BHB STRUCTURAL
2766 South Main Street
Salt Lake City, UT 84115
p. 801 355 5656

bhbengineers.com

St. Olaf Catholic School – SEISMIC STUDY
PREPARED BY: BHB Consulting Engineers, PC
DATE: October 26, 2018
DALLIN BURKE
PEDERSEN
No. 7991179-2203

10/26/2018

BHB = RESPONSIVENESS + COORDINATION + CREATIVITY

TABLE OF CONTENTS
BHB STRUCTURAL
2766 South Main Street
Salt Lake City, UT 84115
p. 801 355 5656

bhbengineers.com

1. PROJECT SCOPE AND OBJECTIVES................................................................ 1
2. EXECUTIVE SUMMARY ....................................................................................... 2
PRIORITIZED LIST OF BUILDING RETROFITS .......................................... 3
3. EXISTING BUILDING ............................................................................................ 4
BUILDING HISTORY ...................................................................................... 4
PHYSICAL CHARACTERISTICS................................................................... 4
SEISMIC SETTING.......................................................................................... 7
4. SEISMIC EVALUATION ........................................................................................ 8
ANALYSIS ....................................................................................................... 8
LEVELS OF PERFORMANCE ....................................................................... 9
5. ADDITIONAL STORY EVALUATION ................................................................. 20
6. CONCLUSIONS................................................................................................... 21
7. LIMITATIONS....................................................................................................... 22
8. ASCE 14-13 – SCREENING PHASE (TIER 1) CHECKLIST ............................. 23
16.1.2LS LIFE SAFETY BASIC CONFIGURATION CHECKLIST ............ 23
16.10LS LIFE SAFETY STRUCTURAL CHECKLIST FOR BUILDING
TYPES C2: CONCRETE SHEAR WALLS WITH STIFF DIAPHRAGMS AND
C2A: CONCRETE SHEAR WALLS WITH FLEXIBLE DIAPHRAGMS ....... 27
16.13LS LIFE SAFETY STRUCTURAL CHECKLIST FOR BUILDING TYPE
PC2: PRECAST CONCRETE FRAMES WITH SHEAR WALLS................. 31
16.17 NONSTRUCTURAL CHECKLIST .................................................... 35

BHB = RESPONSIVENESS + COORDINATION + CREATIVITY

1. PROJECT SCOPE AND OBJECTIVES
BHB STRUCTURAL
2766 South Main Street
Salt Lake City, UT 84115
p. 801 355 5656

bhbengineers.com

At the request of St. Olaf’s Catholic School, BHB Consulting Engineers PC (BHB)
conducted an evaluation of the St. Olaf’s Catholic School building in Bountiful, Utah
to assess the building’s ability to withstand the effects of an earthquake.
The objectives of this seismic evaluation are as follows:
-

Assess the seismic performance of the building for Life Safety
Provide reasonable options to seismically upgrade the building in its
current state
Provide necessary retrofit requirement to add an additional story on top
of building.

The structural deficiencies and preliminary retrofit recommendations contained in this
evaluation are based on a “Life Safety” performance level of analysis as defined by
the code ASCE41-13: Seismic Evaluation and Retrofit of Existing Buildings.
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BHB Consulting Engineers has conducted a seismic evaluation of the St. Olaf’s
Catholic School, which is currently in use. The building is in relatively good
condition when considering the age of the structure; however, the building does
contain some liabilities as described in this report. The exterior brick veneer and
precast concrete elements show some minor signs of deterioration due to age but
appear functional. The structure, in its present state, is inadequate to resist seismic
loads based on modern earthquake knowledge and current building codes.
The main seismic deficiencies of the existing building include the following:
•
•
•
•

Inadequate shear walls on the North and South walls
Under-reinforced masonry walls on the east and west walls
No reinforced topping slab present at the roof level.
Unbraced unreinforced masonry partitions

To improve the seismic performance, BHB recommends the installation of a new
reinforced concrete topping slab at the roof and new reinforced concrete shear
walls. These walls would need to extend from the foundation level up to the roof
level with a new concrete footing installed at the foundation level. Other
unreinforced masonry partitions would need to be braced to the roof and floor
framing or removed and replaced with metal stud framing.
BHB also looked at the feasibility for an additional story to be added. For this to
happen, it would require strengthening the existing concrete beams at the roof level
by adding fiber reinforced polymer (FRP) to the bottom of the beams to support the
increased loading requirements. As indicated above, a reinforced topping slab
would be required above the purlin system. The existing columns and the footings
supporting them appear to be adequate for the additional story loads. It is also
recommended to reinforce the masonry bearing walls and demising/corridor walls
between classrooms for adequate shear capacity.
The seismic deficiencies found are consistent with similar buildings of the same
age. The deficiencies are largely attributable to past building standards which were
in effect at the time of construction. Many of the required retrofits mentioned in the
following report can be phased to minimize the impact to the building’s occupants;
however, some sections of the building would have to be gutted to perform a full
seismic upgrade.
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Often building seismic upgrades cannot be accomplished all at once due to
budget limitations, personnel management and relocation issues, construction
schedules, or other factors. For this reason, it may often be the best option to
phase upgrades over time. In the event of a phased retrofit, it is recommended
that solutions which provide the most structural stability and safety to building
occupants be given the highest priority. In order to help the St. Olaf’s School
implement such an upgrade plan, building retrofit measures recommended in
this report have been listed below in prioritized order with number 1 being the
highest priority. It should be noted, however that all retrofit measures
contribute to the overall safety of the building. For this reason, the building
cannot be considered to meet an ASCE 41 Life Safety performance level until
all recommended retrofits have been installed.
1. Install concrete shear walls in select areas. These new concrete shear walls
can be designed with openings to allow for daylighting and doors. A footing
would also need to be installed underneath these shear walls. A minimum of
(3) 8’-0” wide bays (24 feet overall) of concrete shear walls is needed on the
north and south sides of the building and the existing interior masonry walls
will need to be reinforced.
2. Install a reinforced topping slab at the roof level and tie reinforcing into new and
existing shear walls. It is also recommended to provide a strengthened diaphragm
connection on the west wall to transfer the forces from the diaphragm to the shear
walls.
3. It is recommended to provide additional bracing to the unreinforced masonry
partitions or replace them with metal stud framing.
4. Reduce the masonry chimney height or remove it altogether.
5. Install flexible couplings for all hazardous material piping.
6. Provide seismic bracing for ceiling system.
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BUILDING HISTORY
The St. Olaf’s Catholic School, located at 1793 Orchard Dr, Bountiful, UT 84010,
broke ground on March 14, 1959 and was later completed in the fall of 1959. It was
used as a temporary church with the school operating beginning in September 1960.
It was initially constructed with a flat roof. In 1983, a pitched overbuild roof was
constructed to prevent leaking and water damage. No existing drawings were
available.

Figure 3.1 Exterior view of building looking North-East

PHYSICAL CHARACTERISTICS
ARCHITECTURAL
The building is a two-story structure composed of a precast concrete I-beam
and column system with infill masonry walls in the East/West direction and
precast concrete panels in the North/South direction. The floor consists of
precast concrete floor purlins with topping slab for the floor and precast
concrete roof purlin system for the roof with no topping slab. A wood overbuild
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system was constructed after to provide the pitched roof currently in place. The
main floor is located at ground level with the partial basement located below.
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GRAVITY SYSTEMS
The gravity system is precast concrete roof purlins, beams, and columns on
spot footings.
The roof consists of precast roof purlins supported by precast I-shaped beams.
These beams are spaced at 8’-0” o.c. The beams are supported by rectangular
8”x16” concrete columns that transfer the load down to the foundation level.
The first 12 bays of the building transfer down to the basement level, while the
back 8 bays are single story. There is no topping slab above the pre-cast roof
system. Infill 8” masonry walls are located every 4th bay.
The floor consists of deeper precast floor purlins supported by 8” masonry
walls. The masonry walls are located every 4th column bay, giving the precast
floor purlins span at approximately 32 feet.

Figure 3.2 Roof Framing Plan
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Figure 3.3 Floor Framing Plan
LATERAL (WIND AND SEISMIC) SYSTEMS
The lateral force resisiting system of the building consists of precast moment
frame system in the East/West direction and interior infill masonry shear walls
confined by the concrete frame and exterior masonry walls in the North/South
direction. There were no existing drawings to verify reinforcement in masonry
walls.
SOILS AND GEOTECHNICAL
A soils report was not available for review. Because of this Soil Site Class D as
recommended by ASCE 31 and the 2015 IBC was assumed in our evaluation
of the building. Soils Site Class D includes relatively stiff soils with a shear
wave velocity between 600 and 1200 feet per second, a standard penetration
resistance from 15 to 50 blows per foot, and un-drained shear strengths from
1000 to 2000 psf. Soils Site Class D is specified by the IBC to be used as the
default soils site class for seismic design in the absence of specific
geotechnical data for a given site.
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The St. Olaf’s building located at the intersection of 1800 South and Orchard Drive
in Bountiful, approximately 1.5 miles west of the Weber segment of the Wasatch
Fault. The Wasatch Fault is a known geologically active normal fault that trends
in a North-South direction along the base of the Wasatch mountains extending
from Malad City, Idaho to Fayette, Utah. It is believed that the fault is capable
of delivering an earthquake with a magnitude up to 7.5. Earthquakes of this
magnitude are capable of causing catastrophic damage to building structures.
The average recurrence interval for earthquakes along the Wasatch Fault is
estimated to be about every 1200 to 2600 years over the entire length of the fault,
and 350 years in any one of its six active segments (See Figure 2).

Figure 3.4 Earthquakes along the Wasatch Fault. (Image from Utah Geologic Survey)
According to geological studies of the Wasatch fault, the last major earthquake
on the Salt Lake City segment of the Wasatch fault was approximately 1300
years ago. The last large earthquake in any segment of the Wasatch fault was
approximately 400 to 600 years ago. From the data available the Brigham City
and the Salt Lake City fault segments appear likely to be next in line for a large
earthquake.
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As earthquake awareness has increased over the years, the need for nationally
recognized standards to evaluate and retrofit existing structures became apparent.
Beginning as FEMA documents, ASCE 31-03: Seismic Evaluation of Existing
Buildings became the industry standard. Today, ASCE 41-13: Seismic Evaluation
and Retrofit of Existing Buildings provides the basis to evaluate existing structures
and to determine if they are potentially seismically deficient.
ASCE 41-13 was used as the template for our evaluation of the St. Olaf’s Catholic
School. The seismic retrofit recommendations contained in this report are based
on code requirements found in the 2015 International Building Code (IBC 2015).
Evaluation
A building seismic evaluation typically begins with an ASCE 41-13 Tier 1 evaluation.
The Tier 1 evaluation consists of a series of checklists that are meant to quickly
document the potential building seismic deficiencies. The checklists are typically
filled out during one, or possibly multiple, visit(s) to the site. The checklists are
general in nature and meant to quickly identify deficiencies common for the building
type being investigated.
Each Tier 1 checklist identifies building components as either “Compliant”, “NonCompliant”, “Not Applicable”, or “Unknown”. The Tier 1 screening determines if noncompliant deficiencies should be retrofitted, or if further investigation is required. If
further investigation is required and/or desired, more in depth Tier 2 and Tier 3
investigations can be carried out under ASCE 14-13.
Tier 2 is often called the evaluation phase. A Tier 2 evaluation uses a standard
linear analysis to determine the seismic loading on the existing structure. This
evaluation is similar to the analysis used in the current code for new buildings.
Tier 3 is often called a detailed evaluation phase. A Tier 3 evaluation uses a
non-linear analysis to consider the initial strength plus the residual member
strength developed after initial failure but prior to its complete collapse.

The main objective in performing a Tier 2 and Tier 3 analysis is to discover if a
more in-depth analysis will reclassify non-compliant building components as
compliant. In short, the goal of a Tier 2 and Tier 3 analysis is to save construction
costs by more accurately identifying building components that do not need to be
retrofitted. For this reason, our seismic evaluation was limited to a Tier 1
8
St. Olaf’s Catholic School
Seismic Evaluation

BHB STRUCTURAL
2766 South Main Street
Salt Lake City, UT 84115

evaluation. A Tier 2 and Tier 3 analysis are usually not performed until the owner
is ready to seismically retrofit the building and develop a full seismic upgrade
design with construction documents.

LEVELS OF PERFORMANCE

p. 801 355 5656

bhbengineers.com

A building’s desired performance level during an earthquake must also be identified
in order to determine recommended retrofits for building deficiencies. Performance
levels generally define the expected damage to a structure following a seismic event.
Performance levels also help clarify the building’s expected utility after an
earthquake. The performance objective is determined by the building owner and the
design professionals in accordance with performance levels specified in the building
code. The building code defines these performance levels as follows:
Operational Level:
Very little damage present. Backup utility
services maintain function.

Increased Seismic Performance
Increased Construction Cost

Immediate Occupancy Level:
The building remains safe to occupy.
Needed structural repairs are usually minor.
Life Safety Level:
Structure remains stable and has significant
reserve capacity. Hazardous non-structural
damage is controlled. Life safety of the
building occupants is priority.
Collapse Prevention Level:
Lower Seismic Performance

The building remains standing, but may not
be structurally sound. All other damage to
the facility is acceptable.

Lower Construction Costs

A building designed or retrofitted to an Operational Level would be expected to be
fully functional with little to no damage following a seismic event; meanwhile a
building designed to a Collapse Prevention Level would only be expected to be stable
enough to allow people to exit during a seismic event. The building may potential be
a complete loss with damage beyond reasonable repair costs.
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As may be expected, construction costs increase proportionately with increasing
seismicity, and as the desired performance level increases towards the
Operational Level. ASCE 41-13 requires most buildings to be evaluated for
either Life Safety or Immediate Occupancy. Typical construction cost adjustment
factors to go from a Life Safety performance level to an Immediate Occupancy
performance level are shown in Figure 3 below. As stated in section 3 of this
report, St. Olaf’s Catholic School is located in an area of “very high” seismicity.

SEISMICITY/PERFORMANCE COST ADJUSTMENT
FACTORS
SEISMICITY
(LOCATION)

LIFE
SAFETY

IMMEDIATE
OCCUPANCY

Low

0.52

1.03

Moderate

0.59

1.19

High
0.75
1.43
Very High – St.
Olaf’s Catholic
1.00
1.76
School
Figure-4.1 Cost Factors - Seismicity vs. Performance Level (based on FEMA-156)
While code requires most new structures to be designed to a minimum Life
Safety Level, existing structures are often retrofitted voluntarily by their owners
and therefore may be retrofitted to any desired performance level. Owners
should consider many factors when deciding what performance level they would
like to achieve. These factors often include cost, expected life of building, current
and future uses, etc.
BHB Engineers’ evaluation and recommendations are based on a Life Safety
Level of performance. For a Life Safety Level of performance, the owner should
expect the building to remain stable following the “design” level seismic event so
the occupants can safely exit the building. The building damage may be
significant, and the cost of repairs may not be economically viable. The potential
for injury from non-structural falling objects (i.e. ceilings, building equipment,
architectural finishes, etc.) is low. Masonry walls, facades, partitions, ceilings,
and structural elements may have significant damage but are designed not to fall
on building occupants. However, not all building equipment and contents will be
secure. Equipment, contents, and non-structural components may have
extensive damage, and may not operate after an earthquake.
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Once the desired building performance level is determined it is necessary to
define the seismic demand criteria to be used for that performance level. ASCE
41-13 bases seismic demand on a fraction of the Maximum Considered
Earthquake (MCE). The MCE is the largest statistically credible earthquake
based on current knowledge of the fault line proximity, expected fault movement,
estimated return rate, etc. The MCE along the Salt Lake City portion of the
Wasatch Fault has been estimated to be up to a magnitude 7.5. ASCE 41-13
states the seismic force for a Tier 1, Life Safety performance level evaluations
should be no less than two-thirds (67%) of the force associated with the MCE.
This force level is similar to what is required for new structures designed to the
same criteria.

Building Type and Typical Seismic Behavior
The building is classified by ASCE 41-13 as a Building Type C2: Concrete Shear
Walls with Stiff Diaphragms and PC2: Precast Concrete Frames with Shear
Walls. These structures rely on the reinforced masonry infill walls to restrain the
building during an earthquake. In-plane lateral force resistance is provided by a
compression strut developing in the infill panel that extends diagonally between
corners of the concrete frame. Building codes typically did not recognize the need
for seismic design prior to the San Fernando Earthquake in 1973. Because of
the age of the structure it is unlikely that seismic loading was considered in the
design. Although the masonry walls were not designed as shear walls, due to
the nature and rigidity of the masonry, these walls will receive seismic shear and
function as shear walls regardless of the original design intent.

Evaluation/Design Approach
The evaluation of the building was done using the Tier 1 approach per ASCE 4113 as previously described. Use of the Tier 1 checklists allows the reviewer to
quickly identify most areas and components of the structure that are noncompliant with minimum code provisions. However, for some checklist items,
further Tier 2 analysis is required as part of the initial screening process to
determine whether the item is seismically compliant or non-compliant. After the
initial screening, non-compliant items are identified as areas of concern and a
course of action is identified to bring the building into compliance for the selected
performance level. The completed Tier 1 checklist for the St. Olaf’s Catholic
School is shown in Appendix 5.
Based on the type of construction and the number of structural deficiencies in
the buildings’ structural system, it is our opinion that a Tier 2 analysis would only
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confirm our findings from the Tier 1 evaluation. Our proposed retrofit solutions
are provided per the design requirements of the IBC 2015 building code.
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ASCE 41 Checklists
Structural deficiencies are determined using the ASCE 41-13 Tier 1 checklists.
The ASCE-41-13 checklists used for the building include:
1.

16.1.2LS – Life Safety Basic Configuration Checklist

2.

16.10LS – Life Safety Structural Checklist for Building Types C2 and
C2A. Concrete Shear Walls with Stiff Diaphragms

3.

16.13LS – Life Safety Structural Checklist for Building Types PC2.
Precast Concrete Frames with Shear Walls

4.

16.17 – Nonstructural Checklist

Non-Compliant Items
The structural items found to be Non-Compliant are listed below. The number
associated with each deficiency is also listed on the summary chart in section 2.
An excerpt of the ASCE 41-13 code requirement is italicized. The explanation
for the non-compliance is listed below the excerpt with a recommendation for
seismic upgrade. The majority of the non-structural checklist were deemed noncompliant based on visual observations as well as judgement from pervious buildings
of this type and age. This information was not included in provided structural
drawings and verification of which may require destruction testing of components
and finishes.
1. Basic Checklist
a. Load Path:
The structure shall contain a complete, well defined load path,
including structural elements and connections, that serves to
transfer the inertial forces associated with the mass of all
elements of the building to the foundation. (Commentary: Sec.
A.2.1.1. Tier 2: Sec. 5.4.1.1)
Precast concrete frame system does not appear to have been
designed as a moment frame but is required to act that way
based on the lack of continuous shear walls in the East/West
direction.
13
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It is recommended to install concrete shear walls on the North
and South walls in select areas. These new concrete shear walls
can be designed with openings to allow for daylighting and doors.
A footing would also need to be installed underneath these shear
walls. We recommend adding a reinforced topping slab to
redirect forces to interior corridor walls only in North/South.
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b. Weak Story:
The sum of the shear strengths of the seismic-force-resisting
system in any story in each direction is not less than 80% of the
strength in the adjacent story above. (Commentary: Sec. A.2.2.2.
Tier 2: Sec. 5.4.2.1)
There are panel segments above and below openings. No
consistent shearwall transfer.
This item would be addressed with the shear walls mentioned in
the “Load Path” section above.
c. Soft Story:
The stiffness of the seismic-force-resisting system in any story is
not less than 70% of the seismic-force-resisting system stiffness
in an adjacent story above or less than 80% of the average
seismic-force-resisting system stiffness of the three stories
above. (Commentary: Sec. A.2.2.3 Tier 2: Sec. 5.4.2.2)
Not consistent stiffness from floor to floor.
This item would be addressed with the shear walls mentioned in
the “Load Path” section above.
d. Vertical Irregularities:
All vertical elements in the seismic-force-resisting system are
continuous to the foundation. (Commentary: Sec. A.2.2.4. Tier 2:
Sec. 5.4.2.3)
There are panel segments above and below openings. No
consistent shearwall transfer.
This item would be addressed with the shear walls mentioned in
the “Load Path” section above.
14
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e. Overturning:
The ratio of the least horizontal dimension of the seismic-forceresisting system at the foundation level to the building height
(base/height) is greater than 0.6Sa. (Commentary: Sec.
A.6.2.1. Tier 2: Sec. 5.4.3.3)

BHB STRUCTURAL
2766 South Main Street
Salt Lake City, UT 84115
p. 801 355 5656

bhbengineers.com

Overturning of wall segments do not meet the code
requirements.
Based on the need for shear walls as indicated in the “Load
Path” section, it is necessary to install a minimum of (3) 8’-0”
wide bays (typical column to column spacing) of concrete shear
walls on both the North and South walls.
2.

Life Safety Structural Checklist C2 and PC2
a. Foundation Dowels:
Wall reinforcement is doweled into the foundation with vertical
bars equal in size and spacing to the vertical wall reinforcing
immediately above the foundation. (Commentary: Sec. A.5.3.5.
Tier 2: Sec. 5.7.3.4)
Unable to verify if foundation dowels are anchored into the
footing.
Based on the new concrete shear walls proposed in the “Load
Path” section, this item would be resolved with new dowels to
anchor the concrete shear wall to the foundation below.
b. Deflection Compatibility:
Secondary components have the shear capacity to develop the
flexural strength of the components. (Commentary: Sec.
A.3.1.6.2. Tier 2: Sec. 5.5.2.5.2)
No way to verify reinforcing without scanning.
Based on the new concrete shear walls proposed in the “Load
Path” section, this item would be resolved with new concrete
shear walls because the concrete columns would no longer be
taking force.
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c. Openings at Shear Walls:
Diaphragm openings immediately adjacent to the shear walls are
less than 25% of the wall length. (Commentary: Sec. A.4.1.4.
Tier 2: Sec. 5.6.1.3)
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Opening near the West side shear walls in the diaphragms are
too big in relationship to the shear wall length. The connecting
portions of the floor diaphragm would need to be checked and
strengthened as needed.
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It is recommended to provide a strengthened diaphragm
connection on the west wall to transfer the force from the
diaphragm to the shear walls.
d. Diaphragms:
Precast concrete diaphragm elements are interconnected by a
continuous reinforced concrete topping slab with a minimum
thickness of 2 in. (Commentary: Sec. A.4.5.1. Tier 2: Sec. 5.6.4)
No topping slab on the roof to connect elements. Present in the
floor.
A reinforced topping slab is recommended to be installed on the
roof. It appears that there is a topping slab at the floor level.
e. Topping Slab to Walls or Frames:
Reinforced concrete topping slabs that interconnect the precast
concrete diaphragm elements are doweled for transfer of forces
into the shear wall or frame elements. (Commentary: Sec.
A.5.2.3. Tier 2: Sec. 5.7.2)
It is unlikely that the floor topping slabs is interconnected to the
shear wall elements at the exterior.
At the roof level, this would be accomplished by the
recommendation provided in the “Diaphragm” section above. It
is recommended to provide strengthened diaphragm
connections as the interior walls as well as indicated in the
“Openings in Shear Walls” section above.
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f. Precast Frames:
For buildings with concrete shear walls, precast concrete frame
elements are not considered as primary components for resisting
seismic forces. (Commentary: Sec. A.3.1.5.2. Tier 2: Sec.
5.5.2.4, 5.5.2.5.1 and 5.5.2.5.2)
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Precast concrete frame system does not appear to have been
designed as a moment frame but is required to act that way
based on the lack of continuous shear walls in the East/West
direction.
This item would be addressed with the shear walls mentioned in
the “Load Path” section above.
g. Precast Connections:
For buildings with concrete shear walls, the connection between
precast frame elements, such as chords, ties, and collectors in
the seismic-force-resisting system, develops the capacity of the
connected members. (Commentary: Sec. A.3.1.5.3. Tier 2: Sec.
5.6.1.1)
The connection between the precast elements and the seismicforce-resisting system is not likely capable of developing the
forces of the connected members.
It is recommended to provide a strengthened connection
between the precast frame elements and the shear walls.
h. Deflection Compatibility:
Secondary components have the shear capacity to develop the
flexural strength of the components. (Commentary: Sec.
A.3.1.6.2. Tier 2: Sec. 5.5.2.5.2)
Likely non-compliant. Would need to verify by scanning
reinforcing.

3.

Nonstructural Checklist
a. Flexible Couplings:
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Hazardous material ductwork and piping, including natural gas
piping, has flexible couplings. (Commentary: Sec. A.7.15.4, Tier
2: Sec. 13.7.3 and 13.7.5)
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Flexible couplings are not present on all piping.
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It is recommended to provide flexible couplings for all hazardous
material piping.
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b. Unreinforced Masonry Partitions:
Unreinforced masonry or hollow-clay tile partitions are braced at
a spacing of at most 10 ft in Low or Moderate Seismicity, or at
most 6 ft in High Seismicity. (Commentary: Sec. A.7.1.1. Tier 2:
Sec. 13.6.2)
Unreinforced Masonry partitions perpendicular to the roof purlins
appear to be unbraced.
It is recommended to provide additional bracing to the
Unreinforced Masonry Partitions in perpendicular direction.
c. Heavy Partitions Supported by Ceilings:
The tops of masonry or hollow-clay tile partitions are not laterally
supported by an integrated ceiling system. (Commentary: Sec.
A.7.2.1. Tier 2: Sec. 13.6.2)
Unreinforced Masonry partitions perpendicular to the roof purlins
appear to be unbraced.
It is recommended to provide additional bracing to the
Unreinforced Masonry Partitions in perpendicular direction.
d. Ceiling Systems:
Suspended ceilings have attachments that resist seismic forces
for every 12 ft2 of area. (Commentary: Sec. A.7.2.3. Tier 2. Sec.
13.6.4)
Seismic bracing of ceiling system is inadequate.
It is recommended that the ceiling system be seismically braced.
e. Masonry Chimneys:
18
St. Olaf’s Catholic School
Seismic Evaluation

BHB STRUCTURAL
2766 South Main Street
Salt Lake City, UT 84115
p. 801 355 5656

bhbengineers.com

Unreinforced masonry chimneys extend above the roof surface
no more than the following: for Life Safety in Low or Moderate
Seismicity, 3 times the least dimension of the chimney; for Life
Safety in High Seismicity and for Position Retention in any
seismicity, 2 times the least dimension of the chimney.
(Commentary: Sec. A.7.9.1. Tier 2: 13.6.7)
Masonry Chimney exceeds the height restrictions for being
unbraced.
It is recommended that the masonry chimney be reduced in
height or removed.
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5. ADDITIONAL STORY EVALUATION
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BHB conducted a quick evaluation of St. Olaf’s Catholic School main structural
components and their capacity to support an additional story on top of the building.
Based on our findings, the columns have the capacity to support an additional story
without retrofits. The footings also are adequate for the additional story forces. The
footings are required to be a minimum of 4’-0” x 4’-0” square. Based on the findings
in the field, it appears that this is the current size throughout. The beams do not
appear to have been designed to support floor loading and do not have adequate
capacity. These beams would require flexural strengthening through fiber
reinforced polymer (FRP) being added to the bottom of the beams throughout the
current roof level (see figure 5.1 below). The precast purlins have adequate
strength to support the floor weight. A new 2.1/2” topping slab would be required to
tie the diaphragm together. It would be required to roughen the top of the concrete
purlins to fully engage the new 2.1/2” reinforced topping slab. We also recommend
reinforcing the masonry bearing walls, corridor walls, and demising walls between
classrooms with either shotcrete or fiber reinforced polymer (FRP) to strengthen
them for additional lateral forces.

Figure 5.1 Existing Roof I-Beam Requiring FRP Strengthening
20
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6. CONCLUSIONS
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BHB conducted an evaluation of St. Olaf’s Catholic School in an effort to determine
the building’s ability to withstand the effects of an earthquake. The structural
deficiencies and retrofit recommendations contained in this evaluation are based on
a “Life Safety” level of analysis as defined by the code ASCE 41-13: Seismic
Evaluation and Retrofit of Existing Buildings. The St. Olaf’s Catholic School is in
relatively good condition; however, the building does contain some liabilities as
described in this report.
In the building there is an incomplete load path for the lateral resisting elements.
The precast concrete frame system is required to act as a moment frame system
due to the lack of shear wall segments from roof to the foundation level. This
causes some building irregularities and height-to-thickness ratios that exceed
ASCE 41-13. There is also not a topping slab present at the roof level. In order to
correct this, we recommend that there be new reinforced concrete topping slab at
the roof and new reinforced concrete shear walls on both the North and South walls
and as needed on the east and west with footings to transfer all the seismic forces
down to the foundation level.
For an additional story to be added, it would be required to add fiber reinforced
polymer (FRP) to the bottom of the concrete beams to be strengthened to support
the additional story. A reinforced topping slab would be required above the purlin
system. The columns and footings appear to be adequate for the additional story
loads. It is also recommended to reinforce the masonry bearing walls and
demising/corridor walls between classrooms for adequate shear capacity.
Many of the required retrofits mentioned above can be phased to minimize the
impact to the building’s occupants.
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7. LIMITATIONS
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This report is to be used for planning purposes by St.Olaf’s Catholic School. The
evaluation and recommendations presented in this report are limited to structural
seismic issues only. The condition of non-structural components of the building is
outside the scope of this evaluation. Although some incidental statements may be
included regarding non-structural systems, the focus of the report is on structural
issues. No other warranty, either expressed or implied is offered with regard to
these services.
Our evaluation is based on visual observations made available to us. Assumptions
were made in our evaluation when structural conditions could not be verified by
visual observations, or by the available documents. Some assumptions include
properties of building materials, construction practices, verification of as-built
conditions, etc. As a result, the conclusions and recommendations are based upon
professional judgment and experience, rather than known conditions. As a result,
additional conditions detrimental to the structure may exist which were not visible,
not noted in the available documents, or outside the scope of this evaluation.

22
St. Olaf’s Catholic School
Seismic Evaluation

8. ASCE 14-13 – SCREENING PHASE (TIER 1) CHECKLIST
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16.1.2LS LIFE SAFETY BASIC CONFIGURATION CHECKLIST
Low Seismicity Building System
General
C

NC

N/A

U

LOAD PATH: The structure shall contain a complete,
well-defined load path, including structural elements and
connections, that serves to transfer the inertial forces
associated with the mass of all elements of the building to
the foundation. (Commentary: Sec. A.2.1.1. Tier 2: Sec.
5.4.1.1)
Precast concrete frame system does not appear to have
been designed as a moment frame but is required to act
that way based on the lack of continuous shear walls in
the East/West direction.

C

NC

N/A

U

ADJACENT BUILDINGS: The clear distance between the
building being evaluated and any adjacent building is
greater than 4% of the height of the shorter building. This
statement shall not apply for the following building types:
W1, W1a, and W2. (Commentary: Sec. A.2.1.2. Tier 2:
Sec. 5.4.1.2)
N/A, no adjacent buildings

C

NC

N/A

U

MEZZANINES: Interior mezzanine levels are braced
independently from the main structure or are anchored to
the seismic-force-resisting elements of the main
structure. (Commentary: Sec. A.2.1.3. Tier 2: Sec.
5.4.1.3)
N/A, no mezzanine

Building Configuration
C

NC

N/A

U

WEAK STORY: The sum of the shear strengths of the
seismic-force-resisting system in any story in each
direction is not less than 80% of the strength in the
adjacent story above. (Commentary: Sec. A.2.2.2. Tier 2:
Sec. 5.4.2.1)
23
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There are panel segments above and below openings.
No consistent shearwall transfer.
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C

NC

N/A

U
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SOFT STORY: The stiffness of the seismic-forceresisting system in any story is not less than 70% of the
seismic-force-resisting system stiffness in an adjacent
story above or less than 80% of the average seismicforce-resisting system stiffness of the three stories above.
(Commentary: Sec. A.2.2.3 Tier 2: Sec. 5.4.2.2)
Stiffness is not consistent from story to story.

C

NC

N/A

U

VERTICAL IRREGULARITIES: All vertical elements in
the seismic-force-resisting system are continuous to the
foundation. (Commentary: Sec. A.2.2.4. Tier 2: Sec.
5.4.2.3)
There are panel segments above and opening below. Not
consistent shearwall transfer.

C

NC

N/A

U

GEOMETRY: There are no changes in the net horizontal
dimension of the seismic-force-resisting system of more
than 30% in a story relative to adjacent stories, excluding
one-story penthouses and mezzanines. (Commentary:
Sec. A.2.2.5. Tier 2: Sec. 5.4.2.4)
Appears to be compliant

C

NC

N/A

U

MASS: There is no change in effective mass more than
50% from one store to the next, Light roofs, penthouses,
and mezzanines need not be considered. (Commentary:
Sec. A.2.2.6. Tier 2: Sec. 5.4.2.5)
Appears to be compliant

C

NC

N/A

U

TORSION: The estimated distance between the story
center of mass and the story center of rigidity is less than
20% of the building width in either plan dimension.
(Commentary: Sec. A.2.2.7. Tier 2: Sec. 5.4.2.6)
Appears to be compliant

Moderate Seismicity: Complete the Following Items in Addition to the Items
for Low Seismicity.
Geologic Site Hazards
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C

NC

N/A

U

LIQUEFACTION: Liquefaction-susceptible, saturated,
loose granular soils that could jeopardize the building’s
seismic performance shall not exist in the foundation soils
at depths within 50ft under the building. (Commentary:
Sec. A.6.1.1. Tier 2: 5.4.3.1)
Appears to be compliant. This should be verified by a
qualified geotechnical engineer.

C

NC

N/A

U

SLOPE FAILURE: The building site is sufficiently remote
from potential earthquake-induced slope failures or
rockfalls to be unaffected by such failures or is capable of
accommodating any predicted movements without
failure. (Commentary: Sec. A.6.1.2. Tier 2: 5.4.3.1)

BHB STRUCTURAL
2766 South Main Street
Salt Lake City, UT 84115
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Slope appears flat enough that failure is unlikely. This
should be verified by a qualified geotechnical engineer.
C

NC

N/A

U

SURFACE FAULT RUPTURE: Surface fault rupture and
surface displacement at the building site are not
anticipated. (Commentary: Sec. A.6.1.3. Tier 2: 5.4.3.1)
Appears to be compliant though should be verified by a
qualified geotechnical engineer.

High Seismicity: Complete the Following Items in Addition to the Items for
Low and Moderate Seismicity.
Foundation Configuration
C

NC

N/A

U

OVERTURNING: The ratio of the least horizontal
dimension of the seismic-force-resisting system at the
foundation level to the building height (base/height) is
greater than 0.6Sa. (Commentary: Sec. A.6.2.1. Tier 2:
Sec. 5.4.3.3)
Sx1 = Fv * S1 =1.5 * 0.543= 0.815
Sa =Sx1/T= 0.815/(0.1*2) = 4.08
Sxs = Fa * Ss = 1.0 * 1.421 = 1.421
Therefore Sa = 1.421
0.6 * Sa = .853
Building Height = 23 ft
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Pier Length = 0.667 ft
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Length/Height = 0.667 ft / 13 ft = 0.03 Non-Compliant
C

NC

N/A
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U

TIES BETWEEN FOUNDATION ELEMENTS: The
foundation has ties adequate to resist seismic forces
where footings, piles, and piers are not restrained by
beams, slabs, or soils classified as Site Class A, B, or C.
(Commentary: Sec. A.6.2.2. Tier 2: Sec. 5.4.3.4)
Soil site class D assumed. Should be confirmed by a
qualified geotechnical engineer
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LIFE SAFETY STRUCTURAL CHECKLIST FOR BUILDING
TYPES C2: CONCRETE SHEAR WALLS WITH STIFF
DIAPHRAGMS AND C2A: CONCRETE SHEAR WALLS WITH
FLEXIBLE DIAPHRAGMS

Low and Moderate Seismicity
Seismic-Force-Resisting System
C

NC

N/A

U

COMPLETE FRAMES: Steel or cncrete frames
classified as secondary components from a complete
vertical-load-carrying system. (Commentary: Sec.
A.3.1.6.1. Tier 2: Sec. 5.5.2.5.1)
Appears to be compliant

C

NC

N/A

U

REDUNDANCEY: The number of lines of shear walls in
each principal direction is greater than or equal to 2.
(Commentary: Sec. A.3.2.1.1. Tier 2: Sec. 5.5.1.1)
Appears to be compliant

C

NC

N/A

U

SHEAR STRESS CHECK: The shear stress in the
concrete shar walls, calculated using the Quick Check
procedure of Section 4.5.3.3, is less than the greater of
100 lb/in.2 or 2√f’c. (Commentary: Sec. A.3.2.2.1. Tier 2:
Sec. 5.5.3.1.1)

C

NC

N/A

U

REINFORCING STEEL: The ratio of reinforcing steel
area to gross concrete area is not less than 0.0012 in the
vertical direction and 0.0020 in the horizontal direction.
(Commentary: Sec. A.3.2.2.2. Tier 2: Sec. 5.5.3.1.3)
Recommended to scan concrete to verify reinforcing steel
is present and meet’s required ratios.

Connections
C

NC

N/A
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U

WALL ANCHORAGE AT FLEXIBLE DIAPHRAGMS:
Exterior concrete or masonry walls that are dependent on
flexible diaphragms for lateral support are anchored for
out-of-plane forces at each diaphragm level with steel
anchors, reinforcing dowels, or straps that are developed
into the diaphragm. Connections have adequate strength
to resist the connection force calculated in the Quick
27

Check procedure of Section 4.5.3.7. (Commentary: Sec.
A.5.1.1. Tier 2: Sec. 5.7.1.1)
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TRANSFER TO SHEAR WALLS: Diaphragms are
connected for transfer of seismic forces to the shear walls.
(Commentary: Sec. A.5.2.1. Tier 2: Sec. 5.7.2)
Unable to verify connection of diaphragms to shear walls.

C

NC

N/A

U

FOUNDATION DOWELS: Wall reinforcement is doweled
into the foundation with vertical bars equal in size and
spacing to the vertical wall reinforcing immediately above
the foundation. (Commentary: Sec. A.5.3.5. Tier 2: Sec.
5.7.3.4)
Unable to verify if foundation dowels are anchored into the
footing.

High Seismicity: Complete the Following Items in Addition to the Items for
Low and Moderate Seismicity.
Seismic-Force-Resisting System
C

NC

N/A

U

DEFLECTION
COMPATIBILITY:
Secondary
components have the shear capacity to develop the
flexural strength of the components. (Commentary: Sec.
A.3.1.6.2. Tier 2: Sec. 5.5.2.5.2)
Likely non-compliant. We recommend scanning the
concrete to reinforcement.

C

NC

N/A

U

FLAT SLABS: Flat slabs or plates not part of the seismicforce-resisting system have continuous bottom steel
through the column joints. (Commentary: Sec. A.3.1.6.3.
Tier 2: Sec. 5.5.2.5.3)

C

NC

N/A

U

COUPLING BEAMS: The stirrups in coupling beams
over means of egress are spaced at or less than d/2 and
are anchored into the confined core of the beam with
hooks of 135 degrees or more. The ends of both walls to
which the coupling beam is attached are supported at
each end to resist vertical loads caused by overturning.
(Commentary: Sec. A.3.2.2.3. Tier 2: Sec. 5.5.3.2.1)
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C

NC

N/A

U
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UPLIFT AT PILE CAPS:
Pile caps have top
reinforcement, and Piles are anchored to the pile caps.
(Commentary: Sec. A.5.3.8. Tier 2: Sec. 5.7.3.5)
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Diaphragms (Flexible or Stiff)
C

NC

N/A

U

DIAPHRAGM CONTINUITY: The diaphragms are not
composed of split-level floors and do not have expansion
joints. (Commentary: Sec. A.4.1.1. Tier 2: Sec. 5.6.1.1)
Appears to be compliant

C

NC

N/A

U

OPENINGS AT SHEAR WALLS: Diaphragm openings
immediately adjacent to the shear walls are less than 25%
of the wall length. (Commentary: Sec. A.4.1.4. Tier 2:
Sec. 5.6.1.3)
Openings near the West side shear walls in the
diaphragm are too big in relationship to the shear wall
length. The connecting portions of the floor diaphragm
would need to be checked and strengthened as needed.

Flexible Diaphragms
C

NC

N/A

U

CROSS TIES: There are continuous cross ties between
diaphragm chords. (Commentary: Sec. A.4.1.2. Tier 2:
Sec. 5.6.1.2)

C

NC

N/A

U

STRAIGHT SHEATHING:
All straight sheathed
diaphragms have aspect ratios less than 2-to-1 in the
direction being considered. (Commentary: Sec. A.4.2.1.
Tier 2: Sec. 5.6.2)

C

NC

N/A

U

SPANS: All wood diaphragms with spans greater than 24
ft consist of wood structural panels or diagonal sheathing.
(Commentary: Sec. A.4.2.2. Tier 2: Sec. 5.6.2)

C

NC

N/A

U

DIAGONALLY SHEATHED AND UNBLOCKED
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DIAPHRAGMS: All diagonally sheathed or unblocked
wood structural panel diaphragms have horizontal spans
less than 40 ft and aspect ratios less than or equal to 4to-1. (Commentary: Sec. A.4.2.3. Tier 2: Sec. 5.6.2)
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U

OTHER DIAPHRAGMS: The diaphragm does not
consist of asystem other than wood, metal deck,
concrete, or horizontal bracing. (Commentary: Sec.
A.4.7.1. Tier 2: Sec. 5.6.5)
Appears to be compliant
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LIFE SAFETY STRUCTURAL CHECKLIST FOR BUILDING
TYPE PC2: PRECAST CONCRETE FRAMES WITH SHEAR
WALLS

Low and Moderate Seismicity
Seismic-Force-Resisting System
C

NC

N/A

U

COMPLETE FRAMES: Steel or cncrete frames classified
as secondary components from a complete vertical-loadcarrying system. (Commentary: Sec. A.3.1.6.1. Tier 2:
Sec. 5.5.2.5.1)
Appears to be compliant

C

NC

N/A

U

REDUNDANCEY: The number of lines of shear walls in
each principal direction is greater than or equal to 2.
(Commentary: Sec. A.3.2.1.1. Tier 2: Sec. 5.5.1.1)
Appears to be compliant

C

NC

N/A

U

SHEAR STRESS CHECK: The shear stress in the
concrete shar walls, calculated using the Quick Check
procedure of Section 4.5.3.3, is less than the greater of
100 lb/in.2 or 2√f’c. (Commentary: Sec. A.3.2.2.1. Tier 2:
Sec. 5.5.3.1.1)

C

NC

N/A

U

REINFORCING STEEL: The ratio of reinforcing steel
area to gross concrete area is not less than 0.0012 in the
vertical direction and 0.0020 in the horizontal direction.
(Commentary: Sec. A.3.2.2.2. Tier 2: Sec. 5.5.3.1.3)
Recommended to scan concrete to verify reinforcing steel
is present and meet’s required ratios.

Diaphragms
C

NC

N/A

U

TOPPING SLAB: Precast concrete diaphragm elements
are interconnected by a continuous reinforced concrete
topping slab with a minimum thickness of 2 in.
(Commentary: Sec. A.4.5.1. Tier 2: Sec. 5.6.4)
No topping slab on the roof to connect elements. Present
in the floor.
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Connections
C

NC

N/A

U

TRANSFER TO SHEAR WALLS: Diaphragms are
connected for transfer of seismic forces to the shear walls.
(Commentary: Sec. A.5.2.1. Tier 2: Sec. 5.7.2)

C

NC

N/A

U

TOPPING SLAB TO WALLS OR FRAMES: Reinforced
concrete topping slabs that interconnect the precast
concrete diaphragm elements are doweled for transfer of
forces into the shear wall or frame elements.
(Commentary: Sec. A.5.2.3. Tier 2: Sec. 5.7.2)
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It is unlikely that the floor topping slabs is interconnected
to the shear wall elements at the exterior.
C

NC

N/A

U

FOUNDATION DOWLES: Wall reinforcement is doweled
into the foundation. (Commentary: Sec. A.5.3.5. Tier 2:
Sec. 5.7.3.4)
Unable to verify if foundation dowels are anchored into the
footing.

C

NC

N/A

U

GIRDER-COLUMN CONNECTION: There is a positive
connection using plates, connection hardware, or straps
between the girder and the column support.
(Commentary: Sec. A.5.4.1. Tier 2: Sec. 5.7.4.1)
Likely Compliant. Unable to verify. Would need to scan
reinforcing to verify.

High Seismicity: Complete the Following Items in Addition to the Items for
Low and Moderate Seismicity.
Seismic-Force-Resisting System
C

NC

N/A

U

PRECAST FRAMES: For buildings with concrete shear
walls, precast concrete frame elements are not
considered as primary components for resisting seismic
forces. (Commentary: Sec. A.3.1.5.2. Tier 2: Sec. 5.5.2.4,
5.5.2.5.1 and 5.5.2.5.2)
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Precast concrete frame system does not appear to have
been designed as a moment frame but is required to act
that way based on the lack of continuous shear walls in
the East/West direction.
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C

NC

N/A

U

PRECAST CONNECTIONS: For buildings with concrete
shear walls, the connection between precast frame
elements, such as chords, ties, and collectors in the
seismic-force-resisting system, develops the capacity of
the connected members. (Commentary: Sec. A.3.1.5.3.
Tier 2: Sec. 5.6.1.1)
The connection between the precast elements and the
seismic-force-resisting system is not likely capable of
developing the forces of the connected members.

C

NC

N/A

U

DEFLECTION
COMPATIBILITY:
Secondary
components have the shear capacity to develop the
flexural strength of the components. (Commentary: Sec.
A.3.1.6.2. Tier 2: Sec. 5.5.2.5.2)
Likely Non-Compliant. Unable to verify reinforcing. Would
need to scan.

C

NC

N/A

U

COUPLING BEAMS: The stirrups in coupling beams
over means of egress are spaced at or less than d/2 and
are anchored into the confined core of the beam with
hooks of 135 degrees or more. The ends of both walls to
which the coupling beam is attached are supported at
each end to resist vertical loads caused by overturning.
(Commentary: Sec. A.3.2.2.3. Tier 2: Sec. 5.5.3.2.1)

U

OPENINGS AT SHEAR WALLS: Diaphragm openings
immediately adjacent to the shear walls are less than 25%
of the wall length. (Commentary: Sec. A.4.1.4. Tier 2:
Sec. 5.5.3.3.1)

Diaphragms
C

NC

N/A

Opening near the West side shear walls in the
diaphragms are too big in relationship to the shear wall
length. The connecting portions of the floor diaphragm
would need to be checked and strengthened as needed.
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C

NC

N/A

U

UPLIFT AT PILE CAPS:
Pile caps have top
reinforcement, and piles are anchored to the pile caps.
(Commentary: Sec. A.5.3.8. Tier 2: Sec. 5.7.3.5)

C

NC

N/A

U

CORBEL BEARING: If the frame girders bear on column
corbels, the length of bearing is greater than 3 in.
(Commentary: Sec. A.5.4.3. Tier 2: Sec. 5.7.4.3)

C

NC

N/A

U

CORBEL CONNECTIONS: The frame girders are not
connected to corbels with welded elements.
(Commentary: Sec. A.5.4.4. Tier 2: Sec. 5.7.4.3)
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NONSTRUCTURAL CHECKLIST

Life Safety Systems
C

NC

N/A

U

LS-LMH; PR-LMH. FIRE SUPPRESSION PIPING: Fire
suppression piping is anchored and braced in accordance
with NFPA-13. (Commentary; Sec. A.7.13.1. Tier 2: Sec.
13.7.4)

C

NC

N/A

U

LS-LMH; PR-LMH. FLEXIBLE COUPLINGS: Fire
suppression piping has flexible couplings in accordance
with NFPA-13. (Commentary: Sec. A.7.13.2. Tier 2: Sec.
13.7.4)

C

NC

N/A

U

LS-LMH; PR-LMH. EMERGENCY POWER: Equipment
used to power or control life safety systems is anchored
or braced. (Commentary: Sec. A.7.12.1. Tier 2: Sec.
13.7.7)

C

NC

N/A

U

LS-LMH; PR-LMH. STAIR AND SMOKE DUCTS: Stair
pressurization and smoke control ducts are braced and
have flexible connections at seismic joints. (Commentary:
Sec. A.7.14.1. Tier 2: Sec. 13.7.6)

C

NC

N/A

U

LS-LMH; PR-MH. SPRINKLER CEILING CLEARANCE:
Penetrations through panelized ceilings for fire
suppression devices provide clearances in accordance
with NFPA-13. (Commentary: Sec. A.7.13.3. Tier 2: Sec.
13.7.4)

C

NC

N/A

U

LS-not required; PR-LMH. EMERGENCY LIGHTING:
Emergency and egress lighting equipment is anchored or
braced. (Commentary: Sec. A.7.3.1 Tier 2: Sec. 13.7.9)
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Hazardous Materials
C

C

NC

NC

N/A

N/A

U

U

LS-LMH;
PR-LMH.
HAZARDOUS
MATERIAL
EQUIPMENT: Equipment mounted on vibration isolators
and containing hazardous material is equipped with
restraints or snubbers. (Commentary: Sec. A.7.12.2. Tier
2: Sec. 13.7.1)
LS-LMH;
PR-LMH.
HAZARDOUS
MATERIAL
STORAGE: Breakable containers that hold hazardous
material, including gas cylinders, are restrained by
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(Commentary: Sec A.7.15.1. Tier 2: Sec. 13.8.4)
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2766 South Main Street
Salt Lake City, UT 84115

C

NC

N/A

U

LS-MH;
PR-MH.
HAZARDOUS
MATERIAL
DISTRIBUTION: Piping or ductwork conveying
hazardous materials is braced or otherwise protected
from damage that would allow hazardous material
release. (Commentary: Sec. A.7.13.4. Tier 2: Sec. 13.7.3
and 13.7.5)

C

NC

N/A

U

LS-MH; PR-MH. SHUT-OFF VALVES: Piping containing
hazardous material, including natural gas, has shut-off
valves or other devices to limit spills or leaks.
(Commentary: Sec. A.7.13.3. Tier 2: Sec. 13.7.3 and
13.7.5)

p. 801 355 5656
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Appears to be compliant
C

NC

N/A

U

LS-LMH; PR-LMH. FLEXIBLE COUPLINGS: Hazardous
material ductwork and piping, including natural gas
piping, has flexible couplings. (Commentary: Sec.
A.7.15.4, Tier 2: Sec. 13.7.3 and 13.7.5)
Flexible couplings are not present on all piping.

C

NC

N/A

U

LS-MH; PR-MH. PIPING OR DUCTS CROSSING
SEISMIC JOINTS: Piping or ductwork carrying
hazardous material that either crosses seismic joints or
isolation planes or is connected to independent structures
has couplings or other details to accommodate the
relative seismic displacements. (Commentary: Sec.
A.7.13.6. Tier 2: Sec. 13.7.3, 13.7.5, and 13.7.6)

N/A

U

LS-LMH; PR-LMH. UNREINFORCED MASONRY:
Unreinforced masonry or hollow-clay tile partitions are
braced at a spacing of at most 10 ft in Low or Moderate
Seismicity, or at most 6 ft in High Seismicity.
(Commentary: Sec. A.7.1.1. Tier 2: Sec. 13.6.2)

Partitions
C

NC

Unreinforced Masonry partitions perpendicular to the roof
purlins appear to be unbraced.
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C

NC

N/A

U

BHB STRUCTURAL
2766 South Main Street
Salt Lake City, UT 84115
p. 801 355 5656

LS-LMH; PR-LMH. HEAVY PARTITIONS SUPPORTED
BY CEILINGS: The tops of masonry or hollow-clay tile
partitions are not laterally supported by an integrated
ceiling system. (Commentary: Sec. A.7.2.1. Tier 2: Sec.
13.6.2)
Unreinforced Masonry partitions perpendicular to the roof
purlins appear to be unbraced.

bhbengineers.com

LS-MH; PR-MH. DRIFT: Rigid cementitious partitions are
detailed to accommodate the following drift ratios: in steel
moment frame, concrete moment frame, and wood frame
buildings, 0.02; in other buildings, 0.005. (Commentary
A.7.1.2 Tier 2: Sec. 13.6.2)

C

NC

N/A

U

C

NC

N/A

U

C

NC

N/A

U

LS-not
required;
PR-MH.
STRUCTURAL
SPEARATIONS: Partitions that cross structural
separations have seismic or control joints. (Commentary:
Sec. A.7.1.3. Tier 2. Sec. 13.6.2)

C

NC

N/A

U

LS-not required; PR-MH. TOPS: The tops of ceiling-high
framed or panelized partitions have lateral bracing to the
structure at a spacing equal to or less than 6 ft.
(Commentary: Sec. A.7.1.4. Tier 2. Sec. 13.6.2)

N/A

U

LS-MH; PR-LMH. SUSPENDED LATH AND PLASTER:
Suspended lath and plaster ceilings have attachments
that resist seismic forces for every 12 ft2 of area.
(Commentary: Sec. A.7.2.3. Tier 2. Sec. 13.6.4)

LS-not required; PR-MH. LIGHT PARTITIONS
SUPPORTED BY CEILINGS: The tops of gypsum board
partitions are not laterally supported by an integrated
ceiling system. (Commentary: Sec. A.7.2.1. Tier 2: Sec.
13.6.2)

Ceilings
C

NC

Seismic bracing of ceiling system is inadequate.
C

NC

N/A

U

LS-MH; PR-LMH. SUSPENDED GYPSOM BOARD:
Suspended gypsum board ceilings have attachments that
resist seismic forces for every 12 ft2 of area.
(Commentary: Sec. A.7.2.3. Tier 2: Sec. 13.6.4)
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Seismic bracing of ceiling system is inadequate.
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C

NC

N/A

U

LS-not required; PR-MH. INTEGRATED CEILINGS:
Integrated suspended ceilings with continuous areas
greater than 144 ft2, and ceilings of smaller areas that are
not surrounded by restraining partitions, are laterally
restrained at a spacing no greater than 12 ft with
members attached to the structure above. Each restraint
location has a minimum of four diagonal wires and
compression struts, or diagonal members capable of
resisting compression. (Commentary: Sec. A.7.2.2. Tier
2: Sec. 13.6.4)

C

NC

N/A

U

LS-not required; PR-MH. EDGE CLEARANCE: The free
edges of integrated suspended ceilings with continuous
areas greater than 144ft2 have clearances from the
enclosing wall or partition of at least the following: in
Moderate Seismicity, ½ in.; in High Seismicity, 3/4 in.
(Commentary: Sec. A.7.2.4. Tier 2: Sec. 13.6.4)

C

NC

N/A

U

LS-not required; PR-MH. CONTINUITY ACROSS
STRUCTURE JOINTS: The ceiling system does not
cross any seismic joint and is not attached to multiple
independent structures. (Commentary: Sec. A.7.2.5. Tier
2: Sec. 13.6.4)

C

NC

N/A

U

LS-not required; PR-H. EDGE SUPPORT: The free
edges of integrated suspended ceilings with continuous
areas greater than 144 ft2 are supported by closure
angles or channels not less than 2 in. wide. (Commentary:
Sec. A.7.2.6. Tier 2: Sec. 13.6.4)

C

NC

N/A

U

LS-not required; PR-H. SEISMIC JOINTS: Acoustical tile
or lay-in panel ceilings have seismic separation joints
such that each continuous portion of the ceiling is no more
than 2500 ft2 and has a ratio of long-to-short dimension
no more than 4-to-1. (Commentary: Sec. A.7.2.7. Tier 2:
13.6.4)

U

LS-MH; PR-MH. INDEPENDENT SUPPORT: Light
fixtures that weigh more per square foot than the ceiling
they penetrate are supported independent of the grid
ceiling suspension system by a minimum of two wires at

p. 801 355 5656

bhbengineers.com

Light Fixtures
C

NC

N/A
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diagonally opposite corners of each fixture.
(Commentary: Sec. A.7.3.2. Tier 2: Sec. 13.6.4 and
13.7.9)
C

NC

N/A

U

LS-not required; PR-H. PENDANT SUPPORTS: Light
fixtures on pendant supports are attached at a spacing
equal to or less than 6 ft and, if rigidly supported, are free
to move with the structure to which they are attached
without damaging adjoining components. (Commentary:
A.7.3.3. Tier 2: Sec. 13.7.9)

C

NC

N/A

U

LS-not required; PR-H. LENS COVERS: Lens covers on
light fixtures are attached with safety devices.
(Commentary: Sec. A.7.3.4. Tier 2: Sec. 13.7.9)

p. 801 355 5656
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Cladding and Glazing
C

NC

N/A

U

LS-MH; PR-MH. CLADDING ANCHORS: Cladding
components weighing more than 10 lb/ft2 are
mechanically anchored to the structure at a spacing equal
to or less than the following: for Life Safety in Moderate
Seismicity, 6 ft; for Life Safety in High Seismicity and for
Position Retention in any seismicity, 4 ft. (Commentary:
Sec. A.7.4.1. Tier 2: Sec. 13.6.1)

C

NC

N/A

U

LS-MH; PR-MH. CLADDING ISOLATION: For steel or
concrete moment frame buildings, panel connections are
detailed to accommodate a story drift ration of at least the
following: for Life Safety in Moderate Seismicity, 0.01; for
Life Safety in High Seismicity and for Position Retention
in any seismicity, 0.02. (Commentary: Sec. A.7.4.3. Tier
2: Section 13.6.1)

C

NC

N/A

U

LS-MH; PR-MH. MULTI-STORY PANELS: For multistory panels attached at more than one floor level, panel
connections are detailed to accommodate a story drift
ratio of at least the following: for Life Safety in Moderate
Seismicity, 0.01; for Life Safety in High Seismicity and for
Position Retention in any seismicity, 0.02. (Commentary:
Sec. A.7.4.4. Tier 2: Sec. 13.6.1)

C

NC

N/A

U

LS-MH; PR-MH. PANEL CONNECTIONS: Cladding
panels are anchored out-of-plane with a minimum
number of connections for each wall panel, as follow: for
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Life Safety in Moderate Seismicity, 2 connections; for Life
Safety in High Seismicity and for Position Retention in any
seismicity, 4 connections. (Commentary: Sec. A.7.4.5.
Tier 2: Sec. 13.6.1.4)

BHB STRUCTURAL
2766 South Main Street
Salt Lake City, UT 84115
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C

NC

N/A

U

LS-MH; PR-MH. BEARING CONNECTIONS: Where
bearing connections are used. There is a minimum of two
bearing connections for each cladding panel.
(Commentary: Sec. A.7.4.6. Tier 2: Sec. 13.6.1.4)

C

NC

N/A

U

LS-MH; PR-MH. INSERTS: Where concrete cladding
components use inserts, the inserts have positive
anchorage or are anchored to reinforcing steel.
(Commentary: Sec. 13.6.1.4)

C

NC

N/A

U

LS-MH; PR-MH. OVERHEAD GLAZING: Glazing panels
of any size in curtain walls and individual interior or
exterior panes over 16 ft2 in area are laminated annealed
or laminated heat-strengthened glass and are detailed to
remain in the frame when cracked. (Commentary: Sec.
A.7.4.8: Tier 2: Sec. 13.6.1.5)

U

LS-LMH; PR-LMH. TIES: Masonry veneer is connected
to the backup with corrosion-resistant ties. There is a
minimum of one tie for every 2-2/3 ft2, and the ties have
spacing no greater than the following: for Life Safety in
Low or Moderate Seismicity, 36 in.; for Life Safety in High
Seismicity and for Position Retention in any seismicity, 24
in. (Commentary: Sec. A.7.5.1. Tier 2: Sec. 13.6.1.2)

bhbengineers.com

Masonry Veneer
C

NC

N/A

Veneer anchorage is not readily visible. No existing plans
to verify
C

NC

N/A

U

LS-LMH; PR-LMH. SHELF ANGLES: Masonry veneer is
supported by shelf angles or other elements at each floor
above ground floor. (Commentary: Sec. A.7.5.2. Tier 2:
Sec. 13.6.1.2)

C

NC

N/A

U

LS-LMH; PR-LMH. WEAKENED PLATES: Masonry
veneer is anchored to the backup adjacent to weakened
planes, such as at the locations of flashing. (Commentary:
Sec. A.7.5.3. Tier 2: Sec. 13.6.1.2)

C

NC

N/A

U
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LS-LMH; PR-LMH. UNREINFORCED MASONRY
BACKUP: There is no unreinforced masonry backup.
(Commentary: Sec. A.7.7.2. Tier 2: Section 13.6.1.1 and
13.6.1.2)

BHB STRUCTURAL
2766 South Main Street
Salt Lake City, UT 84115
p. 801 355 5656

C

NC

N/A

U

LS-LMH; PR-MH. STUD TRACKS: For veneer with metal
stud backup, stud tracks are fastened to the structure at
a spacing equal to or less than 24 in. on center.
(Commentary: Sec. A.7.6.1. Tier 2: Sec. 13.6.1.1 and
13.6.1.2)

C

NC

N/A

U

LS-LMH; PR-MH. ANCHORAGE: For veneer with
concrete block or masonry backup, the backup is
positively anchored to the structure at a horizontal
spacing equal to or less than 4 ft along the floors and roof.
(Commentary: Sec. A.7.7.1. Tier 2: Section 13.6.1.1. and
13.6.1.2)

C

NC

N/A

U

LS-not required; PR-MH. WEEP HOLES: In veneer
anchored
to stud walls, the veneer has functioning weep holes and
base flashing. (Commentary: Sec. A.7.6.5. Tier 2: Section
13.6.1.2)

C

NC

N/A

U

LS-not required; PR-MH. OPENINGS: For veneer with
metal stud backup, steel studs frame window and door
openings. (Commentary: Sec. A.7.6.2. Tier 2: Sec.
13.6.1.1 and 13.6.1.2)

bhbengineers.com

Parapets, Cornice, Ornamentation, and Appendages
C

NC

N/A

U

LS-LMH; PR-LMH. URM PARAPETS OR CORNICES:
Laterally unsupported unreinforced masonry parapets or
cornice have height-to-thickness ratios no greater than
the following: for Life Safety in Low of Moderate
Seismicity, 2.5; for Life Safety in High Seismicity and for
Position Retention in any seismicity, 1.5, (Commentary:
Sec. A.7.8.1. Tier 2: Sec. 13.6.5)
No masonry parapet or cornices

C

NC

N/A

U

LS-LMH; PR-LMH. CANOPIES: Canopies at building
exits are anchored to the structure at a spacing no greater
than the following: for Life Safety in Low or Moderate
Seismicity, 10 ft; for Life Safety in High Seismicity and for
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Position Retention in any seismicity, 6 ft. (Commentary:
Sec. A.7.8.2. Tier 2: Sec. 13.6.6)
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Unknown but likely Non-Compliant.
C

p. 801 355 5656

NC

N/A

U

bhbengineers.com

LS-MH; PR-LMH. CONCRETE PARAPETS: Concrete
parapets with height-to-thickness ratios greater than 2.5
have vertical reinforcement. (Commentary: Sec. A.7.8.3.
Tier 2: Sec. 13.6.5)
No concrete parapets

C

NC

N/A

U

LS-MH; PR-LMH. APPENDAGES: Cornices, parapets,
signs, and other ornamentation or appendages that
extend above the highest point of anchorage to the
structure or cantilever from components are reinforced
and anchored to the structural system at a spacing equal
to or less than 6 ft. This checklist item does not apply to
parapets or cornices covered by other checklist items.
(Commentary: Sec. A.7.8.4. Tier 2: Sec. 13.6.6)
Appendages beyond highest point of anchorage to the
structure

Masonry Chimneys
C

NC

N/A

U

LS-LMH; PR-LMH. URM CHIMNEYS: Unreinforced
masonry chimneys extend above the roof surface no
more than the following: for Life Safety in Low or
Moderate Seismicity, 3 times the least dimension of the
chimney; for Life Safety in High Seismicity and for
Position Retention in any seismicity, 2 times the least
dimension of the chimney. (Commentary: Sec. A.7.9.1.
Tier 2: 13.6.7)
Masonry chimney extends above the roof more than 2
times the least dimension.

C

NC

N/A

U

LS-LMH; PR-LMH. ANCHORAGE: Masonry chimneys
are anchored at each floor level, at the topmost ceiling
level, and at the roof. (Commentary: Sec. A.7.9.2. Tier 2:
13.6.7)
Unknown but likely Non-Compliant. Would need to verify
masonry chimney is anchored at each floor.
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C

NC

N/A

U

p. 801 355 5656
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LS-LMH; PR-LMH. STAIR ENCLOSURES: Hollow-clay
tile or unreinforced masonry walls around stair enclosures
are restrained out-of-plane and have height-to-thickness
ratios not greater than the following: for Life Safety in Low
or Moderate Seismicity, 15-to-1; for Life Safety in High
Seismicity and for Position Retention in any seismicity,
12-to-1. (Commentary: Sec. A.7.10.1. Tier 2: Sec. 13.6.2
and 13.6.8)
Appears to be compliant.

C

NC

N/A

U

LS-LMH; PR-LMH. STAIR DETAILS: In moment frame
structures, the connection between the stairs and the
structure does not rely on shallow anchors in concrete.
Alternatively, the stair details are capable of
accommodating the drift calculated using the Quick
Check procedure of Section 4.5.3.1 without including any
lateral stiffness contribution from the stairs. (Commentary:
Sec. A.7.10.2. Tier 2: 13.6.8)

Contents and Furnishings
C

NC

N/A

U

LS-MH; PR-MH. INDUSTRIAL STORAGE RACKS:
Industrial storage racks or pallet racks more than 12 ft
high meet the requirements of ANSI/MH 16.1 as modified
by ASCE 7 Chapter 15. (Commentary: Sec. A.7.11.1. Tier
2: Sec. 13.8.1)

C

NC

N/A

U

LS-H; PR-MH. TALL NARROW CONTENTS: Contents
more than 6 ft high with a height-to-depth or height-towidth ratio greater than 3-to-1 are anchored to the
structure or to each other. (Commentary: Sec. A.7.11.2.
Tier 2: Sec. 13.8.2)

C

NC

N/A

U

LS-H; PR-H. FALL-PRONE CONTENTS: Equipment,
stored items, or other contents weighing more than 20 lb
whose center of mass is more than 4 ft above the
adjacent floor level are braced or otherwise restrained.
(Commentary: Sec. A.7.11.3. Tier 2: Sec. 13.8.2)
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C

NC

N/A

U

LS-not required; PR-MH. ACCESS FLOORS: Access
floors more than 9 in. high are braced. (Commentary:
Sec. A.7.11.4. Tier 2: Sec. 13.8.3)

C

NC

N/A

U

LS-not required; PR-MH. EQUIPMENT ON ACCESS
FLOORS: Equipment and other contents supported by
access floor systems are anchored or braced to the
structure independent of the access floor. (Commentary:
Sec. A.7.11.5. Tier 2: Sec. 13.77 and 13.8.3)

C

NC

N/A

U

LS-not required; PR-H. SUSPENDED CONTENTS:
Items suspended without lateral bracing are free to swing
from or move with the structure from which they are
suspended without damaging themselves or adjoining
components. (Commentary: A.7.11.6. Tier 2: Sec. 13.8.2)

p. 801 355 5656
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Mechanical and Electrical Equipment
C

NC

N/A

U

LS-H; PR-H. FALL-PRONE EQUIPMENT: Equipment
weighing more than 4 ft above the adjacent floor level,
and which is not in-line equipment, is braced.
(Commentary: A.7.12.4. Tier 2: 13.7.1 and 13.7.7)
Appears to be compliant.

C

NC

N/A

U

LS-H; PR-H. IN-LINE EQUIPMENT: Equipment installed
in-line with a duct or piping system, with an operating
weight more than 75 lb, is supported and laterally braced
independent of the duct or piping system. (Commentary:
Sec. A.7.12.5. Tier 2: Sec. 13.7.1)
Appears to be compliant.

C

NC

N/A

U

LS-H; PR-MH. TALL NARROW EQUIPMENT:
Equipment more than 6 ft high with a height-to-depth or
height-to-width ratio greater than 3-to-1 is anchored to the
floor slab or adjacent structural walls. (Commentary: Sec.
A.7.12.6. Tier 2: Sec. 13.7.1 and 13.7.7)
Appears to be compliant.

C

NC

N/A

U

LS-not required; PR-MH. MECHANICAL DOORS:
Mechanically operated doors are detailed to operate at a
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story drift ratio of 0.01. (Commentary: Sec. A.7.12.7. Tier
2: Sec. 13.6.9)
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C

NC

N/A

U

LS-not required; PR-H. SUSPENDED EQUIPMENT:
Equipment suspended without lateral bracing is free to
swing from a move with the structure from which it is
suspended without damaging itself or adjoining
components. (Commentary: Sec. A.7.12.8. Tier 2: Sec.
13.7.1 and 13.7.7)

C

NC

N/A

U

LS-not required; PR-H. VIBRATION ISOLATORS:
Equipment mounted on vibration isolators I equipped with
horizontal restraints or snubbers and with vertical
restraints to resist overturning. (Commentary: Sec.
A.7.12.9. Tier 2: Sec. 13.7.1)

C

NC

N/A

U

LS-not required; PR-H. HEAVY EQUIPMENT: Floorsupported or platform-supported equipment weighing
more than 400 lb is anchored to the structure.
(Commentary: Sec. A.7.12.10. Tier 2: 13.7.1 and 13.7.7)

C

NC

N/A

U

LS-not required; PR-H. ELECTRICAL EQUIPMENT:
Electrical equipment is laterally braced to the structure.
(Commentary: Sec. A.7.12.11. Tier 2: 13.7.7)

C

NC

N/A

U

LS-not required; PR-H. CONDUIT COUPLINGS: Conduit
greater than 2.5 in. trade size that is attached to panels,
cabinets, or other equipment and is subject to relative
seismic displacement has flexible couplings or
connections. (Commentary: Sec. A.7.12.12. Tier 2:
13.7.8)

p. 801 355 5656
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Piping
C

NC

N/A

U

LS-not required; PR-H. FLEXIBLE COUPLINGS: Fluid
and gas piping has flexible couplings. (Commentary: Sec.
A.7.13.2. Tier 2: Sec. 13.7.3 and 13.7.5)

C

NC

N/A

U

LS-not required; PR-H. FLUID AND GAS PIPING: Fluid
and gas piping is anchored and braced to the structure to
limit spills or leaks. (Commentary: Sec. A.7.13.4. Tier 2:
Sec. 13.7.3 and 13.7.5)

C

NC

N/A

U
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LS-not required; PR-H. C-CLAMPS: One-sided C-clamps
that supports piping larger than 2.5 in. in diameter are
restrained. (Commentary: Sec. A.7.13.5. Tier 2: Sec.
13.7.3 and 13.7.5)
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C

p. 801 355 5656

NC

N/A

U

LS-not required; PR-H. PIPING CROSSING SEISMIC
JOINTS: Piping that crosses seismic joints or isolation
planes is connected to independent structures has
couplings or other details to accommodate the relative
seismic displacements. (Commentary: Sec. A.7.13.6. Tier
2: Sec. 13.7.3 and Sec. 13.7.5)

bhbengineers.com

Ducts
C

NC

N/A

U

LS-not required; PR-H. DUCT BRACING: Rectangular
ductwork larger than 6 ft2 in cross-sectional area and
round ducts larger than 28 in. in diameter are braced. The
maximum spacing of transverse bracing does not exceed
30 ft. The maximum spacing of longitudinal bracing does
not exceed 60 ft. (Commentary: Sec. A.7.14.2. Tier 2:
Sec. 13.7.6)

C

NC

N/A

U

LS-not required; PR-H DUCT SUPPORT: Ducts are not
supported by piping or electrical conduit. (Commentary:
Sec. A.7.14.3. Tier 2: Sec. 13.7.6)

C

NC

N/A

U

LS-not required; PR-H DUCTS CROSSING SEISMIC
JOINTS: Ducts that cross seismic joints or isolation
planes or are connected to independent structures have
couplings or other details to accommodate the relative
seismic displacements. (Commentary: Sec. A.7.14.5. Tier
2: Sec. 13.7.6)

Elevators
C

NC

N/A

U

LS-H; PR-H. RETAINER GUARDS: Sheaves and drums
have cable retainer guards. (Commentary: Sec. A.7.16.1.
Tier 2: 13.8.6)

C

NC

N/A

U

LS-H; PR-H. RETAINER PLATE: A retainer plate is
present at the top and bottom of both car and
counterweight. (Commentary: Sec. A.7.16.2. Tier
2:13.8.6)

C

NC

N/A

U
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LS-not required; PR-H. ELEVATOR EQUIPMENT:
Equipment, piping, and other components that are part of
the elevator system are anchored. (Commentary: Sec.
A.7.16.3. Tier 2: 13.8.6)
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C

NC

N/A

U

LS-not required; PR-H. SEISMIC SWITCH: Elevators
capable of operating at speeds of 150 ft/min or faster are
equipped with seismic switches that meet the
requirements of ASME A17.1 or have trigger levels set to
20% of the acceleration of gravity at the base of the
structure and 50% of the acceleration of gravity in other
locations. (Commentary: Sec. A.7.16.4. Tier 2: 13.8.6)

C

NC

N/A

U

LS-not required; PR-H. SHAFT WALLS: Elevator shaft
walls are anchored and reinforced to prevent toppling into
the shaft during strong shaking. (Commentary: Sec.
A.7.16.5. Tier 2: 13.8.6)

C

NC

N/A

U

LS-not required; PR-H. COUNTERWEIGHT RAILS: All
counterweight rails and divider beams are sized in
accordance with ASME A17.1. (Commentary: Sec.
A.7.16.6. Tier 2: 13.8.6)

C

NC

N/A

U

LS-not required; PR-H. BRACKETS: The brackets that tie
the car rails and the counterweight rail to the structure are
sized in accordance with ASME A17.1. (Commentary:
Sec. A.7.16.7. Tier 2: 13.8.6)

C

NC

N/A

U

LS-not required; PR-H. SPREADER BRACKET:
Spreader brackets are not used to resist seismic forces.
(Commentary: Sec. A.7.16.8. Tier 2: 13.8.6)

C

NC

N/A

U

LS-not required; PR-H. GO-SLOW ELEVATORS: The
building has a go-slow elevator system. (Commentary:
Sec. A.7.16.9. Tier 2: 13.8.6)
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