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TABLE 11.15

HORIZONTAL FORCE FACTOR K FOR BUILDINGS OR-OTHER

STRUCTURES*1

Type or arrangement of Resisting Elements

Values

of K

(2)

(3)

All building framing systems except as
hereinafter classified

Building with a box system
EXCEPTION:Buildings not more than three

storeys in height with stud wall framing
and using plywcod horizontal - diphragms

and plywood vertical shear panels for the -
. lateral force system may use K = 1.99,

Buildings with a dual bracing 5y5téh

consisting of a ductile moment-resisting

space frame arnd shear walls or braced
frames using the following  design
criteria: -

(a) the frames and shear walls or braced

frames shall rasist the  total lateral
force in accordance with their relative
rigidities considering the interaction of
the shear walls and frames

(b} . the shear walls or braced frames
acting independently of the ductile
moment-resisting portions of the space
frame shall resist the total required
lateral forces .

{c) the ductile moment-resisting . space
frame shall have the capacity to resist
not less than 25% of the required lateral
force

Buildings with a cuctile moment—resisting
space - frame designed in accordance with
the following criteria:

The ductile momcot resisting space frame
shall have the capacity to resist the
total required lzteral force

Elevated tanks rlus full contents, on

four: or more cross-braced legs and not
supported by a building .

11-45
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1,44

1.33
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9.67

kv

2.5
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TABLE 11.15 (Cont'd)

{1

(2}

(3

Structures other than_buildings and other
tnan those setforth in Table 11.16.

2.9

*1

*2

Where wind load would produce higher stresses,

this load would be used in licws of the loads:

rasuiting from earthquake forces.

The minimen  value  of KC shait be @.12 and
the maximum value of KC need noh exceed 0,25,
The tower shall be designed for an accidental
torsion of 5%. Elevataed tanks which are
supported by buildings or do mdt conform to
type  or arrangement of supporting elements as
described above shall be designed using C =0.3.
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TABLE 11.16

HORIZONTAL FORCE ¥ACTOR Cp FOR ELEMENTS OF
STRUCTURES - AND NONSTRUCTURAL COMPONENTS

. Direction of Value
Part or Portion of 3zuildings Horizontal Forces *1
' of Cp
. _ *6
1. Exterior bearing and nonbearing walls . Normal to .3
interior bearing walls and otartitions, flat surface
interior nonbearing . walls and
partitions. Masonry or concrete fences
over 1.83 m (6 ft) high.
2. Cantilever elements:
{a} vovarapets _ Narmal to
. : flat surface g.8
{pb} chimneys or stacks Any direction
3.  Exterior and interior ornarentations Any direction 9.8
and appendages '
4, Wwhen connected to, part of, or housed *2*3
within a building: 9.3
(a) penthouses, anchorags and supports
for chimneys, stacks and tanks,
including contents
{h) storage racks with upp2r storage Any direction
level at more than 2.44m (8 ft)
in height, plus contents
(c} all equipment -or machinsery
5. Suspended ceiling framing systems aAny direction 0.3
*5
6. Connections for prefabricated structural Any direction 8.3

elements other than walls, with force
applied at centre of gravity of assembly.

*]  Cp for elements paterally self—supported only at
the ground level may be two thirds of 'value shown,

*2 Wy for storage racks shall be the weight of the '

racks plus contents. The value of ¢, for

racks

over two storage support levels in height shall

be ¢.24 for the level below the top two levels.

L1147
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*3 . For flexible and flaxibly mounted equipment and
machinery, the appropriate valuss of Cp shall be
determined with consideration given to both the
dynamic properties ¢f the equipment and machinery
arxd to the building oy structure in which it is
placed but shall bt not less than the listed
values,

*¢  Ceiling weight shal! include all light fixtures
and other equipment which is laterally supported
by the ceiling. For purpose of detemmining the
lateral force, a ceiling weight of not less than
#.192 kN/sqg.m {4 lbs/sg.ft) shall be used.

*5  The force shall be resisted by positive anchorage
and not by friction.

*6 Interior walls, partitions which exceed 1.83 m (6
£t) in - height shall be designed to  resist all
loads to which they are subjected but not less
than a force of 6,24 kN/sq.m (5 lbs/sq.fi) applied
perpendicular to the walls or partitions.

*7  Does not apply te ceilings constructed of lath and
plaster or gypsum board screw or nail attached to
suspended members thet suoport a ceiling at one
level extending from wall to wall.

Minimum Earthquake Forces for Structucres

Every structure shall be designed and constructed to resist
minimum  total lateral szismic forces assumed to  act
nonconcurrantly in the direction of each of the main axes of
the structure in accordance with the following formula:

Vo= ZIRCSW it e innrersnastaserasrneasenn U #2§
The wvalue of K shall hSe not. less than that set forth 1o
Table 11.15. The value of € and S are as indicated hereafter

except that the product of IS need not exceed @,14.

The value of C shall be datermined in accordance with the
following formula:

Lol e {b)

The value of C need aot exczed 8.12

The pericd T shall be established using the structural

-properties and : deformaticnal characteristics of  the

resisting elements in a properly substantiated analysis.

In the absence of a determination as indicated above, the
value of T for buildings mar be determined by the following

formula:
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Where h, and D are in feet.

Or in buildirgs in which the lateral force-resisting system
consists of ductile mcment-resisting space. frames capable of
resisting 109 percent of the required:lateral forces ard
such system is not enclosed by or adjoined by more rigid
elements tending to prevent the frame from resisting lateral
forces:

The wvalue of 3 shzsll be determined by the following
formulaa, but shall be not less than 1.¢: '

T T 72 _
for /Ty = 1.0orlessS = 1O+ =~ 0.5[%":[ e e {¢}
(1 o8 :
R
for T/Ts greater than 1.0 3z jess §=1.2+0.6 7 - 03 [TIZ'] ...... (0
s 3
WHERE: : : :

T in Formulae {2) and {f) shall be established by a propverly
substantiated analysis but 7T shall be not less than 6.3

second.

When T, 1is not properly established, the value of §
shall be 1.5.

"EXCEPTION: where T has been established by a properly
substantiated analysis and excesds 2.5
secornds, the wvalue of S may be determined
by assuming a value of 2.5 seconds for T,.

Distribution of Lateral Forces
11.5.4.1 Structures Having  Regular Shapes or  Framing
Systems )

The ~ total liateral force V shall be distributed
over the height of the  structure in accordance

with Formulas g, h and i.
n .
Vios Rt D e ciiieend®)

The concentrated force at ‘the top shall be
determined according to the following formula:



11.5.

- U

Ft' need not exceed 9,25V and may be considered as
g where T is 6.7 second or less. fThe remaining
portion of the tctal base shear V shall be
distributed over the height of the structure
including level n according to the following
formula:

AR

iel

At each level designated as x, the force Fx shall
be applied over the area of the building in
accordance with the mass distribution on  that
level.

11.5.4.2 Setbacks

Buildings having sethacks wherein the plan dimen-
sion of the tower in each direction is at least 75
percent of the corresponding plan dimension of the
lower part may be considered as uniform buildings
without setbacks, provided other irregularities as
defined in this clause do not exist.

11.5.4.3 Structures having irregular Shapes or Framing
Systems

The distribution 2f the lateral forces in struc-
tures which have highly irregular shapes, large
differences in latezal resistance or stiffness
between. adjacent stozies, or other unusual struc-
tural features, s2011 be determined considering
the dynamic charactarzistics of the structure.

11.5.4.4 Accidental Torsion

In addition to the horizontal torsional moments
where the vertical resisting elements depend on
diaphragm . action for shear distribution at any
level, the shear resisting elements shall be
capable. of resisting a torsional moment assumed to
be - equivalent to tho storey shear acting with an
eccentricity of no: less than 5 percent of the
maximum building dim:nsion at that level.

Overturning
At  any level the incremenzal changes of the design
overturning moment, in the storey under consideration shall

be distributed to the various resisting elements in the same
proportion as the distribution of the shears  in the

11-5¢
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11.5.6

11.5.7

11.5.8

resisting system, 4Where other vertical members are
provided which are capable of partially resisting the
overturning moments,a redistribution may be made to these
members  1f  framing members  of sufficient strength and
stiffness to transmit the required loads are provided.

Where a vertical resisting element is discontinuous, the
overturning  moment carried by the lowest storey of that
element shall be carrizd down as loads to the foundation.

Lateral Force on Elemants of Structures and Nonstructural
Ceoaponents '

Parts or portions of structures, nonstructural components
and their anchorage to the main structural system shall be
de51qned for lateral forces in accordance wkth the following
formula:

F.o=2ICH oovevivnannn, e ...(')
P Bp )

The values of C, are setforth in Table 11.16. The value of
the I coefficient shall be the value used for the building.

EXCEPTIONS:

1. The wvalue of 1 for entire connector assembly shall
be 1.9. .

2. The value of I for anchorage of machinery and equ1pment
required for life safety systems shall be 1.5.

The distribution of these forces shall be according to the

~ gravity loads pertaining thereto.

Alternate Determination and Distribution of Seismic Forces.

Nothing ‘in this section shall be deemed to prohibit the
submission of properly substantiated technical data for
establishing the lateral forces and distribution by dynamic
analyses. 1In such anzlyses the dynamic characteristics of -
the structure must be considered.

Essential Facilities

Essential facilities are those structures or buildings which

must be safe and usable for emergency purposes after an
earthquake in order to preserve the health and safety of the
general . public. Such Eacxlltles shall include but not be

limited to:

1. hospitals and other medical faCllltlE% having surgery
or erergency treatﬂent areas. .

2. fire and police stations.



3. municipal government  disaster operation and
communication centres deemed to be wvital in
emargencies.

The design and detailing of equipment which must remain. in
‘place  and be functional following a major earthquake shall
be  based upon the requiremencs of subsection 11.5.6 and
- Table 11.16. In addition, their design and detailing shall
consider effects induced by structure drifts of not less
than ({2.8/K) times the storev drift caused by required
seismic forces nor less than the storey drift caused by

wind.
11.6 " MISCELLANEOUS LOADS
11.6.1 . Temperature Loads

All structures and components thereof shall be designed to
cater for the effects of temperzture and its variation.

11.6.2  Soil and Hydrostatic Loads
11.6.2.1 Foundation
The fourdation of & building shall:

{a) safely sustain and transmit to the ground the
combined critical vertical and horizontal
" loads ia such a manner as oot to cause any
detrimental settlement or other movement
‘which would impair the stability of or cause
damage to the whole or any part of the
building or of any adjoining building or
works. ' =

(b) be taken down o such depth, or be so-
constructed, as to safeguard the building’
against damage by swelling,  shrinkage,’
callapse upon wetzing or freezing of the sub-
soil:

{c) be capable of adequately resisting any attack
by sulphateq or any other deleterious matter
present  in subsoil or subsoil water in
contact with the foundation.

11.6.2.2 The soil Cl&SSlflC&LlOH and design bearing capacity
' shall be shown on the plans, supported by a Soil
Investigation  Report signed by an  Registered
Geotechnical Engineer. The building official may
exempt this requirement for buildings “upto  three
storeys. The need for Soil Investigation Report is
not anticipated for single residential bu1ld1ng5

unless unusual conditicns are met at the site. '

11-52
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11.6.2.3 Foundation walls which are basement walls, or
similar. ver=ical walls below grade, shall be
designed and constructed to withstand the lateral
pressure * from adjacent soil. Bquivalent fluid
pressure shall be computed by analysis however
where the cquivalent fluid weight has not been
determined b soil analysis, - the equivalent fluid
weight of w2ll drained granular soils of average
or high permeability shall be not less - than
3.93 kN/cu.m {25 lbs/cu.ft}. The equivalent fluid
weight of soils containing a higher percentage -of
clay, fine silt or similar material, and of soils
generally o low permeability or poorly drained
soils, shal. be not less than 6.28 kN/cu.m (46
1bs/cu.ft) and the equivalent fluid weight of
soils not -rained shall be not less than 9.83
kN/cu.m (62.1 1lbs/cu.ft}}.

11.6.2.4 Weight of -ater shall be taken as 9.83 k¥/cu.m
(62.4 1lbs/iru. £t) for computing hydrostatic

asserbly u

all cthers

pressures.
11.6.3 Erection Loads
All loads required to »e carried by the structure or any part
of it due to placing or storage of construction material and .
erection equipment including all loads due to operation of
such equiprent shall e considered as erection loads. Proper
provisions shall be mide to take care of all stresses due to
such loads.
TABLE 11.17
VALUES FOR OCCUPANCY IMPORTANMCE FACTOR I
Type of Cocupancy X
Essential facilities* _ 1.5
‘any building where the primary ovcupancy is for 1.295

se for more than 388 parsons (in one rocm}

1.49

*Seo cl
requir

auzz 11.5.8 for definition and additional
ements for essential facilities.
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(1) garHNy i
1) A A Associates
26-A, Sajjab Squﬁre, Shaheed-E—Millat Road, Karachi-8
2) Associated, Consultancy Centre
1 Fl., Banqash Plaza, Markaz, F/7, Islamabad
3) Engineering Consultants
| 29 Bluck 748, Dural Aman Housing Society, Shahfa—E-Faisal,'Karachi
5) Progressive Consultants
25-D/1 Gulberg~ﬂ1,.Lah0re
5) .Republic Engineering Corporation Lid.
76-B, 1 Gulberg—lﬁ, Lahore
6) Zafar Associates
P. 0. Box 3167, Housing Society Pechs, Karachi-29
T) Nespak Ltd. (B3 V48> 1)
'_ 417, Wapda House, P.0.Box 1351, Lahore
(2) B OB% Euk%ﬁ%ﬁob®)

|} Associated Constructwn Lid. 5) Karron
2) Gammon (PAK) Ltd. 6) MLC
3) Intercanstruct (PVD) Ltd. | 7) Nazir and Co., Lid.

4) Interhom Ltd.
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and Development Dept. )NFHE T 5, Project Development Working Party(P DWP)
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(C&W Dept. DIFA) o' TOMDR S U BT B,

— FuP ¥ PIR MR, S0 ET FEALHE : Brecutive Bngineer

— # Rs, 250 ET #  :Superintending Engineer

— ” Rs. 50075 & T # : Chief Bngineer o

- # Rs. 5005 PLE » : 3&®DChief EngineeriZd ATender
Approving Committee(T A C) D
BTRE |
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FUY sy k3R RS, 6, 0007 LLEOBE. MOMBRIE, Y=y FAFEE
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Ministry of Communications) =>EREUFOEE Ministry of leahnin'g ar.ld'Bevelo.p
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BIEFRENFBE., REY 5 ANEETHB X i AComcept Clearance Commzttee L.J: _
Bo | |
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1 | Organization Chart : Communications of | C4W Dept. NWFP Joint
Works Dept., NWEP, _ : -
2 | Answers to Questionnaire (Bngineering #% L ¥ { Executive Engineers,
| Data) on 20 Proposed Bridges. C&W bept,, NWFP, Joint
3 [ N.W.E.P. Development Statistics 1989 M | Bureau of Statistics
_ . P&D Dept., NWFP Joint
4 | Road Map T 6 Districts, NWFP.
1) Abbottabad:Index Map of Highway 1 C&W Drept. NWip
Pivision Abbottabad,
(s) 1/2" = 1 mile
2) Mansehra :Road Map of Mansehra 1 ta
District
(s) 1" =-4 miles
3} Kohistan -:Road Map of Kohistan 1 "
District
(s) 1" = 4 miles
:%ag of District Kohistan 1 ”
S ?
43 Dir :Index map of Dir District 1 #
(s} 1" = 4 miles
5) Swat :Road Map of Swat District 1 ”
(sy 17 =1
6) Malakand :Road Map of C&W Division 1 ”
Malakand
(s) 17 = 1 mile
7) Index Plan of Malakand Division 1 ”
(s)
5 | Tth Five-Year Plan 1988-93 and Perspec- 1
tive Plan 1988-2003 k¥
6 | Letters of Request for Construction of
Bridges :
1) for Bridge at Harus Nullah at Dewal 1 Javed Igbal Abbasi
Feb 22.7 92
2} for Bridge on Pind Gali Road over 1 Shahibzada Mhmd.
River Siran, Feb 26,' 92, Sabir Shafi
7 { Inventory of NWFP Highways (upto 30 June 1 C&W Dept., NWEP Joint
1988) _
'8 | List of Bridges included in the ADP-SDP/ | 1 %
1991-92 :
9 | OPA Grant Progress Repert, 12/1991 1 "
10 | Revenue, Bxpenditure of NWFP for 1988-89 | 1 ”
to 1990-91 '
11 | Replies to the Questionnaire 1 #”
12 | Reply to Questionnaire, Ne. ; Procedures i C&W Dept., Joint of
and Formalities of Project Planning to : NWFP, :
Implementation
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13’1 Total No. of Dev. Schemes for 1991 92, i C&W Dept., Joint of
Malakand Division WP,
14 Mld Year Review of ADP 1991-92, - Communi- 1 ”
cation Sector
15 |'Menthly Progress Report for the Month of 1 ”
11/91 of FATA A.D.P. 1991-92
16 { Monthly Progress Report of Special Deve- L #

lopment Programme for the month of 11/
1991,
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