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Abstract: - This paper compares the maximum roof pressures of the low rise rectangular plan building using
four major codes (MS 1553-2002, EC 1991-1-4:2005, IS 875-3-1987 and BS 6399-2:1997) on the general and
local area of different roof types considering buildings with non-dominant opening, dominant opening and
canopies. Two codes used to determine the wind pressures in Malaysia are MS 1553-2002 and BS 6399-2:1997.
Eurocodes (EC1-1-4) has been included in the context of its necessary introduction in Malaysia. IS 875-3-1987
is another code from tropical zone namely India. The maximum recommended wind speed in MS 1553-2002
namely 33.5 m/s has been used as the reference for the numerical comparison. The major differences in the
codes include averaging time for wind speed, reference height of buildings, and values of pressure coefficients.
The study examines the conservativeness or not of the codes if used in the Malaysian context, even though they
have been developed for a different wind climate and region. The results of the study are reported.
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l. INTRODUCTION

The roofing is a very critical element for the safety of buildings and historically it has suffered severely
during the strong wind events. Generally, roof systems have performed well under normal conditions of load.
Their performance under extreme wind loads has been disastrous, the predominant failure mode being uplift
[11[2][31[4]1[5]- The wind codes being used in Malaysia are MS 1553-2002 [6] and BS 6399-2 [7]. The
introduction of Eurocodes for structural design in Malaysia necessitates examination of EC1-1-4 [8]. IS 875-3
[9] is the wind code used in India which has tropical climate with cyclones in Zone 2. Comparative study of
these codes will highlight similarities and differences in approaches, idea regarding the values of terrain
multipliers, pressure coefficients and pressures and conservativeness or not if used in the Malaysian context,
even though they have been developed for a different wind climate and region.

1. LITERATURE REVIEW
2.1 Introduction
The wind speeds in MS 1553-2002 [6], IS 875-3-1987 [9], BS 6399-2-1997 [7] and EC1-1-4-2005 [8]
are based on 3-second gusts, 3 second gusts, 10 minute mean and hourly means respectively. The reference
heights for calculation of pressures on the whole or part of a building are different in different codes.

2.2 Building Types

Rectangular plan buildings may have different roof types like mono-slope, pitched (gabled or hipped),
canopy (pitched or troughed), saw tooth (single or multi span) and circular arch roofs. All these building types
are further classified based on percentage openings into non-dominant and dominant opening and open (canopy
type). All of them have been considered in the study. Fig. 1 shows the different of building types; case a is non-
dominant opening building, case b is dominant opening building and case c is a building with canopy roof.
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Fig 1: Different buildingtypes

2.3 Reference height

For calculation and comparison of wind pressures in different codes, MS 1553-2002 is used as the
reference. The reference heights are calculated based on roof pitch of 10 degree and average roof height to width
of the building ratio of 1.0. Buildings with average roof heights 3, 5, 10 and 15m is considered in this study. In
MS 1553-2002, IS 875, EC1-1-4 and BS 6399 the reference height for roofs of non-dominant and dominant
opening buildings, at which the wind speed, is determined is the average height of the roof, eaves height and for
the latter two the height of the ridge respectively. For canopies, MS 1553-2002 defines the reference height for
the roofs as the average height of the roofs. IS 875 and EC1-1-4 defined the reference height of the roofs as
eaves height for the pitched and troughed canopies and ridge height for the mono-slope canopies whereas BS
6399 defines the reference height of the canopies at the ridge height. Fig. 2 shows the reference height as per
different codes for duo-pitch roofs; Case a for EC1-1-4; case b for MS 1553-2002; case ¢ for IS 875 and case d
for BS 6399.
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Fig 2: Reference height as per different codes for buildings with duo-pitch roofs

2.4 Number of terrain categories (TC)

EC1-1-4:2005 specifies 5 terrain categories (0, I, II, 11l and V) whereas MS 1553-2002 and 1S 875-3-
1987 specify only 4 (1, 11, 11l and 1V). BS 6399-2:1997 defines three categories of terrains namely sea, country
and town.

2.5 External pressure coefficients

MS1553-2002, 1S 875-3-1987, BS 6399-2-1997 and EC1-1-4-2005 define the external coefficient of
wind pressures for several zones on the roof. The value of external wind pressure coefficient is influenced by
roof type, roof slope, wind direction and the ratio of height to width of the buildings. Local and general external
coefficients are given in EC1-1-4 and 1S 875-3-1987 whereas BS 6399-2-1997 and MS 1553-2002 don’t provide
the separate values for local and general areas, but different local pressure factor (k1) for roof edge areas and
general areas are provided in MS 1553-2002. External pressure coefficients are same for buildings with non-
dominant and dominant openings. Monoslope roof is not separately discussed in MS1553-2002. For circular
arch roofs, no provisions are provided for BS 6399-2-1997.

2.6 Internal pressure coefficients

Internal pressure coefficients are same for the buildings irrespective of the roof type. MS 1553-2002
defines the Cp; values for two cases namely (1) where openings are shut and permeability dominates, and (2)
openings are assumed. 1S 875-3-1987 defines four conditions for internal pressure coefficients based on the
degree of permeability. EC1-1-4:2005 also considers two cases (1) when the total area of openings on at least
two sides is more than 30% of the area of that side, and (2) when the total area of openings is less than 30% of
the area of that side. The latter case is further classified into 2 namely (1) buildings with dominant face and (2)
buildings without dominant face. The provisions in BS 6399-2 are identical to EC1-1-4 with respect to internal
pressure, and can be taken as +0.2 or -0.3.

2.7 Net pressures coefficients
MS1553-2002, IS 875-3-1987, BS 6399-2-1997 and EC1-1-4 provide the net pressure coefficients of
canopies taking into account the combined effect of wind acting on both the upper and lower surfaces of the
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canopies for all wind directions. The effect of partial closures is accounted by using solidity ratio. “0” represent
to goods or materials stored under the roof block less than 50% or empty, and “1” represents the goods or
materials stored under the roof block more than 75% or fully blocked.

2.8 Wind pressure on the roofs
Determination of roof pressures as per MS 1553-2002, 1S 875-3-1987, EC1-1-4-2005 and BS 6399-2-
1997 have been discussed in [10].

1. OBJECTIVE OF STUDY
The main objective is to evaluate and compare the roofs pressures for rectangular plan buildings with
average roof height not greater than 15m under different conditions using the MS 1553-2002 Simplified
procedure, EC1-1-4; BS 6399-2-1997 Standard procedure and IS 875-3-1987. The sub objectives are to compare
the maximum positive and negative net pressures of the different types of roofs using different codes.

V. METHODOLOGY
A comparison of the codes requires the wind speed to be converted to the averaging time used in
different codes (since 3 second winds speeds have been tabulated in MS 1553-2002 for Malaysia). The roof
pressures for different roof types and building permeability or openings condition have been compared. Since
the reference heights in EC1-1-4, BS 6399-2-1997 and IS 875-3-1987 are different, those values corresponding
to the average roof heights assumed for MS 1553-2002 have been evaluated for use in the respective codes. The
wind speeds at the reference height are used to evaluate the pressures on the roof using the pressure coefficients.
Using the basic wind speed of 33.5 m/s, and appropriate values for other parameters, the design wind pressures
are calculated. Considering external pressure and internal pressure towards the roof as positive, three cases of
total pressure can be evaluated (Fig. 3). The value of the terrain height multiplier varies with height (z) and the
terrain category. The critical positive (case b) and negative pressures (case c) in Fig. 3 have been evaluated for
different height and terrain categories for different roof types and building conditions. Using wind speed of 33.5
m/s converted to the corresponding averaging time, the values of roof pressures as per MS1553-2002; EC1-1-

4:2005, BS 6399-2-1997 and IS 875-3-1987 are evaluated and compared.

+ +
we N e
KT+
(]

|

ui
T

(a) (k)

Fig 3: Cazes ofroof wind pressure on duopitch rectangular buildings

V. RESULTS AND DISCUSSION
5.1 General
The analysis has been done considering the maximum 3 second basic wind speed in Malaysia, which is
33.5m/s. The corresponding 10 minute mean wind and mean hourly wind speeds are calculated with conversion
factors (0.697 and 0.658) obtained from the Durst curves available in ASCE 7-10 as 23.4 m/s and 22.0 m/s
respectively [11].

5.2 Comparison of roof pressures

The maximum negative and positive pressures on general and local areas of buildings with non-
dominant and dominant openings and canopies for all types of roofs as per MS 1553-2002, EC1-1-4:2005, IS
875-3-1987 and BS 6399-2-1997 have been calculated. The maximum negative and positive pressures on
general and local areas for all types of roofs as per MS 1553-2002, EC1-1-4:2005, IS 875-3-1987 and BS 6399-
2-1997 for the different terrains indicate increasing trend of values with increasing height and decreasing trend
from TC 1 to TC 4, as expected [12] [13] [14]. To determine the conservativeness or not of the different codes if
used in Malaysia, all pressures determined using different codes have divided by the corresponding pressures
determined using MS 1553-2002. Tables 1, 2, 3, 4, 5 and 6 show the ratio of pressures for duo-pitch, mono-
slope, circular arch, flat, multi span duo-pitch and multi span saw-tooth roofs respectively on buildings with
non-dominant openings and Tables 7, 8, 9, 10, 11 and 12 show the ratio of pressures for duo-pitch, mono-slope,
circular arch, flat, multi span duo-pitch and multi span saw-tooth roofs respectively on buildings with dominant
openings and Tables 13, 14 and 15 show the ratio of pressures for duo-pitch troughed roof, duo-pitch ridged
roof and mono-slope canopy roofs respectively for all terrain categories for different codes.
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Table 1: Ratio of pressures on duo-pitch roofs on buildings with non-dominant openings for different codes
EM | I/M [ BM[EM | IU/IM][BM]|EMI|IUM]|BM]|EM]I]IM/]|SM

H TC1 TC2 TC3 TC4
maximum positive pressures on the critical areas of roof
3 | 120 | 1.02 | 0.89 115 | 1.25 113 | 133 | 1.15 1.04 | 1.03 | 0.90
5] 119 | 090 | 0.91 1.17 | 1.09 116 | 1.33 | 1.38 1.04 | 1.03 | 1.22
10 | 1.19 | 0.79 | 0.93 1.18 | 0.90 125 | 1.09 | 140 1.06 | 1.03 | 1.64
15| 1.20 | 0.79 | 0.93 1.19 | 0.89 126 | 1.06 | 1.36 130 | 1.03 | 191
maximum negative pressures on the critical areas of roof
3 | 107 | 086 | 0.72 1.02 | 1.06 1.01 | 1.13 | 0.93 093 | 0.87 | 0.73
5| 106 | 0.76 | 0.74 1.05 | 0.92 1.03 | 1.13 | 1.12 0.93 | 0.87 | 0.99
10 | 1.06 | 0.67 | 0.75 1.05 | 0.76 112 | 092 | 1.14 095 | 0.87 | 1.34
15 | 1.07 | 0.67 | 0.76 1.06 | 0.76 112 | 0.89 | 1.10 1.16 | 0.87 | 1.56
maximum positive pressures on the general areas of roof
3 | 195 | 165 | 144 1.86 | 2.03 184 | 2.16 | 1.87 169 | 1.67 | 147
5 | 193 | 147 | 147 191 | 177 188 | 2.16 | 2.24 169 | 1.67 | 1.98
10| 194 | 1.29 | 151 192 | 147 204 | 1.76 | 2.28 173 | 1.67 | 2.67
15| 195 | 1.28 | 152 194 | 1.45 205 | 1.72 | 221 212 | 167 | 3.11
maximum negative pressures on the general areas of roof
3 1129 | 099 | 121 124 | 121 122 | 129 | 157 112 | 1.00 | 1.23
5] 128 | 088 | 1.24 1.27 | 1.06 125 | 129 | 1.89 112 | 1.00 | 1.67
10 | 1.29 | 0.77 | 1.27 1.28 | 0.88 135 | 1.05 | 192 1.15 | 1.00 | 2.25
15| 1.29 | 0.77 | 1.28 1.29 | 0.86 136 | 1.02 | 1.86 141 | 1.00 | 2.62

Table 2: Ratio of pressures on mono-slope roofs on buildings with non-dominant openings for different codes
EM[ UM [BM | EM | I/ | BM/|EM]|IM]|BM]|[EM]|UM]|SM

H TC1 TC2 TC3 TC4
maximum positive pressures on the critical areas of roof
3 1.21 | 0.42 0.90 1.16 0.52 1.13 0.55 1.17 1.04 0.43 | 0.92
5| 120 | 038 | 091 | 119 | 045 118 | 055 | 139 | 104 | 043 | 1.23
10 | 1.20 | 0.33 | 093 | 1.20 | 0.38 127 | 045 | 142 | 1.09 | 043 | 1.67
15| 121 | 033 | 094 | 1.21 | 0.37 128 | 043 | 137 | 133 | 043 | 1.93
maximum negative pressures on the critical areas of roof
3 | 123|086 | 093 | 118 | 1.06 115 | 113 | 1.20 | 1.06 | 0.87 | 0.95
5| 121 | 076 | 094 | 1.21 | 092 120 | 113 | 144 | 1.06 | 0.87 | 1.28
10 | 1.22 | 0.67 | 0.97 | 1.22 | 0.76 129 | 092 | 147 | 111 | 0.87 | 1.72
15| 1.23 | 0.66 | 0.97 | 1.22 | 0.75 130 | 088 | 142 | 135 | 0.87 | 2.00
maximum positive pressures on the general areas of roof
3 119 | 069 | 146 | 189 | 0.85 184 | 090 | 189 | 169 | 0.70 | 1.50
5| 194 | 061 | 148 | 193 | 0.74 191 | 090 | 2.26 | 1.69 | 0.70 | 2.01
10 | 1.95 | 0.54 1.52 1.95 0.61 2.07 0.74 2.30 1.77 0.70 | 2.71
15 ] 196 | 053 | 153 | 1.96 | 0.60 208 | 0.70 | 223 | 216 | 0.70 | 3.14
maximum negative pressures on the general areas of roof
3 181 | 0.87 1.21 1.74 1.07 1.70 1.14 1.57 1.56 0.88 | 1.23
5 1.79 | 0.77 1.25 1.78 0.93 1.77 1.14 1.90 1.56 0.88 | 1.69
10 | 1.80 | 0.68 | 1.28 | 1.80 | 0.77 191 | 093 | 1.94 | 163 | 0.88 | 2.27
15| 181 | 0.67 | 1.28 | 181 | 0.75 192 | 089 | 187 | 199 | 0.88 | 2.65

Table 3: Ratio of pressures on circular arch roofs on buildings with non-dominant openings for different codes
EM[ UM [BM | EM | I/M | BM|EM]|IM]|BM]|[EM]|UM]|[SM

TC1 TC2 TC3 TC4

maximum positive pressures on the critical areas of roof
3 1.73 | 1.47 1.65 181 1.64 1.92 1.50 1.48
5 1.71 1.31 1.70 1.58 1.67 1.92 1.50 1.48
10 | 1.72 1.15 1.71 131 181 1.57 1.54 1.48
15| 173 | 114 1.72 1.29 1.82 152 1.88 1.48
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maximum negative pressures on the critical areas of roof

3 | 058 | 058 0.55 | 0.72 0.55 | 0.77 0.50 | 0.59
5 | 057 | 052 0.57 | 0.63 0.56 | 0.77 0.50 | 0.59
10 | 0.58 | 0.46 0.57 | 0.52 0.61 | 0.63 0.52 | 0.59
15| 0.58 | 0.45 0.58 | 0.51 0.61 | 0.61 0.63 | 0.59
maximum positive pressures on the general areas of roof
3 | 260 | 2.20 248 | 2.71 2.45 | 2.88 225 | 2.23
5 | 257 | 1.96 2.54 | 2.36 250 | 2.88 225 | 2.23
10 | 259 | 1.72 2.56 | 1.96 272 | 2.35 231 | 2.23
15| 260 | 1.71 259 | 1.93 274 | 2.29 2.82 | 2.23
maximum negative pressures on the general areas of roof
3 | 098 | 0.99 093 | 1.21 092 | 1.29 0.85 | 1.00
5 | 097 | 0.88 0.96 | 1.06 094 | 1.29 0.85 | 1.00
10 | 0.97 | 0.77 0.97 | 0.88 1.02 | 1.05 0.87 | 1.00
15| 0.98 | 0.77 0.97 | 0.86 1.03 | 1.02 1.06 | 1.00

Table 4: Ratio of pressures on flat roofs on buildings with non-dominant openings for different codes
EM | IU/M [ BM][EM ]| U/M][BM]|EMI|IUM]|BM]|EMI]IM/]|SM

TC1 TC2 TC3 TC4
maximum positive pressures on the critical areas of roof
3 064 | 042 | 040 | 0.61 | 052 0.61 | 055 | 052 | 056 | 0.43 | 0.40
5| 063 | 038 | 041 | 0.62 | 0.45 061 | 055 | 0.62 | 056 | 0.43 | 0.55
10| 064 | 033 | 042 | 0.63 | 0.38 066 | 045 | 063 | 056 | 0.43 | 0.74
15| 064 | 033 | 042 | 0.64 | 0.38 0.67 | 045 | 061 | 0.69 | 0.43 | 0.86
maximum negative pressures on the critical areas of roof
3 1083|086 | 050 | 079 | 1.06 0.80 | 1.13 | 065 | 0.73 | 0.87 | 0.51
51083 | 076 | 052 | 081 | 0.92 0.80 | 1.13 | 0.78 | 0.73 | 0.87 | 0.69
10| 0.83 | 0.67 | 053 | 0.82 | 0.76 0.87 | 0.92 | 0.80 | 0.73 | 0.87 | 0.93
15| 084 | 0.68 | 053 | 0.83 | 0.76 0.87 | 091 | 0.77 | 0.90 | 0.87 | 1.09
maximum positive pressures on the general areas of roof
3 104 | 069 | 065 | 099 | 0.85 099 | 0.90 | 0.84 | 091 | 0.70 | 0.65
5 | 103 | 061 | 0.67 1.01 | 0.74 099 | 0.90 | 1.01 | 091 | 0.70 | 0.89
10 | 1.04 | 054 | 0.68 1.02 | 0.61 1.08 | 0.74 | 1.03 | 091 | 0.70 | 1.20
15| 1.04 | 054 | 0.69 1.03 | 0.61 1.09 | 0.73 | 1.00 112 | 0.70 | 1.40
maximum negative pressures on the general areas of roof
3 /103|087 | 08 | 098 | 107 098 | 114 | 110 | 0.90 | 0.88 | 0.85
5| 102 | 0.77 | 0.87 1.01 | 0.93 098 | 114 | 132 | 090 | 0.88 | 1.16
10 | 1.03 | 0.68 | 0.89 1.02 | 0.77 1.07 | 093 | 1.34 | 0.90 | 0.88 | 1.56
15| 1.03 | 0.68 | 0.89 1.02 | 0.77 1.08 | 092 | 1.30 111 | 0.88 | 1.83
Table 5: Ratio of pressures on multi span duo-pitch roofs on buildings with non-dominant openings for different
codes
y |_EM /M | BM | EM [ UM [BM|EM]| UM ]| BM]|EM]|IM]SM
TC1 TC2 TC3 TC4
maximum positive pressures on the critical areas of roof
3 | 120 | 0.68 | 0.89 1.15 | 0.83 113 | 0.89 | 1.15 1.04 | 0.69 | 0.90
5| 119 | 060 | 0.91 1.17 | 0.73 116 | 0.89 | 1.38 1.04 | 0.69 | 1.22
10 | 1.19 | 053 | 0.93 1.18 | 0.60 125 | 0.72 | 1.40 1.06 | 0.69 | 1.64
15| 1.20 | 053 | 0.93 1.19 | 059 1.26 | 0.70 | 1.36 1.30 | 0.69 | 1.91
maximum negative pressures on the critical areas of roof
3 | 111 | 0.79 | 0.84 1.06 | 0.97 1.05 | 1.03 | 1.09 | 097 | 0.80 | 0.85
5| 110 | 0.70 | 0.86 1.09 | 0.84 1.07 | 1.03 | 1.30 | 0.97 | 0.80 | 1.15
10 | 1.11 | 0.61 | 0.88 1.10 | 0.70 116 | 084 | 1.33 | 0.99 | 0.80 | 155
15| 1.11 | 0.61 | 0.88 1.11 | 0.69 117 | 0.82 | 1.29 121 | 0.80 | 1.81
maximum positive pressures on the general areas of roof
3 [ 1295|110 144 | 186 [ 1.35 | | 184 | 144 | 187 [ 169 | 1.11 | 1.47
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5 | 193 | 098 | 147 191 | 1.18 188 | 144 | 2.24 169 | 1.11 | 1.98
10 | 1.94 | 0.86 | 151 1.92 | 0.98 2.04 | 118 | 2.28 173 | 1.11 | 2.67
15| 1.95 | 0.86 | 1.52 1.94 | 0.97 205 | 114 | 221 | 212 | 111 | 311
maximum negative pressures on the general areas of roof
3 | 180 | 093 | 155 172 | 114 170 | 1.21 | 2.00 156 | 0.94 | 1.57
5| 178 | 0.82 | 1.58 1.76 | 1.00 173 | 121 | 240 156 | 094 | 2.12
10| 1.79 | 0.72 | 1.62 1.78 | 0.82 1.88 | 099 | 2.44 1.60 | 0.94 | 2.86
15| 1.80 | 0.72 | 1.63 1.79 | 0.81 189 | 096 | 2.37 1.95 | 0.94 | 3.33
Table 6: Ratio of pressures on multi span saw-tooth roofs on buildings with non-dominant openings for different
codes
y |_EM UM [ BM [ EM | UM [BM]|EM]| M| BM/| EM/[IM]|SM
TC1 TC2 TC3 TC4
maximum positive pressures on the critical areas of roof
3 | 121 | 093 | 0.24 1.16 | 1.15 113 | 1.22 | 0.32 1.04 | 0.94 | 0.25
5| 120 | 0.83 | 0.25 1.19 | 1.00 118 | 1.22 | 0.38 1.04 | 094 | 0.34
10 | 1.20 | 0.73 | 0.25 1.20 | 0.83 1.27 | 1.00 | 0.39 1.09 | 0.94 | 0.45
15| 1.21 | 0.72 | 0.26 1.21 | 0.81 1.28 | 095 | 0.37 1.33 | 0.94 | 0.53
maximum negative pressures on the critical areas of roof
3 | 112 | 0.79 | 0.85 1.08 | 0.97 1.05 | 1.03 | 1.10 | 0.97 | 0.80 | 0.87
5| 111 | 0.70 | 0.86 1.10 | 0.84 1.09 | 1.03 | 1.32 | 0.97 | 0.80 | 1.17
10 | 1.12 | 0.61 | 0.88 1.11 | 0.70 1.18 | 0.84 | 1.34 1.01 | 0.80 | 1.58
15| 1.12 | 0.61 | 0.89 1.12 | 0.68 119 | 0.80 | 1.30 1.23 | 0.80 | 1.83
maximum positive pressures on the general areas of roof
3 | 196 | 1.51 | 0.40 189 | 1.86 184 | 198 | 0.52 169 | 153 | 041
5] 194 | 1.35 | 0.40 193 | 1.63 191 | 198 | 0.62 1.69 | 1.53 | 0.55
10 | 1.95 | 1.18 0.41 1.95 1.35 2.07 1.62 0.63 1.77 153 | 0.74
15| 1.96 | 1.17 | 0.42 196 | 1.31 208 | 155 | 061 | 216 | 153 | 0.86
maximum negative pressures on the general areas of roof
3 | 181 | 0.70 | 1.56 1.74 | 0.86 1.70 | 091 | 2.03 156 | 0.70 | 1.61
5 1.79 | 0.62 1.59 1.78 0.75 1.77 0.91 2.42 1.56 0.70 | 2.15
10 | 1.80 | 054 | 1.63 1.80 | 0.62 191 | 0.74 | 2.47 1.63 | 0.70 | 2.90
15| 1.81 | 054 | 1.64 1.81 | 0.60 192 | 071 | 2.39 199 | 0.70 | 3.37

Table 7: Ratio of pressures on duo-pitch roofs on buildings with dominant openings for different codes
EM[ UM [BM | EM | I/ | BM/|EM]|IM]|BM]|[EM]|UM]|SM

H TC1 TC2 TC3 TC4
maximum positive pressures on the critical areas of roof

3 | 141 | 063 | 134 | 135 | 0.77 133 | 082 | 1.74 | 122 | 0.64 | 1.37

5] 140 | 056 | 137 | 138 | 0.68 136 | 0.82 | 2.08 | 1.22 | 064 | 1.84

10 | 140 | 049 | 140 | 139 | 056 148 | 067 | 212 | 1.25 | 0.64 | 2.49

15| 141 | 0.49 141 1.40 0.55 1.49 0.65 2.06 1.53 0.64 | 2.90
maximum negative pressures on the critical areas of roof

3 1.34 | 0.87 1.04 1.28 1.08 1.27 1.14 1.35 1.16 0.88 | 1.06

5| 132 | 078 | 1.06 | 131 | 094 129 | 114 | 161 | 1.16 | 0.88 | 1.42

10 | 1.33 | 068 | 1.09 | 132 | 0.78 140 | 093 | 164 | 119 | 0.88 | 1.92

15| 1.34 | 068 | 1.09 | 1.33 | 0.77 141 | 091 | 159 | 146 | 0.88 | 2.24
maximum positive pressures on the general areas of roof

3 197 | 0.88 1.88 1.89 1.08 1.87 1.15 2.44 1.71 0.89 | 1.91

5] 195 | 078 | 1.92 | 1.94 | 095 190 | 115 | 292 | 1.71 | 0.89 | 2.58

10 | 1.97 | 0.69 | 197 | 195 | 0.78 207 | 094 | 297 | 1.75 | 0.89 | 3.48

15| 198 | 0.68 | 1.98 | 1.97 | 0.77 208 | 091 | 288 | 215 | 0.89 | 4.05
maximum negative pressures on the general areas of roof

3 |]194 | 094 | 168 | 1.85 | 1.16 183 | 124 | 218 | 1.68 | 095 | 1.71

5| 192 | 084 | 172 | 190 | 101 187 | 124 | 261 | 1.68 | 0.95 | 2.30

10| 193 | 0.74 | 176 | 1.92 | 0.84 203 | 1.01 | 266 | 1.72 | 095 | 3.11
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15[ 194 [ 073 | 1.77 | 193 | 0.83 |

| 204 [ 098 | 257 | 211 [ 0.95 | 3.63 |

Table 8: Ratio of pressures on mono-slope roofs on buildings with dominant openings for different codes

EM | UM | BIM

EM | IIM | BIM

EM | IM | BIM

EM | IIM | SIM

TC1 TC2 TC3 TC4
maximum positive pressures on the critical areas of roof
3 | 142 | 044 | 1.36 1.37 | 0.54 133 | 058 | 1.76 122 | 045 | 1.39
5| 141 | 039 | 1.38 1.40 | 0.47 139 | 058 | 211 122 | 0.45 | 1.87
10 | 142 | 034 | 141 141 | 0.39 150 | 047 | 214 128 | 0.45 | 2.52
15| 142 | 034 | 1.42 1.42 | 0.38 151 | 045 | 2.08 156 | 0.45 | 2.92
maximum negative pressures on the critical areas of roof
3 | 135 | 0.87 | 1.05 130 | 1.08 127 | 114 | 1.36 1.16 | 0.88 | 1.08
5| 134 | 078 | 1.07 133 | 0.94 132 | 1.14 | 163 116 | 0.88 | 1.44
10 | 1.34 | 0.68 | 1.09 134 | 0.78 142 | 093 | 166 122 | 0.88 | 1.95
15| 1.35 | 0.67 | 1.10 135 | 0.76 143 | 089 | 161 148 | 0.88 | 2.26
maximum positive pressures on the general areas of roof
3 |1 199 | 062 | 1.90 191 | 0.76 1.87 | 0.81 | 247 171 | 0.62 | 1.95
5] 197 | 055 | 1.94 196 | 0.66 194 | 081 | 295 171 | 0.62 | 261
10 | 198 | 0.48 | 1.98 197 | 055 2.10 | 0.66 | 3.00 179 | 0.62 | 3.53
15| 1.99 | 047 | 1.99 199 | 0.53 211 | 063 | 2091 219 | 0.62 | 4.09
maximum negative pressures on the general areas of roof
3 |19 | 089 | 1.10 1.88 | 1.10 183 | 1.17 | 142 168 | 090 | 1.12
51194 | 079 | 1.13 192 | 0.96 191 | 117 | 172 1.68 | 090 | 153
10 | 195 | 0.70 | 1.16 194 | 0.79 206 | 095 | 1.75 176 | 090 | 2.05
15| 196 | 0.69 | 1.16 195 | 0.77 207 | 091 | 1.69 2.15 | 0.90 | 2.40

Table 9: Ratio of pressures on circular arch roofs on bui

Idings with dominant open

ings for different codes

EM [ UM [ B/M

EM | IIM | BM

EM | IIM | BM

EM [ UM | SIM

H TC1 TC2 TC3 TC4
maximum positive pressures on the critical areas of roof
3 183 | 1.14 1.75 1.40 1.73 1.49 1.59 1.15
5 181 | 1.02 1.79 1.23 1.76 1.49 1.59 1.15
10 | 1.82 | 0.89 181 | 1.02 191 | 1.22 162 | 1.15
15 | 1.83 | 0.89 1.82 | 1.00 193 | 1.19 1.99 | 1.15
maximum negative pressures on the critical areas of roof
3 | 074 | 062 0.71 | 0.76 0.70 | 0.81 0.64 | 0.62
5 ] 073 | 055 0.73 | 0.66 071 | 081 0.64 | 0.62
10 | 0.74 | 048 0.73 | 055 0.77 | 0.66 0.66 | 0.62
15| 0.74 | 0.48 0.74 | 0.54 0.78 | 0.64 0.80 | 0.62
maximum positive pressures on the general areas of roof
3 | 235 | 147 225 | 181 222 | 1.92 2.04 | 1.48
51233 | 131 2.30 | 1.58 227 | 1.92 2.04 | 1.48
10 | 2.34 | 1.15 232 | 131 2.46 | 157 2.09 | 1.48
15| 235 | 1.14 2.34 1.29 2.48 1.52 2.56 1.48
maximum negative pressures on the general areas of roof
3 1.20 | 1.00 1.15 1.23 1.13 1.30 1.04 1.01
5 1.19 | 0.89 1.17 1.07 1.16 1.30 1.04 1.01
10 | 1.19 | 0.78 1.18 | 0.89 125 | 1.06 1.06 | 1.01
15| 1.20 | 0.77 1.19 | 0.87 1.26 | 1.03 130 | 1.01
Table 10: Ratio of pressures on flat roofs on buildings with dominant openings for different codes
y |_EM /M [ BM | EM [ UM [BM|EM]|IUM]|BM]|EM]|IM]SM
TC1 TC2 TC3 TC4
maximum positive pressures on the critical areas of roof
3 | 326 | 1.03 | 227 | 310 | 1.26 311 | 134 | 294 | 286 | 1.04 | 2.28
51323 091 | 233 | 318 | 1.10 311 | 134 | 352 | 286 | 1.04 | 3.10
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10 | 325 | 0.80 | 2.38 | 3.21 | 0.91 339 | 110 | 359 | 2.86 | 1.04 | 419
15| 327 | 081 | 240 | 3.24 | 091 342 | 1.09 | 348 | 351 | 1.04 | 490

maximum negative pressures on the critical areas of roof
3 /119 | 087 | 065 | 1.13 | 1.08 113 | 114 | 084 | 1.04 | 0.88 | 0.65
5] 118 | 0.78 | 0.66 | 1.16 | 0.94 113 | 114 | 1.00 | 1.04 | 0.88 | 0.88
10 | 1.18 | 068 | 0.68 | 1.17 | 0.78 123 | 093 | 1.02 | 1.04 | 0.88 | 1.19
15| 119 | 069 | 068 | 1.18 | 0.78 124 | 092 | 099 | 128 | 0.88 | 1.39
maximum positive pressures on the general areas of roof
3 326 | 103 | 227 | 310 | 1.26 311 | 134 | 294 | 286 | 1.04 | 2.28
5323 | 091 | 233 | 318 | 1.10 311 | 134 | 352 | 286 | 1.04 | 3.10
10 | 325 | 0.80 | 2.38 | 3.21 | 0.91 339 | 110 | 359 | 2.86 | 1.04 | 419
15| 327 | 081 | 240 | 3.24 | 091 342 | 1.09 | 348 | 351 | 1.04 | 490
maximum negative pressures on the general areas of roof
3 | 153 | 084 | 105 | 145 | 1.03 146 | 110 | 135 | 1.34 | 0.85 | 1.05
5 | 151 | 075 | 1.07 | 149 | 0.90 146 | 110 | 162 | 134 | 0.85 | 143
10 | 152 | 066 | 1.10 | 150 | 0.75 159 | 090 | 165 | 1.34 | 0.85 | 1.93
15| 153 | 066 | 1.10 | 152 | 0.75 160 | 0.89 | 160 | 164 | 0.85 | 2.26
Table 11: Ratio of pressures on multi span duo-pitch roofs on buildings with dominant openings for different
codes
y |_EM UM [ BM [ EM | UM [BM]|EM]| M| BM]|EM]/[IM]|SM
TC1 TC2 TC3 TC4
maximum positive pressures on the critical areas of roof
3 | 141 | 063 | 1.34 | 135 | 0.77 133 | 082 | 1.74 | 1.22 | 0.64 | 1.37
5 | 140 | 056 | 1.37 | 1.38 | 0.68 136 | 0.82 | 2.08 | 1.22 | 064 | 1.84
10 | 140 | 049 | 140 | 139 | 056 148 | 067 | 212 | 1.25 | 0.64 | 2.49
15| 141 | 0.49 141 1.40 0.55 1.49 0.65 2.06 1.53 0.64 | 2.90
maximum negative pressures on the critical areas of roof
3 | 123|080 | 095 | 118 | 0.99 116 | 1.05 | 1.24 | 1.07 | 0.81 | 0.97
5| 122 | 071 | 098 | 1.21 | 0.86 119 | 105 | 148 | 1.07 | 081 | 1.31
10 | 1.23 | 0.63 | 1.00 | 1.22 | 0.71 129 | 086 | 151 | 1.09 | 0.81 | 1.77
15| 1.23 | 0.62 | 1.00 | 1.23 | 0.71 130 | 0.83 | 146 | 1.34 | 0.81 | 2.06
maximum positive pressures on the general areas of roof
3 197 | 0.88 1.88 1.89 1.08 1.87 1.15 244 1.71 0.89 | 1.91
5| 195 | 078 | 1.92 | 1.94 | 095 190 | 1.15 | 292 | 1.71 | 0.89 | 2.58
10 | 1.97 | 0.69 | 197 | 195 | 0.78 207 | 094 | 297 | 175 | 0.89 | 3.48
15| 198 | 0.68 | 1.98 | 1.97 | 0.77 208 | 091 | 288 | 215 | 0.89 | 4.05
maximum negative pressures on the general areas of roof
3 |]194 | 094 | 168 | 185 | 1.16 183 | 124 | 218 | 168 | 095 | 1.71
5] 192 | 084 | 172 | 190 | 101 187 | 124 | 261 | 1.68 | 0.95 | 2.30
10| 193 | 0.74 | 176 | 1.92 | 0.84 203 | 1.01 | 266 | 1.72 | 095 | 3.11
15| 194 | 073 | 1.77 | 193 | 0.83 204 | 0.98 | 257 | 211 | 095 | 3.63
Table 12: Ratio of pressures on multi span saw-tooth roofs on buildings with dominant openings for different
codes
y |_EM /M | BM | EM [ UM [BM|EM]| UM ]| BM]|EM]|IM]SM
TC1 TC2 TC3 TC4
maximum positive pressures on the critical areas of roof
3 | 142 | 082 | 0.87 | 137 | 101 133 | 1.07 | 1.13 | 1.22 | 0.83 | 0.90
5| 141 | 073 | 0.89 | 140 | 0.88 139 | 107 | 135 | 1.22 | 0.83 | 1.20
10 | 142 | 0.64 | 091 | 141 | 0.73 150 | 087 | 1.38 | 1.28 | 0.83 | 1.62
15| 142 | 063 | 0.92 | 142 | 071 151 | 084 | 133 | 156 | 0.83 | 1.88
maximum negative pressures on the critical areas of roof
3 | 124|080 | 09 | 119 | 0.99 116 | 1.05 | 1.25 | 1.07 | 0.81 | 0.99
5| 123 | 071 | 098 | 1.22 | 0.86 121 | 105 | 150 | 1.07 | 0.81 | 1.33
10 | 1.24 | 0.63 | 1.00 | 1.23 | 0.71 131 | 086 | 152 | 1.12 | 0.81 | 1.79
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15[ 124 [ 062 | 1.01 | 1.24 | 0.70 | | 132 [ 082 | 1.47 | 136 | 0.81 | 2.08
maximum positive pressures on the general areas of roof
3 199 | 1.15 1.22 191 141 1.87 1.50 1.59 1.71 1.16 | 1.26
5 197 | 1.02 1.24 1.96 1.23 1.94 1.50 1.90 1.71 1.16 | 1.68
10 | 1.98 | 0.89 1.27 1.97 1.02 2.10 1.22 1.93 1.79 1.16 | 2.27
15| 199 | 0.88 1.28 1.99 0.99 211 1.17 1.87 2.19 1.16 | 2.63
maximum negative pressures on the general areas of roof
3 196 | 0.73 1.70 1.88 0.90 1.83 0.96 2.21 1.68 0.74 | 1.75
5 194 | 0.65 1.73 1.92 0.79 1.91 0.96 2.64 1.68 0.74 | 2.34
10 | 1.95 | 0.57 1.77 1.94 0.65 2.06 0.78 2.68 1.76 0.74 | 3.16
15| 196 | 0.57 1.78 1.95 0.64 2.07 0.75 2.60 2.15 0.74 | 3.66
Table 13: Ratio of pressures on trough duo-pitch canopy roofs
y | _EM UM [ BM [ EM | /M [BM]|EMI|IUM]|BM]|EMI]IM]|SM

TC1 TC2 TC3 TC4
maximum positive wind pressures for empty under
3 146 | 1.34 1.27 1.39 1.65 1.38 1.75 1.65 1.26 135 | 1.30
5 144 | 1.19 1.30 1.43 1.44 1.40 1.75 1.98 1.26 135 | 1.75
10 | 145 | 1.05 1.33 1.44 1.20 1.52 1.45 2.01 1.29 135 | 2.36
15| 146 | 1.06 1.34 1.45 1.19 1.53 1.43 1.95 1.58 135 | 2.75
maximum negative wind pressures for empty under
3 137 | 1.26 1.20 1.31 1.55 1.29 1.65 1.55 1.19 1.27 | 1.22
5 135 | 112 1.23 1.34 1.35 1.32 1.65 1.86 1.19 127 | 1.64
10 | 1.36 | 0.99 1.25 1.35 1.13 1.43 1.36 1.90 1.22 1.27 | 2.22
15 | 1.37 | 0.99 1.26 1.36 1.12 1.44 1.34 1.84 1.49 1.27 | 2.59
maximum negative wind pressures for block under
3 162 | 1.05 1.42 1.55 1.29 1.53 1.37 1.84 1.40 1.06 | 1.44
5 1.60 | 0.93 1.45 1.59 1.12 1.56 1.37 2.20 1.40 1.06 | 1.94
10 | 1.61 | 0.82 1.48 1.60 0.94 1.69 1.13 2.24 1.44 1.06 | 2.62
15| 162 | 0.83 1.49 1.61 0.93 1.70 1.12 2.17 1.76 1.06 | 3.05
Table 14: Ratio of pressures on ridge duo-pitch canopy roofs
y |_EM /M | BM | EM [ UM [BM|EM]| UM ]| BM]|EM]|IM]SM
TC1 TC2 TC3 TC4
maximum positive wind pressures for empty under
3 140 | 131 1.25 1.32 1.61 1.35 1.71 1.61 1.24 132 | 1.27
5 138 | 1.16 1.27 1.36 1.40 1.32 1.71 1.93 1.24 132 | 1.71
10 | 1.39 | 1.01 1.30 1.37 1.15 1.44 1.38 1.97 1.21 132 | 231
15| 140 | 1.02 131 1.39 1.16 1.45 1.37 191 1.48 1.32 | 2.69
maximum negative wind pressures for empty under
3 168 | 1.57 1.50 1.59 1.94 1.62 2.06 1.94 1.49 159 | 152
5 | 166 | 140 | 153 | 163 | 1.69 158 | 206 | 233 | 149 | 159 | 2.05
10 | 1.68 | 1.22 1.57 1.65 1.39 1.73 1.66 2.37 1.45 159 | 2.77
15| 169 | 1.23 1.58 1.67 1.39 1.75 1.64 2.30 1.79 159 | 3.23
maximum negative wind pressures for block under
3 1099 | 127 | 081 | 0.94 | 156 096 | 1.66 | 1.05 | 0.88 | 1.28 | 0.82
5 | 099 | 1.13 0.82 0.97 1.36 0.94 1.66 1.25 0.88 1.28 | 1.11
10 | 0.99 | 0.99 0.84 0.98 1.12 1.03 1.34 1.28 0.86 1.28 | 1.49
15| 1.00 | 0.99 0.85 0.99 1.12 1.04 1.33 1.24 1.06 1.28 | 1.74
Table 15: Ratio of pressures on mono-slope canopy roofs
y |_EM /M [ BM | EM [ UM [BM|EM]|IUM]|BM]|EM]|IM]SM
TC1 TC2 TC3 TC4
maximum positive wind pressures for empty under
3 121 | 110 1.06 116 | 1.35 113 | 144 1.38 1.04| 111 | 1.09
5 1.20 | 0.98 1.08 119 | 1.18 118 | 144 1.65 104 | 111 | 1.46
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10| 1.20| 0.87| 1.10 1.20 | 1.00 127 | 1.20| 168 1.09 | 1.11 | 1.97
15| 121 | 088 | 1.11 1.21 | 0.99 128 | 119 | 162 133 | 1.11| 2.28
maximum negative wind pressures for empty under
3 1.04 | 0.95| 0091 1.00 | 1.17 098 | 124 | 1.19 090 | 0.96 | 0.94
5 1.03| 0.85| 0.93 1.03 | 1.02 1.02 | 124 | 142 090 | 0.96 | 1.26
10| 1.04| 0.75| 0.95 1.03 | 0.86 110 | 1.04| 145 094 | 0.96 | 1.70
15| 1.04 | 0.76 | 0.96 1.04 | 0.85 111 | 1.03| 1.40 1.15| 0.96 | 1.97
maximum positive wind pressures for block under
3 121 | 110| 1.06 1.16 | 1.35 113 | 144 ] 138 1.04 | 1.11 | 1.09
5 120 | 0.98 | 1.08 119 | 1.18 118 | 144 | 165 1.04 | 1.11| 1.46
10| 1.20| 0.87| 1.10 1.20 | 1.00 127 | 120 | 168 1.09 | 1.11 | 1.97
15| 121 | 088 | 1.11 1.21 | 0.99 128 | 119 | 162 133 | 1.11| 2.28
maximum negative wind pressures for block under
3 067 | 077 | 057 0.65| 0.95 063 | 1.01| 0.74 058 | 0.78 | 0.59
5 066 | 069 | 0.58 0.66 | 0.83 065| 1.01| 0.88 058 | 0.78 | 0.78
10| 0.67 | 0.61| 0.59 0.67 | 0.70 0.71| 0.85| 0.90 0.60 | 0.78 | 1.06
15| 067 | 0.62| 0.60 0.67 | 0.70 0.71| 0.84| 0.87 074 | 0.78 | 1.23

VI. CONCLUSIONS

6.1 Roof pressure ratios for buildings with non-dominant opening

Ratios for all terrain categories for EC1-1-4-2005 are generally higher than 1.0 for all types of roofing
considered except in TC4 for circular arch roof where the lowest ratio of the maximum negative pressure on
local area is 0.5 and for general area is 0.85. For IS 875-3-1987 in the case of duo-pitch roofs, the ratios are
generally less than 1.0 for TC1 and TC2 but greater than 1.0 for TC3 and TC4. For mono-slope and flat roofs all
ratios are less than 1.0. For circular arch roofs, the ratios of the negative pressures are less than 1.0. For multi
saw-tooth and multi duo-pitch roofs, all ratios are generally less than 1.0 expect for the maximum positive
pressure on general areas which are greater than 1.0. For BS 6399-3-1997, all ratios for duo-pitch, mono-pitch
and multi duo-pitch roofs are generally greater than 1.0 except for local areas of TC1 where the ratios are less
than 1.0. For flat roofs the ratios are generally less than 1.0 except for the ratios of maximum negative pressure
on general areas in TC3 and TC4. For circular arch roofs, no provisions are provided. For multi span saw-tooth
roofs, the ratios on local areas are generally less than 1.0 except for TC3 and TC4 where the maximum negative
pressure ratios on local areas are higher than 1.0.

6.2 Roof pressure ratios for buildings with dominant openings

Ratios for all terrain categories for EC1-1-4-2005 are generally higher than 1.0 for all types of roofing
considered except for circular arch roof where the maximum negative pressure ratios on local areas are less than
1, the lowest ratio is about 0.64. For IS 875-3-1987 in the case of multi span duo-pitch, multi span saw-tooth,
duo-pitch, mono-slope roofs the ratios are less than 1.0. For flat roofs, all the maximum negative pressure ratios
are less than 1. For circular arch roofs, except for maximum negative pressure ratios for local areas, all values
are generally greater than 1.0. Ratios for all terrain categories for BS 6399-3-1997 are generally higher than 1.0
for all types of roofing considered except for the maximum negative pressure ratios for local areas in TC1 are
less than 1, the minimum ratio is about 0.87.

6.3 Roof pressure ratios for buildings with canopies

Ratios for all terrain categories for EC1-1-4 are generally higher than 1.0 for all types of canopies
considered except for mono-slope canopies where the maximum negative pressure ratios for block under are less
than 1, the lowest ratio is about 0.58. Ratios for all terrain categories for 1S 875-3 are generally higher than 1.0
for all types of canopies considered except for mono-slope canopies where the maximum negative pressure
ratios for block and empty under are less than 1, the lowest ratio is about 0.61. Ratios for all terrain categories
for BS 6399-3 are generally higher than 1.0 for all types of canopies considered except for mono-slope canopies
where the maximum negative pressure ratios for block under are less than 1 for TC1, the lowest ratio is about
0.81.
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