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Architecture 544
Wood Structures

Mechanical Connections

Connection Behavior

Strength

• transmits load

Ductility

• gives warning

• absorbs energy

Design

• size

• number

• slenderness of fastener

• spacing

• end distance
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Connection Behavior

Nails

• low strength

• high ductility

Bolts

• high strength

• low ductility

Performance = strength + ductility

Peter von Buelow                                                                      University of Michigan, TCAUP          Slide  3 of 56

Connection Behavior

Wood Strength

• high parallel to grain

• low across the grain

End support is good
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Connection Behavior

Spread the load on wood

• one large fastener – bad

• several small fasteners - good
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Connection Behavior

Single connector

• concentrates load

• splits wood or crush

• no redundancy

Multi-connectors

• spreads load

• less splitting

• more redundancy
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Connection Behavior

Connectors that spread load

Hanger hardware
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Connection Behavior

Truss gusset plate connectors
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NDS 2018

Chapter 11

(general overview)

Chapter 12

(nails, screws, bolts, and pins)

Chapter 13

(split ring & shear plate)

Chapter 14

(timber rivets)
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NDS 2018  - Chapter 11

service factors
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NDS 2018  - Chapter 11

service factors

• CD

• Ct
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NDS 2018  - Chapter 11

service factors

• CM
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NDS 2018  - Chapter 11

service factors

• CM

• Dowel type connectors
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NDS 2018  - Chapter 11

For dowel type fasteners:

service factors

• Cg (chap 11) Group Action Factor

• C∆ (chap 12) Geometry Factor

• Ceg (chap 12) End Grain Factor

• Cdi (chap 12) Diaphragm Factor

• Ctn (chap 12) Toe-Nail Factor
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Cg = 1 for dowel type fasteners with D < ¼”



NDS 2018  - Chapter 12

Withdrawal Strength:

• Table 12.2A  Lag Screws

• Table 12.2B  Threaded Wood Screws

• Table 12.2C  Smooth Nails

• Table 12.2D  Smooth Stainless Nails

• Table 12.2E  Ring Shank Nails

• Table 12.2F  Head Pull-Through
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NDS 2018  - Chapter 12
Withdrawal Strength Example

Find the allowable DL capacity

(fabricated green – used dry)

For 16d box nails (NDS Appendix L4)

D = 0.135” 

L = 3.5”

penetration = 3.5 – 1.5 = 2”

G = 0.47 (NDS Table 12.3.3A)

Withdrawal, w = 28 LB/IN (Table 12.2C)

penetration, p = 2”

W = p x w = 2 x 28 = 56 LBS/nail

W’ = W (CD CM Ct Ctn)

= 56(0.9 0.25 1.0 1.0) = 12.6 LBS/nail

Pmax = n W’ = 12 x 12.6 = 151 LBS
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Withdrawal Strength Example
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NDS 2018  - Chapter 12
Withdrawal Strength Example

G = 0.47 (NDS Table 12.3.3A)

Withdrawal, w = 28 LB/IN (Table 12.2C)
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For 16d box nails (NDS Appendix L4)

D = 0.135” 

L = 3.5”



NDS 2018  - Chapter 12
Withdrawal Strength Example

Withdrawal, w = 28 LB/IN (Table 12.2C)

penetration, p = 2”
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NDS 2018  - Chapter 12
Withdrawal Strength Example

Find the allowable DL capacity
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NDS 2018  Appendix E
Axial Load Connection

three limit states

• E.2  net tension

• E.3  row tear-out

• E.4  group tear-out
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closely spaced fasteners in group tear-out

NDS 2018  Appendix E
Axial Load Connection

three limit states

• E.2  net tension

• E.3  row tear-out

• E.4  group tear-out
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Appendix E

3 failure modes
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Chapter 12
Connection Yield Modes

Yield Limit Equations

for Dowel Fasteners

Table 12.3.1A
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NDS Appendix E  tension connection – 2x12’s So.Pine  No.2  CD = 1.25

lap splice connection example – 1” bolts w/ 1-1/16” holes
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NDS Appendix E  
tension connection – 2x12’s So.Pine  No.2  CD = 1.25

net tension check
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NDS Appendix E 
tension connection – 2x12’s So.Pine  No.2  CD = 1.25

row tear-out check
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NDS Appendix E 

tension connection – 2x12’s So.Pine  No.2  CD = 1.25

group tear-out check   Agroup-net = (4 – 1 1/16) 1.5 = 4.406 in2

Peter von Buelow                                                                      University of Michigan, TCAUP          Slide  28 of 56



Chapter 12
Connection Yield Modes

Yield Limit Equations

for Dowel Fasteners

Table 12.3.1A
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NDS Appendix E  
tension connection – 2x12’s So.Pine  No.2  CD = 1.25

fastener yield limit equations

D = 1 IN

Fyb = 45000 PSI

Rd (Table 12.3.1B) 4

Re = 1

Rt = 1

Lm = 1.5 IN

Ls = 1.5 IN

Fem = 6150 PSI

Fes = 6150 PSI

k3 = 2.241

Z = 2306 LB/bolt (least)

adjustment factors:

CD = 1.25

Cg = 0.97

C∆ = 0.571

CM = Ct = 1.0

Z (adj. factors) = Z’

Z’ = 1598 LB / bolt = 9589 LBS total
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least value
= 2306 LBS

= 4613 LBS

= 4307 LBS

= 6003 LBS



NDS Appendix E  
tension connection – 2x12’s So.Pine  No.2  CD = 1.25

fastener yield limit equations

D = 1 IN

Fyb = 45000 PSI

Rd (Table 12.3.1B) 4

Re = 1

Rt = 1

Lm = 1.5 IN

Ls = 1.5 IN

Fem = 6150 PSI

Fes = 6150 PSI

k3 = 2.241

Z = 2306 LB / bolt (least)

adjustment factors:

CD = 1.25

Cg = 0.97 (calculated)   0.99 (table)

C∆ = 0.571

CM = Ct = 1.0

Z (adj. factors) = Z’

Z’ = 1598 LB / bolt = 9589 LBS total
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NDS Appendix E  
tension connection – 2x12’s So. Pine

No.2  CD = 1.25

D = 1 IN

Fyb = 45000 PSI

Rd (Table 12.3.1B) 4

Re = 1

Rt = 1

Lm = 1.5 IN

Ls = 1.5 IN

Fem = 6150 PSI

Fes = 6150 PSI

k3 = 2.241

Z = 2306 LB / bolt (least)

adjustment factors:

CD = 1.25

Cg = 0.97 (calculated)   0.99 (table)

C∆ = 0.571

CM = Ct = 1.0

Z (adj. factors) = Z’

Z’ = 1598 LB / bolt = 9589 LBS total
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NDS Chapter 12
Table 12F for :

tm = 1.5”

ts = 1.5”

D = 1”

G = 0.55

from eq. 12.3-7 :

Zll = 2306 LBS / bolt

from table 12F

Zll = 2310 LBS / bolt

then 

adjustment factors:

CD = 1.25

Cg = 0.97

C∆ = 0.571

CM = Ct = 1.0

Z (adj. factors) = Z’

Z’ = 1599 lb/ bolt = 9596 LBS total

NDS Appendix E  3-member connection – 2x12’s So.Pine No.2 CD = 1.25

results
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Connection Details

Avoid tension perpendicular to grain

Situations

• notches

• large diameter fasteners

• hanging loads
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Connection Details

Notches
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Connection Details

Hangers
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Connection Details

exposure to moisture

• end grain wicks water

• natural decay resistant 
species – e.g. cedar

• treated lumber
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Connection Details

splitting due to shrinkage
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Connection Details

water damage

shrinkage splitting

Solutions

• connectors at base

• slotted connectors
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Connection Details

Water damage

• avoid contact with 
concrete or masonry

• provide ½” air gap

• provide weep holes
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Connection Details

Seismic forces

• diaphragm connections 
to walls
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Connection Details

Seismic forces

• shear walls
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Connection Details

Seismic forces

• shear walls
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Connection Details

Seismic forces

• shear walls



Connection Details

Seismic forces

• shear walls
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Connection Details

Seismic forces

• shear walls
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Stud Wall Construction
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Residential Details

IRC & IBC

Floor
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Residential Details

IRC & IBC

Beams
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Residential Details

IRC & IBC

Walls
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Residential Details

IRC & IBC

Ceiling
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Residential Details

IRC & IBC

Roof
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Simpson Strong-Tie Connectors

Peter von Buelow                                                                      University of Michigan, TCAUP          Slide  55 of 56

Framing Details
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