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GOVERNING YIELD MobDES FOR CoMMON BoLTED AND NAILED
Woob CONNECTIONS

By Brian J. Tucker," Student Member, ASCE, David G. Pollock,” Member, ASCE,
Kenneth J. Fridley,®> Member, ASCE, and Jeffery J. Peters’

ABSTRACT: Connections in wood structures are important when designing for ductility. The 1997 Uniform
Building Code has taken this into consideration when designating wind and earthquake load duration factors for
connections. Factors of 1.6 or 1.33 may be applied to the connection strength, depending on the type of yield
mode exhibited by the connection, which may be determined from the yield limit equations supplied in the
National Design Specification for Wood Construction (NDS). The NDS provides the designer with multiple
tables containing capacities for various common connections. Unfortunately, yield modes are not published along
with tabulated capacities. Therefore, the designer must carry out potentially cumbersome calculations using the
NDS yield limit equations simply to determine the governing yield mode before an appropriate Uniform Building
Code load duration factor can be applied. In this paper, several NDS tables are extended to include capacity
and yield mode, smaller side member thickness configurations are added to the existing nail/spike tables, and a
useful toe-nail table is provided. The overall purpose of these tables is to accelerate the design process by

eliminating time-consuming calculations.

INTRODUCTION

Due to the need for ductile performance of a structure, con-
nections may be one of the most important engineered aspects
of light-frame wood construction. Connection ductility is es-
sential for maintaining structural integrity during dynamic
loading events such as wind and earthquakes.

Capacity of a given connection may be obtained from yield
limit equations, which are presented in the National Design
Specification for Wood Construction (NDS) (** ANSI/AF&PA™’
1997). Yield mode equations for the capacity of bolted con-
nections and nail/spike connections are included in NDS chap-
ters 8 and 12, respectively. Bolted connection equations are
separated into two categories. single shear and double shear.
One set of equations is required for nail/spike connections
since they are typicaly only used in single shear configura-
tions. The nominal design value of the connection, Z, is de-
termined by taking the least value calculated from the appro-
priate set of yield mode equations. The mode corresponding
to the least value is referred to as the yield mode of the con-
nection (for example, 1, I, 11, 1, 1l V). The variousyield
modes are illustrated in Appendix | of the NDS and duplicated
here in Fig. 1. Yield modes |, and |, are the result of wood
fibers crushing in the main and side members, respectively.
Yield mode Il is the result of wood fiber crushing in both
members, which allows the fastener to rotate. Thisis often due
to oversized bolt holes. Mode Il is not applicable to bolted
double shear or nail/spike connections. Yield modes Ill,,, and
111, are the result of fastener yielding, wherein a plastic hinge
is formed at the shear plane, along with wood fiber crushing
primarily in the main member or side member, respectively.
Mode 1V is also aresult of fastener yielding, in which multiple
plastic hinges are formed.
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The strength of wood connections depends not only on ma-
terial properties (such as wood bearing strength and fastener
bending yield strength) and connection geometry (such as
member dimensions and fastener diameter), but aso on the
duration of the load applied to the connection. Wood has the
property of exhibiting greater strength for shorter duration
loads than for longer, sustained loads. The NDS addresses this
time-dependent behavior of wood by applying a load duration
factor, Cp, to the capacity of the connection. For load com-
binations, including short-duration loads such aswind or earth-
quake, the NDS prescribes a load duration factor of 1.6 to be
applied to the capacity of al connections. However, the Uni-
form Building Code (UBC) (1997) prescribes load duration
factors that differ dightly from the NDS with regard to these
loading conditions. The UBC permits a load duration factor
of 1.6 to be used for connections exhibiting yield modes I11,,,
I, or IV when the loading is due to wind or earthquake. A
lower load duration factor of 1.33 must be used when yield
modes I, I, or Il are exhibited. The primary reason for this
discrepancy is the difference in the amount of cyclic test data
available for each yield mode. Recent laboratory tests of
modes |11 and IV connections have revealed sufficient ductility
under cyclic loading (Dolan et a. 1995, 1996). This is the
result of inelastic fastener deformation and yielding, which
lead to energy dissipation in the connection. The lack of data
for modes | and Il under cyclic loading conditions has led to
concerns about the ductility of these connections and about
the UBC-imposed limitation on the load duration factor.

The NDS contains severa bolt and nail/spike connection
design tables with yield capacities for multiple configurations.
Unfortunately, these tables do not indicate the governing yield
mode. A designer could use the NDS yield limit equations to
determine the mode of connection yield or, more conserva-
tively, always use a load duration factor of 1.33 when design-
ing to resist wind or seismic loads, according to the UBC.
However, from an economic standpoint, there is a need to
know which yield mode governs the connection behavior.

In addition to yield modes, the NDS tables of connection
design values do not address some common connection con-
figurations. For example, the tables for nail/spike connection
values in chapter 12 of the NDS do not address side member
thickness values below 12.7 mm (0.5 in.). These connection
capacities and yield modes would be useful for shear wall and
diaphragm design where thin sheathing is used. Toe-nail con-
nections are commonly used in light-frame construction; how-
ever, design tables for these connections are not included in
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FIG. 1. Connection Yield Modes (Adapted from American Forest and Paper Association 1997)

the NDS. This paper addresses these limitations in the NDS
connection tables.

SCOPE

The purpose of this paper is to evaluate governing yield
modes for bolted and nailed connections commonly used in
wood construction. NDS tables are extended, providing both
the capacity and the governing yield mode. Additional nailed
connection values and yield modes are tabulated for smaller
side member thicknesses. Tables are also created presenting
the design strength for toe-nailed connections as a useful ad-
dition to the existing NDS design tables.

DESIGN TABLES AND EXAMPLES

Tables provided herein present a limited number of species
and member sizes. A more comprehensive set of tables is
available from the authors.

Bolted Connections

Various governing yield modes are applicable throughout
the NDS bolted connection design tables and are not neces-
sarily intuitive. This state of affairs presents a need for bolted
connection yield mode tables for efficient structural design.
Otherwise, to accurately use the UBC load duration factors, a
designer must calculate the yield mode using the NDS bolted
connection equations simply to determine the mode. The NDS
yield mode equations are provided in the appendix to this
paper.

Not all yield modes are applicable in al bolted connection
configurations. For example, modes 1l and 111, do not pertain
to double shear bolted connections. In addition, mode |, does
not pertain to bolted connections with steel side plates. The
applicable modes for different bolted connection configura-
tions are summarized in Table 1. Slightly over 50% of the

TABLE 1. Percentages of Applicable Yield Modes for NDS
Bolted Connection Tables

Single Shear Double Shear
Wood-to- Wood-to- Wood-to- Wood-to-
Yield mode wood metal wood metal
(1) (2) (3) (4) (5
Im 0 0 27.14 51.62
ls 17.6 — 16.8 —
I 42.81 55 — —
1, 1.79 0 — —
I 28.01 45 42.24 48.38
\Y 9.8 0 13.81 0

bolted connection configurations in the NDS tables exhibit
yield modes of either |, I, or 1l. Therefore, a slight majority
of the connections are considered by the UBC to be ‘‘non-
ductile,”’ requiring a designer to use the lesser load duration
factor of 1.33. The percentages of each applicable yield mode
in the NDS bolt tables are summarized in Table 1. Tables 2—
7 provide tabulated design values and modes for various bolted
connection configurations.

Bolted connection tables were created for some common
connection configurations, including single and double shear
connections with wood and steel side members. Asan example
of table usage, consider the following connection configura-
tion, illustrated in Fig. 2:

» Double shear connection

¢ Load applied parallel to main member and perpendicular
to side members

All members are spruce-pine-fir

38.1 mm (1-1/2 in.) side member thickness

88.9 mm (3-1/2 in.) main member thickness

15.9 mm (5/8 in.) diameter ASTM A307 bolt

Seismic loading conditions



TABLE 2.
of Identical Species

Bolt Design Values (Z) and Yield Modes for Single Shear (Two Member) Connections for Sawn Lumber with Both Members

Thickness
w
5| 5 iz B G-0.55 G~0.50
£ 'g ° 'E & § Southern Pine Douglas-Fir-Larch
S8 |lng o
= =
tm tg D Zy Yield|Zs, Yeld|Zm Yeld| Z, Yild| Z, Yield] Z,, Yield|Zn Yield| Z; Yield
in in n. Ibs. Mode| Ibs. Mode; Ibs. Mode| Ibs. Mode| Ibs. Mode{ bs. Mode{ Ibs. Mode| bs. Mode
172 ] 530 I 330 i 330 il 250 I 780 1l 300 11 300 i 220 1
5/8 .| 660 It 400 i} 400 i 280 i 600 I 360 I 360 I 240 I
1-1/2 1 1-172 ] 3/4 800 I 460 )i 460 1I 310 11 720 it 420 1T 420 I 270 I
78 | 930 1 520 il 520 1 330, 1 850 11 470 Il 470 i 290 i
1 1060 1I 580 M 580 I 350 I 970 I 530 I 530 I 310 It
72 660 s | 400 s | 420 il 350 i 510 WMs | 370 Ws [ 370 i T i
5/8 930 I 560 IIIs 490 I 390 I 850 I 520 1lIs 430 I 340 1
2-172 [ 1-1/2 | 13/4: 111202011 660 Is 560 I 430 o p1e0. 1 590 Is 500 n 380 1
7/8 [ 1300 11 720 Is 620 I 470 i 1190 I 630 Is 550 I 410 I
1 1490 o 1F 710 Is 680 I 490 113600 11 680 Is 610 bif 440 I
17271660 1Is | 400 IIs | 4/0 IIs | 360 MIs | 610 s | 370 TIs | 420 I 330 1IIs
5/8 {940 -Ils- {560 - -IHs | 550 I 460 I 880 . Ils | 520 1lls | 480 b1 400 il
3 -2 3/4 | 1270 s | 660 Is 620 1 500 T 1190 11 590 Is 550 11 440 it
7/8 | 15200 1L 720 Is 690 n 540 Hopba390. 1 630 Is 610 1 480 i
1 1740 1L 770 Is 750 I 580 1I 1590 i 680 Is 670 n 510 1I
7277660 HIs | 400 MIs | 470 - HIs | 360 WIS | 610 15 | 370 1Is | 430  1Is | 330 1is
58 | 940 IIs | 560 IIs | 620 i 500 IIs | 880 IlIs | 520 IIIs | 540 1 460 1l
1-1/2 | 3/4° 11270 . W' | 1660 Is 690 1t 580 1] 1200: . :HHs: | 590 Is 610 i 510 214
7/8 | 1680 HIs | 720 Is 770 it 630 il 1590 1IIls | 630 Is 680 I 550 11
112 1 2010 I 770 Is 830 b1 670 1830 11 680 Is 740 )i 590 1
172 1750 IV | 520 IV [ 520 IV | 460 IV | 720 IV 1490 v 4990 IV | 430 IV
58 11170 IV [ 780 . IV {7807 1V {650 1§ 1120 IV} 700 1ils {700 HIm | 560 I
3-1/2| 3/4 | 1690 v 960 1ls 960  IlIm | 710 I 1610 v 870 s 870 Illm | 630 I
/8 [ 2170 11 111600 1Hs { 1160 -Him | 780 1 F1970 - 1L 1060 - Ms- | 1060 . HIm-| 680 I
1 2480 I 1360 1 1360 I 820 1I 2260 I 1230 I 1230 II 720 U

TABLE 3. Bolt Design Values (Z) and Yield Modes for Single Shear (Two Member) Connections for Sawn Lumber with Both Members

of Identical Species

Thickness
o
5| 5l=3 G=043 G=0.42
£ |8 E £ § HemFir Spruce-Pine-Fir
>3 |9 &)
= =
tm ts D Zy Yield| Zs, Yield|Zm Yield{ Z, Yield| Z; Yield|Z,, Yield|Zm Yield| Z, Yield
in. in. in. Ibs. Mode| Ibs. Mode| Ibs. Mode| Ibs. Mode| Ibs. Mode| Ibs. Mode{ Ibs. Mode| lbs. Mode
1/2 410 il 250 1I 250 1I 180 i 410 H 240 i 240 I 170 i
5/8 1520 i 300 1 300 I 190 Ik 510 11 290 i 290 n 190 il
1-172 | 1-172 ]| 3/4 620 I 350 1II 350 II 210 I 610 I 340 11 340 I 210 11
78 120 jid 390 I 390 1 230 1 710 It 380 i 380 I 220 I
1 830 11 440 I 440 I 250 i 810 I 430 I 430 I 240 I
172°17350  Wls | 320 Hs 1 310 ki 750 ] 340 s | 320  Ws | 300 i1 740 it
S/8 730 I 420 Is 360 II 270 I 710 1I 410 Is 350 I 270 il
2-172 § 1-1/2 ) 34 | 870 I 460 Is 410 H 300 I 850 I 450 Is 400 I 290 1k
7/8 | 1020 11 500 Is 450 1 320 1 1000 10 490 Is 440 I 310 I
1 1160. . 1L 540 Is 500 I 350 1 1140 11 530 Is 490 I 340 1
172 | 550 1is | 320 MIs | 350 1T 290 i 540  Tis | 320 Ts [ 330 I 280 i
5/8 1 790 His [ 420 Is 400 1 320 It 780 :Ws i 410 Is 390 I 310 i
3 1-1/21 3/4 {1020 1 460 Is 450 I 350 I 1000 1I 450 Is 440 I 340 i
T8 L1190l 500 Is 500 1 380 Hoopreo - 490 Is 490 1 370 1F
1 1360 11 540 Is 550 n 410 1 1330 It 530 Is 540 I 400 I
772 [ 550 _ WIs [.320  1ls | 380  His [ 290 s {540 HIs | 320 W5 | 370 1ls | 280  Is
5/8 | 790 IIs | 420 Is 440 11 370 1 780 Ills | 410 Is 430 I 360 I
1-1/2 | 3/4 .| 1100 Iis | 460 Is 500 1 400 1 1080 - s {450 Is 480 0 390 11
7/8 {1370 1 500 Is 550 I 430 n 130 11 490 Is 540 I 420 1
312 1 1570, I 540 Is 600 )il 470 1 1536 - Tk 530 Is 590 i 460 I
172 1 660 IV | 440 IV | 440 IV 7 390 IV | 660 IV | 430 v | 430 v | 38 1\
5/8 | 1040. IV 600 - Ul 600 - Him | 450 I 10200 IV 590 . Ils 590 UIm { 440 1
3-172) 34 (1450 11 740 1lIs | 740 HIm | 500 i 1420 1T 730 WIs | 730 IIIm | 480 I
7/8 11690 1L 910 i 910 Il 540 It 1660 1 890 i 890 I 520 I
1 1930 11 1030 3 1030 I 580 1I 1890 I 1000 II 1000 I 560 i




TABLE 4. Bolt Design Values (Z) and Yield Modes for Single Shear (Two Member) Connections for Sawn Lumber with 1/4” ASTM A36
Steel Side Plate

Thickness
£
5 5 = % G=0.55 G=0.50 G=043 G=0.42
£ € S B & g Southem Pine Douglas-Fir-Larch Hem-Fir Spruce-Pine-Fir
=2 Pz °

tm tg D Z) Yeld| Z, Yield| Zy Yeld| Z, Yield| Z, Yild{ Z, Yield| Z; Yield| Z, Yield
in. in. in. Ibs. Mode| Ibs. Mode| Ibs. Mode| Ibs. Mode| Ibs. Mode| Ibs. Mode| Ibs. Mode| Ibs. Mode
1721570 I [310 I [ 530 I [270 1T [ 470 I [240 1T | 460 1T | 230 II
5/8 1710 < T 1350 10660 I =4 320: W1 590 I 270 A0 '} 580 . O 1270 @ H
1-1/2| 1/4 3/4 | 860 I | 390 1I |80 I {360 II | 700 II |310 II | 690 II |300 I
7/8. (1000 1L {4400 CTE0]9300 Il 40000 I ) 820 TR 340 H V810 A1 | 340 I

I

Iils

1 | 1140 480 I | 1060 Il | 440 I | 940 Il | 380 I [920 WO [370 1
172 {7780 240 I {7750 s | 390 W | 700 I [ 320 M| 690 I | 310 1T
58 [1100 1 | 500 i |1010 11 | 440 11 |80 I | 370 O |80 I | 360 II
212 14 | 34 11320 10550 - W L2100 0490 0T 110500 G -410 0 IF 110300 11 |400 0 1
7/8 11540 1T | 610 II | 1410 II | 540 I [1230 Il | 450 I |1210 1 | 440 11

1711760 W 650 T TP 16200 T FIs90 110 T 4900 Il 11380 L1480 W
17271 780 1Os | 500 1Is | 750 Is | 450 1 | 710 1Os | 370 1T | 700 1s | 360 1
5/8 | 1170 Mg | 580 < I0 <L 11307 THs | 510 Sl 11040 I 4200 I P 10200 W] 4100 1T
3 V4 | 34 {1560 I | 640 II [1430 1 [ 570 11 [1240 11 | 470 11 [1220 I [ 460 I
7/8 11830 W | 700 W 1670 IL b 6200 I | 14500 W] 5100 I 14200 AL | 500 T

1 2090 1 [ 750 1 [19t0 1T |670 1 |i6e0 11| 560 1 [1630 W | 540 1
T2 | 780 s | 300 s | 730 s | 470 Ws.| 710 10s | 430 W | 00 s | 410 1
5/8 | 1170 IOs | 670 11 | 1130 Is | 580 II | 1050 1INis | 480 11 {1040 1Os | 470 II
312 V4 | <3/4 1650 WIs | 730 10 } 1580 qHs 3650 T }1440° - W 10530+ 0T L1410 W | 520 o
7/8 | 2120 11 |80 1 [1940 I [ 710 11 |1680 II | 570 I |1640 I | 560

1 2420 10 |-850 - 10} 2200 00 | 760 14910 1] 630 M0 1880 11| 6100 I

TABLE 5. Bolt Design Values (Z) and Yield Modes for Double Shear (Three Member) Connections for Sawn Lumber with Both Mem-
bers of Identical Species

Thickness N
5| 5l=8 G055 G=0.50
EE 188 R _§ Southern Pine Douglas-Fir-Larch
S 8 v g a
= =
tm tg D Zy Yield Zs, Yield | Zmy Yield Zj Yield Zs, Yield | Zm Yield
in. in. in. Tbs. Mode Ibs. Mode Ibs. Mode Ibs. Mode Ibs. Mode Ibs. Mode
172 1150 Im 800 s 550 Im 1050 Im 730 s 470 Im
5/8 1440 Im 1130 s 610 Im 1310 Im 1040 s 530 Im
1-172 | 1-172| 3/4 1730 Im 1330 Is 660 Im 1580 Im 1170 Is 590 Im
8 2020 Im 1440 Is 720 Im 1840 Im 1260 Is 630 Im
1 2310 Im 1530 Is 770 Im 2100 Im 1350 Is 680 Im
172 1320 s 800 s 910 Tm 1230 Tls 730 s 790 Im.
5/8 1870 s 1130 s 1020 Im 1760 ls 1040 s 880 Im
2-1/2 | 1-1/2 |23/4 7| 72550 s 1330 Is 1110 I 2400 His 1170 Is 980 Im
7/8 3360 is 1440 Is 1200 Im 3060 Im 1260 Is 1050 Im
1 3840 Im 1530 Is 1280 I 3500 Im 1350 Is 1130 Im
172 1320 IIs 800 1IIs 940 1IIs 1230 HIs 730 s 360 s
5/8 1870 s 1130 His 1220 Im 1760 Tis 1040 s 1050 Im
3 1-1/2| 3/4 | 2550 1lls 1330 Is 1330 Im 2400 lils 1170 Is 1170 Im
78 3360 Hls 1440 Is 1440 Im 3180 s 1260 Is 1260 Im
1 4310 His 1530 Is 1530 Im 4090 s 1350 Is 1350 Im
172 1320 1 800 Ois 940 s 1230 s 730 s 860 s
5/8 1870 Ilis 1130 s 1290 s 1760 IIs 1040 His 1190 s
1-1/2 |- 3/4: |:-2550 s 1330 Is 1550 Im 2400 s 1170 Is 1370 im
78 3360 Ills 1440 Is 1680 Im 3180 s 1260 Is 1470 Im
112 1 4310 s 1530 Is 1790 Im 4090 Iis 1350 Is 1580 Im
172 1500 v 1040 v 1040 v 1430 [\% 970 v 970 v
5/8 2340 v 1560 v 1420 Im 2240 v 1410 Tils 1230 Im
3-1/2] 3/4 3380 v 1910 Iils 1550 Im 3220 v 1750 s 1370 Im
7/8 1 4600 v 2330 His 1680 im 4290 Im 2130 s 1470 Im
1 5380 Im 2780 IiIs 1790 Im 4900 Im 2580 s 1580 Im




TABLE 6. Bolt Design Values (Z) and Yield Modes for Double Shear (Three Member) Connections for Sawn Lumber with Both Mem-
bers of Identical Species

Thickness -
5| 5|z 8 G-0.43 G=0.42
£E I8¢t A _§ Hem-Fir Spruce-Pine-Fir
p= S 72 a
tm tg D Z Yield Zs, Yield | Zm Yield Zy Yield Zs, Yield | Zm Yield
in. in. in. Tbs. Mode Ibs. Mode Ibs. Mode Ibs. Mode Ibs. Mode Ibs. Mode
172 900 Im 650 s 380 Im 880 Im 640 s 370 Im
5/8 1130 Im 840 Is 420 Im 1100 Im 830 Is 410 Im
1172 1-172| 3/4 1350 Im 920 Is 460 Im 1320 Im 900 Is 450 Im
7/8 1580 Im 1000 Is 500 Im 1540 Im 970 Is 490 I
1 1800 Im 1080 Is 540 Im 1760 Im 1050 Is 530 Im
172 1100 s 6350 HIs 640 m 1080 s 640 Tis 610 m
5/8 1590 1IIs 840 Is 700 Im 1570 s 830 Is 690 Im
2-1/2 1 1-1/2 | :3/4-.1. 2190 FHE 920 Is 770 Im 2160 s 900 Is 756 Im
7/8 2630 Im 1000 Is 830 Im 2570 Im 970 Is 810 Im
1 3000 Im 1080 Is 900 Im 2940 Im 1050 Is 880 Im
72 [ 1100 1ls 650 Tls 760 Tils 1080 Tls 640 Tils 730 Tm
5/8 1590 Hls 840 1S 840 I 1570 Iils 830 Is 830 Im
3 1-1/2 1 3/4 2190 s 920 Is 920 Im 2160 s 900 Is 900 Im
78 2920 s 1600 Is 1000 Im 2880 His 970 Is 970 Im
1 3600 Im 1080 Is 1080 Im 3530 Im 1050 Is 1050 Im
172 100 s 650 s 760 HITS 1080 Is 640 Tls 740 s
5/8 1590 ms 840 Is 980 Im 1570 s 830 Is 960 Im
1-1/2 | :3/4 2190 Iils 920 Is 1080 Im 2160 s 900 Is 1050 Im
7/8 2920 s 1000 Is 1160 Im 2880 s 970 Is 1130 Im
3172 1 3600 Is 1080 Is 1260 Im 3530 Is 1050 Is 1230 Im
172 1330 v 880 v 830 v 1310 v 870 v 860 Im
5/8 2070 v 1190 s 980 Im 2050 v 1170 His 960 Im
3-172 3/4 2980 v 1490 s 1080 Im 2950 v 1460 s 1050 Im
/8 3680 Im 1840 Iils 1160 Im 3600 Im 1810 s 1130 Im
1 4200 Im 2280 s 1260 fm 4110 Im 2240 1Is 1230 Im

TABLE 7. Bolt Design Values (Z) and Yield Modes for Double Shear (Three Member) Connections for Sawn Lumber with 1/4” ASTM
A36 Steel Side Plate

Thickness
5 5 = 2 G=0.55 G=0.50 G=0.43 G=042
2182185 Southern Pine Douglas-Fir-Larch Hem-Fir Spruce-Pine-Fir
S 8 |»n s [a]
= b
tm tg D Z, Yeld{ Z, Yield| Z, Yield] Z, Yield| Z;, Yield| Z, Yild| Z; Yied| Z, Yield
in. in. in. Ibs. Mode| Ibs. Mode| Ibs. Mode| Ibs. Mode| Ibs. Mode| Ibs. Mode| Ibs. Mode| Ibs. Mode
T7Z | 1150 1Im | 550 1Im | 1050 1Im | 470 1Im | 900 Im | 380 Im | 880 1Im | 370 Im
5/8 114407 Imo | 6100 U Tm PI3107 hm | 05307 b [ 0130 i ] 4200 R 111000 Im 1410 Im
1-1/2| V4 [ 34 [1730 Im | 660 Im | 1580 Im | 590 Im | 1350 Im | 460 Im |1320 Im | 450 Im
78120200 k. 720 I 1840 ¢ Imi | 1630 hm: | 1580 | 0500  km 11540 Ime | 490 - Im
1 (2310 Im | 770 Tm |2100 Im | 680 Im | 1800 Im | 540 Im [1760 mm | 530 Im
72 1370 s | 910 Im | 1510 WIs | 790 Tm | 1410 Is | 640 Im | 1400 15 | 610 Im
58 12350 IMs | 1020 Im |2190 Im | 880 Im | 1880 Im | 700 Im {1840 Im | 690 Im
2-1/2| V4 | 3/4 | 2880 Tm | 1110 Im [ 2630 Imi | 980 Im 12250 Im: 770 Im 2200 Tm | 7500 Im
7/8 13360 Im | 1200 TIm {3060 Im | 1050 Im | 2630 Im | 830 Im |2570 Im | 810 Im
1 ]3840 Im | 1280 Im |3500 Im | 1130 Tm |3000 Jm | 900 Im |2040 Im | 880 Im
172 [ 1570 10s | 1000 Tiis | 1510 1fls | 940 1Is | 1410 IOs | 770 Im | 1400 1lIs | 740 Im
5/8 12350 TIs | 1220 ¢ Tm | 2250 IMs. | 1050 Im. | 2110 s |:840  Im | 2090 ' IMIs:|'830 ' Im
3 1/4 | 3/4 13300 IOs [ 1330 Tm [3150 Im [1170 Im [2700 Im | 920 Im [2640 Im [ 900 Im
7/8 14040 fm | 1440 Imi. | 3680 Im 1260 ‘Im’ 31507 Im {1000 Im 3080 Im {970 Im
1 [4610 Im [1530 Im {4200 Im [1350 Im [3600 Im | 1080 Im [3530 Im | 1050 Im
U2 [ 1570° 1Ms | 1000 s | 1510 10s | 940 1I8 [ 1410 1s | 860 1ls | 1400 s | 840 is
5/8 | 2350 s | 1420 s | 2250 s | 1230 TIm | 2110 Is | 980 Im | 2090 IiIs | 960 Im
3-12) V4 | 3/4 | 3300 -10s |1550 ~Im|:3170  Is | 13707 hm 212960, [Ts || 1080~ Im || 2940 s | 1050 Im
7/8 [ 4440 IIs | 1680 Im | 4260 Ills | 1470 Im [ 3680 Im | 1160 Im | 3600 Im | 1130 Im
1 ]'5380° Fm | 1790 B} 49007 T | 1580 ¢ I {4200 Tm {12607 T |41100  Im | 1230 Im
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FIG. 2. Bolted Double Shear Connection

Using Table 6, entitled *“Bolt Design Values (Z) and Yield
Modes for Double Shear (Three Member) Connections,”” for
sawn lumber with both members of identical species, the con-
nection yield capacity, Z;,, and yield mode are found to be
3.69 kN (830 Ib) and I, respectively. According to the UBC,
for a mode | connection, a load duration factor, Cp, of 1.33
may be used to obtain the tabulated connection capacity for
seismic loading. The factored design capacity, Z', is the re-
sulting product, as follows:

Z' =Z7,,Co = (3.69)(1.33) = 4.91 kN
[Z' = Z,Cp = (830)(1.33) = 1,104 Ib]

For comparison of UBC and NDS design procedures, the al-
lowable connection capacity for seismic loading, according to
the NDS, is as follows:

Z' =Z,,Co = (3.69)(1.6) = 5.90 kN
[Z' = Z,Cp = (830)(1.6) = 1,328 Ib]

If a 127 mm (/2 in.) diameter ASTM A307 bolt is used
instead of the 15.9 mm (5/8 in.) diameter bolt, a connection
yield capacity and yield mode of 2.85 kN (640 Ib) and Il
respectively, are obtained again from Table 6. For this yield
mode, the 1.6 load duration factor may be applied to the de-
sign capacity of the connection for both UBC and NDS design
procedures. The result is as follows:;

Z' =Z,,C, = (285)(1.6) = 4.55 kN
[Z' = Z,Cp = (640)(1.6) = 1,024 Ib]

This demonstrates that a smaller bolt diameter does not nec-
essarily result in a significantly lower design capacity due to
the UBC use of the 1.33 load duration factor, instead of the
1.6 factor, for ““nonductile’’ connections.

Nailed Connections

Tables 8—10 were created with yield capacities and yield
modes for common wire nails, box nails, and threaded hard-
ened-steel nails for connections with both members of the
same species. The existing NDS nail/spike tables were ex-
panded to include smaller side member thickness configura-

tions. All NDS tabulated nail/spike configurations with metal
side plates exhibit mode I11 yielding; therefore, they were not
replicated here. For weak species with small side member
thicknesses, yield mode I was more prominent when com-
pared with larger side member thickness configurations. For
example, common wire nail connections consisting of spruce-
pine-fir members with a 7.94 mm (5/16 in.) side member
thickness primarily exhibit mode | yielding, as presented in
Table 9. This pattern is very obvious for common wire spike
connections; and this information may be valuable for shear
wall design. For example, consider the shear wall connection
illustrated in Fig. 3.

10d common nail

7.94 mm (5/16 in.) plywood

51 mm by 102 mm (2 by 4) stud

Both members are spruce-pine-fir (to demonstrate changes
in yield mode)

For wall diaphragm design, the diaphragm factor (C; = 1.1)
may be used. By referring to Table 9, entitled ** Common Wire
Nail Design Values (Z) for Single Shear (two member) Con-
nections,’”’ the design capacity and yield mode for the con-
nection are 311 N (70 Ib) and |, respectively. The allowable
connection capacity can then be calculated according to the
UBC as follows:

Z' = ZCoCy = (311)(1.33)(1.1) = 455 N
[Z' = ZCoCy = (70)(1.33)(1.1) = 102.4 1]

If a thicker side member is used, such as 9.53 mm (3/8 in.)
plywood, the design capacity and yield mode are 316 N (71
Ib) and I11, respectively. The alowable design capacity isthen
calculated as follows:

Z' = ZCoCy = (316)(1.6)(1.1) = 556 N
[Z' = ZCyCy = (71)(1.6)(1.1) = 123.2 Ib]

By using a thicker side member, yielding of the connection is
governed by mode Il instead of mode I, which allows the
higher load duration factor of 1.6 to be used, according to
UBC design procedures.

Toe-Nailed Connections

Toe-nail connection values are not dependent upon actual
side member thickness, but instead on the fastener length in
each member. For the toe-nail design table, the toe-nail factor,
C.., of 0.83 was applied to the nominal design capacity, as
well as the penetration depth factor C,. All toe-nailed connec-
tions presented in Table 11 exhibit a yield mode of Ill or V.
Therefore, aload duration factor of 1.6 may be applied, using
either NDS or UBC design procedures. Consider a wall stud
(side member) to bottom plate (main member) toe-nail con-
nection, as illustrated in Fig. 4 with an additional nail inserted
on the opposite side of the wall stud:

e Wall stud to bottom plate connection
¢ All members are southern pine
« Two 10d common nails

The nominal design capacity, Z*, and yield mode are found in
Table 11 to be 427 N (96 Ib) and IV, respectively. Nominal
design capacity is the result of the connection capacity mul-
tiplied by the toe-nail factor and the penetration depth factor,
as follows:



TABLE 8. Box Nail Design Values (Z) and Yield Modes for Single Shear (Two Member) Connections with Both Members of Identical

Species
Side Nail Nail Penny
Member | Length Diameter | Weight G=0.55 . G=0'§0 G=0'43, G=0.1.12 .
Thickness Southern Pine | Douglas-Fir-Larch Hem-Fir Spruce-Pine-Fir
ts L D Z Yield Z Yield Z Yield Z Yield
inches inches inches Ibs. Mode Ibs. Mode Ibs. Mode Ibs. Mode
2 0.099 6d 46 IIls 41 1IIs 35 1IIs 34 IIIs
2.5 0.113 8d 58 Hls 52 s 45 s 44 s
3 0.128 10d 73 1IIs 66 IIIs 57 IIs 56 Ilis
5/16 3.25 0.128 12d 73 s 66 1l 57 s 56 1ils
35 0.135 16d 81 IIls 73 IIls 63 s 62 IIls
4 0.148 20d 92 Tils 83 Hls 72 s 70 Is
4.5 0.148 30d 92 IIs 83 1IIs 72 Iils 70 Is
5 0.162 40d 109 1ls J_ 100 s 81 Is 77 Is
2 0.099 6d 48 IIs 43 IIIs 36 IIls 35 1IIs
2.5 0.113 8d 60 Hls 54 s 46 s 45 s
3 0.128 10d 75 IIIs 68 IIIs 58 I1ls 56 IIls
18 325 0.128 12d 75 JHE 68 s 58 IIs 56 IHs
35 0.135 16d 83 IlIs 75 IIls 64 IIIs 62 IIls
4 0.148 20d 94 s 85 s 73 s 71 s
45 0.148 30d 94 IIls 85 IIIs 73 IIIs 71 1IIs
| 5 ' 0.162 40d 111 THs 101 s 87 1is 85 1lis
2 009 | 6 | 3 Tis 48 Tis 39 TiTs 38 TTs
2.5 0.113 8d 67 Tils 59 s 49 s 47 s
3 0.128 10d 82 IIIs 73 IIls 61 His 59 IIIs
12 325 0.128 12d 82 1ils 73 Hls 61 s 59 IIIs
35 0.135 16d 89 IIIs 79 1Is 66 Ills 65 IIls
4 0.148 20d 101 s 90 1lls 75 s 73 s
45 0.148 30d 101 IMls 90 Ills 75 IIs 73 s
5 0.162 40d 117 s 105 s 89 1lls 87 1lis
2 0.099 61 1\ 55 1Ils 44 IIIs 42 IITs
25 0.113 8d 76 11Is 66 HIES 53 s 52 Ills
3 0.128 10d 91 IIls 79 IIIs 65 IIls 63 IIIs
5/8 3.25 0.128 12d 91 s 79 s 65 s 63 Ils
35 0.135 16d 98 1Ils 86 1lIs 71 IIls 69 IiIs
4 0.148 204 110 Ills 97 s 80 Hls 77 Iils
45 0.148 30d 110 IIIs 97 Ills 80 IIis 77 IIIs
5 0.162 40d 126 1ils 112 Hls 93 Is 90 His
2 0.099 6d 61 v 47 s
25 0:113 8d 79 s 57 s
3 0.128 10d 101 1Ils 87 Ils 70 Is 68 IIIs
3/4 325 0:128 12d 161 s 87 1lls 70 s 68 s
35 0.135 16d 108 IIls 94 Ils 76 IIs 74 s
4 0.148 20d 121 *IHs 105 1lIs 85 is 83 s
4.5 0.148 30d 121 Ills 105 HIs 85 I1ls 83 IIls
5 0.162 40d 138 1ls 121 s 99 HI 96 11ls
325 0.128 12d 01 IV | 93 v 80 v 79 v
35 0.135 16d 113 v 103 v 89 v 88 v
1-1/2 4 0.148 20d 128 v 118 v 102 v 100 v
45 0.148 30d 128 v 118 v 102 v 100 v
5 0.162 40d 154 v 141 v 122 v 120 v




TABLE 9.
Identical Species

Common Wire Nail Design Values (Z) and Yield Modes for Single Shear (Two Member) Connections with Both Members of

Side | Nail Length|  Nail Penny G=0.55 G=0.50 G=0.43 G=0.42
M'ember Diameter Weight Southern Pine Douglas-Fir-Larch Hem-Fir Spruce-Pine-Fir
Thickness
t, L D Z Yield 4 Yield 4 Yield z Yield
inches inches inches Ibs. Mode Ibs. Mode Ibs. Mode Ibs. Mode
2 0.113 6d 58 1Is 52 IIIs 45 s 44 1IIs
2.5 0.131 8d 76 Iiis 69 ils 60 Hls 58 s
3 0.148 10d 92 IIs 83 IIIs 72 IIIs 70 Is
3.25 0.148 12d 92 s 83 s 72 1lls 70 Is
516 35 0.162 16d 109 IIs 100 IIs 81 Is 77 Is
4 0.192 20d 131 Tiis 115 Is 87 Is 83 Is
4.5 0.207 30d 140 Is 117 Is 38 Is 84 Is
5 0.225 40d 142 Is 119 1s 89 Is 86 Is
55 0.244 50d 144 Is 121 Is 91 Is 87 Is
6 0.263 60d 152 Is 127 Is 96 Is 92 Is
2 0.113 64 | 60 I | 54 IIs 46 s 45 Tils
2.5 0.131 8d 78 JUH 7 s 60 Hls 59 IIs
3 0.148 i0d 94 IIIs 85 s 73 Ils 71 1Is
3.25 0.148 12d 94 s 85 s 73 Iils 7 s
38 3.5 0.162 16d 111 IIs 101 IIs 87 IIIs 85 IiIs
4 0.192 20d 132 s 120 s 104 1ls 100 Is
4.5 0.207 30d 144 1IIs 131 IIIs 106 Is 101 Is
5 0.225 40d 158 s 143 Is 107 Is 103 Is
5.5 0.244 50d 163 IIIs 145 Is 109 Is 104 Is
6 0.263 60d 182 Is 153 Is 115 Is 110 Is
2 0.113 6d 67 1IIs 59 s 49 IlIs 47 1IIs
2.5 0.131 8d 8S s 76 s 63 s 61 IITs
3 0.148 10d 101 s 90 1lIs 75 IlIs 73 IIIs
325 0.148 12d 101 s 90 Hls 75 Is 73 s
1 3.5 0.162 16d 117 HIN 105 HIs 89 IIs 87 1IIs
4 0:192 20d 137 HIs 124 s 105 IIis 103 1lIs
4.5 0.207 30d 148 IIs 134 IIs 115 1Is 112 Hls
5 0:225 40d 162 s 147 s 126 His 123 1IIs
5.5 0.244 50d 166 s 151 IiIs 130 IIIs 127 Is
6 0.263 60d 188 1iis 171 s 147 s 144 s
2 0.113 6d Is 52 1IIs
2.5 0:131 8d 94 1Is 82 s 67 s 65 s
3 0.148 10d 110 IIIs 97 IIIs 80 IIIs 77 1lIs
3.25 0.148 12d 110 Hls 97 1ls 80 s 77 s
58 35 0.162 16d 126 IIIs 112 IIIs 93 1IIs 90 IIls
4 0:192 20d 146 s 130 1 109 s 106 s
4.5 0.207 30d 156 1IIs 140 IlIs 118 HIs 115 IIls
5 0.225 40d 169 s 151 Iis 128 His 125 Hls
5.5 0.244 50d 173 IlIs 155 IIIs 132 Iils 129 IIIs
6 0.263 60d 194 Iils 175 His 149 s 145 1s
2.5 0131 8d 104 IIIs 90 1lls 73 1IIs 70 s
3 0.148 10d 121 Iis 105 s 85 Hls 83 Iis
3.25 0.148 124 121 s 105 s 85 Ills 83 IIIs
3.5 0.162 16d 138 s 121 s 99 Ils 96 s
3/4 4 0.192 20d 157 JUH 138 IIs 114 s 111 IIls
4.5 0.207 30d 166 s 147 11 122 Iils 119 s
5 0.225 40d 178 IIs 158 IIls 132 NIs 129 IIs
55 0.244 50d 182 s 162 s 136 s 132 1ls
6 0.263 60d 203 s 181 1lIs 152 Ills 149 Iils
33 0.162 Téd 134 v 141 v 122 v 120 v
4 0.192 20d 185 v 170 v 147 v 144 v
1112 4.5 0.207 30d 203 v 186 v 161 v 158 v
5 0.225 40d 224 v 205 v 178 v 172 1IIs
55 0.244 50d 230 v 211 v 181 s 175 1IIs
6 0.263 60d 262 v 240 v 197 HIs 191 IIIs




TABLE 10. Threaded Hardened-Steel Nail Design Values (Z) and Yield Modes for Single Shear (Two Member) Connections with Both

Members of Identical Species

Side Nalil Nail Penny _
Member | Length Diameter | Weight G=0.55 . G:O‘,SO G=0'4?f G_O",Q .
Thickness Southem Pine Douglas-Fir-Larch Hem-Fir Spruce-Pine-Fir
ts L D Z Yield Z Yield z Yield Z Yield
inches inches inches Ibs. Mode Ibs. Mode Ibs. Mode Ibs. Mode
2 0.12 6d 73 s 66 s 57 1MIs 56 1MTs
2.5 0.12 8d 73 1ils 66 s 57 flls 56 s
5/16 3 0.135 10d 91 Ils 83 IlIs 67 Is 64 Is
3.25 0.135 12d 91 s 83 s 67 Is 64 Is
35 0.148 16d 103 1IIs 94 s 74 Is 70 Is
4 0177 20d 135 Is 113 Is 85 Is 82 Is
2 0.12 6d 74 Iils 67 1Is 57 IIs 56 IIis
25 012 8d 74 Iils 67 Hls 57 Hils 56 JHE
33 3 0.135 10d 93 IMls 84 Iils 72 Ills 7 1ils
325 0.135 12d 93 ills 84 Hls 72 s 71 1ils
3.5 0.148 16d 104 1lIs 95 1Is 82 s 80 s
4 0177 20d 143 1lls 130 1ils 102 Is 98 Is
2 0T2_|—6d_ 0 Tils 71 Tis 'ho Jug 38 TIs
25 0.12 8d 80 s " s 60 s 58 s
3 0.135 10d 98 Ills 88 s 74 1IIs 72 s
325 0135 12d 98 s 88 1ls 74 1IIs 72 1Is
1 35 0.148 16d 110 Nls 98 IIIs 83 s 81 IIs
4 0.177 20d 147 s 133 s 114 s 111 His
45 0.177 30d 147 IIIs 133 1IIs 114 HIs 111 s
5 0.177 40d 147 s 133 Ills 114 1lls 111 Tls
5.5 0.177 50d 147 1lIs 133 1lIs 114 IIIs 111 JHH
6 0:177 { 60d 147 Hls 133 Hls 114 s 1 1lis
2.5 0.12 8d 88 s 77 s 63 1Is 62 Tis
3 0.135 10d 106 s 93 1ils 78 1ils 75 Ils
3.25 0.135 12d 106 1Is 93 IlIs 78 IlIs 75 1IIs
35 0.148 16d 118 s 104 1Ils 87 s 85 s
5/8 4 0.177 20d 154 IIIs 138 [lIs 116 s 113 Hls
45 0.177 30d 154 s 138 ils 116 1ils 113 s
5 0.177 40d 154 s 138 IIIs 116 1lis 113 Uls
55 0:177 50d 154 s 138 s 116 s 113 His
6 0.177 60d 154 HIs 138 IlIs 116 1Is 113 Ils
25 0.12 8d 97 s g4 W5 68 s 66 1Iis
3 0.135 10d 115 is 101 s 82 s 80 1lIs
325 0.135 12d 15 s 101 s 82 s 80 His
35 0.148 16d 128 s 112 1lIs 92 {iIs 89 Mls
4 0.177 20d 164 1ils 145 s 121 i 117 Hls
3/4 4.5 0.177 30d 164 IIs 145 Ils 121 s 117 1Is
5 0.177 40d 164 s 145 s 121 s 17 Uls
55 0.177 50d 164 1lis 145 s 121 IIis 117 1lis
6 0.177 60d 164 s 145 1is 121 s 17 1iks
7 0.207 70d 178 1Is 159 1lIs 133 IIIs 130 Hls
8 0207 80d 178 lils 159 Tils 133 1ils 130 s
9 0.207 90d 178 1lis 159 1lIs 133 1lIs 130 s
325 0135 23 78 W e N 1% 100 v
35 0.148 16d 145 v 133 v 115 v 113 v
4 0.177 20d 201 v 184 v 160 v 156 w
45 0.177 30d 201 v 184 v 160 v 156 v
112 5 0.177 40d 201 v 184 v 160 vV 156 v
55 0.177 50d 201 v 184 v 160 v 156 v
6 0:177 60d 201 v 184 v 160 )" 156 v
7 0.207 70d 227 v 208 v 177 s 171 1IIs
8 0.207 80d 227 v 208 v 177 1Ils 171 ils
9 0.207 90d 227 v 208 v 177 IlIs 171 1IIs
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FIG. 3. Sheathing to Stud Wall Connection

Z* = ZC,.Cq = (427)(0.83)(0.9) = 319 N
[2* = ZC,C, = (128)(0.83)(0.9) = 96 Ib]

Since the connection exhibits a mode IV yielding, a load du-
ration factor of 1.6 may be multiplied by the nominal design
capacity, Z*, to obtain the allowable design capacity, Z' as
follows:

Z' = 7*C, = (319)(1.6) = 510 N

[Z' = Z*Cp = (96)(1.6) = 154 Ib]

Thus, for two 10d common nails, the capacity would be 1.02
kN (308 Ib).

For toe-nails and slant nailing subjected to seismic loading,
the Structural Engineers Association of California (SEAOC)

TABLE 11. Design Values (Z*) and Yield Modes for Laterally Loaded, Toe-Nailed Connections®” with Both Members of Identical Spe-
cies
Nail Nail Penny [ Side Member | Penetration G=0.50
Length | Diameter | Weight | Thickness |Depth Factor G=0.55 Douglas-Fir- G=O.43f G=0.4}2 .
Southem Pine Hem-Fir Spruce-Pine-Fir
Larch
L D ts Cyq Z* Yield z* Yield VA Yield z* Yield
inches | inches inches Ibs. Mode| lbs. Mode| Ibs. Mode| Ibs. Mode
Box Nail
TR L0089 6 0.667 70897 45 ™ a1V kY1 s 33 s
25 0.113 8d 0.833 0.982 64 v 59 v 51 IIs 49 s
3 0.128 10d 1.000 1.000 84 v 77 v 67 v 65 v
325 0.128 12d 1.083 1.000 84 v 77 v 67 v 65 v
35 0.135 16d 1.167 1.000 94 v 86 v 74 v 73 v
4 0.148 20d 1.333 1.000 107 v 98 v 85 v 83 v
4.5 0.148 30d 1.500 1.000 167 v 98 v 85 v 83 v
Common Wire Nail
2 0.113 6d 0.667 0.786 51 IIs 45 jng 36 g 35 s
25 0.131 8d 0833 0.847 75 v 68 1Hs 54 fils 52 His
3 0.148 10d 1.000 0.900 96 v 88 v 74 s 72 s
325 0:148 12d 1.083 0.975 104 v 95 v 83 v 81 v
35 0.162 16d 1.167 0.959 123 v 112 v 97 v 95 s
4 0.192 20d 1:333 0.925 142 v 130 v 113 v 111 v
45 0.207 30d 1.500 0.965 162 v 149 v 129 v 126 v
5 0,225 40d 1.667 0.986 183 v 168 v 146 v 142 v
55 0.244 50d 1.833 1.000 191 v 175 v 152 v 149 v
6 0.263 60d 2.000 1.000 i 218 v | 199 v _L 173 v 169 v
Threaded Hardened-Steel Nail T
2 0.12 6d 0.667 0.740 56 Is 49 IIs 40 s 39 IIis
2.5 012 8d 0.833 0:925 78 v 69 s 55 s 53 Iits
3 0.135 10d 1.000 0.986 105 v 96 v 77 IIs 74 IIs
325 0135 12d 1.083 1.000 107 v 98 v 82 s 79 His
35 0.148 16d 1.167 1.000 121 v 110 v 95 Ils 92 HIs
4 0.177 20d 1.333 1.000 167 v 153 v 128 s 124 is
45 0.177 30d 1.500 1.000 167 v 153 v 133 v 130 v
5 0.177 40d 1.667 1.000 167 v 153 v 133 v 130 v
55 0.177 50d 1.833 1.000 167 v 153 v 133 v 130 v
6 0177 60d 2.000 1.000 167 v 153 v 133 v 130 v
7 0.207 70d 2.333 1.000 188 v 172 v 149 v 146 v
8 0.207 80d 2.667 1.000 188 v 172 v 149 v 146 v
9 0.207 90d 3.000 1.000 188 v 172 v 149 v 146 v

1. Tabulated values (Z*) have been multiplied by the penetration depth factor (Cq) and the toe-nail factor (Cia=0.83).

2. Tabulated values (Z*) are for toe-nailed connections fabricated according to Figure 4.
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recommends limiting the design capacity of toe-nailed con-
nections to 2.189 kN/m (150 Ib/ft). This limitation applies to
forces being transferred from diaphragms to shear walls, drag
struts (collectors), or other elements, or from shear walls to
other elements (Recommended 1996). The rationale behind
this recommendation is based on shrinkage of blocking or
close nail spacing, which might cause a weakened plane for
wood splitting. This recommendation is also appropriate due
to the difficulty of toe-nail installation and inspection.

SUMMARY

NDS bolted connection tables were modified to include the
governing yield mode for the tabulated connection capacity.
The NDS tables were also expanded to include additional side
member thicknesses as well as the yield modes for each tab-
ulated connection capacity. Toe-nail tables were created that

present the nominal connection capacity and the yield mode.
The nominal capacity is the result of multiplying the calculated
connection capacity by the toe-nail factor and the penetration
depth factor, when applicable. Using these tables alleviates the
need for lengthy capacity and yield mode calculations. This
allows the designer to quickly determine whether the connec-
tion behaves in a ductile or nonductile manner, according to
the 1997 NDS. The appropriate load duration factor for wind
and earthquake loading of 1.6 or 1.33 may then be applied to
the strength of the connection in accordance with the 1997
UBC provisions. The following are general trends to be re-
membered when designing ductile connections:

e A decrease in fastener diameter, D, moves from brittle to
ductile modes.

e Anincrease in side member thickness, t,, or main member
thickness, t,,, moves from brittle to ductile modes.

¢ An increase in wood dowel bearing strength, F., moves
from brittle to ductile modes.

Even in the absence of a quantitative advantage associated
with ductile connections (for example, 1997 UBC C, = 1.6
versus 1.33), it is recommended that designers in regions of
high seismic activity specify ductile connection yield modes
rather than brittle yield modes since this can facilitate greater
structural deformations without catastrophic failurein overload
scenarios. From a practical standpoint, this may involve de-
signing with a larger number of small diameter fasteners, in
lieu of a few large diameter fasteners.

A more comprehensive set of bolt and nail/spike tables is
available from the authors. These include more of the species,
thicknesses, and connectors listed in the NDS tables.

APPENDIX I.
Bolted Connection Yield Mode Equations
Single shear Yield mode Double shear
Dtm Fem Z — Dtm Fem
4K, 4K,
_Dt,Fy Dt F,
4K, 2K,
— kl Dts Fc's
3.6K,
— k2 Dtm Fem
32(1+2R,)K, )
k; Dt Fop, __ks Dt Fy,
T320+R)K, 1.6(2+R,)K,
_ D2 2F,, Fy _ D’ [2F, F,
32K, {30 +R,) T 16K, V3(1+R,)

Note: Mode I; does not apply to steel side plate connections.

Where

VR +2RP[+ R 4R+ RR}

-R,(1+R)

(1+R,)

2F,, (1+2R,)D?
3F,, 1,

ky = —1+\/2(1+RZ)+

2F, (2+R,)D?
TR

R, 3F,. t°

em's



APPENDIX I. (Continued)
Re=Fon! Fes

Ri=tn/t
t,, = thickness of main (thicker) member, inches
t, = thickness of side (thinner) member, inches

F,n = dowel bearing strength of main (thicker) member, psi

Nailed Connection Yield Mode Equations
Yield mode
Z = DtS FES Im
KD

_ kDpF, nm
K,(0+2R,)

_ ky D1, F m,
K, (2+R,)
2

7= D M v
K, \3(+R,)

Note: Mode I; does not apply to steel side plate connections.

‘Where:

2F,, (1+2R,)D?
3Fen P’

ky =—1+J2(1+R2)+

2F,, (2+R,)D*
k2~»1+\F(l+RE)+ »@+R)

R, 3F,, t,
R,=Fo! F.g
p = penetration of nail or spike in main member (member holding point), inches
t, = thickness of side member or L/3 for toe-nailed connections, inches
F,,, = dowel bearing strength of main member (member holding point), psi
F,; = dowel bearing strength of side member, psi
F,), = bending yield strength of nail or spike, psi
F,=16600 G “*
D = nail or spike diameter, inches (When annularly threaded nail are used with threads at the shear plane, D = root

diameter of threaded portion of nail, inches)

Kp=22 for D <0.17”
Kp=10D+05 for 0.17” <D <0.25”
Kp=30 for D 2 0.25”

F,, = dowel bearing strength of side (thinner) member, psi

Fq = 11200 G
61 1.45

F,, - 6100G

vyD

F,;, = bending yield strength of bolt, psi

D = nominal bolt diameter, inches
Ky =1+ (6, /360°)

Ona: = maximum angle of load to grain (0° < 8<90°)
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