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Executive Summary 

In July 2009 a full-scale mid-rise light-frame wood apartment building was subjected to a series 
of earthquakes at the world’s largest shake table in Miki, Japan.  The test program consisted of 
two major phases: the building tested in the first phase  had a single story steel special moment 
frame with six stories of wood on top, and the second phase consisted of locking down the steel 
story and testing the six-story light-frame wood building by itself.  This report focuses on the test 
results for the six-story light-frame wood building.  The objectives of the test program were to 
(1) demonstrate that the performance-based seismic design procedure developed as part of the 
NEESWood project worked on the full scale building, i.e. validate the design philosophy to the 
extent one test can; and (2) gain a better understanding of how mid-rise light-frame wood 
buildings respond, in general, to a major earthquake while providing a landmark data set to the 
seismic engineering research community.  The building consisted of 1350 square meters of living 
space and had twenty-three apartment units; approximately half one-bedroom units and half two-
bedroom units.  The building was constructed over a 14 week period and lifted to the shake table 
where it was subjected to three earthquakes ranging from seismic intensities corresponding to the 
72 year event to the 2500 year event for Los Angeles, CA.  A continuous anchor tie-down 
system (ATS), a combination of steel rods and shrinkage compensating devices running from the 
bottom of building to roof level at the ends of each shear wall, was used to prevent overturning 
and allow the shear walls to fully engage rather than uplift.  The building, known as the 
NEESWood Capstone building, was instrumented with just over 300 sensors and 50 LED optical 
tracking points to measure the component and global responses, respectively.  In this report the 
test specimen is explained and the resulting seismic response in terms of base shears, selected 
wall drifts, global inter-story drifts, accelerations, hold-down forces, and roof drifts are 
presented.  Detailed damage inspection was performed following each test and those results are 
summarized also.  The building was found to perform excellently with little damage even 
following the 2500 year earthquake.  The global drift at roof level was approximately 0.25 
meters and maximum inter-story drifts were approximately 2% for the floor average with 
individual wall drifts reaching just over 3% in one corner of the building at the fifth story. 
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1. Introduction and program objectives 

The NSF-funded NEESWood Project was a four-year, five-university project whose objective 
was to develop a performance-based seismic design philosophy for mid-rise woodframe 
construction.  The project began in 2005 and, by the end of 2006, the benchmark testing of a 
two-story house had taken place at the University at Buffalo’s SEESL shake table facility.  This 
test included several shear walls designed with fluid dampers during one phase of testing.  A 
series of sub-assembly tests on shear walls with toggle-braced damping systems followed in 
2008.  From 2005-2008, non-linear time history analysis software was developed that was based 
on existing concepts and software, and improved upon as part of the NEESWood effort.  This 
software package, called SAPWood (Pei and van de Lindt, 2007, 2008), had the dual purpose of 
being a research and design tool for later testing within the project as well as being available for 
use by practitioners.  It was extended to include six degrees-of-freedom at each story and tri-
axial excitation, as well as the inclusion of response modification devices such as base isolation.  
From 2006-2008, the Direct Displacement Design (DDD) approach (Pang and Rosowsky, 2007) 
was extended to multi-story woodframe buildings, which is a key outcome of the project.  The 
DDD approach was also extended for application to woodframe buildings with sliding seismic 
isolation systems.  In addition, the potential for enhanced performance of woodframe buildings 
was evaluated via shaking table tests of a half-scale base-isolated two-story building.  From 
2007-2009 the effect of design code changes on societal risk were investigated within the project 
by using Los Angeles, CA as a test bed.  Finally, in order to validate the DDD approach, the 
world’s largest shake table test was conducted at Japan’s E-defense laboratory in collaboration 
with numerous researchers and industry participants from the U.S., Canada, and Japan.  The 
1350 square meter (14,000 sq ft), six-story building was designed using the DDD concept, the 
development of which was completed in 2008.  Shear transfer and continuous steel rod holdowns 
were designed based on a specified non-exceedance probability using SAPWood simulation 
results. The building, termed the Capstone building, was subjected to three levels of seismic 
intensity including a design-basis earthquake (DBE) and a maximum credible earthquake 
(MCE). 

The NEESWood Capstone wood phase objectives were: 

Objective 1: To confirm that a representative mid-rise woodframe structure designed using the 
NEESWood PBSD philosophy satisfies the performance objectives, as pre-defined during the 
design process.  These performance objectives seek to limit damage and losses while protecting 
life safety.  

Objective 2: Provide a general understanding of the behavior of a mid-rise woodframe structure 
similar to those currently in place in the Western U.S. and provide a full-scale data set for 
verification and calibration of nonlinear dynamic models. 
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2.  Construction of test building 
General contractor Maui Homes USA based in Honolulu, HI, served as the contractor for 
construction during the project. Japanese carpenters were hired to perform the construction. 
There are significant differences between Japanese style wood residential construction (mostly 
traditional style post-and-beam configuration; their light-frame wood is closer to East coast style 
construction with some additional hardware) and North American light-frame wood 
construction, thus training as well as careful construction monitoring and quality control 
measures were carried out during the construction process. The ultimate construction objective 
was to make sure the as-built structure reflects the intentions and details in the performance 
based seismic design procedure. In order for the Japanese carpenters to be able to construct the 
shear walls and other details correctly, detailed stick drawings for every wall segment in the 
building were developed by the Colorado State University team.  

The design of the building was not based on an existing design code but rather through the 
performance-based seismic design method developed in the NEESWood project combined with 
numerical simulation using SAPWood.   However, the construction of the wood frame stories 
was similar to a typical construction process in North America. The difference between the 
Capstone structure and a typical multi-story wood frame building in essence lies in the shearwall 
configuration and the detailing.  Specifically, the shear wall nail schedules were determined 
using direct displacement design such that the peak inter-story drift in the building did not 
exceed 4% under a Maximum Credible Earthquake (MCE) (Return Period = 2500 years) for the 
city of Los Angeles, CA, 80% of the time, i.e. a non-exceedance probability of 0.8.  This in 
essence resulted in walls with approximately twince the capacity of a typical building.  However, 
the DDD procedure distributed this stiffness height-wise throughout the building differently than 
force-based design methodologies. 

Shear walls in Capstone building used mostly 2x6 framing. The lower three stories of the 
building were framed using DFL-North and the upper three stories using SPF-1650.  All sill 
plates under shear walls were framed with DFL-N.  The nail schedule was mostly 2”/12” or 
3”/12” in the lower floors. Some of the walls were also sheathed on both sides (double sided) 
with OSB. Incorporation of a new wall type was also investigated in the project.  A double 
Midply wall system designed to handle high shear demand that exceeds the capacity of 
traditional shear walls was included. Also because of the high shear capacity of shear walls, high 
strength shear screws were used at the top and sill plates of the shear walls instead of bolts. 
These SDS screws had a tested ultimate capacity of approximately 4.45 kN (1 kip) per-connector 
in shear.  Figure 1 shows the test building under construction.  

Some of the shear walls in the lower stories had very substantial compression stud packs 
consisting of numerous 2x6 studs lumped together at the ends surrounding the hold-down runs as 
shown in Figure 2. These studs were designed to resist the compressive load induced by the 
racking behavior of shear walls as well as gravity. Some of these stud packs interfered with the 
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installation of shear connectors on the top and sill plates of the shear walls. In order to resolve 
this conflict, some of these stud packs were installed via toe-nailing after the walls were erected 
in place with the top and sill shear connectors already installed. 

Fig. 1. Construction of shear wall systems in Capstone building with the double Midply 
wall shown top, right 

Fig. 2. Compression stud packs in bottom wood story shear walls 
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Continuous tie-down systems known as Anchor Tiedown Systems (ATS) were utilized for every 
shear wall in the specimen. These ATS rods ran through the stories and integrated individual 
shear walls into shear wall stacks. The system is more effective in controlling uplift 
(overturning) of the wall systems than traditional hold-down systems and is typically necessary 
for wood frame construction in excess of three stories.  Figure 3 shows a close-up of the ATS 
installed in a wood shear wall including a view of it passing through the floor diaphragms with 
coupler nuts and take-up devices on each side.  

�

�

Fig. 3. The ATS system used for shear wall uplift control 

After the ATS system was installed, the sheathing panel for the shear wall was attached and 
nailed off following the nailing pattern specified in the design. Then drywall boards (gypsum 
wall board, GWB) was attached with drywall screws at 0.4 m (16 in) spacing (including top and 
bottom, i.e. not a floating GWB style as is sometimes used). The ceiling GWB was also installed 
since the GWB contributes to structural stiffness and mass. Finally GWB was tape-and-mudded 
to represent realistic construction practice and allow for accurate and realistic damage inspection. 
The construction quality of the shearwalls in the building was closely monitored during the 
construction process. Since the shear walls are the lateral force resisting components in the 
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building, it was very important to make sure the nailing pattern, stud lay out, anchor tie-down 
system, and the shear transfer details at the top and sill plates were correctly constructed. Shear 
transfer was primarily achieved with 150mm long 7mm diameter wood screws shown being 
countersunk into the Midply wall sill plate in Figure 4.  As each wall was erected, the stud layout 
and shear connection for the top and sill plates were checked. Then the ATS rods were also 
installed and checked. Finally the sheathing panels were applied and the nail pattern was 
inspected. This process was performed for every structural wall in the building. Inspection 
occurred prior to completion of the specimen, and when sheathing nail schedules were found to 
be incorrect they were wither replaced or nails added to the appropriate line in the panel. 

During each stage of construction, project PI Dr. John W. van de Lindt travelled frequently to 
Japan and conducted the most critical part of the quality inspection.  During the construction, 
graduate student researchers from Japanese universities sent daily reports on the building and 
particularly the shear wall construction with detailed wall configuration check sheets developed 
by CSU design team.  

�

�

Fig. 4. Installation of high strength shear connector on the double Midply sill plates 

3. Shake table test program 
Shake table testing of a building the size of the Capstone test specimen necessitated the use of 
the E-Defense shake table in Miki City, Japan.  This shake table is the largest tri-axial shake 
table in the world with a payload capacity of 1200 tons (2.5 million pounds) and the ability to 
reproduce the largest historical records from the Kobe and Northridge (and other) earthquakes.  
The facility was built following the 1995 Kobe earthquake and opened in 2004.  The concrete 
reaction floor is more than 60 ft (18m) in thickness. During construction, the volume of concrete 
used throughout made it more economical to build a concrete plant on site.  The full-scale 
NEESWood Capstone test was the first U.S. led test conducted at E-Defense and represents the 
largest building ever tested on a shake table.  Figure 5 shows a picture of the E-defense facility 
shortly after it opened in 2004.    
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Fig 5. Aerial image of the E-Defense facility in 2004. 

The shake table is shown in Figure 6 from the first floor balcony.  It is 15m x 20m in plan and 
has the ability to move tri-axially in either acceleration or displacement control.  For safety it 
was necessary to have approximately one meter clear space around the perimeter of the shake 
table, so the floor plan of the Capstone structure was selected to maximize the usable space of 
the shake table. For the installation of the test specimen on to the table, it was critical to align the 
walls (and steel frame under the walls) with the shake table bolt pattern.   

Fig 6. E-Defense shake table with actuator CV joints shown exposed on left side 
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The wood building was approximately 18m x 12m (60ft x 39ft) in plan view and about 17m (56 
ft) tall.  The elevation views, presented in Figure 7, show the significant openings on all sides of 
the building requiring shear wall stacks in many locations.  The floor plan for the first story is 
shown in Figure 8a and consisted of two small one-bedroom units (Unit A) and two two-
bedroom units (Unit B).  The floor plan for stories two through five were the same as story one 
with only a slight change to unit A since no entrance door to the building was needed at those 
levels, and is shown in Figure 8b.  The top story, story 6, is shown in Figure 8c, and was 
modified from the other stories to include one large two-bedroom unit (Unit D).  This change in 
floor plan meant some of the shear walls in story 5 did not extend into story 6. For reference, the 
short direction of the building is designated as the X direction and the long direction as the Y 
direction.   

Fig.7. Elevation views of the six-story test specimen 

Wood shear walls were designed as stacked wall systems with a combination of steel rod hold-
downs (ATS) with mechanical shrinkage compensating devices at each end to prevent 
overturning, reduce uplift, and remove slack from the tie-down system that would otherwise 
develop from in-situ reductions in wood moisture content and natural settling of the structure.  
Figure 9 shows a schematic of a typical 2x6 wood shear wall in the first story and details for 
each wall in the Capstone building can be found in the forthcoming NEESWood project report 
by Pei et al (2009).  The design details of the building were quite extensive and only a basic 
description of the structural configuration is provided here for brevity.  Each shear wall stack 
included glulam beams as shear collectors in between stories.  Floor systems were made up of 
standard 18mm (23/32 inch) T&G Oriented Strand Board (OSB) with wood I-joists that were 
hung on the glulam beams with nailed metal hangers.  The glulams were fully supported by shear 
walls except in one line between the elevator shaft and stairwell where they acted as beams since 
no bearing and/or shear wall was present.  Wood shear walls had 12mm (15/32 inch) OSB on 
either one or both sides depending on the design requirements.  Nail spacing ranged from 
sheathing panel exterior nail spacing of 50 mm (2 in) to as large as 152 mm (6 in), with a 
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constant field nail spacing of 300 mm (12 in) for all walls.  Because there were many shear walls 
in the Capstone building, it is not possible to shown the details of each shear wall. Shear transfer 
from the wall to the floor system was achieved using either a nailed channel or two lines of self 
tapping screw, i.e. SDS screws.   

Fig. 8. Floor plans for story 1 (Fig 8a), story 2-5 (Fig 8b), and story 6 (Fig 8c) 
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Fig. 9. Typical wall details in the Capstone building 

Gypsum wall board (GWB) was installed on all walls and ceilings with tape and putty on all 
joints except the wall-to-ceiling joints and corners. Finishing as many joints as possible was 
desirable in order to provide realistic damage inspection results.  

In addition to the as-built dead load, seismic mass was added to each story in the form of steel 
plates in order to bring the total floor seismic mass to a realistic level thereby accounting for all 
the insulation, gypcrete flooring, exterior finish, plumbing, HVAC, and floor finishes. The 
weight of the building was carefully calculated based on the construction materials used. Then 
the added steel plates were placed during the construction of each story and fastened to each 
floor and the roof.  

The completed specimen standing on the shake table ready for testing is shown in Figure 10. 
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Fig. 10. Photograph of the 14,000 ft2 Capstone test specimen ready for testing on Japan’s E-
Defense shake table 

The seismic test program consisted of multiple shake table tests during three separate test days.  
As mentioned, during the first test day a steel special moment frame (SMF) at the base of the 
building was not braced and therefore participated in the testing. Then the SMF was fully braced 
for the tests focused on the response of the six-story wood frame building.  The Northridge 
ground motion recorded at the Canoga Park station was used throughout the tests with different 
scale factors. Figure 11 shows the spectral accelerations in the X, Y, and Z directions of the un-
scaled Canoga Park record, with the Y-component (which has a higher PGA value) applied in the 
long direction of the building.  The shear capacity of the building was the same in both directions 
by design.  The ground motion was scaled to the peak ground acceleration levels listed in Table 1 
to represent seismic hazard levels with 50%, 10%, and 2% probability of exceedance in 50 years, 
which corresponds to return periods of 72, 475, and 2500 years, respectively for the city of Los 
Angeles, CA.  
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Fig.11. Un-scaled pseudo-acceleration response spectra for the Canoga Park recording of 
the 1994 Northridge earthquake (5% damping) 

Table 1. Peak ground accelerations for the Canoga Park record  

Northridge 
Canoga Park 

Seismic Test 
Level 1 Level 2 Level 3 

Hazard level 50% 50 years 10% 50 years 2% 50 years 
Scaling factor 0.53 1.20 1.80 

PGA (g) 
X 0.19 0.43 0.64 
Y 0.22 0.50 0.76 
Z 0.26 0.59 0.88 

The NEESWood Capstone test specimen represents the largest building ever tested on a shake 
table.  It was instrumented with over 300 channels of strain, deformation, and acceleration 
measurements using a high speed data acquisition (DAQ) system at Japan’s E-defense. In 
addition to these conventional measurement devices,  absolute displacement measurements were 
obtained using 50 three-dimensional optical tracking light emitting diodes (LED) attached to the 
exterior of the building whose motion during the test was captured and processed using a 3D 
motion tracking system consisting of multiple high-speed cameras and related software. A brief 
summary of all the instrumentation is listed in Table 2. 

Page 14  
HOU-2011-00026, Part One



���

�

Table 2. Summary of instrumentation 
Measurement Location Type Number

Absolute acceleration Each Floor 3D-acceleration 38 

Diagonal shear wall drift 
Selected shear 
walls 

String 
Potentiometer 33 

Out of plane diaphragm 
deformation 

Third floor 
diaphragm 

String 
Potentiometer 13 

Shear wall end stud uplift 
Selected shear 
walls 

String 
Potentiometer 8 

ATS hold-down strain 
Selected shear 
walls Strain Gage 78 

Absolute displacement Building exterior 3D Optical tracking 50 

Because of the size of the building, it was not possible to find a fixed reference to instrument the 
absolute displacements of the structure, i.e. a frame beside the shake table. Therefore, an optical 
tracking measurement system was employed in the test program to capture the building 
movement with 50 LED light markers attached to the exterior of the building at each diaphragm 
level. The location of these markers is shown in Figure 12. There were no markers on the back 
side of the building due to camera limitations. 

Figure 12. LED sensors for optical tracking of absolute displacements on the exterior of the 
specimen 

White noise excitation was input in each direction of the building in order to identify the natural 
periods of the specimen before and after each seismic test.  There was no significant change in 
the building fundamental period between shakes within the test program. The natural period of 
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the building was approximately 0.49 sec. The building period under the white noise excitation in 
both directions agreed well with one another indicating a similar stiffness for both directions, 
which was consistent with the performance-based seismic design approach which was intended 
to provide the same stiffness and strength in both directions for the specimen. 

The averaged displacement at the centroid of the floor diaphragm can be estimated based on the 
measurements from seven optical tracking markers for each floor. The maximum roof 
displacements relative to the shake table were measured to be 60mm, 140mm, and 211mm for 
seismic intensities 1, 2, and 3 respectively. The maximum displacement occurred in the long 
direction of the floor plan, namely the Y direction. The building deformation shapes at the point 
in time of the maximum roof displacement levels in the X and Y directions are presented in 
Figure 13. The shape of the deformed grid was generated directly from the optical tracking 
sensor measurements and is exaggerated for clarity. Although the building was designed to be 
symmetric and added seismic mass was distributed approximately uniformly over the building 
floor plan, torsional response was clearly observed during testing. The torsional response was 
synchronized with the lateral response of the building, which means the point in time at which 
the torsion reached a maximum value is very close to the occurrence of the maximum value of 
the lateral response, as one might expect.  Due to the presence of torsion, the maximum inter-
story drift of some shear walls at the upper levels near the building corners slightly exceeded 3% 
during the level 3 seismic test. 

Figure 13. Time captures of the system deformation relative to the shake table during four 
points in time for the LED optical tracking system 

Inter-story drift is often used in displacement based procedures to evaluate the performance of a 
wood frame building. The resulting inter-story drift of the Capstone building was calculated by 
subtracting the absolute displacement measurement between stories and dividing the value by the 
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story height. The maximum values for the average inter-story drift are presented in Table 3.  The 
average was computed by averaging the drift measured from seven different LED optical 
tracking markers at each story level.   

Table 3. Averaged peak inter-story drift measured during the three tests  

Peak Inter-
story Drift (%) Seismic Test 1 Seismic Test 2 Seismic Test 3 

 X Y X Y X Y 
St1 0.26 0.44 0.49 0.77 0.84 1.12 
St2 0.35 0.42 0.63 1.05 0.97 1.46 
St3 0.29 0.54 0.64 1.02 0.89 1.64 
St4 0.30 0.44 0.77 1.22 1.10 1.48 
St5 0.36 0.46 0.64 1.14 1.00 1.88 
St6 0.40 0.21 0.88 0.58 1.35 1.11 

From the above table one can see that the height-wise distribution of inter-story drifts for the 
building under all three seismic test is close to uniform among the stories, which indicates the 
absence of a soft story mechanism.  Recall this soft story mechanism was observed in wood 
frame buildings during large earthquakes (such as the 1994 Northridge and the 1995 Kobe 
earthquakes). The approach used to design the Capstone test specimen which is outlined in Pang 
et al (2009) vertically distributes the shears according to the deformed state of the structure 
essentially eliminating or at least drastically reducing the probability of a soft story being 
present. Figure 14 presents the response time histories in the X and Y direction at all three 
seismic intensity levels for the first story as well as for the story that had the largest transient 
drift. The maximum drifts were observed in the upper stories instead of the bottom story, which 
was, in fact, consistent with numerical model predictions performed prior to testing.  The drifts 
for the top two stories and the associated shear walls in those stories had performance consistent 
with the other stories even though many of the shear walls stacks did not extend beyond the first 
five stories.  

Another major concern for multi-story buildings is the safety issues related to the high lateral 
accelerations in the upper stories that may result in occupant injury or casualties due to heavy 
objects, e.g. furniture. The average acceleration that will be experienced by the occupants during 
the test was calculated by spatially averaging the acceleration measured by the five sensors 
installed at each floor level. It turned out the maximum lateral acceleration for the DBE level 
earthquake on the top story was approximately 1.3 g. The maximum acceleration for the MCE 
earthquake on the top floor was approximately 1.6 g. With the floor acceleration time history 
obtained and the seismic mass of each story known, the time history of the base shear force can 
be retrieved based on principles of basic dynamics.  The global hysteresis loops for the building 
are presented in Figure 15.  Similar behavior from one seismic intensity level to the next is 
observed since the same ground motion (Northridge-Canoga Park) was scaled for each test. As 
the ultimate base shear capacity of the building, which was used in the performance-based 
seismic design, is about 2500 kN (562 kips), for the Y direction at intensity level 3 one can see 
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that the test specimen resisted 1824 kN (410 kips) which is approximately 73% of the design 
shear.  

Figure 14. Time history plots for the average inter-story drifts 
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Figure 15. Global hysteresis for all seismic test levels 

Recall from the earlier discussion on instrumentation that the anchor tie-down rods were 
instrumented for approximately half the building at story 1. Figure 16 shows the distribution of 
maximum  forces for the rods throughout the floor during the level 3 seismic tests. The spatial 
distribution of the peak rod forces was similar for other test levels while the value of the force 
decreased.  Interestingly, one key observation from the rod data is that the maximum hold-down 
forces do not necessarily occur at the same time. It is not uncommon for the rods at two ends of a 
wall to act in unison rather than alternating in tension, especially for the walls on the exterior of 
the test specimen. The alternation in rod tension was observed to shift from the shear wall level 
to the system level, i.e. where all the rods on one side of the building go into tension while the 
rods on the other side are not in tension. It is quite clear that the rods from different walls act as a 
single system to resist the overturning moment generated at the base of this six-story building. 
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Figure 16. Maximum steel rod tension during level 3 test 

As mentioned earlier, the damage to the test specimen from the three seismic tests was not felt to 
be significant even for the 2500 year (MCE level) earthquake. There was no visible damage to 
any structural components or assemblies of the building, with damage limited to the gypsum wall 
board (GWB).  The GWB damage was observed primarily around the corners of openings as 
illustrated by the post-shake photographs in Figure 17. The damage and its correlation to inter-
story drifts will be presented in its entirety in a forthcoming paper by several of the authors and 
can be found detailed in the forthcoming NEESWood project report by Pei et al. (2009). 

Figure 17. Typical damage observation around wall openings
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4. Conclusions  
A series of three shake table tests on a full-scale six-story light-frame wood building was 
completed in July 2009 in Miki, Japan. It is critical to perform tests such as these at full scale and 
with full size structures to ensure that size effects and scaling issues do not arise and taint the 
conclusions.  The NEESWood Capstone building, designed with the performance based design 
procedure developed within the NEESWood project, the building was able to achieve very good 
performance under both DBE and MCE level earthquakes, with maximum averaged inter-story 
drifts on the order of 2% to 3%. The damage to the structural and non-structural components of 
the building was very minor, all repairable. Peak shear wall drifts at one corner slightly exceeded 
3% for the MCE level test. Damage was limited to non-structural damage; specifically cracking 
of the gypsum wall board near opening such as doors and windows.  All damage observed during 
testing would be easily reparable and not affect future performance during earthquakes.  The 
Capstone building performed very well and did not experience a soft story mechanism at any of 
the test levels; this is the result of applying the direct displacement design procedure which 
distributes the shear height-wise throughout the structure based on softened lateral stiffness. The 
averaged floor accelerations were felt to be reasonable at the higher story levels, although objects 
would still need to be anchored as recommended by FEMA. Even with the approximately 
symmetric floor plan and evenly distributed seismic mass, considerable torsional response was 
still observed during the seismic tests. Inclusion of torsion is needed within PBSD for mid-rise 
light-frame wood buildings. The hold down system employed in the design of the specimen 
serves the critical role of transferring uplift forces down to the foundation and thereby preventing 
overturning. Although installed for each shear wall, the hold down rods acted as a system to 
provide overturning restraint to the entire floor plan, and only at times did they act as a semi-
isolated shear wall stack.  In light of this observation, development of a system level design 
procedure for hold down rods used in multi-story woodframe construction is recommended.  As 
anticipated, the majority of lateral displacements were not due to shear deformation of the wood 
shear walls, but from cumulative elongation of the hold down rods, a small amount of uplift, and 
a global bending of wall systems. 

In conclusion, it can be stated that six-story light-frame wood construction in high seismic 
regions can perform very well in a major earthquake provided they are designed appropriately.  
The test results summarized herein validate the performance-based seismic design philosophy 
developed within the NEESWood project, to the extent one specimen can provide a validation.  
New procedures, such as performance-based seismic design, are the way to ensure good 
performance for taller wood frame buildings during earthquakes. 
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