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1610 1610 -- H = Soil Lateral LoadsH = Soil Lateral Loads

nn Used for design of foundations,Used for design of foundations,
basement walls, retaining wallsbasement walls, retaining walls

nn Lateral pressures given in TableLateral pressures given in Table
1610.1 or taken from site specific1610.1 or taken from site specific
soil investigation reportsoil investigation report

nn Active and atActive and at--rest pressures arerest pressures are
givengiven
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Soil Lateral LoadsSoil Lateral Loads
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Soil Lateral LoadsSoil Lateral Loads
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Additional Soil and Additional Soil and 
Hydrostatic Pressure LoadsHydrostatic Pressure Loads

nn Surcharge loadsSurcharge loads
nn Upward load due to the hydrostaticUpward load due to the hydrostatic

upward pressure of waterupward pressure of water
nn Lateral loads due to expansive soilsLateral loads due to expansive soils

not included in tablesnot included in tables



207207

IBC 2003 Rain LoadsIBC 2003 Rain Loads

nn Design roofs for the weight of theDesign roofs for the weight of the
accumulated rain assuming theaccumulated rain assuming the
primary drainage system is blocked.primary drainage system is blocked.

nn Accumulated rain includes the heightAccumulated rain includes the height
of water above the secondary drainof water above the secondary drain
based on the rate of rainfall and ratebased on the rate of rainfall and rate
of design flow through the drain.of design flow through the drain.

nn RR = 5.2(= 5.2(ddss++ddhh)) Eq. 16Eq. 16--3737
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IBC 2003 Rain LoadsIBC 2003 Rain Loads
nn RR = 5.2(= 5.2(ddss++ddhh)) Eq. 16Eq. 16--3737
nn RR : rain load in roof, psf: rain load in roof, psf
nn ddss : height of water, inches, up to the: height of water, inches, up to the

secondary drain. Determined by designsecondary drain. Determined by design
(set by plumber(set by plumber –– usually 2usually 2”” to 4to 4”” aboveabove
the roof)the roof)

nn ddhh : height of water, inches, above the: height of water, inches, above the
secondary drain, at the design flow of thesecondary drain, at the design flow of the
drain. Determined by calculations.drain. Determined by calculations.
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IBC 2003 Rain LoadsIBC 2003 Rain Loads
nn To determineTo determine ddhh

•• find flow rate, Q, in gallons/minfind flow rate, Q, in gallons/min
nn Based on the drainBased on the drain’’s drainage area, A (sq.ft), ands drainage area, A (sq.ft), and
nn Rainfall intensity,Rainfall intensity, ii (in/hour)(in/hour)
nn QQ = 0.0104= 0.0104 AA ii
nn ii : plumbing code :: plumbing code : ii = 3.2 in St. Louis= 3.2 in St. Louis
nn St. Louis County :St. Louis County : ii = 4.6= 4.6
nn St. Louis City :St. Louis City : ii = 6.0= 6.0
nn PlumberPlumber ““never use less than 4.0never use less than 4.0””
nn Perhaps this is appropriate to size the drain, but is itPerhaps this is appropriate to size the drain, but is it

appropriate for the rain load calculation?appropriate for the rain load calculation?
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IBC 2003 Rain LoadsIBC 2003 Rain Loads

nn Having found Q, flow rate in gallonsHaving found Q, flow rate in gallons
per minute, determine hydraulicper minute, determine hydraulic
head, dh, in inches, from table C8head, dh, in inches, from table C8--11
(ASCE 7 Commentary). Interpolate(ASCE 7 Commentary). Interpolate
as required.as required.

nn Need to know type of drain (pipe orNeed to know type of drain (pipe or
scupper, closed or open) and size ofscupper, closed or open) and size of
drain.drain.
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IBC 2003 Rain LoadsIBC 2003 Rain Loads
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IBC 2003 Rain LoadsIBC 2003 Rain Loads

nn RR = 5.2(= 5.2(ddss++ddhh)) Eq. 16Eq. 16--3737
nn KnowingKnowing ddss andand ddh,h, calculate R (psf)calculate R (psf)
nn Apply R, maximum load per sq. ft.,Apply R, maximum load per sq. ft.,

as an area triangular load, to theas an area triangular load, to the
roof area around the drain, basedroof area around the drain, based
upon the roof slopes.upon the roof slopes.

nn Total load as an inverted cone,Total load as an inverted cone,
WW == RR ((AreaAreawaterwater) / 3) / 3
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IBC 2003 Rain LoadsIBC 2003 Rain Loads

nn Controlled drainage roofs use theControlled drainage roofs use the
roof as a retention system, and areroof as a retention system, and are
often designed to hold a maximumoften designed to hold a maximum
55¾”¾” of water (30 psf), includingof water (30 psf), including ddssandand ddhh, at the roof low points. Water, at the roof low points. Water
above that elevation will drain from aabove that elevation will drain from a
secondary system like scuppers.secondary system like scuppers.
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IBC 2003 Rain LoadsIBC 2003 Rain Loads

nn Flat roofs must be designed toFlat roofs must be designed to
prevent ponding instability.prevent ponding instability.

nn Roofs with a slope steeper than orRoofs with a slope steeper than or
equal toequal to ¼”¼” / ft. (1.193 degrees) do/ ft. (1.193 degrees) do
not need to be investigated fornot need to be investigated for
ponding instabilities.ponding instabilities.
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IBC 2003 Rain LoadsIBC 2003 Rain Loads
nn Ponding instabilities:Ponding instabilities:
nn See AISC Manual of Steel Construction,See AISC Manual of Steel Construction,

ASD, 9ASD, 9thth Edition, Chapter K, Section K2Edition, Chapter K, Section K2
nn See AISC Manual of Steel Construction,See AISC Manual of Steel Construction,

LRFD, 3LRFD, 3rdrd Edition, Chapter K, Section K2Edition, Chapter K, Section K2
nn See SJI Technical Digest #3,See SJI Technical Digest #3, ““StructuralStructural

design of steel joist roofs to resist pondingdesign of steel joist roofs to resist ponding
loadsloads””, by Heinzerling, J.E, May 1971,, by Heinzerling, J.E, May 1971,
$20,$20, www.steeljoist.orgwww.steeljoist.org
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IBC 2003 Rain LoadsIBC 2003 Rain Loads

nn Ponding instabilities: the easy wayPonding instabilities: the easy way
nn Provide a minimum ofProvide a minimum of ¼”¼” per foot ofper foot of

slope, and ignore ponding.slope, and ignore ponding.
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IBC 2003 Rain LoadsIBC 2003 Rain Loads

nn Ponding instabilities:notPonding instabilities:not--soso--hard wayhard way
nn CalculateCalculate CCpp andand CCss..
nn IfIf CCpp + 0.9+ 0.9 CCss <= 0.25, and<= 0.25, and

IIdd>=25(>=25(SS44)10)10--66, then, then
nn ponding is okponding is ok

•• CCpp=32=32LLss(L(Lpp))44/(10/(1077IIpp))
•• CCss=32=32S(LS(Lss))44/(10/(1077IIss))
•• IIdd==moment of inertia of the deck (inmoment of inertia of the deck (in44/ft)/ft)
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IBC 2003 Rain LoadsIBC 2003 Rain Loads

nn Ponding instabilities:still notPonding instabilities:still not--soso--hardhard
wayway –– look in AISC Appendixlook in AISC Appendix

nn CalculateCalculate CCpp CCss UUpp andand UUss
nn Look at nomograph charts to find aLook at nomograph charts to find a

maximummaximum CCpp andand CCss..
nn If calculated values ofIf calculated values of CCpp andand CCss areare

less then the maximumless then the maximum CCpp andand CCssfrom the chart, ponding is ok.from the chart, ponding is ok.
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IBC 2003 Rain LoadsIBC 2003 Rain Loads

nn If ponding is not ok, increase theIf ponding is not ok, increase the
stiffnesses of the beams and/or joistsstiffnesses of the beams and/or joists
and/or deck and recalculate.and/or deck and recalculate.
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IBC 2003 Rain LoadsIBC 2003 Rain Loads

nn Questions ??Questions ??
nn Answers ??Answers ??
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1612 1612 -- FFaa = Flood Loads= Flood Loads
ASCE 7ASCE 7--02 Sections 2.3.2 and 2.3.302 Sections 2.3.2 and 2.3.3

Load Combinations:Load Combinations:
In V Zones or Coastal A ZonesIn V Zones or Coastal A Zones
Modified (4) 1.2D+1.6W+2.0FModified (4) 1.2D+1.6W+2.0Faa+L+0.5(Lr or S or R)+L+0.5(Lr or S or R)
Modified (6) 0.9D+1.6W+2.0FModified (6) 0.9D+1.6W+2.0Faa+1.6H+1.6H
In NonIn Non--Coastal A ZonesCoastal A Zones
Modified (4) 1.2D+0.8W+1.0FModified (4) 1.2D+0.8W+1.0Faa+L+0.5(Lr or S or R)+L+0.5(Lr or S or R)
Modified (6) 0.9D+0.8W+1.0FModified (6) 0.9D+0.8W+1.0Faa+1.6H+1.6H
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1612 1612 -- Flood LoadsFlood Loads

nn Structures located in Flood HazardStructures located in Flood Hazard
areas must be designed for floodareas must be designed for flood
loadsloads

nn Reference FEMA Flood InsuranceReference FEMA Flood Insurance
Rate MapsRate Maps

nn Design in accordance with ASCE 24Design in accordance with ASCE 24--
98 Flood Resistant Design and98 Flood Resistant Design and
ConstructionConstruction
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1612 1612 -- Flood LoadsFlood Loads
nn Design must resist:Design must resist:

•• FlotationFlotation
•• CollapseCollapse
•• Permanent lateral displacementPermanent lateral displacement

nn Design must consider:Design must consider:
•• ScourScour
•• ErosionErosion

nn Loads:Loads:
•• Hydrostatic loadsHydrostatic loads
•• Hydrodynamic loadsHydrodynamic loads
•• Wave loadsWave loads
•• Impact loadsImpact loads
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Questions?Questions?


