Architecture 544

5 Columns

+ Combined
+ Solid é
* Glulam
* Built-up
» Spaced
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1 - Combined Dimensioned Lumber

Required:
« Capacity

1. Calculate slenderness ratio |./d
largest ratio governs. Must be < 50

2. Find adjustment factors €,
c,CyC,C-C

3. Calculate Cp_ .

4. Determine F'c by multiplying the tabulated Fc by all

the above factors . e |
\ /
5. Set the actual stress = allowable F'c = P/A =
6. Solve for capacity, P = F'c A d,\VA

University of Michigan, TCAUP Arch 544 Slide 2 of 33




1 - Combined Dimensioned Lumber

Required:
* Capacity for roof LL

1. Calculate slenderness ratio I./d
largest ratio governs. Must be < 50

"

HEM-FR W°®Z
Zx 15x125"

A = 10.88 .8 (cAcu)
F. =130 pst
Ertim = 410600 ps

YA

Ke= l.o

/pz - é( =}_§ N,
SLCNDEKHESS Y-
_’E‘i 4 < 850
A . " <5 72" 72:1
2. Find adjustment factors (C,,=C,=C;=0)
Cp Cu C,Ce G l
N3
//
Cp = 1.25 (For Le)
Ce =l.05 (P E) "7\25,\ 4
-— . -L/3n-f
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1 - Combined Dimensioned Lumber Hed-FR Wz
Zx Lijxtis
3. Calculate Cp A = 10.88 .8 (Ghcu)
ce - F. = 1300 psi
FC,E 3 onZ_El:M;;. . 23(4100003 167.7 rsi Emm = 4?0000 Pst
(Frd) 6 H:C' Ke=lo
EY = 120G psi
C=0.8
Cr = 0.0 762 3
4. Determine F’c by multiplying the tabulated Fc by all
the determining factors 72 7om

Cp Ce
FL =1300(1.25 lLo5 ao?(,z) 164 .2 pst
5. Set the actual stress = allowable F'c = P/A
6. Solve for capacity, P = Fc A

FMb( :Eé_é:lé‘#(la&& x_Z_.> :g/w’
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2 - Solid Dimensioned Lumber

Required:
« Capacity

1. Calculate slenderness ratio I./d
largest ratio governs. Must be < 50

2. Find adjustment factors
CpCyC,CcC

3. Calculate Cp

4. Determine F’'c by multiplying the tabulated Fc by all
the above factors

5. Set the actual stress = allowable F’'c = P/A

6. Solve for capacity, P = F'c A

University of Michigan, TCAUP Arch 544
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2 — Solid Dimensioned Lumber

Required:
» Capacity for roof LL

1. Calculate slenderness ratio I./d
largest ratio governs. Must be < 50

Nz 622"

SLEMPERNESS Y-Y

/ee _ ?Z‘Il
— F —— T 70,
d 3.5" 2l

2. Find adjustment factors (C,,=C,=C;=0)
Cp Cy C,C: C

&p = l.Zf (6&. Lf'.)
Ce =l.o5 (FeEY)

(T

Hest - FIR. B®2
>< 7.25"
A = 2‘5.3&.'«"
F, = 1300 pst

E'M”J :410 000 gy
/P=G’ K@’LO

S

%% i
SN ¢

23
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2 — Solid Dimensioned Lumber
3. Calculate Cp

o.222 (470 ec0)

5 = NZ.9 Pt
20.6

£ -
Cp Cr
Fi z 1300(1.25- 1.05'> = 1106 Pal

C =

o8
C«F - 0.4{?

4. Determine F'c by multiplying the tabulated Fc by all
the determining factors

Cp cr Cp
FL =1300(1-25 Lo5 0:457 ) = 181 5

5. Set the actual stress = allowable F’'c = P/A
6. Solve for capacity, P =F'c A

I P P
Fue =FLA = 781 (25.38) = 11 817 &S

University of Michigan, TCAUP Arch 544

%

N

Het - FIR. 8° 2

3.6" x 1.t5"
A= 2‘5.3&5«"
F. = 1300 pst
B = 476 000 r5,
P=6' Ke=lo
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3 — Glulam Column

Brock Commons building, a student
residence built for the University of
British Columbia in Vancouver, Canada
(2016)

18-story hybrid mass timber building -
2 concrete floors at the base and 16
wood structure floors

University of Michigan, TCAUP Arch 544
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3 — Glulam Column

Required:

Capacity

Calculate slenderness ratio I./d
largest ratio governs. Must be < 50

2. Find adjustment factors
CoCuC, C; (No£yj¢ “r .
3. Calculate Cp (c =0.9)
4. Determine F’'c by multiplying the tabulated Fc by all 2
the above factors
5. Set the actual stress = allowable F’'c = P/A / >
6. Solve for capacity, P = F'c A
N(Ug ]
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3 — Glulam Column HF Lz

Required:

Capacity for roof LL

Calculate slenderness ratio I./d
largest ratio governs. Must be < 50

/? - (p‘ - 12//

SLENDERNLSS Y- Y
:(ic_ = j—z—' :ZO.&'?
J -5

University of Michigan, TCAUP Arch 544

3.5"x 18"
A= 26.25u%

Z = 1590 ps
B =_Z‘£> 000 T\
K=0L' WKe=lo

J‘\\‘k\k / <

N
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3 — Glulam Column HF-L2 5lams

Table 5B  Reference Design Values for Structural Glued Laminated Softwood Timber

(Members stressed primarily in axial tension or compression) (Tabulated design values are for normal load duration and dry service conditions. See
NDS 5.3 for a comprefiensive description Of design value adjustment factors.)

Use with Table 5B Adjustment Factors

All Loading Axially Loaded Bending about Y-Y Axis Bending About X-X Axis Fasteners
Modulus Loaded Parallel to Wide Loaded Perpendicular to Wide
of Tension C i Faces of L Faces of Laminations
Elasticity® Parallel Parallel Bending Shear Parallel Bending Shear Parallel
For For to Grain to Grain OB to Grain M) to Grain®
Deflection Stability
Calculations| Compression | 2 or More | 4 o 20r3 | 40r More 3 2 2 Lami- Specific Gravity
Combination | Species | Grade Lami- | " Lam®- Lami- Lami- Lami- Lami- nations to for
Symbol 0.95 to Grain nations | natigns | nations | nations | nations | nations 15 in. Deep®® Fastener Design
Esa | Eaua | Esigsd Fo F 3 Fe Foy Foy Foy Fuy Fox Fu G
(10° psi) | (10° psi) | T70° psi) si (psi) si (psi) (psi) (psi) (psi) (psi) (psi) (psi)
a ed e pecie
1 DF L3 16 15 079 560 950 1250 1450 1250 1000 230 1250 265 0.50
2 DF L2 17 16 0.85 560 1250 1600 1800 1600 1300 230 1700 265 0.50
3 DF L2D 20 19 1.00 650 1450 1900 2100 1850 1550 230 2000 265 0.50
4 DF LicL 20 19 1.00 590 1400 1950 2200 2000 1650 230 2100 265 0.50
5 DF L1 2.1 2.0 1.06 650 1650 2100 2400 2100 1800 230 2200 265 0.50
14 HF L3 14 13 0.6 375 800 1050 1200 1050 850 190 1100 215 0.43
15 @ 15 14 375 1050 1350 1500 1350 1100 190 1450 215 0.43
16 HF 1.7 16 375 1200 1500 1750 1550 1300 190 1600 215 0.43
17 HF L1D 18 i} 3 0.90 500 1400 1750 2000 1850 1550 190 1900 215 0.43
227 SW. L3 11 1.0 0.53 315 525 725 800 700 575 170 725 195 0.35
& AC 3 13 12 0.63 470 725 1100 1100 975 775 230 1000 265 0.46
70 AC L2 14 13 0.69 470 975 1450 1400 1250 1000 230 1350 265 0.46
71 AC L1D A7 16 0.85 560 1250 1900 1850 1650 1400 230 1750 265 0.46
72 AC L1S 1.l 16 0.85 560 1250 1900 1850 1650 1400 230 1900 265 0.46
73 POC L3 14 13 0.69 470 775 1200 1200 1050 825 230 1050 265 0.46
74 POC L2 15 14 074 470 1050 1550 1450 1300 1100 230 1400 265 0.46
75 POC L1D 18 1.7 0.90 560 1350 2300 2050 1950 1750 1500 230 1850 265 0.46
47 SP [ N2wi2 | 15 14 074 650 1200 1900 1150 1750 1550 1300 260 1400 300 055
47 1:10 SP | NaM10 [ 15 14 0.74 650 1150 1700 1150 1750 1550 1300 260 1400 300 0.55
47 1:8 sP N2M 15 14 0.74 650 1000 1500 1150 1600 1550 1300 260 1400 300 055
48 SP | N2D12 | 18 17 0.90 740 1400 2200 1350 2000 1800 1500 260 1600 300 0.55
48 1:10 sP | N2D10 18 17 0.90 740 1350 2000 1350 2000 1800 1500 260 1600 300 0.55
48 1:8 SP N2D 1.8 17 0.90 740 1150 1750 1350 1850 1800 1500 260 1600 300 0.55
49 sP | Nimi6 | 1.8 17 0.90 650 1350 2100 1450 1950 1750 1500 260 1800 300 0.55
49 1:14 SP N1M14 18 17 0.90 650 1350 2000 1450 1950 1750 1500 260 1800 300 0.55
49 1:12 SP | NIM12 | 18 17 0.90 650 1300 1900 1450 1950 1750 1500 260 1800 300 0.55
49 1:10 sP N1M 18 17 0.90 650 1150 1700 1450 1850 1750 1500 260 1800 300 055
50 SP N1D14 20 19 1.00 740 1550 2300 1700 2300 2100 1750 260 2100 300 0.55
50 1:12 sP | NID12 | 20 19 1.00 740 1500 2200 1700 2300 2100 1750 260 2100 300 0.55
150_1:10 SP N1D 2.0 1.9 1.00 740 1350 2000 1700 2100 2100 1750 260 2100 300 0.55
. For bers with 2 or 3 laminations, the shear design value for transverse loads parallel to the wide faces of the laminations, F,,, shall be reduced by multiplying by a factor of 0.84 or 0.95, respectively.

-

. The reference shear design value for transverse loads applied parallel to the wide faces of the laminations, F.,,, shall be multiplied by 0.4 for membefSWith 3, 7, or 9 laminations manufactured from multiple piece
laminations (across width) that are not edge bonded. The reference shear design value, F,,, shall be multiplied by 0.5 for all other members manufactured from multiple piece laminations with unbonded edge
joints. This ion shall be ive with the adj in 1 and 3.

The reference design values for shear, F,, and F,y, shall be multiplied by the shear reduction factor, C,,, for the conditions defined in NDS 5.3.10.

For members greater than 15 in. deep, the reference bending design value, F,, shall be reduced by multiplying by a factor of 0.88.

‘When Western Cedars, Western Cedars (North), Western Woods, and Redwood (open grain) are used in combinations for Softwood Species (SW), the reference design value for modulus of elasticity, E, shall
be reduced by 100,000 psi and E,;, shall be reduced by 52,800 psi. When Coast Sitka Spruce, Coast Species, Western White Pine, and Eastern White Pine are used in combinations for Softwood Species (SW)
reference design values for shear parallel to grain, F,, and F,,, shall be reduced by 10 psi, before applying any other adjustments.

6. Notations: E,,. = Axial moduli of elasticity for use in axial deformation calculation for compression and tension members as defined by NDS 5.2.7 (E,yq is equal to E, .. and E, ... as defined in Tables SA and
5A Extended when layups are used as beams).

0.95 E,i, = Apparent moduli of elasticity in either the X-X or Y-Y direction for use in beam deflection calculations when layups are used as beams.

Eiat min = Minimum axial moduli of elasticity for use in column stability calculations.

“nhw
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3 — Glulam Column

Required: % = 1390 ps
« Capacity for roof LL B = F40 000 e
K=4' Kez:lo

2. Find adjustment factors Table5.3.1  Applicability of Adjustment Factors for Structural Glued
C C C C — ' Laminated Timber
D ¥M p
/ ASD ASD and LRFD LRFD
only only
Co = 125 (Fr Le) 5los] 8|3 - EAE A
- | 2| 2| S| g Bl 2ls |5 |s| Bl el 2
(Ne C. Foe F, CRIEIEIE I IR AR AR IR
% 2 @ 2 & g | £ | = ] £ £ & )
| 2| Bl §| 2| | 3 |sg|s| 5| 8| & &
i< ] 2 & & s R =
K]: ¢
- = — F,=F, x |Cp Cu G C. Cy Cu C. C - - - 254085 3
CM - Ct - 1 T
Fi=F x [f€giCu C - - - - - - -« - 2/0:0.80:s
F,=F, x |[Ch Cv C - - - - - Cy - - 288075
Fi=F: x [Gp G CF - - - - - - - - 288075 A
—> F,=F x |C Cy C - - - - - - @ - 240090 2
Fy=Fyx |- Cu C - - - - - - - C 16709 -
E=E x [t Cu C - - - - - - - - gbsgaean
Emin =Emnx | = O C - - - - - - - - 176085 -
1. The beam stability factor, C,, shall not apply simultaneously with the volume factor, C,, for structural glued laminated timber bend-

ing members (see 5.3.6). Therefore, the lesser of these adjustment factors shall apply.
2. For radial tension, F,, the same adjustment factors (C,, and C) for shear parallel to grain, F,, shall be used.
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3 — Glulam Column HE Lz
3.5"x71.5"

3. Calculate Cp A= 126.25u%
= 1390 psy
. 0-822 (4o 000 by
Re = ¢ =i > = 143% ¢, B = F40 000 Tar
zo.v K<l' Ke=lo

c

= 9/1 (Growmt)

Ce = 0.694

4. Determine F'c by multiplying the tabulated Fc by all
the determining factors ¢,

c Ce
£' = 1350 (125 0.694) = Ul psy )
O — < 2

ey

5. Set the actual stress = allowable F’'c = P/A
6. Solve for capacity, P =F'c A

Cur = Fo A = (171 (20.25) = 20742 1as
FaVaYa Vo o
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4 — Built-Up Column

15.3 Built-Up Columns

15.3.1 General

The following provisions apply to nailed or bolted
built-up columns with 2 to 5 laminations in which:
(a) each lamination has a rectangular cross section
and is at least 1-1/2" thick, t > 1-1/2".
(b) all laminations have the same depth (face
width), d.
(c) faces of adjacent laminations are in contact.
(d) all laminations are full column lengfh,
(e) the connection requirements in 15.3.3 or 15.3.4
are met. AC Boor
Nailed or bolted built-up columns not meeting the
preceding limitations shall have individual laminations
designed in accordance with 3.6.3 and 3.7. Where indi-
vidual laminations are of different species, grades, or
thicknesses, the lesser adjusted compression parallel to
grain design value, F., and modulus of elasticity for
beam and column stability, E,', for the weakest lami-
nation shall apply.
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4 — Built-Up Column

University of Michigan, TCAUP Arch 544
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4 — Built-Up Column

Required:
« Capacity
1. Calculate slenderness ratio I./d

largest ratio governs. Must be < 50
If the slenderness across the lams (l,/d,) controls

then use@/vith C, —

Find adjustment factors
Cp Cy C,Ce C

Calculate Cp. If controlling slenderness is |,/d,, use K;

Determine F’c by multiplying the tabulated Fc by all
the above factors. F’c need not be smaller than case
1 above (individual unfastened lams)

Set the actual stress = allowable F'c = P/A

Solve for capacity, P = F'c A

University of Michigan, TCAUP Arch 544
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Figure 15B

Up Columns

Mechanically Laminated Built-

4 — Built-Up Column

Nailing criteria 15.3.3

Figure 15C Typical Nailing Schedules for Built-Up Columns
ya &ﬁ

7 : A
i s

|

e A i

| & é'
4 |
pe = 2‘4"—\J5

i T =
|V il g

D%‘J o

=
15" %

N

Three 2"x 4" laminations with one
row of staggered 30d common wire
nails (D = 0.207", L = 4-1/2")

Two 2"x 4" laminations with one row of
staggered 10d common wire nails
(D=0.148", L = 3")

University of Michigan, TCAUP
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Three 2"x 6" laminations with

two rows of 30d common wire
nails (D = 0.207", L = 4-1/2")

“"\I/M
D= N&rC prans.

15.3.3 Nailed Built-Up Columns

15.3.3.1 The provisions in 15.3.1 and 15.3.2 apply

to nailed built-up columns (see Figure 15C) in which:
(a) adjacent nails are driven from opposite sides of

the column - =

(b) all nails penetrate all laminations and at least
3/4 of the thickness of the outermost lamination

() T5D < end distance < 18D

(d) 20D < spacing betwoen adjacent nails in a
row < 6ty

(e) 10D < spacing between rows of nails < 20D

(f) 5D < edge distance < 20D

(g) 2 or more longitudinal rows of nails are provid-
ed where d > 3ty

where:

D = nail diameter

—_—

d = depth (face width) of individual lamination
tmin = thickness of thinnest lamination

Where only one longitudinal row of nails is re-
quired, adjacent nails shall be staggered (see Figure
15C). Where three or more longitudinal rows of nails
are used, nails in adjacent rows shall be staggered.

Arch 544 Slide 17 of 33
4 — Built-Up Column  Naili iteri
2x4 Bullt=Up Column Min 2x6 Bullt=Up Column
Compression Compression Compression Compression
Load, Fc' Load, Fc' Load, Fc' Load, Fc'
1% 1% 1% ¢ 1%
] - Edge Edge Edge Edge
‘ | Distance ‘ Distance & -~ Distance ‘ b= Distance
kY TYP VA TYP 3% TYP kA TYP
End End End End
Distance Distance Distance Distance
T | 1 r |
SDW Screw SDW Screw
Hromced Unoeaoed _{/ Installed from e brisrinny ¥/ Installed from
Length, le @ Length, le Opposts Side Length, le e e Length, le . Opecelie Side
— SDW Screw |~ SDW Screw - SDW Screw SDW Screw
A T2ty 3" for 2-Ply ‘ o 3" for 2-Ply | e/ 3" for 2-Ply
T b 4% for 3-Ply —‘——Q/ &% for 3-Ply ] 4%" for 3-Ply —+ 4% for 3Ply
. . Spacing! 6" for 4-Ply Spacing: 6" for 4-Ply
Spacing: Spacing: 6" for 2P 6" for 2-Ply
6" for 2-Ply 6" for 2-Ply 5 v 5
8" for 3-Ply 8 for 3Pl 8" for 3-Ply 8" for 3-Ply
Y 8" for 4-Ply 8" for 4-Ply
! e R e T +
@ ® ® @ + e
1%l || 1% —{ I_._
Edge Edge
Distance Distance
e ¢ e + 0. @ ® +
SDW Installation on One Slde  SDW Installation on Both Sides SDW Installation on One Side SDW Installation on Both Sides

Figure 5. Fastener Schedule for Built-Up Columns Fastened with Strong-Drive® SDW Truss-Ply

University of Michigan, TCAUP
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Screws.
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4 — Built-Up Column

Required:
» Capacity for roof LL

1. Calculate slenderness ratio I./d
largest ratio governs. Must be < 50

Ke = é' = 7Z"
StedoerNESS Y-Y

72"
Ke fre | 4

-

t:!: 3"'5,_

2. Find adjustment factors (C,,=C,=C;=0)

Cp =125 (G L)
Ce =l.o5 (FeaE )

University of Michigan, TCAUP Arch 544

HEM-FR W°®Z
Zx 15x125"

A = 10.88 .5 (cAcd)
F. =130 pst
(e 410600 ps

j’é' Ke= lo

ad;aoenl

Slide 19 of 33

4 — Built-Up Column
3. Calculate Cp

. 1+(ch/F3)_JF*(ch/FJ)TﬁE/FJ (15.3-1)
[o]

2c 2¢c

where:

Fc* = reference compression design value parallel
to grain multiplied by all applicable modifica-
tion factors except Cr (see 2.3)

)

_ 0.822E,

Fee

2
¢, /d)
Kr or built-up columns where €e2/d2 is used

to calculate Fce and the built-up columns are
nailed in accordance with 15.3.3

K¢ = 0.75 for built-up columns where €e2/d2 is
used to calculate Fce and the built-up col-
umns are bolted in accordance with 15.3.4

—_—

K: = 1.0 for built-up columns where €e1/d1 is used
to calculate Fee and the built-up columns are
either nailed or bolted in accordance with
15.3.3 or 15.3.4, respectively

¢ = 0.8 for sawn lumber

¢ = 0.9 for structural glued laminated timber or
structural composite lumber

University of Michigan, TCAUP Arch 544

HEM -FAIR WH°Z
Zx 15xt2s"

A = 10.88 .8 (cAcu)
F. = [3c0 fst
B = 4F0000 psi

_,?:é' ICe= Lo

Slide 20 of 33




4 — Built-Up Column

3. Calculate Cp

Ce
l<F 2 Oclo
FcE L (47 000 ) =z GTF0.7 ps
24" '
FY = 1300(12% 1.07) = 170G s
fiE; = 0. 39
Fe

C -0-8 (SAwu LoMBER )

HEM-FR W°®Z
Zx 15xtes"

A = 10.88 i (E/Lcus
F. =z 1300 s
Ern = 410600 ps

j’é' Ke= lo

1
Ce? o gl 1+ @39 1+039\% ©.39
2(0.8) 2(0.%) o:®
Cp = ©.21L5
-
University of Michigan, TCAUP Arch 544 Slide 21 of 33
4 — Built-Up Column e -Fir, W2

Zx 1Lix1ls

4. Determine F’c by multiplying the tabulated Fc by all
the determining factors

Ce Cp
Fl = nsoo(l 25 Los 6.212 ) 2342.6 psi

4. Set the actual stress = allowable F'c = P/A
5. Solve for capacity, P=FcA

Foax = FL A = 3626(21733 m

University of Michigan, TCAUP Arch 544

A = lo.aé - (EACUS
F. =130 pst
EMM :47‘0000 Fst

j’é' Ke= lo
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4 — Built-Up Column

Nailing requirements for 2 2x8’s

(a) adjacent nails are driven from opposite sides of b) % (Ls “y o |15

the column 9 - "
(b) all nails penetrate all laminations and at least Mis. NAIL tewarid = |67+ 111287 = 2,628
3/4 of the thickness of the outermost lamination USE o commMen L=3" pc-oids”
asiceli o]
Table L4 Standard Common, Box, and Sinker Steel Wire Nails12
L ' ' L ‘ . A
. * ; Lh; * ‘ D = diameter, in.
H [ H | I —B= L = length, in.
F Lo F o H = head diameter, in.
Common or Box Sinker
Pennyweight
Type 6d 7d 8d 10d 12d 16d 20d 30d 40d 50d 60d
L 2 | 2v4 | 212 | |34 |32 4 |42 ] 5 |12 | 6
Common D 0.113 | 0.113 | 0.131 M 0.148 | 0.162 | 0.192 | 0.207 | 0.225 0.244 | 0.263
H 0.266 | 0.266 | 0.281 0.312 | 0312 | 0.344 | 0.406 | 0.438 | 0.469 0.5 0.531
L 2 2-1/4 2-12 3 3-1/4 3-172 4 4-1/2 5
Box D 0.099 | 0.099 | 0.113 | 0.128 | 0.128 | 0.135 | 0.148 | 0.148 | 0.162
H 0.266 | 0.266 | 0.297 | 0.312 | 0.312 | 0.344 | 0.375 | 0.375 | 0.406
L 1-7/8 2-1/8 2-3/8 2-7/8 3-1/8 3-1/4 3-3/4 4-1/4 4-3/4 5-3/4
Sinker - D 0.092 | 0.099 | 0.113 | 0.12 | 0.135 | 0.148 | 0.177 | 0.192 | 0.207 0.244
H 0.234 | 0.250 | 0.266 | 0.281 0312 | 0.344 | 0375 | 0.406 | 0.438 0.5

1. Tolerances are specified in ASTM F1667. Typical shape of common, box, and sinker steel wire nails shown. See ASTM F 1667 for other nail types.
2. It is permitted to assume the length of the tapered tip is 2D.

University of Michigan, TCAUP Arch 544 Slide 23 of 33

4 - BU | |t'U p COI umn ‘/(a) adjacent nails are driven from oppbsite sides of
- . ) the column
Na”mg requirements for 2 2x8’s 7 (b) all nails penetrate all laminations and at least
3/4 of the thickness of the outermost lamination
(c) 15D <'end distance < 18D
(d) 20D < spacing between adjacent nails in a
I'WS 6tmin
(e) 10D <’spacing between rows of nails < 20D
(f) 5D < edge distance < 20D
(g) 2 or more longitudinal rows of nails are provid-
ed where d > 3ty

D) % (L5 = Lies”
Mis. NAIL Lgueridz 1§74 L1es*=2.628"
LSE o cattyed L=3" p=zeoids”
2- %
¢) Isp =2.22" 18p=2.c64"

-

USE EMD DISTARCE = 2.4

A 2ov =2.%" (tmn=6015)=9"
Row SPAcig ~useE 87 —

285
PN & e) op= 145" z2ov=2.9"
DISTA+ICE BLTWeEN NAILS
f_". use Z-ls”\z_,,.
" f somod wpezac
= '1 " EpaL PIsTANCE ~ vsE 2.8 "
2.5V A

A= 3) 3w =3(1.6) 452725
Z.g.n Zol,” 2’5.11

] £ 2 LomgiTupiNAL Rews
-—
University of Michigan, TCAUP Arch 544 Slide 24 of 33

- v




4 — Built-Up Column

Bolted Provisions

—_—_—

15.3.4 Bolted Built-Up Columns

15.3.4.1 The provisions in 15.3.1 and 15.3.2 apply

to bolted built-up columns in which:

(a) a metal plate or washer is provided between the
wood and the bolt head, and between the wood
and the nut

(b) nuts are tightened to insure that faces of adja- ‘
cent laminations are in contact e

(c) for softwoods: 7D < end distance < 8.4D ¢, ol R

for hardwoods: 5D < end distance < 6D syfgm /
(d) 4D < spacing between adjacent bolts in a ’

row < 6ty S
(e) 1.5D < spacing between rows of bolts < 10D o, Spacing betwos 4
() 1.5D < edge distance < 10D m{s‘: 1
(g) 2 or more longitudinal rows of bolts are pro-

t

vided where d > 3t ] °
where: 0

D = bolt diameter

= depth (face width) of individual lamination dzﬂj

J d’\V

tmin = thickness of thinnest lamination
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4 — Built-Up Column

Bolted Provisions

15.3.4 Bolted Built-Up Columns Figure 15D Typical Bolting Schedules for

Built-Up Columns

15.3.4.1 The provisions in 15.3.1 and 15.3.2 apply

to bolted built-up columns in which:

(a) a metal plate or washer is provided between the
wood and the bolt head, and between the wood
and the nut

(b) nuts are tightened to insure that faces of adja-
cent laminations are in contact

(c) for softwoods: 7D < end distance < 8.4D
for hardwoods: 5D < end distance < 6D

(d) 4D < spacing between adjacent bolts in a
row < 6ty

(e) 1.5D < spacing between rows of bolts < 10D

(f) 1.5D < edge dISt.anC,e <10D Four 2" x 8" laminations (softwoods)

(g) 2 or more longitudinal rows of bolts are pro- with two rows of 14" diameter bolts.
vided where d > 3t

where:

D = bolt diameter
= depth (face width) of individual lamination

tmin = thickness of thinnest lamination

University of Michigan, TCAUP Arch 544 Slide 26 of 33




5 — Spaced Column

Typical shear plate
connection in end block
of spaced column

University of Michigan, TCAUP
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5 — Spaced Column

Required:

—

o

o

Capacity

Determine end fixity condition
Calculate slenderness ratios:
l,/dy <80 -

l,/d, <50 -

l3/d, < 40

Find adjustment factors
ChrCyC,CcC, -

éA \
) ) N
Typical shear plate /

“« . connection in end block ﬁg
a’or‘b of spaced column
»
S0 —

Calculate Cp. Q‘, is based on end condition “a” or “b”

Determine F’c by multiplying the tabulated

Fc by all the above factors.
Set the actual stress = allowa

Solve for capacity, P =F'c A

13

University of Michigan, TCAUP

Condition "a": end distance < €,/20

€, and ¢, = distances between points of lateral support in planes 1 and 2,
measured from center to center of lateral supports for continuous spaced
columns, and measured from end to end for simple spaced columns, inch-
es.

ble F’C = P/ A €, = Distance from center of spacer block to centroid of the group of split
ring or shear plate connectors in end blocks, inches.

d, and d, = cross-sectional dimensions of individual rectangular compres-
sion members in planes of lateral support, inches.

Condition "b": €,/20 < end distance < £,/10
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5 — Spaced Column

Required:

» Capacity for roof LL

1. Assuming end condition “b”
72/10=7.2"

2. Calculate slenderness ratios:

4

-‘I' 4

—

b -73 o =11<50 7
..Z%. = e
34‘ - /b,h-l‘?.Z(‘Jo

3. Find adjustment factors

HEM -FIR H°2
Zx lix#25" T

/q_ 72"
A = 10.88 .5 (Gheu)

2P

N | End Biock
F. = 1300 psi l ¢,|28.8"
Emm = 410000 ps 72" ¢, > )
j’ é' Ke= lo 9 . _//Spacelﬂw
€1 ‘EM
ﬁ = Z—Z-' =3 61/ ) | _Condition 'b"
Zo Zo N | b By
7 "
L. F2_ 12" % ‘ 7.2
Zlz — = 7.25 _—
io Y

Condition "a": end distance < €,/20 54
€, and £, = distances between points of lateral support in planes 1 and 2,

measured from center to center of lateral supports for continuous spaced
columns, and measured from end to end for simple spaced columns, inch-
es.

(CM = Ct = Ci = 0) €, = Distance from center of spacer block to centroid of the group of split
. ring or shear plate connectors in end blocks, inches.
CD CM Ct CF C' d, and d, = cross-sectional dimensions of individual rectangular compres-
= .25 A sion members in planes of lateral support, inches.
LV 1.z ( = L’.) Condition "b": €,/20 < end distance < €,/10
Ce =1.05 (FR E ) +z
University of Michigan, TCAUP Arch 544 Slide 29 of 33
5 — Spaced Column |, - 082K En HEM-FR H°Z
"o
(€. /d) Zx L5x125

4. Calculate Cp

@ (co'-lmﬂo)-l ”b“)

Kx = 2.5 for fixity condition “a”
= 3.0 for fixity condition “b”

c
F* 130o(rzf !o{) 1706 p>.
E - 0.522 Ky Epy’ ’a-SZZ(.?.o)(‘{?aooo) - 503
€E </Pe/d)7' z. rst
503 EASER IR Y
Fc%* - %,,4, = 0.29 2 58
- £ ¥ . e’

Cr = ©0 214

5. Determine F’c by multiplying the tabulated Fc by all
the determining factors

F'c';lg‘” 125 (.05 0274)=4['7.7f95t

6. Setthe actual stress = allowable F'c = P/A
7. Solve for capacity, P = F'c A

Puac = Fe A 246171 (2175)= 10173 18

University of Michigan, TCAUP Arch 544

y il A

A=l0.88 CEAC‘JB .
F. =130 pst
B = 4F0000 psi

A17.25"
<
% | | End Block
T
I ¢,28.75"
B
7
o) % | |- Spacer Block
I e‘ 7211
X
o) &\\ i
k \\ End Block
4, W 7 25
725'&\ o
d1
15"
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combined

N2
Ny

University of Michigan, TCAUP

yi

solid

Arch 544
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Built-Up Column

capacity example

3X 2x6_(1.5x55) S-P-F No.2
Fc = 1150 psi =

Emin = 510000 psi M¥3
height =10 ft Ke = 1.0

Cp (snow) = 1.15
Ce=11  —

/@A = 'Z%.s” = 26,67

3.9

University of Michigan, TCAUP

Arch 544
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Built-Up Column

capacity example

3X 2x6 (1.5x5.5) S-P-F No.2
Fc = 1150 psi
Emin = 510000 psi

height = 10 ft Ke = 1.0

Cp (snow) = 1.15
Ce=1.1

University of Michigan, TCAUP

Cp
£ o.871(510000) 589.5 s
cEn s 26.67°
'c* = 150 (115 110) = 1454'?,131
Fee 589.5  _ 4
= = O.AH409
Fr T Tded g
c = 0.6
K¢z o.6 (Naweo)
Coz ©:6 L+ 0407 ]/-1 ro405\2 0. 405 !
r 2(0-8> 2 (0.2) o.8
Cep= 0., u8
e

Fl = ligo (115 Lio 0.218) = 3134 psi

fuac = FEA = 311.4 (24.%\ = 7656 e

TRE, AREA = 18'% ¢ '= 108 <¢
ToTAL LoAw cAfhciTy = ?8%105 = 72.7 PoF
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