
Fire Performance of Full-Scale Building Subjected to Earthquake 
Motions: Fire Test Program and Outcomes 

1,2Haejun Park, 1Brian J. Meacham, and 1Jinkyung Kim 
1Department of Fire Protection Engineering 
Worcester Polytechnic Institute 
100 Institute Road, Worcester, MA 01609, USA 
2Olsson Fire & Risk 
506 Hampton Street, Hampton, VIC 3188, Australia 

ABSTRACT  

A five-story reinforced concrete building was subjected to 13 different motion tests to investigate the 
influence of earthquakes on building’s nonstructural components and systems (BNCS). After a series of 
motion tests, a total of six fire tests were conducted at four different locations in the third floor. 
Temperatures and video data were collected during fire tests to assess the performance of various BNCS 
including various fire safety measures. As the second paper of this project, following the first paper 
presenting details of motion tests in the same proceedings, the current paper presents an overview of the 
fire test program, fire test data, and observations with respect to the performance of fire safety measures 
such as fire door, sprinkler systems, various fire stop sealants and devices, and interior 
compartmentalization components.  
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INTRODUCTION  

Earthquakes can be extremely hazardous which may result in loss of life and property damage not only by 
intensive physical motions but also by fires following earthquakes. Generally speaking, fire incidents in 
buildings are typically caused by man-made fire hazards and limited to the individual buildings, but 
following earthquakes, they become extremely destructive as multiple ignitions or flame spread could lead 
to the involvement of numerous buildings over a large area. In 1923, urban conflagration following the 
Tokyo earthquakes resulted in 140,000 fatalities [1], and 1995 Kobe earthquake induced 148 separate fires 
destroying over 6500 buildings [2]. These significantly large damages are due to the characteristics of post-
earthquake fires. Some of the characteristics from previous research are introduced below:   

- The probability of fire occurrence in a building following an earthquake is greater than normal and 
there may be multiple simultaneous ignitions [3, 4].   

- Effective and timely suppression and rescue activities of fire departments can be limited due to 
damaged roads, disconnected communication networks, lack of water resources due to ruptured or 
leaking water pipelines, and lack of personnel due to multiple fire locations [5].  

- Occupant’s moving speed is decreased in fire conditions due to the impact of earthquakes on the 
interior environment which generates obstacles in the path of movement [6].  

- Structural and nonstructural building components including fire safety measures can be damaged by 
earthquakes and may not perform as intended in post-earthquake fire conditions [7-9].  

With individual or a combination of these characteristics, building fire safety performance can be 
significantly decreased. Especially, the performance of in-house fire safety measures within the building is 
critical as suppression and rescue activities from fire department may not be available following 
earthquakes. In this context, the performance of building’s nonstructural components and systems (BNCS) 
including fire safety measures were investigated in a five-story reinforced concrete building. The building 
was first subjected to 13 different earthquake motion tests on the high performance outdoor shake table and 
seismic performance of BNCS were investigated. Following the motion tests, six full-scale fire tests were 
conducted at four different compartments on the third floor where various fire safety measures were 
equipped such as a charged sprinkler system, a fire door, fire-rated walls and ceiling assemblies, and 
various fire stop sealants and devices. This paper, the second of the two papers dedicated to this project, 
presents fire test program and identified outcomes of fire tests. Details of building specification, ground 
motions, and seismic performance of fire safety measures before fire tests are included in the first paper 
which is presented in the same proceedings [10].  
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penetration with the pipe being thermally expanded, detachment of fire stop applied joints of strong 
inter-story movement in fire conditions.  

4. The differentiation of dynamic and static joints may not be valid in earthquake conditions. Therefore, it 
may be necessary to consider all joints as dynamic joints for buildings constructed in seismic zones.  

5. Since structural damage by the motion tests were observed mainly in joints of structural components, 
additional thermal insulation on the joints may help the structural integrity in fire conditions. If the 
structural damage in the second floor had occurred in the third floor, the fire tests may not have been 
able to be conducted.  
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