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Abstract: This paper presents the principles of satisfactory school building design, through the use 
of qualified engineers, an adequate building code, independent review and hazard investigations; and 
satisfactory building construction, through the use of qualified builders and independent inspection 
and testing. It also discusses the history of school construction in California, including the adoption of 
the 1933 Field Act and its subsequent enforcement by the Division of the State Architect.

Introduction

The minimum expected performance of school buildings is that these structures do not 
collapse when subjected to natural hazards such as large earthquakes. The existence of 
adequate and enforceable codes, rules, or regulations is the first part of the structural 
safety equation. The second part of the safety equation involves ensuring compliance 
with these standards in the actual design and construction of school buildings.

Higher performance objectives for building construction include preventing collapse and 
providing additional protection to prevent minor injuries, limiting the amount of physical 
damage to the building, and assuring immediate occupancy and continuous operation for 
buildings that provide post-disaster emergency response. Policy-makers generally decide on 
the performance objective that is desirable based on risk tolerance and financial limitations. 
In California, the performance objective for public schools is collapse prevention and minor 
risk of injury to the occupants, but allows for some repairable structural damage. Since 
most school campuses have big assembly areas, food service capabilities for large numbers 
of people, restrooms and often shower facilities, the general public can seek immediate 
shelter in the safety of a well-constructed school building.

Provided below are a list of elements and procedures that can lead to safer building 
construction. In general, the level of concern about conflict of interest or capabilities of 
designers, contractors and users dictates the level of enforcement necessary for each element. 
The public and policy-makers also have a significant role to play in the provision of safe school 
construction. In California, in response to the public’s demand that schoolchildren not be at 
risk at school, policy-makers enacted laws that rigorously enforce each of these elements.

Ensuring satisfactory school building design

Qualified designers and good building design

Designing buildings to resist the forces of nature, especially earthquakes, is a complex 
task and requires educated, experienced professionals. Colleges and universities should 
provide basic education for engineers. Licensing authorities can also establish a minimum 
competency level for structural engineers. 

Correct design can be achieved with well-engineered standard plans. These drawings 
can be used repeatedly and thus result in saving the costs of original design and 
review. Similarly, designs that have been proven successful elsewhere can be re-used. 
An advantage of re-using plans is that some of the flaws in the original construction 
can be corrected. For example, a fast-growing school district in northern California has 
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been using the same design for a school campus for over a decade with great success. 
According to the facilities planner, money is saved through steady improvements in the 
design based on previous construction experience, more competitive bidding and fewer 
corrections during construction.

Building code

Codes developed by researchers, engineers and other stakeholders establish a minimum 
accepted standard for safe design of buildings at a practical cost. The research and 
development completed to create the code is also a valuable resource for future code 
development; codes and standards should evolve as more cost-effective and resistant 
materials are developed.

Public schools in California are constructed according to the 1997 Uniform Building 
Code. A stricter amendment is also included in the code. While some consider that this 
amendment is too conservative, the real increase in materials and labour costs is less than 
2% of the final cost of construction. 

A good code does not need to be complicated. The Structural Engineers Association 
of California (SEAOC) is currently creating a simplified code for smaller, less complex 
structures. Current codes are generally based on the assumptions that engineers are 
experienced, that low-cost construction materials are available, and that builders and 
workers and capable. But many countries may lack the basic human and material resources 
to enforce a code. Thus, the code must consider all the constraints of the system, making 
provisions for countries or regions with limited means.

Hazard investigations 

A site-specific geological hazard report can identify unacceptable locations for building 
construction, such as areas that are prone to landslides, on or near a surface fault, or at 
risk of soil liquefaction conditions. An area-wide geotechnical hazard investigation can 
provide substantial benefits and at a lower cost than site-specific investigations. The 
investigation can vary from a review of existing information to a written report based on 
extensive on-site drilling, testing and soil analysis. 

Independent review

Independent review ensures that calculations, plans and specifications are developed in 
accordance with the code requirements. It also mitigates any potential conflict of interest 
caused by the building’s stakeholders: owners, contractors and designers. Since reviewers 
can also be subject to a conflict of interest, the review should be conducted by an agency 
that is financially and politically independent from the building’s stakeholders.

Code-complying documents should be stamped and signed by the independent agency. 
Substitution of unapproved drawings can easily occur if approved plans are not identified. 
The approved plans are then used by the contractor to construct the building, and by 
the inspector to ensure that the contractor has constructed the building correctly. 
Independent review, approval and identification is also required when changes are made 
to the building design before or during construction.
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Ensuring satisfactory school building construction

Qualified builders and good building construction

All contractors, sub-contractors and workers involved in the construction process should 
be certified by an independent agency, which stipulates the minimum qualifications and 
training for all workers. In many countries, simple training of workers is required. For 
example, in an adobe construction, the brick makers and those who lay them should be 
trained, as adobe bricks can vary in strength based on the skill of the labourer and the 
material chosen. Simply staggering the mortar joints when laying bricks can also result in 
substantial increases in shear capacity.

Independent inspection and testing

The benefits of controlling the design are lost if the construction does not adhere to 
the approved plans. This process can add about 2% to the cost of construction. Without 
rigorous inspection and testing, the safety of the building can be compromised as 
building plans may be changed or materials substituted for lower quality, less expensive 
alternatives. The frequency and rigour of testing and inspection can often depend on 
such factors as the complexity of the project, competency of the builder, competency of 
the workers, financial constraints and level of risk aversion.

Experience in California

History of school construction in California

In 1933, the lateral force-resistant design of public schools and other buildings in the state 
was based on estimated wind loads. Engineers assumed that buildings designed to resist 
wind forces would also be able to withstand earthquakes. The Long Beach Earthquake on 
10 April 1933 destroyed 70 schools, and another 120 schools suffered major structural 
damage. Fortunately, the earthquake occurred when the buildings were unoccupied.

Although other earthquakes had occurred in urban areas of California – San Francisco in 
1906 and Santa Barbara in 1925 – the Long Beach Earthquake forced engineers, public 
officials and the general public to make the protection of public structures, particularly 
schools, against earthquakes a public policy goal.

On 10 April 1933, the Field Act was adopted. Following the act, buildings were to be designed 
according to state standards, and plans and specifications prepared by qualified and 
state-registered designers. The quality of construction would be enforced by independent 
review and inspection. In addition, design professionals, the independent inspector and 
the contractor had to certify under penalty of perjury that the building was constructed 
according to the approved plans. The Division of the State Architect (DSA) was established 
as the jurisdictional authority within the state of California to enforce the Field Act.

The Field Act applied to new construction and not to existing pre-1933 school buildings. 
Legislation relating to the continued use or abandonment of these pre-1933 school 
buildings was enacted under the Garrison Act of 1939. These pre-Field Act buildings 
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were not retrofitted to conform to current codes until funding was made available in the 
1970s, following the M6.4 San Fernando earthquake in 1971. California is now trying to 
evaluate and retrofit thousands of school buildings constructed before major changes 
were made to the building code in 1976 following the San Fernando earthquake.

Threats to the programme

Many policy-makers believe that aggressive plan review and construction inspection is too costly 
or time consuming. Legislation is frequently proposed and sometimes adopted that exempts 
certain categories of school building uses from the Field Act requirements. In response, DSA 
undertook a study in 1992 to determine the cost difference between a Field Act-enforced school 
building and a private school building constructed to the unamended code and enforced by 
local jurisdictions. The results showed that the cost of construction in the Field Act-enforced 
school building increased the project cost by less than 4%. Most of the increased costs were 
associated with a requirement for continuous on-site inspection and more frequent testing. Less 
than 1.5% of the cost was associated with the stricter building code. 

There are over 500 local jurisdictions in California, and current proposed legislation 
may give them the authority to enforce plan review and construction inspection. This 
legislation would result in increased inconsistencies in review and construction inspection. 
It would also force local jurisdictions to contract out the plan review, as the number of 
structural engineers in California is insufficient to meet the needs of 500 jurisdictions. 
This arrangement would add another administrative layer to the process and may result 
in conflicts of interest, inconsistencies and errors. Local building departments may also be 
subject to greater political and economic pressures.

Primary barriers to success

Two principal barriers to the success of the programme can be identified. First, as funding 
for school construction is unstable and the quantity of work often exceeds staff capacity, 
schedule pressures can lead to less aggressive inspection and less rigorous plan review. 
Second, the 1933 Field Act does not adequately address the risk posed by non-structural 
elements, which often come loose and fall during moderate earthquakes. Although parts 
of the code do address non-structural hazards – DSA has published guides for school 
districts regarding anchoring and bracing televisions, bookcases, etc. to assist them in 
identifying and mitigating non-structural hazards – many of these protection devices are 
ignored as new teachers make changes in their classrooms.

Primary successes

DSA has been reviewing plans and overseeing the construction of public school buildings 
for over 70 years. In that time, no pupil or teacher has been injured or killed due to the 
failure of a building as a result of an earthquake, wind, snow or other loads. One student 
died due to injuries sustained when a wall collapsed (the wall had not been approved by 
DSA) due to wind loads and dry rot in its posts. In the history of the Field Act, few school 
buildings have been so severely damaged in an earthquake as to require demolition. 
Public awareness of the success of the school programme has discouraged any change to 
the programme that might threaten its safety record.




