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Chapter 5
FLOOD LOADS

5.1 GENERAL

The provisions of this section apply to buildings and
other structures located in areas prone to flooding as
defined on a flood hazard map.

5.2 DEFINITIONS

The following definitions apply to the provisions of
this chapter:

APPROVED: Acceptable to the authority having
jurisdiction.

BASE FL.OOD: The flood having a 1 percent
chance of being equaled or exceeded in any given
year.
BASE FLOOD ELEVATION (BFE): The
elevation of flooding, including wave height, having a
1 percent chance of being equaled or exceeded in any
given year.

BREAKAWAY WALL: Any type of wall
subject to flooding that is not required to provide
structural support to a building or other structure and
that is designed and construcied such that, under base
flood or lesser flood conditions, it will collapse in
such a way that: (1) it allows the free passage of
floodwaters, and (2) it does not damage the structure
or supporting foundation system.

COASTAL A-ZONE: An area within a special
flood hazard area, landward of a V-Zone or landward
of an open coast without mapped V-Zones. To be
classified as a Coastal A-Zone, the principal source of
flooding must be astronomical tides, storm surges,
seiches, or tsunamis, not riverine flooding, and the
potential for breaking wave heights greater than or
equal to 1.5 ft (0.46 m) must exist during the base
flood.

COASTAL HIGH HAZARD AREA
(V-ZONE): An area within a Special Flood Hazard
Area, extending from offshore to the inland limit of a
primary frontal dune along an open coast, and any
other area that is subject to high-velocity wave action
from storms or seismic sources. This area is desig-
nated on Flood Insurance Rate Maps (FIRMs) as V,
VE, VO, or V1-30.

DESIGN FLOOD: The greater of the following
two flood events: (1) the Base Flood, affecting those
areas identified as Special Flood Hazard Areas on the

community’s FIRM; or (2) the flood corresponding io
the area designated as a Flood Hazard Area on a
community’s Flood Hazard Map or otherwise legally

DESIGN FLOOD ELEVATION (DFE): The
elevation of the design flood, including wave height,
relative to the datum specified on a community’s
flood hazard map.

FLOOD HAZARD AREA: The area subject to
flooding during the design flood.

FLOOD HAZARD MAP: The map delineating
Flood Hazard Areas adopted by the anthority having
jurisdiction.

FLOOD INSURANCE RATE MAP (FIRM):
An official map of a community on which the Federal
Insurance and Mitigation Administration has delin-
eated both special flood hazard areas and the risk
premium zones applicable to the community.

SPECIAL FLOOD HAZARD AREA (AREA
OF SPECIAL FLOOD HAZARD): The land in the
floodplain subject to a 1 percent or greater chance of
flooding in any given year. These areas are delineated
on a community’s FIRM as A-Zones (A, AE, A1-30,
A99, AR, AO, or AH) or V-Zones (V, VE, VO, or
V1-30).

5.3 DESIGN REQUIREMENTS

53.1 Design Loads

Structural systems of buildings or other structures
shall be designed, constructed, connected, and
anchored to resist flotation, collapse, and permanent
lateral displacement due to action of flood loads
associated with the design flood (see Section 5.3.3)
and other loads in accordance with the load combina-
tions of Chapter 2.

5.3.2 Erosion and Scour

The effects of erosion and scour shall be included
in the calculation of loads on buildings and other
structures in flood hazard areas.

5.3.3 Leads on Breakaway Walls

Walls and partitions required by ASCE/SEI 24 to
break away, including their connections to the
structure, shall be designed for the largest of the

Yy
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The local still water depth shall be calculated
using Eq. 5.4-3, unless more advanced procedures or
laboratory tests permitted by this section are used.

d, = 0.65(BFE - G) (54-3)
where

BEE = BFE in ft (m)
G = ground elevation in ft (m)

5.4.4.1 Breaking Wave Loads on Vertical Pilings
and Columns

The net force resulting from a breaking wave
acting on a rigid vertical pile or column shall be
assumed to act at the still water elevation and shall be
calculated by the following:

Fp =0.5y,CpDH; 44
where

F; = net wave force, in Ib (kN)

v = unit weight of water, in Ib per cubic fi (kN/m®),
= 62.4 pcf (9.80 kN/m®) for fresh water and
64.0 pef (10.05 kN/m®) for salt water

Cp = coefficient of drag for breaking waves, = 1.75
for round piles or columns and = 2.25 for square
piles or columns

D = pile or column diameter, in ft (m) for
circular sections, or for a square pile or
column, 1.4 times the width of the pile or
column in ft (m)

H), = breaking wave height, in ft (m)

5.4.4.2 Breaking Wave Loads on Vertical Walls

Maximum pressures and net forces resulting from
a normally incident breaking wave (depth-limited in
size, with H, = 0.784,) acting on a rigid vertical wall
shall be calculated by the following:

Pz = Ceude + 1.2, (54°5)

and

F; = L1Gyd? + 24v,d? (B546)
where

Py = maximum combined dynamic (Cyyed,) and
static (1.2y,d,) wave pressures, also referred to
as shock pressures in Ib/fi? (kN/m?)

F; =net breaking wave force per unit length of
structure, also referred to as shock, impulse, or
wave impact force in Ib/ft (kN/m), acting near
the still water elevation

C, = dynamic pressure coefficient (1.6 < C, < 3.5)
(see Table 5.4-1)

AARAVAR

Table 5.4-1 Value of Dynamic Pressure

Coefficient, C,
1 16
i 28
m 32
v 3.5

“For Risk Category, sec Table 1.5-1.

Y = unit weight of water, in 1b per cubic ft (kN/m®),
= 62.4 pcf (9.80 kN/m®) for fresh water and
64.0 pef (10.05 kN/m®) for salt water

d, = still water depth in ft (m) at base of building or
other structure where the wave breaks

This procedure assumes the vertical wall causes a
reflected or standing wave against the waterward side
of the wall with the crest of the wave at a height of
1.2d, above the still water level. Thus, the dynamic
static and total pressure distributions against the wall
are as shown in Fig. 5.4-1.

This procedure also assumes the space behind the
vertical wall is dry, with no fluid balancing the static
component of the wave force on the outside of the
wall. If free water exists behind the wall, a portion of
the hydrostatic component of the wave pressure and
force disappears (see Fig. 5.4-2) and the net force
shall be computed by Eq. 5.4-7 (the maximum
combined wave pressure is still computed with
Eqg. 5.4-5).

F, = 1.1C,'y.,f + 19y,,d,2 547
where

F; = net breaking wave force per unit length of
structure, also referred to as shock, impulse, or
wave impact force in 1b/ft (kN/m), acting near
the still water elevation

C, = dynamic pressure coefficient (1.6 < C, < 3.5)
(see Table 5.4-1)

% = unit weight of water, in Ib per cubic ft (kN/m?),
= 62.4 pcf (9.80 kN/m®) for fresh water and
64.0 pef (10.05 kN/m?®) for salt water

d, = still water depth in ft (m) at base of building or
other structure where the wave breaks

5.4.4.3 Breaking Wave Loads on Nonvertical Walls
Breaking wave forces given by Eqs. 5.4-6 and

5.4-7 shall be modified in instances where the walls

or surfaces upon which the breaking waves act are

Y¥
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following loads acting perpendicular to the plane of
the wall:

1. The wind load specified in Chapter 26.
2. The earthquake load specified in Chapter 12.
3. 10 psf (0.48 kN/m?).

The loading at which breakaway walls are
intended to collapse shall not exceed 20 psf

(0.96 kN/m”) unless the design meets the following

conditions:

1. Breakaway wall collapse is designed to result from
a flood load less than that which occurs during the
base flood.

2. The supporting foundation and the elevated portion
of the building shall be designed against collapse,
permanent lateral displacement, and other struc-
tural damage due to the effects of flood loads in
combination with other loads as specified in

Chapter 2.

54 LOADS DURING FLOODING

54.1 Load Basis
In flood hazard areas, the structural design shall
be based on the design flood.

5.4.2 Hydrostatic Loads

Hydrostatic loads caused by a depth of water to
the level of the DFE shall be applied over all surfaces
involved, both above and below ground level, except
that for surfaces exposed to free water, the design
depth shall be increased by 1 fit (0.30 m).

Reduced uplift and lateral loads on surfaces
of enclosed spaces below the DFE shall apply
only if provision is made for entry and exit of
floodwater.

5.4.3 Hydrodynamic Loads

Dynamic effects of moving water shall be
determined by a detailed analysis utilizing basic
concepts of fluid mechanics.

EXCEPTION: Where water velocities do not
exceed 10 ft/s (3.05 m/s), dynamic effects of moving
water shall be permitted to be converted into
equivalent hydrostatic loads by increasing the DFE for
design purposes by an equivalent surcharge depth, d,,
on the headwater side and above the ground level
only, equal to
_aV?

dy, =
] 2g

541

where

V = average velocity of water in fi/s (m/s)

g = acceleration due to gravity, 322 fi/'s* (9.81 m/s?)

a = coefficient of drag or shape factor (not less than
1.25)

The equivalent surcharge depth shall be added to
the DFE design depth and the resultant hydrostatic
pressures applied to, and uniformly distributed across,
the vertical projected area of the building or structure
that is perpendicular to the flow. Surfaces parallel to
the flow or surfaces wetted by the tail water shall be
subject to the hydrostatic pressures for depths to the
DFE only.

5.4.4 Wave Loads

‘Wave loads shall be determined by one of the
following three methods: (1) by using the analytical
procedures outlined in this section, (2) by more
advanced numerical modeling procedures, or (3) by
laboratory test procedures (physical modeling).

‘Wave loads are those loads that result from
water waves propagating over the water surface and
striking a building or other structure. Design and
construction of buildings and other structures subject
to wave loads shall account for the following loads:
waves breaking on any portion of the building or
structure; uplift forces cansed by shoaling waves
beneath a building or structure, or portion thereof;
wave runup striking any portion of the building or
structure; wave-induced drag and inertia forces; and
wave-induced scour at the base of a building or
structure, or its foundation. Wave loads shall be
included for both V-Zones and A-Zones. In V-Zones,
waves are 3 ft (0.91 m) high, or higher; in coastal
floodplains landward of the V-Zone, waves are less
than 3 ft high (0.91 m).

Nonbreaking and broken wave loads shall be
calculated using the procedures described in Sections
5.4.2 and 5.4.3 that show how to calculate hydrostatic
and hydrodynamic loads.

Breaking wave loads shall be calculated using the
procedures described in Sections 5.4.4.1 through
5.4.4.4. Breaking wave heights used in the procedures
described in Sections 5.4.4.1 through 5.4.4.4 shall be
calculated for V-Zones and Coastal A-Zones using
Eqgs. 5.4-2 and 5.4-3.

H,=0.78d, (54-2)
where

Hj, = breaking wave height in ft (m)
d, = local still water depth in ft (m)

Yo
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Vertical Wall

1.2ds

dy

Crest of reflected wave

Crest of incident wave

Stillwater level

Ground elevation

FIGURE 5.4-1 Normally Incident Breaking Wave Pressures against a Vertical Wall (Space behind Vertical

‘Wall is Dry).
nonvertical. The horizontal component of breaking
wave force shall be given by
Fny = F, sin’a. (54-8)
where
F,, = horizontal component of breaking wave force in
Ib/ft (kN/m)
F, = net breaking wave force acting on a vertical
surface in Ib/ft (kN/m)
« = vertical angle between nonvertical surface and
the horizontal

5.4.4.4 Breaking Wave Loads from Obliquely
Incident Waves

Breaking wave forces given by Eqs. 5.4-6
and 5.4-7 shall be modified in instances where
waves are obliquely incident. Breaking wave
forces from non-normally incident waves shall be

F,; = F, sir*a. (5.49)
where
F,; = horizontal component of obliquely incident
breaking wave force in Ib/ft (kN/m)

F, = net breaking wave force (normally incident
waves) acting on a vertical surface in Ib/ft
(kN/m)

o = horizontal angle between the direction of wave
approach and the vertical surface

5A.5 Impact Loads

Impact loads are those that result from debris,
ice, and any object transported by floodwaters
striking against buildings and structures, or parts
thereof. Impact loads shall be determined using a
rational approach as concentrated loads acting
horizontally at the most critical location at or below

given by the DFE.
Vertical Wall
——— Crest of reflected wave
T~ Dynamic pressure
1.2d, ———Crest of incident wave
0.55d,
----- v B —
d.!

__— Net hydrostatic pressure

Ground elevation

FIGURE 54-2 Normally Incident Breaking Wave Pressures against a Vertical Wall (Still Water Level Equal

on Both Sides of Wall).

5.5 CONSENSUS STANDARDS AND OTHER
REFERENCED DOCUMENTS

This section lists the consensus standards and other
documents that are adopted by reference within this
chapter:

ASCE/SEI

American Society of Civil Engineers

Structural Engineering Institute

1801 Alexander Bell Drive
Reston, VA 20191-4400

ASCE/SEI 24

Section 5.3.3
Flood Resistant Design and Construction, 1998
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7.6.4 Unbalanced Snow Loads for Dome Roofs

Unbalanced snow loads shall be applied to domes
and similar rounded structures. Snow loads, deter-
mined in the same manner as for curved roofs in
Section 7.6.2, shall be applied to the downwind 90°
sector in plan view. At both edges of this sector, the
load shall decrease linearly to zero over sectors of
22.5° each. There shall be no snow load on the
remaining 225° upwind sector.
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7.7.1 Lower Roof of a Structure

Snow that forms drifts comes from a higher roof
or, with the wind from the opposite direction, from the
roof on which the drift is located. These two kinds of
drifts (“leeward” and “windward” respectively) are
shown in Fig. 7-7. The geometry of the surcharge load
due to snow drifting shall be approximated by a
triangle as shown in Fig. 7-8. Drift loads shall be
superimposed on the balanced snow load. If h/h; is
less than 0.2, drift loads are not required to be applied.

For leeward drifts, the drift height A, shall be
determined directly from Fig. 7-9 using the length of
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the upper roof. For windward drifts, the drift height i

shall be determined by substituting the length of the
lower roof for I, in Fig. 7-9 and using three-quarters of
h, as determined from Fig. 7-9 as the drift height. The
larger of these two heights shall be used in design.

o
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Dynamic Effects of Wind
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1) Buildings whose height is greater than 4 times their minimum effective width,
which is defined in Sentence (2), or greater than 120 m and other buildings whose
light weight, low frequency and low damping properties make them susceptible

to vibration shall be designed
a) by experimental methods for the danger
and the effects of fatigue, or

of dynamic overloading, vibration

b) by using a dynamic approach to the action of wind gusts (see Appendix A).

2) The effective width, w, of a building shall be calculated using

w

_ Yohw
=S

where the summations are over the height of the building for a given wind direction, h;
is the height above grade to level i, as defined in Sentence 4.1.7.1.(5), and w; is the width
normal to the wind direction at height h;; the minimum effective width is the lowest
-value of the effective width considering all possible wind directions.
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14. Buildings on a hill or escarpment with a maximum slope greater than 1 in 10, particularly near a
crest, may be subject to significantly higher wind speeds than buildings on level ground. The
exposure factor at height z above the surrounding ground elevation is then equal to that over open
level terrain multiplied by a factor (1 + AS(z))?, where AS5(z) is the “speed-up factor” for the mean
wind speed (this effect is illustrated in Figure I-6). Near the crest, and within a distance Ix| <
kL;,, the exposure factor is modified as follows:

2

where
C: = corresponding modified value for use on the hill or escarpment,
C. = exposure factor over open level terrain given in Paragraphs 11 and 12 for the Static
Procedure, and in Paragraph 41 for the Dynamic Procedure,
ASn. =relative speed-up factor at the crest near the surface, and
o = decay coefficient for the decrease in speed-up with height.

The values of a and AS,,,, depend on the shape and steepness of the hill or escarpment.
Representative values for these parameters are given in Table I-1.
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Figure I-10

External peak composite pressure-gust coefficients, C,Cy, for the design of the structural compenents and cladding

of buildings with stepped roofs
Notes to Figure H0:

(1) The zone designations, pressure-gust coefficients and notes provided in Figure -9 apply on both the upper and lower levels of fial stepped
roofs, except that on the lower levels, posilive pressure-gust coefficients equal to those in Figure 1-8 for walls apply for a distance, b,
where b s equal to 1.5h, but not greater than 30 m. For all walls in Figure 1-10, zone designations and pressure coefiicients provided for

walls in Figure -8 apply. 2]

{2) Note {1} above applies only when the following conditions are met: by = 0.3H, hy = 3 m, and Wy, W, or Wa is greater than 0.25W but not

greater than 0.75W
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Structural Members and Frames, antd Rounded Structures

62

. Although the NBC deals primarily with building structures, the present Commentary has a long

tradition of providing guidance on determining the wind load on various other structures.

Figures 1-22 and 1-24 to I-33 at the end of the Commentary, which are derived from Standard No.
160 produced by the Swiss Association of Engineers and Architects Standards (S1A),12 provide such
guidance. The Figures are based on wind-tunnel experiments in which the correct velocity profile
and wind turbulence were not simulated; they should therefore be regarded with caution. Note that
many of these Figures provide formulae for the total wind lead rather than the wind pressure as
given by the NBC, and hence use a force coefficient rather than a pressure coefficient. The exposure
and gust effect factors required in the Figures to caleulate the wind load can be determined by using
either the Static Procedure, the Dynamic Procedure, or Vortex Shedding of rounded slructures
deseribed in this Commentary, as deemed appropriate.

63. Wind loads on standalene structural members, and frames, trusses and lattHeces made of such

6d.

65.

66.

67.

&8,

members can be calculated using Figures 129 to [-33. The subscript = in these Figures indicates that
the coefficients apply to structural mernbers of infinite lengths. The coefficients are multiplied by

a reduction factor, k, for sbuctural members of finite lengths. If a structural member cantilevers
from a large plate or wall, k should be calculated for a slenderness based on twice the actual length.
If a member terminates with both ends in large plates or walis, the reduction factors for infinite
length should be used.

For framing members that are located behind each other in the direction of the wind, the shielding
effect may be taken intc account. The shielded parts of the leeward members should be designed
with the reduced pressure, q,, according to Figure I-31. A detailed discussion of the loads on unelad
building frameworks is given in Reference [23].

As the shape of a structure may change during erection, the wind loads may be temporarily more
critical during erection than after completion of the structure.*!] These increased wind loads should
be taken into account using the appropriate coefficients from Figures I-7 to I-15 and 1-22 to 1-33.

For constructions made of circular sections with D/qC. < 0.167 and Ag/A > 0.3, the shielding factors
can be taken by approximation from Figure I-28. If D+/qC, 2 0.167, the shielding effect is small and
for a solidity ratio A/ A < 0.3, it can be taken into account by a constant shielding factor k, = £.95.

For rounded strictures (in contrast to sharp-edged structures), the cross-wind pressures vary with
the wind velocity and depend strongly on the Reynaelds Number. Pressure coefficients for some
rounded structures are given in Figures 1-24, 125, 1-28 and 1-33, in which the Reynolds Number is
expressed differently from the conventional one, by D/qC,, where I s the diameter of the sphere
or cylinder in m and g is the velocity pressure in kPa. To convert to the conventional Reynolds
Number, multiply D+/qC, by 2.7 x 108,

The roughness of rounded structures may be of considerable importance. With reference to

Figure I-24, metal, concrete, timber and well-laid masoruy without parging can be considered as
having a “moderately smooth” surface. Surfaces with ribs projecting more than 2% of the diameter
are considered “very rough.” In case of doubt, coefficients that result in the greater forces should be
used. For cylindrical and spherical objects with substantial stiffening ribs, supports and attached
struchural members, the pressure coefficients depend on the type, location and relative magnitude of
these roughnesses. For vortex shedding of circular eylinders, see Reference [25].

Figures
Cp : External pressure
coefiicients
s | Al sl c]pD
h:b:ri=1:1:10 0o | +08| 12| 1415
b 1
] e
DOORS CLOSED Cp: : Internal pressure
9 — coefficients
¥l N h
€ ¥ 148
Al B 4 e Y DOPENINGS 6=0°
o & " —
=1 N 2h Uniformly distributed -0.5
ri rraded I e C s daes Pfedominallng onsideuAu +n.?
Predominating on side “B" —1.1
Predominating on side "C” -1.3
EGe0S300
Figure 1-22

Closed passage between large walls
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TOTALFORCE F = Cf- g+ Cg =Gy *A whereA=d-h
hid=25 ¢, : FORCE COEFFICIENT FOR  dYqCg > 0167
Slendermess hfid= —| 25 7 1
Cross section and roughness Gl S | G
Moderately smooth,
O {metal, imber, concreta) 0.7 08 |05 |
0 Rough surface
od 3
1l Q {rounded ribs h = 2%d) 0.8 | 08 107
s I~
« : Vary rough surface
z
= Q {sharp ribs h = &%) 121 10 |08
7 O Smeoth and rough a1
surface sharp edges ' 2 10
Cp : EXTERNAL PRESS. CCEFF. FOR quCe > 0.167 and moderately smocth surface
l hict fid o= 0° 15 a0° 457 60° 75 goF | 105° 120° | 135° 1507 | 185° | 180°
a5 S0 Cp +1.0 | +0.8 +0.3 -09 | 18] 25| -26| 19| -09 ]| -07 | D86 | -06 a5
7 14 Gy +1.0 | 408 +0.1 08| A7 16 | 22| 47| 0B8] 08| D5 ]| 05 |-05
1 2 [ +1.0 | +0.8 +0.1 07| 42| 6§ 17| 42|07 | 05| 04| 04|04
Ap=pi-pa DT Gi-a-G;- G Stack fully cperating G, =-+0.1; Stack thiotled Cj;= —0.8
Pe=0Cp-q-Gy-La P
EGOOAAZE
-
Figure [-24
Cylinders, chimneys and tanks
2
TOTAL FORCE F=Cr-q- G, - Co - A; A= _ﬂ:
for  dV¥gC, > 0.8 and moderately smooth surface
C, : FORCE COEFFICIENT
Cr = 02
—=> p=pi—pe D for closed tanks = working pressure
Fn

Figure

_‘pB:Gp-q-Cg-Ce

Cp : EXTERNAL PRESS. COEFF.FGR d vgC. > 0.8 and moderately smocth surface

o= | 0o | 150 | soc | 45° | e0° | 75~ | @0 | 105° | 200 | 135° | 150° | 165° | 180¢
Cp | +10 | +00 | +05| 01| 07| 11| 12| 10| -08] 02| 401 s08] +04
EGio8338.

125

Spheres

Figure

RAD.r=5/61 hbid=1:12:12

I 16 b
G H

Hatched Area fo Scale

Cp : EXTERNAL PRESSURE COEFFICIENTS

e |lalelc|lolelfrla|n]a]k
¢ |+0.7102]-031-03|-0.1|-05|08|0C8]|-04|-01
30° | +06| 03| +02| 04| -01]|-04|-07}-09]|-07i-04
slajsjelolL|min]lolr]a
90° |-0.31-0.31 +09 | -0.3|-0.8]|-0.7 ! 0.5 |03 =01 [-DA1
30° Seclion ™" Gy =—1.8 with Gy min, = 2.5

Cpi: INTERNAL PRESSURE COEFFICIENTS

OPENINGS 6=0°|$=30° | ¢=90°
Uniformly distributed +0.2 0.2 +0.2
Window ¥ open on side “A” +04 | 0.7 -1.0
All doors open on side “C” -0.1 +0.6 0.8
Cnly doar X cpen on side “C” -1.5 +0_TW +0.4

EGGOoXB

126

Hangar, curved raof with moderately smooth surface
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hedire1:1:18 Totai force onroof F=(pi—Pa A

pi = working pressure in kKN/m2

=) p~0.1d
e i Pe=Cp-q-Cy-C
'-‘T‘—I:‘-h i A= _}dE

Externai pressure coefficient G, = —1.0

EG000350

Figure 1-27
Roof [oad on smooth closed fank

Cy=FORGE COEFFICIENTS

Figure |-28

[/d =100
Totalforce F=Cy-q-Cy- G- A dJqC,
< 0,167 | = 0.167

Smooth wires, rbds, pipes Q 1.2 0.5
A=d-/ Mod. smooth wires androds (5 1.2 097
Fine wire cables 12 ] 098

Thick wire cables | 1.3 1.

L @ L
EGOOS36R
Poles, rads and wires
I = Length of member
A=h-I=Arca
For wind normal to axis of member: Normalforee Fo=k: Ch-q- Gy Co- A
Tangential force Fy=k - Cp.- Q- Cy - Co - A
Cre. &ind Cy.. ; Force coefficients for an infinitely long member
+F 5} ~1i2h +Fy h {}"'Ft "‘Ft {I\ -l-Ft/I}
,.I‘ i +Fp {\ A o B +Fq K L +Fq F +Fp
vl TH = (00h =2 U"h%@ o h—|| =
P | S| ey li-‘”h i =013
L— +Fp P ke 0450 »] e |

Figure [-29

® {Cno | G | Ghw | G | Cpe |G [ G | Gro | Con | G | Crw | Cua

0°1+1.9 [+0.95| +18 | +1.8 |+1.75|+0.1 |+1.6 0 |+2.0 0 |[+2.05| O

4591+1.8 |+0.8 [ +2.1 | +1.8 |+0.85/+0.85|+1.5 (0.1 [+1.2 |+0.2 | +1.85| +06

90°1+2.0 |17 |19 [ 1.0 |01 |+1.75]-095|+0.7 |-1.6 |+2.16| O |+0.6
185°(-1.8 ;-0.1 | 2.0 | +40.3 |-0.75|+0.75|-0.5 |+1.058 /1.1 |+24 |16 | +04

180°|-2.0 | +0.1 =14 14 |-1.75]-0.1 |15 0 |-1.7 (#2141 [-1.8 0

n /l} R | n 1} +Fo|y ﬁ+F1. h ﬂ:fFl

+Fl
AU ——
gl =5)s klI EERIE e e

1sh_| Q.48h O ot osh h
. Zih .

a |Gy | G Co | Cra Coo | Cte | Cow | Gt [ G | G | G Ce.

0% 1+1.4 0 |+2058 0 |+1.6 0 (+2.0 0 [+21 ¢ (+2.0 0

45°|+1.2 |+1.6 | +1.95| +0.6 |+1.5 |+1.5 |+1.8 |+0.1 |+1.4 [+0.7 | +1.55| +1.55

| o0°) 0 j+22 (#0905 }1408| O j+19{ 0 |+01 0 |+0.75| 0 |+2.0

For slenderness, k : Reduciion factor for members of finite

h,is to be used: Fres slenderness (in general use full length
not panel length)
I:T S f L 5 | 10| 20| 35 | 50 [ 100 | o

0.60, 065)0.75,085/080]085] 1.0

EGO0I7E

Structural mambers, single and assembled sections
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Ag = Seclion area
A= h[ - L
Ao/ A= Solidity ratio

For wind normal to surface A: Normalforce Fy =k - Cpoo-q-Cg-Co- Ag

SAS? SASA T %o
- L

A
¥

Choo » Force coeff. for an infinitely
long truss, 0 < Ag/A €1

k : Reduction factor for trusses of
finile length and slenderness

Agal 0 |01 |015|0.2

0.310 <A [
08 |0.95| 1.0 | |L/ihg 025 0.5 0.9 095/ 1.0

Cred 2018 1.8 |17

16 1.8 | 20 5 0.96| 0.91| 0.87 | 0.77 | 0.60

20 10.98(0.97)0.94]|0.89(0.75
5¢ |0.99|0.98)|0.97(0.95(0.90

oo 1010 1.0 10|10

EGO0228R

Figure 1-30

Plane trusses made from sharp-edged sections

PLANE OF PLANE OF
MEMBER I MEMBER Il

- |

h
orIﬁ" 4q }!‘*’qx
- h[ "
R
qj("-' kxq

k, SHIELDING FACTOR

A
xih 0i|02|03|04|05|06|08]|1.0

05 [0.93(075(0.56(0.38|0.18; 0 0 g

1 .|0.98|0.41/0.65,0.48|0.32|0.15|0.15|0.15
1.00(0.87 | 0.73]0.59| 0.44| 0.30 | 0.30| 0.30
1.0010.90|0.78|0.65|0.52] 0.40)0.40(0.40
1.00]0.93|0.83[0.72(0.61{0.80|0.5010.50

o | & |

EGO0S3TE

Figure 1-31
Shielding factors

CASE ) WITHOUT VEHICLES

i-(

-
q F‘ l Fui
=5 hi

I:—;r Fyert, J

Lp = Length of bridge
K, Croor A, ke 01

Windward girder F =kC, - a - Gy - Gy - Ay
l-eeward girder Fyy =kGCp .- kg - Cg - G - Ag
Deck horiz. load Fr, =1.0-q-Cq - Cy - Lg
Deck verl. load Fpy =08 g - C -Cp-b- g

CASE | WITH VEHICLES

L, = Length of vehicle; A= hv1 ~Ly,

Ap= hv2 L
Windward girder F =kC,__. g Cq- Cy-Ag
Leeward girder F) = kC - k,q - Cq- Cg-Ag
Deck horiz.load Fpy=1.2-q-Cy- G- d - Ly
Deck vert.load Fypy =08:q-C5-Cp-b- Ly

Fit  Traffic load Fyy =Cn-Cy- Ce- A
Fip=Cqo 23a-Cy Gy Ay
Height and force roefficients hy Cy
Raitway vehicle 38m 1.5
b Highway vehicle 3.0m 1.2
Pedestrian 17m 1.0

EGOMACE

Figure 1-32
Truss and plate girder bridges
Note to Figure I-32:

{1} The valugs for these coefficients are taken from Figures 1-29 and 1-30.
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Coeff. Cup, Kp, 5, b

A=d-Lorh-L
L = true length of member

B = angie formed by wind direction
and the normal to member axis

k; = a function of AyA and w'b

TOTAL EOAD INWIND DIRECTION F=%
F = FORCE ON MEMBER
Fn=k-Cupq:Cy-Co-Acos B

{Shielded member
Fn=k-C.s -k - Cg- Gy - Acos B)

Coeff. C.4 : For sharp-edged members Cop =Ky - G and kg - Gy

ROUND MEMBERS, SMOOTH ROUND MEMBERS,
SHMARP-EDGED MEMBERS and ROUGH SURFAGES, MODERATELY SMGOTH
B digl, <0167 SURFACES, dfqC, <0.167
ky K K | Cup K ke | Cus k ke
0° 1.00 1.20 0.60
15° 0.98 116 0.58 88 0.95
30° 0.93 & 8 1.04 @ @ 0.53 E[df?r25 constant
45° 0.88 0.85 0.42 |
B60° 0.80 0.60 0.28

EG0941B

Figure |-33

Three-dimensional trusses

Neles to Figuee 1-33;

{1) See Figure -2 for G,,.. and .. values.
(2} See Figure 129,

(3} See Figura 131,
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T=30
T=60
T=130
T= 60

Sl 3285350 05 polie J SalaS &y (KN s s} 83905 1,5

M=84 (»
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