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ESDU DATA ITEMS

Data Items provide validated information in engineering design and analysis for use by, or under the supervision
of, professionally qualified engineers. The data are founded on an evaluation of all the relevant information, both
published and unpublished, and are invariably supported by original work of ESDU staff engineers or consultants.
The whole process is subject to independent review for which crucial support is provided by industrial companies,
government research laboratories, universities and others from around the world through the participation of some
of their leading experts on ESDU Technical Committees. This process ensures that the results of much valuable
work (theoretical, experimental and operational), which may not be widely available or in a readily usable form, can
be communicated concisely and accurately to the engineering community.

We are constantly striving to develop new work and review data already issued. Any comments arising out of your
use of our data, or any suggestions for new topics or information that might lead to improvements, will help us to

provide a better service.
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LATTICE STRUCTURES. Part 1. mean fluid forces on single and multiple plane frames
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NOTATION

CA and CC or CL

LATTICE STRUCTURES Part 1. mean fluid forces on single and multiple plane frames

total area enclosed by frame, including chord members, see m
Sketch 1.1

exposed area of gusset plate, see Sketch 1.1 m

shadow area of frame projected onto a plane parallel to that through m
the chord members, see Sketch 1.1 (note that Agis independent of the
inclination of the flow to the frame)

dimension of flat-faced member in Ox direction, see Sketch 1.2 m
overal width of frame, including chord members m
width of flat-faced member, see Sketch 1.2 m

across-flow force coefficients, compgnents normal to the flow
direction, (across-flow force)/ (Y2pV"A,) , see Section 1.1

drag coeffici e£1t, component along flow direction, (drag
force)/(Y2pV™A,) , see Section 1.1

normal force coe;fi cient, component along Ox direction,
(X-force)/ (Y2pV™A,) , see Section 1.1

uncorrected value of Cy

across-frame tangential forzce coefficient, component along Oy
direction, (Y-force)/ (2pV~A,) , see Section 1.1

along-frame tangential forgé‘e coefficient, component along 0z
direction, (Z-force)/ (Y2pV"A,) , see Section 1.1

diameter of circular-section member m
correction factors for effects of Dy/D, and frame solidity ratio
correction factor for effect of shielding on jth framein an array

correction factors for effects of incidence and yaw

intensity of u-component of turbulence o /V, see Section 2.5 and
Table 8.3

length of frame along 0z direction m

For footnotes see end of Notation Section.
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For footnotes see end of Notation Section.
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lateral integral length scale of u-component of turbulence, see Section m
2.5and Table 8.3
moment N m
total number of framesin array
Reynolds number based on chord member diameter or along-flow
dimension, VD//v or Va /v
effective Reynolds number, A A Re,
spacing between multiple | attice frames, along Ox direction, see m
Sketch 1.3
time-averaged flow velocity, see Section 2.5 m/s
flow axes, set of right-handed cartesian axes fixed with reference to
mean flow direction, see Section 1.1
body axes, set of right-handed cartesian coordinate axes fixed with
reference to frame, see Section 1.1
moment arm from bay centre” to point about which moment is m
required
incidence angl el angle between the Oxz plane and aplane containing ~ degree
the Oz axis and the flow velocity vector, see Sketch 1.4
exponent for power law approximation to wind-speed profile,
(VIV)) = (2z)®
yaw angl el , between the Oxy plane and a plane containing the Oy axis ~ degree
and the flow velacity vector, see Sketch 1.4
effective roughness height of member surface, see Section 2.5 and m
Table 8.2
factors accounting for effects of member surface roughness and flow
turbulence, see Section 3.2 and Figure 3a
kinematic viscosity of fluid m?/s
density of fluid kg/m?3
solidity ratio of frame or bay of frame, AJAg
denotes value for bracing member
denotes value for chord member
denotes value for gusset plate
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i denotes value for ith bay” of frame

i denotes value for jth framein an array or its spacing from frame upstream

k denotes value for a frame upstream of jth frame

XY, Z denote values appropriate to X-, Y-, or Z-force components

a, B denote values appropriate to incidence angle o. or yaw angle 8

0 denotesvaluefor oo = 0° and f = 0° (notethat other numerical suffixes

denote either the incidence or yaw angle at which the force coefficient isvalid or
the position of aframein an array, according to the context).

8 " A single bay is the minimum length of frame on which forces should be estimated (see Section 2.5.1).
)
ﬁ T Note that Agisindependent of the inclination of the flow to the frame.
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Sketch 1.3 Multiple frame geometry Sketch 1.4 Axis systems

11 Axis Systems and Force Coefficients

Two systems of axes are widely used in fluid loading studies: (i) a flow-axis system Ou, Ov, Ow, fixed in
relation to the mean flow and with Ou aligned along the mean flow direction and (ii) a body-axis system
0x, Oy, Oz, fixed in relation to the structure and with Ox commonly aligned normal to a principal face of the
structure. Whilst the flow-axis system isamost invariably used to describe flow properties, either system
may be used to describe the flow-induced forces.

In this Item a body-axis system is used with the Ox axis normal to a plane containing the frame chord or
leg membersasshownin Sketch 1.4. Theforce coefficient componentsare then the normal force coefficient
Cy and the across-frame and along-frame tangential force coefficients Cy and C respectively. The force
coefficient components in a flow-axis system are the drag coefficient C, along the flow direction, Ou, and
across-flow force coefficients Cc (or C| ) and Cp along the Ov and Ow directions. The force coefficientsin
the two systems can be related by:

ESDU Copyright material. For current status contact ESDU.

Cp = Cycos o cos f+Cysin a—C,cos a sin 8,
Cc = —Cysin o cos B +Cycos o +C,sin o sin B (1.1)

and C, = Cysin B+ C,cos

where the incidence and yaw angles, o and 3, are defined in the Notation and shown in Sketch 1.4.
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21

PURPOSE, SCOPE AND USE OF THISDATA ITEM
Purpose and Scope

This Data Item provides data for estimating the mean fluid forces and moments on single and multiple
plane lattice frames of generally conventional geometry, such as those shown in Sketch 2.1. Itisthefirst
of two Data Items that will supersede and extend the information on lattice structures in ESDU 75011 .
The second Item will cover spatial lattice frames such as towers.

The present Data Item has application in the design of single-frame latticed support structures for cable
and pipe runs, sign gantries and latticed members within more complex structures, and of multiple frame
structures occurring in both unclad building frames and roof structures and in falsework.

Chord or leg members Chord or leg members

One
— bay — -
I or One
— pane bay
or
~ - ~ pandl
Bracing {1 \ X
members ) [\
/] Bracing <
members
'Ladder' bracing V' bracing X" or "Warren' bracing, X" bracing

diagonals may alternate

Sketch 2.1 Typical lattice frame arrangements

The scope of the data presented isindicated in Table 2.1. Worked examples are provided in Section 6 and
Calculation Sheetsin Tables 8.4 to0 8.8.

Two basic methods have been proposed for determination of force coefficients on lattice frames. The*bulk
method” uses correlations of data derived for assembled frames or bays of frames. The “summation
method” sums the forces on the individual members, assuming they are in two-dimensional flow, and adds
acorrection, intheform of a“joint force”, to alow for interference effects at the joints and departures from
two-dimensionality. The data currently available for the bulk method allow reasonable generalisation to a
wide range of frame geometries but the very few data available on “joint forces’” (Derivations 12 and 20)
do not allow thisto be done for the summation method. Therefore, athough both methods were presented
in ESDU 75011, the bulk method isnow to be preferred and thisaloneis presented in the present Dataltem.

* A third Data Item covering “structural sections’ such as angle and I-section beams will be issued to supersede the remainder of

ESDU 75011.
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The current British Draft Code of Practice for Lattice Tower Loading® includes data from which
wind-induced loads on single lattice frames may be estimated. The Codes of Practice of other countries
may alsoincludesimilar datafor latticeframes, usually in those Codes concerned with general wind loading.
By comparison with the British Draft Code this Data Item provides a means of alowing for the important
effects of turbulence and surface roughness on frames with circular-section members and covers effects of
inclined flow which are not included in the Draft Code. This Data ltem also presents more comprehensive
information on shielding effects for multiple frames.

TABLE 2.1 Scope of the Data Item

Member shape
Flat-faced Circular Other”, mixed
. Effect of shear flow 2473
D
g Force coefficient, normal flow 31 3.2 3.3, 34
8 Effects of solidity ratio and solidity a1 - _
S distribution ' '
3 Effects of finite length 35 4.1 35 35
©
é Effects of taper of frame or members 35
(O]
§ Gusset plates 3.6
S Effects of distributed ancillaries: ladders, 371
= cables, wire meshes, etc. o
% Effects of concentrated ancillaries: sign 372
£ boards, aerials, etc. o
.'ED Inclined flow, incidence effects 411 421 —
>
§ Inclined flow, yaw effects 412 422 _
D
a Shielding effects, flow nominally normal
51
= to frames
Shielding effects, flow inclined to frames 5.2
Simple bridges, arrays of frames with 53
light intermediate bracing '
Towers, crane jibs etc. See ESDU 81028
Worked examples 6.1 6.2 _
Calculation sheets Tables 8.4, | Tables8.5, 8.6, | Tables8.6, 8.7
Table 8.8 8.7and 8.8 and 8.8
" ESDU 79026 and 80025 will also be required.
Documents
6 Document Sharing Hub

Copyright Engineering Sciences Data Unit
Provided by IHS Markit under license with ESDU Licensee=/, User=,
No reproduction or networking permitted without license from IHS Not for Resale,

Full document details: ESDU 81027 A 1982


http://www.avadocuments.com/doc/esdu-81027-a-1982
http://www.avadocuments.com/doc/esdu-81027-a-1982

ESDU 81027

2.2 Limitations and Uncertainty

This Data Item may be used to estimate the mean loading induced by gas or liquid flows. For gas flows,
the Mach number should be less than about 0.4. For liquid flows, the possibility of significant additional
forces arising from free-surface effects or from cavitation should be investigated.

A particular application is to structures in the natural wind. The data may be used to derive the mean
component of wind loading as part of a statistical approach to the total wind loading. For design purposes,
it is necessary to consider also the fluctuating components. The calculation procedure of ESDU 760013,
using force coefficients from this Data Item, will provide values for the fluctuating components caused by
turbulence buffeting. The datain this Data Item may also be used in a quasi-static, discrete gust loading
approach to the total wind loading. Some of the implicationsin that approach which make it lessreliable
are discussed in ESDU 810177,

Specific limitations on the application of the data are included as comments in the text or on the Figures.
Where possible an estimate of the uncertainty of the datais given on the Figures, based on the spread of
experimental data. These uncertainties apply only to variation in the parameter directly being considered
and the combined application of two or more corrections may increase the uncertainty. The ranges of
experimental data on which the correlations are based are given in Table 8.1.

2.3 Use of the Data ltem

(1) Note the general scope and applicability of the Item, as set out in Sections 2.1 and 2.2, in relation
to the problem under consideration.

(i) Select the appropriate Calculation Sheet or Sheets from Tables 8.4 to 8.8. The Calculation Sheets
form a convenient, self-contained guide to the calculation procedure and reference the appropriate
Figuresfor data. The Figuresinclude estimates of uncertainty and important limitations are noted.
For repeated calculations the data in this Item can be programmed. Two worked examples are
givenin Section 6 and advice on theinput datarequired for the cal culationsisgivenin Section 2.5.

(iii) To make best use of the Item, read also the appropriate background notes, selected by referenceto
Table2.1. Thisisparticularly important for caseswhere dataare tentative or extrapolated or where
frames of unconventional geometry are being considered. Reference to Table 8.1, giving ranges
of parameters covered by experimental data may also assist in establishing applicability in such
Cases.

ESDU Copyright material. For current status contact ESDU.

24 Summary of Calculation Procedure
241 Flow normal totheframe

For many practical situations the loading case of most interest will be that with flow normal to the frame.
This gives the maximum resultant force and moment on a single frame. For this case, the Y- and Z-forces
are approximately zero (but see Section 3.1) and the X-force on the ith bay or frame section is given by

2
Xi = VopV; AgCxpi (2.1)

and the moment induced by thisforceis given by

M, =X

yi = Mi%epi (2.2)
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where z,,; is the distance between the point about which the moment is required and the centre-of-pressure
location for the bay, which is assumed to be at the mid-point of the bay.

2.4.2 Flowinclined totheframe

More generally the X-, Y- and Z-forces on the ith bay or frame section are given by

2
X, = YipVZ A Cyi . (2.3)
2
Y = YoV AgCy, (2.4)
2
and Z = vpVEA,Cy . (25)

The moments about the y- and x-axis directions are given by

M, = X.Z. (2.6)
and M, =Yz, . 2.7)

where again z.; isthe moment arm to the bay centre. The twisting moment, M, about the Oz axisis zero
unless ancillaries are distributed asymmetrically.

2.4.3 Shear flow

The effect of a shear flow, that is a flow with a velocity varying aong the frame, is allowed for in the
calculation method by use of the mean velocity over each bay or section of the frame.

25 Input Data Required

251 Framegeometry
Unless the frame considered is completely uniform over its length and is immersed in a uniform flow it
will be necessary to divide the frame into convenient sections and consider the loading on each separately.

Suitable division points will usually be apparent on inspection. A single bay or panel (as shown in
Sketch 2.1) is the minimum length that should be considered.

ESDU Copyright material. For current status contact ESDU.

The required geometrical parameters for the frame (or for each bay of the frame) are set out in Table 2.2.
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TABLE 2.2 Frame Geometry

Parameter Comment
Enclosed area, Aq Evaluated preferably from detailed dimensions or from scaled
Shadow area, A see Sketch 1.1 | grawings but Appendix A1 gives equations which allow a

straight-forward estimation of Agto within about £10 per cent

Solidity ratio, AdAe provided that the bracing connections are close to the bay
limits. Values are required for each bay or frame section.

Chord member diameter, D For circular-section members only. An assessment of € may
Surface roughness parameter, /D | be made from Table 8.2.

Diameter ratio, Dy/D,

Shadow area of flat-faced members, | For frames with a mixture of member types.

Asfiat

Shadow area of circular-section
members, Agcirc

Shadow area of gusset plates, Ag, Gusset plate areaincluded in A for frames of flat-faced

and ancillaries members, required separately for frames of circular-section
members. See Section 3.7 for treatment of ancillaries.

Flow incidence angle, o Angles o and 8 are zero for flow normal to the frame.
Flow yaw angle,

Frame spacing rati os: ,§/B Ratiosin terms of chord dimensions should be checked if
Frame spacing ratios s;/b;or /D¢ | s;/B<0.75. Note also whether bracing on successive frames
iSin-line or crossed.

Note that § denotes spacing of the jth frame from the one upstream of it.

ESDU Copyright material. For current status contact ESDU.
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25.2 Flow properties

The required flow properties are set out in Table 2.3.

TABLE 2.3 Flow Properties

Comment
Parameter
Uniform flow Shear flow
Velocity, V Single value required Use mean value over each bay.
for frame location. Table 8.3 summarises velocity

profile data for the natural wind,
more detail isgivenin
ESDU 82026.

Turbulenceintensity, |, Lateral _ _
, Required for frames of rounded-section members only.
scale of turbulence, 'L,

Table 8.3 summarises values for the natural wind and gives
approximate values for some internal flow environments.
ESDU 85020 and 86010 provide more detailed information for

thewind”.

Single value required Use value at centre of each bay.
for frame location.

Fluid density, p Standard reference value for air = 1.23 kg/m®. Nominal value

for fresh water ~1000 kg/m? and for seawater = 1025 kg/m?.
Note, however, that these values vary appreciably with
temperature, and with pressurefor air and salinity for seawater,
even over the typical ranges experienced under natural
conditions.

Fluid kinematic viscosity, v Standard reference value for air = 1.45 x 10> m&/s. Nominal
value for freseh water ~1x10 ° m?/sand for seawater
~1.08x10 ° m?s. Notethat, asfor density, appreciable
variations from these values do occur.

ESDU Copyright material. For current status contact ESDU.

Note that in ESDU 86010 the lateral integral length scales are denoted by yLu and ZLu where in that case y and z are
wind-axis directions rather than body-axis directions as used in this Data Item. The most appropriate scale for the present
purpose is that nearest to an across-frame direction.

25.3 Forcecoefficients

The force coefficients are presented in terms of basic coefficients to which correction factors are applied
to alow for secondary effects. Section 3 discusses force coefficients and corrections for flow normal to a
single frame. Section 4 considers corrections required to alow for the effects of flow inclination and
Section 5 covers the case of two or more parallel frames.
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3. SINGLE LATTICE FRAMESNORMAL TO THE FLOW

For the case of flow normal to the frame, the drag coefficient, Cpg, isequal to the normal force coefficient,
Cxo- Theaong-frameand across-frameforce coefficients C,q and Cyq are zero except inthe case of certain
asymmetries in bracing members as discussed in Section 3.1.

The values of Cyg for solidity ratios, ¢(= AJ/A,) of 0 and 1 can be derived for some cases and have been
used to extrapolate data from smaller ranges of ¢ . The limiting solidity case of ¢ = O can be considered
as a frame comprising two chord members only, an infinite distance apart and with no bracing. For this
case Cyg = Cp.. Attheoppositeextreme, ¢ = 1, twolimitsareplausible. Firstly when the frame consists

of two chord members touching and secondly when the chord members are separated but the bracing fills
the area between them. These two rather different configurations do, in practice, give similar limiting -
values of Cy (References 1, 2 and 28).

31 Frames of Flat-faced Members

The normal force coefficient, Cyq, isgiven directly by Figure 1 asafunction of frame solidity ratio, ¢, for
typical lattice frames constructed from flat-faced members such as flat strips, angle sections, channel
sections and box sections”. For such nominally sharp-edged members the force coefficients are essentially
independent of Reynolds number for Re. greater than about 103, Over most of the range of solidity ratio,
Cxoisnot strongly dependent on the actual member shape but as ¢ — 0 where Cyg = Cp,, allowance must
be made for the variation of Cp. with member shape. Several casesare shown on Figure 1. The datashow
no significant variation with the pattern of bracing for arange of typical ladder, V, X and N arrangements,
but force coefficients for constructions such as grids of crossed strips do differ significantly’. Figure 1
therefore gives also a curve for “grids and meshes’ (taken from Reference 1 and based on data for grids,
perforated plates and wire meshes) that should be used for grid-like constructions having a near-uniform
solidity distribution over the face of the frame.

For frames with angle-section bracing members, small across-frame forces may be generated when the
bracing member flange alignments alternate and small along-frame forces when all bracing members are
the same way round (Sketch 3.1).
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U U U U u Bracing aligned

Bracing aternating

Sketch 3.1

: Typically with a /bC< 0.3 or approximately square. In particular the datamay not apply for sectionswith aC/bCz 0.67 which givevery
high drag coefficients for isolated members.

T The discrepancy is probably associated with differencesin flow pattern. For typical lattice frames, the pattern is one of flow around the
individual members; for grids and perforated plates it tends to be flow around the plate outline with a small flow through the holesinto
the wake.
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Figure 1 is based on wind-tunnel data for nominally smooth, uniform flow. The few data available
(Derivation 14 for single frames, Reference 6 for lattice towers) suggest that turbulence intensities up to
10 per cent increase the force coefficients by a small amount which is, however, within the scatter of data
for smooth flow.

3.2 Frames of Circular-section Members

The normal force coefficient is given by
Cyo = C'xofq)fD (31
where C'yq isgiven by Figure 2a, fq) by Figure 2b and fp by Figure 2c.

For frames of circular-section members and (rounded-section membersin general), the force coefficient is
afunction of Reynolds number and surface roughness. It has been found, however, that the relatively few
data available can be tentatively correlated with the effective Reynolds number for the chord cylinder,
Re,. = AgAtRe,, as shown in Figure 2a. The parameters A and A, alow for the effects of surface
roughness of the members and turbulence properties of the flow and allow arational extrapolation of the
wind-tunnel data, on which Figure 2ais based, to more turbulent flows such as the natural wind. Values
of Az and A, evaluated for the chord cylinder, can be obtained from Figures 3a to 3b and Rey; then
estimated using the calculation procedure on Calculation Sheet 2.

Over the solidity range 0.15<¢<0.45, Cyq shows no systematic variation with ¢ within the overall
uncertainty of the data. However, a tentative correction factor f, , shown in Figure 2b, has been derived
using the limiting casesof ¢ = 0 and ¢ = 1. Aswith frames of flat-faced members, the data for frames
of circular section members show no significant variation with the pattern of bracing for typica V, X and
N arrangements. However, for the case of near-uniform solidity distribution represented by wire-mesh-like
constructions, force coefficients are higher and of similar order to those for flat-strip gridsjL as shown by
the curve for “grids and meshes’ on Figure 1.

Since the values of Rey, and /D, will differ from those for the chord members some influence of the
relative sizes and proportions of chord and bracing members might be expected. For the data available, a
trend only with Dy/D wasdiscernable and atentativefactor f isshownin Figure 2c. Thiseffectisprobably
associated with the chord member becoming less effective as an “end plate” on the bracing members as
Dy/D. increases.
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The along-frame and across-frame forces are approximately zero unless large asymmetries occur in the
bracing.

3.3 Frames of Non-circular Rounded-section Members

Frameswith membersof cross-sectional shapessuch asrounded hexagonal, octagonal or near-axisymmetric
eliptical sections are occasionaly encountered but no data were found for frames of rounded-section
members other than circular. In the absence of such data, it is suggested that the force coefficients are
obtained by factoring the corresponding coefficients for frames of circular-section members by the ratio
Cp (chord member shape)/Cp (circular cylinder). The drag coefficient for the chord member shape can
be obtained from ESDU 79026° and for acircular cylinder from ESDU 80025%° .

Documents
12 Document Sharing Hub

Copyright Engineering Sciences Data Unit
Provided by IHS Markit under license with ESDU Licensee=/, User=,
No reproduction or networking permitted without license from IHS Not for Resale,

Full document details: ESDU 81027 A 1982


http://www.avadocuments.com/doc/esdu-81027-a-1982
http://www.avadocuments.com/doc/esdu-81027-a-1982

ESDU 81027

34 Frames of Mixed Member Sections

Frames constructed from members of a mixture of cross-sectional shapes are sometimes encountered. In
the absence of specific data it is suggested that the force coefficients are estimated by taking values for
equivalent lattices constructed completely of each member type and weighting each value according to the
shadow area contribution of that member shape. For amixture of flat-faced and circular-section” members
this leads to the following equation;

A A
—=fla ¢ (circular)—=>9rc- (3.2)

s, (total) s, (total)

Cyo(mixed lattice) = Cyy(flat-faced)

If the shadow area of one member typeislessthan 10 per cent of the total any change in force coefficient
indicated by Equation (3.2) will be much less than the uncertainty of the data and the force coefficients for
the dominant member type can be used.

35 Effects of Finite Length and Taper
351 Finite length (finite aspect ratio)

The data presented in Sections 3.1 and 3.2 apply for two-dimensional flow conditions when the frame has
no free ends and is, effectively, infinitely long. The few data available (for frames of flat-faced members
with 0.2< ¢ < 0.8 and aspect ratiosin therange 1< L/B < 10) for frameswith one or two free ends suggest
that no reduction from the two-dimensional flow values should be allowed for finite-length frames.
However, at the limits ¢ = 0 and ¢ = 1, as noted in the introduction to Section 3, the frame force
coefficients are equal to those for equivalent solid structures which do vary with L/D, or L/b. as shown by
References 1, 2 and 7. Between these limits and the range of ¢ for which data are avail able the effects of
finite length cannot be assessed and it is suggested that it is assumed that there is no effect for all practical
|attice frames normal to the flow! .

352 Taper

Theeffectsof taper of theframe outlineare unlikely to significantly alter theforce coefficientsin the present
case except through the effect on shadow area, Aq, and solidity ratio, ¢ . No datawere found on the effects
of taper of individual frame members and it is suggested that they are assumed to appear only through Aq
and ¢.
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3.6 Gusset Plates

Lattice frames are often fitted with gusset plates at the joints for strengthening purposes or for ease of
construction. Because the flow patterns around flat-faced and circular-section members are different, the
interference and additional forces introduced by the presence of gusset plates on lattice frames a so differ
according to the member shape.

For frames of flat-faced members the presence of the gusset plates can be allowed for by including their
areain the shadow area of the frame and in the calculation of solidity ratio. For frames of circular-section
members the additional force can be expressed in terms of an increment in force coefficient given
approximately by

* A similar procedure is suggested where non-circular rounded-section members are included.
T But see Section 4.1.2 for frames in yawed flow.
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