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MINUTES OF DISCUSSIONS
PRELIMIMARY STUDY OF THE PROJECT
FOR
CONSTRUCTION OF PRRIDGES IN NWFP/FATA

. IN -
THE ISLAMIC REPUBLIC OF PAKISTAN

'In response to a reguest from the Government of Islamic
Republic of Pakistan, the Government of Japan decided to conduct a
preliminary study on the Project for Construction of Bridges in
NWFP/FATA (herein after referred to as "the Project”") and entrusted
the study to the Japan Internaticnal Coopération Agency (JICA).

JICA sent Pakistan ‘the study team, which is headed by
Mr.Takeo KAI, Civil Engineering Development Specialist, JICA and is
scheduled to stay in the country from February 10 to 25, 1992.

The team held discussion with the cfficials concerned of
the Government of Faklatan and vonduc*ed a field survey at the
Progect sites. _ '

_ As a result cf discussions and field survey, both parties
confirmed the main items described fnirthe attached sheets. On
condition that the Government of Jaﬁan approves the implementation
of Basic Study on the Project, JICA will prepare the study,
including dispatchment of a survey team.

Peshawar, February 22, 1992

T Loy A ,,\7
Mr . TAKEQ KAI '
LEADER : GECRETARY T GQYT OF NWFP

PRELIMINARY STUDY TEAM ~ COMMUNICATION & WOWKS DEPARTMENT

— 11—



ATTACHMENT

1. Obiective

The objective of the Project is to construct and replace the
new and dilapidated bridges in remote area of NWFP (North-West
Frontier Province) for the improvement of socio-edonomic condition
and living standard of people in the areas.

2. Executing Organization.

Communication & Works Department, Government of NWFP iz
responsible for the administration and execution of the Project,

ent of Pakistan

3. Request by the Governm

The requested bridges by the Government of Pakistan are shown
in the Annexure-1 which includes 13 new bridges in addition to the
7 bridges officially requested through diplomatic channel,

4. Project Sites

The sites of the Project are in the North-West 'Frontier

Province as shown in Annexure-2

5. Japan's Grant Ald azstem

1)  The Government of Pakistan has understood the system of
Japan's Grant Aid Programme by the team.

2) The Government of Pakistan will take necéssary measures,
described in Annexure-3 for smooth implementation of the
Project on condition that the Grant Aid Assistance by the
Government of Japan is extended to the Project. :

"1f the Project i3 found feasible as a result of the
Preliminary Study, JICA will send the basic deolgn study team for
the project around the end of June, 1992.

7. The Government of Pakistan shall _provide. all necessary
information and data in case that the basic design study team

visits Pakistan.
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REQUESTS BY THE

Annexure-1

GOVERNMENT OF PAKISTAN

location

. Pind Gali Road
. {River Siran at

Narlai).

. Abbottabad Hurree

Road {Harno Mullah
at Deszal).

. Sawar Gali Boi Road

at Kuniar Kass.

. Shagai in Km-29

Popula-
tion
million

0.200

Thakot Darband Road.

. Pashorai in Fm-171

(Karakurram Highway).

. Jabrai in Km-11

Dadar Sachan Road.

. Bridge over River

Indus ¥m-1 Kandia
Valley Road.

. Jajshoe Km-18
Kandia Valley Road.
. Mastuj Broghal

Pass Darband.

. Km-1 NCC Maggar

West Road.

. NCC Chitral Town

Road.

. Fhal on Panjkora -

River at NCC Road
Km-135.

. Pridge on Haya

Seral Khawar.

. Samar-Pagh Shahi-

Road Fm-2-3 Bukari
Khawar.

, Mankial Bridge on

Swat River Fm-1

Ccoornai Road Km-1
Swat River.

Pecr Boba Palak Pur
~Jahazoona Dak Bridge
Swat River between

Totakan Kamala
{Mew loccation}.

. Sakhakot Village.

0.03

6.C3
- 0.017

0.010

0.025

0.130

' Mankial Tarkana Read.
. Kaidon on Kaidon

.02
500
.035

oOC o

0.930

113

Bridge
Length
_{m)

100.00

60.

60.

185

70.

67

175.

54

- 10.
70.

100.

120

100.

2%70.

50.

36.

00

00

.00

00

.00

a0

.00

o0
G0

00

.00

00

00

00

a0

45.00
60.00.
70.00

490.00

New/Rep-
lacement

Replacé—
ment

Replace-
ment

‘dO—
New
HNew
New

Replace-
ment

-do-
New
Replace-
ment
”dO)

~do-

thA.
Hew

Replace-
ment

_doA

_do,
=GO~

- dO"
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Pakis

1.
2.

Annexure-3

Necessary measures to be taken by the Covernment of
tan in case Japan's Grant is executed.

to provide data and information necessary for the project.

to secure land necessary for the execution of the Project and

provide enough space for cdnstruction, such as temporary
offices, working areas, stock-yards and others.

to-construct/develbp access roads/detours up to the sites
pripr to the commencement of the construction, fbr
transportation of materials and equipment necessary for the
project.

to demolizh or remove existing facilities, if required for the

execution of works:

to bear_pommission {banking charge) to the Japanese foreign
exchﬁnge bank for the banking services based upon the Banking
Arrangement.

to excmpt taxes and to take necessary measures for customs
clearance of the materials, equipment and supplies brought for
the project at the ports of disembarkation in Pakistan
including dry port in Peshawar NWFP.

to accord Japanese Nationals whose services may be required in
connection with the supply of projects and the services under
the verified contract such facilities as may be necessary for
their entry into Pakistan and stay therein for the performance

of their work..

to_maintain and use prqperly and effectively the facil}ties

constructed under the Grant.

to bear all the expenses cother than those to be borne by the
Grant, necessary for execution of the Project.
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(A JETEUEEMERS (Government of North West Frontier Province (NWF P))

L.

10.

11,

12,

13.

14.

15

16,

17.

18.

19.

. Mr.

Mr,

Mr.

Mr,

Mr.

Mr,

Mr.

Mr,

Mr.

Mr.

Mr.

Mr.

Mr.

Mr.

Mr.

Mr.

Mr.

Mr,

Mr.

Adan Khan
Muhammad Afzal Khan
Abdul Qayyum

Hazrat Sultas

Umar Khan

Habib Ali

Ahmed Jam

Mohammad Shafi
Ahmad Nabi Sultan
Bahadar Said
Mohammad Hamayen
Jan-c-Alam

Alta Utlah

Shakir Habib
Sirajuddin Afridi
Khalid Aziz

Abdul Galil Mughal
M. Fashihuddin

Niama{ Shak Bukhari

Secretary,
Communications and Works Dopaltment (C&W Dept.)

Chief Bngineer, C&V.,
C&W Dept,

Deputy Secretary,
C&W Dept.

Superintending Englneer, nghway Czlcle Peshawar
C&W Dept.

Superintending Bngineer, C&W Circle Malakand,
C&W Dept. _ .

Executive Engineer,
C&W Dept.

C&W Division Malakand,

Bxecutive Engineer, C&W Division Kohlstam
C&Y Dept. ‘

Bxecutive Engineer, C&W Division Mohmand,
CiW Dept. _

Assistant Englneer Highway Subd1v131on Warrh
District Dir, CiW Dept.

‘Assistant Bngineer, Highway Subd1v151on Tlmargara

District Dir, C&W Dept

Assistant Engineer, Highway Subdivision Matta,
District Swat, C&W Dept.

Assistant Engineer, Highway Subdivision Saidu
Sharif, District Swat, C&W Dept.

Assistant Engineer Caw Subd1v1510n Dassm
District Kohistan, C&W Dept.

Assisiant Bngineer, Bducation Project Dassu,
District Kohistan, C&W Dept

Section Officer (Roads) Headquarters
C&YW Dept,

AMditional Chief Secretary,
Planming and Development Department (P§D Dept. )

Additional Secretary,
PED Dept.

Chief, Transport and_Communication,
P4D Dept,

Bxecutive Engineer,- Highway Division Abbottabad
C&W Dept.
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(B) B (Federal Governme
1. Mr. Akhtar Igbal

9. Mr. Sadig Swati
3. Mr. Abdul Majeed

(€) BE/ 342 4 o FARBUR S

WMot —

ET
o

#

'-ib:'i

o N
N

R
Il

m arygisb
1. Mr. A Nabi Pathan

nt)

Deputy Secrctary, Bconomic Affairs Division (B, A. D),
Ministry of Finance and Bconomic Affairs (MFEA)

Senior Chief, National Transport Research Center (NTRC)
Ministry of Planning and Development (MPD)

Chief, NTRC, MPD

BtE R4 Y HARASEY —FHE
J1CA/SFRY HETT Ik
2 W

14

A. A Associates, Karachi
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DESIGN OF BRIDGES IN PAKISTAN

The bridges in Pakistan are designed according to IRC (Indian Road
Congress) which have been adopted for used in Pakistan. There are

three types of loadings, namely, Class a7, Class A and Class B.

- Bridges on main Highways, Motorwavs : Class A, AdA as per West
Pakistan Highway BDepartment Code of Practice for Bridges 1967,
In addition, the deck slabs shall be designed for N.H.A.
abnormal wheel lcad of 9,525 Kg. over a contact area of 305 mm

x 610 mm.

- Bridge on secondary {distrizt) roads : Class A as ver West
Pakistan Highway Department ode of Practice for Bridggs 1967.
In addition, the bridge deck slab shall be designed for N.H.A.

abnormal wheel load as statecd above.

- Bridge on Tertiary (Village) roads : Class B as per West
Pakistan Highway Department TJode of Practice for Bridges 1967.
In addition, the bridge deck slab shall be designed for 60% of

N.H.A. abnormal wheel load as described above.

The impact factors, longitudinzl forces due to braking/traction,
wind loading and forces due tc stream flow shall be as per the

above mentioned West Pakistan Cecde.

Seismic forces shall be calculéted and analysis carried out
following the procedure stipulated in Guidé Specifications for
Seigmic Design of Highway Bfidges, Section 3.21 of Standard
Specifications for Highway Briidges 1983 except that the seismic
zones as_stiﬁulated in the National Building Code of Pakistan

shall be used.

Load combination and limit stal: design approach shall be followed

as per AASHTO 1983.
As regards the design of membzrs and load coembination AASHTO.

specifications for design of tridges are used,. In some ‘cases

BS {British Standard) specifica<ions are also used.
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The most of the bridges consist of prestressed concrete post
tqnsiohed girders with reinforczd concrete deck slab. Two syvstems
are popular in Pakiétan, namely, Freyssinet and Strongheld. Both
the syétems are based on the usz of strands which are manufactured

locally.

For réinforcement plain mild steel bars of 250 KN/sq.mm. yield
strength and cold-worked deformed bars of 410 KN/sq.mm. vyield

strengths are extensively used.

For the foundations cast-in-place reinforced concrete piles are
extensively usead. The common pile diameters are 5330 mm, 668 mm,
710 mm, 750 mm, 1 m and in exceptional cases even 2 m Ppiles are

used on major bridges.
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11.3.8

L4

11.3.7.4 Provisica shall also be made for c¢arrying. any
concentrated equipment loads while the egquipment
is being installed or moved for servicing and
repairing.

Snow Loads

wWhere snow loads occur, full or unbalanced, the roofs'éhall
be designed for such loads or for the live loads specified
in ‘the Table 11.2 vhichever is more severe, :

Actual load due to snow will depend upon the shape of the
roof and its capacity to retain the snow; and each case-
shall ' be treated cn its own merits. In the absence of anv
specific information, the loading due to the collection of
snow may be assumed to be 25 N/sq.m {1.3 lbs/sq.ft)  per in
(cm) depth of snow. The possibility of total or partial snow
load should be considered, ' that is, one-half of the roof
fully loaded with the design snow load and the other half
loaded with half the design snow load. In the case of roofs:
with slopes greater than 58 degree soow load may be
disregarded; where, however, there are possibilities of
formation of snow packets,these shall be taken into account.
Where data on grourd snow load is available the specified
snow load shall be determined by multiplying the drourd snow
load by 8.8.

Snow load in excess of 9.96 kN/sq m (20 1b/sq.ft} may be
reduced for each degree of pitch over 28 degrees by Rs as
determined by the fcllowing formula

Rs = 5/48 - 1/49

Rs = Reduction in snow load in kN/sq.m  per
' degrze of pitch over 20 degrees.

S = Total snow load in xN/sg.m

The formula for reducing snow loads in FPS  units
will be:

= 5/4¢ -1/2

Rs = Reducticn in snow load in lb/sq.ft per degree
of pizch over 20 degrees.

Total snow load in lb/sq.ft.

[ 5]
1

WIND LOADS

All - loads due to the effect of wind pressure or suction are
called wind loads. The force dus to wind on a structure
depends on-the velocity of the wind and the shape and size
of exposed members. The velocity depends on the district in
which the structure 1s errected, . the height of  the
structure, and the shelter afforded by buildings or hills in

the neighbourhood.

11-17
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11.4.1

11.4.2

11.4.3

11.4.4

Wind Velocity for Various Paxis of Pakistan

Until detailed wind data is available, all the structures
inland shall be designed to resist a wind velocity of not
less than 48 m/sec (131 ft/sec) ab a height of 19 m (33 ft)
ard all the structures along the coast shall be designed to
resist, a wind velocity of not less than 5¢ m/sec ( 166.65
ft/sec) at a height of 19 m (33 ft). Lower wind velocities.
shall not be used unless approved by the authority.

Variation of Wind Velocity with Height

The vélocity of wind usually increases with the height above

the ground, Velocity increase with different heights are

given in Table 11.5.

Pressure of Wind

11.4.3.1 Flat Surface
The pressure due ko wind varies as the square of
velocity V¥, and on a flat surface the
charactristic pressure can be calculated by the

expression:

Chatacterictic wind praossure q = K Vil

Vg = design wind spoec = VxS

V¥ = Basic wind spead fas given in subsection
11.4.1)

S = Multiplying facitsr relating to
height above cround and wind
breaking

K = $.9625 in metric anits

= §,60256 in impgeriial units

Wind Forces

11.4.4.1 1In the preceeding subsection 11.4.3 the method of
assessing the dynamic pressure g 1s given. In
order to- determine the forces on 2 building or
‘structure, or part theieof, the pressure has to be
multiplied by a coefficient that is dependent on
the shape of the builc¢ing or structure and by the
area of the building or structure or part thereaf.

There are two types ¢t coefficients as follows:
1) pressure coefficients, G
2) force coefficients, C_

Values of these coefficients for some building
shapes are given In Tevies 11.6 to 11.l14. These
‘tables. may be used for other buildings of

11-18
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genarally similar shape.

These cuwefficients are of necessity, obtained
mainly  from measurements on models in  wind
tennels, and the great majority of data available
have beon obtained in conditions of ‘relatively
swooth flow. Where sufficient field data exist as
in the czse of rectangular buildings, - values have
tzen adjusted to allow for turbulent flow.
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ABLE 11.5

Ground roughnass, building size and height above ground, factor §

C . i -3) Country with many {4} Surface with larpe
{1} Open country with (2) Open country with windbresks; small tovwns; and {requent obstructions,

e cfbsl:rucil'ons scattered windbreaks aulskices of large cilies €.E. CitY Centris
Class ' Class Class  Class
H : .
A B C A . B C A 8 c A B C
m : : i
Jorless 0383 078 0.73 072 D.67 - 0463 .84 060 055 0.36 0.52 047
5 0.38‘ 0.83 0.73 0.79 074 0.70 310 065 060 0.60 0.5% 0.50
10 1o 095 0.9 091 0388 0383 9.18 0714 0.69 0.67 062 0.58
kS . 1.0 099 054 1.00 095 091 Y33 083 D78 0.74 0469 064
20 1.06 101 095 105 098 Q.94 29y Q90 083 0.79 Q75 070
0 1.09 105 .00 1.07  1.03 Q9% 1.0i 097 092 0.90 033 079
40 1.12: 1.0§8 1.0} 110 1.06 1.0t 1.05  1.01 098 c97 093 059
30 Lis . 110 106 1.12 1.08 1.0« 1.68 04 10O 102 098 0.94
© 60 1is 12 108 Lid 1,10 1.06 10 1.06 1.02 |.05_' l.02_ 0.98
30 118 115 L. L1713 109 i) CLI10 L06 110 107 1.03
10 .30 Lj? il 19 L6 L2 e L1219 113 110 107
120 122 119 LS t.20 i3 L4 VY8 LS e 1.4s 1._13 1.10
140 .24 1.20 .17 R22119 L6 £.200 BT 113 {35 I U S S T )
160 RO B 3 B U 6 .24 120 0 LS AT TR T T S B 119 117 114
180 1.26 1.2} 1.20 1.2 L2219 123 LI 117 .20 119 .16
pivy .27 124 1N 126 134 121 P24 13 1S 122 1.0 118

Class A: All of clading,glazini and roofing and their immediarte
fixings and individual members of unclad struture.

Class B: all bui.dings and scr:ictures where neither the greatest
: o

est vertical dimension exceeds
50 m (165 ft).

Class C€: All buildings and struactures whose greatest horizontal
dimension oxr greatest veritcal dimension exceeds

50 m (185 ft).

11-2¢!
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TABLE §1i

.6

Prossure cosfficients Cp. for the walls of rectangular clad bui!dinés

i :
[ I i C,, fov susface Locat
Boilding Bunding | . Wid | o C
height plan | Elevailon : IPIem angle
ralio ratio I a :
! ! ? A
i B i
; : v | c degrees
TS W N Sl O | 0.7
1< - 5—3 f H | "a ;\.i i 0 +
w21 —r A B .
: 90 0.5
; 0.25 w : 0
h - c
" ] __![ 0.2 6|06
: 0 |4+07]-025-06|-0
.3<.!<4 E_\;A'l 8 ' o }——I.O .
2w l 90~ {-05|-0s)+07 00
< 0 +0.7}-0.25 0.6 |06
1t 3 t E I | ~11
w2 5 50 |-061-06"!+07|-025
I _h_3 c :
%5211 ~_ 0 |+07|-03}~07|-01
2 <, <4 LA 8 ' -1l
90 ~0.5 | -0.5{+0.7 | -0 |
] 5 |
c 0 +08 | —~0.25~08}-08
I3 ~. | _ —1.2
- - <
b<g <3 ‘“‘Al B 90 -[~08]|-08|+08[-025) .
D
S b -
S,
2 ¥ = !
., TT 0 +0.7 | -04]-07{-07
3 1, : > 8 ; [ -12
1250 9% [-05|-05|+0s{-01]]
: : '
o i l E

NOTE. ks the he hi to caves ot parapet, | is the greater horizontal dimension of a building and w is the lesser horizonial
dimension of a bu ring.

11-21

— 124 -



TABLE 11.7

Prassure coefficients Cp. for pitch roofs of rectangular ¢lad buildings

Buildlag beight ‘Roof | Wind engle Wind 2agic Local coefficlents
ratio ’ angle 0* 90"
EF GH EG FH Y,
degrees
_ 0 -0.3 —~0.4 —-0.8 -0.4 —2.0 —2.0 —-2.0 —
. ~~_L s }-09 -04 |-08 -04 |14 —-12 =12 ~1.0
<3 a0 —1.2  -04 | -08 -06 | —14 —-14 —_— 12
W ET 0 |04 04 | -0 -06 | -L0 ~12
30 0 —-0.4 0.7 --0.6 -03 ' —i.1
45 +0.3 -0.3 -0.7 --0.6 —1.1
60 +0.7 -0.6 -0.7 --0.6 —i.
0 -0.3 -06 | —-1.0 --0.6 ~2.0 —-2.0 —~2.0 —
: i 5 -0.9 —0.6 —-0.9 --0.6 —-2.0 -20 —-1.3 - 1.0
VA3 10 - 1.1 —0.6 ~0.8 ~0.6 —-20 =20 —-1.5 - 1.2
3<w <3 | b0 | -07 ~05 |-08 06 |15 ~1.5 - 1.5 - 10
T"’U 36 -0.2 -0.5 —038 -0.8 ~1.0 — 1.0
— ¥ 45 +0.2 -0.5 -0.8 --0.8 :
&0 +0.6 -0.5 -0.8 --0.8
0 -07° -06 | -09 -0.7 | 2.0 -20 —20 —
, 5 | -07 -06 |-08 08 |-20 -2.0 —-15 -1.0
L o —-0.7 ~06 | —-08 --08 —-2.0 —-2.0 —1.5 ~-1.2
A 20 | -08 —-0.6 —-038 —~0.8 — 15 —~1.5 - 1.5 —-1.2
3<g<s A 30 1 -10 -05 l-08 -07 |-15
o 40 -02. -05 -} —03 --0.7 —1.0
] [ T 40 +0.2 —-0.3 0.8 -0.7
— o 60 +0.5 ~0.5 -3 -0.7
34_(5’]‘1’:‘ 1. A is the height to eaves of éa.rapc( aid wis the lasec horizoital dimension of Key pian
building. i
;«‘OU'II'E 2‘8 The pressuce coclficient on the underside of any roof overhang should be dj}— —l’}_
{aken 35 that on the adjciniog wall surface. ¥ 7
" Where no local cocfficients are given the overall cocflivients apply. T : .
Wind m\ H
——— Pl
| |
: i
E——

¥ = hor 013w,
whichever is the lesser.
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TABLE 11.8

Prassure cosfficiants Cp for mancpitch roofs of rectangular clad
buildings with A/w < 2 :

!Y_
P
~

T
—x)
r
lv-
——d b

T

L

=

x

~
——
i

38

|

o= — =

{—-—

3 L
-‘ A
I

y = hor Q.15 w, whichever
is the lesser,

WOTE. Area M aad arc;l L teler to the whole quadrant.

Wind angle =

Rool Local €
a0gle 4 e 45° 90° 135° 180° "
qegec | L e L lHermedHsH L |H L |H [H Ly |L (HOL
. _
E3
| &al|aE
i <i: <y _ _ .
5 j-10 -051<10 ~09}-10)-05[-09 ~10{~05 —10}-20|-15]-20}-151-201-20
10 -05]-10 —08}-10[-05[-08 —10]=04 —10{-20}{-15[-20}-L5)-201-20
15 1-09 -05]~10 ~07[=10[-05(~06 ~1.0!-03 —10|~1.8}{~09 18 ]|-14{-20] ,,
20 |-08 ~050-10 —<06{-09{~05[-05 —1.0|-02 ~10|-18|-08}-18]~14}-20-20
25 |-07 -05|-10 —06;-08}-05[~03 -39 |-0.1 ~09|~18;-07[--09-09~20;-20
30 {-05 -05|-10 —06]-08{-05/~01 ~36| 0 —06|-18;~051-05|~05]-20:-20

NMOTE. b is the height 10 eaves at fowey side, {35 the greater nerizoatal dimeasion af a building and » is the lesser horizontal dimension
of a building. .
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TABLE 11.9

Force coefficients Ci for rectangular clad buildings with flat roofs
(acting In the direction of the wind)
i i

C, for helght/breadsih ratto:

' f

[~

. Up o
4
I

—

]

! |

Plap shape o !
i

|

[
cby
L=

=4
<+ |07 |c3i o1 lors lors
3 1 |12 {ras t13s (e
3
~ I 1 07 |o07s {075 |o7s |08

S | | |
R s : 2 1.0 105 | 1.1 L15. | 12
. i

075 (075 |08 085 {09

f
q,
|
!
e

) 11 Q95 110 105 |t .15

!
|

08 035 {09 0.95 1.0

C; for heigh:/bresdth ratfo:

{ b
Plan shape W a4 Upte .
} 1 2 4 F3 10 10
i ] 09 |o2s |10 |10s |1l 12 |14

MNOTE. b is the dimeasion of the building sorma! to the wind, d is k2 dimension of the building measured in the diroction
of the wind. s the greater horizontal dimeosion of a buifding and w is the lesszr horizontal dimenston of a buildiag,
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TABLE 11.19

Pressura cosfficients Cs for pitch roofs of multi-spén buildings

(all spans aqual) with h > w'
1’ O'Ii'_’—t”-‘—i-—o_lwl

N A N LN SN
VAT NN &
7] [ g e N P
); ;ﬁ ! sy fk’ N !
g 2 VG ;p *Q_...‘ T#
Sl
] : ]
N N e N N SN «

y=h or Olw
whichever i3
the lesser

hl: hzzh
T .
Seéction
First span First inteemediate Other inlermediale End span Local coeRlcicnt ’

Reof Yeind, span SpANS

angle zngle
& E b [ d m ] % z

degrees degrees

50 —09 -06 —-04 -03 -03 -03 —03 -03

10 1t -06 —04 —03 -03 =03 ~03 -04
0 —07 ~06 —04 =03 —03 -03 -03 -~05 [~20 -—15
30 ~02 ~06 -04 -~03  -02 -03 -02 ~05
45 +03 -06 -6 —04 i -02 -Da4 -02 -05

Distance

Roof angle Wind angle a A, By by
degrees degrees
Up to 45 9% ~0.8 ~0.6 02

Frictional drag: when wind angle & = 0° horizonlat forces due to {frictional drag.are allowed for in "=

- above values:
when wind angle « = 90° 2llow for [rictional drag in accordance with clause 11.4.4.4

NOTE. Evidencc oa thesc buildings is [ragmentary and any departures from the cases given should be investignted

separalely.
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TABLE 11.11

Pressure c_oefficients Ces for saw-tooth roofs of multi-span
buildings (all spans equal) with /: 3 w’

0.1 .
. v—-:;__i'Fo_'wl
t 1

NZZZZ SN
o N
i ld N -
r’f/ : N ‘
% N T
X
Wz NS\ R
wl : w! .’
y=h or Qlw
whicheyer is
-~ . the lessac
a M=hych
4
"
1.
Section
Win First span _ l::::‘intcrmedille gl;:;!ntc:ﬂodintc Ead spans Local coefcken
angle 3 [
degrées i :
0 +06 -0.7 -07 -04 —-03 =02 -0l 03 ‘
: -2.0 -1.35
_P.S(_) . —~0.5 -—-03 -03 03 -04 -~05 ~0.6 0.1
o - Distance
Wind angle o h, ’ ks hy
degrees
90 -08 ~0.6 -0.2
270 ~ Similarly, but handed
‘Frictional drag: when wind angle « == 0° horizontal forces due to frictional drag are allowed for in the

. above values;
when wind angle a« = 90° allow for frictionz! drag in accordance with clause 11.4.4.4

NOTE  Evidence on these buildings fs fragmentary and any departures from the cases given should be investigated separatcly.
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TABLE 11.12

Pressure coefficients Cp for canopy roofs with § < ~£—l <1

. Roofl angle W indward slope Leeward slope

Section
degrees :
5 ~0.8or +12 -~ 10
1w ~0.6o0r +1.4 ~1.0
15 -040r +1.6 —-1.0
20 -020r +1.8 . -0.7
Y Y 0 oc+20  —02
_ 30° 0 or+20 0
5 ~12o0r +038 +1.0
10 -l40r 4058 +1.0
15 ~ 1.6 or +0.d + 1.0
/ 20 -180f +0.12 07
Cp 25 -200r O , -_l-0.2
30 -20o0r O 0
Wind 0° Wind 180°
0 —10or +1.0 ~1.00r +1.0
5 ) ~F0or +1.05 ~{.050r +1.0
10 + 1.1 —~ L1
_ I5 +1.15 —-1.15
20 12 -1.2
Wind 0° wind 180" 25 + 125 -1,25
——— 30 +1.3 -1.3

The coefficients take account of the combined 2fect of the wind on both upper and lower surfaces of the
canopy. Where altermative ceefficients are givan the canopy should be designed to accept both loading
conditions. In dddition to the uplifi forces, thers will be horizontal loads on the canopy duc’te the wind
pressure on any-fascia and to wind [riction over the surface of the roof. For any wind dircction, only ons
of these two, the more onerous, need be taken into account. Fascia loads should be calculated on the area
of the surface facing the wind, u'sing'_a force cozdficient of 1.3,

Frictional drag should be calcalated using the cocfficients given in clause 11.4.4.4

C, for individual cladding panels should be taken as £ 2.0,

For monopitch canopies the centre of pressu-e should be taken as acting at 0.25 of the span from the
windward edge. For double pirch canopies the centre of prcssurc should be taken as acting at the mid-point
of cach slope.

11-27
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TABLE 11,13

Force coefficients Cs for clad buildings of uniform section
{acting in the diraction of the wind)

E Cy for belghtforeadth ratiol

Plan shape . . Kbt Up to
. : H o 2 5 10 2 w©
. mll’rs ;
v 1 All surfaces < b :
s ! .~ 0.7 07 |07 {08 {09 [10 |12
i Rough or with :
i ‘projections 6 \
Sec also Appeadix G Smooth .56 0505 (05 |05 |05 {06 |06
| ¢ B Ellipse < 10 0.5.05 105 |05 [ 06 (06 |07
R - b = 2 - -
Of} bid = 1/ 10 | 02,02 {oz |02 (o2 {o2 |a2
_>1 "4 : ! -
]:r, " <3 08 °08 |09 [1Oo |1t [13 117
i Uipse
- o f = N
! bld = 2 58 08 08 {09 [10 | L1 |13 |LS
1 ;
Y bid = 1 <4 06 :06 [06 |07 [08 |08 | 1.0
/o =113 S 4 04104 [04 |04 |05 |05 Jos
T bid = 1 <10 07 {08 [08 {09 | L0 [10 {13
. b = 1S s10 joslos Jos jos Jos |os |06
!
<3 03103 lo3 {03 |03 |03 |04
AT |
e = s1 |l o2i02 |02 02 jo3 |03 |03
g o .
' . T a2 Al o5 | s S
_ i 7 116 T s si05 |os |os |os jos |07
d
ey :
: f bid =2 All .
b alb = 112 s | 09109 110 |1 k2 f1s L9
b| ' <6 07 los [os log {1o 12 |1s
, _ bid = 2
| .“i rib = 1/4 > 6 05105 |os [os5 |os |06 |06
i.._d_,. .
. Cont'd......
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TABLE 11.13

(Cont'd)

—132-

¢, for belght/breadth ratio
Plan shape oo Upto
} 1 2 5 10 10 @
Lo d ml"s . o .
) : _ < 10 08 {08 |09 [1.0 (LI FL3 |15
T rfa=1p3 . : :
X b 510 |05 (05 |os |os [os [os |os
A
All '
e fa = 1f12 atues | 09 |09 09 1t j12 (13 [Ls
@
o All . ' )
rla = 1/48 X 09 |09 109 [ i1 |12 |13 |18
— YELLCS ) .
r < 1 < 1] 0.7 |07 {07 08109 |10 1122
& - 5 elb = 114 —
s 11 04 104 04 04 |05 105 |os
<] 1
—— s _ All - :
b =.1j12 alues |08 {08 ]08 (10 fLI FEZ |14
3 ]
— ! : All ' '
b b = 1748 07 107 108 |os (o | L1 |13
] . valuas .
_1
el o .
]\' ' ‘ <8 07 {07 108 log |10 |1l 130
ffb = 14 —
bl > 5.8 04 |o4 o4 o4 |05 |05 [os
1748 < /b All _
e ) ) . 6 117 :
[>» <2 valucs b2 112 w2 g {1 2t
>
_ | ’ ) 0. . 1.0 |11 .
12-sided f_I_ 07 |07 g | o9 _ 1.3
polygon s1o o7 o7 [or lor {08 jo09 |11
i cont'd....--
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TABLE 11.13 (Cont'd}

C; for belght/breadth ratio

Plan shape : v.h* ipio
} 1 2 5 1 W o«
ml/s
e Octagon Al 100 10 11 12 12 13 14
values

*For chimneys see DD ., . (1. _ _ )

Where strakes are used, b may be taken as the breadih cver the strakes. Structures that, because of their
size and the design wind vclocity, are in the supcrcritical flow regime may nced further calculation to
cosurc that the greatest Joads do not occur at some wind speed below the maximum when the flow will
be subcritical. ‘

The cocfficients ate for buildings without projections, ¢xcept where otherwise shown,

In this table ¥,b is used as an indication of the airflow: regime.
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TABLE 1l.14

Pressure distribution around cylindrical structures

[, o ;_I
Wind l
Position ;m' Pressure coefficient C?.
periphery 0 Surface: rough or with projections Surface: smooth
degrees AlD =10 hD + 2.5 hD =10 hiD % 25
0 +1.0 +1.0 +1.0 +1.0
10 +0.9 409 +09 +039
20 +0.7 +0.7 - +0.7 +0.7
30 +0.4 +04 . +0.35 +0.35
40 ¢ 0 0 0
50 0.5 ~0.4 —0.7 -0.3
&0 —0.95 —0.8 -1.2 -1.03
70 ~1.25 -1 —14 —1.25
&0 ~ 1.2 —1.05 —1.45 —-1.3
90 - 1.0 —0.85 ~1.4 —1.2
100 —-0.8 —-Q.65 -11 —0.85
120 —0.5 ~0.35 ~0.6 -0.4
140 -0.4 ~0.3 -0.35 . —0.25
160 — 0.4 -073 -0.35 —-0.25
180 -0.4 -0.3 —{.35 ~{.25

For the purpose of calculating the wind forces that act in such a way as to deform a cylindrical structure
the values of C,, in table 15 may be used. They apply only in'supercritical flow (i.c. they should only be
used whece D > 0.3 m). They may be used for wind blowing normal to the axis of cylinders having their
axis normal (o the ground plane (i.e. chimneys, silos) and to cylinders having their axis parallel with the
ground plane (i.e. horizontal 1anks) provided thzz the clearance between the tank and the ground is not less
than D. : ' _

h is the height of a vertical cylinder or length of a horizontal cylinder. Where there is a frec flow of air
around both ends, A is to be taken as half the iength when calculating 4/ D. Interpolation may be used for
inkermediate values of 4D,

In the calculation of the load on the periphery of the cylinder, the value of C; shall be taken into
account. .

Foc open eaded cylinders wheee AfD 2 0.3 C,. may be taken as —0.8.

For open ended cylinders where 4D < 0.3 C, may be taken as —Q.5.
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11.4.4.2

Pressure Coefficients

Pressure coefficients are always given for a
particular surface or oart of the surface of a
building.. The area of that surface or part of the

~surface when multiplied by the pressure

coefficient and the dynamic pressure g gives the
wind - load acting in a Jdirection normal to that
particular surface or pact thereof. The total wind
load on a building can then be obtained by
vectorlal summation of the loads actlng on each of
the surfaces or parts of the surfaces of the
building. : -

Average values of the pressure coefficients are
given in the Tables for critical wind directions
in one or more quadrants. In order to determine
the maximum wind load #n the building the total

‘1oad should be calculated for esach of the critical

directions shown from ali quadrants.

Where considerable variation of pressure occurs
over a surface, it has been suilxiivided and mean
pressure coefficients given for each of its
several parts.

In addition, areas of high local suction
frequently occurring near the edges of walls and
roofs are separately shown. Coefficients for local

_effects should only be used to calculate the loads

on these local areas. Thney should not be used for
calculating the load on entire structural
elements such as roof, walls or the structure as a

whole.

NOTE: For the design of cladding or its
fixings to a structural member,
Class A should be used with the
pressure coefficient applicable to
the particula: area in which the
cladding lies.

For the desicn of a structural
member carrying the cladding, Class
B or C should be used with the
pressure coefficient appl1cable to
the - area in which member lies. In
considering the design against high
local pressures of the  structural
member ~carryirg the cladding, the
secondary effects such as
distribution. cue to the stiffness
of the c¢ladding should be :taken

.inkeo account.
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11.4.4.3

For main structural members the
design should be Class B or C
using the normal céefficients for
the whole area.

When calculating the wind load on . individual
structrual elements such as roofs and walls, and
individual ¢ladding units and their fixings, it is
essential  to  take “account of the  pressure
difference between opposite faces of such elements
or units. For clad structures it . is therefore
necessary to know the internal pressure as well as
the external nressure. The following
distinguishing pressure coefficients are therefore
used:

1. external pressure coefficient Coe

2. internal pressure coefficient .Cu;

The load F acting in a direction normal .to  the
individual structural element or cladding unit
therefore is F = (9} ”Cpi) qa*

where A is the surface area of the structural
elements or cladding unit. A negative wvalue of
F indicates that the resultant force is outwards.

Values of Cpe 3re given in Tables 1l.6.to 11.14.
and a method of assessing the values of C  1is
given in clause 11.4.4.5. pl ‘

Force Coefficients

Force coefficients, when given,  apply to a-
building or structiare as a whole, and when
multiplied by the effective frontal area Ae of the
building or structure and by the dynamic pressure
q give the total wind load on that particular
building or structurs thus:

w oo C9Aa >

| f e
where F is the force acting in a direction
specified in the Tables and Cf 1is the force
coefficient for the bwilding.

1t should be noted that the value of the force
coafficient Qgiffers for the wind acting on
different faces of-a building or structure. In’
order to determine tne critical load, the total
wind load should e calculated for each wind
direction.

If the wind load is calculated by dividing the.
area into parts, the value of Cf applied to each
11-33
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11.4.4.4

11.4.4.5

part should be that for the building as a whole.
Frictional Drag

In certain buildings of special shape a force due
to frictional drag stould be taken in addition to
those loads calculated from Tables 11.6 and 11.7.
For rectangular clad buildings this addition is
necessary only where the ratio d/h or 4d/b is
greater than 4. The frictional drag F' in the
direction of the winc is given by the following:

If hgb. F'=Cf:qb {d-’-dh)-}(:fl qzh (d-4h) ,or
If hyb. -:cfqu ;d-éb)mfv q2h (3-4b)

The first term in each case gives the drag on the
roof and the secondd the drag on the walls. The
terms are given separately to allow for the use of

different values oI C¢ and g on the different
surfaces. o

*The design wind speed and therefore q depends
on § which varies with height.

Cf' = @.81 for smooth surfaces without
corrugations or ribs across the
wing direction.

C = .02 for surfaces with corrugations
acrcss the wind direction.

o = @.6¢ for surfaces with ribs across
the wind direction.

For other buildings the frictional drag will be
indicated, where -necessary, in the Tables of
pressure coefficients and force coefficients.

Estimation of Inte:nal Pressure Coefficients

The total wind force on a wall or roof depends on
the difference of pressure between the outer and
inner faces. Open doors, windows or ventilators
on the windward side of a building will increase
air pressure inside the building and this will
increase the loading on those points of the roof °
and walls that are subjected to external suction-
and may affect the pressure on floors.
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Conversely, . openings at positions that are
experiencing external suction will reduce the
pressure inside the bulldings thus increasing
total loads on a wirdward wall, as shown in Fig.
below:

v f L]*;

Quiflow

|
t
¥
1

. - ve pressure I o
N (suction) —
— ) - »—Qultllow

WIND

-

REES

Internal pressure coefficient (2)

In practice, conditions are generally not so
simple. Most buildings have some permeability on
each face, through windows, ventilation louvres,
leakage gaps around doors and windows and to some
extent through the cladding itself; and if there
are chimneys, these can provide-a low-resistance
path for air flow. Permeability in this context is
measured by the total area of such openings in a
face. The problem is to determine the resulting
internal balance of all the contributing ' leakage
points for all critical wind directions, and, for
design. purposes, to assess the worst possible
combination of external and  internal pressures
that may be developed on each wall or roof unit.

The following examples indicate apprbximately the
values of Cpj that apply to a building with a
reasonably open interior plan and are to be applied
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to the same values of g as the building in which
they occur. If the interior is divided by
~ relatively impermeable partitions the pressure

difference between windward anl! leeward faces of
the building «will be broken dy»wn in  steps, and
will impose loads on the partitions.

{1} Two opposite faces equaily permeable; C
other faces impermeable
a. wind normal to permeable face +3,2
5. wind normal to imperaeable face -@.3
(2)  Four faces equally permeable ~-d.3

(3) With equal petmeability an all faces except
for a dominant opening on one .ot other face,
of size and position as follow:

a. on windward fac?, making the

' permeability of the windward face equal
to the following proportions of the
total distributed p2rmeability of all
the faces subject to suckion.

Proportion 1 +@.1
Proportion 1 1/2 +3.3
Proportion 2 +@.5
Proportion 3 or more +8.6

b. on leeward face: any <ominant ~3.3
opening

C. ona face parallel to the wind

(i) any dominant opening not in -6.4
an area of high local Cpe

{ii) in an area of high local Cpe:

. if the area of the opening equals
the following wvroportion of the
total other distributed permeability
of all the external faces sublect
Lo suction: ' '

1/4 or less -¢.4
1/2 : -#.5
3/4 -3.6
1 -@.7
i1/2 -3.8
3 or more ~¢.9

The  .distributed permeakility . should §e
assessed in each case as accurately as 1S
practicable. 'As a guide it can be said that
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the typical permeadility of a house or office
block with all windows nominally closed is in
the range of 6.6L% to 6.95% of the face area,
depending on the deq:ee of drauqhtptooflnq

Where 1t 1is not oossxble, or -is.  nok
considered justified, to estimate the value
of Cpi for a particuiar case, the coefficient
should be based oc1one of the following
paragrachs for any Jetermination of wall or
roof leading. :

(1) where there 1is only a negligible
probability o7 a dominant = opening
occuring during a severe storm, Cpi
should be taken as the more onerous of
+8.2 and -8.3.

{(2) for situations where a dominant opening
is likely to oocur, Cpj should be taken
as 75% of thz2 value of Cpe outside the
opening. Tha extreme condltions should
be determined for the various wind
directions .thit give rise to critical
lecadings and it should be notad that
especrally sesere internal pressures
may be deVEIOXKi]J a dominant opening
is located in a region of high local
external pressire.

There is a further complication in a wail or
roof element that comprises several layers.
For example, a roof may be boarded and felted
and coversed with tiles, The  pressure
difference betwesn nutside and inside  will
then be broken down into steps, across each
layer; these steps will depend oo the
relative permeadbility of the various layers
and the access of alr to the spaces between
them, Each case need; careful study to ensure
that the whole of the. wind load is not
accidentally transfarred to-a single membrane
such as a-thin met:l sheet that may not be
designed to carry it. :

Control of Internal Pressure: The value of
Cp1 ‘can sometimes e limited or controlled to
advantage by the de.iberate distribution of
permeability in the walls and roof or by the
deliberate provision of a venting device that
can serve as a domin2at opening at a position

having ‘a suitabie external pressure

coefficlent. An  example of such an

application 1is a ridge ventilator on a low

pitch roof which, under all directioas of
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11.5

11.5.1

11.5.2

wind, will reduce the upiift force on the
roof.

SEISMIC LOADS

General

 Every . building or structure and every portion thereof shall

be designed and constructed to resist stresses produced by

lateral forces as provided in this section. Stresses shall
‘be  calculated as the effect of a force applied horizontally
- at each floor or roof level abovs the base. The force shall

be assumed to come from any horizontal dirxection.

Structural concepts other than s=t forth in this section may
be approved by the building official when evidence is
submitted showing that equivalent ductility and energy
absorption are provided.

" Where prescribed wind loads prcduce higher stresses, such
Joads shall be used in lieu of the loads resulting from

earthquake forces.
Symbols and Notations

The . following symbols and notations apply only to the
provisions of this section:

C = npumerical coefficient as specified in subsection
11.5.3. :

Cp = pumerical coefficient as set . forth in Table
11.15.

D .= the dimension of the structure,-in m (ft), in a

difection parallel to the applied forces.

Fi'ﬁ1’Ex= lateral force applied to level i, n or X,
respectively.

Fp = .lateral force on a part of the structure acd in
the direction under consideration.

Fy = that portion of V considered concentrated at the
top of the structure in addition to Fn.

hy hy h,= height in m (ft) abcve the base to level i, n

Pt or x respectively.

I = occupancy importance factor as set forth 1in
Table 11.17 '

K | =  numerical coefficient as set forth in  Table
11,15,
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Level i

1 = 1 level of structure referred to by the subscript i

i = 1 designates the first level above the base.

Level n = that level which is uppermost in the main
portion of the structure.

Level x = that level which is under design consideration.

x = 1 designates the first level above the hase.

N = the total number of stories above the base to
level n.

$ =  nuwerical coefficient  for site-structure
resonance . '

T = fundamental elastic pericd of vibration of the
building  or structure in  seconds in  the
direction under consideration. '

Tg= characteristic site peried.

V = the total laterzl force or ~shear at the base.

W = the total dead load including the partition

loading where applicable.

EXCEPTION: W shall be equal to the total dead load
plus 25 percent of the floor live load in storage and
warehouse occupancies. Where the design snow load is
1.44 kN/sq.m (30 lbs/sg.ft) or less, no part. need be
included in the value of W. where the snow load is
greater than 1.44 k¥N/sq.m (38 lb/sq.ft), ‘the snow load
shall be included; however, where the snow load
duration warrants, the building official may allow the
snow load to be reduced upto 75 percent.

Wi W= That portion of W which is located
at or is assigned to level i or x
respectively.

W, = The weight of a portion of a structure or
nonstructural component.

2 = MNumerical coefficient dependent upon the
zone as determined by Figs.ll.l to 11.5.
For lecations in Zone No. @, 2=3/32,
For locations in Zong No. 1, Z = 3/16.
For locations in Zone No. 2, Z = 3/8.
For locations in Zone No. 3, Z= 3/4. For
locaticns very close to known active

faulkts, 2 = 1.
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