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Ground Snow Loads
* Pg is the basis for most all roof snow 
loads in ASCE 7 

* Balanced load in ASCE 7-16                  

Ps = 0.7 Ce Ct Cs Is Pg

* Drift loads in ASCE 7-16          

hd = (Is)
0.5 ( 0.43 (Lu)0.33 (Pg + 10)0.25 -1.5)
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Ground Snow Loads
• Prior to ASCE 7-16 , area or 

zone maps of Pg

• East of the Mississippi, CS areas 
( or CS required above a listed 
elevation) along the Appalachian 
Trail , East of Lake Michigan , 
and all of New York except the 
Hudson River Valley
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Ground Snow Loads
• Again prior to ASCE 7-16, West 

of the Mississippi, CS or CS 
above a listed elevation needed 
nominally everywhere West of 
Denver
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Ground Snow Loads
• In ASCE 7-16 , Engineer-

friendly State Pg tables 
introduced for CO , ID, MT, 
NH, NM, OR & WA



National Council of Structural Engineers Associations  |  www.ncsea.com

Ground Snow Loads
• In ASCE 7-16 the Importance Factor was a function of the risk 

category , but not Pg or location.

• The hazard level for a structure of ordinary importance, was the 50 
year ground snow load ( 2 % chance of being exceeded any winter)

Risk Category        Is Return Period 

I                   0.8               ~ 25 yrs.

II                   1.0                  50 yrs.

III                  1.1               ~ 75 yrs.

IV                 1.2               ~100 yrs.
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Ground Snow Loads 
• In ASCE 7-22 , Scott Russel (NUCOR) managed a project to improve 

ground snow load information. Work performed by Brennan Bean ( Utah 
State) and Marc McGuire ( Nebraska) 

• Intended to be consistent with the ASCE 7 Risk Table – not necessarily 
the   50 year MRI hazard
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Ground Snow Loads
• In ASCE 7-22, line map , also 

available via the ASCE Hazard 
Tool

• Risk based – Prob of failure for WF 
shape subject to 
uniform/balanced snow loads

• Separate map for each risk 
category

• 1.0 S7-22 as opposed to 1.6 S7-16
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Ground Snow Loads
• Some sites have reduced Pg values , 

most have increased

• For 65 US cities, “new/current” means 
1.0 S7-22/1.6 S7-16

• Mean new/current = 1.12 with a 
standard deviation = 0.26

• Reduction in load typically for heavy 
snow locations , increase in load for light 
snow locations 

• Average S7-16 of 49 psf for new/current 
0.7 to 0.9 , average S7-16 of 21 psf for 
new/current 1.3 to 1.8 
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Ground Snow Loads 
• Listed alphabetically by State CT to 

MN

• “New” =1.0 S7-22 , “Current” = 1.6 S7-16

• (Pg)50 = 30 psf for Bridgeport  CT  
(Current = 1.6 x 30 = 48 psf)
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Ground Snow Loads
• Alphabetically by State ND to WY

• “New” =1.0 S7-22 , “Current” = 1.6 S7-16
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Ground Snow Loads
• Duluth MN  

• Number of snow events –little or 
no melting between storms

• RT = 1.0 S7-22/1.6 = 51 psf

• Typical annual value  ~ 20 psf

• 50 year ~ 55 psf taken to be 60 psf

• Max observed ~ 56 psf

• Reduction due to short tail
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Ground Snow Loads
• Baltimore MD 

• Few snow events – melting 
between snow events 

• RT = 1.0 S7-22 /1.6 = 39 psf

• Typical value ~ 6 psf

• 50 year ~ 19 psf taken to be 25 
psf

• Max. observed ~ 32 psf

• Increase due to long tail
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Ground Snow Load
Clarification in ASCE 7-22

The LRFD load combination wherein Snow is 
the principal load is

1.2D +(1.6Lr or 1.0S or 1.6R) + (L or 0.5W)

If 1.6 Lr > 1.0S   and no drift/unbalance , 
then the snow load provisions may be 
neglected

If AT > 600 ft2 or Roof slope > 12 on 12  then 
Lr = 12 psf and 1.6 Lr = 19.2 psf
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Ground Snow Load
In the new Pg map , we now have places where 
the 7-16 Pg = 0 psf , but the 7-22 Pg > 0 psf –
Tallahassee Fla. is an example

To avoid designing for snow loads in places 
where snow had been neglected  ( without 
insured losses) in 7-16 , we now have 

Neglect snow OK if 

Pg < 5 psf &     lu < 100 ft.

Pg < 10 psf &     lu < 300 ft.
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Winter Wind Parameter
• Drift loads are arguably the 

most important roof snow 
load since they account for 
roughly 75% of snow related 
structural performance 
problems

• Drift surcharge over limited 
portions of a roof more likely 
to cause damage than 
uniform snow loads over the 
whole roof 
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Winter Wind Parameter

• In ASCE 7-16 , drift height a 
function of the snow source as 
characterized by the upwind 
fetch lu and the ground snow 
load pg
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Winter Wind Parameter
• Simulated roof snow drifts show 

importance of wind speed

• Transport rate (lbs/hr/foot width) 
for simulations based upon Tabler
& Takeuchi Tr(V) = .00048 V3.8

• Trapping efficiency (TE) (% snow 
remaining at step) taken as 50% 
based upon water flume tests @ 
Rensselaer
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Winter Wind Parameter
• Max annual drifts for 19 winters 

used to determine   50 year 
drifts for 46 sites across the US

• Drift characterized by drift ratio 
DR       DR = drift load/snow 
source 

Quantile-Quantile Plot of Drift Loads
Albany, NY

Fetch-250' Wind: W-WNW

Distribution: Extreme
Drift Loads = 175.3598+199.2174*x
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Winter Wind Parameter
• Using ASCE 7-16 , DR for Buffalo 

Boston & Yakima between 0.13 and 
0.14 for lu = 250 ‘

• From the simulations, the DR for 
Buf. Bos. & Yak. were 0.29 , 0.13 & 
0.01 respectively, again for lu = 250’

• Simulations show that winter wind 
is an important variable 
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Winter Wind Parameter
• Four “mapable” wind parameters 

considered                                           
W1 – mean Oct-Apr wind speed            
W2 - % time V > 10 mph Oct-Apr          
W3 – mean V3.8 for V > 10 mph O-A    
W4 – Largest W2 in N, NNE, ENE…

• Two functional forms considered         
DR = a* Pg + b*lu +c*W  (additive)      
DR = (aPg)*(blu)*(cW)  (multiplicative)

• Multiplicative with W2 chosen based on 
simplicity and multiple regression 
analysis
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Winter Wind Parameter
• W2 winter wind parameter 

determined for 272 weather 
stations across the US

• W2 ranged from 0.041 (Liggett 
CA) to 0.83 (Ping Springs TX) 
with a mean of 0.42 and a 
standard deviation of 0.14
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Winter Wind Parameter W2 = 0.35
• For pg between 20 and 60 psf

and lu between 25 and 1000 ft , 
hd was typically 60% to 90% of 
the ASCE 7-16 values 

• On average about a 25% 
reduction in hd
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Winter Wind Parameter  W2 = 0.45
• For pg between 20 and 60 psf

and lu between 25 and 1000 ft , 
hd was typically 75% to 110% of 
the ASCE 7-16 values 

• On average about a 10% 
reduction in hd
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Winter Wind Parameter W2 = 0.55
• For pg between 20 and 60 psf and 

lu between 25 and 1000 ft , hd

was typically 90% to 130 % of the 
ASCE 7-16 values 

• On average about a 10% 
increase in hd
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Windward Drifts – Original Database
• Original database of drifts 

consisted of many large right 
triangular ( RT) drifts and fewer 
generally smaller non-right 
triangular (NRT) drifts

• All RT drifts were assumed to 
be leeward , turns out not
correct

• All NRT drifts were assumed to 
be windward, this assumption 
correct
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Windward Drifts – Leeward &Windward 
• Current ASCE 7-16 drifts

• Leeward Drift – RT shape , 
surcharge height = hd , 
surcharge length = 4 hd

• Windward Drift – RT shape , 
surcharge height h’d = 0.75 hd , 
surcharge length = 4h’d , cross-
sectional area  56% of Leeward
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Windward – Recent Norwegian Tests
• Multiple observations over time 

• Wind from left to right

• Initial trapping efficiency 100%  
at times t1 & t2 (NRT)

• Later trapping efficiency ~ 20 % 
at time > t3 (eventually RT)

• For comparison , leeward drifts  
trapping efficiency ~ 50 %
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Windward Drifts – Options 
• Knowing TEs , could

determine effective cross-
sectional area for given pg , lu , 
and W2

• Could have shape morph from 
NRT to RT as X-sectional area 
increases
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Windward Drift – Compromise 
• All windward drifts to have 

same RT shape as leeward 
drifts

• All windward drifts keep the 
same  drift height as before h’d
= 0.75 hd

• Length of windward now 8 h’d
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Windward Drift
• Good news - windward drifts now 

more realistic 

• Bad news - determination of controlling 
drift at roof step is more complicated

• For beam spanning E-W , center of 
gravity of leeward and windward loads 
different

• For beams spanning N-S , leeward 
could control close to step , windward 
could control away from step
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Roof Thermal Factor
• In ASCE 7-16 for unvented

roofs, Ct not directly related 
to roof insulation Rroof

• Reroofing of unvented roofs 
results in higher insulation , 
but Ct still the same ??
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Roof Thermal Factor
• Ct database characterized 

buildings as heated or unheated

• Roughly a 20 % increase in roof 
snow load for unheated 
structures

• Very little heat flow thru the 
roof layer for modern
ventilated roofs , act as 
unheated with Ct = 1.2
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Roof Thermal Factor 
• In ASCE 7-22, Ct for unvented 

roofs based upon thermal model 
for estimation of eave ice dams

• With high Rroof and small roof 
snow load, 32ο F point is within 
the insulation layer – no roof 
snow melt due to heat flow thru 
roof – acts like unheated Ct = 1.2
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Roof Thermal Factor
• With large roof snow load and poor roof insulation , 32 

ο F point at bottom of snowpack – melting of roof snow 
, reduction in roof snow load
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Roof Thermal Factor
• Accounting for residual saturation 

at bottom of roof snow pack, able 
to calculate loss of roof snow due to 
melting (water flow off roof) and 
back-calculate Ct – see June 
Structures mag for math.
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Roof Thermal Factor
• Increase in Rroof results in increase in Ct

• Increase in Pg results in a decrease in Ct

• For Rroof = 50 ,  freezing point in roof 
insulation – no melting - acts as unheated

• For Pg = 10 psf , freezing point again in 
roof insulation – no melting – acts as 
unheated
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Snow Capture Wall 

• This new provision addresses a 
common problem – new addition 
next to lower existing building

• Existing building originally likely 
not designed for new addition 
drifts

• What about a taller than normal 
snow capture wall at the 
common column line ?
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Snow Capture Wall 
• Norwegian field tests establish size 

of 100 % trapping efficiency drift 
(phase I)

• Windward drift cross-sectional area 
at transition from phase I to II 
ranged from 1.15 ho

2 to 2.74 ho
2
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Snow Capture Wall – Full Capture 
• Using the lower bound area, no 

leeward drift ( full capture) for 
ho > 1.86 hd ,   where hd = 
expected height of leeward drift 
atop existing roof absent the 
capture wall

• For ho > 1.86 hd , the expected 
drift atop the existing roof hd* = 
0.0
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Snow Capture Wall – Partial Capture
• For ho < 1.86 hd ,  some but not all 

snow still captured at the wall

• If the wall is moderately tall,  ho

> 0.51 hd , it can be shown that   
hd* = SQRT(0.8hd

2 – 0.23ho
2)

• If the wall is small ho < 0.51 hd , 
the addition drift at the capture 
wall is full and                                 
hd* = SQRT(hd

2 –ho
2) 
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Questions?

MOR e-mail ….orourm@rpi.edu


