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LOAD COMINATIONS

Seismic Design of Structures by Dr. M. Burhan Sharif

• A structure should be designed to resist the

combined effects of the loadings. Basic load

combinations for strength design are given in

Section 1605.2.1 IBC code
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LOAD COMINATIONS
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Where

D = Dead Load

L = Live Load excluding roof live load

Lr = Roof live load (Loads produced during

maintaince of workers, equipment and materials; or

during the life of the structure by movable objects

such as planters and by people)

S = Snow Load

R = Rain Load
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LOAD COMINATIONS
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Where

W = Wind Load

E = Seismic load effect

H= Load due to lateral earth pressures, ground water

pressure or pressure of bulk materials.

Special Seismic load combination for strength design

should be used in case of structures having certain

plan or vertical irregularities in SDC B or higher.

Special Load combinations for strength design are

given in IBC, Section 1605.4.
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LOAD COMINATIONS

Seismic Design of Structures by Dr. M. Burhan Sharif

1. 1.2 D + f1L + Em

2. 0.9D + Em

Where

f1 = 1.0 for floors in places of public assembly for live

loads in excess of 100psf and for parking garage live

load

f1 = 0.5 for other live loads

Em = the maximum effect of horizontal and vertical

forces.
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SEISMIC LOAD EFFECT (E)
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The seismic load effect can be determined using

ASCE 7-05 Section 12.4.

It is applicable to all members of the structure,

including those not part of the seismic force resisting

system.

Seismic load effects are axial, shear and vertical

seismic forces.
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SEISMIC LOAD EFFECT (E)
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The seismic load effect, E, shall be determined using

the following equations

1. E = Eh + Ev

When the effect of gravity and seismic ground

motions are counteractive , the seismic load effect is

calculated from

2. E = Eh – Ev

Where

Eh = Effect of horizontal seismic forces

Ev = Effect of vertical seismic forces.
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HORIZONTAL SEISMIC LOAD EFFECT (Eh)
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VERTICAL SEISMIC LOAD EFFECT (Eh)
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REDUNDANCY COEFFICIENT
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Redundancy coefficient can be determined using

ASCE 7-05 Section 12.3.4.

1. For structures assigned to seismic design

category A, B or C , the value of the redundancy

coefficient is 1.

2. For structures assigned to SDC , D, E or F, the

redundancy coefficient, shall be taken equal to

1.3.
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Seismic Force

Seismic Design of Structures by Dr. M. Burhan Sharif

When the effect of gravity and seismic force are

additive, the seismic force effect, Em, should be

calculated using the following equation.

Em = ΩoQE+ 0.2SDSD

Where Ωo= the system over-strength factor given in

Table12.2-1

When the effects of gravity and seismic forces

counter act the seismic force effect, Em, should be

calculated using the following equation.

Em = ΩoQE - 0.2SDSD
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SPECIAL REQUIREMENTS IN DESIGN OF 

STRUCTURES SUBJECTED TO EQ LOADS
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1. The ACI Code 2008, Section 20.1.1.9.1 and 21.1,

define five seismic design categories for

earthquake resistant structures. These are A, B,

C, D, E and F. The classification of these zones

described in ACI Section R21.1.1 can be given in

three different categories.

a. SDC D, E, and F indicate high seismic risk

zone with strong ground shaking.

b. SDC C indicates moderate/ intermediate

seismic risk zone with moderately strong

ground shaking.
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SPECIAL REQUIREMENTS IN DESIGN OF 

STRUCTURES SUBJECTED TO EQ LOADS
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c. SDC A and B indicate low seismic risk zones

with SDC A corresponding to the lowest seismic

hazard zone.

2. For structures in high seismic risk (D,E&F) special

requirements in flexural design and detailing are

required. Special moment frames, Section 21.5, and

special structural walls should be used as the

structural system of a building.
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SPECIAL REQUIREMENTS IN DESIGN OF 

STRUCTURES SUBJECTED TO EQ LOADS
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3. For the structures in moderate seismic risk some

special provision are required for satisfactory

intermediate seismic performance. Structure and

be designed as intermediate moment frame or

intermediate structural wall systems. Structures

from a higher category can also be utilized.

4. For the structures in low seismic risk, no special

requirements in flexural design and detailing are

required. Ordinary moment frames and ordinary

structural walls shall be used.
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Special Moment frames (Section 21.5, ACI-2008)

Seismic Design of Structures by Dr. M. Burhan Sharif

1. A special moment frame is a structural system

that is designed and detailed to sustain strong

earthquakes. Special provision for designing and

detailing are given as follows.

a. Flexural members of SMRF are subjected to

only bending.

b. SMRF members subjected to bending and

axial load such as columns.

c. Joints of special moment frames.
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Special Moment frames (Section 21.5, ACI-2008)

(Flexural members- General Requirements)
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1. If factored axial compressive force Pu < Agfc’/10,

then the member is considered to be subjected to

bending. Ag represent the gross area of the

concrete member. Flexural member should

satisfy following the conditions

a. Clear span Ln ≥ 4 x effective depth “d”

b. The flexural member width to depth ratio,

bw/d ≥ 0.3.

c. Flexural member width bw ≥ 10 inch
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Special Moment frames (Section 21.5, ACI-2008)

(Flexural members- General requirements)
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d. Flexural member width bw, shall not exceed

width of supporting member, c2, plus a distance

on each side of the supporting member equal to

the small of (i) and (ii).

(i) Width of the supporting member, c2, and

(ii) 0.75 times the overall dimension of

supporting member, c1.
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Special Moment frames (Section 21.5, ACI-2008)

(Flexural members-General requirements)
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Special Moment frames (Section 21.5, ACI-2008)

(Flexural members- Longitudnal reinf. requirements)
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According to ACI-08 Section,21.5.2, the longitudinal

reinf. Shall satisfy the following.
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Special Moment frames (Section 21.5, ACI-2008)

(Flexural members- Longitudnal reinf. requirements)
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Special Moment frames (Section 21.5, ACI-2008)

(Flexural members- Longitudnal reinf. requirements)
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Special Moment frames (Section 21.5, ACI-2008)

(Flexural members- Longitudnal reinf. requirements)
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Special Moment frames (Section 21.5, ACI-2008)

(Flexural members- Transvers reinf. requirements)
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For the special moment resisting frames, plastic

hinges will form at the ends of flexural members.

Those locations should be specially detailed to

ensure sufficient ductility of the frame members.

Transverse reinforcement gives lateral support for the

longitudinal reinforcement and assists concrete to

resist shear . It should satisfy the following.
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Special Moment frames (Section 21.5, ACI-2008)

(Flexural members- Transvers reinf. requirements)
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Special Moment frames (Section 21.5, ACI-2008)

(Flexural members- Transvers reinf. requirements)
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Special Moment frames (Section 21.5, ACI-2008)

(Flexural members- Transvers reinf. requirements)
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Special Moment frames (Section 21.5, ACI-2008)

(Flexural members- Transvers reinf. requirements)
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Special Moment frames (Section 21.5, ACI-2008)

(Flexural members- Transvers reinf. requirements)
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Special Moment frames (Section 21.5, ACI-2008)

(Flexural members- Transvers reinf. requirements)
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Special Moment frames (Example)
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Design a beam AB on the second floor of a

building. The building is constructed in the

region of high seismic risk on soil class B.

The material properties are

Concrete fc’= 4000psi Fy = 60 ksi LL= 40psf

DL-SI=35psf

Beam size = 20x24inch

Column size = 24x 24 inch

Slab thickness = 7 inch




