1- Earthquake Loads:

The earthquake load, which is also called seismic load, is a lateral load caused by ground motions resulting from earthquakes (Sudden movement and rupturing of crust plates along fault lines).

The magnitude of earthquake load depends on building’s mass and the acceleration caused by the earthquake.

As the ground moves suddenly, the building attempts to remain stationary, generating the inertia induced seismic forces that are approximated by the static lateral force procedure covered here. 

This procedure is introduced in UBC ‘97 1629.8.3 and discussed in detail in UBC ‘97 1630.
The static force procedure is limited to use with regular structures less than 73m in height and also to irregular structures 19m or 5 stories in height.

· Regular structures are symmetric, without discontinuities in plan or elevation. 

· The building plan is generally rectangular.

· The mass is reasonably uniform throughout the building’s height.

· The shear walls line up from story to story.

· Irregular structures include both vertical irregularities (UBC Table 16-L), Or plan irregularities (UBC Table 16-M). These irregular features include: 

· Reentrant corners.

· Large openings in diaphragms.

· Non-uniform distribution of mass or stiffness over building height (e.g. soft story). 
1.1- Design base shear:

· 1997 UBC static lateral method considers both horizontal movement and vertical ground movement. 

· UBC base shear design equations, as given below, where each equation is a function of the building weight and some form of an acceleration factor. 

The total design base shear in a given direction is to be determined from the following formula:
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(3.9)
The total design base shear need not exceed the following:
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(3.10)      

The total design base shear shall not be less than the following:
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In addition, for Seismic Zone 4, the total base shear shall not be less than the following:
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(3.12)

The minimum design base shear limitation for Seismic Zone 4 was introduced as a result of the ground motion effects observed at sites near fault rupture in 1994 Northridge earthquake.
Where:
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= total design lateral force or shear at the base.
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= total seismic dead load

· In storage and warehouse occupancies, a minimum of 25 % of floor live load is to be considered.

· Total weight of permanent equipment is to be included.
· Where a partition load is used in floor design, a load of not less than 50 kg/m2 is to be included.
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 = Building importance factor given in UBC 97 Table 16k.
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= Seismic Zone factor, shown in UBC 97 Table 16I.
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= response modification factor for lateral force resisting system, shown in

 UBC 97 Table 16N.
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= acceleration-dependent seismic coefficient, shown in UBC 97 Table 16Q

[image: image11.wmf]v

C

= velocity-dependent seismic coefficient, shown in UBC 97 Table 16R.
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= near source factor used in determination of 
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 in Seismic Zone 4, shown in

 UBC 97 Table 16S.
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= near source factor used in determination of 
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 in Seismic Zone 4, shown in 

UBC 97 Table 16T.
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 = elastic fundamental period of vibration, in seconds, of the structure in the direction under consideration evaluated from the following equations: 

For reinforced concrete moment-resisting frames, 
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For other buildings,
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(3.14)
Alternatively, for shear walls, 
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Where
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 = total height of building in meters
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 = combined effective area, in m2, of the shear walls in the first story of the structure, given by
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(3.16)
 Where:
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 is the length, in meters, of each shear wall in the first story in the direction parallel to the applied forces.
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  = cross-sectional area of individual shear walls in the direction of loads in m2
1.2- Load combination:

Based on section 1612 of UBC, structures are to resist the most critical effects from the following combinations of factored loads: 
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Where
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= 1.0 for floors in public assembly, live loads in excess of 500 kg/m2 and for garage live loads
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= 0.5 for other live loads
1.3 -Earthquake loads:
Based on UBC 1630.1.1, horizontal earthquake loads to be used in the above-stated load combinations are determined as follows:
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Where:

E = earthquake load resulting from the combination of the horizontal component 
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, and the vertical component, 
[image: image36.wmf]v

E


Eh = the earthquake load due to the base shear, V
Em = the estimated maximum earthquake force that can be developed in the structure 
Ev = the load effects resulting from the vertical component of the earthquake ground motion and is equal to the addition of 
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seismic force amplification factor as given in UBC 97 Table 16N, and accounts for structural over-strength.
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Redundancy factor, to increase the effects of earthquake loads on structures with few lateral force resisting elements, given by:
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the minimum cross-sectional area in any horizontal plane in the first story of a shear wall in m2
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the maximum element-story shear ratio.

For a given direction of loading, the element story shear ratio is the ratio of design story shear in the most heavily loaded single element divided by the total design story shear. 
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is defined as the largest of the element story shear ratio, 
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, which occurs in any of the story levels at or below two-thirds height level of the building.  

· For shear walls, 
[image: image45.wmf]i

r

is taken as the maximum of the product of the wall shear multiplied by 
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· length of the wall in meters.

· When calculating drift, or when the structure is located in Seismic Zones 0, 1, or 2, 
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 shall be taken as 1.0.

· 
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 can’t be smaller than 1.0 and can’t be grater than 1.5.
1.4- Vertical distribution of force:

The base shear evaluated from eqn. (3.9) is distributed over the height of the building according to the following equation.
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(3.25)
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Figure 3.3: Vertical Distribution of Force
Where
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The shear force at each story is given by eqn. (3.26):
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Where
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  = number of stories above the base of the building
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 = the portion of the base shear, concentrated at the top of the structure to account for higher mode effects
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= design shear in story 
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1.5- Horizontal distribution of force:

The design story shear in any direction
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, is distributed to the various elements of the lateral force-resisting system in proportion to their rigidities, considering the rigidity of the diaphragm.

1.6- Horizontal torsional moment:

To account for the uncertainties in locations of loads, the mass at each level is assumed to be displaced from the calculated center of mass in each direction a distance equal to 5 % of the building dimension at that level perpendicular to the direction of the force under consideration. The torsional design moment at a given story is given by moment resulting from eccentricities between applied design lateral forces applied through each story’s center of mass at levels above the story and the center of stiffness of the vertical elements of the story, in addition to the accidental torsion. 

1.7- Overturning moment:

Buildings must be designed to resist the overturning effects caused by the earthquake forces.

The overturning moment 
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 at level 
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 is given by eqn. (3.27):
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(3.27)

Overturning moments are distributed to the various elements of the vertical lateral force-resisting system in proportion to their rigidities.
1.8- Displacement and drift:

The calculated story drifts are computed using the maximum inelastic response displacement drift (
[image: image69.wmf]m

D

), which is an estimate of the displacement that occurs when the structure is subjected to the design basis ground motion.

According to UBC 1630.9.2,
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Where:
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 design level response displacement, which is the total drift or total story drift that occurs when the structure is subjected to the design seismic forces.

· Calculated story drift 
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shall not exceed 0.025 times the story height for structures having a fundamental period of less than 0.70 seconds.

· Calculated story drift 
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shall not exceed 0.020 times the story height for structures having a fundamental period equal to or greater than 0.70 seconds.

1.9-    P-∆ effect:
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(3.29)    
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= total unfactored gravity load at and above level 
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 = seismic story drift by design seismic forces (
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In seismic zones no. 3 and 4, 
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Table A.9: vertical structure irregularities

(UBC1997-Table 16-L)

	Irregularity Type and Definition

	1-  Stiffness Irregularity- - -Soft Story

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

	2-  Mass Irregularity

Mass irregularity is 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.

	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.

	4-  In-Plane Discontinuity in Vertical Lateral Force-resisting Element

An in-plane offset of the lateral load-resisting elements greater than the length of these elements.

	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.


Table A.10: plan structure irregularities

(UBC1997-Table 16-M)

	Irregularity Type and Definition

	1-  Torsional Irregularity

Torsional irregularity is to 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.

	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 % of the plan dimension of the structure in the given direction.

	3-  Diaphragm Discontinuity

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

	4-  Out-of-plane Offsets

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

	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.


Table A.11: Importance factor I:

(UBC1997-Table 16-K)

	Occupancy Category
	Seismic Importance Factor, I

	1-Essential facilities
	1.25

	2-Hazardous facilities
	1.25

	3-Special occupancy structures
	1.00

	4-Standard occupancy structures
	1.00

	5-Miscellaneous structures
	1.00


Table A.12: SEISMIC ZONE FACTOR Z 

(UBC1997-Table 16-I)

	ZONE
	1
	2A
	2B
	3
	4

	Z
	0.075
	0.15
	0.2
	0.3
	0.4


Table A.13: response modification factor R and seismic force amplification factor 
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Table A.14: SOIL PROFILE TYPES

(UBC1997-Table 16-J)

	Soil Profile Type
	Soil Profile Name/Generic Description
	Average Soil Properties For Top 30 m Of Soil Profile

	
	
	Shear Wave Velocity, 
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 m/s
	Standard Penetration Test, 
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 (blows/foot)
	Undrained Shear Strength, 
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 kPa
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	Hard Rock
	> 1,500
	---
	---
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	Rock
	760 to 1,500
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	Very Dense Soil and Soft Rock
	360 to 760
	> 50
	> 100
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	Stiff Soil Profile
	180 to 360
	15 to 50
	50 to 100
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	Soft Soil Profile
	< 180
	< 15
	< 50
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	Soil Requiring Site-specific Evaluation


Table A.15: SEISMIC COEFFICIENT Ca

(UBC1997-Table 16-Q)

	 Soil Profile Type
	Seismic Zone Factor, Z

	
	Z =0.075
	Z = 0.15
	Z = 0.2
	Z = 0.3
	Z = 0.4
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	0.06
	0.12
	0.16
	0.24
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0.32
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	0.08
	0.15
	0.20
	0.30
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0.40
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	0.09
	0.18
	0.24
	0.33
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	0.12
	0.22
	0.28
	0.36
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0.44
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	0.19
	0.30
	0.34
	0.36
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	See Footnote


          Footnote: Site-specific geotechnical investigation and dynamic response analysis 
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shall be performed to determine seismic coefficients for soil Profile Type

Table A.16: SEISMIC COEFFICIENT Cv

(UBC1997-Table 16-R)

	Soil Profile Type
	Seismic Zone Factor, Z

	
	Z =0.075
	Z = 0.15
	Z = 0.2
	Z = 0.3
	Z = 0.4
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	0.06
	0.12
	0.16
	0.24
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	0.08
	0.15
	0.20
	0.30
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0.40
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	0.13
	0.25
	0.33
	0.45
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	0.18
	0.32
	0.40
	0.54
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	0.26
	0.50
	0.64
	0.84
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	See Footnote


  Footnote: Site-specific geotechnical investigation and dynamic response analysis 
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 shall be   performed to determine seismic coefficients for soil Profile Type

       Table A.17: Near-Source Factor
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(UBC1997-Table 16-S)

	Seismic Source Type
	Closest Distance to Known Seismic Source

	
	2 km
[image: image124.wmf]£


	5 km
	10 km
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	A
	1.5
	1.2
	1.0

	B
	1.3
	1.0
	1.0

	C
	1.0
	1.0
	1.0


        Table A.18: Near-Source Factor
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(UBC1997-Table 16-T)

	Seismic Source Type
	Closest Distance to Known Seismic Source

	
	2 km
[image: image127.wmf]£


	5 km
	10 km
	15 km
[image: image128.wmf]³



	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
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