By David C. MacGregor, PE. and Gregory J. Riley, RE.

Renovating or altering an existing building always presents
design professionals with challenges, such as obtaining accurate
field information and unexpected existing conditions discover-
ed during construction. With the adoption of the International
Building Code (IBC), designing and detailing to make existing
buildings conform to the structural requirements of the Code
became more difficult.

This article discusses some of the more important IBC
structural provisions related to existing building renovation
or alteration, provides examples to illustrate the provisions,
and raises points for further consideration. Most importantly,
it points out why structural engineers should proactively
educate architects, developers, contractors *& buildin.
officials about the IBC provisions in orderﬁxp&oid assuming a
disproportionate share of the liability for non-compligfice with

the IBC building code.
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tal additions so that they are structurally separate from existing
buildings. Significant additional gravity and/or lateral load from
the addition resisted by the existing elements will require that
the affected existing structural elements be capable
of supporting the current building code loads.
Due to the very large increase in IBC-required
earthquake ground motions over much of
the eastern United States, it is unlikely
that an existing building constructed
prior to the adoption of IBC-2000 can
resist the lateral loads required in IBC-
2003. The dead, live, and wind design
forces have not changed as dramati-
cally as the seismic forces and present
fewer problems, although drifted snow
requirements can create problems for
buildings where drifts were not origi-
nally considered.

Compared to building additions, it is
significantly more difficult to avoid trig-
gering the IBC provisions when altering
——— an existing structure, particularly unre-
inforced masonry structures common
in areas of the country that were not
historically considered seismi-
cally active. In these types of
structures it is difficult
to avoid altering the
shear walls,
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y Chapter 16 of d
ﬁ building shall be capable of supporting the minimum load

How and Why IBC Provisions
Affect Your Projects, Liability,
Clients, and Nearly Everyone Else

because so many of the “partitions” are actually part of the lat-
eral-force-resisting-system. Even small openings for man-doors,
windows, or duct penetrations reduce the strength of the existing
structural element and may require that the entire lat
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than such building is currently”
of safety or sanitation is to be re-
e portion altered or repaired shall conform to the

nts of Chapters 2@ 12 and 14 through 33”
(emphasis added).

A second proy isio(Sec\jn 3410.4.1, states that “the Owner
shall haveeftrugrurabanalysis of the existing building made to
determinefthe adequacy of the structural systems for the pro-
ation, addition, or change of occupancy. The exist-

requirements of Chapter 16” (emphasis added). This is very
similar to a commonly used provision in the 1999 National
Building Code (NBC), except that the NBC provision required
only that the existing building be capable of resisting the /ive
load requirements of Chapter 16; since live loads have changed
little through the years, most existing buildings were adequate
for the live loads and did not need to have their lateral-force-
resisting-systems retrofitted. This small change from the BOCA
National Building Code to the IBC has made it much more dif-
ficult to renovate existing buildings without needing to upgrade
the lateral system to conform to the current IBC Code.

To summarize, seemingly minor modifications such as creating
small openings in shear walls or the addition of seismic mass
would technically make the building less safe and both 3410.2.4
and 3410.4.1 would require that the entire structure conform
to the IBC chapter 16 requirements, including the seismic
provisions as discussed above.

Earthquake Loads — General

The relevant provisions of Section 1614 are generally
consistent with the Chapter 34 provisions. However, Sections
1614.1.1.3 and 1614.3 allow the seismic resistance of structural
elements to be reduced up to 5%, a clear conflict with 3403.2
that allows no reduction in strength before the IBC loads must
be considered. Further, Section 1614.3 states that the entire
seismic-force-resisting system must conform to the current
Building Code in the event that the seismic forces on an existing
element are increased by more than 5% or the seismic resistance
of an existing element is reduced by more than 5%, while
Chapter 34 refers to upgrading only the affected elements.

In IBC-2006, the provisions in IBC-2003 Section 1614 that
relate to additions and alterations have been moved to Chapter
34, but the conflict between the allowed reduction in seismic
resistance and 3403.2 remains. In addition, the allowable
increase in seismic force and reduction in seismic resistance



has been increased to 10 percent “cumulative since the original
construction”, which can be difficult to determine since engineers are
often hired for single projects and may not have any information on
past building modifications.

Technical Challenges

There are a number of technical challenges in applying the IBC pro-
visions to existing buildings. One of these is determining the “existing”
seismic force to use to find the percentage increase in seismic force due
to additions or alterations.
Since many older buildings
constructed prior to mod-
ern Codes were not explic-
itly designed for any lateral
loads, and rely on the building mass for lateral stability, we generally
revert to determining seismic force on the basis of seismic mass pr@(\to
the addition or alteration.

A significant question that is not addressed in the IBC 1gb&%en to test
if the strength of an existing element has been reduced by more t
percent and if the current IBC forces must be resisted. Is the st
measured after the existing element has been alte
new reinforcement is added, or after the existing ele
altered and reinforced? Typically we are intereSted i
completed project, but the IBC sunply states

Code references in this article are to

the IBC-2003 unless otherwise noted.

Many other technical challenges are encountered when trying to
avoid triggering the IBC provisions by providing additional lateral-
force-resisting system elements to replace altered elements. These
challenges include:

* For portions of a masonry shear wall that are removed, it is
extremely difficult to supply a replacement element of sufficient
stiffness, particularly if the replacement element will be fa@'icated
from steel,

* How does one assume that the load is transferred
lateral-force-resisting system element in a structure
the IBC requirement for collectors?

lteration Examples

ed on several types jects that have dealt with
these complicated prov151ons type of project involves
rave

fing an existing @sph ullt -up roof with a ballasted

\(]) t adoptlon of IBC-2000 we would have
existihg roof members for the additional dead load,

but now=%e wo so have to check if the added ballast will result in a
ne @ ndss increase of more than 5%. If it does, the IBC Chapter
6 YoadS are triggered and it is likely that the existing lateral-force-

isting-system will fail under the new seismic loads.
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To try to avoid triggering
the IBC Chapter 16 loads,
we would then check the roof
with a mechanically-fastened
or adhered membrane roof to
avoid adding the ballast. Un-
fortunately, stripping off all or
a portion of the roofing mate-
rial might reduce the dead load
to the point that the wind-in-
duced uplift will be net in-
creased by more than 5% (or
an actual net uplift might be
created with compression in-
troduced into the unbraced bottom flanges or chords) and the IBC
Chapter 16 loads would be triggered. To stay within this narrow range,
we often recommend using a mechanically-fastened or adhereck\@'e\i-
brane roof with sufficient roof pavers to avoid net uplift. QQ*

Another project involved adding 18 large rooftop units g{lring ten.
fit-up to a large 400-foot wide x 660-foot long tilt-up panel ware
with steel roof joist girders and steel joist roof framing. The duct
ings for each unit were approximately 6- x 8-feet an
maximum ductwork economy, meaning thegwere
building. Since we had designed this building)j
2000, increasing the force/decreasing the dec

¢ deck strength and stiffn

s to reduce the stre
d take advantage of the excess in the
oaded edges of each secyi fidec e dec

It was found to

Change of Occupancy Example

Chapter 34 uses increased force to existing elements and/or reduced
strength to determine when an existing structure needs to meet the re-
quirements of the current building code, but Section 1614.2 states that
“When a change of occupancy results in a structure being reclassified
to a higher seismic use group, the structure shall conform to the seis-
mic requirements for a new structure.” While there are some potential
terminology concerns that will be illustrated, this approach raises ques-
tions about the intent of the Code, and ways to balance the economic
and life-safety concerns involved when renovating existing buildings.

An example using Section 1614.2 might involve renovating an exist-
ing office or similar building for use as a police station. The Seismic
Use Group (SUG), based on the “nature of occupancy”, for the existing
Office use is SUG 1, appropriate for an “ordinary” hazard to human life.
The proposed Police use is SUG III “Essential Facilities”. However, the
Occupancy is B, Business for both. It could be argued that the building
code does not require the existing building to be seismically retrofitted
since the Occupancy (based on Chapter 3 provisions) did not change.

However, since the intent of SUG III is that the building needs to
be fully functional after a design-level earthquake, wind storm, or snow
accumulation, basing the upgrade requirement directly on the SUG or
Category from Table 1604.5 rather than the occupancy seems to be a
more accurate method to ensure public safety.

Intent of IBC

The intent of the IBC for existing buildings is not clear, and this
makes it difficult to achieve a consistent interpretation. Although not

directly stated, the IBC appears to intend for existing buildings to be
upgraded incrementally as renovation occurs, such that, if all com-
ponents are eventually altered, renovated, and upgraded, an existing
building will eventually conform to the current building code. How-
ever, IBC-2000 Section 1614.3 changed from requiring an altered
element to meet the provisions of the IBC to requiring “the entire
seismic-force-resisting system...to conform to Sections 1613 through
1623 for a new structure” in IBC-2003. This also conflicts with Sec-
tion 3403.2, which refers only to individual elements.
conflicts make it very difficult to get all of the inte
agree on what constitutes Code-compliance on indivi

masonry structure in a moderate
mprises less than 10% of the total
1th a ductile, steel reinforced, grouted

y unit shear wall so that a man-door can be installed?
obably not sufﬁcie@revent the building from
collapsing during a Maxim n Earthquake, since 90% of
ateral-force-resistly g s{%:nx entirely inadequate according to

i inglanddetailing requirements. Similarly, adding

enetration, etc. through an existing shear wall

veral hundred percent overstressed (using IBC lateral loads) before
afly alterations are made.

The approach taken by IBC Chapter 16 and the International Existing
Building Code-2003 seems to be a more rational way to determine when
to retrofit, since they depend on the SUG of the occupancy to determine
the need for updating the structure. Another possible consideration is an
economic threshold for the work being done, similar to the “substantial
improvement” provisions in Section 1612 Flood Loads. The basis
for this method is that an older building undergoing a substantial
renovation should be expected to last an additional 50 years, and having
it comply with the current building code would be in the best interest
of the public.

The goal with an older building undergoing a minor alteration
would be to maintain approximately the same level of safety as when it
was originally constructed (unless obviously unsafe conditions exist). A
progressive approach sealed to the alteration might be taken in such
a case: an altered element might require no upgrade (provided that
there is a complete load path, for instance), upgrading the element to
the capacity prior to the alteration, or upgrading the element to the
level of the current building code.

Certainly these types of ideas and others were considered when
the IBC was written, but the renovation and alteration of existing
buildings affects so many different parties (municipalities, developers,
design professionals, contractors, etc.) that it seems reasonable that
these parties should be involved in this portion of the Code-writing
process. Otherwise, the significant change in code requirements can
be an unpleasant departure from what the Owner/Developer/Architect
has experienced on past projects.

Conclusions

The IBC has taken a clear position that existing structural elements
must be able to support the current IBC-required design loads if reno-
vations and/or alterations increase the load by more than 5% or if there
is any strength reduction, but this is a significant departure from prior
building codes. Unfortunately, this was adopted into legally-binding
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building codes throughout the country without much of the design and
construction community (design professionals, developers, contractors,
and building officials) being aware of the potential implications when
combined with the large increases in seismic loading in many areas of
the country.

One result of these significant changes is that there have been design
professionals, developers, and building officials who “know” the current
IBC approach doesn’t have any “common sense” when applied to older
buildings and, therefore, they interpret the IBC very loosely. A possible
scenario is one where an owner retains an architect to determine the
feasibility of renovating an existing building and the potential code issues
have already been discussed with the local Building Official prior to a
structural engineer becoming involved in the project. If the Building
Official has already determined that the structural modifications are
minor, it can be difficult to convince the Owner that extensive and
expensive modifications actually are required. However, the structural
engineer of record (SER), not the Building Official, develo
architect, assumes the liability for the decision to ignore %0@ visions
in 1614, 3403.2, or 3410.

If the actual intent of the IBC is that existing buildings sho
substannally upgraded for relatively minor increases in force t
ing elements and/or any reduction in existing capéci
very helpful to design professionals, buildin
construction community if this would be m
parties can have more consiste c ectatlons

On an individual level, the SER needs to understand the building
code requirements and clearly communicate them to the other parties
in order to protect everyone on the design team, especially himself
or herself. The SER who chooses to dismiss or ignore the extensive
retrofitting required by the IBC essentially accepts liability for a
building that is not in conformance with the current Code.

A common challenge after the IBC-2000 was adopted was to con-
vince clients that geotechnical engineers had to be broughw) i into a
project much earlier than previously because determini
Site Class was essential. The challenge now migh
clients that the structural portion of renovation projec
sidered at the earliest possible point.®
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Masonry Facade Re-Anchoring Solutions

Don't Tear it Down or Cover it with Insulation and Stucco
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