


Item #1 Call to Order and Welcome    
Facilitator: Jim Malley, SE, Senior Principal, Degenkolb Engineers; 
Committee Chair (or designee)



Item #2 Roll Call and Meeting Advisories/Expectations 
Facilitator: Veronica Yuke, HCAI; Executive Director (or designee)



Item #3 Update on Wood-Frame Standard Details prepared by the HBSB 
Codes and Processes Committee 

• Discussion and public input
  Facilitator: Gary Dunger, Executive Director, Design and 

Construction, Cedars-Sinai Health System (or designee)



Item #4 Update on OSHPD Preapproved Details (OPD): Standard Partition 
Wall 

• Comparison between design of partition walls using American 
Society of Civil Engineers (ASCE) 7-16 and ASCE 7-22

• Applicability of 2013 OPD to the 2025 California Building Code 
(CBC) 

• Committee to endorse and/or provide feedback on 
modifications presented

• Discussion and public input
  Facilitator: Chris Davis, SE, District Structural Engineer, HCAI 

(or designee)



OSHPD Preapproved Partition 
Wall Detail Updates

By 

Chris Davis & Roy Lobo

To HBSB – SNSR Committee

7/29/2026
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• Demands on partition walls in hospital buildings have doubled in some cases

• Correspondingly stud sizes and anchorage top and bottom has increased resulting in higher costs

• For high seismic areas would have demands outside the existing OPD tables requiring custom 
details

• Partition wall damage/cracks are generally associated with inter-story drifts

• Full height or braced partial height partition wall failures have generally been linked to screw 
pullout between gypsum board and the studs due to out of plane seismic forces. 

• Out of plane failures have been observed for unbraced or ceiling supported partition walls.

Motivation for this Study
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• Background on seismic design force Fp  for design of nonstructural components in ASCE 7-22

• Partition wall design impacts caused by the new seismic design forces

• How was the new force equation in ASCE 7-22 developed?

• Floor accelerations used in the Fp equation for demands on Nonstructural Components (NSC)

• Floor accelerations for various building types that influence the design of NSC

• Summary areas of conservatism in the current force demands on Partition Walls

• Impact of new ASCE 7-22 requirements on stud sizes and anchor types for Partition Wall design

Outline of Presentation



ASCE 7-16 vs 7-22 Nonstructural Horizontal Seismic Component Equation Comparison

Fp= Horizontal seismic component design force equation comparison 
(similarities)

ASCE 7-16     

vs    
                                                                         

ASCE 7-22

Upper and lower bounds 
remain unchanged

Portions remain 
unchanged



Fp is now a function of the Building Seismic Force Resisting Systems (SFRS) 

Fp = 0.4SDSIpWp Rμ
Rμ = [1.1R∕(IeΩ0)]1/2  ≥ 1.3    (13.3-6)

Rμ = Structure ductility reduction factor, based upon the SFRS
R = Response modification coefficient, SFRS in Table 12.2-1, 15.4-1, or 15.4-2
Ie = Importance Factor 
Ω0 = Overstrength factor as defined in Table 12.2-1, 15.4-1, or 15.4-2

Source: NIST GCR 18-917-43

Concrete Shear wall                       Moment Frame                      Steel Braced Frame

Effect of building stiffness on PCA/PGA from 
instrumental recording.
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• Design force Fp from a Nonlinear Response History Analysis Section 13.3.1.5

• Upper and lower limits shall apply

Current requirements in ASCE 7-22



Partition Wall Design Impacts from ASCE 7-22 Updates

• Fp equation has changed from ASCE 7-16 to ASCE 7-22, along with the non-structural response 
coefficients. This has resulted in large force level increases in walls with a height over 9’

ASCE 7-16 ASCE 7-22

What has Changed?

2.33 increase in the component amplification factor partition walls > 9’



Impact of the Change

• Partition wall demands using ASCE 7-22 have increased 1.5 times 
the demands for partition walls < 9’ and 2.1 times the demands 
for partition walls > 9’ when the default building type is chosen

• Is the change justified?



How was the Force Equation in ASCE 7-22 Developed?

Newton’s Second Law:  F = ma

Component acceleration = Floor Acceleration x Component Response Factor 

Force Equation in ASCE 7-22 can be written as 

𝑭𝑭𝒑𝒑 = 𝟎𝟎. 𝟒𝟒𝑺𝑺𝑫𝑫𝑺𝑺
𝑯𝑯𝒇𝒇

𝑹𝑹𝝁𝝁
𝑪𝑪𝑨𝑨𝑹𝑹
𝑹𝑹𝑷𝑷𝑷𝑷

 𝑰𝑰𝒑𝒑 𝑾𝑾𝒑𝒑

Floor Acceleration / g

Component 
Response Factor

Equipment mass x g

Component Importance Factor



• Given ai in equation 13.3-7 for design of NSC, the ai component can 
be extracted from Eq. 13.3-1 and Eq. 12.10-4 and compared for 
different building types and Risk Categories, as shown next. 

• Note Rs = 1 when used in these comparisons

𝑎𝑎𝑖𝑖 = 0.4𝑆𝑆𝐷𝐷𝐷𝐷
𝐻𝐻𝑓𝑓
𝑅𝑅𝜇𝜇

𝑎𝑎𝑖𝑖 =  𝐶𝐶𝑝𝑝𝑝𝑝

Floor Accelerations ai used for Calculation of Demands on NSC



• Special Reinforced Concrete Moment Frames, RC-II Bldgs

Floor accelerations ai for various building types



• Special Reinforced Concrete Moment Frames, RC-II Bldgs

Impact of building period on ai in Eq. 13.3-1



• Special Reinforced Concrete Moment Frames, RC-II Bldgs

Impact of building period on ai in Eq. 13.3-1



• Special Reinforced Concrete Shear Walls, RC-II Bldgs

Floor accelerations ai for various building types



• Steel Special Moment Resisting Frame, RC-II Bldgs

Floor accelerations ai for various building types



• Steel Special Buckling Restrained Brace Frame, RC-II Bldgs

Floor accelerations ai for various building types



• Reinforced Concrete Moment Frame, Comparison RC-II Vs RC-VI Bldg

Comparison between RC-II and RC-IV demands

Why the increase in ai for RC-IV buildings



• Reinforced Concrete Shear Wall, Comparison RC-II Vs RC-VI Bldg

Comparison between RC-II and RC-IV demands



-205.8 in/s2

5.3 in/s2

147.2 in/s2

175.0 in/s2

128.9 in/s2

55.9 in/s2

-0.9 in/s2

Floor accelerations at 
Max. Roof Acceleration238.7 in/s2

-18.8 in/s2

-118.1 in/s2

-114.3 in/s2

-69.7 in/s2

4.0 in/s2

79.2 in/s2

Floor accelerations at Max. 
4th floor Acceleration

Instantaneous Floor Accelerations at a floor max



• Floor accelerations for RC-II buildings from the alternate diaphragm 
equation, Eq. 12.10-4 reasonably match the accelerations from a 
NLRHA for an RC-II building.

• Results from Eq. 13.3-1 appear conservative for RC-II buildings. Using 
a building period CuTa could eliminate some of the conservatism.

• Using Eq. 12.10-4 for RC-IV building accelerations (ai) double counts 
the acceleration if used for design of NSC as these are required to be 
further multiplied by Ip for design.

Summary Takeaways



• Floor accelerations used for design of nonstructural components are 
inherently conservative even when building information is known.

• Results from Eq. 13.3-1 appear conservative for RC-II buildings. Using 
a building period CuTa could eliminate some of the conservatism.

• Floor acceleration maximums are not aligned at each floor leading to 
conservative outcomes.

• Partition wall flexibility depends on cross wall spacing.
• Effect of gypsum board on both sides of the studs may not have been 

considered in the overstrength and component amplification factors.
• Cabinet hung on the wall also provides stiffness.

Areas of Conservatism in ASCE 7-22 Partition Demands



Comparison of ASCE 7-22 vs 7-16 for current OPDs



Condition A – 0 lbs Vertical load per stud



Condition B – 50 lbs Vertical Load per stud



Condition C – 152 lbs Vertical Load per stud



Condition D – 380 lbs Vertical Load per stud



ASCE 7-22 Force Level
New Stud Table for ASCE 7-22

Out-of-plain forces on partitions in ASCE 
7-22 have increased by as much as 2.1 
times the forces from ASCE 7-16. 

Increased Stud thicknesses and depths



Assumes cabinet weight of 38 lbs per ft3

25% 73%

Weight Increase

2025 OPD 01

2013 OPD 01

26% thicker than 54 mil
80% thicker than 54 mil

Partition Wall Stud Size Updates



2013 OPD
• Limited flange size to 1-3/8” and 

maximum thickness of 16 gauge (54 
mil).

OPD Update: Stud Size Research



Research:
• Kirsten Zeydel reached out to industry 

partners/manufacturers to get data on common sizes 
and the impact on stud cost with increasing flange 
size and thickness.

• 4” members:
• 1-5/8”, 2”, and 2-1/2” flange studs

• Price is comparable to the area of steel
• 3” flange studs

• ~15% premium versus smaller flange sizes 
• 3-1/2” flange studs

• ~25% premium versus smaller flange sizes 

OPD Update: Stud Size Research



Research:
• 6” members:

• 1-5/8”, 2”, 2-1/2”, and 3” flange studs
• Price is comparable to the area of steel

• 3-1/2” flange studs
• ~25% premium versus smaller flange sizes

• Thickness and Installation Cost:
• 43mil (18ga) and 54mil (16ga) framing similar 

installation time/cost
• 68mil (14ga) framing has higher installation 

time/cost
• 97mil (12ga) framing significantly higher 

installation time/cost. Most recommended that 
12ga should be avoided.

OPD Update: Stud Size Research



• Stud size is now selected based on area of 
steel

• For example, in-lieu of going to a 
thicker gauge, a larger flange size may 
be selected.

• Multiple flange sizes are included.

OPD Update: Stud Size Research



Stud Schedule Comparison

OPD Table – ASCE 7-22



Spacing reduced

2025 OPD 01
2013 OPD 01

Deeper embedment and larger 
diameter anchor options 

Anchor Updates
Bottom Connection



2013 OPD tables for ST7.02A. If using ST7.02B then double spacing.
2025 OPD tables

Anchor Updates
Top Connection



• To determine an equivalent SDS (to allow use of 2013 OPD’s), the Fp/Wp is 
calculated for the ASCE 7-22 force level, and then the ASCE 7-16 Fp equation 
is used to solve for SDS.

• This equivalent SDS can then be used to determine partition wall 
designs/anchorage using the 2013 OPD’s, where applicable.

ASCE 7-22 Equivalent (SDS)

ASCE 7-16ASCE 7-22



Default: Worst Case Lateral Force Resisting System and Building Height
SMRF-3/10: 3/10 Story Steel Special Moment Resisting Frame
SRCSW-BF-3/10: 3/10 Story Special Reinforced Concrete Shear Wall (Bearing Frame)
SRCSW-BW-3/10: 3/10 Story Special Reinforced Concrete Shear Wall (Bearing Wall)

This is the ASCE 7-22/ASCE 7-16 SDS 
ratio.

Ex: For z/h <= 0.5, an ASCE 7-22 site 
with SDS of 0.69*1.25 = 0.86g can 
use the details for 1.25g.

ASCE 7-16 ASCE 7-22
SDS  = 1.25 SDS  = 0.86

SRCSW-BW-3

ASCE 7-22 Equivalent SDS :  Partition Height <= 9ft



Default: Worst Case Lateral Force Resisting System and Building Height
SMRF-3/10: 3/10 Story Steel Special Moment Resisting Frame
SRCSW-BF-3/10: 3/10 Story Special Reinforced Concrete Shear Wall (Bearing Frame)
SRCSW-BW-3/10: 3/10 Story Special Reinforced Concrete Shear Wall (Bearing Wall)

SDS ratio to convert 2013 OPD SDS to 
an equivalent ASCE 7-22 SDS

Ex: For z/h <= 0.5, an ASCE 7-22 site 
with SDS of 0.5*1.25 = 0.63g can use 
the details for 1.25g.

ASCE 7-16 ASCE 7-22
SDS  = 1.25 SDS  = 0.63

SRCSW-BW-3

ASCE 7-22 Equivalent SDS: Partition Height > 9ft



• Hospital with SDS = 1.00g
• Building lateral system = Concrete Shear Wall (Bearing Frame)
• Height  = 7 stories (16’ per story)
• Wall height = 16’ and no casework/attachments.

Example Stud and Anchorage Selection – Condition A



• Fp/Wp = 1.315 (z/h = 1.0)  ASCE 7-22

• Equivalent SDS for use with 2013 OPD = 1.83

Site Info/Fp Calculations from HCAI Website



Stud size based on 2013 OPD and 
ASCE 7-16 using SDS = 1.00g

Stud size based on 2013 OPD and 
ASCE 7-22 Equivalent SDS = 1.83

Stud size based on ASCE 7-22 Fp/Wp 
= 1.32 and optimized stud sizes.

Example Stud Selection



Example Top Track Anchorage



Anchorage based on 2013 OPD and 
ASCE 7-16 using SDS = 1.00g

Anchorage based on 2013 OPD and 
ASCE 7-22 Equivalent SDS = 1.83

Anchorage based on ASCE 7-22 
Fp/Wp = 1.32 

Example Top Track Anchorage



Example Bottom Track Anchorage



Anchorage based on 2013 OPD and 
ASCE 7-16 using SDS = 1.00g

Anchorage based on 2013 OPD and 
ASCE 7-22 Equivalent SDS = 1.83

Anchorage based on ASCE 7-22 
Fp/Wp = 1.32 

Example Bottom Track Anchorage
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• New force requirements in ASCE 7-22 have increased the demands on partition walls in hospital 
buildings which have doubled in some cases

• Partition wall overstrength factor RPO may not have considered the added strength from the 
gypsum board and demands based on floor accelerations are inherently conservative

• Stud sizes and anchorage at the top and bottom track have increased resulting in higher costs for 
material and labor

• For high seismic areas demands are outside the existing range of SDS in the OPD tables requiring 
custom details with 14 gage or even 12 gage studs for conditions C or D

• Partition wall damage/cracks are generally associated with inter-story drifts

• Out-of-plane failures in partition walls have been observed when they are inadequately braced, 
unbraced or ceiling supported.

Conclusions



Recommendations! 
• Keep design of partition walls consistent with  ASCE 7-16

• Update design of partition walls consistent with  ASCE 7-22

• Other?



Item #5 Minimum anchor qualification requirement for post-installed anchors 
in concrete

• Background for current provisions in American Concrete 
Institute (ACI) 355.2-24 and 355.4-24 for post-installed 
anchors in concrete

• Applicability of the new crack cycling qualification 
requirements for post-installed anchors in concrete used for 
anchorage of nonstructural components in hospital buildings

• Committee to endorse and/or provide feedback on 
modifications presented

• Discussion and public input
  Facilitator: Roy Lobo, PhD, SE, Principal Structural Engineer, HCAI 

(or designee) 



Anchor Testing Requirements for 
Qualification of Post-installed Anchors in 

Concrete ACI-355.2(24) and ACI-355.4 (24)

By 
Roy Lobo, Ph.D., S.E.

To HBSB – SNSR Committee
7/29/2026
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Motivation for the study
• New Crack Cycling requirement for anchor qualification will result in reduced 

anchors design values, added cost of anchors and is not justified due to lack of 
evidence that this level of qualification applies to Hospital buildings designed as 
using an importance factor of 1.5 intended to limit structural damage resulting in 
smaller crack widths in a seismic event. 

• Nonstructural components and equipment with anchors in concrete in hospitals 
are typically floor mounted to the floor slab, slab on grade, on an equipment pad, 
or hung from the underside of a concrete over metal deck. The research resulting 
in the new requirements is premised on flexure cracks with anchors installed on 
the underside of a reinforced concrete moment resisting frame beam, not a 
suitable location for post installed anchors.



Outline of Presentation

• Background

• New Crack Cycling requirement for anchor qualification

• Application of new qualification requirements for post installed 
anchors in concrete for anchorage of nonstructural components

• Issues with new crack cycling anchor qualification

• Recommendations



Code Requirement for Anchors in Concrete

• Requirement in ASCE 7

• Requirement in 2025 CBC



What prompted this issue?

• ACI 318-25 now adopts ACI 355.2 (24) and ACI 355.4 (24) by 
reference, and ACI 318-25 is adopted by the 2027 IBC

• ACI 355.2 (24) and ACI 355.4 (24) now have a new testing protocol for 
anchor qualification that requires good performance of anchors under 
repeated crack width cycling under sustained tension loads.



Why was Crack Cycling Investigated?

• Concrete cracks

• Cracks open and close during a cyclic event (wind or seismic)

• Reliability of anchors when subject to extreme events like earthquakes

• Current crack cycling requirements (<=0.3 mm) and large number of cycles (1000) 
in ACI 355 not intended to represent seismic conditions

• Crack closure and compressive stress can significantly affect anchor performance 

• Other



Background for testing parameters



Crack width and cycling

• Extensive numerical studies of crack width in reinforced concrete bending members designed 
according to Eurocode indicate that the maximum crack width that can be expected to occur 
at steel yield in unfavorably designed flexural members is approximately 0.8 mm (0.03 in.). 
This value was determined for frame members subjected primarily to axial and bending 
deformation and is not valid for shear cracking. (Hoehler et. al.)



Crack Cycling Loading Setup



Failure Modes



Pull through failure of Mechanical Anchors



Pull through failure of Mechanical Anchors



Displacement Conditions during Crack Cycling



Acceptance Criteria



Test Protocol New Anchor Qualification
• ACI 355.2 & 355.4 (24) – Crack cycling tests



Test Protocol New Anchor Qualification
• ACI 355.2 & 355.4 (24) – Seismic Cycling Tension Test



Test Protocol Current Anchor Qualification
• 355.4 (11) – Simulated Seismic Cycling Test for tension and shear similar in 355.2 & 355.4 (22)

Simulated seismic tension test Simulated seismic shear test



What is Different in the new qualification requirement?

• Crack Protocol: Cycle counting is performed on curvature histories, going from 
smallest to largest

• Load Protocol: Cycle counting is performed on the oscillating SDOF systems, the 
input motions of these are affected by the nonlinear behavior of the building

• Integration of a unified protocol to simultaneously consider serviceability and 
suitability of anchor

• Based on current science and latest FEA tools  



Is the loading protocol for anchor qualification reasonable 
and applicable?
• Thoughts? 



Typical Anchorage of Nonstructural Components in 
Concrete



Issues with crack cycling for post installed anchor 
qualification
• Anchors for floor mounted equipment are not subject to sustained tension loads.
•  Anchors to diagonal braces for seismic bracing of distribution systems are not subject to 

sustained tension.
• Vertical hangers of brace assemblies could support tributary gravity loads and are in 

sustained tension, but that load is expected to be small relative to the seismic tension. 
System could be supported by multiple gravity supports not subject to seismic cyclic 
loads.

• Location where crack cycling is expected to occur will have reinforcement. Not suitable 
locations for post installed anchors.

• Max. crack open and tension load occur at different times.
• No evidence provided from tests or past earthquake failures to show how the new 

protocol prevents failures from earthquakes where the current protocol does not.   



Is Crack cycling for anchor qualification in hospital buildings necessary?

• Floor diaphragms are typically concrete over metal deck and are designed essentially 
elastic thus limiting the crack width or crack cycling that could potentially occur

• There is redundancy in the anchorage not all anchors resisting tension loads will also 
experience crack width opening

• Anchors in concrete are already qualified for cracked and uncracked concrete under cyclic 
loads

• Anchors in concrete for NSC are designed for demands using an Ip = 1.5 on top of the 
Omega (Ω) amplification, in conjunction with 0.75% seismic reduction factor, strength 
reduction factor (φ), and the 5% fractile value for the anchor capacity 

• Not seen evidence from tests or past earthquake failures that show how the new 
protocol prevents failures from earthquakes where the current loading protocol for 
anchor qualification ACI 355.2 (22) and ACI 355.4 (22) does not

• Anchors failures have occurred where there is improper installation and lack of testing   



Conclusion

• New anchor qualification adds additional cost of testing the anchors for each size 
and depth costing millions of dollars without added value for anchors in concrete 
not in sustained tension.

• Recommend to permit the anchor qualification requirement for anchors not in 
sustained tension or anchors with very low tension (< 0.2 times the anchor design 
capacity) subject to seismic cyclic loads, as acceptable, if qualified to the 
minimum loading protocol as required by ACI 355.2 (22) and ACI 355.4 (22).  

• Thoughts? 



Item #6 Drift scaling requirement for Equivalent Lateral Force (ELF) and 
modal response spectrum analysis (MRSA) when ASCE 7-22, 
Equation 12.8-7 governs the design

• Background research for current drift scaling requirements for 
long period buildings when S1 >= 0.6

• Committee to endorse and/or provide feedback on 
modifications presented

• Discussion and public input
Facilitator: Roy Lobo (or designee)



Drift Scaling for ELF and MRSA when 
ASCE 7-22 Eq. 12.8-7 Governs

By 
Aysegul Gogus, Roy Lobo and Chris Davis

To HBSB – SNSR Committee
7/29/2026
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• Motivation for the study

• Background research for current drift scaling requirements for long period 
buildings when S1 >= 0.6

• Impact of drift scaling on hospital construction – A Case study

• Additional Studies showing impact of the change for near fault and non 
near fault sites

• Recommendations from the committee

Outline of Presentation
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• Drift scaling is required for structures where S1 is equal to or greater than 0.6 and 
Eq. 12.8-7 governs the minimum design base shear of the building. 

• The S1 >= 0.6 trigger creates a step function for drift for tall buildings when the 
minimum base shear for long period governs.

• Designs including scaling for drifts could significantly increase cost as this 
requirement does not include the flexibility of the model which could be 
inherently flexible relative to the strength.

• Drift scaling is not required when short period governs the response.

• Have improvements in the design ground motions, the multiperiod or two period 
spectra now made this requirement unnecessary?

Motivation for the Drift Scaling study



Requirements in ASCE 7 for Base Shear Calculation



Period (T) for calculating Base Shear



Period for Calculating Drift



Scaling of Drift - ELF



Scaling of Drift - MRSA



Sa for Calculating Base Shear & Drift (Ts < T < TL)

Increase in demand when 
drift scaling not reqd.

Sa for calculating base 
shear, Eq. 12.8-4

Sa for calculating drift, Eq. 
12.8-4

Sa for calculating base shear, and 
drift, Eq. 12.8-7

T = CuTa
T = TBldg 



Genesis of Eq. 12.8-7
•Eq. 12.8-7 is pegged to sites where S1 >= 0.6. This limit was 
selected to address spectral shapes from near fault records 
including the Sylmar Converter Station (1971), Jensen 
Filtration plant (1994) and Newhall Fire Station (1994) 
records. Similar records were seen in Kobe (1995) and El 
Centro (1979). (source:- Ron Hamburger)



Is Spectral Shape for drift scaling dependent 
on Site Class for near fault effects?

•For buildings in the long period range (Ts < T < TL), is drift 
scaling intended more for buildings in Site Class D and E soils 
because of the elongated spectra, or in Site Class A, B and C 
soils? 

•Drift scaling is independent of Site Class? 



Is Drift Scaling per Eq. 12.8-7 Still Required?

•When Eq 12.8-7 governs the design base shear, is drift scaling 
still required given the advances made to the design 
response spectrum. This equation was introduced in the 
2000 NEHRP provisions which required Fa and Fv multipliers 
to estimate the response spectrum. Since then, there have 
been revisions to how SD1 is derived from a response 
spectrum. This has resulted in SD1 being larger than SDS for 
many site class D and E sites. 



Background regarding 1997 UBC Eq. 30-7 and Drift

Many significant investigations of the effects of near field pulses had 
been undertaken especially those by Heaton and Hall of CalTech in the 
late 1990s. These investigations confirmed the earlier work of the 
SEAOC Seismology's Strong Ground Motion Subcommittee that in the 
near field of large earthquakes, tall structures need to be stiffer as well 
as stronger if they were to safely withstand the near field pulse effects 
of large earthquakes. One way to achieve this objective is to require 
that the minimum base shear of formula 30-7 be used when calculating 
drift. (Source: Kircher et.al.)



Background regarding 1997 UBC Eq. 30-7 and Drift



Background regarding 1997 UBC Eq. 30-7 and Drift



Background regarding 1997 UBC Eq. 30-7 and Drift



Near Source Factors – Comparison of Spectra



1979 Imperial Valley – Comparison of Spectra



1979 Imperial Valley – Array 6

Array 6



1979 Imperial Valley – Array 6
Comparison with ASCE 7-22 Design Spectrum

• S1 = 0.93 g
• SDs = 1.25 g
• SD1 = 2.12 g

• T ≥ 4.29 s  Drift Scaling Required



1979 Imperial Valley – Array 6
Comparison with ASCE 7-22 Design Spectrum

• S1 = 0.93 g
• SDs = 1.25 g
• SD1 = 2.12 g

• CuTa ≥ 4.29 s  Drift Scaling Required



1979 Imperial Valley – Array 7

Array 7



1979 Imperial Valley – Array 7
Comparison with ASCE 7-22 Design Spectrum

• S1 = 0.94 g
• SDs = 1.25 g
• SD1 = 2.13 g

• CuTa ≥ 4.3 s  Drift Scaling Required



1979 Imperial Valley – Array 7
Comparison with ASCE 7-22 Design Spectrum

• S1 = 0.94 g
• SDs = 1.25 g
• SD1 = 2.13 g

• CuTa ≥ 4.3 s  Drift Scaling Required



1992 Landers Eqk. – Lucerne Valley Station

Lucene Valley Station



1992 Landers Eqk. – Lucerne Valley Station
Comparison with ASCE 7-22 Design Spectrum

• S1 = 0.6 g
• SDs = 0.96 g
• SD1 = 0.28 g

• CuTa ≥ 0.95 s  Drift Scaling Required



1992 Landers Eqk. – Lucerne Valley Station
Comparison with ASCE 7-22 Design Spectrum

• S1 = 0.6 g
• SDs = 0.96 g
• SD1 = 0.28 g

• CuTa ≥ 0.95 s  Drift Scaling Required



S1 values near Lucerne Valley Station

S1 = 0.6
S1 = 0.59

S1 = 0.59

• S1 < 0.6 g No drift scaling 

Lucerne Valley Station



1994 Northridge – Jensen Filtration Plant Generator 
Building

Jensen Filtration Plant



Jensen Filtration Plant Generator Building
Comparison with ASCE 7-22 Design Spectrum

• S1 = 1.06 g
• SDs = 2.08 g
• SD1 = 0.99 g

• CuTa ≥ 1.55 s  Drift Scaling Required



Jensen Filtration Plant Generator Building
Comparison with ASCE 7-22 Design Spectrum

• S1 = 1.06 g
• SDs = 2.08 g
• SD1 = 0.99 g

• CuTa ≥ 1.55 s  Drift Scaling Required



1994 Northridge – Newhall Fire Station

Newhall Fire Station



1994 Northridge – Newhall Fire Station
Comparison with ASCE 7-22 Design Spectrum

• S1 = 0.93 g
• SDs = 1.85 g
• SD1 = 0.86 g

• CuTa ≥ 2.9 s  Drift Scaling Required



1994 Northridge – Newhall Fire Station
Comparison with ASCE 7-22 Design Spectrum

• S1 = 0.93 g
• SDs = 1.85 g
• SD1 = 0.86 g

• CuTa ≥ 2.9 s  Drift Scaling Required



1971 San Fernando – Pacoima Dam

Pacoima Dam



1971 San Fernando – Pacoima Dam
Comparison with ASCE 7-22 Design Spectrum

• S1 = 0.91 g
• SDs = 1.17 g
• SD1 = 0.38 g

• CuTa ≥ 0.94 s  Drift Scaling Required



1971 San Fernando – Pacoima Dam
Comparison with ASCE 7-22 Design Spectrum

• S1 = 0.91 g
• SDs = 1.17 g
• SD1 = 0.38 g

• CuTa ≥ 0.94 s  Drift Scaling Required



Proposed Change Currently being balloted in 
ASCE 7-28

•Limit drift scaling to sites classified as near fault in 
accordance with ASCE 7-22, Section 11.4.1.



Conclusion
•Design ground motion spectra do not capture near fault effects.

•Stiff sites produce high velocity pulses that could affect long 
period structures.

•Drift scaling not required for buildings on soft soils with Vs30 < 
1000 ft/s or for Site Class D or lower. 

•Drift scaling should be considered for buildings in Site Class C or 
better regardless of the S1 value when the building site is less that 
5 km from a known active fault of Source Type B, M > 6.5. 



Case Study



Case Study



Case Study



Case Study



Takeaway from Case Study

•Drift scaling was intended to prevent weak buildings from 
collapse of buildings subject to pulse period drifts, the 
NLRHA shows that buildings with sufficient ductility are 
adequate to accommodate these pulse period drifts and also 
satisfy the minimum drift requirement.



Additional studies 

•Additional studies were performed to investigate the impact 
of drift scaling for randomly selected near fault and far field 
sites with high SD1 values.
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Discussion! 

•Drift scaling required for near fault sites, only when 
triggered, similar to the proposed ballot in ASCE 7-28

•Drift scaling required only for near fault sites only when 
triggered, in Site Classes CD or C and Better

•Have a minimum floor for design of buildings with period T, 
where Ts < T < TL regardless of the value of S1 and drift scaling 
for near fault sites in Site Classes CD or C and Better

•Other?



Item #7 Fiber-Reinforced Polymer (FRP) retrofit requirements for reinforced 
concrete shear walls, diaphragms, spandrels, and collectors

• Background for current provisions in CBC, and ASCE 41 for 
FRP retrofit for concrete elements

• Recent tests and proposed design criteria approach
• Committee to endorse and/or provide feedback on 

modifications presented
• Discussion and public input

Facilitator: Ali Sumer, PhD, SE, Supervisor, HCAI (or designee)



Item #7: 
Fiber-Reinforced Polymer (FRP) retrofit requirements for 

reinforced concrete shear walls, diaphragms, spandrels, and 
collectors

HBSB SNSR Committee Meeting – July 29, 2026  

Ali Sumer, Seismic Compliance Unit



Outline

• What is FRP?
• Why FRP? 
• Current code requirements
• Various standards, guides
• Ongoing tests
• Proposal direction
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What is Fiber Reinforced Polymer (FRP)? 

• Photo credit: Fyfe
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What is FRP 

4

• Photo credit: Fyfe



Why FRP for hospitals? 

• FRP is one of the options to retrofit existing old concrete buildings. 
(HCAI has been using FRP for decades) 
Advantages 

• Easier to apply in congested areas. 
• Most cases, it is faster to install, can be economical
• Improves seismic capacity 

Disadvantages
• Not well understood by the industry
• Limited strength 
• No comprehensive standard exists today
• Requires specialized crew to install

5
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1911A.3 Concrete strengthening by externally bonded fiber reinforced polymer (FRP). Design and construction of 
externally bonded FRP systems for strengthening concrete structures shall be in accordance with ACI 440.2R.
Exceptions:
1. Near-Surface Mounted (NSM) FRP bars shall not be permitted.
2. Strengthening of shear walls and diaphragms (including chords and collectors) shall be considered as an alternative 
system.

Design capacities, reliability, serviceability of FRP materials shall be permitted to be established in accordance with
ICC-ES AC 125. Minimum inspection requirements of FRP composite systems shall be in accordance with ICC-ES AC
178.

There is no ASCE 41 section that addresses FRP force levels, ductility or detailing.

HCAI has been using Alternative Method of Compliance for all retrofit projects for shear walls, diaphragms etc.  

Current Code CBC 1911A.3



Other Standards: ACI 
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• FRP section in later versions, 
future version in the works

• Limited FRP strengthening 
criteria exists, future version 
in the works

• Only gravity, not seismic, 
future version in the works



ASCE41
• ASCE 41-13, ASCE 41-23 don’t have FRP 

chapters
• ASCE 41-29 will point to ACI future 

standards
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HCAI Current Design Method: AMC

• HCAI has used an Alternate 
Method of Compliance for 
the FRP criteria.

• The criteria differ between 
projects.

9



PCS program

• Preapproval of FRP design criteria 
• Data collection started as part of the PCS program.
• Additional tests were recognized as necessary.
• Manufacturers performed several tests in the last 5 years. 

• Shear Walls
• Fiber anchors (individual, grouped, spaced)
• Diaphragm 
• Collectors
• Slab to Wall connections
• Contact critical column tests

10



Virgina Tech – Diaphragm 



Idaho State University – Slab to Wall conection 



UT San Antonio – Flexual wall tests



University of Auckland:Collector Tests



More tests…

• Simpson shear wall tests 
• USC contact critical and low strength column tests
• Simpson short collector tests with anchors
• Univ. of Miami – wall to floor tests
• Several anchor tests
• And more… 

• UCLA will be testing concrete shear walls
• More tests are in discussions…

15



Code Change Proposal

Where do we place FRP requirements in the code? 
• Since FRP material can be applied to concrete and masonry, there is 

no individual material chapter that can cover all FRP requirements.  
• Splitting FRP into multiple code chapters will not be easy to follow

• Recommend a new section - just for FRP - under CEBC 304A.4.
• CEBC 304A.4 will include FRP for masonry and concrete.  
• Point/reference from 1911A.3 to CEBC 304A.4. 

16



Develop criteria for FRP in Concrete applications for the following 
cases:

17

ASCE 41 Overall criteria: 
• For existing shear walls, wall segments, and diaphragms with different  reinforcement percentages, 

develop ASCE 41 criteria for force controlled or deformation-controlled actions. 
• Develop maximum allowable design strain for shear strengthening. 

ASCE 41 Analysis: 
• Develop specific “m” values” for linear analysis and rotation values for non-linear analysis. 

Detailing: 
• Develop maximum anchor spacing and embedment for different applications. 
• Develop detailing criteria for FRP collectors with and without anchors 

Proposal for FRP for CONCRETE:



Proposal for FRP for MASONRY:

Develop minimum criteria for FRP in masonry applications for the following 
cases:

• Shear walls with reinforcing compliant with TMS Requirements
• Shear walls with reinforcing not compliant with TMS but compliant with ASCE 41
• Shear walls with vertical reinforcing compliant and horizontal reinforcing not 

compliant
• Shear walls with neither vertical nor horizontal reinforcing compliant

18



Item #8 Reschedule the August 26, 2026, Committee meeting
• Discussion and public input

Facilitator: Jim Malley (or designee)



Item #9 Comments from the Public/Committee Members on Issues not on 
this Agenda
The Committee will receive comments from the Public/Committee 
Members. Matters raised at this time may be taken under 
consideration for placement on a subsequent agenda.
Facilitator: Jim Malley (or designee)



Item #10 Adjournment
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