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e Selection of EQ Forcee

Forces are applied as static forces
(or the following structurcs
. All structures in Seismic Zone 1, and
n Zone 2. struc. having mmportance
category 1V (low risk)
. Regular structure under 75 1m height
t. . .
. [rregular structure not more than 20 1n
height.
_ Alternatively, a Dynamic EQ
analysis is required 1if,
. Structure is of 75 m or more height
and is not located in Zone 1.

. Structure 20 m or more high in Zone 3
and not having the same structural
system throughout their height

. Structures, located on Soil Profile Type
S, (Table 6.2.25) , having a time period
oreater than 0.7 second.




5 i1
Equivalent Static Force Method

Base Shear, V= (ZIC)W /R
7 = seismic zone coefTicient given in BNBC Table
[ = structure importance coeflicient given in BNBC
Table 6.2.23
R= response modification coeflicient for struc..
system given in Table 6.2.24 MRS
W= total seismic dead load
C=(1.25 S)/ (T*?) cPp2Is oud £ fo03s
S=site coeflicient for soil characteristics (Table
6.2.25)
T= fundamental period of vibration in second
Seismic Dead Load, W is the total dead load of a
structure, including permanent partitions and
applicable portions of other loads as listed below:

¢ 25% ol the floor LL 1n storage or warehouse
occupancies

+ All loads of partitions, but not less than 0.6
kN/m?

+ Total weight of permanent equipment

\'_:_._!-‘
T — —— S——— " ——— W ——— *U——— W ——
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e Structure Period. T shall be calculated from one
of the following methods:

Method A T=C,(h)*"
Where C,=0.083 for steel moment resisting
frames

~0 073 for RC moment resisting

frames and eccentric braced steel

frames

—0 049 for all other structural systems
h = Height in metres above the base to level n.
Alternatively, the value of C, for buildings
with concrete or masonry shear walls may be
taken as 0.03 /WA
A= 5 A, [02+0eh)]

al

A =combined offective area, in sq. metres, ol
shear walls in first story of the structurc.
/" A =effective horizontal cross-sectional
area, 1n sq. metre, offa shear wall in the
first story of a structure

. D =Length, in metre, of a shear wall
element in the first story in the direction of
the applied forces

+ D /h, shall not exceed 0.9
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The values of §f ropresent any state lateral toree

distributed approximately as 11 toroes

I'he elastic deflechion & shall be caloulated using the
applied lateral toroes, I The value ol 1 determined by
Method B shall not exceed that caleulated by Method A

by more than 40%

Vertical Distnibution of Lateral borees
Fhe base shear V shall be distributed along the height of
the structure in accordance with the following formula:

) ", -
\

; 2 N\

where I, = lateral force apphed at storey level 1.

I, ~Concentrated lateral force considered at the

top af the building addition to the force L'y,
[he concentrated lateral force Iy acting at the top of the
building, shall be determined as follows:
F,=0.07TVs025V when T > 0.7 second
F,= 0.0 when T < 0.7 second

The remaining portion of the base shear (V- 17) shall be
distributed over the height ol the building , including level
n, according to the following relationship :

poo Lo fdrate
Z w h,

(=

TR e —

£ it =



Structural Systems for Buildings

Bearing Wall System: System without a complete vertical
load carrying space frame

Dual System: A combination ol Moment Resisting
Frame and Shear Walls or Braced Frames to resist lateral
loads.

Moment Resisting Frane: A frame in which members
and joints are capable ol resisting forces primarily by
{lexure.

Ordinary Moment Resisting Frame: A moment
resisting frame not meeting special detailing requirements
for ductile behaviour.

Shear Wall : A wall designed to resist lateral [orces
parallel to the plane of the wall (also known as vertical
diaphragm or a structural wall).

« Desirable Behaviour of EQ Resistant Structures
. Ability To withstand high lateral force 1s not the
only requirement.

+ Building designed with small seismic foroe but
having high flexibility and energy absorbing
mechanism will perform better than a building
designed with a very high lateral force but with
little flexibility.

+ Aim is to ensure maximum possible elastic
behaviour by proper detailing of the joints etc.
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sshle G6.2.22

Sceismic Zone Cocllicients, 7

Scismic Zone Zone
(sce Ihp 6.2.10) Cocllicient
| 0.075
V2 A
3 325

Thble 6.2.23

Structure lmportance Coelficients £, I

Structure Importance Category
(see Table 6.1.1 o occupancy)

Structure
Importance

Coelflicient
/ 4
I Esscntial facilitics {95 1.50
I llazardous lacilities }.25 1.50
1l Special occupancy structures [.00 J.00
IV Standard occupancy structures 1.00 1.00
V  Low-risk Structures 1.00 1.00
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Fxample g Static FQ Foree
Calculate the distnibution of FOQ fores on the
20 stoned ofhee bulding shown in tigure

T. - !
|ocation  Dhaka b .‘ é;‘u q

Sotl Type - Soft to medinm sutl clay
\'-’ DI including partition=12 KN sq.m
Structure type - SMRI in concrete
.

e LD
e i(\(.) m

|

Ve e e a1 e

-
——ceeet
-]
] -
{ |
| l e A
{ } o~‘i )
i [ |
| |
. B
. { '

Solution: j
Zone 2 Z=0.15 [=1.0

1255

=1

Soil Type S3=1.5 | T=Cdh o™
h,= 60 m
C=0.073

T=0.073X(60) *"*
=1.57 Sec
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P25 %18
s oy

f,

¢ =1386<275
C $ 2.75 and (C/R) 0.075

Here R=12 hence: C/R=0.115 >0.075
Therefore, C=1.38¢ OK

Seismic Dead Load
W= 12 kN/sq. m x (24x24 sq. m)x 20 floors
= 138240 kN
Base Shear, V= (Z1C)x W/R |
=(0.15x1x1.386/12)x W
=00173 W
= 2392 kN

Vertical Distribution of Forces:

~ The concentrated lateral force Fy,  at the top of the
- building: ,

Fi=0.07TV <025V whenT > 0.7 second
F.=0.0 when T < 0.7 second

=

<Fod

EF.=0.07x 1.57 x 2392= 264 kN




%

here - F. <025V 1.e. F; =264 kN O.K.

AR R T I
F S ( . ,’_-,2,,__,,_1,,”},_

o

wyx =12 x 576 kN for each floor.
In this example w is same for all the floors.

For any building for which w is same for each floor:

Fx % %(V s Ft)hxl

n

. (23226
R e A 160)
p_ 28k = =
3><(20><21)
2 |
F =338}




EQ Forces at various levels
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Wind Pressure and Coefficients

The basic wind pressure on a surface is given by q, = p,;, V,2/2
where p,,, = Density of air = 0.0765/32.2 = 23.76 x 10 slug/ft

Vi, = Basic wind speed, ft/sec = 1.467 x Basic wind speed, mph
CEQ(1)=qe=23.76 x 10" x (1467 V2= 000256 V.2 (2)
where g is in pst (Ib/ft") and V), is in mph (mile/hr).

The basic wind speeds at different important locations of Bangladesh are given below. A more detailed map
for the entire country is available in BNBC 1993.

Location | Vj (mph)
Dhaka 130
Chittagon 160
Rajshahi 95
Khulna 150

Sustained Wind Pressure
The wind velocity (and pressure) increases from zero at the base of the structure and is also a function of the
exposure (i.e., open terrain or congested area). Moreover one has to account for the importance of the structure;
Le., design the sensitive structures more conservatively.
The sustained wind pressure on a building surface at any height z above ground is given by

q,=000256 C;C, Vv, T (3)
where C; = Structural importance coefficient, C, = Height and exposure coefficient.

Category G . C
Essential facilities | 1.25 Helght 2(R) [ o A TExp B [ Exp ©
Hazardous facilities | 1.25 0~15 0368 | 0.801 | 1.196
Special occupancy | 1.00 50 0.624 | 1.125 | 1.517
Standard occupancy | 1.00 100 0.849 | 1.371 | 1.743
_ Low-risk structure | 0.80 150 1.017 | 1.539 | 1.890
200 1.155 | 1.671 | 2.002
300 1.383 | 1.876 | 2.171
400 1.572 | 2.037 | 2.299
500 1.736 | 2.171 | 2.404
650 1973 | 2.357 | 2.547
1000 2362 | 2.595 | 2.724

can be calculated by multiplying the sustained wind pressure by appropriate pressure
ust and turbulence as well as local topography.

...........
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The value of Cq; for slender structures (height > 5 times the minimum width) would be determined by dynamic
analysis. Although code-based formulae are available. it is unlikely to exceed 2.0.

The pressure coefficient C, for rectangular buildings with flat roofs may be obtained as follows

—

/B |

, T VB i 05 [065] 10 | 20 ’g_z‘_g_i
. h B <05 | 1.40 | 145 ] 155 | 1.40 | 1.15] 1.10 |
— 1.0 | 1.55]1.85 | 2.00]1.70 | 1.30 [ 1.15 |
_l_ 20 | 1.80 [ 2.25 | 2.55 [ 2,60 | 1.40 | 120 |

4.0 1.95 | 2.50 | 2.80 | 2.20 | 1.60 | 1.25 |
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Calculation of Wind Load
Wind Load on a Building

Calculate the wind load at each story of a six-storied hospital building (shown below) located at a flat terrain in
Dhaka. Assume the structure to be subjected to Exposure B,

2
Il
Wind 5
®
e JRRRER
Q__
o
A 7 B 7
15407 15" 15110 15
Side Elevation Building Plan

Solution

The design wind pressure at a height z is given by p, = 0.00256 C, C, C¢ C, C, V,’

Since the building is located in Dhaka, the basic wind speed V, = 130 mph

For the hospital building (essential facility), Structural importance coefficient C; = 1.25

In plane terrain, Local topography coefficient C,= 1.0

Building height h = 62’, dimensions L =40’ and B = 50’; i.e., B = 1.24 and L/B = 0.80 = C,=1.98

5P =0.00256 x 1.25 xC, x Cgx 1.00 x 1.98 x (130)* = 107.08 C, Cg

. The corresponding force F, = B hey p, = 50 hey p,; where heyy = Effective height of the tributary area
heg=6'+5"= 11" at 1" floor, (5’ + 5' =) 10’ between 2™ and 5" floor and 5’ at 6™ floor

The coefficients C,, Cg and the design wind pressure p, and force F, at different heights are shown below.

oy () | C, Cg | p: (psf) | F, (kips) Frames (Kips)
1 12 10801 | 1.321 1 113.30 62.32 935 | 15581246 | 1558 | 9.35
2 22 | 0.866 | 1.300 | 120.55 | 60.27 9.04 | 15.07 | 12.05 | 15.07 | 9.04
3 32 10958 | 1.270 | 130.28 | 65.14 9.77 116.29 | 13.03 | 16.29 | 9.77
4 42 11051 [ 1.239] 13944 | 69.72 | 1046 | 17.43 | 13.94 | 17.43 | 10.46
) 32 11351 1.213 | 147.42 1371 11.06 | 1843 | 1474 | 18.43 | 11.06
6 62 | 1.184 | 1.202 | 152.39 | 38.10 872 | 953 | 762 | 9.53 | 5.72






