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Executive Summary: 
 
This report summarizes the findings of the Tier 2 structural analysis of Old Renton City Hall. The need 
for this analysis was confirmed after the preliminary Tier 1 review was completed and given the desire to 
improve and strengthen the building as a valuable asset for the City.  
 
The Tier 2 analysis confirmed the results of the Tier 1 evaluation that the existing shear walls are 
overstressed when subjected to forces resulting from a design seismic event.  A major cause of the 
deficiency is the grouping of the existing shear walls near the south side of the floor plan, creating a 
twisting or torsion effect. 
 
A concept approach is presented for a seismic retrofit that strengthens the building and provides new 
shear walls to reduce the torsion under earthquake loads. New cast-in-place or shotcrete concrete walls 
are added in the east-west direction near the north side of the building. In addition, existing concrete shear 
walls at the stairs and elevator core are strengthened with fiber-reinforced polymer wrap, commonly 
referred to as FRP or “Fiber Wrap.” Additional spread footing foundations are also added to support the 
new walls and the existing, strengthened walls. 
 
The concept approach is shown on the included plan sketches. Further refinement is necessary to develop 
the final solution in conjunction with the architectural scheme and renovated building systems for 
mechanical, electrical, and plumbing. 
 
 
Introduction: 
 
The purpose of this report was to determine the adequacy of the lateral force resisting system of Old 
Renton City Hall and to develop a concept for retrofit.  The adequacy of the lateral force resisting system 
was determined using the analysis procedures of a Tier 2 evaluation as outlined in ASCE 31-03, Seismic 
Evaluation of Exiting Buildings.  The Tier 2 evaluation was conducted using a three dimensional model of 
the building and by performing a linear dynamic analysis. 
 
Old Renton City Hall is an eight-story cast-in-place concrete structure constructed circa 1968.  The floor 
structure is primarily a waffle slab system with pan joists at the lower levels.  This floor system is 
supported by concrete columns and concrete walls.  The building has plan dimensions of 96 feet by 96 
feet from the ground floor to the second floor.  Above the second floor, the building has plan dimensions 
of 76 feet by 76 feet.  The extra 10 feet of floor structure around the perimeter at the second floor and 
below is supported by tube steel columns at 6’-0” on center. 
 
The existing lateral force resisting system consists of concrete shear walls which are located around the 
elevators and stairs. The elevators and stairs are in the southern portion of the building.  There is also a 
shear wall in the northern portion of the building that runs from the east to the west along grid C.  This 
shear wall along grid C stops below the second floor.  Because of this arrangement the shear walls are 
unbalanced with respect to east-west motion, which makes the building susceptible to twisting or torsion 
during a high seismic event.  This torsional motion can damage structural elements, such as columns that 
were not originally designed as part of the lateral force resisting system, and can increase the shear forces 
in the existing shear walls to unacceptable levels. 
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Tier 2 Evaluation:   
 
The completed Tier 1 evaluations using the ASCE 31-03 standard recommendations indicated 
deficiencies in the lateral force resisting system. It suggested that the building is likely to perform poorly 
during a major seismic event (please refer to the previous Tier 1 “Structural Evaluation Report”).  These 
deficiencies were part of the basis for conducting a Tier 2 evaluation of the structure.   
 
The other basis for conducting a Tier 2 evaluation is the height limitations per Table 3-3 ASCE 31-03.  
This table shows that a Tier 2 evaluation is required when a concrete shear wall structure with a “life-
safety” occupancy category and in an area of high seismicity exceeds 6 stories in height.  Because Old 
Renton City Hall is an 8-story concrete shear wall building, has a life safety occupancy category, and is in 
an area of high seismicicty, a Tier 2 evaluation was required even if the Tier 1 evaluation had a 
satisfactory result. 
 
The analysis methods required for a Tier 2 evaluation are either the Linear Static Procedure (LSP) or the 
Linear Dynamic Procedure (LDP).  For a Tier 2 evaluation a LSP analysis is conducted unless an LDP is 
required.  The requirements for an LDP are for buildings over 100 feet in height and buildings with mass, 
stiffness, or geometric irregularities. 
 
For this building, the seismic mass of the second floor exceeds the seismic mass of the third floor by more 
than 50 percent.  This results in a mass irregularity which requires the LDP per the ASCE 31-03 criteria.  
The LSP procedure considers only the primary mode effects on the structure and is based on the building 
having no mass irregularities. A structure with mass irregularities may have significant contributions from 
higher modes that will affect its dynamic response.  Therefore, an LDP is required to determine the 
distribution of forces and concentrations of demand on the structure. 
 
If a building is torsionally irregular and the ratio of the maximum displacement to average displacement 
exceeds 1.5 then a three-dimensional model is also required for the Tier 2 analysis.  The average 
displacement is defined as the average of the maximum and minimum displacements parallel to the 
ground motion.  Considering the unbalanced arrangement of the shear walls and the mass irregularity, the 
LDP using a three-dimensional model of the building was performed for the Tier 2 analysis. 
 
Linear Dynamic Procedure: 
 
To perform the required LDP a detailed finite element model of the building was constructed using the 
computer program RAM Advanse. A site-specific response spectrum was created using the Basic Safety 
Earthquake 1 (BSE-1) to analyze the dynamic response characteristics of the structure. ASCE 41-06 
Seismic Rehabilitation of Existing Buildings defines the BSE-1 as the lesser of the ground shaking for a 
10 percent probability of exceedance in 50 years or two-thirds of the Basic Safety Earthquake 2 (BSE-2).  
The BSE-2 is defined in ASCE 41-06 as the ground shaking based on the Maximum Considered 
Earthquake (MCE).  The MCE is defined in ASCE 41-06 as an extreme earthquake hazard level defined 
by MCE maps which are based on a combination of mean 2 percent probability of exceedance in 50 year 
probabilistic spectra and 150 percent of median deterministic spectra at a given site.   
 
From the LDP the dynamic characteristics of the building were used to determine the seismic forces 
acting on the structure.  These forces, and the resulting displacements, are used to determine if the lateral 
force resisting system is adequate per the requirements of a Tier 2 evaluation. 
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Results: 
 
The building’s first mode of vibration results from a combination of east-west translation motion and 
torsion.  For east-west motion this is the primary mode of vibration, and the associated period is 1.25 
seconds.  The building’s second mode of vibration results from north-south translational motion.  For 
north-south motion this is the primary mode of vibration, and the associated period is 0.82 seconds.   
 
As noted, the Tier 2 analysis confirms that the building has a torsional irregularity in its lateral force 
resisting system in the current configuration.  This torsional irregularity causes the shear walls around the 
elevators and stairs to be overstressed, and also causes elements that are not a part of the lateral force 
resisting system, such as the columns along gridline C, to be overstressed. 
 
A Tier 2 evaluation defines a building as torsionally irregular if the ratio of the maximum displacement to 
average displacement exceeds 1.5.  The average displacement is defined as the average of the maximum 
and minimum displacements parallel to the ground motion.  For this building, the ratio was exceeded for 
floors above the second level, with the worst case being a ratio of 1.74.   
 
Recommendations: 
 
A preliminary analysis using ASCE 41-06 as its basis was conducted to determine a strategy for 
rehabilitating the lateral force resisting system of Old Renton City Hall.  The results of that analysis are 
presented as conceptual recommendations for a seismic retrofit of the building.  These recommendations 
are schematic in nature. A final analysis will need to be conducted to determine that exact rehabilitation 
requirements for the lateral force resisting system, to develop specific details, and to coordinate with 
architectural, mechanical, and electrical design requirements. Please refer the plan drawings included as 
part of this report. They show schematically the structural elements described.  
 
First, we recommend that the existing concrete shear wall along gridline C be demolished and replaced 
with a new 10 inch concrete shear wall.  This new concrete shear wall extends from the foundation level 
up two floors to the underside of the second floor. From the second floor up, the wall continues as a new 
wall that reduces in overall length as we get further up the building. The wall provides needed lateral 
capacity and will help reduce the torsional effects caused by the unbalanced arrangement of the existing 
concrete shear walls. 
 
The plans also show locations where fiber reinforced polymer laminate (FRP) should be added to increase 
the shear strength of the existing walls.  FRP, also known as “Fiber Wrap”, is a fiberglass or carbon 
laminate that can be applied to the walls in a minimally invasive manner.  FRP does not intrude into the 
usable space and continuity can be provided between floor levels without coring through the floor 
diaphragms. 
 
If FRP is not used in the seismic retrofit of the structure we would recommend applying shotcrete to the 
existing shear walls to increase their shear strength.  However, our experience suggests that FRP is most 
likely the best option for use in a seismic retrofit of Old Renton City Hall. Several local contractors are 
capable and qualified to do the work. 
 
The foundation plan shows areas where new footings should be added.  These areas include the new 
concrete shear wall along grid C, and the existing concrete shear walls around the elevators and stairs. 
Other approaches could include the strengthening or supplementing existing foundations with drilled  
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“micro piles” or similar technique. These options would need to be compared on a cost, schedule, and 
other impact basis with simple spread footing construction. 
 
Previous studies for the building done by others have recommended that the columns along grid C should 
be retrofitted using steel jackets.  These studies confirm our findings regarding the torsional irregularity 
and the high demands placed on the columns near the north side of the building. It is not known if the 
steel jackets were ever installed as the existing architectural treatment obscures the columns. If installed 
the jackets would have to be removed in several locations in order to complete the shear wall construction 
proposed by this analysis.  
 
Conclusion: 
 
As stated earlier, these results are schematic in nature and the extent of work may be more or less than 
what has been presented in this report. As the full renovation scope becomes clearer, specific analysis and 
detail design will be required to work within other requirements for architectural, mechanical, electrical, 
and other elements. 
 










































































































































