SBC97
Wind Loads by SBC97

Input Parameters Variables for
Enclosed/Part Encl.

Enclosed = 0
Design Wind Speed = 110 mph

Enclosed PartEnclosed = 1

Geometry of Building: Mercedes homes

Design Parameters

V= liﬂ0<0>l'mph V = 110 mph hi= 15-ft ht of building
= Table 1606: Use factor 5.5
Use:= 1.0 abie 9= atan(.i.z_) 0 =24.624deg roof siope
IntPressure := Enclosed 0= 1.0-ft overhang width
W= 44ft +2:0 gimensions of building
L:= 50ft + 2.0
A= 2ft Truss spacing
og == 1.0-ft overhang width

Roof cover: Tile

hyall = 8-ft Height of Wall

Dead load of roof

DL;oof = 9-psf Hip roof, Tile, trusses, underlayment (from SBC Appendix A)

0.4psf
125-in

DLsheath = (05111)( DLsheath =1.6 psf

Dead load of 17 psf is composed of following: Truss/Sheathing (7 psf), Tile
(10psf). If shingles are used, use 2 psf instead of 10 psf.

Lattic = 30p5f SBC Table 1604.1
Laoor = 40-psf

Lioof = 16-psf

_ 10 Wood Frame wall weight DLoie = 15 0sf Miscellaneous: Contents,
DLyl = PS Masonry Wall Weight misc = 12°PS carpet, cabinets, fixtures)




AREAS: Roof - Hip Roof

Vertical Projected Area: wind perpendicular to ridge

W

hrigge = 7-tan(9) hridge = 10.542 ft
hrid

VPAr = nz L+ (L - W) VPAT = 305.708 i

Vertical Projected Area: wind parallel to ridge

W-hyid
VPA|| = -—-—--2-r-1-§3 VPA| = 242.458 ft°
Horizontal Projected Area: N
HPA = W-L HPA =2392ft
AREAS: Walls
Vertical Projected Area: : wind perpendicular to ridge - half of horizontal load transferred directly to
foundation
hwall hyyall
VPAwallr == ‘L VPAwall 11 = ‘W
2 2
2 2
VPAwalr = 208 ft VPAyall |1 = 1841t




Dynamic Wind Pressure

hyin == 15-f

2
7

ah = .00256-V2~( h ) - Slue if (h > hyin) Dynamic Wind Pressure( Table 1606.2A)

2.15111-ft3

.
15 I
.00256~V2-( ﬁ) — Y8 therwise

~ 2.15111 -ﬁ3
gh = 24.728 pst
a
0.1-W
0.04-W
a:=min/ | 0.1-L || a:= max a=4.6ft Edge zone
0.04-L
0.4-h
3-ft
w
[ —— l, =25301 ft length of top chord of truss
2'005(6)

Internal Pressure coefficient

0 0
GCpj = ) if IntPressure = Enclosed GCpi = ( )
0 0

-04
o1 ) if IntPressure = PartEnclosed

=20
otherwise
20




External Pressure Coefficients: Components & Cladding

Limits of External Pressure Coefficients for each Zone in C&C loads
( first row neg coefficients, second row positive coefficents)

-1.2 -1.1
GCpr:=( ) Alim_:= (10 100)-&2 SBC97: Figure 1606.2E
0.7 05 Gable/Hip Roofs 10 deg
-12 -1.1 <p<30d
GCp :=( ) Alim_ = (10 10082 ~° 9
re 07 05 re
-1.4 -12 . 5
GCp,, = (0'7 0'5) Alim = (10 100)-ft .
re
acp =27 Alim_:= (40 100)-f° ;
Pe =07 o5 Mse ™ ) .
GC 27 18 Ali (10 100)-f> e
= m = -
Pe 0.7 05 ¢ ¢
w
-1.3 -1.1} 10SF neg 500SF neg . 2
GCp,, = ( 13 1_0) 10SF pos 500SF pos Alim,, = (10 500)-ft e
2
-1.5 -1.1 Alim_:= (10 500)-ft
GCpe':(m 1.0) ¢
§) {o
(GCpZone) - (GCpZone)
slopegcp(Zone) = ) = ©
|(Alimz ) I '(Alim ) |
one Zone
log] - log
£ R/
o . . %
GCp(Area, Zone) := (GCpZOne) if Area < (AhmZOne) l
(GCpZone)<1> if Area > (Alimzone)<l>’
Area ' (AlimZOne)<O> l 0 .
(slopeGCp(Zone))- log — log ——2— + (GCchme) otherwise
ft ft
For Example:
-2.7 -1.194 ~1.1
GCp(lo-ﬁz,c)z(()?) GCp(ZOOftz,e):( Lo j GCp(100~ﬁ2,r):[05)

) -1.147
GCp\200-ft, w) =
1.07

N W N




Window Design Pressure Figure 1606.2C

The following input table was imported from an excel sheet that had a list of fens for this building.
Each column represents the widht, height, area, and zone of each fen respectively.

Width Height Size = 2 Zone := 3 Fraction := 4
Fen = :
[:[ 0 1 = 3 4
D309D01 0 3 8 24 5 1
D311G01 1 16 7 112 45 0.19
D608WO1 2 3 4 12 5 1
D508W01 3 4 5 20 5 1
4 4 5 20 5 1
D508W01 5 2 5 20 5 1
D508W01 6 6 6.7 40.2 5 1
D510501 7 4 5 20 5 1
D408 W01 8 4 5 20 5 1
D408WO1 g 6 6 36 6 1
10 6 6 36 5 1
D308W01 P
D308W01 12 I
When Zone =
45, Fraction rows(Fen) = 11
represents o
portion of fen in j = 0..rows(Fen) — 1
Zone e.
(GC (10-82,w) + GC ) GC (10 £? ) 3 ST
e . . ,W/J + 1 . ,€) = = S
Pwall == qh p pi p 13 Pwall 12147 p
P - qh-(ch([(Fen<Size>)i-ﬁz],<Fen<Z°“e>)i) + chij if (Fen<z"“">)j + 45
S
qh-(GCp([(Fen<Slze> )j-ftzj,e) + GCpi)-(Fen<Fracmn>)j otherwise
e
“‘“Qh'(GCp({(Fe“<SIZC>)j'ﬁ2—JaW\J + chi)'[l B (Fen<Fract10n>)j:}
0 1 2 3 4 5 6 7 8 9 10

DP =| 0 |-31.04|-29.45|-31.92|-31.27 | -31.27 | -31.27 | -30.39 | -31.27 | -31.27 | -33.85 | -30.53 psf
1 3049 2757 31.8| 30.83| 30.83| 30.83| 29.51| 30.83| 30.83| 29.72| 29.72

~1.429
W (-3127 (Fen'Zon®’) _ GC (20-&2,6)-:
DP " = psf 4 P 1.247
30.832




Design of Nailing Pattern for Roof Deck Noethereisnoc

zone for hip roof

Load on one nail: use 10 SF as effective area

GCu(Arear) -12 GO (Area.sh) ~14 . 27
rea,r) = rea,si) = rea,c) =
p 0.7 p 0.7 p ) 0.7

Design Load: Zone si

Area = 10-ft2

. -34.619
Psingle = Qh'(GCp(AreaaSU + GCpi) Psingle = 17.31 psf

Tributary Area of single sheet of plwood: (4ftx8ft)

R 2 GCyArenn ~1.149 6O (Area.si) ~1.299 o (Area.o) -2.245
rea = 32- rea,r) = rea,si) = rea,c) =
p 0.599 p 0.599 p 0.599
2121\
= S
Ppanel ={ 44 ¢11 )P

Ppanel = qh-(GCp(Area,si) + GCpi)

Resistance of Single Nail

8d common nail

qr = 35.% 6d common nail, Southern Pine (specifig gravtiy =0.55) NDS 1997-S Table 12.2A
i

lpait == 2.0in length of nail, 6d

t:= 5-in Piywood thickness = 1/2" (min thickness of code)

Ip = Inajl — t Ip=15in penetration length

Cp:=16 Duration factor for short term loads - wind = 10 minutes

Cpi=1.0 Condition Factor = assume that wood moisture content at time of construction is

same as long term value

Rnail0 =qrlpCp-Cy

8d common nail

41 Ibf lpail == 2.5in length of nail, 8d, Southern Pine (SG=0.55), NDS 97-S Table 12.2A
qr = 41—
mn t:= 5-in Plywood thickness = 1/2" (min thickness of code)
Ip = lpail — t Ip=2in penetration length

Rnail1 =qrlpyCp-Chy

Resistance of single Nail, 6d and 8d
respectively

84
Rpail = (131 ZJ Ibf




Maximum Spacing for nails:
Rpail
(lpsingleO + DLsheathI ‘2'ﬁ)

At =

15.264
At = in
23.841

maximum allowable
spacing of fasteners

Select nailing pattern that meets max spacing criteria

Check 6d nail first

number of nails that meets nailing pattern criteria for Zone si

Ce“(limerp(spossibleaNpossibleaAtO)) =5
lookup nailing pattern to meet Zone2/3

Ilg = ﬂoor(linterp(spossible NI Ato))

5i6 -= SpossibleII
3
check 8d nail

Ce“(limerp(spossible »Npossible > Atl)) =4
I = ﬂoor(linterp(spossible,H,Atl))

Sig = Spossible |
S

USE the following spacing:

edge spacing Se = 6in
interior spacin
P 9 si= |sig if sig<6-in
si¢ otherwise

Check whole panel resistance

48in

spacing, nails

4.364

12

4.8

—
-

5.333

—
(]

6

6.857

8

si = 12in NailSched 96

12

16

24

I = 8 48

N W] O] N 0] ©

sig = 16in

nailsize := |8 if sjg < 6-in

6 otherwise

nailsize = 6

48i
Nnails = 2-( + 1) + 3-(————‘3 + 1] Nigils = 33
Se Sj

2
Lpanel = (lppanelo + DLsheath! )’32ﬂ

2

Ryotal = Rnau(naﬂs,»ze_é)'Nn Ryotal = 27721bf

StatusRoofNail ‘= Riotal > Lpanel Status

Lpancl = 976.673 ft” psf

RoofNail

uplift

1 PASS=1 FAIL=0

si=12in




ROOF STRAPS DESIGN

Av |

si ¥

Se™

&

N\
]

<
>

Note there is no combo load case
that has a reduction in dead load in
SBC (section 1609)

Roof Truss Design should be based on Components
and Cladding loads

Effective wind area of a truss equals maximum of
actual area and span times 1/3 span length

W-A
Aeff = w

W.—

Aper = o2 ﬁz Anrr = max(A )
; °ff =\ 505333 eff - off

Since Aeff is greater than 100SF, Use 100SF
for GCp values

External Gust Factors

ocy(Aer) = ki= 0.4
I} = =0.
p\eff 05
-1.2
GCpl Aefr,si) =
p( eff ) (0.5)
-1.8
GC ,C) =
plAerr>¢) (0.5)
py = (GCp(Aeff,k)o + GCpiO)Qh
-27.201
-27.201
Negative pressures for r, ri, si,
p=|-29.674 |psf se and ¢ zone
-44.511
-44.511




WIND Perpendicular to Ridge at section A-A

Sum Moments (note that in

the mathcad formulas pOis R :
zone r pressures and p2 is
zone si pressure)

A

Note:

Pa*

Sum Forces in Vertical

R, = [:Z-A-[psi-a-cos(e) + p()r'(lr - a)-cos(@)] -Ry+ DLroof'A‘W]

WIND Parallel to Ridge at Section A-A

P1 P1

07 (20-wW)

W

STRAP RESISTANCE
used in ARA model

psi.a.cos(e).(w - :;-.cos(e))

+psi-a-cos(6)-(-¥ -0 - —g-cos(e))

b o) - )

~t~pr-(1]r - a)-cos(e)-

+ —psi-a--g'-sin(f))z ~p (I - 2)-
+psi-(a)(lr - E—)-sin(@)z
{pr'(lr - a)- (lzr ) 'Siﬂ(e)z}

2

+ 1.0-DLmOf-W-(—2\Y - )

+p,(le - a)'cos(e)-[w ~o- (lr; * ~cos(9)]

(lr ’ a) -sin(9)2

R =-868.6251bf

0

- i I
5o é W pr-lr~cos(9)- W-o0 - —z—r'cos((i))

I
+ ;r~cos(6) -0

w
+ DLrOOf'W-('E— - o)

R, = 2:p IrA-cos(0) - R, + DLroo-A-W

R1 = ~847.219 Ibf

R, = ~837.241 Ibf

2

R3 = ~837.241 Ibf
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Wind perpendicular to ridge, applied at all edge zones simultaneously (note that this is an
unrealistic condition, but is one that may be checked by a designer).

Pa:= Py
Ry = 2‘0”“1 W' psi-a~A-cos(9)- W-o- —:j-cos(B)
+~\§/— -0 - -z--cos(é))
+pa-a-A-cos(6)' W-o0- (lr - %)-cos(e)} ......
+ (-;—-cos(e) - 0)
1
+Pr'(lr - 2a)-A-cos(9)- W-o0- -25-005(9)
|
] +12’V_ -0 ——;r-cos(e)
+ -_psi-a-A-sin(G)‘(-z--sin(G)ﬂ
1
+ - Pr'(lr - 2-a)-A-sin(G)-(—%osin(e)]:l
+ pa-a-A-sin(G)-(lr - -3—) sin(0) ] ... R} = -878.603 Ibf
) I
-f-pr~(1r - 2-a)-A-sin(9)-(T2£-sin(6) "
+ psi~a~A~sin(9)-(lr - %) sin(@)
+pa-a~A-sin(9)-(-3~-sin(9)j
w
+ DLmOf~A~W(—; - o)
Ry = 2-psi-a-cos(9)»A + DLrOOf-(A-W) -Rj

+2~pr-(lr - 2~a)-cos(9)oA .

Ry = —-878.603 Ibf
+ 2-pa-a-cos(9)-A

K- 11




Check the 'section’ of the jack hip rafters as worst case scenario - apply se zone loads uniformly
across span.

A 1 ]
Rseo = m- pse-lr-cos(9)~ W-o- ~2-r--cos(9)
I
+ -é{-cos(e) -0
+ DLmOf-w-(—ZW— - o)
) ) ~1633.486
Rse, := [(Z-pse-lr~A-cos(G)) - Rseo] + DLyoof-A-W Rse=| | use |1OF

Therefore, house will need larger straps at corners of hip - exact configuration and size is
dependent on the detailed configuration of the trusses - and how the load is transferred from one
truss to the next. (.ie. are loads from jack trusses carried to a step-down hip truss, or to jack
trusses,etc.)

The ARA roof-strap model simulates failure of the entire roof assembly as a whole, and not any
one specific truss connection. Therefore, strap size in model should be based on strap

representative of the majority of the connections, and therefore is based on section at middle of
structure.

if house was a gable house, then end truss would be loaded with zone c loads and zone se loads

RcO = \_V‘f_Z-—o-' pse'(lr - 2~2'a)-cos(9)- W -0 ~ g«:os((t))
+ ;'cos(e) -0
+pc~(2a)~cos(8)- a~cos(9) -0 .. P = ~44.511 psf
—t—(lr - a)-cos 6) -0 ..
+W - (lr - a)cos(G) -0. P, = ~44.511 psf

+ W — a-cos(e) -0

W
+Dlggof W — o

Re, = [[2-;356-(1r - 2-2'a)-A-cos(G)] + (4~pc~2~a-A~cos(6)) - Rco] + DLygof-A-W

~1633.486
Rec = ibf
~1633.486
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Check MWFRS loading conditions: There are 4 external loading conditions for the

upper roof and two internal pressure conditions

Corner 1. CASE A wind perpendicular to ridge
Corner 1: CASE B wind parailel to ridge

Figure 1606.2B2:

Corner 2: CASE A wind perpendicular to 'imaginary ridge’' Roof Angle = 20-30 degrees
Corner 2: CASE B wind parallel to 'imaginary ridge’

GCppr :

GCpfan:

GCppp

GCpfBn :

i

it

(04 -0.75 -0.75 -0.70 0.7 -1.0 -1.0 -0.95 )T if IntPressure = Enclosed
(0 -1.2 -1.2 -1.1 03 -14 -14 —1.4)T if IntPressure = PartEnclosed

((0 000000 O)T) otherwise

(0.8 -035 -035 -030 1.1 -0.6 -0.6 —().55)T if IntPressure = Enclosed
(0.9 =025 -0.25 -02 1.2 0.5 -0.5 —0.45)T if IntPressure = PartEnclosed

((O 000000 O)T) otherwise

(0 -1.0 -065 0 025 ~-0.55 0 ~1.4 ~-0.8 0 0.5 ~0.70)T if IntPressure = Enclosed
(0 -14 -1.05 0 -0.15 -095 0 -1.8 -1.2 0 0.1 —~1.10)T if IntPressure = PartEnclosed

(000000007 otherwise

(0 -0.60 -0.25 0 0.65 -0.15 0 -1.00 04 0 0.90 -—0.30)T if IntPressure = Enclosed
(0 -05 -0.15 0 075 -0.05 0 -090 -03 0 1.0 —0.2)T if IntPressure = PartEnclosed

((0 000000 O)T) otherwise

PAp = Qh'((GCpprs) PBp = %'((chﬂ%rj)
PAn = Qh'((GCpfAnD PBn = Qh'((GCprnD
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pAnT=(19.782 —-8.655 -8.655 ~7.418 27.201 -14.837 -14.837 —13.6)psf

pApT=(9.891 -18.546 -18.546 -1731 17.31 -24.728 -24.728 -23.492)psf

T _ 0 1 2 3 4 5 6 7 8
PBn = psf
0 0| -14.837| -6.182 0] 16.073| -3.709 0]-24.728| -9.891
1 2 4 5 6 7 ,
PBp = s 3 8 psf
0 0] -24.728 | -16.073 0| 6.182 -13.6 01]-34.619 | -19.782
0.2 . . .
GCp_overhang = From Table 1606.2D: Coefficients from Roof Overhangs - apply to windward
-1.5 overhang only.
Ge 4.946 c
= - = S
Poverhang = dh"YCp overhang Poverhang ~37.092 p
. \"%
z = width of zone 2 on roof parallel to Z 1o z=25301ft
wind direction, varies for some cases 2'COS(9)
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Calculate uplift on corner truss by end zone pressure from MWFRS

loads

RMWFcO =

DL;oof = 9 psf

Poverhang, = ~37.092 psf

T R1 W = 46 ft *RrR2 2:a=92ft
? A=21t og = 1-ft

W—2-o.

A Ir
(pA“AzE'lr'E + poverhangl‘lr-og)-cos(e)-(w -0 - Evcos(e))

A It
+| PAn, . _Ir— + Poverhang ‘lrrog 'COS(G)‘ "COS(G) -0
A3E 2 1 2

A W
+DLr00f-W~ E + Og . ‘5— - 0

RMWFc, = ~780.367 Ibf

A
RMWEc, = [ PAn AZE-lr'z" + poverhangl'lr'og)'cos(g):}

A A
+ pAnA3E’lr"5 + poverhangl'lr'og cos(0) | - RMWFCO + DLyoot" o +og W

RMWFCI = ~780.367 Ibf

RmwrFe, =

1

W-20

A 1 ]
(pApAZE-]r-«Z— + Poverhangl'lr‘Og)'COS(e)'(W -0 - —z—-cos(e)j

A Ir
‘*’(pApABE‘Ir"Z‘ + povcrhangl'lr'og)'Cos(e)'('z"cos(e) - 0)

A W
+ DL Wi — 4+ 0g(]— -0
roof’ (2 )(2 ) |

RMWFCZ = -1007.865 Ibf

A
R = e+ dp0g |-costB)] ...
MWFc, [ PAp g T poverhangl r Ogj COS( )]

2

A A
+ pApA3E‘lr"" + Poverhangl'lr‘og '005(9) - RMWFC2 + DLygof E +0g W

2

RMWFC3 =-1007.865 Ibf

PAn AZE

PAn A3E

PAP g

PAP 35

Apply edge zone loads on trib area between end
truss and next truss. Apply overhang load on full
width of overhang for end truss

= —14.837 psf

= ~14.837 psf

—24.728 psf

~24.728 psf
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RMWEc e

A Ir
— dp— + dpog jcostO )| W —0 — —-coslB) | ...
W20 (poBzE s poverhang1 r g) ( )( > ( )]

A |
+ poB3E'Ir"2' + Poverhangl‘lr'og]cos(e)'(;-cos(e) - 0)

+ DL, W -A— + 0 —VY—
i roof’ 5 g 2

RMWFCA =-1153.929Ibf

A A
RMWFC5 = (poBzE‘]r‘“'“ + Poverhangl'lr'og)‘cos(e) o RMWFC4 + DLmOf‘(; + Ogj-W

2

A
+(poB3E.lr.; + poverhangl'lr'og)cos(e)

RMWFCS =-975.551bf

RMWFc =

W-20

1

A Ir
+ (anmE'lr"’z“ + Poverhangl'lr'ogjcos(e)'(;‘cos(e) - 0]

+ DL, W A +
Wl — + o4 |- A
i roof 5 g >

RMWFC6 = -926.43] Ibf

A A
RMWFc7 = (anmE'lr"z‘ + poverhangl'lr'og)‘cos(e) A RMWFc6 + DLro()f'(*z‘ + ogj-W

RMWFc7 =

A
+ (PBnmE‘lr‘; + Poverhangl'lr‘og)'cc’s(e)

~748.051 Ibf

A Ir
(anBZE-lr-; + poverhang]-lr-og)cos(e)-(w -0 - ;-cos(e)j

PBpp,;

PBppsp

PBng,p

anB3E

=-34.619 psf

=-19.782 psf

= -24.728 psf

=-9.891 psf
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Calculate uplift on interior truss by interior zone pressure from
MWFRS loads

] I ]
RMWFO = W 2.0- pAnAz-lr-A cos(@)-[w -0 - —é{-cos(e))
1
+ PAnA3'1r'A cos((*))-(i-cos(@) - o) DLroof = 9 psf
+Dme,f-W-A-(—zvz - ) *R1 T R2
i 3 f? W =46 ft ﬁ?
RMWFO = 15.878 Ibf w

RMWFI = (pAnAZ-lr-A-cos(G)) + (pAnA3-lr-A-cos(6)) - RMWFO + DLigorA-W

PAn,, = —8.655psf
RMWFI = 15.878 Ibf

=-8.6
p A"As 55psf

1
W20

| -
RMWF2 = pApAz-lr-A cos(O)-(W -0~ -2£~cos(9))

I
+ pApA3-]r‘A COS(G)-(E{'-COS(G) - 0) pApA2 = ~18.546 psf

W
+DLTOOfWA(? - O) pAij’ - “18546p5f

RMWF, =-439.1191bf
RMWF3 = (pApA2-1r~A-COS(9)) + (pApA3-lr-A-COS(9)) - RMWF,) + DLigorA-W

RMWF3 = -439.119 Ibf

1
W - 2-0

It
RMWF4 = poBz-lr~A COS(G)~(W Rl S E'Cos(e)) e poB’) = -—24.728 pSf

1
+ poB3'lf'A cos(@)-(;r-cos(e) - o)

poB3 = ~16.073 psf

W
+DLmof-W-A-(-2— - )

RMWF4 = —628.486 Ibf
RMWFS = (poBZ-lr-A-cos(G)) + (pgpm'lr-A-cos(G)) - RMWF4 + DLigof AW

RMWFS = ~420.376 Ibf
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RMWF o

1
oo PBnBz.lr.A coS(O)-(W —0 - ..zf.cos(g))

I PBn__ = —14.837psf
+ anB3'lr’A COS(Q)'(-zl-cos(e) - 0] Y

W
+ DLroof-W.A.(E- - o) an83 - 6182pst

RMWF6 = —173.489 Ibf
RMWF7 = (anBZ-lr-A-COS(G)) + (anB3-1r-A'COS(9)) - RMWF ot DLioof"A-W

RMWF7 = 34.621 Ibf
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WALL DESIGN for Wood Frame Walls

Nominal Wall Design Parameters

Exterior Surface: 7/16" OSB tosB = —7—-in
Interior Surface: 1/2" Gypsum 16
Nail Size: 8d common
12 . . . . .
Astud = ( )in Spacing of studs in wall sp:=0..1  spacing of studs option variable
16

Wall Sheathing Attachment - Suction Loads for Zonee  C&C loads

Loads:
2 2 2 .
Area = 32.ft Area = 321t Aefr = 10-ft~  for cladding
fasteners
Pwall = ah(GCp(Actr.€) + GCpj) Pwall = ~37.092 psf
Liotal = (*pwau)o—Area Liotal = 1186.948 Ibf suction
Resistance:
L
dr-= 217 8d common nail
lnail == 2.5in  length of nail, 8d
Ip = lnail — tOSB lp =2.063in penetration length
Cp:= 1.6 Duration factor for short term loads - wind = 10 minutes
Cpi= 1.0 Condition Factor = assume that wood moisture content at time of
construction is same as long term value
Rpail = qrlpCp-C Rpail = 135.31bf per nail
8-f 4-ft 8-ft 4-ft 4-ft
Nnailswa11:=2-£———_—)—+l+—~lo—j—+l)+ —_— - 1112
12-in Astud 6-in 6-in Agtud
Int Nails at 12" Edge nails at 68" Top/Bottom Plate at 6"
79
Nnailsy,) = ( )
. 1.069 x 10" M e
Riotal := Nnailsya( Rpail Riotal = Ibf
8659.2 Ryotal := mm(RtotaI)
Statusy, 1o .= | PASS if (Reotal > Ltotal)

Statusy, isuction = |

FAIL otherwise
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Wall Bending & Axial Loads

Wind Load:
At = 32.8° Acff = 32 > Zone e
-1.381
Pwall *= Qh'(GCp(Aeff>e) + GCpi) GCp(Area,e) + GCPi = 1211
34151 1 o-h 112
—34. “Dwa
o= -A O = — Ibf M =
pwall0 stud (_45_535) ft 8

-34.151 ¢
= s
Pwall 29941 p

-273.21
= ftIbf
~364.279

Axial Load:

DL;oof = 9 psf

L=52f W =461t

assume all load

(DLyoof W-L) 207 carried by long walls
Load e PV Load = Ibf
stud oL stud stud 276
Resistance of Wall (Wood)
size:= 0.2
1.5-in 3.5in ) 2x4 wall, Dressed dim, Table 1A from NDS97-S
Study = | 1.5-in | Studg:=| 5.5:in | 2x6 wall
1.5-in 725.in) 2X8 wall
5.25
Studgrea = (Study Studg) Studgren =| 825 |in”
10.875
Section modulus: NDS-897 Moment of Inertia

3.063 1.313 5.359 0.984
Sex = | 7.563 in° Syy = | 2.063 in’ Iy = | 20.80 in? lyy = | 1.547 in*

13.14 2.719 47.63 2.039
Fo:=875-psi  Design Values from Table 4A, NDS-S 1997
Fy:= 450-psi Bending stress, allowable Species and Grade:
E. = 70-vsi Tension Parallel to grain, allowabie SPF No.2 )

v = JUpst Shear parallel to grain, allowablw ‘
Fep = 425-psi ~ Compression Perpendicular to grain
) Compression Parallel to grain

Fe = 1150-psi

E = 1400000-psi

Modulus of Elasticity

K- 20




Lumber Property Adjustments

Cpbwind := 1.6

CpDgravity = 1.25

C,:= 1.15 Repetative Loading Factor, NDS

CL:=1.0 Continuous Lateral Bracing (from sheathing)
1.05 ) for compression

1.1 | for tension
11 for bending

i

Cp:

Calculate Adjusted Bending Capacity

Fp a:= Fb'CDwind’CL'CFZ'Cr Fp a=1771psi

Calculate adjusted compressive Capacity
F¢ star == Fc‘CDwind'CF0 F¢ star = 1932psi

Euler Buckling Load

K¢ = 0.3 visually graded lumber Kj:= 1.0
c:=0.38 sawn lumber
Kcg-E 558.268
Fek = b\ Fop =| 1378581 |psi
[wall 2395.426
Study
2
L |4 —cE For 0.269
Fe star Fc“star chstar .
Cp = - - - - . Cp: 0.566
0.76
519.973
Fe a= (FC‘CDwind'CFO'Cp) Fc a=| 1093431 |psi
1467.657

Effective length
factor

(Assume
pin-pin column)

Euler buckling pressure

Column stability factor
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Combined Bending and Axial Compression Capactiy for Wind and Gravity (Dead Load) using
combined stress interaction equation NDS 3.9.2 (also see p3.27 of Wood Engineering and

Construction Handbook) . .
sp:= 0 studspacingof  Ag,q =12in
sp
”Msp 1070.361
Bending stress = )
9 o= fi,=| 433.494 |psi
249.506
LoadsmdSp 39.429
compressive stress fo 1= e .
¢ Studgren fe =1 25.091 {psi
19.034
2
csl tion N f size + fbsize 0.656
equationg; e = Fe a £ CSlequation =| 0.25
~size size
Fp aof 1 —— 0.142
size
StatusWood_Bendinglel = |PASS if (CSquuatnonO) <10 StatusWood__BendingZxél =1
FAIL otherwise
StamsWood_Bendingzm = |PASS if (CSquuatlonl) <10 StatusWood”Bendingzm =1
FAIL otherwise
Statusy, d Bending2x8 = JPASS if (CSquua‘uonz) <1.0 Statusy, d_Bending2x8 1
FAIL otherwise
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Calculate adjusted axial load only case

F¢ star = F c:'CDgravity‘CF0 F¢ star = 1509.375 psi

Euler Buckling Load

K¢g = 0.3 visually graded lumber K= 1.0 Effective length
c:= 08 sawn lumber factor
(Assume

pin-pin column)

Kg-E 558.268
S e Euler buckling pressure
Fer b\ Fep =| 1378.581 |psi ap
I wall 2395.426
Study
2
Fcg Fcg Feg
1+ F 1+ - 0336
F .
Cpi= c.star _ cstar | et Column stability factor
2.c 2-c c Cp =] 0.659
0.823
506.984
Fe q:= (FC~CDgraVity-CF0-Cp) Fe a=| 994.46 |psi
1241.94
T> 0.078
CSlequation == < CSlequation = | 0.025
o8 0.015
StatusWOO d_Axial = [PASS if max(CSlequation) < 1.0 Statuswoo d_Axial = 1

FAIL otherwise
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Lateral Shear Design of Walls
1. Shear Loads from Wind (MWFRS)

Sh Ita = VPAyair{p -p
car_a AO wall ( Ap ) Ap 4)
A N -
+ VPA] (PAp 5 PAp 3)

Shear altp = VPA - -
- A1 walll (PAn ) PAn 4)
+ VPAT- -
[ (pAn 5 PAn 3>

Sheal‘_altA2 = VPAwall_ll'(p Ap,, P ApA4)
+VPAIL(PAp,, ~ PAp, )

Sh It = VPA ‘tp -p
ear_a A3 wall H( An 1 An 4)
+ VPA- P - p
11 ( An 2 An 3)

5658
5658
Shear_alts = 5005 Ibf

5005

Shear altg = VPAwg|l I -
car_altg wall_II (poB5 PBpB6)

Note that roof pressures cancel in Case A

VPAyalr = 208 ﬁ2

VPAr = 305.708 ft2

VPAwan 11 = 184 ﬁz

VPA| = 242.458 i

PAp =

+ VPAy: (

2 2

ShearﬁaltBl = VPAwalLH‘(anBS - anB6)

PBpy,; * PBpgy, (pom  PBpy, ﬂ

+ VPA-

2 2

- . X }
(anBZE PBn,,. .,(anm PBnsz

Shear altg = VPAyq -
car_a B, walll: (poBS poBé) i
PBp,_.. * PBp,_, PBp_. + PBp
n VPAI‘ ( B2E . B3E _ B3 . B2

Sh Itp = VPA . -
ear_a 83 walll" (anBS anBé)

2

PBn + PBn PBn_. * PBn
. VPAI"[{ B2E B3E] _ ( B3 B2 )}

9.891
~-18.546
—-18.546

-17.31

17.31
~24.728
-24.728
~23.492

PBp =

pApA4 = —17.31psf

19.782
~8.655
~8.655
~7.418
27.201
~14.837
~14.837

~13.6

PAn =

VPAwar = 208 ftz

VPAL = 305.708 fi”

VPAyal 1= 184 ﬂz

VPA| = 242.458 i

0

-24.7

-16.1

0

6.2

-13.6

0

pst PBn =

-34.6

-19.8

0

12.4

-17.3

psf

-14.84
-6.18

16.07
-3.71

-24.73
-9.89

22.26
-7.42
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1991

1991
Shear altp = Ibf
- 2036

2036 Note: internal pressures cancel and therefore

are ignored in calculating total shear

2. Shear Load per wall: (Roof loads plus half of wall loads)

Shear_aItAO
Shearp :=

Shealr_aItB2

5657.8

Shear = ( ) Shearp := max(Shearr) per wall

Shear altA !
Sheary) == -

Shear altB 2

er wall

Sheary = ( ) Sheary) := max(Shearll) P

Allowable shear resistance from NDS Supplement for structural use panel shear wall and diaphragm

Wall properties: (see above)

Exterior Surface: 7/16" OSB tngg = 0.438in
Interior Surface: 1/2" Gypsum Blocked construction
Nail Size: 8d common Nail spacing: 6"/12"
12
Astud = ( ) in Spacing of studs in wall
16

Table 4.1A of Structural Use Panel Shear Wall and

Ibf
Shearaliowable = 225 e Diaphragm Supplement to NDS 1997

Sheary
— 25.146
LshearMin_I':= | Shearajiowable LshearMin T = ft _
AW 18.4 Code required
- minimum length of
sh 0.4 of total building
ean 11122 length (SBC
LshearMin_Il == Sheargjlowable LshearMin 11 = ( 0.8 jft Section 2105.1.2)
0.4-L
LshearMin I' = maX(LshearMinHF) LshearMin_Il = maX(LshearMin_ll)
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Actual length available for shear walls:

Lshearwall Actual "= (30-ft + 24-ft + 18-ft + 20-ft + 8-ft) Lshearwall_Actual I' = 100 ft ‘
per side
L = 4-ft+ 4-ft + 10-ft + 4-ft ...
shearwall Actual Il [.1. 24+ 10+4+4+4+4)ft } Lshearwall Actual 1l = 721t
Statuswood Shear — PASS if (Lshearwall_ActuaLF > LshearMin T )'(Lshearwall_Actual_ll > LshearMin_ll)

FAIL otherwise

StamsWood_Shear =1

3. Shear Wall "Chord" Force
Shear-hyal

T:=

= T = 452.623 Ibf
Lshearwall-Actual_I“

Holddown anchors must meet this resistance

4. Shear of Anchor Bolts

Anchor bolts 5/8" diameter embedded in concrete 6" trough 2x4 bottom plate.

Z = 850-1bf For Specific Gravity wood of 0.5, Table 8.2E of NDS suppiement for connections
Ci= 1.0 temperature service factor

Cothers == 1.0 bunch of other factors for end grain, toenail, etc. which are all 1.0

Cg:= 1.0 Group Action Factor: fasteners are several feet apart and therefore behave as

single fasteners
Z_a:= Z-Cpwind'Cm Cr Cg-Cothers Z_a=13601bf Shear capcity per bolt

Shearp = 5657.7861bf  shear to resist...

Shearp
NbOItS = Z a Nbolts = 416
Abolt = o Apojt = 11.057ft Use one bolt every  floor(Apgy) = 11 ft
olts
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WALL DESIGN for Masonry Walls

1. Choosing Spacing of Vertical Reinforcement in Reinforced Wall

Select Vertical Wall Reinforcement based horizontal flexure between grouted cells - horizontal span

To determining the spacing of the vertical reinforcement, we have used the method cited in "Masonry Structures
Behavior and Design" by Drysdale, R. G., Hamid, A. A, and Baker, L. R. In this book it is stated that when the
spacing of reinforcement is greater than beff the wall is considered as reinforced strips beff wide with unreinforced
strips in between. Therefore, "The reinforced strips are designed to carry the full load and the unreinforced

masonry must be capable of spanning a horizontal distance between reinforcement”. In addition, ACI 530 specifies

a maximum reinforcement only for seismic zones. Therefore, if you are not in a seismic zone you don't have to worry
about maximum spacing as long as the unreinforced masonry can carry the load between the grouted cells. Also, a
minimum horizontal reinforcement is required by the SFBC (Section 2704.1), which can be used to calculate the
spacing of the vertical reinforcement. By not using this vertical reinforcement a conservative estimate of
reinforcement spacing is achieved.

. Steel Properties
Masonry Wall Design Parameters Steel Properties

8" Concrete Block, hollow unit face shell bedding #5 rebar. ASTM A 615

Asteel = 0.31-in2 per bar

bomy = 15.625-in - dopmy = 7.625¢in
fy == 60000-psi
hemy = 7.625-in
. . fs = 24000-psi
width of mortar bed on face shell ~ dshell = 1.25:in
Egteel := 29.5~1060psi
Masonry Properties
fy, := 30-psi Allowable Flexure Tension of Hollow Unit Concrete Masonry, Ungrouted from
Table 2.2.3.2 of ACI 530-99
fr, := 1500-psi allowable compression stress
Em = 900-fy for fm of 1500 psi masonry

Ep=1.35x 106psi

Calculate section properties of concrete block bending in vertical direction: Uncracked section

Ayy e dshell'hCMU'2 Ayy = 19.063 il’]2
hemu 3 3 4

3 3
_ hCMU'[dCMU ~ (demu - 2-dspen) ]
Yy =

Syy = 51.452in°
6-dcmu
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Limiting moment in wall

Muax = fo-Syy Moy = 128.63 ftIbf
Wind Load:
2 2

Aefr = 8-6-ft7  Aegr = 481t Zone e
-1.34

Pwall = Qh'(GCp(Aeffae) + chi) GCp(Aeff,e) + GCpi = 1s

‘ 1
o= pwallo'hCMU o= —-21.049"{{ Ibf

Maximum spacing of reinforcement

12-Mppax

Asteel = Assuming fixed-fixed end conditions
—m

round down to
Agteel | . nearest ]
Asteel = ﬂOO{ Sln )'8'1“ 8" mu‘t'p‘e (dlSt ASthl = 96 m
between cells)

Pwall = (

Agteel = 81t

—-33.126
29.172

) psf
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