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Learning Objectives

Identify the versatility and range of
applications for post frame (PF) building

systems

Identify the structural features that make PF
building systems unique

Identify the available resources for design of
PF building systems

Identify key performance characteristics of PF
building systems

Identify the two primary post frame
construction systems

Post-Frame Community
Buildings



Post Frame Construction Types —
Agricultural/Horse

Typical Post and Beam
Construction - Elevation

Girder /
(Beam)
Pinned / Post Floor
/ Connection

! Concrete Pier

Continuous Footer
or Pier Foundation
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+ Building Types — Housing

Post Frame Buildings Defined

* Post Frame systems are different from
traditional Post and Beam construction

= The differences are illustrated in the
following series of sketches

Traditional Post and Beam
Construction 7 Plan View



Pictorial of a Typical Post Frame
Building System
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Alternative Post Foundations

Cross Section of a Typical Post
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Wood Sidewall Posts

= Usually Wood Posts

= Either Solid-Sawn, Glue-Laminated or
Mechanically (Nail)-Laminated

= Typically nominal 6x6, 6x8, 8x8, or 8 x 10
cross section

= Usually spaced 4, 6, 8, 12 or 16 ft. on center
along sidewall

= Portion of post embedded into ground (plus
6to 12 inches above ground) is preservative
treated
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Typical Post Frame Plan View

Purlin

Girder (Header)

Clear Span Truss

P-F Building System Features

= Wood Sidewall Posts
= Wide Bay (Post) Spacing 7 8 ft. and greater
= Large Clear Spans i Over 100 ft.

= Embedded Wood Post or Concrete Piers
Serve as Building Foundation

= Attached Wall and Roof Sheathing/Cladding
form Structural Shearwall/Structural
Diaphragm System for Lateral Loads

Wood Sidewall Posts

= Spliced Glued-Laminated
Post:

-3 or 4 ply, fabricated
with 2x lumber

- lower portion
preservative treated;
upper portion
untreated



Wood Sidewall Posts

Nail-Laminated
Posts with Treated
Bottom Spliced to
Untreated Top

Preservative
== Treated Splash
Board

Pressure Preservative
Treatments

For posts
embedded in
ground, specify
treatment for
Use Category
UCA4B or better
per AWPA-U1-
09 for ground
contact, e.g.;
CCA@0.60 pcf

Post Foundation Options-
Embedded Treated Posts
Nail-Laminated Posts-

Preservative Treated Section
Spliced to Untreated Portion

Wood Sidewall Posts

Nail-Laminated Posts attached to pre-cast
concrete pier foundation above ground line

Untreatgd Post

'

I..

Post Foundation Options

= Preservative treated post embedded directly into

ground

= Pre-cast reinforced concrete piers
= Cast-in-place concrete piers, foundation walls, or

thickened slabs

= Wood protection systems for embedded wood

posts

— High density polyethylene plastic barriers
— Blow molded plastic barriers

— Polyethylene sleeves and footing forms

— Asphalt and polyethylene based wraps

Post Lateral Resistance
Constrained Post

Constrained
posts are
restrained from
lateral
displacement
at the ground
line by the
floor slab and
mechanical
connectors

Ground Level

Resultant
Soil Force

- S 5
Soil forces ~
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Post Foundation Options
Pre-cast R/C Column

Post Lateral Resistance i
Unconstrained Post

* Pre-cast reinforced concrete
pier w/ post attached above
grade

Ma

Unconstrained Y
posts are not [
prevented from ; i force
displacing

horizontally at [ zecuan

* Entire assembly
pre-engineered

Rotation axis

* Assembly usually fabricated &

the ground ling | soiforce 2

Post Foundation Options
Pre-cast R/C Column

— LAMINATED
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Connection ‘ coiun |
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S Reinforcement
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details
for a typical

pre-cast

reinforced
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post foundation
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Post Foundation Options
Cast-in-Place Concrete Foundation
Wall

* Post attached to 6
inch, or wider, cast-
in-place concrete
foundation wall

*Solid-sawn, nail-
laminated, or glued-

| laminated posts
attached to top of
foundation wall 18 to
24 in. above grade and
are usually untreated

Untreated Post

Connection Hardware
L _

in factory and shipped to
site as a single unit

Post Foundation Options
Cast-in-Place Qoncrete Pier

* Post attached to top of
embedded cast-in-place
concrete pier above ground
line

Connection must be designed
to transfer the shear and
moments from the post-frame

Pier embedment and lateral
soil resistance distribution
similar to that for a post
embedded directly in the
ground

Post Foundation Options
Thickened Concrete Slab

*Post set on
thickened
edge of a
concrete floor
slab

Thickened
portion of slab
reinforced

|
T

Post typically
untreated




Post Foundation Options i
Thickened Concrete Slab

Post Foundation Options 1
7 rProtective Post Covers

. HDE plastic barriers

*Resistant to moisture,
organic matter, and
many chemicals
(including wood
preservative
treatments)

‘fEnhances t
1 protection of copper-

based chemical-treated

wood posts and

|l aminated co

Roof Framing

Setting pre-
engineered
wood

trusses for
atypical PF

% Sidewall Post Connected :
Directly to Trusses
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Post Foundation Options i
- Protective Post Covers

* Blow-molded plastic barriers

* Provides moisture and insect

protection

*AEnhances protecition

based chemical-treated wood posts or
Il aminated col umnso

Roof Framing

Pre-engineered metal plate connected 2x
lumber trusses typically spaced 4 to 8 ft. on
center (sometimes double trusses used on
wider clear spans)

Heavier timber (solid sawn wood or glulam)
trusses for larger post and truss spacings

Solid sawn wood rafters spaced 2 to 4 ft. on
center for shorter clear spans

Glulam or SCL rafters for larger rafter
spacings or clear spans

Post to Roof Framing
Connections

= Posts connected directly to the roof
framing if post and roof framing spacing
are the same

= Posts and roof framing often connected

Y to header beams if post and roof framing

spacing are not the same



Post to Roof Framing Connection

- Typical
connection for
a nail-laminated
post to truss
connection

| *Connection is
usually a
pinned
connection

Post to Roof Framing Connection

Post to truss
connection
for a nail-
laminated
post
application
—

Post to Roof Framing Connection

Schematic of typical
connection details

*Truss to header (girder)
| ‘Header (girder) to roof
truss
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Post to Roof Framing Connection

Post to truss
connection
for a nail-
laminated
post

| application
—

Post to Roof Framing Connection

Typical post
to truss
connection
details for a
solid sawn
post
Connection application

Connection with truss
with truss bearing on
fastened to side notch in

of post and with post
bearing block

Post to Roof Framing Connection

Typical roof
framing to
header
connection
detail with
blocking
placed
between
[EIEULE]
header
(girder)
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Roof Purlins Roof Purlin Placement

*Purlins oriented

= Roof Purlins flat edgiy
. . depending upon
- Typically 2 x 4 or 2 x 6 solid sawn truss and purlin

| umber pl aced-efifgleat spacing

top of trusses or rafters or between Purlins placed
either on top or

rafters or upper chords of trusses T
truss top chords
or inset between
roof rafters

Roof Framing and Purlins Wall Girts

-'7ypically 2x4 to 2 x 8 solid sawn Iuimber spaced 24
to 32 in. apart

Typical post
frame

system X
showing pre- \ N ) =y = Placement and orientation:

engineered o ‘. -Oriented Afl ato on out g

roof trusses i i
attached to - post (For smaller post and girt spacings and

post and roof . P et - R ] LEGE))
purlins - : 3 -OR -
attached to :

top of the = . o
trL?sschords " _'" bl U -Ori ent eedd giieocon bet ween ad

(For larger loads and/or post or girt spacings)

Common Sheathing Options Wall Girts and Sheathing

Typical
wall girt
and metal
sheathing
application
to post
frame
building
system

= Ribbed metal sheathing-26 to 29 gauge

= Wood structural panels




Wall Girts and Sheathing

Post frame
system with
wall girts and
wood
structural
panel
sheathing
attached

Truss Bracing

» Guide to Good Practices for Handling,
Installing, Restraining & Bracing of Metal-
Plate Connected Wood Trusses (WTCA &
TPI)

-B1 and B3, Summary sheets with info
for handling and bracing trusses

-B10, Summar y S hkane
Truss Installation and Temporary
Restraint/ Bracingo

PF and Energy Efficiency

» Wall and roof
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Secondary Framing-Bracing

Corner bracing in upper chords of trusses

Diagonal bracing for lower chords of
trusses

Lower chord stiffeners for trusses
X-bracing of selected compression webs

Continuous longitudinal bracing of long
compression webs and chords of trusses

PF and Energy Efficiency

PF buildings exceptionally easy to insulate
to higher levels (R =20 to > 35) required by
energy codes with wide range of typical

batt, blown in, or board insulation materials

- Large on center of posts (4 to 10 ft. 0.c.)

- Large wall cavity thickness (6 to 10 inches
typical) are inherently built into PF without
special features

PF and Energy Efficiency

framing : Thicker wall
members cavities

typically spaced £ ¥ < T inherently
4 to 16 ft. o.c. | § ; ) available due to
: use of nominal

Fewer breaks in 6x to 10x posts
thermal - : in sidewalls

insulation barrier




PF and Energy Efficiency

= Thermal bridging effects minimal in PF

- Large spacing (4 to 10 ft.) between wall
posts

- Thermal resistance of the 6 to 10 inch
wood post at insulation breaks is
significant (R = 7.5 to 12.5)

Key PF Technical Resources
from NFBA

. Structural design
procedures for
PF building systems

* Cost: $150 (Non-
member) $50 (Design
Professional
Member of NFBA)

Key PF Technical Resources
from NFBA

= Accepted Practices for Post-Frame Building
Construction: Framing Tolerances ($15)

= Accepted Practices for Post-Frame Building
Construction: Metal Panel and Trim
Installation Tolerances ($35)

= Post-Frame Construction Guide ($4.50)
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PF and Code Compliance

= PF foundations included in Chapter 1800 of
IBC 2006/2009 (Lateral soil resistance and
wood preservative treatment requirements)

= Key PF diaphragm design and other
practices from the American Society of
Agricultural and Biological Engineers
(ASABE) cited in Sections 2306.1 of IBC
2006/2009)

Key Engineering Practices for PF

* ASAE (ASABE) EP 484, Diaphragm Design of
metal-clad, post-frame rectangular buildings

* ASAE (ASABE) EP 486, Shallow post foundation
design

» ASAE (ASABE) EP 559, Design requirements
and bending properties for mechanically
laminated columns

Durability and Reliability Issues

-7Wit7h;;)-perly desigﬁed and irTstaIIed post
foundations, durability of post frame equals that of
any well engineered wood framed building system

- Key to durability is to specify
appropriate preservative treatment
systems for all wood in ground contact

- or to use one of the post foundation
options that eliminates ground contact for any
wood structural elements

10



Durability and Reliability Issues

PF buildings are durable and reliable if:

- designed by a qualified design
professional

- constructed by an experienced PF
contractor

- constructed in compliance with the two
previously cited construction tolerance
guidelines published by NFBA

Post/Pier Embedment
Design/Construction Considerations

= Post embedment details must resist:

- Shear force and moments from
lateral loadings

- Uplift post loads

- Downward acting gravity loads
(Nothing unique to post-frame)

Post/Pier Embedment
Design/Construction Considerations

*Mass of soil in ol e
shaded truncated Ny

cone resists post I‘
withdrawal due to

uplift forces

*Post must be
N mechanically
attached to the thtan
collar or the
footing
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Post/Pier Embedment
Design/Construction Considerations

= Two primary post embedment types:

- - Horizontal Movement Prevented
%2 inch Horizontal
Movement Permitted

By Floor and Connection
/Gmund level

Ground Jevel

Resultant

soil force
A Resutant soi
_+
is

Constrained

Resultant —

soilforce  fE—

Unconstrained

Post/Pier Embedment
sign/Construction Considerations

De

* Embedment provides
lateral and vertical
support for bldg

*Typically embedded
3.5 to 5 ft depth

Bottom collar
improves uplift
resistance of post

" Post hole typ. 24 -30
in dia.; back-filled
with well graded
gravel, sand, or
excavated soil

Special Considerations for Post
Foundations

= Place footer below frost line or

= Install post foundation as frost-protected
foundation to eliminate frost heaving (proper
insulation, below footer backfill, and drainage)
(See Bohnhoff article in Jan/Feb, 2010 issue of
Frame Building News)

Do not use partial concrete collars immediately
below ground line (top collars)

Provide good drainage away from post holes

Use only preservative treated wood for all wood
elements in contact with the ground

11



Special Considerations for Post
Frame Design/Construction

= Use hot dipped galvanized or stainless
hardware for all below ground applications

= Use hot dipped galvanized or stainless
hardware when in contact with preservative
treated wood. (Per preservative treatment
suppliers recommendations)

PF Response to Lateral Loads
~w/o Diaphragm Action

*Without diaphragm
action each PF
carries the full
lateral wind load
applied to tributary
area of the frame

Wi Direcucn

«Each post frame
deflects the same
amount, g at the

eave

Roof and endwal |l sheatHhi

contribute to

Post-Frame Building
Design/Construction Methods:
Which to Use, When???

= 2-D Frame Method required for:

- PF with open sidewalls or end walls

- PF without adequate structural detailing
to transfer in-plane shear forces
through the roof sheathing and

end wall sheathing to the ground

-Knee bracing often required

buil di ngog
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Primary PF Building System

Types

= PF Building Systems without Diaphragm
Action (2-dimensional structural behavior)

= PF Building Systems with Diaphragm Action
(3-dimensional structural behavior)

PF Response to Lateral Loads
with Diaphragm Action

The roof sheathing
carries much of
wind load to the
endwall

The post frame
eave deflection is
less than the
deflection w/o
diaphragm action
e i—

The post frame only
carries a portion of
the wind load to
ground

V; (portion of wind load to
endwall)

The endwall carries most of wind
load to the ground

Post-Frame System Without
Diaphragm Action

Posts may
be pin-
connected
to top of
wm( foundation

'{Elggk}fj wall and no
N\ shearwalls

Knee Bracing ¢

Post to Foundation |

Connection Pinned

12



Post-Frame Building
Design/Construction Methods:
Which Required, When???

= Diaphragm Design/Construction

- More economical design

- Greater structural integrity

- More durable PF structures

- Knee bracing not required

- Careful attention to roof panel, endwall
panel and connectivity details required to
assure continuous load path to ground

Green and Sustainability Issues

= Primary construction materials, wood andﬁ
steel cladding, are both recyclable

= Wood, the primary construction material in
PF buildings, is arenewable forest resource

= PF construction is inherently friendly to
energy efficient construction for the reasons
noted earlier in presentation

Examples of Post Frame

Applications in Commercial
Buildings
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Post-Frame Building
Design/Construction Methods

e —

= Advantages of Diaphragm Design in Post-
Frame

- Smaller sidewall wall posts

- Shallower post or pier embedment
depths

Other PF Building Attributes

= Post Frame is a Cost Effective Option

- Minimal framing material requirements

- Minimal footing and foundation material
requirements

- Speed of construction (Short time from
start of construction to occupancy)

- Construction delays due to cold
weather constraints are minimal

« Function and Size: Office building, 16,000 sq ft

* Posts: 3 ply, 6x6 glulam posts, 6 ft. 0.c.;
0.6 pcf CCA below grade, 0.4 pcf
above ground

« Post Foundation: Post embedded in ground

* Roof framing: 42 to 78 ft. hip roof, 24 in o.c,;
OSB sheathing.

« Wall girts: 2x4, 16 in o.c., flat

* Insulation: R-19 in walls; R-40 in ceiling

« Exterior Finish: ~ Glass and cultured stone

« Interior Finish: Painted drywall and acoustical tile

|+ Cost: $82/sq ft ((2003)

) Y ‘nb: L R
" > « Location: Grand Rapids, Ml

e

- -
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« Function and Size: Veterinary Clinic, 48 ft. x 125 ft. (6000 sq ft) « Function and Size: Church, 118 x 168 ft, 19,000+ sq ft
* Posts: 4 ply, 6x8 nail-lam posts, 7 ft. 6 in. oc
« Post Foundation: 6 in. x 4 ft. deep cast-in-place
- Post Foundation: Posts set on concrete foundation wall concrete foundation wall
* Roof framing: double 2x trusses, 7ft. 6 in 0.c.; 2x4
purlins on edge, 24 in o.c.
purlins on edge, 24 in o.c. * Wall girts: 2x6, 32 in o.c., flat
- Wall girts: 2x4 and 2x6, 32 in o.c., flat : |FISU\§IIOFIE X R'J_'g in walls; _'3_’8 i Ce'“n_g
« Exterior Finish: Painted steel siding and brick
- Insulation: R-19 in walls; R-38 in ceiling wainscot in selected areas
« Exterior Finish: Ribbed steel roof panels/ Brick walls * Interior Finish: Sheetrogk with acoustical steel in
gymnasium area

« Posts: 3 ply, nominal 6x6 nail-lam posts, 7 ft. 6 in. o.c.

» Roof framing: 48 ft. clear span trusses, 7 ft. 6in. o

eInterior Finish: Drywall and suspended ceilings

*Construction Time: 6 months
« Cost: $84/ sq. ft. (2002)

-Cost: $150/ sq. ft. (2007)

.' B - Location: Salina, KS
' m Location: Mattoon, IL f . )

« Construction Time: 6 months

« Function and Size: Childcare Ctr, 66x138 ft., 9100 sq ft « Function and Size: Volunteer Fire Company, 80 x 100

* Posts: 3 ply, 4.5 x 7.5in. nail-lam, 6 ft. ft., 8000 sq ft
o.c. ; ACQ preservative treatment * Posts: 3 ply, 4.5 x 7.5in. nail-lam, 8 ft. 0.c.;

« Post Foundation: Posts set on a cast-in-place 0.8 pcf CCA preservative treatment
foundation wall above/below ground

* Roof framing: single 2x trusses, 6 ft. 0.c. ; heavy « Post Foundation: Posts embedded in ground
timber trusses; rafters;2x4 purlins * Roof framing: single 2x , 80 ft. clear span trusses, 8
on edge, 22in o.c. ft. 0.c.; 2x4 purlins on edge, 24 in o.c.

« Wall girts/sheathing: 2x4, 24 in o.c., flat, %2 in. OSB » Wall girts/sheathing: 2x4, 30 in o.c., flat

« Insulation: R-30in walls; R-50 in ceiling « Insulation: R-30in walls; R-38 in ceiling

« Exterior Finish: Hardi-Plank « Exterior Finish: 26 gauge painted ribbed steel

« Interior Finish: Sheetrock & suspended ceiling « Interior Finish: steel sheathing in bay; sheetrock &

suspended ceilings in office areas

*Construction Time: 4.5 mos. . .
«Construction Time: 6 mos.

«Cost: $86 / sq. ft. (2006) “Cost: $70/ sq. ft. (2007)

® .Location: Prescott, WI

*Location: Lexington, NC

« Function and Size: Educational Center, 64 x 112 ft., « Function and Size: Retail Sales Store, 42 x 90 ft + 38 x 60 ft
7200 sq ft pavilion , 4800 sq. ft.

* Posts: solid sawn 6x6 posts, 8 ft. 0.c.; * Posts: 3 ply, 45x 5.5in. nail-lam, 9 ft. 0.c.; CCA
CCA at 0.6 pcf @ 0.6 pcf above and below ground

« Post Foundation: Embedded posts attached to 12 in. « Post Foundation: Posts embedded 4.5 ft. below grade and
concrete footer pads set on cast-in-place concrete footer pad

* Roof framing: single, 64 ft trusses, 2 ft. 0.c.; OSB *Roof framing: 42 ft.clear span 2x trusses, 4.5 ft. 0.
sheathing attached to truss chords 2x4 purlins flat wise, 24 in o.c.

« Wall girts/sheathing: 2x4, 24 in o.c., flat; 7/16 OSB » Wall girts/sheathing: 2x4, 24 in o.c., flat; 1 in. cedar plank

* Insulation: R-24 in walls; R-30 in ceiling T&G cedar siding

« Exterior Finish: Log siding; ribbed steel roof « Insulation: R-19 in walls; R-38 in ceiling

« Interior Finish: Drop ceiling in parts; Drywall in « Exterior Finish: Architectural shingles on roof; rough cedar
parts; some exposed wood plank and T&G cedar siding

« Interior Finish: Drywall; drop ceiling; pine wall liners in

Deli area; FRP liner food coolers/baths

« Construction Time: 6 months = —
—

>Cosi: Sr2 &6, it (000, -Cost: $93 /. ft. (2002)

* Location: Medina, OH Location: Old Forge, NY

«Construction Time: 98 days
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« Function and Size: Foundation Center, 64 x 190 ft +
72 x 208 ft; 27,000 sq. ft.

« Posts: 3 ply, 45x 7.5in. nail-lam posts, 7.5 to
8.0 ft. o.c.; untreated

« Post Foundation: Posts attached above ground to concrete
foundation wall

* Roof framing: 64 - 72 ft clear span double 2x trusses,
7.51 8ft. 0.c.; 2x4 purlins edgewise, 24
in.o.c.

« Wall girts/sheathing: 2x6, 30 in o.c., flat; 29 ga ribbed steel

* Insulation: R-19 in walls; R-38 in ceiling

« Exterior Finish: Painted metal roofing and siding

« Interior Finish: Drywall, block and painted steel

«Cost: $140/ sq. ft. (2007)
<Location: Joliet, IL

*Construction Time: 150 days

More Information about Post
Frame???

NFBA (National Frame Building Association)

www.PostFrameAdvantage.com

or
www.NEBA.org

OR

NFBA
4700 West Lake Avenue
Glenview, IL 60025

Post Frame Building Systems
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