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

\A’ MASONRY Alberta Canadian Conseil
AR WORKS Wood  canadien
Council du bois
16 - 5155 Spectrum Way Box 44023 RPO Garside, 99 Bank St #400,
Mississauga, ON Edmonton, AB Ottawa, ON
L4W 5A1 T5V 1N6 K1P 6B9

Dr. Mark Hagel
Dr. David Moses
Robert Jonkman




Acknowledgments

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.

Abstract

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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Figure 1: Shelf Angle Design - Foundation
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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 = Airspace + brick veneer thickness /2 (25 + 45 mm)
L6=L1-L3




Bolt Forces (From Statics)

T, = % => Tensile loads on the bolts per metre length of the wall.

PyL
Cr = ’; * => Compression load on the concrete wall or wood rim board per metre length of the wall.
L]

Vs = P, => Shear load on the bolts per meter length of wall and max shear on the shelf angle.

Mp = Pp - Lg => Maximum moment on the shelf angle per metre length of the wall.

Shelf Angle Design - At Foundation

Assumptions:

* 90 mm thick brick veneer

* L102x102x13 (L4” x 4” x '2”) vertical shelf angle anchored into the concrete foundation wall
* 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 9.144 m (30’)

Design Forces:

P, = 1.0 * (DLurick + DLghetfanete) = 1.0 - (20.1 KN/m3-0.090 m-9.144 m + 0.25 kN/m) = 16.7 KN/m
Py = 1.4 - (DLprick + DLghetfangte) = 1.4 - (20.1 kKN/m3-0.090 m-9.144 m + 0.25 kN/m) = 23.4 KN/m
Ty = 234KkN/m-(254 mm+45mm) =21.7KkN/m
(101.6 mm — 25.4 mm)

Cr = Ty = 21.7KN/m

My = P;Ls =23.4KkN/m -0.0704 m= 1.65 kN-m /m

Ve = Py = 23.4KkN/m

M; = P;-Ls; =16.7KkN/m-0.0704 m= 1.18 KN-m /m

i) Shelf Angle Design for Bending, Shear, and Deflection

L;=101.6 mm L>=101.6 mm L3=254mm
Ls=45 mm Ls=70.4 mm Ls=114.3 mm
r=12.7 mm

b = 1000 mm per metre of veneer

E;=200,000 MPa

L= b-£/12= 1000 mm - (12.7 mm)*/12 = 170,699 mm*
Sx = b-*/6 = 1000 mm - (12.7 mm)?/6 = 26,882 mm?

A =bt=1000 mm - 12.7 mm = 12,700 mm?

Fy =345 MPa




F:=0.67 Fy =231 MPa

M, = ¢ Fy-Scx 10 = 0.90-345 MPa-26,882 mm3 x 10¢ = 8.35 KN-m/m
> 1.68 kN-m/m => OK

V=05 ¢Fsbtx 103 =0.5-0.90-231 MPa-1000 mm-12.7 mm x 102 =1,321 kKN/m
>23.9 kN/m => OK

A= Ap + Ap + Aaxial

= (Ps'Ls?/ 6 E; I)-(3L2— Lsy+ (My-Ls/ 3 Es-Iy)- L2 + (Ps-L1/ A-Es)

= (16,800 N-(70.4 mm)? / (6-200,000 N/mm?- 170,699 mm*)-(3-101.6 mm - 70.4 mm)

+(1.18 X 105 N-mm-114.3 mm / 3-200,000 N/mm?-170,699 mm?*) - 101.6 mm

+ (16,800N-152.4 mm) / (12,700 mm?-200,000 N/mm?)

=0.195 mm

<I1,/480=101.6 mm/480=0.212 mm =>O0OK

fle= 20 MPa
¢c = 0.65
a1=0.85-0.0015-c=0.85-0.0015-(20) = 0.82
/1=0.97-0.0025-fc=0.97 - 0.0025-(20) = 0.92
b= 1000 mm
c= 55.2 mm
a=pic= 50.8 mm
C=a1 ¢ f'cha= 542 KkN/m OK
Post Installed Anchor Bolt Resistance
Bolt Type $5/8" x 4- %" Hilti Kwik Bolt 3 Embed 4” (102 mm)
20 MPa concrete from Hilti
(T)bolt 13.4 kN/bolt
(Vr)bolt 17.4 kN/bOlt
bolt spacing 406.4 mm o.c.
Nboits 2.46 bolts per metre
T 33.0 kN/m OK
Vv, 42.8 kN/m OK
(T/T)P+(Ve/V,) P < 1 0.90 OK



Assumptions:

. 90 mm thick brick veneer.
. Veneer supported at each floor - max 3.658 m (12’).

THROUGH BOLT

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

¢ [1102x102x9.5 (L4”x4"”x3/8”) shelf angle anchored into the wood rim board

LAG SCREW

e 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 3-3/4” as per
CSA-086-2014[1] Clause 12.6.3.3

¢ 1102x102x9.5 (102”x102”x3/8”) shelf angle anchored into the wood rim board

Design Forces (From Figure 2):

P;= 1.0 * (DLbrick + DLshetsangle) = 1.0 - (20.1 kN/m?:0.090 m- 3.658 m + 0.15 kN/m) = 6.77 kN/m
Pr =1.4 - (DLbrick + DLshelfangle) = 1.4 * (20.1 kN/m3-0.090 m- 3.658 m + 0.15 kN/m) = 9.47 kN/m

I; = 947kN/m* (254 +45mm) =8.75kN/m
(101.6 mm —25.4 mm)

C;r = Iy =875kN/m

My = P;-Ls=9.47KkN/m- (0.0704 m)= 0.667 kN-m /m

Vi = Pr =9.47kN/m

M; = Ps-L;=6.77TkN/m - (0.0704 m)= 0.476 kN-m /m



Figure 2: Shelf Angle Design Floor Level — 2-Ply SPF 2x12 Wood Rim Board
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Note: Horizontal movement joint gap
should be calculated to
accommodate differential movement
- see differential movement tech aid
for details [1]
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I) Steel Shelf Angle Design for Bending, Shear, and Deflection

L;=101.6 mm L>=101.6 mm L;=25.4mm
L;=45.0 mm Ls=70.4 mm Ls=76.2 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-2/6 = (1000 mm)-(9.525 mm)¥/6 = 15,121 mm®
A = bt = (1000 mm)-(9.525 mm)*/6 = 9,525 mm?

My = ¢-FySex 10 =0.90 - 345 MPa - 15,121 mm* x 10 = 4.7 kKN-m /m
> Mp=0.47 kKNm/m => OK

V,=0.5¢F, bt x 10° = 0.5:0.90-0.67-345 MPa- 1000 mm-9.525 mm x 10~ = 991 kN/m
> 17=9.47 kN/m => OK




A = Ap + Ag + Aaxial
= (PsLs?/ 6 Es I)-(3L2 — Ls) + (MyLs/ 3 EsIy)- L2 + (Ps-L1/ A-Ey)
= (6,770 N-(70.4 mm)? / (6-200,000 N/mm2-72,013 mm#*)-(3-101.6 mm -70.4 mm)
+(0.476 x 10°N-mm-76.2 mm) / (3-200,000 N/mm?2-72,013 mm*)-101.6 mm
+ (6,770 N-(101.6 mm) / (9,525 mm?-200,000 N/mm?)
=0.177 mm
<L>/480=101.6 mm /480 =0.212 mm => OK

Il) Rim Board Connection and Bearing / Rotation Design

From Load analysis the design loads on the fasteners are:
Tf = tension force on through bolts per metre length of veneer = 8.75 kN/m
Vf = shear force on through bolts per metre length of veneer = 9.47 kN/m

i) Steel Through-Bolt Design to Resist Tension and Shear

Tr=0.75 ¢ 1o -Ap - Fux 107 =0.75:0.67-2.46-:414 MPa:[7(12.7)*/ 4 mm?* x 10? = 64.8 KN /m
> 6.0 kN/m OK

Vs =0.60- gy -m-npy -Ap -Fux 103 = 0.6-0.67-1-2.46-414 MPa-[7(12.7)*/ 4 Jmm’x 10 = 51.9 kKN/m
> 8.1 kKN/m OK
(Te/ ToP + (Ve/ Vo> = (6.0 / 64.8)* + (8.1 / 51.9)* = 0.05 <1 => OK

Figure 3: Shelf Angle Design at Floor Level — SPF Wood Rim Board with
Through Bolt

ii) Bolted connection design to resist shear force, Vf = 9.47 kN/m from Figure 3 above




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

The yielding resistance Ny = ¢ynunsnr (CSA 086 [11-14 12.4.4.3.2)
dy=0.8
nu = unit lateral yielding resistance governed by failure mode (b)

= ng= fr-de- t2x 103

£,=5.24 MPa (Kp=0.65, Ksr=1.0, K1=1.0),
de=12.7 mm
t2= 38 + 38 = 76 mm (ignore the contribution of wood sheathing)

=>ny=524 MPa- 12.7mm - 76 mm x 103 =5.07 kN

ns=1.0
nr = 2.46 bolts per metre

Nr=0.8-507kN - 1.0 - 2.46/m = 10.0 kN/m > 9.47 kN/m => OK

The brittle failure mode is perpendicular-to-grain splitting.
The splitting resistance QSrT = QSr1 + QSr2 (ignore the contribution of the wood sheathing)

The perpendicular-to-grain splitting resistance of the rim board
QSrl = QSrz = ¢WQS(KDKSFKT)“F
QS =14t (de/(1-de/d))** = 14 - 38 - (102/(1-102/286))>* - 10°=6.70 kN

QSrr=2:0.7-6.70kN - (0.65 - 1.0 - 1.0) - 2.46/m = 15.0 kN/m > 9.47 kN/m => OK

The factored shear resistance of the SPF rim boards can be obtained using CSA-O86-2014 Section
6552
Vi = ¢fv (KoKeKseKr) *2/3An"Kzv'nr x 10
$¢=0.90
fv=1.5 MPa (CSA-O86 [11-14 Table 6.3.1A)
Kp=0.65
Kug=Kr=Ks=1.0
An =238 mm-102 mm = 7772 mm? (ignore contribution from the sheathing)
Kzv= 1.5 (CSA-O86-14 [ Table 6.4.5)
nr = 2.46 bolts per metre

Vr=0.9:1.5 MPa - (0.65:1.0:1.0-1.0) -2/3:7752 mm?1.5:2.46/m x 10~ = 16.8 kN/m > 9.47 kN/m
OK

44.5 mm (1-3/4) diameter washer against rim board — bearing resistance of rim board using 2 ply 2x12
SPF rim board can be obtained using CSA-O86 [1] -2014 Section 6.5.7.2 which states




r = ¢fep' (Ko Ksep'Kt)'Av' K Kzep'nr x 10-3
$=0.80
nr = 2.46 bolts per metre
fip = 5.3 MPa (for SPF)
Kp = 0.65 (long-term loading)

Ksep=1.0

Kr=1.0

Ap = m[(44.5 mm)*— (14.7 mm)?]/4 = 1382 mm?
Kg= 1.0

Kz = 1.0

(Qr)washer = 0.80- (5.3 MPa0.65-1.0-1.0) - 1382mm?-1.0 - 1.0 - 2.46 x 10-*=9.37 KN/m
> 8.75 kN/m =>0K
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From Statics the Load on the Nails

F)Z Mi= 0 => Rx (0.286 m) - (8.75 KN/m - 0.0762 m) — 9.47(0.0603 m) = 0
=> Ry =4.33 kN/m
+ <X Fx=0=>Ra+Rp -~ 8.75 kN/m =0
=>Rp =28.75 kN/m — 4.91 kN/m
=> Rp = 4.42 KN/m
+MEFr=0=>Rc-75=0

8 => R¢=9.47 kN/m




=> Ny (lateral load on top nails) = Ra = 4.33 kN/m

=> Ny (lateral load on bottom nails) = Rg = 4.42 kN/m

vi)  N; (lateral resistance of common nails) = (¢ n, )' ng* ns * Kp ‘Ksr ‘Kr* Jg *Ja *Jz'Jp

For the connection resisting shear force RB, try 3.5” long (4.12 mm in diameter) common
wire nails where toenailing starts at approximately 1/3 the nail length from the end of the
piece and at an angle of 30 degrees. Try three nails at every 8” o.c.

The basic factored lateral resistance  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),

=> ¢ ny = 0.877 kN per nail

Kp ‘Ksr 'Kr1=10.651.0"1.0 =0.65

Je *Ja Jg'Jp=1.0"0.83 -1.0°1.0 =0.83

nr = 3 nails every 8” o.c. = (1000 mm / 203.2 mm) = 14.8 nails per metre
ns = 1.0

N, =(0.877kN): 14.8 - 1.0 0.65 * 0.83 = 6.99 kN/m >4.91 kN/m OK

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




// - Rim board
"/ ’ _Blocking

Light gauge
steel strap

;‘/‘ Steel support angle

s Steel shelf angle

ALTERNATE DESIGN - 5/8” (16 mm) diam. Lag screws spaced at 203 mm (8”) with 3-ply
SPF 2x12 wood Rim board and L102x102x9.5 shelf angle.

Design Forces (From Figure 6):

P; = 6.77 KN/m

Py = 9.47 kKN/m

Ty = 947KkN/m - (704 mm) =8.75KkN/m =>1.78 KN / per Lag Screw
(76.2 mm)

Vi = Py = 947 KkKN/m =>1.92 KN / per Lag Screw

Cy = Iy = 8. 75 KN/m

My = P;-L5=9.47 kN/m - 0.0704 m = 0.667 KN-m /m

M; = P;-Ls;=6.77 KN/m - 0.0704 m = 0.476 KN-m /m

10




Figure 6: Shelf Angle Design at Floor Level — 3ply SPF 2x12 Rim
Board with Lag Screws
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L;=101.6 mm L>;=101.6 mm L;=254mm
Ls=45.0 mm Ls=70.4 mm Ls=76.2 mm
1=9.525 mm

b= 1000 mm per metre of veneer

E;=200,000 MPa

I, = b$3/12 = (1000 mm)-(6.35 mm)3/12 = 72,013 mm*
Sx = b'2/6 = (1000 mm)-(6.35 mm)?/6 = 15,121 mm?

M, = ¢ FySex 106=0.90 - 345 MPa - 15,121 mm?x 106 = 4,7 kN-m /m
> M;=0.46 KNm/m => OK

V,=0.5¢F, bt x 103=0.5-0.90-0.67-345 MPa- 1000 mm-9.525 mm x 10-* = 991 KN/m
> ¥;=8.1 kN/m => OK

A = Ap + Ag + Aaxial
=(PsLs?/6E; I)-(3L2—Ls) + (My'Ls/ 3EsIy)- Ly + (P L1/ AEy)
= (6,770 N*(56.6 mm)? / (6-200,000 N/mm?-72,013 mm?):(3-101.6 mm — 70.4 mm)
+(0.476 x 106N-mm-*165.1 mm) / 3:200,000 N/mm?-72,013 mm?*)-101.6 mm
+ (6,770 N-(101.6 mm) / (9,525 mm?2-200,000 N/mmz)
=0.177 mm
<L,/480=101.6 mm/480=0.212 mm => OK




Vi) SPF rim board connection design to resist applied forces

— Ry

.- 76.2mm

Rc

From Statics the Loads on the Nails (Figure 7)

-I(-)Z M;= 0=>Ra(0.286 m)—(8.75 kN/m - 0.0762 m) — 9.47(0.0762 m) =0
=> Ra =4.86 KN/m
+<2XF:=0=>Ra+Rp—-8.75kN/m=0
=>Rp=8.75 kN/m —4.91 kN/m
=>Rg =3.89 kN/m

' EFx=0=>Re- V=0
=> Re = 9.47 KN/m

=> Nr (lateral load on top nails) = Ra =4.86 kN/m
=> Nr (lateral load on bottom nails) = Rp = 3.89 kN/m

vi) N (lateral resistance of common nails) = (¢ 72, )- nr* ns - Kp "Ksr "K1* JE "Ja "JeJD

(From the Canadian Wood Council’s — Wood Design Manual 2017[3] — 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).

12



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 ‘Ksr ‘Kr=0.65°1.01.0 =0.65

JE *Ja ‘Iz Jp=1.0"0.83 '1.0:1.0=10.83

nr = 3 nails every 8” o.c. = (1000 mm / 203.2 mm) = 14.8 nails per metre
ns = 1.0

N, = (0.877kN)- 14.8 - 1.0- 0.65 - 0.83 = 6.99 kN/m
>4.86 kN/m OK

From load analysis the design loads on the fasteners are:

Prf = withdrawal force on lag screws per metre length of veneer = Tf = 8.75 kN/m
Qf = shear force on lag screws per metre length of veneer = V£ =9.47 kN/m

«3-ply SPF 2x12 rim board ¢/w 5/8” dia. ( ¢ 16mm) 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

From the Canadian Wood Council’s - Wood Design Manual 2017[3] - Lag screw
resistance (Table 7.14 and Table 7.15 and Lag Screw Selection Tables):

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

Pw=P’n L np- Kr- Kp- Ksr- Jg

nr = 4.92 screws per metre

P’y = 0.074 kN/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 =76.2 mm
Kp =0.65

Ksr =1.0

Kr =1.0

Jg =1.0

Prw = 0.074 kKN/mm- 76.2 mm - 4.92/m - 1.0- 0.65- 1.0 1.0 = 18.0 kN/m > 8.75 kN/m

For a ¢°/s” ($16 mm) Lag screw — shear resistance for SPF Rim board with 6.35 mm thick steel plate

Qr=Q  nre " nr "Kp "Ksr ‘Kr




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

nr = 1row of fasteners
Kp =0.65

Ksr =1.0

Kr =10

Qr=3.67kN -4.92/m - 1-0.65 1.0 -1.0 = 11.7 KN/m > 9.47 kKN/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:

(Qf)per screw — 9.47 kN / m 0.2032 m
=1.92 kN /m

Zal - (W" p) ZI

(W .p)cos? a+2Z sin’a

——> Pt =8.7S kN /m- 0.203 m
= 1.78 kN per screw

Ry = [(Qf )pel' screw 2 +(wa )pel' screw? ] %
=2.62 kN per screw
=129kN/m

Where:
o' = adjusted resistance for combined lateral and withdrawal (lbs.) per single fastener
(W*-p) = withdrawal resistance for a single fastener (Ibs.) = Prw=(13.2 kN /m /4.92) = 3.66 kN
Z'= lateral resistance for a single fastener (1bs.) = Qr = (11.5 kKN / m /4.92) = 2.39kN
a = degree between force in grain = tan”! (1.78 kN / 1.92 kN) = 42.7°

Za' = (3.66 kN)-(2.39 kN) / [(3.66 kN)-cos?(42.7°) + 2.39 kN sin?(42.7°)]
=> Zo' = 2.84 KN per screw

=2.84 kN -4.92=14.0kN/m
> Rf =2.62 kN per screw = 12.9 kN/m => 0K

vii)  SPF rim board design to resist bearing of angle iron

N: = ¢fep' (K Ap'Kp'Kzep'nr x 10
¢=0.80
Jep = 5.3 MPa (for SPF)
Kp = 0.65 (long-term loading)
Ay =bt=1000 mm 50.8 mm = 50,800 mm?
KZcp =1.0
(Nr)angle heal = 0.80- (53 MPaO651010) - 50,800 mm?2-:1.0- 1.0 - x 103 =140 kN/m

14 > 8.75 kN/m =>0K




Brick Veneer Support on a Concrete Foundation Brick Ledge

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’)

Figure 8: Brick Ledge Design for Supporting Masonry Veneer
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Design Forces:

Pr=23.2 kN/m
My =1.90 kN-m/m
Vf =232 kN/m

Reinforced Concrete parameters from CSA-A23.3- 2014 — Design of Concrete
Structures [4]:

.= 0.65

b, = 0.85

A =1.00

/'.=20 MPa

o = 0.85-0.0015-Fc = 0.85 - 0.0015-(20) = 0.82

B1=0.97 - 0.0025-fc = 0.85 - 0.0025-(20) = 0.92
f,=400 MPa

As = (1000 mm / 609.6mm) - 200 mm? = 328 mm?
d=254mm — 76.2 mm = 178mm
b=1000 mm

Solve for the moment resistance at the factored axial load:

Papr=>Pr=Ce-Tr=23200 Nim=> & 9 £’ b (fic) - dsfyAs=23,200 N/m

=> (.82 - 0.65 - 20 MPa-1000mm (0.92-c) - 0.85-400 MPa 328 mm? = 23,200 N
=> ¢=[3.] mm

=> a= f¢=0.92-138=12.0 mm

Mapr= O fy-As [d-al2] x 10= (.85 400 MPa-328 mmz-[178 -12.02]x 10°=18.0 KN-m/m
>1.90 kN-m/m OK

Vi=V= d)c-/l'b'\ff "o by dyx 103=0.651.0 0.1820 MPa *102mm-(0.8-1000mm) = §3.3 kN/m
>23.2kN/'m OK
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