CA ones, so they |
lead to similar stocky sections.

Those sections are too heavy for conventional precasting. In China, multi-span erection
methods have proved economical, but require large initial capital investment. The CA approach
of minimizing the number of spans and asking design-build joint ventures to bid on relatively
small packages prevents is not conducive to the approach used in China. Most spans therefore
use cats-in place box sections, with spans in the range 100 — 120 ft, and L/h = 10. That leaves
little room for innovation.



Task 4 — Identification and Performance Evaluation of Alternative Systems

Alternative system concepts will be developed, guided by CAHSR’s design criteria and the
concepts in use elsewhere in the world. Their ability to meet the design criteria will be
established through the use of simple mechanistic models, so that their first-level evaluation can
be conducted in a reasonable amount of time. Then we will meet with CAHSR personnel to
discuss the alternative approaches, and to obtain feedback with which to refine the underlying
structural concepts. The feedback will be used to select the most promising concepts and to
conduct more detailed evaluations on them. Again, loadings will include gravity, vehicular,
seismic and environmental, and the goal will be to determine how well they meet the design
criteria. The team has a long history of developing innovative structural systems (Stanton et al.
1997; Pang et al. 2010; Thonstad et al. 2016) and those past successes will be used to advantage
in this task.

We have developed an alternative system. It uses precast girders that are joined on site after
erection to form a single box girder. We discussed the concept with precasters, who viewed it as
technically feasible. However, the girder weights were near the maximum acceptable for road
haulage, and, to achieve even that, new, asymmetric girder shapes had to be designed. These
would require new forms, and the precasters reported that the approach would be economically
viable only if the number of girders would justify the capital cost of the forms.

Task 5 — Design Calculations and Drawings for Selected Conceptual Designs.

For each of the selected Conceptual Designs, we will provide preliminary calculations,
approximate member sizes and connection details, and drawings. The purpose is to provide a
basis for evaluating the expected structural performance, the methods of construction, the time
needed and the cost. The research team will provide a written evaluation of the expected
structural performance. For the construction-related characteristics (methods, time, cost), the
team will provide ideas, but the CAHSR staff will themselves need to develop reliable estimates,
because those tasks lie outside the primary experience of the researchers. However, the
calculations and drawings will provide the basis needed for CAHSR to develop preliminary
estimates.

This task will be reduced to the single system that we proposed. We have prepared such
calculations, in draft form.

As of 30 September 2019, this task will not longer be undertaken, because the CAHSR system is
not progressing.

Task 6 — Final Report.

A Final Report will be written that summarizes the methods used and the findings reached during
the project. The Design calculations and drawings for the alternative systems will be included in
appendices.



The nature of this task has changed. We have been asked to write, with FIU and UN Reno, a
part of an overall Design Guide for Design and Construction of High-Speed Rail. The
generation of the information needed for the report, and the writing of it, will now become the
primary tasks of the study. Our share of this report will serve as the Final Report on the project.

We have written, and internally reviewed, a draft of the sections that we were asked to prepare.
This has been submitted to FIU, and incorporated into the Design Guide. The other authors are
now working on their sections. When those drafts are completed, we expect to contribute to
editing the report, although FIU, which is heading the multi-University HSR project, holds the
primary responsibility for editing, consistency and correctness of the overall document.

As of 2019.09.30, we are awaiting word that the contributions from the other authors are in
place and ready for editing.

4. Schedule

Progress of tasks in this project is shown in the table below.

Item % Completed

Percentage of Completion of this project to Date | 80%




