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Figure C4-12. Plastic Hinge Formation

4.4.1.1 General

44.1.1.1 REDUNDANCY: The number of lines of moment frames in each direction shall be greater
than or equal to 2.0 for Life Safety and for Inmediate Occupancy. The number of bays of moment
frames in each line shall be greater than or equal to 2.0 for Life Safety and 3.0 for Immediate
Occupancy.

Tier 2 Evaluation Procedure: An analysis in accordance with the procedures in Section 4.2 shall be
performed. The adequacy of all elements and connections in the frames shall be evaluated.
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Figure C4-13. Redundancy along a Line of Moment Frame

4.4.1.2 Moment Frames with Infill Walls

4.4.1.2.1 INTERFERING WALLS: All concrete and masonry infill walls placed in moment frames
shall be isolated from structural elements.

Tier 2 Evaluation Procedure: An analysis in accordance with Section 4.2 shall be performed. The demands
imparted by the structure to the interfering walls, and the demands induced on the frame, shall be calculated.
The adequacy of the interfering walls and the frame to resist the induced forces shall be evaluated.
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44.1.3 Steel Moment Frames

4.4.1.3.1 DRIFT CHECK: The drift ratio of the steel moment frames, calculated using the Quick
Check procedure of Section 3.5.3.1, shall be less than 0.025 for Life Safety and 0.015 for Immediate
Occupancy.

Tier 2 Evaluation Procedure: An analysis in accordance with Section 4.2 shall be performed. The adequacy
of the beams and columns, including P-A effects, shall be evaluated using the m-factors in Table 4-5.
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4.4.1.3.2 AXIAL STRESS CHECK: The axial stress due to gravity loads in columns subjected to
overturning forces shall be less than 0.10F, for Life Safety and Immediate Occupancy. Alternatively,
the axial stress due to overturning forces alone, calculated using the Quick Check procedure of Section
3.5.3.6, shall be less than 0.30F, for Life Safety and Immediate Occupancy.

Tier 2 Evaluation Procedure: An analysis in accordance with Section 4.2 shall be performed. The gravity
and overturning demands for non-compliant columns shall be calculated, and the adequacy of the columns to
resist overturning forces shall be evaluated using the m-factors in Table 4-5.
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4.4.1.3.3 MOMENT-RESISTING CONNECTIONS: All moment connections shall be able to
develop the strength of the adjoining members or panel zones.

Tier 2 Evaluation Procedure: An analysis in accordance with Section 4.2 shall be performed. The
adequacy of the members and connections shall be evaluated using the m-factors in Table 4-5.

+ +
+ +
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Figure C4-14. Pre—Northridge-Type
Connection
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4.4.1.3.4 PANEL ZONES: All panel zones shall have the shear capacity to resist the shear demand
required to develop 0.8 times the sum of the flexural strengths of the girders framing in at the face of

the column.

Tier 2 Evaluation Procedure: An analysis in accordance with Section 4.2 shall be performed. The demands
in non-compliant joints shall be calculated, and the adequacy of the panel zones for web shear shall be
evaluated using the m-factors in Table 4-5.

4.4.1.3.5 COLUMN SPLICES: All column splice details located in moment-resisting frames shall
include connection of both flanges and the web for Life Safety, and the splice shall develop the strength
of the column for Immediate Occupancy.

Tier 2 Evaluation Procedure: An analysis in accordance with Section 4.2 shall be performed. The gravity
and seismic demands shall be calculated, and the adequacy of the splice connection shall be evaluated.

-C c4 4. 1.3 5 Column Sphces

4.4.1.3.6 STRONG COLUMN/WEAK BEAM: The percentage of strong column/weak beam joints in
each story of each line of moment-resisting frames shall be greater than 50 percent for Life Safety and
Immediate Occupancy.

Tier 2 Evaluation Procedure: An analysis in accordance with Section 4.2 shall be performed. The
adequacy of the columns to resist calculated demands shall be evaluated using an m-factor equal to 2.5.
Alternatively, the story strength shall be calculated and checked for the capacity to resist one-half of the total
pseudo lateral force.
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it can be demonstrated

44.1.3.7 COMPACT MEMBERS: All frame elements shall meet section requirements set forth by
Seismic Provisions for Structural Steel Buildings Table 1-9-1 (AISC, 1997).

Tier 2 Evaluation Procedure: An analysis in accordance with Section 4.2 shall be performed. The
adequacy of non-compliant beams and columns shall be evaluated using the m-factors in Table 4-5.

4.4.1.3.8 BEAM PENETRATIONS: All openings in frame-beam webs shall be less than one-fourth
of the beam depth and shall be located in the center half of the beams. This statement shall apply to the
Immediate Occupancy Performance Level only.

Tier 2 Evaluation Procedure: An analysis in accordance with Section 4.2 shall be performed. The shear
and flexural demands on non-compliant beams shall be calculated. The adequacy of the beams considering
the strength around the penetrations shall be evaluated.

ASCE 31-03 Seismic Evaluation of Existing Buildings 4-57

This is a preview. Click here to purchase the full publication.



https://www.civilenghub.com/ASCE/111149492/ASCE-31?src=spdf

Evaluation Phase (Tier 2)

4.4.1.3.9 GIRDER FLANGE CONTINUITY PLATES: There shall be girder flange continuity
plates at all moment-resisting frame joints. This statement shall apply to the Immediate Occupancy
Performance Level only.

Tier 2 Evaluation Procedure: The adequacy of the column flange to transfer girder flange forces to the
panel zone without continuity plates shall be evaluated.

4.4.1.3.10 OUT-OF-PLANE BRACING: Beam-column joints shall be braced out-of-plane. This
statement shall apply to the Immediate Occupancy Performance Level only.

Tier 2 Evaluation Procedure: An analysis in accordance with Section 4.2 shall be performed. The axial
demands on non-compliant columns shall be calculated, and the adequacy of the column to resist buckling
between points of lateral support shall be evaluated considering a horizontal out-of-plane force equal to 6
percent of the critical column flange compression force acting concurrently at the non-compliant joint.

4.4.1.3.11 BOTTOM FLANGE BRACING: The bottom flanges of beams shall be braced out-of-
plane. This statement shall apply to the Immediate Occupancy Performance Level only.

Tier 2 Evaluation Procedure: An analysis in accordance with Section 4.2 shall be performed. The
adequacy of the beams shall be evaluated considering the potential for lateral torsional buckling of the bottom
flange between points of lateral support.

11 Bottom Fiange Bracing
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Top flanges are typlcally braced by connection to the diaphragm. Bottom flange bracing occurs at discrete
locations, such as at connection points for supported beams. The spacmg of bottom flange bracing may not
‘be close enough to prevent premature lateral torsional bucklmg where selsmrc loads mduce large compression
forces in the bottom flange. :

44.1.4 Concrete Moment Frames

C4, 4 1 4 Concrete Moment Frames ,

Concrete moment frame burldmgs typrcally are more’ flexrble than shear wal] burldmgs ThlS ﬂex1b111ty can -
result in large mter-story drifts that may lead to extensive nonstructural damage and P-A effects. If a concrete
column has a capacity in shear that is less than the shear associated w1th the flexural capamty of the column
brittle column shear failure may occur and result in collapse. This condition is common in buildings in zones
of moderate seismicity and in older buildings in zones of high seismicity. The columns in these buildings
often have ties at standard spacing equal to the depth of the column, whereas current American Concrete
Institute (ACI) code maximum spacing for shear reinforcing is much smaller. The followmg are the
characterlstlcs of concrete moment frames that have demonstrated acceptable sersmlc performance ,

T ;jBrlttle fallure is prevented by provrdmg a sufﬁment number of beam stlrrups column ties, and Jomt ties to
© ensure that the shear. capacrty of all elements exceeds the shear assoc1ated with ﬂexural capacrty

2. "Concrete conﬁnement is provnded by beam stirrups and column tnes in'the form of closed hoops with 135-
' degree hooks at locatlons where plastlc hinges are expected to occeur.

3. Overall performance is enhanced by long lap spllces that are restrlcted to favorable locatlons and
»protected ‘with additional transverse reinforcement.

4.  The strong column/weak beam requlrement is achieved by suitable proportioning of the members and
their longrtudmal remforcmg

'?Older frame' systems: that are hghtly remforced ‘precast concrete’ frames and ﬂat slab frames usually do not
~meet the detall requlrements for ductrle behav1or : S

4.4.1.4.1 SHEAR STRESS CHECK: The shear stress in the concrete columns, calculated using the
Quick Check procedure of Section 3.5.3.2, shall be less than the greater of 100 psi or 2 /s« for Life
Safety and Immediate Occupancy.

Tier 2 Evaluation Procedure: An analysis in accordance with Section 4.2 shall be performed. The
adequacy of the concrete frame elements shall be evaluated using the m-factors in Table 4-6.

.C44.1. 4.1 Shear Stress Check

;The shear stress check provrdes a qulck assessment of the overall level of demand on the structure The
concern 1s the overall strength of the bulldmg
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4.4.1.4.2 AXIAL STRESS CHECK: The axial compressive stress due to gravity loads in columns
subjected to overturning forces shall be less than 0.10f". for Life Safety and Immediate Occupancy.
Alternatively, the axial compressive stress due to overturning forces alone, calculated using the Quick
Check procedure of Section 3.5.3.6, shall be less than 0.30f", for Life Safety and Immediate Occupancy.

Tier 2 Evaluation Procedure: An analysis in accordance with Section 4.2 shall be performed. The gravity
and overturning demands for non-compliant columns shall be calculated, and the adequacy of the columns to
resist overturning forces shall be evaluated using the m-factors in Table 4-6.

4.4.1.4.3 FLAT SLAB FRAMES: The lateral-force-resisting syétem shall not be a frame consisting
of columns and a flat slab/plate without beams.

Tier 2 Evaluation Procedure: An analysis in accordance with Section 4.2 shall be performed. The

adequacy of the concrete frame including prestressed elements shall be evaluated using the m-factors in
Table 4.4.

44.144 PRESTRESSED FRAME ELEMENTS: The lateral-force-resisting frames shall not
include any prestressed or post-tensioned elements where the average prestress exceeds the lesser of

700 psi or f'./6 at potential hinge locations. The average prestress shall be calculated in accordance
with the Quick Check procedure of Section 3.5.3.8.

Tier 2 Evaluation Procedure: An analysis in accordance with Section 4.2 shall be performed. The
adequacy of the slab-column system for resisting seismic forces and punching shear shall be evaluated using
the m-factors in Table 4-6.
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