
should be noted. Depending on the extent to which the geotechnical report
is relied upon, it may be appropriate to append a copy of this geotechnical
report, or at least key excerpts from it, to the CalARP seismic report.

4) Provide a discussion of the determination of each of the seismic hazards
listed in Section 2, and the basis for the determination of each. In
particular, where ground response spectra are used as the basis for the
CalARP seismic assessment, they should be referenced along with the basis
for determining the ground response spectra (See Section 2.1). Compare
the current CalARP seismic loading to the prior evaluations seismic
loading and comment.

5) Provide a discussion of items with a recommendation for remediation or
additional evaluation from a prior evaluation and list the status of these
prior recommendations. Prior recommendations should be categorized as
having been sufficiently addressed, partially addressed with further action
still required, or not addressed. Prior recommendations should always be
completed unless the reviewer can demonstrate in writing that the prior
recommendation is not needed anymore and the basis for this
determination.

6) For each reviewed item, provide an assessment of its structural adequacy to
resist the estimated seismic ground shaking for the site.

a. The assessment should include a noting of any deterioration in the
physical condition of the reviewed item that was observed in the field
walkdown, such as excessive corrosion, concrete spalling, etc.

b. The assessment should indicate the basis used. This would include
visual observations made during a walkdown and corroborating photo-
graphs. Depending on the circumstances, the assessment may also be
based on drawing reviews or structural/seismic calculations.

7) Provide recommendations for conceptual measures that will alleviate
seismic deficiencies. These recommendations may include:

a. Strengthening of structural elements

b. Addition of new structural elements

c. Reduction or redistribution of the seismic forces

d. Measures for reducing the effects of a seismic hazard as identified in
Section 2, etc.

8) Provide a recommendation for further study or detailed design for items
that appear to be seismically deficient or for items which are clearly deficient
but for which an adequate seismic risk-reduction measure is not obvious.
Such further study may involve a structural issue or it may involve a study
on how to address a seismic hazard in Section 2. Include prior recommen-
dations that were not addressed or which were not addressed adequately
since the last evaluation.
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9) The revalidation CalARP report should be signed and stamped by the
Responsible Engineer (see Section 1.5).

10) The revalidation CalARP report should discuss all deficiencies and recom-
mendations identified during this evaluation regardless of whether or not
they were contained in previous evaluation findings. Provide a photograph
showing the identified deficiency if possible.

11) A list of the drawings that were reviewed should be included (including
date and revision number) when drawing reviews form part of the basis for
determining the seismic adequacy of structures or equipment.

12) Supplementary documentation of the observations made and the assess-
ments performed. These may include photographs (where permissible)
and copies of walkdown sheets.
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Table 1. Ductility-Based Reduction Factors (Q) for Existing Structures and Systems

A. STRUCTURES SUPPORTING EQUIPMENT

This covers structures whose primary purpose is to

support equipment, such as air coolers, spheres,

horizontal vessels, exchangers, heaters, vertical vessels

and reactors, etc.

Q

1. Steel structures

Ductile moment frame (see Note 8)

Use Q=6 if there is a significant departure from the

intent of the 1988 (or later) UBC for special moment-

resisting frames.

6 or 8

Ordinary moment frame (see Note 8)

The following structural characteristics are usually

indicative of a Q=2 value (also see Note 7):

a. There is a significant strength discontinuity in any of

the vertical lateral force resisting elements, i.e., a

weak story.

b. There are partial penetration welded splices in the

columns of the moment resisting frames.

c. The structure exhibits “strong girder-weak column”

behavior, i.e., under combined lateral and vertical

loading, hinges occur in a significant number of

columns before occurring in the beams.

The following structural characteristics are usually

indicative of a Q=4 value (also see Note 7):

d. Any of the moment frame elements is not compact.

e. Any of the beam-column connections in the lateral

force resisting moment frames does not have both:

(1) full penetration flange welds; and (2) a bolted or

welded web connection.

f. There are bolted splices in the columns of the

moment resisting frames that do not connect both

flanges and the web.

2, 4 or 5

(Continued)
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Table 1. Ductility-Based Reduction Factors (Q) for Existing Structures and Systems

(Continued)

Braced frame

The following structural characteristics are usually

indicative of a Q=2 value (also see Note 7):

a. There is a significant strength discontinuity in any of

the vertical lateral force resisting elements, i.e., a

weak story (see ASCE7-10 Table 12.3-2).

b. The bracing system includes “K” braced bays. Note:

“K” bracing is permitted for frames of two stories or

less by using Q=2. For frames of more than two

stories, “K” bracing must be justified on a case-by-

case basis.

c. Brace connections are not able to develop the

capacity of the diagonals.

d. Column splice details cannot develop the column

capacity.

The following structural characteristics are usually

indicative of a Q=4 value (also see Note 7):

e. Diagonal elements designed to carry compression

have (kl/r) greater than 120.

f. The bracing system includes chevron (“V” or inverted

“V”) bracing that was designed to carry gravity load

and/or beams not designed to resist unbalanced

load effects due to compression buckling and brace

yielding.

g. Tension rod bracing with connections which

develop rod strength.

2, 4 or 5

Cantilever column

The following structural characteristics are usually

indicative of a Q=2.0 value (also see Note 7):

a. Column splice details cannot develop the column

capacity.

b. Axial load demand represents more than 20% of the

axial load capacity.

2 or 3.5

(Continued)
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Table 1. Ductility-Based Reduction Factors (Q) for Existing Structures and Systems

(Continued)

A. STRUCTURES SUPPORTING EQUIPMENT

(Continued)

Q

2. Concrete structures

Ductile moment frame

Use Q=6 if there is a significant departure from the

intent of the 1988 (or later) UBC for special moment-

resisting frames. If shear failure occurs before flexural

failure in either beam or column, the frame should be

considered an ordinary moment frame.

6 or 8

Intermediate moment frame

Ordinary moment frame

The following structural characteristics are usually

indicative of a Q=1.5 value (also see Note 7):

a. There is a significant strength discontinuity in any

of the vertical lateral force resisting elements, i.e., a

weak story.

b. The structure exhibits “strong girder - weak

column” behavior, i.e., under combined lateral and

vertical loading, hinges occur in a significant

number of columns before occurring in the beams.

c. There is visible deterioration of concrete or

reinforcing steel in any of the frame elements, and

this damage may lead to a brittle failure mode.

d. Shear failure occurs before flexural failure in a

significant number of the columns.

The following structural characteristics are usually

indicative of a Q=2.5 value (also see Note 7):

e. The lateral resisting frames include prestressed

(pretensioned or post-tensioned elements).

f. The beam stirrups and column ties are not

anchored into the member cores with hooks of 135°

or more.

g. Columns have ties spaced at greater than d/4

throughout their length. Beam stirrups are spaced

at greater than d/2.

h. Any column bar lap splice is less than 35 db long.

Any column bar lap splice is not enclosed by ties

spaced 8 db or less.

i. Development length for longitudinal bars is less

than 24 db.

j. Shear failure occurs before flexural failure in a

significant number of the beams.

4 1.5, 2.5 or 3.5

(Continued)
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Table 1. Ductility-Based Reduction Factors (Q) for Existing Structures and Systems

(Continued)

Shear wall

The following structural characteristics are usually

indicative of a Q=1.5 value (also see Note 7):

a. There is visible deterioration of concrete or

reinforcing steel in any of the frame elements, and

this damage may lead to a brittle failure mode.

b. There is a significant strength discontinuity in any of

the vertical lateral force resisting elements, i.e., a

weak story.

c. Any wall is not continuous to the foundation.

The following structural characteristics are usually

indicative of a Q=3 value (also see Note 7):

d. The reinforcing steel for concrete walls is not greater

than 0.0025 times the gross area of the wall along

both the longitudinal and transverse axes. The

spacing of reinforcing steel along either axis

exceeds 18 inches.

e. For shear walls with H/D greater than 2.0, the

boundary elements are not confined with either: (1)

spirals; or (2) ties at spacing of less than 8 db.

f. For coupled shear wall buildings, stirrups in any

coupling beam are spaced at greater than 8 db or are

not anchored into the core with hooks of 135° or more.

1.5, 3 or 5

(Continued)
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Table 1. Ductility-Based Reduction Factors (Q) for Existing Structures and Systems

(Continued)

Cantilever pier/column

The following structural characteristics are usually

indicative of a Q=1.5 value (also see Note 7):

a. There is visible deterioration of concrete or

reinforcing steel in any of the elements, and this

damage may lead to a brittle failure mode.

b. Axial load demand represents more than 20% of the

axial load capacity.

The following structural characteristics are usually

indicative of a Q=2.5 value (also see Note 7):

c. The ties are not anchored into the member cores

with hooks of 135° or more.

d. Columns have ties spaced at greater than d/4

throughout their length. Piers have ties spaced at

greater than d/2 throughout their length.

e. Any pier/column bar lap splice is less than 35 db
long. Any pier/column bar lap splice is not enclosed

by ties spaced 8 db or less.

f. Development length for longitudinal bars is less than

24 db.

1.5, 2.5 or 3.5

B. EQUIPMENT BEHAVING AS STRUCTURES WITH

INTEGRAL SUPPORTS

Q

1. Vertical vessels/heaters or spheres supported

by:

Steel skirts

The following structural characteristics are usually

indicative of a Q=2 value (also see Note 7):

a. The diameter (D) divided by the thickness (t) of

the skirt is greater than 0.441*E/Fy, where E

and Fy are the Young's modulus and yield

stress of the skirt, respectively.

2 or 4

(Continued)
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Table 1. Ductility-Based Reduction Factors (Q) for Existing Structures and Systems

(Continued)

Steel braced legs without top girder or stiffener

ring

The following structural characteristics are usually

indicative of a Q=1.5 value (also see Note 7):

a. The bracing system includes “K” braced bays.

b. Brace connections are not able to develop the

capacity of the diagonals.

c. Column splice details cannot develop the

column capacity.

The following structural characteristics are usually

indicative of a Q=3 value (also see Note 7):

d. Diagonal elements designed to carry

compression have (kl/r) greater than 120.

e. The bracing system includes chevron (“V” or

inverted “V”) bracing that was designed to

carry gravity load and/or beams not designed

to resist unbalanced load effects due to

compression buckling and brace yielding.

f. Tension rod bracing with connections which

develop rod strength.

1.5, 3 or 4

Steel unbraced legs without top girder or

stiffener ring

The following structural characteristics are usually

indicative of a Q=1.5 value (also see Note 7):

a. Column splice details cannot develop the

column capacity.

b. Axial load demand represents more than 20%

of the axial load capacity.

2. Chimneys or stacks

1.5 or 2.5

Steel guyed 4

Steel cantilever 4

Concrete 4

(Continued)
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