SHELF-ANGLE & BRICK LEDGE DESIGN FOR
BRICK VENEER ON MID-RISE WOOD-FRAME
BUILDINGS

. Alberta
- Canadian Conseil
; oline Wood canadien
S Council du bois

16 - 5156 Spectrum Way Box 44023 RPO Garside, 99 Bank St #400,
Mississauga, ON Edmoenton, AB Ottawa, ON
L4W 5A1 T5V 1N6 K1P 6B9

Dr. Mark Hagel
Dr. David Moses
Robert Jonkman




The authors would like to thank Andrew Payne, Yang Du, Mary Alexander, Nicholle Miller, and
Conroy Murray, for their review and recommendations to the document.

Masonry veneer is an excellent addition to any wood-frame buildings, especially in mid-rise wood-
frame buildings, where current building codes require a non-combustible cladding, like masonry.

Shelf angle design for masonry veneer is an important consideration when supporting full bed
masonry veneer. Shelf angles are typically used to support masonry at floor level. Shelf angles can
also be used at the foundation level especially when cavity insulation is desired to provide continuous
insulation between above grade and below grade walls. As an alternative to shelf angles, brick ledges
supporting up to 11 m of brick veneer can be used and may reduce the stud size for the load bearing
exterior wood stud walls by transferring the dead load from the first 3 storeys of brick directly to the
foundation.

This technical aid focuses on the design of the support of brick veneer without cavity insulation for a
mid rise wood-frame building where 30 feet (9.14 m) of masonry veneer is supported on a shelf angle
or brick ledge at grade and a shelf-angle at floor level supporting up to 3.05 m (10 feet) of masonry is

designed for subsequent floors.
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This publication is intended for use by professionals who are knowledgeable and experienced in
masonry and wood design and construction and who are competent to evaluate the limitations of the
information provided herein. The publishers and contributors to these publications disclaim any and
all responsibility and liability for the application of the information contained herein, and any injury or
damages suffered as a result of the use or inability to use this information.
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L1 = Vertical Leg length (m)

L2 = Horizontal Leg length (m)

L3 = Spacing of bolt hole (typically 25 mm (1”) from top of leg vertical leg

L4 = Centroid of brick veneer (typically 45 mm for metric modular 90 mm brick)
L5 = Eccentricity of the veneer load = (L2 — L4)

T, = M —> Tensile loads on the bolts per metre length of wall.
! (L1—L3)

C = M => Compression load on the concrete wall or wood rim board per metre length of wall.

(L1—L3)



Vr = Py => Shear load on the bolts per meter length of wall and max shear on the angle iron.

M; = Py - (L, — Ly ) => Maximum moment on the angle iron per metre length of the wall.

Assumptions:

. 90 mm thick brick veneer

. L1562 x 102 x 9.5 (L6” x 4” x 3/8) angle iron anchored into the concrete

. 16 mm (5/8”) Hilti Kwik Bolt 3 expansion anchor bolts at 406 mm (16”) o.c.
. Anchor bolts into a 20 MPa Concrete foundation wall

. Veneer supported to max 9.14 m (30’)

Design Forces:

P; =14 (DLbsick + DLohelgangic) = 1.4 - (19.6 kN/m?-0.090 m-9.144 m + 0.19 kKN/m) = 22.8 kN/m

Ty = 228 kN/m-(101.6 mm - 45mm) =11.3 kN/m
(152.4 mm — 38.1 mm)

G =TIy = 11.3kN/m

Ve = Pr = 228 kN/m

My = Pr-(L:-Ly)=228kN/m - (0.1016 m— 0.045 m)=1.3 kN-m /m

L;=152.4 mm
L>=101.6 mm
t=9.525 mm
b = 1000 mm per metre of veneer
Es;=200,000 MPa
L= b-/12 = 1000 mm - (9.525 mm)?/12 = 72,013 mm*
Sx = b-/6 = 1000 mm - (9.525 mm)%*/6 = 15,121 mm®
Fy =300 MPa
.=0.67Fy

M, = ¢ Fy-Sxx 10=0.90-300MPa-15,121 mm3 x 10° = 4.1 kN-m/m
> 1.3 kN-m/m OK

V,=0.5-¢F: bt x 103 = 0.5-0.90-0.67-300 MPa- 1000 mm-9.525 mm x 10~ = 862 kN/m
>23.7kN/m OK
A= (PsLs2/ 6 Es I)-3(L>-Ly)
= (16,317N-(56.6 mm)? / (6-200,000 N/mm?2-72,013 mm*)-(3-(101.6mm-45mm)) = 0.10 mm

2 <L,/480=101.6 mm/480=0.21 mm OK



Post Installed Anchor Bolt Resistance

Bolt Type ¢5/8" x 3-% " Hilti Kwik Bolt 3 Embed 2-3/4” (70mm)

20 MPa concrete from Hilti

(Tr)bolt 13.4 kN/bO[t

(Vedbort 17.4 kN/bolt

bolt spacing 406 mm o.c.

Nbolts 2.46 bolts per metre

T, 33.0 kN/m OK

V, 42.8 kN/m OK

(T/T+(V/V)* <1 043 oK

Se 20 MPa

dc 0.65

a1 =0.85-0.0015-¢c=0.85-0.0015-(20) = 0.82

P1=0.97 -0.0025-fc =0.85 - 0.0025-(20) = 0.92

b 1000 mm

c 57.2 mm

C=ar ¢ f'cba 561 kN/m OK
Assumptions:
. 90 mm thick brick veneer
. L203x102x6.4 (8”’x4"x1/4“) angle iron anchored into the wood rim board
. Veneer supported at each floor - max 3.048 m (10’)

Through Bolt (RECOMMENDED)
2-ply S-P-F 2x12 rim board c/w 2" dia. (13 mm dia.) A307 through bolts at 16” (406 mm) o.c. = 2.46
bolts/m

Lag Screw (ALTERNATE SOLUTION)

3-ply SPF 2x12 rim board c/w 5/8” dia. (16 mm dia.) lag screws at 203 mm (8”) o.c.

= 4.92 lag screws/m — Minimum length of penetration into rim board for lag screws is 3-1/8” as per
CSA-086-2014 Clause 12.6.3.3
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Design Forces:

Pr = 1.4-19.6 kN/m3 - 0.090 m -3.048 m = 7.5 kN/m
Iy - 7.5kN/m-(101.6 mm - 45mm) =2.4 kN/m
(203.2 mm — 25.4 mm)

Cr = Tr = 2.4 KkN/m

Ve = Pr = 7.5 kN/m

My = Pr-(L;—Ly=T75kN/m-(0.1016 m—0.045 m)= 0.42 kN-m /m
L>=101.6 mm

Ls=56.6 mm

{=6.35 mm

b = 1000 mm per metre of veneer

Es=200,000 MPa

Iy = b£/12 = (1000mm)(6.35mm)*/12 = 21,337 mm*
Sx = b+#/6 = (1000mm)(6.35mm)*6 = 6720 mm?



M, = ¢ FyS:x 106=0.90 - 345 MPa - 6720mm* x 106 =2.1 KN-m /m > M; = 0.42 kNm/m OK
V,=0.5¢Fy bt x10%=0.50.90-0.67-345 MPa- 1000 mm-6.35 mm x 10-* = 660kN/m > Vf=7.5 kN/m OK
A=(PsLs’/ 6 Es Iy)(3(Lo-Ls)

= (5400N-(56.6)% / (6:200,000 N/mm?-21,337 mm*)-(3-(101.6mm-56.6mm)) = 0.09 mm
<L,/480=101.6 mm/480=0.21 mm OK

Recommended Design — Through Bolt With 2-Ply SPF 2x12 Wood Rim Board
From load analysis the design loads on the fasteners are:

Tr= Tension force on through bolts per metre length of the veneer = 2.4 kN/m

Vf = Shear force on through bolts per metre length of the veneer = 7.5 kN/m

Insulation

11-%”
(286mm)

b
SN D7z
4

2” (51mm) min
edge distance

A4

AP AN OS E OR ANC LAY

LACETY
o

e
[
__——H
BT |
— %'\J
TV
/“"’
—/H

T:=0.75 ¢ np -Ap - Fux 102 =10.75-0.67-2.46:414 MPa-[ 7 (12.7)*/ 4 Jmm? x 10 = 64.8 kN /m
>2.4 kN/m OK

V,=0.60"  mny -Ap " Fux 103 = 0.6:0.67-1-2.46:414 MPa:[ 7(12.7)*/ 4 Jmm?x 10 =51.9 KN/m
>7.5 kN/m OK
(Te/ T2 + (Ve/ Vo)E =(2.4 1 64.8)> + (1.5 / 51.9)2 =0.015 < 1 OK




The bolted connection design for shear shall resist all possible yielding and brittle
failure modes.

The yielding resistance N = ¢ynunSnF (CSA 086-14 12.4.4.3.2)

$y=0.8
Ny = unit lateral yielding resistance governed by failure mode (b)

= = . ; -3 Note: SPF rim board should be
Tu f?‘ df 2 X 10 checked for shear resistance of the
member according to CSA-086 —

f>=5.24 MPa (Kp=0.65, Ksr=1.0, K1=1.0), 6.5.5.2
df=12.7 mm
t2 =38 + 38 = 76 mm (Ignore the contribution of wood sheathing)

=>ny=>5.24 MPa- 12.7 mm - 76 mm x 103 =5.06 kN

ns = 1.0
nr = 2.46 bolts per metre

Nr=0.8-5.06kN - 1.0 - 2.46/m = 9.96 kN/m > 7.5 kN/m OK

The brittle failure mode is perpendicular-to-grain splitting.
The splitting resistance QSrT = QSrl1 + QSr2 (ignore the contribution of the wood sheathing)

The perpendicular-to-grain splitting resistance of the rim board

QS = QSr2 = dwQS(KpKseKr)ng
QS = 14 - t- (d/(1-de/d))0S = 14 - 38 - (102/(1-102/286))°S - 103= 6,70 kN

QS;r=2:0.7-6.70kN - (0.65- 1.0 1.0) - 2.46/m = 15.0 kN/m > 7.5 kN/m OK

38 mm (1-12") diameter washer against rim board — bearing resistance of rim board using 2 ply
2x12 SPF rim board can be obtained using CSA-086-2014 Section 6.5.7.2 which states:

6




The factored shear resistance of the SPF rim boards can be obtained using CSA-086-2014 Section

6.5.5.2

V=0 f'(KpKuKs:Kr) 2/3 AaKze'nr x 10

$=0.90

fv=1.5 MPa (CSA-O86 .14 Table 6.3.1A)

Kp=10.65

Kg=Kr=Ks:=1.0

Ay =238 mm-102 mm = 7752 mm? (ignore contribution from the sheathing)

Kz:= 1.5 (CSA-086-14 [l Table 6.4.5)

ng = 2.46 bolts per metre

V;=0.9-1.5 MPa - (0.65:1.0:1.0-1.0) -2/3:7752 mm?-1.5-:2.46/m x 10 = 16.7 kKN/m > 7.5 kN/m
OK

38 mm (1-12") diameter washer against rim board — bearing resistance of rim board
using 2 ply 2x12 SPF rim board can be obtained using CSA-O86-2014 Section 6.5.7.2
which states:

Qr= ¢fep' (Kp'Ksep' K1) Ap'Kp Kzep'nr x 1073
¢ =0.80

nr = 2.46 bolts per metre

fep = 5.3 MPa (for SPF)

Kp = 0.65 (long-term loading)

Ksep= 1.0
Kr=10
Ay = 7[(38 mmpP —(14.7 mm))4 =964 mm?
Kg= 1.0
KZcp = 1.0
(Qr)washer = 0.80- (5.3 MPa-0.65:1.0-1.0) - 964mm? - 1.0 - 1.0 - 2.46 x 10-* = 6.5 kN/m

> 2.4 kN/m
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From Statics the Load on the Nails

1)2 Mz =0 => RA(0.286 m) — (2.4 kN/m - 0.102 m) = 0
=> Ra = 0.856 kN/m

€Y F:=0=>Ra+Rp-24kN/m=0

=>Rp=2.4 KN/m — 0.856 kN/m
=1.54 kKN/m

=> Ny (lateral load on top nails) = Ra = 0.86 kN/m

=> Ny (lateral load on bottom nails) = Rg = 1.54 kN/m

N, (lateral resistance of common nails) = (¢ 7, ): nf’ ns* Kp "Ksr ‘Kt Jg *Ja JB'Ji




From the Canadian Wood Council’s - Wood Design Manual 2017 - Nail
Selection Tables

For the connection resisting shear force RB, try 3.5” long (4.12 mm in diameter) common wire
nails where toe nailing start at approximately 1/3 the nail length from the end of the piece and
at an angle of 30 degree. Try two nails at every 16” o.c. (i.e., same location as the bolts).

The basic factored lateral resistance ¢ nu can be found from the Nail Selection Tables for a
38 mm thick SPF side member (assume the top plate of the wall assembly is constructed with
SPF material). Since the penetration length into the main member is 2/3 of the nail length
(greater than 33 mm).

=> ¢ n, = 0.877 kN per nail

Kp ‘Ksf ‘Kr=0.65°1.0"1.0 =0.65

Je “Ja Jg'Jp=1.00.83 1.0°1.0=0.83

nf = 2 nails every 16” o.c. = (1000 mm / 406.4mm) = 4.92 nails per metre
ns = 1.0

N, =(0.877kN)- 492 - 1.0- 0.65 - 0.83 =233 kN/m > 1.56 kN/m OK

An alternate method to resist rim board forces can be found in Figure 5 below:

- Rim board
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ALTERNATE DESIGN - Lag Screws with 3-Ply SPF 2x12 Wood Rim Board
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From load analysis the design loads on the fasteners are:

Prf' = Withdrawal force on lag screws per metre length of veneer = Tf= 2.4 kN/m

Qf = Shear force on lag screws per metre length of veneer = V/=7.5 kN/m

. 3-ply SPF 2x12 rim board ¢/w 5/8” dia. (16mm dia.) lag screws at 203mm (8”) o.c.
. Minimum penetration for lag screws = 5d = 3-1/8” (79 mm)

nF=1000mm /203.2 mm = 4.92 lag screws per metre
10




From the Canadian Wood Council’s - Wood Design Manual 2017 - Lag
Screw Resistance (Table 7.14 & Table 7.15 and Lag Screw Selection
Tables):

For a 5/8” dia. (16 mm dia.) 4-1/4” long Lag screw at 203 mm o.c. — Withdrawal resistance for
SPF Rim board

Pew = P’ry Ly np Kr- Kp Ksr - JE

nr = 4.92 screws per metre

P’y = 0.074 kKN/mm (Table 7.14)

Lr = lesser of L/2 + 12.7 -E or 152 mm — E (Table 7.15)
E =9.5 mm (Lag screw tip length)

=>Lr =572 mm

Kp =0.65
Ksr =1.0
Kr =1.0
Je =1.0

P = 0.074 kKN/mm-* 57.2mm - 4.92/m- 1.0- 0.65- 1.0 1.0 = 13.5 kN/m > 2.4 kN/m

For a 5/8” dia. (16 mm dia.) Lag screw — Shear resistance for SPF Rim
board with 6.35 mm thick steel plate

Q:=Q/  nre * nr "Kp "Ks K1

Q' =3.67kN (from Lag Screw Selection Table for single shear, 4 mm steel side plate)
nee = 4.92 screws per metre

np = 1 row of fasteners

K{) =(.65
Ksﬁ' =1.0
Kr =10

Qr=3.67kN *4.92/m* 1°0.65 1.0 1.0 = 11.7 kN/m > 7.5 kN/m




For a 5/8” dia. (16 mm dia.) lag screw, the combined shear and withdraw resistance can
be estimated using section 12.4 in the NDS-2018 National Design Specification (NDS) for
Wood Construction which states:

(Ql')pm' serew=1LSKN/m - 0.203 m
= 1.52 kN per screw

._) PI'\\' =24KkN/m- 0.203 m
Eoil i \ = (.49 kN per screw
. (Wp)Z il
a - ] . | { \
(Wp)cos” a+Z'sin o (511

R = [(Qr )per serew > +(Psw )per screw? | %
\ = 1.60 kN per screw

Z«' = adjusted resistance for combined lateral and withdrawal (1bs.) per single fastener
(W*-p) = withdrawal resistance for a single fastener (1bs.) = Py =(13.2 kN /m /4.92) = 2.68 kN
Z'= lateral resistance for a single fastener (1bs.) = Q; = (11.5 kN / m /4.92) = 2.34 kN
a = degree between force in grain = tan’ (0.49 kN / 1.52 kN) =17.8°

Zd' = (2.68 kN)*(2.34 kN) / [(2.68 kN)-cos?(17.8°) + 2.34 kN'sin?*(17.8%)]

=>Za =2.3TKkN
>Ry =1.60 kN OK

Assumptions:

90 mm thick brick veneer

254 mm (10”) Reinforced Concrete Wall

20MPa Concrete

15M bars at 24” o.c (609.6 mm) horizontally and 24” o.c (609.6 mm) vertically
Veneer supported to max 9.144 m (30’)

12
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Design Forces:

Pf=23.7 KN/m
Mf = 4.95 kN-m/m
Vf=23.7 KN/m

Reinforced Concrete Parameters:

c=0.65
(I)s =0.85
A=1.00
f'c=20 MPa
a1 =0.85-0.0015-¢=0.85-0.0015-(20) = 0.82
£1=0.97-0.0025-c=0.85-0.0025-(20) = 0.92
fy=400 MPa
As= (1000 mm / 609.6mm) - 200 mm? = 328 mm?
d=254mm — 76mm = 178mm
b= 1000 mm

Solve for the moment resistance at the factored axial load:

Prapr=> Pr=C- T =23,700 N'm => & *¢.f’c *b (fic) - ¢, fy-As=23,700 N/m
=> (.82 - 0.65- 20 MPa-1000mm (0.92-¢c) - 0.85-400 MPa 328 mm?= 23,700 N
=> ¢=13.8 mm

Mapr= ¢s°fy*As [d—a/2] x 10%= 0.85 -400 MPa-328 mm*[178 - 13.8/2] x 10®=19.1 kN-m/m
>495kN-m/m OK

Vi=V= (bc'/l-b'\fﬁ by dyx 103=0.65 7.0+ 0.18-20 MPa - 102mm-(0.8- 1000mm) = 53.3 kN/m
>23.7kN/m OK
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