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Architecture 544

Wood Structures

Box Beams

• General Shear Stress Equation

• Shear on Common Sections

• Examples
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Homework problem – Beam Design
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Box Beams

Box beams are built-up beams using 
dimensioned lumber (2x4 or 2x6) and 
panels (generally plywood)

The box is framed with the lumber and 
the sides are skinned with the panels.

The horizontal top and bottom flanges 
are continuous members as are the 
vertical ends and internal web 
stiffeners.

The flanges carry the tension and 
compression couple (the flexural 
moment) and the panels carry the 
shear force.

The internal vertical members brace 
and stiffen the panels.
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Box Beams
Advantages

• low cost – economic alternative to 
steel or glulam

• good stiffness and strength

• light weight

• minimal shrinkage, warping or 
twisting

• ease of fabrication

• material availability

• speed of installation 

• can be insulated if desired



Box Beams
APA design with tables
• choose span
• run down column to find 

passing capacity
• find cross section A, B or C
• find Panel Specifications: 

thickness in x/32” and rating 
(rafter o.c. / joist o.c.)

Z416T 
2009

Box Beams APA design with tables (Z416T 2009)

Table assumptions:
• DF - No1 or SP - No1
• panels: APA – expos. 1  4- or 5-ply or OSB
• deflection less than L/240 (total load)
• nail size – 8d common
• nail spacing:

– flanges 1 ½” o.c. 
– may be doubled in middle half of span
– end stiffeners 1 ½” o.c.
– mid stiffeners 3” o.c.
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Box Beams
APA design with tables

web panel joint and stiffer layout

flange members are continuous
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Box Beams
Example:

APA Z416T design with tables

garage door header using 2x4s
span = 18 ft
factored projected roof load = 35 psf
(DL 10 psf + SL 25 psf)

Load on beam:

35 psf x 20 ft / 2 = 350 plf
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Box Beams
APA design with tables
Example:

Load on beam:

35 psf x 20 ft / 2 = 350 plf

Choose beam:
follow the 18 ft span column
no 12” or 16” deep sections work
20” with 367 > 350+15 plf works
or
24” with 413 > 350+13 plf works
both options use section “B”

20” deep:
23/32” 48/24 panel and DF No1 

or
24” deep:
15/32” 32/16 panel and DF No1

In this case the 24” section uses a 
thinner and lower rated panel and so 
would be less costly. If the additional 
depth were a concern the 20” beam 
could be used.
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Box Beams
NDS analysis 
Based on the previous example 
find the maximum load capacity.

Load on beam:

D+S = 35 psf x 20 ft / 2 = 350 plf
CD = 1.15

Box Beam Section:

• Douglas Fir No1

• G = 0.5

Nails:

• 8d common

• spacing, s 1 ½” o.c. flange and ends,  3” o.c. web stiffeners

• rows of nails, R = 2 per web per flange (8 total top and bottom)

• allowable load per nail, Fn = 74 lb/nail

• number of webs, Nweb = 2
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Box Beams
Nails:

• 8d common

• allowable load per nail, Fn = 74 lb/nail
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Box Beams
NDS analysis 
Based on the previous example 
find the maximum load capacity.

Box Beam Section:

Webs:

• depth of section, h = 24 in

• thickness 15/32 = 0.46875 in

• grade and rating:  APA Rated Sheathing 32/16 4-ply Exp. 1

• number of webs, Nweb = 2

• axial Stiffness, EA = 4,150,000 lbs/ft width (Panel Design D510)

• bending thickness, tpar = EA/(E 12) =4150/(1700 12) = 0.2034 in
based on transformed area normalizing E for flange and web.

• shear capacity Fvtv = 81 lb/in each web

Flanges:

• 2x4 Douglas Fir – Larch   No. 1

• continuous, no but joints. 2 pcs per flange

• depth of flange, d = 3”

• width of flange, b = 3.5”                   CF

• allowable tension stress, Ft = 675 (1.5) = 1012.5 psi

• Stiffness, E = 1700000 psi
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Box Beams
Douglas Fir – Larch  No.1 E = 1700000 psi  (NDS Supplement 2018)

15/32” 32/16 panel    EA = 4,150,000 lbs/ft width (APA D510)
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Box Beams
15/32” 32/16 rated panel, 4-ply      Fvtv lbs/in width (APA D510)

Fvtv = 81 lbs/in
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Box Beams

Section Properties:

Moment of Inertia, I
If = 3.5 (243 – (24 – 6)3 /12
If = 2331 in4

Iw = 2(0.2034  243) / 12
Iw = 468.6 in4

Itotal = 2331 + 468.6 = 2800 in4

Statical Moment of Area, Q
Qf = 3.5  3 (24 – 3) / 2 
Qf = 110.25 in3

Qw = 2 (0.2034 242) / 8
Qw = 29.29 in3

Qtotal = 110.25 + 29.29 = 139.5 in3
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Transformed Section

equations from APA-H815:

Box Beams

Section Capacities:

Max. Moment
F = Mc/I
M = Ft If / (h/2) (12)
M = 1012.5 lb/in2 (2331 in4) / ((24 in / 2) (12 in/ft))
M = 16390 ft-lb

Max Web Shear
Fv = VhQ/Ib
Vh = (Fvtv) It (Nwebs) / Qt
Vh = (81 lb/in) 2800 in4 (2) / 139.5 in3

Vh = 3252 lbs

Max Nail Shear
Vn = Fn It (Nwebs) (Rows) / (spacing Qf )
Vn = 74 lb/nail  2800 in4 2  2 / (1.5 in/nail 110.25 in3)
Vn = 5011 lbs

Stiffness
EI = E It = 1700000 2800 = 4,760,000,000.

University of Michigan, TCAUP                                                                   Structures I                 Slide  16 of 18



Box Beams
Allowable Uniform Load (D+S)

Bending
M = wbL2/8
wb = M (CD) 8 / L2

wb = 16390 ft-lb (1.15) 8 / (18 ft )2 = 465 plf

Web Shear
Vh = wv L / 2
wv = Vh (CD) 2 / L
wv = 3252 lbs (1.15) 2 / 18 ft = 415 plf

Nail Shear
Vn = wn L / 2
wn = Vn (CD) 2 / L
wn = 5011 lbs (1.15) 2 / 18 ft = 640 plf

Deflection
Δ = 5 K w L4 / (384 EI)
Δ = 5 (1.5) (415) (18)4 (1728) / (384 4,760,000,000) = 0.31 “
L/360 = 18(12)/360 = 0.6”

K factor for deflection in composite panel section (from APA testing)
for L < 14 ft K = 2.0, else K = 1.5
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Box Beams
span: 8 ft depth: 12”
flanges: 2x4 S-P-F No2
webs: ¼” 3-ply plywood
nails: 8d common at 3” o.c.

Capacity:

4000 lbs first cracking
8000 ft-lbs

5000 lbs ultimate
10000 ft lbs
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Box Beams
Initial failure: web shear
further failure: nail pull out and head

pull through
ultimate failure: tension flange
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