Example 3 — hand calculations — open fencing for wind loading — solid / mostly solid fencing for wind on ice loading

10’ high chain link fence 9Ga 1-3/4” mesh 96’ long 8’ post spacing
Site Location - Philadelphia, PA Exposure C Risk Category | Flat ground
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Soil Class Thickness 1.00in
Wind y Concurrent Temperature  15F

105 Vmph Gust Speed 40 mph




s Values

Vi (mph)| gu (psf) K, Values
Site ASCE
L4 ¥
8 8.0. q Values Elevation|7-16 & 7-22| 7-10
o0 5.99 . '1 z. (ft) Ke Ko=1.0
] 1] I 5
95 10.02 ; (mph) | q; (pst) K, Values for ASCE 7-10 & 7-16 0 1.00 1.00
500 0.98 1.00
100 L 1 1{' 30 1.17 Fence Exposure Class 1,000 0.96 1.00
110 13.43 50 3 24 015 | 057 | 085 | 103 |[ 2000 | 09 | 100
. v 2,500 0.91 1.00
115 14.68 16 0.59 | 0.86 | 1.04 3’000 0.90 1.00
120 15.08 60 4.66 17 060 | 087 | 1.05 3’500 o.ss 1.00
130 18.75 -0 6.34 18 061 | 0.88 | 1.06 2,000 0.87 1.00
! 19 061 | 0.89 | 1.07 4,500 0.85 1.00
140 21.75 80 8.29 20 0.62 | 0.90 | 1.08 || 5000 0.84 1.00

K, = 1.0 for flat ground

escarpments

See ASEC 7 Fig. 26.8-1 to calculate K
values for site locations on hills or

1-3/4" Chain Link Mesh Variables

11-1/2 gato 5ga

1-3/4" Mesh Wind & Weight Values € = solidity ratio for chain link
Gauge Dia (in) £ Cs | Dm (psf) €' = solidity ratio for iced chain link
5 0.207 0.22 13 1.9 Cr, = wind force coefficient
6 0.192 0.21 13 1.6 Cy = wind on ice force coefficient
8 0.162 0.18 13 1.2 D,, = estimated weight of chain link mesh
II 9 0.148 0.16 13 1.0 Check with supplier for actual weight
10 0.135 0.15 13 0.8 D, = estimated weight of ice (includes 0.7 ASD factor)
11 0.120 0.13 13 0.6 The values below are only valid for Risk Category | and K,, = 1.0
11-5 0.113 0.12 13 0.6 For ice thickness not shown below, round up to next nearest value
1-3/4" Mesh (all gauges) Estimated Ice Loading Risk Category 1 K,:=1.0
ASCE 7-10 Fence Height, h
Nominal Ice 5 10' 15' 20
Thickness, t (in) €' Cs; D, (psf) £ Cg; D, (psf) €' Cy D, (psf) ¢ Cy D, (psf)
0.25 0.69 434 15 0.72 1.7 0.73 1.8 0.74 18
0.50 0.95 Sais a5 4.0 0.97 See solid 4.4 0.98 See solid 4.6 0.99 See solid 4.8
0.75 1.00 wall C,, 6.8 1.00 wall Cy; 7.4 1.00 wall Cy; 7.9 1.00 wall Cy; 8.2
1.00 1.00 : 9.8 1.00 table 10.6 1.00 table 111 1.00 table 11:5
1.25 1.00 ;:Efv 126 | 100 | below | 136 | 1.00 | below | 142 | 1.00 | below 14.7
1.50 1.00 15.4 1.00 16.6 1.00 17.4 1.00 17.9
ASCE 7-16 Fence Height, h
Nominal Ice 5 10' 15" 20
Thickness, t (in) g Ce; D, (psf) g Cg; D, (psf) g Cy; D, (psf) g' Cy D, (psf)
0.25 0.47 15 0.6 0.49 5 0.6 0.50 1.5 0.7 0.51 15 0.7
0.50 0.69 15 15 0.72 17 0.73 1.8 0.74 1.8
0.75 0.85 2.7 0.88 3.0 0.89 31 0.90 3.3
1.00 0.95 . 4.0 0.97 Coeselid 4.4 I] 0.98 See solid 4.6 1.00 See solid 4.8
1.25 1.00 See solid 53 1.00 5.8 1.00 6.1 1.00 6.4
wall Cy; wall Cy; wall Cj;
1.50 1.00 wall Cy 6.8 1.00 A 7.4 1.00 ) 7.9 1.00 i 8.2
€=0.16 Cw=1.3 Dw = 1.0 psf € =0.97 Cgyvalue determined on following pages Di=4.4 psf




For wind, Ruy = 1.0 For an open fence (e.g. chain link) with a Solidity Ratio, e or&' < 0.7, Ry = 1.0.

For wind on ice, Ry = 1.01 ( see below)
Case C Reduction Factor R, = 0.8 Return Corner Reduction Factor, F3; = 1.0 as there is no return corner

Case C does not apply to the un-iced condition as the solidity ratio, € < 0.7, so Ry & R3y are N/A

Inverted Fence Opening Reduction Factor, Ry

gore' Ry sore' R,

0.71 1.19 0.86 1.06

o2 | LY Ofy | 405 Case C Reduction Factor, R,

0.73 1.16 0.88 1.04

0.74 1.15 0.89 1.04 s/h R,

0.75 1.14 0.90 1.03 |] 1.000 0.80

0.76 1.13 0.91 1.03

0.77 1.12 0.92 1.02 0.975 0.83

0.78 1.12 0.93 1.02 0.950 0.85

0.79 2 i 0.94 1.01 0 925 0 88

0.80 1.10 0.95 1.01 . .

0.81 1.09 0.96 1.01 0.900 0.90

082 | 108 097 | 101 || 0.875 0.93

0.83 1.08 0.98 1.00

0.84 1.07 0.99 1.00 0.850 0.95

0.85 1.06 1.00 1.00 0.825 0.98
o > 0.800 1.00
Ry=1/(1-(1 _E.)l.B) Rz = (18 = S/h) <1.0

. ) For an open fence (e.g. chain link) with a Solidity Ratio, e or &' < 0.7, F, = 1.0
For wind loading, Fnw = 1.0

Force Height Adjustment Factor, Fy,

s/h Fy, Notes
1.000 1.100 |Per Solid Wall Table, Note 3
0.975 1.025

0.950 1.050
0.925 1.075
0.900 1.100

0875 | 1.125 B2l
0.850 1.150
0.825 | 1.175
For wind on Ice Loading, Fni=1.1 0.800 | 1.200
Fence Length, B = 96 ft Fencing Height, s = 10’ Aspect Ratio B/s =9.6
C;values - Solid / Mostly Solid Fencing - Case C - Posts near ends and corners
Wind Aspect Ratio, Bfs
Region 2 3 4 5 6 7 8 9 10 11 12
Otos 2.25 2.60 2.90 3.10* 3.30* 3.40* 3.55% 3.65* 3.75*% 3.83* 3.92%
sto 2s 1.50 1.70 1.90 2.00 2.15 2.25 2.30 2.35 2.45 2.49 2.53
2sto 3s - 1.15 1.30 1.45 1.55 1.65 1.70 1.75 1.85 1.89 1.93
>3s - - 1.10 1.05 1.05 1.05 1.05 1.00 0.95 1.13 1.32

You can conservatively use the highest Csvalue of intermediate B/s values, for example, for the 0 to s Region, Cs=3.75 is
acceptable. Values on the following page are more economical interpolated Cs values.



For solid / mostly solid fencing, the post with the highest wind loading is typically the 1% post in from the end of the
longest fence run. Return corners reduce the forces so for complicated fencing, multiple checks may need to be done to
find the worst case post. In this case, a straight fence with no corners, the posts next to the end posts have the highest
loading. End post get higer wind pressures, but only half the wind area.

] Worstl COse post
) weighted average method
C. =] i 397 gy /(B o+ 8y = D7L
g | { ) LA 19 [+ F)
" O
L L.
Cep = 371 Ry = 08 R, = 10 Cep = 24 Ro = 08
Lgge L1080 = 297 g1, 41t .93
- g8'-0 - a8'-0° -
Csi for the worst case post = 2.76
Ice loading controls fi=419 lbs pi =432 lbs 5 x pi =2,160 lbs desired post diameter, 2-7/8”

Lightest post that looks possible is 40 wt, / ASTM F1043 / Group 1C / 50 ksi

Allowable Wind Force at Mid-height, F, (Ibs) & Allowable Axial Force, P, (lbs) - Group IA and IC Posts
Post | Weight, D, Fence Height, H (ft)
size | ibs/ft s [ 6 | 7 [ 8 ] o 10 11 [ 12 [ 13 [ 1a [ a5 [ 1e [ 17 [ 1 [ 19 | 20
Schedull 40 / ASIM F1043 / Group 1A [ 30 ksi
F| 182 | 152 | 130 | 114 - - - - - - - - - - -
1-5/8" 23
p,| 1,745* | 1,212* | 890* | e81* - - - - - - - - - - -
F| 252 | 210 | 180 | 157 | 140 - - - - - - - - - -
1-7/8" 2.7 s
P,| 2,773* | 1,926* | 1,415* | 1,083* | s56* - - - - - - - - - -
F| 227 | 356 | 305 | 267 | 237 | 213 | 192 | 178 - - - E - - -
2-3/8" 37
P.| 5943 | 4,127 |3,0327 | 2,321% | 1,83a* | 1,485% | 1,227* | 10317 | - - - - - - -
2afer cs |Fe| 817 | 680 | se3 | sw0 | as3 | aos | 371 | 340 | 312 | 291 | 272 - - - -
) p,| 13,272 | 9,494 | 6,975 | 5,340* | a,219* | 3,418* | 2,824% | 2,373% | 2,002* | 1,743* | 1519% | - - - -
21/ 46 |Te| 1310 | vos2 | =36 [ s19 | 728 | 55 | s95 | 546 | soa | acs | 436 | 409 | 385 | 364 -
' p| 22,458 | 17,944 | 13,733 | 10,514 | 8,307 || 6,729* | 5,561% | 4,673% | 3,9817 | 3,433 | 2,900% | 2,628% | 2,328% | 2,076% | -
B o1 |F| 2E02 | 1507 | 1292 [ 1130 [ 1005 | s0a | s22 | 753 [ 695 | 646 | 603 | ses | sam | so2 | 476 | 452
' p,| 30,535 | 25,757 | 21,064 | 16,666 | 13,168 | 10,666 | 8,815* | 7,407* | 6,311* | 5,442* | 4,740* | 4,166* | 3,690* | 3,292* | 2,954 | 2,666*
e 10s |F| 2419 | 2018 | 1728 | 1512 | 1,344 | 1209 | 1,099 | 1008 | 930 | 864 | 806 | 756 | 7u1 | 672 | 636 | 604
) P.| 39,301 | 34,390 | 29,370 | 24,481 | 19,876 | 16,100 | 13,305 | 11,180 | 9,526* | 8,214* | 7,155* | 6,289* | 5,570* | 4,969* | 4,459* | 4,025*
so/ier| a6 |Fe| #00% | 2391 | 2,908 [ 2563 [ 2,200 [ 2032 | 1849 | 1605 | 1565 | 1453 | 1356 | 1272 | 1196 [ 1230 [ 1070 [ 1017
’ P.| 59,190 | 54,288 | 49,016 | 43,565 | 38,117 | 32,830 | 27,509 | 23,367 | 19,910 | 17,167 |14,955*| 13,144*| 11,643%| 10,385*| 9,321 | 8,412*
6.5/8" oo |Fa| 831 | 5266 | 4514 | 3949 [ 3511 | 3159 | 2,872 | 2,633 | 2,430 | 2257 | 2,206 | 1,974 | 1858 | 1,755 | 1663 | 1,579
) p,| 81,532 | 76,751 | 71,462 | 65,810 | 59,943 | 54,002 | 48,119 | 42,408 | 36,967 | 31,890 | 27,780 | 24,416 | 21,628 | 19,291%| 17,314% | 15,626
as/e | 2ms |F|1243¢| 10362 | 8881 | 7771 | 6308 | 6217 | 5652 | 5,181 | 4782 | 4840 | 4144 | 3,885 | 3657 | 3454 | 3272 | 3,108
) P.|129,849|125,342|120,217|114,564| 108,477 102,056| 95,401 | 88,609 | 81,773 | 74,982 | 68,314 | 61,841 | 55,623 | 49,640 | 44,552 | 40,208
40 Weiht / ASTIV F1043 / Group 1C / 50 ksi
L5/E 1g |Fe| 242 | 203 | 172 | 132 - - - - - - - - - - -
p,| 1,455% | 1,010 | 742* | s88% - - - - - - - - - - -
F| 350 | 292 | 250 | 219 | 194 | 175 - - - - - - - - -
1-7/8" 23
p,| 2,385 | 1,656* | 1,217% | 9317 | 736 || 5967 - - - - - - - - -
. o1 |F| s08 | 507 | 43a | 380 | 338 | 304 | 276 | 253 - - - - - - -
' P.| 5178 | 3,596 | 2,642* | 2,022* | 1,598* | 1,294* | 1,069* | s99* - - - -
[ B To95 | 912 | 782 | 684 | 608 | 547 | 287 | 256 | 42L | =291 | 265 - - - B
' p.| 11,274 | 7,829 | 5,752 | 4,404* | 3,479* | 2,818* | 2,329* | 1,957* | 1,667* | 1,438* | 1,252% | - - - -
- oo |Fel 2222 | 1852 | use7 | 13ss [ 123a [aan [ 010 | e26 | msa | 7e3 | a0 | e9s | 653 | 617 | sBa [ sss
' p| 28,899 | 22,018 | 16,247 | 12,439 | 9,828 | 7,961 | 6,579* | 55287 | 4,710% | 4,061% | 3,538* | 3,100* | 2,754% | 2,457* | 2,205" | 1,990%

Hand calculations on the following pages using the worksheets provided on the “Instructions” page of FenceDesign.com



Worksheet — Open / Mostly Solid / Solid Fencing — Wind and Wind & Ice Loading

Site Location: Phladelphia, PA FenceDesign.com

Customer:

Site and Geometrical Variables

IBC 2018 ASCE 7-_16 Risk Category | Frost Depth_ 25 ft

Basic Wind Speed, Vy, = 105  mph Nominal Ice Thickness,t=_1.0 in

Gust / Concurrent Wind Speed for Ice Loading, Vi=_40  mph

Wind Pressure, qu = 12.24 psf Wind on Ice Pressure, gi= 2:07 psf

Exposure Category _C Topographical Factor, K= 1.0

Site Elevation, Z, = __ 44’ ft Elevation Factor, Ke= _1.0

Height of fence, h=_10 ft Gap at bottom of fence, g=__ 0 ft (zero if no gap)

Height of fencing material, s=h-g=_10 ft

Velocity Pressure Exposure Coefficient, K, = 0.85

Copyright © 2025 - Dinsmore Engineering, LLC



Wind & Axial Loading
Fence Run #_1 Length of Fence, B=_96 ft Post spacing, L=_8 ft
Post Type: Line Posts (X) Post near end or corner ( )

Solidity Ratio, e = 0.16 Inverted Fence Opening Reduction Factor, Ry, = 1.0
Case C Reduction Factor, Ry, = N/A Return Corner Reduction Factor, Rs,, = NA
Force Height Adjustment Factor, Fn = 1.0 Wind Force Coefficient, Cs, = 0-13
Expected Post Diameter or Width, @, =2875 in  (Set to Zero for solid / mostly solid fencing)
Top Rail Diameter or Width, @, = 1625 in  Mid Rail Diameter or Width, @, = 1625 in

(D & O, — set to Zero if not applicable for rails or for solid / mostly solid fencing)

Wind Area of Post, A, =@,/ 12 x h = 2875+ 12 x 10' = 2.40 {2
(A, = 0 for solid / mostly solid fencing) D, h Ap

Wind Area of Rails, A, = (0, / 12) x2 x L + (@ /12) x L (A:= 0 for solid / mostly solid fencing)

A= (1625 +12x2x 8 )+ (1625"+12x 8 )=325 2

@r L @m L Ar
Wind area tributary to the post, Av=esL+Ap+A,= 016 x 10" x 8 + 24 4+ 3.25 = 18452
€ S L Ap Ar Aw

Dead Load of fencing materials, Dy, 1.0 psf

Lateral and Axial Forces for Wind Loading

Minimum wind force to the post, fmin = (0.6) 16.0 A, =9.6 x 1845 = 177  |bs
Aw fmin

Calculated Wind Force to the post, fw = qw Kz Kt Ke R1w Fhw Crw Aw
fW= 1224 %x 085 x 10 x 1.0 x 10 x 1.0 x 1.3 x 1845= 250 Ibs

Qw Kz Kzt Ke le I:hw wa Aw fw
Maximum wind force to the post, f,/ = maximum value of either fin or fy = 250  |bs
fu'
The Axial Force supported by the post, pa = Dws L
pw=_10 x 100 x 8 = 80 |bs (rails neglected - can be added in later)

DW S L Pw

5xp, =__ 400 Ibs (used for stability check)
Copyright © 2025 - Dinsmore Engineering, LLC



Wind on Ice Loading
Fence Run #_1 Length of Fence, B=_96 ft Post spacing, L=_8 ft

Post Type: Line Posts( ) Post near end or corner(X)

Wind on Ice Force Variables

Iced Solidity Ratio, €’ = 0.97 Inverted Fence Opening Reduction Factor, Ryj= 1.01
Case C Reduction Factor, Ry = 0.8 Return Corner Reduction Factor, R3;= 1.0
Force Height Adjustment Factor, F, = 1.1 Wind Force Coefficient, Cs; = 2.76

Dead Load of Ice, D;= 44 psf

Wind area tributary to the post in the iced condition, Ai=¢€" s L

A= 097 x 10 x8 =776 f2
g’ s L A

Wind on Ice Force to the post, fi = qi K; Kzt Ke Ryj Fri Cri A

fi= 207 x 085 x 10 x 1.0 x 1.01 x 11 x276 x 776 = 419 |ps
Qi K, Kzt Ke Rui Fhi G A fi

Axial Force supported by the post, pi = (Dw+ D;) s L

oi=( 1.0+ 44 )x 10 x 8 = 432 |ps

5xpi=_2160  |bs (used for stability check)

Copyright © 2025 - Dinsmore Engineering, LLC



Post Selection

Using the diameter of the desired post size, O.D., and the Fence Height, h, look through the post
charts for post types that have Fa values larger than the fw’ & fi values, and Pa values larger than the
pw & pi values. If the post has an * next to the Pa value, only use it if the Pa value is 2 5 x pi due to

stability requirements.

Put in the O.D, post type, weight per foot, Dp and fence height, h and calculate pw’ and pi’ to include

the weight of the post. Add any additional weight if needed.

fw’ / Fais the bending strength ratio for Wind.  fi/ Fa is the bending strength ratio for Wind & Ice.
pw / Pais the axial strength ratio for Wind. pi' / Pa is the axial strength ratio for Wind & Ice.

If the sum of the bending strength and axial strength ratios for both Wind and Wind & Ice loading are

< 1.0, the post is acceptable.

O.D. | PostType |D,(Ib/f) h(ft) [pw' =pPwt (Dpxh) pi=pi+ (D, xh)
2.875 | 40 wt/ 50 ksi 4.6 10" p,, = 126 Ibs pi' = 478 |bs
Wind
(] - 2 ] — ] I
fuw L= 0.46 Pw &z 0.05 f + Pw _ 051 ok
F,= 547 P.= 2818 F. Pa
Wind & Ice
fi:ﬂ:g_n Pi= 478 _ 47 i P o004 oK
F,= 547 P,= 2818 Fa P

The following pages show the iterative design steps for sizing the post footing. The minimum footing
diameter is 2.875 + 4" or about 7". 9" is a more common auger size so that is what is used below.
Soil class 4 is assumed for soil lateral and bearing strength. See Footing Design page of
FenceDesign.com for IBC table 1806.2

First guess at footing depth is &'.

Copyright © 2025 - Dinsmore Engineering, LLC



Footing Sizing (non-constrained footings) First pass

Design Footing Depth, D= 5 ft Footing Diameter, b = 0.75 ft

Lateral Bearing Pressure per foot of depth, S = 190 psf/ft  per geotechnical analysis or table 1806.2
10

Maximum Wind Force, P = maximum value of fu’ or fi = 419 |bs Post Height, h = #8% ft

Modifier for Isolated Posts, M = 2.0 per IBC §1086.3.4
Allowable Lateral Soil Bearing Pressure for non-constrained footings, S1 =% D S M

Si=Yx 9 x 150 x20= 500 psf per IBC §1807.3.2.1

D S M St

Soil Bearing Factor, A=2.34P/ (S1b) per IBC §1807.3.2.1

A=234x 419 + (500 x 0.75 )= 2.615
P St b A

Minimum Depth, d="2A (1 + |1 + 236 2R ) per Eq. 18-1, modified for fencing
A

d=1x2615x (1+\]+ (436 x 4x 10 +2615))= 53 ft
A h A d

d = 5.3 ft > D= 5.0 ft - start over with a larger footing depth

Calculations continue on the next page
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Footing Sizing (non-constrained footings) Second pass

Design Footing Depth, D = 9.5 ft Footing Diameter, b = 0.75 ft

Lateral Bearing Pressure per foot of depth, S = 190 psf/ft  per geotechnical analysis or table 1806.2
Maximum Wind Force, P = maximum value of fw or fi= 419 Ibs Post Height, h = 10 ft
Modifier for Isolated Posts, M = 2.0 per IBC §1086.3.4

Allowable Lateral Soil Bearing Pressure for non-constrained footings, S1=% D S M

S1=Vsx 99 x 150 x2 0= 5495 psf per IBC §1807.3.2.1
D S M S1

Soil Bearing Factor, A =2.34P/(S1b) per IBC §1807.3.2.1

A=234 x 419 + ( 549.5« 0.75 ) = 2.379
P St b A

Minimum Depth, d = % A (1 + /1 +2222)  per Eq. 18-1, modified for fencing

d=1x 2379 x (1 +\] + (436 x ox 10 +2379 ))= 4.98 ft d<D OK

A h A d
Area of the bottom of the footing, Ar =1t (2 b)2 = 3.14 x (Y x 0.75)2 = 0.44 2
b As
Footing Volume, V=ArD = 044 x 5.5 =242 3
As D Y,
Weight of footing, Dr = 150 V = 150 x 242 = 363 |ps (Typical Concrete weight is 150 Ibs / ft3)
\Y D

Axial Dead Load, Dmax = Dr + pi’ for fencing plus ice loading. Dmax = Df + pw’ if there is no ice loading

Dmax = 363 + 478 = 841 |ps
Di  piorpw  Dmax

Maximum Vertical Foundation Pressure, Sy = 2,000 psf per geotechnical analysis or table 1806.2

Maximum Axial Pressure on the soil, sy = Dmax / Ar=_841 + 044 = 1911 pet
Drmax As Sy

Actual to Allowable Soil Strength Ratio, sy / Sy = 1,911 + 2,000 = 0.96 < 1.0is OK
Sy Sy

sy / Sy must be less than 1.0. If not, start over with a larger footing diameter, b

Footing depth of 5' 6" and footing diameter of 9" are OK for this example
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