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Abstract 

In recent years, several cities in Southern California have 
embraced the idea of improving our communities’ seismic 
resiliency.  Many of these cities have taken the first step to achieve 
this goal by establishing seismic ordinances that require owners to 
retrofit their existing seismically vulnerable buildings.  This 
presentation will give a brief overview of the history of retrofit 
policies in southern California cities, as well as provide a more 
focused comparison of the most recent ordinances established by 
the cities of Los Angeles, Santa Monica, and West Hollywood.  
The presentation will highlight their similarities and differences in 
policy, prioritization, timeframes, technical guidelines, and 
building target performance. 

Introduction 

The economic consequence of a major earthquake in a developed 
region is nearly beyond comprehension.  To put it in perspective, 
the Northridge earthquake was one of the greatest economic 
natural disasters in American history, with losses exceeding $25 
billion dollars. Each earthquake disaster has typically resulted in a 
change in seismic legislation for the effected region.  The 
legislation usually adopts higher design standards for new 
construction and/or enforces seismic evaluation/retrofit via 
ordinances on the affected building type(s).  However, in recent 
years some California cities have chosen to be proactive by 
developing and enforcing mandatory seismic programs to 
evaluation and upgrade their seismically vulnerable buildings.  
The primary focus of the most recent ordinances has been targeted 
to soft, weak, or open front wood frame buildings (SWOF), non-

ductile concrete buildings (NDC), and pre-Northridge steel 
moment frame buildings (PNMF).  The intent of this paper 
will be to briefly review the history of retrofit ordinances in 
all of California and review and compare the most recent 
ordinance's passed in Southern California.  The paper will 
focus primarily on SWOF, NDC, and PNMF buildings.  It is 
noted that there are other ordinances in Southern California 
that are not mentioned in this paper such as "Tilt-Up" and 
Damage Building ordinances given that most cities have not 
yet adopted them. 

Historic of Ordinances in California 

Unreinforced Masonry Buildings: 

Arguably the poorest performing buildings have been the 
unreinforced masonry (URM) buildings.  This particular 
building type was shown to perform poorly in the 1906 San 
Francisco Earthquake, 1925 Santa Barbara Earthquake and 
1933 Long Beach Earthquake.  The state of California fist 
addressed these buildings with Senate Bill 547, the 
Unreinforced Masonry Building Law signed in 1986.  This 
law required cities and counties within California’s Seismic 
Hazard Zone 4 prepare a survey of all URM buildings and 
determine seismic strengthening programs by 1990.  This 
program was successful in reducing the seismic risk caused 
by URM’s throughout California.  In 2006 the California 
Seismic Safety Commision reported 75% of the affected 
jurisdictions had implemented a mandatory seismic 
reduction program (See Table A).  However, it is worth 
noting that not all cities had the same enforcement or the 
same level of retrofit requirements.  The legislation only 
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mandated a survey and left each jurisdiction to decide the type and 
level of seismic loss reduction program.  As such, there is a large 
variation of scope and design methodologies for the retrofits of 
URM's across the state. 

Table A – Number and Scope of URM Loss Reduction 
Programs in California's Zone 4 as of October 2006 

Type of Loss 

Reduction Program 

Entities URM's Percent 

Mandatory 134 19,043 75% 

Voluntary 39 1,269 5% 

Notification Only 46 1,487 6% 

Other 41 3,737 14% 

TOTALS 260 25,536 100% 

Hospitals 

Following the 1994 Northridge Earthquake the state of California 
developed Senate Bill 1953 (SB 1953) for Hospitals under 
OSHPD jurisdiction. The bill was intended to primarily address 
buildings that were constructed prior to the 1973 given that those 
Hospital buildings had particularly performed poorly in the 1994 
earthquake.  In 1994, SB 1953 was signed into law, as an 
amendment to the Alfred E. Alquist Hospital Seismic Safety Act.  
This Senate Bill, included in the California Administrative Code 
(CAC) Chapter 6, addresses the structural and non-structural 
performance of buildings after a major earthquake. It applies to all 
general acute care Hospital buildings in California. 

Per SB 1953, Hospital buildings are to be categorized into 
Structural Performance Categories (SPC) and Nonstructural 
Performance Categories (NPC).  Per these regulations, each 
building must be at a certain performance category by specified 
timeframes.  Facilities that are not in compliance must be 
retrofitted or decommissioned. 

The program has evolved over the years to allow more time to 
evaluate and retrofit the most difficult buildings.  It also has 
adopted a “deficiently only” retrofit through its HAZUS VSI 
program.  From 2001 to 2014, OSHPD reported that the quantity 
of SPC 1 (Collapse Hazard) buildings decreased from about 1000 
buildings to about 360 buildings. 

Public Schools 

Although schools are now designed to higher seismic standards 
California still has a significant amount of existing building stock 
that poses a high seismic risk.  California recognized this risk and 
therefore, developed AB 300 for Schools under District of State 
Architect (DSA) jurisdiction which was passed into law in 1999.  
AB 300 required the Department of General Services to survey 
California’s K-12 school buildings designed before the CBC 1976 
went into effect.  Buildings that were surveyed were divided into 
categories depending on the expected performance in a seismic 
event. 

Findings were presented without specific school names or 
sites, but included an analysis of the overall results.  The 
report was released in 2002.  In 2003, DSA contacted the 
school districts and indicated that survey data pertaining to 
that district was available upon request.  It also stressed that 
the inclusion of buildings in the inventory would require 
further structural evaluation by a structural engineer to 
determine if retrofit is required. 

Northern California Soft Story City 
Ordinances 

Wood-frame construction in the United States can be traced 
back to the 1800s and has evolved to become the most 
common construction type for houses and low rise 
construction.  Its popularity is predominantly due to the low 
cost, ease of construction, availability of material, and design 
flexibility.  Over its history, wood framing has advanced 
from a post and beam style system, to balloon style framing, 
and finally to the platform framing style currently used 
today.  Early lateral resisting systems consisted of straight or 
diagonal sheathed roof/floor diaphragms and walls 
consisting of wood studs with stucco, plaster, or gypsum wall 
finishes.  However, it was not till the 1970's and 1980's when 
the code began to mandate better seismic construction 
practices in these types of structures. 

Of primary interest, a significant seismic collapse potential 
is often found in multi-story wood buildings, called soft and 
weak stories.  Although not unique to wood structures, soft 
and weak stories is a structural irregularity that are most 
often created by tuck-under parking designs.  This high risk 
seismic deficiency was the cause of significant failures in the 
1971 San Fernando Earthquake, 1985 Mexico City 
Earthquake, and the 1989 Loma Prieta Earthquake.  The 
1976 UBC became the first California building code to 
recognize structural irregularities in buildings structures.  
However, the 1988 UBC was the first to specifically address 
and prohibit this type of construction above two stories.  
Unfortunately, many governing agencies did not adopt these 
code provisions until the 1990’s.  Currently the 2013 CBC 
does not permit their construction in areas of high seismicity. 

In 2013 the City of San Francisco Signed into law the 
Mandatory Soft Story Retrofit Ordinance requiring “multi-
unit soft-story buildings” permitted before 1978 to be 
evaluated and retrofitted.   The term "Soft Story" is intended 
to encompass buildings with either soft and/or weak floors.  
Owners of buildings identified to potentially be within the 
scope of this law were notified and are required to go through 
a screening process by September 2014.  Through this 
screening, the owner’s engineer determines if the building 
needs to be retrofitted or taken out of the list.  Once the 
building is identified as requiring seismic strengthening, it is 
categorized in one of four tiers.  Each tier has a different 
deadline for submittal of proposed retrofit and for 
completion of work.  This is the one of the most recent 
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seismic city ordinance that has been implemented in California 
and it uses a multi-tier approach which is expected to help with the 
implementation and enforcement of the law. 

Since the implementation of San Francisco’s Soft Story Ordinance 
many neighboring cities have followed to create similar 
ordinances.  Table B provides a summary of the most resent 
jurisdictions that have implemented Soft Story ordinance. 

Table B - Northern California Ordinances 

Jurisdiction Building 
Type 

# of 
Buildings 

Description 

San 
Francisco 

SWOF 4,956 Mandatory 

Berkeley SWOF 327 Mandatory 

Oakland SWOF 1,380 Mandatory 
Screening, 
Voluntary 
Retrofit 

Palo Alto SWOF 294 Ordinance in 
development 

Freemont SWOF 22 Mandatory 

Mountain 
View 

SWOF 100 Ordinance in 
development 

Alameda SWOF 100 Mandatory 

Definitions: 
SWOF = Soft, Weak, Open Front Wood Frame Building 
NDC = Non-Ductile Concrete with Rigid Diaphragm 
PN MF = Pre-Northridge Moment Frame 

 

Southern California City Ordinances 

Southern California Soft Story City Ordinances Background 

By far the most common ordinance that has been implemented in 
California cities in the past 5 years has been for SWOF buildings.  
These buildings are typically found to be wood frames buildings, 
a minimum of 2 stories, and containing a soft, weak or open front 
wall line irregularity typically provided to allow for parking on the 
first story below the livable space above.  This architectural style 
became common during the 1960's and 1970's due to it's 
functionality. Building codes did not specifically address this 
irregularity until the 1976 UBC.  However, even then, cities did 
not adopt and/or enforce this until a few years after.  Thus, the 
ordinances developed in Southern California typically adopted a 
1978 or 1980 cut off year for SWOF buildings evaluations and 
retrofits. It should be noted however, that building codes did not 
specifically prohibit, nor penalize this as an irregularity until the 
1988 UBC. 

Following the implementation of San Francisco’s Soft Story 
Retrofit Program many Southern California cities began to show 
interest in developing Mandatory Seismic Retrofit Ordinances.  
The first of which was the City of Los Angeles passing their Soft 
Story ordinance in 2015 and being followed in 2017 by the City 
of  Santa Monica and West Hollywood. 

Table B represent a list of Sothern California cities that have 
recently (within the past 5 years) approved (or are in the 
process of developing) mandatory seismic retrofit 
Ordinances.  It is noted that the list presented in this paper is 
meant to illustrate the different programs that are currently 
underway, not to be a comprehensive list of every city that 
has ever passed a retrofit ordinance. 

Table B – Southern California Ordinances 

Jurisdiction Building 
Type 

# of 
Buildings 

Description 

Los 
Angeles 

SWOF 13,500 Mandatory 

NDC 1,500 Mandatory 

Beverly 
Hills 

SWOF 300 In 
Development 

Santa 
Monica 

SWOF 1,573 Mandatory 

NDC 66 Mandatory 

PN MF 80 Mandatory 

C/CMU 
wall w/ 

flex. 
diaphragm 

34 Mandatory 

West 
Hollywood 

SWOF 780 Mandatory 

NDC 55 Mandatory 

PN MF 31 Mandatory 

Definitions: 
SWOF = Soft, Weak, Open Front Wood Frame Building 
NDC = Non-Ductile Concrete with Rigid Diaphragm  
PN MF = Pre-Northridge Moment Frame 
 

Southern California Soft Story City 
Ordinances Comparison 

It is estimated by the cities of Los Angeles, Santa Monica, 
and West Hollywood that there are nearly 16,000 SWOF 
buildings within these three cities.  Typically, these buildings 
are multi-family residential (i.e. less than 5 unit buildings) or 
commercial apartment buildings (i.e. more than 5 unit 
buildings).  In an effort to reduce the number of buildings 
within the scope of the ordinances, the City of Los Angeles 
has excluded buildings containing less than 3 units.  The City 
of Santa Monica and West Hollywood contain far less than 
Los Angeles and thus have not provided any exclusions to 
reduce the scope. In addition, to prioritize higher risk 
buildings (I.e. taller and containing more occupants) each 
city grouped their buildings into 3 to 4 priorities based on the 
number of stories and number of units.  Timeframes to 
complete the retrofits range from 5 to 7 years with the 
"clock" starting once notice letters are issued to building 
owners. Intermediate milestones were provided to ensure 
that building owners are making the necessary steps to 
complete the retrofits.  Figure 1 shows a typical wood Soft 
Story building being retrofitted in Southern California. 
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Figure 1 - Typical Soft Story Building Retrofit 

The evaluation/retrofit criteria for SWOF ordinances for all three 
cities is very similar in nature, with all three cities referencing 
ASCE 7 as the standard retrofit code.  One distinction is that the 
city of Santa Monica specifically tied their ordinance to the ASCE 
7-10 in lieu of allowing the code year to update every code cycle 
as intended in the Los Angeles and West Hollywood ordinances.  
Another distinction is that the cities of Los Angeles and Santa 

Monica included language that would limit the base shear to 
that being calculated using an R factor no less than 3.5, 
except for in the case of a cantilever column system. 
Alternatively, the City of West Hollywood intends to address 
the calculation of the base shear within their "Seismic Design 
Guidelines" which are still under development.  In all cases 
the drifts are limited to 0.025.  For an in-depth overview of 
design requirements on the Los Angeles ordinance, the 
reader is directed to the Structural Engineer Association of 
Southern California (SEAOSC) Design Guide Vol. 2:  City 
of Los Angeles Mandatory Earthquake Hazard Reduction in 
Existing Wood-Frame Buildings with Soft, Weak or Open-
Front Walls (SWOF). 

The ordinances developed by the cities of Los Angeles and 
West Hollywood both require the Engineer or Architect to 
provide a statement on the retrofit drawings indicating that 
the retrofit will put the building into compliance with the 
ordinance.  A statement of compliance is not required by the 
City of Santa Monica Ordinance.  As indicated above, the 
intent of the SWOF retrofit in all three ordinances is to 
provide a deficiency only retrofit to limit risk, and not to 
provide a code level "Life Safety" building.  With this in 
mind, the City of West Hollywood added an additional 
requirement for the owner to sign a statement on the 
drawings indicating they understand the intent of the retrofit. 

See Table C for a summary of the SWOF ordinances for 
Southern California cities.  The reader is pointed toward the 
paper entitled "Consensus Recommendations for Soft Story 
Retrofit" by Bonowitz and Zepeda (2017) for a detailed 
comparison of the Southern California and Northern 
California SWOF ordinances.
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Table C - Southern California Soft, Weak, or Open Front Wood Frame (SWOF) Retrofit Ordinances 

 Los Angeles West Hollywood Santa Monica 

Ordinance Status 
Ordinance 183893 approved 

effective 11/22/15 
Ordinance No 17-1004 

Ordinance 2537 approved on 

March 28, 2017 

Ordinance criteria 
Buildings submitted for Permit 

before January 1, 1978 

Buildings submitted for Permit 

before January 1, 1978 

Buildings built under code 

standards enacted before 

January November 10, 1980 

Exceptions Residential 3 units or less  No Exceptions No Exceptions 

Start date May 2, 2016 (Priority 1) April 2018 (Priority 1) September 25, 2017 (Priority 1) 

Prioritization  

Priority 1: 16 or more units 

Priority 2: 3 or more stories 

Priority 3: 2 or less stories 

Priority 1: 16 or more units 

Priority 2: 3 or more stories 

Priority 3: 2 or less stories 

Priority 1: more than 2 stories 

Priority 2: 16 or more units 

Priority 3: 7 to 15 units 

Priority 4: Less than 7 units 

Time line 

(starting from 

receiving letter 

from City) 

[2 years] Submit Proof of previous 

retrofit or structural retrofit plans   

[3.5 years] Obtain permit to start 

construction 

[7 years] Complete Construction 

 

[1 year] Submit Screening Report   

[2 years] Submit Retrofit Plans 

[4 years] Obtain Permit and 

Commence Construction 

[5 years] Complete Construction 

 

[2 years] Submit Structural 

Evaluation Report 

[3 years] Submit Retrofit Plans 

and Application for Permit 

[6 years] Final Approval 

 

Evaluation/Retrofit 

Criteria 

75% ASCE 7, R not less than 3.5 

(except cantilever column 

systems) 

75% ASCE 7 and City Seismic 

Design Guidelines (Under 

Development) 

75% ASCE 7-10 Base Shear, R not 

less than 3.5 (except cantilever 

column systems) 

 
 

Southern California Non-Ductile Concrete 
Ordinance Background 

Reinforced concrete was developed in the mid 1800’s and 
continued its development through the1900’s.  Structural systems 
utilizing concrete framing, flat/waffle slabs, joists and bearing 
walls became common by 1920.  While the quality of construction 
and gravity design had improved immensely by 1930, the 1933 
Long Beach earthquake devastated Southern California and 
highlighted the need for earthquake-resistant structures in high 
seismic regions.  As a result, the first design code requirements for 
most building types were published and adopted by California in 
the mid-1930s. 

From the mid-1930s to 1950, improvements in concrete design 
came to a halt due to the Great Depression.  However, in the 1950s, 
the widespread adoption of prestressed concrete revolutionized 
concrete construction, which brought about a rapid change in 
structural systems, design methods, and construction practices.  
Concrete shear wall construction saw significant developments in 
seismic design during this period. 

Improvements in seismic design continued in the 1960s with the 
introduction of the Structural Engineers Association of California 
(SEAOC) Blue Book.  During this time period lateral-force-
resisting systems were given designations.  Although the Blue 
Book introduced the concept of ductility, concrete ductile 
detailing was not adopted by codes at the time and a ductile frame 
was defined as a structural steel frame.  Additionally, light-weight 
concrete recommendations were also introduced around this time. 

The 1970s marked a period of rapid advancement for 
concrete seismic design.  The 1971 San Fernando 
earthquake, also known as the Sylmar earthquake, proved 
that many concrete structures performed poorly and lacked 
the ductility to withstand a large magnitude seismic event.  
Non-ductile concrete (NDC) was famously exposed in the 
collapse of the Olive View Hospital in northern Los Angeles.  
This tragic event proved that concrete buildings require 
special proportioning and detailing requirements.  These 
requirements mostly included closely spaced rebar hoops in 
columns, beam/column joints and shear wall boundary 
elements.  These changes were intended to minimize the 
likelihood of brittle failures as the building sways back and 
forth during a seismic event.  As a result, great improvements 
in seismic concrete design were issued in the 1976 UBC 
ductile concrete provisions.  Consequently, buildings 
designed using pre-1976 UBC concrete provisions are 
considered to be of high risk in high seismic regions.  
However, it is noted that many cities did not adopt these 
provisions until a few years later.  Figure 2 and 3 show the 
visual differences in reinforcing steel from pre-1976 
buildings in comparison to today's standards (EERI / PEER 
Historic Overview Presentation by Jack Moehle, UC 
Berkeley). 

 



 
2017 SEAOC CONVENTION PROCEEDINGS 
 
 

 

 6

 
Figure 2 - Column Reinforcing in Pre-1976 Buildings 

(Moehle)  

 

 

Figure 3 - Wall Reinforcing in Pre-1976 Buildings 
(Moehle) 

 

Southern California Non-Ductile Concrete 
City Ordinance Comparison 

In the past few years NDC building retrofit ordinances were 
developed in the cities of Los Angeles, Santa Monica, and 
West Hollywood.  Each of these ordinances is intended to 
either increase the ductility or reduce the ductility demand 
on these buildings during large earthquakes in order to 
reduce their risk of damage or even collapse.  Between all 
three cities it is estimated that there are just under 1700 NDC 
buildings.  Each of the three ordinances target buildings that 
were built prior to 1980.  Only the City of West Hollywood 
provided a prioritization list with the city of Los Angeles 
providing no prioritization and the City of Santa Monica only 
indicating that owners of NDC buildings are expected to 
receive notices after URM, Tilt-up, and two of the SWOF 
priorities. One exception worth noting is for the West 
Hollywood ordinance condo owners are not required to 
comply with the ordinance. 

Timeframes to complete the retrofits range from 10 to 25 
years with "the clock" starting once notification letters are 
issued to building owners.  Intermediate milestones were 
provided to ensure that building owners are making the 
necessary steps to complete the retrofits.  In an effort to 
balance planning and construction time milestones while 
targeting buildings with major deficiencies, the City of West 
Hollywood has broken up the retrofit requirements into two 
phases. The first phase is intended to identify buildings with 
major deficiencies and have them provide deficiency only 
retrofit plans to be completed within the first ten years.  The 
second phase requires the owners do complete the balance of 
the retrofit work to be in compliance with the ordinance.  As 
an incentive for building owners that have major deficiencies 
to complete the work faster, an additional 3 years is provided 
to complete first phase. 

The evaluation/retrofit criteria for all three ordinances varies.  
The City of Los Angeles and Santa Monica are similar in that 
they both allow the use of 75% of ASCE 7 forces or ASCE 
41 to satisfy the "Basic safety objectives" defined by the 
building department.  It is understood that the city of Los 
Angeles will release a bulletin indicating the requirements 
defining Basic Safety Objectives, as this term is no longer 
used in the latest addition of ASCE 41.  The City of West 
Hollywood ordinance however, does not allow the use of the 
new code, but requires the use of ASCE 41 to satisfy the 
structural performance objectives requirements.  It is noted 
that none of the ordinances have any specific requirements 
for non-structural elements.  For an in-depth overview of 
design requirements on the Los Angeles ordinance, the 
reader is directed to the Structural Engineer Association of 
Southern California (SEAOSC) Design Guide Vol. 1: City 
of Los Angeles Mandatory Earthquake Hazard Reduction in 
Existing Non-Ductile Concrete Buildings (NDC). 
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Similar to the SWOF Ordinances, the City of Los Angeles and 
West Hollywood both require the Engineer/Architect to provide a 
signed statement on the drawings indicating the retrofit meets the 
requirements of the ordinance.  The City of West Hollywood also 

requires the owners to sign a similar statement as in the 
SWOF ordinance. 

See Table D for a summary of the NDC Ordinances for 
Southern California cities.

 

Table D - Southern California Non-Ductile Concrete (NDC) Retrofit Ordinances 

 Los Angeles West Hollywood Santa Monica 

Ordinance Status 
Ordinance 183893 approved 

effective 11/22/15 
Ordinance No 17-1011 

Ordinance 2537 approved on 

March 28, 2017 

Ordinance criteria 
Buildings submitted for Permit 

before January 13, 1977 

Buildings built under code 

standards enacted before 1979 

UBC with local amendments 

Buildings built under code 

standards enacted before 

January 11, 2017 

Start date TBD (list under development) TBD TBD 

Prioritization None 

Priority 1: 8 or more stories 

Priority 2: 3 to 7 stories 

Priority 3: 2 or less stories 

Listed as Priority  IV without 

additional breakdown 

Time line 

(starting from 

receiving letter 

from City) 

[3 years] Submit checklist 

[10 years] Submit Proof of 

previous retrofit or structural 

retrofit plans  

[25 years] Complete Construction 

 

Phase 1: Major Deficiency 

Mitigation 

[3 yrs] Submit engineering report 

listing building deficiencies 

[5 yrs] submit retrofit plans for 

major structural deficiencies 

[7 yrs] Obtain permit, start 

construction 

[10 yrs] Complete major 

deficiency mitigation. 

 

Phase 2: Complete Retrofit 

[13 yrs] Submit retrofit plans to 

address all remaining 

deficiencies 

[15 yrs] Obtain permit, start 

construction 

[20 yrs] Complete construction. 

 

[3 years] Structural Evaluation 

Report 

[4.5 years] Submit Plans and 

Permit Application 

[10 years] Final Approal 

 

Evaluation/Retrofit 

Criteria 

(75% Current Code Base Shear, 

100% Current Code Drift 

or 

ASCE 41 Basic Safety Objectives as 

defined by City Building 

Department 

ASCE 41: 

Risk Category I&II: BSE-1E, S-3 & 

BSE-2E, S-5 

 

Risk Category III & IV: BSE-1E S-2, 

BSE-2E, S-5 

(75% Current Code Base Shear, 

100% Current Code Drift 

or 

ASCE 41-13 Basic Safety 

Objectives as defined by City 

Building Department 
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Southern California Pre-Northridge Steel 
Moment Frame Building Ordinances 
Background 

Steel moment frames are a system of columns and beams with 
rigid connections.  The rigid connections (either partial or fully 
restrained) transfer shear and moment creating a rigid frame.  
Lateral loads applied to moment frames are resisted through 
flexure in the beams and columns.  The term “Pre-Northridge Steel 
Moment Frame (PN-SMF) Connection” of refers to steel moment 
frame connections that were designed to codes enacted before 
1996.  The following background information comes from three 
documents: NEHRP Seismic Design Technical Brief 2, FEMA 
355d, and FEMA 355e.  The reader is refereed to these documents 
for more information on current design practice (NEHRP), history 
of steel moment frame performance in seismic events (FEMA 
355e), and Pre-Northridge steel moment connection (FEMA 
355d). 

Steel moment frames have been around for most of the twentieth 
century.  Early steel moment frame buildings utilized rivets to 
build up column/beam sections and haunch plates at the 
connections.  See Figure 4 for an example of this connection.  As 
bolts replaced rivets and standard steel shapes became more 
standardized, connections became more efficient.  Partially 
restrained connections like the ones shown in Figure 5 were being 
designed in the 1940s-1950s. By the 1960s welding was 
commonly used to attach the beam flanges directly to the column 
as shown in Figure 6.  During the latter half of the twentieth 
century steel moment frames were perceived to be the most 
superior structural system to resist lateral loads.  It was believed 
that steel moment frames experience minimal amounts of damage 
in an earthquake and that the damage would be limited to ductile 
yielding of the connections and members.  This perception 
continued until the Northridge earthquake in 1994. 

 

Figure 4 - Early Moment Frame Connection 

Ref: Figure 2-2 NEHRP Tech Brief 2 

 
 

  

Figure 5 - Moment Frame Angle Connection 

Ref: Figure 2-3 NEHRP Tech Brief 2 

 

 

Figure 6 - Welded Moment Frame Connection 

Ref: Figure 2-4 NEHRP Tech Brief 2 

After the earthquake, inspections of steel moment frame 
connections revealed brittle failure modes.  The failures 
originated at areas with high stress concentrations, usually at 
the weld or weld access hole.  Once initiated, the crack often 
spread through the beam or column flange, and in some cases 
completely severed the flange connection to the column.  See 
Figure 7 for example of a damaged connection. Architectural 
damage is usually a good indicator of damage to the 
underlying structure, but this was not the case for pre-
Northridge moment frame buildings which often showed 
minimal architectural damage.  This made it difficult to 
identify which buildings contained lots of damaged.  To 
make matters worse, the brittle failure mode were observed 
across a large geographic area including buildings that only 
experienced moderate levels of shaking. Brittle failures of 
steel moment frame connections were also observed in the 
Kobe Earthquake that occurred one year after. 
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Figure 7 - Brittle Connection Failure 

Ref: Fig. 2-6 NEHRP Tech Brief 2 

 

A special group was set up to understand the brittle failures that 
were observed after the Northridge Earthquake.  The FEMA 
funded SAC joint venture is comprised of the Structural Engineers 
Association of California (SEAOC), the Applied Technology 
Council (ATC), and the Consortium of Universities for Research 
in Earthquake Engineering (CUREE).  After several years of 
reviewing past research, surveying damaged buildings, full scale 
experiments, and analytical models; a number of factors were 
identified that contributed to the poor connection performance. 
The major factors include: 

• Low toughness weld material (E70T-4 FCAW-SS) 

• Backing bar left in place 

• Weld access hole geometry that caused stress 
concentration 

• Less redundant designs that relied on fewer lines of 
resistance with larger beams and columns 

• Weak beam-column panel zones 

• The actual steel yield strength (A36) was much higher 
than the minimum strength assumed in design 

The SAC team collected data on buildings that were inspected 
after Northridge.  Initially, it was believed that the cracked 
connections were wide spread across all steel moment frame 
buildings.  This initial assessment was incorrect.  Based on the 
collected data of 155 surveyed buildings, roughly half of the 
connections that were inspected showed no sign of damage.  At 
the other end of the spectrum, about a third of the damaged 
buildings had at least one damaged panel zone.  This means a crack 
initiated and propagated into the column flange and web.  There is 
a large spectrum of observed damaged across all of the buildings.  
The data did not show a particular building characteristic (height, 
plan geometry, frame configuration, etc.) that would be more 
susceptible to damage.  In general damaged was more likely with 
deeper beam sections. 

Southern California Pre-Northridge Steel 
Moment Frame Building City Ordinance 
Comparison 

It is important to note that no steel moment frame buildings 
collapsed in the Northridge Earthquake.  Despite having 
unexpected connection performance, these buildings met the 
life safety objective of the code.  The concern for ordinances 
currently being considered is how many buildings have 
already sustained connection damage in a past earthquake 
and may not be able to survive another earthquake.  
Typically, nonstructural damage is a good indicator for 
estimating damage to the underlying structure.  But the Pre-
Northridge connections often failed at low building drift 
(connection rotation) with minimal damage to the exposed 
architectural elements.  This makes it difficult to know which 
buildings have already sustained damage that could 
compromise the building’s lateral system. 

One example can be seen in San Francisco area.  After 1994, 
five moment frame buildings were investigated in the San 
Francisco area and found to have connections exhibiting the 
same brittle failures as the buildings in LA. Each of the 
buildings were at least 35 miles from the epicenter of the 
Loma Prieta Earthquake.  Note that this is just a small sample 
set of the steel moment frame buildings in the San Francisco 
bay area.  There has not been a comprehensive investigation 
program in the SF area to determine if and how many steel 
buildings sustained brittle connection failures. 

The City of Los Angeles did create an investigation program 
in 1995 (Ordinance 170406).  This Ordinance mandated 
connections in steel moment frame buildings be inspected 
and all damaged connection be repaired.  For political 
reasons the Ordinance excluded residential buildings and 
was geographically limited to areas where damaged 
connections had been observed (it did not include downtown 
LA). All damaged connections within the Ordinance were 
repaired. Currently, the City of Los Angeles has indicated 
that there are no plans on creating a Pre-Northridge Moment 
Frame retrofit ordinance. 

Other cities in the LA area did not pass a mandatory 
inspection ordinance for steel moment frame buildings.  The 
City of Santa Monica did adopt chapter 8.76 in its municipal 
code in 1999 that required inspection and proof of 
conformance to the newly created FEMA standards at that 
time.  However, the City did not follow through with sending 
notices to the owners.  The City of Santa Monica has 
renewed its effort to address Pre-Northridge Moment Frame 
buildings by passing Ordinance 2537 on March 28, 2017.  
This updated chapter 8.76 to the current retrofit standard 
ASCE 41-13 and provided a 3 year time window to have the 
building evaluated and an additional 17 years to have the 
building retrofitted. See Table E for more information on the 
mandatory retrofit ordinance.  It is noted that the ordinances 
is only focused on welded steel moment frame connection 
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buildings and not on bolted or rivetted moment frame connection 
buildings. 

The City of West Hollywood has just passed a mandatory retrofit 
ordinance for PN-SMF as well (Ordinance 17-1011).  The West 
Hollywood ordinance is also using a 20 year time window for 
retrofits and references ASCE 41-13.  Unlike Santa Monica, this 
Ordinance has two phases.  The first phase requires that major 
deficiencies get addressed in the first 10 years and provides 

owners an option to address non-major deficiencies over a 
20 year time period. See Table E for more information on the 
proposed Ordinance draft.  In addition, another major 
difference between the West Hollywood and Santa Monica 
ordinances is that West Hollywood is targeting all PN-SMF 
connections and not just the welded ones. 

  

 

Table E – Southern California Pre-Northridge Steel Moment Frame (PNMF) Retrofit Ordinances 

 West Hollywood Santa Monica 

Ordinance 

Status 
Ordinance 17-1011 

Ordinance 2537 approved and adopted March 28, 2017 

 

Santa Monica Municipal Code, Chapter 8.76 “Mandatory 

Seismic Retrofit Requirements for Existing Welded Steel 

Moment Frame Structures” 

Ordinance 

criteria 

Any building utilizing a steel moment frame built to 

pre-1996 building code 

Excludes: URM and residential wood-frame 

buildings 

Any building utilizing a welded steel moment frame built 

to pre-1996 building code. 

Excludes: URM and soft story buildings 

Start date TBD October 2017 (start sending out notices) 

Prioritization 

Priority 1: 8 or more stories 

Priority 2: 3 to 7 stories 

Priority 3: 2 or less stories 

Listed as Priority  IV without additional breakdown 

Time line 

(starting 

from 

receiving 

letter from 

City) 

Phase 1: Major Deficiency Mitigation 

[3 yrs] Submit engineering report listing building 

deficiencies 

[5 yrs] submit retrofit plans for major structural 

deficiencies 

[7 yrs] Obtain permit, start construction 

[10 yrs] Complete major deficiency mitigation. 

 

Phase 2: Complete Retrofit 

[13 yrs] Submit retrofit plans to address all 

remaining deficiencies 

[15 yrs] Obtain permit, start construction 

[20 yrs] Complete construction. 

[3 yrs] Submit structural evaluation report. 

[12 yrs] Submit retrofit plans to mitigate structural 

deficiencies. 

[20 yrs] Complete construction. 

Evaluation/R

etrofit 

Criteria 

ASCE 41: 

Risk Category I&II: BSE-1E, S-3 & BSE-2E, S-5 

 

Risk Category III & IV: BSE-1E S-2, BSE-2E, S-5 

ASCE 41: 

Risk Category I&II: BSE-1E, S-3 & BSE-2E, S-5 

 

Risk Category III & IV: BSE-1E S-2, BSE-2E, S-5 

 

Conclusions 

As can be seen many cities in Southern California are making an 
effort in reducing their seismic risk, which is admirable given that 
the area has not had a major earthquake since 1994.  Typically 
earthquakes are the trigger to create risk mitigation legislation but 
recently the City council members in many of the cities have taken 
the initiative and are being pro-active.  However, our community 
does need to understand that not all ordinances are created equal 

both in scope and technical requirements.  Cities continue to 
struggle enforcing safety and mitigation of seismic risk 
versus the cost impact of doing so.  For this reason many 
cities have opted to enforce deficiency only retrofits versus a 
full retrofit.  The hope is that this reduces the high seismic 
risk but it is important to communicate the overall scope and 
intent to building owners and occupants so they do not 
believe they are getting an "earthquake proof" building. 
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