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Lecture #3 Structure Design Loadings
Reading: Hannan, Chapter 2 Structures: Locations, Styles, Covers
Specifically: pps 36-50; 63-69
Useful conversions:
1 lb ft-2 = 4.88 kg m-2
1 MPH = 1.46 ft s-1 = 0.45 m s-1
Design Standards from NGMA and ASAE [ngma.com; asae.org]
National Greenhouse Manufacturers Association Standard for Design Loads in
Greenhouse Structures, from NGMA Standards, 1996. These standards define the
Design Loads, and outline the procedures for their calculation.
Combination of Loads
Dead + Live + Wind + Snow
Dead Load -- the weight of all permanent construction including walls, roofs, glazing materials,
hanging or supported plants, and fixed service equipment supported by the structure.
Fixed service equipment -- heating, ventilating, cooling systems, shading, energy
conservation electrical and lighting systems, watering and humidification systems
Live Load -- temporary loads produced by the use and occupancy of the greenhouse. Exterior
live loads can be workman, or temporary equipment [scaffolding]. Interior live loads can
be anything hung from the structure for short periods of time. Items imposed on the
structure for a continuous period of 30 or more days must be considered a dead load.
Note: Live loads do not include wind, snow or dead loads!
Maximum allowable live load is 15 lb ft-2 or 73 kg m-2
Minimum live load is 5 lb ft-2 or 24.5 kg m-2
Concentrated Live Load
All roof members should be capable of supporting a Concentrated Live Load of 100 lbs
or 45.5 kg applied downward and normal to the roof surface at their midspan.
The bottom chord of a roof truss should be capable of supporting a Concentrated Live
Load of 100 lbs or 45.5 kg applied at any point along their length.
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Wind Load -- loadings due to wind forces on greenhouse glazing. The glazing transfers the
load to the structural connections that attach the glazing to the secondary members
[purlins], which transfer the load to the main wind-force resisting system [superstructure],
and then to the foundation components of the greenhouse.
Order of force transfer:
glazingglazing connectorssecondary membersprimary members foundationearth
Main wind-force resisting system [superstructure] -- primary greenhouse structural elements
[roof trusses, supporting columns, rigid frames, braced frames, etc] which transfer wind
loads applied to the glazing through the connectors and secondary structural members of
the greenhouse to the foundation.
In general, greenhouses should be designed to withstand an 80 mile hour-1 or 36 m s-1 wind from
the direction which will produce the greatest loads.
Minimum design wind load for the superstructure is 10 lb ft-2 or 49 kg m-2
The Design Pressure (P) is defined as the equivalent static pressure to be used in the
determination of wind loads on greenhouses. The pressure is assumed to act in a direction
normal to the surface under consideration, either as a pressure directed towards the surface
[positive value], or a a suction directed away from the surface [negative value]. In calculation of
design wind loads for components and glazing of greenhouses, the pressure difference between
opposite faces must be considered, which is the difference of the windward and leeward forces.
Forces act either inward or outward and normal to the surface. [See Fig. 5-5, pg 6 from NGMA
below]
Wind load design pressures can be calculated from equations of Table 5.1, pg 4, NGMA.
Design Pressure for the main wind-force resisting system:
[from Table 5.1, pg 4, NGMA]
P = qz(GCp) - qh(GCpi) [psf, pounds per square foot]
Once pressure loads are determined for each section of the structure, then they can be applied
to the structure as a whole, in order to evaluate the overall forces caused by the wind loads on the
structure.
The structure must then resist these maximum forces.
Look at the above equation as it is broken into its 2 parts:
P = [External loads] - [Internal Loads]
where ‘external’ refers to the wind loads caused on the outside of the structure, and
‘internal’ refers to the loads on the inside of the structure caused indirectly by the external
wind loads. Remember that high velocity equals low pressure, therefore a negative pressure
[or vacuum] can be caused inside the greenhouse by the outside winds.
Consider these loads for each wall or roof
= [qz (GCp)] - qh(GCpi) ] for windward wall
= [qh (GCp)] - qh(GCpi) ] for each leeward wall and
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where: [see drawing of greenhouse, page 6]
q:
qz, [velocity pressure] for windward wall evaluated at the height z above the
ground
qh, [velocity pressure] for leeward wall, sidewall, and roof evaluated at the mean
roof height (h), or defined as velocity pressure at height z = h (psf)
G:
[gust response factor] given in Table 5.4
Cp:
[external pressure coefficient], given in Table 5.5 and 5.7
(GCpi): [product of gust response factor & internal pressure coefficient], in Table 5.8
Design Pressure for components and glazing:

P = qh(GCp) - qh(GCpi) [psf, pounds per square foot]
where:
qh :
(GCp):
(GCpi):
also,

b:
d:
h:

[velocity pressure] evaluated at the mean roof height (h); (psf);
evaluated using ‘Exposure C’ for all terrains
[product of gust response factor & external pressure coefficient],
given in Tables 5.6A, 5.6B and 5.7
[product of gust response factor & internal pressure coefficient],
given in Table 5.8
horizontal dimension of greenhouse measured normal to wind direction [ft]
horizontal dimension of the greenhouse measured parallel to the wind direction
[ft]
mean roof height [ft]; use h = eave height for roofs with slope of less than 10o

Velocity Pressure [qz] can be calculated at height z from:

qz = 0.00256 Kz (IV)2

[psf, pounds per square foot]

where:
V:
I:

Kz :

[windspeed MPH, miles per hour], given in Fig. 2-35 Hannan, pg 39, or typically
assumed as an 80 mile hour-1 or 36 m s-1
[importance coefficient], given in Table 5.2; I ~ 0.95 – 1.05
[velocity exposure coefficient at height z], given in Table 5.3

See Hannan, Fig. 2-35, pg 39 for Wind speed map for U.S.

Snow Load
For flat roof greenhouses:
Pf = Ctg Cc IPg
where:
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Pf :
Ctg :
Cc :
I:
Pg:

flat roof design snow load [psf]
thermal factor; 0.83 for heated GH, 1.0 for unheated or intermittently heated GH
exposure factor; 0.6 for open-terrain; 0.9 for sheltered areas; 0.7 for all others
importance factor; 1.0 for retail & public access GH; 0.8 for all others
ground snow load [psf]

For sloped roof greenhouses:
Ps = Cs Pf
Heated sloped roof:
Cs = 1 – [(α – 15)/55]
where α is the angle slope of the roof, and α > 15; if α < 15, assume flat roof
Unheated sloped roof:
Cs = 1 – [(α – 30)/40]
where α is the angle slope of the roof, and α > 30; if α < 30, assume flat roof
Footings -- see A&B, Fig 2.4 Footings
Glazing attachments -- A&B Fig 2-9 Glazing System Fasteners
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Figures and Tables
Page 5:
Tables 5.2, 5.3, 5.4
Page 6:
Tables 5.5, 5.6, 5.6A
Page 9:
Tables 5.7, 5.8
Tables 5.5, 5.4, 5.3, 5.2
Page 6:
again
A&B Fig 2-1 Structural loads on frames
Hannan, Fig 2-39 Structural components Defined
Hannan, Fig 2-40 Structural components defined more
A&B, Fig 2.4 Footings
A&B Fig 2-9 Glazing System Fasteners

Note that Tables 5.6A & 5.6B are not included below. They will be given as a handout.

Lecture #3, Structure Design Loadings

4

Lecture #3, Structure Design Loadings

5

Lecture #3, Structure Design Loadings

6

Lecture #3, Structure Design Loadings

7

Lecture #3, Structure Design Loadings

8

