


The second method was derived from the recommendations made in a report prepared by 
Dames & Moore in February of 1994 for two similar telescope sites. Design spectra 
equations were generated for 200 year and 500 year hazard spectra. The equations for the 
200 year hazard spectra are shown on page 2 of this note and are based on the oscillation 
period, "T", of the structure. The worst case condition is at a period, T, of between 0.10 
and 0.40 seconds. The horizontal seismic load was 0.65 times the weight of the design 
component. 

All structural components for this project will be analyzed using Allowable Stress design 
procedures. According to UBC Code section 1630.1.1, the vertical seismic component, 
Ev, may be taken as 0 if this method of design is used. This is understandable since the 
strength design equations have adequate safety factors built in. Load and resistance 
factor design applies a multiplier to the actual design loads and designs to component 
failure which is a more aggressive approach. 

If load and resistance factor design is used, a vertical seismic load must be considered. 
Page 2 of these calculations shows both the UBC and Dames & Moore methods of 
computing this vertical load. 

Each method of analysis uses a different approach to find the horizontal seismic force. 
The UBC code method is a more generic approach based on empirical coefficients and a 
ratio of the elevation of the element under consideration to the roof elevation. The 
Dames & Moore response spectra approach is more site specific and relates to the 
flexibility of the structural elements. 

Recommendations: 

The Dames & Moore report recommendations produce larger seismic forces than the 
UBC code method of analysis, thus the UBC code requirements would be satisfied by 
using the Dames & Moore method. Also, the Dames & Moore approach relates more 
closely to this project since it more site specific. The Dames & Moore method of analysis 
provides a logical and conservative approach and should be used for this project. 

Applicable Codes: 

1997 Uniform Building Code, International Conference of Building Officials, 
Whittier California. 



Seismic Hazard Analysis Two Telescope sites Mauna Kea, Hawaii, and Cerro 
Pachon, Chile For Gemini Telescope Project Tucson, Arizona, Dames & Moore, 
Inc. 500 Market Place Tower, 2025 First Avenue, Seattle Washington, February 
25, 1994. 
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1997 UNIFORM BUILDING CODE TABLE 16-A 

TABLE 16-A-UNIFORM AND CONCENTRATED LOADS 
CONCENTRATED 

USE OR OCCUPANCY 
UNIFOR~f)LOADl 

(ps /D~~~SI 
Category D.scrlplton x 0.0479 lor kN/m2 x 0.004 48 lor kN 

1. Access floor systems Office use 50 2,000 2 

Computer use 100 2,000 2 

2. Armories 150 0 

3. Assembly areas-' and auditoriums and balconies 
therewith 

Fixed seating areas 

Movable seating and other areas 

50 

100 

0 

0 

Stage areas and enclosed platforms 125 0 

4. Cornices and marquees 604 0 

5. Exit facilitiesf 100 06 

6. Garages General storage and/or repair 100 7 

Private or pleasure-type motor vehicle storage 50 7 

7. Hospitals Wards and rooms 40 1,0002 

8. Libraries Reading rooms 60 1,000 2 

Stack rooms 125 1,5002 

9. Manufacturing Light 75 2,000 2 

Heavy 125 3,0002 

10. Offices 50 2,000 2 

11. Printing plants Press rooms 150 2,500 2 

Composing and linotype rooms 100 2,0002 

12. Residentialf Basic floor area 40 06 

Exterior balconies 604 0 

Decks 404 0 

Storage 40 0 

13. Restrooms? 

14. Reviewing stands, grandstands, bleachers, and 
folding and telescoping seating 100 0 

15. Roof decks Same as area served or for the type of occupancy 
accommodated 

16. Schools Classrooms 40 1,0002 

17. Sidewalks and driveways Public access 250 7 

18. Storage Light 125 

Heavy 250 

19. Stores 100 3,000 2 

20. Pedestrian bridges and walkways 100 
See Section 1607 for live load reductions. 

2See Section 1607.3.3, first paragraph, for area of load application. . 
3Assembly areas include such occupancies as dance halls, drill rooms, gymnasiums, playgrounds, plazas, terraces and similar occupancies that are generally accessi

ble to the public. 
4When snow loads occur that are in excess of the design conditions, the structure shall be designed to support the loads due to the increased loads caused by drift 

buildup' or a greater snow design as determined by the building official. See Section 1614. For special-purpose roofs, see Section 1607.4.4. 
5Exit facilities shall include such uses as corridors serving an occupant load of 10 or more persons, exterior exit balconies, stairways, fire escapes and similar uses. 
6Individual stair treads shall be designed to support a 300-pound (1.33 kN) concentrated load placed in a position that would cause maximum stress. Stair stringers 

may be designed for the uniform load set forth in the table. 
7See Section 1607.3.3, second paragraph; for concentrated loads. See Table 16-B for vehicle barriers. 
8Residential occupancies include private dwellings, apartments and hotel guest rooms. 
9Restroom loads shall not be less than the load for the occupancy with which they are associated, but need not exceed 50 pounds per square foot (2.4 kN/m2). 

I 
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TABLE 16-B 1997 UNIFORM BUILDING CODE 

TABLE 16-B-SPECIAL LOADS1 
USE VERTICAL LOAD LATERAL LOAD 

Category Deecrlptlon (pounds per equare loot unIeeeotherwisenoted) 
)( 0.0479 lor kN/m 2 

1. Construction, public access at site (live load) Walkway, see Section 3303.6 150 

Canopy, see Section 3303.7 150 

2. Grandstands, reviewing stands, bleachers, and Seats and footboards 1202 See Footnote 3 
folding and telescoping seating (live load) 

3. Stage accessories (live load) Catwalks 40 

Followspot, projection and control rooms 50 

4. Ceiling framing (live load) Over stages 20 

All uses except over stages 104 

5. Partitions and interior walls, see Sec. 1611.5 
(live load) 5 

6. Elevators and dumbwaiters (dead and live loads) 2 x total loads

7. Mechanical and electrical equipment (dead load) I Total loads 

8. Cranes (dead and live loads) Total load including impact increase 1.25 x total loads 0.10 x total load? 

9. Balcony railings and guardrails Exit facilities serving an occupant load greater 
than 50 508 

Other than exit facilities 208 

I Components 259 

10. Vehicle barriers See Section 311.2.3.5 6,00010 

11. Handrails See Footnote 11 See Footnote 11 

12. Storage racks Over 8 feet (2438 mm) high Total loads- See Table 16-0 

13 Fire sprinkler structural support 250 pounds (1112 N) 
1 . plus weight of water- See Table 16-0 
'I 

filled pipeD 

14. Explosion exposure Hazardous occupancies, see Section 307.10 

1The tabulated loads are rrummum loads. Where other vertical loads required by this code or required by the design would cause greater stresses, they shall be used. 
2Pounds per lineal foot (x 14.6 for N/m). 
3Lateral sway bracing loads of 24 pounds per foot (350 N/m) parallel and 10 pounds per foot (145.9 N/m) perpendicular to seat and footboards. 
4Does not apply to ceilings that have sufficient total access from below, such that access is not required within the space above the ceiling. Does not apply to ceilings 

if the attic areas above the ceiling are not provided with access. This live load need not be considered as acting simultaneously with other live loads imposed 
upon the ceiling framing or its supporting structure. 

5Where Appendix Chapter 30 has been adopted, see reference standard cited therein for additional design requirements. 
6The impact factors included are for cranes with steel wheels riding on steel rails. They may be modified if substantiating technical data acceptable to the building 

official is submitted. Live loads on crane support girders and their connections shall be taken as the maximum crane wheel loads. For pendant-operated traveling 
crane support girders and their connections, the impact factors shall be 1.10. 

7This applies in the direction parallel to the runway rails (longitudinal). The factor for forces perpendicular to the rail is 0.20 x the transverse traveling loads (trolley, 
cab, hooks and lifted loads). Forces shall be applied at top of rail and may be distributed among rails of multiple rail cranes and shall be distributed with due regard 
for lateral stiffness of the structures supporting these rails. 

8A load per lineal foot (x 14.6 for N/m) to be applied horizontally at right angles to the top rail. 
9Intermediate rails, panel fillers and their connections shall be capable of withstanding a load of 25 pounds per square foot (1.2 kN/m2) applied horizontally at right 

angles over the entire tributary area, including openings and spaces between rails. Reactions due to this loading need not be combined with those of Foot
note 8. 

lOA horizontal load in pounds (N) applied at right angles to the vehicle barrier at a height of 18 inches (457 mm) above the parking surface. The force may be distrib
uted over a 1-foot-square (304.8-millimeter-square) area. 

llThe mounting of handrails shall be such that the completed handrail and supporting structure are capable of withstanding a load of at least 200 pounds (890 N) 
applied in any direction at any point on the rail. These loads shall not be assumed to act cumulatively with Item 9. 

12Vertical members of storage racks shall be protected from impact forces of operating equipment, or racks shall be designed so that failure of one vertical member 
will not cause collapse of more than the bay or bays directly supported by that member. 

13The 250-pound (1.11 kN) load is to be applied to any single fire sprinkler support point but not simultaneously to all support joints. 
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1997UNIFORM BUILDING CODE	 TABLE 16·C 
TABLE 16·E 

TABLE 16·e-MINIMUM ROOF LIVE LOADS1 
METHOD 1 

Tributary Loaded Are. In Squere Feet lor 
Any Structural Mamber 

x 0.0929 lor m2 

METHOD 2 

1. 

ROOF SLOPE 

Flat-' or rise less than 4 units 
vertical in 12 units horizontal 
(33.3% slope). Arch or dome 
with rise less than one eighth of 
span 

Oto 200 

20 

201 to 600 Over 600 

Unllorm Load (pal) 

x 0.0479 lor kN/m2 

16 12 

Unllorm Load 2 (psI) 

20 

Rate 01 
Reduction, 
(percentage) 

.08 

Maximum 
Reduct!on R 
(percentage) 

40 

2. Rise 4 units vertical to less than 
12 units vertical in 12 units 
horizontal (33% to less than 
100% slope). Arch or dome with 
rise one eighth of span to less 
than three eighths of span 

16 14 12 16 .06 25 

3. Rise 12 units vertical in 12 units 
horizontal (100% slope) and 
greater. Arch or dome with rise 
three eighths of span or greater 

12 12 12 12 

4. Awnings except cloth covered'[ 5 5 5 5 No reductions permitted 

5. Greenhouses, lath houses and 
agricultural buildings 10 10 10 10 

lWhere snow loads occur, the roof structure shall be designed for such loads as determined by the building official, See Section 1614. For special-purpose roofs, 
see Section 1607.4.4. 

2See Sections 1607.5 and 1607.6 for live load reductions. The rate of reduction' in Section 1607.5 Formula (7-1) shall be as indicated in the table. The maximum 
reduction R shall not exceed the value indicated in the table. 

3A flat roof is any roof with a slope of less than 1/4 unit vertical in 12 units horizontal (2% slope). The live load for flat roofs is in addition to the ponding load required 
by Section 1611.7. 

4As defined in Section 3206. 
5See Section 1607.4.4 for concentrated load requirements for greenhouse roof members. 

TABLE 16·D-MAXIMUM ALLOWABLE DEFLECTION FOR STRUCTURAL MEMBERS1 

TYPE OF MEMBER MEMBER LOADED WITH LIVE LOAD ONLY (L.) 
MEMBER LOADED WITH LIVE LOAD PLUS DEAD 

LOAD (L. + K.D.) 

Roof member supporting 
plaster or floor member 1/360 1/240 

. .
ISufflclent slope or camber shall be provided for flat roofs 10 accordance With Section 1611.7.
 
L.-live load.
 
D.-dead load.
 
K-factor as determined by Table 16-E.
 
I-length of member in same units as deflection.
 

TABLE 16·E-VALUE OF "K" 

WOOD 

Unaeasoned I Seasoned1 REINFORCED CONCRETE2 STEEL 

1.0 I 0.5 T/(1+50p') 0 
..

ISeasoned lumber IS lumber having a moisture content of less than 16 percent at time of installation and used under dry conditions of use such as 10 covered 
structures. 

2See also Section 1909 for definitions and other requirements. 
p' shall be the value at midspan for simple and continuous spans, and at support for cantilevers. Time-dependent factor T for sustained loads may be taken equal 
to: 

five years or more 
twelve months 
six months 
three months 

2.0 
1.2 
1.4 
1.0 
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TABLE 16·F 1997 UNIFORM BUILDING CODE 
TABLE 16·G 

TABLE 16·F-WIND STAGNATION PRESSURE (qs) AT STANDARD HEIGHT OF 33 FEET (10 058 mm) 

I Basic wind speed (mph)! (x 1.61 for km/h) 70 80 90 100 110 120 130 

I Pressure <is (psf) (X 0.0479 for kN/m2) 12.6 16.4 20.8 25.6 31.0 36.9 43.3 

lWmd speed from Section 1618. 

TABLE 16·G--eOMBINED HEIGHT, EXPOSURE AND GUST FACTOR COEFFICIENT (C.)1 
HEIGHT ABOVE AVERAGE LEVEL OF 

ADJOINING GROUND (Ieel) 

EXPOSURED EXPOSUREC EXPOSURE B x 304.8 lor mm 

0-15 1.39 1.06 0.62 
20 1.45 1.13 0.67 
25 1.50 1.19 0.72 
30 1.54 1.23 0.76 
40 1.62 1.31 0.84 
60 1.73 1.43 0.95 

80 1.81 1.53 1.04 

100 1.88 1.61 1.13 
120 1.93 1.67 1.20 

160 2.02 1.79 1.31 

200 2.10 1.87 1.42 

300 2.23 2.05 1.63 
400 2.34 2.19 1.80 

IValues for intermediate heights above 15 feet (4572 mm) may be interpolated, 
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1997 UNIFORM BUILDING CODE TABLE 16·H 

TABLE 16·H-PRESSURE COEFFICIENTS (Cq) 
STRUCTURE OR PART THEREOF DESCRIPTION CqFACTOR 

I. Primary frames and systems Method 1 (Normal force method) 
Wells: 

Windward wall 
Leeward wall 

Roofsl: 
Wind perpendicular to ridge 
Leeward roof or flat roof 
Windward roof 

less than 2:12 (16.7%) 
Slope 2:12 (16.7%) to less than 9:12 (75%) 
Slope 9:12 (75%) to 12:12 (100%) 
Slope> 12:12 (100%) 

Wind parallel to ridge and flat roofs 

0.8 inward 
0.5 outward 

0.7 outward 

0.7 outward 
0.9 outward or 0.3 inward 
0.4 inward 
0.7 inward 
0.7 outward 

Method 2 (Projected area method) 
On vertical projected area 

Structures 40 feet (12 192 mm) or less in height 1.3 horizontal any direction 
Structures over 40 feet (12 192 mm) in height 1.4 horizontal any direction 

On horizontal projected area I 0.7 upward 

2. Elements and components not in areas of 
discontinuity-

Wall elements 
All structures 
Enclosed and unenclosed structures 
Partially enclosed structures 
Parapets walls 

1.2 inward 
1.2 outward 
1.6 outward 
1.3 inward or outward 

Roof elements-
Enclosed and unenclosed structures 
Slope < 7:12 (58.3%) 1.3 outward 
Slope 7:12 (58.3%) to 12:12 (100%) 

Partially enclosed structures 

1.3 outward or inward 

Slope < 2:12 (16.7%) 1.7 outward 
Slope 2:12 (16.7%) to 7:12 (58.3%) 1.6 outward or 0.8 inward 
Slope> 7:12 (58.3%) to 12:12 (100%) 1.7 outward or inward 

3. Elements and com/onents in areas of Wall cornerss 1.5 outward or 1.2 inward 
discontinuities-v': 

Roof eaves
6

rakes or ridges without 
overhangs . 

Slope < 2:12 (16.7%) 2.3 upward 
Slope 2:12 (16.7%) to 7:12 (58.3%) 2.6 outward 
Slope> 7:12 (58.3%) to 12:12 (100%) 

For slopes less than 2:12 (16.7%) 
1.6 outward 

Overhangs at roof eaves. rakes or ridges, and 
canopies 

0.5 added to values above 

4. Chimneys, tanks and solid towers Square or rectangular 
Hexagonal or octagonal 
Round or elliptical 

1.4 any direction 
1.1 any direction 
0.8 any direction 

5. Open-frame towers7.8 Square and rectangular 
Diagonal 4.0 
Normal 3.6 

Triangular 3.2 

6. Tower accessories (such as ladders, conduit, Cylindrical members 
lights and elevators) 2 inches (51 mm) or less in diameter 1.0 

Over 2 inches (51 mm) in diameter 0.8 
Flat or angular members 1.3 

7. Signs, flagpoles, lightpoles, minor structuresf 1.4 any direction 
. . ..

IFor one story or the top story of multistory partially enclosed structures, an additional value of 0.5 shall be added to the outward Cq . The most critical combination 
shell be used for design. For definition of partially enclosed structures. see Section 1616. 

2C values listed are for lo-sqcere-foot (0.93 m2) tributary areas. For tributary areas of 100 square feet (9.29 m2), the value of 0.3 may be subtracted from Cq , except 
for areas at discontinuities with slopes less than 7 units vertical in 12 units horizontal (58.3% slope) where the value of 0.8 may be subtracted from ~~. Interpolation 
may be used for tributary areas between 10 and 100 square feet (0.93 m2 and 9.29 m2). For tributary areas greater than 1,000 square feet (92.9 m ), use primary 
frame values. 

3For slopes greater than 12 units vertical in 12 units horizontal (100% slope), use wall element values.
 
4Local pressures shall apply over a distance from the discontinuity of 10 feet (3048 mm) or 0.1 times the least width of the structure, whichever is smaller.
 
5Discontinuities at wall comers or roof ridges are defined as discontinuous breaks in the surface where the included interior angle measures 170 degrees or less.
 
6Load is to be applied on either side of discontinuity but not simultaneously on both sides.
 
7Wind pressures shall be applied to the totai normal projected area of all elements on one face. The forces shall be assumed to act parallel to the wind direction.
 
8Factors for cylindrical elements are two thirds of those for flat or angular elements.
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TABLE 16·1 1997 UNIFORM BUILDING CODE 
TABLE 16·K 

TABLE 1&-1-5EISMIC ZONE FACTOR Z 
ZONE 2A 28 3 4 

z 0.Q75 0.15 0.20 0.30 0.40 

NOTE: The zone shall be determined from the seismic zone map in Figure 16-2. 

TABLE 1&-J-50IL PROFILE TYPES 

SOIL PROFILE 
TYPE 

SOIL PROFILE NAME/GENERIC
DESCRIPTION 

AVERAGE SOIL PROPERTIES FOR TOP 100FEET (30480 mm) OFSOIL PROFILE 

ShIer WevIV31&CI~, v.fllVllcon rnJ 
Sland.rd Plnllr.llon TIll, 11 [or~H for 

coh••lonll" 101ileYlrll(blow. 001) 
Undrllnld ShIer Slrlngth,.u plf 

(kPI) 

SA Hard Rock > 5,000 
(1,500) 

- -
SB Rock 2,500 to 5,000 

(760 to 1,500) 

Sc Very Dense Soil and Soft Rock 1,200 to 2,500 
(360 to 760) 

> 50 > 2,000 
(100) 

SD Stiff Soil Profile 600 to 1,200 
(180 to 360) 

15 to 50 1,000 to 2,000 
(50 to 100) 

SE1 Soft Soil Profile < 600 
(180) 

< 15 < 1,000 
(50) 

SF Soil Requiring Site-specific Evaluation. See Section 1629.3.1. 

lSoil Profile Type SE also includes any soil profile with more than 10 feet (3048 mm) of soft clay defined as a soil with a plasticity index, PI > 20, Wmc 2: 40 percent 
and Su < 500 psf (24 kPa). The Plasticity Index, PI, and the moisture content, Wmc, shall be determined in accordance with approved national standards. 

TABLE 16·K-oCCUPANCY CATEGORY 

OCCUPANCY CATEGORY OCCUPANCY ORFUNCTIONS OFSTRUCTURE 

SEISMIC 
IMPORTANCE 

FACTOR,/ 

SEISMIC 
IMPORTA~~El

FACTOR, 

WIND 
IMPORTANCE 
FACTOR,I,. 

1. Essential 
facilities-

Group I, Division 1 Occupancies having surgery and emergency treatment 
areas 
Fire and police stations 
Garages and shelters for emergency vehicles and emergency aircraft 
Structures and shelters in emergency-preparedness centers 
Aviation control towers 
Structures and equipment in government communication centers and other 
facilities required for emergency response 
Standby power-generating equipment for Category 1 facilities 
Tanks or other structures containing housing or supporting water or other 
fire-suppression material or equipment required for the protection of Category 
I, 2 or 3 structures 

1.25 1.50 1.15 

2. Hazardous 
facilities 

Group H, Divisions 1, 2, 6 and 7 Occupancies and structures therein housing or 
supporting toxic or explosive chemicals or substances 
Nonbuilding structures housing, supporting or containing quantities of toxic or 
explosive substances that, if contained within a building, would cause that 
building to be classified as a Group H, Division 1, 2 or 7 Occupancy 

1.25 1.50 1.15 

3. Special 
occupancy 
structures-

Group A, Divisions 1, 2 and 2.1 Occupancies 
Buildings housing Group E, Divisions 1 and 3 Occupancies with a capacity 
greater than 300 students 
Buildings housing Group B Occupancies used for college or adult education 
with a capacity greater than 500 students 
Group 1, Divisions 1 and 2 Occupancies with 50 or more resident incapacitated 
patients, but not included in Category 1 
Group 1, Division 3 Occupancies 
All structures with an occupancy greater than 5,000 persons 
Structures and equipment in power-generating stations, and other public utility 
facilities not included in Category 1 or Category 2 above, and required for 
continued operation 

1.00 1.00 1.00 

4. Standard 
occupancy 
structures-

All structures housing occupancies or having functions not listed in Category 
1, 2 or 3 and Group U Occupancy towers 

1.00 1.00 1.00 

5. Miscellaneous 
structures 

Group U Occupancies except for towers 1.00 1.00 1.00 

The limitation of Ip for panel connecl1ons 10 Section 1633.2.4 shall be 1.0 for the entire connector. 
2Structural observation requirements are given in Section 1702. 
3For anchorage of machinery and equipment required for life-safety systems, the value of Ip shall be taken as 1.5. 

I 
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1997 UNIFORM BUILDING CODE TABLE 16-L 
TABLE 16-M 

TABLE 16-L-VERTICAL STRUCTURAL IRREGULARITIES 

IRREGULARITY TYPE AND DEFINITION REFERENCE SEcnON 

I. Stiffness Irreaularlty_on story 
A soft story is one in which the lateral stiffness is less than 70 percent of that in the story above or less than 
80 percent of the average stiffness of the three stories above. 

1629.8.4, Item 2 

2. Weight (mass) irregularity 
Mass irregularity shall be considered to exist where the effective mass of any story is more than 150 percent of the 
effective mass of an adjacent story. A roof that is lighter than the floor below need not be considered. 

1629.8.4, Item 2 

3. Vertical geometric irregularity 
Vertical geometric irregularity shall be considered to exist where the horizontal dimension of the lateral-
force-resisting system in any story is more than 130 percent of that in an adjacent story. One-story penthouses 
need not be considered. 

1629.8.4, Item 2 

4. In-plane discontinuity In vertlcat lateral-force-resistmg element 
An in-plane offset of the 'lateral-load-resisting elements greater than the length of those elements. 1630.8.2 

5. Discontinuity In capacity-weak story 
A weak story is one in which the story strength is less than 80 percent of that in the story above. The story strength 
is the total strength of all seismic-resisting elements sharing the story shear for the direction under consideration. 

1629.9.1 

TABLE 16·M-PLAN STRUCTURAL IRREGULARITIES 

IRREGULARITY TYPE AND DEFINITION REFERENCE SECTION 

1. Torsional Irregularity-to be considered when diaphragms are not flexible 
Torsional irregularity shall be considered to exist when the maximum story drift, computed including accidental 
torsion, at one end of the structure transverse to an axis is more than 1.2 times the average of the story drifts of the 
two ends of the structure. 

1633.1, 
1633.2.9. Item 6 

2. Re-entrant corners 
Plan configurations of a structure and its lateral-force-resisting system contain re-entrant corners, where both 
projections of the structure beyond a re-entrant corner are greater than 15 percent of the plan dimension of the 
structure in the given direction. 

1633.2.9, 
Items 6 and 7 

3. Diaphragm discontinuity 
Diaphragms with abrupt discontinuities or variations in stiffness, including those having cutout or open areas greater 
than 50 percent of the gross enclosed area of the diaphragm, or changes in effective diaphragm stiffness of more 
than 50 percent from one story to the next. 

1633.2.9, 
Item 6 

4. Out-of-plane offsets 
Discontinuities in a lateral force path, such as out-of-plane offsets of the vertical elements. 1630.8.2; 

1633.2.9, Item 6; 
2213.9.1 

5. Nonparallel systems 
The vertical lateral-load-resisting elements are not parallel to or symmetric about the major orthogonal axes of the 
lateral-force-resisting system. 

1633.1 
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TABLE 16-N 1997 UNIFORM BUILDING CODE 

TABLE 16-N-5TRUCTURAL SYSTEMS1 

BASIC STRUCTURAL SYSTEM2 LATERAL-FORCE-RESISTING SYSTEM DESCRIPTION R 110 

HEIGHT LIMIT FOR 
SEISMIC ZONES 3 

AND 4 (feat) 

x 304.8 for mm 

1. Bearing wall system 1. Light-framed walls with shear panels 
a. Wood structural panel walls for structures three stories or less 5.5 2.8 65 
b. All other light-framed walls 

2. Shear walls 
4.5 2.8 65 

a. Concrete 4.5 2.8 160 
b. Masonry 4.5 2.8 160 

3. Light steel-framed bearing walls with tension-only bracing 
4. Braced frames where bracing carries gravity load 

2.8 2.2 65 

a. Steel 4.4 2.2 160 
b. Concrete 2.8 2.2 -
c. Heavy timber 2.8 2.2 65 

2. Building frame system 1. Steel eccentrically braced frame (EBF) 
2. Light-framed walls with shear panels 

7.0 2.8 240 

a. Wood structural panel walls for structures three stories or less 6.5 2.8 65 
b. All other light-framed walls 

3. Shear walls 
5.0 2.8 65 

a. Concrete 5.5 2.8 240 
b. Masonry 

4. Ordinary braced frames 
5.5 2.8 160 

a. Steel 5.6 2.2 160 
b. Concrete 5.6 2.2 -
c. Heavy timber 

5. Special concentrically braced frames 
5.6 2.2 65 

a. Steel 6.4 2.2 240 

3. Moment-resisting frame 1. Special moment-resisting frame (SMRF) 
system a. Steel 8.5 2.8 N.L. 

b. Concrete'[ 8.5 2.8 N.L. 
2. Masonry moment-resisting wall frame (MMRWF) 6.5 2.8 160 
3. Concrete intermediate moment-resisting frame (lMRF)5 
4. Ordinary moment-resisting frame (OMRF) 

5.5 2.8 -

a. Steel 6 4.5 2.8 160 
b. Concrete? 3.5 2.8 -

5. Special truss moment frames of steel (STMF) 6.5 2.8 240 

4. Dual systems 1. Shear walls 
a. Concrete with SMRF 
b. Concrete with steel OMRF 
c. Concrete with concrete IMRp5 
d. Masonry with SMRF 
e. Masonry with steel OMRF 
f. Masonry with concrete IMRp3 
g. Masonry with masonry MMRWF 

2. SteelEBP 
a. With steel SMRP 
b. With steel OMRF 

3. Ordinary braced frames 
a. Steel with steel SMRP 
b. Steel with steel OMRF 
c. Concrete with concrete SMRF3 
d. Concrete with concrete IMRp3 

4. Special concentrically braced frames 
a. Steel with steel SMRP 
b. Steel with steel OMRF 

8.5 
4.2 
6.5 
5.5 
4.2 
4.2 
6.0 

8.5 
4.2 

6.5 
4.2 
6.5 
4.2 

7.5 
4.2 

2.8 
2.8 
2.8 
2.8 
2.8 
2.8 
2.8 

2.8 
2.8 

2.8 
2.8 
2.8 
2.8 

2.8 
2.8 

N.L. 
160 
160 
160 
160 
-
160 

N.L. 
160 

N.L. 
160 
-
-

N.L. 
160 

5. Cantilevered column building 
systems 

1. Cantilevered column elements 2.2 2.0 357 

6. Shear wall-frame interaction 
systems 

1. Concretes 5.5 2.8 160 

7. Undefined systems See Sections 1629.6.7 and 1629.9.2 - - -
N.L.-no limit
 
ISee Section 1630.4 for combination of structural systems.
 
2Basic structural systems are defined in Section 1629.6.
 
3Prohibited in Seismic Zones 3 and 4.
 
4Includes precast concrete conforming to Section 1921.2.7.
 
5Prohibited in Seismic Zones 3 and 4. except as permitted in Section 1634.2.
 
60rdinary moment-resisting frames in Seismic Zone 1 meeting the requirements of Section 2211.6 may use a R value of 8.
 
7 Total height of the building including cantilevered columns. 
8Prohibited in Seismic Zones 2A. 2B. 3 and 4. See Section 1633.2.7. 
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1997 UNIFORM BUILDING CODE TABLE 16·0 

TABLE 16-o-HORIZONTAL FORCE FACTORS, Bp AND Rp 

FOOTNOTEELEMENTS OF STRUCTURES AND NONSTRUCTURAL COMPONENTS AND EQUIPMENT1 Rplip 

I. Elements of Structures 

A. Walls including the following: 

2.5 3.0(I) Unbraced (cantilevered) parapets. 

3.0 2 
gravity. 

(2) Exterior walls at or above the ground floor and parapets braced above their centers of 1.0 

2(3) All interior-bearing and nonbearing walls. 1.0 3.0 

4.0B. Penthouse (except when framed by an extension of the structural frame). 2.5 

3.0C. Connections for prefabricated structural elements other than walls. See also Section 1.0 3 
1632.2. 

2. Nonstructural Components 

2.5 3.0A. Exterior and interior ornamentations and appendages. 

B. Chimneys, stacks and trussed towers supported on or projecting above the roof: 

(I) Laterally braced or anchored to the structural frame at a point below their centers of 2.5 3.0
 
mass.
 

(2) Laterally braced or anchored to the structural frame at or above their centers of mass. 1.0 3.0 

C. Signs and billboards. 2.5 3.0 

44.0D. Storage racks (include contents) over 6 feet (1829 mm) tall. 2.5 

E. Permanent floor-supported cabinets and book stacks more than 6 feet (1829 mm) in 1.0 3.0 5 
height (include contents). 

3,6,7,8F. Anchorage and lateral bracing for suspended ceilings and light fixtures. 1.0 3.0 

G. Access floor systems. 4,5,91.0 3.0 

H. Masonry or concrete fences over 6 feet (1829 mm) high. 3.01.0 

3.0I. Partitions. 1.0 

3. Equipment 

A. Tanks and vessels (include contents), including support systems. 3.01.0 

5, 10, II, 12, 13, 
piping. 

B. Electrical, mechanical and plumbing equipment and associated conduit and ductwork and 1.0 3.0 
14,15,16 

C. Any flexible equipment laterally braced or anchored to the structural frame at a point 2.5 3.0 5,10,14,15,16 
below their center of mass. 

D. Anchorage of emergency power supply systems and essential communications 1.0 3.0 17,18 
equipment. Anchorage and support systems for battery racks and fuel tanks necessary 
for operation of emergency equipment. See also Section 1632.2. 

E. Temporary containers with flammable or hazardous materials. 1.0 3.0 19 

4. Other Components 

A. Rigid components with ductile material and attachments. 1.0 3.0 1 

B. Rigid components with nonductile material or attachments. 1.0 1.5 I 

C. Flexible components with ductile material and attachments. 2.5 3.0 I 

D. Flexible components with nonductile material or attachments. 2.5 I1.5 
. . . . 

ISee Section 1627 for definitions of flexible components and rigid components. 
2See Sections 1633.2.4 and 1633.2.8 for concrete and masonry walls and Section 1632.2 for connections for panel connectors for panels. 
3Applies to Seismic Zones 2, 3 and 4 only. 
4Ground supported steel storage racks may be designed using the provisions of Section 1634. Chapter 22, Division VI. may be used for design, provided seismic 

design forces are equal to or greater than those specified in Section 1632.2 or 1634.2, as appropriate. 
50 nly attachments, anchorage or restraints need be designed. 
6Ceiling weight shall include all light fixtures and other equipment or partitions that are laterally supported by the ceiling. For purposes of determining the seismic 

force, a ceiling weight of not less than 4 psf (0.19 kN/m2) shall be used. 
7Ceilings constructed of lath and plaster or gypsum board screw or nail attached to suspended members that support a ceiling at one level extending from wall to wall 

need not be analyzed, provided the walls are not over 50 feet (15 240 mm) apart. 
SLight fixtures and mechanical services installed in metal suspension systems for acoustical tile and lay-in panel ceilings shall be independently supported from the 

structure above as specified in UBC Standard 25-2, Part III. 
9Wp for access floor systems shall be the dead load of the access floor system plus 25 percent of the floor live load plus a IO-psf(0.48 kN/m2) partition load allowance. 
lOEquipment includes, but is not limited to, boilers, chillers, heat exchangers, pumps, air-handling units, cooling towers, control panels, motors, switchgear, trans

formers and life-safety equipment. It shall include major conduit, ducting and piping, which services such machinery and equipment and fire sprinkler systems. 
See Section 1632.2 for additional requirements for determining Qp for nonrigid or flexibly mounted equipment. 

IISeismic restraints may be omitted from piping and duct supports if all the following conditions are satisfied: 
11.1 Lateral motion of the piping or duct will not cause damaging impact with other systems.
 
I 1.2The piping or duct is made of ductile material with ductile connections.
 
I 1.3Lateral motion of the piping or duct does not cause impact of fragile appurtenances (e.g., sprinkler heads) with any other equipment, piping or structural
 

member.
 
I1.4Lateral motion of the piping or duct does not cause loss of system vertical support.
 
11.5 Rod-hung supports of less than 12 inches (305 mm) in length have top connections that cannot develop moments.
 
11.6Support members cantilevered up from the floor are checked for stability.
 

(Continued] 
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TABLE 16·0 1997 UNIFORM BUILDING CODE 
TABLE 16-Q 

FOOTNOTES TO TABLE 16-0--(Contlnued) 

12Seismic restraints may be omitted from electrical raceways, such as cable trays, conduit and bus ducts, if all the following conditions are satisfied: 
12.1 Lateral motion of the raceway will not cause damaging impact with other systems.
 
12.2Lateral motion of the raceway does not cause loss of system vertical support.
 
12.3Rod-hung supports of less than 12 inches (305 mm) in length have top connections that cannot develop moments.
 
12.4Support members cantilevered up from the floor are checked for stability. l13Piping, ducts and electrical raceways, which must be functional following an earthquake, spanning between different buildings or structural systems shall be 
sufficiently flexible to withstand relative motion of support points assuming out-of-phase motions. I

14Vibration isolators supporting equipment shall be designed for lateral loads or restrained from displacing laterally by other means. Restraint shall also be provided, 
which limits vertical displacement, such that lateral restraints do not become disengaged. '1> and Rp for equipment supported on vibration isolators shall be taken 
as 2.5 and 1.5, respectively, except that if the isolation mounting frame is supported by shallow or expansion anchors, the design forces for the anchors calculated 
by Formula (32-1), (32-2) or (32-3) shall be additionally multiplied by a factor of 2.0. 

15Equipment anchorage shall not be designed such that lateral loads are resisted by gravity friction (e.g., friction clips).
 
16Expansion anchors, which are required to resist seismic loads in tension, shall not be used where operational vibrating loads are present.
 
17Movement of components within electrical cabinets, rack- and skid-mounted equipment and portions of skid-mounted electromechanical equipment that may
 

cause damage to other components by displacing, shall be restricted by attachment to anchored equipment or support frames. 
18Batteries on racks shall be restrained against movement in all directions due to earthquake forces. 
19Seismic restraints may include straps, chains, bolts, barriers or other mechanisms that prevent sliding, falling and breach of containment of flammable and toxic 

materials. Friction forces may not be used to resist lateral loads in these restraints unless positive uplift restraint is provided which ensures that the friction forces 
act continuously. 

TABLE 16·P-R AND 00 FACTORS FOR NONBUILDING STRUCTURES 

STRUCTURE TYPE R 00 
1. Vessels, including tanks and pressurized spheres, on braced or unbraced legs. 2.2 2.0 

2. Cast-in-place concrete silos and chimneys having walls continuous to the foundations. 3.6 2.0 

3. Distributed mass cantilever structures such as stacks, chimneys, silos and skirt-supported vertical vessels. 2.9 2.0 

4. Trussed towers (freestanding or guyed), guyed stacks and chimneys. 2.9 2.0 

5. Cantilevered column-type structures. 2.2 2.0 

6. Cooling towers. 3.6 2.0 

7. Bins and hoppers on braced or unbraced legs. 2.9 2.0 

8. Storage racks. 3.6 2.0 

9. Signs and billboards. 3.6 2.0 

10. Amusement structures and monuments. 2.2 2.0 

11. All other self-supporting structures not otherwise covered. 2.9 2.0 

TABLE 16-Q-SEISMIC COEFFICIENT c, .. 
SOIL PROFILE TYPE 

SEISMIC ZONE FACTOR, Z 

ZzO.075 z ; 0.15 Z=0.2 Z= 0.3 Z.0.4 

SA 0.06 0.12 0.16 0.24 0.32Na 

SB 0.08 0.15 0.20 0.30 OAONa 

Sc 0.09 0.18 0.24 0.33 OAONa 

SD 0.12 0.22 0.28 0.36 OA4Na 

SE 0.19 0.30 0.34 0.36 0.36Na 

SF See Footnote 1 

1Slte-speclfic geotechnical mvesnganon and dynamic site response analysis shall be performed to determme seismic coefficients for Soil Profile Type SF. 
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1997 UNIFORM BUILDING CODE	 TABLE 16·R 
TABLE 16·U 

TABLE 16·R-SEISMIC COEFFICIENT Cv 

I SOIL PROFILE TYPE 

SEISMIC ZONE FACTOR, Z 

Z.0.075 Z.0.15 Z.0.2 Z.0.3 Z.0.4 

SA 0.06 0.12 0.16 0.24 0.32Ny 

SB 0.08 0.15 0.20 0.30 0.40Ny 

Sc 0.13 0.25 0.32 0.45 0.56Ny 

Sv 0.18 0.32 0.40 0.54 0.64Ny 

SE 0.26 0.50 0.64 0.84 0.96Ny 

SF See Footnote 1 
. . 

lSlte-speclflC geotechnical investigation and dynamic site response analysis shall be performed to determine seismic coefficients for Sot! Profile Type SF. 

TABLE 16·s-NEAR·SOURCE FACTOR No1 

SEISMIC SOURCE TYPE 

CLOSEST DISTANCE TO KNOWN SEISMIC SOURCE2,3 

s 2km 5km ;" 10km 

A 1.5 1.2 1.0 

B 1.3 1.0 1.0 

C 1.0 1.0 1.0 

lThe Near-Source Factor may be based on the hnear interpolation of values for distances other than those shown 10 the table. 
2The location and type of seismic sources to be used for design shall be established based on approved geotechnical data (e.g., most recent mapping of active faults by 

the United States Geological Surveyor the California Division of Mines and Geology). 
3The closest distance to seismic source shall be taken as the minimum distance between the site and the area described by the vertical projection of the source on the 

surface (i.e., surface projection of fault plane). The surface projection need not include portions of the source at depths of 10 km or greater. The largest value of the 
Near-Source Factor considering all sources shall be used for design. 

1TABLE 16·T-NEAR·SOURCE FACTOR Nv 

SEISMIC SOURCE TYPE 

CLOSEST DISTANCE TO KNOWN SEISMIC SOURCE2,3 

s 2km 5km 10km ;" 15 km 

A 2.0 1.6 1.2 1.0 
B 1.6 1.2 1.0 1.0 

C 1.0 1.0 1.0 1.0 

lThe Near-Source Factor may be based on the hnear interpolation of values for distances other than those shown 10 the table. 
2The location and type of seismic sources to be used for design shall be established based on approved geotechnical data (e.g., most recent mapping of active faults by 

the United States Geological Surveyor the California Division of Mines and Geology). 
3The closest distance to seismic source shall be taken as the minimum distance between the site and the area described by the vertical projection of the source on the 

surface (i.e., surface projection of fault plane). The surface projection need not include portions of the source at depths of 10 km or greater. The largest value of the 
Near-Source Factor considering all sources shall be used for design. 

TABLE 16-U-SElSMIC SOURCE TYPE1 

SEISMIC SOURCE DEFINITION2 

lSubductlon sources shall be evaluated on a site-specific basis . 

SEISMIC 
SOURCE TYPE SEISMIC SOURCE DESCRIPTION Maximum Moment Magnitude, M Slip Rete, SR (mm/year) 

A Faults that are capable of producing large magnitude events and that M 2: 7.0 SR 2: 5 
have a high rate of seismic activity 

B All faults other than Types A and C M 2: 7.0 SR < 5 
M < 7.0 SR> 2 
M 2: 6.5 SR < 2 

C Faults that are not capable of producing large magnitude earthquakes M<6.5 SR :s 2 
and that have a relatively low rate of seismic activity 

. .
2Both maximum moment magnitude and slip rate conditions must be satisfied concurrently when determining the seismic source type. 
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