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(GILD) Irregularity
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Gravity-Induced Lateral Demand Irregularity
9 Gravity-induced lateral demand irregularity on the SFRS shall be considered to exist where the ratio, 2O
a., calculated in accordance with Sentence 4.1.8,10.(5), exceeds 0.1 for an SFRS with self-centering

National

Building Code . * characteristics and 0.03 for other systems.

of Canada

5) The ratio, o, for a Type 9 irregularity as described in Table 4.1.8.6. shall be
determined independently for each orthogonal direction using the following equation:

a = QG/Qy
where
Q¢ = gravity-induced lateral demand on the SFRS at the critical level of the
yielding system, and Q, >R,V
Q, = the resistance of the yielding mechanism required to resist the minimum Y
~ earthquake loads, which need not be taken as less than R, multiplied by V=ST, )M,I;W/(R;R,)
the minimum lateral earthquake force as determined in Article 4.1.8.11.
or 4.1.8.12., as appropriate.
(See Note A-4.1.8.10.(5). (4.1.8.12. Dynamic Analysis Procedure )

(4.1.8.11. Equivalent Static Force Procedure for
Structures Satisfying the Conditions of

Article 4.1.8.7.)
A (4.1.8.7. Methods of Analysis)
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6) For buildings with a Type 9 irregularity as described in Table 4.1.8.6. and where
I:F,S.(0.2) is equal to or greater than 0.5, deflections determined in accordance with
Article 4.1.8.13. shall be multiplied by 1.2.

Bailding Code} 7) Structures where the value of i, as determined in accordance with Sentence (5),
s ' exceeds twice the limits specified in Table 4.1.8.6. for a Type 9 irregularity, and where
I¢F,S,(0.2) is equal to or greater than 0.5 are not permitted unless determined to be
acceptable based on non-linear dynamic analysis studies. (See Note A-4.1.8.10.(7).)

\f
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Table J-2 summarizes how the NBC addresses SFRSs with a Type 9 irregularity. The amplification of
displacements due to GILD is only taken into account for buildings with a Type 9 irregularity that
are constructed in regions of high seismicity (i.e., where IgF,S,(0.2) 2 0.5), by multiplying deflections
by 1.2. For such buildings with large values of a (a > 0.2 for SFRSs with self-centering characteristics
and « > 0.06 for other SFRSs), the Linear Dynamic Analysis procedures of the NBC 2015 do not
provide a reliable estimate of the displacement demands; however, non-linear time-step dynamic

/ e
=

National

Beding Code'y, 4911 analyses performed according to NBC Article 4.1.8.12. can provide a more reliable estimate if the

of Canada

GILD is directly included in the model and special care is taken to adequately model the hysteretic
characteristics of the SFRS. Designers are advised to use experimental data to assess the adequacy
of the modeling of the hysteretic characteristics, which depend on many factors, including axial
loads and section details.

Table J-2
Summary of Code Requirements for Gravity-Induced Lateral Demand Irregularity (Type 9) According to o Ratio
SFRSs with Self-centering Other SFRSs Code Requirement
Characteristics
o< 0.1 o < 0.03 Not considered Type 9

Post-disaster buildings where I¢F,S,(0.2) = 0.35: Type 9 not allowed(")
Other buildings where IgF,S,(0.2) > 0.5: multiply deflections by 1.2(2

Post-disaster buildings where I¢F,S,(0.2) = 0.35: Type 9 not allowed(!)
o>02 o > 0.06 Other buildings where 1cF,S;(0.2) = 0.5: non-linear dynamic analysis
studies required®

01<a<02 0.03 < o <0.06

(1) See NBC Clause 4.1.8.10.(2)(a).
(2 See NBC Sentence 4.1.8.10.(6).
3 See NBC Sentence 4.1.8.10.(7).
VO
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Section 4.5.3

2o

Ductile and limited ductile structures, which have been designed on the basis of either
the equivalent static or modal response spectrum methods of analysis, shall be
assessed for their potential increase in lateral displacements due to ratcheting by

calculating the ratcheting index, “r;”.
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U.S. codes have not yet addressed gravity-induced lateral demands. The
work reported in Dupuis et al. (2014), which led to provisions in the National
Building Code of Canada, is limited to shear wall buildings and does not
include assessment of relative collapse probability. This report includes

analytical studies of steel and reinforced concrete moment frame systems
with gravity-induced lateral demands (V7) to test whether it is advisable to

Assessing Seismic Performance

of Buildings with add a corresponding structural irregularity to U.S. codes.
Configuration Irregularities
ﬁﬂ::ﬂ::zf‘ﬁ";s:;ﬂmw Pracioes Table 6-4  GILD Archetype Space Table 2-1 Structural Irregularities in U.S. Codes and their Treatment in this Report
= System Types Analysis Used for Design Structural Irregularities Codified in Treatment in this Report
G TEMA Jb\@' RC Steel H1. Torsional (stiffness) iregularity ASCE/SEI 7-16 Analysis
Moment Moment Irregular GILD -
Frame Frame Stories SDC Stories Ratios H2. Reentrant corner irregularity ASCE/SEI 7-16 Discussion
Ordinary 12 B 1,2 0.5 X H3. Diaphragm discontinuity irregularity ASCE/SEI 7-16 Discussion
Special 12 [» . 1,2 0.5 x H4. Out-of-plane offset irregularity ASCE/SEI 7-16 Discussion
Ordinary 20 B 1,7,14 1 0.1,0.3, 0.5 x H5. Nonparallel system irregularity ASCE/SEI 7-16 Discussion
Special 20 Do | 1,7,15 | 0.1,03,0.6 b H6." Torsional strength irregularity ASCE/SEl 41-17 Analysis
Irrecular: V1. Soft story irmegularity ASCE/SEI 7-16 Analysis
(,‘]1]) ratio = & N Targct V2. Weight (mass) irregularity ASCE/SEI 7-16 Analysis
(_)r va lue V3. Vertical geometric irregularity ASCE/SEI 7-16 Discussion
V4. In-plane discontinuity ... irregularity ASCE/SEI 7-16 Discussion
V5. Weak story irregularity ASCE/SEI 7-16 Analysis
(~ )h V6." Story mechanism: weak-column/strong-beam ACI 318-14, ANSI/AISC 341-16 Analysis
(-);_ i V7. Gravity-induced lateral demand Analysis
V8.1 Wall discontinuity Limited analysis
Figure 6-14 Gravity-induced lateral demand (GILD). " The designations “H6" and “V6"-“V8” are used in order to extend the ASCE/SEI 7-16 code designations to additional

irregularities addressed in this report.
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v ‘ Q, ‘ My ‘ CMR ‘ SSF ‘ ACMR ‘ ACMR ‘ SM., cr20% SM,carion
Performance group NO.1
S3-0 3.1 6.25 | 2.104 | 1.31 2.756 3.079 47 18
S4-0 3.3 538 | 1909 | 131 2.501 3.079 33 18
S6-0 32 7 2742 | 143 3.921 3.079 109 18
S8-0 3.0 6.77 | 2244 | 149 3.344 3.079 78 18
S10-0 2.7 5.67 | 1.863 | 1.49 2.776 3.079 48 18
S12-0 29 6.09 | 2.340 | 1.51 3.533 3.079 88 18 - . H
S16-0 2.4 5.4 1.840 | 148 2.723 3.079 45 18 Quantification OfBujldjng
Performance group NO.2 Seismic Performance
OI3-5 33 5 2.038 | 1.26 2.568 2.689 37 Factors
0OlI4-5 3.4 5.4 1.908 | 131 2.499 2.689 33 e
0OI6-5 3.1 6.25 | 2.378 1.4 3.329 2.689 77
OI8-5 2.8 5.98 1.98 1.46 2.891 2.689 54 & FEMA fiohip
OI10-5 2.4 6.02 | 1.549 | 1.51 2.339 2.689 24
Ol12-5 2.3 6.27 1.65 1.52 2.508 2.689 33
Performance group NO.3
OI3-7 3.2 4.67 | 1951 | 1.25 2.439 2.535 30 -3 . e . 4 F o .
O14-7 33 5.62 | 1.896 | 1.38 2.616 2.535 39 -3 '"'\'3['3 G R )LH" 9° a5 ol J?’J J‘fls o ‘>)SJ'°'° gf’L‘)
Ol6-7 29 559 | 2282 | 137 3.126 2.535 66 -3
018-7 2.8 576 | 1933 | 145 2.803 2.535 49 -3 _ . .
OI10-7 | 24 | 62 | 1592 | 152 | 242 2535 29 3 09,5 1o &g MCE 43Jj co (352,98 Jloi| bawgio ™
Ol12-7 2.3 7.13 1.53 1.57 2.402 2.535 28 -3 AL oS o 3 Sles
Ol16-7 2.3 526 | 1319 | 147 1.939 2.535 3 -3 ML‘ L”’ o) bee
Performance group NO.4
13-5 34 483 | 1.746 | 1.24 2.165 2.659 15 . .
4-5 | 40 | 675 | 2125 | 135 | 2869 | 2.659 53 Jae y2 6l MCE 45 cod Ghj 9,8 Szl bawgie ™
16-5 3.4 6.73 | 1.714 | 141 2.417 2.659 29 Al oS L OV o Sles g
18-5 3.6 7.36 | 2.138 | 1.49 3.186 2.659 69 — 2 2) ! 09;
Performance group NO.5
13-7 4.0 467 | 1955 | 1.24 2.424 2.78 29
14-7 4.0 635 | 1981 | 1.33 2.635 2.78 40
16-7 4.0 7.07 | 1914 | 141 2.699 2.78 44
18-7 4.2 7.34 | 2255 | 149 3.36 2.78 79
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K4 Sur O Hr CMR | SSF ACMR ACMR SM MR 20% SM.enries
Performance group NO.6
OID3-5 1.5 3.4 531 | 2123 | 1.27 2.696 3.332 43 28
OID4-5 | 1.24 3.5 546 | 2176 | 131 2.851 3.332 52 28
OID6-5 | 0.89 34 6.72 | 2.825 | 142 4.012 3.332 113 28
OID8§-5 0.7 34 6.88 | 2694 | 15 4.041 3.332 115 28
OID10-5 | 0.59 3.1 6.00 | 2.037 | 1.51 3.076 3.332 64 28
OIDI12-5 | 0.5 3.0 6.55 | 2152 | 1.54 3.314 3.332 76 28
Performance group NO.7
0OID3-7 1.5 33 581 | 2.141 | 1.28 2.74 3.368 46 29
OID4-7 | 1.24 3.6 531 | 2221 | 131 291 3.368 55 29
OID6-7 0.9 3.5 6.59 | 2.806 | 1.41 3.956 3.368 110 29
OID8-7 | 0.75 3.2 6.62 | 2709 | 1.46 3.955 3.368 110 29
OID10-7 | 0.59 3.2 6.35 | 2215 | 1.53 3.389 3.368 80 29
OID12-7 | 0.53 2.9 7.02 | 2.032 | 1.56 3.17 3.368 69 29
OID16-7 | 0414 | 33 559 | 2321 | 149 3.458 3.368 84 29
Performance group NO.8
ID3-5 1.5 3.7 5.87 | 2593 | 1.28 3.319 4.364 71 67
1D4-5 1.32 4.7 7.07 | 2782 | 1.35 3.756 4.364 100 67
1D6-5 1.01 5.3 7.18 | 3.486 | 1.41 4915 4.364 161 67
ID8-5 0.83 5.5 7.92 | 3.669 | 1.49 5.467 4.364 191 67
Performance group NO.9
ID3-7 1.5 5.0 494 | 2721 | 1.25 3.401 4.436 81 70
1D4-7 1.41 5.5 6.00 | 2991 | 131 3.918 4.436 108 70
1D6-7 1.125 | 5.5 8.50 | 3.687 | 141 5.199 4.436 177 70
ID8-7 0.96 5.5 8.70 | 3.603 | 145 5.224 4.436 178 70
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