BASIC TIMBER DESIGN CONCEPTS FOR BRIDGES

5.1 INTRODUCTION

For thousands of years, timber bridges and other timber structures were
built primarily by trial and error and rule of thumb. Designs were based on
past experience, and little concern was given to efficient material usage or
economy. As the complexity of structures increased, more attention was
focused on the importance of accurate engineering methods. Research was
undertaken to develop design criteria for wood with the same level of
accuracy and reliability available for other engineering materials. As a
result, developments in timber design have advanced substantialy in this
century. Although wood is orthotropic and differs in many respects from
other materials, wood structures are designed using many of the same
equations of mechanics developed for isotropic materials. Variationsin
material properties from growth characteristics, manufacturing, and use
conditions are compensated for by material grading and stress adjustments
applied in the design process. Timber design may seem confusing at first,
but with experience it is no more difficult than design with other materials.

This chapter provides an overview of basic design concepts for sawn
lumber and glulam used in bridge design. It includes specification require-
ments and methods for designing beams, tension members, columns,
combined axial and bending members, and connections. Applications of
these concepts to design situations are given in examples for each member
and connection type. More detailed design related to specific bridge types
is covered in Chapters 7, 8, and 9.

The discussions and examples in this chapter are based on a number of
referenced specifications that were current at the time of publication. The
reader is cautioned to verify these requirements against the most recent
edition of the specifications before designing a bridge. In no case should
the information presented in this chapter be considered a substitute for the
most current design specifications.

5.2 DESIGN SPECIFICATIONS AND STANDARDS

The primary specifications for bridge design in the United States are the
Standard Specifications for Highway Bridges, adopted and published by
the American Association of State Highway and Transportation Officials
(AASHTO). 'These specifications are published intermittently and are
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revised annually through the issuance of interim specifications. They
address all areas of bridge design, including geometry, loading, and design
requirements for materials. AASHTO specifications are used extensively
as the standard for bridge design and are the primary reference for the
timber design requirements, procedures, and recommendations addressed
in this manual.

The majority of the timber design requirements in AASHTO are based on
the National Design Specification for Wood Construction (NDS).” The
NDS is the most widely recognized general specification for timber design
and is published periodically by the National Forest Products Association.
The specification includes design requirements and tabulated design
values for sawn lumber, glulam, and timber piles. Although the NDS does
not specifically address detailed bridge design, it does serve as the basis
for the timber design concepts and requirements used for bridges. Notation
of the NDS as the source of design requirements in this chapter reflects
references in AASHTO that specify the NDS as the most current source of
timber design information for bridges (AASHTO 13.1.1).

In addition to the NDS, AASHTO periodically references the specifica-
tions, standards, and technica publications of the American Institute of
Timber Construction (AITC). AITC is the nationa technical trade associa-
tion of the glulam industry and is responsible for numerous specifications
and technical publications addressing fabrication, design, and construction
of glulam. AITC also publishes AITC 117-Design Standard Specifica-
tions for Sructural Glued Laminated Timber of Softwood Species (AITC
117-Design), which is the source of tabulated values for glulam.”’

Timber design requirements for bridges may differ from those commonly
used for buildings and other structures. Although the requirements in
AASHTO are based on the NDS and other referenced specifications and
standards, modifications have been incorporated in AASHTO to address
specific bridge requirements. The designer should become familiar with
the content and requirements of current AASHTO, NDS, and AITC
specifications. Copies of these specifications and other noted references
are available from the parent organizations at the addresses listed in
Table 16-10.

5.3 DESIGN METHODS AND VALUES

Timber bridges are designed according to the principles of engineering
mechanics and strength of materials, assuming the same basic linear
elastic theory applied to other materials. The method used for design is the
alowable stress design method, which is similar to service load design for
structural steel. In this method, stresses produced by applied loads must be
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SYMBOLS AND
ABBREVIATIONS

less than or equd to the allowable stresses for the material. A design
method called load and resistance factor design (LRFD) is used for timber
design in other countries, but not in the United States. Progressis being
made toward development of such a method in the United States; how-
ever, adoption is severd years away.

As discussed in Chapter 3, wood strength and stiffness vary with species,
growth characteristics, loading, and conditions of use. As a result, one set
of allowable design values for all species and design situations would
result in very uneconomical design in most cases. Conversely, tabulated
values for al potential conditions would result in so many tables that they
would be unusable. Rather than using either of these approaches, timber
design is based on published tabulated values that are intended for one set
of standard conditions. When these conditions differ from those of the
design application, the tabulated values are adjusted by modification
factors to arrive at the allowable values used for each design. This ap-
proach produces more realistic design values for a specific situation. In
general terms, the basic timber design sequence is as follows:

1. Compute load effects and select an initial member size and
Species.

2. Compute the applied stress from applied loads.
3. Obtain the tabulated stress published for the specific material.

4. Determine appropriate modification factors and other adjustments
required for actual use conditions.

5. Adjust the tabulated stress to arrive at the allowable stress used
for design.

6. Compare applied stress to alowable stress. The design is
satisfactory when applied stress is less than or equal to allowable
stress.

Timber design uses standard symbols to denote the types of stresses for
strength properties. These symbols consist of a stress symbol to designate
the type of stress (applied, tabulated, or allowable), followed by a lower
case subscript to denote the specific strength property (bending, shear,
tension, and so forth). The symbols used for this purpose are shown in
Table 5-1. For example, applied, tabulated, and allowable bending stresses
are designated f,, F,, and F,', respectively. The same type of designation
without the strength property subscript applies to modulus of elasticity,
where E denotes the tabulated value and E' denotes the allowable value.
For glulam, an additional subscript of x or y may be included to designate
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TABULATED DESIGN
VALUES

Table 5-1.- Stress symbols for timber components.

Slress symbuol Definition
f Applied stress from loading
F Tabulated stress from the applicable design specifications
F Allowatyle stress for design {tabulated siress adjusted by
all applicable modification factors)
F" Intermediate stress for calculating the tabulated stress for

some beams or solumns

Property subscript  Definition

Bending

Horizontal shear

Tension parallel o grain
Compression parallel to grain
Compression perpendicular to grain
End grain in bearing

‘QP'T!"""*EU‘

values about the x-x or y-y axis of the member (the x-x axis for glulam is
aways paralel to the wide face of the laminations). For example, F,,is
the tabulated bending stress about the x-x axis. In the absence of such a
subscript, it is assumed that stresses act about the x-x axis.

Tabulated design values for sawn lumber and glulam are based on testing
and grading processes discussed in Chapter 3. These values represent the
maximum permissible values for specific conditions of use and normally
require adjustments for actual design conditions. In this sense, tabulated
values should be viewed only as the basis or starting point for determining
the allowable values to be used for design. An abbreviated summary of
tabulated values for sawn lumber and glulam is published in AASHTO;
however, these values do not include all species and grades and may not
be current. For this reason, AASHTO requires that tabulated values com-
ply with those specified in the most current edition of the NDS or AITC
specifications (AASHTO 13.1.1 and 13.2.2). The source of tabulated
values for sawn lumber is Design Values for Wood Construction, which is
an integral part of the NDS, but is published as a separate volume. Tabu-
lated values for glulam are given in AITC 117-Design. These NDS and
AITC specifications represent the most comprehensive and current source
of design information and include tabulated values for the following
properties.

Beading {F,}

Honzontal shear (F )

Tension parallel to grain (F)
Compression parallel to grain (F)
Compression perpendicular to grain (F_ )

5-4



End grain in bearing (F,)
Modulus of elaticity (E)

Tabulated Values for Sawn Lumber

Tabulated values for visually graded and machine stress rated (MSR) sawn
lumber are published in the NDS based on the grading rules established by
seven grading agencies. Separate tables are included for visually graded
sawn lumber, MSR lumber, and end grain in bearing. The values are valid
for sawn lumber used in dry applications under normal loading conditions
(both of these conditions are discussed later for modification factors). In
addition, each table contains an extensive set of footnotes for adjusting
values to specific use conditions.

Visually Graded Sawn Lumber

Design values for visually graded sawn lumber are specified in Table 4A
of the NDS. A portion of this table is shown in Table 5-2. The table gives
tabulated values for F,, F, F,, F,F,,, and E based on the species, size
classification, and commercia grade of the lumber. When using the table,
the following considerations will help interpret tabulated values:

1. Wood species may be specified as an individual speciesor a
species combination. When species combinations are used, the
individual species of the combination are listed in the Table 4A
table of contents.

2. The grading rules agencies for each species are noted in the far
right column of the tables. When grading rules for the same
species differ among agencies, tabulated values are given
separately for each grading agency.

3. Tabulated values for each species are based on the grade and size
classification. Although commercial grade designations may be
the same, tabulated values can vary among size classifications.
For example, the tabulated values for grade No. 1 in the Beams
and Stringers (B& S) size classification are not necessarily the
same as those for No. 1 in the Posts and Timbers (P& T) size
classification.

4. For al dimension lumber that is 2 to 4 inches thick, grading rules
and commercial-grade nomenclature are standardized. When sawn
lumber is thicker than 4 inches, grades are not standardized, and
tabulated values for the same species, size, and grade of member
may vary among grading agencies. In situations where conflicting
tabulated values are given for different agencies, the designer
must either specify the grading rules agency or use the lower
tabulated values.

5. The availability of sawn lumber in the species, grade, and size
classifications in Table 4A of the NDS may be geographically
limited. The designer should verify availability before specifying
aparticular species, size, or grade.

>5



Tabie 5-2. —Typical tabulated values for visually graded sawn lumber.

Deésign valves In pounds per sguare inch
Exireme TEsar in Gracing
bending °F Tansion | Horizonlal| Compression | Comprassion | Moduls fias
Species and Siza parakal | shear |pemendecular|  paralal ol agency
Commaercial Classification | Single- |Repetitre-] 1o grain F 1o grain b grain easticily
Grade Mmemitet | et " .‘gr:l. N =
LISes usEs
COTTONWOOD [Surfaced dry of sifaced areen, Used 21 1% max mc)
FloF
thick NHPMA
2o 4 {Sea loalnoles
Shud wide 525 800 00 | &5 A0 350 1,000,000 | 1-12)
Consiruclion T 675 75 400 55 320 550 1,000,000
Stanciard thick arh 475 225 5 320 Ve 1,000,000
Linltiry 4" wide 1735 200 100 &5 20 kv 3] 1,000,000
DOUGLAS FIR-LARCH [Surlaced try or surlaced green, Used i 19% Max m C)
Dertea Solec! Structural 2480 e LY 1400 o T30 1650 1,800,000
Sebect Slructyral 2100 2400 1200 o5 ] 1600 1,800,000
Dansa Ho. 1 2050 2400 1200 o5 T30 1450 1,900,000
M o4 1750 L] 100 % B2G 1250 1,800,000
Densa Mg, 2 thick 1700 1550 1000 s T30 1150 1,700,000
Mo 2 gt 145G 1630 B0 o5 B25 Hxx 1.700.060
Mo 3 Wie 8O0 ety 475 o5 525 600 1,500,000
Rppastansa 1750 /050 10540 &% v 1500 1,800,000 | WCLIB
Shd 800 25 73| B25 600 1,500,000 | WWPA
Consruclion Flo 4" 100 1200 [ o5 525 1150 1,500,000
Slarwlard thick 00 €75 KLy e (i) 825 1,500,000
LNty 4" wicle 275 5 175 o5 B25 B 1,500,000
Tonsa Selec! STuchial Zi00 2400 | 1400 o 730 1650 1,000,000 { {Soa foolnoles
Safect Sirctural 1800 2050 1200 o5 625 1400 1800000 7 1-i2
Dansa Mo, § Fiod® 1804 M50 1200 85 T30 1454 1,000,000 | and 204
Mo thick 1504 1750 1ol o5 B23 1260 1,800,000
Deanse Mo, 2 " and 1454 170 (¥ 775 o5 T30 1234 1,700,000
Mo, 2 wider 1250 1450 |3 650 95 625 1 1,700,000
Mo, 3 T2 a50 K 5 623 &5 1,500 000
Appearance 153 1780 1000 o5 25 1500 1,800,000
St 785 850 475 o5 625 &75 1,500,000
Densa Select Stuchural 1900 - 1130 8% T3 15300 1,700,000
Sekact Siruciural Beamsand | 1600 - 950 85 Be5 1100 1,660,000
Dansa Me, 1 Siringes 1550 —_— ffh 84 T30 1100 1,700,000
M, 1 1.3 - €75 a5 825 -] 1,600,000
Mo 2 75 - 425 &5 £25 &00 1,300,000 | WCLIB
Danss Selec! Srucura 750 — 1150 85 730 1350 1,700,000
Select Strustural Posk and 1500 - 1000 £5 625 1150 1,600,000 | {Sea polnotas
Dainser Mo 1 Tirnbers 14060 - &5l 85 13 1200 1,700,000 [ 1-12
Mo. 1 1200 — 875 a5 g25 1000 1,600,000 | and 20
Mo. 2 750 — 475 85 625 il 1,300,000
Setect Dax Decking 175G 2000 - - [ ] — 1,800,000
Commgicial Da 1450 1650 - — 625 — 1,700,000
Dargs Select Shustural 1850 -_ 1100 a5 Y] 1300 1,700,000
Salect Structiral Bearns and 1600 - L1 &85 625 1108 1,600,000
Danse No. 1 Stingers | 1550 - 75 | 8 730 1100 1,700,000
Ha 1 1350 — €75 1) L5 E 1,600,000
Densa Mo, 2 1000 — 500 a5 130 00 1,400,000
Mo 2 ars - 475 a5 625 500 1300000 [ WWRA
Derse Satec! Structiral 1750 - 1150 g5 730 1350 1,700,000
Satec! Stnschural Pests and 1500 - 1000 &5 825 1150 1,800,000
Dharesa M. 1 Timbers 1400} — G50 85 T30 1200 1,700,000
Ho. 1 1200 — 825 85 E25 1000 1,600,000
Derse Mo, 2 800 — S50 &5 T30 ) 1,400,000
Mo, L] et 475 a5 623 5 1, 300000 | (See looinanes
Satected Decking Backing -_ 2000 — — — — 1800000 | 1-13
Commargial Dagking - 1660 — — — — 1700000 | and20)
Sabaclod Docking Docking - 2150 {Surfaced a1 15% max. m.c. and —_ 1,560,000
Commercial Decking — R uged al 1 5% ma. m ) - 1,700,000

Refer to the latest edition ofthe NDS tor a complele and curent listing of tabufated valves and footnole explanalions. From NDS2* €1986.
Used by permigsion.
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MSR Lumber

For MSR lumber, tabulated values are derived by nondestructive stiffness
testing of individual pieces that are 2 inches thick or less. Vaues are
specified in Table 4B of the NDS for F,, F, F, and E based on the grade
designation and size classification of lumber (Table 5-3). Tabulated
stresses for F,and F, | are as specified in NDS Table 4A for No. 2 visually
graded sawn lumber of the appropriate species.

End Grain in Bearing

The NDS contains a separate table of tabulated stress for end grainin
bearing, F,. These values are specified in Table 2B of the main NDS
volume and pertain only to end-grain bearing parallel to grain on arigid
surface. The stresses are given for each species based on member size and
use conditions and apply to both visually graded and MSR [umber.

Table 5-3. -Typical tabulated values for MSR sawn lumber.

Design values in pounds per square inch'™
Extrems fiber in
Gramng bending *F,™*
Grads o m Singl fa Tmsjgln Cnmpr?ssim Mog?lus
assification ingle- epefitive- paral paral sl
gesignation'' {seemles member member o grain to grain elastcity
1234 Usas usas Fr F; 3

90eH-1.0E 34 900 1050 350 725 1,000,600
12006-1,2E 1,234, 1200 1400 &0 850 1,200,000
13501-1.3E 234 1350 1550 it 1075, 1,300,400
145011 3E 134 1450 1650 BAG 1150 1,300,000
15008-1.3E 2 1500 1750 800 1200 1,300,000
160011 4E 1234 1500 1750 200 1200 1,400,000
165011 AE 2 1850 1900 1020 132 1,400,000
1650F-1.5E 1234 1650 190 102 1320 1,500,008
1800f-1.6E 1,234 Macking 1800 2050 1175 1450 1,500,000
1850f-1.5E 2 rated 1850 2060 1375 1550 1,500,000
19501-1.7E 124 | lumber 1950 2250 1375 1550 1,700,000
2100-1.8E 1234 | " thick 2100 2400 1575 1700 1,800,000
22501-1.6E 2 orless 2230 2600 173 180 1,600 000
2250f-1.8E 124 All 2250 2600 1750 1800 1,800, (k]
24008-1.7E 2 Widihs 2400 2150 1825 1925 1,700,000
2400f-2.0E 1224 2400 e750 1925 1925 2,000,000
25501-2.1E 1,24 2550 2850 2050 2050 2,100,000
2700f-2.2E 1 E 3 4 2700 00 2150 clsl 2,200,000
2850f-2.3E 24 2850 3300 2300 2300 2,300,000
3000f-24E 12 KM 3450 2400 2400 2 400,100
N50f-2 5E 2 3150 3600 2500 2500 2,500,000
33004-2.6E 2 3300 3800 2650 2650 2,600,000

B00f1.0E 123 o) 105G 33 125 1,000,000

9004-1.2E 1,23 See &0 1050 350 725 1,200,000
1 200f-1.5E 1,23 kol 1200 1400 600 950 1,500,000
1350f-1.8E 12 3 1350 1550 750 1075 1,800,000
1500f-1.8E 3 1500 1750 500 1200 1,500,000
| _1800F-21E 1223 1800 2050 1175 14540 2 100,08

Relertoihe latest edition of the NDS lor a complete and curment listing of tabulated valves and footnole explanations. From the NDS: 2@ 1936
Used by parmission.
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Tabulated Values for Glued-Laminated Timber (Glulam)

Tabulated values for glulam are specified in AITC 117-Design. Separate
tables are included for bending combinations, axial combinations, and end
grain in bearing. Values are given for western species and Southern Pine
made with either visualy graded or E-rated lumber based on dry-use
conditions (moisture content of 16 percent or less) and normal duration of
load. Tabulated values for a specific combination symbol of glulam are
standardized and are not subject to variations in grading rules or fabrication
ProCesses.

Bending Combinations

For bending combinations, tabulated values are given in Table 1 of AITC
117-Design. The combination symbols in this table are for members
consisting of four or more laminations, stressed primarily in bending with
loads applied perpendicular to the wide faces of the laminations (x-x axis).
The table also includes tabulated values for axial loading and bending with
loads applied parallel to the wide faces of the laminations (y-y axis);
however, the axial combinations are usually better suited for these loading
conditions. A limited number of combination symbols, taken from Table 1
from AITC 117-Design, are shown in Table 5-4. The first two columns of
the table give the combination symbol and species of the member. The
remainder of the table is divided into three parts based on the type and
direction of applied stress. Columns 3 to 8 contain stresses for members
loaded in bending about the x-x axis (the most common case). For this
condition, stresses for F,and F_| are specified separately for the tension
and compression zones of the member. These stresses may be the same for
both zones (balanced combination) or may differ significantly. Columns 9
to 13 are for members loaded in bending about the y-y axis where stresses
in the tension and compression zones are equal. Columns 14 to 16 are for
members loaded axially or with a combination of axial and bending loads.
The intended use and limitations for groups of combinations are also noted
inthe table.

Axial Combinations

Tabulated values for axial combinations are specified in Table 2 of AITC
117-Design. The combinations in this table are intended primarily for
members loaded axialy or in bending with loads applied parallel to the
wide faces of the laminations (y-y axis). The table also includes tabulated
vaues for loading perpendicular to the wide faces of the laminations (x-x
axis), but bending combinations are usually better suited for this condition.
A limited number of combination symbols, taken from Table 2 from AITC
117-Design, are shown in Table 5-5. The table is organized in three sec-
tions based on the type and direction of applied stresses, asin Table 5-4.
Tabulated values depend on the number of laminations and are given for
members consisting of 2, 3, and 4 or more laminations. For all axial combi-
nations, strength properties are balanced about the neutral axis, and tabu-
lated stresses for F,and F_, are equal in the tension and compression
ZONes.
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Table 5-4.- Typical tabulated values for glulam bending combinations.

Barding About X-1 e Raarcting Abrurl 7Y i Auriaky | caded
Lusdard Perpandiodor Losd wf P il
o Wida Faors o ¥ o 'Wdm Facws of X
Lamnationg 1
x Wi, T
] Eisae Far 1 l:-u'rnll-'m_ﬂlrpll'r l.HShh".
é;.-lpnn B-'ﬁ'.g.Ft“ d.g.-l.nna--u.Fﬂf ¥ F",',m- 1
L Tonaien Compea- Exvams |sm |Fix moembary Compmer
o Zerw i ioe Mot | Flar  |Papor vihimdigh Wi | Tewion | w8 (P
Corntirn- | Caw Stwmd | Srrced Compres [Hizm: |l N g R Honzen | prece amnat | Fadel | Fuil o
=] d Lare M n Y n 0 Tonaioon en 1 Sy, t Bandrq, ' | o Gamin EGhebir, | el whedh g Ehi-e- [} ] (1578
Symbg| ey Tosen' | Tamienn® | Fae Facw F“ '”'E: Fh'l' F{:Lf F rect e ghuadt) ity E Crain, F, ] G, F i, E
F ¥ 1 [
oo g o i m || P o i vt o pi | o'
1 2 3 4 5 & 7 8 g i 11 12 13 14 15 18
Visually Gradsd Wastemn Speciee
Th1mhurmrrbrﬂbr! mrm ned bakncad arad hoe ke sl ey of wok L.
16F-¥1 DR 550 I"-' s60™ 140%% 13 oe0 255 130*Y B5™ 1" 673 975 14
16F-W2  HEMF 500 375 P58 14 1250 W5 13 T 13 B7S 1300 i3
16F-¥3 DFDF 1800 BOD  Se0™ B0 1S 15 1450 560 145 75 15  §0 1580 15
16F-¥8 DFSDFS BRD 500 1BS 12 1200 500 145 75 11 825 1350 1
Thw fofwie) M comblnalions ars tanced for sLaigh or $ighy CATIDON MeMmbers Tor dry Use Brd cusiel BppeErance.”
16F- V4 DFNIWW 650 can ooy R oy 256 130%% g53¥ 43T g5 &M 13
16F¥S HEMNIDF 1600 A0 650 S0t 0™ 15 000 470 135 70 1.5 50 S 15
Towa |ndiowing T combinarsons: wom babinsed Brd Bre inlande for mamben Sonluces Sr CL MM S Sppane. o pmvida equal capacky in Corh pasitv il Mgt berdfing.
16F-v4 DFDF sep™ sao® 16 15 1450 560 145 75 14 550 1550 15
16F-¥5 HEMF 1600 1600 375! ars! 156 14 1200 375 135 70 12 80 1250 12
The bk Sovrkn cormbinations. ar 0oL balanced and ara for sitmr 3o o w wss,
20F V1 DFWW 650 5600 140™  14% 1000 255 120%™ &S 12* TED W00 127
20F¥2 HFMF 00! ams! 185 15 1200 375 135 70 14 %0 1350 14
20FY3 DFDF £50  Se0" 185 16 1450 560 46 75 15 1000 1550 15
S0F-V4 DFOF 2000 1000 580" &80" 165 i6 1450 SBD  §d5 75 16 1000 1550 16
20F-¥10 DFHF BS0 580 155 £5 1300 IS 115 0 14 950 1800 14
MF-¥11 DFSTFS BS0 500 165 14 1400 SO0 {45 75 11 S0 1400 11
2F-¥12 AGIAG S0 W0 190 15 1200 470 185 80 14 500 1500 14
Tro Sodowics] b cormiing bome ars il for Bralgr o =igrel eamisemd ma mhers for dry uss drd it dosidl ||:\|:||||I‘!.rl:-l.ll
Z0F45  DENIWW 630 60" S0 o1EF g 285 1R WM™ 13T 70 725 1af
20F-VE DFNIDF 2000 1000 650 560" 0™ 16 1000 470 435 o 15 75 w0 15
Tho {cltiang threa combinations mem Ealinced £ 4.0 R 10 MEmary. contuMies o CAntavemd ver Euppons $nd Pronice gual cagacity i both poaliboe and gt Dancing
XFYT DFEDF 650 = 650 165 16 1450 560 145 75 16 1000 1600 18
MFYE DRDF 2000 2000 Se0™ seo™ 165 17 1450 B60 145 75 16 1000 1600 18
MFYe HFMF sl meol 15 15 1400 375 135 0 14 o975 1400 14
T Elawiey] Mve carbinatione ere nol b brced and b kor glae dry oF Wi use.
2OEV DEAYW 650 580M  140%%  14% 1050 286 10 s 13 ms0 1100 137
23F-y2  HFHF 500t sonl 155 15 250 475 135 M 1.4 950 1350 14
2ofya DFDF 2200 1400 650 seol 165 17 1450 580 145 75 16 150 1500 1B
22F-V4  DFDF 650 560" 165 17 1450 560 15 75 16 1050 1850 16
22F-V10 DFOFS a5 560" 165 16 1600 50 WS 75 19 1000 1400 12
T Iolbcming T CofbingSore: 2o ilproid fof stralphl of aliphily carbensd memins for dey e and Irdm'h'lmmn:tl
2FY5 DFMN2WW B 50" 90N 16T 1M 255 13- e 14% 80 7H 14T
=FYE DPEMNSDF 2200 1100 650 560" 90m 17 1250 47 135 75 145 oM 8% 16
T ha Tolwi(y Thovst Crmibintions wre Balanced ard are egtded Ior Mt s continugis. or sarfbewamt coae SURpGTs. 30d provids squil capacity In baoth eoaitive ared Mgl Teding.
2F-v7 DFOF B5) 650  16B 18 1450 S0 145 75 16 110 1650 1A
wFv4 DFOF 2200 2200 ss0™M ss0™ 185 17 1450 SB0 145 7% 15 1050 16850 18
XF-Ve HFMF 5000 5001 165 15 1250 afs 135 M 14 o5 10 14
T EaderWir] S combingtions anp nof Eub e Ared &m iar &RDer dry of wer 1
24F-%1  DFAYW 50 B0 140%™ 17F 80 2585 135 ¥ 145 550 130 14°
24F-V2  HFMF 500 so0! 185 15 f250 a5 135 0 14 950 1300 4
20F¥3 DFOF 2400 1200 650 560" 185 1B 500 B0 145 75 16 1100 1600 16
MFVe  OFDF 650 G50 165 18 1500 560 145 75 16 1100 1650 16
MEYe  DFHF 650  GBD 155 17 1350 375 40 70 15 100 1450 15
24F-¥11 DFDFS 65 580" 165 17 1BO0 500 14S 75 14 150 1700 14

Refer o Ihe lalest adibon ol AITC 117—Design for a complate and cument listng ol labulaled valws and kotnete explanations. From AITG 17—
Desigr;* € 1987, Used by permission.
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Tahble 5-5. Typical tabulated vatues for glulam axial combinations.

Aoally Loaded Bending about Y-Y Axi Bonding About X-X Audz
Tenson |  Compres- Loaded Parallsl Loadsd Y
Paralml 2N to Wide Fadas Porpendicular
(] Paraled ol Laminalions ¥ to Wida :@
Grain, .I'-‘r to Grain, F‘ Fams of
Laminalions ¥
Compras- Exreme Fiber in Bending', £, Horizontal Shear, F Extreme Fioer |, -
el by, vy in Bandina " F Huefizontal
Modukzs | Perpen- M P | Shoas, 0
Combi- e dicular | 2or 4w 4o 4 or Mote Lams. dov Zlams. | 4of F.,
alion Elagiicity | foGrain, | More | More | 2o Kare {For mombers wih | Mare 3 2 le15in. | More [Zof Mome
Symboi | Species? | Grade® E F,a | Lams | Lams. J3lams. | lamg | 3tams | 2ELams.|mubiple plece ams|™ | Lams, | Lams. | Lams. | Deep' |lams 19| Lams,
$0'psi]  psi psf psl ] psi pii pet psi psi psi pei pl pai ps
1 Z 3 4 ] 6 1 g 9 10 11 12 13 14 15 16 17 18
Visueity Graded Western Spacles
1 L3 15 560F | oop | 1550 1200 1450 1750 1000 75 145 135 125 1250 1500 165
2 L2 17 560" | 1250 1900 1600 1800 1600 1300 5 145 135 125 170 2000 [1iL]
3 =0 18 Bal 1450 2330 1850 2100 1859 1550 75 145 135 125 2000 2300 165
4 LGl 19 sont | 1400 2100 1500 el ¢} 2000 1850 75 145 135 125 1900 | 165
3 Lt 20 650 1600 2400 2100 2400 2100 1800 5 145 135 125 2200 2400 165
E oF MG 14 470 350 Brs £50 850 50 550 B0 120 115 105 450 - 140
7 MM 1.5 50 800 1550 FiLi) 1450 1250 1000 [ 145 135 125 L -_— 16%
8 b 1E 560" | 1000 1550 1150 1600 1550 1300 Fis 145 135 125 1354 1600 165
L] WD 18 &850 11503 1800 1250 1850 1800 1500 Fi 145 135 125 1600 1850 165
10 M1 18 550 k 1300 1950 1450 1950 1750 1500 75 145 135 125 1750 2100 165
11 N1D 20 650 154 ¥ 1700 2300 2100 1750 ] 145 135 125 2100 2400 165
12 &5 18 60k [ 1400 1850 1650 2100 1950 1650 72 145 125 125 800 2200 165
13 S8D 20 650 1600 s ln g 1950 2400 a0 1950 75 145 135 105 200 2400 165
14 L3 1.3 ars* B0a 1100 978 1200 1050 L] 70 13 10 HE 1100 130G 156
15 L2 1.4 ars* 1050 1350 1300 1500 1350 1100 Ta 135 123G 115 1450 1700 1558
16 L1 15 arsk 1200 1500 1450 1750 1550 1300 K+ 135 130 115 160G 1900 155
17 HF LD 1.7 500 1400 1750 1700 2000 1850 1550 10 135 130 115 1900 200 155
18 H3 13 375 425 w0 575 o 7o Tl 10 135 1% 115 &5 - 155
19 N2 14 ars* 850 1300 o5 1384 1300 1100 10 135 13 115 1150 1350 1ER
20 Hi 16 arst a75 1450 1250 1550 1500 1250 10 1% 130 115 1250 1550 155
21 55 18 a5t | 1o 1450 1350 1750 1650 1400 70 135 130 115 | 1500 1750 155
i L2 1.¢ 2557 ) 850 &75 L1k 4] o S50 60 ¥ 120 115 105 ) 5] 140
23 N2 10 255° | 27 625 450 450 450 450 il 120 115 105 400 — 140
..} W h2 11 259 | 550 900 700 000 B7S 725 B¢ 120 115 105 75 000 149
25 N1 12 25° | 850 | 1000 BTS | M50 ! 1000 850 80P 1260 145 105 875 | 1050 140
26 25 12 2551 i) 1000 1000 1150 1100 425 goF 120 115 i 1008 1150 140
53 13 i1 500" BO0 1400 1050 1200 1050 &850 i 145 135 125 1050 1259 165
80 DFS 2 1.3 g0 1 1nse 1750 1400 1750 1550 1150 75 145 135 125 1450 1700 165
&1 L1 15 650 1350 2200 1850 2000 1800 1500 5 145 135 125 1850 Z20) 165
it L3 1.3 470 ol 1150 1150 1000 ars o 8 165 160 140 1006 1150 190
TG AG Lz 14 £70 100G 1450 1550 1250 1100 9es BG 165 1680 140 13680 1550 180
2 L1k 1.7 560 1250 1900 2050 1650 1800 1250 BG 165 160 40 1700 2000 190
12 L1s 1.7 i 1250 150 050 1850 1500 1260 86 165 160 140 1700 2000 190

Reler to the latest odition of AITC 117—Design Ior 2 complele and current listing of tabulated vakues and footnate axplanations. From AIYC 117—Design; * 1987 Used by permission




ADJUSTMENTS TO
TABULATED DESIGN
VALUES

End Grain in Bearing

Tabulated stress for end grain in bearing parallel to grain (F,) isgivenin
Annex A of AITC 117-Design. Annex A consists of Tables A-1 and A-2,
which specify F for bending combinations and axial combinations, respec-
tively. In both tables, F,is specified by a combination symbol where
member bearing is on the full cross section and where bearing ison a
partial cross section.

Tabulated values for sawn lumber and for glulam are based on the standard
conditions noted in the applicable design tables. When actual use condi-
tions vary from these standard conditions, tabulated values must be ad-
justed to compensate for (1) differences between the assumptions used to
establish tabulated values and actual use conditions, (2) variations in wood
behavior related to the type of stress or member orientation, and (3) differ-
ences between the physical or mechanical behavior of wood and that of an
ideal material assumed in most equations of engineering mechanics.

Requirements for adjusting tabulated values are given in the text of the
design specifications (AASHTO, NDS, and AITC 117-Design) and as
footnotes to tabulated values. The type and magnitude of the adjustments,
as well as the manner in which they are applied, vary with the type of
material, strength property, and design application. Most adjustments are
applied as modification factors that are multiplied by the tabulated values.
These modification factors are designated by the letter C, followed by a
subscript to denote the type of modification. They include the following:

C,moisture content factor  C lateral stability of beams factor

C,duration of load factor ~ C,latera stability of columns factor

C. temperature factor C.fire-retardant treatment factor
C form factor C.curvature factor
C.size factor C,interaction stress factor

Modification factors are applied to tabulated values only, not to applied
stresses or loads. In most cases they are cumulative; however, in some
cases the more restrictive value of two factorsis used. A summary of the
applicability of modification factors to various wood propertiesis givenin
Table 5-6. The factors C.and C apply to curved and taper-cut glulam
beams, respectively, and are not discussed in this chapter. Refer to the
AITC Timber Construction Manual for additional information on these
factors.’

Moisture Content Factor C,)

The strength and stiffness of wood decrease as moisture content increases.
To compensate for this effect, tabulated values are adjusted by C,. This
factor, which is also referred to as a wet-use factor or condition-of-use
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Table 5-6.- Applicability of modification factors for strength properties and modulus of elasticity.

Modlfication factor!
Duration Malsture Fire Size Etabilily Form  Stanllity
of load? contant  Temperstura  relardant  fector of beams factor of columns
Caslgn value Gy C, c, C, €, ¢, C, Cp
Banding, F, X X X ] X X X —
Tanslon parallel 4o grain, Fr X X X X — — - —_
Comprgssion parligl X X X X -— - - X
ko graln, £_
Compression parpendicular - X ¥ X - - — -
togram, F, ol
Haorizonial shaar, Fr X X ¥ X - —_ - —
End-graln bearing, £, X X X X - - - _
Modulus of alasticity, & — X X X - - - _

¥ Faclors arg not always cumulaive.

2 The duration of laad fackar for impac does ng! apply to members pressure-impregnaled with preservalive salts to tha heavy retantions required for
arine expeswe, of ko sawn lumber Teated wilh fire-retardan chemigats.

¥ = modification factor is applicable.

— = modification [actor doas not apply,

factor, is applicable to all tabulated values for strength and modulus of
elasticity. It adjusts values for changes in strength and stiffness and com-
pensates for variations in cross section caused by shrinkage.

Application of C,differs for sawn lumber and glulam. For sawn lumber,
tabulated values are based on the moisture content specified for each
species in the NDS tables. With the exception of Southern Pine and Vir-
ginia Pine-Pond Pine, adjustment by C, is applied when the moisture
content of the member in service is expected to exceed 19 percent. For
Southern Pine and Virginia Pine-Pond Pine, the C,, adjustment is not
required because tabulated values are given in the design tables for three
in-service moisture contents. These tabulated values aready include the
C, adjustment, and no further adjustment for moisture is required. Values
of C,for al other lumber species are given in the footnotes to the design
tables and depend on the member size and specific strength property
(Table 5-7).

For glulam, al tabulated values in AITC 117-Design are based on a
moisture content in service of 16 percent or less. When the moisture
content in service is expected to be 16 percent or higher, tabulated values
must be multiplied by the wet-use factors given in the design tables.
Factor C, for glulam depends on the strength property only and is inde-
pendent of species, combination symbol, and member size. Values of C,
for glulam are given in Table 5-7.

In most applications, bridge members are exposed to the weather and
should be adjusted by C, for wet-use conditions. In cases where beams are
protected by a waterproof deck, design for dry conditions may be appro-
priate, as discussed in Chapter 7.

512



Table 5-7. - Values of the moisture content factor C, for sawn lumber and glulam.

CH valuas
Pmm Fﬁ Fl Fﬂ Fl:_L Fr Fg E
Sawm lumber ; il spacias sxcapt Southern Fine end ¥irginia Pine-Pond Pine®
All thicknessas surfatad one o 1.08 150 100 1 Ot 104 1.00 100
slifacad green and used al 199
maximum maisioes cantant
Mominal 4 inchas of [ess n 088 0.84 070 0e? 047 b 097
INichnerss, surtacad gresn of dry
and used al 2 moslure contanl
gresler than 19%
Mominal 4 inches of less in 1,08 1,08 1177 1.00 105 = 1.057
thickness, surfaced green or dry
and used at amostun coent
of 15% or ess”
Nominal 5 inches and ticker usad 100 1.00 0.1 057 100 - 100
whare modture conlanl sxossds 10%
Glylam
Uigad at moishire contents af 16% of 1.00 100 1.00 1.00 1.00 1.00 1.00
less {(dry condltens of usa)
Used at mossture contenls gradlel 030 (.80 Qr3 .53 HE.F 057 .53

than 18% (Wt Sonctons of uss)

¥ Rafor o the NDS for adiusted tabulaled values for $outhem Pine and Yirginla Pine-Pand Pine,

® | jse labulated vaiues Kir wet-use canditicns given in Table 2 of e NDS.®

* Refar io the NDS* for decking gerader In WWPA rules thal is surtaced al 15 petcent maximum moisture content ang used whers Ihe moisture conten!
will exceed 15 parcenl fof an axdendad paded ol ime.

¥ For Redwood, use 1.15 lor compression paralél to graln and 1.04 for modulus of ekstcty.

Duration of load Factor (C,)

Wood is capable of withstanding much greater loads for short durations
than for long periods. This is particularly significant in bridge design
where short-term increased |oads from vehicle overloads, wind, earth-
quake, or railing impact must be considered. The tabulated values for
sawn lumber and glulam are based on an assumed normal duration of
load. In this case, a normal duration of load is based on the expectation
that members will be stressed to the maximum stress level (either continu-
ously or cumulatively) for a period of approximately 10 years, stressed to
90 percent of the maximum design level continuously for the remainder of
the life of the structure, or both. This maximum stress is assumed to occur
during the life of the member as a result of either continuous loading or a
series of shorter duration loads that total 10 years. When the maximum
design loads act for durations that are shorter or longer than these assumed
durations, tabulated stresses are adjusted by C,, (Table 5-8). Factor C,
applies to tabulated strength properties but does not apply to compression
perpendicular to grain(F,;) or modulus of easticity (E). In most bridge
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Table 5-8. Modification factors for duration of load.

Duration of load

Load duration factor C,
2 months (as for snow and ice) 1.15
7 days (as for snow and ice) 1.25
Wind or earthquake 1.33
5 minutes (rail loads only) 1.65°

“The duration of load factor for impact does not apply to members pressure-impregnated with
preservative salts to the heavy retentions required for marine exposure, or sawn lumber treated
with fire-retardant chemicals.

From AASHTO Section 13.25.1:'© 1983. Used by permission.

applications, the permanent load of the structure is small in relation to
vehicle loads, and a decrease in tabulated stresses for permanent loading is
not necessary

The stresses produced in bridge members are commonly the result of a
combination of loads rather than a single load (Chapter 6). For a combina-
tion of loads of different durations, C,for the entire group is the single
value associated with the shortest load duration. When applying C,, the
designer must recognize that for a given combination of loads, the most
restrictive allowable stress may result from a partial combination involv-
ing loads of longer duration. The individual loads in aload combination
must be evaluated in various combinations, with the value of C,depend-
ing on the load of shortest duration for that combination. This is accom-
plished by progressively eliminating the load of shortest duration from the
group and applying C,for the load of next-shortest duration. In other
words, the resulting size or capacity of a member required for aload
combination must not be less than that required for a partial combination
of the longer-duration loads. Application of C,is discussed in more detail
in Appendix B of the NDS and in Chapter 6. Duration of load is generally
not applicable in bridge design, except for the design of railing systems.

Temperature Factor (C)

The strength and stiffness of wood increases as it cools and decreases as it
warms. These changes in strength because of temperature occur immedi-
ately and depend on the magnitude of the temperature change and the
moisture content of the wood. For temperatures up to approximately

150 °F, the immediate effects of strength loss are reversible, and the mem-
ber will essentially recover itsinitial strength levels as the temperature is
lowered. Prolonged exposure to temperatures higher than 150 °F may
cause a permanent and irreversible loss in member strength.

Tabulated design values for sawn lumber and glulam assume that mem-
bers will be used in normal temperature applications and may occasionally
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be heated to temperatures up to 150 °F. This applies to most bridge design
situations. In cases where a member may be periodically exposed to
elevated temperatures, humidity is generally low, and the increase in
member strength that results from reduced moisture tends to offset the
reduction in strength that results from temporary temperature increases.
The design specifications do not require a mandatory adjustment to tabu-
lated values for temperature effects, and as a general rule, none are war-
ranted. In cases where members will be exposed to prolonged tempera-
tures in excess of 150 °F, or will be used at very low temperatures for the
entire design life, the modification factor, C, given in Table 5-9, may be
applied at the discretion of the designer.

Table 5-9. - Temperature factor C,given as a percentage increase or
decrease in design values for each 1 °F decrease or increase
in temperature.

Cooling? Heating

Moisture’ below 68 °F abowve 63 °F

Property content {Min. -100 °F) (Max. 150 °F)
Modulus of elasticity and 0% +0.09% ~.11%
tansion parallel to grain 12% +0.13% —0.13%
24% +0.38% —0.15%
Other proparties and fastenings® 0% +0.14% —0.19%
12% +0.24% —0.38%
24% +0.84% -0 57%

'In-service (equilibrium) moisture comtent at design tem perature.
2 The effect of iow temperatures on tha ductility of metal fastenars should be considered.

From the ND5; 2 € 1986, Used by permission.

Fire-Retardant Treatment Factor (C,)

Fire-retardant treatments are seldom used on bridge members and are
unnecessary in most applications. For those situations where fire-retardant
chemicals are considered necessary, tabulated values must be adjusted by
the fire-retardant treatment factor C,. The value for this factor depends on
specific strength properties and is different for sawn lumber and glulam.
C.isgiven for sawn lumber in Table 2A of the NDS (Table 5-10). The
basis for these values and treatment qualifications are outlined in Appen-
dix Q of the NDS. C,.for glulam depends on the species and treatment
combinations involved. The effects on strength properties must be deter-
mined for each treatment. However, indications are that 10 to 25 percent
reductions in bending strength are applicable.” The treatment manufac-
turer should be contacted for more specific C,values for glulam based on
the specific material and design application.
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Table 5-10.- Fire-retardant treatment factor for structural lumber.

Property C.
Extreme fiber in bending 0.85
Tension parallel to grain 0.80
Horizontal shear 0.90
Compression perpendicular to grain 0.90
Compression parallel to grain 0.90
Modulus of elasticity 0.90
Fastener design loads 0.90

From the NDS; “© 1986. Used by permission.

Size Factor (C,)

Tabulated bending stresses are based on a square or rectangular member
12 inches deep in the direction of applied loads. For member depths
greater than 12 inches, F,must be adjusted by C., as computed by

()

where d is the member depth in inches.

For sawn lumber, C.does not apply to MSR lumber or to visually graded
lumber 2 to 4 inches thick used edgewise. For glulam, the C, value com-
puted by the above equation is based on a uniformly distributed load on a
simply supported beam with a span to depth ratio L/d = 21. In most bridge
applications, these assumptions result in reasonable accuracy as variations
in loading and L/d result in relatively small deviations in the size factor. In
cases Where greater accuracy is warranted, C.may be adjusted for other
L/d ratios or loading conditions by the percentagesin Table 5-11.

The effect of the size factor for both sawn lumber and glulam is to reduce
the tabulated bending stress for members more than 12 inches deep. For
members less than 12 inches deep, footnotes to design tables allow an
increase in bending stress for sawn lumber members 2 to 4 inches thick
used flatwise,“and glulam members loaded parallel to the wide faces of
the laminations.”C.is generally cumulative with other modification
factors, but is normally not cumulative with the lateral stability of beams
factor, C,(see Sections 5.4 and 5.7).

Equation 5-1, used for computing size factor, is being reevaluated for
glulam, and aternate forms of the equation are being considered by
severa industry-related technical committees. Thus, the designer should
be aware of the potential for future revisions and refer to the latest editions
of the NDS and AITC 117-Design for current requirements.
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5.4 BEAM DESIGN

Table 5-11. —Adjustments to C, for varigus span-ta-gepth ratios and
loading conditions.

Span-to-depth ratic (L/d) % change
7 +6.3
id4 +2.3
21 0
28 —1 B
35 -2.8
Leading conditlon for simply supported beams % change
Single concantrated load +78
Uniform load 0
Third point load 3.2

" Use straight ling imespolation for other Lid raios.
From AITC 117—Design:* € 1887, Used by permissian.

Lateral Stability of Beams Factor (C)

The lateral stability of beams factor, C, is applied to some bending mem-
bers where the compressive stress in bending must be limited to prevent
lateral buckling. Additiona details on the use of C are discussed in
Section 5.4.

Form Factor (C)

Tabulated bending stresses are based on members with a square or rectan-
gular cross section loaded normal to one or more faces. For other member
shapes, specifically round or diamond sections, stresses must be modified
by the form factor, C.. C,does not apply to rectangular or square members
and is not commonly used in bridge applications. Refer to the NDS for
additional information on the use of C.

Lateral Stability of Columns Factor (C,)

The lateral stability of columns factor, C., is applied to some compression
members where the compressive stress must be limited to prevent lateral
buckling. Additional details on the use of C.are discussed in Section 5.6.

A beam is a structural component with loads applied transversely to the
longitudinal axis. In bridge design, beams are the most frequently used
structural components. The three most common bridge beams are girders,
stringers, and floorbeams. Girders are large beams (normally glulam) that
provide primary superstructure support, most often in beam-type super-
structures. Stringers are longitudinal beams that support the bridge deck.
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DESIGN FOR BENDING

They are generally smaller than girders, but there is no clear size defini-
tion for either. Floorbeams are transverse beams that directly support the
bridge deck or support longitudinal stringers that support the deck. In
addition to girders, stringers, and floorbeams, other bridge components are
designed as beams, including components of the deck and railing systems.

Beam design involves the analysis of member strength, stability, and
stiffness for four basic criteria: (1) bending (including lateral stability),
(2) deflection, (3) horizontal shear, and (4) bearing. Of these four criteria,
bending, deflection, and shear can directly control member size, while
bearing will influence the design of supports. Initial beam design is nor-
mally based on bending, then checked for deflection and shear. After an
appropriate beam size is determined, bearing stresses are checked at
supports to ensure sufficient bearing area.

Beam design requirements discussed in this section are limited to straight
or dlightly curved (cambered) solid rectangular beams of constant cross-
sectional area. Refer to the NDS for design requirements for other beam
configurations and shapes and for beams with notches or cutouts. The
design of beams loaded in combined bending and axial tension or com-
pression is discussed in Section 5.7.

Beam design must consider the strength of the material in bending and the
potential for lateral buckling from induced compressive stress. For posi-
tive and negative bending, compression stress occurs in the top and bottom
portions of the beam, respectively. Single, simple spans are subjected to
positive bending moments only, while multiple continuous spans and
cantilevers will be subjected to both positive and negative moments. This
distinction is particularly important for stability considerations, and also
when the allowable stresses for positive and negative bending are differ-
ent, as in some combination symbols of glulam beams.

Initial beam design is somewhat of a trial-and-error process. A beam size
isfirst estimated, and applied stress is computed and checked against the
alowable stress in bending. After a suitable beam is determined from
strength requirements, it must be verified for lateral stability.

Applied Stress
Applied bending stress in timber beams is determined by the standard

formulas of engineering mechanics assuming linear elastic behavior.
Stress at extreme fiber in bending, f,is computed by

= Kl (5-2)
where M = moment due to applied loads (in-1b), and

5 = sechon modulus of the beam (in™).
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Section modulus values for standard sizes of sawn lumber and glulam are
given in Chapter 16.

Lateral Stability and Beam Slenderness

Beams develop compressive stress from induced bending forces. If com-
pression areas are not restrained from lateral movement and rotation, the
member may buckle laterally at a bending stress considerably lower than
that normally allowed for the material. The potential for lateral buckling
depends on the magnitude of applied loads, beam dimensions, and the
effectiveness and frequency of lateral restraint. Lateral stability is most
critical in long slender beams with a high depth-to-width ratio. It is not
critical in beams where the width of the beam exceeds its depth.

One of the primary factors affecting beam lateral stability is the distance
between points of lateral support along the beam length. In bridge applica
tions, lateral support is generaly provided by cross frames, solid wood
diaphragms, or framing connections that prevent beam rotation and lateral
displacement (Figure 5-1). The distance between such points of |ateral
support is termed the unsupported length, or £ . When the compression
edge is continuously supported along its Iengt'h,eu is zero. For all other
configurations, £, is simply the distance between cross frames, dia-
phragms, or bracing that prevent beam rotation and lateral displacement.

The basis for stability design in beams is the beam slenderness factor C,
given by

L

C, = f;f <56 (53
where £ = effective beam length (in.),

d = beam depth (in.), and

b = beam width (in.).
The effective beam length £, in Equation 5-3 depends on the beam con-
figuration and loading condition (Figure 5-2). For a single-span beam with
a concentrated load at the center, £, iscomputed by

£ =131 +3d (5-4)

For a single-span beam with a uniformly distributed load, £, is computed
by

{,=1.63¢ +3d (5-5)
For a single-span beam, or cantilever beam, with any load, £, is computed

by
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Figure 5-1. - Cross frames fabricated from steel angles are commonly used to provide
lateral support for large glulam bridge beams.

¢=184¢ when £/d> 14.3 (5-6)
£ =163¢ +3d when £/d < 14.3 (57)

Equations for computing £, for other beam configurations and loading
conditions are given in the NDS. For single-span or cantilever beams,
Equations 5-6 and 5-7 give dlightly conservative results for any loading
condition and are often used in bridge applications where several concen-
trated loads are positioned on the span.

Example 5-1 - Beam slenderness factor

A 10-3/4- by 48-inch glulam beam spans 60 feet and supports the three
concentrated loads shown below. Lateral beam support is provided by
transverse bracing located at the beam ends and at the third points. Com-
pute the beam slenderness factor, C..

I |
3 ]

R L = 6 R

v R

Lateral support at beam ends and at third point
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Lacation of lateral beam
suppor! whera transverse
movement and rolalion
are prevenied by cross
frames or diaphragms

b

Single-span beam with concentrated load at center

£, = 1842, ife, id 14.2
£,=1631,+3d ife id<143

I""/..E”

Single-span or cantilever beam with any loading condition

Figure 5-2~—~Fflective beam feng, £, for various foaifing condiions on single-span
beams. Rafar to the NOS ™ for equations for other beam foads and configurations.

Solution

Lateral support is equally spaced along the beam, giving an unsupported
length £ of 20 feet. Because the beam is loaded with three concentrated
loads, the effective beam length ¢ will be computed by Equation 5-6 or
5-7, depending on the ratio of the Unsupported length to the beam depth:

L _20(12 in/fi)

5 28 =50

5.0 < 14.3, 50 Equation 5-7 applies:

.= 163+ 34 = (1.633(20)(12 in/ft) + (3)(48) = 535.20
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The slenderness factor is computed by Equation 5-3:

c =\[t‘£d _ 535.2(43}:14_955[]
: Bt (10.75)

This example illustrates a typical case where transverse bracing is equally
spaced and the value of C_appliesto all portions of the beam. In cases
where the distance £, varies substantially along the beam length, C_should
be checked for each unsupported length. With few exceptions, however,
C.for the center portion of the beam, where bending stress is highest, will
normally control.

Allowable Stress

The allowable bending stress in beams is controlled either by the size fac-
tor C., which limits bending stress in tension zone, or by lateral stability,
which limits bending stress in the compression zone. Adjustments for the
size factor and lateral stability are not cumulative. Therefore, the designer
must compute allowable bending stress based on both criteria separately,
and the lowest value obtained is used for design. In most bridge beams,
alowable bending stress is controlled by C.rather than stability. In addi-
tion, beam stability cannot be evaluated until an initial member sizeis
selected. Therefore, it is most convenient and practical to assume that the
size factor controls allowable bending stress and to initially design the
beam based on the allowable stress given by

F'=FCCLLC, (5-8)

Vaues of C.are normally included in tables of section properties for
glulam bending combinations (see Tables 16-3 and 16-4). In addition,
most glulam tables include C.as a noted adjustment to the section
modulus. This adjusted value, SC,, is included for convenience and
facilitates design by adjusting for C.during initial member selection (see
Example 5-3).

After a satisfactory beam size and grade are determined based on the
alowable bending stress given by Equation 5-8, the beam must be
checked for lateral stability. Criteria for allowable bending stress related to
lateral stability are based on beam slenderness for the following three
ranges.

0« C, 210 Short Beam
10 <C <C, Intermediate Beam

C,<C <350 Long Beam
where C,is a denderness factor defined later for intermediate beams.
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Short Beams

In short beams with C,of 10 or less, capacity of the member is controlled
by the wood strength in bending rather than by lateral stability. In this
case, the size factor is the controlling modification factor, and the allow-
able bending stress computed by Equation 5-8 is used for design.

Intermediate Beams
Intermediate beams have C_greater than 10, but less than C, determined

by
C, =0.811JE/F" 5.9)

where €, =the largest value of C_ at which the intermediate beam
equation appliss,

E'= EC,C,C, (Ibfin?), and

F\"=F C.C CLC, {bfin?).
In intermediate beams, failure can occur in bending or by torsiona buck-
ling from lateral instability. The controlling mode is indicated by the
lateral stability of beams factor C given by

_|_yfey
CL—ll 3[ C}H (5-10)

If C.islessthan C,, bending stress is controlled by stability, and C, is the
controlling modification factor. The allowable bending stress is computed

by
F =F,C,CCCC {5-11)

E-DTMTRETITL
If C.is greater than C., bending stress is controlled by strength, and the
alowable stress computed by Equation 5-8 is used for design.

Equation 5-9 for lateral stability was developed from theoretical analyses
and beam verification tests and is based on the modulus of elasticity of the
member. For visualy graded sawn [umber, tabulated E values are based
on the average modulus of elasticity for the grade and species of material
and represent a coefficient of variation of approximately 0.25. For glulam
with six or more laminations, the coefficient of variation is 0.10 (less than
haf that for visually graded sawn [umber). To account for this reduced
variability, the NDS allows the designer to use the following modified
equation for C, (Equation 5-12), which more accurately reflects the char-
acteristics of glulam:

C, =0.956,/E/E," (5-12)
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This equation provides the same factor of safety at the 5-percent exclusion
value for glulam that is provided for visualy graded sawn lumber with a
0.25 coefficient of variation. Although use of Equation 5-12 is optional,

it represents a more realistic approach to glulam beam design and is rec-
ommended for bridge applications. For additiona information on low-
variability equations for glulam beams, refer to Appendix O of the NDS ™
and the AITC Timber Construction Manual.’

Long Beams

Long beams have a slenderness ratio greater than C,, but less than or equal
to 50. In long beams, bending stress is controlled by lateral stability rather
than strength, and the allowable stress is computed using

,_ 0.438F" -
e S 513

For glulam beams, the following low-variability equation may be used in
lieu of Equation 5-13:

_ 0.609E (5-14)
T

Example 5-2- Beam design based on bending; sawn lumber beam

A sawn lumber beam spans 15 feet center-to-center of bearings and sup-
ports a uniform load of 350 Ib/ft in addition to its own weight. The beam is
laterally supported by blocking placed at the beam ends and at 5-foot
intervals along the beam length. Determine the required beam size based
on bending, assuming the following:

1. Normal load duration under wet-use conditions (lumber moisture
content will exceed 19-percent in service); adjustments for
temperature (C) and fire-retardant treatment (C,) are not required.

2. The beam is surfaced ($4S) Douglas Fir-Larch.

E_u EENNERENEY
R L=15" -.t

A

Solution

Beam design is somewhat of a trial-and-error process that starts with either
an estimated beam size or a selected lumber species and grade. In this
example, Douglas Fir-Larch, visualy graded No. 1 in the Joist and Plank
size classification is initially selected. The tabulated bending stress and
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modulus of elasticity for this species and grade are obtained from
Table 4A of the NDS:

£, =1,500 Ib/in®
£ = 1,800,000 1bfin?

Aninitial section modulus based on applied moment and tabulated bend-
ing stress is computed as follows:

_wit (350)15)
8 8

Rearranging Equation 5-2,

M =9.844 ft-1b

_M _(9.848)12in/ft)
F, 1,500

From lumber section properties in Table 16-2, a nominal beam sizeis
selected with a section modulus slightly greater than the required 78.8 in”.
The closest standard nominal size appears to be 4 inches by 14 inches with
the following properties:

b=35in.

d=1325 in.

S=10241in’

Beam weight = 16.1 Ib/ft (based on a unit weight for wood of 50 Ib/ft))

5 =78.% in’

The allowable bending stress is computed using the applicable modifica-
tion factors given in Equation 5-8. The size factor, C.is not applicable
because it only applies to sawn lumber beams that are more than 4 inches
thick. In this case, Equation 5-8 becomes

F =FC,
From Table 5-7, C,= 0.86, and
F'=FC, = 1500(0.386) = 1,290 Ibfin?
Next, the applied bending stress is revised to reflect the beam weight of

16.1 Ib/ft:

M= wLll _ (350+16.1Y15)°

8 8
By Equation 5-2,

_ M _ (10,297 f-1b)(12in/ft) _ -
fi= i 0241103 = 1,207 lbfin

=10,297 ft-1b
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f = 1,207 Ib/in’< F,' = 1,290 Ib/in’, so the initial beam is satisfactory in
bending. The beam must next be checked for lateral stability.

For lateral support at 5-foot intervals,
£=5ft=60in,
By Equation 5-5 for a single-span beam with a uniformly distributed load,

£, = 1.63¢, + 3d = (1.63)60) + (3)(13,25) = 137.55

By Equation 5-3,
,z d _ {{137.55){13.25)
=,|-4== =12.20
L= (3.5

The value C = 12.20 is greater than 10, so further stability calculations are
required. From Table 5-7, C,, for modulus of elasticity is 0.97, and

E' = EC, = 1,800,000(0.97) = 1,746,000

By Equation 5-9,

r E (1,746,000
=L _— =151 | — = 20 54
Ci=081 F" 031117500 (0.86)

10 < C,=12.20 < C,= 29.84, so the beam is classified in the intermediate
denderness range. By Equation 5-10,

4 4
¢, =1-1[& =1_l(},§ﬂ) = 0.99
3G 3\ 2084

The allowable bending stress based on lateral stability is computed by
Equation 5-11 using the modification factor C:

F, = F,C,C, =1,500(0.86)(0.99) = 1,277 Ibfin®

f = 1,207 Iblin’< F,' = 1,277 Ib/in’, so the beam size, species, and grade
are satisfactory in bending.

Summary

Based on bending only, the beam will be a nominal 4-inch by 14-inch
surfaced Douglas Fir-Larch beam, visualy graded No. 1 in the Joists
and Planks (J&P) size classification. The applied bending stress, f,, is
1,207 Ib/in’. The allowable bending stress, F,', is 1,277 Ib/in“and is con-
trolled by lateral stability.
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Example 5-3 - Beam design based on bending; glulam beam

A glulam beam spans 50 feet center-to-center of bearings and supports a
moving concentrated load of 20,000 pounds. Determine the required beam
size based on bending for cases where: (A) the beam is laterally supported
at the ends and at the third points, and (B) the beam is |aterally supported
at the ends only. The following assumptions apply:

1. Normal load duration under wet-use conditions (glulam moisture
content will exceed 16-percent in service); adjustments for tem-
perature (C) and fire-retardant treatment (C,) are not applicable.

2. The glulam beam is manufactured from visually graded Southern
Pine, combination symbol 24F-V2.

20,000 h

Moving load

: ]

R L = 50"

L

A

Case A: Lateral support is provided at beam ends and

at third points
Case B: Lateral support is provided at beam ends only

Solution
Thefirst step in the design process is to determine the required beam size

based on bending stress, adjusted by the size factor, C.. The suitability of
the initial beam size is then checked for each of the two conditions of

lateral support.

Tabulated values for bending and modulus of elasticity are obtained from
AITC 117-Design. Respective values for the moisture content modifica-
tion factor are obtained from Table 5-7:

F,, = 2,400 Ib/in? C, = 0.80
E, = 1,700,000 lbfin? ¢, =0833

The maximum applied moment is computed with the moving load
positioned at the span centerline:

20,000 Ib

l
L -
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Aninitial beam size is determined using procedures similar to those
used for sawn lumber beam design. For glulam, however, the size factor,
C., isincluded as a noted adjustment to the section modulus (SC;) in
Table 16-4. By Equation 5-8,

F'=F C.C,

Assuming that the applied bending stress equals the allowable bending
stress, Equation 5-2 is rearranged to compute the required value of SC.
directly:

. A M
f=F =FCC=2 o SC=
[} -] BT M TR SI I F FC

By M

Based on the moment from the concentrated load only, an initial value of
SC.is computed:

SO o M _ (250000012 in/f) _

= 1,563 in’
F,.C,  (2400(0.80)

From Table 16-4, an initial beam size is selected that provides an SC.
value dlightly greater than 1,563 in’. It is usually most convenient to
find the closest SC, to that required, then increase the beam depth by
one or two laminations to account for the beam dead load. In this case, a
6-3/4-inch by 41-1/4-inch beam is chosen with the following properties:

SC.=1,668.9in’
Beam weight = 96.7 lb/ft (based on a unit weight of 50 Ib/ft’)

Moment from the beam weight is computed and added to that from the
concentrated load:

Beam M < W& _ 96.7(50)"
8

= 30,219 fi-1b

M = 250,000 + 30,219 = 280,219 ft-Ib
The required SC.value is revised:
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(280,219)(12 in/ft) L,
= =1,751
3G =2 4000.80) .

From Table 16-4, a revised beam size of 6-3/4 inches by 42-5/8 inches is
selected with the following properties:

S=2,044in’
C.=0.87
Beam weight = 99.9 Ib/ft (based on a unit weight of 50 Ib/ft))

Moment from beam weight is revised and the applied bending stressis
computed:

wi’ _ 99.9(50)’
]
M =250,000 + 31,219 = 281,219 ft-1b

foM_ 281209012 i/ft) _ | oo s
3 2,044

z

Beam M =

=31,219 ft-1b

Allowable bending stress is computed by Equation 5-8:

F,=F, C,C, =2400(0.80)(0.87) = 1,670 Ib/in®
f.= 1,651 Ib/in< F,' = 1,670 Ib/in’, so the beam is satisfactory in bending,
assuming that the size factor controls. The beam is next checked for lateral
stability.

Case A: Lateral support at beam ends and at third points

For lateral support at the beam ends and at the third points, the unsup-
ported beam length is equal to one-third the span length:

L= 5—?? =16.67 ft=200in.

Because the maximum moment is produced with the moving load at
midspan, the effective beam length is computed using Equation 5-4:

£ = 1372 +3d=137(200) + 3(42.63) = 401.89 in.

By Equation 5-3,
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CFJ::,::: 4{:1.39(422,63}:19_3?
b (6.75)

The value of C.is greater than 10, so lateral stability must be checked
further. By equation 5-12 for low-variability material,

E' =EC, =1,700,00000.83) = 1,416,100 Ib/in®

F,'=F,C, = 2.400(0.80) = 1,920 lb/in*

E_ 0.956 1,416,100

F 1,920

C.=19.39 < C,= 25.96, so the beam is in the intermediate beam slender-
Ness range.

¢, =0956 =25.96

By Equation 5-10,

4

1{C 1£19.39%*

C,=1—=|=t| =1—-| =" =0.90
: 3[(::*] 3(25,96]

C,=0.90 > C.= 0.87, s0 the size factor reduction is more severe and
controls the allowable bending stress. The selected beam size is therefore
satisfactory in bending.

Case B: Lateral support at beam ends only

With lateral support at the beam ends only, the unsupported beam length
equals the span length:

£, =50 ft = 600 in.
By Equation 5-4,
£ =137 1 +3d = 130600 + 3(42.63) = 949.89 in.

By Equation 5-3,

=29.81

C = £,d _ [949.89 (42.63)

R s (6.75)
The previously computed value C, = 25.96 is unchanged. In this case,
however, C = 25.96 < C,= 29.81, so the beam is in the long-beam slen-
derness range and lateral stability controls design. By low-variability
Equation 5-14,
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_0.609E' _ 0.609(1,416,100)
(c,y (29.81)*

F =970 1b/in?

f,= 1,651 Ib/in°> F,' = 970 Ib/in’, so the beam must be redesigned. Using
amodified form of Equation 5-2, with the previously computed moment
(based on the previous beam size):

_ M 281219 (12in/ft) —3.479 0"
F, 970

S,

From Table 16-4, a revised beam size of 8-1/2 inches by 50-7/8 inchesis
selected with the following properties:

S=3,666.7 in’
Beam weight = 150.2 Ib/ft (based on a unit weight of 50 Ib/ft’)
Moment from beam weight is revised and bending stress is computed:

2 1
e 150-23(5'33 = 46,938 ft-Ib

M = 250,000 + 46,938 = 296,938 ft-1b

M 296,938 (12in/ft) _ .,
f,,—s = 3.666.7 =972 1b/in

Beam M =

F,' = 970 Ib/in"< f,= 972 Ib/in’, but the difference of 2 Ib/in®, or approxi-
mately 0.20 percent, is insignificant and the beam size is acceptable.

Summary
Based on bending only, the required size and bending stress for 24F-V2
Southern Pine beams are as follows:
Case A: With lateral support at beam ends and at third points
Beam size = 6-3/4 in. by 42-5/8 in.
f,= 1,651 Ib/in’
F,' = 1,670Ib/in’
Case B: With lateral support at beam ends only
Beam size = 8-1/2in. by 50-7/8 in.

f.= 972 Ib/in’
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DESIGN FOR DEFLECTION

F.' = 970 Iblin’

This example illustrates the effect of lateral support on beam size require-
ments. When support along the span is eliminated, the required beam size
increases substantially. Additiona requirements on the placement and
design of lateral support for bridge beams are discussed in Chapter 7.

Deflection is the relative deformation that occursin a beam asit is loaded.
Deflection in timber beams results from bending and shear, but shear
deformations are small in comparison to bending deformations and are
normally not considered. Deflection does not serioudly affect the strength
of a beam, but it can affect the serviceability and appearance of bridge
members and the performance of fasteners.

The length of time aload acts on a member influences its long-term
deflection. When loads of relatively short duration are applied, deforma-
tion occurs immediately and remains at a relatively constant level for the
duration of loading. When the load is removed, the member recovers
elastically to the original unloaded position. For permanent loads (dead
loads), initial elastic deformation is immediate, but members also develop
an additional time-dependent, nonrecoverable deformation. This time-
dependent deformation, known as creep, develops at a slow but persistent
rate and is more pronounced for members seasoned in place or subject to
variations in moisture content and temperature. Creep does not endanger
the safety of the beam, but it can influence the performance, serviceability,
and appearance of a structure when it is ignored in design. Thus, the two
types of deflection considered in timber bridge design are: elastic deflec-
tion, and inelastic deflection, or creep.

Deflection Equations

Timber beam deflections are computed by the same engineering methods
used for isotropic, elastic materials. Standard equations based on these
methods are available in many engineering textbooks and manuals for
numerous beam configurations and loading conditions.”” Two of the
most commonly used equations for simple beams are given below in
Equations 5-15 and 5-16. Additional equations for more specific bridge
applications and loads are discussed in Chapters 7, 8, and 9.

For a simply supported beam with one concentrated load at the center of
the span:

F
. * .
e 0 -
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P

Asm—

T 4RE'[ (5-15)
For a simply supported beam with a uniform load:

w

Yttt 1t ¥t YtFFOFCYCEY
= a4

e - .

A= Swi! (5-16)
AB4L"f

where P = magnitude of a single concentrated load (Ib),
w = magnitude of uniform load (Ib/in),
L = beam span (in.),
E' = EC,CC.(Ib/in%), and
| = moment of inertia about the axis of bending (in”).

Note that the modification factor for duration of load, C,, does not apply
to E.

Deflection equations such as 5-15 and 5-16 can be used to accurately
predict elastic beam deflections. For permanent load deflections,

however, it is necessary to increase computed values to compensate for
the long-term effects of creep. The magnitude of the increase depends on
the type of material and the moisture content of the member at installation.
A 50-percent increase in dead load deflection is normally sufficient for
glulam and seasoned sawn lumber, while a 100-percent increase is more
appropriate for unseasoned lumber (refer to Appendix F of the NDS for
additional discussions on dead load deflection increases for creep).

Deflection Criteria

AASHTO specifications do not give deflection criteria for timber bridge
members, and selection of an appropriate deflection limit is a matter of
designer judgment. The acceptable deflection for a member will depend
on specific use requirements and may vary among beam types within the
same structure. Deflections in bridge members are important for servicea-
bility, performance, and aesthetics and should not be ignored. From a
structural viewpoint, large deflections cause fasteners to loosen and brittle
materials, such as asphalt pavement, to crack and break. In addition,
members that sag below a level plane present a poor appearance and can
give the public a perception of structural inadequacy. Deflections from
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moving vehicle loads also produce vertical movement and vibrations that
annoy motorists and alarm pedestrians.

Bridge deflection is normally expressed as a fraction, the denominator of
which is obtained by dividing the beam span in inches by the computed
deflection in inches. A deflection of L/500, for example, indicates a
deflection equal to one five-hundredth of the beam span. The larger the
denominator, the smaller the deflection. A brief literature search of bridge-
related specifications and publications produced maximum recommended
applied-load deflection values ranging from L/200 to L/1,200. For general
beam design discussed in this chapter, the recommended maximum deflec-
tions for timber beams are as follows:

1. For applied (short-term) loads, the maximum deflection should
not exceed L/360.

2. For the combination of applied loads and dead load, the maximum
deflection should not exceed L/240, where the portion of the total
deflection from dead load is increased to account for creep.

Additional considerations and recommendations for deflection in timber
bridge components are discussed in more detail in Chapters 7, 8, and 9.

Camber

Camber is circular or parabolic upward curvature built into a glulam beam,
opposite to the direction of deflection. It is intended to offset dead |oad
deflection and creep and is introduced during the manufacturing process.
It is not feasible to camber sawn lumber beams. The amount of camber for
bridge beams depends on the length and number of spans. For single spans
shorter than approximately 50 feet, camber should be a minimum of 1.5 to
2.0 times the immediate (elastic) dead load deflection, plus one-half the
applied load deflection.”For single beam spans equal to or longer than

50 feet and multiple-span beams of any span, camber should be a mini-
mum of 1.5 to 2.0 times the immediate dead load deflection (multiple-span
bridge beams are normally cambered for dead loads only to obtain accept-
able riding qualities for vehicle traffic).

Camber is specified by the designer as a vertical centerline offset to the
horizontal line between points of bearing (Figure 5-3). The glulam manu-
facturer will determine an appropriate radius of curvature based on offset
distances and fabrication limitations. On multiple-span continuous beams,
camber may vary aong the beam and should be specified for each span
segment. More specific information on cambering practices and limita-
tions can be obtained from glulam manufacturers and the AITC.
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Figure 5-3.- Camber for glulam beams is specified as an upward vertical offset at the span
centerline.

Example 5-4- Beam deflection and camber

For the glulam beam of Example 5-3, Case A, determine the deflection
from the 20,000-pound moving load and the camber required to offset
deflection from the beam weight. The beam spans 50 feet, measures
6-3/4 inches by 42-5/8 inches, and is manufactured from visually graded
Southern Pine, combination symbol 24F-V2.

20000 b
17 Moving load
L =50 4

A, A

Solution:
The tabulated modulus of elasticity for a 24F-V2 Southern Pine beam is
obtained from AITC 117-Design:

E, = 1,700,000 Ib/in’

The alowable modulus of elasticity is computed using the applicable C,
value from Table 5-7:

E' = E,C, = 1,700,000(0.833) = 1,416,100 lb/in’
From Table 16-4 for a 6-3/4-inch by 42-5/8-inch Southern Pine beam:
| =43,562.8 in’
Beam weight = 99.9 Ib/ft (based on a beam weight of 50 Ib/ft’)

Deflection for the 20,000-pound moving load is computed with the load at
midspan by Equation 5-15:
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DESIGN FOR SHEAR

20000 b

!
2 - -

2 =
R, d R

_pr_ 20,000[50(12in/ft)]
48 E'), 48(1,416,100)(43,562.8)

=146 1n,

Expressing the deflection as a ratio of the bridge span,

_ L L
A= _ =
[S0ft{12in/f1)]1.46in. 411

L4111 < L7360, su deflection is acceptable.

For the beam weight of 99.9 Ib/ft, deflection is computed by
Equation 5-16:

IRFEEEEEREEEED
h H
Swii 5(99.9)[50 (12 in/f1)] =0.23in.

A= =
384 E'1 384(1,416,100)(43,562.8)(12 in/ft)

Camber of approximately 1/2-inch will be specified at centerline, which is
approximately twice the beam dead load deflection.

Beams develop internal shear forces that act perpendicular and parallel to
the longitudinal beam axis. In timber beams, horizontal shear rather than
vertical shear will always control design. As discussed in Chapter 3,
horizontal shear forces produce a tendency for the upper portion of the
beam to dide in relation to the lower portion of the beam, with shear
stresses acting parallel to the grain of the member. The maximum intensity
of horizontal shear in rectangular beams occurs at the neutral axis and is
proportional to the vertical shear force, V. In bridge applications, horizon-
tal shear generally controls beam design only on relatively short, heavily
loaded spans.
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Shear requirements in AASHTO and the NDS apply at or near the sup-
ports for solid beams constructed of such materials as sawn lumber,
glulam, or mechanically laminated lumber. Shear design for built-up
components containing load-bearing connections at or near supports, such
as between aweb and chord, must be based on tests or other techniques.

Applied Stress

The applied stress in horizontal shear depends on the magnitude of the
vertical shear and the area of the beam. Applied stress in square or rectan-
gular timber beams is computed by Equation 5-17:

feas = 517)
where f,= unit stress in horizontal shear (Ib/in%),
V = vertical shear force (Ib),
b = beam width at the neutral axis (in.),
d = beam depth (in.), and
A = beam cross-sectional area (in’).

Equation 5-17 does not apply (1) at notches or joints, (2) in regions where
the beam is supported by fasteners, or (3) when hanging loads are located
at or near the supports. For these conditions, refer to AASHTO and the
NDS.

The magnitude off, given by Equation 5-17 is based on the value of the
vertical shear force, V. Unlike the situation in other construction materials,
where the maximum vertical shear is computed at the face of the supports,
in timber beams the maximum intensity of horizontal shear is produced by
the maximum vertical shear force occurring at some distance from the
support. This distance depends on the type of applied loading; different
distances are used for moving loads and for stationary loads.

Current AASHTO requirements (AASHTO 13.3.1) specify that horizontal
shear in beams from moving (vehicle) loads be computed from the maxi-
mum vertical shear (V) occurring at a distance from the support equal to
three times the beam depth (3d, or the span quarter point (L/4), whichever
is less (Figure 5-4). The moving loads are positioned on the beam to
produce the maximum vertical shear at this location (Chapter 6). For
stationary loads (such as dead load), vertical shear is computed at a dis-
tance from the support equal to the beam depth, d, and all loads occurring
within the distance d from the supports are neglected. For sawn lumber,
shear design requirements given in the NDS vary somewhat based on the
beam configuration, loading condition, and wood species. Refer to the
latest edition of the NDS for additional shear criteria for sawn lumber.
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For moving loads, the loads are positioned to produce the maximum vertical
shear at the lesser of 3d or L/4 from the support

iii:l‘iiiriiriiiiii{'iiiitt/é

(s - -

d

For stationary loads, such as dead load, the maximum vertical shear is computed
at a distance d from the supports and all loads occurring within a distance d from
the supports are neglected

Figure 5-4.- Locations for determining the maximum vertical shear (V) for timber beams.

Although the bases for shear design requirements are widely accepted,
specific requirements for computing V are somewhat controversial and
vary among design specifications. Research is currently under way to
develop more accurate design criteria for shear, and the designer should
remain familiar with the most current requirements and the potential for
future revision.

Allowable Stress
The alowable stress in horizontal shear is computed by

F' =FC,C,CC, (5-18)
Individual sawn lumber members have a much higher potential for
strength-reducing characteristics that reduce the ability of the member to
resist horizontal shear. In glulam, most strength-reducing characteristics
are excluded at fabrication and any that remain are dispersed throughout
the individual laminations in the section. For sawn lumber, strength-
reducing characteristics are not dispersed, and members are more suscep-
tible to the development of checks and splits caused by variationsin
moisture content. As a result, tabulated values of F,for sawn lumber are
considerably lower than those for glulam because they are based on the
worst-case assumption that members are split for their entire length. In
situations where the length of split, or size of check or shake, can be
estimated with reasonable certainty, the tabulated horizontal shear stress
can be increased by the shear stress modification factors given in footnotes
to the NDS Table 4A (Table 5-12). Application of this factor to specific
design situations and materials is left to designer judgment, but the 2.0
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increase is commonly used for mechanically laminated lumber and dimen-
sion lumber with loads applied perpendicular to the wide face. Additional

information on application of the shear stress modification factor is dis-
cussed in Chapters 7 and 8.

Table 5-12.- Shear stress modification factor for sawn lumber.

Lengih of spilt on
wide face of Multiply tabulated
2" lumber (hominalj: “F," value by:
HO S i e 2.00
2 wide a8 . 1.67
A Wil TACE . oo e e e 1.50
T s [ T T - 1.33
1- 12 X wide 1ace ormore ..........cooccevieenees 1.00
Length of split on
wide face of 3" and Multiply tat:ulated
thicket lumber {(nominal): “F," value by:
L [ Tt o] PN 2.00
12 X naAmowW Ta80E .. e 1.67
1 X DArTW A0E i 1.23
112 xnarmow face Or more i, 1.00
Size of shake®
in 3" and Muhiply tabutated
thicker lumber {nominal): “F," value by:
NOShAKE .. 2.00
176 X NATOW Fa0E i e e 1.67
143 NAMOW TACE e vcrrre e 1.33
12 narow face of Mmore ..., 1.00

B shake is measured at the and batween linas enclosing The shake and paralle! 1a1he
wide face.

Specific honzontal shear values may be established by Use of this table when the length
of split, or size of chegk or shake is known and no increasa Inthem is antlcipated. Far
Caliomia Redwaod, Southam Pine, Virginia Pine-Pand Pina, and Yellow Poplar, mtfer to
tha NDS for specilic values ol FH lar which thase ad|rsimants apply.

From the NDS; 2 © 1386. Used by permission,

Example 5-5- Horizontal shear in a sawn lumber beam

Determine the adequacy of the beam in Example 5-2 for horizontal shear.
The beam measures 4 inches by 14 inches and is surfaced Douglas Fir-
Larch, visually graded No. 1 in the J& P size classification. It spans 15 feet
and supports a uniform load of 350 |b/ft.

Solution
Tabulated horizontal shear stress for No.1 Douglas Fir-Larch is obtained

from Table 4A of the NDS (note that the tabulated shear stress for lumber
2 to 4 inches thick is the same for al grades):
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w = 350 It

TNRREERRENREEE

La1¥

x

F,= 95 Ib/in’

Allowable shear stress is computed by Equation 5-18 using the C,value
obtained from Table 5-7,

€, =097
F, =FC, =95(0.57) = 92 Ibjin*

The alowable stress in horizontal shear could be increased by the shear
stress modification factor (Table 5-12) if the beam were free of shake,
splits or checks, or if the length of such characteristics was known. For
lumber bridge beams of this type, it is common for some beam checking to
occur, however, its magnitude cannot be accurately predicted. Therefore,
no adjustment by the shear stress modification factor will be used.

From Example 5-2, the beam weighs 16.1 Ib/ft and has actua dimensions
of 3.5 inches by 13.25 inches. The total load acting on the beam is equal to
the 350 Ib/ft applied load plus the beam weight of 16.1 Ib/ft, for a total of
366.1 Ib/ft. For a uniformly distributed load, the maximum vertical shear
force, V, is computed at a distance from the support equal to the beam
depth, d, and al loads acting within a distance d from the supports are
neglected:

O LT T

L 15 13.25
var =w(Z_a)=3661| 2 BB 2340
¢ w(z ] [z {umm}]
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Horizontal shear stress is computed by Equation 5-17:
A=(35in)(13.25in.) = 46.38in’

LSV 1.5(2,342)

= =76 Ib/in’
A 6,38 -

£,

f=761bin°< F' =92Ibfin’, so horizontal shear is acceptable

Example 5-6- Horizontal shear in a glulam beam.

Check the adeguacy of the glulam beam in Example 5-3, Case A, for hori-
zontal shear. The beam measures 6-3/4 inches by 42-5/8 inches and is
manufactured from visually graded Southern Pine, combination symbol
24F-V 2. It spans 50 feet and supports a moving concentrated load of
20,000 pounds.

20,000 Iy

5 , L

R R

L H

The tabulated stress for horizonta shear for a 24F-V 2 beam is obtained
from AITC 117--Design,

F_, =200 lbfin?

Allowable shear stress is computed by Equation 5-18 using the applicable
C, value obtained from Table 5-7:

C,= 0.875
F. = F,C, = 200(0.875) = 175 Ib/in’

In this case the beam supports two loads; the uniform load from the beam
weight and the moving concentrated load. Maximum vertical shear from
the uniformly distributed beam weight is computed at a distance from the
support equal to the beam depth, d, and all loads acting within a distance d
from the supports are neglected. For the moving concentrated |oad, maxi-
mum vertical shear is computed at a distance from the support equal to
three times the beam depth, 3d, or the span quarter point, L/4, whichever
is less.

For the uniformly distributed beam weight of 99.9 Ib/ft and a beam depth
of 42.63 inches,
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= T T rj‘

! L = 50
A, "
L 50 42.63
V=R = (——d]=9‘9.9 e — | =2,143 |h
=2 [z [llinfft)]

For the moving concentrated load of 20,000 Ib,

42.63 L 5
3d=3 =10} = =12
(IZinH’tJ 0.66 f 4 4 12.50 f

3d < L/4, so the maximum vertical shear from the 20,000-pound load is
computed at a distance of 10.66 feet from the support:

20,000 Ib
I" 10.68 39.34' "'|
R, L=50 R,
VeR, = zﬂ,mﬂjésmat} 15736 1b

From Table 16-4, the cross-sectiona area of a 6-3/4-inch by 42-5/8-inch
Southern Pine glulam beam is 287.7 in". Applied stress is computed by
Equation 5-17:

_ L5V 1.5(2,143+15,736)

_ [T
!, 1 87 7 =93 Ibtin

f,=93 Ibfin® < F ' = 175 1bfin®, s0 horizontal shear is acceptable.

Reactions at beam supports produce bearing stress that acts perpendicular
to or at an angle to the grain of the member. Bearing stress causes wood
fibers to compress to a degree that depends on the magnitude of load and
the area of bearing. The beam bearing area must be large enough to ade-
quately transfer loads without causing the wood to compress or deform

excessively.
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Applied Stress
Applied bearing stress is computed by
R

fu=7 (5-19)

where f,, = unit stressin compression perpendicular to grain (Ib/in’),
R = reaction or bearing force at the support (Ib), and
A = net bearing area (in’).

When computing f,, - at the end of abeam, no allowance is made for the
fact that as the beam bends the pressure on the inner edge of the bearing is
greater than that at the end of the beam.

Allowable Stress

The alowable stress for bearing perpendicular to grain is equal to the
tabulated stressF_; adjusted by all applicable modification factors, except
the duration of load factor, C,, as computed by

F'=F CLCC, (5-20)

When beam bearing is not perpendicular to grain (Figure 5-5), alowable
stress must be computed for compression at an angle to the grain using the
Hankinson Formula (Equation 5-21):

F - F-lrFrJ-l
. F,'sinz{&} +F,'cos{@)

(5-21)
where F, = alowable stress in compression at an angle to the
grain (Ib/in%),
F'=FC,C CC, (bin?),

F_'=F_C,CC,(Ibfin?), and

MR

‘inl’frain direction _—

Bearing

Figure 5-5. -- Beam bearing at an angle to the grain.
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@ = angle between the direction of load and the direction of
grain (degrees).

Véues of F_ giveninthe NDSand AITC 117-Design apply to bearings
of any length at beam ends and to all bearings 6 inches or more in length
at other locations. Refer to the NDS for required adjustments in tabul ated
stress for bearings less than 6 inches long at locations between beam ends.

Example 5-7 - Beam bearing

For the glulam beam of Example 5-3, Case A, determine the required
bearing length and the bearing stress in compression perpendicular to
grain. The beam spans 50 feet center-to-center of bearings, is 6-3/4 inches
wide and supports a moving concentrated load of 20,000 pounds. It is
manufactured from visually graded Southern Pine, combination symbol

24F-V 2.
20,000 b
1—-—— Moving load

L =50 J

L HH

)

Solution
The tabulated stress in compression perpendicular to grain for a 24F-V2
Southern Pine beam is obtained from AITC 117-Design:

F., =650 Ibfin?

The allowable compression perpendicular to grain is computed using
Equation 5-20 and the applicable C,value from Table 5-7:

F '=F  C, =650(0.53) =345 Ib/in?

The maximum reaction at the beam bearing is equal to the sum of the
reactions from the moving concentrated load and the beam weight. The
maximum reaction from the moving concentrated load occurs when the
load is placed over one support:

20,000 Ib
R L =50 R
R, =20,000 lb
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The reaction from the beam weight is the same at both supports:

IR IR I I I I IR IR
t‘ L=50 h}t
RL:*“Tszng_mﬂ,-wsm |

Rearranging Equation 5-19, the minimum required bearing area is com-
puted for the maximum reaction by substituting F ' for £, :
__R _{20,000+2,498) _ 65.2 in®

E' 345
For a beam width of 6-3/4 inches, the required bearing length is computed
by dividing the bearing area by the bearing width:

A

A 6330
Bearing length = — =
B = " 6,75

A bearing length of 10 inches is selected and applied stress is computed by
Equation 5-19:
P {20,000+ 2,498) . 2
y=—= =3331b
fa= 2= 106.75) fin
£, =333 1bAn < F_' = 3451b/in’, s0 the bearing is satisfactory. For a

center-to-center span of 50 feet, a beam length of 50 feet 10 inches will be
required.

=9.7in.

5.5 DESIGN OF TENSION MEMBERS

A tension member is a structural component loaded primarily in axial
tension. In bridge design, tension members are used mostly as truss ele-
ments and occasionally as bracing (Figure 5-6). The direction of loading in
tension members should always be parallel to the grain of the member.
Timber isweak in tension perpendicular to the grain, and loading condi-
tions that produce stress in this direction should be avoided. When

loading conditions that induce tension perpendicular to the grain do exist,
mechanical reinforcement must be designed to carry the load.

Discussions in this section apply to members loaded in axial tension only.

Design criteria for members loaded in combined axial tension and bending
are given in Section 5.7.
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APPLIED STRESS

ALLOWABLE STRESS

: R o ; et e il
Figure 5-6.- Tension members in bridge applications are most common in trusses. This
timber truss, located at Sioux Narrows, Ontario, Canada, spans 210 feet and is reputed to
be the longest clear-span timber bridge in the world.

Applied stress in tension is computed by Equation 5-22:
fi==~ (5-22)
where P = axial load applied to the member (Ib), and
A = net cross-sectional area of the member (in’).

The net area, A, in Equation 5-22 is the gross area of the member minus
the projected area of fastener holes or cuts that reduce the section. Re-
quirements for determining net area for various fasteners are discussed in
Section 5.8.

Allowable stress in tension equals the tabulated stress for tension parallel
to grain, F,, adjusted by al applicable modification factors. This is com-
puted by

F'=FC.C.C.C (5-23)

i TR

For sawn lumber, values of F for members 2 to 4 inches thick, and
5 inches and wider, apply to 5- and 6-inch widths only. When wider mem-
bers are used, a reduction in tabulated stress ranging from 0.9 to 0.6 is
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required by footnotes to the NDS Table 4A. When glulam is used, the
most economical tension members are generally selected from the axial
combinations given in AITC 117-Design.

Example 5-8- Glulam tension member

A glulam truss member carries an axial tension load of 25,000 pounds.
The ends of the member are attached to steel plates with a single row of
1-inch-diameter bolts aligned in the longitudinal direction. Design this
truss member, assuming the following:

1. Normal load duration under wet-use conditions; adjustments for
temperature (C) and fire-retardant treatment (C,) are not
applicable.

2. Bolt holes at member ends are 1/16 inch larger than the bolt
diameter.

3. Glulam is manufactured from visually graded western species.

Glulam tension member

25,000 b ~a—EX7 IR I—e- 25.000 Ib

Steel plates with 1™ & baits

Solution

The design of atension member starts with either the selection of a glulam
combination symbol or a standard member width. In this example, combi-
nation symbol No. 2 is selected and design will involve determining the
required member size.

The tabulated stress for tension parallel to grain is obtained for combina-
tion symbol No. 2 from AITC 117-Design:

F.= 1,250 Ibfin’

The alowable stress for tension parallel to grain is computed by
Equation 5-23 using the C, value obtained from Table 5-7:

F'=FC,, =1,250{0.80) = 1,000 1b/in?

Next, Equation 5-22 is rearranged to compute an initial member area
based on the applied load and the allowable stress in tension parallel to
grain:

P 25000

TFROL000

25in*
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The required member depth is obtained for several standard glulam widths
by dividing the required area by the standard width, then rounding the
depth up to the next standard depth (based on a 1-1/2-inch lamination
thickness for western species). For three standard glulam widths:

Depth rounded Number

Member Minimum up to of
width required depth standard depth  laminations
31/8in. %=% = 8.00in. 9 in. 6
5-1/8in. %:%:4.3%, 6 in. 4
634in. L= % =3.70in. 45in. 3

Initial selection of a member width and depth is a matter of designer
judgement and depends on size and economic considerations. In this case,
the 5-1/8-inch width is selected and the gross member area is computed:

A= bld) = 5.125(6) = 30.75 in?

GROSS

The net area used for design is equal to the gross area minus the pro-
jected area of bolt holes. Assuming that bolts pass through the narrow

(5-1/8-inch) dimension,
|~T<— 1%+ 1/16" = 1,06

S-1/8"

Projected area
of boll hole ™

Elﬁ
Agoyy = (1.06 in.)(5.125 in.) = 5.43 in?

A_ =A = 30,75 — 543 =25.32 in®

oross ~ Asort
By Equation 5-22,

_ 253,000
2532

P )
=— =987 in?
f{ A in

f =987 in"< F' = 1,000 Ib/in*, so a 5-1/8-inch wide by 6-inch deep
combination symbol No. 2 member is satisfactory.
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5.6 COLUMN DESIGN

A column is a structural component loaded primarily in axial compression
paralel to its length. In bridge design, columns are used as supporting
components of the substructure, truss elements, and bracing (Figure 5-7).
The three general types of columns are simple solid columns, spaced
columns, and built-up columns (Figure 5-8). Simple solid columns consist
of a piece of sawn lumber or glulam. Spaced columns consist of two or
more parallel pieces that are separated and fastened at the ends and at one
or more interior points by blocking. Built-up columns consist of a number
of solid members joined together with mechanical fasteners. The most
common columns for timber bridges are simple solid columns constructed
of sawn [umber, glulam (axial combinations), timber piles, or poles.
Although spaced and built-up columns may be used for truss elements or
other components, they are not common in modem bridge applications.

The column design requirements in this section are limited to simple solid
columns of constant cross-sectional area. Loads are applied concentrically,
and design is based on the stresses and instability from axial compression
and end-grain bearing stress at column ends. Columns |oaded in combined
compression and bending are discussed in Section 5.7 of this chapter. For
additional information on built-up, spaced, and tapered solid columns,
refer to the NDS and the AITC Timber Construction Manual.

"
X e ‘ b
g I - 1 i Fiy ; i

Figure 5-7.- Timber columns are common in bridge substructures such as these bents
(photo courtesy Wheeler Consolidated, Inc.).
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COMPRESSION

W
I '
y

1 .
o) ?\/',
Simple solid Simple solid Spaced Built-up
column of column of column of column of
sawn lumber glulam nailed lumber bolted lumber

Figure 5-8. - General classes of timber columns.

Compression in timber columns can induce failure by crushing the wood
fibers or by lateral buckling (deformation). The first step in column design
is to estimate an initial member size and compute applied stress (several
iterations may be required to arrive at a suitable section). After an initial
column size is selected, the column slenderness ratio is computed, which
serves as the basis for design in compression. From the slenderness ratio,
alowable stress is determined from equations given in the NDS and
checked against the applied stress.

Applied Stress

Applied column stress in compression parallel to grain, f, is computed by
P
== 5-24
= (5-24)

where P = the total compressive load supported by the column (Ib), and
A = the cross-sectional area of the column (in’).

The value of A used in Equation 5-24 depends on the location of fastener
holes that reduce the column section. When the reduced section occurs at
points of lateral support, failure occurs by wood crushing, and the gross
column area is used without deductions for fastener holes. At locations
away from points of lateral support, failure may occur by column buck-
ling, and the net column area (gross column area minus fastener holes) is
used. Refer to Section 5.8 for details on computing net area for different
fastener types.
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Column Slenderness Ratio

The slenderness ratio of a column provides a measure of the tendency of
the column to fail by buckling from insufficient stiffness, rather than by
crushing from insufficient strength. It is expressed as the ratio of the
unsupported column length to its least radius of gyration and is computed
for timber in the same manner as for other materials. For convenience in
design, however, the slenderness ratio for square or rectangular ssmple
solid columns is given in terms of the column cross-sectional dimension,
rather than the radius of gyration, and is computed by

} V4
Slenderness ratio = j’

where £, = effective column length (in.), and

(5-25)

d = cross-sectional dimension corresponding to £, (in.).

The effective column length in Equation 5-25 is the distance between two
points along the column length at which the member is assumed to buckle
in the shape of a sine wave. It is computed as the product of the unsup-
ported column length and the effective buckling length factor given by

{=K{ (5-26)
where K.= effective buckling length factor, and

¢ = unbraced length between points of lateral support along
the column length.

Values of K. are given in Table 5-13 for various conditions of end fixity
and lateral tranglation at column ends or intermediate points of lateral
support. In most applications, timber columns with square-cut ends are
fixed against trandation but not rotation (approximately pinned connec-
tions), and the value of K_is 1.0. Conditions may be encountered in design
where restraint is more or less than this condition, and K. must be adjusted
accordingly based on designer judgment. Additional discussion on effec-
tive buckling length factors is given in Appendix N of the NDS.

The slenderness ratio provides an indication of the mode of failure and is
the basis for determining the allowable design stress. If a column is loaded
to failure by buckling, the buckling will always occur about the axis with
the largest slenderness ratio. The task of the designer is to determine the
controlling slenderness ratio for a given column configuration. For a
rectangular column with the same unbraced length in both directions, the
critical slenderness ratio can be determined by inspection (Figure 5-9 A).
In this case, the column will obviously buckle about the weaker (y) axis,
and that is the only slenderness ratio that must be computed (for buckling
about the y axis the column deflects in the x direction). For column con-
figurations where the unbraced length is not the same in both directions,
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Table 5-13. - Effective buckling length factor, K.

}
] {
A Siidhe
! r A r
i ! ! f l
1 N i i
Buscding modes ' | V1E !
1 1 ;
i"f f
-
1 L]
1 []
Theoretical £ value 05 | 07 |10 |10 | 20| 20
Recommended design K
when ideal conditions approximated | 065 | 080| +2 | 10 | 210| 24

¥ | Rotaton fixed, translation fixed
End condifion coce 1‘ Rotation lrae, tranglation ficad

wma | Rotation fixed translation free

g5 Reatation e, translation Iee

From the NDS; 2 © 1986. Lisad by permission.

the critical lenderness ratio cannot be determined by inspection and
the designer must compute slenderness ratios for both directions
(Figure 5-9 B). Depending on the spacing of lateral support, conditions
may exist where the column design is controlled by buckling about the
grong axis.

Allowable Stress

The allowable compressive stress for sguare or rectangular simple solid
columns is computed from equations given in the NDS. These eguations
are based on the column slenderness for three ranges:

0 < E‘,r‘d 11 Short Column
11 < £, id K Intermediate Column
K< {f /d 50 Long Column

where K is a Slenderness factor defined later in this section for intermedi-
ate columns.

The NDS equations have been modified to incorporate the use of the
column dimension (d) rather than the radius of gyration (r). They may be
used for nonrectangular cross sections by substituting 3.46r for d (¢, /3.46r
isused in place of £, /d when determining the column-length class). For the
specia case of around column, the NDS states that the load on a round
column may be taken as the same as that for a square column of the same
cross-sectional area. For round columns, the d used in determing the £, /d
ratio is 0.866 times the diameter of the round column.
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A. Column wilth equal
unbraced tengths in boh
directions. The largast
slanderness ralio {7, id),
can be determined By
inspection.

B. Colurmn wilh different
unbraced lengths for bath
axes. Bolh slendemess
ratios (£, /) and {£ /),
must be cormputed 10

determine the crilical
value.
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£ d
x ¥ '{y

)

Column
configuration

T

\

Columm
configuration

Buckling mode
about the y-y
axis (£, /d) v

Buckling mode
about the y-y
axis (£, /d) "

Buckling mode
about 1he x-x
axis (2, /d)_

Buckling mode
aboad the x-x

axis {£, /),

Figure 5-9.- Column slenderness ratios for columns with equal and unequal unbraced lengths.
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Short Columns
Short columns are columns with a slenderness ratio of 11 or less. In short
columns, the capacity of the member is controlled by the strength in
compression parallel to grain, and failure aways occurs by crushing of the
wood fibers. Allowable stresses for short columns are equal to the tabu-
lated stress in compression parallel to grain adjusted by applicable modifi-
cation factors, as given by

F'=FCCLL (5-27)
Intermediate Columns

Intermediate columns have a slenderness ratio greater than 11 but less than
K as determined by

K = 0,674 !% (5-28)

whers K = minimum value of # ‘fa' at which the column can be
expecied to perform as an Eoler column ®
F'=FEC C C {Ibfin?), and

MTRETH
F " =F.C,C,CiC, Wbjind).

In intermediate columns, failure can occur by crushing of the wood fibers
or by lateral buckling, or both. The allowable stress for intermediate
columns is the tabulated stress in compression parallel to grain adjusted by
applicable modification factors, including the lateral stability of columns
factor, C,, and is computed by

F =FC,C.CCC, (5-29)
where
1{¢ /dy
—1_ LG i
Cp=1 3( = ] (5-30)

In addition to Equation 5-29, the NDS gives optional column design
adjustments for low variability materials (such as glulam) that are similar
to those previously discussed for beams. For additional information on
these equations, refer to Appendix G of the NDS and the AITC Timber
Construction Manual.

Long Columns

Long columns are columns with a slenderness ratio greater than K and less
than or equal to 50 (the maximum slenderness ratio alowed by the NDS
for any column is 50). In long columns, the strength of the member is con-
trolled by stiffness, and failure occurs by lateral buckling. The alowable
design stress for long columns is given by
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F/= ﬂ (5-31)

Column design must also consider bearing on the end grain of the mem-
ber, given by

f,=£ (5-32)
A

where f,= end-grain bearing stress from applied loads (Ib/in’),
P = total applied load (Ib), and
A =net areain bearing (in’).

The tabulated stress for end grain in bearing is specified in Table 2B of the
NDS for sawn lumber and in Tables A-1 and A-2 of AITC 117-Design
for glulam. The tabulated stress for sawn lumber is given for wet-service
and dry-service conditions. For glulam, tabulated stress is for dry-service
conditions and must be modified when the moisture content of the mem-
ber is expected to exceed 16 percent in service (asin most bridge applica-
tions). Tabulated end-grain bearing stress is computed for sawn lumber
and glulam as follows:

For sawn lumber,

Fl=FC,CC, (5-33)
For glulam,

F'=FCCCC, (5-34)
where Fg' = allowable stress for end grain in bearing ({Ib/in?),

F'g = tabulated stress for end grain in bearing (1b/in®), and

C

« = moisture modification factor for glulam for end

grain in bearing = 0.57.

When the bearing stress computed by Equation 5-32 exceeds 75 percent of
the allowable stress computed by Equations 5-33 or 5-34, the NDS re-
quires that the bearing be on a metal plate or strap, or on other durable,
rigid, homogeneous material of adequate strength.
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Example 5-9. - Column design; sawn lumber

A sguare, sawn lumber column is 6 feet high and supports a concentric
load of 35,000 pounds. Lateral support for the column is provided by
pinned connections at the column ends only. Design this column, assum-
ing the following:

1. Normal load duration and wet- 35,000 kb
use conditions; adjustments
for temperature (C) and fire- T
retardant treatment (C,) are

not requi red. Finned ends

2. The column is $4S Douglas
Fir-Larch, visualy graded
No. 1 to WCLIB rules in the &

, : e col
Posts and Timbers (P& T) size Square lumber column

classification.
Solution
The first step in column design isto j_
determine an initia column size. Since
column dimensions are initially un- T
known, it is usually assumed that the 35,000 b

column isin the short column slender-
ness range, and the allowable stress in compression parallel to grain is
computed using Equation 5-27:

F:‘ = F:CDCH

From the NDS Table 4A for No. 1 Douglas Fir-Larch in the P& T size
classification,

F.= 1,000 Ibfin’
From Table 5-7,
C.,=091
Substituting values,
F'=FC,C, =1000{1.0)(0.91) =910 Ibfin’

Aninitial column areais obtained by dividing the applied load by F.' :

_ 35,000 1b

= orp i = 385 /i’
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From Table 16-2, the smallest square lumber size that meets the minimum
area requirement is 8 inches by 8 inches, with the following properties:

b=75In.
d=75in.
A=56.25in’

The column slenderness ratio must next be computed to determine the
actual column slenderness range. The effective column length is computed
by Equation 5-26 using an unbraced length of 6 feet and an effective
buckling length factor, K, of 1.0 for the pinned ends:

£,=K2=10(63(12 in/ft) =72 in.
The column slenderness ratio is computed by Equation 5-25:

Slendemess ratio = i =72-95¢
7.5
¢, /d=9.6<11.0, s0the columnisin the short column slenderness range
as initially assumed. Applied stress is computed by Equation 5-24:

P 35,000 .2
. A 5025 6221b/in

f =622 Ib/in"< F.' =910 Ib/in’, so the column size is satisfactory.
Although normally not a controlling factor in column design, end grain in
bearing stress should also be checked. From NDS Table 2B for wet-use
Douglas Fir-Larch,

F,= 1,340 Ib/in’
By Equation 5-33,

F =F.C,=1,340( 1.0) = 1,340 Ib/ir’
0.75F, = 0.75 (1,340) = 1,005 Ib/in’

Assuming a unit weight for wood of 50 Ib/ft’

56.25in”

Cal ight=—7"7—7——=
UmnR Weig 144 i 1

(6 £t} (501b/ft*) =117.2 Ib
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By Equation 5-32,

P (117.2+35,000)

I _ — &24 1b/in?
1 5625 &24 1bfin

f,=

f,= 624 Ib/in"< 0.75F," = 1,005 Ib/in’, so end-grain bearing is satisfactory,
and bearing on a steel plate or other rigid, homogeneous material is not
required.

Summary

The column will be nominal 8-inch by 8-inch surfaced Douglas Fir-Larch,
visually graded No. 1 inthe P& T size classification. The column is
classified in the short column slenderness range and f.= 622 Ib/in"< F,' =
910 Ib/in’. End-grain bearing stress is less than 75 percent of the allowable
value, so special steel bearing plates are not required.

Example 5-10- Glulam column design

A glulam column is 17 feet long, 8-1/2 inches wide and 12-3/8 inches
deep. Determine the column capacity for concentric loading when (A) the
column is laterally supported at the ends only, and (B) the column is
laterally supported at the ends and at midheight along the 12-3/8-inch
dimension. The following assumptions apply:

1. Normal load duration under wet-use conditions; adjustments for
temperature (C) and fire-retardant treatment (C.) are not
applicable.

2. Glulam is visually graded Southern Pine, combination symbol
No. 47.

3. All support connections are pinned.

4. End-grain bearing is on a steel plate.
Solution
The procedure for determining the allowable load for each support condi-
tion will first involve computing the column slenderness range. From this,
the allowable unit stress and load will be determined.
Tabulated values for compression paralel to grain and modulus of elastic-
ity are obtained from AITC 117--Design. Respective values for the mois-
ture content modification factor are obtained from Table 5-7:
F.= 1,900 Ib/in’ C,= 0.73

E =1,400,000 Ib/in®  C,= 0.833
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Case A: Lateral

support at ends P P
only ¥ J) X
\r\ir* Pinned ends Py e
{typicaf)
8%
17
%\ Lateral support
," 3_1;2- 315!
o
- Case B: Lateral
Y L support at ends and
o T\ 12-38 al midheight along
'{ T  thel23m
dimension
P P

From Table 16-4, the area of an 8-1/2-inch by 12-3/8-inch glulam column
is105.2in".

Case A: Lateral support at column ends only

With lateral support at the column ends only, the effective column length
is computed using Equation 5-26. For an unbraced column length of 17
feet and a buckling length factor for pinned ends of 1.0,

£ = K £=10¢17)(12 iny6r) = 204 in.

The column slenderness ratio is computed using Equation 5-25 with the
least column dimension, d = 8.5 inches:

I . i 204
Slenderness ratio = p =—S. 5 = 24

¢ fd=24>11, sothecolumnisin theintermediate or long slenderness
range. The denderness factor, K, is computed using Equation 5-28:

E' = EC, = 1,400,000(0.833) = 1,166,200 Ibyfin?

F"=F.C,C, = 1,900(1.0(0.73) = 1,387 Ibfir?

E' 1,166,200
— 0,671 ‘—=ﬂ.ﬁ?l1’—~—’ 200 _ 19 46
K=08711ps 1,387

¢ fd=24>K=19.46, 0 the column isin the long slenderness range.
Allowable stress in compression parallel to grain is computed by Equation
5-31L
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gro 0:30£° 0,30 (1,166,200}
(e dy (24)°

The alowable load is the product of the column areaand F.":

=607 b/ in®

P =A(F ) = 105.2(607) = 63,856 Ib

Case B: Lateral support at column ends and at midheight along the
12-3/8-inch dimension

With lateral support at the column ends and at midheight along one axis,
the slenderness ratio must be checked for both axes. About the x-x axis:

# = (17 f1){12 injfr) = 204 in.
K.=1.0
¢,=K_(£)=1.0(204) =204 in,

d=12.38in.

L 204

—==——=10.84

d 12.3% 68

About the y-y axis:
17 fit

t= T{llim’ﬂ] =102 in,

K.= 1.0

£ =K, (=10(102) = 102in.

d=85in.

L, 102

Al S 13
d 835 0

The largest slenderness ratio of 16.48 (about the x-x axis) will control
design. By previous calculations K = 19.46 > £, /d = 16.48, so the column
isin the intermediate range.

The lateral stability of columns factor, C,, is computed by Equation 5-30;

1/L.1dY 1{16.48Y
C,o=1--| e =1——| 2= =0
F 3( K j 3(19.4.5) 0.83

Allowable stress in compression parallel to grain is computed by
Equation 5-29:

F'=FC,CC, =1900(0.83)(10{0.73) = 1,151 1bfin?
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The alowable load is the product of the column areaand F,":
P=A(F) =105.2(1,151) = 121,085 Ib

Check End-Grain Bearing

The tabulated stress for end grain in bearing is obtained from AITC 117-
Design:

F,= 2,300 Ib/in’
The alowable stress is computed using Equation 5-34:
Fl‘ = FICHCD = 2,30000.573(1.0) = 1,311 Ibfin?

F'= 1,311 Ib/in‘is greater than previously computed values of F.', so
bearing stress will not control.

Summary
The allowable compression parallel to grain and maximum load for both
column support cases are as follows:
Case A: Column laterally supported at ends only
F.' =607 Ib/in’
Maximum alowable load = 63,856 |b

Case B: Column laterally supported at ends and at midheight along
the 12-3/8-inch dimension

F.' = 1,151 Ib/in’
Maximum allowable load = 121,085 Ib
This example illustrates the effect that lateral support can have on allow-

able column loading. When additional support is added at midheight,
along the 12-3/8-inch dimension, the allowable load nearly doubles.
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5.7 DESIGN FOR COMBINED AXIAL AND BENDING FORCES

GENERAL DESIGN
CONSIDERATIONS

One or more loads acting on a column, beam, or other structural member
may induce a combination of axial and bending stresses that occur simul-
taneously. In bridge design, combined loading most commonly occurs as
axial compression and bending acting on supporting columns of the
substructure (Figure 5-10). Even in columns designed for concentric loads,
small eccentricities are created because of construction tolerances, slight
member curvature, and materia variations. Bending stress also occurs
when columns are subjected to transverse loads from wind or earthquakes
(see Chapter 6). Other conditions involving combined compression and
bending or combined tension and bending are less common in bridge
applications, but may occur in truss members or other components.

The design requirements discussed in this section are for combined axial
tension or compression acting simultaneously with bending. It is assumed
that bending occurs about one axis and that all loads are applied directly to
the member. For cases involving axia loads with biaxial bending or loads
acting through brackets attached to the member side, refer to references
listed at the end of this chapter. °"****

When members are subjected to simultaneous axial and bending loads, the
resulting stress distribution is approximately the sum of the effects of the
individual loads. In combined tension and bending, the effect is to reduce
the compressive stress on one side of the member and increase the tensile
stress on the other side. For combined compression and bending, tensile
stress is reduced on one side and compressive stress is increased on the
other. The case of combined compression and bending is critical because
the higher compression increases the potential for lateral buckling of the
member.

Combined stresses are evaluated using an interaction formula. In general
terms, the interaction formula contains two expressions, one for the capac-
ity in axial loading and one for the capacity in bending. In its basic form,
the interaction formula is expressed by

fs  fs
2 +—=<1.0 -
F;I‘ -FLI (5 35)
where J, = applied stress in tension f, or compression £, (bin*), and

F ‘= allowable siress in tension F,’ or compression F ' (Ib/in?).

Each of the expressions in Equation 5-35 can be thought of as representing
the portion of the total member capacity taken by the respective axial or
bending stress. The axia portion of the formula is the ratio of the applied
axial stress to the allowable axial stress, assuming the member is loaded
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COMBINED BENDING AND
AXIAL TENSION

Figure 5-10.- Members subjected to combined axial and bending forces are most common
in bridge substructures. The vertical posts of this abutment support compressive loads
from the superstructure and lateral loads from the earth pressure on the abutment wall.

with axial forces only. The bending portion is the ratio of the applied
bending stress to the allowable bending stress, assuming the member is
loaded with bending forces only. The sum of these expressions cannot
exceed 1.0, or 100 percent of the member capacity.

When selecting a glulam member for combined axial and bending stresses,
the designer should consider the relative magnitude of each type of stress.
If tension or compression is the predominant stress, axial combinations are
usually most economical. When bending is the predominant stress, bend-
ing combinations may be more appropriate.

When members are loaded in combined axial tension and bending, the
interaction equations that must be satisfied for design are given by

fo, _Js
Ly —2— 210 -
£ ERTC, (5-36)
fi=ficq0 (5-37)
RC,

where f, = applied stress in axial tension computed by

Equation 5-22 (Ibfin2),

F'=FC,C,LC,C, from Equation 5-23 (Ib/in?),

oM R
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COMBINED BENDING AND
AXIAL COMPRESSION

1, = applied bending stress computed by Equatien 5-2
(IbAnt), and

F,"=FC.C, C,C from Equation 5-9 (Ib/in?).
In applying the interaction formulas, tension stress is computed for a
tension member, as discussed in Section 5.5, and bending stress is com-
puted for a beam, as discussed in Section 5.4. Considerations for tension
are relatively straightforward; however, for bending, the member must be
checked for strength in the tension zone and stability in the compression
zone. In beam design, the size factor, C,, applies to the tension side of the
member where stresses from combined loading are greater than those from
bending alone. As aresult, C.is always used as a modification factor in
Equation 5-36. The lateral stability of beams factor, C, affects the com-
pression side in bending where stresses from combined loading are re-
duced by the axial tension. When conditions of lateral support are such
that the member is classified as an intermediate or long beam, and C,
rather than C_controls beam design, the member must also meet the
stability requirements given in Equation 5-37.

Members subjected to combined axial compression and bending are
common in bridge design and are frequently referred to as beam columns.
This type of loading is more critical than combined tension and bending
because of the potential for lateral buckling and the additional bending
stress created by the P-delta effect. The P-delta effect is produced when
bending loads cause the axially loaded member to deflect along its longi-
tudinal axis. When this occurs, an additional moment is generated by the
axial load, P, acting over alever arm equal to the deflected distance
(Figure 5-11). The potential magnitude of the P-delta moment depends on
the stiffness of the member and is not computed directly; however, the
interaction equations for combined compression and bending include
additional terms to compensate for this effect.

The exact anaysis of a member with combined axial compression and
bending can be a very time-consuming task and is most accurately deter-
mined by the secant formula. When timber members are considered, such
an exacting analysis is generally not justified because of the material
variability in modulus of elasticity and in strength properties and because
of the degree of uncertainty in loading conditions. Rather than using a
rigorous type of analysis, the NDS gives a smplified interaction formula
for combined compression and bending that provides an accuracy well
within an acceptable range for bridge applications. These equations are
suitable for pin-end members of square or rectangular cross sections and
are based on the following assumptions given in the NDS:



P o Axial compression

-4 tfe—— A = Deflaction due 1o bending kad
H
I

i

¥ P-Datta moment = PA
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!

=
IETITI2RITIZIZXXIIIE;

Figure 5-11.- P-delta effect on members loaded in combined axial compression and
bending.

1. The stresses that cause a given deflection as a sinusoidal curve are
the same as those for a beam with a uniform side load.

2. For asingle concentrated side load, the stress under the load can
be used, regardless of the position of the load with reference to the
length of the column.

3. The stress to use with a system of side loads is the maximum
stress from the system (some slight error on the side of overload
will occur with large side loads near each end).

4. For columns with a slenderness ratio of 11 or less (short columns),
the P-delta stress may be neglected.

The NDS interaction formula for combined compression and bending is
given below by Equations 5-38 and 5-39. Appendix H of the NDS also
gives eight modified forms of this equation for specified loading condi-
tions that may be used at the option of the designer.

fo Sot £(6+1L5T ed) | o
F, F-J(1.)

(5-38)

and
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(£ d)-11

where

(TS 5-39

= 0 (5-39)

f = applied stress in compression parallel to grain computed
by Equation 5-24 (Ib/in’),

= alowable stress in compression parallel to grain by the
applicable equations in Section 5.6 for the maximum
slenderness ratio (¢, /d ), assuming the member is loaded
in axial compression only (Ib/in’),

f,= applied stress in bending from side loads or moments
only, by Equation 5-2 (Ib/in%),

= dlowable stress in bending computed by equations in
Section 5.4, assuming the member is loaded in bending
only (Ib/in),

e = the eccentricity of an eccentrically applied axial load

(in.),

d = the cross-sectional dimension of a rectangular or square
column (in.),

J = a unitless convenience factor computed from the ¢ /d
ratio in the plane of bending and limited to values®
between zero and 1.0, inclusively,

£,/d = for computing J, the column slenderness ratio of the

member in the plane of bending, and

= the smallest slenderness ratio£, /d at which the long
column formula applies, from Equatlon 5-28.

The interaction Equations 5-38 and 5-39 are somewhat confusing at first
glance, but become easier to use with experience. When applying the
equations, five considerations will provide some clarification for various
design applications. First, the compression terms f.and F_' are determined
by the methods discussed in Section 5.6, in exactly the same manner as if
the member was loaded in axial compression only.

Second, the term for bending stress f,is applicable only when bending is
from transverse loads or applied moments. When bending is from eccen-
tric axial loads only, and no side loads or applied moments occur, f,equals
zero and Equation 5-38 becomes

F'|

fm+1ﬂnad]
F-J(f.)

<1.0 (5-40)
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5.8 CONNECTIONS

Third, the allowable bending stress F,' is the tabulated bending stress
adjusted by dl applicable modification factors, assuming the member is
loaded in bending only. In most gpplications, the more redtrictive modiifi-
cation factor for size effect, C.or lateral beam stahility, C, applies;
however, for combined compression and bending, both modification
factors are applied cumulatively when the value of C.is greater than
1.0. This will occur only when axial glulam combinations are less than
12 inches deep and are loaded in bending about the y-y axis (see AITC
117-Design). In all other cases, only the lowest value computed for C,or
C.is applied as a modification factor to F.

Fourth, in the expression for eccentric loads e/d, d is the cross-sectional
dimension of the member perpendicular to the axis about which bending
is applied. When there are no eccentric axial loads, e/d equals zero and
Equation 5-38 reduces to

foy fo ci0 5-41
£ R-IE) 4D

Fifth, the J factor, whose value is limited between zero and 1.0, compen-
sates for the effects of the P -delta moment. The column slenderness ratio
used to determine J is always computed in the plane of bending. For
column slenderness ratios of 11 or less (short columns), P -delta effects are
ignored and the value J is zero. For £,/d values greater than K (long col-
umns), the P -delta effects are greatest and J is at its maximum value of 1.0.
When £,/d is greater than 11 but less than K, P -delta effects increase with
the slenderness ratio and values of J vary linearly from zero to 1.0.

A connection consists of two or more members joined with one or more
mechanical fasteners. Connections are one of the most important consid-
erations in timber bridge design because they provide continuity to the
members as well as strength and stability to the system. The connections
may consist entirely of wood members but frequently involve the connec-
tion of wood to steel or other materials. One advantage of wood as a
structural material is the ease with which the members can be joined with
awide variety of fasteners. Progress in the past decade on fastener design
and performance has led to reliable design criteria, alowing connections.
to be designed with the same accuracy as other components of the
structure.
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TYPES OF CONNECTIONS
AND FASTENERS

This section discusses connection design for several types of fasteners
commonly encountered in bridge construction. The types of connections
and fasteners are discussed first, followed by basic design criteria and
specific fastener requirements. The scope of coverage is limited to connec-
tions with two or three members, where fasteners are loaded perpendicular
or parallel to their axis in the side grain of timber members. When fasten-
ers are loaded at an angle to their axis, placed in wood end grain, or used
in joints consisting of more than three members, refer to the NDS specifi-
cations for design criteria and requirements.

There are two basic types of connections in timber bridges. lateral (shear)
connections and withdrawal (tension) connections (Figure 5-12). In lateral
connections, forces are transmitted by bearing stresses developed between
the fastener and the members of the connection. A tight lateral connection
also develops some strength by friction between members (at least when
initially installed), but this effect is not considered in design. In with-
drawal connections, the mechanism of load transfer depends on the type of
fastener. For screw-type fasteners, load transfer is by a combination of
friction and thread interaction between the fastener and the wood. For
driven fasteners, such as nails, load transfer in withdrawal is entirely by
friction developed between the fastener and the wood.

Selection of a fastener for a specific design application depends on the
type of connection and the required strength capacity. Each connection
must be designed to adequately transmit forces and provide good perform-
ance for the life of the structure without causing splitting, cracking, or
deformation of the wood members. The five fastener types most com-
monly used for timber bridges are bolts, lag screws, timber connectors,
nails or spikes, and drift bolts or pins (Figure 5-13). A brief description of
each fastener is given below.

Bolts are the most common timber fastener for lateral connections where
moderately high strength is required. They also are used in tension con-
nections where |loads are applied parallel to the bolt axis. Bolts used for
bridge connections are standard machine bolts and should not be confused
with machine screws, which have a much finer thread. Bolts are the only
type of fastener that require nuts to maintain tightness of the connection.

L ag screws are pointed threaded fasteners with a square or hexagonal
head that are placed in wood members by turning with a wrench. Although
they provide alower lateral strength than a comparable bolted connection,
lag screws are advantageous When an excessive bolt length is required or
when access to one side of a connection is restricted.

Timber connectors are steel rings or plates placed between members held
by a bolt or lag screw. They are used in lateral connections only and
provide the highest lateral strength of al fasteners because of the large
bearing area provided by the connector.
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Laterat (sheart connections Withdrawal {lansion} connections

Figure 5-12.- Typical lateral and withdrawal connections for timber members.

| L
< ] 1
| 7
1 L
Bok Lag scraw
I !%
W ' -
Timber connactor with baft Mail or spke

| ¥ Head on drift bols onfy

T |

Drift pin or difl bol

Figure 5-13. - Types of fasteners used for timber bridges.
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BASIC DESIGN CRITERIA

Nails and spikes are driven fasteners used in bridges primarily for non-
structural applications. They are more susceptible than other fasteners to
loosening from vibrations and from dimensional changes in the wood
caused by moisture content variations.

Drift bolts and drift pins are long unthreaded bolts or steel pins that are
driven in prebored holes. Drift bolts have a head on one end, but drift pins
have no head. In bridge applications, drift bolts and drift pins are used in
lateral connections for large timber members. They are not suitable for
withdrawal connections because of their low resistance to withdrawal
loads.

When bolts or lag screws are used individually or with timber connectors,
they must be provided with washers if the head or nut of the fastener isin
wood contact. Washers distribute the load over a larger area to reduce
stress and prevent wood crushing under the fastener head when the fas-
tener is tightened. The three primary types of washers are cut washers,
plate washers (round or square), and malleable iron washers (Figure 5-14).
Cut washers are limited in application because they are thin and may bend
from bearing forces. Malleable iron (MI) washers, intended only for timber
connections, are most commonly used. Washers are not required when the
head or nut of the fastener bears on a steel component; however, when
steel components are used, they must be designed for adequate strength in
accordance with AASHTO specifications for structural steel (AASHTO
Section 10).

& O & &

Standard cut Round plate Square plate Malleable iron

Figure 5-14. - Common washer types for timber connections.

An important factor in connection performance and longevity is protection
of the steel fasteners and hardware from corrosion. All steel components
should be hot-dip galvanized in accordance with the applicable

AASHTO specification M111 or M232. Such finishes as chrome and
cadmium plating do not afford suitable protection for the exposure condi-
tions encountered in bridges. When color is an important consideration,
components can be painted after galvanizing or be coated with colored
€POXY.

The strength of timber connections is usualy controlled by the strength of
the wood in bearing or withdrawal rather than by the strength of the fas-
tener. As aresult, connection design is affected by many of the same
factors that influence the strength properties of wood. In addition to the
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type, number, and size of fasteners, connection strength depends on such
factors as the wood species, direction and duration of load, and conditions
of use.

Tabulated design values for different types of fasteners are given in the
NDS. These values are based on one fastener, installed and used under
specified conditions. Allowable design loads are determined by adjusting
tabulated values with modification factors. When more than one fastener
is used in a connection, the design value is the sum of the design values
for the individual fasteners (for some fastener types, adjustments are
required for multiple-fastener connections). It should be noted that the
design criteria and tabulated values in the NDS are limited to connections
involving the same type of fastener. Methods of analysis and test data
for connections made with more than one type of fastener have not been
devel oped.

The basic design procedures for connections are similar to those for
structural components. For a given connection and fastener type, the
designer must (1) compute fastener load requirements; (2) determine the
tabulated value for one fastener based on the species group of the con-
nected members; (3) apply modification factors to the tabulated value to
reflect specific conditions; (4) adjust the modified value for lateral loading
conditions other than parallel or perpendicular to grain, when applicable;
(5) multiply the allowable design value for one fastener by the total num-
ber of fasteners in the connection; (6) compute the net section and verify
the capacity of the members; and (7) detail the connection to ensure
adequate fastener placement and performance.

Species Groups

The strength of timber connections is directly related to the species (den-
sity) of wood in which the fastener isinstalled. For lateral connections,
wood species are divided into groups depending on the relative bearing
capacity of the species for the specific fastener type. The three species
groups consist of Groups 1 to 12 for bolts, Groups A to D for timber
connectors, and Groups | to IV for lag screws, nails, spikes, drift bolts, and
drift pins. There are no group designations for withdrawal connections,
and design values are based on the specific gravity of the member. For
both lateral and withdrawal connections, the species groups and specific
gravities for sawn lumber (Table 5-14) and axial combinations of glulam
(Table 5-15) apply to fasteners in the side grain at any location in the
member. For bending combinations of glulam (Table 5-16), the species
and grade of laminations vary for different locations in the member, and
fastener groups and specific gravities are given separately for the tension
face, side face, and compression face.

Modification Factors for Fasteners

Tabulated design values for fasteners are based on the strength of wood
components assuming specific conditions of use. To adjust tabulated
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Table 5-14 —Sawn lumber species groups for fastener design.

Grouping for lag scraws,

nails, splkes, drift bolts
and drift pins
Bolt Timber connéctor Load Specific

Species load group kad group' group gravity?
Cedar, Narthern White 12 D v 0.31
Cedars, Westarn® 9 D Y 0.35
Coast Specias 12 D v 0.39
Douglas Fir-Larch? 3 B Il 0.51
Douglas Fir-Larch {dense) 1 A I 0.51%
Douglas Fir, South 3 C I 0.48
Eastern Woods 12 D Iv 038
Fir, Balsam 11 D v 0.38
Hem-Fir* 8 c ] 0.42
Hemlock:

Eastarn-Tamarack’® B C [} 0.45

Mountain 9 c ] 0.47

Westen 8 c ] 0.48
Pine:

Eastern White® 11 D v 0.38

Idaho White 11 D v 0.40

Lodgepcle 10 c ] 0.44

Northern g C 1l 0.46

Ponderosa® 11 C If 0.4%

Ponderosa-Sugar 11 C It 0.42

Red! 11 C i 0.42

Southern 3 B li 0.55

Southern {dense) 1 A I 0.58%

Western White 11 D v 0.40
Spruce:

Eastern 10 G 1] 0.43

Engelmann-Alpine Fir 12 D v 0.2

Sitka 10 C i 0.43

Sitka, Coast 10 D v 0.29
Spruge-Pine-Fir 10 C 1] 0.42
West Coast Woos

{mixed species) 12 D IV 0.35
White Woods {Western

Woods) 12 D v 0.35
' When sirass graded.
2 Based on weighl and volume when gvendry,

* Also applies when spacies name includes the designation “North.”

* Applies when graded 1o NLGA rules.

* Tha specific gravily of dense lumber is slightly higher than for medium-grain lumber; howevar, the design values for this group ars based
on the average specific gravity of the specias.

Load groups and specilic gravities apply te all grades ol thal species unless ctharwise notad,

This tabie conams a Fmited number of species. Refer 1o the NDS lor a complete species listing.

From the NDS € 1886. Used by permission.
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Table 5-15. - Glulam axial combination species groups for fastener design.

Lag scraws, nails,splkes,

drift balts, and drift pins
Timber
Combinatien Boft connector Specitic
symbol group group Group gravity
Visually graded western species:
1 3 B i 0.5
2 3 B I 0.51
3 1 A I 0.51
4 3 B h 0.51
5 1 A il 0.51
Visually graded Southem Pine:
45 3 B Il (.55
47 3 B I 0.55
48 1 A 1 0.55
49 3 B I 0.55
50 1 A I 0.55

Applicable to lasteners paced inany face of e member.

This table represents a partial listing ol selecied combination symbols. Refer io AITC 117—Design’
and the AITG Timber Construction Manual® for a compiate |isting of all combination symbois. From
AITC 117—Dasign " € 1987, Used by permission,

values for actual design requirements, modification factors are applied to
tabulated values in the same manner as those for strength properties. The
modification factors for fasteners consist of the following:

C, moisture content factor C, end-distance factor
C,duration of load factor C.spacing factor

C temperature factor C,group action factor
C.fire-retardant treatment factor C,.steel side-plate factor
C.edge-distance factor C,lag-screw factor

A summary of fastener modification factors and their applicability to
various fasteners are shown in Table 5-17.

Moisture Content Factor (C,)

The moisture content of timber components affects joint strength in
approximately the same manner as it affects other strength properties. For
sawn lumber, moisture content must be considered at the time of fabrica-
tion (when the fastener isinstalled) and in service. For glulam, al lamina
tions are dry when fabricated, and moisture effects are considered for in-
use conditions only. Tabulated fastener values are based on fasteners that

5-73



yL-S

Table 5-16—Glulam bending combination species groups for fastener design.

Tension face Side face Compression face
Lagscrews,nails, Lagscrews,nails, Lagscrews,nails,
spikes,driftbolts, spikes, drift belts, spikes, driftbalts,
antd driftipins anddritt pins anddriftpins
Timber Timber Timber
Combination| Bolt conn. Specific Bokt conn. Specific Bolt cann, Specitic
symdbol group group | Group gravity group group Group  gravity group  group | Group gravity
Visually graded westem species
16F-V3 3 B [ 051 3 8 Il 0.51 3 B K 0.51
16F-V6 3 B [ 0.51 3 B Il 0.51 3 B [ 051
20F-V3 1 A [ 0.51 3 B Il .51 3 B Il 051
20F-\7 1 A [ 0.51 3 B i 0.51 1 A Il 0.51
24F-\4 1 A [ 0.51 3 B " 051 1 A I 0.51
24F-\V8 1 A [ 0.51 3 B Il 0.51 1 A fl 6.51
Yisually graded Southern Pine
16F-v2 3 B Il .55 3 B Il 0.55 3 B Il 0.55
16F-V5 3 B Il 0.55 3 B Il 055 3 B | 0.55
20F-V3 3 B I 055 3 B 1l 0.55 3 B il 055
20F-V5 1 A I 0.55 3 B I 0.55 1 A I 0.55
24F-¥3 1 A I} 0.55 3 B Il 0.55 1 A ] 0.55
24F-V5 1 A It 0.55 3 B Il (.55 1 A Il 0.55

This tabie represents a partial Bsbing of selected combination symbols. Rafer to AfTC 117—Dasign * and the AITC Timber Consinaciion Manual ® kar 2 comphete fisting of ali combinatien

symbols,




Table 5-17 —Applicability of modification factors for fasteners.

ModIfication faclor
Duration Moisture Tempera- Firs  Edge End Group Steel slde Lag
ofload content fure relardant dist. dist. Spacing action plate screw
Fastener type c, C, C C, c, € C, C, €, K&
Timber cennectors
Split rings X X X X X X X X — X
Shear plates X X X X X X X X X X
Bolts X X X X - X X X X —
Lag screws X X X X — X X X —_ —
Mails and spikes X X X X - - — — X -
Dritt bolts ar X X X X - X X X X —
drift pins

¥ = medification factor is applicabls,
— = modification lactor does nat apply,
.. G, and G, are not cumukative, and ihe most restrictive of the threa values is usad for design.

are installed and used in continuously dry conditions that do not exceed
19-percent moisture content for sawn lumber and 16-percent moisture
content for glulam. For other conditions, tabulated values must be adjusted
by C,(Table 5-18). Note that C, values for fasteners may vary from those
used for other strength properties.

Duration of Load Factor (C,)

Tabulated fastener values are for conditions where maximum loads are of
normal duration. For other loading conditions, values are adjusted by the
duration of load factor, C,, discussed in Section 5.3. The duration of load
factor applies to wood members only and is not used for metal compo-
nents. As a result, load increases due to application of C,may be limited
when the capacity of the connection is controlled by the strength of the
steel connector rather than by the strength of the wood. Thisis discussed
further in the following sections on fastener design.

Temperature Factor (C)

The strength of awood connection is affected by temperature in the same
manner as wood components. In unusual cases where connections will be
subjected to prolonged temperatures in excess of 150 °F, fastener values
should be adjusted by the temperature factor, C. Values and criteria for
this factor are the same as those given in Section 5.3.

Fire-Retardant Treatment Factor (C,)

Fire-retardant treatments are not common in bridge applications. However,
when timber components are treated with fire-retardant chemicals, tabu-
lated fastener values must be reduced by the fire-retardant treatment
factor, C,, discussed in Section 5.3.
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Table 5-18 Fastener load modification factors for moisture content, C,,.

Condition of wotd'
Sawn lumber Glidam
Type of fastenar At tima of fatbwication In sarvice C, In setvice Gy
Timber conneciors Dry Dry 1.0 Cry 1.0
Partially seasoned Dry Note 3 Wet 067
et Dry 08
Dy O wirl Partialty seasoned or wet 067
Balts or lag screws Dy Dy 10 Dry 14
Partially seasoned or wet’ Dry See below Wat 067
Dry or wet Exposod 10 weather Q.75
Dry or wet Wt 0.57
Cirift boits or pins - Dy or wet Cry 10 Cry 10
alerally knaded Ciry o wet Partially seasonad, wet o.70 Wt 07
of Subgext 1o watling
and drying
Wire nails and spikes
— Wathorawal ads Dry Dy 10 Oiry 1.0
Fartially seasoned or wet Wil remain wet 10 Y&l G.25
Partially seasoned o wet Diry 0.25
Ory Subject 1o weiling 0.25
and drying
— Latwral loads Dry Ory 10 Ory 14
Partially seasoned o wal Oy of wel 0.75 Wet 10.75
Dy Partially saascnad or wal .75
Threaded, hardened Drry or wet Oy or wet 14 Dy 10
steal ndlls Wat 10

! Condition of woad dellnibans applicable ko fasiensrs are as follows:
"Dry" wood has a moisture content of 1% o7 kess for sawn lumbar zad 18% or less for plulam,

“War wood has a moisiwe content a1 or above the fiber saturation point {(approximalely 30%:) for sawn lurmber and abova 16% lor glukam.
“Partialty seasoned” woad hag a maistyra content greater than 15%, but lees than fiber saturation polinl,

*Expased to weather' implis thal he wood may vary in moisture content Irom dry 1o partially seasoned, bul ks nol expacted o reach the fber
saturafion paint at limes when the jeinl & wnder full deslgn lead.

“Siec! 1o watlling and drying” implies thal the waod may vary in mokshure contant Inam dry to partally seasonad or wet, of vise varsa, with
eansoqaonl alfects on tha tightness of tha joinl.

2 For timber conneciors, moistura content Emitations apply ko a deplh of 34 inch from tha surface of Ihe wood.
3 When limber connecions, bolts, of lakerally keaded lag screws are Installed in wood that ls partially seasoned al the time of fabeicalion, bu! that will e dry
belore [l design kead is applied, intennadiale vaues may be usad.

From MDS: ® & 1965, Used by permission,

Moisture modification factors & %or laterally ioaded bolis and lag screws
in sawn lumber seasoned in place!

Amrengement of GOt o lag screwa Type o splice plate

Ona lastensr only, of Wood or mets| 1.0
Two of move fasleners placed in
a singla line parallel to grain, or

Fastenars placed in two or mog
lines parallel 1o grain with $eparate
splice plates for each ling,

All gther arangaments Woed of metal 04

T Factors apply when wood is at ar above fhe Ther saturalion poinl {wet} at time of fabelealion but drias ko a moistura conlant of 19% of less {dry) befors
fult design bad 1 applied. For wood panially seasoned whan fabricated, adusted intermediale values may be used.
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Edge-Distance Factor (C,)

Edge distance is the distance from the center of a fastener to the edge of
the member, measured perpendicular to grain (Figure 5-15). For loads
applied perpendicular to the grain, the loaded edge is the edge toward
which the load induced by the fastener acts. The unloaded edge is the
opposite edge. Tabulated design values for bolts, lag screws, timber
connectors, drift bolts, and drift pins are based on the full edge-distance
requirements specified for the fastener. For timber connectors, it is permis-
sible to reduce the edge distance provided the tabulated value for the
connector is reduced by C, (design tables for timber connectors include
tabulated values reduced by C.). The edge-distance factor is not cumula
tive with the end-distance factor (C,) or the spacing factor (C). Of the
three factors, the most restrictive value is used for design.

End-Distance Factor (C)

End distance is the distance from the center of afastener to the end of the
member (Figure 5-15). Tabulated values for bolts, lag screws, timber
connectors, drift bolts, and drift pins are based on the full end-distance
requirements for the fastener. Reduced end distances are permitted if the
tabulated fastener value is reduced by C.. End distance requirements and
values of C for individual fasteners are discussed later in this section. The
end-distance factor is not cumulative with edge-distance factor (C) or the
spacing factor (C) Of the three factors, the most restrictive value is used
for design.

Row spacing {Perpendicular to grain)

— Edge distance
t,. ., P - Grain —e
P~ ' g P
-+ Grain =% L End distance
- - Spacing parallgl to grain
Loading parallel to grain
Spacing parallel to grain
- Unksaded edge distance
| 1
T * 3
L ] ¥ .
——i ] -~ (Grain —=
enddistance ] L8 Ul L (oaded edge distance
—— Spacing perpendicular to grain

Fl-
Leading perpendicular o grain

Figure 5-15.-- Edge distance, end distance, and spacing for fasteners.
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Spacing Factor (C,)

Fastener spacing is the center-to-center distance between fasteners, meas-
ured parallel or perpendicular to grain (Figure 5-15). Tabulated design
values for bolts, lag screws, timber connectors, drift bolts, and drift pins
are based on minimum spacing requirements between fasteners. When
spacings are less than the minimum, tabulated fastener values must be
reduced by the spacing factor, C.. Spacing requirements and values of C,
depend on the type of fastener and are discussed later in this section. The
spacing factor is not cumulative with the edge-distance factor (C) or the
end-distance factor. Of the three factors, the most restrictive value is used
for design.

Group Action Factor (C)

A row of fasteners consists of two or more bolts, lag screws, timber
connectors, drift bolts, or drift pins aligned in the direction of the applied
load. When three or more of these fasteners are used in a row, the capacity
of the connection is less than that computed by multiplying the value of an
individual fastener by the total number of fasteners. To compensate for
this effect, tabulated values for individual fasteners in the row are reduced
by the group action factor, C,. Vaues of C are given in Table 5-19 and
are based on the gross areas of the members and the total number of
fastenersin the row. It should be noted that the group action factor given
in the NDS is applied to the group of fasteners acting as a whole. How-
ever, it also may be applied to individual fasteners, as presented here.
Applying the factor to individual fasteners is more convenient for design
and is more consistent with the application of other modification factors.
Procedures for determining C,are demonstrated in examples later in this
section.

Steel Side-Plate Factor (C,)

The distribution of stressin a lateral connection depends on the material of
the side members. Tabulated fastener values in the NDS are based on the
assumption that all side members are wood. When steel side members are
used, tabulated values for some fasteners may be increased by C.. The
value of C,depends on the type of fastener and direction of loading and is
discussed later in this section. For lag screws, a separate table of design
values for metal side platesis given in the NDS, and adjustment by C,is
not required.

Lag-Screw Factor (C,)

Tabulated values for timber connectors are based on a bolted connection.
When lag screws are used instead of bolts, tabulated values must be
adjusted by the lag-screw factor C,.

Loads at an Angle to the Grain

The strength of a laterally loaded wood connection for all fasteners other
than nails and spikes depends on the direction of fastener bearing in
relation to the grain of the members. Design values in the NDS are
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Table 5-19. —Group action modification facter €, for laterally loaded bolts, lag screws and timber connectars
Connections With Wood Side Plates

Number of fastehory in & row!
A#’R!“ At {in?* 2 3 i L & 7 8 9 10 1 12
212 1.00 092 084 Q.76 0.c3 0.5 055 0.49 0.43 038 L)
12 = £19 1.00 0.85 0.88 082 0.75 n.68 062 057 0.52 048 0.43
19 =28 1.00 087 083 {88 082 0 o 0E? 063 0.59 055
0% 3 - <40 1.00 0.93 0.88 0492 0.87 0.83 078 075 an 069 0.68
4 - <B4 1.00 1.00 087 084 0.90 086 0.83 079 076 or4 0.72
>0 100 1.080 23] D55 0.9 0.88 .85 0.82 0.80 0.78 75
<12 1.00 0.97 082 085 0.78 on DES 0.59 0.5 044 044
12 - <19 1.00 0.98 094 ol 084 078 0.72 066 061 0.56 51
19 - 228 100 1.00 097 093 089 (85 0B 078 072 0.68 064
10 2 - <] 1.00 1.00 0.9 0.96 0492 (.89 ol 083 080 078 B75
) - 64 100 100 1.00 0.37 0.94 0.a1 0.B8 0.85 084 082 080
=i 1.00 1.00 1.00 088 0.9 .83 o] 0.8 087 0.86 0.85
A, = gross (oas-sectional area of the main member before bofing of grooving >
ﬁ.? = 5um of the cross-sectional areas of the side members before boting o rogving 2
Connections With Metal Side Plates
Number of fasteners in a row
A A, A, (i) 2 3 4 5 8 7 8 § 10 11 12
§ -8 1.00 0.7E 064 LT ] {48 040 0,35 0.3 .25 0.20 015
8 - <8 1.00 0.8s 0.73 0.63 0.54 048 .42 0.38 .34 030 026
16 ~ <4 1.00 0.8 083 074 066 059 053 0.48 .43 0.3 043
2-12 pr g 1.00 0.54 087 0.8 0 087 061 0.58 0.1 0.45 042
39 - 1.00 0.6 0.9z 0.87 0.m1 0.75 070 0.65 Dg2 054 055
Bf — <118 | 108 088 095 0.9 0.87 082 0.78 .75 D72 {.68 086
M9-<199 | 1.00 0.28 097 0.95 0.82 .89 086 (54 ok} 0.74 0.78
17 - <24 1.04 054 H 0.5 0.74 067 0.61 355 048 0.43 037
24 - 238 1.00 0.95 091 0.86 080 0. 065 62 058 0.5 044
12-18 39— 1.00 0.88 054 0.90 085 0.80 0.75 .70 067 052 058
64 - 2119 | 108 089 D58 093 0.80 086 082 .72 0.5 n.72 069
19— <198 | 1.00 1.00 048 0.95 0.54 042 084 086 083 0.80 0.78
»189 1.00 1.00) 1.00 .98 0.97 0495 093 0. 0.80 .88 0.87
4 - 64 1.04 1.0 058 093 083 084 0.79 .74 0.69 064 0.59
18-24 64 -<199 | 1.00 1.00 047 0.9 g4 08 086 083 0.5 0.76 a.73
119- <59 | 1.00 1.00 099 098 098 0G4 092 .80 {184 085 D8
»T83 1.00 1.00 10 1.00 038 096 0.95 .83 paz n.82 .51
4) - H 1.00 0.88 084 0.50 .85 0.80 074 {+69 65 061 058
24-30 61 - <18 | 100 0.59 087 0.93 020 0.BE 0.82 .73 0.76 0.m 07
1M19- <99 | 1.00 1.00 0.58 096 o4 po2 089 087 .85 0.83 0.81
=189 1,040 1.00 0.99 0598 .87 0.5 0.93 42 ] 083 f.BY
40 - 54 100 0.96 n.82 0.86 80 0.4 068 064 050 0.57 0.55
M35 B - <118 | 1.00 (.38 0.85 0.90 CI- BE D 81 0.76 0 72 t}.ﬁﬁ 065 {'J.EE
MO 8% | 100 G99 Q.87 095 0.85 Q.78
158 .04 1.0 058 097 I}ﬁ UE 090 ﬂ EI'E? 0.36 UBE
0 - & 100 0.9 0.8 082 D75 068 0.63 0.58 043 0.49
3r42 64 - 1% | 10 nar pea L 082 v Q.71 067 0.63 0.5 056
119= <193 | 1.00 98 0.9 093 089 0835 0.8 078 0.76 073 0.A
»109 1.50 0.89 0.8 0.9 & SG .50 047 0.8 082 0.80 0.738

A, = gross cross-sectional area of the main membet befera bedng o fwacving,”
A, = sum ol the cross-seclional areas of metal side flalas batora driling.

When lastaners in aciam-m rows 2re stangered, raer ko the NOS? lor requirements for dalermining e number of fastenars In a row,

When A IA?:- 10, me

For valuss &1 Al bamean 0 and 1.0, Intarpelate of extrapolale fram tabilalad vallles,

When A /A, »1.0,use A, instaad o1 A

When 2 wood membar s lpaded papendicular o grain, s equivalent gross cross-secbional area kor computing A, and A, s the product of the
thicknoss ol Ihe member and th overall width of he laslener group.

From WDS.™ S 1986, Lisad by parmlssion.

Lh s b B -
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tabulated for loads acting parallel to grain (P) and perpendicular to grain
(Q). When the loads act at some intermediate angle (Figure 5-16), design
values are computed using the Hankinson formula given by
PPQH

N'=
Psint8 +Q'cos’ 8

(5-42)

where N' = allowable design value at an angle to the grain (Ib),
P = dlowable vaue for the fastener parale to grain (Ib),

Q' = dlowable value for the fastener perpendicular to grain
(Ib), and

6 = angle between the direction of load and the
direction of grain (degrees).

For bolts, lag screws, drift bolts, and drift pins, the Hankinson formulais
applied after tabulated values are adjusted by modification factors, and the
value N' is the allowable fastener value used for design. For timber con-
nectors, modification factors for distance and spacing are based on the
angle of the load to the grain, and C,, C,, and C_are applied after N is
computed by the Hankinson formula.

Member Capacity

The strength of a timber connection depends not only on the strength of
the fasteners but also on the structural capacity of the connected members.
As a part of the design process, the capacity of all members must be
checked to ensure that factors related to the fasteners and connection

Figure 5-16. - Fastener loading applied at an angle to the grain.
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configuration have not reduced the load-carrying capacity of the members.
Connection-related factors that may affect member capacity include net
area, eccentric loading, and shear capacity.

Net Area

The net area of a member is the cross-sectional area remaining after
subtracting the area of material removed for fastener placement. The cross
section where the net areais taken is called the critical section. Depending
on the type of loading and size and placement of fasteners, the reduction in
area for fasteners can significantly reduce member capacity. Requirements
for determining net area vary among fasteners and are discussed in more
detail later in this section.

Eccentricity

Eccentric loading is produced at connections when the resultant member
forces are offset at the connection (Figure 5-17). Eccentricity in connec-
tions induces tension perpendicular to grain and can severely reduce the
capacity of the members. The strength of eccentric connections is difficult
to evaluate, and connections of this type must be avoided unless tests are
employed in design to ensure that members can safely carry applied loads.

Shear Capacity

When fastener loads are applied transverse to beams or other components,
the capacity of the member in horizontal shear may be reduced. Although
not common in most bridge applications, this can occur when beams are
supported entirely by fasteners, without bearing on another member, or
when fastener |oads are applied transverse to the beam (Figure 5-18).
When conditions such as these are encountered, refer to the NDS for
special provisions on computing horizontal shear in the member.

Figure 5-17, - Example of an eccentrically loaded connection. Connections of this type can
induce tension perpendicular to the grain‘and substantially reduce the capacity of con-
nected members.
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BOLTS

5 —

i 14

+ ¥

Figure 5-18. - Unsupported fastener loads applied transverse to the beam axis can reduce
beam capacity in horizontal shear. Refer to the NDS “for design requirements for this
loading condition.

Bolts are the most common mechanical fasteners in timber bridge connec-
tions. They are used for lateral connections in double shear (three mem-
bers) or single shear (two members) and in tension connections where the
bolt is loaded parallel to its axis. The bolts most commonly used for
timber connections conform to ASTM Standard A307, Low-Carbon Steel
Externally and Internally Threaded Sandard Fasteners. The alowable
design stresses for these bolts are 20,000 Ib/in’in tension and 10,000 Ib/in®
in shear. Bolts are generally available in diameters of 1/4 inch to 2 inches
and lengths up to 24 inches or more in 1/2-inch increments. However, the
designer should verify availability before specifying diameters over

1-1/4 inches or lengths over 16 inches. When long lengths are required,
threaded rods conforming to ASTM A307 may be more practical.

Bolts are manufactured in a variety of types based on the configuration of
the bolt head. The most common types are the hexagonal head, square
head, dome head, and flat head (Figure 5-19). The standard hexagonal or
square heads are used when the bolt head is in contact with wood or steel.
More specialized bolts, such as the dome head and flat head, provide an

' /"‘:{\
Lug *
% =
Haxagonal haad Square head Dome head Flat head

Figure 5-19.- Bolt types used for timber connections.

5-82



increased head diameter and are used when the bolt head is in contact with
wood. Bolts with dome heads also are referred to as economy bolts or
mushroom bolts and may be slotted or provided with lugs to facilitate
installation and tightening.

Net Area

The net area at a bolted connection is equal to the gross area of the timber
member minus the projected area of the bolt holes at the section (bolt
holes are typically 1/32 to 1/16 inch larger than the bolt diameter). For
parallel-to-grain loading with staggered bolts, the nearest bolt in the
adjacent row is considered to occur at the same critical section unless the
parallel-to-grain spacing of boltsin each row is a minimum of eight times
the bolt diameter (Figure 5-20). The required net areain tension and
compression members is determined by dividing the total load transferred
through the critical section by the applicable alowable stress (F, or F,")
for the species and grade of material used.

Design of Lateral Connections
The strength of laterally loaded, bolted connections is developed by
bearing between the bolt and the wood (Figure 5-21). The capacity of the

..

hen adjacent bolts in a row are spaced
closer than eight times the bol diameter,
ihe nearast bol in 1he nax row is assumed
o ocour at the same critical section

Figure 5-20. - Critical section for determining net area for staggered bolts loaded parallel

to grain.
Main member -
P2 - | ] P .
l rll , +_.. P +— P

T — l—

1
1

P2 =-— 1

Thrae member connaction Two meamber connection

Figure 5-21. - Typical configuration and stress distribution for a laterally loaded bolted
connection.
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connection depends on the bearing strength of the wood and the slender-
ness ratio of the bolt. The slenderness ratio is defined as the length of the
bolt in the main member (£) divided by the bolt diameter (D). For bolted
connections with low slenderness ratios, the bolt is relatively tiff, and the
full bearing strength of the connection is developed. As the slenderness
ratio increases, bolt stiffness is reduced, and bending may occur before
full bearing strength is achieved, reducing the capacity of the connection.

The alowable value for one bolt is equal to the tabulated design value
adjusted by all applicable modification factors and loading at an angle to
the grain, when required. When more than one bolt is used, the allowable
connection value is the sum of the design values of the individual bolts,
adjusted by the group action factor, C,. The applicable modification factors
for loading parallel to grain (P) and perpendicular to grain (Q) are given
for laterally loaded bolts by

P =PCLLCLCLLL, (5-43)
0'=0C,CCOL.EE, (5-44)

Tabulated Design Values

Tabulated bolt design values are given in the NDS for one A307 bolt in a
wood-to-wood, three-member connection where the side members are
each a minimum of one-half the thickness of the main member (double
shear). A portion of the NDS tables for several species groups is shown in
Table 5-20. To determine the tabulated value for one bolt, enter the table
with the length of bolt in main member and bolt diameter and read the
tabulated values for loading parallel to grain and perpendicular to grain for
the applicable species group. When joints have side pieces that are of a
species different from that of the main member, the design value is the
lesser of that obtained by assuming a comparable joint with all members
the same species as the main member, or al members the same species as
the side members.

Although tabulated values in the NDS are for a balanced three-member
connection, the table also is used for other member thicknesses and two-
member connections (Table 5-21). For three-member connections loaded
paralel to grain, with side members that are less than one-half the thick-
ness of the main member, the tabulated value is determined by assuming a
main member twice the thickness of the thinnest side member. When steel
side plates are used, the length of bolt is based on the thickness of the
wood member. For a bolted connection consisting of two members of
equal thickness loaded paralel to grain (single shear), the tabulated value
is one-half that given for a main member the same thickness as the mem-
bers. When the two members are of unequal thickness, the tabulated value
is the lesser of one-half the tabulated value for the thicker member, or one-
half the tabulated value for a piece twice the thickness of the thinner
member. For a two-member connection consisting of one wood member
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Table 5-20—Tabulated design values for laterally loaded bolts.

Tabuiated values, in pounds, 28 7or ons ASTM AZD? beltloaded i double shear in a three-mambar wood connsction subjacted 1o apemal ksed du mton and dry-uss

Speme:; Group SpscfagGrm;: Spame:Grul.q} Specia:Gran Spamisﬂﬁmp Speacias Groun
LALIFGAMN A CASTERN REQ PINE, WEST
RECWOCO HEMLOCK EAN WHITE FNE,
DOUGLAS FIR. (Chome grain], TAMARACK, EPRUCE-PIME- POHDEROSA
LARCH (Darma), DOIGLAS CALIFDARIA MOLINT A FIR, PIHE -SUGAR
SOUTHERM FIR-LARCH RECWOOD HEMLLCK, SITKA BPALIGE, PINE, EAST.
PIME (Daiss) SOUTHERH PINE, [Coen g, WESTEAN YELLOW WHITE FINE,
BOUTHEAN HEW-FIS, CEOARS, POPLAR, EAST. SPRUCE
GYPAESS WESTEAN HORTHERK LODGERCLE BALSAM FIR,
. HEMLEOCK [ali. 3 PIWE IDAHO WHITE PINE
I;Tt:-gull Diam- Project- | Parslld  Porper- | Fermfel  Perpen. | Fornflel Pargan- | Parald  Peipan- | Paralel  Parpen | Paralis Parpan
inmain | et o edares | mpgie  dioular | Bgmin Sy |egrain dedder (g dicuhw | bgmin douler | wgrain dodlar
member | b of bast s g 2 o gran kb grain 0 Qrain 1o grain o rain
{4 D 0 |a=txD| P ¢ P G P Q P 0 P Q P Q
12 200 250 | 1480 B3 1260 Y20 1180 40 1100 S00 108 470 10 340
54 400 583 { M40 S50 1820 B0 1€ R0 1590 560 1410 53 1310 330
242 a4 333 58T | 2700 10 2210 D00 1800 5RO 1850 €20 TR0 5590 1580 430
T 2BE 2588 | A0 UIBD 2740 990 2130 BW &0 BB 1580 EBD 1840 480
1 250 2500 | 3680 1270 360 1080 6D 690 o0 50 2600 700 2N 5@
173 gOD 4500 | 1490 970 1270 BEO 1210 A0 1130 580 1160 S0 10&0 410
S dBD 1475 [ 20 M 1950 970 1810 B20 1530 70 1640 B30 1520 470
3 34 4ph 2250 | 3080 12F0 2630 1080 XMO B0 218D ) XMW 0 1830 52
T 343 2625 | 3ITE0 1380 3Z0 1190 2780 Te0 00 20 2380 FEO 210 W
1 300 3000 | 4350 1520 3750 1300 3200 B30 2% 900 N0 850 9530 &X
W2 M 1780 | 1490 M2 1270 980 10 B0 1130 650 1180 650 080 45)
w8 5BD 2188 [ 2320 1310 1880 1430 tE0Q T VD W/ I 740 1860 550
2 467  2EZ5 | B0 10 2800 1260 25F0 #0240 870 1N X0 25 810
e 400 3063 | 4190 1830 3BBD 1380 MBD 20 2900 W0 B0 8 M0 AN
1 450  A501 | SO00  AF7D  APT)  15R0 AMD 670 460 1080 MWD %A M50 T
12 800 2000 | 1400 1040 1270 1040 920 TG 1130 780 11 720 108D 580
SE 0 640 2300 | 2330 1410 1050 1200 1000 a3 70 900 1820 B0 1650 &0
4 w4 533 3000 | 3340 1690 2850 140 2680 S20 25100 1000 2580 o400 2350 640
78 457 3500 | 4M0 180 37 1380 MTD 1010 3240 1100 %0 1030 2880 T
i 400 4000 ) W70 2000 4670 1730 4150 110 3880 1200 3600 1A 3380 84D
S8 J200 2811 | X W0 190 140 190D 93 i 101D 18200 950 W T
) 600 3375 | 3350 1830 2850 1620 27RO 1040 2550 1120 2610 10680 2440 780
Hiz T 514 3838 | 4540 2110 880 170 B 10 G 100 3360 1160 MW 260
1 450 4500 | 5770 2260 4830 1530 4500 1250 4200 {350 M0 120 A0 940
114 360  562% | TAT0  2RT0 eAT0 X0 5030 1460 5540  15BO0 5080 1450 dfa0 1100
% 280 34 | 20 130 1%0 M0 100 M0 70 10800 18200 1030 %0 &2
2d 733 4435 | 33500 1530 ZB6D 1BBOD 270 1260 2550 W0 220 1280 2440 w0
=12 78 629 4813 | 4570 200 2900 2180  3T20 140 WD 1510 3560 1420 3320 1050
1 S5 S50 | W B0 70 2380 4820 1520 4500 1850 4530 1550 4240 1150
1.4 440 6875 | 8930 3260 T30 X700 ROAD  1TEO  A4T0 1930 E110 1890 560 1350
S5 1200 4680 | 330 1260 1950 1260 1650 B0 1770 1030 1820 860 1630 800
1000 5625 | 330 1820 2860 1820 27AD 1320 2550 1430 2620 1M0 240 1110
2 7B BAT 6563 | 4560 2420 3000 M2 720 1730 B4F0 1870 ABED  17E0 230 1400
1 750 7500 ¢ BAR0 3090 SORD 3030 4850 2060 4520 223D 4850 MO0 43 15
1.4 600 9575 | 9310 4200  FORD 00 TSG0 MO0 TOT0 2630 72S0 R0 EFYD 184D
1287 TA25 | 33X 1640 2880 1840 2T 1250 2550 1350 26A0 V0 2440 1060
8 1046 8213 | 4360 2270 380 =700 MW 1660 T 1740 560 fEBD 3320 140
12 1 950 9500 | 5050 2060 5080 2960 4850 2130 4530 2300 4850 MM 4330 1780
114 T80 11E7S | 0310 4810 795) 4450 VSB0 030 7070 3280 V2D W0 BT 43w
B2 B33 14250 (13430 BOF0 1470 5530 10630 34540 10000 3830 10470 B0 O760 D60
O34 10062 | 4560 2060 3800 2060 3700 1580 34600 1730 35R0 1630 3330 1370
1 NS0 1500 | 5860 270 5080 2700 4800 2040 4530 210 4650 280 43 11
112 11 D20 14375 | 30 4360 YOBO 4360 VS0 3140 080 MO0 TAT0 100 &7 26l
1142 TRT 17250 113450 510 11450 6140 10520 40 1(HS0 4550 10d4F0D 4280 9750 20D
1 1350 13500 | o060 2030 5280 2530 4850 1970 A4S0 M40 46TD 20P0 4350 16ED
1312 144 1080 16875 | 5300 4150 7950 4150 TEDO 3030 MO0 B0 FRG0 3080 7MY A5
=12 800 20250 |13400 G040 19450 6040 10630 4340 10200 4700 1MMA0 440 9780 W0

conditions. When high srergth bolls 40 usad {sueh as ASTM A325 bolts), vahies i1 this bk cin ba Lsedwith slightly consensatres rsults,
Uza liirear ia1erpalalion k dédemming de sign veluas oy in rmed-atg boll langths,

This kb -5 limitad o selacted spetiasand boll langths and s ntended for ilusrabve purposes onty. Feter i te cormatadition of the MOS for a mone complem lising of

tabalaadvaluas.

From ma HO3;™* $1986, Usadby parmission,
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Table 5-21. - Summary of requirements for determining tabulated bolt
values for lateral connections.

A. Three-member joints

1 1
; I — 1
. | 7l
$ i i
: e

Wood side members

b,=b,2 02 Usethstabulaled valua for main member thickness b.
b sb <2 Usathetabulated value lor main member fwice the thickness ol b
Yyhen sice members are loaded at a ditferent direction to the grain than the main member, the
design value is the lesser of:
a. the tabubated value for the main member, or;
h. the wbulated value for 3 member twica the thickness of the sde members and Icaded in
tha same direction as tha side members,

Steel side members
Use the tabulated value for the main (wood) member b for the direction of applied loading.

B. Two-member joints

Wood side member

b= b, Useone-haif the tabulated vatue for a main member of thickness b,
b <b, Use thelsssar of cne-hall he tabulaked value lor main member of thickness = by or 24,
When one member is Izaded parallel-in-grain and the other is loaded al an angle to the grain, the
design value is he lesser of.
a. one-hall the tabulated vakue for the thickness ¢l the paralie! ko grain leaded member, or;
b. 1he value obtained irom application ol the Hankingon formula (Equation 5-42) using one-
hiall the tabulated paraliel-te-grain and perpendicular-te-grain values for a member the
thickness of ihe member (oaded at an angle to the grain.

Steel side member

Use one-half the tabulated value for a member the thickness of the wood member for the direction
of applied loading.
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connected to a steel plate, the design load is one-half of the tabulated value
of the thickness of the wood member.

Steel Side Plates

When steel rather than wood side plates are used for lateral connections,
the tabulated design values for members loaded parallel to grain only may
be increased by the steel side plate factor, C,, given below.

Sawn Lumber Glulam
Bolt diameter (in.} C, Bolt diameter (in.) Lo
<142 1.75 All 1.25
314 1.63
1 1.50
1-1/4 1.38
1-172 1.25

Use linear interpolation to compute C,for intermediate bolt diameters in
sawn lumber. It should be noted that the values of C,greater than 1.25 are
currently being evaluated for sawn lumber and may be reduced in the
future. In addition, AITC recommends that bolts used with steel side
platesin glulam not exceed 1 inch in diameter.

Distance and Spacing Requirements

Tabulated bolt values are based on minimum distance and spacing require-
ments necessary to develop the full capacity of the connection. These
requirements differ for parallel-to-grain loading and perpendicular-to-
grain loading and are summarized in Table 5-22. When bolts are placed at
the minimum dimension for full tabulated value, no reduction in capacity
is required. For end distance and spacing parallel to grain only, the dimen-
sions may be reduced provided the tabulated value is reduced by the
modification factors C or C.. For example, when a bolted tension connec-
tion is loaded parallel to gram, the minimum end distance to develop the
full tabulated value is 7 times the bolt diameter. This distance may be
reduced to an absolute minimum of 3.5 times the bolt diameter provided
the tabulated value is reduced by 50 percent (C,= 0.50). When reduced
dimensions are used for any bolt in a group, the factors C,or C.apply to
al boltsin that group. Dimensions less than those given for reduced
capacity are not permitted under any circumstances.

Distance and spacing requirements in the NDS are for loading paralel to
grain and perpendicular to grain only. When loads act at an angle to the
grain, bolt spacing and distance must be based on good engineering
judgment. In this case, the gravity axis of the members should pass
through the center of resistance of the bolt group to provide uniform stress
in the main members and a uniform distribution of load to all bolts.
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Table 5-22. - Summary of edge distance, end distance and spacing
requirements for bolted connections.

A, Loading para¥iel to grain
Fow spacig [pampendicular 1o grain)
— Edge distance
s - Grain —=
P ~— P
oW P P
==San = rd distancs
Spacing parallel to grain
Min!mum dimension for Mirimum dimengion for
full tabulated value reduced value'
Edge distance
t<B 150 HiA
t0»6 1.50 e 172 row sDacing Nf&
perpendicular lo grain,
whichever is greater
End distance
Tension mambers 7o 3.50(C =0.50)
Com pression member 4D 204{C_=0.50)
Spacing
Paralbed Tty grain 40 3G =0.75)
Rew spacing perpendicUlar 1.5D N/A
w0 grain

When steel members are used in connections, the spacing and distance
requirements are based on the requirements for the timber components,
not the steel components. As a practical consideration, the designer should
always check to ensure that spacing requirements are sufficient to place
washers without overlap.

Design of Tension Connections

In tension connections, the bolt is loaded in axial tension parallel to its
axis. This type of connection is common in bridge applications when rail
posts are bolted to curbs. The strength of a tension connection depends on
the bearing strength of the wood and the tensile strength of the bolt
(20,000 Ib/in*for A307 bolts). The bearing stress under the washer must
not exceed the allowable stress for compression perpendicular to grain
(F,,). Tocompute bearing stress, the bolt load is divided by the total
washer area minus the area of the bolt hole. Distance and spacing require-
ments for bolts loaded in tension only are not specified in the NDS and
should be based on designer judgment.
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Table 5-22. - Summary of edge distance, end distance and spacing
requirements for bolted connections. (Continued)

B. Loading perpendicular to grain

How How
Row spacing (parallel to grain)
— Unloaded edge distance
. -
I t
¢ _
ot } - (Grain —e-
End distance — | ,-».T U — Loaded edge distance
L Spacing perpendicular 1 grain
Fl
Minimum dimension for Minimum dimension for
full tabulated value reduced value'
Edgae distance
Loaded adga 4D WA
Undoadgad adge 150 NrA
End distance 4D 20{C_= 0.50)
Spacing
How spacing parallel
to grain™?
HDed 250 M/A
HO26 5D /A
Parpendicular o grin a0 nole 4 Seanote 4

! For distances and spacings between the tabulated value and the reduced value use straight line
interpalalion to compute modification factor value.

? The spacing between rows of bolts shall nal be more than S inches unless seperate splice plales
are used for gach row of bolts,

¥ For #iD ratios betwean 2 and 6, sparing requirements are obtained by siraight line intarpolation,
* Tha spacing of bolts perpendicular to grain is kmited by the spacing requirements of the attachad
mesmber o mambers (whether of matal or ol wood loaded parallel to grain).

All dimansions angy measurad from the canter of tha bt hola.
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Bolt Placement

The strength of a laterally loaded, bolted connection can be significantly
affected by the diameter of the hole and the manner in which it is bored.
When holes are too large, bearing is nonuniform, and the capacity of the
connection is reduced. If holes are too small, the bolt cannot be inserted
without driving, which may split the wood members. The NDS specifies
that bolt holes be a minimum of 1/32 inch to a maximum of 1/16 inch
larger than the bolt diameter. In some cases, it may be necessary to
dightly enlarge the hole diameter dlightly to compensate for galvanized
coatings on large fasteners.

When bolts are installed in wood members, washers of the proper size or a
steel plate or strap are required under al nuts and under square or hexago-
nal bolt heads. Nuts must be tightened so that member surfaces are
brought into close contact without crushing the wood. Tabulated design
values for bolts include an alowance for the loosening of nuts because of
member shrinkage. However, when bolts are installed in unseasoned wood
it is advisable to retighten connections at least every 6 months until the
wood reaches equilibrium moisture content. Self-locking nuts are fre-
quently used for decks and other components that may have a tendency to
loosen because of vibrations from moving loads.

Example 5-11 - Lateral bolted connection parallel to grain

A tension splice in atimber truss joins two 2-inch by 6-inch side members
to a 4-inch by 6-inch main member. Design the connection to develop the
full capacity of the members, assuming the following:

1. Members will be exposed to weathering and carry loads of normal
duration; adjustments for temperature (C) and fire-retardant
treatment (C,) are not required.

2. The connection is made with a single row of 1-inch-diameter

bolts.

3. Lumber is dressed Southern Pine, visually graded No. 1 to SPIB
rules.
P2 2" x §" side members

P2

Single row of 1° @ bohs

4" % & main mamber
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Solution

This connection involves a three-member configuration loaded in

double shear. The design procedure will be to (1) compute the capacity

of the lumber members, (2) determine the required number of bolts, and
(3) detail the connection for minimum distance and spacing requirements.

Member Capacity

The tabulated stress for No. 1 Southern Pine in tension parallel to grain is
obtained from NDS Table 4A. The NDS includes severd tables for Southern
Pine, and a value F,= 775 Ib/in’is selected from the table “surfaced green;
used any condition” (footnotes to Table 4A specify use of this table when
the moisture content in service is expected to exceed 19 percent). Further
adjustment for moisture content is not required.

The alowable stress in tension parallel to grain is computed using Equa-
tion 5-23:

F' = FC, = 775(1.0) = 775 Ibfin’
The capacity of the connection depends on the net area of the lumber

members. Gross section properties for nominal 2-inch by 6-inch and
4-inch by 6-inch lumber are obtained from Table 16-2.

For nominal 2-inch by For nominal 4-inch by
6-inch lumber 6-inch lumber
b=15in. b=35in

d=55in. d=55in.

A=825in’ A=19.25in’

Assuming that bolt holes are 1/16 inch larger than the bolt diameter, the
net area of each member is equal to the gross area minus the projected area
of the bolt holes:

[-4-'-4—1'+1H'5'u1.ﬂﬁ-' [.‘T‘_ 1"« 116" = 1.06"

T

3.5

55"
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For two 2-inch by 6-inch members,

A =2 [8.25in — (1.06 in.)(1.5 in.)) = 13,32 jn?
For a single 4-inch by 6-inch member,

Agr=19.25in? — [(1.06 in.){ 3.5in.)] = 15.54 in®

Connection capacity will be limited by the smaller area of the two 2-inch
by 6-inch members. The maximum connection load in tension, P,, is equal
to the net area times the allowable stress in tension parallel to grain:

P.= A (F=13.32(775) = 10,323 Ib

Number of Bolts

The next step is to determine the number of 1-inch-diameter bolts that are
required to transfer the lateral load of 10,323 pounds. Because thisis a
three-member connection, tabulated bolt values can be read directly from
the NDS bolt design tables (Table 5-20); however, the length of bolt in the
main member, £ must first be determined. In this case, the thickness of the
side members (1.5 inches) is less than half the thickness of the main
member (1.75 inches). From Table 5-21, the main member thickness used
to determine the tabulated bolt value is equal to twice the thickness of the
thinner side members:

£=215in) =3 in.

From Table 5-20 for a 1-inch-diameter bolt, Species Group 3, and a bolt
length in main member of 3 inches,

P =3750Ib
Assuming that adequate distance and spacing requirements can be met, the
alowable load for one bolt loaded parallel to grain is given by
Equation 5-43:
'=PC,,C,
From Table 5-18 for a bolted connection that is exposed to weathering:
C,=0.75
This connection will involve more than 2 bolts in a row and adjustment
by the group action factor, C will be required. To determine C from

Table 5-19, the number of bolts must be known. At this point, an estimate
of the number of bolts is made by assuming adjustment by C, only:
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A _ 10,323
(€} 2.750(0.75)

Estimated numbear of bolts = 7 =3.7 bolts

C,will be determined for arow of 4 bolts. From Table 5-19 for connec-
tions with wood side plates:

A, =19.25in’

A, =(2)(8.25in") =16.50in’
AJA,= 19.25/16.50 = 1.17 > 1.0, so use AJA,
AJA =16.5/19.25=0.86
The value AJA, is between the values 0.5 and 1.0 given in Table 5-19.
Because A/A,> 1.0, A,isused instead of A. For A,= 16.5 and 4 balts,
linear interpolation between C,= 0.88 for AJA,= 0.50 and C, = 0.94 for
AJA = 1.0 givesavalue C,= 0.92. Using this factor, the alowable bolt
load is computed by Equation 5-43:

P =PC,C = 3750(0.75)(0.92) = 2,588 Ib/bolt

The required number of bolts is computed by dividing the maximum load
by the allowable load per bolt:

=399 or 4 bolis

B 10,323
Requi £ bolts = =L = ~—
equired number of bolts P 2.58%
Distance and Spacing Requirements

From Table 5-22, distance and spacing requirements for full connection
capacity with loading parallel to grain are as follows:

Edge distance for #/0 £ 6 = 1.50 = 1.5 1in.
End distance for tension members= 7D =7 in.
Bolt spacing parallel to grain = 4D = 4 in.

All distance and spacing requirements for full load can be met; however,
washer size should be checked to avoid potential overlapping. In most
cases, malleable iron (M) washers of the sizes given in Table 16-7 are
used. For a 1-inch-diameter M| washer the outside washer diameter is

4 inches, which is the same distance required for bolt spacing parallel to
grain. Spacing will be increased to 4-1/2 inches to allow for construction
tolerances and washer placement.
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Summary
The connection will be made with four 1-inch-diameter bolts to develop
the member capacity of 10,323 pounds. Detailing is as follows:

1" & bolts with M| washars

i« i ol
!
|

—
P2 "—i |
'

1 ———-
[ Pa1032310

Prz-—‘:, I

T KRl 7

Example 5-12 - Lateral bolted connection perpendicular to grain

A 10-inch by 10-inch lumber curb is bolted along the edges of a
6-3/4-inch-thick transverse glulam deck. A transverse 5,000 pound |oad
with aduration of load of 5 minutesis applied at the curb center. Deter-
mine the number of 7/8-inch-diameter bolts that are required to transfer
the curb load to the deck, assuming the following:

1. Memberswill be exposed to weathering (wet-use conditions for
glulam); adjustments for temperature (C) and fire-retardant
treatment (C,) are not required.

2. The glulam deck is combination symbol No. 2.

3. Thecurb is full-sawn Douglas Fir-Larch, visually graded No. 1 to
WWPA rules.

10° % 107 lumber curb
1I ;

T ——— 5 000 b

[

i ha 7
kg \

5" — 6-3/4" thick glulam deck
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Solution

In this connection the curb is loaded perpendicular to grain while the deck
is loaded parallel to grain. From Table 5-21, for a two-member connection
with members loaded at different angles to the grain, the tabulated design
value for one bolt is the lesser of the following:

1. one-hdf the tabulated parallel-to-grain value, P, for the thickness
of the member loaded parallel to grain; or

2. one-half the tabulated perpendicular-to-grain vaue, Q, for the
thickness of the member loaded perpendicular to grain
(application of the Hankinson formula as stated in Table 5-21 is
not necessary in this case because loading is perpendicular to
grain rather than at some intermediate angle between 0 and
90 degrees).

Tabulated bolt values for loading perpendicular to grain are normally
much lower than those for loading parallel to grain. Thus, the design
seguence will be to (1) determine the number of bolts required for curb
loading perpendicular to grain, (2) check the connection for deck loading
paralel to grain, and (3) verify and detail distance and spacing require-
ments.

Curb Loading Perpendicular to Grain

The alowable design value for one bolt loaded perpendicular to grainis
given by Equation 5-44. Assuming minimum distance and spacing re-
quirements can be met, and substituting Q/2 for Q in this single-shear
application, Equation 5-44 reduces to

-2
@'=Colu

Using bolt design tables in the NDS (Table 5-20), the tabulated perpen-
dicular to grain value, Q, is determined for one 7/8-inch-diameter bolt
in Douglas Fir-Larch (Species Group 3), with alength of bolt in main
member of 10 inches (£ = 10 inches). Table5-20 doesnot include £ =
10 inches, so interpolation is required.

For ¢ =9-12in,Q=22701b

For £ =11-1/2in, Q= 2060 Ib

By linear interpolation, for £=10in.,Q=2,2181b

The duration of load factor for the 5-minute load duration is obtained from
Table5-8:
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C,= 165

The moisture-content factor for bolted sawn lumber exposed to weathering
Is obtained from Table 5-18:

C,=0.75

Substituting values into Equation 5-44, the allowable perpendicular-to-
grain load for one 7/8-inch-diameter bolt is computed:

0=2¢,6,= 228 165075 =137215

The required number of bolts is computed by dividing the applied load by
the allowable load per bolt:

5,000 1b

—— =164 =4 bolts
1,372 1bfbolt

Required number of bolts =

Deck Loading Parallel to Grain

The alowable design value for one bolt loaded parallel to grain is given
by Equation 5-43. Assuming that minimum distance and spacing
requirements can be met, and substituting P/2 for P in this single-shear
application,

P=2CoCy

From Table 5-15, glulam combination symbol No. 2 isin Species Group 3
for bolt design. As with curb loading, tabulated values in Table 5-20 do
not include a bolt length in main member that matches the required
length of £:= 6-3/4 inches. However, vaues for £ = 5-1/2 inches and
£ = 7-1/2 inches are both 3,900 pounds, so the same value also applies to
£ = 6-3/4 inches.

P =3,900 Ib
From Table 5-18 for glulam used under wet-use conditions,

C,=0.67

Substituting into Equation 5-43,

pe g.:n;:” - # (1.65) (0.67) = 2,156 b

P'=21561b>Q =1,372 |b, so curb loading perpendicular to grain will
control design.
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Distance and Spacing Requirements

The two most critical distances in this connection are the curb loaded edge
distance and the deck end distance:

Bolt
€

ot £ 000 1b
f=———— Curb loaded adge distance

Deck and distance ——Sm—t—lin—

From Table 5-22, the minimum loaded edge distance for loading perpen-
dicular to grain is four times the bolt diameter,

4D = 4(0.875in)) = 35 in.

The actual loaded edge distance of 5 inches exceeds the minimum
3.5 inches, and is sufficient.

For loading parallel to grain, the minimum end distance for full capacity
on the glulam deck is seven times the bolt diameter,

7D = 7(0.875) = 6.13 in.

Thisvalue is greater than the 5 inches provided. The end distance can be
reduced to a minimum value of 3.5D = 3.06 inches, provided the allow-
able load is reduced by 50 percent (C,= 0.50). By linear interpolation for
the actual end distance of 5 inches, C.= 0.82, and the allowable load is
revised as follows:

P =%cpcﬁcﬂ =§‘;—’9-'Q(1. 65)(0.67)(0.82) =1, 768 Ib

The revised valueis still greater than Q' = 1,372 pounds, so a reduced end
distance of 5 inches will not affect connection capacity.

From Table 5-22, the spacing of bolts parallel to grain on the curb is con-
trolled by 5D = 4.38 inches (based on ¢/d = 10/.875 = 11.4). From

Table 16-7, the outside diameter of a 7/8-inch MI washer is 3.5 inches.
Bolts will be spaced 4-1/2 inches apart to meet spacing requirements and
alow for construction tolerance.
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LAG SCREWS

Summary

The connection will be made using four 7/8-inch-diameter bolts for a total
capacity of 4( 1,372) = 5,488 pounds. The bolts will be spaced 4-1/2 inches
on-center and will be provided with malleable iron washers on each end.

Lag screws are used in bridge applications for two-member connections
loaded laterally in single shear (two members) or in withdrawal. The
strength of alag screw isless than that of a comparable bolt, but lag
screws offer the advantage of being placed from one side of the connec-
tion. They are used primarily for convenience or when through bolts are
undesirable or impractical. This occurs in connections where access for
nut placement is restricted or when an excessively long bolt is required to
fully penetrate the connection. Lag screws also may be used instead of
spikes in nonstructural applications (such as timber wearing surface
attachment) because they are less susceptible to loosening from vibrations
and from dimensional changes in the wood.

Lag screws are manufactured of the same material as bolts, conforming to
ASTM Sandard A307, Low-Carbon Steel Externally and Internally
Threaded Standard Fasteners. They have a square or hexagonal bolt head
and require a washer when the screw head isin wood contact. A diagram
of atypical lag screw is shown in Figure 5-22. The specified diameter of
the screw corresponds to the diameter of the unthreaded shank portion.
Nominal length is the distance from the base of the head to the tip of

the threads. Lag screws are commonly available in stock diameters of
3/16 inch to 1-1/4 inch and nominal lengths up to 16 inches, in 1/2-inch
increments. The length of the threaded portion varies with the length of
the screw. Dimensions of common lag screws are given in Table 16-5.

C i
el

il

D = Nominal diameter or shank diameter
L = Nominal length

S = Length of shank

T = Length of thread

E = Length of tapered tip

Figure 5-22. - Lag screw configuration and nomenclature.

5-98



Net Area
Net areais computed for lag screws in the same manner as bolts with the
same diameter as the shank diameter of the lag screw.

Design of Lateral Connections

The strength of a laterally loaded, lag screw connection is developed by
bearing between the screw and the members, and the interaction of the
threads in the main member (Figure 5-23). In bridge applications, these
connections should be limited to applications where the screw is inserted
into the side grain of the member, perpendicular to the wood fiber direc-
tion. Refer to the NDS for design criteria when end-grain connections
cannot be avoided.

Figure 5-23. - Typical configuration and stress distribution for a laterally loaded lag screw
connection.

The alowable value for one laterally loaded lag screw is equa to the
tabulated value, adjusted by all applicable modification factors. When
more than one lag screw is used, the allowable value for the connection is
the sum of the allowable values for the individual fasteners, including
adjustment by the group action factor, C,. Equations 5-45 and 5-46 follow:

=PC,CLLLLL, (5-45)
0 =QC,CLLLLL, (5-46)

If loads act at an angle to the grain, the allowable design value is computed
using the Hankinson formula.

Tabulated Design Values

Tabulated values are specified in the NDS for one A307 lag screw |oaded
in single shear in a two-member joint. Unlike other fasteners, separate
tables are included for connections with wood side pieces and connections
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with metal side pieces. Portions of the NDS tables for a limited number of
lag screw lengths are given in Tables 5-23 and 5-24. For connections with
wood side members, tabulated values are based on the thickness of the
side members and the nominal length and diameter of the lag screw
(Table 5-23). When side members are 1-1/2 or 2-1/2 inches thick, values
are read directly from the table. The NDS does not include tabul ated
values for other side member thicknesses, but additional tabulated

values for other side member thicknesses are given in the AITC Timber
Construction Manual. *

Table 5-23.—Tabulated design valugs tor [aterally loaded lag screws with wood side plates.

Spedies Group
Thickrness | Langth | Diametar GROUP | SRCUP I GROUF 11| GROUP Y
of side ol lag ol lag Total lateral boad per | Total lateral oad par | Total lateral load pee | Total lateral Inad per
member | screw |screwshank | lag serew in single kaq seraw in single & screw in single tag screw in singla
finches) | finches) |  finches) shear (pounds shear {paunds) shear {pounds) ghear (pounds
F - Paxrper- P - Ferpen-
Paralkt u:l?crﬁglr Parallet ieular | Paralled dm Paralied dicutar
1o grain tugrain | togmin lograin | lograin  {ograin | togrin o geain
1 200 el 170 170 130 130 100 1%
516 290 240 20 180 150 13 120 110
4 3B 330 250 250 180 180 140 140 10
e 370 260 280 180 200 140 160 14
172 J90 20 30 180 210 140 11 10
1-1/2 =B 470 280 360 210 260 160 200 120
144 270 260 230 ¢ 210 200 180 18
hi6 380 20 330 280 290 50 P50 220
B 38 490 arm 420 3z 370 280 X 230
e G600 420 520 350 410 280 I 230
12 700 450 600 230 430 280 40 220
58 850 210 710 420 510 o 410 250
8 450 0 380 20 270 210 220 170
il 590 410 440 30 30 220 M 180
B 12 620 410 470 20 340 20 2 180
] 730 440 550 KL 380 240 3X 180
4 830 450 &30 350 430 250 360 200
i 950 490 720 30 510 70 10 210
2112 1 108 500 800 400 CTi 290 45 23
38 HED 420 430 370 430 30 380 290
Kl 730 510 630 440 560 3490 a5 320
12 830 580 770 500 600 3% 430 310
8 58 1230 740 a7 580 oo 420 S50 340
14 1440 750 1090 B0 ¥ED 430 5 30
78 1610 B4 1220 58X B0 450 700 360
1 1810 a1 1370 &80 980 490 790 390

Tabulated vajues are for nomnal load duradong under dry service conditions.

This tabwe containg a imited umber of Jag screw lengths and is intandad lor iliustrative purposes only. Reler to the cumert adition of the
HOE lor a move complate listing of design values.

From the NOS; % © 1385, Used by permissicn.

5-100




Table 5-24. - Tabulated design values for laterally loaded lag screws with metal side plates up to 1/2-inch

thick.
Species Group
GROUF | GROUP N GROUP 111 GROUP IY
Chamerer Total laterat load per Total lateral load per Total lateral ioad per Total iateral load per
Length of ofiag iag sGréw in single lag screw in single lag screw in single i screw in singla
lag screme | serew shank shear {pounds) shear {pounds) shear (prands) shear (pounds)
(inGhes) {inches) " — - -
Herpon: Perpen- Ferpen- Perpen-
Farallel diguiar Paraligl dicula Paralle! icuiar Paraled dicular
ingrain 1o grain 10 grain 1 grain o grain tograin to grain to grain
114" 270 210 240 180 210 160 150 150
EM8 419 250 KL LY 290 200 230 169
4 RE 570 350 450 290 340 210 280 110
fial T30 410 550 0 350 il 310 180
12 810 420 610 320 440 X0 350 180
R aan 470 740 30 SR 25 430 200
1yl 450 300 390 260 340 i) 300 210
3B 630 ki i 550 KK 490 300 430 260
B fials 850 430 730 410 660 370 540 300
12 1100 gn 950 450 760 400 gl 3%
;| 1640 T30 1290 620 920 440 T&0 350
&d 1990 B0 1500 660 1070 470 860 380
THe® BB 490 T80 420 G0 380 600 20
12 1140 590 S0 510 BAD 450 780 400
g &8 1750 840 1510 T 1320 630 1060 510
a4 2470 1090 210 840 1550 690 1250 550
18 3260 1360 2480 1030 1770 470 142) 590
o" 1700 860 1550 740 1380 B0 122} 500
10 3 2550 1120 2200 970 1870 a7l 1630 720
T 3430 1420 2960 1230 2340 am 1880 780
1 4410 170 3680 1470 2640 1050 2110 250
T8 3480 1450 20 1260 2700 1120 2120 9a0
12 1 4520 1810 300 1560 J26) 1310 2620 p[1i]
118 5670 220 4890 1960 3630 1450 2910 170

Tabidated values arg for normal 1oad durations uadar dry Senvice condibons,
The asterisk (7} indicates thal greaker lengths lor the Lag screw diamater do not provide higher koads.

This tabla comtaing A imied number of lag scrow lengths and is intended or illustralive purposes only. Relar to the cumem aditicn ol the
HDS lor & move compiete listing of design values.

From the NDS; % ©1985. Used by permission,
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For lag screw connections with metal side plates, tabulated values in the
NDS are based on the nominal length and diameter of the lag screw
(Table 5-24). Values for side plates up to 1/2 inch thick are read directly
from the table. When side plates are thicker than 1/2 inch, tabulated values
must be reduced in proportion to the reduced lag screw penetration, by
linear interpolation of table values. Values in Table 5-24 have been ad-
justed by C,, and further adjustment by this factor is not required or
permitted.

Distance and Spacing Requirements

End distance, edge distance, and spacing requirements for lag screws are
the same as those for bolts of a diameter equal to the shank diameter of the
lag screw (Table 5-22). Bolt modification factors for reduced distance and
spacing also apply to lag screws.

Design of Withdrawal Connections
In withdrawal connections, lag screws develop their strength by the inter-
action of the threads with the wood. The capacity of the connection de-
pends on the specific gravity of the wood and the length of penetration of
the lag screw. As shown in Equation 5-47, the allowable value for one lag
screw in axial withdrawal is equal to the tabulated value in withdrawal,
P,adjusted by all applicable modification factors:

P/ =P CCLCC, (5-47)
When more than one lag screw is used, the value for one screw is multi-
plied by the total number of screws in the connection.

In determining allowable withdrawal values, the washer bearing stress on
wood members must be less than the allowable stress in compression
perpendicular to grain F_ ', as discussed for bolts. In addition, the allow-
able tensile strength of the lag screw at the net (root) section must not be
exceeded. The strength of A307 lag screws in axial tension is developed
when the penetration depth of the threaded portion is approximately 7
diameters for Group | species, 8 diameters for Group |1 species, 10 diame-
ters for Group 111 species, and 11 diameters for Group 1V species. When
the penetration of the screw exceeds these values, connection strength is
generally controlled by the tensile strength of the fastener.

Tabulated Design Values

Tabulated withdrawal values for lag screws are given in the NDS for

one A307 lag screw loaded in withdrawal from side grain. A portion of
the NDS table for alimited number of specific gravitiesis shown in

Table 5-25. To determine the tabulated value for one lag screw, enter the
table with the specific gravity of the member and read the value in pounds
per inch of penetration given for the screw diameter. The tabulated value
for one screw is computed by multiplying this value times the distance of
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Table 5-25. - Tabulated design values for lag screws loaded in withdrawal.

Lag Screw Shank Diamster {in.}
Specific
gravity | 1/4 5116 38 Fial: 142 16 &8 34 78 1 1148 114
&) 0250 03125 0375 04375 0500 05625 0625 0750 0875 1000 1125 1.250
.55 260 307 352 3585 437 477 516 5092 664 T An2 BES
054 253 249 342 384 425 454 hoe 576 46 714 280 844
0.51 23z 274 314 383 3o 426 451 524 593 656 715 5
0.49 218 258 296 332 367 401 424 458 555 617 674 730
D48 212 250 287 322 356 389 421 482 542 599 654 708
0.47 205 242 278 Ji2 345 i 408 4G7 025 580 634 B35
0.46 190 235 264 an2 334 265 3895 453 508 hb2 613 B64
0.45 192 227 260 292 323 as3 382 438 492 543 594 B42
0.44 186 220 252 283 312 a4d 3690 423 475 525 574 B21
0.43 175 M2 243 273 302 330 357 409 455 508 554 600
0.42 173 205 235 264 291 318 344 395 443 490 536 579

Tabulated values are for Inad in withdrawal in pounds par inch of perrration ¢! the threaded portion of the scrow imp the side grain of the
member holding e poirt; normal load duration under dry sarvica condibons.

Thig tabdg is limited 1o selected values for specific gravity and is intended lor illustrative purposes only. Reder to the currert edition of the
HDS I a more complala listing of design values.

From tha ND'S; *& 1986. Used by permission,

thread penetration into the member. When determining thread penetration,
the screw tip length is not included as a portion of the threads. Refer to
Table 16-5 for lag screw thread and tip lengths.

Lag Screw Placement

Lag screws are installed in prebored lead holes of sufficient diameter and
length to develop thread strength and prevent the wood from splitting as
the screw isinstalled. This requires that holes be drilled in two diameters,
one for the shank and one for the threads (Figure 5-24). The lead hole for
the shank is 1/16 inch larger than the shank diameter and is bored to the
depth of penetration of the shank. The lead hole diameter for the threaded
portion, which is bored at least the length of the threads, is based on the
species of the member receiving the point. The NDS requires that for the
threaded portion, the lead hole be 65 to 85 percent of the shank diameter
in Group | species, 60 to 75 percent in Group |1 species, and 40 to 70
percent in Group Il and IV species (the larger percentile figure in each
range applies to screws of greater diameters). Recommended prebore
diameters for lag screws are given in Table 5-26. The effect of prebore
diameter on the lag screw thread penetration is illustrated in Figure 5-25.

Lag screws must be provided with a washer of the proper size unless the

head of the screw bears on steel. When installing lag screws, the threaded
portion is inserted in the lead hole by turning with a wrench, not by driv-
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Shank lead hole

Thread lead hole

Figure 5-24.- Lead holes for lag screws are prebored in two diameters; one diameter for
the shank and a smaller diameter for the threads.

Figure 5-25. - (A) Clean-cut, deeF penetration of thread made by a Ia? screw turned into a
lead hole of proper size. (B) Shallow penetration of thread made by a lag screw turned into
an oversized lead hole.

ing with a hammer. If screws are difficult to insert, soap or other lubri-
cants can be placed on the screw to facilitate placement. In timber treated
with an oil-type preservative, the preservative facilitates placement, and
additional lubricants are normally not required.
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Table 5-26. - Recommended lead hole diameters for lag screws.

Dlameter of laad hole {in.)
Threaded portion
Nominal Shank Groups Il
diameter of {unthreaded)  Group | Gmuall and [V
lag screw (in.) portion (in.)  specles SpeCs species’
174 516 316 5132 3732
Lial 318 1364 16 64
38 Fial: 1/4 15164 11/64
716 12 19764 8/a2 13/64
112 9fiG 11732 816 15/64
o116 58 13732 23/64 9i32
58 111186 2o/64 1332 BHE
34 1316 916 112 13132
[} 1516 43/64 39/64 33164
1 1-1/16 5164 23432 5103
1-1/8 1-316 B8/64 D364 /4
1-1/4 1-516 1-1/16 18116 Tia

' When loaded peimarily in withdrawal, lag scrows of 38-inch diameter or less may be inserted inlc
growp fil and 1Y species withaut 2 lead hole peovided that spacings, end distances and adge
distances ane sufficien to prevent unusual spliting.

From the AITC Timber Construcion Manual® American Institute of Timber Congtmuction, € 1985,

John Wiley & Sons. Reprintad by permission.

Example 5-13 - Lateral lag screw connection with steel side plates

A beam bearing shoe consists of a pair of 1/2-inch-thick steel angles that
are 12 inches long. Each angle is connected to a full-sawn 12-inch by
12-inch pile cap with two lag screws placed at the angle third points.
Determine the required diameter and length of lag screws to resist alongi-
tudinal beam load of 2,500 pounds per angle, assuming the following:

1. ThereisaZ2-month duration of load ( C,= 1.15).

2. Members will be exposed to weathering; adjustments for
temperature (C) and fire-retardant treatment (C,) are not required.

3. Thepile cap is Douglas Fir-Larch, visualy graded No. 1 to
WWHPA rules.
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/ 1127 s1eel angle, 127 kong

P= 2500 Itz

12° x 12" full sawn cap

Solution

The alowable load perpendicular to grain for one lag screw, Q', isgiven
by Equation 5-46. Assuming that distance and spacing requirements can
be met, Equation 5-46 for this case reduces to

Q' =0C,C,
To facilitate selection of alag screw from NDS tables, the above equation

is rearranged so that the required tabulated lag screw value, Q, is com-
puted directly:

- Qr
xR

The applied load of 2,500 pounds is resisted by two lag screws. Therefore,
the minimum alowable load for one lag screw is one-half the applied
load:

g=230 ‘;’,m 1,250 1b

From Table 5-18 for lag screws installed in sawn lumber exposed to
weathering:

C,=0.75

Substituting values and solving for the required tabulated value perpen-
dicular to grain:

1,250
Q= 1.15(0.75)

Before entering design tables, limitations on lag screw length and diameter
must be checked. For the 12-inch pile cap depth, lag screw length will be
limited to 12-inches. Limitations on lag screw diameter are checked
against distance and spacing requirements given in Table 5-22. For |oad-
ing perpendicular to grain, the minimum loaded edge distance is four

=1,44%1b

5-106



times the lag screw diameter. For the 4-inch distance provided by the
angle configuration, requirements for loaded edge distance cannot be met
if the lag screw diameter exceeds 1-inch. Thus, design requirements for
lag screw selection are as follows:

Tabulated value for loading perpendicular to grain = Q 21,449 1b
Lag screw diameter = D <1in.
Lag screw length = L <12 in.

From Table 5-14, No. 1 Douglas Fir-Larch is in Species Group |1 for lag
screw design. Entering Table 5-24 for laterally loaded lag screws with
metal side plates, two possible lag screw sizes meet design requirements; a
10-inch-long by 1-inch-diameter lag screw with Q = 1,470 pounds, or a
12-inch-long by 1-inch-diameter lag screw with Q = 1,560 pounds. In this
case the 10-inch-long lag screw is selected, but either screw is feasible
depending on availability and relative economics.

Example 5-14 - Lag screw loaded in withdrawal

A 4-inch by 4-inch lumber railpost is attached to the side of a 10-1/2-inch-
wide glulam beam with a 7/8-inch diameter by 10-inch-long lag screw
with malleable iron washer. Determine the capacity of the connection in
withdrawal, assuming the following:

1. Members will be exposed to weathering (wet-use conditions) and
carry loads of normal duration; adjustments for temperature (C)
and fire-retardant treatment (C,) are not required.

2. Therailpost is rough-sawn Southern Pine, visually graded No. 1
to SPIB rules.

3. The glulam beam is combination symbol 24F-V5 Southern Pine.

4" x 4" post —
] e Apliedioad

718" @ x 10" fang lag scraw

% 10-1/2° wide glulam baam
Solution

Capacity of this connection will be controlled either by the strength of the
lag screw in withdrawal, or by bearing stress under the washer.
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Lag Screw in Withdrawal

Using applicable modification factors from Equation 5-47, the allowable
lag screw load in withdrawal is given as follows:

Py = PH"CH
The strength in withdrawal depends on the length of penetration of the
threaded portion minus tip length (T - E) into the member receiving the
point. From Table 16-5, dimensions for a 7/8-inch-diameter by 10-inch-
long lag screw are as follows:
S= Length of shank = 4.75 in.
T = Length of thread = 5.25 in.
T- E = Length of thread minus length of tip = 4.75 in.
From Table 5-16, the specific gravity of the side face of a 24F-V5 glulam
beam is 0.55. Entering Table 5-25 with a specific gravity of 0.55, and alag
screw shank diameter of 7/8 inch,
P, per inch of penetration = P,/in. = 664 |b
P,is obtained by multiplying P,/in. by the thread penetration, T - E,
Po=Pfin (T-E)y=664(475)=3.1541b

From Table 5-18, C,,= 0.67 for lag screws in glulam under wet-use
conditions, and

P =P, =3154(067)=2,1131b

Check Washer Bearing Stress

From NDS Table 4A for No. 1 Southern Pine, surfaced green, used any
condition:

F_ =375 Ibfin?

Further adjustment for moisture content in excess of 19 percent is not
required, and

F '=F_C,=375(10) =375 Ibfin®
From malleable iron washer sizesin Table 16-7, the bearing area of a

7/8-inch-diameter washer is computed by subtracting the hole area from
the total washer area

A=Ay — Ay e = #(175) — m(0.5) =9.62 - 0.79 = 8.83 in®
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TIMBER CONNECTORS

The alowable bearing load is equal to the bearing area times the allowable
stress in compression perpendicular to grain:

Bearing capacity = AF ' =8.83(375) =3,3111b
Summary

The allowable capacity of the connection is limited by the withdrawal
strength of the lag screw to 3,113 pounds.

Timber connectors are round steel rings or plates embedded between
members in precut grooves. When used with bolts or lag screws, they
develop the highest strength in lateral loading of all fastener types. The
two types of timber connectors most common in bridge applications are
split rings and shear plates (Figure 5-26). Split rings are round steel rings
with slightly tapered edges that wedge the connector in the precut grooves.
They are manufactured in diameters of 2-1/2 inches and 4 inches from
hot-rolled carbon steel meeting Society of Automotive Engineers Specifi-
cation SAE-1010. As the name implies, the side of the ring is split to allow
the connector to expand as it is placed in the groove. Shear plates are
2-5/8-inch or 4-inch-diameter round steel plates with a flange on one side.
The 2-5/8-inch plates are pressed from hot-rolled steel meeting SAE-1010.
The 4-inch plates are cast malleable iron manufactured to Grade 32510 of
ASTM Standard A47. Typical dimensions for split rings and shear plates
are given in Table 16-6.

@ From :@‘_, Front
- - E =
w(2) eSS

Split ring Pressed steel Malleable iron
shear plates shear plates

Figure 5-26. - Types of timber connectors.

Timber connectors are used in lateral connections with a bolt or lag screw
placed concentrically through the center of the connector (Figure 5-27).
Split rings are limited to wood-to-wood connections where onering is
placed at each wood interface. Shear plates are best adapted for wood-to-
metal connections but may be used back to back for wood connections;
however, one split ring in wood connections is more economical than two
shear plates. For both types of connectors, the bolt or lag screw is an
integral part of the connector unit and serves to clamp the members
together so that the connector functions effectively. For shear plates, the
bolt also must transfer the shear across the member interface.
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Figure 5-27.- Typical timber connectorjoints: (A) split ring connector between wood
members. (B) Shear plates used back-to-back between wood members.
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Figure 5-27. - Typical timber connector joints (continued): (C) Shear plate used between
wood and steel members.

Net Area

The net area at atimber connection is the gross area of the member minus
the projected area of the bolt holes and the projected area of the connector
groove within the member (Figure 5-28). When connectors are staggered,
adjacent connectors with a parallel to grain spacing equal to or less than
one connector diameter are considered to occur at the same critical sec-
tion. The required net area in tension and compression members is deter-
mined by dividing the total load transferred at the connection by the appli-
cable alowable design stress, F' or F,'.

Design of Lateral Connections

As with other types of lateral connections, the strength of timber connec-
tors is developed by bearing between the connector and the wood (Figure
5-29). Design values for connectors are considerably higher than bolts or

/- Protected area of the bolt hole and
/" connacior groovas

Figure 5-28. - The net area at a timber connector is equal to the gross area of the member
minus the projected area of the bolt hole and connector grooves.

5-111



|
T

Steel side plates —< /— Shear plate

Split ring or back-
to-back
—{__ '
1
Wood-Wood Connection Wood-Steel Connection

Figure 5-29. - Typical configuration and stress distribution for laterally loaded timber
connectors.

lag screws because they bend less and provide more bearing area. With
connectors, the inner surface of the ring bears against the inner core of
wood, while the outer surface bears against the outer wall of the groove.
Split rings are especially efficient because the tongue and groove split
alows expansion, resulting in better load distribution in bearing. In most
applications, connector capacity is controlled by the strength of the wood;
however, for some shear plates, capacity may be controlled by the strength
of the connector. In such cases, maximum design values are limited by the
NDS.

The allowable value on one timber connector is equal to the tabulated
vaue adjusted by all applicable modification factors. When several con-
nectors are used, the design value is the sum of the individua connector
values adjusted by the group action factor, C,. Applicable modification
factors for timber connectors are given by Equations 5-48 and 5-49 for
split rings and by Equations 5-50 and 5-51 for shear plates:

For split rings,
P =PC,CLECCLLL, (5-48)
Q' =QC,CLLCLeCel, (5-49)
For shear plates,
P =PCLLOCLLLLLL S Py (5-50)

g'=pCCCcCCCCCCC <

BUM- IR~ e~ a s~ gl — X MAX {(3.31)

where P',,,and Q',,,, are the maximum allowable values for shear plates,
limited by the strength of the connector.
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When timber connectors are loaded at an angle to the grain, modification
factors for end distance (C,), edge distance (C,), and spacing (C) are
based on the loading angle. As aresult, these factors are applied after
application of the Hankinson formula (Equation 5-42).

Tabulated Design Values

The tabulated NDS design values for split rings and shear plates are shown
in Tables 5-27 and 5-28. The values are based on normal duration of load
and dry-use conditions for one connector unit with an A307 bolt. For the
purpose of determining tabulated values, one connector unit is defined as
(1) one split ring in a wood-wood connection, (2) two shear plates back to
back in awood-wood connection, or (3) one shear plate in a wood-steel
connection. In each case, the tabulated value is the load that occurs in
single shear at the location of the connector, regardless of the total number
of members in the connection.

To determine the tabulated value for either type of connector, enter the
appropriate table with the connector diameter and read the tabulated value,
by species group, based on the number of faces of the piece with connec-
tors on the same bolt, and the net thickness of the thinnest member in
contact with the connector. For loading perpendicular to grain, tabulated
vaues are additionally based on the loaded edge distance of the connector.
Values for intermediate member thicknesses and loaded edge distances are
determined by linear interpolation.

When determining tabulated connector values, the following considera-
tions apply:

1. Timber connectors cannot be used in members less than the
minimum net thickness given in Tables 5-27 and 5-28.

2. The bolt diameter specified for each connector is the minimum
diameter A307 bolt required to meet tabulated values. Increasing
the bolt diameter is permissible but does not increase the tabulated
values.

3. Maximum loads on shear plates( P',,,and Q' ,,,,) shall not
exceed the following:

(a) 2,900 pounds for a 2-5/8-inch shear plate,
(b) 4,400 pounds for a 4-inch shear plate with a 3/4-inch bolt, or
(c) 6,000 pounds for a 4-inch shear plate with a 7/8-inch bolt.

When tabulated values exceed P' ,,,or Q' .., they are marked
with an asterisk in Table 5-28.
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Table 5-27 —Tabulated split ring dasign valugs.

KNumber Loaded parallel to grain (0¢) Leaded perpendhcular ko grain {809
of laces Mett
Spiit- of piega | thickness Dasiqn value per connestr Edge distance {inches) Oesign value per connector
fng Bo | with con of Minimum urit and bokt {pounds) unit and bokt {pounds)

diam. | diam. | neclors | plece edge Ciroup Grovp  Group  Group | Unicaded  Loaded Group  Group  Group  Group

finches) | finches) | on same | {inches) distanca A B G D edge, adge A B ¢ ¥
bott {imches) | woads woods  woods  woods min. woods  woods  woods  woods

1 min, 1-34 2630 227 100 1640 134 1-314 min. 1580 1380 1130 a70

1 2-34 or moe 1900 1620 1250 1160

112 ormong| 134 1ED 2730 2290 1960 1-314 1-354 min, 1804 1620 1380 1160

2142 I 2-34 or morg 2280 1940 1620 1380

1-1/2 min, 1314 243 2100 1760 1510 1-34 1-3%4 min, 1460 1250 1040 8490

2 2.34 or more 1750 1500 1250 1070

Z o more 1-37d 3180 2730 el 1G] 1-314 1-344 min, 19060 1620 1350 118

234 or more 2280 1940 1620 1230

1 min. g4 4080 3510 293 252 22 2-%4 min, 2370 2030 170 1470

1 3-34 o more 2840 c44d 20 1780

1142 2-3r4 6020 5160 4280 Tal) 2-34 2-344 min. M9 2550 2490 2150

3-34 or more 4180 3580 plat ] 2580

1-58 234 6140 5260 4380 3790 it 2-3M min. 3560 3050 2540 2190

of more 3-34 of more 4270 3660 3060 2630

1-1¢2 min. 234 4110 3520 2940 2540 2-34 2-3/4 min. 2480 2040 1700 1470

4 4 3-34 or move 2880 2450 2040 1760

2 234 4950 47250 3540 3050 2-314 2-34 min. 2870 2470 2050 1770

2 334 or more 3440 2060 2450 2120

2-112 2314 5830 5000 4160 S0 234 2-34 min, J380 2900 2410 2080

2-3/4 or more 4050 380 2890 2500

3 or more 2314 B4 5260 4380 3790 214 2-3/4 min, 3560 3050 2540 2190

334 or mee 4270 J66G 3050 2630

mnmmmmmmmmawmmmninmyemmmuMhanmﬂmmmhmmmmnmﬂmm
From the NOS 2 & 1986, Used by permission.
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Table 5-28 —Tabuiated shear plate design values.

Kumber Loaded parafiel to grain {0¢) Loaded perpendicolar to grain {309}
of fces Net
Shear- of preca | thickness Degign value per connedor Edge distance {inches) Diesign value per connector
plate | Bot [withcon- of Wirimum Lnit ane bott (pounds) urit and bolt {pounds)
diam. | diam. | meciors | pece odge Group Group  Group  Group | Unkaded  Loaded Group  Group  Croup Groop
finches) | (inches} t onsame | (inches) distance A B c D edge, exdoe: A B & D

bolt {inshadd | woods woods  woods woods min. woods  woods  woods  woods

1-1f2 min. 1-3/4 atig 2670 22l 2010 1-34 1-34 min. 1810 1550 1250 ing

i 2-34 or more 2170 1860 155(} 1330

1-172 min. 1-34 2420 2080 1730 1500 1-34 1-%4 min, 1414 1210 110 87

2458 34 2-34 or move 165D 1450 1210 M

2 1-34 190" 2730 2 1960 134 1-34min, 1850 1580 1320 14D

2 2-34 o meve 2 1810 1580 1370

242 ormoray  1-3M 333" 286D 2380 2060 144 1-34 min, 1040 1660 1380 1200

2-314 or morg 2320 1880 1850 1440

1-1f2 min. a-3/d 4370 3750 3 270 24 2-34 min, 2540 2180 1810 1550

! 334 o mowe 300 st 2170 1860

1-34 or more| 2304 20" 4360 3640 3140 2-34 -4 min. 2350 230 2110 1810

3-34 or mors 3540 HHG 250 2200

1314 mim. 234 3390 2210 2420 2080 2-34 2-354 min. 1970 1620 1400 1250

3-34 or more Z3R0 2020 1680 1410

4 34 2 234 arg 3240 2700 2330 2-314 234 min. 2200 1880 1570 1360

or 3-314 o more 2640 2260 1880 1830

/8 2412 2374 4310 3600 3080 2660 234 23 min, 2500 2140 1780 1540

2 3-34 of more 000 2550 2140 1850

3 234 433 4140 320 2980 234 2-34 iin, 2800 2400 2000 1720

334 o move 3380 2880 2400 2060

312 of mows|  2-304 S030° 4320 J600 3110 2-14 2-34 min. 2820 2530 20490 1800

3-34 or mowe 350 3000 2510 21a0

Design vakies in paunds aoply b one shear plate Unil and bolt In single shaar whea installed in Seasoned 'um:l mmbars that will remam ory in 5envics and be subjec lo normal loading conditions.
Allowable values for shear plates (after &d].rstmanthyamncabhmndm::arm Isctars) shall nat exceed P,
a 5% inch <hearplate ..

b, d-inch shear plake with A4 inch bol
¢ d-inch shoar plale with 7/2 inch boll ..

Loads Trlkewad by an astarisk exvesd £ 'M
From Ihe NDS;® © 1986, Used by permission.
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4. If concentric grooves for two sizes of split rings are cut in the
member, rings must be installed in both grooves, however, the
tabulated design value is that for the larger ring only.

Lag Screws

Tabulated values for timber connectors are based on a bolted connection.
Lag screws may be used, provided the shank diameter of the lag is the
same as specified for a bolt and provided the lag screw threads are cut
rather than rolled (cut threads hold better). When lag screws are used
instead of bolts, tabulated values must be adjusted by the lag screw factor
C,given in Table 5-29.

Steel Side Plates

When steel rather than wood side plates are used, tabulated values may be
increased for 4-inch shear plates loaded parallel to grain only (no increase
is allowed for 2-5/8-inch shear plates or split rings). Values of C are
given below. However, the adjusted load on any shear plate is limited to
the maximum values P' ,,, and Q' ...

C.for 4-inch shear plates

Species Group loaded parallel to grain
A 1.18
B 111
C 1.05
D 1.00

Table 5-29. - Lag screw modification factor, C,

Penetration of fag screw into membet

receiving point
(number of shank diameters)
Fastener species group
Conneclor size and type Side plate  Penetration’ I ] Il v Co
2-1f2-inch split ring Wood Standard 7 8 i0 k| 1.00
4-inch split fing or
4-inch shear plate Metal Minimum 3 3-1/2 4 4-1/2 0.75
2-5/8-inch shear plate Wond Standard 4 5 7 a 1.00
Mirimum 3 3172 4 4-1/2 0.75
2-5/8-inch shear platg Mstal Standard
and 3 3172 4 4-1/2 1.00
Minimum

' Use straight line iterpolation Lo intermediate values.
From the NDS; ®© 1986, Used by permission.
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Distance and Spacing Requirements

Distance and spacing requirements for timber connectors loaded parallel
to grain and perpendicular to grain are summarized in Table 5-30. These
requirements are given as the minimum dimension for the full tabulated
value and as the minimum dimension for reduced value, as previously
discussed for bolts. It is recommended that the minimum dimensions for
full tabulated value be used whenever possible. When space is not avail-
able, the minimum dimensions for a reduced value may be used provided
tabulated values are reduced by the applicable modification factors for
edge distance, C,, end distance, C,, or spacing, C. The edge-distance
factor for the loaded edge is aready factored into tabulated values, and
further application of C,, is not required when tabulated minimum |loaded
edge-distance values are used. The modification factors C, C,, and C.are
not cumulative, and the lowest value of the three is used. However, when
end distance or spacing is reduced for any connector in a group, the lowest
applicable factor applies to al connectors in the group. Modification
factor values for intermediate dimensions are determined by straight-line
interpolation.

When timber connectors are loaded at an angle to the grain of the member,
refer to the NDS and the AITC Timber Construction Manual for distance
and spacing requirements.

Connector Placement

All holes, grooves, and daps for timber connectors must be precision
machined with specia cutters for proper connector performance and
assembly (Figure 5-30). Fabrication is best suited to a shop environment
but can be done in the field when shop fabrication is not possible
(Figure 5-31). The holes for bolts and lag screws are prebored in the
manner previously discussed for the individual fasteners. Grooves and
daps for split rings and shear plates must be appropriate for the type and
size of connector. Connectors from different manufacturers may differ
dightly in shape or cross section, and cutter heads must be specifically
designed to accurately conform to the dimensions and shape of the par-

Split ring
grooving oo

Shear plate
grooving tool

Figure 5-30. - Tools used for grooving wood for timber connectors.
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Table 5-30. - Summary of edge distance, end distance, and spacing requirements for timber connectors.

— Row spacing {pempendicular to grain)

Loading parallel 1 grain - Edge distance

L -+ Grain—=
Row™ 1.
P o fonete P
~=Aan=s End distance
+—=— Spacing parallel to grain
2-1/2-Inch spilit ringa o7 2-5/8-inch shear plates &inch split tings or shear plates
Minimum dimension Minimumdimension  Minimum dimansion  Minimum dimensicn
far full tabulated value forreduced value'  for full tabulated value i reduced value!
finches) (inches) {inches) finches)
Edge distance 1-304 MrAZ 2-314 N/A
End distarns
Tension members 5112 34 {C = 05625 7 3-112{C_=0.625}
Compression members 4 2172 {C,_=0.625} 5142 3-114 (G, = 0.625)
Spacing
Barallel o grain 6-34 AH2{C =05 g8 §{C =08
Row spacing perpendicular o grain~ 3-172 WA & fun
Loading perpendicuiar io grain Row Row
—— Row spacing (paralie! to grain}
[ Unli-:}gdgﬁ edge distance
{E‘: i:-':i' ]
rI“. o ‘: . %
-y ~=—[5rain —=
End distance L,/L'_U [_uLoaded edge distance
P Spacing perpendicular to grain
2-12-inch split ings or 2-5/&-in¢h shaar plates &-inch split rings or ghear plates
Minimum dimension Mirimum dimengign Minimum dimension  Mini mum dimension
for full tabulated valse for reduced valug' forfull tabulated value  far reduced value'
{inches) {inches} finches) {inches)
Edge dislance
Uinloaged edge 134 NiA 2-314 /A
Loaded edge? -4 1-3/4 3-34 g
End dislance .
Tension members 5.1/2 2-34 (G =D.625) 7 3112 {C_=0.625)
Comprassion membears 5112 214 (C_= 0.B625) T 3172 {Gn = 0.625)
Spacing
Row spacing paraliel to grain kKAl HiA 5 HA
Perpendicular to grain 4-1f2 F12(C,=0.5) 5 5(C =05

! For dimensions between the Tabulalad value and the reduced value usa straight Ene interpolation 12 compuie the modification factor value.
2 Soe Table 5-27 and Tabls 5-20 for reduced desigh values Tor minimum leaded edge distanca.
All dmenzions ara measured from the cerer of the connactor,
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Figure 5-31. - Field-grooving for a split ring connector for a curb-deck attachment. Field
fabrication such as this requires field treating with wood preservative, as discussed in
Chapter 12 (photo courtesy of Wheeler Consolidated, Inc.).

ticular connector used. The heavy 4-inch-diameter shear plates may
sometimes be cast out-of-round and should be checked for dimensions
and roundness before assembly. An out-of-round plate should not be
forced into a round groove.

Bolts and lag screws installed with timber connectors must be provided
with plate or malleable iron washers between the outside wood member
and the head or nut of the fastener. Cut washers are not suitable for use
with connectors and are not permitted. The minimum washer size for each
type of connector is given in Table 16-6. When an outside member isa
steel plate or shape, the washer may be omitted except when desirable to
prevent bearing on the fastener threads.

Design values for timber connectors are based on the assumption that the
faces of the members will be brought into tight contact when the connec-
tors are installed. When timber connectors are installed in wood with a
high moisture content, they should be checked periodically to ensure that
shrinkage of the wood has not caused members to separate. It may be
necessary to retighten connections as the wood dries.
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Example 5-15 - Lateral split ring connection

A dressed 12-inch by 12-inch lumber curb is bolted along the edges of a
6-3/4-inch-thick transverse glulam deck. The curb serves at an attachment
point for vehicular railing where a transverse reaction of 15,600 pounds
is transfered at the center of the curb height. Determine the number of
4-inch-diameter split ring connectors that are required to transfer the curb
load to the deck, assuming the following:

1. Members will be exposed to weathering (wet-use conditions) with
aduration of load factor, C,, of 1.65; adjustments for temperature
(C) and fire-retardant treatment (C,) are not required.

2. The glulam deck is combination symbol No. 2.

3. The curb is surfaced Douglas Fir-Larch, graded No. 1 to WWPA

rules.
127 x 12" lumber curb
"
P=15600b -a—— - O solit 1i
:l 4" 3 gplit ring
i |
1] zr
[ x
1
5-3/4" thick glulam deck
Solution

In this connection, the curb is loaded perpendicular to grain while the deck
is loaded parallel to grain. Unlike bolted connections, tabulated values for
timber connectors are based on a two-member (single shear) joint and
values for loading parallel to grain and perpendicular to grain are read
directly from tables in the NDS (Table 5-27). The procedure used here
will be to design the connection based on perpendicular-to-grain loading
(which normally controls), then check for parallel-to-grain loading.

Curb Loading Perpendicular to Grain

The alowable design value for one split ring loaded perpendicular to grain
is given by Equation 5-49. Including possible modification factors for
connector distance and spacing, the equation in this case becomes

@ =0PCLLL,
From Table 5-14, Douglas Fir-Larch isin Load Group B for timber con-
nector design. The tabulated value for one split ring loaded perpendicular

to grain is obtained from Table 5-27. Entering that table for a 4-inch-
diameter split ring, 3/4-inch bolt, one member face with a connector on the
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same bolt, member thickness greater than 1-5/8-inches, and a loaded edge
distance greater than 3-3/4-inches:

Q=3,6601b

From Table 5-18 for timber connectors used in partially seasoned or wet-
condition sawn lumber:

C,= 0.67

Minimum values of connector distance and spacing for full loading are
obtained from Table 5-30:

Unloaded edge distance 2.75 in.
Loaded edge distance 375 in.
Spacing parallel to grain 5in.

From Table 16-2, the width of a dressed 12-inch by 12-inch curb is
11.5 inches. Centering the connector on the curb provides aloaded and
unloaded edge distance of 5.75 inches:

Bolt
&

P

Unleaded adge = 5,75 — — Loaded edge = 5.75"

S

Using a minimum connector spacing of 5 inches, al distance and
spacing requirements for full load are met and values of C.and C each
become 1.0.

The alowable load for one split ring is computed by substituting values
into the equation for Q":

0'=0C,CCC =3,6060(1.65)0.6T)(1.0)(1.0) = 4,046 Ib

The required number of split rings is obtained by dividing the applied load
by Q,
Number of split rings = 15,600 1

=386=4
4,046 1b
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Deck Loading Parallel to Grain

Using the applicable modification factors for this case, the allowable load
for one split ring loaded parallel to grain is given by Equation 5-48:

P=PCCCCC

BEMT e x

From Table 5-15, glulam combination symbol No. 2 isin Load Group B
for timber connector design. The tabulated value for one split ring loaded
paralel to grain is obtained from Table 5-27 using the same table values
previously used for loading perpendicular to grain:

P=5,2601b

From Table 5-18 for timber connectors used in glulam under wet-use
conditions:

C,=0.67

Minimum values of connector distance and spacing for full loading are
obtained from Table 5-30:

Edge distance 2.75 in.
End distance (tension members) 7 in.
Spacing perpendicular to grain 5in.

All distance and spacing requirements can be met with the exception of
end distance, which is 5.75 inches rather than the 7 inches required for full
load (end distance for parallel-to-grain loading is the same as the unloaded
edge distance for perpendicular-to-grain loading). From Table 5-30, end
distance can be reduced to a minimum of 3.5 inches provided the tabulated
load is reduced by C, = 0.625. Using linear interpolation for the 5.75-inch
distance, C,= 0.87.

Substituting values into the equation for P,
P =PCCCCC =3526001.63)(0.67)1.03(0.87)(1.0) = 5,059 1b

DM~ e

P'=5,059 Ib > Q' = 4,046 pounds so connector capacity is controlled by
loading perpendicular to grain.
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Summary

The connection will be made using four 4-inch-diameter split rings with
3/4-inch-diameter bolts. The capacity of the connection is limited by curb
loading perpendicular to grain to 16,184 pounds. The bolts will be spaced
5 inches on-center and will be provided with malleable iron washers at
each end:

3/4" @ botts with

5.75" =i — 575" £ spi'? Aings

Lo
I I BT
hou o 4

< 'i T |I f

6-3/4 glulam dack | | ot
3@ 5"
End view Front viaw

Example 5-16 - Lateral shear-plate connection

A glulam tension member measures 3-inches wide by 5.5 inches deep. The
end of the member is held between steel plates by two 3/4-inch-diameter
bolts with four 4-inch-diameter shear plates. Determine the capacity of the
connection, assuming the following:

1. Members will be exposed to weathering (wet-use conditions) and
anormal duration of load; adjustments for temperature (C) and
fire-retardant treatment (C.) are not required.

2. The glulam is combination symbol No. 47.

3. The capacity of the steel plates is satisfactory.

Fis a8 34" O bolts with 47 &
|-4———-|-—'—| / shear plates
— =

P2 —-—

P2 et

/4‘ T
3" x 5.5" glulam

Eteal plale
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Solution

The capacity of this connection will be controlled either by the strength of
the glulam member or the strength of the connectors. Glulam capacity will
be computed first, followed by connector capacity.

Capacity of Glulam Member
The capacity of the glulam member in tension is equal to the allowable

tensile stress times the net member area. The alowable stress in tension
parallel to grain is computed using the applicable modification given by
Equation 5-23:

F'=FCC,
From AITC 117-Design for combination symbol No. 47,

F.= 1,200 Ib/in’
From Table 5-7,

C,=0.80
Substituting,

F' = FC,C, = 1,200(1.0)(0.80) = 960 Ib/in’
The net area of the member is equal to the gross area minus the projected
area of the shear plates and bolt hole. Dimensions of the shear plates

and bolt hole are obtained from timber connector properties given in
Table 16-6:

l.._""_..

1
m
g,*— 081" é

55" r/%/ //% ? 4.03"

7
».
% ZR

Y | 054"
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Grossarea= (3in.)(5.5in.) = 16.5in’
Shear plate area= 2 [(4.03 in.)(0.64 in))] = 5.16 in’
Bolt holearea=[ (3in.) - 2(0.64in.)] (0.81in) = 1.39in"
A.=165in- 516 in*- 1.39 in’= 9.95 in’
The member capacity equals the allowable stress times the net area:
Member capacity = F (A, = 960 (9.95) = 9,552 1b

Capacity of Shear Plates

The alowable design value for one shear plate loaded parallel to grain is
given by Equation 5-50. Including possible modification factors for
connector distance and spacing, the equation in this case becomes

P=PCLLCCCCC

M- g n s g #A

From Table 5-15, glulam combination symbol No. 47 isin Load Group B
for timber connector design. The tabulated value for one shear plate
loaded parallel to grain is obtained from Table 5-28. Entering that table for
a4-inch-diameter shear plate, 3/4-inch-diameter bolt, two member faces
with a connector on the same bolt, and a member thickness of 3 inches:

P=4140 Ib

From Table 5-18 for timber connectors used under wet-use conditions in
glulam,

C,= 0.67

Vaues of connector distance and spacing for full loading are obtained
from Table 5-30:

Edge distance 2.75in.

End distance (tension members) 7 in.

Spacing parallel to grain 9in.

All distance and spacing requirements for full load are met except spacing
parallel to grain, which is 8 inches instead of 9 inches. Spacing can be
reduced to a minimum of 5 inches provided tabulated values are reduced
by C,= 0.50. By interpolation for an 8-inch spacing,

C,=0.88
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NAILS AND SPIKES

For two connectors in a row, adjustment for group action is not required,
and

C=10
For steel side plates used with Group B species,

C=111
Substituting values into the equation for P',

P=PCLLLLCC,

=4, 14001.M0.67)( 1.0 1.0x0.883(1.0)(1.11) = 2,709 b

For four shear plates,

A(P') = 4(2709) = 10,836 Ib
Summary

The capacity of the connection is 9,552 pounds and is controlled by the
capacity of the glulam member in tension parallel to grain.

Nails and spikes are the most common wood fastener for building con-
struction. For bridge applications, however, their use is mostly limited to
laminating lumber decks and attaching plank-wearing surfaces. Design is
usually based on nailing schedules or specification requirements rather
than on structural analysis, but an engineered design may be required in
some situations. The primary disadvantage with nails and spikes is their
susceptibility to loosening from vibrations or changes in moisture content.
Withdrawal connections are not recommended, and discussions in this
section are limited to lateral loading conditions only. Refer to the NDS for
criteria on withdrawal connections.

Nails and spikes are available in awide variety of lengths and diametersin
four different types: box nails, common wire nails, common wire spikes,
and threaded hardened-steel nails and spikes. Size is specified by penny-
weight, or by diameter and length for larger spikes (Table 5-31). Spikes
are longer and have a larger diameter than nails. Most nails and spikes are
manufactured from low- or medium-carbon steel. Threaded hardened-steel
nails and spikes are made of high-carbon steel wire that is heat treated and
tempered to provide higher strength.
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Table 5-31. - Typical sizes of nails and spikes.

Wire dlameter {in.)
Threaded
Common hardensd- Common
Length Box wire slael wire
Pennywelght {in.} nails nails nails spikes
8d 2 0.099 0.113 0120 —_
Bd 2-1/2 0113 0.1 0.120 —
10d 3 0123 (148 0135 0192
12d 3-1/4 0.123 0148 0,135 0.192
16d 3-1/2 0.135 0.162 0.148 0.207
204 4 0.148 0.192 0177 0.225
30d 4-172 0,148 0.2a7 a7y 0.244
404d 5 0.162 0225 0177 0263
50d B-if2 — 0.244 0177 (.283
B80d B —_ 0.263 o7y 0.283
704 7 — —_ 0.207 —_
Bod a — —_ 0.207 —_
ad 8 — — 0.207 —_
516 7 —_ — — 0312
ams 8-if2 — — - 0.375

From 1he NDS:2 ©1986. Used by permission.

Nail and spike classifications are based on the type of shank, whether
smooth or deformed (Figure 5-32). Deformed shanks are generally spiral
(helical) or ringed, but patterns may vary. Deformed shanks are used in
most bridge applications because they provide greater withdrawal resis-
tance and are less susceptible to loosening from vibrations or changes in
wood moisture content.

Net Area
The net area at nailed or spiked connections is normally taken as the gross
area of the member. When large-diameter spikes are used, the net area

may be computed by subtracting the projected area of the fasteners, based
on designer judgment.

Design of Lateral Connections
In laterally loaded nail and spike connections, the capacity of the connec-
tion is controlled by deformation (slip) rather than strength. As a resuilt,
design values are independent of the direction of loading with respect to
the direction of grain. The allowable value for one nail or spike is the
tabulated design value from the NDS adjusted by all applicable modifica
tion factors, as given by

p'=PCCLCCC (5-52)

. il bl i
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T

Figure 5-32. - Types of nails: (left to right), bright, smooth wire; cement coated; zinc-
coated; annularly threaded; helically threaded; helically threaded and barbed; and barbed.

where P, is the allowable lateral load applied at any angle to the grain of
the members.

When more than one nail or spike is used, the allowable value for the
connection is the sum of the individual design values. Adjustment by the
group action factor, C,, is not required for nails and spikes.

Tabulated Design Loads

Tabulated lateral values for nails and spikes loaded at any angle to grain
are given in Table 5-32. The values are for side-grain connectionsin
seasoned wood and are based on the depth of penetration of the nail or
spike into the member. In two-member connections, the penetration is
measured in the member holding the point. For three-member connections,
the penetration is measured in the center member. To determine the
tabulated value, enter the table with the type and size of fastener and read
horizontally across from the applicable species group (for connections
with members of different species, use the higher numbered species
group). For full tabulated value, penetration must be a minimum of 10
diameters in Group | species, 11 diametersin Group Il species, 13 diame-
tersin Group |11 species, and 14 diameters in Group |V species. The
minimum penetration for any connection cannot be less than one-third of
these values. For intermediate penetrations, values are determined by
linear interpolation between zero and the tabulated value. However, values
cannot be increased for penetrations greater than those required for full
tabulated value.
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Table 5-32. - Tabulated lateral load design values for nails and spikes.

Commen Wire Nails

Panifiwaght &4 Bd 104 124 16d 20d 304 40 &d B0d
Length 2 21 3 3144 312 4 4.4/2 5 A Pl 6
Diameler g3 01N 0148 0148 0162 0192 0.207 0.225 0244 (.26

10 Diametars 113 1.3 148 148 162 1.82 207 225 244 283

11 Diameters 124 14 183 163 1.78 2N 228 248 268 28BS

13 Diamesters 147 1.70 182 192 2.4 250 2.68 283 317 342

14 Diameters 158 182 207 207 22?7 269 2.0 3.8 342 .68
Species Group | 7 a7 15 118 132 172 192 218 248 275
Species Species Group ll - &3 78 &4 94 108 139 155 1756 199 223
Species Species Group I & 64 n ki B8 114 127 144 163 182
Species Species Group IV 41 51 81 &1 0 % 102 115 130 146
Theeaded Hardenad-Steel Nalls and Spikes

Pennyweight &d Bd 10d 12 16d 204 30d  40d 50d €60d d  80d  %d
Length 2 2112 3 3144 32 4 4-142 5 5172 g 7 8 9
Diameter 0120 0120 0435 0435 0448 0A77 Q477 0477 QAT 04ATF Q207 Q207 0207
10 Diametars 1.0 120 135 135 148 177 197 \T77 177 197 207 207 207
11 Diameters 132 132 149 148 163 185 195 195 185 188 228 228 228
13 Diameters 1.58 16 17 176 1892 230 230 230 230 23 289 289 ZE8
14 Diameters 168 188 183 18 207 248 248 248 248 248 280 280 2%
Species Group | Ir 7 116 118 133 172 172 172 172 172 ¢y 218 218
Species Group 1l B3 78 o4 84 1A 139 13 138 139 128 178 176 176
Species Group |l 81 B4 77 778 4 1d 4 114 114 144 144 144
Species Group W 41 5 il 81 70 g1 H il M 1) ns 115 115
Commaon Wire Spikes

Pennywesght 10 124 16d 2d Hx 404 504 b60d 0 |
Langth K| 314 3-ir2 4 412 & 5142 6 7 812
Diametar 0.192 0182 0207 Q.&% 0244 0.3 0283 0.283 0312 0375

10 Diameters 192 1.82 207 2.25 244 253 283 2383 a1 3.75

11 Dhametars a1 21 245 24q 2g8 2.8 an an 343 413

13 Diameters 2.50 250 268 28 ar a4 368 368 406 488

14 Diamneters 265 269 290 215 42  IB8 396 396 437 525
Species Group| 172 172 182 218 246 278 307 37 J56 468
Species Group 1l 139 139 155 17 199 223 248 248 25 arg
Species Group 111 114 114 127 4 163 182 203 203 235 A0
Species Group IV )| L) 102 115 130 146 163 163 185 248

Diameters and lenglhs ang ininghes; koads arg in pounds.

Dasign values are for [ataral loads in single shear (iwo mambers) for nails and splas penetrating not lass than 10 diameters in Group |
species, 11 diameters in Group || species, 13 diameters in Group Il species, and 14 diameters in Group IV specis, inta the member

hotding the peint. For other diameters and langths refer o the Wood Handbook
From the NDS;* ©1986. Usad by permission.
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Steel Side Plates

When steel rather than wood side plates are used for lateral connections,
the tabulated design values for nails and spikes may be increased by the
steel side plate factor (C,= 1.25).

Distance and Spacing Requirements

End distance, edge distance, and spacing of nails and spikes should be
sufficient to avoid unusual splitting of the wood. Although no criteria or
dimensions are given in AASHTO or the NDS, the following criteria are
given in the Wood Handbook *based on the diameter d of the nail or
spike:

End distance (tension members) 15d
End distance (compression members) 12d
Edge distance 10d

Nail and Spike Placement

Nails and spikes are generally hand-driven but may be placed with power
drivers for smaller diameters and lengths. They should be driven through
the thinner member, into a thicker member, and be flush or countersunk to
the member surface. Holes for large-diameter fasteners should be prebored
to prevent the wood from splitting during placement. In such cases, the di-
ameter of the lead hole must not exceed 0.90 times the fastener diameter
for Group | species and 0.75 times the fastener diameter for Group I, 111,
and |1V species. For deformed shanks, the diameter of the nail or spike
may vary among types and manufacturers and should be verified before
preboring lead holes.

Example 5-17 - Lateral nailed connection

A nominal 2-inch by 6-inch handrail is attached to a 6-inch by 6-inch post
with common wire nails. The connection between the rail and post must
be capable of resisting a downward force of 300 pounds. Determine the
size and number of common wire nails that are required for the connec-
tion, assuming the following:

1. Members will be exposed to weathering (wet-use conditions) with
anormal duration of load; adjustments for temperature (C) and
fire-retardant treatment (C.) are not required.

2. Lumber is surfaced Southern Pine.
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300 b

2" x §° rail

Solution

In this connection, the rail is loaded perpendicular to grain while the post
is loaded parallel to grain. For nailed connections, however, allowable
loads are independent of load orientation to grain. The allowable load for
one nail loaded in either direction is computed using Equation 5-52 with
the applicable modification factors:

Py =P L0,

The moisture modification factor for nailed connections is obtained from
Table 5-18:

C,=0.75

Tabulated values for nails and spikes are given in the NDS (Table 5-32).
From Table 5-14, Southern Pine isin Species Group I for nailed and
spiked connections. To develop the full tabulated load in this species
group, the nail must penetrate a minimum of 11 diameters (11D) into the
member holding the point (reduced penetration requires reduced load). In
this case, the nail length minus 11D must not be less than the rail thickness
of 1-1/2 inches. Using information from Table 5-32, nail sizes are evalu-
ated to determine the minimum nail pennyweight for full penetration:

Pennyweight Length (in.) 119 (in.) Length — 11D (in.)

&d 2.5 1.44 1.06
10d 3 1.63 1.37
12d 3.25 1.63 1.62

A 124 nail 15 the minirmum nail size that provides the required penestration
for full load.
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DRIFT BOLTS AND DRIFT
PINS

Substituting values for the allowable load on one nall,
P, =P, C, =P LLOX0.75) =P (0.75)

Using tabulated values from Table 5-32 for nails 12d and larger, atableis
compiled of alowable nail loads and the number of nails required:

Pennyweight P, (Ib) P, {lb) # nails required
124 o4 70.5 43 =5
16d 108 81.0 3.7=14
204 139 104.3 29=3
3d 155 116.3 26=3

In any nailed connection it is desirable to use the minimum diameter and
number of nails to minimize the potential for splitting. In this case, the 20d
nails will be used because only three nails are required and the increase in
diameter from 16d to 20d is small.

Summary
The connection will be made with three 20d nails for a connection capac-
ity of 3(104.3 Ib) = 313 Ib.

Drift pins and drift bolts are long, unthreaded sted rods that are driven in
prebored holes for lateral connections in large timber members. Drift bolts
have a head, for use with steel side plates and for convenience in driving,
while drift pins have no head (Figure 5-33). In bridge applications, drift
bolts and drift pins are used for connecting pile caps to timber piles or
posts, or for attaching sawn lumber beams to their supporting cap or sill
(Figure 5-34). Manufactured fasteners generally conform to ASTM A307,
but pins of concrete reinforcing steel also are used. Because they have
poor resistance in withdrawal, drift bolts and drift pins are not recom-
mended for bridge connections subjected to significant withdrawal forces.

n I] Drift pin

u Drift bolt

Figure 5-33. - Typical drift pin and drift bolt.
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Dritt pins ’[— File cap
r.‘"/z_ : : 197 T

rd |

Pile

Figure 5-34. - Drift pins or drift bolts are normally used to connect large timber members
such as a pile cap to piling.

There s little design information available on drift bolts or drift pins, and
requirements for net area, end distance, edge distance, and spacing are
taken to be the same as those for a bolt of the same diameter. The NDS
specifies that lateral design values in wood side grain not exceed 75
percent of the design value for a comparable bolt of the same diameter and
length in the main member. Fastener penetration is left to the judgment of
the designer. Drift bolts and drift pins are driven in prebored holes that are
1/8 inch to 1/16 inch smaller in diameter than the fastener.
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