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Engineers seeking to design structures 
that withstand earthquakes with minimal 
physical damage have a valuable new test-
ing tool at their disposal thanks to Lehigh 

researchers with the George E. Brown 
Jr. Network for Earthquake Engineering 
Simulation (NEES).

During a four-year project, says Jim 
Ricles, professor of structural engineering, 
the Lehigh NEES team developed and 
validated Real-Time Hybrid Simulation 
(RTHS) as an “efficient and economic” 
method for testing a structure’s ability to 

sustain the complex, dynamic loads of  
an earthquake.

RTHS, says Ricles, divides a struc-
tural system into two parts—an analytical 
substructure represented by a numerical 
model, typically using a finite element 
method, and an experimental substructure 
that is constructed in a lab.

An RTHS test imposes “displace-
ments” in real time onto both substruc-
tures for each time step of a seismic event. 
The response is integrated to determine 
the overall system’s dynamic response to 
earthquake forces.

“At each time step,” Ricles’ group 
wrote in Earthquake Engineering and 
Structural Dynamics, “the inertia, damping 
and restoring forces of the analytical  
substructure are formulated numerically  
[and] measured physically for the experi-
mental substructure.”

Conventional hybrid tests impose 
displacements on an experimental sub-
structure in “an extended time scale,” the 
researchers wrote. An RTHS test imposes 
them in real time, enabling researchers to 
obtain more realistic results.

Ricles’ collaborators at Lehigh include 

Richard Sause, professor of structural 
engineering; Ph.D. candidates Karim 
Kazemi Bidokhti, Chinmoy Kolay, Akbar 
Mahvashmohammadi and Baiping Dong; 
Yunbyeong Chae ’11 Ph.D.; and Thomas 
M. Marullo, NEES IT manager.

The group tested a three-story proto-
type building made of reinforced concrete 
and a multistory steel structure with non-
linear viscous dampers. Research partners 
for the second project included California 
State University at Northridge, California 
State Polytechnic University, Penn State 
University at Erie, Corry Rubber Co. 
and Taylor Devices. Tests were conducted 
at Lehigh’s NEES Real-Time Multi-
Directional Earthquake Simulation Facility 
(RTMD), one of the largest of its kind.

Founded by NSF in 2004, NEES is  
a collaboration of 14 American research 
institutions. NEES researchers at Lehigh, 
says Ricles, NEES principal investigator and 
RTMD director at Lehigh, have completed 
20 major RTHS projects and performed 
more than 2,000 large-scale, real-time 
tests. An RTHS can be parceled out, with 
researchers at separate sites conducting  
different portions of the experiment.

A constructed, real-time, hybrid solution to structural testing

Ricles (center) and his 
students made three  

presentations on RTHS 
at the Sixth World 

Conference on Structural 
Control and Monitoring  

in Barcelona in July.

When one of the processing cores in a computer reserves 
more data than it needs, says Michael Spear, there’s a cost: 
another core cannot access that data, and has to wait.

Spear, assistant professor of computer science and 
engineering, seeks to eliminate these delays in massive 
computing systems with an inherently speculative technique, 
based on transactions. NSF has recognized his work in 
transactional memory with a five-year CAREER Award.

Transactional memory allows a system to perform 
distinct operations—or transactions—simultaneously, while 
avoiding the conflicts that can arise when two or more 
transactions are using the same underlying data.

“You need to protect the data in your memory to  
ensure that one section of the system doesn’t interfere  
with another,” says Spear. “Traditionally, you would just  
lock huge chunks of data. But that can hurt performance,  
as cores have to wait for access. In most cases, though,  
two cores won’t need to access the same data, so there is 
no conflict. Transactional memory allows you to avoid  

locking so multiple cores can operate at the same time.”
It does this, says Spear, by allowing the core, when 

it detects a conflict, to reset the system to a point that 
precedes the conflict. “When things don’t go the way you 
planned, however, you can’t always analyze the transac-
tions to discover what’s wrong. So we have also invented 
a mechanism that will allow you to see inside if you aren’t 
getting the results you expect.”

Spear is working with Intel and Oracle to make trans-
actions easier to use. “Transactional memory requires 
changes at the lowest levels of a computer system. It takes 
new compilers, new programming languages and, in some 
cases, new hardware.

“Once a system gets big enough, you can’t tell how the 
parts are going to interact. It’s true in individual programs, 
and that’s why we need transactions. But it’s true in com-
puter systems too, which makes for great research opportu-
nities. You get to work across the entire stack, from appli-
cations all the way down to the hardware itself.”

Unlocking data for easier multitasking


